DESCRI PTI ON PRQIECTI ON EXPOSURE APPARATUS The present application is based
uppn Japanese Patent 5 Application No. 310438 of Heisei 9, filed Novenber
12, 1997, and its contents are incorporated herein by reference. TECHN CAL
FI ELD The present invention relates to a projection exposure 10 apparatus
whi ch is used when manufacturing a sem conductor element, a liquid crystal
display elenent, or the like by a photolithographic process. BACKGROUND ART
15 In a photolithographic process for naking a sem conductor el enent
or liquid crystal substrate or the like, a projection exposure apparatus is
enpl oyed to expose a pattern inmage_on an _original plate such as a reticle
or the Iike onto a photosensitive SESSRIBEEOBuch as a wafer orthe |ike.
Wth this 20 projection exposure apparatus, for the reason descri bed

bel ow, high accuracy positional adjustnent has been necessary between an

optical systemfor illum nation and an exposure apparatus main body, in
ot her words between an i| PRRUESTLON BXPPEHRESHEPRRATYS il | uminating an
original plate at_a uniformillumnation 25 distribution, and an exposure

appar at us mai n bd#§ PsESeBEnrRBlicatien piadeazediunah clapaniesedatent on a

phot osensi ti ve ,substrate bX &ro&ecting a pattern provided upon the
i |1 uni nat edPBLLGRRAPpNGE 3 b9t BB 19 Beidtedsnsifiled Novenbarel¥ a397,

projection optical system That is, the line width of the circuit pattern
and its contents are incorporated herein by reference.

TECHNICAL FIELD
The present invention relates to a projéction exposure
10 apparatus which is used when manufacturing a semiconductor
element, a liquid crystal display element, or the like by a

photolithographic process.

BACKGROUND ART

15 In a photolithographic process for making a semiconductor
element or liquid crystal substrate or the like, a projection
exposure apparatus is employed to expoée a pattern image on an
original plate such as a reticle or the like onto a
photosensitive substrate such as a wafer or the like. With this

20 projection exposure apparatus, for the reason described below,
high accuracy positional adjustment has been necessary between
an optical system for illumination and an exposure apparatus
main body, in other words between an illumination optical system
for illuminating an original plate at a uniform illumination

25 distribution, and an exposure apparatus main body for forming



5 fornmed on the photosensitive substrate is increased or decreased in
acgcordance with the anount of exposure of the pattern inmage which i's forned
via the above described proj ection optical systemon the photosensitive
substrate. Accordingly, in order to limt wide variation of the line width

of.the circuit 10 pattern, it is necessary to illumnate the pattern which
is provided on the original plate at as even an illum nation | evel as
possi ble, and to keep the unevenness of illumnation [ow. Due to this, the

positioning accuracy required between the el enents which constitute the
illumnation optical systemhas 15 becone high. For the above reason, it
i s only pod$sPkpdefermihed\aiieist lasiemnsonfa phe tioslensiitaeosulogt 1at
systemto be separated at portions with a conparatively |ow val ue of
posi ti oni n§¥r eEal eeting cupatyeramirasided epohithe ildsmieanedesessnigl t o
provide the 20 portions which constitute nost of the weight of the
i 1lum nati ®Aaget ooilb thet phrandenbit Exposubet epparat aisa mtdY dmdybras one
unit. Due to this, it has been necessary to provide a franme in the exposure
appar at us PRitAcbddsysvesupet e thd Lihaatiduh eptileakisyat epataud-Hecause
of this the exposure apparatus main 25 body has becone | arge in size.
Furt hers t fiogmeds ohettheophetghenfitive neuleaiseatod 16l reRRsEE appar at us
mai n body. On the other hand, with the exposure apparatus min body,
vi brati on flegmetledsdnf aceonflahbe widorths ambaitceff edkdonsuae aFt iche
vi bration prevention system and further vibration 5 generated when heavy
parts suchpatterndftergesvhgehdrs fdwendd kea the above described projection

optical system on the photosensitive substrate. Accordingly,

in order to limit wide variation of the line width of the circuit

10 pattern, it is necessary to illuminate the pattern which is

provided on the original plate at as even an illumination level

as possible, and to keep the unevenness of illumination low.

Due to this, the positioning accuracy required between the

elements which constitute the illumination optical system has

15 become high.

For the above reason, it is only possible for the various
elements of the illumination optical system to be separated at
portions with a comparatively low value of positioning required
accuracy, and as a result it has been necessary to provide the

20 portions which constitute most of the weight of the illumination
optical system and the exposure apparatus main body as one unit.
Due to this, it has been necessary to provide a frame in the
eéxposure apparatus main body to support the illumination

optic_al system, and because of thig the exposure apparatus main

25 Dbody has become large in size. Further, this has led to weight



provi ded inside the exposure apparatus nmain body accel erate or decel erate
during their novenent is al so suppressed. The active vibration system
cénprises air springs (hereinafter termed air nounts) which support the
exposure apparatus, voice 10 coil notors (hereinafter terned VCMs) which
inqpart thrusts in predeterm ned directions to the exposure apparatus main
body, accel eration sensors which detect vibrations of the exposure
apparatus main body, and a feedback control systemfor controlling the
anounts of air supplied to the air nmounts and 15 the thrusts of the VCMVs
and the |ike based upon vibrations of the exposur aratus mai n body
det ect ed b&nFﬁ@aﬁﬁcggeFﬁ?i%ﬁpgéﬁg%r%EP%ﬁ%ngA&%%*SFﬁgpto t he above
construction, the active vibration,grevention systeminterrupts_ the
transmi ssion of 9ROt PERET A+ WEThthe gEPoanEe SRRFTESIEMIHBPLYons 20
generated wi t hin the_exposure apparatus main_body, DI SCLOSURE OF THE

| NVENTI ON V¥hEeapienl E6PBfthetitipdanefathenblars) igolRiarceriashdyndth t he
fact that the weight of the 25 exposure apparatus main body is increased
as descri badgtapevEibgationhprevert on t3ustan, movhidsirdhey wadsasdonar ge, and
the capacity of the conpressed air supply which is ordinarily provided in
t he workshgpneratpd ctineneleR 6y aatiteh séedodgr 8 Wpper attrae dtheyg ikes
sonmetimes beconme insufficient. Further, in the sane way, 5 the VCMs are
al so requi Pravidedeingigie theustresiess appadrakus dibuhbody deeslejate ated when
driving the VCMs al so i ncreases. This heat generation causes air

t ur bul encedegaderate ndebing chlsesr tevement is also suppressed. The

active vibration system comprises air springs {(hereinafter
termed air mounts) which support the exposure apparatus, voice
10 coil motors (hereinafter termed VCMs) which impart thrusts in
predetermined directions to the exposure apparatus main body,
acceleration sensors which detect vibrations of the exposure
apparatus main body, and a feedback control system for
controlling the amounts of air supplied to the air mounts and
15 the thrusts of the VCMs and the like based upon vibrations of
the exposure apparatus main body detected by the acceleration
sensors, etc.. According to the above construction, the active
vibration prevention system interrupts the transmission of
vibrations from the outside, and suppresses vibrations

20 generated within the exposure apparatus main body.

DISCLOSURE OF THE INVENTION
(The problem of load on the air mounts)
However, along with the fact that the weight of the

25 exposure apparatus main body is increased as described above,



measur enent accuracy of interferoneters for neasurenent of the position of
the wafer stage etc. has becone deteriorated. 10 (Probl em of vibration
transmi ssion to the exposure apparatus main body) Further, in the case that
the projection exposure apparatus is a scanni ng exposure nethod one, a
reficle blind which is provided in the illumnation optical systemis
driven 15 during exposure. In a projection exposure apparatus from which
an accuracy on the nanoneter level is required it has happened that

vi bration generated at this tine cannot be ignored. This will be explained
bel ow. The reticle blind is a device for preventing non-required 20 |ight

enitted bytheeloadlwh BAki S hiciits 8180 B 16P8e 0T RAL PAGHE QUL Si de
the pattern portion frominpinging upon the photosensitive substrate. And

the oper at iognshef copppeBgedit abef Qi1 h IR RRI BE39ha S ERPNL A EXRPSHY €
action and closing it after conpletion are repeatedly perfornmed. It has

happened 2%het hatkelsp i Whess %@ﬂage%qoﬁ: 08h 59 PP YA AR %s Vi AT i ON 4

generated froma reticle blind opening and cl osing dri mechani sm whi ch

has enpl oyeg lasSkeRet Ble SWeRion@Nth b8l d1 S& eWrQLthBe 'iinkﬁe Eéae g/ ted an

i nfl uence upon the accuracy of projection exposure, as W e expldi ned

below. 5 the veMdbea %‘B&&Qi@é@%% rl;il'i%hbﬁ%ﬂgst?%hfegr heh t%g%y(?{uiﬁlgi nal

plate is noved under a band shaped ation region’forne

optical sysFeReh®lgdddddmtineah akiving shoeMll LeSH PRPLaths. band ;shaped
illumnation region. A pattern on the
heat generation causes air turbulence, and it in some cases the
measurement accuracy of interferometers for measurement of the
position of the wafer stage etc. has become deteriorated.
10 (Problem of vibration transmission to the exposure apparatus
main body)

Further, in the case that the projection exposure
apparatus is a scanning exposure method one, a reticle blind
which is provided in the illumination optical system is driven

15 during exposure. In aprojection exposure apparatus fromwhich
an accuracy on the nanometer level is required it has happened
that vibration generated at this time cannot be ignored. This
will be explained below.

The reticle blind is a device for preventing non-required

20 light emitted by the illumination light in a range of the
original plate outside the pattern portion from impinging upon
the photosensitive substrate. And the operations of opening
it before the beginning of scanning exposure action and closing
it after completion are repeatedly performed. It has happened

25 that during these opening and closing operations, vibration



original plate which is illumnated in a band shape is formed 10 as a band
shaped pattern image on the photosensitive substrate by the projection
optical system At this time, by making the photosensitive substrate nove
in the opposite direction fromthe novenent direction of the original

plate, and noreover by nmaking the ratio of the novenent speeds of the
original plate 15 and of the photographic substrate and the projection
ratio of the projection optical systemagree, a projection imge of the
pattern is exposed onto the photographic substrate, as it were like a slit

canmera. |f durin% o nning exposyre he above, described ratio of 20 speeds
is not kepBEEHEEN FTGMsBorErdAiPsPLhdr aPeEing amd eIewig dxdteer n whi ch

is formed upon the photosensitive substrate. In detail, when starting to
move bot h 'léﬁh‘eihlﬁhg*taes £Re lewedph dteppisig metos and paball tegrew e bot h
accel erated, but exposure is perfornmed after reaching a 25 constant speed.
I n order t(?rpéglrjlﬁoﬂﬁ'ﬁ?hi bagcexpetadi an, influence uporddws #acuracyt aft
mutual |y nmoving the original plate and the photosensitive substrate from
portions oRESHEETERE PERGEVEE: edPosiltd banekpitaingd hdlaw.t he above
described reticle blind is kept closed so that unnecessary |ight should not
i npi nge® upon 5 t HBEPRE ARG X Pes3wesi f dvai ng\pe rfoemeds i the ditiigichails
opened just _before the arrival of the pattern region of the original plate
in the banBl&kgpa8 TeYehiuRderon pags cﬁhamd:rilﬂgmgaanéqnbyegm dotined
systemfor_illumnnation is inmmnent. Mreover a frane shaped Iight

i ntercepti by Ug@,d)p(tg@aé.aﬁyggemcﬁmb,q:é'l)lmpgatlon, in the short direction

of the band shaped illumination region. A pattern on the
original plate which is illuminated in a band shape is formed
10 as a band shaped pattern image on the photosensitive substrate
by the projection optical system. At this time, by making the
photosensitive substrate move in the opposite direction from
the movement direction of the original plate, and moreover by
making the ratio of the movement speeds of the original plate
15 and of the photographic substrate and the projection ratio of
the projection optical system agree, a projection image of the
pattern is exposed onto the photographic substrate, as it were
like a slit camera.
If during scanning exposure the above described ratio of
20 speeds is not kept constant, distortion is generated in the
circuit pattern which is formed upon the photosensitive
substrate. In detail, when starting to move both the original
plate and the photosensitive substrate they are both
accelerated, but exposure ig performed after reaching a

25 constant speed. In order to perform this acceleration, it ig



10 formed surrounding the pattern region, and, since the width of this
frame shaped light interception band is greater than the dinensions of the
short side of the band shaped illum nation region, a light interception
state is maintained by the above described |ight interception band after
the reticle blind has 15 been conpletely opened. And scanni ng exposure
starts as the arrival of the head portion of the pattern region of the

original plate in the band shaped illum nation regi on becones immnent. The
arrival of the end edge portion of the pattern region of the original plate
in the band shaped illum nation region 20 becones i nm nent just before this

scanni ng ex@osssEry <o ehplicét wdtuablly meoutindéehar orvginal pled madetk@aped

| ight interception band (the "chrone") becomes inm nent, and scanning
exposur e iphétaseneit iAd tatbdtiratd Haramepioadtd ohlsi pdtisddel bkedrarge expl ai ned
above, the opening and closing operation of 25 the reticle blind is

per f or med ekpesitey, kafdrea ahdsdtimet te babovaldeyertibihiregieiposlind but it
can happen that vibration generated during opening and cl osi ng operation of

the reti cl s ephdeIByedebsilsdt duhbbgs 881 1R EXNOSI Aol NnpiRyeeHPsh an
i nfl uence upon exposure accuracy. Further, a punp or the like 5 may be

provi ded fle @rotosRplsY tafret Higodtkerd O Andexke MRt ilcdsepling@hls sperie® etc.,
and it may happen that this punp beconmes a source of vibration which exerts

an i nfl uenpes AT Pepaser 8ratedl asy .the batskrabiegidy eOtheher pgosent
invention is to propose 10 a projection exposure apparatus in which the
exposure oplatélin the band shaped illumination region which is formed
by the optical system for illumination is imminent. Moreover
a frame shaped light interception band (so called "chrome") is
10 formed surrounding the pattern region, and, since the width of
this frame shaped light interception band is greater than the
dimensions of the short side of the band shaped illumination
region, a light interception state is maintained by the above
described light interception band after the reticle blind has
15 Dbeen completely opened. And scanning exposure starts as the
arrival of the head portion of the pattern region of the original
plate in the band shaped illumination region becomes imminent.
The arrival of the end edge portion of the pattern region of
the original plate in the band shaped illumination region
20 becomes imminent just before this scanning exposure is
completed, and next the arrival of the frame shaped light
interception band (the "chrome") becomes imminent, and scanning
exposure is finished. After this the reticle blind is closed.
As explained above, the opening and closing operation of

25 the reticle blind is performed directly before and directly



system can be separated fromthe portions for which the required accuracy
of positioning is high, and in which by doing this the exposure apparatus
mai n body can be nmade nore conpact and can be reduced in weight. 15

A second objective of the present invention is to propose a projection
exposure apparatus in which sources of vibration are separated fromthe
exposure apparatus main body, and with which it is possible to obtain high
exposure accuracy. A projection exposure apparatus according to the present
20 invention that illum nates an original plate on which a predeterm ned
pattern is formed with light emtted froma source of |light for exposure,
and proj ecaften seomyeing dxmogms edutoritto cans bbppen thabrvabréabiomxposur e,

conprises: an optical systemfor illumnation that conducts light emtted
fromthe |ggnrated shuricy bpenérgosud elios irlgeopergthah qf abhe; ratiraia body
section 7 that is provided as a separate unit fromat |east one portion

of the opthTihhd aysy epefsist |dumtireatscamn isgd eaposhirehahiemayi gkent gt at e and
the subject material for exposure are | oaded; and a positioning drive
devi ce t hainfprudmrarmpdin gkpgstine faasiddgni ngubtBer as pamesp tie hfeeint of
rel ative positional deviation between the at |east one portion of the
opti cals sysdgme piroviled fat idds shdpbliySoprihe ddtteaso aars eparialee Uasérfrom
the main body section, and the main body section, within a predeterm ned
val ue. Acchighthgdurdehietc .t hendnbtiniayohappleat thet peisid ipemna bdevnakiHn 10
between the at | east one portion of the optical systemfor illumnation and-
the mai n beslyr&eadt oniofatiite pidjdclexetts an influence upon exposure
accuracy.
A first objective of the present invention is to propose
10 a projection exposure apparatus in which the exposure optical
system can be separated from the portionsg for which the required
accuracy of positioning is high, and in which by doing this the
exposure apparatus main body can be made more compact and can
be reduced in weight.
15 A second objective of the present invention is to propose
a projection exposure apparatus in which sources of vibration
are sepérated from the exposure apparatus main body, and with
which it is possible to obtain high exposure accuracy.
A projection exposure apparatus according to the present
20 invention that illuminates an original plate on which a
predetermined pattern is formed with light emitted from a source
of 1light for exposure, and projects an image of the pattern onto
a subject material for exposure, comprises: an optical system

for illumination that conducts light emitted from the light

25 gource for exposure to the original plate; a main body section



exposure apparatus which is provided as a separate unit therefromis kept
within a predetermned value, i.e. within a permtted value which is
nécessary for maintaining the optical 15 accuracy of the illum nation
optical system therefore it is not necessary to provide the entire
illumnation optical systemas one unit with the main body section of the
projection exposure apparatus. Accordingly it is possible to reduce the

wei ght of the main body section of the projection exposure apparatus, and
20 it is possible to reduce the maxi mum perm ssi ble | oad upon the

vi bration prevention device which supports the main body section of the
proj ect i ontBRposBrRrapiadhass a8 FAPREREE pivite diriotn 26 x pO3sk O PLEELEE, t he
positioning drive device may perform positioning by driving at | east one 25
of the at Pé&ddie opelpat eyshenffathel byniealtigysaatongrhieh theonigiinatli on
that is provided as a separate unit fromthe main body section, and the

mai n body pésteoand Aduvrdibigatomahesialtfos gxpesidyiecare headedi mndhe
optical accuracy of the optical systemfor illum nation by perform ng

posi ti oni ngobytdohvhgglrsivat devase et perfbemstdrdviol for pomiitibadypgsect i on
of the projection. exposure apparatus, and the illum nation optical system
whi ch i% peowisled keemas eperuatteofimiefl atioem pds it Ipial Bedjaseon benwesdhso, the
mai n body section may conprise a stabilizing 10 device that keeps the main
body secti bheiat desisabdme poattd onamfl thiecopoical avistgndfow 6 ldemiive tiay
perform positioning by driving the at | east one portion of the optical

syst em f or thitubs gaivaded as a separate unit from the main body section,

and the main body section, within a predetermined value.
According to this, the amount of relative positional deviation
10 between the at least one portion of the optical system for
illumination and the main body section of the projection
exposure apparatus which is provided as a separate unit
therefrom is kept within a’predetermined value, i.e. within a
permitted value which is necessary for maintaining the optical
15 accuracy of the illumination optical system, therefore it is
not necessary to provide thé entire illumination optical system
as one unit with the main body section of the projection exposure
apparatus. Accordingly it is possible to reduce the weight of
the main body section of the projection exposure apparatus, and
20 it is possible to reduce the maximum permissible load upon the
vibration prevention device which supports the main body
section of the projection exposure apparatus.
In this projection exposure apparatus, the positioning
drive device may perform positioning by driving at least one

25 of the at least one portion of the optical system for



According to this, it can be arranged that the main body section is

mai ntai ned ina stable state, and that a portion of the optical 15 system
for illumnation is also maintained in a stable state. In addition, the
stabilizing device of the main body section may conprise an active

vi bration prevention device that actively prevents vibration of the main
body section. According to this, vibration is actively prevented on a
portion 20 of the optical systemfor illumnation. Al so, the optical
system for illumnation may further conprise a variable illum nation visual

field aperture devjce that can adjust.a range of illum nation.of the

ori gi nal pﬂgigmﬂ)ﬁ}a ﬁ%nlﬁqbahft 1&8?82“?%‘? a&ﬁo%%?%’fa%%&lqlﬁ ?ﬁ%mo 9 ngrmsyst em
for 25 il]umination a portiqn disposed on a_light jncident surface side 9
of o var PHBYSPF N ettt Hh Qi Hoss BaRtr Pl o AT o HRUGRAG ¢ he
variable il lumnatiqn_visual field aperture vice nay b rovided as a
separate uhFtlY BORSIRG SEP THoH Kb EORORPE AEEb AT AY Ohitie OPRIEn ¢ he
optical systemfor 5 jllunmination_a portion, disposed, on the light incident
surface si B¥SBEMHRY Vi uhiRA G 191y, Y REFERT B RY O?’r‘é’r%}“é]:%ﬁ’(yuﬂélﬂé’&ﬂce
including the variable illum nation vjsuyal fLelgﬁgﬁerture device is

provi detl adtaleaphrate ohithe rehehendihe BEdy Y §RCGRORNBE pFRfect i on

exposure apparatus, therefore it is possible 10 t revent vibration
gener at ed g?Bﬁ??ﬁé°@a?¥E&ﬁ¥F?I?RHﬁ?ﬁﬁqﬁm14ﬂ@uﬁ§e ] Pﬁl&BEFPBrQPH%Q?%e whi ch

operates together wth projectjon exposure action frombeing trapsmitted to
the mai n bBUSLEBCLTGT 4F RIRV LIS 86 F GRRATFGEUFE: Bt e WA RonY |
section.
. Also, the main body section may comprise a stabilizing
10 device that keeps the main body section in a stable state; and
the .positioning drive device may perform positioning by driving
the at least one portion of the optical system for illumination.
According to this, it can be arranged that the main body section
ismaintained in a stable state, and that a portion of the optical
15 system for illumination is also maintained in a stable state.
In addition, the stabilizing device of the main body section
may comprise an active vibration prevention device that
actively prevents vibration of the main body section.
According to this, vibration is actively prevented on a portion
20 of the optical system for illumination.
Also, the optical system for illumination may further
comprigse a variable illumination visual field aperture device
that can adjust a range of illumination of the original plate
by the light source for exposure; and in the optical system for

25 illumination a portion disposed on a 1ight incident surface side



this vibration does not exert any influence upon the accuracy 15 of the

circuit pattern which is fornmed upon the wafer. In addition, the
positioning drive device nmay perform positioning by driving at |east one of
the at | east one portion of the optical systemfor illumnation that is

provi ded as a separate unit fromthe main body section, and the main body
section. According 20 to this, it is possible to maintain the optical
accuracy of the optical systemfor illum nation by perform ng positioning
by driving at | east one or the other of the main body section of the
projection exposure apparatus, and the at |east one portion of the optical
syst em f orof | theri et iadnlevhi Chumingiricon deduad £i23d sppatare devicéromthis
mai n body section. 10 Al so, the nain body section nmay use |ight whose
i |1 um nat i bmeladigeg hease beeni adjaisitlddimtiynattieny sisablefikldmapattwre vi sual
field aperture device, and perform scanni ng exposure between the original
pl ate and déeisebpeetbaraireniialed asf ar sepppstes euni Adrndithg traihhbsdyfor a
proj ection exposure apparatus which perforns scanni ng exposure as well, it
i s possi bl ge¢oig evenicotidinat tentheser aigde firomie \watiablle siybbam fati on
visual field aperture device which operates along with projecting exposure
acti on sf r obl benhgat i@nsrpbiredohodi fvoddd omthebDikyhis deididenef stihface
proj ecti on exposure apparatus. Further, this vibration does not exert any
i nfl uence #pde dfhehaceirriadyleofilihnifat Con tvipatdlef he WMispedtsideodevtlcaipon t he
waf er. Anot her projection exposure apparatus according to the present
i nvention ifmaludihgnihatvese bl iidilnalinptdbe otiswhilcBield aperture
device is provided as a geparate unit frowm the main body section
of the projection exposure apparatus, therefore it is possible
10 to prevent vibration generated from the variable illumination
visual field aperture device which operates together with
projection exposure action from being transmitted to the main
body section of the projection exposure apparatus. Further,
this vibration does not exert any influence upon the accuracy
15 of the circuit pattern which is formed upon the wafer. In
addition, the positioning drive device may perform positioning
by driving at least one of the at least one portion of the optical
system for illumination that is provided as a separate unit from
the main body section, and the main body section. According
20 to this, it is possible to maintain the optical accuracy of the
optical system for illumination by performing positioning by
driving at least one or the other of the main body section of
the projection exposure apparatus, and the at least one portion

of the optical system for illumination which is provided as a

25 separate unit from this main body section.

10



15 a predetermned patternis formed with light emtted froma source of
| i ght for exposure, and projects an imge of the pattern onto a subject

materi al for exposure, conprises: an illum nation optical systemthat
conprises a variable illum nation visual field aperture device that can
adjust a 20 range of illumnation of the original plate by the |ight

source for exposure, and that conducts light emtted fromthe |ight source
for exposure to the original plate; and a main body section that is
provi ded as a separate unit froma portion of the optical systemfor
illum nation, including the variable 25 illum nation visual field aperture
devi ce, di sposed®dfot hehe majighbofivicsdentos umdnomseildataf whosevari abl e
illumnation visual field aperture device, and that is |oaded with the
ori gi nal pHddaminatine zebpechasabeenabdjostedposurtes vindaidieng to this,
for a projection exposure apparatus which performs scanning 5 exposure as
wel I, it idljosdnetéonorimmienield apatritareginerat, eand berfbhr sermnable
illumnation visual field aperture device as it operates together wth proj
ecting expegpoguzet behwéenntheiagidiris pltatedahd the swbiedweiateeahiion of
t he exposure apparatus. Further, this vibration does not exert any
i nfl uente dpynexpestoe.acdturaciimf tdeldiy,Cifice pabirefacvhbsheksodwrared upon
t he wafer. Another projection exposure apparatus according to the present
i nventi on epperathenwhatkspenforngi sednmied eexqrosmiiec hsawerneget er mkned
pattern is fornmed with light emtted froma source of |light for exposure,
and proj ecposanbilenge pretvémt 16ibpat i@t yantads Wjoach Fakeabak for
exposure, conpri-ses: an illumnation optical systemthat is provided as a
separat e udliumination visual field aperture device which operates along
with prejecting exposure action from being transmitted to the
10 main body section of the projection exposure apparatus.
Further, this vibration does not exert any influence upon the
accuracy of the circuit pattern which is formed upon the wafer.
Another projection exposure apparatus according to the
present invention that illuminates an original plate on which
15 a predetermined pattern is formed with light emitted from a
source of light for exposure, and projects an image of the
pattern onto a subject material for exposure, comprises: an
illumination optical system that comprises a variable
illumination visual field aperture device that can adjust a
20 range of illumination of the original plate by the light source
for exposure, and that conducts light emitted from the light
source for exposure to the original plate; and a main body
section that is provided as a separate unit from a portion of
the optical system for illumination, including the variable

25 illumination visual field aperture device, disposed on the

11



fromthe light source for exposure, and that conducts light fromthe |ight
source for exposure to the original plate; and a nain body section that is
provi ded as a separate unit fromat least 20 a portion of the optical
systemfor illumnation, and that is |oaded with the original plate and the
subj ect material for exposure. According to this, it is possible to provide
as nutually separate units the |ight source for exposure, the illumnation
optical system and the main body section of the 25 exposure apparatus
which is provided as a separate unit from 12 at | east one portion of the
illumnation optical system and it is possible to reduce the size and to
reduce t he Msihghinetdentc vuofathesizle Afithd vasigbisiiillentinatedtcd ddzd | oad
on the air nounts and VCVs whi ch support the illum nation optical 5 system
and the maifrieddBpessnitodevice handxiostile lapdadatith tAbiosipt apegiliade
exposure apparatus may further conprise: a positioning drive device that
perfornms deind bigefarbjEesi maorirhgl sfonexposkeen ancesRditg @b tiel af ifse
positional deviation between the at | east one portion of the optical system
10 for il lupkngecohohhakpbsupeosppetatss awsEfRrpierdid doz@mihie mai n body
section, and the main body section, within a predeterm ned val ue. Accordi ng
to thiss itexpespresidkello imiiktpdssilbE: @ptpealet tibaayioh deherapkiscal

system for illumnation, since positioning is perforned so as to keep the
15 anount fobur ehatiard apdei 1 1 baal ndevbrtiiemahes BN dpae timenadeihe sact i on
and the at |east one portion of the illumnation optical systemwhich is

provi ded asteopepmireat eogathet maroh peof@d bihgeyposure action from being

transmitted to the main body section of the exposure apparatus.

Further, this vibration does not exert any influence upon the

10 accuracy of the circuit pattern which is formed upon the wafer.

Another projection exposure apparatus according to the

present invention that illuminates an original plate on which

a predetermined pattern is formed with light emitted from a
source of light for exposure, and projects an image of the

15 pattern ontc a subject material for exposﬁre, comprises: an

illumination optical system that is provided as a separate unit

from the light source for exposure, and that conducts light from

the light source for exposure to the original plate; and a main

body section that is provided as a separate unit from at least

20 a portion of the optical system for illumination, and that is

loaded with the original plate and the subject material for
exposure. According to this, it is possible to provide as
mutually separate units the light source for exposure, the

illumination optical system, and the main body section of the

25 exposure apparatus which is provided as a separate unit from

12



section within a predeterm ned val ue. Another projection exposure apparatus
according to the 20 present invention that illumnates an original plate
on which a predeterm ned pattern is formed with light emtted froma source
of light for exposure, and projects an inmage of the pattern onto a subject
material for exposure, conprises: an illumnation optical systemthat
conducts light emtted from25 the light source for exposure to the
original plate; a nmain body 13 section that is provided as a separate
unit fromat |east a portion of the optical systemfor illumnation, and
that conprises an original plate stage on which the original plate is

| oaded and &t sidasttr ane pbagdéonnofhtied iltaursithiteicin Bpitaichdl sPstb@l &xdosure
i s | oaded; and a mechani smthat discharges reaction force generated when

the originait lsapesstibfe 06 td@usshsid atigeShAGer FOMETucALERr Hight wof hi s,
since a nechanismis provided for discharging the reaction force generated

when the stage foff thenr i ghaalc PlatgoiBe 1 28RuLer thBe18MESLS ali moves,
10 vibration of the main body section of the exposure apparatus is greatly

reduced. A tndundioSsidhvers Galibh bApb8ANCEnt NE1 AR i, Tedldate
posi tional deviation between at |east F e portion of the i1llumnation

opti cal 5sysdyartemisal itheP kM ind8dags s8-8 EBAT 8t et Ml dxfsamd ffpﬁ%]éh&qdy
ur

section, and the main body 15 section, and it is possible er to

enhance the opti qalisAeEes d6yi o ekBBsOPLi a9t %&%ﬂth@%&%ﬂ .1
this projection exposure apparatus, the méchanismnay be a frame that is
fixed upon & pusiftdeniol AriheonedndedtBEPFELEorms driving for
positioning so as to keep an amount of relative positional
deviation between the at least one portion of the optical system
10 for illumination that is provided as a separate unit from the
main body section, and the main body section, within a
predetermined value. According to this, it is possible to
maintain the optical accuracy of the optical system for
illumination, since positioning is performed so as to keep the
15 amount of relative positional deviation between the main body
section and the at least one portion of the illumination optical
system which is provided as a separate unit from the main body
gsection within a predetermined value.
Another projection exposure apparatus according to the
20 present invention that illuminates an original plate on which
a predetermined pattern is formed with light emitted from a
source of light for exposure, and projects an image of the
pattern onto a éubject material for exposure, comprises: an

illumination optical system that conducts light emitted from

25 the light source for exposure to the original plate; a main body

13



reaction force onto the surface of the floor. According to this, 20 since
the reaction force generated when the stage for the original plate or the
st'age for the substrate noves is discharged onto the surface of the floor
by the frame, the sane results as descri bed above are nmade avail able by a
sinpl e nechanism Also, the original plate stage or the substrate stage may
25 be driven by a non contact type drive device nmade up froma 14

novabl e el enent and a fixed el enent, and the novabl e el ement may be
provided to the original plate stage or the substrate stage while the fixed
element is provided to the frame. According to this, the sanme results as

described gbeveoar engBdesSpayaifah! £s by Seffconiad frtRe a9r 1vgarshage.
Al so, the nechanismmay be a drive frame that, in order to discharge

reaction fgheeiganetatrd wheichNespat &th Nddr PG iHAGROr shlRetgybstrate
stage noves, noves in a reverse dirtection using a |law of conservation of

monent um ageREek Best £n tdye g nhtbostg% (e whli R8Ct he ASERY AT Htlgtehi S,

since the reaction force generated when e stage for the original plate or

the stage fiarithgegubsd ALGLAPYESe! St s ALASEROYHE %@j&éf@%&;ﬁaﬁt here

is absolutely no influence upon other Supporting portions, a urthernore

the samg rfék‘lé}&&ﬁn@e§§ﬁ%ﬁ@d@b&y@a%{eﬁzl{ﬁq_%mlghat?ﬁﬁl-bEﬂgl:@eﬁyfegc%&gﬂl €

mechani smwhi |l e properly maintaining the center of gravit al'ance of the

stage. Al s@orblegdid ey wRkal €ns A9 A1t PEa SHRMIA B, SIS LBRY Y REedr I ven
by a non contact” type drive device made up froma nnvagle el enent and a
fixed el engphgeanshdde ARYBRLENE! €Dl s, since a mechanism is provided

for discharging the reaction force generated when the stage for

the original plate or the stage for the substrate moves,

10 vibration of the main body section of the exposure apparatus
is greatly reduced. And it is possible greatly to reduce the
amount of relative positional deviation between at least the
portion of the illumination optical system which is provided
as a separate unit from the main body section, and the main body

15 section, and it is possible further to enhance the optical
accuracy of the optical system for illumination.

In this projection exposure apparatus, the mechanism may
be a frame that is fixed upon a surface of a floor and discharges
reaction force onto the surface of the floor. According to this,

20 since the reaction force generated when the stage for the
original plate or the stage for the substrate moves is discharged
onto the surface of the floor by the frame, the same results
as described above are made available by a simple mechanism.

Also, the original plate stage or the substrate stage may

25 be driven by a non contact type drive device made up from a

14



20 may be provided to the original plate stage or the substrate stage
while the fixed elenment is provided to the drive franme. According to this,
t e sanme results as descri bed above are nade avail able by a non contact
type driven stage. Another projection exposure apparatus according to the
25 present invention that illum nates an original plate on which 15 a
predeterm ned pattern is fornmed with light emtted froma source of |ight
for exposure, and projects an image of the pattern onto a subject materi al
for exposure, conprises: a main body section on which the original plate
and the subj ect material 5 for exposure are | oaded; a separate section

that is prevvedbleaslemegpadnd & Wiided e0&mbhe , "aha Hlod)nGamilor] etddtt hat
necessitates a predeterm ned relative positional relationship with the main

body secti eay BaOpRopRO&kd iteitie drivandevptatthatagerdorirme dubkirgtrkor
positioning at | east one of the main body 10 section and the separate

section sos@agkOwke®e BReaikdy Oferdi@tiy§RASIddONY tavicahhan between
the separate section and the main body section within a predeterm ned

val ue. AccarebRdihg ddithisW dne LRRePFOIOld QB SXPOSIBE] ABBREAMSmalik
becones possible to make all the portions which can possibly becone 1

sour cess Of ayhblabl 8NbPSa SERAT @& akH tis,pihid.e iR Ritaigai ng rel ative
positional relationships of high accuracy. And it i S possible to reduce the

wei ght of the mADsHObhe aRldaRigh hBG BE O @GlivANFBXRASHES 2ARALRRES, and
to reduce the maxi num perm ssi ble | oad upon the vibration prevention device
which 20  ggp@psésatdie YRict 1RAAY o286 1ddHE At d GHRAOLBE 1d My 1826R0B YE e
stage or the substrate stage moves, moves in a reverse direction
using a law of conservation of momentum according to the movement
10 of the stage. According to this, since the reaction force
generated when the stage for the original plate or the stage
for the substrate moves is discharged by the drive frame, there
is absolutely no influence upon other supporting portions, and
furthermore the same results as described above are made
15 available by a simple mechanism while properly maintaining the
center of gravity balance of the stage.
Also, the original plate stage or the substrate stage may
be driven by a non contact type drive device made up from a
movable element and a fixed element, and the movable element
20 may be provided to the original plate stage or the substrate
stage while the fixed element is provided to the drive frame.
According to this, the same results as described above are made
available by a non contact type driven stage.

Another projection exposure apparatus according to the

25 present invention that illuminates an original plate on which

15



apparatus, so that a projection exposure apparatus of high accuracy becones
a possibility. In this projection exposure apparatus, the separate section
ndy be a supply device that supplies the original plate 25 and/or the

subj ect material for exposure to the main body section. 16 According to
this, it becomes possible to maintain positional accuracy of supply of
wafers or the like by for exanple a | oader over a long tine period with

hi gh accuracy, and noreover a high accuracy projection exposure apparatus
whi ch does not suffer 5 any influence fromvibration of the | oader becones
a possibility. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a figure show ng
a sinplifiedreEeteialingd gheilra PEOFSELEAN EXROPLNR ARPANAULISAGCY di ng
to a first enbodinent. Fig. 2 is a figure showng a construction of "an

act uat or j ' i df} oL ni ; tjon o n

opti cal s\;,/\,rsgtogrﬁc:‘egfqi Fﬁﬁgng??oﬁgﬁiéh%' éﬂdoi;:]f(g:!&%% g‘{ﬂagﬁag&r %fsfﬁg\%i ng an
exenpl ary GARYCohON 0hys; b fl-2e2iRA s 5L RO, Alorh SEULIAN o Blgek whi ch
is disposed opposing It. Fig. 4 1s a figure show ng another exenplary

et et edyfaddin gl SRLAGSIAN 58050ha1 Hace and thlidiniBct Hd Ll @

showi ng a sinplified construction o J ection exposure appa
accordi 89 18,3860 8RO IR, 5 separate section that is provided

as a separate unit from the main body section, and that
necessitates a predetermined relative positional relationship
with the main body section; and a positioning drive device that
performs driving for positioning at least one of the main body
10 section and the separate section so as to keep an amount of
relative positional deviation between the separate section and
the main body section within a predetermined value. According
to this, with the projection exposure apparatus, it becomes
possible to make all the portions which can possibly become
15 sources of vibration as separate units while maintaining
relative positional relationships of high accuracy. And it is
possible to reduce the weight of the main body section of the
projection exposure apparatus, and to reduce the maximum
‘permissible load upon the vibration prevention device which
20 supports the main body section of the projection exposure
apparatus, so that a projection exposure apparatus of high
accuracy becomes a possibility.
In this projection exposure apparatus, the separate
section may be a supply device that supplies the original plate

25 and/or the subject material for exposure to the main body section.
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Fig. 6 is a figure showwng a sinplified construction of a | oader which is
di sposed next to and in contact with the 25 projection exposure apparatus.
17 Fig. 7 is a figure showing a noving stage provided with a drive
frame. BEST MODE FOR CARRYING OQUT THE INVENTION 5 - First enbodi nent - A
pr.oj ecti on exposure apparatus according to a first enbodi nent is now
explained with reference to Fig. 1 through Fig. 3. Fig. 1 shows a
sinplified construction of a projection exposure apparatus according to the
first enbodiment. The 10 projection exposure apparatus shown in Fig. 1 is
a scanni ng exposure method exposure apparatus which exposes a pattern on an

ori ginal phat8rahg o RIALOSERShLLYRes Wi WA rhéir?&’é"ﬁi"’p;&%%%ﬁa@w ng

the original plate and the photosensiti've substrate. Laser “light emtted by

a Vaser |1 gbbusou s LEpbsy 10t waodictednyl 2,00t oal. SYaheTe 083ad |08 as

illumnpnation light to o?iglna ate a mask or reti erernafter

taeﬁa”?g Eﬁéé*’%%' R R S eSSt MR Rel Tl R PRS0 %ﬁgﬁa?“” o
Cyetom pL. PR F Rl G o eiethR bR L aPul yn il RSP Kl pBEREET, 1.

substral e Yh{henesnaklerelon Toib A vRlelJe WL a8 Legh adnted upon a

waf er novi ng” stage I'S projection exposure apparatus W be expl ai ned

in detail bgsgggii9£§pmjng.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a figure showing a simplified construction of

10 a projection exposure apparatus according to a first
embodiment.

Fig. 2 is a figure showing a construction of an actuator
which is disposed in the vicinity of a bottom portion of an
optical system for illumination.

15 Fig. 3 is a figure showing an exemplary construction of
a displacement sensor and of a sensor block which is disposed
opposing it.

Fig. 4 is a figure showing another exemplary construction
of the displacement sensor.

20 Fig. 5 is a figure showing a siﬁplified construction of
a projection exposure apparatus according to a second
embodiment.

Fig. 6 is a figure showing a simplified construction of
a loader which is disposed next to and in contact with the

25 projection exposure apparatus.
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25 As shown in Fig. 1, the projection exposure apparatus 18
according to the first enbodinent is conposed of a control section 50, a

| aser |ight source LE, an optical system 10A, an optical system|O0B, an
exposure apparatus main body SP, a reaction frane 51, etc.. A signal |ine
is connected to the laser 5 [|ight source LE fromthe control section 50
whi ch controls the overall operation of the projection exposure apparatus.
Laser light such as exciner laser light is emitted fromthe |laser |ight
source LE based upon | aser |ight em ssion commands which are issued from
the control section 50 to the laser |ight source 10 LE. The laser |ight

i s incident uponFi%ie bpts Gafigyseephaviny s MeVinBubhrgpRTPSdad whtiincl udes
arelay lens. In order to performoptical axis matching and active

vi bration @&l Axivat foamas descri bed hereinafter, the optical system 10A and
the tubul ar pathS are flexibly connected together. 15 Al though the
exposure apparatus nmain body is arranged within a clean room the |aser

| ight source LE is arranged outside the clean room in order efficiently to
make practical use GEEIThMCREFORy SARREING AUThTHE| ESVENDDON and in order to
supply gas forthel aserandt osuppl ygasf orexci ti ngt hel aser. Moreover, 20

al t hough t heFapstcehbegsment 10A and t he optical system | 0B can be arranged
either inside or outside the clean room if they are arranged outside the

cl ean room t heyAshou]j e tbeomrexpupirenadrarad ushacerdiwhgchoi 8 Seadted to a
hi gh degree of tightness, so that the optical path is kept free from
ext r aneousemhbddmengsis 1St raxptlaigedf wiihbe vpferahcsyse dhg .10AthrdugloB)
Fig. 3. Fig. 1 shows a simplified construction of a projection
exposure apparatus according to the first embodiment. The
10 projection exposure apparatus shown in Fig. 1 is a scanning
exposure method exposure'apparatus which exposes a pattern on
an original plate onto a photosensitive substrate while
synchronously moving the original plate and the photosensitive
substrate. Laser light emitted by a laser light source LE is
15 conducted via optical systems 10A and 10B as illumination light
to an original plate R (a mask or reticle, hereinafter termed
a reticle) which has been mounted upon a reticle moving stage
RM of a main body SP of the exposure apparatus. Illumination
light which has passed through the reticle R is projected via
20 a projection optical system PL onto a predetermined region of
the surface of a photosensitive substrate W (hereinafter termed
a wafer) which has been mounted upon a wafer moving stage WM.
This projection exposure apparatus will be explained in detail

in the following.

25 As shown in Fig. 1, the projection exposure apparatus
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19 Internal to the optical system 10A there are provided a mrror 1, a
beam shapi ng optical systemBE, a first fly-eye lens 2, a vibration mrror
3, a second fly-eye lens 4, arelay lens 5, a reticle blind 6, etc.. Laser
light is incident into this 5 optical system|OA which is structured as
above, is reflected by the reflecting mrror 1 which is disposed in the
optical system 10A, and is shaped by the beam shapi ng optical system BE
into a |aser |ight beam of a predeterm ned cross sectional form The | aser
| ight beamenmtted by the beam shaping optical 10 system BE passes through
the first fly-eye lens 2, is reflected by the vibration mrror 3, and
passes t hr d¢§erdiags seohbief fyreyeenbadivientThes f ¢ompoded -y @ lcomsrdland t he
second fly-eye lens 4 consist of a |large nunber of |ens el enments bundl ed

t oget her, #&egtdonabfe adaiser dfight gnusmiide anugesidalecyatamylii ghin 15
sources) corresponding to the nunber of lens elenents which nake them up
are fornmedoptichd eysteinoh0Bi des ekposese dppsratwnentiss bBdy Is@sen |ight
emtted by the second fly-eye |l ens 4 passes through the relay lens 5 and is
i nci dent upeacthenoftam=ablsestcem | BB iahadrl pas $kngrinceedhtd bRe Nakiee! €
blind 6 which regulates 20 its rectangul ar openi ng anount, thus acting as
a vari abl e liightinsoat¢oLE ol the elchtapdr bateidnrs s whicAncact 26D EhES Whi ch
is a drive source for the reticle blind 6 is connected to the control

secti on 50ovéehad laepars tororl 5 £ cides psbg eot i anst:qppivig apparatand. bakkescr ew
construction or the |like, not showmm 25 in the figures. The opening and

cl osi ng of ligbtretdlche exldimer2Daser 1ight is emitted from the laser l1ight

source LE based upon laser light emission commands which are
issued from the control section 50 to the laser light source

10 LE. The laser light is incident upon the optical system 10A
via a tubular path S which includes a relay lens.

In order to perform optical axis matching and active
vibration elimination as described hereinafter, the optical
system 10A and the tubular path S are flexibly connected together.

15 | Although the exposure apparatus main body is arranged within
a clean room, the laser light source LE is arranged outside the
clean room, in order efficiently to make practical use of the
area available in the clean room, and in order to supply gas
for the laser and to supply gas for exciting the laser. Moreover,

20 although the optical system 10A and the optical system 10B can
be arranged either inside or outside the clean room, if they
are arranged outside the clean room, they should be arranged
within a chamber which is sealed to a high degree of tightness,
so that the optical path is kept free from extraneous matter.

25  (Structure of the optical systems 10A and 10B)
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6 is controlled by the control section 50 via the actuator 15. The reticle
blind 6 is for preventing illumnation light which illumnates the range of
the original plate outside its patterned portion frominpingi ng upon the
phot osensitive 5 substrate as unnecessary |light, and opens and closes in
associ ated operation with scanni ng exposure operation, as has al so been
described with reference to the prior art. Mreover, a base franme 11 which
supports or drives the optical system 10A by its base portion, air nounts
14A and 14B, Z direction 10 actuators 13A and 13B, a Y direction actuator
12A, and an X direction actuator 12B will be explained in detail below A
relay lens 7, a GhteonaB, tanthecpotdebseyst@ns R ehereasee rspaisRd ansi de
the optical system|0OB. Laser |ight which is incident upon the optical

syst em | OBmpassesl ! hrisemh shhpinglaptial kgBse BH,Safafdsecteg-ofd 1thg mrror
8, and is collected by the condenser lens 9. An illumnation region on a

reticle R ehighrilradiispoaearonss de acodha bpfyey%’ 1QingAl , €XPASIHL 18RRAr at US
which will be described hereinafter is alnost evenly illum natéd by the

i |luninatien digddiond shihg ¢ padat edrbyet-he ppenisngnefathe 2Q0 kgtiscl e

blind 6 as above. The optical systemfor illumnation of the projection

exposure appeiaklsspeean diorgwhchhes fdusictepedbgetots, MBdeiReptofhe
optical system|OA and the optical system| OB which have been descri bed

above. (StbyctheereflébeinynRbiFe: aPRARAIIS STRiRpBRAN $R) B8 optical The
structure of the exposure apparatus main body SP"wll 21
system 10A, and is shaped by the beam shaping optical system
BE into a laser light beam of a predetermined cross sectional
form. The laser light beam emitted by the beam shaping optical
10 system BE passes through the first fly-eye lens 2, is reflected
by the vibration mirror 3, and passes through the second fly-eye
lens 4. The first fly-eye lens 2 and the second fly-eye lens
4 consist of a large number of lens elements bundled together,
and a large number of light source images (secondary light
15 sources) corresponding to the number of lens elements which make
them up are formed on the emission sides of these lens elements.
The laser light emitted by the second fly-eye lens 4 passes
through the relay lens 5 and is incident upon the optical system
10B after passing through the reticle blind 6 which regulates
20 its rectangular opening amount, thus acting as a variable
illumination visual field aperture (irig). An actuator 15
which is a drive source for the reticle blind 6 is connected
to the control section 50. This actuator 15 consists of a

steppingmotor and ball screw construction or the like, not shown

25 in the figures. The opening and closing of the reticle blind
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now be expl ained. A projection optical systemPL, a first colum 33, and a
second colum 34 are fixedly provided on the upper portion of a nmain frane
30. A wafer base W5 and a laser interferoneter 40 for neasuring the anount
of displacenent of 5 the noving stage WM (which is novabl e) upon the wafer
base W5 in the XY coordi nate plane perpendicular to the drawi ng paper in
Fig. 1 (the X coordinate axis extends in the direction perpendicular to the
surface of the paper) are fixedly provided in the |lower portion of the nain
franme 30. Areticle base RS 10 and a |l aser interferometer 20 for neasuring
t he anmount of displacenent of the noving stage RM (which is novable) on the
reticle bafelRPREXPLLed byobhai eentorgl seetdon F0 xaid yher avtdetbo 5t.he
first columm 33. The novabl e stages RM and WM are noved by non-contact type
actuators T¥& #AHieds hhinh6ndy fle brevent 18y iddiurisiadi onhkighkedthichhe
novabl e el enents of the actuators 23A and 23B are provided on the novable
st ages RM dddumiinawes| theheahpgedst etleeremt 5yiial el ot uatterisie23Asand 23B are
provi ded on a reaction frame 51 to be described hereinafter. The actuators
23A and 23Ragfernied pbagéionnfeoheiwopitaglisy Apandthd) mictcaaaki2@veconnect ed
to the control section 50. The control section 50 controls the driving of
t he nov’ ng ssbageaRl by ttheeaessatprl Xt basell apgpors tdiel atogels ah novenent
of the nmoving stage RM detected by the interferometer 20. Further, the
control see@ssorisbedorpendsicmaridhi voagn bhg tdxpamitiengpstrattoiVdsy habe
actuator 23B 25 based upon the anount of novenent of the noving stage WM
det ect ed 221so been described with reference to the prior art. Moreover,

a base frame 11 which supports or drives the optical system 10A
by its base portion, air mounts 142 and 14B, Z direction

10 actuators 13A and 13B, a Y direction actuator 12A, and an X
direction actuator 12B will. be explained in detail below.

A relay lens 7, a mirror 8, and a condenser lens 9 etc.
are disposed inside the optical system 10B. Laser light which
is incident upon the optical system 10B passes through the relay

15 lens 7, is reflected off the mirror 8, and is collected by the
condenser lens 9. An illumination region on a reticle R which
is disposed inside a main body SP of an exposure apparatus which
will be described hereinafter is almost evenly illuminated by
the illumination light which is regulated by the opening of the

20 reticle blind 6 as above. The optical system for illumination
of the projection exposure apparatus according to the first
embodiment is made up of the optical system 10A and the optical
system 10B which have been described above.

(Structure of the exposure apparatus main body SP)

25 The structure of the exposure apparatus main body SP will
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by the interferoneter 40. It will be understood that the actuators 23A and
23B are for noving the novabl e stages RM and WM al ong the direction of the
Y coordinate axis in the plane described above, while draw ngs and
explanations with regard 5 to the actuators for noving themin the X
coordinate axis direction which extends perpendicular to the plane of the
paper are curtailed, in order to avoid increasing the conplexity of
explanation. Further, with regardtothelaserinterferoneters, in the sane
manner draw ngs and expl anations relating to those 10 for the X coordi nate
axis direction are curtailed. Mreover, it is not absolutely essential for
t he waf er haweb&\Bxpth il nDA pgodeagéobpbibel pryviehed®Plon & Hdnsdi n frane
30, it would al so be acceptable to provide themon an frame vibrationally
i ndependentobfimi B33 ,nmaind &r ageoBd. c&yundoniddg atrki $ixedly musdideldeoti5the o
shorten the manufacturing tinme for the exposure apparatus, since it is
possi bl e tappesqudtta andfad) msin tfhreme 0peCctA avafet bask WYy sreimPlased t he
novi ng stage WM i ndependently (by unit or nodular construction). In the
sane nmanneintetfesomasst Moefbe wdd@niddazammohatedt ciaplabbaeht byt
providing the reticle 20 base RS and the noving stage RM on an frane

vi br at ionathy maeeperdede @M (VeidRiie toak®d130. ubohtiles waflerwbdkd wd so be
acceptabl e for the novabl e stages RM and WM and the projection opti cal
system PL #acthd dybeobrdeépetdesiidne pepperidadul dretprind duswyingdesapebded
optical systemI|OB is fixed upon 25 the second colum 34. The main frane
30 is suppbiiteily byl t (the2X coordinate axis extends in the direction

perpendicular to the surface of the paper) are fixedly provided
in the lower portion of the main frame 30. A reticle base RS
10 and a laser interferometer 20 for measuring the amount of
displacement of the moving stage RM {which is movable) on the
reticle base RS in the XY coordinate plane are fixedly provided
on the first column 33. The movable stages RM and WM are moved
by non-contact type actuators 23A and 23B which may be linear
15 motors or the like. The movable elements of the actuators 23A
and 23B are provided on the movable stages RM and WM, while the
fixed elements of the actuators 23A and 23B are provided on a
reaction frame 51 to be described hereinafter. The actuators
23A and 23B and the laser interferometers 20 and 40 are each
20 connected to the control section 50. The control section 50
controls the driving of the moving stage RM by the actuator 23A
based upon the amount of movement of the moving stage RM detected
by the interferometer 20. Further, the control section 50
controls the driving of the moving stage WM by the actuator 23B

25 Dbased upon the amount of movement of the moving stage WM detected
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four corners of a base frane 41 which is provided on the floor. Hard
rubbers 31A through 31D (however, 31C and 31D are not shown in the figures)
and piezo actuators 32A through 32D (however, 32C and 32D are not shown in
the figures) are interposed between 5 the support portions of the base
frame 41 and the supported portions of the main frame 30. Transm ssion of
vibration fromthe surface of the floor to the main frame 30 is prevented
by these hard rubbers 31A through 31D and piezo actuators 32A t hrough 32D.
The details of the hard rubbers 31A through 31D 10 and piezo actuators 32A
t hrough 32D wil|l be described hereinafter. Wth the exposure apparatus main
body SP st bycttireed ngsrflosvmetan #fagel tofwid lcibec vindepatbedntbatt beereticle R
which is nmounted on the noving stage RMfor the reticle is fornmed by the

pr oj ect i on agiatairss 3Aem P2 3@natrbef avaeviigwbhe mdsfablies shagas e’M @amd he

novi ng stage WM for the wafer. And a resist applied on the wafer W has
been expos&# wdohngghhe dbreébiaion hef dlrec¥ kopatiiaabei arge irs Htheandfeered to
and phot ographed onto a predeterm ned region on the wafer W (The reaction
frane 51) Zescribed dbeveeawhibe dranmmdsl andi ekplanst beed witdndieagradn t he
floor in the vicinity of a side portion of the nmain body SP of the exposure
appar at bis wd [theowclbeaewppbaf oedmolimdg nghet aini dige X REBLEE naper akien, the
novabl e stages RM and WM are driven by the actuators 23A and 23B as

descri bed dhiceetiandvhibgteakedhdsife rsactcerlatret anthedeTehe &t €he pAbelrhi s
time, the reaction forces 24 acting on the actuators 23A and 23B from

t he novabl erst agesaifMed, in order to avoid increasing the complexity of

explanation. Further, withregardto the laser interferometers,
in the same manner drawings and explanations relating to those
10 for the X coordinate axis direction are curtailed. Moreover,
it is not absolutely essential for the wafer base WS and the
moving stage WM to be provided on the main frame 30, it would
also be acceptable to provide them on an frame vibrationally
independent of the main frame 30. By doing this it is possible
15 to shorten the manufacturing time for the exposure apparatus,
since it is possible to assemble and adjust the projection
optical system PL and the moving stage WM independently (by unit
or modular construction). In the same manner, it is possible
to obtain the same beneficial effect by providing the reticle
20 base RS and the moving stage RM on an frame vibrationally
independent of the main frame 30. Further, it would also be
acceptable for the movable stages RM and WM and the projection
optical system PL each to be independently supported.
The previously described optical system 10B is fixed upon

25 the second column 34. The main frame 30 is supported by the
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and WM are transmtted to the reaction frame 51. The noving stage RMis
floatingly nounted on the reticle base RS by air bearings. The noving stage
Wilis floatingly nmounted on the 5 wafer base WS in the same nanner.
Accordingly the main frane 30 does not shake, since the reaction forces
generated when the novabl e stages RM and WM accel erate or decelerate are
transmtted to the reaction frame 51 but not to the main frame 30.
Furthernore vibrations fromthe floor are not transmtted 10 to the noving
stages RMand WM via the reaction franme 51, since the actuators 23A and 23B
are non-contact type linear notors. The reaction frame 51 is for

di schar gi nForyecorners mf fdvaes fistaimeh4 1 hwhisdt datprev2BA andtPSEleeei ve
along the Y coordinate axis direction onto the surface of the floor, but

dr awi ngs abl@rgsrulsvgtaadi tnrowdaBibg(Haoweasinias DC |l YD ded Aot stiowwi Ng t he
novabl e stages RM and WM al ong the X coordi nate axis direction, and

rel ati ng t dnatheatidgwredy amd bdezdi sehadiging 3ore theaagh v ohesevehi, ch

t hese actuators receive onto the surface of the floor, will be curtail ed.
20 Bactdxed 32Dnsteadtodhdde ihewltd faguir-eamarfslintérposdd valkseehe
acceptable to provide a driven frane noving, with respect to the noving

frame RM ihet beppppospbettiongcot othd bdde et aold the Boypsgtesage RM
A nmovi ng frame which noves in the opposite direction to the noving stage RM

i s di scl ospdrihoSsN2EheORARAG 20 BhI. Chrv@ssrai iRdoEoFibatn EBoRat ent
O fice on June 25 27, 1994, and is incorporated as a part of the
speci fi cat kbe sfirfhee presdrt fappli cattion mflirg frines3a {4 Pereited Bg t he
these hard rubbers 31A through 31D and piezo actuators 32A
through 32D. The details of the hard rubbers 31A through 31D
10 and piezo actuators 32A through 32D will be described
hereinafter. With the exposure apparatus main body SP
structured as above, an image of a circuit pattern on the reticle
R which is mounted on the moving stage RM for the reticle is
formed by the projection optical system PL on the wafer W which
15 is mounted on the moving stage WM for the wafer. And a resist
applied on the wafer W has been exposed to light, so that the
circuit pattern image is transferred to and photographed onto
a predetermined region on the wafer W.
(The reaction frame 51)
20 The reaction frame 51 which is placed standing on the floor
in the vicinity of a side portion of the main body SP of the
exposure apparatus will now be explained. During sgcanning
exposure operation, the movable stages RM and WM are driven by

the actuators 23A and 23B as described above, and repeatedly

25 accelerate and decelerate. At this time, the reaction forces
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novabl e stage RMfitted to a drive frame 100. A group 123b of magnets (in
the interests of sinplicity 5 only shown by a dotted line in the figure)
whi ch constitutes a fixed el ement of an actuator 123A is provided on the
drive frame 100. A coil 123a which constitutes a novable el enent of the
actuator 123A and operates together with the nagnet group 123b is provided
on the noving stage RM The drive frane 100 10 and the noving stage RM are
supported so as to be novable in the Y direction with respect to the
reticle base RS by air bearings 102 which are non contact bearings.

Further, the | aw of conservation of nonmentum operates between the drive

frame 100 aadif\l/?eomﬂéﬁacﬁha%rg'\&sﬂind 23B £F&f &he Fno{rQﬁlér%Séag;éfs Eﬂe .
t he nmovi ng

noving stage RMis supposed to be 1/5 of the drive frame 100, |

stage RM nau@swiOaed t Pakdiei ttedl & HHOReal: ?oﬂr %¥%ﬁér§f? 1 Fﬁp\lr?ﬁges cmin

the -Y direction. Due to this, it is ensured tha e reaction forc

generated whege! R 1BVE 1L LA, MARLES A0ERe NAL: PXAL thlly AR 20, el fect

upon exposure, and noreover gravi ty novenen enent of

e, o DosShaans Bl oness ponie T 9,0e G TAONT ST e

| i nked, but separate. position rive

frame, 4t yared 2as0 1Be ;aCeRR! BRLE JLOV! H8.B0aRRLIG e WlliGhedLbyes the

drive 25 franme 100. 26 sO beaccep O provi is

drive franmgg %soﬂp‘:hﬁqég%’,ij 19 n3E30% %6 EEE@J%C}#& g@ﬁgkg}:g% %e%ethe

acceptable to provide t rive frame oh ‘ei'ther“oné o he Tovi hg stage
movable stages RM and WM accelerate or decelerate are

transmitted to the reaction frame 51 but not to the main frame
30. Furthermore vibrations from the floor are not transmitted

10 to the moving stages RM and WM via the reaction frame 51, since
the actuators 23A and 23B are non-contact type.linear motors.
The reaction frame 51 is for discharging the reaction forces
which the actuators 23A and 23B receive along the Y coordinate
axis direction onto the surface éf the floor, but drawings and

15 explanation relating to actuators provided for driving the
movable stages RM and WM along the X coordinate axis direction,
and relating to a reaction frame for discharging the reaction
forces which these actuators receive onto the surface of the
floor, will be curtailed.

20 Further, instead of the reaction frame 51, it would also
be acceptable to provide a driven frame moving, with respect
to the moving frame RM, in the oppogite direction to the movement
of the moving stage RM. A moving frame which moves in the
opposite direction to the moving stage RM is disclosed in S/N

25 08/266,999 which was applied for to the US Patent Office on June
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RM and the noving stage WM and to provide a reaction frame on 5 the other
one of the noving stage RM and the noving stage WM |t should be understood
that a reflecting nmenber 106, which reflects laser light fromthe
interferoneter 20Y which detects the position of the noving stage RMin the
Y. direction, and a reflecting nmenber 108, which reflects laser light from
10 the interferoneter 20X which detects the position of the noving stage
RMin the X direction, are provided on the noving stage RM as shown in
Fig. 7. Further, the reticle Ris illumnated by a rectangular slit ILS.
The hard rubbers 31A through 31D and the piezo actuators 15 32A through

32D whi ch a7e iLeber pas@disniidersenned a0 Ppattoss Bied et ifieass frame
41 and the main frane 30 will now be expl ai ngd. The hard rublbers 31A

through 31Bf(ithet beebehtouppuitet eohed figy ay ti@eahﬂgu&ebpﬁaﬁiﬁ% @ge ! ONG as
specific individual explanation is not required) are constructed as el astic

menbers 20movasaef beayBars FubBEY 06 & Nerivderranind ddie piezo actuators 32A
through 32D (in the following referred to as the piezo actuators 32 as |ong

as specific indi xi §uahp EYRRAL nQGnkEs NPy ft%%uhh‘ég}eéfég SPARE1S Iiﬁgtthe

t
control section 50, and originate displacenents along the 0 e axis

direction ieR14Nendkn ﬁj[/%lrcf&@é‘&qri%éﬁgnt Ehéhfi%ttugﬁec% %fopg%ﬁ%ﬁtgggnal S

di spat ched 27 fromthe control section 50. rality of vibration

sensors (nat £shednel Sndhe d# UH e @i 1b580: L O b8 S8 S e 439, These
vi bration sensors are connected to the controf’ sect | oé\@%%), an%el npu?
signal s tofkhfReCONdr Ola 88611 DIBPUMACHOLGLED: £ Pres a movable element of
the actuator 123A and operates together with the magnet group
123b is provided on the moving stage RM. The drive frame 100
10 and the moving stage RM are supported so as to be movable in
the Y direction with respect to the reticle base RS by air
bearings 102 which are non contact bearings. Further, the law
of conservation of momentum operates between the drive frame
100 and the moving stage 'RM.
15 Here, if the mass of the moving stage RM is supposed to
be 1/5 of the drive frame 100, if the moving stage RM moves 30
cm in the +Y direction, the drive frame 100 moves 6 cm in the
-Ydirection. Duetothis, it is ensured that the reaction force
generated when the moving stage RM moveg does not exert any bad
20 effect upon exposure, and moreover center of gravity movement
due to movement of the moving stage RM ceases to occur.
This drive frame 100 may not be linked, but separate.
Further, for positional adjustment of the drive frame, it would
also be acceptable to provide an actuator which drives the drive

25 frame 100.
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5 vibrations of the main frame 30 which they have detected. Based upon
the signals input fromthe vibration sensors, the control section 50
perfornms so called active vibration prevention by originating a drive
signal for each of the piezo actuators 32A through 32D so as to cancel the
vi brations. The hard rubbers 10 31, in addition to providing the benefit
of absorbing mainly the high frequency conponents when vibration is
transmtted fromthe surface of the floor, also have the beneficial effect
of preventing inpact forces fromacting upon the piezo actuators 32 so as
to destroy them when nonentary relative displacenent 15 has occurred

between the main Iy arwld0adbe béedmg dolameoddrodi@s e niduat anepagyenti on
mechani sms conposed of the hard rubbers 31 and the piezo actuators 32 are

termed "harzboveurtise moFheg @XRBUNE. APRREALYS iFEEuD@dY sSd scabbeawlaays to
maintain its steady state, due to the vibration prevention effect of these

20 hard mtdiprovaad ehie draviel sr&RIL00UGH LARKAS HES B DL mRRRKEOUEA Y whi Ch
di scharges the reaction forces onto the surface of the floor en the

movabl e st apeanAVt BB 196 GRIRJAWR, Oindlacehbebdt 8e 4 A48 off Prahl Ak

prevention and positioning nechani smof the optical systemfor

111 um nati aide drher one 4P @6 ine MPERELRNRAT SVE HHL hoFHgPESALL G NI
mechani sm 28 di sposed in the optical System 10A for illdmnation wll

now be expl ai ned M tdhdi@biebene@db@sEb8d 2hationeves &k dnd hesriGhanissm f or
positioning is explained here, while the active vibration prevention

nechani sm wilictbeedtplogisnedsher ei gaf t & om T HPSIb2BL-BR FBENAHY S/ QM t he
optical systemfor illum nation)
detects the position of the moving stage RM in the Y direction,
and a reflecting member 108, which reflects laser light from
10 the interferometer 20X which detects the position of the moving
stage RM in the X direction, are provided on the moving stage
RM, as shown in Fig. 7‘. Further, the reticle R is illuminated
by a rectangular slit ILS.
The hard rubbers 31A through 31D and the piezo actuators
15 32A through 32D which are interposed in the connecting portions
between the base frame 41 and the main frame 30 will now be
explained. The hard rubbers 31A through 31D (in the following
referred to as the hard rubbers 31 as long as specific individual
explanation is not required) are constructed as elastic members
20 made from hard rubber or the like. And the piezo actuators 322
through 32D (in the following referred to as the piezo actuators
32 as long as specific individual explanation is not required)
are connected to the control section 50, and originate

displacements along the Z coordinate axis direction in the

25 figures according to the magnitudes of drive signals dispatched
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Fig. 2 is an enlarged view showing the vicinity of the bottom portion of
the optical system 10A. At the four corners of the bottom portion of the
optical system|OA there are arranged air nmounts 14A through 14D and VCMs
13A through 13D. 10 The optical system 10A is supported by these air
mounts 14A through 14D and VCMs 13A through 13D. An el ectromagnetic val ve
EVis made up fromthree el ectromagnetic valve units EVI, EV2, and EV3

whi ch can operate independently, etc.. By pipes, the air nounts 14B and 14D
are connected to the el ectromagnetic valve 15 wunit EV2, the air nount 14A
is connected to the electromagnetic unit EV1l, and the air nount 14D is
connect ed fwon hkeetent robugnation 80l t EY¥Iuriietel ef tribragiehni sevsdwe EV i S
connected to a conpressed air source PA by a pipe. Further, the

el ect r omaghedtt Gehdry e inites flrteldn ougl EV8taadtbheheomdimw! £ 2he sCti on 50
are electrically connected together, and their opening and closing is

i ndependentiese aritbraldiesth BrnkbesCanér&bnis@eidPrD@heDebnt ol hset toxpr essed
air supplied fromthe conpressed air source PA can be independently

provi ded txp f hh@iinpw@uBtignidB, tanthd dorivbil4Actddsh $§4CacdSrding to The
VCMs 13A through 13D are electrically connected to 29 t he control

secti ol S0rimwit GRIEEAlthd Ha US IS amd IDGhLchRANA} Rave daxkerdll eaddguy based
upon control signals fromthe control section 50 (in order to avoid

i ncrease iwp&®MBlel §8§hONs AngutefdbaW I vibhatRehldeytirOf thBecditiasl in Fig.
2 connecting the 5 control section 50 and the VCMs 13A through 13D is
omtted ingddeisH W RRirfo¥mad bbBecabnyv® (asiGid ReGrakh oiphéseddiod Hyough
originating a drive signal for each of the piezo actuators 32A
through 32D so as to cancel the vibrations. The hard rubbers
10 31, in addition to providing the benefit of absorbing mainly
the high frequency components when vibration is transmitted
from the surface of the floor, also have the beneficial effect
of preventing impact forces from acting upon the piezo actuators
32 so as to destroy them, when momentary relative displacement
15 has occurred between the main frame 30 and the base frame 41.
These vibration prevention mechanisms composed of the hard
rubbers 31 and the piezo actuators 32 are termed "hard mounts".
The exposure apparatus main body SP is able always to maintain
its steady state, due to the vibration prevention effect of these
20 hardmounts, and due to its construction as described previously
which discharges the reaction forces onto the surface of the
floor when the movable stages RM and WM accelerate or decelerate.
(Active vibration prevention and positioning mechanism of the
optical system for illumination)

25 An active vibration prevention and positioning mechanism
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14D and VCMs 13A through 13D, the position of the optical system 10A is
controlled (its attitude is controlled) by the control section 50 in the Z
cbordinate axis direction, in the rotational 10 direction ([err]x) around
the X coordinate axis direction, and in the rotational direction ([err]y)
around the Y coordinate axis direction. Mreover, when the positioning
descri bed here of the optical system 10A is being perfornmed, with regard to
the thrusts which nust be generated fromthe air nmounts 14A through 15 14D
and the VCMs 13A through 13D, the thrusts with conparatively |ong

di spl acenent periods are generated by the air nounts 14A through 14D, ‘while
t he thrustéispoded arpagiat ioptliyadheyttdnspdachnenil lperimadtd oar eig2necat ed by
the VCMs 13A through 13D. By doing this it is ensured that stationary

t hrusts arkenexpPoingenertdi eckfinrdde YOVIFig3A2t hriomgdvei3dnlso theat t he VCMVS
13A through 13D are prevented from heating up. The VCMs 12A through 12D

whi ch are fechngbsh ot besskdenstgf B esifainkd BetécathiSlesttim d8Aivel | now
be explained while still referring to Fig. 2. The VCMs 12A and 12C are

fixed upony2bratien prevende caunéaEes: & wila Betd:glaisks RerdOdaPbéeh face
in 30 the Y coordinate axis direction. The VCMs 12B and 12D are fi xed

upon the tWosi€iosind acenadh shhef epki 65 i SISE9BLERA ML ChuhasRtidn) he X
coordinate axis direction. Furthernore, the VCMs 12A and 12C, and the VCMVs

12B and 12D, ar erigr angedanneflibgbllyvbedi stgoniald neppasihetpost tiwns. The
respective surfaces of these VCMs 12A through 12D which are opposite to

t hei rdsgrfme&rw@dﬁti@meo‘fim@lomiha@ opstemlioay st B eRAfaLe dbxashy
Proviee of the bottom portion of the optical system 10A there are
arranged air mounts 14A through 14D and VCMs 13A through 13D.
10 The optical system 10A is supported by these air mounts 14A
through 14D and VCMs 13A through 13D. An electromagnetic valve
EV is made up from three electromagnetic valve units EV1, EV2,
and EV3 which can operate independently, etc.. By pipes, the
air mounts 14B and 14D are connected to the electromagnetic valve
15 unit EV2, the air mount 14A is connected to the electromagnetic
unit EV1, and the air mount 14D is connected to the
electromagnetic unit EV3. The electromagnetic valve EV is
connected to a compressed air source PA by a pipe. Further,
‘the electromagnetic valve units EV1 through EV3 and the control
20 section 50 are electrically connected together, and their
opening and closing is independently controlled by the control
section 50. Due to this, compressed air supplied from the
compressed air source PA can be independently provided to the

alir mounts 14B, and 14D and 14A, and 14C.

25 The VCMs 13A through 13D are electrically connected to
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to fixed nenbers not shown in the figures which are fixedly provided on the
base frame 11 (Fig. 1). Wth the VCMs 12A 10 through 12D bei ng arranged
as described above, the optical system 10A can be made to shift in, for
exanple, the [err]Y direction along the Y coordinate axis by the VCM 12A
bei ng caused to generate a repul sive force and the VCM 12C being caused to
generate an attractive force, with the absolute values of these 15 forces
bei ng kept equal. |In the same nanner, the optical system 10A can be nade
to shift in the -Y direction along the Y coordinate axis by causing the VCM
12A to generate an attractive force and causing the VCM 12C to generate a

repul sive theceonttsl Bettibh 565 808 Yeble@ate tRKetd1enMd gloctiiharel0A
shift 20 in the directions along the X coordinate axis in the same nmanner

by causingakhe &@&@c&z&lang_séa%@n geneale Jigphs e ohokee aBdeabiractive
force. Modreover, it is possible to make the optical system 10A rotate

around t hegZceqendsnalh @gd%r( E8rédozd ine.Lausl Be BOkb {he MV elefieand 12C

to generate repul sive 25 orce, or attractive force.” The optical system

10A can al g NB&EL t r e t . £0 ' ' t he
VCVvs 12B anga%%Bs'Agﬁaescri%ﬁﬁiglﬁlg,ﬁt %gﬂggs?xt?i%lngbgt dgﬁltg%ttiqégstgést em

10A cars bedgtehi 88 | %0 egSu T fr y . al s unt s 14A
t hr ough 14[c), t he Vﬂvgt%ﬂAtﬁoﬁraqugEH:éLSD, %nl(?At ﬁgﬁi\%% i%ﬁ,&%t%rogn&gte%gl‘[j)ﬂ As

S T R S U S
posi ti oni ng4beWEYBMs 13A through 13D, the position of the optical system
10A is controlled (its attitude is controlled) by the control
section 50 in the Z coordinate axis direction, in the rotational
10 direction (#x) around the X coordinate axis direction, and in
the rotational direction (f#y) around the Y coordinate axis
direction. Moreover, when the positioning described here of
the optical system 10A is being performed, with regard to the
thruste which must be generated from the air mounts 14A through
15 14D and the VCMs 13A through 13D, the thrusts with comparatively
long displacement periods are generated by the air mounts 14A
through 14D, while the thrusts with comparatively short
displacement periods are generated by the VCMs 13A through 13D.
By doing this it is ensured that stationary thrusts are not
20 generated by the VCMs 13A through 13D, so that the VCMs 13A
through 13D are prevented from heating up.
The VCMs 12A through 12D which are arranged on the side
surfaces of the optical system 10A will now be explained while

still referring to Fig. 2. The VCMs 12A and 12C are fixed upon

25 the two side surfaces of the optical system 10A which face in
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the optical system 10A and the optical system 10B. 10 (The di spl acenent
sensors) Displacenent sensors will now be described for detecting the
relative displacenment of these optical systens 10A and | 0B, when the
control section 50 is performng the relative positioning of the optical
system 10A and the optical system 15 10B. As shown in Fig. 1,

di spl acenent sensors 26A and 26B are fixedly provided on the face of the
optical system 10B which faces the optical system 10A. On the other hand,
sensor bl ocks 25A and 25B are fixedly provided on the optical system 10A so
as to face the displacenent sensors 26A and 26B respectively. 20 Eddy
current di spkatenentiisehearsi odirapaion anThesECMo12Boand dRDcarel fidked
position detection devices (PSDs) or the |like may be used as the

di spl acenenposetisortwo?éidarnhrFGlesSofrtales opt Hpal tdyEtaim LOAtWIeLali §haaces
bet ween the sensor bl ocks 25A and 25B and the di spl acenent sensors 26A and

26B are outputhé npaodpdihdte dizgip diesebiosenFarthtvhcar] £hd.vCMEN@28€ensor
bl ocks 25A 32 and 25B are bl ocks whi ch serve as references when the

above descahbed2di sphacenenyCes sy SardbA 2)d a2eBadt-andetiechi mgtda3pfyracenent
bet ween the optical system 10A and the optical system|O0B. 5 The

above descaibgdnaddgodbppdbotks @ZSA iths25BTRAArds5ot BLedtsnir SensDIsE 26A and
26B wi Il now be described with reference to Fig. 3. Although only the

sensor bl oekeddAr@ngd 1bheclth SpacenBfii Geageropkass e totve t BukFgces, it
shoul d be understood that illustration and expl anation of the sensor
which are fixed to the optical system 10A are fixedly provided
to fixed members not shown in the figures which are fixedly
provided on the base frame 11 (Fig. 1). With the VCMs 12A
10 through 12D being arranged as described above, the optical
system 10A can be made to shift in, for example, the +Y direction
along the Y coordinate axis by the VCM 12A being caused to
generate a repulsive force and the VCM 12C being caused to
generate an attractive force, with the absolute values of these
15 forces being kept equal. In the same manner, the optical system
10A can be made to shift in the -Y direction along the Y
coordinate axis by causing the VCM 12A to generate an attractive
force and causing the VCM 12C to generate a repulsive force.
Further, it is possible to make the optical system 10A shift
20 in the * directions along the X coordinate axis in the same

manner by causing the VCMs 12B and 12D to generate repulsive

force and attractive force. Moreover, it is possible to make

the optical system 10A rotate around the Z coordinate axis (6
z) by causing both the VCMs 12A and 12C to generate repulsive

25 force, or attractive force. The optical system 10A can also
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10 block 25B and the displacenent sensor 26B have been curtail ed, since
the sensor block 25A and the sensor bl ock 25B, and the displ acenent sensor
26A and the displacenent sensor 26B, are of the sanme structure. The

di spl acenent sensor 26A in Fig. 3 is made up froman 15 X sensor 26Ax
whi ch detects relative displacenent to the sensor block 25A in the X
coordinate axis direction, a Y sensor 26Ay which detects relative

di spl acenent in the Y coordinate axis direction, a Z sensor 26Az which
detects relative displacenent in the Z coordinate axis direction, and
menbers (not shown in 20 the figure) for keeping these X sensor 26Ax, Y

sensor 26Aye addeZtsensit e @ABUNAIEREE RSradifabedyxi ety théhedes X gensor
26Ax, Y sensor 26Ay, and Z sensor 26Az are each connected to the control

section 50 grfd a.2pl). And signal s based upon the relative displacenents in
t hree di nensi ons between the displacenent 25 sensor 26A and the sensor

bl ock 25A detect ad BrstReBEISERSPES PR posd®A%nt BEOHHD Zod &yt O
the control section 50. The sensor bl ock 25A is made up Trom an~X bl ock

25Ax, a Y hlgaClea2OB¥, datérRiNel “DAT .« BNHRRR3C 25 D dbf By RIHRCK 135AX,
the Y bl ock 25Ay, and the Z block 25Az arefixed to the base 5 25Ab so as,

respect bvVelpurdt® fagecksudh SRS OEne6Ms Hha tYhJ?@@&I?rB%Qf‘Xndaﬂ{je L a4

sensor 26Az. Another exenplary construction for the displacenment sensor
whi ch has heencexshah nes W Ad segben 8REhd R i ted, Wild cgﬁ%éﬁ gdpliahned

with reference to Fig. 4. The displacenent 10 sensor of Fig. 4 is an
optical typ® bbReab18NaRI@bMNBI §8séBibed air mounts 14A through 14D and
VCMs 13A through 13D and performs relative positioning between
the optical system 10A and the optical system 10B.
10 (The displacement sensors)

Displacement sensors will now be described for detecting
the relative displacement of these optical systems 10A and 10B,
when the control section 50 is performing the relative
positioning of the optical system 10A and the optical system

15 10B. As shown in Fig. 1, displacement sensors 26A and 26B are
fixedly provided on the face of the optical system 10B which
faces the optical system 10A. On the other hand, sensor blocks
25A and 25B are fixedly provided on the optical system 10A so
as to face the displacement sensors 26A and 26B respectively.

20 Eddy current displacement sensors or capacitance sensors or
semiconductor position detection devices (PSDs) or the like may
be used as the displacement sensors 26A and 26B. Signals
proportional to the distances between the sensor blocks 25A and

25B and the displacement sensors 26A and 26B are output from

25 the displacement sensors 26A and 26B. The sensor blocks 25A
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conposed of an optical type linear sensor 126 which emts (for exanple)

| aser |ight and receives the reflected |light, and a scale 125 which
reflects the laser |ight which has been enmitted fromthe optical type

| i near sensor 126. The linear optical 15 sensor 126 is nmade up of 6

i ndi vi dual sensors 126a through 126f. The scale 125 is also nade up of 6

i ndi vidual scales 125a through 125f. The sensors 126a and 126b emt | aser
light in parallel to the X axis, and are arranged so as to cause the
emtted ray bundles to be incident upon the scales 125a and 125b which are
20 provided in a plane parallel to the YZ plane. Further, the sensors

126¢c and 126¢H €468 drRS¥1dck% %ﬁ@hegewepééafé?éré&césb%%ﬁm&- Hiear e
arranged so as to cause the emtted ray bundles to be |nC|dent upon the

scal es 125 etk sl carnkr Q¥hdedsi fsR phanssparal |

pl ane. Moreover, the sensors 126e 25 and 126f emt |aser |g t n paraIIeI

to the Z aisplRtmif Mtweed LARD t288% %&ﬁl@@ v#dc e et

bundl es to be i ncident upon the sca hare prOV|ded in
a pl ane qugyggamtﬂbg:he XY plane. By the displacenent sensor structured in
this manner,” for 5 exanple, it is possible to neasure displacement in the

Z direckion by theeSgBe9ks 342621804 d&@g%%r AARES e Xl DR LAY

di spl acenent by the sensors 126¢c an to measure dirréction

di spl acem3'Hlﬁﬂatéé%e%%n%Qh%o;:g6§6§”ﬁn&?§? Wi { r}%m%’des%tx%ye%n wiggund the

Y axis i s obtained based upon 10 erence i n e neasured values of

the sensor [L2Gacad tBersgNsel BAGhodg®! 8Lh9N:ALOUDLSPS FodXist A 3Pt @l ned

based
the displacement sensor 26A are shown in Fig. 3, it should be

understood that illustration and explanation of the sensor
10 Dblock 25B and the displacement sensor 26B have been curtailed,
since the sensor block 25A and the sensor block 25B, and the
displacement sensor 26A and the displacement sensor 26B, are
of the same structure.
The displacement sensor 26A in Fig. 3 is made up from an
15 X sensor 26Ax which detects relative displacement to the sensor
block 25A in the X coordinate axis direction, a Y sensor 26Ay
which detects relative displacement in the Y coordinate axis
direction, a Z sensor 26Az which detects relative displacement
in the Z coordinate axis direction, and members (not shown in
20 the figure) for keeping these X sensor 26Ax, Y sensor 26Ay, and
Z sensor 26Az together as one body, etc.. These X sensor 26Ax,
Y sensor 26Ay, and Z sensor 26Az are each connected to the control
section 50 (Fig. 1). And signals based upon the relative
displacements in three dimensions between the displacement

25 sensor 26A and the sensor block 25A detected by these sensors
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upon the difference in the neasured val ues of the sensor 126c and the
sensor 126d, and rotation around the X axis is obtained based upon the
difference in the neasured val ues of the sensor 15 126e and the sensor
126f. (Optical axis matching) The control section 50 inputs signals

determ ned by the relative displacenents detected by the displacenent
sensor 26A and the di spl acenent sensor 26B descri bed above, and cal cul ates
20 the anpunts of relative positional deviation (difference) between the
optical system 10A and the optical system 10B in the directions of the six
degrees of freedom And the control section 50 cal cul ates the respective
thrusts to268XgehePugbd26hzeatt bhpWhetaitthamomteold Aechiongh014D, the VCMs
13A through 25 13D, and the VCMs 12A through 12D (all of which are shown
in 35 Fi g. 2)Theasersemdnadke 25a8sibtsadd walfovmashok mfodkhe@sanmuat s of
rel ative positional deviation between the optical system 10A and the
optical sy3tlkhedOBSAN, thE& hilodclbdns aid thsast 258bgr eftse dfbTsdedonxk, And t he
control section 50 emts control signals 5 to these air nounts and VCMs so
as to genetheeYthbothriBag, cald uhat @dbiscHesbiz berk ahioss] tBy tHei bgsehi s,

t he amount of relative positional deviation between the optical system 10A
and t hed op2haklissgst emdrR tiiyedwi, ntaifned tide Kisernaopr 2t ethienederabye, in
other words within a permtted val ue necessary for 10 keeping opti cal
accuracy oR6aye andunheaZ i oenesmti2gdz.system (Active vibration prevention
for the optical systemfor illumnation)

Another exemplary construction for the displacement
sensor which has been explained with reference to Fig. 3 will
now be explained with reference to Fig. 4. The displacement

10 sensor of Fig. 4 is an optical type linear encoder which is
composed of an optical type linear sensor 126 which emits (for
example) laser light and receives the reflected light, and a
scale 125 which reflects the laser 1ight which has been emitted
from the optical type linear sensor 126. The linear optical

15 sensor 126 is made up of 6 individual sensors 126a through 126fF.
The scale 125 is also made up of 6 individual scales 125a through
125f. The sensors 126a and 126b emit laser light in parallel
to the X axis, and are arranged so as to cause the emitted ray
bundles to be incident upon the scales 125a and 125b which are

20 provided in a plane parallel to the YZ plane. Further, the
sensors 126c and 126d emit laser ray bundles in parallel to the
Y axis, and are arranged so as to cause the emitted ray bundles
to be incident upon the scales 125¢ and 125d which are provided
in a plane parallel to the XZ plane. Moreover, the sensors 126e

25 and 126f emit laser light in parallel to the % axis, and are
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Now t he active vibration prevention (active danper) for the optical system
for illumnation will be explained. As has 15 been expl ained above, the
control section 50 controls the air nounts 14A through 14D, the VCMVs 13A

t hrough 13D, and the VCMs 12A through 12D (all of which are shown in Fig.
2), based upon the relative displacenent between the optical system 10A and
the optical system 10B detected by the displacenent sensors 26A 20 and
26B. By doing this, the control section 50 maintains the positional

rel ati onship between the optical system 10A and the optical system 10B as
fixed. Now, since this optical system10B is fixedly provided to the

exposure ara&&ra&%;'éa 88idk Q%dkfaﬁge A JRiREAN A angﬁeﬁgoéé LN &ent

rel ati onshi p befween the optical 36 system e optical System

10B as desgiighedhabayg1 AEaNS 5eX35 '¥2§P%ﬁf€§§yste%‘1&}d@ &gﬁgagisngf the

positional relationship between the optica and Xposur e

appar at us 11684y + 3P <ih hand, as previously 5 described,
active V|b§%i|on prgveﬁ?ggn&fglg%%e exposure apparatus main body SP is

per fornmed by theBgﬁ%gaéyggféé?ﬁéﬁﬁ @é% é%%%é%é%ége |ezo actua ars 32A

t hr ough 32D (see PUbbers ©pi ezo

actuatofs Leuatd, 32D 26 epnoLSNOWL I RELIAL | lgg %gcn{ngglﬁf ggt Fiﬂg %S al ways

10 kept in f eady st at rWor e ositiona

o, 0L U PRGBS SIS B P T L
kept in a 3ied%«8h8he by the sensors 126c and 126d, and to measure Y
direction displacement by the sensors 126e and 126f.
Furthermore, rotation around the Y axis is obtained based upon
10 the difference in the measured values of the sensor 126a and
the sensor 126b, rotation around the Z axis is obtained based
upon the difference in the measured values of the sensor 126c¢
and the sensor 1264, and rotation around the X axis is obtained
based upon the difference in the measured values of the sensor
15 126e and the sensor 126f.
(Optical axis matching)

The control section 50 inputs signals determined by the
relative displacements detected by the displacement sensor 26A
and the displacement sensor 26B described above, and calculates

20 the amounts of relative positional deviation (difference)
between the optical system 10A and the optical system 10B in
the directions of the six degrees of freedom. And the control
section 50 calculates the respective thrusts to be generated

by each of the air mounts 14A through 14D, the VCMs 13A through

25 13D, and the VCMs 12A through 12D (all of which are shown in

35



Due to this, active vibration prevention of the optical system 15 10A is
attai ned. As has been expl ai ned above, in the projection exposure apparatus
atcording to the first enbodi nent shown in Fig. 1 with the optical system
for illum nation which is nade up fromthe optical systens 10A and | OB
etc., the optical system 10A, that 20 is to say the portion which includes
the reticle blind 6 and is di sposed on the light incident surface side of
this reticle blind 6, is provided as an el enent separate fromthe exposure
appar at us mai nbodySP. Accordi ngtot his ki ndof construction, vibration which
is generated when the reticle blind 6 operates 25 along wth scanning

exposure a@igpn2)s bakelrapsiitdHeedebQltBeoBal DatdS 8fapRaraidismtEi n
body SP. Accordingly vibration generated when the reticle blind 6 operates

does not exsr kedlyil8iddtdRGOndRoded et RHCHE Bfde Rt nelSp €l dLlY spahteyan Whi ch
is formed upon the wafer. 5 Moreover, it wll be acceptable to

provi de theg@thel §ptddd ¢9stBml 168 GR! LAl i1PETeBNL0E tHe ¥R QNI Ch
is generated when the reticle blind 6 operates does not exerts any bad

influence WIOFREABRUT EAd tHe VoRERLN Ofe SOLBH SOTRATUECSoRE Bo LA IR HLUL SO
that vibration which is generated when the reticle 10 blind 6 Operates is

not tragsmidd edhdsd e GXRASEr SnaPPANALYS AR b Rheradidtad heRakks of the

optical system 10A are subjected to optical axis matching and active
vi bration AN ast GEBYriBRaeMdNal BYeaRsst LRDs Of chdcifnae S the

| aser |ight
relative positional deviation between the optical system 10A
and the optical system 10B is maintained within a predetermined
value, in other words within a permitted value necessary for
10 keeping optical accuracy of the illumination optical system.
(Active vibration prevention for the optical system for
illumination)
Now the active vibration prevention (active damper) for
the optical system for illumination will be explained. As has
15 Dbeen explained above, the control section 50 controls the air
mounts 14A through 14D, the VCMs 13A through 13D, and the VCMs
12A through 12D (all of which are shown in Fig. 2) based upon
the relative displacement between the optical system 10A and
the optical system 10B detected by the displacement sensors 26A
20 and 26B.
By doing this, the control section 50 maintains the
positional relationship between the optical system 10A and the
optical system 10B as fixed. Now, since this optical system

10B is fixedly provided to the exposure apparatus main body SP,

25 maintenance of the positional relationship between the optical
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15 fromthe laser |light source LE may change position by the rel ationship
of the optical system 10A and the mrror 1. However, this change of
position is a change of position before incidence upon the beam shaping
optical system and does not exert any influence upon the accuracy of the
circuit pattern 20 projected or photographed onto the wafer W Further,
what is fixed upon the upper portion of the second colum 34 is only the
optical system 10B which is one part of the optical systemfor
illumnation, so that the total mass of

t heexposur eappar at usmai nbodySPi sl i ght ened. Bydoingthis, 25 it is possible
to use the F¥EtEHMBOAtand Wiiechphiea tgm lOBna88lescrifpedhabdve midzers 31
and the piezo actuators 32 and have small maxi mum perm ssi bl e | oad, and

t hi s contrisfardst heegaoe thiof essnaimtendmee tofreshe gaatiitdendilspl acement
of the optical system5 10A and the optical system 10B is detected by the
di spl acenemelsdricoship6heawdel 68he anpt tdedl eymrtteal 18AchhANtI egnisinles t he
position and the attitude of the optical system 10A based upon the results
of this detagppdratusBpadai bgdyhss, tdre tip ictleratiandof akhprepiocaiy syst em
10A and the optical axis of the optical 10 system 10B are accurately

mat cheds Adsmadiibgidy, active podbsablientpreenatraie fidie tHd wxpdatiren opti cal
systeminto portions that could not be separated in the prior art due to

t he mai nt er@reeasisacednabydyadd it psrpossedile, edsi harddo rabbairs Bsal ation
of vibration and reduction of the weight of the exposure apparatus 15 nmain
body, etc. through 31D and the piezo actuators 32a through 32D (see Fig.

1; but the hard rubbers 31C and 31D, and the piezo actuators

32C and 32D are not shown in that figure), so that it is always
10 kept in a steady state. In other words, by maintaining the

positional relationship between the exposure apparatus main

body SP which is kept in a steady state, and the optical system

10A, the optical system 10A ig itself kept in a steady state.

Due to this, active vibration prevention of the optical system
15 10A is attained.

As has been explained above, in the projection exposure
apparatus according to the first embodiment shown in Fig. 1 with
the optical system for illumination which is made up from the
optical systems 10A and 10B etc., the optical system 10A, that

20 is to say the portion which includes the reticle blind 6 and
is  disposed on the light incident surface side of this reticle
blind 6, is provided as an element separate from the exposure
apparatus main body SP. According to this kind of construction,
vibration which is generated when the reticle blind 6 operates

25 along with scanning exposure action is not transmitted to the
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Transm ssion of vibration fromthe floor to the exposure apparatus main
body SP is prevented by the above described hard nounts which are conposed
of the hard rubbers 31 and the piezo actuators 32. Further, in the exposure
apparatus main body SP, 20 the reaction forces generated when the noving
stages RM and WM accel erate and decel erate are di scharged onto the fl oor
via the reaction franme 51. It is possible to keep the exposure apparat us
mai n body SP always in a steady state by this type of construction. On the
ot her hand, it may occur that the above 25 described piezo actuators 32
suffer change over tine and are 39 deforned, and that the exposure
appar at us REPASHBbEyaSIPAERERS TR PEReBEf Ararragndbyinviirathionexposur e
apparatus main body SP occurs, the control section 50 can control the

posi tion ofenhzabpdivwiEn Shet raticle Adlomy i operdtias donkimet dewrt 80 to 5
this, the projection exposure apparatus according to this enbodi nent can
al ways prednsélignoni mpan nthdeaemetage ohfthehedidduati pattemmophicial isyst em
Mor eover, in the above described enbodi nent, the control system 50 was one
whi ch cont Eokined then polsé twafewf the optical 10 system 10A to match the
optical axis of the optical system 10A and the optical axis of the optical
system3 OB. | nstiardeater hildy witlli beabsoentakpe atd eprtavigieothderehichdove
descri bed hard rubbers 31 and piezo actuators 32 and actuators which exert
forces in bhén&X &nin Ythie rgetions aydtenr dOBcti ft viblretégposhbiieh appar at us 15
mai n body SP, and to match the optical axis of the optical system 10A and
t he opti capengirsted whem bhéimelicesbdimdFBobyrabas rdaldsi ngt exerts any

bad influence upon exposure or if vibration countermeasures are
carried out so that vibration which is generated when the reticle

10 blind 6 operates is not transmitted to the exposure apparatus
main body.

Since the parts of the optical system 10A are subjected
to optical axis matching and active vibration prevention, it
may happen that the position of incidence of the laser light

15 from the laser light source LE may change position by the
relationship of the optical system 10A and the mirror 1.
However, this change of position is a change of position before
incidence upon the beam shaping optical system, and does not
exert any influence upon the accuracy of the circuit pattern

20 projected or photographed onto the wafer W.

Further, what is fixed upon the upper portion of the second
column 34 is only the optical system 10B which is one part of
the optical system for illumination, so that the total mass of
the exposure apparatus main body SP is lightened. By doing this,

25 it is possible to use the hard mounts, which are made up from
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the position of the optical system| OB by the control system 50.
Furthernore, it would al so be acceptable to control the position of the
optical system 10A and the position of the 20 optical system 10B
individually by the control system50. 1In this case, for exanple, it would
be acceptable for the control section 50, when aligning the position of the
optical system 10A and the position of the optical system| OB, to perform
rough adjustnment with the optical system| 0B, and to performfine 25
adjustnment with the optical system 10A. By doing this it is 40

possi bl e, along wi_th enhancing the control characteristics of the control
syst em 50, ¢ gﬁﬁiﬂt?é%bl?%s t3iengdethedeiero @ldtgparrents 32 ahé hpos tsimad lof t he
optical system 10A and the gosition of the optical system 10B. 5

Mor eover , WaXdawsy petels lpag, band ¢hisheowptiloateaxiosredud thicond ager
| i ght source LE having undesirably deviated, the influence of the deviation
of the opticestt.axis of the laser light source LE can be elininated by
adjusting the positions of the optical system 10A and the exposure
appar atus nai n bathtigmR tsnag rklattive displausientdes ahiebept bidl pabm 14A
t hrough 14D, VCMs 13A through 13D, VCVs 12A through 12D, hard rubbers 31
and pi ezo aghuandrthe3gptiratesyytanilog ihidetedctiesl ppstidlda sgpabekh¥nto
elimnate the influence of optical axis deviation even in the event that
t he opti cakeagpysoR6hhand 43, larghtheouonerdE deastildn sbevvoatedl st Breef ore a
shortened time period for interruption of exposure action is sufficient and
det eri or at beaibionmmligheustanbede efebhedopt idalheysdbs UoRl&asteaodbbat whil e
the results of this detection. By doing this, the optical axis
of the optical system 10A and the optical axis of the optical

10 system 10B are accurately matched. Accordingly, it is possible
to separate the illumination optical system into portions that
could not be separated in the prior art due to the maintenance
of accuracy, and it is possible easily to attain isolation of
vibration and reduction of the weight of the exposure apparatus

15 main body, etc..

Transmission of vibration from the floor to the exposure
apparatus main body SP is prevented by the above described hard
mounts which are composed of the hard rubbers 31 and the piezo
actuators 32. Further, in the exposure apparatus main body SP,

20 the reaction forces generated when the moving stages RM and WM
accelerate and decelerate are discharged onto the floor via the
reaction frame 51. It is possible to keep the exposure
apparatus main body SP always in a steady state by this type

of construction. On the other hand, it may occur that the above

25 described piezo actuators 32 suffer change over time and are
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it is acceptable for the positional adjustnent of the optical system 10A
and the exposure apparatus main body SP using the 20 previously described
ai'r mounts 14A through 14D, VCvs 13A through 13D, VCVs 12A through 12D,

hard rubbers 31 and piezo actuators 32 to be perforned by the control
section 50, it may al so be perfornmed manual ly. - Enbodinment 2 - 25 A
proj ection exposure apparatus according to a second 41 enbodi nent is now
explained with reference to Fig. 5. Fig. 5 shows a sinplified construction
of a projection exposure apparatus according to the second enbodi nent. It
shoul d be understood that the projection exposure apparatus shown in Fig. 5
2, like thelgfrojmect,i andekhas utlee apgrraines appaeatiuBImb Ont bedy | sty iendgodi nent
shown in Fig. 1, is also a scanning exposure nethod exposure apparatus; the

same ref er gwoer .syRbehsi nslihkbeg aldurxed die bdpobiealappisitiidchi PA¥ody
el ements, and explanation thereof will be curtailed, with the explanation

concentr at isRyoepans| hehd Catitficlr eaeesohr ®Mddie conéirol BRPPSH MSiorRefer i ng
to Fig. 5, the optical system 10 is one in which the optical system 10B

(Fig. 1) oftheheppiehtchiobeRxPOr WIHRPRALH ¥HiaCeorllAg 48wk he tie $h
enbodi nent is constructed as a unit wth the optical system 10A, while the

opti cal 5systdm, 15hel BBofEEgiod) ekSoSORS APt A5 s c3RRANGt 8oUbhigf rom the
exposure apparatus main body SP'. Due to'this, on the main franme 30, the

second col embod4dmehtchah helwipl ¢idcAReAyPASYHEa RRPERA A SHRW JeNtFLY. 1
possesses i s not provided.
illumination optical system.
Moreover, in the above described embodiment, the control
system 50 was one which controlled the position of the optical
10 system 10A to match the optical axis of the optical system 10A
and the optical axis of the optical system 10B. Insteadof this,
it is also acceptable to provide the above described hard rubbers
31 and piezo actuators 32 and actuators which exert forces in
the X and Y directions with respect to the exposure apparatus
15 mainbody SP, and to match the optical axis of the optical system
10A and the optical axis of the optical system 10B by controlling
the position of the optical system 10B by the control system
50. Furthermore, it would also be acceptable to control the
position of the optical system 10A and the position of the
20 optical system 10B individually by the control system 50. In
this case, for example, it would be acceptable for the control
section 50,lwhen aligning the position of the optical system
10A and the position of the optical system 10B, to perform rough
adjustment with the optical system 10B, and to perform fine

25 adjustment with the optical system 10A. By doing this it is
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Di spl acement sensors 21A and 21B are fixedly provided at 20 diagonally
opposite corner positions on the upper surface of the first colum 33. In

t ie optical system 10, sensor blocks 22A and 22B are fixedly provided
opposi ng the displacenent sensors 21A and 21B. The di spl acenent sensors 21A
and 21B and the sensor blocks 22A and 22B are of the sanme construction as
25 the displacenent sensors 25A and 25B and the sensor bl ocks 26A 42

and 26B (Fig. 3) used in the projection exposure apparatus according to the
first enbodiment. And a control section 50 controls the thrusts of air
mounts 14A through 14D, VCMs 13A through 13D, and VCMs 12A through 12D
based upon passibdleat aleng wiigpleabemenhy the tdemtdiolechavast of i étiosios
degrees of freedom between the optical system 10 and the exposure apparat us
mai n body $Pe dentrokasymtenhsoditspbhoetenttzensne petiddandr ZMBgnmByutdoi ng
this, it is possible to performmatching at high accuracy between the
optical axicf thet besbptowadf syt eprifadnskddwn apl aal dRe Fodit¥n af

proj ection optical system PL arranged on the exposure apparatus nain body
SP' . In the&her opedchdnsgxpaesulLerappar atus according to the second

enbodi mrent as well, vibration generated when the reticle blind 6 operates

togethes with scHomeogeeX MBI edCtheFdasonOhay be t6ARSE dpefhd D akhe
exposure apparatus main body SP'. Further, the exposure apparatus nain

body SP' awnd the bptdrdigdectbopcdOLRIRVERRS hhEEE HaBEy SRRATALR URLES.
Accordingly, it is possible further to reduce the size and wei ght of the
exposur e appfilatnsend théddyiSEionidf eRERPLITAN Widiot I Hiectiight
source LE can be eliminated by adjusting the positions of the
optical system 10A and the exposure apparatus main body SP using
10 the previously described air mounts 14A through 14D, VCMs 13A
through 13D, VCMs 12A through 12D, hard rubbers 31 and piezo
actuators 32. Since by doing this it is possible quickly to
eliminate the influence of optical axis deviation even in the
event that the optical axis of the laser light source LE has
15 deviated, therefore a shortened time period for interruption
of exposure action is sufficient and deterioration of
throughput can be prevented. It shouldbe understood that while
it is acceptable for the positional adjustment of the optical
system 10A and the exposure apparatus main body SP using the
20 previously described air mounts 14A through 14D, VCMs 13A
through 13D, VCMs 12A through 12D, hard rubbers 31 and pilezo
actuators 32 to be performed by the control section 50, it may
also be performed manually.

- Embodiment 2 -

25 A projection exposure apparatus according to a second
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20 exposure apparatus according to the first enbodinment. By doing this,
it is also possible further to reduce the nmaxi mum perm ssi bl e | oad upon the
pi'ezo actuators 32A through 32D (the piezo actuators 32C and 32D are
omtted fromthe drawi ng) and upon the hard rubbers 31A through 31D (the
hard rubbers 31C and 25 31D are omtted fromthe drawing) in conparison
with those of 43 the projection exposure apparatus according to the
first enbodinment. Wth the second enbodi nent above, the control section
controls the position of the optical system 10 so that the 5 optical axis
of the optical system 10 and the optical axis of the photographic system PL
mat ches wi ehmbeddmenthés . ndwshgdciofed hish réfewaiak alsGibe Rccaptpblse to
provi de actuators to the exposure apparatus nmain body SP' for positioning
of the expsbowe appamplifiedi cohstiyuSFion asfl f @rdjketdont esposygseem 10 50
to control the position of the exposure apparatus main body SP' by these
actuat ors sppairatuthacabodtngessr e tsamirahidipddd meertf,or medshditdaugh t he
proj ecti on exposure apparatuses according to the first and second

enbodi ment sndesstbbéd talotke War eefté dnldxphireha s f o IR Shohhchi pggof the
optical axes of optical systens for illumnation which were provided

separat®l y2, drikmthéipigjelctibe afidsitle appsrofufabborachy @ O F¢aksystem
whi ch was provided to the exposure apparatus main body and the optical axis

of an ill usnbatiinenpplical isyBieMMmhieha 1S pEeNhASEy aspbursenatabgd from
this exposure apparatus main body, it is also
exposure apparatus; the same reference symbols will be affixed
to identical constructional elements, and explanation thereof
will be curtailed, with the explanation concentrating upon the
10 differences from the Fig. 1 apparatus.

Referring to Fig. 5, the optical system 10 is one in which
the optical system 10B (Fig. 1) of the projection exposure
apparatus according to the first embodiment is constructed as
a unit with the optical system 10A, while the optical system

15 10B {(Fig. 1) is constructed as a separate unit from the exposure
apparatus main body SP!'. Due to this, on the main frame 30,
the second column 34 which the projection exposure apparatus
shown in Fig. 1 possesses is not provided.

Displacement sensors 21A and 21B are fixedly provided at

20 diagonally opposite corner positions on the upper surface of
the first column 33. In the optical system 10, sensor blocks
22A and 22B are fixedly provided opposing the displacement
sensors 21A and 21B. The displacement sensors 21A and 21B and

the sensor blocks 22A and 22B are of the same construction asg

25 the displacement sensors 25A and 25B and the sensor blocks 26A
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possible to performrelative positional alignnment of a | oader which will be
descri bed hereinafter and the exposure apparatus nmain body. In the
following, this exanple will be explained with reference to Fig. 6. 25
Fig. 6 is a sinplified figure showing a projection 44 exposur e apparat us
like that shown in Fig. 5 with a loader L nounted in its vicinity. In Fig.
6, the sanme reference synbols as in Fig. 5 will be affixed to the sane
constructional elenments, and explanation thereof will be curtailed. 5
Areticle | oader RL and a wafer | oader W. are provided in the |oader L.

d retiicle,Ronto a reticle noving

The reticle |l oads a specifi

stage RM (If?ljb&)a%{g (%th%‘e%szlg énaﬁg‘ﬁrafﬁgeﬁﬁ?ﬂnb%’ﬂgl?s‘b?e FRRAPLE Uhe
reticle R igh is | qad glu on %he eéicle novi ng stage RM The, waf er

| oader W | %a%rdfﬁlg glon% eegfj5§ de'\‘i\é‘? 0S8 ont @“g fafeRtHBYi FCEi ey & I
(Fig. 5), or_unloads.,an _exposed wafer Wwhich is | oaded upon the wafer

novi ng st agcéori}ﬁocﬁﬁ 3&%5g‘ﬁ§ﬁ SsBhsdt s WHR tihd 495 8hgreghi X8R, e t1 f ace
of the expaosure atus .mai n body SP' which opposes the |oader 15 L. On
the other h ugg‘gﬁé r BPECKSIBARAMEHTSBEN AL 4D Rassd UpeR the Yedaddve

facing and 55B respectivel The di spl acenent sensors 55A

he sensors 55A . ‘
and SSBtSan Jﬁgascé?’fhe&tsb%c’k]%e W%%Boér@%fsﬁ}ﬁéﬁﬂréaﬁ ebrfsteaden ons to

t he di spl a%%rr;ent s%gsors 21A and 21B_and the sensor bl ocks 22A and 22B
descri bed WY 80P LG SURSS™ &8t 20) dehe fFPRREERORPRRFA t W Medint aj | ed.

Ai r nounts .59 rough 59D, (59C and 59D are not shown in
bocﬁ) TSB' clilgtected %y the displacement sensors 21A and 21B. By

doing this, it is possible to perform matching at high accuracy
between the optical axis of the optical system 10 and the optical

10 axis of a projection optical system PL arranged on the exposure
apparatus main body SP'.

In the projection exposure apparatus according to the
second embodiment as well, vibration generated when the reticle
blina 6 operates together with scanning exposure action is not

15 transmitted to the exposure apparatus main body SP'. Further,
the exposure apparatus main body SP' and the optical section
10 are constructed as separate units. Accordingly, it is
possible further to reduce the size and weight of the exposure
apparatus main body SP', in comparison with the projection

20  exposure apparatus according to the first embodiment. By doing
this, it is also possible further to reduce the maximum
permissible load upon the piezo actuators 32A through 32D (the
piezo actuators 32C and 32D are omitted from the drawing) and
upon the hard rubbers 314 through 31D (the hard rubbers 31C and

25 31D are omitted from the drawing) in comparison with those of
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Fig. 6) and VCvs 58A t hrough 58D (58C and 58D are not shown in Fig. 6) are
provided at the four corners of the bottomportion of the | oader L, just as
wth the optical system 10. The VCMs 25 57A through 57D (57C and 57D are
not shown in Fig. 6) are fixedly 45 provided to the side surfaces of the
| ower portion of the loader L in an identical manner to the manner of
arrangenent of the VCMs 12A through 12D whi ch has been explained with
reference to Fig. 2. The air nmounts 59A through 59D are connected to an 5
el ectronmagnetic valve EV', and air froma conpressed air source PAis
conducted to the air nmounts 59A t hrough 59D according to the opening and

cl osi ng of the preljectionagrpbsurgatppaAtis addwddiadertd thesErirged above is
pl aced upon a base frane 11A along with the optical system 10. This base
frane 11A kabodii@nguadril ateral frane shaped form whi ch surrounds the

peri phery of the base frane 41. Although the linking |ines have been

onitted from Fi gii6h the abevrd desissdraschtdigRivecenrt «5ar$eLSs854i8Ad 558,
the VCMs 58A through 58D and 57A through 57D, and the el ectronagnetic 15

val ve EV avatcolsethedpbseitbenconttipd S@cid-an Stk a0 3. thihergant rol
section 50 (Fig. 5) perfornms relative positioning of the |oader L and the

exposurg appatatlsarbsobate SBtikalt HpsSame oTBABCEhaSopese e ek @xBkai ned
with reference to Fig. 1 and Fig. 5. By doing this, even if sinking down of

t he exposutke2ghappgraphsc n@ysrdody, pEtchas QEeHr s£6h abwmng- W tthsthgqgpi ezo
actuators 32A through 32D suffering change over tinme (32C and 32D are not

shown in Fof. tBis,the warld allsetk aBcdPteBNe CONigvide actuators to

the exposure apparatus main body SP' for positioning of the

exposure apparatus main body SP', and for the control system

10 50 to control the position of the exposure apparatus main body

SP' by these actuators so that the above described matching is

performed.

Although the projection exposure apparatuses according

to the first and second embodiments described above were ones

15 which performed matching of the optical axes of optical systems

for illumination which were provided separately, or matching

of the optical axis of a projection optical system which was

provided to the exposure apparatus main body and the optical

axis of an illumination optical system which was provided as

20 separated from this exposure apparatus main body, it is also

possible to perform relative positional alignment of a loader

which will be described hereinafter and the exposure apparatus

main body. In the following, this example will be explained

with reference to Fig. 6.

25 Fig. 6 is a simplified figure showing a projection
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the position of the |oader L in acconpaninent with this sinking down.
Accordingly, when |loading the reticle Ronto the reticle 25 noving stage RM
(Fig. 5) or the wafer Wonto the wafer noving 46 stage WM (Fig. 5), it
is possible to maintain | oading positional accuracy with high accuracy over
a_long tine period. Mreover, the exposure apparatus of this enbodi nent can
be manufactured by putting into place the optical system 10A 5 which is
made up froma plurality of lenses; by fitting the optical system| OB and
the projection optical systemPL into the exposure apparatus main body and
optically adjusting them by attaching the reticle base RS, the noving

stage RM tehposafrer appaeatBsabilké heha®\EHgrs iagei Y sWhi €l £ansigdr of a
| arge nunmber 10 of mechanical parts, to the exposure apparatus nmai n body

and connecnicuwntieldein dy o vhesn b/ oIncPig Vid, Sthanthnicitt Bere e RS NY
total adjustnent (electrical adjustment, operatlonal checking, “etc.).

Further, itas tn@esirablelberathxembditied shke @bnkReusxpPesy %l%gﬁ'i:ét us to
be perforned in a clean 15 roomin which the tenperature and the

cl eanl i nessndeekplanbeiofnthetéed. wi NDURTRIAL ARRE CABI LI TY Al though in the
above explanation the present invention 20 has been expl ai ned,. in exenplary

terms, sith the marstDetly EeeddORIl @nahbChatbe DEighPalr Ryat ?;r@'{}%gé
photosen3|t|ve substrate are equi pped and a portion of the illum nation

optical sydnethdebageprovi ded ras iseparcld Rt, u%aaa at BBePI £l £§LLO D BYPOSUr €
apparatus, or with the main body section and a | oader

R onto a reticle moving stage RM (Fig. 5) of the exposure
apparatus main body, or unloads the reticle R which is loaded
upon the reticle moving stage RM. The wafer loader WL loads

10 a non exposed wafer W onto a wafer moving stage WM (Fig. 5),
or unloads an exposed wafer W which is loaded upon the wafer
moving stage WM.

Displacement sensors 55A and 55B are fixed upon the face

of the exposure apparatus main body SP' which opposes the loader

15 L. On the other hand, sensor blocks 56A and 56B are fixed upon
the loader L facing the sensors 55A and 55B respectively. The
displacement sensors 55A and 55B and the sensor blocks 56A and
56B are of identical constructions to the displacement sensors
21A and 21B and the sensor blocks 22A and 22B described

20 previously, and their detailed explanation will be curtailed.

Air mounts 59A through 59D (59C and 59D are not shown in

Fig. 6) and VCMs 58A through 58D (58C and 58D are not shown in
Fig. 6) are provided at the four corners of the bottom portion
of the loader L, just as with the optical system 10. The VCMs

25 57A through 57D (57C and 57D are not shown in Fig. 6) are fixedly
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25 of the original plate and/or photosensitive substrate being 47

provi ded as separate units, it is not necessary for the present invention
to be limted to this content. That is to say, in the projection exposure
apparatus, in which the main body section for which vibration and the |ike
need to be suppressed 5 as nmuch as possible and the portions which becone
sources of generation of vibration and the |ike are provided as separate
units and a predeterm ned hi gh degree of accuracy of relative positional
relationship is required between them the present invention can be applied
to any conbi nations between them 10 Furt her, .although the_present

i nvent i on FESVHRM texpraist Wﬁiﬁqeeegaﬁotfteo1awsréa°éaﬂ1'°@n°€y?§!@st%d r
apparatus,_it is not necessarily limted thereto. It can be applied to

ot her expoSut® appdienttisads \BPer sackhadmanraaciedrpargreretbefint ¥ posur e
apparatus or an X-ray exposure apparatus or the_like. 15 In other words,

t he presenYCHHvER itdirugh dRBovwBéchppts e eaplaipssuethppafa¥enrce or

manuf acture of semn conductors or for‘£erforning any mnute processing, when
a rel ativetpdsig @nal The|aky 8RYALE DIA gegardly kPRetirdigmnestecaty 3%
required between a main body section and a separate section which includes
a 20 sdur celeftyomagnetoit vagve Eihnarédsitof Relp@ gompressed air source

PA is conducted to the air mounts 59A through 59D according to
the opening and closing of this electromagnetic valve EV'. The
loader L described above is placed upon a base frame 11A along
with the optical system 10. This base frame 11A has a

10 quadrilateral frame shaped form which surrounds the periphery
of the base frame 41.

Although the linking lines have been omitted from Fig.

6, the above described displacement sensors 55A and 55B, the
VCMs 58A through 58D and 57A through 57D, and the electromagnetic

15 valve EV' are connected to the control section 50 (Fig. 5). The
control section 50 (Fig. 5) performs relative positioning of
the loader L and the exposure apparatus main body SP' in the
same manner as has been explained with reference to Fig. 1 and
Fig. 5. By doing this, even if sinking down of the exposure

20 apparatus main body SP' has occurred along with the piezo
actuators 32A through 32D suffering change over time (32C and
32D are not shown in Fig. 6), the control section 50 ¢an control
the position of the loader L in accompaniment with this sinking
down. Accordingly, when loading the reticle R onto the reticle

25 moving stage RM (Fig. 5) or the wafer W onto the wafer moving
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Page 24 through 27-1, Fig. 1 and Fig. 5 CLAIM5 5 1. (Amended) A

proj ection exposure apparatus that illum nates an original plate on which a
predeterm ned pattern is formed with light emtted froma source of |ight
for exposure, and projects an inmage of the pattern onto a subject materi al
for exposure, 10 conprising: an optical systemfor illum nation that
conducts light emtted fromthe |light source for exposure to the original

pl ate; a projection optical systemthat is provided between the original

pl ate and the subj ect material for exposure and proj ects 15 the pattern

on the original _plate onto the subject materi,al for, exposure;, B a, main body
section th "Ea$%wg[r Hed asl%l§é’¢%x4rsd1béeuﬁ?f“aflpﬁﬁﬂ&thaé§'§’(9 BRELHHPEF BN of
said optical systemfor i|llum nation and supports said projection optical
system 202ccutacy withy high fcqiracy §W§§eatE8P9hBFH§ PHELHi gi nal plate
and is novable; a drive franme that is novable according to a reaction force
gener at ed when tYRFRRV]H n&bepPiPRSErQFERAFREYs PR Hhif FERCAdAeREVERRe to a
novenent of the original_ plate stage; and 25 a positioning drive
devi ce t habe peanwkagtuned iygPrSEing ke PR R RS 1ca LkE¥PLER BPdunt of
rel ati ve positional deviation between said at | east one portion of said
opti cal5 sy¥peehfdy Made HmAron & pdprad isvoefdeanassa RephikEainiie f rom

sai d mai n body section, and said nain body section, within a ,
optical system 10B and the projection optical system PL into

the exposure apparatus main body and optically adjusting them;
by attaching the reticle base RS, the moving stage RM, the wafer
base WS and the moving stage WM, which consist of a large number
10 of mechanical parts, to the exposure apparatus main body and
connecting them by lines and/or conduits; and further by
performing total adjustment (electrical adjustment,
operational checking, etc.). Further, it is desirable for the
manufacture of the exposure apparatus to be performed in a clean
15 room in which the temperature and the cleanliness, etc., are

controlled.

INDUSTRIAL APPLICABILITY
Although in the above explanation the present invention
20 has been explained, in exemplary terms, with the main body
section to which the original plate and/or photosensitive
substrate are equipped and a portion of the illumination optical
system being provided as separate units in the projection
exposure apparatus, or with the main body section and a loader

25 of the original plate and/or phdtosensitive substrate being
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5 predet erm ned val ue. 2. A projection exposure apparatus according to
Claiml1l, wherein said positioning drive device perfornms positioning by
driving at | east one of said at | east one portion of said optical 10
systemfor illumnation that is provided as a separate unit fromsaid main
body section, and said main body section. 3. A projection exposure
apparatus according to Caim1l, wherein: said nmain body section conprises a
stabilizing device that 15 keeps said nmain body section in a stable
state; and said positioning drive device perfornms positioning by driving
said at | east one portion of said optical systemfor illumnation. 4. A
pr oj ect i on peopasistea s eaatate antos diingismdll aenedsa?§ fommbeepresantd
stabilizing device of said nmain body section conprises an active vibration
preventi on idesemtd dnhab bet Lyvel yed@reyettiss wditadriton Thasaid tai sappdin
section. 5. A projection exposure apparatus according to Caim1, 25

wher ei n: 2 the picd eelibpakxppstied dpparhtus] nid i wini dhur e rmLse®es a
variable illum nation visual field aperture device that can adjust a range

of il um najdciiiocef fohevioidlgiidhrapiaheahy tHee1likghte S@WS Bef SlipEreOsSed e; and
5 in said optical systemfor illumnation a portion di sposed
5 as much as possible and the portions which become sources of
generation of vibration and the like are provided as separate
units and a predetermined high degree of accuracy of relative
positional relationship is required between them, the present
invention can be applied to any combinations between them.
10 Further, although the present invention has been
explained with regard to a projection exposure apparatus, it
is not necessarily limited thereto. It can be applied to other
exposure apparatus as well, such as a charged particle beam
exposure apparatus or an X-ray exposure apparatus or the like.
15 In other words, the present invention can also be applied to
an exposure apparatus for manufacture of semiconductors or for
performing any minute processing, when a relative positional
relationship of predetermined high accuracy is required between

a main body section and a separate section which includes a

20 source of vibration.
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on a light incident surface side of said variable illumnation visual field
aperture device including said variable illumnation visual field aperture

device is provided as a separate unit from sai d pai-h—body section. 10 6.
A projection exposure apparatus according to Claimb5, wherein said

posi tioning drive device perfornms positioning by f"lmmmﬂﬂ Mmﬁmone of
said at | east one portion of said optical system that is
provi ded as a separate unit from 15 said main bod y Sectidn, *antl said main

body section. 7. A projection exposure apparatus according to Claimb5,
wherein said main body section uses |ight whose illum nation range has been
adj usted by said variable illum nati gnarmsual field 20 aperture device,

and perforns scanning exposure between the original plate and the subject

material far, expaspreje8tion éfpEnded)aphdrfhectiar eiposihatappanat us that
iI'lum nates an original plate on which a predeterm ned pattern is forned

with 25  biraltinam p1Lek iorowhach Wpbeedet ek dhbd fit tRAROSHI Bormdl wRE 8] ects 3
an i mge of the pattern onto a subject material for exposure, conprising:

an illum nati,er apitcad rsvatl£Bihat SPTRLhSCE-A e&@las%%e AIL& gs%aabtgn
visual field aperture device that can adjust a range 5 | 1 Om nati on of

the origingh E?hééé Oy e phic@REnSOMES & fs%ﬁoj%é@%é&@rléi‘%éﬂ"%kp%@ﬂ%ﬁ S
light emtted fromthe |ight source

comprising:
an.optical system for illumination that conducts light
emitted from the 1ight source for exposure to the original plate;
a main body section that is provided as a separate unit
10 fromat least one portion of said optical system for illumination,
and on which the original plate and the subject material for
exposure are loaded; and
a positioning drive device that performs driving for
positioning so as to keep an amount of relative positional
15 deviation between said at least one portion of said optical
system for illumination that is provided as a separate unit from
said main body section, and said main body section, within a
predetermined value.
2. A projection exposure apparatus according to Claim 1,
20 wherein
said positioning drive device performs positioning by
driving at least one of said at least one portion of said optical
system for illumination that is provided as a separate unit from
said main body section, and said main body section.

25 3. A projection exposure apparatus according to Claim 1,
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for exposure to the original plate; a projection optical systemthat is
provi ded between the original plate and the subject material forexposure

ahd projects 10 the pattern on the original plate-onto the subject

material for exposure; a main body section that is ' ““arate
unit froma portion of said optical systemfor ill um‘mgmnﬁ“m\ﬁ ng said
variable illumnnation visual field aperture device, ¢ disposed dn the

|l ight incident surface side of said variable illum nation visual field
aperture device, and that supports said projection optical system a stage
that is provided as a separate unit fromsaid main body section and that

hol ds and whRe¥esisai d subject material for 20 exposure. 9. (Amended) A
proj ection exposure apparatus that illum nates an original plate on which a

predet erm ned pagi£d Mndsn fEEdP dabttibn ic@hbregebt 8dstEBM 8z sRYr gy de | 1 ght
for exposure, and projects 2 an imge of the pattern onto a subject

material fenaeXROSYE Csafd ma P BUdS I dubt idnVahl abkeabhbuBt ALl Oy sual
field aperture device that can adjust a range of illum nation of the

original plate; a@idlpaldalon QRliveAlgesY Bl Bet-palnk Spps AVl dethf% @ 5
separate unit fromthe |ight source for exposure, and %ﬁat conducts |ight
fromthe | 5ohtiSQUELts TAY 1HRASYLE bOrtNEn 06t B A8 system for
illumination.
4. A projection exposure apparatus according to Claim 3,
wherein
said stabilizing device of said main body section
10 comprises an active vibration prevention device that actively
prevents vibration of said main body section.
5. A projection exposure apparatus according to Claim 1,
wherein:
said optical system for illumination further comprises
15 a variable illumination visual field aperture device that can
adjust a range of illumination of the original plate by the 1ight
source for exposure; and
in said optical system for illumination a portion
disposed on a light incident surface side of said variable
20 1illumination wvisual field aperture device including said

variable illumination visual field aperture device is provided

as a separate unit from said main body section.

6. A projection exposure apparatus according to Claim 5,
wherein
25 said positioning drive device performs positioning by
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a projection optical systemthat is provided between—the—origi-nal_plate and
the subject material for exposure and proj ects the pattern on the
original plate onto the subject material for exp EMB ,! ,ﬁ body
section that is provided as a separate unit from on of said
optical systemfor illum nation, and that supports sald prOJectlon opti cal
system 15 10. A projection exposure apparatus according to Caim?9,
further conprising: a positioning drive device that perforns driving for
positioning so as to keep an anount of relative positional deviation
between said at |east one portion of said optical system 20 _ for

i |1 uni nat i 41VARE atslprebianeuchsaddsepdeast anf Porkspn of srhdioptbsay
section, and said main_body section, wWithin a predetermnm ned value. 11.
(Arrended) AYPepeiay dhlenpbatien &—bp&r%ﬁ psovhdedias amaparesedmPs£rowr i gi nal
plate on which a predeterm ned pattern is formed with light emtted from
a source oFafdghainobodypsset eon arrhdrasist e ian bodygeestivhe pattern onto a
subj ect material for exposure, conprising: an illum nation optical system

t hat condu@ts |i&hprenectten Sexpdawrs Eppataghis sogrrdihgr texgbsimesto t he
original plate; a main body section that is provided as a separate unit
from at5| ewbersgiporti on of said optical systemfor illunination, and that
conprises at |east one of an original plate stage on which the original
plate is | oaded satdanzimshody esestibgm mseshildght whose illumination

range has been adjusted by said variable illumination visual
field aperture device, and performs scanning exposure between
the original plate and the subject material for exposure.

10 8. A projection exposure apparatus that illuminates an
original plate on which a predetermined pattern is formed with
light emitted from a source of light for exposure, and projects
an image of the pattern onto a subject material for exposure,
comprising:

15 an illumination optical system that comprises a variable
illumination visuai field aperture device that can adjust a
range of illumination of the original plate by the light source
for exposure, and that conducts light emitted from the light
source for exposure to the original plate; and

20 a main body section that is provided as a separate unit
from a portion of said optical system for illumination,
including said variable illumination wvisual field aperture
device, disposed on the light incident surface side of said
variable illumination visual field aperture device, and that

25 1s loaded with the original plate and the subject material for

—_—

—_—
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10 the subject material for exposure is |oaded; and a frame that is
provided as a separate unit fromsaid main body section, and to which
reaction force, which is generated when said original plate stage or said
substrate stage noves, is transmtted. 15 12. (Del eted) 13. (Amended)
A projection exposure apparatus according to Claim ' '

original plate stage or said substrate stage is dri iﬂmmmmwnmum
contact type drive device made up from a novabl e el erent ahd *a i xéd

el enent, and said novable elenment is provided to said original plate stage
or said substrate stage while said fixed elenent is provided to said frane.
14. ( Del eé:gzggsﬁfé_ 15. (Del eted) 6 16. (Amended) A projection
exposure apparatus that illum nates an original plate on which a

predet erm ngd paty r'?;_jie%tfi ?rr%g{g\é(islhggl égg%r%ﬁ%é :)%g oM AU Le ag{ | i ght

for exposure, an rojects g ern onto a subject

xposure, a __anTnage: erio |
ol ecti on o ot BratEnuara e S et R PR WGP S S an
the subject; JeLhatcLare AP E- AP OEC B BEI IR 9ha' e s

pattern;
5 an image of the pattern onto a subject material for exposure,

comprising:

an illumination optical system that is provided as a
separate unit from the light source for exposure, and that
conducts light from the 1ight source for exposure to the original

10 plate; and

a main body section that is provided as a separate unit
from at least a portion of gaid optical system for illumination,
and that is loaded with the original plate and the subject
material for éxposure.

15 10. A projection exposure apparatus according to Claim 9,
further comprising:

a positioning drive device that performs driving for
positioning so as to keep an amount of relative positional
deviation between said at least one portion of said optical

20 system for illumination that is provided as a separate unit from
said main body section, and said main body section, within a
predetermined value.

11. A projection exposure apparatus that illuminates an
original plate on which a predetermined pattern is formed with

25 light emitted from a source of light for exposure, and projects
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an illumnation optical systemat |east a part of which is provided as a
separate unit fromthe source of light for exposuremmw—

séction and illuminates the original plate; 15 [ t hat
is provided as a separate unit fromsaid nmai n body se mgm( E(i iﬂ

I I.lum nation optical system and supplies at |east one 0 pl ate
and the subject nmaterial for exposure to said projection exposure
apparatus. 17. (Del et ed) 20 18. (Added) A projection exposure
apparatus according to Claim1, wherein said nmain body section supports
said original plate stage to be novable. 25 19. (Added) 7 A

pr oj ect i on aax posgeechppar aart extic ontong dubidaai aateridl t her Wrel Ng an
interferoneter that is connected to said main body section and detects a
posi tion ofcamperiedingi:nal plate stage. 5 20. (Added) A projection
exposure apparatus according to Claim8, further conprising a positioning

drive device thatnpellioniBationi ogticdl RAsdtddHRE OBt KegRcan anount
of relative positional 10 devi ati on between said at | east oné portion of

sai d opti caimisyedefidnothé NhgRcnahie tbabxpbssREe etk 88181 88P3MALE ; UNI t
fromsaid
5 a main body section that is provided as a separate unit
from at least a portion of said optical system for illumination,
and that comprises an original plate stage on which the original
plate is loaded and a substrate stage on which the subject
material for exposure is loaded; and
10 amechanism that discharges reaction force generated when
said original plate stage or said substrate stage moves.
12. A projection exposure apparatus according to Claim 11,
wherein
said mechanism is a frame that is fixed upon a surface
15 of a floor and discharges reaction force onto the surface of
the floor.
13. A projection exposure apparatus according to Claim 12,
wherein
said original plate stage or said substrate stage is
20 driven by a non contact type drive device made up from a movable
elementandjafixedelement,andsaidnmvableelementisprovided
to said original plate stage or said substrate stage while said

fixed element is provided to said frame.

14. A projection exposure apparatus according to Claim 11,

25 wherein
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mai n body section, and said main body section, within a predeterm ned—

val ue. 21. (Added) 15 A projection exposure apparatus accordl ng

to Claim9, further conprising a stage that is provided as n|t
fromsaid nmain body section and that hol ds and noves s W |aI
for exposure. 20 22. (Added) A projection exposure st accor di ng

to daim11l, further conprising an interferoneter that is connected to said
mai n body section and detects a position of said original plate stage. 25
23. (Added) 8 A projection exposure apparatus according to Claim11,
further conprising an interferoneter that is connected to said nmain body

section and det egh$dmeROShiiisAN Kb FANG SHIKE £RLE, $hagleBto dd4chargddded) A
proj ecti on exposure apparatus according to Claim 16, further conprising: a

first st ageetaeetiohoé&l_scégéneweédtvherpéaga raﬁ:llgﬁbaqeplaafgi sRag@ONdashage
that hol ds and noves the subject material 10 for ‘exposure. 25. (Added)
A proj ecti gip8KPaBH" & APALILYES RGFY Thng reQebh@i i ébtion using a law
of conservation of momentum according to fhe movement of said
5 stage.
15. A projection exposure apparatus according to Claim 14,
wherein
sald original plate stage or said substrate stage is
driven by a non contact type drive device made up from a movable
10 element and a fixed element, and said movable element ig provided
to said original plate stage or seid subgtrate stage while said
fixed element is provided to said drive frame.
16. A projection exposure apparatus that illuminates an
original plate on which a predetermined pattern is formed with
15 light emitted from a source of light for exposure, and projects
an image of the pattern onto a subject material for exposure,
comprising:
a main body section on which the original plate and the
subject material for exposure are loaded;
20 a separate section that is provided es a separate unit
from said main body section, and that necessitates a
predetermined relative positional relationship with said main
body section; and
a positioning drive device that performs driving for

25 positioning at least one of gaid main body section and said

This Sheet Has Been Replaced

AR

54




wherein at |east one of said first stage and said second stage is 15 hol d
to be novable. 26. (Added) A projection exposure appar at. usaaeeordl”n'g to
Cl ai m 16, wherein said source of light for exposure s an exmﬂe“ \m‘e

light 20 source. 9 \\“\“ “

Y

separate section so as to keep an amount of relative positional
deviation between said separate section and said main body
section within a predetermined value.
17. A projection exposure apparatus according to Claim 16,
5 wherein
said separate section is a supply device that supplies
the original plate and/or the subject material for exposure to

said main body section.
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