;opqr st uve3e$8 ; POSURE APPARATUS, METHOD FOR PRODUCI NG THE
SAME, AND EXP%WWMMEO%NI CAL FI ELD The present invention relates to
an exposure app exposure method based on the use of a
reflecting type masK!%f%i particul ar, the present invention relates to an
exposure apparatus and a nethod for producing the sane, as well as an
exposur e net hogly§ G5 hige ris XAy MBRMPROSHEENE LTl Vi 4fe 5 uglp as 2
sem conductor elenment and a liquid crystal display elenent Is produced in
accordance with a lithography SteEngéﬁﬁ NROART At present, a circuit

device (for M of 64 M (nmega) bits) having a mnimumIline width
of about 0.33“@@@'%“% l i's mass-produced in the production site for the
sem conduct or ce py using a reduction projection exposure apparatus,

i.e., a so-called®pper based OQEE%%I%?% @f gy i | | umination Iight beam of
an i-ray of a nmercury |lanp having a wavelength of 365 nm Sinultaneously,

an exposure apparatus has been introduced in order to produce a circuit
device of the next generation having a degree of integration of about 256 M
bits or 1 G (0i gahPil B bentqhasethts? (B AP0 gl ot
nore than 0.25 dun. scanni Ng type expoSure apparat us -based on-the step
and-scan syglem,i,s eg(g;‘é%'uo € hedfiod" pasBd dh” +ARPALAL U B0 rre%ﬁ%%%‘ibng the
next generation Circairt device, I'n I"ch the 11 I'dm nat i on Ti ght amis an

ul travi ol et ,pul se | aser _beam_havi a vel engt h,of. 248 nmradi,ated from a
K F ot mor RS RarRgh: 0o hedisnignt MRECpESRERe ingeRelly nAkES Voo 2

wavel ength qf 193 nm radi ated.froman.ArFE. _exciner |aser l.ight.source, and a
TSk o o r &f1 SEOENLECPRRATE UgeABtar TeriPg: Foy £8ogucind hre st g
depicted circuit -pattern and a wafer . as .a.photosensjtiyve substrate_ are

subj ected 1 8% 8o 8 G SAPREREORETEA NN B WoCh T E5Fe RS 15 pFBct i on

field of a reductiaqn proj.ection.optical systemto therehy repeat the

st eppi ng opgréFFSHl§e%ﬁ8gﬁeéﬁ8F§ gﬁdatﬁ§m§€§R§?ﬁ§°éx63§ﬂ%@t06£%a€ion for
transferringxthe entir% ;ircui; atgern gn.%he r tk&Je.into aone _shot area
on the wafer 3¢S STEEERL FIERAEY: Fd CHEG ed S0P PIES atiPo A CSPEERECE

sem conduct or. q€¥iﬁs_na be.further increased to be high in future, and

t hose havin&”f’ it B E5PRced with those having 4 G bits. In such a
situation, the device rule is 0.1 um i.e., about 100 nmL/S. There are
nunerous technical tasks if such a situation is dealt wth the exposure
appar atus which uses the iIIuninaI#&g&éééﬁﬁDb of the ultraviolet pulse
| aser beam having the wavel ength o nm as scri bed above. The
resolution of the 2

At present, a circuit device (for example, D-RAM of 64
M (mega) bits) having a minimum line width of about 0.3 to
0.35 pm is mass-produced in the production site for the
semiconductor device by using a reduction projection
exposure apparatus, i.e., a so-called stepper based on the
use of an illumination light beam of an i-ray of a mercury
lamp having a wavelength of 365 nm. Simultaneously, an
exposure apparatus has been introduced in order to produce
a circuit device of the next generation having a degree of

integration of about 256 M bits or 1 G (giga) bits D-RAM



exposure apparatus to represent the device rule (practical mninmumline
width) is generally represented by the foll ow ng expression (1) with the
exposure wavel ength ~ and the nunerical aperture N. A of the projection
optical system (Resolution) - k/NA ...(1) In the expression, k
represents a positive constant called "k factor” of not nore than 1, and it

differs dep i . TOr .e .« .1 he .char ri,stjc of .the ISt to be
used. As cl gérl%tslrl'gd’%’fncrhoﬁ {He Y or eglollnr?g%elé&?legg glr?t( %0%% tthlatsill e()rX?rsjer!’r%q'y
effective to decrease the wavel ength ~ in order to enhance the resol ution.
Therefore, recenth y¥CaAHE e RS SUL & AR TS RaF 9P T s Ftep-
appar at us whi ch uses, as an exposure |ight beam a light beamin the soft
X-ray regi ofAGRR SXEhAS ér?gﬁ?v(ﬁlcﬁ’ch afs P HRP S APRAGFUEathiBnh, t he
light beamis referred to as "EUV (Extrene Utra Violet) Iight beani as
wel 1) . Such PHPHGL N Jdau meXdp Hananad 1an (Cdc ith depicayt iigh Wixich Adisef ul
candi date for the next generation exposure apparatus having a mninmumline
wi dth of 100-lHmifRE Dy ldgids heampFacd wultdavdediaty nidee d asem &aamg
type reticle. Anillumnation |light beamis radi ated obliqyely onto the
reflecting t%@-%tq Mavelengdih &f &£8 nm radiated from a KrF ‘excimer

laser light source or an ultraviolet pulse laser beam
having a wavelength of 193 nm radiated from an ArF excimer
laser light source, and a mask or a reticle (hereinafter
generally referred to as "reticle") with a depicted circuit
pattern and a wafer as a photosensitive substrate are
subjected to relative one-dimensional scanning with respect
to a projection field of a reduction projection optical
system to thereby repeat the stepping operation between
shots and the scanning exposure operation for transferring
the entire circuit pattern on the reticle into one shot
area on the wafer.

It is certain that the degree of integration of the
semiconductor device may be further increased to be high in
future, and those having 1 G bits may be replaced with

those having 4 G bits. 1In such a situation, the device
rule is 0.1 pum, i.e., about 100 nm L/S. There are numerous
technical tasks if such a situation is dealt with the
exposure apparatus which uses the illumination light beam
of the ultraviolet pulse laser beam having the wavelength

of 193 nm as described above. The resolution of the



light beamfromthe reticle surface is projected onto a 3 wafer via a
projection optical system Thus, a pattern in an illumnation area on the
reticle is transferred onto the wafer. In the case of the EUV exposure
apparatus, the scanni ng exposure nmethod is adopted as follows, in order to
transfer the pattern by utilizing only a portion of the projection optical
systemin W@!x‘lf)BsTu!i% aPRASatasMRb eRpPeEbatMAGe de¥ie¥C Nt pribatichs, a
ring-shaped il'lumnation area is seF on the reticle, and the entire surface
of the pattﬁﬁ%iﬁﬂmthinéehﬁakﬁ)'isS%%ﬁ%%%u!9|Yeb&@%%h%kﬁe@yoﬁh% the wafer
via the projection optical systemDby relatively scanning the reticle and
the wafer w r ct r gj,€ct j. ti te reason y the
reflecting F%E&°§§5%c g%%ggggg ﬁ%gagh$§l%@ﬁs%§¥ﬁ§¥§FsghF%gggg?§ aoaﬂg
subst ance for produan% areticle which efficiently transmt the |ight

wi t hout any t26s OUBETdR 34t 2PRE tHEPeNefgt RI( $h€o PIRIRMEIGN PPEHCdsed for the
EUV exposure apparatus. Further, it is also difficult to prepare a beam
splitter. TH¥S&E8re, it is necessary that the illunmination |ight beamis
radi ated obliquely with respect to the reticle. For this reason, the side
of the reticle i 4Reselugliongnts ked/Nha.di spl acenent of the reti.cl(é)in the
direction along the optical axis appears as the change in magnification in
t he | ongitudi nal 1di teet iexprasdias,t ke repargents pOopoisiedvien cohgthhansverse
direction of the ringshaped exposure area on the wafer (area on the wafer 4
correspondi rglled & rakgoitMaped noltl waireathan areandn ithdifEersl e) .

Expl anation will be nmade referring to specified nunerical values. It is
assuned t hadependiMg o@ht feamxaayiley aheactledgiterdlstid om theugedias an
exposure |light beamto design a projection optical system having a

resol ution ab BROusedl./S. The foregoi ng expression (1) can be converted
into the foll ow ng expression (2).

As clarified from the foregoing expression (1), it is
extremely effective to decrease the wavelength A in order
to enhance the resolution. Therefore, recently, the
development is started for an EUV exposure apparatus which
uses, as an exposure light beam, a light beam in the soft
X-ray region having a wavelength of 5 to 15 nm (in this
specification, the light beam is referred to as "EUV
(Extreme Ultra Violet) light beam" as well). Such an EUV
exposure apparatus attracts the attention as a hopeful
candidate for the next generation exposure apparatus having
a minimum line width of 100 nm.

The EUV exposure apparatus generally uses a reflecting
type reticle. An illumination light beam is radiated
obliquely onto the reflecting type reticle. A reflected

light beam from the reticle surface is projected onto a



N.A - k7~/ ( resolution ) ...(2) It is now assuned that k = 0.8 is given.
According to the expression (2), it is conprehensive that N. AL necessary to
obtain the resolution of 100 nmL/Sis NA - 0.104 0.1. O course, this
N. A. represents a value on the wafer side, which is different fromN A on
the reticle side. It is now assuned that the projection magnification of
the proj ect ¥ty Gtla P Robt it Sptiiah dyistaaner aHus Usebdt¥erdhan
conventional far ultraviolet ray exposure apparatus (DUV exposure

apparat us) iy Gh UFesHh 4thies £ P Idh i tr e ofid 'ﬁ@a&hsﬁbxfﬁé& dfito &fd mer
| aser beam or ArF excinmer laser beam If N A is 0.1 on the wafer side,

N. A on the yfidecl € f dhd Scaddet I {HE THAldigodure ,a&a&%‘ic slNithd act neans

the fact that the illumnation |ight beam radi ated onto the retlcle has a
broadeni ng afcAh ARl B0 YHetdd TR0 Mddt LR GHo11Qud1e R
light. 5 Thcerefore |[5rgsorder enot tol superétrrpose tr?e |ncomlngd]: eam

an the refl tyf | SRS he angl e
of inci dencg%agr%nﬂo%lgmehs{ aﬁrllgltég krrfg{(}lg rEa‘hneg n(%nn]iyrgmé{r]n For Qﬁia&n%?éehé th

o Al A I B e SLASISIAG
pattern performance is excellent. That is, a ring-shaped
illumination area is set on the reticle, and the entire
surface of the pattern on the reticle is successively
transferred onto the wafer via the projection optical
system by relatively scanning the reticle and the wafer
with respect to the projection optical system.

The reason why the reflecting type reticle is used is
as follows. That is, there is no substance for producing a
reticle which efficiently transmit the light without any
absorption at the wavelength (5 to 15 nm) of light used for
the EUV exposure apparatus. Further, it is also difficult
to prepare a beam splitter. Therefore, it is necessary
that the illumination light beam is radiated obliquely with
respect to the reticle.

For this reason, the side of the reticle is non-
telecentric. The displacement of the reticle in the
direction along the optical axis appears as the change in
magnification in the longitudinal direction and as the

change in position in the transverse direction of the ring-

shaped exposure area on the wafer (area on the wafer



depicted on the reticle Rwith respect to the displacenent ~Z in the Z
direction of the pattern plane of the reticle R (hereinafter appropriately
referred to as "displacenent of the reticle in the Z direction” as well) is
represented by the follow ng expression (3). a = QZtan6 ...(3) According to
the expression (3), the followng fact is conprehensible. That is, for

exanpl e, 1f Joheds@bndlitgRtios tileSHlidtednavel limliuﬂlirn%%ibﬁr biredl ofll k@etion (Z

direction) in Fig. 16, the lateral discrepancy of the image on the reticle
pattern plapgdisiaout 50 nm On the wafer, the inage shift occurs in an
amount of 1/4 of this value, i.e., 12.5 nm It is also approved that the

overlay error (SypenipRQSidAdwan0he milieChdrerdling @bl gpkl itrieq

sem conduct or pro%@ég%%ﬁ?ﬁ t he evicglrSIe of 160%nn1L/§, ﬁs not nore than
30 nmThe geainieRGe VAl ddie OMRr Y el nbe AnBuviiighel Beggused by
only the di s%ﬁacelrrent oflut he r\eiti e &n ?‘hee Z éi re(?t ?gn, ilg co?l)s(,algl ered to
be 6 extr . % I S,¢ tihe qverl rLQr S hOoan
anount of a@%ﬁ?%fé%nﬁkﬁggﬁgg%ﬁb§F§]Ebrﬁkﬁgr%%ggt8%3a5ﬁ§ﬁ§§5§§% ?gghgxanple,
t he positionj CLir (ali @QPH- C b .reticle and the
waf er, the gﬁ%. ?%nﬁﬁ%q'gb%r§%§ 0 f%é %ggg%%étggg%%ﬁb%ﬁgﬁn fhe socal | ed
st eppi ng accuyy, .and i stortion of the projection optical system The
displacenen%%§%ﬁ¥ﬁé%§efﬁ2ﬁg%i2&¥%g@% direction is also caused by the

paral | e! i smof t r&Eﬁer qfto'r l i ‘%?eg%)q:egs%.torﬁeﬁsl Ofcaglh%er %tolnge?'t@&l (1?1Etof he
supporting the reticle. erefore, 1t 1S now urgent to develop the

techni que tq.r t verl. rror caused by the displacenent of the
reticle in 3%@ﬁggﬁﬁﬂégﬁﬁgﬁ%§§' eggﬁrbed above. The material, which has been
devel oped until the present for the reflective filmto be forned gn the
pattern plane of NBe et bl FR§OLYH4CRticle, has a refl ectance *d¢R)about 70
~ at nost. For this reason, the remain of 30 ~ is absorbed, and it is
converted into hdat lsr @ow tissymed tthat kcredsd ils wdvpar-at dceostiagniter or
(reflecting optical element) for constructing the reflecting optical

system |n tihe wopgessds®, (2He it rigy dospgedgmisy vee fthriedf -due negesiary
increase in tenperature, naking it inpossible to nmaintain a sufficient

i mage for mattcombtadmaather irsisiod.u thilver efforl®0 inm LS denwWenl.i enal. 1BWV~exposur e
apparatus, the heat of the mrror is released by applying a forcible

cool i ng means, 1di spEseduaisd,heiack s e e@fenithe aMviallQe, on the wafer
side, which is different from N.A. on the reticle side.

It is now assumed that the projection magnification of
the projection optical system is 4:1 which is generally
used for the conventional far ultraviolet ray exposure
apparatus (DUV exposure apparatus) which uses the exposure
light beam of i-ray, g-ray, KrF excimer laser beam, or ArF
excimer laser beam. If N.A. is 0.1 on the wafer side, N.A.
on the reticle side is 1/4 of this value, i.e., 0.025.

This fact means the fact that the illumination light beam

radiated onto the reticle has a broadening of an angle of

about +25 mrad with respect to the main ray of light.



7 for exanple, by applying the liquid cooling or the cooling based on a
Peltier elenment. In this case, those assuned as the material far the mrror
i ncl ude | ow expansion glass and netal. The | ow expansion gl ass has an
extrenely small coefficient of |inear expansion with respect to the
tenperature change. Therefore, the displacenent anmount thereof does not
deterlorateﬁhefetsﬁee RHrHF&éE”nG@rEQrgﬁﬁéﬁlmbBQer%ﬁ@eﬁhcbﬁlﬂgCPﬂéhéerab'e

degree of the tenperature change. Howevef, there is a certain limt.

Therefore, beamSaHeEhéa9éf1&et9§;i?gﬂttBéaﬁoahtﬂgeabﬂwﬁyﬁér the §g! ! owing

i nconveni ence ari ses, because t w_expansi on gl ass has an extremely | ow
coefficient ndygt ¥ - ofNdhch§enkl tBen68seell thgnt gghni que
i n which the % Eggga¥ggg g#%ehé?ithg n?r?oreps nerePy cog | ed asndescrlbed
above, a Io@ Qi LkMBhbSmiRGlped until the heat generated on the front
surface of the mrror iS transhitted to the back surface. As a result, a
tenperature gradbSEteQBhgfé f&?th98§%EQHEeS Bfﬁig OEGth?tnﬁérgés He&he
back surface I's rnpoSsrble to su |C|ent y cool thé front surface of
the mrror, | the reflectin urfac whi ch_i s, nost ortant.
Consequentl§hthEh?ePP8 i R %BgFaﬁﬁc?s déTo?HEﬂOl%ﬂdaPﬂgBiéﬁg%ﬁf%gnation
characteristic of the projection optical systemis deteriorated. Therefore,
it is fearenrtHat trhe leegeadfdiberpphheynetofinsiercidcwit opatieesubstrate 8
(hereinafter referred to as "transferred image" as well) may be

deterior at edepibecdebar kaeate@ic0t Rh@ithapetpecedtbmege Ha¥phecamenrcaused
by the thernaP variation (variation of radiation) due to the absorption of

the illum ngahiqn khgh% Bﬁ%ngéohhS WEﬁghgatw@&ﬁh &Qﬁepa&t%hgeggFggigeﬂ The

present invention has“been made under circunsiances as above,
f t ob i . tu ||
gxpééﬁreoakgﬁﬁﬁﬁagw?ﬁsFuéiﬁaoa F8¥Fg§t?§68g BRckP BBCRETRRIacoRRRE RE b
tical whi. ch t | f
Che patt of ntlg: PR ExBoatr ShenledRoRTEBNEchooboERe BFetBRECERIGRE BY i< 1o
provi de an met hod mhlch mak it possible to inprove the overl ay
accur acy of%§ BéﬁPgﬁﬁgd&FPﬁﬁséiﬁaszﬁé A third object of the present

invention is to provi de an exposure apparatus, especially an exposure
appar at us i ncl udéng AZtednfcting optical systemas a projection-éptica
system whi ch nmakes it possible to effectively suppress the deterioration of
the transferred Acegediegultbi tpef eapreneivar i(dt)i obhef fradoatingnfaftaimask
or a projection optical system caused by radiation of an illum nation |ight
beam (her ei cafpeeheatdbled t Ghas ‘ivar fari enaspleadiidt itbe" yeticle R is
displaced by 1 um in the vertical direction (Z direction)

in Fig. 16, the lateral discrepancy of the image on the
reticle pattern plane is about 50 nm. On the wafer, the
image shift occurs in an amount of 1/4 of this value, i.e.,
12.5 nm. It is also approved that the overlay error
(superimposing error), which is allowable in the
semiconductor process with the device rule of 100 nm L/S,
is not more than 30 nm. The occurrence of the overlay
error of 12.5 nm, which is caused by only the displacement

of the reticle in the Z direction, is considered to be



9 DI SCLOSURE OF THE | NVENTI ON According to a first aspect of the present
i nvention, there is provided an exposure apparatus for transferring a
pattern fornmed on a reflecting type mask (R) onto a substrate (W, the
exposure apparatus conprising a projection optical system (PO provided
with a reflecting type optical systemwhich projects the pattern onto the

substrate (Wytren@SK sdvde (Rifpathich 4l dsydiigyaskiod ge
(WBT) which hol ds the substrate; aan i 11um nation systerrc1) (W%é %l\fus}gﬂf?

whi ch radi atfs A0 frRas 0 | dbdiE e ie HdPcbramy By AHS thgimsk at a

predeterm ned angle of incidence wwth respect to a“pattern plane of the

nask; and a SIAORIGAN IRy YREAIL B b bo bR MR GO X e diRyes the

mask stage and th (bstrate stage in a second axis direction per | ar

to a first rectlﬁv%%em greeafg%ig%fdggsém% fﬁlﬂ? mask in the

first axis I's a direction an optical axis of the

o e on Sl o) eI D e S8 TS A0 a0 {10

information, in or o tran um nated w th

the exposing,iq{4y4n Accoroé 4 agﬁ] p{@;o%cp die cﬁ%f@#oer} Vi@ dhe projection

opti cal system sure apparatu he present

i nventi on, Hpg tion |ight beamis radiated at the

pr edet er m n% «{\‘?1&%‘ ncﬂ%enc (:Ifhg the 10 pattern plane of the mask by
the illum nation t n$ t e C y
pattern pl ane of ﬁé &‘{qu(f d\éﬁé’ eatgﬂeéénle%(ﬂ%s} nbl%rqﬂuesngac{]i%ené do eam

d
of the refl SHHIhG OJL'F. T4 %%#ly%l}elp%@‘eofﬁté R, S m;“k’
whi ch | t h inatio f d t

th:acsulb:tIrati(;ajlnat&ﬁé V% t%ékfe %%érnnﬁ}?lsd IPa%nés er rptg)d%[pt]hr{eqs s‘{h;eggrs%tg{cg o1 oo

systemis OPRI AL & dts ch thi'ast rEow n}asgn d‘f vedl };Lﬁr'fiequse'tg e are

synchronously move e secon rec | on perpen he first

axi s di rectlp(_?%uwlthe a(g‘}e O?y Itlhogr[)clg)c %eé)nbff o}}e t% S.Lkaéen tnt}_.e ff ri%sﬁ axi s

direction as e direction axi’s e projection op [Cal

system on thleef‘lﬁacsies or( ttt'e rcedleé rﬁ{p ésucszti QDSA té on i nformation.

Accordi ngly e enttre surtface o attern on He nask s successi vely

transferred onto,hpg rﬁ@éﬁﬁe Cct%éLe mas vaé‘p ]h(%')df ecmfgc exposure.

During this process, p05|‘t|on 0 i‘on ?lrst axi s

direction) of, L0, OpELealy & seplcd fige ED f%%%g@ere@%ﬁéﬂ et od

on the basi |ng posSi tTon | orfation ore t he

mask side Of%#%] pcgf)j eﬁ:élroeffgé fr?%e %%Curgtllsclné)ln ﬁﬁ}ece}_{gﬂ atddcd Sof

e
possible to ectlv Yy~ SUppress rrence of e nagnl i cation error
t

dth | d
the substratb e 15 THEIREY woardhie nﬁiéae%‘? HE Wl B4R 61 o
the opti cal Srbdd, BfEsH Lyl oﬁx?dtoé)éé'%l b d TP seixf SV | e
accuracy. In 3 B5PosthE Bppht atUs Fe'set i edoa ove, the ad) usty ng p05| tion

L LT ATE A A TR TSRS o
18 80, 34,
05y A5 S O e dfy%afﬂ%n&, o

usi ng the ad ysi (00,8051 14001 0L TR 01, COF SSPANH) N4 g daégcﬁe By gt

direction, firs ust|ng poSi |on |n of netd oh ‘an ond
adjusting p i on i nfor matl on for 8aG venent. dir he mask
stage duri ngtslt“% * %/lﬁ%‘?lsr%njorﬁst%%%ﬂ%%‘f %lel%sﬁ'(t slfngpgéssorb he substrate

WST) . Th f h
of “the s0. ¢ BRI T cH ﬁ%@e%faj?%h%nt;%aé?% %&ftﬁ#ﬁfén‘%&%ﬁf FHEe | o moved

ST e

[ di t when th Kk d t
opposi 16 10 BRA" abbyEhe REPFYS. Le HECLTSGE do TBr YR chn HITGAEES the |
iti f th Kk th t di t th d t
Do L1 on | nf G TRERBIMERNT CHORIR Y O THE WOVbIEH LS SECi TRG LR 111 st

adj usting position informati on and the second adjusting position
information for each novenent direction of the 12

7



mask stage during the synchronous novenent of the mask stage and the
substrate stage. Therefore, even when the positional displacenent in the
first axis direction during the synchronous novenent differs dependi ng on,
for exanple, any nechanical factor (nmovenent characteristic of the stage)
bet ween the novenent of the mask stage fromone side to the other side in
the second drs edhgiRe BV ty iff0 e Q. iRy e P oe he Eo1lifgy
position of the mask in the first axis direction can be adjusted highly

accuratel y Wadwutopal e 1afifeacteadndmr.eby. It is possible to effectively
suppress the occurrence of the magnification error and the positional

di screpancy in thg tmansi@iged dhvee RfsuntR Ra it it iR 1S YRS ifee due to
the displacenment of the mask in the direction of the optical axis . In such
an arrangenmgiilnrdroi AT Qow R&RAISUTN RA 4225 a0 ta10r Mo Ry be

previ ously nmeasured information. I n this  arrangenent, the adjustnent can be

made in accQudais oM tgfl;asfso,rha%xW'e@ctﬁe‘ﬁ%ﬂye%‘ﬂaquw%rdém@ﬂéﬁt Q¥ the basis
of the previously nmeasured information w thout neasuring the displacenent

of the mask jijhddie é()ﬁ{e Ssign?ﬂ il i tdWd e Rempeidti@do thapyeement  of

the mask stage and t ubstrate stadge. Therefore, the adjustingerror

scarcely 0Caificydifid 0 (Y HUIRlefltl@nRft it A RN o U ther, it
is possible to use a sinple constitutive conponent for adjusting the
posi ti on of : ' fd ' ' ' v (R | so
preferable tié;('fel\]%err? t{%?hééx prlcl)&s%%e fgp‘?éi‘rtgﬁ)sﬁ p}ﬁ@éﬁ?ﬁrﬁa‘f@gﬁpﬁ:@e?eg E}r(?té:é:s Eroﬁng
unit (RIF2) 'ocr{%-rgaé_s&g jdi fgg;éq:r@srl% i3 th j axi s
di rection, tq\é\g&n t le stagl?%#re(%o%séﬁgmq;(e , 1?4, GZ@r?ggsédr e?%dﬁ&%&,

adj usting pag|d,iedn d nf PR QN 10 iUST Naptel} B3RS Uil dRiels 144100 ¢lche
synchronous novenent of the maslk stage (RST) and tJhe substrate stage (W5T),
and it adj Ug&&f&%\p&%td'cmﬂ the mask in the first axis direction by
using the adjusting position i f or mat i on. In this arrangenent, a variety of
measuring units ?Log%é‘ﬁ lkce,e't“rff‘ed ﬁ%f&%ﬁr{ﬁei%dr{%n‘i@r}ce %%is%%”?ﬁ%ﬁgs W'nfch

al so preferable measuring unit 1s an I nterferoneter

measures hetbtPé)SﬂcM OékepOJ dith 'Ifi%!%é hdd'ed 'didlr &%{ QP AP 1Y drgdigt | ng
a measuring beam perp ndi-cul ar y onto the mask and-recelving a reflected
i ght beamt 0 i S ralﬁgﬁmet it i i bl asure and
adj ust the gggﬁ%ln@o?dﬂéﬁn@s in the directi ct):?l]egf t egogptt?lg;:s axi s during

t he synchro ! | 4 , racy of
y %%ﬁ'}% vh{l%}l #ﬁ%ﬁﬂ% Eét&%a%c%r ML i B AL YSACY

not nore than se nmto ecting the exposing

illumnatio i Lt&fﬂ j s er smalgg

pr edet er m ngndéfa%}{ e o r%ﬁggdg%cégyal%fdggb%é%'ef éﬁtggﬁb?lt“%qsane uﬁl{ré%l ng

angle as th fq t NGl , i JERRIY | : e

i nt erferone'?Ienr@Jils t!r']lg? ﬂ%ﬁcﬁ%ﬁﬁﬁfﬁi%&% I%um nat | odniglt%%arﬂl%rﬁﬂq

beam 1In thij fr@ﬂ@r{@ i %ﬁefd | iyg tati ncerning the

position of ]f%a?h{%tl on o dt héeé1rergergesu%dr]lg eamcféa'di g{ged?f%éc?r?ﬁltctﬁecae )

i nterferonet %%%3 dTE3 S . ver,

for exanpl e,t?%n%%%&(ﬁelts?r e ?‘gté{hﬁseé%]% ga;homat er ﬂ(%%?; ra(ﬁﬂe_l?\gge at

| east two i dﬂ&ﬁe@}{@ B0 ﬁ]ﬁafcréa.d' aled; ary o(is%l%f ddie mask (R) to
ed wth t gl

be irradiat e exposi n um nation |ight beam and it neasures
the positio ﬂ?ﬁk i | | | i eac
[ rragi at ed %oﬁﬁ%ﬁe 0 eaéc lof{}}%?rngeda{s%%%%eginfsﬁénqph%%rdr fid%gémnt ,
t he two neasyrd . ' hy. the | rdel et onto the
irradi ated ;%%r%%f%?le%gssq%% ﬁﬁ]rﬁtar/{}atllr%r%ﬂcﬁtghltﬁeamng% t he objective

f th ; Th, it f K i
area for AL LANSIRL Al s B ace e, RO Oaddeysk 11
result, it 'J‘?mg)fésf n?aéfor?qéﬁ‘af;ta&coérl jYC t(ﬂf‘:“ M'éﬂ@ﬁedﬂc}ﬁ%gﬂfﬁl axi s

ut af so the nati

direction b incli on i'n e

system is deteriorated. Therefore, it is feared that the

image of the pattern transferred onto the substrate



objective area for the pattern transfer on the nmask at every nonent on the
basis of the nost accurate neasured data. Consequently, it is possible to
further inprove the overlay accuracy. In the exposure apparatus described
above, the interferoneter has the following feature. That is, the

interferoneter radiates the neasuring beamonto different positions of the

mask in the GREQANG AU HIRGILN tARG iterhds £ FRRM AR dde aR0%delilgn of the
mask in the first axis direction for each irradi ated position of the

measuri ng be,ad? e ddtiey- idrangenent, it is possible to adjust the
positional discrepancy in the direction of the optical axis and the

i nclination discrgpa étfléﬂtaecfm%ﬂttwéteﬂah%@m@a'%e g%s%ﬂalefothe

mask stage and the substrate stage at |east for the second rection

(direction Qfy utéb‘:t‘i " aef)so prn{%ies;ggﬂ o tvhﬁ I HARALR

descri bed above |t at the |nt eronet er (lRI I'—)Z) has a

reference myyord ipRd atﬁc)txgﬂlgnolo%mﬂh@ 19Akdfi%a S ﬁartgﬁk%ea%% v R

interferoneter body arran p05| t1on separat t he projection

optical sys k |dh G e rfn t%e[ln{% d.nterferonmeter body is
rom

di sposed at e position separate e pr 01 ection opt| caI system

Ther ef or e, Oﬁf?&lxbeseertto %\(%rfjclw

characteri Stl CS € proj ec Ion optl g[% syst em or varl OUS sensors such as

I f d h
gtnhgrngggeglacu%go@ggt%%eafcger%ﬁab%gjalyc}){’%Het rrgflrl(r?s‘lcbnt\(IeM]Jlferov(\f'q:'tJ lbody In
h . I f I
t he exposurglrsapcpoar Lb($ esag{df(gg% sptdattrét%sa %ptgcqafr ael tolsﬁlﬁeéh

stage contr syst he pdsition

first axis i f C t usmgthe
measur ed adjda{ a::éna{gtq%os:}tcialg%ﬁl r§orhttrerra leb:tf %ﬁ?ﬁ vel§ et | s al so
preferable t e tﬁm ] tipon of the
mask in the éka&%‘%&axcﬁé rec 5?}1 ﬁtéﬁgccor ah‘t:é?evﬁt t it f]p cont r ol
using the mes Lgepl %élcg c{duoz“ad tégﬂat of the
former, it i s ecessary e age ontT o o pe m t he

So- caIIed pr%ex% ﬁﬂ%@g control in order to nmeasure the position of the mask
inthe dire the optical axis before the obj ective area for the

o be 1rr adi at od i %Vtrt er;@é‘é o R e 3 e B 2 e
f

Ei’slhg?egdf%ﬁa S b hod ki L oty %@%%?&é& R Shdmans

T

peretE gr (r)nreg. 17 % Iﬁﬂvcaés)éec‘g%%h éfgt{tfegré/atqf 'S roq{abob ﬁ at t'there(r:]onltfol del ay

OpoUT S, 25 COMPar el WLt I LB 685 Gyed vetnvér{tfoftfi' 14 4 g hhed act

that the pre-reading contr IS unnece It 1s possib 1% torfa t he

posi tion of RSkl dhie ies, g I didL ! ek sy e of

accuracy. The ex sure a us ma conprise a S ate (44)

arranged cI u%f)?(# hg ngt‘%{; rpé atmjtl(ga]t I%Sr@e% 4Na &%etbqi ng a first

slit (44a) nes a m na n area (IA) o mask to be

i rradiated V%O%{léé‘f SECO%LHI iqn ddah, Ream and .aﬁééé% slit

(44b) which I NEs mnationarea to be irra th the

exposi ng i"éﬁ%ﬁ@%égntﬂé9@&t§¥§%¥5¥1&% of the transferred image

resulting from the variation of radiation of a mask or a
projection optical system caused by radiation of an
illumination light beam (hereinafter referred to as

"variation of radiation").



17 mark (for exanple, RML, RW4) portion forned on the mask; and a

sw ngi ng nmechani sm (46) which switches the slit plate (44) between a first
position for radiating the exposing illumnation |ight beamonto the first
slit (44a) and a second position for radiating the exposing illum nation

| i ght beamonto the second slit (44b). According to this arrangenent, the
SW ngi ng nmechani sm sw t chespitRersksurepbat eugo rirentrroft position during the
exposure so that the exposing illum nation |ight beam my be radiated onto
the first slit for defining the first illum nation area on the nask. The
SwW ngi ng mechanismswitches the slit plate to the second position during

the position adj getBRAtngakboamentytf aspkhe 8@5KhéOPEE§bntheneéaeibﬁg
illumnation Iight beam may be radi ated onto the second slit for defining

the second thb?@‘ﬁétbQBvébﬁé Bﬁre&ggbﬁkb”Qpb9§a€ﬁ90§b99tkhhg@b?%&hg” al i ght
beam onto the mark portion forned mask. Accordingly, the appropriate

|11 uni nat | 0p,RE82n028-heqsBh dUib#debRengXRIRU faBRI (YT biEol Be ali gnment

respectively by using the identical slit pla I't is Unnecessary to

provi de ol EuBkeiat cdgRoIdtRg A0bhGECaRBALRYASPUERREES inbal e eXpOSUI e

apparatus descri ove, the Sk stag RST), the substrate stage (WsT) ,

and the probeehal Bl hetl <3N SLoRHERO) o3y phEvIHBROLAEH BV rdihLeren

support ne apparatus ma er conprise an Inter

3ystem (70) e hpiRasy" 3sPaal Lhath g%osaett85h Qpattatﬁgsaeedth@e

Substrate st |ncIu ing secon S perpendicular to the

first axis. gpsthigea ﬁﬂ”gﬁ”ﬁ k %Q%gb”gﬁbﬁgr Hgtﬁrhaxagethgamagghsafe

rel ative posr i ons of é nask st age’an rate stage I'n"the pl ane

| nol uding tleysecaRd ax gepﬁﬁg%ﬁdhbﬂbﬁrhbgdbh%hF GabsfxhEqli L respect to

t he nenber tor supp or oj ection optical system écordrng to this

ar rangerent 3|y Qﬁophg TRsk, §139°a0, " SHAS! {ALEyotaneaBET L

proj ection op |ca SYS are s ppérted er ent “suppor nenbers

the pOSItIO?§Pﬁglhg 1831 76298 n279 ghize %HRS&EE eoﬁ%égﬁhEaHaPﬁ qgngged on

the basis o nbér T or supportrng e projection optical system

because the '%h%%%%hﬁg%ter g&%t%T‘qﬁ%ﬁﬁﬁﬁéetggghf%%Fhéﬁﬁgg§he'gﬁ% £ @l he

mask stage BAGThe S\ rat € stage 1 n the pl gcond "axi s

per pendi cul g b EQet}'rﬁksix' W gh E%§868En%905h§ §%3R9é860r3§Up89rt'”9

the projecti 3h optical systerm here or R hSonveni ence afi sed af lall

That is, the,qRgks ﬁhegsopbnglguhst%@t { gk 38doENenfr eheckigaontioal

system are not mnmechani ca nnect ed. here the 1 mage orna I on

CharaCter'sgkggrOf tﬁes%VQEQC%EQE AR 1o§y§%?gbﬂﬁﬁc895rb%8' glifg¢ted by

the reaction ce cause rate O acc tiron or deceleration

during the %%”%ﬂ&egklbhe Shs %ﬁgﬁs%ﬁﬂ the 8%9%&6ﬁt8fstﬁgemﬁgi By, the

vibration o e support ﬁe ers esp Betive stages. Further, the

reaction forge Gaysed Q&htﬁﬁ ¥ o w%i%%'%gag 8Er tﬁ%ﬁeh?rgh'g tQE%hng 19
the novement of one of ages oes not |y ect t ehavi or of the
th t §&d bed
above, the Smis Py T BaCHSEras P EECE\EZ”?%E%”WEQ@? 36 Seam i n a

soft X-ray pe H%Qer% ehh% 38%% % %o@%¥loﬂrﬁﬁ?br?§%?bhsea OBrh%% gypstrate

st age (V\BT)p atra neasu i nstrument Whi ch I ncl udes a

fluorescenC%qegseey e B3 206° A6 Phe AR S A iR 0N 2

surface theréo filmof a reflective layer or an absorbing

convertor cliRoR %?fp%? lr}r “r?t“%‘r S Heel oo e pRRR SR RN A 1y
the fl uoresi) %%(%e_%ﬁr %&)t’l% z,t e when the exposing il I um nation |ight

beam arrive rescenc stance via the aperture. ACCOYdIng to

this arrangenent the ]Eparat né%%%r%p 5§3%u ogfth%esgb% r3e stage,
t he spati al |nage neasurﬁhg |ns t |nc t'he

fl uorescence-ge ratrn sub nc t he ap rture forne Lhe surface

t her eof by %%H%HQW' %kﬁ 9 @Plé@ﬁi&g PgﬁgPt&Pnt lgrplbsg’rbrng | ayer for

t he exposin atr a d th ph t Qel e trrc converter
el enent forqﬁh%f§§¥£ &@ I|§ tlggﬁ &d OB\ &€
fl uorescence- generatrng substance mhen the exposi ng |Ilun1nat|on I i ght beam

arrives at the fluorescence substance via the aperture. Therefore, usually,
al t hough there is no substance which trap8nits the light in the soft 20

et er



X-ray region as descri bed above, the spatial inmge can be neasured by using
the exposing illumnation |ight beam even when such a |light beamis used as
the exposing illum nation |ight beam Therefore, for exanple, it is

possible to easily determne the projection position of the mask pattern on
the substrate stage by using the spatial inmageneasuring instrunment. In the

exposure appatakbus pesael Bedtabowaski byl ehdesilahlifaathah wheheihetpgposi ng
illumnation Iight beam (EL) is a I|gh¥ beamin a soft X-ray region; the

pattern on theuf@akt(Bh h3gher wRAmbYsapRlFYeRted 5?b§hen?atie&napiahélng the
illumnation Iight beam onto a reflective layer for reflecting the

exposi ng '|b%”kﬁéth%@k|'gﬁheb%%ﬁhehﬁeﬁhbﬁpéé&ﬁ@gﬁﬁﬁﬁhlnbﬂgoﬂaiﬁﬁhﬂ i's
formed (subjected to patterning) with the absorbing substance for the

exposi ng "b@%h“i%'gQOJbaQEdb%ﬁ%b ther ehipseratBl b¥ethbeped %ctEoph'Ch a
mul tilayer filmis Subjected to patterning as a substance or reflecting

the Iight b%g%hbﬁ tQ?s%@ﬁtcéppéﬁeﬁegfoﬂhésrE?Qe@%EH%‘BgthEEEFFggEbﬂn 1 ght

beam it is OSSI le"to repalr the pattern in the case of When t he

material fopplhe,aReQHDIRT+HEbS gcenlih@paaggr'%hﬁbn %lﬁigaﬂln kebsS

possible to set "a substantlally i denti cal éctance or t Iectlve

| ayer and g eAb3AEDng aubskance 14ghe! BeaRiPasl Rgahblupi-aal bABol LRt beam

with respect to the neasuring beam (tfor exanple in the visi

f t I kb t
of "the. nﬁsk%.“%ﬁat.?e? B52F Hhek Ee?c?s?ﬂié%&%a%‘%f@‘f e thersPAge'' "
[ dentical agoutacy Qyehdhngs egyer%taurgﬁega PRt N NPk 3 dBRCEhACEnEn the

second Specl resent invention osur e

apparatus ageerdingd b GhskyasResholk1|NEBEASIA! chavRaLLAR 19)

further conprise a conmno vabl'y supports e nas% st age

and the subgtrate ; Ln[ %%rg%% ufl%rf%etﬂ' atfﬁr\é’%' %Ql@\éi%%t%ﬂpo%il%he

base board, erein as6 board i's movabl & in response to réaction force

generated by, a‘%\é"t t%f tosﬁai%tn a2 k2GS Q! ihNEnIBEY r3kadg and the

substrate sta hIS rrangenent even en t he scanni ng éxposure is

execut ed t0 Agrlani e RXROMILMHELe 3V RGN BROUSLY HGYLNG.t hgemask stage

and the substrate sta Wi th résp ectt 6 the i LFum nat i on | rght” beam it is

poSSi bl e {0 SHRRLESS,, i %gé\ﬂc%&ats gaz,@eaf o Er2XBABYLE G2ORAEHy3aBREEH AR e

unbal anced gener at novenent  of the stag e exposure

apparat us accaiding § g1 ;o'r mm%%go%f tﬂ%cgrrﬁﬁi?ftlpfum{:%@ it 1S

al so prefer e th ere Iec img opfical System fdes a Iurallty of

mrrors, th% qgg%rat Srgg%b Q£&9p35| %Pgﬁaaseégggggtheeﬁgr exanple, a

heat pi pe whi Ch -ad] ] us erature o east one o rrors, and the

heat exchan%ra.]ns%éﬂ%da' 168, Uhe? APl disgt ed i eanale 16l ket I g

surface of east one of the mrrors. a heat exchanger my 22 be

appl i ed Lo expgsure anpRERLUSeS D%erwdltﬁag.esgﬁ% cand el QLR a5 s and a

sevent h aspect resent |nvent|on I"at er According to a

d t
apparat us {0t .y e e S P AR iR T PR (ew

th |1 M
30, M 43) SRR P SRR e o o, e 1Y S e
direction pependl G, Lg e %%@%Ls%q%g o1 1180 33, Al nat i on

on j€

| i ght beam a pro tion system whi ch projects,

onto the S!Jtth’(eﬁ%%f% thea i Iol,@Jl oglalslkg@tld%e%@ r%f | gjl%%% 5{1%5@%51

driving uni ch sy nchronou

t he subst ratg,tl o a .vel OOCnI tt%leg:t ch %rr %pqr}’d o, l?”é% qg%rg #t |V%r1 of the

projection o syé} a corfec |ng

corrects an j rraé)gre Jm|gn i fi c%tdrorrénecrror 'P‘tec‘q?% %rar{l% eeijr%g a%l Vi ng

the mask in H St d CSCt o Wit 1y respec he proj ection op |c
SySten]du“'E%sf%%éﬁg¥ﬂgiscLBeﬂR%?qﬁpkhe transferred image of the

pattern on the substrate due to the displacement of the

11



According to the exposure apparatus concerning the second aspect, the
illumnation |light beamin the direction of the optical axis, which is
inclined with respect to the first direction perpendicular to the mask, is
radiated fromthe illum nation optical system That is, the illum nation
light beamfromthe illum nation optical systemis radiated 23 in the

obl i que dirg@lsikon noRhe e ctRslon BEe thk! BFtRahloaxliisaht AReamyegyief,! g¢t ed
by the nask plane, the reflected Iight beamis projected onto the substrate

by the aid qf HigsRiaietll QhpRhie theokvetTayaBdobibachat tern on the mask

illumnated with the illumnation Iight beam'is transferred onto the
substrate. Upon tie thicARshesudle bipatathsPaberibedN@ndiieyi Rgeunit is
operated to synchronously nove the mask and the substrate at the velocity

ratio cor r esORdidi fdsht IR0t RaIaB O kG dREOlaE OB IRk Ry System
During the synchronous novenment, the correcting unit 1s operated to
relatively s dibs Mroridith s s ebonaCligfa¥iity pEsARGbL 0 the
proj ection g’%ticd] systemin order to correct tﬁe I ge magni fi cation error
f th tt : i ngl ' f . h k
’s succossi Gty PAICr L raresRendiR &8 3 meit e M B A
ol ativaly AERK Bieadl, (AT oh, RHY BRp BT B, et Bl sBARRRL 1O
et | . ' . _ p e .
b "t he. part o cthd RT3 SRIRRY BB PR AT Tl mEE R o
pattern on (RS SoEtT v c e o s e S R ™
direction Ofir{[&?:m%ﬁ:tiiot a!co%xxjessgoeédi%ﬁ{ %%Iu tth’e imtO\)eﬁlel?ﬁs iil?:| %té.%niﬁggfo \{:%et he

I
overlay accuracy. 1n s artangene t71Ts also prefera t t he 24

il lum nation.Qptical. system (PRM. | M. , . radi.ates, as the
il lumnati orqlfﬁrg%g tadé'euasél(rﬁ_ ?)sglrl\lél@lﬂ\/_ﬁn%%ﬁ{n%éé?n\_) ﬁé‘\?:j%glea%ve\/g\%enldengt h of 5to
15 nmonto taQiequsl si;(}’lgg@dS]T r}.g)r{ .q.enf%rr ag:cit Inoqfo?:ptela%%l n?}rgl %nr?t( %Q)relc%i%%nﬁosed

of only a plura re cti'ng optical” élénents. I's arrangemnent,

the pattern 3 o hhe mrgasﬁ{( sI thdd %ﬁusl]‘ ig)rgr et(illeo I%;Y%tctﬁ‘}}% n%ﬁ%éé{o%te%\e\gtta otfh%h

proj ection optical system conposed “of onl ere I'ng optical &1 enent s

by st ng the S JO.0Dt heeas 4 SXRoSLAG I WAL o I ght e

Therefore, it 15 po eto y accura sfer an éextremely fine

, f | . f 0 .
Gascri bed apbEe s SRRSO g8 L gioeha SReAHREI DM ° 57

RST, 34, R %-é,f}fﬁe%[ L) Se“rrni[a”c% Lg‘é[a}]ne (t%g{)inv\mh%% HIRARY th 2 POy gs}t%;aﬁo‘c the

mask (R) in i'TS i Tection, i's noved on asi's

out put of the, TRRRNT 19 koSG UG AA DI APRHe dodifia B esen

invention, there 1S pro an exposure apparatus fdr tran a
pat (€11, O IR, OURAMEYIR SO dh SR BRY SR oo
adtates. ot I dsle 8 AR Ghdd N RPDARIIG S Lt
tsngstrr?:t?e,( R% .uetaiﬂsadm%ﬁlta nlooncnhoelpit'ﬁga}(i%I bs}ésrﬂtegu Séoa}gﬁge\@:lg{%qokgrﬁe% ‘;ongnfj?i E/ihﬁg
unit (RST, \g%%oé%%e:¥% é%% above. That is, the stage control system
adjusts the position of the mask in the first axis
direction by using the adjusting position information
corresponding to the movement direction, of the first

adjusting position information and the second adjusting

position information for each movement direction of the

12



62) which syn(fhronously noves the mask and the substrate at a velocity
rati o corresponding to a magnification of the projection optical system
and a correcting unit (80, RST, 34) which conpensates change in inmge
magni fi cation of the pattern caused by the novenent of the nmask. According
to the exposure apparatus concerning the third aspect, the illum nation
optical sysiR¥K stadedldRs inde tes lsydhdnldRisi mowemeaid @F lthehimakgam havi ng
the main Iight beamwhich is inclined with respect to the first direction
per pendi cul gfalg@ @ ek subddirdte dthed. | aliaiaificer,| igiin k@R fehem t he
illum nation optical systemis radiated in the oblique direction onto the
mask. The i |Jogmitiainaan dilsglladea@Rtodid @neg i@ bha smaskectiion hias nighe
main |ight beaminclined with respect to the first direction perpendi‘cul ar
to the maskihes sRnAnenRMsPdvitidNtOiBH e QRipehdlindy TrEMH @ik 1e,
substrate. The pattern on the mask, which is irradiated with the

FITum nati oy glicH288Mall $aldt@isf@ldvetheditt @nha ctehsistale o DY the

transfer of the mask pattern, the (dr|V| ng unit is operated to synchronously

move the magh i Hag s thd dRlentdit b3 Qe nalsk! is@ a4 FGSRORMHSG 1lg@ t he

magni fi cati on of ‘the projection optical system The correcting unit

conpensat s dNQ HehegR i i idGS TN ddatd Uk iY ke iRl hRfvRnkasedoy the

novenent of the mask during the synchronous novenent. Therefore, the entire

surface of I RAVIA! 1101 te JHRSHS i SUGP BRI AN LRdHONLO chite

substrate in accordance 26 w e 'scanning exposure. During t

Process, th‘?fiif?cg%{ﬁggiij CALIEN & Ye U -m*gece%atn;i%rhﬂ :saclfc%rﬂ%ec'éﬁ ed by the
correcting unit. ccor_|_ngely_, I't 1's possible to effectively suppress the
occur rence ofy e TNl G & iforldh e i Austead idTage of the

pattern on the substrat ue to e noverrent of th As a result, it

is possible Hpisls C&{H I r:e rat us
accordi ng t(?ttctfhée t v%\risl ?&S’@é}t\éesg féf}eg a sl%%éngfegrotafgletg%i(ﬁ%%tlﬁel mas Ozﬁ( R is a
reflecting téﬂﬂﬁ]naﬁ%tﬁ e ddd .y natyi .cal LSt R I ., M 44)
radi ates, as the i urﬁﬂr?laa |oc?nlq-1nﬂldggﬂdtl gi;as%]qléfga%lg@svﬁﬁ ghrﬂte( l}earrﬁsrﬁag\ﬁ%g a

wavel engt h of, 1[“38[%] rQj£GtJ optical system
(PO is corr1c)5'(§nsa§ft %‘égﬁ%np%Qp%l%ﬁ y O sﬁlg%ltteljc%ﬁ:legg%lgpftfdcgl@leel enents (M to
M. 10 Ehi ARSI o REDPHAN 1Ll (FRRK dh Unslerfd o the
substrate via the projection optical system conposed of only the et | ect i ng
optical ele ts by using the EUW |ight beam as the exposing illum nation

| i ght beam erefore, it is possible to highly accurately transfer an

: | £ f 00 |
extrenmely fine patfenny da‘?{ga merft P Xk atip1 00 ¢ eg{digg\%ntgrte i's

exposure apparatus according to the third aspéct descri

al so prefer%%ttilgﬁ{ iﬁﬁ?oﬁ%rﬂi eiﬁs%%@-ﬁ%ﬁ% .n%@sdﬁeudes a driving

menber (RST,” 34) whi ch noves t e first ction on an

obj ect pl ane s dlaeli e HiPldfld ARl dtlnsy SR s NS G

synchr onous novenent. Is arrangenent, 1t is sufficient that the

dri ving el dones dis dIBR W ANe £y Shelligiect i addioRRhest pl ane

side of the projection opti cal syst’em duri'ng ‘the synchronous novenent.

However, for ﬁrtq_rg)_ll iy K . dripg s ;
relatively icnc I nesﬁ%eéh%aﬂvﬁﬁ g%rg%?ttyes’ol t é%%%gctdfpﬁd;%e of t telon

proj ection {0 . | Sy ae[}l%r[%um o f jtd t . enent
of the naskqﬁnelfcﬂdet ?‘l}lers‘%sﬁ{%idrd;c‘%@o?lgsr lt e 0 je(?tf prtlﬁgdasé‘l}ggnoglﬁeﬂgl%\é

proj ection J ; J [ Vi i

novenent, i ?‘B%lssca %‘?‘%‘%@ g%{lert]tmf? g{d}é/usétlglt e | E’Lﬁsﬁﬁgﬁ#'&e Otsfﬁcraﬁggr gj{]c%t:ktsi on
optical syst i t j PlANg-« s HIG ef vo 0 t he
obj ect pl anesegsgl#e Jo}ﬁt ae géruotfsgcc’{a{]%en%?pﬁc%al systeefm i g r}:g{le?taecﬁel{ge% rfic, it

i s possible f i vel URRLES rd SNG4 10f j f,cation
error and t héerorpogrfsisteclca{oﬁnaéﬁel%iogcr epsgmdf:uy';Ir Ihﬁo Sﬁyt#oansf élr rdéetdﬁﬁlrra e ofﬂk%ﬁe
pattern on the. substrate due.to th i Spl ac t ,of the sk i the

di rection ofapc{9 uesl{:onbefrlltc'al Pglxli sh.eljé(s % ?le%&iqtassellrﬁel% st%péls% bﬁngs ]tiﬁ‘c?]i%npr ove the
overlay accuracy..,According to a fourth aspect of .th resent invention,
there is pr o rh%tdltaunt ]eg(epocscg‘}peo rl‘olepnptar%ja %Jsacfjodrasettlrnagg S heer ﬁ)loﬁl)sg&aloﬁlaﬁf;rtﬁ]eon a
mask (R) onto.a substrate (W, the exposure apparatus conprising an
illumnation optical system (PRM IM 30, M 44) which radiates, onto the
mask, an illumnation |ight beamincli ne(ii3wi th respect to a 28



per pendi cular line of the mask; and a projection optical system (PO which

projects, onto the substrate, the illumnation |light beamreflected by the
mask; wherein the illum nation optical systemhas a field diaphragm (44)
whi ch arranged adjacent to an incomng side of the illumnation |ight beam

with respect to the mask and which defines an irradi ated area of the

i1 lum nati onpddhin e pivdtheesikgimetitdie. fi el d di aphragm adj usts at

| east one of a shape, a size, and a position of the illumnation area.
According to thi yiaspeet, fiheid |41 Atdrdd hitRaaMhahitfe iekgdiiddned
with respect to the perpendicular Iine of the mask, is radiated fromthe

iI'1um nati ory b b @l s Siptt@iBr BhilpriSsed e ndd 4P iR it | GirPeamich
radiated fromthe illumnation optical systemobliquely with respect to the
mask. The i lhaudadd Ahd I Y i OEHNo i daSK SR POEd Y 418 tTasks | S
projected onto the substrate by the aid of the projection optical system
Thus, the p t i bsi  at In this
ar r angenent %%ﬁ%%’mﬁaﬁzﬁ%%ﬁ%a Q:’;c%t{rg% %;}ssq-’t%nge(f@ej'l ?4di aphr agm
arranged cl t ia{(}gﬂg [ : - ] ' | Rgam wi t h
respect to ?ﬁ%%’ruafs , 'fhger |n1ir5?1n the l?e;lréar{(;iela#ed arﬂgdo% ﬁie%hfq um nati on
i ght beam Ty i I i j I one
e 7 S P S AR IR & e RSl

of the shape, um nation area.

(he. 1 unt nate e (1R 2814 “Beam o dfiel Toais e T ifPas Rl
o1 ol d di aghs B el o A PR G I e o
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beam on the maok 111 ket (3 AR A g R e O
beam for ot h@c%xh@él{pgciefs |6l %é.e[%nrj{rﬁi FAP! & f ké%(agﬁgfl)%;rjﬁoaj{%eé[]%%urt "

detection of e nark position: appar atus acc

(ad2) wni cn T5er gt ALY ol hod el RS (e Aoy e P 0 ©
beam ont o a (i {rorerdie £ S B A DEF IS S L e e g™
epparaius futl e O |56 SIMLENAP FALRY SRl ch s chee (he
?ﬁc:gebt ne ?ﬁ’é’éﬁ?"&i%liﬁ%?%fﬁhéf?%%ﬁ%q“eaép&ﬁ&%ﬁ&f"i %Z'Effﬁgl?n%‘iea_ i““otn‘::‘ie:
t hg posi ti orrIP% jﬁslggnée{{ﬁﬁék?%?%ﬁnﬁnt ?Irfgéﬁ%ﬁgeafn%%kg?a#%ggﬁ‘ ife*;]dl%spadr}ﬁsrslgjgln%s °

switched to g€§8é%%%§tc%@ eﬁﬁ’f&%é’r@hé 4 iddhe 4 lé%?c“g%dfo ldght beam nmay

be 30 radi e nmar ormed on e nmas ngly, 1t is
uring, the o ORAERE T eenel | SRT St TPl nend dend Feal 1y SR i aphr agm
exposur o merhog pehe FERERL Meir Rl ey | SR E0 of B RS lgyided an
Subotrate vl ff B LA, PAHEELR YRS o (00 N Sypduorput g movi 19

the mask (R) an e su e ‘exposure me

. . _met! f (
ot an "9y o SRDE R AOLEUREN TBEkn SE1 0 KBSK (R ind SN SRElER
tt th i ] ted W th ] i i t] Y
P 6t e outefa BB a8y A TRASE S8 18 [ DSl COROPADY dnd il SR LRDL s AEAT
ing illuninatiop, light b t i i ncj 8
e o ot PELAE £OF e R0 7 S o SLEASTIL "SR A0 O N e
nove
Th

substrate are synchgonous i second axis directipn perpendicul ar
to a first aXig %'?écﬂl%ﬁ%%ﬂ’ﬁ: ‘ic’i'élj;e SYW%CT?%%u%*n%n %%Ti%gltlg% s of the
projection optjcal systemwhile adjustin posi tion of.the. npsk. .in the
P bt axis arpbErrertistrhornatet wiior ol i Shufuatd o PRt HT b

i nformation. According to this nethod, when the pattern on the nmask
illumnated with the exposing illumnation light beamis transferred onto

the substrate via the projection optical 1§lystem by radi ating the exposing
illumnation Iight beamat 31



the predeterm ned angle of incidence with respect to the pattern plane of
the mask, the nmask and the substrate are synchronously noved in the second
axis direction perpendicular to the first axis direction, while adjusting
the position of the mask in the first axis direction as the direction of
the optical axis of the projection optical systemon the basis of the
predet er m nedqad Behinlg position information. Therefore, the entire surface
of the pattern on the mask is successively transferred onto the substrate
in accordance W tfh thesSaz2rAngemexRoSkehereDiki A8 tRkeiR10EemItatRhBnPOSI tiON
of the mask in the direction of the optical axis of the projection optical
system (firsgbnaernidgr @Gkl BBLik3oadb¥skadiaribheckathe Akakheind Hakhng
position information.” Therefore, although the side on the nask of the

projection ephiiggledSytbiMehkeiheelFBgoRtksabneySta® magkNaRat ehecentric,
it is possible to effectively suppress the occurrence of the magnification

f

dt it |, <€l [ of t.h

pat tern on { At Bea o aRE PR 5 CP YT ToF FRE"RIER 1K the

ai ti i cal o St . . th

over | ay acoarsey OTE FRes kb, SRR rerateer! (R ) TR e e rk o e A et g

posi tion | ngbMika0. el wdans bhth 3l UpthedaRes biad iRAGrgRtiae and -

second adjusting posifion information corresponding to veiment direction
f th Kk t LS; h Lt f . : [

the first alrekitidotbobts Soaatiered By chrne Fbolnd i indRek g, '

i nf ti di tq,t directi-an, af ' dj; yst i

posi 11 on | nfatntt Paas,dad, 3t B8R ERTEhelebETEIBR: o chiomakkc Rt cach

t di ti f ' h . of _th k

R R s e L T P

fiTst . . : . . . . h ! . t

| nf or mat i onE5e Sipohe, Ag-FATing BEaMR: T iy Fade) diraReRRity; B tyo gy ng

posit1on | NhabTat:igl Badnihe aecanda2daal) R0PIRLEGRLALOLIBLLER LRE each

novenent direction of the maSK during the synchronous novement of the mask
dth b 1A i.ngl t it | ;di,spl [

the first anrEonipsert SESalfie sofh ShebiInd, A3 10RTh kTR, 15 hP PEREaE i ng
, f I hani_cal LSkl f th

O o pex S LR IR A0 oLAGHAT LERLEPYL SUIERCLE! k3L of Lhe

al ong the sgeapdcaxi SrandoLhe sTAVEFERh! HAM G hlet sshdeatogone side the

position of the mask’i irst axis direction can be adju fed hi ghly

accurat el y it ROd ReliR0 abbackad JkNBLERY poklcliBnROS TRl e cbRee! Lechi vel y
suppress the occurrence of the magnification efrror and the positional

di screpancy ,in. the transferr i . t 0 h ate due to
he di ol acEoaNE o et ?Eggﬁltgﬁggq?‘fflég‘{éﬁoﬁgéf Sy ShE BoPLIPRER SR,
exposure method fJeser 'fa*%‘“l@ AR ibh btdaiQo3Rhe 9.'}1%2{?51% Lgnt B3t chie

adj usting position information i § previously measured i nfornafion.

Al ternatively,. ]t :i I r ef b i in oSLLhO
infornationo¥geﬁ%§§%r%5%%u?P%g%p%eb?;%%%%okgggggggzkgn?hgfﬁ? g %&sk and the
substrat e, ition,af ; iRt ir i i LQn is

adj ust ed by%&%%ﬂ\oﬁ'%%gdjoﬁstt?lr?gto%%sﬁg? Bf thel Mook BBLudtld RERSATLAT '3
former, the just Is I ce W far . l.e he
feedformardd%gﬁfroﬁ?ﬁ?%ﬁggngggggq%fl%hggggé%ﬁ%ugpyfkggg&?e&ﬁéﬁggsngpkon

wi t hout neasyyl t i acenment of the mask in the first axis direction
during the ?&%%ﬁ% n%&g%ﬁ%% ment of the mask and the substrate. Therefore,
the adjusting errQr ar cel C 0 rql | a pon the

adj ust nent . Furtﬁ%rf%iteigoégggi%&%agé%&Eedggﬁfﬁ%gg %gﬁsgftﬁp%ve conmponent
for adjusti th i tiqn.af Nt first axi irectign. In the
case of theq?%f¥é;€%ﬁﬁ%§e%bggfi%ﬁ%bg%ﬁﬁghﬁggﬂ%Fﬁtpﬁg'fiF@an%5§ gﬁgection
can be adjusted highly accurat.ely in,accaordance with the. feedhack caontrol
by S g & he T heES e i A 0 P e 0y e R Ho derage o
According to a.%gé}h azﬁqﬁf of the pr sent(}n%FntLon,.tQ%re i S pr vL%ed an
exposur e neti5d S PAndt& MASE 4T a0 TeSF O % WSk YR CEAPE 12 28Tbdtr at e
(W via a projection optical system (PO, the exposure nethod conpri sing
radiating an illumnation |ight beam having a nain |light beaminclined with
respect to a direction perpendicular to ?é



the mask; relatively noving the substrate with respect to the illum nation
i ght beamreflected by the mask to pass through the projection optical
systemin synchronization with relative novenent of the nask with respect
to the illumnation |light beam and conpensating change of an inage
magni fi cation of the pattern caused by the synchronous novenent of the mask

and the SUb%ﬁééé@reJhﬁ]@%@éft{&haé‘EetM wds &k "BgeL HEOR Fd€ajtan of the
pattern caused by the synchronous novenent of the mask and the substrate"

her ei n meansy i fe-ChaRogPfed bl {7 BaR JBADI SASALION OF {he Maldgrihgaused by

t he novenent of the mask during the synchronous novenent, principally by

the movementyi it her i 6l | OR BladienOPLi €2l s a¥bSs P14 o PRI A6 1R OPL I cal
s Strata TSt i > e,

system According to the ne oncerning t I Xt h aspect nge of

(1, m9e TSLLE P9 onplc L0581 LSSV, YR Al TR
of the obj ecz%ncﬁ"ftﬁg J?rﬁci aP1 S e&iéé’{%ﬂécygaéf Shvd exﬁ%é}? dePdglEggntric, it
0O e e (0] urrence o |

i s possible ctively Suppress he ‘mag i cation

o RN B AT
t t t
o el o0 O g R0 O £Rle ks GRe RASHA Lagld AFROSE FalSed P (ne

i nvention, t e_l rovided an exposure apparatus for transferring a
pattern on épﬁésiy§$§kéhﬁ%§d“§ﬁ%§?'% e (W, the exposure apparatus

bl quel y 1 adi at ek ot | PERPRAT PR SHU BT SR ThaVRr i br SO t ne
Toht beam ORGEFRACTY ot het e oot RSUe R ChEFAT A0, 2 iR ERaS (ot
Vel bcity raitbrAel T ERsh R ng 00 BT RtPGho BT THRCHPof ALY Wbt i cal
ynchr bnous TOVAnBEC: B0 Reke! RIS 2 HLsd | B BIETTE: RERICTREESH oot | on
nchinat i on broRnENRoRtSTertt FoRionE SEPLel i nelh i Cer i RSty e
beam | ract GRadtT HinTE et TOPaMT Pt SR bpts o kgatdn bt FEURR L e O

h I f th K. The. il ] ' ight_Db f
he 11 um ot PRREBHER o Ohy G 8rtt TP aar o P ERTheS bhFPhtie HPRRETE i th

respect to th attern.plang of the mask._ The Ll lum nation |i h% beami s
refl ected bylfh 5 gk s ?aE%,a%%ﬂgt%%yr%?%éﬁ?%%u??%%to%e%ﬁIIga roj ect ed
onto the subs rate g¥.t€e aid 011; ther(?ré)éecéglog f)g(t:éfal System Jhusollthe
pattern on thRhaskeT 1 Iﬁ%a?gd Wt% HEERE PR URT naty on II‘igﬂt YT s
transferred 9n the_substrate. ring th ransfer of _the Kk ttern,
the artvi ng tareots aleh b o Yot ofet §Ohavt ettty "Shtedhe
substrate at_.the.vel oci rati o corr ondi t0o.the nification of, the
ororecti on obtFedl EagErtsh "Bhi hgToRET Rk ERbAL Ao diei YRS bt ng
unit is operaégg 5ge$d$us%hat Ieast 0 gfoéggefogééion of the mask in the
di rection pe?penﬁlcu ar’to the b%j%% pIaﬁe 0 he p¥bjection opti cal
system and t he retgt%ve inclination of th respect.to.the, object

the nask w .
pl ane. Accordi ngl B% %ﬁ???%rgu??%%ﬁa%ﬁstﬂ%s%5¥%%?na%% The' fabk ?%so
ively t f to th bst i d i th i
xposur c. DLPFRECEAPLEpf BEBsEn® ar P eRstoBREo b TREPoLPT ont oS¢ he maok i n
t he di ti i cul to th ject pl f th jecti ti
System and {RAIREPabNGBPRLE 1Ra PortBr BHERmSKE APt hFabpRKES (DL RECHES et
I [ dj usted by . th idof th dj [ it. Th f it
bossibl e to LRfBLCPLARYSS BbFBsCePESRART I SHREEGT PeSTABAI FP8ati on error
or the distortion i tge transferred.inaﬁefof t he ﬁgtthﬂ on %he ubstrate
due to the |ﬂ8??ﬂ5?$oﬂ VS HHRI PLpE HLe R I e heChask?A Tt heT ARt 4Y Pe¥t i bh of
th tical [ As lt, It | ible to | th I
acouracy.  Actbraiag PoehRTePbht hhatpbhe SFaPRcCpREERh ST RLERt RUAISEIERS | s
provi ded an exposure apparatus for transferring a pattern forned on a nask
onto a substrate 37
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(W by irradiéting the mask (R) with an illumnation [ight beam (EL), the
exposure apparatus conprising a projection optical systemwhich has a
reflecting optical system conposed of a plurality of mrrors (ML to M4) and
whi ch projects the pattern onto the substrate by the aid of the reflecting
optical system and a cooling unit (HP, 52) arranged in a non-irradi ated
area on a rgldsdatiiong cfurdfmc eak din teRstf igRe Exisod idfedtdi®mliw al ity of
mrrors. The invention according to the eighth aspect has been nade taking
notice of thedadarddaivitde faeibaek Woktredn bie winngerk arashedeef | ecting
surface provided that the area is not irradiated with the illumnation

l'i ght beam deeritsig R dildion Natformddi@i. beamine R@alcrd th ¥ormear,t of
the reflecting optical elenment in the exposure apparatus based on the use
of the cata-idi GR MceREHGM AT e SR AHA! Ayt hased it fididm 4he of
the reflecting optical systemas the projection optical systemas in the
EWV exposur g ApRANad! prelie KIS W taRNarid bddasdld stV neonpri ses
the cooling unit which is arranged in the non-irradiated area of the

i FTum nati o ddightorPeAmae WK afl adld 8 reétfidte & tdle |RASlcAN@ X ror of
the plurality of mrrors for constructing the projection optical system
Therefore, thgdf 1§ 0 SWHARCQ My HICHe fRUEGh ST AT A O the

t enperature change exceeding the limt. Accordingly, it Is possiblet

avoi d the degidifddt ¥d Yhdimddie drfadRs3tit i MBlRN A0 aGldy itgf ige of the
projection optical systemdue to the irradiation wth the illumnation

i ght beam S 2y1AY tith i RAGIDIRY LA 1MMARERSS ha IRt Ydar.ati on of

the transferred 1 nage due to the variatlion of radiation.” The at | east one

mrror my B, fRmmosehpdh MRl I dyilig@ iiehald ElnsSRlils coefficient
| :

of thermal conductivity. For exanple, the at |east one mrror may be

composed of  RIEdAle A\ AR i Gllardf deiRlridicldy ty of 5.0

WnK. When the mrror Is conpose tHe material having the sna

coeff clent Rnder B (N B/ de) L id GBI Had i M Tror due to

the thermal conduction I's suppressed even If the tenperature is

consi der abl w@@ﬂﬁ%, AGHOTEH G M dél%?;%%?‘?ﬁ%ﬁ%&%i“ﬂ‘é’m

. . . e
deterioration of the imge formation c se preggrably

usable as Ui TRGHA JORAMSAEL NG e BdPlo s A1t ddy, Seamy e.

Zerodua (trade nane) as | expansi on ass (coefficient o

CONAUC i Vi Yo oy 1 ¥ac@ad Al AT 0TI ocifk el ol RPARcrf 3 201 e

fromCorning. In this arrangenment, it Is course allowabl e that the other

mrrors forMefr 4B ol iflyd i NG JAAS AP IHEMadt! AT e

conductivity are cooled fromthe back surface side in the sane manner as
performed in,the-compntidiialol SRS eddbly) SiANTANAEMN e itlg i S al so

al l owabl e that the cooling unit Is also arranged on the back surface side

of the mrrofffit W&%déﬁf&?'d@&ﬂé‘%aé}é 1 g ed Ut te d &fiRcdd g 39
surface. According to ninth aspect of the present invention,
with a higher degree of accuracy.
The exposure apparatus may further comprise a slit
plate (44) arranged closely to the pattern plane of the
mask (R) and including a first slit (44a) which defines a
first illumination area (IA) on the mask to be irradiated
with the exposing illumination light beam and a second slit

(44b) which defines a second illumination area to be

irradiated with the exposing illumination light beam at a

17



there is provi~ded an exposure apparatus for transferring a pattern forned
on a mask onto a substrate (W via a projection optical system (PO by
irradiating the mask (R) with an illumnation Iight beam (EL), the exposure
apparatus conprising a reflecting optical system conposed of a plurality of
mrrors (M to M4) including a first mrror (M) and a second mrror (M)
to be succeggirde! fdr 'Bdmp1ed WMih R ) Idordita irnddMn ReRMmalshe
reflecting optical systembeing used as the projection optical system a
body t ube- coglq ng s‘Wﬁgi(ng;z)mé@Haqls(ﬁPQM% 2 W0Gh e i) tats 1R ¢ Hihe
plurality of mrrors; "and a heat exchanger (HP) provi ded between the body
tube and at (©asthARRH 4 Y RR! Ay d IR Snd\Railiing Lo (he
exposure app(ar gt us concerni nlg tthitﬂs?)%e{'splect, t he oly]’trg{)e for (g)l d"lr?%g t he
plurality of; Wi 4 DL d Yo&-G0U119 Wiy t he
tenperature ]i ?é@%%&@ncﬁq%ﬁ)lﬁtﬁégf irb?]y of rﬁtr rors by ]bei(ng al)l’ ra\ﬁglle%t ed with
the illum natd |!gJ% eam he - %}ﬁ;&q pnerfor et ween
t he body tuibgteéé(?ér%léi t leélist ofr?terh?n{ar%l%ﬁ:lgfga:thh?p ral |dt 1@$ur¥]ﬁrn;£§g.s y the
aid of the gD GO 14 r0rs d S A 4q0ci bl Ccogq t
exchange byrlt%%(tahtﬁeat e%té)nger is{sb%cdg}r(lftis%ulc?ug(lllyﬁ{?érfcﬁerre dﬁ% ril:-ggghtptﬁnrel%a
radi ati on of i |H[g'n j . On. | %g[q t. 7 . forg,_.it is
possible to aa%/%ﬁl(ﬁ ] ‘t ﬁéeﬂedre)sfdolrr%;h%n 0 h%l%l&m%ﬁlom r&{:%l r;cell-gg&%vi\:n tpﬁl attﬁe
heat exchan , Jt_ . 1 hd t i t f the imge
formation c%g); a{:crfé;%lsrisl ci)c#ﬂl ﬁp%’é{écq??#%oé}?epcoa rgéys e?ﬁﬂaﬁ tgler esult, it
i's possible tQ suppr t he deteri.arat.i transf.erred i ue to
the variati oer%&o slﬁ'&péld?igts‘liugﬁm\dcnl% ilgig?l(#n?) enexé}qr]fc II|£-"B’eibse 0 ci:l(;eal}:l;eéicej Oﬁ&%‘gg—'rha | e
that the heat. exchanger r I QVi bef: 1 i ub d all.of the
Zttlbligg:[ @ch or{'jl eﬁnlngﬁ:the eftl%}ntlhlgq}"ﬁ%%ﬁothd%f&% oh 1l:he

mrrors hel ody 't ubé 'so 0 avoi ernmal” deformati on of all

f th i Al ivel. ) I

oL 1 T P RIS SR AN TR B fomsedony 1o
b Furth I i.vely. . the, heat | be. ted to th
beam FUr e 4 S S il YR Y B SRS 0 e

illum nation |j.ght heamis Xi num,at_ t osi,tion . of the first. m.r.ror.
Ther ef or e, i(ta]i%n e%nftﬁab’%oert at "%ahsek hseoa'?t eheaf()cc?fahnégeerq{ﬁosslpr{r.| inldleugl le{)trg T8ast
between the first mrraor and the hbqdy, tuhe tq faorcjhl oQl the first
mrror. In t%leghé:prggéatﬂ é“agpp%aer _aﬁau lag:c%dorocﬂbcr?g ﬁ%oe t eéJ Oﬁ?é/ntsﬁl lgcs pf_teocr_t , 1t is
fubes (PP, RESITIIEH N6 tbind STTERE 0 SR B iyt dfay
t ube- cool i n nit. i ndependent.ly. cool s .t he respective dividec t ubes;
and at Ieas%Je )ynoeélhdegatlelexuc lannagte%/OIt (Ij!F})gS'}ts rbper""cl)nvi 2%? l}e e&aﬂf}ﬁ%ﬁxﬁ%@ﬁ one
mrror held | W,de y t ?ﬂ h . di vi ded body
tubes. In th’?as/rng%faoﬂgedn%en%}ab%}ﬁ'e tﬁ)@(fe;/o uq}sgel gtf)’oltlcﬁneg%rﬁrt&l{:}gloﬁddse each of the
di vi ded body: HB? [, i.ndepend . Theref a r P

di vi ded bodleE u el?“"i:{;ln eélgegaolcga gqné ﬁ%q?gcﬁ{ern n g-{)}}gl n%’gqoestrrdp%r aei%zd??s&fl@ a
result, the t r i,.ch..ar vide J r ctive
di vi ded bodyafeﬁbaelgﬁgn elsénslzﬁrlgrgotrlg’%efﬁ ﬁleérlgb@,agéaycg%%lsedl fsts)l%’l‘q;or cibly
cool the mry co rnin he res [V | VA d tlglggas to the
di fferent te‘?‘rgge?%'t ures.t n‘g%riﬁecgesasrearrﬁﬁgéednepﬁﬁog}ﬂg%lﬁ%iﬁylraa e cﬁijgetn or?ecpof

e
S.
t he pl uralit(yn otfhé:lilyésded bo\g turbesspiss t he divided body tube (PP') which
hol ds the first mrrorpeﬁ\yﬂ cPLbePcflrs'tly irradiated with the illum nation
th

light b EL) ; f heat exch | s. provided bet first

i Pror and the i U1 doir S0P T e SRR Gl A SHELR SEoREr Tl he' boay
t ube- cool i i t the divided body. tube which h the first. n

at o tonper e | GO relfe (RS S T R St P
doi it s, ible to efficientl |_the first ni whi ch .absor b
the o gest SHBUT ofYHeat i VLT vl 8 ok Treliaedt ien of

the i f ti h teristi ith the oth i . As
a result, | tPIDHRS TG ThE ARRAHHT Y piFReR (ROMRERT oht i on of ¢ he

transferred i nage_due to the variatjon aof. radi ati on. The heat exc er m
be a?lyone pril)% Eucl’f&?t‘?’f %’é‘%’/tf?ﬂl’ r’r&qohe“%?fecalf ":E?ac%%egsé %%ﬁ{l&e’e%‘stx b tub)é
(or the 42 .

T
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di vi ded body tube) and the mrror. For exanple, the heat exchanger nmay be a
heat pipe (HP). In this arrangenent, as described in a specified

enbodi nent, the front surface and the back surface of the mrror can be

i nterposed by the heat pipe (HP) so that the light irradiation area on the
front surface (reflecting surface) of the mrror, which is intended to be
cool ed, is neiskaARd d RHSURRIraidsHddd -id M thleaex pafdingl idRpaimd uses
according to the eighth and ninth aspects, it is also preferable that the
mask (R) is seddid eptidpdrRadmakarand e appRaratasid ur thereggnpri ses a
second cooling unit (36) arranged on a side opposite to an incom ng side of
the illun naip@ihddnitit paaie ofnddirdmtetdn dyH e AN I e idelat VeSO
possi bl e to suppress the variation of radiatiion on the mask. Therefore, it

i's possible gk iDichLId LAH k16 WS add & HEetRIB i O 1Qfgd N& the
transferred image due to the variation of radiation. According to a tenth

aspect of t | OMENtH HN s S E 381 PF E;r{grgj r us
havi ng an i:@uﬂﬁzlﬁi{%lnd%\gﬁ]cﬂa@ssyster??(dlg(SRll\?loE%l\% 30,1%&1%?%01%%2 ?c?{clt ng an

i1 1um nati Orh*iémhé}?%sgﬁéat Y Gk MSHbd N sor Oéusﬁgfc?ﬂ:%frf‘d Y a pattern

formed on the mask onto substrate (W, the exposure apparatus conpri sing

a prof ect i opapldCalo Yabemd POy Hieh M dald o g orkhcalodlanen (M

to M4) and whi proj ects the 4 | um nation 1ight beam out goi ng f'rom
Ferecting OptT AT et by e i T e e ef | sct i ng
o ovi ded i 0 TR R i ahanocr bR S Oanaaas ot v TR Tect i ng
Clbe Tor ol TR Tha T et 0 Gt eaos crent REer o s b ne
I L N S G L T A
between t he 0 ORI Ui ey S e pefv SRl MIRARR emenanoer
by the hoat BReTarGRrene soRy EATHadi A SN S | St g
optical el e%.@f%&&%’%a Wi dfidle e d N Dpehif Ui Sl ore, 11 1S

possi ble to avoi to sofre extent, t erior on o e 1 mage formation

characteri sty | £61d LQptd ]ﬁ%ﬁi dye j,at] of the
i1 lum nati pnirﬁgﬁ{ﬁaﬁ]{é){)y pdr@i ous‘J'! ;F?écr ol'l nlgcmt]he b%(gyéﬁb%ﬂg_ée{&%esul t,
It is possibleya £5% Wi WO A WuHodtignd ra{bs;)efaof%empe due
to the variation o adi ation. I'n the exposu apparatus dcc ing to the

tenth aspectopgjt_cféls ?)}ss@enﬁ” efg{ahl & ddatnd kﬁfq}me gaerrig% tdéﬂte all.

connected to at east” one of a part of" a reflecting surface o

reflecting opfi€ag P'B@%aﬁ?%@aﬁé}‘t@@%&éﬁ%@aa%ét eirgil Qfpgour se

al l owabl e that the projection opt system may dta-dioptric system

havi ng a refliglaéz}'&gi&pt(%é:‘?%%flle%em %ﬁ]@rnc}@%éﬂ'éﬁlir&h' ltd'&g]&q;ei&al

element. It is also prefe the projection optical systemis

conposed of ural it r j i | e at | east
one of the p ur%?ﬁ%bf%%f%‘%ﬁ? nfg&o"%tq%icdgﬁ éeif‘%frf%ﬁ!tesre]is conflbefcte to the

opt1 cal ol err (i ot LANP A en ' drd dP By e ad B Bt 00 o
has t he Shor%@a%tfc?ri :—@c‘?lné‘%lﬂ%gs& W téhef espesto £ Oaéé]é:'l -,OI{ Sconnect ed to

t he heat exchanger arrangenent, 1t 1s possible to cool the

reflecting apticaly &l SEk, WP 125y iyl G5BT ofc Deaty absgrt on

and which ten 0 cause terioration o he 1 nage for ion

char act eri std g,o because. Lhe ol galcdl SANCR i 1hs Sapectu o, s sl d o

shortest. | T eésu I s~ possl I'clently suppr o
deterioratiop, of fhe transt frled Jymge Qg 4et N NArL & o 07 s Sad] ati on.

caused by the rate of acceleration or deceleration during
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In the exposure apparatuses according to the eighth to tenth aspects
provided with the heat exchanger, it is also preferable that the projection
optical systemis an optical systemwhich has a ring image field, which is
nontel ecentric on a side of an object plane, and which is 45 tel ecentric
on a side of an image plane. In the exposure apparatuses according to the
ei ghth to t el mvRaeht Jft one dfseher et acklahoth®adyuaifFaicitornkl ght
beamis an EUV |ight beam having a wavel ength of 5 to 15 nm because of the
fol l owi ng r easER-icthalf ithe M ls¥EgRALIAN thiedBuppea® hawibeg .t he short
wavel ength such as the EUV |ight beam has the large radiation energy, for
which it is nore reeess @xposrel Appaha tilsh ek ceibele absilesCitihgg opti cal

el enent. According to an €l eventh aspect of the present invention, there is
provi ded a'E%?H@iJ 1 1AMRAYGEIG AN iPAROTEG FRRAT AlayS beOh hhightf pehing a
pattern forned on épﬁéflecting pypégﬁgék_ontg aqsubgfratg, %%e netﬁpd
conpri si ng tihe SRRt raff PWidg Ak CUh‘aePta'p?)@r%QUsCﬂila Yol @Reps OVi ded
with a reflecting optical "system which projeCts the pattfern onto the
substrate; pigmgrdiseg @ r@g{g Shdet Pl Rl WishE , Mk paRli@Y ! Jig e
substrate stag mﬁ?%h ﬁbl S the subsfﬁate%%pﬁovﬁging aﬁaiﬁluninagfon system

whi ch radi ag?as%'}i‘??@p?ﬁs'{&uhién%m(@ﬁ)i U ilchINth AGAORL F14BS e %lﬁc%]E— a

predet erm n angl e “of 1 ncidence w th respect to a pattern plane of the

K; d i3 | i I th
ek st age S B Y e B e B ol i ar
to a first atsUid q5idAbe WY 2 AnISLIN0 & BOYilent Qlydl e mask dif) the

first axis rection as-a direction of an optical "axis

br oj ecti on qRtiGala syshatly Aihydle Basieh O lexlRdaleTh iG] adi st iagyposi L on

information, 1n or the pattérn on"thé mask iTlTumnated with
t he exposingdJ]um i i rate i rojection
opti cal sys?’eé%n{’A?élgftLﬁ %glc{eg%taltet%/\%el t%%télglggj(%%rz;éqt%h‘g%%r e(\sﬁe twiﬂﬁ\c/:@nti on,

there is proyfed2 LR 5P RIS 19t generated by the

fluorescence-generating substance when the exposing
illumination light beam arrives at the fluorescence
substance via the aperture. According to this arrangement,
the apparatus further comprises, on the substrate stage,
the spatial image-measuring instrument including the
fluorescence-generating substance, the aperture formed on
the surface thereof by the thin film of the reflective
layer or the absorbing layer for the exposing illumination
light beam, and the photoelectric converter element for
photoelectrically converting the light generated by the
fluorescence-generating substance when the exposing
illumination light beam arrives at the fluorescence
substance via the aperture. Therefore, usually, although

there is no substance which transmits the light in the soft
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exposure appafatus for transferring a pattern on a nmask onto a substrate,

the nmethod conprising the steps of: providing an illum nation opti cal
system whi ch has an optical axis inclined with respect to a first direction
per pendi cular to the mask and which radiates an illumnation |ight beam

onto the mask; providing a projection optical systemwhich projects, onto
t he substr atxeralyheddilommagaldes ribed apoaia, afleceipad by tihageaskn peovi di ng
a driving unit which synchronously noves the nask and the substrate at a

vel ocity r ainease@iddeHygondiing tded eXpediinicC atliiumiefatilos pHighecbeam epencal
system and providing a correcting unit which corrects an inmage

magni fi cati Qhedr lsichofa IRGhRableaimn ikY ulsRidtdsyalne MxPo2d nighe 1Mamk na® ibhe
first direction with respect to the projection optical systemduring the

synchronous 1T dlam .ACQRGHeFdre) Folrhidxaplld) awPae! pRksslibaepigsent
I nvention, there is provided a nethod for producing an
easily determine the projection position of the mask
pattern on the substrate stage by using the spatial image-
measuring instrument.

In the exposure apparatus described above, it is
desirable that when the exposing illumination light beam
(EL) is a light beam in a soft X-ray region; the pattern on
the mask (R) is formed by applying a substance for
absorbing the illumination light beam, onto a reflective
layer for reflecting the exposing illumination light beam.
In this arrangement, the pattern is formed (subjected to
patterning) with the absorbing substance for the exposing
illumination light beam. Therefore, unlike the case in
which a multilayer film is subjected to patterning as a
substance for reflecting the light beam in the soft X-ray
region as the exposing illumination light beam, it is
possible to repair the pattern in the case of failure.
When the material for the absorbing substance is
appropriately selected, it is possible to set a
substantially identical reflectance for the reflective
layer and the absorbing substance for the exposing
illumination light beam with respect to the measuring beam

(for example, light in the visible region) of the
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47 exposure apparatus for transferring a pattern on a mask onto a
substrate, the nethod conprising the steps of: providing an illum nation
optical systemwhich radiates, onto the mask, an illum nation |ight beam
having a main |ight beamwhich is inclined with respect to a first
direction perpendicular to the mask; providing a projection optical system
whi ch proj edinter@drondtesubsty ate pddia vlld W Mddsutd itHY pgesdmion @ ng
fromthe mask; providing a driving unit which synchronously noves the mask

and the subsiHeatasi it WHOE inedtaldd RS pptdidid tak ik WadH fd cation of
the projection optical system and providing a correcting unit which

conpensat es subEtGMht ik IR SMANAl Griduaf dvee RAHd it iGRUSeE fikd g
novenent of the nask.
the mask.

As described in the second specified embodiment of the
present invention, the exposure apparatus according to the
first aspect of the present invention may further comprise
a common base board which movably supports the mask stage
and the substrate stage, and a surface plate which movably
supports the base board, wherein the base board is movable
in response to reaction force generated by movement of at
least one stage of the mask stage and the substrate stage.
In this arrangement, even when the scanning exposure is
executed to perform the exposure while synchronously moving
the mask stage and the substrate stage with respect to the
illumination light beam, it is possible to suppress the
vibration of the exposure apparatus based on the unbalanced
load generated by the movement of the stage.

In the exposure apparatus according to the first
aspect of the present invention, it is also preferable that
the reflecting optical system includes a plurality of
mirrors, the apparatus further comprises a heat exchanger,
for example, a heat pipe which adjusts temperature of at
least one of the mirrors, and the heat exchanger is

installed on a non-irradiated area of a reflecting surface

of at least one of the mirrors. Such a heat exchanger may
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According to a fourteenth aspect of the present invention, there is

provi ded a nethod for produci ng an exposure apparatus for transferring a
pattern on a mask onto a substrate, the nethod conprising the steps of:
providing an illum nation optical systemwhich radiates, onto the nmask, an
illumnation Iight beaminclined with respect to a perpendicular |ine of

the mask; anse ppl hddR P Aftd Hppitd tildes YRdBRIMNE e PIBRGIS tHNL O

the substrate, the illumnation |ight beamreflected by the nmask, wherein:
48  the illtginal i Mpaitd cald sysdSreas ssfd@ bdigphrpamsaich is
arranged closely to an inconmng side of the illumnation |ight beamw th

respect to t{igrdmStomfeavy ghedefdtes &, i rradi ated area of the
illumnation Iight beamon the nask, and the field diaphragmis used to

adj ust at |east oN&-OfqfhshePca Feddif asBkb@ POSIHd cg}@éeﬁt{wmdérhm&ﬁtion
area. According to a fifteenth aspect of the present invention, there is

Y oeeon [HEEY L51aEPMEL ¥ SN SRR Ul gt o

iRt S R A SR e S

D e e SRS ALY il ek bec LA BoRAE ) el (e
IM, 30, M, 44) which has an optical axis inclined with
respect to a first direction perpendicular to the mask and
which radiates an illumination light beam onto the mask; a
projection optical system (PO) which projects, onto the
substrate, the illumination light beam reflected by the
mask; a driving unit (RST, WST, 80, 34, 62) which
synchronously moves the mask and the substrate at a
velocity ratio corresponding to a magnification of the
projection optical system; and a correcting unit (80, 34,
RST) which corrects an image magnification error of the
pattern by relatively moving the mask in the first
direction with respect to the projection optical system
during the synchronous movement.

According to the exposure apparatus concerning the
second aspect, the illumination light beam in the direction
of the optical axis, which is inclined with respect to the
first direction perpendicular to the mask, is radiated from

the illumination optical system. That is, the illumination

light beam from the illumination optical system is radiated
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providing a driving unit which synchronously noves the nmask and the
substrate at a velocity ratio corresponding to a nagnification of the

proj ection optical system and providing an adjusting unit which adjusts,
during the synchronous novenent, at |east one of a position of the mask in
a direction perpendicular to an object plane of the projection optical

system and g &l ioH i@ ididlec®iodf dnt® MK mdskl I @9ReGl lumina® iolh) ect
pl ane. According to a sixteenth aspect of the present 49 i nvention, there

is provided 1agmt Wi Gls RHeFdeCited ¥y VMROTAsk FIRMNA! thef defliearelerring a
pattern formed on a nmask onto a substrate by irradiating the mask, the

et hod conpriiyHig B Sifse Ry FfectRidoWntio@ e Rulstatat@n bPidheala isly sirem whi ch
has a reflecting optical system conposed of a plurality of mrrors and

whi ch proj ealne P1® RN PNy, AR t3ed gan@\wrdl B FheOflalsikg unit

which cools at l'east one mirror of the plurality of mirrors so that the
cool i ng uni t; i1 nA ARG iith &HORIIIAHALH ali@MtOTbedn afd %(itdn][&gfe‘%‘freﬁiace

of the at least one mrror. According to a seventeenth aspect of the

present i nvedPrnd Relis drd gy OVi FTHERING ST OGN sk pRRQIW .
apparatus for transferring a pattérn formed on a mask onto a substrate via

a projecti O%tféjtdﬁ‘i}dilr%%ﬁ@ X io{;{e"i%jt%td ge té%d”fﬁ%ﬁoutsggrose R HEPHAsKS Ng

the steps of: provi a reflecting optical "'system co of a plurality

of mrrors iﬂ@}t@iéﬁ%@éﬂfﬁa M e R IHE 1Y rcroqrr_et%o%%ﬁ Gessively

irradiated wth an illumnation |1 ght beam “the reflecti optical system

bei ng used %ﬁt% i?&;ﬁﬂ;}igﬂl%i Olpgagsjte%ioq{ Q:gt.qid&q %ﬁ%%.tu%-xﬁggl ing

unit which cools a e that the plurality of 'mrrors; a

providing a fipals GRS HARARAH DaP R DORY diithe @ pRirdieast one

mrror of the plurality of mrrors. 50
to relatively move the mask in the first direction with
respect to the projection optical system in order to
correct the image magnification error of the pattern.
Accordingly, the entire surface of the pattern on the mask
is successively transferred onto the substrate in
accordance with the scanning exposure. During this
process, the correcting unit is operated to relatively move
the mask in the first direction with respect to the
projection optical system in order to correct the image
magnification error of the pattern. Therefore, it is
possible to effectively suppress the occurrence of the
magnification error in the transferred image of the pattern
on the substrate due to the displacement of the mask in the
direction of the optical axis. As a result, it is possible

to improve the overlay accuracy.

In this arrangement, it is also preferable that the
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According to an eighteenth aspect of the present invention, there is

provi ded a nethod for produci ng an exposure apparatus for transferring a
pattern formed on a nask onto a substrate, the nethod conprising the steps
of : providing an illum nation optical systemwhich radiates an illum nation
| i ght beam onto the mask; providing a projection optical systemwhich has a

reflecting lehﬁﬁhaﬁhéﬁﬁagtﬁegl“Byﬁﬁeﬂr@PﬁﬁtSIMhe3D||M”’@@§'99dib€@§ beam
out goi ng fromthe mask o the substrate; and prOV|d|ng a heat exchanger

di sposed behﬁeﬁﬂetE?lﬁﬁihﬁﬁ&bﬂ919ghtcﬁéaﬁ'?ﬁﬁ?t 8RAE8vLesynt UBgathi ch hol ds
the reflecting optical elenent cording to a nineteenth”aspect of the

et e uRERAE, o PEVELERGLONECECY FLChRCENLEeREORERe R iy mxposur o
above. the projection optical system (PO) is composed of only a

plurality of reflecting optical elements. In this

arrangement, the pattern on the mask is transferred onto

the substrate via the projection optical system composed of

only the reflecting optical elements by using the EUV light

beam as the exposing illumination light beam. Therefore,

it is possible to highly accurately transfer an extremely

fine pattern, for example, a pattern of 100 nm L/S.

In the exposure apparatus described above, it is also
preferable that when the correcting unit (80, RST, 34,
RIFZ) has a measuring unit (RIFZ) which measures a position
of the mask (R) in the first direction, the mask is moved
on the basis of an output of the measuring unit.

According to a third aspect of the present invention,
there is provided an exposure apparatus for transferring a
pattern on a mask (R) onto a substrate (W), the exposure
apparatus comprising an illumination optical system (PRM,
IM, 30, M, 44) which radiates, onto the mask, an
illumination light beam having a main light beam which is
inclined with respect to a first direction perpendicular to
the mask (R); a projection optical system (PO) which
projects, onto the substrate, the illumination light beam

outgoing from the mask; a driving unit (RST, WST, 80, 34,

25



According to a twentieth aspect of the present invention, there is provided
a m crodevi ce produced by the exposure nethod according to the aspects of
the present invention described above. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 schematically shows an arrangenent of an exposure appar atus
according to a first enbodi ment. 51 Fig. 2 shows an internal structure of

a |ight soukeg whiikthsBYHEhirdnouglyl movie@ theshawk andetheSisd@stir@e at
illustrating the Iight source unit shown in Fig. 2. Fig. 4 shows details of

respective pakiel oefitiyheadlilca RN ihke t &l MalgniFhicatieh elfe thkage

shown in Fig. 1. Fig. 5 shows a schematic plan view illustrating a
projection optical system; and a correcting unit (80, RST,
34) which compensates change in image magnification of the
pattern caused by the movement of the mask.

According to the exposure apparatus concerning the
third aspect, the illumination optical system irradiates
the mask with the illumination light beam having the main
light beam which is inclined with respect to the first
direction perpendicular to the mask. That is, the
illumination light beam from the illumination optical
system is radiated in the oblique direction onto the mask.
The illumination light beam outgoing from the mask, which
has the main light beam inclined with respect to the first
direction perpendicular to the mask, is projected by the
projection optical system onto the substrate. The pattern
on the mask, which is irradiated with the illumination
light beam, is transferred onto the substrate. During the
transfer of the mask pattern, the driving unit is operated
to synchronously move the mask and the substrate at the
velocity ratio corresponding to the magnification of the
projection optical system. The correcting unit compensates
the change in image magnification of the pattern caused by
the movement of the mask during the synchronous movement.
Therefore, the entire surface of the pattern on the mask is

successively transferred onto the substrate in accordance
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reticle. Fig. 6 illustrates an arrangenent of an interferoneter systemfor
measuring positions of the reticle stage and a wafer stage in the XY plane.
Fig. 7 shows a plan view illustrating an exanple of a slit plate shown in
Fig. 1 and a driving unit therefor. Fig. 8 schematically shows an internal
structure of a projection optical systemshowm in Fig. 1. Fig. 9A shows a
plan view i kiiugt red REahrSIR] ieXpdstBEs- MDRTUMEHIRS iprdeYs, and AintgOB
shows the spatial imge-nmeasuring instrunent shown in Fig. 9A Fig. fb

shows a bl ogte ol iFHUB N RIFBIC V1 X He [gatitedtd NG RpATRRRIMY t9le a

control system concerning the control of the position and the attitude of

the wafer (Wf8lect@fluAtd t Neddtditld y(f atd ol [sa0®e i, 11 shows a

situation in which aTeticle pattern is'transferred to a plurality of shot

areas on the @l ivdiyd subp e d RIdut %S AN e n@ldn i ilaRgeeNt  Of

error in the transferred image of the pattern on the
substrate due to the movement of the mask. As a result, it
is possible to improve the overlay accuracy.

In the exposure apparatus according to the third
aspect, it is also preferable that the mask (R) is a
reflecting type mask; the illumination optical system (PRM,
IM, 30, M, 44) radiates, as the illumination light beam, an
EUV light beam having a wavelength of 5 to 15 nm onto the
mask; and the projection optical system (PO) is composed of
only a plurality of reflecting optical elements (Ml to M4).
In this arrangement, the pattern on the mask is transferred
onto the substrate via the projection optical syétem
composed of only the reflecting optical elements by using
the EUV light beam as the exposing illumination light beam.
Therefore, it is possible to highly accurately transfer an
extremely fine pattern, for example, a pattern of 100 nm
L/S.

In the exposure apparatus according to the third
aspect described above, it is also preferable that the
correcting unit (RST, 80, 34) includes a driving member
(RST, 34) which moves the mask (R) in the first direction

on an object plane side of the projection optical system
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52 an exposure apparatus according to a second enbodi nent. Fig. 13 shows
an internal structure of a projection optical systemshown in Fig. 12. Fig.
14A shows a schematic perspective view for illustrating a support structure
for each mrror shown in Fig. 8, and Fig. 14B shows a side view of Fig.
14A. Fig. 15 schematically shows an overall arrangenent of an exposure
apparatus acgerth§othe syhohrdtoeshashemeit. Fion tis | dxvsdnadment heit

rel ati onship concerning the angle of incidence into a reflecting type
reticle, theiglisefateient tHaof thdedsphind emémbéhemdvel reied imask and the

| ateral discrepancy of a pattern formed on the reticle. BEST MODE FOR
CARRYI NG OUTe THE: | AWEATL Db Aok | £5¢ GBPE6HE MBIdnef s 1de of eer8tpioyaation wil|
be expl ained bel ow on the basis of Figs. 1 to 11. Fig. 1 schematically

shows an ovepgtical  $PIESRNYuPingNt BE POPHEEr SRS ah&erEnC Coisldget 0 the
first enbodi nent. The exposure apparatus 10 is a projection exposure

apparat us fofoPeéiémﬁiQ? i@ei§X£P§8rﬁr&@@f@%i&”tﬁ@ta€§8r§§f§fh§“ﬁ$hﬁéﬁ
st ep-and-scan systemwth a light beam (EUV Iight beam in the soft X-ray

regi on havi nge s Wey&l $NEAET Phes £Re lRa SR @§tﬁﬂr@§§&é€”@oi£$él%ﬂpgéé@n_ l'i ght
beam EL. In this enbodi nent, a projection optical system 53 . whi ch

per pendi cul apl yngrokeche bhejEeELoR! s Leghtsidtim! romachesicle R as a

mask onto a fer W iIs used as described Iater on. Therefore, in the

fol | owi ng de§£§%§ﬁ§@§ntshfndéaﬁfiiaﬂ 26 eﬁ@iﬁﬁééﬁ@hefofh@hé'$y§¢nfﬁi9ﬂe

| i ght beam EL e projection optical system PO onto the water Wis

referred 10 ps,conhicabeahSofll LRELBNOL LDENO9IEE1LENRR!pEAN oSy EM

PO'. Explanation w e rmade provi e optical axis ection is

the Z axis db%@%&é?”s%%ﬁémdbgeﬁﬁéO&riGiﬁge%Q%ﬁ@P %ér? ?Ehéngi%g?ﬂénoﬁse"

in the plane perpendi ar theretors t axi s rection,

direction pegpendigl af, t 0t Dpcpl ABES O DAPET ahSul ber Ko AKhE1 PhaEEEH By The

1
exposur e appar at us {;_0 I'sS operat ed sucﬁétﬁat t?le entire circuit pattern on

the reticle E%Esg%gigéégéﬁegfﬁgcgﬁgggégé&twégﬁ sbot - af eas Qﬁet$g-&@{6f W

respectively in cordance t ep-and-scan system by re a?lvely

scanping tNepighic! erffopEotb? URLASLYN! EnbNsn POEE! FRARL 0B, dbE eghLon (11
se) W to

the Y axis direction in this ca respec e projection optical

system PG, g%%#iSPEQBﬁcgh?g%?9gégs£Qﬁ fﬁén¥¥@feé@§t?ﬁ@§ti@tfsVia the

proj ection syste art of the inmage o e circuit pattern

depi cted on LhgsEgiLech! BErL¥PEvEEY! ShfpFeds tHE JBSKrrence of the

magnification error and the positional discrepancy in the
transferred image of the pattern on the substrate due to
the displacement of the mask in the direction of the
optical axis. As a result, it is possible to improve the
overlay accuracy.

According to a fourth aspect of the present invention,
there is provided an exposure apparatus for transferring a
pattern on a mask (R) onto a substrate (W), the exposure
apparatus comprising an illumination optical system (PRM,
IM, 30, M, 44) which radiates, ontc the mask, an

illumination light beam inclined with respect to a
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The exposure apparatus 10 conprises, for exanple, a |light source unit 12
for radiating the EUV |ight beam EL 54 hori zontally in the Y direction, a
turning mrror M(part of an illum nation optical system for reflecting
the EUV | ight beamEL fromthe |ight source unit 12 to fold it so that it
cones into a pattern plane (lower surface of the reticle Rin Fig. 1) of

the reticle %%@erﬁiiﬂftﬂ@ﬁi erifidest aiH enadfk ;i naidengar Sjddt ich alpitcaa0 nrad
e),

in this cas a reticle stage RST for holding the reticle R, the

projection qpidtcat @S &MiRA & Ofortd efHee bt atd calhesyst em for
per pendi cul arly projecting the EUV Iight beamEL refl ected by the pattern

pl ane of thejyrimGlar RPNty KPS & dRasy afhd htadief /fhde i Wafeer
stage WST for holding the wafer W a focus sensor (1l4a, 14b), and alignnent

optical systemuiiaatiors WiddL Rybteln Hd¥e d IOHE1 S sh Y 1) S
conposed of a light source 16 and a part of the illum nation optical system

(PRM I'M 3Q3hich'heaﬂ'f£{%ec§%H it 1t ldtiem b dh DL Wr larer 20 such as
an excinmer laser and a YAG | aser based on, for exanple, excitation by a

semi conduct of 1} @¢fdat forl | OIYNE Bl i ith | Rp A% U Gl e Nhd Renildper

beam L fromthe high output™laser 20 at a predeterm ned |ight-collecting

poi nt, and a(ﬁ]igi%é | o8 d 40100 SHRS! & et %ﬂhﬂ%@i&pgﬁhé e,

arranged at ght-coll ecting point. The nmechani sm for ting ?he EUV

L) Ont Deam i | oA, DT | oh PO Ak aphliElind o) AR B TR | e

hi gh out put [ aser I'S radiated onto the EUV subst ance

24 arf angem i%%&;ﬁﬁté G0 eCtd iy PUJM 3 Ao Ner 'ér&{tifﬂmﬁ%ﬂﬂ% | ens 22,

then the E tt1ng substance 24 1s at a hi tenperature caused by
2 ol aanm ot LR T A T ot bean E1 TR 1 T Tur g P rerd o fo
daschi bed aRCVE ] STEreRa ed T BT e SR ) T & P AN AT
EV 11 gt beate Hho B THEH, Beam bl 1 cal Thch St RERCAh SRaly o
beam 1 ef | ectV R Thyer Tay 1ot I Bt s PR G e % RS e

a1 ached (o TRE Rtk st Merofoif ufe M Ave ol dhERBIGRP WV st

o of or abl y. Leea 1O e Comtt ot h DTy Rt e T 26 on
view of the Reateeom i & Hathd TRl Fret o P R R Mg &
Tvo types oft uoahntbe Whi KR Are A1 AIarey et B 1 gt

bearm T ef | ect) . 4AY on [ AKESRON 19 HdAF LS a6 O Lides ROl ¢ Mg T or

this arrangement, the illumination optical system has the
field diaphragm arranged closely to the incoming side of
the illumination light beam with respect to the mask, for
defining the irradiated area of the illumination light beam
on the mask. The field diaphragm is used to adjust at
least one of the shape, the size, and the position of the
illumination area. Therefore, the degree of freedom of the

cross-sectional configuration of the illumination light
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exanple, it is known that wavel ength of about 13 nm nol ybdenum Mo and
silicon layers. The light having reflected, is absorbed by like, and it is
converted the EUV Iight beam having a is selectively reflected when Si are
coated in several tens the wavel ength, which is not the multilayered film
or the into the heat. Therefore, the tenperature of the parabolic mrror

PRMis rai spdamTled§8ekiN@rbfl thébilsuneAdtief bptocdersystemotot BRe
parabolic mrror PRM The EW |ight beam EL, which is converted into the

paral l el |ightkbeamiBxrbhgeRanabebinpaker RitRRM chSet b wAiah! €hekbghs beam
having a uniformintensity distribution with a circular cross-sectional
configurati gy theigqofiRphPEBAL CURBECTAihGEYyPPELCAE B3E8§ibIBOES 1MR$Beé
included in the light sourcé unit 12 are an illumnation mrror IMfor

reflecting the BEYrkidBE keaBuEH eenfﬁéteés&?hookheheabakhéhllégéhe9€aﬂlaS
descri bed above and deflecting it in a direcfion toward the turning mrror

M shown in ELg. s Wav n T : hAO g engt h-sel ecting
filter) 30_g??aﬁéggﬂgﬁCFﬁggbgggmgggégﬁggg%P?gﬁptggﬁglgggfﬁg pl ane of the
paper in F'Qﬁg%%EPg%?bewhEﬂV%hb”Qi@?ﬁfﬁ%gﬁﬂrﬁﬁmtEE EB@H'EQh%dzﬁéﬂ]gﬁe“‘th

respect tot nation mrror shown 1 n Fig. he 11lum nation

1 I Mh : f : : $i : h G h
EV 11 ght bESeeEEons BE e 23 TuinaPRel, hraa o the AT AR AL B AT E R
mul ¢4 aver elebhl BRORRRT hakRg, 3k SEnBbELYRILACKCHeRIBNST sachBShENCES (for

exanpl e, coating of several 'tens ers o ybdenum Mo an icon Si),

is f d - f; h kI L yahnat i ] | M

5 desi gned Luan PHEBA12hy Peal ¥BE.Shef BaredPep ¢HEL AN, FOE oy er

just f i s [ ' t [ R Th

Lorti cal di CEAMPaR ofPene BPERES AR, SAY AeReeBy' OE LRE Bafk™ o the

direction p grdi,gul ar to the longitudinal direction of a circular

ar c- shaped gFPunlnatlon area (see the illumnation area | A shown in Fig. 5)

havi det ' ' igl: ' ' I .of th

ol cle R as desdli Boy PREAraBhe® sRgor B cbRe RSB TRIE ) Lot
f | pl : t hi t i -epihtt| d f the EUV

i ght beam BESAEATAY FARFe Ors e oA RAGBRTFHY parlerplansof the reticl e

Ris the f I : [ ; h hdi b Qf t to 10

mm on the T GLEF BEend {1H P o HARAAERE, Ehelde 1 nth Al Tof 1RO e o ca

. I TA g . , . .

S never o9 EEhCBSk ApSot LAY bafRe MRl bS<B0BRN UBLESLD [hEuTaTe

manner as t ool ng escri ove, |IS prov ack

hi s onbot SLRC EAGRECE oaAIdEaEAsTon, Mgkl HEACOheS TRaPK, Ehaer 1o
Comosed of “CREEAST M, B S P mREEedone whe Arorenahf (88 rBRarh- Ik

ioea for the Ern LR B R i B e R g ) BPrh S e R o
he ul 1 avi OISt Taht “Bhesaag o Che Sare) JECBFUFRe agharhits are
EV- ref | act g TrCR e Teat e ePBC O By "t R SREF &y o “The ol FGhE i n -
PO (s dosc/ MBS T o o i CPAD g ey 1o, 0 e PP aEeP BBl FRY, Yo

unnecessary Jdedilluled duiaRe Ted AR LS EhEL Yhe! 431LRIiAGL B 1ignt

deterioration o he "I mage efore, it is 1nten to avo
occurrence %Eaﬂyﬁgys%%”§%bgﬁ%ed onto the part of the pattern on the

mask. During the position adjustment (alignment) for the
mask, the field diaphragm is switched to use the second

aperture so that the illumination light beam may be
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Fig. 3 shows a state in which the light source unit 12 shown in Fig. 2 is
viewed fromone side in the Y direction (fromthe left side in Fig. 2). In
Fig. 3, the turning mrror Mshown in Fig. 1 is |located on the back side of
t he plane of paper. Although the reflecting surface of the illum nation
mrror IMis not depicted in Fig. 3, it has an oblong configuration as

viewed fromrhhgakeekonitde tak mAekplrarfedl opagae. mabat | accbhaingiiygcting
surface of the reflecting mrror I|Mhas a shape simlar to a part of an

i nner circurkeperkiidlesttcf aet eheasailapder ilhamanaeibh hged awedngs the
concave curved surface in Fig. 2, and it is viewed as the obl ong

confi gurati @hel Bxbogurd WAMCAurSnghehedalihgmensi despeewivaiyebyt e ikYV
light beamEl is reflected by the illumnation mirror IM it is converged
in the planenef jPRR&A clan EﬁgidZdiQ%hrbbmnenains as the parallel Iight beam
in the plane of paper in Fig. 3. That i's, the length of the EUV |ight beam

in the horizontahdbheGhig0Rol B Fligth3akspelheolrerBeh pebskh® §nvenkdbn,
arc-shaped illumnation area in the |longitudinal direction as descri bed

later on. Alhhoughdt %?olviiglléﬁ e Ein® skl el okio fBe RaLALFelrriheaspati al
coherency is not zer0O, because the size of the light source is finite as
descri bed a t .S i h i LN kg . reticle
stage RST i?%§?FgﬁgggggﬁﬁaggeficgngFggg %aggﬁggQ%FEpgégdaa%gﬁaggﬁé% Y

pl ane as sh (i 1 Fi retiiGlee [ t [ fl,@ating
manner over% hécgétF%Fgég%ggg)b§§éq§2sgbégﬁgﬁgﬁglgf&ggﬁg n§§Fc§F?§ #? ating
type two-di sienal hi A at 3 et S RSt ., driven in
a predeter mgﬁlgdltgl{ér glillgsiqﬁ%ttﬁeqwdi (rgglgt fégﬁggér%hglbg?lgdo%%?ﬁgl%glﬁzti cally
floating ty ~di_mensi s c Ol 34 e Wt (BS.a ri,ven in
a mnute an@gﬁ?\eﬁ}r}q‘t he ;Iegpr%ggtﬁhgﬁ%gﬁ% ?nlr%%t 358%&% g‘%tsikorgh(%di Iru%gtnl or:?l of
rotation ab . I S):aahh i cl g b |5 dr.l in a

m nut e anou%%kﬂn tléggé ?ﬁ§€Ei§X%§n F% ?ﬁ% gfﬁggfﬁg%ni%gﬁﬁﬁgé %#%ﬁgpéspect

to the xY pR%Qﬁ-b%n%h%r%h%f%Er&%§4%%%n Glegldny ofl el ﬁgfkyaglumi ated

t wo- di mensi onal’ ’l i near ~act uat or ermanent magnet (not shown) is

provi dgd at wtl{frll %Ql ex(b'ors(i'ﬁr(ﬁ{ qugﬁdi‘?llatq%tnt qrplg?lft tbté‘?:lmr %tn't%l &n t@%%s%‘?gte-rhe
nagnetlcallle oat1 ng-type “t wo-di nensi onal T near actuator 34 is
construct ed E%Q& n [ LGh i I isn the
XY tmo-dineﬁ?%bﬁé%ag%% ctlg%gpgﬁﬂﬁﬁgﬁT% ig%ga?Fgggdﬁgggmggih%ﬁSQ%%gﬁpﬁon
and the attist .Qf L rnethcl ST A X di I | directions
are control Ilég%l%\yl%ggnl{&?loﬁq'}gl#g %ﬁ?@gﬁ gn}fae{aletgvt%ggﬁtn?dslaﬁi?h%gﬁgh the coil
34a by the aid.of a main.control unit 80 as described |ater. on. .Shown in
Fa. 4 i n riiRiecks On i reapebte ter Ao BRSSP OoRIANEed o P, PEFE hol dor
RH for holding the reticle R opposing to the reticle stage base 32, a main
stage body 3BFSGIMANG Fpstkhend e Pabside ter anse sYACGhECa NS gemoN8d and a
tenperature control unit 36 provided on the back surface side (upper
surface sidd & S97ONkEXdSe HaleFdriogH parneRe ichdiade t6F & Hd Lfdi R*JBage body
35, for controlling the tenperature of the reticle holder RH A reticle

hol der basedigiPTtHO e MLGHdEaE QidAriddy Sfe @l SRTLER Y dxiEhe L il e

hol der RH, because of the follow ng reasgon. That is, the exposure apparatus
10 accor di ngPRod aHe ahrisitiifsdt So1S e Wirld<$e d JURFMI ¢n POs HcopaQfy the
accomodated in an unillustrated vacuum chanber, because the EUV |ight beam
i s used for ®MafK ebfpodimdhg Ififstaddf [digRcHYeamoen-dha hasiseffon, it is

i npossible to use a reticle hol der based on the vacuum chuck system As for
t he nat eri alPHesietaiaimad Adusdlider pRF1Gi0n S fRIBIOR t 0 adopt t hose used

for 61
According to this method, when the pattern on the mask

illuminated with the exposing illumination light beam is
transferred onto the substrate via the projection optical

system by radiating the exposing illumination light beam at
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t he conventional DW exposure apparatus, such as the | ow expansi on gl ass and
the ceramc. A plurality of tenperature sensors 38 are arranged at
predeterm ned intervals on the reticle-attracting surface of the reticle
hol der RH. The tenperature sensors 38 are used to correctly neasure the
tenperature of the reticle R The tenperature is controlled by the

t enper at ur e thenpreldetRirnigédoangle basinciliente WHanurespeePEbathee SO
that the tenperature of the reticle Ris naintained at a predeterm ned

target tenpeaditerd plhese oFdepeahae ki, 0t heh@ag®olandd thei subgt raeeshi-dct i ng
the tenperature control unit 36 include, for exanple, the liquid cooling

system for isyncadpiond 1N acve@l iRy theddbdohtomxie dawesitdenyi a a flexible
tube, the syStem based on the use of an electronic elenment such as a

Pel tier el eppendn@ullle $¥Ste® Based arikheiveetabnd %Qtleeéﬁhﬁ@ﬂfihgs‘mh
as a heat pipe. Afirst side surface of the reticle stage RST in the’Y
direction i gpd pofithidh sFedneoOmh@kmia okl eGtisRy ax4sf @68 Q3 0hokhst REel | ght
in the visible region. Athough not shown in Fig. 4, a first side sur?ace
of the reti ¢lieeetagn BT chd b:i‘)%iéa‘i' ReGL 8% ithellt® Jectlieh biphiighed as
shown in Fig. 6 to forma refliecting surface 40b for the light 1n the

visi bl e regisQn+t e JiN& HRXRASYISE 07PR %g?ﬁ!%dqsgeﬁn'l?le%o%id%jh@%i% g%%fig‘ribhcl e

stage RST in“the XY plane is manage an interferoneter syst

radi ating Measrinie ;R3S TR rhBe  F ehlkeehitng S Wiirdses 6%3rth%0§ tkBrhhe
sane 62 manner as 1 n the conventional exposure apparatus bas 8 on the use
of the DUV |jg [GE.i T I Lt.en | d L in
detai | | at e aRNSAMER 1o BCPLRLVELS ReAnoTe 2 thrio TRl SRESKTATe) ¢
formed on t A% iRt LeHN LRl f: t.h icle R l.ective film
is, for exagp 3&5 L Eﬁ{/lgrheﬁ%fei {%%)aggr%ﬁlgs%gbg#%et'er r?gpé%fr ghal%ked t wo
substances. .y A gt’ﬁég loTERL 0@ oFU el ?&I\é‘%ﬁceqnf LD of; Jplpihdenym Mo and

silicon Si 'S use ma reflective I'm having a refl ectance of about
70 $ with r t g t:he | J : ayi th. 1 A
subst\glnce f%iﬁagsac}r %xtrll% toﬁg\é EI?IN%:}FJ%? %glggm\s?gqggé\ll\?ﬁlt% S%(g\/lgfr:itt %gﬁg\
reflective fyil SGr f @hl.0 . r niyng. n a
dird8A5 3 g'd %%5%%%‘9 on Qplg \gggﬁgy SRl '&d@%stﬁ}'ﬂ

reflective article such as ayered filmis subjected to the

pat ter ni ng, dds i JRGTR e 10 TR eRRe | BIAOUEASEndl dfidlel Wneen@n the

contrary, in the case of the nethod in which the absorbing layer is

provi ded to_pr, the . [Ja o [N A P i rf.qr

patterning g;\f/ég,?(f %fg}trl{{é f%%tﬁgﬁcqg%t ﬁgltgactaﬁetgﬁ%§§ﬁl gelte?el%gitrlgi&mo%)ﬁgcgbv | i ght

beamis not Jeflect al I .af t yal | St

Ther ef or e, ts e;}:ec n%%e%sne(}%ﬁ%%e?&t%lgﬁsgﬁbiq%gp?éas%rbitell %g)t %gl}%%%gg;éi nt of

the present Jpyentd J r e omBlESs iRF4h I 5 used

to measure téﬁlg)\bposist?inc(?r?t g)f%ét e rneaterg)ﬁeft%ei n Egﬁleﬁf% rlect}e%rﬁarls:%gﬁeisch%bed

later on. T fQrSya it RE sSY-h e 5 ahQFBd Mtk sukgiance with

whi ch a 63 rb%?sngIé)ct‘-ialnr(glg equ:i)\r?gcggtmto tehat ao tal née blya{g}r‘]legor ef ﬁecti ve

| ayer is obtajned fq RASY g o lein@hty g ithemdsd Rl gl on)

fromthe laser | ntnerfne_?dg%et ers.Ltrlegai tla?lonalol y,h th_els ta%%glr “for the

sel ecti on Ofmatéke irfpttq{el %iLfeQ{tifo(?lr 'an(%hteh%l]lﬁtl%%rlb'a sl.ayirs 'an&]eléQﬁ.%’, fi(%r

exanpl e, easiness of patterning, tight contact performance wth respect to

the reflecti; FOE eqWlarn 3 Q:::L% xi dation of the

like. Fig. \ég ows abnlegﬁrr%r@rlgf"% ﬁ%er et cl %g'eR_.a nlf)ag:lyg'ng area, which is

di sposed at a centy aéhiréor&étl%d,n i%h%ﬁd%ﬁg'o”gyrféf%x%bfiaet G441 ahea PA- A

hat ched area having a circular ‘arc-shaped configuration 1's a circular

ar c- shaped i 1.nat | s A il um Wi d. he, £ l.i ght beam

EL as the _exa!ﬁi gl[?regﬁq %Sajﬂ:g‘g)r#] ]'Phtt{e%_ér?ng‘at_slgrrll wr?%qﬁﬁeésexf;)ﬂo}ssbtr gad:%;d\%elr or med

}""t t ihst .hﬁt g'mr})g%iq{ioq{ CrREE i dd WH AR Rt Y poFTRAyrent is that
information corresponding to a movement direction of the

mask (R) on the second axis; and the position of the mask
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to use only an area in which various aberrations of the projection optical
system PO as described later on are the smallest. Reticle alignnment marks
RML to RM6 as position adjustnent marks are formed at predeterm ned spacing
di stances in the Y direction at both end portions of the pattern area PA of
the reticle Rin the X direction. The reticle alignnment marks RML and RW4,
RM2 and RVMbinRMBeafidrfbbastie ahikrapgednsibshantisablybynushfigXtHer ection
respectively. As clarified fromFig. 5 when the circular arc-shaped 64
i1lum nati oadghedihd pssiigedn LhfogmbEROASEOreesponaihgr et BRef Ul | -area
exposure (static exposure). Therefore, in the enbodi nent of the present

invention, hbeefealNinNgc8XpOAYI 6fi $hperfiesteddgasdengr pbsdtliaher on. As for
the reticle R, the material for the reticle Ritself is not specifically

linmted, begagsembBeohehhacth¥eskaya hajhetiBg pBshitsofiUihaeemasigdfscri bed
above. Those assuned as the material for the reticle R include, for

exanpl e, | owoexpaBhi ABvEMdnt. dd¥ettiodl 8gstheemalkCduifigsthecon wafer. As
a standard for the selection of the nmaterial, for exanplé, it is assuned

that the sagpnBRLBhbAEL ﬁév&ﬂ@nﬁab%rtﬁb ﬁaéktbﬁ)rshactﬁehehssﬁrﬁ%b'%wvsed as
the material "for the reticle R In this case, the thermal expansion occurs

in the retighetRigndrbhestet kabephaidebnRblsr eall hhBR FhOEhENE i -BEr 8388 I N
temperature, for exanple, due to the radiation of the exposure Iight beam

EL. However q;pReRibhe;RoLRa5eARHG Qélhaetﬁénﬁdﬁﬁﬁﬁiha'poEE€18ﬁpa”S'0”
occurs in the same anmount. "Therefofe, thére is sich a merit that no force

to cause th?n@b%ﬁ&%@@ﬁc¥o£&@§b€ﬁhlﬁhr€6S%hb5m8¥8ﬁéﬁ€ Q@E@@EQoBheo?oEﬁe The
material is not limted t e foregoi ng case. Even when differfent

subst ances %&?sﬂsﬁggukﬁ §?§BF§EE%9t1h§o?ﬂ5€h86daHHO¥h€eQeEBﬁH the

subst ances havi ng coefficient of l|inear expansion are used as

the ”Btef'aé&gﬁ@%1thP6§Et€B§eBn§B§mBE§ ?ekb9|@aBH'ﬂSGeﬁEhtFGérééﬂﬁBhe

i s conceive hat si con warter 1S use or the reticle R

(silicon caphi dgl g RSSQrﬁﬁg Eh@ %?Bbﬁk@ngﬁkdﬁBvE%%nIthuEﬁeoﬁaEhahﬁﬂn

waf er as the naterla for reticle Ris also advantageous in t It is

possi bl e ohse sAEaEeaBeaPPALRLIAEAGTYCN OEncuRER! €E- fhatkREnaRPAralUS, o

resi st appl yi ng apparat us an et ng apparatus as they are. In the

enbodi nent nt i Nt c i et he materi al
for the ret?cﬁgﬁgcggﬁ € %e ?églgﬁggﬁoﬁgeF ?grggggbg a%?%ﬁgbggause of the

reason as d%iﬁ&h?%ﬂoﬂgoﬁggeﬁ% Wr Qiitg ek Ebﬂenéan@ BRY2kbe Bkhpf142 §H

slit plate 44 as a i aphragm are arranged adj atent to the rétic

under the rﬁhbﬁ%ﬁlgaﬁo@aEnglg&%@bﬁ%n%'QﬁaQBcEB§1§9Yc|b@hthgeéﬁh Wbre

specifically, the novable 42 and the slit plate 44 are actuoally
arranged at HRgekRskile ﬁbv@ﬁ%n&ebECEﬁeshégﬁ Bask 34e28i8BOWE tHerQheﬁ The

slit plate 44 defines the circular arc-shaped illumnation area IA It

of course a%ﬁﬁ@agh%th%BetQ%c§hﬁta&h@tgnﬁ4th§ Rb&%ﬂeh@ E?SmpEﬁbESEhQB
optical system PO wever, 1n this enbodinent, the slit plate 44 1s

capabl e of Beiadtd biensyed @hbvbagl%&ehaefs%héGmagkalﬁth@hfagsﬁechanlsm
i ncluding a notor an Ii'ke. Fig. 7 shows a plan view illustrating the

slit plate éﬁlénﬁlkg%tQB hvicRg BRCRARLERedbntiBRIGf QbcuFlgell hikhahe 44 has
afirst slit 44a as a flrst apertureé for defining the circul ar arcshaped

) nat OBehEa alfet sl khUTERY.I O ci83ho88 iblie E6! bekecRibkhym nat ed

with the EW ht beam as
suppress the occurrence of the magnification error and the

positional discrepancy in the transferred image of the
pattern on the substrate due to the displacement of the
mask in the direction of the optical axis.

In the exposure method described above, it is also

33



66 exposing illumnnation |ight beam and second slits 44b as second
apertures for defining second illumnation areas for illumnating the
exposing illumnation |ight beam EL onto portions of alignnent marks RML
and RV4 (or RV and RM5, RMB3 and RMWb) forned on the both sides of the
pattern area PA of the reticle R The driving mechani sm 46 conprises a

ot or 46A, pricFedapdiceWhd@Crhenadsued ing posdttipn inffairmadfichhésmtor via a
joint 46B, and a control unit 46D for the notor 46A. The feed screw 46C is
engaged Wit hravidusI§C i ureet inFommatdinch a3 terewitde@1Q BrOtikudesen the
slit plate 44 on the back side of the plane of paper in Fig. 7.

Accor di ngl y pridtedagad %%%thﬁ@ca'dgu%rﬂi\ﬁ%n P tliinatied oirfhaGear dance with
the rotation of the notor 46A, and thus the slit plate 44 is driven in the

axi al di recndéa@u(r\éddidﬁﬁqwgo%eofsyh%rf&%@ss%%né@% oENeneonkisR! aW@i t 46D

of the driving nechanism 46 is operated in accordance wth the instruction

fromthe maighe QiPs@raddl,t 8@ t9ee gdsdtibd) oFS t¥esalasiked nl @h@r raRsguch that
the slit plate 44 is switched to a"first position at which the exposing
i 11 umi nat i on ik ReANJRL ilss dadistierd PNt itlde thie Sl jelsitlindd pody'tiiBe the
exposure, and the slit plate 447's switched to the second position at which
the exposi ngddd:HH1ald.on i dhie ReAB Be ithd Gl UMe A staeaRd cali !
44b during the position adjustnent (alignnent) of the reticle R
Al ternati vel It oep(;?ed e i Si I tor in
pl ace of th?éus{l{ear&caﬁsit ém?’Jee sf%%ev%){:ge ﬂl%e;éﬁﬂ%g{pr%u’t c?@l% g.elelgt}%?ﬁgr%ovabl e
blind 42 is ided J I ;L0 i s (el WETSY figelae-r
circuit porﬁ%ﬁ\%oﬁ 'ﬁ{{er{llﬁ %%S_nltast ioﬁcuah%eta&%&hyq\%eslnii ﬁgea%él undalrrll'?%(%?l(ragg'hn
pattern depi.alahan e d a5 kil iSRS ROk HNMERIC ' Yo £1rst

er n odi

transferred to the waf this nment, the novenent of the novabl e

blind 42 i di AN ' tr ol j ' ' ith

movement of THE FriCie oy ana Y G AR oAl O MR
enent. of L “Y'ditection by the

wth Che Il FL QG FRIRANE rans sty O Coabaey Figor By aeeay e

descri bed | gty AN g d de1ish AIIARGAITENe) P& JIRY URN G Haslfieovabl e bl i nd

42 may be started to begin the scanning i same nmanner as in the

reticle R afiar e sqany il (el & B iip1dd et leligrnat i vel y,
the novabl e 'bl'ind 42 ‘may start the novenment in conformty with the arrival
of the targ hj v:abl i fqr exposure
appar at us igéoallfbgi:lfeg{sﬂ; _,quf %ﬁdj}eyxsgcnlp e,t-qﬁéﬁ _nllta('_kel(?%s?)laﬂt e&glegzll%%r}ft ql{]ottm% 473, 41 0.
The content GfrdiisMdGbARES Faf Ao I ddICH RYALL dar el DY,
reference so Tong as the donestic l'aws of the designated state designated
(0 this 1Nt adald ofiflo ARRld GESONPAdS S8 AL Uittt g Lhi S

i nternation application allow the 1 nhcorporation of the reference. Wth

reference toacgjlpstéd argachﬂlg, n;ér]&tf‘cdégée%l 70 LRI CBInCY S8R HPeAalon! Y

the reflecting optical e (mrror) is used for the projection

0pt i cal _ SYSEMER, PSP AL AN it 10 A red b SHFY ARV ng

proj ection magnificationo i's used. erefore, the EUV |light beam

EL, which i Ssirﬁ'%{fc%o% %’0\} r{teti cle R and which includes the infornation

of the pattern depicted on the reticle R is reduced to 1/4 by the

the pattern he reticle R i by the
b1 o) ccti on opti o YEHER AG LA BERG S e A G A

reference tqfi g & fi%pf ece{nl"' b dhe Hl%xﬁfc?j 't%n%él{éélﬁaﬂnlgﬂééﬁem PO

conprises four ‘mrrors (refl I ng "opt1 cal ement s I|nt a

M for sucodtrvar FErt i bon el 4 i B e s Byl
ejcle ® W adoddule Bl ool S0 Le A sl M The
has an aspher]gal. GonflgurAlien. Ths, reldsctidg WGP Lhdfie 5eaand

mrror M is planar, cting surface mrror M3 has

a spherical configuration. .The nmachini ccuracy,. which i Q t han
about 1/50 tboe?‘} cole%ée] %&%bsﬂersé)%\(fgcve ezrjlggt fr%i%tlro\gglaezré)c?sr}d}ctuél%ﬁ& t he
reflecting surfaces with respect to the designed value, nerely invol ving an
error of not nore than 0.2 nmto 0.3 nmconcerning the RVS val ue (standard
deviation). The material for each of the3g1' rrors is | ow expansion glass or
metal . A reflective |layer for



69 the EUV light beamis forned on the surface, which is conposed of a
mul tilayered filmobtained by alternately stacking two substances in the
same manner as in the reticle R In this enbodinment, the material for the
first mrror ML and the second mrror M2 is | ow expansion glass having a
smal | coefficient of thermal expansion. The material for the third mrror
M8 and the faer tnlasrki;rfc@ualh’&vle&yrrmbalin?Tlmer glibeetrhve Wwayar rkepethetbUV
l'ight beamis formed on the surface of each of the mirrors ML to M}, which
i s conposedtple tihquiihkitiavenedhti beupbtrairnedtley akt eheamaky sbapkkey two
substances in the same nmanner as in the reticle R The | ow expansion gl ass
to be used k@iould® Hine irofjebtgonsbpiGtiand siyBe e @hesyneRrent za&lionyst em PO
includes, for exanple, Zerodua (trade nane) produced by Shot. Zerodua
contains a Griynt #diate vieawsk eh@yitne rathiedhnauakiizhsredpditetbntae anount of
70 to 80 $ by weight. Therefore, its coefficient of |linear expansion is

00. 05 x 10-§1 1548 ne@8bhl 4lighk Beamlehrdl coapdushityhly cRhnglr 8¢uani s 1.6
W(nK). In place of the | ow expansion gl ass such as "Zerodua, it is also

pref erabl e tiﬁag%e a3 191 L3RI AN cFERAR! %)%t%@‘iﬂ 23ukpasgybangd on al umina
(A1203) and those based on cordierite 2Mg0z2A1203 6Si0z ) . In this

ar rangenent ,s@%@gglt sl hobefen®: o f&%eg.ia%kb%ad thi" QugBtiie el oumha mrror

M4 so that t eam 70 reflected by the first mrror ML nay arrive

at the seco I G SiA Lar ;¥ A& i Ried bR euah e efinr st
mrror g)qltfr?astert ﬁé’ thltolflbggmlr gfgléeglt dlbyct hé} fourth mrror eMlR may

arrive at ”&%u‘é@cderbé/wr%hrg; g&%&&%miufs h\%v%hn%ﬁitp'b%f %h@bh\%skh%?udt hgeout er

configuration of th has a shape wmth a cutout to allow the Iight

flux to pasg ffagrefduoygh htR%%%szé .?%a%%% RYl ehelh gggvironnent, in

whi ch the projection optical system aced, 1s a vacuum

Therefore. whsdigalcaulchd $raepcrates buddha k3l GByeherie c3XRfal N9

illum nation eam IS not eased anywhe cc ng inthis

enbodi Ment, i HRAGGS TG G N0 Mheh? MbraRe AT 1008y fepe PP Tor

hol ding the mrrors i'S connect wth a heat prp a heat

exchanger . BvdiRiye e Biatiited o aq0l g Al Ak egolkbiag the body

tube PP. Th has "a doubl'e structure conprising a

rﬁrror-holm§¥$fgagﬂdy1igﬁg&ip% daf the inside, and a cooling jacket 52
i alleg t§%

as the coolingunit 1ns its outer circunference. A helical pipe 58

for allow ng the 0olidid kit i@ IABIE oY dhe0bigin B ube 54

to the side of an outflow tub I'S provi t*he inside of the cooling

jacket 52. lfd g’r@ﬁqo%@ T i nCOR RN adiDai23d (B2 DA Le00] (A% sldqaul d.

The cool i ng wat ch outflo cooling jacket 52 via t

out {1 ow t ubg, 56 d MRl RHHAE LR VLRIt N ARLE i oo Rl ERYR 1 1 an

unillustrate
is compensated. Therefore, although the side of the object

plane of the projection optical system is non-telecentric,
it is possible to effectively suppress the occurrence of
the magnification error and the positional discrepancy in
the transferred image of the pattern on the substrate due
to the displacement of the mask in the direction of the
optical axis. As a result, it is possible to improve the
overlay accuracy.

According to a seventh aspect of the present
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refrigeration unit. Thus, the cooling water is cooled to a predeterm ned
tenperature, and then it inflows into the cooling jacket 52 via the inflow
tube 54. The cooling water is circulated as descri bed above. Accordingly,
in the projection optical system PO of this enbodi nent, even when the
thermal energy is applied to the mrrors M, M2, M3, M4 by the radiation of
t he exposi ngnivkhtfifbAat tharki gbt peearde8Usnl egpbsteeanhpphrathentobe heat
exchange is effected with respect to the body tube PP which is

tenper at ur etgdhegee#ihg Hapatdeganshadt mhERPERAt bheoby bBlbsardtefl (Whe heat
pi pe HP, and thus the mrrors M, M2, M3, M4 are cooled to the constant

t enper at ur eghknekBbguaer apgaraRhis tBmpheseAgodhneNl uffinkBeoRr 8p€ital
invention, as shown in Fig. 8, for exanple, as for the mrrors M, M, M,
the heat pigg¢skEBm $pRMSOIRL UBK,t &, Pauli QRSchoophiiglel Peraunasesdan
illumnation light beamis not radiated on the front surface side (side of
the reflectijngupihbhaseh 23qpe! bedm batbhg baekesHr bacaesbéethBengsk; a
Therefore, the respective mrrors are effectively cool ed as conpared with
the case Inpweaebtqahyohhgcaqu s¥efageoyi daikh FQ@H@etSIthbS needl ess to
say that the héat pipe HP, whi CK is disposed on the back surface side of

the third mijnngniNB+aBd 4hghk" PREMSBLLEESENY ¢eofl thRembkkSbnbl £ERE ML,
arrives at the inner circunferential sudrface of the body tube PP in the

dept h direct he jp - r. ,sthewn B9, Fkg., 2)theiappearance
of the bodyEng%ggI%EEHasa tai%ggégga??g%pr(i%\% 72 shaped conf i)gurét iHon. Wth

ref erence tgxgggrgﬁoﬂgagﬂmob@%ppﬂkehaékggggw§ﬁei§u3%&§aa%daenaa wef er stage

base 60 arra ong e XY plane, an is supported in a floating

manner Overv%H%CW%gf&aihég%oQ%gg @Qdaxth% éiﬁaghi%i@aga%hiBQ!knefloating

type two-di nmension |'i near actuator 62. The wafer stage WST is driven in a

predeter”in§9p§%5%&% | Bpkheat @B@%%hkoananqn!adah%tanihﬁqkiQ@oeyakﬁg,aid
of the magnetically Tnl ogtlng type two-di nensional |inear actuator 62, and
it is also gyiv %ﬂ>nw%i_'n%h$u%%eunhu&an hend dihettrbaBukdhbeemkar ,Oht
rotation about’” the'z ax?sn). he wafer stage WST can be also driven’in a

m nut e anou i ir I ngd h hrect ion i isned Wi th respect
to the XY p{igﬁg%b%%%héfgiad%%%l?ﬁg%nggngp}ecgﬁagg( ?ﬁogt P%I§%%L§Bg%t wodi nensi onal
| i near actu » neti call.y.f INg, £t ~di i l: hnear
actuator i s%ﬁgggﬁg}s}ggﬁ:aﬁ%l t%téld%%tjae%éécslpggbgntgf%g% \g?)ijglrc\%%g?li g %ﬁg.al

998, 038 (fie§%t%& Q%%e&%e&n%ain%%géh-th%h%0ﬁ%§ t r@fl aktheURit @St at es

Pat ent Application is incorporated herein by reference so long as the
domestic | ayg,+@ft tbq designated state designated in this international
application OP t he sgl ected state selected in this international
application allo 1RGO RO k@l fs tuA RenhFIeNhqgeeaet (not
shown) is provi d\g i (r%dtlﬁlgot;%t ttgitrﬁ %B(Pgasger%f)?b?ﬁg%v%gf er élt age . The
magnet i cal | j e - di i lopl i k watkiQer B84 ila%els
construct ed)élféye?ﬁg{ %% manén:t\f%agr}gﬁmgiﬁ%%glogoilil‘a?no?)gsahov%n) V\A‘lilgh ei S spread
in the XY twq-gi pgRsi; | sdir i : t e t4 0.

position an toﬂ{e attiltqlrj1 gllggfat?%tg \?\;aﬁ‘%el?&slt ta%ggw\%@Tbib%lgﬁ%l??jﬁg?lngﬁ}?%ﬁgl
directions I (A C 4 ent ; 0 1fil

t hr ough theqﬂ'(r:ogﬁql%gyatc&}#g%gll E;ic??l(é{qtﬁ(rapr?géqn%gtgn@{'r ollirht?nirltllglgllgl\ge%gtsncrlilggl\g | at er
on. An unill e rs e e t aty . system
is placed or?%t%rre uppe\rlth]fseel;r]TltalgﬂéIfl g#at?h%zl \?\)&Qeqréagt asgjeSQVCE\ﬁBI{rg%Tﬁleddv%gﬁ teélrCIIC \I}anss
attracted a : I : A pRR&O i rnface gf fer
stage WBT i ﬁ%?h@lﬁﬁr&e@ifgﬁﬁrﬁ?gﬁ rIéS% m rr?rg)- %r%?g%;t&et%gl orarrﬁterajl%fWa
reflecting 74a 1 i . N qts Vis j ot
shown in Fi Sé*{écl%gskfl rg{hc%il&g%édulr[%%lgrgfht et vl\)n?faglr %.sz.t ggeﬂ\%ﬁ%l%gm)%ﬁ
direction i ' -1 d [ .. f . ecting
surface 74b agérksﬁdgq’alr%ﬁ <’J{lnrr%it %vllae;lgﬁrb?@giediq@ﬁt Ibr?%t gse%{ofc? urc;et%factippar at us
10, the position wt e t.Q, t 0j i | Syst PQqi s
correctly neoar{stuor et eb%d(;llons i n(\tteer fb rom(ge[ %{lcas;e?s et?rl]%f %%[drj}g%ta]tﬁié%r%acsg&ri ng
peans onto the (&l el Ng S 36R% i on’ Yhe TN TAVRIITRIL L VP HE W !

r
be descri be(JS3fSnt Y54t et o
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A spatial imge-neasuring instrunent FMis provided at one end of the upper
surface of the wafer stage WST, for exanple, for perform ng nmeasurenent
(so-call ed base |ine nmeasurenent) of the relative positional relationship
of the 74 al i gnment optical system ALG (alignnment mcroscope) with
respect to the position at which the pattern depicted on the reticle Ris
proj ect ed onflauimifatibhaddgbtt bleamwdsetrdhsTeeredabntlo ithegeuleagatieng

i nstrunment FM corresponds to the fiducial nmark plate of the conventi onal
DUV exposur @uaipar &hes trangferddfattiedBaskopat telran thewdanddiagl angitt udi nal
sectional view of the spatial image-neasuring instrument FMrespectively.
As shown i njkhepéirateddto @ydlchirohblisay advapehkUmasks ahdr ke on the upper
surface of the spatial imge-neasuring instrunent FM The slit SLT is

formed by maamst@htRabiethien§eddcd tielratdl o rr@¥pondd nlpok ot RBeEWV | i ght
beam fornmed on the surface of a fluorescence-emtting substance 63 having a

predet er m ne@gnhirGkRRSS N Fed nen pirbg ceRion Spifiieee elysiha . wabek isgagae\sT.
An absorbing lI'ayer for the EUV |ight beam may be provided in placé of the

reflective |sg'h%&1r@4\ou%nﬂto%@n@9&r,t ¥he FRYuse iher wed tonst bperagenbitey | ayer.
An aperture 66 is fornmed through an uppér surface plate of the wafer stage

WET di sposedqynder aitha cslsitt oflel o fAtRROLRB!i®GN © fCeMeenaiskn i@l emgnt PM such
as a photonultiplier is arranged at the inside of the wafer stage WST

opposed t0 11§ RRYINUR rPendilkeNairore, tieR ke tEYY aneably Rerm EL is
radi ated onto the spatial inmageneasuring instrunent FM fromthe upward

DOSI L1 0N Vi 3132 RIRC G a1D sl stlens h PO 1 K shicdtnReeR oghi ch i s

75 transmtted through the sli't SLT, arrives at the fluorescence-enitting

substance 63pcThg s %&@ﬁ%@%@@ bl %@h_es%sjte%%c%\}@ﬁeghm't e cd Adiglh yoeam

a
having a long wavel ength as conpared with the E beam The l'i ght
beam i s recqah\éegn@éﬁ&%u&lﬂfc%e'o%cttwecpta%@rrn,s'o%ntﬁlee%@k RY and it is

converted into an ectric signal corresponding to the intensity of the

light. An oulpulesyiignRaly Qfrdifie RO fihe GABSRHLRN 19l aFRRrdaMdes al so
supplied to the main cgktrol unit 80. Next, with reference to Fig. 6, for

exanmpl e, exp}ianAtdRN dMddn t?l% r@(‘ﬂ)%siu%éegj.e]E ddrinQy e Prorraanent akashe

interferoneter system 70 (see Fig. or nedsuring the positions of the

reticle stagg RSk and the Malkl o age WGk R tHe '@RRIqRAt i vel y shows
the concerning laser interferometers wth the measuring axes of the

respective lasgerddiRiTG" QP IGHeS obFe t! MG FRIRS RPN ePFAIda3es
four |aser intef?eroneters RIFXl? IFXZ?;RPﬁYl, RIFY5§¥§r néésur?ﬁg'f%e

position of dhgietdfd &l 398 RIGd N nld18 ¥ iFARE M ra@K Widder
interferonmeters WFX1, WFX2, WFY1l, WFY2 for neasuring the position of

the wafer sta08 BT dd) e FYddt@Mane is adjusted by the aid of the
adjusting unit. Therefore, it is possible to effectively
suppress the occurrence of the magnification error or the
distortion in the transferred image of the pattern on the
substrate due to the inclination or the displacement of the
mask in the direction of the optical axis. As a result, it
is possible to improve the overlay accuracy.

According to an eighth aspect of the present

invention, there is provided an exposure apparatus for

transferring a pattern formed on a mask onto a substrate
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The interferoneter RIFY1 projects a neasuring beam Rl FY1M onto the
reflecting surface 40a of the reticle stage RST, and it projects a

ref erence beam RIFY1IR onto a fixed mrror (reference mrror) 72a (see Fig.
1) attached to the 76 body tube PP of the projection optical system PO,
so that reflected Iight beans therefromare received to thereby neasure the
relative pogiw i 89 Qfrrblg atahigChkBesmagk RRY withhanYidilumeéhadiow Lhghespect
to the fixed mrror 72a at the position of projection of the measuring beam
RIFYIM  Si mplanl YELY)he thet expesaret abpRrEYdspeemnpetisiagnaapebijeegtheam
RIFY2M onto the reflecting surface 40a of the reticle stage RST, and it
projects a pghgcanceyheam Rhit¥ARnaRt @ Tr@@lfebt&ﬂqufbﬁlt@_baﬁ._r gi/gence mrror)
72a (see Fig. 1) attached to the body tube PP of the projection optical
system PO, g@n B@bdr%klgp?g@rbqu beans rirBesef Mamear paheaavedika t hereby
nmeasure the relative position of fhe reticle stage RST i'n the Y direction
W th respechrbgekhe fineedhaFitirdr ohtd %hetQﬁbegibtbOB?OEhergﬁﬁCb&O@haf the
measuri ng beam Rl FY2M The center of the positions of radiation of the

measuri ng beaEl RAYIMopRIEYAMsOL el iR LNEebAShoMRLEES (BEF YA R FY2 is

coincident with the center of the illumnation area IA (center of the
reticle R theXdiineql Rl HReighkehCardd 8nehagerigktsngl sieaaueed

val ues of the t interferoneters gives the position of thereticle stage
RST in the ioh-€ Gt Qn. vals i IS [ is i t he

di fference %g?ﬁgegkkﬁg S@fhahgggﬁ?2ﬁ£$gﬁugggggl?Eg ?gagﬁﬁgggggtance bet ween
t he axes of the imterf r i t | & ; 0 I f. ot eticle
stage RST (hereigﬁ%% éﬁ%ﬁﬁﬁkﬁ'%gcgkyﬁi_hg%ngggu%éghfg %@@gﬁge?agfﬂgﬁ%

| nterfer omehgl, Rekthg RdTiecAts URPlded kaakhentBolodanly! ghitnkhn8de The
mai n control unit al cul ates the average value and the angle of rotation

al_ On the qlhiehgaandy e il RHATPLE FBUEXrBLAkER! $racTBRsULag beam

RI FX1M onto the reflecting surface the reticle stage RST, and it

projects a gl Guanqe heAmBLAROR 3 11hKaaREROT 1GhY! Blaice abakaE) 72D

attached to the body tu e projection optical” system PO so

reflected | kit A9 JRAE NABA BafCGEY 2AdiAHACLARY HEaaLLe lihene

relative position o e reticl’e stage T 1in the X on wWth respect

torLhe 1XO0 JEULA qEPachli Jo1° AORIOT O Jr GhGBELOR. abpaIRARUELAT Doam

RI FX1IM Sim lar the nterferoneter RIFX2 projects a measuring beam

R PX2M ont 0 Jihe el RENGaliLace ABD.If o BY oheil 6 cHEaus B hreand it

projects a erence beam onto the fi mrror (reférence nmirror)

72b attached o e DI b Rl s PSR B 3YS OB, BP0

that reflect i ght beans therefromare receive by neasdre the

Lo the. 11Xed mTror o it The Ras ey o1 o ors) et oy &P% habosklrs | e heam
RI FX2M apparatus.
The exposure apparatus described above comprises the
cooling unit which is arranged in the non-irradiated area
of the illumination light beam on the reflecting surface of
at least one mirror of the plurality of mirrors for
constructing the projection optical system. Therefore, the
reflecting surface is directly cooled so as not to cause

the temperature change exceeding the limit. Accordingly,

it is possible to avoid the deterioration of the image
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The center of the posi tions of radiation of the neasuring beans Rl FX1M

RI FX2M of the two interferoneters RIFX1, RIFX2 is coincident with the
center of the illumnation area | A (see the point P2 shown in Fig. 5). 78
Therefore, an average val ue of neasured values of the two interferoneters
gives the position of the reticle stage RST in the X direction. A value,
which is obtrairied iy dhuirdictertide idi biferpecpriogetannt bpthehth spasumed
val ues by the spacing distance between the axes of the interferoneters,

gi ves the ag@lee tof thet atrira@iak ibhe with ¢he ShaamiRtiohengightr ekamred to as
a2). The neasured values of the interferometers RIFXl, RIFX2 are supplied
to the mainagoRt K@lsudf,t i80.1sTRGsERIHN eC Q0L "thFpli"é'sTs heCAkterabeatiba
average value and the angle of rotation a2. I'n this enbodi nent, the main

control uni 8@ neakGunalres raly ARG OHukhe cARBle¥a2hi atQbAl b8 ralia’dofl the
average value thereof (al + a2)/27as the angle of rotation of the reticle

stage RST in the elizteqiadt. ohle nitiil §9TRECCMEBYEPES SChararTRASUT i Ng

beam WFY1LM onto the reflecting surface 74a of the wafer stage WST, and it

proj ects a hahahgnee RaamiiTyl Bualho b ripied ofit! be' thisghgience mrror) 76a
attached to the body tube PP of the projection optical system PO, so that

reflected |ighlqeaarm tyher %forro@x%h\g)el'é\e;\%%ih\ée%tt (1eta'é§r Bh% Eﬁ‘ﬁ\%%fteﬁltapebe

relative position of the wafer sta T inthe Y direction wt espect to

the f1xed Midhflostd ot o R ROSL HvaARdPLOkBElAR eht! BE FhasHalNg beam
WFYLIM Simlarly, the interferoneter FY2 projects a nmeasuring beam

W FY2M onto the reflectin urface 74a 79 the wafer stage WST, and it
bt o ect o o cerristoaihttpr 2R/ Brko « ABePT kba REFFQF (P oranBnzeinEror)
76a attached to the body tube PP of the projectiaon optical system PO, so
that reflecttd® Mafr igdamstingr éthomrald coedificdend chetbsyMidasure the
relative position of the wafer stage WST in the Y direction with respect to
the fixed nmSonsfuckdy idty + Hdepssiforgrtdrnpedj &&6 v rérrt H¥endgstiheng beam

W FY2M The center of the positions of radiation of the nmeasuring beans

W FY1IM W FYEIIgR L RonaRs Hifhe dSe SHIRPIEES of EYED WIF¥DE S eRpieratdEst 1fit h
the center of the circul ar arc-shaped exposure area SA on the wafer

cor r espondi FPEF-ASF@HLY ghangedon AcLdANGdde Hitg 151 PPssthdeetor 8VOiA

aver age val ue of neasured values of the two interferonmeters gives the
position of thee dgdreriodirddennet ithe Heagedifosd@tden KhadrG enifitdR «i s
obt ai ned by dividing the difference between the both neasured val ues by the
spaci ng di stEe Rasfesr Ve uSedd o st b g MederdrdndOdr SONGLFEStERG angl e
of rotation of the wafer stage WST (herein referred to as (31). The

nmeasur ed valtihés HraGe Jif}?cléﬁgeer dieat exampliey] Zofodya {taadgpmiamed &6 t he
mai n control unit 80. The main control unit 80 cal cul ates the average val ue
and the angll®vwbeXrAngtiogh 93es dFasfd IGiRat rihdhael reddustdmatar w FXL
projects a nmeasuring beam WFX1IM onto the reflecting surface 74b of the
waf er st age M®T W/ard )i avpridjabdes faomefbptncendedEgQtrade name)

available from Corning. In this arrangement, it is of
course allowable that the other mirrors formed of a
material having a large coefficient of thermal conductivity
are cooled from the back surface side in the same manner as
performed in the conventional technique. 1In this
arrangement, it is also allowable that the cooling unit 1is
also arranged on the back surface side of the mirror for

which the cooling unit is arranged on the reflecting
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W FX1R onto a fixed mrror (reference mrror) 76b attached to the body tube
PP of the projection optical system PO, so that reflected |ight beans
therefromare received to thereby nmeasure the relative position of the

waf er stage WST in the X direction with respect to the fixed mrror 76b at
the position of projection of the neasuring beam WFXIM Simlarly, the

i nterferonekarfAkeX2 projects a neasuring beam WFX2M onto the refl ecting
surface 74b of the wafer stage WST, and it projects a reference beam W FX2R
onto the fixed mackordingf ebeaca ifithr aspedtbodt thehpdekenthdnbedy ibuhe PP
of the projection optical system PO, so that reflected |ight beans

t her ef r om ar@eirecaisvitolvd dele baby xpasuee apparaeusat ifve peankiferrahgt e
waf er stage WST in the X direction with respect to the fixed mrror 76b at

the positi OPaQﬁ:e_lihOjf@Qinie@no(ﬁf al RasKeaaub AgsadamriteX2M) Tha eenter of the
positions of radiation of the neasuring beans WFX1IM W FX2M of the two

i nterferomepeioseBth¥h oPEi¥All syseienci(@ont by tikrhlg atengeihef mhBg §xposure
area SA corresponding to the |I¥um nation area |A Therefore, an average
val ue of negsyhednvahuemidhtliba hWenktnbeake(@mst ekhedikposte position of
the wafer stage WST in the X direction. A value, which i's obtained by

di vidi ng thepdfheuaneempelivaey bhedtakbriRasupedcual Wostln tBRpsRaa N9

di stance between the axes of the interferométers, givesS the angrpe of

rotation of 4ifhg YARSH134390 fVRErtbBesei(M18Lo MaSf §htaddifgas T2kstlhe
measured val ues Of the interferometers WFX1, WFX2 are supplied to the

mai N cont r ok jyich §8 ) TRAITRI BeeBAW i ritbirt _(319)C%bc%ba%%,%c%@%i%\ﬁ?;age_ val ue
and the angle of rotation ~2. In this enbodinent, the main control unit 80

cal cul ates any--eNe @ WHenRelees 19l ifhak0ban 1"if?ght~%e% t hpcayerage \ialque
thereof (~1 + @)/2 as the angle of rotation of the waf er stage WST 1n the

8 directiongoWilh ) gherenC e difquSedl a898hR pRofjekitGbs BhaneaTeagukieny.

| aser interferometer "RIFZ, which serves as a neasuring unit for feasuring
the position @fbdyheubelictld iRg Antifke Fg%z‘i' WBGEhoR okl 6Chb@y 2lbkh§ ppl)r st
axis), is provided on the body tube PP of the projection optical system PO
whi ch provi 4gs« he 1. %rh"’én%%fr%rli%v 0¥ mifeoFRasUnEMaNheR?l ERERBAGRY the

eight interferonmeters described above. Actually, as shown in Fig. 6, the

| aser inter gﬁﬁﬁ%ﬂvi@'eﬁz petGldedes nehibety 2%k antehienemiebacRiétor
Rl FZ2, RIFZ3 which are arranged at pr edetyer m ned spaci ng di stances and

whi ch are figedpo Jihg Ay LebqiPPordowever, in Fig. 1 (and Fig. 4), they
are representatively depicfed as the laser interferoneter R FZ. Measuring

beans from the | agel dihey e ARl @xpoBlirél a&:?a%'a%%% 2bacRrAiaet ed jRass
through optical paths in‘the z direCtion at the center of the” i ncom ng

optical pat kst he UGG uPR! if6d] nBadhng’ @hleephu?@19RY 68 mR@tblrsof the
82 exposing illumnation”light beam EL, and they are projected onto the

pattern plang QdiR@ Wt itdlee 3Rt tdibl-e68nti nght@g tROi Rhen( Rheto P3) in the
illumnation area, i.e”, the circular arc-shaped illum nation area | A of

the exposi ng dndd#diald 9% |raghledo@amikle F@b"l%ir_%qti_%g o qiitrherRabiehe iplane of
the reticle R at the predeterm ned angl e of incidence 6 via thée turni'ng

mrror M(segH@%tch witrPtheo)il107GREI1BG Y.ighte HeAger thhether arpfier s
Rl FZ1, RIFZ2, RIFZ3 cone into the pattern plané of the reticle R obliquely

at the pr edqu%rﬂgn%%g i%n@e?rf%frnieladb‘é%ﬂf‘e%n&th@h%%dﬁrt RepROSnd At Fkalshe

reticle Rin the irection can be neasured with a high degree of accuracy

(for exampl &pnanintilt Ryt %&C%rtl%???l%fraﬂcltt_ymrfe 30 r$e ¥R e Ril0 ok MRe W t hout
affecting the exposing illumnation |ight beamEL réflected at the sane

out goi ng anqie%@%fa?ﬁr@é@,e fa ke daneerand wohlquh 2fdeatdang e
measuri ng beans of the |ntera?leroneters by '[lhe exposi XS iOI l um nation |ight
beam EL. heat exchange by the heat exchanger is continuously

performed during the radiation of the illumination light

beam onto the mirror. Therefore, it is possible to avoid
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In this enbodi ment, those of the reference mrror containing type, in which
the unillustrated reference mrror is contained in the main body, are used
for the laser interferometers RIFZ1 to RIFZ3. The position in the Z
direction of the position of radiation of the neasuring beamon the reticle
Ris nmeasured with reference to the position of the reference mrror in
each case. lvhd RiexXfcfradicrertf, the nie-rvdy Wwinisddted ariah thesheat in Fig. 5,
the neasuring beamfromthe |aser interferoneter RIFZ1 is 83 proj ect ed
onto the posidhahdg¥r,t faexdoqjmtiffogémal@awramdoaﬁm faerertita-dtdshy of
interferoneter RIFZ2 is projected onto the position of the point P2, and

t he measuri nthdeiafadd @B rintat s Fhdricidreistir &ff RIelPpricsjdyutdject ed onto
the position of the point P3. The point P2 is the center of the

illum nationp@riemll Aydtch., ids iaS dd¥Ro) nitt ans s Siplld alo pprddsd he
pattern area PAin the X direction, and it is the central point of the

i1lum nati o Qfetidrildi@itidh A N t rEs RAIrES gl Awd &d agat ed at the
symmetric positions with respect to the central axis. The neasured val ues

of the threedasalidid RS Rifdkdis Rdddal e itny d dgdrad he
main control unit 80 (see Fig. 10). The main control unit 80 corrects the Z
posi tion angidddifld "AHdiOr R HR 'SididiRyeta KPovidea B!t the
reticle Ron the basis of the three neasured values by the aid of the

magneti cal | wHd Qdy" & P& ddvandl NSl i dideahad YRl A¥hedh deid | bed
| ater on. On the other hand, the position of the wafer "Win the”Z direction

on the basi $Pfad k& baRYd Uife RAdidPARIRhADidMe f QUS syengRy 14 based
on the oblique incidence systemfixed to the projection optical system PO
As shown inffiGords. 18 {OGHs SRNSOT ik GRIBY | SE&hahdd9Mayf godi ng system
14a fixed to an unillustrated colum for holding the body“tube PP, for
radiating a dshedidy AP I dib a1, e dl MapdPn oG dilg surface of

the wafer W and a 84 i ght-recelving systemal so fixed to the

uni [l ustrat ed-,cQ] kg fWWtH 8GR Vi NGt G L i S BRam FB Fifdipat ed by the

surface of the wafer W Those usable as the focus sensor include, for

exanpl e, 3 rilddil fROUS, RaR Hondeeald ks e Bdliclhaaty fy @@l e,
i n Japanese Patent Appli‘cation Lai d-Open . 6-283403 and United States

Patent No. 5448 B3¢ AU Y SSPUMH NG I H S lihe N TPGMSD Y £V B G RNSIEM
described in Japanese Patent Application Laid-Open No. 7-201699 and United

States Pat enty oy % A7%% 24 GHFEsPRM NN &S &hP- i d tndsSinldiPH afe that the
focus sensor 14 ("14a, 14b) is fixed integrally wth the body tube PP. The

content of these jlapanesgPat St JPCUBN! s Bikdhnse, Ul tad Stategpatents

are incorporated herein by reference so long as the donestic |laws of the

desi gnat ed stiatte desimnat eddihddts iNtgEaaidanalt appldcaldaed e

selected state selected in this Tnternational application allow the

i ncor porati o 9ft " SFENGeha ARSIy 18fhd NN fdie fi0Ne a0 el @nadd on, in
t he enbodi nent of the present 1nvention, the position of the reticle Rin
the XYZ thregrdidgensi onal directions is nmeasured on the basis of the body
tube PP of the projection optical system PO Further, the position of the

wafer Win the XY tm@eé)%m %afﬂ&?&td&f&d& wird Prhdpe basis of
the body tube PP of the projection optical system PO. Therefore, it is

gg?efﬁzsggy ddipdct heid N ee COPANRNtghat - the By RBECEd Wbiid &itlo SYSt em
plurality of divided body tubes (PP, PP') which hold at
least one mirror respectively; the body tube-cooling unit
independently cools the respective divided body tubes; and

at least one heat exchanger (HP) is provided between at

least one mirror held by the divided body tube and each of
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reticle stage‘RST, and the wafer stage WST are supported by an identical
support nenber. No trouble occurs at all even when they are supported by
di fferent support menbers respectively. That is, no trouble occurs even
when no nmechani cal contact is nmade anong the three conponents of the
projection optical systemPO the reticle stage RST, and the wafer stage
WBT at all. thiee diwiidedodioay @ubkle I eapedliisVa rirdnefendTetaks bbak
constructing the interferometer system 70 described above al so performthe
neasur ement t\ibleh coRflamgn @ it0 cbld s eapaCbifv @ hiel e idied” Poslyattudelednt 0 t he
body tube PP. Therefore, no mechanical contact is required with respect to
the proj ectig@n ipRicdpehldenkts HAMNEL. t hderelfiotles TR0 BPEctaRé WAGivaGer
stage WST. In the enbodi nent of the present invention, as shown in Fig. 1,

the ali gnmepoqgPldubls Lh% P8 BbEliedl hitxed fiferleh Hoda v ft%ﬁ@)e(ifaﬁh%s.

projection optical systemPO. A variety of ones can be used as the
al i gnment opld GalreRA4EMAChdaC le@hRtger@l, RN QreaahrafiigReent sensor
based on the inmage formation systemfor radiating a broad band |ight beam

onto an ali gugRlen e s 4RECH I Vit Fb@ae,s RAYR NP IPTRATHOIRT
instrument FM and receiving a reflected |ight beamtherefromto detect the

rerk in acceidfanagoichly ! e HRO%HRHORES Tk @012kl hdRERRG Sensor

based on the LI A (Laser Interferonetric Alignnment) systemfor radiating a

| aser beam Qi &3 rlidld th@ rP?Jsg)e %i%t oGl ided fbford?iﬁt%%éé o teame and a

scanni ng type probe croscope 8 such as AFM (i nteratom c force

m croscope) 4if Qﬁ:@ﬂ@@ai [ SheWe 13 P19k i@ iild ygtrating the
arr angenent doJTFff%hree]ncpntr I sfs%tqjeelnsayi n&(rﬂel g?‘lsor? ton'g"he élg:rrnrlol %f t he _

posi t1on andiddie i il Qnd i Waeep1MaMakEr o 20% JWel thgeseticle
R (reticle stage WsT) having been explained everywhere. The stage control
systemis CoSUieladited ROJPRIAONEH!) YHIBAARMeReE 9k tAmirroxr

m croconputer or a mniconputér) and the ‘magnetically floating type I'inear
actuators 34,,.62 e ol . i | g. cEurt hern,s e
driving uni f“‘.lg (:t%:l§%1ﬁfclt%%§lg§ ltr?ézltel%?g?p%ﬁt ghgén ltl@lrngttilclrﬁe lsltggltgl}e RST
and t he waf WET,, Nt | anaty i Of, 4t ration
in the expog{ueraz& 3’?’2‘8 'e;Bfnect ed %’?Ehhe%r%extéﬁggl&\rﬁ éggggrsg?%?Jfgegc%%Fgl%%él to the

first embodigfRnte Gfad A MIESEHY INEWIALORIGHATE Ahidas HoibRd cRove.

At first, the reticle Ris transported by an unrllustrated retic

transport sysfem n?i’lq:d;&];i icaﬁlcfittthreago DNl d M ifetdqthe hgleder RH of

the reticle stage RST Is at the loading position. Subsequently, the

driving uni tqAf Y e dihe Hd LAl hoihd $rid'ees] bidkdisagond posi tion)

at which the second sli't 44b is irradiated wth the exposing illumnation

| ight beam Bl 00 1§ RASI, Y il GHITNG Y ¥R R g 'Hi%@é&'bo‘a{&iht 80.

Subsequently, the nmain control unit 80 controls the positions of e waf er

stage VBT andyldie, 1ol ol 306 ART 137 pod®irie (@ LAl dith/BORRIIC Anley
floating type twodi nénsion | I'near actuators 62, 34 so that ‘the reticle
al i gnment WB{‘&%@B@: 1%(}414 rﬁ}'\@y R HRVEh R, (RN Lt 2 (P8 Hell Gliy R are
successi vely Ji rradi eﬁe vvv\:t tﬁe rerspecthl ve two ex;?osi ng illum nat%inon | i ght

beans EL. Prgj i i al.i : RV4, RM,
RVB, RM3, RN@%?% gtqstrLCfegagLLﬁorsféa%{:uest‘cjc:]?C r{eﬁtg%a%el?fﬁrgzptge%ﬁdl%ﬁ he spati al

i mage- measur 5}?[“5{1{%;{ adtd i diker ey SiRiad &, e fIRSiddnyy of

projection o e reticle pattern image on the surface of the wafer W That

LS pohe 1o Ll SN L e O SUSABTL e i ot ol unit

uod! Tenst onlolidger e el gy B st U 1P e STl ol o | Tooe

the roticle Bon PR el B M LT e "Wand the relative e
The heat exchanger may be anyone provided that it

performs the heat exchange between the body tube (or the
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position of the alignnment optical system ALG i.e., the base |line anount on
the basis of the detection signal of the alignnent optical system ALG and

t he neasured val ue obtained by the interferometer system 70 during this
process. Wen the neasurenent of the base line is conpleted as descri bed
above, the main control unit 80 detects the position of the wafer alignnent
mark as a poavwieesl bod§ tulkl)erfidnetes aiiriord objoaclexeimpllRs walehealti gnment
marks affixed to the respective shot areas on the wafer Won the wafer
stage WET byxéhiangerehadl e Mea@Pigpal (sipst.emIALEnildl lag ranefesityelay
noving the wafer stage WST. \WWen the detection of the position of the wafer
al i gnment  Ngges i Helde 192 lspetiFli ddS caidRlifledd 2% hde Fonte G ualFave ahle
positions of all of the shot areas on the wafer Ware deternmined in
accordance WHeN pack alulrildce 08CHHNL WA R3¢ adn vehq ntee pfs ddey @@l square
nmet hod by using the obtained data. For exanple, it is possiblé to use the
EGA (enhanceg @ ehgle alHpgn BN Ihateihed 1agnd S¢hesadtibn) RaNesn Rakent
Application Laid-Open No." 61-44429 and United States Patent No. 4,780,617
corr espondi ng-dnieis@lrdactq redleRting sultifacd) 08 tHeA S oAt ERhilch is

i ncorporated herein by reference sol ong as the donestic |laws of the

desi gnat ed sttt Lepi iYLl dd)i S o Mok RN ARM ithR IHUA O iae
selected state selected in this international application allow'the

i ncorporati Qh f reference. Wen the alignnent neasurenent is conpleted,
the main control unit 80 switches the slit plate 44 to the position (first
position) at whi f.]_:%ts jt It sds adihed ny G Ng
illumnation i g%’?1 E)tte?‘%méé, u?ét ﬁg%;gﬁ:gt(?fse[sh%@gﬁ Vi I’rll tr%crﬁeg% ?r%%%h The

mai n control i t:he - W & ¥ A%GAAIPCE WHN ol

st ep- and- scéar#a;)fltsltné‘c% %gp;egﬁ%v\sﬁb;}%%ﬁﬁg ?)he EUV Iq‘l ght %beam aéntat Ece (&posi ng
illumnatio i . J S d g naf ttq,%e iS5 positioned
at the scan%éngggeéﬁ%cgolglﬁa?ﬁ% })ﬂ%\%ﬁ e%ﬁdrst?leshg?ab%t ef\:e{lifi Hoefsc t he

magnet i cal | j t -4 ' I | inaar. 0 id.e
BEhofnlp%tét-:%g a W& dnip c%orﬁ.r?@ b val e(3!?§ ar[?%?lg’%t&rret orP2 Widd

nonitoring the position I nformtion omt te er system70 in

accordance Wibolie ROSI] TN & AE QS AL AR Lol e
at the scanninid Hdeinos il A A idhel | 1 TONALL Aok fh0Aling type

t wo- di nensi onal near actuator orrh the "'scanni ng exposure for the

first shot. %ﬂé&t%ﬁ%%MO%%fqa%ia% %nfmyt tql%mnl'a@k unit 80 controls

the velociti ages the aid o e magnetically floating
type two-di nﬁ{éjé;}]rbqj | i:near. tQr 4 fAdeat; i natd o
between the reticle es’t J&g%ﬁsﬁa#glb?hez t\%a?g??es%gge V\é"l\"telh? \Cé? glgtéléy e

i nei dent i . b ) DY . ' . . Lic
col nci den ‘%}éﬂ%ﬁﬂ&a@ﬂ d+ %S}}%Jét P iffadd QY YL UL YR G

syst em PO e exposure (tran e reticle pattern) is perforned in

t he constantof/qg%ﬁhatty-oqy.nchr oni zed state at the velocity ratio of the both
stages as descri be anove. When the scanni ng exposure for the first shot is

compl et ed as - desqid et ARPUS, d NS SUERNIR ORST A hrss AR B ! ween

the shots so that t r stage noved to the scanning start
position for }{Et]_eﬁ Si%ciﬂ% : E‘ex’jﬁ'?ﬂf g £ Hax/iREf foy med for the
second shot t-in the s rre‘sr%g%ndera-l;gs ESCI’I%E above. In tnllei process, in
order to inpy i 4 : 1.t t t 9 ergf o return
mltq\{ﬁnlr%%ﬁd]{ﬁgﬂfsl%ln%sq{gn{ dp¥,t N81,9G 0, gPErALY O

the reticle stage g exposur€ i's ‘perf'ormed for the first

hot dth i . i s ']% imre. ,

fso? tﬁg fi rgrt s%ot irgg{erllflcr}lrdr}r@l I nlotghceillr rei:tl on (IfErLg)moon\rﬁ%ﬁg g%%fkre)ém f’ﬁ(rae
th i d (.S, - t f d i
Che di rect i 0% raanfi g s R Andl SRR o BEC e "
alternate scai G i S (Q@rfocr}{gadexcPT etatb%acs)%aecﬁﬁﬂje% ! rsaitrhf”a bet ween t he

shots and the 'scanni ng exposur e ‘gperatio are tepeated to
w ?‘RSf er t hepLpoajtetce’crinononogagthf_acz;{]_e'[sl,ycéteeldQ (tEQL) )ajvjlllicgh tl{}:\es Sahor:teﬁ!’e(%:acsinodq the waf er
optical element (M1 to M4) and which projects the
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accordance wth the step-and-scan system Fig. 11 shows the situation in
which the reticle pattern is transferred to the plurality of shot areas on
the wafer Was descri bed above. In the case of the procedure shown in Fig.
11, the nunber of shots accommpbdated in one row is appropriately even or
add in order to efficiently obtain the shot having the conplete formfrom
one sheet ofiMafmeimatiort Hiisyhir deems ouwhygdingy tfheons ddrenimeg ke xgprasurtheand t he
al i gnnent, the spacing di stance between the surface of the wafer Wand t he
proj ecti on apibstatatsystaard ROwat tdxehamjematHon prdvidess patiwden tthe xY

pl ane are neasured by the focus sensor (1l4a, 14b) integrally attached to
the projectixeflopitaal cptsicen RQemEir raid £ Gudyltube (B0 edniicholhs lidie
waf er stage WST by the aid of the magnetically floating type

two- di mensi aitad de et it Wtdlc A2 Slenamt.o 91 al ways obtai n the constant
parallelismand the constant spacing di stance between the surface of the
waf er Wand the prd esigdyureptdgplr S e8dd2diie tRithisoriggdcunist 80
synchronously noves the reticle stage RST and the substrate stage WST in
the Y axis diffetdead WidiH add el it SREANGEAIS )iV ispadid Hdedme
position of the reticle Rin the direction of the optical axis of the

proj ection ofid Claéfﬁé@c,tﬁ{q Riptiddlecdlicnerd fde dddsiiruddihg £HH rection) by
controlling the magnetically floating type two-dinensional |inear actuator
34 so that the fRacidly FisiEIc e Rt ehd RthP IBE e GRir a1 SRy &R0
and the pattern plane of the reticle Ris always naintained to be constant
during the expoRabeidddWititdinetdmdd er Rcdheidaly Chthdiptdy n) on the
basis of the predeterm ned adjusting position information measured by at

| east one of; iNgn{®fd Lif 1Pl AE-HERAS Wd tib i P S rdmd el d lauetiey srddifdled _
RIFZ2, RIFZ3 as the neasuring units. In thi's process, the main control unit
80 adj usts tdprPosid I¥r Rty 't idf LrgRedST ddd Wik £&idaHddd Gy i ng
the synchronous noverment of the reticle stage RST and the wafer stage WST
based on t head] rst 1 &9 AR5 1 P01t d INTOIREA O £ OF d BERPN A 1t d e doVvenent
direction, of the first adjusting position information and the second

adj usting pasidnfyéd N Prd@id AedBas Wikd yattel@dfiganeiwddie tiRd i cl e

pl ane-nmeasuring | aser interferoneters RIFZ1, Rl FZ2,” RIFZ3 for each novenent

direction ofrdfieedeiif!HtHcal ¥R and AnEXB) &udd e fiid st shot
and the second shot. Therefore, according to the enbodi nent of the present

invention, thereid{fy S%}Sﬁc?&?l of1 dlishPatd &¥dbdd ! herHeetiddte &difange,
successively transferred onto the wafer Win accordance with the scanning
exposure. Dughtth t1d Se PFQOESS by P A4t Wk AHardder [ efd Qe Rinkd Mhtil
direction of the optical axis of the projection optical system PO (first
axis direction tsmpehaisied on dfie hasl scofnd pah IS td NandiRSi 14 ON _

i nformation. Therefore, although the reticle side of the projection optical

system PO i scafb i SEREGMEN Cohdd 4 RSP P dbef f efld Mo SUPIY 655 the
occurrence of the magnification error and t'he positional discrepancy in the

transferred hopge, 0 theaRdid erib Wbhdeeveder, Wihlegd et fter L Sl apergd  of
the reticle Rin the direction of the optical axis. As a result, it is
possi bl e to {pEOVE ERSe VT Y AGCAF BYic R T , pRyRe Wil dheipsi ti onal
di spl acenent of "the reticle Rin the Z direction CRII’I ng the synchronous

movenent di f{essolePpendi Ao, r{PfaCXEHTR £ t ROYi PRERAM €/dn fRLdir dery ement
characteristic of the stage) and any control characteristic between the

movenent of We%f@&i&hﬁft@&ﬁﬁ%r AlONShdPecub@xi sad romaNne ) dee tis the
other side and the npbvenent fromthe other side to the one side, the Z

o ¢ ; . . . Ive i - pel
position o %ﬁ%s%ﬁét;%& &ﬁﬁfﬁ% a?ét ] 1?&:{619&‘\}.1‘{ RSHI A& ﬁ’ré[ﬂéfl@f&lt dei ng

af fected by erence. , is possible to nore effectively

suppress theilgg)?% QCE UL S enge \Q‘;rié'l@ié@g@ff]i:&@}_é@fbﬁj‘ ror and the positional

di screpancy I n e transferred 1 mage of the pattern on the wafer Wdue to

the displacement pf {fie L&LA&lFe Rippatdeud dESFIIMY to the tenth

aspect, it is also preferable that the heat exchanger is
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In this process, the main control unit 80 may adjust the position of the
reticle Rin the Z direction during the exposure either by performng the
feedf orward control for the nmagnetically floating type two-di nensional

| i near actuator 34 on the basis of the adjusting position information
(first adjusting position information, second adjusting position

i nfor mati onkoahkaiteddtby apr @eastsbyieporf ar papg blicaneegieenenty wikfask

| east one of the reticle plane-neasuring |aser interferonmeters RIFZ1,
RIFZ2, RIFZ3f ehebyefgeeteingngptheaficedbaektcantr al bhek shefgegnetically
floating type two-di nensional Finear actuator 34 on the basis of the

adj usting pesktreof.i nfrer gBt b@ncohirket aadpwabilagtpasi thenpirbfeeirbhon,
second adjusting position information) obtained by performng the real-tine

neasurenentowthaagts?g@@h ARe ok hheatatuebptRhianeyeasnr hA¢ihgsar
interferoneters Rl FZ Rl FZ2, RIFZ3 during the actual scanning exposure. In

the case Ofr%EQaEQﬁﬂ%ro EH@a@deéhgﬁﬁt bsheRdenhbl aaeordEneetihih the
f eedf orward contr ol F he basis of the previ ously measured information

W t hout nea%@&u@glt@qeéeﬂtsplQQeqenhleB peereehbike tRadUkhBIptBSection
synchronous novenent of the reticle stage RST and the wafer Stage WST.

Therefore, LheiddiugiERRh %%rQBmﬁésed'éfSBEE?eby §ﬁ¥§§Qt9U%ft0 any control
del ay during the adj st nent he case of atter I's necessary to

meke any artidfrheetliah b %1%Qﬂt%QEm§M§Ee”hﬁa hbay chie 69@t69|tﬁe|ay i's not
caused, as conpared With the former. However, the [atter is advantageous in

that the pogiiian i@l blie reehebhen bgt&laslzeqbﬁl@ﬁrtgo&sCéanh%c%@a%eed wi th
a higher degree of accuracy. Each the reticle plane-nmeasuring |aser

i nterferometgls KR, Ezéxcﬁ Gger. R'E%3tHE§SHE%§nb@ﬁeBQS'Hhoﬁsoﬁek Reabeki cl € R
inthe Z dlrectlon at the position of radiation of each of the measuring

bears by, radiall Rcac 1kl WERIURING1RARME AL, ble Ll penens iegsi tions

in the circular arc-sha nation area A of 'the retic

Therefore, ide irp ARG o ?Ql%%hUEHe ehtQn! ¥nkibe %aeo%h%'eﬂok@ehhe
objective area for the ern trans er on thée reticle R but al'so the

I nclination %b%ﬁfdﬁ%t%%% ?EQ%sﬁﬁc%h%obﬂﬁbstEkth&s”@%hn%%%éﬁcio

measur ement dat a by usi ng a11 of thereticle plane-neasuring laser

interferonen§k§ RLEZ Ly cRh é%r E§E§3ar?? SHE&BRQ mbgtpo§§|gge to further

i nprove the ove ay accura ron1t f'or egoi ng expl anati on,
in the emogigani,ef ttoh%oarlesc%t ,r'e'f“i%@tt'lﬁa optigcll B1enRhtolpiRhl n3d, the

magnet i cal | | oating type t di mensi onal near actuator 34, the reticle

pl ane- measuriyag 1135 ¢ %%%QBQVQQEB%VtRbE§0r§@§ohh%nﬁehh&b% %baae R3T are
used to construct the correcting unit which corrects the imge 9

magni ficati Qi Rld hePlyhRe ibehitGbd B%tEﬁ%nlﬁﬁbbngo&%%t%bﬂChrOnOUS novement
of the reticle R and the wafer Wby relatively noving the reticle Rin the

first directdraapicldt ils23REChAuhe tlﬂ'éobﬁ‘f:tz.b(a'l ARLHGR S YA kBMBSpebre. . the
correcting unit for comperisating the change in inmge magnification of t he

reticle pat ey preausel By e HRUTENAC0L LRRuiRL ke (B phislie cerBodi ment

of the present invention, main control “unit 80, the ragnetically

floating ty%%fl‘ﬁqe‘iil'tr]:%n%' faLJessI RER dR¢kY¥ab?atidn Ufe thel kda@sferred

pl ane- measuring | aser |nt roneter RIFZ and the reticle stage RST are

used to CO”%%LE&{dh@?tﬁpk%§;M%Q&%QHBnW%ECQaQQh%ibi at | east one of the

position of eticle in the direction perpendicular to the object plane

of the projection optjcal B HRSaL8! ALk ding icBakhen At co

reticle with respect to the object "plane during the sync ronous "novenent of

the reticle Rl Jdhe.al ool Je With chid hlacemosiamal ofidl iy Bnssent

i nvention, e magnetical I'y floating type tmo ‘I inear actuat or
34 and the r it S cqQl t 3 i er, jwhi ch
drives the g{IC e E?Q%aﬁ ¥£&%$¥§§$¥§%88h he gﬁdg&%fG%Léﬁo%%EC rEglane of
the projectig system B r. nc u nment of the
reticle R angnstthe v‘Av;gl]faiecrh %ﬁ:\ Arsg eg %glllr[lng t}ﬁél P;hqb%glvg'swgl\cég]ordl ng to the

first embodi ?}txt%e o%r %% dd ek %I’%C-,etctEe ! '6a'n‘érf‘ W3 UM ildndhts beam EL

in the direc on 0 axl's,
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inclined with respect to the Z direction perpendicular to the reticle R is
radi ated onto the reticle Rfromthe illum nation optical system (PRM IM
30, M 44). The illumnation light beamis reflected by the pattern plane
of the reticle R, and the reflected |ight beamis projected onto the wafer
Wby the aid of the projection optical system PO. Thus, the pattern on the
reticle R ildelddemitad cwolnh & k@ dd lofriamtineiyd ipdlandaeamn $hie anglogfiired to
the wafer W During the transfer of the reticle pattern, the driving unit
(80, 34, 62appakatiBbs iagcenelidigedd ahwsy rRalyhanous tamite asdhedtst,i Ghe iR and
the wafer Wat the velocity ratio corresponding to the magnification of the
proj ection Qalds YrePesta®NeP@haurdheg itiheimSHaa il AUy D wiENtis talke Euv
correcting unit (80, 34, RST, RIFZ) is operated to relatively nove the
reticle Rinighe Hedinf @ity W WavasiRih 0F hedns el HocRiscdsr system
PO in order to correct the i'nage magnification error of the pattern. During

this processghd tfdi13 Aty RIIRMAD! erHatali o ,N& HeOrinaGid it t4int ﬂi%lllts?%atxrp

nove the reticle Rin the Z direction on the basis of the output of the
reticle plangRBEaRHHHY JrRsar _da%réxﬁ{]ﬂﬁ%tﬁh R4hA G i@ty bdah Hhe
exposure apparatus 10 according to the enbodi ment of the present invention,
the entire syd aGe L AdM8 RAlJEThAgy hedretitblch Rt S sSWeReSHet@sbary
transferred onto the wafer Win accordanc_e with the scanning exposure.
During this gy QR3S t HiG¥JreHr Mhd!VdrllettARY] YRddA 'Aleidnie! y move 97
the reticle Rin the Z direction with respect to the projection optical
system PO i n ordey, {eTAgCToxs %lié@éifc jddicyd LI Vs Hfe the pattern.
Therefore, it is pctii}:lcg]q{gto effectively suppress the o cursreg{lce of the
magni ficati on &S od N dHie-d r@n Jithd Rt Hod NS PHARI | the wafer W
due to the gisp aceoréént of the ijferﬁ cle Rr%an thé) di rec?)it on o q{%grhopti cal

axis. As af, estuer ' E)elaip%r%oé?é s t&ém&ﬁﬁﬁg% PERBh ISR Hn a

According to t I'ment of the present 1 nvention, the illumnation

system (12, PRMedMadydd rflh Kb ALLS AL | gl aamavi ng the

wavel engt h of to 15 nm-as t um nation |1 ght beam EL. The reflecting

optical syste&mn Kvy%y i é:cggg%gaqb f only the plurality of reflecting
optical el errentps l\}iqn% (;§1\/I4), (S us%d as the projection optical system PO.
Accordingly, the ey i Pad Ly dct IdRREdAd doddie pifelacl Vit e
projection opti caﬁ sylstler%fPO Eie){/dﬂjusc?tnlg th EUVaq1 isé%t beam Vﬁi’heer ef c';Lr e, h:ll t is
possi bl e to fughl i lH;?éi%a\(/)l td, n?rwﬁigﬁ] S;?&tdﬁ@ésy tfrgoé“é;aocaéetﬁ{ P’
exanple, an LIS pattern-of 100 nmm According to the enbodi nent of the
present inveyd Wypdiigdduerferometer system 70 neasures the relative

posi tions of t%e ret% e 'stage RST and the wafer stage WST in the XY plane
with respect to the prLifetd o LaPtd st @M HPasThe & gl .ve position of
the reticle Rin e Z ﬁecﬁbon vﬁ?ﬁderesgect to tshe prg[jiect'i on optical
system PO I s meagyas find N A d il SEROMR RN Rdlas Rid Mibs a8
relative positionm of the water Win the Z<direction wth respect to the
proj ect i on Opti Calr Ay &Y PR 15 b Y yidteenf Qi §NRDIatlh atherefore,
no troubl e occurs at a]I even en the reticle stage RST, the wafer stage
VBT, and t he i B | {8l o s VSRR PRA LUPRAL Gthdl dihe di fferent
support rrenbe)ﬁi. %gécolrg)i ng ya,{:@jiot IS ﬁ{r?necessary to mechani call'y connect the
reticle stage Rok e it MRfAg 1 20 WRTadb LR IPrAKEA O OB Al syt em
PO. Therefore, the imge forc‘?mtlon characteristic of the projection optical

system PO i ;e hadly af faot ed, the reaction force caused by the rate of
accel erati O?P or decel er atnli on ’durﬁg t he nmovenent of the reticle stage RST

dth f t T t i i ] t th
aspective ot agedt T HEha bt G L athar Sra et s AN oa
via the suppoldedr&ih rmei;%‘kté‘@%;{]ee?ac&& d WS CAHSed o d NG, rat&Qing

accel eration or deceleration ring the novenent of one stage. According to

th nmbodi . of . ¢ ' ' j I . ;

11 urm nat i onoit i b SR AR P A e Al Maadei i

il i nat i j ght t . ticl { ! th
second ol 1 ¢ b A FER A o Bt A AR TS i
reticle alignment mark. The driving nmechanism 46 is provided for sw tching

the first slit 44a and the second slit 44b with respect to the illum nation
| i ght beam EL. Therefore, it is possi ble4t60 set the appropriate 99



illumnation area for the exposure and the alignnment respectively with the
identical slit plate 44. In this arrangenent, the degree of freedom of the
cross-sectional configuration of the illumnnation |ight beamradi ated from
the illum nation optical systemto the reticle Ris increased as conpared
with the case in which the slit plate 44 is not provided. The degree of
freedom of tdieretasiosn af at e reptiion of efeMptivalcensly ot ivhe t he

illum nation optical systemis inproved corresponding thereto. In the
embodi ment  @frd- e ilods it iicave diseem, ! bh eHOYAd § [dUprddteimingldt beam
EL is the Iight beamin the soft X-ray region. The spatial image-nmeasuring
instrument BM{ustimeyyigded tdont R feaheit iginage N\Blhdemite) tamfesethche
fluorescence-emtting substance 63, the slit SLT fornmed by the thin film of

the reflectipm detelorb 2 HeOmals'ke iQNR@GINAE dd hiiffmaiieOego@iingoeam EL on the
surface thereof, and the photoel ectric converter elenent PMTor

phot oel ect r i caldnk fe@H et R ahi WcPRiHd At Aie fiworascence-eni tting

substance 63 when the exposing illumnation |ight beam EL arrives at the
f1 uor escencepm 4dd i s Wplidnae 3 cdnp the slit SLT. Accordingly, although
there is usuall'y no substance ich transmts the light in the soft X-ray

region, the spati i PHROY il um nati on

l'i ght beam even V\lﬁ!ecr?rﬁ?e %tabglﬁggﬁ i%g;gd@eﬁ)%\?_e 'S ?ﬁégg the exposing

|1 umi nat | ofy dydifils AEABnEY 18 HRIAddd d IRt Ut ol ing®at LY

determ ne the projection position of the reticle pattern on the wafer stage

WET by usin tJ | JTRQE ERAS Yy i yTen i ment of

t he present QEI)E venlt&f%rﬁpadtal‘fje patternlt(r)fr?qﬁ?eeﬁs‘(treltl cl etpl?%@ése {grotnng? E‘G‘Qﬁe

absorbing s E [ NOSH id lym i[an | i ght

beam EL, f%e%rhggl{b%gc%}{%ﬁ g‘é% ﬁ%mrhef ?gng%%ﬁ?f;%%éor%@ﬁéatgﬁ l'i ght beam

EL. Therefore, unll . [ isng, of t:idrayered film
e%%‘@é{ﬁ'?%g%@?%lﬁUﬂl t@.?:tni ﬁd’éﬂh glt siyﬁél%hwhﬁéh &S q:m

conposed of the subst ance e soft X-ray region

as the exposigitiddy WRNALHN il RGP Pedded s RPN & HRA o he

pattern in the case ure en the or the a I ng
substance | A P UHRC ik 1dnd SfI0SP W Jels the absorbi ng
substance and the reflective layer for the exposing Illumnation |ight beam

to set the N 42l i s i r ncerni ng the neasurin
S ﬁma%gryilglg{q@n An o%{eo?g{@%as% g 9

beam (for exanple, t e visible region) of the interferoneter
RIFZ. The positi . 4 reti.cls -i % DX Sy H IR G 5 ?i% asured
with the substanﬁ}aﬁli&d{e}f% iac;qxtagi%cél?rlggly v_elr t e@enteirr_e slgihf ce J(%‘%tgﬁ'e_
reticle R e erbadiqmnl daser ided A00ME dat idd YS! indnPfrdfietaze in
which the reference mrror-integrated type Is used as the reticle

pl ane- neasurgfg:i@stgsﬂ.nt erferometer RIFZ. However, the present invention
is not linmted thereto.” The interferometer as the neasuring unit for

measuring the Z 101, ; POy td Qﬂii%firh{]%x{&eé H%his:}ﬁildi&% JARPHRRRE PHd O

fixed to the projection optical systemand a nain interferometer body

2t anged 2t daeSiid Ve S d LA WOl G LA ORIl SRR
charactor) 4 G dils A1 g S5 10 G e SYFIGN R il OUREOTSOT S
neat gener at od Dipi e B J NBHIEUONRL Sn £001ch, e QU0 Yl oct | bec
area 1A on TRt R PEATRC IR R ) B RR A A Ayl et o

exanpl e, it hsil 5p HEEHAN Gilale 1P JAIPTI SR &0 RYS Jafahand e

measuri ng beans o erent positions int Irection icle

R, and the i j [ ' ' [+S measured for
each of the%ﬁ%n@%‘%%a@aﬁ%ﬁzr& Ertllhr{e&r?reogrlpcglcs{ ?‘\Fﬁed%e[badstisjri ng beanms. In
thi s arrangenent, e tnclinat] di.sc C ggd 0siti0
di screpancy of thpééésoeﬁlcrf% tF?ig‘nq'tr}hlcellt(szfal rn:‘g?irgo%)o t Peeto}gef iSE!crta"Jls%% s can be
adj ust ed durj he synchronou v of {.cl Yol waf er W
for at |east™ eﬁtYlol’r encgqelrgen dié%c"fﬁgn& Jt nt‘%e %y(r?%:%r? ﬁroﬁ&{r#on\ﬁt%&nt). In
this case, when at | east two neasuring beans are radiated fromthe
interferoneter RIFZ onto the both sides in the Y direction of the
illumnation area A on the reticle, the4; position of the reticle R can
102



be adjusted in accordance with the feedforward control by performng the
so-cal l ed pre-reading control during the synchronous novenent of the
reticle Rand the wafer W In such a case, an adjusting unit for adjusting
at |l east one of the position of the reticle in the direction perpendicul ar
to the object plane of the projection optical systemand the relative

i nclinationegboktiger 8ppakatUst Forespafbfeoring abpgetephass hsmggrstructed
by the main control unit 80, the magnetically floating type twodi mensi onal

l'i near act ughepb §4subBeraeblctﬁephaeﬁoaeaémprmg1h?sehelateFéebﬁneter Rl FZ,
and the reticle stage RST The pre-reading control is disclosed, for

exanple, in Uni tEQo$&éEﬁ§ Eﬁt leuMna’élGﬂsoﬁgzcthé§sU@tnt fHishates Patent
is incorporated herein by reference so long as the donestic | aws of the

desi gnat ed §ha&etee8'eﬁebe@nbnmhgks hﬂt@tmahtﬁaehoapmtgﬁetbeamOﬁatmﬁ
sel ect ed state selefted in this infernational application allow the

I ncor porat Enrﬁégh%nﬁéaml hi BR @HbQHbTEHEddﬁiﬁﬁ'?%QPéQQVéo gxphipgation
has been ma e or t case In ich the driving nenb novi ng t he

reticle R '81EE%t§oﬂ'g%%gbﬁﬂléﬁiﬁ§tt9'Eﬁ@thQQk .on the side of the object

pl ane of the projecti ptical system PO during the synchronous novenent

|'s constructed b rBO%dlﬂB gl Br8!i808iBATo getcaqlgyeeehhehtehlgteggeegd the

magnetically floating type I mensi on | 1 nealf actuator 3 r driving
the reticle a&%g%heHQWEﬁtﬁatbheEﬁe'ilﬂﬁmlﬂﬁtloh'ﬁ&gﬁE'B ah"8hE 81n§“0ther
actuator such as a piezoe ectric el énent may be pr V|de on thé reticle

st age RST, at a plurality of points in the Z direction, the
reticle hol ng Eh%o@gﬁnglng the reticle R and the driving nmenber may be

const ruct ed ¢ her B%vilIndN% 6296kl uhcGRLEAPLEnLAZbAAE YN ! httgbeg fRaber

relatively inclinés t respect t ] ect ane of the

at | v ; i
b1 o) ccti on aercar S BECRER rale' AL et P PRI Fa et e bRr e o sgaget e

dj ust ed, he, f l, d the Z
gltgit?on o% @%g fgga%? Phgfo%?%ckggggkgggpebh%lgﬁgiggtloﬁeogbﬁcalesystent
PO by the aid of E%%l%lhél%gcg?ggﬁElQErg@gtL gﬁgxggetgaﬂeatgeveﬁsﬁa

Therefore, altho gh t projection”optical

systemi s ”9.t %%%”h%' i fikaltSoROBE BhE bareEACELUSkY BXPEBESS the

occurrence 0 e “mag n| rcation error and“the positional discrepancy in the

transferred image of | he a N on the wafer VVdue to the displacenent of
HRAGGEKN

t he retlclemﬁ Ph glrectlon of the optical axis. As a result, it is

ble t A bed
Bbove. ixp?ahSPf%%%ﬁkﬁﬁbéen o 3] SRR BBpRE BEbOTRRglsEcr | be
arC-Shaped'ﬁddéﬂel%%!o% %&%@1EA k%VQQEH”%dmAE%%dtQ%fibk% Bkak életbmever

there is noTimtatidn t eret I'S not necessari lspe Sa

provide the eﬁégofsury t% foftl R ae%elrmgﬂc b ehRenr e;n &l faBkProvi ded

that the respective o |ca nbers ftor const ng the illum nation

opti cal sYSIEmALE Apshontd, SQ;h'iehﬂlte hig et;tr}%plg%:gortmé GhlepBedp,EL has the
circular arc-s ape confi gurati on. or exa e um n t|on beam havi ng
a circular arc-s I i I f Iy o] be, nmed b

adj usting the cu&baﬁﬂf@'gf%trﬁbéﬁﬁg%aoﬁg% E%Ee?|éc? ggﬁ%rrogﬁlwl I¥ a

| aser 119Nt SoHEGSd O RSCIHEALIAR {5, YaMehanath ool 1408 beus nation |1 ght

beam EL i s aval *d & present oorin fature, ace ‘of the light source

16 shown in ;Fj , S I ch ;&4 & hlel ource

with the sl |]tn("q1s‘(L e(%ei g’rﬁvlﬁ trﬁ%’ tel Iee(z)slscl ?’e P tegdli%&‘%lr% suc gﬁeecrhr agllgaénként i's

made, the |i gf source can be further S|an|f|ed The reticle alignnent

mar ks may be di sposed at the positions of RW to RML2 in Fig. 5, not at the

positions of RML ptr% Fl\é%ngl[ %42%10 a?;é%t%'hn J tl% %glg%ftmo echa c)Jtelelsate

having only the #1575 e shit p

unnecessary t vi de t rivi r Y% reticle
al i gnnent mark QCOD F Su ormaéa attr}%l?lof&t %Iplg)g)l tlil i E%lfl“t (?%I{&[‘LEQZJ;E gnd all
of them may be forned Next, a second enbodlnent of the present invention

wll be eprb rtt&? (ﬂ?st]?fe eslrbf Fig. 12 and Fig. 13.
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| 05 Constitutive conmponents, which are the sane as or equivalent to those
of the first enbodi nent descri bed above, are designated by the sane

ref erence nuneral s, detailed explanation of which will be omtted. Fig. 12
schematically shows an overall arrangenent of an exposure apparatus 100
according to the second enbodi nent. The exposure apparatus 100 is also a

proj ection exposghe appamdhdeibar opeitannsyetehe haxpasyielaraiaphedghased
on the step-and-scan system by using the |light beam (EUV |i ght ean? in the

soft X-ray g@dicBnikavirRankle wawakenoih ah Sntemifagngtias bietgxposi ng
illumnation Iight beam EL, in the Same manner as the exposure apparatus 10

described ahgyemihR@ i8KPASYhe BRAAr @lih +@8peetdichl @henhakkognhhgngxROSUr €
apparatus 10 described above in that a projéection optical systemPO is

provi ded i ngelfagesohint R rablaeeki gﬁ}egpbifc%esyatlﬁmiﬁ%qlgﬁc &iiggtés g@ame- The

exposure apparatus 100 1s characterized by this point. Fig. oWs an

ternal arGangaeeabcd!, b6 RO eathanadBbhealns s 6aLROco AgsheuaLin Fi o
rses

13, the projection optical system PO co Ive mrrors to MB. As a

result, as show b%eFSQ'aléﬁaB%thaogizQ? Ladl Gl oéﬁ%ﬁﬁnR§E gpd the wafer

stage WST are di sposed on the sdme side’'wth reSpect to the projection

optical systgmBPatiR6 aiangenent and other features of the other parts
are the sane as g%%%e of fﬁg exposure apparatus 10 according to 106 t he

first enbodinentAg%%Q?LB dt%bgvﬁﬁﬁgggh%hog%ﬁe?ktE?SQRTEB&¥FER% reticle

pl ane-measuring interferoneter I's sho n I's a matter of

course that jphe Q4RGr ?@%&%rhggp§%%kﬁgﬁ1aim%tpﬁgoro?xggBh%ciBBeaBetiC'e XY

interferoneter, the Wa Y interféroneter, ocus sensor” and the

R T R R MR

first enbodi no Cooling systemi’s p mrrors Mo

Lo MO in Fignebds Kl allonahle kil @Rnboqkiing. SHal epbar e mirrors

Mo to MP is provid in"the'sane manner as e’first embodiment. Also in

t he exposure appg&gbﬁaékgga%pggﬁghgga%qohhgpaggﬁﬁgﬁgggggggﬁg& constructed

as descri bed abo aci ng stance be ﬁ and the

proj ection qphl;ce L?tl§/¥?r%%lma%gs o’ &gﬁugﬁgﬁi‘é{i%ﬂ B GH$ grq;ahlh%n“c‘ét Ll e

pl ane- measuri ng eroneter i's possibleto obtain the

function an%a%Q%r%f%ﬁgheeg%i%%Ee%gs&g t hose of the first enbodi nment
I'n-t

descri bed above. he "exposure apparatus explained in the first
providing a projection optical system which projects

the illumination light beam outgoing from the mask onto the
substrate;

providing a driving unit which synchronously moves the
mask and the substrate at a velocity ratio corresponding to
a magnification of the projection optical system; and

providing an adjusting unit which adjusts, during the
synchronous movement, at least one of a position of the
mask in a direction perpendicular to an object plane of the
projection optical system and a relative inclination of the
mask with respect to the object plane.

According to a sixteenth aspect of the present

49



enbodi nent (see Fig. 1), the wafer stage WST and the reticle stage RST are
supported in the floating manner over the base boards 32, 60 by the

t wo- di nensi onal |inear actuators 34, 62 respectively. On the contrary, in
the case of the exposure apparatus 100 according to this enbodi nent shown
in Fig. 12, the reticle stage RST and the wafer stage WST are arranged on
the same sidaventliongspRetel®d prboilibe armgehdbdopodppreatcsigtem PO as
descri bed above. Therefore, the stages can be supported on the common base
board 102. EhpoeypesHppasppasarus t0OnbSetvihfes patvedrdrwihbdtbg gurface
pl ate 106 which is supported horizontally by the aid of unillustrated four
vi brati on- phe¥Rnbhte pagtbdbfatdhBybasealdoat dng02heSmayRPOLh8dnEYhEd

t wo- di nensi onal |inear actuator (not shown) in a floating nmanner over the
base board &BfipriBenyWwendi seapsopak |inear actuator can be constructed by a
plurality of magnets enbedded in the bottom surface of the base board 102

and a magnetic cgkbveamﬁgdgdpeazéctmeneaptieaﬁug aeemoyhibr RHEfgce plate
106, in the sane manner as in the two-di nensional |inear actuators for the

reticle stagerRS&tang bBEi&aieéy§£aﬂec8§§b§éemefia pi@falicgndsr4. Wen the
waf er stage WST and the reticle stage RST are synchronously noved in

mutual |y oppesi-Bgsdhh@Clih8R bBoﬁQ@t@XEHéUbstQEPﬁréﬁHé 400 shp¥prhpefi g
12, the position of the center of gravity of the stage system constructed
by the bothzghages i s changed, because the wafer stage WST and the reticle
stage RST are different fromeach other in the weight and the novenent
velocity. The reﬁ?Bb?HiﬁgrSecbélﬁﬁﬁrﬁﬁgtoﬂhieﬁ 93§f?ﬁ9@rﬂe49€ gHg to the

change of the position of the centér of gravity o e stage system The

base board A@¢rbs BQVEHe“%%Gréfiegféfa@iiPSr§U§£a€ﬁa9|@Bé éQék%g?gﬁgggdance

with the reaction force. ring t 8 process, the base IS
moved so thag BB%aﬁEEEnEH”hOBoBD§r§¥é?§EéHnSLHQ'89 éhfeaﬁégtPﬁ rd and the

two stages 1s equal "to the nmonmentum of the stage. Even en t position of

the center gf,rghaki by ehet Re $Lage éxétﬂgkkérQhanged to cause the
unbal anced | oad in the base board 102, the unbal anced | oad can be cancel ed

by the movement ﬂkcbpgigﬁnksraoéeGéﬂvgéxtﬁfaéggc@aéf @HérgrégéntTherefore1

it is possible to ho e center of gravity the entire exposure

appar at us 1@9vahtaoﬁceéﬁgfégagegr89§hé&09-m§¥ﬁadw@§g %P@a&&@nstéﬂes ar e

noved in order to performthe stanning exposure, t Xposur e~ appar at us

Itself is pegyeahed BbPHEXEQEaEBP”trJHEEeEH?H igﬁgétiérh|%8? Lathye,of a

speci fied arrangenent for suppressing the detérioration o e transferred

i mage due tQ,8RYoHabi 8t 5@BsPLatadiahi 9Npr ¥e$@¥oﬁfo ¥3oR eﬁY&%Qﬁ'R%4A and
14B schematically show a support structUre for the secon rror of the

pfojeCtiOn_QEEEQQEt%M%t@prﬁh§ﬁ9“@hénmgkﬂodscoﬁﬁr§99ﬂ€ tReFifepd 4h¢ . t he
mrror M2 is supported by the | ower surface of an uniflustrated three-point

seat which is praybgedihgwar dby1E0tPhYt bPEScal E?E@@mpeéﬁ%598é 6 & .
cylindrical mrror frane 90, at its circunferential portion on the side of

the back supigeg1GepPeE A4LH8ES ERAcTh@ind44) riPstNRiSAOR HRANS s8Sohf the
ordinary technique. The mrror M Is 109
mirror to be successively irradiated with an illumination
light beam, the reflecting optical system being used as the
projection optical system;
providing a body tube-cooling unit which cools a body
tube that holds the plurality of mirrors; and

providing a heat exchanger disposed between the body

tube and at least one mirror of the plurality of mirrors.

50



fixed by an unillustrated holding plate at three positions of its
circunferential portion on the side of the front surface (reflecting
surface). A packing (not shown) is interposed between the mrror frame 90
and the side surface of the mirror M so that the mrror M is neither

devi ated nor disengaged. In this enbodinent, a plurality of holes are
formed at predet gegbRradngpaei ag dighteeashi AspBetnbfr ehef paeBefd®. Heat

pi pes HP are inserted into the respective holes. Each of the heat pipes HP

has its heatnieheass,seakirenisCprdengati anmeeabHOBbr"Bir6AutsngoAnect ed to
the body tube PP, and it has its heat input section (evaporation section)

which is al bepedutre Epkaraedka¢brihnkhierbask suphaeerar rbimBl sfrface of
the mrror M. However, actually, as shown in"Fig. 14B, the tip of the heat
pi pe HP proyihdedoflot Beshib@Rratdl f 26e RidRoal cbRBrikihgl tB abups 8gai nst
the front surface of the mrror M2 via a buf fer nenber "92 such as silicon.
Accordingly, theprglliaghigndnsyifamenatibieoprirai MyskenmPigayeAt €d from
occurrence of distortion or the like. The remaining"mrrors M, M3, M} are

3
al so $Upp0rEﬁéiQ%e%UBﬂo&ﬁlﬁh&HSEEBﬁS1E§H§tBéﬁheénke the pagg,manner as
descri bed above, and the heat input seCtion of each of the heat pipes HP is

al |l owed to make i . d i-bed :aho ach of the
§QHbEﬁ&hgr?ekQEQ%@%EoHB?BF%cQE QgéEEh gHidRovss &

mrrors ML to MA"i's supp each o e support structures as

descri bed a I ol 0 e d he .| er 50 of the
body t ube p%%§3e€§§“3iSP%?C%%eeﬁgggﬂgi%%9H359ﬁ§ E%B E?ESS%?E detail above,
accordi ng tgithe; re.: a S eenihg e g Lhent,
When the t erar B L o g B e ma k. OB SHk T or
constructingqu@ Rral.egtiqon optical system PO due to the absorption of the
illum nation gﬁt béam EL, the heat exchange is perforned between the

O o0 M p28d s8R kN8 8bda0h baPuBERL BEbe HF as the
Pﬁgttgﬁggsgge:. iégreln Iy,thge Eérr?r hh_Sto . are gthﬁlygcgglidbéopp
for hol ding %gge%i%rgrgg%&gﬁé N&elsngogpedbbgaﬁknggganacjagﬁe? 55 gs t he
body tubecog@kﬂgfg?béaO§Qchga%l%ﬁ%ngqge by the heat pipe HP is

conti nuously per uring the radiation of the illumnation |ight beam

EL onto the mrr . . it ol 05l id the

def ormati on of F%%%ﬁ¥%#% s¥%nat%ﬁb&Eggﬁﬁgc%gggﬁFt%%tEgghggfgéﬁges HP. It is

possi blre 10 ;gyalnd ;bhe delel akabiagiabdt A niiEBORCLILERHBRLERAT 86! hksti C

of the projection optical syste ) aresult, it iS possible’to
acLati on of

suppress th riorati f r ferr i e .to e
ragﬁation. %ﬁ%?ﬁﬁgeaﬁﬁ ﬁgg§§ﬁt%%?ﬁgd%§§t%%iggg ggggfggppgvfggdpgetmeen t he

body tube PR andial} g%squb@jrr%5§eNn to M4 held by the body tube PP so
that all of Phe mrrors to are prevented from any thernal

def or maf i on. HowgyGlorakhh tof ACGeht iBen! WBLERL B2 AR gifgehl I al so
preferable that the heat “exchanger such as the heat pipe HP 1's connected to
only the fingfeifilor | R 133,08 45 ROkt 83b @Rt kel rdian-anc £y W hia
respect to t eereffc'ewkég%dqheﬁke onto mh?%h t he illuhfnation Pyght beam
EL is firstlyJoadiat &+t A4 et il ol thieS Se+Rr efferall e that t he heat
pipe HP is connect ed toh@Le seconé’ i 1T or ﬁEa?h a&%ition to%fhe Pirst
mrror ML. T r.nal . f illumnation |ight beamEL is the

hi ghest at t%gekggfg?gﬁﬁgﬁﬁgﬁgpﬁP%?%? ML. Therefore, it is desirable to
forcibly cool the mrror ML by providing the heat exchanger such as the
heat pipe at |east between the mrror ML and the body tube PP, because of
the followi ng reason. Th i i i n Lt s POSSi bl e to cool
the mrror ML which tendgﬁYéﬁzéﬁéigéﬂgiIg@:g@?%ﬁ%t?gﬁmg G't%he i mge formation
characteristic because of the |argest anmount of heat absorption due to the
shortest optical distance with respect to the reticle R As aresult, it is
possible to effi (i,jient Ily ssc:tglpltqu:sls(:atllle %%to Si %rnatair(%r;n femtelm: torfar;%f erred i nmage
due to the variatioi of Fadiation

exposure apparatus according to a first embodiment.
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The third enbédinent resides in the follow ng arrangenent. That is, the
body tube PP is cooled, and the mrrors ML to MA are connected to the body
tube PP via the heat pipes. Thus, the mirrors are cooled in accordance with
t he heat exchange effected by the heat pipes. In other words, the cooling
unit for cooling the front surface 1I2 side (reflecting surface) and the
back surface S'dﬁﬁg? bhenswsr 8h Miteefimpssdrabthbe beVaexpgnei §Bupgtass is
constructed by conbining the heat pipes HP and the cooling jacket 52.

Ther ef or e, ﬁhifssﬁg§ﬁipheF§?_n§ke t he use of the advantage of the material
having the small coefficient of thermal conductivity such as the |ow
expansi on glass wigh whigBwkhg deker grbikogikher e0hsHpgeingt tABt gijRtate the
i mge formation characteristic even when the tenperature i's changed in a
consi der abl godegeegniEUshB&h, ihhpigefbecting surface is directly cooled so
as not to cause the tenperature change exceeding the limt. Accordingly, it
I's possible to atﬁQlt:;Q' hhendekenkbehali k0B fokebpact IBECphPEBRLEORhe
characteristic of the projection optical systemdue to the radiation of the
|| }uminati og,LhABkmBRAMn end YEathicyl bel 8 PBERLRLCSERGBURRBEASIANC
deterioration of "the transterred 1 nmage due to the variafion of radiation.
However, itgkg ajmatter of course that the present invention is not limted
to the arrangenment as descri bed above. For exanple, when a reflecting
optical system cgrposed I ptysQf RLErQeEsS .1 he_projection
optical systemP ?Béng Sggvgagtgéﬁéh%¥%?oPﬂgp ?%éwp?aygﬁgféééﬁgn?rrors i's
made of a mppetiqlk having a small coefficient of thermal conductivity (for
exanpl e, | ow expansion glass), then a cooling unit (for exanple, Peltier

el enent) may be di.rectl ig.a =1 fat.ed_ar

illum nation Iigﬁ%abegn¥%%hgﬁggﬁggcgpnagggpbgégqgfB%lgﬁ E?ﬁggﬁ???gﬁtﬁﬁde of
the | ow exp i S .t he . LNg ¢S a h LLr y be
directly cogpgggﬂTgé?saﬁ?gggléﬁo??%%kﬁghgf chP%eEEF?é}%vgﬁgb%ogpﬁgg
coefficient h zanduct Lyi the mrror. However, especially in

t he case ofwgkﬁ?rgggakag?ngﬂg gxakﬁag%éfficient of thermal conductivity,
the tenperature gradi en d C ] r i ol ed.
Therefore, in sugﬁaé 2a§g?%?t§iégﬁgrgﬁérrgg?P%ggﬁgﬁggrégt%gggggﬁ ?ﬁegfront
surface (re t u ) s(sutfac I LN .ect) . .Th re

appar at us ;ghggcg?gfgggﬁggﬁhﬁé g? 6d?n§§§ EsgggpaggrgPﬁgcgpﬁgg?égé reticle
as the reticle Rpiandgl LohenBEOXLeeY) Whblis B LAEBEREI UL GARREG! ok 36

i ncl udi ng the secord cooling unit a rangeg on e Side opposite to the

i ncom ng si i .04t | -0 ag Ekigf the reticle R (side on

t he patternggfg%g}&g?hékg?ggg,gggt%§ gﬁggﬁpg?skége ?o suppress the

vari ation of radigati 0g,0 et.hcle T ktak 0SSl . nor e
effectively supp?g S ?ﬁegggggr%obggboxggr ?Egufrgﬁsﬁgprédbphgéé?due to the
variation of; radi ati . A [ , w:he Baat.pi.pe ' as the
heat exchanégﬁggTﬁgegpggég ﬁpgﬁgﬁggggrgﬁghtga 6n?§i%B?ggtgﬁghgﬁﬁggﬁ?zation

of the |ight. %g %a@ﬂ?&%@?%ﬁgggﬁﬁkn§i%ﬁo@% ngFgguig nt. However, there

is no limtati ere i's allowabl'e to use anof hér heat exchanger.
The embodi ment  dgS¢r i hed <aBE%e Al B1bbkUatingirhie sehehde1ddd1y
illustrating the arrangement of a control system concerning
the control of the position and the attitude of the wafer
(wafer stage) and the reticle (reticle stage).
Fig. 11 shows a situation in which a reticle pattern

is transferred to a plurality of shot areas on the wafer.

Fig. 12 schematically shows an overall arrangement of
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case in which the body tube PP of the projection optical systemPOis

cooled all the tine during the radiation of the illumnnation |Iight beam EL.
However, there is no limtation thereto. It is also preferable that the
body tube is cool ed beforehand. Even in such a case, when the illum nation

|'ight beam EL outgoing fromthe reticle Ris radiated onto the mrrors
(reflectingaapekpakuebcapphshtlk hecbhdiagdibha beospanaempbedifbnthe nmrrors
ML to M4 are raised by the thermal energy of the illum nation |ight beam

EL, then the hearigxchangaols &hf¢atednhet weedctlieenbvir ar pragdcthgnbody
tube by the aid of the heat exchangers such as the heat pipes, and the

mrrors areopeqkad. syBecheahoanchangeqby1bhe heat exchanger is performed
until the tenperature of the reflecting optical elenent is coincident with

that of the bOdYFHEbei4Xh§h%R9r31sbhehﬁt@@sﬁbPEFe&@i@éOVQewtQo%one_eXt?”t1
the deterioration of the image formation characteristic of the projection
optical systeq,BerdugnhOat Baphadiakitelcelirkhgok! bHEWNALFRBL! 58BLnPEAM EL.
As a result, 1t is posSible Po suppress the deterioration of the
transferredgigagg  dygqt @ihhe 148" kablanaok ihadiaki,ons AifuikR, enbodi ment of
the present invention wll" be explained on the basis of "Fig. 15.
Constitutive co ents, i e hv o] of
the first and sgggﬁd gﬁbggﬁﬁgﬁnggég rfggggaggvg?egggul%Egahgggfgﬂa§gd by
t he same refer al apat .o ' ks e omtted.
ae shown | noEi eEog B B e 8 P e Mo eiPetihentS Ue. 100
according to theghguryp enhadiogRbsl $hEN2eIaRoRSnl R cBRERRATHEERE! the
exposure apparatus - schematically Shown i I g. except that a“projection
optical sys O, I e .o Lojeect l.an .i.6al tem PO
The exposur%ﬂgggafgtaggiggnkg gh@% g %F%Fgggﬁgﬁ g%k%sﬁggagg%érgﬁgs for
perform ng the exposur peration based.on.the. step-and-scan system by
Using the | A4RPIAEEREPEUSY Paht BeXRT LPASL 18 SBFL PxSnayCFaGhon “RAVIRS ¢ he
wavel ength of 5 to 15 nmas the exposing illumnation |ight beamEL, in the
same manner 13§efrRéd ék§6§ﬁpén§§p8ﬁaﬁu§aigeééséPFB@é PR the FPtiflembodi nent.
As shown in Fig. 15, the projection optical system PO conprises tw parts
of a first divided body tube PP and a second divi ded body tube PP which
are arranged in the Z direction and connected to one another. The
respective divided boREST UHERE FFOR BRARRY NG fEhehtfe ntINEXBHINED by different
cooling units respectively. That is, the first divided body tube PP has a
doubl e structure conprising an i nner nmenber 50 di sposed on the inner side
and a cooling jacket 52 as a body tube-cooling unit installed to the outer
circunferential portion, in the SEHkEShdHREIERERY the body tube PP of the
first enbodi mnent descri bed above. A helical pipe 58 for allomin? t he
cooling liquid t& fieRt1eBPodipgRtanti fhet PEEEENE4 1YL 180t Wat 1t BBe 56 is
provi ded at the inside of the cooling jacket 52. In this enbodi nent,
cool i ng wat &P nedoPed e ont thge PAgAE) PLi §108edlasot Ad -cool ing Ii qui d.
The cooling water, which outflows via the outflow tube 56 fromthe cooling
jacket 52, is suBji€ct ddSCHR&LicatdNafPEvWHi AR P¥SHALL PETANEEBPN &g Hedi um
in an unillustrated refrigeration unit, and it is cooled to a_ predeterm ned
t enper at ur e APARKRPSUE S APPREaty8| iLlg 2REPEA 1PAf Fews Penid TEke SPHBFRLRE tacket
52 via the inflow tube 54. Thus, the cooling water is circul ated.

Simlarly, he SXPOFYTG APPaFaByqy 1O0uBé PPPIRASCA1QBUBKEOSUT Ct ur e
conprising an inner nenber 51 disposed on the inner side and a cooling

j acket 53 a@PRaFedyst dodc pSLfRgMdRct tihss EXPPEYrEoCPREAGHOBr 18i rcunferenti a
portion. A helical pipe 59 for allowing the cooling liquid to flow from an
inl et tube @5096d§@C6UﬂMéﬁ-¢@@eS5¢Pﬁ§ngréﬁﬁéeQYQFethlﬁﬁsﬁdéléhtthéa@ooling
jacket 53. In this enbodi ment, cooling water is used as the cooling |iquid.
The cool i ng (K&Verl 1okt deagut filnokdeyis@ith&-gayf Fe@1PabEATZN[r m t he cool i ng
jacket 53, is subjected to heat exchange with respect to.the.cooILn% medi um
in the unil Wasnelgnadr &fr iSgdcatlibomnudist anaggpesing dddnadnggign light
predeterm ned tenperature. After that, the cooling water inflows into the
cool i ng j aclkeameELyj a Ithdéhisgf leolwodibenss. aTpye ] echd ogoOPtAigadasys ties
circulated. In the fourth enbodinent, mrrors M2, M4 are held in
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117 the divided body tube PP, and mrrors M, M3 are held in the divided
body tube PP'. The mirrors M2, M4 are connected to the divided body tube PP
for holding themby the aid of the heat pipe HP as the heat exchanger.
Simlarly, the mrrors M, M are connected to the divided body tubes PP
for holding themby the aid of the heat pipe HP as the heat exchanger. An

effect, whigh, Iﬁh@eﬁlEék@@hd&@ulaalyopkaba@dsIehéhEeEuéateenDQghﬂEﬁlux
descri bed above, is obtar ned by the expoSure apparatus |00 according to the

fourth embodi-gRnh pEttibeepRes8Nh hA¥RNbHhES SORSFEUCHEdiasugdeacakbed above.
Addi tionally, the respective divided body tubes can be forcibly cooled to

different tgaperdbueIak¥rabhoW dhelBeoee0! iAJLWAL eb1having di fferent
tenperatures to flow into the cooling jackets 52, 53 of the respective

di vi ded bOdMegeﬁﬁﬁtEBn,PEhe Hﬂrbehioﬁngﬁdbﬁgﬁbctibﬁ dieveded body tube PP,
whi ch hol ds the rror for berng firstly irradiated with the

reflected | i 0 c S 0 ture | ower
Lhan that of RRZATEGR ’%%HS %’EE*@ A S R A L - SRS

Accor di ngl ysE;E'E%mmer %t&{ﬂth%ws@e%bﬁoagsrta,h;sr&aag%t aemapheglhsﬁisand

whi ch tends eteriorate the 1mage formation characteris I's cool ed

nore efficigatbyitBano h%hgtB§ ngEBBSQBéﬁc 1" e98kbn bBe deterioration of

i S
the transferred i nmage due to t vari ati radiation is efficiently

suppr essed. gll§anaTh6,P,0h 8 HRORAAR! Fsebl 48! eRLRNGENBOLE LURT B3kLon

optical sys SCrl in the |rs ourt enbo nts are nerely

he St Lot VB TRE BRS8Nt Ly dlan BQEOE'”EP%ddEQQE%EBn EQr cgganpl e,

t he present imvention s also a pp |ca e not to the exposure apparatus
to be used ,.t.he p ti.qn crodevi c h e

el enents, | §3P ?Fyggg%%dﬁgpfqé gpéngn?s “( |sp %ypg?g%eﬁbggqu%Egi?llm
megnet| ¢ heggls, 3001 MeEPCYn CLITRALS oh O DhdPYhetkisgeb b exposur e
apparatus fo Fransﬁérrlng g circuit patfern to the Fass substrate and
the silicon rgeg ot r e cls t he k. The
transnittingg?ggédﬁgﬁﬁc%eEPsQagngqgﬁ% EQ gEFgrlshghgxgosg?é appar at us
based on th%l%% for exanple, the DUV (far ultraviolet) |Iight beam and
t he VUV (vacuun1u|traV|oIet) light beam In this case, for exanple, quartz

glass, fluorlne- gaped.Quanie ALpatackiidyl ig g@gmuughrchughaéethgr quart z

crystal is used for th strate ot her han

R
The. pr oxi m B Eyata CAnd i Fisatnaror T, VREST Mz tb e%@%%‘%?%?%ﬁisﬁﬂsﬁ“
embod et s r‘a‘ S e Dy Y o3 At %t3¥oj ecti on

optical systemld AR rf[éo'rlaé@l@ta X a0 kgl (Brehem qamgsednyal a plural ity

of optical elene mai n exposure appar at us y to performoptica

adj ustment, AN AN G.2HALE (3R % 50 HiTR 3badgncamased of a

| ar ge nunber anlca par S to the main exposure apparatus body to

connect W iags. 206 i Rl Al Q4R drojareial s TRIL Ehopoexaml e

el ectric adjustment an r et i on peration e5|rable to

broduce t he gxRQSW, & ARRATAY U rid A4l GAIE 0NN %gabsftfzat 0l @ngt he

t enperat ure an | eanness are manag e The sem conduct or evice |s

pr oduced by ”echTt %no%éjtlc%r q_ﬁ,asr{%l e,POa %t g%rq__f o%esc'h%”'lﬂﬁlgteh%ff LEEl(étl on and

t he perfornﬁhc evi ce, ste ucing a retic based on the
desi gni ng st rcuai > rPra"eng{ 84 %nWac e‘er A0 %t%/t g{é Pqihdl g @ step
of exp03|ng(ﬁ ern on retic I’ ng any one of the

exposure appar Q;eﬁuggcordlng to the enbodlnents descri bed above, a step
of assenbllﬁb t e (including a dicing step, a bonding step, and a
packaging step), gnd an inspection siep d NUSTRIA AZRY GAEIENEY a

light source unit 12 for radiating the EUV light beam EL
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As expl ai ned above, according to the present 120 invention, even in the
case of the projection exposure apparatus based on the use of the
reflecting type optical systemas the projection optical system it is
possible to effectively suppress the occurrence of the magnification error
and the positional discrepancy in the transferred image on the substrate

due to the dosplkeeearnty qh the yagkriepttiba,dar ealrndhgomitrie ropt i(ﬁah:taxi S.
As a result, it is possible to inprove the overlay accuracy in the overlay

exposure. Fort Ber ilaes@nditignt opithealr egetem)nrent ire1dhang ithePkoyi ded
t he exposure nethod which makes it possible to effectively suppress the

occurrence afjghite pERGNEL ¢abmOR KR 19Ghand e ePasiilti analtodirsaienangy in the
transferred i mage on the substrate due to the displacenent of the mask in

the directi @pa@f itheofiRlsl Galtod HarRerithbiBn@BkeSwer RRTFakle olfo thaprove
the overlay accuracy. According to the present invention, it is possible to

effectively geppnesk tiepdgteniopat igR obtlike ot Ranef or HeddarRgnidug to the
variation of radiation. Thérefore, when the present invention iIs used, for

exanple, it _is,possihle.to reali the_projection_expgsure w.th the_high
esol ut i on BIGAY &% AReeEcEro 8 LovAPhheSheRheaTREc this badgbestnl o to
produce the device with a_high degree of integration in a highly accurate
manner. 121Teti§1lonFtager REFALRE Lolddngy sbsuretdsgsr &udhrhPerierkdehers a
pattern formed .on_a reflecting type mask onto a subhstrate, the exposure
appar at us cORSCSInGYSE Py EPeLOIPRSEF PLar Spdlemtingycpdd cilt FYstem
reflecting optical systemwhich projects the pattern onto the substrate; a
mask stage W9itc PERBICAs ichd axddk PT I8GhdnPaltdes E¥Ye Ligihdh besmd £1t he
substrate; an illum nation system which radi ates an exposing illum nation

| i ght beam &ffdeChedmbyk the Raptedst eLaPcedfakdce rtot icd@ ePOEONRNN respect
to a pattern plane of the nask; and a stage control system which

synchr onous [BFPREVES SHE Ifgekof the wafer W, a wafer stage WST for

holding the wafer W, a focus sensor (l4a, 14b), and
alignment optical system ALG.

As shown in Fig. 2, the light source unit 12 is
composed of a light source 16 and a part of the
illumination optical system (PRM, IM, 30). The light
source 16 includes a high output laser 20 such as an
excimer laser and a YAG laser based on, for example,
excitation by a semiconductor laser, a light-collecting
lens 22 for collecting the laser beam L from the high
output laser 20 at a predetermined light-~collecting point,
and an EUV light-emitting substance 24 such as a copper
tape arranged at the light-collecting point.

The mechanism for emitting the EUV light beam will now
be briefly explained. When the laser beam L from the high

output laser 20 is radiated onto the EUV light-emitting
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stage and the substrate stage in a second axis direction perpendicular to a
first axis direction, while adjusting a position of the nask in the first
axis direction which is a direction of an optical axis of the projection
optical system on the basis of predeterm ned adjusting position
information, in order to transfer the pattern on the mask illumnated with
t he exposi ngublsitaficeaisoa draghfedb@aamtdrt 0 ighe -sddlecatiagyipd inke ofr @hect i on
optical system 2. The exposure apparatus according to claim1, 122 13

Mav 2002 wharigiht-dog eadjinsf ilRgispQi,t ithieni ther mati i ghtclewmdes ihigr st
adjusting position informati on and second adjusting position information

cor r espondi Baibs® afieecmaNti sdigteet hagh eempbeatasle hagedobyt kdesSeperdyaxis;
and the stage control system adjusts the position of the mask in the first

axi s directiogn thel NGsleie padin)stain@g iROSist bRl itRHOMMRL N haQh xReddi Ng to a
novenent direction, of the first adjusting position information and the

second adj UsitlaR@ R@Sial iR dnfdf (ARl 0N Ther Fe¥Ch jgpverRAlm Hir a6t efl tekqt he
mask stage during the synchronous novenent of the nask stage and the

substrate stRg8ng3thENe rHRAULS 2BPAN abus patentdiald sitatel Firdnl tnheherein
the adjusting position information is previously neasured information. 4.

The exposur gxaRRa@iygtaccording to claim 1, further conprising: a
measuring unit which nmeasures the position of the mask in the first axis

g‘ogleflt io(rjln’ wher eifhe W& SLRGR GRAN Snitxeke BRI e NS NY
emanated in all directions. Therefore, a parabolic mirror
PRM is provided in the light source unit 12 in order to
collect the EUV light beam. The EUV light beam EL is
collected by the parabolic mirror PRM, and it is converted
into a parallel light flux. An EUV light beam-reflecting
layer for reflecting the EUV light beam is formed on the
inner front surface of the parabolic mirror PRM. A cooling
unit 26 is attached to the back surface of the parabolic
mirror PRM. 1In view of the cooling efficiency, those based
on the use of a cooling liquid may be preferably used for
the cooling unit 26. However, there is no limitation
thereto. Metal is suitable for the material for the
parabolic mirror PRM in view of the heat conduction. It is
known that only the light beam having a specified
wavelength is reflected by using a multilayered film
comprising two types of substances which are alternately

stacked, as the EUV light beam-reflecting layer formed on

the front surface of the parabolic mirror PRM. For
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information with the neasuring unit during the synchronous novenent of the
mask stage and the substrate stage, and adjusts the position of the mask in
the first axis direction based on the adjusting position information. 123
13 Mav 2002 5. The exposure apparatus according to claim4, wherein the
measuring unit is an interferoneter which neasures the position of the mask

in the firsexamp3edi L@CHEORNBWNI 2db&! ithe 8UYEasYhinBelgaaRehgerdi cul arly
onto the mask and receiving a reflected |ight beamtherefrom 6. The

exposur e appakeldhq@acerdaBeuto18! anmis, swheeeikel e reft eckeaoFRERN
radi ates at | east two neasuring beans onto an irradi ated area of the mask

to be irradh@u?ﬁdwhhh Mbe ag¥pPaeshAgohl kYnhpat ceatkdghih Reddraandepgasures
the position of the mask in the first axis direction for each irradiated

position of 1g9eks0f tThe TE3RY hAYiRGAWhe WavEN@n§kRQSWhecRAPRAr AbYs
according to Claim5, wherein the interferoneter radi ates neasuri ng beans

onto differealr1Reskl, 0ng QEsBQ%eHB§§ Eﬁetﬁﬁl%QQQQQr@&!%iQRFQQtEﬂ@1 and
nmeasures the position of the mask 1h the first axis direction for each

irradiated Rogkli QRgOfit! He WBAYILRA BRREEth8 nhEAR .SXRARYEE oFRDARARUS

according to claimb, wherein the interferoneter has a reference mrror

fixed (0t he RbABELAN oPPLHEADaPUBLITL A1G B-TBR (1! $5fi8EATS! 8hcDOTY

arranged at a position separat romthe projection 124
cooling unit 26 is required in order to cool the parabolic
mirror PRM. The EUV light beam EL, which is converted into
the parallel light beam by the parabolic mirror PRM, is the
parallel light beam having a uniform intensity distribution
with a circular cross-sectional configquration thereof
perpendicular to the optical axis.

Those further included in the light source unit 12 are

an illumination mirror IM for reflecting the EUV light beam
EL converted into the parallel light beam as described
above and deflecting it in a direction toward the turning
mirror M shown in Fig. 1, and a wavelength-selecting window
(wavelength-selecting filter) 30 arranged on the backward
side (right side on the plane of the paper in Fig. 2) in
the traveling direction of the EUV light beam EL with
respect to the illumination mirror IM. As shown in Fig. 2,
the illumination mirror IM has a curved surface of the
surface on the side onto which the EUV light beam EL is

radiated. A reflective layer, which is composed of a

multilayered film comprising alternately stacked two
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13 May 2002 optical system 9. The exposure apparatus according to claim4,
wherein the stage control system adjusts the position of the mask in the
first axis direction in accordance with feedforward control based on the
measured adj usting position information. 10. The exposure apparatus
according to claim4, wherein the stage control system adjusts the position
of the mask substtaddsr tfoaxiekaghpleqt icon tiimhga oo lsdaeae Witdhsl aegieaek ogont r ol
based on the nmeasured adjusting position information. 11. The exposure

appar at us aaedytideguo M in@ bilfidonhei )Gonpr ifsiri@d @rslthe Puaifacer banged
adj acent to the pattern plane of the mask and including a first slit which

defines a fighed dudved Ralrfekear eahen ilheminsk iloh ke riroradivatied qeistigniche
exposing illumnation |ight beamand a second slit which defines a’second

i [l umi nati ogudheanaa heid muadindiggd Weah ted1cres By idHelFaTaldc@n viel ght
beam at a mark portion formed on the mask; and a switching mechani sm which

swi tches t h@.a%;'e'::t jRist & RINRL R 1@ nielrS s 1@S istia d Qonfaudlaitidnt Ba $HROSI Ng
i1lum nation |ght beamonto the first slit and a second 125 13 Mav 2002
reticle R.

The vertical direction on the plane of paper in Fig. 2
corresponds to the direction perpendicular to the
longitudinal direction of a circular arc-shaped
illumination area (see the illumination area 1A shown in
Fig. 5) having a predetermined areal size for illuminating
the pattern plane of the reticle R as described later on.
The pattern plane of the reticle R is just a focal plane.
In this arrangement, the light-emitting source of the EUV
light beam EL has a finite size. Although the pattern
plane of the reticle R is the focal plane, the EUV light
beam EL has a width of about 1 mm to 10 mm on the focal
plane. Therefore, the circular arc-shaped illumination
area 1s never too slender. A cooling unit 28, which is
constructed in the same manner as the cooling unit 26 as
described above, is provided on the back surface side of
the reflecting surface of the illumination mirror IM.

In this embodiment, the wavelength-selecting window 30
is provided in order to cut the visible light. Concerning

this point, the EUV-reflecting film composed of the

multilayered film has considerably sharp wavelength
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position for radiating the exposing illumnation |ight beamonto the second
slit. 12. The exposure apparatus according to claim1ll, wherein the first
slit has a shape to define the first illum nation area to have a circular
arc-shaped configuration. 13. The exposure apparatus according to claima1,
wherein: the mask stage, the substrate stage, and the projection optical

system are s@iRelied thy réirf kakenlengtheonleafe e the EUY appdratésnf.urt her
conprises an interferometer system which neasures positions of the nask

stage and shdiy’ ahe $a@ dnth Risdde forchhdl B polRe reedNGedéict ively
perpendi cular to the first ax i s ; and the interferoneter system measures

relative posidrietelf, bt FRK vSlsaA eaNd ghtte andb$hieala t3349 1t 1hgnr! ane
i ncludi ng the second axis perpendicular to the first axis with respect to

the menmber wieLR1SPRYBARR.PT Gokielvied) QB itk viXSHARE 1ignhtThagexpesure

apparatus according to claim11, wherein: the exposing illumnation |ight

beamis a | ighiraR83Tet 1ight incoming from the outside of the
apparatus are introduced into the reticle R and the
projection optical system PO via the EUV-reflecting film,
the heat is generated by the energy of the light in the
reticle R and the mirror for constructing the projection
optical system PO (as described later on). In the worst
case, it is also feared that the unnecessary light is
transferred onto the wafer W, resulting in deterioration of
the image. Therefore, it is intended to avoid the
occurrence of such situations.

Fig. 3 shows a state in which the light source unit 12

shown in Fig. 2 is viewed from one side in the Y direction
(from the left side in Fig. 2). In Fig. 3, the turning
mirror M shown in Fig. 1 is located on the back side of the
plane of paper. Although the reflecting surface of the
illumination mirror IM is not depicted in Fig. 3, it has an
oblong configuration as viewed from the back side of the
plane of paper. That is, the reflecting surface of the
reflecting mirror IM has a shape similar to a part of an
inner circumferential surface of a cylinder, because it is

viewed as the concave curved surface in Fig. 2, and it is

viewed as the oblong configuration in Fig. 3 which is the
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126 13 Mav 2002 in a soft x-ray region; and the apparatus further
conprises, on the substrate stage, a spatial inage-neasuring instrunent

whi ch includes a fluorescencegenerating substance, an aperture forned on a
surface thereof by a thin filmof a reflective |ayer or an absorbing | ayer
for the exposing illumnation |ight beam and a photoel ectric converter

el enent whi thfphsiael etewi cahfyecotNerksvl L ght gpeenakedi®yréheected
fl uorescence-generati ng substance when the exposing illumnation |ight beam

arrives at ppethbugleafenseionbaianee yup ibeigpedshueegedSin THRe eyPORLT €
apparatus according to claim11, wherein: the exposing i1 llum nation |ight

beamis a | bghpapeaminnFagsop} Kutfaytreem@idnsand the parderalonighe mask is
formed by applying a substance which absorbs the exposing illumnation

l'ight beam peahoia tRE! gthh¥eokaygpephighrigi! ect sThhe €Xposh8Yiength
illumnation |ight beam 16. The exposure apparatus according to ctaim1,

further congki ¢hB8IE80 1hiyHE PahhOn| LBt nSPUEERTa NG LEBLIHR LhORigSOYrCe
i ncludes an exciting lasér unit, an EWIlight-enmtting substance, ahd a

mrror whi chscehbetbfigEdV begbheaBIrén2ReMaEE-5R8pEYVil16RInkPi8n 18Fea

in the longitudinal direction as described later on.
Although the light beam is referred to be parallel, the
spatial coherency is not zero, because the size of the
light source is finite as described above.

Although not shown in the drawing in Fig. 1, the
reticle stage RST is arranged on a reticle stage base 32
disposed along the XY plane as shown in Fig. 4. The
reticle stage RST is supported in a floating manner over
the reticle stage base 32 by the aid of a magnetically
floating type two-dimensional linear actuator 34. The
reticle stage RST is driven in a predetermined stroke in
the Y direction by the aid of the magnetically floating
type two-dimensional linear actuator 34, and it is also
driven in a minute amount in the X direction and in the 0
direction (direction of rotation about the Z axis). The
reticle stage RST can be also driven in a minute amount in
the Z direction and in the direction inclined with respect
to the XY plane by the aid of the magnetically floating
type two-dimensional linear actuator 34.

A permanent magnet (not shown) is provided at the
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13 Mav 2002 specified direction. 17. The exposure apparatus according to
claim 16, wherein the mrror is a parabolic mrror with a multi-I|ayered
filmfornmed on a reflecting surface. 18. The exposure apparatus accordi ng
to claim1, wherein the illumnation systemincludes a wavel ength sel ection
filter. 19. The exposure apparatus according to claim11, further conprising

a common bagd reamterehitdls bppaobins ofheheBsktitage skadet RETSUbSheat e st age
so that the nask stage and the substrate stage are novable relative to the

common basedalgpartdcaanyg Fisukfiage tpbeat ewohiddhendnpokls 1ineakagethadbed SO
that the base board is novable relative to the surface plate, wherein the

base board 38 HevVabne tiricteIPBRSehko peeachealt maganetdanar at ed iy sggvenent
of at |east one stage of the nmask stage and the substrate stage. 20. The

exposur e ac¢@ridhngst @peledidMih, tWReke Rwbha ikehkgehanddapticeabngyshethe
i ncludes a plurality of mrrors, the apparatus further conprises a heat

exchanger Weehcad wehyet BB 3bur ek gbs&quh ang @het AR tTklger 8¢ and the
heat exchanger is installed on a non 12 13 Mav 2002 irradi ated area of a

reflecting %%bf%%Qi@ﬁea%tE%%ShSQnﬁnOEhbhgiﬁLHﬁﬂéﬁsi%%alAﬁi%éQQiﬂhﬁ are
apparatus which transfers a pattern on a mask onto a substrate, the

exposure appandliel 16aMBY SoR8rodn inly! ¢HeN2lir2BnePhi§Bledy theFIWi ch has an

optical axis
through the coil 34a by the aid of a main control unit 80
as described later on.

As shown in Fig. 4 in magnification, the reticle stage

RST comprises a reticle holder RH for holding the reticle R
opposing to the reticle stage base 32, a main stage body 35
for holding the circumference of the reticle holder RH, and
a temperature control unit 36 provided on the back surface
side (upper surface side) of the reticle holder RH at the
inside of the main stage body 35, for controlling the
temperature of the reticle holder RH. A reticle holder
based on the electrostatic chuck system is used for the
reticle holder RH, because of the following reason. That
is, the exposure apparatus 10 according to the embodiment
of the present invention is actually accommodated in an
unillustrated vacuum chamber, because the EUV light beam is
used for the exposing illumination light beam. For this
reason, it is impossible to use a reticle holder based on

the vacuum chuck system. As for the material for the

reticle holder RH, it is allowable to adopt those used for
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inclined with respect to a first direction perpendicular to the mask and
which radiates an illumnation |ight beamonto the nask; a projection
optical systemwhich projects, onto the substrate, the illum nation |ight
beam refl ected by the mask; a driving unit which synchronously noves the
mask and the substrate at a velocity ratio corresponding to a nagnification
of the proj ehki epnophitdiahalypuFmexpnduaec appachitng ,usuchwaiscliheolbect s an

i mage magni fication error of the pattern by relatively noving the nmask in
the first dekpahs@onWgllhsseapdctheockr@amiecQj ecti on optical system during

t he synchronous novenent. 22. The exposure apparatus according to claim?21,

wherein: the ill ampnarkeAtyysifeenperatase denkbesi Biguaireakirgdngeghthtbeam
an EWIlight beam having a wavel ength of 5 to 15 nmonto the nmask; and 129
predetermined intervals on the reticle-attracting surface
of the reticle holder RH. The temperature sensors 38 are
used to correctly measure the temperature of the reticle R.
The temperature is controlled by the temperature control
unit 36 on the basis of the measured temperature so that
the temperature of the reticle R is maintained at a
predetermined target temperature. Those adoptable for the
cooling unit for constructing the temperature control unit
36 include, for example, the liquid cooling system for
introducing the cooling liquid from the outside via a
flexible tube, the system based on the use of an electronic
element such as a Peltier element, and the system based on
the use of a heat exchanger such as a heat pipe.

A first side surface of the reticle stage RST in the Y
direction is mirror-finished to form a reflecting surface
40a for the light in the visible region. Although not
shown in Fig. 4, a first side surface of the reticle stage
RST in the X direction is also mirror-finished as shown in
Fig. 6 to form a reflecting surface 40b for the light in
the visible region. In the exposure apparatus 10, the
position of the reticle stage RST in the XY plane is
managed by an interferometer system for radiating measuring

beams onto the reflecting surfaces 40a, 40b, in the same
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13 Mav 2002 the projection optical systemconsists of only a plurality of
reflecting optical elenents. 23. The exposure apparatus according to claim
22, wherein the reflecting optical elenents are mrrors, the apparatus
further conprises a heat exchanger which adjusts tenperature of at |east
one of the mrrors, and the heat exchanger is installed on a non-irradiated
area of a rmaahaeti ag 3urtheecofhvahtlieasl emposfirehapparavdus. bddedTor
exposure apparatus according to claim?21, wherein the correcting unit has a
measuri ng umhie wekecbfrmeasuDey 3iphsi sbancef tithemiakerfierbmeterssystem
direction, and the correcting unit noves the mask on the basis of an out put
of the nmeaswiilngbendescziIbedniaxfesHi® apparabds which transfers a pattern
on a mask onto a substrate, the exposure apparatus conprising: an

i ['1um nation optiaclerspstereWiith Fadi ab€seceihg the RBYK1ighti bkaii ngtion
| i ght beam having a main |ight beamwhich is inclined with respect to a

first directtogmedebpeteCeh2iate (patiBek; p2ape) 6¢t kAR eptieak RYstem

whi ch projects, onto the substrate, the iIFunination | i ght beam out goi ng

fromthe maghe ¥2@lective film is, for example, a multilayered film
composed of alternately stacked two substances. In this
embodiment, a multilayered film of molybdenum Mo and
silicon Si is used to form a reflective film having a
reflectance of about 70 % with respect to the EUV light
beam having a wavelength of 13 nm. A substance for
absorbing the EUV light beam is applied all over the
reflective film as described above, followed by patterning.
When a reflective article such as the multilayered film is
subjected to the patterning, it is impossible to make
repair in the case of failure. On the contrary, in the
case of the method in which the absorbing layer is provided
to preform the patterning, it is possible to perform the
patterning over again, and hence the pattern can be
repaired. The EUV light beam is not reflected by almost
all of actually existing substances. Therefore, they can
be used for the absorbing layer. In the embodiment of the
present invention, the laser interferometers (RIFZ1 to
RIFZ3) are used to measure the position of the reticle R in

the 2 direction as described later on. Therefore, the

absorbing layer is formed with the substance with which a
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13 May 2002 a driving unit which synchronously noves the mask and the
substrate at a velocity ratio corresponding to a nagnification of the

proj ection optical system and a correcting unit which conpensates change
in imge magnification of the pattern caused by the novenent of the mask
26. The exposure apparatus according to claim25, wherein: the mask is a
reflecting tnyfd ecasince leeuivalmntattioort hapt iobdla inesit &y rthedi atedd ecad viehe
illumnation |ight beam an EWIight beam having a wavel ength of 5 to 15 nm
onto the madlayeandst lod tprigjeslc tfioan tdyel meas uyisige heamss i(dtigyhaf ionkthea
plurality of reflecting optical elenments. 27. The exposure apparatus
accordi ng t ¥iglidl® Z2@qgivngr dron e dfdseat iing eaffldroaletelrenents are mrrors,
t he apparatus further conprises a heat exchanger which adjusts tenperature

of at | east padd tdfortald yiyl Whey tadddridh&dreatheeselagdon ®1f leal | ed on a
non-irradi ated area of a reflecting surface of at |east one of the mrrors.

28. The expagited idAPTFoat o radeey dhey absorkiing Aayethaneiluddsg Foi ecting
unit includes a driving nmenber which noves the mask in the first direction

gﬂr ?2 o?jh gctexba\ble,l%al\ﬁ\ne%@o%ﬂolpm&eﬁxﬁelgqf thilgh tp ic@ing Gl to HeForiancsy st em
’ with respect to the reflective layer, and small secular
change due to oxidation of the like.

Fig. 5 shows an example of the reticle R. An oblong
area, which is disposed at a central portion in the
drawing, is a pattern area PA. A hatched area having a
circular arc-shaped configuration is a circular arc-shaped
illumination area IA to be illuminated with the EUV light
beam EL as the exposure light beam. The reason why the
exposure is performed with the circular arc-shaped
illumination area in this embodiment is that it is intended
to use only an area in which various aberrations of the
projection optical system PO as described later on are the
smallest. Reticle alignment marks RM1 to RM6 as position
adjustment marks are formed at predetermined spacing
distances in the Y direction at both end portions of the
pattern area PA of the reticle R in the X direction. The
reticle alignment marks RM1 and RM4, RM2 and RM5, RM3 and
RM6 are arranged substantially in the X direction

respectively.

As clarified from Fig. 5, when the circular arc-shaped
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synchronous novenent. 29. The exposure apparatus according to claim 28,
wherein the driving nenber relatively inclines the nask with respect to the
obj ect plane of the projection optical system 30. An exposure apparatus
which transfers a pattern on a mask onto a substrate, the exposure
apparatus conprising: an illumnation optical systemwhich radiates, onto
t he mask, aalilhhimanabnoarkaghh heansed¢l inedswitposespiet tboparform

per pendi cular line of the mask and a projection optical system which

proj ects, omhe fhalsubehr akpostibe ibtanioatkposhirght behereeblect ed by the
mask, wherein: the illum nation optical systemhas a field di aphragm which
i s arrangedtad] amppotiimena@noifnendl pgesede ehveheibhl ughsastannlihght beam
with respect to the mask and which defines an irradi ated area of the

i |1 um nati oexbbghtebgamperrbbpeansk; dapdribedf igtdrdbaphr agm adj usts at

| east one of a shape, a size, and a position of the illumnation area. 31.

The exposure appasaifgg 8Re0ordtigleorG! 8hen #Ated1l 48 VA 2BP2cykerein:
itself is not specifically limited, because the reflective
layer is formed on its surface as described above. Those
assumed as the material for the reticle R include, for
example, low expansion glass, quartz glass, ceramic, and
silicon wafer. As a standard for the selection of the
material, for example, it is assumed that the same material
as the material for the reticle holder RH is used as the
material for the reticle R. 1In this case, the thermal
expansion occurs in the reticle R and the reticle holder RH
resulting from the increase in temperature, for example,
due to the radiation of the exposure light beam EL.
However, when the both are made of the same material, the
expansion occurs in the same amount. Therefore, there is
such a merit that no force to cause the discrepancy
(thermal stress) is exerted between the both. The material
is not limited to the foregoing case. Even when different
substances are used, the same effect is obtained provided
that the substances having an identical coefficient of
linear expansion are used as the materials for the reticle

R and the reticle holder RH. For example, it is conceived

that silicon wafer is used for the reticle R, and SiC
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the field diaphragm has a first aperture which radiates the illum nation

| i ght beamonto a part of the pattern and a second aperture which radi ates
the illumnation |ight beamonto a mark fornmed on the nmask; and the
apparatus further conprises a sw tching mechani smwhich switches the first
aperture and the second aperture. 32. The exposure apparatus according to
claim 31, whergiidohheakbigle)aper used ifdrathier eeldclar hodhapedHaperher e. 33.
The exposure apparatus according to claim 30, wherein the projection

optical sysue® b¥ @inetbaciaferopsi ¢ futeeiagofpeseleorediplier &l iiky of
mrrors, the apparatus further conprises a heat exchanger which adjusts

t enper at ur e adkoatadv@athgeb@sofint k@akl A0S, pagdibhe h@ahs@x?haaggs i's
installed on a nonirradiated area of a reflecting surface of the at | east

one of the RAppa®atusdé sHehexBOSUDA terAcdrakiial bbpashenus,aapakkakh-f or med
on a mask onto a substrate via a projection optical systemwhile

synchr onous by pTRMindd appa rakel  aBddt A e¢bhlingt apphRatexpasukaeciehhed

conprising: preparing a reflecting type nask as Fhe mask; using a

reflecting qpticgRl efpolgent LEetBeOpeesed® 133Fention, silicon wafer
is used as the material for the reticle R, and the reticle
holder is made of SiC, because of the reason as described
above.

Returning to Fig. 1, a movable blind 42 and a slit
plate 44 as a field diaphragm are arranged adjacent to the
reticle R under the reticle R (on the incoming side of the
EUV light beam). More specifically, the movable blind 42
and the slit plate 44 are actually arranged at the inside
of the reticle stage base 32 as shown in Fig. 4.

The slit plate 44 defines the circular arc-shaped
illumination area IA. It is of course allowable that the
slit plate 44 is fixed to the projection optical system PO.
However, in this embodiment, the slit plate 44 is capable
of being driven by a driving mechanism 46 as a switching
mechanism including a motor and the like. Fig. 7 shows a
plan view illustrating the slit plate 44 and the driving
mechanism 46 therefor. The slit plate 44 has a first slit
44a as a first aperture for defining the circular arc-

shaped illumination area (first illumination area) on the

reticle R illuminated with the EUV light beam as the
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13 Mav 2002 optical system and transferring the pattern on the nmask
illumnated with an exposing illumnation |ight beamonto the substrate via
the projection optical systemby radiating the exposing illumnation |ight
beam at a predeterm ned angle of incidence A wth respect to a pattern

pl ane of the mask, wherein: the mask and the substrate are synchronously
nmoved in a eaposdngxiidldisetiion Adighentiean,anndo sacbindStldxiss 4dbr @t i on
which is a direction of an optical axis of the projection optical system

whi | e adj uskiergnd RPSirtudesofforhdefdsk nign sikkend 13l uminatdoheaireas @art he
basis of predeterm ned adjusting position information. 35. The exposure

met hod of adgoueiing thiagckdieNexposimer dlnuntinatadnutighg Pesin ENonto
information includes first adjusting position information and second

adj usting pedirtiiens BfOGTAGnARNEO NaeKBORMINANGO RMAY §BRNRMD boel ress of the
mask on the second axis; and the position of the mask in the first axis

direction i amadangt @tehagednea bhe thd Bbthng ikes! bIFORheNpAFRNORrea
corresponding to a novenent direction of the nmask, of the first adjusting

posi tion infpar gt itpe a4 ilhe $&COoAtheAdirdHtindd meehiahlieh 4Bl eompliaRsf @r each
novenent direction of the mask during the synchronous novenent of the mask

and 134  13oVeY 4002 Lhe b slorake 4630 colh@cR¥R0Td anMeutPd tacerrdi _E to
claim 34, wherein the adjusting position information is preéviously neasured

i nformati onthd7’ motle LROIUMHS MR NGB ,aGe@r @ RSnk@od! AnTt346pMEReithd he
adjusting position information is neasured during the synchronous novenent

of the maskgndthgasubsiatleePRE A 480Siilsl @AqRGNG RSk nitt he first
axis direction is adjusted based on the

section (not shown) which is provided to protrude on the
slit plate 44 on the back side of the plane of paper in
Fig. 7. Accordingly, the feed screw 46C is driven and
rotated in accordance with the rotation of the motor 46a,
and thus the slit plate 44 is driven in the axial direction
(Y direction) of the feed screw 46C. The control unit 46D
of the driving mechanism 46 is operated in accordance with
the instruction from the main control unit 80 (see Fig. 10)
as described later on such that the slit plate 44 is
switched to a first position at which the exposing
illumination light beam EL is radiated onto the first slit
44a during the exposure, and the slit plate 44 is switched
to the second position at which the exposing illumination
light beam EL is radiated onto the second slit 44b during
the position adjustment (alignment) of the reticle R.
Alternatively, the slit plate 44 may be driven by using a

linear motor in place of the use of the feed screw.
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adjusting position information. 38. An exposure nethod for transferring a
pattern on a nmask onto a substrate via a projection optical system the

exposure method conprising: radiating an illumnation |ight beam having a
main |light beaminclined with respect to a direction perpendicular to the
mask; relatively noving the substrate with respect to the illum nation

| i ght beam refl ertedrhyngheonnsy.t ¢, pake mbrvabybh bhéndr opeisi pnovpidedal
systemin synchronization with relative novenent of the nmask with respect
to the illuimnatder ktbghvohaatheahflctospensefi ajechadgadantasiroage
magni fi cation of the pattern caused by any novenent of the mask during the

135 13 MagoZ0@dnsyncbhengusufmmatesh atebhheanrBknabHet hedanbshtate. 39.
An exposure apparatus which transfers a pattern on a mask onto a substrate,

the exposureiappatapdsteefipdepisgedadni thenigahtesadptetatlaeyat s wbtch

obliquely radiates an illumnation |light beamonto a pattern plane of the

mask; a projifethaBdqopbi pal te¥akearwaachopthenhgethR.i | IHmAasi on
embodiment, the movement of the movable blind 42 in the Y
direction is controlled in synchronization with the
movement of the reticle stage RST in the Y direction by the
aid of the control unit 46D for constructing the driving
mechanism 46 in accordance with the instruction from the
main control unit 80 (see Fig. 10) as described later on.
In this arrangement, the movement of the movable blind 42
may be started to begin the scanning in the same manner as
in the reticle R after the scanning of the reticle R is
started. Alternatively, the movable blind 42 may start the
movement in conformity with the arrival of the target
pattern to be hidden. The movable blind used for the
exposure apparatus is disclosed, for example, in United
States Patent No. 5,473,410. The content of this United
States Patent is incorporated herein by reference so long
as the domestic laws of the designated state designated in
this international application or the selected state
selected in this international application allow the
incorporation of the reference.

With reference to Fig. 1 again, the reflecting optical

system composed of only the reflecting optical element
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| i ght beam outgoing fromthe mask onto the substrate; a driving unit which

synchronously noves the nmask and the substrate at a velocity ratio

corresponding to a magnification of the projection optical

fornmed on ademskibatioabosabst tat ehhy casadi ahengystemnhskingta an

system and an
adjusting unit which adjusts, during the synchronous novenent, at
of a position of the mask in a direction perpendicular to an object plane
of the proj emirporppiscakedyfbenthadpanjeationadpbincal sphetemsROrasative to
t he object plane. 40. An exposure apparatus which transfers a pattern

| east one

i1lumnation |ight beam the exposure apparatus conprising: a projection
opti cal syspesjebtibnhmsgaifethecbhngfopyicablaysseusednsi Shengfoteq
plurality of mrrors and 136 13 Mav 2002 which projects the pattern onto
the substratRe BOU light beam EL, which is reflected by the reticle R

and which includes the information of the pattern depicted

on the reticle R, is reduced to 1/4 by the projection

optical system PO, and it is radiated onto the wafer W.

The projection optical system PO will now be explained

in further detail with reference to Fig. 8. As shown in
Fig. 8, the projection optical system PO comprises four

mirrors (reflecting optical elements) in total, i.e., a

first mirror M1, a second mirror M2, a third mirror M3, and

a fourth mirror M4 for successively reflecting the EUV
light beam EL reflected by the reticle R, and a body tube
PP for holding the mirrors M1 to M4. The reflecting
surface of each of the first mirror M1 and the fourth
mirror M4 has an aspherical configuration. The reflecting
surface of the second mirror M2 is planar, and the
reflecting surface of the third mirror M3 has a spherical
confiquration. The machining accuracy, which is not more
than about 1/50 to 1/60 of the exposure wavelength, is
realized for each of the reflecting surfaces with respect
to the designed value, merely involving an error of not

more than 0.2 nm to 0.3 nm concerning the RMS value

(standard deviation). The material for each of the mirrors

is low expansion glass or metal. A reflective layer for
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a cooling unit which cools at |least one mrror of the plurality of mrrors,
the cooling unit being arranged in a non irradiated area of a reflecting
surface of the at | east one mrror. 41. The exposure apparatus according to
claim 40, wherein the at |east one mrror is conposed of a material having
a low coefficient of thermal conductivity. 42. The exposure appar atus
accordi ng t ahel 8Um 4@ghwhbramnishéocmeli ng thet susfakee whiahgéd on a back
surface side of the mrror for which the cooling unit is arranged on the
reflecti ng sompased. o43a Anleipageredafipimabbsaihedhbyr ahseenatelpattern
formed on a mask onto a substrate via a projection optical system by
i rradi ati ngsthekiagk twbt BubBthhktesl nat the baget mhaasr tbeiaxpheure
apparatus conprising: a reflecting optical system conposed of a plurality
of mirrors iregliedieng.a first mrror and a second mrror to be successively
irradiated with the illumnation |ight beam the
In this embodiment, the material for the first mirror

M1 and the second mirror M2 is low expansion glass having a

small coefficient of thermal expansion. The material for

the third mirror M3 and the fourth mirror M4 is metal. The

reflective layer for the EUV light beam is formed on the

surface of each of the mirrors M1 to M4, which is composed

of the multilayered film obtained by alternately stacking

two substances in the same manner as in the reticle R. The

low expansion glass to be used for the mirror for

constructing the projection optical system PO includes, for

example, Zerodua (trade name) produced by Shot. Zerodua

contains a crystalline layer having a high-quartz structure

in an amount of 70 to 80 % by weight. Therefore, its
coefficient of linear expansion is 0+0.05 x 107°. The
coefficient of thermal conductivity of Zerodua is 1.6
W/ (m*K). In place of the low expansion glass such as

Zerodua, it is also preferable to use low expansion

ceramics such as those based on alumina (Al,0,) and those
based on cordierite (2Mg0,*2Al1,0,°6Si0,).

In this arrangement, as shown in Fig. 8, a hole is

bored through the fourth mirror M4 so that the light beam
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reflecting optical system being used as the projection optical system a
body tube-cooling unit which cools a body tube that holds the plurality of
mrrors; and 137 13 Mav 2002 a heat exchanger provi ded between the body
tube and at |east one mrror of the plurality of mrrors. 44. The exposure
apparatus according to claim43, wherein: the body tube is conposed of a
plurality ofredilecded bgdyhkeulfdxrswhmdilrrbal dilamalyeasir ivee ati ther second
respectively; the body tube-cooling unit independently cools the respective
di vi ded bodwitruloes M2and Sdmilleadly ,0ae hbdat iexboarget hrouyghotheed ilrettween
each of the divided body tubes and at |east one mrror held by the divided
body tube. 45 rroieMixpostthataghar dtightabeandired lleeteldaiby 4he \Hoarehn: one
of the plurality of divided body tubes is the divided body tube which holds
the first mmirgort eibealyi astdiye atadhat @dfeirt W.t hefi Idowrisegt iien ilsi @hisobeam
one of the heat exchangers is provided between the first

preferable that the outer configuration of the mirror has a

shape with a cutout to allow the light flux to pass

therethrough without forming the hole.

The environment, in which the projection optical

system PO is placed, is also vacuum. Therefore, the heat,

which is generated by the radiation of the exposing

illumination light beam, is not released anywhere.

Accordingly, in this embodiment, the space between the

mirrors Ml to M4 and the body tube PP for holding the

mirrors Ml to M4 is connected with a heat pipe HP as a heat

exchanger. Further, there is provided a cooling unit for

cooling the body tube PP. That is, the body tube PP has a

double structure comprising a mirror-holding section 50

disposed at the inside, and a cooling jacket 52 as the

cooling unit installed to its outer circumference. A

helical pipe 58 for allowing the cooling liquid to flow

from the side of an inflow tube 54 to the side of an

outflow tube 56 is provided at the inside of the cooling

jacket 52. In this embodiment, cooling water is used as

the cooling liquid. The cooling water, which outflows from

the cooling jacket 52 via the outflow tube 56, is subjected

to heat exchange with a cooling medium in an unillustrated
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mrror and the divided body tube which holds the first mrror; and the body
t ube-cooling unit cools the divided body tube which holds the first mrror
at a tenperature lower than those for the other divided body tubes. 46. The
exposure apparatus according to 138 13 Mav 2002 claim43, wherein the
heat exchanger is a heat pipe. 47. The exposure apparatus according to

claim 40, wheIfdlijerldt iR itS, @ TIRIF e NG dMRg g RRICe NG (dHR 1RRPHATUS
further conprises a second cooling unit arranged on a side opposite to an

i nconi ng si ¢a-efetiditninddBed @t dreghtaneaRed! e dAYws 4GrAtnexposure

apparatus having an illum nation optical systemwhich radiates an

i 11 um nati or:ddighg BRAMRANSD & iBthe ANEF1GWARIR 9NT aHRAldRIIN AL med on
the mask onto a substrate, the exposure apparatus conprising: a projection

optical systgpahiich HasA d1&d oF I ARt Rlagwent and which projects

the illum nation |1 ght beam outgoing fromthe mask onto the substrate; and

e A0S, R P DA S s PO B 2 oty
this embodiment, even when the thermal energy is applied to
the mirrors M1, M2, M3, M4 by the radiation of the exposing
illumination light beam (EUV light beam) EL, then the heat
exchange is effected with respect to the body tube PP which
is temperature-adjusted to have a constant temperature by
the aid of the heat pipe HP, and thus the mirrors M1, M2,
M3, M4 are cooled to the constant temperature. 1In this
arrangement, in the embodiment of the present invention, as
shown in Fig. 8, for example, as for the mirrors M1, M2,
M4, the heat pipe HP is also stuck to portions to which the
exposing illumination light beam is not radiated on the
front surface side (side of the reflecting surface) as well
as to the back surface side thereof. Therefore, the
respective mirrors are effectively cooled as compared with
the case in which only the back surface side is cooled. It
is needless to say that the heat pipe HP, which is disposed
on the back surface side of the third mirror M3 and the
front surface side of the first mirror M1, arrives at the
inner circumferential surface of the body tube PP in the
depth direction on the plane of paper. As shown in Fig. 6,

the appearance of the body tube PP has a quadratic prism-
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el ement. 49. The exposure apparatus according to claim48, wherein the heat
exchanger is connected to at |east one of a part of a reflecting surface of
the reflecting optical elenent and a back surface thereof . 50. The
exposure apparatus according to claim48, 139 13 May 2002 wherein the
projection optical systemconsists of only a plurality of reflecting

optical el egrap&d apfrdfutgesbnone of the plurality of reflecting optical
el enents is connected t0 the heat exchanger. 51. The exposure apparatus

according to cl awitROrepBeeRtB tHerigl! €ChyRInOPthEdkaebeBAgO W) s
plurality of reflecting optical elenénts, whi ch has the short est opt1 cal

di stance fropyrhhgedBsh: a §af€9n§€%§€ BQsEhGOhgﬁkaﬁ?éBaﬂﬂéﬁg BRe JAPe

i
exposure apparatds according to claim50, wherein the projéction optical

systemis aplgggtcghdsygtgg}gghﬁggbéa 2nl hN9160R98q! hehAer WV ED {5e

non-tel ecentric on a side o obj ect plane, and which is telecentric on a

si de of an iﬂg?ggm@%gggbﬁégfggtbeggxeﬂéuaﬁdaeﬁaaaﬁlag?éggea9%2%1&9&&5m 40,

wherein the amis an EUWV lig eam having a

&ﬁygLength 9§pé £Q0ldifBhs24natl TEHAQY LOEuRESHUELHNT PR CURPSHT £ 2PRAT at Us
WST is driven in a predetermined stroke in the X direction

and in the Y direction by the aid of the magnetically

floating type two-dimensional linear actuator 62, and it is
also driven in a minute amount in the 6 direction

(direction of rotation about the Z axis). The wafer stage
WST can be also driven in a minute amount in the Z
direction and in the direction inclined with respect to the
XY plane by the aid of the magnetically floating type two-
dimensional linear actuator 62. The magnetically floating
type two-dimensional linear actuator is disclosed in United
States Patent Application Serial No. 998,038 (filed on
December 23, 1997). The content of the United States
Patent Application is incorporated herein by reference so
long as the domestic laws of the designated state
designated in this international application or the
selected state selected in this international application
allow the incorporation of reference.

A permanent magnet (not shown) is provided in the
bottom surface of the wafer stage WST. The magnetically

floating type two-dimensional linear actuator 62 is
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transfers a pattern formed on a reflecting type mask onto a substrate, the
nmet hod conprising steps of: providing a projection optical system provi ded
a reflecting optical systemwhich projects the pattern onto 140 13 Mav
2002 the substrate; providing a mask stage which hol ds the mask; providing
a substrate stage which holds the substrate; providing an illum nation

syst em whi Chedist Al €Sed bR X0S | prnd left nRfdridt |dita hasim oidx tShowipsk at
predeterm ned angle of incidence with respect to a pattern plane of the

mask; and pr@yvidh Nos asStadi® TP NEHO! X6 WSHEIA M il SHATC i DRQUST oh T S I e
mask stage and the substrate stage in a second axis direction perpendicul ar

to a first ardfedidesdd Wasahid & atidIddik P Asd ik At NadBYe ivhd he
first axis direction which is a direction of an optical axis of the

proj ection gpif&alssygd aT Ofh e RASI S el RABI BTH P&k Adjdisddg position
information, in order"to transfer the pattern on the mask illumnated with

the exposi ng-djd M T4 18P &dehto PEATE A ddie SUDSIT Aled i thRPT 0 ection

optical system 55. A nethod for producing an exposure apparatus which

transfers a patdesn Ofe B HPNR & 2HRSE I md 118 IR g g the
eiaho i

steps of: providinhg an tion optical system s an optical

axis incli nec@’eé’@f{béc?sf)@&ért&n? first direction

An unillustrated wafer holder based on the
electrostatic chuck system is placed on the upper surface
of the wafer stage WST. The wafer W is attracted and held
by the wafer holder. A second side surface of the wafer
stage WST in the Y direction in Fig. 1 is mirror-finished
to form a reflecting surface 74a for the light in the
visible region. Although not shown in Fig. 1, a first side
surface of the wafer stage WST in the X direction is also
mirror-finished as shown in Fig. 6 to form a reflecting
surface 74b for the light in the visible region. 1In the
exposure apparatus 10, the position with respect to the
projection optical system PO is correctly measured by an
interferometer system for radiating measuring beams onto
the reflecting surfaces 74a, 74b. The interferometer
system will be described in detail later on.

A spatial image-measuring instrument FM is provided at
one end of the upper surface of the wafer stage WST, for
example, for performing measurement (so-called base line

measurement) of the relative positional relationship of the
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per pendi cul ar to the mask and which radiates an illumnation |ight beam

onto the mask; providing a projection optical systemwhich projects, 141
13 Mav 2002 onto the substrate, the illum nation |light beamrefl ected by
the mask; providing a driving unit which synchronously noves the nmask and
the substrate at a velocity ratio corresponding to a nmagnification of the

proj ection QQPP%ﬁbn§Y%bQEba§n@ Bitew direg (2199nheaki R4 craktoplihchichrrects
an i mage magni fication error o? the pattern by relatively noving the mask

in the firstediedd! ke tie! Bok8TRABA! a0 whi@hPkfee phitRraPlepdteysbam during
t he synchronous novenent. 56. A nethod for producCi ng an exposure appar at us

whi ch transfels ratRaheeRN 18N pRofRek cANbALd THRSELRAcet B¢ TRENQE re@MRi Si ng
the steps of: providingan 1l lFunmnationoptical system whichradiates,onto the

mask, an i || eifenatja@nlig &hag%ame*a%\air&a 'I%is'%rhh%lﬂttb@'ﬁ”b%in(:%ggbﬁhgc kpned

W threspect to a firstdirection perpendicular to the mask; providing a

proj ection %}é GaluSH St e At B aRECEC e 2BhYeh?EondIS bR Bxpbltire
illumnation I'ight beam outgoing fromthe nask
apparatus.

Figs. 9A and 9B show a plan view and a longitudinal
sectional view of the spatial image-measuring instrument FM
respectively. As shown in the drawings, a slit SLT as an
aperture is formed on the upper surface of the spatial
image-measuring instrument FM. The slit SLT is formed by
means of patterning on a reflective layer 64 for the EUV
light beam formed on the surface of a fluorescence-emitting
substance 63 having a predetermined thickness fixed on the
upper surface of the wafer stage WST. An absorbing layer
for the EUV light beam may be provided in place of the
reflective layer 64, and an aperture may be formed on the
absorbing layer.

An aperture 66 is formed through an upper surface
plate of the wafer stage WST disposed under the slit SLT.

A photoelectric conversion element PM such as a
photomultiplier is arranged at the inside of the wafer
stage WST opposed to the aperture 66. Therefore, when the
EUV light beam EL is radiated onto the spatial image-

measuring instrument FM from the upward position via the

projection optical system PO, the EUV light beam, which is
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providing a driving unit which synchronously noves the nmask and the
substrate at a velocity ratio corresponding to a nagnification of the
proj ection optical system and providing a correcting unit which
conpensat es change in inmage magnification of the pattern caused by the
novenment of the mask. 142 13 Mav 2002 57. A nethod for producing an

exposure appahabmitwBHCRntbagA! 8he 81RRt EEAN aRrdvEBSktoghe a substrate,
t he net hod conprising the stéps of: prOV|d|ng an illumnation optical

systen1whlchlﬁaébahgﬁceeehgtEEs Maakstafce! b9M NghkoR1LbgBEcRRAALI ncl i ned
W th respect to a perpendicul ar I|ne of the mask; and prOV|d|ng a

projection gptiegh sgaLEthebcaap@ i st 8. 1%9&9 b@%msﬂgéEh Fﬂﬁlnat.on

i1lum nation [ight bean1re | ected the ma wher el n:

optical sysiayeiangdn' be! doflbapBaagsy ﬁhhgg Egvan i aﬂﬂeﬁeQﬂJaC%H% 1948
I ncomng si um n tl on eamw t respect to t and
whi ch def'nﬁﬁaﬁnls received by the photoelectrlc conversion element

PM, and it is converted into an electric signal

corresponding to the intensity of the light. An output

signal of the photoelectric conversion element PM is also

supplied to the main control unit 80.

Next, with reference to Fig. 6, for example,
explanation will be made in detail for the arrangement of
the interferometer system 70 (see Fig. 10) for measuring
the positions of the reticle stage RST and the wafer stage
WST. Fig. 6 representatively shows the concerning laser
interferometers with the measuring axes of the respective
laser interferometers.

The interferometer system 70 comprises four laser
interferometers RIFX1, RIFX2, RIFY1l, RIFY2 for measuring
the position of the reticle stage RST in the XY plane, and
four laser interferometers WIFX1l, WIFX2, WIFY1l, WIFY2 for
measuring the position of the wafer stage WST in the XY
plane.

The interferometer RIFYl projects a measuring beam
RIFYIM onto the reflecting surface 40a of the reticle stage

RST, and it projects a reference beam RIFYIR onto a fixed

mirror (reference mirror) 72a (see Fig. 1) attached to the
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irradiated area of the illum nation |ight beamon the nmask, and the field
di aphragmis used to adjust at |east one of a shape, a size, and a position

of the illum nation area. 58. A nethod for produci ng an exposure apparat us
which transfers a pattern on a mask onto a substrate, the nmethod conpri sing
the steps of: providing an illum nation optical system which obliquely

radi at es anppluRi;pat eenolel ghk B?é?b@@i@naoBﬂibﬁins?%%@ﬁ 8b,1 88 FRaK:
providing a projection optical systemwhich projects 143 i3 May 2002 the

iIIU”inatiOBeEhQBEeQGQEPH&LBQEBQ thereklemmask 9@%8&%@8 %Hb%héﬁbgge

providing a driving uni I ch synchronously noves e mask and

substrate ajeg8s¥ekOthbY rbdhk?veOpheir9Be! B¢ tRelreticle stage RST in

the Y direction with respect to the fixed mirror 72a at the
position of projection of the measuring beam RIFYIM.

Similarly, the interferometer RIFY2 projects a
measuring beam RIFY2M onto the reflecting surface 40a of
the reticle stage RST, and it projects a reference beam
RIFY2R onto the fixed mirror (reference mirror) 72a (see
Fig. 1) attached to the body tube PP of the projection
optical system PO, so that reflected light beams therefrom
are received to thereby measure the relative position of
the reticle stage RST in the Y direction with respect to
the fixed mirror 72a at the position of projection of the
measuring beam RIFY2M.

The center of the positions of radiation of the
measuring beams RIFY1IM, RIFY2M of the two interferometers
RIFY1l, RIFY2 is coincident with the center of the
illumination area IA (center of the reticle R in the X
direction). Therefore, an average value of measured values
of the two interferometers gives the position of the
reticle stage RST in the Y direction. A value, which is
obtained by dividing the difference between the both
measured values by the spacing distance between the axes of

the interferometers, gives the angle of rotation of the

reticle stage RST (herein referred to as al). The measured
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magni fication of the projection optical system and providing an adjusting
unit which adjusts, during the synchronous novenent, at |east one of a
position of the nmask in a direction perpendicular to an object plane of the
projection optical systemand an inclination of the mask relative to the
obj ect plane . 59. A nethod for producing an exposure apparatus which

transfers ayhaatbgr 8ff eheedneBricBaktEREORAFSUDSRIRYE EYe!éﬁ?QlQéHnﬁpthe
mask, the method conprising the steps of: providing a projection optical

system whi canBamadn’ 8bh€ebiNAneRt 862! Gus! AN AOBShELbAJuAltagpl urality of
mrrors and which projects the pattern onto the substrate; and providing a

cool i ng uni ' o] at_least an ' r.Qf e.pl ural.l of mrrors so
that the co%?ﬁggigﬁgg %@eaéygﬁgg% VﬁigghéhaiFﬁgd%g %g §Fego%¥téope?ﬁécting
surface of the at least ope mrraqr. 60. A nmethod for produci ng an exposure

appar at us whi ch PRah8fePEhgrpRapdr nthEr ABGCEACROREERTORLBEXY BEBIEFEEeavVia a

measuring beam RIFXIM onto the reflecting surface 40b of
the reticle stage RST, and it projects a reference beam
RIFX1IR onto a fixed mirror (reference mirror) 72b attached
to the body tube PP of the projection optical system PO, so
that reflected light beams therefrom are received to
thereby measure the relative position of the reticle stage
RST in the X direction with respect to the fixed mirror 72b
at the position of projection of the measuring beam RIFX1M.

Similarly, the interferometer RIFX2 projects a
measuring beam RIFX2M onto the reflecting surface 40b of
the reticle stage RST, and it projects a reference beam
RIFX2R onto the fixed mirror (reference mirror) 72b
attached to the body tube PP of the projection optical
system PO, so that reflected light beams therefrom are
received to thereby measure the relative position of the
reticle stage RST in the X direction with respect to the
fixed mirror 72b at the position of projection of the
measuring beam RIFX2M.

The center of the positions of radiation of the
measuring beams RIFX1M, RIFX2M of the two interferometers
RIFX1, RIFX2 is coincident with the center of the

illumination area IA (see the point P2 shown in Fig. 5).
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projection optical systemby irradiating the mask 144 13 Mav 2002 with an
illumnation |ight beam the nmethod conprising the steps of providing a
reflecting optical systemconposed of a plurality of mirrors including a
first mrror and a second mrror to be successively irradiated with the
illumnation Iight beam the reflecting optical system being used as the

proj ecti on amdredorsy,stadmavidreyedivag ua bdFdndasheeaolailngsubirt thai ¢kocool s a
body tube that holds the plurality of mrrors; and providing a heat

exchanger diispesaeioaierras Jivdzoanet @b@lmdmabfl edsl refdcler ceaqel rREe

plurality of mrrors. 61. A nmethod for producing an exposure apparatus

whi ch transfigr $he RaldigieetfionTed pORad uhskhaho i3 Swkstindde byt Be viiathed
conprising the steps of: providing an illum nation optical systen1mh|ch

radi ates an tnd @ifTircgd Ib@the%amh@nmtthhﬁle%%&edpwm@sna yathle0j ection
optical systemwhich has a reflecting optical elenent and mhlch proj ects

the illum nalgRndd dlstherd PeteRiend thicomhddie JrtheoNhe crite ropRtrat e; and
provi di ng a heat exchanger di sposed between the reflecting optlcaf él ement

and a body ke MiHEh hlids Jehe Jiaflint b3d ot 'r%@:llcqlee%%'&tge R3T A
m crodevi ce produced by 't he exposure apparatus 14

(herein referred to as a2). The measured values of the

interferometers RIFX1, RIFX2 are supplied to the main

control unit 80. The main control unit 80 calculates the
average value and the angle of rotation a2. 1In this
embodiment, the main control unit 80 calculates any one of

the angles of rotation al, a2 or the average value thereof
(al + a2)/2 as the angle of rotation of the reticle stage

RST in the 0 direction.

The interferometer WIFY1l projects a measuring beam
WIFYIM onto the reflecting surface 74a of the wafer stage
WST, and it projects a reference beam WIFYIR onto a fixed
mirror (reference mirror) 76a attached to the body tube PP
of the projection optical system PO, so that reflected
light beams therefrom are received to thereby measure the
relative position of the wafer stage WST in the Y direction
with respect to the fixed mirror 76a at the position of
projection of the measuring beam WIFY1M.

Similarly, the interferometer WIFY2 projects a

measuring beam WIFY2M onto the reflecting surface 74a of
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13 Mav 2002 as defined in claim1l. 63. The exposure apparatus according to
claim43, wherein the illumnation |ight beamis an EWIight beam having a
wavel ength of 5 to 15 nm 64. The exposure nmethod according to clai m 38,
wherein the change of the imge magnification of the pattern is conpensated
by adjusting a position of the mask in a direction perpendicular to the

mask. 65. TﬁﬂeewaﬁéﬂrQtH@éhngacéﬁﬂdEﬁgFtejébabnhﬁﬁeféhéh@énbébﬁ position
of the mask in the direction perpendicular to the mask is neasured by

radi ating awTegsnr bagobendm enkedt herwogk (gerkkahcehpibeam)i sedirected in a
direction perpendicular to the mask, and receiving a reflected |ight beam

therefrom ﬁ@taEHéde%BoﬁﬁéebaagafdbéCPPFGEnﬁhbopﬁb§EBt§8n vpeiehd the
illumnation |ight beamis an | i ght beam having a wavel ength of 5 to 15

nm and thespskRCPLONsBPLhaR! raY3bereaonsyhtSnehmantheeprmnabiky Of

reflecting optical elements. 146
received to thereby measure the relative position of the
wafer stage WST in the Y direction with respect to the
fixed mirror 76a at the position of projection of the
measuring beam WIFY2M.

The center of the positions of radiation of the

measuring beams WIFY1M, WIFY2M of the two interferometers
WIFY1l, WIFY2 is coincident with the center of the circular
arc-shaped exposure area SA on the wafer corresponding to
the illumination area IA (see Fig. 11). Therefore, an
average value of measured values of the two interferometers
gives the position of the wafer stage WST in the Y
direction. A value, which is obtained by dividing the
difference between the both measured values by the spacing

distance between the axes of the interferometers, gives the

angle of rotation of the wafer stage WST (herein referred
to as f1). The measured values of the interferometers

WIFYl, WIFY2 are supplied to the main control unit 80. The

main control unit 80 calculates the average value and the
angle of rotation f1.

On the other hand, the interferometer WIFX1 projects a
measuring beam WIFXIM onto the reflecting surface 74b of

the wafer stage WST, and it projects a reference beam
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13 May 2002 67. The exposure nethod according to claim®66, wherein the
reflecting optical elenents are a plurality of mrrors, and at | east one
mrror of the plurality of mrrors is tenperature adjusted. 68. The
exposure method according to claim67, wherein the at |east one mrror is

t enper at ure-adj usted by neans of a heat exchanger installed on a

non-irradi atadxareamb a rifde?l nitg oaur(frete refndeh aidtrdrgagie o taichiedr . 69.
A nmet hod for producing a device, conprising the step of transferring the

pattern forredthe HodlyraskedHPo dfha hsulpstojeict ivsi e dilke 1e)sgeteme paost ked as
defined in claim34. 70. A nethod for producing a device, conprising the

step of trangfaer MeM ddtedatil@nn Hetimed et dffionade dice it Tebstrate
usi ng the exposure nmethod as defined in claim38. 71. The exposure

appar at us ac¢irdbyg red stirdd FIdS r eMaiRid) gdid tildni M atieORafiedhistheam i s an
EWIight beam having a wavelength of 5 to 15 nm 72. A mrcodevicé produced

by the exposigre idPRAHAKIN BeASHIMA N rdsdBtlko the "]Elfii‘erdC(ﬂFiPr\ﬁocfe 76b
produced by the exposure apparatus as defined in claim25.

at the position of projection of the measuring beam WIFX1M.

Similarly, the interferometer WIFX2 projects a
measuring beam WIFX2M onto the reflecting surface 74b of
the wafer stage WST, and it projects a reference beam
WIFX2R onto the fixed mirror (reference mirror) 76b
attached to the body tube PP of the projection optical
system PO, so that reflected light beams therefrom are
received to thereby measure the relative position of the
wafer stage WST in the X direction with respect to the
fixed mirror 76b at the position of projection of the
measuring beam WIFX2M.

The center of the positions of radiation of the
measuring beams WIFX1M, WIFX2M of the two interferometers
WIFX1l, WIFX2 is coincident with the center of the exposure
area SA corresponding to the illumination area IA.
Therefore, an average value of measured values of the two
interferometers gives the position of the wafer stage WST
in the X direction. A value, which is obtained by dividing
the difference between the both measured values by the
spacing distance between the axes of the interferometers,

gives the angle of rotation of the wafer stage WST (herein
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13 Mav 2002 74. A mrcodevice produced by the exposure apparatus as defined
in claim30. 75. A mrcodevice produced by the exposure apparatus as
defined in claim39. 76. A mrcodevice produced by the exposure apparatus
as defined in claim40. 77. A mrcodevice produced by the exposure
apparatus as defined in claim43. 78. A mrcodevice produced by the

exposure ap as def.i I n a| 9 expo e apparat us
accordi ng t%g%?%%%94§? %%eggsﬁ tﬁgghgg%é§§8 axagpggoéﬁiﬁﬂ%usly per f or s
heat-exchange durin | um nation of tge iIIunin?Ligntgi%Et beam onto the

il
proj ecti on BF?E&FrgygﬁgﬁF YigXxl, WIFXZ are supplie € main

control unit 80. The main control unit 80 calculates the
average value and the angle of rotation f2. In this
embodiment, the main control unit 80 calculates any one of

the angles of rotation 1, B2 or the average value thereof
(Bl + B2)/2 as the angle of rotation of the wafer stage WST

in the 8 direction.

With reference to Fig. 1 again, a reticle plane-
measuring laser interferometer RIFZ, which serves as a
measuring unit for measuring the position of the reticle R
in the Z direction (direction of the first axis), is
provided on the body tube PP of the projection optical
system PO which provides the reference for all of the
measurement performed by the eight interferometers
described above. Actually, as shown in Fig. 6, the laser
interferometer RIFZ includes three laser interferometers
RIFZ1, RIFZ2, RIFZ3 which are arranged at predetermined
spacing distances and which are fixed to the body tube PP.
However, in Fig. 1 (and Fig. 4), they are representatively
depicted as the laser interferometer RIFZ.

Measuring beams from the laser interferometers RIFZ1
to RIFZ3 are projected pass through optical paths in the 2
direction at the center of the incoming optical path and

the outgoing optical path (reflecting optical path) of the
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13 Mav 2002 80. The exposure apparatus according to claim43, wherein the
heat exchanger is connected to a mrror, which has the shortest optical

di stance with respect to the mask, anong the plurality of mrrors of the
projection optical system 81. A light source unit conprising: a |light
source which generates a |aser beam a light-collecting | ens which collects

the |aser b%%gbgiﬂ%ré&@qmﬁhﬁﬁhbﬂellbﬁQtb%QHrﬁﬁ ahnd Eh%?eh§é”b989ebt98t
col l ecting point; an l1ght-emtting subst ance which i's arranged at the

li ght - CO"eBhtBQtB%'E%t%@?neﬁhkﬁeaBgE%hb'lelﬂﬁgnRtQ% HQ%?Er@ﬁ%”ﬁhgetmeen

radi ated onto the substance; parabolic mrror which is arrange

the 11 gnt. cgblgtel ng.! enspand bhenEMhinahiinaliibhi Ageaybst ancecaad reflects

the EUV |ight on an inner surface of the para ic mrror so at the EW

gt Ts coblieetad;andcoanupehed1iihg 3 nghalLel rhoBle thXexpsingravol ic

mrror having a | ect e inner surface for

reflecting Paﬁuﬁﬁﬁa%QPh laﬁﬂt b%gﬁlbﬂggggﬁ%ﬁWgﬁcgnkﬁ @hgﬁggﬁgggﬂ 81938k

surface of € parabolic m’rror and Co € parabolic

of the reticle R at the predetermined angle of incidence 6

via the turning mirror M (see Figs. 1, 4, and 5).
Accordingly, the laser interferometers RIFZ1l, RIFZ2, RIFZ3
come into the pattern plane of the reticle R obliquely at
the predetermined angle of incidence 6. Thus, the position
of the reticle R in the Z direction can be measured with a
high degree of accuracy (for example, with an accuracy of
not more than several nm to 1 nm) without affecting the
exposing illumination light beam EL reflected at the same
outgoing angle as the angle of incidence and without
affecting the measuring beams of the interferometers by the
exposing illumination light beam EL.

In this embodiment, those of the reference mirror-
containing type, in which the unillustrated reference
mirror is contained in the main body, are used for the
laser interferometers RIFZ1 to RIFZ3. The position in the
Z direction of the position of radiation of the measuring
beam on the reticle R is measured with reference to the
position of the reference mirror in each case. In this
embodiment, in the illumination area IA shown in Fig. 5,

the measuring beam from the laser interferometer RIFZ1l is
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82. The light source unit according to claim@81, further conprising: 148 a
13 Mav 2002 a mrror which is arranged on a side of the inner surface of
the parabolic mrror and deflects the EUV |light converted into the parall el
light flux in a predetermned direction, the mrror having a reflecting

| ayer for selectively reflecting the EUV Iight on a surface onto which the
EWV |ight i $rc3@iciedd ontitd theTipos@h io@0loif@ hénigo Mt @1 ,i $hat eelkedihg t he
back surface of the mrror to cool the mrror. 83. The |ight source

accordi ng t gednifAck? t el Nt Gofifeirithet sit \RElFIOtil $lgeidtRa BRrder
which is arranged in a predeterm ned position with respect to the mrror to

cut a visibligd ighiiti®h oA tREPPVUME BRDAHU T N infelh suranYf Yeama Rt er n
formed on a nmask onto a substrate with an EWIlight, conprising: a |light

source whi chgengisaires rft fdWdn<tltls ra F7ask sh@lrdefecMiLbrite) dnet he mask by

an electrostatic chuck system a tenperature sensor which is arranged on

the mask holdfridi®n of the point P3. The point P2 is the center of
the illumination area IA, i.e., it is the point on the
central axis of the pattern area PA in the X direction, and
it is the central point of the illumination area in the Y
direction. The points P1l, P3 are located at the symmetric
positions with respect to the central axis.

The measured values of the three laser interferometers
RIFZ1 to RIFZ3 are inputted into the main control unit 80
(see Fig. 10). The main control unit 80 corrects the Z
position and the inclination of the reticle stage RST,
i.e., those of the reticle R on the basis of the three
measured values by the aid of the magnetically floating
type two-dimensional linear actuator 34 as described later
on.
On the other hand, the position of the wafer W in the

Z direction on the basis of the body tube PP is measured by
the focus sensor 14 based on the oblique incidence system
fixed to the projection optical system PO. As shown in
Fig. 1, the focus sensor 14 comprises a light-feeding
system 14a fixed to an unillustrated column for holding the
body tube PP, for radiating a detecting beam FB in an

oblique direction onto the surface of the wafer W, and a
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neasure a t
whi ch contr
measur enment

enperature of the mask hol der; and a tenperature control unit

ols the tenperature of the mask hol der on the basis of a

result of the tenperature sensor. 148 b 13 Mav 2002 85. The
exposure apparatus according to claim84, wherein the tenperature sensor
di sposed on a mask-chucki ng surface on the mask hol der.

appar at us ageghéi-freckavihai By8temWa@E6i ikba tenmpheatuielaersatedas a

plurality of sensors which are arranged at predeternmined intervals on the

86. The exposure

S

mask hol der coBdmnTh€oexpesei¢iagPahat Hetaeedhdi BeaOrel aefledrewhpyei n the

mask hol der

Is formed of a material having an identical coefficient of

l'i near expappieOBuzgadenBiteithel walfeth®.Mekos88usAB1expasehe FBRakat us which
transfers a pattern forned

sensor include, for example, a multiple focus position-
detecting system disclosed, for example, in Japanese Patent
Application Laid-Open No. 6-283403 and United States Patent
No. 5,448,332 corresponding thereto, and a focus leveling
system described in Japanese Patent Application Laid-Open
No. 7-201699 and United States Patent No. 5,473,424
corresponding thereto. It is important that the focus
sensor 14 (l4a, 14b) is fixed integrally with the body tube
PP. The content of these Japanese patent documents and
these United States patents are incorporated herein by
reference so long as the domestic laws of the designated
state designated in this international application or the
selected state selected in this international application
allow the incorporation of reference.

As clarified from the foreqgoing explanation, in the
embodiment of the present invention, the position of the
reticle R in the XYZ three-dimensional directions is
measured on the basis of the body tube PP of the projection
optical system PO. Further, the position of the wafer W in
the XYZ three-dimensional directions is measured on the
basis of the body tube PP of the projection optical system
PO. Therefore, it is unnecessary that the three

components, i.e., the projection optical system PO, the
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on a mask onto a substrate with an EUV light, conprising: a |ight source
whi ch generates the EWIlight; and a projection optical systemwhich has a
plurality of mrrors and projects an inage of the pattern on the mask which
is irradiated by the EWIight onto the substrate; wherein at |east one of
the plurality of mrrors is conposed of | ow expansion glass having a smal |

Coeff'CIentre£1&m8r§€hngﬁ§@S'Qﬁdaeﬂea&ateaSétage RETt BeePSUpBbEL ¥4 Oby
mrrors is conposed of "netal. 148 c 13 Mav 2002 89. The exposure

appar at us aﬁﬁ°&§éﬂ91EQlC£@g§b§§ m¥RBESL N ﬁo”tEBQBlQaMbEQrEh§t339it§§én
optical distance with respect to the mask anong the plurality of

mrrors i s GREROEREyOLrbNeubau ARy ArabrsRe ppdPe AXRBSLEC appar at us

according to alm

respectively. That is, no trouble occurs even when no
mechanical contact is made among the three components of
the projection optical system PO, the reticle stage RST,
and the wafer stage WST at all. The main bodies of the
respective interferometers for constructing the
interferometer system 70 described above also perform the
measurement with reference to the respective fixed mirrors
attached to the body tube PP. Therefore, no mechanical
contact is required with respect to the projection optical
system PO, the reticle stage RST, and the wafer stage WST.
In the embodiment of the present invention, as shown
in Fig. 1, the alignment optical system ALG is fixed to the
side surface of the projection optical system PO. A
variety of ones can be used as the alignment optical system
ALG, including, for example, an alignment sensor based on
the image formation system for radiating a broad band light
beam onto an alignment mark on the wafer W (or the spatial
image-measuring instrument FM) and receiving a reflected
light beam therefrom to detect the mark in accordance with
the image processing system, an alignment sensor based on
the LIA (Laser Interferometric Alignment) system for
radiating a laser beam onto a lattice mark to detect a

diffracted light beam, and a scanning type probe microscope
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a mrror having the | ongest optical distance with respect to the mask anong
the plurality of the mrrors is conposed of the netal. 91. The exposure
apparatus according to claim90, wherein the projection optical system has
first, second, third and fourth mrrors in order of shorter optical

di stance with respect to the mask, and the first and second mrrors are

conposed of diufad a3V P NS 1T MoaST FFdhdmildidséoped) fourth mrrors are
conposed of the netal. 92. The exposure apparatus according to claim 88,

wher ei n each of tgheg Pl &ldHehadli HINKOEhRAS 2 PIdiediagedryer which is
formed thereon to reflect the EWIlight, and the reflective |layer is a

mul ti -1 ayer ad fiid P i ARl (08 RS dbrtlankinG dap jsubst ances.

148 d 13 Mav 2002 93.7 An exposure apparatus which transfers a pattern

formed relation to the control of the position and the attitude of
the wafer W (wafer stage WST) and the reticle R (reticle
stage WST) having been explained everywhere. The stage
control system is constructed by the main control unit 80
(composed of a microcomputer or a minicomputer) and the
magnetically floating type linear actuators 34, 62 of the
control system shown in Fig. 10. Further, the driving unit
is constructed by these components and the reticle stage
RST and the wafer stage WST.

Next, explanation will be made for the operation in
the exposure step effected by the exposure apparatus 10
according to the first embodiment of the present invention
constructed as described above.

At first, the reticle R is transported by an
unillustrated reticle transport system, and it is attracted
and held by the reticle holder RH of the reticle stage RST
which is at the loading position. Subsequently, the
driving unit 46 moves the slit plate 44 to the position
(second position) at which the second slit 44b is
irradiated with the exposing illumination light beam EL on
the basis of the command from the main control unit 80.

Subsequently, the main control unit 80 controls the

positions of the wafer stage WST and the reticle stage RST
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on a mask onto a substrate with an EUV light, conprising: a |ight source
whi ch generates the EWIlight; a projection optical system which has a
plurality of mrrors and projects an inage of the pattern on the mask which
is irradiated by the EWIlight onto the substrate; a body tube which hol ds
the projection optical systemand has an inner body tube for holding the

mrrors andpgn +géf @ dbed thebraRneyiidad 13t ravherindeiypleiyoal the inner
body tube; a“heat exchanger provided between the mriors and the inner body

tube; and aqaRisNGnan 1 iRAH dedudolrde 62Ut 8l BedY hh¢hehed4etThgcexpoSUre
apparatus according to claim93, wherein the heat exchanger is a heat pipe

whi ch conneghs et WaQis ‘il t%éirglﬂgnt E@@y R3e. r¥e: ok GoXROBHT €

appar atus according to clai m94 heat pipe is provi on both

of front andRachk§wilages o %Eqk%%?&FﬁQEi%Eahﬁﬁt%hr%&&%-t%@- The exposure

apparatus according to claim

respective two exposing illumination light beams EL.
Projected images of the reticle alignment marks RM1, RM4,
RM2, RM5, RM3, RM6 onto the surface of the wafer W are
detected by the spatial image-measuring instrument FM to
thereby determine the position of projection of the reticle
pattern image on the surface of the wafer W. That is, the
reticle alignment is performed.

Subsequently, the main control unit 80 moves the wafer
stage WST by the aid of the magnetically floating type two-
dimensional linear actuator 62 so that the slit SLT of the
spatial image detector FM is located just under the
alignment optical system ALG to indirectly determine the
image formation position of the pattern image of the
reticle R on the surface of the wafer W and the relative
position of the alignment optical system ALG, i.e., the
base line amount on the basis of the detection signal of
the alignment optical system ALG and the measured value
obtained by the interferometer system 70 during this
process.

When the measurement of the base line is completed as
described above, the main control unit 80 detects the

position of the wafer alignment mark as a previously
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the cooling unit cools the body tube wth a cooling nediumflow ng at an
I nsi de of the outer body tube. 148 a 13 Mav 2002 97. The exposure
apparatus according to claim93, wherein the heat exchanger continuously
perforns heat-exchange during illum nation of the EWIlight onto the
projection optical system 98. The exposure apparatus according to claim

93, wherei n 4@ MBHe £XHPIANg ioh RN @hd YaF P R1AgnmetC hatag t he
shortest distance with respect” to the nask, anong the plurality of mrrors

of the proj afiGRORY te PEHRBLIS MNOtORAUY QrARMRY W42 Vi o teh@ansfers
a pattern forned on a mask onto a substrate with an EWIight, conprising: a

li ght sour ce g Cl13RReFAIE Y G IRY lendhta] idthe tS Rk idla1l TR SIEATY | N9
unit which neasures a spatial” inage fornmed by illumnation of the EWIight;
while successively moving the wafer stage WST. When the
detection of the position of the wafer alignment mark of
the sample shot is completed as described above, the
positions of all of the shot areas on the wafer W are
determined in accordance with a statistic technique based
on the use of the least square method by using the obtained
data. For example, it is possible to use the EGA (enhanced
global alignment) method as disclosed in Japanese Patent
Application Laid-Open No. 61-44429 and United States Patent
No. 4,780,617 corresponding thereto. The content of this
United States Patent is incorporated herein by reference so
long as the domestic laws of the designated state
designated in this international application or the
selected state selected in this international application
allow the incorporation of reference.

When the alignment measurement is completed, the main
control unit 80 switches the slit plate 44 to the position
(first position) at which the first slit 44a is irradiated
with the exposing illumination light beam EL, by the aid of
the driving mechanism 46.

The main control unit 80 performs the exposure in

accordance with the step-and-scan system as follows by

using the EUV light beam as the exposing illumination light
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the spatial imge-neasuring unit including a light-emtting substance which
emts alight with a | onger wavel ength than a wavel ength of the EWIi ght
when the EUV light is irradiated onto the light-emtting substance, and a
i ght receiving el enent which receives the light emtted fromthe
light-emtting substance to output an electrical signal corresponding to an

intensity OBeEReELeC@hgﬁdlélgehe wd8el stddeMi¥T2082,489tidHEACXPOBHEE
appar atus according to claim99, wherein the spatial inage-measuring unit

further InCEHQﬁﬁlagpgeaﬁﬁ BBE@EEoHrﬁMkdﬁﬂeaflﬁsﬁ'gﬁoﬁfb thehhigesei ving
surface of the light emtting substance, the planer er being forned of

a material whbCRagheeiBa19y Eebhechs &psevabLemheﬁQ§ohaxlmgn@aropenlng of

a certain pattern” 101. %g exposur & apparatus according to claim99,
wher ei n actuator 62 while monitoring the position information from

the interferometer system 70 in accordance with the
position information of each of the shot areas on the wafer
W determined as described above. The reticle stage RST is
performed at the scanning start position by the aid of the
magnetically floating type two-dimensional linear actuator
34 to perform the scanning exposure for the first shot.
During the scanning exposure, the main control unit 80
controls the velocities of the both stages by the aid of
the magnetically floating type two-dimensional linear
actuators 34, 62 so that the velocity ratio between the
reticle stage RST and the wafer stage WST is correctly
coincident with the projection magnification of the
projection optical system PO. The exposure (transfer of
the reticle pattern) is performed in the constant velocity
synchronized state at the velocity ratio of the both stages
as described above. When the scanning exposure for the
first shot is completed as described above, the stepping
operation is performed between the shots so that the wafer
stage WST is moved to the scanning start position for the
second shot. The scanning exposure is performed for the
second shot in the same manner as described above. 1In this

process, in order to improve the throughput by omitting the
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the light-emtting substance emits a fluorescence. 102. The exposure
apparatus according to claim99, further conprising a substrate stage which
hol ds a substrate, wherein the spatial imge-nmeasuring unit is provided on
the substrate stage. 103. The exposure apparatus according to claim 102,
wherein the spatial image-neasuring unit constitutes a fiducial pattern

member haV'BBeéaEhQHCt6|rBéhEﬁrEheaB@thélésggaggrRg?asﬁﬁéngcénﬁ%hat'Ve
positional relationship between a position on fhe substrate at i"ch the

pattern of theogBsk s geetssh@a 28¢ ®nROgiitkensAbtagngl tABMBALLAA! i cal
system 148 ¢ 13 Mav 2002 104. An exposure apparatus which transfers a

pattern forgﬁetoanaoggaggee'agrexegoﬁgskloeto @héHb§héaéﬁg$ﬁﬁPean§M/"ght

conprising: a light urce which generates the EWI

interferometge which bhb%diét gér%ma%hngh@eag}ee&gehhfrmasgné' 8ded

measuring axis to neasure sition of the mas irectio

perpendlCuI%thotﬂepgkthnsiagfgﬁetﬂg &hgxgg§kthgh8xposure for the

second shot is performed in the direction from the other
side to the one side. In other words, the alternate
scanning is performed. Thus, the stepping operation
between the shots and the scanning exposure operation for
the shot are repeated to transfer the pattern on the
reticle R to all of the shot areas on the wafer W in
accordance with the step-and-scan system. Fig. 11 shows
the situation in which the reticle pattern is transferred
to the plurality of shot areas on the wafer W as described
above. 1In the case of the procedure shown in Fig. 11, the
number of shots accommodated in one row is appropriately
even or add in order to efficiently obtain the shot having
the complete form from one sheet of wafer.

In this process, during the scanning exposure and the
alignment, the spacing distance between the surface of the
wafer W and the projection optical system PO and the
inclination with respect to the XY plane are measured by
the focus sensor (1l4a, 14b) inteqgrally attached to the
projection optical system PO. The main control unit 80
controls the wafer stage WST by the aid of the magnetically

floating type two-dimensional linear actuator 62 so as to
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measuring axi s having an optical path parallel to an optical path which is
perpendi cular to the pattern surface of the mask and passes through the

m ddl e of a plane defined by an incom ng optical path and an out goi ng
optical path of the EWIlight with respect to the nask. 105. The exposure
apparatus according to claim 104, wherein the nmeasuring axis has an opti cal

path which a3 waisPrtiaGhl hd @onl3eaPdt pArA1Ifidgae adlh the Easktapd passes
through the m ddl e of a plane defined by an incom ng optical path and an

out goi ng opkingali nRAldl sefaniee HeltWededndhhel @0 rrhde PR GadRRPaBLHY the
according to claim104, wherein the neasuring beamis irradiated to an area

on the mask ;9@ Miichh ot AW lsyghlen ®0.| l um nated. 148 h 13 May 2002
107. The exposure apparatus according to claim106, wherein

The main control unit 80 synchronously moves the
reticle stage RST and the substrate stage WST in the Y axis
direction (direction of the second axis) while adjusting
the position of the reticle R in the direction of the
optical axis of the projection optical system PO (direction
of the first axis, Z direction) by controlling the
magnetically floating type two-dimensional linear actuator
34 so that the spacing distance between the projection
optical system PO and the pattern plane of the reticle R is
always maintained to be constant during the exposure
(during the transfer of the reticle pattern) on the basis
of the predetermined adjusting position information
measured by at least one of the reticle plane-measuring
laser interferometers RIFZ1, RIFZ2, RIFZ3 as the measuring
units. In this process, the main control unit 80 adjusts
the position of the reticle stage RST in the Z direction
during the synchronous movement of the reticle stage RST
and the wafer stage WST based on the adjusting position
information corresponding to the movement direction, of the
first adjusting position information and the second
adjusting position information measured by at least one of
the reticle plane-measuring laser interferometers RIFZ1,

RIFZ2, RIFZ3 for each movement direction of the reticle
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the neasuring axis includes a plurality of sub-measuring axes having
respective sub-neasuring beans which are irradi ated al ong the sub-neasuri ng
axes onto the nask to measure positions on the area on the mask in the
direction perpendicular to the pattern surface of the mask, respectively.
108. The exposure apparatus according to claim107, wherein the respective

sub- measur i Rg RRARST NEHofdefdnpile, FREORMATI st ShotEATd ithe ReFThd t he
first neasuring beam'i s proj ected "at the central poi nt of the area on the

mask onto Wheht .the EWIlight is illumnated in a non-scanning direction of
t he mask, and the second and third beans are projected at symetric

positions with regReerdr@,a RNy &> the BPodmedt JF e Preilent
measuri ng beamis prOJected 109. A’scanning type exposure apparatus which

transfers a jRRtdMidf,OriRd é?ﬂ:ﬁrer frAGdN G IR PRt @2 t%‘ébiieftal@ew th
an EW light, conpr|5|ng a light source which generates the EUV light; a

proj ection @pYisCalycHEHBPNY AT T et fldloitd X WARORS in

accordance with the scanning exposure. During this
process, the position of the reticle R in the direction of
the optical axis of the projection optical system PO (first
axis direction) is adjusted on the basis of the adjusting
position information. Therefore, although the reticle side
of the projection optical system PO is non-telecentric, it
is possible to effectively suppress the occurrence of the
magnification error and the positional discrepancy in the
transferred image of the pattern on the wafer W due to the
displacement of the reticle R in the direction of the
optical axis. As a result, it is possible to imbrove the
overlay accuracy. Further, even when the positional
displacement of the reticle R in the Z direction during the
synchronous movement differs depending on, for example, any
mechanical factor (movement characteristic of the stage)
and any control characteristic between the movement of the
reticle stage RST along the Y axis from one side to the
other side and the movement from the other side to the one
side, the Z position of the reticle R can be adjusted
highly accurately without being affected by the difference.

Thus, it is possible to more effectively suppress the
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and projects the pattern illumnated by the EWIlight onto the substrate;
148 i 13 M ~r 2002 a nask stage which is disposed at a predeterm ned side
with respect to the projection optical systemand is novable for scanning
whi l e hol ding the mask; and a substrate stage which is disposed at the
predeterm ned side with respect to the projection optical systemand is

novabl e for scaiditaMyd & wollidit fitatsidistdrdicy: ahlD thh@osGaivnag type
exposure apparatus according to claim 109, wherein the projection optical

system has fqiu& fAJARS inlldhe QAT iR MPAHE HARRAAIINS the

according to claim 109, further conprising a surface plate, and a base

board whi ch i}t SURP UL G PUSHe IS PIU IR PR & H etfilaat Ig dramer
direction.

In this process, the main control unit 80 may adjust
the position of the reticle R in the Z direction during the
exposure either by performing the feedforward control for
the magnetically floating type two-dimensional linear
actuator 34 on the basis of the adjusting position
information (first adjusting position information, second
adjusting position information) obtained by previously
performing the measurement with at least one of the reticle
plane-measuring laser interferometers RIFZ1l, RIFZ2, RIFZ3,
or by performing the feedback control for the magnetically
floating type two-dimensional linear actuator 34 on the
basis of the adjusting position information (first
adjusting position information, second adjusting position
information) obtained by performing the real-time
measurement with at least one of the reticle plane-
measuring laser interferometers RIFZ1l, RIFZ2, RIFZ3 during
the actual scanning exposure. In the case of the former,
the adjustment is made in accordance with the feedforward
control on the basis of the previously measured information
without measuring the Z displacement of the reticle R

during the synchronous movement of the reticle stage RST

and the wafer stage WST. Therefore, the adjustment error
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and supports a stage systemincluding the mask stage and the substrate
stage, wherein the base board is noved with respect to the surface plate in
accordance with a reaction force exerted to the base board due to a change
of a gravity position of the stage system 148
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on the basis of the most correct measurement data by using

all of the reticle plane-measuring laser interferometers

RIFZ1, RIFZ2, RIFZ3. As a result, it is possible to

further improve the overlay accuracy.

As clarified from the foregoing explanation, in the

embodiment of the present invention, the main control unit

80, the magnetically floating type two-dimensional linear

actuator 34, the reticle plane-measuring laser

interferometer RIFZ, and the reticle stage RST are used to

construct the correcting unit which corrects the image
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direction on the side of the object plane of the projection
optical system PO during the synchronous movement of the
reticle R and the wafer W.

As explained in detail above, according to the first
embodiment of the present invention, the illumination light

beam EL in the direction of the optical axis, which is
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wafer W. During the transfer of the reticle pattern, the
driving unit (80, 34, 62, RST, WST) is operated to
synchronously move the reticle R and the wafer W at the
velocity ratio corresponding to the magnification of the
projection optical system PO. During the synchronous
movement, the correcting unit (80, 34, RST, RIFZ) is
operated to relatively move the reticle R in the 2
direction with respect to the projection optical system PO
in order to correct the image magnification error of the
pattern. During this process, it is also preferable that
the correcting unit is used to move the reticle R in the Z
direction on the basis of the output of the reticle plane-
measuring laser interferometer RIFZ. Accordingly, in the
exposure apparatus 10 according to the embodiment of the
present invention, the entire surface of the pattern of the
reticle R is successively transferred onto the wafer W in
accordance with the scanning exposure. During this

process, the correcting unit is operated to relatively move
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the focus sensor 14. Therefore, no trouble occurs at all
even when the reticle stage RST, the wafer stage WST, and
the projection optical system PO are supported by the
different support members. Accordingly, it is unnecessary
to mechanically connect the reticle stage RST, the wafer
stage WST, and the projection optical system PO.
Therefore, the image formation characteristic of the
projection optical system PO is not badly affected by the
reaction force caused by the rate of acceleration or
deceleration during the movement of the reticle stage RST
and the wafer stage WST and the vibration of the support
members for the respective stages. The behavior of the
other stage is not badly affected via the support member by
the reaction force caused by the rate of acceleration or
deceleration during the movement of one stage.

According to the embodiment of the present invention,
the slit plate 44 in the illumination optical system has
the first slit 44a for radiating the illumination light
beam EL onto the part of the reticle pattern, and the
second slit 44b for radiating the illumination light beam
EL onto the reticle alignment mark. The driving mechanism
46 is provided for switching the first slit 44a and the

second slit 44b with respect to the illumination light beam

EL. Therefore, it is possible to set the appropriate
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respectively with the 1dent1cal slit plate 44. 1In this
arrangement, the degree of freedom of the cross-sectional
configuration of the illumination light beam radiated from
the illumination optical system to the reticle R is
increased as compared with the case in which the slit plate
44 is not provided. The degree of freedom of the design of
the optical element for constructing the illumination
optical system is improved corresponding thereto.

In the embodiment of the present invention, the
exposing illumination light beam EL is the light beam in
the soft X-ray region. The spatial image-measuring
instrument FM is provided on the wafer stage WST, which
comprises the fluorescence-emitting substance 63, the slit
SLT formed by the thin film of the reflective layer 62 for
the exposing illumination light beam EL on the surface
thereof, and the photoelectric converter element PM for
photoelectrically converting the light emitted by the
fluorescence-emitting substance 63 when the exposing
illumination light beam EL arrives at the fluorescence-
emitting substance 63 via the slit SLT. Accordingly,
although there is usually no substance which transmits the
light in the soft X-ray region, the spatial image can be
measured by the exposing illumination light beam even when
the light as described above is used as the exposing

illumination light beam. For example, it is possible to
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measuring instrument FM.

In the embodiment of the present invention, the
pattern on the reticle R is formed by the absorbing
substance for the EUV light beam (exposing illumination
light beam) EL, formed as the film on the reflective layer
for the EUV light beam EL. Therefore, unlike the case of
the patterning of the multilayered film composed of the
reflecting substance for the light in the soft X-ray region
as the exposing illumination light beam, it is possible to
repair the pattern in the case of failure. When the
material for the absorbing substance is appropriately
selected, it is possible for the absorbing substance and
the reflective layer for the exposing illumination light
beam to set the substantially identical reflectance
concerning the measuring beam (for example, the light in
the visible region) of the interferometer RIFZ. The
position of the reticle R in the Z axis direction can be
measured with the substantial identical accuracy over the
entire surface of the reticle R.

The embodiment described above is illustrative of the
case in which the reference mirror-integrated type is used
as the reticle plane-measuring laser interferometer RIFZ.
However, the present invention is not limited thereto. The

interferometer as the measuring unit for measuring the 2
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U&9<10% position of the mask may include a reference mirror fixed
to the projection optical system and a main interferometer
body arranged at a position separated from the projection
optical system. In such a case, it is possible to avoid
the bad influence on the optical characteristics of the
projection optical system or the various sensors such as
the focus sensor and the alignment sensor fixed thereto due
to the heat generated by the main interferometer body. 1In
the embodiment described above, explanation has been made
for the case in which the three measuring beams from the
laser interferometer RIFZ are radiated onto the
illumination area IA on the reticle R. However, there is
no limitation thereto. For example, it is also preferable
that the interferometer RIFZ radiates the measuring beams
onto different positions in the Y direction on the reticle
R, and the position of the reticle R in the Z direction is
measured for each of the positions of radiation of the
respective measuring beams. In this arrangement, the
inclination discrepancy and the positional discrepancy of
the reticle R in the direction of the optical axis can be
adjusted during the synchronous movement of the reticle R
and the wafer W for at least the Y direction (direction of
the synchronous movement). In this case, when at least two
measuring beams are radiated from the interferometer RIFZ

onto the both sides in the Y direction of the illumination

area IA on the reticle, the Z position of the reticle R can
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be adjusted in accordance with the feedforward control by
performing the so-called pre-reading control during the
synchronous movement of the reticle R and the wafer W. 1In
such a case, an adjusting unit for adjusting at least one
of the position of the reticle in the direction
perpendicular to the object plane of the projection optical
system and the relative inclination of the reticle with
respect to the object plane is constructed by the main
control unit 80, the magnetically floating type two-
dimensional linear actuator 34, the reticle plane-measuring
laser interferometer RIFZ, and the reticle stage RST. The
pre-reading control is disclosed, for example, in United
States Patent No. 5,448,332. This United States Patent is
incorporated herein by reference so long as the domestic
laws of the designated state designated in this
international application or the selected state selected in
this international application allow the incorporation of
reference.

In the embodiment described above, explanation has
been made for the case in which the driving member for
moving the reticle R in the 2 direction (first direction)
on the side of the object plane of the projection optical
system PO during the synchronous movement is constructed by
the reticle stage RST for holding the reticle R and the
magnetically floating type two-dimensional linear actuator

34 for driving the reticle stage. However, there is no
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piezoelectric element may be provided on the reticle stage
RST, for driving, at a plurality of points in the 2
direction, the reticle holder RH for holding the reticle R,
and the driving member may be constructed thereby. In any
case, it is desirable that the driving member relatively
inclines the reticle R with respect to the object plane of
the projection optical system PO. In this arrangement, the
inclination of the projection optical system PO with
respect to the object plane can be also adjusted, in
addition to the fact that the reticle R is moved in the 2
direction on the side of the object plane of the projection
optical system PO by the aid of the driving member during
the synchronous movement. Therefore, although the side of
the object plane of the projection optical system is non-
telecentric, it is possible to effectively suppress the
occurrence of the magnification error and the positional
discrepancy in the transferred image of the pattern on the
wafer W due to the displacement of the reticle R in the
direction of the optical axis. As a result, it is possible
to improve the overlay accuracy.

In the embodiment described above, explanation has
been made for the case in which the circular arc-shaped
illumination area IA is defined with the slit plate 44.
However, there is no limitation thereto. It is not

necessarily indispensable to provide the slit plate 44
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disposed just under the reticle R provided that the
respective optical members for constructing the
illumination optical system are designed so that the
illumination light beam EL has the circular arc-shaped
confiquration. For example, an illumination beam having a
circular arc-shaped cross-sectional configuration can be
formed by adjusting the curvature distribution of the
reflecting mirror IM. If a laser light source for
oscillating the wavelength of the illumination light beam
EL is available at present or in future, in place of the
light source 16 shown in Figs. 2 and 3, it is possible to
use such a laser light source with the slit plate or
without the slit plate. When such an arrangement is made,
the light source can be further simplified.

The reticle alignment marks may be disposed at the

positions of RM7 to RM12 in Fig. 5, not at the positions of
RM1 to RM6. 1In this case, it is enough to use a slit plate
having only the first slit 44a, as the slit plate 44.
Further, it is unnecessary to provide the driving mechanism
46. Alternatively, the reticle alignment marks may be
formed at all of the positions RM1 to RM12, and all of them

may be formed.

Second Embodiment
Next, a second embodiment of the present invention

will be explained on the basis of Fig. 12 and Fig. 13.
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Constitutive components, which are the same as or

equivalent to those of the first embodiment described

above, are designated by the same reference numerals,

detailed explanation of which will be omitted.

Fig. 12 schematically shows an overall arrangement of
an exposure apparatus 100 according to the second
embodiment. The exposure apparatus 100 is also a
projection exposure apparatus for performing the exposure
operation based on the step-and-scan system by using the
light beam (EUV light beam) in the soft X-ray region having
the wavelength of 5 to 15 nm as the exposing illumination
light beam EL, in the same manner as the exposure apparatus
10 described above.

The exposure apparatus 100 is different from the
exposure apparatus 10 described above in that a projection
optical system PO' is provided in place of the pfojection
optical system PO described above. The exposure apparatus
100 is characterized by this point.

Fig. 13 shows an internal arrangement of the
projection optical system PO'. As shown in Fig. 13, the
projection optical system PO' comprises five mirrors M5 to
M9. As a result, as shown in Fig. 12, both of the reticle
stage RST and the wafer stage WST are disposed on the same
side with respect to the projection optical system PO'.

The arrangement and other features of the other parts are

the same as those of the exposure apparatus 10 according to
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the first embodiment described above. Therefore, although
only the reticle plane-measuring interferometer RIFZ is
shown in Fig. 12, it is a matter of course that the other
measuring systems, i.e., for example, the reticle XY
interferometer, the wafer XY interferometer, the focus
sensor, and the alignment optical system are actually
provided in the same manner as in the first embodiment.

Although no cooling system is provided for the mirrors
M5 to M9 in Fig. 13, it is allowable that any cooling
system for the mirrors M5 to M9 is provided in the same
manner as in the first embodiment.

Also in the exposure apparatus 100 according to the
second embodiment constructed as described above, the
spacing distance between the reticle R and the projection
optical system PO' can be measured by using the reticle
plane-measuring interferometer RIFZ, and it is possible to
obtain the function and the effect equivalent to those of
the first embodiment described above.

In the exposure apparatus explained in the first
embodiment (see Fig. 1), the wafer stage WST and the
reticle stage RST are supported in the floating manner over
the base boards 32, 60 by the two-dimensional linear
actuators 34, 62 respectively. On the contrary, in the
case of the exposure apparatus 100 according to this
embodiment shown in Fig. 12, the reticle stage RST and the

wafer stage WST are arranged on the same side with respect
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to the projection optical system PO' as described above.
Therefore, the stages can be supported on the common base
board 102.

The exposure apparatus 100 is further provided with
the surface plate 106 which is supported horizontally by
the aid of unillustrated four vibration-preventive pads
104. The base board 102 is supported by a two-dimensional
linear actuator (not shown) in a floating manner over the
base board 106. The two-dimensional linear actuator can be
constructed by a plurality of magnets embedded in the
bottom surface of the base board 102 and a magnetic coil
embedded over the entire surface of the surface plate 106,
in the same manner as in the two-dimensional linear
actuators for the reticle stage RST and the wafer stage WST
shown in Figs. 1 and 4.

When the wafer stage WST and the reticle stage RST are
synchronously moved in mutually opposing directions in the
exposure apparatus 100 shown in Fig. 12, the position of
the center of gravity of the stage system constructed by
the both stages is changed, because the wafer stage WST and
the reticle stage RST are different from each other in the
weight and the movement velocity. The reaction force is
exerted on the base board 102 due to the change of the
position of the center of gravity of the stage system. The

base board 102 is moved with respect to the surface plate

106 in accordance with the reaction force. During this
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position of the center of gravity of the stage system is
changed to cause the unbalanced load in the base board 102,
the unbalanced load can be canceled by the movement of the
center of gravity of the base board 102. Therefore, it is
possible to hold the center of gravity of the entire
exposure apparatus 100 at a predetermined position. Even
when the two stages are moved in order to perform the
scanning exposure, the exposure apparatus itself is

prevented from vibration.

hird bod i
This embodiment is illustrative of a specified
arrangement for suppressing the deterioration of the
transferred image due to any variation of radiation. By
way of example, Figs. 14A and 14B schematically show a
support structure for the second mirror M2 of the
projection optical system PO shown in Fig. 8. As shown in
Fig. 14A, the mirror M2 is supported by the lower surface
of an unillustrated three-point seat which is provided
inwardly to protrude at three positions of a cylindrical
mirror frame 90, at its circumferential portion on the side
of the back surface (upper surface in Fig. 14A) in the same

manner as in the ordinary technique. The mirror M2 is
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fixed by an unillustrated holding plate at three positions
of its circumferential portion on the side of the front
surface (reflecting surface). A packing (not shown) is
interposed between the mirror frame 90 and the side surface
of the mirror M2 so that the mirror M2 is neither deviated
nor disengaged. In this embodiment, a plurality of holes
are formed at predetermined spacing distances in the mirror
frame 90. Heat pipes HP are inserted into the respective
holes. Each of the heat pipes HP has its heat release
section (condensation section) which is connected to the
body tube PP, and it has its heat input section
(evaporation section) which is allowed to make contact with
the back surface or front surface of the mirror M2.
However, actually, as shown in Fig. 14B, the tip of the
heat pipe HP provided on the front surface side of the
mirror M2 abuts against the front surface of the mirror M2
via a buffer member 92 such as silicon. Accordingly, the
reflecting surface of the mirror M2 is prevented from
occurrence of distortion or the like.

The remaining mirrors M1, M3, M4 are also supported by
support structures constructed in the same manner as
described above, and the heat input section of each of the
heat pipes HP is allowed to make abutment in the same
manner as described above.

Each of the mirrors M1 to M4 is supported by each of

the support structures as described above, and it is
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connected to the inner member 50 of the body tube PP by the
aid of the heat pipe HP.

As explained in detail above, according to the
exposure apparatus 10 concerning the third embodiment, when
the temperature is raised in the plurality of mirrors M1l to
M4 for constructing the projection optical system PO due to
the absorption of the illumination light beam EL, the heat
exchange is performed between the mirrors M1 to M4 and the
body tube PP by the aid of the heat pipe HP as the heat
exchanger. Accordingly, the mirrors M1 to M4 are forcibly
cooled to the temperature of the body tube PP. 1In this
arrangement, the body tube PP for holding the mirrors M1 to
M4 is cooled by the cooling jacket 52 as the body tube-
cooling unit. The heat exchange by the heat pipe HP is
continuously performed during the radiation of the
illumination light beam EL onto the mirrors M1 to M4.
Therefore, it is possible to avoid the deformation of the
mirrors Ml to M4 connected with the heat pipes HP. It is
possible to avoid the deterioration of the image formation
characteristic of the projection optical system PO. As a
result, it is possible to suppress the deterioration of the
transferred image due to the variation of radiation.

In this arrangement, the heat pipes HP are provided
between the body tube PP and all of the mirrors M1 to M4
held by the body tube PP so that all of the mirrors Ml to

M4 are prevented from any thermal deformation. However,

111



10 U<10% U& ()-!*110% k K& ()-!*110% & ()-*!10% U& ()-! 10%JU& () - 7r dEPE;
10/ 10 UF10% U& ()- @0% U& ()-9y 10% U& ()-F 10% U& ()- @ 10% U&' () -

there is no limitation thereto. It is also preferable that
the heat exchanger such as the heat pipe HP is connected to
only the first mirror M1 which has the shortest optical
distance with respect to the reticle R and hence onto which
the illumination light beam EL is firstly radiated.
Alternatively, it is also preferable that the heat pipe HP
is connected to the second mirror M2 in addition to the
first mirror Ml. The thermal energy of the illumination
light beam EL is the highest at the position of the mirror
Ml. Therefore, it is desirable to forcibly cool the mirror
M1l by providing the heat exchanger such as the heat pipe at
least between the mirror M1 and the body tube PP, because
of the following reason. That is, in this arrangement, it
is possible to cool the mirror M1 which tends to cause the
deterioration of the image formation characteristic because
of the largest amount of heat absorption due to the
shortest optical distance with respect to the reticle R.

As a result, it is possible to efficiently suppress the
deterioration of the transferred image due to the variation
of radiation.

The third embodiment resides in the following
arrangement. That is, the body tube PP is cooled, and the
mirrors M1 to M4 are connected to the body tube PP via the
heat pipes. Thus, the mirrors are cooled in accordance
with the heat exchange effected by the heat pipes. In

other words, the cooling unit for cooling the front surface
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side (reflecting surface) and the back surface side of the
mirror M1 composed of the low expansion glass is
constructed by combining the heat pipes HP and the cooling
jacket 52. Therefore, it is possible to make the use of
the advantage of the material having the small coefficient
of thermal conductivity such as the low expansion glass
with which the deformation thereof does not deteriorate the
image formation characteristic even when the temperature is
changed in a considerable degree. Further, the reflecting
surface is directly cooled so as not to cause the
temperature change exceeding the limit. Accordingly, it is
possible to avoid the deterioration of the image formation
characteristic of the projection optical system due to the
radiation of the illumination light beam. As a result, it
is possible to suppress the deterioration of the
transferred image due to the variation of radiation.
However, it is a matter of course that the present
invention is not limited to the arrangement as described
above. For example, when a reflecting optical system
composed of a plurality of mirrors is used as the
projection optical system PO, and at least one mirror of
the plurality of mirrors is made of a material having a
small coefficient of thermal conductivity (for example, low
expansion glass), then a cooling unit (for example, Peltier
element) may be directly arranged in a non-irradiated area

of an illumination light beam on a reflecting surface of
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the mirror made of the low expansion glass, and the

reflecting surface of the mirror may be directly cooled.

The surface cooling is effective irrelevant to the

coefficient of thermal conductivity of the mirror.

However, especially in the case of a mirror having a small

coefficient of thermal conductivity, the temperature

gradient tends to occur when the back surface is cooled.

Therefore, in such a case, it is more effective to directly

cool the front surface (reflecting surface) (surface

cooling effect).

The exposure apparatus 10 according to this embodiment
uses the reflecting type reticle as the reticle R, and it
is provided with the temperature control unit 36 including
the second cooling unit arranged on the side opposite to
the incoming side of the illumination light beam EL of the
reticle R (side on the pattern plane). Therefore, it is
also possible to suppress the variation of radiation on the’
reticle R. Thus, it is possible to more effectively
suppress the deterioration of the transferred image due to
the variation of radiation.

In this embodiment, the heat pipe HP is used as the
heat exchanger. Therefore, it is possible to contribute to
the realization of the light weight and the compact size of
the equipment. However, there is no limitation thereto.

It is allowable to use another heat exchanger.

The embodiment described above is illustrative of the
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case in which the body tube PP of the projection optical
system PO is cooled all the time during the radiation of
the illumination light beam EL. However, there is no
limitation thereto. It is also preferable that the body
tube is cooled beforehand. Even in such a case, when the
illumination light beam EL outgoing from the reticle R is
radiated onto the mirrors (reflecting optical elements) Ml
to M4, and the temperatures of the mirrors Ml to M4 are
raised by the thermal energy of the illumination light beam
EL, then the heat exchange is effected between the mirrors
and the body tube by the aid of the heat exchangers such as
the heat pipes, and the mirrors are cooled. The heat
exchange by the heat exchanger is performed until the
temperature of the reflecting optical element is coincident
with that of the body tube. Therefore, it is possible to
avoid, to some extent, the deterioration of the image
formation characteristic of the projection optical system
PO due to the radiation of the illumination light beam EL.
As a result, it is possible to suppress the deterioration

of the transferred image due to the variation of radiation.

Fourth Embodiment
A fourth embodiment of the present invention will be
explained on the basis of Fig. 15. Constitutive
components, which are the same as or equivalent to those of

the first and second embodiments described above, are
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designated by the same reference numerals, detailed
explanation of which will be omitted.

As shown in Fig. 15, the overall arrangement of an
exposure apparatus 100 according to the fourth embodiment
is the same as the arrangement of the exposure apparatus
schematically shown in Fig. 8 except that a projection
optical system PO' is used in place of the projection
optical system PO. The exposure apparatus 100 is also a
projection exposure apparatus for performing the exposure
operation based on the step-and-scan system by using the
light beam (EUV light beam) in the soft X-ray region having
the wavelength of 5 to 15 nm as the exposing illumination
light beam EL, in the same manner as the exposure apparatus
10 described in the first embodiment.

As shown in Fig. 15, the projection optical system PO'
comprises two parts of a first divided body tube PP and a
second divided body tube PP' which are arranged in the Z
direction and connected to one another. The respective
divided body tubes PP, PP' are independently cooled by
different cooling units respectively. That is, the first
divided body tube PP has a double structure comprising an
inner member 50 disposed on the inner side and a cooling
jacket 52 as a body tube-cooling unit installed to the
outer circumferential portion, in the same manner as in the
body tube PP of the first embodiment described above. A

helical pipe 58 for allowing the cooling liquid to flow
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from an inlet tube 54 to an outlet tube 56 is provided at
the inside of the cooling jacket 52. 1In this embodiment,
cooling water (or Florinate (trade name)) is used as the
cooling liquid. The cooling water, which outflows via the
outflow tube 56 from the cooling jacket 52, is subjected to
heat exchange with respect to a cooling medium in an
unillustrated refrigeration unit, and it is cooled to a
predetermined temperature. After that, the cooling water
inflows into the cooling jacket 52 via the inflow tube 54.
Thus, the cooling water is circulated.

Similarly, the second divided body tube PP' has a
double structure comprising an inner member 51 disposed on
the inner side and a cooling jacket 53 as a body tube-
cooling unit installed to the outer circumferential
portion. A helical pipe 59 for allowing the cooling liquid
to flow from an inlet tube 55 to an outlet tube 57 is
provided at the inside of the cooling jacket 53. 1In this
embodiment, cooling water is used as the cooling liquid.
The cooling water, which outflows via the outflow tube 57
from the cooling jacket 53, is subjected to heat exchange
with respect to the cooling medium in the unillustrated
refrigeration unit, and it is cooled to a predetermined
temperature. After that, the cooling water inflows into
the cooling jacket 53 via the inflow tube 55. Thus, the
cooling water is circulated.

In the fourth embodiment, mirrors M2, M4 are held in
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the divided body tube PP, and mirrors M1, M3 are held in
the divided body tube PP'. The mirrors M2, M4 are
connected to the divided body tube PP for holding them by
the aid of the heat pipe HP as the heat exchanger.
Similarly, the mirrors M1, M3 are connected to the divided
body tubes PP' for holding them by the aid of the heat pipe
HP as the heat exchanger.

An effect, which is equivalent to that obtained in the
first embodiment described above, is obtained by the
exposure apparatus 100 according to the fourth embodiment
of the present invention constructed as described above.
Additionally, the respective divided body tubes can be
forcibly cooled to different temperatures by allowing the
cooling water having different temperatures to flow into
the cooling jackets 52, 53 of the respective divided body
tubes PP, PP'. 1In this embodiment, the divided body tube
PP', which holds the mirror M1l (and M3) for being firstly
irradiated with the reflected light beam from the reticle
R, is cooled at the temperature lower than that of the
divided body tube PP which holds the mirror M2 (and M4).
Accordingly, the mirror M1, which absorbs the largest
amount of heat and which tends to deteriorate the image
formation characteristic, is cooled more efficiently than
the other mirrors. BAs a result, the deterioration of the
transferred image due to the variation of radiation is

efficiently suppressed.
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The projection optical system and the illumination
optical system described in the first to fourth embodiments
are merely illustrative. The present invention is not
limited thereto. For example, the present invention is
also applicable not only to the exposure apparatus to be
used for the production of microdevices such as
semiconductor elements, liquid crystal display elements
(display elements), thin film magnetic heads, and image-
pickup elements (CCD) but also to the exposure apparatus
for transferring the circuit pattern to the glass substrate
and the silicon wafer in order to produce the reticle or
the mask. The transmitting type reticle is generally used
for the exposure apparatus based on the use of, for
example, the DUV (far ultraviolet) light beam and the VUV
(vacuum ultraviolet) light beam. 1In this case, for
example, quartz glass, fluorine-doped quartz glass,
fluorite, magnesium fluoride, or quartz crystal is used for
the reticle substrate. On the other hand, the reflecting
type mask is used for the EUV exposure apparatus. In this
case, the transmitting type mask (stencil mask, membrane
mask) is used for the electron beam exposure apparatus or
the X-ray exposure apparatus based on the proximity system,
and silicon wafer or the like is used for the mask
substrate.

Each of the exposure apparatuses according to the
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embodiments described above can be produced by
incorporating a projection optical system and an
illumination optical system composed of a plurality of
optical elements into a main exposure apparatus body to
perform optical adjustment, and attaching a wafer stage and
a reticle stage composed of a large number of mechanical
parts to the main exposure apparatus body to connect
wirings and pipings, followed by overall adjustment (for
example, electric adjustment and confirmation of
operation). It is desirable to produce the exposure
apparatus in a clean room in which, for example, the
temperature and the cleanness are managed.

The semiconductor device is produced by carrying out,
for example, a step of designing the function and the
performance of the device, a step of producing a reticle
based on the designing step, a step of producing a wafer
from a silicon material, a step of exposing the wafer with
a pattern on the reticle by using any one of the exposure
apparatuses according to the embodiments described above, a
step of assembling the device (including a dicing step, a
bonding step, and a packaging step), and an inspection

step.
INDUSTRIAL APPLICABILITY
As explained above, according to the present

120



10/ 10/

10/ 9&<10% & ()-!":110% /& ()-":1109%& ()-!!109%& ()-!10% & ()-J-..122222aVK@
10/ 1 10/ 10/ 10/L<10% & ()-,-'10% & ()- , '10% & ()-'& 10% & ()-&

10% & () - 20345528} 8~8aB7@ 10/

10="&<10%& ()-3":110%& ()-!L'110%=& ()-L'!10%& ()-910%& ()- 910%& ()-

[28899<) =21 MR lnl LB AR bhe' bAQKOD) tnel B Febtibn exposure
apparatus based on the use of the reflecting type optical
system as the projection optical system, it is possible to
effectively suppress the occurrence of the magnification
error and the positional discrepancy in the transferred
image on the substrate due to the displacement of the mask
in the direction of the optical axis. As a result, it is
possible to improve the overlay accuracy in the overlay
exposure.

Further, according to the present invention, there is
provided the exposure method which makes it possible to
effectively suppress the occurrence of the magnification
error and the positional discrepancy in the transferred
image on the substrate due to the displacement of the mask
in the direction of the optical axis and which makes it
possible to improve the overlay accuracy. According to the
present invention, it is possible to effectively suppress
the deterioration of the transferred image due to the
variation of radiation. Therefore, when the present
invention is used, for example, it is possible to realize
the projection exposure with the high resolution based on
the use of the EUV light beam. Thus, it is possible to
produce the device with a high degree of integration in a

highly accurate manner.
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CLAIMS

1. An exposure apparatus which transfers a pattern formed
on a reflecting type mask onto a substrate, the exposure
apparatus comprising:

a projection optical system provided with a reflecting
optical system which projects the pattern onto the substrate;

a mask stage which holds the mask;

a substrate stage which holds the substrate;

an illumination system which radiates an exposing
illumination light beam onto the mask at a,predetermined angle of
incidence with respect to a pattern plane of the mask; and

a stage control system which synchronously moves the mask
stage and the substrate stage in a second axis direction
perpendicular to a first axis direction, while adjusting a
position of the mask in the first axis direction which is a
direction of an optical axis of the projection optical system, on
the basis of predetermined adjusting position information, in
order to transfer the pattern on the mask illuminated with the
exposing illumination 1light beam onto the substrate via the

projection optical system.
2. The exposure apparatus according to claim 1,
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wherein:

the adjusting position information includes first adjusting
position information and second adjusting position information
corresponding to movement directions of the mask stage on the
second axis; and

the stage control system adjusts the position of the mask in
the first axis direction using the adjusting position information
corresponding to a movement direction, of the first adjusting
position information and the second adjusting position
information for each movement direction of the mask stage during
the synchronous movement of the mask stage and the substrate

stage.

3. The exposure apparatus according to claim 1, wherein
the adjusting position information is previously measured

information.

4. The exposure apparatus according to c¢laim 1, further
comprising:

a measuring unit which measures the position of the mask in
the first axis direction, wherein:

the stage control system measures the adjusting position
information with the measuring unit during the synchronous
movement of the mask stage and the substrate stage, and adjusts
the position of the mask in the first axis direction based on the

adjusting position information.
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5. The exposure apparatus according to claim 4, wherein
the measuring unit 1is an interferometer which measures the
position of the mask in the first axis direction by radiating a
measuring beam perpendicularly onto the mask and receiving a

reflected light beam therefrom.

6. The exposure apparatus according to claim 5, wherein
the interferometer radiates at least two measuring beams onto an
irradiated area of the mask to be irradiated with the exposing
illumination light beam, and measures the position of the mask in
the first axis direction for each irradiated position of each of

the measuring beams.

7. The exposure apparatus according to claim 5, wherein
the interferometer radiates measuring beams onto different
positions of the mask in the second axis direction, and measures
the position of the mask in the first axis direction for each

irradiated position of the measuring beams.

8. The exposure apparatus according to claim 5, wherein
the interferometer has a reference mirror fixed to the projection
optical system, and a main interferometer body arranged at a

position separated from the projection
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optical system.

9. The exposure apparatus according to claim 4, wherein
the stage control system adjusts the position of the mask in the
first axis direction in accordance with feedforward control based

on the measured adjusting position information.

10. The exposure apparatus according to claim 4, wherein
the stage control system adjusts the position of the mask in the
first axis direction in accordance with feedback control based on

the measured adjusting position information.

11. The exposure apparatus according to claim 1, further
comprising:

a slit plate arranged adjacent to the pattern plane of the
mask and including a first slit which defines a first
illumination area on the mask to be irradiated with the exposing
illumination light beam and a second slit which defines a second
illumination area to be irradiated with the exposing illumination
light beam at a mark portion formed on the mask; and

a switching mechanism which switches the slit plate between
a first position for radiating the exposing illumination light

beam onto the first slit and a second
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position for radiating the exposing i1llumination light beam onto

the second slit.

12. The exposure apparatus according to claim 11, wherein
the first slit has a shape to define the first illumination area

to have a circular arc-shaped configuration.

13. The exposure apparatus according to claim 1, wherein:

the mask stage, the substrate stage, and the projection
optical system are supported by different support members;

the apparatus further comprises an interferometer system
which measures positions of the mask stage and substrate stage in
a plane including the second axis perpendicular to the first
axis; and

the interferometer system measures relative positions of the
mask stage and the substrate stage in the plane including the
second axis perpendicular to the first axis with respect to the

member which supports the projection optical system.

14. The exposure apparatus according to claim 1, wherein:

the exposing illumination light beam is a light beam
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in a soft x-ray region; and

the apparatus further comprises, on the substrate stage, a
spatial image-measuring instrument which includes a fluorescence-
generating substance, an aperture formed on a surface thereof by
a thin film of a reflective layer or an absorbing layer for the
exposing illumination light beam, and a photoelectric converter
element which photoelectrically converts light generated by the
fluorescence-generating substance when the exposing illumination
light beam arrives at the fluorescence substance via the

aperture.

15. The exposure apparatus according to claim 1, wherein:

the exposing illumination light beam is a light beam in a
soft x-ray region; and

the pattern on the mask 1s formed by applying a substance
which absorbs the exposing 1i1llumination 1light Dbeam, onto a
reflective layer which reflects the exposing illumination light

beam.

16. The exposure apparatus according to claim 1, further
comprising an illumination light source, wherein the light source
includes an exciting laser unit, an EUV light-emitting substance,
and a mirror which collects EUV light and transmits the EUV light

in a
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specified direction.
17. The exposure apparatus according to claim 16, wherein

the mirror is a parabolic mirror with a multi-layered film formed

on a reflecting surface.

18. The exposure apparatus according to claim 1, wherein

the illumination system includes a wavelength selection filter.

19. The exposure apparatus according to claim 1, further
comprising a common base board which supports the mask stage and
the substrate stage so that the mask stage and the substrate
stage are movable relative to the common based board, and a
surface plate which supports the base board so that the base
board is movable relative to the surface plate, wherein the base
board is movable in response to reaction force generated by
movement of at least one stage of the mask stage and the

substrate stage.

20. The exposure according to claim 1, wherein the
reflecting optical system includes a plurality of mirrors, the
apparatus further comprises a heat exchanger which adjusts
temperature of at least one of the mirrors, and the heat

exchanger is installed on a non-
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irradiated area of a reflecting surface of at least one of the

mirrors.

21. An exposure apparatus which transfers a pattern on a
mask onto a substrate, the exposure apparatus comprising:

an i1llumination optical system which has an optical axis
inclined with respect to a first direction perpendicular to the
mask and which radiates an illumination light beam onto the mask;

a projection optical system which projects, onto the
substrate, the illumination light beam reflected by the mask;

a driving unit which synchronously moves the mask and the
substrate at a velocity ratio corresponding to a magnification of
the projection optical system; and

a correcting unit which corrects an image magnification
error of the pattern by relatively moving the mask in the first
direction with respect to the projection optical system during

the synchronous movement.

22. The exposure apparatus according to claim 21, wherein:
the illumination system radiates, as the illumination light
beam, an EUV light beam having a wavelength of 5 to 15 nm onto

the mask; and
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the projection optical system consists of only a plurality

of reflecting optical elements.

23. The exposure apparatus according to claim 22, wherein
the reflecting optical elements are mirrors, the apparatus
further comprises a heat exchanger which adjusts temperature of
at least one of the mirrors, and the heat exchanger is installed
on a non-irradiated area of a reflecting surface of at least one

of the mirrors.

24. The exposure apparatus according to claim 21, wherein
the correcting unit has a measuring unit which measures a
position of the mask in the first direction, and the correcting
unit moves the mask on the basis of an output of the measuring

unit.

25. An exposure apparatus which transfers a pattern on a
mask onto a substrate, the exposure apparatus comprising:

an 1illumination optical system which radiates, onto the
mask, an illumination light beam having a main light beam which
is inclined with respect to a first direction perpendicular to
the mask;

a projection optical system which projects, onto the

substrate, the illumination light beam outgoing from the mask;
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a driving unit which synchronously moves the mask and the
substrate at a velocity ratio corresponding to a magnification of
the projection optical system; and

a correcting unit which compensates change in image

magnification of the pattern caused by the movement of the mask.

26. The exposure apparatus according to claim 25, wherein:

the mask is a reflecting type mask;

the illumination optical system radiates, as the
illumination light beam, an EUV light beam having a wavelength of
5 to 15 nm onto the mask; and

the projection optical system consists of only a plurality

of reflecting optical elements.

27. The exposure apparatus according to claim 26, wherein
the reflecting optical elements are mirrors, the apparatus
further comprises a heat exchanger which adjusts temperature of
at least one of the mirrors, and the heat exchanger is installed
on a non-irradiated area of a reflecting surface of at least one

of the mirrors.

28. The exposure apparatus according to claim 25, wherein
the correcting unit includes a driving member which moves the

mask 1n the first direction on an cbject
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plane side of the projection optical system during the

synchronous movement .

29. The exposure apparatus according to claim 28, wherein
the driving member relatively inclines the mask with respect to

the object plane of the projection optical system.

30. An exposure apparatus which transfers a pattern on a
mask onto a substrate, the exposure apparatus comprising:

an 1illumination optical system which radiates, onto the
mask, an illumination light beam inclined with respect to a
perpendicular line of the mask and

a projection optical system which projects, onto the
substrate, the illumination light beam reflected by the mask,
wherein:

the illumination optical system has a field diaphragm which
is arranged adjacent to an incoming side of the illumination
light beam with respect to the mask and which defines an
irradiated area of the illumination light beam on the mask; and
the field diaphragm adjusts at least one of a shape, a size, and

a position of the illumination area.

31. The exposure apparatus according to claim 30,
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the field diaphragm has a first aperture which radiates the

illumination light beam onto a part of the pattern and

a second

aperture which radiates the illumination light beam onto a mark

formed on the mask; and

the apparatus further comprises a switching mechanism which

switches the first aperture and the second aperture.

32. The exposure apparatus according to claim 31

the first aperture is a circular arc-shaped aperture.

33. The exposure apparatus according to claim 30

, Wherein

, Wherein

the projection optical system is a reflecting optical system

composed of a plurality of mirrors, the apparatus

comprises a heat exchanger which adjusts temperature of

further

at least

one of the mirrors, and the heat exchanger is installed on a non-

irradiated area of a reflecting surface of the at least one of

the mirrors.

34. An exposure method which transfers a pattern

formed on

a mask onto a substrate via a projection optical system while

synchronously moving the mask and the substrate, the
method comprising:
preparing a reflecting type mask as the mask;

using a reflecting optical system as the projection
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optical system; and
transferring the pattern on the mask illuminated with an

exposing illumination light beam onto the substrate wvia the

projection optical system by radiating the exposing illumination

light beam at a predetermined angle of incidence 6 with respect to
a pattern plane of the mask, wherein:

the mask and the substrate are synchronously moved in a
second axis direction perpendicular to a first axis direction
which is a direction of an optical axis of the projection optical
system while adjusting a position of the mask in the first axis
direction on the basis of predetermined adjusting position

information.

35. The exposure method of according to claim 34, wherein:

the adjusting position information includes first adjusting
position information and second adjusting position information
corresponding to movement directions of the mask on the second
axis; and

the position of the mask in the first axis direction is
adjusted based on the adjusting position information
corresponding to a movement direction of the mask, of the first
adjusting position information and the second adjusting position
information for each movement direction of the mask during the

synchronous movement of the mask and
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the substrate.

36. The exposure method according to claim 34, wherein the
adjusting position information is previously measured
information.

37. The exposure method according to claim 34, wherein the

adjusting position information is measured during the synchronous
movement of the mask and the substrate, and the position of the
mask in the first axis direction is adjusted based on the

adjusting position information.

38. An exposure method for transferring a pattern on a
mask onto a substrate via a projection optical system, the
exposure method comprising:

radiating an illumination 1light beam having a main 1light
beam inclined with respect to a direction perpendicular to the
mask;

relatively moving the substrate with zrespect to the
illumination light beam reflected by the mask to pass through the
projection optical system in synchronization with relative
movement of the mask with respect to the illumination light beam;
and

compensating change of an image magnification of the pattern

caused by any movement of the mask during the
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synchronous movement of the mask and the substrate.

39. An exposure apparatus which transfers a pattern on a
mask onto a substrate, the exposure apparatus comprising:

an illumination optical system which obligquely radiates an
illumination light beam onto a pattern plane of the mask;

a projection optical system which projects the illumination
light beam outgoing from the mask onto the substrate;

a driving unit which synchronously moves the mask and the
substrate at a velocity ratio corresponding to a magnification of
the projection optical system; and

an adjusting unit which adjusts, during the synchronous
movement, at least one of a position of the mask in a direction
perpendicular to an object plane of the projection optical system

and an inclination of the mask relative to the object plane.

40. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate by irradiating the mask with an
illumination light beam, the exposure apparatus comprising:

a projection optical system which has a reflecting optical

system consisting of a plurality of mirrors and
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which projects the pattern onto the substrate; and
a cooling unit which cools at 1least one wmirror of the
plurality of mirrors, the cooling unit being arranged in a non-

irradiated area of a reflecting surface of the at 1least one

mirror.

41. The exposure apparatus according to claim 40, wherein
the at least one mirror is composed of a material having a low

coefficient of thermal conductivity.

42. The exposure apparatus according to claim 40, wherein
the cooling unit is also arranged on a back surface side of the
mirror for which the cooling unit is arranged on the reflecting

surface.

43. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate via a projection optical system by
irradiating the mask with an illumination 1light beam, the
exposure apparatus comprising:

a reflecting optical system composed of a plurality of
mirrors including a first mirror and a second mirror to be
successively irradiated with the illumination light beam, the
reflecting optical system being used as the projection optical
system;

a body tube-cooling unit which cools a body tube that holds
the plurality of mirrors; and
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a heat exchanger provided between the body tube and at least

one mirror of the plurality of mirrors.

44. The exposure apparatus according to claim 43, wherein:

the body tube is composed of a plurality of divided body
tubes which hold at least one mirror respectively;

the Dbody tube-cooling unit independently cools the
respective divided body tubes; and

at least one heat exchanger is provided between each of the
divided body tubes and at least one mirror held by the divided

body tube.

45. The exposure apparatus according to claim 44, wherein:

one of the plurality of divided body tubes is the divided
body tube which holds the first mirror to be firstly irradiated
with the illumination light beam;

one of the heat exchangers is provided between the first
mirror and the divided body tube which holds the first mirror;
and

the body tube-cooling unit cools the divided body tube which
holds the first mirror at a temperature lower than those for the

other divided body tubes.

46. The exposure apparatus according to
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claim 43, wherein the heat exchanger i1s a heat pipe.

47. The exposure apparatus according to claim 40, wherein:

the mask is a reflecting type mask; and

the apparatus further comprises a second cooling unit
arranged on a side opposite to an incoming side of the

illumination light beam of the mask.

48. An exposure apparatus having an illumination optical
system which radiates an illumination light beam onto a mask, and
transferring a pattern formed on the mask onto a substrate, the
exposure apparatus comprising:

a projection optical system which has a reflecting optical
element and which projects the illumination light beam outgoing
from the mask onto the substrate; and

a heat exchanger provided between the reflecting optical
element and a body tube which holds the reflecting optical

element.

49. The exposure apparatus according to claim 48, wherein
the heat exchanger is connected to at least one of a part of a
reflecting surface of the reflecting optical element and a back

surface thereof.

50. The exposure apparatus according to claim 48,
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wherein the projection optical system consists of only a
plurality of reflecting optical elements, and at least one of the
plurality of reflecting optical elements is connected to the heat

exchanger.

51. The exposure apparatus according to claim 50, wherein
the reflecting optical element of the plurality of reflecting
optical elements, which has the shortest optical distance from

the mask, is connected to the heat exchanger.

52. The exposure apparatus according to claim 50, wherein
the projection optical system is an optical system which has a
ring image field, which is non-telecentric on a side of an object

plane, and which is telecentric on a side of an image plane.

53. The exposure apparatus according to claim 40, wherein
the illumination 1light beam is an EUV light beam having a

wavelength of 5 to 15 nm.

54. A method for producing an exposure apparatus which
transfers a pattern formed on a reflecting type mask onto a
substrate, the method comprising steps of:

providing a projection optical system provided a reflecting

optical system which projects the pattern onto
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the substrate;

providing a mask stage which holds the mask;

providing a substrate stage which holds the substrate;

providing an illumination system which radiates an exposing
illumination light beam onto the mask at predetermined angle of
incidence with respect to a pattern plane of the mask; and

providing a stage control system which synchronously moves
the mask stage and the substrate stage in a second axis direction
perpendicular to a first axis direction, while adjusting a
position of the mask in the first axis direction which is a
direction of an optical axis of the projection optical system, on
the basis of predetermined adjusting position information, in
order to transfer the pattern on the mask illuminated with the
exposing illumination light beam onto the substrate wvia the

projection optical system.

55. A method for producing an exposure apparatus which
transfers a pattern on a mask onto a substrate, the method
comprising the steps of:

providing an illumination optical system which has an
optical axis inclined with respect to a first direction
perpendicular to the mask and which radiates an illumination
light beam onto the mask;

providing a projection optical system which projects,
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providing a driving unit which synchronously moves the mask
and the substrate at a velocity ratio corresponding to a
magnification of the projection optical system; and
providing a correcting unit which corrects an image
magnification error of the pattern by relatively moving the mask
in the first direction with respect to the projection optical

system during the synchronous movement.

56. A method for producing an exposure apparatus which
transfers a pattern on a mask onto a substrate, the method
comprising the steps of:

providing an illumination optical system which radiates,
onto the mask, an illumination light beam having a main 1light
beam which 1is inclined with respect to a first direction
perpendicular to the mask;

providing a projection optical system which projects, onto
the substrate, the illumination 1light beam outgoing from the
mask;

providing a driving unit which synchronously moves the mask
and the substrate at a velocity ratio corresponding to a
magnification of the projection optical system; and

providing a correcting unit which compensates change in
image magnification of the pattern caused by the movement of the

mask.
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comprising the steps of:
providing an illumination optical system which radiates,
onto the mask, an i1llumination 1light beam inclined with respect
to a perpendicular line of the mask; and
providing a projection optical system which projects, onto
the substrate, the illumination light beam reflected by the mask,
wherein:
the illumination optical system has a field diaphragm which
is arranged adjacent to an incoming side of the illumination
light beam with zrespect to the mask and which defines an
irradiated area of the illumination light beam on the mask, and

the field diaphragm is used to adjust at least one of a shape, a

size, and a position of the illumination area.

58. A method for producing an exposure apparatus which
transfers a pattern on a mask onto a substrate, the method
comprising the steps of:

providing an illumination optical system which obliquely
radiates an illumination light beam onto a pattern plane of the
mask;

providing a projection optical system which projects
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providing an adjustlng unit which adjusts, during the
synchronous movement, at least one of a position of the mask in a
direction perpendicular to an object plane of the projection

optical system and an inclination of the mask relative to the

object plane.

59. A method for producing an exposure apparatus which
transfers a pattern formed on a mask onto a substrate by
irradiating the mask, the method comprising the steps of:

providing a projection optical system which has a reflecting
optical system consisting of a plurality of mirrors and which
projects the pattern onto the substrate; and

providing a cooling unit which cools at least one mirror of
the plurality of mirrors so that the cooling unit is arranged in
a non-irradiated area of a reflecting surface of the at least one

mirror.

60. A method for producing an exposure apparatus which
transfers a pattern formed on a mask onto a substrate via a

projection optical system by irradiating the mask
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providing a reflecting optical system composed of a
plurality of mirrors including a first mirror and a second mirror
to be successively irradiated with the illumination 1light beam,
the reflecting optical system being used as the projection
optical system;

providing a body tube-cooling unit which cools a body tube
that holds the plurality of mirrors; and

providing a heat exchanger disposed between the body tube

and at least one mirror of the plurality of mirrors.

61. A method for producing an exposure apparatus which
transfers a pattern formed on a mask onto a substrate, the method
comprising the steps of:

providing an illumination optical system which radiates an
illumination light beam onto the mask;

providing a projection optical system which has a reflecting
optical element and which projects the illumination 1light beam
outgoing from the mask onto the substrate; and

providing a heat exchanger disposed between the reflecting
optical element and a body tube which holds the reflecting

optical element.

62. A microdevice produced by the exposure apparatus
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64 . The exposure method according to claim 38, wherein the
change of the image magnification of the pattern is compensated

by adjusting a position of the mask in a direction perpendicular

to the mask.

65. The exposure method according to claim 64, wherein the
position of the mask in the direction perpendicular to the mask
is measured by radiating a measuring beam onto the mask so that
the beam is directed in a direction perpendicular to the mask,

and receiving a reflected light beam therefrom.

66. The exposure method according to claim 38, wherein the
illumination light beam is an EUV light beam having a wavelength
of 5 to 15 nm, and the projection optical system consists of only

a plurality of reflecting optical elements.
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at least one mirror is temperature-adjusted by means of a heat

exchanger installed on a non-irradiated area of a reflecting

surface of the at least one mirror.

69. A method for producing a device, comprising the step
of transferring the pattern formed on the mask onto the substrate

using the exposure method as defined in claim 34.

70. A method for producing a device, comprising the step
of transferring the pattern formed on the mask ontoc the substrate

using the exposure method as defined in claim 38.

71. The exposure apparatus according to claim 48, wherein
the illumination 1light beam is an EUV 1light beam having a

wavelength of 5 to 15 nm.

72. A mircodevice produced by the exposure apparatus as

defined in claim 21.

73. A mircodevice produced by the exposure apparatus as

defined in claim 25.
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defined in claim 40.

77. A mircodevice produced by the exposure apparatus as

defined in claim 43.

78. A mircodevice produced by the exposure apparatus as

defined in claim 48.

79. The exposure apparatus according to claim 43, wherein
the heat exchanger continuously performs heat-exchange during
illumination of the illumination light beam onto the projection

optical system.
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82. The light source unit according to claim 81, further

comprising:
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a mirror cooling unit which is attached to the back surface

of the mirror to cool the mirror.

83. The 1light source according to claim 82, further
comprising a wavelength-selecting member which is arranged in a
predetermined position with respect to the mirror to cut a

visible light.

84. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate with an EUV light, comprising:

a light source which generates the EUV light;

a mask holder which holds the mask by an electrostatic chuck
system;

a temperature sensor which is arranged on the mask holder to
measure a temperature of the mask holder; and

a temperature control unit which controls the temperature of
the mask holder on the basis of a measurement result of the

temperature sensor.
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85. The exposure apparatus according to claim 84, wherein
the temperature sensor is disposed on a mask-chucking surface on

the mask holder.

86. The exposure apparatus according to claim 85, wherein
the temperature sensor has a plurality of sensors which are

arranged at predetermined intervals on the mask holder.

87. The exposure apparatus according to claim 84, wherein
the mask holder is formed of a material having an identical

coefficient of linear expansion as a material of the mask.

88. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate with an EUV light, comprising:

a light source which generates the EUV light; and

a projection optical system which has a plurality of mirrors
and projects an image of the pattern on the mask which 1is
irradiated by the EUV light onto the substrate;

wherein at least one of the plurality of mirrors is composed
of low expansion glass having a small coefficient of thermal
expansion and at least one of the plurality of mirrors is

composed of metal.
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89. The exposure apparatus according to claim 88, wherein
a mirror having the shortest optical distance with respect to the
mask among the plurality of the mirrors is composed of the low

expansion glass.

90. The exposure apparatus according to claim 89, wherein
a mirror having the longest optical distance with respect to the

mask among the plurality of the mirrors is composed of the metal.

91. The exposure apparatus according to claim 90, wherein
the projection optical system has first, second, third and fourth
mirrors in order of shorter optical distance with respect to the
mask, and the first and second mirrors are composed of the low
expansion glass and the third and fourth mirrors are composed of

the metal.

92. The exposure apparatus according to claim 88, wherein
each of the plurality of mirrors has a reflective layer which is
formed thereon to reflect the EUV light, and the reflective layer
is a multi-layered film which is formed by alternately stacking

two substances.
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93. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate with an EUV light, comprising:

a light source which generates the EUV light;

a projection optical system which has a plurality of mirrors
and projects an image of the pattern on the mask which is
irradiated by the EUV light onto the substrate;

a body tube which holds the projection optical system and
has an inner body tube for holding the mirrors and an outer body
tube provided at outer periphery of the inner body tube;

a heat exchanger provided between the mirrors and the inner
body tube; and

a cooling unit provided on the outer body tube.

94. The exposure apparatus according to claim 93, wherein
the heat exchanger is a heat pipe which connects the mirrors with

the inner body tube.

95. The exposure apparatus according to claim 94, wherein
the heat pipe is provided on both of front and back surfaces of

at least one of the mirrors.

96. The exposure apparatus according to claim 93, wherein

the cooling unit cools the body tube with a cooling medium

flowing at an inside of the outer body tube.
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97. The exposure apparatus according to claim 93, wherein
the heat exchanger continuocusly performs heat-exchange during

illumination of the EUV light onto the projection optical system.

98. The exposure apparatus according to claim 93, wherein
the heat exchanger is connected to a mirror, which has the
shortest distance with respect to the mask, among the plurality

of mirrors of the projection optical system.

99. An exposure apparatus which transfers a pattern formed
on a mask onto a substrate with an EUV light, comprising:

a light source which generates the EUV light; and

a spatial image-measuring unit which measures a spatial
image formed by illumination of the EUV light;

the spatial image-measuring unit including a light-emitting
substance which emits a light with a longer wavelength than a
wavelength of the EUV light when the EUV light is irradiated onto
the light-emitting substance, and a light receiving element which
receives the light emitted from the light-emitting substance to
output an electrical signal corresponding to an intensity of the

received light.
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100. The exposure apparatus according to claim 99, wherein
the spatial image-measuring unit further includes a planer member
provided at a side of a light receiving surface of the light-
emitting substance, the planer member being formed of a material
which absorbs or reflects the EUV light and having an opening of

a certain pattern.

101. The exposure apparatus according to claim 99, wherein

the light-emitting substance emits a fluorescence.

102. The exposure apparatus according to claim 99, further
comprising a substrate stage which holds a substrate, wherein the

spatial image-measuring unit is provided on the substrate stage.

103. The exposure apparatus according to claim 102, wherein
the spatial image-measuring unit constitutes a fiducial pattern
member having a fiducial pattern, and is used for measuring a
relative positional relationship between a position on the
substrate at which the pattern of the mask is projected and a

position of an alignment optical system.
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104. An exposure apparatus which transfers a pattern formed
on a reflecting type mask onto a substrate with an EUV light,
comprising:

a light source which generates the EUV light; and

an interferometer which irradiates a measuring beam onto the
mask along a measuring axis to measure a position of the mask in
a direction perpendicular to a pattern surface of the mask, the
measuring axis having an optical path parallel to an optical path
which is perpendicular to the pattern surface of the mask and
passes through the middle of a plane defined by an incoming
optical path and an outgoing optical path of the EUV light with

respect to the mask.

105. The exposure apparatus according to claim 104, wherein
the measuring axis has an optical path which is perpendicular to
the pattern surface of the mask and passes through the middle of
a plane defined by an incoming optical path and an outgoing

optical path of the EUV light

106. The exposure apparatus according to claim 104, wherein

the measuring beam is irradiated to an area on the mask onto

which the EUV light is illuminated.
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107. The exposure apparatus according to claim 106, wherein
the measuring axis 1includes a plurality of sub-measuring axes
having respective sub-measuring beams which are irradiated along
the sub-measuring axes onto the mask to measure positions on the
area on the mask in the direction perpendicular to the pattern

surface of the mask, respectively.

108. The exposure apparatus according to claim 107, wherein
the respective sub-measuring beams include first, second and
third measuring beams, the first measuring beam is projected at
the central point of the area on the mask ontc which the EUV
light is illuminated in a non-scanning direction of the mask, and
the second and third beams are projected at symmetric positions
with respect to a position on the mask at which the first

measuring beam is projected.

109. A scanning type exposure apparatus which transfers a
pattern formed on a reflecting type mask onto a substrate with an
EUV light, comprising:

a light source which generates the EUV light;

a projection optical system which has a plurality of mirrors
and projects the pattern illuminated by the EUV light onto the

substrate;
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a mask stage which is disposed at a predetermined side with
respect to the projection optical system and is movable for
scanning while holding the mask; and

a substrate stage which is disposed at the predetermined
side with respect to the projection optical system and is movable

for scanning while holding the substrate.

110. The scanning type exposure apparatus according to
claim 109, wherein the projection optical system has five

mirrors.

111. The scanning type exposure apparatus according to
claim 109, further comprising a surface plate, and a base board
which is supported over the surface plate in a floating manner
and supports a stage system including the mask stage and the
substrate stage, wherein the base board is moved with respect to
the surface plate 1n accordance with a reaction force exerted to
the base board due to a change of a gravity position of the stage

system.
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