;hijke3e"*@6To s MAY zooz EXPOSURE APPARATUS TECHNI CAL FI ELD "@00002* The
present invention relates to an exposure apparatus 5 for use in
transferring a pattern formed on a.mask onto a substrate in a |Itp|g(“%r;p&2
process for manufacturing sem conductor elenents, inage pickup el enments

(CCDs, etc.), liquid crystal display elenents, thin-film nmagnet mmmmmmwwml
and the |ike. The exposure apparatus is particularly 10 appropr

as an exposure apparatus for perfo§gh§ §9-i%&bﬁd nodi fied illum nat @b
BACKGROUND TECHNOLOGY Hitherto, projée E ﬁ exXposur e appar atuses (steppers)

of a batch exposure type have berﬁ)(bw fﬁ%ﬁ’ﬂl&%d whi ch 15 3["@“'%5' Wned

toillumnate a reticle as a nas an exposing illumnati ﬂmmmm

an illum najgd @i RRAL G pSystem and to project the mask patter
the reticle as a reduced I mage onto each of shot regions on a waf esoogor a

glass plate, etc.gndSpresedStifiéht ¥l Tl LN H S le AR %%ﬁ%gﬁb

through a projection optical system In recent years, attention

been drawn figx a1y 0f 18 Ct 1 &iils EXPOBY Q. FRPEE iV SESAFme SER N ik 1eXPPssir & type
(a scanni ng exposure apparatus), such as an exposure apparatus of a

st ep- and- scalbssrd e ihad 1 Sticapeddiey Pravessiticyy amosdseuZindy
transferring a reticle and a wafer in synchronismwth each other at a

proj ecti on saagiidridatian d¢habentss setmage piqgland elbdments (ke étct f ansfer
a pattern having a |large area onto each shot region on the wafer with high
preci si on -lijuid GCyswal 2009play okemerdis notleipri e tnagneiptd deeady st em
| arger in size. For those conventional exposure apparatuses, a
and the like. The exposure apparatus is particularly
10 appropriate for use as an exposure apparatus for perform a
so-called modified illumination.
BACKGROUND TECHNOLOGY
Hitherto, projection exposure apparatuses (steppers)
of a batch exposure type have been extensively used which
15 are designed to illuminate a reticle as a mask with an
exposing illumination light from an illumination optical
system and to project the mask pattern formed on the reticle
as a reduced image onto each of shot regions on a wafer (or
a glass plate, etc.) as a substrate, with a photoresist
20 coated thereon, through a projection optical system. In
recent years, attention has also been drawn to a projection
exposure apparatus of a scanning exposure type (a scanning
exposure apparatus), such as an exposure apparatus of a
step-and-scan system that is capable of executing exposure
25 by transferring a reticle and a wafer in synchronism with
each other at a projection magnification that is set as a
speed ratio, in order to transfer a pattern having a large

area onto each shot region on the wafer with high precision
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hi gher uniformty of the distribution of illumnation is required gm@%&e
line wwdths of a pattern image of the 5 reticle to be transferredU

wafer is made uniformin an illumnation area of the projection optical
system In conventional techniques, an optical integrator including a
fly-eye lens or arod lens, etc. is disposed in an illum nation optical
system in order to nake the distribution of 10 illum nation uniform Wen

t he pl ane of the

the fly- . i dopt ed ; tical .int t

f1'y-eye | oHEEPONH BRRIRY fyREQIERIEOn SRS AU (&l %Y O 1h%f = pl ane
that h Fouri t f | at.i hi ith t .to th tt |
of the reticle of bR oenEpYArareies FRoshey SR Bes b lcall ed
"pupi |l pl apg' eﬂv%rnﬁ%%fmi{yefq?“éﬁ@ i Orbdg;%;o%' j%}f %.r}.lhﬁﬁ.n%ﬁ:?g:ind%@nded' A

sinple incréase’in a nunerical aperture rojection op systemin

an attenpt e 1904 3% I “kﬁ.@% t; h of focus
becones 20rs%zlillri%gevt(\i/etr§bi r?rh%élrl?e@g{ioportitolgﬁasgﬁdt e seclondqetpg\?fver of the

nuneri ofl 2RHUIE td Hel e SFRrAR] RTR e Wil a8 niddd!Nidedd:Qp opti cal
system have been devel oped which utilize nodified illum nation techniques
with a viewnt Q11mREHNEHAGY %’i@dﬂdfortrﬁﬁgarﬁﬂé\dtcﬂd‘ig oPtidel exserdm. t ey depth
25 of focus. Such systens are disclosed, for exanple, in Japanese Patent
Appl i cat i oroh&etrtdparalNGechnimdsl4 anodpet idalofetieratdreridtuding. 3

Eur opean Patent Application Publication No. (EP) O 486 316 A2 (1992). This
t echni que £1%-eyel 1&ndAbx2@02advi@nses dtian tisngliss ook iof am Eiginel rd -

i ncidence of an illumnation light irradiated onto a reticle to a

pr edet er m féonv @ptd.calbrsy sdieaci firc duder tiwe nake ttdd chlstorimmigedby

| ocating a stop on a pupil plane, to thereb{ 5 restrict a shape in section
of an 1¢| udldamigetriiop undfame piiper shenélyseys dphscds rderPted @Sansform
pl ane for a pattern plane of the reticle, a scope of. the angle of incidence

of the ill @R PRYIGRY iiftedirtde Jhe &4AnR ffe e 188 rt R LW
limting the . posit.i f the 10 illum nation |ight SsSi t hr ough t he
pattern pl a’ﬁ‘é.C?‘I r}ltq(i’g: gﬁrﬂYeerﬁ ijjfnaﬁyW(fqu iYeF9Y I%ﬁaréﬁoorf@h%%g@%s
descri bed €1 i | um nat. j i rtial Qﬂgg t he
pupi |l pl angﬁgﬁdﬁ%sg%sg&wﬁarﬁa ﬂs_ apgefotqﬂ%rlfeéo]f%is&}sg&ﬁr i‘@_[ée%.ls er%f 8‘?%, as a
matter of GaW $@ttldinS phade JHNiaRe Sfiers dif Amidle disyvarndagedhat
illum nance of "the illum nation |ight decreases by an anount correspondi ng
to the guakoirmeOf(dHaghtiscad dorcdiadal "Pumingidamdl y. | eads to a decrease
in the amount of |ight energy reaching a wafer. Consequently, a |ong
exposure tine isMoaguvead trecthigai,n hdgheppnawdlattelaquads theexf exposure
that is defined in accordance with a resist sensitivity. As a result, a

t hr oughput deimamidedox pdsgimpagpangsreasentd vedunerdcade aped tumeSQfORURE OF

THE | NVENTI ON The present invention has been conpleted to 25 overcone the
probl ens i PFEOJERtiqn aRE IHHy IS a1 @b Al e FattRes thed it has as

its the object the provision of.an exposure apparat that _is capabl e of
:atlt ai ni ng J&%“@Wﬁ"&ﬁp})@ \ﬂﬁsl dhe djrlfﬁ"f@;(ﬁﬁ %‘%‘? St Uﬁ?éjﬁh ‘b‘lfsl #é?%ﬁlﬁ%ﬂ%@eﬁpon
- 3

28 gs%%ﬁi%%%& in inverse proportion to the second power of the
numerical aperture. In order to overcome this problem,
illumination optical system have been developed which
utilize modified illumination techniques with a view to
improving resolution and providing an increase in the depth

25 of focus. Such systems are disclosed, for example, in
Japanese Patent Application Laid-open No. 4-225,514 and a
European counterpart, i.e., European Patent Application
Publication No. (EP) O 486 316 A2 (1992). This technique
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carrying out nodified illumnation or the like) and that can Squreﬂ@l@ 200
decrease in illumnation of an illumnation |light. The present inveft N
has anot her objects to provide a nethod for nmanufacturing of the exposure
apparatus and a 5 nmethod for device such as sem conductor elenents and so
on by using the exposure apparatus. A first exposure apparatus in a first
enbodi nent of the present invention is directed to an exposure apparat us
that transfers a pattern forned on a mask R onto a substrate 10 via a

proj ect i onidyolygls shistidmrm ausgapearrfegiodngd g [dfudingitdencd ightarf r om an

il lum nation optical system The exposure apparatus conprises an

i |1 um nancéldymisakion dighdalirspdiahesh optic? inedligdes t@ fa rst refl ecting
menber 34 having an outer plane consisting of two reflecting planes 15 34a
and 34b i nPEeFEdEHMING S VET Yehe HGF@rSEPGéféFaélE@IGﬁﬁaﬂlﬁégﬁF18ﬁd1§ second

(1ot 1ol EERTEHRICHOTAH M Conton (Foe SO IRy PO TRP N o
L2 B, M O B T o 58
ref oct 1 ng PHEdtorg et & 750 AR SR, RSl WS pd
passage. of PERS LT BHS i THORE TRESUOR  SRar Anca b Gec Dot ween t he

reflectingipbanencdf dfhaHeVa 188 Ih TBYRE SN Gatheddy PhOf

multiple reflection or the |ike. After passage of the illumnation |ight -
4 can be restricted by limiting the position of the

10 illumination light passing through the pattern plane.

In the conventional modified illumination technique as
described above, the illumination light flux is partially
shaded on the pupil plane and the sectional shape thereof
is restricted. Therefore, as a matter of course, this

15 technique suffers from the disadvantage that illuminance of
the illumination light decreases by an amount corresponding
to the quantity of light cast in shade. This naturally
leads to a decrease in the amount of light energy reaching a

] wafer. Consequently, a long exposure time is required to

20 gain an appropriate quantity of exposure that is defined in
accordance with a resist sensitivity. As a result, a
throughput of the exposure apparatus involved is decreased.
DISCLOSURE OF THE INVENTION

The present invention has been completed to

25 overcome the problems inherent in the conventional exposure
apparatuses, and it has as its the object the provision of
an exposure apparatus that is capable of attaining a high
level of uniformity in a distribution of illuminance upon

- 3 -



0 9 MAY 2002 between the two reflecting nmenbers, substantially rmdif@%c!lm 1001

illumnation is carried out by irradiating the illumnation |ight onto the
mask, the shape of which in sectionis in the formof a ring or in a form
havi ng plural apertures, or the 5 like. Upon irradiation, the illumnation

light is not subject to any shading thus preventing any decreases in
iI'lum nance on the mask or substrate. It is preferable for the two
reflecting nenbers 33 and 4 to b dISpO ed in _series wth an optical
[t egr at o ST GaMG A g it J1°éhs°%§c L Fhe £ g

ot e e@e%“s%ab' w@{ﬁ% A4y

pe S e R e A R A0,
I
L e 6 00 B U Sy

|11 um n@nc grel @B h@ﬁd&%umﬁﬁr&n&%&m&%ﬁ@@&%w%@ é’éeoﬁ)f
illumnation, such as aring formillumnation or illumnation by neans of

a plurali tbyofuﬁe@rﬁi%)eﬂpdﬁﬁréfaﬂp&%mm accordance with the type of
patterns on a mask. Mreover, it is preferred that the optical integrator
3C cont ai ni ng ei gharirdie e‘:dgom lappar@tushan ed fignst kenbdSlidiarposetl in a

row with the illum nance-uniformty optical systens so as to enable
shifting rehst ipredgenteaavertthieon iEhidGimrifeduratdan rexarswates apmalbetused to
carry out ordinary illumnation. - 5

that transfers a pattern formed on a mask R onto a substrate
10 wvia a projection optical system PL under an exposing
illumination light from an illumination optical system. The
exposure apparatus comprises an illuminance-uniformity
optical system 3A which includes a first reflecting member
34 having an outer plane consisting of two reflecting planes
15 34a and 34b in a planar form on the outer side of a columnar
body, and a second reflecting member 33 having an inner
plane facing the outer plane of the first reflecting member,
which constitutes a reflecting plane 33a in a planar form on
i the inner side of a cylindrical body, and which is located
20 within the illumination optical system. The illumination
light passes through a clearance provided between the
reflecting planes of the two reflecting members.
The exposure apparatus according to the present
invention provides a uniform distribution of illumination
25 light upon passage of the illumination light through a
clearance provided between the reflecting planes of the two
reflecting members 33 and 34, by way of multiple reflection
or the like. After passage of the illumination light

- 4 -



0 9 MAY 2002 By way of exanple, the first reflecting nmenber 34 may ha(8 NAYS002
reflecting plane in the formof a conical plane 34b on its light-entering

pl ane side and in the formof a columar plane 34a on the plane side
extending therefrom 5 In this case, it is preferable that transparent
spacers 51 and 52 each in a ring form be di sposed between the first and
second reflecting nenbers 34 and 33. The light-entering plane side in the

coni cal plane form34b | eads the Qnteriqﬂ?illunination light to_the
li ght -1 eavi%r?d“fﬁedhet de Wi kG IRE A REMPGS iFPRAER I3 5 MeghEied ner eby

al l owi ng a_,substantial ring formillumnatjon. In addition, the spacers can
Schi eve r agid PR {Rn AR ST BHY THe 1R e | The nehEr e Sake T

mai ntai n a.st e i 400 atj.onshin the etween. 15 As an alternative
exanpl e, t hléﬁaur scf'&rOOZf%ﬂeec?? %Sgl ’rreﬂrlrrbée]r‘i‘nrf%e boef g@r%pc b sl ST gk
configured h [ [ t I C o the
opti l:gr axis : A‘iﬁa%fgit}%esé}ﬁﬁlﬁln%&na%I%ﬁ%l@yﬁ%%%&%’tr(#sgﬁ}%r m

Wi th the optial @b qﬁ&ﬁﬁ%@ibp,t I%ﬁecgﬁtl%h’inﬁQQOﬁluqlig%Q tRagdhe outer

pl ane constitutes a reflecting plane. The use of the nenber 38 enabl es

nodi fied i ldupjduat i@ 4y %ﬁmlgnmyséfwvéwnéa@mﬁi&éém Spur ces.

Moreover, it is preferable for an optical el enent to be disposed on the
l'i ght - ent erimamplrdifcsisle ie thsk Wr Zupitegd i ng nenbers, to thereby

shape a distribution of illum nance on the plane perpendicular to the
optical axis | AXIof ithendfardavlal ifor diid dato eIV img neenbexs 33 Mnd
Exanpl es of such an optical elenent includes a conical prism- 6 0 9 MAY
2002 or a pyr drd deprdissnosErk idi sysias onl i auciptdcalpticdgmseoment enabl es
a further decrease in a loss of the illumnation |light on the

| i ght - ¥t econgd-gineiing stiddenia thle teite rgnedd my @ amk.lens 45 being

provided. This configuration enables increased uniformity
of distribution of illuminance.
Furthermore, it is preferred that a plurality of
illuminance-uniformity optical systems 3A and 3B are
15 disposed so as to be shifted to enable shapes of the
reflecting planes 34a and 34b of the first reflecting member
34 or a reflecting plane 38a of a first reflecting member 38
to be made to differ from one another. The shifting of the
] illuminance-uniformity optical systems éA and 3B enables the
20 use of illumination, such as a ring form illumination or
illumination by means of a plurality of secondary light
sources, in accordance with the type of patterns on a mask.
Moreover, it l1ls preferred that the optical integrator
3C containing either the fly-eye lens or the rod lens be
25 disposed in a row with the illuminance-uniformity optical
systems so as to enable shifting relative to each other.
This configuration can also to be used to carry out ordinary

illumination.



5 A second exposure apparatus according to the enbodi ment of the prdseMay 2002
invention is directed to an exposure apparatus having an illum nation
optical systemwhich irradiates the nmask Rwith an illumnation |Iight and
transfers a pattern forned on the nask R onto a substrate W 10 wherein
bar - shaped optical elenments 33 and 34 are di sposed on the optical axis I AX
of the illum nation optical system the bar-shaped optical elenents being

B oh reflect 1 hEY AT T BPH it H CLP 18 SIS TemaTcrh M
the first oot serfbctiR It ol (HE A & AT DALTHR o

o Shaped 2o 198,10 SR EnB S hAdle, R i ML R BT ot i on as
of 111 naRadndspiddd 308t bild el JHE UMY ibdeBloh Pl Pho

reflecting i aps Hadde Parss ] ité:tatlhhé?tl Sﬁ}tsa]af;éﬂct} hetdDLes Bfter

the passage 25 of the 111 um nation i t hroug cl earance between
the refl ectdni 5 angsh A& ity fint B |dHPod&a Brskd N1RECE] Lot | @ a
ring formwith the optical axis disposed in the center or in a form having

plural aperdedgoarl rfldetindkanembers BIMah@EX. amtet ha ghi-aghitaidigy of such
the illumnation |ight can performa substantially nodified illumnation.
In this waplasfeadinde tive tid womiaddbplamghtfaml b eadds nigheleet easEng n
illum nance on the nmask or on the substrate can be prevented. 5 An exanple
in this caselwmdmativn rleiglon tof thetlidhit+leawing rland widatwbbh| i ght is
defined on the light-leaving plane side of the bar-shaped optical elenents
by thel®ir stindmalsdaasfl Iefquantity mfnkkght s therzeby ml¥ewing i s can
substantially performa ring illumnation. 10 Furthernore, an _alternative

exanpl e of tantdal Biag Pt itk ih of it REGIYESR -ndMn 1i ght
defi ned the |ight-| i | . side th f by the fi d d
ef | ect | ng TSGRES 50T A LEYEE & SR dn T RAGLYE RARAER A oot | od
ol . i . f f
secondary Tt aleiis Sidhdthond 4 MR Shed €fn [T PILI DU o,

optical sy 3 f.ai ioal integrators) (35 or 44 and 45)
e R e e

di sposed o ane side of the bar-shaped optical elenents
(33, 3fl3. Such a o G@dridtidk Hxdmifld | |tHE nedion 2Pt Sat 1 8y Shéfiber
provi de an increase,in uniformty of the distribution of illumnance. An
exanpl e of nidye Pt riséEPRtlihe Membere| 3B ecdiEi Juye®ysudienshad. the this
configuration) the fly-eye lens is disposed such that its |light-entering

pl ane i s clshewe dnt ed5idn gt -thean ang| perpendiccBbanfte hehdavpthapid
optical elements or is disposed on a plane generally conjugate with the

| i ght - | eavie®d-spl @ik siafe e gilivinahiom Qrelept  ¥egtem ehenin. a TRress

configuration results in mnimal |0ss in g
form with the optical axis disposed in the center, and such

20 that the outer plane constitutes a reflecting plane. The
use of the member 38 enables modified illumination to be
employed using four secondary light sources.

Moreover, it is preferable for an optical element 32
to be disposed on the light-entering plane side of the two

25 reflecting members, to thereby shape a distribution of
illuminance on the plane perpendicular to the optical axis
IAX of the illumination optical system into a ring form.

Examples of such an optical element includes a conical prism
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0 9 MAY 2D02 quantity of illumnation |ight upon passage through the09 MAY 2002

bar-shaped optical elenents. The illum nation optical systemfor use
this configuration nay preferably be disposed in close vicinity 5 to the
i ght-entering plane side of the fly-eye lens 35 and that the illum nation

optical systemmay preferably contain an aperture stop having an aperture
shape resenbl i ng an array of plural optical elenents constituting the
fly-eye lens. A shows an exanpl e of ' the StOEE% di sposed_on 10 the

| i ght - ent ePFn& B 5@8‘ dFigm ¢ ndhe 91§985F§ﬁ9n39f ki hslaBp Ehcahade an
opti cal eIe |n th e ns nto which the illu tion |ight

elrcr)t ers onl )‘? LR ltel% ﬁq%"" \deﬁ:d:et"’rﬁ? arft fabﬁrﬂstsy c{gnr%lest ri bu'?l on of
i1 lum nanc tio e S i uch
that the p %%E’g‘o %fde&(?ﬁlsrlor#l{]ch %/%1 quni r‘r%'ﬁ:p é’bg’lc?eeth%rlge ojfs |sposed
on the optical & ‘}Lire'&fir% gn%[é,l%rén} pI ane for the pattern plane of the_ mask

and that the aperture sto ining the shape of the secondary | i ght

source & s inter pased LIVREH Jhird l%ﬁ%&%ﬂ@%cﬁﬂﬂ:é r;% askd wWithin the
e

illum nation optical syst em  This ration of stop aI so enabl es an

| pr ovenenkemipddiffentNidOtHd }bx‘ébéiitshrﬂx}éﬂﬁl% afs idiAEB NG @ the stop
partially covers an inmage of the light source of the optical elenent into

whi ch the iebdposuial iappdraiiils paftiml lan entieiinaAb o) it eidatdwmerexanpl e of
the optical integrator may contain the rod lens 45. It is preferable for
rod | ens t whiate itvradiiafids aniemark R anetlsiate MSaundirspoisead nightheampt i cal

Fourier transform plane with respect to the g 0 9 MAV 2002
l'i ght - | eavitmgnsifears 3b peit tdm FormEadped s ik @ @ | SHhstrate W,
configuration is effective in leading the illum nation |ight passing

t hr ough? t h#hiegieigh fvar Bmnehiondl igmhteslementife I ANENLE afe HESRRSRAL I on
the quantity of light lost. 5 Mireover, the rod | ens 45 preferably has the
|ight | eavioRy theamP U lyiasies dd P g H ol ldrdmeiat an ORIl ¥ESM ¢ h t he

pattern pla f the nmas andt erIIumnatron opti cal em preferably
Ront ai s a WDEOPa 531@&5{ ThASATE R Brad o Jrﬁ'pb i th
respect to t s)oatt ]&?Détainne la'{rpee r§a4s(4< syéssé oprr_%: oher ence

factor (Q val‘u th-on optl cal ‘egr ee of

accuracy. lw'i‘l ict sré;fel ﬁtg%?é'ﬂr!mﬁﬁ{xb &f £ drﬁ.?'xﬁérpin té‘ecféé)fhr%%to be

di sposed on oser tot ape 5 optr cal elements than the
rod | eps. Bélt%éémfﬂrﬂéﬂ Aty Oth %@'ﬁﬁl&rﬁ!ﬁxaﬁﬁﬁh toi HP0568 thEdegh maki ng
the illum nation optlcal system |l arger in size. e|IIumnat|on opti cal

syst em nmay tdles @ lemrenide qinredided Undtwdwi tHe mnfar any sesdrad ns second

bar - shaped optical 20 elenents 37 and 38 each having a |ight-Ieaving plane
wi t h a shapefdiddtEimantpXanehathexfeaheldaving bfrom hapesidpta ceggdmnent s 33
and 34 and that the second bar-shaped optical elenents can be exchanged for

the first s@ntSHdpny e eptigaheants I3 dmp sulght vieaving Rlare 2fto be
di sposed in the 25 path of the illum nation light. This configuration

enabl es . e g FeRed RRHEFhEIrRESSes to be conducted in accordance
:‘Mu';'[]htegg tyE)e of Rt at]néehew:L Sktherh;?relzsl.én J{]r?\;eﬁ)tnl gptigal system may

described above, the illumination light is made uniform in
a distribution of illuminance by the passage through a
clearance provided between the two reflecting planes of the
bar-shaped optical elements. Furthermore, after the passage
25 of the illumination light through such a clearance between
the reflecting planes, the illumination light is shaped in
section into a ring form with the optical axis disposed in
the center or in a form having plural apertures, or the like,
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0 9 MAY Z002 preferably configured such that it contains an optical
integrator 3C to be disposed in the path of the illumination |ight GhMAe20
of the bar-shaped optical elenents or the second bar-shaped optical

el enents, with either of the bar s shaped optical elenments, the second
bar - shaped optical elenments or the optical integrator being selected and
di sposed in the path of the illumnation light, in accordance with the type
of pattern t.he mask...The dispositi.on.of t.he aptical i.nteqrator enables
an ordi nal 210 i%eu%qio#%to& b"g“opsr%‘iﬂ e vﬁjthlhurqlﬁbatdlioﬁ A SRTbE t he

il lum nati j 0 HHEi hei J Ci.r.cul ar ro .

descripti o%v#%oaw%o&eg% ven alrlel ar ?inlg%ﬁe%%@%ﬂorﬁ%]ﬁuf fgglt l%ﬂngwtaﬁé
first exposyyLyi BEEH A Y t gq:seeg]% 5NV i The, nmet hod
for manuf act uaslllﬂ-%oﬁﬁgé 155' |slr st g(%ols% eﬂaépﬂ;ra;rfaus i nvo lvﬂelg1 %éu(foj{abc?su%]ﬁnﬁet he
exposur e appanMitiarddiion Al tisk P &k IHITBRGTHE TP He PeAréhted.
substrate through a projection optical systemunder an exposing

il lTum nation |ightn fas@mgike iin A Hds viiide ahe? Geadreds The first
exposure apparatus according to the present invention can be assenbled in
such a nmanmdrs itiagtutieh fof sthe efllestineg iwnilerghds is qisiposecdn ntide
illumnation optical system which has the outer plane consisting of the
refl ecti ng lglgrtesl et renp I3die igideheohltdrarbdmighaped hp 2icalutetensdes of a
col umar body, and the second reflecting nmenber 33 is disposed so as to
encl ose t h®¥ ithe figfdteand ¢ enansk e fhwec tsigeg rpd ans ecits righ reerfigrg hesimng

the inner plane facing the outer plane of the first reflecting nenber, - 11
0 9 Mar 200highican fankissl hherfqretd iging didl WBnakiqe pl anar form
on the inner side of a cylindrical body, so that the illum nance-uniformty

opticalOsyst ens FARANEHOAY 0 AR A quiakhvigatea*dralg Rt R tibugh a
| 1 ded et th |l ecti |, . of the t eflecti
renber o s BARASTD OFo kP traE R, Ot 11 Hold PO iarl dcedirt e fe€etbng
t i { i i i J | b
desor | bed- s TAHEFAEATE dibde" B RESHleddE U Gk a0 Hecona
[ nvol ves PLeAUCIA fdIS BIRASUE APRAIGEUS: N0 e ol bhUEiRALEAR opti ca
adi ates the d

systemwhich irr mask with the illumnation [ight an

transferri RadiRd Rydh £ Qdred Qi ide: 1615 k OB perstdisid@tesingigh conpri ses
preparing the bar-shaped optical elenents 34 and 33 having 15 the first and

secondl 5 ef liadhiniigh a4 o1 Sl i grets R \iedur sdeaidamf | eodht hsoutdesn nat i on
light within them and aligning the bar-shaped optical elenents on the
optical axis of Megadvant rat iien popfieosblsy stamtde thdtunitratidum nati on
| i ght passing through the clearance provided between the first and 20

second ref ORRIGR} HEETam o Rt adn the Rt 53k ke A ke EEs bf (35 r@§i on
cont ai ni ng theqrggti cal _axis thereof on the |jght-I|eavj nrg%pl anes of the
t I

bar - shaped “fp 43) ¢heiResedh Heddts ptrHH WV e (T HS Y et r B di ng
2, ethod el BOUE S Al SRS SR b i Bl oo
L1 BTSSR PR TS nd o atpdb g onte
appar at us yphormidty MEKOIWistribution of illuminance.

An example of the optical integrator may include the
fly-eye lens 35. In this configuration, the fly-eye lens is
disposed such that its light-entering plane is close to the

25 light-leaving plane side 3b of the bar-shaped optical
elements or is disposed on a plane generally conjugate with
the light-leaving plane side 3b of the bar-shaped optical

elements. This configuration results in minimal loss in
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according to the present invention can substantially performa nodif gﬁ
illTumnation with a high illumnation efficiency, so that, for exa 8 ,AYZOUZ
devices having fine circuit patterns recurring in cycles can be produced
with a high degree of 5 accuracy and at a hi gh throughput. O her objects,
features and advantages of the present invention wll becone apparent in
the course of the followng description with reference to the acconpanyi ng
drawi ngs. 10 BRI EF QES%FIPTICN OF THE ACCOVPANYI NG DRAWNGS Fig.. 1 is a

schemati ¢ BU&R S IHIMERFEINR AP PR REisads IS URe appar at us
for use in.the first_ emhodi nent. of the present invention. Fig. 2(A) is a
side vi ew PRESERARGA IR '?ﬁﬁif%ﬁﬁﬁHRﬁr15 of a first illumnance-unifornity

it 3A. Fig. 2 ' " I5 I | fi . .
) umt nances uni 1 e o AR SR R S 0 IS W 2. R
3% Wnen ok By AT A B iaatly e qutbdond I RER VLAY, 10
| th ' 4l ' i | tys i t | ] D-D
o FioD oA T8 ARG R R A e A e e i ot 4

B T e e R S A Y pfesentioy ot din T O
an aperture stop having an aperture shape resembling an
array of plural optical elements constituting the fly-eye
lens. Fig. 2(A) shows an example of the stop 36 disposed on

10 the light-entering plane side of the fly-eye lens 35. The
stop can shade an optical element in the fly-eye lens, into
which the illumination light enters only partially, thereby
improving the uniformity in distribution of illuminance.

In addition, the fly-eye lens 35 may be configured

15 such that the plane of focus on the light-leaving plane
side thereof 1s disposed on the optical Fourier transform
plane for the pattern plane of the mask and that the
aperture stop 36 defining the shape of the secondary light
source 1s interposed between the fly-eye lens and the mask

20 within the illumination optical system. This configuration
of the stop also enables an improvement in the uniformity in
distribution of illuminance as the stop partially covers an
image of the light source of the optical element into which
the illumination light partially enters.

25 An alternative example of the optical integrator may
contain the rod lens 45. It is preferable for rod lens to
have the light-entering plane side 45a disposed on the

optical Fourier transform plane with respect to the

-9 -



0 S Mar zooz of a second illum nance-uniformty unit 3B. Fig. 3(B) is
view in section show ng the second illum nance-uniformty unit 3B gﬁﬂwlmﬂ
taken along line B-B of Fig. 3(A). 5 Fig. 3(C) is a viewin section show ng
the second illum nance-uniformty unit 3B when taken along line CC of Fig.
3(A). Fig. 3(D) is a viewin section show ng the second

i I'lum nance-uniformty unit 3B when taken along line D-D of 10 Fig. 3(A).
Fig. 3(E) is a viewin section showing the second illumi nance-uniformty
unit 3B méﬂ&%cérﬁaa\r% Riane Bhe off they bay-mhangd opticaly ekamends y
cut-away view showi ng the 15 configuration of a third

i |1 um nancerd fHE 19Rat ko ds rf%fgfefstlﬂ@ a:'-r\n](ﬁﬁq""ﬁtﬂmqbe - SHMIn&E N sm

ofesont btﬁé“rﬁ% Irpl agiip °%tz%<¥q9§r”'€nsﬁ S5 PeRd) P R Gt 0
d
portion o It ené,lm‘pl ce; ct”_ﬂor}' tlﬂ‘ll h@%c%(t% Nge tlglgilhtkevf?econ

enbodi nent e pr esen I nven I on, %t section

TSN o o 400 Y g

enbodi ment § QivinPGHUGRET4 e i SR E cﬁ?ttﬁﬂé Yl TSIRIANCR, thod a
acconpanyi ng draw ngs. First, a‘description will be given regarding t%
first e”bodﬁlfﬂ{‘ttlfé"%ﬁ&ﬁrh%l%ﬁ dodae fadennd egfti ridfination
optical system preferably contains a stop 50 disposed on the
optical Fourier transform plane with respect to the pattern
10 plane of the mask. The stop can set a coherence factor
(o value) of the illumination optical system with a high
degree of accuracy.
In this configuration, it is preferable for the stop
50 to be disposed on the side closer to the bar-shaped
15 optical elements than the rod lens. This configuration
enables the stop to be disposed without making the
illuminatlion optical system larger in size.
The illumination optical system may also be configured
‘ such that it preferably contains second bar-shaped optical
20 elements 37 and 38 each having a light-leaving plane with a
shape different to that of the first bar-shaped optical
elements 33 and 34 and that the second bar-shaped optical
elements can be exchanged for the first bar-shaped optical
elements 33 and 34 or vice versa so as to be disposed in the
25 path of the illumination light. This configuration enables
shifting of illuminating processes to be conducted in
accordance with the type of pattern on the mask.
The illumination optical system may further be

- 10 -



0 9 MAY 2002 invention with reference to Figs. 1 to 5. Fig. 1 shows (gg MAY 200
proj ection exposure apparatus according to the first enbodi nent of the
present invention, wherein an exposing illumnation light ILOleft from an
exposing light 5 source 1 is shaped into an illumnation light IL1 of a
generally circular form having a sectional shape of a predeterm ned

di nmensi on upon passage through a shaping optical system 2) and the
illumnation light IL1 enters into the first illum nance- unlfornlty unit 3A
al ong the Bpefearbiy mllgﬂxeﬂolsﬁhcﬁgtéaﬁu%ep%ﬁaéé@oﬁ@a@ licgHt sources
distributed in a predeterm ned shape

ga in aring . shape.in this
enbodl ment )’LnGﬁgéfaItP&h@Cl &8V iPsy d&lsé’r?ée 1&f thige PaALRY Bifn dhEe 35141 UG tP Ty nj t
In th d t, t I f t b
di sposed. 'iagﬁ%ﬁb%o&”t?wﬁ# R AP e %Iwﬁﬁ%aimey 38, so as
to b h I f G h
i IOI uﬁ‘i ﬁ)z;(r:]cgn o ﬁlrt )?%FI ts IJ‘IcaB‘e 3@‘%?\1:1?33%%?1 er 0% Q:tk’[eﬁgoaex_p03| ng

l'i ght I ht
slogrce:é))ureggla,l’e% E%[tgggiy léli—%% tﬁlr %%%ﬁgf%%(%‘srggjrener tor gr YAG
laser or meheliy AR e ;@h & ildae 4 E@%fat'o%@%@e SIdALE tahdini t 3A has

the light-leaving plane 3a er eof sposed SO as 'to constitute an optical

Fouri er ”aﬁ%fp%rs@dmi%nQ:h@p;b@t'h Rifande WihhimieRaen tQ ghibatiern pl ane of a
reticle R as an object 25 for transcription. The illumnation light IL2

passed t hr gugbridhade Wirhnamee-tyef @fmigat tétint o3A thd wiEgkat eghan
illumnation region on the pattern plane (the bottom plane) of the - 15

~ 9 MAY 20a1 spelsitli®nR ofhrohieg lope ifdals ti ntelgra Hoenendb les \aar icatilimal si on
field stop (reticle blind) 5 a second relay lens 4B, a mrror 6 which
turns ke LHildhmipathonf tohde pnoviided orith e ddsdrnibodnidengdr thens 7. The
pl ane on which the 5 variable vision field stop 5 is disposed is conjugated
with the paidamingitien dighte aretthe euRilaRd anee N9ingriliatd SHEGHAN on the
reticle R |s defined by the shape of the aperture of the variable vision
field stopf8TMan i nage of a pattern within the illuni natlon reg| on of the

ticl R 10 d .at t f t
1/ 4. fol 0 or 115 PR SERRTACEAL PSP BEApIE) SRS préIee‘cm%oﬁfer

opti cal fnggn@flctkﬁl@%egﬁé G @l NSNS i udlad r}ﬁgsweuﬁ@ t he

waf er side projec ont o an exposure rédion on t er -~ wt
photorf§|s? it n 15 Themvahel ¥6E3Maﬂﬁfﬁ%%ﬁr§%gat%%b%ﬁﬁﬁﬁﬁ for
sem conducfors Ilcon etc.) or SO (silicon-on-insulator), etc. In this

confi gur at iegip. ostdi% I éﬂpa"ﬂatais Oth vt Ima SR 0 00Ty Sife Gxpoardi nation of
t he elenents di sposed between, and including, t the exposing light source 1

and t he corgpaertdserthat anthrtdfer20 odttarmxicrnel eaamed sk wmkagat he
optical axis AX of the illum nation optical system di sposed before the
mrror 6 bpumsdmatel thwudly roP® jertbrrmpiarl Bystemiurfeniah the
optical axis AX of the projection optical system PL. The follow ng

déscri pti o®*EAsinge igiNEH AL IR | kighE tHeomdhe 2‘@-]&%{?3&}41@@’% OOEW%bt i cal

axis AX of the projection optical stem PL as a Z-axi.s, on the
pl ane $&r pSYAtER -ar PG £AESE é’sé%& FRPAFPEM1S 8°t°l?€ iﬁ’e of Fig. 1

as an X-axi sr,ese q: thl%ean lorperé)nergjl cular 1o {he Rap§s Eg)lrg\gg@ng{ that the

first reflecting member 34 is disposed in the illumination
optical system, which has the outer plane consisting of the
reflecting planes 34a and 34b in the planar form on the

25 outer side of a columnar body, and the second reflecting
member 33 is disposed so as to enclose the first reflecting
member, the second reflecting member having the inner plane
facing the outer plane of the first reflecting member,

- 11 -



- 16 0 9 MAY 2002 Fig. 1 as a Y-axis. As the image of the pattern on the
reticle Ris projected onto the exposure region on the wafer W tm§ﬂf??@fle
R is adsorbed and held on a reticle stage 8 and the 5 reticle stage é
transferred in an X-direction or in a Y direction or in a rotational
direction to align the reticle Ron a reticle base 9. The two-di nensi onal
position of the reticle stage 8 (the reticle R) is nmeasured by a noving
mrror 10mfixed at the edge portion of the reticle stage 8 10 and an

out si de | a¥&ichcomsdididies the esfdma iRFRngr 33%e irettihe Plandfe 8 is
controlled by a reticle sta]t:ge drive system 12 on the basis of the neasured
val ue of t FOTNS FIfs ARAT e (el G IHETERL RO agl Ehatd @it r o

cont 101 of HTEIE RrRTOh oiOR O SRS e Heds drE A G
bt ai ned by .t.he i nterf t ' | lied t h ' trol
system 11. ot reitien T P il b MMl a AR 2 Lafer®
hol d : fer, . i T ich
[ tor 1S PR ot e S SO S & B TS TR LS oo
to control i@qﬁm%#i@{&@iﬁ&@osi tion in the Z-direction) and a tilt
|

angl e of the wafer "W e the wafer stage 14 aligns the sanple base 13 in

the X-direction ang{ethol HdrewdriE dturdh EXHP IR colhe dxppslirgnsi onal
position of the sanple base 13 (i.e., the wafer W is neasured by a noving

mrror 15mappeathtils tdedraing td et flesdias dnkantiith ani OUtSlste paser
interferometer 15. The operation of the wafer stage 14 is - 17 0 9 MAY
2002 contr ddsatideat. eTagpmhethiod ol maanfaptaringpehebyezondl expoisage
drive system 16 on the basis of the neasured val ue of the two-di nmensional
posi tibh ofapdesratsts clvaland b idy dite ceRRoird rdrpaEaiuwh Haoing he
mai n control system 11. 5 The neasured val ue obtained by the |aser

i nt erf er ondthe islyminatsion gatiqal tsyatem itk dmradialas dhe maske main
control system 11l also controls the action of the emission of |light from

the exposi i 4 dite sorginatiqn (hohl Andulerdd $HRF I Rt Eposur e

(PPa LS s b ey i St ot e S oftath PR ERET Sl 6 7P
| g i Sy Ce | f .

oht - sour G et THAE P ndil BRLLGE | HLAGRSL L Hnd o3 WadithyS! N0

predetps m ngd |EMelt idhd decSid@ifes Tedidd FLAY, CHELOivd e, Wah £6n W as

an object for exposure renmmins in an exposure region for the projection

optical sysigmdds thereafirginativh nexdhishetthagi thems di@nsisgiifggt o an
exposure region by the stepw se novenent of the wafer stage 14 and an i nage
of a patterthefbdirestdpedtomt bedld i sldniant s ransiles rapticakh atip-ahdthepeat
system on each shot region of the wafer W On the other hand, if a | anp

| i ght sour cellumirstidoronticak pigs tem |sghthabuihe 11l luminaiten ohighte of
the exposing |ight source 1 can be controlled by closing or opening a
shutter (nd@asiHdih)thyopgly the elearance RERIGHIRA RAtYeRD eR%sﬁ%’ésgt%dcan

be i nmproved as the exposure time that provjdes appropri ate exposur
quantit§ fcieqms p‘FﬁJ‘?ﬁ?‘é‘éﬁ%ﬂ RIfR¢R e‘?nélv:’:?a.‘ 2‘{]‘?3‘?‘?% g‘?(‘ﬂBsﬁ?% ‘ilﬁﬁlgﬁr
shot regl Orl‘if Caanrel,)geic')srpocgch?{]aengn:{rll’]gtt ee C(?g@ical axis thereof on the
light-leaving planes of the bar-shaped optical elements.
A description will further be given regarding a method
which produces an objective device by using the first or
25 second exposure apparatus according to the present invention.
The method includes the process of transferring an image of
the pattern formed on the mask onto a substrate through the

first or second exposure apparatus. The exposure apparatus

- 12 -



- 18 ~ 9 MAY 2002 where an illumnance of the illumnation light I1L2 (in
the case of a laser |ight source, the product obtained by multiplying pul se
energy by an oscillating frequency) is high. 5 The present inventuangpmmz
al so be applied to a projection exposure apparatus of a step-and-scan type.
For such a projection exposure apparatus, the reticle stage 8 is al so
provided with a continuous transfer nmechanismthat transfers the reticle R

i det i ned di i . Q... 101 Y- di ti 5 jecti
exposur o aBREPEEIEToLo; fhe PFEEenS LBNPPGAPEd Bl R IDRAET e o ERtes
tical t PL. . th ticle.and_t f, W.i h i i.th
ehch ot hot SalOH L3R IR RRGER SARPOR (4oKs 9 1ueRd Pe Srtd CTRE e i ol o
t 8 d. t f t A i | . . i .
The et sei 97 Bhetrie 18kpsauiiplE) (ARVAERRCEEy iy Tl R CRIY B TR
the shuttep) |$ R%rf%”ﬁ c'l'%sac%‘?lgz»%” WALS A ithl aChe ob! WG B
synchr onous W LRt He “waf &r stage 14. For the proj ecti on-exposure appar at us

of this sygtefiradyt RRAUGRPE nGdh RErédgnpRieved, as in the projection
exposure apparatus of the batch exposure type, when the illum nance of the

illumnation |igbkhkk2obgebitah, rhatarss bha speadtalekr aFsfaes presicdha waf er
at the tine of scanning exposure can be increased, which provides an
appropri at en@xpedhne wilantbelcpnieo appaden® o tthiee Siosirsen oftheehaaf er W
Moreover, the illum nance-uniformty unit 3Ais used in this enbodinent, so
that a ri ngoilllbwdiinga tdemTrdp td omp diiftihe areiflenemicea ttioo rt hiee @nticgpanydmde
carried out to - 19 0 9 MaY 2002 provide high resolution and depth of
focus for drpwdagtser mi ned pattern of the reticle. In this enbodi nent, the

illum nance of the illum nation |light 1L2 can be maintained at a high |evel
becauskd a BRAGE: OERCRIPTIOMN OF THEDFACOMPANY LIy DRAVINGS pe descri bed
hereinafter, althqugh _there is_a tendency of _decreasing the_illuqhggpce of

the illuninationfR9ghtt HF GhELLTRLIC VHEW: SRPEHTG HRE FORTHRY 2

i 1lumination. Th tus in thi di i hi gh
gt ng. f eQtuPe RO RGLAR: HRRTS mestne TR He Ty A FR G
depi cti ' f i 1] - uni i t it 3A f in thi
enbodi oy SrRoSEheof Hhd R eals Y b E SR TP enterng

al ong the opticalpsaxi s (IpAX ifd @Mdike shaR 19 RGN SEME Pisddtdion

enters into a coniCal prism32 after diffusion by 15 a diffusion plate 31
made ofs frogt @d falass AN WiiiRindeStn iy aaliwprizssm 32 is a prism having
the light-entering plane in the planar formand the |ight-Ieaving plane 32a
in the formof aFdgncaM@)cdn calvigwarim aedthian oarninguttdre shiapet i n t he
circular formlarger than a shape in section of 20 the illum nation |ight

| L1 enteri dd lumdmsinaer, ursst axtmiiry iunifi gA Wimn teken 13kaAhakinn BiBhet| L1
passi ng through the conical prism32 is left in the formof a light flux
that is di Figeed®Wikh the optical axis |AX in the center, and it 25 enters

into a uniformclearance, provided between the first reflecting nenber 34
and the second r&fi%ctd (g r?\?qrrtﬁ"ervqﬁ”. HhEqIrq SHERY ntg‘ Y34 may be

a col u5r61ar 1%%311 rnanr}iéjee—@Jif%eémaj!tfnuqﬁi}}:avgf%ﬁéw Paqzélgaall% Slil,fg(.c_'_l'&leoy rst
Fig. 2(A).
Fig. 2(D) is a view in section showing the first
illuminance-uniformity unit 3A when taken along line D-D of
Fig. 2(A).
25 Fig. 2(E) is a view in section showing the first
illuminance-uniformity unit 3A when taken along line E-E of
Fig. 2(A).
Fig. 3(A) is a side view in section showing a section

- 13 -



- 20 0 9 MAY 2D02 reflecting nmenber 34 is configured such that the outer
side plane on the side of the conical prism 32 constitutes a refléglﬁﬁbmm
pl ane 34b in the formof a convex conical plane and the outer side plane
extending therefromconstitutes a 5 reflecting plane 34a in the formof a
col umar plane. The second reflecting nmenber 33 is a cylindrical nenber
made of netal, disposed so as to enclose the first reflecting nenber 34

with the optical axis ILAX fynctioning_as an axis§s. e second reflectin
nmenber 33 BE Eoﬁﬁfﬁﬂae&léﬁgﬂnFﬁgF'PﬁgffﬁmﬁﬁﬁéPn§Fdégplane constitutes g

reflecting plane a Ln the form.of a_caol ummar ane_and. t he pl anes on the
| i ght -1 eaving edgggéiézg)o st%evfﬁg }8f$8§Fﬂﬁa %éﬁﬁng %geaﬁﬁggﬂgare

di sposed ogq i i_cals 1 at. e ef.l i | a 33a and
34b are eag%&ggébggggn igFthp&Lﬁﬂig §§r§§gé kﬁ?%%néggﬁgéggﬁeag gh%%ﬁium
(Cr) or they [kg(ﬁhqt can reflect the illumnnation light IL1 at a high
reflection rate n anot her enbodi ment of the present invention, the

reflectdg ng nenbep§?333qe 34 aryiBG EﬁdgeeEiQha§ﬁoWEhg the sedMhhaces
thereof acting as the reflecting planes coated wth 20 netal. In this

enbodi nent i1t ifihahcecuini oy 348 toBBt hbehi dakedntb@bndd 19hde colc e
first reflecting nenber 33 (on the side of the conical prism32) is in the
form of a Eagi.calapl.ane, so that a loss of the illumnation light IL1 25 on
the light-entering side can be | essened. For instance, in this enbodi nent,
al i gnnment spacerBifl 8d)53s eavheBeingserntdoni shoghagethrdskeeond made of a
transparent gl ass substrate or the |ike, nay be disposed at - 21 0 9 MAY
2002 two | d¢aumynence -und foradtynvaiteBRehenhd aked vdbngctiliing PePbexfs 33
and 34. The spacers 51 and 52 allow a quick and accurate alignnment of the
posi tildhs 8£9thé (e reflecting nenbers 33 and 34 and hol d an unvarying

rel ati onship of the 5_t refl ecting nenbers 33 and, 34 durin% oper ati on of
t he projection egbgsuﬁéﬁgpﬁérétN&?WA%naﬁGSFPQPnéppwéngx§Hﬁlé,CQEQII support

jigs or the.like may be gj posed at .plural .|l ocatiaons i.n the.clearance so as
o suppor ¢ THRERERPREer Bnd srEmGY ThtRor ol peRerelRn Ay onemianesE B o ce
versa, 10 ﬁ% hogR ﬁsing the spacers 51 and 52. Wth the configurations as
descri bed above 9 € clearance 34c between the reflecting plane 34a of the

first r?f|eCtingFﬂ%Uer1§4aaBQrEEﬁli?fEﬁthﬂﬂprﬁgﬁ 3Bawdhgt R@esecond
reflecting menber 33 becones a uniform shape having a 15 section in the

ring fi@ m wohliiyea®AonCalf axithikkAX1dl9AA9e6 deR unhEoemitte’ undt IEAWn in
Fig. 2(C). The two reflecting nmenbers 33 and 34 nay al so be referred to
col l ectively as Bag-sbapedaoptiewakheivénmgnts shi fithimechaipdgmmerit the As shown
in Fig. 2(A)) the illumnation light ILa and 20 ILb diffused fromthe

coni cal pr idke2nanecer-ghiderad tiyn uaitsc fior wgewdyp dhet Fdnsdf eabodigesitanes
34b, 34a and 33a and then left fromthe cl earance between the first

refl ecti ngPfretbér P32sgRt dRyedddeRd refl ecting menber 33. This multiple

reflection serves.,in inproving the uniformty in 25 .the distribution of
i 'l umi nance of tﬁégilpgﬁﬂnéﬁi%nVFﬁath Fﬁﬁélﬁﬂlﬁpﬁwénﬂepléépﬁbﬁ%a§'in a

CO ek o e B8 g AR b B S0 g e T

second embodiment of the present invention, and Fig. 6(B) is
a view in section showing a cylindrical member for use in
place of the rod lens.
BEST MODES FOR CARRYING OUT THE INVENTION

25 The present invention in preferred embodiments will be
described in more detail with reference to the accompanying
drawings. First, a description will be given regarding the

first embodiment showing the best modes of the present
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0 9 MAY 2002 plane 3b of the reflecting nmenbers 34 and 33. Therefore, the
uniformty in the distribution of illum nance on the reticle R camngw%mn
achieved at a practically high level even if the illumnation |ight Ief
fromthe light-leaving plane 5 3b is irradiated onto the reticle R through
a systemcontaining fromthe relay lens 4A to the condenser lens 7 of Fig.
1. In this enbodi nent, however, the fly-eye lens 35 is further disposed in
the vicinity of the light-leaving plane 3b in order to ensure a higher

uni f or ni t y inyemdd-orp wiith Hefiptediceoftq Fi@fndnd® Svbre specifically, as
shown in Fig. 2(?}_, the fly-eye lens 35 is disposed close to the )

l'i ght - | eavi ng pl &€ 38 §F‘°¥ﬂ?eat\95°r3@ﬂté@ﬂ FFPRSTEE SPPRLIPBACKHFH G op

Che 11 gt - [2ayiiey ‘et GRAREman: o THan STRRent dnvanidan RO dy |
I 3a of J | ' - uni f ar.m.t it . ificall hy [

o 2(D), cheing SRR LY T aetl A A st of

ens el $TeRla.Rach 1 AP R AU ALRRELA Al Shosedk and attached

20 closely 1 n Tongitudina ahd &t it udinal arrangements and that the

sectional $agpRsAAfy RE AdWiY FdriNhadAds &S dA I AS Cﬁrgag)é;gogf £ sectional

shape of the inner "plane of the reflecti'ng nenber 33 on the
external  sipgdedetdrimeld @ metSs ISP Whdn Pasbagd Bhrddih o 2 fidde 25
aperture 36a of the stop 36 in the ring shape is set to be small®er than
that of thepaulcal sseiternd, dHieahy ilhanfinsyern anighid. 1rihemegfd Wtrs6a
has a shape in section as approxinmately |large as the sectional shape of the
cl earance +th23 firsk 9 1NKMiZEGRe34miiflorntiey iung tf @amaleingeethd hptriefal ecti ng
menbers 33 and 34, as shown in Fig. 2(C). Mreover, the aperture 36a is in
t he fokln t laxtisc ddXc doamiag iaraymisr tdfe deqpmdagyurlcdgtitorsmurdns t he | ens
elements into which the illumnation light 5 enters partially) as will be
descri bed Rédsdrdidited imea nnedetammianed ishiape e #hd 1Ah g &fing rgmnRse

i ght-1eaving plane 3b are |led through the fly-eye |lens 35 and the stop 36
to the rel ay I':E’r’r§ FRbodigent ) ofs § Helgh-dfavamDhPyanhe3a 1of theis to be

under st ood ,herei.n t hat, t he .cl earan 10_in,the ri form at  the

l'i ght - | eavi" 3%&%&%?995q@aiFH@”§Wé&F5§bgﬁbet&Beﬁhﬁﬁeepggpégﬁpﬁg M¥fers 33
and 34 funcgti : ially . i er ednthe ring shape
inthis en%%ggﬁﬁaﬂ%h&%%g’[%p %a%%sl%n%#’oﬁlé{getts{g%% ?/3% di&si:)gt%oeéaf‘{h l PL q} he stop 36
i s noty li SRRIAG1 RORY Rhe LG R 1151 MR ddrle -t iletiHm e Ji d SN the
distribution of illumnance on the reticle R mght beinpaired by a I ght
flux |eft foome R&kdnRmyRIRERIS P Wndlotiia | emseeborBabarafitibag ley-eye

|l ens 35, into which the illumnation Iight enters into only a portion of

t he |i ght - &hiee ot rplidrient imemeef - urasf drinel Uy ginti t20 Wil lix Heefdedamibesich | ens
elenents is irradiated onto the reticle R Therefore, the stop 36 plays a
rol e of inpexeimgiites .unAsothet pxpastihg diighti soniree af, ithleane mawcdeby

bl ocking off the light flux (i.e., the inmage of the |ight source) from such
| éns el emedBedso faeRAMME) X GEingFosafers lgighthEaingesos g4 . KrF,

| i ght-entering plane side of the flx-e e lens 35 in this sense. In this
case, Howed&fE, 9% Fes frBiERPEqRAREP Pﬁé gRaprabPr RRTsYSF 365€8r PEsponds to

a shape of e oundary of, 1% YN fhe! 191L81R.8LE RN 2l iy e © O

3A has the light-leaving plane 3a thereof disposed so as to

constitute an optical Fourier transform plane (pupil plane)
with respect to a pattern plane of a reticle R as an object
25 for transcription.
The illumination light IL2 passed through the
illuminance-uniformity unit 3A illuminates an illumination
region on the pattern plane (the bottom plane) of the
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of each lens elenent of the fly-eye lens 35, into which the illum nation
light enters on its entire area fromthe two reflecting nenbers 330$r}§1 gﬂ
From t he above description, it can be noted herein 5 that the use 0 4¥ 02
illum nance-uniformty unit 3Ain this enbodiment can performa ring
illumnpnation at a high level of uniformty in the distribution of

illum nance as well as prevent a decrease in the illum nance of the
illumnation Iight 1L2. 10 The clearance provi ded between the first

reflecting e U &Rt et tisRF rhbe? VEFIRRLD¥$19%d with
Oracs or tHEEEtE Gl hindf Y, Araedhnd e Gl Leite (4B < Tase. the
for the | it =gt WhRBE SRl R B € hel?, OF RS fifoR %8 The
b such a ARt i 4 odddddek fle 41 Shd TR IR RH0" L ons
on thei T dosradbif S OMAE XA SR § e Mo I cAf Rlg A ArEek 00, o
of reflectiy pHEtdie goAEbMBRerSELEIONS, Ak addd N esgRM efbh nto the

reflecting nmenber in a cylindrical form This configuration 25 allows easy
processi ng mfgidie srefileetiaigi direris Aldf ied evel tid dhwpainof ofwa ty in the
di stribution of illum nance can be ensured in this enbodi nent due to the

di sposi ti orapsrtdme df filse orapiatile 3iision htieldhdtamt®er i Ay -indge of0 O MAY
2002 pl ane side, however, the diffusion plate 31 is not necessarily used.

I n the caseathimn twicthdin filse ol Jireirea Bilon srewtonsell, than edficlent yisf

utilization of the illumnation light is rather inproved. 5 In the above
enbodi k@nt raducedmial proiesiBon gnageifiertion ik deimofa thikt-fold
illTumnation light IL1. A diffraction grating of a phase type can al so be

used in pl &% Lo 1HRLIE MR iFa B fonexample b kI 4 RFRiRFEieR. g. |

I t of t tical_el ts di d the 10, Lighf-enterj id
of | the i || LRS- R 190 Rt DT Gon £y Al I8 to b 1 e E R sty vary
of the i 1" BN LS bifH 1477 et ry
(he 01t r 1 Stual dhed | agti g | 100Y SRt 0e LA Qe s prLpsalage ol e
the opticalrgiday fy (5 a4 VAL R bt oSy el dherisers

54,
illum nance-uniformty unit 3B tor use in this enmbodi nent wll now be

descri pgd WHd w£f&F aNGRay bditeed ad e sdb ¥4 Ceo NS f EdhJudfdbis 3B
differs fromthe illum nance-uniformty unit 3A in that the shape of the 20

secondary |({giKice) cetd 0y dhesGECOsHL itdnrdmaintsalatdoy M éyc unilin Ihis
divided into four apertures (light sources) wth the optical axis disposed
in the centaamfdglmeatien shdpe Dilumbnaetomdepiitahhsysoemceofisistheofi ast

i I'lum nanceuni formty unit 3Ais in aring form The follow ng 25

descri pti orfIPiR3eteROf othe e kemen tm cd bSRPoRed eefWee? | LFRGahreledirdr mity

unit 3B of Fig. 3 is disposed between the_sha in%lo%)tical system 2 _and the
fi'rst rel aytHerRXRQsingg tisPEree B and Hig candepgen }eds ofjgand the

20 optical axis obtained by turning the optical axis AX of the
illumination optical system disposed before the mirror 6 by
means of the mirror 6 is arranged so as to align with the
optical axis AX of the projection optical system PL. The
following description will be given by defining the axis

25 parallel to the optical axis AX of the projection optical
system PL as a Z-axis, the axls on the plane perpendicular
to the Z-axis and parallel to the paper plane of Fig. 1 as
an X-axis, and the axis perpendicular to the paper plane of
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- 26 0 9 MAY 100T el enents corresponding to those of Fig. 2 anapU@pMﬂﬁﬁz
with the sanme reference nunerals and synbols and a detail ed description

will be omtted fromthe follow ng description. Fig. 3(A) is a side view
depicting a section of the 5 second illum nance-uniformty unit 3B for use
in this enbodinent. As shown in Fig. 3(A), the illumnation light IL1 |eft
fromthe shaping optical system?2 of Fig. 1 enters into the clearance

provi ded b?tmee a fir§t reflecting menber 38 and a second reflecting

nmenber 37 ﬁ90u3ha?h3 02#*frusion plate 31 and a pyram d prism 32A (see

pyram . pl ane foPfh CRRaIPREE, SFoPPBcPRRGeRRna, 86 Far faE Rrapn &P ©
mbodi t f t ' ' ' ' f

i tn the opr tsP el 8RR B’ GrpftrRo- 2ot Bn, FupTVRESE Iy, KRR F o5 o)

or of 9'as%etﬂciepﬁgﬁg‘Eg%%kﬁ@ﬁfﬁnﬁpﬁﬁgﬁ'Bﬁ'%yreEW%Féesﬂéb | gebnd 483

etc.) and have a s p edge on its light-entering plane sirde, as shown in

Fig. 3().rdbechkrsta fbeﬁ%i@9aﬁ§f€%&e§8iﬁﬁﬁnbﬁ-ﬁﬁ&bﬁ%&oﬁOBEiQﬂrﬁdYSUCh

that its outer side pllane acts as 20 the reflecting plane 38a with a

reflectingggeatitioncoat ed bhebeamniandlt Aakrethaonpposalieégadgtepeeitiione
thereof acts as a reflecting plane 38b. On the other hand, the second

refl ecti ngrmefibar radticdedbagesed i Thabtwoedimehsbohde posetishdefsthéace of
the 25 first reflecting nenber 38 and the shape in section nay be nmade of
netal in arsetiele btage Boritheaseshode R) Eisgma@€nredr byl assoving pri sm
form For the second reflecting nenber 37, the inner side planes (square
prisnlsideﬁﬁraéF A9mgfixp@d at the edge portion of the reticle stage 8
10 and an outside laser interferometer 10. The operation of
the reticle stage 8 is controlled by a reticle stage drive
system 12 on the basis of the measured value of the two-
dimensional positions of the reticle stage 8 and control
information from a main control system 11 which implements
15 overall control of the entire operation of the apparatus.
The measured value obtained by the laser interferometer 8 is
also supplied to the main control system 11.
On the other hand, the wafer W is adsorbed and held on
a wafer holder (not shown). The wafér holder is fixed on a
20 sample base 13 which in turn is fixed on a wafer stage 14.
The sample base 13 is arranged so as to control the focus
position -(the position in the Z-direction) and a tilt
angle of the wafer W, while the wafer stage 14 aligns the
sample base 13 in the X-direction and/or Y-direction for
25 example. The two-dimensional position of the sample base 13
(i.e., the wafer W) is measured by a moving mirror 15m fixed
at the top of the sample base 13, and an outside laser

interferometer 15. The operation of the wafer stage 14 is

- 17 -



0 9 MAY 2002 reflecting plane 37a with a reflecting coating coated t@@g@@n.
This configuration can provide a uniformclearance with four section 002
in a square formalong the optical axis | AX between the first and second
reflecting nenbers 37 5 and 38. The refl ecting nmenbers 37a, 38a and 38b

encl osing the clearance can performnultiple illumnation by nmeans of the
Illumnation light ILa and | Lb passed through the pyramd prism 32A. This

can achi eve the iformty in the di,strihution of illumnance each in the
cl ear ances SRt P’fog‘ 's?t?d‘)r/ee i 0 & ti e A PG M R 4 fﬁﬁ r‘?at"?ar#geq i ght
flux havin h of. .t he faqur | fQrm,sectiqns | square shape.. In this
enbodi nent ,%tt%%((aé ﬂ%{/l-vzaeyt;%ylsce*}r#sm LSI@I iog1 Ehsep S r?fglti‘seeq" Reilnsih Voafll{%eo

light-I eavg 0} &%ﬂg@%ﬁ@%ﬁﬁéﬁ;&%ﬁ 9 JH e AN ﬁsaﬁp@%%n%gae% ti, four

apertures atol each’in a square s i'on, as

shown | 1 Figha Aeferdjs 1AARAA AN A, "ARAMALANG AL dy &y d | 9RYI NG o de

of the fly-eye lens 35 eavi ng pl ane

i 11 um nancendnidedistirded Wltue3Bbtalited ldyiinatiayer i Ghtle dfflonfd i tihe
cl earance provi ded between 20 the reflecCting nmenbers 37 and 38 is led to

the relay lignai4d Guppld.ed tdrdegmdike ddnteye dvisemdaand the stop 39.
The use of the illum nance-uniformty unit 3B can performa nodified

i I'lum nation usi Mhet main laomtnatl aysteghtl If admd orftoel ss etendartyidn ght
sources with the optical axis I AX 25 disposed in the center. In each case,
this il umodattihen egdrs sdragviade ldghti fforom dihst rexpasiory cfight wduareel for the
illTumnation light IL2, and the illum nance is nmaintained at a high |evel,
due to thelfsdhef qase mirerettihey nrafeatsi @y exprgsure @ppanatusds and 38.
Therefore, a high throughput can al so be achieved. As the pyramd prism 32A
i s usetP i nPoRiiedHByiarfasyys apparatus of a batch exposuré type (i.e.,

a stepper type) and the exposing light source is a laser
light source, as in this embodiment, the oscillation
(emission) of the exposing light source is continued until
the quantity of exposure reaches a predetermined level in a

15 state in which a shot region of the wafer W as an object for
exposure remains in an exposure region for the projection
optical system PL. Thereafter, the next shot region is
transferred to an exposure region by the stepwise movement

j of the wafer stage 14 and an lmage of a pattern of the

20 reticle R is then transferred in a step-and-repeat system on
each shot region of the wafer W. On the other hand, if a
lamp light source is used for the exposing light source 1,
an emission time of the exposing light source 1 can be
controlled by closing or opening a shutter (not shown). In

25 any case, a throughput of the exposure step can be improved
as the exposure time that provides an appropriate exposure
quantity for the photoresist on the wafer W, i.e., the
exposure time per shot region, can be shortened in the case
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divide the entering illumnation light IL1 into four |ight fluxes, the
illumnation light can be utilized at a high 5 efficiency rate. A Corﬂ@‘MAnggz
prism32 of Fig. 2 may al so be used in place of the pyramd prism 32A
because a loss of the quantity of light is slight. In this case, too, a
diffraction grating of a phase type can be used to divide the illum nation
light into light fluxes, as in the case of 10 the first

i1lum nance-uniformty unit 3A. The use _of the first reflecting nenber 38

is nore ef MBEEAVE ™ DEREST OfstheeilduMing tdeRndi 984 142 118 &R& p edge
shape a.t the top end _of the flecting ane 38b so that a._oss of the
T nat i SRSEI G aas6E NogbEnsRurea ) REE PROARE toabe s ethBY i r st
reflecting . a h in Fig. 2. Furthernore, the .

[Tl um nancBUaRpdvanel Byl B2 Gaetem v, B Ser A TRTRRE, St RpRr R s each in
a square Sﬂﬁgﬁ fromits light-1eaving plane 3b. The sectional shape of each
of the illunfnating |ight fluxes, however) is not 20 linmited to a square

shape and |1 myoe BRKSgRE! 9RGLnEIBRECHACkYLLNGe bEpIGKATRLC, ircle @

fan-1i ke shape or Ircle di Into Tour sectio ., Quadrant),

etc. A desgibRkl®A ohleRkpodtvet apgr%%a%@f gy %atsitgg—ﬁhdué%ahh it"y‘foe_.t hFor

i1 lum nance-uniformty unit 3C use in this 25 enbodi nent,; w

reference bachi @ pfojelctionPesbokied hpphrbiiessetaadae)ilciehlstaeer @ iiss
arranged to performordinary circular 1llumnation as conditions for
i1l um nati edsboprovdded siitth ian coheiaxposuteape@eesmechanddt tthat to the -
29 ~9 MAY zooz secondary |light source for aring illumnation and with
four apert tiressfiers. theogetliicdlet Rsdor eepredelfermined directisncdeuw.f,ormty
unit 3C for use in this case conprises a two-stage fly-eye | ens which can
be usd® i nin a Y-direction). The projection exposure apparatus of
this type is configured such that the projection optical
system PL scans the reticle and the wafer W in synchronism
with each other at a projection magnification f§ as a speed
rate via the reticle stage 8 and the wafer stage 14,
15 respectively, upon scanning exposure. The emission of the
exposing light source 1 (or the opening or closing of the
shutter) is performed in a region where the reticle stage 8
is synchronous with the wafer stage 14. For the projection
) exposure apparatus of this system, a throughput can be
20 improved, as in the projectlon exposure apparatus of the
batch exposure type, when the illuminance of the illumina-
tion light IL2 is high, because the speed of transferring
the wafer at the time of scanning exposure can be increased,
which provides an appropriate exposure quantity for the
25 photoresist on the wafer W.
Moreover, the illuminance-uniformity unit 3A is used
in this embodiment, so that a ring illumination as a

modified illumination technigue can be carried out to
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5 an ordinary illumnation. In Fig. 4, the same parts and el ement 9 SMAY jog
unit of Fig. 4 as those of Fig. 2 are provided with the sane reference
nuneral s and synbols and a detail ed description is omtted fromthe
description that follows. 10 Fig. 4 shows the configuration of the

illum nance uniformty unit 3C. Wien the illum nance-uniformty unit 3Cis
i nter posed between the shaping optical system?2 and the first relay |lens 4A
as depicted._in

Fig. 1. the illum nation ligh left_f he shapi
ont i cal sy erariaeniEn, xpoig iRl B henth e Fog® faf Fe 1'ng 40 after
f iffusion plate 31 and the ildunination |ight js left f
ach | magePsraene T iteke e BB Hhasre T oA B0 enelPPAgRERD (he
d- st age f Iy lay - t lay |
32 The | | 1o AArCR R B, ey IR il M B 7V o

stop 43 w : s : i t : i 1-nation
ot TLo) TRt it P AR bcdfise () Eaddtiiandde d46d

li ght - | ®avinghperde Ofuddie, fdyvana Rhuaeddivd hddb dd s %ﬂ%ﬁ&gﬁ{z ane 3a

of the illum nance-uniformty unit 25 3C). The illumnation |ight I | ef t
fromthe fhypede ilsens t¥naditywas ddvresdiddand an hiirarddernod echd 0 the
relay lens 4A of Fig . 1 . The conditions for illum nation have to be

shifted i nill¥hinatidch NAYHI0GER aheorcdasec efM the agmatdmriomdl iheiitidd! e R
to be transferred upon actual exposure. In order to neet this requirenent,
t he proj ectildumdnpdsione affper ekpesiinet Bpparatiodi denthis pmboddeenwi clana
shift nmechanismthat shifts the above three 5 illum nance-uniformty units
3A, 3B andagbisyens thidie idagioge fe@tunee asptwedal asxiss himh dfhngughput.
iI'lum nation light. Fi 5 shows such a shift mechanism As shown in Fig.

5 twolQliders 1§'A9an:?%fQBiér @ isdder ydeay dedinddma 1Fe seedpiany Wptthanl
system 2 and.the first rel | ens 4A a 10 the third, first and second
1T Ut hanca AR G U HEY SR Lo A B ok B8R SPbIi e (PH9E e
Iresgrenc??cgl‘,%, S%?m%s it?ogtiécsli' gta}bl ech%l 94 he o jﬂi).d s 1JL916‘ antd 19B..r
drive unit I770f a fee 'reV\(i ype or%{}héJ TRE VM cn vt ves t(HeR e Rd

Ol ar ) 1 ) , . ) . ¢
the sl | dor S1etg TR 1ORUINAR alfhe IALFEA orfe UEAARE A fedd PRGN O

side thereefe Fhlte actdiderd itfi® H icchiWHl phfidnd FOMUAQAY &fh ¥4 1t6h NBY N
control system 11l of Fig. 1. The main control system 11 can sel ect the

opti nuls ona faidBddion pieftd |3 umdtn o Witdded tgldsy o idgthdrwicss®r dance
with a pattern on the reticle R as an object of transcription and arrange
t he opti nmalThid laomirsic emireni @2riitsy aurprtissellectiedy drthd Heigiptiaxatermag | AX
bet ween the shaping optical system2 and the relay | ens 4A by the aid of
the drive pdianel7n THie rlaray fianm end dihadhighvie aavidld fkane 3% ndles of
illumnation at a high illum nance | evel in accordance with a pattern on

the reticl &hg FQTRiHg & FINRPYS 19ARIERT dhiane 1anf Ravide (3 REEF our

apertures, ge vell, asan ordinane Ll Yinatl o 0% S UL oM 402"

20 the illumination light IL1 entering thereinto, as shown in
Fig. 2(B).

The illumination light IL1 passing through the conical
prism 32 is left in the form of a light flux that is
diffused with the optical axis IAX in the center, and it

25 enters into a uniform clearance provided between the first
reflecting member 34 and the second reflecting member 33.
The first reflecting member 34 may be a columnar member made
of metal and having the optical axis IAX. The first
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illumnpation light on a pupil plane is in a circular form The fly-eye
llenses 35 and 40 for use in the first embodi ment conprise each a |@ggay i
nunber of lens elenents arranged in a relationship closely attached to ong
another. 5 The array of the lens elenents may be arranged, for instance, in
such a manner that an odd-line of the lens elenents is deviated from an
even-line of the lens elenents or vice versa by a half pitch. Mreover, it
is preferred that the shape in section of the lens elenments, or the |lens

el ement s 1§edflechdngaembezyd 4 Ly- pafignedn stgd thad dhea opitgralsigieage
fly-eye Ieni, approximates to an_ illum nation region on the reticle in
order to i REPBEsOPakPEr FiidteRdy the GOPRCAdt PEHsHF 32h&omsitdutas & 1 ght .

As I th h [ ti f the | I t f bly b
an el ongat 8T 185EdDRaRGNST 34hag® \HHEn 8T8 QinPn G ORS00 Lipta dene i s

13T an ofBagEheq oSt gsioar R &X tRRGALS: PSR i PO e
regar ding Egl.gl%%%;lﬁg; ‘;ﬁ%% | gat 5 %Qe fBg.—ﬁls%.’%t %‘(ﬁ%ﬁn‘r%rf g!'fa%er.ef ThENce to
e opfica I | ens o e

[
Fig. 6. 20 i nt'egrat or con alnlng thé ro ot

1 ght - | eaViBEoRARR FA1elt 100y IMifinkd0 3hChCHl LY 1IRIIRET brile3NGRARL gk the

second enbodi nent while the fly-eye lens 35 i's di sposed on

l'i ght -l eavinBgiall, 208 spod@dfsof BG W0 ehefibaet ithd FRIRS $33 h8 P icier
i ntegrator (honogenizes). 25 In Fig. 6, the sane parts and el enents as

those of FBg. witar ehey @pitded1Walki st HAXS iR ctabai BYC @ snuiebalis .andnhsynbol s,
and a duplicate descriptionis omtted for brevity of explanation. - 32

0 9 MAY 2062cbhbngd. réfArcthimgs memberl 33nmiisakoafiguiredrisiyhunthiatf aheuse in
this enbodi ment, which has the illum nance-uniformty unit disposed between
t he shdbi ngnopri sdldespdiaae Zoasd ithdese @aonme fileicayinigepd adl, 3Ber iexdid e, as
showmn in Fig. 1. In 5 Fig. 6(A), the entered illumnation |ight IL1 enters
into the cEeamafée aposamarh®lasel aad fhenpipacs 9B dhe 34 EFY it

di ffusion plate 31 and the conical prism 32, and the illumnation |ight

left from EAEScPddrEnOL (ther &Mer Reddeetidts MeAPs§TEne 3 889 &ds @88 t hr ough

the lens 4 0 optical, integratqr 43 i.s_conpgsed of e lens 44 and
dod it 8. ret feat

ﬁ“ The .
the rod | efiSRESeH QT (i0% gt gRtaREr  TPEiPt RETFBATIRAs 45
enters int 159855%%%{}d 348l %d‘ a0y %%%P%F"c%%%%fif Oh PR feltaaF 9. 1. In
this configuration, the 1ight-leaving plane 0
15 surface with metal such as chromium (Cr) or the like that
can reflect the illumination light IL1 at a high reflection
rate. In another embodiment of the present invention, the
reflecting members 33 and 34 may be made of glass with the
J surfaces thereof acting as the reflecting planes coated with
20 metal.
In this embodiment, the reflecting plane 34b on the
light-entering side of the first reflecting member 33 (on
the side of the conical prism 32) is in the form of a
conical plane, so that a loss of the illumination light IL1
25 on the light-entering side can be lessened.
For instance, in this embodiment, alignment spacers 51
and 52, each being in a ring shape and being made of a

transparent glass substrate or the like, may be disposed at
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15 the reflecting nenbers 33 and 34 is disposed in an optical Fourier
transformation relationship with the light-entering plane 45a of B AMAY N

| ens 45. \When the fly-eye lens 35 of Fig. 2 is used, the light-Ieaving
plane 3a is in an optical Fourier transformation relationship with the
pattern plane 20 of the reticle Rof Fig. 1. Wien the rod lens 45 is used
as in this configuration, the light-entering plane 45a and the
Iight-leavin% g%ﬁne_45b of the rqod lens 45 are set .to _be each in.an inmaging

rel ati onshitho( cOFPHGEPEI Wit HEIFARCE PFVERE S A¥ &ETHEE TR Fi g.
and 34 conBEMPEEEs 33 AN T4 atbersPafhEs pat apR SRaRGIEY ndefER BPR B As
hown in Fig, 6(A), Li ght -l.eayi J fo- 3 ~ ( 20~2 th
LS iRt PR BRI 7 sl

o LoD f o tha al |
Covel | Fur PRmbett Y g 41 ARCEIAN e W S S it bl MR O

pl ace ﬁ] tRGo AdF10R% ity RIS 3% aad ad quﬂiqldf] Jpia oA the

i ke, e tubul ar body having an inner plane in the surface formof a

prism as $hewedtlod @xfiifBire appara@usineasphangldsraatei/beckhnglpl ane
45Aa. This configuration can inprove an efficiency of illumnation 10 for

the exposuismadnp¥uppdTtUSiig ¥t He aikelhiaydbeoldsgos@d dtaplddall i ght)
that is |less available as a |light transparent material and using even
exposur e baaratiwtls dn Xheayd earhnoe Go. adharo tsuppoyiodiree rgfiactiosy i n t he
above enbodi nent 15 is manufactured, the two sliders 19A and 19B acting as
the shift megiheri S4 far heamsfdecdsinchowmber B3g.o15 vigee vdnsgned and
di'sposed between the shaping optical system2 and the relay lens 4A within
t he i11Qni watthemtomsing thesispacess &l @€ A4-gnnent has been conpleted, a

support nenber for 20 the illum nance-uniform %_%ni t 3A, as shown in Fig.
2, is mounted sl Wddy Fhen QO 19urgdlonsy &S, (esrEE Pefh @Povare | ecting

nb 33 d 34 h h h 51 2,
rerers 53 QiAo e L, 950 QUL NS SRS IR A2, o
b [ Al i nber.
Y be, 2| 900 ML BANR200 lo L UhoA S Ty RGNS et

t he manner j ' r f i i i
opti cal Syﬁgﬁg@ﬁ%ﬁ@%%@iﬁ 33 gﬁg&%ﬁ@&&ﬁfdﬂ@ gﬂAWHWiI@ 2

15 section in the ring form with the optical axis IAX disposed
in the center, as shown in Fig. 2(C). The two reflecting
members 33 and 34 may also be referred to collectively as
bar-shaped optical elements in this embodiment.

] As shown in Fig. 2(A), the illumination light ILa and

20 ILb diffused from the conical prism 32 are reflected in a
recurring way on the reflecting planes 34b, 34a and 33a and
then left from the clearance between the first reflecting
member 34 and the second reflecting member 33. This
multiple reflection serves in improving the uniformity in

25 the distribution of illuminance of the illumination light,
like multiple reflection as in a conventional rod lens, and
provides an illumination light in the ring form with a
uniform distribution of illuminance on the light-leaving
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each optical nenber of the optical systemis subjected to optical
adjustnents for the axis in the manner as descri bed above. Then, th(QBMAY 200
projection optical systemPL is incorporated 5 into the main body of the
exposure apparatus and subjected to optical adjustnents, and the reticle
stage and the wafer stage, each consisting of a |arge nunber of parts, are
i ncorporated therein. After incorporation, wiring and pi pes are nounted and
connect ed,

d t | ed t i§ 10 subjected t |
2 ust ront &40 T e g ATRATS 2 S Coremt SAPGELAEET on
Fimi sh of ot Bl oSS Wl AR R o, AT, B o™ |
apparal e rRiAtisetdd i ALY RISt S SIS A LS B

ot her conditions are manage vacuum ul travi

such as Arg T8 1l havi q_;]_g;jﬂ FZ |

(having a yﬁi’&ﬁgﬁ}%lx%ﬁ?%é#ﬁ:mﬂ%gﬁ: u\é%ﬂ or t ﬁfxé%%ﬂrygﬁﬁ%[v&nﬁﬁﬁé
light, s hisphels idldriddiaGe Gifd e G aidird PR HRigeTLrs W by using a
material as a lass material for a refractive elenment” (e. g., glass, etc.)

Wi t hi n t he donltéfinialg @raPtiielrest B da e RIHY Y deh s i163s Sy gem
PL, which has a relatively high degree of transparency even in a vacuum

ul travi ol eFikegilan, Iauthissedbogliment , (paweivew| athy syptBebi CegBanbzlik
fluorine-doped quatz, fluorite (CaFZ), nmagnesium fluoride (MyFz), rock
crystal andugsdhex dirspulseck iof thectvizinddiyuofultheadiighhat- ldaytitng @lhne Ar F
excinmer |aser or F2 laser) there may al so be used, for - 35 ~ ~ Mygr zooz
exanpl e, aS3bFEN Prsiay he enhseasddadk)ghseniudfdunticyy limsaéheor hi gher
harnonics with its wavel ength shifted to ultraviolet light by using a

nonl i néhr Gpsitedibutdpsn af g‘f]{]équef'i cation of a laser light having a

single wavel ength in an
9 9 ore specifically, as shown in Fig. 2(A), the fly-eye

lens 35 is disposed close to the light-leaving plane 3b of
the two reflecting members 33 and 34 and a stop 36 having an
aperture in the ring form is disposed on the focal plane on

15 the light-leaving side of the fly-eye lens 35, i.e., the
light-leaving plane 3a of the illuminance-uniformity unit 3A.
As specifically shown in Fig. 2(D), the fly-eye lens 35 is
configured such that a large number of lens elements each
having a rectangular section are disposed and attached

20 closely in longitudinal and latitudinal arrangements and
that the sectional shape of the fly-eye lens 35 is so large
as to cover a sectional shape of the inner plane of the
reflecting member 33 disposed on the external side.
Furthermore, as shown in Fig. 2(E), the size of the

25 aperture 36a of the stop 36 in the ring shape is set to be
smaller than that of the outer sectional shape of the fly-
eye lens 35. The aperture 36a has a shape in section as
approximately large as the sectional shape of the clearance
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5 infrared region or a visible region oscillated froma fiber |aser by
nmeans of a fiber anplifier doped with erbium (Er) or a conbinat&g3éﬁ&
erbiumwi th ytterbium (Yb). For instance, when the oscillating H@Wh
of the laser light of a single wavelength is in the range from 10 1.51 hum
to 1.59 ~,m there can be generated an eight-fold higher harnonics having a
wavel ength in the range of 189 nmto 199 nmand a ten-fold higher harnonics

'he o%ci |1 SHEng ke Giiith ST PP ST e e g o ey 1 B
he range 1% MR 161 "M (140 i s BORROUBE? oG BECELONE AR AG the
he oso | | Sehg Su/areit oot Bl o il Be ¥ile THEMD Q83 efeq "er
the range SF 17 A, cpsgenny et e PR T e

wavel engt heapRreXigEitalar iydentd caliit &d s Hided @ inditdher ke, when
the oscillating wavelength is in the 25 range of 1.03 ~mto 1.12 Vim there

can be obt anneshidaaeenf1alghthighean@mmmiles hatidig theravefiendidayinhg he
range of 147 nmto 160 nm In particular, when the oscillating wavel ength
is in the paage &b B0 ednthrcdhgiDGhe Bly-tafee len36 35 and WY SXHR 3mn be
obt ai ned a seven-fold higher harnonics having a wavel ength in the range of
157 nmto 198ty nelay ilensartiulalr fApl €t ds dite Haviiurginiaiel omaiel @ngt L2 .
approximately identical to that of FZ laser. As the fiber |aser that can 5
oscillate at a siliglie ey dleeypdersitieade hexgilie thedd, afsorthexaysagance
ytterbi um doped fiber |aser. Wen the exposing illumnation light is in an

ext r ene? ul EPaFE SLINERAM iaphttheediightitavinyumiansg o Gft it syst em and
the projection optical system.can be used as a.10 refl| ectjaon systemb

usi ng, for cé)‘?ffﬁ‘ﬁpné’,e %?%fvﬁelncgh g REPRSF i )3%%%’90‘?%%ve
mrror, a vVex m.rror flat, mrran or the like. Jdn.this .case,. a reticle
of a refl e%t%l%c?n a}n;g&ealﬁl ua}ecﬁ aﬁt[o;} g ijct}lr (PR ody s HE shape

ganggij{ 'm‘;ﬁz g%géc?lﬁbst,e Nnblot I ECHIRD AR A 1Y HAMdded dhd18 PhVErosea.

If the stop 36 is not disposed, however, there is the risk

15 that the uniformity in the distribution of illuminance on
the reticle R might be impaired by a light flux left from
the lens elements out of the lens elements of the fly-eye
lens 35, into which the illumination light enters into only
a portion of the light-entering plane thereof, as the light

20 flux left from such lens elements is irradiated onto the
reticle R. Therefore, the stop 36 plays.a role of improving
the unliformity in the distribution of illuminance by
blocking off the light flux (i.e., the image of the light
source) from such lens element, so that it may be disposed

25 on the side of the light-entering plane side of the fly-eye
lens 35 in this sense. In this case, however, it is
preferred that the shape of the stop 36 corresponds to a

shape of the boundary of the region of the lens elements out
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of a reduced type, an equal type or an enlarged type and further that the
present invention can be applied to, for exanple, an illum nati orhgﬁgé? gﬁi
system of an exposure apparatus of a proximty type that does not
projection 20 optical system Furthernore, it is to be understood that the
exposure apparatus according to the present invention is not restricted to
an exposure apparatus for use in producing sem conductors and that it can

be applied, for exanple, .to 25 a posure a ratus, for, the production of

liquid crySfaf SiStgME ato‘%er eo%ljﬁ"leiy%gi NS ét'alln(}iosfjﬁ‘é‘f%e&é}%nt to

a rectangul.ar_gal.ass. .pl ate and tq _an ex ur e _appar at us i ch . prodquces thin

film nngneﬁraléuﬁ'&élc?s on %"}g%r% 6n8:e|ﬁ§Yan?1}§ %&&?eﬁres?eg}@gh&g’& o devi ces

may be pro r S f si gning functions and performance of
gg%ﬁ%gttgln%gmé}rHL%‘s 8P 0y 4G

t he device of producing areticle on the basis of the previous

step, the step O RLOGYE %%oi’ze""i&fe%xfié)‘%t'q?gﬁii'ti B! floedla st ep of

exposing a pattern of the reticle ont waf er by the exposure apparatus

accordifng k8akthendb Al Y0 BNLHNAN AR -RIFYFmiltRY ¥HitOBA tihe 3@p of
assenbl i ng devices (including the dicing step, bonding step and packagi ng

step), theenpoRAGdrN cHrePperdd s @ @inglQ 1Munlidatioha e ed dienaive hat
the present invention is not restricted in any respect to the enbodi nents

as descri bet abpdvoraity tirhahe @ietrintuipnetord 1A varic@E s s eldlr iaxls
nodi fications wi thout departing fromthe spirit and scope of the invention
and that tipresentr @ diesreaser dnofthes ildpariessdeatodn tth&pdllilemtiinat im
9-306,952 filed on Novenber 10, 1997, including specification) clains,
drawi ngs aAdgdbdm¥dd. is incorporated by reference in its entirety.
Industrial Uilization The first and second exposure apparat uses according

to 20 the presenfthienFdRETERCEa RTLVHGSM beftwee dhep fdLish Fefd@siingh of a
| in the illumnnati l.i ght | | Jodi fied il]um i at hi gh
T ot nanc BeRE R 4 Snt HF BBt Rt Shes LR T oay
[ at j i,ah | ut.i f 25
a2 a0, akboria ARRATAL o MU AN 000 R S f

o onduchlk RISl sy S MRS o S 3 20 2 1o
portion thereof. In this case, the disposition of the
15 spacers 51 and 52 can be omitted.

In order to provide for the inner side plane of the
second reflecting member 33 to act as the reflecting plane
33a, the cylindrical reflecting member may be configured in
such a manner that it is divided into a plurality of member

20 sections so as to contain the optical axis and the plural
member sections are coated on their depressed surfaces with
a coating that can provide a high degree of reflection, and
the coated member sections are again assembled into the
reflecting member in a cylindrical form. This configuration
25 allows easy processing of the reflecting member.
A high level of the uniformity in the distribution of
illuminance can be ensured in this embodiment due to the

disposition of the diffusion plate 31 on the light-entering
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0 9 MAY 200? optical elenents for use in the present invention can be
conprised of a hollow reflection type, unlike conventional rod | enses or
fly-eye lenses, so that they can al so be applied to an exposure affaMAn 2067
that can use a light source 5 using a |l ess avail able transparent materi al,
for exanple, a light source in a vacuumultraviolet light, e.g., having a
wavel engt h of about 200 nmor |less or an X-rays source (e. g., SOR

S h O bit, di ati [ . I i

égtygﬁtrifiﬁ aNeomider Rgvave ths st sl el ot b o

about 5 nmto 15 d.X- ' . N '

OUt © MLRCRRAITIYL AR d1iC LRkSCLER e MeRe R ERN LA B 89 a1

exposi ng i Iilsug;ol%agllﬁ%ra [ hteftifi%%eﬁrcgj eg iuocr%l(?ﬁtajtﬁ%n SHStigm may 15 conpri se)
re ctron

for exanpl & sSeveral sheets o el'enents (e. g., mrror, etc.)

only. FurtRenun;e.. 4 Ins%lg)g.lg% refdRGt iigﬁ) ; rs or the bar-shaped

optical elements are sed In series ar he optical integrator is
di sposegl, devi cegpWithiy AN MLRAIRBY,Sith G iRAIPRAUGEEAS 4 he

uniformty in distribution of illumnance can be increased. In addition,
the preseniygiedv @il Ahelldiomss ivh AN e 1fundinaicd W igfhtpaiiler na on a mask
under optimal illum nation conditions by providing a plurality of the 25

i | I um nanceéiwfiraetiidny qaEitios) ofy € @hade e aan alad eoshiddd nigh of t he
shapes of the reflecting plane of the first reflecting nmenber for each
optical sygileme Wierthehewpidalalprniame@2at oAt $edstposved opfigadowlwment
j (e.g., a lens) out of the optical elements disposed on the
10 light-entering side of the illuminance-uniformity unit 3A
may also be configured so as to vary the distribution of the
illumination light on the light-entering plane side of the
reflecting members 33 and 34 by transferring it in the
direction of the optical axis of the illumination optical
15 system.
The second illuminance-uniformity unit 3B for use in
this embodiment will now be described with reference to
Fig. 3. The illuminance-uniformity unit 3B differs from the
illuminance-uniformity unit 3A in that the shape of the
20 secondary light source for the second illuminance-uniformity
unit 3B is divided into four apertures (light sources) with
the optical axis disposed in the center while the shape of
the secondary light source for the first illuminance-
uniformity unit 3A is in a ring form. The following
25 description is directed to the case where the second
illuminance-uniformity unit 3B of Fig. 3 is disposed
between the shaping optical system 2 and the first relay
lens 4A as shown in Fig. 3. In Fig. 3, the parts and
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- 39 0 9 MAY 200?, the illum nance-uniformty optical systens or the
bar-shaped optical elenents so as to shift them the exposure appeq?] P 2002
according to the present invention can also provide ordinary illum™mation.
- 40 R~' Pl ~I CEl vl FhJ~f SHFhT ~ 9 | ~kY ~~~~;. What is clainmed is: 1. An
exposure apparatus which transfers a pattern forned on a mask onto a
substrate through a projection optical systemunder an exposing
illTumnation |ight froman il]um natiqn opti . Syste conprj sing:.. an

11 nancEARRER% SoEbenrent Y S ier e f el e ER dad du fh,
menber and second reflectin

nb di d | osi he, fi
el oot ng P cf A P RO G o 199 144 T ect f ng
rember havidsy o SREith TR a5t  Shftheltiol e AR IMREHENEIRISE ' "0

t ubul ar body and i [ . g ef [ ' éggﬁ it hin the
i1lum nation opt ilf:i;qc' S@;;(S]%)Q%J v%}trleqeﬁ ‘{'ﬁ&e’; i{%u%tﬂlgﬁ%eéor%c% el ﬁ?fuvn#%egt I on
light i§ magde.did fOf TRMndifRealeOE 8k BF thel: OB tir iddamimagnod |ight a
plurality of times on the first reflecting plane and the second reflecting
plane. 2. Amsudnfede€. apRASHNOWh ah FHiy.md )N ahdl M1lunfik=ti’m aggyt si ng
an optical integrator containing either a fly-eye lens or a rod | ens

di sposed i riseriest Witdm ttee fshiapimgbpeical sydtant2 ngt Nehder 5. eBteds
exposure apparatus as clainmed in claiml1, wherein the

I 1 um nanceinto fihen ¢yeayrdnosl psystded coelpreasresa pfirst opfleatisyst ens t hat
can be shifted to change a shape in section of the f¢rst reflecting plane
ofi the fir semtgy e38 | and nendrecond refl exiprareenppar 3t usheeugh atlhed in
claiml, further conprising an optical integrator containing either a
fly-eyb041 difygioemlatnEh D Y AR RS $Bn32Rr (22 i ¥end(Bhich is
di sposed in parallel_with the jllun nance-uniformty optical system and
which is di'Sddsedeolbaht oleRvViRg fREPe 50 Ahe %E‘ﬁr%ga?)p%?%‘f% €as cl ai med

'n Clalnq]”q&%ﬁ%é%fgt£§Eamid plane form. The first reflecting member

38 for use in this embodiment may be made of metal having a
shape in section in the cross form with the optical axis IAX

15 disposed in the center, as shown in Fig. 3(C), or of glass
in a prism form (more specifically, twelve parallel sides,
etc.) and have a sharp edge on its light-entering plane side,
as shown in Fig. 3(A). The first reflecting member 38 may
be further configured such that its outer side plane acts as

20 the reflecting plane 38a with a reflecting coating coated
thereon and that the opposite edge portion thereof acts as a
reflecting plane 38Db.

On the other hand, the second reflecting member 37 1s

disposed in abutment with the outer side surface of the

25 first reflecting member 38 and the shape in section may be
made of metal in a square frame form, as shown in Fig 3(C),
or glass in a prism form. For the second reflecting member
37, the inner side planes (square prism sides) act as a
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first reflecting nenber conprises a columar body, and the first rﬁflﬁgﬂﬁ%
menber further conprises a conical body and a third reflecting pla & MaY
on an outside of the columar body, the conical body being di sposed so as

to be positioned at a light entering plane side of the illum nation |ight
relative to the columar body and so as to set a tip end of the conical
body to face a light entering direction of the illumnation light. 6. An

! ! direction N ti ¢ :

e hepa Rt A4 8 LA WLt Il Bee {eH IR COTRIad Johfed R b et uon”

the fi t i . i . L. A

oosur o aphdfedn 19 R Hopd il b AN LEll A B0 JIHE chedihnee
posur : . ! .

oo S, PO R SIERE BPCH | Oule T BALBES PN Gy ALl 0 oD

optical axig, i spogegivedekef fist &an %M%@%fgﬁg%@qge@?eﬂa%ﬁd in

claim1, further conprising an optical elenment whic stribution

of i1l usi nafiee i, a THeGeF13RT 1Wd Richrerd 3% PesRendic Wal dritildampti cal
axis of the illum nation optical system the optical elenent being d sposed

on the |ighthentpsarwndd ages wdrtden fiistignel SeEC@ithaefdechy ngeawgbers. 9.
An exposure apparatus as clained in claim1, wherein the 42 REPhACENMENT

SHEET - 0 ShéAi PDdnireadpien NMpight Whaadnd il givd s et thicugla ctiuen
ultraviolet light or X-rays. 10. An exposure apparatus as clained in claim
1, wherei n pyveamikgastiemi324m Tisoredn gethicyet dives uirfappanitayiing theent r al
wavel ength of 5 to 15 nm 11. A nmethod for manufacturing a predeterm ned
devi ce usi rijisriEpbien cofpbhlunirange ceadheth i the | alearaneespvithng t he
step of transferring an inage of a pattern forned on the mask onto the

substraPe AWarR R ule HPEFR ’nd 1DoTMA dbbaniratbngr bieRt aEleKai med
inclaiml, wherein the first feflect] nmenber, conprises a prismatic body,
Lnd the 11 RAVES | GRG TR R O SR i s LA TR e AR B oTp B

third reflecting plane formed.on an out si of t ram dal . bo he
pyram dal body belﬁ}'lgtq}dilssp%"g%oadig%erés’ t%hebetdf%'s? i rc:J‘Faleergg/a‘,fsma:L% %ﬁ?g%%?%ri ng

si de of theiﬂléigg?a‘%@{h“}ghéf rﬁll tjai’&kmﬁplfé%ﬁﬁiﬁ dc3hogdy, tgpd so as to

be set atip end o e pyram dal body to face a I'ight entering direction

of the illumnaiidtld®hiigs, 0 eXPOssH IRPPRERt ESuhaybEst@bes! Byal gation
optical systemwhich illumnates a mask with an illumnation light to

transfep a 3@d} elmcliwseel, odadiheines ks @iéte asbapst 1t SectOHOP| | &5 Nghorkn
bar - shaped optical system di sposed on the optical axis of the illum nation
opti cal sysirerfighe3 (B - shapdiisppted abn stise efiotal i phame fonstheelighting
pl ane and a second reflecting plane, each reflecting the illumnation |ight
within the }eavirg side of the fly-eye lens 35 (i.e., the light-leaving
plane 3a of the illuminance-uniformity unit 3B). The
illumination light left from the clearance provided between
20 the reflecting members 37 and 38 is led to the relay lens 4A
of Fig. 1 through the fly-eye lens 35 and the stop 39. The
use of the illuminance-uniformity unit 3B can perform a
modified illumination using the illumination light from the
four secondary light sources with the optical axis IAX
25 disposed in the center. 1In each case, this illumination can
provide a uniform distribution of illuminance for the
illumination light IL2, and the illuminance is maintained at

a high level, due to the use of the reflecting members 37
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43 REPI _ACEA~ENT SHEET 0 9 MAY 200Z wherein the illum nation light is

|l eft fromoutside a partial region containing the optical axis on th

| i ghtl eavi ng pl ane of the bar-shaped optical systemafter an iIIuninQBﬂ@WZWZ
of the illum nation |ight being nade uniformby repeated reflection of the
illumnation light a plurality of tinmes on the first reflecting plane and
the second reflecting plane. 14. An exposure apparatus as clained in claim

13, wherein a gﬁgion of distribution of the illum nation |ight_defined by
the first P& & ngPEFehOTEnd 2t hd I8etBRAUEBPIE: CARg 233EendeoRCLAEVed.

| i ght-1eaving plgne side of the bar-s ed optical, systemis in a rin

form 15. An expg“ﬁjrtzleapl’é’aﬁaéﬂ?s BEs S0} gala%%b(}% FS8%i 4 1 ,lsWr‘?é‘sté% e & ti al
regi on defined he first. reflecti.n | ane and t second. refl ect.ing

bl aneon t HESHR N St ld rEin R 0 S 3, SRS ST |
in a cross 1 r s..as .¢l al L J Dy clal 3... Wherein
the illum rétq#ogﬁ%gﬂééaqlleféij@gnﬁcogg%ﬁ#fn&oLRAT glat{ﬁhnété;dgréa oa[rn}%}ll%rbosed on
the i ght-|I i | de 50 ar.- p t iGal sy . AN

(e L1981 e rpbpn sl 00 p0bhlib i prabaped ot vad SVEbGTaik b1
is a fly-eygdeng ifidcd o6 GROSAE-aMild g | BN B RIdd % PIGHE ddhereof in
close vicinity of the light-Ieaving plane of the bar-shaped optical system
or with thand @iarfiief id¥0 Rigie thayiaghtsubgharhial kbuseqnitegat @d with the

| ight-entering plane of the bar-shaped optical system 18. An exposure
appar at us @S fHraowichr yrdtaing lof aipaia tbe ddiPlhe MIed BN Slvidde 4 9
MAY 2002 the illum nation optical systemis disposed in close vicinity of

t he |i ght - dileedildgupireaici gy delgift tiretd | highte filansss arab the thd wasmtoHn
optical systemcontains a stop having an aperture resenbling an arrangenent
of a pl@raltihey Grdptildaiminanagartundamitutumig tHe- fly-eye lens. 19. An
exposure apparatus as clained in claim17, wherein the fly-eye |lens has a

focal plane on t &9 4%t QfedhnFifishdeSIeeting SRS s ef P opti cal
Fourier transfor | ane for attern plane of, the sk d. wherein said
exposur e aﬁ&;ﬁfﬂﬁt&&q 3?‘1%?5%0 |é§erssq:a %eta%pecung member $8'1s"1in B

sharp edge shape at the top end of the reflecting plane 38b

so that a loss of the illumination light can be lessened,

15 like in the case of the first reflecting member 34 as shown
in Fig. 2. Furthermore, the illuminance-uniformity unit 3B
forms four illuminating light fluxes each in a square shape
from its light-leaving plane 3b. The sectional shape of
each of the illuminating light fluxes, however, is not

20 limited to a sguare shape and it may be any optional shape
including, for example, circle, a fan-like shape or a circle
divided into four sections (i.e., quadrant), etc.

A description turns now to the configuration of the

third illuminance-uniformity unit 3C for use in this

25 embodiment, with reference to Fig. 4. It is preferred that
the secondary light source is arranged to perform ordinary
circular illumination as conditions for illumination for
use in situ in the exposure process, in addition to the
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defining a shape of a secondary |ight source di sposed between the fly-eye

| ens and the mask within the illum nation optical system 20. An exposure
apparatus as clainmed in claim16, wherein the optical integrator contains a
rod lens; and the rod I ens has the light-entering plane disposeﬂ9¢ﬁwqmu
optical Fourier transformplane for the light-I|eaving plane of the
bar-shaped optical system 21. An exposure apparatus as clainmed in claim
20, wherein the rod l.ens has the |ight-1leavin | ane di sposed qn.a pl ane
substantiaﬁﬁfoegﬁFUgéﬂganmspﬁrFﬁefﬁgtPeFﬁnﬁl&a&%@FnFﬁéoﬁa§?%'&H&hthe

illum nation optical systemcontai ns g_.stop disposed op, an, gpti.cal Fourier
t r ansf or m pP¥%e 3PEF &Spgﬂrérn gkgﬁéaﬁﬂ%3h§°ﬁﬁgﬁ?%zz.QEﬁ Eﬁgggure
apparatus ags.clainmed in cglaim.21, wherej ~Cpl ~C, =y f SHEET v v 0 9
MAY 200Z tH§1§P&Eqn§eHF§BS%EH”%H’5“& s%ﬁ?ééébﬁ §gﬁgtgh9%b ar- shaped
optical systemt.han the rod.lens...23.. An OSHHSHARRA §Hel l.ai med in
claim 13, WREPE RS HhéE &I Ou(rjf.itr?1 I (:)Er%‘%gp?tyi%cé'l%)ﬁ%y?tf%%hcont a?’tﬁs%ﬁeggﬂd

bar - shaped _gpt &) 12 ShaPpigf hhethboBbmbepki-kg Ahane
differgﬁt F&b%?i é?ﬁﬁfqﬁﬁgmgg¥#§%gbed opt% al "System gndathe bar - shaped
optical syshemei \Jie 130 e OR) galg.clemnidise decimged fdre each of her
and di sposed on the optical axis of the illumnation light. 24. An exposure
appar at us vcRiddEGiith At Bahd rHTRRIntd Miniddaus nald eyrpylcandyst em
contains an optical integrator disposed on the optical axis of the

i11um nati @etadighia Bedeeting i ianged tfiterd trenbarhes Weped-igptiaal thaftst em or
t he second bar-shaped optical elenent; and either of the bar-shaped opti cal
system th&ddaowsl bar shaped optical elenment or the optical integrator is
sel ected and di sposed on the optical axis of the illum nation light, in
accordifice with &Fimnt tershaws tihe menligmatienegfodidree HopHHAarCqavi ng an

illumnation optical systemwhich illumnates a mask wi.ith an illum ngtjon
li ght and t"r"’é—ri%‘réffjstlh Ui 3Gr f WhEBd tEE LAdURLSRNGR §d FOFRd YRt 3

conprising:, a bar-shaped optical st em di sposed. on an_opti cal i f the
i |l uninati df &mec%m%%t%%% p%i Wi)ho‘pgt]r‘? e eer"f?\%l P an@j%nd a
i ght-1 eavi | ane, of the i), um 1.0 { , spectiwel y; er el he
bar - shaped %%ﬁgc_calfee"s%t (?ﬂsdiispl ral{%lr}féeésiﬁéed %H anJI{%aFl?bnﬂY]gg%]fl%Eiﬁgoé nto
the light entgri ng Pl A€ 4rom the shaping optical system 2 of Fig. 1

15 enters the first-stage fly-eye lens 40 after passage of the

diffusion plate 31, and the illumination light is left from
each image of the light sources of the fly-eye lens 40
entering into the second-stage fly-eye lens 35 through the
relay lens 41 and the relay lens 42. The illumination light
20 left from the fly-eye lens 35 enters into a stop 43 with a
circular aperture and is left therefrom as the illumination
light IL2, the stop 43 being disposed on the focal plane on
the light-leaving side of the fly-eye lens 35 (i.e., the
light-leaving plane 3a of the illuminance-uniformity unit
25 3C). The illumination light IL2 left from the fly-eye lens
35 and pass through the stop 43 is then led to the relay
lens 4A of Fig. 1.
The conditions for illumination have to be shifted in
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REPLACEMENT SHEET 0 9 MAY 2002 thereof to a first partial region differing
froma second partial region containing the optical axis on the

li ghtl eavi ng pane thereof, and unifornms an illum nance distribution gfg MAeE(i
illumnation light in the first partial region. 26. An exposure apparatus

as claimed in claim25, wherein the mask is illum nated by the illum nation
light left fromthe | eaving-plane of the bar-shaped optical systen1 t he
illumnation light being distriputed in the first ion differing
fromthe stTHY PAPET af l%g?oplaﬁg?‘l’flél?ﬁnfghe ’f‘ﬁfel%galg al%‘?’s e %rreé

l'i ght -l eavi di,stribyti of thelllur@natlon

d th I
light in thg&fl r%?g%%f??’éﬁgog%%? oﬁ glanﬁ %fnltroof"rﬁ? %’71 ﬁ?%oﬂﬁpe
t I I
compr | ses s et dEfotof Suchne WEEELR LR Ll PO AR PR YT e ot
the b h t
cl'aim 27, et orn ‘Iﬁ@%%ty'?cﬁﬁfﬁﬁzﬂ?ﬁmﬂﬁﬁﬁﬁfﬁ%ﬁ%ﬁ%ﬁ%2 g8

met hod gor Me\uhAcAkEL DEn AP0 BPOS UhST BPPRE at 315 A Chctsangbers Bepattern
formed on a mask onto a substrate through a projection optical system under

an exposi Nngidpoddadn Omné i ghtidaPnarls | TAXINGNEhON PDEMERA By EIght .
conprising: locating within the illum nation optical systema first

reflecting nenberFigyvifoskows rsich ed | siei f Hongdisanei Sl Mad ahdvie iaut er si de
of a columar body and a second reflecting nenber enclosing the first

refl ecting Fiegrbe$, twe skidedsrE9Aeand n9Beaberimberpgsed seetwdenethecti ng
pl ane formed on 47 REPLACEMENT SHEET 0 9 MAY Op2 the inner side of a
tubul ar bodshapitng sePhicahesysten 2etn@cthagt praherelaythenebyri avdrporate
an illumnationuniformty optical systemthat nmakes uniforman illum nance
of thelPl| di®athbRd} |E;HSByaP@p%%‘F‘é’éldrbﬂ‘érﬂ%?%‘hc%fmﬁihﬁﬂffﬁﬁm BPaiEen3Fi ght

a plurality of tines on t firs eflectin | ane and the second
re?lect|ngy é 3B are gféposeé £n this ogdg respecthe Y., SO as

to be slidable along the two sliders 19A and 19B. A drive
unit 17 of a feed screw type or the like which drives the
illuminance-uniformity units 3A, 3B and 3C is disposed on a
15 one side of the sliders assembly 19A and 19B and a stopper
18 is disposed on the other side thereof. The action of
the drive unit 17 is controlled by the main control system
11 of Fig. 1. The main control system 1l can select the
optimal one from the three illuminance-uniformity units in
20 accordance with a pattern on the reticle R as an object of
transcription and arrange the optimal illuminance-uniformity
unit selected on the optical axis IAX between the shaping
optical system 2 and the relay lens 4A by the aid of the
drive unit 17. This configuration can achieve any different
25 modes of illumination at a high illuminance level in
accordance with a pattern on the reticle, including a ring
illumination, illumination through four apertures, as well
as an ordinary illumination where the distribution of the
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30. A nethod for manufacturing an exposure apparatus having an il( gm0 on
optical systemwhich illumnates a mask with an illum nation |Iight and
transfer a pattern formed on the mask onto a substrate through a projection
optical system conprising: preparing a bar-shaped optical system having a
first reflection plane and a second reflecting plane, each reflecting the
illumnation light within the bar-shaped optical system and aligning and

| ocating the_bar-shaped_gptical system.on_the qpti.cal axis
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second relay lens 4B, for example, as shown in Fig. 1. 1In

5 Fig. 6(A), the entered illumination light IL1 enters into
the clearance between the reflecting members 33 and 34
through the diffusion plate 31 and the conical prism 32, and
the illumination light left from the clearance therebetween
enters into the rod lens 45 through the lens 44. The

10 optical integrator 43 is composed of the lens 44 and the rod
lens 45, and the illumination light left from the rod lens
45 enters into the second relay lens 4B as depicted for
example in Fig. 1.
In this configuration, the light-leaving plane 3b of
15 the reflecting members 33 and 34 is disposed in an optical
Fourier transformation relationship with the light-entering
plane 45a of the rod lens 45. When the fly-eye lens 35 of
Fig. 2 is used, the light-leaving plane 3a is in an optical
Fourier transformation relationship with the pattern plane
20 of the reticle R of Fig. 1. When the rod lens 45 is used as
in this configuration, the light-entering plane 45a and the
light-leaving plane 45b of the rod lens 45 are set to be
each in an imaging relationship (conjugated) with the
pattern plane of the reticle R of Fig. 1. Therefore, the
25 light-leaving plane 3b of the reflecting members 33 and 34
constitutes a pupil plane for the pattern plane of the
reticle R.
As shown in Fig. 6(A), the light-leaving plane 3b of
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()‘Z++’5“‘ém63&¥ﬁe&92 ﬂﬁypfége of the rod lens 45 composed of a rod or
rods made of glass or the like, the tubular body having an
inner plane in the surface form of a prism, as shown in
Fig. 6(B), and the inner plane as a reflecting plane 45Aa.
) This configuration can improve an efficiency of illumination
10 for the exposure apparatus using an extreme ultraviolet
light (an EUV light) that is less avallable as a light
transparent material and using even exposure beams such as
X-rays and so on.
When the exposure apparatus in the above embodiment
15 is manufactured, the two sliders 19A and 19B acting as the
shift mechanism, for example, as shown in Fig. 5, are
aligned and disposed between the shaping optical system 2
and the relay lens 4A within the illumination optical system.
After the alignment has been completed, a support member for
20 the illuminance-uniformity unit 3A, as shown in Fig. 2, is
mounted slidably on the sliders 19A and 19B. Then, the
reflecting members 33 and 34 connected to each other through
the spacers 51 and 52, as shown in Fig. 2(A), the conical
prism 32, the fly-eye lens 35 and so one may be aligned with .
25 one another and then mounted on this support member. The
illuminance-uniformity unit 3B and the other units can be
assembled in the manner as described above. After the
assembly of the illumination optical system and otherwise,
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5 into the main body of the exposure apparatus and subjected

to optical adjustments, and the reticle stage and the wafer
stage, each consisting of a large number of parts, are
incorporated therein. After incorporation, wiring and pipes
are mounted and connected, and the assembled apparatus is

10 subjected to overall adjustments, including electrical
adjustments, adjustments for action confirmation, etc. The
exposure apparatus can be used practically after the finish
of such overall adjustments. It is preferred that the
exposure apparatus is produced in a clean room where

15 temperature, cleanness and other conditions are managed.

When a vacuum ultraviolet 1light (VUV light) such as

ArF excimer laser (having a wavelength of 193 nm) or F,
laser (having a wavelength of 157 nm) is used for the
exposing illumination light, a higher illuminance can be

20 galned on the wafer plane by using a material as a lass
material for a refractive element (e.g., glass, etc.)
within the illumination optical system and the projection
optical system PL, which has a relatively high degree of
transparency even in a vacuum ultraviolet region, such as

25 quartz (particularly synthetic quartz), fluorine-doped quatz,
fluorite (CaF,), magnesium fluoride (MgF,), rock crystal and
so on. In place of such a vacuum ultraviolet light, e.g.,
ArF excimer laser or F, laser, there may also be used, for
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5 infrared region or a visible region oscillated from a fiber
laser by means of a fiber amplifier doped with erbium (Er)
or a combination of erbium with ytterbium (Y¥b).
For instance, when the oscillating wavelength of the
| laser light of a single wavelength is in the range from
10 1.51 pm to 1.59 um, there can be generated an eight-fold
higher harmonics having a wavelength in the range of
189 nm to 199 nm and a ten-fold higher harmonics having a
wavelength in the range of 151 nm to 159 nm. In particular,
when the oscillating wavelength is in the range of 1.544 pm
15 to 1.553 um, there can be obtained an eight-fold higher
harmonics having a wavelength in the range of 193 nm to
194 nm, that is, an ultraviolet light having the wavelength
approximately identical to that of ArF excimer laser. And,
when the oscillating wavelength is in the range of 1.57 um
20 to 1.58 pum, there can be obtained a ten-fold higher
harmonics having a wavelength in the range of 157 nm to
158 nm, that 1i1s, an ultraviolet light having the wavelength
approximately identical to that of F, laser.
Furthermore, when the oscillating wavelength is in the
25 range of 1.03 um to 1.12 um, there can be obtained a seven-
fold higher harmonics having a wavelength in the range of
147 nm to 160 nm. In particular, when the oscillating
wavelength is in the range of 1.099 pm to 1.106 um, there
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example, ytterbium-doped fiber laser.

When the exposing illumination light is in an extreme
ultraviolet (EUV) light region, the illumination optical

i system and the projection optical system can be used as a
10 reflection system by using, for example, an optical member
as shown in Fig. 6(B) and a concave mirror, a convex mirror,
a flat mirror or the like. In this case, a reticle of a
reflection type is used.

It is further understood that the magnification of the

15 projection optical system PL in the above embodiments may be
of a reduced type, an equal type or an enlarged type and
further that the present invention can be applied to, for
example, an illumination optical system of an exposure
apparatus of a proximity type that does not use a projection

20 optical system.

Furthermore, it is to be understood that the exposure
apparatus according to the present invention is not
restricted to an exposure apparatus for use in producing
semiconductors and that it can be applied, for example, to

25 an exposure apparatus for the production of liquid crystal
by exposing a pattern of a liquid crystal display element to
a rectangular glass plate and to an exposure apparatus which

produces thin film magnetic heads.
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to the above embodlments of the present invention, the step
of assembling devices (including the dicing step, bonding
step and packaging step), the inspection step, and so on.

10 It has to be noted herein that the present invention
is not restricted in any respect to the embodiments as
described above and it has to be interpreted as encompassing
various modifications without departing from the spirit and
scope of the invention and that the entire disclosure of

15 Japanese Patent Application No 9-306,952 filed on November
10, 1997, including specification, claims, drawings and
summary is incorporated by reference in its entirety.
Industrial Utilization

The first and second exposure apparatuses according to

20 the present invention can achieve the least possible
reduction of a loss in the illumination light and allow a
modified illumination at a high illuminance and at a highly
uniform distribution of illuminance. This can realize an
exposure apparatus having a high resolution, a deep depth of

25 focus and a high processing ability. The exposure apparatus
can produce semiconductor devices and the like with a high
degree of accuracy at a high throughput.

The illuminance-uniformity units or the bar-shaped
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i B g B P A e 1
wavelength of about 200 nm or less or an X-rays source (e.g.,
SOR (Synchrotron Orbital Radiation) ring or laser plasma
] light source) that can output X-rays containing a soft
10 X-rays region having a wavelength of about 5 nm to 15 nm or
a hard X-rays region.

When an EUV light having an oscillating spectrum at a
wavelength of about 5 nm to 15 nm is used as an exposing
illumination light, the projection optical system may

15 comprise, for example, several sheets of reflection elements
(e.g., mirror, etc.) only.

Furthermore, when the two reflecting members or the
bar-shaped optical elements are disposed in series and the
optical integrator is disposed, devices with a higher

20 precision can be produced as the uniformity in distribution
of illuminance can be increased.

In addition, the present invention allows an
exposure of a variety of patterns on a mask under optimal
illumination conditions by providing a plurality of the

25 illuminance-uniformity optical systems to thereby enable
shifting of the shapes of the reflecting plane of the first
reflecting member for each optical system.

When the optical integrator is disposed in a row with
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éggzﬁNé? -g a&%ggéi£96%$%ﬁ€?%#ﬁ]éb(3 gh/\I%§03ectlon optical system

10!i . AR (y) -dnd dﬂkﬁk&%ﬂg&l(l)ldmﬂmr( -0 st (S ;1 A0 () on

(! S#10%vK 6rybC 10!: 0@6&f() '1096&f()-- 10% & ()-'10% & ()-G 10M 10M
10M &<: 109 B Pyrdsie fomprising:

%WO0%H#E ()-110% & ()-310% & ()-S 110% & ()-s"10% & () - 1096&f() . bdEbC
1001 10% & ()-%40% & ()-#10% & ()-" "10% & ()-s!'10% & ()-"!10% &' ()-D(i dELC
1o||f82,gm%ugygmupqngﬁnggionmgpy%qquaq;fsystem which ‘includes a

8:%? i]_(()g \g—l[-slé 0‘(’{% %%}J}g Oé?%b%;o %(/‘?a W@ ona reflecting member

disposed enc1051ng the first reflecting member, the first
reflecting member having a first reflecting plane formed on

) the outside of a columnar body, and the second reflecting
member having a second reflecting plane formed on the inner
side of a tubular body and facing the first reflecting

plane, and located within the illumination optical system;

wherein the illuminance of the illumination light is made
uniform by repeated reflection of the illumination light a
plurality of times on the first reflecting plane and the

second reflecting plane.

2. An exposure apparatus as claimed in claim 1, further
) comprising an optical integrator containing either a fly-eye
lens or a rod lens disposed in series with the first and

second reflecting members.

3. An exposure apparatus as claimed in claim 1, wherein the
illuminance~uniformity optical system comprises plural
optical systems that can be shifted to change a shape in
section of the first reflecting plane of the first
reflecting member.

4. An exposure apparatus as claimed in claim 1, further

comprising an optical integrator containing either a fly-eye
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a third reflecting plane formed on an outside of the

columnar body, the conical body being disposed so as to be

positioned at a light entering plane side of the

illumination light relative to the columnar body and so as
‘ to set a tip end of the conical body to face a light

entering direction of the illumination light.

6. An exposure apparatus as claimed in c¢laim 5, further
comprising a spacer in a ring shape made of a transparent
material and which is interposed between the first

reflecting member and the second reflecting member.

7. An exposure apparatus as claimed in claim 1, wherein the
first reflecting member is a body having a shape in section
of a plane perpendicular to an optical axis of the

] illumination optical system in a cross form with the optical

axis disposed in the center.

8. An exposure apparatus as claimed in claim 1, further
comprising an optical element which shapes a distribution of
illuminance in a ring shape within a plane perpendicular to
the optical axis of the illumination optical system, the
optical element being disposed on the light-entering planes

of the first and second reflecting members.

9. An exposure apparatus as claimed in claim 1, wherein the
42



10/ 10/ TaBm 9109% 109%VE' () - 1098’ () - REPLACEMENT SHEET
L0 () - L0YME: () - $109M&: () -1 #109%66& () - SUEMN 910% +$109&: () - MGiRinfp) =
109V’ () - YA0%VE' () - $210%V&’ () - 3" S10%& () - $Q :

dENN 910%6s! 109V’ () - 47" 109K’ () - 2310%V&’ () - 1S

10%0v&' ()- @ 1090VR' ()= -109V& ()::f 1098 10%m&. () - 10%8&. () M 10M
TOM " <: 16VRRE {331 ¢ LIBORRAL ) OB LbURRE (SoDbtotood 165 (Fremrioled

109 & () 1 £ 4R%0 &r (X=399s. 1096 & ()-Y 10m 10m

10nBL<910%r&’ () - "%} "?bCO10L210% & ()-z . LI10%W & () -y!>& %0% " & ()-s#F
10% & () - 10@8&f()-F!49$109§"&f()-UXYZ[}uS4s 10 & ()-'hl" 109\ |\ & () -
10U U 169LhnLéxpégﬁEeLEpﬁgrE@ﬁQO%%Jclaimed in claim 1, wherein the

exposing illumination light contains X-rays having a central

wavelength of 5 to 15 nm.

11. A method for manufacturing a predetermined device using
an exposure apparatus as claimed in claim 1, comprising the
step of transferring an image of a pattern formed on the

mask onto the substrate via the exposure apparatus.

12. An exposure apparatus as claimed in claim 1, wherein the
first reflecting member comprises a prismatic body, and the
first reflecting member further comprises a pyramidal body
and a third reflecting plane formed on an outside of the
pyramidal body, the pyramidal body being disposed so as to
be positioned at a light entering side of the illumination
light relative to the prismatic body, and so as to be set a
tip end of the pyramidal body to face a light entering

direction of the illumination light.

) 13. An exposure apparatus having an illumination optical
system which illuminates a mask with an illumination light
to transfer a pattern formed on the mask onto a substrate,

comprising:

a bar-shaped optical system disposed on the optical axis of
the illumination optical system, the bar-shaped optical
system having a first reflecting plane and a second
reflecting plane, each reflecting the illumination light

within the inside;

43



U & ()-L6! 109 ()-LS510% & ()-E-dBuS4s ! 9&#109M M & ()-n’ 16%@%§MENT SHEET
110% & ()- s& 10% & ()-s10% & ()-s !10% & () - 40, aBuS4s

&0 1 10% & ()-&L-!109%R& ()-z! Q¥ %0%\e\ & ()-3L 10% & ()-9y@ -

10% & ()-z 10% & () -, kl meFs 9F10%4& () - 910%4& () - #10%4& () - 09 MAY 2000

S & MLO%HE () - 10\ 10\ 10\ &y8.! 10%4 & () ' dEaFs 10948’ (.- QM 109& () -
9! 1004 (“)h%ﬁlfo ' (‘}L('gf mli‘&%ﬁﬁf%( §1%L§|1—3%|! %50 %(t) -f?‘%?‘a%g@gl@e :

&310%H8 phr3s@M LRYMEN( oyRli A& the- 9ptical axis on the light-

10%4& () - ! H(#10%H F{ & ()- y9Y%0%& ()-"BubCs ~ 310% & ()- ! 10% & ()-Z'
10% & () leaviom glenerofolheoRaroRdaPeHePE) cavaBycs eguatter an

10% & ()~ L10W & () - & ; : : : : £ b
10% & ()lﬁgéﬁ‘%gtﬂ%ﬁﬁé‘ OF) theg HdRmErAr o8 160E Bring madsgi S o \
10 \ \!{&kp@nte% reflection of the illumination light a plurality of

times on the first reflecting plane and the second

reflecting plane.

14. An exposure apparatus as claimed in claim 13, wherein a

region of distribution of the illumination light defined by

the first reflecting plane and the second reflecting plane
) on the light-leaving plane side of the bar-shaped optical

system is in a ring form.

15. An exposure apparatus as claimed in claim 13, wherein
the partial region defined by the first reflecting plane and
the second reflecting plane on the light-leaving plane side

of the bar-shaped optical system is in a cross form.

16. An exposure apparatus as claimed in claim 13, wherein
the illumination -optical system contains an optical
integrator disposed on the light-leaving plane side of the

) bar-shaped optical system.

17. An exposure apparatus as claimed in claim 16, wherein
the optical integrator is a fly-eye lens that is disposed
with the light-entering plane thereof in close vicinity of
the light-leaving plane of the bar-shaped optical system or
with the light-entering plane thereof substantially
conjugated with the light-entering plane of the bar-shaped

optical system.

18. An exposure apparatus as claimed in claim 17, wherein
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lens, and the illumination optical system contains a stop
having an aperture resembling an arrangement of a plurality

of optical elements constituting the fly-eye lens.

19. An exposure apparatus as claimed in claim 17, wherein
the fly-eye lens has a focal plane on the light-leaving
plane side thereof disposed on an optical Fourier transform

plane for a pattern plane of the mask, and

wherein said exposure apparatus further comprises a stop
defining a shape of a secondary light source disposed
between the fly-eye lens and the mask within the

illumination optical system.

20. An exposure apparatus as claimed in claim 16, wherein

the optical integrator contains a rod lens; and

the rod lens has the light-entering plane disposed on an
optical Fourier transform plane for the light-leaving plane

of the bar-shaped optical system.

21. An exposure apparatus as claimed in claim 20, wherein
the rod lens has the light-leaving plane disposed on a plane
substantially conjugated with the pattern plane of the mask;

and

the illumination optical system contains a stop disposed on
an optical Fourier transform plane for the pattern plane of

the mask.

22. An exposure apparatus as claimed in claim 21, wherein
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optical system than the rod lens.

23. An exposure apparatus as claimed in claim 13, wherein
the illumination optical system contains a second bar-shaped
optical element having a shape of the light-leaving plane
different from that of the bar-shaped optical system; and
the bar-shaped optical system and the second optical element
are exchanged for each other and disposed on the optical

axis of the illumination light.

! 24, An exposure apparatus as claimed in claim 23, wherein
the illumination optical system contains an optical
integrator disposed on the optical axis of the illumination
light by being exchanged for the bar-shaped optical system

or the second bar-shaped optical element; and

either of the bar-shaped optical system, the second bar-
shaped optical element or the optical integrator is selected
and disposed on the optical axis of the illumination light,
in accordance with a pattern on the mask.
25. An exposure apparatus having an illumination optical

) system which illuminates a mask with an illumination light
and transfers a pattern formed on the mask onto a substrate,

comprising:

a bar-shaped optical system disposed on an optical axis of
the illumination optical system and provided with a light-
entering plane and a light-leaving plane of the illumination

light, respectively;

wherein the bar-shaped optical system distributes the

illumination light entered into the light entering plane
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the leaving-plane of the bar-shaped optical system, the
illumination light being distributed in the first partial
region differing from the second partial region containing
5 the optical axis on the light-leaving plane, and the
illuminance distribution of the illumination light in the

first partial region being uniformed.

27. An exposure apparatus as claimed in claim 26, wherein
the illumination optical system comprises an optical
integrator disposed at the light-leaving plane side of the
bar-shaped optical system.

28. An exposure apparatus as claimed in claim 27, wherein

the optical integrator includes a rod lens.

) 29. A method for manufacturing an exposure apparatus which
transfers a pattern formed on a mask onto a substrate
through a projection optical system under an exposing
illumination light from an illumination optical system,

comprising:

locating within the illumination optical system a first
reflecting member having a first reflecting plane formed on
the outer side of a columnar body and a second reflecting
member enclosing the first reflecting member, the second

reflecting member having a second reflecting plane formed on
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the inner side of a tubular body and facing the first
reflecting plane, to thereby incorporate an illumination-
uniformity optical system that makes uniform an illuminance
of the illumination ligh£ by repeated reflection of the
illumination light a plurality of times on the first

reflecting plane and the second reflecting plane.

30. A method for manufacturing an exposure apparatus having
an illumination optical system which illuminates a mask with
an illumination light and transfer a pattern formed on the
mask onto a substrate through a projection optical system,

comprising:

preparing a bar-shaped optical system having a first
reflection plane and a second reflecting plane, each
reflecting the illumination light within the bar-shaped
optical system; and

aligning and locating the bar-shaped optical system on the
optical axis of the illumination optical system so as for
the illumination light passing through a clearance provided
between the first and second reflecting planes to be left
from outside of a partial region containing the optical axis
on the light-leaving plane of the bar-shaped optical system,
to thereby make uniform an illuminance of the illumination
light, wﬂich is left from outside of the partial region, by
repeated reflection of the illumination light a plurality of
times on the first reflecting member and the second

reflecting member.
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