23 SEP 2002 PROJIEGH ON EXPOSURE METHOD Technical field The pr esent
invention relates to an exposure apparatus and an exposure nethod for

exposi ng a qf strate with a [ aser beam an electron beam and
ot her char gjmwmmmmlﬁwmbeams In particular, the present 2ry<5HR Q02
relates to an expesére apparatus and an exposure nethod, which is used for

producing sem conductor elenents or |liquid crystal display elements by
means of the photolithography process, and which exposes the sensitive

substrate by projecting a patter é 8 Eggk via a projection
optical systemonto the sensitiv@R‘ﬁ%gﬁ 5&%?%5 é@?%ﬁ??y the present
invention relates to an exposure apparatus and an exposure nethod suitable

for perforddigdcagxpospe and alignment of two substrates in parallel using
two substrate stages. Background Art Vari ous exposure apparatuses have been

hitherto used,rhd Qre8XANPL fye IR §@ﬂLEQ€d%%29{Sﬁgggﬁpéséégag%g%%id crystal

di splay el enents are produced by neans o e olTth aphy step. At

' ' [ ed, in which an
Ip:zr:;gnz)]’c ag’idg;%{ng?;gggos?x Oggrﬁ\%thggparfgrusexlp%s ggeaﬁ asleI siutslve substrate

with a laser beam, an electron beam and other charged
particle beams. In particular, the present invention
relates to an exposure apparatus and an exposure method,
which.is used for producing semiconductor elements or

liquid crystal display elements by means of the
photolithography process, and which exposes the sensitive
substrate by projecting a pattern formed on a mask via a
projection optical system onto the sensitive substrate.
Especially, the present invention relates to an exposuréé
apparatus and an exposure method suitable for performing

exposure and alignment of two substrates in parallel using

two substrate stages.

Background Art

Various exposure apparatuses have been hitherto used,
for example, when semiconductor elements or liquid crystal
display elements are produced by means of the
photolithography step. At present, a projection exposure

apparatus is generally used, in which an image of a pattern
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2 3 SEP 2002 forned on a photomask or reticle (hereinafter generally
referred to as "reticle") is transferred via a projection optical system
onto a substrate (hereinafter referred to as "sensitive substrate”, if
necessary) such as a wafer or a glass blade applied with a2@h@FPsQpgiti ve
material such as photoresist on its surface. In recent years, a reduction
proj ection exposure apparatus (so-called stepper) based on the so-called
st ep-and-repeat systemis predomnantly used as the projection exposure
appar at us, i nfawneh an serdidtionasks ubstretticlies (Neredhaditer gehsirhal¢ st age
which is novable two-dinensionally, and the sensitive substrate is noved

in a stepw ssefannal Houl edaddle St appitighsheryeideithe psdhettabg stage
to repeat the operation for successively exposing respective Shot areas on

the sensitiveuRedl ahvitel dhtd e ISt At d Q%e&%tihﬁrf'%egogg?gﬁggdt P§ as

reticle. Recently, a projection exposure apparatus base _
xanp o, i oA MRk A MR R oR O T g bRRer of e
o 11 cat’ on WAES RIPELARRIASF HED e BbetPE it siae BaLaERaRsbtR o5 |
stepper, is also used frequently. The projection exposure apparatus based
on the step- RPLOTESF i6fs OBMikEs surdacexanphe recrat ¥eRESw Agraewdt son That
is, (1) the projection optical 2
projection exposure apparatus (so-called stepper) based on
the so-called step-and-repeat system is predominantly used
as the projection exposure apparatus, in which a sensitive
substrate is placed on a substrate stage which is movable
two-dimensionally, and the sensitive substrate is moved in
a stepwise manner (subjected to stepping) by using the
substrate stage to repeat the operation for successively
exposing respective shot areas on the sensitive substrate
with the image of the pattern formed on the reticle.
Recently, a projection exposure apparatusibased on the
step-and-scan system (scanning type exposure apparatus as
described, for example, in Japanese Laid-Open Patent
Publication No. 7-176468, corresponding to U.S. Patent No.
5,646,413), which is obtained by applying modification to
the stationary type exposure apparatus such as the stepper,
is also used frequently. The projection exposure apparatus

based on the step-and-scan system has, for example, the

following merits. That is, (1) the projection optical



2 3 SEP 2002 systemis easily produced because a large field can be
exposed by using a snaller optical systemas conpared with the stepper,
and a high throughput can be expected owing to the decrease in nunber of

shots because a large field is exposed. Further, (2) an a i fect
is obtained owing to relative scanning for the reticle anﬁ@%ﬁé W th

respect to the projection optical system and thereby it is possible to
expect inprovenent in distortion and depth of focus. Mreover, it is
consi dered t heitstém isozamilng prygpiuqed)lestdwre ex degtye faplar alans bs | | be
predom nantly used in place of the stepper, because a large field wll
become essentexposed dgcargdancea wWiidl Idie dpiRaAs&ystent kg MRSl with
integration of the sem conductor elenent, which is 16 M (nega) at present

and wi || becoife Gdfer, dAAM rizfh Mhaiinbue (@H0de ie'}Pek':tt*érd.eoaﬁn he,

f
progress proceeds along with tinmes. Wth this type of projection exposure

appar at us, gméﬁg?:'}:teals%g Weehdber Of Eintdnd t%%svgaf erlgg't%%d?ﬁ%gdgﬁpgnnem ,

per formed hi y preci y prior to exposure. car
the wafer is provided wth,a position detecting nmark (alignment mark)
formed (or exposi® - t&gﬂg?f?gedf)beaﬁﬁ%ﬁﬂﬁﬁﬂg et £RogPABRPEdpr ocess.
By detecting the position of this alignment nmark, the exact 3 23 SEP 2002
owlng to relative scanning for the reticle and the wafer
with respect to the projection optical system, and thereby
it is possible to expect improvement in distortion and
depth of focus. Moreover, it is considered that the
scanning type projection exposure apparatus will be
predominantly used in place of the stepper, because a large
field will become essential in accordance with the increase
in the degree of integration of the semiconductor element,
which is 16 M (mega) at present and will become 64 M for
DRAM, 256 M, and 1 G (giga) in future as the progress
proceeds along with times.

With this type of projection exposure apparatus,
alignment between the reticle and the wafer needs to be
performed highly precisely prior to exposure. To carry out
this alignment, the wafer is provided with.a position
detecting mark (alignment mark) formed (or exposure

transferred) by a previous photolithographic process. By

detecting the position of this alignment mark, the exact



posftioh of the wafer (or a circuit pattern on the wafer) can be detected.
Al i gnnent m croscopes for detecting the alignment mark are roughly
classified into the on-axis type for detecting the mark through a

projection lens, and the off-axis type for detecting the r J
allowing the detecting |ight pass through a projection | egg.a(\ﬁqﬁ\@glgard
to a projection exposure apparatus with an excinmer laser light source,
whi ch woul d be predomnant in this field, an alignment mcroscope of the

of f-axis type des @Rld ™ tHY Srafle: Q%Qa‘és%i%iw ?’ié%?i%ﬂtnohe%eh@ﬁf?ﬁgnon-

corrected for = chromatic aberration due to exposu , SO that

axi s type can lignment light, or if it could, an error due to
chromati c abe?%h ?%ﬂqﬁﬁﬁgﬁ%%% mar ked. An alignment mcroscope of the

of f-axis type, on e other hand, is pr%yid d se@arateg¥ fromthe
proj ection | ens; SIEFGRE, MAFERSGRPEEalt Ode SEGRCTANIoEER LA IANPRBE N By ar d
for such chromatic aberration, and various alignment systens can be used.
For exanpl e, &L$h&S&9bdyt cdaesifiiedodnspetde andakisr tHppaforndeteetinge
m croscope may also be used. Wien the sensitive substrate is subjected to
exposure by ddiengatte theanghng pypgeptipectleon,eapdsthe appaarisistype he
so-cal l ed conpl ete pre-neasurenent control nmethod has 4 23 SEP 2002
for detecting the mark without allowing the detecting light
pass through a projection lens. With regard to a
projection exposure apparatus with an excimer laser light
source, which would be predominant in this field, an
alignment microscope of the off-axis type is optimal. This
is because the projection lens has been corrected for
chromatic aberration due to exposure light, so that the on-
axis type cannot condense alignment light, or if it could,
an error due to chromatic aberration would be marked. An
alignment microscope of the off-axis type, on the other
hand, is provided separately from the projectidn lens;
therefore, free optical design is possible without regard
for such chromatic aberration, and various alignment
systems can be used. For example, a phase contrast
microscope or a differential interference microscope may
also be used.
When the sensitive substrate is subjected to exposure

by using the scanning type projection exposure apparatus,

the so-called complete pre-measurement control method has



been carri‘ed out as follows as described, for exanple, in Japanese
Lai d- Open Patent Publication No. 6-283403 corresponding to U S. Patent No.
5,448,332. That is, all detecting points included in one array provi ded on
a front side in the scanning direction with respect to an eéposigg Jleld
are used as sanple points. Al values of focus positions at the ar?ﬂﬂ%
points are previously neasured before exposure, followed by the averaging
process and the filtering process. The autofocus and the autol eveling

mechani sns ar eeeonidaghlied btaBsoRen 16wanas dekbpgbbhe £6XPORMRSIEN ip
consi deration of phase delay. Concurrently wth the fore90|ng oper at1 on,

an i nclinatiohadardde RAly-BEaANEAdeL 8ah 2Bt IoHCKE! T502E; by eans of the

| east square approxi mation h romthe nmeasured values of " the focus

positions at .Lve,sapplLe points [.nh the e rr descri bed above
to perforn1thégﬁgggigﬁéaggnFPopp%h B?ﬁ8"§0h9ngnﬁ?ﬁg3a?re?¥?%ﬁ 1§y all
accordance wth the .open  control. Such a projection exposure apparatus is
principally G&&6°king REiBtHr dRGLLABA ABCANReaFBRY SRRPYHHRAIQrA BaHent s
or the like. Therefore, the projection exposure apparatus necessarily
required to h&tdeaipr bessragnabgl diyecthan wobhnoespetects af exgfersean
be subjected to the exposure process for a certain period of tine. That

is, it 5 23 SERe2d02re used as sample points. All values of focus

positions at the sample points are previously measured
before exposure, followed by the averaging process and the
filtering process. The autofocus and the autoleveling
mechanisms are controlled in an open manner during the
exposure in consideration of phase delay. Concurrently
with the foregoing operation, an inclination in the non-
scanning direction is determined by means of the least
square approximation method from the measured values of the
focus positions at the respective sample points in the one
array described above to perform the leveling,éontrol in
the non-scanning direction in accordance with the open
control.

Such a projection exposure apparatus is principally
used as a mass-production machine for semiconductor
elements or the like. Therefore, the projection exposure
apparatus necessarily required to have a processing ability
that how many sheets of wafers can be subjected to the

exposure process for a certain period of time. That is, it



is necessarily required for the projection exposure apparatus to inprove
the throughput. In this context, in the case of the projection exposure
apparatus based on the step-and-scan system described above, when a | arge

field is exposed, the inprovenent in throughput is expectez b u { he
nunber of shots to be exposed on the wafer is decreased as é&gﬁﬁbiﬁm
above. However, since the exposure is perforned during novenent at a
constant velocity in accordance with synchronized scanning for the reticle

and the wafer, jitnbSesdEF ' cel eration and decel eration
areas before and after i g%éln%‘%%n{d \%‘%‘gg‘%ﬁ [%D%er%tfﬁonareé(ﬁosgea result,
shot size of the stepper is

if a shot havigg i.ze .equival ent to
exposed, there é%éﬁﬁﬁxﬁ?ﬁ}WREP%?uﬁh?f1 r??ﬂ&ﬂ&ﬁmnn is rather decreased as
conpared with the stepper. The outline of the flow of the process in such
a projection exposifté MR G s s ¥he 1IGWEe qfL)the priodectienwaf er | oad
step is perforned, in which a wafer is |oaded on a wafer table by using a
waf er | oader. ©{BOSWNetapRamadarsc bagiadymretthestsdrep-aangestannegstiem whi ch
the position of the wafer is roughly detected by using a search alignnment
mechani sm Speldgdididd/ akldve s edierh aalliagryemti Qided sl expoktar; mefe for
exanpl e, on the basis of 6 23 SEP 2002
improvement in throughput is expected because the number of
shots to be exposed on the wafer is decreased as described
above. However, since the exposure is performed during
movement at a constant velocity in accordance with
synchronized scanning for the reticle and the wafer, it is
necessary to provide acceleration and deceleration areas
before and after the constant velocity movement area. As a
result, if a shot having a size equivalent to a shot size
of the stepper is exposed, there is a possibility that the
throughput is rather decreased as compared with the
stepper.
The outline of the flow of the process in such a
projection exposure apparatus is as follows.
(1) At first, a wafer load step is performed, in which a
wafer is loaded on a wafer table by using a wafer loader.
(2)  Next, a search alignment step is performed, in which
the position of the wafer is roughly detected by using a

search alignment mechanism. Specifically, the search

alignment step is performed, for example, on the basis of



the contour of the wafer, or by detecting a search alignnment mark on the
wafer. (3) Next, a fine alignnment step is perforned, in which the position
of each of the shot areas on the wafer is accurately determned. In

general, the EGA (enhanced gl obal alignnment) systemis use& éos éd@{&l ne
alignment step. In this system a plurality of sanple shot E

the wafer are sel ected beforehand, and positions of alignnment marks (mafer
mar ks) affixed to the sanple shots are successively neasured. Statistica

cal cul ati on baské céftoliproexen®d wafdhe $0-1opl dededensd SuEen™ethod is
perfornmed on the basis of results of the measurenent and desi gned val ues

of the shot argpyqg ﬁﬁbﬁ%nﬁgfmrg%z%ﬂegnﬂi garray data on the wafer (see, for
exanpl e, Japanese” Lai d- en Patent Publication hb 61- 44429 correspondi ng
ossible to

to U S. Paten 8067 n. this system S

deternine the {c glodbll na‘[je pofslll ?oanlsl%[*m?'he s’rté?sppe’cst|R)E’er ed/ai8a¥ Nicth thegh
accuracy at a high fhrou é? (4). Next, an exposure step is perforned, in
whi ch the t'r“?'heO% 3ch rPfoﬁ"—ft%e'ih%tuacqeeaﬁ on s Matesd isnt o t he

waf er via the proj ection optical stem whi |l e successively positioning the
respective shdCHPeeloh defenrinad .t o Ine gdnuraled tdte &Gdogenbapoeilti ons on
the basis of the coordinate positions of the respective shot areas having
7 23 SEP 2002 global alignment) system is used for the fine alignment

step. In this system, a plurality of sample shots included
in the wafer are selected beforehand, and positions of
alignment marks (wafer marks) affixed to the sample shots
are successively measured. Statistical calculation based
on, for example, the so-called least square method is
performed on the basis of results of the measurement and
designed values of the shot array to determine all shot
array data on the wafer (see, for example, Japanese Laid-
Open Patent Publication No. 61-44429 corresponding to U.S.
Patent No. 4,780,617). In this system, it is_bossible to
determine the coordinate positions of the respective shot
areas with high accuracy at a high throughput.

(4) Next, an exposure step is performed, in which the
image of the pattern on the reticle is transferred onto the
wafer via the projection optical system while successively
positioning the respective shot areas on the wafer to be
located at exposure positions on the basis of the

coordinate positions of the respective shot areas having



been determined in accordance with the EGA systemor the |ike described
above and the previously neasured baseline anmount. (5) Next, a wafer

unl oad step is performed, in which the wafer on the wafer table having
been subjected to the exposure process is wafer-unloaded by using a wafer
unl oader. The wafer unload step is performed simultaneousl y2\§ tSt%’t 2802vaf er
| oad step (1) described above in which the exposure process is perforned.
That is, a wafer exchange step is constructed by the steps (1) and (5).

As described abees, deferi@ne@nyRnhbeBalaREL] §¢EhOPhe CHERSEY SLAPRSY alis, the
roughly classified four operations are repeatedly perforned by using one

vafer stage |19ke deBESEHEACRBRGE aniPhENRLLYR nedd el ANIENL, -
exposure --b wafer exchange. ﬁe thrguggputpg Fglflge’?% J'F1ou‘ﬁ’i bo & a
proj ection exXpAsSyRLE. apparatus can be represented by the foll ow ng
expression (1) assuming that the wafer exchange tine is Ti, the search
alignnment tine %s T2, the fine alignnent tine is T3,-and the exposure tine
is T4. THOR = %800/ N¢¥t+ Fowalen unioyd stepiis peefemredy ighyhdiclmithe T4
are executed repeatedly and successively (sequentially) as in T1 -p T2 -
T3 - T4 8 23 wgpepoon the wafer table having been subjected to the

exposure process is wafer-unloaded by using a wafer

unloader. The wafer unload step is performed

simultaneously with the wafer load step (1) described above

in which the exposure process is performed. That is, a

wafer exchange step is constructed by the steps (1) and

(3)-

As described above, in the conventional projection
exposure apparatus, the roughly classified four operations

are repeatedly performed by using one wafer stage, i.e.,

wafer exchange — search alignment — fine alignment —

exposure — wafer exchange.

The throughput THOR [sheets/hour] of such a projection
exposure apparatus can be represented by the following
expression (1) assuming that the wafer exchange time is Tl1,
the search alignment time is T2, the fine alignment time is
T3, -and the exposure time is T4.

THOR=3600/(T1+T2+T3+T4) ... (1)

The operations of Tl to T4 are executed repeatedly and

successively (sequentially) as in T1 — T2 — T3 — T4 —



Ti.... Accordingly, if the individual elenents ranging fromTi to T4

i nvol ve hi gh speeds, then the denom nator is decreased, and the throughput
THOR can be inproved. However, as for Ti (wafer exchange tinme) and T2
(search alignnent tinme), the effect of inprovenent is relativel snal |
because only one operation is performed for one sheet of w&ﬂeﬁé% 2002
respectively. As for T3 (fine alignnment tinme), the throughput can be
inmproved if the sanpling nunber of shots is decreased in the case of the

use of the EGﬁlSYSte”hcéer&n?m§,”EﬁfuﬁﬁgeﬂﬁdibﬂguéPrefbﬁgﬁﬁgE%éﬂggnés

shortened. However, on the confrary, the alignnent accuracy 1s
deteriorated dgeshorshpptepe %h 0 [t Ls.inpossible to easily
shorten T3. On tﬁe g?hgr ﬁgng?3§£v eg%géuéée??%é)tﬁ%%rﬁ%%éiﬁqﬂmlWﬁQQQ 18

exposure tine he stepping, ti for. nbvenent between the shots. For
exgrrpl e, in thgggﬁé‘%s ?’t%ﬁd g'&%nﬂﬁ?ﬁ MIRPUt THOR F30 bexdpaavedppar at us

based on, for _exanple, the step-and-scan system it is necessary to
i ncrease the rEPYeY E's%%nﬁ?ﬁgTEe(%é$?V T hRRge t hine etdnd &2 gsadod waf er
in an anount corresponding to the reduction of the wafer exposure tine.
However, it isahbgnpenbvetned, theretfect hef soermvenae da e leittivedty
consideration because the synchronization accuracy is deteriorated. 9 23
SEP 2002 Wt h $hel hppeecdwse ushhy are afferadt soal igpy@tormed for one
sheet of wafer respectively. As for T3 (fine alignment
time), the throughput can be improved if the sampling
number of shots is decreased in the case of the use of the
EGA system, or if the measurement time for a single shot is
shortened. However, on the contrary, the alignment
accuracy is deteriorated due to shortened T3. Therefore,
it is impossible to easily shorten T3.

On the other hand, T4 (exposure time) includes the
wafer exposure time and the stepping time for movement
between the shots. For example, in the case of the
scanning type projection exposure apparatus based on, for
example, the step-and-scan system, it is necessary to
increase the relative scanning velocity between the reticle
and the wafer in an amount corresponding to the reduction
of the wafer exposure time. However, it is not allowed to

increase the scanning velocity without consideration

because the synchronization accuracy is deteriorated.



m croscope, such as the projection exposure apparatus with the excinmer

| aser |ight source which would be predomnant in this field, it is not
easy to inprove the controllability of the stage. Wth this type of

proj ection exposure apparatus, there is need to precisely control the
position of the wafer stage, w thout Abbe's error, during e2|@0§tE|Pe2@ﬂ2the
mask pattern through the projection optical systemand during alignnent,
thereby to achieve highly precise superposition. For this purpose, it is

necessary to set awLapstHd Lgéﬁkg{hél\msciqg# hg, rg?fs_%{)jirgg aquXigt%ﬁ@;ltt he |aser

interferoneter passes through the center projection o € projection
It WA T SRR A
Phrough the. cotloreitintic daien oo moGE MR Mo gL Boperaromitane
interrupted in the L noving range of the stage during exposure and in the
moving  range Bt e &igdd .diti AF Motgeasat toTdmpaovef whehi s  requirement,
the stage necessarily becones large in size. Inportant conditions for such
a projection &qdgldabdgddyatofs thiehertagiean wWhiase thdsceypengrt peotjeEoughput
descri bed above include (1) the resolution, (2) the depth 10 23 SEP 2002 of
focus (DOF: DepiposuireFapparatand ¢Berehesl needwdt Brecisely control the

position of the wafer stage, without Abbe’s error, during

exposure of the mask pattern through the projection optical

system and during alignment, thereby to achieve highly

precise superposition. For this purpose, it is necessary

to set a constitution in which the measuring axis of the

laser interferometer passes through the center of

projection of the projection optical system and the center

of detection of the alignment microscope. Furthermore,

neither the measuring axis passing through the center of

projection of the projection optical system nof the

measuring axis passing through the center of detection of

the alignment microscope should be interrupted in the

moving range of the stage during exposure and in the moving

range of the stage during alignment. To satisfy this

requirement, the stage necessarily becomes large in size.

Important conditions for such a projection exposure

apparatus other than those concerning the throughput

described above include (1) the resolution, (2) the depth

10



control accuracy. Assuming that the exposure wavel'ength is X, and the
nuneri cal aperture of the projection lens is N A (Nunerical Aperture),
the resolution Ris proportional to XN A, and the depth of focus (DOF)
is proportional to X (N A )2. Therefore, in order to inprove the
resolution R (in order to decrease the value of R), it isZBeSEBs@ﬂﬂQ to
decrease the exposure wavelength k, or it is necessary to increase the
nunerical aperture N. A Especially, in recent vyears, sem conductor

el enents or theflfdeudhayorevedpnedt rodiayve, Ngh densid asineaRd diige devi ce
rule is not nore than 0.2 mL/S (line and space). For this reason, a KrF

excimer |aser ¢Snthssd Asc@hdy ] U | I'&Hﬁ éygu ] order .to perform
exposure for the pattern. How%ver,%ﬂﬂgbesdcrl e at?g{?g,gﬁ[rﬁeagg'ge}gé’ggﬁ 18

integration of, the . senm conductor element will be necessarily increased in
future. Accordrndiff e NIneRiGade RREF taFeldp e PASISCALOS PeBsi ded wit h

a light source having a wavel ength shorter than that of KrF.
Repr esent at i veN dandiNiutessidadr Aperdunet, ddreeratsiodm tapmaRatiss ppopeirdednud t h
the light source having the shorter wavel ength as descri bed above

include, for exanphea.gn aarPamet dephtdviotd facuisdNboFquise peb oéEflqgéfiHEr
| aser, and an el ectron beam exposure apparatus. 11 23 SEB 2802 wever,

t he case of tl}\e/(AJ IZ G;XCi ner | aser involves

Therefore, in order to improve the resolution R (in
order to decrease the value of R), it is necessary to
decrease the exposure wavelength A, or it is necessary to
increase the numerical aperture N.A. Especially, in recent
years, semiconductor elements or the like have developed to
have high densities, and the device rule is not more than
0.2 um L/S (line and space). For this reason, a KrF
excimer laser is used as an illumination light source in
order to perform exposure for the pattern. However, as
described above, the degree of integration of.the
semiconductor element will be necessarily increased in
future. Accordingly, it is demanded to develop an
apparatus provided with a light source having a wavelength
shorter than that of KrF. Representative c;ndidates for
the next generation apparatus provided with the light
source having the shorter wavelength as described above

include, for example, an apparatus having a light source of

ArF excimer laser, and an electron beam exposure apparatus.

11



numerous technical problens in that the light is scarcely transnitted

t hrough a pl ace where oxygen exists, it is difficult to provide a high
output, the service life of the laser is short, and the cost of the
apparatus i s expensive. The electron beam exposure apparatus is
inconvenient in that the throughput is extrenely |ow as cojpatr ﬁ i t.h the
| i ght beam exposure apparatus. In reality, the devel opnent SE Xt
generation machine, which is based on the principal viewpoint of the use

i d
of a short wayRheRG, t@l%e%as@%fprtﬂ%es%sgn\éﬁh hgfhg g p{)Sﬂ,g& to

i ncrease the nunerlcal aperture 0 1T hEérease the

resol ution R nbRUBNET cobholidy bSobagRgass ghag&sgggigggegg@%@gg{y DOF

of the prolectlon optica eclrea
classified int ocus: art to be,used by user: for
exanpl e, d|ffeggﬁggltguﬁe5EF°§9R Ba?E@Fﬁ Xﬁﬁr eSF¥FeRnPX kS s) LantS t he
overal | focus difference of the apparatus itself. Up to now, UDCF has

contributed t dipdECrAtatyr BEP¥LdEBedr BéghTRBERRLS etheheervive| bighertf dfhd he
exposure apparatus has been mainly directed to the policy to design those

havi ng a | argéabeF. isThbestprandi thel gossedfasheheppecatis)uis fawpdmeivaasi ng

DOF include, for exanple, nodified illumnation. 12 23 SEP 2002 By the

way, in orderThe pledtcenabdeni éRpostireSapparatus is inconvenient in
that the throughput is extremely low as compared with the
light beam exposure apparatus. In reality, the development
of the next generation machine, which is based on the
principal viewpoint of the use of a short wavelength, does
not proceed so well.

It is conceived to increase the numerical aperture

N.A., as another method to increase the resolution R.
However, if N.A. is increased, there is a demerit that DOF
of the projection optical system is decreased. DOF can be
roughly classified into UDOF (User Depth of Foéus: a part
to be used by user: for example, difference in level of
pattern and resist thickness) and the overall focus
difference of the apparatus itself. Up to now, UDOF has
contributed to DOF in a greater degree. Therefore, the
development of the exposure apparatus has been mainly
directed to the policy to design those having a large DOF.

Those practically used as the technique for increasing DOF

include, for example, modified illumination.

12



necessary to form on a wafer, a pattern obtained by conbining, for
exanple, L/S (line and space), isolated L (line), isolated S (space), and
CH (contact hole). However, the exposure paraneters for perform ng optinmm
exposure differ for every shape of the pattern such as L/S _and isol ated

| i ne descri bed above. For this reason, a technique called e cept
for CH concerning a different reticle) has been hitherto used to

determ ne, as a specification of the exposure apparatus, conmbn exposure

paranmeters (for exaBpl €eheCwlg| engeofd&t OfoC roa{i@e,a%pﬁ%{e : r ol
accuracy, and reticle drawi ng accuracy) so that the reso u'tilot?\ rg|Ine wi dt h

is wWthin a prgedetssat eglgaf(l)ﬂwap(gﬁ a & Péry\,iék?{@éeo[enctogto a%grq et val ue,

and a predeterm ned i s obtained. wever, 'S consi hat the
followi ng techphmalnif&ndeyy | rip.future. ).1n accordance with the
i mprovenent in pr oc%ssg' tféé({:%n%f og@ % rrfb}r]sov@’e'm "’f'%jlfﬁpfft‘%‘r’és's 159 datedndf er)
the differenc lj.r'?e atter Ieg‘]S wll be pr'g:gressively | onered, and the
resi st thickness w1 Joséo%f‘tbegﬁ/ SiSRAGE e @B Y. (contact \holie)be a

possibility that the UDOF may change from an order of 1 Vn - 0. 4 Rm (2)
The exposure WS Egt iERMBHROSULS IRamsmAters for, pprfloaniig36phiinum i - ay
(365 nm - KrF (248 nm . However, 13 23 SEP 2002 investigation wll be
made for only ®XBaghie shiffey fage@very shape of the pattern such as L/S
and isolated line described above. For this reason, a
technique called ED-TREE (except for CH concerning a
different reticle) has been hitherto used to determine, as
a specification of the exposure apparatus, common exposure
parameters (for example, coherence factor o, N.A., exposure
control accuracy, and reticle drawing accuracy) so that the
resolution line width is within a predetermined allowable
error with respect to a target value, and a predetermined
DOF is obtained. However, it is considered that the
following technical trend will appear in futuré.
(1) In accordance with the improvement in process
technology (improvement in flatness on the wafer), the
difference in pattern level will be progressively lowered,
and the resist thickness will be progressively decreased.
There will be a possibility that the UDOF may change from
an order of 1 ym — 0.4 pm.

(2) The exposure wavelength changes to be short, i.e., g-

ray (436 nm) — i-ray (365 nm) — KrF (248 nm). However,
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ArF (193) in future. Further technical hurdle is high. Thereafter, the
progress will proceed to EB exposure. (3) It is expected that the scanning
exposure such as those based on the step-and-scan systemw || be

predom nantly used for the stepper, in place of the stationary exposure
such as those based on the step-and- repeat system The stepquqﬁﬁnqmu
system nakes it possible to performexposure for a large field Dy usihg a
projection optical systemhaving a small dianeter (especially in the
scanni ng directinoaptigatibhchiil be wagy forrealyze hiat Mukce based on
correspondi ng thereto. In the background of the technical trend as

descri bed aboxer ([@3 (o]74] gu@a(p@.surpuggﬁgpldtééh f@é’f"ﬁ@fcﬁ% 3% %icﬁ]m hod

for inmproving the limting resolution. Trial an I nvestigati'on are ‘made
such that the gpupbleseXpos i be used, for F .exposure
apparatus and ArF exposﬁ'r eyﬁgp%géﬁ%és }I\ar'\l#ht%rrég?%d pet f"@; rﬁ@?%b?ﬁr’e up to

t hose having /'S, In general, the doubl e exposure nethod is roughly
classified int g# hreq%oﬁ om%cw# &‘%t%ﬂfcﬂﬁ%nil%&o% iS46ha@sd | i nes
having different exposure paraneters are formed on different reticles, and

exposure is peRPRF RRFeGroRddIe sitanandrsean skateaiiMaber under an

opti mum exposure condition. 14 23 SEP 2002 (2) For exanple, when the phase
shift met hod iRredominantly used for the stepper, in place of the

stationary exposure such as those based on the step-and-
repeat system. The step-and-scan system makes it possible
to perform exposure for a large field by using a projection
optical system having a small diameter (especially in the
scanning direction), in which it is easy to realize high
N.A. corresponding thereto.

In the background of the technical trend as described
above, the double exposure method is reevaluated as a
method for improving the limiting resolution. Trial and
investigation are made such that the double exposure method
will be used for KrF exposure apparatus and ArF exposure
apparatus in future to perform exposure up to those having

0.1 pm L/S. 1In general, the double exposure method is

roughly classified into the following three methods.

(1). L/S's and isolated lines having different exposure
parameters are formed on different reticles, and exposure
is performed for each of them on an identical wafer under

an optimum exposure condition.
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introduced, L/S has a higher resolution at an identical DOF as conpared
with the isolated line. By utilizing this fact, all patterns are forned
with L/S's by using the first reticle, and L/S' s are curtailed for the

second reticle to formthe isolated lines. (3) In general, t
isolated line is used, a high resolution can be obtained ﬂt@%if’saﬁﬂz N. A

as conpared wth L/S (however, DCOF is decreased). Accordingly, all
patterns are forned with isolated lines, and the isolated I|ines, which are

formed by usin@ ) hedy retanple,semend thieeiph@lses shagRermkituelyisare conbi ned
to formL/S s. The double exposure nmethod descri bed above has two effects

of inprOveneﬂhﬂﬁbdu%%ﬁﬂﬂﬂﬁ%nh%@daiﬂEbﬂ%@”%@%ohﬁtEGE'atbgﬁvfﬁe%£fc5feD F

doubl e exposure nethod, the exposure ~process mnmus e perforned severa

times by usin ral f ti.cl Ther.ef ore,_ ingconveni ences arise in
that the expo%ﬁ?goﬁﬁﬁg%f%&¥tﬁsth%tlggggtf aglpﬁé-ngdugé 125R9ar &S wi th t he
conventional gpparatys, and the throughpyt i.s greatly deteriorated. For
this reason, %§€%Uaﬁﬁ§,p?ﬁgeaaﬁbPéeegﬁggﬁaewﬁﬁphﬁzsﬁésbﬁo?sb%%hthe first
investigated so earnestly. The inprovenent in resolution and depth of
focus (DOF) hZ§tHE4R haPHelY§ ' Fadsebgurtahdedoforf bheeseppnd, retikcigetaf an
ul travi ol et exposure 15 23 SEP 2002 wavel ength, nodified illum nation, and
phase shift ré&pirgl dhe isolated lines.

(3) In general, when the isolated line is used, a high
resolution can be obtained with a small N.A. as compared
with L/S (however, DOF is decreased). Accordingly, all
patterns are formed with isolated lines, and the isolated
lines, which are formed by using the first and second
reticles respectively, are combined to form L/S's. The
double exposure method described above has two effects of
improvement in resolution and improvement in DOF.
However, in the double exposure method, the exposure
process must be performed several times by usiﬁg a
plurality of reticles. Therefore, inconveniences arise in
that the exposure time (T4) is not less than two-fold as
compared with the conventional apparatus, and the
throughput is greatly deteriorated. For this reason,
actually, the double exposure method has not been
investigated so earnestly. The improvement in resolution
and depth of focus (DOF) has been hitherto made by means

of, for example, the use of an ultraviolet exposure
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However, when the doubl e exposure method described above is used for the
KrF and ArF exposure apparatuses, it 1is possible to realize exposure with
up to 0.1 mL/S. Accordingly, it is doubtless that the double exposure
method is a promnising choice to devel op the next generation nmachine ai med
at mass-production of DRAMof 256 Mand 1 G . Therefore, |t2n3153@fée2(|_02 _
expected to develop a new technique for inproving the throughput which is
a task of the double exposure nmethod as a bottleneck for such a purpose.

In this contextavelef hPrmGHJIﬁéd)ejflaltdnﬂ)ﬂﬁa@ifoﬂ,h_e'ar‘fd“tfha@%rha}.tfitori%’tiiﬁ-l%-,1
t he waf er exchange, the search alignnment, the fine alignnent, and thé

exposure operati onsy&adyoe ﬁ@ﬁgﬁtgﬁgﬂd&hgyé) vm%%ldﬁ?ﬁﬁd %ESF%HRﬁ z be

possible to inprove the th put as conpar e case h the

. : . it
prem sed hat e B MR AR Kol SR A Ao PaThe BB Yi $Fon
of a plurality of subpstrate stages is known, which may be considered to be
easy from a thHebRasTleitawgsiadiizeHomppsure hatd aipe tondndr pusLpsobl ens

whi ch shoul d be solved in order to exhibit a sufficient effect. For

exanple, if tvueccubingty, it dgesoadelldsavithata thieZdotblievekpBtute those of

presently used substrate stages are nerely arranged and placed side 16 23

SEP 2002 by sinfthcd) isGOPIOMiBNHY dhblee td WRIL1bRe thRShaktahbRBration
machine aimed at mass-production of DRAM of 256 M and 1 G.
Therefore, it has been expected to develop a new technique
fér improving the throughput which is a task of the double
exposure method as a bottleneck for such a purpose.

In this context, if two or more operations of the four
operations, i.e., the wafer exchange, the search alignment,
the fine alignment, and the exposure operations can be
concurrently processed in parallel, it may be possible to
improve the throughput as compared with the case in which
the four operations are sequentially performed; For this
purpose, it is premised that a plurality of substrate
stages are provided. The provision of a plurality of
substrate stages is known, which may be considered to be
easy from a theoretical viewpoint. However, there are
numerous problems which should be solved in order to
exhibit a sufficient effect. For example, if two substrate

stages each having a size equivalent to those of presently

used substrate stages are merely arranged and placed side
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area for the apparatus (so-called foot print) is remarkably increased,
resulting in increase in cost of the clean room in which the exposure
apparatus is placed. In order to realize highly accurate overlay, it is
necessary to execute alignnment for the sensitive substrate‘fg n_identica
substrate stage, and then execute positional adjustnent for h EPnﬁﬂE of
the pattern on the mask and the sensitive substrate by using a result of
the alignnment so that exposure is carried out. Therefore, for exanple, if
one of the tWy sildetraneistageenienoer arysesclitistietytheetnd©d] 1 Lo0msur e,
and the other is nerely exclusively used for alignment, there is no real

count er neasur erekutrblrehet Bpparaeus psenchiiBer kot Nprift) oW Nbmarkap1y
necessities. That is, when two operations are concurrently processeé)ln

paral l el to oRgczeatkar ' kRdepan cont i epent  of two
substrate stages, then tﬁgbhﬁ%%g gﬁ gﬁgﬁ%%sﬁe9§o%§%glggda§% A" 1€ bot h
stages do not o] C 1 th_each other (prevention of interference),
and t he operaépgﬁhggﬁfgbﬁe x@%E%ﬁg %?p?ﬁ%guitgﬁe% Wo'S* not™ AL Hone
operation perforged og.tgg ot her stqge%éfreventipn of di sturbance).
Furthermore, FAAtHASCHLENGY RRGUERLAPYHEE3%he 1thrbf cveFRFsalthdsuexecute
apparatus, the_order of exposure for 17 23 SEP 2002 respective shot areas
on the wafer ignpeRtrfphethefgensitive substrate on an identical

substrate stage, and then execute positional adjustment for
the image of the pattern on the mask and the sensitive
substrate by using a result of the alignment so that
exposure is carried out. Therefore, for example, if one of
the two substrate stages is merely exclusively used for
exposure, and the other is merely exclusively used for
alignment, there is no real countermeasure.

Further, there have been hitherto the following
necessities. That is, when two operations are concurrently
processed in parallel to one another while indépendently
controlling movement of two substrate stagés, then the
movement should be controlled so that the both stages do
not make contact with each other (preventién of
interference), and the operation performed .on one of the
stages does not affect the operation performed on the other
stage (prevention of disturbance).

Furthermore, in the case of the scanning type

projection exposure apparatus, the order of exposure for
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exanpl e, by respective paranmeters of (1) to (4), i.e., (1) acceleration
and decel eration tinmes during scanning, (2) adjustnent tine, (3) exposure
time, and (4) stepping time to adjacent shot. However, in general, the
acceleration and the deceleration of the reticle stage give the rate-
determining condition. Therefore, it is nost efficient that 2s3a3kR R02s
alternately perfornmed for the reticle stage fromone side to the other
side and fromthe other side to one side in the scanning direction, in
synchroni zat i onespebtihechhstaaneag bn shéewaptely ipeddsmmthdPr ddie waf er
in the direction opposite to that for the reticle stage (for this purpose,
the wafer is exanprépdby Oorespeet Ndei Pa PAMEFRENt£0f 1 i \Ng it @ ong . shot
after exposure for one s%ot).skbmeverg when the congeﬁﬁﬁgna)’céﬁp'ét 1Hre-
measur ement COopt&e] e #8656 PEL APOVE] d éé (for. exanple, Japanese
Lai d- Open Patent Publication No. %gié£§£%§ ?éiﬁgﬁwéyiﬁﬁﬁ1srqaq%ﬂﬂ't(@d
perform exposuy g. | forementjoned nost efficient order of exposure.
That is, V\hen&gj‘g%%rﬁ&gtf 2%”‘1%’ t{:‘ﬁ VTR ISP Hl%%ve d¥ht&) Steppdngatdme s
exposed, the conpl ete pre-nmeasurenment control can be perforned w thout any
speci al probl ef? ?—?gl\%?/%?t §hPt he HQUANEL Wh@enalads dlisstiasglierathien
vicinity of the outer 18 23 SEP 2002 circunference of the wafer, and in the
case of inconpﬂQﬂe?he deceleration of the reticle stage give the rate-

determining condition. Therefore, it is most efficient
that scanning is alternately performed for the reticle
stage from one side to the other side and from the other
side to one side in the scanning direction, in
synchronization with which scanning is alternately
performed for the wafer in the direction opposite to that
for the reticle stage (for this purpose, the wafer is
subjected to stepping in an amount corresponding to one
shot after exposure for one shot).

However, when the conventional complete pfe-
measurement control described above is performed (for
example, Japanese Laid-Open Patent Publication No. 6-
283403), it has been difficult to perform exposure in the
aforementioned most efficient order of exposure. That is,
when a shot area in the vicinity of the center of the wafer
is exposed, the complete pre-measﬁrement control can be
performed without any special problem. However, in the

case of shot areas existing in the vicinity of the outer
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shots existing on the outer circunference, it is sonetines difficult to
performthe conplete pre-neasurement control depending on the scanning
direction for such shot areas. |In the present circunstances, it is
inevitable to direct the scanning direction fromthe inside to the ﬁ]td si de
of the wafer in order to perform conplete pre-neasurenent. ZZBI’SEPH

reason, the throughput has been consequently |owered. Japanese Lai d-Cpen
Pat ent Publication No. 8-51069, corresponding to U.S. Patent Application

Serial No. 261:63Qyunkbl8fdcang fugﬁelwaf%994s?9' B! ORESe ét?Pwﬁﬂﬂw{g%ﬁa i ses

apparatus conprising a pluralit trons ea(r:] t

b ovi ded as. t FRoSar FLERy .”%rat 8 O TR T neE s on e tgmes
characteristic asu st at nd each station has a chuck for hol ding
t he waf er thergﬂ)g‘fa H:hgodﬂ%{:g Yibr FRE | COMRLRLR | PigE-ReaFYLsmendn donditiodat i on

and a depth of a field is determned for each field of the wafer. The

i mage- f or mi ng 98P@RA BRI | @n pklwi eeanming dbréataimn ffomisuri et ancatshe

image is printed on each field of the wafer on which the characteristic

has been neasufrdthe pihesemtasciragns tderext eit Sid G rdvittaple T Easete the

characteristic and 19 23 SEP 2002 to forman inage in these stations are

performed in the scanning direction from the inside to the outside of
the wafer in order to perform complete pre-measurement.
For this reason, the throughput has been consequently
lowered.

Japanese Laid-Open Patent Publication No. 8-51069,

corresponding to U.S. Patent Application Serial No. 261,630
filed on June 17, 1994, discloses a step-and-repeat
apparatus comprising a plurality of wafer stations each of
which comprises a wafer position observing and tracking
apparatus. The apparatus is provided, as the wafer
station, with an image-forming station and a gﬁaracteristic
measuring station, and each station has a chuck for holding
the wafer thereon. On the characteristic measuring
station, an inclination and a depth of a field is
determined for each field of the wafer. The image-forming
station is provided with an image-forming lens, and the
image is printed on each field of the wafer on which the

characteristic has been measured in the measuring

characteristic station. To measure the characteristic and
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parallel. This publication discloses that therefore the throughput of this
appar atus can be doubl ed conpared with a conventional stepper which
perfornms the measurenent of characteristic and the fornmation of inage in

order. However, in this type of apparatus, in order that the-Z gaég
concerning the wafer collected on the neasuring characterist Bt 22 are
kept effective and accurate even after the wafer has been transferred to
the image-form ng station, the wafer nmust be nonitored continuously with

interf h t.invention h been nade under. t.he
ginr cluprste;ngagngéeggggrig%g‘é'%%cg%vlé{l t\-élt 5'13 $t3 forb%j FA Qﬁ’r#?ﬁneq r'N’glnti on is
t id i i t .whjch nakes it possible to
further i mpr ovBaFRELERT ouimpRcbuil LEREERR i 821099 THIAY AERALSFS $heo

provi de a proLection exposur e, nmet hod which makes it possible to further
i nprove the thFBEGRPIRUL £F nRiE APRR¥FABES torn | by cdued Sompagedy wdéhaa
proj ection exposure apparatus which nakes it possible to inprove the
t hr oughput by concertronadl gtrepmssiwiyicl grer Booawpltehe tniea savrememite ogper at i on
and the alignnent operation in parallel to one another, mniaturize a
substrate stageharamterisiioe e s oftrmeft idie subistd@d 6 rsloager.20 23 SEP
2002 A fourth object of the invention is to provide a
However, in this type of apparatus, in order that the data
concerning the wafer collected on the measuring
characteristic station are kept effective and accurate even
after the wafer has been transferred to the image-forming
station, the wafer must be monitored continuously with an
interferometer.

The present invention has been made under the
circumstances as described above, and a first object of the
invention is to provide a projection exposure apparatus
which makes it possible to further improve the throughput.

A second object of the invention is to prdvide a
projection exposure method which makes it possible to
further improve the throughput.

A third object of the invention is to provide a
projection exposure apparatus which makes it possible to
improve the throughput by concurrently processing, for
example, the exposure operation and the alignment operation

in parallel to one another, miniaturize a substrate stage,

and reduce the weight of the substrate stage.
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proj ection exposure nethod which nmakes it possible to inprove the

t hroughput, mniaturize a stage, and reduce the weight of the stage. A
fifth object of the invention is to provide a projection exposure
apparatus which nakes it possible to further inprove the throughput and
avoid any nutual influence of disturbance between the both ZﬁagEQ. 2082si xth
object of the invention is to provide a projection exposure apparatus

whi ch nakes it possible to further inprove the throughput and avoi d any

nutual interferencg betuwerRnobhecLobk Ehégﬁﬁveﬁtﬁ?HeEQ C\%c??é]ﬁ?\;dg 4 he

invention is to provide a projection exposure netho makes 1t

i bl f k . | d, | . infl
Possi bl e €0 fyrblygte i R e¥ok e HECHORRMh BRTRANGL O AN IHUal (I nf | uence

of di sturbance befween the stages. An el g ject

is to provide Lectlo sure nethod which makes it possible to
further inpr ovgm?gég%h?fé%g pﬁ%lp% S dM AR AR A SHaf%r At FesYsar When
the both stages..Ag inth object of the invention is to provide a

proj ection expggﬁ? aP arBe WEtaFf ch nakes it possible to perform highly

accurate focus/leveling control while further inproving the throughput. 21
23 SEP 2002 A tent hPoblEeh dtiedte ahvidir i bnvént ian proticd@ravide a

projection exposure apparatus which makes it possible to
further improve the throughput and avoid any mutual
influence of disturbance between the both stages.

A sixth object of the invention is to provide a
projection exposure apparatus which makes it possible to
further improve the throughput and avoid any mutual
interference between the both stages.

A seventh object of the invention is to provide a
projection exposure method which makes it possible to
further improve the throughput and avoid any mutual
influence of disturbance between the both stagés.

An eighth object of the invention is to provide a
projection exposure method which makes it possible to
further improve the throughput and avoid any mutual
interference between the both stages.

A ninth object of the invention is to provide a
projection exposure apparatus which makes it possible to
perform highly accurate focus/leveling control while

further improving the throughput.
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proj ecti on exposure method which nmakes it possible to perform highly
accurate focus/leveling control while further inproving the throughput. An
el eventh object of the invention is to provide a projection exposure

met hod whi ch nakes it possible to performhighly accurate focus/|eveling
control while further inproving the throughput even when EGAJ SEfer208f med
for conducting positional adjustnent with respect to a mask on the basis
of an arrangenent of sanple shot areas. A twelfth object of the invention

is to provide a prajesitROBIPOS L APAT batet K Cfs RKES-dvii qRossi bl e to
perform highly accurate focus/leveling control while further i1nproving the

et do. Phi ch *had been | et RIRT BERATR SRR Bhont whon

i nside, which has been inpossible to be 0 pre-

shot areas in L iy f cigcunference of a .sensitive substrate
are exposed, i%gﬁg%%ﬁa@%qle}?rﬁe%{tﬁtr%n Ocuu(:Ft Y érmfgoc‘:’l?é‘tc,r(? t WBLlea
thirteentrlcﬁﬂfﬁﬁtﬁg the inventiqgn i s to provide a scanning exposure

met hod whi ch naKes Tt kﬂﬁﬁﬁ%ﬂqgt % hENt'ghly accurate focus/leveling
control while further Jinproving the throughput. A fourteenth object of the
invention is to prd\ft fesenth 219?3%5 200X hex joyend ippt hedtoapabiédef a

i mproving throughput and
projection exposure method which makes it possible to

perform highly accurate focus/leveling control while
further improving the throughput even when EGA is performed
for conducting positional adjustment with respect to a mask
on the basis of an arrangement of sample shot areas.

A twelfth object of the invention is to provide a
projection exposure apparatus which makes it possible to
perform highly accurate focus/leveling control while
further improving the throughput, such that focus
information concerning those disposed at the inside, which
has been impossible to be subjected to pre—meaéurement when
shot areas in the vicinity of outer circumference of a
sensitive substrate are exposed, is used as pre-measurement
data for focus control.

A thirteenth object of the invention is to provide a
scanning exposure method which makes it possible to perform
highly accurate focus/leveling control while further
improving the throughput.

A fourteenth object of the invention is to provide an
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determining the size of the substrate stage regardl ess of the baseline
amount. 23 2 SEP 2002 DI SCLOSURE OF THE I NVENTION If a plurality of
actions anong the aforenentioned three actions, i.e. , wafer replacenent
(including search alignnent), fine alignment and exposure, 5C

performed in parallel even partially, throughput may be ingrﬁw&g%ar ed
with the sequential execution of these actions. The present invention has
been devised in this view and for overconmi ng the inconveniences of the
conventional aekpoAager fkBBHoHOCAPELEE! SF ﬁBESHR{; {:Hfo&?l&??{'t ddvention,
there is provided an exposure apparatus for exposing a p a f}y of areas

(SR v ded BeResRiRihyvensUbsLEabe CHL sMBLe AESPEELIY SR o

predet ermi ned pattern, e exposure ~apparatus cofpri

stages (W51, ﬁ , .hol din sensitive substrate (W, W2) thereon,
whi | e novi ng yﬁ épgggég%P§ %@?&%@h a positional information neasuring
section . (PI'S) wherein positional information of the respective divided
areas on the sensitive substrate are neasured and an exposure section

(EPS) . The neasurenent of the positional information on the respective
di vi ded areas (shot areas (SA) ) on the sensitive substrate is perforned
on the positional information neasuring section (PIS) , while the exposure

of the respective divided areas is perforned
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on the exposure section (EPS) . Since the neasurenent and the exposure are
performed in parallel, the throughput is 24 2 3 SEP 2002 remarkably

i mproved conpared to a conventional exposure apparatus wherein the process
steps in these sections are perfornmed sequentially. In order for the

i nventive exposure apparatus to keep accurate the positiopd SERf @00Zati on,

such as positions in a directions of X, Y and Z of each area, neasured in
the positional information nmeasuring section, each stage (W51, W52) has a
reference mark (MK1, MK2, MK3)DISCLOSWRENORI TWE BNVENBLOwEe position of each
di vided area on the sensitive substrate on the stage. The alignnent of

each divided area onifthplagashtyer aeRsbnat 8mbsg Rald QEHFQméﬂ%i&?ec?)i: Fed €
section wusing the relative position of each divided area wth respec %o

the reference gatko ureed 4§ Ioleh |, [ Qn asurin
section. Accordingl l';i/r,gijlis'Lt e?s gﬂﬁlih?ieggt%'c%%“ga&%ﬁ%ﬁ%gﬁggggiagﬁ‘gr%%é’ﬁr)i'ng

system (such ag;iatgrsf "%qﬁ:l[ ) for _measuri osition of the stage
posi tioned on the posﬂ(q.lr ona gklan?)fﬁonsalﬁ%h cr?é‘aggr ?ﬁf%@lﬂq éR R kiRl even
posi ti on neasuri n€. s%ﬁtéem g:sucp1 as interferometers) for measuring position
of the stage PASTIibhed SRIPHGNBRECLAE bectiBRprovedi feapanadntyithesser e
the stage position only in one section. It is not necessary for one of the
posi tion measuFSHPRYLRepxacy tivn esrthere asdsionison Bhe geesstragénsentignt he
novenent of the stage between the two sections. Further, there is no need
to transnmt ddtas been devised in this view and for overcoming the
inconveniences of the conventional art.
According to the first aspect of the present invention,
there is provided an exposure apparatus for exposing a plurality
of areas (SA) divided on a sensitive substrate (W1, W2)
respectively with a predetermined pattern, the exposure
apparatus comprising;
a plurality of stages (WS1, WS2), each holding a sensitive
substrate (W1, W2) thereon, while moving independently between
a positional information measuring section .(PIS) wherein
positional information of the respective divided areas on the
sensitivesubstrateareneasuredandeulexposuresection(EPS).
The measurement of the positional information on the respective
divided areas (shot areas (SA)) on the sensitive substrate is
perﬁprmedcn1thepositionalinformationmeasuringsection(PIS),
while the exposure of the respective divided areas is performed

on the exposure section (EPS). Since the measurement and the

exposure are performed in parallel, the throughput is
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bet ween the position measuring systems. The exposure apparatus further nmay
conprise positional 25 23 SEP 2002 information detecting systens in the
positional information measuring section and the exposing section,
respectively. The positional information detecting systens rTBy msure or
determ ne the position of each divided area of the sensitive s 2082
wWth respect to the reference mark. Wien the exposure apparatus is a

proj ecti on exposure apparatus, the positional information detecting system

in the positionamarkéblyatingroviis ¢om ggréactt@n anB?éo?IOeﬁUigﬂérPntex?bsst\ﬁQh
(24a, 24b) and a detection system (130) for detecting the position of the

surface of theppepatésVenevbshr ahe Abdhe %@é%é hg{%g@%%%%@%ggﬁgc arey

detecting systemin the exposure section nay or for

the marks throyghet Reed’ icgl Th xposure appar at us
may further co?rprfse ea@ Qécff%\%@ap at gs 8%@ %8? g’?%r’r XFHodie EgxpQsure
i nformati on of _each di vi de area on the. sensi t| ve substrate whi ch has been

determined in PRRITH0LT HOKGFPiARBIHALS Gﬁer%%W%W éafPsRatieBoreialy aso
t he second aspect,of the present invention, there is provided a projection
exposure apparBegstFons éﬁbésﬁihﬁecﬁlg@ﬁs‘?ﬁ XyeY samd tZ afeeqylt, ank®), mpasured
projecting a pattern formed on a mask (R) through a projection optical
system (PL) omt® the passiisiqnale infisomedtios mefasuatiney iszedt iby, hadtngstage
first substrate stage (WS1) which is novable on a

(WS1, WS2) has a reference mark (MK1, MK2, MK3) for determining

a relative position of each divided area on the sensitive
substrate on the stage. The alignment of each divided area on
the sensitive substrate is performed in the exposure section
using the relative position of each divided area with respect
to the reference mark measured in the positional information
measuring section. Accordingly, it is sufficient for each of
the position measuring system (such as interferometers) for
measuring position of the stage positioned on the positional
informationmeasuringsectionandthepositionmeaéuringsystem
(such as interferometers) for measuring position of the stage
positioned on the exposure section, to independently measure
the stage position only in one section. It is not necessary
for one of the position measuring systems to monitor the
position of one stage during the movement of the stage between
the two sections. Further, there is no need to transmit data
between the position measdring systems.

The exposure apparatus further may comprise positional
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t wo- di mensi onal pl ane while hol di ng a sensitive substrate (W), the first
substrate stage Iﬁavi ng a reference mark formed 26 2 3 SEP 2002 thereon; a
second substrate stage (W52) which is novable independently fromthe first
substrate stage (W51) on the same plane as that for the first substrate
stage (WS1) while holding a sensitive substrate (W), the s c:'bl‘&E%lBﬂﬁZ_rate
stage having a reference mark formed thereon; at |east one mark detecting
system (for exanple, 24a) provided apart fromthe projection optical

system (PL), f@nfogRhecdn ”&ef@é@lﬁ@ﬁ%é‘@érﬁs ?%E@?W%%Jﬁé&eaolﬁtjt%&\g@ibn

W52) or a mark on the sensitive su rate e oo
substrate stag : + sand { g} : Or contro
oper ations of fﬁéyﬁ%%%gcgég@ ?@\%%cm\/\ég fgén‘%ﬁgc%ﬁé"SF‘:?‘PI?‘_’HY%)}’E?Q?FS”

. . or. ,\\62 erforns a mark-detecting
Z]‘eggggezugjt{h g%‘?%&g‘igfe%&w&?@?n gﬁﬁﬁ?,tl%i 1Y SYRRot BBY  Meagyerq WS2 or
W51 erforns an exposure operation. According to the projection exposur e
app?ar gt us, the e‘é%'f{ﬁ)ﬁ"}ﬂ e Bositdion ofe eapbr divibded cireabhdtie seagas i (¥EL,

W52) so that the one of the stages of the first substrate stage and the
second subst r sWPtERfE Yot h arespeadict onthle- et eardricegma oper athiednt ieé bepbsdrhy
the mark detecting system during which the exposure operation is
performed on tdmpantdters dtsageprojection exposure apparatus, the positional
information detecting system in the positional information
measuring section may an alignment system (24a, 24b) and a
detection system (130) for detecting the position of the surface
of the sensitive substrate, and the positional information
detecting system in the exposure section may be a detector for
detecting the marks through the projection optical system. The
exposure apparatus may further comprise a storing apparatus
(91) for storing positional information of each divided area
on the sensitive substrate which has been determined in the
positional information measuring section.
According to the second aspect of the present invention,
there is provided a projection exposure apparatus for exposing
a sensitive substrate (W1, W2) by projecting a pattern formed
on a mask (R) through a projection optical system (PL) onto the
sensitive substrates, characterized by having:
a first substrate stage (WS1) which is movable on a

two-dimensional planewhile holding a sensitive substrate (W1),

the first substrate stage having a reference mark formed
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Accordingly, the detecting operation for the mark on the -‘sensitive
substrate held on the one substrate stage can be 27 2 3 SEP 2002 processed
concurrently with the exposure operation for the sensitive substrate held
on the other substrate stage. Therefore, the operation corresponding to
the tine T2 and the tinme T3 explained above can be processef FSEuggnt 1y
with the operation corresponding to the time T4. Thus, it is possible to
i nprove the throughput as conpared with the conventional sequenti al
process which thquesgs the tine (T1 + T2 + T3 + N. In this projection
exposure apparatus, it is still nore desirable that when the projection

exposure apparatus fyrt (o]paat N t or t 0 to 200) . for
del i vgri ng Ehe sensi tig\;tgéosnu%s{g?gtsz:?\x%i h%@)g?\%l tkwggzp%@{ ?ggg?e W?’i@ibllgnd
second substra . en e_controller controls
the operati onshg?éé%g&%%ﬁygftrgog\egx\%véfsﬁl\g?)bs 5at%ﬁa?£a%ﬁéw§fl PR b semgt e

stages (WSl or_W52) perfo the delivery of the sensitive substrate with
respect to t hep]f?ré%é'ﬁo%aggqreﬁhe(flﬁftc §ubsHrasRs tage (HSk) deh sk hagding

operation effected by the nark detecting system (24a), during which the
ot her stage (\BFENSLOASE) SBEELERKE (W) exiiss Secondesubs bnated fsdaiged hby ihhe
projection optical system (PL). In such an arrangenent, the operation
correspondi ng & oreferange Ak tfvgmedehErecand the tine, T3 expl ai ned
above can be perforned by the one substrate stage, and the operation
corresponding to that ileastd osenma®k detecting system (for example, 24a)
provided apart from the projection optical system (PL), for
détecting reference mark on the substrate stage (WS1, WS2) or
a mark on the sensitive substrate (WS1, WS2) held on the
substrate stage (WS1l, WS2); and
a controller (90) for controlling operations of the both
stages (WS1, WS2) so that one of the first and second substrate
stages (WSl or WS2) performs a mark-detecting operation
effected by the mark detecting system (24a), while the other
stage (WS2 or WS1l) performs an exposure operation.
According to the projection exposure apparatus, the
controllercontrolstheoperationsofthetmthstages(WSl,WSZ)
so that the one of the stages of the first substrate stage and
the second substrate stage performs the mark-detecting
operation effected by the mark detecting system, during which
the exposure operation is performed on the other stage.

Accordingly, the detecting operation for the mark on the

sensitive substrate held on the one substrate stage can be
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perfornmed by the other substrate stage. Accordingly, it is possible to
further inprove the throughput. 28 2 3 SEP 2002 In the projection exposure
apparatus, at |east one mark detecting system such as alignnent system may
be provided separately fromthe projection optical system However, for
exanpl e, when two mark detecting systens are provided separatSBISEPf Qﬁﬁﬂthe
projection optical system it is also preferable, that the two mark
detecting systems (24a, 24b) are arranged on both sides of the projection

opti cal syste a [e erm ned direction; and the,controller
(90) is oper aé_gsuceﬁJ Ogic‘f e'%@fyer 1N keﬁﬂo?‘ﬁjéef?P%fagh‘b‘%t%%e‘:he
stage (W51) or_the mar n.the sensitjyve substrate (W) held on the first
substrate stadd® thf)vq SSHQFEEPEB beldi 9§ ¢ kBeonRthedk I8 Whsita@tiengstggeem

(24a), and the reference mark on the second substrate stage (W52) or the
mark on the sélnafpre stbst paetatipy drrresnrntiagsoohtiestime 2 andt tige
(WB2) is detected by using the other mark detecting system (24b). In this
enmbodi nent as tdeecTBbexpkibinved abloweseanilie peosebsedaten@irrémelvréth the
substrate stage nay be exposed by using the projection optical system

| ocat ed at thepeenaitdion( espeespen@pagatd Ahe tidier rAY WEh, tftéﬁéﬁéééwfe
substrate on the other substrate stage may be subjected to the mark

detection by y$ QepirdeORe %ﬁ&%uﬁﬁ%ﬁ%thggcéﬁégﬁgh(@ Lgn thsﬁWiﬁ%%éﬂgl

Wien the exposure operatlon s C to t mar k ete I Nng operati on,
sequential process which requires the time (T1 + T2 + T3 + T4).

In this projection exposure apparatus, it is still more
desirable that when the projection exposure apparatus further
comprises a transport system (180 to 200) for delivering the
sensitive substrate (W1, W2) with respect to the first and
second substrate stages (WS1 and WS2), then the controller (90)
controls the operations of the both stages (WS1, WS2) so that
one of the substrate stages (WS1 or WS2) performs the delivery
of the sensitive substrate with respect to the transport system
(180 to 200) and the mark-detecting operation effected by the
mark detecting system (24a), during which the other stage (WS2
or WSl) performs the exposure operation effected by the
projection optical system (PL). In such an arrangement, the
operation corresponding to the time T1, the'time T2, and the
time T3 explained above can be performed by the one substrate
stage, and the operation corresponding to the time T4 can be
performed by the other substrate stage. Accordingly, it is

possible to further improve the throughput.
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then the one substrate stage having been | ocated under the projection
optical systemcan be easily noved to the position 29 2 3 SEP 2002 of the
ot her mark detecting system and the other substrate stage having been

| ocated at the position of the one mark detecting systemcan be easily

noved to the position under the projection optical system (n23 8EPr20g2ng
the two substrate stages along the predeterm ned direction toward the

other mark detecting system By doing so, it is possible to alternately
use the two mark detecting systens. According to the third aspect of the
present invention, TReFREIRFQIank iR expossrecapparakpss ate leesiodné akark
exposing a sensitive substrate (W, W2) by projecting a pattern forned on
a mask (R) thrdegkcipgopsesttieon sopth cad ayiyemenPlyrysnen Wag ensidyiveaq
substrates, characterized by: preparing two substrate stages (W51, W52)
each of which sepamatabyefrodepieadndjectibm dpraciimepsienal Rbadgeid g
hol ding a sensitive substrate (W, W2) ; and perform ng, by using one stage

(WB1 or WE2) obxhiglé)yw wiseRsStiwd € nifradeyet ¥l in ng)sgsg%xtngeagfeo eroQ;jtq%gﬁn

exchange operation for the sensitive substrate ecti’ng dpera

tage, wni | o cxeEitaethntEofl R WRPEINGR (RO " SufeR Vicddsoriate

by using the Obpgfeﬁgﬂee, (t\{sxsa\%: %Bevg%g m%frk Eiggetc\t/:\?nc_squsbyssttrgn'gse (%%ggeiib) are
arranged on both sides of the projection optical system (PL)
élong a predetermined direction; and the controller (90) is
operated such that the reference mark on the first substrate
stage (WS1l) or the mark on the sensitive substrate (W1) held
on the first substrate stage (WS1) is detected by using the one
mark detecting system (24a), and the reference mark on the
second substrate stage (WS2) or the mark on the sensitive
substrate (W2) held on the second substrate stage (WS2) is
detected by using the other mark detecting system (24b). 1In
this embodiment as described above, the sensitivé substrate on
the one substrate stage may be exposed by using the projection
optical system located at the center (exposure operation),
during which the sensitive substrate on the other substrate
stage may be subjected to the mark detection by using the one
mark detecting system (alignment operation). When the
exposure operation is changed to the mark detecting operation,

then the one substrate stage having been located under the

projection optical system can be easily moved to the position
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" According to the projection exposure nethod, at |east one of the operation
corresponding to the tine Ti and the operation 30 23 SEP 2002 correspondi ng
tothe time (T2 + T3) expl ai ned above is perfornmed on the one substrate
stage, during which the operation corresponding to the tine T4 is

performed on the other substrate stage concurrently therenggéﬁx %wg
Accordingly, it is possible to inprove the throughput as c d h the

conventional sequential process which requires the tine (T1 + T2 + T3 +
N). Especially, when the operation corresponding to the tinme (T1 + T2 +
T3) is perfornmed et hshememsrkgdetdotiing wistbm} hendopbhe adbtloer substrate
corresponding to the tine T4 is perforned by the other stage concurrently

therew th, thestayei hawdng Meer ddentderati EREOYOstigohhbgUENAUtond M fi S
aspect, the respective operations performed on the two substrate stage are

not necessari | He@@ﬂ‘ﬁhﬁ?eﬁlﬁtﬁerﬁ R@n BRMEBas L I mdIMEYE! thd z)r?'ész.&iloﬁougégietg}a{gf

that the operations o e two substrate stages are c to one an

at a point of .t ele] Lon e atio of the. two sybstrate
st ages. AccordP%Sﬁg?egﬁgngB%E%h?m%QEFEQésggggeggt@%%%ngghﬁnQWP FHpetrate
operation is c | eted earlier, is subjected to a waitin de, and the
oBer ations ar eggﬁgﬁaeaglqr}g 5h8 %5%%‘?1%? ’t"?‘ﬁé’ﬁf(’ﬁcﬁtlo“o?o‘t’gﬂ% ebRBF 3N
of the operatiqn of the other stages. The wajting time nay behave as a

factor to IomegeFﬁEt%ﬂgcﬁXﬁﬁﬁﬂt BYhdpdngreo. j it jis pespibbpete mditammately

contents of the operations
use the two mark detecting systems.

According to the third aspect of the present invention,
there is provided a projection exposure method for exposing a
sensitive substrate (W1, W2) by projecting a pattern formed on
a mask (R) through a projection optical system (PL) onto the
sensitive substrates, characterized by:

preparing two substrate stages (WS1, WS2) each of which
is movable independently on a two-dimensional plane while
holding a sensitive substrate (W1, W2) ; and

performing, by using one stage (WSl or W.Si) of the two
substrate stages (WS1, WS2), at least one of an exchange
operation for the sensitive substrate and a detecting operation
for a mark on the one stage or on the sensitive substrate held
on the one stage, while executing an exposure-operation for the
sensitive substrate by using the other stage (WS2 or WS1l) of
the two substrate stages.

According to the projection exposure method, at least one

of the operation corresponding to the time T1 and the operation
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concurrently processed on the two substrate stages are divided so that the
waiting tinme is decreased as short as possible. 31 2 3 SEP 2002 According
to the fourth aspect of the present invention, there is provided a nethod
for exposing a sensitive substrate (W by projecting a pattern fornmed on a

mask (R) through a projection optical system (PL) onto the z sggig@gé
substrates, characterized by: preparing two substrate stage E? , )

i ndependently novable in the same plane while each hol ding a sensitive
substrate (W; exposing the sensitive substrate (W held on one of the two
substrate stagssriedoroiinkS2p tiid bimbe( TRHEY Nekphgened abbee M@plerEBrmed

t hrough the projection optical system (PL); neasuring the positional

rel ation betvwesm &heal bgaMtbstraite oBthe, seisd iy ewhibAt raie oYkrAekdnon
the other of the two substrate stages (W52 or WSI) and a reference pol nt

on the other MY Iiey gggHg | £
substrate (W ﬁlla’%@soé] theﬁ%ﬁ%ebg?&g[ﬁg gté ge. (O&g%fdoé#&g%eﬁyﬁd%% é@?ﬁﬁaé‘%ﬁe

positional devj,atio f refe int _on the qther, substrate . stage
froma predet esl?t?na%eegor?’g té:lri%ﬁ‘g‘gy %@?Qg%wgﬁhé NK c‘{}ingﬂydr &5 b ptoﬁgl%le €s
proj ection optjcalxg%sten1and t he coordinate gosithon of  the ot her

substrate stagd'PRA¥sh the therragbrul A7 nfoBRatRd stifdy W sPravensigpgal

being positioned in the projection area, after conpletion of exposure of
t he sequential process which requires the time (T1 + T2 + T3 + T4).

Especially, when the operation corresponding to the time (T1
+ T2 + T3) is performed by the one stage, during which the
operation corresponding to the time T4 is performed by the other
stage concurrently therewith, then it is possible to further
improve the throughput.

In this aspect, the respective operations performed on
the two substrate stage are not necessarily completed at the
same time. However, it is also preferable that the operations
of the two substrate stages are changed to one another at a point
of time of completion of the operations of the.fwo substrate
stages. Accordingly, among the two stages, one stage, on which
the operation is completed earlier, is subjected to a waiting
mode, and the operations are changed to one another at the point
of time of completion of the operation of the other stages. The
waiting time may behave as a factor to lower the throughput.
Therefore, it is desirable that the contents of the operations
concurrently processed on the two substrate stages are divided

so that the waiting time is decreased as short as possible.
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sensitive substrate held on the one substrate stage; and controlling the
novenent of the other substrate stage on 32 23 SEP 2002 the basis of the
detected positional relation, the detected positional deviation and the
detected coordinate position to performalignnent between the sensitive
substrate held on the other stage and the pattern i mge of t?s sgpk.[mtz
According to the projection exposure nethod, while the sensitive substrate
(W held on the one substrate stage (W51 or W52) of the two substrate
stages (WB1l, W52) is being exposed wth the pattern inage of the mask (R
through the projectAgnordpngctd thestfemrthlasp&ittdle thespresent Idbait o,
between the alignnment mark on the sensitive substrate (W held on the

other substratheseape H46Zded WohetRbAL hér tedhoaitd hakens! eDes A
reference point on the other stage (W52 or V%% igﬁjneasured. As notterér%%rom

e nmene oxPoRuy ebacpeneetingeaopRLRUbS Bified®bR0B Halk IR] HiEpugh,

al i gnnent action on the other Subsirate stage measur

posi tional rel g} By i mar Kk the sensitive substrate
hel d on the ot ﬁ%r?ggﬁgétr tel%%aggslé:%&nfgfé)roerfteor 32’&55‘6??1{.1‘6‘?1 S tEakes
substrate sta e rformed in parallel. Thus, throughput can be

i nproved in co%%%f%é%#f%ﬁ$§l€6hventional t echnol ogi es by which these

actions were perforned sequentially. After exposure of the sensitive
substrate hel d on tHRFERAFINGE¥Pr sekstrage stagar (P63i tWohhlindepeateot 1pf

the reference .
movable in the same plane while each holding a sensitive

substrate (W);

exposing the sensitive substrate (W) held on one of the
two substrate stages (WS1 or WS2) with the pattern image of the
mask (R) through the projection optical system (PL);

measuring the positional relation between an alignment
mark on the sensitive substrate (W) held on the other of the
two substrate stages (WS2 or WS1) and a reference point on the
other stage (WS2 or WS1l) during exposure of the sensitive
substrate (W) held on the one substrate stage.(WSl or WS2);

detectingthepositionaldeviationofthereferencepoint
on the other substrate stage from a predetermined reference
point in a projection area of the projection optical system and
the coordinate position of the other substrate stage, with the
reference point on the other substrate stage being positioned
in the projection area, after completion of exposure of the
sensitive substrate held on the one substrate stage; and

controlling the movement of the other substrate stage on
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poi nt on the-bther-substrate stage..fromthe predeterm ned reference point
in the projection area of the projection optical 33 2 3 SEP 2002 system
(PL) and (c) the coordinate position of the other substrate stage at the
time of detecting the positional deviation are detected, with the

reference point on the other substrate stage (W52 or W51) %ang gog@ﬂgi oned
in the projection area. Then, the novenent of the other su r F ge
(WB2 or WB1) is controlled on the basis of the detected positional
relation QL , the detected positional deviation (c) and the detected

coor di nat e posithe0 f Lan e ensjti
p Babehs be BREfQELraleanpsst« Pehieerel i) {\ﬁieé r%‘e;gctﬁ%s’

substrate held on the other stage and the pattern 1nage o
it presents nopdi;$a4¥ARY A9ES; i rfer.o L. (or coordinate
system) for mahagi ng tﬁe posfét‘?%é{be%}ét Y gt%%tcrt%tdegggggég%{etf?%ﬁ’r@@
detecting the kilonal. relatio be en the predeterm ned reference
poi nt on the gggg%@uﬁﬁ%%na%lbg& gﬁ‘dgnﬁesﬁﬁ‘?bﬁﬁ’é%tS%FEaGﬁ hatd amhdihe ve
substrate is the sanme,as or different fromthe interferoneter (or
coordi nate sysPERFTT8FagandRd nkhe Heatlrrr | brage ehethe awsk.during the
detection of the positional deviation (c) and during the detection of the
coordi nate position dcerdingidst tdtee psodgetidQ exRegard|mstshaf, whdtlkethe
these two interferoneters are different, the alignnment of the pattern
i mge of the nasksitive diulestsertsi t(we helldsbhatRepbaseshisit the @itiRfe (Ws1
substrate stage can

or WS2) of the two substrate stages (WS1, WS2) is being exposed

with the pattern image of the mask (R) through the projection
optical system (PL), @ the positional relation between the
alignment mark on the sensitive substrate (W) held on the other
substrate stage (WS2 or WS1) of the two substrate stages and
the reference p_oint on the other stage (WS2 or WS1) is measured.
As noted from this, the exposure action on the one substrate
stage side and the alignment action on the other substrate stage
side (measurement of the positional relation between the
alignment mark on the sensitive substrate held on the other
substrate stage and the reference point on the other substrate
stage) can be performed in parallel. Thus, throughput can be
improved in comparison with conventional technologies by which
these actions were performed sequentially.

After exposure of the sensitive substrate held on the one
substrate stage, @ the positional deviation of the reference

point on the other substrate stage from the predetermined

reference point in the projection area of the projection optical
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be perforned highly accurately. This neans-that-there is no 34 23 SEP 2002
need to successively neasure the positions of the stage by one
interferoneter during the alignnent operation, the novenent operation from
an alignnent position to the exposure position and the exposure operation.
Thus, when an off-axis alignnment system (a detector for detqg iSE a?
alignnment mark is not directly bel ow the projection optical ?s ﬁ) WE
used as a mark detection systemfor detecting the alignnent mark, for
exanple, it becones unnecessary to neasure the positional relation between

t he predeterm spstetef(@Lgncendof@t the t 6Pl Oh&EE | Pdsateanofofl heh@r Qjt@eld on
optical system (the center of projection of the pattern i nage of the

mask) and the ti t he; al i gnme te at__i.s,.
unnecessary togﬁgﬁ?gétgggggse |ngfhaermu]ﬁ%L %2 a‘{%teésé/utlsltn,dn ﬁﬁlgt é’\?gﬁ%&%‘?&nce
exi sts between the projectian optical system and the alignment system
produces no di%%‘.fﬂ/aa'g’f%lgérel’ﬁ& ,ecltﬁé' g?‘gg Hhe GG RPENS eyt iaRther
design irrespective of the baseline amount. Even if the substrate stage
becones snal | FHPS T ate §tagegifs? ﬁrv\)@bhtb,e_m _H@%héli/%’h?%g@ Whe Pregecgaonand
mark position measurenent gnd pattern prohectéﬁn by exposure through the
proj ecti on optaxed. s\ideam the neverent of bbhe doherx sabstiriate ssagé (S 00t he
sensitive substrate. In this case, no influence of changes in the baseline
anmount is exerysl) #ccosminglledtde thét basspeof ehet detpeeesdnposive&bhadn,

relation @O, the detected positional deviation @ and the

detected coordinate position @ to perform alignment between

the sensitive substrate held on the other stage and the pattern
image of the mask.

Thus, it presents no disadvantages whether the
interferometer (or coordinate system) for managing the position
of the substrate stage at the time of detecting the positional
relation @ between the predetermined reference point on the
other substrate stage and the alignment mark on the sensitive
substrate is the same as or different from the interferometer

(or coordinate system) for managing the position of the stage
during the detection of the positional deviation @ and during
the detection of the coordinate position of the substrate stage
@ . Regardless of whether these two interferometers are

different, the alignment of the pattern image of the mask with
the sensitive substrate placed on the other substrate stage can

be performed highly accurately. This means that there is no
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there is provided a projection exposure apparatus for exposing 35 23 SEP
2002 a sensitive substrate (W by projecting a pattern through a

proj ection optical system (PL) onto the sensitive substrates, conprising:
a first substrate stage (W6 1 on which a reference mark is forned, noving

In a two-di nensional plane while holding a sensitive substra (V¥
second substrate stage (W52), on which a reference mark is fgfaﬁggPHQWan

in the sane plane in which the first substrate stage (WS1l) noves

i ndependently of the first substrate stage (W51) while holding a sensitive
substrate (W, naedark stielcestsiivglyyséasuf&he posiitdedsapfirthe seayehey one
projection optical system (PL), for detecting the reference nark on the

substrate stagent¥fferdifi@teprdar g kelpe & DEgmesrst toperasidis! e rolemagld
on the stage; an interferonmeter system (26) for neasuring the two-

di mensi onal poghétLEFoR| £ A anl 5§ig§i{l@ﬁ%r %iotfsfc?tg%cﬁ“ﬂﬂet oSG it ion

substrate stage; a noving device ( novi ng each stage “bet ween

pr edet er mi ned $&S£h89§+é$8@r%g%§§%%§ﬁ%}nDVing range during exposure

during which the sénsi e Su eld on the stage is exposed through

the projection opticgl system and redet erm ned second position in a
stage noving range dﬂf‘?%’gwtl\?é’r R“d%fgt?\ghﬁ HrIMENhSYS teRe (gt a5t ath&or

stage or the mark ) ) ) )
detecting an alignment mark is not directly below the projection

optical system) is used as a mark detection system for detecting
the alignment mark, for example, it becomes unnecessary to
measure the positional relation between the predetermined
reference point in the projection area of the projection optical
system (the center of projection of the pattern image of the
mask) and the center of detection of the alignment system, that
is, unnecessary to measure the baseline amount. As a result,
whatever distance exists between the projection optical system
and the alignment system produces no disadvantage. Thus, the
size of the substrate stage can be design irrespéctive of the
baseline amount. Even if the substrate stage becomes small in
size or light in weight, no disadvantage will emerge, and mark
position measurement and pattern projection by exposure through
the projection optical system can be carried out for the entire
surface of the sensitive substrate. 1In this case, no influence
of changes in the baseline amount is exerted.

According to the fifth aspect of the present invention,

there is provided a projection exposure apparatus for exposing
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on the sensitive substrate held on the stage is detected by the 36 23 SEP
2002 mark detecting system and controller (28) for controlling the actions
of the first substrate stage and the second substrate stage while
nonitoring the neasured values of the interferonmeter system (26) so that
during exposure of the sensitive substrate held on one of t@e€ SHPF 9002
substrate stage and the second substrate stage, a mark detecting action by
the mark detecting system (WA) is performed on the other of the first
substrate stage and the second substrate stage, and then controlling the
movi ng devi ce 4 20dnsit2de tsmbsttmatzha(ie e popdtiions ofpatiteranehgohghr at e
stage and the other substrate stage. According to the above constitution,

the control | erpf@fyct tanopelitallheysténofeL plortie t heos shapesyaBub8trates,
nonitoring the neasured values of the interferometer system (26) so that
during exposwdmp¥idiifysensitive substrate held on one stage of the two
stages, a nmark detecting action by the mark detecting system (for exanple,

an al i gnnent systen i ot tage, d t hen
controls the noving ad&%%(%&é%&&é% &Fg%&hagr}gé’htslﬁg |§oorse| SISt "RRE
one stage with t osition.of .the other. stage. This parallel execuytion of
t he exposure a(‘tﬁirkg)ﬁ%e PRE 189618t AgEWRT HLMERRL? éf%%}ﬁréﬂ’ﬁ‘igcppaﬁlaﬁ fhe
ot her stage side enables throughput to be inproved. Also, if the sensitive

substrate is riASAdddeoFubFErafisst(Matie stage at the second

a second substrate stage (WS2), on which a reference mark
is formed, moving in the same plane in which the first substrate
stage (WS1) moves independently of the first substrate stage
(WS1) while holding a sensitive substrate (W);

a mark detecting system (WA), provided apart from the
projection optical system (PL), for detecting the reference
mark on the substrate stage (WS1, WS2) or a mark on the sensitive
substrate (W) held on the stage;

an interferometer system (26) for measuring the two-
dimensional positions of the first substrate.étage and the
second substrate stage;

a moving device (201, 22) for moving each stage between
a predetermined first position in a stage moving range during
exposure during which the sensitive substrate held on the stage
is exposed through the projection optical system, and a
predetermined second position in a stage moving range during
mark detecting during which the mark on the stage or the mark

on the sensitive substrate held on the stage is detected by the
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position after interchange of the positions, actions of the two 37 23 SEP
2002 stages are interchanged, whereby during exposure of the sensitive
substrate held on the other stage, a mark detecting action by the nmark

detecting system (for exanple, the alignnment systen) (WA 022 ngPezﬁmgned
on the one stage. According to the projection exposure appar §s, h
interferonmeter system (26) may has the first nmeasuring axis (Xe) and the
second neasuring axis (Ye) intersecting each other perpendicularly at the
center of projection of the projection optical system (PL), and the third
measuri ng axi sngda)detretbttimgy dymtrdnty rEmbsUri ng axis (Ya) intersecting each
other perpendicularly at the center of detection of the mark detecting

system (WA). It is desivrallier pab)thsr conitiolheng(28 JaSehs of G dTasyLi ng

axes (Xe, Ye, Xa, Ya) of the interferonmeter systém (26) in interchanglng

the positions ﬁbéﬂl%t@‘@t§%r§%%daeﬁet§%on@ Q\?}B%t?{‘ggg'stggleme ﬁ%f‘%tﬂﬁﬁﬂ%r

constituting the interferofreter systemand the control . .
and 1 he Second Tt HEAP e B s kLo E e £ et E G BEERT o FEF oM feibge it EufSr |y
at the center of projection of the projection optical system (PL) , and
the third measiily eXRPSUERPL e t3RNs ktoie Fubsisateniehdian eng) of the
intersecting each other perpendicularly at the center of detection of the
mark det ecti nfirsissabstiptgnftagesgndeble (aond mubsdyiaticonsage, t hemark
substrate detecting action by the mark detecting system (WA) is performed
on the other of the first substrate stage and the second
substrate stage, and then controlling the moving device (201,
22) to interchange the positions of the one substrate stage and
the other substrate stage.

According to the above constitution, the controller (28)
controls the actions of the two stages while monitoring the
measured values of the interferometer system (26) so that during
exposure of the sensitive substrate held on one stage of the
two stages, a mark detecting action by the mark detécting system
(for example, an alignment system) (WA) is performed on the
other stage, and then controls the moving device(201, 221) to
interchange the position of the one stage with the position of
the other stage. This parallel execution of the exposure action
on the one stage side and the alignment action on the other stage
side enables throughput to be improved. Also, if the sensitive

substrate is replaced on the substrate stage at the second

position after interchange of the positions, actions of the two
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stages (WS1, WB2) can be managed precisely without Abbe Is error 38 2 3 SEP
2002 both during exposure of the sensitive substrate with the pattern
t hrough the projection optical system and during detection of the position

detecting mark by the mark detecting system Furthernore, % CSE:% ﬁﬂber
(28) resets the neasuring axes (Xe, Ye, Xa, Ya) of the inte \3,* t
system (26) in interchanging the positions of the one stage and the other
stage. During position interchange, the neasuring axes of the
interferoneter systemthat has managed the positions of the substrate
stages until skagemmyanwe interchpngdd, Ewarexreby hidsringe, expossufd i 0fs tHeo
predeterm ne the positions at which to reset the neasuring axes (Xe, Ye,
Xa, Ya) of thesensétieesweberrstystebd 26) théfselier rsasefd, B0natbhaidaQsdttinns
of the first and second substrate stages can be nanaged usi ng the neasured

val ues of the peegbn byeasehhRg cPétQa%tﬁngO%Q'sQth(Cfdﬂéﬁm%ﬁ@ 28BSO fimdnlte
present invention, there is provided an exposure apparatus for exp05|ng a

sensitive subﬁgﬁgéﬁz QW) bé{a!prl%ﬁlgca rﬁe@a{)ﬁe@%o&é he sehsitive

substrate thro jectlon op system corrprls ng a first

b W51 f
Do di menstonal pi AreoRhiAL Sl ey SESTERCIT vexeSntft naebpppte ars'&?\%n

substrate stage ﬁV\ﬁsﬁ% on which a reference nmark is formed, for novin
the same pl anelfhe Fometer system (26) may has the first measuring axis (Xe

and the second measuring axis (Ye) intersecting each other
perpendicularly at the center of projection of the projection
optical system (PL), and the third measuring axis (Xa) and the
fourth measuring axis (Ya) intersecting each other
perpendicularly at the center of detection of themark detecting
system (WA). It is desirable that the controller (28) resets
the measuring axes (Xe, Ye, Xa, Ya) of the interferometer system
(26) in interchanging the positions of the one stage and the
other stage. By means of constituting the interferometer
system and the controller in this manner; since the
interferometer system (26) has the first measuring axis (Xe)
and the second measuring axis (Ye) intersecting each other
perpendicularly at the center of projection of the projection
optical system (PL), and the third measuring‘axis (Xa) and the
fourth measuring axis (Ya) intersecting each other
perpendicularly at the center of detectioﬁ of themark detecting
system (alignment system) (WA), the positions of the substrate

stages (WS1, WS2) can be managed precisely without Abbe’s error
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substrate stage (Ws1) independently of the first substrate 39 23 SEP 2002
stage while holding a sensitive substrate (W; a nmark detecting system (WA)
provi ded apart fromthe projection optical system (PL), for detecting the
reference mark fornmed on the substrate stage or an alignment mark on the
sensitive substrate held on the stage; an interferoneter sysﬂq’}nsgﬁ)zn
measuring the two- dinensional positions of the first substrate stage and
the second substrate stage; a m)vi ng devi ce (201, 221) for novi ng each

stage anong three |ocations, i er m fi e

stage novi ngbohhghiGig %P%&%Glfet‘b%ﬁieﬁﬁ "’Eﬁutqﬁ' SSsTt %ghgfdt}setra e
(W held on the stage is exposed through the rojection . optical

(PL), a predethroughdtseqomnd esdsion opticalasyshe® ahst g ipgndet %ﬁ/

al i gnment during which the mark .on the stage or the nmark on the senS|t|ve

substrate hel dhen pb@&tlbhagﬁuee:tdetgeaﬁaadc byt meemkdéi@(ﬁqtﬂg\%@tsé’rﬁ“( WA)
, and a third position at which the sensitive substrate is passed on

AL ghi‘gﬂei‘ﬁlérén e E5RBLoSUBE! 12T Preset ahemehant f0g agrd (Xe,
controller (28) for controlli ng the first and second substrate stages

(W1, WE2) ang I‘? Q%?lzr r 8¢sthat(M) ha iteepasandiong of

one of the fir§t secon subst rate st ages i s bei ng managed

Pﬁetgﬁelgzggge%gn%%%&tlo Ste?‘ggG)o%gds%Q%eS%ﬂﬁ'Eh%eo%HQ§tEﬁhee(VVDJEﬂﬁbcm
position interchange, the measuring axes of the interferometer
system that has managed the positions of the substrate stages
until then may be interrupted. Even in this case, it suffices
to predetermine the positions at which to reset the measuring
axes (Xe, Ye, Xa, Ya) of the interferometer system (26). After
resetting, the positions of the first and second substrate
stages can be managed using the measured values of the reset
measuring axes.

According to the sixth aspect of the present invention,
there is provided an exposure apparatus for expo;i‘ng a sensitive
substrates (W) by projecting a pattern on the sensitive
substrate through a projection optical system (PL) comprising:

a first substrate stage (WS1), on which a reference mark
is formed, for moving in a two-dimensional plane while holding
a sensitive substrate (W);

a second substrate stage (WS2), on which a reference mark
is formed, for moving in the same plane in which the first

substrate stage (WS1) independently of the first substrate

39



is being exposed with the pattern through the projection optical 40 2 3 SEP
2002 system (PL), the replacenent of the sensitive substrate (W, and an
al ignnent action for neasuring the positional relation between the

alignment mark on the sensitive substrate (W and a ref erengf NSirE:E’? he
ot her stage based on the results of detection by the mark d @c g Mtem

(WA) and the neasured values by the interferoneter system (26) are
sequentially performed on the other of the first and second substrate
stages; and for controlling the two stages and the novi ng device so that
after the actisnsgerwhile tiwoldirages sans Poitve copAtaad® (f”gé actions to be
performed on the two stages are interchanged. According to the exposure
appar atus, the contrplhsfk dotdcoing tdestew subyt pavvidedgapaysiromseheand
the nmoving device (201, 221) so that while the position of the one

substrate st | Sc PRI O peae &yt dnn g BINE erficdr @etieett isystee aaderbace
sensitive substrate held on the one substrate stage is being exposed with

the pattern thro PLRI Egd | teAktayet §Man e ghRBheGRIBNbrothehe
sensitive subs'P?%llgre}O ,d %ﬁd&g‘% sgﬁllsgj.d[r?r‘-?\ent a)céti on é:‘nor mgasuri ng the

posi tional relation between th | i nt, r the sensitive substrate
(W after replSeRFEMVe %qﬁaetreef erlgﬂcfmgl nar é({)tﬁ-l e other stage based on

Val ues. by the i ntor fal AR SRHAK 205 LD CLaLoRpt anry by or FEGEHR e
ot her substrate stage. Since the exposure
dimensional positions of the first substrate stage and the
second substrate stage;

a moving device (201, 221) for moving each stage among
three locations, i.e., a predetermined first position in a stage
moving range during exposure during which the sensitive
substrate (W) held on the stage is exposed through the
projection optical system (PL), a predetermined second position
in a stage moving range during alignment during which the mark
on the stage or the mark on the sensitive substrate held on the
stage is detected by the mark detecting system (WA.) , and a third
position at which the sensitive substrate is passed on between
the stage and an external substrate carrier mechanism; and

controller (28) for controlling the first and second
substrate stages (WS1, WS2) and the moving device (201, 221)
so that while the position of one of the first (WS1) and second
ZWSZ) substrate stages is being managed by the interferometer

system (26) and the sensitive substrate (W) held on the one stage

is being exposed with the pattern through the projectionoptical
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action on the one substrate stage side and the repl acenment of 41 23 SEP
2002 the sensitive substrate as well as the alignnent action on the other
stage side are thus performed in parallel, throughput can be further
improved. In this case, the sensitive substrate is replaced at the third
position different fromthe first or second position. Since 48 SEBo2002i on
of replacenent is different fromthe positions of the mark detecting
systen(for exanple, an alignnent systenm) and the projection optical

system the di t .the _nmark et cfyng. sy stem and

proj ection optit satfié(syé rﬁﬁ%%e gPﬁﬁgep\g& a8gr‘r€h? ¥F ?Hélv%é;r‘l’ﬁst‘ﬁr\?é?e (W),
substrat e does_not _occur controller also controls the two stages and
the nmoving deATENE ﬂﬁ&?‘eagt%?t’t% M&AS Uginghkhe e st teipnalarelpsinn
conpleted, the actions to be perfornmed on the two stages are i nterchanged.
Thus, after cdiffiWAshANS alpgnment orarken hdie gensstayessubdier sengivt)i uad
substrate held on the other stage is exposed successively, and during this
exposure, the ararefentatascmiank a0t ithe kot hiere stage daked ond tagskesuf V) ogan
be perfornmed on the one stage in parallel. In this case, an electronic

| ens barrel, fdutestamg &y why mEEkuaéﬂeélﬁiﬁﬁesﬁEt%x@C(tW@)n aRt ichal m§¥§ﬁf"&’i
and the pattern may be directly drawn on the sensitive substrate with an

el ectron beamalww,tﬁe”&ﬁ%e&&r%feﬁes:h%g%@eﬁner@éc)orgrrte(g EQSESRQlQ?Yy be

further provided, and the pattern i mge f
performed on the other of the first and second substrate stages;

and for controlling the two stages and the moving device so that
after the actions on the two stages are both completed, the
actions to be performed on the two stages are interchanged.

According to the exposure apparatus, the controller
controls the two substrate stages (WS1, WS2) and the moving
device (201, 221) so that while the position of the one substrate
stage is being managed by the interferometer system and the
sensitive substrate held on the one substrate stage is being
exposed with the pattern through the projection prical system,
the replacement of the sensitive substrate (W), and an alignment
action for measuring the positional relation between the
alignment mark on the sensitive substrate (W) after replacement
and the reference mark on the other stage based on the detection
results of the mark detecting system (WA) and the measured
values by the interferometer system (26) are sequentially
performed on the other substrate stage. Since the exposure

action on the one substrate stage side and the replacement of
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(R via the projection optical system (PL) may be projected onto 42 2 3 SEP
2002 the sensitive substrates (W on the first substrate stage (Ws1) and
t he second substrate stage (WS2). In the exposure apparatus of the
invention, it is desirable that the interferoneter systen1(2%z has a first
measuring axis (Xe) and a second neasuring axis (Ye) intersedt3rSER62
ot her perpendicularly at the center of projection of the projection
optical system (PL), and a third neasuring axis (Xa) and a fourth
neasuri ng axi stieygensiittistes eubshgaeacds atd1ar apetpendi iinntyadt id RS E gger
of detection of the mark detecting system (WA), and the controller ? )
resets the firsthandtageaniieraasuthng pres riméd 8AGa¥al 190, E%hp%ﬁf'n

, to

i nterferoneter system (26) in noving each of the two stages

the first posikd gurtaed {RsesSedhe ﬂmithfisaéléisé})‘trﬁ&sﬁﬂ??%#ké TR nga”d
0 e

Ya) of the interferometer system (26) in noving eac ‘ _ e

nterf er ot o g ik Feontr ot B HEEROR O1 £FEFRRt ohEeRrtho St bnst 205

"tersectng SSeiat HerShEiBRnal A y tHES: ROTEMTT BF KRRdasement ofst he

proj ection opft',cz%l sy%tem (PL), and the third measuring axis (Xa) and the

fourth nmeasuri SKERt YRPm the posddrian efchhetmark getpetdngupstematoi he

center of example, an alignment system) and the projection optical system,
the disadvantage that the mark detecting system and the
projection optical system impede the replacement of the
sensitive substrate does not occur.

The controller also controls the two stages and the moving
device so that after the actions of the two stages are both
completed, the actions to be performed on the two stages are
interchanged. Thus, after completion of the actions on the two
stages, the sensitive substrate held on the other stage is
exposed successively, and during this exposufe, the mark
detecting action by the mark detecting system (WA) can be
performed on the one stage in parallel.

In this case, an electronic lens barrel, for example, may
be used as the projection optical system, and the pattern may
be directly drawn on the sensitive substrate with an electron
beam. However, a mask (R) with the pattern formed thereon may

be further provided, and the pattern image formed on the mask

(R) via the projection optical system (PL) may be projected onto
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detection of the mark detecting system (WA, the posifions of 43 2 3 SEP
2002 the substrate stages (W51, W52) can be managed precisely w thout
Abbe' s error both during exposure of the sensitive substrate wth the

pattern through the projection optical systemand during det mi ggpom he
position detecting mark by the mark detecting system Furthe re-’ t
controller (28) resets the first and second neasuring axes (Xe and Ye) of
the interferoneter system (26) in noving each of the two stages (W51,

W52) to the fi &€ $oRF it bne sas tredetss (Whert hhe o iarat Eabsthatewasigd s pxes
(Xa and Ya) of the interferometer system (26) in noving each of the two
stages (W1, WBRH tbet BecsadosdbpasatieoBtagéhyms2pri or to the start of
exposure and the start of aligning neasurenent for each substrate stage,

it is possible to resh die BRPEYLEBY BRSAAl FC vgAUL £ 8L, 05, e, 8

respective actions. Until then, the measuring axes of the intérf'erome

iy bo i nter ruocen Aot Resar ) ekt et pETEL T (BREhBR oot R

may be interrupted. After resetting, however;, pos
stages at the f] XpOsur e d. aligpment can he managed using the
measur ed vaIueééggugﬁggregg%sneégi%i x&s SCFRNCheMERPBELRS abphF at(ee of
t he invention,.ié is desirable to further provide mark position detector
(52A, 52B) for"HBFERTTHYdt F@cheIQihe%e PEEPEREAGH1AELY! iadn e weentehe of

center of projection of the pattern image of the mask (R) fornmed by the
proj ecti on optPEAIESYERMABANe REojertioncephirl arystien (PL), and a third

measuring axis (Xa) and a fourth measuring axis (Ya)
intersecting each other perpendicularly at the center of
detection of the mark detecting system (WA), and the controller
(28) resets the first and second measuring axes (Xe and Ye) of
the interferometer system (26) in moving each of the two stages
(WS1, WS2) to the first position, and resets the third and fourth
measuring axes (Xa and Ya) of the interferometer system (26)
in moving each of the two stages (WS1, WS2) to the second
position.

By means of constituting the interferometer and the
controller, since the interferometer system (26) has the first
measuring axis (Xe) and the second measuring axis (Ye)
intersecting each other perpendicularly at the center of
projection of the projection optical system (PL), and the third
measuring axis (Xa) and the fourth measuring axis (Ya)
intersecting each other perpendicularly at the center of

detection of the mark detecting system (WA), the positions of
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stage via the mask (R) and the projection optical system (PL) . 44 23 SEP
2002 By so doing, the positional relation between the center of projection
of the pattern inmage of the mask (R) and the reference nark on the
substrate stage can be detected by the mark position detectgﬁgﬁgﬁ?, ﬁ@f)
via the mask (R) and the projection optical system (PL) whe ug ate
stages (WB1l, W52) are positioned at a position at which the positional

rel ation betvveelgl th redeterm ned reference mark on the substrate stage
and the centel %F“g?&?é&?ﬁﬁ?QﬁsKHélwﬂgﬁﬂpﬁﬂmbﬁmﬂnﬁa&ﬂpaacbeeﬂphﬁﬁhedt in
the projection area of the projection optical system (PL). 1In this case,

it is desirabl®Phha auroHSsith durdngwekphsuhe oposié iswmivieleakiupathgiyween
the predeterm ned reference mark on the substrate stage and the center of
proj ection of Wiﬁhr@mﬂ,p¢km¢£mnthnag@hcaﬁebprdgéggigg bgti@§lpé9£€8&i99d
area of the projection optical system (PL) be set as the first” position,
and the first caandmedeitdEaTUMNG ilo§S RIS sitiop. In the
exposur e appar at usn,igeeach of the sutgﬁ(?%tsg%sltozlggtset%%\s\é?? W\gg? rbrﬁygﬁgvlgaﬁf‘
stage body (Wgka.e a e _holdin r ( b, W52b)

det achabl y mount eg\%ﬁ@ ?\%ng y(%ﬂq a,Heq\%gfa%]' #g? %&r%%ﬂglelrh&ébﬁﬁs%se?h%
reflecting surd;ace fglﬁdan I_nt %rferometer be provided on the side

e
surface of the  substrate A6PEPng™FEREMPEB1BXAB2hY Xeanand r¥ebr enfe He k

W RM may .be forned on the upper surface of the substrate hol din
( M ym%er%erometer systeenp(ZG) inmoving each of the two stages (P%Sl,

WS2) to the first position, and resets the third and fourth
measuring axes (Xa and Ya) of the interferometer system (26)
inmoving each of the two stages (WS1, WS2) to the second position.
Thus, prior to the start of exposure and the start of aligning
measurement for each substrate stage, it is possible to rest
the measuring axes that are required for the respective actions.
Until then, the measuring axes of the interferometer system that
has managed the positions of the respective substrate stages
may be interrupted. After resetting, however, the positions
of the two stages at the time of exposure and alignment can be
managed using the measured values of the reset measuring axes.
In the exposure apparatus of the invention, it is
desirable to further provide mark position detector (52A, 52B)
for detecting the relative positional relation between the
center of projection of the pattern image of the mask (R) formed
by the projection optical system and the reference mark on the

stage via the mask (R) and the projection optical system (PL).
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menber. Wen the exposure apparatus has such constitutions, 45 23 SEP 2002
t he novi ng device (201, 221) nay nove the substrate holding nenber anong
the respective locations nmentioned earlier instead of the substrate stage.

In the above cases, the noving device nmay be of any type m?hfggﬂpgg t he
substrate stage or the substrate hol ding nenber anong the I ons,
i.e., the first position, the second position and the third position (or
between the first and second positions), wthout nonitoring the nmeasured
val ues by the Bynter deiaggt athe [pars iitnisina1C &re late D \HatvedgY Itd BLRE of
conposed of a robot arm (201, 221). In the exposure apparatus, a fixed

M rror servingpasjéctieheore padit eFRasng \g‘é‘BQttt@mEQﬁ INLERA & be
| ocated at any place. Fixed m rrors (14 14Y; 18X 1%ﬂ ser@g%%rema&/e

reference for gRAR Wrﬁﬁﬁ@tswstg arﬁdgtﬁége&aqﬂsgd{e?{e?é%/t&fbgyst a’r(‘:hgg toosltthlon

projection optical system (PL t

respectively. ared, wth t rrors eX|st|ng at
ot her pl aces, gﬁtéeér.'{f’%? Era i Hi rngEF Vst Ehemask Q%E} ?%‘gﬂ‘l hePEPIRELLRR ORtdcal
under the influence % i ti aI changes of the fixed mrrors over tine
or the influen®E o™y g"i’t‘l”@ﬁ%lt ShBekratesiagasy 6US b HSosarapasditivaed

with vibrations of the_ apparatus. n the exposure apparatus, only two
stages, the fi#kta E%ﬁé?%‘aﬂea’?xtHbéchn&hteh@oge@gnaaslub‘@tlla&tlensbagwpear ¢he

provi ded. )
predetermined reference mark on the substrate stage and the

center of projection of the mask pattern image can be detected
in the projection area of the projection optical system (PL).
In this case, it is desirable that the position at which the
positional relation between the predetermined reference mark
on the substrate stage and the center of projection of the mask
pattern image can be detected in the projection area of the
projection optical system (PL) be set as the first position,
and the first and second measuring axes be reset at this
position.

In the exposure apparatus, each of the substrate stages
(WS1, WS2) may have a stage body (WSla, WS2a), and a substrate
holdingmember(WSlb,WS2b)detachablymountaﬂonthebody(WSla,
WS2a) for holding the substrate, a reflecting surface for an
interferometer may be provided on the side surface of the
substrateholdingmember(WSlb,WSZb),andaareferencemark(WM,
RM) may be formed on the upper surface of the substrate holding

member. When the exposure apparatus has such constitutions,
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However, at |east one other substrate stage novable 46 2 3 SEP 2002 °

i ndependently of the two substrate stages in the sane plane as for these
stages while holding a sensitive substrate may be further provided in
addition to the first substrate stage (Wsl) and the second szasSE?t@r t age
(W52). According to the seventh aspect of the present inventi“H, h IS
provi ded a projection exposure apparatus for exposing a plurality of shot
areas divided on a sensitive substrate (W, W) by projecting an inage of

a pattern for itk evinpdevide (20a,2 N9 aely AdvePthedkupkeralt(Rb)qPRLO
each of the shot areas, characterized by conprising: a first substrate

SLage (VEL) iichibdiafig Rhe £k fect 1 LURRTLANHE R GARA WL B ALALEG. S

sensitive substrate (W) a second strate stage

i ndependent |y t fi S trate stage (Wsl) on the sane plane as
that for the folff; gctrﬂes%glgtsttgt%té:es;g%g%ge(mn while holding a sensitive

substrate (W2); a pqsitjongl informatiop detecting system (for exanple,
24a, 130) for detec f‘ngh?r%’%%i%%?w thei B R ﬁ"dfc%t“ab’e%%@f 8RE YR

area of the sensitive substrate (WL or W2) held on the substrate stage

(WB1 or We2) Mhdehdeevepihe subsitrake sitejgecer dhe spbstute holeingRugmber

substrate-driving systens (LS) provided for the first substrate stage

(WB1) and t he apeagrithe thsecal ecat bgms ( WE2). , the first position, the second
position and the third position (or between the first and second
positions), without monitoring the measured values by the
interferometer. For instance, the moving device may be
composed of a robot arm (201, 221).

In the exposure apparatus, a fixed mirror serving as a
reference for measurement by the interferometer may be located
at any place. Fixed mirrors (14X, 14Y; 18X, 18Y) serving as
a reference for measurement by the interferometer may be
attached to the projection optical system (PL) and the mark
detecting system (WA), respectively. In this pése, compared
with the fixed mirrors existing at other places, an error
minimally occurs in the results of measurement under the
influence of positional changes of the fixed mirrors over time
or the influence of positional changes of the fixed mirrors
associated with vibrations of the apparatus.

n the exposure apparatus, only two stages, the first

substrate stage and the second substrate stage, are provided.

However, at least one other substrate stage movable
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respectively, for adjusting surface positions of the sensitive 47 2 3 SEP
2002 substrates (W or W2) held on the stages (W51 or W52); and a
controller (90) for controlling the two stages (W51, WS82) so that a

positional information detecting operation based on the use
positional information detecting system (24a, 130) is perfﬂimzﬁ%e

stage (for exanple, WB1l) of the first substrate stage (W51l) and the second
substrate stage (W52), during which an exposure operation based on the use
of the projecthdapepdentlyySitém €Rb)smiss pedtfeorsmdgesoint tige caler pPane thie
stages (for exanple W52), thereafter controlling one of the stages (W1)

so that the expogsutReopesei§os WRSEE ROLEDEgUSCsedithige pélﬁi%tait@ h&al
system (PL) is perforned for the one of the stages (Ws1l), and contral I'i'ng

the substrate- dabvhas praviaed thalaslod BE G £9ktNRRIAMS LYBIL (1)

performan alignnent of the shot area I n exposure, using infornmati

surface positi 0 h rea resulted fr he positional information
det ecti on. Acc%?%i%%ét%e(fs%g& esi‘b%sg’fﬁae %p%%f?%? u&gg%)n‘e two stages are
controll ed by the contro&l er sotilhat t he detection_of positional

i nformati on based oPCTHEIIRE tor thaS Nt gaRECH P Bt PERSeRE aMantgdon,
systemis performed for one of the stages of the first substrate stage and
the second subSi®%® d-SsPEQ¥idedd RyOURLERONt GXPRSWPOS @PPasPsnst fomn exposing
performed by using the projection optical systemfor the other of the
stages. Accordapdluraltifty of shot areas divided on a sensitive substrate (Wi,

W2) by projecting an image of a pattern formed on a mask (R)
via a projectionoptical system (PL) onto each of the shot areas,
characterized by comprising:

a first substrate stage (WS1) which is movable on'a
two-dimensional plane while holding a sensitive substrate (Wl);

a second substrate stage (WS2) which is movable
independently from the first substrate stage (WS1) on the same
plane as that for the first substrate stage (WS1) while holding
a sensitive substrate (W2);

a positional information detecting system (for example,
24a, 130) for detecting the positional information of at least
one shot area of the sensitive substrate (Wl or W2) held on the
substrate stage (WS1 or WS2) provided apart from the projection
optical system (PL);

substrate-driving systems (LS) provided for the first
substrate stage (WS1) and the second substrate stage (WS2)

respectively, for adjusting surface positions of the sensitive
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mar k- measuri ng operation for the one of the stages is processed 48 23 SEP
2002 concurrently in parallel to the exposure operation for the other of
the stages. Thus, it is possible to contenplate inprovenent in throughput
as conpared with the conventional technique in which these gpgarsq:_tp g2 have
been sequentially performed. Further, after conpletion of tfe concurrent
process of the mark-neasuring operation for one of the stages and the
exposure operation for the other stage, the controller controls the one

of the stages §YPFhaptere (Bkposuwe)opeldt pontbasstagest tieSuser ws2 f heing
projection optical systemis perfornmed for the one of the stages, and the

controller controls aheostubsllet et viory capAHAMing thbetﬁaes@;;gége(‘félages
on the basis of the detection result obtained by using information of t'he

surface positi@s2)afo thetshpbs at en &y rim b 146t &é‘éé@@iﬁ% oFE?aQQSEtﬂa%%ZA
n e

information for the one of the stages. Accordingly, duri exposur
operation for pRhamgsaf ) . -driving systemfar the
one of the stages isgggncifr Eﬁl‘a?f&%on%{fﬁg%?ﬁ%ggégp estiefcfto’%)g( %YEF?‘@dtzi‘i@nal
position) obtai . dur i th et ectiop_of e positional information so
that the surf%ggyplosgptel&g%rgfagt %?@ﬁs???% EXarRleal' e Qb e first

driven into a o$i£io€ near to the iqgge formation plane of the projection
optical systent 'PHCTRAES XEr F b AR Ushe t$rERst isuhstaia tienfstagst i(B152) ,

detecting system may conprise at | east one alignnent system
during which an exposure operation based on the use of the

projection optical system (PL) is performed for the other of
the stages (for example WS2), thereafter controlling one of the
stages (WS1l) so that the exposure operation based on the use
of the projection optical system (PL) is performed for the one
of the stages (WS1l), and controlling the substrate-driving
system (LS1) for the one of the stages (WS1) to perform an
alignment of the shot area in exposure, using information on
a surface position of the shot area resulted from the positional
information detection.

According to the exposure apparatus, the two stages are
controlled by the controller so that the detection of positional
information based on the use of the positional information
detecting system is performed for one of the stages of the first
substrate stage and the second substrate stage, during which
the exposure operation is performed by using the projection
optical system for the other of the stages. Accordingly, the

mark-measuring operation for the one of the stages is processed
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(24a) for measuring a mark on the sensitive substrate held on 49 2 3 SEP
2002 the substrate stage and a first detecting system (130) for detecting
positional information of a surface of the sensitive substrate during

measur enent operation of the mark based on the use of the alrzsrg tZUUZ
system Further, the positional information detecting syste ﬁe
provided with a second detecting system (132) for detecting positional
information of a surface of the sensitive substrate during exposure
operation bas€ed@nenrrastlgdoparskl @l djoeche expophireapenysstiom fdP€he other
controller (90) may control the two stages so that the detection by using

the positional ofriflor patiges. detiant | g By poe@ibile €Oeon®embNgt &t; W e
first substrate stage and the second substrate stage isbperfo%%lﬁ), g‘l?trr{%ng

whi ch the exposirehrOPghpht Ak RITHA 1Y %h%h“%ﬁeOEoE?SnPEQ.gftéégbﬁ¥§déxﬁn

systemis perfornmed for the other of the stages. After t e

control ler may,go8L" ¢ e : es,_so that the.exposure

operati on based on thgetl?%e %ﬁlépﬁ%j Zi%'?’i%oﬁb%%?i 839“59&@@ s PSFdoEgesed
for the one of.th ages, And also,.the controller may control the
substrate-dri Vﬁ.‘&rllé]@%%é'[ eﬂf??@)c?'ﬁ?f?% OBnQ%sttifﬁeCOGHUFHEHBaEFgcéﬁSt ré the
detection result obtained, by usi ng.t he first detecting systemduring the
mar k- measur i ngAHPETREI I IR OPREAtine Kengacpt thires tegew Bindrt ke suippsure
obtai ned by using the second detecting systemduring the exposure

operation for ePRrIAORKifagethe @yimf stagen thée grummolilert benexpDs Wike ohet he

shot area. The
of the stages so that the exposure operation based on the use

of the projection optical system is performed for the one of
the stages, and the controller controls the substrate—driving
system for the one of the stages on the basis of the detection
result obtained by using information of the surface position
of the shot area during the detection of the positional
information for the one of the stages. Accordingly, during the
exposure operation for the one of the stages, the
substrate-driving system for the one of the stages is controlled
using the surface position (Z-directional position) obtained
during the detection of the positional information so that the
surface position of the sensitive substrate can be quickly
driven into a position near to the image formation plane of the
projection optical system.

In the exposure apparatus, the positional information
detecting system may comprise at least one alignment system

(24a) for measuring a mark on the sensitive substrate held on

49



substrate-driving systemcan be further adjusted finely on the 50 2 3 SEP
2002 basis of the detection result obtained by using the second detecting
system so that the surface of the sensitive substrate coincides with the

i mage formation plane. Therefore, it is possible to perform gu
hi ghly accurate focus/leveling control. It is desirable that %ES(EP%UZ
proj ection exposure apparatus IS a scanning type projection exposure
apparatus (for exanple, a step-and-scan type exposure apparatus) for
exposi ng sensi theesubshzttat esayet Anan a MEGE t0fdex dAilRy bysVeiBq 1310 )2 FESK
(R by noving the sensitive substrate in a scanning direction with

respect to an Qé’@@éﬁiﬁ‘g%@iﬂﬂﬁal%h@ﬁr}nﬁt‘ilgﬂjc%]‘ﬂ%t ubPad of LhUDLIALLAN,

area (IA) illumnated with an illum nation |1 ght eam I n synchroniz i%n

{11 i nat 1 on o oo FaCBHanhd A6as FEARBAL ula i orE it f BaeRd P he

illum nation area. In this case, t

stages so that he detection.by using the positional information detecting

system for one'% a(%PoﬁﬁF%eaiﬂﬁéPegﬁbsfY%f%ﬁstagguéﬁaefhe'QB%OM@S%QH%Wﬂate

y ! 9 . ! .

stage is perfornﬁd, duri ng_which, the exgosure operation based on the use

of the projectdCUpRELAR d5keching spere®rBay b6r prrvidedewith sheesvages.

After that, when the one stage is controlled so that the exposure

oper ati on basedetegting sysaenf (1h2) fiosj deteohingtposdlt iopatlein f erneetr far oed

for the one stage, upon exposure for shot areas in the vicinity of
a surface of the sensitive substrate during exposure operation
based on the use of the projection optical system. The
controller (90) may control the two stages so that the detection
by using the positional information detecting system for one
of the stages of the first substrate stage and the second
substrate stage is performed, during which the exposure
operation based on the use of the projection optical system is
performed for the other of the stages. After that, the
controller may control the one of the stages so that the exposure
operation based on the use of the projection opt,iéal system is
performed for the one of the stages. And also, the controller
may control the substrate-driving system (LS) for the one stage
on the basis of the detection result obtained by using the first
detecting system during the mark-measuring operation for the
one stage and the detection result obtained by using the second
detecting systemduring the exposure operation for the one stage

to perform an alignment in the exposure of the shot area. The

substrate-driving system can be further adjusted finely on the
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outer circunference which are set to be subjected to scanning 51 2 3 SEP
2002 fromthe outside to the inside of the sensitive substrate with
respect to the exposure area (IF), of a plurality of shot areas on the

sensitive substrate held on the one of the stages, the coeééo tgr‘mgy
control the substrate-driving system (LS) on the basis of d 02 n
result obtained by using the first detecting system (130) during detecting
the positional information of the one stage (WS1) and a detection result
obt ai ned by usbagishefsehendetetedbnngesygtembth3Aeddby R it t HeX RANYS
operation for the one stage. And, the controller may control the

substrat e- dri viegesyshgBystan 6t HAtet RBS X BL& BY tHSEBRHs 0t Ye tsléﬁ%fé:)raﬁﬁ
on

detection result obtained by using the second detecting system

exposure for tReinthess SHPtn A EKAS; iR, the _vicinity  of

outer circumstance to perforn1anl%§$%2%%n aﬁggéhéigg%bsﬁwgrgfofﬁe dfot-s
as_i,n. the vicinity of the quter

. In thi ! hot
oi rounf er ence Pﬁﬁ?&léﬁd’@&@eﬁi bgud§ | 8BHBLIFBLY ASH S osks /dRryeding de

ci rcunference,
to the inside of the sensitive substrate, concerning the exposure area for

whi ch i nfor mat TP the surface position of the sensitive substrate

during exposure for the previous shot 1is not obtained, are exposed during

t he exposure oper at i1dn ifodesipabdretBatgehe t o pedisi omtexpisiuriengppysheasf or

the one stage can be controlled on the basis of the detection result

obtai ned by usiagscamniig slypeepec]ecyisy shamsiird Agphhet i8I keoreagNRpIE,
a step-and-scan type exposure apparatus) for exposing sensitive
substrates with an image of a pattern formed on a mask (R) by
moving the sensitive substrate in a scanning direction with
respect to an exposure area (IF) which is conjugate to an
illumination area (IA) illuminated with an illumination light
beam, in synchronization with movement of the mask in the
scanning direction with respect to the illumination area. In
this case, the controller (90) controls the two stages so that
the detection by using the positional information detecting
system for one stage of the first substrate stage and the second
substrate stage is performed, during which the exposure
operation based on the use of the projection optical system is
performed for the other of the stages. After that, when the
one stage is controlled so that the exposure operation based
on the use of the projection optical system is performed for

the one stage, upon exposure for shot areas in the vicinity of

outer circumference which are set to be subjected to scanning
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operation for the one stage to drive the surface position of '52 2 3 SEP
2002 the sensitive substrate into the position near to the image formation
pl ane of the projection optical system Further, the substrate-driving

system can be further adjusted finely on the basis of the d tfgfléoo&ﬂresult
obtai ned by using the second detecting systemso that the sér 02 he
sensitive substrate coincides with the image fornmation plane. On the
contrary, upon exposure for shot areas other than the above, for which

i nformation onfrome the bate idestdittie dinstilie 6eNSid isensIHiTer 868s t ¥ d R 1
exposure for the previous shot is obtained, the substrate-driving system

for the one stpagepest anthelégshaird Rgeabpsk§, s Egﬁﬂfﬁﬂﬁ?%kg&éﬁgtr%%s

surface position of the sensitive substrate during exposure

previous shot gfiGfe slehslife vl Qﬁbsfega@épﬂéiﬁ i ¥nd B5eC% Oﬁtgéfs;t%). esic,ts e

shot area so that the surface position o he sensitive's

qui ckly driven,i I tion to.the i.nage formati on plane of the
proj ection Op'?cl %ﬁp%%fs]%ere?r‘?@fco?qoto’\—/@g%bﬁ ﬁ)‘gﬁmorrarﬁ(?i' LIHO GEY SEeRe At ) fOr thee
surface position ("fo usllgvel ing" adjustnment) of the sensitive substrate
by using only R3S d8f e i dRtPetipR Aesailie PR iRghgby halsd@corthelefarstng
system during exposure. Therefore, it is possible to performquick and

hi ghl y accur at®%esduidrg eddisiteq coéAsPol dnrang edgiosetimef thehopoadesonal
According to the eighth aspect of the present invention,
information of the one stage (WS1l) and a detection result

obtained by using the second detecting system (132) during the
exposure operation for the one stage. And, the controller may
control the substrate-driving system (LS) for the one stage by
using only the detection result obtained by using the second
detecting system (132) upon exposure for the other shot areas
than the shot areas in the vicinity of outer circumstance to
perform an alignment in the exposure of the shot area. 1In this
case, when the shot areas in the vicinity of the outer
circumference, which are set to be subjected to écanning from
the outside to the inside of the sensitive substrate, concerning
. the exposure area for which information on the surface position
of the sensitive substrate during exposure for the previous shot
is not obtained, are exposed during the exposure operation for
the one stage, the substrate-driving system for the one stage
can be controlled on the basis of the detection result obtained
by using the first detecting system during the mark-measuring

operation for the one stage to drive the surface position of
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there is provided a projection exposure nethod for exposing 53 2 3 SEP 2002
sensitive substrates (W or W2) with an inage of a pattern forned on a
mask (R) via a projection optical system (PL), conprising the steps of:

preparing two substrate stages (W51, W52) which is novable waﬁwly
on an identical two-dinmensional plane while each holding a [
substrate (W or W2); neasuring positional information of at |east one shot
area on the sensitive substrate (for exanple, W) held on one stage (for

exanpl e, WSl) oiie thend Wi v agasst(riile M2 ;tIRXRRY NG Il § 38N Tt itl’x% ima
substrate (W2) held on the other stage (W52) of the two stages V\Sf‘“1 %2)

with the i mger@fmdtion BRhheld¥y £RE it GBEkod Ry Ehng g PO L o1 1
whi ch the neasuring opgr ation for%eﬁp&omtlgﬁg I'n rlr#'gh'on{!liuét ee’?‘fg fred
for the one of %ﬂﬁﬁ@@-@&(\%}/&g . ge i n tge sensi tive substrate held
s .
on the one of the stages | Fyg? lé‘r&(%grs?ﬁ Bprghena W%@pgéﬁ?@'&é’eFﬁf’l on
perfornmed for tahse. ot her, .of (ﬁﬁr;e sta(gyt}asvéV\SZé, while adjusting a surface
position of t HEXEhIT i TRE IBETLAN (VaFUhEl ePba1Red bynushgt hkessagesd
(W51) on the basis of the nmeasured positional information. According to
the exposing MAYRSFiNDoFYekamAethas rsusfage oft hbersens sasusubgtrate
operation for an alignment mark of sensitive substrate and detection of
posi tional i nfarypgtiides with the image formation plane. On the contrary, upon
exposure for shot areas other than the above, for which
information on the surface position of the sensitive substrate
during exposure for the previous shot is obtained, the
substrate-driving system for the one stage is controlled on the
basis of the information on the surface position of the
sensitivesubstrateduringexposureforthegueviousshotprior
to the start of exposure for the exposure-objective shot area
so that the surface position of the sensitive substrate is
quickly driven into the position near to the image formation
plane of the projection optical system, followed By performing
the adjustment for the surface position ("focus/leveling"
adjustment) of the sensitive substrate by using only the
detection result obtained by using the second detecting system
during exposure. Therefore, it is possible :to perform quick
and highly accurate focus/leveling control in any exposure of
shot area.

According to the eighth aspect of the present invention,

there is provided a projection exposure method for exposing
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such as the relative position with respect to the predetermn ned 54 23 SEP
2002 reference plane of the sensitive substrate are perforned for one
stage of the two stages, during which, in parallel thereto, the sensitive

substrate held on the other stage of the two stages is exposzg éfgéh&i@e
imge of the pattern on the mask. Accordingly, owing to the n r and
paral |l el process of the mark-nmeasuring operation for the one stage and the
exposure operation for the other stage, it is possible to contenplate

i nprovement i nsehsQugbpsuat reaERa (R oM W) WIS hCANYRALEYRRA pak i%i
whi ch these operations have been pferfor rred)i n a sequgnti al pr?aﬁ'%gﬁ ee(f

conpl etion of bhes EHRS r-at,i t r e mely after
conpl etion of t heaconCUKJ?anpggggrkg Fgﬁl:gggngﬁ%jé)é?%ﬁs:t%glegﬂ?hecc}é@%‘isﬁ%

substrate hel d.ga Eggsogg,stage is subjected to exposure. During the
exposure, the sur? position of the sensitive substrate held on the one

stage is adjusted using information aon the surface position of the shot
area of the sensiti V" DGt EWRel PR TAE o0fiBagERgd WSdet % phaehodsl v,
with respect to the predeterm ned reference plane. Accordingly, during the
exposur e oper afP¥aPlefirderendentinonmn sidept icdle twg-fdicensdsingiloplanet he
sensitive substrate held on the one stage can, be quickly driven into a
position near ¥bilteeagmdw¥dimnta overnd Bnvefsbet rate] @t ioan wapt;i cal
systemon the basis of the information on the surface position previously
detected. Therefore médsursing positional information of at least one shot
area on the sensitive substrate (for example, Wl1) held on one
stage (for example, WS1) of the two stages (WSl1, WS2);
exposing the sensitive substrate (W2) held on the other
stage (WS2) of the two stages (WS1, WS2) with the image of the
pattern formed on the mask (R) during the period in which the
measuring operation for the positional information is performed
for the one of the stages (WS1l); and
exposing the sensitive substrate held on the one of the
stages (WS1l), after completion of the exposufe operation
performed for the other of the stages (WS2), while adjusting
a surface position of the sensitive substrate (W1) held on the
one of the stages (WS1) on the basis of the measured positional
information.
According to the exposing method, for example, in one
stage, the mark-measuring operation for an alignment mark of

sensitive substrate and detection of positional information

such as the relative position with respect to the predetermined
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possi ble to perform quick and highly accurate focus/leveling 55 2 SEP 2002
control. According to the ninth aspect of the present invention, there is
provi ded a projection exposure apparatus for exposing a sensitive

substrate (W, W2) by projecting an imge of a pattern forrre2£§33 @@f
(R) via a projection optical system (PL) onto the sensitive ates;
characterized by conprising: a first substrate stage (W51) on which a
reference mark is forned, for noving in a two-dinensional plane while

hol'ding a sensetferénselsidrid @ \Whe s@n9eaRe subBstrate stéYediinlePFor
which a reference mark is formed, for noving in the sane pllane as for the

first substralene age 6¥AHe Lodependent '&G%@ﬁ%%ﬁrﬁtn puPRLisl &R,

(WB1) while holding a sensitive subStrate { éast one mar
detecting syst X vj.de f.ro he .proj ection tical system
(PL), for det eg{nf r‘%%t% é‘é&'%ge uceL?sgtn%glaérrére%doorpn%h% OStE‘t%Jt‘cl’tael‘%e gtfgﬁ’@ B E tagss)
or an alignnment mark on the sensitiye substrate (W, W2) held on the
substrate stab® (ﬁ\?@f,seaszy}t%n the eiPapgnetler th@stRAL YRV ABd, the t Ragk.-
first length-measuring axis (BlI1X) for nmeasuring a position of the first
substrate st ag’éC?Q/ESB“qg]a‘Y a Q¥INec tticof hgf canenrsentixard fpam 1 lsrle pgiogesisnofhe

direction of the first axis passing through a
the mark-measuring operation for the one stage and the exposure

operation for the other stage, it is possible to contemplate
improvement in throughput as compared with the conventional
technique in which these operations have been performed in a
sequential manner. After completion of the exposure operation
for the other stage, namely after completion of the concurrent
operations on the two stages, the sensitive substrate held on
the one stage is subjected to exposure. During the exposure,
the surface position of the sensitive substrate held on the one
stage is adjusted using information on the surface position of
the shot area of the sensitive substrate held on the one stage
detected previously, with respect to the predetermined
reference plane. Accordingly, during the exposure operation
effected for the one stage, the surface position of the
sensitive substrate held on the one stage can.be quickly driven
into a position near to the image formation pléne of the
projection optical system on the basis of the information on
the surface position previously detected. Therefore, it is

possible to perform quick and highly accurate focus/leveling
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projection center of the projection optical system(PL) and a 56 2 3 SEP
2002 detection center of the mark detecting system (24a), a second
| engt h-neasuring axis (BI2X) for neasuring a position of the second

substrate stage (W52) in the direction of the first axis f;ﬁ{ﬁtslt% ih&gr
[

side in the direction of the first axis, a third |ength-ne

(BI'3Y) which perpendicularly intersects the first axis at the projection
center of the projection optical system (PL), and a fourth

| engt h- neasur i @enEXL. (Bl 4Y) which perpendicularly intersects the first
axis at the detection center of the mark detecting system (24a), the

interferoneter systemamahiig tg the-mimemisprit BESthe Presdnt %H@eﬁit'iéh,and

second substrate stages (WSl and W52) respectively by using the
| engt h- measur i figePx s HBROIFILQ® aBbffé’ﬁecéﬁéﬁr%kaﬁ%nhfbhtg%a%%?f Pex§§59§<‘jr €

apparatus, the sensitive substrateS are he Irst and secC

substrate st i e, Nd dent ] ble on the two:

di mensi onal p?igﬁ%ﬂ iﬁe mriﬂd%%éé&%n%wgyg‘?g& §ﬂch¥3ggéﬁm%l‘?rbnﬂ?ﬁe s9Et8m
whi ch are provided t fromthe proj ion optical system .are used to
detect the ref%aﬁzgnecrgp%f?'egnophg mgﬁgsfggt%l%t%@éma}ﬁf/tdto"t Hglli‘rﬁﬁl"( Brstam
sensitive substrate held on the substrate stage. The two-di nensional,
positions of tHd) fiqnko anﬁ‘%ec%?fé?%%‘é?ra@éb§gégégs ar eCharackewizgd usbng
the first to fourth |ength-nmeasuring axes of the interferometer system
respectivel y. GROPISiNge | engt h- measuri ng axes of the

a first substrate stage (WS1) on which a reference mark
is formed, for moving in a two-dimensional plane while holding
a sensitive substrate (W1l);

a second substrate stage (WS2) on which a reference mark
is formed, for moving in the same plane as for the first substrate
stage (WS1l) independently of the first substrate stage (WS1)
while holding a sensitive substrate (W2);

at least one a mark detecting system (24a) provided apart
from the projection optical system (PL), for,détecting the
reference mark on the substrate stage (WS1, WS2) or an alignment
mark on the sensitive substrate (W1, W2) held on the substrate
stage (WS1, WS2);.

an interferometer system provided. with a first
length-measuring axis (BI1X) for measuring a position of the
first substrate stage (WS1) in a direction of a first axis from
one side in the direction of the first axis passing through a

projection center of the projection optical system (PL) and a
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intérferoneter system the first |ength-neasuring axis and the 57 23 SEP

2002 second | engt h-neasuring axis are provided on one side
side of the first and second substrate stages respectively

projection optical systemand the detection center of the

and t he

ot her

al ong the
direction of the first axis passing through the projectiondggnggé
kogEt

t he
i ng

system The first |ength-neasuring axis is used to neasure the position of
the first substrate stage in the direction of the first axis, and
second | engt h- A848GEiAY Qgnter LTsde narkedetect ihe sycdtian ¢A4apf 4 hacmrpnd
substrate stage in the direction of the first axis. The third
| engt h- measur i hgnakhsmeasprbng daxiiso R1E) ifor peapardngubapdyit bRISLG S
the first axis at the projection center of the projection optical

t he

system

The fourth

| esgtbndeamEt i Akt agkS(WE DY iideh s @ itreat jioh @Prtﬁh%”%’ixt%’{ %rx'ié
e

intersects the first axis at the detection center of the nark ectin

system Accor dfpghYshd Be heef £168G i
stages can be detected by usi%g@tqggﬁgr lg%ﬁﬁ%ﬁhlng Sys

PR chO SRt BRTP n e sk

detection, the di | onal Si L1 of the first substrate stage is
neasured by u%%}ggt?ﬁgé?ﬁfelr'@ra c’)(%%t keéisggé\ﬂhrfﬁ Rerprpdicy it h IRk sLEechs
axis and the f urt@.leggth:neaiuring axis whjch nutually intersect

@’%t t n

per pendi cul ar |

8L 8K &Gt Ahn RO IRCHIRN ngeRterepEcthagPspdeemioand

t he two-di nensi onal Eosition of the second substrate stage i s neasured by

usi ng the int?R%:

f&s¢em (PL), and a fourth length-measuring axis (BI4Y)
which perpendicularly intersects the first axis at the
detection center of the mark detecting system (24a), the
interferometer system measuring two-dimensional positions of
the first and second substrate stages (WS1 and WS2) respectively
by using the length-measuring axes (BI1X to BI4Y).
According to the projection exposure apparatus, the
sensitive substrates are held on the first and second substrate
stages respectively to be independently movable on the two-
dimensional plane. The mark detecting systejn{ such as an
alignment system, which are provided apart from the projection
optical system, are used to detect the reference mark on the
substrate stage and/or the mark on the sensitive substrate held
on the substrate stage. The two-dimensional.positions of the
first and second substrate stages are measured by using the
first to fourth length-measuring axes of the interferometer
system respectively. As for the length-measuring axes of the

interferometer system, the first length-measuring axis and the
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havi ng the second | ength-neasuring axis and the fourth 58 23 SEP 2002
| engt h-nmeasuring axis which nutually intersect perpendicularly at the
detection center of the mark detecting system Therefore, the position of

any of the stages is accurately measured w thout any Abbe error e
ot her hand, during the exposure for the mask pattern effect edé)bSEi?ﬂEh?
projection optical system the two- dinensional position of the first
substrate stage is neasured by using the interferometers having the first

| engt h- measur i sgcoad teagdhtineas it {6y H008 ke ps ek BBA2SH oM isG Rt Al Y
intersect perpendicularly at the projection center of the projection

optical systemptaegd §ie bvaHd FEASE QRAl s AASHA Egﬂﬁg}atg@?ﬁ?%%opgsrééjct%sf\;eafye

stage is nmeasured by using the interferoneters Vi ng seco
| engt h- measuri ggoa%i $hH@ndii S e | t B syri.ng .axi s which nutually
oty u}?ﬁ:tfﬁrﬂ &@l’i‘? b3 pER xis® passing, g%rﬂq‘g the

intersect perpendicularly at the projection centé :
position of an . {:E tages is _accurately negsured w thout any Abbe
error. Especi a%Fgge §°§i ngéfénaghiﬁgaﬁﬂjﬁ&t&ﬂ"s opfifalhEYséesn@nd the
| engt h- rreasuria taxi s are arranged in the positional relationship as
described abovBStREELPRI AGRYErt RE Yhehgidrk ndaserthggasystes. nofhe first
intercepted during the period in which the first substrate stage and the
second subst ralengthgeeasveing\aris rist sedi tecmeenuet the postid@KicE the
Therefore, the two substrate stages can be noved and reciprocated between
t he first substrate stage in the direction of the first axis, and
the second length-measuring axis is used to measure the position
of the second substrate stage in the directionof the first axis.
The third length-measuring axis is provided so that it
perpendicularly intersects the first axis at the projection
center of the projection optical system. The fourth
length-measuring axis is provided so that it perpendicularly
intersects the first axis at the detection center of the mark
detecting system. Accordingly, the reference marks formed on
the two substrate stages can be detected by t;sling the mark
detecting system. During the mark detection, the two-
dimensional position of the first substrate stage is measured
by using the interferometers having the first length-measuring
axis and the fourth length-measuring axis which mutually
inte;sect perpendicularly at the detection center of the mark
detecting system, and the two-dimensional position of the

second substrate stage is measured by using the interferometers

having the second length-measuring axis and the fourth
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mar k detecting systemand the projection optical systemon the 59 2 3 SEP
2002 basis of the neasured val ues obtained by using the interferoneters
havi ng these | engt h- neasuri ng axes. For exanple, the second substrate

stage can be |l ocated under the projection optical system duzwgﬁwizﬂﬁiri od
in which the first substrate stage is disposed under the ma e g

system Accordingly, it is possible to concurrently process the exposure

operation effected by the projection optical system and the
posi ti on- det ect¢Rgtbpeeaduoinef f ecariisby t whiehr k defteallilpg SyShe@dsQett he

mar ks on the respective substrate stages or the marks on the sensitive
substrates in perpéndicilarpnatanheh@éstedsion @itdr oft the R RS
i nprove the throughput. The projection exposure apparatus further may fe

provided w thsystosmni r otheré 8O é&Pr thanigyid gh tHe GhiShSuhgirate stage
and the second substrate stage (W8I, V\g2) 50 tha’t? %lngotsoift iq%]ne DGR g?age
of the first sgsirald shARgE 0 Zﬁ)&sﬁtrate stage i s managed
based on the use of a rrylseasure vaH}gth%g%t %Iql e FERE st he third

| engt h- measuring axi~s (Bl 3Y),.0f the .interferoneter system while exposing
the sensitive subst roztlt eﬁ{eo:\@f'h%r oH@"gtag&rlﬁﬂri VRIRIF W 1t | Uhal mask

rel ati onshi p hetween al.ignnment mark on the sensitive substrate held on

the other st gaé:tﬁd‘ 5%&8%%@@ ek PERRECSAonhepstisel syatemi stbét tivaed

based on the use of a detection result obtained by using the
dimensional position of the first substrate stage is measured
by using the interferometers having the first length-measuring
axis and the third length-measuring axis which mutually
intersect perpendicularly at the projection center of the
projection optical system, and the two-dimensional position of
the second substrate stage is measured by using the
interferometers having the second length-measuring axis and the
third length-measuring axis which mutually intersect
perpendicularly at the projection center. Therefore, the
position of any of the stages is accurately me_aéured without
any Abbe error. Especially, the first length-measuring axis
and the second length-measuring axis are arranged .in the
positional relationship as described above. Accordingly, the
length-measuring axis is not intercepted during the period in
which the first substrate stage and the second substrate stage
are moved in the direction of the first axis. Therefore, the

two substrate stages can be moved and reciprocated between the

mark detecting system and the projection optical system on the
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‘mark detecting systemand a neasured val ue obtained by using 60 2 3 SEP
2002 the fourth length-neasuring axis (Bl 4Y) of the interferoneter system
and after exposing the one sensitive substrate, a position of the other

stage is nmeasured by using the third | ength-neasuring axi 158&??) n@(ni le a
relative positional relationship between the reference mar&kJdo hgﬂ t her

stage and a predeterm ned reference point wwthin a projection area of the
proj ection optical systemis obtained. The controller controls the

operations of bawidwoof Subréraheashre@s ealhek! owsralhal i By fQkifyamLe,
the position of the first substrate stage is nmanaged based” on the”’use Sf

the neasured yetaier Ok Nk bManhﬁg thsd hhéﬂg\%\ﬁiﬂﬁhgé{lﬁgﬁgr L?Sﬁ%tsi-%i ol

the interferometer system During the period in C e

substrate hel dgodinge tr e.lLs__exposed, the positional
rel ati onshi p betwéen *t r?é{e;}sie%lr?@nfakg;c%g%gns#ﬂges %éi § Ve MRA8rnEhe on
.and the reference mark on the second substrate

t he second su%f t e .Stage ] (
stage is dete Sltegcp%cg:fodlslgﬁﬁlfﬁ 2R B i ingstihe R iachda Whiehdheafkrst
detecting systugqrg and the neasured val ue by using the fourth | ength-
measuring axi SWSHHES Fitégeeisndispospdt enderttheharark detectingosystem.
measures the position of the second substrate stage based on the use of
the neasured Pgoerddingdiynediby issi pgsshblet Hio debrogi he NERE Ulprd@ed%i Sthe
while controlling the second substrate stage so that it noves to a
position at wexposare operation effected by the projection optical system
and the position-detecting operation effected by the mark
detecting system for the marks on the respective substrate
stages or the marks on the sensitive substrates in parallel to
one another. As a result, it is possible to improve the
throughput.
Theprojectionexposureapparatusfurthermaybe;unvided
withacmntroller(90)forcontrollingthefirstsubstratestage
and the second substrate stage (WS1, WS2), so that a position
of one stage of the first substrate stage ana the second
substrate stage is managed based on the use of a measured value
obtained by using the third length-measuring axis (BI3Y) of the
interferometer system, while exposing the sensitive substrate
on the one stage, during which a positional relationship between
an alignment mark on the sensitive substrate held on the other
stage and a reference mark (MK) on the other stage is obtained

based on the use of a detection result obtained by using the

mark detecting system and a measured value obtained by using
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positional relationship between a reference mark on the second 61 2 3 SEP
2002 substrate stage and a predeterm ned reference point wwthin a
projection area of the projection optical systemsuch as the projection

center to obtain the positional relationship thereof. Thaéé%ﬁﬁh@
controller is capable of controlling the operations of th st B%s as
follows. The position of the first stage is managed w thout any Abbe error

with respect to the sensitive substrate held on the first stage, based on

the use of thetheetsurtad lealgtt -plebauedgbax ¥si (it 4 oleht h8 RN Y Wi ng
axis at the projection center of the projection optical system while the

i mage of the psysesm, ohndhg k d r:Qy o] .. he_projection
optical syst emyduri ng r\/lvhi cﬁ%ﬁ?e ég?ggtlﬁiﬁg‘f@rééﬁét ?gﬁgh?g&%efﬁbéﬁrﬁﬁﬁl a
al i gnment mar kpod SifLV bsirate.held on the second stage and the
refgrence mar kpﬁlé{?‘es&;gcgtr'\% §¥%§;g ?égg cP aPERFUHEH BY cYSHRENENE Ehyrdbbe

error based Oﬂargggh use of the detection result obtained by using the mark
det ecting systemand the Hedsr 83 % alBd38br aiwhdd &y usphat iveeppsdtinnal

| engt h- neasuring axis at, the detection center of the mark detecting
system Accordi ‘13} N5hip; bssweep| the o efanianae Barkyopaheor the hes tavqeoanid e
operation effected on the first stage and the alignnent operation effected
on the second @ Bregdetesmiped rmdfmtenom/poifhusithin a praoksitilon &Peh IHY ONE

the throughput. In addition, when the operations of the both stages are
projection optical system is obtained.

The controller controls the operations of the two
substrate stages as follows. That is, for example, the position
of the first substrate stage is managed based on the use of the
measured value obtained by using the third length-measuring
axis of the interferometer system. During the period in which
the sensitive substrate held on the first substrate stage is
exposed, the positional relationship between the alignment mark
on the sensitive substrate held on the second substrate stage
and the reference mark on the second substrate stage is detected
by using the detection result obtained by the mark detecting
system and the measured value by using the fourth length-
measuring axis of the interferometer system. Further, the
controller measures the position of the second substrate stage
based on the use of the measured value obtained by using the
third length-measuring axis, while controlling the second

substrate stage so that it moves to a position at which a

positional relationship between a reference mark on the second
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conpl eted, the controller neasures a position of the second 62 2 3 SEP 2002
substrate stage based on the use of the neasured val ue obtai ned by using
the third | ength-neasuring axis, while noving the second substrate stage
to the position at which the positional relationship between the
predeternined reference point within a projection area of t8d Stf 2602 on
optical systemand the reference mark on the second substrate stage is
detectable so as to nanage the position of the second substrate stage on

the base of tbebsef&tenstad@idnd ACHYedcPriinds E@Ee{:ﬁﬁcée;r?&ﬂ% ﬁ%ﬁ%ﬁ%ﬁ)ﬁ

stage for which the positional relationship between e reference nar

the second stagg Z‘ggﬁ;i&g Aldoyey 1S+ .t he aSLti bstrate ha
been neasur ed ?t% alTgnnent  has thbererg)n c?g%lté’?‘e ﬁ%g%% %gss%{rosﬁlcghr?sbéie
managed based Qn use og t he sur%l ue, pbt 'negivﬂb using the third
| engt h- rreasur?ﬂ%ﬁ%%lso%cgﬁ ﬁfqz n{}TgEﬂbB %%%%%oré‘??jeﬁe Exo?ﬁ}él?GﬁreFHOf-
| engt h-nmeasuring axi s used duri n(l; the measurenent of the alignment mark
fall's into an THdedSurtdis ecntrptler s, @aprkle officont xaiding the opgesarsdbnshe
positional relationship between the reference mark on the second substrate
stage and t he ohridetepns bages efscfeddowsoi nTheipds it itdne offir the dtiiret atageof
the projection optical system Moreover, it is pQsible to perform the
exposur e whi | ei®exanatgiedgeiticoyoainly Abbe exdidistvientrddiedtheo YA @Rvar ea
of the projection optical systemand the sensitive substrate on the basis
of the positi anmsteltdd itIidh the first stage, based on the use of the
measured value obtained by using the third length-measuring
axis at the projection center of the projection optical systenm,
while the image of the pattern of the mask is projected through
the projection optical system, during which the positional
relationship between the alignment mark on the sensitive
substrate held on the second stage and the reference mark on
the second stage is accurately detected without any Abbe error
based on the use of the detection result obtained by using the
mark detecting system and the measured value obﬁained by using
the fourth length-measuring axis at the detection center of the
mark detecting system. Accordingly, it 1is possible to
concurrently perform the exposure operation effected on the
first stage and the alignment operation effected on the second
stage as described above. Thus, it is possible to improve the
throughput.

In addition, when the operations of the both stages are

completed, the controller measures a position of the second

62



t he nmeasurenent result of the alignnment, and the neasured value 63 2 3 SEP
2002 obtained by using the third | ength-neasuring axis. That is, the
position of the second substrate stage can be managed during the exposure

by using the another |ength-neasuring axis, even when the S
| npossi bl e by using the | ength- neasuring axis which has begﬁw:%hz

manage the position of the second stage during the alignnent. Further, it
becomes unnecessary that the alignment operation of the first or the

second substratebstages,stidye bagedeni tReasE i theaeddiredlh 838®Btaineq
position to the exposure position and the exposure operation are

subsequent |y obgen¥edg ther @hqra lidngth-mRSHANG &% iE NLALYY e
reflective surface of gt he stage for g|r efl ecting nt%hé—;&llnt'er télrignéri%e‘{ﬂge%ef or

each of the |eggths ' Lheh$:RAsSsi ble to mniaturize the
substrate stage. Pod e prfoa}%c??égﬁeeg%;%ﬁ ?E’ﬁégéfggt%%,w ﬁb Wt PaFditdanalg
Lt 1s desjirable that the

system nay be #i nnent .system ﬁ%so, I, t f L
interferomaterg(g)}g H%‘?N?(P MG L RE RIS IR IRERe] Sefegence print md thiimer
stage is noved_ to _a,position at which the relative positional relationship
bet ween t he ref ePERZECHIPR dRet hefother Prefggsiand opkdcplegysteni sod the
reference point within the projection area of the projection optical
system By neaf@ferencedqank pg the secend crwdrmtmrteobtabe ihidetectable so
| engt h-neasuring axes at this tine, the reference mark position on the
other stage as to manage the position of the second substrate stage on the
base of the reference mark. Accordingly, as for the second
substrate stage for which the positional relationship between
the reference mark on the second stage and the alignment mark
on the sensitive substrate has been measured (the alignment has
been completed), its position can be managed based on the use
of the measured value obtained by using the third length-
measuring axis without any inconvenience, even when the fourth
length-measuring axis used during the measurement of the
alignment mark falls into an immeasurable state. Therefore,
it is possible to detect the positional relationship between
the reference mark on the second substrate stage and the
predetermined reference point within the projection area of the
projection optical system. Moreover, it is pgssible to perform
the exposure while executing the positional adjustment for the
projection area of the projection optical system and the

sensitive substrate on the basis of the positional relationship,

the measurement result of the alignment, and the measured value
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on the basis of the reference point within the projection area 64 2 3 SEP
2002 of the projection optical systemand the position of the alignnent
mark of the sensitive substrate on the other stage is nanaged nore easily.

The projection exposure apparatus further conprises another gégdﬁmﬁfting
system (24b) having a detection center on the first axis, d2§§ d a
side opposite to the mark detecting system (24a) with respect to the
projection optical systen(PL), wherein the interferoneter system further
provided wth g fi.,fth | ength-neasuring axis (B15Y) which perpendicularly

i ntersects t he®PtAdpedyb¥ Ysing ddtedihigif denath-oleashy ingoakés . it is,
detecting system (24b) ; and the controller (90) may control the first and
the second st a§BeRogidiiasuel theeseornd slubst ratensyage cae oaahagadafu iy
one substrate stage based on the use of the neasured val ue obtai ned by the
third | engt h- nbhsvexpepumxiby (BiBY)tlé dietliel QehetdTReAEusY Ak ek i Midkn
exposing the sensitive substrate held on the one stage during which the

posi tional relahbAndhed MedyeLimdde aki OB s B & Bpn;“:%“o‘f,e?ﬁ%t g;’e%&th-

substrate held on the other stage and the Treference

si ng t he. mor KTCARTER gy araair KR Been BRETLA Pandl R P bing

e ok oe o IR A ) e b L SRR Bt
unnecessary that the alignment operation of the first or the
second substrate stages, the movement operation from the
alignment position to the exposure position and the exposure
operation are subsequently observed. Therefore, it is
possible to miniaturize the reflective surface of the stage for
reflecting the interferometer beam for each of the length-
measuring axes. Thus, it is possible to miniaturize the
substrate stage.

In the projection exposure apparatus, the mark detecting
system may be an alignment system. Also, it is _désirable that
the interferometer of the third length-measuring axes is reset
when the other stage is moved to a position at which the relative
positional relationship between the reference mark on the other
stage and the predetermined reference point within the
projection area of the projection optical system. By means of
resetting the interferometer of the third length-measuring axes
at this time, the reference mark position on the other stage

on the basis of the reference point within the projection area
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reference mark on the one stage is positioned within the another 65 23 SEP
2002 mark detecting systemwhile the position of the one stage is neasured
based on the use of the nmeasured val ue obtained by using the fifth

| engt h-neasuring axis (BI5Y). The controller is capable of C?&r@ﬁ iZﬂ&t he
operations of the two stages as follows. That is, the posit t
first substrate stage is nanaged w t hout any Abbe error with respect to

the sensitive substrate held on the first substrate stage, based on the

use of the meayy eghyalugiebtaHRed Q)icléiihen‘%fée@neg? ggérghge%tsg}gg)%?gr- ngh?st

axi s which perpendicularly interseCts t h-"neasuri

| engt h- neasuri ng ;a%| n hecs nd | epngt h-nmeasuring axis) in the first
axis direction apt él%pglgfse(c&foﬁﬁ%esn?ré . +v?hse‘ﬁb5fu%‘]'ae% i°6’nt%36t PERPL sykagen
while the inaq% of the pattern foirred on the mask is subjected to
exposure t hroughht REAFEE BOLLoRAGPLYcal system during which the

positional relationship between the alignment mark on the sensitive

substrate held on t hdN§eddindesiisty fxpesure apparhsusr duertdreoe cmmir ted he

second substrate stage is accurately detected w thout any Abbe error based

on the use of BRetherevarbrdetessing slyssiemed2by ) usaving hedasekt deh asdn il

system and the neasured val ue obtained by using the fourth,

| engt h- measuri ng thei £iwsitcaxper, pandipogled loh INtEHIEEIppddi®e to the mark

| engt h-neasuring axes (the first |ength-nmeasuring axi's and the second.

| engt h-measuri geta¥tshg! Syddem f(24%h) XLR PLEFELE XD The! Pfojection optical
system (PL), wherein the interferometer system further provided
witha fifth length-measuring axis (BI5Y) which perpendicularly
intersects the first axis at a detection center of the another
mark detecting system (24b); and the controller (90) may control
the first and the second stage as follows. The controller
manages the position of the one substrate stage based on the
use of the measured value obtained by the third length-measuring
axis (BI3Y) of the interferometer system, while exposing the
sensitive substrate held on the one stage duL_'i‘ng which the
positional relationship between the alignment mark on the
sensitive substrate held on the other stage and the reference
mark on the other stage is obtained based on the use of the
detection result obtained by using the mark.detecting system
and the measured value obtained by using the fourth length-
measuring axis (BI4Y) of the interferometer system, and, after

exposing the one stage, moving the one stage so that, the

reference mark on the one stage is positioned within the another
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detection center of the mark detecting system Accordingly, 66 23 SEP 2002
it is possible to concurrently performthe exposure operation effected on
the one substrate stage and the alignnent operation effected on the second
substrate stage as described above. Then, the controller controls the
operation of the first substrate stage as follows. That is, %rSEP]Q'Z_[]D_Z
above-nmentioned operations of the both stages are conpleted, the position
of the first substrate stage is nmeasured by the neasured val ue obtained

b i the fifth | ~0RASULI i ile t ai ni the rel ative,
p)c/)s:JtS: 2% bet mﬁlr{khg%ggcgéﬁo%y%g%ge‘?mg? ga\it’]n%tEh%srB:brrlfatotra}L O(fgt?:ggt PRG §?§‘E%n+h%md
th f the first substr stage. Accordingly, as for the
First substr at eEidRe Pred R HE2 S0k e s o e LinePH 1edd byses tne
has been conpl te%,.ﬁ%ge position of the first substrate stage can be

&ny tAlHe

managed wi t hout 1engsh-m5a88Y1Be BKésuéBIBY )the reference mark on

the first substrate stage and the neasured value obtained by using the
fifth | ength-nmeasuri AjeaxertroFlex Her caphble ¢ quntimddrhvent kacmeemeivndien
the third Ilength-measuring axis used during the exposure falls into an

i measur abl e spéittehe Therstfayyes as o ldapasur ehaperst the paafitaohast eRettigst
first stage and the exposure operation effected on the second stage can be

easi |y changedshpssirhtengtide ilsRansybs tw Ao a4gSabBe Wigoli & 8th Pdcshect
direction, thereby, the neasurenent of the position of the secon

substrate stagee £Ré sensitive substrate held on the first substrate stage,

based on the use of the measured value obtained by using the

third length-measuring axis which perpendicularly intersects

the length-measuring axes (the first length-measuring axis and

the second length-measuring axis) in the first axis direction

at the projection center of the projection optical system, while

the image of the pattern formed on the mask is subjected to

exposure through the projection optical system, during which

the positional relationship between the alignment mark on the

- sensitive substrate held on the second substratg'stage and the

reference mark on the second substrate stage is accurately

detected without any Abbe error based on the use of the detection

result obtained by using the mark detecting system and the

measured value obtained by using the fourth.length-measuring

axis which perpendicularly intersects the length-measuring

axes (the first length-measuring axis and the second

length-measuring axis) in the first axis direction at the

detection center of the mark detecting system. Accordingly,
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whi ch the alignment operation has been conpleted, is enabled 67 23 SEP 2002
based on the use of the neasured val ue obtained by the third

| engt h-neasuring axis, and the neasurenent of the position of the first
substrate stage, for which the exposure operation has been conpleted, is
enabl ed based on the use of the neasured value obtained by)thgpi 2002

| engt h-nmeasuring axis. In this aspect, the projection exposure apparatus
may further conprises a transport system (180 to 200) for receiving and
transmtting tgg sensoiti. sgbstrate §V\1 W2) between the first substrate
stage (W8 1) and thd ¥R QoSPPaEEreRble RemtOrm the,gxppsuse Rparadtiion
that the controller controls the one stage so as to position the reference
mark t hereon WPERPRLEAOD Hheans sHbaEEAtBIstage andtthe akighmdat eqtermy ion
system (24b) , and at the position, the substrate is received and

transnmitted beffeeked hen obike ssegpndisibsteratarnspoye &y sterar(itdd aBoIQ)
In this constitution, in addition to the change between the exposure

operation and the alThepmerttheopenttsbledesntinead sheveperdtiorrortt iy 85t
allows the substrate to be received and transmtted between the first

substrate stageulbsiErdte sttlagesa® ol 1A .eMrhitt fie, %@tnethcg aygv(\eh{nteg%ioned

reference mark on the one stage is positioned wthin t tection area of

the “imtorter ol ioiE b R e B Heh Ert el LA T e hdeP P

of the refer eNGfe r?:er.kstassutbhs 2 eer asttla%rtla tJ'_Os ?nte%rsturtergleby the measured value
obtained by using the fifth length-measuring axis, while
obtaining the relative position between the detection center
of another mark detecting system and the reference mark on the
first substrate stage. Accordingly, as for the first substrate
stage for which the exposure for the sensitive substrate has
been completed, the position of the first substrate stage can
be managed without any Abbe error, based on the use of the
reference mark on the first substrate stage and the measured
value obtained by using the fifth length—meaéuring axis.
Further, there is no inconvenience, even when the third
length-measuring axis used during the exposure falls into an
immeasurable state. Therefore, the exposure operation
effected on the first stage and the exposure operation effected
on the second stage can be easily changed by sifting the two
substrate stages in the first axis direction, thereby, the

measurement of the position of the second substrate stage, for

which the alignment operation has been completed, is enabled
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ali gnnment and the change of the sensitive substrate can be 68 23 SEP 2002
performed in a stationary state of the substrate stage. In addition to the
fact that the novenent time required for the substrate stage to nove from

t he waf er exchange position to the alignnent start position_is [ [t iIs
possible to performthe operations concerning the time T1, 2k SZEPPW&U&Z

and the time T3, for exanple on the side of the first substrate stage,
while it is possible to performthe operation concerning the time T4 on

the side of thesasdh St:ll'xlésh%%tSfSEﬁggmeJQS%g{i?%%l%ti;(;c&tfﬁiépe%; | PI Sgtsgbf_rdhe

further inprove the throughput. Int proj
rojection area

invention, t he_Lé}{ﬁqﬁﬁxﬁég’l@mq&dé%&?%E?gﬁget%tqu%tugiegﬁeég?pgr}:hQ;@msértibnrof he

of the projection optic Sys

i mage of the pgttern forned on the mask (R) ; and the projection exposure
appar at us furt%ehre %’ﬁ Sﬁ&ﬁﬁﬁtsfé‘tf fhpge. vhéahddieexpesitd Dpekdd)i oholias
detecting a relative positional relationship between the projection center

for the inmage PSEMFRMpPLREeE nifmnakl ashbahed maskhé R eantlt he iimee oW Ke
(M1, MK2, MK3) on the stage, via the mask (R) and the projection optical
system The naPRtpdsedi bl- tbeefi6thnagnhehamdateeing ages ecting the marks
through the projection optical system such as a reticle alignment

m croscope. |In the pIbj EhlsOﬂsﬁé‘pewfﬁeaﬁﬁé’j%tﬁon%}éﬂ@éuf@%ﬂ@}%tus may

detecting system at |east one or nore mark detecting syste
further comprises a transport system (180 to 200) for receiving
and transmitting the sensitive substrate (W1, W2) between the
firstsubstratestage(WSl)anqthesecondsubstratestage(WS2),
and it is desirable that the controller controls the one stage
SO0 as to position the reference mark thereon within the
detection area of the another mark detecting system (24b), and
at the position, the substrate is received and transmitted
between the one stage and the transport system (180 to 200).
In this constitution, in addition to the change between the
exposureoperationandthealignmentoperationdqséribedabove,
the controller allows the substrate to be received and
transmittedbetweentheiﬁrstsubstratestageandthetransport
system in the state in which the reference mark on the one stage
is positioned within the detection area of the another mark
detecting system using the fifth length-measuring axis of the
interferometer system. Accordingly, the measurement of the

position of the reference mark as the operation to start the

alignment and the change of the sensitive substrate can be
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may be provided apart fromthe projection optical system 69 23 SEP 2002
However, it is also preferable that the two mark detecting systens (24a,
24b) are di sposed on one side and the other side (each side) of the
projection optical system (PL) in the direction of the first axis. Wen
the mark detecting systems are arranged in the positional r@RtSEhPIR as
descri bed above, then the sensitive substrate on the one substrate stage
may be exposed by using the projection optical system|ocated at the

center (exposur i qn) , r whi ch .the sensitive substrate on the
ot her substrat g%gff%g@%??agﬂbg %&l%tg%tn&fyt(fttaﬁg O%aib?edéf“é’éttiréﬁebﬁagﬁng Emy
of the mark de N syst al i gnnent operation). Wen the exposure
operation is c%?r‘%ég%“t gotﬁgga#@#n’gth?t Jhg vsmenth&imensequbsed afer stiage
for which the a i%nrrent operation has been conpleted can be noved to the
posi tion under SEREPREP T topRPRalframs thmwatten Recbahge paatihSionate giage
can be noved to_the position of the mark detecting system only by

devi ating the Bh$IBUBBE rshartspagdsionnis kerdi,r tetisoposkibhe td péFfé¥hshd N
the projection exposure, it is also preferable that the projection

exposur e appar apesationfeconcepnisgstie o mal,| ehe( 29nef €5, ié}%gﬂ{%%’}%ﬁe\’
controlling novenent of the first and second substrate stages on the basis

oxampl o, the | oot p meaear ih avsermordf thecfhtt SMREReRAGT bnde

first it is possible to perform the operation concerning the time T4
on the side of the second substrate stage. Therefore, it is
possible to further improve the throughput.

In the projection exposure apparatus of the invention,
the predetermined reference point within the projection area
of the projection optical system (PL) may be the projection
center for the image of the pattern formed on the mask (R); and
the projection exposure apparatus further may comprise a mark
position-detector (142, 144) for detecting a relative
positional relationship between the projection.cénter for the
image of the pattern formed on the mask (R) and reference marks
(MK1, MK2, MK3) on the stage, via the mask (R) and the projection
optical system. The mark position-detector may be a detector
detecting the marks through the projection optical system, such
as a reticle alignment microscope.

In the projection exposure apparatus, as for the mark

detecting system, at least one or more mark detecting systems

may be provided apart from the projection optical system.
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and second substrate stages (W1 and W52) is capable of 70 2 3 SEP 2002
perform ng an exposure operation effected by the projection optical system
(PL) and a mark-detecting operation effected by the nark detecting system
(for exanple, 24a). The controller independently controls the novenent of
the first and second substrate stages on the basis of the re2 (SE 2002
measurenment perfornmed by the interferoneter system (for exanple, the

| engt h-neasuring axes Bl 1X to Bl 4Y) so that each of the first and second

substrate stag ' apabl e .of rf ] ng,t.he .exposure operation effected
by the project ?%B’bgp‘??i’cgfe gﬁstaé}%% Pﬁ#eé%&%%ethﬁﬁfktﬁb%t iFRE o ke e s loing
effected by th ecting system (for exanple, 24a), and hence the
exposure oper g?’lgg%hlgf ?%%? b(j‘;ﬁ\% F%E gf%ﬁg‘éﬁ?ﬁi(ﬂf‘ ofe€ eafde And dheanthehes ide
mar k- det ecting,o e{lati,on effected by the mark detecting system can be
reliably perfm‘ﬁgﬂ f idene Aenthei pEojessieat ©pti isyads exlys toam ayL pf ihhahe
substrate stages. In this arrangenent, if the spacing distance between the
| engt h- measur i A§ragbion Sy tAed fBrsY azisoo Wemgehe harkl @@gé@tﬁﬂ?%yét%s

axes BI3Y, BlI4Y are deviated fromthe substrate stage when the first

substrate stagereddrangesetmmtie ot foni£]l $eage idhe hAP\WddeSBr i BEI A
hand, if such a situation is avoided, the interference between the botH

stages might tienrtheTbenefieiee subHFEFe dh PHESSHE L.ac iences,
it is desirable that the controller (90) St raled Q{-}X&Q may be

exposed by using the projection optical system located at the
center (exposure operation), during which the sensitive
substrate on the other substrate stage may be subjected to the
mark detection by using any of the mark detecting systems
(alignment operation). When the exposure operation is changed
to the alignment operation, then the substrate stage for which
the alignment operation has been completed can be moved to the
position under the projection optical system and the other
substrate stage can be moved to the position of the mark
detecting system, only by deviating the two subétrate stages
in the direction of the first axis.

In the projection exposure, it is also preferable that
the projection exposure apparatus further comprises a
controller (90) for independently controlling movement of the
first and second substrate stages on the basis of a result of
measurementperformadbytheinterferometersystem(forexample,
the length-measuring axes BI1X to BI4Y) so that each of the first

and second substrate stages (WS1 and WS2) 1is capable of
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changes the third I ength-neasuring axis (BI3Y) and the fourth 71 23 SEP
2002 |l ength-nmeasuring axis (Bl4Y) of the interferoneter system (for

exanpl e, the length-nmeasuring axes Bl 1X to Bl 4Y) between detection of the
mark effected by the mark detecting system (for exanple, 24a) and exposure
effected by the projection optical system(PL) for the firsQ 3nSERe209d

substrate stages (W51 and W52) respectively so that no inconveni ence
occurs even when the substrate stage is deviated fromthe |ength-nmeasuring

axis. In the Cpoé(}s#d ution-as described above, the spacing distance
between the thiTd Tengttf MaSHROFYIEiPRItinn affected byr the projection
Bl 4Y) can be wi dened to avoid the interference

| engt h- neasur i ncﬂ) axi é
bet ween t he bot ts‘t%’t’ée YSEERt (Rr), anded mark-desregtthingeaper a 0o e B 3Y
Bl4Y is deviated fromthe substrate stages during the novenment of the Y

first substrat&hst Bgekadet edeing exyrtcens Yot akempl agezq 4 he t L £an_be
used to change the |ength-nmeasuring axis so that§ t he t\/\)/o-d?ir}rgné?%ﬁﬁ?ffer

position of edodependeatiybebneielst ageSnbeeRERY 8k€ asured at each of
the processing positions by using the int grfgr oﬁgtg? {é%t P&t cﬁ‘?‘Fgori%

the tenth aspeeubstrhiee BEgsgst ohn ti .. there is pravided a nmethod for
r §88 ohNYeR! I 5 11 ﬁf’ag%&dﬁta Og‘gﬂ?e%ﬁprzﬁmq;pt

exposi ng sensitive substratés by projecting an D

et bt o0 BEPOSFAAORY UL AbEPEIS ISRl G0 Eadonbmabeen s

movabl e i ndePETgﬁa{:}xYmgg'sépirllgeaq}éscaBlIlg{l atrcl)eB\{\QlYl)esoeatl:%gthglag;lngf the first
and second substrate stages is capable of performing the
€xposure operation effected by the projection optical system
(PL) and the mark-detecting operation effected by the mark
detecting system (for example, 24a), and hence the exposure
operation effected by the projection optical system and the
mark-detecting operation effected by the mark detecting system
can be reliably performed for the sensitive substrate disposed
on any of the substrate stages.

In this arrangement, if the spacing distar}c"e between the
length—measuring axes BI3Y and BI4Y is too large, the
length-measuring axes BI3Y, BI4Y are deviated from the
substrate stage when the first substrate stage and the second
substrate stage are moved. On the other .hand, if such a
situation is avoided, the interference between the both stages
might occur. Therefore, in order to present such

inconveniences, it is desirable that the controller (90)

changes the third length-measuring axis (BI3Y) and the fourth
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a sensitive substrate (WL, W2); 72 2 3 SEP 2002 neasuring a position of one
stage of the two stages by wusing a first interferoneter, while exposing
the sensitive substrate (W, W2) held on the one stage, neasuring the

position of the other stage by using a second interferonet ezlf ' 2002
exposure for the substrate held on the one stage, while nea mﬂ
positional relationship between an alignnment mark on the substrate held on

the other stage and a reference mark on the other stage, noving the other
stage to a posjt] i.ch |1 | _rel at.i onshi p between the

ref erence mrii%dﬁh’ﬁeo%’é:ﬁ“ﬁaaggga%ﬂﬁ 8Fe§é‘? i gﬁprPE‘]e PEFIS 458 hfor
within a projectl 0'1 areahof the _projecti,on optical systemis obtained,
after conpl et i GBS hetPexpEGEL-FERSURd NG, et BISK (e BFAY st hgtweand
perform ng alignnent for the sensitive substrate held on the other stage
and the i mage ¥tadtaonaef &he mark ief feedied by thesnawk degettinyg system (for
interferoneter, on the basis of the relationship between the alignnment

mark on the s@xampdies Réh) amd tparier effleagedaby the prefjekcened sBfKcan
the other stage, and a relationship between the reference mark on the

other stage amystiehe(pLpdisethencdriel sf@neodd Bub¥tEALE ShRydy Qvaet 408
area of the projection optical system According to the projection

exposure net hggz )fpéseﬁéf@@ﬂl@ly sbNeh SX RIS Yo APER PLACE JeursN&v SE LR Ve

substrate held on th
substrate stage is deviated from the length-measuring axis. In

the constitution as described above, the spacing distance
between the third length-measuring axis (BI3Y) and the fourth
length-measuring axis (BI4Y) can be widened to avoid the
interference between the both stages. Further, when the
length-measuring axis BI3Y, BI4Y is deviated from the substrate
stages during the movement of the first substrate stage and the
second substrate stage, the controler can be used to change the
length-measuring axis so that the two-dimensional position of
each of the substrate stages is accurately measqfed at each of
the processing positions by using the interferometer systenm.

According to the tenth aspect of the present invention,
there is provided a method for exposing sensitive substrates
by projecting an image of a pattern on amask (R) via a projection
optical systemonto the sensitive substrates, characterizedby:

using two substrate stages (WS1, WS2) each of which is
movable independently on an identical plane while each holding

a sensitive substrate (W1, W2);
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first substrate stage, and the neasurenment of the positional 73 2 3 SEP
2002 rel ationship (alignnment operation) between the positional alignnent
mark of the sensitive substrate held on the second substrate stage and the
reference mark on the stage are perfornmed concurrently in parallel to one
another. During this process, the position of the first suﬁﬁ rSitPeZﬂpge S
managed by the aid of the first interferoneter, and the position of the
second stage is nanaged by the aid of the second interferoneter. Wen the

exposure operation eﬁéggﬁggjnﬁnat[g@sﬁ%cgftg}pe fdgy O§EP§Q9§,§ és%%g?e%é;sy

conpl eted, the position of the second stage 1s nedasura by UsI
first interfergegher aMHicBthastReeR 0 age the .position of the
first substrate stgge, and ?ﬂso, [éhg%s%g%&lddw reeﬁpé)ssltnggé:tt\es SRR v
the position af,pudi tpﬁ rel.ative, positjon between the predeterm ned
reference point W %fi?ﬁ L ;V%]t 5t nmért e o?PN¢ et3H% ecti on opti cal
system and the reference nark on the second substrate stage is detectable.
Subsequent |y, the pdSF3§YUnHl9 dditiskeebties ofether ablietostabe bgnsistinge a
substrate held on the second stage and the inmage of the pattern fornmed on
the mask by usPRgeRGelnterigrameteant cuoriaie exposurkefbastise fubsia-qxeshieijgnal
rel ati onship between the reference mark on the second stage and the
positional aligmneme ome kstorgd hevtsics indassipty Qﬁd%i@o(ﬁalo'}eﬁﬁ%‘%‘ggg'ig
stage measured previously. Thus, the sensitive substrate is exposed by
proj ection w tihetween g@ldignined tPAGLR' Bn the substrate held on the other
stage and a reference mark on the other stage,
moving the other stage to a position at which a positional
relationship between the reference mark on the other stage and
a predetermined reference point within a projection area of the
projection optical system is obtained, after completion of the
exposure for the substrate on the one stage; and
performing alignment for the sensitive substrate held on
the other stage and the image of the pattern on the mask, by
using the first interferometer, on the basis of the'relationship
between the alignment mark on the substrate held on the other
stage and the reference mark on the other stage, and a
relationship between the reference mark on the other stage and
the predetermined reference point within the projection area
of the projection optical system.
According to the projection exposure method, for example,

the exposure operation for the sensitive substrate held on the

first substrate stage, and the measurement of the positional
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formed on the mask. 74 23 SEP 2002 That is, the exposure operation for the
sensitive substrate held on the one substrate stage, and the alignnent
operation for the sensitive substrate held on the second stage are
concurrently perfornmed in parallel to one another. After that, the first
substrate stage is retracted to a predeterm ned substrate e>2c3la$@é 2002
position, concurrently with which the second substrate stage is noved
toward the position on which the position of the reference mark of the

I h h

et erence. poi nfeLtt Bifen L RELTEHERE kit be Burer nEhE mage igtione

pattern forned,on the thin the projection area of the projection
i o

optical syst en?lh?féf“?’hfe &he 5/BE itdve FRSEFAtBekab@ N e Iseiconids
detected. Further, the alignnment is performed for the sensitive substrate
hel d on the se%%t%iﬂﬁtﬁﬁﬁﬁestaa’gb bhe neferensge rirk henpatheersit 4§ mageon

the mask on the basis of the obtained detection result and the positional
rel ationship BrtfwEred henahigenthy itaparabllel o oﬁé&mam%@rﬁarrkuﬁhé REis
stage previously measured during the alignnent operation, while the

position of thereseond theagesisionregathd) iysitngubberhtesita é‘tl%rﬁlﬁﬁgggﬁer'
Therefore, it is possible to inprove the throughput by concurrent

perform the exppsHeca LPRFaLhEF i | S Lat e thef
substrate st a)g;ie?loand the ali gnmsuq’It 22 2eTole¥Rr, 4R h poS1t1on of ERe

second stage is managed by the aid of the second interferometer.
When the exposure operation effected on the side of the first
substrate stage is completed, the position of the second stage
is measurable by using the first interferometer which has been
used to manage the position of the first substrate stage, and
also, the second substrate stage is moved to the position at
which the relative position between the predetermined reference
point within the projection area of the projection optical
system and the reference mark on the second substrate stage is
detectable. Subsequently, the positional adjustment is
performed for the sensitive substrate held on the second stage
and the image of the pattern formed on the mask by using the
first interferometer, on the basis of the positional
relationship between the reference mark on the second stage and
the positional alignment mark on the sensitive substrate held
on the second stage measured previously. Thus, the sensitive
substrate is exposed by projection with the image of the pattern

formed on the mask.
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operation for the sensitive substrate on the second substrate 75 23 SEP
2002 stage. Even when the second interferoneter, which has been used to
manage the position of the other stage during the alignnent, cannot be

used for the neasurenent, the neasurenent based on the use of the first

interferoneter nmakes it possible to manage the position of tﬁ@ SPragn2
substrate stage during the exposure. Thus, it beconmes unnecessary that the
stage position is observed continuously by nmeans of one nmeasuring axis or
one interferometer through the alignnment operation, the novenent

operation fromthe allibgdness  pddia i 6K¥pPPsUrke epeIatian pbert ithe ardsitive
exposure operation. Therefore, it is possible to mniaturize the
reflective surfsahstafatehdeddage the orélmahbstgaté hetdqd erangr aet 81 i §pnahef
each of the interferoneters, and thereby it is possible to mniaturize the

substrate st agepefatdoti fgrtthd Benelieyet buageesteq{eltdﬂenpit?é%%EOH\HVEQA%Q”,
there is provided a projection exposure apparatus for exposing a sensitive

substrate (WL, a¥@) cb¥cREPeREI Y b b @IS P a?:alﬁ.%tlt £6 %r{eo%%(#.h%g.a &

(R) via a projection optical system (PL) onto the sensitive subsStra )

R Ty T S TN

novabl e on a two-dinensi onal ane i1 "ot I
AN e s 1 S Y AR R e A
substrate stage is moved toward the position on which the
position of the reference mark of the second substrate stage
is detectable with respect to the predetermined reference point
(for example, the projection center of the image of the pattern
formed on the mask) within the projection area of the projection
optical system, and then the positional relationship between
the both is detected. Further, the alignment is performed for
the sensitive substrate held on the second s;ubstrate stage and
the image of the pattern formed on the mask on the basis of the
obtained detection result and the positional ‘relationship
between the alignment mark and the reference mark on the stage
previously measured during the alignment operation, while the
position of the second stage is managed by using the first
interferometer. .
Therefore, it is possible to improve the throughput by
concurrently perform the exposure operation for the sensitive

substrate on the first substrate stage and the alignment

operation for the sensitive substrate on the second substrate
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pl ane as that for the first substrate stage (WBl) while holding 76 2 3 SEP
2002 a sensitive substrate (W2); a transport system (180 to 200) for
delivering the sensitive substrate with respect to the first and second
substrate stages (W51, W52); and a controller (90) for controllin
operations of the both stages so that one stage of the fi rsZS(ﬁEE) 2802d
second (WB2) substrate stages perforns delivery of the sensitive substrate
with respect to the transport system (180 to 200), during which the other

stage perforns exposure eration. According to the projection exposure
appar atus, the saccr}’&%'r oﬁf’gp"g%rﬂ&&??efzﬁggo’d&%‘f eFYFer heheh hasthrpnsused

that one stage of the first substrate stage and the second substrate
stage perfor ns ¥hBaRBER IS PF ithendh dihe Qehenisdags duning theespighmént | he
transport system during which the other stage perforns the exposure
operati on. Thecén®ot behusegefarithre maasiesged Nd:Heo nichasurenent lbex gl abmed
above can be processed concurrently with the operation corresponding to
the tine T4. Thesusetofi shpatistdll énterifepbaceethrakdd QugheRs i K% €0'RM S5k
with the conventional sequential process which requires the time (Ti + T2

[T T o ST O st oot Rr NG pORs)
al so preferabl gn,8at; ¢ BEcBROE Htine¥essary that the stage position is observed
continuously by means of one measuring axis or one
;nterferometer through the alignment operation, the movement
operation from the alignment position to the exposure position
and exposure operation. Therefore, it is possible to
miniaturize the reflective surface of the stage for reflecting
the interferometer beam of each of the interferometers, and
thereby it is possible to miniaturize the substrate stage.
According to the eleventh aspect of the present invention,
there is provided a projection exposure apparatus for exposing
a sensitive substrate (W1, W2) by projecting-_a‘n image of a
pattern formed on a mask (R) via a projection optical system
(PL) onto the sensitive substrates, characterized by
comprising:
a first substrate stage (WS1) which.is movable on a
two-dimensional planewhile holding a sensitive substrate (W1);
a second substrate stage (WS2) which is movable
independently from the first substrate stage (WS1) on the same

plane as that for the first substrate stage (WS1) while holding
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exposure apparatus further conprises a nask stage (RST) which 77 23 SEP
2002 is capable of simultaneously carrying a plurality of masks (R); and a
driving system (30) for driving the nask stage (RST) so that any of the
masks (R) is selectively set at an exposure position. According to this

enbodi nent, for exanple, in order to inprove the resolving n
when the so-call ed double exposure nethod is used to changg@ﬁgﬁ\/@ugrasks

so that overlay exposure is performed under an exposure condition
appropriate for each exposure area, then the doubl e exposure can be
perforned in aaceensihtbve swhsteraty (82ng the two nasks on the side of the
one substrate stage, during which another operation such as alignnment can

be perforned on the si deanépbhe elldlem Subsd r abe Ricager§LNGHY §
therewith, only by allowing the two nasﬁs to be cé?ried on t%ggﬁgéﬂ §?§be

bef hand, i ks,:and i th
o orshani, renetenasrubbe eSS eI SELIAT0 LHe ARk RLADe b Lhe o

exposure position by using the driving sy

whi ch woul d b i t fr he doubl e exposure nethod, can be
ot onssal G AR

greatly inprove 4 He %hatd ary type projection exposure

apparatus such as the st for_exposing the_sensitive substrate by
projection with the %S?ngﬁﬂ‘c?f:n{ﬁp bﬁ%h%gﬁﬁgﬂuﬁﬁg R atnensce f dheopetbal

systemin a state in which the mask and the sensitive substrate are
al | oned to staHd3aS 190 thaf enet ftaggpefethentinsted Wilb) eoid secordosus?)

apparatus is nore
substrate stages performs delivery of the sensitive substrate

with respect to the transport system (180 to 200), during which
the other stage performs an exposure operation.

According to the projection exposure apparatus, the
controller controls the operations of the both stages so that
one stage of the first substrate stage and the second substrate
stage performs the delivery of the sensitive substrate with
respect to the transport system, during which the other stage
performs the exposure operation. Therefore, the operation
corresponding to the time T1 explained above cap\be processed
concurrently with the operation corresponding to the time T4.
Thus, it is possible to improve the throughput as compared with
theconventionalsequentialprocesswhichrequiresthetime(Tl
+ T2 + T3 + T4).

It is sufficient for any of the projection exposure
apparatus that the exposure is performed by using one sheet of
mask. However, it is also preferable that the projection

exposure apparatus further comprises a mask stage (RST) which
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effective when the projection exposure apparatus i's constructed 78 23 SEP
2002 as a scanning type projection exposure apparatus in which the mask
(R) is carried on the mask stage (RST) which is novable in a predeterm ned
direction, wherein the projection exposure apparatus further conprises a
stage controller (38) for exposing the sensitive substrateZ\'z}BSEPV\mg by
projection with the pattern fornmed on the nmask, while synchronously novi ng
the mask stage (RST) with respect to any one of the first and second
substrate stages éV\Sl and W52), because of the follow ng reason. That is,
it is possiblelfd3RAIe oI5 YRRl taneenet e caxgyingea pdninad ity ehmaaker gy Ng
effect on the image of the nmask pattern in the projection area forned by

t he projection28ptcdriving aystemnd3i0) forpdsivbheg the malsk expgeu{Rst prs

| arger area by using the smaller projection optical systemas conpared
with those usttatoanyhefsthei masky [Rpeipr OBt t Die By POSHI £ AW HH I ure
According to the twelfth aspect of the present invention, there I

provided a propesit9dneXaset Rl BRPebaNSs ferboiRRHNY o1 e stfates
(W, W2) by projecting an i nage of a pastterr? or ned gcr’lfgé%@%\é(’%#\%%{eg

proj ection opt{gaimseite el P&Qofgixg%ﬁb‘%«e%n?%hv ;% tr%ﬁéﬁl%%b&%n

characterized by having: a first sul ate ‘'stage

Second subst r acehor SEE R SafRcq 29 GodE0S insEpirmani porvias evertast

substrate st aggxécygst}ge C}.ré tpg%fcs)%nngd under an exposure condition appropriate
for each exposure area, then the double exposure can be
performed in a continuous manner by using the two masks on the
side of the one substrate stage, during which another operation
such as alignment can be performed on the side of the other
substrate stage concurrently therewith, only by allowing the
two masks to be carried on the mask stage beforehand, and
changing the masks and setting the mask stage at the exposure
position by using thedriving system. Thus, the low throughput,
which would be otherwise resulted from the dqdble exposure
method, can be greatly improved.

As compared with the stationary type projection exposure
apparatus such as the stepper for exposing the sensitive
substrate by projection with the pattern formed on the mask via
the projection optical system in a state in which the mask and
the sensitive substrate are allowed to stand still, any of the

above-mentioned projection exposure apparatus is more

effective when the projection exposure apparatus is constructed
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pl ane as that for the first substrate stage (WB1) while holding 79 23 SEP
2002 a sensitive substrate (W2); an interferoneter system (for exanple, a

| engt h- measuring axes Bl 1X to Bl 4Y) for measuring two-di nensional
positions of the first substrate stage and the second substrate stage
(W1, WS2) respectively; a storing device (91) which stores @3i SER;rZﬂngnce
condition for the interferoneter system (for exanple, the |ength-nmeasuring
axes Bl 1X to BI4Y) to be used when the first substrate stage and the
second substrate stage cause interference with each other; and a

control | er (90RSfdrsainting [tiyihg BEQaREhionf expesioe rap[simgms (WSIh iNb2)hd 0
cause no interference with each other while nonitoring a neasured val ue

obt ai ned by thmaskt €Rf eionetEried st ahe nars kexaagkee (RENG WRIEH kttéﬁ‘ﬂﬁt?’
axes BI1X to Bl4Y) on the basis of the interference condition store

the storing denicpredbterfdoedddNBet0idbRe WHOHEG] ithR gfﬁgéé'{foﬁ%ro%

the interferoneter systemis used to neasure the t nsi onal

posi tions of t@gpata@assmrhae&eoﬁ&gﬁ&g@mg Lhegpg gnfﬁow%ggg&gh@@ hdod ng

whi ch are independently novabl e nens ona
e el S S R D R RS
the measured Vahe pattern formed on the mask, while synchronously moving the
mask stage (RST) with respect to any one of the first and second
substrate stages (WS1 and WS2), because of the following reason.
That is, it is possible to realize highly accurate exposure
owing to the averaging effect on the image of the mask pattern
in the projection area formed by the projection optical system,
and it is possible to make exposure for a larger area by using
the smaller projection optical system as compared with those
used for the stationary type projection exposure apparatus.
According to the twelfth aspect of the present invention,
there is provided a projection exposure apparatus' for exposing
sensitive substrates (Wl, W2) by projecting an image of a
pattern formed on a mask (R) via a projection optical system
(PL) onto the sensitive substrates, characterized by having:
a first substrate stage (WS1) which.is movable on a
two-dimensional plane while holding a sensitive substrate (W1);
a second substrate stage (WS2) which is movable
independently from the first substrate stage (WS1) on the same

plane as that for the first substrate stage (WS1) while holding

79



obtained by using the interferometer system on the basis of 80 2 3 SEP
2002 the interference condition stored in the storing apparatus under
which the first substrate stage and the second substrate stage cause
interference with each other. Therefore, even when the two stages are

i ndependently noved to concurrently process the two operati or253 aguﬁ | el
to one another, it is possible to prevent the two stages from contac
(interference). The projection exposure apparatus may further conprises an

al i gnment syst ean peswi eibek anmided1m (g proj ection optical  system (PL),
for detecting a reference mark on the substrate stage (WS1, W52) or a mar k

on the sensitive subsly atjg ek I he strate stage (\\6
W52): and a transport sys}tem ef}%\kttgt}gog?'g?’eh é|5|€er<|£n i sé’nsrlFf‘Géh-

substrate (W, ép o,.th st substrate stage and the
second subst rat e stag -{ﬁé)% t?hglég f8F| Beasya)ngnFwoorimensiohal
two substrate Sta%ﬁﬁbo(n;-[ Jﬁg% so that one stage of the substrate stages
(W1 or WG2) pdt of ipRt YHetaraton stageanhithedramtd agbstrate
operation perforned ¥\r§ the alignment system and a sensitive substrate (W,
W) - del i ver i ng Sfgeat(WSd WiER ) respestivelyne transport system (180 to
200), while a neasured value obtained by using the interferoneter system
(for exanple, | ength- reasuitiqgdaxiseBl(BX )t owlBldlY) sitere@nidmr Qﬁ'te?ﬁei‘@ﬁce
basis of the interference condition, during which the other stage (W52 or
WB1l) is subjectenditian eqiosthe Qﬁ@éﬂfé@&m@@éfOE%QeRY U %xample, the
length-measuring axes BI1X to BI4Y) to be used when the first
substrate stage and the second substrate stage cause
interference with each other; and

a controller (90) for controlling movement of the both
stages (WS1, WS2) to cause no interference with each other while
monitoring a measured value obtained by the interferometer
system (for example, the length-measuring axes BI1X to BI4Y)
on the basis of the interference condition stored in the storing
device (91).

According to the projection exposure apparatus, the
interferometer system is used to measure the two-dimensional
positions of the first substrate stage and the second substrate
stage which are independently movable on the two-dimensional
plane while holding the sensitive substrates respectively, and
the movement of the both stages is controlled by the controller

to cause no interference while monitoring the measured value

obtained by using the interferometer system, on the basis of
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the projection optical system (PL), and when the controller (90) 81 2 3 SEP
2002 may control such that when the both stages (W51, W52) cone to
positions to cause interference with each other, the stage (W8J or W52) of
the both stages (W51, W52), which takes a longer time wuntil conpletion of

the operation, is preferentially nmoved wuntil the both stages ) P VD
are in a positional relationship of no interference, during which the
stage (W2 or W51), which takes a shorter tine until conpletion of the
operation, is alJlowed to wait. According to this constitution, the
control | er conth8l dnteréepsnaesapstistionsisdgesdsdnt tite tstaming st g he
substrate stages perforns at | east one of the operations of the sensitive
subst r at e- del i ¥efeRgvloir &hieofi nstd siies trmrte dehgetamy thepeesbh@Bubdiilg
nonitoring the neasured val ue obtained by wusing the interferoneter system

on the basis oﬁta@ecdwmgﬁﬁﬁﬂﬁﬁﬁxem@@dﬁth%heﬁé&h@gJMﬁﬂékéfB%éﬁ€€énwhen
substrate stage 1is subjected to the exposure operation, while the

control ler pethonsm 50a588larishabpehathesy s Pt g%%g@&&ﬁﬂf%tﬁ%?%ggg .

positions to cause interference with ea her,

o preterontially yeRenatiPtEn sl REPRLEL A oRETRRORhER. o poRaLDTe
Shorter tine TrTetOHEI Y GH e ARe G dR icomtacs dhPohsdorengart .
The projection exposure apparatus may further comprises
an alignment system provided apart from the projection optical
system (PL), for detecting a reference mark on the substrate
stage (WS1, WS2) or a mark on the sensitive substrate (W1, W2)
held on the substrate stage (WS1, WS2); and a transport system
(180 to 200) for delivering the sensitive substrate (W1, W2)
with respect to the first substrate stage and the second
substrate stage (WS1, WS2). The controller (90) may control
the two substrate stages (Wsl, WS2) so that one stage of the
substrate stages (WS1 or WS2) performs at least one operation
of amark-detecting operation performed by the alignment system
and a sensitive substrate (W1, W2)-delivering operation with
respect to the transport system (180 to 200), while a measured
valueobtainaﬂbyusingtheinterferometersystem(forexample,
length-measuring axes BI1X to BI4Y) is monitored, on the basis
of the interference condition, during which the other stage (WS2

or WSl) is subjected to an exposure operation performed by using

the projectionoptical system (PL), and when the controller (90)
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Therefore, even when a situation of interference occurs during 82 23 SEP
2002 the concurrent process for the two operations while independently
noving the two stages, the interference of the two stages can be avoi ded

wi t hout decreasing the throughput by conparing the time untgl é%ﬁpl etion
of the operation for the both stages, preferentially novi ngétah nd002 age,
and allowing the other stage to wait. According to the thirteenth aspect

of the present invention, there is provided a projection exposure

o IR R 0 e 6 o

(PL) onto the sgns&;ive substrates, characterized by conprising: a first
substrate stagB°fWe1§ns & GARSH LDtaKHtarance with each pbhatd thenstage qwsa
t wo- di mensi onal pl ane while holding a sensitive substrate (W); a second
substrat e stag®f ({#BD) oLfdihekPEh stagse(¥fde Wa2 k, vihdchotakes af bongeyitige
i ndependently fromthe first substrate stage (W5l) on the sanme plane as
that for the fﬂn%tlszBplatéonsbﬁgEhéWBberMEbﬁ,hqbd@&@f@rggmigquyemoved
substrate (W2); an alignnent system (for exanple, 24a) provided apart from
the projecti omwpil calhesysbem (Ftages or (Wt £Cligdg t Bee rg,fleraenggsq_'@ri%ng
the substrate stage (W1 or W52) or a mark on the sensitive substrate (W
or W2) held onrélwer SostiRics $bA9Rterference, during which the stage (WS2
or WSl), which takes a shorter time until completion of the
operation, is allowed to wait.

According to this constitution, the controller controls
the both substrate stages so that the one stage of the substrate
stages performs at least one of the operations of the sensitive
substrate-delivering operation and the mark-detecting
operation, while monitoring the measured value obtained by
using the interferometer system, on the basis of the
interference condition, during which the other substrate stage
is subjected to the exposure operation, while phe controller
performs control such that when the both stages come to the
positions to cause interference with each other, the stage,
which takes a longer time until completion of the operation
concerning the both stages, is preferentially moved until the
both stages are in the positional relationship of no
interference, during which the stage, which takes a shorter time

until completion of the operation, is allowed to wait.

Therefore, even when a situation of interference occurs during
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(Ws1 or W82); and 83 2 3 SEP 2002 a controller (90) for controlling the two
stages (W1, WSB2) so that a mark-detecting operation is perfornmed by the
al i gnnent system (for exanple, 24a) for the sensitive substrate held on
one stage (W51 or W52) of the first substrate stage (W51 ) d the second
substrate stage (W52), concurrently with which an exposure %garSEPoBsz
performed for the sensitive substrate held on the other stage (W52 or WBl)
, While an operation, which is included in the nmark-detecting operation to

be perforned OQWﬁahe one sta enégﬁl(n \¥¥2 and which affects the other
stage (W82 or ), S Y AGP5S ncHroni ¥B% i ohWi t PPeRA bist i while
which is included in the exposure operation to be perfornmed on the other
stage (W82 or WBPCPERdeRtilyhmaviegt shenkwernstagese the\gnter fegehceant tlos
controlling the operations of the two substrate stages (W1, W52) so that
operations, whit¥® &Feges marnubedaveided widdpent deerepsinyitdns theolghput by
performed on the first substrate stage (W5 1) and the second substrate
stage (W82) acdmphirdhgnbke time nintihasonldt BH¢ b Oher opafstpsﬁf@émgihn
synchroni zation with each other. In the projection exposure apparatus, the

controll er cobbral Stades | pReFerant 180 1yMbviR§ tREHALI A hgdMLER 45 owi g

included in the mark-detecting operati On operated on the ‘one stage an

which affects tjg gther g{ggg égi§£§gbance factor), is performed in
synchroni zation with the opération ichis

According to the thirteenth aspect of the present
invention, there is provided a projection exposure apparatus
for exposing sensitive substrates (W1, W2) by projecting an
image of a pattern formed on a mask (R) via a projection optical
system (PL) onto the sensitive substrates, characterized by
comprising:

a first substrate stage (WS1), on which a reference mark
is formed, moving on a two-dimensional plane while holding a
sensitive substrate (Wl);

- a second substrate stage (WS2), on which a_réference mark
is formed, for moving independently from the first substrate
stage (WS1) on the same plane as that for the first substrate
stage (WS1l) while holding a sensitive substrate (W2);

an alignment system (for example, 24a) provided apart
from the projection optical system (PL), for detecting the
reference mark on the substrate stage (WS1 or WS2) or a mark
on the sensitive substrate (Wl or W2) held on the substrate stage

(WS1 or WS2); and
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I ncluded in the exposure operation operated on the other stage 84 2 3 SEP
2002 and which affects the one stage (disturbance factor). Accordingly,

t he operations, which make i nfluence with each other, are synchroni zed.
Therefore, no trouble occurs in the operations perfornmed on fhe respective
stages. Further, the controller controls so that the operati BSSERME are
Included 1in the respective operations to be perforned by the both stages
and whi ch nmake no influence with each other (non-disturbance factor), are

performed in a synchrop] e Theref ore, 0, trouble occurs also in
this case in the opeFa?Féggoggggo[%% f%ﬁl??&F?Qi#ﬁﬂﬁi ¢Wagetagenet@sbr e,

the position-d ting,,operatio erforned by the alignnment systemfor the
marks on the %@géeEPi§Ea§uBsPPﬁgéH§F§§E%“8rOBﬁrﬁﬁéogehgip¢m@osm¢ﬁubyuthe

can be concurreqgtly processed in parallel to the exposure operation
performed by tﬁilﬁ%l‘HFéEtﬁltﬁF%‘bt( feslexamnlan 24 opriegtibatdens iitt ves st 4l
to inproved the throughput. Further, it is possible to concurrently
process the twbelemn anpartsmden (WAl appWopy icat ehewinest, sWsetSe: t88ge (Ws )
operations performed on the two substrate stages make no influencCe mﬁgh

each other. |nanfishasmenind ¥abserateosbagat (was) /bnlarceRe el etk nidihe
operati ons which nmake no influence with each other. However, “it 1Is

Teasure the mark on the one sane (nel or RSy bHE I bbhdic 68 Wihetare
held on the other stage (WS2 or Wsl ), while an operation, which
is included in the mark-detecting operation to be performed on
the one stage (WSl or WS2) and which affects the other stage
(WS2 or WS1), is performed in synchronization with an operation
which is included in the exposure operation to be performed on
the other stage (WS2 or WS1) and which affects the one stage
(WS1 or WS2), and for controlling the operations of the two
substrate stages (WS1, WS2) so that operations, which are
included in the respective operations to be performed on the
first substrate stage (WS1) and the second substraﬁe stage (WS2)
and which make no influence with each other, are performed in
synchronization with each other.

In the projection exposure apparatus, the controller
controls the two stages so that the operation, which is included
in the mark-detecting operation operated on the one stage and
which affects the other stage (disturbance factor), is

performed in synchronization with the operation which is

included in the exposure operation operated on the other stage
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mark on the sensitive substrate (WL or W) held on the one stage 85 2 3 SEP

2002 (W51 or WB2) during a period for exposing, by projection, the
sensitive substrate (W2 or WL) held on the other substrate stage (W52 or
W51) with the imge of the pattern formed on the mask (R). These
operations do not make any influence with each other. Acco@lsns;[lfg

possible to concurrently process, wthout any trouble, the highly accurate
mar k- det ecti ng operati on and the exposure operation. On the other hand,

vari ous conbi ngéi ons é be once| ved for the operations which nmake
i nfl uence wit h°85ch"BifBr . at the { ane peéRgieabl(dishurbanee oractor).

substrate stage (W51 or ?1 IS m)ved for detecting the next mark in
synchr oni zat i ofCCRFHANE Y enthe ePerationperwhiohtmnake snfileerdtBariath \&aon
for the next exposure. In this enbodinent, it is preferable that the

proj ection ex%gﬁre app @ynalwdnizdter Thapefoes, anoetou1R06cERSS) § N
I's novable in a predeterm ned direction while carrying the mask (R), and a

scanni ng syst eapéfatiensnpéefodfed forf thenGles Sh¥% saaeRi Ng ﬁql
stage (RST) and the first substrate stage %) or theaseconc}} suépla

stage (W52) wi ¢bntesPESE dontda s PH IR 'tﬂ éi‘&@loﬁy Sb@?cﬁpé‘%l%é)n ﬁél%le%

the controller (90) stationarily rests t e stage {

RN o S LR R T TR
and which make no influence with each other (non-disturbance
fgctor), are performed in a synchronized manner. Therefore,
no trouble occurs also in this case in the operations performed
on the respective stages. Therefore, the position-detecting
operation performed by the alignment system for the marks on
the respective substrate stages or on the sensitive substrates
can be concurrently processed in parallel to the exposure
operation performed by the projection optical system.
Consequently, it is possible to improved the throughput.
Further, it is possible to concurrently pr'oé'ess the two
operations in an appropriate manner, because the operations
performed on the two substrate stages make no influence with
each other.

In this aspect, various combinations may be conceived for
the operations which make no influence with each other. However,
it is preferable that the one stage (WS1 or WS2) is stationarily
rested to measure the mark on the one stage (WS1 or WS2) or the

mark on the sensitive substrate (W1 or W2) held on the one stage
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novenent of the other substrate stage (W52 or WS1) at a constant 86 2 3 SEP
2002 velocity in synchronization with the mask stage (RST). Accordingly,
the scanning systemis operated to nove the mask stage and the ot her
substrate stage at the constant velocity in a synchronized manner during
the exposure. Therefore, the one stage is not affected thergigy SEPo20fthi ch
the nmeasurenent of the mark is perforned. The mark is neasured in a
stationary state which does not affect the other stage during the

exposure, on YRke108g ﬁé%ﬂ%tﬁﬁ@d"gi ggrigﬁ fﬁ%ke&r?ﬁo Slg{ige, 2{|t BESB gé{%r?&@

during the novenent of the other ge a

t he exposure). | even I n h rocess of the scanning
exposure, the Sé%ggﬁg{e’g%p‘%ﬁrsa‘ﬁ%ﬁ gﬂé ﬁ@i) L oR th& ek substrahe sthagee
concurrently d?@%g with in parallel to one another w thout any trouble by

usi ng the two gRE Wil (Hith thsodmagrtof i the pattrernddoirmet| en ttted mialsak
proj ection exposure apparatus further conprises a transport system (180 to
200) for delivéR)ng Eirseseperatiensdosiotameke\Wny bnfY@noé WithesRacsthert he
first substrate stage and the second substrate stage (W51, W52)
respectively, Mpeerdinghe, ciantisolposs ibl20}ocoshe 0k BeAPEY 5iduts Of Wikf ol o
substrate stages (W51, W52) so that the one substrate stage (V\él or W52)

SubstTate (W of V) del'ivering Sporar et AREKIHLE80EIho RSO Spe
the exposure operation.

On the other hand, various combinations may be conceived
for the operations which make influence with each other.
However, it is preferable that the one substrate stage (WS1 or
WS2) is moved for detecting the next mark in synchronization
with movement of the other substrate stage (WS2 or WS1) for the
next exposure.

In this embodiment, it is preferable that the projection
exposure apparatus further comprises a mask stage (RST) which
is movable in a predetermined direction while ca;inng the mask
(R), and a scanning system (for example, 38) for synchronously
scanning the mask stage (RST) and the first substrate stage
(WS1) or the second substrate stage (WS2) with respect to the
projection optical system (PL), wherein the controller (90)
stationarily rests the one stage (WSl or WS2) to measure the
mark on the one stage (WS1 or WS2) or the mark on the sensitive

substrate (Wl or W2) held on the one stage (WS1 or WS2) during

movement of the other substrate stage (WS2 or WS1l) at a constant
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system (180 to 200), concurrently with which the exposure 87 2 3 SEP 2002
operation is perforned for the sensitive substrate (W52 or Ws1) held on
the other stage, while an operation, which is included in the delivering
operation and the mark-detecting operation to be perforned on the one
substrate stage (W51 or WS82) and which affects the other sthﬁ SRRs2002
WE1l), is perfornmed in synchronization with the operation which is included
in the exposure operation to be performed on the other stage (W52 or W51)

and whi ch affegi e _one stage, (W51 or W52), and the controller (90)
control s the og%?g&?g}ﬁs ol tsléfg’cﬂ\(ﬁ?"ﬁfﬁéstlt%’t ewithadielte (W8sk VSRageo (Hmat) .t he

operations, which are ifcl uded in the respective operations to be
performed on tAECPFALRILE (S SCantidge syAtemhis sepmirat exliltot mave SH@GR sk
(W1, W52) and @ which nake no influence with each other, are perfornmed in

synchr oni zat i oft3§¢ RRhdhder Aubstdiate stabbi ateoboddmitant Wi ocit
operations corresponding to the tinme T1, the tinme T2, and the tinme 'Fé Y

expl ai ned abovién casybehpenfiaededannet eusinte e RBosARE . St |le the
operation corresponding to the tinme T4 canﬂ?be per?o?rre on eefgycfe' 3}‘et he

other stage. Towe efteig® ilsh@ott RFPHERBH! ¢} ther inprgved, and it is
possible to concurregﬁly p?ocess the OBE§5{3?ghsﬁ§)ﬂ "ﬁ)]lecq} \%glesfngaggrement

ot Syst e et 5 BYPeE  R RR RB R L B e
state which does not affect the other stage during the exposure,
on the one stage for which the mark measurement is performed,
during the movement of the other stage at the constant velocity
(during the exposure). Accordingly, even during the process
of the scanning exposure, the exposure operation and the
mark-detecting operation can be concurrently dealt with in
parallel to one another without any trouble by using the two
stages.

In this embodiment, it is more desirable that the
projection exposure apparatus further comprises a transport
system (180 to 200) for delivering the sensitive substrate (W1
or W2) with respect to the first substrate stage and the second
substrate stage (Ws1, WS2) respectively, wherein the controller
(90) controls operations of the two substrate stages (WS1, WS2)
so that the one substrate stage (WSl or WS2) performs at least
one of the mark-detecting operation and a sensitive substrate

(Wl or W2)-delivering operation with respect to the transport

system (180 to 200), concurrently with which the exposure
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system However, when the apparatus conprises, for exanple, 88 2 3 SEP 2002
two alignnment systens separately fromthe projection optical system it is
preferable that the alignnent systens (24a, 24b) are arranged on both
sides of the projection optical system (PL) in a predet erm’ged di rection;
and the controller (90) changes the operations of the both ﬁa@&? Q001
W52) when the operations of the both of the first substrate stage and the
second substrate stage (W1, W52) are conpleted. In the case of the above
constitution, herftloacid ' e L PO t ,the central
position is used to exposggfﬁg%lggg#??@tesg%'g%?g ‘Zg%&%gtgﬁ%ﬁhéi%gr WS1)
substrate stag € raglon), ile the one, alignment systemis
used to det ec?e%ﬁeéﬁawggge?h%{éégaéﬂq € 8MpPrLRBIPR FIYEh he ndlarded
substrate staggn(@iuie gfnt operation). Wien the exposure operation is
changed to the™al rgnnen l%%’éf’b? iBRELIM]N @Re theveasktdetechibng wpesdtsiont e
st ages toward Ehg)other alignnent system al ong the predeterm ned direction
makes it possi bP &% BerfptRed pa bhe onghsebat rate sgegea(Wsigobas? ) asatedch
under the projection optical systemto the position for the other
al i gnment syst 8ffeaksl rdvee ohbeut hetagebgmsat eost &1 Naviey peeformafatgd
at the position for the one alignnent systemto the position under the
proj ection opt$yr¢hsymizativd lwitdsechd Tofferatiitth Wi cH 113N TR wI%Et §1B +§EN
be alternately used as descri bed above w thout any trouble.

exposure operation to be performed on the other stage (WS2 or

w$1) and which affects the one stage (WS1 or WS2), and the
controller (90) controls the operations of the two substrate
stages (WS1, WS2) so that the operations, which are included
in the respective operations to be performed on the first
substrate stage and the second substrate stage (WS1, WS2) and
which make no influence with each other, are performed in
synchronizationwith each other. According to this embodiment,
the operations corresponding to the time Tl, the time T2, and
the time T3 explained above can be performed on tli’e side of the
one stage, while the operation corresponding to the time T4 can
be performed on the side of the other stage. Therefore, the
throughput is further improved, and it is possible to
concurrently process the operations on .the two stages
respectively without any trouble.

In the projection exposure apparatus, the alignment
system may be provided separately from the projection optical

system. However, when the apparatus comprises, for example,
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According to the fourteenth aspect of the present 89 2 3 SEP 2002

I nvention, there is provided a projection exposure nethod for exposing
sensitive substrates (W, W2) by projecting an image of a pattern forned
on a mask (R) via a projection optical system (PL) onto the sensitive
substrates, characterized by conprising: preparing two substd3tSERt20§2s,
each of which noves independently on a two-di nensional plane while hol ding
a sensitive substrate (W, W2), each stage having a reference mark forned

t hereon; and expQsi roj lon, the sensitive substrate (W or W
hel d on one ofégﬁebg?%ﬁ@én?Vé%éﬁ#mékiﬁp%ﬁ%ﬁéiﬂuﬁ%oﬁhﬁzeopro9ﬁ%tb%ﬁtQHFica
formed on the rsmsgla whj | e stationa%LIy resting the other stage (W52 or
WS1) to det ect “YREPertl dfcBEREFRABHeHRIAT Shgerl igament \ie s temsE2dapr24b)
mark on the sensitive substrate_ (W or VQ& held on the other stage (W52 or
WS1) . Accor di n§FeREHOIHbPRARatdns dps af the prarigctdont opt indlesyssemge®li)s
stationarily rested during the projection exposure wth the imge of the

pattern formedinm tredetsienfiored Héreehiohi; vand suhs coateohekd 090 § kthaonrrs
stage of the two substrate stages to detect the reference mark on the

other stage' orthéepairiagimmst of BRekbOth Bitagesngidi v asayhaidmt Re )t 421 dnle

other stage. Therefore, the two stages are used such that the projection

exposur e oper asf @hel SoIEbEAHEE ] P8t At gt&ge dvbl e WBLERG substrate
stage (WS1, WS2) are completed.

In the case of the above constitution, the projection
optical system disposed at the central position is used to
expose the sensitive substrate held on the one substrate stage
(exposure operation), while the one alignment system is used
to detect the mark for the sensitive substrate held on the other
substrate stage (alignment operation). When the exposure
operation is changed to the alignment operation, only the
movement of the two substrate stages toward the other alignment
system along the predetermined direction makes_if possible to
move the one substrate stage having been located under the
projection optical system to the position for the other
alignment system, and move the other substrate stage having been
located at the position for the one alignment system to the
position under the projection optical system with ease. Thus,
the two alignment systems can be alternately used as described

above without any trouble.

According to the fourteenth aspect of the present

89



the mark-detecting operation is berforrred on the other stage 90 2 3 SEP
2002 in the stationary state. Therefore, the highly accurate exposure
operation and the mark-detecting operation are concurrently dealt with in

parallel to one another w thout being affected by the opera
on the one stage or the other stage with each other. Thus, zé)rgﬁ?o@@ébl e

to inprove the throughput. According to the fifteenth aspect of the
present invention, there is provided a projection exposure method for

exposi ng sensitive substr@tl (W, W) by prOJ ecting an image of a pattern
formed on a nadRVERF1ORa %F%JJ&PFQNlésﬁl eaPrajecteinn ERppsomeanetizod for
sensitive substrates, characterized by conprising: preparing two substrate

stages, each ofXRAF&RYRRRSLtiVRIspEsdanttes (W1a Wip ki peogeonah PARGa | €
hol ding a sensitive substrate (W, W2), each stage having a reference ‘mark

f ormed t her eon@f zmx;latt;lenns‘simeldyomnm@é)ﬂgk)b‘yia)ca?ﬁﬁjé@tfh;oxﬁoptﬂééi 's%%t%tn
portions on the sensitive substrate (W, W2) held on one stage

W52) of the tvvoPprsbnabe &hége§eﬁ§§¥av@82)su\ﬂstt|}attle‘§ "@ﬁ‘ia@:e&*gg gat E}ern
formed on the rrask (R) ‘and successively detecting’a plurality maks
on the sen5|t| §Jthr§€?te (W, W) held on the other stage (V\SZ or W51)

concurrently t t ‘while determ ning an order of the detection of the

mar ks on the )
preparing two substrate stages, each of which moves

independently on a two-dimensional plane while holding a
sensitive substrate (W1, W2), each stage having a reference mark
formed thereon; and

exposing, by projection, the sensitive substrate (W1 or
W2) held on one of the stages (WSl or WS2) with the image of
the pattern formed on the mask, while stationarily resting the
other stage (WS2 or WS1) to detect the reference mark on the
other stage (WS2 or WS1) or a mark on the sensitive substrate
(W1 or W2) held on the other stage (WS2 or WSl).

According to the projection exposure apparat':us » theother
stage is stationarily rested during the projection exposure
with the image of the pattern formed on the mask for the sens itive
substrate held on the one stage of the two substrate stages to
detect the reference mark on the other stage’'or the alignment
mark on the sensitive substrate held on the other stage.
Therefore, the two stages are used such that the projection
exposure operetion is performed on the one stage, during which

the mark-detecting operation is performed on the other stage
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sensitive substrate (W, W2) held on the other stage (W52 or 91 2 3 SEP
2002 W51) so that the two substrate stages (W51, W52) cause no
interference with each other. According to the present invention, the
projection exposure is successively performed with the inmage of the
pattern formed on the mask for the plurality of portions on2the&§fpegh2 i ve
substrate held on the one stage of the two substrate stages which are

i ndependently novabl e on the two di mensional plane while holding the

sensitive subsirates respectively, concurrently wth which the plurality
of marks on thien séﬁ?i tﬁ%\f‘g:lsod’x?ﬁyr 2182t Rel o Theneforsuheihat highdy e accurate

successively detected. During this process, the order of the detection of
the marks on tFEPLVHS t PPEradaps: rake Helel sarkndetenbingt ayeerat idat eamened
so that the two substrate stages cause no interference with each other.
Theref ore, theePryiraett iyhdeadt aditihohn phriald etatd enes mbathermi heldou t Being
conformty with the novenent of the stage which is subjected to the

successi ve pr ojfefEdted bypﬂmpemﬁﬁ@:sﬁerfémﬂcﬁmﬁhéyonéQ@aé%rsél?&SEB@fre _
prevented frominterference with each other, and the throughput can be

i mproved by concige itthy €¥C keI &'Bﬁ_sc,’p‘?."tatiisog%sséﬁigrQé”gmg%bget e
si xteenth aspect ,of the present invention, there I's provide scanni ng
type projecti YPhroRRGAPRY.€ appar at us for exposing a sensitive substrate (W
with an image of & pattern formed on a mask (R) by noving the sensitive

According to the fifteenth aspect of the present
invention, there is provided a projection exposure method for
exposing sensitive substrates (W1, W2) by projecting an image
of a pattern formed on a mask (R) via a projection optical system
(PL) onto the sensitive substrates, characterized by
comprising :

preparing two substrate stages, each of which moves
independently on a two-dimensional plane while holding a
sensitive substrate (W1, W2), each stage having a reference mark
formed thereon; and

successively exposing, by projection, a plurality of
portions on the sensitive substrate (W1, W2) held on one stage
(WS1 or WS2) of the two substrate stages (WSI, WS2) with the
image of the pattern formed on the mask (R), ‘and successively
detecting a plurality of marks on the sensitive substrate (W1,
W2) held on the other stage (WS2 or WS1) concurrently therewith,
while determining an order of the detection of the marks on the

sensitive substrate (W1, W2) held on the other stage (WS2 or
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substrate (W in a scanning direction with respect to an 92 2 3 SEP 2002
exposure area (IF) which is conjugate to an illumnation area (IA)
illumnated with an illumnation |ight beam (EL), in synchronization with
novenent of the mask (R) in the scanning direction with respect to the
illumnation area (1 A), the projection exposure apparatus cErﬁJrSEsH 12§02 a
substrate stage (W5) which is novable on a two- dinensional plane while
hol ding the sensitive substrate (W; a position-detecting system (151,

161) incl udi ngw%eit ecti n%? ar eaﬁ having a width, in a non-scanning direction
perpendi cul ar t61d 3y Bheet¥Posubstrate Stages: (Wsdn M) ofusd no
exposure area (I F) , on one side and the other side in the scanning
direction with derenge; withypashrethesa (1F) , for detecting a
relative position of a surface of the sensitive substrate (W with respect
to a predeterni ned ré&fepedéingpltanethat prasdntat inveneion, ph:wéallg,g(yj@étion
detecting points (for exanple, FAl to FA9) set in the respective detecting

areas al ong thexppenrecansuogess { €61y @ar fdraddsw i fRtetiadd 9r Syt
provi ded on the substrate stage (W5) , which adj ustsea sa rface%%oé%?[ti(%rﬁ) of

the sensitive fewhelrca ené\Washetsh Qﬂeméér;‘% é}%@ﬁ_}.‘éﬁ%qls’ on ggggsgantgsrg Jer

(90) which controls the substrate-dri SY: on
gga)e?t ngnr gig%&g?gf%?%@%ﬁ‘%h@%né Q%aB%%'E &:Bcra]_t%eot gg}gé{]xgats gttgg]eg%v%li’ch
are independently movable on the two dimensional plane while
holding the sensitive substrates respectively, concurrently
with which the plurality of marks on the sensitive substrate
held on the other stage are successively detected. During this
process, the order of the detection of the marks on the sensitive
substrate held on the other stage is determined so that the two
substrate stages cause no interference with each other.
Therefore, the order of the detection of the marks is determined
in conformity with the movement of the stage which is subjected
to the successive projection exposure process. ‘Accordingly,
the two stages are prevented from interference with each other,
and the throughput can be improved by concurrently processing
the operations.
According to the sixteenth aspect .of the present
invention, there is provided a scanning type projection
exposure apparatus for exposing a sensitive substrate (W) with

an image of a pattern formed on a mask (R) by moving the sensitive

substrate (W) in a scanning direction with respect to an

92



sensitive substrate (W held on the substrate stage (W5). 93 2 3 SEP 2002
According to the projection exposure apparatus, the position-detecting
systemis arranged on each side in the scanning direction with respect to
t he exposure area, in the non-scanning direction perpendicular to the

scanning direction respectively, having the detecting area W %hSE[hezmdt h
In the non-scanning direction w der than the exposure area. The relative
position of the surface of the sensitive substrate with respect to the

b “det ect | ng. porsdafEE Bt e SWRESEC S Fictinaaly ng "tp bl isiaf i area
' Theﬁgontrol | er cantrols the substrate-driving
tedt ¥R oany

- ing d Lon .
Cyetem on the {HhLi SIbEmiRg WRANAHIAM AT RFHy (BB) . in

posi tion-detecting systens, upon exposure for the sensitive substrate held
on the subst raﬁ@‘%l%&f&z%w ikl povenent eqfirlfiee magkl (R¢ imdheoseanniingal
pre-neasurenent sensor nerely including the detecting area having the

sane, w dth aslirectiompositle nespect whi dthe tilamiresnioh ffdexl {IApP, peR&Or M
pre-measurenent control in the area in the vicinity of the outer

ci rcunf er ence pafo jewe isansinposareuappatiae ushdmphd siaanni ng is performed
fromthe outside to the inside of the sensitive substrate, it is possible

to detect the rel atiavesnostfdtd 8tagbhqwy f@ascRl ilshensdi anp%rt'hg{;l_of
the sensitive substrate wth respeCt to the predeterm ned reference plane,
owng to the gjmensional plane while holding the sensitive substrate (W);

a position-detecting system (151, 161) including
detecting areas having a width, in a non-scanning direction
perpendicular to a scanning direction, which is wider than that
of an exposure area (IF), on one side and the other side in the
scanning direction with respect to the exposure area (IF), for
detecting a relative position of a surface of the sensitive
substrate (W) with respect to a predetermined reference plane
at least at one of a plurality of detecting points (for example,
FAl to FA9) set in the respective detecting a;:éas along the
non-scanning direction;

a substrate-driving system (LS) provided on the substrate
stage (WS), which adjusts a surface position of the sensitive
substrate (W) held on the stage (WS); and .

a controller (90) which controls the substrate-driving
system (LS) on the basis of detection result obtained by using

the position-detecting system (151, 161), upon exposure for the

sensitive substrate (W) held on the substrate stage (WS).

93



detecting points of the part of the detecting area protruding 94 23 SEP
2002 to the outside of the exposure area even in such a case. It is
possi ble to adjust the surface position of the sensitive substrate by
controlling the substrate-driving systemon the basis of the detection
data. Therefore, it is possible to avoid decrease in througlﬁoytsg\daig@z
woul d be otherw se caused by the change in scanning direction for t
sensitive substrate. It is possible to drive the focus control by

utilizing the detection ta. Alternatively, during the exposure for a
certain shot area eéfgpfﬁgngttfhet%%tBFoéPP&&ﬁPe@ﬁﬂﬂ§%ﬁ9¢4RﬁﬁﬁﬁtQSmethe

substrate, the intgnnation on.the surface position of a shot area adjacent
thereto i s det BOFSE O -GETRGLIRE §aSs@M nkF parmargedt onheapbr ssiides iof the
detecting area di spgsed on one side and the other side in the scanning

di rection prot FGAPAGNEvELreatiopwitlerespedie texpiruekpasaze afdadNin the
obtained result is stored. By doing so, when the adjacent shot area is
exposed, even hﬁn—shenadhgaHMBcﬁﬁﬁnbérpeﬁh@&uﬁé?&x{@ﬁe@@%ﬁhihﬁdf%ect'on
difficult to perform pre-neasurenent control by using the conventi onal
pre- neasur emenkespasoiveey ¢rhderh AN deltlectd nBOSSLR! & uj driye
the focus on the basis of the sté?ed inforﬁatpgn E%%‘?nggﬂgfggéLﬁd§?5¥ﬁh.
In this aspectpohlségnRifheharbett BAL i C ol Jer (90 controls the
substrate-driving system {LS) on %ﬁg Bé??g.ggh%1 thé gxsture area. The

relativepositionofthesurfaceofthesensitivesubstratewith

respect to the predetermined reference plane is detected at
least at one of the plurality of detecting points set in the
respective detecting areas along the non-scanning direction.
The controller controls the substrate-driving system on the
basis of the detection results obtained by wusing the
position-detecting systems, upon exposure for the sensitive
substrate held on the substrate stage. Accordingly, for
example,unliketheconventionalpre—measurementsensormerely
including the detecting area having the same width as the
exposure area in which it has been difficult to perform
pre-measurement control in the area in the vicinity of the outer
circumference of the sensitive substrate when the scanning is
performed from the outside to the inside of the sensitive
substrate, it is possible to detect the relative position of
the surface of the adjacent portion of the sensitive substrate
with respect to the predetermined reference plane, owing to the

detecting points of the part of the detecting area protruding
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| east one detection result for the plurality of detecting points 95 23 SEP
2002 (for exanple, FAL to FA9) in the detecting area set on a front side
of the exposure area in relation to the scanning direction for the
sensitive substrate, of the detection results obtained by using the

position-detecting systens. That is, the position-detecti nnggsggmmz be
used as only a pre-neasurenent sensor. Alternatively, various

opportunities can be considered as timngs to start control of the
substrate-dri vidy s RPdie Yrdehel ' S ce_position of the
ver Chihe Qﬁggjfsu%b%‘gg?hg{’éahéﬁ YR Hcage-(21p)

sensitive substrate. However, it Is era

in the vicinit; tLar, Gl ference of the sensitive substrate (W are
subj ect ed scanr%l)én oes%pi(?gl?r gﬂo; %(l#ﬂut%ﬁe%gﬁ §U§eaCE PRELLAONJEL Ehetpensitive
sensitive substr ller (90) starts control for the

t (& , .the control |
substrate-dri visr!ilg’sg:f W&P(Lg?“&?igél}‘ﬂs?‘i‘%gs‘!kh%tr%‘iﬁ'f%lé’lpms isyistemobnt tike
sensitive subs&)rﬁat,e (W on the basis of a detection result for a detecting
poi nt (FAAL t oPRRIF dhithe detestprndata.scbsereferasulistimposs il e tor Hvo a4
point of time at which at least one of the plurality of detecting points
(for exanpl e, dPArengerin)thweudlapst am iefif @ouldebareehervidie ca@Bek! by he
substrate (W, because of the follow ng reason. That is, it 1is possible to
qui ckly nove t bbasgef inesdarimimy ddyiectd opOsbti Ofe s(érp.ﬁlﬁdér‘EQbEEfaEH[faﬁ?)
by starting the control of the substrate-driving systemfromthe state in
which at |eastigngossible to drive the focus control by utilizing the
detection data.

Alternatively, during the exposure for a certain shot
area existing at the outer circumference portion of the
substrate, the information on the surface position of a shot
area adjacent thereto is detected by using the detecting points
at the portions of the detecting area disposed on one side and
the other side in the scanning direction protruding over the
outside of the exposure area, and an obtained result is stored.
By doing so, when the adjacent shot area is eprsed, even if
the adjacent shot is a shot area for which it is difficult to
perform pre-measurement control by using the conventional
preé-measurement sensor described above, it is possible to
quickly drive the focus on the basis of the stored information
on the surface position.

In this aspect, it is preferable that the controller (90)

controls the substrate-driving system (LS) on the basis of at

least one detection result for the plurality of detecting points
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of the detecting points overlaps the effective area. 96 2 3 SEP 2002

Al ternatively, when one detecting point overlaps the shot area, the
surface position (including the inclination) of the sensitive substrate is
adjusted as follows by the aid of the substrate-driving system That is,
it is preferable that when shot areas (212) in the vicinity23 SER 2002
circunference of the sensitive substrate (W are subjected scanning
exposure, if only one detecting point (for exanple, FA3 to FA7) overl aps

the shot area 2 t n l er .(90), adj usts an inclination of
the sensitive s(gégt%,éatl@f% Eg\;e/l t%ﬁeﬁé?x Ht t&‘r‘?ed%SEFllQSear‘%ﬁ iSAthgnsy stremt
(LS) on the ba?'s._geo % Rr edeterm ned fixed value. The predeterm ned fixed
value is exenpliTi &f 9 A RPARY T ALEdnin greladi@en ta the scansiéng tdicenwifoace
of the sensitigﬁrs bstrate is set on a horizontal plane including the

surface positi ithe fRESAtLNetswhs Pertpendifcthadeatedtion péet PO @HRaARRY
detected by using the detecting points. Therefore, even when only one

det ecting poi nbYi 18igwd, the ipopisiimidetartiard Ospsttefs.evelrhag GONt gl in
addition to the focus control. Alternatively, it Is preferable that when

shot areas (20@9itivn-tdetéctitid ¥ysteRUss beiysdyThe" freb hehye
substrate (W are subjected scannlyng exp%rsure, I f ondlalgl1 o?lg)redglf%’g%tﬁlgﬁa% I nt

(for exanple, dfsd®. FA7) overlaps the shot area (-212), then the
controller (90) adjusts an inclination of the sensitive substrate (W by

the aid of the substidlegsdt Ve, various opportunities can be considered
és timings to start control of the substrate-driving system in
ordertoadjustthesurfaceposithmuofthesensitivesubstrate.
However, it is preferable that when shot areas (212) in the
vicinity of outer circumference of the sensitive substrate (W)
are subjected scanning exposure from the outside to the inside
of the sensitive substrate (W), the controller (90) starts
control for the substrate-driving system (LS) for adjusting the
surface position of the sensitive substrate (W) on the basis
of a detection result for a detecting point (FAA]l to FA9) which
overlaps the sensitive substrate (W), from a point of time at
which at least one of the plurality of detecting points (for
example, FAl to FA9) overlaps an effective area on the sensitive
substrate (W), because of the following reason. That is, it
is possible to quickly move the surface into a desired position
(focus onto the surface) by starting the control of the
substrate-driving system from the state in which at least one

of the detecting points overlaps the effective area.

96



systen1(LS) on the basis of a detection result for the only one 97 2 3 SEP
2002 detecting point and a detection result for another detecting point

(for exanple,

FAL, FA2, FA8, FA9) which overlaps a shot area adjacent to

the shot area (212) overl apped by the one detecting point. descri bed
above, even when one detecting point in the exposure shot ar i S{FUQ&W

Is possible to perform the focus/leveling control with relative accuracy

by using the

result for the one nt Furt

detection result for the adjacent shot area and the detection

t may he
detection result of ?rrbaéftle h]ryn’gwbe‘r?t"‘ye ?ﬁEE%HeHQPHlPﬁéD‘fﬁWS theshot
det ecti ng poi nts exag]%zfe FA1, to FA9) is used for each of the

plurality of s‘?‘f'f)? rté’fss(’

certain shot area (212) on the sensitive substrate (W is subjected to
scanni ng expoitRelitive sahatmtieeds edjustiedsas foklewsfhyechsiid oF ehe
the sensitive substrate (W by the aid of the substrate-driving system
(LS) by using siistrate-datiadingpeyseenlt Tivdt tise detiacpriger AP Ste AL G
for the shot area (212). As described above, the detecting point, whic

suitable to dedlest atreasspzizfein BB viein £0) 'FSBARLNG

BRS {htoB ehiiq i uding bdver dnelivytiemy omhenea

reyiously determined that a

ned

S

gmi ot
areas, is previously determned, and thus 1t iIs posmﬁ% Lo acfpéust tﬁﬁg

f t 0Gys/ Leyel th .
Syl ace oS e SuBdla o0 U LLARLE Bobpithh, 8988aure, e o

the sensitive

only one detecting point (for example, FA3 to FA7) overlaps the
shot area (212), then the controller (90) adjusts an inclination
of the sensitive substrate (W) by the aid of the substrate—
driving system (LS) on the basis of a predetermined fixed value.
The predetermined fixed value is exemplified by an inclination
of zero. 1In this case, the surface of the sensitive substrate
is set on a horizontal plane including the surface position in
the direction perpendicular to the reference plane detected by
using the detecting points. Therefore, even when only one
detecting point is used, it is possible to perfoz;n{'the leveling
control in addition to the focus control.

Alternatively, it is preferable that when shot areas
(212) in the vicinity of outer circumference of the sensitive
substrate (W) are subjected scanning exposure, if only one

detecting point (for example, FA3 to FA7) overlaps the shot area

' (212), then the controller (90) adjusts an inclination of the

sensitive substrate (W) by the aid of the substrate-driving

system (LS) on the basis of a detection result for the only one
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substrate is disposed inside a prohibition zone (pattern 98 2 3 SEP 2002
prohi bition zone) defined over an entire surface of the sensitive
substrate (W or at a circunferential edge portion of the sensitive
substrate (W. In this enbodinment, fromthe point of tine at which at

| east one of the detecting points overlaps the inside of thQ $e3gP t202
substrate or the prohibition zone defined at the circunferential edge
portion of the sensitive substrate, the control of the substrate- driving

Slhstrate. Eopacrar PR IBBLAE Y lacrHein 26RuiRoink rehon et ing

substrate. Especia

defined at the ocigcggferentig%%edgﬁ portion of the sensitive substrate
mekes it diffPeUMt Y bEXMIPIEre by Ay B FAeWhighseveylaps thehot
vicinity of the outer circunference of the sensitive substrate. Therefore,

it is possibl eAT9 dRtdreeRhetauthacshpssaresn (812)hevesdnppedybys thst bake

more accurately. Various judgenment standards are conceived to nmake

j udgenent whet®@teetingtpaimg .ar Ba deschibed farive/e evrefawhe MY Getelk ih

preferable that the controller (90) judges whether or not any detecting

poi nt (FAl to PNt fiarthehexpPosi¢ shbtdat@s |tk elSi €Tk Pk i ph&h o Bté?%i‘fﬂs
0

the effective area on the sensitive substrate (VV , on the basis

(W, positional | nTor ant s on ondGEIITUEL RAEA hive Fo Tt BF uifiy ERe®
detection result for the adjacent shot area and the detection
result for the one point. Further, it may be previously
determined that a detection result of what detecting point
included in the plurality of detecting points (for example, FAl
to FA9) is .used for each of the plurality of shot areas (212)
on the sensitive substrate (W), and when a certain shot area
(212) on the sensitive substrate (W) is subjected to scanning
exposure, the controller (90) adjusts the surface position of
the sensitive substrate (W) by the aid of the substrate-driving
system (LS) by using only the detection result for the detecting
point determined for the shot area (212). As described above,
the detecting point, which is suitable to detect the surface
position corresponding to each of the shot areas, is previously
determined, and thus it is possible to adjust the surface
position (perform the focus/leveling control) with good
efficiency and with less error.

It is desirable that the effective area on the sensitive

substrate is disposed inside a prohibition zone (pattern
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(for exanple, FAL to FA9) for the position-detecting system (151, 99 23 SEP
2002 161), and positional information on the shot area (212) to be

subj ected to exposure. Accordingly, it is possible to accurately judge
whet her or not any of the detecting points for the position-detectin
system overl aps the effective area on the sensitive substrat 3 ﬁE@sZﬁﬂZ S
possible to accurately start the control of the adjustnent of the surface
position of the sensitive substrate effected by the substrate-driving

system As anopbBghibiyd a j udg nt._whether or _not the
area is the ef ?ectilve g‘?lggt}tofn%t gij@é'fn%'?ée? ??lél?s yrgr%rrg‘r’ﬁﬁl es‘i”tgﬁcet hef the
controller (90).i 0 t an of the detectipg points (FAL to
FA9) for the p%)g?%?gﬁ?%%{ﬁagté s(;/%s}t &h %’fSi’, ciﬁf)‘mg'%ﬂ‘%bgl t§Rg e fogittione
area on the segfi]éiev% substrate gv% bg conparing a predeterm ned allowabl e
value with that d&teEESHIYELFIRSFERATENEN bt urld) ity Soembed Eenhg Hroimtse

(for exanple, FAl to FA9) for the position-detecting system (151, 161).
In this enbodiRRHt Yhetidle att whiaht ot ikedatdgue iof tderdedmotdnyg pbints
whet her or not the detection value is included in the range of the

pr edet er m ned WEOWRRSA e thel uénsiden of thiee casne infivehosebs fed twledd nehhe
effective range, if any error factor exists due to any influence of dust

or camber of tpwohideitsidn wensullefiaka, atUthe ac{ AGlRfe et 8 re%\g@’ggrtion
provided that it is excluded fromthe range of the allowabl e val te.
Therefore, of the sensitive substrate, the control of the substrate-
driving system is started in order to adjust the surface
position of the sensitive substrate. Especially, the use of
the inside of the prohibition zone defined at the
circumferential edge portion of the sensitive substrate makes
it difficult to be affected by dust and camber existing in the
vicinity of the outer circumference of the sensitive substrate.
Therefore, it is possible to detect the surface position of the
sensitive substrate more accurately.
Various judgement standards are conceii/ed to make
judgement whether or not the area is the effective area.
However, it is preferable that the controller (90) judges
whether or not any detecting point (FAl to FA9) for the
position-detecting system (151, 161) overlaps the effective
area on the sensitive substrate (W), on the basis of positional
information on outer circumference of the sensitive substrate

(W), positional information on the respective detecting points

(for example, FAl to FA9) for the pos ition-detecting system (151,
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this embodi nent is advant ageous in that an unexpected situation 100 2 3 SEP
2002 can be dealt with. As for the timng to start adjustnent for the
inclination of the sensitive substrate by the aid of the substrate-driving

system by using the control system for exanple, the follow gg §r ocedur e
Is available. That is, it is preferable that when the shot daSER12002i n

the vicinity of the outer circunference of the sensitive substrate (W is
subj ected scanni ng exposure, the controller (90) starts, froma point of

tinme at which d61pl,uanbipys Df ikt BGlr fEmRA 1815 okl Rhe® | Gea P A
overlap the shot area (212), adjustnent for tr?e ihglé(%?ia%r?ao 5%%3 Eogge

et ecting poi nte CEAL Lo TA0f HHS ohSover Pas CERAnSNa o oas( oBoyeiblertio

detecting points verlap the
aid of the subgbrat-gedii i %LS% . Accorgi ngly, when the plurality
of detecting points ove#'ljap h‘%éﬁ%gﬁ% %F 8Pt #R¥9q Ehgr%%e&&w poéntsrficate
of the shot argﬁecan .?e known. Thus, it is possible to performthe
| evel i ng controlc B2¢h ’a?réT%t%?’r%ssiﬁﬁﬁj'br?éﬁﬂ@!P&n&aﬁdgféwetL:m' caiee o 0
j udge whet her gr not any detecting point for the position-detecting
syst em over | apEN&nSeRbtive cibsigatieyr , Thusi s ipr é6epads EbIdato adttarately
controller (90) judges whether or not any detecting point for the
posi ti on- det ec¥+#Et Sihst eant161, o Ghe adgubapenther e sukgde (Pt i i ofehe
basis of positional information on outer
the sensitive substrate effected by the substrate-driving
system.

As another judgement standard to make judgement whether
or not the area is the effective area, for example, it is
preferable that the controller (90) judges whether or not any
of the detecting points (FAl to FA9) for the position-detecting
system (151, 161) overlaps the effective area on the sensitive
substrate (W) by comparing a predetermined allowable value with
the detection results for the plurality of detecting points (for
example, FAl to FA9) for the position-detect-ing‘system (151,
161). In this embodiment, the effective area is judged in
accordance with whether or not the detection value is included
in the range of the predetermined allowable value. Even in the
case of those included in the effective range, if any error
facgor exists due to any influence of dust or camber of the
sensitive substrate, such a factor can be removed provided that

it is excluded fromthe range of the allowable value. Therefore,

this embodiment is advantageous in that an unexpected situation
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circunference of the sensitive substrate (W, positional 101 2 3 SEP 2002
informati on on the respective detecting points (for exanple, FAL to FA9)
for the position-detecting system (151, 161), and positional information
on the shot area (212) to be subjected to exposure. Accordingly, it is

possible to accurately judge whether or not any of the det 602139 Eélnﬁs
for the position-detecting systemoverlaps any shot area on S 02i ve
substrate. Thus, in the inventions, it is possible to accurately judge the
nunber of detecting points overlapping the shot area. Alternatively, it is
preferabl e t hat3RiHh 4¢mlt didtharea (212) in the vicinity of the outer
circunference of the sensitive substrate (W is subjected to scanning
exposure, if only dvefdsttde tanipgita sthat Mﬁmrﬁenfﬁbrt@&éﬂhl%%kﬁﬂs
the shot area (212), then the controller (90) starts adjustnent for the

inclination ofof hbessessitire suitsivraite bWty dieoti the ehbEkPPate—drivi
substrate-driving system (LS) on the basﬂ of detection resu?;t:(sa gg%\%ng

L e S o o S B TR

one detecting point (one point include _ 0 _
et et nd, B Beccaen80 0 Thu brCIER 10 B o SRR aCERL et ©
e S L s 0L T S b S s e o
adj ustnment for the inclination of the
of the sensitive substrate (W) is subjected scanning exposure,
the controller (90) starts, from a point of time at which a
plurality of detecting points (for example, FAl to FA9) overlap
the shot area (212), adjustment for the inclination of the
sensitive substrate (W) on the basis of only the detection
results for the detecting points (FAl to FA9) which overlap the
shotarea(212),bytheaidcnfthesubstrate—drivingsystem(LS).
Accordingly, when the plurality of detecting points overlap the
shot area, the inclination of the surface of the shot area can
be known. Thus, it is possible to perform the le_véling control
accurately.

Various judgement standards are conceived to judge
whether or not any detecting point for the position-detecting
system overlaps any shot area. However, it is preferable that
the gontroller (90) judges whether or not any detecting point
for the position-detecting system (151, 161) overlaps the shot

area (212), on the basis of positional information on outer

circumference of the sensitive substrate (W), positional
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sensitive substrate is started on the basis of the detection 102 23 SEP
2002 results for the detecting points including at | east one detecting
poi nt adjacent to the one detecting point, and the detecting point to be
used for the inclination adjustnent is successively shifted toward the
i nside of the shot area, in accordance with the increase in Pt SEPripg(2 of
detecting points disposed at the inside of the shot area. Thus, it is

possible to performthe adjustnent for the inclination nore accurately.
According to thgrseaRiEEN t..of .the present. invention, there is
provi ded a scanni ng ex%ogu{){g ?e%ﬁ[gedgﬁeocrtlve%(ﬁ%gi%?g’é‘gsBﬁépFFvéf%ﬁlﬁ?tmle,(W

with an i nage tEr formed on a mask (R), by noving the sensitive
substrate (W ?%la%gz%‘a n&r?& gﬁ?e‘&?%’ﬁ“&ﬁ‘ﬂ’ﬁ?% gystem étpdsul €l py emd

(IF) which is_copjugate to an illumnation area (l1A) illumnated with an

i |1 umi nation |P3ft bg%} (Hhornat igmemr shezehdobraea h 21ayeterbe sub jieee dapsk
(R) in the scanning direction with respect to the illumnation area (IA),

t he scanni ng ekPEBtRasuna hodccomginglyg it his plogps bife t@r@&&pﬁmyaju e
plurality of slit imges onto a surface of the sensitive substrate (\%g I n
a direction ineietieelr byom motedeipr mMgrd @l Qjé&éd‘}ﬁ{g t rb%i lur algl by %e
slit images are arranged al ong a non-scanning direction’in detecting areas

(P Scamn hg B O AD oSSR SR e BEDE' S '
sensitive substrate. Thus, in the inventions, it is possible
tp accurately judge the number of detecting points overlapping
the shot area. Alternatively, it is preferable that when the
shot area (212) in the viciﬂity of the outer circumference of
the sensitive substrate (W) is subjected to scanning exposure,
if only one detecting point (for example, FAl to FA9) overlaps
the shot area (212), then the controller (90) starts adjustment
for the inclination of the sensitive substrate (W) by the aid
of the substrate-driving system (LS) on the basis of detection
results for a predetermined number of detecting.pbints (FAl to
FA9) including the only one detecting point (one point included
in FAl to FA9) and at least one detecting point (adjoining point
included in FAl to FA9) adjacent thereto, and then the detecting
point (FAl to FA9) to be used for the adjustment for the
inclination is successively shifted toward the inside of the
shot area (212). Even when only one detecting point overlaps

the shot area, the adjustment for the inclination of the

sensitive substrate is started on the basis of the detection
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(I'F) and di sposed on one side and the other side in the scanning 103 23 SEP
2002 direction with respect to the exposure area (IF), during scanning
exposure for the sensitive substrate (W, receiving reflected |ight beans
of the respective slit inages comng fromthe sensitive substrate (W to

calculate, on the basis of photoelectrically converted signal I%rpa?fm]z
rel ative positions on the surface of the sensitive substrate ? it

respect to a predeterm ned reference plane at respective detecting points

(for exanple, Q. AF9)_onto ich the slit inmages are projected
respectively; ?r%ua]fg-]sus?%ﬁg%'esu FEREE NG PPIRtS IRRIUBHY t 2Ve 10354t rone
(W in the expﬁ%%re area (I.F) on.the basis of a result of the calculation.
According to tFE-EEMRNEOEREcadiacaBENER, theone Wetigatingpodhtt andgese
are projected onto the surface of the sensitive substrate in the direction
inclined by thdeSec4dngr RPABE taghe used tfen ttee iplalhimaittipnoid $hétméRBOES
are arranged along the non-scanning direction in the detecting areas
having a wi dt hsuccessliwebgnshdfibedngodardcthenipeigendfceharsidr td¥&a, in
scanning direction, w der than that of the exposure area, and di sposedl on

one side and thecoktenceiwiEth theNenssadskNth HHeChahhBE Y £ Betégé{?ﬁgtpotﬁ#g]e
exposure area, during scanning exposure for the sensitive substrate. The

refl ected | i ghiiBEasBaOd: ife 1n83RECHE helshbd REES SAMIAYiE PG ibie
to perform the adjustment for the inclination more accurately.
According to the seventeenth aspect of the present
invention, there is provided a scanning exposure method for
exposing a sensitive substrate (W) with an image of a pattern
formed on a mask (R) by moving the sensitive substrate (W) in
a scanning direction with respect to an exposure area (IF) which
is conjugate to an illumination area (IA) illuminated with an
illumination light beam (EL), in synchronization with movement
of the mask (R) in the scanning direction with respect to the
illumination area (IA), the scanning exposure methbd comprising
the steps of:
projecting a plurality of slit images onto a surface of
the sensitive substrate (W) in a direction inclined by a
predetermined angle so that the plurality of slit images are
arranged along a non-scanning direction in detecting areas (ABE,
AFE) having a width in the non-scanning direction perpendicular
to the scanning direction wider than that of an exposure area

(IF) and disposed on one side and the other side in the scanning
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recei ved to obtain the photoelectrically converted signals on 104 2 3 SEP
2002 the basis of which the relative positions of the surface of the
sensitive substrate with respect to the predeterm ned reference plane are
cal cul ated respectively at the respective detecting points onto which the
slit inmages are projected. Further, the surface position of t@e3s$Ri2l2e
substrate in the exposure area is adjusted on the basis of the result of
the calculation. Accordingly, for exanple, when the scanning is perforned

for the area i RoLhSCare: AT dfe?%e&"e 57 Dl cEReaF e ok i ocrbieing

for the area in the vicinity o e outer
relative position of the

substrate, b cal a t he

surface of thegggﬁgﬁﬁbvgﬁg FFa m}gﬁ SPREpELYe SubHEIERIET by ni ned
reference plane at the detecting _point on the basis of the

phot oel ectrical |y cohYEFtEdNS; fblectrd thighteieamseofl thht résperofve ka igl i t
i mage at the detecting point protruding over the outside of the exposure
area. As a redfR¥SS|eonEng oA |the ¢ ensliduilvat eubberaebatwyet@Qﬁﬁdlﬂ%t(H
the surface of the sensitive substrate at the adjacent portion wth

respect to theopriduetasismed pabebeaeetprllaa&19ycuﬁvagtéaes1&%19&%1{?&@%
protrudi ng over the outside of the exposure area. Is possible to a ust

the surface poselavivefpddie EAMSidH e %u&%&@t SfOE'hé h%e!ﬁfﬂi} fs 2 ra‘j-rS”' t
of the calculation. Therefore, it is possible to av0| ecrease
throughput  whiwn wakhd B¥sREEET Wos€aCauseste VIS %rleplcgcap Einneg at
;espectivedetectingpoints(forexample,AFltoAFQ)ontowhich
the slit images are projected respectively; and
adjusting a surface position of the sensitive substrate
(W) in the exposure area (IF) on the basis of a result of the
calculation.
According to the scanning exposure method, the plurality
of slit images are projected onto the surface of the sensitive
substrate in the direction inclined by the predetermined angle
50 that the plurality of slit images are arrapéed along the
non-scanning direction in the detecting areas having a width,
in the non-scanning direction perpendicular to the scanning
direction, wider than that of the exposure area, and disposed
on one side and the other side in the scanning direction with
respect to the exposure area, during scanning exposure for the
sensitive substrate. The reflected 1light beams of the

respective slit images coming from the sensitive substrate are

received to obtain the photoelectrically converted signals on
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direction for the sensitive substrate, and it is possible to 105 2 3 SEP
2002 performthe focus control nore accurately by utilizing the calcul ated
data. According to the eighteenth aspect of the present invention, there
is provided a projection exposure nethod for exposing a plurglity of shot
areas (210) on a sensitive substrate (W or W) respectively B o PaHUﬂnge
of a pattern forned on a mask (R) via a projection optical system (PL) by
novi ng the sensitive substrate (W or W2) in a scanning direction with

respect to an gReosid %rfe@hﬁéﬁi)tﬁ’g‘u%%Piak:ivecﬁf%g#?f%esa :%%(Eﬁ?i,slu:r 2L e

area (IA) illumnated with an naton

h I zat i Lth, f ot Kk Lp th I, di ti
o tn rospect BoThCLPREHER R o T ERAr ™ Yoy g ol ei BRposter anstnod

characterized by_conpri si he steps of: selecting some of the plurality
of shot areas E%e C?Q?Fb’i&é‘t?ﬁol: SPeatl¥slysat Shiengpanecthve deateat inz10)

in the wvicinity of outer circunference which are set to be subjected to
scanni ng from PR&ENES At R whdchhiehe sdiide imh gekea se paictjierd eds ubBa reler { Wheor
W2) with respect to the exposure area (IF); neasuring coordinate positions
of the sanpl e shoface pasitiespeCtheaans idaivecsibgttateliattveeppstii&areh
the sensitive substrate (W or W2) with respect to a predeterm ned
reference plangsfafijusted on the basis of the result of the calculation.
Accordingly, for example, when the scanning is performed from
the outside to the inside of the sensitive substrate upon
exposure for the area in the vicinity of the outer circumference
of the sensitive substrate, it is possible to calculate the
relative position of the surface of the sensitive substrate with
respect to the predetermined reference plane at the detecting
point on the basis of the photoelectrically converted signal
of the reflected light beam of the slit image at the detecting
point protruding over the outside of the exposure area. As a
result, it is possible to calculate the relatiyé position of
the surface of the sensitive substrate at the adjacent portion
with respect to the predetermined reference plane by using the
detectingpointprotrudingovertheoutsideoftheexposurearea.
It is possible to adjust the surface position of the sensitive
substrate on the basis of the result of the calculation.
Therefore, it is possible to avoid the decrease in throughput

which would by otherwise caused by the change in scanning

direction for the sensitive substrate, and it is possible to
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each of the sanple shot areas when the coordi nate positions of 106 2 3 SEP
2002 the sanple shot areas are neasured; determ ning an arrangenent of the
plurality of shot areas (210) on the sensitive substrate (WL or W2) on the
basis of the neasured coordinate positions of the sanple shot areas;
perforning positional adjustnent of the respective shot are@dg \§FPh208Fpect
to the inage of the pattern on the nmask (R) on the basis of the determ ned
arrangenent of the shot areas (210) while adjusting a surface position of

t he sensitive gy?gtra{;ﬁ (\fl or V\B%1 on_the basis of the relative position
detected by meBsurPhy FRE E8GHGi FANLTRAsMOrenAcam@tedypdyund ildzang the
performed for the respective shot areas (210) in the vicinity of the outer
ci rcunf erence %f‘é‘ﬁl% edsdatap be subj ected to scanning fromthe outside

to the inside of the sensitive substrate (WL or W2) with respect to the

exposure area (|F).Ageeetinqgtero the eightelenth exPostit € oxPpPeyeat BEesSALE
of the plurality of shot areas are selected as the sanple shot areas so
as to include ineenthinn antderd dstpeovigedid Hprof et oUbLbos §i-& repnce
whi ch are set to be subjected to scanning f:rt>omJ t he out s%s%lse to eh%ldﬁglg e

Bl ural ity of Shar arebs. an The SanoPfohod U LOE 3oty Repalfive
positions of tdihstsYte qfwls%@hQ)SngngEi‘éef§ew1 K >an ei?narg%sgef‘cgi gngérrThe
formed on a mask (R) via a projection optical system (PL) by
mpving the sensitive substrate (Wl or W2) in a scanning
direction with respect to an exposure area (IF) which is
conjugate to an illumination area (IA) illuminated with an
illumination light beam (EL), in synchronization with movement
of the mask (R) in the scanning direction with respect to the
illumination area (IA), the projection exposure method
characterized by comprising the steps of:
selecting some of the Plurality of shot areas (210) as
sample shot areas so as to include shot areas ‘(210) in the
vicinity of outer circumference which are set to be subjected
to scanning from the outside to the inside of the sensitive
substrate (W1 or w2) with respect to the exposure area (IF);
measuring coordinate positions of the sample shot areas
respectively;
detecting a relative position of the sensitive substrate

(W1 or W2) with respect to a predetermined reference plane for

each of the sample shot areas when the coordinate positions of
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rel ative position of the sensitive substrate with respect to 107 23 SEP
2002 the predeterm ned reference plane for each of the sone of sanple shot
areas is detected when the coordinate positions of the some of sanple shot

areas are neasured. After that, the arrangenent of the pluriiétgtpﬁmﬁ?ot
areas on the sensitive substrate is determned on the basis e
nmeasured coordi nate positions of the sanple shot areas. The positional
adjustment with respect to the inage of the pattern on the nask is
performed for EEQ shot areg n the basis of the determ ned arrangenent of
the shot areas as S3BRLFi BBACaBLGBSWAER BRPSYERE:is performed for the
respective shot areas in the vicinity of the outer circunference which are
set to be subjected #BLSEBARLING ¥y EFahgementiofethe plvealisydef shbttdyeas
sensitive substrate with respect to the exposure area, and the surface
position of thé248nson ibhe sabsitive subsidjats ¢¥l on Wheohashé bakikhef the
detected rel ative position by neasuring the coordinate positions.

Accordingly, emeasunedheocedtnate epPosticns 06f ke SHRPESIdNEE S sareas in
the vicinity of the outer circunference which are set to be subject’ed to

scanning fromthe ous&r£®rm Png PR iitIHNHA Qgpﬁggméﬁg%f 'tﬁ%hlzg§§%§t%t.\?e Wt}

respect to the exposure area, it is possibfe to adjust rface” =~

ot ect od when e sondl AP REHd] Snilaat, 38 bhe SrirEr Bothe sl (k)"
on the basis of the determined arrangement of the shot areas
(210) while adjusting a surface position of the sensitive
substrate (Wl or W2) on the basis of the relative position
detected by measuring the coordinate positions, when exposure
are performed for the respective shot areas (210) in the
vicinity of the outer circumference which are set to be
subjected to scanning from the outside to the inside of the
sensitive substrate (Wl or W2) with respect to the exposure area
(IF).

According to the projection exposure appa_rétus, some of
the plurality of shot areas are selected as the sample shot areas
so as to include the shot areas in the vicinity of the outer
circumference which are set to be subjected to scanning from
the outside to the inside of the sensitive substrate with
respect to the exposure area, of the plurality of shot areas
on the sensitive substrate. The coordinate positions of the

some of sample shot areas are measured respectively. The

relative position of the sensitive substrate with respect to
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it is possible to avoid an inconveni ence that ‘the scanning 108 2 3 SEP 2002
direction is changed fromthe inside to the outside upon exposure for such
shot areas, and the throughput is sacrificed. In this aspect, it is not
necessarily indi spensable that the sensitive substrate is noyed in the -
sane direction as that during the exposure to detect the rel S S&Ppaaﬂaion
of the sensitive substrate with respect to the predeterm ned reference

pl ane, when the coordinate position of the sanple shot area in the
vicinity of th% qut er circum‘e({en%e s measured. However, it is desirable
that the rel atit98 B9 gdied RefeERBreiREANS fig5tgaqheof hesonepfiganple
respect to the predeterm,ned reference plane is detected while noving the
sensitive subsFB&Fen(W 8f defscted vhenddipcaprdinaba pes itiensuse tthdwdny
exposure upon the neasurenent of the coordinate positions of the shot
areas (210) ifRftsRMRleBhptyandas hreowasured cuniferencieathithl @ rddndit be
subjected to scanning fromthe outside to the inside of the sensitive

substrate (WL of v&¢ mluralispent shot haentPonutBeaseisitive sutide is
sanpl e shot areas, because of the followi ng reason. That is, by doing so,

it is possibl edebepRif6d ok QS Ha@IlY Of tha %hshreépéo%% Iﬁac‘{%gt?{x}%gf”

whi ch depends on the novenent direction of the sensiti

W2), is renoveds dhe @%}ﬁ’%?é”%@tppe?f@éé's’ t he projection exposure apparatus

and the exposure netho those aspects described above are extrenely

effective for the St'ﬁpe ap%dsi Ci%@xattly%%justment with respect to the image of

the pattern on the mask is performed for the shot area on the
basis of the determined arrangement of the shot areas as
described above when exposure is performed for the respective
shot areas in the vicinity of the outer circumference which are
set to be subjected to scanning from the outside to the inside
of the sensitive substrate with respect to the exposure area,
and the surface position of the sensitive substrate is adjusted
on the basis of the detected relative position by measuring the
coordinate positions.

Accordingly, even in the case of exposure for the
respective shot areas in the vicinity of the outer circumference
which are set to be subjected to scanning from the outside to
the inside of the sensitive substrate with respect to the
exposure area, it is possible to adjust the surface position
of the sensitive substrate on the basis of the relative position
detected when the coordinate position is measured. Therefore,

it is possible to avoid an inconvenience that the scanning
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proj ection exposure, especially suitable for performng the 109 2 3 SEP
2002 doubl e exposure in which high resolution is required in exposure.
the nineteenth aspect of the invention, an exposure apparatus
for formng a predetermined pattern on a sensitive substrate_is _provided,

According to

whi ch conprises: a first substrate stage which noves on a twa 3dStEn2002hal

pl ane while holding a sensitive substrate; a second substrate stage whic
noves on a two- dinensional plane independently of the first substrate
stage while holding a sensitive substrate; a first interferoneter system
provi ded with %y ¥eaghapagd aicomitiieh heyide | bavddiea qwid atd | wpon
surface fixed to the first substrate stage and neasures positional

i nformation ofexpesufrier for suiodt shot axtergs, andHdr0nHrooyRphLriGNBAEF i BYSEEM
provided with a | ength- measuring axis which never |eaves a reflective

surface fixed to the serordpest fetes sxb%gﬁe@él@lsé@ﬂsyri%igg%h%%s@é'that

I nformati on of the second substrate stage. In the exposure

according to

| engt h- measuring axis (BlI1l or e Inter

ppar at us

the Bensiespd rbub%ﬁié(‘;a%e 3%0115‘%@5&% %Peeaéaxﬁ %é&i@ng?;t tag.e

ronmeter never eav

reflective Suﬁh@"iﬂg{}é@%ﬁ(@g@ﬁ%ﬁt %:éﬁ ?é’t%tc%: Séhaegerel(avt\'ﬁ]i/eorpovs\ﬁ%)icjnn Fehe

oper ati ons of

expo
sensitive substrate with respect to the predetermined reference

plane, when the coordinate position of the sample shot area in
the vicinity of the outer circumference is measured. However,
it is desirable that the relative position of the sensitive
substrate (Wl or W2) with respect to the predetermined reference
plane is detected while moving the sensitive substrate (W1 or
W2) in the same direction as that used during exposure upon the
measurement of the coordinate positions of the shot areas (210)
in the vicinity of the outer circumference which are set to be
subjected to scanning from the outside to the inside of the
sensitive substrate (W1 or W2) with respect to the éxposure area
(IF), of the sample shot areas, because of the following reason.
That is, by doing so, it is possible to perform focus control
in which, for example, the offset, which depends 0;1 the movement
direction of the sensitive substrate (Wl or.W2), is removed.

The exposure apparatus, the projection exposure
apparatus and the exposure method of those aspects described
above are extremely effective for the step and scan type

projection exposure, especially suitable for performing the
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waf er exchange. Thus, the length-neasuring axis of the interferoneter can
al ways follow the stage without |leaving the reflective surface, so that
the interferometer always 110 2 3 SEP 2002 can detect the position of the
stage. In addition to the inventions according to the first 0 ninet th
aspects, the present inventions also concerns the twentieth J Ok tﬁﬁ
aspects which are obtained by conbinations of concepts thereof and/or
extractions thereof. Nanely, the twentieth aspect of the invention is

directed to a Qsu at.us for form a edeterm ned pattern_on a
sensitive subs Oﬁgﬁeé éﬁ?gﬁgﬁcor‘%‘riggyl& &’lﬂl}gl f?f/g%‘?té?fbst"rgat%e LR dRd a
driving system by neans of an el ectromagnetic force. The twenty-first
aspect of t he S¥RFEN %N is directed to an exposure apparatus for formng a
predeterm ned pattern on a sensitive substrate, which conprises a mask

stage, a plural iAlcgoaidisgbsor ahe atiagesendnd aispleetf eforbkeiaveh@ion, an

positionally controlligg t hese stages. The twenty-second aspect of the
i nvention i $XBPFEECeAPPEEAHSekpEshPEMAPFaraPEedRherBined BREEGFPt §Nof

substrate slagat ieveubgtpaen a8 phbonieal LRGBHTRLRARideLecting section

and an exposing section. The twenty-third aspect of the invention is

directed to an expddwsé appdsdinasecormrags ngwlaiqh urmbvesy ofn a  two-
dimensional plane while holding a sensitive substrate;

a second substrate stage which moves on a two-
dimensional plane independently of the first substrate
stage while holding a sensitive substrate;

a first interferometer system provided with a length-
measuring axis which never leaves a reflective surface
fixed to the first substrate stage and measures positional
information of the first substrate stage;

a second interferometer system provided with a length-
measuring axis which never leaves a reflective surface
fixed to the second substrate stage and measures positional
information of the second substrate stage.

In the exposure apparatus according to the nineteenth
aspect, for example, as shown in Fig.7, the 1length-
measuring axis (BI1 or BI2) of the interferometer never
leaves the reflective surface formed on the substrate stage
(WS1 or WS2) in any operations of exposure, alignment and
wafer exchange. Thus, the length-measuring axis of the
interferometer can always follow the stage without leaving

the reflective surface, so that the interferometer always
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substrate stages and a plurality of detecting systens for detecting
alignnent information about alignnment of the sensitive substrates held on
the substrate stages. The twenty-fourth aspect of the invention is directed
to an exposure apparatus conprising a plurality of substrate stages and a
plurality of transport systens for transporting the sensiti;ﬁagsgpptzqﬂ
hel d on the substrate stages. 111 23 SEP 2002 The twenty-fi aspec

the invention is directed to an exposure apparatus conprising a pIurallty
of substrat ecat aetseancd e gl italors ket ethd aftggeventing the exposure
apparatus fromvibrati due to movenent of fhe sta(g{)% The twenty-sixth

aspect of the |nverrﬂ|6ﬂg’r’él‘aﬁ‘r§8t &ie JPRPEORS LRECEPIR Gt B EBRprhiidisty a
plurality of ¢subsidadéndt aggrednd aml I"E{Laéééﬁ’t Of n VERRSIH SN % 18 (IR s

obtai ning information about surface positions of the sensitive substrates
hel d on the mlzageweiiheethemq/ tbiehias asppectod Whechn\ae:retlohtasnddréxyted
substrate sta es

to an exposur ¢ ar.at us | h conprises a pluralj
and noves an e%ﬁjg'lﬁtelcmsght nd $HECREhsi b ?ﬁ?éo’fel SIVESI4
other. The twiHdnedt ghtiflaRePertté thentN¥ent a8pett @ifr epeednvledtddn is
exposure apparatus which conprises a plurality of
directed to an exposure apparatus for forming a
predetermined pattern on a sensitive substrate, which
comprises a plurality of substrate stages and a driving
system by means of an electromagnetic force.

The twenty-first aspect of the invention is directed
to an exposure apparatus for forming a predetermined
pattern on a sensitive substrate, which comprises a mask
stage, a plurality of substrate stages, and interferometers

for positionally controlling these stages.

The twenty-second aspect of the invention is directed
to an exposure apparatus wherein a plurality of substrate
stages move between an alignment information detecting

section and an exposing section.

The twenty-third aspect of the invention is directed
to an exposure apparatus comprising a plurality of
substrate stages and a plurality of detecting systems for
detecting alignment information about alignment of the

sensitive substrates held on the substrate stages.

The twenty-fourth aspect of the invention is directed
to an exposure apparatus comprising a plurality of
substrate stages and a plurality of transport systems for
transporting the sensitive substrates held on the substrate

stages.
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substrate stages and can perform multipl e-exposure using first and second
patterns of a mask. The twenty-ninth aspect of the invention is directed
to a scanning type exposure apparatus conprising a detecting system can
obtain information about a surface position of a sensitive S%ﬁ t g#e @ﬁ
means of a plurality of detecting points and vary the detecti 5 é nz
during the exposure. The thirtieth aspect of the invention is directed to
an exposure apparatus conprising first and second substrate stages and a

controller for conifeol {489ty e fiK ShsgBer1b4 %k SERvERPZopeEoNd j$dBskhat €
stages to prevent the substrate stages frominterfering with each other

when an exposift e dper 8KPOAUrEs pepAFatE orranprigfindie 4i rplunatitecond

substrate st a ti qpe Lon,of alignment information, . .is
per f or med onsﬁﬁgﬁggﬂ%? %?g%ﬁg ngsfpaégﬁgg%%nﬁyg§ﬁ rate PEELgREINY nthe
addi tion, thejpesand apyepites €eoRenibrdieind olhewitdd rMdvdnent i 66t the
thirty-fourth aspects. According to the thirty-first aspect of- the present
i nvention, arPt®45¥sure apparatus for forming a predetermined pattern on a
sensitive substrate (W which conprises: a measuring section (PI'S) which

measures al i gnnent
The twenty-sixth aspect of the invention 1is directed

to an exposure apparatus comprising a plurality of
substrate stages and a plurality of measuring systems for
obtaining information about surface positions of the

sensitive substrates held on the stages.

The twenty-seventh aspect of the invention is directed
to an exposure apparatus which comprises a plurality of
substrate stages and moves an exposure light and the

sensitive substrate relative to each other.

The twenty-eighth aspect of the invention is directed
to an exposure apparatus which comprises a plurality of
substrate stages and can perform multiple-exposure using

first and second patterns of a mask.

The twenty-ninth aspect of the invention is directed
to a scanning type exposure apparatus comprising a
detecting system can obtain information about a surface
position of a sensitive substrate by means of a plurality
of detecting points and vary the detecting points during

the exposure.

The thirtieth aspect of the invention is directed to
an exposure apparatus comprising first and second substrate

stages and a controller for controlling the first and
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i nformati on about a sensitive substrate; an exposure séction (EPS) which

exposes a sensitive substrate (W; a first substrate stage (W51) which has
a first reference mark (FML) and is novable while holding a sensitive
substrate (W; a second substrate stage (WB2) which has a second reference

mark (FM2) and is novabl e independently of the first substragq%ﬁgﬁgemgz
st

hol ding a sensitive substrate; a control neans for controllin

the first

and second substrate stages to performan operation in the

nmeasuring section (PIS) using the reference mark and controlling, in
parallel with the operation of the one stage, the other stage of the first

and second ss@c&m@t%ubﬁﬁmaﬁétémﬁ@ééoﬁﬁiaQrQOSﬁétﬂﬂﬂaiBubB%rS%QO%HH%es

section (EPS) using the reference mark.

t hirty- secontt ¥R pkte

formng a
conpri ses:
substrat e;
substrat e;

d ) t on ca Sigi S tr , i,.ch
DL pearmhned Poh St O BRI LY SRR [BLEad e
assegemdahd| di niptreerthierg (M2t idn cb £ halldgnmenensidfiotmat ion

is performed on the other of the first and second substrate

stages.

In addition, the present invention concerns the
following thirty-first to thirty-fourth aspects.

According to the thirty-first aspect of the present
invention, an exposure apparatus for forming a
predetermined pattern on a sensitive substrate (W) which
comprises:

a measuring section (PIS) which measures alignment
information about a sensitive substrate;

an exposure section (EPS) which exposes a sensitive
substrate (W);

a first substrate stage (WS1) which has a first
reference mark (FM1) and is movable whilé holding a
sensitive substrate (W);

a second substrate stage (WS2) which has a second
reference mark (FM2) and is movable independently of the
first substrate stage while holding a sensitive substrate;

a control means for controlling one stage of the first
and second substrate stages to perform an operation in the
measuring section (PIS) using the reference mark and
controlling, in parallel with the operation of the one
stage, the other stage of the first and second substrate
stages to perform an operation in the exposure section

(EPS) using the reference mark.

113

ile
of

I 13 2 3 SEP 2002 According to the
ofeX g gy Edeach iy drhemm e x@XERA U e et or



a first novabl e nmenber (WSl a) which is used conmmonly for the first and-
second hol di ng nenbers, and novable in a two-dinensional plane while
supporting one holding nenber of the first and second hol ding nenbers in
order for an exposure of the sensitive substrate held by the one hol ding
menber; and a second novabl e nenber (Ws2a) which is used commhBySEPoR2he
first and second hol ding nenbers, and novable in a two-dinensional plane
whi l e supporting the other holding nenber of the first and second hol di ng

menbers in order fAtcoadiRgswoenEid ©OhitPe-seRshli ue %HQSQ;aHaH?e%pe% nt he
ot her holding menber a first interferoneter system ( Xe, Yé) | ch obtains
posi tional infBYRBERBA-of BRe of¥PRSNdieng rmmmseratud d bfor t hefdrmistg movabl e

menber; and apgegepdrhhheq’ &Ll el st e .Ya) which _obtains ,
positional information of t%g ot gr(ﬁﬁl%i%égégﬁﬁgf ﬁgpﬁ%ﬁﬁgetﬁé”sedﬂhﬁ3h
novabl e menbefOMFRisegspect is exenplified by for exanple, the sixth

enbodi nment . Accordén itg tHe thirtiﬁghird aspect of the present invention,
a nmethod for exp05|ng LSLeRolfing DGRLEra&SEP) priviccthrigisarm | srnsel tofve
pattern fornmegubsteat@pk (R) through a projection optical system (PL) is

provi ded, which conprises: 114 23 SEP 2002
a second holding member (WS2b) which holds a sensitive

substrate;

a first movable member (WSla) which is used commonly
for the first and second holding members, and movable in a
two-dimensional plane while supporting one holding member
of the first and second holding members in order for an
exposure of the sensitive substrate held by the one holding
member; and

a second movable member (WS2a) which is used commonly
for the first and second holding members, and movable in a
two-dimensional plane while supporting the other holding
member of the first and second holding members in order for
a measurement of the sensitive substrate held by the other
holding member

a first interferometer system (Xe, Ye),which obtains
positional information of the one holding member held by
the first movable member; and

a second interferometer system (Xa, Ya) which obtains
positional information of the other holding member held by
the second movable member. This aspect is exemplified by
for example, the sixth embodiment.

According to the thirty-third aspect of the present
invention, a method for exposing a sensitive substrate by
projecting an image of a pattern formed on a mask (R)
through a projection optical system (PL) is provided, which

comprises:
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detecting positional information about a plurality of defined areas on a
sensitive substrate held on one of two stages (W51 or W52) which are
novabl e i ndependently, while exposing a sensitive substrate (W held on
the other of the two stages; and determi ning projective position
information of a position on the sensitive substrate hel d on g BeSbRe28Rage
at which the inmage of the pattern formed on the mask is projected, in
order to expose the defined areas on the sensitive substrate held on the

one stage, after tdg e&X &sPfid sensbihyeiskbabbateshel Lhe gt her
stage is conpleted. ql'hijgg%g%e%t }sﬁ%eﬁgf?%%glbg Tor exgn'gllgfgﬁtltﬁg ggcond
enbodi ment . Zigti)nmd]gar@as hent ki isepsfiduveh sagpetotatef hédd peesene of two

i tion, f or. ] det erm ned patt
sens 1 ve sunsiadte (TyE T fRgY: wBichantien hodaples dfdepndrn To ghige” °
menber (WS1) avtpaditpladsensenisid isihs totsd 1@ e heél & P he Jtdied oFerger

(WB2) which holds a sensitive substrate and is used for one operation of a
neasur enent ‘Oferta®iFamthhn exposure operation when the first hol ding

e o ex oAl fp S SRR SBPLAGE 24 Dcnotoh Pepr pgeur e
first and sequulithigidiory thbebeesswhick [sadshtaateudsdld on the one stage
at which the image of the pattern formed on the mask is
projected, in order to expose the defined areas on the
sensitive substrate held on the one stage, after the
exposure of the sensitive substrate held on the other stage
is completed. This aspect is exemplified by for example,
the second embodiment.

According to the thirty-fourth aspect of the present
invention, an exposure apparatus for forming a
predetermined pattern on a sensitive substrate (W) 1is
provided, which comprises:

a first holding member (WS1) which holds a sensitive
substrate;

a second holding member (WS2) which holds a sensitive
substrate and is used for one operation of.d measurement
operation and an exposure operation when the first holding
member is used for the other of the measurement operation
and the exposure operation;

an exchanging mechanism (201,221) for exchanging one
of the first and second holding members which has been used
for the exposure operation with the other of the first and
second holding members which has been used for the
measurement operation;

a first interferometer system (Xe, Ye) which obtains
positional information of the holding member being used for
the exposure operation; and
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for the exposure operation with the other of the first and second hol di ng
menbers whi ch has been used for the neasurenent operation; a first
interferoneter system (Xe, Ye) which obtains positional information of the
hol di ng menber being used for the exposure operation; and 115 23 SEP 2002
a second interferometer system (Xa, Ya) which obtains positidh&lSEP 2002
information of the other hol ding nenber being used for the neasurenent
operation. This aspect is exenplified by, for exanple, the fifth

enbodi nent. 116 23 SEP 2002 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows
a schematic arrangenent of the projection exposure apparatus according to
the first enbodi nent of the present invention. Fig. 2 is a perspective

viewillustrating the positional relationship anong the two wafer stages,
the reticle stagea tdecqudjactenfenpicttat system (rad Yhe ahigAMmeBtains
systens, showi ng that the wafer stage WSl exists | osition information

in a
measuri ng sectiBh ERPahel BaPEPAt 1B g fngshexpiheri holding, Juemkescbeibg.

Fig. 3 shows agdan pgrewdnld Usidhatirathente Ygeangament ofpptike depubpg ;s
mechani sm for the wafer stages.
exemplified by, for example, the fifth embodiment.

116



Fig. 4 shows the AF/ AL systens provided for the projection optical system
and the alignnent systens respectively. Fig. 5 shows a schematic
arrangenent of the projection exposure apparatus illustrating the |ayout

of the AF/AL systemand the TTR alignment system Fig. 6 shagf tgﬁ samﬁg
of the pattern 'formation plate shown in Fig. 5. Fig. 7 sho § gn W
illustrating the state in which the wafer exchange/alignnment sequence and
the exposure sequence are executed by using the two wafer 117 23 SEP 2002
stages. Fig. 8 shows the state obtained after the change between the wafer

exchange/ al i gnment sequence BiHER RESCRINTI NN OFe (HENORASHNGS in Fig. 7.
Fig. 9 shows the reticle stage for the double exposure for holding the two

reticles. Fig. 10A shows the state in which the wafer is exposed by using
the reticle having the pattern A shown in Fig. 9, and Fig. 10B shows the

state in which the Wifger 1i shewsosedcheyattdicnarrhagesehe! 8rhaybng &k j
pattern B shown in Fig. 9. Fig. 11 shows the orde? of exposure ggépg%%ﬁo%f

the respectivexposurar appaettubeavdbeting ¢008h8Ne:i0ket BEnbWPne e & the

st ages.
present invention.

Fig. 2 is a perspective view illustrating the
positional relationship among the two wafer stages, the
reticle stage, the projection optical system, and the
alignment systems, showing that the wafer stage WS1 exists
in a position information measuring section and the wafer
stage WS2 exists in an exposure section.

Fig. 3 shows a plan view illustrating the arrangement
of the driving mechanism for the wafer stages.

Fig. 4 shows the AF/AL systems provided for the
projection optical system and the alignment systems
respectively.

Fig. 5 shows a schematic arrangement of the projection
eéxposure apparatus illustrating the layout of the AF/AL
system and the TTR alignment system.

Fig. 6 shows the shape of the pattern .formation plate
shown in Fig. 5.

Fig. 7 shows a plan view illustrating the state in
which the wafer exchange/alignment sequence and the

eéxposure sequence are executed by using the two wafer
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Fig. 12 shows the order of mark detection for each of the respective shot
areas on the wafer held on the other of the two wafer stages. Fig. 13

shows a plan view of the wafer illustrating the order of exposure for the
scanni ng type projection exposure apparatus, used when all s&?t ﬂrr%%s are
included in the wafer. . Fig. 14A shows a magnified plan vie ) r ﬁﬁg

the AF neasurenent for pre-neasurenent perfornmed at the position A shown
in Fig. 13; Fig. 14B shows a nagnified plan view concerning the AF 118 23
SEP 2002 neasurgggggstor pre-nmeasurenent performed at the position B shown
in Fig. 13 ; and Fi'g. 14C shows a magnified plan view concerning the AF

measur enment for pre-g&asugenﬁnt performed at the position C shown in Fig.
13. Fig. 15 shows a dragr anfi?YSstiacPhatenebrained afteprhemetmngnent

control concerngng Conpar ati ve Exanple, performed for the shot area
|l ocated in the YFEYRFRYLRE vaker grehange labignment sdqudrcerafey .t g. 16

shows a plan view of the wafer illustrating the order of alignnment for the
scanni ng type pfépegirensequposershappaimtEsg. used when all shot arrays are
included in the wafer.

Fig. 9 shows the reticle stage for the double exposure
for holding the two reticles.

Fig. 10A shows the state in which the wafer is exposed
by using the reticle having the pattern A shown in Fig. 9,
and Fig. 10B shows the state in which the wafer is exposed
by using the reticle having the pattern B shown in Fig. 9.

Fig. 11 shows the order of exposure for each of the
respective shot areas on the wafer held on one of the two
wafer stages.

Fig. 12 shows the order of mark detection for each of
the respective shot areas on the wafer held on the other of
the two wafer stages.

Fig. 13 shows a plan view of the wafer illustrating
the order of exposure for the scanning type projection
eéxposure apparatus, used when all shot arrays are included
in the wafer. .

. Fig. 14A shows a magnified plan view concerning the AF

measurement for pre-measurement performed at the position A

shown in Fig. 13;

Fig. 14B shows a magnified plan view concerning the AF
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Fig. 17 shows a diagramillustrating the result of pre-neasurenent
control, obtained in the first enbodinent. Fig. 18 shows a di agram
illustrating the result of pre-neasurenent control, obtained when the
reproducibility in neasurenent involves an error in the first enbodi nent.

Fig. 19A illustrates the operation for detecting the ref erenc? %é ogwéhe
fiducial mark plate based on the use of the alignnent system % S
a situation in which the reference mark MK2 on the fiducial mark plate FML
is positioned just under the alignment system 24a; 119 23 SEP 2002 Fig.

19B shows an eXfsiuy asfenthd oghgre-tleatshe emcpite peiae rieak abK2hangodit ion
situation of inmage pick-up for detecting the sanme by using the sensor o?

the FI A systemsdlowrt ¢y #ilg@nagnt gygtem 24a; and Fig. 19C shows a waveform
signal obtained by the image processing system when the inage of the mark
MK2 is picked up by.usi rig thﬁ sensor of the FIA system Fig. 20A expl ains
the operation for meaduritl§ FREVAaPkMagRifReds pdasi HLewaeRNOeER Endatieel AM
the use of the reticle alignment mcroscope, wherein a situation in which
the reticle al PGRAFUKENSNE: §QEopESTBeasugemenh phefexpeduat thé ghds bebon t®
detect the relative positions of the marks M1, MK3 on the fiducial mark
plate FML and €hewpr dpefigd 1Bmmges on the wafer surface, of the marks
RWK1, RMK3 on the
Fig. 15 shows a diagram illustrating the result of
pre-measurement control concerning Comparative Example,
performed for the shot area located in the vicinity of the
outer circumference of the wafer.
Fig. 16 shows a plan view of the wafer illustrating
the order of alignment for the scanning type projection
exposure apparatus, used when all shot arrays are included
in the wafer.
Fig. 17 shows a diagram illustrating the result of
pre-measurement control, obtained in the first embodiment.
Fig. 18 shows a diagram illustrating the result of
pre-measurement control, obtained when the reproducibility
in measurement involves an error in the first embodiment.
Fig. 19A illustrates the operation for detecting the
reference mark on the fiducial mark plate based on the use
of the alignment system, which shows a situation in which

the reference mark MK2 on the fiducial mark plate FM1 is

positioned just under the alignment system 24a;
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reticle corresponding thereto; Fig. 20B shows the projected i mage on the
wafer, of the mark RW on the reticle R Fig. 20C shows the mark MK on the
fiducial mark plate; Fig. 20D shows a situation of image pick-up perforned
in the systemshown in Fig. 20A, and Fig. 20E shows the waveform signal
obtained by processing the picked up imge. Fig. 21 shows tﬁbScSEBeﬂEZof a
state in which each shot on the wafer is subjected to exposure in
accordance 120 2 3 SEP 2002 with the relative positional relationship

bet ween each shot and the exRosure position finally calculated. Fig. 22
expl ains the oper at Fof * of 7Bh&hawe ol exampdeneiit thel shepeaef mgha situation
in which the interferoneter having the | ength-nmeasuring axis BI3Y is

reset after coNBEErepReoharkeMkRi gndeat sivnathenwateimide opickng vaser
stage WB1. Fig. 23 explains the operation of the second enbodlnent

illustrating adsteatingnthe sbiehby hes ¥a§ethessagsoVRIf i ehamved %}.@
| oadi ng position, and the operation of the exposure sequence Is “per orTed

on the side othéhglyghwenet 2Pt Nb2244} 98nq24A and B show a flow chart
illustrating the timng control operation which is performed when the

Fig. 19C shows a waveform signal obtained by the image
processing system when the image of the mark MK2 is picked
up by using the sensor of the FIA system.

Fig. 20A explains the operation for measuring the mark
on the fiducial mark plate based on the use of the reticle
alignment microscope, wherein a situation in which the
reticle alignment microscope is used with the exposure
light beam to detect the relative positions of the marks
MKl, MK3 on the fiducial mark plate FM1 and the projected
images on the wafer surface, of the marks RMK1, RMK3 on the
reticle corresponding thereto;

Fig. 20B shows the projected image on the'wafer, of
the mark RMK on the reticle R;

Fig. 20C shows the mark MK on the fiducial mark plate;

Fig. 20D shows a situation of image pick-up performed
in the system shown in Fig. 20A, and

. Fig. 20E shows the waveform signal obtained by
processing the picked up image.

Fig. 21 shows the concept of a state in which each

shot on the wafer is subjected to exposure in accordance
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di sturbance factor operation and the non-disturbance factor operation are
performed on the two wafer stages. Fig. 25A shows a plan view of the stages
illustrating the non-interference condition which is used when the two
waf er stages are noved and controll ed i ndependently from each other, and

Fig. 25B shows a plan view of the stages illustrating the irQgrBEPepgR
condition which is used when the two wafer stages are noved and control |l ed

i ndependently from each other. 121 23 SEP 2002 Fig. 26 shows a flow chart

illustrating the v n ontral aoperation of the two stages, which is
used when the hﬁﬂ?ﬁr eré%%%éﬁ:%ﬁﬂqqs %%P%%nQéiQQ%?qﬁh¥Eh@ﬁtﬂﬁ§n each shot

interference conq% ion is not satisfied. Fig. 27A shows a plan view of the

jt
waf er ill ustratiy PHhEXRARNEE Hesidion fimaddy salsuilghednt is perfor med,

and Fig. 27B shows g plan view of the wafer illustrating the shot areas

for which the exposdrd i 2p&xdaing. thieyopegAatdieowsfatheasecoaw of the

wafer illustrating the order of shots used when the alignnment sequence is

performed, and emibpdirg@Btshdid us trhding ewsaftualteonafiar whkibHstpating the

order of exposure used when the exposure sequence is performned.
interferometer having the length-measuring axis BI3Y is
reset after completion of the alignment for the wafer W1 on
the wafer stage Wsl.

Fig. 23 explains the operation of the second
embodiment, illustrating a situation in which the wafer
stage WSl is moved to the loading position, and the
operation of the exposure sequence is performed on the side
of the wafer stage WS2.

Figs. 24A and B show a flow chart illustrating the
timing control operation which is performed when the
disturbance factor operation and the non-disturbance factor
operation are performed on the two wafer stageé.

Fig. 25A shows a plan view of the stages illustrating
the non-interference condition which is used when the two
wafer stages are moved and controlled independently from
each other, and

. Fig. 25B shows a plan view of the stages illustrating
the interference condition which is used when the two wafer

stages are moved and controlled independently from each

other.
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Fig. 29 shows a schematic arrangenment of the projection exposure apparatus
according to the second enbodinent. Fig. 30 shows a perspective view
illustrating the arrangenent of the AF detecting points for
pre-measurenent wth respect to the exposure area. .Fig. 31 shows a side

view of Fig. 30 as viewed in the scanning direction. Fig. 32 an
view of Fig. 31. Fig. 33 shows a side view of Fig. 32 as viemggpg%ﬁiﬁmmazz

23 SEP 2002 non-scanning direction. Fig. 34 shows a plan view illustrating
the pre- measurenent;.control nethod hased on the use of the AF/AL system

according to the sedortt éfbSiMne 4% | Charehdid usia 4¥dsigt tbaanovement
ding - i i
rel ati onship betmqﬁ£>the exposure area |F and the AF detecting points
during the f o&PR és&ﬂ@ﬁ@ﬁﬂpang-t@@ dWowstagsel, ewhich ps0a88dr#héR the
designating the position of the AF detecting point used for the AF
measur ement f ortPé&Af eqgdceacoadikiign 3% showsftibd pesivheanshef the AF
detecting points wused when the shot area belonging to the group Ais
exposed, and tHatwxferescef acadipdont he fbarsaeistEheqpre- nmeasurenent
contr ol

Filg. 27A shows a plan view of the wafer illustrating
the sample shots for which the alignment is performed, and

Fig. 27B shows a plan view of the wafer illustrating
the shot areas for which the exposure is performed.

Fig. 28A shows a plan view of the wafer illustrating
the order of shots used when the alignment sequence is
performed, and

Fig. 28B shows a plan view of the wafer illustrating
the order of exposure used when the exposure sequence is
performed.

Fig. 29 shows a schematic arrangement of the
projection exposure apparatus according to the‘second
embodiment .

Fig. 30 shows a perspective view illustrating the
arrangement of the AF detecting points for pre-measurement
with respect to the exposure area.

. Fig. 31 shows a side view of Fig. 30 as viewed in the
scanning direction.

Fig. 32 shows a plan view of Fig. 31.

Fig. 33 shows a side view of Fig. 32 as viewed in the
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Fig. 38 shows the AF detecting points used when the focus neasurenent is
performed for the wafer surface by noving the AF detecting points w thout
changi ng the nunber of the AF detecting points to be used. Fig. 39 shows
the AF detecting points used when the focus nmeasurenent is p ré)géﬁr_rﬁnggr
the wafer surface by wusing all of the measurable AF detecti na 00 ig.
40 shows the positions of the AF detecting points used when the shot area
bel onging to the group Cis exposed, and the wafer surface upon the start
of the pre 123 23 SEP 2002 neasurenent control. Fig. 41 shows a diagram
illustrating t RBPr&SaPpipg €hEEChi@bmpasur enent control performed as shown
in Fig. 40. Fig. 42 shows Conparative Exanple concerning the pre-

measur ement control Fp@r f 3 neliowkhea phanshbewailhystsat agethe tgyaL t he outer
circunference of the wafer W Fig. 43 shows Conparative Exanple concerning
the pre- neasuneasutement rcdnpest anserbdtsds édeoshtie AgYof SHAMGE R, t han
the outer circunference of the wafer W Fig. 44 is a viem/schenat|c§?1y

showi ng the ensyseemSideSEdi®g Ofo AhEXPOSIE éH’F}R?d related to the fifth
enbodinent. Fig. 45 is a schlggrrati c plan view o onlgﬁév\fg—f'er stage of Fig.

44. Fig. 35 shows the positional relationship between the

exposure area IF and the AF detecting points during the
focus measurement.

Fig. 36 shows a selection procedure for designating
the position of the AF detecting point used for the AF
measurement for each shot area.

Fig. 37 shows the positions of the AF detecting points
used when the shot area belonging to the group A is
exposed, and the wafer surface upon the start of the pre-
measurement control.

Fig. 38 shows the AF detecting points used when the
focus measurement is performed for the wafer sﬁrface by
moving the AF detecting points without changing the number
of the AF detecting points to be used.

Fig. 39 shows the AF detecting points used when the
focus measurement is performed for the wafer surface by
using all of the measurable AF detecting points.

Fig. 40 shows the positions of the AF detecting points
used when the shot area belonging to the group C is

exposed, and the wafer surface upon the start of the pre-
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Fig. 46 is a schematic plan view of the apparatus of Fig. 44. Fig. 47 is a
view showing a flow of actions in the apparatus of Fig. 44. Fig. 48 is a
schematic plan view showing the structure of a main part of an exposure
apparatus as the sixth enbodinment. 124 23 SEP 2002 BEST MODE FOR CARRYI NG

OUT THE | NVENTION [First Enbodinent] A first embodi ment of th23p8ERe(0?
invention will be explained belowwth reference to Figs. 1 to 18. Fig. 1
shows a schenmatic arrangenent of a projection exposure apparatus 10
according to the first enbodi ment. The projection exposure apparatus 10 is
a projection eXpRATIHEENHpHFUMYWL S the scanni ng exposure type based on the
so-call ed step-and-scan system A structure and a controlling nethod of
the step-and-scan syBt®m4r ojlests on dhqursun & Hpptnattim@arhe tesalesed tfe
U S. Patent Nos. 5,646,413 and 5, 448,332, the disclosures of which are
herei n i ncor pormatedndns ureferaneon thitd Pal Rivind X RODWNE iaPPagat 4§, 10
conprises, for exanple, a stage apparatus provided with wafer “stages W51,

W52 as first and sesiond subsidiat @ ciRges i gﬂgﬁ%ﬁé&%\%ﬁ?ﬁ%ﬂha{a?28}’89' e

in the two-di mensional direction on a base pe
wafers W, V2 Gk 38iendnte ciso121%% fo¥med when the shot array is larger

than the outer circumference of the wafer W.

Fig. 43 shows Comparative Example concerning the pre-
measurement control performed when the shot array is larger
than the outer circumference of the wafer W.

Fig. 44 is a view schematically showing the entire
structure of an exposure apparatus related to the fifth
embodiment.

Fig. 45 is a schematic plan view of one wafer stage of
Fig. 44.

Fig. 46 is a schematic plan view of the apparatus of
Fig. 44.

Fig. 47 is a view showing a flow of actions in the
apparatus of Fig. 44.

Fig. 48 is a schematic plan view showing the structure
of a main part of an exposure apparatus as.the sixth

embqdiment.
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projection optical system PL disposed over the stage apparatus, a
reticle-driving mechani sm di sposed over the projection optical syst em PL,

for driving a reticle R"as a mask in a predeternmned direction, i.e., in
the Y axis direction in this enbodi nent (direction perpendi Cﬁﬁséao t he
pl ane of the paper in Fig. 1), an illum nation systemfor il the

reticle R froma position thereover, and a control systemfor 1.25 23 SEP
2002 controlling the respecti ve components. The stage apparatus is

supported over the base esdre 12 in a floating manner by the aid of an
unillustrated air beari r‘FgE é’ ke CARFAING SUTo FHE JAVENEEONWO waf er

stages W51, WB2_ which are independently novabl e two-dimensionally in the X
axis directi oﬁFE-FéFeF’&POQH‘%?Fon al ong the plane of the paper shown in
Fig. 1) and in the Y axis direction (direction perpendicular to the plane
of the paper shown ik Fixst Iémhodimtrages firthvé Noreysmitemnvent idn wWing bae

waf er stages W1, WS2, and an interferoneter system for neasuring the

posi tions of tdamp]z\mimédstb@mﬁ with MiPeredie StOWidd, A &2, 1d.he wafer stage
WB1 exists in the positional information nmeasuring section (PIS) and the

waf er stage W52 ex'ﬁi%l N SHRLP B aAEL | a(n%?ﬁen’t RGt 'Ami‘;%?%%%tﬁoB ’

W62 can nove bet ween S and EPS, respective e arrange
Vacuum pre- | oadaT e s reRgEAnue T o8Bt ?&23%&9 B e inantos Fheons
on bottom . . i
projection exposure apparatus 10 is a projection exposure

apparatus of the scanning exposure type based on the so-called
step-and-scan system. A structure and a controlling method of
the step-and-scan system projection exposure apparatus are
disclosed in U.S. Patent Nos. 5,646,413 and 5,448,332, the
disclosures of which are herein incorporated by reference.

The projection exposure apparatus 10 comprises, for
example, a stage apparatus provided with wafer stages WS1l, WS2
as first and second substrate stages which are independently
movabie in the two-dimensional direction on a base pedestal 12
while holding wafers W1, W2 as sensitive subetrates, a
projection optical system PL disposed over the stage apparatus,
a reticle-driving mechanism disposed over the projection
optical system PL, for driving a reticle R as a mask in a
predetermined direction, i.e., in the Y axis direction in this
embodiment (direction perpendicular to the plane of the paper

in Fig. 1), an illumination system for illuminating the reticle

R from a position thereover, and a control system for
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surfaces of the wafer stages W51, W52. The wafer stages W1, W52 are
supported over the base pedestal 12 in a floating manner in a state in

whi ch a spaci ng distance of, for, exanple, several mcrons is naintained
in accordance with the bal ance between the vacuum pre-I|loaded force and the
air-ejecting force effected by the air pads. As shown in aZoBa&ER/izﬂﬂfZi n
Fig. 3, two X axis linear guides 126 23 SEP 2002 (for exanple, fixed
magnets of a linear notor of the so-called noving coil type) 122, 124,
which extend in the X axis direction, are provided in parallel on the base
pedestal 12. TROPIEPABABI KBRHEPSPECEive1gompopentse, which are novabl e
along the X axis linear guides respectively, are attached to the X axis

linear guides 122, Tha stagrdppagiatusUis| supporated avéwithg basé peddstal
attached to bottom portions of the four novable nenbers 114, 118, 116, 120

respectively sd2timed filoatXngpnannembgrtiguail@®flaRunil2ds ket s4EHQFUHEEE, ng.
t hereby at upper and lateral sides. The noving coil type linear notors %or

driving the respecktyge ser%y@pmlms&%ﬁiééé,tnﬁé%wélﬁafé@%a{bsé%l%«ﬁ 2%

direction are construct by the driving coils and the X axi I near

O e nenber AN IR Bovabd o PLAGH L MR

are” provi ded STEBSFECRAGE At L S hsr Elph an e EhE P A st hiraraeet shown
in Fig. 1) and in the Y axis direction (direction perpendicular
tothe plane of the paper shown inFig. 1), astage-driving system
for driving the wafer stages WS1, WS2, and an interferometer
system for measuring the positions of the wafer stages WS1, WS2.
As shown in Fig.2, the wafer stage WS1 exists in the positional
information measuring section (PIS) and the wafer stage WS2
exists in the exposure section(EPS), both stages WS1, WS2 can
move between PIS and EPS, respectively.

The arrangement will be further described below.

Unillustrated air pads (for example, vacuum—pre-‘-loadable air
bearings) are provided at a plurality of positions on bottom
surfaces of the wafer stages WS1, WS2. The wafer stages WS1,
WS2 are supported over the base pedestal 12 in a floating manner
in a state in which a spacing distance of, for example, several
microns is maintained in accordance with the balance between
the vacuum-pre-loaded force and the air-ejecting force effected

by the air pads.

As shown in a plan view in Fig. 3, two X axis linear guides
126



inthe Y axis direction (for exanple, a fixed coil of a linear notor of
t he novi ng nagnet type) respectively. The other two X axis linear notors
118, 120 are secured to both ends of a simlar Y axis |inear guide 112

extending in the Y axis direction. Therefore, the Y axis Ii&egr g#lé@ 110
is driven along the X axis linear guides 122, 124 by neans ta X Zi S
| inear notors 114, 116, while the Y axis |linear guide 112 is driven al ong
the 127 23 SEP 2002 X axis linear guides 122, 124 by neans of the X axis
| i near notors 18, 120.. On _the other hand, an unillustrated nmagnet, which
surrounds one bFOY IRXORELE s IiXRdMPagRetR O T 80l hReapRatame ] the sa-cadildss,
is provided on the bottomof the wafer stage WS1. A novi ng nagnet type
| i near notor fRAVERG ¢PAd t¥rewWdPeér 1dageh VBl extiendhen Yhad ex ils ddateictrioins
constructed by the magnet and the Y axis linear guide 110. Further, an
uni | | ustrat ed awgpatovided ¢h parableldon bheobhes pedodtall ipearm@glindeabl2 at
upper and lateral sides, is provided on the bottom of the wafer stage W52.

A novi ng magneieribenss 11i1agan 189t 16 f ar2odr Whiied she :N@Jaedlé?aileﬁg W2 5 Elx'a,ge Y
axis direction is constructed by the magnet and the Y axis [inear guide

112. That is, ijhddie glit®ls EQPPQI:HE0&12F|§P§r${/ﬁt3{I{%§%V§,§ ig?'ll’s iggggnﬁgf

stage-driving systemfor two-dlnension

;’(\ngg gdf’?ﬁggfr%dul?ﬁcﬁei'l%ggfqllzgégsgg:hg{}eifr CORST{YSt £k ed 8§:i\ei‘§ggpcloei’lsbgrghe
attached to bottom portions of the four movable members 114,
118, 116, 120 respectively so that the X axis linear guides 122,
124 are surrounded thereby at upper and lateral sides. The
moving coil type linear motors for driving the respective
movable members 114, 116, 118, 120 in the X axis direction are
constructed by the driving coils and the X axis linear quides
122, 124 respectively. However, in the following description,
the movable members 114, 116, 118, 120 are referred to as "X
axis linear motor" for convenience.

Among them, the two X axis linear motor$I114, 116 are
provided at both ends of a Y axis linear quide 110 extending
in the Y axis direction (for example, a fixed coil of a linear
motor of the moving magnet tYpe) respectively. The other two
X axis linear motors 118, 120 are secured to both ends of a
similar Y axis linear guide 112 extending in the Y axis direction.
Therefore, the Y axis linear guide 110 is driven along the X
axis linear guides 122, 124 by means of the X axis linear motors

114, 116, while the Y axis linear guide 112 is driven along the
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the X axis linear notors 114, 116, 118, 120, the Y axis linear guides 110,
112, and the unillustrated nagnets di sposed on the bottons of the wafer
stages WS1, WB2. The stage-driving system is controlled by a stage control
unit 38 shown in Fig. 1. Mnute yawi ng can be generated on the wafer ﬁé age
Ws1, or minute yaw ng can be renoved therefrom by slightly 2& bERg200he
torque of the pair of X axis linear notors 114, 116 provi ded 128 23 SEP
2002 at the both ends of the Y axis linear guide 110. Simlarly, mnute
yawi ng can be g .at t he \waf S W52, or minute yaw ng can be
removed t her ef r%%]?l%yfgrll?ég;ﬂtgluéd\?grﬁzdgi?ﬁg’yt BEYNE OfS}Fh? Hea%H +ipeaxmetiogs

| i near notors 1{1@8 1?9 provided at the both ends of the Y axis linear

gui de 112. WafersS W U are fixed on the wafer stages W81, W52 by neans
of , for exanple, vacuum suction by the aid of wunillustrated wafer hol ders.
Each of the wafer holWYertdhe Lthgmdianddr iapemniid usdrated madneect vhtich
perpendi cular to the XY plane and in the O direction (rotational direction

about the Z axdwjrdyndsans off theYuniid Lihear e idesdriyabGppRGaRd $8teral
Fi ducial mark plates FML, FM2, on which various fiducial marks are forned,

are placed on. sippey, siy fraessiddd e thef YotHordes tHELwaRe2 E'E?. g ﬁklt.hﬁA
vely. " The

substantially sanme height as that of the wafers W.,, W2 respec T

poct 1o B8 ol lincENo S Saiitho L siagpLOnnia Lhkel SATVE:
in the Y axis direction is constructed by the magnet and the
¥ axis linear guide 110. Further, an unillustrated magnet,
which surrounds the other Y axis linear guide 112 at upper and
lateral sides, is provided on the bottom of the wafer stage WS2.
A moving magnet type linear motor for driving the wafer stage
WS2 in the Y axis direction is constructed by the magnet and
the Y axis linear guide 112.

That is, in the first embodiment of the present invention,
the stage-driving system for two-dimensionally driving the
wafer stages WS1, WS2 independently in the XY, direction is
constructed, for example, by the X axis linear guides 122, 124,
the X axis linear motors 114, 116, 118, 120, the Y axis linear
guides 110, 112, and the unillustrated magnets disposed on the
bottoms of the wafer stages WS1, WS2. The stage-driving system
is controlled by a stage control unit 38 shown in Fig. 1.

Minute yawing can be generated on the wafer stage WS1,

or minute yawing can be removed therefrom, by slightly varying

the torque of the pair of X axis linear motors 114 116 provided
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One side surface (left side surface in Fig. 1) 20 of the wafer stage W51
in the X axis direction, and one side surface (back side surface as vi ewed
in the plane of the paper in Fig. 1) 21 thereof in the Y axis direction
are mrror-finished reflective surfaces. Simlarly, the other side surface
(right side surface in Fig. 1) 22 of the wafer stage W522 in g?%ﬁyg@
direction, and one side surface 23 thereof in the Y axis 129 2002
direction are mrror-finished reflective surfaces. Interferoneter beans

for respective_|ength-neasuring axes (for exanple, BlI1X, BI2X) for
constructing afbi Flg%r?%?'bn%‘f%ff af) shanY @ ige ddmesad gudder 14A. arssinpirlei st ed
onto the reflective surfaces. Reflected |ight beans therefromare received
by respective MiRUEe YaWins eas hegeperatedasutbediaftnsesgatws 0f ot R nute
respective reflective surfaces fromthe reference position (in general, a
fixed mrror iyadisposechben encsicdetharéacompibyt BeigRt 0l akdryamOPhé ¢ ue
systemor on a side surface of the alignnent optical system "and suc

position is usefl @se their ferveasds I4hbacehotdpusyhhe 3 Qpal
positions of the wafer stages W1, W82 areorreasured rle%d\gufg Ive %[fl‘h

construction dtR hendLnot hefeas t rferorreter system
wll be described in detail [at (La%)h%g a];i' |eveﬂo 't i cal system which
conprlsesaplurallw q:fs kﬁns | emen s hV|n a connon optical axis in the
Z axis direction and which i's e‘?’é‘ée Ha§f3&fe§t 3%F Mfla WS2 by

means of, for example, vacuum suction by the aid of
unillustrated wafer holders. Each of the wafer holders is
finely driven in the Z axis direction perpendicular to the XY

plane and in the 6 direction (rotational direction about the

Z axis) by means of an unillustrated Z+8 driving mechanism.
Fiducial mark plates FM1, FM2, on which various fiducial marks
are formed, are placed on upper surfaces of the wafer stages
WS1, WS2 to be at the substantially same height as that of the
wafers W1, W2 respectively. The fiducial mark plates FM1, FM2
are used, for example, when the reference positign of each of
the wafer stages is detected.

One side surface (left side surface in Fig. 1) 20 of the
wafer stage WS1 in the X axis direction, and one side surface
(back side surface as viewed in the plane of the paper in Fig.
1) 21 thereof in the Y axis direction are mirror-finished
feflective surfaces. Similarly, the other side surface (right
side surface in Fig. 1) 22 of the wafer stage WS22 in the X axis
direction, and one side surface 23 thereof in the Y axis
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predeterm ned reduction magnification, for exanple, 1/5, is wused as the
projection optical systemPL. Therefore, the velocity of novenent of the
waf er stage in the scanning direction during scanning exposure based on
the step-and-scan systemis 1/5 of the velocity of novenent o 3h§§ﬁé§d§'e
stage. As shown in Fig. 1, alignnent systens 24a, 24b having the 0
function based on the off-axis systemare installed on both 130 23 SEP 2002

sides in the X axis direction of the projection optical system PL at

posi tions sepagatedifpp Beps r . E optical.axis of the projection
optical system PL (coing?gen?igféﬁ Fgélg g%jgé#fg%t%%%t%ﬁr 1c%%e i rage of
the reticle pa l.dentical distance respectively. The alignnent
systens 24a, Ehgéﬁge\;g&[x\%{ggg I)LW§‘SE8F LASPntee g%‘ﬁ%%*l"sm%%?s‘éﬁl%aﬁﬁé (Ifox
(Laser Step Alignnent)_ syste the FIA (Field Image Alignnent) system
and LI A (Laseref%flgf?e%'r PE]ZN) i IMERNFtEYSténg amhdntarfgnnmat es sytsemm
24a, 24b make it possible to perform neasurenent of the position in the X
Y two- di mensi ofgdesgribed biter ontere pfejented wath tine rhel bodice shrFatks .
plate and the alignment mark on the wafer. The LSA and LI A are discl osed
in U S PatentR&blestad 1] 7@t dnehmdet irdrefronli ced assbived)by reRpedRlvio-
5,493, 403, the disclosures of which are herein incorporated by reference.
The LSA syst enimest fiesondt &rgaitelay -t mRGsRnSe S RSnetisd ey tyged to
measure the mark position by irradiating the mark

respective reflective surfaces from the reference position (in

general, a fixed mirror is disposed on a side surface of the
projection optical system or on a side surface of the alignment
optical system, and such a position is used as the reference
surface). Thus, the two-dimensional positions of the wafer
stages WS1, WS2 are measured respectively. The construction
of the length-measuring axes of the interferometer system will
be described in detail later on.

A refractive optical system, which comprises a plurality
of lens elements having a common optical axis,j:n the 2 axis
direction and which is telecentric on both sides having a
predetermined reduction magnification, for example, 1/5, is
used as the projection optical system PL. Therefore, the
velocity of movement of the wafer stage in .the scanning
direction during scanning exposure based on the step-and-scan
system is 1/5 of the velocity of movement of the reticle stage.

As shown in Fig. 1, alignment systems 24a, 24b having the

same function based on the off-axis system are installed on both
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with a | aser beam and utili zi ng a diffracted and scattered |ight beam The
LSA system has been hitherto wdely used for process wafers. The FI A
systemresides in a sensor to neasure the mark position by illum nating

the mark with a broad band (w de zone) |ight beam such as a h?igﬁpl ,
and perform ng i mage processing for an obtained mark i mage. Th I sy@ﬁgm
Is effectively used for asymetric nmarks on alum num | ayers and 131 2 3

SEP 2002 wafer surfaces. The LI A systemresides in a sensor to detect

positional infeiassi i tdle khex ®d ddc¥ P BRASHKe rﬁq_‘h%;lérc%golﬂyo%ﬂ#%gifﬁsir n frj\lt

diffraction grating-shaped mark with | aser beans ving sli

frequencies in ' i L.nterfering t enerated diffracted
| ght beams.  The TY ASeE seBtprel SEpG e s IR PhS o i S e
di fferences i@ Igvgl and V\ﬁf ers_ hayi nﬁ rou%‘rj surfaces. In the first
embodi ment of Yhe" Bt dReH &7 AR PR CHhesY T Hk Pt yiRAinsident aniitdnrrdmet
sensors are agqg)r(gﬁéi ately used depending on the purpose so that, for
exanpl e, so- caPTRIESELRIFenfien e tthe dmager ofnthef bet hebe wattenrhe by an
approxi mate position of the wafer by detecting three points of

one- di mensi onatdertical shiatancmir@spestd vieilye aThenaeidnnientpesyfsaremsd 21ar,

measuring the accurate position of each of shot areas on the wafer. In
thi s enbodi men24b havedilimpereppes pdft 81 @diaen s senedrsiiis e AbeeLSA QL.aBASUr €

positions of the alignment marks on the wafer WL held on the wafer stage

VB1 and the redwueAtegiMekE) system, the FIA (Field Image Alignment) system,
and LIA (Laser Interferometric Alignment) system. The
alignment systems 24a, 24b make it possible to perform
measurement of the position in the X, Y two-dimensional
direction of the reference mark on the fiducial mark plate and
the alignment mark on the wafer. The LSA and LIA are disclosed
in U.s. Patent No. 5,151,750 and the FIA is disclosed in U.S.
Patent No. 5,493,403, the disclosures of which are herein
incorporated by reference.

The LSA system resides in a general-purpqsé sensor most
widely used to measure the mark position by irradiating the mark
with a laser beam and utilizing a diffracted and scattered light
beam. The LSA system has been hitherto widely used for proéess
wafers. The FIA system resides in a sensor to measure the mark
position by illuminating the mark with a broad band (wide zone)
light beam such as a halogen lamp, and performing image
processing for an obtained mark image. The FIA system is

effectively used for asymmetric marks on aluminum layers and
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formed on the fiducial mark plate FML. The alignnent system 24b is used,
for exanple, to nmeasure positions of the alignnment marks on the wafer W2
hel d on the wafer stage W2 and the reference marks formed on the fiduci al
mark plate FM2. The information, which is obtained and supplied fromthe
respective alignnment sensors for constructing the alignnent & SEP 2062
24b, is subjected to A/D conversion by the aid of 132 2 3 SEP 2002 an

al i gnnment control unit 80 to obtain a digital waveform signal which is

conput ed and prorfessed o detect the mark position. An obtained result is
supplied to a HarricBHEFBFeSini (T Ll enstesr yesidestin asensor te.datmet
main control unit 9Q instructs the stage control unit to perform for
exanmpl e, correPPFdtiPsRl {REospAbhPBNPEathenmauki from auphase tiea LXaE U
depending on the obtained result. Further, in the exposure apparatus 1

according to thsrafliatingrbddffeactabntdmn pimgertiapat markom tiah h5eyds ot
showmn in Fig. 1, a pair of reticle alignnent m croscopes 142, 144 are

provi ded over hheingtsIig¢hRypsdishaent) ficduchcifaCinOtub@irdSti®E. ang
al i gnment m croscopes 142, 144 conprises a TTR (Through The Reticle

| t ti : | th
al i gnment opti gatesysi ey b@ﬁ@%@rﬁ‘ef@@eﬁ?ﬁ’%r@@tgﬁ?’fﬁﬁ: \ése.r 25‘%13 gf[g and

si mul t aneously observing the reticle not ~ shown ! : .
Ly 7 " PR BreELhell Utk R EEE WBoih BREATR U hups”
in level and wafers having rough surfaces.

In the first embodiment of the present invention, the
three types of the alignment sensors are appropriately used
depending on the purpose so that, for example, so-called search
alignment is performed for measuring the approximate position
of the wafer by detecting three points of one-dimensional marks
on the wafer, and fine alignment is performed for measuring the
accurate position of each of shot areas on the wafer.

In this embodiment, the alignment system 24a is used, for
example, to measure éos-itions of the alignment ‘marks on the -
wafer W1 held on the wafer stage WS1 and the reference marks
formed on the fiducial mark plate FMl. The alignment system
24b is used, for example, to measure positions of the alignment
marks on the wafer W2 held on the wafer stage WS2 and the
reference marks formed on the fiducial mark plate FM2.

The information, which is obtained and supplied from the
respective alignment sensors for constructing the alignment

systems 24a, 24b, is subjected to A/D conversion by the aid of
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m croscopes 142, 144 are supplied to the main control unit 90. In this
enbodi nent, polarizing mrrors 146, 148 for introducing detected |ight
beans fromthe reticle Rinto the reticle alignment mcroscopes 142, 144
respectively are novably arranged. \Wen the exposure sequence is started,
the polarizing nmirrors 146, 148 are retracted by means of udi3ISER r2002d
mrror-driving units in accordance with the 133 23 SEP 2002 command
supplied fromthe main control unit 90 respectively. A system equival ent
to the reticle_alignhnment rricrgsc pes, 142, 144 s disc|osed, for exanple,
in Japanese Lafl- e tfRPn Fﬂgl"i”c‘&t?%ﬁ“’l\%‘?tailﬂ?&’a%l,t%w&%@ﬁmmrtad
U S. Patent No._  ,5,6646,413 of which detailed explanation will be omtted
herein. AlthouRifBtisiRAMPYERdiaNd progessiesc te/ detertyehe marimpssitiion .
mechani sms (hereinafter referred to as "AF/ AL systent) 130, 132, 134 for
i nvesti gati ng Ahehtstinschgesoditt Lorsupplied doi dath forcdriteoir oheetI®Which
optical system PL and the alignnent systens 24a, 24b respectively as shown

in Fig. 4. Amwegvesien theecAhtfbliyst emridhaan aoneeondudet efd MG t$HSkem
is provided to detect whether or not the exposure surface of the wafer W

coi nci des wit ht{é aaiagRsScBhthdltieid %gﬁe?f]@ﬂﬁ, Hor EQQmEﬁ@L &5 U i E8L

system PL within a range of the depth o ocus, because it 1Is necessary

iy Dot U OBl R0 LG B ELF o BrBOR P o
system PL in the obtained result.

Further, in the exposure apparatus 10 according to the
first embodiment of the present invention, although not shown
in Fig. 1, a pair of reticle alignment microscopes 142, 144 are
provided over the reticle R as shown in Fig. 5. Each of the
reticle alignment microscopes 142, 144 comprises a TTR (Through
The Reticle) alignment optical system based on the use of an
exposure wavelength for simultaneously observing the reticle
mark (not shown) on the reticle R and the marks on the fiducial
mark plates FM1, Fm2 via the projection opticai system PL.
Detection signals obtained by using the reticle alignment
microscopes 142, 144 are supplied to the main control unit 90.
In this embodiment, polarizing mirrors 146, 148 for introducing
detected light beams from the reticle R into the reticle
alignment microscopes 142, 144 respectively are movably
arranged. When the exposure sequence is started, the

polarizing mirrors 146, 148 are retracted by means of

unillustrated mirror-driving units in accordance with the
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order to accurately transfer the pattern on the reticle Ronto the wafer
(WL or W2) by neans of scanni ng exposure. In the first enbodi nent of the
present invention, a so-called nulti-point AF systemis used as the AF/ AL
system 132. The AF/ AL system is disclosed in U S. Patent No. 5,502,311,
the disclosure of which is herein incorporated by reference. N3J SR #pzd
arrangenent of the multi-point AF system 134 23 SEP 2002 for constructing
the AF/ AL system 132 will be explained with reference to Figs. 5 and 6. As

shown in Fig. t ti-point AF syst, 132 conprises an
i rradi ating op%oggﬂg%g?g?éhl%? '%.{nﬂ‘@%? rf&‘?’an lﬁﬁﬁﬁré’]o%("‘d%[nlr;gaFe?P%% tvaly, a
| i ght-collecti %g I gns 152, attern formation plate 154, a lens 156, a
mrror 158, and°#R F?‘r%%ﬁ’a‘f%%tfjoeﬁpﬁvéeFéﬁ§91%bkgfﬁ‘rﬁiltamllpgh'§copeslfesz,i ng
optical system 161 .including a light-collecting objective lens 162, a
rotary directi ¢ddl 1% BLEELBRePr afer16%ampin, i ingdapanesagLa bdsofds, Pathta

| ight receiving unit 168. The respective constitutive conponents of the

AF/ AL system Publicapdont NOF 3y3764%8132onrespbad ey €xph aé neshtdpgaider
with their functions. An illum nation |ight beam having a wavel ength which

is different 5,646} ba8 oif whiehewpose bkghnLeash Bk 1ankk ahiMbahe tdiS

photoresi st on the wafer WL (or W2) is not photosensitive 1S introduced

froman unillustrateslthéegh Nt 0dhbighin SPHG O, autofocus/autoleveling
measuring mechanisms (hereinafter referred to as "AF/AL
system") 130, 132, 134 for investigating the focusing position
are provided for the projection optical system PL and the
alignment systems 24a, 24b respectively as shown in Fig. 4.
Among them, the AF/AL system 132 as a second detecting system
is provided to detect whether or not the exposure surface of
the wafer W coincides with (focuses with) the image plane of
the projection optical system PL within a range of the depth
of focus, because it is necessary that the pattern formation
plane on the reticle R is conjugate to the exposufe surface of
the wafer W in relation to the projection optical system PL in
order to accurately transfer the pattern on the reticle R onto
the wafer (Wl or W2) by means of scanning exposure. In the first
embodiment of the present invention, a so-called multi-point
AF system is used as the AF/AL system 132. The AF/AL system
is disclosed in U.S. Patent No. 5,502,311, the disclosure of
which is herein incorporated by reference.

Now, detailed arrangement of the multi-point AF system
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via the optical fiber bundle 150. The illumnation |ight beam radiated
fromthe optical fiber bundle 150 passes through the 1light-collecting |ens
152, and the pattern formation plate 154 is illum nated therewith. The
illumnation |ight beamtransmtted through the pattern formation plate 154
passes through the lens 156, the nirror 158, and the irradi a@ih $EP 29[]23
objective lens 160, and the illumnnation |ight beamis projected 135

SEP 2002 onto the exposure surface of the wafer W The i mage of the

pattern on the pattern formation plate 154 is projected obliquely with
respect to thef®ptFenstangeink thmdRA isyagen 18 2f wiikdbenexhka D SLing,
surface of the wafer WL (or W2). The illumnation light beamis reflected
by the wafer Wefenen¢e tosFig®j eStamd ofit o the |ight-receiving surface of
the light receiving unit 168 via the light-collecting objective |ens 162,

the rotary directioned shdwmtiIFiy.ats, ke HAT S dvBROqmh ;T €
166. The imge of the pattern on the dhttern forﬁﬁiion glatelg?%qu Egrned

agai n on the | 4gikepoRs Y| SRS YriNELi O [SESNG WAL, 168 The

;
main control unit 90 is now operat to gl ve predeterm ne

the rotar di ' Vi.br atii o | 164 _by the ajid of .a vibrating unit
172. Furt%er, %éé?ééﬁﬁy(ﬂnﬁﬁpoleU%FfogggFggoBé¥3f§d1 & ggigrt-codlgcting

signal-proces;{n 'ﬂ?t 170 getec ion signals froma large nunber of
(specifically, $Hhe A BABEPIASTPHEAt PN Plate Jodnepnkens tHo pamisrar

formation plate 15i2 | i ght -receiving )
158, and an irradiating objective lens 160; and a light-

collecting optical system 161 including a light-collecting
objective lens 162, a rotary directional vibration plate 164,
an image-forming lens 166, and a light receiving unit 168.

The respective constitutive components of the AF/AL
system (multi-point AF system) 132 will be now explained
together with their functions. |

An illumination light beam having a wavelength which is
different from that of the exposure light beam EL and at which
the photoresist on the wafer W1 (or W2) is not pﬁotosensitive
is introduced from an unillustrated illumination light source
via the optical fiber bundle 150. The illumination light beam
radiated from the optical fiber bundle 150 passes through the
light-collecting lens 152, and the pattern formation plate 154
is illuminated therewith. The illumination light beam
transmitted through the pattern formation plate 154 passes
through the lens 156, the mirror 158, and the irradiating

objgctivelenslGO,andtheilluminationlightbeamispuojected
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el ements of the light-receiving unit 168. The signal - processing unit 170
performs synchroni zed detection for the respective detection signals by
using the driving signal of the vibrating unit 172 to obtain a |arge

nunber of focus signals which are supplied to the main contéol unit 90 via
the stage control unit 38. In this enbodinent, as shown in ﬁg . 2802
slit-shaped 136 2 3 SEP 2002 aperture pattern 93-11 to 93-59, which
conprises, for exanple, 5 x 9 = 45 individuals, is formed vertically on
the pattern formation plate 154. The inage of the slit-shaped aperture
pattern is proj PR b FHRRIYE] RUEACRiQh thespeafien ¢ hehX image andtfide
Y axis, onto the exposure surface of the wafer W As a result, as shown in
Fig. 4, the sliRatHgeLmtdd @atdern idmtataion plagad 4 ismprbiectagd
inclined by 45 with respect to the X axis and the Y axis. Reference synbol
IFin Fig. 4 iohliiguedy aithl respeati ab thel 8pohciheaxpd %,C%%Uﬂﬂ%eftﬁlg Lhe
illumnation area on the reticle illum nated gy the illum nation sys env- As

al so clarified ifsr dowhied. ort thiehexpegheetd s ey s ﬁ%ﬁ%@fﬁ}ﬁﬁélﬂ&?%ﬁrfﬁa .

which is two- dinensionally sufficiently larger t

| F under the prigjlefiina® i0a hgghtSKshaMm Elre TPE-ARAAL, SUSI CM 130, 1345285

first detecting systens are constructe e sa . . .

igﬁ;??hgfgd Thals prdjelted’ bheb %HBOQEGE@Er%Leﬁgin rggg?gcéqggnéﬂgnlight
receiving unit 168 via the light-collecting objective lens 162 ’
the rotary directional vibration plate 164, and the image-
forming lens 166. The image of the pattern on the pattern
formation plate 154 is formed again on the light receiving
surface of the'light receiving unit 168. The main control unit
90 is now operated to gi_ve predetermined vibration to the rotary
directional vibration plate 164 by the aid of a vibrating unit
172. Further, the main control unit 90 is operated to supply,
to a signal-processing unit 170, detection signals from a large
number of (specifically, the same number as thét of slit
patterns of the pattern formation plate 154) light-receiving
elements of the light-receiving unit 168. The signal-
processing unit 170 performs synchronized detection for the
respective detection signals by using the driving signal of the
vibrating unit 172 to obtain a large number of focus signals
which are supplied to the main control unit 90 via the stage

control unit 38.

In this embodiment, as shown in Fig. 6, a slit-shaped
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such that approximtely the sane area as that for the AF/ AL system 132
used to detect the focus during exposure can be also irradiated with the
detecting beam by using the AF/ AL nechani snms 130, 134 used when the
alignment mark is measured. Accordingly, highly accurate alignnent
nmeasur enent can be performed by neasuring the position of thg &'SEP“?GEQ
mar k whil e executing the autofocus/autol eveling based on the use of the
measurenent 137 2 3 SEP 2002 and control of the AF/ AL systemsimlar to

t hose perforne dur.ing._exposur upon neasurement by using the alignnment
sensors based garpef eu’iéga{i etrﬂege%ﬂ]igr‘fr‘?e?lt?“é?/st%hz@ampﬂﬁes}nfOIbehemple,

wor ds, no offquI grror) occurs due to the posture of the stage, between
the process of X{)ogsu‘re4Saﬁd‘dt’-kYédb‘rad@es§~Soff01qugm¢e?rtticaﬂléxt ont hke pattern
reticle-driving nechanismw || be explained with reference to Figs. |and
2. The reticl e-gfd’rrl“\i‘itr}g’nn@dﬁlé;m Ml .cofbei smaga oft théesbiaghfpFh WGhurse

novabl e in the XY two-dinensional direction over a reticle base plate 32

while hol ding paheerel 6! préjeafednitl tpid sy ethd 803", [0 Yol %t%iﬁ\égf‘]%gx

the reticle stage RST, and a reticle i f'eromet er “system

th iti Ty aeli t J. .Th t _of th

ot ol o dri ving iSohadi e i RREEE e N a¥adr it EHEFaGR(H hserafer .
shown in Fig. 5 t he rf icle sr';q%ge RST is constructed such that two sheets
of reticles RI> RTSFB %ra%%os oo} Fstq o 4hdhec gAdtngmagescarenformed,

which are arranged in matrix, and inclined by 45° with respect
to the X axis and the Y axis. Reference symbol IF in Fig. 4
indicates an illumination field on the wafer conjugate to the
illumination area on the reticle illuminated by the
illumination system. As also clarified from Fig. 4, the
detecting beam is radiated onto an area which is two-
dimensionally sufficiently larger than the illumination field
IF under the projection optical system PL.

The AF/AL systems 130, 134 as first detecting systems are
constructed in the same manner as the AF/AL syst;am 132. That
is, the first embodiment of the present invention is constructed
such that approximately the same area as that for the AF/AL
system 132 used to detect the focus during exposure can be also
irradiated with the detecting beam by using the AF/AL mechanisms
130,134 used when the alignment mark is measured. Accordingly,
highly accurate alignment measurement can be performed by
measuring the position of the alignment mark while executing

the autofocus/autoleveling based on the use of the measurement
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(Y axis direction). The reticle stage RST is supported in a floating
manner over the reticle base plate 32 by the aid of, for exanple, an
unillustrated air bearing. The reticle stage RST is subjected to fine
driving in the X axis direction, mnute rotation in the O direction, and
scanning driving in the Y axis direction by the aid of a dri @ $cSER2MRi sm
30 (see Fig. 1) conprising, for exanple,-an unillustrated |inear notor.
The 138 2 3 SEP 2002 driving mechanism 30 is a nmechani sm whi ch uses a
| inear notor as a driving source simlar to the stage apparatus descri bed
above. Howeverlnd gongaodi of MbehAER/3m 8Psitem sdmddaedtasthossiperfolh@gk in
Fig. 1 for illustrative and expl anatory purposes. Accordingly, the
reticles R1, BnrdngtbepbeureheupbagmeRSIramentSByeﬁéiﬁq|ﬁhéséihgﬁﬁﬁnt
exanpl e, upon doubl e exposure, in which each of the reticles can be
subj ected to seaabir:agbéﬁedith@ﬂigé\bifoﬂhé"iélrﬁ.‘%rﬁ?en‘ﬂaégétexﬁs Baral ?E%ff | &

or

pl ate nmovenent mrror 34, which is conposed of the sane materi'a

exanpl e, a cepgfbe)wasdsd Nalo |19 € LRe Q¥ ged at, an
end on one side in Wt he X ax?gEsdl&?gcélﬁ?rﬁoﬁc?hggr%@gpe@?é’é’g\éﬁgf ?g & end
in the Y axi |.Leci.] fractive surface, which s forned b nmeans
of mirror-fi n?g%b%fo%égQFﬁg, Eﬁ% PHYREYS O%Eoﬁépg?‘dﬁe s‘?ﬂ‘# e Qﬁ‘oc’ﬁ% fvenment
mrror 34 int axjs direction. An interferonmeter beamis radiated onto

e X
t he reflectiv@T%ﬁPTﬁﬁ *of the novenent mirror 34 fromthe interferoneter

i ndi cated by the )
Next, the reticle-driving mechanism will be explained

with reference to Figs. 1 and 2. The reticle-driving mechanism
comprises a reticle stage RST which is movable in the XY
two-dimensional direction over a reticle base plate 32 while
holding thereticleR, anunillustrated linear motor for driving
the reticle stage RST, and a reticle interferometer system for
managing the position of the reticle stage RST.

The arrangement of the reticle-driving mechanism will be
described in further detail below. As shown in Fig. 2, the
reticle stage RST is constructed such that two ‘sheets of
reticles R1, R2 are placed in series in the scanning direction
(Y axis direction). The reticle stage RST is supported in a
floating manner over the reticle base plate 32 by the aid of,
for example, an unillustrated air bearing. The reticle stage

RST is subjected to fine driving in the X axis direction, minute
rotation in the 6 direction, and scanning driving in the Y axis

direction by the aid of a driving mechanism 30 (see Fig. 1)

comprising, for example, an unillustrated linear motor. The
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| engt h-neasuring axis Bl 6X for constructing the interferoneter system 36
showmn in Fig. 1. The reflected |ight beamis received by the
interferoneter to neasure the relative displacenment with respect to the
reference plane in the sane manner as performed for the wafer stage. Thus,
the position of the reticle stage RST is neasured. In this Bo8ERepi)? t he
interferoneter having the |ength-nmeasuring axis BI6X actually has two
interferoneter 139 2 3 SEP 2002 optical axes capable of performng

measur enent i ndependently making it possible to neasure the position of
the reticle st&gaving F‘ﬁ@h?(“étﬁi“s3&|#%@t meghandsmedkick uses yahMingasamotd
The interferoneter having the |length-neasuring axis BI6X is used to
per f or m synchr 8fi 2adréniagnsewrce rsimblat dia adid sragedapparatidndés €OMK&P!
of the reticle stage RST in the direction to cancel the relative rotation

(rotational ernboyebethewavehe thetdelwimhdnddianmadier3@nd hadiasitedoh th
i nformation on the X position and the information on the yawi ng of t

waf er stages ¥&hpl¥HA cukophiFad.f1 QB‘rtlflelderxea{ﬁcﬁfé)gﬁa %&?1&%&@3&‘9&% es.

| engt h- neasuring axes BI 1X, Bl 2X di sposed on the wafe

descri bed | at egcegrdgqglgge ohdee ad(')% &1PakRh 8{: fots) n%&elc e?ﬁége%% 37

are installed on the o side ( sidei

PRI TS S RSt L
axes BI 7Y, Bl 8Y IH 3 gthe retfcles can be subjected to scanning in
synchronization with the wafer.

A parallel flat plate movement mirror 34, which is
composed of the same material (for example, a ceramic) as that
of the reticle stage RST, is provided at an end on one side in
the X axis direction on the reticle stage RST to extend in the
Y axis direction. A refractive surface, which is formed by
means of mirror-finish processing, is formed on one side surface
of the movement mirror 34 in the X axis direction. An
interferometer beam is radiated onto the reflectiVe surface of
the movement mirror 34 from the interferometer indicated by the
length-measuring axis BI6X for constructing the interferometer
system 36 shown in Fig. 1. The reflected light beam is received
by the interferometer to measure the relative displacement with
respect to the reference plane in the same manner as performed
for the wafer stage. Thus, the position of the reticle stage

RST is measured. In this embodiment, the interferometer having

the length-measuring axis BI6X actually has two interferometer
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radiated froma pair of unillustrated double-path interferometers to the
corner cube mrrors 35, 37. The beans are returned to the reflective
surface of the reticle base plate 32 by the corner cube mrrors 35, 37.
The respective reflected |ight beans reflected thereby return via the sane

optical paths, and they are received by the respective doubl2j FZU%
interferoneters. Thus, the relative displacenents of the 140 2" 3" SE 02
respective corner cube mrrors 35, 37 are neasured with respect to the
reference position (the reflective surface on the reticle base plate 32 as
the reference PE¢ilCiadndXxefRatee ¢4l pesfoohing mansyyrementdbndepepdently,
interferoneters are supplied to the stage control unit 38 showmn in Fig. 1
to obtain an avekdgg Velpess ittler bofmensuie thaspes f iwhbEht idie epdsil ki orn pf
the reticle stage RST in the Y axis direction is neasured. The information

on the positidm ithet KeaXiaxtdrdcteohi andi metsedef§ Ohe CpAGIRQtARIUNGOS tRE
rel ative position between the reticle stage RST and the walter stage W51l or

W52 on the baSii&‘at@EftemeéEéEUﬁﬁdiH@M?e%r?giﬂ%ea@ﬁfiﬁf? !aﬂﬁsrﬁféﬂgf%${sed

di sposed on the wafer side and having the 1ength-neasuring axis

OO o nECeRPRROER e RELSIOSHEPPL O QR LIPS 1
{he soanni 1o, EABEEYRR PoRER, LOFTERnd ke A L ool B SIDOBIEIL O
the to cancel the relative rotation (rotational error) between the
;eticle and the wafer on the basis of the information on the
X position and the information on the yawing of the wafer stages
WS1l, WS2 supplied from the interferometers 16, 18 having
length-measuring axes BI1X, BI2X disposed on the wafer stage
side as described later on.

On the other hand, a pair of corner cube mirrors 35, 37
are installed on the other side (front side in the plane of the
paper in Fig. 1) of the reticle stage RST in the Y axis direction
as the scanning direction. Interferometer beaﬁs, which are
represented by length-measuring axes BI7Y, BI8Y in Fig. 2, are
radiated from a pair of unillustrated double-path
interferometers to the corner cube mirrors 35, 37. The beams
are returned to the reflective surface of the reticle base plate
32 by the corner cube mirrors 35, 37. The respective reflected
light beams reflected thereby return via the same optical paths,

and they are received by the respective double-path

interferometers. Thus, the relative displacements of the
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interferoneter 36 and the pair of double-path interferoneters represented
by the | ength-nmeasuring axes BI7Y, BIBY. Next, an interferoneter systemfor
managi ng the positions of the wafer stages WST1, WST2 will be expl ai ned
with reference to Figs. 1 to 3. As showmn in Figs. 1 to 3, the
Interferoneter beam which 1is represented by the first Iengtmanséeuﬂ]ﬂﬂg
axis Bl 1X fromthe 141 2 3 SEP 2002 interferoneter 16 shown in Fig. 1, is
radi ated onto the surface of the wafer stage WSl on one side in the X axis
direction along the first axis (X axis) passing through the projection
center of thefpFRPeEiYDFoFpErcanbe Wiiams 3and 1t Are mesautad /vl tk restpicen
centers of the alignnent systens 24a, 24b. Simlarly, the interferoneter
beam whi ch i sto &negsefrrehdy pohétienqiithd eafl betbas shirfgcaXdst Be 26 tHice@
the interferonmeter 18 shown in Fig. 1, is radiated onto the surface of the

waf er stage WHZae pldwee @heds il reéfdience PdsitdidOCt | ARaghpBg (HEuLsr st
axis. Reflected |ight beans therefromare received by the interferoneters

16, 18 so as t&pEaRed Byldle thﬁihlgatﬂiﬁmm&f s hpe sru%?)ﬁg(épit\:/gtpgns

reflective surfaces fromthe reference position and neasure osit

oL e o SRS coSheat( 3 fodh I Rl £RYal ab SR GRTEL

e e LR LT B HED B bR o B e e AL 25T
RST in the Y axis direction is measured. The information on
the position in the Y axis direction is used for calculation
of the relative position between the reticle stage RST and the
wafer stage WS1 or WS2 on the basis of the measured value obtained
by the interferometer disposed on the wafer side and having the
length-measuring axis BI3Y. Further, the information is used
for synchronization control between the reticle and the wafer
in the scanning direction (Y axis direction) during the scanning
exposure based thereon.

That is, in the first embodiment of the pres,eht invention,
the reticle interferometer system is constructed by the
interferometer 36 and the pair of double-path interferometers
represented by the length-measuring axes BI7Y, BIBY.

Next, an interferometer system for managing the positions
of the wafer stages WST1, WST2 will be explained with reference
to Figs. 1 to 3.

As shown in Figs. 1 to 3, the interferometer beam, which

is represented by the first length-measuring axis BI1X from the
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t he neasurenent for the wafer stages W1, W52 in the X axis direction.

Qut put values for the respective optical axes can be independently
nmeasured. In this enbodinent, unillustrated O stages for perfornmng O
rotation for the wafer stages W51, W52, and Z-leveling stages RSl, RS2 as

substrate-driving systems for performing mnute driving and 28i SEPo2(08r
inclination in the Z axis direction are actually di sposed under 142 23 SEP

2002 the reflective surfaces (20-23). Accordingly, all of the driving
anounts concerning tilt control of the wafer stages can _be nonitored by
usi ng the int eFPEgﬁﬁEF@“?t%,161§h°("§ub%tFr1§t°e1drliﬁ/Fﬁﬂlé‘%@Qﬁ‘Eo the surface
respective interferoneter beans represented by the first |ength-neasuring
axi s Bl 1X and PReLhevader ehgan WSteasne§idei sn BEXX @iy dinectibe alafrey
stages W81, W52 in the all regions of the novenent range of the wafer
stages W51, WSRhe fiwgtefaoris, (Xsakbds)tpees simgithmbiugcthenpro hiecpdsh tdemse of
the wafer stages W1, W52 are nmanaged on the basis of neasured val ues

obt ai ned by usofgHerédjestideopticarasytsiwphdnd Bhd ¥e8pdcthte £ on
| engt h-neasuring axis Bl 2X at any tinme of, for exanple, the exposure based

on the use of | SEL4 ' L. d u
LBRLOES 6F L Aﬂ%%n?%%_@@ém?f@@, 348 §§gﬁﬁa£'ﬂ§roﬁhe

alignment systems 24a, 24b. ( F gs. and 3, Ehe. rojec

LR PeachTHREER RO Sl IR F OBy 0 R
length-measuring axis BI2X from the interferometer 18 shown in
Eig. 1, is radiated onto the surface of the wafer stage WS2 on
the other side in the X axis direction along the first axis.
Reflected light beams therefrom are received by the
interferometers 16, 18 so as to measure the relative
displacements of the respective reflective surfaces from the
reference position and measure the positions of the wafer stages
WS1, WS2 in the X axis direction. In this embodiment, as shown

in Fig. 2, each of the interferometers 16, 18 is a three-axis
interferometer having three optical axes, makin§ it possible
to perform tilt measurement and 6 measurement, in addition to
the measurement for the wafer stages WS1l, WS2 in the X axis
direction. Output values for the respective optical axes can
be independently measured. In this embodimeht, unillustrated
6 stages for performing 6 rotation for the wafer stages WS1,
WSZ, and Z-leveling stages RS1, RS2 as substrate-driving
systems for performing minute driving and driving for

inclination in the Z axis direction are actually disposed under
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first axis (X axis) at the projection center of the projection optical
system PL, and interferoneters having | ength-nmeasuring axes Bl4Y, BI5Y
respectively as fourth | ength-nmeasuring axes perpendicularly intersecting
the first axis (X axis) at the respective detection centers of the

al i gnment systens 24a, 24b. However, only the | ength- rreasur% SER 2082 e
shown in the drawings. 143 2 3 SEP 2002 In the case of the first

enbodi ment of the present invention, the nmeasured val ues obtai ned by using
the interferonmeter having the |ength-nmeasuring axis BI3Y passing through
t he projectiontenreflertive pusfaceson20p2Bgal Aysrmwhingly,e.allt k€ apie cal
axis AX are used to neasure the positions of the wafer stages W51, W52 in
the Y directiodrdsingganduntexposueenihgseil eonfteolsef ehetwefdy 8t8gksUhn
optical system PL. The neasured val ue obtained by using the

I engt h-measuri bg snitBked bpagsing theounbelperopbests ol ceyyer of the
al i gnnent system 24a, i.e., the optical axis SXis used to neasure the

position of thgupatehtslagsy | Y direction during the use of the
al i gnment systgnr24a. The measu e%y%%€ﬁ€ obt ai ned by using the
ction _center

al 1 gnment syt om 24biite Bt bRt IR R R OatER BeaEBr PE-RERLE &Y fide
position of thg.magei stage WS2 ipn the Y direction during the use of the
al i gnment syst & 84p-€ €£Eﬁ%ﬁ%ﬂr%m% et BL e Ard i the Sgdonst lepgth-

measuring axis BI2X always hit the wafer stages WS1, WS2 in the
all regions of the movement range of the wafer stages WS1, WS2.
Therefore, as for the X axis direction, the positions of the
wafer stages WS1, WS2 are managed on the basis of measured values
obtained by using the first length-measuring axis BI1X and the
second length-measuring axis BI2X at any time of, for example,
the exposure based on the use of the projection optical system
PL and the use of the alignment systems 24a, 24b.

As shown in Figs. 2 and 3, the projection exposure
apparatus is provided with an interferometer héving a third
length-measuring axis BI3Y perpendicularly intersecting the
first axis (X axis) at the projection center of the projection
optical system PL, and interferometers having length-measuring
axes BI4Y, BI5Y respectively as fourth length-measuring axes
perpendicularly intersecting the first axis (X axis) at the
respective detection centers of the alignment systems 24a, 24b.
However, only the length-measuring axes are shown in the

drawings.
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interferoneter in the Y direction is deviated fromthe reflective surface
of the wafer stage W51, W52 depending on the respective conditions of use.
However, at |east one of the |[|ength-neasuring axes, i.e., the

| engt h- neasuring axes BI1X, BI2X are not deviated fromthe reflective

surfaces of the respective wafer stages W51, Ws2. Accordin@¥,SER 2082
possible to reset the interferonmeter on the Y side at an appropriate 144 2
3 SEP 2002 position at which the optical axis of the interferonmeter to be
used enters the reflective surface. The nethod for resetting the
interferometer will BB Ha8ceaprdef ntiiet first sempodimenheof ddieqiiasent
interferometers having the | ength- neasuring axes BI3Y, BlI4Y, BISY for Y
measur ement ar &nveptiqns theteedsupedtvatueschbbavned hymsipig adle axes.
They are capable of performng tilt measurement in addition to the

measurenment i intépf¥remeserdi hacingrtHern dnlgt hwaledis uitingeax 511 W5 a B4yt
val ues concerning the respective optical axes can be neasured

i ndependent | y. thfo&§R thie’ Sto fEPOHH et éb%h@réf&;%cfﬂ'mégg?g?@alg}%tem,

i nterferoneter system for nmanagi ng the two-di nensi I nate

POt on o ! e tetife Fhates: Bk VP 45 GRRRCFASH U LhASH At qng o

(hree e et OB B A0 5. AT FESPHE LA e B0 L B
based on the use of the projection optical system PL. The
mgasured value obtained by using the length-measuring axis BI4Y
passing through the detection center of the alignment system
24a, i.e., the optical axis SX is used to measure the position
of the wafer stage WS1 in the Y direction during the use of the
alignment system 24a. The measured value obtained by using the
length-measuring axis BI5Y passing through the detection center
of the alignment system 24b, i.e., the optical axis SX is used
to measure the position of the wafer stage WS2 in the Y direction
during the use of the alignment system 24b.

Therefore, the length-measuring axis of the
interferometer in the Y direction is deviated from the
reflective surface of the wafer stage WS1, WS2 depending on the
respective conditions of use. However, at least one of the
length-measuring axes, i.e., the length-measuring axes BI1X,
BI2X are not deviated from the reflective surfaces of the
respective wafer stages WS1, WS2. Accordingly, it is possible

to reset the interferometer on the Y side at an appropriate
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exposure sequence is executed on one of the wafer stages Ws1, W82, while
t he waf er exchange/ wafer alignment sequence is executed on the other of
the wafer stages WB1 WS2 as described later on. During this process, in
order not to cause any interference between the both stages, the novenent
of the wafer stages W51, W52 is managed by the stage controf Ju§EP 2§02 n
accordance with the command given by the main control unit 90 145 2 3 SEP
2002 on the basis of the output values obtained by the respective
interferometers. Further, the main control unit 90 shown in Fig. 1is
provided with PR 61 which &he PRG 1gad @¥1s Phwfiheninterfexgmeter toabe
condi tional expression (for exanple, for interference condition) is stored
for managi ng t REafdheavers bhe xelleglfiare stafecews1Theset ek ifort hesetting
illumnation systemw || be explained with reference to Fig. 1. As shown
in Fig. 1, the tihd umteatienoreteremildober deseribed dxadpktail aDa€¥pPOSH! €

| i ght source 40, a shutter 42, a mrror 44, beam expanders 46, 48, a first

fly's eye lens 50, gheewrespdctavei Bhabir@BrBnkEersSfiavan e@ﬁe_5ﬁen%t econd
fly's eye lens 58, a lens 60, a fixed blind 62, a novable blind %4, and

rel ay |enses 6@eal®rihlakes W?ﬁ,}’%lﬁ?'}"%’i‘??tﬁno.fr xﬁé'gs'%%ﬂé'és’ﬂé{r@%ieo&g%%}cfp

wi Il now be explained together with their functions, eam
radiated from H“%elff%l}gm%%%&geeé{m Laéﬁfn%%@ooés igfal%xlgs':. They are capable

of performing tilt measurement in addition to the measurement
in the Y axis direction for the wafer stages WS1, WS2. Output
valueé concerning the respective optical axes can be measured
independently.

In the first embodiment of the present invention, the
interferometer system for managing the two-dimensional
coordinate positions of the wafer stages WS1, WS2 is constructed
by the five interferometers in total including the
interferometers 16, 18 and the three interferometers having the
length-measuring axes BI3Y, BI4Y, BISY.

In the first embodiment of the present invention, the
exposure sequence is executed on one of the wafer stages WS1,
WSs2, while the wafer exchange/wafer alignment sequence is
executed on the other of the wafer stages WS1, WS2 as described
later on. During this process, in order not to cause any
interference between the both stages, the movement of the wafer
stages WS1l, WS2 is managed by the stage control unit 38 in

accordance with the command given by the main control unit 90

145



excimer laser as a light source and a |ight-reducing system (for exanple,
a light-reducing plate, an aperture diaphragm). The |aser beam passes
through the shutter 42, and then it is polarized by the mrror 44,

foll owed by being shaped to have an appropriate beam di aneter by neans of
the beam expanders 46, 48. The laser beam cones into the fir@t3fSEP 9082 e

| ens 50. The |Ilight beamconmng into the first fly's eye lens 50 is divided
146 2 3 SEP 2002 into a plurality of light beans by elenents of the fly's
eye lens arranged two-dinmensionally. The respective |ight beans conme into
the second fly©o8 Ehe bawis 38t ddwe wudpudi ieduest obtghised bespestiestectiyd he
aid of the lens 52, the vibration mrror 54, and the lens 56. The |i ght
beam out goi ng finbterfecosetensl. fly's eye | ens 58 passes through the |ens
60, and it arrives at the fixed blind 62 installed at a position conjugate

to the reticle R Autttier posid imin tdhdtathtubBamd SsiaRfi G.‘?xdFtig.h‘i‘VEs a
predeterm ned cross-sectional configuration, and it passes through the

b ol 10 Bodiasesettls tnafSey |90 & LA P daraed f LBTLANe or

conjugate plane of the reticle R eam passes roughthé
ences %6, S eRibld, |3 450 80ty Wl D ST beam 1
iI'lum nation ar ea IfA see Fig. 2) on.the reticle R defined by the fixed
blind 62. Next:™rHet ‘F%F°§§§Féf?ﬁh 17 sforsdfar anaging thedwupament of
Fig. 1. The coglﬁer ovlqaésg/rstsetrggceesntwesrls' twhse2 .mai n control unit

Next, the illumination system will be explained with
reference to Fig. 1. As shown in Fig. 1, the illumination system
comprises, for example, an exposure light source 40, a shutter
42, a mirror 44, beam expanders 46, 48, a first fly's eye lens
50, a lens 52, a vibration mirror 54, a lens 56, a second fly's
eye lens 58, a lens 60, a fixed blind 62, a movable blind 64,
and relay lenses 66, 68.

The respective components of the illumination systemwill
now be explained together with their functions, ‘A laser beam
is radiated from the light source unit 40 composed of a KrF
excimer laser as a light source and a 1ight-reducing system (for
example, a light-reducing plate, an aperture diaphragm). The
laser beam passes through the shutter 42, and then it is
polarized by the mirror 44, followed by being shaped to have
an appropriate beam diameter by means of the beam expanders 46,

48. The laser beam comes into the first fly's eye lens 50. The

light beam coming into the first fly's eye lens 50 is divided
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90 , as a controller, for controlling and supervising the entire

apparatus, and it conprises, for exanple, the exposure anpbunt control unit
70 and the stage control unit 38 which are under the control of the main
control unit 90. Explanation will now be nmade mainly for the operations of

the respective constitutive conponents of the control systen1gqgég§i?gmg
the operation of the projection exposure apparatus 147 2 3 SE

according to the first enbodi ment of the present invention during the
exposure. Prior to the_start of the synchronized scanning for the reticle
R and the waf ednt@1aoplye3]lityieo &xbbght ety edrmenits ofi th@0fiypss raied s
a shutter-driving unit 72 to drive a shutter-driving unit 74 so that the
shutter 42 is épaﬁedrran@eértw¢ﬁmiméﬁﬁi6magﬂyConmkokeggb&t§8esigéﬁ be
synchroni zed scanning (scan control) for the reticle R and the wafer

or W), i.e.,cbhe irid €he séagfd K3} ' 8nelyd henwef £hgaliade G%%e?ég&%eésn

accordance with the instruction given by the main “control un
synchroni zed seappbbhfilv&1Pehy oFped, Ry trqlling,th espective linear
Py et R oby P Y el Lo 920 "Sn6 VR4 e

notors for constructing t ' ving unit em

reti

for the wafer t | ngt-he . control unit 38 while nmonitoring
the neasured \S/gf ﬁéoﬁeaiti%é% 8§t h@’?gﬁg‘i FMPPHQOéRBSfB‘P*@W%&eW
| engt h- measuriﬂgyaxi s BI.1X oqugl 2X of the interferometer systemand the

| engt h- measur i a§(e'§}’95|1ﬁ}}s Pagses; fdirough the lens 60, and it arrives

at the fixed blind 62 installed at a position conjugate to the
reticle R. At this position, the light beam is defined to have
a predetermined cross-sectional confiquration, and it passes
through the movable blind 64 disposed at a position slightly
de-focused from the conjugate plane of the reticle R. The light
beam passes through the relay lenses 66, 68, and it is used as
auniform illumination light beam to illuminate a predetermined
shape, i.e., a rectangqular slit-shaped illumination area IA
(see Fig. 2) on the reticle R defined by the fixed blind 62.

Next, the control systemwill be explained_with reference
to Fig. 1. The control system centers the main control unit
90 ,as a controller, for controlling and supervising the entire
apparatus, and it comprises, for example, the exposure amount
control unit 70 and the stage control unit 38 which are under
the control of the main control unit 90.

Explanation will now be made mainly for the operations
of the respective constitutive components of the control system
as well as the operation of the projection exposure apparatus
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| engt h-measuring axis BI6X of the reticle interferometer system At the
point of tinme at which the both stages have been subjected to constant
velocity control within a predeterm ned allowable range, the exposure

amount control unit 70 instructs a laser control unit 76 to staSrEtP %bie
i ght em ssion. Accordingly, the rectangular illum nation ar 883 W&o e
148 23 SEP 2002 reticle R, on which a pattern is chrom um vapor -deposited
on its lower surface, is illumnated with the illumnation [ight beam
emtted fromtrg i llumnation system The image of the pattern in the

i || unination atRLILY &@ ths-first mkodingnt odf thRebpeofRi tinyrendpbinc al
systemPL, and_ it is projected for exposure onto the wafer (W or W2)

appl i ed with adphrbadrele sexpeftes surface. In this enbodi ment, as al so
clarified fromFig. the slit width of the illumnation area A in the

scanni ng direction iBrivar towthe svtaptrefl tiid Byhbhrpat zetnseseeiy fdiethe
reticle. The image of the entire surface of the pattern is successively

formed on the séwicks @and dHeewaaber (WY diewh 9! HY exphB i i g
for the reticle R and the waf e‘r” (W g)r W) gs desgﬁ(?beg?gg{)}{l/%m ebtkel

Simul t aneous! ot yd Misilrdidesla ifadiils@d il GiSSH9N codgRgLLDEd above,

the exposure anount conprol unit 70 Instructs .ror-dr|V|ng.un|t.78 to
\r/r; P: g'; ei ;hgomﬁtﬁg{uﬁlﬁi&ﬁq& %%iﬁ:o 74 %t tthg% \Qh%r g Iu%ril;e%f 45h?svbgéﬁéé?n
After that, the stage control unit 38 starts synchronized
sqanning (scan control) for the reticle R and the wafer (Wl or
W2), i.e., the reticle stage RST and the wafer stage (WSl or
WS2) in accordance with the instruction given by the main
control unit 90. The synchronized scanning is performed by
controlling the respective linear motors for constructing the
reticle-driving unit 30 and the driving system for the wafer
stages by using the stage control unit 38 while monitoring the
measured values obtained by the length-measuring axis BI3Y and
the length-measuring axis BI1X or BI2X of the iﬂterferometer
system and the length-measuring axes BI7Y, BI8Y and the
length-measuring axis BI6X of the reticle interferometer
system.
At the point of time at which the both.stages have been
subjected to constant velocity control within a predetermined
dllowable range, the exposure amount control unit 70 instructs

a laser control unit 76 to start pulse light emission.

Accordingly, the rectangular illumination area IA on the

148



‘performed until the pattern area on the reticle R conpletely passes over’
the illumnation area |A (see Fig. 2), i. e. , until the inage on the
entire surface of the pattern is forned on the shot. area on the wafer.
Thus, the non-uniformty of interference fringe is reduced, which would be
ot herwi se produced on account of the two fly's eye |enses 5Q 3J58EP 12082
structure and the controlling nethod of the vibration mrror 149 2 3 SEP
2002 are disclosed in U S. Patent No. 5,534,970, the disclosure of which
is herein incorporated by reference. The novable blind 64 is driven and
control | ed by rRELBLENR, @omirigh unipat3®rm isyphirondiumatapor wiépod teed on
scanning for the reticle R and the wafer Wso that the illumnation |ight

does not |eakibstlower fsairdaics,désoflleishited diith aheai2huhiifat £6h Al §nat
t he shot edge portion during the scanni ng exposure. The series of

synchroni zed opeamtéRistéd ef rBWagRd iV unligh S RAE s e, Ol THé‘iim§’t$e df the

relation to the pulse light em ssion effected by the |aser conttol ‘unit 76
descri bed abovgatiérh SiERESSA Wi | Lig I 8BS, (A J osi tiv

i nteger) duri ngaa pléri od ﬁn%m%ﬁhl&atﬁi@aé Fteraa%/%g}lﬁg%olnﬁ?hfe@é*)&r \‘/ﬁ.,al{e‘?@
passes over th | af the.i.llumnation field., Therefore, it is
necessary to (gfaﬁrg%&) Eépz@qft&ﬂnoﬁpﬁdc FEELN PE1) 2B obt bt RApsteqtpd for
oscillation fre%?ﬁenc e waf er scanni ng_vel oci.tt:g/ is V. The

is f, and t
control of the® "é’}/? igH° é?ﬁies‘gf“gﬁri EWHie "WWoe@pPhledgvith a photoresist

on its surface. 1Inthis embodiment, as alsoclarified from Fig.
2, the slit width of the illumination area IA in the scanning
direction is narrow as compared with the pattern area on the
reticle. The image of the entire surface of the pattern is
successively formed on the shot area on the wafer by performing
synchronized scanning for the retiéle R and the wafer (Wl or
W2) as described above.

Simultaneously with the start of the pulse light emission
described above, the exposure amount control unit 70 instructs
a mirror-driving unit 78 to vibrate the vibration‘ mirror 54 so
that the vibration of the vibration mirror is continuously
performed until the pattern area on the reticle R completely
passes over the illumination area IA (see Fig. 2), i.e., until
the image on the entire surface of the pattern is formed on the
shot. area on the wafer. Thus, the non-uniformity of
interference fringe'is reduced, which would be otherwise
produced on account of the two fly's eye lenses 50, 58. The

structure and the controlling method of the vibration mirror
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Patent No. 5,591,958, the disclosure of which is herei'n incorporated by
reference. f/n=V/iw.................. (1) Further, it is necessary to
satisfy the following expression (2) provided that the radiation energy of
one pulse radiated onto the wafer is P, and the resist sensitivity is E

n P = BEX* *-**x . (2) 150 23 SEP 2002 As descri Begl SEpPovgD2

t he exposure anobunt control unit 70 1is constructed such that conputing
operation is performed for all variable quantities of the radiation energy
P and the oscillation frequency f to give a command to the |aser control
unit 76 so thatrendéisrgnsedetnid & Ppsiean Noovs g8l | 970 hecheeBpeslbeuk-bobE
source 40 is controlled. Thus, the radiation energy P and the oscillation
frequency f ar@highi éd, handihhéncebpbiratedr byi refeRehcd? and the
mrror-driving unit 78 are controlled. Further, for exanple, when

correction is nade fQhelfttrabIVBIRAY 64 25 d, PR 598%0@&%‘1‘1@8%%?@%}”{ 4 o

positions) of the reticle stage and the wafer stage to be subj

50 i mstructs tRenStoncenitre I SERIAP AR AEen e anERBrtohithhe

respect | ve stagesitfe B G GaFe 95 NS TrA991R0R: halos t { e Hread
not leak out to the outside of the shielding area on the reticle
at the shot edge portion during the scanning exposure. The
series of synchronized operations are managed by the stage
control unit 38.

In relation to the pulse light emission effected by the
laser control unit 76 described above, it is necessary to emit
light n times (n is a positive integer) during a period in which
an arbitrary point on the wafer W1, W2 passes over the width
(w) of the illumination field. Therefore, it is necessary to
satisfy the following expression (1) provided that the
oscillation frequency is f, and the wafer scanniﬂg velocity is
V. The control of the pulse light emission is disclosed in U.S.

Patent No. 5,591,958, the disclosure of which is herein
incorporated by reference.

£/N = V/W  creeeervienrecnnns (1) .

Further, it is necessary to satisfy the following
éxpression (2) provided that the radiation energy of one pulse
radiated onto the wafer is P, and the resist sensitivity is E.

NP = Eercrrrstettcossnrenncsse (2)
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The projection exposure apparatus according to the first enbodi nent of the
present invention further conprises a first transport systemfor
perform ng wafer exchange between itself and.the wafer stage WSl1, and a
second transport systemfor perform ng wafer exchange between itself and

the wafer stage Ws2. As shown in Fig. 7, the first transpor Y
perfornms 151 2 3 SEP 2002 wafer exchange as described | ater érfbﬁ:mpz

itself and the wafer stage W51 di sposed at a wafer |oading position on the
| eft side. The first transport systemconprises a first wafer | oader

i ncl udi ng, for exanphe, desé¢ribed|ad=dieng the déepd8idrehamdurekicondsoli anibe7y
axis direction, first and second sliders 186, 190 which are novabl e al ong

the | oadi ng guiidecéfi2tractedsduainithad aofiph84ngWbpéhat forlilsapbedotReliNfor
first slider 186, and a first load arm 188 which is attached to the second

slider 190, andla bh&s_hbleeggrsﬁtyeié§3\%§nei%ﬁdkaaiwis& aﬁg%aﬁ% gl e

nmenbers provided on the wa st age e operation o f'er exchanhge

e B T e U T

shown in Fig. 7, explanation w be "rmade

on the I oft o BSESTECERaROEE WREnTiPEETERRRCiaT EYSHEPPIBHAR! (i ha ot

waf er | oader. At first,_ the main control unit 90 is operated to turn-off
exposure light source 40 is controlled. Thus, the radiation
energy P and the oscillation frequency f are varied, and the
shutter-driving unit 72 and the mirror-driving unit 78 are
controlled.

Further, for example, when correction is made for the
movement start positions (synchronization positions) of the
reticle stage and the wafer stage to be subjected to the
synchronized scanning during the scanning exposure, the main
control unit 90 instructs the stage control unit 38 which
controls the movement of the respective stages to make
correction for the stage position corresponding‘to an amount
of correction.

The projection exposure apparatus according to the first
embodiment of the present invention further comprises a first
transport system for performing wafer exchange between itself
and .the wafer stage WS1, and a second transport system for
performing wafer exchange between itself and the wafer stage
WSs2.

As shown in Fig. 7, the first transport system performs
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vacuum attraction effected by the unillustrated wafer holder on the wafer
stage W51 by the aid of an unillustrated swtch so that attraction for the
wafer WL' i s de-energized. Next, the main control unit 90 is operated to
drive and raise the center-up 180 by a predeterm ned anount by the aid of
an unillustrated center-up-driving system Accordlngly, t he BeS Pﬂzmp
lifted up to a predeterm ned position. In this 152 2 SEP 20 g

main control unit 90 instructs an unillustrated mafer | oader control unit
to nove the first unload arm 184. Accordingly, the first slider 186 is
driven and convaber eexdlyangdeasvaieyc itasterl atont ront bativeenl He sfeil s andnk-pad
arm 184 is noved to a position over the wafer stage WSl al ong the | oadi ng

gui de 182, amnwaiér istagecas Pdispoked POS bk P8r [16Hd iyIE6s I BFo B hdM e rr | N
this state, the main control unit 90 is operated to "downwardly drive the

center-up 180 §mie. predet ordd RdnBpstt tenF?:'&gﬁﬂléé‘E OGS ADYBTRAL ©

the center-up 180, the wafer nsmtt to an recel ve

first unl oad T €O ntroI unj structs the
waf er | oader a%rg)gnlg‘?&‘fm{!n g)%fparet’ l Faté‘fil %%14%33% kGl e¥tERABad
arm 184. Accordingly, .the wafer W' s attracted and held by the first

unl oad arm 184" ﬁgfty AKHE c¥1\€'1"’:'rf3ti:’d’rﬂ'r SFrﬁﬁlﬁn@Gepﬁé‘flr%H%elt%XBMf]@ro ¥hagBr

control unit to start retraction of the first unload arm 184 and novenent
of the first |F&ITVAPigs2long shei hgagingguide 482, a first unload arm 184

which is attached to the first slider 186, and a first load arm
188 which is attached to the second slider 190, and a first
center-up 180 including three vertically movable members
provided on the wafer stage WS1.

The operation of wafer exchange effected by the first
transport system will now be briefly explained. As shown in
Fig. 7, explanation will be made for a case in which the wafer
W1l' placed on the wafer stage WS1 disposed at the wafer loading
position on the left side is exchanged with the wafer Wil
transported by the first wafer loader.

At first, the main control unit 90 is operated to turn-off
vacuum attraction effected by the unillustrated wafer holder
on the wafer stage WS1 by the aid of an unillustrated switch
so that attraction for the wafer W1' is de-energized.

Next, the main control unit 90 is operated to drive and
raise the center-up 180 by a predetermined amount by the aid
of an unillustrated center-up-driving system. Accordingly,

the wafer W1' is lifted up to a predetermined position. 1In this
152



unl oad arm 184 starts novenent in the -¥.direetion in Fig. 7 integrally
with the first slider 186, sinultaneously with which the second slider 190
starts novenent in the +Y direction integrally with the first |oad arm 188
whi ch holds the wafer W.. When the first |load arm 188 arrives at a
position over the wafer stage W51, the wafer | oader control u?lji W%
novenment of the second slider 190, and the vacuum attraction e P? st
153 2 3 SEP 2002 | oad arm 188 is de-energized. In this state, the nmain
control unit 90 is operated to upwardly drive the center-up 180. Thus, the
underlying ceftéteuphiesnaip cantowadun bt [9i0f {nstrddies waferi IWas thiaxled wder
mai n control unit 90 instructs the wafer | oader control unit to retract

the | oad arm Aocadedi nghyrolhenieCﬁﬁdmébédehe199rs§t@ﬁiéawﬁﬂeﬂﬂ inthe -Y

direction integrally with the first |oad arm 188, and the first load arm

188 is retract adcor8inylyanenest v 51 14ae $88 s Ur i gﬁb' 8P oﬂ‘eq‘;p' r st

load arm 188, the main control unit 90 starts downward driving

cener” b 100 MpNRrdtoaateolbos BlACeC 180 L1 LR B o

IS 2 U RS MRty BB RS B S L

performs vaf erl&ﬁ(ChaQigstllns &ggaiggeatn%?xgegogftfgr?%rulst%egnggg\t/:ie wafer wl'.

In this state, the main control unit 90 is operated to
downwardly drive the center-up 180 to a predetermined position.
During the downward movement of the center-up 180, the wafer
Wl' is transmitted to and received by the first unload arm 184.
Therefore, the main control unit 90 instructs the wafer loader
control unit to start vacuum attraction for the first unload
arm 184. Accordingly, the wafer W1' is attracted and held by
the first unload arm 184.
Next, the main control unit 90 instructs the wafer loader

control unit to start retraction of the first ufxload arm 184
and movement of the first load arm 188. Accordingly, the first
unload arm 184 starts movement in the -Y direction in Fig. 7
integrally with the first slider 186, simultaneously with which
the secohd slider 190 starts movement in the +Y direction
integrally with the first load arm 188 which holds the wafer
Wl. When the first load arm 188 arrives at a position over the

wafer stage WS1, the wafer loader control unit stops movement

of the second slider 190, and the vacuum attraction for the first
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between itself and the wafer stage W52 disposed at a wafer |oading
position on the right side. The second transport system conprises a second
waf er | oader including, for exanple, a second |oading guide 192 which
extends in the Y axis direction, third and fourth sliders 196, 200 which
are novabl e al ong the second | oading guide 192, a second unlogf arm 194
which is attached to the third slider 196, and a second | oad 2062ch
is 154 2 3 SEP 2002 attached to the fourth slider 200, and an unillustrated
second center-up provided on the wafer stage W52. Next, explanation wll

be made with rkbadeace 188Figsde-énéngiBeddr the concurrent or parallel
process based on the use of the two wafer stages, which is the feature of

the first enbodi mentp afhidestutasetthd masht bBHtrEigunzts§'9V‘fs ﬁ%f\é S:W of

a state in which the wafer is exchanged bet ween the wafer sta

the f tt

pogit:ga, dL?I % éf%%?ﬁg%?%%a?mg ﬁgﬁqﬂggﬁﬁgsﬁﬁghgge%§F|8ﬂ iﬁngorned
for the mafer S fer 2 he ai oj ection
optical systenS ’1nn e*é/@ Caé,sls&eéif\/\% tl BPthS ‘f’ﬂéeﬁa“% ) Nexthatée

t he alignnentlgferatlon IS contlnuously perforned on the wafer stage m51
as described | ql pryt 90 dRstryssst Fha vafencdopder contgelngnit

during the exposure operation is controlled on the basis of neasured
val ues obt ai néeP FEetrAaly thehd dadngrm- nebecerdingkes BIe)sedigly sdfidelre 190

i nterferoneter
starts movement in the -Y direction integrally with the first

load arm 188, and the first load arm 188 is retracted.
Simultaneously with the start of retraction of the first load
arm 188, the main control unit 90 starts downward driving for
the center-up 180. Thus, the wafer Wl is placed on the
unillustrated wafer holder on the wafer stage WS1, and vacuum
attraction effected by the wafer holder is turned on.
Accordingly, a series of sequence for wafer exchange is
completed.

Similarly, as shown in Fig. 8, a second tnaﬁsport system
performs wafer exchange in the same manner as described above
between itself and the wafer stage WS2 disposed at a wafer
loading positiononthe right side. The second transport system
comprises a second wafer loader including, for example, a second
loading guide 192 which extends in the Y axis direction, third
and fourth sliders 196, 200 which are movable along the second
loading guide 192, a second unload arm 194 which is attached

to the third slider 196, and a second load arm 198 which is
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system The position of the wafer stage.WS1,_ on.which the wafer. ...exchange
and the alignnent operation are perforned, is controlled on the basis of
nmeasur ed val ues obtai ned by using the-Iength-neasuring axes BIM BI4Y of
the interferonmeter system At the left |oading position showm in Fig. 7,
the arrangenent is nmade such that the reference mark on the id |aI 155 2
3 SEP 2002 mark plate FML of the wafer stage W51 is di sposed 35 Bna

the alignnment system 24a (See Fig. 19A). Accordingly, the main control

unit 90 carries out reset for the interferonmeter having the

| engt h- measur i agtashed Bdl ¥ hef foRethrd BideF 0Bt eand et ﬁ%l@ﬁh@faﬁ@dté%%ond
measurement of the reference mark on the fiducial mark pl ate FML,

performed by ugbAfetbgpabiOPIBEY SYSERE @4fer K hows an examol e of
t he reference rrark 2p2£r)1d a, sMuat&on%l ]l:rr%gaeg%l C ?up for detecting the

f ce mark S t £ f.the ELA s of the alignment
gssftra%n 24a. In Fig. @%’SE’ '&9%1%:151 Jh]‘g1 &%t Badg WihR ECHETRIGH 1}°dl S-f or
CCD. A cross- szagbcﬂ i.ndi cat ed b ynbol_ _M_i ndi cat es an index
included in th & °5ftﬁ%8°ﬂFKr§§§F£ﬁ patadidied PEPEGFRFASHA gnithe nggge

pick-up range in the X axis direction is depicted. However, actually, it
is a mtter ofPtothectyhHafer Stages. iwhigh pieikthe fmmmﬁuoéf ithealfdost
executed in the Y direction. Fig. 19C shows a waveform signal obtained by
usi ng an embodiment of the present invention.

Fig. 7 shows a plan view of a state in which the wafer
is exchanged between the wafer stage WS1 and the first transport
system as described above at the left loading position, during
the period in which the exposure operation is performed for the
wafer W2 on the wafer stage WS2 by the aid of the projection
optical system PL. 1In this process, after performing the wafer
exchange, the alignment operation is continuously performed on
the wafer stage WS1 as described later on. In Fig. 7, the
position of the wafer stage WS2 during the exposure operation
is controlled on the basis of measured values obta‘ined by using
the length-measuring axes BI2X, BI3Y of the interferometer
system. The position of the wafer stage WS1, on which the wafer
exchange and the alignment operation are performed, is
controlled on the basis of measured values obtained by using
the .length-measuring axes BI1X, BI4Y of the interferometer
system.

At the left loading position shown in Fig. 7, the
arrangement is made such that the reference mark on the fiducial
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| mage processing systemincluded in the alignnment control unit 80 when the
I mge of the mark MK2 shown in Fig. 19B is picked up by using the sensor
of the FIA system The alignnment control wunit- 80 anal yzes the waveform
signal to detect the position of the mark MK2 on the basis of the index

center. The main control unit 90 cal cul ates the coordi nate p%s'tgep @Q?t he
mark MK2 on the fiducial mark plate FMin a coordi nate syste %h ei ter

156 2 3 SEP 2002 referred to as "first stage coordi nate systent, if
necessary) based on the use of the |ength-nmeasuring axes Bl 1X, Bl4Y, on

(e best s of Unezoplitarmel ofe e o heu” g5 htaBloc el SRR,

ef fected by using e | engt h-nmeasuri ng axes ear
is performed cepéi ln X C e gnd the reset for the

i nt erferomet er degg;i%g@(?htgi%sfe?&?ﬁéa E%érchhl Y ?gﬁﬂenf"c‘m %1y pEhe Badag
after the wafe v ah S, pre-aligpment rforned again on the wafer
stage WB1, be%%%gégﬁﬁgggos¢tqatfr{&ese?ggrrqssequpﬁé:qq 1BF%£§?FW hiaying
performed duri Ofl%q-,t he é)eri od of transport of the wafer W.

Specifically, gg%i SHHI e NG fieh B4 Yyt rihendimke qfiesomeskowsy s tehi ch

are formed on the wafer WL placed on the stage W51, are neasured by using,
for exanple, tHel¥etSoFheimeagurapentspdt theofeférermte gamknon et €idddaal
Positional adjustment is perfornmed for the wafer WL in the X, Y, O
g;;regthi ons on Mawk ipEisite Fofl ,opeaifoeniedebyl tsing tie JERAMSERYstld ag .t he
Fig. 19B shows an example of the reference mark MK2 and
a.situation of image pick-up for detecting the reference mark
MK2 by using the sensor of the FIA system of the alignment system
24a. 1In Fig. 19B, a symbol Sx indicates an image pick-up range
for CCD. A cross-shaped mark indicated by a symbol M indicates
an index included in the sensor of the FIA system. In this
drawing, only the image pick-up range in the X axis direction
is depicted. However, actually, it is a matter of course that
a similar image pick-up procedure is also executed in the Y
direction.
Fig. 19C shows a waveform signal obtained by using an
image processing system included in the alignment control unit
80 when the image of the mark MK2 shown in Fig. 19B is picked
up by using the sensor of the FIA system. The alignment control
unit- 80 analyzes the waveform signal to detect the position of
the mark MK2 on the basis of the index center. The main control

unit 90 calculates the coordinate position of the mark MK2 on

the fiducial mark plate FM in a coordinate system (hereinafter
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al i gnnent, t he operations of the respective conponents are controlled by
the main control unit 90. After conpletion of the search alignnent, fine
alignnment is performed to determ ne the arrangenent of the respective shot

areas on the wafer WL by using EGA in this enbodi nent. The f

is disclosed in U S. Patent No. 4,780,617, the disclosure o?enﬁﬁggpigﬁfm
I ncorporated herein by reference. 157 2 3 SEP 2002 Specifically, positions
of the alignment marks of predeterm ned sanple shots on the wafer W are
measured by usFRESTEEA ERadp|'Eirsthetagesopopflinhte Riys tym't emfohetbssary
al i gnnment system 24a while successively noving the wafer stage WSl on t%e

basi's of desi ghégdedshot theraye daf &t Heldtengrh-akéapureintg mxds BAIK,i BPSY, on
whil e managi ng the position of the wafer stage WSl by using the

i nterferoneterthesbasiél efigthenpostitiog axeshBl hXrR! 43 - afl! h§h9$s5ﬁ§59%
data are conmputed in accordance with statistical operation based on the

| east square npbAgdrenehbee PASESe® by QR ALNEe" Ao 18 Jreasur enent
and the designed coordinate data o tﬁgﬂghg eéfr &ﬁzﬂﬁﬁ%%fﬁﬂﬁéaﬁFﬁcgggxbf
EGA, the opergijgns of the respective conponents are controlled by the

main control unit 90. The conputing operation described above is perforned

by the main control gnit 90.. The in,control unit 90 calcul ates the
rel ative positional #%?5??6%%+ﬁ??$g% 1HPer EQHrRY | GRN GHIau sy R fiterpdde t o

the mark MK2 b ?ubtracting the coordinate position of the reference mark
MK2 fromthe Water exchande and the reset for the interferometer described

above. The search alignment, which is performed after the wafer
exchange, is pre-alignment performed again on the wafer stage
WS1, because the positional error is large if pre-alignment is
performed during only the period of transport of the wafer Wl.
Specifically, positions of three search alignment marks (not
shown), which are formed on the wafer Wl placed on the stage
WS1l, are measured by using, for example, the sensor of the LSA
system of the alignment system 24a. Positional adjustment is
performed for the wafer Wl in the X, Y, 0 directio_né on the basis
of obtained results of the measurement. During the search
alignment, the operations of the respective components are
controlled by the main control unit 90.

After completion of the search alignment, fine alignment
isperformaitodeterminethearrangementoftherespectiveshot
areas on the wafer W1 by using EGA in this embodiment. The
method of EGA is disclosed in U.S. Patent No. 4,780,617, the

disclosure of which is incorporated herein by reference.
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coordi nate positions of the respective shots. As described above, in the

case of the first enbodinent of the present invention, the position of the
alignnment mark is neasured while executing autofocus/autol eveling based on
the neasurenent and control effected by the AF/ AL system 132 (see Fig. 4)

in the sanme manner as performed during the exposure, during 2B8eSEP 2002
nmeasur enent perforned by the alignnment system 24a. 158 2 3 SEP 2002 Thus,
it is possible to avoid occurrence of any offset (error) which would be

oLl s CaUs ey ot s OF 1 B ERULD CHOETSEe e

exposure, due toO the postir e stage. e peri
waf er exchange ' eration are perforned, for the wafer
stage WSl as ggg@%k@?%%&%‘%%&%?@ @6&&1’?%‘3?‘5’:‘5@ PR £ SPTt AN R
stage W52 in a,gontinuous fgggner in accordance with the step-and-scan

system whi | e cﬁﬁﬁg‘f“ﬁﬁs‘?ﬁé’ GsUFR BEHAR i9dntBe alisgnmentwsyssenc? 63 wilile2
as shown in Fig. 9. Specifically, the relative positional relationship for
the respecti veSYREEESHY EhY Mo the wafemat agd/M3 lhas thedrs ix efidrsigned
calculated in the same nmanner as perfornmed for the wafer W. The shot
areas on the wahet ¥erayedstzcedstaedy apbghmémnanaridsss ithompt, Hilaxi s
of the projection optical systemPL, on the basis of obtained results of

the cal cul at i omanagdingsthé sped i tipdecdf Obh@fwd £ Atd VeGP AW It It ReieMB kS

MK1, MK3 on the fiducial nmark plate FML and projected i nagés on t'he
interferometer system (length-measuring axes BI1X, BI4Y). All
shot array data are computed in accordance with statistical
operation based on the least square method on the basis of
obtainedresultsof1ﬂu3measurementandthedesignedcoordinate
data on the shot array. During the process of EGA, the
operations of the respective components are controlled by the
main control unit 90. The computing operation described above
is performed by the main control unit 90. The main control unit
90 calculates the relative positional relationship for the
respective shots with respect to the mark MK2 py subtracting
the coordinate position of the reference mark MK2 from the
coordinate positions of the respective shots.

As described above, in the case of the first embodiment
of the present invention, the position of the alignment mark
ismgasuredwhileexecutingautofocus/autolevelingbasedonthe
measurement and control effected by the AF/AL system 132 (see

Fig. 4) in the same manner as performed during the exposure,

during the measurement performed by the alignment system 24a.
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waf er surface, of the marks RMK1, RVK3 on the reticle correspondi ng thereto
based on the use of the reticle alignnent mcroscopes 144, 142 (this
process will be described in detail Ilater on), while the reticle stage RST

and the wafer stage W52 are subjected to synchronized scannif in the
scanning direction every tinme when each of the shot areas is %bﬁﬁetQMD to
exposure. Thus, the scanning exposure is carried out. 159 2 3 SEP 2002 The
exposure for all of the shot areas on the wafer W2 as descri bed above is

al So_conti nuoushyspertorampasalibile tO%yd &l il SUEIANgE o SPREELLEal Ly, 1 he

exposure procedure of the double exposure proceeds 1n
as shown in Fi ghich | hve shot _areas on the wafer W
ichQduldBE dtheWis d ESRESS 'be%ygeﬁtb}m RFOFESAPE alignmenty

are successively subjected to scanni ng expos

the reticle R2;0R r fter that, the reticle stage RST is noved in
a predet er ni ned aan%hﬁt&(ﬁg?%éoggﬁﬁpﬁb‘rﬁi'rgEFi B2 thy nestuge: aé the \dtage.
system 30 to set the reticle Ri (pattern B) at the exposure position.

Thereafter, scanni ngPBkpogutReiReriRd in nelilel e ovalter fearhaiel @ndl 2 Has
shown in Fig. 10B. In this procedure, the exposure condition (AF/ AL,
exposur e anmounf}1IBRENt HePe¥ahkon taxm peidrinsd [fewete wAfef aitade Wi aad
the reticle RL. Therefore, it is necessary that the respective conditions

are measured cdeseribed akove) edalbpmrexposwrsl idgeUididd Fos ¥he thagFaged

dependi ng on obtained results. The operations of the respective conpdnénts

during the doubtage WS2 in a continuous manner in accordance with the
sFep-and-scan system while changing the exposure condition by
using two reticles R1, R2 as shown in Fig. 9.

Specifically, the relative positional relationship for
the respective shots with respect to the mark MK2 has been
previously calculated in the same manner as performed for the
wafer Wl. The shot areas on the wafer W? are successively
positioned under the optical axis of the projection optical
system PL, on the basis of obtained results of the calculation
and results of detection of relative positions of the ;narks MK1,
MK3 on the fiducial mark plate FM1 and projected images on the
wafer surface, of the marks RMK1, RMK3 on the reticle
corresponding thereto based on the use of the reticle alignment
microscopes 144, 142 (this process will be described in detail
later on), while the reticle stage RST and the wafer stage WS2
are subjected to synchronized scanning in the scanning
direction every time when each of the shot areas is subjected

to exposure. Thus, the scanning exposure is carried out.
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exposure for the wafer W2 are also controlled by the nain control unit 90.
The exposure sequence and the wafer exchange/alignnent sequence are
concurrently perforned in parallel on the two wafer stages W51, W52 shown
in Fig. 7 described above. In this process, the wafer stage of the two

waf er stages W1, W82, on which the operation has been first IZ/SCgpplﬂﬂgd,
takes a waiting state. 160 23 SEP 2002 At the point of time at Wwhich the
operations for the both have been conpleted, the wafer stages W51, W52 are

controlled and nove Lhe sResl Fhengy $h | | espectivel The
wafer V2 on the waf g'rhtegteagesV\%%, EPgrﬁ\l/\%igﬁnE%éé éé&(%%iﬁrre;is:%é’g%h&ﬁ??fﬁ%en
The vaf or W - ont AEScanbr he¥e dE 415" dRnsintehs Tyl pergrRedchEEPECthas
been conpl et ed,_ i ubjected to the .exposure sequence under the projection
optical syst emrlglficifa %’ﬁcéh?‘i’%‘ﬁt I%«fﬂﬁé‘cﬁasllytn bRE SXRAFULE PYecedire pé the
reference mark MK2 on the fiducial mark plate FM2 is positioned ur]der t he
al i gnment syst 8RubAE FHPYHEC @ RFECRRARCIN fbedimklavwihg buder e $kdwn linartigg
position. The wafer exchange operation and the alignnent sequence are

executed as ded@pibethaboie: e wwpesw itdiahotseareapenat the §ofet el are
interferoneter having the |ength-neasuring axis BI5Y of the interferoneter

system has besncerssiivellypsubjedted o debpaiingNexpbstibe FREk AYKRo0R1 3

fiducial mark plate FM2 effected by the alignnment system 24b.
using the reticle R2 (patternA). After that, the reticle stage
RST is moved in a predetermined amount in the scanning direction
bly using the driving system 30 to set the reticle Rl (pattern
B) at the exposure position. Thereafter, scanning exposure is
performed in an order from Bl to B12 as shown in Fig. 10B. 1In
this procedure, the exposure condition (AF/AL, exposure amount)
and the transmittance differ between the reticle R2 and the
reticle R1. Therefore, it is necessary that the respective
conditions are measured during the reticle alignment, and the
conditions are changed depending on obtained results. The
operations of the respective components during the double
exposure for the wafer W2 are also controlled by the main control
unit 90.

The exposure sequence and the wafer exchange/alignment

sequence are concurrently performed in parallel on the two wafer
stages WS1, WS2 shown in Fig. 7 described above. 1Inthis process,

the wafer stage of the two wafer stages WS1, WS2, on which the

operation has been firstly completed, takes a waiting state.
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Next, ‘explanation will be nmade for the resét operation for the
interferometer, perfornmed by the main control unit 90 during the change
fromthe state showmn in Fig. 7 to the state shown in Fig. 8 After the
alignment is perforned at the left |loading position, the wafer stage W1

is noved to the position at which the reference mark (See Fi2g3 SEP) 2062 t he
fiducial plate FML conmes 161 2 3 SEP 2002 just under the center (projection
center) of the optical axis AX of the projection optical system PL shown

in Fig. 8. Durj i F -
in Fig rAB0thé PSP ¥ETR e attf'"%lh'lri‘:thert:}x%{ gﬁigﬁgf%tgl?%r?dcrp‘:htehgo?h havg,

| engt h- neasuring axi's Bl4Y does not cones ective surrace

f th f i1 is diffigylt t f
Stage to the pacel Saneheyafs HH fraddn Bedlien bBY oMb, SREpITR O ande
alignment. For_thig.reason, in the fLrst . enbodi pent of the present
i nvention, t hem?‘é?ﬁo géea‘-?‘ﬁlﬁlcf)é’ﬁ §hoyp iR iFig. 8 mieapact ivedYex pThe mafer

above, the first enbodinent of the present invention lies in the setting
in which the fY8R1 dhendprker Ftage HoR .cSpEswhich theiexpesural semrence hast em
24a when the wafer stage W51 is disposed at the left |oading position. The
i nt er f er onet erbeeni penpletedngis-snhijreted) xivaBir exchampeiat ahet hight
position. Therefore, the wafer stage WS1 is once returned to this
positi on. The lwddingpagétibh.i sThevadekndmontte: pasét sageivgt, Wes £hihich
the X axis direction by a distance
the alignment sequence has been completed, is subjected to the
exposure sequence under the projection optical system PL.

At the right loading position shown in Fig. 8, the
reference mark MK2 on the fiducial mark plate FM2 is positioned
under the alignment system 24b in the same manner as operated
for the left loading position. The wafer exchange operation
and the alignment sequence are executed as described above. Of
course, the reset operation for the interferometer having the
length-measuring axis BI5Y of the interferometer system has
been executed prior to the detection of the m_afk MK2 on the
fiducial mark plate FM2 effected by the alignment system 24b.

Next, explanation will be made for the reset operation
for the interferometer, performed by the main control unit 90
during the change from the state shown in Fig. 7 to the state
shown in Fig. 8.

After the alignment is performed at the left loading

position, the wafer stage WS1 is moved to the position at which

the reference mark (See Fig. 20A) on the fiducial plate FM1 comes
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{BL while nonitoring the neasured val ue obtained by using the
interferoneter 16 having the | ength-neasuring axis B11X for which the
interferoneter beamis not intercepted, on the basis of the previously
known di stance (conveniently referred to as "BL") between the detection

center of the alignnment system 24a and the center (proj ectigzgc(sype?wgof
the optical axis of the projection optical system PL. Accordrngly,

waf er stage W51 162 2 3 SEP 2002 is noved to the position shown in Fig. 8.
As shown in Fi g5u0Anddie o BeRPBE" hraiflde Alh icefiRBNALAdend O dletant JLhe
relative positijons of the marks M1, %n%n t e%l uc)i a? Fr%‘trzckbppeiact% RS
and projected iXRggS+RA s e 5 A e..of t rks .Rl\/El 3.on the
reticle correspon%i ng té%%eto,lec{)nagggrl%%it Sth% q’i‘f gﬁﬂ ne‘%‘p S | BthBéam
by using the rgticle ali t mcroscopes 144, 142. As nentioned above,
the Reticle Mar'%% ?Vﬁﬂag%%%ﬁ?r ‘E]’é‘gﬂé?%‘i’lf beap s phRd epgthrmgaguring
positioned adjacent to MKl and MK3, as shown in Fig. 20A, because the
waf er stage wa¥iov & 4YudPRg Nofe CoR@mn 1nbp ehairefiegt ixsBsunbasetZie of the
projected image on the wafer surface, of the mark RV K (RWK1, RWK2) on the
reticle R Fig.WaiRT skege WShe MherafionavKit MKI)ifmiduie todusialk heawkfer
plate. Fig. 20D shows a situation of image pick-up for sinultaneously
detecting the stragjeedicedthempoe itriohhehowheins#igace, ifmeliigt 8By Ka Ry ( RWKL,
RVK2) on the reticle R and the mark MK (MK1, MK3) on the fiduci al
completion of the alignment. For this reason, in the first
embodiment of the present invention, the following artifice is
éonceived.

That is, as explained above, the first embodiment of the
present invention lies in the setting in which the fiducial mark
plate FM1 comes just under the alignment system 24a when the
wafer stage WS1 is disposed at the left loading position. The
interferometer having the length-measuring axis BI4Y is reset
at this position. Therefore, the wafer stage WS1 is once
returned to this position. The wafer stage Wsl is moved from
the position rightwardly in the X axis direction by a distance
BL while monitoring the measured value obtained by using the
interferometer 16 having the length-measuring axis BI1X for
which the interferometer beam is not intercepted, on the basis
of the previously known distance (conveniently referred to as
“BL") between the detection center of the alignment system 24a

and the center (projection center) of the optical axis of the

projection optical system PL. Accordingly, thewafer stage WS1
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mark plate, by using the reticle alignnment mcroscope 144, 142, in the
state shown in Fig. 20A. In Fig. 20D, a synbol SRx indicates an inmage
pi ck-up range for CCD which constructs the reticle alignment m croscope.
Fig. 20E shows a waveform signal obtained by processing the inmage picked

up as described above by the aid of an unillustrated i mage prd8eSEPn@(02
system The shapes of the reticle mark RW shown in Fig. 20B and 163 23 SEP

2002 the mark MK shown in Fig. 20C are only exanples and they nay be in

any shape. As sROWovidd ol tnel poliR ibh @hb@ﬂgsﬂM%ag@Sa.to be positioned in
I

the md of MKLI and MK3 on the ducial plate F nd a di stance between

RKL ind  he mar k RVES. > st Ranabhl e BpBERO ] REAc0) E tperaced

RWK1 and the mark R n-thes s are obser e
al i gnment m crQsc __Fi ZOé)lish.owsastatein which the reticle
al i gnnent nar kQMB?SCFugPep’b 50 oS RRs: 9ft Ebedf‘a’flﬁ% Midrk MKRrorfthene
fiducial plate. .The main control unit 90 resets the interferoneter having
the | engt h- meaddfifidadxmare pyagei Bil andnhprpiertagd smages omeths orafier
signal. The reset operation can be executed at the point of tine at which
t he | engt h- neaSUrfAgeaxPt the mankseBMKéxtRMKS avdillealvet itberemti mspditig] de
surface of the wafer stage. Accordingly, the coordinate positions of the
marks MK1, MK8hemethe baslediai timr kspl afetidllexporhid Q ig®@r Bea@tey using
positions of the marks RVMK on the reticle R projected on the wafer surface
the reticle alignment microscopes 144, 142.

As mentioned above, the Reticle Mark RMK1 and RMK3 might
generally correspond to or are positioned adjacent to MKl and
MK3, as shown in Fig. 20A, because the wafer stage was moved
using the known value BL.

Fig. 20B shows the projected image on the wafer surface,
of the mark RMK (RMK1, RMK2) on the reticle R. Fig. 20C shows
the mark MK (MK1l, MK3) on the fiducial mark plate. Fig. 20D
shows a situation of image pick-up for simultaneously detecting
the projected image on the wafer surface, of the mérk RMK (RMK1,
RMK2) on the reticle R and the mark MK (MK1, MK3) on the fiducial
mark plate, by using the reticle alignment microscope 144, 142,
in the state shown in Fig. 20A. In Fig. 20D, a symbol SRx
indicates an image pick-up range for CCD which constructs the
reticle alignment microscope. Fig. 20E shows a waveform signal
obtained by processing the image picked up as described above

by the aid of an unillustrated image processing system.

The shapes of the reticle mark RMK shown in Fig. 20B and
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are detected in the coordinate system (second stage coordi nate system
based on the use of the | ength-neasuring axes Bl 1X, BI3Y. For exanple,
when the mark MK1 (and the mark MK3) are observed by the alignnent

m croscope, the neasured value of the wafer stage WS1 in the second stage
coordinate systemis (X1, Y1) , and the relative position of 23rSERK20020
the position of 164 2 3 SEP 2002 the reticle alignnment mark RVMK1 and the
relative position of mnmark MKL to a projected position of reticle alignnent

mark RVK3 are t \ | gnnen ) ¢roscaope. _Here. the center
position of thtéﬂtgv\lgg%frémqggss% taialnde%qt%/' érooraj BEET RYLY n&* ABP ke R RR3
on the reticleb eans t he exposure position,of the recjcle pattern, i.e.
the projection cent et Hf® é}%e‘praseé PYR 1Bpfi8al 2Ly s¥ith 15 AxTAgedisD ias
positioned in th% m ddle of the mark, MKL and MK3. Therefore, relative
positions of thePe%RpBitiengdsin thg mid OfeMKbtand MK3zen dhe Hiduc ivel pdakeMVK2
of the substrate plate FM can be determ ned by cal cul ati on, when the

waf er stage WHIMi sansh g Xlistdnce Thetweem Miintamnd MKS tisOQdjusaledy seakhgukat es
the relative positional relationship between the exposure position and

each of the stmtisespomattoradiseanicielbdtivedr ehieohsty RiRI AR REd md St AlkYye
positional relationship of each of the shots with respect to the mark M2

on the fiduci athemrdhaterinta itdl ardnbdtvdE B it @aldienshiignhghyeen the

exposure position and the
microscope. Fig. 20D shows a state in which the reticle

alignment mark RMK is just positioned in the center of the mark
Mk of tﬁe fiducial plate.

The main control unit 90 resets the interferometer having
the length-measuring axis BI3Y prior to the pick-up of the
waveform signal. The reset operation can be executed at the
point of time at which the length-measuring axis to be used next
is available to radiate the side surface of the wafer stage.

Accordingly, the coordinate positions of the marks MK1,
MK3 on the fiducial mark plate FM1, and the coordipéte positions
of the marks RMK on the reticle R projected on the ws;tfer surface
are detected in the coordinate system (second stage coordinate
system) based on the use of the length-measuring axes BI1X,
BI3Y. .

For example, when the mark MK1 (and the mark MK3) are
observed by the alignment microscope, the measured value of the
wafer stage WS1 in the second stage coordinate system is (X1,

Y¥l), and the relative position of mark MKl to the position of
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coordi nate position of the mark MK1, MK3 on the fiducial mark plate FML.
Dependi ng on an obtained result, the respective shots on the wafer W are
subj ected to the exposure as shown in Fig. 21. The reason why the highly

accurate alignnent can be performed even when the reset opeéaatiﬁg) izi%
performed for the interferometer as described above is as fél : t
I's, the 165 2 3 SEP 2002 spaci ng di stance between the reference mark and
the imagi nary position calculated in accordance with the measurenent of

the wafer marky lieyl [ hg.i- dent | I measurin
the reference #E{{relj r%?\:lt Ega%?ggg?ﬁg %nggﬁkp%g %%e erere;l;a%sl‘}c%‘/pPﬁé ion o

al i gnnent syst 4 d_then. neasuring,t.he | i gnnent rk on each of the
shot areas on t ﬁ&ém.p’g«&é&%%gpﬁgi o&ofirﬁg:,lﬁﬁeafgg%ﬁ“?‘&%“ﬁir&%%
bet ween the referenc mark and the _position to be subjected to exposure is
determ ned. A& &eﬁﬂ,edi PYt fBec 3LigEpSAtcRAErBEERREN (HRY X fdsucenter
position and the reference mark position is established before the
exposure by usiPR§itHenrefithetyp| ginasr ohiteineddpeprofecting4the mark RMK1
possible to performthe highly accurate exposure operation by adding the

rel ati ve di starod R¥KBhenobhei redioké Uk meanterthshexpbbarenpesieiones ereheam
for the interferoneter in the Y axis direction is intercepted during the

nmoverment of theemdtde pategen, aik ! hhe peE§ect SoRG XN SEGRYREprd{¥tion
reference marks MK1L to MK3 al ways exi st on the
optical system. Further, MK2 is positioned in the middle of
the mark MKl and MK3. Therefore, relative positions of the
éxposure position of the reticle pattern and the mark MK2 of
the substrate plate FM can be determined by calculation, when
the wafer stage WS1 is on (X1, Yl).

The main control unit 90 finally calculates the relative
positional relationship between the exposure position and each
of the shots in accordance with the previously determined
relative positional relationship of each of the shots with
respect to the mark MK2 on the fiducial mark plaj:é FM1, and the
relative relationship between the exposure position and the
coordinate position of the mark MK1, MK3 on the fiducial mark
plate FMl. Depending on an obtained result, the respective
shots on the wafer Wl are subjected to the exposure as shown
in Fig. 21.

The reason why the highly accurate alignment can be

performed even when the reset operation is performed for the

interferometer as described above is as follows. That is, the
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i dentical fiducial plate. Therefore, if the drawing error is determ ned
bef orehand, only the managenent for the offset is required, and there is
no variable factor., There is a possibility that the RW1, RWK2 al so

i nvol ve any offset due to any drawing error of the reticle. However, such
a situation may be also dealt with by neans of only the of fs@3 rSkfagiZnt
If the drawing error is reduced by using a plurality of marks 166 2 3 SEP
2002 during the reticle alignnent, or if the drawing error of the reticle

e L e sgbehralonshogn st phoc EXATAY o0 JRIEESL

Lai d- Open Pat ent Publication No. e I'engt h-nmeasur

Bl4Y is not in 0 ' e period_of nove t of the wafer stage
VL fromthe | BPFgorel cabiiidied 1% BRCbRHaRes P ER ks ReantcaBant of rig

8, it is a mtter of course that the wafer stage may be |inearly noved to
the position sHBHHETI RAEFgLS LR MR ERLI BY aR$ £Rg cbhg)| Hentilarl sensdn dynent
while nonitoring the neasured values obtained by using the

| engt h- measur i R§aaREsNPIthe rpfeyencemmank orade, fiducsapmeink phheetiMl by
performthe reset operation for the interferonmeter at any point of tine at
or after the potans of themahigment sywtémndd), nemd whet) noasuBingY thassi ng
through the optical axis AX of the projection optical system PL overl aps
the reflectiveabigfimert ddaxK orheavdl 6F 6hatshdBlamraidnditl @hfet Gy hep¥

axis, and before the detection of the relative positions of the marks M1,

MK3 on the fidegiglpoTaitko Phae ,Fie 3 dth&e distance between the reference
mark and the position to be subjected to exposure is determined.
Abcordingly, if the correspondence between the exposure
position and the reference mark position is established before
the exposure by using the reticle alignment microscopes 142,
144, it is possible to perform the highly accurate exposure
operation by adding the relative distance to the obtained value,
even when the interferometer beam for the interferometer in the
Y axis direction is intercepted during the movement of the wafer
stage, and the reset is performed again.

The reference marks MKl to MK3 always exist on the
identical fiducial plate. Therefore, if the drawing error is
determined beforehand, only the management for the offset is
required, and there is no variable factor.. There is a
possibility that the RMK1, RMK2 also involve any offset due to
any drawing error of the reticle. However, such a situation

may be also dealt with by means of only the offset management,

if the drawing error is reduced by using a plurality of marks
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projected images on the wafer, of the marks RWK1, RWK3 on the reticle
correspondi ng thereto based on the use of the reticle alignnent

m croscopes 144, 142. . The wafer stage W52 nay be noved from the exposure
conpl etion position to the right |oading position shown in Fig. 8 in the

sane manner as described above to performthe reset operati dh3f §EPt p§f2
I nterferoneter having the | ength-neasuring 167 23 SEP 2002 axis BIb5Y.

Alternatively, Fig. 11 shows an exanple of the timng of the exposure

| | ' he_waf er
sequence for syggs Y r8¥PAskNg gspeghiv. tsh ar.eas on t
WL held on the maf?%lgﬁggg wgl. Flgieﬁﬂé ?homs elF?Zrﬁﬁzgfofﬁgzﬁl?ﬁh%%%t
concurrent 'y i i osara Mtk dAdEr S qd B rEhaBH b o feRESor ToRee pmke

i nvention, the, exposure sequence and the wafer exchange/alignnment sequence
are concurren ﬁggPPSFﬁeggFﬁ‘BBFBIFéFePG BHBlafather Nor 5+ﬁ9%kﬁerﬁ y@,
W2 held on the respegltll veﬂh\/\gffr séﬂages whi | e |ar;qq.ep%r}%§nt.l y d;tr?a)i;“ﬁnfm: et dvvo
waf er stages WS1, WS2NFR &gt Reas whEng ak e @I4anison n epte
throughpu? i's inproved. However, when the two operations are dealt with

concurrently i Aupdngl the periommk ofnoblremehy oSi tige thiefdme tegbens stag®hd he
operation perfornmed on one of the stages affects, as a disturbance factor,

the operation peignmert comple Wihpbs i¢ALA tS 1AL pbBi89BR IRRASinFid D,

contrary, sone of the
it is a matter of course that the wafer stage may be linearly
moved to the position shown in Fig. 8 immediately after
completion of the alignment while monitoring the measured
values obtained by using the length-measuring axes BI1X, BIA4Y.
In this case, it is preferable to perform the reset operation
for the interferometer at any point of time at or after the point
of time at which the length-measuring axis BI3Y passing through
the optical axis AX of the projection optical system PL overlaps
the reflective surface 21 of the wafer stage WS1 perpendicular
to the Y axis, and before the detection of the relqtive positions
of the marks MK1, MK3 on the fiducial mark plate FMl and the
projected images on the wafer, of the marks RMK1, RMK3 on the
reticle corresponding thereto based on the use of the reticle
alignment microscopes 144, 142. )

The wafer stage WS2 may be moved from the exposure

completion position to the right loading position shown in Fig.

8 in the same manner as described above to perform the reset

operation for the interferometer having the length-measuring
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operations perfornmed on one of the wafer stages do not affect the
operations perforned on the other wafer stage. Thus, in the first

enbodi ment of the present invention, the operations performed concurrently
in parallel are divided into the operations which correspond to the

di sturbance factor, and the operations which do not corresp g §E tﬂ@z
di sturbance factor. Further, the timngs of the respective gg r Fo are
adjusted 168 2 3 SEP 2002 so that the operations which correspond to the

di st ur bance f@@ﬁ%r %rg nmut ual Iy perfornmed sinmultaneously, or the
operations whi d& é t° correspond to the disturbance factor are nutually

per f or med sinultaneouily. For, exanpl e, during the scanning exposure, the
synchroni zed scanni n§-t6FP8heVGAY erF - dddshResran iexaspRei of ther taming o
constant velocities, in which no disturbance factor is included. Further,
it is necessar $hEe¥RR$YER saapenert Eonsuctiessiviedycexpocing the teSSedSive
possi bl e. Therefore, during the scanning exposure performed on one of the

wafer stages WBOL aheasionnthe wafdjrusiietela ghVend el @RaG% fEALE Fid)
t he alignment sequence effected for the wafer W2 on the other wafer stage

Ws2. That is, un&smwmrmiag dhecH@E jighned® séJ_;'SSH @o?%ﬂ%69§§%%%2

performed in a state in which the wafer stage Wo2 rs allowed to s

he! i 5 ot bengRe k7RI ST LB SRR SRl Al s TR
thereto. In the first embodiment of the present invention, the
exposuresequenceandthewaferexchange/alignmentsequenceare
concurrently performed in parallel to one another for the wafers
W1, W2 held on the respective wafer stages while independently
moving the two wafer stages WS1, WS2 in the two-dimensional
direction so that the throughput is improved.

However, when the two operations are dealt with
concurrently in parallel to one another by using the two wafer
stages, the operation performed on one of the stages affects,
as a disturbance factor, the operation performed‘ on the other
wafer stage in some cases. On the contrary, some of the
operations performed on one of the wafer stages do not affect
the operations performed on the other wafer stage. Thus, in
the first embodiment of the present invention, the operations
performed concurrently in parallel are divided into the
operations which correspond to the disturbance factor, and the

operations which do not correspond to the disturbance factor.

Further, the timings of the respective operations are adjusted
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performthe measurement of the mark concurrently with the scanning
exposure in parallel. In this context, with reference to Figs. 11 and 12,
it is understood that the scanning exposure effected for the wafer W

i ndi cated by the operation nunbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19,

9
21, 23" shown in Fig. 11 is perforned in a nutually synchron gegElpaZ@qz
wth respect to the mark nmeasurenent operation effected at the resp lve

169 2 3 SEP 2002 alignnent mark positions for the wafer W2 indicated by the

operati on nunber A PG " . 13,15 17, .1 23" shown in
Fo 12 o theothar kbeqeeRrafions ehich prrvespPydnih: Chs dbabetnee
const ant vel ocit‘%tgoverrent I S il o) erfornmed during the scanni ng exposure.
Therefore, no RSP BubRRY ¥ peptprmed s1ppitapeeus by pertheppeeations
measur enent hi gglxg/ a(gcur ately. The sane situation as that described above
is also consi 48158 #3MathEokkeEPoRICHAGE dissurbanre faatoraaaphet ua by
vi bration, which is generated when the wafer is transmtted fromthe |oad
armto the cenPérfgpmedn§imultangeualyi sturbance factor. Therefore, the
wafer may be transmitted in conformty wth acceleration or deceleration
(which may serve as Eodi exampbegeddefi@rihdesossn Ofigadksssihe, LHechr oni zed
scanning is perforned at a constant velocity. The timng adjustnent

descri bed aboveyhshpenioedeslc®nigd Nebrt Rehd BRI &P MUY Yndihk 20richEXE: is

expl anation will be nade for the nethod for
performed at constant velocities, in which no disturbance
factor is included. Further, it is necessary to exclude any
éxternal disturbance factor as less as possible. Therefore,
during the scanning exposure performed on one of the wafer
stages WS1, the timing is adjusted to give a stationary state
in the alignment sequence effected for the wafer W2 on the other
wafer stage WS2. That is, the measurement of the mark in the
alignment sequence is performed in a state in which the wafer
stage WS2 is allowed to stand still at the mark position.
Therefore, the measurement of the mark is not thé disturbance
factor for the scanning exposure. Thus, it is possible to
perform the measurement of the mark concurrently with the
scanning exposure in parallel. In this context, with reference
to Figs. 11 and 12, it is understood that the scanning exposure
effected for the wafer W1 indicated by the operation numbers
of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" shown in Fig.
11 is performed in a mutually synchronized manner with respect

to the mark measurement operation effected at the respective
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performng the focus/leveling control during the éxposure. In the
proj ection exposure apparatus 10 according to the first enbodi nent of the
present invention, AF neasurenent is performed for the wafer during the

al i gnment by using the AF/ AL system 130 provided for the alhzansﬁg zy em
24a, or by using the AF/ AL system 134 provided for the alig n y

24b. The focus/leveling control is performed during the exposure on the
170 2 3 SEP 2002 basis of obtained results of the nmeasurenment descri bed

above and r esullligritlerA” n36 WoaTR o0t R LRI DY waS g bRELAFL AL

system 132 provided for the projection optical system

above, the or defpd¥fat§970 r o¥he, respective,s reasg on_the wafer W
i s deternm ned, orzkxgﬁhﬁg&%e % Pgspéétgvegpa aﬁ%tgﬁt’gﬁ'(if't67(4}?ri?bz,
(1) accelerati " decel er.at i times during scannjing, (2) adjustnent
tinme, (3) exp%?ur%%gy 1y &9(4¥93téﬂbf?&thqﬁ?E(9%ﬂﬁfaé@n§h§h9§$e ¢Hvicver
I n general, the_acceleration and the deceleration give the

rat e- det er mi ni Ag *9BAGPLi 589UeRELef She, crnstanfoyelerityi Bovendmt b arksdag
is performed in an alternate manner for the wafer in the Y direction (the

adj acent shot sP§réoragdcdysiingl $heubrannédgt expoanneng Equasiore i mot he X
direction shown in Fig. 13), when the two-shot stepping effected by the

vertical steppdigtosbeppengcenrsheadditessi posshpye £6 FéBformdnd S not
performed. Fig. 13 shows the order of exposure for the shot area 210
measurement highly accurately.

The same situation as that descri.bed above is also
cbnsidered for the wafer exchange. Especially, for example,
any vibration, which is generated when the wafer is transmitted
from the load arm to the center-up, may serve as a disturbance
factor. Therefore, the wafer may be transmitted in conformity
with acceleration or deceleration (which may serve as a
disturbance factor) before or after the synchronized scanning
is performed at a constant velocity. The timing adjustment
described above is performed by using the main cc_m"trol unit 90.

Next, explanation will be made for the method for
performing the focus/leveling control during the exposure. 1In
the projection exposure apparatus 10 according to the first
embodiment of the present invention, AF measurement is
performed for the wafer during the alignment by using the AF/AL
system 130 provided for the alignment system 24a, or by using

the AF/AL system 134 provided for the alignment system 24b. The

focus/leveling control is performed during the exposure on the
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on the wafer WL, determ ned as descri bed above. Fig. 13 represents an
exanple in which all shot arrays are included in the wafer W.. % . The
conpl ete pre-nmeasurenent control as described in |, Tapanese Lai d- Open

Pat ent Publication No. 6-283403 corresponding to U.S. Patent No. 5, 448, 332

is also performed in the embodiment of the present invention Ppgi Wﬁt Q[]gzhe
exposure 171 23 SE P 2002 for the respective shot areas. However, en it
is intended to performthe exposure in the nost eff|C|ent exposure or der

as shown in Fi pasliks oAF cdiGHdd§eBA1RESoRPPREMédL %d“’%c“ A
I's inpossible to performthe neasurenent (detection) or t e sur ace

the wafer W, hagpayseyihe AF ﬁptnﬁ‘e%% R t”?fér {08 W% gfﬁ@ﬂi%@%&#ﬂﬁ

the outer circunference of the respectlve

by synbols A, case, it is inpossible to perform
the conplete %egrrédagt}]:rje%er orﬁfrts %@fcrpirl?é'&c&l}&?e°P’FHF§15F'Y55?§“0 will
be described in further detail bel ow % 14A, B, C show nmagnified plan
views respectively Af descaiibeg €§§§§'|ﬁ ®hPEHerhef Arxpeavrechent ther pre-

measurenent is performed at the respective positions shown by the synbols
A, B, Cin FigIrefPecAd¥gashgt arsasexmipplecwaterWals déteemtinad, faimezakplef o
AF5 and the exposure area |F conjugate to the illumnation area | A on the
reticle are fibydreapettivegpacdmdtemhioch(l feeorgiigr Wei s (19286681 e FRVEYR! |
for
and deceleration times during scanning, (2) adjustment time,
(3) exposure time, and (4) stepping time to adjacent shot.
However, in general, the acceleration and the deceleration give
the rate-determining condition. Therefore, it is most

efficient that scanning is performed in an alternate manner for
the wafer in the sY direction (the adjacent shots are
successively subjected to scanning exposure in the X direction
shown in Fig. 13), when the two-shot stepping effected by the
vertical stepping (stepping in the Y direction shown in Fig.
13) is not performed.

Fig. 13 shows the order of exposure for the shot area 210
on the wafer W1, determined as described above. Fig. 13
represents an example in which all shot arrays are included in
the wafer Wl. .

The complete pre-measurement control as described in
Japanese Laid-Open Patent Publication No. 6-283403
corresponding to U.S. Patent No. 5,448,332 is also performed

in the embodiment of the present invention prior to the exposure
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conveni ence, Fig. 14A, B, Care illustrated such that the exposure area IF
and the AF detecting points are scanned with respect to the wafer surface.
Therefore, in the following description, explanation will be made assum ng

that the direction opposite to the actual scanning direction éor 5:&@6
wafer WL is the scanning direction. In this enbodinment, it is S d 2002at
the AF detecting 172 2 3 SEP 2002 points AFl to AF5 as the second detecting
systemare arranged in the non-scanning direction (lateral direction in

the. plane of e p ' e re in the
scanni ng direg%?oﬁﬂ€v§é%?§gfPﬂ?r%ﬁé?iﬁ??%é%:hgéggg%g’ogﬂgﬁeigab%r5n d
Fig. 14A. Furtber, 1t 1S uned that the AF detecting.points ABlL to AB5
as the second gt%%%%%ﬂ“s@iﬁseerﬁpaorsé’raerr]% &¢ f"ﬁstthﬁffhgh-gglia%’l‘ﬁ"?ﬂuiﬁ xEeron
on the other side of the exposure area |F in the scanning direction (see
Fig. 14B). In BFPIMMINELE- (hd AF AE4EGLdRENPOLBt HATRAFEANVSOME parts,
conducting scanning in the +Y direction, the pre-neasurenment control

cannot be per f &F Whd.Chhle Agsianndss iddiecte ipey flsoimt ke AR suaeteAE ) detectdwingt ed
fromthe surface of the wafer WL. In the case of Figs. 14B and C, the

pr e- measur enenfor diier piir facmoif the walfex Pey fwombe breAsdet et Oigd polinke
points (ABlL to ABS, AN and AF5) are deviated fromthe surface of the wafer

WL. .In such afer tpweé-+mdnsufenanarsvdil 4 a6 idt T 1R8ihrHende b the

inverted so that the scanning (referred to as "internal
wafer Wl at respective positions indicated by symbols A, B, C
in Fig. 13. 1In such a case, it is impossible to perform the
cbmplete pre-measurement control described above.

This situation will be described in further detail below.

Fig. 14A, B, C show magnified plan views respectively
illustrating cases in which the AF measurement for pre-
measurement is performed at the respective positions shown by
the symbols A, B, C in Fig. 13. Actually, for example, the AF
detecting points AF1 to AF5 and the exposure area IF conjugate
to the illumination area IA on the reticle are'fixed, with
respect to which the wafer W1 is scanned. However, for
convenience, Fig. 14A, B, C are illustrated such that the
exposure area IF and the AF detecting points are scanned with
respect to the wafer surface. Therefore, in the following
description, explanation will be made assuming that the
direction opposite to the actual scanning direction for the

wafer W1 is the scanning direction.

In this embodiment, it is assumed that the AF detecting
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scanning") is perfornmed fromthe inside to the outside of the wafer WL in
order that the detecting points are not deviated fromthe surface of the
wafer WL at the positions of A B, C described above. However, if the
scanning direction is inverted, an inconvenience arises in that the

exposure order determ ned as descri bed above is changed, and Q%GSSHPEFMDV
the throughput is decreased. 173 23 SEP 2002 Now, an exanple of outpu
results (as Z directional position on the surface of the wafer) of an AF

temin the petiafte ARIWSE i N5 1RG b
systemin the petiatte hR1Wbb AFS he enkeseeddq @@té&%&ﬁﬁ‘%ﬁéé@ﬂ Q?e?%%ﬁﬁbgﬁh

means of the wafer stage Ws is within the detecting portion o
. h ' . . _ . i q
2ol d the docr onse i m e sughpu St e AR RERE D AR Rion o8, b Fhane o

avoi d the decrease in throughput” as scri OVE,

i D ar whi chr e BRBSET bl e ST RE L hE Rbna s R ot heleamming

time D at which the surenent can

detecting point or _exa £ 1 to AF5) for pre-neasurenent are |ocated
on the surf aceag%e%&éoﬂlaf%&ék%afr%rqqﬁl%tl@f Bgﬁsﬂ’h@n%lﬁvéhﬁngapcx)ht(mde

(hereinafter referred to as "AF/ AL control™) is carried out. However, in
the case of thF39melt¥od, Faxtaerer 1bchiums sumedathayi e et detac Pohgtpdi rassd
Point F which represent the conpletion of followup control, due to delay
in phase of AFRAL to diBwsuphePpecond& detécying syistdincaresathen§esi i epeof
conpl etion of follow up obtained when nornmal pre-neasurenent
non-scanning direction on the other side of the exposure area
IF in the scanning direction (see Fig. 14B).

In Fig. 14A, when the AF measurement is performed while
conducting scanning in the +Y direction, the pre-measurement
control cannot be performed, because the detecting points AF1
and AF2 are deviated from the surface of the wafer Wl. 1In the
case of Figs. 14B and C, the pre-measurement control cannot be
also performed, because the detecting points (ABl1 to ABS, AF4
and AF5) are deviated from the surface of the wafer Wl.

-In such a situation, the scanning direction has been
hitherto inverted so that the scanning (referred to as “internal
scanning") is performed from the inside to the outside of the
wafer Wl in order that the detecting points are not deviated
from the surface of the wafer Wl at the positions of A, B, C
described above. However, if the scanning direction is
inverted, an inconvenience arises in that the exposure order

determined as described above is changed, and consequently the

throughput is decreased.
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control is perforned. As clarified fromFig. 15, it is understood that
such AF neasurenent deteriorates the AF/ AL control accuracy. In
consideration of the fact described above, in the first enbodi ment of the
present invention, the AF nmeasurenment for the wafer W is pgif ornmed during
the alignnment prior to the pre-neasurenent during the wafer ﬁoSEPeZUﬂi’nder
the same 174 23 SEP 2002 condition as that used in the exposure, by using
the AF/ AL system 130 provided for the alignnment system 24a or by using the
AF/ AL system 134 pr dipwdednf @xatripd ealoifgomp ts yesamntd4hpasThugiréétisnal
intended to avoid deterioration of the AF/ AL control accuracy as the error

caused by the gelsdtiion phaskeoburghbevoaptrentipdr) s A b
above. The AF/ AL system 130 or the AF/ AL systemli{m IS plrﬂgv?gggg\l}\vi ?ﬁ Fﬂ%

AF detecting peitaite (AGHHRIPLRY HGLEP , L9, 14A d the AF
detecting points (corresponding to Aff%F#eobXBéﬁéswee i%l g?gﬁﬂg}o‘)fggﬁe’“???%t
detecting systg a f Lng. t AF/ AL measurenment for  the
surface of the vri\'ﬂ/a:‘i"grg %?Sgdggégﬁle%%aﬁse “Ig:aoe‘?{b’frf itlc.;}f’ ;9% NI PEYL 4R PhHrthee
proj ection opti em PL _descrjbed above. That is, as shown in Fig. 16,
the wafer W, \%A%?%%E?%E 8B E &g Ptsosgﬂémaﬂr'? §dent> (Gompadas iyerkmanplef,
measuring points fci)r EGA i.e.., ALl to AL6 (six points). In this range,
the AF neasur edBrii* 9L peravimbihgdaqreanainrtihnpusdiputsadescr iBetralidyes ,

sanme direction_as that for the exposure sequence. Al so
1t 1s assumed that a method is adopted, in which the AF

measurement is started at a point of time D at which the
measurement can be performed while all of the AF detecting
points (for example AF1 to AF5) for pre—measurément are located
on the surface of the wafer, so that the autofocus/autoleveling
control(hereinafterreferredtx>as"AF/ALcontrol")iscarried
out. However, in the case of this method, an error occurs in
a region between Point E and Point F which represent the
completion of follow-up control, due to delay in phase of AF/AL
follow-up. Point E in Fig. 15 indicates the pdsition of
completion of follow-up obtained when normal pre-measurement
control is performed. As clarified from Fig. 15, it is
understood that such AF measurement deteriorates the AF/AL
control accuracy. .

In consideration of the fact described above, in the first
embodiment of the present invention, the AF measurement for the
wafer Wl is performed during the alignment prior to the

pre-measurement during the wafer exposure, under the same
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in this case, in order to avoid any nmutual influence on the oJperations of
the two substrate stages, the stepping operations (operations
corresponding to the disturbance factor) are synchronized with each other,

or the exposure operation and the alignment operation (operations not
corresponding to the disturbance factor) are synchronized wiz 8 SEBhZWher,
and the stages are noved in an order so that they cause no nutual 175 2 3
SEP 2002 interference. In this procedure, it is assunmed that there is

It
gi ven "exposur @chlife idnald SRAER ddi mtﬁepé)?%mg,g_g%ir{igﬁ% QFZégi wéjtem

shows results of nmeasurenent at Point Ain Fig.

i oh 15 the t sat et ThaoR PAC Yo IBRT HLRVER 2 646y Wil HHE Ritiedose

which is the feature o resent -i nventi
of sinplified Jf t Lon, .t.h fer, surface position is depicted as
having the |eV {I:%a %ﬁ P%Pg.ldﬁgv\ﬁ@’ére%h% R L0t sy stemeiho Rhgsarikt is
avi ng . 1 ng . . 10
di spersed in ord nar% cases. In this enbodi ment, as shown in Fig. 14A the
AF  neasur enentPtSRABE YR AYRidydpker bpratiian @hdheeAE/ALNgOROITl Rcoiaayd
AF5. Therefore, the obtained values of the AF neasurenent also indicate
the waf er surf23@dhfosirrosncansed gy the dehayhin qiniseany, £6hkowaigeeontgol
points AF3, AF2, AF1 gradually indicate the wafer surface position in
accordance wief ARAInnleanibedn abb@escamnénngdALeQ%é@ém Went ke asyar,
measurenent for the shot areas in the vicinity of the outer
system 134 is provided with the AF detecting points
(corresponding to AF1 to AF5, see Fig. 14A) and the AF detecting
points (corresponding to ABI to ABS, see Fig. 14B) as the first
detecting system capable of executing the AF/AL measurement for
the surface of the wafer W1 under the same condition as that
provided for the projection optical system PL described above.
That is, as shown in Fig. 16, the wafer Wl, which is
subjected to the alignment, includes a number of measuring
points for EGA, i.e., ALl to AL6 (six points). In this range,
the AF measurement is performed at the measuriqg‘points C, A,
B in the same direction as that for the exposure sequence. Also
in this case, in order to avoid any mutual influence on the
operations of the two substrate stages, the stepping operations
(operations corresponding to the disturbance factor) are
synchronized with each other, or the exposure operation and the
alignment operation (operations not corresponding to the

disturbance factor) are synchronized with each other, and the

stages are moved in an order so that they cause no mutual
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circunference of the wafer is perforned beforehand as descri bed above, it
is possible to know what neasured values are given in the follow ng
exposure sequence, for exanple, at the respective positions of AL B, Cin
Fig. 16. Accordingly, upon the actual pre-nmeasurenment control during the
exposure, the position of the wafer is allowed to appr oachzt:?esgpargp%
position (0) within a range of error concerning reproducibilTty of e
176 2 3 SEP 2002 neasurenent for the wafer surface position as shown in
Fig. 18, as coppared with t raocedure shown in Fig. 15. That is, it is
possible to pe?gg?ﬁfﬁﬁ?eﬁedri %&lFOPrPﬁ§§P68ﬂS+tC*§ SPymed that felkere Hed
i n Japanese Laid-Cqu Pat ent  Publication No. 6-283403, the followup
control responStVER tHPOSHRGLARES Bildgnment EiREit PS6-BRABNI @heRh tdme" .
amount of 30 % of the absolute error can be followed as estinmated as
primary response. Thed{di1 ghows cempllesi of peAsurémentpedrs Bodnat|Aein Fig.
(because of an identical allowable value) by decreasing the initial
absol ute val uelérfor.the deteusid mpimtsqpl ete Are, dtﬁﬂdi@n\&dulbﬁre%wei A
than at the follow up conpletion point E which is given when the norna
pr e- measur emenhe£Ont eént ARSI R a 1Ay neRitakA8 & hakeVene AR £ ‘E#ehe
proj ection exposure apparatus 10 concerning the first enbodi nent of the
present inventd siages. f h i r . e
bré&dent rlex‘wtéﬂﬁ:l% $nfP{qhof er)d:I gﬁ.e\é\ﬁirxrgéc?s@ ot simplified

i ndependent|y noved, and the wafer exc ange’ an i oper
performed on Offll?étfé&eio%,aQ%%’w%élL %utr ac%x 8§E£$on is depicted as having

the leveling of zero. However, the results for AF1 to AF5 are

dispersed in ordinary cases.

In this embodiment, as shown in Fig. 14A, the AF
measurement can be normally performed at the detecting points
AF4 and AF5. Therefore, the obtained values of the.AF
measurement also indicate the wafer surface position in Fig.
17. On the contrary, the detecting points AF3, AF2, AFl
gradually indicate the wafer surface position in accordance
with the movement in the scanning direction. When the focus
measurement for the shot areas in the vicinity of the outer
circumference of the wafer is performed beforehand as described
above, it is possible to know what measured values are given
in the following exposure sequence, for example, at the
respective positions of A, B, C in Fig. 16. Accordingly, upon
the actual pre-measurement control during the exposure, the
position of the wafer is allowed to approach the target position
(0) within a range of error concerning reproducibility of the
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operation is concurrently performed in parallel on the other stage. The AF
measurenent for the wafer surface is perforned by using the AF/ AL system
of the alignnent systemduring the alignnent. At the point of tine at

whi ch the both operations are conpleted, the operations are nutually

changed with each other. Therefore, the focus can be quickly? §r§FPn282en
for shot areas which are |ocated in the vicinity of the outer 177 2 3 SEP
2002 circunference of the wafer where the wafer surface is not disposed at

Scanni ng oxposun ey SR roza 14 S oRce FEEREY B AL OF A ip M 15,

scanni ng exposure is perforned fromthe

waf er, by previ ryi,Rgs:o the focus asurenment at_the outer
ci rcunf erence oafoy'?k?\eﬁp%gr gblgr}}dghgi 50?%Cglfﬁ?§ LilReH18y the mbasuismeht.
Thus, it is pQ§sibIeé%ﬁ.avoid any delay in followup in the

pre- measur enent-> EONErOLE FRePELSCE™ ANdCkodEdNiBgefPagthenfeols can be
performed highly accurately. It is unnecessary to adopt the internal
scanni ng even when t RE1gRPR1AVeadsi deshcibedi ant JaphnesheLaid-epen Patent
circunference of the wafer are subjected to scanning exposure fromthe
outsi de to thePubdiigetdpntie. wal6340Fhethe Eopowi-up cOMiralr £6SpSade he the
exposed in the nost efficient exposure order. Accordingly, it is possible
to inprove theauthiforgbplies The aAFoRBaSHEA® e Ui i hhCafbl M BRNE ol § of

t tor

performed while conducting the scanning in the sane direction as tha
the absolute error can be followed as estimated as primary
response. The follow-up completion point F appears earlier
(because of an identical allowable value) by decreasing the
initial absolute value error. It is possible to complete the
follow-up earlier than at the follow-up completion point E which
is given when the normal pre-measurement control is performed.
As explained above, according to the projection exposure
apparatus 10 concerning the first embodiment of the present
invention, the two stages for holding the wafers are
independently moved, and the wafer exchange apd alignment
operation is performed on one of the stages, while the exposure
operation is concurrently performed in parallel on the other
stage. The AF measurement for the wafer surface is performed
by using the AF/AL system of the alignment system during the
alignment. At the point of time at which the both operations
are completed, the operations are mutually changed with each

other. Therefore, the focus can be quickly driven even for shot

areas which are located in the vicinity of the outer

177



t he scanni ng exposure for the shot areas |ocated at the outer

circunference of the wafer. Therefore, it is possible to performthe focus
control which is free from, for exanple, the offset depending on, for
exanpl e, the novenent direction of the stage. According to the projection
exposure apparatus 10 concerning the first enbodi nent, there ZgeSppogged
the two 178 2 3 SEP 2002 wafer stages for independently holding the two

waf ers respectively. The two wafer stages are independently noved in the

XYZ directionscinhengepehbe vof ehe WsNaRIShOPET Bhé ORa fEH s &l i gNENt
operation are executed for one of the wafer stages, during I chthe

exposure oper ali Sfiobed SXEOUE bulcindaAR il pHRIRLGR AGEsp IS Operal ons

of the both are nutually changed at the poin I'me-a

operations arezgQphet el r di it is possjble t reatly inprove
the t hr oughput EUréﬁgﬁgh%hc g%g%?%#“?ﬁﬁa%ﬁﬁﬁ%§%?ﬁﬁ? q £B&We thene
interferoneter @?%i@gtﬁﬁ Iength-ne uring axis to be used for the
operation aftefr the changgeié $ideor EhpuVakaEoly PrAVIRUSHMI Q4T IHNg out

nmeasur enent sq@yen e is also perforned for the fiducial mark plate

di sposed on th AU MgdeUreRentf ak ethe mutspe cilgicumferencai efh ttheowafies

even when the length-neasuring axis of the interferoneter systemis

devi ated fromand Ugiig aesuits wiftacimesf Hyhe heiasiirmgenter TheE) the is

novenent mrror, if the novenent mirror is separately provided) It is
possible to avoid any delay in follow-up in the pre-measurement
control. Therefore, the focus/leveling control can be
performed highly accurately. It is unnecessary to adopt the
internal scanning even when the shot areas in the vicinity of
the outer circumference of the wafer are subjected to scanning
exposure from the outside to the inside of the wafer. The
respective shot areas can be exposed in the most efficient
exposure order. Accordingly, it is possible to improve the
throughput.

The AF measurement during the alignment.is performed
while conducting the scanning in the same direction as that for
the scanning exposure for the shot areas located at the outer
circumference of the wafer. Therefore, it is possible to
perform the focus control which is free from,. for example, the
offset depending on, for example, the movement direction of the
stage.

According to the projection exposure apparatus 10

concerning the first embodiment, there are provided the two
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possi ble to shorten ‘the reflective surface of the wafer stage (or the
nmovenment mrror, if the novenent mrror is separately provided).
Accordingly, it is possible to easily realize mniaturization of the wafer

stage. Specifically, the length of one side of the wafer s €
mniaturized to have a size of a degree which is slightly Zgg@fﬁ&@g t he
di aneter of the wafer. Thus, it is possible to easily incorporate, into
179 23 SEP 2002 the apparatus, the two wafer stages which are independently

novabl e. | n addidfiedn s tialgeiss f@QS%inlale%ehgé.n@&okgl?g?gpgﬁlet L?girﬂggeaﬁ% for

performance for the respective wafer stages t he wa _ (

L ch the exposdnpaaReLRIaT rhs R LAEIRS 10 TREK SRl el i 2l T X

(al Fgnment sendhe §36cdi b Ih e ool e strer FrgRandBchRg byienend d
of the proj ectign ptical systemPL. As for the wafer stage for which the
waf er exchangef Fiaérﬁﬁa‘me’ﬁp%P%WBhOP§rﬁe¢’FQﬁW fohenmek the witerf s dagea)

mark plate is _nmeasured sinultaneously with the reset for the

| engt h- measur i AYT1PETERfeh dia expoFurs nperhtiahi pmnercutysl €Y 2dige Gt 4D

(of f-axis alignnment sensor). Therefore, it is also possible to change the

| engt h- neasur i H§faxistage t hghienopetratdonrtest fitie bovIAGredmé Hi€a POP idH a9y

the wafer stage during the alignnent effected by each of the all gnnent

systenms and duatnhe peint of time at which the both operations are completed.
Accordingly, it is possible to greatly improve the throughput.

During the change of the operations described above, the

interferometer having the length-measuring axis to be used for
the operation after the change is reset, simultaneously with
which the measurement sequence is also performed for the
fiducial mark plate disposed on the wafer stage. Therefore,
no special inconvenience occurs even when the length-measuring
axis of the interferometer system is deviated from the
reflective surface of the wafer stage (or from ‘the movement
mirror, if the movement mirror is separately provided). It is
possible to shorten the reflective surface of the wafer stage
(or the movement mirror, if the movement mirror is separately
provided). Accordingly, it is possible to easily realize
miniaturization of the wafer stage. Specifically, the length
of one side of the wafer stage can be miniaturized to have a

size of a degree which is slightly larger than the diameter of

the wafer. Thus, it is possible to easily incorporate, into
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exposure effected by the projection optical system In this process, the’
follow ng procedure is adopted. That is, (1) when the mark on the fiduci al
mark plate is nmeasured by using the alignnent system 24a or 24b, the

coordi nate position of the mark is neasured on the first stage coordinate

system (2) the alignnment mark of a sanple shot on the wafer 23 §ggrgm]‘gter
detected to determ ne the array coordi nate (coordi nate position
SEP 2002 for the exposure) of each shot is determned on the first stage

coordinate systém appacathdantbewttb whfeEGAtagesakhosh 432 ifGepdsidid M
positional relationship between the mark on the fiducial mark plate and-t he

coor di nat e posmbivabléor ihadaipesHreit of HpRto § ap el HNGSL ff om 1 he
results obtained in (1) and (2) descri beggﬁ‘(e\lsbove, ?Z@ptﬁggrtreﬂegf?s(ﬂétlonmg

positional rel peirefshhRcePebPEER! PE . i duci al mark plate and
t he coordi nat e9 position of thos% pr% eégjéggfér’%?ne{-h%t?%ﬁtl e is detected

before the exposure econd stage coordinate systemby the aid of
the projection opti oA rfs%/"ls.'tigm ﬂg?&‘ ﬁggﬂﬁ e WHGH-the expesived ORAtatdorope

142, 144, and Lge exposur i%eperf%r med = for each shot by using (3) and (4)

described above® BEcotdiGfty € MACkeQBokhe & idirigd parkophete mymeasured

accurately even,in the case of the change of the |ength-neasuring axis of

the interfer on®tBp1taRgoRRbAJIHeh thhe pord et ofpfthehd emaftdr-metaageinds a

result, it 1is possible to performthe positional adjustnment for the wafer

wi t hout per f or W tRF fewonetsat byeusbagutieennit ithiec b1 hganbREMicroscope 142,
144 (alignment sensor based on the use of the exposure light
béam) by the aid of the projection optical system PL,.. As for
the wafer stage for which the wafer exchange/alignment
operation is performed, the mark on the fiducial mark plate is
measuredsimultaneouslywiththeresetforthelength-measuring
interferometer by using the alignment system 24a or 24b
(off-axis alignment sensor). Therefore, it is also possible
to change the length-measuring axis of the interferometer for
managing the position of the wafer stage during the alignment
effected by each of the alignment systems and during the
exposure effected by the projection optical system. In this
process, the following procedure is adopted. That is, (1) when
the mark on the fiducial mark plate is measured by using the
alignmentsystem24acn?24b,thecoordinateposithnlofthenmrk
is measured on the first stage coordinate system, (2) the

alignment mark of a sample shot on the wafer is thereafter

detected to determine the array coordinate (coordinate position
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hitherto carried out to neasure the spacing+“di stance between the
projection center of the projection optical "systemand the detection
center of the alignnent system It is also wunnecessary to carry a |arge
fiducial mark plate as described in Japanese Laid-Open Hﬂ€¥23Fg€biﬂﬁéion
No. 7-176468. According to the first enbodi ment of the prese efitVeon,
there are provided at | east two alignnment systens 181 23 SEP 2002 for
detecting the nmark, the two alignnment systens being disposed wth the
proj ection opt ifoal thy sxpasMre )nbEr e oltei e hixtwanmninedonttl Bik¥t dthege
al i gnnment operation and the exposure operation, which are perforned by
al ternatel y usicogrtinatespestdn &nodd@ir@ics WateNBhe GBA EiSe LANIH f&gt) lt}’k}e

dealt with in parallel to one another by alternately noving the t waf er

stages. Accor gengtiQet ﬁésiﬁiéha?”@@ﬂ&ﬁaﬂsﬂigtBgtvpégﬁ e 'Mxelpt(*ng%& { he

waf er | oader for exchanging the wafer is arranged 1 n the vicihi € the
al i gnnent syst en | rf .operation .at the respective
al i gnnent posi ?%Hgﬂf%ﬁ(ﬁr%}%g?%?’dtﬁ(eéngﬁéggéngﬁ&ﬁqsf%%t,\ réi(’@ Y
t he al i gnnment equence isS.sS thly perfornmed. Thus, it is possible to
obtain a hi gh8§ %Fﬁbﬁéﬁﬁu’r? E&fd?‘é’%‘é{ foompthe resulesyehtaened dn ¢ hk and
pr esent invent'és)n the i nfluence to cause deterioration of throughput

di sappears al mbé) d&5iRFded pbo¥een (hhcthe melativexpesatignakntel adyisnsiiips

installed at a position greatly separated fromthe
between the mark on the fiducial mark plate and the coordinate

position of those projected from the reticle is detected before
the exposure on the second stage coordinate system by the aid
of the projection optical system PL by using the reticle
alignment microscope 142, 144, and the exposure is performed
for each shot by using (3) and (4) described above. Accordingly,
the exposure can be performed highly accurately even in the case
of the change of the length-measuring axis of the interferometer
for managing the position of the wafer stage. As a result, it
is possible to'perform the positional adjustment ‘for the wafer
without performing the baseline measurement which has been
hitherto carried out to measure the spacing distance between
the projection center of the projection optical system and the
detection center of the alignment system. It is also
unnecessary to carry a large fiducial mark plate as described
in Japanese Laid-Open Patent Publication No. 7-176468.
According to the first embodiment of the present
invention, there are provided at least two alignment systems
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proj ection optical system PL, because the high throughput is obtained as
descri bed above. Therefore, it is possible to design and install a
straight cylinder type optical system having a high N. A (nunerical

aperture) and having a snmall aberration. According to the fi hgrent
of the present invention, each of the optical systens has thg95 SEEP)%B?E
interferoneter 182 23 SEP 2002 beamradiated fromthe interferometer for
measuring the Proxinate center of each of the optical axes of the two

al i gnment syst eﬁg Srteckd ngroieParkn Wi tvalalsgonentitys tencbedngglisposea
positions of the two wafer stages can be accurately neasured in a state
free from any ApbEhd&hecprajeghjondptdasfl speteaniRinimherposed ithepabetiBen .
exposure by the aid of the projection optical system Thus, it is possible

to independentAscomiinghe, the aldfgrmesitagperatien haadine ERASHF09p2¥5E ion
Bl 1X, BI2X, which are provided toward the projection center of tﬁe !

proj ection opt ixﬂﬁcmy&ﬁ@fﬂeﬂoﬁéﬁnﬂf‘%l&%ﬁhaﬂﬂgf using'@&nd rf%%g"eg\gi(’é axis

direction in this enbodinent) along which t wo wafer sta W52

are aligned, areigiams sysednsd E4ASL dAALINILCAEDE BLS] (Sl ages, ) IBL,

W52 so that the positions”of the respective stage
T e he o R e Rl B i a3 S T Lkl 125205

According to the first embodiment of the present
invention,thewaferloaderforexchangingthewaferisarranged
in the vicinity of the alignment system, especially to perform
the operation at the respective alignment positions.
Accordingly,thechangefromthewaferexchangetothealignment
sequence is smoothly performed. Thus, it is possible to obtain
a higher throughput.

According to the first embodiment of the present
invention, the influence to cause deterioration of throughput
disappears almost completely, even when the off-:akis alignment
system is installed at a position greatly separated from the
projection optical system PL, because the high throughput is
obtained as described above. Therefore, it is possible to
design and install a straight cylinder type optical system
having a high N.A. (numerical aperture) and having a small
aberration.

According to the first embodiment of the present
invention, each of the optical systems has the interferometer
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The interferoneters are arranged so that the | ength- neasuring axes BI 3Y,
B14Y, BI5Y effect radiation in the direction (Y axis direction in this
enbodi ment) intersecting perpendicularly toward the positions of the
detection center of the alignment systemand the projection center of the
projection optical systemPL with respect to the | ength- measidi 2

Bl 1X, BlI2X. The position of the wafer stage can 183 23 SEP 2002 be
accurately controlled by resetting the interferoneters even when the

| engt h- measur i Ngeai i Sad a QY i Gl r}‘l{b‘?r v [hace due o
novenent of the wafer stage. The fiéﬁg}a #%%%hgﬁg?é?qﬁaﬁeaﬁﬁflﬁgetbFovided
on the two waf WSl reespectively. The .positional adjustnent
for the wafer cﬁﬁrplﬁt;e per.feornéla:\égzy oafg |ar(1:3' tqrfg %ﬁa&pﬁdc iislaéﬁEeOffF fh tHe
correction coorgij ystem obtai ned by previouysly neasuring the mark
position on theaqul@u"(;eell n§’1 Sﬁ!é;;q?nﬁl éﬁ"@ AhE ProIestien,epticad sWStee Rhfer by
using the alignnent system to the nmeasured position of the fiducial plate
before the expggﬁFEFlnﬂlﬂhoﬁpepépﬁdﬁﬁpﬁ@ Pife thas éWonwaffeasatagentcénrbe
measuring the spacing distance between the projection optical system and

the alignnent 38Aakedy peasereddin m sheteofweatfrmmahnyenbive Gidor ht dsy
unnecessary to carry a large fiducial mark plate as described in Japanese

Lai d- Open Pat efttimeublfi thei abigbmert di4ffe panaid R&kpodudeenl AL aid of
enbodi nent of the present
the projection optical system. Thus, it is possible to
independently move the two wafer stages.

The length-measuring axes BI1X, BI2X, which are provided
toward the projection center of the projection optical system
PL from the both sides in the direction (X axis direction in
this embodiment) along which the two wafer stages WS1, WS2 are
aligned, are always used to effect radiation to the wafer stages
WS1, WS2 so that the positions of the respective stages in the
X axis direction are measured. Therefore, it is possible to
move and control the two stages so that they ekert no
interference with each other.

The interferometers are arranged so that the length-
measuring axes BI3Y, BI4Y, BISY effect radiation in the
direction (Y axis direction in this embodiment) intersecting
perpendicularly toward the positions of the detection center
of the alignment system and the projection center of the
projection optical system PL with respect to the length-
measuring axes BI1X, BI2X. The position of the wafer stage can
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i nvention, the double exposure is perforned by using a plurality of
reticles R Accordingly, an effect is obtained to increase the resolution
and i nprove DOF (depth of focus). However, in the doubl e exposure nethod,

it is necessary to repeat the exposure step at |east tw ce. Eﬁ$ ) 9
reason, in general, the exposure tine is prolonged, and the hSﬁm IS

greatly decreased. However, the use of the projection exposure 184 23 SEP

2002 apparatus,accordin %io the first enbodinent of the present invention
makes it possi ﬁeea‘f%“a?g Y Fontgedded ke resafidmsuthe interdenometers efdrect
is obtained to increase the resolution and inprove DOF w thout decreasing
the t hr oughput ¥NESr ths Aot h-measug ingsanid ishdevibeedefpae theer f DEESSI ]
times of Ti (wafer exchange tinme), T2 (search alignnent tine), T3 (fine

alignnent tinSpriafd dve(teposverentneff theowarexposage) for an 8-inch

wafer are Ti: 9 second, T2: 9 seconds, T3: 12 seconds, and T4: 28 seconds.

When the doubl e expoBhe e idudieilf RAFRG ] 4t &€ FR1JPRE 2 Y %Po%f&e&%@ﬂ&it%%al
technique in which a series of exposure processes are perforne y using

f t b i i T = L(T1,+ T2 + T3 +
Tax2) = 3600 (30" o Shens IS RbRREIRy 1 Hhe pogR¥iRdd B thhahe

199158 Lr, L8 s S bt Pt bl BRRRR s (GERT SRTATL

conventional apparatus in which the single exposure nethod is carried out
by using one ma?@?agﬂ%uﬁgrﬁﬁﬁﬁﬁﬂﬁ-quﬁgﬁ system obtained by previously

measuring the mark position on the fiducial mark plate and the
mark position on the wafer by using the alignment system, to
themeasuredposithnlofthefiducialplatebeforetheexposure,
without performing the baseline measurement for measuring the
spacing distance between the projection optical system and the
alignment system as performed in the conventional technique.
It is unnecessary to carry a large fiducial mark plate as
described in Japanese Laid-Open Patent Publication No. 7-
176468.

According to the first embodiment of the present
invention, the double exposure is performed by using a plurality
of reticles R. Accordingly, an effect is obtained to increase
the resolution and improve DOF (depth of focus). However, in
the double exposure method, it is necessary to repeat the
exposure step at least twice. For this reason, in general, the
exposure time is prolonged, and the throughput is greatly

decreased. However, the use of the projection exposure

184



doubl e exposure is perforned by using the projection exposure apparatus
according to the first enbodi nent of the present invention while
concurrently processing Tl; T2, T3, T4 in pardllel to one another, there
is given a throughput THOR = 3600/ (28 + 28) = 64 [sheets/hour], because it
is sufficient to consider only the exposure time. Therefore,2gh8EP ZWE

t hroughput can be inproved while maintaining the effect to increase e
185 2 3 SEP 2002 resolution and i nprove DOF. The nunber of points for EGA
can be increased in a degree.corresponding to the | ong exposure tine.
Thus, the ali gRRBRAT2ERE LFGCEYEFLNY nﬁ?o‘%/'é%l.f’?ﬁS?h@ﬂWﬁ‘Hﬂe%tRfdi%tpnﬁsqnte
present invention, explanation has been nade for the case in which the
present i nventPBaNFioRmAkesd it Pasmiklpioagusatdy impresienthe Hdnmafgput .
based on the use of the double exposure nmethod. However, such explanation
has been nade Beereferef the €ffldadwiisgobtasned Thaincreaseastitesesdied ion
above, when the exposure is perforned twwce wth the two reticles (double

exposure) on tdmed dmpeovk MWt hot belesaiears i9iees thedugRgurhi oot BRaMpi 8!
exchange and the wafer alignnent are concurrently carried out in parallel

on the side oft tikcaobhred Waf&! tAbagss PR Ciyd ?rb@@@.@?ﬂq%é’ns B?xlzpl(erafl@f

using the apparatus according to the present i'nvention,

bt ai nod 4 conaRi iR kot (Wandh hibnbdfe L) BT LEOR B1iBRngRe

possible to gréfﬁéy,uﬂﬁf%%e(%ggosure time for one exposure) for an 8-inch
wafer are Tl: 9 second, T2: 9 seconds, T3: 12 seconds, and T4:
28 seconds. When the double exposure is performed in accordance

with the conventional technique in which a series of exposure
processes are performed by using one wafer stage, there is given
a throughput THOR = 3600/ (T1 + T2 + T3 + T4x2) = 3600/ (30 + 28x2)
= 41 [sheets/hour). Therefore, the throughput is lowered to
be up to 66 % as compared with a throughput (THOR = 3600/(T1
+ T2 + T3 +T4) = 3600/58 = 62 [sheets/hour]) obtained by using
a conventional apparatus in which the single exéosure method
is carried out by using one wafer stage. However, when the
double exposure is performed by using the projection exposure
apparatus according to the first embodiment of the present
invention while concurrently processing Tl,; T2, T3, T4 in
parallel to one another, there is given a throughput THOR =
3600/(28 + 28) = 64 [sheets/hour], because it is sufficient to
consider only the exposure time. Therefore, the throughput can
be improved while maintaining the effect to increase the
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resol ving power. However, the range of application of the present

i nvention is not limted thereto. The present invention can be preferably
appl i ed when the exposure is perforned in accordance with the single
exposure method. For exanple, it is assunmed that the respective processing
times (Tl to T4) for an 8-inch wafer are the same as those deCSEBeﬂmz
above. Wen the exposure process is perforned in accordance with the 186
23 SEP 2002 single exposure nmethod by using the two wafer stages as in the
present invention, Jf, Tl T2 .T3 are It wth as one grou (30 second in
total), and thep%%%jc‘ﬁﬂ%'}uta’bq' &5‘8§§Vlesg§grf oﬂh%d‘u“ﬁ?ﬁr 4 ?%&%c&?ﬂ@ﬁp‘ £Ban
there is given a throughp t. THOR = 3600/30 = 120 gsheet s/ hour]. Thus, it

i s possible to RDLAFRCAFRE i Y HCORESRARSRANEING soddis bRRoreKBPyurad imaves
the conventional throughput (THOR = 62 [sheets/hour]) in which the single
exposure is carfhusl dihe BLiginentoresovafasy sisaganprisied2 3 SEP 2002 [ Second
Enbodi nent] Next, the second enbodi nent of the present invention wll be

expl ai ned with referdmcehe firgs. efbodithedt. olfn thiei preeehedifeshtion,
constitutive conponents which are the sane as or equivalent to those

referred to in dxl drdtsioreHaedibERN madRs Fdrheheakave antwigehovpbedrbY¥ehbe

sane reference nunerals, explanation of which is sinplified or onitted.
invention is applied to the apparatus for exposing the wafer
based on the use of the double exposure method. However, such
explanation has been made because of the following reason. That
is, as described above, when the exposure is performed twice
with the two reticles (double exposure) on the side of one of
the wafer stages, during which the wafer exchange and the wafer
alignment are concurrently carried out in parallel on the side
of the other wafer stage which is independently movable, by
using the apparatus according to the present invention, then
the especially large effect is obtained in that the high
throughput can be obtained as compared with the‘conventional
single exposure, and it is possible to greatly improve the
resolving power. However, the range of application of the
present invention is not limited thereto. The present
invention can be preferably applied when the exposure is
performed in accordance with the single exposure method. For
example, it is assumed that the respective processing times (T1
to T4) for an 8-inch wafer are the same as those described above.

When the exposure process is performed in accordance with the

186



As shown in Fig. 22, a projection exposure apparatus according to the
second enbodi nent is characterized in that the |ength-neasuring beam Bl 4Y
(or BI5Y) is not deviated fromthe reflective surface of the stage during
t he novenent of the wafer stage W51 (or W52) fromthe conpletion position
of the alignnent sequence to the start position of the exposur%%eggprﬂﬂ%
because the length of one side of the wafer stage W51 (the | eng 0 0
side of W2 is identical thereto) is longer than the nmutual distance BL
bet ween the | ength-nmeasuring axes Bl 4Y and BI3Y (the nutual distance

bet ween the | efidPH1ReBXRPF REE Heth®l bY nadngithe two wdéeristagdhasein)the
Accordingly, the projection exposure apparatus according to the second
enbodi nent i s prebentnintenhionheiprd] ecrl piTEexpes dica 12PRALRL 4§ GEE iU}
to the first enbodi nent descri bed above in that the reference mark on the

fiducial mark pBatesecend him reasungdaalt ehe tddhds@dint Yrocles § LS &1.QEB er
as described later on. O her features are constructed in the sane manner

as the projectcop XpPOsrfodSiL) 3 a 0 i he
first enbodi nent desc‘r)‘i@bed abovsg).' té!%g] %g%?rs?ﬁg\%sggbgﬁt éa{;ﬁ%ﬁ‘?@?p%%ﬁ“{ he
interferoneter I ih N ring i sSBl 3Y Ls resej after )
conpl eti on of3?ﬁgy2 ignﬁzeél'ﬁ%%ﬁﬁovq\béﬂ'r S&“‘Bn llﬁelﬁ/a?ﬁs‘sl?ﬁ%etc\/\é’i’.ta%
also clarified fromkFig., 22 the interferometers having the

| engt h- neasur i %lféé ag}e%h g’f‘l%’uﬁﬂ% f‘{'}Fl?llén’a@i IRPENHELMG Y it61P dfimase thef er
stage W51 have their jnterferoneter beans

conventional throughput (THOR = 62 [sheets/hour]) in which the

single exposure is carried out by using one wafer stage.
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whi ch are not deviated fromthe reflective surface forned on one end
surface of the wafer stage W51 in the Y axis direction, after the fine
al i gnnment operation (effected by EGA descri bed above) for the wafer WL by

the aid of the alignnment system 24a. Accordingly, the main c rﬁ& unit 90
is operated to nove the wafer stage WS1 fromthe alignnent cgﬂil R 02002
position to the position shown in Fig. 22 at which the fiducial mark plate
FML is |located under the projection lens PL, while nonitoring neasured
val ues obt ai nedSegondi Bgbbdémentgr f eromet ers having the | ength-nmeasuring
axes BlII X, Bl4Y. During this process, the interferoneter beam concerning

the | ength-neasuri ngnaxts tHed¥echbid e REMRG Y f i {)ﬁég%% ii\ﬁ%e?l\é%%%ﬁ%pﬁ;t .

the wafer stage W51 i mredi ately before positioning Idaci a

FML just undepeth Leqt i I n.f his enbgodi nent, . the position of
t he waf er stageewsﬁppéghggn??gplggfggg?ﬁé Bés#gg%f ?2ea &t ed ™ &hdes
t he | engt h- neasuri ng axes

obt ai ned by usj %@ Lnterf _eroneters havin .

BIIX 189 2 3 SERISMESRE SPhsEETER S COmRqEh e riG ATenbbai same as or
descri bed above u.thg ngin control unit 90 can accurately nanage the
position of tRAVIRALENE tReth@de referred pep nin gfhe j firgt embodimendi at el y
before positioning the fiducial mark plate FML just under the projection
lens PL), the FfteFikedmtiane pagidrF idnatethyyht hesasur rafensnse Budérads,
reset. After conpletion of the reset, the position of the wafer stage W5l
is control | ed @pPlamatbsn sof which is simplified or omitted.

As shown in Fig. 22, a projection exposure apparatus
according to the second embodiment is characterized in that the
length-measuring beam BI4Y (or BI5Y) is not deviated from the
reflective surface of the stage during the movement of the wafer
stage WS1 (or WS2) from the completion position of the alignment
sequence to the start position of the exposure sequence, because
the length of one side of the wafer stage WS1 (the length of
one side of WS2 is identical thereto) is longer than the mutual
distanceBLh@tweenthelength-measuringaxesBI4YandBI3Y(the
mutual distance between the length-measuring axes BI5Y and BI3Y
is identical thereto). Accordingly, the projection exposure
apparatus according to the second embodiment is different from
the projection exposure apparatus according to the first
embodiment described above in that the reference mark on the
fiducial mark plate can be measured after the reset for the

interferometer as described later on. Other features are

constructed in the same manner as the projection exposure
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of neasured val ues obtained by using the interferoneters having the

| engt h-nmeasuring axes Bl 1X, BI3Y (the coordinate systemis changed from
the first stage coordinate systemto the second stage coordinate system
After that, the main control unit 90 is operated so that the wafer stage

WB1l is positioned at the position shown in Fig. 22 to perforpn3 iQ¢p 2
detection of the relative position between the marks M1, I\/K%]on the[102

fiducial mark plate FML and the projected imges on the wafer surface, of

Lhe rar ke RMlLapBikdrudn o Bc6 Al Y 3.0°0hE SSAAMLMMLANFLEL Besex Speatiine,

detection of theée relative positio atironship ween
MK3 and the exposurg:; bos44 i rojection, center of t r,oj.ection
optical system PL) b@lﬁ'siinig %ﬁ%‘gsgxapogh?%a‘f+%’ht”bé‘§?ﬁ%2§lfpd#teﬂ¥€r9§‘ét§r
the reticle niﬁ§9§§ogfﬁ 42 144é in the sane manner as perforned in the
first embodi nen PR S RCasH E Rg axigtBIIYdSkeTelc ARt £BIcOmpletdon

finally calculates the relative positional relationship between the
exposur e posi tPbnthsdkgHnany fo3 WP waler Sfiotor rther carfian et agiet Wst he
relative positional relationship of each shot with respect to the mark M2
on the fiducial narlds @lsice AMr ifried dusiny Fief.er2p,natheaigtiehe erehati¥s
positional relationship between the exposure position and the coordinate

posi tion of tHewiark tHel 1el§3homebBarfinduaixak BRIK, PbRiR ﬂ:d\@-:man-g?i% the

exposure (doubl e exposure as descri bed above) is perforned in a co?dance

wi th an obtai nesk e bf (BREwh'fEr ldge WS1 have their interferometer beams
which are not deviated from the reflective surface formed on
one end surface of the wafer stage WS1 in the Y axis direction,
after the fine alignment operation (effected by EGA described
above) for the wafer W1 by the aid of the alignment system 24a.
Accordingly, the main control unit 90 is operated to move the
wafer stage WS1 from the alignment completion position to the
position shown in Fig. 22 at which the fiducial mark plate FM1
is located under the projection lens PL, while monitoring
measured values obtained by using the interfer_orheters having
the length-measuring axes BI1X, BI4Y. During this process, the
interferometer beam concerning the length-measuring axis BI3Y
is reflected by the reflective surface of the wafer stage WS1
immediately before positioning the fiducial mark plate FM1 just
under the projection lens PI,.

In this embodiment, the position of the wafer stage WS1

is controlled on the basis of the measured values obtained by

using the interferometers having the length-measuring axes BI1X,
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During the exposure, the length-nmeasuring axis Bl4Y is deviated fromthe
refl ective surface depending on the exposure position, and the neasurenent
therewi th becones inpossible. However, no inconveni ence occurs because the
| engt h-neasuring axis has been already changed for the control of the

position of the wafer stage WS1. The operation of the exposur%gsﬁgpemﬁg IS
performed on the side of the one wafer stage W51, during which the other
wafer stage WB2 is subjected to the positional control on the basis of

t he neasured v%ggs obt ai ned by usi.ng the interferometers having the
| engt h- neasuri Xesﬂﬁ%é,orlﬁ snliikephe fimss gpbes bhenydessqibrdatne t he

waf er al i gnnment sequence are executed. In this process, the double
exposure i s peFPErRREn SontEelspast ¥ aare apstentel HowaviBie ahedpssit besl of
above. Therefore, the operation of the wafer exchange sequence and the

waf er al i gnnentheseafRncsager Woil rechortititepsiide of tile Wafer , St 45213/ €
conpleted earlier, and then the wafer stage W2 is in a waiting 191 23 SEP

2002 state. Atbefierpopeitaforing tae \iﬁihﬁﬁifahemﬁi(l@gﬂﬁtee o1 3Lk ALRAS: +Qf
the wafer WL is conpleted, the main control unit 90 is opergtéaadto nﬁz\%éa

L 1S Bt ) A S0 R0 T IR

concerning the | ength-neasuring axis BI
E;r LgicﬁgOI htehemé“@é@fiﬁé adgﬁsv\%?tBYV\’(ﬂgl Pe.gg{:." t %gtn rc!‘%%%wé%?.o\rllaégetsheotx):tca%iertl:e,!d

the position of the wafer stage WS1 is controlled on the basis
of measured values obtained by using the interferometers having
the length-measuring axes BI1X, BI3Y (the coordinate system is
changed from the first stage coordinate system to the second
stage coordinate system).

After that, the main control unit 90 is operated so that
the wafer stage WS1 is positioned at the position shown in Fig.
22 to perform the detection of the relative position between
the marks MK1, MK3 on the fiducial mark plate FM1 and the
projected images on the wafer surface, of the ma_\r'ks RMK1, RMK3
on the reticle corresponding thereto, i.e., the detection of
the relative positional relationship between the marks MK1 , MK3
and the exposure position (projection center of the projection
optical system PL) by using the exposure light beam based on
the use of the reticle microscopes 142, 144, in the same manner
as performed in the first embodiment described above. After
that, the main control unit 90 finally calculates the relative
positional relationship between the exposure position and each
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interferometers concerning the | ength-measuring axes Bl 1X, BI3Y so that
the interferometer having the length-nmeasuring axis Bl4Y is reset. After
conpl etion of the reset operation, the main control unit 90 is operated to
change the | ength- neasuring axes for controlling the wafer stage W51 into
the Iength-neasuring axes Bl1X, BlI4Y again so that the wafep $tSERe 20081 is
noved to the | oading position. During the novenent, the interferoneter beam
concerning the length-neasuring axis BI3Y is once deviated fromthe
reflective surface, ,.and it falls ipto an i measurable state. However, no

i nconveni ence éi‘&?r dnpaceptdanfe wihytherdgdative PQ>‘6|1§lﬁa§1b§ehathamjenbto
control the position of the wafer stage WS1. The main control unit 90 is
operated to st &ft eABleThAk Widh rRepeateto sthyy@anb2MEd emdhet iddhicdutimrk
mark plate FM2 for the wafer stage W52 i s positioned under the projection
optical systeplPte EMicprevnvhglyi dhteminedeandt thé i‘:élEat\i\ﬂf@r &4 AR N2
23 SEP 2002 W51 to the | oading position. During the novenent, e reset of

the interfer onetee!atliansﬂggttb@tdr@é}gtthré”fﬁﬁﬁ%hﬂg ﬁdéﬁtﬁ&&%n'dsthew&&ﬂxd

t he sane manner as described above. After that the reticle mcroscopes

142, 144 are upgdit@oRSHE XHR thG K F{Rtlec 9”ox‘i’ft1f._el§f!‘t i afa' 1 fia PR %fc‘?%%"ﬁﬁges

the marks MK1, "MK3 on the fiducia | at e the pr
on the wafer §Hﬁ§a0€he°£x{>8§uf@r b&omﬁ: éL e}l{?pl\/gs?»ugg gshe ersec:fx.lfi)ed a%orveespondl no

performed in accordance with an obtained result (see Fig. 21).

During the exposure, the length-measuring axis BI4Y is
deviated from the reflective surface depending on the exposure
position, and the measurement therewith becomes impossible.
However, no inconvenience occurs because the length-measuring
axis has been already changed for the control of the position
of the wafer stage WS1.

The operation of the exposure sequence is performed on
the side of the one wafer stage WS1, during which the other wafer
stage WS2 is subjected to the positional contrc‘)l‘ on the basis
of the measured values obtained by using the interferometers
having the length-measuring axes BI2X, BIS5Y, in which the W
exchange sequence and the wafer alignment sequence are executed.
In this process, the double exposure is performed on the side
of the wafer stage WS1 as described above. Therefore, the
operation of the wafer exchange sequence and the wafer alignment
sequence performed on the side of the wafer stage WS2 are

completed earlier, and then the wafer stage WS2 is in a waiting
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thereto, i.e., the detection of the relative positional relationship

bet ween the marks MK1, MK3 and the exposure position (projection center of
the projection optical system PL), in the same nanner as described above.
Subsequently, the main control unit 90 finally calculates the relative
positional relationship between the exposure position and eagﬁ%gﬁﬁlzmp
accordance with the relative positional relationship of each shot with
respect to the mark MK2 on the fiducial mark plate FM previously

determ ned and dihg.d el ative positional relationship between the exposure
position and the coordinate position of the mark MK1, MK3 on the fiducial

mark plate FM2. Thu e exposure, (doub] e exposure as descri bed_above) is
started in accordancg’tvm%Fﬁ B rbtbtoﬁﬁéﬂer d’flll.dq]:i%g‘.e SEPRRRLE Lo pddatreasin
whi ch t he maferi§tqge 281 is noved to the | oading position as described

above, and t he ®TopT HATLER Wk 1 FOMPAGEEGr t AR BAGRCON T Pehin bl ABd soPpehated de

of the wafer stage WS2. 193 23 SEP 2002 At the |oading position, the mark
MK2 on the fid&® Hoveatke ppies FhagesWEdcabethenpesithenaat guimbrt slyst em
24a in the same nmanner as described in the first enbodi nent. The main
control unit 90tegfepemeted beameiosrteininic ohedl evedthnesdsurdmPhxibes1apr k
MK2 on the first stage coordinate system (Bl 1X, Bl 4Y) sinultaneously with

conpl etion of tbBerwglectedahange ireflilbetIdeesufRABBIoAERATLRPES L e e

first enbodi nent. Subsequently, the
while monitoring measured values obtained by using the
interferometers concerning the length-measuring axes BI1X,
ﬁIBY so that the interferometer having the length-measuring
axis BI4Y is reset. After completion of the reset operation,
the maip control unit 90 is operated to change the length-
measuring axes for controlling the wafer stage WS1 into the
length-measuring axes BI1X, BI4Y again so that the wafer stage
WSl is moved to the loading position.

During the movement, the interferometer beam concerning
the length-measuring axis BI3Y is once deviated from the
reflective surface, and it falls into an immeasurable state.
However, no inconvenience occurs because the length-measuring
axis has been changed to control the position of the wafer stage
WS1. .

The main control unit 90 is operated to start movement
of the wafer stage WS2 so that the fiducial mark plate FM2 for
the wafer stage WS2 is positioned under the projection optical

system PL, concurrently with the movement of the wafer stage
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EGA neasurenent is carried out for the mark on the wafer WL to cal cul ate
the coordinate position of each shot in the sanme coordinate system That
is, the relative positional relationship of each shot with respect to the
mark MK2 is cal culated by subtracting the coordinate position of the mark
MK2 on the fiducial mark plate FML fromthe coordinate positi2d3 SBP 202h
shot. The EGA operation is conpleted at this point of tine, and the system
waits for conpletion of the exposure for the wafer W2 on the wafer stage
W52 to nmake a change again to the state shown in Fig. 22. According to the
proj ection expd&dr Oaﬁg&répéélngongelhlqg t MBusigop ithee moveimean;, thet feset
present invention explained above, it is possible to obtain effects

equi val ent t oofhtbe n‘xﬁe:—nfma:ubmetdrhhafrmgttl@éﬂﬂ@d\@ﬂf@ﬁne@%&%ﬁh?%ﬁ@@i@Y is
Besi des, the reflection is allowed to occur S|nultaneously on

reflective surkexeeutkd ha vhéesakd agenheF dHeadSoed 'Eﬁiﬁy'” S SEd
before and after the change respectively 194 23 SEP 200 urlngf€%P that

movenent of thepst %ﬁ%l\e@%nmiéﬁogéaﬁag i%z”ai'th Ehﬁseﬁp%gﬁ%ﬁ) he

exposure sequence after conpletion o eration o

Che ref i ect iveogueraae SF FRE Mty apgoes“’e*oﬁrf%%c éwgfhg“ﬁ%%?@ffﬂs' &n

used before @ﬁﬁg%ﬁg{lgl %gﬁ gg respectively durin ethe ngéégfgteof t he

stage when the 9 Pt parditimpse ierEeddmag he wafer
surface, of the marks RMK1l, RMK3 on the reticle corresponding
phereto, i.e., the detection of the relative positional
relationship between the marks MK1, MK3 and the exposure
position (projection center of the projection optical system
PL), in the same manner as described above. Subsequently, the
maincontrolunit90finallycalculatestherelativepositional
relationship between the exposure position and each shot in
accordance with the relative positional relationship of each
shot with respect to the mark MK2 on the fiducial mark plate
FM2 previously determined and the relative positional
relationship between the exposure position and the coordinate
position of the mark MK1, MK3 on the fiducial mark plate FM2.
Thus, the exposure (double exposure as described above) is
started in accordance with an obtained result.

Fig. 23 shows a situation in which the wafer stage WS1
is moved to the loading position as described above, and the
operation of the exposure sequence is performed on the side of
the wafer stage WS2.
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exchange/ alignnment sequence after conpletion of the operation of the
exposure sequence. Accordingly, it is possible that the mark on the
fiducial mark plate is neasured after the reset of the |ength-neasuring
interferoneter by using the exposure |ight beam alignnment sensor&é{’et icle
al i gnnent microscope 142, 144) by the aid of the projection @i P2t em
PL, the reset for the length-neasuring interferoneter is executed prior to
the wafer exchange, and the mark on the fiducial mark plate is neasured
after conpletion of the wafer exchange by using the off-axis alignnment
sensor (alignnent sy8terh®©492ading)posiHekt otbe mark MKZarf thefideciad merk
used for the stage control can be changed to the interferoneter having the
| engt h- measur PRGtaxFY¥l tis Becased Ynden hdeopkighment afytsdrent Méa Ghavle, same
during the change fromthe alignnent operation based on the use of each

al i gnment syst BAnhert&e deguosibedl dpetled ifdrstasaBoainthe. UsR RhihMontrol
projection optical systemPL, and during the change fromthe exposure

operation basedn®f Hbeisisepefatée 4y q&@d@%n@éo%i»ﬁﬁ&%og&;?gf’ié&aéff }ﬁt em

PL to the wafer exchange operation. Accordingly, 1t 1Is po eto er
i nprove the thpeughkd . oASLRE | f fi myadi jrent
I n which the | ength- negsurﬁng?gﬁlgg ?E\é%%a%g(g%&gﬁ% t%ﬁ%@?&(ﬁz&’ﬁh Lr'é[ge
measur enment of . fiducjal, mar |ate. In the first and
second enbodi éﬁ@gf%%@%%%g%%&ce?m@%%g iOIf vafep&sxchsnge nthewanese
in which the present . . . .

manner as described in the first embodiment. Subsequently, the

EGA measurement is carried out for the mark on the wafer Wl to
calculate the coordinate position of each shot in the same
coordinate system. That is, the relative positional
relationship of each shot with respect to the mark MK2 is
calculated by subtracting the coordinate position of the mark
MK2 on the fiducial mark plate FM1 from the coordinate position
of each shot. The EGA operation is completed at this point of
time, and the system waits for completion of the exposure for
the wafer W2 on the wafer stage WS2 to make a qhénge again to
the state shown in Fig. 22.

According to the projection exposure apparatus
concerning the second embodiment of the present invention
explained above, it is possible to obtain effects equivalent
to those obtained in the first embodiment described above.
Besides, the reflection is allowed to occur simultaneously on
the reflective surface of the wafer stage for the length-

measuring axes used before and after the change respectively
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invention is applied to the apparatus for exposing the wafer based on the
use of the double exposure nethod. However, such explanation has been made
because of the follow ng reason. That is, as described above, when the
exposure is performed twice wth the two reticles (double exposure) on the
side of one of the wafer stages, during which the wafer excRaehd3fRrf(2 he
wafer alignnent are concurrently carried out in parallel on the side of

t he other wafer stage which is independently novable, by wusing the

appar atus accordi n% to the ‘{)r esent _invention, then the especi al% | ar ge
effect is obtaBNEANAtREZOVERENT gF the stdgiepnherdrhe €haBgsi heaase toree ed

with the conventional single exposure, and it is possible to greatly

i nprove the r@RBFetagnpefetheHeKposnret hequange aftepptémplévivofot he
present invention is not limted thereto. The present invention can be
preferably appbpedathen ¢fidhexpdignmens sequéneerd Fur theaqr dRECR Middt tdie
singl e exposure nethod. For exanple, it is assuned that the respective

processing tinmes §T1owd8 £8 SRR M1 albousay 8R %hbnfgfi‘@é@{v?rﬁxf%%e
In

sane as those descri bed above. Wen the exposure process is perforne

accordance withstfge wd et S EUROT® ! E%gg%-h{gégﬁ{&aﬁt h¥0s VR &S bsett%g_—%s

as in the present invention, 1f Ti, are as one grou

30 d i t ' d f T4 (28
Soconas) .t hont fherbeet the M MRl VARG Ru S oBCE RS B Vamartt of e

sheets/hour]. _Thus, it is possible to obtain
[ ] stagé’'when thg ghange {s made to the operation of the wafer

exchange/alignment sequence after completion of the operation
of the éxposure sequence. Accordingly, it is possible that the
mark on the fiducial mark plate is measured after the reset of
the length-measuring interferometer by using the exposure 1light
beam alignment sensor (reticle alignment microscope 142, 144)
by the aid of the projection optical system PL, the reset for
the length-measuring interferometer is executed prior to the
wafer exchange, and the mark on the fiducial mark plate is
measured after completion of the wafer -exchangel by using the
off-axis alignment sensor (alignment system 24a, 24b).
Therefore, the interferometer to be used for the stage control
can be changed to the interferometer having the length-
measuring axis to be used for the operation after the change,
during the change from the alignment operation based on the use
of each alignment system to the exposure operation based on the
use of the projection optical system PL, and during the change

from the exposure operation based on the use of the projection
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“the hi-gh throughput which i s approxihately two tinmes the

= 62 [sheets/hour]) of the conventional apparatus in which the single
exposure is carried out by using one wafer stage. In the enbodi nent
descri bed above, explanation has been nmade for the case in which the
scanni ng exposure is performed in accordance with the step-§Q§-$ﬁpqgm%
system However, the present invention is not |limted thereto¥ i
matter of course that the present invention can be equivalently applied

to a case in which the stationary exposure is perforned in

the step-and-repticalgysten B tosiHe aaféhesehareshorat ivh UsRcebrhbg E?
exposure apparatus and the X-ray exposure apparatus, and a process of
stitching expostris ippssiilents £hithés GPRBNEEHY thraq Cl Reomtd !
SEP 2002 [Third enbodiment] In the first ‘enbodiment of ?hgﬁgféggﬁpmpare

nvention, thewieh fiRs s ORSE ANOELANE SARGHIIAI | RICESTRd 11 baral

to one another by using the two wa

er stages

is a possibili . L on rf.ormed on the one stage gives
i nfl ugnce (di s’f[lé(uar%dﬁne‘% Q?‘&%P éaéo'b%?%‘?o‘f Sdﬂbﬁtad’é”“égwewl*éba@@ megsurgnent

reason, as d
operations p

escrihed abqve, it is 6 necessary to adjust the timng for th
orTor e T

He Wt Ldngdawmarkpglatien this enbodi nent,

explanation will be _made for the

In the first and second embodiments described above,
explanation has been made for the case in which the present
invention is applied to the apparatus for exposing the wafer
based on the use of the double exposure method. However, such
explanationhasbeenmadebecauseofthefollowingreason. That
is, as described above, when the exposure is performed twice
with the two reticles (double exposure) on the side of one of
the wafer stages, during which the wafer exchange and the wafer
alignment are concurrently carried out in parallel on the side
of the other wafer stage which is independently movable, by
using the apparatus according to the present in&ention, then
the especially large effect is obtained in that the high
throughput can be obtained as compared with the conventional
single exposure, and it is possible to greatly improve the
resolving power. However, the range of application of the
present invention is not limited thereto. The present
invention can be preferably applied when the exposure is
performed in accordance with the single exposure method. For

example, it is assumed that the respective processing times (T1
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timng adjustnment for the operations perforned on the two stages W51, W52,
wth reference to Figs. 11, 12 and 24. As explained in the first

enbodi ment, Fig. 11 shows an exanple of the timng of the exposure
sequence for successively exposing the respective shot areas Enégﬁ %f er
WL held on the stage W51. Fig. 12 shows the timng of the al ié 2
sequence for the wafer W2 held on the stage W52, which is processed
concurrently in parallel thereto. As descri bed above, the operations
performed on t ke Tdpfostayesibh walkx amel titeshie a thosbaee fidedOibove.
operation in which the operation performed on one of the stages affects

the operationwhenfeliemgkpysdle prldeels sS'&é%erﬁ@ﬁné@%rﬂ%’&c@'rﬁ%‘ﬁ%@aﬂiﬁh Lhe
factor operation in which the operation performed on one of the stag

does no affectgihglensd re fhgﬁ?hggl%etﬁnggo a%gg)fe] Qa%egssgﬁtSEP ?h002

in a reverse mannér. Accordi ng

i nvention, the i be co proce are divided into
di st ur bance fa’():?ggéfg{perp‘?‘lar'(i)‘hlsor?;t‘nd]']ﬂgfr‘#lr g‘i(ys‘ti(}i}bé‘ﬁ@eg gf:oylﬁbe?%tt‘?%sg’%%lp
achi eve the ti néﬁg% adj ust.ment io that a disturbance factor operation is
successfully perf ‘?‘?déﬁj dinhPEahdoudny tWhe Fonfare@ntdpsegeEante Herfamed

operations, and a non-disturbance factor operations is successfully
performed si mfPanEbUA8 sgaandiiot fdemdhere dsugbuanea f bhxorglymet MHGR =
Upon the start of the timng adjustnent for the operatlons

3600/30 = 120 [sheets/hour]. Thus, it is possible to obtain

the high throughput which is approximately two times the
fhroughput (THOR = 62 [sheets/hour)) of the conventional
apparatus in which the single exposure is carried out by using
one wafer stage.

In the embodiment described above, explanation has been
made for the case in which the scanning exposure is performed
in accordance with the step-and-scan system. However, the
present invention is not limited thereto. It is a matter of
course that the present invention can be equivqléntly applied
to a case in which the stationary exposure is performed in
accordance with the step-and-repeat system, as well as those
based on the use of the EB exposure apparatus and the X-ray
exposure apparatus, and a process of the stitching exposure in

whiqh a chip is combined with another chip.
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as shown in Fig. 24, at first, the main control unit 90 is operated so
that the exposure start position of the wafer WL held on the stage WE1 is
adjusted to be at the exposure position of the projection optical system
PL for perform ng the exposure operation, and the detection start position

for the mark on the wafer W2 held on the stage W52 is adj ust2g 3prg@t
the detection position of the alignnment system 24b for performng t

al i gnnent operation. In this state, the main control unit 90 waits for the
i nput of a staflfThdodnentoliamehhg operation to be executed on the stage.
When the operation start command is inputted, the main control unit 90

judges in a step S2 whetherfofs0bmbb&iREROSYHE CthOPSFALd d L he
wafer W2 is an operation not to behave as a disturbance a%)'ﬁ)érnqﬂ?n’ the

(non- o stur banagrfaseat QRAALIAIY ard Vbrfedk,ahit BPRPLLHE 36000, PYROSH! ©

operation perforned on the wafer WL I's a non-

whi ch does not f er age, because the wafer WL and t he
reticle R are cs)ﬁ%jagﬁte&(g}e P%C{g}ﬁ%?hﬁ?‘%ﬁw P hgdes We looWe? antThanefeiney.
However, duriglg t he. ste $i ngboﬁer ation corresponding to the novenent

bet ween shot areas’ arid 2akyd3EP LY dhth heapperetirr mearfornegr enst lexiostsi ng

before and after the constant velocity scanning, the scanning exposure

operati on beha?eR9I2sIWVeE sinflprgnee f @bistrurharerey) itan theoperatiba siragae\\s1

is driven in an accelerating or decelerating manner. \Wen the alignnent

operation is other stage. For this reason, as described above, it is
necessary to adjust the timing for the operations performed on
the two stages WS1l, Ws2.

In this embodiment, explanation will be made for the
timing adjustment for the operations performed on the two stages
WS1l, WS2, with reference to Figs. 11, 12 and 24.

As explained in the first embodiment, Fig. 11 shows an
example of the timing of the exposure sequence for successively
exposing the respective shot areas on the wafer Wl held on the
stage WS1. Fig. 12 shows the timing of the aligpfnent sequence
for the wafer W2 held on the stage WS2, which is processed
concurrently in parallel thereto.

As described above, the operations performed on the two
stages WS1, WS2 include the disturbance faator operation in
whic_h the operation performed on one of the stages affects the
operation performed on the other stage, and the non-disturbance

factor operation in which the operation performed on one of the

stages does no affect the operation performed on the other stage
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perfornmed on the wafer W2, the operation behaves as a non- disturbance
factor operation which does not affect the other stage, because the mark
measurenent is performed in a stationary state in which the mark is
adjusted to the alignment system However, the stepping operation

corresponding to the novenent between the marks to be neasur2@ I§EiPaPgsp as
a di sturbance factor operation, because the stage W52 is driven in an

accelerating or decelerating manner. Accordingly, in the step S2, when the
SUch as the oparation churt el o Aeh RN L W BabRgiBeoR G phe”
o ocessed on 1 e aTe; Hyenb2ensadie hbSasadiects Ketr G Tent Guereaspredhe
s per o med. ontihe by HaPde e VASICuFhanEPorRCIE | RECFABEARRL and ( hone.

step S2 is affiymed, the main control unit 90 judges whether or not the
operation to b&l1SRAPANGEILacker @panat igirsetowch ieve hba-tdinsng bdjeethesnt or
operation which is sinultaneously executable (step S4). The

non- di st ur banc& athat overddtsitarpbankiec hfastermobperenits Y isexeedé8bs fuPly
the wafer W2, includes, for exanple, a mark- detecting operation perforned
in a stationar pesifermedl ns ihabtaresdasd yrertitht hgndenes %iti%rthi‘ﬁﬁﬁcteacfa%tor

operation as described above is executed sinultaneously w th another

non-di sturbanceperations, and a non-disturbance factor operations is
successfully performed simultaneously with another non-
disturbance factor operation.

Upon the start of the timing adjustment for the operations
as shown in Fig. 24, at first, the main control unit 90 is
operated so that the exposure start position of the wafer W1
held on the stage WS1 is adjusted to be at the exposure position
of the projection optical system PL for performing the exposure
operation, and the detection start position for the mark on the
wafer W2 held on the stage WS2 is adjusted to be at the detection
position of the alignment system 24b for performing the
alignment operation. 1In this state, the main control unit 90
waits for the input of a start command for the operation to be
executed on the stage.

When the operation start command is inputted, the main
control unit 90 judges in a step S2 whether or not the exposure

operation performed on the wafer W2 is an operation not to behave

as a disturbance factor (non-disturbance factor operation).
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factor operation (step S6). In the step S4, if the operation timngis
deviated, or if there is no mark to be detected, then the routine proceeds
to a step S8 to execute the scanning exposure operation on the wafer W,

and the processing operation on the wafer W2 is allowed to W?néo%@?(: ldfe
there is no non-disturbance factor operation which is sinult yfﬂ

executabl e. The main control unit 90 judges in a step S10 whether or not
t he non-di sturbance factor operations on the wafers WL, W2 are conpl et ed.

1o U eiersoen e kel AR O i UL, 3,

to repeatedly performthe operation as descri

are conpl eted, 5t Di ESERES e _next. prqcessing operation is
judged in the %elgfnss?gp 8126."9(?? %ﬁe neoj{ert)atr.tolco sé"?‘ﬂ'ﬁ?'oa&aﬁt?% et ddin
in the step S1 3. .SEP 2002 routine returns to the step S2 to
repeat the ope%%?lég%tég%’éé%%’?‘f%eeggﬁmge.r 1 andbthereticdedsarag whpactedon

I s absent, the routiﬂe ends. In the step S2, when the stage W51 i s

subj ected to stRpRYRGNIARLERANECRBN BN e A0 e RANS taartweral ostidy .ar dawevert, he
wafer WL, then the nmain control unit 90 judges such novenent to be a

di sturbance f &84%Bkngpdietsepping aperatoian ne preapeadhing td thepmoSkhenthe

mai n control unit 90 judges whether or not an operation to be perforned

next on the wefetwetdh ishat simdd ambutinos £xadlata idns andbasee 1626k 96

operation (step S14). The
areas existing before and after the constant velocity scanning,
the scanning exposure operation behaves as a disturbance factor
oberation, because the stage WS1 is driven in an accelerating
or decelerating manner. When the alignment operation is
performed on the wafer W2, the operation behaves as a non-
disturbance factor operation which does not affect the other
stage,becausethemarkmeasurementisperformadinastationary
state in which the mark is adjusted to the alignment system.
However, the stepping operation corresponding to the movement
between the marks to be measured behaves as a dist;ui'bance factor
operation, because the stage WS2 is driven in an accelerating
or decelerating manner.

Accordingly, in the step S2, when the operation performed
on the wafer W1 is a non-disturbance factor operation such as
the operation during the scanning exposure, it is necessary to
exclude the disturbance factor operation from the operation

concurrently processed on the wafer W2, because the exposure

accuracy is lowered if the disturbance factor operation such
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di sturbance factor operation, which is sinultaneously executable on the
waf er W2, includes, for exanple, stepping novenent between neasurenent

mar ks. Therefore, the disturbance factor operation as described above is
executed in a step S16 sinultaneously w th another disturbance factor
operation. In the step S14, if the operation timng is deviat2d S&P 2002
there is no stepping novenent between neasurenent nmarks, then there is no
si mul t aneousl y execut abl e di sturbance factor operation. Therefore, the
routine proceeds to a step S18 to execute the stepping operation on the
wafer WL, and £fe?Ppf beRREM) PREFAE AT A SoRerfierngteen Whe othlelroskdge cisw, t .
The main control unit 90 |judges whether or not the disturbance factor
operations on LRETGAPERs M thepiudementpiretbe step S ép L2001 RARGSERCh3GA 0
S20. If the operations are not conpleted, the routine returns to the step

S16 to repeat e@Pptpelf vnitt 199 gpeiges orhetshelesori hed takoWperhkiblie to be
operations are conpleted, the routine proceeds to the step S12 to judge

the presence openbsemeéd néxengnopheawiader w2 b m%ﬁcﬁ&ﬂﬁ?ﬁanéé" £ 3 ep
S12, if there is any operation to be processed next, the routine returns

2 fhe hep, Sosars ol e e RIS BALIRL B L

IS no operation to be processed next, t I ne en

}[Nl\',\y mgfe?gds\l‘jﬁé&-a@imﬁcéﬁ fa@gBEStor{FerPaJi%rn ,t h&hfgﬁr aitél %nln;[uilrtrziarr]x%o%glgrhe
executable on the wafer W2, includes, for example, a mark-
dgtecting operation performed in a stationary state. 1In this
embodiment, the non-disturbance factor operation as described
above is executed simultaneously with another non-disturbance
factor operation (step S6).

In the step S4, if the operation timing is deviated, or
if there is no mark to be detected, then the routine proceeds
to a step S8 to execute the scanning exposure operation on the
wafer W1, and the processing operation on the wafer W2 is allowed
to wait, because there is no non-disturbance fapﬁor operation
which is simultaneously executable. The main control unit 90
judges in a step S10 whether or not the non-disturbance factor
operations on the wafers W1, W2 are completed. If the
operations are not completed, the routine returns to the step
S6 t9 repeatedly perform the operation as described above. If
the operations are completed, the presence or absence of the

next processing operation is judged in the next step S12. If

the next processing operation is present in the step S12, the
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with reference to Figs. 11 and 12. At first, on the wafer WL shown in Fig.
11, the scanning exposure operation (non- disturbance factor operation)

i ndi cated by the operation nunbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19,

21, 23" is successively perforned along arrows depicted by chain_lines.

It is understood that on the wafer W2 shown in Fig. 12, the 2@r§ERedidring
operation (non-disturbance factor operation) 1is performed in a stationary
state at positions of respective alignment marks indicated by the

oper ati on nunbefsutdine lrefurnd. td. tBe %%ePl%}z 1% lllgo%e%t%%eoégﬁa;l?}%nlag

synchroni zation with the scanni ng exposure oper at

no disturbanc 1,5 ' al | quen because the, cqnstant
vel ocity novengirﬁ%rdi%%%edr ?8&3%(3 dt?p{r@%ﬁz&ségﬁ%?ﬁ&mgx%%{ﬁﬁo%ﬁa pbReat; t

is possible to form.hi ghl y. accurate 203 23 SEP 2002 neasurenent. 1In the
al i gnnment sequéﬁl%;r%gg&‘)megﬁ in Fig. 12, the alignnent marks are neasured

at two points for each of the shot areas. Some of the alignnent marks
shown in Fig. 12 do nBtthaftercior uhenthaurbege WSletmsubiettetied stépmi ng
reason. That is, for exanple, when an upper mark (before the operation
number 4 in FiRgVeRgntototRakeaavendrgnbetwesnoshbs arsposad the whcer wi,
vicinity of a |ower mark (having the operation nunber 3 in Fig. 12) of the
first alignmenthenothet herint entppdr uiErk 965 JRAfSY afhicls imBYdmRous] a4 h
the 'l ower mark, or the upper mark is
disturbance factor operation, and the routine proceeds to astep
S14. Themain control unit 90 judges whether or not an operation
to be performed next on the wafer W2 is a simultaneously
executable disturbance factor operation (step S14). The
disturbance factor operation, which is simultaneously
executable on the wafer w2, includes, for example, stepping
movement between measurement marks. Therefore, the
disturbance factor operation as described above is executed in
a step S16 simultaneously with another disturbance factor
operation.

In the step S14, if the operation timing is deviated, or
if there is no stepping movement between measurement marks » then
there is no simultaneously executable disturbance factor
operation. Therefore, the routine proceeds.to a step S18 to
exeC}Jte the stepping operation on the wafer Wl, and the
processing operation on the wafer W2 is allowed to wait. The

main control unit 90 judges whether or not the disturbance

factor operations on the wafers W1, W2 are completed in a step
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measured after the wafer stage W82 is noved:by a minute distance at an
accel eration of a degree at which the synchronization accuracy is not
affected thereby with respect to the other wafer stage WBl. Therefore,

these marks are indicated by the identical operation nunberﬁég §E8t2@§
case). It is assuned that the nmeasurenment is perforned in t S ner
as described above for the alignnent marks of the operation nunbers ot her

than the above. On the wafer WL shown in Fig. 11, the stepping novenent

(di sturbance fggoQr ppefid bpeyabebweesrs it abﬁ§§eEQdP%l@'ﬁ%@%@%é%%ﬁe

scanni ng exposure is perfornmed at the timng ihdicated t he opera

R 12, Che aiisEep e fEnckbatdly pRerdin s opSRatiSh 1B fSantuime

in Fig. 12, the stepping novene ance fac opera

The: operati on -RoNBer o bt 1k oOPFrag10hs {5E U fhed, EnsTonfing proceeds”
synchronizatiog i.th the stepping novenent of the wafer WL. As shown in
atan e ke

Fig. 7, when t eB ¥ lifahJd Uss Bhe BT 9senceR¥ abseaceRt ang aperat inn
and the scanning exposure is perforned for the wafer W2, then the
di sturbance fatP&e BFpPsessed nextexafplthie shepisd 2vi bf dhiere e ney atped-atien
the wafer WL is delivered fromthe first load arm 188 to the center-up
180. However, torbe processed nexts tiss et inearethensete thenkEep shialgaio
perfornms the timng adjustnment so that the wafer W2 is all owed
to repeat the operation as described above. 1If there is no
operation to be processed next, the routine ends.

Next, explanation will be made for an example of
adjustment for the operation timing on the two wafers W1, W2
with reference to Figs. 11 and 12. At first, on the wafer W1
shown in Fig. 11, the scanning exposure operation (non-
disturbance factor operation) indicated by the operation
numbers of "1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23" is
successively performed along arrows depicted by chain lines.
It is understood that on the wafer W2 shown ip'Fig. 12, the
mark-measuring operation (non-disturbance factor operation)
is performed in a stationary state at positions of respective
alignment marks indicated by the operation numbers of "1, 3,
5,7,9,11, 13,15, 17, 19, 21, 23,..." in synchronization with
the scanning exposure operation. On the other hand, no
disturbance arises in the alignment sequence because the

constant velocity movement is performed during the scanning

exposure, and hence it is possible to perform highly accurate
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to wait before and after the scanning exposure. Further, a disturbance
factor arises concerning the wafer W2 in the process of acceleration or
decel eration before or after the arrival at a constant velocity for the
synchroni zed scanning for the wafer and the reticle. Therefore, the timng

adj ustnment may be perforned so that the wafer WL is deli ver%‘cig iSEP ZPUZ
synchroni zation wth this process. As described above, the I ncontrol

unit 90 is operated to adjust the operation timng so that the operations
whi ch behave msashsémeitance factors are perfornmed in synchronization wth
each other as far as possible, or the operations which behave as

non-di sturbance factgf %M@rﬁn@ﬂ\?%éqhoerﬁig‘qiﬁdh | Z3dun 1\ trqggggg,g&ig?r

as far as possible, of the operations concurrently proc he

f , W 0 i vel y. Thus,
T s possi bl et S Barke aue i othad 8 R BoBHER ERE e e R atip sbot
when the respective operations are

exerted by thaeredelesSt uggance zllven ] :
concurrent| St s e O Phile 1 L9BMSRE Matkshehown imEignd 2 de ptshang|
ntly pro ! . . .
of the timng adé ust.ment described above is performed by using the nmain
control unit SPEHRACN BURPSESri BRCARFE Mk thedfoldpwing reasen er Bhes is,
condition to determ ne whether or not the two wafer stages W 1, W52 nake
contact with &he¥aR@ede wwhenr anenpper marki (s f@5A thenop2rBt ibhgnuRdbér
shows a state in which the wafer stage W52
4 in Fig. 12) of the next alignment shot is disposed in the
vicinity of a lower mark (having the operation number 3 in Fig.
12) of the first alignment shot, then the upper mark is measured
simultaneously with the lower mark, or the upper mark is
measured after the wafer stage WS2 is moved by a minute distance
at an acceleration of a degree at which the synchronization
accuracy is not affected thereby with respect to the other wafer
stage WS1. Therefore, these marks are indicated by the
identical operation number (3 in this case). It is assumed that
the measurement is performed in the same manne,r‘as described
above for the alignment marks of the operation numbers other
than the above.
On the wafer W1 shown in Fig. 11, the stepping movement
(disturbance factor operation) between shot areas to be
subjected to the scanning exposure is performed at the timing
indicated by the operation numbers of "2, 4, 6, 8, 10, 12, 14,

16, 18, 20, 22". On the wafer W2 shown in Fig. 12, the stepping

movement (disturbance factor operation) between measurement
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is located under the projection optical systemPL, and the referencenarkon
the fiducial markplate FM2 on thewafer stage W52 is observed by using the
TTR al i gnment system descri bed above. It is assumed that the coordinate
position (x, y) of the wafer stage Ws2 at this time is (0, 0) . Assum ng
that the X coordinate at the left endof the wafer stag!3 WsZ 8sSEPV2(02
wWth respect to the reference mark on the fiducial mark plate FM, the
coordinate position at the left end of the wafer stage W52 is (-Wa, vy).

The coor di nat e mpaddst iisn pexfoenedngtt Baewafian ngt a88i ¥®tedi 5 aﬁﬁé”@(geﬁasr[ion
follows in the sane manner as descri bed above. That is, the coordinate

position, whi chumbe@ist aifned, wagn ¢t hey, ref erence y1argkg | r by npvi ng
the fiducial mark plate FML on the wafer stage V61 u'psltéor’et e g‘gzs’l't’l‘on in

et 1 PSS O BB b s

f
W51 shown in Fig. 2 ' -Xb) ... The, X coordinate at the right end of the
waf er stage WS1 wi tﬁérgeriop‘”g&tlnt Bl?hg7'r hBE VRFeE S¥chis@gri eperat iomsk

plate FML is (V\b}_ On éhis assunption, the coordinate position at the
right end of tRETFRFBRAsLRge GRS Vafer xWivp and thhescanoingorxposdee \isi ch
the both wafer stages W51, W52 nmke no interference with each other, lies
in a state i n RAFEATMeAdOrethe safesf WR hethvef ehestiagm \bEho@kest 6P agdRkagt

wth the for example, in the vibration generated when the wafer Wl is
delivered from the first load arm 188 to the center-up 180.
However, in this case, it is assumed that the main control unit
90performsthetimingadjustmentsothatthewaferwziseﬂjowed
to wait before and after the scanning exposure. Further, a
disturbancefactorarisesconcerningthewaferwzintheguocess
of acceleration or deceleration before or after the arrival at
a constant velocity for the synchronized scanning for the wafer
and the reticle. Therefore, the timing adjustment may be
performed so that the wafer W1 is delivered in syﬁchronization
with this process.

As described above, the main control unit 90 is operated
to adjust the operation timing so that the operations which
behave as disturbance factors are performed in synchronization
with each other as far as possible, or the operations which
behave as non-disturbance factors are performed in

synchronization with each other as far as possible, of the

operations to be concurrently processed on the wafers Wl, W2
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right end of the wafer stage Ws1. Therefore, this condition  may be
represented by a conditional expression of 0 < -Wa - (-Xb+W)). On the
contrary, Fig. 25B assunes a state in which the wafer stage W51 i s noved

in the direction of (-Xa) by a predeterm ned distance frothe&Ms&Eﬁqu@ﬁom
in Fig. 25A, and the two wafer stages W51, W52 are overl appe |

other (actually, the two wafer stages are not overlapped with each other,
however, when the respective wafer stages are independently controll ed,

there is a posaeldl bhythdaiwd stagles Yakpestioeiyhe riasdegt v ?&@Q 188, Pe
set as shown in Fig. 25B). The coordinate position at the left end of the
r

wafer stage Wedohid €he&dnM@aly lnfﬂi@n%ﬁ Wf%}ﬁ%u‘iﬁdﬁ% .Me%its%eﬁgg}ége%%{ye

stages W8J, WB2 cause interference w each other, Ties in-a 2
2002 state 10 phl el i sl vl Wig 'Rt BbEdeVRGe  Boaonlached o
e e BB PEREL Y RER T SR R 1 3y OBE ABDF BEE RIS thioe
follow ng general expression by using a certain reference point based on
the use of theSta%8Scoofdilndtfe: the timing adjustment deselibehahbove is
expression 1 |If the conditional expression 1 is satisfied, the two wafer
stages can be pertoymedviyl wéimgputheinyaimteurdterehaomiti t90.
Next, explanation will be made for the interference
condition to determine whether or not the two wafer stages WS1,
WS2 make contact with each other, with reference to Figs. 25A
and 25B. Fig. 25A shows a state in which the wafer stage WS2
is located under the projection optical system PL, and the
reference mark on the fiducial mark plate FM2 on the wafer stage
WS2 is observed by using the TTR alignment system described
above. It is assumed that the coordinate position (x, y) of
the wafer stage WS2 at this time is (0, 0). Assuming that the
X coordinate at the left end of the wafer stag.e‘wsz is (-Wa)
with respect to the reference mark on the fiducial mark plate
FM2, the coordinate position at the left end of the wafer stage
WS2 is (-Wa, y).
The coordinate position concerning the wafer stage WSl
is assumed as follows in the same manner as described above.
That is, the coordinate position, which is obtained when the

reference mark is measured by moving the fiducial mark plate

FM] on thewafer stage WS1 up to the positionunder the projection
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each other. On the other hand, if the follow ng conditional expression 2
Is satisfied, the two wafer stages nmake contact wth each other to cause
interference. WA + W Z Xb - Xa ... conditional expression 2 Therefore,
the main control unit 90 controls the novenent of the resp%féiég waf er
stages WS1, W52 to satisfy the conditional expression 1 as robB 2002
possible, while if a situation in which the conditional expression 2 is
satisfied is postulated, it is necessary to nake control in order to allow
any one of the epliesl tsysteint PEp itshqD,thp. odthy aROGAt Bf MOVERAENt from this

i nterference between the stages is avoided. The conditional expressions 1

and 2 have beerpesitiomath atet pos3eRaAaE thddiaraiuskaghonist NaRHI AASE; §f
nore conprehensive expl anation. 208 23 SEP 2002 However, the two '

condi tional exEsRssiLNSx®Ie SHRS LLalddHd dhANE atcgggi;%gﬁg!?rl?dé%gle%%ieoaafer

because there is a relationship in which one of _ (

W en T ot orence TR dP FEiEY PRopks €5, CheCreser ofe iask obntbe: Biguriat m

o s Shes T Y 80t R BherSobetngse

condi tional expression described above. At first, upon the start of the

control operat POFIHIRD @i fheokight endtoDrtheawnfiers stage WS1 is (-Xb+Wb,
Y).

The condition, under which the both wafer stages WS1, WS2
make no interference with each other, lies in a state in which
the left end of the wafer stage WS2 makes no contact with the
right end of the wafer stage WS1. Therefore, this condition
may be represented by a conditional expression of 0 < -Wa -
(-Xb+wb).

On the contrary, Fig. 25B assumes a state in which the
wafer stage WSl is moved in the direction of (-Xa) by a
predetermined distance from the state shown in Fig. 25A, and
the two wafer stages WS1, WS2 are overlapped with each other
(actually, the two wafer stages are not overlapped with each
other, however, when the respective wafer stages are
independently controlled, there is a possibility that target
values for the respective stages may be set as shown in Fig.
25B). The coordinate position at the left end of the wafer stage

WS2 is (-Xa-Wa, y). The condition, under which the both wafer

stages WS1, WS2 cause interference with each other, lies in a
207



coordi nate positions of the two wafer stages W51, W82 by using val ues
obtained by the interferoneters based on the use of the origin (0, 0) of
the sane reference position (position of the optical axis of the
projection optical systemPL in this case). The conditional expression 1,
which is previously stored in the nenory 91, is substituted 3i 3bPn2di@ssary
paraneters (W and W in this case). Wen the stage novenent control is
started, the main control unit 90 grasps the present positions of the two

waf er stages WehteWSR wiidHenBapé ft @ndvalkUese QRLAINEHa QY WS 29 ddiftacted
| engt h-neasuring axes (for exanple, BlI1X, BI2X) of the “interferoneters:

posi tons of 1 hE SLsiachpgr W PRETEISRE Snd IRe PERE WAk B oBR ek get

positions of the stages rnfu on t asi s

val ues i nputt egl 9 2 3 SEP 2002 the stage control unit 38. The nain
control unit Qghgg%gf)rgngﬁeéls %rod}ﬂ%tqﬂ@&megof’ﬁig’ﬁ%‘?’ée%%‘??creﬁs? Gand itphRnaEnt
direction and the_ novenent distance §Xb and Xa in this enbodi nent) of the
two stages WSEXPHBSSIPRHAPRLIGEEE PY Y T¥RereWRe pbskktW) o substitute

the conditional expression 1 therewith. Thus, it 1is possible to judge
whet her or not the cHhdi ¢PhAitienpt esxpoassiofvmay We <exireseXapdi by the
satisfied (step S30). If the conditional expression 1 is satisfied, no
nutual i nterf&pkheeing generadt erpressiton by wafrg astegesin\BéfeM&ice point
Accordi ngly, the both stages W51, W52 can be i ndependently noved
based on the use of the same coordinate:
Wa + Wb < Xb - Xa ... conditional expression 1

If the conditional expression 1 is satisfied, the two
wafer stages can be freely moved without any interference with
each other.

On the other hand, if the following conditional
expression 2 is satisfied, the two wafer stages make contact
with each other to cause interference.

Wa + Wb = Xb - Xa ... conditional expression 2

Therefore, the main control unit 90 controlé the movement
of the respective wafer stages WS1l, WS2 to satisfy the
conditional expression 1 as far as possible, while if a
situation in which the conditional expression 2 is satisfied
is postulated, it is necessary to make control in order to allow
any one of the stages to wait so that the occurrence of mutual
interference between the stages is avoided. The conditional

expressions 1 and 2 have been explained as two separate

individuals for the purpose of more comprehensive explanation.
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“and controlled (step S32). If the conditional expression 1 is not satisfied
in the step S30, the interference occurs between the wafer stages W51 " and
W52. Therefore, the main control unit 90 conpares the tinme until

conpl etion of the operation perforned on the stage W1 w th that on the
stage W2 (step S34). If the operation on the stage WSl is @3pSER 2002
earlier, then the main control unit 90 allows the stage W51 to wait, and
the wafer stage W52 is preferentially noved and controlled (step S36).

During the comowelvesf, the tvavesraitdénahewiials Hoar¥Bubsthat®Iy one
control unit 90 always judges whether or not a situation is given, ?'n

whi ch the condicondnalionsr @xprershon HRIaUHE LHSHEPSW) re1 BTG {0S,

period in which the conditional expression 1 is not satils

L0710 1 AR S T A 0

the wafer stage W52. If the condition
step S38, the i (o] unit 90 is operated so that the waiting state
of the wafer sgggghg\sgkhlgk‘cancel ed (step S40) to independently nove and

control the wafer s}%agfs WSl, W52 respectively (step S32). In the step
S34, if the operati o*B+2PREIQR Ml b2 madecwiphereterence &o, at ikow tdhamai n
control unit 90 allows the stage W52 to wait, and the wafer stage WSl is
preferential | yShaBRda Big- 26nfana sagiuenaspt Sp2)x fobmdat tdico £ ehemvenferithe
novenent of the wafer stage W51, the main control unit 90 al ways

without causing any interference between the both wafer stages

by using the main control unit 90 on the basis of the conditional
éxpression described above. At first, upon the start of the
control operation, the main control unit 90 measures the
coordinate positions of the two wafer stages WS1, WS2 by using
values obtained by the interferometers based on the use of the
origin (0, 0) of the same reference position (position of the
optical axis of the projection optical system PL in this case).
The conditional expression 1, which is previously stored in the
memory 91, is substituted with necessary parametérs (Wa and Wb
in this case).

When the stage movement control is started, the main
control unit 90 grasps the present positions of the two wafer
stages WS1, WS2 on the basis of values obtained by using the
length-measuring axes (for example, BIlX, BI2X) of the
interferometers. The main control unit 90 is able to calculate
and postulate the coordinate positions of the stages WS1l, WS2

in future, on the basis of driving target values inputted into
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judges whether or not a situation is given, in which the conditional
expression 1 is satisfied (step S44). During the period in which the
conditional expression 1 is not satisfied, the routine returns to the step
S42 to preferentially nove and control the wafer stage WS1. If a state is
given, in which the conditional expression 1 is satisfiedir28h8EBt§m2844,
the waiting state of the wafer stage W52 is cancel ed by the main control
unit 90 (step S40) to independently nove and control the wafer stages WEL,

WB2 respect i velthe(stage §82krolfun e 38t agPheMUE KBRS n 0T 0AL LI §OREFRHAUS! Y
performed by using the main control unit 90, the routine returns fromthe

step S46 to thdrsineph&Sd coorigpareqstyi eSOy %E%W@%re@@%ﬁﬁ f?lhge{she

descri bed above. |If the stage novenent control is not perforned,

control operat neRehenendedtadts 2xB8 SKE 200 SEhi bove ttgfp mai n
control unit 90 controls th(éal no errenFEo%Qt %QA@\}\SES%E%%&;%F) \f%fz tHee
unit 38. Thus, it

aid of the conditi@pal.c ex sion and the stage, control T
i s possible tgh%bggeﬁFlfhgkﬁngFQha@%%p??sniﬂugﬂﬁlIF#FEFPEPeﬁE@}tVHQntPhe
doubl e exposur hod, descri bed, above is carried out, the operation
conpl etion ti rrgug%%f'ﬁgtgt bR FRAILLORR) B¥Rraafdan Joshesespthat iBmd s it
| ater than that on the stage for perform ng the alignnment operation,
because the eXPpdRFTRIRLS ivdge whethen ot nak dhe Fondihisnakaspression
the nutual interference occurs between the stages, then the

1 (Wa + Wb < Xb ~ Xa) is satisfied (step S30).

If the conditional expression 1 is satisfied, no mutual
interference occurs between the two wafer stages WS1, WS2.
Accordingly, the both stages WS1, WS2 can be independently moved
and controlled (step S32).

If the conditional expression 1 is not satisfied in the
step S30, the interference occurs between the wafer stages WS1
and WS2. Therefore, the main control unit 90 compares the time
until completion of the operation performed on the stage WS1
with that on the stage WS2 (step S34 ). If the opération on the
stage WS1 is completed earlier, then the main control unit 90
allows the stage WS1 to wait, and the wafer stage WS2 is
preferentially moved and controlled (step S36). During the
control of the movement of the wafer stage WS2, the main control
unit 90 always judges whether or not a situation is given, in
which the conditional expression 1 is satisfied (step S38).
During the period in which the conditional expression 1 is not

satisfied, the routine returns to the step S36 to preferentially
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stage for the alignnment, on which the operation is conpleted earlier, is
allowed to wait, and the stage for the exposure is preferentially noved.
However, on the stage for the alignnent, it is allowable to concurrently
perforn1not only the fine alignnent operation as described above but al so
t he waf er exchange operation, the search alignnment operat|033 2
operations other than the above in parallel to one another. Therefore, it
is desirable that the operation tine on the stage for the alignnent is

shortened as mboet and REHTBI1E tHAC P4 L ALY ag8SwBROWN 1ifN thied- co%@. A8
nost efficient stepping order (El to E12) is set for the wafer t1"."or

performng thexgxeesibs 10P8 Ak legeiﬂ;{:gfe %Egp%a "%Q-%r &b '}812'0%3 uggs

constitutes the rate-limting condition

2002 On the co n,.F sev I ots of the exposure
shots are sel e% %xgeggﬁ%aeg@ﬁ:&at gﬂet%%%\bq%rs%\ﬂ%ef 8? t‘}fe?’?&?h%@ﬁ%é’m
al i gnnment operatlon%q%t%cij on EGA. In this enbodinent, it is assuned, for
exanpl e, that ¥ (st@rc 2480 &9 é?ﬁBBPndﬁ“thYem%‘éq? andEontirel the

stepping order on the alignnment side (W) is determ ned to nake novenent

cor r espondi ng Y¥fehes LAggHi oMt nespent iwelys usd-egpé3@i.on  for the
wafer W2, as on the wafer WL di sposed on the alignnment side as shown in

Fig. 28A As for thdmdhe st®psisddn iif Rihgp opift iome ot IthﬁSsdu@engsthQs
exposure, for which the influence
completed earlier, then the main control unit 90 allows the
stage WS2 to wait, and the wafer stage WS1 is preferentially
m6ved and controlled (step S42). During the control of the
movement of the wafer stage WS1, the main control unit 90 always
judges whether or not a situation is given, in which the
conditional expression 1 is satisfied (step S44). During the
period in which the conditional expression 1 is not satisfied,
the routine returns to the step S42 to preferentially move and
control the wafer stage WS1. If a state is given, in which the
conditional expression 1 is satisfied in the step S44, the
waiting state of the wafer stage WS2 is canceled by the main
control unit 90 (step S40) to independently move and control
the wafer stages WS1, WS2 respectively (step S32).
If the stage movement control is continuously performed
by using the main control unit 90, the routine returns from the
step S46 to the step S30 to repeatedly perform the movement

control as described above. If the stage movement control is

not performed, the control operation is ended.
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of disturbance shoul d be suppressed, are designated by numerical numbers
(1 to 12), while stepping operations which are not affected by disturbance
are indicated by arrows (--) . As shown in Fig. 28A, when the fine

al i gnnment operation based on EGA is perforned on the waf erozw, tEge
novenent order is determned so that the alignnment operati 3|§ eZBUZv med
for the shot areas corresponding to those on the wafer W2 to perform the
scanni ng exposure as shown in Fig. 17B for the operation nunbers 1 to 5.

Accordi ngly, when thgsmeiEiBeLhB8EOf I 9(@{3 hot s _mad be
the sanme as that for the exposeure sﬁottsﬂg al%é agé@lgrgzo FFBO&E iﬁ the

Pher chetween, "SheRels e e 4 BERaRE oﬁégﬁa R 2R s tnal

satisfying the nce ndi tion. 213 3 SEP 2002 In the case of the
waf er W shomekHEEELE{)g?&d %ﬁg sa'f?%ﬁ\?ﬁ‘ttm&r%%t i38 -deTBE T fdd iapdsH ilbdes .

That is, when {he o eration nunber is noved from5 to 6 in a stepping
manner, the op&PaPf He“EkT—lb% bothhetages &rem metuakaimterfereamesr by one
row, and when the operation nunber becones 7, the operation skips to the
shot area A4. This Wlﬁefbeébaseimfbltmeefcpbsomen@etaaslordeél&hﬁibéé abd¥ben jishe
shot area, which is indicated by the operation nunber 6 or 7 on the wafer

W2 shown in Figared®teute thihjmedral ien tdsm E@@mﬂingmﬁgggﬁqm%,Sk%ggl%ggsed

under the projection optical system PL, the waf er stage W52 Is

posi tion spacefepPSiing the exposure operation is later than that on the
stage for performing the alignment operation, because the
exposure operation is repeated twice. For this reason, when
the mutual interference occurs between the stages, then the
stage for the alignment, on which the operation is completed
earlier, is allowed to wait, and the stage for the exposure is
preferentially moved.

However, on the stage for the alignment, it is allowable
to concurrently perform not only the fine alignment operation
as described above but also the wafer exchange pberation, the
search alignment operation, and operations other than the above
in parallel to one another. Therefore, it is desirable that
the operation time on the stage for the alignment is shortened
as short as possible.

Accordingly, as shown in Fig. 27B, the most efficient
stepping order (El to E12) is set for the wafer W2 for performing
the exposure operation, because the exposure operation
constitutes the rate-limiting condition for the throughput.
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“from the waf er stage W51 (the wafer W is di'sposed at the nost rightward
position concerning the position of the operation nunber 6 or 7, because
the alignnment systemis fixedly secured, and the wafer is noved).

Accordingly, it is possible to relatively freely nove the wafer séﬂgezﬁgsl
for performng the alignment operation. As described above, t fobfe 20
alignnment tinme can be further shortened by noving the wafer WL as shown

in Fig. 28A to performthe alignnment operation. Alternatively, when an

al i gnment mar k ng Hie FUIGHALYs agetsdomid iforF igkerdifoneeslerlashatsootisehal |
shot areas as sanple shots, unlike the sanple shots used in the alignnent
sequence descré¥RIFWHIHBBOLFtafe sedesitieideas s aniel stioteromwtaki WAL &F W1 for
throughput. In this procedure, the alignnment marks in the shot areas

correspondi ng trexfleaTengostiee oI dgnment t bpevatebnV\baded 2H Eord SHH 2002,

successi vely neasured. The occurrence of Interference between the stages

di sappears as @mﬂﬁdﬁmﬁnﬁboy@-i@“ﬁéﬁﬂme@Per§w¥&a@§¥é)StR§£f &q?i§é§¥%S
g e

possi bl e to expect further inprovenent i1n alignment accuracy
aver agi ng ef f eGing A% +t@5Pb iggﬂgggoy " 0, %'n t t& projection exposure
apparat us 10 concerni ng t?e 0 id%ntg%§ % %Féh%één %Fn9gthbﬂg Offler on
oper ati ons of b es are c olJed so that the operations which
behave as di st&?%an%ief?%%%gtrssd‘flg pgm riet deReSPARRAOEY alRkR YRR
other, or the ogerationa,mhich do not behave as disturbance factors are
performed in COLresponding to the stepping order in the exposure operation
for the wafer W2, as on the wafer Wl disposed on the alignment
side as shown in Fig. 28A. As for the wafer W2 shown in Fig.
28B, operations during the exposure, for which the influence

of disturbance should be suppressed, are designated by
numerical numbers (1 to 12), while stepping operations which
are not affected by disturbance are indicated by arrows (—).

As shown in Fig. 28A, when the fine alignment operation
based on EGA is performed on the wafer W1, the movement order
is determined so that the alignment operation is éerformed for
the shot areas corresponding to those on the wafer W2 to perform
the scanning exposure as shown in Fig. 17B for the operation
numbers 1 to 5. Accordingly, when the movement order of the
alignment shots is made to be the same as that for the exposure
shotss, the two stages are moved in parallel to one another while
maintaining a constant spacing distance therebetween.
Therefore, it is possible to control the movement without

satisfying the interference condition.
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synchroni zation with each other, of the operations to'be performed on the
two wafer stages which independently hold the two wafers respectively.
Accordi ngly, the alignnment operation can be processed concurrently with

t he exposure operation wthout decreasing the synchroni zatioa acs(‘:% %K
when the scanning exposure is perfornmed and w t hout decreasi g3t X
measur enment accuracy when the alignnment is perfornmed. Thus, it is possible
to i nprove the throughput. According to the enbodi nent descri bed above,

when the two wafer Isitigesaseet aHepeanil yhowveth #ag . B, Ohd 89 i hAnkRE XY
t wo-di nensi onal direction, then the condition of interference between the

two wafer stagasidd nlsedbeeeninedondi Eb2MbykS BHAYIQUSIMhes! @hedopaRd: 1 he.
nmovenent is controlled so that the interference condition is noF saFl SFi ed

as far as possigdier 24Sdved cor di ; nt ranges, of
the both stages can be over?ggpﬁgq'?vﬁ @ﬁgga‘gﬁr&% éLPTghﬁ%’g}r?%fg&@,e ?Peggglon
possible to rea he fopt_prigt., According to the enbodi nent descri bed
above, when t%(eﬁtp%oégv\t/g\‘ee?;lggaag‘g a§>el?cr‘|ﬂ1é‘bcgﬁ@%ﬁtepyeﬁo}\)/%d’“@nr‘?%e apd when
direction, if the interference condition is satisfied in each of the

stages, then HeORBE/EIM NHMRGY PREOBBE An thR FREEIANREEIPE T the shot

allowed to wait until the operation is changed, and the other stage is
preferential | pregopdet €Ehis ihdemausems cthe rivillowigepneiasgny, Thatsis,
possible to avoid the interference between
when the shot area, which is indicated by the operation number
6 or 7 on the wafer W2 shown in Fig. 28B to be subjected to the
séanning exposure, is disposed under the projection optical
system PL, the wafer stage WS2 is at a position spaced apart
from the wafer stage WS1 (the wafer W2 is disposed at the most
rightward position concerning the position of the operation
number 6 or 7, because the alignment system is fixedly secured,
and the wafer is moved). Accordingly, it is possible to
relatively freely move the wafer stage WS1 for performing the
alignment operation. As described above, the .fine alignment
time can be further shortened by moving the wafer W1 as shown
in Fig. 28A to perform the alignment operation.
Alternatively, when an alignment mark at one point is
detected for every one shot area to use all shot areas as sample
shots, unlike the sample shots used in the alignment sequence
described above, it is possible to avoid deterioration of

throughput. "In this procedure, the alignment marks in the shot

areas corresponding to the exposure order on the wafer W2 are
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the stages wi thout deteriorating the throughput. According to the

enbodi nent descri bed above, when arbitrary shots are selected as alignnent
shots froma plurality of shot areas on the wafer to be used in the

al i gnnment sequence for perform ng the mark measurenent, the order of
nmeasurenment of the alignment shots is determined so that th@ 3 8k f2862nce
I s avoi ded between the both stages as | ess as possible. Accordingly, it is
possi ble to appropriately suppress the case of the interference condition

between the st agRscedvdlgy lﬁéé@uré&.Wt@o@@@r?gnéggﬁiﬁ@ff% eride §§’§98§8

wait as descri bed above. In the enbodi ment descri bed above, e or

al i gnment  shoty,akd alyae @igggpé’grgxaﬂso%érs% B BB%‘??tFrostgefengl gr?)etnhgﬁch

the two waf er stages are nov In the sanme direction,  if

Accordingly, t r Vv nt.of the, tw wafer stages.can, 216 2 3 SEP
2002 be decrea?’? gggé?r%ﬁ"qﬁ;es&p $stBIRPSSHRLS £0 eXPRCt i it hey impRPYenent e
the apparatus. .However, when the projection optical systemand the

al i gnment syst &M & IPments fECREACYhPHENG: Koy theea¥paagingpaffett om each

other by a certain distance, then the two wafer stages, which are novable

on the base pedest al A5 e¥#Blainerbabgevien accondiyg dopble tpeodiecdbinoespdsu re

left-right symetric manner. Accordingly, the | oads act on the

vi brat i on- pr evépparetuscibeesrefning dheoethbodindet bithe peaesialinventhah,

the | oads are offset with each other.
the operations of the both stages are controlled so that the
operations which behave as disturbance factors are performed
in synchronization with each other, or the operations which do
not behave as disturbance factors are performed in
synchronization with each other, of the operations to be
performed on the two wafer stages which independently hold the
two wafers respectively. Accordingly, the alignment operation
can be processed concurrently with the exposure operation
without decreasing the synchronization accuracy when the
- scanning exposure is performed and without decre_a"sing the mark
measurement accuracy when the alignment is performed. Thus,
it is possible to improve the throughput.

According to the embodiment described above, when the two
wafer stages are independently moved and controlled in the XY
two-dimensional direction, then the condition of interference
between the two wafer stages (interference condition) is

previously stored, and the movement is controlled so that the

interference condition is not satisfied as far as possible.
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Therefore, the output of the vibration-preventive nechanismcan be
suppressed to be small, the inclination of the stage and the occurrence of
vi bration are decreased, and the vibration convergence tinme can be
shortened. Thus, it is possible to further inprove the operatiqgn_accuracy
and the throughput. In the enbodi ment descri bed above, explaﬁatﬁﬂR ﬁmﬁ been
made for the case in which the alignnment operation and the wafer exchange
operation are processed concurrently with the exposure operation. O
course, the praseotrdingdgti ehei movehmenitMidfded har atie BUEh(H¥§qEQ(HEnVKECh
may be perfornmed concurrently wth the exposure operation, i1ncludes, for

exampl e, base biveglappeak wiRfHoach AefarencansrERoRs  BRSq sl Glocallor aﬁtpi on

which is performed every tinme when the wafer exchangé i's pér

processed concypkeBhkY Whth posure operation in the same nmanner as
descri bed above. 217 2 gh%EEBQ€O§§ ouUrt h Enbodi nent] Next, the fourth

enmbodi ment of the present,invention will,. be explained with reference to
Figs. 29 to 43. In tﬁ‘gc?’é‘&’r?%%%%%&%@ﬂt”wtt%&%&%ﬁbpneemh%hphertevo
pre-nmeasurement AF/ AL is performed by using one wafer stage W5, while the
focus/ | evel i ng¥R5REr BF298S e dmsepesidantd yhaovedofinobhei Xl irerstuidrs, dif

t he measurenent so that the exposure process is executed. Fig. 29 shows a
schemati ¢ ar r ahfenHienfierenseorendibmon is satisfied in each of the stages,

then the stage on which the operation is completed earlier is
allowed to wait until the operation is changed, and the other
sfage is preferentially subjected to the movement control.
Accordingly, it is possible to avoid the interference between
the stages without deteriorating the throughput.

According to the embodiment described above, when
arbitrary shots are selected as alignment shots froma plurality
of shot areas on the wafer to be used in the alignment sequence
for performing the mark measurement, the order of measurement
of the alignment shots is determined so that th.e"interference
is avoided between the both stages as less as possible.
Accordingly, it is possible to appropriately suppress the case
of the interference condition between the stages and the case
in which one of the stages is allowed to wait as described above.

In the embodiment described above, the order of alignment
shots and the order of exposure shots are determined so that
the two wafer stages aremoved in the same direction, if possible.

Accordingly, the range of movement of the two wafer stages can
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exposure apparatus 214 accordiné to the fourth enbodi nent. The projeéction
exposure apparatus 214 is a scanni ng exposure type projection exposure
apparatus based on the step-and-scan system in the sane manner

as
described in the first enbodinent. Basic constitutive corrponzgt Ef Mze
proj ection exposure apparatus 214 are the sane as those of t SIE jg i on
exposure apparatus 10 according to the first enbodi mrent shown in Fig. 1.
The sane parts or conponents are designhated by the sane reference

nuneral s, expl datderréased hgsCeRANNUEY OPo i MWDk Chanh! 1itbe g ?ﬁééf’rﬁe ng
proj ection exposure apparatus 214 is different fromthe projection

exposure appar&umﬁauﬁﬁﬂééfﬁhéiEﬁgar%%99¢'“%%wéQefheg&%U‘Qﬁ4@3£§5$%§ion

That is, the wafer stage W5 is constructed as oné€ { ndividu
AF/ AL systems fQk ;JIBasvLi dn]e rface posjtion on the wafer Wfor pre-
measur ement control ar eypr%\giEI edtg’% %ﬁégglﬁﬁlé{ﬁfr}t%céf‘h%? 1ps8alied whileep
2002 of the ex;%iz‘sur% area | F.in the scanning direction. Further, the
proj ection expdaure 2E5pEPArEd 2RAr t ot LACH PEheL divag Agrtape i distayee em
151 and a light-collecting optical system 161 based on the oblique
i nci dence syst EREBING Fye Waf edos §2g@5 awhichrane movabldemsthe hgs p gientes tarle
arranged over a range wider than the width of the exposure area IF in the
non-scanni ng BRYebei Bavedbiravutyalle opyioaritst ddeedBiansoini #0 dBc1hRyht
fourth embodiment of the present invention is provided with a Z- leveling
stage LS as a syhmetaie- dnannew. syspedolrdinglki,ndtheN€loads act on the
vibration-preventive mechanism for supporting the base
pedestal so that the loads are offset with each other.
Therefore, the output of the vibration-preventive mechanism can
be suppressed to be small, the inclination of the stage and the
occurrence of vibration are decreased, and the vibration
convergence time can be shortened. Thus, it is possible to
further improve the operation accuracy and the throughput.

In the embodiment described above, explanation has been
made for the case in which the alignment operatio‘n‘and the wafer
exchangeoperationareprocessedconcurrentlywiththeexposure
operation. Of course, the present invention is not limited
thereto. The operation, which may be performed concurrently
with the exposure operation, includes, for example, base line
check (BCHK). A sequence such as those for calibration which
is performed every time when the wafer exchange is performed

may be processed concurrently with the exposure operation in

the same manner as described above.
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driving and oblique driving in the Z axis dirrection while holding the
wafer W As viewed in Fig. 30 illustrating, -in a perspective view, the
arrangenent of the AF detecting points for the pre- neasurenent control
with respect to the exposure area IF, a detecting area AFE (see Fig. 35
which is constructed by the detecting points AF1 to AF9 in 23 SEP 2002
non-scanning direction (X direction), is provided in the scanning
direction (+Y direction) for the exposure area |F. The detecting area AFE

i s arranged ove[FeufrehRJEmbéddfént pan the width of the exposure area IF in
t he non-scanning direction. Further, a detecting area ABE (see Fig. 35),

which is construct edydyt! RgBEEFEN RehboRT dhE éﬁé:élte?%é%eﬂ@ ihﬁgpﬁéon will

non- scanni ng direction (X direction), 1s provid e SC

direction (-Y gir | . ure area |F,_The detecting area ABE
i s arranged ovIg% %ﬁ%{%eéwg&ﬁﬁiﬁ%geeg%ﬁbg?'t?‘u%mtcf ﬁg wi HR e foperth
exposure area |LE in.the g-scannin direction. The detecting points AFl
to AF9 and thamfa%%*a?%é}ﬁ h@REegeNY: AnkeotirR. A pgedneaserement AF /Aldes

in the scanning directions (+Y direction, -Y direction) for scanning the
exposure area ¥ PRSHRERSd Y ushg renaitwaker pisage of, wiidle ithei cat es t he
degree of discrepancy of the surface of the wafer Wat each of the
det ecting poi nfecw#{levekingtontorad [se performeddonet ke evwsi el ebtiadned
detected prior to the exposure for the shot area.
results of the measurement so that the exposure process is
executed.

Fig. 29 shows a schematic arrangement of a projection
exposure apparatus 214 according to the fourth embodiment. The
projection exposﬁre apparatus 214 is a scanning exposure type
projectionexposureapparatusbasedcnlthestep—and-scansystem
in the same manner as described in the first embodiment. Basic
constitutive components of the projection exposure apparatus
214 are the same as those of the projection exposure apparatus
10 according to the first embodiment shown in Fig: 1. The same
parts or components are designated by the same reference
numerals, explanation for the construction of which will be
omitted. The projection exposure apparatus 214 is different
from the projection exposure apparatus 10 of the first
embodiment in the following points. That is, the wafer stage
WS is constructed as one individual, and the AF/AL systems for

measuring the surface position on the wafer W for pre-

measurement control are provided on one side and the other side
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Fig. 31 shows a side view of Fig. 30 as viewed in the scanning direction,
Fig. 32 shows a plan view of Fig. 31, and Fig. 33 shows a side view of
Fig. 32 as viewed in the non-scanning direction. As shown in Figs. 32 and
33, the light beans, which are radiated fromthe irradiating optical

systems 15la, 151b of the oblique incidence type AF/ AL syst e SEPNR02e
detecting points ABl to AB9 and the detecting points AFl to AF9 extendi ng
over the surface of the wafer Win the non-scanning direction. The [ight

beans reflecte e t f ej N by th

i ght-col | ecti g’gfb %&H‘?&‘?Bﬂ‘?ﬁeﬁ%’gia?g, ﬁsﬁeg@%‘ﬁ%{&gbﬁﬁ%ﬁ ei dgﬁﬁ‘éh?flpe
AF/ AL system .S : i s —provided because of the following |
reason. That igh‘ﬁ %féi%é;?g?ﬁ%ﬁp[oslu elﬁBB@E?BFﬁczt FePPO APl LF eadia t frg
t he inside of thg. eéposu%e aijgg | F b‘%idlrJ'Si ng the oblique incidence AF
system 220 2 SPSEF206¥°LEBat3t R dobigMg anldieatdadhOpkdenlt sigs baf el 6 W
and the lower surface of the projection lens is narrowed in accordance
with the incr®ased annthe phdadanecancigencer eystemt henptopeted o |tenst of
the projection optical system PL. However, in the present invention, even

in such a caseplbralitynofnitbdtni ey puintst hee aprPhged gWer AEASHGE ETHer AS
shown in Figs. 31 and 33, the fourth enbodi nent of the present invention

i's construct edthanf eheowddtRhef the &Rpostiz@cardh iPeiR’ €hé&Cid s iR

systemPL in the vicinity of its |ower
direction. Moreover, thewafer stageWws according to the fourth
embodiment of the present invention is provided with a 2z-
leveling stage LS as a substrate~-driving system for making fine
driving and oblique driving in the Z axis direction while
holding the wafer W.

As viewed in Fig. 30 illustrating, in a perspective view,

the arrangement of the AF detecting points for the pre-
measurement control with respect to the exposure area IF, a
detecting area AFE (see Fig. 35), which is constructed by the
detecting points AF1 to AF9 in the non-scanning airection (=X
direction), is provided in the scanning direction (+Y
direction) for the exposure area IF. The detecting area AFE
is arranged over a range larger than the width of the exposure

area IF in the non-scanning direction. Further, a detecting
area ABE (see Fig. 35), which is constructed by the detecting
points AB1 to ABY in the non-scanning direction (+X direction),
is provided in the scanning direction (-Y direction) for the
exposure area IF. The detecting area ABE is arranged over a
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end is an inverted truncated cone. A plurality of irradiating |I|ight beans
comng fromthe irradiating optical systens 15la, 151b are radi ated onto
the respective positions of the detecting points on the wafer W The

reflected |light beans comng from the surface of the wafer Wza‘i%@zﬂ@h
the both sides of the projection optical systemPL, and they é&r cetved
by the light-collecting optical systens 16la, 161b. The arrangenent as
descri bed above is provided in order that the AF |ight beans are not

i ntercepted indamgevilairgiery tohant htel aMatherd ehet BRpoBLEEEFEANTPPL CRle
system PL. A parallel flat plate 216 having a rectangular configuration is

di sposed at theodnawes p th } i jscal t in
p ARShgPharectebnl herps o dOhPRIiTR 24 ﬁg‘&? At ng

conformty with the scanning direction in order to rnoni ze 't €
portion of N Aj-W i i f, 4 of _the projectiaon optical |
system PL, and%ihr?m%%g%é@tf%gggﬁﬁgcsfﬂpget%ggﬁr 3{150%{%n465§055'1}162§rggp Skites
projection | ens V\/@&%h constructs the,%oj ectiqQn optical system PL. The AF
det ecting poi nt&, tfi EFABRIBAJISRECHLIRBAST EXafLyeCt #OR he~ Aol ERetiAg for

direction, are arranged at two places as those for +Y scanning and -Y

scanning, in fFEARNARIahBeaeXPABUrBaaKkeaf IFhEeppeatieely | atThel xeda2ifei n

the scanning direction. For exanple, when this systemis conpared with a

t wo- di mensi onaPosdtiert i vhichpéndfcatesabhendegreesat | dixtiepalaparasahe

Lai d- Open Patent Publication No. 6-283403 corresponding to U. S. Patent

No. 5, 448, 338urfhee ofiethé wefisnrengtteschinot tite Pest&tmiy Hoints with
respect to a predetermined reference plane, is detected prior
to the exposure for the shot area.

Fig. 31 shows a side view of Fig. 30 as viewed in the
scanning direction, Fig. 32 shows a plan view of Fig. 31, and
Fig. 33 shows a side view of Fig. 32 as viewed in the non-scanning
direction.

As shown in Figs. 32 and 33, the light beams, which are
radiated from the irradiating optical systems 151a, 151b of the
oblique incidence type AF/AL system, form the de_técting points
ABl to AB9 and the detecting points AFl1 to AF9 extending over
the surface of the wafer W in the non-scanning direction. The
light beams reflected by the surface of the wafer W are received
by the light-collecting optical systems 16la, 161b of the
oblique incidence type AF/AL system. This arrangement is
provided because of the following reason. That is, in general,

it is impossible to perform measurement for the inside of the

exposure area IF by using the oblique incidence AF system,
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t he exposure position, while it is possible to forma |ong spot group
extending in the non-scanning direction, and the detecting points are
arranged one-di nensionally. Accordingly, this systemis advantageous in

that the offset error, which is caused by intra-plane curvagfée EE &ﬁ&e
respective AF spots in the Z direction, can be easily corre dS u

for exanple, when a nethod for formng the interference fringe in the
non-scanni ng direction by neans of two-directional incidence is adopted,

the present | IB@RIAN the 8kiNg Atk AHANLALGRLN Yo AR SR 2 REGHIS oL NS

present invention resides in the pre- neasurenent contro

one- di MENSi Onady PFRGLST {-Héeggﬁéééi&g 1dies A Qb POREL 0D CATRANS OL i n

one- di mensi onal image proc N accordance
the position Vah interference fringe. reover, the light
beams are dlvﬁled ?Eé?ﬁg@b i T(PHQ 462 a§£ﬁ£§%ﬁe29§ ePIEIECAHPN 1 aBS
det ecti on areas. Al E ABE. Accordingly, when a cover which does not
intercept the3%ed §CPF9ée‘FFb‘Pﬁ‘ %‘élﬁa}r SYHteR 8&d sowevex, tive the/ present
accuracy, which varies depending on the tenperature change, is inproved by
al | owi ng a t erdpdiemtdoa. eyanr b | By casef,| aw Larintginddd tionskdeuot the
cover, then an effect is obtained in that the detection error is further
reduced. Next cosmplledeaprenrmeakshrbementde for the pre-nmeasurenment control
based on the use of the projection exposure apparatus
As shown in Figs. 31 and 33, the fourth embodiment of the
present invention is constructed as follows. That is, the shape
of the projection optical system PL in the vicinity of its lower
end is an inverted truncated cone. A plurality of irradiating
light beams coming from the irradiating optical systems 151a,
151bareradiatedontotherespectivepositionsofthedetecting
points on the wafer W. The reflected light beams coming from
the surface of the wafer W pass through the both sides of the
projection optical system PL, and they are received by the
light-collecting optical systems 161a, 161b. Thé arrangement
as described above is provided in order that the AF 1ight beams
are not intercepted in the vicinity of the lower end of the
projection optical system PL. A parallel flat plate 216 having
a rectangular configuration is disposed at the lowermost plane

of the projection optical system PL in conformity with the

scanning direction in order to harmonize the extending portion
of N.A. with the direction of 45° of the projection optical

system PL, and in order to correct the aberration of the
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214 according to the fourth enbodi ment of the present invention, in which
the shot array is larger than the outer circunference of the wafer W For
exanple, Fig. 42 shows Conparative Exanple concerning pre-measuremnment
control, in which the shot array is larger than the outer circunference of
the wafer W In Fig. 42, AF detecting points AFl to AFS5, Wm%g SEP 2%2
arranged in the non-scanning direction, are disposed on the front side in
the scanning direction with respect to the exposure area |F subjected to
scanni ng exposure, (in the direction indicated  upwardly by an arrow in the
pl ane of the pRP éCtaJc‘?rhiFW,WtH‘%h cé’%‘ﬁé}g:&rcésaﬁ%%ﬂrpjﬁélpﬁémﬂ%k YstAn
points AFl to AF5 are fixed, and the wafer Wis scanned with respect
thereto, howevdk: fie AEoAGERFEARE, PORBLE| | Wikichtexiend ofierdimenshonhalyt he
exposure area |F and the AF detecting points shown in the drawi ng are
scanned with rosgde nom-sicanndngr dimet&dehn., Ardedrcanged aateawiXplacadsSER
2002 AFB, which is constructed by the AF detecting points ANto AF5, is

provi ded to perHaxenfiir FEASUARNENY 4Rd -SXUHNNIGGONR! EF6nt ¥ £-IRASY £HBNT
control. The width of the detecting area AFB is approximtely the sane as

the width of tﬁ'@:}@blio’éﬂé%ﬁaela‘lél':flia'%_ bEt BT S GANPhA%E M BGd A9 redPe8nt he

pre-measurenment control i's made by usihg the projection exposure appar at us

c ol i . ‘ |
angi ng 1 om ART Caeapbeton i BRTER LY SonlAFRA Rt cRU-AlbentTohst

the stage as Scpe%vgqctli%nlz{:gpeﬁ%“ mleaghlazllrlg.'sm4§é dtehsecribed in Japanese Laid-Open

Patent Publication No. 6-283403 corresponding to U.S. Patent
No. 5,448,332, then the AF measurement cannot be performed at
the exposure position, while it is possible to form a long spot
group extending in the non-scanning direction, and the
detecting points are arranged one-dimensionally. Accordingly,
this system is advantageous in that the offset error, which is
caused by intra-plane curvature of the respective AF spots in
the Z direction, can be easily corrected. Further, for example,
when a method for forming the interference fringe in the
non-scanning direction by means of two-directional incidence
is adopted, the present invention is easily and advantageously
applied, because the present invention resides in the pre-
measurement control method for the one-dimensional process for
detecting the AF/AL position by means of one-dimensional image
processing in accordance with the distance error and the
positional variation of the interference fringe. Moreover,
the light beams are divided into those for the two places of
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hori zontal axis indicates the novenent time [t] of the stage, and the
vertical axis indicates the relative position [n] in the Z direction with
respect to the surface position of the wafer. As shown in the diagramin
Fig. 43, the detecting points AF5 to AF3, which overlap the surface of the

wafer W gradually represent the surface position of the waf@r3iSEP 2002
accordance with the novenent of the detecting points in the scanning
direction. However, the detecting points AF2 and AF1 do not pass over the
waf er surface %ﬁtil the end. Therefore, no nornal output value is obtained
for the detectitH§ POFRTLIMERALSRF AFE, ABE ye HGOBEINIAYoEheR RefOVEr Which

I ntended to carry out the pre-neasurenent control for all shot areas based

on the five-poPRESnBatutRbeREePhthe neapeqtdye A igkkpheansvis Areoplded fmown
in Figs. 42 and 43, then an error occurs for the shot area in the vicinity

of the outer EhatukheraR{aLodcchragpf ewhiahdvaries depersding e a4 2 3
SEP 2002 performthe AF/ AL control in sone cases. In order to avoid this

i nconveni ence, tehpesateresehaygé p ﬂﬁkﬁnﬁh@ﬁg@ bt 81 Bow A Al teriraiure-
sequence for inconplete shot areas so that the pre- neasurenent control is

carried out whibtpe1fedgas €AY EnIAYR Lhe d&n%&ds 68 L el 4§

the wafer W or the exposure process is carried out by using measur efen

o o o,V SAPERE 0O N SR, SRR A P

I nvention, therc\a'\é\(xjct:gd?f t he AF

Next, explanation will be made for the pre-measurement

control based on the use of the projection exposure apparatus
214 according to the fourth embodiment of the present invention,
in which the shot array is larger than the outer circumference
of the wafer W. For example, Fig. 42 shows Comparative Example
concerning pre-measurement control, in which the shot array is
larger than the outer circumference of the wafer W. 1In Fig.
42, AF detecting points AF1l to AF5, which are arranged in the
non-scanning direction, are disposed on the frqn‘t side in the
scanning direction with respect to the exposure area IF
subjected to scanning exposure (in the direction indicated
upwardly by an arrow in the plane of the paper; actually, the
exposure area IF and the AF detecting points AF1 to AF5 are fixed,
and the wafer W is scanned with respect thereto, however, for
convenience, the illustration is given such that the exposure
area IF and the AF detecting points shown in the drawing are

scanned with respect to the wafer surface). A detecting area
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detecting points in the non-scanning direction is wi dened as conpared with
the exposure area |F, and thus the surface position of the wafer of the
adj acent shot area can be nmeasured. Accordingly, the pre-neasurenent
control, which scarcely suffers fromerror, is perfornmed by utilizing the

result of the neasurenment. Fig. 34 shows a plan view of the \Qa§e3E|W2mi ch
explains the pre-neasurenent control nethod based on the use of the AF/ AL

system according to the fourth enbodinent. Fig. 34 shows grouping for

respective shotFareabichies gons edusbed byhthe NFedBBasYL REPYinE@NAF Pled Brs
carried out in an order in which the wafer Wcan be exposed nost qui C}l?(?y.

Fig. 35 shows dsppgowiaedl torséatsansie mé&é&%{bﬁ@%o‘ixﬁ%eﬁﬁﬁéﬁg%ﬁ%ﬁg

the AF detecting points during the focus nmeasurenent. Int
it is previouphk gebsureRedtt Haht Whp desaet OL Y fAFL 10 225 2 3
SEP 2002 AF9, %Bl to ABI) are used for ?glc %éggﬁ‘h(ggsﬁb? dtaer§:§%§lf‘8 PEFR SR
t he AF neasureggn mlﬂ' roupi.ng such as ." B, G D E F AF AB",
So as to previ gﬁs{'@pgéeht(ermggy%pee %85‘. t #9n %1’”“1‘@3‘ °ae$é%ﬁxﬁﬁsﬁéien?§eﬁs@j
for respective.ﬁrgggs as shown in _a table in Fig. 36. In the table shown
in Fig. 36, th&Tp58PtPBA-6FAPALNG ARIERFELRN g R hitheAPra-BeasgremBDtt o
AB9) to be used is indicated in the lateral direction, and the nanme of the
group obt ai nef°BYrglolipi Radehkey respestthe phojectiars exposulie atpgthiatus he
vertical direction. The control is made by the main control
constructed as shown in Fig. 42 (Comparative Example), AF output
values ranging from AF1l to AF5 are obtained in accordance with
the movement of the stage as shown in Fig. 43. 1In Fig. 43, the

horizontal axis indicates the movement time [t] of the stage,
and the vertical axis indicates the relative position [um] in
the 2 directionwith respect to the surface position of the wafer.
As shown in f:he diagram in Fig. 43, the detecting points AF5
to AF3, which overlap the surface of the wafer W, gradually
represent the surface position of the wafer in accordance with
the movement of the detecting points in the scanni‘ng direction.
However, the detecting points AF2 and AF1 do not pass over the
wafer surface until the end. Therefore, no normal output value
is obtained for the detecting points AF2 and AFl. As described
above, when it is intended to carry out the pre-measurement
control for all shot areas based on the five-point measurement
as illustrated in Comparative Example shown in Figs. 42 and 43,
then an error occurs for the shot area in the vicinity of the

outer circumference of the wafer, and it is impossible to
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unit 90 so that the pre-neasurenent control is perforned by using the AF
detecting points (sensors) affixed with circle synbols at the crossing
positions thereof. For exanple, Fig. 37 shows the positional relationship
at the point of time to start the pre-nmeasurenent control for the wafer

surface and the AF detecting points used when the shot areap2313fpf 2002
group A is exposed (for exanple,, when the shot area |ocated at the
upper-left end in Fig. 34 is exposed). In this case, the control is nmade

by the main coperdforathedF A0, caAtEO]USEsbiie Afsdle! eehi O BlS AT i\g&
AF9 which are located at positions separated fromthe exposure area Hl y

a distance L ijhddiferiandidld idl H8ChHedes gt ttihSm%f %C‘ég hen PR
of tinme to start the pre- nmeasur enent controlytsoovvnkl n ?é.GBS%téa%’ 8#%{%
three AF detectd i F7 £8.. AF9) .designated_ by the in control
unit 90 are | ocat eﬁgn%{e%é&@ac erféé:u ) 15%8 %?’i?ttséﬁeﬁgoﬁoTﬁ ki bhe, Pree
pre- measur ement_contr ol its Berfoirred on the basis of measured val ues
measured at t hESPFHEETREYIEPBLEPHgLS poR T kedrut Ahdlleapergprming ofpaern ing
of the exposure for the shot area 212 indicated by broken lines. The
process shown if¥om §he Besidel torthespyeside ahdhearafgrtWetdmghpoexposure
fixation method” in which the AF detecting points to be used are
previously fixpdocessesp@adimigd out iy sbdng measurénerthdaesaom khesd\oyfadd
Fig. 37, only the detecting point AF7 is actually nmeasured in the shot
area 212. The pbsAtioantfokhe wafer concerning the adjacent shot.

On the contrary, as shown in Fig. 30, in the fourth
embodiment of the present invention, the width of the AF
detecting points in the non-scanning direction is widened as
compared with the exposure area IF, and thus the surface
position of the wafer of the adjacent shot area can be measured.
Accordingly, the pre-measurement control, which scarcely
suffers from error, is performed by utilizing the result of the
measurement.

Fig. 34 shows a plan view of the wafer W, _wiiich explains
the pre-measurement control method based on the use of the AF/AL
system according to the fourth embodiment. Fig. 34 shows
grouping for respective shot areas, designated when the
pre-measurement control is carried out in an order in which the
wafer W can be exposed most quickly. Fig. 35 shows a positional
relationship between the exposure area IF and the AF detecting

points during the focus measurement. In this embodiment, it

is previously determined that what AF detecting points (AFl to
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based on the pre-neasurenent can be perforned by using neasured val ues for
the detecting points AF8, AF9 disposed on the adjacent shot area. When no

i nconpl ete AF detecting point is included in the shot area during the
pre-neasurenent control, nanely when the group AF or the group AB shown in
Fig. 34 is processed, the neasurenent is perforned by using 28! SEPh2]02
detecting points AF3 to AF7 and AB3 to AB7 |located in the shot area
designated in the table in Fig. 36. The detecting points AFl, AF2, AFS8,
AF9 | ocated outside.the shot area are not used. In the case of the group E

shown in Fig. &P phd FRIEA AL used IRY eckealihe shey aReasidieperigrm
points AFl to AF5 as designated in the table in Fig. 36. In the case of
the group E, thfelfemeaénrgmpat nthy Aakingrgrouping seek wedAenBi i WayE pf
the process of the pre-neasurenent control as shown in Fig. 34. 227
23SEP2002 AccdtdRRgl AB" i e asctioguyeviousity elestedmimen thegses @i ot oEsther
the detecting points AF6, AF7 are used. However, an advantage is obtained

in that the caitedtimgopesatshised eolr Mesipee tiviegréopd | @k dHbun 90 LCam e
sinplified in a degree corresponding to the nonnecessity to change the AF

detecting poiritn B$QY 36 ON% theMBalie PHRIULR POG! %té,oﬂhgéﬁdéﬂi%ﬂ blengn L or

the shot array. Therefore, if the control process has a certaln nmargin, it

7o DLEST 3oL A lcclty e BIce (BAVES. o, B IELRROTILBHE Socd T A
indicated in the lateral direction, and the name of the group
obtained by grouping the respective shot areas is indicated in
the vertical direction. The control is made by the main control
unit 90 so that the pre-measurement control is performed by
using the AF detecting points (sensors) affixed with circle
symbols at the crossing positions thereof.

For example, Fig. 37 shows the positional relationship
at the point of time to start the pre-measurement control for
the wafer surface and the AF detecting points used when the shot
area 212 of the group A is exposed (for example, when the shot
area located at the upper-left end in Fig. 34 is exposed). 1In
this case, the control is made by the main control unit 90 so
as to use the AF detecting points AF7, AF8, AF9 which are located
at positions separated from the exposure area IF by a distance
L in the scanning direction. 1In this procedure, at the point
of time to start the pre-measurement control shown in Fig. 37,

all of the three AF detecting points (AF7, AF8, AF9) designated .

by the main control unit 90 are located on the wafer surface.
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control. Next, explanation will be nade for -pre-neasurenent control
net hods ot her than the above. Fig. 38 lies in the "AF detecting point
novenent type" in which the focus neasurenment for the wafer surface is
performed for a predeterm ned shot area by noving the AF detftégi %% ths
in conformty with successive novenent in the scanning direcéi |$ f
sensors capable of perform ng AF neasurenent on the surface of the wafer W
wi t hout changi ng the nunber of AF detecting points to be used. In
principle, thisheeehode, i héheroDaéasycehbrtt coRESHT i N9 pBE FOhed AN 9,4 he
hi ghest accuracy, of AF neasurenent nethods based on the pre-neasurenent
control. Wien pheis ' ' L ri.ed, qut. .the
is A GRESENF & Vo1 ids rﬂﬁé@ﬁ@%ﬁe i'%p@é? e@%xc&{ Aie.d%q:sedgrlé\g

main control unit 90 makes control so that t I Ng "poi n
changed on t he,basy i ti | af or matj on. on t out er circunference
of the 228 2 gp%@t%&)rgf’waafo%l’,hgggéll?#g%aﬁm'}‘%jf%tfﬂ ioﬁ%&? PRBORRT @ ek U ttihgy
points, and positional jnfornption on the shot area as the exposure
obj ective, in D'Yerdte r%&g’rﬂ%%ﬁﬂ DY Rreaken ilinei nt overl aps the
effective area located inside the prohibition zone defined at the
circunferential edgeffoPEosesst shrenwaneFigg. 3fhiandd ddvikrgidae iaftdre WAR
the scanning direction. For exanple, in the case of the procedure shown in
Fig. 38, the riRtefteifehtpoint ffiinat iorpaudtdrotd iy wisicly the oF detectiing
poi nts AF7, AF8, AF9. Secondly, detecting points AF6, AF7, AF8 are used.
points to be used are previously fixed corresponding to the shot

area. In the example shown in Fig. 37, only the detecting point
AF7 is actually measured in the shot area 212. The AF/AL control
based on the pre-measurement can be performed by using measured
values for the detecting points AF8, AF9 disposed on the
adjacent shot area.

When no incomplete AF detecting point is included in the
shot area during the pre-measurement control, namely when the
group AF or the group AB shown in Fig. 34 is processed, the
measurement is performed by using only the detecting points AF3
to AF7 and AB3 to AB7 located in the shot area designated in
the table in Fig. 36. The detecting points AFl, AF2, AF8, AF9
located outside the shot area are not used.

In the case of the group E shown in Fig. 34, the measurement
is performed by using the detecting points AFl to AF5 as
designated in the table in Fig. 36. In the case of the group
E, the detecting points AF6, AF7 can be measured on the way of

the process of the pre-measurement control as shown in Fig. 34.
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Thirdly, detecting points AF5, AF6, AF7 are used. Finally, detecting

poi nts AF4, AF5, AF6 are used. In such a way, the sensors are changed so
as to select the three detecting points, if possible, within the shot area
212 within the effective area on the wafer surface. Accordiqﬂbyp Ev2 when
the outer circunferential portion of the wafer W at which t 9ﬁ t ea
I's provided, is subjected to scanning exposure fromthe outside to the

i nside by noving the exposure area |F (actually, the relative scanning is

performed by nretogdihglypictle Mahticy i@SPREted fod MBeMROSIRLTSRLLE A ch
does not meke novenment), it is possible to quickly drive the wafer surface

position into tﬁé%éﬁ@ﬁﬁr{gobgﬁhi:grhﬁé,"i'}ﬁ‘?ogr%%gj %@}Jeﬁzgﬁgéﬁ% vaphage™

PL by perform ng the pre-neasurenent contro 0SSI

perform qui ck ' ccynate facus/levelin control . A%forthe )
met hod for thef%]ﬁ%ﬁr:%%,:ﬂ% aj'ﬁls%pl)]%e &M% #gnf‘%gﬁz%ggﬁf’szﬁgge?'be & dhg main
groupi ng as descrj or referable to always nonitor the

bed ahqv it ig

outputs of allCoFtE sgpscﬁ”b tl?sélF‘Eélfééfje{a‘Bi%SeHEPﬁtCW%TPW to
within an allowable value. Fig. 39 resides in the "AF sensor number and
position varidh SQnpseessithtenchpngactke tAhgetschtiagapeintets et dn ded
that the nmeasurenent can be perfornmed therefor, regardless of the nunber
of the AF det eexn@fpeikppsure dpenatiion Ihisipy sesding fos therdoitearzad.i n
that the averaging effect is enhanced owing to the use of a plurality of
AF detecting [fherteforekiifgthe control process has a certain margin, it is

preferable that the measured values for the detecting points

AF6, AF7 are used to performmore highly accurate focus/leveling

control.

Next, explanation will be made for pre-measurement
control methods other than the above. Fig. 38 lies in the "AF
detecting point movement type" in which the focus measurement
for the wafer surface is performed for a predetermined shot area
by moving the AF detecting points in conformity with successive
movement in the scanning direction of the sens_ofs capable of
performing AF measurement on the surface of the wafer W without
changing the number of AF detecting points to be used. In
principle, this method is the most excellent measuring method
having the highest accuracy, of AF measurement methods based
on the pre-measurement control. When the "AF detecting point
movement type" is carried out, the main control unit 90 makes

control so that the AF detecting points are changed on the basis

of positional information on the outer circumference of the
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possible to be scarcely affected by canber or the |ike possibly existing
at the outer circunferential portion of the wafer. For exanple, when the
reproducibility is unsatisfactory in the AF neasurenent, this effect is

further enhanced. In the case of the procedure shown in Fi g.2 59 Ei’iflﬁzi n
Fig. 38, the main control unit 90 al so makes control so that h§ AF
detecting points are changed on the basis of positional informatioii on
the outer circunference of the wafer, positional information on the AF

detecting poi n{g&feBNhdroi {drAli nifBirRaRBIUN0BNOMh e abekcaif e
exposure objective, icbn order to recognize V\/ngt AF det ecfi ngap%?%t){%i/é‘rnldaps

Ci  cunt or ent | A1 SHGE et {1 B I I RV T ' RERRMEE Wi

circunferenti edge portion o e novi ng

th [ ' | t hi d .th f the AF detecti
R L W A s SRR e P et

230 2 3 SEP 2002 i n% gl | of th,e, det ecting points included in the
effective arelVetiRhENgRL GGy 8RR oFated ippdde AhcoPER b it ievernehen

the shot area located in the vicinity of the outer circunferential of the

waf er Wis sulfjeinef taf sdhsimgunferantd £ @dgehpoaitisndef thet wafienside,

It is possible to quickly drive the wafer surface position into the imge

formation pl arndhidfe mheipg djhecta Der Waint thelscsystiang Plrdyt o f oFdirgkdniifl e,

pre-neasurenent control. Thus, it is possible to perform quick and highly

accurate focusl theetasg ePrtheOprocedure shown in Fig. 38, the measurement
is firstly performed by using three detecting points AF7, AF8,
AF9. Secondly, detecting points AF6, AF7, AF8 are used.
Thirdly, detecting points AF5, AF6, AF7 are used. Finally,
detecting points AF4, AF5, AF6 are used. In such a way, the
sensors are changed so as to select the three detecting points,
if possible, within the shot area 212 within the effective area
on the wafer surface. Accordingly, even when the outer
circumferential portion of the wafer W, at which the shot area
is provided, is subjected to scanning exposure f;ém the outside
to the inside by moving the exposure area IF (actually, the
relative scanning is performed by moving the wafer W with
respect to the exposure area IF which does not make movement),
it is possible to quickly drive the wafer surface position into
the image formation plane of the projection optical system PL
by performing the pre-measurement control. Thus, it is

possible to perform quick and highly accurate focus/leveling

control. As for the method for the change, it is preferable
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The use of the pre-nmeasurenent control nmethod as described

above may be

used to make addition to the technique described, for exanple, in Japanese

Lai d- Open Patent Publication No. 6-283403 corresponding to

U S. Patent

5,448,352, Thus, it is possible to performquick and highl % fceyajg,
In

scanni ng exposure for the respective shot areas on the wafe

accordance with the nost rapid exposure order, regardless of

classification of shot areas into those Iocated i nsi de the

| ocated in theyy éPféYm J}\%ﬂ%’%grdegéffﬂ 8& {084

expl anation w | e made ata are a as pre
hssured: for cuanars. nppifoR ke brplgt ?%”?%(pggdﬁic;%%%"q

direc t he scanpi ng vel ocity.
during The 2310508 CEéﬁngaénﬁxﬁﬁi‘aﬁecwegowfs sbtouap)
affected by the waviness_frequency of the wafer surface, it
for the throughput ¥&9gi32 Eesided i bhskhe AF tsensee slunbax

waf er and those

%%5?5%5??? ra

above.
Eﬁl?PtqﬁF the
of the wafer
¢ aling

is desirable
@ndurpoislit iolme

pre-measurenment AF detecting point arrives at the wafer scanning velocity

during exposur¥arighkegdigjpst iprwhidcktalicdetecting poidts @k,

u$ &d prasdiory

corresponding to the absence of unnecessary run-up. This procedure is

executed as fothatsthe Tieaisuremehitec ahebSgRIIAHRIY tReFEELLN)

F8q&Ad A Alrd

from information in the data file on the position of the outer
the number of the AF detecting points to beused. This procedure

is characterized in that the averaging effect is enhanced owing

to the use of a plurality of AF detecting points, making it

possible to be scarcely affected by camber or the

like possibly

existing at the outer circumferential portionof thewafer. For

example, when the reproducibility is unsatisfactory in the AF

measurement, this effect is further enhanced. 1In the case of

the procedure shown in Fig. 39, like in Fig. 38, the main control

unit 90 also makes control so that the AF detecting points are

‘ changed on the basis of positional information

on the outer

circumference of the wafer, positional information on the AF

detecting points, and positional information on

the shot area

as the exposure objective, in order to recognize what AF

detecting point overlaps the effective area located inside the

prohibition zone defined at the circumferential

edge portion

of thewafer W, whilemoving the wafer W in the scanning direction.

In this procedure, the number of the AF detecting

points is not

limited. Therefore, the AF/AL measurement is performed by
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circunfeerence of the wafer, the coordinate position of the shot area, and
the distance L fromthe exposure area |F to the AF detecting point. Wen
t he pre-neasurenent start position is |ocated inside the pattern

prohi bition zone (usually about 30 nm see Fig. 30) at the outer
circunference of the wafer, the sensor corresponding theret@ 3sSERAGN2d.
However, the outer <circunference of the wafer tends to be affected by
canber and dust. Even in the case of the pre-measurenent start position

set in the data file,.,t 0osj tion .does not necessar.i represent the
accurate posi t‘i‘%’rp%ﬁlg‘rﬂl}eﬂg?aaﬁrtﬂ'&é?é?o Yﬁ&H&if"aﬁdvﬁ'hhﬂé’%fﬁﬁtﬁfﬂ&@mﬂr
the procedure in which the control error caused in the aforenenti oned case

is made as sriRf Ehesdpbectne pojintis AR & AFE -t ATTeRdinglangvan when Ehg.
40, it is assuned that, for exanple, when the AF detecting points AF6 to
AF9 are used &hot amea jeeaped imtheeviakniiby exft thg puten ciz2unfaérS8hPian02
fixation nethod" described above, the pre-neasurenent control start
coordi nate is dbthesdfxr W igasib et dd tosdwam iny Ekfosdie fAGROIE BAtE9de
cal cul ati on based on the use of the data file, however, the position (1)

is affected byxd khephidRid), REOH bEEQBIezi%‘%ui%'RQyi&r{@% h¥ Wi dPEarELOR

de-focusing. In this case, as shown in Fig.” 41, when the pre-neasurenent

SO SLHSSEiCH St RAR kel ey B Bl Fhe e Brnin,

of  measurenment,qora' N§deBh PR Sl e S e IOV R emeat b5t rol .
Thus, it is possible to perform quick and highly accurate
fécus/leveling control.

The use of the pre-measurement control method as
described above may be used to make addition to the technique
described, for example, in Japanese Laid-Open Patent
Publication No. 6-283403 corresponding to U.S. Patent 5,448,332.
Thus, it is possible to perform quick and highly accurate
scanning exposure for the respective shot areas on the wafer
surface in accordance with the most rapid expps"ure order,
regardless of classification of shot areas into those located
inside the wafer and those located in the vicinity of the outer
circumference of the wafer.

Next, explanation will be made for what data are adopted
as pre-measurement data when the pre-measurement control is
performed as described above. It is assumed, for example, that

the width of the exposure area IF in the scanning direction is

6 to 8 mm, and the scanning velocity of the wafer during the
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error with respect to the target, it seriously affects the Ieveling
control, because the correspondi ng sensor is disposed at the nost right
end of the AF detecting points. If the systemis designed such that the
pre-nmeasurenment point is noved at 80 nm sec, and 70 %t hereof can be

subjected to control during scanning, and if the detecting Bcg'[ rngAliguz
di sposed at the nost right end involves an error of not-nore han sever al

pmin the Z axis direction, then the systemmnerely suffers froma small

- i f ggt i 1095 ; t
error ow ng togkhesayeragi 8g eLf 66 mm?QEg:e negh HHg '&?Jén{earﬁegzt{%lg%y e

control. However, if there is an error sever al axls
direction, ang._.ifk | copt | .Se perforimed by, usin as t ar get
val ue, a resul 938%P%?§e§§%§hgﬁgyn%’ﬂ%@% %a{/e?ﬁ F&5 clel!d?éﬁ‘g h ésb’F?lg}‘? Hen
an error of an_unallowahl e degree is produced. For this reason, it is
desirabl e that tﬁﬁgt'blf'oeu-qal?a‘étuggn%’n‘fe iasp%f%ﬁ’t%'éﬁlk%ozf shepscedgrakfen unel
result obtained by nonitoring data upon the start of the nmeasurenment for
the pre- measur EREnPrEcReRENEEMEBE NAF | detofting peint| amabves ratngdie whiflexr
when the result exceeds the allowable range, the neasurenent result

obt ai ned by t hecaneingaienignt dooingoéxpesume +uthd adjidtrent dastancé ha,
point (2) at which the result is within the allowable range. In the case

of the "AF senso8 posloimn)poienEndedyde’ cotifespdiedild- SENGRH JHFSHRe I

position variable type" described above, it is possible to use only the AF

detecting poi Nifnecessary run-up. This procedure is executed as follows.
That is, the pre-measurement position is calculated from
ihformation in the data file on the position of the outer
circumference of the wafer, the coordinate position of the shot
area, and the distance L from the exposure area IF to the AF
detecting point. When the pre-measurement start position is
located inside the pattern prohibition zone (usually about 30
mm; see Fig. 30) at the outer circumference of the wafer, the
sensor corresponding thereto is adopted. However, the outer
circumference of the wafer tends to be affected by camber and
dust. Even in the case of the pre-measurement start position
set in the data file, the position does not necessarily
represent the accurate position of the wafer surface.

Explanation will now be made for the procedure in which

the control error caused in the aforementioned case is made as
small as possible, with reference to Figs. 40 and 41. In Fig.

40, it is assumed that, for example, when the AF detecting points

AF6 to AF9 are used as in the group C in the "AF detecting point
232



included in the allowable range. Further, a certain allowable range nmay be
al so set for the neasurenent error concerning the respective detecting

poi nts, and the AF detecting points except for the AF detecting point

whi ch involves a cause to exceed the all owabl e range may be used. By doing
so, for exanple, it is possible to decrease the frequency of 2& Sbft 2082 of
AF error caused by the influence of dust or the |like attached to the back
surface side of the wafer. However, in such a nethod, it is necessary to

o e ol B EATRide aBLEY B Xpb e IR pEEL LR R RLL OB C 01

range with respect to the position riv

Therefore, it |s_ pecessary. .to execute gl.obal AF or. gl opal AF/ AL beforehand
on the basis o%é?)r:ng croeosriiﬁ%abtre Tlgcﬁgcaﬁggs‘ﬂi énBﬂF’lngﬁan)c [F&oWEr &R Fig. 41
alignment. As expl ained above, according to the projection exposure 234 2 3

SEP 2002 appar®t D9 KGR AT IR RAReh Qiiidte mER Qff thiee datesdiie,
invention, a plurality of AF detecting points are arranged for the area
whi ch is wi derhovweyere kba-pasditniony( Y riscaf fecteéd byt tiee pexpesnperoiied tibnon
the wafer W when the pattern on the reticle R is subjected to the

scanni ng exposz@re orérl tite fiadfrdly Walff erise framddek fbbes Phg) eatri ¥hiePthgal,
system PL. Further, prior to the exposure for the shot area 212 |located in

the vicinity ofs shewndit BigCiqicUwhehaifeppb-hB8sUPERENWcnRS 01 is started

pre-measurenent for the focus is started at the point of tine at Wﬁl cﬁ a

part of the st the position (1), the output values of the respective sensors
are affected by the detecting point AF6. If the result of
méasurement obtained by the pre-measurement involves a sizeable
error with respect to the target, it seriously affects the
leveling control, because the corresponding sensor is disposed
at the most right end of the AF detecting points.

If the system is designed such that the pre-measurement
point is moved at 80 mm/sec, and 70 % thereof can be subjected
to control during scanning, and if the detecting point AFé6
disposed at the most right end involves an errpf of not more
than several pm in the Z axis direction, then the system merely

suffers from a small error owing to the averaging effect
obtained during the pre-measurement control. However, if
there is an error of several tens pm in the 2 axis direction,
and if the leveling control is performed by using, as a target
\)alue, a result obtained by adding such a value including the
error, then ah error of an unallowable degree is produced. For

this reason, it is desirable that the pre-measurement is started
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plurality of AF detecting points overlap the surface of the waf er W The
focus control is started on the basis of the result of the neasurenent.
Accordingly, the focus information on those |ocated at the inside, which

has not been able to be neasured by using the pre-neasureneg%scs gram
based on the use of the conventional scanning type projecti e E S g
apparatus, can be used for the focus control as the pre-neasurenent data.
Therefore, it is possible to performthe highly accurate focus control

wi thout deteri @hahi 8fel PesdI¥ V1dMPHeq Wie ﬂoﬁ'ﬂ%oég g%@ﬁ% 'lﬁ%rp(t).'h@tseg'rlt. df

surface of the wafer W of the pluralify of ecting points Is use

e Cveling. SAW! hBhslehDhc! PE-CXRASHEE. héa?ﬁ%gﬂé%dd8¥%3§#$§ So ds

| eveling information on t acen y using
(for exanple, aof _the cI| ation anmo in the X direction and the
i nclination anggkplpna?h%l BER g & k*ﬁ whegs th le§SSEP exgeeds the

Accordingly, the_pre- neasurenent control can be started even for the

i nconpl ete sho?léPﬁébiﬁcéﬁéaerntbﬁemﬁﬁéﬂﬁﬁm?nbfr@ﬁ%lbu@btalnﬁd(hwﬁ@mence of

the wafer. Further, upon execution of the pre-measurenent control by using

one point of tnéeﬁmeaeuéemeng qeoitnoloi st het ugddhoatdfl arhivalfér thg pohiart

the AF detecting point different fromthe aforenentioned point overl aps

the surface of (2heatatkichVthéeresibt nbaswieitntthe £1Psvwasl atrdme

correspondi ng position. Wen the leveling control can be perforned by

usi ng the both In the case of the "AF sensor position movement type" and
the "AF sensor number and position variable type" described
above, it is possible to use only the AF detecting points
included in the allowable range.

Further, a certain allowable range may be also set for
the measurement error concerning the respective detecting
points, and the AF detecting points except for the AF detecting
point which involves a cause to exceed the allowable range may
be used. By doing so, for example, it is possible to decrease
the frequency of occurrence of AF error caused by the influence
of dust or the like attached to the back surface side of the
wafer. However, in such a method, it is necessary to allow the
wafer surface to be previously included within an allowable
range with respect to the position for making driving into the
target AF. Therefore, it is necessary to execute global AF or
global AF/AL beforehand on the basis of the result of focus

measurement during the wafer alignment.

As explained above, according to the projection exposure
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réesults of the pre-measurenent until the start of exposure, the 1leveling
process based on the use of the adjacent shot or the |Ileveling correction
process based on the use of the fixed value as described above is changed
to the leveling control process based on the pre-neasurenent for h

i nside of the shot. By doing so, even in the case of the pr §£ §Wﬂht
control for the inconplete shot |ocated at the outer circunference
portion, it is possible to performthe focus/leveling control highly
accurately. The AF detecting points to be used when the pre- neasurenent is
performed are RPRIFAHE 2dd, cRBCBEBILBgothe HEourdds iemboddmentf of rtdteé pmesenthe
outer circunference of the wafer W the positional information on the
plurality of thenvéntideteatphgrabity nf arddébecting gidiaite apsidrreisg<d rhpe
shot areas on the wafer W at. the point of tine at which the shot array

236 2 3 SEP 2002henriehewhaéRrrisiidedel & vh@edn-Acanidlyi afféfctich? t‘il% eEBéC’“
process based on the use of the AF detecting points to be used

pr e- measur emente,GHYIA ak8ad MBY ﬁé%tfte‘ard?g&fﬂé}gtﬁg a%néenq%hfe?;:e‘:gg%e

waf er. The pre-neasurenent control Is star omt oi n

whi ch the dete ta of the det | in

within the all gl{vva S&gi%%eé)l% CEQrggsc"’g’f'V VAR GBS h%nF ﬁﬂ%ﬁgg methe

outer ci rcunfeafe.fgit |g e of . the wafer js unexpectedly | arger than t hat

assuned from s"T OQSSF&IPHa‘?%tl‘? SEELER Rlont F3ir thernopr @5 tocthat

exposure for the shot area 212 located in the vicinity of the
quter circumference of the wafer W, the pre-measurement for the
focus is started at the point of time at which a part of the
plurality of AF detecting points overlap the surface of the
wafer W. The focus control is started on the basis of the result
of the measurement. Accordingly, the focus information on
those located at the inside, which has not been able to be
measured by using the pre-measurement control based on the use
of the conventional scanning type projection exposure apparatus,
can be used for the focus control as the pre-measﬁrement data.
Therefore, it is possible to perform the highly accurate focus
control without deteriorating the throughput.

When one AF detecting point on the surface of the wafer
W, of the plurality of AF detecting points is used, the leveling
control during the exposure is performed by using the leveling
information on the adjacent shot, or by using the fixed value
(for example, both of the inclination amount in the X direction

and the inclination amount in the Y direction are "0").
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that point of tinme. Therefore, it is possible to avoid occurrence of a
| arge focus/leveling error. In the fourth enbodi nent descri bed above,
expl anati on has been made for the case in which one wafer stage is used.
However, it is a matter of course that the present invention can be
carried out in the case of the use of two stages as explaiébﬁ obP 1 2042
first to the third enbodinents. In this case, it is not necessarily

i ndi spensabl e to previously performthe focus neasurenent by using the

al i gnment syst : r the urpose of higher accugac it is
preferable to g\g]rcpgra\rﬁnﬁﬁg’ %ﬁ%ﬁr‘?‘rﬂgﬁgﬁ%’ﬁ?nﬁf‘l&% £R8 §Fi éfﬁﬂﬁﬁ?ds‘%ﬁéﬁt‘bm
Wien the focus_ alignpent based on the use of the alignment systemis not
performed, an 585atr{?eabgc?’§9gﬁpéisﬁ’é’d: Rer Hocatied WpEhgtvisinityeof theraftar
can be used for .the operation tine for other purposes. 237 2 3 SEP 2002

[ Fi fth Enbodi nEAEFURMREreneenoénbbei wafieref the present invention will now
be described with reference to Figs. 44 to 47. Fig. 44 shows the

constitution of an eRposher, waparatecutlith of ghedpte-nbesiiénénerdmdizant .
This exposure apparatus 100 is a step-and-repeat reduced projection

exposur e appar by uss {rfg ®oeCpbliad 6 AIREMF dERRCRE AL S 10N &%Eﬁé%@ré&%‘gﬁ us
100 conprises an illumnation system|IOP, a reticCle stage RST for hol di ng

a reticle R aghd waskr W, KiReLEROMPPEEC&t S5 IR di¥ ferent from the

aforementioned point overlaps the surface of the wafer W, the
pre-measurement is started at the corresponding position.
ﬁhen the leveling control can be performed by using the both
results of the pre-measurement until the start of exposure, the
leveling process based on the use of the adjacent shot or the
leveling correction process based on the use of the fixed value
as described above is changed to the leveling control process
based on the pre-measurement for the inside of the shot. By
doing so, even in the case of the pre-measurement control for
-the incomplete shot located at the outer circumfe_rénce portion,
it is possible to perform the focus/leveling control highly
accurately.

The AF detecting points to be used when the pre-
measurement is performed are determined on .the basis of the
positional information on the outer circumference of the wafer
W, the positional information on the plurality of the AF
detecting points, and the coordinate positions of the shot areas

on the wafer W, at the point of time at which the shot array
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projecting the inmage of a pattern fornmed in the reticle R onto a wafer W
as a sensitive substrate, a wafer stage Ws1 as a first substrate stage
novabl e on a base 12 in a two- dinensional direction XY while holding the
wafer W a wafer stage WS2 as a second substrate stage novabl e on the base
12 in the two-di mensional direction XY independently of the vh8eBERt 202
WE1l while holding the wafer W an interferoneter system 26 for neasuring
the positions of the two wafer stages WS1, W52, and a main controller 28

as controllerog0pREl g4 Psray M i §OrPHE Ehied OF 24D ; e ' I Ng
CPU, ROM RANIgnd 1/0 intgrface,&for sgp%éviggﬁghﬁgh Q%% frg Fiﬁge%ﬁ§9°“

ti t ' ] ' I ' d of i ght
Sour e (norcor EEpSaE Hds ALY B B Re! o FAIPLRF Bethil Lo BE g
| ens, and

2002 opti cal i Sj fl | ens, |
condenser | enc STHS PLEGHERTEEReR < FORFFoP 19 ARAY 63echtoddur i thene

| ower surface of the reticle R (pattern formation surface) with a uniform
i || umi nance di STRRBLRY SRT Hhe WRERE: ndFhe Prie~gIeasnrengntSqidinlei s startied
light source. The illumnation light IL for exposure used is an em ssion

line such as ifromethe poiatnefcuine |atmwhioh thecdetect ieerrdsujitt obtarineday,

KrF or ArF. Onto the reticle stage RST, the reticle Ris fixed via fixing

means (not shoam)anyllo theidétest Age fRENtis ifs REkYin the allowable value.
Accordingly, even if the influence of the outer circumferential
edge of the wafer is unexpectedly larger than that assumed from
the designed coordinate, the focus control is not started at
that point of time. Therefore, it is possible to avoid
occurrence of a large focus/leveling error.

In the fourth embodiment described above, explanation has
been made for the case in which one wafer stage is used. However,
it is amatter of course that the present invention can be carried
out in the case of the use of two stages as explained in the
first to the third embodiments. In this case, it is not
necessarily indispensable to previously perform the focus
measurement by using the alignment system. However, for the
purpose of higher accuracy, it is preferable to perform the
focus measurement by using the alignment system. When the focus
alignment based on the use of the alignment system is not

performed, an advantage is obtained in that the operation time

therefor can be used for the operation time for other purposes.
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drivable By a driving system (not shown) in an"X-axis direction (the
right-and-left direction in the sheet face of Fig. 44), a Y-axis direction
(the direction perpendicular to the sheet face of Fig. 44), and a 0

direction (the direction of rotation in the XY plane). This | es
the reticle stage RST toperform positioning of the reticle E§?$E$Fpﬁgm?
alignnent) such that the center of the pattern of the reticle R (the
reticle center) practically agrees with the optical axis Ae of the

proj ection optigal §$§Q} i Fig. 44,'the state in which this reticle
al i gnment has eegﬂ%gr or#@#ﬁde]illustrated. The projection optical system

PL has the optical 1S .. | yi i.n a Z-gxis direction perpendicular to
the noving 239 2 3 %@E’é&gghpﬁﬁﬁ d&PePﬁeO&EFi EreFgyt mayentger will now
both-sided telecentric systemwith a predeterm ned reduction ratiot (t
of, say, 1/5) P& GESEribedsWijhenefrEepee ¢oeFREs 4| tanthated at a
uniformillum nance by the illumnation light IL with the pattern of the
reticle R being ali&digd 4di showsetbrotoasedsutiohhefwaheexpdsthe pattern on
the pattern formation surface is reduced by the projection optical system
PL at the reduepparatati @0P. réheted tedubedfipatt enBodsmeAe] eofiers onto the

wafer Wcoated with a photoresist, whereby the reduced image of the

pattern Is exposure apparatus 100 is a step-and-repeat reduced
projection exposure apparatus (a so-called stepper).

The projection exposure apparatus 100 comprises an

illumination system IOP, a reticle stage RST for holding a
reticle R as a mask, a projection optical system PL for
projecting the image of a pattern formed in the reticle R
onto a wafer W as a sensitive substrate, a wafer stage WSl
as a first substrate stage movable on a base 12 in a two-
dimensional direction XY while holding the wafer W, a wafer
stage WS2 as a second substrate stage movable on the base
12 in the two-dimensional direction XY independently of the
wafer stage WS1 while holding the wafer W, an
interferometer system 26 for measuring the positions of the
two wafer stages WS1, WS2, and a main controller 28 as
controller comprising a minicomputer (or a .microcomputer)
including CPU, ROM, RAM and I/O interface, for supervising
and controlling the entire apparatus.

The illumination system IOP is composed of a light

source (mercury lamp or excimer laser), and an illumination
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formed in each shot area orf the wafer W In the instant enbodinent, an X
fixed mrror 14X serving as a reference for X-axis direction position
control during exposure of the wafer stages W51, W2 is fixed to one side
(left side in Fig. 44) surface of the projection optical systemPL in the
X-direction. Simlarly, a Y fixed mirror 14Y serving as a rep¢ §gfe 2002
Y-axis direction position control during exposure of the wafer stages W51,
W52 is fixed to one side (rear side of the sheet face of Fig. 44) surface
of the projection optical systemPL in the Y-direction (see Fig. 46). On
the bottom sur PRE&CEL Exekewf Comprivfing ot f3yseysllenns2a relmp Béwé) Cand
pressure bearing (not shown) is provided. By these gas static pressure
bearings, the wafendenhagesleds.? BhSEPi2DGAiNGEioNEystemSIPWOiIAthinates
floatingly above the base 12 with a clearance of about several m crons

kept between thepaanhdrnt b€ thpelowsrfaceraéet be @ﬁéeré@icﬂDQI%#%%éé t
side in Fig. 44) surface in the X-axis direction of each of thie wafer

stages WL, Wgoraagignesitffcé] Saichi deuplebff BFGhind ACE d il St

surface in the Y-axis direction” of eac er-stages

mirrors for royi ShtAEhat FaCELIRE BLUEG T Erpoties ke Aty ot em 26.
source. The illumination light IL for exposure used is an
emission line such as i-line from a mercury lamp, or
excimer laser light from, say, KrF or ArF.

Onto the reticle stage RST, the reticle R is fixed via
fixing means (not shown). The reticle stage RST is finely
drivable by a driving system (not shown) in an X-axis
direction (the right-and-left direction in the sheet face
of Fig. 44), a Y-axis direction (the direction
perpendicular to the sheet face of Fig. 44), and a 6
direction (the direction of rotation in the XY plane).

This measure enables the reticle stage RST to-éerform
positioning of the reticle R (reticle alignment) such that
the center of the pattern of the reticle R (the reticle
center) practically agrees with the optical axis Ae of the
projection optical system PL. In Fig. 44, ‘the state in
which this reticle alignment has been performed is
illustrated.

- The projection optical system PL has the optical axis

Ae lying in a Z-axis direction perpendicular to the moving
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Onto the bottom surfaces of the wafer stages WS1, W52, nagnets are fixed.
Under an el ectromagnetic force generated by driving coils (not shown)
enbedded in predeterm ned ranges of the base (concretely, a predeterm ned
region near a site below the projection optical system PL, §Rﬂ\ﬂm%
predeterm ned-region near a site below the alignnment mcros e WA, The
waf er stages W51, W52 are noved on the base 12 in the two-dinensional
direction XY. That is, the nagnets on the bottom surfaces of the wafer
stages WS1, W52 and the driving coils enbedded in the base 12 constitute a
so-cal | ed novilignegfetthy peticleestagst #STas @erg,ng boghssidedt he waf er

stages W1, WB2. The driving current of the driving coils of this Ilinear
notor is cont el ideysrich ¢Ath' @l peed?Berddhed 2e8ERt20R2-LPiN _
waf er stages W1, W52, wafers Ware held by vacuum suction or the like via

waf er hol ders ,(not. shaown). to the waf st ages , W52, too, reference
mark pl ates ﬁ%ﬂ?fFNfaWHo é5§EﬁFa88er a%BHth%§§“ygéesE?Féﬁie0$ the wafer
Ware fixed. On the surface of the reference mark plate FML, as shown in
the plan vi ewidgflumigated atngr RDWGPIMoL Ljuadnaagenbywthls allamenatiognment
m croscope WA to be described later on is formed at the center in the
| ongi t udi nal dilgddt iIdnwittht tbespatieen Off bbthretdedeoR behegnal kgvédin t he
| ongi tudi nal direction, a pair of marks

with the shot areas on the wafer W, the pattern on the

pattern formation surface is reduced by the projection
optical system PL at the reduction ratio f. The so reduced
pattern is projected onto the wafer W coated with a
photoresist, whereby the reduced image of the pattern is
formed in each shot area on the wafer W.

In the instant embodiment, an X fixed mirror 14X
serving as a reference for X-axis direction position
control during exposure of the wafer stages WS1l, WS2 is
fixed to one side (left side in Fig. 44) surfaqe of the
projection optical system PL in the X-direction.

Similarly, a Y fixed mirror 14Y serving as a reference for
Y-axis direction position control during exposure of the
wafer stages WS1l, WS2 is fixed to one side (rear side of
the sheet face of Fig. 44) surface of the ﬁrojection
optical system PL in the Y-direction (see Fig. 46).

| On the bottom surface of each of the wafer stages WS1,
WS2, a gas static pressure bearing (not shown) is provided.

By these gas static pressure bearings, the wafer stages
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RM are formed for use in rreas.uring the relative positional relation with
the reticle Rvia the projection optical systemPL. On the other reference
mark plate FM2, exactly the sane marks WM RM are fornmed. In the instant

enbodi nent, noreover, an off-axis alignnment mcroscope WA as En fé)lm nt
system for detecting a position detecting mark (alignnment elr )3 r on
the wafer Wis provided at a predeterm ned di stance of, say, 3,000 mmfrom
the objection optical systemPL in a direction at an angle of nearly 450

to theXY axis. wshe weafareVshppokexs! fﬂb&&%ﬁggeébé%@ﬁeWﬁé@@f%ﬁ@gks

processing for the previous |layers. They inc e position t I'ig

(al'i gnment narEikaEthaea§UF§HEEts beblf fferéns §SF#egg%§§%§gﬁﬁﬁpéﬂﬁ£nfh0t

areas on the wafer. These alignment ~rmarks are nea

m croscope WA e,aLLgn m croscope WA used here is an FIA (field

i mage al i gnrren%imttﬁgéégl ggg%%ﬁ? ?r?cfrb‘g?&?)%ergfyi nPore 1ageteldr ddaesiing.
According to tgls n%ﬁsosco e, illumnation light emtted froma |ight
source (not shdowf) Wwhi cRUTHROBUERSERR ErrBbm direckiontobreadlymt thech as a

hal ogen lanp, is cast on the wafer W(or the reference mark plate FM
after passing %fehj ekagee Wehs W5bi andwwie Rale e(tear didghtoff thi aheeker
mar k region (not shown) on the surface of the wafer W passes sequentially
through the obfaeeiim Fig. 44) surface in the Y-axis direction of each of

the wafer stages WS1, WS2 are mirror finished to form
reflecting surfaces that function as moving mirrors for
reflecting a measuring beam from the interferometer system
26.

Onto the bottom surfaces of the wafer stages WS1, WS2,
magnets are fixed. Under an electromagnetic force
generated by driving coils (not shown) embedded in
predetermined ranges of the base (concretely, a
predetermined region near a site below the projection
optical system PL, and a predetermined-region_ﬁear a site
below the alignment microscope WA), the wafer stages WsSl,
WS2 are moved on the base 12 in the two-dimensional
direction XY. That is, the magnets on the bottom surfaces
of the wafer stages WS1, WS2 and the driving coils embedded
in the base 12 constitute a so-called moving magnet type
linear motor as driving means for the wafer stages WS1,
WS2. The driving current of the driving coils of this

linear motor is controlled by the main controller 28.
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| ens and ‘an indicator plate (not shown), fornmng an i mage of the wafer
mar k and an i mage of the indicator on the indicator plate on an inaging
surface of a CCD or the like (not shown). Photoelectric conversion signals
of these images are processed by a signal processing circuit (noi? 0Wn)
in a signal processing unit 160. The relative positional red & S&R 8 en
the wafer mark and the indicator is calculated by a conputing circuit (not
shown), and this relative positional relation is conveyed to the nain

controller 28. The | pheopLEgl! g ég cpseul S 1110 f.the
alignment mark on tﬁg ma%er ggon %ﬂ Basrs’ @%ftﬁégf%Fgﬁ?J%‘%ggﬁk1gﬁbl
relation and t neasureg.values of .the interferoneter system 26. 243 2 3
SEP 2002 To onggg}l% PHEFECY; 98 Fhe ke g¥3a s‘{ﬁ‘?%’ég?%]réﬂ% (n94 shasm) -
m croscope WA [n . the X-axis direction, an X fixed mrror 18X is fixed for
serving as a r8PEPehRE YaFepostages WebntW?: i t0Q herofengncelimagdt ipdatesr i ng
the alignment action of the wafer stages W1, W52. Simlarly, to one side
(rear side of Flhe EWecvhoseesorfage. ig4ys shirdmoas dfhe henmflaagmmentthe
m croscope WA in the Y-axis direction, a Y fixed mrror 18Y is fixed for
serving as a redferndeaferfisdti odn cone redriace tdle theaxieretigneet magrkduri ng
the exposure action of the wafer stages WS1, W52. Available as the
al i gnment ni CrpESOPEFNI £ dAOtsIRyY iMethe plan view of Fig.45, a mark WM
for measurement with a wafer alignment microscope WA to be
described later on is formed at the center in the
longitudinal direction of the surface. On both sides of
the mark WM in the longitudinal direction, a pair of marks
RM are formed for use in measuring the relative positional
relation with the reticle R via the projection optical
system PL. On the other reference mark plate FM2, exactly
the same marks WM, RM are formed.
In the instant embodiment, moreover, an off-axis
alignment microscope WA as an alignment system‘for
detecting a position detecting mark (alignment mark) formed
on the wafer W is provided at a predetermined distance of,
say, 3,000 mm from the objection optical system PL in a
direction at an angle of nearly 45° to the XY axis. The
wafer W has level differences formed by exposure and

processing for the previous layers. They include position

detecting marks (alignment marks) for measurement of the

242



FI A type, but other optical alignnent devices such as LIA (Ilaser
interferonetric alignnent) or LSA (laser step alignnent) devices, other
optical devices such as a phase contrast mcroscope and a differential
interference mcroscope, and non-optical devices such as SI Ti\/l (gfgnfd ag
tunnel mcroscope) for detecting the atomc-level irregulari Je t 20de
surface of a specinen by utilizing the tunnel effect, and AFM (atom c
force mcroscope) for detecting the atom c- and nol ecul ar-1 evel

irregularities o b SHET o] peci RPF4 1 ¢ fqrce
(gravity, repu g%éﬁwﬁlfnUtEhgﬁgFo%lé%??oﬁﬁegggs‘gér(gggbpa%%?%esaﬁl%@'%fe'} e
i nstant enbodi nen reticl nicioscogéé 52A, 52B 244 2 3 SEP 2002

k e ali nen%
as mark det ect PFAGEyEFEIPEAPUEFIPY ahRS 3T JIUBERTE VRIGE RFCORGHHY of t he

reference mark RMon the reference mark plate FMand a reticle alignnent
mark (not shown) onThReatdfReRt MICFPILRPE (W wed cheroniomn A Jyfstedd PL
are provided above the reticle R Detection signals S1, S2 fromthe
reticle alignnbnagei 8l bguoert) SLype 52Bignre st ppl ¢ eelscape heelyiaigy crohimagld er
28. In this case, deflecting mrrors 54A, 54B for guiding detection |ight
fromthe reticheodesoinge Aetocdingltgntieid microseapes HAAMITAR iane
unitized integrally with the relevant reticle alignment mcroscopes 52A,
52B to constituigh® ORitted i OsCORPENEdErdSAndSBhown) which
produces broad band illumination light, such as a halogen
lamp, is cast on the wafer W (or the reference mark plate
FM) after passing an objective lens (not shown). Reflected
light from a wafer mark region (not shown) on the surface
of the wafer W passes sequentially through the objective
lens and an indicator plate (not shown), forming an image
of the wafer mark and an image of the indicator on the
indicator plate on an imaging surface of a CCD or the like
(not shown). Photoelectric conversion signals of these
images are processed by a signal processing cifcuit (not
shown) in a signal processing unit 160. The relative
positional relation between the wafer mark and the
indicator is calculated by a computing circuit (not shown),
and this relative positional relation is conveyed to the
main controller 28. The main controller 28 calculates the
position of the alignment mark on the wafer W on the basis

of the relative positional relation and the measured values

of the interferometer system 26.
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Upon start of an exposure sequence, these ricroscope units 56A, 56B are
retreated by a mrror driving device (not shown) to positions beyond the
reticle pattern surface under a conmand fromthe nmain controller 28. Next,

the interferoneter system 26 of Fig. 44 which nanages the pgfhtégﬁ;m@ﬁ t he
waf er stages WB1, W52 will be described in detail. This int e
system 26, actually, is conposed of a first laser interferoneter 26Xe for
X-axis direction position neasurenent, a second |aser interferoneter 26Ye
for Y-axis direction position nmeasurenment, a third |aser _interferoneter
26Xa for X-axis dir&CtPBR pddet (bALHeBddRetBNFigantd h $9EFIGE |afsdhe
interferometer 26Ya for Y 245 2 3 SEP 2002 axis direction position

measur enent, a3lipnusntaRé@reacepg. WA4EN tThes¥-aphpohbrestane an X fixed
representatively shown in Fig. 44 as the interferoneter system 26. The
first laser inmérferoh®Xeis2f6¥eedrpecssrving atiea refeérenteniforopokdXidn
reference beam Xol in the X-axis direction that passes through the center

of projection obntib® PiOLRE! XOAx DA LPécEYSH € Ping it fATignnledteact ion
interferoneter 26Xe al so projects a neasuring beam Xo2 onto ™ the reflecting

o Bt ofnoghaERE SLEGE, 4YEIeg nyE sy CEILBELEE L) o VAR LTRSS
interference gjge of the sheet face of Fig. 44) surface of the alignment
microscope WA in the Y-axis direction, a Y fixed mirror 18Y
is fixed for serving as a reference for position control in
ﬁhe Y-axis direction during the exposure action of the
wafer stages WS1l, WS2.
Available as the alignment microscope are not only the
FIA type, but other optical alignment devices such as LIA
(laser interferometric alignment) or LSA (laser step
alignment) devices, other optical devices such as a phase
contrast microscope and a differential interference
microscope, and non-optical devices such as STH (scanning
tunnel microscope) for detecting the atomic-level
irregularities of the surface of a specimen by utilizing
the tunnel effect, and AFM (atomic force microscope) for
detecting the atomic- and molecular-level irregqularities of
"the surface of a specimen by utilizing atomic force
(gravity, repulsion).
In the projection exposure apparatus 100 of the

instant embodiment, reticle alignment microscopes 52A, 52B
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state, the displacenent”of the reflecting surface of the wafer stage
relative to the fixed mrror 14X is neasured. The second | aser
interferoneter 26Ye projects onto the Y fixed mrror 14Y a reference beam

Y., in the Y-axis direction that passes through the center 2? §gpj?m}ion
of the projection optical system PL. The second | aser interferometer 26Ye
al so projects a neasuring beam Yo, onto the reflecting surface of the
waf er stage (WBlL or W52). Reflected |ight waves fromthese two beans tare
superposed into one for interference. Based on_this interference state,

t he di spl acener®t® Hﬁr?h§%F§ﬂ§%ﬂﬂ Y 5&G F0& Simudsangenslysehgervinatane to
the fixed mrror 14Y is neasured. 246 2 3 SEP 2002 The third | aser

i nterf er onet er P@Ee Pfojtde yederencee maxki RMe@nnitheorefexenceeharknpbatbeam
Xa, in the X-axis direction that passes through the center of detection of
the alignnment #iMcaosicepaebtAcléhaliignmeénitamark i(nber bhoenpt en Lharét 58l e
projects a neasuring beam Xe2 onto the reflecting surface of the wafer

stage (W1 or Wﬁzhrouaﬁfkﬁ@t9@05b@h&owabg%iEéQ”b?Bﬁéﬁ_Pﬂoa983§§oéi&éd
superposed into one for interference. Based on this interference state,

the displ acemeaboe the rethie¢ki R9 SBekaceiBh LR§naYef 81, SE9e Ll Gld ve to

the fixed mrror 18X is neasured. The fourth | aséer |nterferone¥er'§% a

proj ects onto EQ%ieYef5&%8nﬁ£ﬁ£°&ié§3§8058£eBSR9e5PEaQ}éa%uééﬁféﬁa€$E?ﬂ§
main controller 28. 1In this case, deflecting mirrors 54A,
54B for guiding detection light from the reticle R to the
feticle alignment microscopes 52A, 52B are unitized
integrally with the relevant reticle alignment microscopes
52A, 52B to constitute a pair of microscope units 56A, 56B.
Upon start of an exposure sequence, these microscope units
56A, 56B are retreated by a mirror driving device (not
shown) to positions beyond the reticle pattern surface
under a command from the main controller 28.

Next, the interferometer system 26 of Fig: 44 which
manages the positions of the wafer stages WS1, WS2 will be
described in detail.

This interferometer system 26, actually, is composed
of a first laser interferometer 26Xe for X-axis direction
position measurement, a second laser interferometer 26Ye
for Y-axis direction position measurement, a third laser
interferometer 26Xa for X-axis direction position

measurement, and a fourth laser interferometer 26Ya for Y-
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direction that passes through the center of detection of the alignnent

m croscope WA. The fourth laser interferoneter 26Ya also projects a
measuri ng beam Ya2 onto the reflecting surface of the wafer stage (WSl or
W52). Reflected |ight waves fromthese two beans are superposed into one
for interference. Based on this interference state, the disg 3cS8bRn2008f
the reflecting surface of the wafer stage relative to the fixed mrror 18Y
is neasured. .Here, the nmeasuring axis of the first laser interferoneter

26xe that conshals afirkBeibh! BheRefoR A Lurendfie, 10E. PR LAGPAN K02 | o

called the first neasuring a € nmeasuring axis 'ser
247 2 3 SEP 20Q2 interfer t e_that consis%s ofﬁ%ﬁe ref erence, beam
y., and the ngaéur%ﬁﬁg§e§§$3858$§!éngeﬁePHSSEE SRtV RERSTRTHY 10 g yd 4
The measuri ng axiﬁpof.tpe %hird aser interferoneter 26Xa that consists of
the reference BBaimf'R " Gh4CFABCHEESEYPRE™beSm X, 2 is called the third
measuring axis Xa. The neasuring axis of the fourth laser in.terferoneter
26Ya that consists &het RErsEf baeREcipbarfarometed 26¥e nprsisdtsy dntamthe? i s
called the fourth measuring axis Ya. The first neasuring axis Xe and the
second neasurKn§izgdsmieront b4¥ezt refehentbebeqerpgninctharyaxs the
center of projection of the projection optical system PL (consistent with
the center of dbeeopivnathaxipadees through the center of projection of

the projection optical system PL. The first laser

interferometer 26Xe also projects a measuring beam X,, onto

the reflecting surface of the wafer stage (WS1 or WS2).

Reflected light waves from these two beams are superposed

into one for interference. Based on this interference

state, the displacement of the reflecting surface of the

wafer stage relative to the fixed mirror 14X is measured.

The second laser interferometer 26Ye projects onto the

Y fixed mirror 14Y a reference beam Y, in the Y-axis

direction that passes through the center of préjection of

the projection optical system PL. The second laser

interferometer 26Ye also projects a measuring beam Y,, onto

the reflecting surface of the wafer stage (WSl or WS2).

Reflected light waves from these two beams.are superposed

into one for interference. Based on this interference

state, the displacement of the reflecting surface of the

wafer stage relative to the fixed mirror 14Y is measured.
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while the third nmeasuring axis Xa and the fourth neasuring axis Ya

I ntersect each other perpendicularly at the center of detection of the

al i gnnent m croscope WA. Because of this constitution, the position of the
waf er ptage can be neasured precisely in the direction of each nmeasuring
axis, W thout Abbe's error due to yawing or the like of theQvhfS&P 2802ge,
both during neasurenent of the position detecting mark on the wafer W
(alignment mark) and during exposure of the wafer Wwith the pattern. To
rai se the accuracy of neasurenent, it is nore desirable to use
two-frequency hetefbgytibirdt daserointerfensmeheradb¥a proectn dro tthe

| aser interferoneters. 248 2 3 SEP 2002 Returning to Fig. 44, the neasured
val ues of the Xi fiizefiemdmeder 18ysaeneféraneeshgphi e in the X®ixis
controller 28. The nmain controller 28 controls the positions of the wafer

stages W51, \\5diveatibg _tnaerga@@éé OfREoh §RCEhe NBERE S VI | StV I g1 t he
nmeasured values of the interferoneter syStem 26. As clear also fromFig.

CChonire. i Tkub, oo fRehIcRtatape AL ERECpIGY ks CrLro LD,
DAt {1 Ul B BEOFELL TePRAEEL I Es AR BTDIL b el
During the the reflecting surface of the wafer stage (WS1 or WS2).
Reflected light waves from these two beams are superposed
into one for interference. Based on this interference
sfate, the displacement of the reflecting surface of the
wafer stage relative to the fixed mirror 18X is measured.

The fourth laser interferometer 26Ya projects onto the
Y fixed mirror 18Y a reference beam Y,, in the Y-axis
direction that passes through the center of detection of
the alignment microscope WA. The fourth laser
interferometer 26Ya also projects a measuring beam Y,, onto
the reflecting surface of the wafer stage (WS1.or WS2).
Reflected light waves from these.two beams are superposed
into one for interference. Based on this interference
state, the displacement of the reflecting surface of the
wafer stage relative to the fixed mirror 18Y is measured.

. Here, the measuring axis of the first laser

interferometer 26Xe that consists of the reference beam X,

and the measuring beam X,, is called the first measuring

axis Xe. The measuring axis of the second laser
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measurenent of the position detecting mark on the wafer W (alignment mark)
by the alignnment m croscope WA, on the other hand, the position of the
waf er stage is nmanaged by the third and fourth |aser interferonmeters 26Xa,

26Ya. After conpletion of the exposure, or after conpletion g{égﬁpﬁm
al i gnment mark neasurenent, however, each nmeasuring axis dog gzthe

reflecting surface of each wafer stage. Thus, the positional control of
the wafer stage by the interference system 26 becones difficult. The
proj ection expaqsure a@paratus 100 of the instant _enbodi nent, therefore,

has a first roBBteILAroBEter 26YRobhAY GedsdetsopLs thel yefevenee theamal.gr
stage W51 anong 249 2 3 SEP 2002 three locations, i.e., a third position

i ndi cated by aang thgamepspging bean Y5, is seddmd pbsi seoond mieasweingy a
solid line in Fig. 46, and a first position at which the wafer stage W52
is located in Bixds ¥e. aftieameasouningodris afntBalthsra Iaseémg device for
freely noving the wafer stage W52 simlarly anong the three | ocations, the

first positiodntelb€eronendrp26xai EhatnNfohbesthi 68 PRSI tédrencd a8 iy St
and second robot arms 201, 221 are also controlled by the main control'ler

g Lhe, "abAa ehadResBaRthy WBelf ki 0ksACENIAAY AL LRERE ddSlr Al

second robot arms 201, 221 is”general Yy about ese r

201, 221, artigpkatgd robpl RLOB.PIng LXRP¥N,FLLNS E S th 1aser

interferometer 26Ya that consists of the reference beam Y.,
and the measuring beam Y,, is called the fourth measuring
aiis Ya. The first measuring axis Xe and the second
measuring axis Ye intersect each other perpendicularly at
the center of projection of the projection optical system
PL (consistent with the center of the optical axis Ae),
while the third measuring axis Xa and the fourth measuring
axis Ya intersect each other perpendicularly at the center
of detection of the alignment microscope WA. Because of
this constitution, the position of the wafer sfage-can be
measured precisely in the direction of each measuring axis,
without Abbe’s error due to yawing or the like of the wafer
stage, both during measurement of the position detecting
mark on the wafer W (alignment mark) and during exposure of
the wafer W with the pattern. To raise the accuracy of
measurement, it is more desirable to use two-frequency
heterodyne interferometers as the above first to fourth

laser interferometers.
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are used, and their detailed descriptionis omtted. To realize that
position control accuracy w thout fail, upward/ downward noving pins as
illustrated by the nunerals 24A, 24B in Fig. 46 may be provided as
stoppers. A brief explanation for the third, second and first Bosthgzﬂﬁ
will be offered here. The third position refers to a wafer re% a

position at which the wafer Wis passed on between a carrier arm 500
constituting part of an external substrate carrier mechani smand the wafer
stage (WBl, W52). The second position refers to a position at which the
al i gnment of the waRetuibdiigtte Mg er4 4} agee iteafierddrvalhedf togr theadi ng of
the wafer Wis conpleted, and 250 2 3 SEP 2002 also an arbitrary position

at whi ch the tjhtdr FEASHEEEE sytdn X ¥k I 0td hdBasdinaig axis Ya both
hit the reflecting surfaces of the wafer stage. The first position refers

to a position @indfiet Neg ex?ﬁgé”“\%a%rémwle‘{r We %é%tg:%l\é/akgr stage is

performed after alignment  of I's conpleted al°s o an arbitrary
position at lch., the first, nmeasuring axis and. t he second neasuring
axis Ye botml{]ltfﬁ%sr e‘# ecl§ 15 q.ﬁfsg:caegsesof“ét eq%azf ét&sitdfe. In the

I nst ant enbodi¥€nt as described above, the positions illustrated in Fig.
46 are det er mi e RERtHkPNG] (inead, matprs, yhidie maondionings theomessrredne

second position nay be any position if it satisfies the above-
values of the interferometer system 26.

As clear also from Fig. 46, the instant fifth
embodiment is constructed such that during the exposure of
the wafer W on the wafer stage WS1 or WS2 with the reticle
pattern through the projection optical system PL, the
position of the wafer stage is managed by the first and
second laser interferometers 26Xe, 26Ye. During the
measurement of the position detecting mark on the wafer W
(alignment mark) by the alignment microscope WA, on the
other hand, the position of the wafer stage is managed by
the third and fourth laser interferometers 26xé, 26Ya.
After completion of the exposure, or after completion of
the alignment mark measurement, however, each measuring
axis does not hit the reflecting surface of each wafer
stage. Thus, the positional control of the wafer stage by
the interference system 26 becomes difficult.

The projection exposure apparatus 100 of the instant
embodiment, therefore, has a first robot arm 201 as a

moving device for freely moving the wafer stage WS1 among
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reference mark plate FMrests in the detection area of the alignnent

m croscope WA may be set as the second position. Likew se, the first
position may be any position if it satisfies the above-menti QrpdSEP 2002
definition. For exanple, a position at which the mark RM on the reference
mark plate FMrests in the projection area of the projection optical
system PL may beset as the first position. The following is an expl anation
for the overall flow of actions of the projection exposure apparatus 100
of the instantherkodboehtionspsitacted tbistdapesitborein@idatzed HHER 2002 (
Assune that the wafer stage W51 lies at the third position, while the
waf er stage WSgikt@slatihBeihi Fs§. PO5i &i 98cohdrpbsfich | indbdfed by a
repl acenent is perfornmed between the wafer stage W51 and the carrier arm

500. This vafego158Ph2GE8MBRL Fi g, CAE! | 8HGOXL £ PYs@ ?ﬁﬂi@foﬂiéﬁ | dhadelr

lifting) nmechani sm above the wafer stage W51 and carrier arm 500 as

done in the aboye.rentl Q%s?”?&?%%@%{:ed iTHUﬁ%?‘ g1 A )&% e P YD S

omtted. As staggé preglous y ositroning acclracy of arobot"armis

gerer al 1y a0ut LePANDT ko3 el Sob byLlE, BOE' LLOM PhoPESYTARY el
stage WS2 similarly among the three locations, the first
position, the second position and the third position.
These first and second robot arms 201, 221 are also
controlled by the main controller 28, and the wafer stage
position control accuracy of these first and second robot
arms 201, 221 is generally about *1 um. As these robot
arms 201, 221, articulated robot arms of a known structure
are used, and their detailed description is omitted. To
realize that position control accuracy without fail,
upward/downward moving pins as illustrated by the numerals
24A, 24B in Fig. 46 may be provided as stopperé.

A brief explanation for the third, second and first
positions will be offered here. The third position refers
to a wafer replacement position at which the wafer W is
passed on between a carrier arm 500 constituting part of an
external substrate carrier mechanism and the wafer stage
(WS1, WS2). The second position refers to a position at
which the alignment of the wafer W on the wafer stage is

performed after loading of the wafer W is completed, and
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value. Prior to this wafer replacenent, the wafer Whas roughly been
positioned by a prealignnment device (not shown) in the directions of X, Y
and 0. Thus, its position of |oading on the wafer stage does not deviate
mar kedly. The | oading position of the wafer Wrelative to the reference
mark plate FML, for exanple, is within the error of 1 pmor 2 %sSEP 2M2ng
the wafer replacenent, the wafer stage W1 is not position-controlled by a
| aser interferoneter. However, the first robot arm 201 grasps the wafer

stave VL <0 i dhgudsaeinias bl B VAGED Th90IE) pasRterLno

about does not occur. During the grasp by the
arm 201, the lipjgar Loy t LYes fer _stage % Is.at _a halt
(the sane holdénﬁh ﬁﬁg %glﬁﬁ% ﬁgkrﬁgsg%ggﬁﬁgﬁﬁ.aﬁbgn 80%% gtﬁbﬁ bRewaf er
repl acenent (IQ%%i%% gf t he wafer gBto the wafer stage W5l), the main
control ler 28 IEGHEFSI0% RITLACES PobbheaFALeE15E89R0yeThACt ies brpas tyton
W1 to the second position indicated by the solid line in Fig. 46. At this
osition, the M&LFLEORPr 81 PEE1230Re3kt Whichethhi pupaaUre oof t the asefer W
p ! . .
interferoneters 26Xa, 26Ya simnultaneously. Upon conpletion of this
resetting, theonfithet wagpst stage20s penfoimedi astenl elidhment tde €he St
robot arm 201 is retreated, away fromthe wafer stage W51,
wafer is completed, and also an arbitrary position at which
the first measuring axis Xe and the second measuring axis
Ye both hit the reflecting surfaces of the wafer stage.

In the instant embodiment, as described above, the
positions illustrated in Fig. 46 are determined as the
first, second and third positions. However, the second
position may be any position if it satisfies the above-
mentioned definition. For example, a position at which the
mark WM on the reference mark plate FM rests in the
detection area of the alignment microscope WA may be set as
the second position. Likewise, the first posiﬁion may be
any position if it satisfies the above-mentioned
definition. For example, a position at which the mark RM
on the reference mark plate FM rests in the projection area
of the projection optical system PL may be:set as the first
position.

The following is an explanation for the overall flow

of actions of the projection exposure apparatus 100 of the

instant embodiment constructed as stated above.
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by a drive system (not shown) to a non-interfering position in accordance
with a conmand fromthe main controller 28. After resetting of the third
and fourth laser interferoneters 26Xa, 26Ya is conpleted, the main
controller 28 controls the wafer stage W51 via the aforenentioned |inear
notor, while nonitoring the nmeasured val ues of the i nterferonm2t3rSEP

26Ya, so that the mark: WM on the reference mark plate FML on the wafer
stage W1 is positioned in the detection area of the alignment m croscope
WA. The accuracy of positioning to the second position by the first robot

arm 201 can beenerak|head p I t earlier. Since the
553 23SEP2002 ‘it er for Ghe; r?g{; rr%égu{rpla%ér a5 Lo bgéﬁg r%ge{h%ttlﬂﬁcg
second position, position control can be perforned afterwards with a

n
resol vi ng pomePoﬁgtéBButwb?bﬁ BifovafaE shagesWo? 1ihes gekigre viadust (t he
relative positional relation in design between the reflecting surface of
the wafer stagPoswsloBnd the mark WM on the reference mark plate). As a
result, the wafer stage WB1 is positioned with sufficient accuracy for

measurenent of the Farkt V£ byll hewatégnieplac&men©SH® Rse o e bdhiresecond
position is set at a position at which the mark WM on the reference mark

plate FML on the wafer stage Wl dsd POse tépPetes NS ARt et i waFleg? Of

the alignnment mcroscope WA, the novenent of the
replacement is carried out by a center lifting (wafer
lifting) mechanism above the wafer stage WS1 and the
carrier arm 500 as done in the above-mentioned embodiment.
Thus, a detailed description is omitted. As stated
previously, the positioning accuracy of a robot arm is
generally abut #1 um or less, so that the positioning
accuracy of the carrier arm 500 is also comparable to this
value. Prior to this wafer replacement, the wafer W has
roughly been positioned by a prealignment device (not
shown) in the directions of X, Y and 0. Thus, its position
of loading on the wafer stage does not deviate markedly.
The loading position of the wafer W relative to the
reference mark plate FM1, for example, is within the error
of t]1 um or less.

During the wafer replacement, the wafer stage WS1 is

not position-controlled by a laser interferometer.
However, the first robot arm 201 grasps the wafer stage
WS1l, so that the disadvantage of the wafer stage WS1

wandering about does not occur. During the grasp by the
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waf er stage WB1 after resetting of the interferométers is not necessary.
This is nore desirable fromthe aspect of throughput. Then, the alignnent
m croscope WA neasures the position of the mark WM (AW, AW) on the
reference mark plate FML relative to the center of detection (center of

i ndicator) of the alignment microscope WA. The nain controll2r3 St Po208d ns

t he average val ues (ko, Yo) of the neasured values of the third and fourth
| aser interferonmeters 26Xa, 26Ya during this neasurenent. The outcone
shows that when the neasured values of the laser interferoneters 26Xa

26Ya show (X0 ;A& r¥bot M)zoihetﬁé“#?éa?ﬁﬁ’ €992 fB¢ kdmdeos{" lﬁ yafer

reference mark plate FML |1 es direéct Re“tent er

center of indj fi.th I m Ccr.osc ser of, actions
of the third  S6atPolseniade & BELFT Ebpfefane BRRas b i el stric | ca
WSET in the f Ilomnn cription. While wafer replacenent, interferoneter
resetting, and eﬁcgépgég if actions of the WSET are being perforned on the
one wafer stage, W51, in the above manner, the actions described below are
carried out on the %Pﬂ%rC%PthsQlagéf waer mepladenenthe hesfddmgs toefg e heB2 i S
noved to the first position by the second robot arm 221 as descri bed

wafer W onto the wafer stage WS1l), the main controller 28

controls the first robot arm 201 to move the wafer stage
WSl to the second position indicated by the solid line in
Fig. 46. At this position, the main controller 28 resets
the third and fourth laser interferometers 26Xa, 26Ya
simultaneously. Upon completion of this resetting, the
first robot arm 201 finishes its role. Thus, the first
robot arm 201 is retreated, away from the wafer stage WS1,
by a drive system (not shown) to a non-interfering position
in accordance with a command from the main controller 28.
After resetting of the third and fourth laser
interferometers 26Xa, 26Ya is completed, the méin
controller 28 controls the wafer stage WSl via the
aforementioned linear motor, while monitoring the measured
values of the interferometers 26Xa, 26Ya, so that the mark
WM on the reference mark plate FM1 on the wafer stage WSl
is positioned in the detection area of the alignment
microscope WA. The accuracy of positioning to the second
position by the first robot arm 201 can be generally about

*] pm or less, as stated earlier. Since the
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previously. The control for positioning to the first position is also
performed with an accuracy of 1 pmor Iless. At the sane tinme that the
novenent of the wafer stage W52 to the first position is conpleted,.the
main controller 28 resets the first and second | aser interﬁg&oggéeﬁﬁ
26Xe, 26Ye. Upon conpletion of this resetting by the first a o2
| aser interferoneters 26Xe, 26Ye, the second robot arm 221 finishes its
role. Thus, the second robot arm?22 is retreated, away fromthe wafer

stage W52, by a dripy system (not shown) to a non-interfering position in
accor dance vwtt+@§%ﬁﬁ%ﬁ&ﬂ&ifﬁﬁn&FﬁéUE&PH e¥Rfr BrVEr begn 5eseb at gemi 9002
Then, the main controller 28 controls the position of the wafer stage W52
via the |inear s@scad PRisitdopenpesitagn cratredsgradbeapertonted he | aser
interferoneters 26Xe, 26Ye, so that the mark RMon the reference mark pl ate
FM2 is positieféeraardspwiithi enrasoliing powereofapbout a0tk pmprey egid on
optical systemPL the reticle alignnent mark (not shown) forned on the

reticle Rin tbaspsopgcthendasegn Vhltbe (Bhej eelaeiveprpbsatisyst eme1dtiddi s
case, the accuracy of positioning to the first position by the second

B! e 2 oralh BSsS9RCBLLLCACOHE feBILGE LRGP P el SlALE oL 400

position contrgk) angd the mark WM on the reference mark plate). As a
result, the wafer stage WS1 is positioned with sufficient
gccuracy for measurement of the mark WM by the alignment
microscope WA. When the second position is set at a
position at which the mark WM on the reference mark plate
FM1 on the wafer stage WS1 is positioned in the detection
area of the alignment microscope WA, the movement of the
wafer stage WS1 after resetting of the interferometers is
not necessary. This is more desirable from the aspect of
throughput.

Then, the alignment microscope WA measureé the
position of the mark WM (AW,, AW,) on the reference mark
plate FM1 relative to the center of detection (center of
indicator) of the alignment microscope WA. The main
controller 28 obtains the average values (X,, Y,) of the
measured values of the third and fourth laser

interferometers 26Xa, 26Ya during this measurement. The

outcome shows that when the measured values of the laser

interferometers 26Xa, 26Ya show (X, - AW,, Y, -~ AW,), the
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can be perforned afterwards with a resolving power of about 0.01 pmon the
basis of the design values (the relative positional relation in design
between the reflecting surfaces of the wafer stage W52 and t he nmarks. RM on
the reference mark plate FM2). As a result, the wafer stage W52 is

posi tioned with necessary and sufficient accuracy for the SIZrﬁJISE%%gg
observation of the reticle alignnment mark and the mark RM on the reference
mark' plate FM by the reticle alignnent m croscopes 52A, 52B. Then, the
reticle alignment m croscopes 52A, 52B neasure the relative spacings
(OR,,, ART) bemgwknWMhen tb@um@mm%mkm«t@)rmlhew@ idgirecik 1yn defllosr
mark RM on 256 2 3 SEP 2002 the reference nmark plate FM2, nanely, the
positional devih¢icestéARE délgctoion h(sce:remlerobfirtdﬁa:a"tfdre)r@rfc&rumrk RM as
the reference point on the wafer stage W52 fromthe center of projection

of the patternaliggeent hierostopd v s 4deidgy esietmitiiomd ofetdeereg rRoi nt
in the projection area of the projection optical system PL. The main

control ler  28;4@KESus£h { NESEr MRASK £ Ot th6Ss Of 6 Xd1e Teitd %fha 9B kg
m croscopes 52A, 52B, and sinultaneously read the neasur ed ues (X1, Y1)

of the | aser |ﬁt§%{e{]&r@ﬁgr§of@g§iﬁ6@sc€iﬁo ults show that t he
C € heasure

positions at whi ues o ‘aser interferoneters 26Xe,

26Ye become (X1 - Aﬁ%lle wafer fgplgé%mentrxﬁﬂéér é}éﬁeég} %25%%%1%%&'%%%

a series of actions of the W-SET are being performed on the
one wafer stage, WS1l, in the above manner, the actions
described below are carried out on the other wafer stage,
WS2.

That is, the wafer stage WS2 is moved to the first
position by the second robot arm 221 as described
previously. The control for positioning to the first
position is also performed with an accuracy of %1 um or
less. At the same time that the movement of the wafer
stage WS2 to the first position is completed,.éhe main
controller 28 resets the first and second laser
interferometers 26Xe, 26Ye.

Upon completion of this resetting by the first and
second laser interferometers 26Xe, 26Ye, the second robot
arm -221 finishes its role. Thus, the second robot arm 22
is retreated, away from the wafer stage WS2, by a drive
system (not'shown) to a non-interfering position in

accordance with a command from the main controller 28.
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alignment mark and the mark RMon the reference mark plate FM just
overl ap éach other via the projeciion optical systemPL. This series of
actions after resetting of the first and second |aser interferoneters
26Xe, 26Ye will be <called R SET in the follow ng description. (c) Then,
waf er alignment on the wafer stage WSl side and exposure on 2 JeSkRf2002
stage W52 side are perfornmed in parallel. After resetting of the third and
fourth laser interferoneters 26Xa, 26Ya, the position of the wafer stage
W51 i s nmanaged based on the neasured values of the laser interferonmeters

26Xa, 26Ya. The nain contyoller, 28 257 2 S 2002 neasur.es the positions
of the position det BRENAgERErRILN (SPRYTRL ?rﬁiék%SHYEﬁf%r ﬁ%ﬁﬂ#ﬁ@@lO&

specific sanple shots anobng a plurality of shot areas on the wafer W The
mai n control | ERe2Bagehsstaget e ViR sthe ohknear tet9Xe, Whidie meddtairisge
system based on output fromthe alignment m croscope WA, by noving the

waf er st age Wstheemeasuied| yvalwes ehethé nbasenvinter fkwdretrans t26Xeng t he
measured values of the interferoneters 26Ya, 26Xa. In this case, the
nmeasur ed val uegevé, the thaertks anetlermM (o thelxrefl®rends maridgil attlee Fear k VWM
on the reference mark plate FML cones directly below the center of

detection of the pgbsgOIBRAEd &t C4 GSSHPELIM daueh haeni ©dwviNehs Basednen

t hese val ues
projection optical system PL the reticle alignment mark
(not shown) formed on the reticle R in the projection area
of the projection optical system. In this case, the
accuracy of positioning to the first position by the second
robot arm 22 can be generally about 1 um or less, as
stated earlier. Since the interferometric measuring axes
have been reset at this first position, position control
can be performed afterwards with a resolving power of about
0.01 um on the basis of the design values (the relative
positional relation in design between the reflecting
surfaces of the wafer stage WS2 and the marks.ﬁM on the
reference mark plate FM2). As a result, the wafer stage
WS2 is positioned with necessary and sufficient accuracy
for the simultaneous observation of the reticle alignment
mark and the mark RM on the reference mark ‘plate FM by the

reticle alignment microscopes 52A, 52B.

Then, the reticle alignment microscopes 52A, 52B

measure the relative spacings (AR,, AR,) between the

reticle alignment mark on the reticle R and the mark RM on
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and the design values for the relative positions of each alignnent mark to
the reference mark WM it is determned by conputation what the neasured
values of the laser interferometers 26Ya, 26Xa should be in order. to
position each alignnment mark on the wafer Win the detection rgi of...1 he
waf er alignnent mcroscope WA, and what position the wafer szgg Rs2002
shoul d be noved to in order to achieve those values. Based on the results
of these conputations, the-wafer stage W1 is noved sequentially. To
position the wafer Win the directions of X, Yand O, it suffices to
measure, at |eébe, refler¥nceasarknpbbtenBrXs amteDpe dhegsssdteimial mark (or
one X neasurenent mark 258 2 3 SEP 2002 and two Y neasurenent marks). Here,

three or more ¥ovERRSSASTEAR, TR BO! AR Beftbal GP! chénferaMhddnBsIOr _

nore Y neasurement marks not on straight I'itne sho e neasure
sanpl e shots. e, ge ured_ali nnent.nﬁrk (waf er rggiPositions of the
respective sanPle*&8hbbE BRAECTRECHPRLY %’Pr%e‘?‘ﬂﬁ%r tage, HFe SrgHe dhehot
areas are used to performstatistical calculation by the |east-squares
met hod as di scFBRERTI AL BEQIfRLOn LH-therpaiern Mmage @f itdhe Netisles®429,
corresponding to U S. Patent No. 4,780,617, thereby obtaining all data on
t he arrangenen&s othe hpredeterminedfrefemence queingn imetheafpemo jacthiioneaeea it
is desirable to
of the projection optical system PL. The main controller
28 takes in these measured values of the reticle alignment
microscopes 52A, 52B, and simultaneously read the measured
values (X,, Y,) of the laser intefferometers 26Xe, 26Ye.

The results show that the positions at which the measured
values of the laser interferometers 26Xe, 26Ye become (X, -
AR,, Y, - AR,) are the positions at which the reticle
alignment mark and the mark RM on the reference mark plate
FM2 just overlap each other via the projection optical
system PL. This series of actions after resetting of the
first and second laser interferometers 26Xe, 26fe will be

called R-SET in the following description.
@ Then, wafer alignment on the wafer stage WS1 side and

exposure on the wafer stage WS2 side are performed in
parallel. \

" After resetting of the third and fourth laser
interferometers 26Xa, 26Ya, the position of the wafer stage

WS1 is managed based on the measured values of the laser

interferometers 26Xa, 26Ya. The main controller 28
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subtract fromthe results of calculation the aforenentioned value of the
interferoneters (X0 - Ax, Yo - Ay) , which is obtained when the mark WM on
the reference mark plate FML cones directly below the center of detection

of the alignnment mcroscope WA, so as to convert into data gggﬁigv mio
the reference mark MA on the reference mark plate M This ng éﬁ S a

necessary and sufficient know edge of the relative positional relation
between the mark WM on the reference nmark plate FML and the reference

poi nt of each t a.qon the wafer W_Iln parallel with the fine alignnment
(EGA) on the Wailpace‘%'su St agtglei/\gfsﬁtd@,nssﬁﬁer PPSHEICIAELEFt LR Barkern

i mmge of 259 2 3 QEP 2002 the reticle R and a known pattern of shot areas
on the wafer WALEIRHES MaFkSn R REedeteradaedsepecd§icnsanplef shobsi ng
manner: That is, the main controller 28 positions each shot area on the
waf er Win the 2®05¢8s & lpyaaliityn ofwishiod amenist oni thet wafoeawur ethe ahalgs of
the interferoneters 26Ye, 26Xe, based on the results of neasurenent of the

positional devoatiroidert 28 ceasdireat ehpeei pbeiti¥as ¥8) thé {R&, Was pr
stage W52 at that time, and the coordinate data on the arranged shots

rel ative to theobetiananeesyetmV\WagRdt BE oh€haECREBMMBAK Qi%ﬁm&w .

calculated in the sane way as in the alignnent action. Performng this

positioning, thgcroscope WA, by moving the wafer stage WS1 sequentially
via the linear motor, while monitoring the measured values
of the interferometers 26Ya, 26Xa. In this case, the
measured values of the interferometers (X, - A,, Y, - A,)
when the mark WM on the reference mark plate FM1 comes
directly below the center of detection of the alignment
microscope WA have been obtained. Based on these values
and the design values for the relative positions of each
alignment mark to the reference mark WM, it is determined
by computation what the measured values of the laser
interferometers 26Ya, 26Xa should be in order.£o position
each alignment mark on the wafer W in the detection area of
the wafer alignment microscope WA, and what position the
wafer stage WS1 should be moved to in order to achieve
those values. Based on the results of these computations,

the wafer stage WS1 is moved sequentially.

To position the wafer W in the directions of X, Y and
6, it suffices to measure, at least, two X measurement

marks and one Y measurement mark (or one X measurement mark
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mai n controller 28 exposes the wafer Wwith the reticle pattern
sequentially in the step-and-repeat manner, while controlling the opening
and closing of the shutter in the illumnation optical system Here, high

preci sion superposition is possible although the int erferag}ateﬁps Xe,
26Ye are reset (the nmeasuring axes of the interferoneters ntzg upt ed)
prior to the exposure of the wafer Won the wafer stage W52. Detail ed

reasons for this. are as follows: The spacing between the mark WM and the

mark RM on t heahaf 46N emdRekr thél € FdBis 5. KNOWE  AShAee f&égxlﬁreof fine

al i gnment (EGA) performed previously, the' relative positio ré(lation

bet ween t he S 002 reference mark, pl.ate FM2 and

t he referencgfallil %%%8@?6{;21%%‘6@%%6% aéﬁgaazo%g{%leg%ﬁg’rn% i S c BPaLed
in the same nner as described earlier. Al so, it has been neasured where
on the wafer g?a’&%a?@ie"ﬂ%t MATET ot i Pt onl g iShaslidcbe R i s

situated (nanely, what is the relative positional relation between the
center of projBeaferedfag HiGA pranmke shatge: of the reticle (al nost

consistent wwth the center of projection of the projection optical system
PL) as the predet €flné nezhswfest exiciggmpwemtt mark hevafiea ecnkon pasdaions bhe
projection optical systemPL and the mark RMas the reference point on the
waf er stage e Besssbtoivd haamplas WHax Ofarddagre AUt rangehehs 6Fear
what neasured
the designed shot areas are used to perform statistical
calculation by the least-squares method as disclosed in
Japanese Laid-Open Patent Publication No. 61-44429,
corresponding to U.S. Patent No. 4,780,617, thereby
obtaining all data on the arrangement of the plurality of

shot areas on the wafer W. However, it is desirable to
subtract from the results of calculation the aforementioned
value of the interferometers (X, - A,, Y, - A;), which is
obtained when the mark WM on the reference mark plate FM1
comes directly below the center of detection of the
alignment microscope WA, so as to convert into data
relative to the reference mark MA on the reference mark
plate FMl. This measure gives a necessary and sufficient
knowledge of the relative positional relation between the
mark WM on the reference mark plate FMl and the reference
point of each shot area on the wafer W.

In parallel with the fine alignment (EGA) on the wafer

stage WSl side, superposed exposure of the pattern image of
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B T L

val ues of the first and second | aser interferoneters 26Xe, ~ 26Ye result in
t he exact superposition of the pattern image of the reticle Rwth each
shot area on the wafer W In the foregoing manner, fine alignnment (EG) is
conpl eted on the wafer stage WSl side, while exposure with the reticle
pattern for all the shot areas on the wafer W is conpleted @3 t$tP 2802r
stage W52 side. Then, the wafer stage W51 is noved to the first position
bel ow the projection optical systemPL, while the wafer stage W2 is noved
to the third position, the position of wafer replacenent. 261 2 3 SEP 2002

In detail, the wafer, st W51 is ,grasped Qy‘/ﬁtheg;irs robot arm 201 and
moved to the FITSEFOSTT dh T 4 dGISdhaR e haLT, Of % ATEAFORMT FBR ¢ he
mai n controller ég% The control for positioning to the first position is
erformed w tWRLEF dtcif Imed, Qipthesates Ghagen¥sdsFydpi iR the
P ; . A
conpl etion of novenent of the wafer stage W1 to the first position, the
mai n control | foRPWingmannersfjrst and second | aser interferoneters 26Xe,
26Ye. Upon conpletion of this resetting, the first robot arm 201 finishes
its role. Thus, th&Hat sits,r dibhet maim 20htirol leet R8apeditdoay €aom shetwaf er
stage W1, by the drive system (not shown) to a non-interfering position
in accordancendd rarthensiafest Woinf AHE expoireé poBLEebherwhSie
monitoring the measured values of the interferometers 26Ye,
26Xe, based on the results of measurement of the positional
deviations, the coordinate position (Xe, Ye) of the wafer
stage WS2 at that time, and the coordinate data on the
arranged shots relative to the reference mark WM on the
reference mark plate FM2 calculated in the same way as in
the alignment action. Performing this positioning, the
main controller 28 exposes the wafer W with the reticle
pattern sequentially in the step-and-repeat manner, while
controlling the opening and closing of the shutter in the
illumination optical system. Here, high preciéion
superposition is possible although the interferometers
26Xe, 26Ye are reset (the measuring axes of the
interferometers are interrupted) prior to the exposure of
the wafer W on the wafer stage WS2. Detailed reasons for
this. are as follows: The spacing between the mark WM and
the mark RM on the reference mark plate FM2 is known. As a

result of fine alignment (EGA) performed previously, the

relative positional relation between the mark WM on the
260



Theén, the main controller 28 carries out R-SET in the same manner as for
the wafer stage W52 side stated earlier. This step results in the
nmeasurenent of the relative spacings (AR, ART) between the reticle

alignnment mark and the mark RM on the reference mark plate fﬁ@ﬁ@agﬁdﬁa
the positional deviations (ARXx, ART) of the center of the n rk
RM as the reference point on the wafer stage W52 fromthe center of

proj ection of the pattern inage of the reticle R as the predeterm ned

reference point t he a_of e prqgjection o |cal system
b e 26275 3ratersiee Mabk Biagh, Bdasa. bR PRTeTense pOTRE (54, S4al ot
the time of me ur|n t he QRS|t|onaI deviations. Wiile the interferoneter
resetting and CHETRAEER QPethgeVAfepelr BafebesR EAdCHARERd simgEhe\Biame de i n
t he above manner, the second robot arm 221 grasps the wafer stage W52,
whose exposuremé@P?§naﬁa§e§§§hb@dnpﬁ§ﬂé§r i nARs0or dtinbas whedn aneasistadict i on
fromthe main controller 28. The second robot arm 22 noves this wafer

stage W52 to twhereaber thaswafigrostpgei Wspntheéhiedipei 41 Dmdi w@fielon
repl acenent. Then, wafer replacenent, interferoneter resetting and W SET

are perforned ithet hetsale RENHEEiEGaLBd khsm&@{;erwﬁaegfs\/@ile%&'&ﬁﬂﬁé has

been nentioned previously. (r) Then, the main controller 28, as stated

earlier, positional relation between the center of projection of the
pattern image of the reticle (almost consistent with the
center of projection of the projection optical system PL)
as the predetermined reference point in the projection area
of the projection optical system PL and the mark RM as the
reference point on the wafer stage WS2). Based on the
results of these measurements, it is clear what measured
values of the first and second laser interferometers 26Xe,

26Ye result in the exact superposition of the pattern image
of the reticle R with each shot area on the wafer W.

® ' In the foregoing manner, fine alignment (ﬁGA) is
completed on the wafer stage WS1 side, while exposure with
the reticle pattern for all the shot areas on the wafer W
is completed on the wafer stage WS2 side. Then, the wafer
stage WS1 is moved to the first position below the
projection optical system PL, while the wafer stage WS2 is
moved to the third position, the position of wafer

replacement.
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controls the actions of the wafer stages W1 and W82 so 'that fine
alignnment (EGA) is perfornmed on the-wafer stage W52 side, while the wafer
Wis sequentially exposed with the reticle pattern by the step-and-repeat
met hod on the wafer stage W51 side in parallel with EGA. (c) Thﬁa@hzr,
the main controller 28 controls the actions of the stages V\ﬁla t he
actions of the first and second robot arns so that the actions of (1 to
(r) explained above will be repeated in sequence. 263 2 3 SEP 2002 A fl ow
of the above-described parallel actions taking place on the two stages,

WSl and W82, is illygstaeted | nth&ivardy s¥8qdasst i bedyahpe Byhe Ry @iggki on
exposure apparatus 100 related to the fifth enbodi nent can pérform an

exposure actipghgp AR P61 tdka V}ﬁé@éd Sé@g&é/\%?w[ﬁp -ﬁrffin?fﬁgg%rd\éﬁ%e

and a fine alignnment action on the other stage In ara

t hr oughput ca expe | pr ' risgn wth earlier
tephggl g;i es [)]Y/ng’}n %ﬁ fg&iﬁé&%ﬁa@%ﬁ“ﬁnﬁ hﬁaﬂ#%&%&%@%&%@ll \é\ﬁ‘ﬁ?&nt) , fine
al i gnnment and exposuye_were perfornped sequent al“¥. This is because a fine
al i gnment act i S ER afPR NG P ng% 5% ROSL %% 15 BFELOFBRdof

the tine required for an exposure sequence. The above enbodi nent al so
makes it a préébﬁ@iQmOQPQQEﬁcy of 1 uym or less. Simultaneously with the

completion of movement of the wafer stage WS1 to the first
position, the main controller 28 resets the first and
second laser interferometers 26Xe, 26Ye.

Upon completion of this resetting, the first robot arm
201 finishes its role. Thus, the first robot arm 201 is
retreated, away from the wafer stage WS1l, by the drive
system (not shown) to a non-interfering position in
accordance with an instruction from the main controller 28.

Then, the main controller 28 carries out R-SET in the
same manner as for the wafer stage WS2 side stated earlier.
This step results in the measurement of the reiative
spacings (AR,, AR,) between the reticle alignment mark and
the mark RM on the reference mark plate FMl, namely, the
positional deviations (AR,, AR,) of the center of the
reference mark RM as the reference point on the wafer stage
WS2 ‘from the center of projection of the pattern image of
fhe reticle R as the predetermined reference point in the

projection area of the projection optical system PL, as
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the neasuring axes of the interferoneter system 26 are interrupted. Thus,
it suffices for the reflecting surface (a noving mrror, if any) of each
waf er stage to be slightly |onger than the wafer dianmeter. Conpared with
earlier technol ogies requiring uninterrupted neasuring axes, therefore,

the wafer stage can be conpact and light- weight, so that andi3n8gPveint in
stage controlling performance can be expected. 264 2 3 SEP 2002 The

enbodi ment, noreover, makes it a precondition that the neasuring axes of
the interferoneter syst mare interrupted, and the position of the mark on
the reference ¥ Fkaﬁléﬁg EVRER Fﬁ@rg%agéelEoﬁéﬁéeﬂeﬂxeaéh)bétotbe time
alignment and exposure. Thus, it produces no di sadvantage however |ong the
center d|stanc@f(B&ééprﬁégaﬁanPPSbblqeeh dewgatiéaner of projection of the
projection optical system PL and the center of detection of the alignnent
m croscope WA wil | WhéleBghpr dutdrfigrameteevhesettige Spdciig Raipeete t he
projection optical system PL and the alignnment mcroscope WA, wafer

al i gnment and BxpAUPEr€8PmBE oRetherwEfet ns@a?é MesPag £dd &n MU Glhovld th no
interference between the wafer stage W51 and the wafer stage W52. In the

above embodi el { BREMBE ond NEond Bl &1 °5 SITEL L SY SUEM PR IAS 3R 11 7St

measuring axis Xe and the second measuring axi ersecting
WS2, whose exposure action has been completed, in

accordance with an instruction from the main controller 28.
The second robot arm 22 moves this wafer stage WS2 to the
wafer passing-on position (third position) for wafer
replacement. Then, wafer replacement, interferometer
resetting and W-SET are performed in the same manner as on
the wafer stage WS1 side that has been mentioned
previously.

@ Then, the main controller 28, as stated earlier,
controls the actions of the wafer stages WS1 and WS2 so
that fine alignment (EGA) is performed on the-Qafer stage
WS2 side, while the wafer W is sequentially exposed with
the reticle pattern by the step-and-repeat method on the

wafer stage WS1 side in parallel with EGA.

@D Thereafter, the main controller 28 controls the
actions of the stages WS1, WS2 and the actions of the first
énd second rpbot arms so that the actions of @ to @

explained above will be repeated in sequence.
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perpendicularly at the center of projection of the projection optical
system PL, and the third neasuring axis Xa and the fourth neasuring axis
Ya intersecting perpendicularly at the center of detection of the
alignment system WA, Thus, the two-dinensional position of the wafer

stage can be managed accurately both during an alignment actid3 SER 2802 ng
exposure. 265 2 3 SEP 2002 In addition, the fixed mrrors 14X, 14Y, 18X,
18Y for interferoneters are fixed to the side surfaces of the projection
optical system PL and the side surfaces of the alignnment m croscope WA

Unl ess the positions ﬁio%hafftﬁédabméld)é&ﬁﬂ%weﬁ)ﬂ:ﬁim ald RN akiGig
exposure, therefore, disadvantages, such as a fall in the position control

accuracy of thg)yeéesnStRECud dLadlod, SF®I Ufng VD, | s tfﬁus‘l‘}%itte{go{]%e()f the

fixed mrrors change owing to changes over tine or vibrations o
appar at us. Thu§i copstructing the alignment mcroscope WA so as to be
movabl e upward and " downward woul d not cause any di sadvantage. The

foregoing fifth enbodi gent Qgs q§$n descri bed such, that the wafer stages
WSl and W52 are movR% B5STHEPEY rahoven dRe dIRi STLRN FAROSIFE PPRTAMYR

three locations, i.e., the first, second and third positions. However, the
present invent1&% relatedotacihe | bifidy erbadinente st iRQRGBM anf eKPESHELer

is replaced at the second
action on one of the wafer stage WS1 and the wafer stage

WS2, and a fine alignment action on the other stage in
parallel. Thus, throughput can be expected to improve
markedly in comparison with earlier technologies by which
wafer replacement (including search alignment), fine
alignment and exposure were performed sequentially. This
is because a fine alignment action and an exposure action
account for a high proportion of the time required for an
exposure sequence.

The above embodiment also makes it a precondition that
the measuring axes of the interferometer systeﬁ 26 are
interrupted. Thus, it suffices for the reflecting surface
(a moving mirror, if any) of each wafer stage to be
slightly longer than the wafer diameter. Compared with
earlier technologies requiring uninterrupted measuring
axes, therefore, the wafer stage can be compact and light-
weight, so that an improvement in stage controlling
performance can be expected.
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position, for exanple, the wafer stages W51 and W52 may be noved by the
first and second robot arms 201, 221 between the first and second
positions. In this case, the nmain controller 28 controls the actions of
the wafer stages W1 and W52 so that an exposure action for 2tae Eﬁ]ﬁmWon
one of these stages and an alignnent action for the wafer S her
stage are perfornmed in parallel. Then, the main 266 2 3 SEP 2002 controller
28 causes the first and second robot arnms 201, 221 to interchange the
positions of both stages. The fifth enbodi nent has al so been described such
that step-and-r epdhe e ddmeadur EOreoyet, omakest dt ehpregeedinionnthae
stage on the basis of EGA. However, the present invention is in no way
limted to thitshecmw@tSiUtrLiHigoraxean@f tthe patesferomegerotyshemratécl e may be
projected sequentially onto each shot area on the wafer Wwith alignnent

and exposure himtegrugued, ednd ehly pdsatibh bifi $heCAsek bhethe! féf¥fence
position of each alignnent mark relative to the mark WM fornmed on the

reference marlpapiata e ¢ bhe thet 348q &S 1§Eﬁ§§§§§eduéheﬂ Bekgpgent . Thus,

the reticle pattern i mage can be sup rlnpose on each shot area based on

PR R it T
on the Waferw@!se%g%lhong th%hgeg g?eﬁlsLa%QS ?Ease E%gsaﬁguég{ E%t$gg%
af orenenti one
the center of projection of the projection optical system
PL and the center of detection of the alignment microscope
WA will be. By providing a somewhat large spacing between
the projection optical system PL and the alignment
microscope WA, wafer alignment and exposure can be
performed in a time-parallel manner, with no interference
between the wafer stage WS1 and the wafer stage WS2.

In the above embodiment, furthermore, the
interferometer system 26 has the first measuring axis Xe
and the second measuring axis Ye intersecting_‘
perpendicularly at the center of projection of the
projection optical system PL, and the third measuring axis
Xa and the fourth measuring axis Ya intersecting
perpendicularly at the center of detection of the alignment
system WA. Thus, the two-dimensional position of the wafer

stage can be managed accurately both during an alignment

action and during exposure.
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EGA nethod is desirable fromthe point of view of preventing a decrease in
t hroughput. The fifth enbodi nent has al so been descri bed such that the
first robot arm 201 noves one stage, WSl, anong three locations, i.e., the
first, second and third positions, while the second robot arm221 noves
the other stage, W2, anong the three locations, i.e., the fi2s3 SER262
and 267 2 3 SEP 2002 third positions. However, the present invention is in
no way limted to this constitution. It is permssible, for exanple, to
enpl oy a nethod by which one robot arm 201 carries the stage W51 (or W52)
to a position other Ph@dddgdon the fdxedhamisrorsi AdXpodh¥i oh8¥ndl8Y efori t
there during its carriage fromthe first position to the third position,
whi l e the ot hedintgzferameters mreecs ikids tot 4he ¥hde( enrVd2ps &f ophéhi s
position to the third position. This nmakes it possible to use one robot

arm 201 excl usipreljgcitdoncaptiiegd spetemepLt hadseaendiandshi-fsée0SE tighs of
both stages, and wuse the other robot arm 221 exclusively for carriage

between the thiand gandnterebsoResbll ARS Ofnkakl Ehégpg%ig%éx?%y&gg&éé 3pfled

interferoneter constituting the “interferoneter sys be’
ot oot " BAEEGREERepa s L FSORERL She BlahVFs e LLAFRL
yawi ng or pitﬁEEQQVantages, such as a fall in the position control
accuracy of the wafer stage, will not emerge, even if the
positions of tﬁe fixed mirrors change owing to changes over
time or vibrations of the apparatus. Thus, constructing
the alignment microscope WA so as to be movable upward and
downward would not cause any disadvantage.

The foregoing fifth embodiment hés been described such
that the wafer stages WS1 and WS2 are moved by the first
and second robot arms 201, 221 among three locations, i.e.,
the first, second and third positions. However, the
present invention is in no way limited to this‘-
constitution. If the wafer is replaced at the second
position, for example, the wafer stages WSl and WS2 may be
moved by the first and second robot arms 201, 221 between
the first and second positions. 1In this case, the main
controller 28 controls the actions of the wafer stages WS1
and WS2 so that an exposure action for the wafer W on one

of these stages and an alignment action for the wafer W on

the other stage are performed in parallel. Then, the main
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268 2 3 SEP 2002 [Si xth enbodi nent] Next, the sixth enbodi nent of theé
present invention wll be described with reference to Fig. 48. The
constituent parts identical with or conparable to those in the fifth

enbodi mrent wil|l be assigned the sane nunerals or synbols, and ti;gfp 0
expl anations will be omtted. The sixth enbodi nent is charactefi irzp%at
a wafer stage W51 is constituted to be divisible into two parts, i.e., a
stage body WSl a and a substrate hol di ng menber WS1lb detachably nounted on

t he stage body i ng.the ., sang, shape as the staqe body Wsla; and
that |ikewi se,cv}%g%ﬁe]?r s%g%aq{/@f’ ifsh%orfkﬁ'f Lﬂrécg q&F dﬁfgﬁﬁ RS #0d +t wo
parts, i.e., a.s age bqﬂ%IVBZa and a substrate hol ding nenber W52b

det achabl y noufif Ldt QR HF HIREe e REDELIoRF Hahald 3t@ 988w shape as the
stage body W52a. On the substrate hol di ng nenbers W5lb, W52b, the wafer W
is held by suction The &lftdi embasd deeny dvas shlem)heerRefdseutibeg suchathat
functioning as noving mrrors for an interferoneter are fornmed on the side

surfaces t her esfep-eand-tiegssats uhygie adxpdmixh nig PatfImedbor Whebwafer w
reference mark plates FML, FM2 are provi ded, respectively, on their upper

surfaces. In tdn stife xdtagdivRnibadial ald elcar oGR EvRES ahe prReskatned on

the wafer stages W1, W52 in practically the
invention is in no way limited to this constitution, and
the pattern image of the reticle may be projected
sequentially onto each shot area on the wafer W with
aiignment and exposure being repeated die by die. In this
case, the relative position of each alignment mark relative
to the mark WM formed on the reference mark plate FM on the
stage is measured during alignment. Thus, the reticle
pattern image can be superimposed on each shot area based
on this relative position in the same manner as described
above. Such a die-by-die method is desirably adopted when
the number of the shot areas on the wafer W ishsmall. If
the number of the shot areas is large, the aforementioned
EGA method is desirable from the point of view of
preventing a decrease in throughput.

The fifth embodiment has also been described such that
the first robot arm 201 moves one stage, WS1, among three
locations, i.e., the first, second and third positions,
while the second robot arm 221 moves the other stage, WS2,

among the three locations, i.e., the first, second and
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269 2 3 SEP 2002 sane nmanner as in the aforenentioned fifth enbodi ment. At
a time when an alignnent action is conpleted on one stage side, and an
exposure action is conpleted on the other stage side, the nain controller
28 controls a first and a second robot arm 201, 221. As a result, the
substrate hol ding nmenber WSlb (or W52b) on the alignnent-confI3t3EP 2802ge
side is carried (noved) onto the stage body Ws2a that has stopped at the
first position. In parallel, the substrate hol ding nenber Ws2b (or WSlhb)
on the exposure- conpleted stage side is carried onto the stage body Wil a
that has stopptbiat pbeitkonsd phswéven, tRetpiéseéROnBiventitth SUPSH e
hol di ng nmenbers WS1lb, W52b are replaced. During replacenent of the
substrate hol dvag PeRbeed ¥Slbhis We2bsti SUT 19105 £S5

i nterferoneter sgst em 26 are interrupt egl?tir]r%zi ngHtE]hJé@po& tlsﬁ%clgdt rfé)lr of
the wafer st 'ﬁqus' ry I eri st.age t oppers
30a, 30b appeggggﬁg%elﬁﬁﬁﬁé stagéeqté;tdj?%a; %?%ﬁm}&é%’aéi’%’%ﬁta@ . Izr‘ﬁt hi s
case, wafer re S erf at e second position by a carrier
arm ( not shomﬁ%fffgﬁn%%% ??é&%ﬂﬁg{§¥bql%ééhMﬁQHQHEO AN [ethere ddapny the

i magi ned fron1fi€é 48, the position at which the mark WM on the reference
mark plate FMIHESE PRFRAGAR Mg Rasitoron tand dneasnditt thiegrosoopega | s

determ ned as fhe second _
1ts carriage from the first position to the third position,

while the other robot arm 221 moves this stage WSl (or WS2)
from this position to the third position. This makes it
possible to use one robot arm 201 exclusively for carriage
between the second and first positions of both stages, and
use the other robot arm 221 exclusively for carriage
between the third and second positions of both stages.
Also, each laser interferometer constituting the
interferometer system 26 may be a multi-axis interferometer
which can measure not only the rectilinear positions of the
wafer stage in the X- and Y-direction, but alsd'its yawing

or pitching.
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270 2 3 SEP 2002 position; whereas the position at which the mark RM on the
reference mark plate FMlies in the projection area of the projection
optical systemPL is determned as the first position. Thus, the main
controller 28 carries out the novement of the substrate hol di ng) §e8BPr 2002
W51b, WS2b onto the stage bodies, resetting of the neasuring axes of the
interferonmeter system 26, and the R SET or W SET. The sixth enbodi nent can
obtain conparable effects to those by the fifth enbodi ment. The sixth
enbodi nent has been described such that the first and second robot arns
201, 221 nove th@ixtdserediment bi ng menber between the first and second
positions. However, as in the first enbodinent, the first and second
robot arns 201, 221Nmmy,rmhaasixthnﬁmhadﬁmeﬂtﬂaﬁrnhenyﬂKNEntaﬁmn@nthbge

| ocations, i.e., the first, second and third positions. In this case,

waf er repl acemeill deen descmiiddwiach ate fersdrice Wy esliatéedst.o tth@ proj ection
optical systemPL or the alignnment m croscope WA nce, even if the

wor ki ng di st angsh e Qe g Akl SR 18 L0 %ﬁﬁg%ﬁ’%d@e arabnkoWo Eﬂassv\iﬁp' €

there are none of dlsadvantages such that t nt m croscope

i d f ts h be
hgggrszega ch that rog%yxgﬁﬁgﬁ%r ]ggg)sf%%géﬁg%g% %ﬁggée ggﬁﬁﬁggfegr

during the int erru(pi[l on (g r<]eef\i.rnee(3‘csp ralnna J.%ﬁ%s wolfllt r1])e omitted.

The sixth embodiment is characterized in that a wafer
s;age WS1 is constituted to be divisible into two parts,
i.e., a stage body WSla and a substrate holding member WSlb
detachably mounted on the stage body WSla and having the
same shape as the stage body WSla; and that likewise, a
wafer stage WS2 is constituted to be divisible into two
parts, i.e., a stage body WS2a and a substrate holding
member WS2b detachably mounted on the stage body WS2a and
having the same shape as the stage body WS2a.

On the substrate holding members WSlb, Wsib, the wafer
W is held by suction via a wafer holder (not shown).
Reflecting surfaces functioning as moving mirrors for an
interferometer are formed on the side surfaces thereof. On
these substrate holding members WS1lb, WS2b, reference mark
plates FM1, FM2 are provided, respectively, on their upper
surfaces.

In this sixth embodiment, parallel processings are

performed on the wafer stages WS1, WS2 in practically the
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271 2 3 SEP 2002 interferoneter system 26. The present invention is not
limted to this constitution. For instance, a two- dinensional grating may
be formed on the | ower surface of the wafer stage, so that the position
can be read by an optical encoder from bel ow the stage travel2 %PC@Z
Alternatively, there may be enpl oyed neans capable of preci sel‘? Vi 8 t he
stage to a next position once the interferoneter neasuring axes are
interrupted, or neans capable of holding the stage body at a predeterm ned

posi tion whil esghePRhAfeltas ek eehd h&féfé:ﬁ&h% Jé Xﬁr}fdgggér?fg chthavg 2l so

L
been described such that two wafer stages no Hen y dare
provi ded. Howe . r (o) es which r.e vabl e
i ndependent |y %{rggll%%h‘é&%&ige(r}?{%%’%e;%\g%& 151 eatreéimﬁr’b\ﬂ“&e&tagﬁ
exposure actiop, ;an altignrrent action, and a wafer_ flatness measuring

action, for exahfe, DA AN RXPRFYLS AREIGN L Aepletatan e Beher
plurality of the projection optjcal systems PL and alignnment m croscopes
WA. If a pluraftl9e ofldde thejrain sippialder Akteotiels ar €igsesent, aan
alignnment action and two different patterns of exposure actions can be
performed in piecond|robit sarm 2Gli 28l e fAw aaddd texpohusabstrake | i ke.
The above enbodi nents have been illustrated in which the present invention
was applied thaldirep-nmenbaereMslb (or WS2b) on the alignment-completed

stage side is carried (moved) onto the stage body WS2a that
has stopped at the first position. In parallel, the
sﬁbstrate holding member WS2b (or WS1lb) on the exposure-
completed stage side is carried onto the stage body WSla
that has stopped at the second position. 1In this manner,
the substrate holding members WS1lb, WS2b are replaced.
During replacement of the substrate holding members WS1b,
WS2b, the measuring axes of an interferometer system 26 are
interrupted, making the position control of the wafer
stages WS1, WS2 impossible. During this periqd, stage
stoppers 30a, 30b appear and hold the stage bodies WSla,
WS2a in place. 1In this case, wafer replacement is
performed at the second position by a carrier arm (not
shown) .

.In the instant sixth embodiment, as will be easily
imagined from Fig. 48, the position at which the mark WM on
the reference mark plate FM lies in the detection area of

the alignment microscope WA is determined as the second
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272 2 3 SEP 2002 projection exposure apparat.us. However, the tange of
application of this invention is not restricted to this constitution. This
i nvention is applicable not only to a step-and-scan projection exposure

apparatus, but to other types of exposure apparatuses, suc §s§€p gw ctron
beam direct drawi ng device. | NDUSTRI AL APPLI CABILITY As ex i hed ve,

according to the projection exposure apparatus and the projection exposure
met hod of the invention, it possible to further inprove the throughput.
According to the projection exposure apparatus and the projection exposure
nmet hod of the PRPliof, WAYpreasc&hleeposdtiont atwwhdiehhabenvarkeRM obt ehaed
in the conventional technique, is obtained in that it is possible to

i nprove the threfgmence maxkaplateeFMhd iesbdinr ahe pirajectiandaresuse the
wei ght of the substrate stage. According to the projection exposure
apparat us and pirejeptdpacbpticaipeystemn®rLhed gbtbRRihBYCAEi ORe Firds
possible to further inprove the throughput and avoi d any nutual

infljience of gosiuibancerhakyeeRe! #RiAUBShERbE181296ScaFEOL déh&@é e Lhe
proj ecti on exposure apparatus and the projection exposure nethod of the

| nvention, 1t h3vBRSALPLE th@ LHHLEEALEMREPYEnkRehBERYHIRHS, ANLSLG, 2NV

nmut ual 273
the stage bodies, resetting of the measuring axes of the

interferometer system 26, and the R-SET or W-SET.

The sixth embodiment can obtain comparable effects to
those by the fifth embodiment.

The sixth embodiment has been described such that the
first and second robot arms 201, 221 move the substrate
holding member between the first and second positions.
However, as in the first embodiment, the first and second
robot arms 201, 221 may move the substrate holding member
among three locations, i.e., the first, second and third
positions. 1In this case, wafer replacement caﬁ be
performed at a site unrelated to the projection optical
system PL or the alignment microscope WA. Hence, even if
the working distance below the alignment microscope WA is
narrow, for example, there are none of disadvantages such
that the alignment microscope WA impedes wafer replacement.

The fifth and sixth embodiments have been described
such that robot arms or stage stoppers are used as measures

during the interruption of the measuring axes of the
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2 3 SEP 2002 interference between the two substrate stages. According the
exposure nethod of the invention, it is possible to inprove throughput and
determ ne the size of the substrate stage regardless of the baseline

anount. According to the exposure apparatus of the inventioq% ig bS 0
possible to inprove throughput by the parallel execution of ﬂ gBogEZe
action on one substrate stage and an alignnent action on the other
substrate stage. According to the projection exposure apparatus and the
proj ection exposure nethod of the invention, it is possible to performthe

hi ghl'y accur at enfecferdmyedi Ngys €ant 16) Wi radditeri vt g st ket
throughput. According to the projection exposure method of the invention,

it Qs posslblpnaptmré@rmgmecm&ﬁau@wra%éq%&ér?cvee"ngc cont r ol

while further inproving the thr even int casd Of the use of EGA
respect to the mask

I n which the erfor

on the basis g?ﬁﬁ%] arrag% go"fa f}beé)sfz’i eergas%tt'%?réé’ CIASESEArRgCLo t he
proj ection expqsure ar.at us of t he invention, is possible to perform
the highly acc at‘éafeg‘guﬁst/ﬁge%/elﬁ%gt actorﬁhr%IPQﬁrﬁtllé’q G0 Rendeade byhaBughput |,
by using, as the . pre-neasurenent data for the focus control, the focus

i nf ormati on orPR |Reader firambeley ddemstage dwavedosurfaceubj ect ed t o

pr e- measur enent when the shot areas |ocated 274
Alternatively, there may be employed means capable of

precisely moving the stage to a next position once the
interferometer measuring axes are interrupted, or means
capable of holding the stage body at a predetermined
position while stopping it there.

The fifth and sixth embodiments have also been
described such that two wafer stages movable independently
are provided. However, three or more wafer stages which
are movable independently may be provided. If three wafer
stages are provided, an exposure action, an alignment

- action, and a wafer flatness measuring action,lfor example,
can be performed in parallel. There may be a plurality of
the projection optical systems PL and alignment microscopes
WA. If a plurality of the projection optical systems PL
are present, an alignment action and two different patterns
of exposure actions can be performed in parallel. This is
suitable for double exposure or the like.

The above embodiments have been illustrated in which

the present invention was applied to a step-and-repeat
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2 3 SEP 2002 in the vicinity of the outer circunference of ‘the sensitive
substrate are exposed. According to the scanni ng exposure nethod of the
invention, it is possible to performthe highly accurate focus/Ileveling
control while further inproving the throughput. Therefore, the exposure
apparatus and the exposure nethod of the invention are extreded SERIiZ20821 e
for produci ng sem conductor elenents and liquid crystal display elenents
by neans of the photolithography process. 275 2 3 SEP 2002 CLAIM5S 1. A
projection exposure nethod for exposing sensitive substrates by projecting
a pattern fornRHODACHLARSRXPOSVUGhapppratest i dhowetéral tisy stageordio t he
sensitive substrates, conprising: preparing a mask stage which is novabl e
whi | e hol di ng @épplieskioprepathiy indénsiosubsthet ersd Ger-vad @ S95d
substrate stage, each of which 1is novable independently on a '

t wo- di nensi onatopsefeutboh e hehgé n jti te: [
; Speengt 4 SRR o RY 0.

positional information of the mask stage by usi

system measuri g, Pasdldiona! '@i | O e first subsB{ te stage by
using a first ‘il:%erfer onet eefs ‘gét{eTPrrtlsd e%e@%ﬁllilhneg] APR3LAL Sy d%u%é’ 862\‘3&'“ on
in which the tage and the first substrate stage are synchronously
noved in respt%ée (g%a% T ARG FHYS Gy 1 a\sng‘“ Fdgatiremabean

i nfornmati on neasur ed the mask interferoneter systemand the first
é?%ect Jﬁgw{hg device. Y

INDUSTRIAL APPLICABILITY

As explained above, according to the projection
exposure apparatus and the projection exposure method of
the invention, it possible to further improve the
throughput. According to the projection exposure apparatus
and the projection exposure method of the invention, an
excellent effect, which has not been obtained in the
conventional technique, is obtained in that it is possible
to improve the throughput, miniaturize the subétrate stage,
and reduce the weight of the substrate stage.

According to the projection exposure apparatus and the
projection exposure method of the invention, it is possible
to further improve the throughput and avoid any mutual
influence of disturbance between two substrate stages.

According to the projection exposure apparatus and the
projection exposure method of the inventioh, it is possible

to further improve the throughput and avoid any mutual
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i nterferometer system perform ng at | east one of a substrate exchange
operation and a detecting operation by using the second substrate stage
during said first exposure operation; neasuring positional infornmation of

the second substrate stage by using a second interferoneter Séfie$ﬁﬂ [f?g
at | east one of said substrate exchange operation and said d C 'ngfﬂ
operation; starting to neasure positional information of the second
substrate stage by wusing the first interferoneter system and 276 2 3 SEP

2002 executi ng,, %%t%r t he sgart, a s%cond exposure operation in which the
mask stage and™tFEIS§EEBRE SGL¥erD: Eher Aye sPbSEYALEr sh8dSFy nbeedrding he

respective scanning directions, based on the positional information
measur ed by t h&PEaSRPPRVERT BeShedepfsbeednveantiiohe ftr s poseilbe oret er
system 2. A projection exposure nethod according to claim1, wherein the
mask i nterfer dmereresybrenghpstnendudengraine pheakick 60 tHE SOFWFASL
direction of the mask stage and neasuring axes perpendicular to the

scanni ng di recttage SegérOIQbecbfOﬂhgxgggglgngegﬁggnggcqg@@gﬁhfﬁéfﬂgﬂq?gL
wherein said nask stage has corner cube mrrors corresponding to sa

neasuring axeseppbahtel appat€usCepntng lﬁbéﬁfib n, i @ngy ﬁ%{ﬁ% to

interferoneter system neasures the positional Informatio mask
stage by usingihBeo¢O fFos 14LJ O, 4 j ection, exposure nethod
according to cl a?n?Z, wher eégt s‘fglnilg rr%@% p?ﬁﬁfé%r%’f@?‘é‘”%ﬁ AERpsaLre
rotation of th stage by wusing the neasuring axes perpendicular to

t he scanni ng d??ggﬁ‘(o ,E ‘%.‘e Aé/‘bl?%’f%%f? LD ARG Ahed hegnnaito raditien encl ai m
4, wherein said nmas stigﬁ? has a reflection surface extending along the

scanni ng di recthoret SErAl& §%R99 f er onet er

According to the projection exposure apparatus and
the projection exposure method of the invention, it is
possible to perform the highly accurate focus/leveling
control while further improving the throughput. According
to the projection exposure method of the invention, it is
possible to perform the highly accurate focus/leveling
control while further improving the throughput, even in the
case of the use of EGA in which the positional‘adjustment
is performed with respect to the mask on the basis of the
arrangement of the sample shot areas. According to the
projection exposure apparatus of the invention, it is
possible to perform the highly accurate focus/leveling
control while improving the throughput, by using, as the
pre-measurement data for the focus control, the focus
information on those located at the inside which could not

be subjected to pre-measurement when the shot areas located
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system neasures the positional information of the mask stage by using the
reflection surface. 6. A projection exposure nethod according to claim 2,
wherein the first interferometer systemhas five nmeasuring axes. 7. A

proj ecti on exposure nmethod according to claim®6, wherein the Er -
interferoneter system has neasuring axes parallel to the sca r@tp 2002
direction, and neasures tilts of the first substrate stage during the
first exposure operation" and neasures tilts of the second substrate stage
during the Secgﬂdtﬁép9§8§§' ergti on. 277 2 3 SEP 2002 8. A projection
exposure met hod accor dirngmtoy cPhi F8, OWheF cFhrewaierenge ofthe eranmitaive
system has neasuyi gxes erpendi cular to the scanning direction, and
nmeasures rot atFBﬁsgﬁﬂ ?i‘?’fé eXPe$edfirst substrate stage during the first
exposure operation and neasures rotation and tilts of the second substrate
stage during the sekefRréipdstie cchepecannimg Exposyre|metiici cFXRRUT €

met hod according to claim1, wherein alignnent information of the sensitive

substrate hel dinventhiomsecindis s s H ke stagser fordetard erﬂg‘iﬂg: RGcuditd |

detecting operation. 10. A projection exposure nethod according to claim1,

wherein a novi figcuedidrel Qg tdbhrd StwisitlsStf 8l eit %%ﬁn)t%yei Eje;%%ref orns the

first exposure operation overlaps a noving reglon cond substrate
stage whi ch exgety t ] eagf t syuhstrate exchange _operation and
the detecting oper?}%;n. 11 A r O%,Ctélh(;%n eé&’po A aRATEL 5c88Bditﬁ§ to

claim1, wheregj i ISt uhstrate stage which perfornms the first
exposure oper g‘%’fbognﬁfrsé p')'{ez:\;lé)rﬁé’%sf%nl\ﬂvﬁ”%ﬁ%h argertremedycsHatabbst fare
is nmoved duri rbgia%lﬁl.east one of the substrate exchange operation and the
det ecti ng operHGDIT I, SeRIGORANCHOI, edeseatse ang; Adquidcoryshglt disphay 1,
wherein said second

elements by means of the photolithography process.
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interferoneter system neasures rotation and tilts of the second substrate
stage during at |east one of the substrate exchange operation and the
detecting operation. 13. A device nanufacturing nmethod including an
exposure process utilizing the nethod defined in claim1. 14. An exposure
nmet hod for formng a predetermined pattern on sensitive subsQrptSfEp 2{]“%
met hod conprising: 278 2 3 SEP 2002 exposing a sensitive substrate which is
hel d on a fi cealMel di ng nenber, while noving a first novabl e menber which
supports said first hol ding nmenber; nonitoring positional informtion of
the first holding nmenber which is supported by the first novabl e nenber by
using a first interferoneter system neasuring alignnent information of a
sensitive substrate i ch. i d. on second ~hol ding nenber, while noving
a second novabl ealr'nsrrt\g/g\rls;r \?ﬁ#@%&ghopsﬁr& ei“%“i‘ﬁﬁ”@&%f&ﬁﬁmﬂw FehsHeenyrRseiecting

noni toring pesiiional dinfor ion of the second hol ding member which is
support ed b%/)ﬁglt‘%lé] fg)gtée na arfB%EE‘fF%“%P&@FC‘W og4gahsystgmaatodhelsensitiesrsubstiatest er
system exchan i.nlg the holding nmenbers so that the first hol ding nmenber is
support ed byCQP&’ES Zecond novabl e menber and the second hol di ng menber is
supported by the first novable nenber; exposing, after the exchange, the
sensitive substrate hBleaaEg apask stageoviaicthis mgivatle whiterholling thdhindsk; movi ng sai d
first novabl e menber which supports the second hol ding nenber; and

noni toring, after theP@RYMaRdEst sPtate sepaindiaxtantaibsoite sthgd, B&hDE GAiRE

hol di ng nmenmber which is supported by the first novabl e nmenber by using

sai d first inmeydbirindeperalentlyymitactmoddimendioneDpRae white KERIiKOLseAGHR sEhsiigel O Cl @i m
14, wherein said first and second ’

measuring positional information of the mask stage by using a mask

interferometer system;

measuring positional information of the first substrate stage by using a first
interferometer system;

executing a first exposure operation in which the mask stage and the first
substrate stage are synchronously moved in respective scanning directions, based on the
positional information measured by the mask interferometer system and the first
interferometer system;

performing at least one of a substrate exchange operation and a detecting
operation by using the second substrate stage during said first exposure operation;

measuring positional information of the second substrate stage by using a
second interferometer system during at least one of said substrate exchange operation and
said detecting operation;

starting to measure positional information of the second substrate stage by

using the first interferometer system; and
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ers are noved by an el ectronmagnetic force. 16. An exposure
g}t/ﬁlo)::leagggir)di ng to claim 12, wherein reflective surfaces used for the 4
first and second interferoneter systens are formed on the first and secon
hol ding menbers, respectively. 279 2 3 SEP 2002 17. An expos@$ SER rapd2
according to claim 14, wherein each of said first and second holding
menbers has a reference, and wherein the reference of one of said holding

. . , . . . o
nbers which i s suppextuitgufiet the staitf Séecomexpbsrd Byahabn hSviEBLESLEY Prior
gﬁ exposure. 18. An exposure nethod according to claim 1},' wherern said

exposure s supendbhuudoRysu SR A SRR BB e pudle RABRRTS

nmet hod according to claim14, wherein said fitst ‘in rone Stem
ures yaulirsgions) Gadell ofi Helpdsitiedl infPmSRMFed B 1O RGGdL NG L0 cl ai m 14,
V\nﬁgfei n sgi d rgglggﬂda@i nt ereggﬁl(;rretlgr system rre%‘{s@;r es%f’/sgl(vl\fll ﬁ‘éer%‘ﬂ%erp‘iyftﬁrﬁl ng.

B fepdneefd A i i i | i gnment
21. An expo d@ to claim14, wherein said a o
i nformati gn%ﬂﬂlggitﬁgi nec? by ég¥ecti ng a plurality of marks on the sensitive

[ im 14, wherein said
substrate. 22. ~yAn expRSHE hod accordi to claim 14,
exposure of the 'subst Pg)? e{lﬁne%&é’ﬁe 'E’%?‘f?crclg@g‘ﬁé? Elflﬁ?lr;fmor rrg{t?zwn ofer I (r)];msd,
whi | e execut] % asurenent o e al i gnment 1 nfor :
Substrat o hel Qs ey SRBHGRHO e firs Prheles (e saming desvliomohamiskotage i ng
i ' S utjlizing the method defined in claim
met hod i ncl h'ﬁ’d ng an exposure ,groces Iirzin _ _ k
14. 24. A proj i epsmsr i in e Sgfiele direrfor.o claim 1, wherein t ne
detecting oper atg’ on inhcl udes a determ nation of positi ona_l r.el ationship
b . A projection exposure method according to claim 2, wherein said mask stage
etween a

has comer cube mirrors corresponding to said measuring axes parallel to the scanning

direction, and said mask interferometer system measures the positional information of said

mask stage by using the comer cube mirrors.

4, A projection exposure method according to claim 2, wherein said mask
interferometer system measures rotation of the mask stage by using the measuring axes
perpendicular to the scanning direction,

5. A projection exposure method according to claim 4, wherein said mask stage
has a reflection surface extending along the scanning direction, and said mask interferometer
system measures the positional information of the mask stage by using the reflection surface.

6. A projection exposure method according to claim 2, wherein the first
interferometer system has five measuring axes.

7. A projection exposure method according to claim 6, wherein the first

interferometer system has measuring axes parallel to the scanning direction, and measures

tilts of the first substrate stage during the first exposure operation and measures tilts of the

second substrate stage during the second exposure operation,
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plurality of defined areas on the sensitive substrate held by the second
substrate stage and a reference on the second substrate stage, and wherein
prior to the second exposure operation, the reference on the second
substrate stage is detected in order for alignnent of the pl ur%isi tSEpon(mZ
defined areas on the sensitive substrate held by the second substrate
stage. 280 2 3 SEP 2002 25. A projection exposure nmethod according to claim
24, wherein tile8 det Adréiensionpenoadre owrthod ataockkisg @ cthith 6 CWheddin B fifsPCUSSI Ng
information of a vicinity OF Quter circunference of the sensitive

‘substrat e orinteioneensystesibs meabringsieRrpeAbiculdr 1B IR sC&hing RirfiBRSHI € Met hod
according to claim25, wherein a defined area ill the vicinity of outer

ci r cunf er enceeagirestrotations ald tits bf ¥e fifsubBkti a6 Ga@i duribl i first 860 %@ﬁo‘h%? stage
i s exposed by noving the second Substrate stage so that ail Xposur e bearn

scans the semafuréswetasiodgidria of the FbANRILSIHSHAR dufind RE sdchS] t he
sensitive substrate, while tile mask stage a%g% theé sgéééﬁ‘zd ég‘g%ﬁer ate stage
are noved syaefidonously. 27. A projection exposure method according to
claiml , wherein the detecting operation includes a detection of
focussing i nformationg gf,id ¥l &0l ter. circunference of tile
sensitive substrate onB{Oﬁ%tlgrza%!gﬁ%ﬁés/ﬂ%é?érjgctcgrd&g g glainb b wherep aligarpsnt o,
exposure methad. ' Lo claim 27, erein a defined area ill tile
Vicinity Of te?&gﬁtg%%r be'?‘?ﬁgés%ghﬂqémé F?qra\FBbsérG‘lﬁﬁaﬁ%ﬁsé'e‘@Fth dwig second
substrate ng&?g ticZ' exgosed by noving the second substrate stage so that an
exposure bea LEH0E PREAOBnsi ti ve substrate fromthe outside to tile inside
of tile sensitilve Supstrate, while the mask stage and the second Substrate
stage are noved %ynchPiseiiqngxposusegnethgd asqording teclpint h vliersin@ondinggegion cl ai m

16, wherein H}e al i gnnent ) _
of the first substrate stage which performs the first exposure operation overlaps a moving

k.

region of the second substrate stage which executes at least one of the substrate exchange
operation and the detecting operation.

11. A projection exposure method according to claim 1, wherein the first
substrate stage which performs the first exposure operation is prevented from vibration
when the second subs‘trate is moved during at least one of the substrate exchange operation
and the detecting operation.

12. A projection exposure method according to claim 1, wherein said second
interferometer system measures rotation and tilts of the second substrate stage during at
least one of the substrate exchange operation and the detecting operation.

13. A device manufacturing method including an exposure process utilizing the
method defined in claim 1.

14, An exposure method for forming a predetermined pattern on sensitive

substrates, the method comprising;
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information includes positional relationship between a plurality of defined
areas oil tile substrate held on the second hol di ng nenber supported by

t he second novabl e nenber and a reference provided oil the secaond hol di ng
member Supported by tile second movabl e nember, and wherein afﬁeBEPhamm
exchange, the reference provided on the second hol ding nenber is detected
in order for alignnent of the plurality of defined areas on the second

hol di ng nember sg’fﬂ?é% 8 §eTBive Ridstiate whicthis held g adiestrbelding 8@mbeyj Whikexpmangr e

met hod according to claiin 29, wherein the first and second novable
menbers ar e 454 8 vahle mambes yrhinh shppods sai@fist ildinempalsmy e met hod accordi ng to
claim 16, wherein tile first and second novable nenbers are noved oil a
cormon base. 281mEni@rgEpostin@! iBfrmabion ef e sitst Roltig hreebacAthd Agpsdtyal m 20,
wherein each of the first and second hol ding nenbers has a re?lectlve

surface usetheffst mdveblé imesiberandsiags AndinterBioticfpsRMRAL €r Ssystems. 33. An
exposure net hod according to claim 32, wherein the alignnent information

i ncl udes posi ti omedsurig) aighadS BiE@mRBRIMETARemiRE Witdiri Whidh sdefi as on
the substrate held on the second hol di ng n%nber éupportgggﬁﬁmﬁﬁg%égcond

movabl e mekbigig aRehber, WEASH &E&l\dhﬂl%blgglghb IR o*Pt‘B's&l{i gegorgzﬁ”ber

supported by the second novabl e nenber, erern ter change,
t he referenﬁ@dgggﬁﬁggg on the second holding nmenber is detected in order
for alignnment of the plurality of defined areas on the second hol di ng

recor ding Fo. ol areaghRE postlodl 15 0o HRE HRna iefing Bertioh Sk b pSERS ar e
wher ei n t neo o SeoRRR R et BRDE &' FeB ¥ eamesrRRIon o comon base.
exchanging the holding members so that the first holding member is supported by the
second movable member and the second holding member is supported by the first movable
member;
exposing, after the exchange, the sensitive substrate held on the second holding
member, while moving said first movable member which supports the second holding
member; and
monitoring, after the exchange, positional information of the second holding member
which is supported by.the first movable member by using said first interferometer system.
15. An exposure method according to claim 14, wherein said first and second
movable members are moved by an electromagnetic force.
16.  An exposure method according to claim 14, wherein reflective surfaces used
for the first and second interferometer systems are formed on the first and second holding

members, respectively.
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17. An exposure method according to claim 14, wherein each of said first
and second holding members has a reference, and wherein the reference of one of said
holding members which is supported by the first movable member is detected prior to

an exposure.

18. An exposure method according to claim 14, wherein said exposure is

performed by a scanning-exposure method.

19, An exposure method according to claim 14, wherein said first

interferometer system measures yawing and pitching.

20. An exposure method according to claim 14, wherein said second

interferometer system measures yawing and pitching.

21. An exposure method according to claim 14, wherein said alignment

information is obtained by detecting a plurality of marks on the sensitive substrate.

22. An exposure method according to claim 14, wherein said exposure of
the substrate held on the first holding member is performed, while executing said
measurement of the alignment information of the substrate held on the second holding

member.

23. A device manufacturing method including an exposure process

utilizing the method defined in claim 14.

24. A projection exposure method according to claim 1, wherein the
detecting operation includes a determination of positional relationship between a
plurality of defined areas on the sensitive substrate held by the second substrate stage
and a reference on the second substrate stage, and wherein prior to the second
exposure operation, the reference on the second substrate stage is detected in order for
alignment of the plurality of defined areas on the sensitive substrate held by the

second substrate stage.
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25. A projection exposure method according to claim 24, wherein the
detecting operation includes a detection of focussing information of a vicinity of outer

circumference of the sensitive substrate on the second substrate stage.

26. A projection exposure method according to claim 25, wherein a
defined area in the vicinity of outer circumference of the sensitive substrate on the
second substrate stage is exposed by moving the second substrate stage so that an
exposure beam scans the sensitive substrate from the outside to the inside of the

sensitive substrate, while the mask stage and the second substrate stage are moved

synchronously.

27. A projection exposure method according to claim |, wherein the
detecting operation includes a detection of focussing information of a vicinity of outer

circumference of the sensitive substrate on the second substrate stage.

28. A projection exposure method according to claim 27, wherein a
defined area in the vicinity of outer circumference of the sensitive substrate on the
second substrate stage is exposed by moving the second substrate stage so that an
exposure beam scans the sensitive substrate from the outside to the inside of the

sensitive substrate, while the mask stage and the second substrate stage are moved

synchronously.

29. An exposure method according to claim 16, wherein the alignment
information includes positional relationship between a plurality of defined areas on
the substrate held on the second holding member supported by the second movable
member and a reference provided on the second holding member supported by the
second movable member, and wherein after the exchange, the reference provided on
the second holding member is detected in order for alignment of the plurality of

defined areas on the second holding member supported by the first holding member.

30. An exposure method according to claim 29, wherein the first and second

movable members are moved on a common base.

31. An exposure method according to claim 16, wherein the first and second

movable members are moved on a common base.
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32. An exposure method according to claim 20, wherein each of the first

and second holding members has a reflective surface used for the first and second

interferometer systems.

33. An exposure method according to claim 32, wherein the alignment
information includes positional relationship between a plurality of defined areas on
the substrate held on the second holding member supported by the second movable
member and a reference provided on the second holding member supported by the
second movable member, and wherein after the exchange, the reference provided on
the second holding member is detected in order for alignment of the plurality of

defined areas on the second holding member supported by the first holding member.

34, An exposure method according to claim 33, wherein the first and

second movable members are moved on a common base.

35. An exposure method according to claim 20, wherein the first and

second movable members are moved on a common base.
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