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The present invention relates to a projection
exposure apparatus which is employed in
photolithographic processes to manufacture
microdevices such as semiconductor elements, imaging
elements, liquid crystal display elements, and thin-
film magnetic heads.

BACKGROUND ART

In the photolithographic process for the
manufacture of semiconductor devices, a pattern on a
mask is transferred on to a wafer or glass plate
(hereinafter also referred to as a substrate) coated
with a photo resist. This type of projection exposure
apparatus, a step-and-repeat type exposure apparatus
(hereinafter also referred to as a "stepper"), has
been widely used in the past. This step-and-repeat
type exposure apparatus reduces and projects the
pattern of the mask all together on each shot region
of the wafer for exposure. When it finishes exposing
one shot region, it moves the wafer and exposes the
next shot region. It successively repeats this

operation. Further, a step-and-scan type exposure
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next shot region. It successively repeats this 25 operation. Further, a

st ep-and-scan type exposure apparatus is also being devel oped which

enl arges the exposure range of the nask pattern by limting the exposure
light froman illumnation systemto a slit shape (rectangul ar shape),
using this slit light to 5 reduce and pr@ject part of the mask pattern on
to the wafer, and in that state making the projection optical system
synchronously scan the nask and wafer. This step-and-scan type exposure
appar at us haapbatrhtule i sadvay agehoiddued dpeansiteicts yatlemrgéds arhal | gner
which 10 transters the pattern of the entire surface of a mask on to the

enti re surf age bugalaiiod b edsal ndOYd Y Ay Dy singl enscan and

exposure operation tthe advantages of the transfer em of the above

stepper. 15 LD sugha Gameent gnal, Rndl R0 SRS, APPATalYs, the

optical el enefifs~constituting proj ection optical systemare held in a

barrel which _is fastened tqQ a frame of the exposur ratus. The
convent i onal SH8RRs (F&CTRRIEAIFRARE JyatSEinh4 Jb%é%pfb&?}bl‘foa f1 ange

formed at its center to the franme. However, the two ends of the barrel
vere fPee andeduRer @nfaPRNeTGH AATEMAThathe MATKP AR BIOR e bER®el  woul d

shake due to vibration transmtted from ot her . .
wafer, and in that state making the projection optical

system synchronously scan the mask and wafer. This
step-and-scan type exposure apparatus has both the
advantages of the transfer system of an aligner which

10 transfers the pattern of the entire surface of a mask
on to the entire surface of a wafer by equal
magnification by a single scan and exposure operation
and the advantages of the transfer system of the above
stepper.

15 In such a conventional projection exposure
apparatus, the optical elements constituting the
projection optical system are held in a barrel which
is fastened to a frame of the exposure apparatus. The
conventional means for fastening the barrel had been

20 to bolt a flange formed at its center to the frame.
However, the two ends of the barrel were free and
there was the problem that the two ends of the barrel
would shake due to vibration transmitted from other
apparatuses in the clean room where the projection

25 exposure apparatus was installed, for example, fans



apparatuses in the clean roomwhere the projection 25 exposure apparatus
was installed, for exanple, fans 3 for control of the tenperature and

hum dity and other sources of vibration. This vibration transmtted from
sources of vibration around the projection exposure apparatus was
transmitted to the barrel and caused 5-vi3bration there even if the
frequency of the sources of vibration was small since there is a
correlation between the natural vibration of the sources of vibration and
t he natural \fiohr afomralf dieclartempesotutdeand obheid bty dasgdl actkeent of the
optical axis was 10 caused. In particular, when the projection optical

systemis hels¢udter RIfURAIREA Rin Dark 83 Svibker idn atragéhect e@nfassl
refraction projection systemand the plurality of barrels are fastened to

the f t t 15 effect,
“the ini Q%ufc?gf&féﬁz%ﬁtﬁia”e s and trE@ Lp% &tidie ﬁPbéﬁQS the

so the intervals re atrve posttrons in the
direction of rotation chan and. re rkabl.e ter| rati.on_of the inmaging
char act eri st PPPFAS Yaur 5ﬁﬂsm%m% éE%|ER? afﬁe 8 Qpﬁgﬂﬁggapparatus S
20 substantlally proportlonal to the wavel engt h of the gosure l'ight, so

the wavkl engVHESREQTbSUIF ¢ SV aktiatly %EﬁQEF%%HeOEhBP?e OUFRESexposur e

light is changing fromvisible g-ray (wavel ength 436 nm and
of vibration was small since there is a correlation

between the natural vibration of the sources of
vibration and the natural vibration of the barrel, so
the problem of displacement of the optical axis was

10 caused. In particular, when the projection optical
system is held by a plurality of barrels like in a
reflection and refraction projection system and the
plurality of barrels are fastened to the frame, the
relative vibration among the barrels has a large

15 effect, so the intervals between the barrels and the
relative positions in the direction of rotation change
and remarkable deterioration of the imaging
characteristics occurs.

Further, the resolution of an exposure apparatus is

20 substantially proportional to the wavelength of the
exposure light, so the wavelength of exposure is
gradually being made shorter. The exposure light is
changing from visible g-ray (wavelength 436 nm) and
ultraviolet i-ray (wavelength 365 nm) by a mercury

25 lamp to KrF excimer laser light (wavelength 248 nm).



ultraviolet i-ray (wavel ength 365 nm by a nercury 25 lanp to KrF exciner

| aser |ight (wavel ength 248 nm. 4 Recently, use of ArF exciner |aser |ight
(wavel ength 193 nn) and F2 |l aser light (wavel ength 157 nm) has been
considered. Here, in the wavelength region |ower than that of about ArF
excimer laser light, that is, in the 5-vdcugmultraviol et regi on bel ow
about 200 nm absorption due to oxygen in the air occurs and ozone is
produced or substances produced by a photo reaction wth the organic

subst ances OReffeinsllyre use (e P exteipest t1 et Nei g f aegvelengehopt i cal
el enents, 10 whereby the transmttance ends up falling. As a neasure

agai nst thi sy ohonygxamel & 1AsaR XBRRUNGaveRRAGRNUS 54SiHkD) Alds Qyeddrer

| aser light, the gas 1nsi’de the barrels of the projection optical system

|s replaced w, Eiﬁ%@e@hmﬁ ,Pri@%{@%&aéﬁ%ﬁ%%fa%%igré qo%éﬁﬁgﬁaﬁo' call ed

purging is perforne i um used as SIS est in

per f or mance n _inert an fe gas ut is present_. in only, extrenely
snal | anountgﬁﬁﬁ Pﬁe%&%ﬁ%ﬁkﬁﬁ%ﬁﬁ%ﬁ?éﬁjif%ﬁ#ﬂﬁﬁéhﬁEaEﬁﬁFth@ref%rEh?s hi gh
in price. 20 Further,_ it is lowin atomc vwﬂégg, so it easily |eaks from
.j oi ntsSin t h¥23F4MeMd tER AR 9 djaLkqorPe i i 2utyd@mBnd i s consuned in

| arge anmounts, therefore increasing the operating cost of the
absorption due to oxygen in the air occurs and ozone

is produced or substances produced by a photo reaction
with the organic substances or moisture in the air
deposit on the surface of the optical elements,

10 whereby the transmittance ends up falling. As a
measure against this, for example, in an exposure
apparatus using ArF excimer laser light, the gas
inside the barrels of the projection optical system is
replaced with helium (He) or another inert gas, i.e.,

15 and so-called purging is performed.

The helium used as the purging gas is highest in
performance as an inert and safe gas, but is present
in only extremely small amounts in the earth's mantle
and atmosphere and therefore is high in price.

20 Further, it is low in atomic weight, so it easily
leaks from joints in the barrels of the projection
optical system and is consumed in large amounts,
therefore increasing the operating cost of the
exposure apparatus.

25 Further, if the wavelength of the illumination



exposure apparatus. 25 Further, if the wavelength of the illumnation 5

| i ght beconmes shorter, the types of glass naterials able to wthstand
actual use due to the absorption of |light becone nore limted. If .the
wavel engt h becones |ess than 300 nm the only glass materials able to be 5
used in practice at the present time woudd-be fused silica and fluorite.
The Abbe nunbers of the two are not sufficiently far apart for correction
of chromatic aberration, so correction of chromatic aberration would
becone diffiTught Becomessetotroeihi sheatyfesabddigdpkisi matystierhsconbi ning a
reflection optical systemusing a concave mrror etc. and a refraction

optical systgm Bag,bgephRtapasaerudll dseabad @bt the abyr@pieH of
substantially elimnate various types of aberration such as, first and

f t, ch [ b tkop. Wt hout | | N th
nanber - of | BRaRE. BPOPRCTRE AT RAE e S Fom ROMATAST RERTRS T g

necessary to_use an optical pat defl| ecti on nenber, to separate.the
out bound opt +€5F§ tB%Fh38§iHﬂ't5§ér8 HegééﬁéaWQtﬁFFP S & P& urn 20

optical path fromthe concave mrror. As a result, several optjcal axes
end upSpresew$edFbR PRASLAEgsAf, thEhEhegedEnbimeg WoNd e diudfd i c syst em

there is the problemthat error easily occurs in the adjustnent
silica and fluorite. The Abbe numbers of the two are

not sufficiently far apart for correction of chromatic
aberration, so correction of chromatic aberration
would become difficult. As opposed to this, a

10 catadioptric system combining a reflection optical
system using a concave mirror etc. and a refraction
optical system has been proposed. This catadioptric
system can substantially eliminate various types of
aberration such as, first and foremost, chromatic

15 aberration, without causing an increase in the number
of lenses. In the catadioptric system, however,
generally it is necessary to use an optical path
deflection member to separate the outbound optical
path going toward the concave mirror and the return

20 optical path from the concave mirror. As a result,
several optical axes end up present.lFor this reason,
when assembling the catadioptric system, there is the
problem that error easily occurs in the adjustment
among the plurality of optical axes compared with a

25 refraction optical system.



anong the plurality of optical axes conpared wth a 25 refraction o
system 6 Further, if the optical path deflection nenber of the
catadioptric projection systemtilts (rotational notion), large ro
and distortion of the inmage occurs. To stably obtain an inage of an
extremely high 5 resol ution, tough requi enents are placed on the
position of the optical path deflection nenber. Further, tough
requi renents are placed on prevention of vibration as well so that

opti cal
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assembly position of the optical path deflection
member. Further, tough requirements are placed on
prevention of vibration as well so that the optical
path deflection member is held in that position.

DISCLOSURE OF THE INVENTION

Accordingly, a first object of the present
invention is to provide a projection exposure
apparatus able to reduce vibration of a barrel of a
projection optical system and thereby realize good
imaging characteristics.

A second object of the present invention is to
provide a projection exposure apparatus able to reduce
the amount of the inert gas etc. used when supplying
said gas to an optical path of the illumination light
without causing deterioration of the imaging
characteristics.

A third object of the present invention is to
provide a projection exposure apparatus able to
realize easy adjustment of a plurality of optical

axes.
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realize easy adjustnment of a plurality of optical 25 axes. 7 A fourth

obj ect of the present invention is to provide a projection exposure
apparatus resistant to the occurrence of rotation of the i mage even when
an optical path deflection nmenber tilts and therefore 5 stably giving an
extrenely high resolution. 1. To achievejthe first object, according to the
present invention, there is provided a projection exposure apparatus for
transferring a pattern of a mask on to a substrate, said projection

exposure 10 appa@a%mﬂjﬂw e Al %é%g’rfg#ﬂ‘ﬁ%}t%gtfﬁ] tdaving an

optical elenent, a frame for’ supporting a e projection
opti cal systen1va a su:ﬁgrt.nenber for su ortiqg the.b@rrel at a
posi tion ~di PFEVENE & &h c?%?ﬂnfoﬁﬁﬂﬁfrﬁégéﬁ%%P LSS ErEPity of
barrel s holding the projection optical system In the case of a plurality,
each barrel & H@CQ§ﬁ%ﬂﬁﬁeﬂftﬁP§%RQQR el IMRIS uPYeR t WAeRbhRR. The
plurality of barrels for exanple may include a first barrel for holding a
first opticalkpdysedmpathsatahicc@iidameaibdnrt hiotsli amd atsecefidrept i ca
system having an optical axis substantially parallel to an optical axis
of the ¥irst stpblyalgisyisieeran aaxk renidily chigh rnedsdbutidwl ding a third
optical system arranged between the
1. To achieve the first object, according to the
present invention, there is provided a projection
exposure apparatus for transferring a pattern of a
mask on to a substrate, said projection exposure
10 apparatus comprising a projection optical system
having an optical element, a frame for supporting a
barrel holding the projection optical system, and a
support member for supporting the barrel at a position
different from the frame. There may also be a
15 plurality of barrels holding the projection optical
system. In the case of a plurality, each barrel may be
supported by the frame and the support member. The
plurality of barrels for example may include a first
barrel for holding a first optical system, a second
20 barrel for holding a second optical system having an
optical axis substantially parallel to an optical axis
of the first optical system, and a third barrel for
holding a third optical system arranged between the

first optical system and the second optical system and

25 having an optical axis substantially perpendicular to



first optical systemand the second optical system and 25 having an opti cal
axi s substantially perpendicular to | 8 the optical axis of the first
optical system The support menber is not particularly limted, but for
exanple may be integrally attached to the frane. In the present invention,
the barrel for holding 5 the projectien8optical sytemis supported by the
frame. Sinmultaneously, the barrel is supported by the support nenber at a
position different fromthe frane. Therefore, the end of the barrel which

originally wa&'QEQQQQEEa&ﬁ%Bdeﬁﬁﬁﬂfﬂﬁgt ciill Ngfteh hergé® occurrence
of vibration at the barrel is suppressed and displacenent of the position

of the opti calupBkict. mohicd! ad AbOfphe ADL.R) Sifpt e hohk Dot he barr el

i s prevent ed. particul ar, when t'here are a“plur arrel s hol ding
t he projectiaqn i_cal 5 system._-the relativ 0S,i.ti o nong the optical
axes of t he%?fﬁl?@@& @s%@nﬁﬁeﬁ@a&h’t @etq@:qj}eeqes&arteﬁe eﬁf?@‘ﬁbl y i nportant.
By using a support nmenber to support the barrels individual]y, or
integrally, howéRethe; pEegeRtatinyigd torn/hdhsahaicehros iptesRed 20 and
the intervals anong the optical axes of the optical systens held by the
barrel $ and tdleabiredectdon iapisidal twtai risctduppaftedthy i tear e

restrained.
frame. Simultaneously, the barrel is supported by the

support member at a position different from the frame.
Therefore, the end of the barrel which originally
would become free is fastened. Accordingly, the

10 occurrence of vibration at the barrel is suppressed
and displacement of the position of the optical axis
or rotation of the optical system held by the barrel
is prevented. In particular, when there are a
plurality of barrels holding the projection optical

15 system, the relative positions among the optical axes
of the optical systems held by the barrels are
extremely important. By using a support member to
support the barrels individually or integrally,
however, the vibrations of the barrels are suppressed

20 and the intervals among the optical axes of the
optical systems held by the barrels and relative
positions in the direction of rotation are restrained.
The barrel is preferably fastened to the support
member through a connecting.méﬁber having flexability.

25 The barrel will sometimes expand or contract due to



The barrel is preferably fastened to the support nenber through a
connecting nenber having flexability. 25 The barrel will sonetinmes expand
or contract due to 9 changes in the tenperature environnment. In this case,
if the barrel warps as a result of the restraint of the support nenber,
there woul d sonetines be a detrinental & fect on the optica
characteristics, but 5 by interposing a connecting nenber having
flexability, it is possible to keep an unnecessary force from acting on

the barrel arthagigeshe saife tidpSHPANIES Senviksmienn. Pn Thiscbasee the
first object, according to the 10 present invention, there is provided a

Proj ection @Oy &ARRAM didispd s L4 ARSI €I ¢ | §Y EndatéSEPadhtaofMask on to
a substrate, said projection exposure apparatus conprising a projection

opti cal systq:rﬂae %ﬁ%lﬁr&ta n{énﬁf %{IE{A&%W&P&JZA&@%%%%%QF% for bending 15 an

optical axis, optica em arrange e mask and the

first reflectjon optical ement, and a second optical system ayranged
bet ween the dﬁtr@t“ﬂ?@:faﬁe(ﬁ g o cate PRMETR L & lf?fétegb%gi-?ﬁ{ eg’ug ?r ane

for integrally supporting a first 20 barrel for holding said first optical
syst emfand abysddBRrangigd & oromerdel Hed temkek orrv bpd | £heXa8hiléky and a
connecting nenber connecting said first barrel
it is possible to keep an unnecessary force from
acting on the barrel and at the same time suppress
vibration.
2. To achieve the first object, according to the
10 present invention, there is provided a projection
exposure apparatus for transferring a pattern of a
mask on to a substrate, said projection exposure
apparatus comprising a projection optical system
having a first reflection optical element for bending
15 an optical axis, a first optical system arranged
between the mask and the first reflection optical
element, and a second optical system arranged between
the first reflection optical element and the
substrate, a frame for integrally supporting a first
20 barrel for holding said first optical system and a
second barrel for holding the second optical system;
and a connecting member connecting said first barrel
and said second barrel at a position different from

the frame. In the present invention, the first optical

25 system and the second optical system comprising the



and said second barrel at a position different from the frame. In the
present invention, the first optical 25 system and the second optical
system conprising the - 10 projection optical systemare held by the first
barrel and the second barrel respectively, and the first barrel and the
second barrel are integrally supported My the franme, but sinultaneously
the first barrel and 5 the second barrel are connected by the connecting
menber at positions different fromthe frane, so the ends of the first

barrel and tﬁ@ogé@@i@nb@ dlcanthissfa t emdre hasiel hecatee ffaes@arsanmelial |y
fastened. Accordingly, the vibrations of the first barrel and 10 the second

barrel wll Qﬂ?ll @E@er RRCHaAEN Heidellyle 4 el £ beiveen the
optical axis of the first optical systemheld by the first barrel and the

optical axis,qof the C t Sy%Stem : qgﬂﬂgj el and
the relati veb85§|ethli 32@ S:n@l%t %(% f%‘%idibr ecteﬁonﬂgelf dlrrgét/eac‘{fl}’glnl%r e s]?%clﬁ ned.
While not particularly limted to this, preferably..said second tical
system has aP¥etbfd tTréMectddn s%%%ﬂe%%%nﬁ%? o#llf)se%%wggl a(;pt i cal
axis, an optical axis between said second reflection optical 20 el enent

and said subtheasecwacohasr rlbArmtqonnsctehhy de (PRI cal axis of

the first optical system and the connecting nenber connects the first
member at positions different from the frame, so the

ends of the first barrel and the second barrel which
would have become free are mutually fastened.
Accordingly, the vibrations of the first barrel and

10 the second barrel will no longer affect each other and
the interval between the optical axis of the first
optical system held by the first barrel and the
optical axis of the second optical system held by the
second barrel and the relative positions in the

15 direction of rotation are restrained.

While not particularly limited to this, preferably
said second optical system has a second reflection
optical element for bending said optical axis, an
optical axis between said second reflection optical

20 element and said substrate becomes substantially
parallel to the optical axis of the first optical
system, and the connecting member connects the first
barrel and part of the second barrel between the
second reflection optical element and said substrate.

25 If the optical axis between the second reflection



barrel and part of the second barrel between the second reflection optical
el enent and said substrate. 25 If the optical axis between the second
reflection - 11 optical elenment and the substrate (hereinafter also
referred to as the "imge plane side optical axis") and the optical axis
of the first optical system (hereinaftetlalso referred to as the "object
pl ane 5 side optical axis") are made substantially parallel, the first
barrel and the part of the second barrel w Il becone substantially

paral l el . Singhitha fdilafentaddiel tRaGibecPaté Chetdenseeepdababrel are
connected by the connecting nmenber in this state, in other words 10 since

barrels for ' | L Su ' be: ' Lned.arewdirectly

connect ed, |}t¥a|fs%t}5(%?s?clbci ?étilm et%ﬁé%?@%ﬁeﬁ? %%?gﬁ%%?gpﬁgégngnt of the

optical axes between the apject plane side optical axis. apd the inmage

pl ane side oﬁﬂdgécl\%eeaﬁ%t.lq—‘%'bt%? ?f ﬁﬁ% jgli%r ?r%?gb%#e?yﬁﬁﬁmt he partg of

t he second barrel becone substantially parallel, there is also the

advant age tH&@ﬂﬁﬁ?%ﬁﬁﬁﬁxﬂlﬁ@)%@$%€¥%gét%ya$h%h%oﬁﬁéﬁﬁFﬁgPﬁéﬁﬁer becones

sinplified. In this case, while not particularly limted to 20 this, the

second Dar r els iy dpe iszipraxsisl” } carechadie subetantieldyfparadlealng an

optical elenent arranged between said first and second reflection opti cal
the first barrel and the part of the second barrel

will become substantially parallel. Since the first
barrel and the part of the second barrel are connected
by the connecting member in this state, in other words

10 since barrels for which parallelism is desired to be
maintained are directly connected, it is possible to
better prevent relative displacement of the optical
axes between the object plane side optical axis and
the image plane side opticai axis. Further, if the

15 first barrel and the part of the second barrel become
substantially parallel, there is also the advantage
that the connecting structure by the connecting member
becomes simplified.

In this case, while not particularly limited to

20 this, the second barrel may be comprised to include
two barrels for holding an optical element arranged
between said first and second reflection optical
elements and an optical element arranged between said
second reflection optical element and said substrate.

25 That is, if the above-mentioned object plane side



el ements and an optical elenent arranged between said second reflection
optical elenent and said substrate. 25 That is, if the above-nentioned

obj ect plane side - 12 optical axis and i mage plane side optical axis
becone substantially parallel, there will be an internediate optical path
connecting these optical axes, but in.-tigs-case the second barrel nmay be
conprised by two 5 barrels. Wiile not particularly limted to this, nore
preferably the first reflection optical elenment is a concave mrror

arranged wit Rptheanefhact iy ;i]ﬁl'ﬁatiéi:?lbefr?é;isrhgié‘ Nk 85 SHEEoRE ed by

said frame sothat its optic econes substantially parallel wth

rof | acti on ofPPEST AR TARRLIE S i ot STohheRedtat o0, |\ Tl

directi f gravity, at |east the optical axis of the first. optical
System i |1 BBCORE SSHiTa SRS e Rl A*GF akth Md the first

barrel will also extend in the direction of gravity. Therefore, the
stability of thilfe cRisestthensagonsh hatar g Yy & FRPFFVRY t¥irther, if
the first barrel and part of the second barrel are nade parallel, the part
of the ssecontha2@eisr.r @hidid Inctl gmmExdii@nicaslbstiamited | yo i phise Worecti on of
gravity and the stability of not only the first barrel, but also the part
of the secongredFeirelblgn thee first reflection optical element is a
concave mirror arranged with the reflection surface
facing upward and is supported by said frame so that
its optical axis becomes substantially parallel with
10 the direction of gravity. If a concave mirror is
employed as the first reflection optical element and
its optical axis is made substantially the direction
of gravity, at least the optical axis of the first
optical system will become substantially the direction
15 of gravity and the first barrel will also extend in
the direction of gravity. Therefore, the stability of
the first barrel on the frame can be improved.
Further, if the first barrel and part of the second
barrel are made parallel, the part of the second
20 barrel will also extend substantially in the direction
of gravity and the stability of not only the first
barrel, but also the part of the second barrel on the
frame will be improved.

While not particularly limited to this, more

25 preferably said connecting member is fastened to said



frame will be inproved. Wiile not particularly limted to this, nore 25
preferably said connecting nenber is fastened to said - 13 first barrel
and said second barrel on a pair of comon tangents connecting the outer
peri phery of the first barrel and the outer periphery of the second
barrel. If the first barrel and the secard Barrel are 5 connected using the
connecting nenber, outside force fromthe connecting nmenber will act on
the connected portions of the first and second barrels. |If an outside

force havingrarger BRlr&ir @6ld A ORI HarraPRid & goia darrel, the
barrel will warp, while if an 10 outside force having a tangenti al

direction co t ..l i : I , , | W st ed.
Si nce the fi?gﬁﬂgﬁdtgg Sﬁﬁﬂ%éggg%gngggﬁé% |\ﬁﬁ%ﬁguééyféﬁﬁgﬁiégf@%%d second
optical systens rpi.ng ar i.sting of the harrels w.ll |ead to warping or
15 twi sting gflrFﬁ\g%Sﬁtriegala"«tﬂt \e%peentoége%@werafsp H 1 ThsdEE SO i sing the
optical systens. That is, when connecting the first and second barrels, a
connecting BBrg&lur & indih® fiifisty haver el frdithaS8GRd HaxFel 3%8rels and

preventing twisting is desirable. By 20 fastening the connecting nenber to
the fiBst baFpahecied usdngeddind dsnnadtigyy agrbier ofowledidd fereent s
connecting the outer periphery of the first barrel and

from the connecting member will act on the connected

portions of the first and second barrels. If an
outside force having a normal direction component is
applied to a barrel, the barrel will warp, while if an

10 outside force having a ﬁangential direction component
is applied to a barrel, that barrel will be twisted.
Since the first and second barrels respectively hold
the first and second optical systems, warping or
twisting of the barrels will lead to warping or

15 twisting of the optical elements, such as the lenses,
comprising the optical systems. That is, when
connecting the first and second barrels, a connecting
structure maintaining the true circularity of the
barrels and preventing twisting is desirable. By

20 fastening the connecting member to the first barrel
and the second barrel on a pair of common tangents
connecting the outer periphery of the first barrel and
the outer periphery of the second barrel, the forces
acting from the connecting member on the first and

25 second barrels will be in tangential directions and



the outer periphery of the second barrel, the forces acting fromthe
connecting nenber on the first and 25 second barrels will be in tangenti al
directions and - 14 not include nornal direction conmponents, so the true
circularity of the two barrels will be well maintained and warping of the
optical elements will be prevented. Furltbher, since the nenber is fastened
on the pair of 5 common tangents, twisting of the first and second barrels
will be prevented relatively strongly. The specific configuration of the
connecti ng nasbefnciladeonoparali @ilrardtyidn midmgehndntts i tsa stippssibt e to
enpl oy a connecting nenber which conprises a rigid 10 plate and where at

| east one fagtepi\1g Ak 03N tHBO RS0 HH-HeaH &Nl INg Mod NMm@intdiEned gi d
plate with the first barrel and the second barrel is made novable in the

normal direc 'hgnwa ?Jﬁ.tn@ %Icqi%eel i%arie_aé‘fenfe\‘,\ijﬁ mkiln%@%é@éﬁ@éﬁﬂg

portLon novabl'e i'n € “nornma I'rection, e not particularly limted
to this, nention may he ma of a.neans er.ein_ at one st eni ng
portion of t ﬁ_@rF?‘&ird pIECE &jge Dghhige J.sn%[ﬁeéuqzﬂ ?*th?l%r%%'rd%?ect i on or
a neans wherein at |east one fastening portion of the_ ri i%Tglate has a 20

thin pSrti onCRBPREB &angated mdrHet T && it 1 ThANE FRE™RY ng nenber s

conprised by a rigid plate, twisting of the first barrel and the second
barrel can barrels will be prevented relatively strongly.

The specific configuration of the connecting member
is not particularly limited, but it is possible to
employ a connecting member which comprises a rigid

10 plate and where at least one fastening portion among
the fastening portions of the rigid plate with the
first barrel and the second barrel is made movable in
the normal direction. In this case, as a means for
making one fastening portion movable in the normal

15 direction, while not particularly limited to this,
mention may be made of a means wherein at least one
fastening portion of the rigid plate has a hinge
movable in the normal direction or a means wherein at
least one fastening portion of the rigid plate has a

20 thin portion movable in the normal direction. If the
connecting member is comprised by a rigid plate,
twisting of the first barrel and the second barrel can
be strongly prevented. Considering the manufacturing
error of the connecting member and the first and

25 second barrels, however, the fastening portions may



be strongly prevented. Considering the manufacturing error of the
connecting nenber and the first and 25 second barrels, however, the
fastening portions may - 15 not necessarily follow along the direction of
the pair of comon tangents, so force is liable to act in the norna
direction of the barrels. By naking a faktening portion of the rigid plate
novable in the nornmal 5 direction, however, even if there is manufacturing
error inthe rigid plate or the first and second barrels, the fastening
portion of thet ngicksdaatia afol lahsalvidatherd reaniomsof tkeupairhe force
acting fromthe connecting nenber to the first and second 10 barrels wll

become only g f Qadd iRyt £ctdPNEHce the LLMDE taNgedt snaphet herefore
it will be possible to prevent warping of the barrels due to a force

acting in th r.yal ;.di §g§§ f S s Lugn AL war pi n
of the opti cg’lor}g\agarrgrﬁqlse.r 1 rgrsbfhteﬁé;g%m eEi](':eé boﬁﬁ%}?lartl oé\ g?é?ﬁgﬂé nnect i gg
menber, in additi.on to the above rigid plat it.is ossible to al so
enpl oy a con®EHGHG evﬁﬁ?ﬂgigigﬁﬁnﬂﬁYéh%Fo*nat?gg?ar?% , wherein said
rigidrodis fastened to said first barrel and, second barrel on a 20 pair
of pardl|el EdmASEIIMYANWEEINNRYSHgLE HNRER e}S PRPVPACEYTORIsai d first
barrel and the outer periphery of said second barrel, and wherein said
first barrel exrror in the rigid plate or the first and second

barrels, the fastening portion of the rigid plate can
absorb that error and as a result the force acting
from the connecting member to the first and second

10 barrels will become only a force in the direction of
the common tangents and therefore it will be possible
to prevent warping of the barrels due to a force
acting in the normal direction of the barrels and in
turn prevent warping of the optical elementé.

15 As the specific configuration of the connecting
member, in addition to the above rigid plate, it is
possible to also employ a connecting member which is
comprised of a rigid rod, wherein séid rigid rod is
fastened to said first barrel and second barrel on a

20 pair of parallel common tangents connecting the outer
periphery of said first barrel and the outer periphery
of said second barrel, and wherein said first barrel
and said second barrel are connected by a second
connecting member on another common tangent connecting

25 the ocuter periphery of the first barrel and the outer



and said second barrel are connected by a second connecting nenber on

anot her common tangent connecting 25 the outer periphery of the first

barrel and the outer - 16 periphery of the second barrel. Since the
connecting nenber is arigidrod, it enables the weight to be reduced and
is much easier to manufacture than conflifguration by a rigid plate.

Further, by fastening 5 it on the pair of parallel combn tangents
connecting the outer peripheries of the first and second barrels, the

interval of BQlEhéi‘ly aifd t3RC YRt RIrrdIn (Sighcd amgsrrmme@lumtl on is

restrai ned. e ot her hand in addition, by connecting through use of a
second 10 comg Ekn?s”%”Q%T tqb LA e i ponestheg  the outer
peri pheries o i rst a second arre s, It Is possible to restrain

rotation of tgﬁuced . ?nsalglcdp Q%QQQQ% \ggdfaéggrémgﬁéﬁularly limted

to this, thé-frame an connecting menber are nore preferably

conprlsed by material s .of bstantl equal linear expansjon
coef fi ci ent sCOPE 1ON& 351O%; %%%g*d%ﬁﬁF?el§5§Q?an%§ #5352 tRPort ed on

the frame, when the frane ex ands or contracts due to the effects of the
t enper & ur e, ithen; kher @@lrbﬁﬁdéifatlﬂéﬂf iGMOth - A e RPBREF eiRI at t he
supporting parts of the frame w Il change, but by conprising the frame and
the connectithg preftiesr pey ipdtegriied o ofthmifsinat iald ysecond barrels,

the interval of the first and second barrels in the
tangential direction is restrained. On the other hand,
in addition, by connecting through use of a second

10 connecting member to another common tangent connecting
the outer peripheries of the first and second barrels,
it is possible to restrain rotation of the first and
second barrels. While not particularly limited to
this, the frame and said connecting member are more

15 preferably comprised by materials of substantially
equal linear expansion coefficients. If the first and
second barrels are integrally supported on the frame,
when the frame expands or contracts due to the effects
of the temperature, the interval between the first'and

20 second barrels at the supporting parts of the frame
will change, but by comprising the frame and the
"connecting member by materials of substantially
identical linear expansion coefficients, the
connecting part of the connecting member will expand

25 or contract equally as the expansion or contraction at



I dentical linear expansion coefficients, the connecting part of the
connecting nenber will expand 25 or contract equally as the expansion or
contraction at - 17 the supporting part of the frame. Accordingly, it wll
be possible to prevent at |east relative displacenent of the optical axes
between the optical axis of the first-bafret and the optical axis of the
second 5 barrel. Further, since the frame and the connecting nenber wll
expand and contract equally, no stress at all will be applied to the

barrels and i¢thaMddphert POgSHALE 60 Phevenhmear AtBeratinghe ,opt €alll
el ements. Wiile not particularly limted to this, the 10 apparatus is nore

preferably fyid Rels DIovE ded YebPepr htTEbastage)athdnoed sphadknetect plane
A d g

side of the projection opti system a second stage arifanged at an

i mage pl ane si of the. projectio tical,systen and . (8] means for
driving the qug‘ih%n%f??e@% dai%ss$38§§e§o£g§ égg%ﬁ%hf—"gﬂ%uglfy%ﬁ&ve sai d
mask and said  substrate by a ratio of speed.in accordance wth the

magni fi cati orf BF5% HRAHF @} @B ohRBpPPEAFasy&Kath OBy thEFEFOPRG t he present
invention to a step-and-scan type projection exposure apparatus, it is
possi bl® to dﬁﬁ@r@g-eﬁué%h$Vel§lnﬂﬁitbgtftﬁ@esapdrﬁbﬁ CRRdiesd 1ng

characteristics of the present invention. 3. To achi eve the second object,
accordi ng tomndmber will expand and contract equally, no stress at

all will be applied to the barrels and it will be
possible to prevent warping at the optical elements.
While not particularly limited to this, the

10 apparatus is more preferably further provided with a
first stage arranged at an object plane side of the
projection optical system, a second stage arranged at
an image plane side of the projection optical system,
and a drive means for driving the first and second

15 stages so as to synchronously move said mask and said
substrate by a ratio of speed in accordance with the
magnification of the projection optical system. By
applying the present invention to a step-and-scan type
projection exposure apparatus, it is possible to more

20 effectively manifest the superior imaging
characteristics of the present invention.

3. To achieve the second object, according to the

present invention, there is provided a projection
exposure apparatus for transferring a pattern of a

25 mask on to a substrate, said projection exposure



present invention, there is provided a projection exposure apparatus for
transferring a pattern of a 25 mask on to a substrate, said projection
exposure - 18 apparatus conprising a projection optical system having an
optical elenment, a frame for supporting a barrel holding said projection
optical system a support nenber for supporting said barrel at a 5
position different fromthe frane, and a partition for 1isolating the space
including at | east the outer periphery of the barrel from other spaces. In

this case, ﬂ@@@@aﬂﬂ&lddM§ﬁisﬁh§lHtﬂﬁﬁjééﬁﬁﬁﬂf%ﬁﬁhéﬁﬂa§%s{§ﬁder for
feeding a high transnlttance inert gas (for 10 exanple, heliumgas) to at

| east one of pi S el qﬂ% S d partition.
Further, whil gqg t pa |cu%%fgiﬁﬁ€ﬁie a @1EEéflégéggﬁzfgfoﬁnegtl?g t he
inside of th rrel t he i.nside of the rtritjon nma e forned at a
portion of t%eg r@P Covstsy By #h A&%%F hgto the present

i nvention, since a artition is prOV|ded |solat|ng t he space including at
| east part ofUPRET GU%QAhﬁﬁ e SRR D 3% Balrel oathe? spaces, the
air-tightness is inproved. 20 Accordingly, for exanple, when sealing in or
feedin% i nePPSdidomo G anpitdef nsim tithe Harame, andra partibeon| fes | eakage
of the inert gas to the outside of the

isolating the space including at least the outer

periphery of the barrel from other spaces. In this
case, preferably there is further comprising a gas
feeder for feeding a high transmittance inert gas (for

10 example, helium gas) to at least one of the insides of
said barrel and the inside of said partition. Further,
while not particularly limited to this, a passage
connecting the inside of the barrel and the inside of
the partition may be formed at a portion of the barrel

15 covered by the partition.

According to the present invention, since a
partition is provided isolating the space including at
least part of the outer periphery of the barrel from
other spaces, the air-tightness is improved.

20 Accordingly, for example, when sealing in or feeding
inert gas to the inside of the barrel, there will be
less leakage of the inert gas to the outside of the
barrel and the partition. Due to this, even when using
the expensive helium gas as the inert gas, since the

25 amount consumed will become smaller, the operating



barrel and the partition. Due to this, even when using the expensive
hel ium gas as the inert gas, since the 25 anmpbunt consuned wi |l becone
smal ler, the operating - 19 cost can be |lowered. Further, since it is
possible to deal with portions of the barrel which should be nade
air-tight altogether to sone extent conppged with devising neasures for
air-tightness for each part of 5 said barrel where inert gas m ght | eak
(for exanple, the joints of the nenbers conprising the barrel or the

wi ndows for fioae %%wmrawééé ed herpptiial ¢ aféei b§81p1ENe

air-tightness can be inproved w thout maki ng t e con ura |on 6F the

barrel that o] t and the ris can he kept a. mnimm
In this caseq:1 g(rie re{]b% erd‘il?%sasqf 0dtg eb‘?r]i %‘ﬂ?ﬁb’f‘%‘hf& b% IF‘?%‘E\I y
def or mabl e varlable partltlon By this, even in the case where the
partition or 2atidNteAd tageidinm (R S ratt Nt RONRARRAt WAEDt he 15

connecting portions of the partition and barrel or frane or other nenbers
(her ei naf t er de¥fi&imned maa sarrashefor bﬁalrl?-éilQé”t'@éS)S fow seadh | pyet abEor bed by
the variable partition and the restraining force acting on the barrel etc.
will bécone saad darred iwherse possitblgad miditt prenlent falet examphéj on of the
optical characteristics due to warping of the barrel etc. Wile not
particul ar |y thienijode tiso dfhithe tniwnbexr's adunfpriadind ite barrel or the
windows for fine adjustment of the optical
characteristics), the air-tightness can be improved
without making the configuration of the barrel that
10 complicated and the rise in cost can be kept to a
minimum. In this case, preferably at least part of the
partition is a freely deformable variable partition.
By this, even in the case where the partition or
barrel etc. expands or contracts due to heat at the
15 connecting portions of the partition and barrel or
frame or other members (hereinafter referred to as the
"barrel etc."), this will be absorbed by the variable
partition and the restraining force acting on the
barrel etc. will become smaller, so it is possible to
20 prevent deterioration of the optical characteristics
due to warping of the barrel etc. While not
particularly limited to this, the variable partition
may be made an accordion-like partition comprised of

zigzag folds or may be made a sheet-like partition

25 having flexability.



may be made an accordion-like partition conprised of zigzag folds or may
be made a sheet-like partition 25 having flexability. - 20 4. To achieve
the third object, according to the present invention, there is provided a
projection exposure apparatus for transferring a pattern of a mnmask on to
a substrate, including a reflection and porefracti on projection optical
system having optical nenbers including a refraction optical nenber, a
reflection mrror having curvature, and at |least two optical path

def | ection mabeqs, ik HPAND 4l | Add ot Mol €51LR0 OPLi Cal

systemincluding at 10 | east three optical axes | east three barrels,
the at | east r barr each ozﬁ'n at_least . one _optical nenber anong
t he above opfpi casl%%r}:eaﬁlevfésnﬁ:léﬁld’ attt}l"l‘ éea %lf"léev c%c} et %%ﬁ Cfﬁ%nat | east
three barrels holdin%ﬁ}mo 0 tiﬂg&rpath defl ecti on nenbers apong the 15
optical pathSFEQSELIS % AP HRFHIY cd Patkesh pefofe and after
bending by the two optical path deflection nmenbers becone parallel to each
other. As explg@kn®® disove,substirater esemtudinem ioefle¢hien apdi cal nenbers
having the sane optical axes are held 20 altogether by a barrel, each
barrel 5has arsifirglot igpt ipralj e o ranub it hea e f oy st el st it opbogl t he
plurality of optical axes becones easy.
members including a refraction optical member, a
reflection mirror having curvature, and at least two
optical path deflection members, said reflection and
refraction projection optical system including at
10 least three optical axes and at least three barrels,
the at least three barrels each holding at least one
optical member among the above optical members, and at
least one barrel among the at least three barrels
holding two optical path deflection members among the
15 optical path deflection members so that the optical
axes before and after bending by the two optical path
deflection members become parallel to each other.
As explained above, in the present invention, since
optical members having the same optical axes are held
20 altogether by a barrel, each barrel has a single
optical axis and therefore adjustment among the
plurality of optical axes becomes easy.
5. To achieve the fourth object, according to the

present invention, there is provided a projection

25 exposure apparatus for transferring a pattern of a



5. To achiev
I's provided

e the fourth object, according to the present invention, there

a projection 25 exposure apparatus for transferring a

pattern

of a - 21 mask on to a substrate, including a reflection and refraction
ptical system having optical nenbers including a refraction

projection o
optical nenb
optical path
anong the at
hol di ng nmenb
each ot her.

pat h defl ect
reflection s
menber itse

er, a reflection mrror havypg curvature! and at |east

two 5

defl ecting nenbers, any two optical path deflecting nenbers

| east two optical path deflecting nenbers being held

gk orhit® & pate i e prenRhd S FERCEL P R0

by one
to
opti cal

i ng._ nenhers are. held by one _holding nenber so that_their
5T EECT LMo Bh A T 1, R LG GEHE SR AV 189 PP 158 he hol di ng

f rotates, the relationship between the 15 angle of inc

i dence

of the |ight "GAPEASEsdNCANBIRNT Galrefyadt it Iartierl meemees, aad t he angl e of

em ssi on of

the light fromthe two optical path deflecting nenbers

can be

mai nt ai ned amefillestafonr aigtrdy |Havwing auohiawece, vand aespeast t owout si de
di sturbances such as vibration 20 of the projection exposure apparatus
itself.5 BRI BptRESCRIpRATNON G EHE MRANMIET & Gnyl tiwo copeidanl patgut anay

front view o

10

15

20

25

f the
deflecting members among the at least two optical path

deflecting members being held by one holding member so
that their reflection surfaces become orthogonal to
each other.

In this aspect of the present invention, since two
optical path deflecting members are held by one
holding member so that their reflection surfaces
become orthogonal to each other, even if the holding
member itself rotates, the relationship between the
angle of incidence of the light on these two optical
path deflecting members and the angle of emission of
the light from the two optical path deflecting members
can be maintained and therefore stability is achieved
with respect to outside disturbances such as vibration
of the projection exposure apparatus itself.

BRIEF DESCRIPTION QOF THE DRAWINGS

FIG. 1 is a partially cutaway front view of the
confiquration of main parts of a projection exposure
apparatus of a first embodiment of the present

invention,



configuration of main parts of a projection exposure apparatus of a first
enbodi ment of the present 25 invention, - 22 FIG 2Ais a plan view of
main parts of the projection exposure apparatus of the first enbodinent

of the present invention, FIG 2B is a front viewof FIG 2A 5 FIG 3Ais
a plan view of main parts showing a nmodppication of part of the projection
exposure apparatus of the first enbodiment of the present invention, FIG
3Bis a front viewof FIG 3A 10 FIG 4A is a plan view of nmain parts

i t] gxposure
appar atus of t Eﬁﬁ‘f‘s?ﬂ o i P o é%%%ﬁéé’#ﬁ%ea? BERG 48 is a
f t f 15 Fl G _5A and FI G an views of main parts
f (r)(r)nex\;;: :Yvn? %e(:ta%m ST RN BT f SRR tYS C%Eng}é?i Ebrsﬁeﬁ’BEP dgBentin the

first enbodlne t of the present invention, FIG 6 is a front view show ng
in further d e:ﬁ?%ﬁé&?mﬂqy?kﬁ%%nof t he proj ecti on exposure appar at us
of the first enbodlnent of the present invention, FIG 7 is a sectional
view of FIG 6, FIG. 2B is a front view of FIG. 2A,

5 FIG. 3A is a plan view of main parts showing a
modification of part of the projection exposure
apparatus of the first embodiment 6f the present
invention,

FIG. 3B is a front view of FIG. 33,

10 FIG. 4A is a plan view of main parts showing a
further modification of part of the projection
exposure apparatus of the first embodiment of the
present invention,

FIG. 4B.is a front view of FIG. 4A,

15 FIG. 5A and FIG. 5B are plan views of main parts
for explaining the action and effect of a connecting
member used in the first embodiment of the present
invention,

FIG. 6 is a front view showing in further detail

20 the main parts of the projection exposure apparatus of
the first embodiment of the present invention,

FIG. 7 is a sectional.view of FIG. 6,
FIG. 8A is a plan view of main parts of a
projection exposure apparatus of a second embodiment

25 of the present invention,



FIG 8Ais a plan view of main parts of a projection exposure apparatus of
a second enbodi ment 25 of the present invention, - 23 FIG 8Bis a
partially cutaway front view of FIG 8A, FIG 9A is a plane view of main
parts showing a nodification of part of the projection exposure 5 _
apparatus of the second enbodi ment of thegpresent invention, FIG 9B is a
partially cutaway front view of FIG 9A FIG 10 is a partially cutaway
front view of a 10 projection exposure apparatus of a third enbodi nent of

the present invengion skl G 31phst 20189l an98gageetbapal, 1 L, Weshopi ng the
nainpparts of the projection egposyre gpparatag o% @Ee l%klrg gg@%dlnent of
the present igwention, 15 FIG 12 is a partially cutaway front view of a
proj ection exposure apparat us Ff a fourth snbo?|npnt ?f therg{gif?gn
invention, FIG LS partia cutaway front view of a p _

exposur e apparat&?éﬁ f1Fth BnBBYi FERY Of MagniRarhfeSBAWLRAvanti on, FI G

14 is a sectiongl view of an optical grojecpion_systen1of a projection
exposure appd? fsication of part of the projection exposure

5 apparatus of the second embodiment of the present
invention,

FIG. 9B is a partially cutaway front view of FIG.
94,

FIG. 10 is a partially cutaway front view of a

10 projection exposure apparatus of a third embodiment of
the present invention,

FIG. 11 is an enlarged sectional view showing the
main parts of the projection expésure apparatus of the
third embodiment of the present invention,

15 FIG. 12 is a partially cutaway front view of a
projection exposure apparatus of a fourth embodiment
of the present invention,

FIG. 13 is a partially cutaway front view of a
projection exposure apparatus of a fifth embodiment of

20 the present invention,

FIG. 14 is a sectional view of an optical
projection system of a projection exposure apparatus
of a sixth embodiment of the present invention,

FIG. 15A to FIG. 15C are perspective views of the

25 barrels of the FIG. 14, and



[ [ [ [ FIG 15C are
of a sixth enbodi nent of the present invention, FIG 15A to _
perspective views of the 25 barrels of the FIG 14, and - 24 FIG 16 is

[ [ ' [ tus of the
a perspective view of a frame of the projection exposure appara
sigth gnbodinent of the present invention. BEST MODE FOR WORKI NG THE

[ ' [ ' to the
I NVENTION 5 An expl anation will be given,pext with reference :
attached drawings to explain the present invention in further detail.
First Enbodi nent First, an explanation will be given of the overall 10

. . i tion with
configuration of ] dgbodlnent of the present inven :
refergnce to FIGghnﬁ % 7peﬁ$§9ci&%?é%f?§ gx%ogﬁﬁ@eaﬁﬁaFaﬁus of this
enbodi ment one whi ch transfers a pattern of a mask (or reticle) 1 on
to a wafer (ijlft?s]ter fen ZeXH%u%s?(PHa%f%t‘ﬁ%l‘éifoﬁh@ gExrhsrmbpdgment r st
stage) 8. Wile a detailed illustrationis omtted, the mask stage 8 is
carried viaC%h % HefeHy brvengieme extending in the Y- direction on a
support hol der, can make the support holder nove in (scan) the Y-dlrec¥|on
by use of a 20 | BESA MODE/FORWORRENG THE hEwseT 2owb! i ng adj ustnment o
the position of the mask 1 in the X-direction, Y-
5 An explanation will be given next with reference to
the attached drawings to explain the present invention
in further detail.
First Embodiment
First, an explanation will be given of the overall
10 configuration of the first embodiment of the present
invention with reference to FIGS. 1, 6, and 7. The
projection exposure apparatus of this embodiment is
one which transfers a pattern of a mask (or reticle) 1
on to a wafer (substrate) 2. The mask 1 is held on a
15 mask stage (first stage) 8. While a detailed
illustration is omitted, the mask stage 8 is carried
via an air bearing on a guide extending in the Y-
direction on a support holder, can make the support
holder move in (scan) the Y-direction by use of a
20 linear motor, and has a mechanism enabling adjustment
of the position of the mask 1 in the X-direction, Y-
direction, and rotational direction (6-direction).
This is done by using a moving mirror attached to the

mask stage 8 side and a laser interferometer fastened

25 to a not shown column to continuously measure the



direction, and rotational direction (e-direction). This is done by using a
noving mrror attached to the mask stage 8 side and a |aser interferoneter
fastened 25 to a not shown columm to continuously neasure the - 25
positions of the mask stage 8 in the X-direction and Y-direction at a
resol ution of about 0.001 pmor also measuring the rotational angle of the
mask stage 8, sending these neasured values to a controller of the 5 stage
drive 10, and controlling the linear notor on the table in accordance with

these neasuregoydt Y6fis Oghtggemg Qeétgﬁgds EgetggfgrgﬁF%nﬁrhlcgﬁﬁﬂe mask

pattern is to be transferre a sa waf er
hol der, thou d 0 ilLus tion i.s ed. The sanple holder is
carried on gﬁﬁg 9§é€%$§ Tﬁgsﬁngﬁogtgﬁe 80P§ faPPilegmyiox ad®caj r

beari ng on aJQU|de on the base Further, the wafer stage 9 is configured

to be able tdSREF LRI atNRRQEARIOBRLcANGAS efephenmenk biegei 8,t he
Y-direction 15 by use of a linear notor or step in the X-direction.

Further, the $@R%iNGtHgeseo hesshuelit vahtuesi toaaZeshagelleechanicpe f or
noving the sanple platformin a predetermned range in the Z-direction and
a tilt Snmechatiage (deie¢ihy, nendacostrol ingdi et i RHehbemaRgkecg0 of

inclination of the sanple platform These notions are perforned by using a
noving mirrortled tteedblosl 19 4d€ordance with these measured values.

On the other hand, the wafer 2 on which the mask
pattern is to be transferred is held on a sample
platform through a wafer holder, though a detailed

10 illustration is omitted. The sample holder is carried
on a wafer stage 9. The wafer stage 9 is carried via
an air bearing on a guide on the base. Further, the
wafer stage 9 is configured to be able to scan at a
constant speed and step on the base in the Y-direction

15 by use of a linear motor or step in the X-direction.
Further, the wafer stage 9 has built into it a Z-stage
mechanism for moving the sample platform in a
predetermined range in the Z-direction and a tilt
mechanism (leveling mechanism) for adjusting the angle

20 of inclination of the sample platform. These motions
are performed by using a moving mirror attached to the
sample platform and a laser interferometer fastened to
a not shown column to continuously measure the
positions of the sample platform in the X-direction

25 and Y-direction at a resolution of about 0.001 um and



sanple platformand a |aser interferoneter fastened to a not shown col um

continuously neasure the positions of the sanple platformin the
;?direction 2% and Y-direction at a resolution of about 0.001 gmand - 26
nmeasuring the rotational angle of the sanple platform as well, sending
these neasured values to a controller _of the stage drive 10, and
controlling the linear notor for drive of the wafer stage 9 in accordance 5
with these neasured values. Note that at the tinme of scanning exposure, a

IS sen not shown_main controller
Lo the st age TepsWELAG the BOE4 faned SRFhe: hfo s, Semple: RacedPERe. 10
the mask 1 is nad 0 sca the mask stage 8 in 10 the Y-direction at a
speed Vm and,?3 n" tﬁﬁ%ﬁ#i%¥ B&esﬁnTﬁaﬁﬁng YALuREf Ep 2 rontz@dles scan by

the wafer stage 9 in the Y-direction at a speed Vw. At this tinme, when
the projecti Hﬂﬂ%l??%&&l@ﬁ#Y@Ob@th@n@asqnt401blngethafénnéars P, the
scanni ng speed W of the 15 wafer 2 is set to P-Vm Further, the

proj ection ofdte Hystdmive st stippowa telr Omag&shﬁﬁedcé@kéﬁﬁcéf rame) 6
provi ded on the base. An oblique incidence type nultipoint autofocus

sensor 3s prautdectipdsd htesd weed Wi BEEs Of NG tPRa LT QL €ERLOR AR fgal system
3 in the X-direction.
scanning exposure, a command for the start of exposure
is sent from a not shown main controller to the stage
drive 10. In accordance with this, at the stage drive
10, the mask 1 is made to scan by the mask stage 8 in
10 the Y-direction at a speed vm and, in synchronization
with this, the wafer 2 is made to scan by the wafer
stage 9 in the Y-direction at a speed Vw. At this
time, when the projection magnification from the mask
1 to the wafer 2 is B, the scanning speed Vw of the
15 wafer 2 is set to B-vm.

Further, the projection optical system 3 is
supported on a U-shaped column (frame) 6 provided on
the base. An oblique incidence type multipoint
autofocus sensor is provided at the side surface of

20 the projection optical system 3 in the X-direction.
The autofocus sensor projects a slit image at an angle
at a plurality of measurement points on the surface of
the wafer 2 and sends a plurality of focus signals
corresponding to the positions of these plurality of

25 measurement points in the Z-direction (focus



focus sensor projects a slit image at an angle at a plurality of
Iggsﬁrgﬁent points onpthg surface of the wafer 2 and sends a plu;alégy of
focus signals corresponding to the positions of these plurality o t
nmeasurenent points in the Z-direction (focus - 27 positions) to ? no
shown focus tilt controller. In this fogys tilt controller, the ocu? 4
position and angle of inclination of the surface of the wafer 2 are ounnd
fromthe plurality of focus signals obtained by 5 the autofocus sensor a

(e results aesenbuty thes SLRORMLhVEAND, K (he Slags drive 1o, the

obtained focus posit and angl e _ _ _ : _ | of
i the foc SEL] ngd, angle o inclination of the inaging plane
rkéhprofectig€h§§;%éé€€a€1g§ngﬂf§oﬁéﬁﬁd theadoaHEe PPy idiion mgdt he Z- stage
nmechanismand the tilt nmechanismin the above wafer stage 9 by use of af
servo systen1a%£k9t?it+ﬁ%}ln§9éﬂnd9ﬁih@eséanﬁﬁqg efpbbher wafelre 2sarkace o

. ; i i |led so as to
e verer, 2 Jnle expostue o0 on 1o autormly call y 15 controlled so e ¢
of the autofocus systemand autol eveling system "Next, an explanation will
be giveh of tthe duttifachs coehé g ahd onef rebe1 s 0hpet bERLORH! €Ak System 3
wth 20 reference to FIG 7. The projection optical system
stage drive 10. At the stage drive 10, the obtained
focus position and angle of inclination are made to
register with the focus position and angle of
inclination of the imaging plane of the projection
10 optical system 3 found in advance by driving the z-
stage mechanism and the tilt mechanism in the above
wafer stage 9 by use of a servo system. Due to this,
even during scanning exposure, the surface of the
wafer 2 in the exposure region is automatically
15 controlled so as to register with the imaging plane of
the projection optical system 3 by use of the
autofocus system and autoleveling system.
Next, an explanation will be given of the detailed
configuration of the projection optical system 3 with
20 reference to FIG. 7. The projection optical system 3
according to this embodiment is comprised of a first
object portion A, an optical axis bending portion B,
an optical axis deflection portion C, and a second

object portion D, that is, four mechanical portions. A

25 concave mirror (first reflection optical element) 312



[ this enbodiment is conprised of a first object portion A an
ggffgg:ngx}g bending portion B, an optical axis deflection portion C, and
a second object portion D, that is, four nechanical portions. A 25 ﬁoncave
mrror (first reflection optical element) 312 - 28 is arranged at g e
optical axis bending portion B. The fIIS# obj ect portion A prowde4
directly under the mask 1 is conprised of lenses L1, L2, L3, and L I
fastened, in order fromthe nask 1 side, through lens 5 cells in a barre

' i cal axis
first barrel ) 4 Eurt her., barrel. 41 (first barrel) of the optica
f)endi ng porti é‘ﬁ gﬁrfagﬁg;)elraoﬁtdg@eurﬂ?g}lctaﬁ St RANIENG DR E0R ng- bBhewen .
them a barrel _(se ong.barrel) 52 of the optical axis deflection portion C.
| nsi de t he baFﬁEF 49P4PE T POrAAdh dd PLay istate d fnegh Iheimdesk tihesi de, | enses

' | ens cells. The
L11, L12..., L21 and the above concave mrror 312 through _
first object P8Fki dniA seaprtisechifcdlenses 4.1hendi ng.pordidon.B are coaxial .
The optical axis 311 is perpendicular to the pattern surface of the 15

' ' ' ' bet ween
1. In théabtenet,52nobrdes Eyioncaheaxaskdaf Isaetd O hRAIGH O
?ﬁzkbarrel 42 and barrel 41 at a position offset in 't he +Nﬁinrec lon from

the optbcal eal3s3in thQEQéﬂdQQi%s%nﬁhkr@hﬁrQ5.3%%f¥ﬂgf¥]figg%géflECtion
surface inclined about 450 in the +y-

41 (first barrel) of the optical axis bending portion
B is provided under this barrél 42 sandwiching between
them a barrel (second barrel) 52 of the optical axis
deflection portion C. Inside the barrel 41 are

10 fastened, in order from the mask 1l side, lenses 111,
L12..., L21 and the above concave mirror 312 through
lens cells. The first object portion A and the optical
axis bending portion B are coaxial. The optical axis
311 is perpendicular to the pattern surface of the

15 mask 1.

In the barrel 52 of the optical axis deflection

portion C between the barrel 42 and barrel 41 at a
position offset in the +Y-direction from the optical
axis 311 is provided a small mirror 323 having a

20 reflection surface inclined about 45° in the +Y-
direction with respect to the optical axis 311.
Further, inside the barrel 52 are arranged, in order
from the small mirror 323 in the +Y¥-direction, lenses
L31, L32, a correcting optical system 325, and a beam

25 splitter (second reflection optical element) 322. Note



irection with respect to the optical axis 311. Further, inside the barrel
g% :Se arranged, ig order fromthe small mrror 323 in the +Y-direction,

| enses L31, L32, a correcting optical system 325, and a beam 25 splitter
(second reflection optical element) 322. Note - 29 that anmong these, the
lenses L31 and L32 and the correcting_oplycal system 325 may be omtted in
some cases. The optical axis 324 of the optical axis deflection portion C
is orthogonal to the optical axis 5 311. The reflection surface of the beam

litter 322 ;4 S4i I pe ut 450, with r ect to the optical axis 324
:g {hat i t iét%f%h%gégglg?gpghetﬁgfFSBFFBnESErF83¢L38fapﬁet§ﬁhlI mirror
323. Note that the correcting optical system 325 is conprised of a group of
| enses 10 aﬁ?%r¥%95%nﬂn98518?%eﬁysFﬁma dPrBavi br amasgedhdn spmecal axi s

324 and able to be finely adjusted in angle of inclination with respect to
a plane perpeitReul Bheteptheabpakial 324i ef3RUe Fpeipadi tixag and angl e of
inclination of the correcting optical 15 system 325 are controlled by a not
shown i magi ngletlerabtrrpstttonocr et 6rthdgena®stbi @AeObpthical afikect i ng
optical system 325 is a position substantially conjugate with the pattern

surfacesof {31l NeEtke lrafiteenabh esuspaEEChE0RNET LERINLY 120+ EBIRLYI cati on
error or distortion etc.

is inclined about 45° with respect to the optical axis
324 so that it is orthogonal to the reflection surface
of the small mirror 323. Note that the correcting
optical system 325 is comprised of a group of lenses

10 able to be moved finely in a direction along the
optical axis 324 and able to be finely adjusted in
angle of inclination with respect to a plane
perpendicular to the optical axis 324. The position
and angle of inclination of the correcting optical

15 system 325 are controlled by a not shown imaging
characteristic corrector. The position of this
correcting optical system 325 is a position
substantially conjugate with the pattern surface of
the mask 1 and enables correction of mainly

20 magnification error or distortion etc.

A barrel (second barrel) 51 of the second object

portion D is provided to contact the barrel 52 in a
direction of the optical axis 324 bent by the beam

splitter 322. Lens L41, L42..., L52 are provided in

25 it, in order from the beam splitter 322 side, via lens



A barrel (second barrel) 51 of the second object portion Dis provided to
contact the barrel 52 in a direction of the optical axis 324 bent by the
beam splitter 322. Lens L41, L42..., L52 are provided in 25 it, in order
fromthe beamsplitter 322 side, via lens - 30 cells. The bottom of the
| ens L52 faces the surface of the waferzd. The optical axis 321 of the
second object portion Dis parallel with the optical axis 311 of the
first object portion A and the optical axis bending 5 portion B and is

ort hogonal t@dihe opiHE oEXd i xpLs,def | on_portion
C Inthis state, the sﬁ?t-s é%%gt? Ih%$§a |onf€%%$o%ﬁ%nsyﬁgg§§sﬁfl by
on offset fromthe

nmeans of the i% ' ion4f' ht is set at Siti )
opti cal axistg'lﬂgL éi--ﬂlr%§ﬁ+%). %fﬂﬁfﬁiﬁ% t¥hg FRGARIpaRILRY t hrough
LI Ce IS 3. . . Fng 1
this illum natiqn rﬁﬁlpn (hereinafter also referred to as the "inmaging
li ght beant') Bo&: AoUFR Tkl ¢ iesh 1ihe Ppisienl taeist 3 st obbthet
portion A and through the inside of the barrel 52 of the optical axis
defl ection p&ifisén B iart Partive & Mndptlicaptaixial bexils ngepdingon B. The
imaging |ight beamstriking the optical axis bending portion B passes
t hroughh t he perddon Bl ami Li2d dmtlzigdral tthe tlonssyecal raeis 3324 dhe
i maging light beamreflected and focused by the concave mrror 312 passes
t hr ough the optical axis deflection portion C. In this state,
the slit-shaped illumination region on the mask 1 by
means of the illumination light is set at a position
offset from the optical axis 311 in the -Y-direction.
10 Illuminating light passing through this illumination
region (hereinafter also referred to as the "imaging
light beam") passes through the lenses L1 to L4 of the
first object portion A and through the inside of the
barrel 52 of the optical axis deflection portion C to
15 strike the optical axis bending portion B. The imaging
light beam striking the optical axis bending portion B
passes through the lenses L1l to L21 to strike the
concave mirror 312. The imaging light beam reflected
and focused by the concave mirror 312 passes through
20 the lenses L21 to L1l again, then is deflected by the
small mirror 323 in the barrel 52 of the optical axis
deflection portion C in the +Y-direction.
The imaging light beam reflected by the small

mirror 323 in the optical axis deflection portion C

25 passes through the lenses L31 and L32 and the




20 the lenses L21 to Lii again, then is deflected by the small mrror 323
in the barrel 52 of the optical axis deflection portion Cin the .
+Y-direction. The imaging |light beamreflected by the small mrror 323 in
the optical axis deflection portion C 25 passes through the | enses L31 and
L32 and the - 31 correcting optical systy@gm 325 to strike the beam

splitter 322. At this tinme, an i mge of substantlally an equal

magni fication (internediate inmage) as the pattern of tthEIIun13atiﬁ2
barrel 52 1 ere%*%ieﬁi %@fa% oSV R, J2 i BorrisEd e B8 1 st obj ect
ortion A and_t endi n portlon Bis also called an equa
ﬁagnlflcailchQ)+?E ggét H Pngahni gRAIBeh sibsdanddaldylo t he

-Z-direction by the beamsplitter 322 heads toward the second object
portion D. At2 rﬁﬂ%@%dﬁ@gﬁbfééﬁtlﬁbrKl@ﬁegmedﬂapassmagehrawgmhmhe | enses
L41 to L52 whereby a reduced inmage of the pattern of the illum nation
regi on on thePallkrn ¢ thenetllominheidh erpgdeur efr egeomaeik tthg gwaf er 2.
Therefore, the second object portion Dis also called a reduction

proj ectbon  sfcatneed ﬂ&&rlﬁmglﬂgahlQﬁllbeéﬁ1m@acmnﬁiage%hbhhﬁ%ggl the

i1lumnation region on the nmask 1 in substantiall he -Z-direction in
this way is bEnt rHetdore, the composing system comprlsed of the

first object portion A and the optical axis bending
portion B is also called an equal magnification
optical system. The imaging light beam deflected in

10 the ~Z-direction by the beam splitter 322 heads toward
the second object portion D. At the second object
portion D, it passes through the lenses L41 to L52
whereby a reduced image of the pattern of the
illumination region on the mask 1 is formed on the

15 exposure region of the wafer 2. Therefore, the second
object portion D is also called a reduction projection
system. The imaging light beam which passes through
the illumination region on the mask 1 in substantially
the -Z-direction in this way is bent in thé

20 substantially +Z-direction by the fi:st object portion
A and the optical axis bending portion B in the
projection optical system 3. This imaging light beam
is further successively bent in the substantially +Y-
direction and -Z-direction by the optical axis

25 deflection portion C. In the process, an intermediate



20 substantially +Z-direction by the first object portion A and the
optical axis bending portion B in the projection optical system3. This

i mging |ight beam is further successively bent in the substantially +Y-
direction and -Z-direction by the optical axis 25 deflection portion C. In
the process, an internediate - 32 imge4qf substantially the sane

magni fication as the pattern of the illumnation region is formed, then a
reduced image of the illumnation region is formed at the exposure region

n the wafer t d obj ect portion D. .The projection optical
gysten13 of t%égﬁggggnggbéﬁégg%ﬁiﬁy %geoBgWEamﬁﬁnéﬁépéééomh@@ theee parts:
an equal magnificatio ogtical system conprised of the first object
portion A and?h eE@t?EaF ﬁxFélB@ﬁBPﬁgomorﬁﬁﬁPPohSBﬁoﬁm@dopﬁm@@IaaX|s
deflecting portion C and a reduction projection §ystqn1conpr|sed of the
second obj ecieHHFed oimaye | aft bhesidlumbpatikohanegabn dkr fotmed, atthat s,
the layout of the optical elenents, as showmn in FIG 6 and FIG 7, the

smal | 15 ni r ridre 328posune r nagidn beh WeRs waeei:_eeﬁrbﬁg_ﬁf thResebbhdl obj ect
portion A and the lens L11 of the optical axis bending portion B in the

struct e. Theypdet eportfiohryl Ng to assenble the lens L4, small mrror 323,
and lens L11 in the sane barrel, the small mrror 323 and
The projection optical system 3 of the present

embodiment is optically divided into three parts: an
equal magnification optical system comprised of the
first object portion A and the optical axis bending

10 portion B, the optical axis deflecting portion €, and
a reduction projection system comprised of the second
object portion D. In terms of the mechanical
structure, that is, the layout of the optical
elements, as shown in FIG. 6 and FIG. 7, the small

15 mirror 323 is arranged between the lens L4 of the
first object portion A and the lens L1l of the optical
axis bending portion B in the structure. Therefore, if
trying to assemble the lens L4, small mirror 323, and
lens L1l in the same barrel, the small mirror 323 and

20 the beam splitter 322 of the optical axis deflecting
portion C would be assembled in separate barrels. If
assembling the small mirror 323 and the beam splitter
322 in separate barrels in this way, however, the
orthogonality of the reflection surfaces of the two

25 optical elements 322 and 323 would be liable to



20 the beamsplitter 322 of the optical axis deflecting portion C would be
assenbled in separate barrels. If assembling the small mrror 323 and the
beam splitter 322 in separate barrels in this way, however, the
orthogonality of the reflection surfaces of the two 25 optical elenents

322 and 323 would be liable to - 33 change. If that orthogonality
changed, it would become a cause of deterioration of the imaging
characteristics. Therefore, in the present enbodi nent, the equal

O o L PSS St S AT M
RS L e
opt i cal "axt o CHEFRRFET o iFhn BRCPREOBBY| GBI Thti BrasERacEmRgdimenton | C
and the second object portion.D are separately assenbled and adj usted.
Next, the barkk® equahdnpgpiélicasisn epticaiesystemninoankdr @udls- hol es 61 of
t he &olunn 6 and the flanges 411, 511 forned at the approximate centers
of the barreldiviidexhdintio atket éfrpstacbligctf pstened hoahhetmal utm 6 by bolts
b via washers. Next,
optical axis bending portion B through the barrel 52
of the optical axis deflecting portion C, and the
small mirror 323 and beam splitter 322 are fastened
inside the same barrel 52.
10 When assembling such a projection optical system 3,
first the first object portion A, the optical axis
bending portion B, the optical axis deflecting portion
C, and the second object portion. D are separately
assembled and adjusted. Next, the barrel 41 and barrel
15 51 are inserted into through-holes 61 of the column 6
and the flanges 411, 511 formed at the approximate
centers of the barrels 41 and 51 are temporarily
fastened to the column 6 by bolts b via washers. Next,
the barrel 52 of the optical axis deflecting portion C
20 is placed on the top ends of the barrels 41 and 51 and
the flange 512 formed at the top end of the barrel 51
and the flange 521 formed at the bottom end of the
barrel 52 are temporarily fastened to each other by

bolts b via washers. Here, the barrel 52 is fastened

25 to only the barrel 51 and is not directly fastened to



the barrel 52 of the optical axis deflecting portion C 20 is placed on the
top ends of the barrels 41 and 51 and the flange 512 fornmed at the top end

of the barrel 51 and the flange 521 formed at the bottomend of the

barrel 52 are tenporarily fastened to each other by bolts b via washers.

Here, the barrel 52 is fastened 25 to qQnlyy the barrel 51 and is not
directly fastened to 1 - 34 the barrels 41 and 42, but is held in a
noncontact state with a slight clearance. Wen adopting a structure in

whi ch the b the barrels 51 and 41, th
ol 53 reat Pecbake BCRRE b3, DBLD 48 hedd A5 mneossoraReta and 51,

barr el

emtted fronlqpove t he lens .11 in the barrel 41 to 10 inside the barre
41, 52, and S1-TURETDstRi BRigh hRpcharkel| B2eisbéastesednitot &athr om t he
Iens L52 at the bottomend of the barrel 51 is nonitored. Adjustnent i
performed so Shdihe neardels of bdapdstii ohhebbappes B2t atgel rpgetbines by
adj usting the thickness 15 of the washers between the flanges 411, 511

512, al 528 Migiditledy coveeevingfth8ephareesssflanglsiand, 52, etc.
flanges 411, 511, 512, and 521 are then
there is no longer a need to provide the connecting
member 7 according to the present embodiment.
In this state, an adjustment use laser beam is

emitted from above the lens L1l in the barrel 41 to

10 inside the barrels 41, 52, and 51. The position at
which the laser beam is emitted from the lens L52 at
the bottom end of the barrel 51 is monitored.
Adjustment is performed so that the monitored position
becomes a target position by adjusting the thickness

15 of the washers between the flanges 411, 511, 512, and
521, by lateral movement of the barrels 41, 51, and
52, etc. The flanges 411, 511, 512, and 521 are then
fully fastened by the bolts b in the state where the
position of the laser beam reaches the target position

20 SO0 as to fasten the optical axis bending portion B,
the second object portion D, and the optical axis
deflecting portion C. Finally, the barrel 42 of the
first object portion A is placed above the end of the

barrel 41 in the -Y-direction and the flange formed at

25 the top end of the barrel 41 and the flange formed at

so there is a,ng ovi de the connectin menber 7 according
to the present eﬁ%ggfégn iﬁgbﬁ'8i??éﬁéceanwaépuéﬂﬁﬁﬁﬂnas@ | aser beamis

s

S

The



fully fastened by the bolts b in the state where the position of the |aser
beam reaches the target position 20 so as to fasten the optical axis
bendi ng portion B, the second object portion D, and the optical axis
deflecting portion C. Finally, the barrel 42 of the first object portion A
I s placed above the end of the barrel-435in-the -Y-direction and the
flange fornmed at 25 the top end of the barrel 41 and the flange fornmed at i
- 35 the bottomend of the barrel 42 (neither of which is shown) are
temporarily ﬁ§§§Qﬂ§EEéﬂ’éHHtéfV%ﬁé‘E@@f@is42'Pﬁéi@ﬁéﬁdo?ekﬁﬁéﬂ tgem In the
sanme way as above, an adjustnent use |aser beamis emtted from above the
5 lens L1 of t ar 4 i LS 4 L US e flanges
are fully fa§¥gﬁ% 59? ﬁg%qéﬁﬁgfgkeﬁg%%%%%gs#fi%ﬁf%$ %Eghlgggﬁe%gam
reaches the target position. Note that, explaining the correspondence
botvieon 10 i SRATER G TRER A FoRm of LA hERRr SPBE( 3K BBt ABAVE/ 978 em 3
shown in FIG 1 and the specific configuration of the projection optical
system 3 sho@wdlustmant use thpsey rkeampis caritysdehra® she¥We theri G 1
corresponds to the first object portion A and the 15 optical axis bending
portiorb B shavens LIFIaE the therrél r42, relieéecptbnabpakial iel enent 312 shown
in, FIG 1

adjusted, then the flanges are fully fastened by the
bolts when the position of the laser beam reaches the
target position.
Note that, explaining the correspondence between

10 the basic configuration of the projection optical
system 3 shown in FIG. 1 and the specific
configuration of the projection optical system 3 shown
in FIG. 7, the first optical system 31 shown in FIG. 1
corresponds to the first object portion A and the

15 optical axis bending portion B shown in FIG. 7, the
first reflection optical element 312 shown in FIG. 1
corresponds to the concave mirror 312 of the optical
axis bending portion B shown in FIG. 7, the second
optical system 32 shown in FIG. 1 corresponds to the

20 optical axis deflecting portion C and second object
portion D shown in FIG. 7, the first barrel 4 shown in
FIG. 1 corresponds to the barrels 41 and 42 shown in
FIG. 7, the second barrel 5 shown in FIG. 1
corresponds to the barrels 51 and 52 shown in FIG. 7,

25 the second reflection optical element 322 shown in



corresponds to the concave mrror 312 of the optical axis bending portion
B shown in FIG 7, the second optical system 32 shown in FIG 1 .
corresponds to the 20 optical axis deflecting portion C and second obj ect
portion D shown in FIG 7, the first barrel 4 shown in FIG 1 corresponds
to the barrels 41 and 42 shown in FIG- 36 the second barrel 5 shown in
FIG 1 corresponds to the barrels 51 and 52 shown in FIG 7, 25 the second
reflection optical elenent 322 shown in - 36 FIG 1 corresponds to the

beam spl i tt erF 22 Shewfrédpofit t3, t880pEER SpLi£abreboreah o333 ;5hown in
g23 sh

FIG 1 corresponds to the reflection mrror own in FIG 7. 5 1In

particular,iﬁkéjuﬁ;w i rbﬁggégfiﬁfgﬁégg1§2€cgﬁéﬁhngntglhhe pr esent

enbodi ment, the first barre € sécond barr STare~connected by
shown i n P aCHE BRPIE Coct i £ohaet fin HbERERo02 75 BBpr LB0BTOr A 1 gid
plate is attached to the top ends of the first barrel 4 and the second
barrel 5. t'e that a nore detail ed exanple of the basic configuration of
the present invention shown in FIG 2A and FIG 2B is shown in FIG 6. In
this exanpl e, 15 Iith®akiirlas, ain adhedrojeteionpophilsadf sybtemaBrel s 41
and 51. The connecting nenber 7, as shown in FIG
according to the present embodiment, the first barrel
4 and the second barrel 5 are connected by the column
6 at positions other than the support portions. That
is, as shown in FIG. 2A and FIG. 2B, a connecting
10 member 7 comprised of a rigid plate is attached to the
top ends of the first barrel 4 and the second barrel
5. Note that a more detailed example of the basic
configuration of the present invention shown in FIG.
2A and FIG. 2B is shown in FIG. 6. In this example,
15 the member is attached to the top ends of the barrels
41 and 51. The connecting member 7, as shown in FIG.
27, is comprised of a plate-like body 71 at the two
sides of which are formed four arms 72, 73, 74, and 75
corresponding to the shapes of the outer peripheries
20 of the first and second barrels 4 and 5. Among these,
the two arms 73 and 75 are provided with hinges 76 to
make them pivotable. The hinges 76 may be formed by
inserting pins into through-holes formed in the body

71 and the arms 73 and 75. By using these hinges 76,

25 as shown by the arrow marks in FIG. 2A, the front ends



2A, is conprised of a plate-like body 71 at the two sides of which are
formed four arns 72, 73, 74, and 75 corresponding to the shapes of the
outer peripheries 20 of the first and second barrels 4 and 5. Anbng these,
the two arns 73 and 75 are provided with hinges 76 to nmake them pivotabl e.
The hinges 76 may be fornmed by insert+ng7pi-ns into through-holes formed in
the body 71 and the arns 73 and 75. By using these hinges 76, 25 as shown
by the arrow marks in FIG 2A, the front ends | - 37 of the arns 73 and 75

can pivot indfhenorams ™ ra&ed i phscol pheobaifetBe4ndpfla® at one of the
fastening points anong the two fastening points to the barrel 4 or 5. 5

Furt her, the 4ir s t e.fo d wth

t hr ough- hol esd or plassagdeij o%ﬁ%ok{)?]gf%ﬂ n%yg]?%ﬁe%?n%ﬁ%o?%s{:gsi n the tap

hol es forned t rr 4 and 5 side, thg connecting.nenber S

f ast ened bet V\f%%r}:etr}ﬁengf%aoﬁﬁ 780 aﬁde S?W%hga Beﬁ}ggeaa}ggfogoagpﬁchi ng
the connectin nggzer 7 hljbaetween the two barrels 4 and 5 is first to fasten
the arns 72&%%? 4% i sides without the hinges 76 to the barrels 4
and 5, respectively, by use of the bolts b, then pass the bolts b through
t he t hrough- hol e$WBTChEs it Hherfigo3 ends 7ot dihe hkowr deemai 7 tae7hi nges 76.

At
are formed with through-holes for passage of bolts b.

By fastening bolts b in the tap holes formed on the
barrel 4 and 5 side, the connecting member 7 is
fastened between the two barrels 4 and 5. The

10 procedure for attaching the connecting member 7
between the two barrels 4 and 5 is first to fasten the
arms 72 and 74 at the sides without the hinges 76 to
the barrels 4 and 5, respectively, by use of the bolts
b, then pass the bolts b through the through-~holes of

15 the arms 73 and 75 at the sides with the hinges 76. At
this time, it is desirable that the outer diameters of
the barrels 4 and 5 and the dimensions between the
arms of the connecting member 7 corresponding to them
(72 and 73, 74 and 75) be equal, but manufacturing

20 error of the barrels 4 and 5 and the connecting member
7 sometimes results in the outer diameter of the
barrels 4 and 5 becoming relatively larger or smaller.

For example, when the outer diameter d1 of the

barrel 4 is larger than the dimension d2 between the

25 arms of the connecting member 7 as shown in FIG. 5A,



this time, it is desirable that the outer dianeters of the barrels 4 and 5
and the di nensions between the arns of the connecting nenber 7 .
corresponding to them (72 and 73, 74 and 75) be equal, but manufacturing
20 error of the barrels 4 and 5 and the connecting nmenber 7 sonetines
results in the outer diameter of the bapggels 4 and 5 becomng relatively

| arger or smaller. For exanple, when the outer dianeter dl of the barrel 4
is larger than the dinmension d2 between the 25 arnms of the connecting

nmenber 7 as difowhd mdnlKer Sfere é%%aéﬁe&?ﬁ%”ﬁﬂgeﬁ§§féf atégiggﬁagﬁﬁtgﬁshed

barrel 4 using arns w thout hinges 76, ar ns and~7

the barrel 4 e thated i SOttt (85,87 vofue heopbeid © °' "

T
the barrel 4 due to the count orce due td _
: di aneter dl of the barrel
connecti ng g&quﬁ, gpn ersely,, when the outer _
4 is smaller rg?han tHe & |ené°r?slf%‘?1f/d42 C‘Hé‘{]v%e‘FFusth‘%r%%r%? { peecdanbiei ng
menber 7 as shown .in FI%E 5B, if the nenber were attached to the barrel 4
using 10 ar mE T RFHoTCHihGss™ 7 e karrel 2 adite 780 vbké d be  pushed »
together by the barrel 4 and an expandi ng force (see doubl e arrow Mﬁu
act on> he b&PPaterfgree slua e dhmtmrdiatiey dup tloe tdennégt dhgy of the
connecting nenber 7. 15 In the enbodi nent shown in FIG 2A and FIG 2B
member 7. Conversely, when the outer diameter dl of
the barrel 4 is smaller than the dimension d2 between
the arms of the connecting member 7 as shown in FIG.
5B, if the member were attached to the barrel 4 using
10 arms without hinges 76, the arms 72 and 73 would be
pushed together by the barrel 4 and an expanding force
(see double arrow) would act on the barrel 4 due to
the counterforce due to the rigidity of the connecting
member 7.
15 In the embodiment shown in FIG. 2A and FIG. 2B,
however, a hinge 76 is provided at one of the arms 73
and 75. By this, it is possible to absorb the
manufacturing error of the barrels 4 and 5 and the
connecting member 7. Due to this, no force acts any
20 longer from the connecting member 7 to the barrels 4
and 5 in the normal directions, the true circularity
of the barrels 4 and 5 is maintained well, and warping
of the optical elements L1 to L52 is prevented. In

addition to this, the fastening points Pl to P4 to the

25 barrels 4 and 5 due to the arms 72 to 75 of the




however, a hinge 76 is provided at one of the arns 73 and 75. By this, it
is possible to absorb the manufacturing error of the barrels 4 and 5 and
the- connecting nmenber 7. Due to this, no force acts any 20 | onger fromthe
connecting nmenber 7 to the barrels 4 and 5 in the normal directions, the
true circularity of the barrels 4 and 39 s-nmai ntai ned wel |, and warpi ng

of the optical elenents L1 to L52 is prevented. In addition to this, the
fastening points P1 to P4 to the 25 barrels 4 and 5 due to the arns 72 to

75 of the - g8nneernagt megbeeniyeractoaedergdiveg the tdresumsent  enbodi ment
are provided on a pair of common tangents connecting the outer peripheries

of the two baphehsméntadded provRlRidNINg d Has Mdh dARIERGhdentde exanpl e
5 of FIG 2A and FIG 2B, the tangent TL1 and tangent TL2 are the pair of

conmon tangeBEﬁthgicgn@ﬁéﬂd&%éﬁﬁ§§§¥3y§g§}§4&%“%ﬁ%iﬂh& | SreYg ghe forces

acting betweén nnect i ng nme the two barrels 4 ’and 5, that
is, the forces restraining.the two barrels 4 and 1Q 5, .all_a r on the
pair of comm®Rdt Ang&XP a?%fne?na_‘thl'ﬁ_?’% qe[fqrser}?&g]ooltgl% oe)hﬁﬁ)ﬁ? hem f or ces
not includin naormal direction conmponents which would crush or expand

an
the babrels @%aﬁ'é)é& uanReFl1G) fde (e et id sk itan @@t he 15

enbodi nent shown in FIG 2A and FIG 2B is conprised
TL2 are the pair of common tangents. If connecting the

barrels 4 and 5 in this way, the forces acting between
the connecting member 7 and the two barrels 4 and 5,
that is, the forces restraining the two barrels 4 and

10 5, all appear on the pair of common tangents TL1 and
TL2 and it is possible to make them forces not
including any normal direction components which would
crush or expand the barrels 4 and 5.

Further, since the connecting member 7 of the

15 embodiment shown in FIG. 2A and FIG. 2B is comprised
of the rigid plate 71, it is also possible to
restrain the rotation of the barrels 4 and 5. The
material comprising the connecting member 7 is not
particularly limited, but for example various

20 materials such as brass, copper, stainless steel,
aluminum, and other metals or various ceramics may be
employed. It is however desirable to form the
connecting member 7 by a material of the same nature
as that of the column 6 supporting the barrels 4 and 5

25 or at least a material having substantially the same



of the rigid plate 71, it is also possible to restrain the rotation of the
barrels 4 and 5. The nmaterial conprising the connecting nenber 7 is not
particularly limted, but for exanple various 20 nmaterials such as brass,
copper, stainless steel, alumnum and other netals or various ceramcs
may be enployed. It is however desirabl&te formthe connecting nenber 7
by a material of the sanme nature as that of the colum 6 supporting the
barrels 4 and 5 25 or at |least a material having substantially the sane -

40 linear eXQ&eairOl@xgﬁ@ﬂHiicﬁi Jef B idniNg Bhidoimyethié, évencofum 6
expands or contracts due to the effects of tenperature and the interval

between the bger %b?.ufnn g mqﬁ‘iﬁn‘%ﬁﬁ%k&%ﬁé%&%ﬁhe col um

6 5 (portions of flanges 4I1 and i ng portions to P4

wi th the connpecti 7w ll_also expand .or contract_b he, amount of
that change ggnéeﬁ'%g%%&%% i%nvc\i/viwe b]é&peorsvs Irl)eevbe%ﬂ %%%‘&aﬁ%?iﬁ atn the
parallelismof the optical axis 311 and optical 10 axis 322 and the

or t hogonal i t $78f Ot FEGRIKS R Y Hde FHERAAT B E ot FREMMR e nenber 7

according to the present invention is not limted to those shown in FIG

2A, FPG 2B(Pargirne of fddnaas W lawydd or, gk ffasteming

portions Pl to P4 with the connecting member 7 will
also expand or contract by the amount of that change
and therefore it will be possible to at least maintain
the parallelism of the optical axis 311 and optical

10 axis 322 and the orthogonality of these with the
optical axis 324.

The connecting member 7 according to the present

invention is not limited to those shown in FIG. 2A,
FIG. 2B, and FIG. 6 and can be changed or modified in

15 various ways. FIG. 3A and FIG. 3B show another example
of the configuration of the connecting member 7
according to the present invention, while FIG. 4A and
FIG. 4B show still another example of the
configuration of the connecting member 7 according to

20 the present invention. In the example shown in FIG. 3A
and FIG. 3B, thin portions 77 are provided at the base
ends of the arms 72 to 75 as means for enabling the
arms 72 to 75 of the connecting member 7 to pivot in
the normal directions of the barrels 4 and 5. These

25 thin portions 77 have a lower rigidity than the other



15 various ways. FIG 3A and FIG 3B show another exanple of the
configuration of the connecting nenber 7 according to the present
invention, while FIG 4A and FIG 4B show still another exanple of the
configuration of the connecting nenber 7 according to 20 the present
invention. In the exanple shown in FIG 8A -and FIG 3B, thin portions 77
are provided at the base ends of the arnms 72 to 75 as neans for enabling
the arnms 72 to 75 of the connecting nenber 7 to pivot in the normal

di rections ofpotrta ciar,r edcs thardakns These 25 ¢dn nppesti onsti{é hevead | ower
rigidity than the other - 41 portions, so the arns 72 to 75 can pivot in

the normal  diireeitigs Of Wie BHF @ Bs 4 Y > bt LERelBhDn pPOrtions 77.

The figures show thin portions 77 forned at all of the base ends of the

f 72 Y/ 5 i ' ' Lly- 1 Em to this.

" the Sar iy 2R nigd T heY i (RETRESEY ¥7) ‘E%IS% s
i bl f hi ti 77 at f _th f e 73 an

%) "of cach GF PHd T S9F e AndE et (AP of £ kool ot NEUhr s 72

10 to 75 due to the thin portions 77 becones smal|er than that of the

hi nges 576 of YBEGIWYAMHPIFIIE 9 nRFesaRbkbrbimited gbe BRASE aBRuri ng
error, it is desirable to formthe thin portions 77 at all of the arnms 72
to 75 as inthge serenplay Sovihe mimaes 3% ol FI&G 3B.and FIG. 2B,

it is also possible to form thin portions 77 at one of
the arms (for example 73 and 75) of each of the
barrels 4 and 5. The angle of pivoting of the arms 72

10 to 75 due to the thin portions 77 becomes smaller than
that of the hinges 76 of FIG. 2A and FIG. 2B, so to
absorb a larger manufacturing error, it is desirable
to form the thin portions 77 at all of the arms 72 to
75 as in the example shown in FIG. 3A and FIG. 3B.

15 If the hinges 76 of FIG. 2A and FIG. 2B are
employed, the parts of the hinge 76 portions become
necessary and assembly work is also required. If thin
portions 77 are used to make the arms 72 to 75
pivotable, however, no such parts or assembly work is

20 required, so the manufacture of the connecting member
7 becomes easier. As opposed to this, in the
embodiment shown in FIG. 4A and FIG. 4B, the
connecting member 7 is comprised of two rigid rods 78
which are connected at the parallel common tangents

25 TL1 and TL2 of the outer peripheries of the barrels 4



15 If the hinges 76 of FIG 2A and FIG 2B are enployed, the parts of the
hi nge 76 portions beconme necessary and assenbly work is also required. If
thin portions 77 are used to nake the arns 72 to 75 pivotable, however,
no such parts or assenbly work is 20 required, so the manufacture of the
connecting nmenber 7 becones easier. As 4dfppesed to this, in the enbodi nent
showmn in FIG 4A and FIG 4B, the connecting nenber 7 is conprised of two
rigid rods 78 which are connected at the parallel commobn tangents 25 TL1

and TL2 of thRqOH! etohphirkidEkiieh @onigie dialg alife 4onrfelt g Remi@rpar ed
wi th conprising the connecting nenber 7 by a rigid plate 71 as shown in

FIG 2A and B Gy 28305 FLGariA ANt FldfouBir herdiel Bitaane R, raguced and

manuf act ure becones r bly easier. 5 By using two rigid bars 78 to

he b he, 4 | .b '
[op onds of DherERo HAr PACs 7S 1019 el e il Huped A4S Do "

restrained, so in the exanple shown i FIG 4A and FIG 4B, a second

connecti ng nBABBLACKELE %@99m§§1§ﬁm? ¥7&358F L gre used to connect the

two barrels 4 and 5. In the same way as the rigid rods 78, 78, these are

desi gnéd so t hat Boufénge taet & iigi & arsnddrdic daaGonshefbareebartel s 4

and 5. Note that in the exanple showmn in FIG 4A and FIG 4B, two rigid
and 5, the interval between the optical axes at the

top ends of the two barrels 4 and 5 is restrained, but
twisting is not restrained, so in the example shown in
FIG. 4A and FIG. 4B, a second connecting member, here

10 the rigid rods 79, 79, are used to connect the two
barrels 4 and 5. In the same way as the rigid rods 78,
78, these are designed so that no force acts in the
normal directions of the barrels 4 and 5. Note that in
the example shown in FIG. 4A and FIG. 4B, two rigid

15 rods 79 and 79 are used as the second connecting
member and these are attached between the two barrels
4 and 5 so as to intersect each other, but using Jjust
one of the rigid rods 79 is also possible. Due to this
second connecting member 79, relative rotation, that

20 is, twisting, of the barrels 4 and 5 can be prevented.

In the above first embodiment, the connecting

member 7 was attached near the top ends of the barrels
4 and 5, but it may also be attached near the bottom
ends of the barrels 4 and 5 (barrels 41 and 51 in the

25 embodiment shown in FIG. 6) and may be attached to



15 rods 79 and 79 are used as the second connecting nenber and these are
attached between the two barrels 4 and 5 so as to intersect each other,

but using just one of the rigid rods 79 is also possible. Due to this
second connecting nenber 79, relative rotation, that 20 is, tw sting, of
the barrels 4 and 5 can be prevented. -143the above first enbodi nent, the
connecting nenber 7 was attached near the top ends of the barrels 4 and
5, but it may also be attached near the bottom ends of the barrels 4 and 5

(barrels 41 aodhSbf rthdecdtd eadwdingbostwivends FlfarfheandifBynbe
attached to - 43 both of the top ends and bottom ends. Further in the

confi gur at | oRcwraWh it fihB st i dL @ Laches betyeeschbe barrel 41

and the barrel 52 as well Further, only an example o arranglng t he

t { i tlo aV|t nmentioned in
ItOLgJ Sgoi/gnentk))%g‘ rre%qi é% Igelp;helsgaerf&i 1|{}§(T§/enéf]‘mroér)1£| % ot ‘?{?%\ft ed ag all in
the directio exten ion of the o axis, and may be applied to a
system arran% tlhr‘f' 2 & tﬁ%r?’iﬁ%gt%rﬁ’flf?e‘g&?%wé%ﬁﬁw% gb‘?’éw ty as

wel | . Accordl o_the first_ enbodi nent explai ned above, since the ends of
the bartel P%le o SYALeM e (e BHre@iqr brar HatEEI¥as whi ch

i nherently mnuld be
mentioned in the above embodiment, but the present

invention is not limited at all in the direction of
extension of the optical axis and may be applied to a
system arranged in a direction other than the

10 direction of gravity as well.

According to the first embodiment explained above,
since the ends of the barrel (first barrel) 4 and the
barrel (second barrel) 5 which inherently would be
free are fastened to each other, the interval between

15 the optical axis 311 of the optical system comprised
by the optical elements held by the barrel 4 (first
optical system) and the optical axis 321 of the
optical system comprised by the optical elements held
by the barrel 5 (second optical system) and the

20 relative positions in the direction of rotation are
restrained. As a result, the imaging characteristics
of the mask pattern on the wafer (substrate) 2 are
'improved. Further, since the optical axis 311 and
optical axis 312 between the second reflection optical

25 element 322 and the wafer 2 are made substantially



free are fastened to each other, the interval between 15 the optical axis
311 of the optical systemconprised by the optical elenents held by the
barrel 4 (first optical system) and the optical axis 321 of the optical
system conpri sed by the optical elenents held by the barrel 5 (second
optical system and the 20 relative posi4domrs in the direction of rotation
are restrained. As a result, the inmaging characteristics of the mask
pattern on the wafer (substrate) 2 are inproved. Further, since the

optical axi sFai-émad a@il ited fast Phd gt veemd e N f efhect i on
optical 25 element 322 and the wafer 2 are made substantially - 44

paral | el andsRen Eairolar selard AhmAted bpfeldConBhoNthPaples are

connected by the connecting nenb 7, the first barrel 4 and the part 51

barrots for Whi ERep At AR o AERas 1A ddt PHE Tei Th AR NP rectly

connected, it is Eossible to nore reliably prevent displacenent of these
optical axeBarEgit RePeCOMee &uhfd antial lyamadia il &lvg EHethREt STACRE t he
second barrel 5 are substantially parallel, 10 there is also the effect

that t e conhbet berreilsudion ehigh tdeeaddiean rigs refiered 1@ ke nplifi ed.

Further, since a concave mrror 312 is enployed as the first reflection
opti cal el emmatin&adniekle aowt iddaleciys Rnhdcted, it is possible to

more reliably prevent displacement of these optical
axes. Further, since the first barrel 4 and the part
51 of the second barrel 5 are substantially parallel,

10 there is also the effect that the connection structure
by the connecting member 7 is simplified. Further,
since a concave mirror 312 is employed as the first
reflection optical element and the optical axis 311 is
made substantially the direction of gravity, the first

15 barrel 4 extends in the direction of gravity and the
stability of the first barrel on the column is
enhanced. Further, since the first barrel 4 and the
part of the second barrel 5 are made parallel, the
part 51 of the second barrel 5 also extends in

20 substantially the direction of gravity and the
stability of not only the first barrel 4, but also the
part 51 of thé second barrel 5 on the column 6 is
improved.

In addition, as shown in FIG. 4A, since the

25 connecting member 7 is fastened to the first barrel 4



made substantially the direction of gravity, the first 15 barrel 4 extends
in the direction of gravity and the stability of the first barrel on the
colum is enhanced. Further, since the first barrel 4 and the part of the
second barrel 5 are made parallel, the part 51 of the second barrel 5 also
extends in 20 substantially the direct+o#50f-gravity and the stability of
not only the first barrel 4, but also the part 51 of the second barrel 5
on the colum 6 is inproved. In addition, as shown in FIG 4A since the

25 connect i n@nierdey sedond asdenel 8 o hend i 81 r b3 r €bmlon éﬁng@ﬂgsthe
second barrel 5 on the pair of common tangents connecting the”outer

peri phery Ofcbm%éHﬂfﬂgt%Hé‘Huﬁ%r?ﬁE%fﬁH%f?“é? {ﬁ%igfgégrg%EEQf econd

barrel 5, the forces acting on't I'Tst “and secon S S'd 55 frFm
t he connecti er ane. t.angential. directions not including nornma
di rection co%%gggt%s,ouz‘.e%g%ﬁ%lql}etfg' c?#&ﬂearﬁ‘?‘iprb et tho° batFel s 4 and 5
Is maintained well and war iqggff the optical elenents is prevented.

f

Further, sinc¢€TCRE REMDT i dnigF oD seronshibarrelsntoand ahgent s of

the first and second barrels 4 and 5 the twisting of the first and second
barrel ® 4 andTS™ ké&fsSOPEEqtsing avasdient T diettdme| sangenoigly. As a resul t,

the i magi ng characteristics of
directions not including normal direction components,

S0 the true circularity of the two barrels 4 and 5 is
maintained well and warping of the optical elements is
prevented. Further, since the member is fastened on
10 the pair of common tangents of the first and second
barrels 4 and 5, the twisting of the first and second
barrels 4 and 5 themselves is prevented relatively
strongly. As a result, the imaging characteristics of
the mask pattern on the wafer 2 are further improved.
15 Further, if the connecting member 7 is comprised by a
rigid plate and the fastening portions of the rigid
plate are made movable in the normal direction, even
if manufacturing error occurs in the rigid plate or
the first and second barrels 4 and 5, this error can
20 be absorbed by the fastening portions of the rigid
plate, the only force acting on the first and second
barrels 4 and 5 becomes one in the common tangential
direction, and therefore it is possible to prevent
warping of the barrels due to force acting in the

25 normal directions of the barrels and in turn warping




the mask pattern on the wafer 2 are further inproved. 15 Further, if the

connecting nenber 7 is conprised by a rigid plate and the fastening
portions of the rigid plate are nade novable in the normal

i f manufactu
barrels 4 an
the rigid p
and 5 becone

normal direc
el ements. As
the wafer 2
conpri sed by
tangents of
connecti ng

directi on, even

ring error occurs in the rigid plate or the first and second

d 5, this error can 20 be ab&érbed by the fastening portions of
| ate, the only force acting on the first and second barrels 4
s one in the comopn tangential direction, and therefore it is

possible to pifewert optarddIng:1¥mdMes bad e srebier ¢ 0 £10& Cenagthgy in the 25
tions of the barrels and in turn warping - 46 “of “the optical

I 8 Y i i xﬁﬂﬂf isti t S attern on
g?lgr%?r?peﬁrolvsé %néD;?;f_“’ ﬁIl'gert er, aﬁﬁttetfr%rzﬁ cﬁnﬁ?iﬁgfgngngegr$ is

which s fastened he pair 5 of |1 el
Rl ke ol hen o £l B P Ofe pebaBr T 48 Second

nenber, 79 1 s provided on_anot her, common tangent, it is

conmmon

possi bl e to FPEPEASSTMY fy Hrild wicd iy gt khefasfmned stoytheepair| i ght
-to-manufacture 10 parts. Further, if conprising the colum 6
and the® conRécPriglkstb&omnayy tangantsd Lhfthaibbirat i and ysetendsane | i near
expansi on coefficient, even if the anbient tenperature changes and the
colum 6 expdmdsedis 4 and 5 and, further, a second connecting

wei ght, easy

10

15

20

25

member 79 is provided on another common tangent, it is
possible to prevent warping and twisting of the
barrels by use of.light weight, easy-to-manufacture
parts. Further, if comprising the column 6 and the
connecting member 7 by materials of substantially the
same linear expansion coefficient, even if the ambient
temperature changes and the column 6 expands or
contracts, the connecting member 7 will similarly
expand or contract, so it is possible to prevent
relative displacement of the optical axes of the
optical axis 311 of the first barrel 4 and the optical
axis 324 of the second barrel 5. Further, since the
column 6 and connecting member 7 will similarly expand
Oor contract, no stress at all will be applied to the
barrels and it will be possible to prevent the
occurrence of warping of the optical elements.

Second Embodiment

A second embodiment of the present invention will

be explained next with reference to FIG. 8A and FIG.



contracts, the connecting nenber 7 wll simlarly 15 expand or contract,
So it is possible to prevent relative displacenent of the optical axes of
the optical axis 311 of the first barrel 4 and the optical axis 324 of the
second barrel 5. Further, since the colum 6 and connecting nenber 7 wll
similarly expand 20 or contract, no strésks-at all will be applied to the
barrels and it will be possible to prevent the occurrence of warping of
the optical elenents. Second Enbodi mrent A second enbodi nent of the present
i nvention wi BB. Zheberexgicaimed expdsutid appefretarcef cclld Geddnd FIG | -
47 8B. The projection exposure apparatus of the second enbodinent differs

only in the pnBpaghedit @alfifedls oSt &M at igro REPIKE sftuedure and is
substantially the sane as the projection exposure apparatus of the 5 first

enbodi nent e khe b i i i j
Expl anat i onségmblelbﬁt %g?e?c‘)t(r%e SbQl om ttdgla%r‘ltc}n ef hiﬁex%a@rlda%%aslﬂ%%}lelryfocusi ng

oL oot hufl sglel S8 S p IR D RIS B 0t e
PYSL e SOTDr 22 DLy B BLGRl YLD (Galad oplile System cprplping
configuration. Explanations will therefore be omitted
and the explanation given focusing on the points of
difference. The projection exposure apparatus of the
first embodiment explained above was provided with a
10 projection optical system comprised by an optical
system (catadioptric system) combining refraction
elements (lenses) and reflection elements (concave
mirror, mirrors, etc.) held by a plurality of barrels.
As opposed to this, the projection exposure apparatus
15 of the second embodiment is a projection exposure
apparatus provided with a projection optical system 11
wherein all optical elements are comprised by
‘refraction elements (lenses) and these are held by a
single barrel 111.
20 In the figures, the projection optical system 11
comprised by an optical system having a plurality of
lenses held by a single barrel 111 is supported by a
U-shaped column (frame) 13 provided on a base 12 so as

to be positioned at a portion between the mask 1 on

25 which the pattern is formed and the wafer 2 to be



mrror, mrrors, etc.) held by a plurality of barrels. As opposed to this,
the projection exposure apparatus 15 of the second enbodinent is a
projection exposure apparatus provided with a projection optical system 11
wherein all optical elenments are conprised by refraction elenents (lenses)
and these are held by a single barrel-143. 20 In the figures, the
projection optical system1l conprised by an optical systemhaving a
plurality of |lenses held by a single barrel 111 is supported by a

U-shaped col wipddepnen ﬁi%ﬁﬁ@vﬁgfgﬁﬁﬁcﬁl?af§ ﬁgrﬁgdaEntégrngéggﬁgtiOned at

a portion between the mask 1" on 25 the pattern is r t he

- ' 112 1| di rally at
the 1 nter e 10 ShEsEhRPEbe Shat E10F PG 6001, & ﬁﬁé”%as'r%f ??ﬁl s
[ dth h th h-hole .forned.in the to | ate 131 of the col umm.
: EsteL;te 5ts{ ;itig iafthel }O%J%?j;ﬁ’e% b?/g‘%*FE‘Ffﬂe PR DRI sg%r%tlga‘hﬁiﬁral ity of

romber 14 |'s CTes 59 dRErtE e 1 e Sbphereabeni Thethotum 13, A
t hrough-hole 142 is formed at the substantial 10 center of the top plate
141 of X he s@HFde, rignbier flakteméd hypt jpgirterning sobbs riel at14 fastened to
the colum 13 passes through this through-hole 142.
plurality of locations at the flange portion 112. A
schematically cylindrical support member 14 is
integrally fastened on the top surface of the column
13. A through-hole 142 is formed at the substantial
10 center of the top plate 141 of the support member 14.
The top part of the barrel 111 fastened to the column
13 passes through this through-hole 142.
The corresponding portions of the top plate 141 of
the support member 14 and the barrel 111 are joined
15 through a connecting member 15. This connecting member
15 is comprised of an elastic body (or rigid body)
having arm portions comprising four sides of a
rectangle which the outer periphery of the barrel 111
inscribes and is fastened to the top plate 141 of the
20 support member 14 by fastening bolts b at its four
| corners. On the other hand, the barrel 111 is inserted
into the connecting member 15 so that it inscribes the
inside of the connecting member 15 and in that state

is fastened to the support member 14 by fastening

25 bolts b at the inscribed portions (substantially



The corresponding portions of the top plate 141 of the support nenber 14
and the barrel 111 are joined 15 through a connecting nenber 15. This
connecting nmenber 15 is conprised of an elastic body (or rigid body)
havi ng arm portions conprising four sides of a rectangle which the outer
peri phery of the barrel 111 inscribes-and is fastened to the top plate 141
of the 20 support nenber 14 by fastening bolts b at its four corners. On
the other hand, the barrel 111 is inserted into the connecting nmenber 15

so that it inseitdespéheiohdsbdethé shRsCORNEREI BEnABEREhlReaBEd N t hat
state 1is fastened to the support nenber 14 by fastening 55 bolts b at the

i nscri bed porjgpnsr%§$¥§%ﬁ€é£@i$ﬂs-O§9thge?5§ﬁeggghhgggpﬁértQg arns of the

connecti ng nenber arm portions o € con menber 15 are

conpri sed of -4 .. dhin portions_151 are, .for at the two

si des of the %%%%é(n%d ﬁfgﬁééﬁ]elge blﬁ%‘%?r illT%ﬁg cPPHELOPS ”ﬁg}ﬁaﬁt’: e
flexability. et this, the armportions of the connecting nmenber 15 can
easily defor 9§Wqéiﬁ§mﬁm%1t%?r%é@?%n?fbEPetE@rﬁéﬁﬁérWhighdégﬁgned so as
not to deformtoo nmuch in the direction along the armportions. 10

Accor dihg t o Raizekekbhdirswoihaento imparbpfpexabibityheDhartel 111
(position away fromfastening portions by colum 13) supported by and
fastened to this, the arm portions of the connecting member 15 can

easily deform in the normal direction, but the member
is designed so as not to deform too much in the
direction along the arm portions.

10 According to this second embodiment, the top part
of the barrel 111 (position away from fastening
portions by column 13) supported by and fastened to
the column 13 is fastened to the support member 15
supported by and fastened to the column 13 through the

15 connecting member 15. Therefore, since the barrel 111
is supported and fastened at two locations away from
each other in the direction of the optical axis, it is
possible to prevent the optical axis from tilting due
to vibration or the optical axis from rotating. In

20 this case, in a configuration where just the flange
portion 112 is supported by the column 13 by fastening
the barrel 111 at two locations, warping will occur in
the barrel 111 due to heat expansion or heat
contraction of the barrel 111 or support member 14

25 when there is a temperature change in the surrounding



the colum 13 is fastened to the support nenber 15 -supported by and
fastened to the columm 13 through the 15 connecting nenber 15. Therefore,
since the barrel 111 is supported and fastened at two | ocations away from
each other in the direction of the optical axis, it is possible to prevent
the optical axis fromtilting due to-wi¥tation or the optical axis from
rotating. In 20 this case, in a configuration where just the flange
portion 112 is supported by the colum 13 by fastening the barrel 111 at

two | ocati onepviaopimegtwidnd ategefidre the dwinElod 1li Xiend coheghe expansi on
or heat contraction of the barrel 111 or support nenber 14 25 mhen there is

a tenper at ur gpehaage aixd st R H YL rorPdp ﬁ%lr%ym refore
tw sting or t||t|ng of the optical "axis of the pro ction optl system

diectly T asPEeed T ot Eé%iﬁ%ﬁﬂ%“@"ﬁs@ imgh'S et L Rar i 'hZ "
support menb 14 thr ctln nb 15 given flexabiljty in a
specific ig&t i-5n 0 %r‘}ﬁ-lec&i&r cgg: 3@? “%{H%rtbd?ﬁ”é?er 1447 or
support nenber 14 etc. under%ags heat expanS|on or heat contraction, the

connecti ng mBRberS1Eagtener) tefthiemsupRoEE Fsmker did ddiargivia h respect to

the arm portions, so a change of the position of the optical axis of the
barrel 111 wepPrngetdngpmesded, lichariorem |filexability in a specific

direction (normal direction), so even if the barrel
111 or support member 14 etc. undergoes heat expansion
or heat contraction, the connecting member 15 will

10 deform in the normal direction with respect to the arm
portions, so a change of the position of the optical
axis of the barrel 111 will be suppressed, there will
be less occurrence of twisting at the barrel 111, and
superior optical characteristics will be maintained.

15 Note that in the above second embodiment, as the
connecting member 15, one comprised of four arm
portions arranged in a rectangle and joined together
is employed, but the present invention is not limited
to such a configuration. It may also be made a

20 triangular or pentagonal or higher polylateral shape.
Further, the arm portions do not have to be joined
together. It is also possible to use arm members
having independent arm portion shapes. In this case,
it is possible to arrange the arm members so as to

25 comprise a polylateral in the same way as above and



be | ess occurrence of twisting at the barrel 111, and superior optical

characteristics will be naintained. 15 Note that in the above second

enbodi ne

portions arranged in a rectangle and joi ned together

pr esent

use arm nmenbeonssibde g icwdapertddyt meanpart iare sdlapego drmt hi s case

nt,

as the connecting nenber 15, one conprised of four arm

i s enpl oyed, but the

invention is not linmted to suchla-configuration. It may al so be
made a 20 triangul ar or pentagonal or higher polylateral shape. Further,
the arm portions do not have to be joined together. It is also possible to

it

I's possible to arrange the arm nenbers so as to 25 conprise a pol yl ateral
in the sane wewnbeysab@he i pork idis dblLmt maeestaby ngans of one or

two arm nenbers. The arm portions or arm nmenbers are not limted to

rod- shaped 0Rgsdelg ied AR ARIHDIG D, Use 5 Pl 2%y Shanerl, POOEo ClsL N SOME

cases curved ones. 5 Further,
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the thin por Latd
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nt,

en able to secure the desired flexability

1ate %El%&)ierz'ig Orﬁeersg;eorr (]))[5n bs\'orﬁ[eeaé?ﬁgog |C?]‘P]E‘F‘I€A :%Tlég. menber etc.,

are a n essentla ove second

the, barrel 111 is designed to b by_t he. t 10
14 ot FHESHAT o DRTG AL il 90 b SRR LIt § SRR LLHEY barrel 111

with the colum 113, but it may be supported bel ow the fastening portion

with the

10

15

20

25

by forming the connecting member 15 by means of an
elastic member etc., the thin portions 151 are also
not essential. In the above second embodiment, the
barrel 111 is designed to be supported by the support
member 14 at a portion higher than the fastening
portion of the barrel 111 with the column 113, but it
may be supported below the fastening portion with the
column 13 as well. Further, the support member 14 may
provide support at two or more locations as well.
Further, the above-mentioned connecting member 15 may
be used for the fastening portion of the barrel 111
with the column 13 as well. The support member 14 does
not necessarily have to be fastened to the column. It
may be designed to be fastened to another member, for
example, the base 12, as well.

The material comprising the connecting member 15 is
not particularly limited. For example, brass, copper,
stainless steel, aluminum, or another metal or various
ceramics and other various materials may be employed.

It is desirable to form the connecting member 15 by



colum 13 as well. Further, the support menber 14 may provide support at
two or nore locations as well. 15 Further, the above-nentioned connecting
menber 15 may be used for the fastening portion of the barrel 111 wth
the colum 13 as well. The support nmenber 14 does not necessarily have to
be fastened to the colum. It may be'dé%ﬁgned to be fastened to anot her
menber, for 20 exanple, the base 12, as well. The material conprising the
connecting nmenber 15 is not particularly Iimted. For exanple, brass,
copper, stanahpssoft sbke, samenimaderiedl @sotthe aedtumin o3 vaif i BIRPORter ami cs
and other various materials may be enployed. 25 It is desirable to formthe
connecti ng nashBerld4byuppotinkanheobarrelsdtd et exrti dlessst tiye £ ol utm 13
or support nenber 14 supporting the barrel 111 or at |least by a material

of substantight¥rihe SEMBulsRAML IR §n$r@1sa@@fﬂﬂr@anteﬁ§hﬁm§am way as
the case of the 5 connecting nenber of the above first enbodi nent

Further. in tBecaberengeaandiemodiasit, a@etheegﬁ@éga&f o des given of a

prOJectlon optical Ssystem having a single barr ut even if a projection

optical system havin re rrel .Qvi.ded .10 the first

enbodi fent eXBPAFHE %gbg\?g‘% 4 §tb% em% ? embods%%p%‘?’t structure

such as in the second enbodlnent for t hese b rrels as mell In this
Further, in the above second embodiment, the

explanation was given of a projection optical system
having a single barrel, but even if a projection
optical system having two or more barrels is provided
10 as in the first embodiment explained above, it is
possible to employ a support structure such as in the
second embodiment for these barrels as well. In this
case, it is possible to employ the support structure
of the second embodiment (support structure by support
15 member 14) alone or to use it together with the
support structure of the above first embodiment
(support structure by connecting member 7).
Note that FIG. 9A and FIG. 9B show a projection
exposure apparatus provided with a projection optical
20 system where the barrel of the projection optical
system is divided into a plurality of barrels 112 to
114 which are fastened integrally by fastening bolts b
at the flange portions. In this case as well, it is
possible to use exactly the same support structure as

25 the support structure of the above second embodiment.



case, it is possible to enploy the support structure of the second

enbodi nent (support structure by support 15 nenber 14) alone or to use it
together with the support structure of the above first enbodi nent

(support structure by connecting nenber g%. Note that FIG 9A and FIG 9B
show a projection exposure apparatus‘pr | ded with a projection optical

20 system where the barrel of the projection optical systemis divided into
a plurality of barrels 112 to 114 which are fastened integrally by
fastening bolts Bhiad Embofllimegé portions. In this case as well, it is
possi ble to use exactly the sanme support structure as 25 the support

structure of theNéh@yeaﬁeeaqua@dehmﬁul bebJivEn of Enmdiment Next, an
explanation will be given of a third enbodinent of the present invention

with refer enéﬁbéamgh@ o¥0 taRd prleGentl i nTRA AR SEHIPERasIES @ppar at us
5 of this third enbodi ment, conpared with the above first enbodinent,

differs in perk of ot BRqCceRYRal R <ol g B S 2yt em and

differs int ornt of "€ e Struct U acing the air
SubSt At al | §F ﬁﬁlgaﬁélageteh%' %pm%%lﬂ”. SERESSh P e g AT "t he above
first enbodlnent in the rest of its configuration.
first embodiment, differs in part of the configuration
of the projection optical system and differs in the
point of employing a purge structure for replacing the
air at part of the path of the illuminating light with
10 an inert gas. It is substantially the same as the
projection exposure apparatus of the above first
embodiment in the rest of its configuration.
Therefore, substantially identical components will be
given the same réference numerals and explanations
15 thereof will be omitted. In the third embodiment, a
projection optical system comprised of an optical
system combining refraction elements (lenses) and
reflection elements (concave mirror; mirror, etc.)
(catadioptic optical system) held by a plurality of
20 barrels is employed. On this point, it is similar to
the above first embodiment. It differs in the
following points, however. That is, the barrels of the
projection optical system of the third embodiment are
comprised of three barrels of the first.barrel 81,

25 second barrel 82, and third barrel 83. Further, the



Therefore, substantially identical conponents will be given the sane
reference nunerals and expl anations 15 thereof will be omtted. In the
third enbodi nent, a projection optical system conprised of an optical
system conmbi ning refraction elenments (lenses) and reflection el enents
(concave mrror, mrror, etc.) (catadtdptic optical systenm) held by a
plurality of 20 barrels is enployed. on this point, it is simlar to the
above first enbodinment. It differs in the follow ng points, however. That

is, the barreligsaf Haigelprsy entd athopiédaid Sysitwsn of2 tdee t bompr £8b@di ment
are conprised of three barrels of the first barrel 81, 25 second barre

82, and thirddamele liﬁ'}”ﬁaLkefelé e & 813 radg bgy 1 ek 8dagnd the second
barrel 82 are conprise of three split barrels 811 to 813 and 821 to 823,

respectively.. The fi.rsty parrel 81 corresponds to the first barrel 5 4 in
t he above fi éEﬁ% t%f%%i&, t he second barrel 82 corresponds to the part

51 of the second barrel 5 of the above first enbodinent, . the third. barrel
83 corresponds t&€arfdtisdr %ﬁ%erﬁsfa]ofcq]ﬁée e BLSF PRECFL st
enbodi nent, and the corresponding optical 10 systens (optical elenents) are
held i P the 4ar® e abpie thirst ppbedimnt n he s i PeREelnddever, is
I ndependent fromthe first barrel 81 and the second

corresponds to the part 51 of the second barrel 5 of

the above first embodiment, the third barrel 83
corresponds to another part 52 of the second barrel 5
of the first embodiment, and the corresponding optical

10 systems (optical elements) are held in the same way.
The third barrel 83 in this embodiment, however, is
independent from the first barrel 81 and the second
barrel 82 and is directly supported by and fastened to
the column (frame) 6 through an integrally provided

15 support portion 831. The portion of the third barrel
83 for connection with the second barrel 82 is joined
there through an elastic member 84 so that they do not
restrain each other or so that they face each other in
a state where the relative relationship is maintained.

20 The portion of the third barrel 83 for connection with
the first barrel 81 is just held in a state
maintaining their relative relationship and is not
directly joined there. The third split barrels 811 to
813 comprising the first barrel 81 have flange

25 portions at their joining portions and are joined



barrel 82 and is directly supported by and fastened to the colum (frane)
6 through an integrally provided 15 support portion 831. The portion of the
third barrel 83 for connection with the second barrel 82 is joined there
t hrough an el astic nenber 84 so that they do not restrain each other or so
that they face each other in a state‘mﬁgre‘the relative relationship is
mai nt ai ned. 20 The portion of the third barrel 83 for connection with the
first barrel 81 is just held in a state nmintaining their relative

rel ati onshi pagether noy boltéuglyThei aadet AppéieFhEot khedtéyeet barrels 811
to 813 conprising the first barrel 81 have flange 25 portions at their

j 0i ni ng por tgnist asdlrfe®s | 82 hedo- 835 competibéngbyhkobecogd Baersdne applies
to the three split barrels 821 to 823 conprising the second barrel 82.
The first baggel 81 and the second barrel 82 in the 5 third enbodi nment
make use of a purge structure for replacing the air in the space between

the optical el oRNLE LLETBERLoT) B10LRy EHE, hekihl] BEKLUT 455 Hohe of
least parts GHLrq HEREOR PSR, FRKEr PES BF AnE BAT: SLEUFRORCOIRE spaces.
These first barrel 81 and second barrel 82 .
replacing the air in the space between the optical
elements (lenses, mirrors, etc.) with helium gas (He)
or another inert gas. Further, the first barrel 81 and
the second barrel 82 are provided with partitions 85
10 for isolating the spaces including at least parts of
the outer peripheries of the barrels from other
spaces. These first barrel 81 and second barrel 82
will be explained in detail with reference to FIG. 1l.
Note that FIG. 11 is an enlarged sectional view of the
15 second barrel 82, but the first barrel 81 also
basically has the same configuration, so the
explanation will be made of the second barrel 82 and a
detailed explanation of the first barrel 81 will be
omitted. Further, what is shown in FIG. 11 is for
20 explanation of the main components of the second
barrel 82. The optical elements (lenses) etc. held
inside are shown in a simplified manner.
The first split barrel 821, second split barrel

822, and third split barrel 823 comprising the second

25 barrel 82 hold corresponding lens L6l to L64 etc.
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ained in detail with reference to FIG 11. Note that FIG 11
I's an enlarged sectional view of the 15 second barrel 82, but the f

i rst

_ so basically has the same configuration, so the explanation
will be made of the second barrel 82 and a detailed explanation of

t he

81 will be omitted. Furthex® what is shown in FIG 11 is for
on of the main conponents of the second barrel 82. The optical
el enents (lenses) etc. held inside are shown in a sinplified manner. The
first split haside 8R&m sedordespldindsarmoget 822 byardwbIthing Spdm tatar r el
ng the second 25 barrel 82 hold corresponding lens L61 to L64

fpkde themgangoaite drd .nedt tpegel et dhe nltemgpdhibphaty
ons. At part of the outer periphery of the first split

bal kuef ¢8R4 apiditsksshaned fi xed iﬁﬁféqnﬁaipl 8y iDL i S

tition 85. Further, at the inside of the wall of the f
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introduction of helium gas to the inside of the barrel
from a gas feeder 86 comprised of a tank 861 filled
with helium gas (He) under pressure and a valve 862.
The second split barrel 822 has integrally a flange
portion 827 for attachment to the column at the outer
periphery of its center portion. On the inside of the
wall of the second split barrel 822 are formed
passages 825 and 826 for communicating with the space
inside the barrel defined by the lenses L62 and L63.
At part of the outer periphery of the third split
barrel 823 is integrally formed a disk-shaped fixed
partition 852 comprising part of the partition 85. At
the portion between the fixed partition 851 of the
first split barrel 821 and the flange portion 827 of
the second split barrel 822 is attached a variable
partition 853 formed in a substantially cylindrical
shape so as to air-tightly seal and isolate the inside

space from the outside space. Due to this, the space

including the first split barrel 821 and part of the

their
barr el
ing part
i rst
mgas to
861
second
t to the
of the



wal | of the second split barrel 822 are formed passages 825 and 826 for
comuni cating with the space 15 inside the barrel defined by the | enses
L62 and L63. At part of the outer periphery of the third split barrel 823
is integrally formed a disk-shaped fixed partition 852 conprising part of
the partition 85. At the portion betweerd the fixed partition 851 of the 20
first split barrel 821 and the flange portion 827 of the second split
barrel 822 is attached a variable partition 853 fornmed in a substantially
cylindrical ostapepsoiphetry aifr thiegbtekyndeabldandbasaledt 822hd s nsi de space
fromthe outside space. Due to this, the space 25 including the first

split barreliS@latad pabih ehet Batsi@é spdber PAHLPRAYYa®fid he second split
barrel 822 is isolated fromthe outside space. This variable partition

bod by ot POBALLORIORIBBY 18 aNpASEOkdbAnroshARC i LR SBeRg ) d5 o 8s o

be able to f rmin a irections i ncluding the direction al ong

the opti cal is of .1he optical stem (L61 to L64 hel d by .t he second
barrel 82. A %P?aﬂféﬂpﬁ?gF?90ﬁogé§ sﬁa%?néoag§iﬁp §rt80%FFy Yati on as the
variable partition 853 is simlarly attached at the portion 10 between the
fixed partit3eHCEB21Bf 2L hedLRPFHLOPE; ENCRYALBY 8h8 didechdom #4§@%porti on

827 of the second split barrel 822.
the optical axis of the optical system (L61 to L64)

held by the second barrel 82. A variable partition 854
having a similar configuration as the variable
partition 853 is similarly attached at the portion

10 between the fixed partition 852 of the third split
barrel 823 and the flange portion 827 of the second
split barrel 822.

When exposing and transferring the pattern formed

on the mask 1 to the wafer 2, the valve 862 is opened

15 under the control of a controller etc. so as to supply
helium gas from the tank 861. The helium gas is fed
through passages 824, 825, and 826 formed in the wall
of the second barrel 82 so that the spaces between the
lenses L6l to L64 inside the second barrel 82 are

20 filled with the helium gas. Further, it is possible to
fill helium gas by making a through-hole in the lens
chambers (not shown) holding the lenses L62 and L63.
The helium gas fed to the inside of the second barrel
82 leaks from the joints of the split barrels 821,

25 822, and 823 of the second barrel 82 and the



When exposing and transferring the pattern formed on the mask 1 to the
wafer 2, the valve 862 is opened 15 under the control of a controller etc.
so as to supply heliumgas fromthe tank 861. The heliumgas is fed

t hrough passages 824, 825, and 826 forned in the wall of the second barrel
82 so that the spaces between the |enmsé$ L81 to L64 inside the second
barrel 82 are 20 filled with the heliumgas. Further, it is possible to
fill heliumgas by nmaking a through-hole in the Il ens chanbers (not shown)
hol di ng t he adnsstnenl whodpes. foThedhéhi thegheriredst etiche ibudi de of the
second barrel 82 leaks fromthe joints of the split barrels 821, 25 822,
and 823 of tdinsecond partétb i8R abdithereovifedadutstidenio fwtmeows forned in
the barrels etc., but since the partition 85 is provided outside of the

second ba”eée@c?nd'ﬁaﬁﬁéiedz' nikhgegpage idetheedphre W& Qe hyperi phery of
the second barrel 82 and the 5 partition 85 and Phereby is prevented from

eaking to ke utsldsoLigILEDCRAERL LaRAHA, bNALEIl BBL or cygxampl e as

shown by reférénce nu I'§ possible | i berately

10 nabde. SpRELEr iened Eggbag%égrs §° LRoPEpRERtas: thel BFaking SR or
peri phery Oftﬁgeoggéigg ggognghghgag%agaghog585Note that for
example as shown by reference numeral 828 in FIG. 11,
it is possible to deliberately form a through-hole
(opening) in the wall of the barrel 82 to connect the
10 inside space of the barrel 82 and the space defined by
the outer periphery of the barrel 82 and the partition
85.
A similar purge structure is employed as with the
second barrel 82 shown in FIG. 11 for the first barrel
15 81. Part of the variable partition 853 of the first
barrel 81, however, is removed and this removed part
is connected to the third barrel 83. By connecting at
a portion of the variable partition 853, unnecessary
force is prevented from acting on the third barrel 83.
20 Note that in this case, it is also possible to
introduce the helium gas being supplied to the first
barrel 81 from the space formed by the first barrel 81
and the partition 85 to the inside of the third barrel

83. However, it is also possible to supply helium gas

25 by use of the gas feeder independently to the third



A simlar purge structure is enployed as with the second barrel 82 shown
in FIG 11 for the first barrel 15 81. Part of the variable partition 853
of the first barrel 81, however, is renoved and this renoved part 1is
connected to the third barrel 83. By connecting at a portion of the
variabl e partition 853, unnecessary forXe s prevented fromacting on the
third barrel 83. 20 Note that in this case, it is also possible to

i ntroduce the heliumgas being supplied to the first barrel 81 fromthe
space fornedbbyrehe8Bi.r fotlgarthelt 8h FaOed tle e tig iaorbaBie tan twieiemsi de of
the third barrel 83. However, it is also possible to supply heliumgas 25
by use of thehgasolleader iisdeReardent IThilso Hase tdD rik -sé9 obad r&Elods. Note
that in FIG 10, 62 is a base on which the colum 6 is placed. This base

62 is set onsarkbeer 648%]}1&%@gh6% AR 8 R U T G;&éheqfs dggrpeners 63.

Ref erence nuneral 65 is an illumnation frame holding 5 an illum nation

OBtical syst RErbob,oul dhigrah loaminating gt v Tt o dd ont

source place utility Space & oor roj ection
exposure appar at, Q the top Furth the projection
exposure appﬁpaﬁgiuf“%nfﬁlﬁé’ugggﬁcﬁqﬁ sﬁf'@%ﬁ& kod:r @"déﬁtr}%l | ed chanber 66

pl aced on the_floor surface 64. The inside of the chanber 66 s

mai nt ai ned atlauBdpating ddwhtodmom & ep&heiy & ight source

placed in a utility space etc. in the floor below the
projection exposure apparatus to the top of the mask
1. Further, the projection exposure apparatus is

10 housed in a temperature controlled chamber 66 placed
on the floor surface 64. The inside of the chamber 66
is maintained at a constant environment (temperature,
humidity, etc.) by means of an air-conditioning system
etc. Nitrogen N, etc. is sometimes supplied inside the

15 chamber 66. The first barrel 81 and the second barrel
82 are connected to each other by the connecting
member 7 as explained already in the above first
embodiment.

According to the above third embodiment, since

20 helium gas is supplied inside the barrels 81, 82, and
83 to replace the air in the inside spaces with helium
gas, there is little loss in the projection optical
system even with a projection exposure apparatus
employing a short wavelength laser light (for example,

25 an ArF excimer laser, F, laser, etc.) as a light source



hum dity, etc.) by neans of an air-conditioning system etc. Nitrogen N 2
etc. is sonetines supplied inside the 15 chanber 66. The first barrel 81
and the second barrel 82 are connected to each other by the connecting
menber 7 as explained already in the above first enbodinent. According to
t he above third enbodi ment, since 20 Rkel6lum-gas is supplied inside the
barrels 81, 82, and 83 to replace the air in the inside spaces with helium
gas, there is little loss in the projection optical systemeven with a

proj ection expassr goafpakpbisreepRrFyiri@neesRemnt baavelAngidd | aser |ight
(for exanple, 25 an ArF exciner laser, F 2 laser, etc.) as a light source -

60 and a QOPQr%BQ?U‘cﬁepﬁ(eﬁ(il'Iﬁﬁag%% %@g)pggleaeqldsa% ltfélrﬁdl%relg e helium

gas supplied inside the barrels 81 an even if leaking to the outside

of the barre LS ented Lr | eaki out.si.de he 5
partitions Béﬁ%r g\b/i’dgggét E#hgegt}ﬁgg:gdgg I&?‘%t hglttgg‘r%reerésfs %’le %adrtrffg',s’t her ef ore
it is possible to reduce the mount of expensive helium gas consuned and
reduce the bﬁe?ﬁ?yﬁﬁtggsﬁ?oﬁuiFﬁ NdsitRc & NEarpdsdds hy itions 85 are
formed by variable partitions able to freely 10 deformin the direction
i ncl udPng t he@BFLE&PNEN8Sf PERY 1dge: BEalthexicst sildese ofs thiq hagiflfecessary
force acting on the barrels 81 and 82 due to the partitions 85 and

81 and 82, therefore it is possible to reduce the

amount of expensive helium gas consumed and reduce the
operating cost. Further, since parts of the partitions
85 are formed by variable partitions able to freely

10 deform in the direction including the direction of the
optical axis, there is little unnecessary force acting
on the barrels 81 and 82 due to the partitions 85 and
little detrimental effect on the positional
relationship of the optical elements L61 to Lé64 held

15 in the inside and good optical characteristics can be
realized.

Note that in the above third embodiment, while
parts of the partitions 85 were made by accordion-like
variable partitions 853 and 854 so as to reduce the

20 action of unnecessary force on the barrels 81 and 82
due to attachment of the partitions 85, the present
invention is not limited to these variable partitions
853 and 854 and may also be sheet-like partitions
having flexibility and other partitions. Further, as

25 the location supplied with the helium gas by means of
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to L64 held 15 in the inside and good optical characteristics
ized. Note that in the above third enbodinent, while parts of
ns 85 were made by accordion-like variable partltlons 853 and
854 so as to reduce the 20 action of unfdcessary force on the barrels 81
to attachnment of the partitions 85, the present invention is

to these variable partitions 853 and 854 and may al so

be
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frame 65 is
through these through-holes. The gas which is supplied
by the gas feeder is not limited to helium gas and may
also be nitrogen gas etc.

Further, as shown in FIG. 10, to reduce the height
of the projection exposure apparatus as a whole or
reduce the internal volume of the chamber 66, there
are cases where part of the illumination frame 65 is
arranged to stick out from the ceiling of the chamber
66 and the chamber 66 and illumination frame 65 are
joined. It is desirable to interpose a cushion member
having elasticity or flexibility at this joint to
prevent the two from restraining each other. As this
cushion material, a member the same as the above
variable partitions 853 and 854 may be employed.

Note that in this embodiment, it is also possible
to attach a cover having air-tightness (partition in
the embodiment etc.) for each portion of the barrels
where the inert gas may leak (for example, joints of

members comprising the barrels, adjustment windows for

fine adjustment of optical characteristics, etc.)

her agzees WHeP@Dhd% of the



arranged to stick out fromthe ceiling of the chanber 66 and the chanber
66 and illumnation frame 65 are 15 joined. It is desirable to interpose a
cushion nenber having elasticity or flexibility at this joint to prevent
the two fromrestraining each other. As this cushion material, a nenber
the sane as the above variable partit &2 853 and 854 may be enpl oyed. 20
Note that in this enbodinent, it is also possible to attach a cover having
air-tightness (partition in the enbodinment etc.) for each portion of the
barrel s where thgutrprrtmpagifeyt! eak (for exanple, joints of nenbers
conprising the barrels, adjustnent wi ndows for 25 fine adjustnent of

optical charactegigtiCin 8kp1hnat8n FaULt BERROUNTRE NPGurtdn expl anation
hog

will be given of a fourth odi nent of the present invention with

reference to. PG5 CRTRANENLS Suhstanti Al (AR LadcIa dhase 5 of the

. . em
t hird enbodi rent “expl ai neéd "aboveé are given ame reference nuneral s and

expl anations_theregf .omtted. The expl anation w || .be de .qof the
di fferent pBF@roﬁgf FRUPRDERSS & Fﬁﬁiﬁ%&%ﬁlﬁgﬁﬂtﬁﬁﬁ#ﬁ%ﬂgﬁh?s%ww
prevented from | eaking by the partitions 85 at the 10 barrels 81 and 82,
but in5the f®fir theekBoadnembodi@mendnexpd agngde @O 38 HIVaRy i r at her
than individual barrels is sealed by the partition 91. In

same reference numerals and explanations thereof

omitted. The explanation will be made of the different
portions. In the above third embodiment, helium gas
was prevented from leaking by the partitions 85 at the

10 barrels 81 and 82, but in the fourth embodiment the
entire projection optical system rather than
individual barrels is sealed by the partition 91. In
the figure, a relatively large size fixed partition
911 is integrally attached to the top part of the

15 first barrel 8l. A similar fixed partition 912 is
attached to the second barrel 82. Further, variable
partitions 913 and 914 having similar configurations
to the variable partitions 853 and 854 of the above
third embodiment are attached between the fixed

20 partition 911 and column 6 and between the fixed
partition 912 and column 6. Helium gas may be supplied
from the gas feeder 86 individually to the barrels 81
and 82, but may also be supplied to the inside of the
partition 91 as a whole. It is possible to form an

25 effective air-tight space without causing any



the figure, a relatively large size fixed partition 911 is integrally
attached to the top part of the 15 first barrel 81. A simlar fixed
partition 912 is attached to the second barrel 82. Further, variable
partitions 913 and 914 having simlar configurations to the variable
partitions 853 and 854 of the above thi%d enbodi nent are attached bet ween
the fixed 20 partition 911 and columm 6 and between the fixed partition
912 and colum 6. Heliumgas nay be supplied fromthe gas feeder 86

i ndi vi dual | yuhoetkeshayr dlogc®l tcardt8an hte Mayrradlso e aaupEd iy t o t he
inside of the partition 91 as a whole. It is possible to forman 25

effective ai thei ghtriapaee parthieyloncausi.ng any - 63. unnecessary force to
act on the barrels 81 and 82 by the variable partition 913. Fifth

Enbodi ment Next, rapt8Xphbatim@atW || be given of a fifth 5 embodi ment of
the present invention with reference to FIG 13. Conponents substantially

identical to tho of _th i odi.qent__e in bqv. re given the
sanme reference nﬁ%%Félghagébgf% ggggig%gﬁt%gré@$%%hgﬁ%gﬁaﬁﬁﬁglexplanation

ill b d the diff t 10 ti. . .I.n the above third enbodi nent,
ﬁtliun?ggg eﬁﬁ OSFﬁﬁght8§r%SEhfF@ﬁ%%%gu%&%ﬁﬁéoﬁaﬁFi FREESNGEE (4 barrel s

81 and 82, but as_shown in FIG 13, rather )
FIG. 13. Components substantially identical to those

of the third embodiment explained above are given the
same reference numerals and explanations thereof
omitted. The explanation will be made of the different

10 portions. In the above third embodiment, helium gas
was prevented from leaking by the partitions 85 at the
barrels 81 and 82, but as shown in FIG. 13, rather
than each barrel, the projection optical system and
the mask stage 8 and wafer stage 9 as a whole are

15 sealed by the partition 92. In the figure, a
substantially horizontal, relatively large size fixed
partition 921 is integrally attached near the part of
the illumination frame 65 emitting the illuminating
light. A variable partition 922 having a similar

20 confiquration to the variable partitions 853 and 854
of the above third embodiment is attached between the
fixed partition 921 and the base 62. Helium gas may be
supplied from the gas feeder 86 individually to the
barrels 81 and 82, but may also be supplied to the

25 inside of the partition 92 as a whole. It is possible



than each barrel, the projection optical systemand the mask stage 8 and
wafer stage 9 as a whole are 15 sealed by the partition 92. In the figure,
a substantially horizontal, relatively large size fixed partition 921 is
integrally attached near the part of the illumnation frane 65 emtting
the illumnating light. A variable partiidion 922 having a sinmilar 20
configuration to the variable partitions 853 and 854 of the above third
enbodi ment is attached between the fixed partition 921 and the base 62.
Hel i um gas ney bermsappkifeectiom e -gdghtestacedtriithdiut dimid ind o t he
barrels 81 and 82, but may al so be supplied to the 25 inside of the

partition 923a¢ aAnWBek8sakly ifSreesEobla@t- o4 thied iNArm alh efde chrante
air-tight space w thout calsing any unnecessary force to act on the

illum nationggr 5 : var,i algbist i on 922. Si xt h Enbodi ment 5
Next, an exp gn%??BHQMYP¥l%g§§i?g%%g#ggBSngﬁ enbodi nent of the present
invention with rgfegﬁnge tg. Fl 14 to FIG 16. FIG 14 is a sectional
view of a proje tf BPP af"&ystem used for a reflection and refraction
proj ection exposure apparatus according_to 10 an enbadi ment of the present
i nvent Pon. The pN®XEet ABneXBpENAZILoy ¥ilddh P6r F&-VEAR Oft & it e i nage on
the object plane la (mask plane) by a first imaging

embodiment of the present invention with reference to

FIG. 14 to FIG. 16. FIG. 14 is a sectional view of a
projection optical system used for a reflection and
refraction projection exposure apparatus according to

10 an embodiment of the present invention. The projection
optical system forms an intermediate image on the
object plane la (mask plane) by a first imaging
optical system housed in a first barrel 701 and causes
reimaging of the image (secondary image) of the

15 intermediate image on the image plane 2 (wafer plane)
by a second imaging optical system housed in a third
barrel 703. The optical axis (first optical axis zl)
of the first imaging optical system is arranged in the
perpendicular Z-direction. Further, the first imaging

20 optical system is comprised of a first group and a
second group of members including a concave mirror Mc.
At this time, the light from the object plane la
passes through the first group, then strikes the
second group, is reflected by the concave mirror Mc,

25 and is emitted from the second group. In this way, the



optical systemhoused in a first barrel 701 and causes reinmaging of the

i mge (secondary image) of the 15 internedi ate i mage on the inage plane 2
(wafer plane) by a second imaging optical systemhoused in a third barrel
703. The optical axis (first optical axis z1) of the first imaging optical
systemis arranged in the perpendlcurarfi direction. Further, the first

i magi ng 20 optical systemis conprised of a first group and a second group
of menbers including a concave mrror Mc. At this time, the light fromthe
obj ect pl aneskaongagzespt foamgh at Havo-wagt aptoal tdystemqi kes the second
group, is reflected by the concave mrror M, 25 and is emtted fromthe

second group. |nThBi $neymediate Q&i\ag%e@@lnctrw @) o 1L ahd Wl opt i cal
system The internediate image on the object plane formed by the first

| i ng opti 691 RS LS thATRY RejiRen JYiRd 1Y M Ak, second

group of me A5 first flat” mrror MlWis arranged near the position of

th t d { | t t |

(7 e TR PRRC oG K ]| dNd Kl of gt 00 cal i
t I 2 di | eft - ht Y-d fl 10

oPLTCab, 21512 CHSRIGL W1e el T S Qo S0, [l

mrror M, the second optical axis z2 is further. bent, 900 to becone a
third optlcaphgxggtggmedlate image. Due to the flat mirror M1, the

first optical axis zl of the first imaging optical
system is bent 90°and becomes a second optical axis z2
extending in the left-right Y-direction. A second flat

10 mirror M2 is arranged in the second optical axis z2.
Due to the flat mirror M2, the second optical axis 22
is further bent 90° to become a third optical axis z3
extending in the perpendicular Z-direction. These two
flat mirrors M1l and M2 are held by the second barrel

15 702 so that they are orthogonal to each other and both
form angles of 45° with respect to the second optical
axis z2. The second imaging optical system is arranged
in the third optical axis z3. An aperture is arranged
inside the second imaging optical system.

20 This projection optical system has the second group
of the first imaging optical system serving as a two-
way optical system, so the position of the optical
axis zl on the object plane la and the position of the
optical axis z3 on the image plane 2a must not be

25 regions of use. That is, the illumination region of



extending in the perpendicular Z-direction. These two flat mrr

M2 are held by the second barrel 15 702 so that they are orthogoggf ?% Zggh
other and both form angles of 450 with respect to the second optical axis
z2. The second inmaging optical systemis arranged in the third optical
axis z3. An aperture is arranged i nsrdé6t e second i magi ng optical system
20 This projection optical systemhas the second group of the first

i magi ng optical systemserving as a two- way optical system so the
position of e Dplumbhatashsoptioalt hgsbbne¢ropl 8A€WNa and the position of
the optical axis z3 on the i mage pl ane 2a nust not be 25 regions of use.

That is, the;{]l#{Hhaeihgn ref; - [ i ingn saptt

5 h§nhthegrediele- paétetrhe folrsmandongn cal syst

gﬂotfshomm) |1+un1nat|pg the reticle pattern fornms a long slit shage ??

e T O™ ke UL HERL OB AU LERTKL G robiish GRhCTroAKther) . A 2

lgz; siit ghape iﬁrfh ;eglgnbo tX§ projection optical systemalso forns a
. e front-back X.directi a f third optic

axis z3. Furfheft B?tlgﬁiuﬁféﬁeg $l gsga%%ﬁﬁgtfﬁg¥¥%f{ Iéﬁgf%nd t he aafe? W

in the left-right Y-direction, th ti i .
can beStransfegied ¢6 the é%g@?ﬁFEO%BIO:E’Bfg'Cr glts‘%n t\%/; éa&stoggfxc{rﬁﬁéa% ¢ pattern

explanation will be given of the support
long slit shape in the front-back X-direction away

from the third optical axis z3. Further, by
simultaneously scanning the reticle R and the wafer W
in the left-right Y-direction, the entire region of
10 the reticle pattern can be transferred to the exposure
plane of the wafer.
Next, an explanation will be given of the support
structure of the projection optical system. FIG. 154,
FIG. 15B, and FIG. 15C are perspective views of
15 barrels. The first barrel 701 holding the first
imaging optical system and the third barrel 703
holding the second imaging optical system are formed
as substantially cylindrical shapes. The second barrel
702 holding the flat mirrors M1 and M2 is formed as a
20 substantially angular conical shape. Note that the
first barrel 701 is provided with an opening 701b.
When assembling the projection optical system, part of
the second barrel 702 fits in the opening 701b.
FIG. 16 is a perspective view of the frame

25 structure supporting the barrels. In FIG. 16, a lower




structure of the projection optical system FIG 15A, FIG 15B, and FIG
15C are perspective views of 15 barrels. The first barrel 701 hol ding the
first imaging optical systemand the third barrel 703 holding the second
i magi ng optical systemare forned as substantially cylindrical shapes. The
second barrel 702 holding the flat nirfdrs-ML and M2 is forned as a 20
substantially angul ar conical shape. Note that the first barrel 701 is
provi ded with an opening 701b. When assenbling the projection optical
system partf@dme t h@5 seoomddbasr el 782 pliatei Ast hrovpdadnyitdib. FIG 16 is
a perspective view of the frame 25 structure supporting the barrels. In

FIG 16, a | ing®77065a8847065hoFsedpassagtl af phat €irstpbavirédd wit h
openi ngs 705a and 705b for passage of tﬁe first barrel 701 and third

barrel 703. @gf%ﬁ%‘i J@hﬂ'HpB%ES:rE?l HE8S FBQ?amtaQn?Qﬁgpam tenmeeasst andi ng on
(0]

this around peni ng /05a r the first barrel anong these openings.

An upper fr:yf%gg%%giogﬁsg%ge el thgtgag}nauBkagﬁigg%rkpﬁﬁn%5@ support

colums 706 e ~upper Tranme 'S provi a U shaped
OB 0. o0 apoihad BREh. FRGHNE, SHEEL BEEEEL Bbaql Ryl fLrSt borrel 701
sides. The bottomsurface of the flan%e 721fg§t%%%%?%n9%hkp%x}0p
openings. An upper frame 707 1 p
surfaces of the main support columns 706a to 706d. The
upper frame 707 is provided with a U-shaped opening
707a for supporting the first barrel 701.

10 The first barrel 701 is provided at its top portion
with a flange 70la flaring out to its sides. The
bottom surface of the flange 701 is placed on the top
surface of the upper frame 708 around the U-shaped
opening 707a whereby the first barrel 701 is

15 supported. Similarly, the third barrel 703 is provided
at its bottom part with a flange 703a flaring out to
its sides. The bottom surface of the flange 703a is
placed on the top surface of the lower frame 705
around the opening 705b for the third barrel, whereby

20 the third barrel 703 is supported. On the other hand,
between the openiﬂg 705a for the first barrel and the
opening 705b for the third barrel of the lower frame
705 are attached a pair of auxiliary support columns

708a and 708b formed as inverted L-shapes. The second

25 barrel 702 is supported by these auxiliary support



surface of the upper franme 708 around the U shaped opening 707

the first barrel 701 is 15 supported. Sinilarly? t he PhirdgbarrglmgggePg
provided at its bottompart with a flange 703a flaring out to its sides
The bottom surface of the flange 703a is placed on the top surface of thé
| ower frane 705 around the opening 705b6Bor-the third barrel, whereby 20
the third barrel 703 is supported. On the other hand, between the opening
705a for the first barrel and the opening 705b for the third barrel of the
| over frane cJDom@s e7@8sashad7aspair of auxiliary support colums 708a and
708b fornmed as inverted L-shapes. The second 25 barrel 702 is supported by

;hese auxi liary puPPREt apof8 wh9) UBRe FO8meadd TA8bexbostire above way, the
rane of the exposure apparatus of this enmbodinent is conprised of the

lower frame_705 in_su t 0 froarex
auxiliary su%BB?Fagg?uﬁ%sgggéaegﬁhquggé.g%hgggggggfguggﬁ?jghg{ and7gg§ gpg

supported by the frame_independentl f C her.. t i

and third bafferg 782/ afdPoSURPET r%PgP %ygo§ép§6?9ég dt énigsntglgit

and_PB obtained by interior 10 division of the b'ect:f g i stance of the

opticab systeameorfdd Byd REXdpACl SHEROE s 0 iéﬂ?%elﬁtarrels by a

ratio of 1:(-13) (exterior division points
708b. The barrels 701, 702, and 703 are supported by

the frame independently of each other. Note that the
first and third barrels 701 and 703 are preferably
supported at the points P, and P, obtained by interior

10 division of the object-image distance of the optical
system formed by the optical members housed in the
barrels by a ratio of 1:(-B) (exterior division points
when B is positive). At this time, even if the barrels
701 and 703 rotate about these points, there is the

15 effect that the position of the image point will not
shift.

Next, an explanation will be given of the effects

of this embodiment. The freedom of the positions which
the 3-dimensional object can take is comprised of a

20 total of six freedoms of the positions in the X-, Y-,
and Z-directions and the angular positions around the
X-, Y-, and Z-axes. The first barrel 701 and the third
barrel 703 are both supported separately by the frame
at the bottom surfaces of the flanges 70la and 703a,

25 so parallel movement in the vertical Z-direction,



when G3 is positive). At this tine, even if the barrels 701 and 703 rotate
about these points, there is the 15 effect that the position of the inmage
point will not shift. Next, an explanation will be given of the effects

of this enbodi nent. The freedom of the positions which the 3-dinmensional
obj ect can take is conprised of a 20 tot& eof six freedons of the positions
inthe X-, Y-, and Z-directions and the angul ar positions around the X-,
Y-, and Z-axes. The first barrel 701 and the third barrel 703 are both
supported separal bty myveinentr anethat holrézbatbanxsuehdc&s of the flanges
701a and 703a, 25 so parallel novenent in the vertical Z-direction, - 69

paral | el novgpegatt idnkheahar rz@atabnXabaid ¥hedpeeplendizuland axdisat i on
about the perpendicular axis Z all are difficult to occur. In particular,

L Bpeh ek SR E] hr@Xhe kR kne o bERAL. OfnObalrid HlEheAleiR 2xes 21 and

z3. Both the fiTrst Tnmagin system “and theé sécord 1 nmagi ng optica
systemare forned s tcically_about . the.optical a zl and z3, so even
if rotation %ﬁﬁﬁ?n@ﬁéHEgFgeﬁﬁﬁéuFaﬁsa&P§ %lrSEE&Pg;Cﬁ§%§§%f§§Pf: will be
produced at all. 10 Next, the second barrel 702 is resistant to aral l el

nmoveneht in &%espetpandi 8dl-aBozhdithec figs taddaddRCa oGl ¥SHE n t he
hori zontal X- and Y-
and the second imaging optical system are formed

symmetrically about the optical axes zl and 23, so
even if rotation about the perpendicular axis Z
occurs, no aberration will be produced at all.

10 Next, the second barrel 702 is resistant to
parallel movement in the perpendicular Z-direction and
parallel movement in the horizontal X- and Y-
directions, but is susceptible to rotation about the
X-, Y-, and Z-axes. If any of these occurs,

15 displacement of the image will occur. The second
barrel 702, however, is directly.held from the frame,
so even if the first barrel 701 or the third barrel
703 vibrate, the vibration will not be transmitted to
cause vibration of the second barrel 702. Therefore,

20 if the stability of the frame is made high, it is
possible to sufficiently prevent vibration of the
second barrel 702.

Further, the configuration of the present
embodiment is also effective when assembling the

25 projection optical system. As shown in FIG. 14, to



directions, but is susceptible to rotation about the X-, Y-, and Z-axes.

I f any of these occurs, 15 displacenent of the inmage will occur. The second
barrel 702, however, is directly held fromthe frame, so even if the first
barrel 701 or the third barrel 703 vibrate, the vibration will not be
transnmtted to cause vibration of the sEtonrd barrel 702. Therefore, 20 if
the stability of the frame is made high, it is possible to sufficiently
prevent vibration of the second barrel 702. Further, the configuration of
the present aggbagieerthd pralweeidedpnieatharyssaenf irgr thiee 25
projection optical system As shown in FIG 14, to - 70 assenble the

proj ection OEEE%%'lsSW%tlefﬂo figstatd@sadris, 7 timt08imep assenbl ed. At
that time, the barrels 701 to 703 are easy to assenble since there are

only single %gglg 3l %%qs.tdA%ggréegr;%seeas}} nd t&%ﬁ'lrétsg%ée&hgpé and the

thgrd b?rrel T3, the “optical ers ‘need only be successively stacked in
or der romthe bottom.up.so that there is no dis me i in the
optical axes3ff & Yz:?.l"%}'ret RRC1G 3RS < WP t@gﬁ% Z#H‘ia't i's
sufficient to assenble the two flat 10 mirrors M, and M2 so that they are

ort hogdnal t &1ixs&h basedr .7 Nesand e ddeit P br 6 2t Fod %BH‘&%? system
as '
members need only be successively stacked in order

from the bottom up so that there is no displacement in
in the optical axes zl and z3. Further, for the second
barrel 702, it is sufficient to assemble the two flat

10 mirrors M1 and M2 so that they are orthogonal to each
other.

Next, to assemble the projection optical system as

a whole, first the first barrel 701 and the third
barrel 70 are fit into the frame shown in FIG. 16. At

15 that time, it is sometimes difficult to make the
positional relationship of the two barrels 701 and 703
completely match the design data. Deviation in the
positional relationship between the first barrel 701
and the third barrel 703 may include deviation in

20 height in the perpendicular Z-direction and deviation
in the distance between optical axes in the horizontal
Y-direction. Among these, if there is deviation in
height in the perpendicular Z-direction between the
first barrel 701 and the third barrel 703, the total

25 length from the reticle to the wafer on the optical



a whole, first the first barrel 701 and the third barrel 70 are fit into
the frame shown in FIG 16. At 15 that tine, it is sonetines difficult to
make the positional relationship of the two barrels 701 and 703

conpletely match the design data. Deviation in the positional relationship
between the first barrel 701 and the 4 hIrd-barrel 703 may incl ude
deviation in 20 height in the perpendicular Z-direction and deviation in

t he di stance between optical axes in the horizontal Y-direction. Anobng

these, if thgkesi gidevodt Erom theideigm ddie permpeaiiti< wade Z-wherect i on
between the first barrel 701 and the third barrel 703, the total 25 length

fromthe ret Eﬁ%‘élhg the WM PBaR10P 0 Lalnto the a%{g?jfﬂé!.[alf_yoo‘cf fromthe

desi gn dat a. thi's case, when itting the second 2 into the

auxiliary support._ colyms 7 and'nyﬁy it.,0s pqQssjbl obtain the
total |engt hsggpf’ﬁg Sggiuﬂwsvg&%ea lipds a ijStlitngl$$Pe°énseJibg%h‘% Qcocf attachnment of
t he second barrel 702. Further, when there js a deviatiqn in the distance
bet ween opt i BRF3dRedhs; tord Y eIt dfethR ASHiEn HMaPe ¥ rel 703, it is

possi ble to absorb the deviation in 10 the di stance between optical axes
by adj @sti ngadigspdsot ithe dfeimhtacfaiitasthment ofc gtk Bee@d 702 in the
hori zontal Y-direction. By doing this to adjust the

barrel 702.

Further, when there is a deviation in the distance
between optical axes of the first barrel 701 and third
barrel 703, it is possible to absorb the deviation in

10 the distance between optical axes by adjusting the
position of attachment of the second barrel 702 in the
horizontal Y—direction. By doing this to adjust the
positions among the barrels, it is possible to easily
assemble the projection optical system to the design

15 data.

Note that in the embodiment shown in FIG. 14 to
FIG. 16, a plurality of optical members arranged along
the first optical axis zl were held in a single barrel
701 and a plurality of optical members arranged along

20 the third optical axis z3 were held in the single
barrel 703. Here, it is also possible to adopt a
configuration splitting one or more of the first
barrel 701 and third barrel 703, that is, comprising

at least one of the first barrel 701 and the third

25 barrel 703 by a plurality of barrels.



positions anong the barrels, it is possible to easily assenble the
projection optical systemto the design 15 data. Note that in the

enbodi mrent shown in FIG 14 to FIG 16, a plurality of optical nenbers
arranged along the first optical axis z1 were held in a single barrel 701
and a plurality of optical nenbers arrafged-al ong 20 the third optical axis
z3 were held in the single barrel 703. Here, it is also possible to adopt
a configuration splitting one or nore of the first barrel 701 and third

barrel 703, thatrFusthépppPinSthRg abokeashbedemehtt hehki ssiconar balrrédl and
the third 25 barrel 703 by a plurality of barrels. - 72 Further, in the

above e”bOd'ﬁ@?t1n£86r§§§9nﬁeﬁar%%b rZ@@eb@E%ﬁr%h&fa@@éjMﬂm%dG?@beCt'0”
surfaces ML and M2 orthogonal with each other. Therefore, even if the

second barreérgﬁ thQia§§Qh EQEhthhe?f'%ﬁbkg?9§ sur é#N%ﬁ%pd M2 woul d

rotate integrally”near Support points an Ie e |light

I nci dent on the ptlcal rised by the t reflection surfaces
M and M2 ant€tHR ah@FEe$f¥ﬁh %ﬁggeQW1FpédtWPrSﬁgaﬁgtdﬁFEcaI system are
mai ntai ned so long as the 10 two reflection surfaces M and M2 rotate
integrally, subfageseMlsandeMar weuldt Hataist ANtegrad 1y HgadcdMe@itr of the

image wll be difficult to occur. Note that
support points. The angle of the light incident on

the optical system comprised by the two reflection
surfaces M1 and M2 and the angle of the light emitted
from the optical system are maintained so long as the

10 two reflection surfaces M1l and M2 rotate integrally,
so there is the effect that rotation or displacement
of the image will be difficult to occur. Note that
this effect is remarkable when there is no refraction
optical member at all between the two reflection

15 surfaces M1 and M2.

Further, in the above embodiment, as the
illuminating light for exposure, it is possible to use
ultraviolet light of a wavelength of 100 nm or more,
for example, a g-ray, i-ray, and KrF excimer laser or

20 other distant ultraviolet (DUV) light, ArF excimer
laser, and F, laser (wavelength 157 nm) or other vacuum
ultraviolet (VUV) light. In a scanning type exposure
apparatus using an F, laser as the light source, a
reflection and refraction optical system is employed

25 as the projection optical system as in the above



this effect is remarkabl e when there is no refraction opti

all between the two reflection 15 surfaces M and M. Fufthg?! ?ﬁn?ﬁ; :Love
enbodi ment, as the illumnating |ight for exposure, it is possible to use
ultraviolet Iight of a wavelength of 100 nmor nore, for exanple, a g-ray
i-ray, and KrF excimer |aser or 20 othker73distant ultraviol et (Elmd l'i ght 1
ArF exciner laser, and F2 |aser (wavel ength 157 nm) or other vacuum 1
ultraviolet (VW) light. In a scanning type exposure apparatus using an F2
laser as theeﬁb@ﬁ&méﬁ%ﬁc%heare&%%b%ﬁbho@p&ﬂ@aﬂehmmmHnn1«kﬁﬂ&a] systemis
enpl oyed 25 as the projection optical systemas in the above - 73

embod: mont, Lhe,LRLIClan oB Gale TR Hli0ns ol iyt o (he

illum nation system or projection optical s
_ real ystem al |l becone
fluorite, the air in the F2 |laser, |ight squrc i ] L o opthcal

. .. . 5
system and BP6j BEPIER 30N CREIGA: ﬁ%{Semr ga%la(;%eeé!dt%/éjﬁlei |fum g’ag%ﬁ%nd

o1 0] ot Lon optircaR’ chpoFantARETDAEAEENSPHECE: of LGRS ETe OF ey elem and
the wafer. Further, in an exposure apparatus using an 10 F2 |aser, a
reticl & mdesgbtens end pnrjacidn Rl RS v h‘é??%aﬂ%‘gr?f
magnesi um fluoride, <crystallized quartz, etc. is used. Note that as the
helium gas, and helium gas is filled between the
illumination optical system and projection optical
system and between the projection optical system and
the wafer. Further, in an exposure apparatus using an
10 F, laser, a reticle made of one of fluorite, fluorine-
doped synthetic quartz, magnesium fluoride,
crystallized quartz, etc. is used. Note that as the
refraction optical members used in the projection
optical system, it is possible to use one or more
15 types of materials from not only fluorite, but also
fluorine-doped synthetic quartz, magnesium fluoride,
and crystallized quartz.
Note that instead of an excimer laser, it is also
possible to use a high harmonic of a solid laser such
20 as a YAG laser having an oscillation spectrum at any
of for example a wavelength of 248 nm, 193 nm, or 157
nm.
Further, it is possible to amplify an infrared

region or visible region single wavelength laser light

25 emitted from a DFB semiconductor laser or fiber laser



refraction optical menmbers used in the projection optical system it is
_possible to use one or nore 15 types of materials fromnot only fluorite,
but also fluorine-doped synthetic quartz, magnesium fluoride, and
crystallized quartz. Note that instead of an exciner laser, it is also
possible to use a high harnmonic of a sol’idd taser such 20 as a YAG | aser
havi ng an oscillation spectrumat any of for exanple a wavel ength of 248
nm 193 nm or 157 nm Further, it is possible to anplify an infrared
region or vigybkerreghmplei agl ervavel ¢ogt bokaserbiughtnzb yerirtingd from a
DFB sem conductor |aser or fiber laser - 74 by for exanple an erbium (or

both_er bi um 43deyt ki bUR) anf9eedeli BRl AER! ichehighd Hasmdiie hi gh har moni ¢
obt ai ned by converting the wavelength to ultraviolet [light using a

nonl i near optjcal_crystal,. I I if 08¢y h1atd avatel engt h of
the single ﬂggaFB%Stﬁ I588§e§§lﬁ§§gﬁ% ??XE%G% f;g%}fg%ffggg gm an98th

harnoni ¢ of an oscill ation wavelength _.i.n_the _r of 189 to 199 nmor a
10t h harnoniélSFtaHSlB§cPIP&Pﬁ&ﬁ vEP&ERG Fﬁy%%%ﬁfange of 151 to 159 m 10

is output. In particular, if the oscillation, wavel ength .is one in the
range 6f 1.544 tBOX.SamMpe ubdr dhroPreC LLlghdogs Way %ﬁ’% r?gﬁ?c?lq n the

range
single wavelength laser is made a range of 1.51 to

1.59 um, an 8th harmonic of an oscillation wavelength
in the range of 189 to 199 nm or a 10th harmonic of an
oscillation wavelength in the range of 151 to 159 um

10 is output. In particular, if the oscillation
wavelength is made one in the range of 1.544 to 1.553
um, ultraviolet light of an 8th harmonic in the range
of 193 to 194 nm, that is, a wavelength substantially
the same as that of an ArF excimer laser, is obtained.

15 If the oscillation wavelength is made one in the range
of 1.57 to 1.58 um, ultraviolet light of a 10th
harmonic in the range of 157 to 158 nm, that is, a
wavelength substantially the same as that of an F,
laser, is obtained.

20 Further, if the oscillation wavelength is made one
in the range of 1.03 to 1.12 um, a 7th harmonic of an
oscillation wavelength in the range of 147 to 160 nm
is obtained. In particular, if the oscillation
wavelength is made one in the range of 1.099 to 1.106

25 um, ultraviolet light of a 7th harmonic in the range



of 193 to 194 nm that is, a wavelength substantially the sane as that of
an ArF exciner laser, is obtained. 15 If the oscillation wavel ength is made
one in the range of 1.57 to 1.58 um ultraviolet light of a 10th harnonic
in the range of 157 to 158 nm that is, a wavelength substantially the
same as that of an F2 |aser, is obtai-neth 20 Further, if the oscillation
wavel ength is made one in the range of 1.03 to 1.12 gm a 7th harnonic of
an oscillation wavelength in the range of 147 to 160 nm is obtained. In

particular, pf 4he escillslgatindn thwavelengt hdve et orsubat dtveiaBge of
1.099 to 1.106 25 um ultraviolet light of a 7th harnonic in the range - 75

of 157 10 158nAMsahiddlad Sngt Wa/eheng! Ragubs! a8t biklafned1® AR i hat of

an F2 laser, 7i's obtail ned. e that ‘as the single wavel ength oscillation

| aser, a yttriu doped .fi ber_l.aser, .i s used._.5 | boye jment, the
wavel ength ofSt frde SRS AT F14H ?so%ﬁgxaptoﬁour?ef%]%%‘f %o%?é%fnof
limted to 100 nmor, _nore. For exanple, for exposure of a pattern of |ess
than 70 nm PeEPed P8 IlessF use USEASOR or plasna laser as a |ight source
and generate 10 EUV (extrene ultraviolet) |light of a soft X-ray region
(for edanple, waldl &hgt Rbewel ebsliments, fHe WY BRRNIEXREUFRE appar at us
using an all reflection reduction

illuminating light for exposure is of course not

limited to 100 nm or more. For example, for exposure
of a pattern of less than 70 nm, it is possible to use
an SOR or plasma laser as a light source and generate

10 EUV (extreme ultraviolet) light of a soft X-ray region
(for example, wavelength band of 5 to 15 nm). An EUV
exposure apparatus using an all reflection reduction
optical system and a reflection type mask designed
based on that exposure wavelength (for example, 13.5

15 nm) is being developed. In this apparatus, it may be
considered to use arc illumination to synchronously
scan the mask and wafer for scanning exposure, so this
apparatus is also included in the scope of application
of the present invention.

20 The projection optical system is not limited to a
reduction system. An equal magnification system or an
enlargement system (for example, an exposure apparatus
for manufacturing a liquid crystal display etc.) may
also be used.

25 Further, the present invention is not limited to



optical systemand a reflection type nmask desi gned based on that exposure
wavel ength (for exanple, 13.5 15 nm is being devel oped. In this apparatus,
it my be considered to use arc illumnation to synchronously scan the
mask and wafer for scanning exposure, so this apparatus is also included
in the scope of application of the presefat 4+nvention. 20 The projection
optical systemis not l[imted to a reduction system An equal
magni fi cati on systemor an enlargenent system (for exanple, an exposure

apparatus fopjudmanit asipydnge caapparatusryséal £k sphaymahafacuaye afso be
used. 25 Furt'her, the present invention is not limted to - 76 just an

exposur e appaya s, $Oradhecamnut achay eapko BEMhEENYHAL @6 davi ces. It
may al so be applied to an exposure apparatus for transferring a device

pattern on 1@ A8 M £ 8 s SEPORUREFBPRRAE USqbO R bhRRalarring a

devi ce patteﬁﬁqb a r-as —usedi e nmanuf acture of
thin-fil mmagneti c heads, an exposure apparatus used for. manufacturing
i magi ng eIeﬁﬂﬂ??(QX&%?%ECP}?t%tc?nFﬁ¥Pg§PFetﬂEpﬁF€§EﬁtfPﬁvention may al so
be applied to an exposure apparatus 10 for transferring a circuit pattern
on to & gl asstranifernirg o é@ViéénPﬁhFéFnePE.tPo? fiaRalact WRALRY &S reticle
or mask.

used in the manufacture of thin-film magnetic heads,

an exposure apparatus used for manufacturing imaging
elements (CCDs etc.), etc. Further, the present
invention may also be applied to an exposure apparatus

10 for transferring a circuit pattern on to a glass
substrate or silicon wafer etc. for manufacturing a
reticle or mask.

The exposure apparatus of the present embodiment

may be produced by assembling an illumination optical

15 system and a projection optical system comprised of a
plurality of lenses in the exposure apparatus body and
performing optical adjustment, attaching the reticle
stage or wafer stage comprised of a large number of
mechanical parts to the exposure apparatus body and

20 connecting wiring and piping, and further performing
overall adjustment (electrical adjustment,
confirmation of operation, etc.) Note that the
exposure apparatus is desirably manufactured in a
clean room controlled in temperature and cleanness

25 etc.



The exposure apparatus of the present enbodi nent nay be produced by
assenbling an illum nation optical 15 system and a projection optical
system conprised of a plurality of lenses in the exposure apparatus body
and performng optical adjustnent, attaching the reticle stage or wafer
stage conprised of a | arge nunber of -rehari cal parts to the exposure
appar at us body -and 20 connecting wiring and piping, and further performng
overal |l adjustnent (electrical adjustnent, confirmation of operation,
etc.) Note that the semieswdRicRRRARMITd Sddesiddlded nemdwgh u escém a
clean roomcontrolled in tenperature and cl eanness 25 etc. - 77 The

seni conduct of (deKeyl & PRAICRAJIAHINR Sidromlaniesian ofethe functi ons

and performance o e device, a step of fabrication of a reticle based on
t he design step, a step,of fabrg i ; r,f ilieon material, a
step of expogﬁg’écgf’ Y ﬁé:tetpero offa%q{lhdﬁl&%% aonfﬁﬁmgf%é ‘g‘g‘h exposure
apparatus of _the above enbodi nent, a st of assenbly %é thg devi ce
(i ncl udi ng dit&engesdaRdistEP arfd s&;ﬁfkébﬁsrf‘%%r W 3 ntpeeti oho%8t2p. As
expl ai ned above, the present 10 invention is not limted to the above
embodi fent s. sifdicomematiar ifdy Fe AT iPUrSPLOHER M h@ tPRLE@FB oA nent s as
needed.

the reticle on the wafer by an exposure apparatus of

the above embodiment, a step of assembly of the device
(including dicing, bonding, and packaging), and an
inspection step. As explained above; the present

10 invention is not limited to the above embodiments.
Further, it may be configured combining the

embodiments as needed.



- 78 5 CLAIMS 1. A projection exposure apparatus for transferring a
pattern of a nmask on to a substrate, through a projection optical system
sai d projection exposure apparatus conprising: a barrel that holds the
projection optical system a frame that supports the barrel, and a support
menber that supports the barrel at a 4A0/position different fromthe frane.
2. A projection exposure apparatus as set forth in claiml, wherein the
projection optical systemis held by a plurality of nutually independent
barrels and each barrel is supported byathe frame and the support 15
menber. 3. A projection exposure apparatus as set forth in claim2,

wherein the pluralit f | S | qﬁﬁi ' r that holds a first
optical system g sécg)ﬁ(?b"ﬁ%;tr%@% teﬁg{o 0 egsaﬂéja{s%:tolﬁ% fop i cal system 20
havi ng an optical axis substantially parallel to an _optical_ axis of the
first opticatr&PSE&GHT I & RAFTHD boafraelmqﬁétorhoﬁ%lsa aglf}ﬁ?gﬁagf)t i cal system
arranged between the first optical systemand the second optical system
and havi ng afhgprigdnla pGajection optical system,

5 said projection exposure apparatus comprising:

a barrel that holds the projection optical

system,
a frame that supports the barrel, and
a support member that supports the barrel at a
10 position different from the frame.

2. A projection exposure apparatus as set forth in
claim 1, wherein the projection optical system is held
by a plurality of mutually independent barrels and
each barrel is supported by the frame and the support

15 member.

3. A projection exposure apparatus as set forth in
claim 2, wherein the plurality of barrels include a
first barrel that holds a first optical system, a
second barrel that holds a second optical system

20 having an optical axis substantially parallel to an
optical axis of the first optical system, and a third
barrel that holds a third optical system arranged
between the first optical system and the second
optical system and having an optical axis

25 substantially orthogonal to the optical axis of the



25 substantially orthogonal to the optical axis of the - 79 first optical
system 4. A projection exposure apparatus as set forth in any one of
claims 1 to 3, wherein said support nenber is integrally attached to the
frame. 5 5. A projection exposure apparatus as set forth in any one of
claims 1 to 4, wherein the barrel is +$a%%ened to the support nmenber by a
connecting nenber having flexibility. 6. A projection exposure apparatus
as set forth in 10 claim 2, wherein: said projection optical systemhas a
first refleq@ﬁyt(agﬂﬁéﬁlegyg&gm,that bends an optical axis, a first
optical system arranged between said mask and said first reflection

optical elenent, j,and ;a : i Y. t t first
AN K m&%nlﬂ ;E%%E(Pd“sﬂlré @mﬂaﬁw@ds@@ ¥6etht he

reflection optical substrate; said plurality of barrels

include a first harre hat hol ds_ the fi . opt i cal second
barrel that l%\yds?r{%eoée%]o%dnsba i?:%l yéy%*%%lgoé%g?dsﬁgéégmﬁ ﬁehér&éﬁll ly
supports said first barrel and said second barrel; and said support nenber
i s a connect iy iFABR LD AEATHRA sBP dt e r5¥2B%rrel and said second barre

at positions different fromthe frane.
5 5. A projection exposure apparatus as set forth in

any one of claims 1 to 4, wherein the barrel is
fastened to the support member by a connecting member
having flexibility.
6. A projection exposure apparatus as set forth in
10 claim 2, wherein:
said projection optical system has a first
reflection optical element that bends an optical axis,
a first optical system arranged between said mask and
said first reflection optical element, and a second
15 optical system arranged between the first reflection
optical element and said substrate;
said plurality of barrels include a first
barrel that holds the first optical system and a
second barrel that holds the second optical system;
20 said frame integrally supports said first
barrel and said second barrel; and
said support member is a connecting member
connecting said first barrel and said second barrel at
positions different from the frame.

25 7. A projection exposure apparatus as set forth in



25 7. A projection exposure apparatus as set forth in - 80 claimb®é,
wherein: said second optical systemhas a second reflection optical

el enent that bends said optical axis and an optical axis between said
second 5 reflection optical element and said substrate becones
substantially parallel to the optical -axd®& ef the first optical system and
t he connecti ng nmenber connects the first barrel and a part of the second
barrel between the second 10 reflection optical el enent and said substrate.
8. A project-90igXRBOSWheraARaratus as set forth in claim?7, wherein said
second barrel "includes two barrels that holds an optical el enment arranged

between said first ggq seeRd 4 & g g%sec @ténfr?gﬁse'aef?&ﬁ&&nd 15 an

optical el ement arrange between ection optical el enent

and said substrate r.ojection e ure,a ef_forth in any
one of cl ai nEeé'aL éor\/ﬁé‘&édr"fﬁsaﬁlc?’ﬁ @Q& k?%%?l onajodpt t?Jjai[ernent has a

concave mrror 20 arranged wth the reflectlon surface facing upward and

i s support edaFysSsand AMAPEEAIhAXiS PYNITHISAG SeHRGnes substantial |y

parallel with the direction of gravity. 10. ACFrOJectlon exposure
appar attus asredtflection optical element and said substrate becomes

substantially parallel to the optical axis of the
first optical system and
the connecting member connects the first barrel
and a part of the second barrel between the second
10 reflection optical element and said substrate.

8. A projection exposure apparatus as set forth in
claim 7, wherein said second barrel includes two
barrels that holds an optical element arranged between
said first and second reflection optical elements and

15 an optical element arranged between said second
reflection optical element and said substrate.

9. A projection exposure apparatus as set forth in
any one of claims 6 to 8, wherein said first
reflection optical element has a concave mirror

20 arranged with the reflection surface facing upward and
is supported by said frame so that its optical axis
becomes substantially parallel with the direction of
gravity.

10. A projection exposure apparatus as set

25 forth in claim 6, wherein said connecting member is



25 forth in claim®6, wherein said connecting nenber is - 81 fastened to
said first barrel and said second barrel on a pair of commobn tangents
connecting the outer periphery of the first barrel and the outer periphery
of the second barrel. 5 11. A projection exposure apparatus as set forth
in claim10, wherein said connecting nenbkr - conprises a rigid plate and at
| east one fastening portion anong the fastening portions of the rigid
plate with the first barrel and the second barrel is 10 made novable in the

normal directia¥tenedl td HDi@Ctiont exposel eamdpea bd useasndebarfeith in
claim1l, wherein at | east one fastening portion of the rigid plate has a

hi nge novabl ¢4 ny thei r NOF "Bt €4 Gent d cdBnedt PR €RET SBLEXPOSUr €
apparatus as set “forth in claim1l,“wherein at |east one fastening

portion of theergpgieoqgﬁetm@sfﬁé@ PaPoLti g oNabbecbp pheipRemyl

direction. ONn exposure apparat us as set
10, wherein: sai.d connect is conprised of arigid rod and said
rigi'd rod |s°\‘fasttrhﬁ1e%ﬁ‘7c‘2f1é§?ﬂ“f’$f barrel and said second barrel on a

pair of parallel comon tangents connecting the outer perlphery of said
5 1. A projection exposure apparatus as set

forth in claim 10, wherein said connecting member
comprises a rigid plate and at least one fastening
portion among the fastening portions of the rigid
plate with the first barrel and the second barrel is

10 made movable in the normal direction.

12. A projection exposure apparatus as set
forth in claim 11, wherein at least one fastening
portion of the rigid plate has a hinge movable in the
normal direction.

15 13. A projection exposure apparatus as set
forth in claim 11, wherein at least one fastening
portion of the rigid plate has a thin portion movable
in the normal direction.

14. A projection exposure apparatus as set

20 forth in claim 10, wherein:

said connecting member is comprised of a rigid
rod and said rigid rod is fastened to said first
barrel.and said second barrel on a pair of parallel
common tangents connecting the outer periphery of said

25 first barrel and the outer periphery of said second



25 first barrel and the outer periphery of said second - 82 barrel and
said first barrel and said second barrel are connected by a second
connecti ng nmenber on another conmmon tangent connecting the outer periphery
of the 5 first barrel and the outer perlghery of the second barrel. 15. A
proj ection exposure apparatus as set £hin any one of clains 6 to 14,
wherein said frame and said connecting nenber are conprised by naterlals
10 of substantially equal |inear expansion coefficients. 16. A projection
exposur e appdraatussl andet forth in any one of clainms 1 to 15, further
conprising a first stage arranged at an object plane side of the

projection optical sysiiinfiorseastrsl aged a4 e oese@id Lbaphel MTRYE pl ane
side of the projection optical system and a drive neans that drives the

first and sec@ifhecdicadasy S# @égé@dsa@mé@@wglmeﬂsaf Al QnH?ﬁlé rand said
substrate by a ratio of 'speed in accordance With the magnification of the

proj ection OQ:tdnﬁYﬁ:Jr* stya]s&a?e ig?ﬂi%ﬂx%o%ﬁgtég@egxllg surﬁeﬁgpara § as set

forth in any one o conpr pg t rt'Fon t hat
|solat§% a space | cludln at |east _an outer erlgher%?of the barrel from

ot her spacesI&t ad?’iﬁ]ecﬁ‘r? R R TFE B BeTY second

barrel.

15. A projection exposure apparatus as set
forth in any one of claims 6 to 14, wherein said frame
and said connecting member are comprised by materials

10 of substantially equal linear expansion coefficients.

16. A projection exposure apparatus as set
forth in any one of claims 1 to 15, further comprising
a first stage arranged at an object plane side of the
projection optical system, a second stage arranged at

15 an image plane side of the projection optical system,
and a drive means that drives the first and second
stages so as to synchronously move said mask and said
substrate by a ratio of speed in accordance with the
magnification of the projection optical system.

20 17. A projection exposure apparatus as set
forth in any one of claims 1 to 16, further comprising
a partition that isolates a space including at least
an outer periphery of the barrel from other spaces.

18. A projection exposure apparatus as set

25 forth in claim 17, further comprising a gas feeder



25 forth in claim17, further conprising a gas feeder - 83 that feeds an
inert gas to at |east one of the inside of said barrel and the inside of
said partition. 19. A projection exposure apparatus as set forth in claim
18, wherein a passage connecting the 5 inside of the barrel and the inside
of the partition is fornmed at a portion & the barrel covered by the
partition. 20. A projection exposure apparatus as set forth in claim117 or
18, wherein at least part of the 10 partition is a freely defornable

vari abl e parthhtOfieedd. af AMAraCiga® @XPasWeasapralatal tdse skisideorth in
claim 20, wherein said variable partition is an accordion-like partition

conpri sed of ,zi : - APHSEHE Y VP WHaPpps@l us as set 15
forth in clafﬁ1gé?gw%§#g%% Sﬁ%ﬁ varfg%le partitionqgs a sheet-1like

partition having,{l exabi Lity., - A _pr.oj i.an us as set
forth in clain126?'mherehnb%89%%gﬁé & g%%%%ﬁgﬁéggéﬂéggﬁgﬁg{ to said

barrel. 20 24. A pr.ojecti, s t t forth i | ai m 20,
wher ei n part%BFtpﬁé‘n{)&ﬁ'@il?‘\n 'ipg" u%’g?s]ta %Zéaﬁsgﬁsasggﬁs OCS‘%}%%&{DQ theclalm

5 inside of the barrel and the inside of the partition
is formed at a portion of the barrel covered by the
partition. |

20. A projection exposure apparatus as set
forth in claim 17 or 18, wherein at least part of the

10 partition is a freely deformable variable partition.

21. A projection exposure apparatus as set
forth in claim 20, wherein said variable partition is
an accordion-like partition comprised of zigzag folds.

22. A projection exposure apparatus as set

15 forth in claim 20, wherein said variable partition is
a sheet-like partition having flexability.

23. A projection exposure apparatus as set
forth in claim 20, wherein part of the partition is
fastened to said barrel.

20 24. A projection exposure apparatus as set
forth in claim 20, wherein part of the partition is

fastened to said frame.



