FPO7-0016- 00 DESCRI PTI ON REFLECTI ON- TYPE PRQIECTI ON OPTI CAL SYSTEM AND
EXPOSURE EQUI PMENT PROVI DED W TH SUCH REFLECTI ON- TYPE PRQIECTI ON OPTI CAL
SYSTEM 5 Techni cal Field [0001] The present invention rel atesFP®7a0016-00
reflective projection optical system and an exposure apparatus with the
reflective projection optical system and, for exanple, relates to a
reflection type projection optical systemsuitably applicable to X-ray

proj ection exposure apparatus for 10 transferring a circuit pattern on a
mask onto a photosensitive subst HESCRIPTHONri rror projection nethod with
X-rays (EUV light). Background Art [0002] The conventi onal exposure

appar at us UREFLECTEMN-TYPRRROIECEHDODoOPIICAL SXSTEM & he |i ke is
arranged to project and transfer a 15 circuit pattern forned on a nask
(reticle), WGEUR&EQ[MBBR@HDEBWMUGH REFLEEAIONv e
substrate such as a wafer. The hot osensitive substrate is coated wth a
resist, and ”EYBEER[HEG’EI@N@EE%CM@SH&STEMi on exposure |ight guided

t hrough the projection optical system to obtain a resist pattern

cor r €spondi rkechmicakFieddk pattern. 20 The resol ving power Wof the exposure
apparatus is dependent upon_the _wavelength X of the exposure |ight and the
nunmeri cal af@P0i} dheapresenhdnventigecelates tpei reflectivet prajeefton ©péest essed by
Eq. (a) below W= KX/ NA (K constant), gg [ 0Q03]. Therefqre, in order to
i npr ove t he sysksanvand)apsxposare amatzswé gretlg ‘é@m%ptwnqpiwﬁgcessary
to decrease the wavel ength X of the exposutrle light or to increase.the
numeri cal ap¥Ftenn.eamnh for exsaple, relates fo a retlection type projection optical

system suitably applicable to X-ray projection exposure apparatus for
10 transferring a circuit pattern on a mask onto a photosensitive substrate
by the mirror projection method with X-rays (EUV light).
Background Art |
[0002] The conventional exposure apparatus used for fabrication of -
semiconductor devices and the like is arranged to project and transfer a
15 circuit pattern formed on a mask (reticle), through a projection optical
system onto a photosensitive substrate such as a wafer. The
‘photosensitive substrate is coated with a resist, and the resist is exposed
to projection exposure light guided through the projection optical
system, to obtain a resist pattern corresponding to the mask pattern.
20 - The resolving power W of the exposure apparatus is dependent upon the
wavelength A of the exposure light and the numerical aperture NA of the
projection optical system and is expressed by Eq. (2) below.
W =K-A/NA(K: constant) (a)
[0003] Therefore, in order to improve the resolving power of the
25 exposure apparatus, it is necessary to decrease the wavelength A of the

exposure light or to increase the numerical aperture NA of the



FPO7-0016-00 projection optical system In general, it is difficult in
terns of optical design to increase the nunerical aperture NA of the
projection optical systemover a predeterm ned val ue, and t hBERO7t00 6400be
necessary to further decrease the wavel ength of the exposure light. For
exanple, 5 when the exposure light is a KrF exciner laser with the
wavel ength of 248 nm the resolving power achieved is 0.25,u m when the
exposure light is an ArF excinmer laser with the wavel ength of 193 rim the
resol vi ng ppnejectioni eptéchlisystem. ali general eiftsis difficudk ameres af ophieal
wavel ength of 13 nm 10 [0004] Incidentally, when X-rays are used as the
exposure | i glesign teeimcrease the nhorerical apestnre NAgfole pegjectiore opticahor a
refracting optical material available, and it would |ead to use of a
reflective shstenaravense pedetermiiddeyalues andijthes ibwidpbe dzgcessayetd  The
conventional projection optical systens applicable to the exposure
appar at us udurthexdesteasashenwavelengiv ofiithe| sxposuradighe Koy £xampleot
reflective projection optical systens as prﬂposed, for exa

ith &

Biee
Japarese Patvéin fpprxpesurerightiig aokeh aysimen laser 3y ﬁm‘@ggm@h of

corresponding to U._ S Pat, No. 5,815,310), _Japanese Patent Application
“Lai d- open N&: 82mm-thggesczlvmg)ppmmcgw%%rsr @<5gnaunyhes tﬁe SEPOSPEE  No.

6, 710,917), .and so on. 20 Di,sclosure of,  the Invention Prqhl.ens tg be Sol ved
by the | nveMEbrS] aB0BTE| sRaimer, BEeE vith ohs: SfAelSngin opt 194 gy, fhem
disclosed in U, S. Pat. No,.5, 15,2&}3 as a canvent.i onal exanple of the
reflective FE¥IEHIS BPWeHAcRigves it dInldomBoSEdess, £o% TxmRe: idtgthe rrors,
however, the siei 25 reﬂ{(jcting mrrors all are configured with a reflecting
surface of AV rQic'al Whape, and thus fabrication thereof requires such

st R @ 2 [0004] Incidentally, when X-rays are used as the exposure light, there is

neither a transmitting optical material nor a refracting optical material
available, and it would lead to use of a reflective mask and use of a
reflective projection optical system. The conventional projection
optical systems applicable to the exposure apparatus using X-rays as the

15 exposure light include a variety of reflective projection optical systems
as proposed, for example, in Japanese Patent Application Laid-open No.
9-211332 (application corresponding to U. S. Pat. No. 5,815,310),
Japanese Patent Application Laid-open No. 2002-139672 (application
corresponding to U. S. Pat. No. 6,710,917), and so on.

20. Disclosure of the Invention
Problems to be Solved by the Invention
[0005] In the reflective projection optical system disclosed in U. S. Pat.
No. 5,815,310 as a conventional example of the reflective projection
optical system composed of six reflecting mirrors, however, the six

25 reflecting mirrors all are configured with a reflecting surface of an

aspherical shape, and thus fabrication thereof requires such steps as



FPO7-0016-00 normal aspheric processing (grinding, polishing) and

measur enent, necessitating a lot of |abor, tine, and cost. [0006] In the
reflective projection optical systemdisclosed in U S. Pat. FRO7-G)16-00917
as a conventional exanple of the reflective projection 5 optical system
conposed of eight reflecting mrrors, the sixth reflecting mrror anong the
eight reflecting mrrors is forned as a spherical surface. This exanple of
U S Pat. No. 6,710,917 adopts the optical system having two internedi ate
i mages bet waenmiaheasphesicd paocessing dgrinding c pohishmig) r and medsiremesdn t he
sixth and seventh reflecting mrrors, 10 and the sixth reflecting mrror is
a refl ect or neesssigtinguskotioddaor, (e, @nd ¢ost.a regi on where rays contributing
to imaging are reflected on the reflector, and which is also called an

ef fective r {0006 Imthe reflentive priojeciion opbealtsystemnrdisalosesd axls S.\Wadn t he
sixth reflecting mrror with the use region distant fromthe_ optical axis
is formed aNa 69H6%Chlassuchnventionaliexawpbnes thasiedlective iprojredion he si xt h
reflecting mirror with an interferometer. The reason is that_inspection of
asphéri ci t y optical sysiemi earappsgbateightiyetlesting malrness, the 3Kth rafleatiatg on i s

| ocated farther off the _ optical axis. [0007] However, the reflectjve

proj ecti on SHITQ@apmORG $he reight wefleciong rpbirers dsdormed 83 e SPNGECA anet er

of the sixth reflecting mrror c s as_| e near 8Q0mm I

addi ti on, isuﬁag%tsmexﬁmpieeofﬁagrﬁ’@t@g But W0-D17 alopis the pticak o i mges
Z1l, Z2 in order tgl secure the usge region cbose to the axi(g far as, many
reflecting RYFEBE Saxmng pwesingiraediate images batween the sepandiang thiggh ¢ he

a5 near 2 nSBRFE niricbs ARG HeEeER ghP SRR BHETU (ERECURS FEATOTSy ot om
beccirgas | ar. dnd thg si):()’th reflecting mirror is a reflector having a use region (which
is a region where rays contributing to imaging are reflected on the
reflector, and which is also called an effective region) at the most distant
position from the axis. When the sixth reflecting mirror with the use
region distant from the optical axis is formed as a spherical surface, it
15 becomes easier to inspect the sixth reflecting mirror with an
interferometer. The reason is that inspection of asphericity with the |
interferometer becomes harder as the use region is located farther off the
optical axis.
[0007] However, the reflective projection optical system has the
20 problem that the effective diameter of the sixth reflecting mirror
becomes as large as near 800mm. In addition, it adopts the thrice
imaging system with two intermediate images Z1, Z2 in order to secure
the use region close to the axis for as many reflecting mirrors as
possible. For this reason, the distance from the object to the image
25 (object-image distance) inevitably becomes as long as near 2 m and it

also has the problem that the entire optical system becomes larger in



FPO7-0016-00 scale. Since each reflecting mrror under a stricter

requi rement for manufacturing error is an aspherical surface, the
projection optical system when actually fabricated, is |ikeFgov@0di6we)
rise to aberration due to manufacturing error, and there is another
problemthat it is difficult to 5 fabricate the projection optical system
as designed. [0008] The present invention has been acconplished in view of
the above-described problens and an object of the present invention is to
provi de a rsfdlect Somce wpeh peflieeting ominpt | wradersy ssteofen areguiresiggitt for
reflecting mrrors at |east one of surfaces of which is formed in a 10
spheri cal smapafactdriagoptriongisaanwaspherioadi suyfayestibm poojeetdaneoptiealsi zes  of
the reflecting mrrors and the total |ength of the optical systemand to
drasti cal | ysystemaiwherhectualy fabdcated; imEkelystar givieanisef tthabemetion duanot her

obj ect of the present invention is to provide a projection optical system

i n which t hte meaguifacineng efrror, and theretiaainothesrproblans that ihis ddffigultdpaxed. 15
Still another object of the present invention is to provide an exposure
appabat us t fabrisiaththenprojedjacepiealysiamiassesignedof t he present invention
Is applied, so that it can ensure a high resolvi nIg power, for exanple,

usi ng X- r ay08]ekbo quresent; yventinpahas fhgensaccamplishad m ceevheiAhe 0009] I n
order to solve the ahove praqblens, a first aspect of the present . invention
provi des a ¥9ve @$Qfg3q51r Ertég@mmrybtanc@me@yﬁéﬁ@dﬁﬁﬁmsmﬁsnﬂengtﬁtto
reflecting mrrqors and_ adapted to forma reduced image qf a first, surface
on a secondPEi€@ca reflectiqn | IPei EORCHioN: (ORIFab pSYHEM fasag, e@ﬂﬁpri si ng:

The 111t SHIRAIBR BHEFOR diol5Aat 19960 PR BERGS: BT VG BPURCd gt A g an
! 95 of t hs?pﬂerll%c%'i S g;i)g fnd iagggtemg% ‘Lt\?\rr]'l%esl%aogr'ﬁqg %?srt]églc% redlice the sizes
of the reflecting mirrors and the total length of the optical system and to
drastically curtail the time and cost necessary for fabrication. Another
object of the present invention is to provide a projection optical system
in which the requirement for manufacturing error is relatively relaxed.
15 Still another object of the present invention is to provide an exposure
apparatus to which the projection optical system of the present invention
is applied, so that it can ensure a high resolving power, for example,
using X-rays as exposure light.
Means for Solving the Probiems
20 | [0009] In order to solve the above problems, a first aspect of the present
invention provides a reflective projection optical system comprising
eight reflecting mirrors and adapted to form a reduced image of a first
surface on a second surface, the reflective projection optical system
comprising: a first imaging catoptric system for forming an intermediate
25 image of the first surface; and a second imaging catoptric system for

forming an image of the intermediate image on the second surface;



FPO7-0016-00 wherein the first imaging catoptric systemhas a first
reflecting mrror M, a second reflecting mrror M2, a third reflecting
mrror M3, and a fourth reflecting mrror M4 in an order of FROVdHEL00f
light fromthe first surface side; wherein the second imging catoptric
systemhas a 5 fifth reflecting mrror Mb, a sixth reflecting mrror M, a
seventh reflecting mrror M/, and an eighth reflecting mrror MB 'in an
order of incidence of light fromthe first surface side, wherein at |east
one refl| ecwhegelmutifeafiestamaging atepiyict systémebad adfirst meflsctisg sowyor sed of a
spherical surface, and wherein the other reflecting surfaces are 10
conpri sed oMhsalsecondireflenting nerrorid2p adthaust reflectipg matros M3 eand achi eves
reduction in the maxinumeffective diameter of the reflecting mrrors
const it uti nfpurtle rpflegideg insirarpM4 dn asy erdan elhindidenageof dight fromgthe of the
optical system and prevents increase in_ the size of apparatus, [0010] A
second aspeéirstosuriaee pides awereiv dhe iseaopd dmaging astetpes sysemshap@ar at us
conprising: .an illum nation s%\%temfor illumpating a nmask set on the
firsd surfabiéth apdeeting memretiVve Hrssxbereldecting imirosyMbed seventlie fir st
aspect for projecting a pattern of t k onto.a p agsensitive
substrate s %ﬂ&@@@éaﬂas Mﬁac@ggﬁb@m‘émg BREE 32% 1pr eder|of a
preferred enbodi nent of the secqnd aspect, the ,illum natiaon system 20
conprises allGl e o ight il fite Skrfasgsside, YRS i 1AL OMng ¢ he
proj ection exposure of, the pattern of the mask is eff.ected on fh
bhot osensi t TSHECHRgs piTfece among i alhy o g TR MITERTS  SORRRRSeth 8 ghe
phot osensitive substrate to the refl.ectjve projection optical system
B ect of ¢ HRGTRAnSHEACes aush aheria. by | olieh, deBreingl sbBeet | & syst em
gg%.ﬁ?spagsgﬁpbgéﬁgb{f ?ﬁﬂ)haegloc% Sstrtsces” ©Ghe ™ Io_]ne%ti%?lt Io(i)%{ca? yss}tfs%nm
achieves reduction in the maximum effective diameter of the reflecting
mirrors constituting the projection optical system and in the total length
of the optical system, and prevents increase in the size of apparatus.
[0010] A second aspect of the present invention provides an exposure
15 apparatus comprising: an illumination system for illuminating a mask
set on the first surface; and the reflective projection optical system of
the first aspect for projecting a pattern of the mask onto a photosensitive
substrate set on the second surface, to effect exposure thereof. In a
preferred embodiment of the second aspect, the illumination system
20 - comprises a light source for supplying X-rays as exposure light, and the
projection exposure of the pattern of the mask is effected on the
photosensitive substrate, with relative movement of the mask and the
photosensitive substrate to the reflective projection optical system.
Effect of the Invention
25 [0011] The reflective projection optical system of the present invention

adopts the twice imaging optical system comprising the reflecting



FPO7-0016-00 mrrors at |east one of surfaces of which is fornmed in the
spherical shape, whereby it achieves reduction in the size of the
reflecting mirrors and in the total length of the optical syEP8HmOH&-60t s
relatively easy processing (grinding, polishing) and neasurenent of the
surfaces of the 5 reflecting mrrors, assenbly, and adjustnent, and
drastically curtails the tinme and cost for fabrication. In the reflective
projection optical systemof the present invention, the surface of the
reflecting mirmows atilehst ene evfasusfacss lof gwhiclyds fermad imothenspherealuri ng
error is fornmed in the spherical shape anpbng_ at | east eight reflecting
mirrors, whehapsy whereby it achieves tasuspiondal thesizeod the reflacgingansuesscy
requi renents can he relatively readily fabricated. [0012] By applying the
reflective pndjisctheotrtabiéngth ef shemnsical rystesne permits Yy €%t he
exposure apparatus, it_.  becones feasiggﬁ to use X-r ﬁ; as exposuyre |ight.
b obthe

In this casprogeassings(gringing. prlinpgbhaas measysement sgdagsso d
xpoSur e of FIRSHE FaATORSHAE bl SR OIHEBliored havtaalt CTLR it e. s o
xposur e coMEM (KOSt gT L WPrSataR nolrxbBS UL EC e pERIESUon; PRAGANI gh
(O awvi 1o SchBYREICAT 17 WRSSRg VST BOR 5L F TGP e eeBEONEOE UM at us
howi ng 4 pRSFIAUBRY Tk PAGBEThGRR SaAu SRR R0 &t ficmed Befion (or
effective sPherica srhea%ieogl)noilg at ‘fea%? ea}gh%feﬁécﬁr?é] (%Iutri'lgrs?%flgrae y2 > O
10 reflective optical system with high accuracy réquirements can be
relatively readily fabricated.
[0012] By applying the reflective projection optical system of the
present invention to the exposure apparatus, it becomes feasible to use
X-rays as exposure light. In this case, the mask and the photosensitive
15 substrate are moved relative to the projection optical system to effect the
projection exposure of the pattern of the mask on the photosensitive
substrate. As a result, highly accurate micro devices can be produced
under a good exposure condition, using the scanning exposure apparatus
with a high resolving power.
20 Brief Description of the Drawings
[0013] Fig. 1 is a drawing schematically showing a configuration of an
exposure apparatus according to an embodiment of the present
invention. |
‘Fig. 2 is a drawing showing a positional relation between an

25 arcuate exposure region (or effective exposure region) formed on a

wafer, and the optical axis.



FPO7-0016-00 Fig. 3 is a drawing showi ng a configuration of a projection
optical systemaccording to the first exanple of the enbodinent. Fig. 4 is
a drawi ng showing coma in the projection optical system of tRPO7LOGEL6-00
exanple. 5 Fig. 5is a drawing showing a configuration of a projection
optical system according to the second exanple of the enbodinent. Fig. 6 is
a drawi ng showi ng coma in the projection optical systemof the second
exanple. Fig. 7 is a drawing showi ng a configuration of a projection 10
optical system acFEig.dBng aogﬂarvénghshmmgmpbenﬁgutaﬁh)mmfoalipmjnctidﬁ g. 8is
a drawi ng showi ng coma in the projection optical systemof the third
exanpl e. Fi gptigal systemtramsordingttovhe dirst examplguoithe @mbédiangntoj ect i on
optical systemaccording to the fourth exanple of the enmbodiment. 15 Fig.
10 is a drawi ng sHigni hgiscendrawinghshpwingcwoma iopthe girojesione apticak he
fourth exanple. Fig. 11 is a drawing show ng a configuration of a

proj ecti on sygeicef tholrseéexamypdeding to the fifth exanpl e of the

enbodi ment. Fig. 12 is a drawing showi ng coma in the projection optical 20
syst @m of the fifFig.eXaphedramigg almwm&adﬁenﬁggr@mmijga@r@dﬁﬁtmm ation
of a projectign _optical systemaccording to the sixth exanple of the
enbodi nent . optigal systers agcardingdg thesef @wfwfﬂ@ @ﬁgpagﬂf:% opt i cal
system of the sixfh exanple. 25 Fig, 15 is a drawi.ng showing a ..
configuration of Hifr®jchi drawisg: Shawing a3 48 Bl imgIctionn epEedknt h

exanmpl e of the enbodi nent. .7
P system of the second example.

Fig. 7 is a drawing showing a configuration of a projection
10 optical system according to the third example of the embodiment.
Fig. 8 is a drawing showing coma in the projection optical
system of the third example.
Fig. 9 is a drawing showing a configuration of a projection
opﬁcal system according to the fourth example of the embodiment.
15 Fig. 10 is a drawing showing coma in the projection optical
system of the fourth example.
Fig. 11 is a drawing showing a configuration of a projection
optical system according to the fifth example of the embodiment.
Fig. 12 is a drawing showing coma in the projection optical
20 system of the fifth example.
Fig. 13 is a drawing showing a configuration of a projection
optical system according to the sixth example of the embodiment.
Fig. 14 is a drawing showing coma in the projection optical
system of the sixth example.
25 : Fig. 15 is a drawing showing a configuration of a projection

optical system according to the seventh example of the embodiment.



FPO7-0016-00 Fig. 16 is a drawing showing coma in the projection optical
system of the seventh exanple. Fig. 17 is a drawing showi ng a configuration
of a projection optical systemaccording to the ei ghth exanpFROBOX100
enbodinent. 5 Fig. 18 is a drawing showi ng coma in the projection optical
system of the eighth exanple. Fig. 19 is a drawi ng showi ng a configuration
of a projection optical systemaccording to the ninth exanple of the
enbodiment. Fig. 20 is a drawi ng showing coma in the projection _optical 10
system of the ni nFig.ekarpl & drawpg Zhomdngrcammaninl thofprejectioncopticalof a
techni que of fabricating sem conductor devices as mcro devices. Best Mde
for Carryi ngyssem affthelseventti exarip®14] In the refl ective projection optical
system of the present 15 invention, light froma first surface (object
pl ane) travel s thFigugh/ asfa dsawingrshowipg & epufiguralien eh Lprewctionm an
internedi ate i mage of the first surface. Then the |light fromthe
i nt er medi at eptiealgystsm ageording to $he eighth examplel of the ggwbodi@ent.r st i magi ng
catoptric system d travels through a ,second inaging catoptric_system &
to form an i mage btg the i@ idsewing shaveang reqia (in thejprerciivngepi¢al he fir st
surface) on a seco surface (ijpmage plane). [0015] The first inmaging
catoptric s§%&t@ﬂ1@2t%ﬁ§lgéﬁhp@?éﬂpg$ afirst reflecting mrror ML for
reflecting the I|i gt ]&omt e first surface, second reflecting mrror M
[

for roflecting t 45 o Srawing: SBAWInG & PPEfieHEAticl ol ot iRGISHIORor M . a
Second ref | BBURAGYNIGR GFONBInG 0 0 FOh ERaRENP OE (hgmipdimient. O |
Fig. 20 is a drawing showing coma in the projection optical
10 system of the ninth example.
Fig. 21 is an example of a flowchart of a technique of
fabricating semiconductor devices as micro devices.
Best Mode for Carrying out the Invention
[0014] In the reflective projection optical systém of the present
15 invention, light from a first surface (object plane) travels through a first
imaging catoptric system G1 to form an intermediate image of the first
surface. Then the light from the intermediate image of the first surface
formed through the first imaging catoptric system G1 travels through a
second imaging catoptric system G2 to form an image of the
20 intermediate image (a reduced image of the first surface) on a second
surface (image plane).
[0015] The first imaging catoptric system G1 is composed of a first
reflecting mirror M1 for reflecting the light from the first surface, a
second reflecting mirror M2 for reflecting the light reflected on the first
: 2l5 reflecting mirror M1, a third reflecting mirror M3 for reflecting the light

reflected on the second reflecting mirror M2, and a fourth reflecting



FPO7-0016-00 mnor M4 for reflecting the light reflected on the third
reflecting mrror M3. The second i mging catoptric system &G is conposed of
a fifth reflecting mrror Mo for reflecting the Iight fromtB07-0016-00
intermediate inage, a sixth reflecting mrror M6 for reflecting the |ight
reflected on 5 the fifth reflecting mrror M, a seventh reflecting mrror
M/ for reflecting the light reflected on the sixth reflecting mrror M,
and an eighth reflecting mrror MB for reflecting the light reflected on
the sevent miredd Mt forgrefiecting the light oaBected rarn thel thitdreflestinpefineot i ng
surface of the fourth ref|lecting mrror 10 M4 or the fifth reflecting
mrror Mo i Mpr efldreapegorsbimagingdcaspptic sptteni €8 isoomposed e fiddson i s
that the fourth reflecting mirror Md or the fifth reflecting mrror Mo is
a partial niradecting tmagor { Mémfongetpeting| theatight affem shenpeanediate a part
of an annul ar shape, which used to cause difficulties in every step of

pol i shing, imegechisskth reflacting wirrpeMe dor netlecting the light rellectad i on

Ther ef or e, en is reflecting surface is onprised of ,a spherical

surf ate, it\gg"ec@hgsr@fﬁﬁ%ﬁ%él}qu pdps G seveRin retlegiing Inysey dWi/ndor

I nspection, apgd assenbly, and it brings about reat . cost__redyction.
[0017] Pref & %(rty}galh%rléhtﬁs grigd: on ¢é&nﬁn@f% stnigfof Mpeand i 20
surface of a,reflecting mrror w a rel at.ively high requirenment for
manuf act uri § rm%?% m%rem%&oa fé’gﬁ’@Fmga b b detidpisd Saffte, the
requi renent for H‘an facturin rror is severe in areflecting mrror wth
a large angPEVdtt ifﬁﬁﬁeﬁﬂgén%'?or eamto the reflecting mirror and in a

the beam colt01ELPRHIFHE i refFling spPiepdht therGurf TellSErE BB abl ¢ (o
comyy se Sugha®of $he CRRN" fefldthny Rirdt MECL $RbrefabIl 2 Smptitea’ SFF" 1S O
spherical surface. The reason is that the fourth reflecting mirror M4 or
the fifth reflecting mirror M5 is a partial mirror farthest from the optical
axis and is shaped like a part of an annular shape, which used to cause
difficulties in every step of polishing, inspection, coating of reflecting
15 film, and assembly. Therefore, when this reflecting surface is
comprised of a spherical surface, it becomes very easy to perform such
steps as polishing, inspection, and assembly, and it brings about a great
cost reduction.
[0017] Preferably, among the eight reflecting mirrors, a reflecting
20 surface of a reflecting mirror with a relatively high requirement for
manufacturing error is comprised of a spherical surface. For example,
the requirement for manufacturing error is severe in a reflecting mirror
with a large angle of incidence of a beam to the reflecting mirror and in
a reflecting mirror with a small area of a region (effective region) where
25 the beam contributing to imaging is reflected, and it is thus preferable to

comprise such a reflecting mirror of a spherical surface. The reason is



FPO7-0016-00 that the reflecting mrror with the severe requirenent for
manuf acturing error will give rise to relatively large aberration if the
shape of the reflecting surface deviates even a little from BRO7e@&l6-00
desi gned shape, and that it will result in degradation of final inmaging
performance. 5 Since the spherical shape can be processed wi th higher
accuracy than the aspherical shape, it is relatively easy to fabricate the
hi gh- accur acy oj ection optical system Therefore, it becones feasible to
fabricate fSﬁd‘F Hecting nviprarcuithdhe sewenst rﬂ%ﬁeﬁlﬁ‘ﬂ fgnmanuipctusng acy.
[0018] In the present, invention preferably a distance d| between the 10
first surfaceroanwilgiveirise tperelatvalyiglarge rfﬁlem@ltm@atf the sbapelf 819 owi ng

condltlon(l) 700 mm <d1 I f the di is snaller t t he | ower
linit of Cokellecting sgqi‘ﬁceai%n%s @wenr&iﬂ‘aﬁc Olé'lf andglé éeﬁlgéegé‘v?lﬁﬁéil ng

surface will Re too, | at 5 to well, conpens for enmerging aberration.
[0019] In tRAB pﬂ@ie’ﬁtwillg\@ﬁ‘lhto]ﬁl dpgeadation) ¢ rfl ﬁnfﬁl Ypagke Hﬁrfgi'@@ﬂf’ﬁe first
reflecting ror M E e .second eflectln mrrr M2 satisfi t he

f ol I @i ng cOW flm sphsricalcghaps ey e(PzPC%S Acurasy T e | er

than the | ower Ilmt f Condi t.i on 2 a e i.nc nc rays to the
reflecting rigal shgBes s Fala xsm&t?sfe@ﬂ%ﬁs%?}lgﬁracsﬁﬁq ng
aberration. [002 In .t sent tlon refer tan e d3 from
fhe ' secondPFa 8%9.%1%?&95 i o fRpBRe st dpr B

satisties ﬁ?e f)pq]ectlon owhggl é:y%?éjmtat ‘fcr)lw(c?’c?s’t ané%nfpacgur%%y( 3). 10

[0018] In the present invention, preferably, a distance d1 between the

10 first surface and the first reflecting mirror M1 satisfies the following
condition (1):
700 mm <dl (1).

If the distance d1 is smaller than the lower limit of Condition
(1), angles of incidence of rays to the reflecting surface will be too large

15 to well compensate for emerging aberration.

[0019] In the present invention, preferably, a distance d2 from the first
reﬂecting. mirror M1 to the second reflecting mirror M2 satisfies the
following condition (2):

450 mm <d2 (2).

20 If the distance d2 is smaller than the lower limit of Condition
(2), angles of incidence of rays to the reflecting surface will be too large
to well compensate for emerging aberration.

[0020] In the present invention, preferably, a distance d3 from the
second reflecting mirror M2 to the third reflecting mirror M3 satisfies

25 the following condition (3):

570 mm < d3 (3).

10



FPO7-0016-00 |If the distance d3 is smaller than the lower [imt of
Condition (3), angles of incidence of rays to the reflecting surface wll
be too large to well conpensate for energing aberration. [OOERD7W{E6-0De
projection optical systemis configured as described 5 above, it can
ensure adequate optical performance even if any surface of reflecting
mrror is conprised of a spherical surface out of the reflecting mrrors
of the first reflecting mrror M to the eighth reflecting mrror M.
[0022] An apertur&f ﬂlmgls&&desdbnefsgn@]&wthmc&eebw limit ©f Ganditiom
reflecting mrror M because interference of beans can be adequately

avoi ded and (Bheamgles of insedericeofirayade ithe refleating srfags wilk bgitapdarges” of the

reflecting mirraors of the first inmmging optical system In this case, the
| ocation of t@ weelhpempgnsate fonemerging absyration. nmedi atel y before the
reflecting mrror, and it thus becones not easy to keep_a gqod hal ance 15
bet ween uppé@o%b}ravb%th%\Dé@Je@Bﬁﬁ.OEMQYSIQWSIE&W&%(&H%,%S esqrereght |y | ong
di stances are secured for th di stance dl _between the first surface and
the first rebpuect ﬁ@nwmracfaquatq ARUgRlpefranancestancld RNyHIrfagese
reflecting m'éror and the second r?,fle tin m'rfror M2, .and the distance d3
bet ween t he Felle@e PUFIOE S PomPIGediq; r%$Pi%ﬁ§H3 rerfess put pEthHSENE rror 1B,
wher eby angl es of incidence .of,rays to each reflecting.mrtror can be kept
orml © - and CPSEE offbe et srsting et e h b Dt TEARES Gt or
corrpensatio&[éor aberration. [0024] In the present invention, preferably, a
ratio of th oregoing distances dl and d2, dl/d2, satisfies the foll ow ng

condi t1on (14,20 ok SIKASZ 5ok %4l ey Bblel® o Ind el O
10 reflecting mirror M2 because interference of beams can be adequately
avoided and because it permits reduction in the effective diameters of
the reflecting mirrors of the first imaging optical system. In this case,
the location of the éperture stop is limited to immediately before the
reflecting mirror, and it thus becomes not easy to keep a good balance
15 between upper coma and lower coma.
[0023] In such a case, sufficiently long distances are secured for the
distance d1 between the first surface and the first reflecting mirror M1,
the distance d2 between the first reflecting mirror and the second
reflecting mirror M2, and the distance d3 between the second reflecting
20 mirror and the third reflecting mirror M3, whereby angles of incidence
of rays to each reflecting mirror can be kept small and rise of aberration
is well suppressed to enable good compensation for aberration.
[0024] In the present invention, preferably, a ratio of the foregoing
distances d1 and d2, d1/d2, satisfies the following condition (4):
25 1<dl/d2<1.9 (4).
If the ratio is off the range of Condition (4), the balance will

11



FPO7-0016-00 worsen between upper conma and | ower coma so as to nake
conpensation difficult. [0025] In the present invention, preferably, a
ratio of the foregoing distances d3 and d2, d3/d2, satisfiesRRY-0016-64 ng
condition (5): 5 1.1 <d3/d2 < 1.5 (5). If theratio is off the range of
Condition (5), the balance will worsen between upper coma and | ower coma
so as to make conpensation difficult. [0026] Wen the projection optical
systemis configured as described 10 above, it can ensure adequate optical
per f or mance woren; fbatweeni pper r epmactandy lewerorcavsai soc@spripsatals a
spherical surface. 0027lﬁl n the present invention, distortion can be well
conpensat ed QQSHPGIW‘ tthe configuration of f or ni ng t he reduced i mage

of the first surfacgwgn the second surface hy tw ce |rra in |t
feasi bl e to [R8ep] 18 presengueye@mom,epr%f@rabm af ratuy o1t @wgoa%

reflectors of. the fi ef I n rror fhe secand reflecting mrror
and angl es dLStaPEW rd’%&/&ssa%ﬁgﬁﬁmfef(ﬁg?wmﬁ‘%ﬁn te8i(@¥ them e.g.
fromthe third relf H@g m. r or E 028] By adopting the arrangenent as
descr+ bed above, i't ST B 0 reduce the maxi mum di arret er of the

reflecting mrror dt ap |ately ref | rror and
the aperture stopif%ﬁﬁtrﬁgﬂtls el‘a&gebfégﬁﬂ; ?glge bfl Cﬁf Hhci dence
of rays to the thir reflectlng mrror are ke t smal |, s feasible
to keep srraIW(’{SﬁEf t@%?‘@‘é‘?l VEPET affBtiér o2 r 8P &St |tﬂg rﬂﬁ”‘]fer or M,
which tends to Pave ﬁ.%ﬂ{ge effectlve di aneter. [0029] As descri bed
above, the &Pé’%lé‘?ﬂsa lﬂyéh 18Hsuccessful | y realizes 12

[0026] When the projection optical system is configured as described
10 above, it can ensure adequate optical performanee even if the sixth
reflecting mirror M6 is comprised of a spherical surface.
[0027] In the present invention, distortion can be well compensated for
by adopting the configuration of forming the reduced image of the first
surface on the second surface by twice imaging. It is feasible to keep
15 small angles of reflection of rays from the two reflectors of the first
reflecting mirror and the second reflecting mirror and angles of
reflection of rays from the reflector outside them, e.g., from the third
reflecting mirror.
[0028] By adopting the arrangement as described above, it is feasible to
20 reduce the maximum diameter of the reflecting mirrors and to
appropriately arrange each reflecting mirror and the aperture stop,
without eclipse of beam. Since the angles of incidence of rays to the
third reflecting mirror M3 are kept small, it is feasible to keep small the
effective diameter of the fourth reflecting mirror M4, which tends to
25 have a large effective diameter.

[0029] As described above, the present invention successfully realizes

12



FPO7-0016-00 the reflective projection optical system having good
reflection characteristics for X-rays as well and permtting good
conpensation for aberration while suppressing increase in thEP8VA¥1E-00he
reflecting mrrors. 5 [0030] In the present invention, preferably, an
effective dianeter My of each reflecting mrror ML-MB satisfies the
followng condition (6) in each reflecting mrror M-MB: 400 nm< My < 600
mm (6). If the effective diameter My is larger than the upper_ limt of 10
Condi tion (8&)¢ téfteasfveecpiojectitmnepticalbf systemr diavingi r@oﬁp rredlection] be t oo
| arge and the size of the optical systemw || becone |arger, which is not
preferred. Fhajactaristingeior -raymas wedl anchpermithing gaadecampensation i so smal |
as to cause degradation of optical performance, which is not desjrable.
[0031] Furt Aeifatien whale suppsessing énerease via therzerolbfthe neeflestingf | ecti ng
. mrrors is defined as MI and when a maxi num obj ect height on the object

pl ane is dePR&¥S.as HO a ratio Mp/HO preferably satisfies the follow ng

condition (7). < MI/HO < 4(7). If the ratio is_]arger,.than e per
lim® of co@ﬁifﬁoln t’ﬂaprqsmt mygntippeprsigrably.anelective dinmeter MeQing nirror

will be too | grge,and the, siz f _the qptical_ syst.emwl]. .bec | ar ger,
which is no@a%p defleeing mirrar, ML satishes the folleaving eamdifign: (6)iRe si ze
will be so smﬂl s .to cause fg&égdation of optical performance, which is
not desirabf& f@g%‘ﬂnglﬁmfrﬂlé% esent invention, preferably, when an axi al

‘mage(vat o) i sHORPIRCE e SO0 ED axi (65 di stance T satisiies the
following 13 If the effective diameter Mg is larger than the upper limit of
10 Condition (6), the effective diameter of the reflecting mirror will be too
large and the size of the optical system will become larger, which is not
preferred. If it is smaller than the lower limit, the size will be so small
as to cause degradation of optical performance, which is not desirable.
[0031] Furthermore, when a maximum effective diameter of the
15 reflecting mirrors is defined as Mg and when a maximum object height
on the object plane is defined as HO, a ratio Mg/HO preferably satisfies
the following condition (7):
2 <Mg/HO < 4(7).
If the ratio is larger than the upper limit of condition (7), the
20 effective diameter of the reflecting mirror will be too large and the size
of the optical system will become larger, which is not preferred. Ifitis
smaller than the lower limit, the size will be so small as to cause
degradation of optical performance, which is not desirable.
[0032] In the present invention, preferably, when an axial distance

25 (object-image distance) between the object (reticle) and the image
(wafer) is defined as TT, the axial distance TT satisfies the following

13



FPO7-0016-00 condition (8): 1350 mm< TT < 1800 mm (8). [0033] If the
distance TT is snmaller than the lower limt of Condition (8), it wll be
easier for the reticle and wafer to nmechanically interfere S5FRO7HQI&00
reflecting mrrors and the optical performance will also worsen, which is
- not preferred. If it is over the upper limt, the size of the optical
systemw || increase, which is not preferred, either. The optical system
is preferably provided with sone | ength because it can have good optical
per f or mance canditins@)keep smal | angl es of incidence of 10 rays to the
reflecting mrrors., _Since a sufficiently | arge distance nust be secured,
particularly, bet W& name<rlek <cl&mant hé8).ef | ecting nmirror closest to it

and between the wafer anpd the reflectjng mrror_closest tg iit _because of
the t hi ckne§@033] i thsoristapesetilcls smallpe tharkthe ower ligaihodLonditioRe back

side of each reflecting mrror, the_ aobject-inmage distance TT, has, 15 to be
set to sone?gbﬁéﬂ‘iﬁf%@ capet fphdhe f?tl%lﬁm%?%b%mﬁ q@jly; nterdersr er abl y

i st ance.  (SBftate rebesinal o sreRiil sBr Bemapce il d5o PIEHS | mage
blane 15 20 aEh PRGEOLBIalETeR: v A b 1 AveD A et i D o8 @i Eiecond t i on
0, TR ol 955 bR A B SR e 0 A,
rechan oo | ¢ LBCeS! STELULAR LR ad VGRS LOCTEH! Seoitd BB bAR .,
Upper 11 obe SAE S phiiea 00! LS oS YL  algIEl 33 Reidhled ot © !
10 rays to the reflecting mirrors. Since a sufficiently large distance must
be secured, particularly, between the reticle and the reflecting mirror
closest to it and between the wafer and the reflecting mirror closest to it
because of the thickness of a cooling device or the like to be located on
the back side of each reflecting mirror, the object-image distance TT has
15 to be set to some length for ensuring it, and thus Condition (8) is
preferably to be met.
[0034] In the present invention, preferably, when an axial distance
(object-image distance) from the object (reticle) to the image (wafer) is
defined as TT and when a maximum object height on the object plane is
20 - defined as HO, a ratio TT/HO satisfies the following condition (9):
| g < TT/HO < 15 ).
[0035] If the ratio is smaller than the lower limit of Condition (9), it
will be easier for the reticle and wafer to mechanically interfere with the
reflecting mirrors and the optical performance will also worsen, which

_25 is not preferred. If it is over the upper limit, the size of the optical

system will increase, which is not preferred, either. The optical system
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FPO7-0016-00 is preferably provided with sone |ength because it can have
good optical performance and al so keep snall angles of incidence of rays to
the reflecting mirrors. Since a sufficiently |arge distance nHBO7H¥)16-00
secured, particularly, between the reticle and the reflecting mrror 5
closest to it and between the wafer and the reflecting mrror closest to it
because of the thickness of the cooling device or the like to be |ocated
on the back _side of each reflecting mrror, the object-imge distance TT
has to be sét preferably psavideds vrthesome dength, besanseniis pamo‘fgqu igned( 9) s
preferably to be nmet. 10 [0036] In_the present_invention, in_order to

achi eve goo@ptisabpefarmance and alse keapissrall anglasrofmcidencepef wyis to
performance, the reflecting surface of ¢h reflectipng mrror |

preferably the fellecingnmigprer i SHIces Bapeliicigntly i lores | S@?ﬁﬁe‘pﬂ%%ﬁth
respect to the oaticaL afiﬁr nd a naxinun1,g$der %L an aspherical surface
defi ni ng ea8®#FWety Qartipylasly; f qeg e preticls d, the erallsatneo MuTYher . I n

the present jnvention, the optical yst is preferahly nearly telecentric
on t%e secoftPsesl tott angl between;the w iaﬂar EirehecRg n@ig&)ﬁﬁ?‘és,e H appli ed

to an exposuyre appagatus,. can hi eve .good iJragi n ven if the fer is
uneven in t @C%}é%t‘i%t[a'fe &Bﬁlﬂ%essd?afcﬁﬁ’ec%lgfgegw@ﬁ Q}'p&\eg]éﬁe é%@éﬁhcat\%% [ 0037]
When the projection, optical system of the prgsent. invention.is lied to
an’ exposur e OB tackeiasof soehl geficting mifrdtchehieni ey fistatea 1thi s “Case,
the mask and the,photosensitive substrate.are nov rel ative t he

proj ection g‘fﬁ 1R 41C §§fstoFG kﬂgﬁ%?%%?HW%&kia@ﬁe&’éQp@QHfl@% t%nbg pattern
of the mask_o %?gﬁ Ehg)tosepsitive substrate. As 25 a result, highly
accurat e ni BFYSN (BICIRR be fabricated under a good exposure condition,

usipg the Sf(%‘jﬁ]”ﬂl HP B?e%feﬁt ﬁ%%';[i%tnﬁn\grﬁgr & Bflve Jg%od compensation

for aberration to improve the optical performance, the reflecting surface
of each reflecting mirror is preferably formed in an aspherical shape
rotationally symmetric with respect to the optical axis and a maximum
order of an aspherical surface defining each reflecting surface is

15 preferably the tenth or higher. In the present invention, the optical
system is preferably nearly telecentric on the second surface side. This
configuration, for example, when applied to an exposure apparatus, can
achieve good imaging even if the wafer is uneven in the depth of focus
of the projection optical system.

20 [0037] When the projection optical system of the present invention is
applied to an exposure apparatus, X-rays can be used as exposure light.
In this case, the mask and the photosensitive substrate are moved
relative to the projection optical system to implement projection
exposure of the pattern of the mask on the photosensitive substrate. ~ As

25 a result, highly accurate micro devices can be fabricated under a good

exposure condition, using the scanning exposure apparatus with a high
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FPO7-0016-00 resolving power. [0038] In the present invention, preferably,
another reflective projection optical systemhas at |east eight reflecting
mrrors and is adapted to forma reduced i mage of a first suFPa¢ed{do-a0
second surface, and a 5 reflecting mrror with a relatively high

requi renent for manufacturing error is conprised of a spherical surface.
For exanple, a reflecting mrror with a relatively |arge angl e of

i nci dence of a beamto the reflecting surface or a reflecting mrror with
a rel ati vel yesohaing power. (effective region) where a beamcontributing to

I maging, is reflected on 10 the reflecting surface, is preferably conprised
of a spheri E¥I3&ukit thecpresamicinvention, peefi mgﬂy,tawth@ﬂr edleciivg pfpﬁc@mm th the
severe requirenent for _manufacturjng error, will give rise Iatlvely

| ar ge aber r @ptieal pysteme 3%H?ép]@a$ife reélfelcaagu WATOrR RAdelsd soeven a
little froman ideal designed that it wll result
degr adat i onfm a ﬁaduq%gmﬁgelgts Flf-"ér og; Ac¥cond @HE@-?Q c%d Zhape can

o1 B8 vl y Eilasing T cuh 4 Faal wpﬁhi@?%&i@é‘rﬁéﬁ B PERLBBRERE syt om
l?e{3&"235&%98‘?&?&3313@@@@% Sphgri %”C stas%fe BEFAUTRICOR TP igsont
Flo 1 1o AR WAD ScHIR aaaae%%%sba {‘sﬁppéﬁﬁ?ﬁ%""%'ﬂﬂ%? Grft posur o
2P i ng ARG BUAT (oRareLACh R m‘ﬂrg&? el m%é?%tné B@@E'rg 25 ¢
s N OB B coRf TR °&?t<?@$%fg§igb%r% BBl i <

16 19 the reflecting surface, is preferably comprised of a spherical surface.

The reason is that the reflecting mirror with the severe requirement for
manufacturing error will give rise to relatively large aberration if the
shape of the reflecting surface deviates even a little from an ideal
designed shape, and that it will result in degradation of final imaging

15 performance. Since the spherical shape can be processed with higher
accuracy than the aspherical shape, it is relatively easy to fabricate the
high-accuracy projection optical system. Therefore, it becomes
feasible to fabricate the projectién optical system at low cost and with
accuracy.

20 [0039] An embodiment of the present invention will be described on
the basis of the accompanying drawings. Fig. 1 is a drawing
schematically showing a configuration of an exposure apparatus
according to the embodiment of the present invention. Fig. 2 is a
drawing showing a positional relation between an arcuate exposure

25 region (or effective imaging region) formed on a wafer, and the optical

axis. In Fig. 1, the Z-axis is set along the direction of the optical axis
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FPO7-0016-00 of the projection optical system i.e., a direction of a
normal to the wafer Wbeing a photosensitive substrate, the Y-axis along a
direction parallel to the plane of Fig. 1 in the plane of th&EPOIEeH]s-OO
the X-axis along the direction perpendicular to the plane of Fig. 1 in the
pl ane of the wafer. 5 [0040] The exposure apparatus of Fig. 1 is provided,
for exanple, with a laser plasma X-ray source 1 as a light source for
suppl yi ng exposure light. Light emtted fromthe X-ray source 1 travels
through a wivke projentieriopticalsystem, ee.,2 diveetinreel amarinal it the madept i cal
system 3. The wavel engt h-sel ective filter 2 has such a characteristic as
to 10 sel ectW\kaipg ar pheiasensitive substuste, the X-prsatong aidieastipavparetHgl h (13.5
nm out of the Ii?ht supplied fromthe X-ray source_and bl ock Ii%lt of the
ot her wavel &xgagplan 12. % inaihe plave o the yeafer,iandothgnXtawds along the

wavel engt h-sel ective filter 2 travel via the il|lumnati optical system 3
conposed of diregtigpperpsngicular 4o the Pﬁ’f’é’l@i Wgﬁrﬁ- Arigrtse plang p ﬂmwaf@- a '
reflective k 4 in which a pattern .be transferred is fornmed. The mask
4 ishel d byORA0E exRgsuLe apza@raBJSeOﬁllQ‘tglgl %Bromge(ie’&meaﬁa,mgls, VAR its

e measur ed2HgSeDIAGECS BULtO WSSl 2 A LERGHONEF dbr SHAPDANS GREPSUER ar cuat e
the sk 4. DefbosHERt oTAIATbriORb HRSRCARY FRRIEF | iRy Esy HHOHE & vi a &
Lot B BRI R, IR AR BRG] ST,
cxposure " g ON SRS LU0, FERRPC) B, RN PHia B o ne
effaplive eposurs 89100 (&Y SEHyeor Y A% WaBcloh (35 5
nm) out of the light supplied from the X-ray source and block light of
the other wavelengths.
[0041] X-rays having passed through the wavelength-selective filter 2
travel via the illumination optical system 3 composed of a plurality of
15 reflecting mirrors, to illuminate a reflective mask 4 in which a pattern to
be transferred is formed. The mask 4 is held by a mask stage 5
movable along the Y-direction, so that its pattern surface extends along
the XY plane. Movement of the mask stage 5 is measured by an
undepicted laser interferometer. In this way, an arcuate illumination
20 region symmetric with respect to the Y-axis is formed on the mask 4.
[0042] Light from the mask 4 thus illuminated travels via a reflective
projection optical system 6 to form an image of the mask pattern on a
wafer 7 being a photosensitive substrate. Namely, an arcuate exposure
region symmetric with respect to the Y-axis is formed on the wafer 7, as
25 shown in Fig. 2. With reference to Fig. 2, the arcuate effective

exposure region (effective imaging region) ER with the X-directional
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FPO7-0016-00 |ength LX and the Y-directional length LY is set in a
circular region (image circle) IF with radius 9 centered on the opti cal
axis AX, so as to abut on the image circle IF. [0043] The waFR07-001%-68I d
by a wafer stage 8 two-dinensionally 5 novable along the X-direction and
along the Y-direction, so that an exposed surface thereof extends al ong
the XY plane. Mwvenent of the wafer stage 8 is neasured by an undepi cted

| aser interferoneter, as in_ the case of the mask stage 5. Wile the mask
stage 5 andlangshdaXeand shag¥é-diregtionablengthl b¥gist $&¢ i di ¢iestlavmegiondescri bed
above, i.e., while 10 the mask 4 and the wafer 7 are noved_al ong the

Y- di r ect i on(imeags: ¢ivele) &F witk rpdios e cederashon dhe opjisabaxis, AXc &0 asdposur e
(scanni ng exposure) js effected to transfer the pattern of the nask 4 into
one exposur abulcen dhe 1mage pclgdifer 7. [0044] At this tinme, where the

projection pagnification (transfer . 15 magpification) of_the projection
opti cal sys[@?ﬂ% Tb31Wﬂfefsyné%ﬁlﬁi@L}%Y %c‘ﬁﬁfﬂrnﬁﬂgg §e%W@ndi@@nSW h a
setting that a ppving speed_of. the wafer . stage i.s 1/4 of a, noving speed
of tRe nmaskmEV long; tﬁ@iﬁrﬁlﬁ@cﬁ%aagua@ngs%ee&'eé%r@@l%ﬁOtthétanrrensi onal

R G O O RIETRE AT R AT
each of exposure regipns on the, ,wafer 7. Spegific.confiqgurations. of the
ot o] ect i on’ BRLCsPEETEAISHIN] bY Fat Hadepichah 45eF SR aTiELFe ABriBe. (o ¢ he
ystem 6 | sTECHISQBHUR sk PREE 3l o Rk SHA65 2 GRACHST SR or mi ng an
ot et oL 6L T0E 850l JARaRLPieRiob Rl BRSNS BT LS
maskgpatterf e d8ck 4 and the wafer 7 are moved along the Y-direction relative to
the projection optical system 6, scan exposure (scanning exposure) is
effected to transfer the pattern of the mask 4 into one exposure region
on the wafer 7.
[0044] At this time, where the projection magnification (transfer
15 magnification) of the projection optical system 6 is 1/4, synchronous
scanning is performed in such a setting that a moving speed of the wafer
stage 8 is 1/4 of a moving speed of the mask stage 5. As scanning
exposure is repeated with two-dimensional movement of the wafer stage
8 along the X-direction and along the Y-direction, the pattern of the
20 mask 4 is sequentially transferred into each of exposure regions on the
wafer 7. Specific configurations of the projection optical system 6 will
be described below with reference to the first to ninth examples.
[0045] In each example, the projection optical system 6 is composed of
a first imaging catoptric system G1 for forming an intermediate image
25 of the pattern of the mask 4, and a second imaging catoptric system G2

for forming an image of the intermediate image of the mask pattern
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FPO7-0016-00 (secondary inmage of the pattern of the mask 4) on the wafer
7. The first imaging catoptric system Gl is conposed of four reflecting
mrrors M-M and the second i nmagi ng catoptric system & is &ERGe8d6c00
four reflecting mrrors Mb-MB. 5 [0046] In each exanple, at |east one
reflecting surface anong the eight reflecting mrrors is forned in a
spherical shape. In each exanple, an aperture stop is |located i mediately
before the second reflecting mrror M. The aperture stop AS nay be
arranged i n (seeandaryvimage: ak the pattem iofgheimask 4ypowtheswafer (7. Flhe her nor e,
I n each exanple, the 10 projection gptical system6 is an optical system
tel ecent ri c &5t tRAZNE eatopBicsytemegd isicemposedod Aour fedexlne mumore, t he
third refl egtj irror M3 is |ocated as directed toward the first
reflecting :Mrlr pnd; thet speopgdalieagingecaippiec sysigm Gf uhmpesadyor i ni t ed
toit, simlar action can alsgggﬁggchieved 15 when the third reflecting
mrror MB i SOMBEGHHTEIMITOEL ward the first reflecting mirror M in

th j ect-si ace..[0048], In gach exanpl e, each. asphericgl surface is
e L oo Lo0d6T IE fchiskonutleyttasope Felrding purtace.amme fiy ciht

di rection er.pendi cul ar t.o the tical, axis,,z a distance (sa al ong t he
Opt 1 ol nxi BEEBERN fituftis S bttt B o SheHiCal shanSof 18 RaCaERHEIba Surt an
t ition_on the aspherical suyrf t he hei gh r. a radi us of
o vatore. naberote S Bl DA “odore Ml S sefleghing maTop’ ©f

heri cal ffi-Cl ent f f t d sixth order, ejghth.order, tenth
orber | e ool vt s Ol A5 Yy besttalladd S soplall Witk

+Ay4+By6+q’%§Héét?ﬁg mirk® M3%r near it. Furthermore, in each example, the

10 projection optical system 6 is an optical system telecentric on the wafer
side (image side).
[0047] In each example, the third reflecting mirror M3 is located as
directed toward the first reflecting mirror M1 in the image-side space,
but, without being limited to it, similar action can also be achieved
15 when the third reflecting mirror M3 is located as directed toward the
first reflecting mirror M1 in the object-side space.
[0048] In each example, each aspherical surface is expressed by
Formula (b) below where y represents a height in the direction
perpendicular to the optical axis, z a distance (sag) along the optical axis
20 from a tangent plane at a vertex of the aspherical surface to a position
on the aspherical surface at the height v, r a radius of curvature at the
vertex, k the conical coefficient, and A, B, C, D,... aspherical

coefficients of fourth order, sixth order, eighth order, tenth order,...,

respectively.
25 2= (P {1+{1-(1H0) v} ) '
+AYHBYHCVHDy 0+ (b)
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FPO7-0016-00 [0049] [Exanple 1] Fig. 3 is a drawing showi ng a
configuration of the projection optical systemaccording to the first
exanpl e of the present enbodinent. Wth reference to Fig. 3, FR&-0016-00
projection optical systemof 5 the first exanple is configured as foll ows:
light fromthe mask 4 is successively reflected on a convex reflecting
surface of the first reflecting mrror M, on a concave reflecting surface
of the seco reflecting. mirror M2, on a convex reflecting surface of the
third refl&gwﬂg[ﬁfﬁme%, and on a concave reflecting surface of the

fourth 10 reflecti mrror, MA to forman internediate inmge Qf the mask
pattern. Then ChéTgs ghis 3 sRving SLHW%E%CQE giratin of theebTiesighut t er n

on & concafPtial | SEHERy SURUHHGE ofo { Hie | TRy SEFIE | o e (BBl on 8
Fof oot i ng. SEQMMEE: oW ihdeGevast 10 P BAbs AEREHPBOPSALSEHER Shncave
oo (sec St xS os thiueR pRdelPRsOlia oy e wmarh 4 hEC
Fer' ccting RRPERY; teilicleg | € 4R oPoBvEpHBRIeCHPE sHRBGE. OBOUROUNE] Tabi e
ég )3; ?En'n chvﬁﬁ?%ﬁ%ﬁ%vlﬁ i MLT %§§§ %@?%Fﬁie?f‘éiieﬁﬂfffﬁfgﬁﬁ Sefitd tE E'e
numer i cgl agéﬂ%ﬁ)l? %H}gw%axﬁg%%\ 8@?‘2 reﬂ%ﬁjﬁg gwf?%ee 9%31334, t he
the 1'engt n S an i Esteh 2, bnfl o AoRa VR BeFIHE Brtbs IR e ana
LY tige | eng&’@ﬂ@étﬂ@n{iﬁ%r Y1448 form an intermediate image of the mask pattern.

Then the light from the intermediate image of the mask pattern formed

ht

via the first imaging catoptric system G1 is successively reflected on a
concave reflecting surface of the fifth reflecting mirror M5, on a convex
reflecting surface of the sixth reflecting mirror, on a convex reflecting

15 surface of the seventh reflecting mirror, and on a concave reflecting
surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
projection optical system of the first example the concéve eighth
reflecting mirror M8 is comprised of a spherical surface.

20 [0050] Table (1) below presents values of specifications of the
projection optical system according to the first example. In Table (1),
A represents the wavelength of exposure light, B the projection
magnification, NA the numerical aperture, HO the maximum object
height on the mask 4, ¢ the radius (maximum image height) of the

25 image circle IF on the wafer 7, LX the length along the X-direction of
the effective exposure region ER, and LY the length along the Y-

20



FPO7-0016-00 direction of the effective exposure region ER Furthernore,
Mcp represents the effective dianmeter of the |argest reflecting mrror and
TT the axial distance between the mask 4 and the wafer 7. [O0BBIJ-0hks-00
surface nunber indicates an order of each reflecting surface 5 fromthe
mask side along the traveling direction of rays fromthe mask surface as
the object plane to the wafer surface as the image plane, r a radius of
curvature at__a vertex qf each reflecting surface_ ( and d an _ axi al

di stance or ditgctigne of efher fifeshiver expesureeregioni Rik-su g, Mime
surface separation d _is assunmed to chapnge jts sign every reflection. 10
Fur t her mor e,relanesmsdbf:iefgz@tla@ dinmedpsohiheclargeshre Hectms inisterrand: Tlo ¢ he
first reflecting mjfror , d2 as the distance fromthe first reflecting
mrror to tHae gxiabdistargq G4 rm@a‘ili‘lé’ﬁatgg"%%fefﬂe' di stance fromthe

cur vat ur e of 005 Do hessustace uumberdicaths anasiend Geachs Fflact s Heacss
0 e ae nodmyibe Taslesilectipys The teling Sevstinm of T CauRdEc Shatkays. | The
EER SRR PR AR LR OREN N G
NA 025 HOL4RS oFurfRiute 40 A Vertex of gacrﬂr?e%l%cting surface (mm), and d an
axial distance or surface separation of each reflecting surface (mm).
The surface separation d is assumed to change its sign every reflection.
10 Furthermore, d1 is defined as the distance from the mask surface to the
first reflecting mirror M1, d2 as the distance from the first reflecting
mirror to the second reflecting mirror, and d3 as the distance from the
second reflecting mirror to the third reflecting mirror. The radius of
curvature of a convex surface toward the mask side is defined as
15 positive and the radius of curvature of a concave surface toward the
mask side, as negative, irrespective of the direction of incidence of rays.
The foregoing notation will also apply similarly to Table (2) to Table (9)
hereinafter.
[0052] Table (1)
20 (Principal Specification)
A=13.5nm
B=%
NA=0.25
HO =156 mm
25 ¢ =40 mm
LX =26 mm
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FPO7-0016-00 LY=2mm (Specification of Optical nenbers) Surface Nunber r d
Optical Menber 5 SO (nmask 853.78 surface) S1 19905.36 -674.34 (1st
reflecting mirror M) S2 1641.16 774.34 (2nd reflecting mrrBPON)01&80
2714.26 -643.96 (3rd reflecting mrror M3) 10 S4 2000.00 1132.02 (4th
reflecting mirror M) S5 -516.16 -100.00 (5th reflecting mrror Ms) S6
-669.72 200.10 (6th reflecting mrror M) S7 296.26 -354.43 (7th
reflecting mirror M/) S8 440.87 412.49 (8th reflecting mrror MB) 15
spherical (J&f &2 sunface) (Aspherical Data) Si Surface K=0.00 20 A =
8.96915E-12 B = 4.57005E-15_C -1.83735E-19 D = 8.60247E-24 E =-3. 56869E- 28
F = 1. 00209€Specification zdAdptical embers). 00000E+00 S2 Surface 25 K = O COA =
3. 18467E-12B = 3. 26352E- 16C = 3. 38845E- 21D = 2.12437E-25E = 2. 30692E- 29F
=.1. 32519F- Jaeface3 17447E- 38H = 22

Nuomber r d Optical Member
5 SO (mask 853.78
surface)

S1 1990536 -674.34 (lst reflecting mirror M1)
S2 1641.16 77434  (2nd reflecting mirror M2)
S3 2714.26 -643.96  (3rd reflecting mirror M3)

10 S4 2000.00 1132.02 (4th reflecting mirror M4)
S5 -516.16 -100.00 (5th reflecting mirror M5)
S6 -669.72 200.10  (6th reflecting mirror M6)
S7 29626  -354.43 (7th reflecting mirror M7)
S8 440.87 412.49 (8th reflecting mirror M8)

15 : spherical

(wafer surface)

(Aspherical Data)
S1 Surface
k=0.00

20 A = B896915E-12 B = 4.57005E-15 C =1.83735E-19 D =
8.60247E-24 |
E =3.56869E-28 F = 1.00209E-32 G =-1.20203E-37 H =
0.00000E+00
S2 Surface

25 k = 0.00A = 3.18467E-12B = 3.26352E-16C = 3.38845E-21D =

2.12437E-25E = 2.30692E-29F =-1.32519E-33G = 3.17447E-38H =
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FPO7-0016-00 0. 00000E+00 S3 Surface x = 0.00: A =-9.07468E-10: B =
1. 43591E-15: C = 8.76013E-21: D = 3.72599E-25: E = 2.07244E-29: F
=-6.63254E-34: G = 8.79762E-39: H = 5 0.00000E+00 S4 Surf aceFROZ(0IEO0A
=2.13729E-10: B =8.32168E-16: C = 1.22199E-20: D 3.29219E-25: E =
4.90034E-30: F =-4.07991E-35: G = 1.47092E-40: H = 0. 00000E+00 10 S5
Surface x = 0.00: A = 2.51736E-10: B =2.83431E-14: C = 2.53784E-18: D

1. 25361E-22: E = 3.60082E-27: F =-5.65216E-32: G = 3.76339E-37: H =

0. 00000E+00 OOEHHE 15 K = 0.00: A= 8.73334E-11: B = 1.51075E-14: C
=-1.38072E-18: D = 1 13500E-22: E =5.02784E-27: F = 5.30624E-32: G =

2. 27212E- 36 93+8urfage 00000E+00 S7 Surface x = 0.00: A= 1.11175E-08: B

8.63766E-14: C = 1 14445E-16° D = 20 3.307015E-20: E = 1. 08345E-23: F
=_ 2. 19060E- X7~ &08: A&%WE@E-IW B==0l.43686E+bo S Ri76ALE SR dDiTal

Che fourth BelsRAAg: TPl RIAE 205 LT o8Il ST D LOBE A A
5 0.00000E+00

S4 Surface
k = 0.00: A =2.13729E-10: B =-8.32168E-16: C = 1.22199E-20: D =
3.20219E-25: E = 4.90034E-30: F =-4.07991E-35: G = 1.47092E-40: H=
0.00000E+00

10 S5 Surface
k = 0.00: A=2.51736E-10: B =2.83431E-14: C = 2.53784E-18: D =-
1.25361E-22: E =3.60082E-27: F =-5.65216E-32: G =3.76339E-37: H=
0.00000E+00
S6 Surface

15 x = 0.00: A = 8.73334E-11: B = 1.51075E-14: C =-1.38072E-18: D =
1.13509E-22: E =5.02784E-27: F = 5.30624E-32: G=2.27212E-36: H=
0.00000E+00
S7 Surface _
k= 0.00: A= 1.11175E-08: B =-8.63766E-14: C = 1.14445E-16: D =-

20 3.307015E-20: E = 1.08345E-23: F =-2.19060E-27: G = 1.81307E-31: H
= (0.00000E+00

S8 Surface Spherical Surface

(Values Corresponding to Conditions)

Mo = 435.34 mm (maximum at the fourth reﬂécting mirror M4)
25 TT=1600.0 mm

Mo/HO = 2.79
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FPO7-0016-0
dl/d2 = 1.2
proj ection

nmeri di onal

hei ght 98%
aberration

in the regi
confirned,

e.g., spher
in the regi
[ Exanpl e 2]
optical sys
Wth refere
exanple is

reflected o
M, a co
a convex re
concave ref
i nt er nedi at
i nt er nedi at

10

15

20

O TT/HO = 10.26 dl = 853.78 mm d2=674.34 mm d3 = 774.34 mmm 5
7 d3/d2 =1.15 [0053] Fig. 4 is a drawing show ng cona in the
optical systemof the first exanple. Fig. 4 showsFPO&-0016-60
coma and sagittal conma at the inage height 100% at the inage
and at 10 the image height 95% It is apparent fromthe
diagramthat 1in the first exanple, coma is well conpensated for.
on_ corresponding to the effective inmaging region ER It was
thQ)Eﬁdepi cted, that the aberrations other than com,
ical aberration and distortion, were also well conpensated for
&1:%3e?§ﬁHBpondi ng to the effective inaging region ER [0054]
Ei_g. Eé@%% a drawi ng showi ng a configuration of the projection
& PHY to the second exanple of the present enbodinent.

e Fi%. 5, the projection optical systemof 20 the second
nT%ng IHB follows: light fromthe mask 4 is successively

ﬁéz@zgnéaxfe reflecting surface of the first reflecting mrror
“reflecting surface of the second reflecting mrror M2, on
fd éi_ urface of the third reflecting mrror M3, and on a
|dé2<f ﬁ"gpé rface of the fourth 25 reflecting mrror M4 to form an

TObSEEE 2 Bl 65 e 35k IR0
system of the first example. Fig. 4 shows the meridional coma and
sagittal coma at the image height 100%, at the image height 98%, and at
the image height 95%. It is apparent from the aberration diagram that
in the first example, coma is well compensated for in the region
corresponding to the effective imaging region ER. It was confirmed,
though not depicted, that the aberrations other than coma, e.g., spherical
aberration and distortion, were also well compensated for in the region
corresponding to the effective imaging region ER.
[0054] [Example 2]

Fig. 5 is a drawing showing a configuration of the projection
optical system according to the second example of the present
embodiment. With reference to Fig. .5, the projection optical system of

the second example is configured as follows: light from the mask 4 is

- successively reflected on a concave reflecting surface of the first

25

reflecting mirror M1, on a concave reflecting surface of the second
reflecting mirror M2, on a convex reflecting surface of the third
reflecting mirror M3, and on a concave reflecting surface of the fourth
reflecting mirror M4 to form an intermediate image of the mask pattern.

Then the light from the intermediate image of the mask pattern formed
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FPO7-0016-00 via the first imaging catoptric system @ is successively
reflected on a concave reflecting surface of the fifth reflecting mrror
M6, on a convex reflecting surface of the sixth reflecting nFPO3+Q0Idr08
convex reflecting surface of the seventh reflecting mrror, and on a
concave reflecting 5 surface of the eighth reflecting mrror MB to forma
reduced i nage (secondary inage) of the mask pattern on the wafer 7. In the
projection optical_ systemof the first exanple the eighth reflecting

mrror MB wii Henpirstsisengingcatopiaic Wemﬁﬂdéé,ucﬁm‘éﬂééﬁ refleeted o @sent
exanpl e the convex seventh reflecting mrror is conprised of a 10 spheri cal
surface. TabPBCFYY redlacengustne of th@?ﬁ@b reflecting rarres Vg nen g convex
projection optical systemaccording to the second exanple. [Q055] Table (2)
(Pri nci pal yﬁi@tm& geifaes o%xﬁe stethsreflacting marrpn omNa eoex Fgflectingm cp =
40 mm LX = 26, nm LY=2mm ( Speci f.i cati,ons of Optical Menber Surface
Nurber r d aﬁfae%wzfo é@ve@(wgb@haﬁrmey, gy opgasepnsavesRiteoting

552 41051 L8114 B TR Mok nR 020 W W6 A el L0 ™
(secondary image) of the mask pattern on the wafer 7. In the
projection optical system of the first example the eighth reflecting
mirror M8 was comprised of a spherical surface, whereas in the present
example the convex seventh reflecting mirror is comprised of a

10 spherical surface. Table (2) below presents values of specifications of
the projection optical system according to the second example.

[0055] Table (2)
(Principal Specification)

A=13.5nm
15 B="Y
NA=0.25
HO = 156 mm
¢ =40 mm
LX =26 mm
20 LY =2 mm

(Specifications of Optical Member)
Surface
Number r d Optical Member
SO(mask surface) 853.38
25 S1 -4000.53  -482.41(1st reflecting mirror M1)
S2 2026.25  582.41 (2nd reflecting mirror M2)
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FPO7-0016-00 S3 6778.35 -542.84 (3rd reflecting mrror M3) S4 1879.97
938.17 (4th reflecting mrror M4) S5 -549.39 -100.00 (5th reflecting
mrror Mb) S6 -900.99 200.00 (6th reflecting mirror M6) 5 S7 EPN72601684% 33
(7th reflective mrror M/) spherical S8 438.06 427.54 (8th reflecting
mrror MB) (wafer surface) (Aspherical Data) Si Surface 10 x = 0.00: A =
4.12013E-10: B = 6.16521E-16: C =-2.33472E-20: D = 7.81561E- 25: E
=-5.08210E-29: F = 1.95820E-33: G =-3.29132E-38: H = 0.00000E+00 S2
Surface 1553 = 0.00: 6&78.35 17094542.848(31d izfleeting 16irr@ M3)23185E-20: D =
2. 71631E- 23. E =-5.80866E-27: F = 6.58718E-31; G =-3.07733E-35: H =

0. 00000E+00 B Sur f acd 87994 =0. 00: 988.97 ¢ddumilentingpnirror B¥HO9E- 15: C =
1.54171E-21: D =-1.14433E- 24: E = 7.25350E-29: F =-2.27698E-33: G =
2.87734. E-8 H = 0-DHDIYE+eIDM00 &hikr reflectipg maironMID: A =- 3. 26333E-10: B

"1 31852E 15S6 €=z 1?978(? 5_920 P 2_0(()5 O%%g’ﬁh%ﬂectmg mirror M6)
5 S7 245.23 -345.33 (7th reflective mirror M7) spherical
S8 438.06 427.54 (8th reflecting mirror M8)
(wafer surface)
(Aspherical Data)
S1 Surface
10 K = 0.00:

A=4.12013E-10: B = 6.16521E-16: C =-2.33472E-20: D = 7.81561E-
25: E =-5.08210E-29: F = 1.95820E-33: G =-3.29132E-38: H =
0.00000E+00
S2 Surface

15 k= 0.00:
A =-7.17094E-11: B =-2.37267E-15: C =9.23185E-20: D = 2.71631E-
23: E =-5.80866E-27: F = 6.58718E-31: G =-3.07733E-35: H =
0.00000E+00
S3 Surface

20 k= 0.00:
A =9.08546E-10: B = 1.93599E-15: C = 1.54171E-21: D =-1.14433E-
24: E = T7.25350E-29: F =-2.27698E-33: G = 2.87734: E-38: H =
0.00000E-+00
S4 Surface

25 k = 0.00:
A =-3.26333E-10: B =1.31852E-15: C = 2.17785E-20: D =6.99551E-
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FPO7-0016-00 25: E = 1.20401E-29: F =-1.15499E-34: G = 4.70578E-40: H =
0. O0O000E+00 S5 Surface K = 0.00: 5 A 4.06078E-10: B =-2.02518E-14: C=

2. 35353E-18: D=-1.18310E- 22: E = 3.19720E-27: F -4.55065E- 32FPG7-0016-00
2.69146E-37: H = 0.00000E+00 S6 Surface K = 0.00: 10 A =-2.15942E-09: B
1.02618E-13: C =7.03971 E-18: D = 2.64439E- 22: E = 1.05365E-27: F

=- 3. 98918E- 31: G = 9.07261E-36: H = 0.00000E+00 S7 Surface Spherical S8
Surface 15 K = 0: A = 4.10687E-11: B = 4.53532E-16: C = 2.41040E-21: D
3. 89228E- 2625 E 1= 680481 B2 Fi==2 1 IHOE-34: @ = 3. HBRE=400: HH= =

0. O0000E+00 (Val ues Corresponding to Conditions ): My = 404.78 (maxinmum at

fourth refl dcQPORPEFOPPor M) 20 TT = 1530.9 My/HO = 2.59 TT/HO = 9. 81
dl =853. 38 . (Sj&rf;c§82 41 mMm 25 0 = 582.41 nun dl/d2 = 1.77d3/d2 = 1.21 27
K =0.00:
5 A =4.06078E-10: B =-2.02518E-14: C = 2.35353E-18: D =-1.18310E-
22: E = 3.19720E-27: F =4.55065E-32: G = 2.69146E-37: H =
0.00000E+00
S6 Surface
k= 0.00:
10 A =2.15942E-09: B = 1.02618E-13: C =7.03971 E-18: D = 2.64439E-
22: E = 1.05365E-27: F =-3.98918E-31: G = 9.07261E-36: H =
0.00000E+00
S7 Surface Spherical
S8 Surface
15 K = 0.00: A =4.10687E-11: B = 4.53532E-16: C = 2.41040E-21: D =
3.89228E-26: E =-1.67001E-31: F =-1.19286E-35: G = 3.37603E-40: H
= (0.00000E+G0

(Values Corresponding to Conditions ):

Mg = 404.78 (maximum at fourth reflecting mirror M4)
20 TT=15309

Mgp/HO =2.59

TT/HO =9.81

dl =853.38 mm

d2 =482.41 mm
25 d3 =582.41 mm

dl/d2 =1.77d3/d2 = 1.21
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FPO7-0016-00 [0056] Fig. 6 is a drawing showing coma in the projection
optical systemof the second exanple. Fig. 6 shows the neridional coma and
sagittal coma at the inmage height 100% at the inage hei ght 98R)7ad &0
the image height 95% It is apparent fromthe aberration diagramthat 5 in
the second exanple, coma is well conpensated for in the region
corresponding to the effective imaging region ER It was confirned, though
not depicted, that the aberrations other than coma, e.g., spherical
aberration 4P056]) Figr 6i tha deawing showdng eumpeins dhe projaction opsicakgi on
corresponding to the effective inaging region ER 10 [Q057] [Exanp]e 3]

Fig. 7 is asystem oftheseponyd %@ﬂpiq-guﬁ@-iéﬁiwsmnw@@a eemagnd cal
system according to the third exanp]e ofﬂthe pr esent gggodhnent Wth
reference t 6agitil coma #ethgrinjagethaight ho9Uaat Sy iageheight 882 aud akanpl e i s
configured %g follows:. |ight fromthe nas§i4 HE 15 successively reflected
on a convex ReNEEE| Y4ee Ibis appayent drom tae laggmynat on g
concgye reflecting surface oI t he second reflectinaBpirror M2, on a convex
reflecting $rtPgceecond: arample, comarisewelln gowpensatefigiora iy the 158Bhcave
reflecting surface of the fourth. reflecting.mrrar to forman

Dt et medi at EOTRABRIGINE Ko tiSHegtive SRHETH HER ERe I1f K4S FOBHTDRE
intermedi ateg | e of, t.h attern for ia the first | maging
catoptr ¢ B gt Hepibled 884 BB e ol Clfacse sebFfEel g
surface of the fi.fth reflecting mrror Mb,, On_a conv r.eflecting surface
of the st xt AbSwelieR G disREtgRs wie itk SPuReBsior di hETERER | he
seventh reflectin 1 I ror aﬁ% ﬁn a_concave.re cting 25 surface of the

ei ghth ref | SEHERRCRLINEHD he SHSCHYE MG & 5Rye  (secondary i mage) of

t he 1Wask paté(%ﬂ ﬂ@xétﬁﬁle\'\?f er 7. In the 28

Fig. 7 is a drawing showing a configuration of the projection
optical system according to the third example of the present
embodiment. With reference to Fig. 7, the projection optical system of
the third example is configured as follows: light from the mask 4 is

15 successively reflected on a convex reflecting surface of the first
reflecting mirror M1, on a concave reflecting surface of the second
reflecting mirror M2, on a convex reflecting surface of the third
reflecting mirror M3, and on a concave reflecting surface of the fourth
reflecting mirror M4 to form an intermediate image of the mask pattern.

20 Then the light from the intermediate image of the mask pattern formed
via the first imaging catoptric system G1 is successively reflected on a
concave reflecting surface of the fifth reflecting mirror M5, on a convex
reflecting surface of the sixth reflecting mirror, on a convex reflecting
surface of the seventh reflecting mirror, and on a concave reflecting

25 surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
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FPO7-0016-00 projection optical systemof the first exanple the eighth
reflecting mrror was conprised of a spherical surface, whereas in the
present exanple the convex sixth reflecting mrror is conpriERA7d01%-00
spherical surface. Table (3) bel ow presents val ues of specifications of
the 5 projection optical systemaccording to the third exanple. [0058]
~Table (3) (Principal Specifications) %13.5nmfi=1/4 10 NA 0.25 HO= 156
mm p = 40 nm_LX=26mm LY=2mm 15 (Specifications of Optical Menbers)
Sur f ace Nunprojeetion Gepticsdl systerbeof B0 fwsisexsmpladby emhth 7refhectiog73. 90
-695. 19(first reflective mrror, M) 20 S2 1639.24 795.19(second reflective
mrror M2) nBEopswss MmpAsdi oftdispherieal suxface, whereas WB)the Presewo. 0o
1066. 92(4th reflecting mrror M4) SH -512.93 -100.00(5th ref|lecting mrror
M6) S6 - 643¢eampbotisacenyey spithaeflagting murons) ceppsised 0f a sphegrcalol. 55

-353.85(7th reflecting mrror M/) S8 441.40 414.82(8th_reflecting mrror
VB) 29( surface. Tagle 3) belovs; presents values 0f8 s(pemﬁcatmns of t%e

5 projection optical system according to the third example.

[0058] Table (3)
(Principal Specifications)
A=13.5nm
B="Ya

10 NA=0.25
HO =156 mm
¢ =40 mm
LX =26 mm
LY =2 mm

15 (Specifications of Optical Members)
Surface
Number r d Optical Member
SO (mask surface) 836.47
S1 16673.90 -695.19(first reflective mirror M1)

20 S2 1639.24 795.19(second reflective mirror M2)
S3 2815.49 -648.41(third reflective mirror M3)
-S4 2000.00 1066.92(4th reflecting mirror M4)
S5 -512.93 -100.00(5th reflecting mirror M5)
S6  -643.25 200.03(6th reflecting mirror M6) spherical
25 S7 301.55 ~353.85(7th reflecting mirror M7)
S8 441.40 414.82(8th reflecting mirror M8)
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FPO7-0016-00 (wafer surface) (Aspherical Data) S 1 Surface K= 0.005 A =
4. 14433E-12: B=3. 61576E-15: C =-7.71811E-20: D= 2.64652E- 24: E

=-1. 43402E-28: F = 5.56988E-33: G =-9.41512E-38: H = 0. 00000EROB-0&X 6-00
Surface K=0.00 10 A =-2.84150E-11: B = 3.70117E-17: C = 4.22879E-22: D
=-5.02449E 26: E=3. 31104E-30: F=8.90095E-35: G=-1.76692E-40: H=

0. 00000E+00 S3 Surface K = 0.00 15 A =-7.82732E-10: B = 9.89079E-16: C
-7.23616E-21: D = 8.03932E- 25: E=-3.45519E-29: F=8. 18704E- 34:

G 8.32530&39: H= 0. 000pwHepsudac®ur f ace . K=0.00 20 A=2.25046E-10: B
=-7.19387E-16: C=8. 48834E—21 D=- 2. 83313E- 25: E=4. 73790E- 30:

F=-4. 38195E(6519 extcal IX¥WBYE- 40: H= 0. 00000E+00 S5 Surface K0.00 A =

1. 80833E- 10 B :-2 77427E-14: C = 2.58714E-18: D =-1.25119E- 25 22: E =
3. 41819E- 2781 Swfagen3030E-32: G = 3. 11125E-37: H 0. 0000E+00 30

x=0.00
5 A = 4.14433E-12: B=3.61576E-15: C =7.71811E-20: D= 2.64652E-

24: E =1.43402E-28: F = 5.56988E-33: G =-9.41512E-38: H =
0.00000E+00
S2 Surface
k=10.00

10 A =-2.84150E-11: B = 3.70117E-17: C = 4.22879E-22: D =-5.02449E-
26:  E=3.31104E-30: F=-8.90095E-35: G=-1.76692E-40: H=
0.00000E+00
S3 Surface
x=0.00

15 A =-7.82732E-10: B = 9.89079E-16: C =7.23616E-21: D = 8.03932E-
25: E=3.45519E-29: F=8.18704E-34: G=-8.32530E-39: H=
0.00000E+00
S4 Surface
k=10.00

20 A=-2.25046E-10: B =-7.19387E-16: C=8.48834E-21: D=-2.83313E-25:
E=4.73790E-30: F=-4.38195E-35: G=1.73302E-40: H= 0.00000E+00
S5 Surface
k=10.00
A = 1.80833E-10: B =-2.77427E-14: C = 2.58714E-18: D =1.25119E-

25 22: E = 3.41819E-27: F =-5.03030E-32: G = 3.11125E-37: H =
0.0000E+00
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FPO7-0016-00 S6 Surface Spherical S7 Surface K = 0.00 A= 1.04479E-08: B
=-4. 88154E-14: C = 3.76442E-17: D =8.28206E- 5 21: E=4. 32265E- 24:

F=-1. 17557E-27: G=1.26940E-31: H=0.00000E+00 S8 Surface x FPRODM0O1A-80
3.98331E-11: B = 2.83203E-16: C = 1.97232E-21: D =-1.55350E- 10 26:
E=1.96749E-30: F =-6.13747E-35: G=7.82354E-40: H= 0. 00000E+00 (Val ues
Corresponding to Conditions) Mp = 435.74 (maximum at the fourth reflecting
mrror M4) TT = 1516.0 15 Mcp/HO = 2.79 TT/HO = 9.72 dl1= 836.47 mm d2 =
695.19 mm §6-S1efacko MBpheocal /d2 = 1.20 d3/d2 =1.14 [0059] Fig. 8 is a
drawi ng show ng coma in the projection optical systemof the second

exanpl e. Fi §7 Jeevs the neridional conma and sagittal coma at the inage
hei ght 100% at the image hei ght 98% and at 25 the inage height 95% It is
apparent fr&m 0K aberration diagramthat in the third exanple, coma is

N ted for in th ' 31
e = 04279508 B =488154E-14: C = 3.76442E-17: D =8.28206E-

5 21: E=4.32265E-24: F=-1.17557E-27T: G=1.26940E-31:
H=0.00000E+00
S8 Surface
= 0.00: |
A =398331E-11: B = 2.83203E-16: C = 1.97232E-21: D =1.55350E-
10 26: E=1.96749E-30: F =-6.13747E-35: (G=7.82354E-40: H=
0.00000E+00
(Values Corresponding to Conditions)
Mo = 435.74 (maximum at the fourth reflecting mirror M4)
TT=1516.0
15 Moe/HO = 2.79
TT/HO0=9.72
dl = 836.47 mm
d2 =695.19 mm
d3 =795.19 mm
20 d1/d2=1.20
d3/d2=1.14
[0059] Fig. 8 is a drawing showing coma in the projection optical
system of the second example. Fig. 8 shows the meridional coma and
sagittal coma at the image height 100%, at the image height 98%, and at
25 the image height 95%. It is apparent from the aberration diagram that

in the third example, coma is well compensated for in the region
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FPO7-0016-00 corresponding to the effective imaging region ER It -was
confirnmed, though not depicted, that the aberrations other than coma, e.g.,
spherical aberration and distortion, were also well conpensafBd7{0d¥16-60t he
region corresponding to the effective inmaging region ER 5 [0060] [ Exanple
4] Fig. 9 is a draw ng showi ng a configuration of the projection optical
system according to the fourth exanple of the present enbodinent. Wth
reference to Fig. 9, the projection optjcal systemof the fourth exanple

i s confi gur edrraspérding\te: thei effiectiveoimagimgreegion ER. 1dt sascewrfinaed,
reflected on a concave reflecting surface of the first reflecting mrror
M, on a cothugh nef depictody thaithe ebenmtions otherghan cosa, «cgs» spheiedlor M2, on
a convex reflecting surface of the third reflecting nmrror, M3, and on a
concave r ef Rbetratign ands distortiprs were alsq welk eompensatgd #oF i themegions or m an

I nternmedi ate i mage of the mask pattern, 15 Then_ the light fromthe

i nt er nedi at éOHﬁW@ﬂgttﬂéhﬁﬁéﬁc%‘é@ taagirsregsen BR-a the first imaging
catoptric s ster??l is successively reflected on a concave reflecting
surface of tOROQ] HExpmpla4kting mirror M6, on a convex reflecting surface
of the sixth reflecting mrror, oS a convex flectin urface of the

seventh reflectin§i8i ¥ ierd dEavngn W&@@ngfi FIPFONGf ¢ he
the sk pabPUR GSLHE sFRidne A BHe TOHEE) cEXRBRop0h CIE SEEM of t he
L e e B LEE 00 B 00 B30 PR BB
oL L SRt Sl el et AR T BBl BT S
fourlbh exan?ﬁ@dess%%ely reflected on a concave reflecting surface of the first
reflecting mirror M1, on a concave reflecting surface of the second
reflecting mirror M2, on a convex reflecting surface of the third
reflecting mirror M3, and on a concave reflecting surface of the fourth
reflecting mirror M4 to form an intermediate image of the mask pattern.
15 Then the light from the intermediate image of the mask pattern formed
via the first imaging catoptric system G1 is successively reflected on a
concave reflecting surface of the fifth reflecting mirror M5, on a convex
reflecting surface of the sixth reflecting mirror, on a convex reflecting
surface of the seventh reflecting mirror, and on a concave reflecting
20 surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
projection optical system of the first example the eighth reflecting
mirror was comprised of a spherical surface, whereas in the present
example the concave fifth reflecting mirror is comprised of a spherical
25 surface. Table (4) below presents values of specifications of the

projection optical system according to the fourth example.
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FPO7-0016-00 [0061] Table (4) (Principal Specifications) ?.= 13.5 nmR 14
5NA=0.25 HO 156 mm cp=40 mm LX = 26 mm LY=2mm 10 ( Specifications of

- Optical Menbers) Surface Nunber r d Optical Menber SO(mask EBO700H)6-00
781.95 S1 -28805.85 -661.95 (1st reflecting mrror M) 15 S2 1743.86
761.95 (2nd reflecting mrror M2) S3 3637.96 -631.50 (3rd reflecting
mrror M) S4 2000.00 1158.09 (4th reflecting mrror M4) S5 -515.87
-100.00 (5th reflecting mrror M) spherical S6 -647.38 203.27 (6th
reflecting @Bﬁb}Thbbe(%() S7 287.98 -350.33 (7th reflecting mirror M7) S8
440.27 414.51 (8th reflecting mrror MB) (wafer surface) (Aspherical Data)
Si Surface fBrireipabSpecticationgd7E- 10: B = 3, 95362E-15: C =-7.20224E-20: D =
1. 60201E- 33 :

A=135nm
p="%

5 NA=0.25
HO =156 mm
¢ =40 mm
LX =26 mm
LY =2 mm

10 (Specifications of Optical Members)

Surface
Number r d Optical Member
SO(mask surface) 781.95
S1  -28805.85  -661.95 (1streflecting mirror M1)

15 S2 1743.86 761.95 (2nd reflecting mirror M2)
S3 3637.96 -631.50 (3rd reflecting mirror M3)
S4 2000.00 1158.09 - (4th reflecting mirror M4)
S5 -515.87 -100.00 (5th reflecting mirror M5) spherical
S6 -647.38 203.27 (6th reflecting mirror M6)

20 S7 28798 -350.33 (7th reflecting mirror M7)
S8 440.27 414.51 (8th reflecting mirror M&)
(wafer surface)

- (Aspherical Data)
- SI Surface
25 - k=10.00

A =-1.01007E-10: B = 3.95362E-15: C =-7.20224E-20: D = 1.60201E-
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FPO7-0016-00 24: E =-4.75389E-29: F = 7.32205E-34: G = 2.71057E-39: H =
0. 00000E+00 S2 Surface x=0.00 5 A =-5.33007E-11: B = 3.44289E-16: C =
7.65850E-21: D 7.52411E- 25: E=1.09544E-28: F=-7.97740E-33: GEROBDRAGEOA7:
H= 0. 00000E+00 S3 Surface x=0.00 10 A =-7.60928E-10: B=4.95409E-16: C
3. 84238E-21: D=4. 64869E-25: E =-1.44100E-29: F= 2. 13256E- 34:
G=- 9. 00528E-40: H= 0. 00000E+00 S4 Surface x = 0.00 A=2. 06765E- 10:
13=8. 80308E- 16: C=1.56045E-20: D=-4.41065E-25: 15 E=6. 77042E- 30:
F=- 5. 78228E245: EG=4.73889E-2: F= 0/.02200E-80b (5 SU/l@ddESphedical S6
Surface x=0.00 A -7.19381E-10: B =-1.88098E-14: C=3.70991E-18:
13=- 3. 299398.(O0RPH00D=1. 82185E- 26: F=-5. 71942E-31: G=7. 75005E-36: H=
0. 00000E+00 S7 Surface x=0.00 A= 1.06857E-08: B=1.17184E-13:
C=3. 48324E- $2:Supface 32361E-21: 25 E= 1. 73807E-24: F =-2.77947E-28: G=
1. 07444E-32: H= 0. 0O0000E+00 S8 Surface 34
«=0.00 |
5 A =-5.33007E-11: B = 3.44289E-16: C = 7.65850E-21: D =-7.52411E-
25: E=1.09544E-28: F=-7.97740E-33: =2 37891E-37: H=
0.00000E+00
S3 Surface
k=0.00
10 A =7.60928E-10: B=4.95409E-16: C=13.84238E-21: D=4.64869E-25:
E =-1.44100E-29: F= 2.13256E-34: G=-9.00528E-40: H= 0.00000E+00
S4 Surface
x=10.00
A =2.06765E-10: B=-8.80308E-16: C=1.56045E-20: D=-4.41065E-25:
15 E=6.77042E-30: F=-5.78228E-35: G=2.11007E-40: H= 0.00000E+00
S5 Surface Spherical
S6 Surface
k=0.00
A =—7.19381E—10: B =-1.88098E-14: C=3.70991E-18: D=-3.29939E-
20 22: E~=1.82185E-26: ¥=-5.71942E-31: G=7.75005E-36: H=
0.00000E+00
S7 Surface
x=0.00
A = 1.06857E-08: B=1.17184E-13: C=3.48324E-17: D=-4.32361E-21:
25 E=1.73807E-24: F =-2.77947E-28: G=1.07444E-32: H= 0.00000E+00

S8 Surface
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FPO7-0016-00 x = 0.00: A = 4.94751E-11: B= 2.43983E-16: C=8.33827E-22: D =

1. 62044E-26: E=-5.45757E-31: F=1.27492E-35: G =-1.18273E-40: H =

0. 00000E+00 (Val ues Corresponding to Conditions) 5 Mp = 44FBA7-00d6-00m

at the fourth reflecting mrror MA) TT = 1576.0 Mcp/HO = 2.87 TT/HO =
10.10 dl= 781.95 mm 10 d2=661.95 mm d3 = 761.95 mm dl/d2 = 1.18 d3/d2
1.15 [0062] Fig. 10 is a drawing show ng coma in the projection optical
system of the fourth exanple. Fig. 10 shows the neridi onal
sagittal core @0Q:he i mage hei ght 100% at the inage hei ght 98% and at
the image height 95% It is apparent fromthe aberration di ag%grgéhat in

the fourth AxafeP475thrd: B det3o3EmbeneaBedBIbiE-24: the 1-.63p

corresponding to the effective inmging re

Chough not Bonb doda TEchkt Frha 7498Fr 323 Grrs Tk

on

cor r espondi O¥alues Grsrespoading © Ceaditigs
11 i d i how fi [ f.th ' '
Syt 8m accoMip R4 NPT &R i airth FafiRepEIsaoT

reference tshFi:gi.ﬂ%lo the projection optical system 35

ER |t _was confir
PBH-AGh T M00QVGE
aberration and distortion, were_also. webl conpensated for in the region

egion ER [0063] [Exanple 5] Fig.

n

cona and

25 opti cal

odi ment .

Wth

10

15

20

25

Mo/HO = 2.87
TT/HO =10.10
dl =781.95 mm
d2 =661.95 mm
d3 =761.95 mm
d1/d2=1.18
d3/d2=1.15
[0062] Fig. 10 is a drawing showing coma in the projection optical
system of the fourth example. Fig. 10 shows the meridional coma and
sagittal coma at the image height 100%, at the image height 98%, and at
the image height 95%. It is apparent from the aberration diagram that
in the fourth example, coma is well compensated for in the region
corresponding to the effective imaging region ER. It was confirmed,
though not depicted, that the aberrations other than coma, e.g., spherical
aberration and distortion, were also well compensated for in the region
corresponding to the effective imaging region ER.
[0063] [Example 5]

Fig. 11 is a drawing showing a configuration of the projection
optical system according to the fifth example of the present

embodiment. With reference to Fig. 11, the projection optical system

35

15

, 20
J?&gpheri cal



FPO7-0016-00 of the fifth exanple is configured as follows: |ight fromthe
mask 4 is successively reflected on a convex reflecting surface of the
first reflecting mrror M, on a concave reflecting surface BPOTHE)1€00Nnd
reflecting mrror M2, on a convex reflecting surface of the third 5
reflecting mrror M3, and on a concave reflecting surface of the fourth
reflecting mrror MA to forman internedi ate i mage of the mask pattern.
Then the light fromthe internmediate i mage of the mask pattern fornmed via
the first i ofighadiftaespmyple isyenfgurdd as fellowss Sightfyomdhe enask dors a
concave reflecting surface of the fifth reflecting mrror M, on a convex
10 refl ecti sgccassivaty refflects] sinctd caivectreflgeting r surfacm of dhev Eixst
reflecting surface of the seventh reflecting mrror, and on a concave
reflecting refledting mirrarhM ki ght# cosichwe tieflgetingrsrfag o thersacendeduced

I mge (secondary image) of the mask pattern on the wafer 7. In the

proj ection opflecting sypsremML, tore 4| canvesx aafeeting eswsifaget iy tig dbirdng 15
mrror was conprised of a spherical surface, whereas |n the, present

exanpl e t hereflertingniigor t¥3s end an pregneave seflpeting surfase @ 6h6§0§5geri cal
surface. Table (5) bel ow presents val ues of, specifications of the

proj ecti on tfleqtlg BygoE M4 de doaman ndermedints ipagsahficcmas GolierTranl e (5)
20 (Principal Sp Cllgélﬁqgrtl)r%nﬁ%ei X 13.(ﬁnm, R=1/ af’?ﬁé 0.2 HO=156mm d25 cp=40

mm LX = 26 dkesghe ntermediate 1image o mask pattern forme
via the first imaging catoptric system G1 is successively reflected on a
concave reflecting surface of the fifth reflecting mirror M3, on a convex

10 reflecting surface of the sixth reflecting mirror, on a convex reflecting
surface of the seventh reflecting mirror, and on a concave reflecting
surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
projection optical éystem of the first example the eighth reflecting

15 mirror was comprised of a spherical surface, whereas in the present
example the concave fourth reflecting mirror is comprised of a spherical
surface. Table (5) below presents values of specifications of the
projection optical system according to the fifth example.

[0064] Table (5)
20 (Principal Specifications)
A=13.5nm
B="
NA=0.25
HO = 156 mm

25 ¢ =40 mm

LX =26 mm
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FPO7-0016-00 LY=2mm (Specifications of Optical Menbers) Surface Nunber r
d Optical Menber 5 SO(mask surface) 855.76 S1 8877.90 -735.76 (1st
reflecting mirror M) S2 1582.90 879.63 (2nd reflecting nirrBPONR)016880
1755.49 -698.06 (3rd reflecting mrror M3) S4 1761.63 1150.58 (4th
reflecting mrror M4) 10 spherical S5 -759.00 -100.00 (5th reflecting
mrror Mb) S6 -2512.82 200.00 (6th reflecting mrror M) S7 271.11
-302.52 (7th_reflecting mrror M7/) S8 482.40 450.37 (8th reflecting mrror
MB) 15 (waflef =shipftace) (Aspherical Data) Si Surface K=0.00
A=4.86388E- 10: B=3. 69294E-14; (C=-2.40380E-18: D=1.52251E-22: 20

E=- 7. 12313E{Specifications of Eptival MembetD84E- 36: H= 0. 00000E+00 S2 Surface K
= 0.00: A = 5.50594E-11: B =-2.04768E-16: C = 3.01118E-20: D =-4.15366E-

24: E=3.306P : F=-1.42210E-32: G=2.54409E-37: H= 25 0. 00000E+00 S3
surface 37 Number r d Optical Member
5 SO(mask surface) 855.76

S1 | 8877.90 -735.76  (1st reflecting mirror M1)
S2 1582.90 879.63  (2nd reflecting mirror M2)
S3 1755.49 -698.06  (3rd reflecting mirror M3)
S4 1761.63 1150.58 (4th reflecting mirror M4)

10 spherical
S5 -759.00 210000 (5th reflecting mirror M5)
S6 -2512.82 200.00 (6th reflecting mirror M6)
S7 271.11 -302.52 (7th reflecting mirror M7)
S8 482.40 450.37 (8th reflecting mirror M8)

15 (wafer surface)
(Aspherical Data)
S1 Surface
k=0.00
A=4.86388E-10: B=3.69294E-14: C=-2.40380E-18: D=1.52251E-22:

20 E=7.12313E-27: F=2.04697E-31: G=-2.69984E-36: H= 0.00000E+00
S2 Surface
x = 0.00:

A = 5.50594E-11: B =-2.04768E-16: C = 3.01118E-20: D =-4.15366E-

24: E=3.30674E-28: F=-1.42210E-32: G=2.54409E-37: H=
25 . 0.00000E+00

S3 Surface
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FPO7-0016-00 K=0.00: A =3.18748E-11: B =-3.58792E-17: C =-7.44055E-20: D

=5. 26232E-
0. 00000E+00 5 S4 Surface Spheri cal

24: E=-2.36267E-28: F=5.62019E-33: G=-5.28182E-38: H=
S5 Surface K--0.00 A = 8FF854H G000 B

=-7.07164E-14: C = 2. 77451E-18: D=-1.09193E- 22: E=6. 12882E-27:

F=-1.98877E-31: G=2.47385E-36: H= 10 0. 00000E+00 S6 Surface

1. 43537E-09: B =-1.82807E-13: C = 2.25287E-17: D =-7.06178E- 22:
E=2. 55617E-26: F=2. 50370E-30: G=-5. 05416E-35: H= 15 0. 00000E+00 S7 Surface

A
I

I m

= 0.00 A=

ur f ace
- 3. 00184E—

5E—08 B =3.37130E-12: C = 1. 35006E—15 D =-5. 19281E-
1. 51018E—22 F =-2.69433E-26: G = 2.17856E-30: H = 0. 00000E+00 S8

A GO HEES 1808 4783879281 7> 637 A40DSE-20= II& —457%@@51
25: E 1,264298- 20 F=.2, 74528F 34: G=2 55201E- 30, H= 25

0. 00000E+00 2val s 2636 85asai ndTH62BhM I %ns) G=8.28187E-38:  H=

10

15

20

25

0.00000E+00

S4 Surface Spherical

S5 Surface

=0.00

A = 8.68542E-10: B =-7.07164E-14: C = 2.77451E-18: D=-1.09193E-
22: E~6.12882E-27: F=-198877E-31: (G=247385E-36: H=
0.00000E+00 |

S6 Surface

«=0.00

A = 1.43537E-09: B =-1.82807E-13: C = 2.25287E-~17: D =-7.06178E-
22:  E=2.55617E-26: F=2.50370E-30: G=-5.05416E-35: H=

0.00000E+00

S7 Surface

k=10.00

A = 1.50565E-08: B =-3.37130E-12: C = 1.35006E-15: D =-5.19281E-
19: E = 1.51018E-22; F =-2.69433E-26: G = 2.17856E-30: H =
0.00000E+00

S8 Surface

k= 0.00

A =3.82947E-11: B = 2.26337E-16: C = 5.47822E-21: D =-3.00184E-
25:  E=1.26429E-29: F=-2.74528E-34: (G=2.55201E-39: H=
0.00000E+00

(Values Corresponding to Conditions)

38
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FPO7-0016-00 M = 517.35 (maxinmum at the fourth reflecting mrror M4) TT =
1600.0 My/HO = 3.32 TT/HO =10.26 5 dl = 855.76 nmd2 = 735.76 mud3 =
879.63 mm dl/d2=1.16 d3/d2 = 1.20 [0065] Fig. 12 is a draw njPEFed® hg0foma
in the projection optical 10 systemof the fifth exanple. Fig. 12 shows
the neridional coma and sagittal coma at the inmage hei ght 100% at the

I mge height 98% and at the imge height 95% It is apparent fromthe
aberration diagramthat in the fifth exa coma is well conpensated for
in the regi do méﬂ?éép@nmwmmttth@f@nmbﬁnﬁe@mgﬁgml\dé@ on ER It was
confirmed, 15 tho h not depicted, that the aberrations other than cong,
e.g. spherl iIdar 1 Pration and distortion, were also well conpensated for
in the region corresponding to the effective imging region ER [0066]

[ Exanpl e 6] MP@I0133:3¢ a drawi ng showing a configuration of the projection

20 opti cal Wi_ﬁ)m amrdl ng to the sixth exanple of the present
enbodi nent . @nce to Fi g. 13, the projection optical system of

t he ixthe %g configured as follows: light fromthe nask 4 is
successi vel éc n a convex reflecting surface of the first

ot octing ARrT 98506 mRIS=BRTBI BN | ect i ng surface of the third
reflecting H‘l/rc{fr: 1'\./?6 and on a concave reflecting surface of the fourth 39
d3/d2=1.20
[0065] Fig. 12 is a drawing showing coma in the projection optical

10 system of the fifth example. Fig. 12 shows the meridional coma and
sagittal coma at the image height 100%, at the image height 98%, and at
the image height 95%. It is apparent from the aberration diagram that
i the fifth example, coma is well compensated for in the region

~corresponding to the effective iméging region ER. It was confirmed,

15 though not depicted, that the aberrations other than coma, e.g., spherical
aberration and distortion, were also well compensated for in the region
corresponding to the effective imaging region ER.

[0066] [Example 6]
Fig. 13 is a drawing showing a configuration of the projection

20 optical system according to the sixth example of the present
embodiment. With reference to Fig. 13, the projection optical system
of the sixth example is configured as follows: light from the mask 4 is
successively reflected on a convex reflecting surface of the first
reflecting mirror M1, on a concave reflecting surface of the second

25 reflecting mirror M2, on a convex reflecting surface of the third

reflecting mirror M3, and on a concave reflecting surface of the fourth
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reflecting mrror Md to forman internediate i mage of the
n. Then the light fromthe internedi ate i mage of the mask

med via the first imaging catoptric system Gl i s $0dbe8616<10
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Taig e BB BRI B G r%%i&yo@fe&? Jre &

OBk LR R0 Ao iryimi

T U5 o A ogBoi S50, R OuA MBSl o 25

surface of the seventh reflecting mirror, and on a concave reflecting
surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
projection optical system of the first example the eighth reflecting
mirror was comprised of a spherical surface, whereas in the present

example the convex third reflecting mirror is comprised of a spherical

surface. Table (6) below presents values of specifications..of the.. ..

projection optical system according to the sixth example.
[0067] Table (6)

(Principal Specifications)

A=13.5nm
B=Va
NA=0.25
HO = 156 mm
¢ =40 mm
LX =26 mm
LY =2 mm

(Specifications of Optical Members)

Surface
Number r d optical member
SO(mask surface) 841.07
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FPO7-0016-00 Si 11039.33 -721.07 (1st reflecting mrror M) S2 1617.82
821.07 (2nd reflecting mrror M) S3 2446.35 -681.65 (3rd reflectlntlg
mrror M3) spherical 5 S4 2000.00 1187.31 (4th reflecting m ddt0 6<%
-482.49 -100.00 (5th reflecting mrror M) S6 -501.73 200.00 (6th
reflecting mrror M) S7 340.68 -254.38 (7th reflecting mrror M/) S8
443. 92 407.65 (8th reflectlng mrror M) 10 vvafer surface) (Aspheri cal

Data) Si s ace 5261 38370 15C =- 3, 84260 20D =
1. 06B04E. 2385 - 6. 53329@2"§F 47%6‘0@& @é’d lestinggnEEoR 0. 00000E+00
S2 Surface on = o 00 A 98E 1 E- 9. 80597E-21D =

9. 76277E- 2582 =- 1. 09433E6%§ _ ggbﬁgssé’sﬂfﬁ eél%‘@gés mHrOE M2 0000E+0053
20 SurfaceS rical Sur Surf 04 A.=-1.01599E-10B =

6. 19470E- 16C~2. 65958E- 23%83 6. 0190@2@(9’:‘101@%%%@8@% 43013E- 35G
=2 13455E- 40H = 0. 00000E+00 25 S5 Surface x=0,00 4

“spherica
5 S4 2000.00 1187.31 (4th reflecting mirror M4)
S5 -482.49 -100.00 (5th reflecting mirror M5)
S6 -501.73 200.00 (6th reflecting mirror M6)
S7 340.68 -254.38 (7th reflecting mirror M7)
S8 443.92 407.65 (8th reflecting mirror M)
10 (wafer surface)
(Aspherical Data)
S1 Surface
k=0.00
A = 5.52614E-11B = 1.38370E-15C =-3.84269E-20D = 1.06804E-23E
15 =-6.53118E-28F = 2.16069E-32G =-3.23974E-37H = 0.00000E+00
S2 Surface |
k=10.00

A =-1.30598E-10B =-8.72576E-16C =-9.80597E-21D = 9.76277E-25E

=-1.09433E-28F = 6.36889E-33G =1.51086E-37H = 0.00000E+00S3
20 SurfaceSpherical Surface

. S4 Surface

k=0.00

A =-1.01599E-10B = 6.19470E-16C =-2.65958E-20D = 6.01905E-25E

=-8.31396E-30F = 6.43013E-35G =-2.13455E-40H = 0.00000E+00
25 S5 Surface

k= 0.00
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FPO7-0016-00 A = 6.90424E-10B =-7. 80937E- 15C = 2. 02344E-18D =- 1. 10078E- 22E
= 2.96968E- 27F =- 4. 05905E- 32G = 2. 25755E-37H = 0. 00000E+00 S6 Surface K =
0.00 5 A = 4.38239E-09B = 2.61724E-13C =-3.24417E- 17D = 1. 9228B@700@ 6-00

=- 5. 33138E- 26F = 2. 86023E-31G =1. 03596E- 35H = 0. 00000E+00 S7 Surface

K=0.00 A = 1.21470E-08B =-8.57463E-14C = 2.81447E-17D =-5. 11735E- 20E 10
=1. 93974E- 23F =-4.27193E-27G = 3.97324E-31H = 0. 00000E+00 S8 Surface

0,00 e T AR RS TR
Y

d2=721. 07 \%3: 21.07 mm dl/d2 = 1.17 d3/d2 = 1.14 25 [0068] Fig. 14 is
a drawing s oma in the projection optical systemof the sixth

exanpl e. Fig.z&zboshows the neridional coma and 42

5 A = 438239E-09B = 2.61724E-13C =-3.24417E-17D = 1.92286E-21E
=-5.33138E-26F = 2.86023E-31G = 1.03596E-35H = 0.00000E+00
S7 Surface
k= 0.00
A = 1.21470E-08B =-8.57463E-14C = 2.81447E-17D =-5.11735E-20E
10 = 1.93974E-23F =-4.27193E-27G = 3.97324E-31H = 0.00000E+00
S8 Surface
k=10.00

A =247598E-10B = 1.95136E-15C = 1.44504E-20D =-1.20985E-25E
=1.74797E-29F =-6.31416E-34G = 9.33844E-39H = 0.00000E+00
15 (Values Corresponding to Conditions)
Mg = 474.75 (maximum at the fourth reflecting mirror M4)
TT = 1600.0 |
Mo/HO =3.04
- TT/HO=10.26
20 dl =841.07 mm
d2=721.07 mm
d3 = 821.07 mm
di/d2=1.17
d3/d2=1.14
25 ~ [0068] Fig. 14 is a drawing showing coma in the projection optical

system of the sixth example. Fig. 14 shows the meridional coma and
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FPO7-0016-00 sagittal coma at the imge height 100% at the inage height
98% and at the imge height 95% It is apparent fromthe aberration
diagramthat in the sixth exanple, coma is well conpensated F&07-001&e00
region corresponding to the effective imaging region ER It was confirned,
5 though not depicted, that the aberrations other than coma, e.g.,

spherical aberration and distortion, were also well conpensated for in the
regi on corresg_(t)égdi ng to the effective_imagi ng region ER.'(é 0069] [ Exanpl e

71 Fig. 15 isegHtalcamagt theoimage heighhd PQus.atithe ivage heights]%e: apd at 10
optical system.accordi.n he_sevent h exanpl e of the, present nbodi nment .
Wth refererh @m@gﬁi}be.lgﬁg,bg%e Br@j@@ﬁ?%fg‘b@@ﬁl abgyration 3@@@% vent h
exampl e is configuted as follows: light fromthe mask.4 .is, successively
CofTocted oitatiodvaR FEmPal RRMEy i il cfomp@sas tfor iy [the t1eqoMi r r or
M, on a concave refleci(ibgg sgf,face .0f the secon 5 reflecti m'drror M2,
on a convex OEFISREPAME QELCERVE HR AN JCEAEY Léet | HgVAS CP d,and on a

i oo at b e ol HepRicidogt 15 sbsfifions et A PR peoriRigical
I nt di ate,i| f k patt f d ' fi. [ '
cat optri ¢ sybebpen v AR, D25 BT e el aribclhe FERPLC i ng
f ft fi . | gct 1.1 . flecti f
of the.si xt rorspBhieEt e B e e fPuRLL g Soriace of the

seventh refl ' LLT and on a concave reflecting surface of the
ei ghth reflgggﬁ%?%%ggé% to forma reduced i mage (secondary inmage) of

h K : : n i ectis i cal . f th
e sk et o1 a5 1 0] o G0 SEEVARAER, PBiBRRET, o,
surfgpe, WiRheRE1 | §yhdif RIcBSAthg 16 the seventh example of the present

embodiment. With reference to Fig. 15, the projection optical system

of the seventh example is configured as follows: light from the mask 4

is successively reflected on a convex reflecting surface of the first
reflecting mirror M1, on a concave reflecting surface of the second

15 reflecting mirror M2, on a convex reflecting surface of the third
reflecting mirror M3, and on a concave reflecting surface of the fourth
reflecting mirror M4 to form an intermediate image of the mask pattern.

Then the light from the intermediate image of the mask pattern formed

~via the first imaging catoptric system G1 is successively reflected on a

20 concave reflecting surface of the fifth reflecting mirror M5, on a convex
reflecting surface of the sixth reflecting mirror, on a convex reflecting

surface of the seventh reflecting mirror, and on a concave reflecting

surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the

25 - projection optical system of the first example the eighth reflecting

mirror was comprised of a spherical surface, whereas in the present
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FPO7-0016-00 exanple the concave second reflecting mrror is conprised of
a spherical surface. Table (7) bel ow presents val ues of specifications of
the projection optical systemaccording to the seventh exanpl EPO7ed¥§-00
Table (7) 5 (Principal Specifications) X=13.5rim R ="/4 NA = 0.25 HO=
156 mm 10 y=40mm LX = 26 mm LY=2mm (Specifications of Optical Menbers
Factors) Surface 15 Nunmber r d Optical Menber SO(nmask surface) 849.69 Si1

23309.04 -666.38.(lst reflecting moorogr M) S2.1631.89 766.38, (2nd
refl ecting MF &\ SORERYR afcCoBd f%%%@%-%‘é@?%‘s( @P&ll?rés’fqdecquin mrror

)20, SR A USRS R 0
S7 313.83 -351.61 (7th reflecting mrror S8 438.63 408.42 (8th
et oot i mg N PEeRHgm opBos it alipiths 1p dao Rl cvami- 44
[0070] Table (7)
5 (Principal Specifications)
A=13.5nm
B="Ya
NA=0.25
HO = 156 mm
10 ¢ =40 mm
LX =26 mm
LY =2 mm
(Specifications of Optical Members Factors)
Surface
15 Number r d Optical Member
SO(mask surface) 849.69
S1 23309.04 -666.38  (1st reflecting mirror M1)

S2 1631.89 766.38 (2nd reflecting mirror M2) spherical
S3 2687.92 -635.38 (3rd reflecting mirror M3)

20 S4 2000.00 1127.98 (4th reflecting mirror M4)
S5 -489.20 -100.00 (5th reflecting mirror M5)
S6 -554.19 20091 (6th reflecting mirror M6)
S7 313.83 -351.61 (7th reflecting mirror M7)
S8 438.63 408.42 (8th reflecting mirror M8)

25 (wafer surface)

(Aspherical Data)
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FPO7-0016-00 Si Surface K = 0.00: A= 1.50513E-10B = 3.02143-15: C
=- 8. 48835E-20: D = 9.97470E-25: E = 4. 64062E- 29: F:2.41448E-g,§: G=
4.01984E-38: H = 0.00000E+00 5 S2 Surface Spherical S3 Surfat®O{-00b6d8 A
=-8. 67763E-10: B = 2.06507E-15: C =-1.85462E-21: D = 1.38609E-25: E =
4.28023E-30: F =-1.70964E-35: G =1.08125E-39: H = 0.00000E+00 10 S4
Surface K = 0.00: A =-2.18287E-10: B =-4.29107E-16: C =-1.91874E-21: D =

4. 25004E- 2% Egéfag 81542E-31: F = 1.08197E-35: G =-4.80117E-41: H =
0. 0O0000E+00 ]5 %rface K =0.00: A= 3.57160E-10: B =-2.19811E-14: C =

2. 36995E- 18:KQ0 60.18488E- 22: E = 3.30479E-27: F =-4.93170E-32: G =
3.07879E-37:" H "="0. 0O0000E+00 S6 Surface 20 K=0.00: A = 1.33970E-09: B =

° ZUR0SE 14 C LSO AR F BT ihagp 55570 10
2 AT HE oo A 8 e S St 08425 3o 20870 20
5 S2 Surface Spherical
' S3 Surface
Kk = 0.00: A =-8.67763E-10: B = 2.06507E-15: C =-1.85462E-21: D =
1.38609E-25: E = 4.28023E-30: F =-1.70964E-35: G =1.08125E-39: H
= (.00000E+00
10 . S4 Surface
k = 0.00:
A =-2.18287E-10: B =-4.29107E-16: C =-1.91874E-21: D = 4.25004E-
26: E =9.81542E-31: F = 1.08197E-35: G =-4.80117E-4i: H =
0.00000E+00
15 S5 Surface
k= 0.00: A=3.57160E-10: B =-2.19811E-14: C = 2.36995E-18: D =-
1.18488E-22: E = 3.30479E-27: F =-4.93170E-32: G =3.07879E-37: H

= 0.00000E+00
Sé Surface
20 Kk = 0.00:
A = 1.33970E-09: B = 6.28995E-14: C =-8.12425E-18D = 6.77538E-
22E  =339767E-26F = 8.85578E-31G =-843710E-36H =

0.00000E+0087 Surfacex = 0.00A = 9.12402E-09B =-3.91177E-14C =

3.59440E-17D = 1.60493E-21E =-1.40212E-24F = 2.26670E-28: G =-
25 1.47719E-32: H= 0.00000E+00

S8 Surface
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FPO7-0016-00 0.00: A= 1.33040E-11: B = 2.74191E-16: C = 1.69281E-21: D =
2. 77234E- 26E =-9. 88835E-31: F = 3.54065E-35: G=-4.92892E- 40:

H=0. 00000E+00( Val ues Corresponding to Conditionsl) 5 Wy = 4361.:3@7(0\%@-Qﬁm
at the fourth reflecting mrror M4) TT= 1600. Ovep/HO = 3.04 TIT/HO =
10.26 dlI = 849.69 nm 10 d2 = 666.38 mMm d3 = 766.38 nmm dl/d2 = 1.28
d3/d2 = 1.15 [0071] Fig. 16 is a drawing showing coma in the projection
optical 15 s_yp(zqn of the seventh exanple. Fig. 16 shows the meridi onal
coma and s t coma at the inmage hei ght 100% at the inmage hei ght 98%

fhat i n the oo ﬁé?ﬁ‘*@ﬁt-}ﬁg‘%(*?tl@l?&ﬁ; oirﬁéﬁélﬁ%f‘?@r 3 P ZST on
cornespond aget o LIS sehiSRLiYe |00 reGipEeERl | ey 89sgoRliord.
s o et 0 DB APt RBRAREGH Lo 10 1 heoron
B e N K
reference tqv[FJ_ngh? the projection optical system 46
OMo/HO = 3.04
TT/H0=10.26
dl = 849.69 mm
10 d2 = 666.38 mm
d3 =766.38 mm
d1/d2 =1.28
d3/d2=1.15
[0071] Fig. 16 1s a drawing showing coma in the projection optical
15 system of the seventh example. Fig. 16 shows the meridional coma
and sagittal coma at the image height 100%, at the image height 98%,
and at the image height 95%. It is apparent from the aberration
diagram that in the seventh example, coma is well compensated for in
the region corresponding to the effective imaging region ER. It was
20 confirmed, though not depicted, that the aberrations other than coma,
e.g., spherical aberration and distortion, were also well compensated for
in the region corresponding to the effective imaging region ER.
[0072] [Example 8]
Fig. 17 is a drawing showing a configuration of the projection
25 optical system according to the eighth example of the present

embodiment. With reference to Fig. 17, the projection optical system
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FPO7-0016-00 of the eighth exanple is configured as follows: |ight from
the mask 4 is successively reflected on a convex reflecting surface of the
first reflecting mirror M, on a concave reflecting surface BPO7H: Ke66nd
reflecting mrror M2, on a convex reflecting surface of the third 5
reflecting mrror M3, and on a concave reflecting surface of the fourth
reflecting mrror MA to forman internediate i mage of the mask pattern

Then the light, fro he inter.medi ate iag f th k pattern fornmed via
the first i@géh%@lgﬁhcﬁmammeﬁg@eﬁg@e 25 dollowsslight 50%131%1@13@& b1 a
concave reflectin urfagce of the fifth reflecting myror on, a convex
10 reflecti ﬁﬁc%fiﬁsg’éilé Eﬁafchﬁifl Pt & ?%Y@%tﬁeﬂﬁcﬁﬂgréwé% %th/ghﬁvgiﬁt
reflecting. syrface of thS/I eventh reflecti %.m'rror, an t?‘g a concave
ef | octing Telpting oML} gRt# GoncA¥E TefleCHng: BiTtigs 05 e sePtkduced

profect | on BHAE SHEFR P, (B T Fa s ArhPeRRcSuT e 10t B dbithg 15
xarm ot he RN GHIoE Yy Ao (EcagFEeaPERusiaCp Rt B UG 1 ace.
opti cal - systeHES R N b g iagn BRCime Rl ARttt nealeg s
(Princi pal " Spel £ GRS 1STherMRial ol ol B8 mifpakin BemA OP= 40
via the first imaging catoptric system G1 is successively reflected on a
concave reflecting surface of the fifth reflecting mirror M5, on a convex
10 reflecting surface of the sixth reflecting mirror, on a convex reflecting
| surface of the seventh reflecting mirror, and on a concave reflecting
surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
projection optical system of the first example the eighth reflecting
15 mirror was comprised of a spherical surface, whereas in the present
example the first reflecting mirror is comprised of a spherical surface.
Table (8) below presents values of specifications of the projection
optical system according to the eighth example.
[0073] Table (8)
20 (Principal Specifications)
A=13.5nm
B="1
NA=0.25
HO =156 mm
25 ¢=40 mm
LX =26 mm
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FPO7-0016-00 LY=2mm ( Specificatuions of Optical Menbers) Surface Nunber r
d Optical Menber 5 SO(mask surface) 849.86 S | 14647.57 -695, 37 (1st
reflecting mrror M) spherical S2 1624.30 795.37 (2nd reerEiPiOﬂgOQrm-ﬂQr
M2) S3 2500.57 -648.57 (3rd reflecting mrror M3) S4 1959.70 1137.61 (4th
reflecting mrror M) 10 S5 -518.59 -100.36 (5th reflecting mrror M) S6
-652.55 201.53 (6th reflecting mrror Ms) S7 305.01 -355.04 (7th

reflecting '%‘;_o M/) S8 443.86 414.98 (8th reflecting mrror MB) (wafer
surf ace) 15T( _p{fﬂé‘?*mcal Data) Si Surface Spherical S2 Surface K = 0.00: A

=-6.19961E-11: B,= 8..01064E- 17: = 7.39785E-22: D =-1.63635E- 20 25: E =
1. 61146E-29?(§Pegﬁ?.a%§§§%)ﬁf§@.]“célg@“ﬁ’%@se 38: H = 0.00000E+00 S3 Surface

50 SIS 8ISl Cn e 0
0. 00000E+00\§8ber r d Optical Member
5 SO(mask surface) 849.86
S1 14647.57 -695.37 (1streflecting mirror M 1) spherical
S2 1624.30 795.37 (2nd reflecting mirror M2)
S3 2500.57 -648.57 (3rd reflecting mirror M3)
S4 1959.70 1137.61 (4th reflecting mirror M4)
10 S5 -518.59 -100.36  (5th reflecting mirror M5)
| S6  -652.55 201.53 (6th reflecting mirror M6)
S7 305.01 -355.04 (7th reflecting mirror M7)
S8 443.86 41498  (8th reflecting mirror M8)
(wafer surface)
15 (Aspherical Data)
| S1 Surface Spherical
S2 Surface
k = 0.00: .
A =6.19961E-11: B =-8.01064E-17: C = 7.39785E-22: D =-1.63635E-
20 25: E = 1.61146E-29: F =-7.76550E-34: G = 1.41983E-38: H =
0.00000E+00
S3 Surface
k = 0.00:
A =6.12122E-10: B =-1.16001E-16: C = 8.10748E-21: D =
25 5.70065E-25: E =2.95099E-29: F =-7.54162E-34: G = 7.55756E-

39: H=0.00000E+00
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FPO7-0016-00 S4 Surface x = 0.00: A =-1.76221E-10: B =-3.50361E-16: C

=1.35172E-21: D = 3.31221E- 26: E =-8.84773E-31: F = 1.02240E-35: G

=- 4. 59915E-41: H 5 0. 00000E+00 S5 Surface x = 0.00: A = 2FR8%4H-6:00 B

-2.33020E-14: C = 2.50729E-18: D =-1.26602E- 22: E = 3.52881E-27: F

-5.24219E-32: G = 3.24672E-37: H 10 0. 00000E+00 S6 Surface x = 0.00: A
6. 48337E—10 B = 3.87553E-14: C =-3.35305E-18: D = 6.90509E- 23: E =

7. 76879E- 27: 95487E-31: G = 1.27029E-35: H = 15 0. 00000E+00 S7

Surface K Sﬁﬁ%ﬁicﬁv-l 05474E-08: B = 3. 44948E-13: C = 1. 44739E-17: D

=- 3. 88657E- éﬁkz 06264E- 24: F=-5. 25423E-28: G=5.65376E-32: H= 20

0. oooooaoo“ss0 face x=0.00: A= 8.95479E-11: B = 5.33820E-16: C =

AT e

26: E =-8.84773E-31: F = 1.02240E-35: G =-4.59915E-41: H =
5 0.00000E-+00
S5 Surface
k= 0.00:
A =245960E-10: B =-2.33020E-14: C = 2.50729E-18: D =-1.26602E-
22: E = 3.52881E-27: F =5.24219E-32: G = 3.24672E37: H =
10 0.00000E+00
S6 Surface
k= 0.00:
A= 6.48337E-10: B = 3.87553E~14: C =-3.35305E-18: D = 6.90509E-
23: E = 7.76879E-27: F =-5.95487E-31. G = 1.27029E-35: H =
15 0.00000E+00
S7 Surface
x = 0.00:
A = 1.05474E-08: B = 3.44948E-13: C = 1.44739E-17: D =-3.88657E-
21:  E=2.06264E-24: F=525423E-28: G=5.65376E-32: H=
20 0.00000E+00 |
 $8 Surface
k=0.00:
A = 8.95479E-11: B = 5.33820E-16: C = 2.52317E-21: D = 2.95882E-
26: E=7.88338E-32: F=-6.29084E-36: G=1.64811E-40: H=
25 0.00000E+00

(Values Corresponding to Conditions)
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FPO7-0016-00 M = 448.25 (maxinmum at the fourth reflecting mrror M4) TT =
1600.0 MW/HO = 2.87 TT/HO = 10.26 5 dl =849.86 mm d2=695.37_mm
d3=795.37mm dl/d2 = 1.22 d3/d2 = 1.14 10 [0074] Fig. 18 is EP&7a09Ha00
showing coma in the projection optical systemof the eighth exanple. Fig.
18 shows the neridional coma and sagittal coma at the inmage height 100%
at the image height 98% and at the inmage height 95% It is apparent from

t he aberratign (i that in the eighth.exanple, c is well

conpensat od N MBS MhgRigrist 86 FPudBsRARAENE s M ot | ve i magi ng
regi on ER Wi nfirmed, though not depicted, that the aberrations

ot her than WG%(@ spherical aberration and distortion, were also well
conpensat ed {0 rni_Nat region corresponding to the effective imaging

regi on ER M@’%I?—[ mple 9] 20 Fig. 19 is a drawi ng show ng a
configurati I;Q@hﬁéoj ection optical systemaccording to the ninth
exanpl e of e enbodi nent. Wth reference to Fig. 19, the

pr oj %ction ﬁt;g&? &/algm of the ninth exanple is configured as foll ows:
i ght” from the successively reflected on a concave reflecting
surface of e ki reflecting mrror M, on a concave reflecting
surface of {dge tssgéisg'q’ﬁ?dﬁérrlefIecti ng mrror M2, on a convex reflecting surface

of the thirds 589537 mm

dl/d2=1.22
d3/d2=1.14
10 [0074] Fig. 18 is a drawing showing coma in the projection

optical system of the eighth example. Fig. 18 shows the meridional
coma and sagittal coma at the image height 100%, at the image height
98%, and at the image height 95%. It is apparent from the aberration
diagram that in the eighth example, coma is well compensated for in the

15 region cori‘esponding to the effective imaging region ER. It was
confirmed, though not depicted, that the aberrations other than coma,
e.g., spherical aberration and distortion, were also well compensated for
in the region corresponding to the effective imaging region ER.

[0075] [Example 9]

20 Fig. 19 is a drawing showing a configuration of the projection
optical system according to the ninth example of the present
embodiment. With reference to Fig. 19, the projection optical system
of the ninth example is configured as follows: light from the mask 4 is
successively reflected on a concave reflecting surface of the first

25 reflecting mirror M1, on a concave reflecting surface of the second

reflecting mirror M2, on a convex reflecting surface of the third
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FPO7-0016-00 reflecting mrror M3, and on a concave reflecting surface of
the fourth reflecting mrror MAd to forman internedi ate i mage of the mask
pattern. Then the light fromthe internediate i nage of the nEPO7pdd1E100
formed via the first inmaging catoptric systemd is successively reflected
on a 5 concave reflecting surface of the fifth reflecting mrror Ms, on a
concave reflecting surface of the sixth reflecting mrror, on a convex

reflecting su face of, the seventh reflecting mrror, and on.a concave
reflecting Sedlecizne srirkareViss Bhon afsansavagefiecting sweface aighe fowthuced

e e, F S A s et i
xanp! e“’?ﬁe%@wﬁ %eﬁ%{té%e Jake %ﬁg&?&h%msé%pt e fpmed cal
surface. Table bel o nts. val ues .speC| fication he
proj ection Eﬂfﬁ Flé%,ul]r 9%953{563% rﬁsrﬁ‘%’c@% Vere%l 0& Tabl e
CpLadim - LxCDBRAY Lr?hf ' at ' Stk (et BT Itiog TEHIoNS: 20 Sur face.
Number 1 d ORLLGA re':\ﬁgqmg sur]face of the sixth reflecting mirror, on a convex
reflecting surface of the seventh reflecting mirror, and on a concave
reflecting surface of the eighth reflecting mirror M8 to form a reduced
image (secondary image) of the mask pattern on the wafer 7. In the
10 projection optical system of the first example the eighth reflecting
mirror was comprised of a spherical surface, whereas in the present
example the convex sixth reflecting mirror is comprised of a spherical
surface. Table (9) below presents values of specifications of the
projection optical system according to the ninth example.
15 [0076] Table (9)
(Principal Specifications)
A=13.5nm
B="Y
NA=0.35
20 HO =156 mm
¢ =40 mm
LX =26 mm
LY =2 mm
{Specifications of Optical Members)
25 Surface

Number r d Optical Member
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FPO7-0016-00 SO (rmask surface) 709.93 S1 -4433.41 -589.93 (1st reflecting
mnor M) S2 1327.91 689.93 (2nd reflecting mnor M2) S3 677.63 -268.10
(3rd reflecting mirror M3) 5 S4 891.30 805.69 (4th reflecti ng ERWePOMR00 S5
-978.07 -123.10 (5th reflecting m nor M) S6 24591.30 235.57 (6th
reflecting mnor M) spherical S7 237.26 -335.57 (7th reflecting mrror
M7) S8 404.70 375.57 (8th reflecting mnor MB) 10 (wafer surface)

Aspheri cal a Si_Surface =.0.00 A = 1.37230E-09: B =-2.34495E-14: C
(= 3 B4540E- .br_‘b?lﬁlﬁ.s‘éff%%eﬂ BB B 1250425, B - 5. 550145 33 G =

L
C BIESP a0 B B iR 0
ISP SISE Y, T, 5 S B OO 5 S

- 1. QB936E- O 89130  805.69 (4th reflecting mirror M4)
S5 -978.07  -123.10 (5th reflecting mirror M5)
S6 24591.30  235.57 (6th reflecting mirror M6) spherical
S7 23726  -335.57 (7th reflecting mirror M7)
S8 404.70 375.57 (8th reflecting mirror M8)
10 (wafer surface)
(Aspherical Data)
S1 Surface
Kk =0.00
A = 1.37230E-09: B =-2.34495E-14: C = 3.54540E-19: D =-4.91321 E-
15 24: E = 1.12584E-28: F =3.55914E-33: G = 5.08482E-38: H =

0.00000E+00S2 Surfacex = 0.00A =7.38075E-11B =-1.87124E-16C =-
5.25573E-20: D = 9.80006E-24: E =1.03334E-27: F = 5.88491E-32: G
=-1.37947E-36: H = 0.00000E+00
S3 Surface

20 k=10.00
A =-2.65468E-09: B =-2.02936E-15: C = 1.51722E-19: D =-1.06845E-
23: E = 3.88202E-28: F =-9.62486E-33: G = 1.1336E-37: H =
0.00000E+00
S4 Surface

25 k=0.00:
A =-271226E-10: B =-3.34206E-15: C = 8.03920E-20: D =-1.68936E-
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FPO7- 0016-00 24: E = 2.12370E-29: F =-1.50533E-34: G = 4. 47804E-40: H
0. 00000E+00 S5 Surface K = 0.00: 5 A= 3.78564E-10: B =-2.98239E-14: C
3. 02836E-19: D = 2.29877E- 23: E =9.76811E-28: F = 1.56167E- 33PQZ-0016-00
=-9.39373E-38: H = 0.00000E+00 S6 Surface Spherical S7 Surface 10 K =
0.00: A =4.86887E-09: B = 2.32977E-12: C =2.42965E-17: D = 1. 78170E- 20: E
=-1. 18048E-23: F = 3.22917E-27: G =-3.03495E-31: H = 0.00000E+00 S8

Surface 15 K=0-0Q: 5 | 1E- 11: = 36LE-16; ~ 3. -90891E-21: D =
2. 59016E. 26 VELs 3 51130eER0T F = B3 d S dagmIeEaR T

0. 00000E+00 M@b +§$rrespondi ng to Conditions) 20 Mcp = 488.42 (maximum

at the fourth re@l@gc ng mrror Md) TT =1600.0 McplHO = 2.87 TT/HO =10. 26

dl = 709.93 maﬁagg = 589.93 nm d3 = 689.93 nm 53

k= 0.00:

5 A =3.78564E-10: B =-2.98239E-14: C = 3.02836E-19: D = 2.29877E-
23: E =9.76811E-28: F = 1.56167E-32: G =-9.39373E-38: H =
0.00000E+00
S6 Surface Spherical
S7 Surface

10 k= 0.00:
A =4.86887E-09: B = 2.32977E-12: C =-2,42965E-17: D = 1.78170E-
20: E =1.18048E-23: F = 3.22917E-27: G =-3.03495E-31: H =
0.00000E+00
S8 Surface
15 k= 0.00:
A =9.65841E-11: B = 7.68361E-16: C = 3.95891E-21: D = 2.59918E-
26. E = 2.07120E-30: F =-7.39442: E-3G = 9.08142E-40: H =
0.00000E+00
(Values Corresponding to Conditions)
20 Mo = 488.42 (maximum at the fourth reflecting mirror M4)
TT =1600.0
- Mo/HO =2.87
TT/HO =10.26
dl =709.93 mm
25 d2 =589.93 mm
d3 =689.93 mm
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FPO7-0016-00 dl/d2 = 1.20 d3/d2 = 1.17 [0077] Fig. 20 is a draw ng show ng
coma in the projection optical systemof the ninth exanple. Fig. 20 shows
the neridi ongl 5 coma and sagittal coma at the image hei ght 588%0%1510%

i mage hei ght 98% and at the image height 95% It is apparent fromthe
aberration diagramthat in the ninth exanple, coma is well conpensated for
in the region corresponding to the effective imaging region ER It was
confirned, tdgg&nbgﬁ depicted, that the aberrations other than coma, 10
e.g., spheri al ation and distortion, were also well conpensated for

in the regi asl(fgr:rfi onding to the effective imging region ER [0078] In
each of the foreg z exanpl es, as descri bed above, the projection optical

Tor the T asolOWT B’ x. Figh o208 itk SPOTRE "brrRBtL e hrBledichre >
aberrat i ons obHch aTSRRE WSS HIrRA HartPiene Tiga AL sk tReTRIEABHE an "be
exposdure regPst A S8l CPRd'al Bk BhaBOheight S0% e ineb bl s o,
ol foctive drareaid & tigihapd Beidh ERED, I i< AbpaRhEIRMAng RGN |10
order of ab&%ﬁgﬁgﬁ?@%ﬁg‘%&g@%ﬁ@(ﬁi SobfdUR %ﬂtécﬁhnfg&%a‘f@d !ﬁI)’lII @hﬁles.rml !

| evel . Each esl t 0 suppress I ncrease | e size of

the 1eflect tdiofl, toRbsportifle! f RE! ENEAVHURIAANo! RediBf. BRE! CTOwdshe

optical syst Since 1 n 25"the present I nvent st ance

(00 g5t eaanfohanns T bt pides, oyt dehdod® oo b, (121 o)
10 e.g., spherical aberration and distortion, were also well compensated for
in the region corresponding to the effective imaging region ER.

[0078] In each of the foregoing examples, as described above, the
projection optical system is able to ensure the image-side numerical
aperture of 0.25-0.35 for the laser plasma X-rays with the wavelength of

15 13.5nm and the arcuate effective exposure region of 26 mm x 2 mm
well compensated for aberrations on the wafer 7. Therefore, the
pattern of the mask 4 can be transferred in the high resolution of not
more than 0.1 ¢ m in each exposure region, for example, in the size of
26 mm X 66 mm on the wafer 7 by scanning exposure.

20 [0079] In each of the foregoing examples, the effective diameter of the
largest fourth reflecting mirror M4 is in the order of about 400 mm to
520 mm and is thus controlled well to a small level. Each example is
thus designed to suppress increase in the size of the reflecting mirrors
and to achieve reduction in the scale of the optical system. Since in

25 the present invention the distance (object-image distance) TT from the

object (reticle) to the image (wafer) is determined to satisfy the range of
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FPO7-0016-00 1350 nmto 1800 nm the optical system maintains good optlcal
performance while the size thereof is prevented fromincreasing. _;0080]

t he exposure apparatus of the foregoi ng enbodi nent, when eit {0 QOM@O
surfaces of the fifth reflecting mrror Mo and the sixth 5 reflecting
mrror M, which are the reflecting mrrors with the effective region
relatively small, is fornmed in the spherical shape, it becones easy to

hpparatus ofl ""“Eé?ff%gé i ech}reﬁap‘%f’%iaéé*&sa@ bt tad (REEE o e
sixthreflectl rrorbgB Eﬁse enthref ﬁ_tl mner M7 with 10
aﬂgl es of IbIP(?F o] fghiﬁllzﬁ ?F(S’Phlsf Blr‘eaf(? ) r?ﬁlpﬂe spheri cal I
iyi‘t’fﬁ’mb' t 00d OPRERIRABE st nBRERLY B WpH dole BB b hefe ﬁ‘;‘ed
18 1 qui o e RO S, BE LS RN teHechifl, fiBor Mioad B Bty | oo

|11 urg nat | nqeﬁegﬁﬁeg eI, WO DR B0 rSNEUED FlibloTWAR PRV ERY AN

proj ecting a 0 be transférre e nmas

photosenst g RIS gl e sRRLe T AR GRpBEPREgIEES ot o)

An e]>c<arrpleo ! ormn ﬁll’CU rnin
apparatus. o?‘gffﬁ‘_éh%?%i%l&?gfp nﬁﬁﬁﬁ?@%ﬂ%’%ﬁ%@ﬁ‘ﬁ% i o e SRRBES
mcro devi C@P‘%Ahths pftﬂé%‘&f EBE‘%)%‘?%II’%WEWSBP H%I’?Eﬁﬁ&eofotﬁé'guﬂfah@é"’ﬁfa” of

Fig.21. [00 I rst st S to deposit a net filmon
each 25 v siﬁh@@ﬂeﬁﬁvépﬁﬁ%rwtmﬁ% seentiSrdfRcing! tirfoP VT Yie! St onto

the netal m on eac er 1n the lot. The subsequent step 303 1s to 55
10 angles of incidence of rays relatively large is formed in the spherical

shape, it becomes easy to fabricate the high-accuracy reflecting optical
system.
[0081] The exposure apparatus of the above embodiment can be used to
~ fabricate micro devices (semiconductor devices, image pickup devices,
15 liquid-crystal display devices, thin-film magnetic heads, etc.) by
illuminating a mask by the illumination system (illumination step) and
projecting a pattern to be transferred, formed in the mask, onto a
photosensitive substrate by the projection optical system (exposure
step). An example of a technique of forming a predetermined circuit
20 pattern in a wafer or the like as a photosensitive substrate with the
exposure apparatus of the present embodiment to obtain semiconductor
devices as micro devices will be described below with reference to the
flowchart of Fig.21.
.[0082] The first step 301 in Fig. 21 is to deposit a metal film on each
25 wafer in one lot. The next step 302 is to apply a photoresist onto the
metal film on each wafer in the lot. The subsequent step 303 is fo
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FPO7-0016-00 sequentially transfer an inmage of a pattern on the mask into

each shot area on each wafer in the |lot through the projectio tica
system using the exposure apparatus of the foregoing enbodiﬁgﬁte 6@(&)‘@9}

The subsequent step 304 is to perform devel opnent of the 5 photoresist on
each wafer in the ot and the subsequent step 305 is to performetching on
each wafer in the lot, using the resist pattern as a mask, and thereby to

Shot ar ca oncBuBAR E@ﬁ%&ﬁ%@ﬁﬁ%ﬁ%‘%ﬁ%a@ ErhBhaB TpaPhatErBP ool o
]
extrerel y 1 .“ﬁ@@ﬁ‘ SOHOBEE %@?aﬁéﬁé%?@ﬁ%ﬁmﬁg%e%é%ﬂ%ﬂq&lﬁ{e&ggﬁi e

af orement i o %F%ource Yas: arlangs }%rfogﬁ{ ldae% (?P ?nplozfsmae X-ray

source as a 5 sup ylng having to be

'h bi ¢ ??é?aﬁ%ﬁm skt A W‘%?élih?%ﬁ%“% %@@g?é $Hb§%‘:@%%éo. %ﬁ%&%ﬁ? was
Ehg ?Pgh!t C??urcgﬁ; o@ﬁ% Q&fyl ng ﬁ}?gﬁésl lBﬁ ]%S%?%\n%ﬁ %i%ﬁg\%ﬁgﬁ{ %Lﬁ;e aving

limted to iy e%ﬁ%t ure
appar at us haV| n(j thghﬁf t;dg{&ir’ge upp y| ng |gﬁtm%ﬁgﬂ?1 wavel engt hs
other than ¥nrgys m££98ﬁi datht El%ﬁr%.%@a diash OfvapaNt i gﬁl@ﬁf’% t was

the application of tRe present invention to the projecti opt i system

7, 5o o b Spr e e (1
optijgal  S6fabricating devices such as semiconductor devices. The above-
described semiconductor device fabrication method permits us to obtain
semiconductor devices with extremely fine circuit patterns at high
throughput.
[0084] The aforementioned embodiment was arranged to use the laser
15 plasma X-ray source as a light source for supplying X-rays, but, without
having to be limited to this, it is also possible to use, for example,
synchrotron orbit radiation (SOR) light as X-rays.
[0085] The foregoing embodiment was the applicatidn of the present
invention to the exposure apparatus having the light source for
20 supplying X-rays, but, without having to be limited to this, the present
invention can also be applied to exposure apparatus having the light
source for supplying light of the wavelengths other than X-rays.
[0086] Furthermore, the aforementioned embodiment was the
application of the present invention to the projection optical system in
25 the exposure apparatus, but, without having to be limited to this, the

present invention can also be applied to other general projection optical
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FPO7-0016-00 systens. 57 FPO7-0016-00 CLAIMS 1. A reflective projection
optical system conprising eight reflecting mrrors and adap%%g t@ forma
reduced inage of a first surface on a second surface, the re dr§QLo-00
projection optical systemconprising: 5 a first inmaging catoptric system
for formng an internediate inmage of the first surface; and a second

i magi ng catoptric systemfor formng an image of the internediate i mage on
t he second sur&gce; wherein the first inmaging catoptric systemhas a first
reflecting M, a second reflecting mrror M2, a third reflecting
mrror MB, 10 and a fourth reflecting mrror Md in an order of incidence
of light from the first surface side; wherein the second inmaging catoptric
systemhas a fifth reflecting mrror Mo, a sixth reflecting mrror M, a
seventh reflecting mrror M/, and an eighth reflecting mrror M8 in an
order of incidence 15 of light fromthe first surface side, wherein at

| east one reflecting surface anong the eight reflecting mnors is
conprised of a spherical surface, and wherein the other reflecting
surfaces are conprised of aspherical surfaces. 2. The reflective
projection optical systemaccording to claim 20 1, wherein a reflecting
surface of the fourth reflecting mrror Md or/and a reflecting surface of
the fifth reflecting mnor Mo are conprised of spherical surfaces. 3. The
reflective projection optical systemaccording to claim 1 or 2, wherein
anong the eight reflecting mrrors, a reflecting surface
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25 of a reflecting mrror with a relatively high requirenent for

manuf acturing error is conprised of a spherical surface. 58 FP0O7-0016-00

4. The reflective projection optical system according to any ERO7090 E6-410ns
1 to 3, wherein anong the eight reflecting mrrors, a reflecting mrror
with a relatively large angle of incidence of a beamto the reflecting
surface is conprised of a spherical surface. 5 5. The reflective projection

optical system according to any onﬁ §i ns 1 to 4, wherein anong the
eight reflecting mrrors, a reflect ror with arelatively small area

surface, s conpr sedofetletlyhdisttion, oPhcal Si6test semTrome e,
P eetL ", Sehk e BT RO SOEBIAN B LS b b IR et Moo
obj cot st de ot sEhERM YRR eten 8Me oS Ga S sBURinAE T o any
18,008 O Wt ol SR bl BRI PHRLIRE BRI ™ 5
opti cal systefire Sifes ' seorbbighin) Chopftio Syieht forefinifighrl) 2
di st ance frgg?;gg%ff ' é%teﬁﬁgaﬁggg?ggﬁg %Q%Féééﬁ(?%‘ﬂfﬁéé;emi ng mrror M is

defined as t he di Stance e ow’ng condition:
700mxdl . 9. Theyhgk Y Iy a%,‘iﬁ cﬂﬂh C § g any
one of clains 1 to S,émeelﬁﬁﬁvﬁa aégslagtan%e@ﬂ%%ﬁéﬁgaﬁfg&;%% ting

mirror M1, a second reflecting mirror M2, a third reflecting mirror M3,

10 and a fourth reflecting mirror M4 in an order of incidence of light from
the first surface side;
wherein the second imaging catoptric system has a fifth
reflecting mirror M5, a sixth reflecting mirror M6, a seventh reflecting
mirror M7, and an eighth reflecting mirror M8 in an order of incidence
15 of light from the first surface side, wherein at least one reflecting
surface among the eight reflecting mirrors is comprised of a spherical
surface, and wherein the other reflecting surfaces are comprised of
aspherical surfaces.
2. The reflective projection optical system according to claim
20 1, wherein a reflecting surface of the fourth reflecting mirror M4 or/and
a reflecting surface of the fifth reflecting mirror M5 are comprised of
spherical surfaces.
3. The reflective projection optical system according to claim
1 or 2, wherein among the eight reflecting mirrors, a reflecting surface
25 of a reflecting mirror with a relatively high requirement for

manufacturing error is comprised of a spherical surface.
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25 mrror M to the second reflecting mirror M2 is defined as d2, the

di stance d2 satisfies the follow ng condition: 59 FP0O7-0016-00_ 450 nm <
d2. 10. The reflective projection optical system according toFBW-OQ)]rfEOQf
claims 1 to 9, wherein when a distance fromthe second reflecting mrror
M2 to the third reflecting mrror M3 is defined as d3, the 5 distance O
satisfies the followi ng condition: 570 mm< D. 11. The reflective

oh i 1 epr esent & o BIS PG BRICFROR P ot b egrding fo gy " © "
rert ccting MFrf clpinfot, {30 olBrratF FRGR thg St rEhENEe BB Fon of 1 he
e R A5 o DRG] By 152
et ecting Mo releoEr T W S ER CE S b BRs “anc when a3
rohl Soting m rror e, th Palsie: BEREPBS e reefh, Mgy a0 Wy 1" ¢
15 Oy S W et i,
B AP ) S Sl T,

to imaging is reflected on the reflecting surface, is comprised of a

spherical surface.

10 6. The reflective projection optical system according to any
one of claims 1 to 5, wherein the first imaging catoptric system is
comprised of a reflecting mirror, a concave mirror, a convex mirror, and
a concave mirror in order from the object side. |

7. The reflective projection optical system according to any

15 one of claims 1 to 6, wherein the second imaging catoptric system is
comprised of a concave mirror, a reﬂecting mirror, a convex mirror, and
a concave mirror in order from the object side.

8. The reflective projection optical system according to any
one of claims 1 to 7, wherein when a distance from the first surface to

20 the first reflecting mirror M1 is defined as d1, the distance d1 satisfies
the following condition:

700 mm <d1.
9. The reflective projection optical system according to any
one of claims 1 to 8, wherein when a distance from the first reflecting

25 mirror M1 to the second reflecting mirror M2 is defined as d2, the

distance d2 satisfies the following condition:
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25 400 Mm < MB < 600 mm 14. The reflective projection optical system

according to any 60 FPO7-0016-00 one of clainms 1 to 13, mhei;?ogw ﬁ
maxi nrum ef fective diameter of the reflecting mrrors is defin s

when a maxi num object height on the first surface is defined as HO a
ratio Mcp/HO satisfies the following condition: 5 2<My/ HO<4. 15. The
reflective projection optical systemaccording to any one of clains 1 to

14, wherein vvhen § aﬁg%rgg(? stance between the first surface and the
second surface is Q S the axial distance TT satisfies the

opti cal " System acady di Hy f’%ﬁ’%drﬁy‘ﬂ TSN ontial Ffisht cBGibE ' eﬁ;ii;” d
2s 7T and wiis %%ﬁﬁﬁ%ﬁ%ge’o%%%%ﬂh%ﬁ?f&@%stﬁ’&ﬁﬁg ??f%@ éiﬁéﬁaﬁ gnig '723
TOVE <
'Iltlﬁe ?e1[ ?22?.@3 pr o] e(ﬁ | on Z%’P?(S: %ﬁgg:/ts n@g‘é@%r Egg tdg?glr?d %-n(?aj-'oopl%l ains 1

to 16 wher ¢idiaafe HITRIEsHELE e%TRHnﬁ%l é:ﬁlgfl;ﬁ, e NAis at least 0.20. 20

18. An exposure apparatus conpri sing: um nation system for
illum nating a nmagkosgh, @3t he first surface; and the reflective
projection optical systemas defined in any one of clains 1 to 17, for

P2 S 2, RLLEL, el RIS PP Sodomig o o
one of claims 1 to 10, wherein when d1 represents a distance from the
first surface to the first reflecting mirror M1 and when d2 represents a
10 distance from the first reflecting mirror M1 to the second reflecting
mirror M2, a position of the second reflecting mirror M2 satisfies the |
following condition:
1<dl/d2<1.9.
~ 12. The reflective projection optical system according to any
15 one of claims 1 to 11, wherein when d2 represents a distance from the
first reflecting mirror M1 to the second reflecting mirror M2 and when
d3 represents a distance from the second reflecting mirror M2 to the
third reflecting mirror M3, a position of the third reflecting mirror M3
satisfies the following condition:
20 1.1 <d3/d2 < 1.5.

13.  The reflective projection optical system according to any
one of claims 1 to 12, wherein when a maximum effective diameter of
the reflecting mirrors is defined as Mo, the maximum effective diameter
Mg satisfies the following condition:

25 400 mm < Mo < 600 mm.

14, The reflective projection optical system according to any
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25 19. The exposure apparatus according to claim 18, wherein the

i Ilum nation system conprises a |ight source for supplying X E%? @6 gb
FPO7-0016-00 exposure light, and wherein the projection expo 916
pattern of the mask is effected on the photosensitive substrate, with
rel ati ve novenent of the mask and the photosensitive substrate to the
reflective projection optical system 5 20. Areflective projection

Forma roduclh Soaaungl ?.Tst%f‘él&r%%ﬂtaoﬁwéﬂ@@t@i%ﬁfe?h”" AT mong

"ol at fvel y. s SRARRE RElie 5 nfilé@%?lsaﬁ%%é%he‘%h%fﬁg& Hﬁ%ﬁﬁf&m%eﬁﬁ surf ace

is conprise f tical
syst em conp?‘.eghng rE B B Sur S Rty o T A Rl Mo IO SR E0 R £ 5
reduced i ma u?%f:bﬁ&ﬁno psur face on a second surface, \/\herel n anmong said
at | east elgt ecting mrrors, a reflecting 15 mirror with a

rel aki vel y srrall gr@MWQ@ beam cont ri but i ng to imaging is reflected on
the reflecting surface! 1s conprised of a spherical surface. 62

15. The reflective projection optical system according to any
one of claims 1 to 14, wherein when an axial distance between the first
surface and the second surface is defined as TT, the axial distance TT
satisfies the following condition:

10 1350 mm <TT < 1800 mm.

16. The reflective projection optical system according to any
one of claims I to 15, wherein when an axial distance between the first
surface and the second surface is defined as TT and when a maximum
object height on the first surface is defined as HO, a ratio TT/HO

15 satisfies the following condition:

8 <TT/HO < 15,

17. The reflective projection optical system according to any
one of claims 1 to 16, wherein an image-side numerical aperture NA is
at least 0.20.

20 18. An exposure apparatus comprising: an illumination system
for illuminating a mask set on the first surface; and the reflective
projection optical system as defined in any one of claims 1 to 17, for
projecting a pattern of the mask onto a photosensitive substrate sét on
the second surface, to effect exposure thereof.

25 19. The exposure apparatus according to claim 18, wherein the

illumination system comprises a light source for supplying X-rays as
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15

FP07-0016-00

exposure light, and wherein the projection exposure of the pattern of the
mask is effected on the photosensitive substrate, with relative movement
of the mask and the photosensitive substrate to the reflective projection
optical system.

20. A reflective projection optical system comprising at least
eight reflecting mirrors and adapted to form a reduced image of a first
surface on a second surface,

wherein among said at least eight reflecting mirrors, a reflecting
mirror with a relatively large angle of incidence of a beam to the
reflecting surface is comprised of a spherical surface.

21. A reflective projection optical system comprising at least
eight reflecting mirrors and adapted to form a reduced image of a first
surface on a second surface,

wherein among said at least eight reflecting mirrors, a reflecting
mirror with a relatively small area where a beam contributing to
imaging is reflected on the reflecting surface, is comprised of a

spherical surface.

62



