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2249189 -1- EXPOSURE APPARATUS FI ELD OF THE | NVENTI ON AND RELATED ART Thi s
invention relates to an exposure 5 apparatus for manufacture-of

semn conduct or devices, for exanple. Mre particularly, the invention is,
concerned with an exposure apparatus having an act uat or M‘g (‘

. determ ning absolute or relative position of a main assenb ?m
exposure apparatus with respect to a 1b-support portion of the exposure
apparatus. The degree of miniaturization and integration of a sem conductor
device is increasing nore and nore. |In exposure apparatuses for manufacture
of such sem conductor devices, g ent.| tion type 15 projection
exposure apparatuses (called & Jéég nggkgﬁggnlentlyygsed gndjth|S\MII
continue in future application to manuf acture of ultra-fine devices. This
means that the desirability of enhancing the resol ving power of a stepper

increases f wilgi§) oPUrHE INVENTIONCRNS RELAPERAYRyEOh’ equation, the
resol vi ng pOWer can D€ expressed as TolTows: Re = k x [err]/NA 25 Based on

this, attenpts have bmgis "PeecheibAPreYabast 86 afsakpbadraower by enl arging
the nunerical aperture (NA) of a projection lens while still using g-line

-2- 5 apparatus for manufacture of semiconductor devices, for

example. More particularly, the invention is concerned
with an exposure apparatus haﬁing an actuator means for
determining absolute or relative position of a main -
assembly of the exposure apparatus”with.respect to a

10 support portion of the ékposure apparatus,

The degree of miniaturizafion and inteération

of a semiconductor device is increaSing more and-more.
In exposure apparafuses for_ganufagfure of such
semiconductoi devices, cu:rently,'étep'motion type

15 projection exposure apparatuses (célled "stepper") are
prevalently used, and this willlcontiﬁﬁe in future
application to manufacture of ultra—fiﬁe devices. This Q{,
means that the desirability of enhancing the resolving
power of a stépper increases further.

20 According to Rayliegh' equation, the resolving

power can be expressed as follows:
Re = k x A/NA
25 Based on this, attempts have been made to improving the

resolving power by enlarging the numerical aperture

(NA) of a projection lens while still using g-line



(wavel ength = 436 nn). ‘as the exposure wavel ength. However, the increase of
NA is followed by a decrease in the depth of focus. On the other hand,
i mprovéitents in respect to the design and fabrication of a 5 projection
| ens hawe encountered a linit. This has forced use of shorter wavel ength of
exposure light, to neet the need for subnpicron linewidth. Currently,
steppers using i-line (wavel ength-= 365 nn) have been used practically,
and, as a next era machine, a stepper 10 using KrF excimer |aser
(wavel ength = 248 nm) is expected preferable. However, using such an
exci mer | aser(waeppengthvel 4186 fAmyeapr ohbearpvBueh haveleagtheen
encountered by conventional steppers. As an exanple, if an excinmer 15 | aser
| i ght source Howesed, the ingheéaseuofeNAnis fsllewed byga decremsa ed with
a super Hg | anp which provides light of g-line or i-line. If, therefore,
t he exci mer Ihsethéi@ﬁptboqfcéocgsnDuﬁneﬂhEnobh&rnaandasSupbbyembnthe
exposure apparatus, the exposure 20 apparatus becones bul ky and heavy. This
i s not desirabneregpeetictocther depign. apd &pbzicatdoneofule for this may be
. di sposi ng g | i ght source_separately fromthe stepp mai n_assenbl y..

However, s cHPE%b%FE}%nd}gﬁgsP?VSneBF°Hn§FEﬁﬁeP RﬁWﬁtassgﬁﬁﬁyhéﬁd a |ight

25 source rai at .t he |on relatlonshl n themis

b
| argel y influgﬂf? pﬁgetﬁg]ﬁ QFEeﬁeVE hﬁﬁgg ﬁ§98§35§uﬁé9§$$§ us. For

_ meet the need for submicron linewidth. Currently,

e steppers using i-line (wavelength = 365 nm) have been
used pfactically; and, as a next era machine, a stepper

10 using KrF excimer laser (wavelength = 248 nm) is
expected preferable.

However, using'such an excimer laser stepper
involves some problems which have not been encountered
by conventional steppers. As an example, if an excimer

15 1laser light source is used, the light source unit is
very large as compared with a super Hg lamp which

&4' provides light of g-line or i-line. 1If, therefore, the
excimer laser light source is mounted into a main
assembly of“the exposure apparatus, the exposure

20 apparatus becomes bulky and heavy. This is not
desirable in practical respect. An effective measure
for this may be disposing a light source separately
from the stepper main assembly. However, such separate
disposition of a stepper main assembly and a light

25 source raises a problem that the positional
relationship between them is largely influential to thé

basic performance of the exposure apparatus. For



-3-- exanple, a change in the relative position of themresulting froma
change in attitude of the stepper causes misalignment of the axis of the’

| aser beamor an error in the angle of incidence thereof. This results. 5 in
non-uni formmess in illumnance, which in turn | eads to degradation of*
exposure precision or degradation of3illuni nance, causing a decrease in the
t hroughput of the apparatus. There nay be another neasure such as enl arging
t he dianmeter of the |aser beam However, 10 this causes an inconveni ence of
a decrease in throughput. On the other hand, the resolving power and the

t hr oughputexampde| aschangal ignthat retativeopositipa efhibesd by an

i nprovenent in_vibration suppressing 15 technique. As regards the vibration
to be consF@ertfing ﬁrémeﬁpég?nﬂﬁeﬂﬁ at&ifpgeaofoither gtepPered from
surroundi ng anbi ence if. : roor)'ggd vi bratiop produced by an internal

novabl e pofFRPBFESPiEH epL; 0 the p¥is; AL thenlA§eL PSA™ QFprAfssing such
20 vibrati ' | , .anti.-vib ' abl i th t
naving. o cSPEQFni8 Fhroangit,ol 1RG1aehrs Thitiol® ! e Tetiits T o

support «th L0 e, _ \ ly, :f.0 e,vibration from
t he fIogr,f?E@bgegéﬁgﬁgéx?géq%gn%?Pg?E?%gégpggggf%gl%é% dé@?@%&ed by
using a deeaea§59a39£iaa_. 8@'”&&68%&2& b%cg@i% B2 g ratiall i 4£1€
vi bration rnsulating region to thereby reduce the transmssion factor. On
t he illuminance, causing a decrease in thg'throughput of

the apparatus. -Therefmay be anothér-measure such as . A

eﬁlafging the diameter of the laser beam. However,
10 this causes an inconvenience of a decrease in
throughput.

On the other hand, the résolving power and the
throughput as well as the alignment precision can be
enhanced by an improvement in vibration suppressing

15 technique. As regards the vibration to be considered
in a stepper, there are vibration transmitted from .
surrounding ambience {e.g. floor) and vibration
produced by an internal movable portion of the
apparatus. As for the technique for suppressing such

20 vibration, conventionally, an anti-vibration table with
mount_means.having a certain spring force and a certain
damping for;e is used to support the main assembly of
the apparatus. Namely, for the vibration from the
floor, the resonance frequency of the apparatus is

25 decreased by using a decreased spring constant of:the
mount meéns,,to_widen-the vibration insﬁlating-région

to thereby reduce the transmission factor. On the



“4- other hand, as for 'the vibration produced wthin the apparatus, the
vibration energy is diffused by using an increased danping factor of the
nount means, to assure convergence and stabilization in a short tine. 5
Recent |y~ there has been sol.d commercially a nount;,neans (hereinafter
"servo nount") having a feedback controj- systen1and bei ng capabl e of
producing a variable restoring force, to be used in place of the -
above-descri bed sinple nount nmeans having a fixed 10 spring constant and a
fixed danping factor. In this serve nount, by nmeans of an el ectromagnetic
force or a hysittead iKadd, ces famrathelatihr@tbdncpsoduéedca1maethwse S
corrected so as to strengthen the attenuation of vibration, in response to
a measur ed | cappadtys, athel eibtrabionfentegyais difénsed by tisd ngp@ar at us
supported by the nmount neans, in an attenpt to obtaining resonance free and
vi bration suppnaaﬁﬁﬂﬂeﬂa@nxﬂg fagtentof thecmoungomgangeat® BSSWRE as a
vi bration suppressing support device for precision 20 instrunments. Wile

t hese S|nplee¢ﬁﬁﬁﬁ%9%ﬁc%e?W% ﬁ%ﬁ%%%lﬁéﬁé°Peéﬁe§tF98r§dF§Hthes for the

vi bration suppression jin respectjve a2£a§ usessPSGen a ste p is in-

question, There are sdMETREbhvHRRTR fi®8s |8®§““ef %, in a
t X-Y_st f h "
Sucooes] ve cimigEt Heads (HErOERZEFOLT-RKER BLRRN-I ML S (% C epper

feedback control system and being capable of producing

1

o a variable restoring force, to be used in place of the
above-described simple mount means having a fixed
10 'spring constant and a fixed damping factor. In this’
serve mount, by means of an electromagnetic force or a
hydraulic force, an actuator produces a force whose
phase is corrected so as to strengthen the afteﬁuétion
of vibration, in response'to a measured level of
15 acceleration of the main assembly of the apparatus
supported by the mount means, in an attempt to
g{ obtaining resonance free and vibration suppression
| effects. Currently, such a mount means is used as a’
vibration suppressing support device for precision
200 instruments.

While these simple mounts or servo mounts have
respective advantages for the vibration suppression in
respective apparatuses, when a stepper is in question,
there are some inconveniences such as follows. That

25 1is, in a stepper, an X-Y stage of the épparétus moves
stepwise and this causes successive changes of a

gravity center of the main aSSembly-of the sfebper.



-5- If, therefore, a conventional nount neans is used as a_vibration
suppressi ng support neans, afteér attenuation of vibration caused by a
single or each stepw se notion, there remains in principle a static .~
attitude 5 change caused by a change in the gravity center point of ft¥e
stepper. If,. therefore, a separatsky disposed |light source as described
above is used, the change in attitude of the stepper causes a change in the
relative position of the light source device and the stepper, 10 which in
turn causes msalignnment of optical axis at the |aser input portion. On the
ot her harkf. ttherefaere, casecopmentianah mgust| agansndsnpsednasSnmai s used in a
vi bration suppressing nount nmeans in order to keep a constant 15 hori zontal

| evel of YHRF&ion SURRELFSLNGt RUPRPFAr BLGES . FEfteraAttenuakdes an air
spring neans js used in a ugt means, .val ve oggging/cLosing control is
execut ed YﬁQEiﬁlqﬁnﬁﬁ“?gas YniefiRELR Py ERCBSHEBFRER and in proportion
to the deviarion of the 20 vertical si.tion _froma set. l.evael, to thereby
naintainqﬁ*&?ﬂﬁié&ﬁf%JfF@abgstﬁé §§§§F§ &%.?Aﬁ-aﬁﬁfeé%t&%“?ﬁe present 25
'nve”t5c”b%§?§é?é56§%§ebg Q'Sﬂaﬁﬁgchﬁ'QﬂeaBQaQ&QPfc PEQEQBBHhteXPOSUVG
apparatus wherein any-vibration 0f a nmain assenbl'y of the apparatus can be
attenuat esle i ¢hé stepper. If, therefore, a separately disposed
light source as described above is used, the change in
.éftitude of the stepper causes a change in the relative o/
position of the light source device. and the stepper,
10 which in turn causes misalignment of optical axis at
the laser input portion.
On the other hand, there is a case wherein an
auto-leveling mechanism is used in a vibration
suppressing mount means in order to keep a coﬁstant.
15 horizontal level of the main assembly of the
apparatus. For example, where an air spring means is
used in a mount means, valve opening/closing control is -
executed at plural mount legs independently of each
other and in proportion to the deviation of the

20 vertical position from a set level, to thereby maintain

the horizontality of the apparatus.

An object of the present
25 invention is to provide a high-precision and high-
throughput exposure apparatus whgrein any vibration of

a main assembly of the aﬁParatus can be attenuated in a



¥6- reduced tine and wherein degradation in exposure precision or

degr adati on of i Il umi nance of exposure light due to a change in attitude of
the mai n assenbly of the exposure apparatus can be suppressed. 5

Accordieg to the present invention there is provided an exposure apparatus
for exposing a substrate with light froma light source, conprising: a
stage for noving the substrate substantially along a horizontal plane; a
base nenber for supporting said stage; a frame nenber having 10 at | east
three nmounts for supporting said base-ménbyer mﬁth respect to a verti cal
direction; first actuator nmeans having_ a plurali ¥ of fi.rst actuators
prOV|ded|r1EeﬁﬁcﬁéunﬁemQ%ﬂﬁﬂﬁn|W%#§el$ordﬁﬁFPﬁ§ §8Pd B&se STRAFHTS n a

di b [ II

ft nat é?“nézaééﬁgéiﬁg & "Fadeadanton o 14 Lrmiaans? foé’z'fé%%ﬁ#%i %et one
d

' ﬁor;s?:)nt g})unﬁs‘éﬁe Caftd€ 8 Pz?'hrrgg%&%udﬁr%n%%t@o ﬁaﬁ%‘t Isagélé(?ﬁ}lﬁr)gt an second

act uat or Q§B°F8r9 %’g’a?é;&;&tsﬁ}%é%%(ﬁ éﬁfo éghof sai d base nmenber. Wth

such plural - ositioning with say six (6)

freedomsgof the NpiRGIFIHEOL ?&@é&p@&%@w thege By proviied ned.
Al so, ne%ns may be provi gb ?or T taining a 25 predetern1g§§)p05|t|onal

rel ationshi paﬁeék\ﬁéguraeaﬁaﬁaﬁﬁﬁef@r \expos iRy appabstyatendivhriigist
functional portions which are  supported separately. from. the nmain

; from a light source, comprlslng. a stage for moving the
~ substrate substantlally along a horlzontal plane- atnse
member for supporting said stage; a framesmember having
10 at least three mounts for supporting said base member
with respect to a vertical direction; first actuater
means having a plurality of first actuators provided in
said mounts; respectively, for moving said base member
in.a—direction substantiaily parallel to the vertieal
15 direction; second actuator means having at least ene
second.actuator provided in at least one of said mounts,

&,.x for mouing said base member substantially aleng the
horizohtal plane; and contrel means for controlling said
first and secoud. actuator- meaus S0 as te suppress

20 uibratieu of said base member. ﬂ | | o

With such plurai;mouut' structure, the apsolute -
positioning with say six (6) freedoms of the main
assembly of the exposure apparatus may.be obtained.

Also, means may be provrded for retalnlng a

.25 predetermlned p051t10na1 relatlonshlp between the maln-

assembly of the apparatus and varlous functlonal port:.ons

whlch . are supported separately from the main



-7- assenbly. As for exanples of such functional portions-- supported )
separately fromthe main assenbly of the apparatus, there nmay be a
conveying systemfor transferring a wafer between it and an X-Y stage
which 5 is novable in X and Y directions along an X-Y plane, an A

illum nation systemfor illunmnatiqpg a pattern of a reticle, a reticle
changer and an-inspecting device for inspecting any foreign particle on a
reticle. -- - In accordance with another aspect of the 10 present

i nvention, there may be provided an exposure apparatus for projecting and
printi ngassemblyer n, As ofordenvanphesrofi stach fHwmghianal cpertdobs exposed, in
a step- and-repeat manner by using a |laser beamemtted froma separately
“di sposedsvupparteduseparatel ¥ frannbhetmadanassemblyopfstheorting a main’
assenbly of the apparatus uses a servo npunt nmeans which conprises a sensor
neans f ORPRRFIERS ngtHPER BABNPBT 2t FROYRY NG sSERBPP §PTt he ‘apparatus and an
act uat or neangﬁfot groducing gﬁforce to attenuate . the vibration in

accor danEEARBERTLING R pHRTe tyaen sths3rd @8- Y aPtage: WBigBpar at us may

b i pped_wi tect] for | i ng t beam f th
T ght S ol bkl PR £ Or BERSCt fomg B LORY ol IR oL BRE. 8RN Taccombl v
f th | it h . g tr ol 25

Tor oner LeLhLtigeibh opERRRCFO i MniheRIng DU GELLERA, 807D TEOCS, B0
mein asspgpid18f &hPeBPBREAEHENEEE Cartd Pk IPASEEEBEAGPESYEEANEL T €l at Tonshi p

on the inspecting any fo:éign_péfticle'on a reticle. - . A
In accbrdance with anothér aspect.of the |
10 present invention, theré may be'provided an expoéure
apparatus for érojecting and printing a pattérn, formed
oh an original, on an é:ticle to be exposed, in a step- .
and-repeat manner by using é laser beam émitteﬁ'from a
separétely disposed light source, wherein a mount means’
15 for supporting a maih-aséembly of the apparatus uses a
servo mount means thch coﬁﬁriéés a sensor means for
detecting vibration of the main assembly of the
épparatus and an actuator means for producing a force
to attenuate the vibratiéﬁ in accordance with an output
20 of the sensor means. Also, the appératus may be |
equipped with a detectiné_means.for introducing the
laser beam from the light source aﬁd for detecting the _"
relative position of the main assembly of the apparatus
with respect to the light soufbe,-ahd.a control means -
25 for.enérgizing the écfuator means SO as to bring the .
light source and thé méih"assemb1y of the apparatus

into a predetermined pbsitional'felatioﬁship on the




-8- basis of a relative position deviation-signal as produced by the
detecting neans. As an exanple, a nount for supporting the main assenbly of-
t he exposure apparatus may be additionally 5 provided with a plurality of
sensor s«f or detecting vibration in three directions-of X Y and Z, and
actuator neans for producing forces in-ghese three directions, whereby the
nmount i s equi pped with vibration suppressing function. Additionally, in 10
accordance with a signal representing a deviation in the relative position
with the exposure light source, as detected at the | aser beam i nput .
portion, the basimtof areebabive bpositionzdeviatidhesigndd Pssiti oning
control, to thereby assure relative 15 positioning. Wth the structure of
the present ipvedeced byntheddeteatingtmeansprati on suppressing function,

the positioning of the main assenbly of the aPparatus wth respect to the
absol ute position or the 2B e¥apRley HIPERBNIQF cPAPPYELIRItREpRRARE v

di sposed light source, for exanple) is assured. These and_ot her | ects,
features and %ﬁ§%ﬂ?£§e€fth?h%gg?ﬁéﬁﬁta?ﬂﬁﬁﬂF?ﬁanYIPebéggﬁﬁlﬁﬁﬁgg ppar ent

enbod mont 3 GPFORSR? SRR “p ok by SRs SeRcetn; B ekeRrERS e

~acconpanyi ng vibration in three directions of X, Y and Z, and

i actuator means for producing‘forces in these three

&«* directions, whereby the mount is equipped With
vibration suppressing function. Additionally, in

10 accordance with a signal representing a deviation in
the relative position with the exposure light source,
as detected at the laser beam input portion, the
actuator means may be energized to effect the
positioning confrol, to thereby assure relative

15 positioning.

With the structure of the present invention,
ip addition to the wvibration suppressing function, the
positioning of the main assembly of the apparatus with
respect to the absolute position or the relative -

20 position (relative to a separately disposed light
source, for example) is assured.

These and other objects, feétures and
advantages of the present invention will become more
apparent upon a consideration of the following

25 description of ths.preferred'embodiments'of the present
invention taken in conjunction with the accompanying

drawings. -



dr awi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure -1 is a schematic and °
di agranmmatic view showi ng a general structure of an exposure apparatus 5
according to an enbodi ment of the.present invention. Figure 2 is a -~
fragmentary view showing details of a servo nount used in the Fi gure
embodi nent. Figure 3 is a top planad-ew of nmount neans, for illustrating
the actuator arrangenent in the servo 10 nobunt neans of thi s enbodi nent.
Figure 4 is a schematic and diagrammatic view showi ng a general structure
of an exposure apparatus accordi ng to anot her enbodi nent of the present

I nvention. 15 - Figure 5 is a fragnentary view show ng details of a
position detecting neans for detectlno relati-ve position of a | aser beam

i nput por BREEE BESCRIBPH QF fIHE DRAWE HNGSH EMBODIMENTS 20 . . Fi gure
| shows basic stru t.ure of st ep- gnd-_.repeat. t pe exposur e ar at us
according to an enBd@4Rshtt d'fstanés‘%feé“?&ft p‘é‘fat us is
usabl e for, manuf act ure of seq#_ ductor deV|ces tﬁlé’g,ure denoted at 1

is an il Iﬁﬂ?ﬁéf‘?oﬁ ?gnffsﬁ &f r? exqo%xgr b qti%ii(ﬁ dent on a
| 1 ght gnpghgﬁakcﬁiﬁig 'q dmérﬁ} td¥e ﬁ@‘fr“réﬁex& Siverti . mask 3

denote |gnnent scope
Figure 2 is a fragmentary view showing details

of a servo mount used in the Figure 1 embodiment..
Figure 3 is.a.top plan view of mount means,- \J
for illustrating the actuator:arrangement in the servo
10 mount means ofnthis embodiment.
Figure 4 is a schematic and diagrammatic view
showing a general structure of an exposure apparatus
according to another embodiment of the present
invention.
15 Figure 5 is a fragmentary view showing details
of a position detecting means for detecting relative

position of a laser beam input portion.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 ' . Figure 1l shows basic structure of a step-and-
-repeat type exposure apparatus according to an |
embodiment of the present invention, which apparatus is

usable for manufacture of semiconductor devices. .

In Figure 1, denoted at 1 is an illumination
25 system fqr'directing_a laser beam, incident on .a light
input (laser light inlet), to the above of a reticle or

mask 3; denoted at 2 is an alignment scope for ST



£10- detecting the position of the reticle 3 with-respect to a reticle
reference mark (not shown) and for detecting the position of a wafer 7 with
respect..to the reticle 3; and denoted at 3 is the reticle which bears a 5
patterRet o be transferred to the wafer. Denoted at .4 is a outer casing for
supporting the reticle 3 and the aligngf&t scope 2;"denoted at 5 is a
reduction projection | ens systemfor projecting the pattern of the reticle
to the wafer in a reduced scale; denoted at 10 6 is a barrel surface plate
for supporting the prOJectlon lens 5 and the illumnation system 1l as well

as the outer g£asl £6n 3£ 'thé +&€idpé el . whemoi@spatt 8tds an X
stage for supportlng he wafer 7 and being novable in the X direction;

denoted at 9 4 Srétilé1e SéfE@Feh€é MEPRO(hbBYshbenX ahdagfoB astletting movabl e
in the Y direction; denoted at 10 is a stage surface plate for supporting

the Y stage S9I:he?lr15b%ﬂﬂdixecbﬁta1n1afera7ba:lsehsneé:aeetptat'e&héore'eJ.lq:J}aert| ng the
barrel surface plate 6 and the stage surface plate 10. 20 In the
description o3; taed pdesetedi avedtisnthehceticleuwbich beaosute posi tion of
the main assenbly of the apparatus corresponds to such_position that, where
t he const|$Lnnatﬁﬂrnﬂtﬂm#ﬁst§ﬁﬁﬁﬁ¢¥§€db9°tﬁBebH§§e§urf%ﬁ%pﬁ?giﬁtli are
considered as a single rigid 25 nenber, it is re resent ag es I n siXx
freedoms (X, W8 amOPter reesingdsIqr sRBParting t rﬁﬁlﬁﬁﬂ EFlons

about the X, gifgghéhgléggéeogs)deno eépeEts is a reduction

¥‘: projection lens system for projecting the pattern of
the reticle to the wafer in a reduced scale; éenoted at
10 6lis a barrel surface plate for supporting the
projection lens 5 and the illumination system 1 as well
as the outer caSing'4; and denoted at 7 is the wafer.
Denoted at 8 is an X stage for supporting the wafer 7
and being movable in the X direction; denoted at 9 is a
15 Y stage for supporting the X stage 8 and being movable
in the Y direction; denoted at_lO is a stage surface
&? plate for supporting the Y stage 9; and denoted at 11
i is a base sufface plate for supporting_the barrel
surface plate 6 and the stage sﬁrface plate 10. -

20 - " In the description of the present invention,
the attitude or absoclute position of the main asSembli
of the apparatus corresponds to such position that,
where the constitutional elements supported by the base
surface plate 11 are considered as a single rigid

25 member, it is represented by values in six freedoms (X,
Y and Z directions and rotational wx, wy and wz

directions about the X, Y and Z directions) in respect



2

to three-dinensional X-Y-Z coordinates which can be set in a virtual space.
Each of the X and Y directions in the X-Y-Z coordinates is substantially
paral lel to a horizontal plane, and the Z direction is substantially 5,
parallel to the vertical direction. Denoted by nunerals 12 - 12 are ngunt
means for supporting the base surfacgiplate 11. The nount neans is forned
in four units (12-1, 12-2, 12-3 and 12-4 in Figure 3) which are fixedly
provi ded at four corners of the base 10 surface plate 11 and which are
coupled with each other by neans of a frame 20. The provision of this nount
means i s ote threesdinmeakbibaalukKe¥-af cbaedpnatest whichdicamnbe Betot ed at 31
Is acontrol device for 15 controlling the operation of the exposure
apparatus a8 a whotevalDépeted aEagR pf ghepdnandoit dilreddiions rmai nly for
controlling the operation of the four nounts 12. Denoted at 33 is a driving
devi ce forthei ¥rhgZacearddpates inespbstanbipliviparaddgdctiovd y. 20
The operatjon_of the exposure apgaratus_of the Figure 1 structure will now
be expl ai nBATipAnsad, RAPRR, AndatBe 7 AiTeshiopedsSpPubstandiddd ¥af er
conveyi pg syst io the X-Y s%a e.8,_.and it is placed on and held by a
waf er cﬁucﬂzfﬂgg1e hBRn?hESVﬁF %gﬂédabﬁeFﬁé°R:Y 5?38 edaP¥er this, the
contr ol device_3% pggduc gr' i far initiating stepw se notion
for positioOnrng ﬁei%afe?§7g§ h%gni R8s’ 2or Suppdrtifhg® tHe
base surface plate 1l. The mount means is formed in .
four units (12-1, 12-2, 12-3 and 12-4 in Figure 3) - o/
which are fixedly provided at four corners of the base
10 surface plate 11 and which are coupled with each other
by means of a frame 20. The provision of this mount
means is one of essential features of the present
embodiment.
Denoted at 31 is a control device for
15 controlling the operation of thé exposure apparatus as
a whole. Denoted at 32 is a mount control device
mainly for controlling the operation of the four mounts
12. Denoted at 33 is a driving device for driving
actuators of the four mounts 12, respectively.
20 o The operation of the exposure apparatus of the -
Figure 1 structure will now be explained.
-In operation, a wafer 7 is conveyed by an.
unshown wafer conveying system to the X-Y stage 8, and
it is placed on and held by a wafer chuck (not shown).
25 provided on the X-Y stage. After this, the control

device 31 produces a drive signal for initiating

stepwise motion for positioning the -wafer -7 at its



~12-. exposure position:-(exposure start position). |In response-to this, the.
X stage 8 and/or the Y stage 9 noves stepw se. Upon conpletion of this
stepwi sg notion, final position nmeasurenent is effected by using 5 the

al i gnneapt scope 2 and, through the feedback of the obtained signal, the
positioning of the X and Y stages 8 and;$_is conpleted. On the other hand,
any vibration fromthe floor or- due to novenent of the stage or any
attitude 10 change resul ting from unbal anced | oad of the stage is neasured
by the nount means 12 (to be described later), and it is fed back to the

mount cont r olexgdire Jositidt (@ipoviranseact! pogitvonyignah or a.
di spl acement signal. This ensures quick vibration danping 15 (vibration
suppr essi on) féspditsevia thibebte oX $bagepPaandperatheeck| saageuiock
positioning of the sane. After conpletion of the vibration suppression and
t he positi onimaves retepuige corlipan cenpletionpefdtbiés shepPwihski es a
conpletion signal to the control device 31. 20 As the control
devi ce 31 red@t@@lcoﬁm&|msst1§fhell!e@?éﬁ?@ﬁetaliﬁgﬁﬁﬁﬁ?t%P& RSAN t he
nmount contg si gnal the control device 31 produces an |nstruct|on

si gnal for efﬁkﬁnakﬁﬂﬂmﬁﬂﬁ %ﬁﬁ%%l%naﬂﬁ rHarenght thg feedhackcofnihen is a
e Lo Gbkelend Atenehs FRRCHPREE amedycekoREe b dHa gL the
8 and 9 is completed. _
s : On the other hand, any-vibraﬁién'from the

floor or due to movement of the stage or any attitude

10 change resulting from unbalanced load of the stage is
measured by the mount means 12 (to be described later),
and it is fed back to the mount control device 32 in
the form of an aéceleration-sigﬁal or a displaéement '
signal. This ensures quick vibration damping

13 (vibration suppression) of the main assembly of the
apparatus as well as quick positioning of the same.
After completion of the vibration suppression and the
posifioning, the mount control device 32 produces and
applies a completion signal to the control device 31.

20 . As the control device 31 receives completion
signals from the alignment scope 2 and the mount
control signal 32, the control device 31 produces an
instruction signal for effecting light emission of the
light source device which is a laser light source in

25 this embodiment. - The laser light emitted by the light
source goes through the illumination system 1, the

reticle 3 and the projection lens 5 which are included



z

Teticle 3 and the projection lens 5 which are included- -13- in the main
assenbly of the exposure apparatus, to illuninate the wafer 7 whereby the
wafer 7 is exposed. Referring nowto Figures 2 and 3, details of the mount
means 12 of the exposure apparatus of Figure 5 1 will be explained. I'gt
Figures 2 and 3, reference nuneral sjghe same as those in Figure 1 are
assigned to correspondi ng el enents. The exposure apparatus of this

enbodi nent i ncludes four nmounts 12. These nmounts 12 are fixed by 10 the
mount frame 20. Each of the nounts 12 has three actuators 13, 14 and 18
corresponiinghé omair sS5sembaycef( thecekposure Appagatiese tactuators, a
Z-axis actuator 18 (corresponding to the vertical direction which is

per pendi ciltuminatactbhcwafelr i yhereby roe wafierow ded epdsedn air-spring
actuator. Each of X-axis actuator 13 and Y-axis actuator 14 nay be provided
by a voice-coil tyReferringonowatoafFiguyesndemndy Je detadds off an air- '
spring actuator. In nounting these X-axis, Y-axis and Z-axis 20 actuators
13, 14 anthegmopptcmepnsgydé pf the,exposyre ApPPRFatygcPf Fdgure ure that is

off ecthve, g, FLSS5E Bk hence Uh Bhig Cheaiom, o hefhan Lhe direction
regards thengra Lo’ 8Os khiSe’n' AR 10k AGULLR Servo
cbrresponding elements. _
The exposure apparatus of this embodiment. - -
includes four mounts 12. These mounts 12 are fixed by
10 the mount frame 20. Each of the mounts 12 has three
actuators 13,'14 and 18 correspohding to the three axes
(directions). Among these actuators, a Z-axis actuator
18 (corresponding to the vertical direction which is
perpendicular to the sheet of Figure 3) may be provided
15 by an air-spring actuator. Each of X-axis actuator 13
and Y-axis actuator 14 may be provided by a voice-coil
type actuator, an air-cylinder type actuator or an air-
spring actuator.
.In mounting these X-axis, Y-axis and Z-axis
20 actuators 13, 14 aﬁd_lB, in each case it is necessary
to use such a structure that is effective to release.
any force in five freedoms, other than the direction of
action. This is attained in this embodiment as - .
follows: First, as regards the Z-axis direction, like
25 the case of a conventional servo mount, the air spring
18 is-resiliently.supported-by the mbunt frame 20 with

accumulated rubber . layers 15 interposed-therebetween.



18 is resiliently suppeorted by the nount frame 20 with accunul ated rubber

| ayers 15 interposed therebetween. -14- This-ensures rel ease of any
thrust force in the X or Y direction as well as rel ease of any rotational
force about the X, Y or Z axis. It is to be noted here that the poi nt of
action of the air spring 18, that is, ﬂf 5 novabl®€portion which is
novable in the Z direction, is fixed t he base surface plate 11. As
regards the X- axis and Y-axis actuators 13 and 14, the four nounts 12 are
fixedly supported by the nount frane.20. Nanely, the actuators 13 and 14

are direct| Y iR :*s%&é@ Adiakl W@jrﬂ%y\ttf@b@ei DheeMenki e of the
e

accunul at ed ru ayers 15. In consideration of this, each actuator 13 or

14 is coupl e%fﬂadﬁﬁtp(ﬁé‘twé!fl | iersass of amyCeotatibaahageres face
plate 11 by nmeans of a rod-like menber 21 such as a piano wire, for 15

exanpl e, whi gbdut aasd |w, ¥ o [# eadis di rectisnsoobéenotédnhelre dhatcti on of
application of force. The rod- |ike nmenber 21 of the X-axis actuataor

ext ends substtaid ipdint iof peeiom|of cchdead dspringoh8, whhas dse kbe-|i ke
menber 21 of the Y-axis actuator 14 extends 20 substantially in parallel to
the Y dirdtt imovabls partionorhsich dis mexable cincthe Zndirpetiens odse or

rotational force in a direction other than its_direction of agg@hgﬁtlon
the basis of fixedrto cthe Hhase Eurfaceplarerll. sABgeegras, ge in

axis and Y-axis actuators 13 and 14, the four mounts 12
S are fixedly'Suppotted by the mount frame 20. ‘Namely,
the actuators 13 and 14 are directly supported by the
10 mount frame without intervention of the accumulated
rubber layers 15. 'In consideration of this, each
actuator 13 or 14 is éoupled to its point of
appliéation of force to the base surface plate 11 by '
means of a rod-like member 21 such as'a piano wire, for
15 example, which is easily flexible in directions other
than the direction of application.of force. The rod-
g; like member 21 of the X-axis actuator extends
| substantially in parallel to the X direction, while the
rod-like member 21 of the Y-axis actuator 14 extends
20 substantially in parallel to the Y directioh; This
arrangement assures release of any thrust force or
rotational force in & direction other than its
direction of application, on the basis of flexure of
the rod-like member 21. As regards the change in
25 attitude of the main assembly of the exposure
apparatus, since cufrehtly-the'maximum'diSplacemént'af

the mount means can be kept in an order of a few
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25 attitude of the main assenbly of the exposure apparatus, since currently
t he maxi num di spl acenent at the nount neans can be kept in an order of a
few -15- millineters,. practically the above-described structure gzy:be
satisfactory. The servo valve 19 is controlled in response to a driwe"
signal fromthe driving device 33, tpseontrol the air supply to the air
spring 18. 5 Next, -as for sensor nmeans for vibration and position
control, an acceleration pickup sensor 16 and a di splacenment sensor 17 are.
used. The accel eration pickup sensor 16 is nounted to a novable portion of
t he nount millimetens oPrastieallyi thet akovesdescribed strugture 11). The
di spl acement sensor 17 is mounted to the nount frame 20 (fixed portion),
and it mefay &e satigkarteyyer Thepraredetlve 19eldpsamtEobbedi on of the
nmount 12.. The nunber of tQ§§ﬁ sensors_16 or 17 is 15 variable in .
accor dancdPwEEFRANES Fdn didThee 3ignal E%Teﬁ??dsﬁkvﬂg%d¢e$&cﬁn exanpl e,

if four tg 12 are tg éﬁkco trolleg I pdependent |y _of ea g ot her, each

nmount 12 dul tﬁ?QEﬁﬂgp w??ﬁ-%fgg %rg?i ep?ﬁﬁu -§%ﬂgoi *16 of a nunber
f d ' ' ; . f d X,

gegﬁzs%ry or detegilng t# %grd?%ﬁ&fr@éégg f&%ﬁ{g@@ﬁd reedons (

directions) as we acenent sensors a nunber

gﬁfgif?gﬁ g;gj]éi%g?d%e%égfié?pé&%&@@iei‘_ﬁtﬁéﬁﬁhp?ékﬁﬂ“_ﬁ&nééfeﬂﬁnﬁnﬁzx’ Y and Z

' a displacement sensor 17 are used._ the acceleration _
pickup sensor 16 is mounted to a movable portion of the -
mount 12 (a portion integral with the base surface

10 plate 11). The displacement sensor 17 is mounted to
the mount frame 20 (fixed portion), and it measures -
the quantity of dispiacement.of the moVable_portioh.of
the mount 12. |

The number of these sensors 16 or 17 is

15 variable in accordance with the form of the control
system to be used._ As an example, if four mounts 12
are to be controlled independently of each other, each
_mount 12 should.be equipped with acceleration pickup.
sensors 16 of a number necessary for detecting the

20 acceleration in each of three freedoms (X, Y and Z 3
directions) as_well_as displacement sensors 17 of a
number necessary. for detecting displacement in each of
three freedoms (X; Y and Z directions). If a decrease.
in the number of sensors is desired, four nounts may be

25 control;ed non—indepgndently and, in that occasion,. use
of anly two sets qf,three—f:eedqm accelération pickup

sensors 16 and.twp_sets-of three-freedom displacement -



in the nunber of sensors is desired, four nounts may be 25 controlled

non-i ndependently and, in that occasion,. use of only two sets of

t hree- fx eedom accel erati on pi ckup sensors 16 and two sets of three-freedom
di spl agenent sensors 17 may be sufficient. However, decreasing the
number of sensors may have an adverse gfgect agai nst qui ck cal cul ati on and
response of the control system In the enbodi nent as shown in Figure 3, the
5 four mounts 12 will hereinafter be referred to as a first nount 12-1, a
second mount 12-2, a third nmount 12-3 and a fourth nount 12-4,

respectivel y.getftss fOUImap Uusd Ssdfficient: 4 Rowedes] raboredsshgnghehe X-Y
pl ane so as to surround the stage surface plate 10, and they 10 are

di sposed at friib&EOrdrsensotrdemapuhavér ancadlehsei efffactubgainstal |y
square shape. The center 0 of the surface plate 10 is substantially aligned
with the optiquelckxcalailationprandcresponsesos. thgcaontrehesystiemapunts 12
is equipped with a Z-axis acceleration 15 detecting pickup 16%. Each of
the first nmount 12-1 aka the embedimsuktas>shown bPOE?SEHe Pehth® X-axis
accel eration detecting pickup.giGA. Each_of the second nount 12-2 and the
fourth nouht fiounm maunks,l2ceil)hegeingfter becreferrsf 48t 88t Png pi ckup

16). An 20 | eratj i gnal _fr ch | gration.pi-ckup 16 is fed
back to tho MEUEE COMERb| 14ab B 9GSO PRERE: Ner 2nafdChAREnSBRENG 11 r o1

mount 12- 1, ifwésg&gqg PSHPLnlﬁéﬁn%”QzLB? &QE&QCQ@U@iy%Z'%hE§e four
— mounts 12-1 - 12-4 are distributed along the X-Y plane
so as to surround the stage surface plate 10, and they
10 are disposed at four corners of the mount frame 20
having a substantially square shape. The center O of
the surface plate 10 is substantially aligned with the
optical akis of the projection lens 5. Each of the
four mounts 12 is equipped with a Z-axis acceleration
15 detecting pickup (16). Each of the first mount 12-1
and the third mount 12-3 is provided with an X-axis
acceleration detecting pickup (16). Each of the.second
mount 12-2 and the fourth mount 12-4 is provided with a
Y-axis acceleration detecting pickup (16). An
20 acceleration signal from each acceleration pickup 16 ig..ﬁ
fed back to the mount control device 32.-
On -the other hand, each of the first mount 12-
1, the second mount 12-2 and the third mount 12-3 iS"'
equipped with a Z-axis displacement detecting sensor
25 (17). Each of the first mount 12-1 and the third mount
12-3 is equipped with an X-axis displacement detecting

sensor (17). The forth mount 12-4 is equipped‘With a



>

equi pped with a Z-axis displacenent detecting sensor 25 (17). Each of the
first nount 12-1 and the third nount 12-3 is equipped with an X-axis

di spl acenent detecting sensor (17). The forth nount 12-4 is equi pped=wth
a -17- Y-axis displacenment detecting sensor (17). A position signakdfrom
each displ acenent sensor 17 is fed-hgck to the nount control device 32. The
nmount control device 32 then serves to 5 integrate accel eration signals
from each accel eration sensor 16 to produce a speed signal. Then, on the
basis of the obtained speed signal, it produces a data signal for causing
each act u¥texisef dibplagcement? degegtdogc seasioar €d 7leceds pogittdmuppress t he
vibration of 10 the nain assenbly of the exposure apparatus with respect to
t he X-Y-Zzsdgoadi Axoes eaghs displ acementsisenson Bd gesifigdbPangkytf s fromthe
di spl acenent sensors 17, the mpunt _control  device produces a data signal

for correthPnBouRt sePtrede 98Nd<E 3di-acenent of the main 15 assenbly of the

exposure apparatus_w th respect to.the X-Y-Z_cqordinates. Based on these

nal o the. i ASATLFRArTRE CRTAGH 34 HTeR AERVES 1
ggFaTﬁlg?nflss Lhi CLUALGEES +31 g I Ilgq_, 0 %%t%c%r %%%q:%;gscgo\lfj\mih
S proport"f‘&ﬁéf%% %ﬁ; '%go%t}t 3?’2-% @%@@g. obY af‘a’neél by |e§1 egré‘t |nng' t he

accel er at LaRSIehC e Al 3 CRleRIP HiYha1oNS GinlO o e ch has 2
phase difference wt eéspect to the detécted
basis of the obtained speed signal, it produces a data
signal for causing each. actuator of the mount 12 to - b
produce a force necessary to suppress the vibration of
10 the main assembly of the exposure apparatﬁs with
respect to the.X—Y-Z,coordinates. -Also, on the basis
. of the position signals from the displacement.sensors_
17, the mount control device produces a data signal for
correcting the attitude and displaéement of the main
15 assembly of the exposure apparafﬁs with respect to the
X~Y-Z coordinates. Based on-thése data signals, the.
control device 33 controls the actuators of the mounts
12. . That is, the actuato:es_are'éontrolled sO as to.
produce a force which_is_proportional to an absolute
20 speed, obtained by infegrating thg'accelerations
detected by the acceleration sensors 16, and which has
a phase difference with respect to the detected
vibration.
The operation of the actuators of the four
25 mounts 12 will now be explained. . As regardsithe Z—-axis
motion and rotational motions (wx and wy) about the X .

and Y axes, the vibration suppression and the .



vi bration. The operation of the actuators of the four 25 nounts 12 wl|
now be expl ained. " As regards the Z-axis notion and rotational notions (wx
and wy)~about the X and Y axes, the vibration suppression and the
positigping are effected by neans of air springs 18 (Z- axis actuators) of
the four nounts. As regards the notion-gg-ong the X-Y plane, the control is
done by using forces produced by two pairs of X-axis actuators 5 and two
pairs of Y-axis actuators, wherein each pair conprising two actuators
opposed to each other along a certain axis (e.g. a pair conprising the
X-axi s act uapositicrfingaréd refifented by meansdf ol X-spaings ab8 ubfor 13 of
the second nount 12-2). As regards the 10 notion in the X direction, two
pairs of X-adxis@actaatorsy of chedpup Rountse the X8IRELP oBPQuppressi on
and the positioning. Sinmlarly, as regards the Y direction,, tw pairs of
Y-axi s act uametdorns alang dde thropiane tthe swEbiis fesRY on and the

15 positioning. As regards the notion vi bration

wz) apout Z axis,. th

suppr essi on HRIRhEPET RFRIMFH eb%fé"é‘?:t%"fﬁl %}sirkﬁ'gax’c%@?‘éu%?ofﬁr ces"
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certain axis (e.g. a pair comprising the X-axis '
s ~ actuator 13 of the first mount 121-1 and the X-axis -
actuator 13 of the second moqnt 12-2). As regards=the.

10 motion in the X direction, two pairs of X-axis
actuators 14 are used to execute the vibration
suppression and the positioning. Similarly, as regards
the Y direction,, two pairs of Y-axis actuators 15 are
used to execute the vibration suppression and the

15 positioning. As regards the motion (wz) about the 2
axis, the vibration suppresSion'and the positioning are
effected by using "couple of forces" which can be
produced by two pairs of x-axis-actuators 14 and two
pairs of Y;axis actuators 15;

20 . Figure 4 is a front elevational view showing a
basic structure of a step—anq-repeat type exposure
apparatus according to another embodiment of the
present inQention. |

In Figure 4, denoted at 1 is an illumination

25 system for directing a laser beam,-inéident-on-a light

input (laser light inlet), to . the above of a reticle or

mask 3; denoted at: 30 is a position detecting means for



present invention. In Figure 4, denoted at 1 is an-illunination 25 system
for directing a | aser beam incident on a light input (laser light inlet),
to the above of a reticle or mask 3; denoted at 30 is a position detestjng
means for -19- detecting the position of incidence of the |aser | kght
inputted into a portion of the illumoati on system 1; denoted at 2 is an

al i gnnent scope for detecting the position of the reticle 3 with respect-to
areticle 5 reference mark (not shown) and for detecting the position of a
wafer 7 with respect to the reticle 3; and denoted at_3 is the reticle

whi ch bear@@%ﬂ%r@% P tiom e rincidence ofifhe laserolightit 4 is a
out er casing supporting the reticle 3 and the 10 alignnent scope 2;

denot ed atimP‘Ffste% kR @ iR LR R i the | Bhiuriration FYEtePeliing t he

o r el sudSHEe A€ 1 S A ot et Sefss £8F Aefeftiad hhel e 0 ' °
the et or BOE S'?ZB €8 [fetidte 37 blfn b Ehe et e raB I o7 “and bei ng
g?\éggl gj ;ncﬁéb?tl ng rmva O&ogfﬂ%@hﬁ%%tféﬂad%%ér\%fﬁgg 'S'UPEO;tistnggtehe X
surface 2Gqu  fort BE SHNRRESE 1B &h&.Yrééﬁa&%oamedeeeieﬂeas 11 is a base

surface plate for supporting the barrel
and denoted at 3 is the reticle which bears a. pattern

-

to be transferred to the wafer. Denoted at 4 is a - _- -/
outer casing fof supporting the reticle'B and the 

10 alignment scope 2; denoted at S5 is a reduction
projection lens system for projecting the pattern of
the reticle to the wafer in a reduced scale; denoted at
6 is a barrel surface plate for éupporting.the
projection lens 5 and the illumination sYStem 1 as well

15 as the outer casing 4; and denoted at 7 is the wafer.
Denoted at 8 is an X stage for supportihg.the wafer 7
and being movable in the X direction; denoted at 9 is.a
Y Stage'for suppérting the X stage 8 and being movable
in the Y direction; denoted at 10 is a stage surface

20 plate for supporting the Y stage 9; and denoted at 11
is a base surface plate for supporting the barrel
surface plate 6 and the stage surface plate 10.-.l

Denoted by numerals 12 - 12 are mount means

for supporting the base surface plate 11. The mount

25 means is formed in four units (12-1, 12-2, 12-3 and 12-
4 such as shown in Figure 3) which are fixedly provided

at four corners of the base surface plate 11 and which -

Rl
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surface plate 6 and the stage.surface plate 10. Denoted by nunmerals 12 - 12
are nount neans for supporting the base surface plate 11. The nount 25
means~.s fornmed in four units (12-1, 12-2, 12-3 and 12- 4 such as shown in
Figurexd) which are fixedly provided at four corners of the base surface
plate 11 and which -20- are coupl ed-apth each other by neans of a frane
20. - The provision of this nmount neans is one of essential features of the
present enbodi nent. Denoted .at 31 is a control device for 5 controlling the
operation of the exposure apparatus as a whole. Denoted at 32 is a nount
control devi caresconplédrwithteachi oghenebypmeansonfos £rameodP-nmounts 12.
Denoted at 33 is a driving device for driving actuators of the four nounts
12, respectivBhg prgvision of thisopepsti BgaBs LRcOBRPOSuLESEIFARAt us of

the Figure 4 structure will now be exglained. In operation, a wafer 7 is

conveyed by aﬁeﬁﬁ%ﬁ%§n°§a$é? BERFEPENETRYPLLBAPE, t he X-Y stage 8, and it is

paced on and hel d by gousteh shUSK (A%h BIRVAL,1BGUiRA ded on (he X

ot o Pa 5 B EELTER B b BREAL PR pBOShACHBLSE Sbpaauiptay

and/or the Y gtag81Q 20pgRY¥eSaSher¥ases HPRBunt ORI devilies Stepwi se
mainly for controlling the operation of thé four mounts
v 12. Denoted at 33 is a driving device for driving
actuators of. the four mounts 12, respectively.

10 The operation of the exposure apparatus of the
Figure 4 structure will now be eéxplained.

In operation, a wafer 7 is conveyed by an
unshown wafer conveying system to the X-Y stage 8, and
it is placed on and held by a wafer chuck (not shown)

15 provided on the X-Y stage. After this, the control
device 31 produces a drive signal for initiating
stepwise-mdtion for positioning the wafer 7 at its
exposure position (exposure start positioh). In
response to this, the X stage 8 and/or the Y stage 9

20 moves stepwise. Upon completion of this Stepwisé
motion, final position measurement is effected by using
the alignment scope 2. and, through the feedback of the
obtained signal, the positioning of the X and Y stages
8 and 9 is completed.

25 ... ..-On the other hand, any vibration from the
floor or due. to movement of the stage or any attitude

change resulting from unbalanced load of the stage is



notion, final position measurefrent is effected by using the alignnent scope °
2 and, through the feedback of the obtained signal, the positioning of the

X and Y stages 8 and 9 is conpleted. 25 On the ot her hand, -an
vibration fromthe floor or due to novenent of the stage or any atti twfde
change resulting fromunbal anced | oadief the st'age.is -21- measured by

the mount neans 12 (to be described later), and it is fed back to the nmount
control device 32 in the formof an acceleration signal or a displacenent
signal. This ensures quick vibration danping 5 (vibration suppression) of
the mai n ameasbirgdobyt kbeapouns: means Wl (tasbgudescyibed daterkf the

same. The rel ative position of the main assenbly of the exposure apparatus
and the un@fdwittl ighifedoback Fovithe PaNpthcPRtgpdpdeydcep ditely fromthe
main 10 assenbly of the exposyre apparatus) .is detected by the light axis
posi 11 on dEBECEPRE REARD SSCRLEFRIONE1BREY BTcp BIFRLAGEAM tor (i on. An

obt ai ned positiqgn si,gnal fromthe positi.on_detecting.means 30 is inputted
to the moufit 908 r oI &/ BOEUTES G evﬂgﬁ e Fﬁﬁiqﬂ%ition 15 si gnal

e ot R9BEEAL R LRI aBEATLE LAB ARIChIERRRAY B8 WIS 12
acconpl i shggpatblttls @3MWelll ¥ %i&ﬁ}epﬁisli‘t%mﬁgs%pft‘i‘ﬁ?is%he.
' The relative position of the main assembly of
the exposuré apparatus and the unshown light source - /
device (which is disposed separately from the main
10 assembly of the exposure apparatus) is detected by the
light axis position detecting means 30 provided at the
laser light input po:tion. An obtained positidn signal
from the poéition detecting means 30 is inputted to the
mount control device 32. On the basis of this position
15 signal, the mpunt control device 32 controls the
actuators of the mounts 12, whereby the positioning of
the main assembly of the exposure apparatus is
accomplished.
_After completion of the vibration suppression
20 and the positioning, the mount control device 32 -
produces and applies a completion signal to the control
device 31. As the control device 31 receives
completion signals from the alignment scope 2 and the
mount control signal 32, the control device 31 produces
25 an instruction signal for effecting light emission of
the light source device which is a laser. light source

in this embodiment. The laser light emitted by the -



20 and the positioning, the nount control device 32 produces and applies a
conpl etion signal to the control device 31. As the control device 31

recei ves. conpl etion signals fromthe alignment scope 2 and the nount
controhysi gnal 32, the control device 31 produces 25 an instruction signa

for effecting Ilght em ssion of the ligpp_source device which is a |aser
| ight source in this.enbodinent. The laser light emtted by the -22-

l'i ght source goes through the illum nation system:1; the reticle 3 and the
projection lens 5 which are included in the main assenbly of the exposure
appar at us, t o idhtinédeice t §eesatRrodghhthebyllheinattonss¥stemetposed. The
structure of the nmount neans 12 as well as the disposition of themare
essential |y ttise seeeicket Bogedothehprpiectiipnglendolli whach RERerri.ng now to
Figure 5, details of the position detecting neans 30 of the exposure
apparatus 10 bicFided ein the| maineapsenhdy. of rtharexBosHERs details of the
| aser light input portion which is a part of the_il]um pation @é tem 1. The
posi ti on dete%PPﬂﬁaﬁ%%nstgol1%“&19HFF FBF water: ¥ ny ?ﬁ@byeF §&si ti on
of the nalg assenbl he_ex % Eﬁgara ?hand th ght }%_source
device by Usifg'® ?%%% i Ghe ? € Poh %o’_&?‘éﬁ d@% 8. “OpbR
detection of Lhe,rSlathyeaPe3bhheRon®ot kRGP LEbELBREE21hY ERked tO and
held at its IYft=uf

same as those of the preceding embodiment.

-&M* - . Referring now to Figure 5, details of the

position detecting means 30 of the exposure apparatus

10 of Figure 4 will be explained. Figure 5 shows details
of the laser light input portion which is a part of the
illumination:system 1. The position detecting means 30
is a unit for detecting the relative position of the
main assembly of the exposure apparatus and the light

15 source device by using the laser light from the light
source device.

Upon detection of the relative position, a
swingable mirror 22 is moved to and held at its lift-up
position. At this time, the input laser light coming

20 substantially in parallel to the X axis is incident on
a half mirror 23, whereby it is divided into a
transmitted light going straight and a reflected'light.
The laser light which goes straight passes through a
Fourier transformation lens 24 and is incident on a

25 tilt detecting sensor 26. By this tilt detecting

sensor 26, any inclination of the axis of the laser

light with respect to the wy or wz direction can be
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position. At this time, the input laser |ight com ng 20 substantlally in
parallel to the X axis is incident on a half nmirror 23, whereby it is
divided into a transmitted: |ight going straight. and a reflected |ight. The
| aser light which goes straight passes through a Fourier transfornat

lens 24 and is incident on a 25 tilt2detecting sensor 26. By this t||t
detecting sensor 26, any inclination of the axis of the laser light with
respect to the w or wz direction can be -23- detected. The other |aser
|'i ght passes through an imaging lens 25 and is incident on a position

det ect i ng detecteds. Thetdthepolaseonliightcrragescbeough aany positi onal
deviation of the axis of the |aser beamin 5 respect to the Y or Z

di recti on ¥BRobRg jtenet 3. anfeifplaridandcPBc i BRSItIRR detesihingese

sensors are t he, prount control. device 32 as feedback signals for
t he p05|t|§ﬁﬂ$E% theBﬁafﬂlﬁsgﬁﬁbF§°BfdFﬁ@°§%B€é§F@sgﬁp§ dat &Y Upon

exposure of _a. I s.,moved._down,, such that it

serves tC)Qﬁ§%%B°?%% %3§é?gf?ﬁh?g gh?hgxfflBﬁi%gﬁ'&ﬁs§§éPEWWi M the
exposurgafﬁgggégyst fehdi ¢ Sgbﬂdh OL+186C8LE BB t@h& WP sempgors 16 such

as shown gure are use e Sensor neans e vibration 15
SUppreSS'q@bﬁ&ﬂﬁé&'deééébléﬁcéishéiboﬁrBhp%Hﬁs%eﬁﬂﬂédr§ Fented to a

novabl e portion of the nount 127 (a portion integral wth the base surface
plate 11). aﬂﬁﬁaed to the mount control device 32 as feedback
| signéls for the positioning of the main assembly of the \os
exposure apparatus. Upon_exposure of a wafer, the
10 swingable mirror_22 is moved down, such-thét it serves
to direct the laser light to the illumination system 1.
In the exposure apparatus of this embodiment,
acceleration pickup sensors 16 such as shown in Figure
2 are used as the:senSOr means for the vibration
15 suppression control. Each acceleration pickup sensor
is mounted to a movable portion of the mount 12 (a
portion integral with the base surface plate 11). The
~structure of the remaining portion of this émbodiment
as well as the vih;ation suppression and positioning
20 functions of the four mount 12 are essentially the same
as those of the Figure 1 embodiment, and duplicate
explanation is omitted here.
Since in_the present embodiment a position
sensor means 27 is provided at the inlet portion for
25 receiving the light from the laser light source, it is
possible to omit the position sensors 17 in the mounts

12. Thus, the cost of the apparatus can be decreased



structure of the remaining portion of this énbodi nent as well as the

vi bration suppression and positioning 20. functions of the four nount 12 are
essenttally the sane as those of the Figure 1 enbodi ment, and duplicate
expla%&Lion is omtted here. Since in the present enbodi nent a position
sensor nmeans 27 is provided at the inlejgportion for 25 receiving the |ight
fromthe laser |light source, it i.s possible to omt the position sensors 17
in the nounts 12.  Thus, the-ecost of the apparatus .can be decreased - 24-
and the structure of the nount means can be sinplified. This makes it

possi bl e to aaduthet lstruictmmd dhetho undune ansans Scawnpar efimpd 1 hiéde Fi gure
1 enbodinent. Also, it provides advantageous effects in respect to changes
5 with tinme Mrisheakesatity eaisihbe chenteducedetbausize byt dthétmotnthe
position sensor 17. Wile four nounts 12 are used in the foregoing

enbodi ment s MEaBEppESt QOMPaRat wile ihe Bigure b geed tmepbar aMISO. t he
nunber of the mounts is not 10 limted to this. Cearly, usin | east
three nount s RO dam AANIRFIFROYT abfrcts mt respert tacf! a!‘ﬁe$s not

necessary .t hat ,each of the nmounts is e ed with both of the X—aX|s and
i o o PuabGED G, i HHE ) AL O 9P TRt dro oS 1gaused BY © yni | o

Lgfe:ﬂvepzlfg n%% %&eQﬂ§¥%3§f¥1on ééhégie{;nce to t he structures discl osed

While four mounts 12 are used in the foregoing

&#T embodiments to support the main_assembly of the
exposure apparatus, the number of the mounts is not

10 limited to this. _Clearly, using at least three mounts
enables embodying the present invention. Further, it
is not necessary that each of the mounts is equipped
with both of the X-axis and Y-axis actuators. Each
mount may have only one actuator.

15 While the invention has been described with
reference to the structures disclosed herein, it is not
confined to the details set forth and this application
is intended to cover such modifications or chaﬁges as
may comé within the purposes of the improvements or the

20 scope of the following claims.

25



confined to the details set forth and this application-is intended to cover
-such nodi fications or changes as nmay cone within the purposes of the

i nprovenments or the 20 scope of the follow ng clainms. 25 - 25 - CLAI M

1. An exposure apparatus for exposing a substrate with |ight fron1a~f)ght
source, conprising: a stage for noving the substrate substantially along 5
a horizontal plane a base nenber for supporting said stage; a frane nenber

having at |east three nounts for 4 supporting said base nmenber with respect:

to a vertical direction; 10 - 33 st actuator neans having a plurality
of first actuators prOV|ded In said nmounts, respectively, for noving said
base nenﬂ§E§£H§a direction substantially paraIIeI to the verti cal

or ovi ded Th a A caRPOBRESAPEST SR TS SHmpsii g B i ed e K Tonner

substantlfi&ﬂt g&gﬁga &Qﬁggogbagggalcg §9g51§ d control means for

control I ing~sai r st second act’ua NS so as to suppress
vibration of Sé'éjta)&éefc?:pmovﬁﬁbéﬁe substrate substantlally along
5 a horizontal plane,

a base member for supporting said stage;

a frame member having at least three.mounts for
supporting said base member with respect to a vertical
direction;

10 first actuator_méans having a plurality of first
actuators provided in said mounts, respectively, for
moving said base member in a direction substantially
parallel to'the-vertiéai direction;

second actuator means having at least one second

15 actuator provided in at least one of said mounts, for

moving said baSe”'meﬁber substantially along the

horizontal plane; and = - N,

control means for controlling said first and second
actuator means so as to suppress vibration of said base

20 member.

2. An apparatus as claimed in claim 1, further
¢Omprising a first sensor for detecting displacement of
said base member to said frame member in the vertical
25 direction and a second sensor for detecting displacement
of said base member to said frame member along the

horizontal plane; wherein said control means controls at.

R
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2. An apparatus as. clainmed in clajm 1, further conprising a first
sensor for detectihng displacenent of #i Y base menber to said frame nenmber
in the vertical 25 direction and a second sensor for detecting
displé&eﬂent of said base nenber to said franme nenber al ong the horizontal
pl ane, wherein said control nmeans controls at 11111 111111 11111 - 26 -
| east one of said first and second actuator neans on the basis of outputs
of said first and second sensors. 3. ?n apparatus as clainmed: in
claim 1, further 5 conprising a 5h3 o€l ectric sensor for

photoelectrHFaII 5%%%?5%%%§ﬁ% e é%g?%gzéggbégeagkgggo§oHégﬁ%tgndgﬁﬁct at

| east one of sal ase nenber w respect

to the |ight CEen E tgi%c(?u;%aof ng{ oy %ssgﬁgﬁdogén%rg'east one of

said first an r means on the sis of an output of said
photoel ectric sensor. 4. An apparatus as claimed in claim 1,
further conprising a first sensor for detecting vibration of said 15 base

menber in the vergd cadpphF&EiS ONasndcPaBe@Ndinensaihorl fet farthegr
vi bration of said base nenber in a horizontal direction, wherein said

control srearsonprigsing aipheesélecerid semsbfifer photeelbentiricalidyor neans
on the basis of output of said first and second sensors. 20 5. An
apparatus aletedtimgdthenlighti from theyldight source to detect at
_ least one of the position and the attitude of said base

S member with respéct to the light source, wherein said

control means controls at least one of said first and

10 second actuator means on the basis of an output of said

photoelectric sensor.

4. An apparatus as claimed in claim 1, further
comprising a first sensor for detecting vibration of said
15 base member in the vertical direction and a second sensor
for detecting vibration of said base member in a
&.4 hqrizontal direction, wherein said control means controls
at least one of said first and second actuator means on
the basis of output of said first and second sensors.
20
5. An apparatus as claimed. in claim 4, further -
comprising a third sensor for detecting displacement of
said base member to said frame member in the vertical
direction and a fourth sensor for detecting displacement
25 of said base member to said frame member along the
horizontal plane, wherein said control means controls at

least one of said first and second ‘actuator means on the

* < L M S *
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conprising a third sensor for detecting displacenent of said base nenber to
said frame menber in the vertical dire&tion and a fourth sensor for
detecting displacenent 25 of said base nenber to said frame nenber .-a
the horizontal plane, wherein said control nmeans controls at | east ORg.
said first and second actuator means on the C° L M S -27 - basis
of outputs of said third and fourth sensors. 6. An apparatus as clained
in claim 4, further conprising alfrotoelectric sensor for

photoel ectrically 5 detecting the ght fromthe |light source to detect

at |least gne.of the position andthe.attitud f .said se menber with
respect t§a§ﬁ5'? gﬂ? g3h?c8? ﬁﬁépefﬁl§gi8h O%ngF%hggwg 5%Htrols at | east
one of said first and second actuator neans on the basis of an output of
said 10 photoel ectric sensor. 7. An apparatus as clained in claim4,
wherein egch opnSapgphirhthsdNdsSeeqadmeANSAnS Q@AW S]S aFwAaG.Lration
sensor. 15 8. An eXposure apparatus as clained in claim1, wherein a
proj ecti oBofipri8dhgSHSphBLbelekRpRrakt geneyrs Fog o R ifc1 19 0j ecting a
pattern on different portions of the substrate by using light fromsaid
| i ght 5soudeeecsiing Zhe 1lighde fowitlge f bightvsogribe touldeiticaite at
substantially along the horizontal plane (X-Y), to expose the different
least one of the position and the attitude of said base

member with respect to the light source, wherein said
control means controls at least one of said first and
second actuator means on the basis of an output of said

10 photoelectric sensor.

7. An apparatus as claimed in claim 4, whérein each of
said first and second sensors comprises an acceleration
sensor.
15
8. An exposure apparatus as claimed in claim 1, wherein
a projection optical system is supported by said base '\)
member for projectihg a pattern on different portions of |
the substrate by using light from said light source; said
20 stage serving for moving the substrate substantially
along the horizontal plane (X-Y), to expose the different -

portions of the substrate with the light in sequence.

9. An apparatus as claiméd-in claim 8, wherein said
25 second actuator means has at least three actuators which
are operable to rotationally diSplace said base member

substantially along the horizontal plane.

* [ L M S *




portions of the substrate with the light isn sequence. 9. An apparatus as
clainmed in claim8, wherein said 25 *second actuator neans has at | east
three actuators which are operable to rotationally displace said base
nenbefﬁsubstantially al ong the horizontal plane. 28 - 28 - 10. Apparatus
substantially as herei nbefore described with reference to Figures 1-3,
Figure 4 or Figure 5 of the acconpanyi ng draw ngs.

- 28 - .
10. Apparatus substantially as hereinbefore described
with reference to Figureé 1-3, Figure 4 or Figure 5 of

the accompanying drawings.
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