;e3e> ; WW [\ 6B T ( DESCRI PTI ON PROJECTI ON EXPOSURE APPARATUS The
present.application is based upon Japanese Patent 5 Application No. 310438
of Hei*sei 9, fil ﬂmmmﬂmz 1997, and its contents are incorpqreat ed
hérein by refere L FIELD The present invention rel atés t%b%
proj ection exposure LfQsapparatus which is used when manufacturing a i
sem conductor elenent, a liquid crystal display elenent, or the like by a
phot ol i t hogr aphj A&:KGRCIJND ART 15 In a photolithographic process
for making a sgmuﬁmmﬂ\\el enment or liquid crystal substrate or the |iKke,
a projection e pparatus is en*%lé%ed {0 expose a pattern inage on an
original plate sucH®®a reticle SESE 4 onto a phot osensi tive
substrate such as a wafer or the like. Wth this 20 projection exposure

apparatus, for the reason described bel ow, high accuracy positional
adj ust nrent has been necessar ,Xjﬁ:bEt ween an optical systemfor illum nation

and an exposure appar at uUSRREERTEOYNy EXPRSHRFe ARRIISI et ween an il | uni nati on

optical systemfor illumnating an original plate at a uniform.illum nation
25 distributi on'l,"h%nﬁr%ﬁe@‘f(p@BH?écéﬁﬁﬁﬂaﬂﬁsbﬁﬁieﬁ‘ bR Pepaness Rgtent ~4y
?~0? a predeterm ned circuit gattern on a Ehot osensitive substrate by

proj eSt i PRl padtéen NeovdHedstipoh Hebsel| Am hibled Nevenber Bl ate®Dhio the
phot osensitive substrate via a projection optical system That is, the line
wi dth of 3m@ &FecoprrtpateeprresingpparafechaegiRdrodondiafiarenaghstrate is

i ncreased or decreased in accordance with the anount of exposure of the
pattern i mage which is fornmed via the above descri bed projection optical
system on the photosensitive substrate. Accordingly, in order to limt wde
variation of the line width of TEREFNEIFAH FLEGFDpbattern, it is necessary to
illumnate the pattern which is provided on the original plate at as even
an illum nati onfheveresgntoayentel on e 1 Jt &R clpP th P ARIERRHHRIEL SxFosure
illumnation low. Due to this, the positioning accuracy required between

t he &fermeFRR2GMFER ¥ohahi %ﬁt’ésﬁﬁewhﬁpumﬁﬁ&ﬁfﬁé’%%ﬂﬁ%é{ sepecomPEE oS becone
hi gh. For the above reason, it is_only possible for the various el ements of
the illunfhemedh, opt 1 EaridySrEntasd BéSE’gﬁé(r glegegt, 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 expose a pattern image on an
original plate such as a reticle or the like onto a
photosensitive substrate such as a wafer or the 1like. 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



portions with a conparatively |ow val ue of positioning required accuracy,
and as a result it has been necessary to provide the 2o portions which
consti‘tute nost of the weight of the illum nation opti cal sysfdhﬁﬂth”he
exposure apparatus nmain body as one unit. Due to this, it has been
necessary to provide a franme in the exposure apparatus main body to support
the illum nation optical system and because of this the exposure apparatus
mai n 25 body has becone large in size . Further, this has led to weight 2
- 8 ~aA~r 2002 increase of the exposure apparatus main body. On the other
hand, with the exposure apparatus nmain body, vibration fromthe surface of
the fl ooraipreddteereped diyran agdbteni bmati phopoeerat ktdwesyshetrabad
further vibration 5 generated when heavy parts such as a wafer stage or the
| i ke provibgeskdyeditind repexpesurerappdsdtusonmaine hdllymanaekdr et fgdfial
decel erate during their novenent is also suppressed. The active vibration
system cogpit&esnbbr tEar pRgsokbakeitnakt ebsnme aiifa MyWis)eoridgih support
t he exposure apparatus, voice 1o coil notors (hereinafter terned VCMs)
whi ch i npawt i8I usiscdnn. priedet esni fiesl 1dineeqi HeRSof @ Hehe 1 @¥N9EUs £ BPRar at us
mai n body, accel eration sensors which detect vibrations of the exposure
appar at usf 5ahéd bedythanghatbeedbaek veosibalt rsyret 8@ figlceddPIdd ng the
anounts of air supplied to the air nounts and 15 the thrusts of the VCMs
and the |gkerbased wpoac¥bbaahtenwieh the exkesi ©ARBYRUIE B ntHody
detected by the acceleration sensors, etc.. According to the above
const r uctpHt et e nefd Nﬁi&hﬁrﬁfbﬁﬁearﬁ\&ﬁhé%&b@Hé%kﬂb@ﬁ@%:@eéﬁlﬁm
transm ssion of vibrations fromthe outside, and suppresses vibrations 20
gener at etopt L FAD dAE- BXRISURe PREBHBEHS1HEVE HEEyErdH SCLARARE g,
| NVENTI ON ( The problem of |oad on the air nmounts) However, along wth the
fact thatinh beqse gbtliefit heddSrexosise oFpPRe alive Wadbhhkodyhescimaraased as
descri bed above, 3 b ~~ 2002 the |l oad on the air nounts al so becones
| argeo anshthersppei iy Abckbeaconpbesietdmiing teURbley poltitein Skl dayily
provided in the workshop in which the projection exposure apparatus is set
up has sosedvi@sdkaecene onsyihaCiglite akuashdren b ihPusanet ey, 1drdlhe VOMVB
are also required to be high thrust ones, and the anpunt

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
exposure apparatus main body to support the illumination
optical system, and because of this the exposure apparatus main

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



of heat generated when driving the VCMs al so increases. This heat
generation causes air turbulence, and it in sone cases the neasurenent
accurdcy .of interferoneters for nmeasurenent of the position of eMX@fﬁf
stage etc. has becone deteriorated. |0 (Problemof vibration tra snisg 5n
to the exposure apparatus main body) Further, in the case that the

proj ecti on exposure apparatus is a scanni ng exposure nethod one, a reticle
blind which is provided in the illumnation optical systemis driven 15
during exposure. In a projection exposure apparatus fromwhich an accuracy
on the nanoneter level is required it has happened that vibration generated
at this tiRErEaRRoPIhENEyFFRAPUreTHRPARFUDHdNakh REFEd bel ow. The reticle
blind is a device for preventing non-required 20 light emtted by the

i |lunmination |i@htthe okheanfangs wiieh shigenaPSprataPrAKal ¢ meHa padyern
portion from i npingi ng upon the photosensitive substrate. And the

oper at i onyibfaspeni fgom thef shefpee bEgkhai Ajoor seahntaycerpeduby awmtion
and closing it after conpletion are repeatedly perfornmed. It has happened
25 that daccnyet Nébeagpom myeaiedtdlarsisivs teper @i rrthdr atimmtdioni -~
tul AY 2002 generated froma reticle blind opening and closing drive
mechari sngehechthdswbapl bgedyapstteppsnghnetoa wafler bhhfesorevhé bike he

| i ke, has exerted an influence upon the accuracy of projection exposure, as
will be erpbuided betbde tha\seposcarenapgaeaposunaein ddshi agepéefrecaenl t he

original plate is noved under ~ band shaped illum nation region forned s by
t he opti cdecsyetrafref duriiniourihedt owovementhe ssledreto divpataésaed. ofThehe band
shaped illum nation region. A pattern on the original plate which .is

i |l um nat edtiimeavihhme tdoapsyistemompricess ad hant isigpHed g itafitdmage on
t he photosensitive substrate by the projection optical system At this
time, by hakinag aie yshottopemwdiichveuppost rthe expesune ehpasppusi teowte ecti on
fromthe novenent direction of the original plate, and noreover by making
t he rlgt i ocotllthetapsehiperetpabier dfertrd MGMf Inahighat mpastapdrasts him
phot ographi ¢ substrate and the projection ratio of the projection optical
syst em agpeedefepminect ddnerragasoto tthe gaposiurs sreRpesvs OALD oy,
phot ographi ¢ substrate, as it were _
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,



ltke a slit camera. i |f during scanning exposure the above described ratio
of | 20 _speeds is not kept constant, distortion is generated in the |
circui't pattern which is forned upon the photosensitive substrate IQ 2002
detail, when starting to nove both the original plate and the
photosensitive substrate they axe both accel erated, but exposure |s
performed after reaching a 25 constant speed. In order to performthis
acceleration, it is 5 ~ MAY 2002 necessary to start nutually noving the
original plate and the photosensitive substrate from portions outside the
range of exposure, and at this tinme the above described reticle blind is

kept cl osgfk 38aldheh thEmeGesmatvtkl ghéo Ytk NAlarigdi REE tHORapddidy
photosensitive substrate. And the reticle blind is opened just before t he

arri val ol tdis RAgHdL &I Hugdiy G inals RN 1P G Rantehaped

illumnation region which is formed by the optical systemfor illumnation

i's inmmngHe wtéetc%@l\b%r if fhEoE @A@@%;Ié&%ﬂ BLBLSERE 2BphaRdyLsas Gl ed

"chrone") 1s 10 forimed surrounding the pattern region, and, since the width

of this hiifigs aRAd @Btcbmtetmdfpﬁeﬁed 8,0 R einttth%nf ﬁw%wensmns

of the sh e of t e band shape um nation region,

| nt er geptdanyshatLed %1'%%' Pe ﬁfgd% EQ%@P‘&EF%EC&Q&% 81 %%%‘Eept I on

band after the reticle blin as 15 been conpl etely opene scannlng

XPOSUT © o Sidst B8rlacaid Wial Sk ibiashead mtwfsgflﬁ&eeag@ég er ;601 on of

the origina in the ban ape um nation region becomes |nn1nent

The arri @a@% bR 2ea0reeaRo R PR EbulUn A BAHN E 69 BBralcddies QEoi nal

plate in shaped | Plmi hat i on regi on ‘20 becones | nmi nent | ust

bef ore 1 a3 SOANEAY 2BERISHLOE St LAY & Sl £ &P f'?ﬁXFneEQﬁréﬁtéhEaéf ehet he

frame shaped |1 ght 1 nterception band (the "chronme") beconmes i nm nent, and

Scann!ngéﬁﬁﬁﬁﬁHﬁ?<5§ i phedh- o A @reEB'Sh&erégéhelQeQEEQQrEEealOsed As
expl ai ne bove, the opening and cTosing operatlon of 25 the reticle blind

is pepformblidedd X iRafieand HBdd dorf to tHe? MpEsut@hpghlgtugcanni ng

exposure, but it can happen that vibration generated during opening and
cl osi ng eparatdddR,of the reticle blind may persist during scanning exposure
and may exert an’influence upon exposure accuracy . Further, a punp or the

like 5 may be prewHiad fiaf 108s SUPPIhDE tHe pi&PetOidn exsbé\@fel aser |ight
source etc . , and it may happen that this punp becones a source of
Vi brat i orppattexerd i atdniiide RGN IV @ne, a reticle blind
which is provided in the illumination optical system is driven
15 during exposure. In aprojection exposure apparatus from which
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



accuracy. A first objective of the present invention is to propose |0 a
proj ection exposure apparatusin which the exposure optical system can be
separated fromthe portions for which the required accuracy of positioning
is high, and in which by doing this the exposure apparatus nai m8bdy ¥8n be
made nore conpact and can be reduced in weight. 15 A second objective of
the present invention is to propose a projection exposure apparatus in

whi ch sources of vibration are separated fromthe exposure apparatus main
body, and with which it is possible to obtain high exposure accuracy. A
proj ection exposure_apparatus,according to the present. 20 i nvention that

i |1 uni natgRneiReRq of Fel pl BEB16hewhAl éRda OprBdeGe Afich&d 9FdrGe AT ive f or ned
with [ight emtted froma soufce of |ight for exposure, and projects an

i mge of MerhaniIeriish sag §éi§j1@b’13dnﬁt%¢¢ﬁpl$@rm%5%§mde§ eahprawed® an
optical systemfor illumnation that conducts light emtted fromthe |ight
25 sour ceoff drhexbbser éhas exerbefghnalinfilaesceaupainn thedypossgwicynof | ~ .
b ~U Y 202 that is provided as a seEarate unit fromat |east one portion o
the opti @tok3ction fexpeshuegi hasi vhllahd enpwaiokd: lbelom.gi nal plate and

t he subject material for exposure are |oaded; and a positioning drive

devi cB that perfhemsdhriniing ekposess tisohehggspevfasmed, kdep crigdmaint  of
rel ative positional deviation:between the at |east one portion of the
optical Sisttemifsomovieldumindari snbandt shaped ol Heninst bom epeg e figximed r om
the main body section, and the nmain body section, within a predetermn ned
val ue. Aduotdiengptdcehisystam | e udtlvfinad xm vé npobetshomat ddevdicatiioon |0
between the at |east one portion of the optical systemfor illum nation and
t he mai n odshsdandredpedel btonéoatbanexpodane ahppabtesnwii chhé s
provided as a separate unit therefromis kept within a predeterm ned val ue,
i . a . Wriginal pdatie wdd dhalige iWAvsi natedhdsesshayd fehapaii fioxmeg t he
optical 15 accuracy of the il{unination optical system therefore it is not
neced8ar ypa ¢ prodi2leanped AR ilnags rat ton RIRtRENSiSIeensadssrateni t
with the main body section of}the projection exposure apparatus .

Accor di nd¥y the PEopesSiprecPbl FadutBs Em - Wty ist time , Y madoing §&6tion of
the projection exposure apparatus, and 20 it is possible to reduce the

maxi mum FARSESH I Heacvir R N ath oo eRR toh delActd amnifar™
supports the main body secti,on of the projection exposure apparatus. In
this pr ojtélﬁ i“k?r”fe&?ﬂt’)'sﬁ]rléfe&ﬁﬂé’fnaf’lﬁs FhFh%rbaéP?fLoﬂ}ﬂbedr?% “H%Rﬁ%’é"":rrﬁ’y

erformpositioning by driving at | east one 25 of _.the at | east ope portion
gf t he o%?ﬁééﬁ’§§§%éﬁ¥ﬁﬁ’°f tge movement speegs of éhe original antg

15 and of the photograpq&c substrate and the projection ratio of
the projection.opticaﬁ system agree, a projection image of the
pattern is exposed on%o the photographic substrate, as it were
like a slit camera.

If during scannhng exposure the above described ratio of

20 speeds is not kept anstant, distortion is generated in the
circuit pattern which is formed upon the photosensitive

substrate. 1In detaiﬁ, when starting to move both the original

plate and the photosgnsitive substrate they are both

accelerated, but exppsure is performed after reaching a

25 constant speed. In drder to perform this acceleration, it is



8- illumnation that is provided as a separate unit fromthe main body
section, and the main body section. According to this, it is possible to
mai ntain the optical accuracy of the optical systemfor iIIuninationYﬁzé2
perform ng positioning by driving 5 at | east one or the other of & N& 9n
body section of the projection exposure apparatus, and the illum nation
optical systemwhich is provided as a separate unit fromthis main body
section. Also, the main body section may conprise a stabilizing to device
t hat keeps the 'main body section in a stable state; and the positioning
drive device may perform positioning by driving the at | east one portion of
t he opti apdcesysdeyn dfors dddtmutala 1y, méedeidiche beighhal bplatarake td anged
that the main body section is nmaintained in a stable state, and that a
portion gihddwsééicibe 1oubyeieaef ekol boiiAahisoBults idles @ heRirahalened i n a
stable state. In addition, the stabilizing device of the main body section
My Cconprd:gfoalraCtdn® at bietd aniny eventdwivdedser- i antived bigrevent s
vibration of the main body section. According to this, vibration is _
activel y jf ReeRt &b o8y 3PEhhE Uhrbdsd Mg 19BhiCahosYEtHRIP {Rbihdd WPRAL i On.
Al so, the optical systemfor illumnation may further conprise a variable
I ' ungnatd g0 pHctelenld i@ il 2BBLEYA tde Vi BRAT A AN Ad B3t nd {argRndl ,
illum nation“of the original plate by the |ight source for expoSure; and in
the opti calsS¥rIPd @he?aridiviaT B2t LAR %aEEéEhOPeSiéﬂoéqur%‘ rildighh
incident surface side 9 ' - ~ ~~~'" 202 of the variable illumnation
visual field ape{ WHL 1 Ghdgid Ui g {48 MK 184y ford [WHABH &l @R riiegual
field aperture device may be provided as a separate unit fromthe main body
section. AeGMHObp@italt Bystem REe i N1LAENnARtbAAL s SHFhBMRAO! Mo nat i on
a portion disposed on the light incident surface side of the variable

i1l um natd grawesyBhpbhel doRperitlfesovi 68 dand Udbngal NeaVedi i) is
illumnation visual field aperture device is provided as a separate unit
frombhe fdintededrroreidiony ehet Pt peohetdd Don £)6IREULE ndkPehatwisatH ber ef ore
it is possible to to prevent vibration generated fromthe variable

i1l um natdiiis \Arswdl shiapled apghtuliatdevese iwhl BAnapes ajesa trefHer thet h

proj ection exposure action frombeing transmtted to the nmain body section
of the praijuesiid iBheXgOoHHe s alite JUrdHe bardhishapeldr dllilomigdaes onot
exert any influence upon the accuracy 15 of the circuit pattern which is
fornmed upeswyildre wafléght! 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



addition, the positioning drive device may perform positioning by driving
at least one of the at |east one portion of the optical systen1tp&
illummnation that is provided as a separate unit fromthe main bo y%%‘gmw
séction, and the main body section. According 20 to this, it is possible to
mai ntain 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 systemfor illumnation which is provided as a 25
separate unit fromthis main body section. 10 ' 8 i~fAY ~ Also, the

mai n, bodyf seetd @ iyg UsRpbbahk , whase ikl lum mabien taage Wasaaon adj usted
by the variable illum nation visual field aperture device, and perform
scanni Ny fosdt &3 et Jgenidd Ginek1Rsahg aperhReonubF e MRItEIHIR] 5 foX
exposure.” According to this, for a projection exposure apparatus which

per f or s 1 SCAMfi, SXPPSHEE @SriBY! schhnlifgPegPbllge! AnBl fUEN kBRI @kl ON
generated froma variable illum nation viSual field apertufe device which

operates ; Ld h [RYoNN e ACt } m bej ytst to
Rk R R e T

this ¥ibral} o Bo8%iRek e587badMupply UPUhAIARL B8 BEAUNAGO A8

circurt pattern which is formed upon the wafer. Another projection exposure

appar at us) aa00rdifiged @dde REREER nhhVRALLAR Lhat %My xﬂﬁ%ﬁ T Y 1201 nal

pl ate on whiich 15 a predeterm ned pafternis formed wt ght emtted from

a sour ce Qi td e FPIHLLXPOSHT §ni8AdeRELEECHS FAFhTRABLOlpbRCRBbEGRR ONtO a
subj ect material for exposure, conprises: an iIllumnatioh optical system

that comydsags,@ variable illumnation visual field aperture device that
can adjust a 20 range of illumnnation of the original plate by the |ight

source for expesirestapd;thalveoREdUtS ﬂegéaqte%%%@i%oirgtw#ﬂo@%esource
for exposure to the original plate; and a main body section that "is

proviged A% rdjSRRAAH expdistird AP-ARRLEY 9 VhitheoPtd g s pitan
illumnation, including the variable 25 illum nation visual field aperture
devi ce, dyRasedadod Beparatdd From the portions 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 separated 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 illum;‘mates an original plate on which a
predetermined pattern is formed with light emitted £rom a source
of light 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 source for exposure to the original plate; a main body section



| ght incident surface side of the variable illumnation visual f field
aperture device, and that is |oaded with the original plate and the subject
materi‘al for exposure . According to this, for a projection expoiwwg 2002
apparatus which perfornms scanning 5 exposure as well, it is posSPb to
prevent vibration generated fromthe variable illumnation visual field
aperture device as it operates together with projecting exposure action
frombeing transmtted to the nmain 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
exposur e bbatris preckdrdiag a saparagieeserit fmpenatoheahtt ong | peFnEe®es an
original plate on which a predeternmined pattern is forned with |ight
enitted fobriohe spuical siydtieghfof drl lemposrien .aadd proyleits the onbginal t he
15 pattern onto a subject material for exposure, conprises: an illumnation
optical sybaeendhdtthes gulmiedethaaea sk farmesposiure aam Lhedkdghindaur ce
for exposure, and that conducts light fromthe |ight source for exposure to
t he ori gipasipiahtngahiee devideotdiias qud i Bawhd @ty iva gy Soicdesk BSi snigepar at e
unit fromat |east 20 a portion of the optical systemfor illum nation, and
t hat iss | sadedtpikded ha andgrinalf pébhieiaadddia iumjledevimtebhdetfwden
exposure. According to this, it is possible to provide as nutually separate
uni ts thetheégitt leastcensd gromxipms wfethé hepti d dalrisyattieanf opti dalmixesiiesn and
the main body section of the 25 exposure apparatus which is provided as a
separ at e that ifg pmnoldded a8 AREp2IEE caAunieastoncheMmatinobody ddvtion,
illumnation optical system and it is possible to reduce the size and to
reduce t handetightmaineholiyobethésa, Addhit ias ppressthkirained edilee .t he | oad
on the air nmounts and VCMs which support the illum nation optical 5 system
and t he ni¢cobhdilygsertthds,othelhenexposf eedppavat pssiThosaprdyectyiom
exposure apparatus may further conprise: a positioning drive device that
perf aons detweey the pbslershi pgespoasibo lodephan optmwatl efystematfiore

posi tional deviation between the at |east one portion of the optical system
10 for ililbumanaohonhandi shervaidetody ses¢panabd whiet phogmcttiennai n body
section, and the main body section, within a predeterm ned val ue. According
to this, exppsupesspbiratvsnubathi Ast heovpdiedalhsaec sepeyrade mmdtopti cal

system for illumnation, since positioning is perforned so as to keep the
15 anountthgreframiie kRt Mididn deprrateserménadeaine, nhi @. bodshiEeat i on
and the at | east one portion of the illumnation optical systemwhich is

provi ded Reraisepdrmlsiaimibichy bmneresea vy fouymaéatroningt Hhe qptical
T N Ay o S L e e BT e R el fee T 1Y 10 the
not necessary to provide the 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



20 present invention 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 imge of the pattern onto a subjeﬁ% toma al

f or exposure, conprises: an illumination optical systemthat cd s |ight
emtted from25 the |ight source for exposure to the original plate; a main
body 13 © ~ MY 2a02 section that is provided as a separate unit from
at least a portion of the optical systemfor illum nation, and that

conprises an original plate stage on which the original plate is | oaded and
a substrate stage on which the subject material 5 for,exgosure i s | ,oaded;
and a ne WHAHRD FRethdFgREOVAdES 3% 3 SERR TG e HREEAI WRBF R &2dM gi nal
pl ate stage_or the substrate stage noves. According to this, since a
nmechani smI¥Y FefhiRy fad dike Hea i pdneseeaten on%m%réhg"&épatt@dwhen t he

stage for the original plate or the stage for the substrate noves, 10

vi br at i oritofl St esghbhebedynaieiabn Bie opd isedoddrarappaebitids optdredt |y
reduced. And it is possible greatly to reduce the amount of relative

posi t i onaysde@n Faron llemdasdt an eafenfarpad ikesidfiatiad byudiraytngn
optical systemwhich is provided as a separate unit fromthe main body
secti bn, andaast miie Bodyha sotleri of, thadnpini bogysseptéonuethehet o
enhance the optical accuracy of the optical systemfor illumnation. In

t hi s projreEliestt O EmSUpp ArPasatipe ﬁ@@héﬁﬁsﬁﬂmwibétéoﬂr epbicadt is
fixed upon a surface of a floor and discharges reaction force onto the
surface efyatem whaeh iaAcuedidrd &5 ehsepapateiunid themr tlats imain bedy
generated when the stage for the original plate or the stage for the
substrat #afhie3 i s di scharged onto the surface of the floor by the frane,
the same results as described above are nade available by a sinple

mechani sm Al s@lsthe the Fiadal hoda sesttdgn gyt kempIser at 6tabadeziag 25 be
driven by a non contact type drive device made up froma 14 " a f 2002
novabPe &R thad beﬁpﬁegh@|'r@¢r@hthodaﬁ@etq#é%wb@estél@lrmﬁttar\'a@y pad
provided to the original _ plate stage or the substrate stage while the fixed
el ement it&epPeFiHAAREBItHel Yo SR 1 CAHIY AHFF X3 PRPICIPRENGMEAFE¥LPEs as

descri bed_above are nade , . , , ,
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
comprise 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 light incident surface side



5:avail abl e by a non contact type driven stage. Al so, the nechanismmay be
a drivefrane that, in order to discharge reaction force generated when the
ofiginal iplate stage or the substrate stage nobves, nobves in a &vag\,rsg
dicrection using a law of conservati on of nomentum according to the q@nent
| 0 of the stage. According to this, since the reaction force generated when
the stage for the original plate or the stage for the substrate noves is

di scharged by the drive frane, there is absolutely no influence upon other
supporting portions, and furthernore the sane results as described above
are made 15 available by a sinple nechanismwhile properly naintaining the
center ofofrilvetyapaprbheecidlumhnatiagevianed, fiilgd dorpgintalrepldgvd cst age or
the substrate stage may be driven by a non contact type drive device nade
up from aimoliadirgeteaevaraadle fiitediehérhent viawdlt fd aiol alplestalrement 20
may be provided to the original plate stage or the substrate stage while

t he fixedderitoenay soerpyodeded cas he skpareatfe ameit Atwoom diley ot Wasdy t he
same results as descri bed above are nade avail able by a non contact type
driven st@getidmot rerequrdisstiortlekyosilitcapparaiel somcicor didigtem i 25
present invention that illum nates an original plate on which 15 -, - 8
~~s, 4% 27{P1 wmpiedbderaipgwct jpat idErapdsed enmredewl ight i i dend tsrd Facem a
source of light for exposure, and projects an inage of the pattern onto a
subj ect meiés icl thervexpasle e, 1l lomidises vAsmilnfhedy seeitore dewiltiech t he
original plate and the subject material 5 for exposure are | oaded; a
separ at e mecluding hahe i sapilabldedlaamdnaepanaresuailt fiedd tbermare body
section, and that necessitates a predeterm ned relative positional

rel ati onsdeyiae tilk phevirded dmwdysspatava;uraitd faoposhd mainngody isee tdewn ce
that perforns driving for positioning at | east one of the main body to
secti on anfl thisepseparatiensexposnre capsatat kee [k heredfivmenti tof s pelsatible
positional deviation between the separate section and the nain body section
wi t hiln a tpr edetvemt vednaddive gAceordiedgfromt the ,vaw idbldd lJinojiecttiion
exposure apparatus, it becones possible to nake all the portions which can
possi bl y wenork fibebduapestofevdbrateonhashseparatesunbgstiveicl @ighi nt ai ni ng
rel ative positional relationships of high accuracy. And it is possible to
reduce t lreroigethionfexprsuns _rdudn fecm being thenpnodrbeti oh e oxine
apparatus, and to reduce the maxi mum perm ssi bl e | oad upon the vibration
prevent i dPHeBeet i cpf the projection exposure apparatus. Further,

thig 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.
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20 supports the main body section of the projection exposure apparatus, so
that a _projection exposure apparatus of high accuracy becones a
possibility. In this projection exposure apparatus, the separatEOS@ﬁ;ion
may be a supply device that supplies the original plate 25 and/or o 2002
subj ect material for exposure to the main body section. 16 ' 8 MAY 2d02
According to this, it becones possible to maintain positional accuracy of
supply of wafers or the like by for exanple a | oader over a Long tine
period with high accuracy, and noreover a high accuracy projection exposure
apparatus which does not suffer 5 any influence fromvibration of the

| oader becomnes Alpossthel nayn BREFFsBESCRNPTRENUGE THEHDRANWONES Fig. 1 is a
figure showing a sinplified construction of 10 a projection exposure

appar at usi Ebeoigdbgohoranger basebbked mdfjustiidgby? tihe arafriglnle showi ng a
construction of an actuator which is disposed in the vicinity of a bottom
portion ofllmixpdtiah viystaanfieldiddamiud deniceb dndipedfosma ddrplingy
showi ng an exenplary construction of a displacenent sensor and of a sensor
bl ock whiekpodsurik dpeisesenpplosi sgiginaFipgladei snd fheueh Fdowinag aariciiner

exenpl ary construction of the displacenent sensor. 20 Fig. 5is a figure
showi Bg afsit nekpdéete cormsdécarcdimg ©d thspj 86ti anpespesdl onappesahus
according to a second enbodinment. Fig. 6 is a figure showwng a sinplified
constructappavdtas | valleh pbrEébrins dcapaied espost@eand waldontiactiswith the
possible to prevent vibration generated from a variable
illumination 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
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25 projection exposure apparatus. 1~ ~\ - 8t~AY 202 Fig. 7 is a figure
showi ng-a noving stage provided with a drive frame. BEST MODE FOR CARRYI NG
OUT THE INVENTION 5 - First enbodinent A projection exposure agparatus
aécording to a first enbodinment is now explained with referencedtNAYFRI2 1
through Fig. 3 . Fig. 1 shows a sinplified construction of a projection
exposure apparatus according to the first enbodi nent. The 10 projection
exposure apparatus shown in Fig. 1 is a scanning exposure nethod exposure
apparatus whi ch exposes a pattern on an original plate onto a

phot osensitive substrate while synchronously noving the original plate and
t he phot o3éghitinveidabstsuatfecd asde dff ghe earidlebe Hyl landimsdr dni ghsusbur ce
LE is 15 conducted via optical systenms 10A and 10B as illum nation light to
an origi ngliepdadpe R (re daskcer, aed thhe,iddbedadfiviath therad @ n=AipTaeg whi ch
has been nounted upon a reticle noving stage RM of a main body SP of the
exposur e appatié UsubjddtimMataitien foghéxpbbabehasapesseindg houphst heoreticle
Ris projected via 20 a projection optical systemPL onto a predeterm ned
regi on of at E@ogaei:a@a ekpaspiie! egpidtwe Wil rpder Midai@imafdger terned a
waf er) whi ch has been nounted upon a wafer noving stage WM Thi s projection
eEXPOSUs € appakaltbSadindl beiexid poredplre detpidvdnt Whigrhelilbavddter28edis
shown in Fig. 1, the projection exposure apparatus 18 - 8 lwe~lY 2ap~

accor di ngfiemt tige MidrSlargndbedilmihats eovpesad piedd cpuralresaelier H9, a
| aser |ight source LE, an optical system LOA, an optical system 10B, an

EXposur e FppiFatdtse MBofetddy whthprEjacdt iy Ekpeeuzd adt fon FrémBbamad | i ne
is connected to the laser 5 light source LE fromthe control section 50

whi ch contiahsmibBeecavies alHe RRShald DR seletlilke HEOjIeC bixPBsOXROSI £r BRAS at us.
Laser light such as exciner laser light is emtted fromthe |aser |ight

source LErhasndrlponRitastbrdt §6h &béS AU SHPRREGS, WAECDeate hwSsheathd rom
the control section 50 to the laser light source 0 LE. The laser light is
i nci dent dHpeurkbe optiheatispatiemdOPern 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 onto a subject material for exposure, 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
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vica a tubular path S which includes a relay lens. In order to perform
optical _axis matching and active vibration elimnation. as described
hereinafter, the optical system 10A and the tubular path S are_flexibly
connected together. 15 Although the exposure apparatus nmain bod May 2002
arranged within a clean room the |aser |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 |aser and
to supply gas for exciting the |aser. Mreover, 20 although the optical
system 10A and the optical system 10B can be arranged either inside or
outsi de the dkast baenportivheyfatBeailanfiedatiba dpttibalckeanenpogndt hey
shoul d be arranged within a chanmber which is sealed to a high degree of

tightnessjtsest ?@bsib@eoﬁbi galiupat thé s kePtadd ad X ithangedghevbEer. 25
(Structure of the optical systens 10A and 10B) 19 a~'r ~~02 I'nternal to

the opticghctyeirenht@a .t hRhE 2EeiBrpysdedia gbr telute 8hBE2BLENERAI FHe
optical systemBE, a first fly-eye Iens 2 , a vibration mrror 3 , a second

fly-eye | gis thountd @Y V@S which r&%ﬁgﬂﬁ; Hpddi BrukifatiohdSsEiddght is
incident into this 5 optical system 10A which is structured as above, is

reflecd ed by cthe hef 8 a8 dHdR) sediigh df &ié%@f&s&f‘et OpLdcal

system 10A; and is shaped by the beam shapi ng optical systemBE into a

| aser |ight beagnhgfs %‘r@j‘ £del Sh R LIS pa et LANRL v I PhetheohBs Ee L ght
beam em tted by the beam shapi ng opti cal Fo systenf%E passes through the

first flyzeyediensmngd Biffd @Atk pdrAtd O 15 For and passes

t hrough t he second ff&-eye lens 4. The first fly-eye lens 2 and the second

fly-eye | 883 i¢160M%iSksPlasd dANGRI W nAInd &6 Ll aenfs fud sshdpget her,
and a |l arge nunber of light source inmages (secondary |ight 15 sources)

cor r espondieRd akQ e BHEBRHY at asa s AR Sr M6 b rBke JhaMaliPs @& €edh OF Med
on the em ssion sides of these lens elements . The laser light emtted by

the sgrongchl yieuRiheBsoh PREEESs ITFORDNed NEs Ll draRe BnaRdfi-smi tigd dent
upon the optical system 10B after passing though the reticle blind 6 which

regul at esmdenl badye@ledRAWnal 2R MH] AL NBody NS @tdn NGvddhh \@ri abl e
illumnation visual field aperture (iris). An actuator 15 which is a drive

source foprebetegnicld Rl .6 heceeanaet ed taikhe ieonlr posse®llie0ORoS0. This
actuator 15 consists of a stepping notor and ball screw construction or the
| i ke, notmaheawaidbthe it ifdaguiesurtitey ey sl edlosdygrai idwe reticle

blind 20 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
section 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 subject 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
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- :8 MAY 2002 6 is controlled by the control section 50 via the actuator
15. The_reticle blind 6 it for preventing illum nation Iight which
iI'lum hates the range of the original plate outside its patterne& ﬁgrtion
f«om i npi ngi ng upon the photosensitive 5 substrate as unnecessar G002
and opens and cl oses in associ ated operation with scanni ng exposure
operation, as has al so been described with reference to the prior art.
Mor eover, 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_expl aigiedt ddh dall |1 Sl Wy ded ChaVa £85a7at8 BhEEOE Bn dBU1@acENdENSEr
lens 9 etc. are disposed inside the optic system 10B. Laser [1ght which
s incidept upan dheaptdcal o 5¥SLem JRB: BRSSE5uh IhAHEBNt hensel Y15 | ens 7,
IS ref|e3¥%ﬁH§$? t?elﬁfrréﬁq%g aﬁ%g%s co ?ecteﬁ y t%enéonaense¥ l ens 9. An
il 1um natj el 0 etihC I i i | NSis I ody SP
of an exﬁJOOS r%le%p%%rna? lﬁggr\%ﬁa&hbgmalgg\%légggs%?%%ﬁgﬁé% %3‘#’3%‘ %ilgggl?ﬁ%st
evenly il.l uri nat he, 4 Lpat | i wWhi ' l.a he
éJTo %f%d apﬁ ta gu%{s!:%%':% %%Qg% 619'15 %C%lét %u&:s%%t E\\gge?ma&

openi ng of t1Hé 20 reticle ove . ptical” system

erbodt medch S pagde R SrFHEE] AHTIMEH AN FRUE BEGALA LT e 108
whi ch haV%g&%%%gﬁ%g?%@E% oér)%.t i"f%[lu E:)Ei aQ;fe E ggg XPo %ll{gae a?B%E{”\%E ds main

body SP) structure o sure~apparatus nai n bo FI 21

- ¢ M aYg%%%e dF&B‘O‘e‘%“: ez§81; %gﬁﬁg &Wh‘ijsﬁ‘:tsiiglpeogtnl&% VS %ﬁ]gko\ri‘déhr St

col um 33, a second co 34" are 1'i Xédl'y provi Upper “portion

of a Ml ki ATBHG o AnlAlel ast (R 800 daselad D SHER! Qﬁgsﬁa(#lféﬁr Ny

measuri ng the anoun splacene e novi ng stage

movabl o) PR MR 5 hAse R g Jlgd0e ool nale. prane psrbendi cul ar Lo

t he draw ng pap I'g. dinate ‘axi s extends 1 n e direction

per pegdi culals 0,1 e Lord %%‘inoiooggre s%%E‘i%}l ke hbxe XsBEQV%SQQFQE‘uEhe

| ower portion of the main framne reticle base to an aser

TLer! & A eatty) SestERa thaLhe St ey gl 19

stage RM ase t he XY coordi nate

pl ane ar gpfduRdlof Reawided ?Bsti*t‘t‘iofniaflsHe%'a%%é%etm%n”'a‘ﬁa@le!asét ghes RM
and WM are noved by non-confact type actuators 23A and 23B which may be

l'i near 19J¥iQrs oF thie ihik@inlihke mDwaRIie 8! efRrn Qhikbheiachysloa8323A and
23B are provided on the novabl e stages RMand WM while the fixed

el ement s o@f atdipAcd it 236maKk #3BnabEapradtdacth Oanad fleaeldionobbapne 51

to be described hereinafter. The actuators 23A and 23B and the | aser

i nters er @RitdIch ,20mNd A0 A RAUI e 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 flooxr. According tothis,

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
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20 connected to the control section 50. The control section 50 controls the
driving_of the noving stage RM by the actuator 23A based upon the anount of
noveneht of the noving stage RM detected by the interferoneter 20. Further
the control section 50 controls the driving of the noving stage WM by the
actuator 23B 25 based upon the anount of novenent of the noving as&@e?ﬂw
detected 22 $ MiY 2002 by the interferometer 40. It will be understood
that the actuators 23A and 23H are for noving the novabl e stages RM and WM
along the direction of the Y coordinate axis in the plane described above,
whi | e drawi ngs and expl anations with regard 5 to the actuators for noving
themin thevableoslUenahe &xdSadfiLedi Slembhe) £xdetles merdselicldmdnt 0 t he
pl ane of the paper are curtailed, in order to avoid increasing the

conpl exi tyapf be€XPrSRBdE@NE o Fettid NOFigdAdn rsDat s dOaddebaseie idtBydalret ers,
in the sanme manner draw ngs and explanations relating to those 3.0 for the

X coor di ngf ggaxyRi dbr €Ak eNxaHCeTHMbAL! 8. MRRAGMA +d ltHeS fA@meabsol utel y
essential for the wafer base WS and the noving stage WM to be provi ded on

the main ££a8Bq 30y td tHRY, deBb Snle rAGEARIARE &1d PN B hRCH oAl frame
vi brationally 1 ndépendent of the main frame 30. By doing this it 1s

possi bl e 47,1 PaBHO b5Nat AN MBBHEAELUELRE W eholoebla exposure apparatus,

since it I's possible’to assenble and adjust the projection optical system

PL and the movifgsst agee WddHlenandens e GhYrYQkt £RLmBDENLET GORBIdICt i ON).
In the same manner, it Is possible to obtain the sanme beneficial effect by

provi ding-{hei id £ & b ash @%x%@g%?%r@t‘:\éidnghéh%ﬁew, L dh i3

vi brationally i ndependent of the main frane 30. Further, it woul'd al so be

accept abl g £9& JrhenaaN Y &-atagdes gBV s WoaRd {he PLebEEL itk

system PL each to be independently supported. The previously described

opti cal 51.‘x'§ix‘?%‘a1ﬁ§»r b ddr- b e £idtinSeaand ceekrdiRgdb th8edRina it ame 30
is supported by the 23 - a c~aY 2002 four corners of a bash frame 41

whi chol s §f ovhdege8het hendd A indiar s ¢nipber §1:3d& thE oB8h-81bh (homeyver, 31C

and 31D are not shown in the figures) and piezo actuators 32A through 32D

(however , gdrnér aeld 3@k R €hd 0d t SNOWot Nt Ad1 € i SHH LB )p Bt IdY eROged et ween
5 the support portions of the base franme 41 and the supported portions of

the main fosarhe3@ubit2asdl w6ve8 if disbhakiged by AAd Aeiser fogre pferidie f oor
to the main frane 30 is prevented by these hard rubbers 31A through 31D and

pi ezo act Laty=13dt Ihhouhs Baddhed NepsleicaiHes: alipbbethagthstbiats, 3ha
t hrough 31D 1o and piezo actuators 32A through 32D will be descri bed
her ei naf t BurtWétthotdetlexposue erappatat us desnrbhbedy SBoskr aekumedeas above,
an image of a circuit pattern on the reticle R which is nmounted on the
novi N§ stagei RWbWIehyt hesimplelredismdiosmethily phepprdjyecdimre ping &hesyst em
PL on the wafer Wwhich
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
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15 is nmounted on the noving stage WM for the wafer. And a resist applied on
the wafer Whas been exposed to |light, so that the circuit pattern inage is
transferred to and phot ographed onto a predeterm ned region on the wafer W
(The reaction frame 51) 20 The reaction frame 51 which is placedg smngt?ag
on the floor in the vicinity of a side portion of the main body SP of e
exposure apparatus will now be explai ned. During scanni ng exposure
operation, the novable stages RM and WM are driven by the actuators 23A and
23B as descri bed above, and repeatedly 25 accelerate and decel erate. At
this time, the reaction forces 24 .". ' 6 MAY 2~ acting on the actuators

23A and 23B,{caatbRRiABYAbLe teka08s Rl Wl & {qiansdn{diedy tordiey
reaction frame 51. The noving stage RMis floatingly nounted on the reticle

base RS b¥oﬁ§:5_eb8§L hagae FRe g&%@gu%t,a%ﬁlm o%'é(c!t%af[airpgﬂtﬁ’argg)% adhon the 5

7
waf er base W5 in the Same manner. Accordingl’y tthe main frare 30 does not

shake, sipgecthg d TaiQu”biQ&E‘?r?‘atgeeﬂec{latf%‘}é‘Q Bsﬁgéf@%ﬁ%}fs A4S and

WM accel etate or decelerate are transmitted to t eactlon franme 51 but

not to t hﬁaﬂ%éét&;tr iQ:ﬁFoﬁthi%H the %r{q.r%m\ga:ﬁ%?‘é\k/? 2%d Eﬁé”sh%‘i efc!t%t?@ffaimt

transmtte the noving Stages via the redction frane 51,

[ h t 3 = | . Th
Ceact o Foaneond ree Sreqann & PoRr RERCT sk PE st IFFpI S Th

Lt 21§58, aBigARe e e-chonnd Ut Shptl i ar) .6 g o onco

oor, bu raw ngs and anati‘on relating to

act uat or s, pi.0uL gede L7 Yol TP R1E 15 088 RibADY M Aol X

coordinate axis direction, and relatin 0O a ctron trane argi ng

R e et e A T R R G S e S T
woul d al Sge??_o%se&mpiﬁgt expgﬁ‘éii%%&i c_}‘é‘%ﬁééé@%ﬁ‘éf“%he%ébn&?é&iﬁ“ to

t he novin rane RM, int pposite direction to e novenent of the

roui o Lo, fouhanaCosss N oSRLIRIE L g e SpRRRI el oo Lo
for to theets: PRE&Is{Efdtel ARvEUIE A#Pbetween 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 upan the vibration prevention device which
20 supports the main body section of the projection exposure
apparatus, so that a projection exposure appératus 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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~-~~,~ 202 27, 1994, and is incorporated as a part of the specification of
the present application. Fig. 7 is a figure show ng the novabl e stage RM
fittedto a drive frame 100. A group 123b of magnets (in the interests of
sinplicity 5 only shown by a dotted line in the figure) which cg %&hes a
fixed elenment of an actuator 123A is provided on the drive frane 0!

coil 123a which constitutes a novabl e 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 bearipgs 102 i C e nQn.,caontact bearinags,. Further. the |aw of
conser vai LOROBTREnERt UM parabEs BEEwBER ST RASdF VBN ERER RAP Mt
novi ng stage RM 15 Here, if_the mass_of. the .novi ng stage BRBMis supposed to
bo' 118 of SERRERPY\RE FRRRAYIOD AT A e H0F g 'R RYct R STaPRI S8 KHAGEE 1 he +v
direction, the ﬂrive frame 100.nmoves. 6 ¢cmin the -Y Qirection. Dgﬁ to this,
it is ensdYeH & HenS ht"P RRAISH “’r—‘&?’célg N2t At EYh T RETREVEAGR RM
noves does not exert anngad 20 effect upon exposure, and noreover_ center

of gravityCABERFEMTAMECE LCROTERRALT B 2PRRT ABYF NP LER fo T R R &SF occur .
This drive fra 100 may not be |inked, but separate, Further, for
positﬁoni%?yaﬂggéPﬂBﬁ? éFOWhglgFFSéOFrQﬁEF%FtSWGSFJ Resomes &cceptable to
provi de an actuator which drives the drive 25 frane 100. 26 v i ' ~ MAY
2p2 1t wokPESLEPLLIbY- acceptable to provide this drive frame 100 on the
novi ng stage WM Further, it would al so be acceptable to provide the drive

frame 100 on either one of the noving stage RM and the noving stage WM and

to provide a reaction frane on
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 simplified construction of
a projection exposure apparatus according to'a second
embodiment.

Fig. 6 is a fidgure 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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5-the other one of the noving stage RM and the noving stage WM It should
be understood that a reflecting nenber 106, which reflects laser light from
the interferometer 20Y which detects the position of the noving sta R[%zl n
the Y direction, and a reflecting nenber 10S, which reflects | asérd g’%ﬁh‘
fromlO the interferoneter 2pX 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 are interposed in the connecting portions between the base frane 41
and the main frBbe. 3D 4@ |d friguree sbopliagnednoThaghatdge ubbevsd&d Avittthr ough
31D (in the following referred to as the hard rubbers 31 as |ong as
speci fic andrvvedufitam&pl anation is not required) are constructed as elastic
menbers 20 made from hard rubber or the |ike. And the piezo actuators 32A
through 32D (in the followng referred to as the piezo actuators 32 as |ong
as specif is individual explanation is not required) are connected to the
control section 50,BREET MODE) FGR eCARBYING et BHRI DNYENDEOX coordi nate axis
direction in the 25 figures according to the magnitudes of drive signals
di spatsched B¥rst emb8dMAént2CQ02 fromthe control section 50. A plurality of
vi bration sensors (not shown in the figures) are fitted to the main frame
30. These vi brakipropetisDbn @kposupacappdrheushaceentdioy secki airs@, and
i nput signals to the control section 50 according to 5 vibrations of the
mai n franempdiviesd 1ideyolnaasepTieleed e t Basete tovde the Bignal Thrdwudh from
the vibration sensors, the control section 50 perforns so called active
vi brat i onrpg event Fag . by stidwy Badimgl BF ted wrid tgnadt o ofas bxefj edtd .o ezo
actuators 32A through 32D so as to cancel the vibrations. The hard rubbers
10 31, i nemgposhrenappapsousdaogoiriénenef theofiabsorhboadimentl.y The hi gh
frequency conponents when vibration is transmtted fromthe surface of the
fl oono alsoohaweidhechpostirei appetrbeas shopneientiing inpact tenaeinfr om
acting upon the piezo actuators 32 so as to destroy them when nonentary
rel ati ve ekpspsacemerithdd engs saoml apeea dacgtuse ehicheerporebrane 3@mdnt he
base frame 41. These vibration prevention nechani snms conposed of the hard
rubbers ZnandigimadipkataconbboaspBitasensétcnwed Shbstraventwbile The
exposure apparatus main body SP is able always to maintain its steady
state, dusyrohrérowsby atdwimopkbeernt iginal fidattohntihdse photivsedsigdnes, and
due to its construction as described previously

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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whi ch discharges the reaction forces onto the surface of the floor when the
novabl e_stages RM and WM accel erate or decelerate . (Active vibration
prevention and positioning nechani smof the optical systemfor

i Llum nation) 25 An active vibration prevention and positionind'%é@“éam%n1
28 - ~ ~sAY 2002 disposed in the optical system 10A for illumnnation wl|
now be explained wwth reference to Fig. 2. However only the nechanismfor
positioning is explained here, while the active vibration prevention
mechani smw || be explained hereinafter. 5 (Positioning nmechani smof the
optical systemfor illumnation) Fig. 2 is an enlarged view show ng the
vicinity atcohdihogt tonther fipatoémbbdimphitcdls systemetOALf At coméerbdur
corners of the bottom portion of the optical system 10A there are arranged
ai r nount sedéion lBOUGh1iéBrabilghENBoiBAe tTE ough op8RcalOsfheenpidXalarsyst em
10A i s supported by these air nmounts 14A through 14D and VCMs 13A t hrough
13D. An ebgeicshegpeten veByeahVekpoBade dpphiamuishinagnebedy gragaetic
valve units EVI, EV2, and EV3 which can operate independently, etc.. By

pi pes, theeadtisREraneldB, are | 4DpayRreonneakels tenhbetelass £ REaGRRL C
valve 15 unit EV2, the air nmount 14A 1s connected to the el ectromagnetic
uni t BV, 1 gk tdimid LEDERbnldh: | SorGHBTE et ildh BlhewRi 8Bt dsHEEsIad itheuni t
EV3. The el ectromagnetic valve EV is connected to a conpressed air source
PA by a pbperafuiddediat iidieo€! ied parE@retich ¥abveuwai dgpdddeidr ouglaelV3 and
the control 20 section 50 are electrically connected together, and their
openi ng anfgiEt @sichla s exiclgependeat 1Y Nl 5 dnlied Y F16R tteN §obr 38ehiton 50.
Due to this, conpressed air supplied fromthe conpressed air source PA can
be i ndepegsientéd yL.mrEnd s digsn thesev 1l gnintdnildd oradbrinD @ndnlidh azed 14C
25 The VCMs 13A through 13D are electrically connected to 29 .. - a

r~, ~Y zQ¥sébed condri dlhe afdn toro b e titby @ red e R Missdey: i1ighite sdugeer di nat e
axis direction based upon control signals fromthe control section 50 (in
orderiot 0 BE DI THeNArag@se liightonp iieatidahtofuddie theawptd. cdlheyviteh apal of
the lines in Fig. 2 connecting the 5 control section 50 arid the VCMs 13A
through I3ixis toubtlad pathhe Whdwhnimcludlea theedbgveedsscri bed air nounts
14A t hrough 14D and VCMs 13A through 13D, the position of the optical
system 10A i s contowddredcd ipsribtmtogieicslcarisonbedhihy &hé sonivel
section 50 in the Z coordinate axis direction, in the rotational to

di recti onvibBatdomrelindindeioh casrdesatrébeadi bedeinefion, ahd optibel
rotational direction (By) around the Y coordinate axis direction. Mreover)
when t he siosten daPmndebertiuinitl srepetbfS ahe fdpiiddly sysnentddsocgetbeirng
performed, with regard to the thrusts which nust be generated fromthe air
mountls 14 theudghyHHS cpapsyne tarpaIGNE1 S iR ithrndih BB roamgedhmdshdnwi t h

conpar atively .
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 cleah 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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| gng di spl acenent periods are generated by the air nounts 14A through 14D,
while the thrusts wth conparatively short displacenent 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 &38‘ SO
that the VCMs 13A through 13D are prevented from heating up. The 2092 A

t hrough 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 30 8 ~~Y 2002 the Y coordinate axis direction. The VCMs 12B and

12D are fixed upaBethglt ¥® Shélepsuid-ACes dtent NOORHSR agESHLEVIQAG W Ch
face in the X coordinate axis direction. Furthernore, the VCMs 12A and 12C,

and the VEMrd2B andod2R s rRf bp0ged1l gymw@d,ya&iqis%gemguiegemi te

positions. The respective surfaces of these VCMs 12A throug D which are

opposite §0 § Reid, SWdRGHS MY 8N 87 Sedb@Ue 1P-4Ne 10d Gl asi‘éi%g‘l% are

fixedly provided to fixed nenbers not shown in the figures whi are

fixedly pg(t))v' ded: am d b 4 glfé@g?__l]La((jg:é' 1iBnt Wt tﬂnEHﬁe?{g\@nt}g'%l'ii%A can

t hrough 1 el ng arranged as descri bed above, the optical system

be made’ ity XAERE 1 & + I o) ngs accg:cg i nate
axi s %; tﬁgt%%k}lﬁg%%%%ogauseftlg ggﬁgrggggregc%lgpgfgiirgé %%:}geef\ian tcﬂe VCM
12C bei ngy, alf'ﬁédrE@%QEE%Et fi3Roat FU ARl ke 1008l it RbSRLe 1val ues
of these 1 orces being Kept equal . In the sang manner, the Optical

syst em 104y £88nDeoARdEah05 s i ipdd 1P e KRN AL A0 L4L Yfetuigl nat €

axis by causing the VCM 12A to generate an attractive causi ng the

VCM 12C t grognes al @ 4 d 2Rl 8ehal 68: a WEddeerhinkd PASSE Hl&diRmke the
optical system 10A shift 20 in the directions along the X coordinate axis

I n the sapg-ganngie By eausigat e/ t12l Bpd HL Blith SRABIAL G JtERIYISI ve

force and attractive force. Mreover, it is possible to nake the optical

syst am 1045 obalds dLaWRd LtheodoRAULiFRRLe AX|SeleBidls BY faUSINGELIRID tie
VCMs 12A and 12C t0 generate repul sive 25 force, or attractive force. The

ChL S bSO SRR, anfobgi BRRobeyatekecna e o
posi tion pénshe, optHL HiretSFAR-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 emisgion 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 (iris). 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

stepping motor 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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1QA can be determined with six degrees of freedomby the air 5 nounts 14A
t hrough-14D, the VCMs 13A through 13D, and the VCMs 12A through 12D . As
descri bed hereinafter, the control section 50 controls the above descri bed
ai-r nounts 14A through 14D and VCMs 13A through 13D and perforns r@l ative
posi tioning between the optical system 10A and the optical syste#n 8B.20020
(The di spl acenent sensors) Displacenent sensors will now be described for
detecting the relative displacenent of these optical systens 10A and 10B,
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 acenént ssemsbrel P6d kndE6Boateofli sedkyjopr 60idbal tdre Bhtubioe b5.t he
optical system 10B which faces the optical system 10A. On the other hand,
sensor bl Gtlesr2bAcirdoREBd & e sf f aedbyeyewvime d Jdnn e tipdn ddbhsysheah10A so
as to face the displacenent sensors 26A and 26B respectively. 20 Eddy
current diidphaderrms $éres aagy cApds teicel e sl storovesi dontitet or
position detection devices (PSDs) or the |like nmay be used as the

di spl acenpal: teened $o2GA and x26B.1infpignralty pipRoriheonstot Gsdhei tliwed ances
bet ween the sensor bl ocks 25A and 25B and the di spl acenent sensors 26A and
26B ar® ogupgt rrtemadS urte cdisseime dniriit S elsdrsp oA aidl Zhdsed hien sensor

bl ocks 25A 32 - a~~'"~f 200Z and 25B are bl ocks which serve as

ref er enceaswhen atleel apevetdeacwi bk oschaplag it s 8o SPeTatGdraneds 2ods ar e
detecting displacenent between the optical system 10A and the optical

syst em 10B1sb Héen alzeiar idesT wi bRrsPasaicdteckhie 25A e r29B 1adteover,

di spl acenent sensors 26A and 26B wil|l now be described with reference to
Fig. 3. Autbasglf ey 1thehsensarpdhark o2barandst tiee dirgfil ArleBpBtemenGRr 26A
are shown in Fig. 3, it should be understood that illustration and

expl anati by dtst bessepsart ilch ,bladek mduh tand 4rheart SpImCcaehiressisor 26B have
been curtail ed, since the sensor bl ock 25A and the sensor bl ock 25B, and

t he diGgpl acemanbrsensdr a26A13R] h& diis@Ecacenerdctsentsar 1268, ard aaf % he
same structure. The displacenment sensor 26A in Fig. 3 is made up froman 15
X sensor @éAecwioch adétetios neBamiide. dhes Exadeneread tin tdetsiindmldi.ock 25A
in the X coordinate axis direction, a Y sensor 26Ay which detects relative
di spl acenent i nAt hel¥ycbendi ata wixioulid .eenidor, ceandesergolef8AF aihd ch
detects rel ative displacenent in the Z coordinate axis direction, and
menbers (Ave dhepmsed Ruside thegaps)cadrskebpn kPR hedeskrsbhgbt Weinh Y
sensor 26Ay, and Z sensor 26Az together as one body, etc . . These X sensor
26AX Y sehScn@iignt apenztheepdr c2drgyatemddhrasansctibuah the xokay ol
section 50 (Fig. 1). And signals based upon the relative _displacenents in

t hr ee-Xi n?eﬁgﬁo%s beaddrettrd @fdpthecnbrrorst saikbris2enlargtedery divor

bl ock 25A detected by these sensors 33
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 accordihg 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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- 's h~AY 2~z 26ax through 26Az are input to the control section 50. The
sensor block 25A is made up froman X block 25Ax a Y bl ock 25Ay, a Z bl ock
25Az, and a base 25Ab. The X bl ock 25Ax, the Y bl ock 25Ay, and the Z bl ock
25Az rare fixed to the base 5 25Ab so as, respectively, to face_t %1 X sensor
26Ax, the Y sensor 26Ay, and the Z sensor 26Az. Another exenpl ar@ AY 2002
construction for the displacenent sensor which has been expl ained with
reference to Fig. 3 will now be explained with reference to Fig. 4. The

di spl acenent 10 sensor of Fig. 4 is an optical type linear encoder which is
conposed of an optical type linear sensor 126 which emts (for exanple)

laser |ightwand bepeibyesd.hear gbhbeetedohi ahkiand systeal Br125 WikGh

reflects the laser Iight which haS been emtted fromthe optical type

l'inear seps@(imh283, Theq! 4 Naat o ptd m&%é%@ffik%ﬁil'y_sg%@%daﬁ 8k Ghe

i ndi vi dual sensors 126a through 126t . The scale 1257 S also nade up of 6
individ I - T '

[ght in BBPari By eEsoRel i din E2epel il SRS Me W SR Bl ane ™

et ted 1 gy bundl 8540060 PELIDLo AR LIG: SARLER 1458, a0fadag N gh e

e L A B PR B
Z(I’)ldaiZSS ;aiﬁ'sg ilfle eﬁ?eﬁﬂ?j%uﬂal E;ﬂ 0 %)%lellllnci gerf[lg upoﬁffge -scalée;m%g?f:
;23 Z(ragsgzrs ﬁg%e g&fdh%%g? ‘}nlﬁrf%r }rs]erp%q'{%h({ i pacl’r aﬁFﬁrgo?ﬁiﬁei%;a?;s,
bundl es t(l)nbgllgr'lcFdéﬁpe%oﬁ%t%%élgggl%e% %ﬁej%%%ﬁ}%ﬁa%g%ﬁglvi deé in

a plane pg%@b%g?igelgget%%hgl ?G?fa@! ch‘&hg ?Qﬁ:é%?r?x‘g f%ﬁ@ﬁ?g C@Mﬁ‘éé& ed in

this mann exanpl e I'S possI 0 neasure disp me In the Z
direction:hy g%gq ‘ £ Xpdlh.reetd i cenent
by the seﬁgo?égilz%‘ggg%é?m , % %%q%elarlisfjfre g;io(ra'ec%i %%eg%ﬁéglr%%e%ﬁ by

t he SO 126 Mool -8 j . -5 1S

obt ais'ﬁj;d %ggeé gg%%glég?%gfg%%"gﬁgﬁg%i fﬁz&éﬁ%}sﬁrﬁﬁaﬁt t?gns?_ﬁcl)%xtcﬁe sensor

126a and yhe,36RSAE %%Ptﬁé’%&%%é&ﬁ@ A whi®t §g! ﬁoOQBgéFec% haged upon
the differente In tﬂe nmeasured values oOf the sensor 126c¢ an he sensor

126d, andrpetafbahhsd @undnthee XvaxbsrignakkahNede Rased; vy thewidder ence
in the measured val ues of the sensor
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 234
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 based upon the amount of movement of the moving stage WM detected
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1S 126e and the sensor 126f. (Optical axis matching) The control section 50
inputs signals determ ned by the relative displacenents detected by the
di spl acement sensor 26A and the displ acement sensor 26B descri bed above
and cal cul ates 20 the anpunts of relative positional deviati oD g (% Mpence)
bet ween the optical system 10A and the optical system 10B in the directions
of the six degrees of freedom And the control section 50 calcul ates the
respective thrusts to be generated by each of the air nmounts 14A through
14D, the VCMs 13A through 25 13D, and the VCVMs 12A through 12D (all of
whi ch are shown in 35 ~~1 - 8 MAY 2002 Fig. 2), based upon the results of
cal cul ati by ¢he hatamienanafer ed@Gt i & padilt benainddanstatdadrilizdt wden t he
optical system 10A and the optical system 10B in the directions of the six
degr ees ofacitueddam 2AAdanfie2 TR e lf cxembidngSthe mdawalcbatataEges glaksd5 t o
these air nounts and VCMs so as to generate the thrusts cal cul ated as
descri bed wabavlengBy heoddgeichiion tife tagpintootdiekhakl ugiposht thaabldesi ati on
bet ween the optical system 10A and the optical system 10B i s mai ntai ned
within a geedetided addwesl uhiliendeativengeoadd vikblhahadipasnivi tRdry¥ghvé
necessary for to keeping optical accuracy of the illum nation opti cal
systems (Aetithe wWdtiaitors Hayeidvioly ftent hith aftié cal csyrsdpmatoraxis
illum nation) Now the active vibration prevention (active danper) for the
optical swydtedtiionh whiun ée¥xddémds pelpebdiexplaai tedthAplhas db theepapxpl ai ned
above, the control section 50 controls the air nmounts 14A through 14D, the
VCVs 13A thieoughti3Dedandnt beddeMso A idiroigleakibd dhe ebmpheghtfr&f shown
in Fig. 2) based upon the relative displacenent between the optical system
10A and t kepdphiatdlonsysrFamcheB, deitdciredaby tdehdilspleaconest f oot sr26A 20
and 26B. By doing this, the control section 50 naintains the positional
rel at i onsinpthet s niadmmeop tiveali nggsard 64 Atk i dres aptliatalines yot ewdHB as
fixed. Now, since this optical system10B is f fixedly provided to the
exposw e dpmathtus omdrdioaye SiLHiveatiemace ofirthélpdsi tMonadver,
rel ati onship between the optical 36

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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- '8 I ~AY 2002 system 10A and the optical system 10B as descri bed above
means exactly the same thing as maintenance of the positional relationship
bet ween t'he optical system 10A and the exposure apparatus main body SP. On
the other hand, as previously 5 described, active vibration preygayi for
t he exposure apparatus main body SP is perforned by the hard rubbers 31A

t hrough 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
appar at usfoairncdoyr Skdfiva bhsest kape 41N waisheddypsdatded andthbef bpdx cal
system 10A, the optical system 10A is itself kept in a steady state. Due to
this, actHsedvrdblsdr®n iy edestiohn IH (hbwedeld,CalCc st 80D D6l BAtI $h&in ai ned.
As has been expl ai ned above, in the projection exposure apparatus according
to the fiigtcrabbiinesd) sheavpidrdiabtubtddid 3bhecBRpbugh! 3 syStieswdwsr,

illum nation which is nmade up fromthe optical systens 10A and 10B etc .

the opticabcsatsd 818l Hd¥bnhddni Bn theSAYglibes PAtd 9RLWRbEeBelNsd tifesy t he
reticle blind 6 and is disposed on the light incident surface side of this

reticle bthads pr%tpg vicdeshs aF aheelRRNIE BeRAAL &rld R RtighRadd e
apparatus main body SP. According to this kind of construction, vibration

which is gepeighgdohale than ekhmbesd! | Mb-Eh PRI AAS o25vabeagishtdr&eanni ng
exposure action is not transmtted to the 37 n- 8 ~"..r;f 2002 exposure

appar at ustHBi Subpalye St 1€ OF T o WHY aldion fganer sbeds Wedvdieed &y Cl e
blind 6 operates does not exert any influence upon the accuracy of the

circuit pghégenhabiichubbelrer nad gpeBdughe 3 ehd PiMYEA@uatidramsiaa be
acceptable to provide the reticle blind 6 in the optical system 10B, if

vi brati ontwhbaghi s20eneriad etk tMiErs tdre chet hehe bhbbdr 9pRIEhasugloesimot
exerts any bad influence upon exposure or if vibration counterneasures are

carrimed oshdspiébat a¥thagbiren vl ehrocuigienematad IWpen ddierigkidcl e 10 bl ind
6 operates is not transmtted to the exposure apparatus main body.
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 scanning
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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Si’nce the parts of the optical system|OA are subjected to optical axis

mat chi ng.and active vibration prevention, it may happen that the position
of incidence of the laser light 15 fromthe |aser |ight source LE may
change position by the relationship of the optical system 10A gnd tgﬁ!
mrror Z. However, this change of position is a change of posT i MY ore

i nci dence upon the beam shapi ng optical system and does not exert any

i nfl uence upon the accuracy of the circuit pattern 20 projected or

phot ographed onto the wafer W Further, what is f fixed upon the upper
portion of the second colum 34 is only the optical system 10B which is one

part of i 0s IiplenSY SLENLE Rk Sl bNTLAR A1 e 2y EHAlniDER O A pgmetpl the

exposure apparatus nmln 1S tene 0ol ng

Da0e. the e 4 e, SRS TS B2Ee AR Hihe PR 12 bl mE s mum

Vel at i ve e ait A hsH PR il Ry A e RS By MR

secti on SECORIFE! s ke MDY G The B 11 R 1Y (R BHeA oF €981 em 10
of thé optiel e R 10achRoeRE BRehsar Ao They e S5 EPE Em To
| Tum ot bRCBS PRI EYEE € Ao e 1T TR G AR SoRGE Abeo QiR ArEd i n

Lo attal WIS TS N aRaePEROREF R P ERRRREGRE e the
Floor 1o Charafistzer ehons RBREcaghieoant Sh B bR, B/ otk B Phe-abBve

descri bedydar TR R UL chaLe, sptpesed af. thscliard. ruhbers.gp.endqtne

piezo actuators € exposure apparatus naln

the hgact ORpLORSEEngaNeLFLE RIS {ll& IR WHLIr2LRYEE L ARY &F Msince

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 of 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 moviné, with respect
to the moving frame RM, in the opposite 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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accel erate and decelerate are discharged onto the floor via the | reaction
frame 51, It is possible to keep the exposure apparatus nmain body SP al ways
in a steady state by this type o construction. On the other hand, it mma
occur that the above 25 described piezo actuators 32 suffer chan Nmyém
time and are 39 - ~ MAY ~ deformed, and that the exposure appatatus main
body SP sinks down. Even if sinking domn of the exposure apparatus nmain
body SP occurs, the control section 50 can control the position of the
optical system 10A along with this sinking down. Due to 5 this, the

proj ection exposure apparatus according to this enbodi ment can almays

preci sely. n the accu he [ llu i 0 tlcal St

Mor eover , zfra ?%1%4 ab%vcg descé?%e%ogﬁé%glﬁen?%?% c%n rols’pseycs]tj';\'/lc Fs one

whi ch cont ol) ed the Siti t he op tical LO system 10A to, t he
Bt o5

opti cal s“Bf PRESH 88?%%%&8?1% Afd hésoﬁt?&a\lrﬁxﬁ 081Pﬁe tical
t 1OB t d of ¢ I tabl et de th b
descri bed R ALF uBbRRE @&4 BB Es ot & “39%ad act uat or s whi oh exert
forces in the X and Y du%ﬁgtlons W t h respeﬁt to the exposure pparatus 15
mai n body SP, @hPIVYREIP e Bgriess (ki § Sfl?ﬁﬁrﬁﬁ??c LR R 0A and

the optical_ axis of the o

tlc stem 1QB by, control t he 03|t|on of
the opti ¢t %y%?%%?f@é*% ??&F ?%Il%yéﬁ rﬁ%ﬁ?r?iMWhﬁég%ﬁQ? WA d al so

be acceptagé ntrol osi tion of tical tem OA and the
Dot 1o 80 Pedd AT oF SRRt dtof 1A R e S A ST A e
50. In this case for exa it would be acceptable fo e contro
section 50FaMRet & i 6‘nFﬁc}1 h%%&é?%%ﬁoafswélfo% PcanepiP AERGRE t he
position f t he opti cal stem 10B, to rfo n1rou H aqéustnent with the
opti cal & it °’én'ld?3t f’é’lerﬁaftleﬁe 9§k Fﬁsi"ﬁg t ERF (TRHE GFYal

system 10f§3 ylstE!r c{.leé on the mov;Lng gtage 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. Due tothis, it is ensured that the reaction force
generated when the moving stage RM moves does not exert any bad

20 effect upon exposure, and moreover center of gravity movement
due to movement of the moving stage RM ceaseé 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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r- - 8 MAY 2pp2 possible, along with enhancing the control characteristics
of the control system 50, to shorten the tine period for alignnment of the
position -of the optical system 10A and the position of the optical system
10B. 5 Moreover, whatever the reason may be for the optical axis-gfm%hg

| aser |ight source LE having undesirably deviated, the influence of "t'h 002
deviation of the optical axis of the laser |ight source LE can be
elimnated by adjusting the positions of the optical system 10A and the
exposure apparatus main body SP using 10 the previously described air
nmounts 14A through 14D, VCMs. 13A through 13D, VCMs 12A through 12D, hard

rubbers 31 and pitegeuae ag%@rge?:aecéjr;;aameyt@o@f@vw@ SHig Id-iRARS $hih@
quickly to elimnate the influence of optical axis deviation even in the

event t haty gfien d g A¥ist e fille | Mapindi olik POUTER1LE hasctE dauiat ed

therefore a shortened time period for interruption of exposure action is

suf {1 i ent, ARG deheril Bhiiga PLaklr AUIRAIL: A NP1V EAL by dilq Shaukd be

under st oo t Ile i1t is acceptable for the positional adju of the

R s L S AP s et e
(oe g OV Shel EPnclobla! URDERS ridy2Ad BLEZ0 BRI Witk HEhSRAASE! TR DY

the contr sectl , It may per f'or med manua i ment 2

25 A projection I rai 4 - LAY
2002 enbodinentlﬁégﬁgﬁﬂgap a?%g% mﬂ?ﬁ re é%%ﬁ%gr dﬁ%%%ngg.&?T%?r5§% ows a

LDl CYraRA e a1 OLEN L9 RAS ILE ARRILARLS 6O gl 0 he

second enbodi nment.. ou erstoo rojection exposu

appar at us qalhiaut d BrElgos gggﬁ?u%@hmﬁomgeg%@gh‘?gsgﬁé VBR2EAL Y8

according to the tirs ment shown 1| , SO a scanni ng

exposur e IetNad eXHASUL e ARRGALUS o 8l NGHIJME rEEhRILRRACE 2 8XIDOL S Elg

r e
af fi xed to 1dentical congﬁruc i onal el enents, an% exp?anatlon thereo? will

be cugdailgd, ; M LPrbDEmEX BL-NRE LWAN FOASLALE 81 NY HURAR sEREF @ 1 %B@Eﬁgces
1 Reft F 5 th m 10

fromthe ~ Fig . apparatus . Referring to Fig. 5, e optical syst

is one ingehighpihenophicRl g sYst€rod OB itk ovidadd Jdeny AbeehboBrgyROSUr @

apparatus accCording to the first enbodinment is constructed as a unit with
the opticaly,Syst eMbWRAn Wid & 7thepgptheal, @Nétmﬂélé@@ieﬂmu&i%aged

constructed as a separate uUnit fromthe exposure apparatus nain body SP
Due to thig, a0RedtnERIIa 'R s,
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 raquired) are constructed as elastic members
20 made from hard rubber or the like. And the piezo actuators 32A
through 32D (in the following refexred 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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the second colum 34 which the projection exposure apparatus shown in Fig.
1 possesses is not provided. D splacenent sensors 21A and 21B are f fixedly
provi ded at 20 diagonally opposite corner positions on the uppgr, face of
the first colum 33. In the optical system 10, sensor bl ocks 22,& gﬁ{i 2@@8
are fixedly provided opposing the displacenent sensors 21A and 21B. The

di spl acenent sensors 21A and 21B and the sensor bl ocks 22A and 22B are of

t he sane construction as 25 the displacenent seniors 25A and 25B and the
sensor bl ocks 26A 42 - 8 t~4AY 2002 and 26B (Fig. 3) used in the

proj ection exposure apparatus according to the first enbodinent. And a

I i I f .. airs . )
A o
i i . di t fat i f d h
TP TR S, LR L SRR o, NIRRT,

i t 2 i i I i i bl e t. f
0 1 oL S EEREs PR SRHEI o PdRGAN fo Ul Sohlegt et per orm
10,200 UnepoPhhgl il el anele L BLh e A P el YR i ANOES O
t he expos ; u

i nbodi L. | i b I d wh h
P el oA TR BB B D B S
t itt to_,t , , t i.n_body SP' . E ,
B e

t iLs. i it ible furth t d h i d
coPar e uikl e ehchdLadli, 44 ao PO H AT LG SR shpe o

i i 20, . di fi nbodi =
o 1€t 0.2, PSR S SO AUURACERL IR0 AESE EROGHABN o

| oad upon_t he e actuat Qrs 32A through.32D. (the pigzo,actuators 32C and
39D ar b ORI R R A W RGF SAn i g ERE  RaPa rLRBere S XY dugh 310

(the hardyy ubﬁrﬁgg&%?da%fipgg&@{gg 8{% :Pe%b%él‘){”éé‘%bdéo%i’}@ wlalnly

conpari son (i 0S€
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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1

t he projection exposure apparatus according to the first enbodiment. Wth
the second enbodi nent above, the control section controls the position of

t he optical system 10 so that the 5 optical axis of the optical system 10
and the optical axis of the photographic system PL nat ches mﬁgg @ﬂfg ot her.
Instead of this, it would al so be acceptable to provide actuatOr 02he
exposure apparatus nmain body SP' for positioning of the exposure apparatus
mai n body SP', and for the control system 10 50 to control the position of
t he exposure apparatus nmain body SP' by these actuators so that the above
described matching is perfornmed. Al though the projection exposure

appar at Us§$sp6588di A0t he bPeitali spstand168CONE £TDOH ABOLSH ARSTT ikegl above
were ones 15 which perfornmed matchi ng of the optical axes of optical

systems fpr Llhyginaki @ocuhi-elcpRineePovicded sepapalel¥r Bh1JRERRI Ng of the
optical axis of a projection optical systemwhich was provided to the

 ect on “opt I cal Syst e whi ch vas provi ded to
oot cal - ShorRELRR PR RN NS 10 SR SR AP M R
| syt Wets pi 207 s exposiire
o P onment VAP Ae PO e e B R B B e e e pasur e
. | I be descr el Rar e Exposure
"ol or enoe (PBe B f8Ana st gh o2 LAG ont Ca LSRR, Bbc i Rt 1 on

44 1 - 8 MAY 8&%}92 EXPQS%%@P%%W%&k%évtf}ﬁ%gsﬂ?%ié‘iﬁ &V@rgoé;lg s

| oader L mounted Th TtS vicinity. g. sane refererice sy

N Fig . . " . I ,
expl anat i BaE FRATES L [t el BBCSPHE SPROLALRIA PORr ERETRS cfine, .,

| oader W__ar r Q)j i ae. | gad L retd gl er, I a
specifiedo?englgggggﬂtgegkggFig?e%ﬁgvPﬁgqgféggbéﬁﬁpL?gg gfggf % esexposure

appar at us, fiaL A5 0qdy; - Qﬁl\ﬁ,&’r{#]ée)%%f tt*}ﬁ:l%u?éle‘ri'zxal BP\ghirEMFBf%A ﬂ%}g&glx%{)%? he

reticle noving stage R waf er ads osed wafer W

ONnt 0 13 WatRL @yﬁggﬁ%ggﬁewﬁﬁi 9s éhpg\%lﬁct\éa' 890 HaR L%AS G uwalen 4W whi ch

is | oaded upon"t novi ng st age Di spfacenment sensors 55A and 55B
are fixed.ypgfg *elslﬂlgﬁﬁ \Péxvé% H?ﬁe&(ﬂi?é%ﬁ PRPar ahus1 88k PoR@gYe SEc wIED

opposes the | oa e ot her hand, sensor bl ock3 56A and 56B are
f fixed UpPNig 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 EV1l, 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

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

25 The VCMs 13A through 13D are electrically connected to
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the |l oader L facing the sensors 55A and 55B respectively. The displ acenent
sensor s-55A and 55B and the sensor bl ocks S56A and 56B are of identical
constructions to the displacenent sensors 21A and 21B and t he sensor bl ocks
22A and 22B described 20 previously, and their detailed explangtion will be
curtailed. Air nmounts 59A through 59D (59C and 59D are not sho Wﬁﬁﬂmxy 6)
and VCMs 58A t hrough 58D (58C and 58D are not shown in Fig. 6) are provided
at the four corners of the bottom portion of the |oader 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 45 - a M~Y 2002 provided to the side surfaces of

ar T angeneHe S THS VERR 1R TH BUgI a0 M kRt Hea S B e e
ref erence, {9 Fagregtlgg/bggad"gggas FRE-DH" UBNTR0ALE SRAERLEYCHO. an O

electronagne ic va roma COonpréesséd alr source
conduct ed to t he ount A throygh 59D accordin o0 _the opening and
Soct o : Shpite .a%

cl osi ng oF ST ht &2 |€ QXP§ t@crea?ﬁel?oa %%%%? ove is
pl aced upgn_a, basetfrane 11A hglhe opt| mﬁ¥5t6n11 |§%base
frame 11AFAEIA910 Rk TEeL? |° ’H%Fpsed”f Jrﬁ GRS
peri phery of the base, fr 41, At i nki png nes hav
ot ¢ {7SFF0D. Ko a;bd&égecpgﬁlgdléﬁs%seaﬁﬁ PRoi PO e Iy soe
t he VCMVs h 58 h 97 and_t he el ect net c 15
valve BV 508 SXRTHGEn (43 RESBREVE! Eﬁfigﬁdsﬁl’(ﬁﬁm%ﬁ AR
section 5 I ve.positionin L.an
exposur e gﬁﬁvgkﬁ&% gg’ﬁﬁug f#ﬁ %ﬁl@ BB ?‘rﬁﬂg%ftgg %%l%agﬁﬁyg%& ai ned
with refe ce to Fi doi ng thi ven si nki.n domn of
t he expo§h$§ 655%59&?93& g85§t§5g hgsC Eﬁ?fﬁagéqgﬁdjﬁitﬁnf pi €20
actuators 32A thrau D suf fer.d ng chan ejover fi 2D ahe not
shown in ¥ é % fg]ﬁe qucgl&% R E;% c]aﬁe%%ln?r?bl g‘t 68%?3% S of t he
| ead n acco a nt mnt t.hi S|nk own, rd|n n_l oadi ng
the 1Bt i HRECRER T hgﬁraf?w o oPRs Arate e ShEeerie); A e Nt er
Wonto tr\:%é’va;gt'[atlgﬁanig élrecélon (%y) aI‘ZCg)IPnd the Y coordinate axis
direction. Moreover, when the positioning described here of
the optical system 10A is being performed, with regard to the
thrusts 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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1

stage WM (Fig. 5) , it is possible to maintain |oading positional accuracy
with high accuracy over a long time period. Mreover, the exposure
apparatus of this enbodinent can 5 10 15 be manufactured by putting into
place the optical system 10A which is made up froma plurality SoMaYeppes;
by fitting the optical system 10B and the projection optical systemPL into
t he exposure apparatus nmain body and optically adjusting them by attaching
the reticle base RS, the noving stage RM the wafer base W5 and the noving
stage WM whi ch consist of a | arge nunber of nechanical parts, to the
exposure apparatus nmai n body and connecting themby |ines and/or conduits;

and furtheheby cBelQRELRIaEPE i RHUTAEN LS @RS MIGRLnad S IR 3 xed
operational checking, etc.). Further, it is desirable for the manufacture

of the expasyr ?%?RHE 30 PLOE'IOLRRIHE: a €l edérﬁ’%‘p! Bnybhcindde

tenperature an eanl 1 ness, etc., are control I NDUSTRI AL

APPLI CABI L) Top, Al RGO 11 <LNey ADQYE: £ ADal il .50 el QUARL A0 20 25

has been eXxplal ne inexenplary terns, wth dy section to which

the ori gigg%lh%at eaﬁad{:@g RPALOSSRS LhiV 2§Ub§&fea%%r%rn%§%qtﬂrp%%hlaaqg£ unit s

portion o e“rriumnation optical sysfem’'being provitded "as separ

in the pr&{Lﬁgéhgﬁlﬁgﬁéﬁt@pgﬁg%rﬁénﬁor %éhr%lggeg@web%%gﬁg%g ge and a

| oader of orig ate phot osénsi € substra €rng 47 -\

~ MAT 2002 R/‘émff gﬁéeéﬁ;—”%ﬁ&ggﬁ%%@ﬁ%sarétoeﬂ,ﬁéé‘%% : %fgﬁ%ﬂysxf&’aé he

present 1 nvention I'S cont 0 say, In

Pr oj oot ADnEAROMNE & AARREA! LR L0 YRLEN e Rih Dadvepeshl ot lay i of

vi bration an € need e suppresse as nuc e and the

portions yhi E?xQ&C@QEbé%rﬁ&? %ogfﬁ”ghakh&” fg%u\rﬁe%r %,fjhii% and tGldke are

provi ded as separate units and a predetermn h degree of accuracy of

rel ati verggggi,g'ggaagnrghgt 190ghiR s ﬁﬁql{bﬁﬁg g?t,\l\/eﬁﬁ.'thh#?ﬂb Ygﬁffﬁ?? ent

i nvention can be applied to any conbinatio etween them er,

al t hqygh Eﬁ?o&%ﬁsfﬂb LQ!EQ{ %ggaflgégg%”d%é%%@ad_ IR T egRr %tptt%%l

proj ecti on exposure appar not necessarily limted Thereto. It

can be apﬁ%&@thl%pPEQﬁrbéa?ﬁgaé%c?sﬁ@l@%rfﬁ U c2SedBhh1e SUHE 3§ & LRAlGR(

particl e beam exposure apparatus or an X-ray exposure apparatus or the

like. 15 Jf05hehe Wr d8orbiBabEeagRE HYVEREL QBMCan rakeq nbe RARRlEd S 0 an
exposure apparatus for manufacture of Sem conductors or for performng any

m nute proersshpg, aWbgpulshiebatby8ePasit taBalciehald %@%'ﬁgp Rluskuedet er m ned

hi gh accuracy is required between a main body section and a separate

section Web£8rhPElAHI8E 2220 iSRUF S£cOf WitH BhbMbsdBute 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 genérate repulsive

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

the optical system 10A rotate around the Z coordinate axis (/0

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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|
-8 MAY ?ppp CLAIMS 1. A projection exposure apparatus that illum nates an
original.plate on which a predetermned pattern is formed with |ight
emtted froma light source to project an 5 inmage of the pattern onto an
obj ect, conprising: an illumnation optical systemthat iIIuniﬁgtﬁéfﬂWB
original plate; a projection optical systeml ocated between the original
pl ate and the object to project the pattern onto the object; a main body
that is provided as a separate unit fromat |east part of said illumnation
10 optical system and supports said projection optical system an original
pl ate stage that holds the original plate and is novable; a drive flane

that ”D"e%ler ﬁﬁﬁ%”%"xeoéé’té xfzgtg'%d Vhd o 880?&?@5@@ Q;‘éh f&”&h"e% k phythe

ori gi nal stage in a I on opposI 0 th tion novenent
of the orlgdpq]rplate stage; and 15 a p05|t|on|ng drive device that
per forns §T|V|ng for p05|t|on|ng so as to keep an ampunt of relative

posi tional devigtian Ieast. art of nati on
opti cal systen1§hd%§ Jﬁgﬁﬂaﬁﬁﬁy ﬁ|R°Sl§%8Ee gr%ﬁﬁeapvaf Sﬁégip
wher.ei n

ng{ngh?ﬁ&igggégkﬁeggggﬁﬁé%%g? %ﬁggg%ékgﬁg%%%g % fﬁFFQPnggﬁkg%aifrone of
3" b W L D ,o%ag% It
o bSERATA R OBIATER o R IR SR T
posi ti oni %% ggngroignghgaégm% Ae(as%sxrlb%ad’ ai(J): moungs 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 oOr
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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5-illum nation optical system 4. A projection exposure apparatus accordi ng
to Claim3, wherein said stabilizing device of said main body conprises an
active vi-bration prevention device that actively prevents vibration of said
mai n body. 10 5. A projection exposure apparatus according tQ_€J i,m1,
wherein: said illumnation optical systemfurther conprises a éﬁVaﬂnb
field aperture device that can adjust an illumnation area of the original
plate; and a portion of said illumnation optical systemis disposed on a
l'i ght incident surface side 15 of said variable field aperture device such
that said portion of said illum nation optical systemis provided as a

separat e unist om. sai i n_pody, said porti of said.il 1 nat, Qn

ool Cs PR P AR bl I VY B i Galen WRG WAR
rojection exposur.e .a rat ccordin 0..Cl aimb,_ wherej i d

Bosji ti olni aﬁs)ﬁ(g 1%%9] 51é%§graf°8%‘rs‘?§%p5§nts’:o gtzﬁf d‘ﬂlcmzrggB &*9 ééa%tescg!rfé‘%f said at
| east said,poction of said illum natiqgn tical system and .said nai body.

500" MaBRLEeenglt B Y A el Sl e e A et (b RS o

wherein said naigpgody uses |ight whose illum nation has been adjusted by

sai d vari S¥PESF ‘aperture device to perform scanni ng exposure between

the original plate apd the object. 5 8. A projection exposure apparatus
that i3 1 um nat e$P&n28PVEi A&F F%Fg ﬁﬁnﬁﬁFbElgcgﬁeaéﬁeﬁﬂ4u%§ﬁ) rnis

formed with I{ght emtted froma |light source.to prqgjeci an i e of the
pat tor n oL BPAACEBFBEL SCCoRER 2oRy > an 208 tihitatioth 5p 1SS SBFSt ahiavi ng a
radi ati on sqQurce and a variablﬁ%iield apgéiure devi ce tﬂgi can adjg;% an

t 9

i |1 uni nat F6ASEFBSESoft RéTor P gi Beugl oRLlY | e FRRECT LT gf a2

plate; a projection optical systeml|ocateqd between he_original te and
P e obi ocPeLaobh AeehERE barbar rabhArd e oy Pig 30 18! Houfd B

understood that illustration and explanation of the sensor
10 block 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 sgsame 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,
YsensorzsAy,andZsénsorZSAzareeachconnectedtothecontrol
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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1

a-main body that is provided as a separate unit froma portion of said

il lum nation optical systemincluding skid radiation source and said

vari abke field aperture device, 15 said main body supporting said
projection optical system a stage that is provided as a separd@t gaypd, from
said main body and that holds and noves said object. a base that supports
said main body, at |east part of said base being | ocated bel ow said main
body; and 20 an actuator |ocated between said nain body and said base to
actuate said main body. 9. A projection exposure apparatus that
illumnates an original plate on which a predeterm ned pattern is forned

with I'i ghteri thedudhostazsavecenpht! tBhthEOkcAXRBIUERCLABH BDQj €Cts an
i mge of the pattern onto a subject material for exposure, conprising: 51

- 8 MY 200Z aryardadSr idddom nadd o wagealipf Eebfl aReX M ScidaGe that can
adjust a range of illumnation of the original plate; an illum nation

optical syshiay B%Ki S, B RVLEARD S, 2.58P2TAS d8AL . f o kh@u%éwszﬁeur ce

for exposure, and that conducts light fromthe Iight source for expdsure to

the origioal 91131 S B P0] obhd AMOPS ioRlcSYsLENLNAt: fys PRy e Hagveen

the original plate and t ject material ftor exposure and projects the

patt e 05l . OLL 01l il Q1 0ot16. 0 WHLOEL HBLEM S Al f @h oK ROSWE: and a

. tgo é%x
mai n body section that 1s proviided as a separate unit fromat [east a

portion ofg sal Qpéigageﬁ%ggegkigr illum nation, and that supports said
projection optical system 10. A projection exposure apparatus according to

CGaim9, furt heén&aﬁ@fiéi&%largogé%%%egigﬁi ¥8rd€MéC&iE€g£%Qﬁé£9r 5

driving for positioning so as t an amount of relati ositiona

devi at| 0N HEL YL S hal HeRRsLxBN8 IRAH L12BnCLePELLOR!L G315 SYghgm Tor
illumpation that is provided as a separate unit fromsaid I n body
SeCt1 0N, now be explained with reference to Fig. 4. The displacement
10 sensor of Fig. 4 1is 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 light 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 126f.
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 125c¢ 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 Z axis, and are
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and said main body section, within a predeterm ned value. 11. A projection
exposure apparatus that illum nates an original plate on which a
predeternined pattern is formed with light enmitted froma |ight _source to
project an 20 image of the pattern onto an object, conprising:’&nMNVme

illumnation optical systemthat illum nates the original plate; 52 ' 8
1,4Y ~0? a main body that is provided as a separate unit fromat |east part
of said illum nation optical system said main body conprising at |east one

of an original plate stage to hold the original plate and an object stage
to hold the object; and a frame that is provided as a separate unit from
said main bod%, %he frame receivin% a reagiion gorgﬁ exertedﬁﬁél e
movenent AFFFRESE IMEDHLC RBUERI GRRdfm i tid ravafundhas: he By 1‘%"59& 12.
A projection exposure_apparatus according.,to Claim1l, wherein said
original PPeRetRleaBe2bESsAPdSsABSt F4PE WPAGE PESIPFO¥AISY d™ndnPdéREact
type 10 drive_device made up froma novable elenent and a fixed el enent,
and sai d pavablel efenkhe X¥ BLa¥fded to said original plate stage or said
substrate stage while _said fixed element is provided to said frame. 13. A
proj ection expoBYitdeaPpEPapasmMeRbtsenIUREEFLES uER R FibdS myrRe®, &PThhi ch a
15 predeterm ned pattern is formed with light emtted froma |ight source
to pr& ecexynAPlemgtt of St Respabler RooRessSHKrSoBiePL2CEBRPEI 4Pn§heaZmai n body
that supports a projection optical systemwhich is provided between the

ori gi nal Plaeet e inEhshpesecrs prorand REN nhgenersere Hhaireckhion o t he
object; an il]Jumnation optical systemat |east a part of which is provided
as a sepatbRlagemend pyorhenheenpghe 386Fcendnd284i dandi AobBaRstEe
illumnate the original_plate; a |oader that is provided as a separates
uni t fromiEeeert Hef ndbdedagaueshi BYi FhanPREEPEA égéﬁcands%éém sai d | oader
| oading at | east one of the original Qlate and the object to sajd

proj ect i O%uyég(]bwge awaa”cjt@? 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 126d, 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 seg¢tion 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 opticai 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
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53 - 8 ~?AY 202 14. A projection exposure apparatus according to Caim1,
wher ei n—sai d nmai n body section supports said original plate stage to be
novabl e. 15. A projection exposure apparatus according to Claim1l, further
conprising 5 an interferometer that is connected to said main b@dmasegpi on
and detects a position of the original plate stage. 16. A projection
exposure apparatus according to Claim8, further conprising: a positioning
drive device that performs driving for positioning so as to keep an 10
amount of relative positional deviation between said at | east one portion
of said illumnation optical systemand said main body section within a

predeter mgagd yal Ugasdd. u ﬁbﬂr&h Cxtéé?ﬂteé%%ge c%ﬁ%%%h“%f%ﬁ@r%ét?&?{:& G aim

9, further "Conpri'sing a stage t I'S provi separ at e uni rom said

mai n bodyoizefé%g@l@@g&gﬁl ok 1N8LYsa BRdn PMER SRk e daggf(gél g%%h@goior

exposure pr o] €ct1'on exposur & apparat us accor

furt her cogel LALIG efld PLyhekpTBher, that dﬁequesgtcgg%e 33haBL0. pody

and detects a position of % he orlglnal
?ﬁfgf?éfoa pggg%ﬁgpafgg%%hgg%%%ﬁsaolg;}éﬁﬁﬁﬁ{ boﬁ g Ca%kgg}ss%gﬁ%%?tlon
o <310 LRI Shoris o TR 0 MAFE O,
rl e A3 Ui, S5 B OB TSN LA, LIRS i, 0P
wher ein a&eh%@ibeoggsgglonal 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 been 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 ﬁaintains 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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said first stage and said second stage is novably held. 22. A projection
exposure apparatus according to Caim13, wherein said |ight source is an
exci mex | aser Ilght source. 10 23. A prol ection exposur e apparat us
according to Caim8, further conprising a |loader that is provigdegaas
separates unit fromsaid main body and said stage, said | oader | oading at
| east one of the original plate and the object to said projection exposure
apparatus. 15 24. A projection exposure apparatus according to Caim 11,
further conprising: a base that supports the main body, at |east part of
t he base being | ocated bel ow said main body; and an actuator | ocated

bet ween t BgshenlbRdndthd Bpthaae bPsBehUBIE £AlGe stRiibe@od¥ode means
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OUMYc} xsni d*Y] ] calU] ca] ca] ca] ca] ca] ca] ca] w%ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
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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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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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maximum permissible load, and this contributes to reduction of

cost.
At this time, relative displacement of the optical system
5 10A and the optical system 10B is detected by the displacement
sensors 26A and 26B, and the control section 50 controls the
position and the attitude of the optical system 10A based upon
the results of this dgtection. By doing this, the optical axis
of the optical system 10A and the optical axis of the optical
10 system 10B are accuraﬁely 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. Furthqr, in the exposure apparatus main body SP,

20 the reaction forces generated when the moving stages RM and WM
accelerate and decele;rate 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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the optical system 10A along with this sinking down. Due to
5 this, the projection exposure apparatus according to this
embodiment can always precisely maintain the accuracy of the
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. Instead of this,
it is also acceptable toprovide 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 main body 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, when aligning the position of the optical system
10A and the position c])f 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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of the laser light source LE having undesirably deviated, the
influence of the deviation of the optical axis of the lasexr light
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 influex{lce 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 e.jxposure 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 piezo
actuators 32 to be performed by the control section 50, it may
also be performed ménually.

- Embodiment 2 -

25 A projection exposure apparatus according to a second
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embodiment shown in Fig. 1, is also a scanning exposure method

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 @o the first embodiment is constructed as
a unit with the optic¢al system 10A, while the optical system

15 10B (Fig. 1) is constructed as a separate unit from the exposure
apparatus main body 8P'. 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 fixeﬁly 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 as

25 the displacement sensors 25A and 25B and the sensor blocks 26A
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and 26B (Fig. 3) used in the projection exposure apparatus
according to the first embodiment. 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 the relative

5 displacements in the:directions of the six degrees of freedom
between the optical system 10 and the exposure apparatus main
body SP' detected by the displacement sensors 21A and 21B. By
doing this, it is posgible to perform matching at high accuracy
between the optical agis 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 ex?posure 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
apparatug main body SP', in comparison with the projection

20 exposure apparatus acdcording 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 31A through 31D (the hard rubbers 31C and

25 31D are omitted from the drawing) in comparison with those of
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)ééﬁéis §1§ﬂgﬂﬁ%éinbn of the optical system 10 so that the
optical axis of the optical system 10 and the optical axis of
the photographic system PL matches with each other. Instead
of this, it would also be acceptable to provide actuators to
the exposure apparatus main body SP' for positioning of the
exposure apparatus main body SP', and for the control system
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
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
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.

Fig. 6 is a simplified figure showing a projection
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mounted in its vicinity. In Fig. 6, the same reference symbols
as inFig. 5will be affixed to the same constructional elements,
and explanation thereof will be curtailed.
5 A reticle loader RL and a wafer loader WL are provided
in the loader L. The reticle loader RL loads a specified reticle
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 providedfat 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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to Fig. 2. The air mounts 59A through 59D are connected to an

electromagnetic valve EV', and air from a compressed 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 ig placed upon a base frame 11A along
with the optical system 10. This base frame 11A has a
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
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
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 can control
the pos‘ition of the loader L in accompaniment with this sinking
down. Accordingly, when loading the reticle R onto the reticle

moving stage RM (Fig. 5) or the wafer W onto the wafer moving
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Moreover, the eéxposure apparatus of this embodiment can
be manufactured by putting into place the optical system 10A
5 which is made up from a plurality of lenses; by fitting the
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 ex’posure apparatus to be performed in a clean

15 room in which the temperature and the cleanliness, etc., are

controlled.

INDUSTRIAL APPLICABILITY
Although in thF 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 equippéd and a portion of the illumination optical
system being providéd as separate units in the projection
exposure apparatus, or with the main body section and a loader

25 of the original plate and/or photosensitive substrate being
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invention to be limited to this content. That is to say, in
the projection exposure apparatus, in which the main body
section for which vibration and the like need to be suppressed
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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the pattern onto the object;
a main body that is provided as a separate unit from at least part of said illumination
10  optical system and supports said projection optical system;
an original plate stage that holds the original plate and is movable;
a drive frame that moves responsive to a reaction force exerted by the movement of
the original plate stage in a direction opposite to the direction of movement of the
original plate stage; and
15 a positioning drive device that performs driving for positioning so as to keep an

amount of relative positional deviation between said at least part of said illumination

optical system and said main body within a predetermined value.
2. A projection exposure apparatus according to Claim 1, wherein said positioning

20  drive device performs positioning by driving at least one of said at least part of said

illumination optical system and said main body.
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device of said main body comprises an active vibration prevention device that actively
prevents vibration of said main body.
10
5. A projection exposure apparatus according to Claim 1, wherein:
said illumination optical system further comprises a variable field aperture device
that can adjust an illumination area of the original plate; and
a portion of said illumination optical system is disposed on a light incident surface side
15  of said variable field aperture device such that said portion of said illumination optical

system is provided as a separate unit from said main body, said portion of said

illumination optical system including said variable field aperture device.
6. A projection exposure apparatus according to Claim 5, wherein said positioning

20  device performs positioning by driving at least one of said at least said portion of said

illumination optical system and said main body.
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predetermined pattern is formed with light emitted from a light source to project an
image of the pattern onto an object, comprising:
an illumination optical system having a radiation source and a variable field aperture
device that can adjust an illumination area of the original plate to illuminate the original
10  plate;
a projection optical system located between the original plate and the object to project
the pattern onto the object;
a main body that is provided as a separate unit from a portion of said illumination
optical system including said radiation source and said variable field aperture device,
15  said main body supporting said projection optical system;
a stage that is provided as a separate unit from said main body and that holds and
moves said object.
a base that supports said main body, at least part of said base being located below said

main body; and

20 an actuator located between said main body and said base to actuate said main body.
oo
9. 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:
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a main body section that is provided as a separate unit from at least a portion of

10  said optical system for illumination, and that supports said projection optical system.

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
15 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 light emitted from a light source to project an
20  image of the pattern onto an object, comprising:

an illumination optical system that illuminates the original plate;
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said original plate stage or said substrate stage is driven by a non contact type
10  drive device made up from a movable element and a fixed element, and said movable
element is provided to said original plate stage or said substrate stage while said fixed

element is provided to said frame.

13. A projection exposure apparatus that illuminates an original plate on which a
15  predetermined pattern is formed with light emitted from a light source to project an
image of the pattern onto an object, comprising:
a main body that supports a projection optical system which is provided between the
original plate and the object to project the image of the pattern onto the object;
an illumination optical system at least a part of which is provided as a separate unit
20  from the light source and said main body to illuminate the original plate;
a loader that is provided as a separates unit from said main body and said illumination
optical system, said loader loading at least one of the original plate and the object to

said projection exposure apparatus.
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A projection exposure apparatus according to Claim 1, wherein

said main body section supports said original plate stage to be movable.

15. A projection exposure apparatus according to Claim 1, further comprising
5 an interferometerthat is connected to said main body section and detects a

position of the original plate stage.

16. A projection exposure apparatus according to Claim 8, further comprising:
a positioning drive device that performs driving for positioning so as to keep an
10  amount of relative positional deviation between said at least one portion of said

illumination optical system and said main body section within a predetermined value.

17. A projection exposure apparatus according to Claim 9, further comprising
a stage that is provided as a separate unit from said main body section and that

15 holds and moves said subject material for exposure.

18. A projection exposure apparatus according to Claim 11, further comprising an
interferometer that is connected to said main body and detects a position of the original
plate stage.

20

19. A projection exposure apparatus according to Claim 11, further comprising an
interferometer that is connected to said main body and detects a position of said object

stage.
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20. A projection exposure apparatus according to Claim 12, further comprising:
a first stage that holds and moves the original plate; and

a second stage that holds and moves the object.

21. A projection exposure apparatus according to Claim 20, wherein at least one of

said first stage and said second stage is movably held.

22. A projection exposure apparatus according to Claim 13, wherein said light source

is an excimer laser light source.

23. A projection exposure apparatus according to Claim 8, further comprising a loader
that is provided as a separates unit from said main body and said stage, said loader

loading at least one of the original plate and the object to said projection exposure

apparatus,

24. A projection exposure apparatus according to Claim 11, further comprising:

a base that supports the main body, at least part of the base being located below said

main body; and

an actuator located between the main body and the base to actuate said main body.
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