EXPOSURE APPARATUS FI ELD OF THE | NVENTI ON AND RELATED ART This invention’
.relates to an exposure 5 apparatus for manufacture of ‘sem conduct or
devices, for exanple. Mre particularly, the invenfion is concerned with an
exposur e apparatus havi ng::an actuat or neans for«deterningaggﬁgfolute ¥
relative position of a main assenbly of the exposure app i t h respect
to a 10 support portion of the exposlite apparatus. The degree of _
mniaturization and integration-of a sem conductor device is increasing
nore and nore. I n exposure apparatuses for manufacture of such
sem conduct or devices, currentl step notion type 15 projection exposure
appar at uses (cal | ed "stepmmﬁﬁ?é§Q3§wék%ﬁ%ﬁEV% used, and this will continue
in future application to manufacture of ultra-fine devices. This neans
that the desirability of enhancing the resolving-power of a stepper

i ncr eases hg k. AGEP sk | i egh’ equation, the
resol vin Fikih 8% s INVquigﬁidb 0 #%Réé)égzz k x [err]/NA 25 Based on
this, attenpts haVQmB%??ﬂVﬂkﬁf&hiEEEé%%émkAVEhré%§§ 4Pg power by enlarging

the nunerical aperture (NA) of a projection |ens e still using g-line

-2- (vgveagparitus 26 ianiff 4t RIS W VeGP adPrEus! . £hpe i ncrease

of NAis followed by a decrease
example. More particularly, the invention is concerned

_with an exposure apparatus ha#ing an actuator means for .

determining absolute or relative position of a main - €§5
assembly of the exposure apparatus“withjrespect to a

10 support portion of the eprsure apparatus.

The degree of miniaturizafion and inteération

of a semiconductor device is inqreasing more and- more.
In exposure apparafuses for_@anufag#ure of such
semiconductor devicés, currently, 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;
mneans that the desirability of énhéncing the resolving
power of a stébper.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




in the depth of focus. On the other hand, inprovenents in respect to the
design and fabrication of a 5 projection |lens have encountered a limt.
Thi s-+has forced use of shorter wavel ength of exposure light, to neet the
need &or submicron linewidth. Currently, steppers using i-line (wavel ength
= 365 nm have been used practically,_,and, as a next era machine, a stepper
10 using KrF exciner |aser (mavelengt% = 248 nn) is expected preferable.
However, using such an excinmer |aser stepper involves some probl ens which
have not been encountered by conventional steppers. As an exanple, if an

exci mer 15 apRd1dddgl SOMS6Cnm§ 4SCfhet BRpbsAbL GBVEEENYRNL IS very large
as conpared with a super Hg | anp which provides light of g-line or i-line.

I f, theref Gigweddie, cxied "Bict8s66 GEORA £8UE6E1bWelDBR addedir@age i n
assenbly of the exposure apparatus, the exposure 20 apparatus beconmes bul ky
and heavy. ifhitthé d¢pth defi fadhse. | NOPrhéi otherchpadl . ikprevemenitse neasure
for this may be disposing a light source separately fromthe stepper main
assenbl y. Howerespecticto stherdesignspndi fabmicatdont ofper nai n assenbly and
a light 25 source raises a problemthat the positional relationship between
them i s 3 ampaiectionckeng | have:epcountersdr polkmite oThigehagposure

apparatus. For = -3- exanﬁle a change in the relative position of them
forced use of shorter wavelength of exposure light, to

- meet the need for submicron linewidth. Currently,

Aot 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 conventionai-steppers. As an example, if an ekdimer

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

(L 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 influehtial'to.thé

basic performance of the exposure apparatus. For



resulting froma change in attitude of the stepper causes msalignnment of
the axis of the |laser beamor an error in the angle of incidence thereof.
This results 5 in non-uniformess in illum nance, which in turn | eads to.
degradation of exposure precision or degradation of illum nance, causing*a -
decrease in the throughput of the apparftus. Thefre nmay be another neasure
such as- enlarging the diameter of the | aser beam However, 10 this causes
an i nconveni ence of a decrease in throughput. On the other hand, the

resol ving power and the throughput as well as the alignnment precision can
be enhanced byampleapaowhmuge|xn\tﬁawnehatxxgnnasmﬁxep1ﬁftEhhm|que As.
regards the vibration to be considered in a stepper, there are vibration
transmitted fmeswlding freim@ ghsrgedn atfitudpr9f abhe vsteppetn- produced
by an internal novabl e portion of the apparatus. = As for the technique for
suppressi ng SadFesomispligngente &f dihe Gls \of SthenlaseT PeRPOATI 8Bl e wit h

Hgggttgegﬂng%yqr}ﬁéa certal n S %;ncalfg ree ang‘fl'éﬁ-fér ai nwg?gplggpiorce |s.
fecr oased Sy 1P %8%%3%%53&"1}9‘36 (A S 16 ABRRL 2hes, 3&3ae'n
Lne vibratlofyl bigrlaatd do® Yo bapbadlid ﬁ&veéf&tsﬁ SPealsPaagtshoBs! act or.
' illuminapceﬁ_causzng_a decrease_ln_thg_throughput of
the appafat@s; :There;may be another measure such as :
eﬁiafging the diaméter of the léser-beam;_'However,

10 this'causes_én inconvenience of a décreasé in
throughput.'

On;the'othe:,hand, the réSolving-power and the
throughput as well as the alignment precision can be
enhanced by;an_imp:ovement in vibration suppressing

15 technique. As regards the vibration to be cdnsidered
in a steppér, there are vibration transmitted from .
surrounding émbience (e.g. floor) and vibration
produced by an internal movable portion of the
apparatus. :As fqr_the technique for suppressing such -

20 vihration,-qonventionally, an anti-vibration table with -
mount means:having a certain spring force and a certain
damping forqe ié_used to suppért.thé hain assembiy;qf 
the.apparatus. _Namely, for the_vibrafion_frOm the
floor, the respnance frequency_of the appatatus is

25 decreased by using a decreased spring constant of the
mount means, to widen the vibration_insﬁlating5région.

to thereby reduce the transmission;factor,. On the



" other hand, as for the vibration produced within the apparatus, the
vibration energy’is diffused by using an i ncr eased danmpi ng factor of the
nount -means, to -assure convefgence and stablllzat'en in a short tinme. 5
Receri v, there has been sold comercially a nmount ‘nmeans (hereinafter
"servo nount") having a feedback cont 4 ol systen1aﬁd bei ng capabl e of
producing a variable restoring force, to be used in place of the -
above-descri bed sinple nount means having a fixed 10 spring constant and a
fixed danping factor. In this serve nount, by neans of an el ectromagnetic
force or adﬁtﬂa&alﬂdrﬂf(24’53eﬁoxartt?é?t%ﬂt%ﬂdﬂﬁéauéeﬁoﬁ(iQh\ﬂﬁO&@xeohase i's
corrected so as to strengthen the attenuation of vibration, in response to
a neasur ed dppadatafs, 1 tiecoellsratiom odetde 18I diasaeehl_byofustih@ afpar at us
supported by the nount neans, in an attenpt to obtaining resonance free and
vibration swmereaseidaniiag sfactor rehtthe mouhtamesns! teaassureused as a
vi bration suppressing support device for precision 20 instrunents. Wile
these sinplopnwengencs ansl \atabibizatior ivspeshoys #dment ages for the
vibratiqn suppression in respective apparatuses, when a stepper is i.n
questior there are ResentIiokhanehas kheen seldorpamercipddy® is, in a

st epper, an X- Y sta e the apparat s noves ste and this causes
successi ve My zi %E%%Ete?eﬁYotﬂ@“ﬂﬁFSA§§§éﬁﬁl of the stepper

feedback control system and being capable of producing

e a variable restoring force, to be used in place of the
above-described simple mount means having e fixed
10 spring constant and a fixed damping facter. In this
serve mount, by means of an electromagnetic force or a
hydraulic force, an actuator produces a force whose
phase is coirected S0 as to strengthen the attenuation
of vibration, in response to a measured level of
15 acceleratibn of the main assembly of the appafatus
supported by the mount means, in an attempt td
&J 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-hounts 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 is, in a stepper, an X-Y stage of the apparatus moves
stepwise end this causes successive changes of a

gravity center of the main assembly of the stebpef;



If, therefore, a conventional nount neans is used as a vibration
suppressing support neans, after attenuation of vibration caused by a
single or each stepwi se notion, there remains in principle a static -
attitude 5 change caused by a change in the gravity center point of the«

stepper. |If, therefore, a separatelg-di sposed |ight 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 msalignment of optical axis at the laser input portion. On
t he ot her HMand;herafare s a casventippad moual oeamseliisngsedcl@mnissm i s used
in a vibration suppressing nount neans in order to keep a constant 15

hori zont alviksatien SWRPFesRlRgsENPPPIs meansypRbtar fttempatdompl e, - where
an air spring means is used in_a nount npeans,’ valve opening/closing control
i s execut &F FiFakion capeetcB¥ PnEipgAgAN Fagh StEPYIS%er and in
proportion to the deviation of the - 20 _vertical pasitign . froma set

| evel -, -td“qi?fé?%by%’r'?ltﬁ?ﬂa-f‘ﬂg -HBr Pfi‘ﬁf:d'ﬁ- Hsta s aitude .. an

obj ect =of 254, NYentLARLI § <t ravi.de.a high-nreci.si,on and hi gh-
throUghpufhgﬁﬁggggéﬂ%%%g?gt%semhgggi%naﬁygvgﬁkgﬁi nq%gﬁﬁﬁggﬁﬁ§g§5enbly.of'“

the appar ggisa s fppbt SNURESIthBrafore, G sdpuilfl ¥ idiapdibdaiher ein
degradation in exposure -~ R ' o
light source as described abqve.ishuSgg,ﬁthe change in -
.éftitude_pf_the_stépper*cguses a_changé in the relative .
position of the light source device;andjthg_stepper,u-.
10 which in turn causes misalignment of optical axis at
the laser input portion. | |
On the.other hand, there:is-aICase wheréin an
'autqflgveling_mechanism;is used in a vibration ._ -
suppressing ﬁount means in order to keep a constant |
15 horizontal level of the main assembly of the
. apparatus. For_example,<whefe_an air sPring_meansfis'
used in a mount means, valve opening/closing control is
executed at p}urgl mount legs_independehtly of eéch
other and in proportion to the deviatign.of_the-'“,
20 vertical position ffbm a set level, to therebyﬁma;nféin.'i:

the horizontality of the apparatus. .-

An object of the__ present

25 invention is to provide a high-precision andfbigh-

a main assembly of the apparatgs.gap be attenuated in a



preci sion or degradation of illum nance of exposure light due to a change
In attitude of the main assenbly of the exposure apparatus can be
suppressed. 5 Accordi.ng to the present invention there is provided
an eXposure apparatus for exposing a substrate with light froma |ight
source, conprising a stage for noving.the substrate substantially along a
hori zontal pl ane; a. base nenber for supporting said stage; a frame nenber
havi ng 10 at least three nmounts for supporting said base nenber with
respect to a vertical direction; firsé actuator nmeans having a plurality of
first actuators provided i.n sald mounts, respectively, for nmoving said base
menber |nnﬁdﬂ¢¢¢t|bnmsubgnﬂﬂ|Whe§e¥nuaﬂ¢9ra@®t%ﬁe vént | @Xpopure

direction; second actuator nmeans haV|ng at | east one second -act-uat or
provi ded iBFeRisieR©nfedwrdatiPhefniilunipapse of expesyradighiner

subst ant al ong the ho ontal plan nd caqntrol ns for _controllin
S;I d fi rsté%%ot%e%gﬁﬁaﬁg‘?u i‘g?tﬁéﬁﬂges8%a ?‘Po“'?&ﬂpflé?? Y of Eﬁhﬁ i on ofI °

sai d base nenber r tructure, the absolute
p03|t|on|ndﬁﬁﬁ§¥Fe §F§ ufGEaﬂ ﬁ?eg§§§ge8%eﬁhe nai n assenbly of the
exposuy e appar d for
retai Lr#’ ng ?ﬁé‘éo Q&%%\%dgggssleﬁtonal ?at i onshi pl%gt vveen e main

Sopport o P n@ﬁb@@fét iIglynt are
supported(H tseg%ar at el %’-ﬁuﬁly%{dﬁg&%tﬁ&ﬁ@ 8 ERFL fa_;ht

o from a light source, comprising: a stage for mov1ng the
> substrate substantlally along a horlzontal plane; akase
member for supporting'said stage- a frame member having
10 at least three mounts for supportlng said base member
with respect to a vertical dlrectJ.on; first actuator
means'havihg a plurality of first actuators provided in
said mounts[ respectively, for moving said base member
in a direction substantially parallel to the vertical
15 direction; second actuator means having at least one
second.actuator provided in at least one of said mounts,

‘s,,f for mo\iing said base member substantially al.ong the
horizontal plane, and control means for controlllng sald
flrst and second actuator means so as to suppress

20 v1bratlon of said base ‘member.

With such plural-mount structure, then absolute -
‘positioning w1th say six (6) freedoms of the maln
assembly of the exposure apparatus may be obtalned.

Also, ‘means may be prov1ded for retalnlng a

-25 predetermlned posxtlonal relatlonshlp between the maln-

assembly'of the»apparatus and'varlous functlonal portlons

whlch | are supported separately from . the main



assenbly. = As for exanples of such functional portions supported separately
fromthe main assenbly of the apparatus, there nmay be a conveyi ng system
for 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 illum nation systemfor e
illuminating a pattern of a reticle, aqgeticle changer and an inspecting
device for inspecti-ng any foreign particle on a reticle. In-accordance with
anot her aspect of the 10 present invention, there may be provided an
~exposure apparatus for projecting and printing a pattern, formed on an .
original, onasseabliycl eAsofbr expoples of susmeﬂun@ndmneneaxnnaunﬂs by .
using a | aser beamenitted froma separately disposed |ight source, wherein
a nount neansupported sepgsetiely £nemi thes oadis pasfemtiey Afpdhe us_ uses a
servo mount neans whi ch conpr.ises a sensor means’for detecting vibration of
t he main asséﬁBFyEGPSbh§h&ﬁ&aﬂ§ﬂu99aﬁdCQH“&&FE@t&W%ﬁﬁﬂtﬁOFbr producing a -
force to attenuate the vibration in accordance with _an output 20 "of the

sensor neanstTraABEGITiNG FpwALaT, eﬁ:&?% 1§qﬁn€p€d‘ Wth sFags sficlh neans
f t th f th det ect th
ol ot Tve GockBoahUgpingh, &7 AL YR roAR, AR S Hr o "o he
| i ght f t yat

'9 Soyrceg%iﬂﬁ:iiﬁﬁgghr% s‘tpe?dq?:'cﬁrs 111 Qi HAR %ﬁ'é’%ﬁt{lﬁe&c g@lPr neans so

as to bring source and mal N .asse e apparatus into a
predeter”‘”eﬁeﬁﬁéib'oﬁaEeEQET@ %%%Bb&roﬁnhhﬁn inspecting device for '

1nspect1ng any foreign partlcle on a reticle.
| In accordance w1th another aspect of the
10 present.lnventlon, there may be prov1ded an exposure
apparatus for prOJecting and prlntlng a pattern, formed
on an or1g1na1 on an art1c1e to be exposed in a step—_
and—repeat manner by using a laser beam emitted from a
separately dlsposed llght source, whereln a mount means
15 for supporting a main assembly of the apparatus uses a
servo mount means whlch compr1ses a sensor means for
detectzng v1brat10n of the main assembly of the
apparatus and an actuator means for produc1ng a force
to attenuate the v1brat1on in accordance with an output
20 of the sensor means. Also, the apparatus may be
_equipped with a detect1ng means for introducing the
laser beam.from_the light source and for_detecting the _
relative positiOn:of the main assembly of the apparatus
with respect. to . the.light source, and a control means
25 for energlzlng the actuator means so as to br1ng the .
light source and the ma1n assembly of the apparatus

into a predetermlned positional relatlonshlp on the



» basis of a relative position deviation signal as produced by the detecting
means. As an exanple, a nount for supporting the main assenbly of the
exposure apparatus may be additionally 5 provided:with a plurality of
sensoks for detecting vibration in three directions of X, Y and Z, and
actuator neans for producing forces irgthese 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, thea¥ilgldifora FRAMEIRY P it idesd 4o feigndheagosi tioni ng
control, to thereby assure relative 15 positioning. Wth the structure of
t he present produded by itheadibtiecting mdens/i brati on suppressing function,
the positioning of the main assenbly of the apparatus with respect to the
absol ut e position or Ashan @xanple,2@ point dox raippovking theopaintel y-

di sposed light source, for exanple) is assured. These and ot her objects,

f eat ures andsgemiyags Wie E@rPoRure APNAFALNS dreXvibe adebwiomdl by appar ent
upon a-cgﬁsideration of the follow ng 25 description of the preferred

embodi mert s PRevded, ity @ ipdinlidy ol SensPr I deREWRR t he

acconmpanyi n raw .ngs.
pany %i%ré%ié% in three directions of X, Y and Z, and

actuator means for producinghforces in these three

%wi directions, whereby the mount is equipped'nith
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 theréby assure relative

15 positioning.

With the structure of the present invention,
in addition to the vibration 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-aséured.

These and other objects, features and
advantages of the present invention-willlbecome more
apparent upon a consideration of the following

25 description of the preferred embodiments of ‘the present
invention taken in conjunction with the accompanying

drawings.-



- 9 - BRI EF DESCRI-PTION OF THE DRAWNGS Figure 1 is a schematic and
di agrammatic view showi ng a general structure of an exposure'apparatus 5

according to an enbodi nent of the.present invention. Figure 2 is a =
fragnmentary vreM/shomnng details of a servo nount used in the Figure 184
enbodi ment. Figure 3 is a top plan view of nount ‘means, for illustrating

the actuator arrangenent in the servo 10 nobunt neans of thi s enbodi nent.

Figure 4 is a schematic and di agramatic view showi ng a general structure

of an exposure apparatus according to another enbodi ment of the present

I nvention. 15 Figure. 5 is a fragnentary view show ng details of a

position detectlng neans for deteatlng relatlve position of a |laser beam :
' , ARLN Fi gure--

1 shows basic structure of aAstep ahd repeat type exposure apparatus
according to an enboBigure. &f ishe. SFBGEﬁFlpnﬁéﬁtﬂéﬁgrﬂwméﬁlﬁpﬁaﬁatus i s
usabl e for manufacture of sem conduct or devices. In Flgure , denoted at 1

i s an|IIlﬂﬁhﬂH#Qﬁl?593§?§?enﬁFSPCHPFécPFnSn SEROSITE ZRPATALYFent on a
|1aht 1 nput din | {am% f;he £ p e sBnt®ihbeRiton ™Sk 3
denot ed %t Bnﬁﬁn gamen P
_Flgure-z is a fragmentary_v1ew.show1ng-details'
of a servo mount used in theaFigure 1 embodiment.. ..
. Figure 3 is a tbp plan view.df-mountﬁmeans,n-” . _\J
for illustrating the actuator arrangement in the servo |
10 mount means of this emhodimént.

Figuré'4 is a scheﬁatic and diagrammatic view’
showing a general structure 6f an exposure apparatus
according to another embodiment-ef#the_present
invention. .

15 Figure 5 is a fragmentary view showing details:
of a position detecting-means'for detecting relative

pdsition'ofpa-laser beam input portion.

DESCRIPTION_OFeTHE-PREFERRED EMBODIMENTS
20 o uEigure ;;shows basic structure of a step-and-

. repeat type exposure apparatus acgording'tq 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_fpr_di:ecting_a_1aser beam,-ineident on.a light. -
input {(laser light inlet), to the above of a reticle or

mask 3; denoted at 2 is an alignment scope for . . . o



detecting the position of the reticle 3 with respect to a reticle reference
mar k (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 pattern
to ba.transferred to the wafer. Denoted at 4 is a outer casing for
supporting the reticle 3 and the alig Bent scope-2; denoted at 5is a
reduction projection lens systemfor 8 0j ecting the pattern of the reticle-
to the wafer in a reduced scale; denoted at 10 6 is a barrel surface plate
for supporting the projection lens 5 and the illumnation system 1l as well

as the Outsupportﬂ%%rhérgoﬂgfee fiR! the! PetiE18abok; cROPALEGCR! ¢8 1S an X

st age for and €l ng nova le In the I rection;

denoted at 9 jSrfcld deSbABRckOhasiPPAGEI BolAS ¥nat 888 ekBEtbRENY MOVabl e
inthe Y direction; denoted at 10 is a stage surface plate for supporting

‘the Y stagens posli€rowies atwddeis7awbeBerespbatetsl 8he FeEi6YEPOrting the
barrel surface plate 6 and the stage surface plate 10. 20 In the

descri pti or8 pfaridiadgrietedt at n3ehsi the réeieléi whiehobeabsoaut e position of
the main assenbly of the apparatus corresponds to such position that, where
the consii ettt & drertsasspeoreddtoythecwafier. subénotedl atedll are
considered as a single rigid 25 nenber, it is represented by values in six
freedons ()@S‘ﬁfﬂﬁﬁ@?d¢$%%¥9oﬁ@raﬁﬂPP@Fﬁ%PGn§hemketﬁ91§na arddthect i ons

about the X, Y and Z directjong) in respect .
_ alignment scope 2; dénoted at 5 is a reduction

had projeétiqn lens system for 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
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 10 is a stage sﬁrface

L plate for supporting the Y sfage 9; and denoted at 11
is a base sufface plate for supporting the barrel
surface plate 6 and the stage sﬁrface plate 10.

20 T - In the descfiption'of'the pteSent invention,
the attitude or absolute position of the main assembly
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



to three-di mensional 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 SUbstantiaIIy
parallel to a horizontal plane;, and the Z direction is substantially 5
parallel to the vertical direction. Denoted by nunerals 12 - 12 are nnayﬁ
means for supporting the base surface pjate 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 franme 20. The provision of this

mount neans its MreRi-cERaHidlal eatYHE cardieates st cknbadi pansetDenot ed |
at 31 is a control device for 15 controlling the operation of the exposure
apparatus as im whotiartuderspack at Bfh 0of tierk andtYodideettensninly for
controlling the operation of the four mounts 12. Denoted at 33 is a - -
~driving devi chef &-YehZ doardinakasris guhskantial lmupasallelrtopactivel y.

20 The operation of the exposure apparatus of the Figure 1
structure wi honigenialelanteddng thgpet dh’éﬁpt%fmva%%rsvbﬁféa@'égﬂé}ﬁd by an
unshown waf er conveying systemt.o, the XY stage 8, .and it is placed on and

hel d by awaP&raddtk the %Hfﬁ/ﬁi HFS m. t%?(tqu'?fége After
LD, e CObole SRR, Sh 2T EESuR dhditfs HO b Sbrk b 8" o1 0P o¢
base surface plate.ll. ‘The mount means is formed in
four units (12-1, 12-2, 12-3 and 12-4 in Figure 3) -
which are fixédly.providéd at four corners of the base
10 surface plate 11 and which are coubied with each other
by means of a.frame 20. The provision of_this mount
means_is Qné of essential features of the. present -
embodiment. o
Denoted at 31 is a control device  for
15 controlling the operation of the exposuré,apparatﬁs as
a whole;_ Denoted at 32 is a mount_contrhl.device-'
mainly for controlling the operatiqn_of#the_four mounts
12. Denoted at 33 is a driving devicenfor_driving :
actuators 6f.the fouf'mquntsﬁlz, respectively.
20 - ~ The operation of the eprsure 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_fo_stage.B,-and
it is placed;on'énd held by a wafer chuck .(not shown)

25 provided on fhe X-Y stage. After this, (the control .
device 31 produces a drive signal for initiating -

stepwise motion for positioning thejwaferr?-at its



-12- exposure positian (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.se notion, final position nmeasurenment is effected by using 5 the

al i gngent scope 2 and, through the feedback of thé obtained signal, the
positioning of the X and Y stages 8 ggg_g is conpleted. On the other hand,
any vibration fromthe floor or due tO0"novenent of the stage or any
attitude 10 change resulting 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 9kpPeNFECpdLi tiohtekBbBurt 8%a24C plodidiion) .S gl or a

di spl acenent signal.” This ensures quick vibration danping 15 (vibration

suppressi onyeSpohBe €81 En2sserhby XOEthlge BPRMB LS the Weldtage 0811 Ck
positioning of the same. After conpletion of the vibration suppréssion and
t he positi ombvgs &bepwdsal cUpbhokofiplietion? off atiice stapdiagpl i es a
conpletion signal to the control device 31. 20 As the contro
devi ce 31 rmotiors finplepositippnameasuremenite id iefiferrtted dppauingd t he
mount coptrol signal 32, the control device 31 produces an instruction
signal fdr thecaligpmenghscepes2i andoef thireughghhes fgedbatk/iaf theéch is a
| aser light source_in 25 this_enbodinent. The laser light emtted by the
| i ght sour cebtainednsignale hEhp pesitiendngs f &hel X @3nd (et5€39e8 and t he
proj ection gens 5 m@ich ar |n8Iuded : .

and 9 is completed. : :

_ Nt On the other hand, any vibraéién 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 acceleration signal or a displacement
signal. This ensures guick vibration damping

15 (vibration suppression) of the main assembly of the
apparatus as well as guick positioning of the same.
After completion of the vibration suppression and the
positioning, the mount control device 32 produces and
applies a completion signal to the control dewvice 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



-13- in the main assenbly of the exposure apparatus, to'Llluninate t he
wafer 7 whereby the wafer 7 is exposed. Referring nowto Figures 2 and 3,
details of the nmount neans 12 of the exposure apparatus of Figure 5 1 wil

be explained. |In Figures 2 and 3, reference nuneral s the sanme as those\yn
Figure 1 are assigned to correspondi ng+gl enents. The exposure apparat us “of
this enbodi nent includes four nounts . These nounts 12 are fixed by .10

the nount frame 20. Each of the mounts 12 has three actuators .13, 14 and
18 corresponding to the three axes (dlrectlons) "Anong these actuators, a

Z-axis act Uﬁﬁ%hé%éiﬁrhg&&ﬁﬂiznﬁﬂ tHeh @xpIdureilagbdRpbudn tdi ch i-s
perpendi cul ar to the sheet of Figure 3) nmay be provided 15 by an air-spring

‘actuator. . Eprtmpha¥eathe eaifert O whbrahy tlaxivasst URtDS d¥posedbe _
provided by a voice-coil type actuator, an air-cylinder type actuator or. an
air- spring actuat orRefergingt noy ttlmesFe.gnrzes 2 and3d.s dethiisxof 20
actuators 13, 14 and. 18, in each case it is necessary to use such a
structure thhe ountf meanee lﬂoqfeltém@mqsum appardtus of Btiguse ot her

t han the direction of action.. This is attained in this enbodi nent as
fol l ows:® Flreillaheregpiainede zIRFigunestd and |3 xaefprencease of a

conventional servo npunt, the alr S rlnqhég S reS|I|entI sqﬁgorted by the
mount  f rane™9BSRPLA theuRams: a5 | SranTE & A%E EPet veen.

corresponding elements.
The exPOSure-apperatus ofethis.embodiment.-
includes four moﬁntS-lz.-;These mounts 12 are fixed by
10 the mount framé_ZO.' Each of the,mbunts_lz has three -
actuators_IB,-14-and 18 corresponding to the three axes
(directions). -Among these actuétors,_a Z-axis actuator
18 (corresponding to the vertical direction which is.
perpendicular to the sheet of_Figufe.B}-may-be provided g
15 by an air-spring_actuato:. ~Each of:x-axis:actuator 13
'and Y—axis_actuétor 14 may be provided by a voice-coil
type actuator,'an air-cylinder type aétuator or an air-
spring ;ctuatqr.- |
_In mounting these X-axis, Y-axis and Z-axng,u
20 actuators 13, 14 and 18, in each case it is necessary
to use such a structure that is_effective-toerelease-
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,meunt-frame~20 with:

accumulated rubber layers 15 interposedatherebetween.



*-14- This ensures relsase of any thrust forcein the X or Y direction as
well as release of any rotational force about the X, Y or Z axis. It is to
be noted here that the point of action of the air spring 18, that is, the 5
novable portion which is novable in the Z direction,.-is fixed to the base
surface plate 11. As regards the X- axi.s and Y-aki's actuators 13 and 14,
the.four nmounts 12 are fixedly supporréﬂ’by the mount franme 20. Nanely,

the actuators 13 and 14 are directly supported by the 10 nount frane

W t hout intervention of the accumul ated rubber layers 15. I n consideration

?Lrggifo thgﬂbase sur é%gr .e%ééi fcq&ﬁégﬁg&thgs. %IP%k35ﬁ£§§2¥§§éigﬂcgfas
a piano W regif ﬂé?Q%Qqﬂéfl g@lﬁg¥é§sgaakl¥ﬁ&1§é§gkﬁ d%ld' Ions ot her

t han t he dlrectlo appl1catiron orce £.21 of the

X-axi s* act UBBuEXKREIG8, SHsE atdldy | P Pasakbehet Bott%% f‘&@ 3@%@“, whi | e

the rod-1ike menber 21 of the Y-axis actuator 14 exten stantially
in parall el e tpeint df ef¢tion of hthe 2aiANgpFRAY A8SURBRY SlLassed! any
thrust force or rotational force in a direction other than its direction of
appl i cat i%n mosrab e giast o fwhick uise mévabber - thise Zzmaiectibn, A% I egar ds
the change in 25 attitude of the main assenbly of the exposure apparatus

si nce currerfiixed ko rthe rhaseli syprtaceplate Lhe nasnregaads ¢the X kept in

an order of a few
axis and Y-axis actuators 13 and 14, the four mounts 12

o )
are fixedly supported by the mount frame 20. 'Namely,

the actuators 13 and 14 are directly supported by the

10 mount frame without intervention of the aCéumulated
rubber layerslls."In consideration of this, each
actuator 13 or 14 is éoupled to its point of
application 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-

L 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 direction. Thié'.“
arrangement assures release 6f:any thrust force or
rotational force in a 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 assémbly:of"the exposure
apparatus, since currently the maximum displacement at

the imount means can' be kept in an order of a few



-15- mllineters,. practically the above- descri bed structure nay be
satisfactory. The servo valve 19 is controlled in response fo a drive
signal fromthe driving device 33, to control the air supply to the alrﬁ:,:
spring 18. 5 Next, as for sensor means for vibration and posiddon
control, an acceleration plckup sensarlgﬁ and a di spl acenent sensor 17 are
used. The acceleration pickup sensor 16 is npunted to a novable portion of
the nmount 12 (a portion integral w th the base surface 10 plate 11). The
di spl acenent sensor 17 is nmounted to the mount frame 20 (fixed portion),

and it rreasnibhmheeqsanpmptifcamhplmmve#démmtﬁ&wthren of the
mount 12. The nunber of these sensors 16-or 17 is 15 variable in accordance
wi th the fomayobet sati@faationyst éthe ;séevasealve A9 abs ccamprelled four
mounts 12 are to be controlled i ndependent|y of each other, each nount 12 .
shoul d be e pperoRseEh tec SeldNine msm%kﬁrom sehe drivingfdeviceber
~necessary for detecting the 20 acceleration in each of three freedons (X
Y and Z dird2ei SRsFORSTR they % FruRRbe to SEiR AT #PEing. Minber

necessary for detect|j di s ement_in each of _three freedons X_ Y and Z
directiols). If a dgﬁg‘é:asgpﬁ %C‘?‘?lésﬂlﬁfb'ér“‘%ﬂn%e‘?% whration, f'our'"

g?ugf’lfyn?y nggglg n%:ﬁr eet%s'r ‘ee om acce%I or‘?%?‘t% sé&é&rof&a& 8n

s_displacement-senso:.17 are-used.i-rhe aceelerat;on_;
piokup sensor 16 is mounted to a'moyahle portion of the ' ~
mount iz (a,portion,integ;el with the base surface.

10 plate 11). The displacement sensor 17 is mounted to
-the.mount:frame 20 (fixed portion), and it measures;e
the quantitg:of-gisﬁiaoement.of the movable portion. of
thesmount 12,

The number of these sensors 16 or 17 is

15 variable in acoordanCe with the form of-the'oontroig
system to be used; ohs_an example, if four mounts_les
are to be controiled independently-of each other,_eaoh
mount 12_shouidﬁoe_eQuipped_with acceleration picknp;
sensors 16-of'a,nnmber neoessary for detecting the -

20 accele:ation,in;each_of three'f:eedoms'(x, Y and Zz
directions) as_well_as displacement sensors 17 of a =
number necesserg fo;_defecting_displacement in each of
three freedons (X, Y and Z directions).,  If a decrease
in the number of sensors is des1red four mounts may be

25 controlled non—zndependently and, in that occasion,. use

of only_two_sets of_threeefreedom_aoceleration pickup

sensors 16 and_two sets of three—freedomzdisplaoement _ B



‘sensors 16 and two set.s of three-freedom di spl acenent -16- sensors 17
may be sufficient: However, decreasing the nunber of sensors nmay have an
adversg_effect against quick calculation and response of the control
systefa.s I n the enbodi nent as:-shown in Figure 3, the .5 four mounts 12 will
hereinafter be referred to as a first unt 12-1,--a second nount 12-2, a
third mount 12-3 and a fourth nount 12-2~ respectively. These four nounts
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 nount

frame- 20 havé&%@rﬁui)ﬁtﬂ%ilﬁy ¥u %Eéﬁgn%bapﬁbw.e%?.g%@tg?{)efa%tiggttrixe surface

plate 10 is substantially aligned wth the optic préiection

| ens 5. Each@hbébeof 086n8BEE! hay? naveC @i BASE rde! Qﬁe%’ta?g[%ﬁi el-eration
15 detecting pickup (16). Each of the first nount 12-1 an e third nount

12-3 is proviulizck Weahcaba¥isni andceekpbakieodfdehec toat HdilClkyatehf) . Each of
the second mount 12-2 and. the fourth nmount 12-4 is provided with a Y-axis
accel eration detecti ninpthé&upmbdd)mentn ad0 shawtclia Figutesi3gnahe rom each
accel eration pickup 16 is fed back to the nmount control device 32. On the
other harti, fiqwm mounte 12rwilbobereipafterthe refemdedntot ak2a2 and t he
third nDunt_lgE3 S equifggd mgtheaoz-axis di spl acenent detecting sensor 25
(17). Each HArgheneupt 1éplint 218econddmonatt A2r@ . meuthird mount
_ 12-3 and a-foqrth mount 12-4, respectively. These four
k/: mounts 12-1 - 12-4 are distributed along the X-Y plane
S0 as to surround the stage surface plate 10, and they
10 are disposed at four cornefs of the mount frame 20
having a substantially square shape. The center O of
the surface plate 10 is substantially aligned with the
optical axis of the projection lens 5. Each of the
four mounts 12 is equipped with a Z-axis acceleratidn
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'accelération'pickup”lGﬁis o
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 detectiﬁg

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



12-3 is equipped with an X-axi s di splacenent detecting sensor (17). The
forth mount 12-4 is equipped with a -17- Y-axis displacenment detecting
sensor (17). A position signal fromeach displacenent sensor 17 is fed_Rhack
to the nmount control device 32. The nount control device 32 then serves;&o
5 integrate acceleration signals fronygach accel ération sensor 16 to
produce a speed signal. Then, on the basi-s of the obtai ned speed signal,

it produces a data signal for causing each actuator of the nmount 12 to
produce a force necessary to suppress the vibration of 10 the main assenbly
of the expopikgi fpppspl acembhbd d€8@etingostheok- ¥1Z)coondpoatieion Al'so; on
the basis of the position signals fromthe displacenent sensors 17, the
nmount cont rsoigniel i £copreachedispliacemengnsensor. &ﬁriscfeﬂgbabkaﬂQJtude and
di spl acenent of the main 15 assenbly of the exposure apparatus with respect -
to the X-Y-thedwuptcontrobBsdevien 3ﬁese_data-signals the control device
33 controls the actuators of the nounts 12.. That is, the actuatores are- -
controlled so as to %P%dﬂ@énﬁ cortEolnfieNice B?oﬁBPF|§ﬁ£We§ot&h absolute 20

speed, talned by inte t he accei tions d tecte the
accel er fe. aq%e %ﬁﬁ Pcﬁlﬂﬁg g ﬁﬁ@eeﬁF 8reR E tt'lﬁ‘nrespect to

t he detectegegggr éQQo pggdggeratgggeafs&ggaictuQ QEE-Of E&F four

basis of the obtained speed szgnal,.;t produces a:data
signal for causing each actuator bf_the'mount 12 to - - v
produce a fo:ce.necessary.to_suppress the vibration of.

10 the main_assembly'of the_exéosure;apparatus_with
respect to the X-Y-Z,codrdinetes.;-Also,.on the_basis -

. of the position signals from the displacement sensorS~

17; the mount'control.device.prodﬁCes-a data signal for
correcting the attitude and displacement of the main

15 assembly of the exposure apperatﬁsiwith.respect.to the
X-Y-Z coordinetes.'_Based on-these data,signals,,the
control device 33 controls the.actuatqrs of the mounts
12._-That is, the actuateres_aretccntiolled_so as to
produce a force which is proportional to an absolute

20 speed, obtained by integrating.the accelerations
detected by the acceleratlon 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 regards the Z-axis

motion and rotational motions (wx and wy) about the X .

and Y axes, the vibration suppression and the .



25 nmounts 12 will now.be explained. As regards the Z-axis notion and
rotational notions (wx and wy) about the X and Y axes, the vibration
suppr.essi on and the positioning are effected by nmeans of air springs 18
(Z- asis actuators) of the four mounts. As regards.the nmotion along the X-Y
pl ane, the control is done by using fojges 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-axis actuator 13 of the first nount 121-1 and the X-axis

actuat or 13 pysit¥orsheg dretaftedfed)by AlcdRgo6£Sai FespPingki 28 i(2-t he X
direction, two pairs of X-axis actuators 14 are used to execute the

vi bration sgpie ssttomators § hef poié t fout ngoustsi | aAsyregardegehds the Y
direction,, two pairs of Y-axis actuators 15 are used to execute 'the

vi brati on smetriewsiakongdthdecX4% phane; oohegcodsrokghs ddohbebgot i on (wz)
about the Z axis, the vibration suppression and the positioning are

ef fect ed by usikng foregs Preducedday twe cpates of ¥rayisecdcbypataespairs of
X-axis agtuators 14 and two_pairs of Y-axis actuators 15. 20

Figure 43 s3nd 3R %?’e'\'f%t‘?%%éTa’Gjr%\@%W‘hﬁsa_'ﬁ‘é@?%iEt?G'éb'uPéiEf a

he pr esent SORBRATANE P HGHASEaES APREEE £o (Spel ALRPE (AL ARE Bn

certain axis (e.g. a pair comprising the X-axis |
N ~ actuator 13 of the first mount 121-1 and the X-axis -
actuator 13 of the second mount 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 Z
axis, the vibration suppression and the positioning are
effected by using "couple of fofces" 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—an§-repeat type exposure o
apparatus according to another embodiment of the
present in&enfion.

| In Figure 4, denoted at 1 is an illumination

25 system for directing a laser beam, incident 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



25 systemfor directing a | aser beam incident on a lLight input (laser
light inlet), to the above of a reticle or mask 3; denoted at 30 is a
position detecting nmeans for -19- detecting the position of incidengcg.of
the laser light inputted into a portion of the illumnation system1; s
denoted at 2 is an alignnment scope farjgletecting the position of the -
reticle 3 with respect to a reticle 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 which bears a pattern to be transferred to the
waf er. Dendetedcting itheaposiidiopaofndncddengeparf ithe thesextliglkt3 and the.
10 alignment scope 2; denoted at 5 is a reduction projection |ens system. -
for project ingutkedpinter @ porntieonm afi dihe tid kuminatiion isystemdlred scal e;
denoted at 6 is a barrel surface plate for supporting the_pra&sction l ens 5
and the i||denratedoatsgsisnan ad igaments seonehfoydateqiing Bheand denot ed
at 7 is the wafer. Denoted at 8 is an X stage for_supporting the wafer 7
and bei ng nBoghtiop,of dhe retdcle,? witihR&PRacYH tQ 3 mptigle for
supportipg the X stage_8,and bei vabl e i n E?- Ylﬁé{ection; denoted at _
10 is a gta %‘g-sﬁFP&Ee'“EE"-BF‘&t es?’%ﬂuﬁﬁéft#%g - %G\F 4 dP?: and denot ed -
at 11 is a§ f ace pg% _ 1ing. q&‘l?{ eée .plate 6 and
the stage s §§§g§8%l 'g e 'tf%el::{u?t’e %%ﬁ#ﬁs L _-él g%{%g%ht means - -
o and denoted at 3 is the reticlg which bears a pattern: - |
fo be transferred to the wafer. .Denoted at 4 is a - . . :\J_
outer casing for supporting the retic1e'3 and_thef
10 alignment scobe-z; denoted at 5 is a reduction.
projection lené system for Qrdjgctihg the pattern of
the reticle to the wafer in é reducéd,scale;_denoted-at
6 is a barrel surface plate for supporting the
projection'lens_S_and-the illumiﬁation 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 suppbxting the wafer 7
_énd being movéble_in the X direction; denoted at 9 is a
Y Stage”for,supborting the X stage 8 and.being.movahle
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_supéorting the barrel
sﬁrface,plate 6 and the stage surface plate 10.
Dgnoted by numerals 12 -~ 12 are mount means
for éupporting the base surface plate 11. The mount
25 means is formed in four unitS__(lZ-l_,-.lZ_-’-Z,_ 12-3 and 12~

4 such as shown in Figure 3) which are fixed1y~provided

at fqur corners-of the base surface plate 11 and which T



-for supporting the base surface plate 11. The nount 25 neans is formed in
four units (12-1,:12-2, 12-3 and 12- 4 such as shown in Figure 3) which are
fixedty_provided at four corners of the base surface plate 11 and which
-20- ¢ coupled with each other by neans of a frame 20. The provision of
this mount means is one of ‘essential feg.ures of the present enbodinent.
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 device
mainly for controlling the operation of the four nounts 12. Denoted at 33
is a drivingagevcoapied @ithi BgchCothied Hyomddng fofura Msies 22, -
respectively. 10 The operation of the exposure apparatus of the
Fi gure 4 str@beupeowisionowtbdhdspmaundd melansoier aienpf eswdrerial i s
conveyed by an unshown wafer conveying systemto the X-Y stage 8, and it is
pl aced on anfeatunegyof Ghecpresenit embodimemt). 15 provided on the X-Y
stage. After this, the control device 31 produces a drive signal for
initiating stepwi se nBepggefoptpddi dSod FetFOlvglasrice fioXts exposure

position {exposure_start position). In response to this, the X stage 8
and/ or th g?gﬁglglgg tﬁﬁvggeEP%ﬁﬂPsgf %ﬁoﬁﬁﬁﬂﬂﬁ%&iqg?Qﬂaqqﬁs?%tepmﬁse
O™ b ook 9BALS T SoRBERRYEE TR 1o°W SEASL Renil dia gl Tonent score
mainly for controlling the operation of the four mounts
&J: 12. .Denoted at 33 is a driving deviée for driving -
actuators of. the four mounts 12, respectively.
10 .The operation of the exposure apparatus of the
Figure 4 structure will now be explained.
In operation, a wafer_? is cohveyed 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 motion for positioning the wafer 7 at its
exposure position (exposure start position). 1In
response to this, the X stage 8 and/or the Y stage 9
200 moves stepwise. Upon completion of this étepwisé---
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



obt ai ned signal, the positioning of the X and Y stages 8 and 9 is
conpleted. 25 On the other hand, any vibration fromthe floor or
due to novenent of the stage or any attitude change resulting from o
unbal anced | oad of the stage is -21- neasured by the nount nmeans 12+ (f0
be described later), and it is fed backjto the nount control device 32 in
the formof an acceleration signal or a displ-acenent signal. This ensures
qui ck vibration danping 5 (vibration suppression) of the main assenbly of
the apparatus as-well as quick positioning of the sane. The relative -
posi ti on of mémsueed bysthél moohtthearspbsu(toabpadakeribed 1adishown
| i ght source device (which is disposed separately fromthe main 10 =
assenbly of an@ dkpbsufedabpgkatas¥hesmdentctentiplt deviiicgh32axirs posi ti on
detecting neans 30 provided at the laser |ight input portion. An obtained
position si e ¥oum ehcapoaceeteratiert$hgnatans 30dispiagemeat to t he
mount control_ device 32, On the basis of this position_ 15 signal, the nount
control devi$kI®3l confhds eRfRrest guick svibrahionpdamping whereby t he
posi tioni he, mai n_assenbl e
r

2011100190 0 B L GBRRLB ol PSP CaBRRRLR el o S
mount cont r olpdeNt € 34s Re@P °88 GRECRPRLLFF18nERHPLE LR S6G0Y 1O the
The rélétive position of the main assembly of
the exposure;appafatus and the unshown light source - : ;J'
device (which_is disposed separately frOm.fhe hain.

10 asSemhlj’of'thejexposure apparatus) ié.detected'by the
light axis pdsition detecting ﬁeans 30 provided at the
laser light input portion. An obtained position signal
from the poéition detecting means 30 is inputtéd to the
mount control device 32. On the basis of fhiS-position

15 signal, the ﬁount control device 32”con£rols-the'
actuators of fhe mounts 12, whereby the positiohing of
the main assémbly of the exposure apparatus is
accomplishé§, 

Aftgt,dompletion of the vibration suppression

20 and théfposifioning, the mount control device 32
produces_and:applies a completion signal to the control
device 31. As the control device 31-receivésfg-
completion signals from the alignment scope 2 and the .
mount cohtrbl signél 32, the control device 31 produces

25 an instruction si§na1.for effecting light emission of
the light source.device which is a laser. light sourcé

in this_embodiment. The laser light emitted by the



. device 31. As the control device 31 receives conpl étion signals fromthe
alignment scope 2 and the nount control, signal 32, the .control .device 31
produces 25 an instruction signal for effecting |ight- enission of the

| i ghtasource device which is .a 1aser light source in this enbodi nent. The

laser light enitted by the ~ ° -22- |ighs_source goes through the
Il lumnation system1l, the reticle 3 and the projection lens 5 which are
included in the main assenbly of the exposure apparatus, to illum nate the

wafer 7 whereby the wafer 5 7 is exposed. The structure of the nount neans
12 as wel |l asdgHie SHEReSiddad ©hrdligi i€ Sepanin@tiynt S@stae1as those of

the precedi ng enbodi ment. Referring now to Figure 5, details of the
posi tion dettdnd iveg i3 Hhdfthéeprapeostien apgas a5 ushiShobréi gure 4 wil |
be explained. Figure 5 shows details of the laser light input portion which
s a part ofindlmddd um rdie ammiysassedbly Tk phsiexposaeeecti ng neans 30 is
a unit for detecting the relative position of the main assenbly of the
exposur e ap@prauatusid thellluyminate sthe ceafieyi ¢ewhgrebynthehwalfeser | i ght
fromthe light source device. Upon detection of the relative position, a
swi ngabl @ m* A& exPasedyythe SERREHITY ot the mowrt Beansi L2085 At this
time, the input Iaser_liéﬁn com ng 20 substantiallz_in gfraILel to the X
axis is inci 35, the disposition of them are essentially the _
same as those of the preceding embodiment. '

&3 . - 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’paft of the

illumination.system 1. The position detecting means 30

is a unit for detectihg the relative position of the

main assembly of the exposure apparatus and the light
15 source device by using the laser light from the 1ight

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 =



a half mirror 23, whereby it is divided into a transmtted |ight going
straight and a reflected light. The laser light which goes strai ght passes
t hrough a Fourier transformation lens 24 and is incident on a 25 tilt -
detecting sensor 26. By this tilt detecting sensor 26, any |ncI|nat|on\¢f
the axis of the laser light with respeeg_to the wy or wz direction can be
-23- detected. The other laser |ight passes through an imaging |lens 25 and
is incident on a position detecting sensor 27. By this position detecting
sensor 27, any positional deviation of the axis of the |aser beamin 5.
respect to tdatected 7 dThecotberclasbe ddgbit pdisseEhaithajinath det ection
signals fromthese sensors are applied to the nmount control device 32 as
feedback si gieagingrlens gésandokFnyncidens om @ axsditiion dettdwt mgosur e
apparatus. Upon exposure of -a wafer, the 10 swi ngable mirror 22 i's noved
down, such tSERSQY Z&rydBY(thif Resithen) detpctige semsar 27.1-@rwnati on

system1l. In the £X € _apparatu t hi s embodi ment’, accel eration pickup
sensors 16 é§£W% g +8ﬁr8§ gﬁ?eaﬁsédQQEtPﬁé¥§§%§) Qﬂﬂﬂﬁpfor the

le)ﬁ%?teh"{%lif isﬁéi@%ﬁee bor %8‘2%? FraTREeRTon.CeR ke ARREbRele: dhei th « he
base sur f acepldtifed etdbe:Sh " HELHEESOF rbRE thEL U R Qn of This
enbodi nent as we as the-vibration suppression an pOSI |on|ng _
applied to the mount control device 32 as feedback -~ |
signéls for the poSitioning of the main assembly.of tﬁe. s
equsure appararus. ﬁpon exposure,df_a wafer,.the1 L
10 swingable mirror Zz_is moved down, SuCh.that it:serves
to direct the_laSer light toﬁthe illuﬁihationfsystem 1;
In the exposure apparatus of this:embodimeﬂt"
acceleratlon plckup sensors 16 such as shown in Flgure
2 are used as the sensor means for the v1brat1on
15 suppressron-cogtrol. Each acceleration pickup'sensor
is mounted to a movable portion of the'moaatfl2 (a -
portion integral with the base surface plate 11). The
structure of the reﬁaining portion of thiS'embodimeat
as well as the vibration suppression and pos1t1on1ng
20 functions of the four mount 12 are. essent1a11y the same
as those of the Figure 1 embodlment, and dupllcate'
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 froﬁ the laser light source, it is
possible to omit the position sensors 17 in the ﬁounts

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



. 20 functions of the four nount 12fare_eséenfially the same as those of the
Figure 1 enbodi nent, and duplicate explanation is omtted here. Since in
t he present enbodi ment a position sensor neans 27 is provided at the inlet

portrpn for 25 receiving the light fromthe laser Iight source, it is
possible to omt the position sensors 7 in the nounts 12. Thus, the cost
of the apparatus can be decreased -24- and the structure of the nount

means can be sinplified. Thiis makes it possible to:reduce the size of the
nmount means, as conpared with the Figure 1 enbodinent. Also, it provides

advant ageougn&f £Re! St rlctBYRCGIF theC MVUIAS miead fedr B idindei fedl i ve
di spl acenent to be caused by drift of the position sensor 17. Wil e four

mounts 12 arrissmakes iltepbesagaiend e niudlidce tiite (i £/ P thé heowRt N
assenbly of the - exposure apparatus, the nunber of the nounts is not 10
limted to méass, Casacomparednyidh Hdes tFilguree Inmmbiciowsit £S5 Aldmwdyi ng t he
present invention. Further, it is not necessary that each of the nounts is
~equi pped wi ih boowidest pdvEndageousd effedts dn (kespect Fte lchanges nay have
only one_actuator. 15 Wil e the invention has been described with
reference téithetime tnutbe aedatdyed dsndiacemant tadie @ansedY o the
details set forth and this application is,;ntended to cover such

modi fi cat | oRE1EF ehathespgsition sensor 17.

_ While four mountg_lz are used in the foregoing

N embodiments to support the ﬁain_assembly of the
exposure apparatus, the number of thé mounts is pdf

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
confiﬁed to the details set forth and this appiication

- is intended. to cover:sqch modifications or chaﬁges as

may come within the purposes of the improvements or the

200 scope of the following claims.

25



may come within the purposes of ihelrnprovenents or the 20 scope of the

f.ol  owi ng clai ns.

-for nmoving the substrate substantially along 5 a horizontal plane;

menber for supporting said stage; a frame nenber "having at | east three

mounts for. supporting said base nenber with respect to a vertical. .
10 first actuator neans having a plurality of first
provided in said. nounts, #e2peetively, for noving said base
a direction substantlally parallel to the vertical direction;
~second act @&fdMSeans having .at | east one second 15 actuator. provided in -
at |east one of said nmounts, for noving-. .said. base. substantially.
SHBPEERFRGVAED

direction;

actuators
nmenber in

~al ong thelhorl£@n?§@°ﬁméﬁbapﬁﬁ5368ﬁtfBF fERASiNgrac
uator mea as to suppress..vibration of said base 20
3§-§H§ épﬁm¥'§ﬁ%ﬁh1 1, further conprising a

and second ac

menber .

light SQUThGve

menber in the v&E

25 - 25 - CLAIMS : 1. An exposure appafatus for
exposing a substrate with light froma light source, conprising: a stag

axdége

d first

TSt sensor fop %%g,%t movaga%%@eghbgfua% sﬂﬁéﬁamhi&ytglaﬂgd frame

5

10

15

20

25

a horizontal plane-'"
a base member for supportlng said stage-"

a frame member hav1ng at least three mounts for_

supportlng3sa1d base member with respect to a vertlcal'

direction; | |

' first actuator means having a plurallty of flrst:
actuators provldai in sa;d mounts, respectlvely,'fer
moving S':aid' bas'e'. member in a direction ‘substantially

parallel to the-ﬁertical'directiOn;'

second actuator means having at least one second
actuator provided in at least one of said mounts, for

moving said base’ member substantially 'along"the

horizontal- plane, and

control means for controlllng sald flrst and second:

actuator means so as to suppress vibration of sald basei-

member.

2. An apparatus as claimed in claim 1, further

comprising a first sensor for detecting displacement of
said base member to said frame member in the vertical’

direction and a second sensor for detecting displacement

of said base_member to said frame member along the"

horizontal piane; wherein said control means controls at

A



.25 direction and a second sensor for de;éctfng di spl acenent of sai d base
menber to said franme nenber al ong thevh&rlzontal pl ane, wherein said

control. neans controls at * C L M S * - 26 - least one of
sai d R st and second actuator neans on the basis of outputs of said first
and second sensors. 3. An' apparatus as claimed~-~in claim 1, further

5 conprising a photoelectric sensor for photoelectrically detecting the
light fromthe Iight source to detect at |east one.of the position and the
attitude of said base menber with respgft-to the Ii'ght source, wherein said

control neans controls at |east one of said first and 10 second actuator
neans on t hkeaskienefofirsaid fikrsk and @%\%a oF J|as oy the
apparatus as  claimed in claim .1, urth risin first sensor
for detectiPRF¥$pPht PBEPBESSQfgs2sd f5$§§ ﬁﬁﬁbéﬁcgﬁdtﬁgnggFﬁ'cal di rection
and a second sensor for detecting vibration of said base menber in a

hori zontal direction, wherein said control means controls at |east one of

said Tirst gnd sgrongeglughg’ HEA"s1afnbhe b3S Pagluovinut AletRs 111 st

and second enso appar a as clalned alm 4,

merber 1o soonPFraLis 2 n%“°§.5%it@‘ﬁ?3$r d8hgpr: serphatasasentamy d base
for detectif@t8&é€PhgCeRBNtlight from the light source to detect at
. least one of the position and the attitude of said base’

A 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 6f 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
Xv;- horizontal 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
| horizontai plane, wherein said control means controls at:

least one of said first and second actuator means on the

* [ L L] S *




25 of said base nmenber to said frane nenber al ong the. horizontal plane
wherein said control means controls at keast one of said first and second
actuator nmeans on the * C L M S * - 27 - basis of outpuis of .
said third and fourth sensors. 6. An 'apparatus as clained in cl

4, further conprising a photoel ectric sensor for photoelectrically 5
detecting the light fromthe |light source to detect at'l|east one of the
position and the attitude of said base nenber with respect to the bight
source, wherein said control neans €odlrels at |east one of said first and
second actuator neans on the basis of an output of said 10. photoelectric
sensor. 7. ba$h5a95a9aFB§t§s°§l&?#@dtPﬁI@Iﬁﬂd{£°“Mﬁﬁ%§Q¥§9R§|of said first
and second sensors conprlses an accel eration sensor. 15 8. An exposure- .
apparatus as claimed in claim1l1, wherein a prOJectlon optlcal systemis

d dg ff .
ot (i ons of« hehupaPPArBCRp u88ngCLBHREY T i BRI o B 4 20

st age serv v n t lgﬁ;QQﬁg {E%iiwlzontm
pl ane (%&Y&gﬂ?%gék é gﬁbggeﬁggigéﬁ Bs §ltlons of%#Le sdbstra h the

light §n sgggReeng 9theA'11 i ﬁ%eciﬁq%dsbﬁr%ba*t@ Betdhw g said 25
second act uat or neans t least three aCtuators which

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 Qﬁé-df~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'l,.wherein'
a projection optical system is supported by said base :”’?;;'
member for projectihg a patternroh different portions of - |
the substrate by using light fromfsaid light source; said

20 stage serving | for moving the substrate substantially
along the horizontal plane (X-Y), to‘exposesthe»differént é |

portions of the substrate with the light in sequence.

9. An apparatus as claimed 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 - ™ '




v

are operable to rotationally displace sai-d base merber substantial ly al ong
the horizontal plane. 1111111 111111121111 1121111121111 * C L
S x - 28 - 10. Apparatus substantially as herei nbefore described with
refergpece to Figures 1-3, Figure 4 or Figure 5 of the acconpanying
dr awi ngs. ' e
- 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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