DESCRI PTI ON PROIECTI ON EXPOSURE APPARATUS

TECHNI CAL FIELD 5 The present invention relates to a projectgpn
exposure apparatus which is enployed in phot ol i t hogr aphi ¢ pro

to manufacture m cr odevi ces such ?s sem conduct or el enents, |¥é whg
el ements, liquid crystal display elenents;” and thin- 10 filn1nagnet|c
heads. BACKGROUND ART In the photolithographic
process for the manuf act ure of sem conductor devices, a pattern on a
mask is transferred on to a wafer or REIRIERINE 15 (hereinafter also
referred to as a substrate) coated with a photo resist. This type of
proj ecti on exposure APRAJECTION EXRGIIRINAPPARMIUS ype exposure

appar at us (hereinafter also referred to as a "stepper"), has

been widely used in the past. This step-and-repeat 20 type exposure
apparatus reduces and projects the pattern of the mask all together

on each shot regioﬁECHNICAL FIELD

5 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-

10 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
15 (hereinafter also referred to as a substrate) coated
with a photo resist. This type of projection exposure
appraratus, 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
20 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

25 operation. Further, a step-and-scan type exposure

©oeptiiey OB .):\’/ f2nc).



of the wafer for exposure. Wien it finishes exposing one shot
region, it noves the wafer and exposes the next shot region. It
successively repeats this 25 operation. Further, a step-and-scan type
exposure 2 - 2- apparatus is
al so bei ng devel oped which enl arges the™ exposure range of the mask
pattern by limting the exposure light froman illumnation system
to a slit shape (rectangul ar shape), using this slit light to 5

reduce and pr GRRATHaHE i a0 hglgsdevelsprsd whicheenlarges,hher, and in
that state making the projection optical system synchronously scan
t he mask and ve¥posurihizange of ttemamkdpstiernypy éipotang sppar at us has
both the advant ages of the transfer system of an aligner which 10

transfers the quapdsure dighe Brumn ran sUlfmd@atfion Bgskem to a shito the
entire surface of a wafer by equal magni fication by a single scan

Tho Shbest® OB | rbccangya b 0 ATLRIRRIE] 188 BABRETED Syt of
exposur e_5 redfP2 A Sprc;;{]@cto I%z:{xcl:"’llofe lt?l'ge H\tai x© BQ%EE&-H" ioﬂgtg h%he
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



projection optical systemare held in a barrel which Is fastened to
a franme of the exposure apparatus. The conventional neans for
fastening the barrel had been 20 to bolt a flange fornmed at its center
to the frane. However, the two ends of the barrel were free and
there was the problemthat the two ends "of the barrel woul d shake
due to vibration transmtted from ot her apparatuses in the cl ean

room where the _projection 25 exposure apparatus was installed, for
exanpl e, fans for control of the temperature and humidity: and other for

control of the tenperature and humdity and ot her sour ces of
vi bration. Thisourtesatobnvibnasiont ethis orbration tyamsadtteld \fidomat i on
around the projection exposure apparatus was transmtted to the

barrel and causedrce$ of Vibration dFeurd aMRd diiofdta o @ipRmnref the
sour ces of vibration was snall since there is a correlation

bet ween t he na&ﬂﬁﬁfafﬁgr\ﬁéé%?ﬁs@%‘@té@‘%&%}eﬁfbarre& andVifJ%&%;egon and the

natural vibration of the barrel, “the problemo | acenment of
(e, oot 151 BB Ounecef WOEH 4 P Ly WIER TG et on

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 liké 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).



reflection and refraction projection systemand the plurality of
barrels are fastened to the frane, the relative vibration anong the
barrels has a large 15 effect, so the intervals between the barrels and
t he relative positions in the direction of rotation change

and remarkabl e deterioration of the inagiﬁg - characteristics occurs.
Further, the resolution of an exposure apparatus is 20 substantially
proportional to the wavel ength of the exposure light, so the

wavel engt h of Regeniuke, igse of ArRjrexiiamdy lssierg liwdd (weviedengthe exposure
light is changing fromvisible g-ray (wavel ength 436 nn) and
ultraviolet i-19y fmpvehdrg a3 ddghhy (wavelengyh 257 nm) ahps tbedn F

exci mer |aser |ight (wavel ength 248 nm.

- 4- RegSs 1 derd$e Wérdy Fi@XQdRiadaAi gt Halgibipueh@igthan 193
nm and Flerr] laser |light (wavel ength 157 nm)~ has been consi der ed.
Here, in the engt i Igmgf : a out. exci mer
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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 ArrF 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



I s produced or substances produced by a photo reaction with the
organi ¢ substances or noisture in the air deposit on the surface of
the optical elenents, 10 whereby the transnmittance ends up falling. As
a nmeasure against this, for exanple, in an exposure appar at us
using ArF exciner laser light, the gas = 2 - inside the barrels of the
projection optical systemis replaced with helium (He) or another
inert gas, i.e., 15 and so-called purging is perforned. The
hel i um used adight pheogmes gdorterhi ghestypas of glapsrhatenbgksas an inert
and safe gas, but is present in only extrenely small anmounts in the
earth's mant| eble to wirthsatansspleualanget Beeetor ehesabsghptiopréege. 20
Further, it is lowin atomc weight, so it easily | eaks fromjoints

in the barrel g jofht! Bed¥md PN imited. 98! tRE! wa¥el 8AyBRdbESoRQOSUMRd in
| ar ge anmounts, therefore increasing the operatinhg cost of the
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i I'lum nation
horter he types .of glass materials, ,
becones 5 uSeé in ﬁ@%é%lce %t %%e present time would be fused

silica and fluorite. The Abbe numbers of the two are

i ght

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..For 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.



able to withstand actual use due to the absorption of | i ght becone
nore limted. If the wavel ength becones | ess than 300 nm the only
glass materials able to be 5 used in practice at the present tine
woul d be fused silica and fluorite. The Abbe nunbers of the two are
not sufficiently far apart for correcti 6n®f=chromatic aberration
so correction of chromatic aberration woul d beconme difficult. As
opposed to this, a 10 catadi optric systemconbining a reflection

opti cal syBuskhes; nyt at%r@gmcarg rpadih steflegidon membgat odn

optical system has been proposed. This catadioptric system can
substanti al | y thencabhaéioptrbosprgpest idn system taliers gtuocdratsientalas, first
and forenost, chromatic 15 aberration, wthout causing an increase in

the nunber  motioR),| BaSgE. réﬂatb@nC&i@CHMJﬁtclow%ferﬂhéﬂqm\g@
generally it is necessary to use an optical path defl ecti on nenber
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mrror and the return I Ca concave mrror.” As a

resul t op axes. end For_t |s reason,
when assenbllnﬁegﬁxgég%%dl %?a$ r%?%%%ﬁﬂeéiﬁa ﬁ:ﬁiﬁ%?é) problen1that
error easily occurs hg t he ad&ustnen nDng the plﬁéﬁilty of
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member. Further, tough requirements are placed on
prevention of vibration as well so that the optical
path deflection member is held in that position.

10 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

15 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

20 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

25 axes.



- 6- Further, if the optical path deflection nmenber of

the catadioptric projection systemtilts (rotational notion), large
rotation and distortion of the image occurs. To stably obtain an

i mmge of an extremely high 5 resol ution, tough requirenents are placed
on the assenbly position of the-optieal path deflection

menber. Further, tough requirenents are placed on prevention of
vibration as well so that the optical pat h defl ection nenber is

hel d in that posithAcofourtld object dif HHLOPIFsedt ToenWBNTiENto _
Accordingly, a first object of the present i nvention is to provide

a projection eypeside a proj ec@p&gr@,g g-aWiRiation of a
barrel of a ¥ prOJ%ctlon optica systeé% er eby rekllze good 15

i magi ng Characﬁﬁé'é&é&frencedof rotatl eQﬂPQ:Ob t Ofv%%fg@g%?%ﬁ}e to

invention is a projec |on exp dewztp |
reduce Lhe. a unt |nert use en supp yi ng
said gas to an Eﬁ&? |P?EHrF%#T%?ﬁ}99| |§%4qﬁ therefoget hout

causin deterloratlon of the imgin
g stably giving an eé%ré%ely high resolution.

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
hoiding a third optical system arranged between the
first optical system and the second optical system and

25 having an optical axis substantially perpendicular to



characteristics. A third object of the present invention is to
provi de a projection exposure apparatus able to real i ze easy
adjustnment of a plurality of optical 25 axes.

-7- A fourth object of the present inventionis to

provi de a projection exposure apparatus‘r@sistant to t he occurrence
of rotation of the inage even when an optical path deflection
menber tilts and therefore 5 stably giving an extrenely high
resolution. the opticagb axis vk the finsht aqpfijicetl, systendi Ahet o t he
present invention, there is provided a projection exposure
apparatus for suppefermemoen pamtiet rpaftirularly limdsledgnbue Zogubstrate,
sai d projection exposure 10 apparatus conprising a projection optical

system . eXampl@ mdy ot | Dte S AMBN tat thidHeATR of @heSYRiagkl.i Ng a
barrel holding the projection optical 'system and a support nenber

f ti th I I Jd LES ; f :
Ther e nay al o bo & i PARdhEaNddlon, ene sk 88k oRRSAT i on

opti cal 5 the projection optical sytem is supported by the

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 connectiné méﬁber having flexability.

25 The barrel will sometimes expand or contract due to



system In the case of a plurality, each barrel may be supported by
the frame and the support nenber. The plurality of barrels for
exanpl e may include a first barrel for holding a first optica
system a second 20 barrel for holdin% a second optical system having
an optical axis substantially paral’leT to an optical axis of
the first optical system and a third barrel for holding a third
optical system arranged between the first optical systemand the
second opti cal cB§Bges dRdthestemperatuxe snwoitanmentaxila Sbist gasieal |y

per pendi cul ar to - 8- t he
optical axis oifthbefbasrebpvarps asysd eresulte of the resapadmtt wenber is not
particularly limted, but for exanple may be integrally attached to

the frame.  the suppolrf MERbEF SSEMéré WAIMd HWomdtigddabeela for holding 5
the projection optical sytemis supported by the frame.

SinultaneouslYdeifﬁ?éﬁ££f'e£§eéep&9réﬁéiép%iﬁg;}; aracte%ﬁ%&ﬁg% mpger at a

position different fromthe frane. ore, the end df "the barrel
1o ok MLy spcerapsify 4 ST LS e ST Aty he

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 di spl acenent of the position of the optical axis or rotation of

the optical systemheld by the barrel Is prevented. In particular
when there are a plurality of barrels holding the projection
optical 15 system the relative positions anong the optical axes

of the optical systens held by the barrels are extrenmely inportant.
By using a support nenber to support the barrels individually or

i ntegrally, . however, the vibrations of the barrels are suppressed
20 and t he RERI8GRIAN ARkFahes ek arehed dobyt ke first Barrea
systens held by the barrels and rel ative positions in the direction
of rotation arand eshe asewwohd barrel TMesgeatrislellys pmef éhebifjirs&st ened to the
support menber through a connecting nmenber having flexability. 25
The barrel w |pageaptanestiexpsesbid Kaitglacireduatiegrally supported

-9- changes in the tenperature environnent. In this case, | f
the barrel war | t g | : p t nmenber,
there would so t?%neegf%%ﬁéla' b éﬁﬁ:&tﬁﬁ%ﬂs’gy g feegtlrgﬁ ?Egrggt iaggl

char act efi St Cgye Biloond parbd | JAETRANAE A FY 56 LBANTBRRRG havi no

flexability,

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



It is possible to keep an unnecessary force from acting on the
barrel and at the sane tine suppress vi brati on. 2. To
achieve the first object, according to the 10 present invention, there
I's provided a projection exposure apparatus for transferrlng a
pattern of a mask on to a substral®, —said projection exposure
apparatus conprising a projection optical system having a first
reflection optical elenent for bending 15 an optical axis, a first

opti cal systemppticagedlement ahdt kensubstrmtsk @nekairmffiarstalsef | ection
opti cal el ement, and a second optical system arranged between

the first refl eefeopeaptbcas Chém‘Jﬂxﬁa%él doldiee side opuisdl alxeis™ frame for
integrally supporting a first arrel for holding said flrst optica

system and a apq théeéﬁﬂgcgfréﬁisfé% %ﬁ%lrst %J§b€¥3§¥"§§§¥éﬁ“ﬂ system

and a connecting nenb connecting sai and sai d second
v o, hotPE AR Fbat P o et BT e
conprisigg thes:.de optical axis") are made substantlally parallel,
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



projection optical systemare held by the first barrel and the
second barrel respectively, and the first barrel and the second
barrel are integrally supported by the frame, but sinultaneously the
first barrel and 5 t he second barrel are connected by the connecting
menber at positions different fromthe ¥rkhe,- so the ends of the
first barrel and the second barrel which woul d have becone free are
nmut ual |y fastened. Accordingly, the vibrations of the first barre

and 10 t heopeicall Hals edndM imadw plaigers iald egit ieadh agtilke beadae
the interval between the optical axi's of the first optical system

held by the TisghsbaRtLA1APDAFLI1el, théd WHall ¥ anOfinkleenz@3are optical
system hel d by the second barrel and the relative positions in the

;grt [ CS: ;remi ??%%%%PE‘@%@P%‘%’S?&Q%%@H}E% Optics?gﬂ gxs?ggfo% %og?ﬁt cal system
s an T EREeRdt the sertlibdin 1 TR By SOBRTCERORYo5HPCAl 20
el ement and said substrate becones substantially parallel to the
optical axis oPa¥Fels; ailptRellparticulayist dimited tRe tddSneBOrRg nenber
connects the first barrel and part of the second barrel between the
second refl ectpoefepabhlnl the efibrgt aref lsxitigulopttiated. 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



25 If the optical axis between the second reflection

optical elenent and the substrate (hereinafter also referred to as
the "image plane side optical axis") and the optical axis of the
first optical system (hereinafter also referred to as the "object
plane 5 side optical axis") are nedeldubstantially parallel,

the first barrel and the part of the second barrel w |l becone
substantially parallel. Since the first barrel and the part of the
second barrel fiestdrmecekdand said dpcdrie beoredcbinng pardireofi n this state,
In other words 10 since barrels for which parallelismis desired to be

mai nt ai ned ar ecsi®tt t 3ngeome dd@thedtiind RS Dulkled b@ripher%f begt tRe prevent
relative displacenent of the optical axes between the object plane

side optical axigs@¥hrrel an&PEhé'Hﬂﬁéﬂﬂq%yiggggﬁd%EtEﬁéls@ébﬁd Further, if

the 15 first barrel and the part of barrel becone

cubstant o LY AL ey B Sl R A Secong, pgrgt R, o
'n this gase, gg%ﬁééggﬁ &Eﬁﬁé‘%ﬂé”é ngéégfﬁgjéé%ber, outside fo£ce

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 £angential 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



20 this, the second barrel may be conprised to include t wo
barrels for holding an optical elenent arranged between said first
and second reflection optical el enents and an optical el enent
arranged between said second reflection optical elenent and said
substrate. 25 That is, if the above= éht Moned obj ect pl ane side

- 12 - optical axis and inmage plane side optical axis becone
substantially parallel, there will be an internediate optical path
connecti ng t heset opp¢lede axeemabdirgrtion compenentgse seh&heetsHE barr el
may be conprised by two 5 barrels. Wile not particularly limted to
this, nore circyprafttphd§ tie fwo armfleatildn bepwieddl melisteineds a
concave mrror arranged with the reflection surface faci ng upward

and is SUPPOVtEﬂdbWaﬁ?iﬁgféﬁnﬁhécbﬁiﬁﬁal_elemedﬂSSWQQUi%@ prevenkedones
substantially parallel with 10 the direction of gravity. If a concave

mrror is Fur@ﬂgi,oyggnﬁgs,{:ﬁg lﬁéflfér [ﬁl%ﬁééﬂé&)% GRe %Ia(i?:egtf and

its optical axisS I's nhde™s antrally ection . of gravity, at
ot ant oY e Eaflehls, "Hitheing of ' AlsMHL DML Decom
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



15 of gravity and the first barrel will also extend in t he

direction of gravity. Therefore, the stability of the first barrel
on the franme can be inproved. Further, if the first barrel and part
of the second barrel are nmade parallel, the part of the second 20
barrel will also extend substantially in e direction of gravity
and the stability of not only the first barrel, but also the part of
t he second barrel on the frame will be inproved. VWi | e
not particul arhgt| hetesdaravlyhisllowrzlond the plisfertadsny ofaitthe gadect i ng
menber is fastened to said - 13 -
first barrel aod senmlofetangehds|esooforcPaids biable to adMMDrtHeangents
connecting the outer periphery of the first barrel and the outer
periphery of th8r#§¢0RYrection oPath&lbatteld® By rﬁﬁﬁgré”fégﬁéﬁi second
barrel are 5 connected using the connecting nmenber’, outside rce :

fromthe conneg‘&ifggaﬁfeg‘ge{:{)g H"—Spféﬁpfgté %o&%]eep%gcﬁhe no%a\/lport I ons of

the first and Sécond barre Si or ce i ng a nornal

ir [ nent . is appl i ed barrel, the barrel wll war
ahifgti?%aﬁonpglrectlon, however?peven £€ ghere is manufac ufing P

error 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 parallgl 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 outer periphery of the first barrel and the outer



10 outside force having a tangential direction conponent S
applied to a barrel, that barrel will be tw sted. Since the first
and second barrels respectively hold the first and second optical
systens, warping or twisting of the barrels will lead to warping or
15 twisting of the optical elenents,”stkh-as the |enses,

conprising the optical systens. That is, when connecting the first
and second barrels, a connecting structure mai ntaining the true
circularity of PeRtphery of piehe e$ecent! haradnt iSigcenitdtel kgnnecttdsigr abl e. By
20 fastening the connecting menber to the first barrel and the
second barrel membkepais afrbgidibd angerdrables thecoighii g bae outer

peri phery of the first barrel and t he outer periphery of the second

barrel, the foré@sced and 8¢tmikh fdMdha s anRRTERY ZEHRAGH on the first
and 25 second barrels mnll be I n tangential directions and

- 14 - ﬁfl?mé arre JFB cf(i)tl C%‘{E'%%%Qts %atsQ%g%rue

circularity of na|nta|n agmarping

of the op tical.geleme ts will nted her si nce the nenber
i s fastened on fhe D RRLr o ara el common tangents connecting

the outer peripheries of the first and second 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



5 common tangents, twisting of the first and second barrels wll
be prevented relatively strongly. The specific configuration of
t he connecting nenber is not particularly limted, but it is
possible to enpl oy a connecting nmenber which conprises arigid 10
pl ate and where at |east one fastening pok¥i on anmpng t he fastening
portions of the rigid plate with the first barrel and the second
barrel is made novable in the normal direction. In this case, as a
means for themskippgronegl parenbfigther frame nodkeddedimgine orwill 15
direction, while not particularly limted to this, mention may be

nmade of a neanpewpesgiiblat tbepgbveRe at leastapéPatige PAIépDacahedthe rigid
pl ate has a hinge novable in the normal direction or a neans wherein

at | easirORfiel 83keBa0aRAL! bORualnt PRel bt fodl AlR1dASE Ap@0  thin

portion novable in the“nornmal direction. connecti ng nenber

I's conprised by.a_tidi ate .twsting of the first.barrel and the
second barrel ?&%St gagrghbéngtFBﬁgP?tﬁ?§%e3¥%%.°%b%%?d%$??ﬁﬁthe

manuf act uri ng error of the connecting nenber. and the fjrst and 25
second batrel sPaFEReveF UTtRETy a8LBRPNENBoEFABRsARAyLhe connecting

member 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



- 15 - not necessarily follow along the direction of the pair

of common tangents, so force is liable to act in the nor mal
direction of the barrels. By making a fastening portion of the rigid
pl ate novabl e in the normnal 5 direction, however, even if there is
manuf act uri ng error inthe 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 fromthe connecting nmenber
to the first adfppacabes cdlprisiegrelmroyddt iver aptiedly systemce in the

di rection of the common tangents and therefore it will be possible

to prevent warpavingfah hepbacael sldltkent 0 £ e for suppdtting lah the
normal direction of the barrels and in turn preveéent marplng of the

t | el f f th
ggnlnggtlﬁgemnﬁérrei_&shcldm% £§th &?rﬁ to dhrP §E ove I’Is?s(} D gte |6t i s
ble t I t whi ch | sed of
g rod, whes SPECE salﬂée*ﬁkafdf?e%os'é‘&o”eﬂnq Al s elo dara 1 Tot barrel

and second barrel on a E r of parallel conmmon tangfnts connecti ng
the oute os E+?%H%¥§f%¥e i fram e fame, and eheagidddopefrgher y
of said second barrel, and wherein said first barrel and sai d second

barrel are con-h’ig%}-@'%lllbg' Bhe egare 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



connecti ng nmenber on another commobn tangent connecting 25 t he outer
periphery of the first barrel and the outer

- 16 - peri phery of the second barrel. Since the connecting
menber is a rigid rod, it enables the weight to be reduced and is
much easier to manufacture than -cbhfiguration by a rigid plate.
Further, by fastening 5 It on the pair of parallel combn tangents
connecti ng the outer peripheries of the first and second barrels,

the interval ofoshecanrké howesedorEuibitidr) sintd e is possﬂb@@gQBt'a|
direction is restrained. On the other hand, in addltlon

connecting thraegh wWsehoport$6£9N6r ik barGUMNEHH M th m?sﬂ%t her
e

conmpn t angent connectlng t he outer perlp erles (0] I'rst and

second barrel sgiy_t b tation the firs

and se?:%)ﬁd %grre%itb%eﬁ%fno% Sp&a{‘? Fi gtsﬁ 41 Q:qml ggwtl%'th th| S,
the franme and nnectin er_are nore preferably conprlsed
by materials oé %%ﬁ%ﬁ??%f? es “for alrfid qqqﬁ§a¢q§XG§ﬁ§l@ﬁrﬁo€ ficients.
If the fgrst an second barrels are integrally supported on the

frane, S nPRFEe rERRre e IS dbiahtadeakdEoro exaapatEs ect s

the joints of the members comprising the 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.



of the tenperature, the interval between the first and 20 second

barrels at the supporting parts of the frane w || change, but by
conprising the frame and the connecting nmenber by materials of
substantially i dentical |inear expansion coefficients, the
connecting part of the connecting nenber 3l I- expand 25 or contract
equal ly as the expansion or contraction at

- 17 t he supporting part of the franme. Accordingly, it wll

be possi bl e to4prevenachieveasherehitd vebjkap) aeserding to thef the optical
axes between the optical axis of the first barreI and t he opti cal
axis of the sep@ééent&nveﬁ@téﬁ' therd hes  pdviched 'be &Jx{ G, the
connecti ng er wi | expand and contract Iy, no stress at

all will be ap I bIe to
prevent warprngk Bguﬁ a ﬁ%l%%gngréﬁnggglxgaa Rﬂ%He not ﬁartrcularly

;;nktgd to thlﬁ??&togté%e a?$§ gég%gf %ﬁ%{ﬁg%mfrengﬁgn further prOV|ded

projectign opti g g stem a, second stage arranged at an |nage pl ane
side of Phe profEERFBROBPPTRIECKIRR PRtical system having optical

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



and a drive neans for driving the first and second 15 stages so as to
synchronously nove said mask and said substrate by a ratio of speed
i n accordance with the magni fi cati on of the projection optical
system By applying the present invention to a step-and-scan type
proj ection exposure apparatus, it is pesgilble to nore 20 effectively
mani f est the superior imaging characteristics of the present

i nventi on. 3. To achi eve the second object, according to the

present inventayk drihaie d Subsitaded dnenopdeali BNreflecti®XpPaBdr e apparat us
for transferring a pattern of a 25 mask on to a substrate, said

proj ection exﬁﬂéﬁféétion'prqg ection optical_ sgstem having ﬁgﬁlé
apparat us conprising a projection optical V|ng an optica

opt i cal ' syst offonpets SHRAY 0 NP it Bosan 'ﬁ@gsird ar el at a

5 position different fromthe franme, and a partition
i sol ating tkma%ﬁﬁ%§§§%ﬂﬂlﬂﬁqﬁfQﬂhQW%ﬁgtcpﬁgaﬁﬂfgr and at 1%@?Fpﬁ¥?y of the
barrel from other spaces. In this case, preferably there is further

conprisihg a gggucal path deflecting members, any two optical path
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.

10 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

15 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

20 of the projection exposure apparatus itself.

BRIEF DESCRIPTION OF THE DRAWINGS |

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

25 invention,



feeder for feeding a high transmttance inert gas (for 10 exanpl e,

hel ium gas) to at | east one of the insides of said barrel and the
i nside of said partition. Further, while not particularly limted
to this, a passage connecting the inside of the barrel and the

I nsi de of the partition may be~<@2ned at a portion of the barrel
15 ° covered by the partition. According to the present

i nvention, since a partition is provided isolating the space

i ncl udi ng at FId.eay igard pldfant hdequber mpeni paety of the barrel from
ot her spaces, the air-tightness is inproved. 20 Accordi ngly, for

exanpl e, Whenﬁ%ﬁﬂédﬂldﬂ1é¥p5§%¥ﬂ'H%paratus bfethed23rke bHBohDmede of the
barrel, there | ess ['eéakage of the inert gas to the outside

of the r ﬁﬂgsﬁﬂ? fjign. Due to this, even when using

t he expensive <ﬁf:|1.{1§ém gas as tlheeltdnert ‘gas, since the 25 anmount consuned
w Il becone smaller gpera

19 - costFr(f;an@@e H%\Ber%@%tFHF-?WeP,f Elfce?Pr is possible to

deal mnth portions of the barrel which should be nade
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,



air-tight altogether to sonme extent conpared with devi si ng nmeasures
for air-tightness for each part of 5 said barrel where inert gas m ght
| eak (for exanple, the joints of the menbers conprising the barrel
or the wi ndows for fine adjustnment of .the optical

characteristics), the air-tightness can @3 i Aproved wi t hout maki ng
the configuration of the barrel that 10 conplicated and the rise in
cost can be kept to a mnimum In this case, preferably at | east

part of the FIgargs tion igarifdlagl yudtekaynbbatvaiesbbe pactition.
By this, even in the case where the partition or barrel etc.
expands or conggacts due to heat at the 15 connecting portions of the
partition and barrel or frame or other nenbers (hereinafter

referred to as th s - harrel etec. '), A ' e ed by the
vari abl e ;e)FaIrc%‘l t%%nlsaﬁag I%lr% G e;er A %83#3%(%??10??%%9{6? ghe
barrel etc. wll _ becone, smal]er, SC)é}qiS possi bl.e to revent

r

20 p
deteri orati on HOTHECHAIR AT B Qleting BroIection §XROEYTGar pi ng of the
barrel etc. Wile not particularly limted to this, the variable
partitiof appaEdt e ghddrarseganst @mhedimeatpaft theoRresRpti sed of
zigzag folds or nay be nade a sheet-like partition 25 havi ng
flexability. 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 embodiment of
the present invention,

FIG. 11 is an enlarged sectional view showing the
main parts of the projection eprsure 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



- 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 mask on to a substrate,
including a reflection and 5 refraction projection optical system
havi ng opti cal menbers including2a refraction optical nmenber, a
reflection mrror having curvature, and at |east two optical path
defl ection nmenbers, said reflection and refraction projection
optical system i nehudi 1 tic angl at | east
three barrels, %I%d Q?hggaf gggpéEﬁ?%g garre g %ééhlﬁﬁl |ng at | east one
opti cal nenber anong .t he above optica | east one
bar r e anong. EREIBEOR RBRFBa S aPparatas of thictifhh emRodiRetE path
defl ection nenbers anD the, 15 , optical path deflection nenbers so that
the optical ©f Bt d¥eRtdCRtt er bending by the two optical path
defl ection nenbers becone paraIIeI to each other As expl ai ned
above, in the pre3&sl MODE WOR I | nmenbers having the
sanme optical axes are held 20 altogether by a barrel’, each barrel has a

single 5 optmmabx@&mmaandnih&n&fbeegadgusnefﬂtwﬁmmngefémence 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 ¥-
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



plurality of optical axes becones easy. 5. To achieve the fourth
obj ect, according to the present invention, there is provided a
projection 25 exposure apparatus for transferring a pattern of a

- 21 - mask on to a substrate, including a reflection and
refraction projection optical system havi2dg epti cal menber s

I ncluding a refraction optical nenber, a reflection mrror having
curvature, and at least two 5 optical path deflecting nenbers, any two

optical path positidiff |ECtiig iRwetagamndnt BReak-eastLivh g4I cal path
defl ecti ng nmenbers being held by one hdl di ng nenber so that their

reflection surf aegs, NegH e Ot m%ltito?lngéf ta&gu‘éaﬁt‘oﬁig%i@i orll%so In

this aspect of the present 1nvention, s cal path

def | ecti mh |d b hol di mh hat thei
ot ot on cumteme s Ve Rbakiona, paad of PlacRagkreEaotyEn i 't he

hol di ng menber itself rotates, the rel ationship_between the 15
angl e of inci RERELRG §hRSe MpRsSWed Fadaepw§Oopt FERETOller ofEhedef| ecting
menbers and the angle of emn ssion of _

5 stage drive 10, and controlling the linear motor on

the table in accordance 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



the light fromthe two optical path deflecting nenbers can be

mai nt ai ned and therefore stability is achieved wWth respect to
out si de di sturbances such as vibration 20 of the projection exposure
apparatus itself. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a partially cutaway front view2gf {he configuration of
main parts of a projection exposure apparatus of a first enbodi nent
of the present 25 i nventi on, -
22- meash®imf the %n&%%ﬁo hﬁwhﬁglgab Pﬁét§aﬁﬁléh§1atform

proj ection exposure apparatus of the first enpbodi nent of the present
I nventi on, F FI G
A is a plan oew o 4%?%%%& t!il.se%owﬁ"ggrs11%68\%8111@Gtﬁ‘)|ca ?%ﬁro}l%%rt of

Lreab o1 e oo T e 00 L4 THGET 03
10 FIG 4Ais a plan view of main parts showi ng a
motor for drive of the wafer stage 9 in accordance
5 with these measured values. Note that at the time of
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 mgde 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 prdjection 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



further nodification of part of the projection exposure apparatus of
the first enbodi nent of the present invention, FIG 4B is
a front viewof FIG 4A 15 FIG 5A and FIG 5B are plan views of
main parts for explaining the action and effect of a connecting
menber used in the first enbodi ment of -t R p+esent I nvention

FIG 6 is a front view showng in further detail 20 the main parts of
the projection exposure apparatus of the first enbodi ment of the

present inventygitions) to a nEEGshzwhsfécﬁQCEiQﬂaéoﬂtﬁMﬂPérF”fh 6,
FIG 8Ais a plan view of main parts of proj ection exposure

appar at us of %h%%cg%u%"%& t”%htx%ilFFyOfch%hfoBﬁ$S§6‘%1’:981‘?”é

- 23- IS a partia Vi ew 0 FIG
8A,

nodi fi cation @fngﬂ}fr gfé Irfﬂgr‘%t&o&ﬁﬁoghgiﬁggﬁgﬁgaég Qg%\%ggﬁa%sa%? t he
second enbodi nent of_ the present
found from the plurality of focus signals obtained by
5 the autofocus sensor and the results are sent to the
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 sysfem.
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



I nventi on, FIG 9B is a partially cutaway f
9A, FIG 10 is a partially cutaway front v
proj ection exposure apparatus of a third enbodi nent of
i nventi on, FIG 11 is an enl arged secti onal
main parts of the projection exposure appa atus of the
enbodi nent of the present invention, 15 FIG 1
cutaway front view of a proj ecti on exposure app
embodi ment is a#%aﬁ € JE4Y Wkis bending P
partially cutaway front view of a proj ection’e

fifth enbodi mept . of

ront view of FIG

iew of a 10
t he present

vi ew showi ng the
third

2 is a partially

aratus of a fourth

oEtGonlB.i #na

posure apparatus of a
|G 14 is a

sectional vie ﬁs%no%%cf%eﬁtohretioorne%e%év%ﬁghggﬁgﬁ%% degrp}: Jeect i on

exposur e apparat us of a sjxth enbodinment _qof the

FIG 15A to FIRgsksk i SUMEIRRY Q% LANSRS ot e, 33/
FIG 14, and -

present invention,
angalifel s of the
24 -

fastened, in order from the mask 1 side, through lens
cells in a barrel (first barrel) 42. Further, a barrel
41 (first barrel) of the optical axis bending portion

B is provided under this barrel 42 sandwiching between

them a barrel (second barrel) 52 of the o
deflection portion C. Inside the barrel 4
10 fastened, in order from the mask 1 side,

L12..., L21 and the above concave mirror

axis bending portion B are coaxial. The o

ptical axis

1 are

lenses Ll11,
312 through
d the optical

lens cells. The first object portion A an

ptical 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¥Y-

direction with respect to the optical axis 311.

Further, inside the barrel 52 are arranged, in order

25

from the small mirror 323 in the +Y-direction, lenses
L31, L32, a correcting optical system 325, and a beam

splitter (second reflection optical element) 322. Note



FIG 16 is a perspective view of a frame of the proj ecti on exposure

apparatus of the sixth enbodi nent of the present invention.

BEST MODE FOR WORKI NG THE I NVENTION 5 An explanation will be given
next with reference to the attached draw ngs to explain the present

I nvention in further detail. - 29 - First Enbodi nent

First, an explanation will be given of the overall 10 configuration of
the first enbodi ment of the present i nvention with reference to
FIGS. 1, 6, aRthak al¥hg these, RHY Gehised £%ROSHECL3PPARAt HReOf this

embodi ment i s one which transters a pattern of a mask (or reticle)

k k
itage (flrg? éféﬂx¥§%3£9%)%§§&h?t EF%@dEB% E§§ P%Ih %ngﬁogﬂlgo% 5ttednatshe
mask stage 8 |s carr| via .an_air beari gui de extending in

e 1Bie Pl e RaRder. ChenoRBRESL HE*Shppor |

the Y-

hol der nove in (scan) the Y-direction by use of a 20 | i near notor, and
has a mechani siefereaitiany radjismméntis Orthogéﬂaﬂh§0p§b?tPEﬁléﬁlthElﬁask 1in
the X-direction, Y- direction, and rotational direction

(e-direcsion).311. The'ﬂéﬁiéc;iimnsuhfaueing &aheobean aplivteatB822hed to the
mask stage 8 side and a | aser interferoneter fastened

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



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 resolution of about 0.001 [err]mor also measuri ng
the rotational angle of the nask stage 8, sendi ng these neasured
values to a controller of the 5 st agé0dr+ve 10, and controlling the

| i near notor on the table in accordance with these neasured val ues.
On the other hand, the wafer 2 on which the mask pattern is to be

transferred i £d14lsd QheabdaRie of the 1ehatfopnrabesughe astef £te hof der,
t hough a detailed 10 illustration is omtted. The sanple holder is

carried tH AL 9 5108 g%lcﬁea%fseﬁﬁtéﬁetﬁe'§e8§1‘i&' ¥R

an air bearing on a guide on the base. Further fer stage 9 is

confiigur ed 10 el i 4 2 SALAN A wivy tgsogﬁg%gl SBEFS 30 Shemen (e

base in the Y- |rect|on t he

X-direction. Furt her, the wafer e 9 has_built jnt |t a Z-stage
mechani sm f or THEAtGRIFS ' HARTEOH &tPBFlnFﬁ% gptical axigReRf{hi%ed range in

the Z-direction and a tilt_ . .
5 portion B and is orthogonal to the optical axis 324 of

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 ﬁirror 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



mechani sm (| evel i ng nmechanisn) for adjusting the angle 20 of

I nclination of the sanple platform These notions are perfor
using a noving mrror attached to the sanple platformand a
interferometer fastened to a not shown columm to conti nuousl

neasure the
and Y-directi
_26_

positions of the sanpl3¥ platformin the X-direct
on at a resolution of about 0.001 [err]m and
measuring the rotational angle of the sanple platfor

as well, sendifgrid@stndTRASt @M V) 1@ 112 tePRtrAlkkehe beam Of th
controlling the linear notor for drive of the wafer

drive 10, and
stage 9 in ac
time of

is sent from
accordance w

C@éﬂf@&@r 322, atMdid Nese ”ﬁgﬁ;ignﬁ%te‘ég'f“%ﬁbts%%ﬁi%gﬁg

canni ng exposure, a comtfa star exposu

med by
| aser

y
ion 25

m
e stage

at the
re
10. In

S et e FRASERSD  iperne 1Sy W8ge) a8, tBEl L% nde (o

scan by the nmask stage 8 in 10  the Y-direction at a speed Vm an
synchroni zat i dpattern ofjthe (il uminat il gegions ofpdder Baskah BY t he wafer

stage 9 in th

e Y-direction at a speed Vw. At this ti me, when

proj ecti bn maghoimedtnear ftlenhéam mplkitter 322 inside the barrel

10

15

20

25

52. Therefore, the composing system comprised of the
first obﬁect portion A and the optical axis bending
portion B is also called an equal magnification
optical system. The imaging light beam deflected in
the -Z-direction by the beam spliﬁter 322 heads toward
the second object portion D. At the second object
portion D, it passes through the lenses 141 to L52
whereby a reduced image of the pattern of the
illumination region on the mask 1 is formed on the
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
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

deflection portion C. In the process, an intermediate

d, in

t he



1 to the wafer 2 is [err],

set to [err]
supported on
oblique incid
t he side surf
X-direction.

at a pluralit
and sends a p
positions of

Z-direction (
positions) to
controller, t
surface of th
obt ai ned by

and angl e of
: 5

10

15

20

25

t he scanni ng speed Vw of the 15 waf er 2
. Vm Further, the projection optical system3 is
a U-shaped colum (frame) 6 provided on t he base. An
ence type mnul ti point aut of ocus sensor is provided at
ace of 20 t he projecti-od2optical system3 in the

S

The aut of ocus sensor projects a slit inage at an angle
y of measurenent points on the surface of t he waf er

|l iwR)d ok %fubfs%calﬁ%ﬁllqgalcae same m&8hiEsLROUGNIaL otﬁ@e

these plurality o measurenent points in the
rn

a no sﬁg%ﬁj¥%é&§uﬁlpﬁt&ontFgﬁﬁg 1fnformed ¥%§X ?ocus tilt
he focus ,positiQ . . angle of .inclination_of the
et s ¥ g1 pmina A Pnr £ oG aR oLt | FOBRod Rbs oi gnal s

5 t he aut of ocus sensor and the results are sent to the
stage drive lGhenexpesunengegdony enidhet waferst shredgh the seeend position

inclination are made to
object portion D.

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
portion B, the optical axis deflecting portion C, 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
mirror 323 is arranged between the lens L4 of the
first object portion A and the lens L11 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
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

optical elements 322 and 323 would be liable to

2



register with the focus position and angl e of I nclination of the

I mgi ng plane of the projection 10 optical system 3 found in advance by
driving the Z- stage nmechanismand the tilt mechanismin the above
waf er stage 9 by use of a servo system Due to this, even during
scanni ng exposure, the surface of the - 33 -wafer 2 in the exposure region
Is automatically 15 controlled so as to register with the inmagi ng pl ane
of the projection optical system 3 by use of the aut of ocus

system and autohaenv@. TE sysite®rthogonality dBXhgedp £xphonddildecome | be
given of the detailed configuration of the projection optical system

SWth 20 - QleiRNGT it Gorkt itACor @hECiAgiARt I CAI system 3 |
according to this enbodinment is conprised of a firs obj ect portion

A an optical s AN ROT Wighefro o AR BPRLERL BbSqdRLbect i on

portion C, and a secon Ject a our nechani ca
portions. A 2 concave msror (first reflection optical elenent) 312
P2 the, eqfitin JRATHE LGRE 160 PEEACR SYBEARI AGSBO Bi 0F B, The
Trst obL et R daa As the FiTet objict portion A and the

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



mask 1 is conprised of lenses L1, L2, L3, and L4 fastened, in order
fromthe mask 1 side, through lens 5 cells in a barrel (first barrel)
42. Further, a barrel 41 (first barrel) of the optical axis bending
portion B is provided under this barrel 42 sandw chi ng between
them a barrel (second barrel) 52 of the Gdti€al axis defl ection
portion C. Inside the barrel 41 are 10 fastened, in order fromthe mask
1 side, lenses L11, L12..., L21 and the above concave mrror 312

through tHeenraelllss 4 1Thad I4r2§t bakj ¢st hevat ifna Andicohbgcept i cal
axi s bending portion B are coaX|aI The optical axis 311 is

per pendi cul ar st&eﬁﬁ% R L S 3€000LBE ki aaBEind: o In

the barrel 52 of e opti cal ection on C between the
barrel 42 and

fromthe opti é%ure é%(ﬁ%%ffltpf %S%é%gegzotfﬁg??tﬁ?%$gFgY'%éagsfhgna

20 reflectlon surface i_nclined about 45[err] | direction
with respect t&F (ihe Qnreds 4 enghdl, the baFH?%hé? IFﬁ§}§éb?%%m%%rrel 52
are arranged, in order fromthe small mrror 323 in the

+Y-di rec?ion, 8 ghgHgl body comgectiizg thecbarselsngloprdcal,s§dtem 325, and
a beam 25 splitter (second reflection optical elenent) 322. Note
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 so 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



- 29 - t hat anong these, the lenses L31 and L32 and the

correcting optical system 325 may be omtted in sone cases. The
optical axis 324 of the optical axis defl ection portion Cis
orthogonal to the optical axis 5 311. The reflection surface of the
beam splitter 322 is inclined abo#5 45[err] with respect to the
optical axis 324 so that it is orthogonal to the reflection surface
of the small mrror 323. Note that the correcting optical system 325
IS conprised ofthea lgrioigm cdnd erfSeche Marrelaldle (heibherovédwhinohl ysin a
direction along the optical axis 324 and able to be finely adjusted

in anglghdiiny NGtd RAMpYraMitly rrasResledt ®yabBliéBewith waspergendi cul ar
to the optical axis 324. The p05|t|on and angl e of inclination of

the correcti ”glrpcﬂé oked Fetwecty Hiel. 31 %e & Sahk' %kegfbx}gév@?t afihown

| magi ng terIStI COI’I’ECtOI’ positio

correcting optica st.em 325 is a,posit.ion subst ntla conj ugat e
with the pattearqc‘ﬂ‘ﬁ}}“#/ > Usfe laser Heam s emitigg gﬁ%‘l OXSr &gét i on of

mainly 20 magni fication error or distortion etc. A barrel

(second Barrell)e’!ﬂ Ik Qhedhe harredpjédet the optical axis is
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



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 |l ens - 30 - cells. The
bottom of the lens L52 faces the surface 3 - the wafer 1. The optical
axis 321 of the second object portion Dis parallel with the optica
axis 311 of the first object. portion A and the optical axis bending

5 portion Brmmd 1 scaxtdmunidd oo thee bepin ¢pll idxes 324 ehown in the
optical axis deflection portion C. In this state, the slit-shaped

|| Tum nation reghom o &H@ptidi elenent™838S s@buhNgnl Firumi pat i on I ght
is set at a p05|t|on fset fromthe optical axis 311 in the

Y-direction. od0-ocpdddama aéﬂ&grétf&%gtt BRS040 ! hg@ nati on

regi on (hereln o) re efre beant')
passes through the lenses L[err] to L4 of the first object portlon A
and through the*inside of the barrel 52 of the optical axis

deflection portion Cto 15 strike the optical axis bendlng portlon B.
The i magPng In particular, in the projection optical system

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.
22, 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



|'i ght beam striking the optical axis bending portion B passes
through the lenses L11 to L21 to strike the concave mrror 312. The
i magi ng |ight beamrefl ected and focused by the concave mrror 312
passes through 20 the lenses L21 to L11 again, then is deflected by the
small mirror 323 in the barrel 52 of the3dptical axis defl ection
portion Cin the +Y-direction. The imaging |light beamreflected
by the small mrror 323 in the optical axis deflection portion C 25
passes throughf Hdhed enyes 13B3amhdSL82napdvbhein the normal

- 31 - correcting optical system 325 to strike the beam

splitter 322. dilrddiivrd B the ip@gelef 4subat snhtabhg of the an equal
magni fi cation (internediate i mage) as the pattern of the

|1 umi nation regih ofg e d@skmbres thp twol @hEBENTRE" phRRLbeRs spbi tter
322 inside the barre'lig ﬂ&i 52. %’ereforg? t he cgnpgang system conpri sed
of the first: gbj ect. portion A and the optical axis bending

portion B is aqés{gsel Iqll & a5n' equal magnification optical system The

i magi ng Light beam deflected in 10 the -Z-direction b he beam
;p|?Ltgr5522 head?“FgﬁEFd t é front ends of thelfourlarmsy7£ to ?g

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 dl of the

barrel 4 is larger than the dimension d2 between the

25 arms of the connecting member 7 as shown in FIG. 53,



the second object portion D. At the second object portion D, it
passes through the | enses L41 to L52 wher eby a reduced i mage of the
pattern of the illum nation region on the mask 1 is forned on the
15 exposure region of the wafer 2. Therefore, the second obj ect
portion Dis also called a reduction prop8ctton system The inmaging
| i ght beam whi ch passes through the illum nation region on the nmask
1 in substantially the -Z-direction in this way is bent in the 20
substanti al | y ifZttier meimber erehattachedobpethepostteh 4 using Aaxam t he
optical axis bending portion Bin the projection optical system 3.

Thi's i magi ng hh&hbuQe%Ehges 76,1 $hbURHRET 73USRESPE ROY1HEHE pusHeLe ,
substantially +Y- direction and -Z-direction by the optical axis 25

defl ection pot b @R Sy ﬂe QrQE cgs nda bPﬁEﬁ ng.fg ce (see doub%s

- 32 - I mage-o stan |aI sane gni |ca Ion as t
pattern of the_ill mnarl61 reg |s for reduced i nage
n%

of the illuni AZCH & Qﬁrrgf 4 é?ﬂét%kﬁgiure region on the

waf er through t he second
counterforce due to the rigidity of the connecting

member 7. Conversely, when the outer diameter dl of
the barrel 4 ié 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..ZB,
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



5 obj ect portion D. The projection optical system 3 of the

pr esent enbodi nent is optically divided into three parts: an

equal magnification optical system conprised of the first object
portion A and the optical axis bending 58 portion B, the optical axis
defl ecting portion C, and a reddctron projection system conprised of
the second object portion D. In terns of the nechani cal

structure, that is, the |ayout of the optical el enents, as shown in
FIG 6 and Fl GOMReqHHagsmember1] accpraisg Bo3the pres®@ed between the |ens
L4 of the first object portion A and the lens L11 of the optical
axi s bendi ng Embddimedt rreherowvidetupe. aTheief of ecomfion tangentsing to
assenble the lens L4, small mrror 323, and l ens L11 in the sane

barrel, the srnnedting thed cantér periphbhRecbeam shéitwerpa2Pené 4 he
optical axis deflecting portion C would be assenbled in separate

arrels I @04 5238 heisRlknkeraredls 890choceRaAMED! i tLer

322 in separate barrels In I's way, however orthogonal ity of

the ref'?‘:t'o%é‘f&fé’m% Un &QPIGI.V\QB,Z%he £3R5LAR! o] CORE! Sargéngnd 323

woul d be” |i able

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



- 33 - change. If that orthogonality changed, it would becone

a cause of deterioration of the imging characteristics. Therefore,
in the present enbodi nent, t he equal nmgnification optical systemA
and Bis 5 divided into the first object portion A and the

optical axis bending portion B through‘tﬁ@ barrel 52 of the optical
axis deflecting portion C, and the small mrror 323 and beam
splitter 322 are fastened i nside the sane barrel 52. 10 When
assenbl i ng sudineagr eppanisdonogoetdlicipatenty, doing thisysevemelfi r st
object portion A the optical axis bendi ng portion B, the optical

axi s defl ecti nhepaolmim 6 expands amdcbhersetsnduebtecthpoeffertd are
separately assenbl ed and adjusted. Next, the barrel 41 and barrel

15 51 are ig¥s dldn@pératidd RneUughehohearfdl Obeti8eROLHEpSrrels 4 and the
flanges 411, 511 fornmed at the approxi nmate centers of the barrels 41

washers.  Next T 3 'chnges, ot A% SUERorE POEE 8Ly Be PeBY 0L Y001t on
Elaﬁge §igsf8k2%§7'ODF%ESEgﬁggﬁgggﬁqﬁhéggagié§?gﬁhélfgggegiﬂgPﬂe flangetggl
formed at the bottomend of the barrel 52 are tenporarily fastened
to each ot her Bgytions P1 to P4 with the connecting member 7 wil
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



bolts b via washers. Here, the barrel 52 is fastened 25 to only the
barrel 51 and is not directly fastened to

- 34 - the barrels 41 and 42, but is held in a noncontact

state with a slight clearance. Wen adoptjng a structure in which
the barrel 52 is fastened to both - the barrels 51 and 41, the
barrel 52 itself beconmes 5 a rigid body connecting the barrels 41 and
51, so there is no longer a need to provide the connecting

menber 7 accorBPRELRS t he pEle epmenbbdiaretft .can pivot in [thet mogmedat e, an
adj ust nrent use | aser beamis emtted fromabove the lens L11 in the
barrel 41 to dbrectioms$defttize bzarmdls 41 amkP,5 akbukl thEhehdmsi tion at
which the | aser beamis emtted fromthe | ens L52 at t he bottom end
of the barrel pdrtsom®ni?orege figures AdicisHEN portioms0edorhelhat the
noni t ored position beconmes a target position by adjusting the

thickness 15 5t gf1the vRsheise b@ﬁd@%‘fhﬁ%ﬁa ij%'lglﬁgm‘él#z %égs?éf}gca”d

521, by lateral novenent of the barrels The
flanges 411 e BlPenfléh 52 A€ ddfbsariry fiflichd 48! €438,y e Polts
the same way as the hinges 76 of FIG. 2A 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 coﬁprised 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



position of the | aser beamreaches the target position 20 so as to

fasten the optical axis bending portion B, t he second object portion
D, and the optical axis deflecting portion C. Finally, the barrel 42
of the first object portion Ais placed above the end of the

barrel 41 in the -Y-direction and the f1&%e~formed at 25 the top end
of the barrel 41 and the flange forned at

- 35 - the bottomend of the barrel 42 (neither of which is

shown) are tergrut &rd IGonpetasheaditly deplprsisvinigh thes kensecting memberposed
between them In the sane way as above, an adj ust mrent use | aser beam
is enitted frommpaveridied pate 1ens lshown tiherharnr el 43d Fhe.opsical axis
S adj usted, then the flanges are fully fastened by the bolts

when the positéprrad, tie dmsardeaB ! ¥ G2ilM® can be E@qutedpgﬁat i on.
Not e t hat, explalnlng t he correspondence bet ween 10 t he basic

conflguratlon G stem 3 shown in FIG 1
and the speci fﬁgn&fﬁaéﬁf&(ﬁ% urgir%ﬁ'kqbl?he pr%%ectlon optical system3

shown 5 in %y lng wc;c |rrlsé[ldo%t|cal S%%t %@n%%c%h%ﬂ”é grﬂa S i

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 just
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



corresponds to the first object portion A and the 15 optical axis
bendi ng portion B showmn in FIG 7, the first reflection optical

el enent 312 shown inFIG 1 corresponds to the concave mrror 312 of
t he opti cal axi s bending portion B showmn in FIG 7, the second
optical system 32 shown in FIG 1 corresﬁ%%d§ to the 20 optical axis
defl ecting 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 Poth efthe tepeerdscdrd heattinm BrgdsowFurtherG in the
corresponds to the barrels 51 and 52 showmn in FIG 7, 25 t he second
refl ecti on optfeafighrabhon3gRowmoim FIG. 6, it may be attached

- 36 - FIG 1 corresponds to the beamsplitter 322 shown in

FIG 7, and thbetpéénathel baenél 328 sMPVehd fbaﬁ‘r@l 152 as weldQrresponds to
t he reflectlon mrror 323 shown in FIG In particular,

in the prOJeCtFthﬁgﬁ'C@ﬁlgy§ﬁe@%5hple of %%?%ﬂyin@9§5% &?el R38R

enbodi nent, the first barr 4 and aréeé connect ed
by the cglunn optical sﬁét&ﬂsétlg £ et f%eégﬁgﬁtg¥3gra%%%rtw%%rtlOns' That

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



Is, as showmm in FIG 2A and FIG 2B, a connecting 10 menber 7 conprised
of arigid plate is attached to the top ends of the first barrel 4
and the second barrel 5. Note that a nore detail ed exanple of the
basi c configuration of the present invention shown in FIG 2A
and FIG 2B is shown in FIG 6. In this &fanple, 15 the nenber is
attached to the top ends of the barrels 41 and 51. The connecti ng
menber 7, as shown in FIG 2A, is conprised of a plate-like body 71
at the two paraldiedeandf thiei firastebhorrdd4f and pant Y2,073thg4, and 75
corresponding to the shapes of the outer peripheries 20 of the first

and second balsegiohd battel. SAmRg cohaseted by théh€ohneceing memsend 75 are
provided with hinges 76 to make t hem pi votabl e. The hinges 76 nay be

formed by 7, tHESEiHsd i1l 2t anhiheaEgpabel 83 69%@@ s8céne body
71 and the arnms 73 and 75 By usi ng these hinges 76, as shown by the

arrow nmar ks ”i:a

- 37 - E#£$he %F%B EQ&%tggqaallgieofa%%e%heF%€Fhe{’ since
directions of Ghe bartsls 4800 2120,909120 14015 aesirLgSLETELY POI NS
maintained are directly connected, 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



barrel 4 or 5. 5 Further, the front ends of the four arns 72 to 75

are formed with through-holes for passage of bolts b. By fastening
bolts b in the tap holes fornmed on the barrel 4 and 5 side, the
connecting nmenber 7 is fast ened between the two barrels 4 and 5. The
10 procedure for attaching the connecﬂﬁng‘nenber 7 bet ween t he
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 bolamsl the second berredasS vthethel pgib ¢fir comon heandgemigh- hol es
of 15 the arms 73 and 75 at the sides with the hinges 76. At
this tinme, it donndesiimabhtiet katterh@epipherdi agetresfdfst barrelhg barrels 4

and 5 and the dinensions between the arnms of the connecting nenber 7
correspondi ng 4ry WRMouter pelridn@Ry 63, thé 8B6oAQ) pRErevuS  tihalt
manuf acturing 20 error Of the barrels 4 and 5 and the connecting nenber

HesorELL TS RS LA O ST ebndl sblng pprgoberf higlh and
bet woen The Z5om Hierdognenting, ARBBEFng RERBBE FaBESRhbh in FI G A

directions not including normal direction components,
.80 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 erxor 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



- 38 -

barr el
barr el

4 is smaller than the di nensi on d2 between

I f the nmenber were attached to the barrel 4 using arns
w t hout hinges 76, the arns 72 and 73 woul d be pushed
4 and a crushing force (see double
4 due to the 5 counterforce daﬁ to the rigidity of the
connecti ng e

t he barrel

menber 7. Conversely,” n"the outer dianeter dl

of

t he connecting nenber 7 as shown in FIG 5B, if the menber were

attached to t R e aptdaadi mdememts.
and 73 woul d be

apart by the
arrow) would act on the

the arns of

Asne ¥EShdty BhAagd®agsndthe arms 72
pushed together by the barrel 4 and an expandi ng

force (Sexratertis Easowt whe dazskt pantelns bar tbhe waflee Roare t he
counterforce due to the rigidity of the connecting menber 7. 15

I'n the enbodi nifprsrevmdre FliGrtdkmnd tFiGe aBnnecting mewpuery7 @shinge 76
I's provided at one of the arns 73 and 75. By this, it is possible to

absorb the

connecting ne
connectlgg e
the true circ

war pi ng

10

15

20

25

chom[px;ﬁégj 2 to t le%r Ra. K ilkhe i Eakégiénéda’eg §hé”gai{‘

no force acts any | ong

e

r fromthe

gt etlhew?@# trigents, of %ﬁﬁﬁérgt angEMBhq T eet! one,

barrels 4 and 5 and, further, a second connecting
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
or 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.



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 - 39 -

connecting nmenber 7 according to the present enbodi ment are provided
on a pair of comopn tangents coﬁﬁé%%iﬁg the outer peripheries of the
two barrels 4 and 5. Explaining this with reference to the exanple

5 of FIG 2A and FIG 2B, the tangent TL1 and tangent TL2 are the
pair of comon8®arfeatBrojectivmeeXpoRyne@pparatushats ¢he segoads in this
way, the forces acting between t he connecting nenber 7 and the two
barrels 4 and épbodimenttéibffess drky fior cdese rEstjeaitriiong opftdcado barrel s 4
and 10 5, all appear on the pair of commobn tangents TL1 and TL2

and it is pOSS$ﬁ%fem0aﬂ&k£téh§@@ OFf € & fdture and h%C%W$sQﬁnQﬂhlm?r”a
di rection conponents whi ch woul crush or expand the barrels 4 and

5. t t éEH%ﬁ? eofl
enbodi nment shoﬁél %&F&?Géé ggﬁea %f?:f i s “conpri Sé%)a(}fattug. ff %thﬁe rigid
plate 71 It IglP%%Oe£E§§i$%E%té&plalned éﬁ%&éﬂfhig¥% (0% &%%no%flkge

barrel s and
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



material conprising the connecting nenber 7 is not particularly
limted, but for exanple various 20 mat eri als such as brass, copper,

st ai nl ess steel, al um num and other netals or various ceram cs nay
be enployed. It is however desirable to formthe connecti ng
menber 7 by a material of the sanme nature48 - as that of the colum 6
supporting the barrels 4 and 5 25 or at least a material having
substantially the sanme - 40 -

| i near expansi erpcsedii Bi Ehang8ypdetbgnthis,ievisrndd inteqgrdlng e@l um 6
expands or contracts due to the effects of tenperature and the

interval betweenet hgtbeme8hiaté part ofaﬂ%%ﬁ?ﬂ%%@tﬂg@% ort portions
of the colum 6 5 (portions of flanges 411 and 511), the fastening

e i

contract by the amount o hat _ i1l be
501 and opt 1 caforist TE.EhE Sop miterbibivhagt it XhddBhu th (he
opti cal %xis 3§ééte, it is fag@gngghgeqéirﬁ%égignﬂﬁéétifigggj29 to the
pr esent y tig g
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 supporf 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



invention is not limted to those shown in FIG 2A, FIG 2B, and

FIG 6 and can be changed or nodified in 15 various ways. FIG 3A and
FI G 3B show anot her exanpl e of the configuration of the connecting
menber 7 according to the present invention, while FIG 4A and

FIG 4B show still another exanple of thé&d9 - configuration of the
connecting nenber 7 according to 20 the present invention. In the
exanpl e shown in FIG 3A and FIG 3B, thin portions 77 are provided
at the base centerepdstdbnshefatine AZmsoocisSthe oenmsctbng eneibéng t he
arms 72 to 75 of the connecting nmenber 7 to pivot in t he nor nal
directions of 1tshe e elrm oaiﬁois bifieghe @bnnecting mefbepnss /drdave a

| ower rigidity than the ot - 41 -
portions, so g iRy’ %&519% RetBlrk? £REnNBEFBlons 151 agirections
of the barrels 47and 5 about the th portions 77. The figures show

thin portlonsgﬁgmkggg% £ e Fﬁ nsﬁge%on Ehe09§f8n$ %8% %Qg four arnms 72

to 75, but ein ari O'this. In
(e sarm vay ge L WDes 78 6L FLS ZASIFLG BBy puo cdl 1 8150
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 arns (for exanple 73 and 75) of each of the ' barrels 4 and 5.
The angle of pivoting of the arnms 72 10 to 75 due to the thin portions
77 becones smaller than that of the hinges 76 of FIG 2A and FIG
2B, so to absorb a | arger manufacturing error, it is desirable

to formthe thin portions 77 at all of 1R arns 72 to 75 as in the
exanple shown in FIG 3A and FIG 3B. 15 If the hinges 76 of FIG
2A and FIG 2B are enpl oyed, the parts of the hinge 76 portions
becone enseamret aand aderafiorendmidsitingl or tédtiingdofl thehi n
portions 77 are used to nmake the arnms 72 to 75 pi vot abl e, however,

no such parts aptisakbndnis vaf kilies pr2fject iogqviptddalssysemnanupnagt ure of
t he connecting nenber 7 becones easier. As opposed to this, in the

embodi ment  shoy@cin. PGt seubid %mb%%mie*ﬁ% howeve‘ion'ﬂgét bQQ ggmber 7 i's

conprised of two rigid rods 78 which are conneéted at t e parallel

comron tangents;1 28y nod\di AR % ¥ dils YY) EhePSLERBEL! fEnglrl i barrels

4 ared

wth comprisingd e SOIEHIA % S support méenPbr®14' %hmegﬁtg 71 as shown

in FI G A an

connecting member 15 given flexability 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



or FIG 3A and FIG 3B, the weight can be reduced and manuf act ure
becones renmarkably easier. 5 By using two rigid bars 78 to connect
the barrels 4 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 exanple showT i = FIG 4A and FIG 4B, a
second connecting nenber, here 10 the rigid rods 79, 79, are used to
connect the two barrels 4 and 5. In the sanme way as the rigid rods
78, 78, PafeEel e o qrenrprld bip masns wf fomec@radwe @am he

normal directions of the barrels 4 and 5. Note that in t he exanpl e
shown in FI G membexs FlThe 4&mtpoxrtriqisd orlmrm memibersd arednd® are used as
t he second connecting menber and these are attached between the two

barrel s . limbveld St ored-4iaped iRl )AGk @liker polelibuel ke Lyst
one of the rigid rods 79 is also possible. Due to this second

connecting ”Engfétggshz{ AtdNSs EI&E A Yome MAlses?RurveliSopkW,Sting, of the

barrels 4 and can be prevent ed. I'n tthe above first enbodi ment,

t he conngctin r_r- s attached.near t.he .t ends.of the
barrel s 5 gF‘}F%l?\%Ir’S, 'IE%}E a}lfl%o aﬁescdlrl?edcakltet g@ﬁéﬁeﬂegﬁef(ﬁ lﬂi&%’?om
ends of the b rrggs 4. and 5 (barrels 41 and 51 in the 25 enbodi nent
shown in FIG a%"} MY B NGNS 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

10 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. PFurther, the support member 14 may
provide support at two or more locations as well.

15 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

20 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.

25 It is desirable to form the connecting member 15 by



- 43 - both of the top ends and bottom ends. Further, in the
configuration shown in FIG 6, it nmay be attached bet ween the
barrel 41 and the barrel 52 as well. Further, only an exanpl e of
arranging the projection 5 opti cal tem3 in the direction of
gravity was mentioned in the abo enbodi nent, but the present
Invention is not limted at all in the direction of ext ensi on of
the optical axis and pay be applied to_a ystem arranged in a
direction ot hdteanf Pt Hdre gpme WﬁWQ§ﬁﬁloﬁsoﬁh§r§9ﬂp?na§3mérlSUPPort
According to the first enbodi nent expl ai ned above, since the ends
of the barrel fember barsupporting thee barrel llbapreat(ieeshdbyaarel) 5
whi ch inherently woul d be free are fastened to each other, the

i nterval betwamatedial of reulmptdrtalaldxi $helkaek uhﬁeamtbﬁphnsishenl
conpri sed by the optical elenents held by the barrel 4 (first

optical systerdoefiehdEntOPid odle %m% Ry @s ttﬂ% case of Rkl cal system
conprised by the optical elenents held by the barrel 5 (second

opti cal gyst eofiiebLiify sibher IS 1142 RIR @39kNhBBadhEset ! on of

rotation are resu magli ng c aracteristics

Further, in the above second embodiment, the
explanation was given of a projection optical system
haviqg 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 1s 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.



of the mask pattern on the wafer (substrate) 2 are | nproved.
Further, since the optical axis 311 and optical axis 312 between the
second reflection optical 25 elenent 322 and the wafer 2 are nade
substantially 3 - 44- par al | el
and the first barrel 4 and part 51 of thed - second barrel 5 are
connected by the connecting menber 7, the first barrel 4 and the
part 51 of the sec% barrel 5 beconme substantially parallel.

Furt her, since 1rd; Embogdiment tor which parallelismis desired to be
naintained are dlrectly connected, it is possible to nore reliably
prevent displacen@ﬁﬁtofamhégwhmmﬂniah will beagéwvenFoftaethisdnce the first
barrel 4 and the part 51 of the second barrel 5 are substantially

parallel, 10 embddigremt ®faltde tpgresehtedhvehaiohheitAnpeeérencet£oict ure
by the connecting nenber 7 is sinplified. Further, since a concave

mrror 312 is yergnl QeGms Hiie, flllrstrhe gmjeee&bﬁ%kﬁasgfé'Q@afégggm and

t he opti cal aX|s 311 is made substanti all I rec gravity,

h f dth
the Trss 15qe A S thillide! RbEREh! B0LRT cAbaYbbVeand the

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



enhanced. Further, since the first barrel 4 and the part of the
second barrel 5 are nmade 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
the second barrel 5 on the colum 6 is = 4 - inproved. In
addition, as shown in FIG 4A since the 25 connecting nenber 7 is
fastened to the first barrel 4 - 45
- and flesvmebadt aand e tdesqual bagiredofRopreangaprised
connecting the outer periphery of the first barrel 4 and the outer
peri phery of tdf Sleceadpbit dbarrelhe@ll to 81f30amds 8aat ktbgsas,the first and
second barrels 4 and 5 5 fromthe connecting nenber 7 becone tangenti al
di rections notrégséeieiwvenyor mal direction conponents, so the true
circularity of the tmo barrels 4 and 5 is mai nt ai ned wel |l and

vorber s s e 5 <SRS£, cppaBh AR, SRS RPe PR
second 5 a{ﬁeéfe4éﬁggkf¥igggat o ime t t%hesgbg%t 2%r2$C8

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



barrels 4 and 5 thenselves is prevented relatively strongly. As a
result, the imging characteristics of the mask pattern on the wafer
2 are further inproved. 15 Further, if the connecting nmenber 7 is
conprised by a rigid plate and thg fastening portions of the rigid
pl ate are made novable in the normal dir étlon even | f

manuf acturing error occurs in the rigid plate or the first and
second barrels 4 and 5 thls error _can be absorbed by the fastening
portions of tkeILEYHeF by °1t&P§teTh?h§a@ﬁl9pP%+%% Rt E%r?%e first and
second barrels 4 and 5 becones one in the conmon tangenti al
direction, anépliigr daarelist 823 $os82Bl eomprpsengnthe secongghbFFRL of the
barrels due to force acting in the 25 normal directions of the barrels
and in turn wa2pi ng - 46 - of
the optical elenents. As a result, the inmaging characteristics of

the mask pattern ahel Bq rarf %rar%eqrﬁl and the"beeyRd BRFeel 8 thershd f the
connecting member 7 is conprlse by a rigid rod which is fastened to

the pai s, 5 %grgg H@J ﬁh.e%%"m& geeks 0@:&% Lirsteand seeond

barrel s and second connetti

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. 11.
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.



menber 79 is provided on another conmon tangent, it is possible to
prevent warping and tw sting of the barrels by use of |ight weight,
easy-to-manufacture 10 parts. Further, if conprising the colum 6 and

t he connecti ng nenber 7 by nateri%ls of substantially the

sane |inear expansion coefficient, even PP the anbi ent tenperature
changes and the colum 6 expands or contracts t he connecti ng nenber
7 wll simlarly 15 expand or contract, so it _is possible to revent
rel ative di splid@ddent QﬁthRg(ﬂﬁﬁ(ﬂ91n§Qe§°6?tPﬁ§ by boltingi EBeMaats 311 of
the first barrel 4 and the optical axis 324 of the second barrel 5.
Furt her, sincehdie flange quiniions.adt pamteofi hhenenber pewiphexynilarly
expand 20 or contract, no stress at all will be applied to the

barrel s and itofMiHe l:teimsépnlie: tarredvent tibeintegraldgcBormadeaof warping
of the optical elenents. Second Enbodi nment A second

embodi ment of 4g fiﬁéﬂ“ﬁd%%ﬂ@ﬂoh 832 comPeisxRbapaet Bﬁxthéﬂth
reference to FIG 8A and FI G 47 -

8B. The proj eqll an &Py & AIRHA UStOtnkNen3868"ds the wall of

the first split barrel 821 is formed a passage 824 for
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.

10 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

15 inside the barrel defined by the lenses L62 and Lé63.
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

20 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

25 including the first split barrel 821 and part of the



enbodi ment differs only in the projection optical systemand its
support structure and is substantially the sanme as the projection
exposure apparatus of the 5 first enbodi ment expl ai ned above in other
parts of its configuration. Expl@gations will therefore be omtted
and t he expl anation given focusing on the points of di fference. The
proj ecti on exposure apparatus of the first enbodi nent expl ai ned
above was provided with a 10 proj ection optical systemconprised by an
opti cal outars pak ipharadiadpitiiec S@F@Pénfpgéﬁbbﬂrﬁglr 822a&fi on

el ements (lenses) and reflection el enents (concave mrror, mrrors,
etc.) held by imglatres] ifinzomoftHearoudisside space. Bhisppasikdble this, the

proj ecti on exposure apparatus 15 of the second enbodinment is a

proj ection exgRstiiion 853 iaPRAAIMS tioayifdefledi ih anpaetegaion optical
system 11 wherein all optical elenents are conprised by

et raction el GBS JIGNSER: AN 4IRS SRS RE! debinle to rrecpynale barrel

111. 20 I the projection optical system

conprised by | cal stem having a_pluralit f .. . le hel d by
a singl egibar r Z#]er?%“ il’? salsjlé'pooi%tree(f ;? o ln%lﬂdlﬁgs%ggeglg%?ﬁﬁ%n(?i‘gﬁ%) 13
provi ded on a qgge 12 s to be  positioned at ortion between

the mask 1 on °Pt3v&ﬂ%c%“s’iif§e Yatthsr FBEL Ry ﬁﬁatﬁﬂd({‘ﬁi gﬁf%ﬂ? to be

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 L61 to L64 inside the second barrel 82 are

20 filled with the helium gas. Purther, 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



- 48 - exposed. A flange portion 112 is forned integrally at

the internediate part of the outside of the barrel 111. The barre
is inserted through a through-hole formed in the top plate 131 of
the colum. In that 5 state, it is %%stened by tightening bolts b at a
plurality of locations at the flange portion 112. A schematical ly
cylindrical support nenber 14 is integrally fastened on the top
surface of the colum . A through-hole 142 is fornmed at the
subst anti al f@JUSt@@WﬁeWhﬂdQMﬁefP&@eSIépetmﬁleFI?%% 8tepor®utenber 14.
The top part of the barrel 111 fastened to the columm 13 passes

t hrough this tsimoegtheolpartizion 85 is proviedcownteigendf ngh@orti ons of
the top plate 141 of t he support nenber 14 and the barrel 111 are
joined 15 sdvoaidy bax reInreGt iisg seanldr ihSthéhspacendetinag benber

15 is conprised of an elastic body (or rigid body) havi ng arm

portions COWPWH%'H%ﬂé%“pé%fﬁﬁéfy:d% the secoh@8Chapgbe #hi ghqtégeouter
peri phery of the barrel 111 inscribes and-is fastened to the top

plate 144 of the 20 on sSRAY LHIRURY 154 pRevEAREENEPGnPRLAR B Lo LS four

the outside from the partition 85. Note 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



corners. On the other hand, the barrel 1l is inserted into the

connecting nenber 15 so that it inscribes the

i nsi de of the

connecting nmenber 15 and in that state is fastened to the support
menber 14 by fastening 25 bolts bzﬁ g&e_inscribed portions

(substantially
portions of the arnms of the connecting nenber

- 49 - center
15). The arm portions

of the connecting nenber 15 are conprised of rod-like nmenbers. Thin
portions 151 harrel 83. fNgpkpdhat tife Rif dilde$2ofist Rebpset penwhidhch t he
5 barrel 111 inscribes to inpart flexability. Due to this, the
arm portions ofhe rokwwmettishlmodsbr Thascdmase 62 iseasitl pndef ilookn t he
normal direction, but the nenber i s designed so as not to deformtoo

mich in the surfads rectiowdiong glveaarimypert dakpenets 63. According

to this second enbodi nent, the top part of the
avvay from f astgdfdience numéEH]F | NS DY £ G YT 1 hAk 1BUP

t he colunn 13 is fastened to the support me
supporte

barrel 111 (position
%g&h@dggxdgﬁg f ast ened

by .cqlu t u connecti ng
menber g Therefore i's11 nce&rh ei:bac(r)drleIryg’f]f%m f}fo% %uldlgg

illuminating light from a not shown light 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

25 an ArF excimer laser, F, laser, etc.) as

(for example,

a light source



I's supported and fastened at two | ocations away from each other in
the direction of the optical axis, it is possi ble to prevent the
optical axis fromtilting 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 colum 71 y =fasteni ng t he barrel
111 at two locations, warping will occur the barrel 111 due to
heat expansi on or heat contractlon of the barrel 111 or support
menber 14 25 and heggpaheaxpisnre tpanformance chanhe repatheedur r oundi ng

- 50 - environment and therefore twisting or tilting of the
optical axis Hutilseypy ojlecthein wptgasalsupydtied ihsddy the barretsugl In the
second enbodi nent, however, the barrel 111 is not directly fastened

to the supportaﬂ@r@pr efen i lea}&‘ﬂg > faet enedile b@etﬁépﬁgﬁceﬂ?”ber 14
t hrough a connectlng member 15 given flexability in a specific

direction (nor{@r%{iér‘;&ggé on?O_Leea\f&@ag ttot Q%eb%{lq:ghﬁea?y 111 or support

menber 14 etc goes expans con?ractlon t he

fgggggt' g Pﬁnber léigﬂé 85 prov1é£ %&n%hg %G SISEQBEfd£BEngng s

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 partitionms
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 L64 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



portions, so a change of the position of the optical
barrel 111 will be suppressed, there wll be | ess occurrence of
twisting at the barrel 111, and superior optical characteristics

t he

i Sed of four arm

will be maintained. 15 Note that ,ji.n the above second enbodi nent,
connecting nmenber 15, one Cbﬁgr

portions arranged in a rectangle and joi ned together
but the present invention is not |imted to such a confjguration.

axis of the

I s enpl oyed,

as

It may al so bethfadkash fegrer 84, digulsarlse poseihdRaltoofuURPReERBol yI at eral

shape.

Further, the armportions do not have t0 be joined

together. It igaslto Possspice tetveemrbherontbers peripherhasi a§ theéependent
arm portion shapes. In this case, it is possible to arrange the arm
menbers so as barr@bs 81 conprésearnd ey Ipairerialions 86¢ faom whAyoaghabove and

possi ble to connect by neans of one or two arm

menbers. The apg &9 in Ofife Qpa PY N JEHHY Da¥r@18081 and 82 |1 Bhled to

rod- shaped ones. It is also possible to use pl at e- shaped ones or

Some casgs curyeth 0R6Se nePium ¢4 fIRradIHR: Baheh8 §3CUR] Bhe desired

-51-
flexability
10
15
i
20
25

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.)

in



by form ng the connecting nmenber 15 by neans of an el asti c nenber
etc., the thin portions 151 are al so not essential. In the above
second enbodi nent, the barrel 111 is designed to be supported by
t he support 10 menber 14 at a portWﬁkéﬁgher than the fastening

portion of the barrel 111 with the col ur 13, but it may be

supported bel ow the fastening portion with the colum 13 as well.
Further, the support nenber 14 may provi de support at two or nore

| ocations as wel | Foumth Emkpdimgnt t he above- nentioned connecting member 15
may be used for the fastening portion of the barrel 111 W th
the colum 13 as wxt, Hre exgplenatimballldedgéyen of a fionrtbcessarily
have to be fastened to the columm. It may be designed to be fastened
to anot her nendsod{ment 28f thexargdent tiiwdmdienl Riths re€elrence to The
material conprising the connecting nenber 15 is not particularly

limted. For expgpl £y, HEaRSon&PP YHubstant ial3hAlilledeScalleeb, tabyel num or
anot her netal or vari ous ceram cs and Other various nmaterials may be

erploveds 25 of ife!nfFR' L Sidéhd UPrIhPURBYL B9 GIVED EReDY

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 81. 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



means of the same material as the columm 13 or support menber 14

supporting the barrel 111 or at |east by a mat eri al of substantially
the sane |inear expansion coefficient in the sane way as the case of
t he 5 connecting nmenber 7 of the gbgge_jirst enbodi nment .

Further, in the above second enbodi nent, "The expl anati on was given
of a projection optical system having a single barrel, but even if a
proj ection optical system having t or nore barrels js . provided 10
as in the fi rélt’m@ﬁﬁééf“ﬂntfoéﬁﬁl 4Pnégta ngﬁeipa;gels 51 artff)séﬁ Ye to enpl oy
a support structure such as in the second enbodi nent for these
barrel s as welthe vanifgbde partitdqsedl8t is possible to enploy the support
structure of the second enbodi ment (support structure by support 15
menber 14) al one @uftth Embodiimeaget her with the support structure of
t he above first enbodi nent (support structure by connecting nmenber
7). NotyexithalanFlketp19hanen RrHl 1 e seDver Pf G eeifn

exposure apparatus provided with a projection optical 20 syst em wher e

i he b R OVI O . . al - <Y )
e barrgl O éxﬂ%q‘l ﬁ:gto'tfg'%h‘éptpk%@%?ﬁ i Y%ﬂéy&ﬁ 15 AbrdAsthd NP 2

plurality of barrels are tastened i1ntegrally by

Fastening bl b s, sontirilfel SERRSBBIALERT bACIBE PR e L1
support str uctoufr Eil:h%f t&lq%'da%%\ﬂ%dﬁlen%ggde}eﬁg?gg}xggngbove 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 configuration 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



- 53 - Thi rd Enbodi nent Next, an explanation will be
given of a third enbodi nent of the present invention with reference
to FIG 10 and FIG 11. The projection exposure apparatus 5 of
this third enbodi nent, conpared with theéﬁpove first enmbodi nent,
differs in part of the configuration ~ “of the projection optical
systemand differs in the poi nt of enploying a purge structure for
repl aci ng the air at part of the path of the illumnating Iight
with 10 artq darm @y efifeqtsivy iraitighitl grepe waghous cpasing

proj ection exposure apparatus of the above first enbodi ment in the
rest of its cany ginmedessary force Trereftooa, thebiflinmiabtyondénameal
conponents w |l be gi ven the sane reference nuneral s and

expl anations €5 by tlerenfiahld partdrdiicned22l.n the third enbodi ment, a
projection optical system conprised of an optical syst em conbi ni ng
refraction el ementssi {10503 BEht reflection el ements (concave
mrror, mrror, etc.) (catadioptic optical system) held by a

plurality of 20 Nei%?wéﬂEﬁﬂﬁiéﬁgﬂﬁyFQﬁlgnbEhEivgﬁiQk’aigi&%hSinilar to

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 z1)
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



the above first enbodinent. It differs in the foll ow ng points,
however. That is, the barrels of the projection optical system of
the third enbodi ment are conprised of three barrels of the first
barrel 81, 25 second barrel 82, and third barrel 83. Further, the

- 54 - first barrel 81 and the second barrel 82 are conprised

of . three split barrels 811 to 813 and 821 to 823, respectively.
The first barrel 81 corresponds to the first barrel 5 4 in the above
first enbodi nEHICORhSXIROAP BT rdtwpr-way opticad, s¥SE6Rds to the part 51
of the second barrel 5 of _ t he above first enbodi nent, the third
barrel 83 The riavramid tak eadatdger oparthes2bgecthplaseofidrinedrel 5
of the first enbodi nent, and the corresponding optical 10 syst ens

(optical el emdoy sjherfitet dimagime ganivalagsystem is fohrmethbedwbanrel 83 in
t hi s enbodi nent:, however, is I ndependent fromthe first barrel 81

~and the secondche first RiFdu £ akb isec¥nEGirb¥ipSUEPRERBEBY and fastened
to the colum (frane) 6 through an integrally provided 15
support QortiQﬁifgﬂ“fﬂgﬁaﬂ¥¥fdf”hfﬁi§'H%féﬂd@ﬁ BaLtekhe position of
the intermediate 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 z2
is further bent 90° to become a third optical axis z3
extending in the perpendicular z-direction. These two
flat mirrors M1 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 23 on the image plane 2a must not be

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



83 for connection with the second barrel 82 is joined t here through
an el astic nenber 84 so that they do not restrain each other or so
that they face each other in a state where the relative

rel ati onship is maintained. 20 The portion of the third barrel 83 for
connection with the first barret 8% i just held in a state

mai ntaining their relative relationship and i s not directly joined
there. The third split barrels 811 to 813 conprising the first
barrel 81 havehel ahgeminBtionpoptiond aystemi (n¢ishewnbortions and are

j oi ned - 55 - t oget her by
bol ting. The samemapptiiag thet hettibleepattern fpims dHaromyssBr to 823
conprising the second barrel 82. The first barrel 81 and

the second ba%hﬁbe8§nithh%ro§t—babkideQEE@QiGE”&w&%kﬁmﬁﬁetﬁé a purge
structure for replacing the air in the space between the optical

el enment s (Ien§§%anE%%gE§i %%ﬁg)zfitﬂgh§|£g§ﬁ9@§ Eﬁ%%%xggsureor anot her

i nert gas. Fur irs arfrel 81 an econd barrel 82 are

provi ded, wi th part (11,905,854 ce iR obS9ba BFsLlf SPES otk HI N0 a1

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. 15A,
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



t he outer peripheries of the barrels from other spaces. These first
barrel 81 and second barrel 82 wll be explained in detail with
reference to FIG 11. Note that FIG 11 is an enlarged sectional
view of the 15 second barrel 82, but he first barrel 81 al so
basically has the sane configuratlon 0® explanation will be
made of the second barrel 82 and a detailed expl anation of the first
barrel 81 will be omtted. Further, what is shown _ in FIG 11 is for
20 expl anaffr@meof 0Bh&omaied @6npohdAtsPbate hts sergitied With parrel 82.
The optical elenents (lenses) etc. held I nside are shown in a
sinplified nuopenings 705a andlli@5bi fer pptsagbarf ethS2firsedmuralpl it
barr el 822, and third split barrel 823 conprising the second 25

barrel 82 hol d0qommasRGIHINBalreeI b63.t90h54m§1§-su%)ort columns
- 56 - i nside them and are joined together by bolting them at

their flange poigld 5708 é:f@&m@ﬁeseﬁﬁﬁinﬁeéﬁpﬂﬁiy around e the first

split barrel 821 is integrally forned a di sk-shaped fixed partition

851 COMM SIng Rk P g1e ed tneP3iLbt! BRrPR1 EHEAGEnedd the inside of

the wall

openings. An upper frame 707 is fastened on the top
surfaces of the main support columns 706a to-706d. The

i 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 openiﬁg 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



the first split barrel 821 is fornmed a passage 824 for I nt roduction
of heliumgas to the inside of the barrel froma gas feeder 86
conprised of a tank 861 filled wi th helium gas (He) under pressure
and a valve 862. 10 The second split rrel 822 has integrally a flange
portion 827 for attachnent to the col umn t'he outer peri phery of
Its center portion. On the inside of the wal | of the second split
barrel 822 are forned passages 825 and 826 for conmmunicating with
the space 15 C°1Pﬁ§5d@0§ﬁeabﬁr?83 defined by the | enses L62 and L63.

At part of the outer periphery of the third split barrel 823 is
integrally forned @ndtbk- shapedwéayxethe frame puf tiltd @x®Bhmeonpri si ng part
of the partition 85. At the portion between the fixed partition 851

of the 20 tppairaspki bfbahkigl efiBddanent hes fd@nge sl td O A ddler
the second split barrel 822 is attached a variable partition 853

formed in a subsbaat 7abl ynayhi BdpbEL colymns SNARE 2 Rfsd O diigiext | Ot !y

seal and isolate the insid space fromthe outside 'space. Due to

fhg§’_th% SPacgrap 707L”8h8d599119§r§'£§§p5¥4 do NSl A part of the

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:(-f) (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,



outer periphery of the second split barrel 822 is I solated fromthe
out si de space. This variable partition 853 is a partition fornmed in
an accordion shape with zigzag folds so as to be able to freely 5
deformin all directions including the direction along the opti cal
axis of the optical system (L61 to L64y 62 = held by the second barrel
82. A variable partition 854 having a simlar configuration as the
vari abl e partition 853 is simlarly attached at the portion 10

bet ween t he fipasdlizlt movemeds?2 iof thieehphiiedntpli X~ and Y-parrel 823 and
the flange portion 827 of the second split barrel 822.

Wien exposi ng diedyianss,eand gotae ipat aeontf cheegerpendicobar heximsk 1 to
the wafer 2, the valve 862 is opened 15 under the control of a

controller etg 80 a%d QiFPRML to occube! THMpEREiénLEY] hendank 861. The
heliumgas is fed t hrough passages 824, 825, and 826 forned in the

wal | Qf bars.el ,82_s hat. . Shages t e

| enses L61 toxfgkngﬁﬁﬁggﬂgﬁé%gé%o%d agpélg§§g§?é8823g tR%i*?EQC%?th t he
helium gas. Further, it js possible to._, . fill heliu as maki ng a
through-%olei3¥QQN¥q<§ﬂ§ 23 B°t%b%Qﬁbéﬁ§sfn6wagﬁ8ﬁn?9thﬁ %%Y§€%mlenseg
L62 and L63. The heliumgas fed to_the inside of the_ second barrel
82 | eaks fromansk §he Mecqrd tmaemg opsifadl sygbem are formed

symmetrically about the optical axes zl and z3, 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 confiquration of the present
embodiment is also effective when assembling the

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



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

- 58 - adj ust nrent wi ndows forned in the barrels etc., but

since the partition 85 is provided outside of the second barrel 82,
is sealed in the space defined by t he outer periphery of the second
barrel 82 and the 5 partition 85 anﬁ‘m%ereby I's prevented from | eaking
to the outside fromthe partition 85. Note that for exanpl e
as shown by reference nuneral 828 in FIG 11, it is possible to

del i beratel y fagsamblertheiprwjection optiggdnisygremn £A&skaktheof the barrel
82 to connect the 10 I nsi de space of the barrel 82 and the space
defined by barréle DUl eto PR3 phey \asefentdlednantelth@?2 &ddet,h&hpartition
85. A simlar purge structure is enployed as with the

second barrel 82-sfpyn oD 3 Godladoreddie o asehdneesinte ther8l. Part of
the variable partition 853 of the first barrel 81, however, is

ooved and e Y ERIS ont o | HIIRELET hesthe g barrel 63
unnecessary  g;o o 'OIEE] S8 VS SE AP AE 12109 o5 e thiY bicBRL el 83.

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



20 Note that in this case, it is also possible to I ntroduce the
hel i um gas being supplied to the first barrel 81 fromthe 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 indepkhdently to the third

- 59 - barrel 83. Note that in FIG 10, 62 is a base on which
the columm 6 is placed. This base 62 is set on a floor surface 64
t hrough a plurakid¢ ywiil dafipefiess €ide design daRef.eMendchisucasal, Ghens an

i 1lum nation frame hol di ng 5 an illumnation optical systemfor

gui di ng flttiﬂﬁ1ﬂﬁé'@Qcéﬁ@h&affé!n?hZ“EnﬁH“ﬂMé|dw¥ﬂllﬁerce
placed in a utility Space etc. in the floor belowt proj ection

exposure appargﬁ otf &qu@RQ ?ésﬁ;%?é“ﬁﬁ? é&.lﬁ irssﬁﬁﬁ o Lhe

proj ection expos € apparatu tenperature controlled

chanber 66 pla he flgor rface 64. Th | de of the
chanber 66 bgalf’st?rﬁl g’i“iﬁe t %%L#éll%rﬁfesé?ﬂﬂ rvt?ﬁrlﬁ?n Y(tenperature,

hum dity, etc.) by nmeans of an air- condltlonlnqhsys etc.
N LrogenSNe et 84TRST Lot PReBeiEhb P ot RS et SF the second
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 23 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.



15 chanmber 66. The first barrel 81 and the second barrel 82 are

connected to each other by the connecting menber 7 as expl ai ned

al ready in the above first enbodi nment . According to the
above third enbodi nent, since 20 heliumgas is supplied inside the
barrels 81, 82, and 83 to replace #he~air in the inside spaces with
hel i um gas, there is little loss in the projection optical

system even with a projection exposure apparatus enpl oyi ng a short
wavel engt h | aser [HugtithgXf orirextdreplabove2®mbodamentlr tRei secondskarrel | aser,
etc.) as a light source - 60 -

and a good expaEurEnfedfrIanes £ awdedfdalctied. surfacesFMLt Agd, M2 he hel i um
gas supplied inside the barrels 81 and 82, even if leaking to the
outside of theRHd&dMal with edch RitdeaNt aflchEeByLoakiRg te the outside by
t he 5 partitions 85 prOV|ded at the outsides of the barrels 81

and 82, therefso%?emrgé %nfee uce t éﬁ*atee%uc%hteh%wo reflec@?BHnt of expensive

hel i um gas con COS Further, since

arts of _the partjtions re forned b var bIe artjtions able
Po freel? F)surfaces M1 and M2 wou d rotate in egra y near %h Lr

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 M1 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



10 deformin the direction including the direction of the opti cal
axis, there is little unnecessary force acting on the barrels 81 and
82 due to the partitions 85 and little detrinmental effect on the
posi ti onal relationship of the optical elenents L61 to L64 held 15
in the inside and good optical characteridiics can be realized.

Note that in the above third enbodi nent, while parts of the
partitions 85 were made by accordion-1ike vari able partitions 853
and 854 so as &mbodimernt| hehe2fefraaciomnowdiasinewedsarsy (fleanse on t he
barrels 81 and 82 due to attachnment of the partitions 85, the

present ei@ﬁéﬁ%b?nusédnﬁbr|tﬁétfih&ﬁhﬁiﬁiﬁh\Gyﬁxﬂﬁkesyﬁﬂémwoans
853 and 854 and nmay al so be sheet-like partitions having flexibility

and ot her part thleOg?oPEH{:igﬁr op@icafSSystéx{ﬂeaiPQ?édd?t[é SRRY Y 8% V"'tthfé the

hel i um gas by
Space bet SZS? ehe ot theply AR dudt: ﬁlﬁsgﬁpstgoglgﬁ%&‘:%&t " e
partitions 85, fromthrough- holes in the walls of the(P%{rels 81
and 82 , %and system, and projection optical system is replace y
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



5 I ntroduce heliumgas inside the barrels 81 and 82 t hrough t hese
t hr ough- hol es. The gas which is supplied by the gas feeder is not
limted to heliumgas and nmay al so be nitrogen gas etc.

Further, as shown in FIG 10, to reduce the height 10 of the projection
exposure apparatus as a whole or = Pédute the internal volune of the
chanber 66, there are cases where part of the illumnation frame 65
S arranged to stick out fromthe ceiling of the chanber

and the chambdy e®mmkanpleriamtadiuy 4@ b9thr erbigm andoyhEpiuf} | s
desirable to interpose a cushi on nenber having el asticity or
flexibility atddged fibert dmplifier amdewswrt theehtigb haomonéstrai ni ng each
other. As this cushion material, a nenber the sane as the above

vari-abl e partiéﬁﬁﬁ&héﬁ*%?”ﬁbﬁ%%&ﬂﬂﬁ@ heecRiaveyedgth2@o ultravioletthat in
this enbodiment, it is also possible to attach a cover having

ai r-tightness ff@ﬁé;ééé%?i%:nonliqeéf“%é%%?%ﬁé%&?%tﬁi?-) for each portion of

the barrels e 1 nert gas for exanple, joints of
T oL ! Ml PR 1 AR R BalBiendn o' L8
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



- 62 - Fourth Enbodi nent Next, an explanation wl|

be given of a fourth enbodi nent of the present invention with
reference to FIG 12. Conponents substantially identical to those 5
of the third enbodi nent expl ai ned above a{e gi ven the sane reference
nuneral s and expl anati ons t her eof - ohifted. The expl anation wll be
made of the different portions. In the above third enbodi nent,

hel i um gas was prevented from|eaking by the partitions 85 at the

10 barrel s &l Bnd B2, 1Ptnma Ehat fidur th wansd@nedht sipstantiallyntjre
projection optical systemrather than I ndi vidual barrels is seal ed
by the partititime9daménas that éfieard iRjulesea,r ébadtbvainedar§etesizati xed
partition 911 is integrally attached to the top part of the 15
first barrel 81s ¢héi dihglelwxpel agtn tdyi 9Bk ilon laser, aalyraghasm-to the
second barrel 82. Further, variable partitions 913 and 914 having

simlar config kO to.t ariable partitions 853 and 854 of
t he above &éﬁé§h?$%e£ %%ﬁ?mﬁﬁ éﬁ%ggitached between the fixed 20

o 08 L1, o £8 UL DhS0¢ BEMESIALS e et nciP Bt iheer 912 and
{RSIthrgglgftg%iggiggéigéslféht for e£§EL§¥% fgﬂbfn@66¥s%9n%% supplied to
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



partition 91 as a whole. It is possible to forman 25 effective
air-tight space w thout causing any -
63 - unnecessary force to act on the barrels 81 and 82 hy

the variable partition 913. Fifth Enbodi nent Next, an
expl anation will be given of a fifth 5= 7®erbodi nent of the present

I nvention with reference to FIG 13. Conponents substantially
identical to those of the third enbodi nent expl ai ned above are given
t he sangustf enepgposumer appazatiuexpsedafomriche mamwfacture ofonitt ed.
The explanation wll be nmade of the different 10 portions. In the above

third enbodi negemibehdudtg@sdevices. Was PagVEIE @ hd rapplbekitng &1y t he
partitions 85 at the barrels 81 and 82, but as shown in FIG 13,

rat her ERaBs82eh appak-akust Eerptfaﬁgfée&wta C@évﬁd/étﬁe[‘&@éﬂm
t he mask stage 8 and wafer stage 9 as a whol e are sealed by the

partition 92. % Egeafbggégtp ate'gﬁﬂ 8988& g#é relatively

| arge size fixe par I's |n ac ed near t he part

f he il nati.on fr n h II n
© 5 the tra%gkegglgg g%lgg 82¥£é£n9 t e Ia éggaﬁﬁé “hfer as

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.



light. A variable partition 922 having a simlar 20 configuration to
the variable partitions 853 and 854 of the above third enbodinent is
attached between the fixed partition 921 and the base 62. Helium gas
may be supplied fromthe gas feeder 86 individually to the

barrels 81 and 82, but may al so be suppti®t to the 25 i nside of the
partition 92 as a whole. It is possible

- 64 - to forman effective air-tight space w thout causing

any unnecessary fdfhe semboonductde ddvige nias ippeducede through asstep t he
vari able partition 922. Si xt h Enbodi nent 5 Next, an
expl anation wibf Bespgyesf ofha dindfions and prififednmitie off the present
invention with reference to FIG 14 to FIG 16. FIG 14 is a

sectional viewg@fi@e, a stepPSP) £ htoRd G SytaP1esedskd oa refl ection
and refraction projection exposure apparatus according to 10 an

nd ect | on exposre appara o
Forme an i nt cr i SPEIPRGRENE 1 iler OF ARRREAOY o warer TR VLY

a first Lmagin optical system housed in a fJjrst rrel 701 and
causes 5 g gilicon matgriaf, ayétep of)exposure of a pa %ern of

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.



rei magi ng of the imge (secondary inmage) of the 15 I nt ermedi at e i mage
on the image plane 2 (wafer plane) by a second i nagi ng optical
system housed in a third barrel 703. The optical axis (first optical
axis zl) of the first inmaging optical systemis arranged in the

per pendi cul ar Z-direction. Further, the-f1%st imaging 20 optical system
Is conprised of a first group and a second group of nenbers

i ncluding a concave mrror M. At this tine, the light fromthe

obj ect plane la passes through theaftMgst group, then strikes the
second group, is reflected by the concave mrror M, 25 and is emtted

fromthe second grPup i%?%ﬂﬁw'eﬁ ure ag?aratus for
- 65 - secon orms a two-way tical system

| magi ng. opt ?Laﬁ%gg?%ﬁﬁ@g?%?ﬁ%ﬁ*%ﬁ ety S A5G and the

second group of_ nenbers first flat mrror M i s arranged near the
position of througphg Pﬁ?é?ﬁ%ﬂ?%t%??+ﬁ&ﬁaSﬁﬁﬁ?qﬂa the flat mirror M, the

first optical axis z1 of the first imaging optical systemis bent
90[err] aRd becones a s%%b@d@t@ﬂ¢Q%40QDGXPQ§?IG 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

RN O AN




extending in the left-right Y-direction. A second flat 10 mrror M2 is
arranged in the second optical axis z2. Due to the flat mrror M,

t he second optical axis z2 is further bent 90 to becone a third
optical axis z3 extending in the Ferpendicular Z-direction. These

t wo flat mrrors M and M2 are hel8 by the second barrel 15

702 so that they are orthogonal to each other and both form angl es
of 45[err] with respect to the second optical axis z2. The second

i magi ng opti calfisgst eptiisadr sgagen. in the third optical axis z3. An
aperture is arranged I nsi de the second imagi ng optical system 20

This projection opui.cah pysfjesthes &RECSEEOMbEHIUs as setOffdrtd fiinr st
I magi ng optical systemserving as a two- way optical system so the

position o h%ngphh%abf claimsaX! €023, OPndAS; U L0 pﬁa@(yﬁﬂaqﬂ%é\of be

position of the optical axis z3 on the 1 mage

25 regi ons . i he iL,llumpation region of

- 66 - q%hgi?FP£§?%Xt?8ﬁg8§Fch?n§€%tt§ﬁ%%bt shown)
illumnating the reticle pattern forns a long slit shape .i.n the
front-back X-directiron®aRRYIPFbAPRnEgXPoSure 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

) RN




first optical axis z1. As a result, the exposure 5 region of the
projection optical systemalso forns a long slit shape in the
front-back X-direction away fromthe third optical axis z3. Further,
by si mul t aneously scanning the reticle R and the wafer W in
the left-right Y-direction, the entire re®f om of 10 the reticle pattern
can be transferred to the exposure pl ane of the wafer.

Next, an explanation will be given of the support structure of the
proj ection optcrtaimsgsteneréif: 15A, FIG 15B, and FIG 15C are
perspective views of 15 barrels. The first barrel 701 holding the first

i magi ng optical systemaidl s&coididgt RAY @yst@h has a skebdiang the second
I magi ng optical systemare forned as substantlally cylindri cal

shapes. The segggge %&ql l gﬂgm%}pér com cﬂlﬁééh%tal@ %ré%# and M2 is

formed as st an y angu ape at the

first barrel 701 rOV|ded MAt an. oper ) When assenbl i ng
the projection §b§|§§? §§S?Bﬁ}c g.?x{ﬁ nt%ﬂ?@uﬁﬁﬁﬂ?dbarrel 702 fits in

t he opening 701 FIG_16 is a(gerspectlve view of the frane
25 stPucturﬁegﬁﬁﬁB%?Fn@PFh%a%a?¥%W%PtI?P 1581 Fubs{rafs 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

A



- 67 - frame 705 fornmed as a flat plate is provided with

openi ngs 705a and 705b for passage of the first barrel 701 and third
barrel 703. Four main support colums 706a to 706d are forned
standing on this around the 5 opening 705a for the first barrel anong
t hese openi ngs. An upper frame 707 ts fastened on the top

surfaces of the nmain support colums 706a to 706d. The upper frane
707 is provided with a U shaped opening 707a for supporting the
first barrel 7dastened to saighéirptsbabrel eindaid geennadprrelits top
partion with a flange 70la flaring out to its sides. The

bott om surf aceoaf at paifrl afigeoxfiéni sapgyents oonddretimp the outexurface of the
upper frane 708 around the U shaped openi ng 707a whereby the first
barrel 701 is pk%iphe¥yPBEr tBE. kB! Bal¥el tAred tihd bddds YexiPhdrs, provi ded
at its bottompart with a flange 703a flaring out to Its sides. The
bott om surface gf e e IS pl aced on the top surface of

t he | ower frang%7 ?@ Sgkeﬂgapéggglfhe opening 705b for the third barrel,

wher eby 0 t he Ehird barrel .703.is su(gorted. M %%% %%h%r hand,
bet ween the openi n§1705a f8rPFRESFHIE B PRE Siveni ng 705b

for the third barrel .of the |ower frane . 705 are attached a pair of
auxiliary suppéPFt@oPBnﬁéalm 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

TR TR




708a and 708b fornmed as inverted L-shapes. The second 25 barrel 702 is
supported by these auxiliary support

- 68 - colums 708a and 708b. In the above way, the
frame of the exposure appar at us o% this enbodinment is conprised of
t he | ower frame 705, main support ¢olurms 706a to 706d, upper 5
frame 707, and auxiliary support colums 708a and 708b. The barrels
701, 702, and 703 are sgpported by the frame independently of each
other. Note th rFﬁé an first and third barrels 701 and 703 are
preferably supported at the points Plerr] and P[err] obtained by
interior 10 di vi si 8A1df finetobarrel | amd) s alid tsemmd badrelopibdecal
system forned by the optical nmenbers housed in the barrels by a
ratio of 1:(-[eonhpctedt byi ar sdtvhdi 06npeEPisg member oMemd@idd is
positive). At this tinme, even if the barrels 701 and 703 rotate

about these pocahfiont Reh8el ; f [ of the
ont Bghgehs Eﬁiﬁﬁaéélng tRé &%efl\]g%ljiﬂgﬁelgafana

i mage point will not lon will

ggsgiygzép&h}Eﬁiﬁgieﬁg§rel and tBE 8Q£§reﬂg§§gﬂg¥§'of”gigrégggﬁg(ﬁ the
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

AR O




t he 3-di nensional object can take is conprised of a 20 total of six
freedons of the positions in the X-, Y-, and Z-directions and the
angul ar positions around the X-, Y-, and Z-axes. The first barre
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 novenent in the vertical Z-direction

- 69 - paral |l el novenment in the horizontal X- and Y-

directions, anchavtfeeds aboimertheggmerpersti ddamt awies of the iAsade are
difficult to occur. In particular, the perpendi cularl axis Z is the

direction of the 99idCBarrdl and@xEfe zingide ¥ sBdidh paie ifdiost. | magi ng
optical system and the second inmaging optical systemare forned

symetrically aboujgthe o i?%ﬂ-é@g%b&ﬂ vy at gvegpti f rotation
about the perpendicul ar a§$ Zj Sgiﬁrg, ng§ ggrrgfign wll be

produced at al |, 0. . t, Seco rrel LS reshstant to
par al | el m)verrt?lftl%nnf1 h%l%%lpggér(lﬂi%%%gerlrk-%{b%e%fal Sh cgng)%thing %?)%r al | el

novenent _in the horizopntal X- and, Y- . directi , .S . i bl
to rotatPon abgﬁgg@ﬁeof @he)£arrel and the 1n§1de me¥%e %%&tu%l%%sceptlb €

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.

I



X-, Y-, and Z-axes. If any of these occurs, 15 di spl acenent of the

i mge wll occur. The second barrel 702, however, is directly held
fromthe frane, so even if the first barrel 701 or the third barrel
703 vibrate, the vibration will not be transmtted to cause
vibration of the second barrel 702. There$bre, 20 If the stability of
the frame is made high, it is possible to sufficiently prevent

vi bration of the second barrel 702. Further, the
configuration of the present eMBSORAERt i s al so effective when
assenbling the 25 projection optical system As shown in FIG 14, to

70 assenbl e the projection optical system first the barrels
701 to 703 are assenbled. At that tine, the barrels 701 to 703 are

easy to assenble SA”E?OE@@ﬁfon exgps@f@ A &0l 1 ORI GA) £ P18 g ATONY
t hese, in the i rSt barrel 701 and e third barrel 703 the opti cal

menbers need 0pg¥te§nsugcsslﬁagﬁ (17 8RKEh iRl (2, AR bottom

up so that thefe I's nho diSplace and

z3. Furt@er, forpgggegglon optical system (3) having a first

reflection optical element (312) for bending an
optical axis (311), a first optical system arranged
between the mask (1) and the first reflection optical
element (312), and a second optical system (32)

10 arranged between the first reflection optical element
(312) and the substrate (2); a frame (6) for
integrally supporting a first barrel (4) for holding
the first optical system (3) and a second barrel (5)
for holding the second optical system (32), and a

15 connecting member (7) for connecting the first barrel
(4) and the second barrel (5) at positions different
from the frame (6), whereby a projection exposure
apparatus reducing vibration of the barrels of the
projection optical system and giving excellent imaging

20 characteristics is provided.



barrel 702, it is sufficient to assenble the two flat 10 mrrors M and
M2 so that they are orthogonal to-each ot her. Next, to
assenbl e 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 tinme, it is sonetines difficult to nmake the
positional relationship of the two barrels 701 and 703 conpletely
mat ch the design data. Deviation in the positional relationship
between the first barrel 701 and the third barrel 703 may incl ude
deviation in 20 hei ght in the perpendicular Z-direction and deviation
in the distance between optical axes in the horizontal Y-direction.
Anong these, if there is deviation in hei ght in the perpendicul ar
Z-direction between the first barrel 701 and the third barrel 703,
the total 25 | ength fromthe reticle to the wafer on the optica

- 71 - axis wll off fromthe design data. In this case, when
fitting the second barrel 702 into t i ar support col unms
708a and 708b, it is possible to I1:Eﬂnqa' 1
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obtain the total length of the design val ue by 5 adj usting the height

of attachnment of the second barrel 702. Further, when
there is a deviation in the distance bet ween optical axes of the
first barrel 701 and third barrel 703, it is possible to absorb the
deviation in 10 t he di stance between optical axes by adjusting the
position of attachnment of the second barrel 702 in the hori zont al
Y-direction. By doing this to adjust the positions anong the
barrels, it is possible to easily assenbl e the projection optical
systemto t desjign 5 dat a. Note that in the enbodi nent
shown in Fi 1ﬁ(g. éA FIG 16, a plurality of optical nenbers arranged
al ong the first optical axis zl were held in a single barrel
701 and a plurality of optical nenbers arrgnged along 20 the third
optical axis z3 were held in the sjngle barrel 703. Here, it is also
possible to adopt a  TLI_ c@&figurati’dn splitti on&@%r nore of the first
barrel 701 and third barr¢l 70@gfthat s conprisivg/ at |east one of
the first barrel 701 and ] - —bart+ 3 -a- plurality of
barrels. 4 = a 5
P2 P4
\ _
~ 73/‘[‘1 ®
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- 72 - Further, in the above enbodi nent, the second barrel

702 integrally held two reflection surfaces M and M or t hogonal
with each other. Therefore, even if the second barrel 702 vi brat ed,
the two reflection 5 surfaces M and M2 would rotate integrally near
their support points. The angle of the light incident on t he
optical system conprised by the two reflection surfaces M and M
and the angle of the light emtted fromthe optical systemare

mai nt ai ned so long as the 10 two reflection surfaces M and M2 rotate
integrally, ()té§2€ is the effect that rotation or displacenent

of the imge i ult to occur. Note that this effect is
remar kabl e when there is no refraction optical nenber at all between
the two reflection 15 surfaces M and . Further, in the
above enbodi nent, as the'H_l i 1D umn ﬂwﬁé %'ghp for exposure, it is
possi ble to use W f% ¢ hyd%t o] vel e gthzgf 100 nm or

nor e, for exanpl e, | aser or 20

ot her distant ultraviol et "éxci “laser, and
er vacu P3 IQjaV|oIet (VUV)
P4

Flerr] laser (wavelength %
‘, 73?{?77\ /
TLZ2 /" 77 77 O

light. In a scanning type exgosure
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apparatus using an F[err] laser as the light source, a reflection
and refraction optical systemis enployed 25 as the projection optical
systemas in the above - 73 -
enbodi ment, the refraction optical nenbers (Iens el enents) used for
the illum nation optical system or the projection optical system al
becone fluorite, the air inthe F[err] laser light source,
illumnation optical 5 system and projection optical systemis
repl aced by hel ium gas, and heliumgas is filled between the
iIIuninatioﬁ:odt(ﬁql €A em and projection optical syst em and
bet ween the projection optical system and the wafer. Further, in an
exposure apparatus using an 10 Fler] laser, a reticle made of one of
fluorite, fluorine- d synt hetic q%artiZ magnesi um f | uori de,
crystallized quartz, etc. isqﬁggd. te f@at’3s fhe refraction
optical nenbers used in The¢ prorect [ op ical-§§§ten1 it is
possi ble to use one or nore 15 2 .jii m not only

f Rieroear tz magnesi um

fluorite, but also
fluoride, and cryatm
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Note that instead of an excimer laser, it is also possible to use a

hi gh harnmonic of a solid |aser such 20 as a YAG |l aser having an
oscillation spectrum at 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 visible region single wavel ength |aser |ight
25 emtted froma DFB sem conductor |aser or fiber |aser
- 74 - by for exanple an erbium (or both erbiumand yttrium
doped fiber anplifier and use the high harnonic obt ai ned by
converting the wavelength to ultraviol et |'i ght using a nonlinear
optical crystal. 5 For exanple, if the oscillation wavel ength of
t he single wavel ength laser is nade a range of 1.51 to 1.59
[err]m an 8th harnonic of an oscillation wavel ength in the range of
189 to 199 nmor a 10th harnonic of an oscillation wavelength in the
range of 151 to 159 [err]m 10 is output. In particular, if the
oscillation wavel ength is ma ne.in e range of 1.544 to 1.553
aﬁnzahc %glﬁhe range

[err]m wultraviolet |ight of an 8th

~——
T~

A
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of 193 to 194 nm that is, a wavel ength 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 [err]m
ultraviolet light of a 10th harrmonic in the range of 157 to 158 nm
that is, a wavel ength substantially the sane as that of an F2

| aser, is obtained. 20 Further, if the oscillation wavelength is
made one in the range of 1.03 to 1.12 [err]m a 7th harnonic of an
oscillation wavelength in the range of 147 to 160 nm i s obtained.
In particular, if the oscillation wavel ength is nmade one in the
range of 1.099 to 1.106 25 [err]m ultraviolet light of a 7th harnonic
in the range - 75 - of 157
to 158 nm that is, a wavel ength substantially the sane as that of
an Flerr] laser, is obtained. Note that as the single wavel ength
oscillation laser, a yttrium d RE? fﬁger | aser is used. 5

In the above enbodi nent, the maveleﬁgtﬁ °t illumnating Iight
for exposure is of course not limted to 100 nmor nore. For
exanpl e, for exposure ' |

[ /
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of a pattern of less than 70 nm it i's possi ble to use an SOR or

pl asma | aser as a light source and generate 10 EW (extrene
ultraviolet) light of a soft X-ray region (for exanple, wavel ength
band of 5 to 15 nm. An EW exposure apparatus using an al
reflection reduction optical systemand a reflection type mask
desi gned based on that exposure wavel ength (for exanple, 13.5 15
nm is being developed. In this apparatus, it nay be considered to
use arc illumnation to synchronously scan the mask and wafer for
scanni ng exposure, so this apparatus is also included in the scope
of application of the present invention. 20 The projection
optical systemis not limted to a reducti on system An equal
magni fi cati on system or an enl argenment system (for exanple, an
exposur e apparat us for manuf a(éi:urlihr@a quid crystal display etc.)
may al so be used. 25 urther,® the present invention is not
limted to - 76 - just an
exposure apparatus used for the nanufﬁcture of sefA-conduct or
devices. It may al so be applie* '04§D //ﬁ
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exposure apparatus for transferring a device pattern on to a gl ass

an exposure apparatus for 5 transferring a device pattern on to

a ceram c wafer as used in the manufacture of thin-film magnetic

an exposure apparatus used for manufacturing inmging

el ements (CCDs etc.), etc. Further, the present i nvention may al so
be applied to an exposure apparatus 10 for transferring a circuit
pattern on to a gl ass substrate or silicon wafer etc. for

manuf acturing a reticle or nask. The exposure apparat us
of the present enbodi nent may 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

perform ng optical adjustnent, attaching the reticle

stage or wafer i?ade(ggnp g&g of a | arge nunber of mechani cal parts
to the exposure apparatus body and 20 connebting wiring and piping, and
further performng overaH—adi-ustrent—(4tect+ieql adj ust nent,

confirmati on of operation, etq.
desirably manufactured in a
cl eanness 25 etc.

xpDsure apparatus is
glhrll tenperature and
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- 77 - The sem conductor device is produced through a step

of design of the functions and perfornmance of the device, a step of
fabrication of a reticle based on t he design step, a step of
fabricating a wafer froma 5 silicon material, a step of exposure of a
pattern of the reticle on the wafer by an exposure apparatus of

t he above enbodi nent, a step of assenbly of the device (i ncl udi ng
di ci ng, bondi ng, and packagi ng), and an i nspection step. As
expl ai ned above, the present 10 invention is not limted to the above
enbodi nent s. Further, it may be configured conbining the

enbodi nents as needed. - 78 -

CLAI M5 1. A projection exposure apparatus for

transferring a pattern of sk on to a substrate, t hrough a
projection opti |s£§hen§§ sai d projection exposure

appar atus conpri si ng:
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a barrel that holds the projection optical system a
frame that supports the barrel, and a support nenber that
supports the barrel at a 10 position different fromthe frane.
2. A projection exposure apparatus as set forth in claiml1, wherein
t he projection optical systemis held by a plurality of nutually
i ndependent barrels and each barrel is supported by the frane and
t he support 15 menber . 3. A projection exposure appar atus
as set forth in claim2, wherein the plurality of barrels include a
first barrel that holds a first optical system a second barrel that
hol ds a second optical system 20 havi ng 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 bet ween the first
optical system and the second optical system and having an opti cal
axis 25 substantially orthogonal to the optical axis of the I
1111111 12112171 111 112121 111 F: | * C 1 L M S

G. 10
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- 79 - first optical system 4. A projection exposure
apparatus as set forth in any one of clains 1 to 3, wherein said
support nenber is integrally attached to the frane. 5 5.

A projection exposure apparatus as set forth in any one of clains 1
to 4, wherein the barrel is fastened to the support nenber by a
connecti ng nmenber having flexibility. 6. A projection
exposure apparatus as set forth in 10 claim 2, wherein:

said projection optical systemhas a first reflection optica

el ement that bends an optical axis, a first optical system arranged
bet ween sai d nmask and said first reflection optical elenent, and a
second 15 optical system arranged between the first reflection

optical elenment and said substrate said plurality of

barrels include a first gr i €$ h@ ﬂs the first optical system
and a second barrel that héld e se d optlc system 20

said frane integrally supports said first barrel nd said second
barrel; and sai d support nenber is a cofpectlngBGénber

connecting said first barrel and said second barr@8geat (
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positions different fromthe frame. 25 7. A projection exposure
apparatus as set forth in - 80 -
claim6, wherein: sai d second optical systemhas a second
reflection optical elenment that bends said optical axis and an
optical axis between said second 5 reflection optical elenent and said
substrate becones substantially parallel to the optical axis of the
first optical system and t he connecting nenber connects the
first barrel and a part of the second barrel between the second 10
reflection optical elenent and said substrate. 8. A projection
exposure apparatus as set forth in claim?7, wherein said second
barrel includes two barrel s that hol ds an optical el enent arranged
bet ween said first and second reflection optical elenents and 15
an optical elenent arranged between said second reflection optical
el enent and sai d substrate. 9. A projection exposure apparatus
as set forth in any one of ﬁ&glns 6 to 8 wherein said first
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reflection optical elenent has a concave mrror 20 arranged with the
refl ection surface facing upward and is supported by said frame so
that its optical axis beconmes substantially parallel with the

di rection of gravity. 10. A projection exposure
apparatus as set 25 forth in claim®6, wherein said connecting nmenber is
- 81 - fastened to said first barrel and said second barrel

on a pair of common tangents connecting the outer peri phery of the
first barrel and the outer periphery of the second barrel. 5

11. A projection exposure apparatus as set forth in claima1l0,
wherei n said connecting nenber conprises arigid 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 novabl e in
the normal direction. 12. A projection exposure apparatus as
set forth in claim11, mhergrnéagilea tégne fastening portion
of the rigid plate has a hinge novabl *th 6
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normal direction. 15 13. A projection exposure apparatus as set

forth in claim1l, wherein at |east one fastening portion of the
rigid plate has a thin portion novable in the normal direction.

14. A projection exposure apparatus as set 20 forth in claima1l0,
wher ei n: sai d connecting nmenber is conprised of arigid

rod and said rigid rod is fastened 'to said first barrel and said
second barrel on a pair of parallel . comon tangents connecting the
outer periphery of said 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 anot her comon tangent connecting the outer
peri phery of the 5 first barrel and the outer periphery of the second
barrel. 15. A projection exposure apparatus as set

forth in any one of clains 6 t'(_)__ ]]4,valner‘Ti n43aid frame
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and said connecting nmenber are conprised by materials 10 of
substantially equal |inear expansion coefficients. 16. A
proj ecti on exposure apparatus as set forth in any one of clains 1
to 15, further conprising a first stage arranged at an object plane
side of the projection optical system a second stage arranged at
15 an i mage plane side of the-projection optical system and a
drive nmeans that drives the first and second stages so as to
synchronously nove said mask and said substrate by a ratio of speed
in accordance with the magni fi cation of the projection optical
system 20 17. A projection exposure apparatus as set

forth in any one of clains 1 to 16, further conprising a partition
that isolates a space including at | east an outer periphery of the
barrel fromother sgaces.(5, % 18. A projection exposure
apparatus as set 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. 1
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forth in claim18, wherein a passage connecting the 5 i nside 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 claim117 or 18, wherein at | east
part of the 10 partition is a freely defornmable variable partition.

21. A projection exposure apparatus as set forth in claim 20,
wherein said variable partition is an accordion-like partition
conprised of zigzag folds. 22. A projection exposure
apparatus as set 15 forth in claim?20, wherein said variable partition
i's a sheet-like partition having flexability. 23. A
proj ecti on exposure apparatus as set forth in claim?20, wherein part
of the partition is fastened to said barrel. 20 24. A
proj ection exposure apparatus as set forth in claim20, wherein part
of the partition is fastened to said frane.
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