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apparatus is particularly 10 appropriate for use as an exposure apparatus
for performa so-called nodifiedgpgcuprci?ioN BACKGROUND TECHNOLOGY

H therto

, projection exposure apparatuses (steppers) of a‘mmmﬂmmeMﬂﬂWre
type have been extensively usedEXWRPOSURELIAPRARAWESI gned to
reticle as a mask with an exposing illumnation [ight from an ixédam nation

opti cal

STECHNIEAL FAEDDoj ect the mask pattern fornmed on the reticle

reduced i mage onto each of shot regions on a wafer (or a glass plate,
etc.) as a subst Theepresehtaipientieni seladesospednt Axpesuret Appagatus
projection optical system In recent years, attention has al so been drawn
to a proj efpiromseecipodinaasfgraiagus @ﬁt§e§§aﬁﬁrﬁgdeﬁﬁo§umé5kyBéteaascannlng
exposure apparatus), such _as an exposure apparatus of a steg and- scan
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semiconductor qumean, image pickup elements (CCDs, etc.),
liquid crystal display elements, thin-film magnetic heads,
and the like. The exposure apparatus is particularly
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
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
coated thereon, through a projection optical system. 1In
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
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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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 - 1 wthout naeking a projection optical
_systemlarger in size. For those conventional exposure apparatuses, a
“higher uniformty of the distribution of illuminationis required so that
line widths of a pattern inmage of the 5 reticle to be transferred onto the
wafer is made uniformin an illum nation area of the projection optical
system | nyicountrakialg tee pHy jeetsomppifidadalsyisteag lairyer el wiizeg a
fly-eye lens or arod lens, etc. is disposed in an illum na- tion optical
system in order Foxr rilose lmondiesttiidnali expofsul@ iappanatatsesn @ni f orm Wen
the fly-eye lens is adopted as an optical integrator, the plane of the
fly-eye | edsighegmungiicomitiyyaf |tdeey abletyripdiion 10f ddtlumination figrm a

pl ane that has a Fourier transformrelationship with respect to the

pattern pl #rgurahea dihay dige whidihs p?atﬁaértr?ﬁ% impge @fhdd§that is, a

so-cal l ed "pupil plane"). MNoreover, recenthé% resolutlon has been

demanded. Aediifie thdedsansternainan Wt in
Che. dept h ot FIEERATHATS 2 ta&p&%‘ﬁmrpewq%&'é{rﬁgo“ i t?ﬁitdra & second
e i, e ek A
:ilnl :Jnmcpgglse | n%{g{%ﬂ" %ﬁh%?o&%g%ég OSeucﬂp;j%s/![e are tijlitﬂsc os% Jgir/é_dl "
exanpl e, iRtjon optical system, in order to make the distribution of
10 illumination uniform. When the fly-eye lens is adopted as
an optical integrator, the plane of the fly-eye lens from
which light leaves 1is typically set so as to form a plane
that has a Fourier transform relationship with respect to
the pattern plane of the reticle on which the pattern is
15 formed (that is, a so-called "pupil plane").
Moreover, recently, higher resolution has been
demanded. A simple increase in a numerical aperture of a
projection optical system in an attempt to meet the
requirement has the drawback that the depth of focus becomes
20 shallower 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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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 - 2 involves linmting a scope of an angle of
incidence of an illumnation light irradiated onto a reticle to a

'predeternined value. Mre specifically, the limtation is realized by
locating a stop on a pupil plane, to thereby 5 restrict a shape in section
of an illumnation flux. As the pupil plane is an optical Fourier

tranSfor”‘Rh@BQVE%rl%mlﬁahbe%ns%bigeon anh@ngdkl elfeinaidenpe of &iae angle
of incidence of the illumnation |ight on the pattern plane can be

restricted iy uhiiFaltiieeg UAYHROSIrraan aded batd0a ettdicnat itonal i ght passing
through the pattern plane. In the conventional nodified illumnation

techni que preddestmimed afadwe. tHerel spethéilcably| ghbeflimitatpant ial |y
shaded on the pupil plane and the sectional shape thereof is restricted.
Ther ef or e, reald zesdt byr lafcatdongs @, sttiops obS at @eipdilypd anef.f &os thegmbiyhe

di sadvantage that illum nance of the illumnation |ight decreases by an
anount Tor resgorditng shapehd.rgseetilop of |a|ngﬁ¢ll@a§4laat30§hefdélx -Thi\§ the
naturally | eads to a decrease in the anount of ht energy reaching a
waf er . Con@@(m}é-mﬂlyﬁneafiﬁ)ﬁgl ep¥dsale Fourd 65 trré’cﬁ‘lf O P33 F&™ @an
appropriate antity of exposure that is defined in _accordance with a
resi st senﬂat%t\ﬁrtw plene, qfedihia reficls.ody RGP rh e 95’(93@ efappar at us

e o b, P AT o T el s et on
exposure can be restricted by limiting the p051tion 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 1s 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 -




apparatuses, and it has as its the object the provision of an exposure

- apparatus that is capable of attaining a high level of uniformty in a
distribution of illum nance upon carrying out nodified illumnation or the
i ke, and that can suppress a decrease in illumnation of an illum nation
“light. The present invention has another objects to provide a nethod for
manuf acturing of the exposure apparatus and a 5 nethod for device such as
sem conductor elenents and so on by using the exposure apparatus. A first

exposure appagling butdmbiditieaniedui@ibtabn bie tpecsere,i avanthat ican
directed to an exposure apparatus that transfers a pattern forned on a

mask R ont gupprelst baldecklaied ia ANQuadhiationpbifcan 1yduadinBl:ionddd ghrt .
exposing illumnation light froman illum nation optical system The
exposur e appar at TaeC piesients iavenition hascenothkar obtjgctspttioc pirovyisieem 3A
whi ch includes a first reflecting nmenber 34 having an outer plane

consi st i ngmefthiodo fioef maatvifiags fuirdmgs of5 tBea expes3ule appanetasa|nto®m on t he
outer side of a columar body, and a second reflecting nenber 33 having an
i nner Pl amethad fyn fevdreesushags semisonducior efllegenitisy anghise ON whi ch
constitutes a reflecting plane 33a in a planar formon the inner side of a
cyl i ndri cab¥Yb&@ingatdemeXpesusre GPRAERYE -wi thin the illum nation opti cal

The reflocting B 4968 toe B AS BORTAL] Inamsare . FIEOSBBNy &F |
o St but | BEePHIAR RO 18 HECH pee e e T AR on
light throygh a ol sarance prowidsd, RIMRRD dh% WfdeH idht Pl Alrdiie two
10 vlia 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
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
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reflecting nenbers 33 and 34, by way of nultiple reflection or the I|ike.

- After passage of the illumnation |light 4 between the two reflecting
menbers, substantially nodified illumnation is carried out by irradiating
the illumnation Ilight onto the mask, the shape of which in sectionis in

“the formof aring or in a formhaving plural apertures, or the 5 |ike.
Upon irradiation, the illumnation light is not subject to any shading
t hus preventing any decreases in illumnance on the mask or substrate. It

i s preferabegyben the ©Wwe &%&h@%&&%% m%m%%&%J3%u%B@an%iahQFbﬁo@EERQECd in
series with an optical integrator 10 containing either a fly-eye lens 35 or

a rod | ens 43 uh@nRd 10kl Q¥ ¢edribal utobly guradiatiagakhes ilnamasedon
uniformty of distribution of illumnance. Furthernore, it is preferred

t hat a pl undlghtty odfto ithleumaskncahenishape of ehtichalinsgeceteon3Asadd 3Bear e
15 di sposed so as to be shifted to enable shapes of the reflecting planes
34a and 34fogin ife af imisty oaf [iac Fpnmehiaming4 pduralr @peaduireg .ploan&h®8a of
a first reflecting nenber 38 to be made to differ from one another. The
shifting ofLtikee Vppuninunadéathrhoer fheyldpuminptsgnt bighBALENAOBB enabl es
the 20 use of illumnnation, such as a ring formillumnnation or .

i |1 umi nat i G4bIeckedies agy Shading jthusoPreyegtdRgy anygREecredsfSed™ in
accordance with the type of patterns on_a nmask. Mreover, it is preferred

that the opdidainanceyoa dhe Jesko AtaiSHRf @t her the fly-eye lens or the
[od e, e 25 U ghgset ke Wbl el WEHRRES U ALY 9P
34 to be disposed in series with an optical integrator
10 containing either a fly-eye lens 35 or a rod 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 3A 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, 1n accordance with the type of patterns on a mask.
Moreover, it is 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.




This configuration can also to be used to carry out ordinary illumnation.
- 5 By way of exanple, the first reflecting nenber 34 may have the
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 nmenbers 34 and 33. The light-entering plane side in the

coni cal plane foBp 34k beadkambeegntae Farsitl effilaatiag megbert a4t hay

light-leaving plane side with 10 minimal loss in quantity of light, thereby

al | owi ng ahavebyhantriedlectiag @lrne linnithat iform bf addionical tphlanespacers

can achieve rapid relative positioning of the two reflecting nenbers and

mai nt ai N a 3xbalkine ies iltiight - enteatingn plianet lsdidebandedn. the Aoran ofl taer nati ve

exanple, the first reflecting nmenber nay be conprised of the nenber 38

confi gur ed colcimnarmpliane 3dmapa ithes @danen sdidet lextenddagpdhemediton ar to

the optical axis (IAX) of the illum nation optical systemis in a cross

formw Bh tIme thits c@seaxild diss prsfenablendhadnit@anspagedic FPasemsadk he

outer plane constitutes a reflecting plane. The se of th nﬁﬁggr 38

enabl es nmodnG &2 93khilE FD GEm &% IFReSES ?P& GG 52’5’0 AF 13%ht

sources. Moreover, it is preferable for a tic # ele t 3% %o be

i Sposed ofaaEd nsfastiie MPHeRse 4 A8 ne Paol L9Er eRFert Ry

menber s, totherel%yqs ape.a dist.ributi.qn of. i LN o+t &

per pendi culpa-lfanteo S gﬂfft&ﬂ cacganscal?l. plar?le fo:Jrrl Wh'34'8e%s Q:heh%xﬂ!eq_ri g
illumination light to the light-leaving plane side with

10 minimal loss in quantity of light, thereby allowing a
substantial ring form illumination. In addition, the
spacers can achieve rapid relative positioning of the two
reflecting members and maintain a stable position
relationship therebetween.

15 As an alternative example, the first reflecting member
may be comprised of the member 38 configured such that the
shape in section of the plane perpendicular to the optical
axls (IAX) of the illumination optical system is in a cross
form with the optical axls 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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| AX of the illum nation optical systeminto a ring form Exanples of s

*an opti cal

el ement includes a conical prismor a pyramd prism The

di sposition of such an optical elenent enables a further decrease in a
|l oss of the illumnation Iight on the light-entering plane sides of th

“two refl ec
enbodi nent
havi ng an
i1l um nati
substrate

ting planes. 5 A second exposure apparatus according to the
of the present invention is directed to an exposure appar at
illum nation optical system which irradiates the mask Rwth

of ki @Rtradid pirfiafs§ erheadPepbeLDiboRr 6B Us@Bht &8 BEkc&RLonto a
W 10 wherein bar-shaped optical elenments 33 and 34 are di spo

uch

e

us
an

sed

on the optietemetti 2nabilesf al ERrithletndeaireaseophni @allosysb€mthet he bar - shaped

optical el

enents being provided with first and second reflecting plane

S

34a and 3341luedpedtionelly ghtwonc kheefllighit -enderlingmplanieos ideghofiithie n a

cl earance
cl ear ance
| eaving fr

15 between them wth the illum nation |ight passing through

t he

pwov iredd elcdtinge pliamesf.i r st and second reflecting planes thereof

omoutside a region containing the optical axis on the

| i ght - I®avi ng pl &néegPndt RXDOSUTrehaPpParagliscaccerdingt $0 tbeln accordance

with the p
made unifo
cl earance

optical el
l'ight thro
illum nati
axi s di spo

10

15

20

25

resent invention as described above, the illumnation |ight

embrdimend; of ith¢t Paesent Anysntdee 15y diFeteds 4§e 3 hr ough a
provi ded between th%.t refl ecting planes of_thej1 bar - shaped
EFFPREIT e FPPREATNSe PaY e 198 gptigad FY&Hati on

S

R Lohy e iRt 4, Rl o e SR 8o ca

%%gﬂs%ers a pattern formed on the mask R onto a substrate W,
wherein bar-shaped optical elements 33 and 34 are disposed |
on the optical axis IAX of the illumination optical system,
the bar-shaped optical elements being provided with first
and second reflecting planes 34a and 33a, respectively,
which reflect the illumination light within a clearance
between them, with the illumination light passing through
the clearance provided between the first and second
reflecting planes thereof leaving from outside a region
containing the optical axis on the light-leaving plane of
the bar-shaped optical elements.

In accordance with the present invention as
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
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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the center or in a formhaving plural apertures, or the like, - 7 and the
irradiation of such the illumnation light can performa substantially
nodified illumnation. In this way, shading the illumnation |ight and a
resulting decrease in illum nance on the nask or on the substrate can be
prevented. 5 An exanple in this case where the region of distribution of
the illumnation light is defined on the 1light-I|eaving plane side of the
bar - shaped optical elenments by the first and second reflecting planes, is
in a ring aadmthelirsaddatdwhs oEnisuehl theedfoomiaatiog dlilthn aani on. 10
Furthernore, an alternative exanple of the partial region of distribution
of the il perfatrmom Isuiplstt atktflialdd modified didhumieaving.pl anetkisewaper eof
by the first and second reflecting planes is in a cross form This

ar r angenenshaddinige £ hepdilfliugd naltiom Adghdénand be rpsuflgimgd desiregseaninlb
illumnation light fromfour secondary |ight sources. Moreover, it is

pr ef er abl e iflduminance om tie saskopti 6@l thessupstyagencann behpreyentgad.
integrator(s) (35 or 44 and 45) disposed on the_ |ight-I|eaving plane side of
the bat-shaped 8Pt e&ampdeedBnitiig3gasgsyhesgckhg £68LPHuPAtion 20 of the

il I nat i ti [ i.d [ [ i f ] f.th
di SF ?L but Lﬁﬂ%&ihﬁ%%ﬁt RECRREL STLE I SR S S

' t lLy- | 35. 1 n.thi fi ' fly- | '
%jingﬁgslgd g AR by, slde o TR b Rhaltn bRtiCRl BEmeRRS | ©

i ght - ' l i, d f - d ical el ar. i
di Sposed. ol e heaRe 3 ErE oo raRiet IR iRhes? 18 BIW 34y Foam, o
3b of the hangshaped M4 1a11y perform a ring illumination.

10 Furthermore, an alternative example of the partial
region of distribution of the illumination light defined on
the light-leaving plane side thereof by the first and second
reflecting planes is 1n a cross form. This arrangement
enables modified illuminatlion to be performed using an

15 illumination light from four secondary light sources.

Moreover, it is preferable for the 1llumination
optical system to contain the optical integrator(s) (35 or
44 and 45) disposed on the light-leaving plane side of the
bar-shaped optical elements (33, 34). Such a configuration

20 of the illumination optical system provide an increase in
uniformity of the distribution of illuminance.

An example of the optical integrator may include the
fly-eye lens 35. 1In this configuration{ the fly-eye lens is
disposed such that 1ts light-entering plane is close to the

25 1light-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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el ements. This configuration results in mnimal loss in - 8 quantity of
-illumnation |ight upon passage through the bar-shaped optical elenents.
The illum nation optical systemfor use in this configuration nmay
preferably be disposed in close vicinity 5 to the light-entering plane
side of the fly-eye lens 35 and that the illum nation optical system may
preferably contain an aperture stop having an aperture shape resenbling an
array of plural optical elenments constituting the fly-eye lens. Fig. 2(A

shows an eyapple t9f ofhe 19LARNAR 18NSRy apohOphBeabedithrenb®r ithe pl ane
side of the fly-eye lens 35. The stop can shade an optical elenent in the

fly-eye | enar-ishiapedMdipti clahe eillememitzat i on |i ght enters only partially,
thereby inproving the uniformty in distribution of illum nance. In
addition, the fl yheyellemindtioayopticadf systen foF ssehinh&hishe pl ane of
focus on the light-leaving plane side thereof is disposed on the opti cal
Fouri er tr aosifdguratiame nfayr piried egratbilar beplddisposked ha doseavdcimpditnt he
aperture stop 36 defining the shape of the secondary light source is

i nt er pdsed tivetbiee A lidnd -feinteayiad @langns lidee ofadhe2 §Lyi-eien leps i35 @nchat i on
optical system This configuration of the stop also enables an inprovenent

in the uni ftat tthe Allgmngtieon optdcal |syfiteahf@YaPreferabdy somtady v

covers an inmage of the |light source of the optical el enent .into which the
i |1 um nati &% BRGHTYRS Sto Paying &n SPeLtuLi& é‘h‘ﬁz&’ﬁ V&S g & the

Tens to | NAFERhT FEA Ca IS e e e hbs el e g e O
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 is 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 1is 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 1llumination 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
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optical Fourier transformplane with respect to the - 9 light-Ieaving

- plane 3b of the bar-shaped optical elenents. This configuration is
effective in leading the illumnation |ight passing through the bar-shaped
optical elenents to the rod lens, with a reduction the quantity of |ight
‘lost. 5 Moreover, the rod |l ens 45 preferably has the light- |eaving plane
45b di sposed on the plane generally conjugated wth the pattern plane of
the mask and the illum nation optical systempreferably contains a stop 50

di sposed ofy éﬂ@—lgg%iﬁelpEQHé'§6 b 2PRE Ob 8 PsRESe A sPti68Des ehnt bE
pattern 10 prane o e nmask. The stop can set a coherence factor (a

val ue) of thesi bbHELgatheNoAPLsCaFfeyE1 68 Yht he@dbhghthdegl Bembhattonr acy.
In this configuration, it is preferable for the stop 50 to be di sposed on

the side ciogrt paskhaghéhrstighedhdSbaptshapedl epehtsltéhemehesrvd tkes.
This configuration enables the stop to be di sposed wi thout naking the

i |l umi nati podopehsal wiyht anredugtionnthezguaihbty| ofinlhakhtohospti cal system
may al so be configured such that it preferably contains second bar-shaped
optical5 20 el enMoreoggrantihggredchenavihgprefepably caas nthel hhghtirth a
shape different to that of the first bar-shaped optical elenents 33 and 34
and that theavénenplbae- $Rhpddsppepdapn Ehenﬁhﬁgecaﬁnﬁéaé%zhﬁﬁ@éﬂgﬁaﬁdthe

first bar-shaped optical elenments 33 and 34 or vice ¥ [sa;so as to be
di sposed i Witheths patkesp ppene| Plinthgt Maak| ARt then i HHHPFBgPatlon

enabl es  SHLLLLAG Of JhLbuTingling br 9663398:' 8 BEo§oB0UaEgoLEa BRORRYaNCE
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
illumination 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 -



The illum nation optical systemmay further be - 10 preferably configured
such that it contains an optical integrator 3C to be disposed in the path
of the illumnnation |ight instead of the bar-shaped optical elenments or
the second bar-shaped optical elenents, with either of the bar 5 shaped
“optical elements, the second bar-shaped optical elenents or the optical

I ntegrator being selected and disposed in the path of the illum nation
light, in accordance with the type of pattern on the mask. The

di sposi ti oprefetrad19Pidondi gutiedysalchr thaablies contaifishan bptiillaam nation to
be provided with the distribution of the illumnation |ight on the pupi

pl ane bei ndnitegratiorcBiCarto ter dispodesdc inptthen paithl offowhlee idilveni nagdandi ng
a method for nmanufacturing the first exposure apparatus according to the
15 present lighéntingreathe fndhieodafroshaped apttdcadg etllemehitissior ¢hgosur e
apparatus involves manufacturing the exposure . apparatus that transfers a
pattern foseeondnbanrghiaped opdlcalbetlemeatishr wigh giphereefi dheopaircal
systen1under an exposing illumnation light fromthe illumnation optical
20 system ShR@ed P@Fiéﬁgo eR¥Sar P@SS&€@@ﬂdPﬁ§'FGaPﬁ9 optd€&dt invention
can be assenbled in such d nanner that the fir reflecting nber 34 is

di sposed i RLEMENtS @F e oRtigad dRtegraton P@hs e Sty r plane
oot Mokt 15! R P g B b AR L o 90 e
0279580 SRR BACL AT 1R Y RS o rndh® RGO
disposition of the optical integrator enables an ordinal
10 illumination to be provided with the distribution of the
illumination light on the pupil plane being in a circular
form.
A description will now be given regarding a method for
manufacturing the first exposure apparatus according to the
15 present invention. The method for manufacturing the first
exposure apparatus involves manufacturing the exposure
apparatus that transfers a pattern formed on a mask onto a
substrate through a projection optical system under an
exposing illumination light from the illumination optical
20 system. The first exposure apparatus according to the
present invention can be assembled in such a manner that the
first reflecting member 34 is disposed in the 1llumination
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,
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facing the outer plane of the first reflecting nmenber, - 11 which
~constitutes the reflecting plane 33a in the planar formon the inner side
of a cylindrical body, so that the illum nance-uniformty optical systens
3A which allows the illumnation |ight to pass through a clearance

provi ded 5 between the reflecting planes of the two reflecting nenbers is
i ncorporated thereinto. A nmethod for manufacturing the second exposure

apparatus according to the present invention will also be described. The
et hod for WK ¥FnEtitG e tIRC HF IRANY ©1EAARRAN AUt hieNYalanes
produci ng the exposure apparatus having the illum nation optical system

whi ch i rr adicatredr herasiheidildd e id loyTimdrioall body ,ard thansftele i ng a
pattern fornmed on the mask onto a substrate, which conprises preparing
t he bar - shdfddehndipiances - vel idfoamtit y3 o pedrictald3 syatiemg B3 tibd chi adil oawsd tdecond

reflecting planes, respectively, which reflect the illumnation |ight
wi t hi n t herhllamd redtiigmi g ghtth & ch rassh dpedugi iac dilegireameet prowvitdes opti cal
axis of the illumnation optical systemso that the illum nation |ight

passi ngdt hiedgiearndhy eefdeatinonlaneshafvddre thwe mefdecidapm
reflecting planes 34a and 33a | eaves fromthe outside of a region

cont ai ni ng thdnganropated Lheradadio.on the |ight-1eaving planes of the
bar - shaped optical elenents. A des%%%Ption wi.ll further be given regarding

a nethod which pr Qethed £HomoHanufacs urdnde &5y SSORG EREOFNESt or 25
PO S AN S N G S e R
mask ont o %é%&ﬁﬁ&ﬁip %HQOHQQhBBefor manufacturing the second exposure
10 apparatus involves producing the exposure apparatus having
the illumination optical system which irradiates the mask
with the illumination light and transferring a pattern
formed on the mask onto a substrate, which comprises
preparing the bar-shaped optical elements 34 and 33 having
15 the first and second reflecting planes, respectively, which
reflect the illumination light within them, and aligning
the bar-shaped optical elements on the optical axis of the
illumination optical system so that the illumination light
passing through the clearance provided between the first and
20 second reflecting planes 34a and 33a leaves from the outside
of a region containing the optical axls 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
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first or second exposure apparatus. The exposure apparatus - 12 according
“to the present invention can substantially perform a nodified illum nation
with a high illumnation efficiency, so that, for exanple, devices having
_fine circuit patterns recurring in cycles can be produced with a high
degree of 5 accuracy and at a high throughput. O her objects, features and
advant ages of the present invention will becone apparent in the course of
the follow ng description with reference to the acconpanying draw ngs. 10

BRI EF DESCREBbr@hingF t SHERACERNBANY! NeveRAWbNGSahi gubkthataasthepairicors ew

showi ng the configuration of a projection exposure apparatus for use in
the first aenibadirred iofluiifapiesentithneehtighnilEugindtApni efdistidacyi,ew i n
section showi ng a section 15 of a first illum nance-uniformty unit 3A
Fig. 2(B) bs &hatewfior sxampde,sdewicest haviingstinel cdrcndtcpattefrosn ty
unit 3A when taken along line B-B of Fig. 2(A). Fig. 2(C) is aviewin
section shoecugring finy eycl@si Cannrbgapredusetowiithy ayhilgh3degres Oiken
along line GCof Fig. 2(A). Fig. 2(D) _is a viewin section show ng the
first 31| afcHEacy- @adr gtnidt Righ thrgugheNttaken along line DD of Fig.
2(A). 25 Fig. 2(E). is a viewin section show ng the firs%
i | | um nance- uni f StReEy OBdeCtSA ﬁﬁQEUF&§eﬁn9|BﬁgaPFﬁgeE-E oftheppgesspk)
invention will become apparent in the course of the
following description with reference to the accompanying
drawings.
10 BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
Fig. 1 1s a schematic view showing the'configuration
of a projection exposure apparatus for use in the first
embodiment of the present invention.
Fig. 2(A) is a side view in section showing a section
15 of a first illuminance-uniformity unit 3A.
Fig. 2(B) is a view in section showing the first
illuminance-uniformity unit 3A when taken along line B-B of
Fig. 2(A).
Fig. 2(C) is a view in section showing the first
20 illuminance-uniformity unit 3A when taken along line C-C of
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
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Fig. 3(A) is a side viewin section show ng a section - 13 of a second

= illum nance-uniformty unit 3B. . Fig. 3(B) is a viewin section show ng
the second illum nance-uniformty unit 3B when taken along |ine B-B of

Fig. 3(A. 5 Fig. 3(C) is aviewin section show ng the second

“illum nance-uniformity unit 3B when taken along line GC of Fig. 3(A).

Fig. 3(D) is a viewin section show ng the second illum nance-uniformty
unit 3B when taken along line DD of 10 Fig. 3(A). Fig. 3(E) is a viewin
section showi agsébendedtondminbhosraanermitfounity3Bnit 3B when taken al ong
line E-E of Fig. 3(A). Fig. 4 is a partially cut-away view show ng the 15
configuration of Fagt hB(HB)i Lsuai maeweinnséothonyshowin@Cthe Fsgcondi s a vi ew

showi ng a shift nmechanismof the illum nance-uniformty units for use in
the first ébbuninence-vhifhempiysuniti 8Bewhenntakey. abony Lina BrBwofn
section show ng a side of a 20 portion of the illum nance-uniformty. unit

accordi ng Fé9thd(A3econd enbodi nent of the present invention, and Fig. 6(B)
is a viewin section _showing a cylindrical nenber for use in gaace of the

rod | efs. BEST MobES BER)CARRYI NEPWUINTEECLARBNTRONIRE The pPeckdr
ot erence ¢4 PREPBBERBRISPRIL Ly dRifgd® FRPe: LokeReeLPPat BRowEI T BE gi ven
regar di ng %98- 3(A).
Fig. 3(D) is a view in section showing the second
illuminance-uniformity unit 3B when taken along line D-D of
10 Fig. 3(Aa).
Flig. 3(E) is a view in section showing the second
illuminance-uniformity unit 3B when taken along line E-E of
Fig. 3(Aa).
Fig. 4 is a partially cut-away view showing the
15 configuration of a third illuminance-uniformity unit 3C.
Fig. 5 is a view showing a shift mechanism of the
illuminance-uniformity units for use in the first embodiment
of the present lnvention.
Fig. 6(A) is a view in section showing a side of a
20 portion of the illuminance-uniformity unit according to the
second embodiment of the present invention, and Fig. 6(B) 1is
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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first enbodi ment show ng the best nodes of the present - 14 invention with
~reference to Figs. 1 to 5. Fig. 1 shows a projection exposure apparatus
according to the first enbodi nent of the present invention, wherein an
_exposing illumnation light ILOleft froman exposing light 5 source | is
shaped into an illumnation Iight Mof a generally circular form having a
sectional shape of a predeterm ned di nensi on upon passage through a
shaping optical system2, and the illumnation light ILI enters into the
first ill ugnventdonwidhTidefeetenice3Aocalragg .t he tepti.cal 10 axis | AX form ng
a nunber of secondary light sources distributed in a predeterm ned shape
(e.g., in a ringFdgapa showshias peoljeditdent exposarki gbpalrazusngcpbadenga of
the illum nance-uniformty unit 3A In this enbodinment, two other
i | 1 um nancé&ouriihieofifinisyt @mboslimen thefditiyeo pareseint 15 veadiionon wherelia fainr st
il lum nance-uniformty unit 3A, so as to be exchangeable with one other,
The confi g@xROsdRg dillumimaddiesr lilightnilk&ndefinfrommany exposd ng [Lighd
descri bed hereinafter. As the exposing_light source 1, there may be used,
for exatpl OUEEE dels Shaped &Wﬂos@@régéPméﬁgﬁ}oﬂr#}9@6 Alg 6f B2 | a
hi gher harnoni cs generator, for, YAG |aser or nercury | , or.the like. The
| P nanc SSRRTAIY G LA £RTHL DAVHEY Ay ReStdLPAly SHRRRe O & her eof
di sposed so _as, to ongfitute n_optical Fourier . transformplane (pupi
pl ane) _md?ﬁe%&§&§_ NS gﬁ&ﬁﬁ%lﬁ? BP9 PEESR9EENEOMIR B SHAPIRYGct 25 for
transcriptin., -[He Jd g nat a4 lqh%hgi.lll.tlu%li%%%ﬁ_% GRYIR 1h & hters into
I 1l um nance=uni T ormty unit IIT'umnates an 111 um nation
the first illuminance-uniformity unit 3A along the optical
10 axis IAX forming a number of secondary light sources
distributed in a predetermined shape (e.g., in a ring shape
in this embodiment) on a llght-leaving plane 3a of the
illuminance-uniformity unit 3A. In this embodiment, two
other illuminance-uniformity units may be disposed, in
15 addition to the first illuminance-uniformity unit 3A, so as
to be exchangeable with one other. The configurations of
the other illuminance-uniformity units will be described
hereinafter. As the exposing light source 1, there may be
used, for example, excimer laser light sources, e.g., KrF,
20 ArF or F,, a higher harmonics generator for YAG laser or
mercury lamp, or the like. The illuminance-uniformity unit
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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region on the pattern plane (the bottom plane) of the - 15

_ reticle R
- through a first relay lens 4A, a variable vision field stop (reticle

blind) 5, a second relay lens 4B, a mrror 6 which turns the |ight path of

the illumnation light, and a condenser lens 7. The plane on which the 5
vari able vision field stop 5 is disposed is conjugated with the pattern
pl ane of the reticle R, and the illumnation region on the reticle Ris

defined by the shape of the aperture of the variable vision field stop 5.

An image Ofretidid tRefthrtidh fa g st Inelayatieds 1agi anvefritdbd e etisdloa R is
10 reduced at a projection magnification P (P being a 1/4-fold or

magni f i cat ifde I rs el diy ®ldnd) [7,0jecidcond eplliagallemnssam Bl

1/5-fold

telecentric at the both sides (or at the one side on the wafer side) and
proj ect ed arifrrcan éexidsalr umegithie drighte pastthe of\Whhiet H 13 yptimtadrdesi st coat ed
thereon. 15 The wafer Wmay be used as a substrate for sem conductors
(silicon, étightor 8@ & sidndegrsegn-liemsul7at ofke pilane| ant whichcshei gurati on,

the illum nation optical systemconsists of_ a conbination of the el ene

di spose?d b
condenser
axi s AX of

Sardableyid sian fdidd staRe %o SifPasieshl ss SARPRIR tes Wit

|l ens 7 and the 20 optical axi,s .obtained

thee PatteRR RLaneh PpieareddSiemRyi %%%%’3‘ 149 ¢ or

f th ' 6 .i . [ i th ' [
Z?a{‘ﬁezpr gjrfe ”ﬂo&%‘%éhmrisilraeé{;@%i%ﬁi% For el el anetR s O | P be
I ven efining t IS .25 . | 1. el .t l,cal [
B o) ect] on e & s R HER SAsih ‘U HE & Bl B o
per pendi Cu'paarttetr% %réfﬁa)%hse %.r}.q.tﬂﬁ.rr?é'él%n tx%gti%% %%petrheolaérl:e_l.cqfe E'\‘ sl as

proj ection

10

15

20

25

reduced at a projection magnification B (p being a 1/4-fold
or 1/5-fold magnification for example) through a projection
optical system PL telecentric at the both sides (or at the
one side on the wafer side) and projected onto an exposure
region on the wafer W with a photoresist coated thereon.

The wafer W may be used as a substrate for semiconductors
(silicon, etc;) or SOI (silicon-on-insulator), etc. 1In this
configuration, the illumination optical system consists of a
combination of the elements disposed between, and including,
the exposing light source 1 and the condenser lens 7 and the
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
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-axls, and the axis perpendicular to the paper plane of
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an X-axis, and the axis perpendicular to the paper plane of - 16 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 the reticle Ris adsorbed and
held on a reticle stage 8 and the 5 reticle stage 8 is transferred in an
X-direction or in a Y- direction or in a rotational direction to align the
reticle Ron areticle base 9. The two-di nensional position of the
reticle stage 8 (the reticle R) is neasured by a noving mrror 10mfixed at
the edge pehigi.on ak ahg-asliis¢l e stage 8 10 and an outside | aser
interferoneter 10. The operation of the reticle stage 8 is controlled by a
reticle stage dr Agetheyimageldfonhehpabssra oh the reasoledRvakue of the
two- di mensional positions of the reticle stage 8 and control information
from a nmai progecrteld sysperohel exposhrenpegdent snlfheveafiek Wonthel of the
entire operation of the apparatus. The measured val ue obtained by the

| aser interksicdet & 18 ipdsozbed andphedd o ehyetdichecsitnoel 8spndethel. (On
the other hand, the wafer Wis adsorbed and held on a wafer hol der (not
shown) .5 Th&ekdrde woRger 8 d.sf itraasspraed2dns appKedpagetignvRIcAR A& ¥arn is

fixed on a wafer sta 14. The sanpl base 13 .is arranged so as tQ ontr ol
the focus df&ECtioR %FhénpﬁsFPFéﬁ Pﬁaﬁhgize&FFQBtFBn?lgﬁB ihej ret l&ﬁ&le of

h f whi | h h b h
X, di ?‘Z‘cﬂoﬁv ghdPoret: %l?e?aqs&n SrorTae ﬁygﬂﬁi@t tesElieds ERSh ohel BBBoT L on
of the san% %1% s%%g ﬁthe Q%t@%% gW%é EQEﬁdpgygemﬁg %g mrror

15m fi xed e sanplé an ou
mirror 10m fixed at the edge portion of the reticle stage 8

10 and an outside laser interferometer 10. The operation of
the retlcle 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 1s adsorbed and held on
a wafer holder (not shown). The wafer holder is fixed on a

20 sample base 13 which in turn 1s fixed on a wafer stage 14.
The sample base 13 1s 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-dlimensional positioﬁ 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 1s
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interf erometer 15. The operation of the wafer stage 14. is - 17
- controlled, for exanple, in a linear notor type, by a wafer stage drive
system 16 on the basis of the neasured val ue of the two-dinensional
position of the reticle sanple base 13 and control information fromthe
“main control system 11. 5 The measured val ue obtai ned by the |aser
interferoneter 15 is also supplied to the main control system 11. The main
control system 11 also controls the action of the em ssion of light from
t he exposi r@ntr@lesDurfer kexanlpld,hd.rcasd iweaire riotorp tyipest by aewaEedr e
apparatus is a 10 projection exposure apparatus of a batch exposure type
(1.e., a steyeerdriwee)systent 6 exnpddiendpasiightofs divec melasuaredasarlud iofht
source, as in this enbodinent, the oscillation (em ssion) of the exposing
| i ght sour dhe Swordimansdanal [positdoquaft ithe afetdxdes sampleadlase 4.3
predetermned level in a 15 state in which a shot region of the wafer Was
an object famd conjend dnfammaisiam fremehes madny egindFolosnstenddj-ect i on
optical _system PL. Thereafter, the next shot region.is transferred to an
exposur @ r dfMeRFULesd iR D radnedkehy e disafafdtesiteFometred San
I mge of a pattern of the 20 reticle Ris then transferred in a

hed daif

st ep- and-r éﬁezﬁlssoysst‘@ﬁ . SJain foRt sy SYE . é‘rl ‘W On the other
A R e R R GO B
0 poBSrL "9 U 41 S e, W st L Byl e
?Egr opri at e XS Wese GHftd tohd Prd et AsgstdrPugdirataieligNa i - €.,
10 projection exposure apparatus of a batch exposure 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
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). 1In
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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exposure time per shot region, can be shortened in the case - 18 where an
i1 lumnance of the illumnation light IL2 (in the case of a |laser |ight
source, the product obtained by multiplying pulse energy by an oscillating
frequency) is high. 5 The present invention can also be applied to a

proj ection exposure apparatus of a step-and-scan type. For such a
projection exposure apparatus, the reticle stage 8 is also provided with a
continuous transfer nechanismthat transfers the reticle Rin a

predet er m ped A EACHIAMMIRace B¢ ithed iX1dimigation) 1ighe OLQj €¢dh ¢he
exposure apparatus of this type is configured such that the projection
optical sysisemofl asqazert ha ghtt isoutcand thiee pratiact\\obitadyedhibgni sm  wi t h
each other at a projection nmagnification P as a speed rate via the reticle

stage 8 anchullltd plafisrg pdge bherly fbyspec viscdllyatipgn fyeguenay Jexjsosur e.
The em ssion of the exposing light source 1 (or the opening or closing of
the shuttédgh.s perforned in a region where the reticle stage 8 1is
synchronous with the wafer stage 14. For the projection _exposure apparatus

of thisSsystem &hehpaegiepit lexentdopo caRpPdFed beadPPliffe thr 6j ect i on
1 na- B iR I9PASETN QRPABRLIRS &% fo ASFESART SCAMINRE| nEoT he
T o B T o S IR Sai ¥l DS Bl e
g/gr ,? ﬁ\;,? r(:i ,tfﬁ % é:)' Hrl%g}rﬁn egcf S%i#'hii];aoggntt&n%l}s 2 dns £43E the dHA S tRiHROdI et
transfers the reticle R in a predetermined direction (e.g.,
10 in a Y-direction). The pfojection 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 B 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 projection 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 technique can be carried out to
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nodified illumnation technique can be carried out to - 19 provide high
resol ution and depth of focus for a predeterm ned pattern of the reticle.
In this enbodinment, the illum nance of the illumnation light 1L2 can be
mai ntai ned at a high | evel because a predeterm ned optical 5 nmenber is
“used, as will be described hereinafter, although there is a tendency of
decreasing the illum nance of the illumnation light in the case of the
conventional nodified illumnation. The exposure apparatus in this

enbodi ment pgarridec hiighe re siilght lomaandd depdhubE &Dcwel IFoSaa hi gh

t hroughput. 10 Fig. 2(A) is a side view depicting a section of the

I | | um nancpredeftermingedupatt téAnf of the mrettikile.enbndthiéstembddiméntn | n
Fig. 2(A), the Illumnation light ILI entering along the optical axis |AX
fromthe shthe idluptinaaicesydst dime? 11dumingtidonedtighd Ih2ocancbei cal prism 32
after diffusion by 15 a diffusion plate 31 made.of frosted gl ass or

ot her wi se. matndadaeidc @t gr hdighad 1 eivela bgciayiseh av brgdetermiged- eptdciadg
plane in the planar formand the |ight-Ieavin | ane 32a in the formof a
concavé5comﬁﬂgﬁrpﬂénésﬁﬁd Rgv Wid- lapeo describgdpberginps ter:, c gldhoughm

| arger than_a shape in section of 20 the iIIunin%éion light 1Ll entering
i

t her ei nt 0, TR€T&NdWn & Fendeqeyr el) depreasing ithe AddumigRnce P 488 ng

th h th [ | [ 2. ft int f i ght fl . [

it fugeg mir SRS ol MY B dn 18 bash, ot hE Tolygherodat olie B 'S
i f | i d j i h

Sacond 1 of PaIERRAYION ICABCLYEERuE I abbash ub SLh o EhL BB ERerE BRH 1 N°

col umar mMeRQLBRAE high imaging feature as well as a high throughput.

10 Fig. 2(A) is a side view depicting a section of the
illuminance-uniformity unit 3A for use in this embodiment.
As shown in Fig. 2(A), the illumination light ILl1 entering
along the optical axis IAX from the shaping optical system 2
of Fig. 1 enters into a conical prism 32 after diffusion by

15 a diffusion plate 31 made of frosted glass or otherwise.
The conical prism 32 is a prism having the light-entering
plane in the planar form and the light-leaving plane 32a in
the form of a concave conical plane and having an outer
shape in the circular form larger than a shape in section of

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

The illumination light IL1 passing through the conical
prism 32 1s 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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of nmetal and having the optical axis IAX. The first - 20 reflecting nenber
34 is configured such that the outer side plane on the side of the conical
prism 32 constitutes a reflecting plane 34b in the formof a convex
conical plane and the outer side plane extending therefromconstitutes a 5
reflecting plane 34a in the formof a columar plane. The second
reflecting menber 33 is a cylindrical nenber nade of netal, disposed so as
to enclose the first reflecting nenber 34 with the optical axis | AX

functi oni ngegdecaitiny &emﬂé% 33e4@neonehgackdnguanmeant38hesoaeati guged such
that the 10 inner side plane constitutes a reflecting plane 33a in the
formof a pobuenah phangidedoithehel @saicanl birdshi ght cbastimgtesdge si des of
the two reflecting nenbers 33 and 34 are disposed on the identical flat

pl ane. Thesxefileictdnig pdanel 3dbs i33&he3farandf3abcangesachndocaileplenet heir
metal 15 surface with netal such as chromum (Cr) or the like that can
refl ect thend itinei wattean sliidghplengt extengingetherefsom canstitutgsosher
enbodi mrent of the present invention, the reflecting nmenbers 33 and 34 nmay
be maded of rgfdes tijingh pligae §dﬁfé@e§h@hép€@f°§cﬁlﬁ@lggnﬁﬁepﬁéPPeCtT%@ pl anes

coated with 20 metal.. In this enbodinment, the reflec | ane g&b n the
l'i ght - entePPﬁ@n§|&@ﬂ%EQﬂ%QQfWPEPeFéﬁpeéﬁlﬁgcﬂgﬁﬁgF g3 ( Mbefem f the
coni cal prlsn1 in the formof a on C 0ss.of the

i | | uni nati B89 IﬂQQQPQE? ﬁciﬁ€ 50y RS ﬁf@r%h@pgﬁagtc5ﬁf38°%&§§eW@Hbeﬁor
|nstance, SQnHHﬁ%ﬁ nbOdl qal axf?“?ﬂ% Fun st El%% agngn5%xi§aChTR§'ng ina

ring shape Sede
second reflecting member 33 1s configured such that the

10 inner side plane constitutes a reflecting plane 33a in the
form of a columnar plane and the planes on the light-leaving
edge sides of the two feflecting members 33 and 34 are
disposed on the identical flat plane. These reflecting
planes 33a, 34a and 34b are each coated on their metal

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
surfaces thereof acting as the reflecting planes coated with

20 nmetal.

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 ILl

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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transparent glass substrate or the |like, nmay be disposed at - 21 two

- locations in the clearance between the two reflecting nenbers 33 and 34.
The spacers 51 and 52 allow a quick and accurate alignnment of the
positions of the two reflecting menbers 33 and 34 and hold an unvaryi ng
“relationship of the 5 two reflecting nenbers 33 and 34 during operation of
the projection exposure apparatus. As an alternative exanple, snal
support jigs or the like nmay be disposed at plural locations in the

cl earance @023 dcativmROfn e Aldag@hiced betmdesr thé ftab o€ leeftiagt i ng
menber 33 or vice versa, 10 without using the spacers 51 and 52. Wth the

confi gur at meifbeas d3s@nd e .abuke, spaeers! Bar ande534albewweequibke and
reflecting plane 34a of the first reflecting nmenber 34 and the reflecting
pl ane 33a Giccutates eddryhmeaft et ithe pesidriodd lodc dimes tavoumeffdentdnape
having a 15 section in the ring formw th the optical axis |IAX disposed in
t he cent er meabextso\@8 iandFidt andholthen wavieghliag ned athonsdip F 4he 34
may al so be referred to collectively as bar-shaped optical elenments in

thi s enboditwentrefAecdtiog membEng 33 And e duning oper&tiangf e and 20
ILb diffused fromthe conical prism32 are_reflected in a recurring way on

the ref| ectihy g tehds 3RO SUTF ARRATAIH SandASt RBNALEPFRAE LMY fi%3¥Pelrance
e S e R, JERL et I SR A T
0o 001 IS o dd PPy old (s Ble
i ght ir]tlﬁiﬂﬂéygiinfoMgﬂEE%eflecting member 33 or vice versa,

10 without using the spacers 51 and 52.

With the configurations as described above, the
clearance 34c between the reflecting plane 34a of the first
reflecting member 34 and the reflecting plane 33a of the
second reflecting member 33 becomes a uniform shape having a

15 section in the ring form with the optical axis IAX disposed
in the center, as shown in Fig. 2(C). The two reflecfing
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 1lllumination 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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uniformdistribution of illumnance on the light-leaving - 22 plane 3b of
- the reflecting nenbers 34 and 33. Therefore, the uniformty in the

di stribution of illum nance on the reticle R can be achieved at a
practically high level even if the illumnation |light left fromthe
light-leaving plane 5 3b is irradiated onto the reticle R through a system
containing fromthe relay lens 4A to the condenser lens 7 of Fig. 1. In
this enbodi ment, however, the fly-eye lens 35 is further disposed in the

vicinity opiah@ I3ngleie !t%vir‘é@l@cﬁ'lﬁfg flemberadr dar ah@ 8RSUretharst8he!
uniformty in the 10 distribution of illum nance. Mre specifically, as

shown in Fithe 2nAForhieyf liyr ape dietsidutivndioFprasedminaseet ont e
light-leaving plane 3b of the two reflecting nenbers 33 and 34 and a stop
36 havi ng aetiajer Ruroan et rehieved atma prdictjcsddyohighe legedl ewleane on
15 the | 1ght-leaving side of the fly-eye lens 35, i.e., the [Ilight-|eaving
pl ane 3a ofLft kde [1ldvimiaadd-omilfigt thefimifiropAtheAd 1ghdcileiaydinigy pdladén i n
Fig. 2(D, the fly-eye Ilens 35 is configured such that a |arge nunber of
| ens el 2nedbs Isadiragdateg entecitihegreddcdec®R dhroughdis §gs&8Mand att ached
20 closely in longitudinal and |atitudinal arrangenents and that the
sectional = SeRiaigANG,£rnony thee ned@y Jonss 48 Yoy cendensegydeng Jeldi onal
shape of the inner Elane of the reflecting menbe 3? disgosEd on éhe
external sfd@: lrur tRefhbFeemRedimehs i How §9r2(E§? 1E-e¥9el8PSt Ad 28
aperture 3 3§ the ,sto 3F in.the ri hape i.s set _g | | er than
that of th uE ?élﬁqd%r? hdhe a'flc{}%é‘scfyl fef é@lee ﬁélﬁi‘% .%afﬁ'gl%aﬁgr fre 36a
has a shap%ﬂ Qﬁ“3gdéy1€33ensure a higher uniformity in the
10 distribution of illuminance.
More 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, l.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 1ls 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 1n section as

approximately large as the sectional shape of the clearance
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approximately |arge as the sectional shape of the clearance - 23 34c in
the ring formbetween the reflecting nenbers 33 and 34, as shown in Fig.
2(C). Moreover, the aperture 36a is in the formthat can cover an i mage of
the light source formed by the lens elenents into which the illum nation
“light 5 enters partially, as will be described hereinafter. The
illTumnation light ILa and ILb left fromthe |ight-leaving plane 3b are

| ed through the fly-eye lens 35 and the stop 36 to the relay | ens 4A of

Fig. 1 as t3ae iin WHeNatind) fdréhtbeltivdenl tthes reF 1R tumde mehded shaneighd hat ,
as the clearance 10 in the ring format the light-Ieaving plane 3b of the

cl earance [pat,ween shivern afd etilg .n@ (Tynbemerddvenyd BHef dpertane 3edbstamhi al ly
as a stop with an aperture in the ring shape in this enbodinent, the stop
36 is not reheeToam that sqars edbved fan Henagfeop £3Ghes lrigh tdisemosed £ drmesdver ,
there is the risk 15 that the uniformty in the distribution of illum nance
on the rethycltder enghte lamentsaiindd whigch itdgler ifllymiingftiiofy drghtthe | ens

el enents out of the lens elenents of the fly-eye lens 35, into which the

i || uni nit | embenghivasilalslynas sl be gesdrdbes hereinafiterent EReng pl ane

thereof, as the light 20 flux left from such lens elenents_is _irradi ated

onto the rétiEHAFtIomighsr dLa Re& P I8TH 0™ e Hg 5N the
um 7T el st L Sl TAROS DA ol 9t G5 Ul L,
L1 ey D, GG AR e LU g 9, A e A i e
that the shape OfItt r.’l.es %ooﬁ)e?’%n(&rf’s%%%%feq_na that, as the clearance
10 in the ring form at the light-leaving plane 3b of the
clearance between the reflecting members 33 and 34 functions
substantlally as a stop with an aperture in the ring shape
in this embodiment, the stop 36 is not necessarily disposed.
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 uniformity 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 1s
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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shape of the boundary of the region of the lens elenments out - 24 of each
| ens el ement of the fly-eye lens 35, into which the illumnation |ight
enters on its entire area fromthe two reflecting nmenbers 33 and 34. From
t he above description, it can be noted herein 5 that the use of the

“illum nance-uniformty unit 3Ain this enbodiment can performa ring
illTumnation at a high level of uniformty in the distribution of

illum nance as well as prevent a decrease in the illum nance of the

illumnati @F eaicihtldnls?.elhelite o aded gy foyeyilded B3st Waeitd haifidhr sthe
reflecting nenber 34 and the second reflecting nmenber 33 may be filled

wi t h gases 1Q1umina tdanu Adghst &nttearsd om |1itghtenttriares mdetaa freom rbdeertived  such
as glass or the like may also be used at a portion thereof. In this case,
t he di sposireifdecdfinceamehbesysa 3 sarill 3aind 52 can be omitted. In order to
provide for the inner side plane of the second reflecting nenber 33 to act
as the refl ecti ngFnomide Iwve ifeseopiptdioncalltr sfnede A9 teshhereddy be
configured in such a manner that it is divided into a plurality ofwgenber

20 sectPondhad dhe s nfhithe Hd ¥minancepunl farnitye Wil A2 e ddey

sections are _coated on their depressed surfaces with a co&}iag t hat. can

provi de a KRedddifde A REY éh rifgy 1mmiasiar A ot are

ot | gur at 14n S 15 S ARl e 4 P Ao RS g
level of thg O Mdanidldd19 i ild b doe 'dd WHY A i h NS T ed
in this aﬁhﬁneﬁ due%o%%e

light IL2.

10 The clearance provided between the first reflecting
member 34 and the second reflecting member 33 may be filled
with gases or in a vacuous state and a light-transmittable
materlial such as glass or the llke may also be used at a
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 sectlons are coated on thelr 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 1evel'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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di sposition of the diffusion plate 31 on the light-entering - 25 plane

- side, however, the diffusion plate 31 is not necessarily used. In the case
where the diffusion plate 31 is not used, an efficiency of utilization of
the illumnation light is rather inproved. 5 In the above enbodi ment, the
“conical prism32 is wused for the division of the illumnation light M A
diffraction grating of a phase type can also be used in place of the
conical prism32. At |east one optical element (e.g., a lens) out of the

optical el ¢iRies sAiFNOIRIVrt N hel GilffHidIoMN pAlated 33 de efott he
I 1l um nance- unlforn1ty unit 3A may al so be configured so as to vary the

di stributi recfsddid 1y sdd.natnomhki ghkeowhebe theh@iestieibngpphase3si de of
the reflecting nmenbers 33 and 34 by transferring it in the direction of

t he opti calisaniot afsdde an lefifiirdtenmy @ft iwdlllzBE iopstofmthEhe second

Il lum nance-unl formty unit 3B for use In this enbodinent will now be
descri bed Jilflumigfadrieoncd ight Hisg.radheghdmgdayeidrance-uni formty unit 3B
differs fromthe illumnance-uniformty unit 3A in that the shape of the
20 secohdary |igHn he @daver emReddaedid ithieudoRdsdd- PESEY $i2 LS unit 3B is
di vided into four apertures (Ilght sqQurces) with the opti cal aX|s di sposed
in the centedufiake thfe bl gt of ﬁé‘%é‘é&r\’&ﬁlﬂ? dd¥-orBthe first

descr] pti o HE AR SRR 4 A5 RS TRE G, Hf ' e W 1™
l)lp![ :J(r:nalnagg:/e %%OﬂJw%um t:lr%a(%. of 1%19323 itdiegg%egnebgiﬁggf gieﬁlg?&i ng
(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
thlis 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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| ens 4A as shown in Fig. 3. In Fig. 3, the parts and - 26 elenents
corresponding to those of Fig. 2 are provided with the sane reference

nuneral s and synbols and a detailed description will be omtted fromthe
followi ng description. Fig. 3(A) is a side view depicting a section of the
5 second il lum nance-uniformty unit 3B for use in this enbodi nent. As

showmn in Fig. 3(A), the illumnation light Mleft fromthe shaping optical
system2 of Fig. 1 enters into the clearance provided between a first

refl ecting eremdiets Foxrvuk rﬁm?otdaiﬂﬁéidﬂmm.ezéﬂt Srigied ey D
di ffusion pel ate 31s and a plgoram' prism 32A (see Fig. 3(68)1*)}'F with the

|i ght - | eavitlge e refdéiendemandrl s i vewymspladraid & gkl ane form
The first reflecting nenber 38 for use in this enbodi nrent nay be nmade of

nmet al havi riipscrightapen ivl Kedie omittdd efmomsthd ol Miwing e aptipalomxi s
| AX 15 disposed in the center, as shown in Fig. 3(C), or of glass in a
prism form (nore BigpciF(Aallsy a tsfsley v iy ddpelctsime s sesticlon arfd theeve a
sharp edge on its light-entering plane side, as shown in Fig. 3(A). The
first refl &aganf nehbmimnegnunifoormithamidoB diardisudn tthlis i ts outer
side plane acts_as 20 the reflectinggplane 38a with_a reflecting coating

coated th&TRAAMIRPY haftSt FBOYPPdS F'dJeddd Pdor then 1LABFBA AN 1adghd .
(elLecting BLAne 380 O bl MLSl,d i, LIE Sehond £ ol 49 Imber, ST 1 o
romoer 59 ke ¥ EPEh oS S AT B dB S g AT T
reflectingragmpgf 38 and a second reflectlng member 37 through the
10 diffusion plate 31 and a pyramid prism 32A (see Fig. 3(B))
with the light-leaving plane in the form of a concave
quadruple pyramid plane form. The first reflecting member
38 for use in thils 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 1ts 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 38b.
On the other hand, the second reflecting member 37 is
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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37, the inner side planes (square prismsides) act as a - 27 reflecting

pl ane 37a with a reflecting coating coated thereon. This configuration can
provide a uniformclearance wth four sections each in a square form al ong
the optical axis |IAX between the first and second reflecting nenbers 37 5
*and 38. The reflecting nmenbers 37a, 38a and 38b enclosing the clearance
can performnultiple illumnnation by nmeans of the illumnation light ILa
and |ILb passed through the pyramd prism 32A. This can achieve the

uni form ty refF1eke ing pllankuB7enwatni bl weifnaetengaebatingheoaltedr ances with
a 10 square shape in section and forma illumnating light flux having
each of thehkeeonuni Thism senfigusathon sgnaproshdeea unhfoilmschkedpaneent,
the fly-eye lens 35 is disposed in close vicinity of the |ight-Ieaving

pl ane 3b ofvitthe foulr wecrtdionen elaicphtin andguageofosy wlondf dhe gpddicgdes 39a
to 15 39d, inclusive, each in a square shape in section, as shown in Fig.
3(E), is diaxissddXobetiwecnoddle fiansd and iseconghreflesfiing gegbess e
fly-eye lens 35 (i.e., the light-1eaving | ane 3a of _the .

i | 1 um nainc@ndni3or niThe mmftlegg)tngm@mberﬁu%’ﬁat B8A APGheBPefRCLPEAPEhe

cl earance provi ded between 20 the reflectin nber s %%ggn% 38 is led to
the relay [t cdgarsngs gam REFENGh MHE DR W mERatdon, by Means §§ 30.

Th f the Illum -uni f i t it 3B f dified

1 um nat | SR SRA A AR o i 1 e e BT o
ith th tical | 2 ' ' h el ,

Thi s 11 R ot T o e el RRAEYe) EnblEntEpLftry fnCRER FO0C

the il1Tumgat.ahdd i dé-21 A ddifed |dd8H N Ghd TIBUrHRIdE &R a

10 square shape in section and form a illuminating light flux

having each of the four uniform sections in a square shape.
In this embodiment, the fly-eye lens 35 is disposed

in close vicinity of the light-leaving plane 3b of the
illumination light, and a stop 39 with four apertures 39a to

15 39d, inclusive, each in a square shape in section, as shown
in Fig. 3(E), is 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 3B). The
illumination light left from the clearance provided between

20 the reflecting members 37 and 38 1s 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. In each case, this 1llumination 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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a high level, due to the use of the reflecting nmenbers 37 - 28 and 38.
Therefore, a high throughput can al so be achieved. As the pyramd prism
32A is used in this enbodinment to divide the entering illumnation |ight M
into four light fluxes, the illumnation |ight can be utilized at a high 5
“efficiency rate. A conical prism32 of Fig. 2 may also be wused in place of
the pyram d prism 32A because a | oss of the quantity of light is slight.
In this case, too, a diffraction grating of a phase type can be used to

divide thgnigl BeM NekbpEELFENt ai Righ| tRbudhpxescamsalso tbe aclstewédl0 the
first illumnance-uniformty unit 3A. The use of the first reflecting
nmenber 38 is noras ehkepyiramibdepatism BhA fisr asedefihethisgembotlémed8 to in a
sharp edge shape at the top end of the reflecting plane 38b so that a | oss
of the il gaivide echel iegherday Hd luedserdop 13ghitk@Lilninke £eue dfighike first
reflecting menber 34 as showmn in Fig. 2. Furthernore, the .

i || um nanc &luxiesor rohiey 10diumid@t ioor Ad ghsucan bemutddiggd pdhe bigkes each
in a square shape fromits light-1leaving plane 3b. The_sectiopal shape of
each of5 t hefifliicdeneat inagel-i ght CPPM@%,Pﬁg%V%F,OstﬁSt 20MpY nfL 89 }S’B a
square shape and it may be any optional shape

I.n Iudin%, f qr_examnpl e,
circle, a fsed il Pdiagse ofr thiec PYRaBLidyPFisay 324 g’el‘:&}ﬁs sé—lcﬁiog’ﬁs 0?. e.,
d t), tc. Ad i pti t to t fi ti f_th third
T U nanc Shemaraniing o (88 4 sda it nig 580, 58 EPotan”

wth
oo ence, i hachon b W s Rk [l
illuninati%%é(yilumination light into light fluxes, as in the case of
10 the first illuminance-uniformity unit 3A.
The use of the first reflecting member 38 is more
effective because the first reflecting member 38 is in a
sharp edge shape at the top end of the reflecting plane 38b
so that a loss of the illumination light can be lessened,
15 1ike 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 1limited to a square 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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use in situ in the exposure process, in addition to the - 29 secondary
- light source for aring illumnation and with four apertures (i.e., four
l'ight sources). The third illumnance-uniformty unit 3C for use in this
_case conprises a two-stage fly-eye lens which can be used in 5 an ordinary
illumnation. In Fig. 4, the sane parts and elenents of the unit of Fig. 4
as those of Fig. 2 are provided with the sane reference nunerals and
symbols and a detailed description is omtted fromthe description that
foll ows. 1QdddhddkysNawht Rourad it & irdm oo umiina tuminn amee widhi f or mi ty

unit 3C. Wen the illumnance-uniformty unit 3C is interposed between the
shapi ng opticigd apesitarped anid d.he fdur Stighdl spurees )4A Fhedspizded in Fig.
1, the illumnation light Mleft fromthe shaping optical system2 of Fig.
1 15 ent er g Ilmifriamde-afrmigoriteymiterdC M mfuser ipaddege s he di ff usi on
plate 31, and the illumnation light is left from each inmage of the |ight
sources of ddwprisesye twnsstipe dnterayey lens WHeh @aghdes tuifd fiy- eye | ens
35 through the relay lens 41 and the relay lens 42. The illum nation |ight
20 | eft 5f r am thmifiareyid Tanknasiant eA8 Fido 4.sthg 29MR PRTES &hfcul ar
aperture and is left therefromas the illumnation light 3%2 the stop 43
Ibel ngsgl ?pc%]eﬁ!ﬂﬁﬂtﬁ IR fihaluptaRE dhld ¢ He 39 gMReRA Fi%i de W€ the fly-eye
ens i.e., the light-leavin | ane 3a of the Jjllumn e-uni [ty
unit 25 3C)PTOREAS] I‘iﬂ‘r‘%ha’il?%rf‘?wgtfeqa?_?rf%? tm*"i‘eorrﬁ]t%eaﬁ ysg;e}@beo engsrp(i 35 and
a ' ;
pass through {0 S§ 08 43r St 188 d i Crdd'S LS Rhe | &b o €hat-
follows.
10 Fig. 4 shows the configuration of the illuminance-
uniformity unit 3C. When the illuminance-uniformity unit 3C
is interposed between the shaping optical system 2 and the
first relay lens 4A as depicted in Fig. 1, the illumination
light IL1 left from 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 1s 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 1s 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

- 30 -



The conditions for illumnation have to be shifted in - 30 accordance
with a pattern on the reticle Rto be transferred upon actual exposure. In
order to neet this requirement, the projection exposure apparatus in this
) enbodi ment is provided with a shift mechanismthat shifts the above three
S illumnance-uniformty units 3A, 3B and 3C so as to be disposed on the
optical axis IAX of the illumnation light. Fig. 5 shows such a shift
mechani sm As shown in Fig. 5 two sliders 19A and 19B are interposed

between t hgscohaRned QRkthcal payseem dnattet Betficlet Rr ebapel énandfeamed1l
the third, first and second I llum nance-uniformty units 3C, 3A and 3B are

di sposed i Qpbi 2ctu@dar expespeel.i VEhyorderato meebetlsls dedirelvementt he two
sliders 19A and 19B. A drive wunit 17 of a feed screw type or the like

whi ch dri vehet ipero Jeldtiohn expesumel epperptysi Lo $his3pmhrdizents idi sposed on
. P (0]
a 15 one side qf the sliders assenbly 19A and 19B and a_stopper 18 is
di sposed oprioivddercher thi de shidite glechpnd sac tthak §h1f¢ﬁet39i9§°UﬁiFhf?eis
controlled by the main control system 11 of Fgg. 1. The main control
systemil dddusdinemce-alfonmita vadd st Pdm OFe 3k 86 FPIGﬁiﬁQn%&-unifornity
units in 20 accordance with a pattern on the %@%Fl R as obj c&lof
tra?ﬁcrl p% !ddr‘-ﬁlmdarqnaﬁé@ ot iRl @RS 1BAKOFa e drii B R orhr}i%g Tl ect ed
on e optical axis | AX between &ﬂe s%% i,n pti.cal syst and the rel a
I ensd_Af],cA\f by thezaiFd-g(d)f S RDOVE i & %I.t %‘ﬁcg’ag&%ﬁ'gu‘g%t ?gzr)l‘%%aﬂﬂachi eve g
any different modes af. {11 umnati | | ] l+y
fiﬂ:or Qancg%&ﬁ'h > ¢ pf:ﬂq ésrcir%doef{st @eg&r &“THSHZ%B ?dr%ﬁ %Eﬂﬂr%]pg@re:aﬁg%%eﬂeﬁﬁﬁt#zﬁql on,
T um nati %r}léﬂnodl%gﬂgl ARFLdN &5 artf ] lfirst relay lens 4A and
10 the third, first and second illuminance-uniformity units 3C,
3A and 3B are disposed in this order, respectively, 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 11 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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as an ordinary illum nation where the distribution of the - 31
illumnation light on a pupil plane is in a circular form The fly-eye

| enses 35 and 40 for use in the first enbodi nent conprise each a |arge
nunber of lens elenents arranged in a relationship closely attached to one
“another. 5 The array of the lens elenents may be arranged, for instance,

I n 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

i s preferradidsindtion SRR idh SLPupIN Flde 1enh & Imtlaorfdhe | ens

el ements 10 of the last-stage fly-eye lens in the case of a plural-stage
fly-eye lens, apmmexifipt-esyd deisds [35Tianmt i4an foagiuse dm tthe fietsitcl e in
order to increase an efficiency of utilization of the illumnation |ight.
As an exanmmbodinersthagmpmise esddlora dfardee numbemr|ofivdrenss redyemardfser abl y be
an el ongated 15 rectangul ar shape when a scanni ng exposure apparatus is
used, becarsmandss i1 i reltd tohonsdyim rcYage h @ td@ahed ¢ egnss @nothgipar at us
is in an el ongated rectangul ar shape. A description will_now be given

regar di bg tThe sseail ofengeli kang elfement Hmase e iareandesh Wiath st fee to

Fig. 6. 20 The optical integrator 43 caontaining the rod |lens on the
|i ght - | eavilfy §Hdhed Manned Ehat (3 dt16ds R %J}Poér%lﬂ elepefiief in the

d enbodi ment while the fly-eye | 5 js di t he,

gt | caviSRFIRERL SR B TR TIPS O 1R IR I B e IR 1 cal

I nt t h [ 25,1 n Fi i~k '

hose of FIPEaR S o it Rty n Porborie M aroarste i BRIt )

and a dupligale dEscid i G0 4F O itk (Pl edtftd [ Yo Tthe lens elements

10 of the last-stage fly-eye lens in the case of a plural-stage
fly-eye lens, approximates to an illumination region on the
reticle 1in order to increase an efficiency of utilization
of the illumination light. As an example, the shape in
section of the lens elements may preferably be an elongated

15 rectangular shape when a scanning exposure apparatus is used,
because the illumination region for the scanning exposure
apparatus is in an elongated rectangular shape.

A description will now be given regarding the second
embodiment of the present invention with reference to Filg. 6.

20 The optical integrator 43 containing the rod lens on the
light-leaving plane side of the two reflecting members is
disposed in the second embodiment while the fly-eye lens 35
is disposed on the light-leaving plane side of the two
reflecting members as the optical integrator (homogenizer).

25 in Fig. 6, the same parts and elements as those of Fig. 2
are provided with the same reference numerals and symbols,
and a duplicate description is omitted for brevity of
explanation.
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expl anation. - 32 Fig. 6(A) shows the illum nance-uniformty unit for use
In this enbodi nent, which has the illum nance-uniformty wunit disposed

bet ween the shaping optical system2 and the second relay lens 4B, for
exanple, as shown in Fig. 1. In 5 Fig. 6(A), the entered illumnation |ight
"1L1 enters into the clearance between the reflecting nenbers 33 and 34
through the diffusion plate 31 and the conical prism 32, and the
illumnation light Ieft fromthe clearance therebetween enters, into the

rod lens 45 throggly tgeaherpodd thiee119urBhhaak-uilearaley. 4aiks regnposed
of the lens 44 and“the rod lens 45, and the illumnation light left from

the rod | epge 4% MY erbdd@niche ,SaBARMh helsathleend 14Rinandepunti€drinity
exanple in Fig. 1. In this configuration, the light-1eaving plane 3b of 15

the refl ecunig@ @EEpIsedBdetmdedd the dhapdned optimaloplyistam 2Femd d¢he
transformation relationship with the light-entering plane 45a of the rod
| ens 45. Wsermonide fdlaveienseds , 3Fcaf exfanple? ias shown time Rligghtl.| edRi ng
plane 3a is in an optical Fourier transformation relationship with the
patt ern5 pl &g .2® (&) ,t Hhe entered idluwigationideghthdilo@nters 4040 ysed
as in this configuration, the light-entering plane 45a and the

li ght - | eavitihg @lesraste dfetween dde geflesting sembegsHa3 &dh 34 an

i magi ng rel ationship (conjugated) with the attern plane of the reticle R
of Fig. 1. thmeughorthe t#%#qrgmqu@a\ﬂlng“d)éﬁﬁ’@ WA PT i S ri’gj“4

members 33 G Jiumiiation ot AR A T o1l Vb Rriedn the

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 1s 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 1is 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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As shown in Fig. 6(A), the light-leaving plane 3b of - 33 the reflecting
- menbers 33 and 34 is provided with a stop 50 that eventually sets the
distribution of the secondary light sources at a high precision |evel.
Furthernore, a tubular body 45A may be used in this 5 enbodinment, in place
“of the rod I ens 45 conposed of a rod or rods nmade of glass or the like,
the tubul ar body having an inner plane in the surface formof a prism as
shown in Fig. 6(B), and the inner plane as a reflecting plane 45Aa. This

configurativgg ¢af1kBRAAYEmBALEEEI gBenan 6% ikl pronatednwitl &ostbbes50
exposure apparatus using an extreme ultraviolet light (an EUV Iight) that

i s | ess avahhabkgeatuallygketst thespasentibottioni ef &hd secngdevynldgpbsure
beans such as X-rays and so on. Wen the exposure apparatus in the above
enbodi ment sobrces amnaf adghr paectisdonwdeseilders 19A and 19B acting as the

shift nechanism for exanple, as shown in Fig. 5, are aligned and di sposed
bet ween t he shapFugtbprimozk,syastubularahedyhdsAemay benysgg it kPASt he

illumnation optical system After the alignnment has beeg c%nplg%ﬁp, a
suppor t5 neembodiimento time pliacey@fndhee Xodi 1608 Y GRMPOSRS 8% &h °% Fig.

2, is nounted sliaably on the sliders_ 19A and 19B. Th%n, tg% reflecting
menbers 33Tl FRdcoRfeHled s STedli? &tjﬁ’& o Q‘%Ulf“ﬁe O AYRY &R 52,
one. may. be L AN {216 S Ao Ry U BRI o oot O Buppor ¢
e oot SR S ST i, 38 SRy piics o e
This configuration can improve an efficilency of illumination
10 for the exposure apparatus using an extreme ultraviolet
light (an EUV light) that is less available 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 1in 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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assenbly of the illum nation optical systemand otherw se, - 34 each
optical nenber of the optical systemis subjected to optical adjustnents
for the axis in the manner as described above. Then, the 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 conneckgen 6?@1&:'&& aenbek ¢ appabptusalss¥etembjiectanjeotedetal |
adj ustnents, including electrical adjustnents, adjustnents for action

confirnati gptiekd. abifiRstaepesuferagpar akis danthe maadepr ast dealinjibaft er
the finish of such overall adjustnents. It is preferred that the exposure
appar at us iapofeqduced in a clean room where 15 tenperature, cleanness and
other conditions are nanaged. Wien a vacuumultraviolet light (VW |ight)
such as ArF excirimen,| aber piiodeictdoa wakdlcedgsiysgem1dd Af) icorporpied;
(having a wavel ength of 157 nn) is used for the exposing_illum nation
light, B hilgher thel maimamedycof $Ee2G*PLSHEe FRPaxatig endpsabdeRFe%ksing a
material as a lass material for a refractive el enent g;.%;, Iass,f etc.)
wi t hi n the tol lophieal @dinstmentsoy sndmthey Tetd SdeoSdEG®o R do&?ﬂecéﬂa stem
PL, which has a relatively high degree _of transpare eyen i_n._a vacuum
ul t ravi ol e@t@%'orﬁa%&?ré%isi%“&é’grﬁr 2 4359 Aty ogf/*’taﬁ\é&t%l’c aqr}t?ar tz),
fl uori ne-doped quat fluorite (8%52%. ' uo :?E éwﬁﬁa) 1baek
crystal and?® .5%qggﬁQﬂﬁ?%ﬁ's e %ggggﬁﬁtHgﬁébfoP% P ght, 8.8.
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 1s preferred that the
exposure apparatus is produced in a clean room where
15 temperature, cleanness and other conditions are managed.
When a vacuum ultraviolet light (VUV light) such as
ArF excimer laser (having a wavelength of 193 nm) or F,
laser (having a wavelength of 157 nm) 1s used for the
exposing illumination light, a higher illuminance can be
20 gained 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 guartz), fluorine-doped quatz,
fluorite (CaF,), magnesium fluoride (MgF,), rock crystal and
so on. In place of such a vacuum ultraviolet 1light, e.g.,

ArF excimer laser or F, laser, there may also be used, for
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ArF excinmer |aser or F2 |laser, there may al so be used, f or - 35 exanple,
a DFB (Distributed Feedback) sem conductor |aser or higher harnonics with
its wavel ength shifted to ultraviolet |ight by using a nonlinear optical
crystal after anplifi- cation of a laser |ight having a single wavel ength
“inan 5 infrared region or a visible region oscillated froma fiber |[aser
by nmeans of a fiber anplifier doped with erbium (Er) or a conbination of
erbiumw th ytterbium (Yb). For instance, when the oscillating wavel ength

of the |agglanigi@ht Liprs JDAH & IMRMYE FedibazK)n sehl donai toromakrl oyl m
to 1.59 m there can be generated an eight-fol hi gher harnoni cs having a

wavel engt h HigHeie Haai@m s W Mts0 whHR Isfigahd shitfeed alod ulitglaeri diartnoni cs
having a wavelength in the range of 151 nmto 159 nm |In particular, when
t he oscil | atiighg Wiy elsdngy la ironlindar optgeall crysthlmafter eanpl53E3-m there
can be obtained an eight-fold higher harnonics having a wavel ength in the
range of 1%&ation @fl¥ Iegen Hdights haaring ta adingllet wavgtitengbh rig teve

wavel ength approxi mately identical to that of ArF exciner |aser. And,

when thg osgifitaxtedhgraghasl emyteh wisibie megipg@ssiliiagpdnfomm o fhbsg m
there can be obtained a ten-fold higher harnonics having a wavel ength in
the range dfasesy himmepnsehm fihar jampldfiga danes é‘t“% SO (RF X he
wavel ength approxinmately identical to that of F%.Ias Furt hernore, when

the oscil| &% rfy SRNSHEHGN iaf isFRin Wisth Fidfeth ot ¥ 1o 1. 12 m there
AR RN e R R L T A L
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 um
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 pum
20 to 1.58 um, there can be obtained a ten-fold higher
harmonics having a wavelength in the range of 157 nm to
158 nm, that is, 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 pum to 1.106 pum, there
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wavel ength is in the range of 1.099 mto 1.106 m there - 36 can be

- obtained a seven-fold higher harnonics having a wavelength in the range of
157 nmto 158 nm that is, an ultraviolet |ight having the wavel ength
approximately identical to that of F2 laser. As the f iber laser that can
"5 oscillate at a single wavel ength, there may be used, for exanple,
ytterbi um doped fiber |aser. Wien the exposing illumnation light is in an
extrene ultraviolet (EUV) light region, the illum nation optical system
and the preiaeChie0dpiiined as¥even-F1daivhed dartmohd dsehagdhigom syst em by
using, for exanple, an optical nmenber as shown in Fig. 6(B) and a concave
mrror, a GAReDendth An the fdadigeMios Q570mm e [li5iee nm,n thiaits isgsan a
reticle of a reflection type is used. It is further understood that the
magni fi cat varrefriidiet 13 ghtojhestingn the iwadle 1engttdmalpip riox iiradt edlyov e

enbodi mrents may be of a reduced type, an equal type or an enlarged type
and furt heddemtticdie qor edatt dfhwgnlasaercaihetbppiiker taseprthatkegn e, an

illum nation optical system of an exposure apparatus of a proximty type
that do®s mescildate mbojeaingle 2avedEngdh.sydiesia MY bfetfisi%, ST is to be

understood that the exposure apparatus according to the present invention
is not reSHAMRlSy NG EEFRAMIrdaRed FikeR €S use in produci ng

Spparatas for t AP due FaaRing qdinerinsidh IR Bty B ARG
L;gg;ﬂrgrémm Gt At 29 A Atk %paﬁdcélo an
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 milrror, a convex mirror,
a flat mirror or the like. In this case, a reticle of a
reflection type 1is 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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produces thin fil mmagnetic heads. - 37 Mdreover, sem conductor devices
may be produced through the step of designing functions and perfornance of
t he devices, the step of producing a reticle on the basis of the previous
step, the step of producing a wafer from5 silicon material, the step of

" exposing a pattern of the reticle onto the wafer by the exposure apparatus
according to the above enbodi nents of the present invention, the step of
assenbl i ng devices (including the dicing step, bonding step and packagi ng
step), the inspedMor@dveirp seil¢on@uetorldekticeasmay be pebadced ei n that
the present invention 1is not restricted in any respect to the enbodi nents
as descri hegdodytyahndtidp oS des ilgning dumottied sasndn penfassiange e i ous
nodi fications without departing fromthe spirit and scope of the invention
and that thheedawicedi,sdhes wiepofofl privivariease aPateddiclapgini ddie dasis

9- 306,952 filed on Novenber 10, 1997, including specification, clains,
drawi ngs amd thenmreviais mdemortieedtiep off @araddelng ia yafen faom
Industrial Utilization The first and second exposure apparatuses accordi ng
to 20 $he siddsion matanialon tden sden ofe expeging @ paddiedite of ddikction of a
loss in the illumnnation |light and allow a nodified iIIuninatioQiat a high

i |'1um nanc&edi®l PR Jhs WakRT &m & SRRARYSh quqtdﬁ REROF IR s can

focus. and Ehite (HHRE STHP LS HY, SEr s Anardie dhe Hftshice

rs};agrgn'hcg) E?gﬁ%ﬁs?svémcb%ina& ddetvh:I.ecc-:!si kﬁn"l’!ﬂhﬁd"tﬁiﬂe cﬂ%ﬂ.rnege sq;elﬂccdgrﬁf.%g?‘t a
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 1s incorporated by reference in its entirety.
Industrial Utilization

The first and second exposure apparatuses according to

20 the present invention can achleve the least possilble
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 illuminanqp-uniformity units or the bar-shaped
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The illum nance-uniformty units or the bar-shaped - 38 optical elenents
for use in the present invention can be conprised of a hollow reflection
type, unlike conventional rod lenses or fly-eye |lenses, so that they can
“also be applied to an exposure apparatus that can use a |light source 5

using a less available transparent material, for exanple, a 1ight source
in a vacuumultraviolet light, e.g., having a wavel ength of about 200 nm
or |ess or an X-rays source (e.g., SOR (Synchrotron Obital Radiation)

ring or | asgyriRlAs @ endil RAWMR) iihathe Preddmutintdmiiont GHmivd Ng a
soft 10 X-rays region having a wavel ength of about 5 nmto 15 nmor a hard
X-rays regicymprAid aE BMJIg deflidtd idh asgd,! ainliges paaivendianal

wavel ength of about 5 nmto 15 nmis used as an exposing illum nation

| i ght, the qodjlenisexs aptilpleywy stamemy €kb taEiprtitesy, deor absanjidee, sever al
sheets of reflection elenents (e.g., mrror, etc.) only. Furthernore, when
the two refdppdtiiedy terdrerexpysutte afparathipdhaiptdamaluss arddightarsounaposed
in series and the optical integrator is disposed, devices with a higher 20
preci si bn cwine privisavaklabie dimansnanent matenialoufan ewnlq ur nance

can be increased. In addition, the present invention allows an osure of
a variety Jrlghf tequEcerinm anACWHl L FRYiRtet |]+1}9hﬁrnaﬁ iy émrt dhs by
provi ding a pIurallty of the 25 |Ilun1naqfe uni f or m opti cal éens to
t hereby endiieeledgin iofy PouhLUh P LHlesE Fefdh ﬁal%‘iﬁ/ $ed i rst

r6f|60tlngéBﬂ“%Eynéhré%%%h()éﬁf%%lsﬁ%éiation) ring or laser plasma

light source) that can output X-rays containing a soft
10 X-rays reglion 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 varlety 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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When the optical integrator is disposed in arowwth - 39 the
illum nance-uniformty optical systens or the bar-shaped optical elenents
so as to shift them the exposure apparatus according to the present
invention can also provide ordinary illumnation. D CLAIMS 1. An exposure
" apparatus which transfers a pattern formed on a mask onto a substrate
through a projection optical systemunder an exposing illum nation |ight
froman 5 illumnation optical system conprising: an
i Il um nancechéi {10 dna i il £ st d pralddde sy t s Yr tefd e -hdpuber
and a second reflecting nmenber disposed enclosing the first reflecting
menber, thepiicdl dlkinertd g ey MGt chrm, oW d¥pbsreoRPpdndtuy a
10 reflecting plane in a planar formon the outer side of a columar body,
and the seapubrd&ifiedio Ntherpieyentaviinvererion maar gllsanerovdidey drite manyer
pl ane of the first reflecting nenber and constituting a reflecting pl ane
in a planadXlomhnadridrhe i nner side of a tubular body, and located within
the 15 illum nation optical system wherein the illumnation |ight passes
through in a clearance provided between the first reflecting nmenber and
t he second reflecting nenber. 2. An exposure apparatus as clainmed in claim
1, wherein 20 an optical integrator containing either of a fly-eye lens or
arod lens is disposed in series with the first and second reflecting
menbers.
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3. An exposure apparatus as clained in claim1 or 2, wherein the

* illuminance-unifornity optical systemconprises 25 plural optical systens
that can be shifted to change a shape in section of the reflecting plane of
the first reflecting nenber. 4. An exposure apparatus as clainmed in claim
1, 2 or 3, - 41 wherein the optical integrator containing either of a
fly- eye lens or arod lens is disposed in a rowwth the

i1lum nance-uniformty optical system and is disposed so as to be
shifted. 5 5. An exposure apparatus agi@dmsred in any one of clains 1 to
4, wherein the reflecting plane of the first reflecting nenber conprises a
pl ane in aigoni cah exposutet bpparghirs ehtieh ngaplsfeeson phad tiernu formeidon
light and a plane in a columar formon the side extending fromthe

| i ght - ent epnng sk amdo @ subs tidabenithatoueh la grojestdoa opddealin a ring
shape made of a transparent material is interposed between the first

refl ectingsysrtiesr undlet tane esposing dilllawdingd ieaniddights fIam @osure
apparatus as clainmed in any one of clains 15 1 to 4, wherein the first
refl ect ng idnvpdmation entiaal sFstef.a oML SiRdGecti on of a pl ane
perpendi cular to an optical axis of the illum nation optical systemin a

cross form wit hathd lgpmiaanceupidorsiddd opticed System dM¢ ¢ an
i any’ one Hed daflecting e nd 2 mnd S S IR fo”
shape a didsitsr;jobsuetci Oer}lcqfosiiﬂrlgu@h%a'ﬁ%:s\@ tf&ﬂe%tﬂ!r?d]%e%ﬁfé}e,nqﬁ@lﬁré@
reflecting member having an outer plane constituting a
10 reflecting plane in a planar form on the outer side of a
columnar body, and the second reflecting member having an
inner plane facing the outer plane of the first reflecting
member and constituting a reflecting plane in a planar form
on the inner side of a tubular body, and located within the
15 1llumination optical system;
wherein the illumination light passes through in a
clearance provided between the first reflecting member and
the second reflecting member.
2. An exposure apparatus as claimed in claim 1, wherein
20 an optical integrator containing elther of a fly-eye lens or
a rod lens is disposed in series with the first and second
reflecting members.
3. An exposure apparatus as claimed in claim 1 or 2,
wherein the illuminance-uniformity optical system comprises
25 plural optical systems that can be shifted to change a shape
in section of the reflecting plane of the first reflecting
member.
4. An exposure apparatus as claimed in claim 1, 2 6r 3,
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the optical axis of the illum nation optical systeminto a ring shape, the
optical elenent being disposed on the light 25 entering planes of the first
and second reflecting nmembers. 8. An exposure apparatus having an

iI'lum nation optical systemwhich illumnates a mask with an i |l umi nation
light to transfer a pattern formed on the mask onto a substrate; - 42
conprising: a bar-shaped optical system disposed on the optical axis of
the illum nation optical system the bar-shaped optical system having a

first refl ohlirdd nphtde optd ca1saededrat oreidontialindng @1ehegaolf keflgcting
the illumnation light "within the inside; wherein the illumnation |ight
passi ng a eleanamee orPr0Hoded dnet Weedilshe sieid din raefdoec ittt thane and t he
second reflecting plane is left outside a partial region containing 10 the
optical axiig luminamded-gti-foamiityy opitdiwa lofs istenbamands Hasp dd spotsiedals os @t em
9. An exposure apparatus as claimed in claim8, wherein a region of

di stributi ao dfe tshdfitddum nation |ight defined by the first reflecting

pl ane and the second reflecting plane 15 on the |ight-I|eaving plane side of
t he barSshdped opii GNPOSIIE APDATatysy a8 gdadgdieqd 1o anyy odep&fucdadffar at us

as clained in claim8, wherei th tial [ fined b '
refl ecti ng lpltéhé arthersid sté’ltﬁr)]rﬁ?fr s tgtrﬂql ar‘{j'-afg!%glr?%n ee[ #g'%ﬁtgﬁé%@

Eposur o oAy ST S8 ALYty SRR SARH 0™ 30 6T WS n i he
1T um nati %rﬁto Efncgalpfa}/riset eo'? C191net aiilr?ﬁmﬁl.r}lation light and a plane in a
columnar form on the side extending from the light-entering

10 planes of the illumination light; and

a spacer in a ring shape made of a transparent
material is interposed between the first reflecting member
and the second reflecting member.

6. An exposure apparatus as claimed in any one of claims

15 1 to 4, wherein the first reflecting member is a member
having a shape in section of a plane perpendicular to an
optical axls of the illumination optical system in a cross
form with the optical axis disposed in the center and having
an outer plane as the reflecting plane.

20 7. An exposure apparatus as claimed in any one of claims
1 to 6, further comprising an optical element to shape a
distribution of illuminance within a plane perpendicular to
the optlical axis of the illumination optical system into a
ring shape, the optical element being disposed on the light-

25 entering planes of the first and second reflecting members.
8. 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:
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optical integrator disposed on the light-Ieaving plane side of the
bar-shaped optical system 25 12. An exposure apparatus as clainmed in claim
11, wherein the optical integrator is a fly-eye lens that is disposed
with the light-entering plane thereof in close vicinity of the
“light-1eaving plane of the bar-shaped optical systemor - 43 wth the

| ight-entering plane thereof substantially conjugated with the

i ght-entering plane of the bar-shaped optical system 13. An exposure
apparatus empraigigg: n claim12, wherein 5 the illum nation optical
systemis disposed in close vicinity of the light-entering plane side of
the fly-eye |eng bandshaped loptital eysten dilspegeideoncdhieaiopsizadt op
havi ng an aperture resenbling an arrangenent of a plurality of optical

el enent s caxdis toft ithe tiHd urinedyieon eptichl ky.stam,exjhes bag -shepest us as
claimed in claim12, wherein the fly-eye lens has a focal plane on the

| i ght - | eaviopdiqelamystiege hdwinapfa diigsds e fdecddngpmlaie RO ideseqadsf or m
pl ane for a pattern plane of the nmask; and a stop defining a shape of a
secondaby IHefiiecidna @lane .1 pafhs gefdeaidinge dhe He uminatd qredd Ayld ¢ he
mask within the illumnation optical system 15. An exposure apparatus as
cl ai med i nwitdidn tthe Whsideay the optical integrator contains a rod |ens;

and the rod | ens has the |ight-enteri l.ane .di_ sposed. an .20 _an opti cal
Fouri er transfor HHRTSHE 1hHe ¢ q“}id’rﬁtﬂ%ég\ﬁ@t Ly é‘né’f & (A S Faped

opti cal Sys:}r%rpridleesd bpéq:v%(é)nostlﬁee f:aipl:‘;)satr aﬁeﬁea&iqfiﬂﬁqxé rhncd EEHE ]&cd'mfr ein
reflecting plane is left outside a partial region containing

10 the optical axis on the light-leaving plane of the bar-
shaped optical system.

9. An exposure apparatus as claimed in claim 8, wherein a
region of distribution of the illumination light defined by
the first reflecting plane and the second reflecting plane

15 on the light-leaving plane side of the bar-shaped optical
system 1s in a ring form.

10. An exposure apparatus as claimed in claim 8, wherein
the partial region defined by the first reflecting plane and
the second reflecting plane on the light-leaving plane side

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

11. An exposure apparatus as clalmed in any one of claims

8 to 10, wherein the illumination optical system contains an
optical integrator disposed on the light-leaving plane side

of the bar-shaped optical system.

25 12. An exposure apparatus as claimed in claim 11, 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
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the rod |l ens has the light-leaving plane disposed on a plane substantially

conjugated with the pattern plane of the mask; 25 and the illum nation
optical systemcontains a stop disposed on an optical Fourier transform
pl ane for the pattern plane of the mask. - 44 17. An exposure apparatus

as claimed in claim 16, wherein the stop is disposed in a position closer
to the bar-shaped optical systemthan the rod | ens. 18. An exposure

apparatus as clainmed in claim8, wherein 5 the illumnation optical system
contains a_vﬁﬂﬁpr’cﬂx@airiagﬂmmeﬂmg GAlarR aifdted P \ulG taarsfiapayf the
|'i ght-1eaving pl ane Ifferent fromthat of the bar-shaped optical system

and the bajorsfiapate® M el thsy siigyh tveh tdre ieeqaheopifi dile daarrasiiapest e
exchanged for each other and di sposed on the optical 10 axis of the

i1 lum nati ewptigiil .sylsterdn exposure apparatus as clained in claiml1l8,
wherein the illum nation optical systemcontains an optical integrator

di sposed orl3he dat iexposdies apfpanatud lagriciaimed in gliaiyy e whes&ianged
for the bar-shaped optical system 15 or the second bar-shaped opti cal

el enent & ardheiihamigiatien Rptidmbaay oim c dlaResad the %hd

bar -shaped optical elenent or the optical integrator is  selected and

di sposed ok i ¢kl thei St 1epterituRIRRT ot de JHt , the TEdi¥Rince with

o PR D R 20 Phin (RSO PP B A 48 O

Vacuun]U|tHﬁ¥&fﬂ§naﬁiéggr€ﬁrg05é§gﬁbling an arrangement of a plurality
of optical elements constituting the fly-eye lens.

10 14. An exposure apparatus as claimed in claim 12, 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

a stop defining a shape of a secondary light source is

15 disposed between the fly-eye lens and the mask within the
illumination optical system.

15. An exposure apparatus as claimed in claim 11, wherein
the optical integrator contains a rod lens; and
the rod lens has the light-entering plane disposed on

20 an optical Fouriler transform plane for the light-leaving
plane of the bar-shaped optical system.

16. An exposure apparatus as claimed in claim 15, wherein
the rod lens has the light-leaving plane disposed on a plane
substantially conjugated with the pattern plane of the mask:

25 and

the illumination optical system contains a stop
disposed on an optical Fourier transform plane for the
pattern plane of the mask.
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21. An exposure apparatus as clainmed in any one of clains 1 to 19, wherein
the exposing illumnation |ight contains X- 25 rays having a central

wavel ength of 5 to 15 nm 22. A nmethod for manufacturing an exposure
_apparatus which transfers a pattern formed on a mask onto a substrate

t hrough a projection optical systemunder an exposing - 45 illum nation
light froman illum nation optical system conprising: locating wthin the
illumnation optical systema first reflecting nenber having an outer

pl ane consti7t.uti A ®xposwaid afiparatusaas icladmeldadar laim d6 ,t hemeiar si de
of a columar body and a second reflecting nenber enclosing the first

refl ecti ng thenmsdrap tiee dsiexporskd dil ectpos) tiemberldsen np tdre ibarershAatk
facing the outer plane of the first reflecting nenber and constituting a
refl ecti ngoutdeal rsysten gihmmartfeormadileanss i nner side of a tubul ar body,
to thereby incorporate an illumnation-uniformty optical systemthat

al | ows t he 18| unifPate*Regunshaniansddas af £laimadadde cladsy e ¥hSat84den t he
first reflecting nmenber and the second  reflecting menber wthin the
i 11 umi nati dMeopiiingtamontsion syshamh PG TRfSEIMT RpEFRERf st ur e
W eh an i1 I S T A AT TRV A O ARE Y Sk onto
2 Sustrat SIk i TP AR O A MR LA Y Sy ertD gD o
[):]; l_ gﬁ;'pgg t@lea%ear—%ec{ egﬂi?fédlngss}g)ceerﬁ léﬂﬁnﬂ?é 'ﬁbdd@mpﬂéﬂ rlaié]fr‘ent
are exchanged for each other and disposed on the optical
10 axis of the illumination 1light.
19. An exposure apparatus as claimed in claim 18, wherein
the 1llumination optical system contains an optical
integrator disposed on the optical axls of the illumination
light by being exchanged for the bar-shaped optical system
15 or the second bar-shaped optlcal 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, 1n accordance with a pattern on the mask.
20 20. An exposure apparatus as claimed in any one of claims
1 to 19, wherein the exposing illumination light contains
vacuum ultraviolet light or X-rays.
21, An exposure apparatus as clalmed in any one of claims
1 to 19, wherein the exposing illumination light contains X-
25 rays having a central wavelength of 5 to 15 nm.
22, 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 exposlng
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optical system and aligning and | ocating the bar-shaped optical system on
25 the optical axis of the illum nation optical systemso as for the
illumnation |ight passing through a clearance provided between the first
and second reflecting planes to be left fromoutside of a partial region
" containing the - 46 optical axis on the light-1eaving plane of the
bar-shaped optical system 24. A nethod for manufacturing a predeterm ned
device using an exposure apparatus as clained in claiml or 8, 5

conpri si ng ithenmSin@t 1&n ks Erom Gl lilwmgaadfion paitieal syeterd on the
mask onto the substrate via the exposure apparatus.
comprising:
locating within the illumination optical system a
first reflecting member having an outer plane constituting a
5 reflecting plane in a planar form on the outer side of a
columnar body and a second reflecting member enclosing the
first reflecting member, the second reflecting member having
an inner plane facing the outer plane of the first
reflecting member and constituting a reflecting plane in a

10 planar form on the inner side of a tubular body, to thereby
incorporate an illumination-uniformity optical system that
allows the illumination light to pass in a clearance
provided between the first reflecting member and the second
reflecting member within the illumination optical system.

15 23. 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:

20 preparing a bar-shaped optical system having a first
reflecting 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

25 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
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optical axis on the light-leaving plane of the bar-shaped
optical system.

24. A method for manufacturing a predetermined device
using an exposure apparatus as claimed in claim 1 or 8,
comprising the step of transferring an image of a pattern
formed on the mask onto the substrate via the exposure

apparatus.



