DESCRI PTI ON  REFLECTI ON- TYPE PROQJECTI ON OPTI CAL SYSTEM AND EXPOSURE
EQUI RMENT PROVI DED W TH SUCH REFLECTI ON- TYPE PRQJECTI ON OPTI CAL SYSTEM 5
echni cal_Field [0001] The present invention relates to a reflective
projection optical system and an exposure apparatus with thdR@&fH08d6~Q0

proj ection 3“‘!”"@@,’,”’" em and, for exanple, relates to a reflection type
proj ection ’mm em suitably applicable to X-ray projection exposure
apparatus for 1Q,tansferring a circuit pattern on a mask onto a

phot osensitive substrate by the mrror _projection nethod with X-rays (EUV
i ght). Background Art [0002] TheDMBWBTJkHﬁ exposure apparatus used for
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system, and, for example, relates to a reflection 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

R

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. (a) 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
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FPO7-0016-00 projection optical system In general, it is difficult in
terms, of optical design to increase the numerical aperture NA of the
proj ection optical systemover a predeterm ned value, and thus it wll be
necessary to further decrease the wavel ength of the exposure HRGH00160100
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 m when the
exposure light is an ArF excinmer |laser with the wavel ength of 193 nm the

resol ving power achieved is 0.1 mor |ess or at t .0
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Sueggcgsof a&av@f%ﬂ%ﬁ{bﬁb Iﬁgape and thus fabrication thereof requires such

10 [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 feﬂecting 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 ement, necessitating a lot of labor, tinme, and cost. [0006] In the
réf1ective projection optical systemdisclosed in U S. Pat. No. 6,710,917
as a conventional exanple of the reflective projection 5 opuﬁﬁﬂ %&Ht@@@
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 systen1having two internediate
i mges between the second and third ectl ror%_and bet ween t he
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10 and the sixth 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
requiyenment for manufacturing error is an aspherical surface, the

proj ection optical system when actually fabricated, is likely to give
rise to aberration due to manufacturing error, and there is &RAH8P16-00
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
provide a reflectiqn type, projection optical, syst
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10 spherical shape and adopting a twice imaging system to reduce 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 Problems
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;



- 1 FPO7-0016-00 wherein the first imaging catoptric systemhas a first
reflecting mrror ML, a second reflecting mrror M, a third reflecting
mrror M3, and a fourth reflecting mrror M4 in an order of incj ce
light fromthe first surface side; wherein the second i nmagi nék@?‘g)g)tlﬁi‘éa
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
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the present invention ‘adopts the tw ce imaging optical system
CO”Fer si ng tdyenpase®Ccof Ndbpherical surfaces. The projection optical system

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

a 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



5 FP07-0016-00 mrrors at |east one of surfaces of which is fornmed in the
spherjcal shape, whereby it achieves reduction in the size of the
reflecting mrrors and in the total Iength of the optical systen} ermts
relatively easy processing (grinding, polishing) and neasuren&i® TdbhﬁnQO
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
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spherical shape among at least eight reflecting mirrors, whereby the
10 reflective optical system with high accuracy requirements 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.



6 FPO7-0016-00 Fig. 3 is a drawi ng showing a configuration of a projection
optical systemaccording to the first exanple of the enbodinent. Fig. 4 is
a drawi ng showi ng cona in the projection optical systemof the first
exanple. 5 Fig. 5is a drawing showing a configuration of a prEFQZtQQ)W'OO
optical system according to the second exanple of the enbodinent. Fig. 6 is
a drawi ng show ng coma in the projection optical systemof the second
exanple. Fig. 7 is a drawi ng showi ng a configuration of a projection 10
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system of the second example.
O 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
optical 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.



7 FPO7-0016-00 Fig. 16 is a drawing showi ng coma in the projection optical
system of the seventh exanple. Fig. 17 is a draw ng showi ng a configuration
of a projection optical systemaccording to the eighth exanple of the
enbodinent. 5 Fig. 18 is a drawi ng showi ng coma in the proj ectﬁ%ﬁ'@ﬁﬂﬁcgﬁ)
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 drawing showing conma in the projection optical 10

system of the ninth exanple. Fig. 21 is.an exanple.,of a .flowhart qf a
techni que of fab ilg-aﬁgnﬁ §e¢iaé’%ﬁgu%1?‘b‘?’u}fe\?9é‘& 13sthe PFYyeqUon QRticest Mode

for Carrying out t I nventjon [0Q14] In the reflective projection optical
syst em of tﬁb;‘StGFIéQEﬁ?e Seqveny \?é‘ﬁ["?lﬁﬁ light froma first surface (object
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Q : 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 system 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

S

formed through the first imaging catoptric system Gl1 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
25 reflecting mirror M1, a third reflecting mirror M3 for reflecting the light

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



8 FPO7-0016-00 mrror M4 for reflecting the light reflected on the third
reflecting mrror M3. The second imaging catoptric system & is conposed of
afifth reflecting mrror Mo for reflecting the light fromt

intermediate inage, a sixth reflecting mrror M for reflect%%‘r@h@@ﬂt
reflected on 5 the fifth reflecting mrror M, a seventh reflecting mrror
M7 for reflecting the [ight reflected on the sixth reflecting mrror M,
and an eighth reflecting mrror MB for reflecting the light reflected on

:n“f NBft P‘H@?ﬁ%ﬁ’ﬁ g??éﬁ G %4; A OOfﬁesgeMniﬁe Bhicd refBRAnE e o
That the_r odvBn® R Sebord Haehss cHipriric PRt G S Bl P 4 PR "\6": s
o "an ;ﬁhu{”g%hsha%? bR M2 e Lot e £k AR, e "BBGfuddif ° P2
Theretore, AMEH é’%&?@%&%%ﬁo&%@%ﬁ%@é@ gt AR o
I[S(E(%]IEL)(?%] t Lsgf tgii?}ﬁggﬁﬁgtlﬁg %lﬁﬁrgﬁﬁgé%@éﬁa grea HJ[ Mﬁg c|)ron.
ing?tHe %lflpleeffé(ﬂ it {Aeeglscm ﬂb@ﬁﬁ% mﬁ‘rBleM@CBhHgafnozo
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requi r ement I’ manuf actdring error IS severe ln a ectlng mrror wth
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reflecting mrror wt mal | area of a region (effective region) where 25
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conprlse suc eflecting mrror of a spherical surface. The reason is
10 M4 or the fifth reflecting mirror M5 is preferably comprised of a

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



9 FPO7-0016-00 that the reflecting mrror with the severe requirenent for
manufacturing error will give rise to relatively large aberration if the
shape of the reflecting surface deviates even a little from ' I

desi gned shape, and that it will result in degradation of fiﬁ‘gféf'ﬁz)éﬁné)o
performance. 5 Since the spherical shape can be processed w th higher
accuracy than the aspherical shape, it is relatively easy to fabricate the
hi gh-accuracy proj ect ion optical system Therefore, i t becorres feasible to
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the projection optical system at low cost and with accuracy.
{D [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 <dl1 (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

3 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



10 FPO7-0016-00 If the distance d3 is smaller than the lower limt of
Condition (3), angles of incidence of rays to the reflecting surface wll
be too large to well conpensate for energing aberration. [0021 When the
projection optical systemis configured as described 5 above,FPQ7£¥H6-00
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 reflectlng mrror ML to the eighth reflecting mrror MB.

[0022] An aperture op,,AS is refermaitﬁE oca 3 on the se d J_O
reflecting mrror é@é@%elcﬁ} dhgp ti% ﬁk"’eéalhmbteo
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rati o of the]yig)regm ng distances dl and Al dl/d2, satisfies the foll ow ng
condition (4)7725 1 <dl/d2 < 1.9 (4). If the ratio is off the range of

Gondi ti on (HooddjeablpRi@rd dtbp AS is preferably located on the second
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 -aperture 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 beMeen 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<d1/d2<1.9 (4).

If the ratio is off the range of Condition (4), the balance will

11



11 FPO7-0016-00 worsen between upper coma and | ower conma so as to nake
conpenpsation difficult. [0025] In the present invention, preferably, a
ratio of the foregoing distances d3 and d2, d3/d2, satisfies éhs ;&{&V\A ng
condition (5): 5 1.1 < d3/d2 < 1.5 (5). If the ratio is off thEPPZ 00
Condition (5), the balance will worsen between upper coma and | ower coma
so as to make conpensation difficult. E [0026] When the projection optical
systemis configured as described 10 above, it can ensure adequate optical
perf or mance even i f, the S|xth refl.ecting ero IS _co rlsed fﬁ(

9 Se wel |

spherical sut P%‘?ﬂn | WPR%Te (R ARC NOWRT | SRmadl Yo

conpensat ed for adopt t he conflguratlon of form ng the reduced i nage
of the first® %’FF%% rbﬁlﬁﬁﬁglsecond surface by twice imaging. It is

reit ot or o of R 1 T oS B mBftafls ho BECof BPRERbI i o
d I fl f h . 9.,
rom the thi HREsT c%xﬁ’cﬂgfnﬁé&%f st e 5 owi B opdieh () angereni “as
descricbed above, I § %dtr" &;f ?2 reduce the maxi mum di aneter of the
refletting mrrors An appro prla( | y arrange each reflectlng mrror and

(e aperUre 51O, Wl B SECHTIRE Sha SETEoRHG (5F pohapntl 151 cEnce
5 SooP T oy, BERGSI apee e, S o i 18 hdger -
above, the pagﬁ&ﬁhséﬁn(yﬁmfﬂém@uccessf ully realizes
i_) [0026] When the projection optical system is configured as described
10 above, it can ensure adequate optical performance 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 s 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



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 the size of the
reflecting mirrors. 5 [0030] In the present invention, prefedd)i-0046-00
effective dianeter Mcp of each reflecting mrror ML-MB satisfies the
followng condition (6) in each reflecting mrror M1-MB : 400 mMmm < Ml :5
600 mMm (6). If the effective diameter MI is larger than the upper limt of
10 Condition (6), .the effective di amat?r of the reflecting mrror., will be
too large dha tBestiye groiastiopptortgalsysysierm whavingc 8eed| dedsrtionhi ch is
not preferred. If it is spaller th a’é_@‘e lower, limt, the size w.ll be so
amal 1| as t FhERRENEHEs RN BSAS WElliand Do FiRER08 campeRsation far
desirabl e. rI40031}9 Furéﬂer nore, when.a nmaxi rrunh]effectiv di anet er. of the 15
reflecting rAQCTEAON WhEE| SURPTESSIRG HINCREAsthdR e siz o ht on
- the object plane is defined as HO a ratio MI/HO preferably satisfies the

foll ow ng cdR¥®on (7): 2 < MI/THO < 4(7). If the ratio is larger than the
tredt it PG richied s S PR il oo
size w11 bl el i n%lzsfoegﬁlgle- bogh B E@%f?&%ﬂs\ﬁ?ﬁﬁ% dgéfﬁ?@ e, |
an axial di Sqagcﬁliﬂg&l%gbﬁg&b?rgéfb{%éhgl gt gﬁgeg bet \i/etenot hepogj gc?b()r/ét [ clee)
and t he i mage (V\Bi(% )mhsﬁﬂf(f)'ﬁn@(% ﬁfmTT, E@e axi al distance TT satisfies

the foll ow ng
3

D 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 M@/HO preferably satisfies
the following condition (7):
} 2 <Mo/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



13 FPO7-0016-00 condition (8): 1350mxTT<1800mm (8). [0033] If the
distapce TT is smaller than the lower limt of Condition (8), it will be
easier for the reticle and wafer to nechanically interfere 5 with the
reflecting mirrors and the optical performance will also worsdnPOdHIQH-08
not preferred. If it is over the upper Iimt, the size of the optical

- systemw || increase, which is not preferred, either. The optical system
is preferably provided with sonme | ength because it can have good optical
per formance and,.al so§$<eep smal | angl es of incidence of 10 rays to the
reflecting Rondat 1gn( ‘nce a sufficiently large distance nust be secured,

particul arly, be ther cl nd the geflecting mrror closest to it
and between the ﬁgj égpgépﬁhg ¥ror closest to it because of

tsihtﬁez of  eaci0038) ER ﬁﬁ%%lpgﬁﬁﬁgsrr%@?%rc{‘{%%ﬁﬁffologﬁ?%r't BRELSFCondiut 5 be

Z o be met ”e[(f&ﬂffwﬁengazs;?é&lg ?@E “Spfre msehanimuy it 'Y
(i/v;]E CH O‘Héﬁfcth%gﬁge‘ﬁé SRR BT artiiah PP mEh S WS orenn, oot
(oy s < T 18 o oreRsay 7] 1??%{?2?%. i ﬂ@ﬁeﬁn“?@? t[‘ﬁlglg e "
limt of Oor}gﬂt%‘%aqrg Cm v{q;l]hmtvéfhéise 91’?'1?50{ ﬁ{teﬂeﬂ'%dr 8&1& t hel 05 P}%ﬁ:?f to

mechani cal | ere W ect Frors’an

perf or mance s‘g”s#m ssgré’l?ffcﬁg %1"31}18&]‘1 2\511;115%6}% Efng{l‘?'bre‘éﬁlusé it n llfla\%’ er the

pger limt, e S|z tica systemw I NCr ease, not
I‘

ferred, egé&? opticaf ﬁ%?fdrﬁ?a{nc%yéﬁf@lso keep small angles of 1nc1dence of
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
J (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):
8<TT/HO<15 9). |
[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

14



14 FPO7-0016- 00 is preferably provided with sone | ength because it can
have good optical performance and al so keep small angles of incidence of
rays to the reflecting mrrors. Since a sufficiently |large distance nust
be secured, particularly, between the reticle and the reflecﬁﬂﬂéﬁﬂpﬂﬁoﬁxb
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-inage distance TT

has to be set to.so | engt or.ensuring it, .and thus Condition is O
preferably 9 Heferply JIHO?’U?%{S]WW $Q8Cp tbGCAYSH I AN Have, 88&8)0

o eve 9000, SRIPRLIRL Ohve' it ARSLLEN) Aol Bl BESpAEIP s o
PLETTEblY TSR RS Ghet Gt SRS, W e
der 19, o2l CEIARRIEHG! B LY, LI R IaB pLERT. 7
on {5 seco 8565 8y e SRTE BN Pl B BURP R 2P
S BB e 6K bEYRE LTI BPUE T 17E Toodl 0037
o0 X1 PR B il LRSSt SRSl 111 oo
011 £t 1o 98 e RS, MRASRR. oRAPLGF I S GUBSSUeh (it o

@ur ate m r@félﬁlﬂfﬁ)sbé?ﬁbtbe fabricated under a good exposure condition,
usSi ng the scanni ng “exposure apparatus wth a high

10 [0036] In the present invention, in order to achieve good 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

15



15 FPO7-0016-00 resolving power. [0038] In the present invention,
prefefrably, another reflective projection optical systemhas at |east
eight reflecting mirrors and is adapted to forma reduced inage of a first
surface on a second surface, and a 5 reflecting mirror thr1eaéhQZﬂppJér90
hi gh requirenent for manufacturing error is conprised of a spheri cal
surface. For exanple, a reflecting mrror with a relatively |arge angle of
i ncidence of a beamto the reflecting surface or a reflecting mrror with
a relativel¥ sqa]l area A (effective region) where a beamcontributing to

i magi ng, i sTYXHVEERBOWEh 10 the reflecting surface, is preferably

T S Ll vt e e
iotates, bl W Wb e SO

shape can bgggpo%e‘?gb‘ﬁe 'Wgﬁ &fe? %égébl}'%‘@? Hh SFﬁ%n%ssﬂjlﬁ_ |c£nd_sﬁape, it

cyst o Therengnae riint@e Wi e Ayl e Rl RhS i BdBiBE ot ca
o esent 1 nveliioR sPffbrifstiet 3 SpAGU Steact b e, Ttk o

exposur e apfarStus i & PRy CHHRTield Y SO0 & DA T Ton.

exposure apparatus accordi resent invention.

Fg. 21s areﬂééﬂ‘ﬁnélgslﬁf‘ﬁ@ og £ r@ﬂé&ﬁhﬁ%‘inbﬁ!@ft&n‘?or F&tY\?‘tﬁg §HaR' 548t €

exposure 25 region-(or effective i nmag regi on med on a wafer, and the

¢pyical  ax is(éffe&ﬁv'girggioiaa WhéreZa Béhfh bontRutBlPRYihiginY [Lfdfifedbnt he

opti cal axi
10 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 projectibn 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

16



16 FPO7-0016-00 of the projection optical system i.e., a dlrectlon of a
norma)] to the wafer Whbheing a photOsenS|t|ve substrate, the Y-axis along a
direction parallel to the plane of Fig. 1 in the plane of the wafer

the X-axis along the direction perpendicular to the plane of FEPQ7-Of dlﬁrﬂﬁe
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
supplyi ng exposure |light. Light emtted fromthe X-ray source 1 travels

System 3. ¢ ﬁﬁ" %%35% oo Fsazfé{q'rﬁg @fﬁt rechopeal & permal kh GreBede ts't.cil as
L i SR
s oyt 2 gﬁz‘i‘z??% s R TRt
reflective rHEPTRC ¥ 18r a8 ey P Wattr The mask
sattern surl eﬁisi‘%%8§8§§%ﬁga”ﬁaﬁ%m§ﬁf‘pf§2£ Rl 6 SRk age’s
| D ﬁagéi .Zgn*i.3 %%Pé’g?%ﬂg?%i?ﬁ“?éﬁl %Qk B FLET rffjf 'S@Pg}’i@gv%@éﬁﬁ%?;gzat ’
rof loctive 1A e P%‘h‘g?‘?ﬁa 018, P e X o auta TS, ANRES
pattern on &g W@lf‘ﬁ ﬂge &Oﬁ%e&?ﬂe% a‘ﬁ?}}ﬁﬂﬁﬁ{artﬁ)tneog{}'?ﬁoif%%e@Barcuate

exposure region s réspec axi's | on~the
\@er 7, as "?ﬁes%%lé 's‘&% <‘%ve\’\'lﬁlli‘err & ShENCRichO o F'c?lar%cteﬁgﬁcaﬁgu?é e
effective exposure re ective imaging region) ERwth the
X-dir@cti onadelectively transmit only X-rays of a predetermined wavelength (13.5
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

17



17 4 ; FPO7-0016-00 length LX and the Y -directional length LY is set in a
circujar region (image circle) IF with radius (p centered on the opti cal
axis AX, so as to abut on the image circle IF. [0043] The vvafePr 7 is held
by a wafer stage 8 two-dinensionally 5 novable along the X- difret-064 6208
along the Ydirection, so that an exposed surface thereof extends along the
XY plane. Movenent of the wafer stage 8 is neasured by an undepicted | aser
interferoneter, as in the case of the mask stage 5. Wile the mask stage 5

8,07 gy L5, BV A B A SRS

(scanni ng eX3RER gsrcf IFEW?@% ef%'%%%%hg&hé&ﬁé%ﬁea%s %Eﬁ? ﬁ‘g)éﬁgélliri into

o oj ect i on ABBRPr e iPBet M8, " 15 magni fi cation) of the proj ecti on

gfﬁi I: ?ﬁlg rrz EE{@QA@D@Q’%‘%@@}%"%@“% %ﬁ?&@%&éﬁ%‘e grwozagﬂeggﬁggflgg:grgﬁg |

\r;g;/(raec [llt ng @%%faelpﬁét %%esagﬁgfsgﬁé %ﬁ&e a;daé r%‘gt %ﬁ%ﬁgﬂﬁal %é\éﬂ?ﬁgﬁe _

each of exbggs(g_rsg&?é%ﬁéﬁesﬂgeﬁép_ﬁggg\g\l/aﬁsé‘rfoég %Z@% ?%{ééglnwggr at'l ](c)(ﬁ;ﬁlgg ![ Rteo

:;;L&ﬁf;‘g%gaﬁgg%ggébf%gﬁﬁﬁ%@ég%@%ﬁzhfs?a%gﬁgﬁggﬁ (o te
e s UL e Rk S Oar o L A ESk SoCand B second Tagi ng

i nternedi ate 1mage 2 4,7and a second I nagi ng
@opt ric sYeid™8 @e moved along the Y-direction as described above, i.e., while

10 the mask 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

Serpe

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 Gl 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

18



for formng an inmage of the internediate i mage of the mask pattern 18
FPO7-0016-00 (secondary image of the pattern of the mask 4) on the wafer
7. The first imaging catoptric system G 1l is conposed of four Eﬁb%ﬁ@éhg%)
mrrors M.-Mt and the second i maging catoptric system @& is ¢ 3 700
four reflecting mrrors Mb-MB. 5 [0046] In each exanple, at |east one
reflecting surface anong the eight reflecting mrrors is fornmed in a
spherical shape. In each exanple, an aperture stop is |located i medi ately

e o GRS AL 18 ke Sl R SRR I e
L El Zgéﬂt f?i%ﬂiw@a@;ﬁv@ﬁf‘gﬁtﬁ%@ﬁ%@%ﬁ%ﬂggﬁ LG PosbERE fourdlbare SflspE °: e

el ect i ng. ik e ind Redod 25 REFGE Tuotioysfén' SRS PRS0 i ¢ e

toit, sim Iﬁ{urquggﬁggwgg%gwhi eved 15 when the third reflecting

mrror MB is l0Oca toward the first reflecting mrror ML in

cxpr s byl BTN by el i ers e EhEsER et Ehefphece
expr €S: il & e yrey _ t
opt | cal i S AR B aors B ARl STpHENR ot B BRI ckample M0, L

to a positi Ofperfiitel d16p 38 POGHEE FnTediafd§ biiford the QiR ﬂgﬂgﬁti%gr%ﬁir%ﬁ of

curvature at t he vertex, X t he coni cal coefflment, and A, ..
aspherical WMEff Theeapsrtafe fstopp t ASOTHEY . bS| arkdng¥dlah. c6h@t hwithdetie tenth

order,..., respectively. 25 z = (y2/r)T{ 1+{ 1-(1+x)y2/r2} 1/2}
' reflecting mirror M2 or 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 y, r a radius of curvature at the
vertex, k the conical coefficient, and A, B, C, D,... aspherical

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

respectively.
25 2= (Y 1H{1-(1+) v} 2y '
+A- Y4By +Cy 4Dy %+ . (b)
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+A. y4+B, y6+C, ys+D,yio+... (b) 19 FP07-0016-00 [0049] [Exarrpl e 1] Fi g. 3
Is a drawi ng showi ng a configuration of the projection opt | cal system

' according to the first exanple of the present enbodi nent. gp{)ifere ce
to Fig. 3, the projection optical systemof 5 the first exanpl 001
configured as follows: light fromthe mask 4 is successively reflected on

a convex reflecting surface of the first reflecting mrror ML, on a
concave reflectl ng surface of the second reflecting mrror M2, on a convex
reflecting gii]%f@ Iﬂe t]hl rd reflecting mrror M3, and on a concave
reflecting slfourth 10 reflecting mrror Md to forman

e R KR 8 A 6B,
{
caopLT1 < SIGRIMCri SEERIN ! SRR BbE TR T, e

of the sixthqehhrbing Wik Pé(;ere%e%%gvgxtﬂee{m{oj&gﬁ&? obtgat Sydeg St "

seventh reflectrng mrror, a confave'r sur S of
ht fl iyTpge) o

telhg n%srkepaftglglf%%t%)%%ﬁblé\?se%&}%%ﬁﬂ(? @ig‘f‘gf ec on op ?gé;?ﬁé%kstg%go; t he

f t I h | of a

sphori el suri e o8 TBebind & ?%rﬁfﬁéﬁ %ﬂﬁéégnf%ﬁs%‘? LT

speci fi cati opsleplinghirf WAt ok CBILARE BIREE exposure&f". grst

exanple. In Table 1), X represents the wavel en

e B o necmgoivas . o g spslimuim, kb
{5ji mage ci redfRctingomidrbe MBS 8hd 6n &%onkave eBflbbtiRg QUsfacB PRI foRfth on of
10 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
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 concave 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



the effective exposure region ER and LY the Iength aI ong the Y- 20 PO7
F-0016-00 direction of the effective exposure region ER Furthernore, Mp
represents the effective dianmeter of the largest reflecting mrror and TT
the axial distance between the mask 4 and the wafer 7. [0051] Hi@7-O40xQ0
nunber indicates an order of each reflecting surface 5 fromthe mask side
along the traveling direction of rays fromthe nask surface as the object
pl ane to the wafer surface as the inage plane, radi us of curvature at
a vertex of

Zurface sepa‘ﬁa‘?(‘i b‘%’e;‘t E‘a%hg‘r"é‘rﬁ‘fé%ﬁ%ﬁ? g ffggé"ftnﬁ? Oafﬁglhﬁdﬁ‘ﬁ’tagg par atron
et nod as oRESHEDRLELHerty Risliet of by JoleeR °§|r<tfi%cmtsr MU BT g ng

ML, to t
”’Hdt ef Sheiibifs %@?E%Qﬁ%e%éﬁg%ﬁtﬁﬁt tri{isrter Wb the " second t .
of a ConngrTSOLO;S]ﬁ Tﬁ) Ettﬁ'?a%@bhe rraslb&%ta{e 'S f]d%%feo&gls{e?% g‘%‘%{lﬁr&e%and t he
radiug of cugyp tﬁefl Vekgaagrararg;@%pa%ﬁng%& 8 riFefropl e ?ﬁassk

negative, irrespec SR oF G'hci dence
ore MBS R I MK bR B IR
174 NA = 0. 29dilid b efrvBfire at a vertex of each reflecting surface (mm), and d an
axial distance or surface separation of each reflecting surface (mm).
Q 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=Va
NA=10.25
HO =156 mm
25 ¢ =40 mm
LX =26 mm
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25 cp = 40 nm LX=26mm 21 FPO7-0016 00 LY=2nmm ( Specification of Optical
menbers) Surface Nunber r d Optical Menber 5 SO (mask 853.78 surface) Si
19905. 36 -674.34 (1st reflecting mrror M) S2 1641.16 774. S%éé?%%
reflecting mrror M) -~ S3 2714.26 -643.96 (3rd reflecting mi¥ofr- )6‘QQ)
S4 2000.00 1132.02 (4th reflecting mrror M4) S5 -516.16 -100.00 (5th
reflecting mrror Mb) S6 -669.72 200.10 (6th reflecting mrror M) S7
296. 26 -354.43 (7th reflecting mrror M/) S8 440.87 412.49 (8th reflecting
mrror M) 1€_thericaI (waf er surface) (Aspherical Data) Si Surface
k=0.00 20 A“LB2ZEROMSE-12 B = 4. 57005E-15 C =-1.83735E-19 D = 8. 60247E- 24

E =-3. 56869E(-S%Sec{:ﬁC:atildno(())tZB%E-CgIZm%mrse]r.sf0203E- 37 H= 0.00000E+00

- Surface
Number r d Optical Member
5 SO (mask 853.78
surface)
S1 19905.36 -674.34 (1st reflecting mirror M1)
S2 1641.16 774.34  (2nd reflecting mirror M2)
Q 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 MS5)
S6 -669.72 200.10  (6th reflecting mirror M6)
S7 296.26 -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 = 896915E-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 =

22



S2 Surface 25 K = O OOA = 3. 18467E-12B = 3. 26352E- 16C = 3. 38845E- 21D
2.12437E- 25E = 2.30692E- 29F - 1.32519E-33G = 3. 17447E-38H = 22 FP07- 0016-
00 0.00000E+00 S3 Surface K = 0.00: A =-9.07468E-10: B = 1.43591F-15;. C =
8.76013E-21: D 3.72599E-25: E = 2.07244E-29: F =-6.63254E- 34FP87-0016-00
8.79762E-39: H = 5 0.00000E+00 S4 Surface K = 0.00: A 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 K = 0.00: A

= 2. 51736E-JO (ﬁ) 3431E-14: C = 2.53784E-18: D 1.25361E-22: E =

3 60082E- 27: 16E-32: G = 3.76339E-37: H = 0.00000E+00 S6 Surface
K = 0.00: Sﬁ f8 73334E-11: B = 1.51075E-14: C =-1.38072E-18: D =

1 13509E- 22: UrlaC@o784E-27: F = 5.30624E-32: G = 2.27212E-36: H =

0| 00000E-00 57 il ke Kim et o"u L SHIEE: SRR
e e AP S TS
reflecting i 660602400
S4 Surface
Kk = 0.00: A =-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=
O 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 k = 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
Kk = 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 reflecting mirror M4)
25 TT = 1600.0 mm
Me/HO =2.79
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25 TT = 1600.0 nm My/HO = 2.79 23 FPO7-0016-00 TT/HO = 10.26 dl = 853.78
mm d2=674.34 mm d3 = 774.34 mm5 dl/d2 = 1.27 d3 M = 1.15 [0053] Fig. 4

is a drawi ng showing conma in the projection optical system of i.r
exanple. Fig. 4 shows the neridional coma and sagittal comm aﬁﬁaﬁ‘(ﬁdlréég
hei ght 100% at the inmage height 98% and at 10 the inage height 95% It is
apparent fromthe aberration diagramthat in the first exanple, conma is
wel | conpensated for in the region corresponding to the effective inaging
regi on ER Imézc @fzi rmed, though not depicted, that the aberrations

ot her than c ; g spherical aberration and distortion, were also well
conpensat ed for d Zg egion 15 corresponding to the effective imging
region ER | Aﬁﬂ[ z?f%‘le 2] Fig. 5 is a drawing showi ng a configuration

of the proj L | cal system according to the second exanpl e of the
pr esent enbe%édl @rﬁ'%@%ﬁ% reference to Fig. 5, the projection optical

system of 2 hemp 8 exanple is configured as follows: [ight fromthe
mask 4 is successi'vely reflected on a concave reflecting surface of the
firstg refl egit/gne= Wj ML, on a concave reflecting surface of the second
reflecting mrror , on a convex reflecting surface of the third
reflecting rgy/g9'= V3,5 and on a concave reflecting surface of the fourth

[0053] Fig. 4 is a drawing showing coma in the projection optical
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
10 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
15 corresponding to the effective imaging region ER.
[0054] [Example 2]
Fig. 5 is a drawing showing a configuration of the projection
ki optical system according to the second example of the present
embodiment. With reference to Fig. .5, the projection optical system of
20 the second example is configured as follows: light from the mask 4 is
successively 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
25 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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25 reflecting mrror Md to forman internmedi ate i mage of the mask pattern.
Then the light fromthe internediate i nage of the nmask pattern forned 24
FPO7-0016-00 via the first imging catoptric system Gl is su i vel

l refl ected on a concave reflecting surface of the fifth reflectcfﬁéirﬁqlr%po
Mb, on a convex reflecting surface of the sixth reflecting mrror, on a
convex reflecting surface of the seventh reflecting mrror, and on a
concave reflecting 5 surface of the eighth reflecting mrror MB to forma

A e T AT R ey
exam e 2&?&%@@ reflEcfs, sPppest ?‘lﬁ%hﬁﬁ {eéfe%ﬁ?g_z%%ﬁfi‘@%’ o ey her i ca
or o] coti on snrEaPe SR b LR il TeHBRiR SARER, I Rl ey ¢ (2
L0 T L FGe, 6F Y8 MoveryT reffecillintinon’ and b« Shricelp Riffue” ™ P
Surfage NUMGEfIcedoPthé CALhiE TRfbctim® (iRTSr M8 RC i >3 rduced image

(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
O 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 =V
NA=0.25
HO = 156 mm
) ¢ =40 mm
~ LX=26mm
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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25 S1 -4000.53 -482.41(1 st reflecting mrror M1) S2 2026.25 582.41 (2nd
reflecting mrror M) 25 FPO7 0016-00 S3 6778.35 -542.84 (3rd reflecting
mrror M3) S4 1879.97 938.17 (4th reflecting mirror Md) S5 -549.39 -100.00
(5th reflecting mirror M) S6 -900.99 200.00 (6th reflecting nFPOdrO@EH—-60
S7 245.23 -345.33 (7th reflective mrror M) spherical S8 438.06 427.54
(8th reflecting mrror MB) (wafer surface) (Aspherical Data) S 1 Surface
10 K = 0.00: A= 4.12013E-10: B = 6.16521E-16: C =-2.33472E-20: D =

7.81561E- 25.,E =-5.08 .29: F = E-33. G.=-3..29132E-38: H =

0. 00000E+00 83 Sur ace%i - 0. oo§4z§§-2@.fﬂf6§§§lﬁaml§0£ﬁ§é7267E- 15 C
=-9.23185E-2Q, D = 2.7 . 23: E 7.5, E-27:..F = 6.58718E-31: G
-3.07733E- 33?" H o.%&g‘éwo S3 gggfﬁgéﬁﬁggﬁgcgng_wor '%)9. 08546E- 10: B

1 INE L - 1 S 21 oy AR M SOE 29

S6 -900.99 200.00 (6th reflecting 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)

O 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 = 7.25350E-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 = 2.17785“E-20: D =-6.99551E-
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S4 Surface 25 K=0.00: A =-3.26333E-10: B =-1.31852E-15: C = 2.17785E-20: D
=-6.99551E- 26 FP07-0016-00 25: E = 1.20401E-29: F =-1.15499E- 34: G =

4. 70578E-40: H = 0. 00000E+00 S5 Surface x = 0.00: 5 A 4.06078E-10:

- 2.02518E-14: C= 2.35353E-18: D - 1.18310E- 22: E = 3. 19720E-EBO71ﬂ016—00
=-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

> 410408 2105 £ 5 badIgtEnd ¥ = Flidiedd G = frgdpRends g © 7

3. 37603E- 40QT§199 E @ﬁOOOBOO (Val ues Corresponding to Conditions ) M =
404. 78 (maxi gQ f‘_ rth reflecting mrror M) 20 TT = 1530.9 My/ HO=2.59
TT/HO = 9. 8]S5 glurf_éc§53' 38 mMm

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
Kk =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 =-398918E-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+00

b (Values Corresponding to Conditions ):

Mo = 404.78 (maximum at fourth reflecting mirror M4)

20 TT=1530.9
Me/HO =2.59
TT/HO =9.81
dl =853.38 mm
d2 =482.41 mm

25 d3 =582.41 mm
d1/d2=1.77d3/d2 =1.21
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d2 = 482.41 nm 25 d3 = 582.41 nmdl/d2 = 1.77d3/d2 = 1.21 27 FPO7-0016-00
[0056] Fig. 6 is a drawing showi ng coma in the projection optical system of -

t he second exanple. Fig. 6 shows the neridional cona and sagirg,ééji cQo at
I the inmage height 100% at the inmage height 98% and at the i T%NETOO

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 confirmed, though not depicted, that

e, cber 2t GSETIE! & 10 SHRing Sy TSR e PRCPEBBBPictlonai no
TN i i SR
the pr oj_ ecti @g’ﬁ%‘?.‘%ﬁ? a%y@‘f&ﬁié? . i%i%?u@%&&%% lggﬁ?s%ra&fp%svex
ol octing SoFrmAER hOBRESRYY, Ieis T PRCRSRY MieabrafiGh el 168

ot i oiting ooy Pag Sefond MaRiRR Conkf i SFH ibithe} Tor B R 20BN ..
[t or medi at ey regR R (18 e ILAVEImaEE Gelun 2R 'l sy P Red.

i nter medi at egy %&fdéﬂ?&eﬂ?ﬁﬁt\@g{: raBéHFfiBﬁﬁr% er'thén dofnd | é.g.t, rs'gﬁﬁgg'fﬂl?ng

catoptric system Gl i s successively reflected on a concav !
surface of tierfatid) ah8fdiS©rtios, Weké %'.lsd@ell%brﬁp@ﬁéﬁt@d fof §h ltBEtrkpRSUr f ace

o{f\ the sixth reflecting mrror, on a convex reflecting
L) corresponding to the effective imaging region ER.
10 [0057] [Example 3]

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 .pattem.

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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surface of the seventh reflecting mrror, and on a concave reflecting 25
surface of the eighth reflecting mrror M8 to forma reduced i mage
(secondary image) of the mask pattern on the wafer 7. In the 28 FPO7-0016-
00 projection optical systemof the first exanple the eighth FROT-Oion®0
mrror was conprised of a spherical surface, whereas in the present
~exanple the convex sixth reflecting mrror is conprised of a spherical
surface. Table (3) bel ow presents val ues of specifications of the 5

t t d he third |.e 00 .Tabl 3
o o Speeos PR S P, R R B bl £
cp=40 mMm LX= 26 mm LY éangg fICtIOS of tical I\genbersg Sur f ace
Nunber r d &W@aﬁv%ﬁ%@&m% %}?‘F c%ljr%%e@‘ﬂ $AS 186 F nt

- 695. 19(f|rst reflective mrr.o 20 S2 1639. 24 795, d.r flectlve
rirror ey csampledf oy Gith ﬁ?ﬁ%ﬂtm e GippEsed T §hes
,%/2;3 6.92(4th s'il?facg(:t '”Pz?ole Ei)orbew')v presen 3 Yalites %Ospeé‘?c%tlro%fsl 8%tt'hre]:g m rror
5 projection optical system according to the third example.
[0058] Table (3)

(Principal Specifications)

A=13.5nm
O B="1

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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S6 -643.25 200.03(6th reflecting mrror M) spherical 25 S7 301.55
i -353.85(7th reflecting mrror M/) S8 441.40 414.82(8th reflecting mrror

MB) 29 FPO7-0016-00 (wafer surface) (Aspherical Data) Si Surface _K=0.00
5 A= 4.14433E-12: B=3. 61576E-15: C =-7.71811E-20: D= 2. 64652EFEA/-0816-00
=-1.43402E-28: F = 5.56988E-33: G =-9.41512E-38: H = 0. 00000E+00 S2
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. OOOOOE+00 S3 surface ,K=Q.00 .15 A =-7.82732E-10: B = 9.89079E-16: C
=-7.23616E-21: D = 8. 036WaEErmutaee) 3 45510E 29: F=8. 18704E- 34:

G=-8.32530E—§?: H= ]glgo O0E+00 S4 Surface K = 0.00 20 A=-2.25046E-10: B
= 7.19387E- LHsppercaleDala) 1. p-"o 83313E-25: E=4. 73790E- 30:
F=-4.38195E:35¢ G=1,73302E-40: H= 0.00000E+00 S5 Surface K = 0.00

k=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
O x = 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=-8.32530E-39: H=
0.00000E+00
) S4 Surface
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-35: G=1.73302E-40: H= 0.00000E+00
S5 Surface
k= 0.00
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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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 30
FPO7-0016-00 S6 Surface Spherical S7 Surface x0.00 A = 1.04479E- 88: B
=-4.88154E-14: C = 3.76442E-17: D =-8.28206E 5 21: E=4.32265er7-0016-00
F=-1.17557E-27: G=1.26940E-31: H=0.00000E+00 S8 Surface x = 0.00: 0 A =
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

Cor r espondi o Condigions) , Mp = 435.74 (maxi num at the fourth reflecting
mrror M) % S rf46q 6 SPHEBHL D! Ho = 276 TTIID = 6 72 dl 2636, 47 mm 42

695. 19 mm %%%3% 19 M 20 dl/d2 = 1.20 d3/d2 = 1.14 [0059] Fig. 8 is a
drawi ng sho 8ffa in the projection optical systemof the second
exanpl e. Fi %:%66‘0""5 t he neridional coma and

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
k= 0.00:
Q A =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
(Values Corresponding to Conditions)
Mo = 435.74 (maximum at the fourth reflecting mirror M4)
TT=1516.0
15 Mo/HO =2.79
TT/H0 =9.72
d1l = 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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sagittal conma at the i mge height 100% at the image hei ght 98% and at 25
the ipage height 95% It is apparent fromthe aberration diagramthat in

the third exanple, conma is well conpensated for in the region
FPO7-0016- 00 <corresponding to the effective imging region flﬁh’po\lésoo

confirmed, though not depicted, that the aberrations other than coma, e.g.,
spherical aberration and distortion, were also well conpensated for in the
region corresponding to the effective imging region ER 5 [0060] [Exanple

oyoeh acooraFrorbSe it O A R Bl B USSRy
¢ contgur sk G BTl P e SRR T
ot onya Comsenc L BA AR R oAl ol PRS0
o corves TSILLaRgut 1968 Oh AN Kb el AELAgER na mor o and on o

i nt ergredi at gq@ggl—%‘f?nﬁ}g Lﬂgsk pattern. 15 Then the light fromthe

I nt ernedi at sk pattern fornmed via the first inmaging

catoptric system Gkl C Lvel t fgg]ng- 0, I ng
surface of the fi ﬁlﬁ reﬁgc@%ﬁ% ér’}}%‘rg[‘*éﬁ (S(ﬂm coﬂegxélprﬁgflﬁé@ﬁcﬁghsurface
of the sixt eqtl ) indn V. f | faa he
seventh ref :b&ﬁé%g%%&@%??&%ﬁgmﬁ g@cg%;agjgdr}gf{”gﬁl L&g %t(s)uﬂshgr ]ﬁgrggé%tg t he
ei ghth refl eghbpdiment. Or Wih fefefedic®'td FigdoCaft p@@@tim{ 5§ﬁeﬂd%rs¥emme) of

I tio cal system of the

the mask pattern on the wafer 7. In the~ projec n opt

fi pst exanpl get ffureH @ €fi$ *ohiTpiredids’ RIS [¢ghPfrosedhe masieahgy i cal
s@f ace, V\/nergas I n tﬁgﬁlﬂeél‘ént e m

10 successively 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

o 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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exanpl e the concave fifth reflecting mrror is conprised of a spherical 25
surface. Table (4) bel ow presents val ues of specifications of t he

! projection optical systemaccording to the fourth exanple. le£§; 0016-

» [0061 ] Table (4) (Principal Specifications) ?= 13.5nmR = 1/ T@Qw

HO 156 mm cp=40mm LX=26mm LY=2nm 10 (Specifications of Opti cal NEnbers)
Surface Nunber r d Optical Menber SQO(mask surface) 781.95 S1 -28805. 85
-661. 95 (1st reflecting mrror M) 15 S2 1743.86 761.95 (2nd reflecting
mrror M) 631.50 (3rd reflecting mrror M3) S4 2000.00
1158. 09 ( 4t r{ﬁaéﬁg'éh @ hirror M) | S5 -515.87 -100.00 (5th reflecting
mrror Mb) spheri.c S6.-647. ?)8 203.27 (6th reflecting mrror M) 20 S7
287.98 - 350.35CH $Féfﬁ1@8%ﬁ‘ M mirror M) S8 440.27 414.51 (8th reflecting
mrror M) ka% surface) (Aspherical Data)

B="Ya
5 NA=0.25
HO =156 mm
¢ =40 mm
LX =26 mm
O LY =2 mm

10 (Specifications of Optical Members)
Surface
Number r d Optical Member
SO(mask surface) 781.95
S1 -28805.85 -661.95 (Ist reflecting 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)

o S5 -515.87 -100.00 (5th reflecting mirror M5) spherical

S6 -647.38 203.27 (6th reflecting mirror M6)

20 S7 287.98 -350.33 (7th reflecting mirror M7)
S8 - 440.27 414.51 (8th reflecting mirror M8)
(wafer surface)
(Aspherical Data)
S1 Surface

25 k= 0.00

A =-1.01007E-10: B = 3.95362E-15: C =-7.20224E-20: D = 1.60201E-
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Si Surface 25 K = 0.00 A =-1.01007E-10: B = 3.95362E-15: C =-7.20224E-20: D

= 1.60201E- 33 FP0O7-0016-00 24: E =-4.75389E-29: F = 7.32205E- 34: G =
2.71057E-39: H = 0. 00000E+00 S2 Surface K=0.00 5 A =-5.33007E-11:

3. 44289E- 16: C= 7.65850E-21: D=-7.52411E- 25: E=1. 09544E-28: FPO7- 0016 200
F=-7.97740E-33: G=2.37891E-37: H= 0.00000E+00 S3 Surface K=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 K
0.

6. 77042E. 36 225 7@IBHE-4Y Koo s0RMRERY ke G GoBbOEHOT D K Sir face

Spheri cal K= 0.00 A =-7.19381E-10: B =- 1. 88098E- 14:
C=3. 70991E- g@@(ﬁgf%QSQE- 20 22: E=1.82185E-26: F=-5.71942E-31:
G=7. 75005E- %g Sukﬁ‘ace() O0O000OE+00 S7 Surface K = 0.00 .

k=0.00 _

5 A =-5.33007E-11: B = 3.44289E-16: C = 7.65850E-21: D =-7.52411E-
25: E=1.09544E-28: =-7.97740E-33: G=2.37891E-37: H=
0.00000E+00
S3 Surface
k=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
k= 0.00
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

5

S5 Surface Spherical
S6 Surface
) x=0.00
A =-7.19381E-10: B =-1.88098E-14: C=3.70991E-18: D=-3.29939E-
20 22: E~=1.82185E-26: F=-5.71942E-31: G=7.75005E-36: H=
0.00000E+00
S7 Surface
k=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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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 34

FPO7-0016-00 0.00: A = 4.94751E-11: B= 2.43983E-16: C=8. 3382%: [l) =
1. 62044E-26: E=-5.45757E-3 1. F=1.27492E-35: G =-1.18273E- 40:FR¥£0016-00
0. 0O0O000E+00 (Val ues Corresponding to Conditions) 5 Mp = 448. 34 (maxi mum
at the fourth reflecting mrror M4) TT 1576.0 Mp/HO = 2.87 TT/HO = 10.10
dl = 781.95 rrmlo d2=661.95 mm d3=761.95 mm dl/d2 = 1.18 d3/d2 = 1.15

[ 0062] Fig. p@ a drawi ng showi ng coma in the projection optical 15
syst em of tﬁe (o) ch exanple. Fig. 10 shows the neridional coma and

the i mage nd ort BeR ETE B I8 ot TS 5 ﬁ‘i%@‘?%ﬁn atin
cor r espondi %35"*?% e e e 1985 RE o 210! HES DR 20
t hough not gggl‘%sgegn%gﬁ&nd@gtgt@ ﬁdﬁhoﬁ ot her than coma, e.g., spherical

aberration re a SO we conpensated for in the region

cor raspondi Rg .0 J4Re3 LLLAR NG LIRS RAAEYRRER miPARl4) Exanpl e 5]

TT=1576.0
Moe/HO = 2.87
TT/HO =10.10
O d1 = 781.95 mm
10 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
15 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,
20 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
25 optical system according to the fifth example of the present

embodiment. With reference to Fig. 11, the projection optical system
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‘Fig. 11 is a drawing showing a configuration of the projection 25 optical
system according to the fifth exanple of the present enbodinent. Wth
reference to Fig. 11, the projection optical system 35 FPO7-Q016-00 of
the fifth exanple is configured as follows: light fromthe madiP¥-0916-00
successively reflected on a convex reflecting surface of the first
reflecting mrror M, on a concave reflecting surface of the second
reflecting mrror M2, on a convex reflecting surface of the third S

ot et ng. eI P@MBIES GONHRBF S K VS G orORh DA A or .
(he first | PHGPHSNEYOBRYFedyBeh GOIVES WHetld: vorpBorloliedion a
concare ! SRR SHESE ST o5 bbb AT P o W, oo
ot ecting TEHPFaRE BRORCMER RN, soSEE rfketie SorRRECof ol TG e
orop gttt on QBAPEmE YETe 3. 1L OFH s R ehd alfindt of the Jatety 15
I e SRS B NPT bR R B RGO .o
srface, Tt e U S ent e B S AR S e, (o
20 (Princi pal;, SREGidst GRhERIES tatoptric $3sm @ Pid fucdBsively reflected on a
D 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 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="Ya
NA=0.25
HO =156 mm
25 ¢ =40 mm
LX =26 mm
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HO= 156 mm 25 cp=40 nm LX = 26 mm 36 FPO7-0016- 00 LY = 2 mm
(Specjfications of Optical

Menber s)

Surface Nunber r d Optical Menber

SO(mask surface) 855.76 S1 8877.90 -735.76 (1st reflecting mr

S2
1582.90 879.63 (2nd reflecting mirror M) S3 1755.49 -698. 06 1%@‘5&%“816-00
S4 1761. 63 1150.58 (4th reflecting mrror M)
S5 -759.00 -100.00 (5th reflecting mrror M)
S7 271.11 -302.52 (7th reflecting mrror M)

t reflecting mrror M)
spheri cal
(6th reflecting mrror M)

S8 482.40 45Q.,37,(8t
Dat a)

D=1. 52251E-
0. O0O000E+00

S 1 du¥fat

h reflecting mrror M)

10

5

S6 -2512.82 200. 00

15 (wafer surface) (Aspherical

= 0. 00 A=4. 86388E-10: B=3.69294E-14: C=-2. 40380E-18:
. F=2. 04697E-31: G=-2. 69984E-36: H=

asellipaiont 4 o5

3.01118E- ZO:SB'faTéeA" 15366E-

10

15

20

25

Megib

2
YS50594E-11: B =-2. 04768E-16: C =

Number r d Optical Member

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)

spherical

S5 -759.00 -100.00 (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)
(wafer surface)

(Aspherical Data)

S1 Surface

k=0.00

=4 86388E-10: B=3.69294E-14: C=-2.40380E-18: D=1.52251E-22:
E=-7.12313E-27: F=2.04697E-31: G=-2.69984E-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=3.30674E-28: F=-1.42210E-32: G=2.54409E-37: H=
0.00000E+00
S3 Surface
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24; E=3.30674E-28: F=-1.42210E-32: G=2.54409E-37: H= 25 0. 00000E+00 S3
Surfage 37 FP07-0016-00 X0.00: A =3.18748E-11: B =-3.58792E-17: C

=- 7. 44055E- 20: D =5. 26232E- 24: E=-2.36267E-28: F=5.62019E- 33:
G=-5.28182E-38: H= 0.00000E+00 5 S4 Surface Spherical S5 SurFROE-M1a-00
A = 8.68542E-10: 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
K=0.00 A = 1.43537E-09: B =-1.82807E-13: C = 2.25287E-17: D =-7.06178E-

22: E=-2.556%l§@%6: F=2. 50370E- 30: G=-5. 05416E-35: H= 15 0. 00000E+00 S7
Surface K=0¥00V'A = 1.50565E-08: B =-3.37130E-12: C = 1.35006E-15: D

o et o A 2 o2 B s, HE et —
o 47822E- 21 = B OOKYIETE 28:  F=5.62019E-33: G=-5.8182E-38: H=
0.00000E+00
5 S4 Surface Spherical
S5 Surface
=0.00
A = 8.68542E-10: B =-7.07164E-14: C = 2.77451E-18: D=-1.09193E-
ﬂ 22:  E~6.12882E-27: F=-198877E-31: G=2.47385E-36: H=
10 0.00000E+00
S6 Surface
x=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=
15 0.00000E+00
S7 Surface
x=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 =
20 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=
25 0.00000E+00

p—

(Values Corresponding to Conditions)
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25: E=1. 26429E-29: F=-2.74528E-34: G=2.55201E-39: H= 25 0. 00000E+00
(Val ues Corresponding to Conditions) 38 FP0O7-0016-00 M/ = 517.35 (nmaxi num
at the fourth reflecting mrror MA) TT = 1600.0 Mp/HO = 3.32__TT/H) =

‘ 10.26 5 dl =855. 76 nm d2=735. 76rmui3=879.63 nm dl/d2 = 1.16 d3RO7-001600
[0065] Fig. 12 is a drawing showing coma in the projection optical 10
systemof the fifth exanple. Fig. 12 shows the neridional coma and
sagittal coma at the i mage hei ght 100% at the i mge height 98% and at

t he i mage height % Lt is apparent.from the .aberrati diagramthat in
the 111ch eddiior ol lebmmakinBRy bR fone ieslecte it et EPeg on
correspondi to é@ﬁoeffective I maging region ER It was confirnmed, 15

t hough not i_c! ;" "that the aberrations other than coma, e.g., spherical
aberration Wos;? yon, were also well conpensated for in the region
correspondi theeffective imaging region ER [0066] [Exanple 6] Fig.
13 is a dravfrpg_léh_gwl?g a configuration of the projection 20 optical
system according to the sixth exanple of the present enbodinent. Wth

ref erence t gy e projection optical system of the sixth exanple
IS coserelfigurcead1 a?%%??cr)ﬁm@: light fromthe mask 4 is successively reflected

on a convex dff_.l—p}‘f;-y@gn&ldgfg(gqg'c& ﬁﬂﬁ first

d1/d2=1.16

d3/d2=1.20
O [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
in the fifth example, coma is well compensated for in the region
~corresponding to the effective irnéging 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 M, on a concave reflecting surface of the second 25
reflecting mrror M2, on a convex reflecting surface of the third
reflecting mrror M3, and on a concave reflecting surface of tggogo&é]tré 89
FPO7-0016-00 reflecting mirror Md to forman internediate im f ~0
mask pattern. Then the light fromthe internediate i mage of the nask
pattern formed via the first inmaging catoptric system Gl i s successively
reflected on a concave reflecting surface of the fifth reflecting mrror

convex ref f?@ﬁéﬁg‘“@%ﬁ‘?‘%@%@%ﬁ ?‘%‘%ﬁ?@v@ﬁ?ﬁ@d‘? {eladEbh R bRk " °
reduced | mgeih &bk R arfg&.ﬁn@ee‘%‘t@ﬁ‘ﬁ% e ST pRiedbRb el 1,7 he
proj ection ophi gl ﬁg%si#rﬁgu?%ﬁé” Ca:c @&tﬁgm'ﬁ sh@@e&'l\gay}e"fﬁu&isbh@ 10

mrror was conprise Wheréas 1 n’the present
e (he AR AN S T PRI ERTRATAL of FPRFOC
101510 PSSR 5 R 08 ARSIk B ki © (O
cp=40mm LX = 3fadBofLihe288VentiPRedliebtifd! in®idr,CAn®PRr GatoMeiRer&lecting
surface of the eighth reflecting mirror M8 to form a reduced image
(secondary image) of the mask pattern on the wafer 7. In the
1:) projection optical system of the first example the eighth reflecting
10 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)
15 (Principal Specifications)
A=13.5nm
B="VYa
} NA=0.25
| HO =156 mm
20 ¢ =40 mm
LX =26 mm
LY =2 mm

(Specifications of Optical Members)

Surface
25 Number r d optical member
SO(mask surface) 841.07
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Surface 25 Nunmber r d optical nenber SO(mask surface) 841.07 40
FP0O7-0016-00 Si 11039.33 -721.07 (1st reflecting mrror M) S2 1617.82

, 821.07 (2nd reflecting mrror M) S3 2446.35 -681.65 (3rd ref i

mirror M) spherical 5 S4 2000.00 1187.31 (4th reflecting mi rfg’f’%@?ms@o
-482.49 -100.00 (5th reflecting mrror Mb) S6 -501.73 200.00 (6th
reflecting mrror M6) S7 340.68 -254.38 (7th reflecting mrror M/) S8
443.92 407.65 (8th reflecting mirror MB) 10 (vvafer surface) (Aspherical

ot 15 MR S S
s, 0 004 DAPEOEE oy, ERESOIRING 20 o

20 Surf aceSpiypr i cal Sur tzpm $9 Surf a6g g, (37d PefMBotfhg mhirfH 995 108 =
6. 19470E- 16C =- 2. 65958E- 20D = 6. 01905E- 2

spherical
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 reﬂectiﬁg mirror M6)
s7 340.68 -254.38 (7th reflecting mirror M7)
@ S8 443.92 407.65 (8th reflecting mirror M8)
10 (wafer surface)
(Aspherical Data)
S1 Surface
x=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=0.00
) 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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=- 8. 31396E- 30F = 6. 43013E- 35G 2. 13455E- 40H = 0. 00000E+00 25 S5 Surface

i K=0.00 41 FP0O7-0016-00 A = 6.90424E-10B =-7.80937E-15C = 2. 02344E- 18D

=-1. 10078E-22E = 2. 96968E-27F =-4. 05905E-32G = 2. 25755E- 37H :é&nggﬁgq%+%9
S6 Surface x0.00 5 A = 4.38239E-09B = 2. 61724E- 13C =- 3. 24417E-T 016-00
1. 92286E-21E =-5. 33138E-26F = 2. 86023E-31G = 1. 03596E-35H = 0. 00000E+00 S7
Surface x = 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.GHO00E100 5 pugiont oD Bty i MR T SR,
0 COO00E100 15 o fuer7 L apapt 192 K0 ) DOO00G8ES Ol (T
10.26 20 dbéﬁséﬂ%cg7 mm d2 = 721.07 mm d3=821.07 mm dl/d2 = 1.17
k=0.00
5 A = 4.38239E-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
O | 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=0.00
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)
Mo =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
dl/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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d3/d2 = 1.14 25 [0068] Fig. 14 is a drawing show ng conma in the projection
optical systemof the sixth exanple. Fig. 14 shows the neridional coma and
42 FPO7-0016-00 sagittal conm at the inage height 100% at thﬁ |§B&(S

hei ght 98% and at the inage height 95% It is apparent fromt E0{re?}ar08n
diagramthat 1in the sixth exanple, coma is well conpensated for in the :
region corresponding to the effective imaging region ER It was confirned,
5 though not depicted, that the aberrations other than coma, e.g.,

A i O M BRI 15
obti cal syst e AR I 181C BB Hsh Ao EaaBhBEIAR Mhat i ron:
Wi reronge ke i eyt o5 L) B SANEEP lnd gt

ML on & coniaERARing o (Ml 1ASRIAY cclBn BRE" Mefis BORERRER: o M,
on a sonvex ﬂﬂdﬁfﬁéﬂg?lggfgdg?lﬁtQBeté%ﬁaﬁiohg otfn@xf Rl ddifa e g,ﬁghtlggi’c]a?nd on a

concave reflectihg s the fou reflecting mrro orm an

i nt er medi at ealbéﬁﬂ@oﬁfanﬁﬂ@isfﬂ%ﬁhnp‘é\?ére rdlso v@lpgoﬂ@%nkétﬁgt orfiANthENRgion

i ntermedi ate i mage of the nmask pattern forne I a I%|rst I magl ng

catoptric SY%&&&rﬂdihgtélﬂﬁé;@ﬁ%bt{_%ﬁnfagiw%gfﬁégﬁgn%l{ﬁ 20 concave reflecting
surface of the fifth reflecting mrror , On a convex reflecting surface

of the sixth[00d9]efExafipld 7Tyor, on a convex reflecting surface of the
seventh reflecting mrror, and on a concave reflecting surface of the

dighth reflecting Fig.rif id draviagretowegus ebnifigagstion of the projection

10 optical system according to 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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(secondary imge) of the mask pattern on the wafer 7. In the 25 projection
optical systemof the first exanple the eighth reflecting mrror was

conprised of a spherical surface, whereas in the present 43 E‘PIQ% @B:llg E)OO
exanpl e the concave second reflecting mrror is conprised of S XT irca

surface. Table (7) bel ow presents val ues of specifications of the
projection optical systemaccording to the seventh exanple. [0070] Table
(7) 5 (Principal Specifications) k = 13.5 nmP =1/4 NA=0.25 HO = 156

I 10, PR, s RRGRRL V0T O RSLAp e
22205 08 OShneRc lgfiet| ARy e R R Rl o
10 2 oIS AGH e s gt oipes 2, o0 o
S7 313.83 - %5@7@]1 "I(aBlé"(’l)ef | ecting m nor M)
5 (Principal Specifications)
A=13.5nm
B="Y
NA=0.25
Q 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)

b 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 -554.19 200.91 (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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S8 438.63 408.42 (8th reflecting mnor MB) 25 (mafer surface) (Aspherlcal
pata), 44 FP07-0016-00 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-33- (G
4.01984E-38: H = 0. 00000E+00 5 S2 Surface Spherical S3 wmi‘éﬁ“’%‘.%@%
=-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 $4
Surface K = 0.00: A =-2.18287E-10: B =-4.29107E-16: C =-1.91874E-21: D
4. 25004E- 2651 EuFfaQe81542E-31: F = 1.08197E-35: G =-4.80117E-41: H =

0. O0O0O0OOE+00 15 S5 Surface K = 0.00: A= 3.57160E-10: B =-2.19811E-14: C
2. 36995E-18:, B #hp18488E-22: E = 3.30479E-27: F -4.93170E-32: G =
3.07879E-37: H = 0.00000E+00 S6 Surface 20 K= 0.00: A = 1.33970E-09: B =

0 95 1 S TS0 P e SRR T Gory g £6570E 210
- 3. 91177E- TB€ £64062E-29: F=2.41448E-33: G= 4.01984E-38: H = 0.00000E+00
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
O = (0.00000E+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-41: H =
(0.00000E+00
15 S5 Surface
Kk = 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
S6 Surface
20 k = 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+00S7 Surfacek = 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

45



3.59440E- 17D = 1. 60493E- 21E =-1.40212E- 24F = 2. 26670E-28: G 25 1.47719E- 32:
'H = 0. 00000E+00 S8 Surface 45 FP0O7-0016- 00 K = 0.00: A= 1.33040E-11: B =
2. 74191E-16: C = 1.69281E-21: D = 2.77234E- 26E =-9. 88835E‘31:F§O_-0016—00
3. 54065E- 35: G=-4.92892E-40: H=0. 00000E+00( Val ues Corresponding ?o
Conditionsl) 5 My = 436.43 (maximum at the fourth reflecting mrror M4) TT
= 1600. Ovcp/HO = 3.04 TT/HO = 10.26 r dl = 849.69 nm 10 d2 = 666.38 mm
d3 = 766.38 nm dl/d2 = 1.28 d3/d2 = 1.15 [0071] Fig. 16 is a draw ng
showi ng comge =H).phe projection optical 15 system of the seventh exanple.
Fig. 16 shows the neridional coma and sagittal coma at the inmage hei ght

100% at theAi-"a@3(MORNT: % 2.7a191BL16:€ = MBeR2 SR 193%0 F1234E-appar ent
fromthe aberration diagramthat in the seventh exanple, coma Is well

conpensat ed J6E i n=-0($883310i3qn CAF r espondi suNGIE BB efacs HegodEagH N9
region ER. It was 20 confirnmed, though not depicted, that the aberrations

ot her than dds8.00000E+00(Vakidsc@brrebpsidingad @osdidionsdr ti on, were al so vel |
conpensated for in the region corresponding to the effective inaging

regi @ ER [My2]4I643uinlaxiBhintaythelfourth eftiotitinaigbpMap a configuration
of the projection
TT = 1600.
OMo/HO = 3.04
TT/HO =10.26
) dl = 849.69 mm
10 d2 = 666.38 mm
d3 =766.38 mm
di/d2=1.28
d3/d2=1.15
[0071] Fig. 16 is 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 cqmpensated 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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25 optical systemaccording to the eighth exanple of the present
enbodi nent. Wth reference to Fig. 17, the projection optical system 46

FPO7-0016-00 of the eighth exanple is configured as follows r
the mask 4 is successively reflected on a convex reflecting SL#I%@?QO&@OB%

first reflecting mrror M, on a concave reflecting surface of the second
reflecting mrror M2, on a convex reflecting surface of the third 5
reflecting mrror M3, and on a concave reflecting surface of the fourth

rTEfe'nfef e 11 Qo Preiefivt Baipl %&?‘Q@ﬁgﬁ%ﬁ%ﬁ%@f&é@%@ﬁﬂﬁﬁ“ e via
concave ref| egF%&@BO?%fééasﬁy%h % by eR TSR Sirfede? ﬁﬁgnﬁgﬁcinvex
10 refl ect RgnesieL Aggngt IE o 5 RohEHETENBO T4PTaceofr 3nE SEHg

reflecting sur € ‘séven ectrn on a concave
reflecting e h o 0 ~fro duced
i mage (secSd %ﬁ‘«f}ﬁ BT 2’%3%‘?)%‘2%&?%1%&“{%%%5 of i g
proj egtion %Hb&ﬁhgﬁ%ﬁ?&% é&?oﬁ'é%&n YA étH%@uﬁﬂé@oﬁﬁé §6hithg 15
mrror was conpris a spherical sur ace er s in the present

exanpl e the rEﬂEéﬁnngﬂr?&t Mlgtdrfdﬁﬂbn'lﬁté‘rﬁiﬂlﬁht%eiﬁl e &f ﬁfé‘lﬁ'ﬁbﬁ?att%ﬁ'if ace.
Tabl e (8) bel ow presents val ues of specifications of the projection

optical systEmerR@Olight@rdf the SnfirAlddiateX eof H@E’ﬁ?ﬂsk'rﬁéﬁe?n(i%}m%ﬂ
(Principal Specifications) X = 13.5 nmR=1 .25 7 HO= 156 mm

via the first imaging catoptric system G1 is successwely 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
J optical system according to the eighth example.
[0073] Table (8)
20 (Principal Specifications)
A=13.5nm
B=Va
NA=0.25
HO =156 mm
25 ¢=40 mm
LX =26 mm
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25 ¢=40 mMm LX=26mm 47 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 ML) spherical S2 1624%38 Eﬁﬁ 7
(2nd reflecting mrror M) S3 2500.57 -648.57 (3rd reflecting 7' 0
S4 1959.70 1137.61 (4th reflecting mrror M4) 10 S5 -518.59 -100.36 (5th
reflecting mrror Mb) S6 -652.55 201.53 (6th reflecting mrror M) S7
305.01 -355.04 (7th reflecting mrror M/) S8 443.86 414.98 (8th reflecting
mrror M) I%yvaigr surface) 15 (Aspherical Data) S1 Surface Spherical S2
Surface j K=0.00: =-6.19961E-11: B =-8.01064E-17: C = 7.39785E-22: D
=-1. 63635E- =k, 12% Y. 76550E-34: G = 1.41983E-38: H =
0. 00000E+00 @geéﬁ}%‘a?é@n%lﬁ?éﬁg%}&gn@%?iz122E- 10: B =-1.16001E-16: C =

8. 10748E- 21:Qpfg& 5- 70065E-25: E = 2. 95099E-29: F =-7.54162E-34: G =
7.55756E

Number r d Optical Member
5 SO(mask surface) 849.86
S1 14647.57 -695.37 (Ist reflecting mirror M1) spherical
- S2 1624.30 795.37 (2nd reflecting mirror M2)
S3 2500.57 -648.57 (3rd reflecting mirror M3)
O 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 443.86 414.98  (8th reflecting mirror M8)
(wafer surface)
15 (Aspherical Data)
S1 Surface Spherical
S2 Surface
) k= 0.00: _
J 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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39: H = 0. 00000E+00 48 FP07-0016-00 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 = 0.00. A=
2. 50729E-18: D =-1. 26602E- @07(5)08?6-00

2. 45960E-10: B =-2.33020E-14: C
3.52881E—27: F -5.24219E-32: G = 3.24672E-37: H = 10 0. 00000E+00 S6

Surf ace X = 0.00: A= 6.48337E-10: B = 3.87553E-14: C =-3.35305E-18: D =

6. 90509E- E=7. 76879E-27 F =-5.95487E-31: G = 1.27029E-35: H = 15

0. 00000E+OOS§71§qé&§ X = 0.00: A= 1.05474E-08: B = 3.44948E-13: C =

1. 44739E- 17 =- 8657E- 21: E=2. 06264E-24: F=-5.25423E-28:

G=5. 65376E- 32" WﬁE 20 0. O0O0OOOE+00 S8 Surface x = 0.00: A= 8.95479E-11: B =
5.33820E-16: C 52317E-21: D = 2.95882E- 26: E=-7.88338E-32:

F=-6. 290844361 G8524£:8145340:3 5636 28-15: ®LIZNY2E-21: D = 3.31221E-
26: E =-8.84773E-31: F = 1.02240E-35: G =I-4.59915E-41: H =
5 0.00000E+00
S5 Surface
x =0.00:
A =2.45960E-10: 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
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
k= 10.00:
) 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
S8 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

o

(Values Corresponding to Conditions)
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448. 25 (maxi mum
.87 TT/HO =

(Val ues Corresponding to Conditions) 49 FP0O7-0016-00 My
at the fourth reflecting mrror M) TT = 1600.0 Mp/HO =
10.26 5 dl = 849.86 mm d2=695.37 mm d3=795.37 mm dl/d2 13?2?% (b%/gzo-
1.14 10 [0074] Fig. 18 is a drawi ng showing coma in the projecti FrO0dSrO,
system of the eighth exanple. Fig. 18 shows the neridional coma and
sagittal coma at the inmage height 100% at the inmage height 98% and at
the image height 95% It is apparent fromthe aberration diagramthat in

t he eighth np ' ; ' regi on
correspondi ?gﬁt ougﬁé?%@g%ﬁl@? %tn%g{fﬁgﬁpgrgeﬁgﬁﬁégmﬁémﬂﬁconfi rmed, though
not depi ct eq;T Ehpgod.he aberrations other than coma, e.g., spherical
aberration and distortion, were also well conpensated for ) in the region
corr espondi pgeyEothe &f f ecti ve i magi ng region ER. [0075] [Exanple 9] 20
Fig. 19 is a grawi ng showi ng a configuration of the projection optical
system accorif/pi0) £010.hbg ni nth exanpl e of the present enbodinment. Wth
reference to Fig. 19, the projection optical system of the ninth exanple
is canfigured ag40éaws: |ight fromthe mask 4 is successively reflected
on a concave reflecting surface of the first 25 reflecting mrror M, on a
concave refldactio®p.3Lnimce of the second

1Nl

d3 =795.37 mm
dl/d2=1.22
Q 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 Weli compensated for in the

15 region cofresponding 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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reflecting mrror M2, on a convex reflecting surface of the third 50
FP07-0016-00 reflecting mrror M3, and on a concave reflecting surface of
the fourth reflecting mrror M4 to forman internedi ate i mage Eé 6 gg
pattern. Then the light fromthe internedi ate i mage of the OBa 9
formed via the first inmaging catoptric systemG 1 is successively
reflected on a 5 concave reflecting surface of the fifth reflecting mrror
Mb, on a concave reflecting surface of the sixth reflecting mrror, on a

Concave 1 e PaEeg BPPERAS Y Ra°LEGbAvS S uflebt olF B Bt -
16 proj ect Vﬁ%ﬂoéﬁﬁé‘*ﬂ MRS pf i PR o o Bre ek Tect  ng '

mnror s ORI e et ForiRRE bt Atk Thaed BPRC uddh gﬁeﬂgﬁgﬁcm

exanpl e the convex sixth ref Ing mrror & a s

or 0] act olaf}t%?.%‘??ﬁ‘iéﬁ'é@é‘%ﬁ‘a%?%‘mé%wéﬂﬁ%ﬁ%?ﬁ%é%ﬁ%%‘i%ﬂ%k %%%] Tabl e

(9) gPri “C'&ﬁlca$eeféﬂé& Yt 4 é;dﬁ\ H0156
mm T=40 mm LX = nunﬁ{%_ Se téem I%tﬂlgé):trrlnsléo%’n]l tica nbers) 25
Surface concave reﬂectmg 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 reduéed
Q 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=13.5 nm

) p= 4

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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Nunber r d Optical Menmber 51 FPO7-0016-00 SO (mask surface) 709.93 Sl

: 4433, 41 -589.93 (1st reflecting mrror M) S2 1327.91 689.93 (2nd
reflecting mrror M2) S3 677.63 -268.10 (3rd reflecting mrro

891. 30 805. 69 (4th reflecting mrror M4 S5 -978.07 -123. 10 (?W‘OBI&OO
reflecting mrror Mb) S6 24591. 30 235.57 (6th reflecting mrror M)
spherical S7 237.26 -335.57 (7th reflecting mrror M7) S8 404.70 375.57
(8th reflecting mrror MB) 10 (wafer surface) (Aspherical Data) Si

Sur f = = SO0E-Ry =-2. 34495E-14: C = 3. 54540E-19: D
:?21 8(13.22)](. E—gggﬂgﬁk Se}fa%%?12533%%€ F =-3.55914E-33: G = 5.08482E-38: H =

5.80006E 24! E 1 0993E b7 P ol Jg s ing mitgrRIG7, 5,70p 2= %> P

@)

o BESEey e 1008 gt g e . -
1.1336E-37: &= 0. 009P0E300 2B68UT @5 reflecting miitror M3)
5 S4 891.30 805.69 (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 (7threflecting mirror M7)
) S8 404.70  375.57 (8th reflecting mirror M8)
10 (wafer surface)
(Aspherical Data)
S1 Surface
k=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=0.00
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 =-2.71226E-10: B =-3.34206E-15: C = 8.03920E-20: D =-1.68936E-
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A =-2.71226E-10: B =-3. 34206E-15: C = 8.03920E-20: D =-1.68936E- 52

FP07-0016-00 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. 982;@,5- 1401E 5
3.02836E-19: D = 2.29877E- 23° E =-9.76811E-28: F = 1.56167E- 30X V¢ -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 §4.=y0.00; 6564 Ii-- 11 M- H8361E-1§: B 4808Q1E-21: D =
2590105, 261 2 2. OVI0RLA0T B - N Bol = o HEBE A, =

0. 00000E+00 @ ¥abpep+0or responding to Conditions) 20 My = 488.42 (maxi mum at
the fourth reflecting mrror M4) TT = 1600.0 My/ HO = 2.87 TT/HO = 10. 26

d 1l = 709. 93gahcd2 = 589.93 mm
Kk = 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
O 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
Me/HO = 2.87
TT/HO = 10.26
d1 =709.93 mm
25 d2 =589.93 mm
d3 =689.93 mm
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d3 = 689.93 nm 53 FP07-0016-00 dl/d2 = 1.20 d3/d2 = 1.17 [0077] Fig. 20 is
a drawi ng showing coma in the projection optical systemof the ninth

exanple. Fig. 20 shows the neridional 5 coma and sagittal CO[@?@?—(}(Q&-O
i mage hei ght 100% at the imge height 98% and at the inmage I ght Yo OIt

IS apparent fromthe aberration diagramthat in the ninth exanple, coma is
wel | conpensated for in the region corresponding to the effective inmaging
region ER It was confirmed, though not depicted, that the aberrations
other than ¢onap =929 9., spherical aberration and distortion, were al so
wel | conpensated for in the region corresponding to the effective inmaging
region ER [30d8k {n7each of the foregoing exanples, as described above,
the projection optical systemis able to ensure the inage-side nunerical

aperture of (Gog37p. 35 fqm%.te gt@_i isaﬁedra%ﬁgr@lawh?g/%dﬁxé Hnt iR Wj%'c%ﬁtrl of 15

13.5nm and the arcuate ef ve exposure region of 26 mMmmx 2 mm we

conpensat ed dpticakbgistethi ONshOmihtie exaindle.”. Figlenef shdws tthe mealdignal of the
mask 4 can be transferred in the high fesolution of not nore than 0.1 m

in edh expeomig ahdaiapittall @dmaxarthkdmadge héighsi100%] at &fe inge GRight on t he
waf er 7 by scanning exposure. 20 [0079] In each of the foregoi ng exanpl es,

the effecti V8% andtatrthofintidpe héight95%.f oltrishaprirbec friony the abefratiébni s i n
the order of about 400 mMmmto 520 mmand is thus controlled well to a small

| evel . Each diagraph ehatsin theusinde ekgngpde,t coraaipveds congseerated fortinethei ze of
the reflecting mrrors and to achieve reduction in the scale of the
optical systregiorSSicoreesponding hte thiee sdffectivey emiaigong tiegioh SERncelt was
(obj ect-inmage distance) TT fromthe
{ confirmed, though not depicted, that the aberrations other than coma,
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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object (reticle) to the inage (wafer) is determned to satisfy the range of
54 FPO7-0016-00 1350 mmto 1800 mm the optical system naintains good
optical performance while the size thereof is prevented fromi ash Nl
[0080] In the exposure apparatus of the foregoing enbodi nent, aﬁgzaégpgﬁ¥?
of the surfaces of the fifth reflecting mrror Mo and the sixth 5
reflecting mrror M6, which are the reflecting mrrors with the effective
region relatively small, is forned in the spherical shape, it becones easy

to fabricate)3sMhighm aec B8Oy niff et bﬁﬁcﬂpts*yﬁj%in SHairiins! @obﬂeo jegpure
apparatus of the foregoi ng enbodi ment, when either of the“surfaCes of the

si xth refl ecpérf@rmihé®While hedizd thes@yfiRiptetGhtedTtoMIinetédspig M Wi th 10
angl es of incidence of rays relatively large is formed in the spherical
shape, it be[lmae)gr kathe erpbabei gseatuReoited f i€ enilsddigedritneviest i cal
system [0081 ] The exposure apparatus of the above enbodi nent can be used
to fabricategitharcod tHevdugEsoet Seffrite fiftle trefledgng GRbror MGeamd akepsideyi ces,
15 liquid-crystal display devices, thin-filmmagnetic heads, etc.) by
i |1 unbnat i ngredletinig inyrrohd16) whichnate e mefkiceing(mirfrors wath the effegtivend
projecting a pattern to be transferred, fornmed in the mask, onto a
phot osensi t i regionbelatirely simallhes fornjedcini the sphetical sksaps, énbécneseasy step) .
An exanple of a technique of formng a predetermined circuit 20 pattern in
a wafer or tteefdbiricates laghratcnsanysidflectinguopticatsystémh tThethe exposure
apparatus of the present enbodi nent to obtain sem conductor devices as
m cro devi ceapparhtuscef thestoregeingrhbodmernt, mdfesr either oo thesuffhoesbfirt of
Fig.21. [0082] The first step 301 in Fig. 21 is to deposit a netal filmon
(ﬁaﬁ h 25 wafthe ixtloreflécting miron d4é asdége soenth refleapipgymirghM bmath st ont o
e
10 angles of incidence of rays relatively large is formed in the spherical

t

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 to
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nmetal filmon each wafer in the |ot. The subsequent step 303 is to 55
FP07-0016-00 sequentially transfer an inmage of a pattern on the mask into

each shot area on each wafer in the |ot through the projectio [P
system using the exposure apparatus of the foregoing enbodi 2@%@7 %QO

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

forma ci rcudquentibly nrameeanntiotdof @ ptferAid O A 1t Rkshot each

shot area on each wafer. Subsequent steps include formation of circuit
patterns in atppesn |euthr wafénéh Th8elot  thidesle e Yo e?i:'@i’drﬁ%?ti@gl gggﬂe?ﬁ,s such

as semn conductor devi ces. The above- descti bed 'sem conduct or Vi ce

fabricati on usthfobe pRpOIUre dppatatusdoif thé fore@BinesbeddhefeVi ces with
extrenely fine circuit patterns at high throughput. [0084] The

af orenent i orf]mseqﬁbhlef neuibkseg@ntastepn36d i tyspeifbm! depélophlerit! @FMheX- r ay

source as a light source for supplying X-rays, but, without having to be
limted to tphotorésistion alash wafesiibl thet lotusel tHeosulssegjiphe steps 306 hisofor on

orbit radiation (SOR) |ight as X-rays. [0085] The foregoing enmbodi nent was
the appl i catperfiorh ettking esemach wafemin tie iat, usmgetposenist paernahsia havi ng
the Iight source for 20 supplying X-rays, but, wthout having to be
limted to tmask, amdtherebero formemtironitqmiteah sortespengdinigetd the patpeasur e
apparatus having the |light source for supplying |ight of the wavel engths
ot her than >onahe. nja3kgah Bach rshotoarea pheeadlorwafent | Gubdequendistaps  was
the application of the present invention to the projection optical system
{n) 25 the angbule borappomelicirceispatieimhbuupperviaygrs, andeothiers, ttherebry t hi s,

t he . . . .

10 fabricating 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 application 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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present invention can also be applied to other general projection optical
56 FP07-0016-00 systens. 0 57 FP0O7-0016-00 CLAIMS 1. A reflective

proj ection optical systemconprising eight reflecting mrror ?_ )]
to forma reduced inage of a first surface on a second surfai%,p6 éﬁﬁ%?kﬁ?
reflective projection optical systemconprising: 5 a first inmaging
catoptric systemfor formng an internediate image of the first surface;
and a second inmaging catoptric systemfor form ng an inmage of the
internediatqggﬂgﬂg on the second surface; wherein the first inmaging
catoptric syStemhas a first reflecting mrror ML, a second reflecting
mrror M2, a third reflecting mrror M3, 10 and a fourth reflecting mrror
MA in an order of incidence of light from the first surface side; wherein
the second inmaging catoptric systemhas a fifth reflecting mrror M, a
sixth reflecting mrror M6, a seventh reflecting mrror M/, and an eighth
reflecting mrror MB in an order of incidence 15 of light fromthe first
surface side, wherein at |east one reflecting surface anong the eight
reflecting mrrors 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 mrror Mo are conprised of

O

57



spherical surfaces. 3. The reflective projection optical system according
foclaim 1 or 2, wherein anong the eight reflecting mrrors, a reflecting

surface 25 of a reflecting mrror with a relatively high req%&%%o
manuf acturing error is conprised of a spherical surface. 58 FPO7* -

4. The reflective projection optical systemaccording to any one of clains
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 éﬂmg 5 5. The reflective projection
optical systemaccording to any one of clainms 1 to 4, wherein anong the

eight reflecting nirrof SeflRctivef ﬁﬁégﬁy&l ”615t§ 1 W%@mﬁ JBh r'%i}t'%le)é{.%” ar ea

where a beamcontributing to inmagrng 1s reflected on th

surface, is 1egRBiihgfirforsndadaibq fotth'Aelucd ifaoliVt 4 BHlaiiNG
or fléigalmsﬁl 0o 5, wherein

proj ection optical “system acc Ing to any one o

the first irgphREc6Rd RHRAES, theseBtiive ppojRRLibA Fhtivhl ydtehd 66k fror, a .
g ¥ In or r

concave mrror, a convex mrror, and oncave mrro romthe

obj e side.a firstTiAaghiol estoptdc RiSicat foPTofRinE ah BYSEORiate AhdbBhft 0 any
15 one of clainms 1 t0 6, wherein"the second imaging catoptric systemis

conpri sed ofthe fienearface] aid . seeohdfinefling Gatdptrie’ systeriOfor Forming @, and a
concave mirror in order fromthe object srde. '8. The reflective projection

optical systiatagecefOrh@ ingerintediate invae: oi tled édndlsréace; Wherein when a
di stance fromthe first surface to 20 the first reflecting mrror M is
defined as dl, thevhémimhe fitkt fahpifg estoptiie systehohiasg Ciesididfledting
O 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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700mkdl . 9. The reflective projection optical system according to any
one of claims 1 to 8, wherein when a distance fromthe first reflecting 25
mrror ML to the second reflecting mrror M2 is defined as d2,

di stance d2 satisfies the follow ng condition: 59 FPO7-0016- 0515(%‘89%9690
10. The reflective projection optical systemaccording to any one of
clains 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 d3

satisfies the fol lgowi THe GRALLEVE ProfilidHoptidat s%%teg}ﬂéﬁc&ecfihggtbiléﬁy wher ei n

projection optical systemaccording' to any  one al s

when dl reprggesfclgings St 9Cs Wi‘&ihhﬁmofﬂfb;r file %ygaﬁlécﬁnghﬁnﬁo& ta

reflecting mrror M and when d2 represents a 1 i stance~fromthe first

reflecting %ﬂe@rmg/&nirpoﬂmtﬁ@@aaﬁ_vé? la‘?%é iaﬂglefifiﬂcﬁﬂeﬁ@e of afRSnk tgn of the
second reflecting mrror M2 satisfies the followng condition: 1 < dl/d2 <

1.9. 12. Thehe eéflecting suithod %:édrﬁgri@@aiomlsp‘f%ﬁkﬁmﬁ(fsﬁdi ng to any 15 one
of clainmse 1 to 11, wherein when d2 represents a distance fromthe first

reflécting mirror SVl The tre€legtio@nstofefticic optigalrisystem Mecafiinph@nang3
represents a distance fromthe second reflecting mrror M to the “"third

Catioties tho T ol l'owng condit o 30 T Lo dar g o o By e et ve
proj ecti on epflechg mhgmmp@rdhﬁgelwsﬁau area where a beam cdntn'buting

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 <dl.
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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one of clainms 1 to 12, wherein when a maxi num effective dianeter of the
reflecting mrrors is defined as Mp, the maxi mumeffective dianeter M

satisfies the followi ng condition: 25 400 mm< My < 600 nm 1 € _
reflective projection optical systemaccording to any 60 FPO;‘F%@??OOI(? Ooone

of claims 1 to 13, wherein when a maxi num effective dianeter of the
reflecting mrrors is defined as My and when a maxi num obj ect hei ght on
the first surface is defined as HO, a ratio My/HO satisfies the follow ng
condition: 5 2 < MFHANE <4d2.15. The reflective projection optical system
according to any one of clains 1 to 14, wherein when an axial distance

between the first 1GurThe @eflactivdroRetinh épﬁéﬁcﬁféténdﬁfdd?ﬁﬁ'lgﬁo -Eﬂy the
axial distance TT O satisfies the following condition: 10 1350 mm'< TT <

1800 mm 16.onkhef clafimedt 10/, whereit twiteh alistante Hosh ghe sesriditeflectipgany one
of clainms 1 to 15, wherein when an axi al distance between the firs

surface and mireosediondo sthef deed i efldetingechiaor TM3ind dbfiled d80d3 Uhe Obj ect
hei ght on the first surface is defined as HO, a ratio TT/HO 15 satisfies

the I ow ndjstancdid3 satisfidésTHé Re)lowng tdnditivm:r ef | ecti ve projection opti cal
system according to any one of clains 1 to 16, wherein an inage-side
nuneri cal aperture&MAmm <d3. | east 0.20. 20 18. An exposure apparat us
conprising: an illumnation system for illumnating a mask set on the
first surface; andl heThefrefletiive projection optical system according to any
one of claims 1 to 10, wherein when d1 represents a distance from the
O 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 Mg, the maximum effective diameter
Mo satisfies the following condition:

25 400 mm < Mg < 600 mm.

14.  The reflective projection optical system according to any
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projection optical systemas defined in any one of clainms 1 to 17, for
projecting a pattern of the nask onto a photosensitive sEbstrate set on
the second surface, to effect exposure thereof. 25 19. The exposyy. _
apparatus according to claim 18, wherein the illum nation system ?Q%Sr pé)es
a light source for supplying X-rays as- 61 FP07-0016-00 exposure |ight,
and wherein the projection exposure of the pattern of the mask is effected
on the photosensitive substrate, with relative novenent of the nmask and

t he phot osewpiet bf ela3miest 1@t18, twhdreth MHArES trhXeinie SFedRE dRRhéeRlofsystem
5 20. Areflective projection optical systemconprising at |east eight

reflecting mhereflecing milepiets defihedasMe ik didpgemakifubd ,ro‘bgectfsur face
on a second surface, wherein anong said at |east eight reflecting mrrors,

a reflecti nheight ontheifirst surfet@id defived alsdd028FheoWIG/HO SR1FRshea beam
to the 10 reflTecting surface is conprised of a spherical surface. 21. A

refl ective goHpedhpeonditiosal system conprising at | east eight reflecting
mrrors and adapte% to forma reduced inage of a first surface on a second
surf&ce, wherein 2wMNeédHOK 4t | east eight reflecting mirrors, a reflecting
15 mirror wwth a relatively small area where a beamcontributing to

imaging i s reflectléd dhih¢ hefleefive projegtionr dptieal systaanudosdihgoto any

spherical surface. 62
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
O satisfies the following condition:

10 1350 mm <TT < 1800 mm.

16. The reflective projection optical system according to any
one of claims 1 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 set 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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10

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.
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