DESCRI PTI ON LI GHTI NG APPARATUS, EXPOSURE APPARATUS AND M CRO DEVI CE
MANUFACTURI NG METHOD Technical Field 5 [0001] This invention pertains

to illum nation apparatuses for manufacturing m crodevices such as
sem conductor devices, liquid-crystal-display devices, thin-film
magneti c heads and the like in 1ithographic processes, exposure

apparatus conprising the illum naﬁbm PAAUSes- 10 Background Art
[0002] In recent years t here has béen progress in t he

comercializ §4g1(? tm

pr oj ecti on, En('t}o a pﬁot osensi f I'VE su rate a mas pattern usr ng
extrene uItr W@EMEW]@ @[gangth range of 5-40 nm as
15 exposure ?r ght (%?TS ext rerre traviolet lithography)

exposure apygéighiéal FRad cal materials are limted to materials that
exhibit high transmttance at short wavel engths. Consequently,

reflectign- t1!50l9616] OPhisC alnvensofMs peFigingses (Sbeminaiortx appheatubésS. for
Pat. No. 6,4 61 and Japan La| d- open (Kokai) Patent cunent .

Hei 11- 31263&aﬂ0f£d%uhﬁ%20 miicIGderiese aqnih calg OrehdicHRanCd] naemes
U S. Pat. No. 6,452, 66 i ncorporated herein by reference). [0003]

An exposure H@@@Lagsﬁalaﬁs Iatyedeﬂb@yethhﬁ{ﬂﬁﬁ@mri%ﬂatﬁdh@adstﬁl@d the il t

system shown i'n arget material, supplied by a nozzle 203,

e e S s A
Thus, the 'taggedratseeri al receives an intensely concentrated dose. of
. 10 Background Art
[0002] In recent vyears, there has been progress in the
commercialization of exposure apparatus that perform exposure by
projection, onto a photosensitive substrate, of a mask pattern using
extreme ultraviolet (EUV) light in the wavelength range of 5-40 nm as
15  exposure light. In an EUVL (extreme ultraviolet lithography) exposure
apparatus, optical materials are limited to materials that exhibit high
transmittance at short ‘wavelengths. Consequently, reflection-type
optical systems are used (see, for example, U.S. Pat. No. 6,452,661 and
Japan Laid—open (Kokai) Patent Document No. Hei 11-312638 which is
20  a Japanese application corresponding to U.S. Pat. No. 6,452,661,
incorporated herein by reference).
[0003] An exposure apparatus as noted above is exemplified by the
prior-art system shown in FIG. 9. A target material, supplied by a nozzle
203, is irradiated at a point 204 with laser light emitted from a non-EUV
25  laser-light source 201 and condensed by a condensing element 202.

Thus, the target material receives an intensely concentrated dose of

1



energy that converts the target material into a plasma that generates
EUV [ight. The generated EUV light is condensed by a condensing
mrror 205 and reflected by a concave mrror 206. The EUV light then
is incident on an incidence-side fly-eye mrror 207, in which
nunerous 5 concave mrror segnents are arranged in rows. The beam

1155k iyl U R A0 AT i, DA T IR

di aphragm aper and’is re an em ssi on- si

M Tows.  The Db B R R B R
and i 1 nct dgiirol Q08 y;ORbdiEa yRE SHREAYe HHBrorTHG TRRTON REhethel

the optical asse IS con y a condensing optica

assenbly 211jsfiaeiddnk 2 ﬁ iiﬁ&deﬁée%id@iﬂﬁ%?@? 20721 GghicheudBrous

i mmge of the pattern defined on the t mask 212 as the beam

passes tHrougihcavier RiigsF iségn%pﬁ‘té afd arﬁﬁ@é&ﬁh%b%vs.%@ BeRfiPrtElddied b
I mge onto a wafer (photoséensitive 15 Substrate) 214. Di scl osure of

the Inventiofhe 9R8idbntsiie ifly-eyenaiiter 20Papaises diroaghonvdipeagin

exposure apparatus as sunmarizéed above, the incidence-side fly-eye

mrror 207 ghdtiree2(8hAd iiQ'ﬂcﬂé@%deWaﬂmi@Eibh%idé%%?@ ARG 2090din
fromeach other 20 by a short distance. Consequently, the incidence

angl e of thewhégdimpemerbhs donwasenegrrer degilente\age Mrrarmged20Y rows| ditge.
However, in an EUVL exposure apparatus, in order to increase the

[ ﬁ]; | Ec&/ alnfehbéafﬁ@é?ﬁ“:l giasSWthraughftheaiiaﬁqbreﬂgmyalpcrﬁutre 208" aqiis ecitéat
i nci dent@, gi élegg (;Igg:;al? ggém;gbhgfﬁuﬁli%@ﬁg gﬂé&éﬁb%%b}?&ai&%ﬁb?f
angl e of incidence of EW/ light on the incidence-side fly-eye mrror
207, the di s2Hhee chatdemsad b candensing optical assembly 211 t}:)r irradiation
of a mask 212. The beam carries an image of the pattern defined on the
irradiated mask 212 as the beam passes through a projection-optical
system 213, which projects the image onto a wafer (photosensitive
15  substrate) 214.
Disclosure of the Invention
[0004] In an illumination apparatus of a conventional exposure
apparatus as summ_arized above, the incidence-side fly-eye mirror 207
and the emission-side fly-eye mirror 208 are separated from each other
20 by a short distance. Consequently, the incidence angle of the beam on
the incidence-side fly-eye mirror 207 is large. However, in an EUVL
exposure apparatus, in order to increase the reflectance of EUV light on
a reflective layer, it is required that the EUV light be incident to the
multilayer film at a small angle of incidence, i.e., nearly perpendicular

25 to the film. To reduce the angle of incidence of EUV light on the

incidence-side fly-eye mirror 207, the distance between the
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i ncidence-side fly-eye mrror 207 and the em ssion-side fly-eye
mrror 209 nust be increased. To accommodate this greater distance,
the focal |ength of the condensing optical assenbly 211 woul d have
to be increased. 5 [0005] Wen the focal length of the condensing
optical assenbly 211 is increased, the condensing optical assenbly

t2 ﬁé Ip?oflaf:? ?1{51?10?% |e(-:%yij—i§l¥_e&§1 %‘sﬁs owfr[]}(?ﬁTr ﬁﬁf'—l?%bgtﬁg Qﬂ_s e}ﬁhfé%ln
Condensi g ol & ‘Flsassfei%?é&gllwl%)&gﬁ St G UG gRERSE Witan®s, Mk e
woul d cause NebLrthe né?ﬁ&eﬁs?ﬁg {g}gﬁ&ll B ?nlﬂl""'&(ghlﬁhﬁave to be

condensi ng optical "asse ventional exposure
apparat us asjpgoyed it is d| fficult to satisfy both requirenents of
t he condensi ng optical assenbly 211 being provided wth a |ong focal

| ength, &nd i@b@S]d'Wlfé?P@leb@c&P eg‘tl'?%f'tﬂé'c@ﬁﬂéﬁslﬁ%%tﬂeﬁl hSderft 217 {07

207 and the em ssion-side fly-eye mrror 20 I ncreased”so that

EUV light i Slﬂcﬁéas@@nfth@tco@l@eﬁﬁﬁ%eoﬁh@ﬁleaésémlﬂl?r Eﬂ'CiPsCSthiﬁ’re@rbeQ@@ the
reflecting surfaces of the incidence-side fly-eye mrror 207, to

i mprove the Jegkl efttheiwafepf2 1 eathey tieae withihothe. pdo&étedn- bpmtalesyszém
t he above, the object of this inventionis to prOV|de an

i1l um nati on2 Bppar sicien tihaFI(.n¢] Blesuse cenaeifer rnclomdmlmsmhamm@
the |like especially suitable for use in extrenme ultraviol et

li t hography dig&tfibs) dusimgeasmssure, plapargthescomdansthgopsicahassembly 211
i1 lum nation apparatus, and m crodevi ce-manufacturi ng net hods

per f or mbd ushelgws tizhlevek pdshe evalppai dtweuldéase0he] water 214 tomntertfersn
apparatus of the present invention is used for illumnatin a )
surface to bghyditally netithd thet bondénsimgaoptoal iagkembhy t 2EH in a

-conventional exposure apparatus as shown, it is difficult to satlsfy both
requirements of the condensing optical assei*nbly 211 being provided
with a long focal length, and the distance between the incidence-side

15  fly-eye mirror 207 and the emission-side fly-eye mirror 209 being
increased so that EUV light is incident at an angle close to
perpendicular on the reflecting surfaces of the incidence-side fly-eye
mirror 207, to improve the reflectivity of the fly-eye mirrors.
[0006] In view of the above, the object of this invention is to provide an

20  illumination apparatus that includes a condensing optical system or the
like especially suitable for use in extreme ultraviolet lithography
(EUVL), an exposure apparatus including such illumination apparatus,
and microdevice-manufacturing methods performed wusing such
exposure apparatus. |

25 [0007] The illumination apparatus of the present invention is used for

illuminating a surface to be illuminated with illumination light emitted
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froma light source, the illum nation apparatus conprising: an

I nci dence-side reflection-type fly-eye optical system conprising
multiple reflection-type partial optical systens arranged in rows; an
em ssion-side reflection-type fly-eye optical systemconprising 5
multiple reflection-type partial optical systens arranged in rows
such  that thgamultiphe LSHIEC! YO0~ HYBRUBRI chpfthifR! coiphiEif: ' An

the emssion-side r ctron?type y-eye opti system

ST o R SO e R R

optical systens | ence- ere on-ty

optical sys tlﬁm%@gdrﬁl&ﬁﬁﬁwﬁq %gi‘t?zlilo%ﬁﬁﬂl S?%t%ﬁﬁrgﬁiaﬂgé& S'ﬁin” 90\5V§,° g{/l

reflecting mrr that qgui 11 T'um nat reflecte

the enissi onsrﬁis@ﬁ)ﬂ-gfdeecsréf@ébﬁdpaﬂj‘éatngﬂ@ye 0@@&@1 %{;ﬁfgﬁtﬁnmdoqnﬁﬁﬁng

surface to be illum nated, wherel east one of

reflecting nhuffble RffecloneRipR! palfiad UptRlal 'Ssidid drfarRl firkb¥s such

eccentric with respect to a o the sdrface to be illum nated

at the 15 cofpt etheof niﬁlﬁplé | sl icrdt Rl pavtiall ORBlcal Nsyétems in the
i1lum nation apparatus of the present invention, 'the two reflecting

mrrors are gnhgidiealdon reftection fypehefliyldyeni opticaln syneimat iapettivélye

present invention, the two reflecting mrrors are aspherical mrrors.

I'n the il ungora¢dpomdeeptieatmistiple tdftecpiodsepe parviahopoisal thstensoin the
reflecting 20 mrrors are a spherical mrror and an aspheri cal

mrror. [0009fidswerdiegefloctite-tppeshrtyé myptichl epstehgcmds e domeleasiniger
of curvature of at least one of the two reflecting mrrors of the
condensllhg @ptidatalsystest econprispg cavby refleetmg i mimiord thed pewmide othiehe
normal to the irradiated region of the surface to be illum nated at
t he center afluntimafienilightdirefiecteddyi the, emissioegrdeesefidctioreygpenilyfcye
configuration and |ocation_of the condensing optical systemare
i ncreased r edptidalsystem oty the swade totbe illuminated, wherein at least one of
the two reflecting mirrors has a center of curvature that is optically
eccentric with respect to a normal to the surface to be illuminated at the
15  center of the illuminated region.
[0008] In the illumination apparatus of the present invention, the two
reflecting mirrors are spherical mirrors. In the illumination apparatus of
the present invention, the two reflecting mirrors are aspherical mirrors.
In the illumination apparatus of the present invention, the two reflecting
20  mirrors are a spherical mirror and an aspherical mirror.
[0009] According to the present invention, because the center of
curvature of at least one of the two reflecting mirrors of the condensing
optical system is optically eccentric with respect to the normal to the
irradiated region of the surface to be illuminated at the center of the
25  irradiated region, the degrees of freedom of configuration and location

of the condensing optical system are increased relative to conventional
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illum nation apparatuses that |ack such optical eccentricity. Thus,
the condensing optical systemcan be situated at an optinmum position
while allowing a substantial increase in the focal |length of the
condensing optical systemand a substantial increase in the interval
(di stance) 5 between the incidence-side fly-eye optical system and

the eni ssi onysige bV | Thtsealt -

 nci dence. ofH TARI: ARy e HGK Sk iRl SRGRERRS Phus, the
o1 denee o ! gnt on t1 ¢ .

e rade SmalTOIE i SRR SRR S el AR SR ERL pRUR A e

pe ! g ! tivity of . .

Cystam it h B e B Ry DL Lonphe B b ieusine,

of amunt of outidAIMsAREMOANd ah5ubMiRASLY Shcrepss Nin2 thé |ih%?vﬁﬁt@?§tance)
apparatus is ‘enployed i n an exposure apparatus, the mask surface

(and henge t‘tﬁtﬁu@%hftﬁ@Qn_@ﬁdehbé—sﬂi@ﬂ?ﬁ@{’%b?ﬁ&ﬁ S)shsthadidethe eﬁ’ﬁfSSsRﬁl-side

optimally illumnated with exposuré h Thi's restrains 1

deteriorati offis-e8 bpEcdles@itein. OMhug; Ofher 88glesant ifidldehtd DOl luminatithge
formed on the photosensitive substrate, and all ows the photosensitive

substrate tdjdg exposes iMdidiert&egéidbhrwutopttcauh@yéﬁene padt & the
defined on the nmask. [0010] In the illum nation apparatus of the

present i nveshisgion-sile flpadyieneptical systerh annbe hadesmelll ecimproveyhe
partial optical systenms In the incidence-side reflection-type
fly-eye optiredlcciysiyernfarnke s @icidende-sidet fly-eyevioptmial r systefir canckattie
of the multiple reflection-type partial optical systens reaching at
respectl¥e camissian-sfder fypeys ioptical fsystam ewrthf tespechdo ther flhmemation
the multiple reflection-type partial optical systens in the 25 -
i nci dence- silightr aid ¢bus prevgnicoss wiegmoupt pfallusyisatondightr dsbknexerat
respective centers of respective effective reflecting surfaces of
mul ti pl e 5 such an illumination apparatus is employed in an exposure apparatus,
the mask surface (and hence the surface of the photosensitive substrate)
can be optimally illuminated with exposure light. This restrains
15  deteriorations of the resolution, contrast, and the like of the image
formed on the photosensitive substrate, and allows the photosensitive
substrate to be exposed with high throughput to the fine pattern defined
on the mask.
[0010] In the illumination apparatus of the present invention,
20  inclinations of the multiple reflection-type partial optical systems in the
incidence-side reflection-type fly-eye optical system are set such that
individual rays from each of the multiple reflection-type partial optical
systems reaching at respective centers of respective effective reflecting
surfaces of the multiple reflection-type partial optical systems in the
25 incidence-side reflection-type fly-eye optical system and reaching at

respective centers of respective effective reflecting surfaces of multiple
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reflection-type partial optical systens in the em ssion-side
reflection-type fly-eye optical system are converged by the
condensing optical systemat a point on the surface to be

i1lum nated. [0011] According to the illum nation apparatus of the
present 5 invention, the respective inclinations of the

flection-t t Foal i sgi.on-side: .
of oot on echgRagt, AIHGRl RBESlche I SBleT shg e
I tipl f an- i al.: i .
T AL AR SOIP00 Gl S MTBROnSS 4

i 11 um nat Ed-?%t?%a%s qf ayg%ﬁ@ﬁlﬂ@@gﬁﬂacév Be RBGidiRAted0 optical

systens of t Si on-si y-eye optical systemis inclined

(tilted) so @s1fj0 AeédRshg! itéhtthéo‘/i’ﬁﬁﬁlihﬁﬁoﬁegﬁrp?arﬁﬁst KT the present

reflection-type” fly-eye Optical system The ser to the periphery,
the greager i&l'%%nti_tl)_iEP | theakegiectivemihdldhati shaalofr €hié efdflefivhyiRpeP Paktiall

optical systens. us, thé fly-eye optical systemexhibits a

conver gent agphticd B8tdrhs of theemidSioacdidodlreya optital eyStent aresed Juchr -
Thus, the entire efm ssion-side fly-eye optical system has positive

power, whi chthaeriméh/ilealc eawefigan éddhuaifngkl aultiphtefledtiactyst pyriidle

condensi ng optical system appropriately on the surface to be
i |1 uni nat ed, optical systenposotivergedsiaahe copdeasiabyotival Systeni ar atdée aoien.
Here, the effective concave-mrror 20 action of the em ssion-side
refl ecti on- tompehé lsyrfage tote ddumsystednis.seach of itheirefdctiondype partiklat
woul d be exhibited by a spherical concave mrror; the effective
concavel@r r ropticaltsysterns todr that émedsyomwardaByseye baticabsystam iindmed
aspherical surface (whether an aspherical surface having rotational
symetry or (@iltad)cso lasdtof reedtolight towadd shef cardehadi thg reflecfraretype
25 axis). [0012] The exposure apparatus of the present invention is
provi ded forflygye optical system. The closer to the periphery, the greater the
inclination from individual reflection-type partial optical systems. Thus,
the fly-eye optical system exhibits a convergent action as if it were
15  acting as a single concave mirror. Thus, the entire emission-side fly-eye
optical system has positive power, which serves to converge
illumination light reflected by the condensing optical system
appropriately on the surface to be illuminated, which is positioned
appropriately for such irradiation. Here, the effective concave-mirror
20  action of the emission-side reflection-type fly-eye optical system is not
limited to action that would be exhibited by a spherical concave mirror;
the effective concave-mirror action alternatively can be similar to that
of an aspherical surface (whether an aspherical surface having rotational
symmetry or a so-called free-form curved surface having no symmetry
25  axis).

[0012] The exposure apparatus of the present invention is provided for
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transferring a pattern of a nask onto a photosensitive substrate, the
exposure apparatus conprising an illum nation apparatus of the
present invention situated and configured to illum nate the nask.

[ 0013] The exposure apparatus of the present invention conprises the
5 illum nation apparatus including a condensing optical systemthat

5 onePL P LIRSS B TS i, S GPRURSPE A
and e, 1! kegflegksp bR, RO AR A AATBIOARISLN S Sk,
nig o 0 Lhrvehiash d@alhPafebahlitheptd Ml figh fignpgit he mask

[ 0014] The m crodevi ce-nman present invention

conpri ses ag[r(])ﬁmosﬂp@ exbBBu a flsnef %é’??éééﬁ%’lﬁ%ﬁff&l ﬁ?éseg{eo
a pattern areflTecttve reticle, using an exposure apparatus o
the present ;yj il n']?;ﬁq ggg@n ; vel10pi { :
phot o;enzi t i1§1/lgl?ﬂi?1%hgﬁlbg? at gf)seglg%lgg n Fﬂgag%éggu@(?tle%@%owt ,IISn
the m cr odevigfioBRaK ASitudd HOETAFNOTHAS, ToRS of@sit of MHifaeion light
exposures are€ pefformed using an exposure apparatus including an
opti mal Concﬁﬁnﬁfd%@n%,'ﬁﬁic}?ﬁé@éﬂ@ Qeclizes iin Fddlutidd,| eomteadti @Ad the
apparatus. Therefore, 'the m Crodevi ce- manufacturing 20 net hod .
facilitates fike off edeidhiape 8 formcddev €8s phavostmstive sBkiratel€Thédeed
circuit patterns. The exposure apparatus of the present invention
conpri ses arberdfits dghe®- ﬂieﬁ?hbﬁfsieﬁ@iti\fmstlbﬂ@a@ o &ye erpbiedlwil shigh
conprising nultiple reflection-type partial optical systens arranged
in rowsl0an thvoeghmsti tortheiddeaitet pattrnodefiyqboh lilye eyaskopt i cal system
conprising nultiple reflection-type partial optical systens arranged
in rows such00¥4] The microdevice-manufacturing method of the present invention

comprises an exposure step of exposing a photosensitive substrate to a
pattern on a reflective reticle, using an exposure apparatus of the present
invention; and a development step of developing the photosensitive
15  substrate exposed in the exposure step.
[0015] In the microdevice-manufacturing method of the present
invention, exposures are performed using an exposure apparatus
including an optimal condensing optical system for use in EUVL
illumination apparatus. Therefore, the microdevice-manufacturing
20  method facilitates the production of microdevices having extremely
detailed circuit patterns.
The exposure apparatus of the present invention comprises an
incidence-side reflection-type fly-eye optical system comprising
multiple reflection-type partial optical systems arranged in rows; an
25 emission-side reflection-type fly-eye optical system comprising

multiple reflection-type partial optical systems arranged in rows such
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that the nultiple reflection-type partial optical systenms in the

em ssion-side reflection-type fly-eye optical systemrespectively
correspond to the nultiple reflection-type partial optical systens in
the incidence-side reflection-type fly-eye optical system and a
condensing 5 optical systemconprising two reflecting mrrors that

ource the” TEETe LT GOl SER R GMAE. RN in
i o that oS rRRTRPSIRR  BRIORT o RHEH AR "Rk,
i but i ] . :
o bt e Y Rl A RS S YR
PR eat o1 sRerRES3A8 rel TS o FRIBIE 2B AN sy Bfl WRE & coldEnsing
1L R O RS i e
Cuch "that thinafiobVREORA A U IRAmIdTHE BRICIRARA tybe BYfeye
the em ssi oftsdARyERinh 8! {HRSIRR: ol Ye MNEmARIted dwheysihafe condensing

respectively " corréspond to the nmultiple reflection-type parti al

optical systgpcdlnsydtem G danoptichdeaxisf fhaet paikes YARoLLN - e¥gters of
optical system and a condensing 20 optical system conprising two

reflecting 'rélirﬁfﬁﬁﬁ‘etdﬁ:hequ}cﬂ&ﬂd‘tﬁinﬁ HitGedht dnbi phitallel &b lacsd@alon

the em ssion-side reflection-type y-eye optical system to the

surfacel@o beidurficertatiedillushenesdat fie cmeeostheollvepinateal repyishem has
an optical axis that passes through centers of curvature of the two

reflecting nMhe oesposureheappangimgsiofy thpt ipresersy streemt2dn bebnipzisest an
parallel to a virtual optical axis defined as a perpendicular |ine
passi ng t hr omghdemceesider refleaenonsigpe urfbyelyaneomicdl hesystams sicompiisieg 8
multiple reflection-type partial optical systems arranged ih rows; an
emission-side reflection-type fly-eye optical system comprising
15  multiple reflection-type partial optical systems arranged in rows such
that the multiple reflection-type partial optical systems in the
emission-side reflection-type fly-eye optical system respectively
correspond to the multiple reflection-type partial optical systems in the
incidence-side reflection-type fly-eye optical system; and a condensing
20  optical system comprising two reflecting mirrors that guide the
illumination light, reflected by the emission-side reflection-type fly-eye
optical system, to the surface to be illuminated, wherein the condensing
optical system has an optical axis that passes through centers of
curvature of the two reflecting mirrors of the condensing optical system
25  butis not parallel to a virtual optical axis defined as a perpendicular line

passing through a center of an aperture plane of the emission-side
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reflection-type fly-eye optical system The resulting eccentric
configuration of the condensing optical systemin the above descri bed
I nvention provides excellent illum nation. The exposure apparatus of
the present invention conprises an 5 incidence-side reflection-type
fly-eye optical systemconprising nmultiple reflection-type partial

ek co! : pl e refl e (Lype par
TPy-eve ot ieTeoBpBATHEE e ppiial ¢ FUREFCy FhET SRUIRL Stoehe
tical t ' ; 4. t.inl .
PRt ecti ons (IEGIRABETEE R EoiBamiig opal skifenf th 1h8 dboye deseribed
flection-t: | y- - opt em tivel dt
Che mul 11 pi oo Epigh HRGi RS cBlomBRAHIERACC | POV oM paPond 1O
the multiple n-t) e . _
condensi g oy EkpEGeD b Xif U OBkt TR PBbrises an
B N L A e AL AR it
Sut oot P, thbimRal0n VABkionTbec IR, (SN, S5h0M e dipprising
i1 1um nat ed, I &ﬂé&i&pgﬁa@ghﬂgm eﬁgbﬂag St¥alse a5aRa! i ASwaD an
|nC|dence-S|13e nvex mrror "an an_ e SSIO%-SIC?E conCave mrror.

Thi s condensdfifsspi-sRR ?éﬁéo%fﬂlﬁ’gﬁjé des-eve COPRREl  system comprising

Il lum nation-optical systemwhil e maintaining'a larg di st ance

(interval) hegiese ﬁdﬁcﬁm-ﬁygf‘ ﬁéz’ﬁi_a‘PRSé:itﬁ,%ﬂ SRR Rrrabed i r@@@l such

exposure apparatus of the present invention,  the partial optica

systens in tihat edieshanltiplelersfiddtRat-iype t yasial | wpeial opyiteals sikstgim
are tilted with respective inclinati'on angles, where the closer to a
periphety tdmiwidn-sidee wfkateon-tipe iﬂ?Léymt bpticalngsesteso tdspectihely
entire emssion-side reflection-type fly-eye optical systemhas a
conver gent 2praedpond to e wmiltiplearcfldesionuiype samidéopticgl spstensl in the
system having a convex mrror and a concave mrror,

i 1l um nat i onnopldncetsidy seHestion-¢yp® fly-eye optical system; and a condensing

-

optical system comprising two reflecting mirrors that guide the
illumination light, reflected by the emission-side reflection-type fly-eye

15  optical system, to the surface to be illuminated, wherein the condensing
optical system comprising an. incidence-side convex mirror and an
emission-side concave mirror. This condensing optical system provides
a compact illumination-optical system while maintaining a large
distance (interval) between the two fly-eye optical systems.

20  With the exposure apparatus of the present invention, the partiai optical
systems in the emission-side reflection-type fly-eye optical system are
tilted with respective inclination angles, where the closer to a periphery
thereof, the greater the inclination angles so that the entire
emission-side reflection-type fly-eye optical system has a convergent

25  action.. By using a subsequent condensing optical system having a

convex mirror and a concave mirror, illumination-optical systems are
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provi ded that converge, then diverge, and then converge |ight passing

through them le., the illum nation-optical systens have positive,
negative, and positive powers. This configuration yields a nore
conpact illum nation-optical system 5 The eccentric configuration of

t he condensing optical systemof the exposure apparatus of the

. . . . q ¢ f
ool tent 1 itayroed FO Qe b AREEe g L8 (RTyCled RRbE R RE .
appar at us Ofth}&ggl?rﬁﬁe t Ih.m’ﬁ‘il% : ﬂmnml%'ti%@%ﬁ%ceheg%te%e Blvd Bositive
centers of curvaturé of theé convex mrror 10°concave mrror 1 n

H q . : i : : . .
 mormal o TR A SPaLEe Rt BThi RenEIEAOH] YtlgPRCtiorko

i 11 um nat ed ¢5H illLASN ﬁgﬁfi?ptﬂicalfs gem of design and positioning

of the condensing optical system caga‘gce increased relative to

convent i pnal Thd |déebtid @onfRRRIRAN SIS tid 1 RonkidflingusPER! gdbml of the
eccentricity. Hence, the comndensing optical systémtcan be positioned
in an optimapdaasd abphrathd lof thk!sresag iMentienaprdvenel B Wbht d&gree of
condensi ng or?t i cal ggstem to be 1 engthened. Ala%o reali _zeg isa
| engt heni ng Réeddif oﬁu@igﬁ;%d(@ft&e@reh@!iuulb@ﬁmpémrﬂn@ﬁcé._ence- si de
fly-eye optical system and the em ssion-side fly-eye optical system
le., the anqbe%f]ofAls@.g ivieh e ZQuefinatidi atas dff 8y preweinddnvemtion,he
i nci dence-side fly-eye optical systemand the em ssion-side fly-eye
optical systeneean lémstoadeot tid tentewdiof eurvanuey @ theecorserestiiree and
reflectivities of the incidence-side fly-eye optical system and of
t he em B3i oresicdeefhyrey én dhe icvaldeaymsigeoptical $ysteml isuoptiedliyecteémgiic.
The inproved reflectivities prevent |oss of 25 anpunt of the
i | 1 uni nat i orwithgiespedtftosunormal td thensurdaceoto he pHuatinatedsat theywenerdfi n
an exposure apparatus, the mask surface (and therefore the 10

the illuminated region, the degree of freedom of design and positioning

of the condensing optical system can be increased relative to
conventional illumination apparatuses that lack such optical
15  eccentricity. Hénce, the condensing optical system can be positioned in
an optimal position while allowing the focal length of the condensing
optical system to be lengthened. Also realized is a lengthening of the
distance (interval} between the incidence-side fly-eye optical system
and the emission-side fly-eye optical system. le., the angles of incidence
20  of illumination light incident on the incidence-side ﬂy—eyé optical
system and the emission-side fly-eye optical system can be made small,
which improves the respective reflectivities of the incidence-side
fly-eye optical system and of the emission-side fly-eye optical system to
the illumination light. The improved reflectivities prevent loss of
25  amount of the illumination light. If such an illumination apparatus is

employed in an exposure apparatus, the mask surface (and therefore the
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surface of the photosensitive substrate) can be illumnated in a nore
opti mal manner. Thus, degradations in resolution, contrast, and the
like of the image fornmed on the photosensitive substrate are
prevented. Al so achieved are high-throughput exposures of the

phot osensitive substrate 5 with the detailed pattern formed on the

?ﬁzk'pEgﬁéﬂs F52BF e o Gichalids 39BHra® SRL bR AR o 3 cte
cxpose | SNl indind PENBE SRRURNEON) Ol THER 8 oyl EATOET

S perforrre um na apparatus I nc an o

and thus, Sﬁfh%ﬁ&nﬁﬁ%@ﬁﬁ%ﬁfﬁ EhBiodtsile, %S@@p?@v Bl amead A pee
prevent s detsiiayal bAS hidl-th8ehihi RpoGAR ISt ol lﬁvé%ub?ﬁgt

facilitates acture evi es havi ng remely detal

circuit pat t\%itﬁ%he%étﬁle(%%éﬂnpfdrﬁfédoénEK@HQ’SEV"' ngs 15 [0018] FIG 1

Is a view show ng a sch tic structure of an exposure appar at us I n

accordance vibhiy a%@aﬁ)gﬁbmea are! ﬁlafo‘&evu@e thAhERCtArRY SaHbAE oF the

configuration of an incidence-side | y-eye optical system FIG 2(B)

is a plan V'}ﬁ*&’séﬁloiﬁhﬂﬁlti@rPQﬁfW%kﬁﬂs@tfe RNpéffbediedsihgean $¥posure
fly-eye optical system FIG 3(A) is a plan VI ew of the reflecting

surface of agpeirefiRNif tiierpresentdhventonNThersToee, Slldﬁllhhﬁoﬁ)ﬁp@iﬂﬁdrﬁ‘@d
system FIG 3(B) is a plan view of the reflectlng surface of an

:alse ge glt am rrigy aof illifmenaivms appmﬂmélhﬁneyanoo%mmﬂ consleasing2bpitdd 4
_ gram of the optical path associated with an enbodi nent of a
condenslhg opsteral fmyssenmn EIJVL illumination apparatuses and thus, loss of
amount of illumination light is prevented, which prevents deterioration
of resolution, contrast, and the like, and facilitates manufacture of
microdevices having extremely detailed circuit patterns.
Brief Description of the Drawings
15 [0018] FIG. 1 is.a view showing a schematic structure of an exposure
apparatus in accordance with an embodiment.
FIG, 2(A) is a plan view showing a c;onﬁguration of an incidence-side
fly-eye optical system. .
FIG. 2(B) is a plan view showing a configuration of an emission-side
20  fly-eye optical system.
FIG. 3(A) 1s a plan view of the reflecting surface of an element mirror
of the incidence-side fly-eye optical system.
FIG. 3(B) is a plan view of the reflecting surface of an element mirror of
the emission-side fly-eye optical system.
25  FIG 4 is a diagram of the optical path associated with an embodiment

of a condensing optical system.
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FIG5 is a diagramof the optical path associated with a conventi onal
condensi ng optical systemthat utilizes a single mrror. FIG6 is a
fl owmchart of an enbodi nent of a nethod for manufacturing

sem conduct or devices, as exenplary microdevices. 5 FIG7 is a
flowchart of an enbodi nent of a nmethod for manufacturing

QU0 ol SpL RGP o  RETBRA HeSHRSYL R el flontl
SysLem G St SHSI T IR sAbApi of on exposure

Best Modes fojg Gatd é{iﬂ’tgwgfért td}edr{ ﬁfﬁ%ﬁﬁﬁ%nﬁ 0 ﬁgﬂneﬁﬁ% géf;?{g&lglfé’éw{iggd

exposur e appar atus accor ng to e presen I nven escr

bel ith ' hemat i
ellow w th rehelBRafcid? deifcdd g%"&g@ﬁwl@@gr}cdrgﬁl?g%fa schemat 1 ¢

structure of an exposure appar 5withthis

embodi meqt . (Y201 Ao wERAT ‘erarﬁﬁﬂﬂfoﬂhﬁl%n’f'%?% Eigﬁé&’féf ﬁfﬁldfé#tﬁ?ing

violet) light "having a wavelength I n the range -approxi mately 5-40

nm The aPH?%ﬁHU&y@?dlIdiéﬂ% ?éé’;%eke 185 £RnSfevEs, manner by

which an image of “a patterh, defined on d ndsk M is transferred to
a wafer W20RI(R®E5REGASA sENE@maHB SRRt dhhh @rABYdREeithef FRDdIMISNS.
wafer W relative to the projection-optical system PL. The wafer S
" phot osensi toecalRgsmse it has a surficial layer of a photosensitive
material (photoresist) applied to it. An illum nation apparatus

conprises aFIG.dhig VRS ishMWHﬁg%rsdhieﬂ’(ﬁti@ﬁhﬁ@tar@of@n@iﬁb@@ﬂ@%ppaﬁ'aﬁl%,
a plasma light 25 source 5, a nozzle 6, a condenser mrror a

col l ectbl m imraucot@ancnwithne coevatigidexpbbyueyspparansr 12, an
em ssion-side fly-eye mrror 14, 12
Best Modes for Carrying Out the Invention
[0019] Embodiments of exposure apparatus according to the present
invention are described below with reference to the drawings. FIG. 1
'shows a schematic structure of an exposure apparatus in accordance
15  with this embodiment. |
[0020] The exposure apparatus uses EUV (extreme ultra violet) light
having a wavelength in the range of approximately 5-40 nm. The
apparatus performs exposures in a step-and-scan manner by which an
image of a pattern, defined on a mask M, is transferred to a wafer W
20  (photosensitive substrate) while moving the mask M and wafer W
relative to the projection-optical system PL. The wafer W is
"photosensitive" because it has a surficial layer of a photosensitive
material (photoresist) applied to it. An illumination apparatus comprises
a high-intensity laser-light source 2, a condenser lens 4, a plasma light

25 source 5, a nozzle 6, a condenser mirror 8, a collector mirror 10, an

incidence-side fly-eye mirror 12, an emission-side fly-eye mirror 14,
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condenser mrrors 18, 20, and the |like. The illum nation apparatus
produces a beamof EUV light (illumnnation |light) as exposure |ight.
[0021] In this exposure apparatus, because the transmssivity of air
with respect to EUV Iight as exposure light is low, the optical path
through 5 which the EUV |ight propagates is enclosed in a vacuum

Facar=t i one cuTRaeh mbR36! 18, 9% S BR 1R, 6 MOhberbbbaps
condensed byPRAECES Raiernd BT ELTY Yl (Rmhio Hablns 6%ohet Bt 1oy
serves as t h&‘)oEiS]aSHPtHi% ﬁgﬁoﬁﬁwa?@la?atué,obé@&@%ﬁé ﬁan?ﬁu?%ﬁri'vftg@f a¥Pwith

krypton (Kr) ga or o surt e target nmateria ser-plasnma
| i ght source.d | &F Eeoi/ T g@gﬁ ; '

The extrerre!lg/ésﬁlegﬂhﬁlfnt_ensl:i%f/ﬂ %S?ei{ ser bﬁ?%ﬁtt% Ig%tt%lggjﬁg%#{dﬁ?ﬁugh
hi gh-i nt gnsi fpidipges BUVNE }&ﬁ%ﬁo?ﬁg%tes'i%ﬂwéﬂ_ #a WauhiA Gﬁz{unber (not

material excites the targe asma condition. In the plasm, as

the 15 targe 18 u r hei 4 ' i 2
150 87 | g ShTRAPILALRES! SRERGE Y e/ 95 Mo SRR

travi ol

wavel ength 1Q0snmg WG TeRFeindet sélli@nduthér-1a88 dxcifationl 2@t BREimer
wavel engt hs. "[0022] EUV light and the like emtted fromthe plasm

l'i ght sour celaget, or dthét iht oetput Meses P irdessdinset byotheGontRasGORAS sy

mrror 8 is 20 positioned such that"its first focal point, or

vicinity thegasdint i(@oadémsiddeointM that td@@v@@@deﬂﬁeglamgltli r yougeas,
the plasma |ight source 5. The inner surface of the condenser mrror

8 is cobbed Mdaanvehilg ) \kerefnl €Xe) pgsf kivptonf (®r)egamy@reothemsuitabhey target
filmconsisting of alternating layers of nolybdenum (M) and silicon
(Si). As a resttrial fonllgsdeiplasingHightadurge 25epctel &oem ghdnofzle 6 at the
approximately 13 nmfrom EUV light and the |ike 1incident on the
condenser nicondemBedspoiat.] ¢heeektbgmehe hogndetensitynof daser light, emitted
from the high-intensity laser-light source 2, impinging on the target
material excites the target to a plasma condition. In the plasma, as the
15  target material undergoes transitions to a low-potential state, they
produce and emit EUV light; ultraviolet light of wavelength 100 nm and
longer, visible light, and light of other wavelengths.
[0022] EUYV light and the like emitted from the plasma light source 5 is
incident on the condenser mirror 8. The condenser mirror 8 is
20 positioned such that its first focal point, or vicinity thereof, is coincident
with the condensed point serving as the plasma light source 5. The inner
surface of the condenser mirror 8 is coated with a EUV reflecting film,
for example a multilayer film consisting of alternating layers of
molybdenum (Mo) and silicon (Si). As a result, only EUV light having
25  a wavelength of approximately 13 nm from EUV light and the like

mcident on the condenser mirror 8 is reflected by the condenser mirror
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8 and condensed to the second focal point of the condenser mrror 8.
As anot her exanple, when EUV |ight having a wavel ength of
approximately 11 nmis used fro perform ng exposure, a multilayer
film which reflects only EUV |ight having a wavel ength of
approximately 11 5 nm for exanple a nultilayer filmof alternating

| ayers of “E’{gvaﬁg gﬁ?ﬂ%@f&%@lwﬁ'ﬂfe oAl ﬁb'ﬁftgﬁl.tﬁe cbﬁggﬁgergﬂﬁg?r 8. As

refl ected € condenser nmiryor I'sTcondense

5.1 nci dent o T, ST BPor TR of b BT paRURE | Pony oy SlenBtE "of
of ol ase. ool Ry 11 Wi 1§ SR heflobiiie ERobRfey 4 FuRIGALA' ©
ot ter 1 of | eeTneaets o R VLR kY & Bhsi D RienrbRigEeNe
by the opl| Eiﬁh,orfoﬁié}{a%%l%oai fuddiARd filnaof Ja'a}tei—ﬁéﬂile%pg??x;]st twggwfd ynéye

optical systemthat is used as an“optical integrat

reflection- theQllium-(Bey Ry bealjtabid.em the EW light is first
i ncident on the incidence-side fly-eye mrror 12 (as an exenpl ary

"inci dence- gbams]r efieedflcdted BBV lightelye tleptosdénsey 1rdn 8 is'bendensed

distance ("interval") between the incidence-side fly-eye mrror 12
and the 20 efrigsheir-thedectHnd fovsl-point Positfornbl elie condéisser imirtad8 dnidn
the reflection-type fly-eye optical Systemin this enbodinent is
greater thans ingidumventthe alloctdu mimiri O @pprpadureeldghtT filinainkatos
EUV light to be incident, w thout being geonetrically bl ocked, at a
smal | akpl e lightin The colisgpendiicrdral 0 (ineludest a aubsarhte afiglasfceramic,
i ncidence) on the reflecting 25 surface of the incidence-side
fly-eye m rmetal?or [@hes m&Retiat,r ongwhichFiG farmed 4 meultieyele fide §¢.ge
fly-eye mrror 12 14 ) ) . )
alternating layers of Mo and Si) to achieve better reflection of incident

EUV light.
[0024] EUV light reflected by the collector mirror 10 is guided to a

15  reflection-type fly-eye optical system that is used as an optical
integrator. In the reflection-type fly-eye optical system, the EUV light is
first incident on the incidence-side fly-eye mirror 12 (as an exemplary
"incidence-side reflection-type fly-eye optical system™). The distance
("interval") between the incidence-side fly-eye mirror 12 and the

20  emission-side fly-eye mirror 14 which is also included in the
reflection-type fly-eye optical system in this embodiment is greater than
in conventional illumination apparatuses. This allows EUV light to be
incident, without being geometrically blocked, at a small angle from the
perpendicular (ie., at a small angle of incidence) on the reflecting

25  surface of the incidence-side fly-eye mirror 12,

[0025] Referring to FIG 2(A), the incidence-side fly-eye mirror 12
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conprises nultiple element mrrors (as exenplary "reflection-type
partial optical systens"). The elenent mrrors are concave mrrors
arranged densely in two dinensions (including rows). The

i ncidence-side fly-eye mirror 12 is located so as to be optically 5
conjugate (or nearly optically conjugate) to the surface of the mask

ol enmeont i (nBffed pobtfad efimdls DG (B Bty S *fifsridichng
substrate Oqur%}z‘scﬁ)tlcfa‘frgﬁter ngft?he Qe dift b‘hbg)rs aﬁc}“ésﬁ?ﬁ \;é (i‘hﬁlfors

mul til ayer f ng | ayers o 0 1 nprove

i dont o RS, SEHeCHS e 1%08@@*%%@?@%@&%@@\‘? POREL
b i ERRSIETi e doeten 8 IGeY 80 Y 2 gReey

the em ssio I [ f [ e
R

reflecti on- tatRetHd S’uﬁ?d@e @P&h@%aféi/ Weﬂh%f}%ﬂ%@tmfg'ﬁ?féc@eof Eééh bl&ﬁ'ént' S
i ncident also at an angle close to perpendicular (i.e

i nci dence angli@dr ofithé hﬂ&ﬂeh@eﬁidé 2y Baye hhierdtm 2 ebfipridcden Suﬂ)MrEﬁ?éQ)f
mrror 14 conprises nultiple el enen mrrors, whichare concave

mrrors ("reflhegtdcpAntiyPmeps! orahedike, cand o) mhﬂrtalayef eﬁlﬁ@ (e.g.,

arranged densely in two di nensions (including rows) and Wwh

respect i vel yaltenagagdavers oftVie and Si)rbangirenerits rresﬂrecnv&yqb EU&/ light.
I nci dence-side fly-eye mrror 12. The em ssion-side fly-eye mrror 14

is | ocH)ed [8026]s Tlee beavefronialdfy BIoV) light eincodemety | theo pididehderside
conjugate) to the pupil plane of the projection-optical system PL,
descri bed bellpwyc2mifrechl2lisrdivided 1. r'Bhe dEUMhdighti whoeﬂ-wadﬂ&tbmyvmse
mrror 14 conprises a substrate of glass, ceramc, netal, or the
like, and a dividddisateftected byythe flyr6ye mirror 12 and then passes through an
aperture stop (not shown) to the emission-side fly-eye mirror (the
emission-side reflection-type fly-eye optical system) 14 which 1s
15  included in the reflection-type fly-eye optical system and on which the
EUYV light is incident also at an angle close to perpendicular (i.e., a
small incidence angle). As shown in FIG. 2(B), the emission-side
fly-eye mirror 14 comprises multiple element mirrors, which are
concave mirrors ("reflection-type partial optical systems") that are
20  arranged densely in two dimensions (including rows) and which
respectively correspond to the multiple element mirrors of the
incidence-side fly-eye mirror 12. The emission-side fly-eye mirror 14 is
located so as to be optically conjugate (or nearly optically conjugate) to
the pupil plane of the projection-optical system PL, described below.

25  Each element mirror of the emission-side fly-eye mirror 14 comprises a

substrate of glass, ceramic, metal, or the like, and a surficial multilayer
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film(e.g., alternating layers of Mo and Si) to inprove its
reflectivity to EUV light. Further details of the configurations of
the incidence-side fly-eye mrror 12 and em ssion-side fly-eye
mrror 14 are described in U S, Pat. Nos. 6,452,661 and 6, 833, 904,
i ncorporated herein by 5 reference. [0027] In the follow ng

R
T ) SR RS ARG LI ST P S
el nat] ons kb8 19 A ShAGBHSTEE L ELOE SRt 8436 GUERpelA

ef fective rgfflectdng f t | N} - S eiEt o]
and that hg\g'esa'rtggg'helgaé'hg)c’%g%’gg}s%? r@éggg’gﬂ%\’/ehg%frgét lve lrlgllfeiﬁ%ctb ?ng
surfacess ofpeflyeneqi ssion-side el ement mirrors, do not converge on a
singl e point 15 or becone collimted (nmade parallel) w thout passing
through the [ogendgAsthROfoMRIV B! disyadson dRe Cifﬂ_lﬁﬁﬂe Reb@ent hiirfSrS &I the
words, the Teflecting surfaces of the em ssion-side elenent mrrors
have respectdysidi-sidler flpasiel RioRAY 8RS aRuChallditemspRtkldecelevsnt
reflected fromthe centers of the incidence-side elenent mrrors and

reflected bymifers?0ané thensuleiplé kiereshtssiindrs bf the itsidatcarbideoflg-eye
(corresponding to the incidence-side elenent mrrors) are not

col l'i mated anitree DDt agomyigogealled dirkidenee-pidicntel@mehhenstoiat e Tole
the mask M Thus, the reflecting surfaces of the elenent mrrors of
t he em K¥i orrespeltetivid incipations drthé €missichesitie widmehpusrars ary setgech
action equivalent to the action of an 25 aspherical surface or of a
free-form suhfibeesparsivehiays | that yavei reachedettie benerarofothe akipective
function of a concave mrror. 16 '

effective reflecting surfaces of the incidence-side element mirrors and

that have reached the centers of respective effective reflecting surfaces
of the emission-side element mirrors, do not converge on a single point
15  or become collimated (made parallel) without passing through the
condensing optical system described below. In other words, the
reflecting surfaces of the emission-side element mirrors have respective
prescribed inclinations such that respective rays reflected from the
centers of the incidence-side element mirrors and reflected by the
20  centers of the emission-side element mirrors (corresponding to the
incidence-side element mirrors) are not collimated and do not converge
on a single point on the surface of the mask M. Thus, the reflecting
surfaces of the element mirrors of the emission-side fly-eye mirror 14
collectively have a convergent action equivalent to the action of an
25  aspherical surface or of a free-form surface, as this fly-eye mirror

exhibits an overall function of a concave mirror.
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[0028] In FIG 2(A) each of the incidence-side elenment mrrors has a
sane partial are shape in the plan view. In FIG 2(B) each of the
em ssion-side elenent mrrors has a sane rectangul ar shape in the
plan view. Thus, respective rays that have passed through the sane
positions, 5 e.g., respective rays that have passed through the

ok M 71 o 0 dEFIGRAL S ﬂlveek&ef@%ﬁ%é-@ei@%%‘?bﬁh?ﬁﬁ hia.
ot dence- S1 el SIRAL AT RIR, ifSne BRI vidyTHE BIQ) 289 AR of the

i nci dence- si m rTor hav exanpl e, "an a C ape as

Syt ry cartBAS gtdeeﬁk?%tﬁﬁfﬁ’r‘ﬁ%s f?gﬁﬁ&tﬁ%gﬂ@%‘ﬁ?“%hﬂé o
5o JoL1 1S, SRck e ek Brid HEAEuBes et 1(1 theNEeIRaRoRl

t he reflectlng sur af: n the ter |ne

in the dgaw é‘g TE eﬁc itRAt Badé g%ﬁ%d 264 ltrlﬂg]?? of the element

i nci dence-sid ror. FIG depi cts t ecting

surface 15 %u%ﬁ %n&r@ﬁg@ﬁt ﬁ?é Qﬁ'm‘é SinlopBRY ma!skrrqr FIG. @(Az)edéﬂléis
3(B), the center "C can easily be defined in an enission-side el'ement

mrror havi nfie feflectifsaiiffe &f bﬁ@to'ﬂﬂié' ﬁCIWIdé%?g@kanm NAs

the entire reflective surface of the em ssion-side fly-eye mrror 14

equi val ent tghcavindA- FmeB(Az?l irPanairfdidéndecsidecelexnsht RdrorHaateg, for
contrast to a spherical surtace, EUV light reflected by the

em ssi on- si d@(aflil]?}e‘?)a@l Atd 6hs elfﬁscﬂ’(b\bﬁ ﬁl@@@atbﬁalcdm@'(ﬁ[(ﬁﬁ CRATOAr hbtel Y
on the surface of the mask whenever the nask is situated at an

opt i nun(posiwhiwh flere ssitiheapsyrmgeine ean &389] bédefiacd dThbwenteremctheof
the lots of rays resulting from 25 wavefront dividing and reflection

of EWV |i ghtvdmicahdireotiondsadefiiedeas they neylepoint Hbet®ees theaippentanadn
a respective elenment mrror of the 17
lower edges of the reflecting surface on the vertical center line (the
broken line in the drawing). The mid-point B is the "center" of the
incidence-side element mirror. FIG. 3(B) depicts the reflecting surface
15  of one of the emission-side element mirrors. In the FIG. 3(B), the center
C can easily be defined in an emission-side element mirror having, for
example, a rectangular shape.
[0029] By making the entire reflective surface of the emission-side
fly-eye mirror 14 equivalent to a non-spherical or a free-form curved
20  surface, in contrast to a spherical surface, EUV light reflected by the
emission-side fly-eye mirror 14 can be made to converge appropriately
on the surface of the mask M, whenever the mask is situated at an
optimum position for such convergence. 7
[0030] As noted above, each of the lots of rays resulting from
25  wavefront dividing and reflection of EUV light by the incidence-side

fly-eye mirror 12 is incident on a respective element mirror of the
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em ssion-side fly-eye mrror 14. Thus, a secondary |light source is
formed, fromthe respective individual |ight-source inmages, at the
reflective surface of the em ssion-side fly-eye mrror 14 or in the
vicinity of that reflective surface. EUV |ight, fromthat secondary
light 5 source, is reflected by the enm ssion-side fly-eye mrror 14

(ot shown) @8R BEROIRELDP BRHOE4- IS A ReBATasd AR SoliBe St
spher i al |y EOREK fHhis Ok (el EnbONIBN 108 SPhicelrplstom oo

aperture stop e nunerical apertu umi nati on

aht. 10 TodimRrioKeslfod S B I thiskidiRefed B¢ iy CRRUGN ST he

mrror 18 conpriseés a substrate o ass, ce metal’, or t
like, wWth ay ' - G eale ' i ' -
al ternati ngaYlgg/Igﬁi %?E?é{tﬁ/g&%&%@%% . As ?Enﬂgl\/gg gtd %ﬁlFﬂl%Y%?C(%%ﬂg(eln Igr

of curvagur esdul8e Ofs feflRcRIABSIRE Femil%?iy@‘ﬂ-éiﬁ@rﬂ%g\é‘};i}mﬁ?%f $4and is led to

spherically convex mrror 1s” optica eccentTi respect to the

normel N to fhaedriderdiint SEIEAI AleRMHbRgH Wi ASSna stbhnBRSkioliny 14O

at the center of the il1umnated region.~ Consequently, conpared'to a
si tuation i ey BB ihbidleat ba the cRidepder neaee Thrdphickicalliytdbnvesnesiror)o

the normal N, the degrees of freedomw th 20 which the condenser

mrror 18 calg A thesddndensthgaopticalcsend THdeagertureosiopcdétermines the
eccentricity” neans that, as indicated in a diagramof the optical

pat h of FI G dumthieakgpireurcadf therilaininatiGadight. t he condenser mirror
18 is not on the normal N to the surface of the nask M even if

t here i 30 no Tefingptoven itsy réfiectpligneomBUIYr light,( Biés condenser meven 18
when 25 the beam of light reflected by the plane mirror 22 is
expanded, ascomprsestaedubstriieGod. gla8s, ceramic, metal, or the like, with a
' reflective surface coated with a multilayer film (e.g., alternating layers
of Mo and Si).
As indicated in FIG 4, the center of curvature C18 of the condenser
15  mirror 18 which is a spherically convex mirror is optically eccentric
with respect to the normal N to the irradiated region on the surface of
the mask M (IMG) at the center of the illuminated region.
Consequently, compared to a situation in which there is no optical
eccentricity with respect to the normal N, the degrees of freedom with
20  which the condenser mirror 18 can be positioned are increased. Here,
"optical eccentricity" means that, as indicated in a diagram of the
optical path of FIG. 4, the center of curvature C18 of the condenser
mirror 18 is not on the normal N to the surface of the mask M, even if
there is no deflection by the plane mirror 22 (FIG. 1); i.e., even when
25  the beam of light reflected by the plane mirror 22 is expanded, as
indicated in FIG. 4.
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[0031] EUWV light incident on the condenser mrror 18 is reflected by
the condenser mrror 18 and is incident on the condenser mrror 20 (a
spherically concave mrror) .of the condensing optical system The
condenser mrror 20 conprises a substrate of glass, ceramc, netal,
or 5the like, with a reflective surface coated with a multilayer

(5) o 1 mprafe1” HEY BERERAER, Spothe PRt BiptO 1R, Rffeckl oy
: P “HEoerer o
2150 opt | calts \BadkRset BIESF o ik dhokdaf RAEIS SondsE irtct 20 (o,
o optically e respect To 't _ _
G 4. conschughetly B, Buirkdh)! OF e, BOAdRing PObREH, SRR The"

opti cal ecced%'bghéltyﬁxghgg gga&g@ﬁs?e@ 4 88bstPRE Y %Mss,t Qqafifier 8fgalfor

freedom wi th nser mrror 20 can Be positioned aré

increaseyl. [tH83e, BWivhld SiflediRid QRS BYatedowRBgl aRsglayer filth f38med
reflected and 15°deflected by the plane mrror 22. Thi’s reflected
and def | ect ff ﬁ%éfnbti%?tlayéfs' P lybdehum () Sandsilitonu(Si) ROSinipeRc
the reflective mask Mon™ which i§ fornmed a prescribed circuit
pattern. ThetFW¥flectiyr &f IECVedight. The ¢@fteecifl e@nrvatpee N@36 b fibens
a secondary light-source image at the pupil of the reflection-type
proj ect i on- qEinidekersistroM(FlsphdHeallmiinoe) 201is atsooppiicaly spséranicRiith
projects the imge of pattern fornmed on the mask onto the wafer W
for exposur eesgéut toather nddnsl Sort dee nvdskhVh suefacs t(IM(Peaetye tonterd a
phot osensitive substrate. The eccentric configuration of the convex
m rror B artedmadiated megiomy, asZhoadn tihF 1€ dd dimiseguentliycadmpased ity a
expl ai ned above with reference to 25 FIG 4, was described with the
normal N to situationsin Mischfthese ($ M8 opticaheccentrieityowitth eespact rib idieed
region being regarded as a reference. In. ) ' )

normal N, the degrees of freedom with which the condenser mirror 20

can be positioned are increased.
[0032] EUV light reflected by the condenser mirror 20 is reflected and
15  deflected by the plane mirror 22. This reflected and deflected EUV light
uniformly illuminates, with superposition, the reflective mask M on
which is formed a prescribed circuit pattern. The EUV light reflected by
the reflection-type mask M forms a secondary light-source image at the
pupil of the reflection-type projection-optical system PL.  The
20  projection-optical system PL projects the image of pattern formed on
| the mask M, onto the wafer W for exposure. The wafer W is coated
with a resist, thereby forming a photosensitive substrate.
The eccentric configuration of the convex mirror 18 and concave mirror
20 of the condehsing optical system, explained above with reference to
25  FIG. 4, was described with the normal N to the mask M surface (IMG)

at the center of the illuminated region being regarded as a reference. In
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optical design, the perpendicular line at the center of the effective
aperture-stop plane at the em ssion-side fly-eye mrror 14 can be
defined as a virtual optical axis A It is useful to regard this
virtual optical axis A as a reference. As indicated in FIG 4, the
center of 5 curvature C18 of the convex mrror 18 and the center of

curvature %t%c%fl a&gﬁﬁgﬁéﬁerﬁh f%'ﬁl%ro e aP FhE @én]tglc Qﬁniﬁé ffective

posi tions Ive axXl S A Ical axls

Strai ght 1| AP LARR AT roLoTRe of ?@&F%P@I%gg e A A e ge
Thi s eccent 14 eanti gl no@ﬁeapﬁx@&hﬁrf&%gﬂﬁe iehakdahis Wugl

optical axis I'ng optical systemis n I el

the nornal e% | Onhﬁ?g‘iﬁkai\/‘asgéfeﬁ?cdl ) indicatbl Sin® #1164, Gthe! B8nter of

irradiated r t he i's eccentric configuration

can be cfiar %ﬁéﬁﬁ@‘tlg‘ ofRé cbﬁ%eﬁﬁﬁir?@i‘ 8’%1'@?1 e &ntéh8f cAARABRSCY

optical systemis also not parallel tot e virtual optical axis 15 A

whi ch i's t heyglePenstf4 Afirrbt 20 afe bbfh ﬁ?@&@éntﬁf: poretiShs @éltah\’/% to the
aperture-stop plane at the em ssion-sid ly-eye ‘mrror

condensi ng ogkuadlopideal exkid A CTE aptiesd M\xﬂshAthf 3 'c@ﬁﬂeﬁ%ﬁh@ éﬁtlcal
defined in this way, then there is no need for both the centéers of

curvature Clfsesid 1626ffettively defined by therstifehinlintheommittaige the twor
20 20, respectively, to be éeccentric with respect to the nornmal N or

the virtual cemptiscell captiaturd, CAdBdaral G, iThik adocentric configiitivr bamfbech
only one of the two centers of curvature O 8 and C20 I's eccentric.
[0033] Mith clarscteniged eirathar sheisoptocadr akisg Aico ofhile eohdensiegt optical
because the optical axis of the condensing optical system conprising
25 two sphersystgmmsmogrparabiel f0tliesnophakb N toy thee oeaskr Me sarfaces (HdiG) at
parallel with respect to the normal to the mask surface at the center
of the ill untheacenter 2 the irradiated region of the mask. Also, this eccentric

configuration can be characterized in that the optical axis Ac of the
condensing optical system is also not parallel to the virtual optical axis
15 A which is the perpendicular line at the center of the effective
aperture-stop plane at the emission-side fly-eye mirror 14. If the
condensing optical system is configured with the optical axis Ac
defined in this way, then there is no need for both the centers of
curvature C18 and C20 of the convex mirror 18 and the concave mirror
20 20, respectively, to be eccentric with respect to the normal N or the
virtual optical axis A, and a configuration is possible in which only one
of the two centers of curvature C18 and C20 is eccentric.
[0033] With an exposure apparatus according to this embodiment,
because the optical axis of the condensing optical system comprising
25  two spherical mirrors 18, 20 is optically eccentric or is not parallel with

respect to the normal to the mask surface at the center of the illuminated
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regi on of the mask, the degrees of freedomw th which the condenser
mrrors can be configured and placed can be substantially increased
conpared to a case in which there is no optical eccentricity with
respect to the normal to the mask. In other words, the condensing
optical 5 systemin this enbodi ment conprises two reflecting mrrors,

whi ch are, Ijegidﬂ“éf%g%azg{l tg%i (g%eggfg,tf f?éﬁ/o‘{ﬁisﬂthh%hf&{'ﬁ%{:%ﬁéﬂerm

and the conca&ve mrror ropriate I'ng each o
I - e : ) : _ ,
pover (rof r ATors” oah 1% PORERLPAL Sl pldckCln Be Sbudfia) BLEReHve
ti I ol :
PG 4 shove TAPRAdE Foise ih whitifURIETENE dBical cboen o) wiizespect
exposure ap%rfﬁé‘%o%ﬁf’a?rt@! S LRasl! $n SHHRRE WS t'ﬁ'chéndéﬁﬁiggiég al

optical path of a conventional condensing op_tlcél system _ one
concave gn rrszsterﬁ‘iﬁHhﬁ%rhﬁédﬁﬁ%ﬁtééﬁ%?%i‘géﬁg%'r@ﬂ%Bﬁn %ﬁ%%?%i&ﬁ‘%i‘e,

exposure apparatus shown in Fl and 5 ar drawn to the

same scal e. ihntﬁé‘%r_@@f‘%n%ﬂﬁghOll@g]hf:%h’ri%;&étﬁHE QonivBkSmifHROU8 "R tBech
of the reflecting mrrors is provided with appropriate power.

Consequent | ysorich€e Fhirt@ 30.2B§ déipﬁ@@ﬁaﬁély%ﬂtihg daehno fthecdlehRiiR Intirrors
conpact optical system conpafred to the conventional condensing 20

optical systsmizhensdion/side Tly-£903pirdbaaldy effettivbpdwen(rdfentive

of a single convex lens (thin'lens) 1is f, then the interval
(distance) hetwednetiles. diieplovedrde dquivdlepptond pasitivd lmSi(aguiafaismteto
focal point is 2f. If a positive lens, a negative |lens, and a
posi ti VH} | erssceneaveaniiroed in a three-1lens optical system the
di stance 25 between the object-side focal point and the inmage-side
focal point [663%] B&heschsdek(.tdbsliows thesptical pathdefridiencpraierisueg optical
system as discussed 21 ' . ) .
system of an exposure apparatus according to this embodiment, FIG. 5
shows the optical path of a conventional condensing optical system
having one concave mirror, such as the system included in the
15  conventional exposure apparatus shown in FIG 9. FIGS. 4 and 5 are
drawn to the same scale. In the condensing optical system of this
embodiment each of the reﬂecting mirrors is provided with appropriate
power. Consequently, the mirrors are placed so as to form an extremely
compact optical system compared to the conventional condensing
20  optical system shown in FIG. 5.
[0035] Normally, if the focal length of a single convex lens (thin lens)
is f, then the interval (distance) between the object-side focal point and
the image-side focal point is 2f. If a positive lens, a negative lens, and a
positive lens are combined in a three-lens optical system, the distance
25  between the object-side focal point and the image-side focal point can

‘be reduced to f or less. A condensing optical system, as discussed

21



above, that is telecentric at the mask has an object-side focal point
| ocated at the em ssion plane of the fly-eye optical systemand an

| mge-side focal point |ocated at the mask (or at a plane conjugate
to the nmask), so that the distance between the object-side focal
point and 5 the inmage-side focal point is the entire length of the

condensi N9 Rl 2! haP YS! ERcelfie 4o nask FATIRTSHGARIL koL BOIA™

having a positive-negative-positive power arrange
[ i dth - t i t Qi |
oot RO o docfRl Bt hENGmISeh pIBREOF the Ml e Bplibhl SYSEM and an
gth. _ . . igurat ( 1
condensing j @Qgid%afocayﬁogﬁ% Iéﬁlc%l'ﬂelcg ab (R9'rfadR (6108t 3 \Aﬂe'dbrlgﬁgat% to

only a single oncave m e mrror wer

replaced wi t{heamh@Rp soSit e diﬂané@vét&egggi%@ o%fe&%iaa%sﬁlt pbifit aid

optical systemhaviig a single positive the other ‘hand, In

the optigal -fhatimantideuorhi pBintds theenties danshner @Rt ddirlensitid 8ptical
according to this enbodi nent; a 15 convex mrror and concave mTtTror

are arrangedsystéint ha{s ondefeshiltomat heondénsigy e opitical alsysiesd eRavie o
the mask sidé. Also, the beamemtted fromthe em ssion-side fly-eye

mrror is nopogitiPeiRichtivedfwitivé powarlfifingemetnsy Beéalbganhal has a

I's, each of the elenment mrrors of the emssion-side fly-eye mrror

is tilted _sllb@?tfoy:arEngthyﬁati@ettbétsmmaﬁ legt?0 that, overall, the
em ssion-side fly-eye mrror exhibits the power of a positive |ens.

I f the two nioo36)r sievibieeopticell etk configusatiem s shys tenverttienal reesidehiing
optical system (both fly-eye mrrors and the condensing optical

syst em) 10wul abtical esydhempeonih aasirezigemerror athoaviec anbFI@Et Soromly a asingle
positive lens, a negative lens, and a positive | ens. Consequently,
t he 25 condeswmicayeomirroal 2Ky s¢ ersedf If lthe o iwenet rapdaeed mattelay lens
conpact. [0037] The condensing optical system of this enbodi nent,
despite 22 system, the result would be equivalent to an optical system having a .
single positive lens. On the other hand, in the optical-path configuration
of the condensing optical system according to this embodiment, a
15  convex mirror and concave mirror are arranged, in that order from the
fly-eye optical system side to the mask side. Also, the beam emitted
from the emission-side fly-eye mirror is not a parallel beam, but rather a
convergent beam. That is, each of the element mirrors of the
emission-side fly-eye mirror is tilted slightly relative to the others so
20  that, overall, the emission-side fly-eye mirror exhibits the power of a
positive lens. If the two mirrors were replaced with a lens system, the
resulting optical system (both fly-eye mirrors and the condensing
optical system) would have the power arrangement of a combination of
a positive lens, a negative lens, and a positive lens. Consequently, the

25  condensing optical system of this embodiment is extremely compact.

[0037] The condensing optiéal system of this embodiment, despite
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having a | ong focal |ength, can be situated at an opti mum position.

Al so, the distance between the incidence-side fly-eye mrror and

em ssion-side fly-eye mrror can be substantially longer than in a
conventional system allow ng the respective angles of incidence of 5
EW |ight on the incidence-side fly-eye mrror and enission-side

fly-eye m ”E{V&géﬂ@n% ?Fﬁe?%t TWShe | Ruéféﬁr?:rt éiﬁ' #@Yﬁuhpﬁosmon Also

reflectivit e | nci ence Si mrror

em ssi on- si dﬁe f s mbreﬁ%eﬂo {Be | ﬂfé}ﬁ%‘lﬁceamlﬁoss o?yé © mirror

conventional systens, wth consequent anount of

light. 10 [%ﬁ?ﬁsﬁ@%ﬁeﬁsﬂﬁ%gévﬁm@?' AR BONSRIant Ay UbAsR! ehsh eﬁserat

mrrors of € em Ssi on-'si y-eye mrror are se suc that the

respective rayfveritiodal tég@te@he'ﬁﬂ%mﬁgrﬂ% FefiRRVISEISnglék 20f Hficidence of
condensi ng optical syst at a pornt on the mask surface That is,

each of ghe EefV egihor] Yhe jAdénd-sidet {}éﬂé vé VSl OB éﬁdtélﬁlssmn—mde

em ssion-side fly-eye optical systemis provided with an

i ncl i nation fiyidyle) niteb thies debmated SThiy, lincues aldwasdhehefleetivityob
that fly-eye optical system These individual inclinations are

greater towaRtV hH%]@f»‘ rafphile¢ yineidére-idy- Eyeepptindabr sysd egmiskims-sidche

entire em ssion-side fly-eye optical systemhas a convergent effect

like that ofly@yeontiave o beoincrddsed mlaiove toheommskicnat fysterhy with
i1l um nated 20 optimally with EWV light (illumnation light) in a

manner that ¢oseqotst radeceddsssof amoeso b G 0W, lighunt rast, and the Iike
on the wafer surface. Also, the wafer can be exposed at hi gher
t hr oughplit  wiooss]t HEh¢ irespeudiviee el infatioms doib the: e itmpdd €1¢10OAO Imirrors hef
exposure apparatus of this enbodi nent, the condensing 25 optical
syst em conpriheeemissonshde lﬂc;aeymnumms arhqaet siunh dhdethe rrespedizve rays
i ncident-1ight side, are convex and concave. Alternatively, both
mrrors 23 from the element mirrors converge, via the condensing optical system,
at a point on the mask surface. That is, each of the reflection-type
partial optical systems of the emission-side fly-eye optical system is
15  provided with an inclination (tilt) such that light is reflected toward the
axis of that fly-eye optical system. These individual inclinations are
greater toward the periphery of the fly-eye optical system. Thus, the
entire emission-side fly-eye optical system has a convergent effect like
that of a concave mirror. This allows the mask surface to be illuminated
20  optimally with EUV light (illumination light) in a manner that prevents
decreases in resolution, contrast, and the like on the wafer surface. Also,
the wafer can be exposed at higher throughput with the fine pattern
formed on the mask.
[0039] In the exposure apparatus of this embodiment, the condensing
25  optical system comprises two spherical mirrors that, in order from the

incident-light side, are convex and concave. Alternatively, both mirrors
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may be aspherical. Further alternatively, one of the mrrors can be
spherical and the other can be aspherical. [0040] In the exposure
apparatus of this enbodinent, EUV |[ight is used as the exposure
light. Alternatively, |aser |ight produced by, e.g., a KrF 5 exciner
| aser, an ArF excinmer |aser, or an F2 |laser may be used as the

I 7 ) o . |

S Peticle (nie) b7 dbhefifal (ETHer SMeaARPAYTaE, BT e MRTROLAERE
Cocti on. aobi ! ! hot e

Cubst rat o (WprErel aBl BB AR e & Ping, e ned on

the mask. Tl'[b?4 ?'Iﬁrtgé ekpbgﬁ’l@' ﬁtus’ﬁtﬂ?é%ﬁ%@dﬂﬁgﬁ?%iéﬂeis used

manuf act ure 0 crodevi ces (e.'d., sem conductor devi ces,

| mage- capt ur Vel @i d i i i of i
g AP JevegRture light IANEHSiN () BROPHEHEBKSERRA BY dlg!, d RE

). FIG 6 dépicts owchart” of "an
exenpl ary meiRoGhet WseFRRH| LT Wikiciifles PBef OHHA TR add ARY 68usedSs the
exenpl ary m crodevices). The nethod incl'udes formng a” prescri bed
circuit pattexpdsQre Hgwfer or simlar as a photosensitive substrate
usi ng an exposure apparatus such as the enbodi nent described above.
[0042] |n stiep4153qk thé ekbEstre %)pﬁéﬂis d¢fl this émbdebasht, ecrepicl®(Rask) is
wafer 20 in one lot. In step 302 a photoresist is applied onto the
metal film diuneiaetedidfyerthe nillinaienfon aippakatus! emdS30 Prajectomosptieal
apparatus such as the enbodi ment described above is used to perform
|i t hogr aphi cystemas wsed, fobyxpbsnilp 4 phoessanisitive spladttate (wader)neithothe
the mask are forned successively in each shot area of -wafers in the
one | ot10 usipugterhdor Sramsireity, alefmed orlths ynaskn Tk tganedalvethograghiche
photoresist on each wafer in the one lot in step S304, each wafer in
t he one | ot smethoet ofeed b@4used in the manufacture of microdevices (e.g.,

semiconductor devices, image-capture devices, liquid-crystal-display
devices, thin-film magnetic heads, and the like). FIG. 6 depicts a
flowchart of an exemplary method for manufacturing semiconductor
15  devices (as exemplary microdevices). The method includes forming a
prescribed circuit pattern on a wafer or similar as a photosensitive
substrate using an exposure apparatus such as the embodiment
described above.
[0042] In step S301 of FIG. 6, a metal film is deposited onto each wafer
20  1in one lot. In step S 302 a photoresist is applied onto the metal film on
each wafer in the one lot. In step S303 an exposure apparatus such as
the embodiment described above is used to perform lithographic
exposures, by which images of the pattern defined on the mask are
formed successively in each shot area of wafers in the one lot, using the
25  projection-optical system. After developing the photoresist on each

wafer in the one lot in step S304, each wafer in the one lots is etched

24



(step S305), using the photoresist pattern as a mask, so that a
circuit pattern corresponding to the nmask pattern is fornmed in each
shot area on each wafer. [0043] By formng additional circuit
patterns and the like on other 5 layers, sem conductor devices or
ot her devices are fabricated. In this mcrodevice-nmanufacturing

met hod, becg@?q%n%ﬁgz,”{l&i a{.fhe‘e §ﬁ6{o%§‘i§{j &éh{‘%sté‘?nzfs?@ & it a cireuit

enbodlnent € exX osur uced reso i'on, contras

Surt ace L;ﬁe%%%gb@é*%@gﬁa@oﬁsequeﬁﬁﬁf‘?’%ﬁﬁ?ﬂi’%ﬁ%ﬁ%‘ﬁ ARGk o

detailed cir twhidt erns can be produced at higher throughput. In

steps S301-S , het aI i s deposited onto the wafer, photoresist is
appl i ed ont gq Bl aforhlih @d‘zﬁ:o%l)%‘i%xﬁt QFHﬁ%I“Tthe lﬂ{@cﬁi%ﬁhéfg
steps are pg[r?h]% 9 F?Elflic)rgla ese steps con oxide film may

be f or meg], ilfa%réfss'sfeﬁﬁcoﬁﬂuét'&? d&/iges O@fdtﬁér \Mi‘:'v‘fcfbstﬂ% PABH 88! Bl thiy

15 deposited on fhe silicon oxide film foll owed by exposure,

devel opment ,m1<ﬁ*0@16trf&~m%ﬁdfﬁtﬁﬁh§3ﬁ1%ﬂ¥0d [ B84tke Siptguidre fiorRidd

of the exposure apparatus descri bed above, a prescribed pattern

(circuit patigng, thel desdritsiel paiicetimert! of e dxpodhre appaeathor redhced a

plate (e.g., glass substrate) so as to inprint 'a 20 | ayer of a

l'i qui d- Cryst@lsomtﬁm ayofidsiceand th@elike fimcrladeimhggds Mimeexam! theof
such a nmethod is deplcted in the flowchart of FIG In FIG 7 a

so-cal | ed phslictos¢tmitivapBybsitate isurfaee!f wane e nptdvented Consequently,
pattern-formation step S401, in which the pattern of a nask is

transf el ed mmﬂmdevmmet}mmg idetaibedsoivstit gtattetnd ass beuhwdnece adhigher
like 25 onto which a photoresist has been deposited) to effect

exposur e usithgoughymite Xposteps SBM#&%Q& ofetalhes adepositedbantiontnt . watens,
a prescribed 25

photoresist 1s applied onto the metal film, and exposure, development,
and etching steps are performed. Prior to these steps a silicon oxide film
may be formed, if desired, on the wafer, after which the photoresist 1s
15  deposited on the silicon oxide film, followed by exposure, development,
etching, and other steps.
[0044] Using the embodiment of the exposure apparatus described
above, a prescribed pattern (circuit pattern, electrode pattern, or the
like) can be formed on a plate (e.g., glass substrate) so as to imprint a
20  layer of a liquid-crystal-display device (a type of microdevice). An
example of such a method is depicted in the flowchart of FIG. 7. In FIG.
7 a so-called photolithography step is performed in the
pattern-formation step S401, in which the pattern of a mask 1s
transferred onto a photosensitive substrate (glass substrate or the like
25  onto which a photoresist has been deposited) to effect exposure using

the exposure apparatus of the above embodiment. Thus, a prescribed
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pattern containing nunmerous el ectrodes or the like is fornmed on the
phot osensitive substrate. The exposed substrate is subjected to a
devel opnent step, an etching step, a resist-renoving step, and -
optionally other steps to formthe prescribed pattern on the
substrate. 5 These steps can be followed by a color-filter-formation

o0 102 LOGEEh A chbebi, e LB, H Bl b4
(blue) are goiaRgesiif Sl | SORLI Sl 4 PLABERP o)
col or - 111t erdvsiontiBah 48b, oSl Moo adfyistremasing siep, and
ztﬁ::éi EE’; %Mﬁ%ﬁ?ﬁ%@% ‘2}%??@3gﬁﬁg@%ﬁ%ﬁ%ﬁ@%@I@i&i@fﬁg
I(: aﬂrhdcf;gggg SC%lﬁ s?: ?Efmhg- gew - zgsiseﬁg#y "sgep§%§&%?%r exanpl e,
cubstrat e (oo T bEcdtor Bl AaRRE0n b7 S92 FIRe rbli% of three

g "a prescri : _ '
ol or 1111 erils COuREBondE to RS Eatce), bid & (GILE] AR anfing i a

panel (li quirﬁaﬁwsmterﬁsﬁbay; ﬂzlgﬁgglrs gg%ﬁr;gsf dfoﬂﬁlaé‘][i,s SEMY YstFipep 22604

electronic circuits require Operating display-action of the
celI's of theyt T4 W BloneANRan-lihé ditiedribhy &3 Bt @l tdlbr fHter. After

backl i ght, and ot her conponents are installed, to conplete

fabricat( on the toRrifiler-toreiatidinl stéhSBUYPL @e\vetleassBinbIvarterPiS403ejs

above-descri bed net hod of manufacture of a |iquid-crystal-display

devi ce, becaygeutod)dsurhidisa pabktreBavisionthet prespibed Gattern dohaddnant
25 of exposure apparatus as described above, declines in resolution,

ggnt rast, antep 8401, ke avlot HHtphfdrasehdintdtep SWOR raid optidredly atleer

structures, are assembled into a liquid-crystal panel (liquid-crystal

cells). In the cell-assembly step S403, for example, liquid-crystal

15  material is injected into gaps between the substraté (having a prescribed

pattern formed in the pattern-formation step S401) and the color filter

formed in the color-filter-formation step S402, to fabricate a
liquid-crystal panel (liquid-crystal cells). |

[0046] In the module-assembly step S404 electronic circuits required

20  for operating display-action of the cells of the liquid-crystal panel

(liquid-crystal cells), a backlight, and other components are installed, to

complete fabrication' of the liquid-crysﬁal-display device. By means of

the above-described method of manufacture of a liquid-crystal-display

device, because exposure is performed using the particular embodiment

25  of exposure apparatus as described above, declines in resolution,

contrast, and the like on the photosensitive substrate surface are
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avoi ded, and display devices having detailed circuit patterns are
produced with high throughput. EXAMPLE [0047] FIG 8 shows the
schematic configuration of an exenplary 5 em ssion-side fly-eye
mrror and condensing optical systemof an illum nation apparatus
according to this exanple, as well as the position of the surface to

M rror 14 art AP EoreR e ng e A ViR SRERES” Rt tidents 242
as descri bedi}lfgtahf&?ﬁ%ﬁgh%ﬁ#gﬁgﬁgﬁy y-eye mrror 14 10 and condenser

mrrors 18, o) own in FIG 1. Consequently, the

ref erence syqujMP{sEd in the follow ng description are as used
above in the description of the enbodi nent. [0048] Data for the

em ssi on-si deodt)y-ENE 8 §hé¥ws 1&@%@h§ﬁl@ﬁ@“é8ﬁﬂgﬁh{tkﬁ{ ofl8n éﬁeﬂlﬁplé
illum nation apparatus of this enbodinent are ~15 provided accordi ng

to the 191 maémigsh sleCBRFee ( BiibigpabnResomalying soptiedlesystetn UPan!

optical -design software. In"the CODE V design protocol, the virtual

optical axi Sillﬁmﬂaﬁoﬁ)apparamgc'arcdgfﬂiﬁg tbhBisoadtdraple, agwell b théposigidngn
process, and the optical data provided below are based on this

approach. FigBtthecoimdhtd aos HeorilluavinatadudRdGt oTke coefigentiodd ofi thee

optical systens of the illum nation apparatus of this exanple are

descri bed. |¢midseort-eldeoti rgedaimor 18REd bﬁtﬁd@ﬁ@@igbpﬁtaﬁ hestéran
caused to be incident on the illumnation apparatus, "DIM is the

unit of | engid esanble amd ds) dedcribalfomtias etifissioavatie rfty-eyef mitrghtl 4
rays used. The direction of the beam caused to be incident on the
i |1 umi nHd i onarkb capdansgrumiatess 18 20dof dhe embbdimear shewanin FIG. 1.
coordi nates are used (wth the Z-axis being the optical axis of the
optical syst@ahsequenrly, the refererde symbols used in the following description
are as used above in the description of the embodiment.
[0048] Data for the emission-side fly-eye mirror 14 and condenser
mirrors 18, 20 of the illumination apparatus of this embodiment are
15  provided according to the format used in CODE V (Optical Research
Associates), a type of optical-design software. In the CODE V design
protocol, the virtual optical axis A (FIG. 4) is regarded as the optical
axis in the design process, and the optical data provided below are
based on this approach. First, conditions for rays caused to be incident
20  on the optical systems of the illumination apparatus of this example are
described. In the following data, "EPD" is the diameter of the beam
caused to be incident on the illumination apparatus, "DIM" is the unit of
length used, and "WL" indicates the wavelength of light rays used. The.
direction of the beam caused to be incident on the illumination

25  apparatus also is indicated. When Cartesian coordinates are used (with

the Z-axis being the optical axis of the optical system), "XAN" is the
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X-direction conponent of the angle nmade by the optical axis of the
optical system and "YAN' is the Y-direction conponent of the angle
made by the optical axis of the optical system In this exanple, 15
rays, each at a different angle with respect to the optical axis of
this 5 illumnation apparatus, are incident on the optical system

[0050] TABLEXTOKEY 1R GoBmPORet o i cngle cdads by (10 apitiob Biv o
! 39672 1. soBA BB Ide AN By ARCRIGN PoBOTETS h dTS AGalsso
4 82061 4. 36108 P ORAPCHaEY SRl OBy, iR cpanapl. 151494
xanpl 6 ae. ot oyt AbIE i R5eRCta, k! Ppigtt and® o, Y,
(. o 20 ararbiek e WP HEIRCl et O A Sl AR 5Bl e
aper Lur e o1 o Bk CREIPAS ) % LT ni 1y (o, 6. - when the radi us
"mage prane. (surTaee 15 RO i nat ed) . Furthor) " SPS XYP isa
free-form surfapgns epigsented by a power series in XY (i.e., a SPS 20

XYP- XY pol ynom al aspherical surface). The SPS XYP surface
WL 13. 50(am)

—f

[0050] TABLE 1

(Direction of beam incidence)

XAN 0.00000 0.00000 0.00000 0. 46553 0.46553
0.46553 0.93110 0.93110 0.93110 1.39672
1.39672 1.39672 1.86244 1.86244 1.86244
Y AN 4.73228 4.87602 5.01980 4.70990 4.85364
4.99806 484215 4.78588 4.93226 4.52707
4.67077 4.82061 436106  4.50473 4.65987

10
Next, specifications for the emission-side fly-eye mirror 14 and
condenser mirrors 18, 20 of this example as optical members are
provided. The specifications are, in order from the left: surface number,
surface radius of curvature (mm), distance to the next surface (mm), and

15  material of the optical member. Also, "OBJ" denotes the object plane,
"STO" is the aperture-stop plane, "INFINITY™" is infinity (e.g., when the
radius of curvature is INFINITY, the surface is a plane), and "IMG" is
the image plane (surface to be illuminated). Further, "SPS XYP" is a
free-form surface represented by a power series in XY (i.e., a SPS

20 XYP-XY polynomial aspherical surface). The SPS XYP surface
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28 includes 10t h-order pol ynom al surfaces based on conics; the

pol ynom al equation is expanded as x" ' (mtn. 10). The foll ow ng
Equation (1) is an equation for the SPS XYP surface (aspherical
surface equation). 5 [0051] [Equation (1)] (Equation 1) cr 66 Z=
m~x 1l + SQRTIl - (I +kpr - +LC x, j=2in which z is the

o stance (SaRRIU o LR BEISROBEA,, SIS B P Bl
10 K 15 Ch 00058 ShaRlon 2D oShagiey L1E 2P SEIREHS g
spec 1 catl Q0P 50 LRRUARYERY B 325 L1 905 GRIRLACY o2

coefficient f’@’aﬁgﬁi s the x2y coefficient X2Y, Cl0 is the 15 y3
coef ficient : "is the x 4 coefficient X4, Cl13 is the x2y2

. coefficignt 5@? , I y coefficient Y4, Cl7 is the x4y
coefficient [X4 % é?éﬁﬁgé?ggﬂxz y3 coefficient X2Y3, and C21 is the y5

coefficient YgE {lgggﬁ]lt)Furt her, XDE, YDE, ZDE, ADE, BDE, CDE denote
surface 20 e antl‘lci ies, wherein "XDE" is the X-direction shift
(m, "YDE" is the_Y-diCrrection_shifba(m’r), "ZDE" is the Z-direction

shift (mm, "ABE H Me@relg) about the X-axis, "BDE"-
is the rotation 1(~@F@Rﬁgsjila-tf0{}é—i%r'tlhej; ~&xi's, and "CDE" is the

rotation (degrees) about
in which z is the distance (sag amount) along the optical axis (Z-axis) of

the emission-side fly-eye mirror 14, c is the vertex radius of curvature‘,
10 K is the conic constant, and C;are the x™ n” SCO coefficients. Further,
i={( m+n)’*+m+3nl/2+1,
[0052] In the optical-member specifications, the SCO coefficient C1 is
the conic constant K, C2 is the y coefficient Y, C4 is the x* coefficient
X2, C6 is the y* coefficient Y2, C8 is the x’y coefficient X2, C10 is the
15 v coefficient Y3, Cl1 is the x * coefficient X4, C13 is the x*y*
coefficient X2Y2, C15 is the y4 coefficient Y4, C17 is the x4y
coefficient X4Y, C19 is the x* y° coefficient X2Y3, and C21 is the y°
coefficient Y5.
[0053] Further, XDE, YDE, ZDE, ADE, BDE, CDE denote surface
20 eccentricities, wherein "XDE" is the X-direction shift (mm), "YDE" is
the Y-direction shift (mm), "ZDE" is the Z-direction shift (mm), "ADE"
is the rotation (degrees) about the X-axis, "BDE" is the rotation
(degrees) about the Y-axis, and "CDE" is the rotation (degrees) about
the Z-axis.

25  [0054] Whenever eccentricity occurs in a certain surface, from the next
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the Z-axis.
surf ace,

i ncl uded. But,

represented i ndependently,
whenever a sulio eeEHERSb LAY et He  EARLRIEY Furdtind B enerng
> (oot rcal ranaaibZefef 6 REAGRE B RERGRA R R syl tedbi™
1. 2015408 YL3NB0SSRGR Y. By gB el i Re R e dR of the
va: -3, orsae Seoig s e B R sf G St Bettdm he Malier ddipted by
YOE 80, 457243 9520 000po AR SR D RS anE B tag0gh S e B
CDE: 0. OOOOOOre'ﬁecgiﬁ%

YDE: 134. 242815 ZDE!

fromthe next

LutRebBELe
0. 000000 DA

CDE: 0. 000000100557 TABLE 2

A

088 T5ohs

(Optical member specifications)

OBJ:
STO:

Q:

SPS XYP
SCO

IMG:

10 Among the optical members of this example, each of the element

INFINITY
INFINITY
23357263.023

K:-1.2615E+08
Y2:-1.8560E-08
X4:-4. 2860E-16
X4Y-2.8616E-19

-28357253.02
1281.70038
XADE:0.000000
ADE0.000000

1691.15218
XDE:0.000000
ADE:0.000000

INFINITY
XDE0.000000

ADE:!7.313410

INFINITY

INFINITY
0.000000
0.000000

¥-2.8043E-06
X2Y1.6132E-12
X2Y2:-6.9295E- 16
X2Y3:-6.0085E-19

969.999967
-870.000000
YDE:80.427242
BDE(.000000

1300.000000
YDE:134.242815

" BDE:0.000000

0.000000
YDE 144,442224
BDE:0.000000

4.0000006

30

‘kason’

X2:-1.8313E-08
Y3:1.6118E-12

Y4:-3.6733E-16
Y5:-2.3244E-19

REFL
ZDE:0.000000
CDE:0.000000

REFL
ZDE:0.000000
CDE0.000000

ZDED.000000
CDE:0.000000

25 [ 0054] Whenever eccentricity occurs in a certain
29 surface eccentricity and the like are

represented according to new coordinates after the eccentricity is
for surfaces denoted by "DAR " eccentricity is

regardl ess of the eccentricity and the

vrdldg 3 P90 helow.
0 BDE: 0. 000000

DAR

DAR



6: INFINITY O, 000000 XDE: 0. 000000 YDE: 144. 442224 ZDE: 0. 000000

ADE: 7. 313410 BDE: 0. 000000 CDE: 0. 000000 I MS | NFINTY 0.000000 10
Anmong the optical nenbers of this exanple, each of the elenent 30
mrrors of the em ssion-side fly-eye mrror 14 is configured so as to
have a prescribed inclination, such that the EUV light emtted from

e cLﬁi2re3éiglvriwesiﬁﬁgﬁ%terf‘iﬁl%éfo%ésﬂ%&aég—ee@?e;“@?rh%ﬁiiiigeq f L %ﬁlﬁﬁe{&éé %

. cr 99813 FeStafes RO 4 i Gotprd
miigﬁsmbh ve-a pRderited ng a%tlteﬁ}?ﬁﬁéﬁﬂ%ﬁtﬁ%‘ 1503 ht Efifeeq(ET the
rirror B8 _ r g
%em-“ilfén- of BSpeetvs, lemPRt RIS 1he L%%iﬁf%ﬁ-é}dﬁ;%&nﬁgfaﬁ 14
mrror 1 | SYEsreetat AFSROGEIT T Bitls DORFRY T2 SPndoder it
(1 ee- 1 orgn sty ot Lensy(h AR colif6 TR s LROTIONFoS BAAG 3 has 5

extrenel active Tndex. factive e virtual

firee-for m sudaae ettorlcdifnamtnl b F2eH0m EOQRCIHAN B BRcBheAT is

i1l um nati ot apparatus o hi's exanp respective centers of

curvature of ) : : '

condensi ng o%éttirig)as ﬂ%é?@é@%er%gﬁto%flc?ﬁﬁw ;hglglﬁ%srsl}@}%ﬂ%}ﬂ&é%%e@gn?gi# he
normal at t t i ' eg ' X

Thus. the denrane BPWEr SqEvhleitIIeR, Bosiceork? GOUT e, ik dotin,
the condensegrfider OFS (S erdbssttlsitfe | fIG15RS 8slirrdt 9% ibf‘?epr'é%ﬁt_@étb ns

of the multiple elenent mrrors of the em ssion-side fly-eye mrro

14 20 ayr®e sefirpelll pRatdidoh el dred-fermddriadesldise(fakon'y, rotmedf

the fly-eye mrror 14, individual rays converge on one point on the
i mge pl ane from glass having an extremely high refractive index. The refractive

index of the virtual free-form surface lens ("kasou") is 10,000.
[0056] By means of an illumination apparatus of this example, the
respective centers of curvature of the convex mirror 18 and concave
15  mirror 20 of the condensing optical system are optically eccentric with
respect to the normal at the center of the illuminated region, as shown in
FIG. 4. Thus, the degrees of freedom in the design and in the positioning
of the condenser mirrors 18, 20 can be increased. Also, the inclinations
of the multiple element mirrors of the emission-side fly-eye mirror 14
20 are set such that, for each of the multiple element mirrors of the fly-eye
mirror 14, individual rays converge on one point on the image plane
IMG via the condenser mirrors 18, 20. In addition, the emission-side
fly-eye mirror 14 can be configured so as to have a positive-power
profile that is equivalent to a free-form curve. Hence the beam reflected
25 Dby the condenser mirrors 18, 20 can be made to converge appropriately

on the surface to be illuminated (image plane IMG), positioned at an
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| MG via the condenser mrrors 18, 20. In addition, the em ssion-side
fly-eye mirror 14 can be configured so as to have a positive-power
profile that is equivalent to a free-formcurve. Hence the beam
reflected 25 by the condenser mrrors 18, 20 can be nmade to converge
appropriately on the surface to be illumnated (i mge plane | M5,
positioned at an .31 .optimal position. Industrial Applicability
[0057] 111 urRRiH0ALROSISORr at uses, exposure appar at uses, and

i crodev co-pmputced g fEjgeds accerding To the present | vertion
L et 2 i
oppar s "oy LTS M AT i g
HERE Ml SNCR it
onttcal Lysth BoBIdEndomuPtrHh Vo MRt FBRYS, e
SYSLSTS 21 gAY BSOSt Bt (e

systens arr%ﬂﬁgﬂeﬁépe&&%EﬂMF15H9Bmh9&&aﬁéés”“'t‘p'e reflection-type
partial opticaP systens’in t%e em ssion-Side reflection-type fly-eye
optical systemrespectively correspond to the nultiple
reflection-type partial optical systens in the incidence-side

reflection-type fly-eye optical system and
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a condensi ng optical systemconprising two reflecting mrrors 15
that guide the illumnnation light, reflected by the em ssion-side
reflection-type fly-eye optical system to the surface to be
illumnated, wherein at |east one of the two reflecting mrrors has
a center of curvature that is optically eccentric with respect to a
normal to the surface to be illumn &iﬁdﬂﬁt the center of the
illumnated region. 20 2. The illum Sdpparat us according to

claim1, wherein .the twa reflecti rrors, are spheric rror
3 “the 111 unlnAR DTRG0 APpaRS Far HIGing eetiaandy B ToHUDRRY
reflecting mrcrot re as erlcal ir rs. 4 Thelllu

appar at us_actl b it “Emisded 170 gt Soutdea ot [ igination

mrrors are a s rslcal mrror and an aspherical mrror,
respect i vel yaP CHBPTFY&ni nati on apparatus according to clains

opt | cal System. .”?F'Hi e R RaRiside S it ebiBhined oY b8 SGRIE bt Pl
eapect i ve crebprhik il ?é%ﬂ%ﬁ?@ 407 Bt SR ce efih Efrfud in

reflection ty .partial optical systens in the incidence-side
reflecti on-tfq’g fly-eye optical systemand reaching at respective

;[ ccti on-type. pat | anisSirie; Clofiecrdifgd ' BREEVE | oAl Pifistem
e o g RN e TR e ynged i
|11 uni ngped. iy éﬂcﬁﬂ?ﬁ%ﬁé%ﬁﬁ é%ﬂécﬁ&}g @%@gﬁﬁ%rdma SRkl fh afe 2

mask onto a = photosensitive su trate osur e ‘appar

(13 ng;: tsljgtgegékghﬂsiér%@ld@t e @RRAIAIS N§Seie! bptdal Nsft¥nP N eesplectilalyTs
correspond to the multiple reflection-type partial optical systems in the
incidence-side reflection-type fly-eye optical system; and
a condensing optical system comprising two reflecting mirrors
15  that guide the illumination light, reflected by the emission-side
reﬂéction—type fly-eye optical system, to the surface to be illuminated,
wherein at least one of the two reflecting mirrors has a center of
curvature that is optically eccentric with respect to a normal to the
surface to be illuminated at the center of the illuminated region.
20 2. The illumination apparatus accbrding to claim 1, wherein the two
reflecting mirrors are spherical mirrors.
3. The illumination apparatus according to claim 1, wherein the two
reflecting mirrors are aspherical mirrors.
4. The illumination apparatus according to claim 1, wherein the two

25  reflecting mirrors are a spherical mirror and an aspherical mirror,

respectively.
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configured to illum nate the mask. 15 7. A nethod for manufacturing

m crodevi ces, conprising: an exposure step of exposing a

phot osensitive substrate to a pattern on a reflective reticle, using
an exposure apparatus as defined in claim®6; and a devel opnent step
of devel opi ng the photosensitive substrate 20 exposed in the

e
o UneSonce. o L oEFMAARR, T HS SR
e
cormr L9 Tk WA SR H-gPuly BF rRREEL AL GBLLAE s e
o131 4 1 esb BRGS0 B BB Lok BT BhEE g

opti cal SyStﬁ%eiiﬁghgﬁcels%éﬁﬁ%&%og{_%ﬁr ﬁge?s:tec#@ﬂ:‘all Bé??tg{r%éhﬁ\%gaching

optical systenm and a con conp

reflecting nrgt; irrggﬁcpggake%gge?{/ ggs]?g%d;/[ﬂfé LA e irEﬂE:c’ciﬁgr:c Elt?lgﬁﬁ]ée@f

the em ssio | ection- -eye optical syste

surface to t}ﬁ}ﬂtgé}}égl}%ﬁégﬂ)n-égjség@%?ﬁél“o bigar QYERARE NG o iéiﬁissﬁ%afiéitﬁg@e

has an optica p rough centers of curvature

Lo e e AR B - RSl s pe e the coltensin
10 optical system at a point on the surface to be illuminated.
6. An exposure apparatus for transferring a pattern of a mask onto a
photosensitive substrate, the exposure apparatus comprising an
illumination apparatus as defined in any one of claims 1-5 situated and
configured to illuminate the mask.
15 7. Amethod for manufacturing microdevices, comprising:
an exposure step of exposing a photosensitive substrate to a
pattern on a reflective reticle, using an exposure apparatus as defined in
claim 6; and
a development step of developing the photosensitive substrate
20  exposed in the exposure step.
8. An exposure apparatus comprising an illumination apparatus for
illuminating a surface to be illuminated with illumination light emitted
from a light source, further comprising:
an incidence-side reflection-type fly-eye optical system
25  comprising multiple reflection-type partial optical systems arranged in

rOws;
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9. An exposure apparatus conprising an illum nation apparatus for 15
illumnating a surface to be illumnated with illumnation |ight
emtted froma |ight source, further conprising: an incidence-side
reflection-type fly-eye optical system conprising nultiple
reflection-type partial optical systens arranged in rows; 20 an

i i ple ref Fect1 ot SBSHRtde ofRtTec NGt s 8L B
e ssi on-si domebltk FullSplicEn iy B Bhblal el SShueBiR afifherl) "
The 25 1 ncigain e i Puf ke SE o e PiBobanBl BffetSeBts 5he."
condens! 9. QlthIsSfn SHR! CRMATRALSIAY. 10" hEGEAN IR Spddit O

guide the ilTumnation light, reflFecte eni ssi on-si

e b PN A KIS orl Gl HR8Ral s i the
axi s that qﬁgﬁf@&%ﬁgMé&mﬁ@%ﬁ%ﬁ'@?ﬁﬂt%té‘ﬁ%ﬁw reflecting

mrrors of t condensi ng optica S not parallel to a

virtual optical ag %oH&éﬂégﬁgn il RESREAU SHpASin! R0 R@iﬂ%bﬁ_ﬁ%trﬁh?&%h

a center of an aperture of the em ssion-side reflection-type

fl'y-eye optipat ﬁfeer’fh]gl@}luﬁﬁnﬁﬁ@l?sﬁgﬁt,a%ﬁééféds 1P Séitbstth-side

illum nation apparatus for 1llumnating a surfaceto be illum nated

with illum %‘ﬂie@ﬂth@'bb fFﬁ'beé%tic&Ps dtem, 3o th@ Sirfaests Be iflundihged
conprising: an incidénce-side reflection-type fly-eye optical system
conprisimg mul ti plwherdih ebé iconderpigrapticall sypéinCias gy SdRticl aixiathed
in rows;

passes through centers of curvature of the two reflecting mirrors but is
not parallel to a normal to the surface to be illuminated at the center of
the illuminated region.

9. An exposure apparatus comprising an illumination apparatus for

15  illuminating a surface to be illuminated with illumination light emitted
from a light source, further comprising:

an incidence-side reflection-type fly-eye optical system
comprising multiple reflection-type partial optical systems arranged in
TOWS;

20 an emission-side reflection-type fly-eye optical system
comprising multiple reflection-type partial optical systems arranged in
rows such that the multiple reflection-type partial optical systems in the
emission-side reflection-type fly-eye optical system respectively
correspond to the multiple reflection-type partial optical systems in the

25  incidence-side reflection-type fly-eye optical system; and

a condensing optical system comprising two reflecting mirrors
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an em ssion-side reflection-type fly-eye optical system 15
conprising multiple reflection-type partial optical systens arranged
in rows such that the multiple reflection-type partial optical
systens in the emssion-side reflection-type fly-eye optical system
respectively correspond to the multiple reflection-type partial

onti cal systoft iideocns ORISR inheapReyRe o iR Risgice
e e ssi oneeaiSn uPEIPELHSelisE! pyull, IS Ruth i pE TR ERARRG ™
ompr 1 <1 ng an | nciaances draeSEkRbde AT RORh Gflorl 6R4E
concave M nofssed Frbhen TN EHPA LA AARAS LI AA6 8RR i FOR TGP B

wherei n: the par ical systéens i € em SsiIon-

reflection- t%oglaeggﬁlg &)}é@?éﬁ tsﬁée’cleigf Hat %M%icﬁ;‘bé’faﬁel itb%%ﬁ%@@gﬁ)ﬁé@ﬁg&is"e

I ncl i nat on oser to periphery 't

greater the dé}?ﬂ‘ﬂ]@é g%b%gtﬁ{i{?yaﬁﬁné gf%%si%lggthga{é. h % EHteF b UnSh c

reflection-type syst nver gent acti on.

12. The exp : | vl Myl g | east
e O SOt e DY e Py

one of the concave

mrror in thﬁ).cﬁﬂd@ﬁ?bﬂﬁeoﬂé%r busS ¥ sﬁﬁgoaﬁ{ iiHﬁiﬂiMaﬁSﬁﬁpéfajrﬁms“fdrh

respect to a nornal to the- ace to'be iflumnated at t center of
the illum naligeinadhem stdads to HreilRiARRIEE vARD W afisad6s Mot Renited

claim1ll, wherein: at | east one of the centers of curvaturé& of the
convex Mrrq&oﬁpglﬁgg@@@m, mﬁh@fcd,mpgi@,ﬁ@tri c wth respect to a

virtual optical axi's defined as a perpendicular |ine passing through
a center of an apet uiscideagesife reflection-type fly-eye optical system
comprising multiple reflection-type partial optical systems arranged in
TOWS;
an emission-side reflection-type fly-eye optical system
15  comprising multiple reflection-type partial optical systems arranged in
rows such that the multiple reflection-type partial optical systems in the
emission-side reflection-type fly-eye optical system respectively
correspond to the multiple reflection-type partial optical systems in the
| incidence-side reflection-type fly-eye optical system; and
20 a condensing optical system comprising two reflecting mirrors
that guide the illumination light, reflected by the emission-side
reflection-type fly-eye optical system, to the surface to be illuminated,
wherein the condensing optical system comprising an incidence-side
convex mirror and an emission-side concave mirror.

25  11. The exposure apparatus according to claim 10, wherein:

the partial optical systems in the emission-side reflection-type
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the em ssion-side reflection-type fly-eye optical system 15 14. The
exposure apparatus according to claim 11, wherein: the condensing
optical system has an optical axis that passes through the
respective centers of curvature of the convex mirror and the concave
mrror but is not parallel to a normal to the surface to be

o et 1 0 Rl ek T S BT
opt1 oL oY SN 0B e e TRE Bkl e B3R ol
ENCIE N R S T T T
em ssi on- si dt?asrfu)ﬁ%ljggﬂf Elgtﬁ’@n.f | y-eye optical system 37
5 12. The exposure apparatus according to claim 11 wherein:
at least one of the éenters of curvature of the convex mirror and
concave mirror in the condensing optical system is optically eccentric
with respect to a normal to the surface to be illuminated at the center of
the illuminated region.
10 13. The exposure apparatus according to claim 11, where;in: _
at least one of the centers of curvature of the convex mirror and
concave mirror is eccentric with respect to a virtual optical axis defined
as a perpendicular line passing through a center of an aperture plane of
the emission-side reflection-type fly-eye optical system.
15  14. The exposure apparatus according to claim 11, wherein:
the condensing optical system has an optical axis that passes
through the respective centers of curvature of the convex mirror and the
concave mirror but is not parallel to a normal to the surface to be
illuminated at the center of the illuminated region.
20  15. The exposure apparatus according to claim 11, wherein:
the condensing optical system has an optical axis that passes
through respective centers of curvature of the convex mirror and the
concave mirror but is not parallel to a virtual optical axis defined as a
perpendicular line passing through a center of an aperture plane of the

25  emission-side reflection-type fly-eye optical system.
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