#HYR () *+,e3e D] ../\9B: D6VDIDVb1l TI TLE OF THE | NVENTI ON EXPOSURE
APPARATUS AND STAGE DEVI CE, AND DEVI CE MANUFACTURI NG METHOD 5 ~; BACKGROUND
OF THE INVENTION r- Field of the Invention The present invention relates to
an exposure apparatus and a stage device, and a device manufacturing 10

met hod, and nore particularly to an exposuge apparatus that is used in a

| i t hographi c process when manufacturing electronic devices such as

sem conductors and liquid r crystal displays and a stage device conpri sing

a stage that noves two di nensi y i i bj ect 15 subject to

exposure by the exposure appar@?‘gt',h % ?ﬁéﬁwmgcturi ng net hod using

t he exposure apparatus. Description of the Related Art At sem conduct or

manuf acturing sites, 20 conventionally, reduction projection exposure
apparatus, or the SEXEOSUHESARPRRATUSI ANDISSTAGE -DEVICGH , aaMD cury | anp
havi ng a wavel ength of 365nmas an illumnation |light, were used to mass
produce circuit devices (SDEVICEX MANURACTURING RMETHORt have a 25

= nimum line width of around 0.3 to 0.35m Then, to cope w th higher

==htegrati om of sem conduct or devices, exposure apparatus that have a higher

==esol ution have been devel oped and put to practice. At present, a 2

S dhni ng type exposure appéBpA&:KG OF aTBE:INVB met hod (referred

=P @S a scanner, or a scanning stepper) that repeatedly perfornms scanning

= dosure oper &t€dAs 2dndbst dPFFRG16Per ati ons i s being widely used. Such a

=scanni ng 5 type ex ure apparatus uses an ultraviolet pulse |aser |ight
gg%gving g mavgrengtﬁ%ﬁﬁ EﬁgﬁﬁpFr6ﬁyﬁniﬁﬁnef8ﬁﬁﬁﬁslﬁgeﬁnogxgﬁSHFFraviolgt

pul se laser |i_ght _havin wavel engt,h_of 193nm from an ArF_exciner .l aser as
bhe 111 uni nat PEROFRGRE, SBRA by CPOReArYy Eearhing AoNask BRngractiring

and more particularly to an exposure apparatus

10 method,

that is used in a lithographic process when manufacturing
electronic devices such as semiconductors and liquid
crystal displays and a stage device comprising a stage

that moves two dimensionally while holding an object
15

L

subject to exposure by the exposure apparatus, and a

device manufacturing method using the exposure apparatus.

Description of the Related Art

At semiconductor manufacturing sites,

20 conventionally, reduction projection exposure apparatus,

or the so-called steppers, which use an i-line of a

mercury lamp having a wavelength of 365nm as an

illumination light, were used to mass produce circuit

devices (such as a 64M(Mega)bit D-RAM} that have a
25 minimum line width of around 0.3 to 0.35um. Then, to cope
with higher integration of semiconductor devices,

exposure apparatus that have a higher resolution have

been developed and put to practice. At present, a



10 reticle on which a circuit pattern is fornmed (hereinafter generally
referred to as a "reticle") and a wafer serving as a photosensitive object
relatively with respect to a projection field of a reduction projection
optical system the exposure apparatus transfers the entire circuit 15
pattern of the reticle onto a shot areg on the wafer. Wth such a scanning
stepper, circuit devices which degree of integration are in the 256Moit
D-RAM cl ass and have a minimumline width of 0.25m can be mass produced.

Fur t her nor ecaexjpog ut gpappapasuse f appanssuprbodsedngn28 stepuvahddewanes in
the next generation that are 1 G ga)bit and over are currently being

devel oped. mgihddt heeEeanail ngo exposuseaappar abusabasednbngt heeppep’ and- scan
nmet hod, when a pattern of the reticle is sequentially transferred on a
plurality bhathbepreaeedlynrosieres wacernihgr ekpasuee ppeeateansoand "shot"
as appropriate), in order to inpprove throughput, the reticle is normally

al t er nat el §LeRRRABAOPPERT bPBE al § yPaERGNEHICEY B8eHo pBIForanISEFVENE of the
foll owi ng shot. Therefore, 3 when the reticle pattern has been

transf et r etYBRt SXBOSHEE , APPRIF EYS cPeehadl t Bl bEahr 8ght PBAER +8S€Re starting

position for scanni ng exposure of the_fol] ow shot verscan). In this
operation,ff%%t?%?Y%ﬁ% ?swﬂ%9§%n t?u?fhg?g?woﬁg?ﬂeap%§ﬁteﬁﬁé@%zexposure has
been conpl et ed _by_an ampunt_equal to,the,nmoving.length during prescan
(ccel or at T8RCT 14 10 VEhERv SO1Er P be EbFs "EhelRohAn I 80 Dy “aur ng

exposure) . SetLhing §imoohnt heoyel oohty Loc ¥i¢ i ps a predet er ni ned

Lpg !
error range after”10 acce?eratlon IS conplete%? Ee%ore exposure begins, and

cor r espondi NPuh Pn SULHN aDi GRES ath@Mpy t NEnNRE ) basntPnbeapyse bR Lhe
scanning direction in addition to t%e stepping operation for nmoving the

waf er 1o thetnexé shokh{eh diféerentit shetredhacentotged heheboveashot in the
nonl5 scanning direction). Such stepping operation between shots was

convent i ongéhyrpei§orateriadtbe 4ol d oWragipletpdane, afwafet 13etinggh (3):
(1) When exposure has been conpleted, a wafer stage 20 (substrate stage) is
t enporari |l s nevelotos¢hel sive copedt na¢bapdeelyvonith téspscannong direction
as the starting position for scanning exposure of the follow ng shot. (2)
The waf er Bfagectiort &pped PA Bh&ote-ts©an minfy <5 iy eatilorpt oSy $ieemt art i ng
position for exposure of the followi ng shot. (3) The wafer stage begins
scanni ng fbie eSPRTNES FPRAE T 0T | brdmgiendtthe anhek®rat Rgryt the wafer was
substgntially noved_.along a h t hat resengled the letter U One of the
T as0nS 1 oP* EHPt byt g SUCKC S pHt HVES Desatinet i beb vieen HE Bbove
operatlonsw£gﬂ gﬂgh(g)sC§ﬂn£%% ngpééé; girgglfngeéyges which

degree of integration are in the 256Mbit D-RAM class and

have a minimum line width of 0.25um can be mass produced.

Furthermore, exposure apparatus for mass producing

20 circuit devices in the next generation that are

1G(Giga)bit and over are currently being developed.

With the scanning exposure apparatus based on the
step-and-scan method, when a pattern of the reticle is
sequentially transferred on a plurality of shot areas on

25 the wafer (hereinafter referred to as “shot” as
appropriate), in order to improve throughput, the reticle
is normally alternately scanned (reciprocally scanned) so

as to perform exposure of the following shot. Therefore,




5 above operation (2), control information (including information for
setting control paraneters) necessary for exposing the foll ow ng shot was
sent froman upper unit to a stage control unit (including a synchronous
control unit) that controls the stage. The above control 10 infornmation
includes, for exanple, information related to position control of the
reticle stage and wafer stage such as set val ues of EGA paraneters (offsets
X and Oy of a wafer in an X-direction and a Y-direction, an orthogonality
error w ofyRest 8ge eeeldibapatsyshemMalshdleckd tspan ffd@sed entwvenshsét pf a
wafer, rotation error 8 of a wafer, magnification (scaling) errors rx and
ry of a watlkee ratidkeXhandtd berlecoughs)babkatoedhbyswateingl i gnnent based
on an EGA net hod perforned prior to exposure (such values will be data used
when settipgsiheoR0fposscanming ¢ikposaferodntegpbsliteyingoshetti on
paranmeter related to the position of both stages during exposure (such as
bend i nf or feaveévacan) noviabltér i rarerRtorpnhecreetied iecls adige mawd or t he waf er
stage side), data related to dose control such as data on pul se energy
densi t Y of fgsthee Exennehe | pRbRt aWlc¥deerRABREe oRapuPeen efrPERiBhedand
furthernore, data related to the exposure sequence set. In addition, in
some casesPY hdl i AoV Hat B8Rt halC i he JBRVERY of CRAFRr AREIBA BFSRERR nechani sm

whil e the st ' . 5 _bei d. F t N i
thr oughput RECOHB: 8FLPhe" 1S T nbGRPArE FS59B5, VRHECT Y of BEFTE O dchi eve

such @ goalo; bhe. gogel L3t Lgsdere] eratiom pRsed; oL Lhe el Lighe gs wel

as the maxi UM 'sSp g exposure’i sTi ncreasi ng,

exampl e, 0¢56,4.9,4G, 208k 35011 504 0o 15000NT 5r -5 £SPELEL VBV W th thi s

i ncrease, e accel eration- eration speed and the maxi nmum speed of the

vaf er 13t age-dald PPt SEANDE NEoRX PO P 8L BOrbesQpBSLAE Ee?ﬁﬁH? £RAr espondi ng
to the projection magnification. Therefore, the noving length during

prescan an@'o@ﬁ@édES@ﬁcﬂlirﬁ@%r%c@ei@r@p@ﬁgtﬁ&ﬁﬁrtﬁépﬁéﬂéﬁ Bhsotbaset o be
ext ended, according to such increase. Therefore, although the

accel er at i lmovel@ceh etlad | atadbispedtiranti dhei naxddimispeed weee originally
i ncreased fromthe viewpoi nt of inproving the throughput, there were
concerns téaepphegt dpevghbornr Hwol downthgathy daeferate the next shot

(a different shot adjacent to the above shot in the non-
15 scanning direction).
Such stepping operation between shots was
conventionally performed in the following procedure, from
(1) through (3):
(1) When exposure has been completed, a wafer stage
20 (substrate stage) is temporarily moved to the same
coordinate position in the scanning direction as the
starting position for scanning exposure of the following
shot.
(2) The wafer stage is stepped in the non-scanning
25 direction to the starting position for exposure of the
following shot.
(3) The wafer stage begins scanning for exposure of the

following shot.



in the long run. Under such circunstances, requirenents for 20 devel oping a
new exposure apparatus that can inprove throughput while nmaintaining other
performances of the apparatus are pressing. Inproving the throughput is
consi dered possi ble, by achieving at |east either perform ng the prescan
and 25 overscan operations and the stepping operation of the wafer stage in
bet ween shots in parallel, or reducing the noving |length of the wafer

stage. However, when the sequence of the above parall el 6 processing or a

nmovenent path Abesrdefyres the wRFEAGwhENglbstsneiRl Dy edowedhaubngasef ul
consi deration, synchronous accuracy of the reticle stage and wafer stage

may decrease apstlexplostrecyémbl sdffhei tattaccur agharayf S heamesahd fiaml t,
or the time required for synchronous settling of both stages before
exposure nay iempeageng osuth amspathiwgs tbheczonerbh befweent tba akdeered to
earlier may prove to be difficult. 10 SUMVARY OF THE | NVENTI ON The present

i nvention was operatbhoes slcharmdr2hstancés) and b3k, asridesringsthebject to
provi de an exposure apparatus that can inprove throughput without

di st ur bi ng & healpev¢ oppeneeiof 62 hercelevreesinfisrmpgpont hengéedihadobj ect of

the present invention is to provide a stage device that can inprove
t hr oughput anginformation for setting control parameters) necessary for

exposing the following shot was sent from an upper unit
to a stage control unit (including a synchronous control
unit) that controls the stage. The above control
10 information includes, for example, information related to
position control of the reticle stage and wafer stage
such as set values of EGA parameters (offsets Ox and Oy
of a wafer in an X-direction and a Y-direction, an
orthogonality error w of a stage coordinate system that
15 specifies the movement of a wafer, rotation error O of a
wafer, magnification (scaling) errors rx and ry of a
wafer in the X and Y directions) obtained by wafer
alignment based on an EGA method performed prior to
exposure (such values will be data used when setting the
20 position of the wafer on exposure), correction parameter
related to the position of both stages during exposure
{such as bend information of movable mirrors on the
reticle stage side or the wafer stage side), data related
to dose control such as data on pulse energy density of
25 the excimer laser and the number of pulse emission, and
furthermore, data related to the exposure sequence set.
In addition, in some cases the information may include

error information of each mechanism while the stage is



i s capabl e of suppressing the power consuned by its drive system
Furthernore, the third object of the present 20 invention is to provide a
devi ce manufacturing nethod to i nprove the productivity of the devices.
According to the first aspect of the present invention, there is provided a
first exposure apparatus that sequentially.transfers a pattern of a mask
onto a 25 plurality of divided areas on an object by synchronously novi ng
the mask and the object in a predeterm ned scanning direction, the exposure
apparat us conpsé shqiGiowedBisk stage that holds the mask and is novable in

at | east the scanning direction; an object stage that holds the object and
is novable in a two-EbATeNsiad sytangpar sfage tqudwlingysiamdh@it control s
both the nask and the object stages; and a control unit that sends 5
configuration omd orfrethemadt viarpausarity pessies t lendt ageoxdat riod sgisiene
after exposure of a divided area is conpleted at the | atest, sonetine
before sai d stsigeh coraoal, siist el rat dutederats ot bdn bereedtafeshé n t he
scanni ng direction for exposure of a next divided area, 10 the

confi gur at Pon §9F bt Hatddrivdel mp ot MAXPRIBNRRd feet’S a3 REREN&Xxposi ng
at least the next divided area. Wth this, apparatus, when exposure of a

di vi ded area OHRASWH} ekt IRCEIAHIME e S i H oFeretRiPpose: 1hethedt i ded

area, the cont unit sends configuration, 15 i nformation on contro

par amet er s nec%@i’%ﬂl ttd’e];g%‘%r@'“a?' | e RS e’ Frekt W&?’d & ¢34 EdN e st age
control unit s rre\e\ticrn::e efare t_gae setfg%atconrgroleeu it begins decel eration of
both stages (t s %%ageloarh THe O jejc? s?%ge(? HH the s%annl% bee
direction. Th f : ﬁgﬂ% Q encs,,of, bo S t e
control systerengfh%ee%ag%g%ot S ésp%%%lqﬁe opeI?laI% o%%f%‘ﬁ%hég%%g%%%%ng
the periodoaf tory £XROSAE L pdh g ded @8, Ay ddvel ObiRedni Bi &oppbeted to

the synchronous settling period of” both stages for exposure of the next

di vided area ceiehefdfe erEHOWRSYindaten$th Sdtetnd Ner&d e HoNtS0dr Syt em
receives the configuration information on control paraneters necessary to

expose t he nextedqlimtatedbaf®se famdn aftappetpaite Hdd Isda0es B not have to
be suspended
extended, according to such increase.
Therefore, although the acceleration-deceleration
15 speed and the maximum speed were originally increased
from the viewpoint of improving the throughput, there
were concerns that the throughput would actually decrease
in the long run.
Under such circumstances, requirements for
20 developing a new exposure apparatus that can improve
throughput while maintaining other performances of the
apparatus are pressing.
Improving the throughput is considered possible, by
achieving at least either performing the prescan and
25 overscan operations and the stepping operation of the
wafer stage in between shots in parallel, or reducing the

moving length of the wafer stage.

However, when the sequence of the above parallel



8 before accel eration, and because there is no suspension tine, the

t hroughput can be inproved. In this case, no serious problens occur, so the
performance of other devices is not disturbed. In addition, in this case,
the 5 stage control systemcan also start the synchronous control operation
of both stages fromthe above accel erationgin the scanning direction. In
this case, the control unit can send the configuration information to the
stage control unit even 10 when the divided area is being exposed. In this
case, when themmdgningint £endseridie gt g i adudd Orired ingw frigm when
the divided area is being exposed, the configuration information can be
control parangiergmecessarloyiaat wa fHautaledne fl dondietk A8 gsreas that are
next and fromthen onward. Wth the first exposure apparatus in the present
i nvention, thewtdgemon raaiceyestyemitarhe ot istles gosie iam setfemgtofgdot h
stages according to the configuration information before a synchronous
settling 20 perdywdeasirassich aftchgerqaung Widlexposiiral e3ft tdrcuraay diay ded
area. In such a case, the above settling tine of the synchronous settling
of both stagePgHams did fb@bsur €t dh e v sgf P VRGO Yaur t her

i nprovenent in the throughput. 25 Wth the first exposure apparatus in the
present i nventISrEL 6P rﬂf\%é’r%rﬁ FHR 95 I AERP e dy n”Fcﬁ‘éeas%ﬁm Gow in

a non-scanni ng direction rpendi cul ar to. the scanning direction, the stage
control syst e?‘h%ngetcwhgpgk% congcroal information re&rrec&e to edrlier

may prove to be difficult.

10 SUMMARY OF THE INVENTION

The present invention was made under such
circumstances, and has as its first object to provide an
exposure apparatus that can improve throughput without
disturbing the performance of other devices.

15 Also, the second object of the present invention is
to provide a stage device that can improve throughput and
is capable of suppressing the power consumed by its drive
system.

Furthermore, the third object of the present

20 invention is to provide a device manufacturing method to
improve the productivity of the devices.

According to the first aspect of the present
invention, there is provided a first exposure apparatus
that sequentially transfers a pattern of a mask onto a

25 plurality of divided areas on an object by synchronously
moving the mask and the object in a predetermined
scanning direction, the exposure apparatus comprising:

a mask stage that holds the mask and is movable in



9 post-settling period where both stages are noved in uniformvelocity in
the scanning direction after exposure is conpleted on a divided area,

bef ore begi nning decel eration after the exposure is conpl eted, whereas on 5
novenent between different rows, the stage control system can begin

decel eration operation of both stages as se@on as exposure is conpleted on a
di vided area. According to the second aspect of the present invention,
there is provided a second exposure apparatus 10 that sequentially
transfers a pastelsaof thevskawmingadpreceiony af obyededsasgastioatan

obj ect by synchronously noving the mask and the object in a predeterm ned
scanni ng di rechobds the expestrandpparmadtusbtenpnisi tgo-dimaskishage t hat

hol ds the mask and is novable in 15 at | east the scanning direction; an

obj ect stage thhanéplasstage obprirohnsly$sempviadt econt not swbdiheblsé onask

pl ane; a stage control systemthat controls both the mask and the object
stages; and a zo#ttle ect hatageptisardnd | goRbrPbnunhf ok dk i ®eNd$ vari ous
types to the stage 20 control systemafter exposure of a |ast divided area
in any row3d n eCnbhIgEaRkPRmgl F PR T bAN pef peRBieus aFYP®St he Skanhtage
direction on the object is conPIeted in order_to gxgoée a first divided
area in a diffePRHEOE W STRMI 2L EeE SXRLRUESNTT of <Y%ELRPpRFFDrh® novenent

trol of both 25 st th fi tion, inf tiopn_bei t
par aret er s necERIRFS"F0r= bxisi 5 S5 bt F PFT YTB1 DT U Bt bP cat>F R ¢ he

di ff T " h " . 10
that | nol udes. STRGERE! St SRR ng “BrEPLatee SO OF BRER pL3ads i NEEN "
appar at us, aft§éa%m§%fr@étﬁ%ﬂgﬁ rdéy¢8'§9r@r§§ inope Qfvibegrows,in the

non-scanning 5 directfon on t Ject 1s conpleted, 1n order to expose the

first divijded eneaconNrBgetdf s8N nF OMAPECROPEI Ry sbhtrSENGSrERBELBYI ation
information to the stage control unit on control paraneters necessary to

expose the plui@tétyapy thyigesoas egsat whehett tige Shage eoniged anés. 10
perfornms the novenent control of both stages. Therefore, even when the tine
from conpl eti ng expdsitle tHia apparedisy ethean ¢heoobrecdt desdivieded above to
begi nning the decel eration of both stages is short and transmtting the
configurati on an¢aromtamnoloipeciont s otopplaped er sn necdssaty dBpose eklpose t he
next divided area is difficult, a control sequence of both stages by the
stage control RB§xXteddVhded desa nothe usprhyot henbpetaiddnconf byeratiayes
during the perjod after exposure of_a divided area on the object is

J
conpl et ed %0 tHRESYPRTHFINOR SHAREFPhPPEITEHED? BBTRS 207 %t by et*FPo7C eXbosur e

f th di vi ded I d. di ngl b d
have (o be sushRRTEd BEBTE" Ltb AT ON: ERdeDECAIRES  RRVEETs WoTE

suspensi on {1 g, L1 AEOHGNPUL, SO0 De. | EDEEVES: bl thLgi @se. no serious
probl enms occur, soO € performance o
deceleration of both stages (the mask stage and the
object stage) in the scanning direction. Therefore, a
20 control sequence of both stages by the stage control
system that does not suspend the operation of both stages
during the period after exposure of a divided area on the
object is completed to the synchronous settling period of
both stages for exposure of the next divided area can be
25 employed. That is, since the stage control system
receives the configuration information on control

parameters necessary to expose the next divided area from

an upper unit, both stages do not have to be suspended



25 other devices is not disturbed. Also, in this case, the stage control
system can al so start the synchronous control operation of both stages from
t he above acceleration in the scanning direction. 11 In this case, the
stage control system can conplete position setting of both stages according
to the configuration information before a gynchronous settling period of
both stages prior to exposure on each divided 5 area in the different row.
In such a case, the settling time on synchronous settling of both stages
prior to expoyHford Lamdl chatide areh bdrdle naxdrd oV Gad) desgeathicad,
which allows further inprovenent in the throughput. 10 According to the
third aspect dfiridie ireesdoughtart icem Hehemgprevgad ovilded hd st kvarse , exyposur e
apparatus that sequentially transfers a pattern of a mask onto a plurality
of divided ar essrimnisarpmdllents mecymc rondus |pe mormregnddheo restiheand t he
object in a predeterm ned 15 scanning direction, the exposure apparatus
conpri sing: a dmsicest dge ndfatdimdiwdathe daskddid ion ndvalbhd si gage,| dast the
scanning direction; an object stage that holds the object and is novable in
a two- di nefsi cHEAIPIFANE T KEFFE® SR LS sttt Hete comFBI Bt h t he mask
20 and the object stages; and a contrql unit that sends configuration

i nfor mati on of ST VULREKFS b GhPWh g adhim ridioR &t M4 %r det ecti on
operation of arrangenent infornation used for alignment with predeterm ned
points in eac@%ﬁ%%%é%ﬁ?%é%r@ﬂgi{l% ed sonetine 25 before

exposure of a first nl \4C| ded Aarea 3 i ns, ttrrb cuonnlfi ur at i on, i rhfeor mat i on
being control para er g“‘r‘?eceassar or élxpos' ng A1T Bt FHE pﬁ urality of
di vi ded areas ; ject .. /it h thi S r ) ction
operation of t‘%e}]falr a%édelﬁoglntlr}fn ora\rlrya %on%uzce%o%géaaéa#icgonrﬁ;e% V]\./I}I{Hﬁc e

predet er myped pRiNtG O 8ACE fiMided anga o b ect is conpleted, the
control unit sends configuration 5 information to the stage control unit on

control parameters necessa \adse expese thbl hiddg piditalddngoftd vi ded
areas on the object sonetinme before exposure of the first divided area
begi ns. Ther efawref i gliatnigrt hen fexresiiren fogesshaf ttere ekipaisiad afed hies fi r st
di vided area 10 begins, the transm ssion process of the configuration

i nformati on orb<ion resipqesrcanethey ssarefigrumed tan darfiomratiidd gwot Hee requi red,
a control sequence of both stages by the stage control systemthat that
does not susperntned dperamater omanaspastagesr durdigraie pearf s wifdad 15
exposure of a first divided area on the object begins to the end of
exposure &P tHEFIastthflidks neda adkh ooy &vakordi ngl y, the

t hroughput can be ingproved. In this case, no seriqus prohlens occur, so the
per f or nance of ot he%l&g\/ii(d?& ﬁ]lsm&otex@oﬁl{ﬁeo@d?paﬁ Bt SRR SFCIHE st age
control system can .co | et.e pQsifio t-i 0 ) ccording to

t he confi gura'?}lnon |t?1]TO(r)F$’na h|eonsocbae(#eor%nzé?gsoylnc rsge;leétﬁsé%et%%?ge%esfi od of both

stages prior to, SXPOSHIE QN RACY dotred A& ALINE RPI&Siend N such a
case, the settling tinme on
configuration information before a synchronous settling
20 period of both stages prior to exposure of the next
divided area. In such a case, the above settling time of
the synchronous settling of both stages prior to exposure
can be reduced, which can allows further improvement in
the throughput.
25 With the first exposure apparatus in the present
invention, on movement in between divided areas in the

same row in a non-scanning direction perpendicular to the

scanning direction, the stage control system can secure a



25 synchronous settling of both stages prior to exposure in each divided
area on the object can be reduced, which allows further inprovenent in the
t hroughput. In each of the above first to third exposure 13 appar at us,
the control parameters can include paraneters related to an arrangenent of
the divided areas nmeasured prior to exposure, and the configuration
information can includes information that takes into account a correction 5
val ue of a nmovenent anount in between divided areas, which occurs due to an
arrangenment erpostefetiivingdoartas wivere predet et agaeda st ageveadoidi nat e
system In this case, the arrangenent error of the divided areas can

i nclude at | eashiboemofebocotationiahe escannohg 191 tdet dbjegffeanexposure
orthogonality error of a stage coordi nate systemthat specifies the
movenent of thesobpreeietenh of faedividedieandi ecbefore heegimgengoor di nate
system and a scaling error of the object. Furthernore, in each of the
above first todeeelerabliexpatiee Hppaapesure iphecprrsehedi nwearean, onhe
stage control system can control both stages based on instruction val ues
accordi ng o aMPEPRERUrRREVGHR chl fECEPNT nURYSe R vetdFe pePRFFeEdSESHIMI s,
when a prelimnary operation where both stages are accelerated after 20
decel er at i on | TER HRELAAT HOL 6 1 BEOF PP TEA prf P FeROTH BEFARENT G Vo oRd

areas in the same row.in a.non-sanning direction erPendicuIar to the

scanni ng direct? o P T i 5° o LT el stage ShAtTS 2YEtem can control the

obj ect stage based oglcdd&s&{#%tgcpnt}y@légéor@&cgg rreér}[g ie g]§? _a%%g%%%%ur ve,

whi ch is a quadrupoled jer urve, when a nov operati ot h stages

in the scanning,gigectionisypeyf o e iy bet wees,di vi 96, 2L €259 atus

different rows 1 n the non-scanning direction, or the 14 stage control
system can oper {94 Se HRVOIENL ) PPEF AL s HEr & Ny heh veern db¥i gleda sk egstyhgre the
obj ect stage is noved in the non-scanning direction based on instruction
val ues accordipput®l bty esK & Vded Wt €dls | Sn qaadsbpet €doy es ¥nSh hewdngl At

| east two poles that are shaped differently, in parallel wth the
prelimnary opevatnontiod rmmth stdgese i objdet stanmi pgedietechinadi n bet ween
the divided areas. According to the fourth aspect of the present invention,
there is provigeanaifiguireekbosurchappapaswse 1@Pphnatsequenprbsiyg:
transfers a pattern of a mask onto a plurality of divided areas on an

obj ect by synchronoudIN2Hp\8FRES Hehafadkobhd e o lecind nla prefeterid ned
scanni ng Qirectio , the exposure, apparatus, conpri si mask stage that

, ing: a
hol ds t he ‘rask®antf33t nbVab? ARt A r?%%%?nih%ns%gﬁﬁ?ﬂgsﬁ?Q%cY? h; an

bj ect st t.h hol.ds t.he obj d i bl e i - di ' I
o fne; and a STRUA" GOt (0125t (BT EBH T 5! 5 bdt h T HAL NASR G ¢ he
bj ect st , begi
of & next di viREH 2b Aree Sher oL h ot Loeet aratuctal Br o ad T H e SRRkl ng

direction, aftgfqexposikfedf & Lydded argac-onide @bjectnie sonpseted.
Wth this apparatus, when the stage control systemcontrolling both stages

decel er at es botdn 61 G@est idh t her ZemSCEOMi Y i F £6LS OflyBE§ ef o eXpOSsit &gof a
di vided area on the object is conpleted, it al so begins synchronous control

of both stagescomt osUesydtemXphiser tdwepanexte do¥i deth st edivided edoe®, it he
synchronous settling of both
any row in a non-scanning direction perpendicular to the
scanning direction on the object is completed in order to
expose a first divided area in a different row, while the
stage control system performs movement control of both
25 stages, the configuration information being control
parameters necessary for exposing a plurality of divided

areas in the different row.

The term “movement control of both stages” is a



15 stages prior to exposure is conpleted at an earlier timng than, for
exanpl e, when synchronous control begins imrediately after the decel eration
of both stages is conpleted, and the throughput can be inproved due to the
5 reduction in synchronous settling tinme. In this case, no serious problens
occur, so the performance of other deviceslés not di sturbed. According to
the fifth aspect of the present invention, there is provided a fifth
exposure apparatus 10 that sequentially transfers a pattern of a mask onto
a plurality ofcshaéghedtiadeasn Ohudds 0bj€cén Hyos yosht bODUSE ya Ve agt t bge mask
and the object in a predeterm ned scanning direction, the exposure
appar at us conpef sting: sttagask stage that holds the mask and is novable in 15
at | east the scanning direction; an object stage that holds the object and
is novable in a two-Wihenshonadppd saeys andlf e stegeoswore rof sybkasin t hat
controls both the mask and the object stages, the stage control system
control | i ng bodhvidedezreastn oneiabt Bt Fons van uelke 200aceorEnhgdto a jerk
curve, which is an inverse curve of polarized synbols, when a prelimnary
oper ati on wher@l BEhieR apfestae oliteet o ait eerRl ¢eed detR| @FAET obC | PXPRES
scanning direction_js perfornmed in between divided areas in the same row in
a non-scanni ngt}&‘?r%ﬁ?'gndjp\é%‘%%‘ﬁd‘?’&%ﬁ 1 2% FHLEPECREARRAY NI FRREFOh. with

t hi t | i m t] wh bot t
accel of i ed af VB GURRYSr G0 DO F L HET SCBRAT NG SPF coi DR | SCRRF TRERPT n

bet ween divided .. 16 a ' oV, I -SC I | Lection

per pendi cul ar @%1¥H2“s%§ﬁ§?%g éé?éﬁ??%%é %%é?% A0 n%%n??@#ggyg¢%n1controls
both stages b . L NS i a i 0 j er , ichis
an i nverae 5 Urye ot bl ar e e e o Ny parkt cur Ay o ey uitt
accel eratipgn g;%ﬁ/?oﬂﬁstﬂ?e AR eShe st 8@ ARD s heprdBisks S4488) IThdhiase is
in a trapezoidal shape, therefore, the change in velocity beconmes constant
with no interveren ofh&erthy et Dfé t Fromncompl & e gosLpodhiee SOf cal dedi d&d

al ternate scanni ng becones possible, which makes it possible to reduce the
tinme required dozatde el o aat ydoper Abednaldesertbedegamhliey . tha addition,
in this case, because the peak of the jerk curve (the maxi num val ue of the
absol ut e val uedetelkeyjatkon whi dhotils sthegeenporshods amdngeansmetioing the
accel eration) can be suppressed, the ratio of the maxi num acceleration to

t he average vaferfbyurrierdrriniomatieheonhfertrel dprr RO PES rReCRBILEs
wel | as the sudden change in acceleration and jts_freguency bei ng

suppr essed? ACCOreHRRTS , thhrerighpin VG RS Hpt DVEHE L DB ahd § heC ot

db he dri f th ' dth K h
e the 11 nbar SBHGICRn b QUppT ERLE P r R SURHS G ONe? by T BUESr BT Ee

e 1 nea : T . PO Thr bbTems
Che ] ork cur e ean B an Taver s Bs T erar Ra T etk &y bl S HAI T

different shapgsyidd 4fiSr CaSSosthe Sf AP LPMILR! 2 SYSISM €D S8ledk is
post-settling period where both stages are noved in uniformvelocity in the
scanni ng directdRi S d@rt XIS USPhchronous settling period of both
20 stages for exposure of the next divided area can be
employed. Accordingly, both stages do not have to be
suspended before acceleration, and because there is no
suspension time, the throughput can be improved. In this
case, no serious problems occur, so the performance of
25 other devices is not disturbed. Also, in this case, the
stage control system can also start the synchronous

control operation of both stages from the above

acceleration in the scanning direction.



17 is conpleted on a divided area until the decel eration begins, |onger
than a synchronous settling period of both stages prior to exposure, and
can al so set a peak of the jerk curve after conpleting exposure of a
divided area 5 larger than a peak of the jerk curve prior to exposure. In
such a case, the acceleration conpleting ppsition of both stages can be
made to coincide wwth a predeterm ned target position, and control delay at
the accel eration conpleting position and the synchronous error of both 10
stages due to such chmttlols dedsy, ciame bet sgppressed] ay$osmngat heomplete
synchronous settling tine prior to exposure to be reduced. Wth the fifth
exposure apparptsstionthetpirsenf bovenstagesthecpedkngurvethehi ch is an

i nverse curve of 15 polarized synbols, can have the sane shape. Wth the
fifth exposureceppbgaratiom ingoprateor bafenei ansynberenage sehtiohgsystem
can control the object stage based on instruction values according to a
jerk curve, wprehied af goblh upereds|REkOEUEQeS PRSI 20 ARTRNBAY1@perati on
of both stages in the scannijng direction is performed in between divided
areas of diffe?EP? FodwkDE nd%%fgeﬁ%%t sEQWini ng* AU GRsam thf SLeing ne
qgquadrupol ed jerk curve can have at Ieait t wo pgleﬁ tpat are shapgd
differently. 250§ tP7 ¢ e FRFYROBR pOS T 2 AP paf aP 2kl i ACEHES pPEERAt “P nvent i on,
t he stage cont em can _perf t e jopn_in tyeen

di vi ded ar eas %%é?%yf%e ob?%%ﬁ é%gggéﬁsg%%ggggi%Rgh%g%%n?%%a%%ﬁnﬁgdirection
based 18 on £§§\5]£é'8,“»%‘ia/ﬁ' Lepogeca H&rtﬁngrb\%x‘&e Lryg cpgich is a
quadrupol ed jer aving at [east two poles that are shaped differently, in
paral l el with {he,psghi nary operation of both stages in the scanning
direction in 5 between the divided areas. According to the sixth aspect of
the presenfy i nventi oecd F@IRy i o PFRYi dietr@ $&pddt exPOoskEs epPPaiat us t hat
sequentially transfers a pattern of a mask onto a plurality of divided
areas on an objeeénbyosyncheoaols| yrd0idedi agthhed naskoandet Agpoabaeas i n a
predet erm ned scanning direction, the exposure apparatus conprising: a nmask
stage that hol tdsat heeguskt patly st navabéesi @ pattenstof he msaakndmgo a
direction; an object stage that holds the object and is novable in a

t wo- di mensi onaPluBaplneof ahilvided agjee2dn®f of N s§B] @t t PHt SERARFONAUHLY h t he
mask and the object stages, and on novenent in between divided areas in the
same row in a PORIREanRE iR K raed | bae pRP pRAtli £l ArP¥edeheTBERRRI ng

direction, the stage control system secures a post-sefttlin eri pd where
bot h 20 StiagesSSRRTHRY i FRCERT R or RS P BRPTYE7 nAPRRE S EARNT FBORTF 9881 on

after exposure is comleted .on a divided are bef ore_begj nnin .
decel eration after tarllem%?]bo%ﬁ%ei%%% ?Jeﬁ?%d?h%%?%’ésa J_n%v%%gan?l%e}r\l/\een
different rows,e e, st e COULKOLnSYSL EOLDEGH NSa e} Exal Logopenation of
25 both stages as soon as exposure is conpleted on a divided area.
holds the object and is movable in a two-dimensional
plane; a stage control system that controls both the mask
20 and the object stages; and a control unit that sends
configuration information of various types to the stage
control system after detection operation of arrangement
information used for alignment with predetermined points
in each divided area on the object is completed sometime
25 before exposure of a first divided area begins, the
configuration information being control parameters

necessary for exposing all of the plurality of divided

areas on the object.



Wth this apparatus, in between divided areas in the sane rowin a
non-scanni ng direction perpendicular to 19 the scanning direction, the
stage control system secures a post-settling period where both stages are
noved in uniformvelocity in the scanning direction after exposure is
conpl eted on a divided area, before beginnjng 5 deceleration after the
exposure is conpleted, whereas on novenent between different rows, the
stage control system begins decel eration operation of both stages as soon
as exposure is conplwitd 1 Ppdrdechar esftehhettad At e S iwe dgwrecicn no
post-settling period on novenent between 10 different rows, the throughput
can be inprovesft the tdvsarmopsesntnal sBrrmatsi gor old sdrsf @c calk i grseerntevith

per formance of other devices is not disturbed. In each of the above first
to sixth exposuredetppariatas pairthe @r esarh diwieted area hen sthgeolwattr ol 15
system can control both stages so that after exposure of a divided area on
the object is compirenlatedy prled ignmeargl opelrlatsordsvernf bpiraticyes are
accelerated in the scanning direction after deceleration and a novenent
operation Pn betipeEiRidian ded Hreatagrreotieo bpitkt &t LRl s noved in a
non-scanni ng direction perpendicular to the scanning direction are

si mul t aneous| PHEAIHEY HGETHY el© FOFPS®astly L hbfthheP hHesdl i Xifed area,

and the novenent operation of the obhject, stage in the.nonscanni ng difrection
L ol ot ed B i Bt FPER A e aR ST

to exposure ofy d%‘\‘fglgggf ﬂ\yzﬂdjeeodtaﬁ%eeagb}?ée%j[fyphT%e%%%%’rea,‘f td%&i%@%‘ére s

conpleted on a area on I n"order to'’'expose t he next

di vi ded area, &fpéﬁﬁ% &n&ﬁ S ijtié}.e ex%;?sxﬁréa!c;fﬁ Ve ecgt?i.%é@e’cﬁeeéjm h

stages are accelerated’i e scanni ng rection after eration and the

movement gper gldPihd N e Westh diMd deth P ease s e dhe ol etdusi@gsm s noved

in the non-scanning direction can 5 be overl apped. Therefore, the

t hroughput cani o iE it briviieth to P Bchnvd tdr 4 hee Kasehed ddvelier
accel eration operation of both stages begins after the novenent operation

in between di wided restedse afeduiiereab)) ectcattagel | edlendw e S desh g aligect i on

is conpleted. Also, at the 10 point when the prelimnary operation of both

stages in the scarim mratia eciritorell ssycorpt ethed;  theet aboyve mov esmsrieroper at i on
in between divided areas of the object stage in the non-scanning direction

is already corptet@Erathiah &ff Ikeis) tHea g sguinioHt ridie Batiad taf ehcentrat e

on the 15_synchronous settling of both stages in the synchronous, settling

period, whPch My 2 i PRT PR 1 ddiR CRIRE STy 19 ne.

N coventh expddif Sl SOUDIUF S 10 AR 1 o rOrs 38 B tern of .
k t | l | f .di_vi J | i

The sk and (P hieiy ARCEraiBedve o PRalBly G4robl drPINE L, Dosure

apparat us conpy sijgs %@S%étsaélﬁédka;pﬁﬁﬁpéné heedlask andfs nmovable in 25
)

at least the scanning directions two object stages that each hold the
obj ect and ar g,dmrAfhddePRdRY |deditds tD-Kh tredisd anaded) ane; and a

stage control systemthat controls the mask stage and the object stages

when a 20 In this case, the stage control system can complete
position setting of both stages according to the
configuration information before a synchronous settling
period of both stages prior to exposure on each divided
area on the object. In such a case, the settling time on

25 synchronous settling of both stages prior to exposure in

each divided area on the object can be reduced, which

allows further improvement in the throughput.

In each of the above first to third exposure



21 predeterm ned operation is perforned on one object stage of the object
stages and exposure is perforned in parallel on a plurality of divided
areas on an object held on the other object stage, the stage control system
5 controlling the mask stage and the ot her object stage based on
instruction values according to a jerk curye, which is an inverse curve of
pol ari zed synbols, when a prelimnary operation where the nask stage and

t he other object stage are accelerated after deceleration in the 10

scanni ng di r ecip®arasuPerfis nesht o bepaeshe € vé desh al @eBudd pALaReP®rs oW in
a non-scanni ng direction perpendicular to the scanning direction. Wth this
appar at us, wherebatpe@ded edim snechpgacass o8 pes f df ededna paes afied Sered| ect
stages while exposure 15 is perforned on a plurality of divided areas on

t he obj ect helpriorthe etpesuod) exd stlagegomntiar pr edm ni mboymapeomtcam i s
perfornmed by the stage control system where the mask stage and the ot her

obj ect stage atrchedescifernatien tezklerkes onta 2deowvtanmi GorHeeeten on
in between 20 divided areas in the same row in a non-scanning direction

per pendi cuPar Yd»lEfeoEcamP VRN RNQWHE 1hdoStarRn coht+@ed sy8¢a%n control s
the stages (the mask stage and the other object stage) based on instruction
val ues accor di 'yl ¢ LCFEFKk R VED Fthi TRTIRIYRCTHhVRFERT cof V@1 61998 dEPaFi zed

synbols. More garticul rly, the accel eration, curve of the other object
stage (and t het BRI AU I S AR TS FHIACS r 3pesT dal shape,
gf

therefore, the chan i,n velocity hecones constant with no .interval
22 zero velocity, and’ fturlt%e@rrsoer’e,tq'fe?'uearso%r%:gaef %Igt gﬁrt%?]f]ac_ffe) t5}3:%nénjl‘‘ﬁlg&ebecomes
possi bl e, whi CQré%eéaAtirPQf%&@'aett eé&éﬂuﬁ‘e ;%% é!f@té@%ﬁ{;‘f‘ dPfothg

prelimnary operation described earlier. ition, 1n thr's case, because

the 5 peakoof {he digjeceurye &Eﬂ%é@:ﬁg}%@fﬂ@w@r 0bs thes 8hgol Lo Sryphdige OF 2

jerk, which is the tenporal change rat acceleration) referred to

earlier can bespsipdt esised, spdiei fodd ocid hdeem@ert NdHN Bs€edief &kt pnak 0 the
average val ue of acceleration of the other object stage can be reduced, as

10 wel | as t heosfiskleno £ hiangeoh e @ Cih erlad | ©fa @andcdd 541 e engyt &) ngnd
suppressed. Tn this case, the above one of the object stages and the other
obj ect stage cansbeliig herrof ¢hetlobjseiest ages. Accordingly, by switching
the object stages, a simlar parallel processing can be 15 perforned.
Accordingly, in addiFigmhemneiepr ovi rRpEheot Nirighprite Binest Heo pdwerd
consuned by the drive system of each object stage (and the mask stage) such
as the |iAear HFRIFUEAPRRA RUPHT et el IRreHRRE cHee N PRer FsSBTI9r obl ens

occur, so the performance of other devices is not disturbed. In this case,
the stage cont$§ﬂt% t%%ﬁ?%ﬁl?ﬁﬁn?%ﬁt{%ée%REQrs?ﬁﬁ%%fb§?%.ep%ased on

| nstruction val yes, according 1o, ad et ve, yhighi s, 2, guagiugol ed er k

25 curve, when a hovenent operation o age an er- obj ect

e e FFOOHD ShEeldopd e iTe PEST S AR O
operation where both stages are accelerated after
20 deceleration in the scanning direction is performed in
between divided areas in the same row in a non-scanning
direction perpendicular to the scanning direction.
In this case, the stage control system can control
the object stage based on instruction values according to
25 a jerk curve, which is a quadrupoled jerk curve, when a
movement operation of both stages in the scanning

direction is performed in between divided areas of

different rows in the non-scanning direction, or the



23 Wth the seventh exposure apparatus in the present invention, the stage
control system can perforns novenent operation in between divided areas
where the other object stage is noved in the non-scanning direction based
on 5 instruction values according to a jerk curve, which is quadrupol ed
jerk having at least two poles that are shpped differently, in parallel
with the prelimnary operation of the mask stage and the other object stage
in the scanning direction in between the divided areas. 10 Wth the seventh
exposur e apparatagei doiteopregetemi oxyenpepfiorvas i mogsehgpesopérpt berssnng
can be considered for the above predeterm ned process perfornmed on one of

t he stages in patadéel diwidted herexposhe re opkee abtbpacbnsthegeof hemosedgen
descri bed above. For exanple, when the 15 exposure apparatus further

conpri ses a natkedetectiannitygt@dhredbioncbesed amrkgstonaedonnvaheesdsbj ect
the predeterm ned process can include a mark detection process of detecting
mar ks forned oRC@Areébjactonpuneel ewrvhe whéchbiecauadageowrehiehk mark
detection system 20 According to the eighth aspect of the present ,
invention,5the?%v+%gp@%v1%%ﬂtaﬁw%i@%%%5eg%%%u?éea%%%?%@u@le%Fegéhﬁen%PaIIy

transfers a pattern.of a, nask onto a,plurality of divided areas, on an,

obj ect by sygcﬁ?6ﬁ£ﬁ§1ywh59i%ﬁetﬁﬁeﬂhgkg%ﬁﬂl?%%r%Bfé%EO nPEtBr 8HRYEP niRed
25 scanning direction, the exposure a rat us conpri Sing: nask st age that
ol ds the mask-afc & AHVALTE ?#‘Ja?m%ﬁiﬁﬁ%%ﬁfﬁ%i%@V%??éc%.r%%?- an obj ect
stage that holds tth@@%fgf?ﬁ2€°'éhém??ﬁ4f%'5%EF5¥K59'@ﬁgsﬁpﬁﬁént 24 pl ane;

and a stage control system controls the ] ect st ages, ereby on

movenment in beiM@éﬁt?&Hid€ﬁe§ée§§ ﬁPo€D§eéa§3f69%£ﬁneﬁpBQﬂiéCQﬁgéﬁgtus
direction perpendicular to the scanning direction, the control system

makes the]Qbieﬁﬁaﬁt§Q@u@@9i£l§y$£ﬁyh$§@§995 ﬁ@t@éfﬁ'oﬁDaeﬁﬁgk @ﬁﬁéaéion of
novenment operation in the scanning direction and novenent operation in the

nonscanni ng di peGta DNty ddif | I0vadP@Sars£st bhngn pehi edt Wogr eyhehhosbageg are
noved in uniformvelocity in the scanning 10 direction after exposure is
conpl eted on amdvingedhareask\Vind the solppat ainsa prnedeteeminnddvi ded ar eas
in the same row in the non-scanning direction, the stage control system
controls the obfecringagersotibmt thebeybpsune seppiranedusoparapiey:
novenent operation of 15 novenent operation in the scanning direction and
novenent operation i® ek ndrRe abtd hghetdecthomaeki #d al poRP LRt hy

peri od (uqﬁfornlv | ocity overscan) where both stages, are ved jn uniform
vel ocity i t h&ts %%ﬁ?néh%i?%%??b 9 FLEFCRAPBE UFR ?Ejﬁﬁﬁpgg?%ﬁ %ﬁaﬁ di vi ded

, 20 whi I th t trol t lete th
ol or at§ onf AREEIE BT T SHE T BIa b (HETAGHE obhri PP ATERE  SEoR e by | ust
th t-settl] i i it . i | t
Stepping 1o tHETERBE, SR oL L EEL Yy SLEREARY (cdhi 2o%h BEn Bfe
begi NniNg 25 ofa Y NERG OORUSEIS9NLE Obrhdel N1e2 R DAL s dbyRERLOIobar exposure

of the next divided area, whith in tufn allows the stage control systemto
concentrate oncéRerSYNSHrosoNSs €8gés Ofot NekPesseanNaEng Hexechiondddring the
20 area when both stages are decelerated in the scanning
direction, after exposure of a divided area on the object
is completed.
With this apparatus, when the stage control system
controlling both stages decelerates both stages in the
25 scanning direction after exposure of a divided area on
the object is completed, it also begins synchronous

control of both stages in order to expose the next

divided area. Therefore, the synchronous settling of both



25 synchronous settling time (pre-settling tinme) for exposure on the next
divided area. In addition, because there is hardly any influence of

decel eration in the nonscanning direction on the synchronous control, the 5
uni formvel ocity overscan (post-settling tinme) can also be reduced,
according to the reduction in the synchronpys settling time. Accordingly,

t hroughput can be inproved. In this case, no serious problens occur, so the
performance of other devices is not disturbed. 10 In this case, the stage
control systemstadesukei bhetobggsdsstages peshpl atédeasi anl tanedas parall el
novenent operation until a synchronous settling period of both stages
begi ns prior toiekpostiianoffdhecxample) vwiden syeehromothi sontise] bdegissage
control system can control 15 the object stage so as to conplete the
movenment oper athmediatehe abheschingi dgcoperation deflbeehastyaesnr bdous
settling period begins. In this case, the stage control system can nake the
obj ect stage stanplebedsiandt otk paghphel capvieerelirPOVepeduti bd Besoon
as exposure is conpleted on the divided area, According to the ninth aspect
of the pr es‘ientrﬁs%%ﬁ%%nwt%}émféh%nw%vw*éalan%t%@@ede%rbet,hlc%rﬁﬁﬁ%i P a
stage that holds an object_and is novable within_a two 25 di nensi onal

pl ane; and a sTREECLDMFIPLEYSt RATWhI cFC cohE rBP St HBAREGgR sBERRAL a first
axi s direction,novenent operation m@eée the stage is accelerated after

decel eration | FeRPFRdb? PAF ndtSF1TR¢%axis direction and 26 a second axis
di recti on novenent el r - ge.J ' d axis
directi on perpendi c&?cgérg%%lr?%\g@?i&% h%(l?{sﬁdlgsr%% ?ggngg‘%ﬂégs?rn%f%gﬁeousl y
performed in peigblelon anthals0; €OpLLQLgoANE p1R0R DA566u00 Robaskitst i on
val ues according to a jerk curve, which 1s an inverse curve of polarized
synmbol's, am thendtrséqahsi Sligct i oNsIBYENENb PPEFALEONa WhER bRES Stage
devi ce, the stage confrol system sinultaneously perforns in parallel the
first axis 10 gitiegliop SPVEIRIEc@PLE84 s 0bn VERT b1 det Shageyhshasaeh el at ed
after deceleration in the first axis direction and the second axis

di recti on novemeningpehathask wed ethideclsiage is aoyeedeteamseednd axi s
direction perpendicular to the first axis direction, and 15 the stage nobves
al ong a U shapedamriag \Eshapedohpoculse €xpoheréiagpanxiygsdeemprisnngbyvenent
operation, the stage is controlled based on instruction values according to
a jerk curve, which 3 smaskisiaseetkalf veobis polharnael agdbbs stovgele in

acceleratH8€ curve of the sta%e in this case, 2 a trapezoj dal shape;

A
t her ef or e 13t he?Ehb73eti WS efo ??&n%e@bﬁ%gt%%%ét%B;gVégﬁtn%t? tefVaFs of

| ocity, i, ch kes. it ible t d the ti i f th
frret axts o redPbEnc iR ERinet SRET ot oneSThEEGHE £ onrd T TERFRETRASE Decavse
the peak of th%l%ﬁéy §§dcgr¥§a§§nc ﬁt?&?p%g§§ ’tﬂgf %ﬁﬁ£9?9£ £ 08, MBXL Tum
accel eration t e’ average vafue of acceleration 0 e stage can be

reduced, as weflspsyffier5uddelle £HADPESL Y, AEkE! SLALE 0BoRPEL Y tSybEeduency
bei ng suppressed.
controlling both stages based on instruction values
20 according to a jerk curve, which is an inverse curve of
polarized symbols, when a preliminary operation where
both stages are accelerated after deceleration in the
scanning direction is performed in between divided areas
in the same row in a non-scanning direction perpendicular
25 to the scanning direction.
With this apparatus, when a preliminary operation

where both stages are accelerated after deceleration in

the scanning direction is performed in between divided



27 Accordingly, .throughput can be inproved, and the power consumed by the

drive systemof the stage such as the |inear notor can be suppressed.

this case,

havi ng at

| i t hographi c process,

the stage control systemcan control 5 the stage based on
instruction values according to a jerk curve, which is a quadrupoled jerk
| east two poles that are shapeg differently. In addition, in a
by perform ng exposure using any one of the first to

In

ei ghth 10 exposure apparatus in the present invention, a pattern of a mask
can be transfresarsednt aheachnd \Hotle d narse & cer swaimeri ng witde dvigh t hr oughput .
a consequence, the productivity of high integration devices can be
i nproved. Apeopdinaglopl afrurtichethef rsaanarioigheli resydetn, tiher estiagyepr ovi ded a
devi ce 15 manufacturing nmethod using any one of the first to eighth
exposur e apganatngs. isysties poegamtlsi ipodrint isdrag eBRIVER e0ESORI1PHtON @R SPHE
DRAWNGS I n the acconpanying drawings; 20 Fig. 1 is a view showing an
entire strudttdiesof caereipds (e sapsakatays vien &hijahstl se@odinvi@iseof t he

present invention; Fi
slit shaped G4av&niofa

field of a proj
showi ng a r@Iéjﬁ

10

15

20

25

C
stage) in this case is in a trapezoidal shape, therefore,
the change in velocity becomes constant with no intervals
of zero velocity, and furthermore, the so-called
alternate scanning becomes possible, which makes it
possible to reduce the time required for the preliminary
operation described earlier. In addition, in this case,
because the peak of the jerk curve (the maximum value of
the absolute value of a jerk, which is the temporal
change rate of acceleration) can be suppressed, the ratio
of the maximum acceleration to the average value of
acceleration of the object stage can be reduced, as well
as the sudden change in acceleration and its frequency
being suppressed. Accordingly, throughput can be improved,
and the power consumed by the drive system of the object
stage (and the mask stage) such as the linear motor can
be suppressed. In this case, no serious problems occur,
so the performance of other devices is not disturbed.

In this case, the jerk curve can be an inverse
curve of polarized symbols having different shapes.

In this case, the stage control system can set a
post-settling period where both stages are moved in

uniform velocity in the scanning direction after exposure

ig. 2Ais a planar view showing a rel ation between a
PodR rarzes SY™RMS-er MFEnBRFEBEHIRRL¥E BRCeffecti ve

ction optical systemand a shot S; Fig 2Bis di agr am
S ATy Sy gt - R TS i Sl

As



28 Fig. 3 is a flowhart show ng a process algorithmof a main controller
50 in Fig. 1; Fig. 4 is a view show ng a novenent |ocus of an illum nation
slit center when exposure is performed on a 5 plurality of shot areas on a
wafer Wwith the exposure apparatus in the first enbodinent Fig. 5is a

vi ew showi ng a locus of a center P of an i{jumnation slit ST on wafer W
when shot areas S1, S2, and S3 are sequentially exposed; 10 Fig. 6Ais a
view showing a jerk curve of a wafer stage during a first node novenent
operation; Figis6®mslatad ey shod nideh acez| etiat 1 othe wieee bérahieomaf er
stage during the first node novenent operation: Fig. 6Cis a view showi ng a
velocity curveaedinhe Ihgwf erthat agesyhehnonebe $étst impdes nbv@nehtboth
operation; Fig. 6D is a view showi ng a displacenent curve of the wafer
stage during t$e2des R idet PRI opernd | &N RS0 79t 52 apgdlewEhove ng a
jerk curve of a wafer stage in a conventional exposure apparatus
(conventional DOFlapparet BHECFi RMITEREENG SFRAPEIROWR g ol BEL 62583 on
curve of the wafer stage in a conventional ap aratus Fi 7Cis a view

showi ng a vel ot3¥9REUrRAN G H?Pekv%#— Y& Hyek | Ve i oo XBQPRF L us:

In such a case, the acceleration completing position of
both stages can be made to coincide with a predetermined
target position, and control delay at the acceleration
completing position and the synchronous error of both

10 stages due to such control delay can be suppressed,
allowing the synchronous settling time prior to exposure
to be reduced.

With the fifth exposure apparatus in the present
invention, the jerk curve, which is an inverse curve of

15 polarized symbols, can have the same shape.

With the fifth exposure apparatus in the present
invention, the stage control system can control the
object stage based on instruction values according to a
jerk curve, which is a quadrupoled jerk curve, when a

20 movement operation of both stages in the scanning
direction is performed in between divided areas of
different rows in the non-scanning direction.

In this case, the quadrupoled jerk curve can have
at least two poles that are shaped differently.

25 With the fifth exposure apparatus in the present
invention, the stage control system can perform a
movement operation in between divided areas where the

object stage is moved in the non-scanning direction based



25 Fig. 7Dis a view show ng a displacenent curve of the wafer stage in a
conventi onal appar at us; 29 Fig. 8Ais a view showing a jerk curve of a
waf er stage during a second node novenent operation; Fig. 8B is a view
showi ng an accel eration curve of the wafer stage during the second node
nmovenent 5 operation; Fig. 8Cis a view showing a velocity curve of the
waf er stage during the second node novenent operation; Fig. 8Dis a view
showi ng a di splacenment curve of the wafer stage during the second node
novenment 10 oper atristivudtipn SAlisesa adc@y oy g @ jerk curwe, ofhaciwaler
stage in a scanning direction in a first scanning accel erati on control
met hod; Fig. 9B dwmdrupavedhesndanrercel eregdsonwurpeled Wat eravaf er
stage in a scanning direction; Fig. 9Cis a view showing a velocity curve
of the wafer sthaped i fsantily dir eaiohle FiwithOrhe rredian zhom ng a
di spl acenent curve of the wafer stage in a scanning direction; 20 Fig. |0A
is a view shoaRfFatjar kefodatd cftagsmfer Sagecannians chhfg Hgl i rigetion in
a second scanni ng o
5 between the divided areas.
According to the sixth aspect of the present
invention, there is provided a sixth exposure apparatus
that sequentially transfers a pattern of a mask onto a
plurality of divided areas on an object by synchronously
10 moving the mask and the object in a predetermined
scanning direction, the exposure apparatus comprising:
a mask stage that holds the mask and is movable in
at least the scanning direction; an object stage that
holds the object and is movable in a two-dimensional
15 plane; and a stage control system that controls both the
mask and the object stages, and on movement in between
divided areas in the same row in a non-scanning direction
perpendicular to the scanning direction, the stage
control system secures a post-settling period where both
20 stages are moved in uniform velocity in the scanning
direction after exposure is completed on a divided area,
before beginning deceleration after the exposure is
completed, whereas on movement between different rows,
the stage control system begins deceleration operation of
25 both stages as soon as exposure is completed on a divided
area.

With this apparatus, in between divided areas in

the same row in a non-scanning direction perpendicular to



accel eration control nmethod; Fig. 10B is a view show ng an accel eration
curve of the wafer stage in a scanning direction; 25 Fig. 10Cis a view
showing a velocity curve of the wafer stage in a scanning direction; Fig.
10D is a view showi ng a di splacenent curve of the wafer stage in a scanning
direction; 30 Fig. 11 is a view show ng @1 entire structure of an
exposure apparatus in a second enbodinent Fig. 12 is a perspective view
showi ng a positional relation between two wafer stages, a reticle stage, a
S projection citd cadarsyistendimnet ion alilgnnerdgdei@citon systamsddigresl3 is
a schematic planar view showi ng a nei ghboring area of a supporting bed in
t he exposure apparstttsetitl Fiq.peldiodWHaexp Hokh staagdarare wmevedhiowi ng a
state in which wafer exchange, alignnent sequence, and exposure seguence
are performed wrsifoynt we lwafigry sitragess skiapnilfy idimeatiiew shitvengexpetute in
whi ch the alignnment sequence and exposure sequence in Fig. 14 are 15
swi t ched; Fi g.islgonmlerdd owr chabitvifagd exjsiaai Mefgp e beginning
5 deceleration after the exposure is completed, whereas on
movement between different rows, the stage control system
begins deceleration operation of both stages as soon as
exposure is completed on a divided area. Therefore, since
there is no post-settling period on movement between
10 different rows, the throughput can be improved. In this
case, no serious problems occur, so the performance of
other devices is not disturbed.
In each of the above first to sixth exposure
apparatus in the present invention, the stage control
15 system can control both stages so that after exposure of
a divided area on the object is completed, a preliminary
operation where both stages are accelerated in the
scanning direction after deceleration and a movement
operation in between divided areas where the object stage
20 is moved in a non-scanning direction perpendicular to the
scanning direction are simultaneously performed in
parallel for exposure of the next divided area, and the
movement operation of the object stage in the non-
scanning direction is completed before a synchronous
25 settling period of both stages prior to exposure of the
next divided area. 1In such a case, after exposure is

completed on a divided area on the object, in order to

expose the next divided area, at least a part of the



enbodi mrent of a device manufacturing nethod according to the present
invention; and Fig. 17 is a flow chart for showing a process in 20 step 204
in Fig. 16. DETAI LED DESCRI PTI ON OF THE PREFERRED EI ~ODI MENTS - Fi rst

Enbodi nent Following is a description of a first enbodinent 25 related to
the present invention, referring to Figs. % to 10(D). Fig. 1 shows an
entire structure of an exposure apparatus 8 related to the first

enbodi ment of the 31 present invention. Exposure apparatus 10 is a

proj ecti on exppseaiémappayavpsrhhadbnpehéeensoexpestyesopeeakitenlbaseddon a
st ep- and- scan net hod, which is now becom ng w dely used. |In exposure

appar atus 10, whehha seansirgRdseevthgnSadsea dusklenawhbahaadctheuit
pattern is forned and a wafer Wserving as an object are relatively scanned
in a linear dinevenent(pperatsonase, batveari dididedt anmashivbhriesthhe

| ateral direction of the page surface in Fig. 1) with respect to a field of
a projection opPiear syagem PLMoYEdwhi| Bhannprageanhingpditeotibhecenr cuit
pattern formed on reticle Ris being projected on wafer Wvia projection
optical systenPPLOVEhE2BARHr e THRRGNGF O Fhe i dIeoURhRuY reams g rigebmied each
of a plurality gf shot areas ghere%nafter shortened to "shot" as

appropri ate) of'WaferTHATYY WhERJTDBR G28fePReRdtRRaRCHRERBAT IERposur e

t 10 ' igh 1 t in bod
15 and 3 cont TOFLLYETRNT dPOtheREedp 189 f gt T oty EaS ROV Mt exposur e’
|'i ght , : : I I | | gh Kr F
excimor | aser TRAT-hhe o iager e no by S8R AR Er = S RT B P df T

has a wavel engtie Ofod 930 ndiSe0l e Ik €8S ODOLOT LS NG UG apulipe | aser

beamin the ultraviolet region (hereinafter ré?er _ _exci mer
llaser beamd, "poise vhénmmatpea{ihdhiry SperPUlSe SETHEVHLOLLLGELOML" as

appropriate) emtted fromlight source 11 as the exposure illum nation
light is becaustkee as@atitfig dEsettidon of canslEted) NtHAIMbIAE WbdbRent
operation in between divided areas of the object stage in
the non-scanning direction is already completed, which
allows the stage control system to concentrate on the
15 synchronous settling of both stages in the synchronous
settling period, which consequently makes it possible to
reduce the settling time.
According to the seventh aspect of the present
invention, there is provided a seventh exposure apparatus
20 that sequentially transfers a pattern of a mask onto a
plurality of divided areas on an object by synchronously
moving the mask and the object in a predetermined
scanning direction, the exposure apparatus comprising:
a mask stage that holds the mask and is movable in
25 at least the scanning direction; two object stages that
each hold the object and are movable independently in a

two-dimensional plane; and a stage control system that

controls the mask stage and the object stages when a



32 0.25 to O 1 O-m has to be obtained, which is necessary for nmass producing
mcrocircuit devices that have a degree of integration and fineness
correspondi ng to sem conduct or nmenory devices (D-RAMS) in the 256Mto 4Chit
class and up. 5 Accordingly, a laser light source that emts a pul se | aser
beamin the vacuumultraviol et region suctblas an F2 laser can al so be used
as light source 11. Light source 11 is normally arranged in a different
room (a service roomhaving a | ow degree of cleanliness), 10 isolated from
a super cl ean gRea e it K RSEH £ apParAtgs: Mt P oy dride ichpfdangetye I n
addi tion, exposure apparatus main body 12 is housed inside an environnental
chanmber 13 wheyfe e dhisictpraanigd evald iskgugireands tgwr fempet atrire contr ol

hi ghly accurate, inside the super clean room 15 Light source 11 conprises
an operation panedlYglotorskowl)urarid tay cohtdiotideahmEresrs 1A damtasfeaced Wit h
the operation panel. During normal exposure operation, control conputer 11A
control s the fdlsk eamitds @thefr |dlgivcts curage 1 1t her ciratingcant s tywattdrons
froma main 20 controller 50, which will be described later in the

descri pti oh. T tgpddligrptthenimask (e radld 1thee aidigr ikitent oftadse pul se

| aser beam (excinmer |aser beam), fromlight source 11 is narrowbanded so
that chronati Q3K 04t 118 GEAN 99 ES FRAAGT B G FesI X rdtrsot i ve

optical el ements, king up an illum nation optical system . and rojection
optical syst etk b s crivard M IS WA 2D SRR bl ¢tSihde. The
absol ute val ue_ of, .t he 33 center wavel ength to he narrowbanded and the

Val e of ¢ he RIS SHATH (9T OO AT dSToph S g Sy S i ¢ he
panel . and can e 4 nely Adjusted Jramdhe anaraldon panal ghen, ngessary.
I'n addition, nodes of pulse emssion (three representative nodes: self
oscillatiop, extaifaly i Qear #5ad It QbmaNd MILRNANGE VREd | atdan) can
be set fromthe operation panel. Exanples of an exposure apparatus based on
a stepand- scan qTeiod dasd NhwAN eXC inB - @58lidd Hitr SAUGE ;%l%)&@i@tﬂ@@sed
in, for exanple, Japanese Patent Application Laid-open No. 02-229423 and

Japanese Pat erdo A iszainmimd alid-apeioNo. 06-1 32195 and t he correspondi ng
U S. Patent No. 5,477,304, and Japanese Patent Application Laid-open No.
07- 142354 and t he cofirtdspdndi rpPdratuat eviterNa pife de te3dy 1940 pAecwersth ngl y,
the basic technol ogy disclosed in each of the above publications can be
applied to expcsures fappeedchtars @ iaf Rilg objemitt stergas tWgllte @ayposure

modi fication. The disclosures of each of the above U S. Patents are fully
i ncor por at@d Her @197 Inrmest arerfc @l WR BHo sl Sigppahiareamian iy 12
conprises the follown arts: illumnation optical system 18 (18A to 18R)
, areticle st%@%‘ﬁe%éio&‘bj‘fh&ﬂ%ﬁropﬂkﬂ%ﬂ? SFA%Em F"{né &h R‘??&g‘é““fr@rrrﬁ ng
characteristics corr.ecti.on unlftdrlm:a d:tba}?ﬁhdeewtce a vr\@;reorl carddage system

an al i gnnent so)Fsetrearﬁloe{]ncfSZ§etnne Ui hiat eoncoop i calsyssyset em i s

connected to |4 r ' [ ransmittd Y. i an
optical syst eﬁﬁhﬁya&%ﬁ(ﬁgrﬁﬁt%ﬁ %EJI t |)tt é%?oﬁ%ﬁﬁ%%ﬁ%

adj ust ment i n grRAr lgRle IdrB S 8 A% IaoMy I & idn D& dtwin
transmtting systemconprises a |ight-shielding pipe 34 and a beam

phot odet egbi Oy iSHisteRMad2a O &k arti POW4AH S GRIedAthing Qi deHiti gypur ce

11, while the other end is arranged
perpendicular to the scanning direction, the stage
control system controls the stages (the mask stage and
the other object stage) based on instruction values
according to a jerk curve, which is an inverse curve of
25 polarized symbols. More particularly, the acceleration
curve of the other object stage (and the mask stage) in

this case is in a trapezoidal shape, therefore, the

change in velocity becomes constant with no intervals of



entering inside chanber 13 with beam phot odetecti on system 32 connected to
its end. Inside beam photodetection system 32, a plurality of novable
reflection mrrors (not shown) are provided so as to 10 optimally adj ust
the incident position and incident angle of the exciner |aser beamto the
illum nation optical system (to be descri | ater), so that the exciner

| aser beam fromlight source 11 guided by pipe 34 enters the illum nation
optical systemin a predeterm ned positional 15 relationship with the
optical axis ofetdevéeldaimnatdran fpttilcatmseyst ethats@ldallie®sal Asrnstshown
in Fig. 1, illumnation optical system 18 conprises the follow ng parts:
vari abl e attemmmririBAedmans Shogs itgl @ptwicath gyskem 18Byoasfhsttd | y- eye
20 l ens system 18C, a vibration mrror 18D, a condensing | ens system 18E;
an illum nati oredicedrrectimn patierdd8Fon Yee qrick Fiyimyey | epsraysiem 18G

an illumnation systemaperture stop plate 18H a beamsplitter 18J; a
first relay | efgsasiked dddeicer et ile) @ddlijiti®ni8iin &hisvsisise 2% acatissl ¢hsl i nd
18M a second relay lens 18N, an illum nation telecentric correction plate

(an inclinabl gk 2 ethe| gk RS (harmayingp; valyg rebrtiIg@bse e
condenser |ens system 18R and the |ike. Each of the 35 above parts

meking up il ufATRe iOh DSl AT et SLEERG | TETRF b TRARGS bRt R i abl e
att enuat or 18A adé' usts t he average erqy f.the exciner |laser b am per

| se, and as AN VAT 5SS orht 67 CHoH Sxaidl &° PN SITY of €
opti cal 111 ters fayine did ferent téé%é’fé?&fﬁ?%}?@ifr evjzl ,J chabl ¢
to change the At enucgﬁi on raa{llo us“?ep y s’lt ep, or (?he over?ea%%éjng \(,)4 tWo
optical fillersuhose AN LANGE chAnger SO JWOUSlY san &g, adusied to

10 change the attenuation ratio continuously. e opti cal ters maki ng up

variabl e apt enpyaf Oryd8har&;didy Chdgd o iv&-dBeha s ar wd ch is under
the control of main controller 50. Beam shapi ng optical system 18B shapes

the 15 secti Qnﬁﬁec?]ﬁﬂfy Heide axsir@dsddsernnbeanssealskat the efdoret ionel y
enters the first fly-eye |l ens system 18C. The excinmer | aser beam entering

the first fly-efecHensoyst emddds hasd bgen adjarstad) dot astprgsetaer maed
peak-intensity by variable attenuator 18A, and is shaped simlar to the 20
entire shape ofither enf etivgpivtofstaged i r dccdondiogd v ey SySttamingcC,

whi ch structures the entering end of a double fly-eye |l ens system (to be
descri bed | at efh)e s HeFtRTehe 3 a‘-’tltné]rl%op%)‘faltgﬁel RIS Pl BT ke

exci mer | aser beam Beam shaping optical system 18B is 25 nmade up of, for
exanpl e, part PLANMRAa cylinder |ens or a beam expander (none of which

are shown). The douhle fly-eye | ens system makes, the intensity distribution
of the illumnati on%cicgﬂﬁ%d}‘allfydr m™ $H0N 3% gl Up- Y r]Et first fly-eye

| tem1 . tem 18G
hat are sequanliay o e Beod ton DR e as v oy e R S
beam af t er beaé@élha&ﬂé%@:@@ﬂé?@é Brsd AR 8Ris i st di ) S e@8@s I thdet weedy t he

first fly-eye lens 18C and condenser
motor can be suppressed. In this case, no serious

20 problems occur, so the performance of other devices is
not disturbed.

In this case, the stage control system can control
the other object stage based on instruction values
according to a jerk curve, which is a quadrupoled jerk

25 curve, when a movement operation of the mask stage and
the other object stage in the scanning direction is
performed in between divided areas of different rows in

the non-scanning direction.



|l ens 18E, vibration mrror 18D is disposed in order to snooth the
interference fringe or faint speckles occurring on the irradi ated surface
(the reticle surface or the wafer surface). The vibration (deflection
angle) 10 of vibration mrror 18D is under the control of main controller
50, via a drive system 36. On the enteri nngnd side of the second fly-eye
| ens system 18G illum nation NA correction plate 18F is di sposed, which
adj usts the direction of nunmerical 15 apertures (illum nation NA
di fference) on the iyiadigtd aewanfRcexpdsihe dppardhad i 0N thghbre Heosd des
t he above Japanese Patent Application Lai dopen No. 07-142354 and the
correspondi ng 1hfentadenttiNe. stad34cO7Oroled pst @m ovam 15é r ficims emoferhdret
double fly-eye 20 I ens systemand vibration mrror 18D conbined as is
descri bed in tdémeenthiocsh nemtbareeah sdi dided oseeh s whéoe exanptieer Jappmese
Pat ent Application Laid-open No. 01259533 and the corresponding U. S. Patent
No. 5, 307, 207, staage Japaneszd Pat etite Apph+saanming ad bt epehomNdba £d 285289 25
and the corresponding U.S. Patent No. 5,307,207. The disclosures of each of
the above U. S.imsiepgtsion evdlley 3Peorpurated heieth Pyrvef efkher.1$n the
vicinity of the focal point plane on the @ 37 outgoing side of the second
fly-eye | ens s§$2ErHABEd |1l afi®h 3y stedsaper? weles op dpt a2 % 18H nade
of a circular plate shaped nenper js disposed. In illumnatjon system
opertur st op SHate LEES AT oRet s, DA FRL BT o1 D Hef a1 R Bpe ar e
formed spaced substanti al y%}?$art at_.an_equal ,aggl calglventi onal

a re

e:, a .
aperture stop ?%%%aﬁo%fo CIB?%IF Sa%%?? u réo;l . a%tél??ﬂ : %?%% Ped® ujpn of
small circul ar, APl d G SRR i vl UifaciNRD 48y ugoherence factor;

p for I an

a ring shaped aperture s annul ar umnation; a nodified

aperture shop made upiqf ¢ HOrs SR & Ol ARG5S LS, &T{ANGRY present

eccentrically, for a nodifired light source nethod. Illumnation system

aperture stop pheder I8 iFar b ey s o M A csihe ddkend nednshawrdq

whi ch is under the control of man controller 15 50, so that an aperture
stop is sel ectfyel yhSedb®re thwee@pt d ol ngdt br ode 4 Hep Pt Semddi | ovmi drad ion | i ght
and the shape of the light source surface in Koehler illumnation is
limted to shapes stedesasimnpatalleksmalth cihel espod@argeomerat #on oon the
guadrupol e. 20 On the optical path of the pulse illumnnation |ight after

il lumnation syEhemsiprge udesstidpel ahevd SHFaye gmagplliet ehemgrhehat has
high refl ectance and low transmttance is di sposed. And further down the
optical path, RIS ARFTEA LG sEERRRECAPBISThe 1EBE FREE[EZHN | ens 18K
and the second relay lens 18N is disposed, with fixed reticle bYIﬁind 18L and
movabl e reticl ¥ Pt5Hd- M I rerge D 1 ¢ Y (1 e bFihd 18L i s

di sposed on a‘ﬁ%@éé%é}miég% process can include a mark detection

process of detecting marks formed on an object mounted on
the one object stage with the mark detection system.

20 According to the eighth aspect of the present
invention, there is provided an eighth exposure apparatus
that sequentially transfers a pattern of a mask onto a
plurality of divided areas on an object by synchronously
moving the mask and the object in a predetermined

25 scanning direction, the exposure apparatus comprising:

a mask stage that holds the mask and is movable in
at least the scanning direction; an object stage that

holds the object and is movable in a two-dimensional



slightly defocused froma conjugate surface wth respect to the pattern
surface of reticle R and has an aperture portion of a predeterm ned shape
fornmed that sets the illum nation area on reticle R In the enbodi nent, the
5 aperture portion is to be formed in a slit or rectangul ar shape extendi ng
linearly in an X-axis direction, which is pgrpendicular to the noving
direction of reticle R during scanning exposure (a Y-axis direction). In
addi tion, novable reticle blind 18M which has 10 an aperture portion whose
posi tion in thelaheecindna CoOti@spoodtnglt oysbemsthani agntdiroestthe and wi dth
are variable, is disposed in the vicinity of fixed reticle blind 18L. And,
by further |imbjagtteeageésunivinatelonp anemaovemenbvabl betetéenl éibidad 18M at
t he begi nning and the 15 end of scanni ng exposure, exposure on unnecessary
portions can bargasventede $avablewreniel robtsaani8m operacesonnder the
control of main controller 50, via a drive system43. On the exit portion
of the second PeresndegislaBN-QOtRe reedRing €heeeklay, opbecapntystem
illumnation telecentric correction plate 18P is disposed. And further down
the optical® pa%MSB$th®k%®l%@ei?¢h%?€a§F%%elP@%%? #i F+BYL88CEPESdi sposed
for reflecting the gugse illumnation |ight _that has passed through the
second 25 rel aBAT2hs 1 SRPURIERE | RFHAETON PEIBREFHFIE %B?F%E%?%nlglﬁ?% 18P
toward reticle R _And f#rther.domn mrror 180 on thﬁ%ogtica£ gath of the
pul se i |1 um nat FORTTGNT: = Rar hOLoRiddilRYSTeRE CPet3m 18R P BFsPoled. 39
The operation i 1 I on. opt i . Syst e _ canr nt
descri bed abov%é%#++Hﬁggﬁ%%g€}§gﬁe§§%}%%d% é&%ﬁ %%€£%£§§n%$§f§éegﬁgggﬁ1fron1
| i ght source 1 t e, 4 uonat j.on Lcal Vi | be. 34 5
bean1photodete%??@nggi%%%n$%%,MQ%géeigi%gff?§§e¥é%2%%?%sigd?%£t%ﬁa?gggg
predet er mined @epkct beNSFtyr byxyashAd! esatbppraton d8 a andibbgnagasers
beam shapi ng optical system 18B. Then, the sectional shape of the exciner

| aser beamis shapediath beaig sdysd 1ot wpf | Dal bstyied @ dBBL ddd sprédat inmt
efficiently enters the first fly-eye I ens system 18C. Then, when the

exci ner | aser teansamt erswthe fhe stofityecayeihendisysteon 18theassagéace

| i ght source made up of nultiple point |ight sources (light source inages),
that is, a secoraibryl|syhtemotererols the neldient 15stage $ockhapoint pl ane on
t he outgoing side of the first fly-eye | ens_system 18C. The pul se

ul traviol et |iR@¥iedidteHelerneres sekbatdey ToypresburReraeaeh of the

mul tiple int light sources), enters the second fly-eye |l ens system 18G
vi a vi brati’on %@Y%&ﬁnﬁiﬁfeﬁ% sthgth® ?%%%H%Q%t%¥¥ﬁ%%%o%nﬂnélm%ﬁ?%%T?on

NA correction glate 18F. . produces a.tern t .source_on the focal

Thi i gh
00i nt. plane orPRRERGLTH oot aF dEBTS AR AL A F L L AV ENAT 13EC fhide up. of

individual lig 'Eﬁggs ; i | i r L rag

di stributed ihg%%??%ﬁifgé nin gﬁéigy%ﬁégég?égfgr%%%?%?%?ﬁegﬁ%%apeséqhe
pul se ultravi okefqdd Ohte e {40 AT @M EHEMI SLDNSEY LY | DAt L BOUECER S ERAGhEs beam
splitter 18J having high reflectance and | ow transm ttance, after” passing

t hrough one ofdihecapshtafter osseps {orsBapDatéd| o Hadi POdey Ss L8,
aperture stop plate 18H The pulse ultraviolet light reflected off beam

splitter 28J, wihich skrowes tisethicagxposnteocl i ghtted todl compaées the
aperture portion of fixed reticle blind
acceleration/deceleration control in the non-scanning
ahead of time by just the post-settling period (uniform
velocity overscan). This allows the stepping in the non-
scanning direction to be completed prior to the beginning
25 of synchronous control in the scanning direction for
exposure of the next divided area, which in turn allows

the stage control system to concentrate on the

synchronous control in the scanning direction during the



18L with uniformintensity distribution by the first relay lens 18K 1In the
intensity distribution, however, interference fringes dependent on the
coherency of the pulse ultraviolet light fromlight source 11 or fine 10
speckl es may be overlaid at a contrast of around several percent.
Therefore, on the wafer surface, dose varigjion occurs due to the
interference fringes and fine speckles, however, such dose variation can be
snoot hed by vibrating vibration mrror 18D in sync with the novenent of
reticle 15 R ayhataferold diert tigi rer animen g( pexposatr el angl timgs Jostad | at i on of
the pulse ultraviolet light, as is disclosed in, Japanese Patent
Application Laxpaopere N 0k M54 andlaede o r eSpordidigidnS. beaterste No.
5,534,970, referred to earlier. 20 The pulse ultraviolet |light that has
passed t hr oughthéwe digerhandl pany ombfudicedf edeed et timeh 181 the tien-
manner described above, then passes through the aperture of novable reticle
blind 18M thes&EEEHW R iis aBNheyIehaaneit i oMt ecdMsic
correction _plate 18P, and 25 then the optical path of the pul se ultraviol et
light is bent WO & Py Tt HVeRGArTheP Bl w22 Wit Himd i o) 15yhtak3en
reaches mai n condenser |ens system 18R, .and t hen procee to illumnate the
predet er mi ned 99 |4t ’or?cc%lé}%;t%nt}}eeﬁ FR G ﬂiﬁ‘eors3fw]%ﬁ@ﬂ%r
shaped il lum nsaetti n._ar q_tameext egdi ng_ldl.i nel\arl 3Ehir% t he )é aéinsb%i rection), held
on reticle stdage Qi uni form Cridmnance CdPsPH b it o, ‘f‘ﬁlé’r%’gtdangul ar
shaped 5 il U@rﬂ%ﬂi@ da!daQJ‘,t {d radlahed A Eetl el & Rl S éfttﬁé) ext end

he X-axis on

narrowly in the . direction (‘non-scanning di rect’ at the center of
a circular prgj&otd Gihrde! f e 0l R&GH QL opt I Systgpdd in Fig. 1, and
the wwdth of the illumnation light in the Y-axis direction 10 (scanning

direction)ois set substantd adle,camdd atagdmiidie, s UL rdddirdmat i on
| i ght that has passed through beam splitter 18J enters an integrator sensor
46 made of a poias etidde ofuRmsitie & RiEidandcua Eondensie mdwhger(thot
shown) where it is 15 photoelectrically converted. And, photoelectric
conversi on si grrssatdfon ntregrlateors ywerismmolts aves tsleintg tpee miedh acforitatdd | er 50
via a peak-hold circuit and an A/D converter. As integrator sensor 46', for
exanpl e, a Pl Ntagss plestiod cuelor tchedndauneharf Hdwe g tdiwided madee 20
far ultraviolet region and al so has a high response frequency in order to
detect the pul se enildsitdd s (RS i gite SHAXSe PRTEM Y SR CIthEFEITA ve
coefficie of_.the out put of integrator sensor 46 and the illum nance
(dose) of T%he A SPIRTT &HdF%t5 iGht "D TR i fHte MY R a R AR 1On
obtained in adivna e rlarhd_ ics st.or ed inatthieo rrgorgofrg/ of _ mai n, crontrol l er 50. As
is showmn in Fig. 1, retl & eargqtlé)g% STl poserae dhoire o)\l rét9% e base
supporting be \Wh] i .dj sposed bel ow nai n condenser |ens system
18R On the ugsﬂegt?clslﬁaf g{:éelllosofd rbet S SZ' base supporting bed 28, a guide (not
shown) is arranged expandih¢AONGHN& SERANHIAE A1 eG1dQh (dhe miidXithe
direction). In addition, in the

object stage start the simultaneous parallel movement

20 operation as soon as exposure is completed on the divided
area.
According to the ninth aspect of the present
invention, there is provided a stage device, comprising:
a stage that holds an object and is movable within a two-
25 dimensional plane; and a stage control system which
controls the stage so that a first axis direction
movement operation where the stage is accelerated after

deceleration in a predetermined first axis direction and



5 center of reticle base supporting bed 28, an aperture 28a is formed. On
reticle base supporting bed 28, reticle stage RST, which holds reticle R by
suction and noves in the Y direction along the guide (not shown), is

di sposed. In 10 actual, reticle stage RST is driven by parts such as |inear
nmotors that make up a reticle drive system 29, and is structured including
a reticle coarse novenent stage, which linearly noves in |large strokes in
the Y-axis direction on reticle base supporting bed 28, and a 15 reticle
fine novementsesioage axifsi el dex tiiiome mp véerab lopana tilee Xhades thier ection (a
second axis direction), the Yaxis direction, and a Az direction (a

rot ati onal sdiagectiisomomeguria a Zemons)) akyi sdeliirses isuc peapenciicmlea | notors
(VCM and piezo elenments. Reticle Ris held by suction on 20 the reticle
fine novemdi®t tdeadd rsAs aixd sdedaeitdedn rvae diauitage RSt Y Parddamase| udi ng
the two stages, however, hereinafter, reticle stage RST wll be described
as a singl énsPagalisileh ang @rlisge§FoanEr§disy taicorfd adse PRSSE $1di rection by
reticle_drive system 29, as well as driven 25 finely in the X Y, and Az

di r ect i ®ns 1NG} TUSELONe VELAGS RSTOLAIRGV AR & RistkorC E Y Srh a1 116c S a | aser
beamfroma reticle Iaserfint rferongter ereinaf%gg .ef%rred to as
"reticle i nEYEFSComEde P £olaf3 284 SymOHF 1t KE 10§ HdF oP¥ St i cl e stage
RST in thedqg%pqgn% %B%ngli gptec ed with reticle interferoneter 30 at all
times at aresolatiion of, For “Exafpr € around 0.5 to Inm In actual, on
reticle stage RS, bl 1.r St h h ref (Yo} r.face
per pendi cul ar to%ﬁﬁg gﬁggig%ggkeggﬁégeéngkg %%3 glgob??%&rggﬁgfhhas a
reflection s3uiflace cRRASNPetiodhst Ant R r¥1a%i1s tdie &alds@n &1 provi ded, and
corresponding to these novable mrrors, areticle Y interferoneter and a
reticleoX iditreicftaoamiiotientd taopeda®iode thdienarey staydiig. 1, these are
representatively shown as novable mrror 31 and reticle interferoneter 30.

| nci dent al laycefleraexanplfeert biecedge asuohade ather etiiralte astiage RST may be
polished to make a reflection surface (equivalent to the reflection surface
15 of novablieedtdioor a3d) thien seddind axisi Wtread ioh trosremefitecti on surface
extending in the X-axis direction used for detection the position of
reticle st&gerRSEoNn whigsrestnistgagi Aecmoyed( iim Bheeavbediamedt, the Y-axis
direction), at |east one corner cube type mrror (such as 20 a

retrorefl eCHiEFtiRP PETESEFLcRI& ot FEer dtiitdite a¥iiSniddtRStdRBY e 2 d

reticle. X interferometer, faqr exanple, reticle Y jnterferqneter, is a

dual akis IAEerFarGmBEdEs RAPHad DiGTFERG: fonéadir G kb and Bsed on

t he neasur nt-.values .qof t.he retijc Y interfer ter, rQtati of
reticle stgg% §é¥%Fn%%ﬁ§ g%rﬁnggpihﬁvggﬁ Ee%ﬁéﬁggigi’ F%%aggﬁgfo%%to the Y
position. %%%'ttr'o?ﬁ%:d 'b%fs%'a”%tn' 9'?15%%;1/;(:\6%'0910 Y e QTR QRYy @, eticle stage

RST (that is, reticle measur e

jerk curve, which is an inverse curve of polarized
symbols. The acceleration curve of the stage in this case,

20 1is in a trapezoidal shape; therefore, the change in
velocity becomes constant with no intervals of zero
velocity, which makes it possible to reduce the time
required for the first axis direction movement operation.
In addition, in this case, because the peak of the jerk

25 curve can be suppressed, the ratio of the maximum
acceleration to the average value of acceleration of the
stage can be reduced, as well as the sudden change in

acceleration and its frequency being suppressed.



44 reticle interferometer 30 is sent to a reticle stage controller 33.
Reticle stage controller 33 basically controls reticle drive system 29,
which controls reticle RST, so that the positional information (or velocity
5 information) output fromreticle interferometer 30 coincides with
instruction values (target position and t -get vel ocity) As projection
optical systemPL, in the enbodinent, a dioptric systemis used that has a
circular projection 10 field telecentric on both the object side (reticle
R) and the i magedddingy1si, deHnaf@ip ,caronsd Sitrrgnfm}édpfar(ﬂ aid igowlenent s
(lens elenents) nade of quartz or fluorite, and has a reduction

magni fi cati on cafnsifmed @yl /the dihieradigyestidnoro foftlan spdealudXiss Adhef
projection optical 15 system PL serves as the Z-axis direction. In this
case, inmage fdrimesy hednmy faaombeheswipraadedattern area on reticle R where
the pulse ultraviolet light illumnates are reduced to 1/4 or 1/5 and
projected on a residin [taysr casenaftére \Whaaled apn talodc toysdteat icarcngekbineg wi t h
a wafer 20 _hol der placed on a wafer stage WST (to be described later), via
proj ecti on2optin&als g das@d ofs 1 Shtuchi B Veduese 2g51Bj T drP eptiieddt
system PL may be a so-called catadioptric system which is a conbination of
di optric el emEW Sandd&topts i Rlasdfemad osb Jedike e ng &nddie hitir or a

beam splitter) as is.disclosed in,. Japanese Patent Application Laid-open
No. |03 282527 PSHES il Atories gﬁxﬂer‘?g%%%rﬁe&té%’t No. 5,220, 454. The
di scl osure of the a ove ;94 Fat ent iS_L.ift IO'I:@% 45 [ neor por atbed herei n by

reference. The inmagé formng Criardcterist1Cs 2EorTedtioon Ui Y s used to

finely adjust i i opger;t| j e I neyd qrran of
proj ection optp?é%g&gé&%g%@%lﬂgea%?lﬁge%@ %og%ﬁ%%lﬁto%pri ses the
fol I owi ngypar té(i%)o%,d%qaﬁﬂ%'rf‘aﬁ_dss 1FRAe IR s et BIRARIMNIIHE, ROt AebF
system & provided at a position close to the object plane within

proj ection optd ealsksysineMePl riahaif sdae e d idaeiy driidid idrdadherdivaadd on of
optical axis AX, as | 10 well as be finely inclined with respect to a
surface per penditdulhdght ahreagbplitcal AaxascAXsegndnaedr ke peoHantsmi@g,
which finely drives lens system @& in the direction of the optical axis AX
(i ncl udi ng i nafi retaghorin tagd adn onnegey faesmiasg deariagtreniest.i cBccordeéngilgn 15
controller 102 which controls MAC (nore particularly, drive unit 96). Wth
the i mage for AWgherarfaereanstthesr eonesdti dhans tis magiiiidesats etevasd or

di stortion_(honbgeneous distortion aberration, inhonmgeneous distortion
aberr at i on° su@RIYE S tHENG MeFhRA NI, Y 20 CdpdG ddir st ot or
the like) of the :Lgection i, mage Czjl}ll be adj usted. Ir{a e formng
characteristi @?p&% &c BPER LESNEr I e’lé”fe% apereat é%nunder t he control
of main controller 50. Incidentally, the image form ng characteristics of
proj ection optical system PL nay al so 25 be adjusted by either main

controller 50 or inmage ﬁﬁ&'ﬁ?gDE:‘ﬁﬁfbﬁﬁiéﬁi &F PakeRORTReY rol ler 102
controlling a shift amount of the wavel ength of excinmer |aser beamemtted
fromlight soutcenblaccompanying drawings;

20 Fig. 1 is a view showing an entire structure of an
exXposure apparatus in a first embodiment of the present
invention;

Fig. 2A is a planar view showing a relation between
a slit shaped illumination area on a wafer W inscribed in

25 an effective field of a projection optical system and a

shot S;

Fig. 2B is a diagram showing a relation between

stage movement time and stage speed;



46 In addition, at a position close to the image plane within projection
optical system PL, an aberration correction plate G3 is disposed, in order
to reduce astigmati smand cona that are likely to occur in the 5 projected
i mge especially where the image height is large (in the area near the

peri phery of the projection field). Furthernore, in the enbodi nent, an

i mage distortion correction plate Gl is dis¥hsed in between | ens system Q
10 of projection optical systemPL and reticle R, in order to effectively
reduce random di stortj,on %gnponen s included in the projection i mge formnmed
in an effective i magd ¥%ojectd éh HrdeLaet WY HRIWE HA1ION o™ fi xed
reticle blind 18L) within the circul field of. 15 view. Correction plate
GlL is a parall e‘TJJ'_c?LuaY‘PEFi1 %4t @r%dﬁe&}éf‘%gmh i meters thick whose
surface is locally p;Lish d,, and _t.he ig? e fornk&g]bea fhat p§§s t hr ough
such polished parts aréd:sl¥ dit 18 ety SSBRE"AF SAPIE o W 1 ke such

a correction plat i i s¢l.qosed i.n 20 taiJ. | for_e I apanese
Pat ent Appl i catl?lolﬁmﬁé)la&_’%'@glens%d% é%gt%lz awnhge%} ﬁée}lpcdosrq‘lrre% plosnoé( e?lgg?ﬁ@d] At éht
Nos. 6, 268, 803 v : t H%H% o QQQV

publi cati ongi S Fgggﬁa?é%% ngggﬁ"’%iﬂdat% eﬁ‘g%o I rrerflp\?%hﬂem&fﬂsbgl 0 ursglsreof each
of the above U-a%é:apx?att‘?ﬁt silrfrtgleezglffgﬂ Yorl @t ed herein by reference.

;
Next, the stage device w escribed. As is shown in Fig. 1, the stage

devi ce conprises thegfigl|l gW g RartiTyw BHDWRYY il NGRRD A2 o hatake wE a
frame portion 47 (not shown); and a wafer stage WST di sposed above
supporting beda?.il9@mminadias &1 i80jIEClors wade v altlety WHIY 2 raasX%, pl 8he.
Waf er stage WST is supported by levitation with 5 respect to the upper
surface of suppordiSagabeds@3uentialtieakpnsedof, for exanple, around
several Vim by a gas hydrostatic pressure bearing (not shown) provided on
the bottonl@urface ofigaf éR dsage VBV, siodiognabdedk werrvier efl v watfleirn an
XY two-di mensi onal plane by an X linear 10 notor and a Y linear notor, or a
pl anar notor. [Stagegdurinfop A& ssaredst moyerenite Pperatitone dr awi ng,
actuators such as the, above |linear notors are indicated as a drive system
48. Drive system 48 Fifre®Batfi @ulafhy Sheifg icRCEsleratinsyEuxve| Réar

motor and V| T pear, 1otor) oBer ales 15 410 e cant ol 912 veler gt age

Fig. 6C is a view showing a velocity curve of the
15 wafer stage during the first mode movement operation;
Fig. 6D is a view showing a displacement curve of
the wafer stage during the first mode movement operation;
Fig. 7A is a view showing a jerk curve of a wafer
stage in a conventional exposure apparatus (conventional
20 apparatus);
Fig. 7B is a view showing an acceleration curve of
the wafer stage in a conventional apparatus;
Fig. 7C is a view showing a velocity curve of the
wafer stage in a conventional apparatus;
25 Fig. 7D is a view showing a displacement curve of

the wafer stage in a conventional apparatus;



As is shown in Fig. 1, wafer stage WST conprises the followng parts: a
novi ng stage 52 that noves freely within the XY plane on supporting bed 22;
a leveling drive nmechani sm 58 nounted on novi ng stage 52, serving as 20 a
drive nechanism and a wafer table TB, which is supported by leveling drive
mechani sm 58 and hol ds wafer W Movi ng stgge 52 is formed in a rectangul ar
shape in a planar view (when viewed from above). Wafer table TB is
supported by three actuators ZAC, 25 which nake up | eveling drive nmechani sm
58 mounted on nmovi ng; §t agk B2.a GPidAf Sholdhbea TRerr ¥abee bel degapbra
substantially circular shape is provided (not shown), and wafer Wis held
on the wafer bphderdhyirlest s88bali iodedBotBrEkt NgpukbbibAe fl at ness
corrected. The tenperature of the wafer holder is controlled in order to
suppr ess expansi on/ Heg or gmt i 9na dutet osheringcennautatl enavbhen watee d¥i s
exposed. 5 Leveling drive nmechani sm 58 supports wafer table TB in the
vicinity of theethatertspsgefdanieguthat eeabntirmadgl movemesting drive
mechani sm 58 is made up of three actuators (such as piezoelectric elenents
or voice c¢oil operatsPnZAC that can be independently driven in the Z 10 axis
direction, which is _perpendicular to the XY plane at each of the supporting
points, and an actuBi®r 2enif ot | €ieweshawing ndepeheehty ycebnerof sthdese
three actuators ZAC so as to finely nove wafer table TB in the direction of
the optical a%pEeRxctafe BN Hh?e%??6ﬂ§ Bedperpvesent PREFRR&ONAS er

table TB with respeét to %he XY plane. Drive in$trugtions to actuat?r
control ler 56 are sehf- ?3ntSaf ¥ 1SY aBROELAT r Bl FLPP 7RSS RERhoGghV £t OF s

omtted in Fig, 1, focus leyelin fection,syste whi ch, detects the
Govi ation (f ot WoPer reFToardthed: HEE TR e R AP hE Ch eV hEi e bet veen ¢ he
i mge foqﬁﬁngopégggﬁgﬁ;projection optical system PL and the surface of

wafer W 1Is provided in the vicinity of projection optical systemPL, and

waf er stage controlt§§.7§A8§§d§ fréweshosingchi pasyxt uaet Ugkop ¢opErol | er
56 in 25 response to focus error signals and leveling error signals from

the focus | evetigg detecttomsygteirelnienannl & ofirsuchcanhonys | eveling
detection systemis disclosed in detail in, Japanese Patent Application
Laid acceleration control method;

Fig. 9B is a view showing an acceleration curve of

15 the wafer stage in a scanning direction;

Fig. 9C is a view showing a velocity curve of the
wafer stage in a scanning direction;

Fig. 9D is a view showing a displacement curve of
the wafer stage in a scanning direction;

20 Fig. 10A is a view showing a jerk curve of a wafer
stage in a scanning direction in a second scanning
acceleration control method;

Fig. 10B is a view showing an acceleration curve of
the wafer stage in a scanning direction;

25 Fig. 10C is a view showing a velocity curve of the
wafer stage in a scanning direction;

Fig. 10D is a view showing a displacement curve of

the wafer stage in a scanning direction;



49 open No. 07-201699 and the corresponding U S. Patent No. 5,473,424. The
out put of the focus |leveling detection systemis also sent to a synchronous
control system 80 via wafer stage controller 78, and to main controller 50
5 via synchronous control system 80. The disclosure of the above U. S
Patent is fully incorporated herein by refgrence. The position of wafer
table TB is sequentially neasured by a Ias3 r interferoneter system 76. Mre
10 particularly, the edge surfaces of wafer table TB are polished on the -Y
side and +X side topyRke 1refilseqt vaRwSWHAGEY MEren rheseyeidretdonn
surfaces, |aser beans froma Y laser interferoneter and an X | aser

i nterferomet eledgtdurdkpardtaserin i ydIrmeidosysmip 15 76 are

irradi ated. The beanms reflected off the reflection surfaces are

individual l'y recei vedgiy 1the si it @efrepertiens viand shiowipesiad iparsiafi omfler
table TB is neasured in both the Y-axis direction and in the X-axis
direction. As red adeser idesoiemnovaro avaflenr altidgesof d asaridlnt ertfagyegnet ers are
20 provided, however, in Fig. 1, these are representatively shown as | aser
i nt er f er onkt e ristcdrhors opticiadestvatey, iarst ead adfi arrentefdedtdtdrersur f aces
formed on wafer table TB descri bed above, novable mrrors nmade of planar
mrrors may b&YHt&M: ded. 25 In addition, the above X |l aser interferomneter

and Y laser interferoneter are a multiple axis interferoneter, which has a
plurality of |engthfidasddi A§ axESheRFE 16t RdRnEFa 1eHe SRO¥I®IY 3posi ti ons of

wafer table TB, ,rotati.on 50 %%avm ngj{ (p8z r.ota&)ir?%,. iich is rotation
around the z- 38PHHhETGY A PotPIHRAT.E WG s iR did t he
Xaxis), and rallin té_%y rotati orl;}_vvhi ch is rotation around the Y-axis) can
al so be neasuréd? rdimg™¥," imithe 5 fol | owing description, |aser
interferopgter syst 76 ure itJ f. fer | @ .TB .

directi onggof five e&r’ee}geg?) fr éﬁ%%rp%ﬁeyh%@ﬁ?”@@a&z,s%% gr?d%é&l%h :
directions. |naddi td@handee Mlilgned 2deudM,f erdimelglo sl dRifidnce
relative information related to the position 10 in the optical axis
direction (theré per¥dimeRClisdhy AwdPrheRGt isaigept;i cal system PL, by
irradiating a | aser beamon a reflection surface provided on the franme on
whi ch projection optiiigal 1$ydisem Riews shpwined a( ratatehdwnwhdich ahreef| ecti on
surface arranged on wafer table TB at an 15 inclination of 45. In actual,

| evel i ng dri ve lngoivemits meSRiends cnddexpesuaf eeduatice TB fHimsl 4 mrche
Z-axis direction and perforns inclination of wafer table TB, is | ocated
bel ow t helpef |seidttichy¢dsur f ace previously described, therefore, 20 the drive
anount when inclination of wafer table TB is controlled can QL1 be

noni tored by |aser iFriter fléiofkst ér fdpst &herd. fPdsierPdRan i &mat i on on

f table TB A th ds, f t MET d by .l 25
't o1 1 or oot e TR BIRRG Ae LB 1S PR S NoRE e A7 PR %  age

controller 789 t%;r%%ggjt%ei X %glroqll;n é]% positions by a predeterm ned
cal cul ation, an ased onthe obtai'ned coordi nate positions and
Fig. 17 is a flow chart for showing a process in

20 step 204 in Fig. 16,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
- First Embodiment
Following is a description of a first embodiment
25 related to the present invention, referring to Figs. 1 to
10(D).
Fig. 1 shows an entire structure of an exposure

apparatus 10 related to the first embodiment of the



51 information on the target position to be controlled, sends instruction
signals to drive system 48 for driving wafer stage WST. On wafer table TB,
a fiducial mark plate FMis 5 provided so that its surface is substantially
at the same height position as the surface of wafer W On the surface of
fiducial mark plate FM fiducial marks gge formed that can be detected by
various types of alignnment detection syStens (to be described later), and
such fiducial nmarks 10 are used in cases such as when checking the

det ecti on cppéeenpointentieach mipdheral digpurEaniuslel@cis an SySiefBion
(calibration), measuring the distance between the above detection center
poi nts and ehpopubgeappanateant ehavf pehfopmsj egpoenreptpeabtsypat based
(baseline), checking the 15 position of reticle Rwith respect to the wafer
coor di nat e sysaesfepndndhec&nnygethedposhicbnief nohebbestnihgagédedyni ng

pl ane conjugate with the pattern surface of reticle Rin the Z direction.
The wafer cafeflagelsyXees e rapse vaies W bhethRiera ar Q0L ged R $ising
portion (not shown) and wafer stage WST. The wafer carriage system

conpri ses a2fopolaaknPlavhiéflera| earuhtondtaesp thaftogeedvand and receives
waf er Wbetween the wafer hol der on wafer sta WST, _.whi ch has been noved
to a predet@?ﬁ?ﬁeﬂ PBRYULAG pBsPRi BRISSE PﬁeefgggﬁﬁgeéﬁpéPQFﬂ§dléniﬁ t he

mbodi t, th | i gporent ff-ayi Li gt .detecti t
ALG 1S usedt SURFERIOREEEAPTy (BECRLS GRPONMBNG Rkl Rs L OF REACONVBAER of the

shot areas e Lt h k 5 hr h Lection tical system
L and 1 dustalrasRsoEaLr Tate oo Sarh Era ORR SRECREE KBRS, BTy ).
al i gnnent dgt et t ALG.i.§ di L rQj {on ifahr system
L. AT gnmort CHeFSRPTon Sysrem S ALGY i ad dee o ho e e TR by it o
light (uni formél hyminasbonros spet bkl URENALLeN) tt Bat hernesbehebiaygr oON
wafer Wyvia an objective |lens, and photoelectrically detects the reflection
beans from tBeialegRMESt bEBAKSpadGlebtddchbal waBEKSHVYBat PEo9BEEEDRON | ens.
The 10 photoelectrically detected nmark detection signals are input to a
signal procepsioglcsystein BB, whkeeenehsdar paenernabnesevlchaf Rrist age
controller 78, synchronous control system 80, and main controller 50 have
been input.tshgaderpedcessongachrebi & pBupetfibymsfwaketoanepsocessi ng on
the 15 above photoel ectrically detected mark detection signals under a
predet er m nédeaegprfiam siraehenpdsed 6ahehé pFoeerBsedHrietsal t snavafehe

measur enent val ues of laser interferoneter system 76, signal processing
circui t1%68 Bbt3rRedco0rdi AEERPBLTEFBRSTEERBE - al i gnment positions) 20 of

waf er stage WST where the centertof i&e mar ks coincidehmjth t he gftection
center (such as afmPRERYE rAPRITACYRf ef eRCBPHIREF Jnt AR T nEQPRGSstr face, a

Phe. posi 11 ohal >8evraF ForPRabthe s of b afel Tiarhe Snccastraiks affmar ks o

the detectign CepLeL - pdhesinformation on the shot alignment position or the
posi tional deviation anmount obtained above is sent to main controller 50,

and is used for exagmtesoWhed PPSisi N exposure light source, and

20 for example, a pulse laser light source such as a KrF
excimer laser that has a wavelength of 248nm or an ArF
excimer laser that has a wavelength of 193nm is used. The
reason for using such a pulse laser beam in the
ultraviolet region (hereinafter referred to as an

25 “excimer laser beam”, “pulse illumination light”, or
“pulse ultraviolet light” as appropriate) emitted from
light source 11 as the exposure illumination light is

because a pattern resolution of around minimum line width



53 setting wafer stage WST during alignnment, or when setting the scanning
starting position (or acceleration starting position) for exposure on each
of the shot areas on wafer W 5 Furthernore, in exposure apparatus 10 in

t he enmbodi nent, synchronous control system 80 is provided in the control
system for synchronously noving reticle shage RST and wafer stage WST.
Synchronous control system 80 nonitors thé state of the position and
velocity of 10 reticle R and wafer Wneasured by reticle interferonmeter 30
and | aser i ntenfsereet.amn sy HlaéMt 66 veeddtiatBed,N wBlide it dddds dh6, ot rol

of drive system 39 by reticle stage controller 33 and the control" of drive
system 48 by nass wafoeiucithageicanicialdud B2 vaseecitdldty hdivd g deeaea rf 15
exposure, and controls these parts so as to nmake the correl ation

pr edet er m nednt&grelriomoande driteole ssy stoamedPonmpdmat € weddrcaniteiatant r ol of
main controller 50, which sends out various types of conmands and

confi gur at i omemefryr wetviige sonl pdiPdiet eirs . tirg 2's6Meber #6kdt chashead up.
enbodi nent, synchronous control system 80, reticle stage controller 33, and
waf er stage EGHOESILINGH Y78 amaReedp 1d 9dtageoudsist rtéllatsﬁtlgm eh#@uleentrol s both
stages, RST and WST. In exposure apparatus 10 .in the enbodi nent, the 25
control syst emSi®Ls P&efMuamy )}:?‘t?eé’ia& 4 B aiios b FeEd O3y SUER 2oy iF8i ng a
plurality oflunit side conmputers (such.as. m croprocessors) that

i ndi vi dual | y *@58¢r 580t & S oh oo Ui émass&&rgé‘é? BPURSE ddeh of the units in

exposure 54 apparat i.n_ho 12 h i_llum nati.on _opt.i.cal system
reticle stage RST,Eaggzrggtgﬁg 3%T}sa%§%@€#§§ 8§FPP§§§ %?sFe%ff%%ﬁﬁné mai n
controller 5 ich ; uRi u f I ti on or
fhe 11 ke 5 RSCThdS Fotar Sontrn) “avart Ao o outes Bamsirat L Rk e

embodi meng, B chRe PR mPULALEY cQk awNido ot 48 GRMRULSIs rRP &I AG sl nked
with main controller 50, a series of exposure operations are perfornmed on a

plurality of msahebsdyMai2n igoatrahged.50Thosaklyieant eebsstPet Bppuhates
sequence of such exposure operations, according to a predeterm ned
configurati omafinl doaly é2pdsuheuseddiihisdoe eaal leadiaopmetead phegiban dt30r ed
in the nmenory (not shown). A process programis a program of paraneter
group 15 packages saeedustdproad érpedurs prigbessidnghfe ltempemetuede by an
operator. The programincludes the follow ng packages: information related
to the waf er coatEeledebdd eseemase t HasidebénheosuRgiecd eed FOOP-ocessed,
shot size, shot arrangenent data, alignnent mark arrangenent data, 20 and
al i gnment® condi t i okdPNEi SPYEREL Lo CPBPALEE St 87t REeratiioPePPgete (19Ed (such

, data b tt t , t of K, d si f ci it
pattern ar eal PO PREDFIGEPST Sl P RN TS axfostite Eanar: Mot (Sch as.
pat ter  and. . ref’ t gt rofrs (stch as,
of fset, corr cEetaytelodaned? \BuPEhe uBendE exudoRhg SELEEELTRAT {i One. oo
values |ike ufRiiaaloapeiey 21an2c6e888NERe! Akdk Cntdsien Bet Night

illum nation optical syStem and set values o
source 11 according to instructions from a main
20 controller 50, which will be described later in the
description.

The wavelength width (spectral line half width) of
the pulse laser beam (excimer laser beém) from light
source 11 is narrowbanded so that chromatic aberration

25 resulting from various types of refractive optical
elements making up an illumination optical system and a

projection optical system (to be described later) is

within a permissible range. The absolute value of the



55 nunerical aperture in the projection optical system. Min controller 50
decodes the process programinstructed for execution, and successively
gives instructions as commands to each of the unit side 5 conputers
corresponding to the conponent that perfornms the operations necessary to
expose the wafer. In this case, when a it side conputer conpletes a
command normally, the status of the unit side conputer is sent to main
controller 50. Then, after receiving the status 10 report, main controller
50 then sendsntidre wexdlaonrand tee tder tbwbarsdete ofpthervaNextof titee basi
scanni ng procedures of the wafer stage when exposure of a shot area is
perfornmed byattmwisratpd coidttol ( Syt dndpmfer 3 Gye) contdidpayeB,onmeti cl e
15 stage controller 33, and synchronous control system 80), which
relatively thoweasnet, dred stayéRSTLrendy veed BrststdigerabTehen dppeer sicomi ng
direction (the Y-axis direction), is briefly described, referring to Figs.
2A and 2B. gEngl aeshavecessatiat | |aﬁ1datp|oalnarn0¢|ee\/\10tfemée@ a 20
slit-shaped i|lum nation area (an area conjugate with the illum nation area
on reti €l e FRIFFEY nelitege regresaN tas ize mq M n‘ﬁl%rp%cﬁltl'é)tlsjlnn nscri bed
in an effectlvefleld PL' of projectjion optical stem PL and a shot area S
serving as S ed HILT \ﬂﬁpqleﬂ 4-oB vUéaJeP Z8'¥'E%tion between stage

tt d st t I hot S th
oppos te AT IR ow”sﬁ’f LN T AT Q%anae{lia. Dl ration
slit ST, however, >! I llegs OZEA }!.brgsrhartegsoaq)parsa dﬂ i tassé the fer is

drawn novi ng vmth respect to s ar ea 1N “or make a co ection

bet ween Fi g é"é}g rﬁéhﬁh&cﬁ' a‘%{‘aer)imb et ETDLV%F?@ ts du B afydk stage

speed in F|g 2B In a basic (gener scanni ng procedure,

a centep P ofsdilddud nat) %ﬁ'éian%ﬁ.é s mﬁés@%@én@ A nfc A Y pdet er m ned
anount away from an edge portion of 'shot area S, and acceleration of wafer

stage WST hegidioped Nde BT 3408, ari®tifdshSdage Rk Jz%pblengiartsldro be
accelerated in the direction opposite to wafer stage WST, at an

accel erati dreimddpepl iNedl 6 -al I26A PpraochltHe ddrergumiretin@ru magedtiaat | on of
the accel eration of wafer stage WST. Then, as wafer stage WST and reticle
st age RST appr dactV 1,114, mretelanariasal Ryeads Apdl isyatchorodeusicorgnr ol of
reticle R and wafer Wbhegins. Acceleration time, in this case, refers to
time T1, wliTh (5 k4334 mnd o taregramandiier & atcdatrent P of both stages
WET an RST be3g4|r ns until the point where synchronous control ~on both stages

begi ns SThetr,> 310 20A§§ﬁéﬁﬂ8ﬁéé(s EBﬁt P iFedrrENLOOYoRLGS LS/ 8P i s

per f or med reti e RST t.o waf.er stage WST until the dIS Iacerrent
BT or bot wRATH 1Y VDS ALHHE B LAAans a7 Haapts 1ot &

rel ation, t e>oﬁ]qpslt}{ eFlb gl ns Wl‘lg}le tlj rmftzﬁ J& trwa npoecglﬂné g 9 f

synchr onous con r he’beglnnlng of “exposurie
referred tQﬁ%S&fgéfﬁgJﬂééubf'égﬁh of the above U.S. Patents are

fully incorporated herein by reference.

20 Exposure apparatus main body 12 comprises the
following parts: illumination optical system 18 (18A to
18R), a reticle stage RST, a projection optical system PL,
an image forming characteristics correction unit, a stage
device, a wafer carriage system, an alignment system, and

25 the like.

Illumination optical system 18 is connected to
light source 11 via a light transmitting system, which

has an optical system called a BMU (Beam Matching Unit)



The time fromthe above begi nning of acceleration up to the begi nning of
exposure (T1 + TZ) is called the 57 prescan tinme. Wien the average
acceleration in acceleration time Tl is expressed as a, and the settling
time is T2, then the noving |l ength during prescan is expressed as foll ows:
(1/2)*a*T12 + a*T1*T2. 5 In addition, whe hot length is expressed as L
and the width of illumnation slit ST in the scanning direction is
expressed as w, then T3, which is the exposure tinme when exposure i s being
performed in a&xongddindalspeat MVaEMentCah ke Ly essed assydk = @lstw) /
(a*T1l) and the noving length is L+w. At the point where exposure tinme T3
ends, the transf eshcafn tihe Riet. d,e fad tlerghtort s it airrep 7 dtasn been

conpl eted. However, in the step-and-scan nethod, in order to inprove

t hr oughput , retdmygdre sRs s2 ndrgiel-shis tddmateipe 133! sgahreddaneci procal |y
scanned) to sequentially perform exposure of the next shot area. Therefore,
reticle R needdatedstamviah faystesr IZ.onPneeepdi pf whipee 3éxpssgoaneadsdby
the sane length as the noving | ength during prescan, so that reticle Ris
brought baék ti® tlHahp squag g podiiticontForotdenming s posignosst t he
following shot. In this case, the wafer_ (that is, the water stage) is noved
in the scanni fPTATRT 1181 1% rFreshadiny Heh ReamemRatedatpitid the

reticle stage). The tjne required for, such venment, i s uniformvelocity
overscan tinme 2 (Fbsts&MNHFT ) S fr@geiéllséfjﬁt ﬁSﬁmover scan time T5,

and overscan tj I S.n. general T9+ T5) . ,The mvi | engt.h during the
overscan ti mel;phﬁé)n ettﬁgtg'é)gielsé’rsgtes“o%?/el% |]Iuyra|lnl dece (ﬁoé’?albgne overscan tine
T5 is express ; o pf, - / *h* 152 - b*T5*T9, and
T9, T5, and ag%eﬁgrceﬁl%n%falﬁj ereg’s(e(tneo:% t Oi?”t ha(erel V|C)nvgl(%edn35t2th arrsgttc es the
fol I ow ngl@qUQ};JtQL@nal(lglla%j)us*@*tTﬂez &Rt bodit 2 Y £ aln SEH 0l ariyisd em
a=-b, therefore, the nost sinple control method is the follow ng setting:
T1=T5 and TZ=-t tieXtexddRRMANIHS Weeh SeOuUeiY ial luhitdaisde rdd tig-d1he
pattern of reticle Ronto a plurality of shot areas on wafer Wwi th
exposur e apparstsienl ) ton dehelezdiddigrentatae ,1Gdasat e Hacussmnd aem
flow chart in Fig. 3, which shows a process algorithmof main controller 50
(or to be nor dgamedize ltightCRYUnTavdiln womtadlderis®) 3damhtreaferatiang to

ot her drawi ngs as appropriate. The case wi ||l be described when exposure is
perfornmed on dlgiusdlathprofopts aots varteds is e P rasietergigds peoviana IF g.
4, followng a path alsog shown in Fig. 4. The path in Fig.. 4 indicates the

| ocus of ¢ent &P ERNIN AN dhes I9Rt S Iwderdt &t &b ep AR each

shot area. In tg:e th, the sqfli line portion shows the path of center P
(herei nafter &P D0 PP FedY & lds P4996iSt P*) of illunmination slit ST when

each shot is exposed, tne gdotred |ine partiqn ghows the |Qcus (of the
i inb Sots G ¢

novenent of point P Whén it noves et'leen "adjacen € same row

in the non-scamnidg Jifed o N4 Jefazhad || QSrBQB&EPEF%QﬂYYétwe | ocus

of 25 the novenent of point P when it noves in between different rows. In
actual , point 1Ba;S 24 GHaY il WftalcaW nMasem hawevey fiidstFif.y4byd or the

sake of sinplicity, point (the center of illumnation slit ST) is drawn
as 20 lens system 18C; a vibration mirror 18D; a condensing

lens system 18E; an illumination NA correction plate 18F;

a second fly-eye lens system 18G; an illumination system

aperture stop plate 18H; a beam splitter 18J; a first

relay lens 18K; a fixed reticle blind 18L; a movable

25 reticle blind 18M; a second relay lens 18N; an
illumination telecentric correction plate (an inclinable

parallel plate made of quartz) 18P; a mirror 18Q; a main

condenser lens system 18R, and the like. Each of the



59 if it noves above wafer W First of all, prior to the process in the
flow chart in Fig. 3, main controller 50 perforns preparatory operations
such as reticle alignnent, baseline 5 neasurenent of alignnent detection
system ALG and wafer alignnent (such as EGA), using a reticle alignnment
system (not shown, such as a reticle m'crov%ope), fiducial mark plate FM on
waf er table TB, and alignnment detection system ALG via each unit conputer.
10 Details on preparatory operations such as the above reticle alignnent
and basel i ne r@sses eyEts aiHciH e Al sed int nd©F ore Xl €1 Japanas el Payent
Application Laid-open No. 07-176468 and the corresponding U. S. Patent No.
5, 646, 413, anth®@s Beorddfadkilwleiail s are disclosed in, for exanple, 15
Japanese Patent Application Laid-open No. 61-44429 and the corresponding

U S. Patent No. 4, 78%3f8kh]elhet whirsd tosurldA ofd pegctts dfhd hevertroye dheé&gy
Patents are fully incorporated herein by reference. Wen the above

prepar at ory opzf dtherexaimne comdet dehar?Peharulse proteturiehd rvahieblow
chart in Fig. 3 begins. First of all, in step 102, the counters n and m

t hat indi c&t e atHeer Wk RUNQT texakdy tshee Bheal shibj @lctortol @bosukiee bl ongs
and the shot nunber within the row are initially set to 1, respectively
(lam |~n). 29 aRrheifdaratteptt@upion neyurat i 13d%r mati on of
various types is, hecessary tqQ expose the first shot on wafer W that is,
the first  Shot™tiF THDIE R TRARST She AriTiRk-q Smchr TrRLE T
system 60 80, Stceh configurati onfi nf or rra%]j 0 |€cll udes inc1; ormation rel ated
to position contr o?v%rn]e thT1% sqwa%eo% iof Saf et ts‘?%sgew%ss‘?s previ ously

descri bed, suc{é{%%rﬁ ta@éé’%ﬁqaﬁq&%cﬁ@{ﬂﬂ?&% (&H SI% IS%@%% Y, of the

wafer 5 in an ITection an I on, oOrthogon error wof a

stage Ccooxdi nalies fYSHEB tNAle HRACI A BSad e JIVEBMufy t henwalgh i qt ati on

error A of the wafer, magnifications (scaling) error rx and ry of the wafer

in the X and ¥ dit&ed ighsdnPhigi e 1 el ederdl d henda hase i Al an ip £CA
met hod perfornmed prior to exposure (such values will be data used when
setting the pastiveomedhdriesmed®r Wi EXpios Wireder e afdri tofo Jpas aurmed a1
related to the position of both stages during exposure (such as bend

i nformati on ofcaorovablleem¥G.ors on the reticle stage side 15 or the wafer
stage side), data related to dose control such as data on pul se energy
density of the exci msan &apiaw atie qainmsrsteim plik shanessitdie and
furthernore, data related to the exposure sequence set. In additjon, in
some case3>t heS§H gk i BRRfyC T iR et 13T RRIBrEQ0-t edleh

mechani smwhil e_the stage is being noved.
ef%ectivé%% enters éke first fly-eye lens system 18C. The

excimer laser beam entering the first fly-eye lens system
18C has been adjusted to a predetermined peak-intensity
by variable attenuator 18A, and is shaped similar to the
20 entire shape of the entering end of the first fly-eye
lens system 18C, which structures the entering end of a
double fly-eye lens system (to be described later)
provided on the latter end of the optical path of the
excimer laser beam. Beam shaping optical system 18B is
25 made up of, for example, parts such as a cylinder lens or
a beam expander (none of which are shown).
The double fly-eye lens system makes the intensity

distribution of the illumination light uniform, and is



In the next step, step 106, main controller 50 gives instructions to
synchronous control system 80 to nove reticle stage RST and wafer stage
WST. Based on the instructions frommain controller 50, 25 synchronous
control system 80 gives instructions to wafer stage controller 78 to nove
wafer Wto the scanning starting position r acceleration starting
position) for exposure of the first shot. th this operation, wafer 61
stage WST is noved to the above accel eration starting position by wafer
stage control Iide8ip Vo @ ted ef i £t VEL system s dheem SYFTHT Ohodisn £ont r ol
system 80 controls reticle drive system 29 and wafer drive system48 5
descri bed earlliets vigE wedret tSagecond rol y-esydSland sedtah el &F ageat are
controller 33, respectively, while nonitoring the neasurenent val ues of

i nt erf er onet erseystem bl ami smisad eon nthee fepoiet erp8th ehdibegrsiner
relatively scan reticle stage RST and wafer stage WST in 10 the Y-axis
direction. Mahel &edm afteqr losm nphab ontopt 1@al 5oy sken sL§Br  Hot khstsages
RST and WST to conplete the acceleration, and to reach their target

scanni ng vél oc§aser AHY Peftarbdihe sthrfls RamewRl MBS cbifpl &1@ ¢oredenser
acceleration, main 15 controller 50 starts em ssion of |ight source 11.

Al nost at the Bt 195 LR BhiT AT of8D i bhtdRARA 110 WWAthrighous

control system 80 heqi.ns synchronous settling operations of both stages RST
2nd VBT, “bri om0 e st b e ittt SRR ToUS et 11 ng
of both stages, Bql ’}‘i'g V&r t*},aes ibrgre Lol ef,ed- and (fige e d e about, L0
begin, |ight source has alteady begun emssi on. wever, fain controller

50 control's ths, MayerEIe of i 1 edel eained Jilkade, of jupiable dretinghe, 25

blind 18Min sync wth reticle stage RST based on the neasurenent “val ues of

reticle inperfor apRielt 3% B0 A5 LB PrayalddNecesSSHYr & 636 pifier than
the pattern area of reticle R from being exposed, as in an ordinary

scanni ng 62 &drepRsrled D, whem it ivstagaseiRSe and WST reach a state
where both stages are synchronously noving at a constant speed, the pattern

area of reticle R begl nhd eMieefhind lamd raitded diy tiHee dddarayifilweteyaullssmd i ght
emtted fromillumnation optical system 18, and scanni hg exposure

descri bed abowydtegi nBG,Syinchmoimoist oA ofo syt teim 8 Jperd o8B isyynchr onous
control, especially during the above scanni ng exposure, 10 so that the

nmovenment vel ocdispagechf whaitghe|adkistge ST direction of numerical

15 apertures (illumination NA difference) on the irradiation
surface of the illumination light.

Besides the above Japanese Patent Application Laid-
open No. 07-142354 and the corresponding U.S. Patent No.
5,534,970, details on a structure of the double fly-eye

20 lens system and vibration mirror 18D combined as is
described in the embodiment are also disclosed in, for
example, Japanese Patent Application Laid-open No. 01-
259533 and the corresponding U.S. Patent No. 5,307,207,
and Japanese Patent Application Laid-open No. 01-235289

25 and the corresponding U.S. Patent No. 5,307,207. The
disclosures of each of the above U.S. Patents are fully
incorporated herein by reference.

In the vicinity of the focal point plane on the



the Y-axis direction and the novenent velocity WW(=VWy) of wafer stage WST
inthe Y-axis direction are nmaintained at a velocity ratio corresponding to
the projection magnification (1/4 or 1/5) of projection optical system 15
PL. Then, different areas in the pattern area of reticle R are sequentially
illumnated with the ultraviolet pulsedght, and when illumnation on the
entire pattern surface has been conpl eted, scanning 20 exposure of the
first shot on wafer Wis conpleted. And, with this operation, the pattern

of reticle ddtigpirrdudert ¥t tHanfned 1Ianteyd Needd rststsdwot18d,a proj ection
optical system PL. During the above scanning exposure, main controller 25
50 wai ts f arllune rexgiesursy stene bdnt tee s td2 . p THEN, 1 Sthemmdc ayfiang exposur e
of the first shot is conpleted in the manner descri bed above, the decision
in step 1llZiirzcwdfdn oied.e aidpeve msmiye rprice ebddpasedt epnlid lumiédtwber e t he
irradiation of the |laser beamis stopped. On stopping the irradiation, the
em ssi on ofsystgi apanteeel Btady Hatst difbd faor sxaiite.ertignot shown) in

i ght source 11 may be closed. 5 In the next step, step 116, a decision is
nmade refer g - o @RSt URe e 6 fsgmnach inased Auks taAntslaldy | ast
shot nunber in the nth row (in this case, the 15t row), based on, for
exanpl e, a 3Bt fdp 2N FWMGls WEE: bBcSABYCREIONPhe 2BBELETEENShEPe i s

deni ed, therefore, the 1Q step proceeds to step 118, where coupter mis

i ncrenent edd%F ofe CLTiRe c§‘tré:bﬁtaﬁgr?p&r tE&ds Ao a§’tee‘%dﬂffo,SE“E\fv?rPerHEl 8 gur ati on
infornationjff v%éjous Rﬁpes necessary for exposure of _the gﬁp hat in the
nth row (i P% K dasd I THE Ts ERGTE UG 5 1958199 i P U Shal i fthe

second Shot) khd nldeATOMhed 4 NS RNLEA it Ag. Such

information is transmtted, whi nchronous “contr tem80 is

per f or 1) Ng A f1QIMiMehAGinat iQHE! $eRN o RRisaldd IHDr R alddNmfe Waf er
stage WST and reticle stage RST in the scanning direction after the

exposure 2Qpoper atfon. edaep e pr €ousynpbreneds aerhhakdswsicemt8Q «zan ,ecei ve
the configuration information of various types without any difficulty, and
store the ififroraretaddsfiien theyhtntsenunale meradiod. Illumination system
aperture stop plate 18H is rotated by a motor or the like
(not shown), which is under the control of man controller
15 50, so that an aperture stop is selectively set on the
optical path of the pulse illumination light and the
shape of the light source surface in Koehler illumination
is limited to shapes such as annular, small circles,
large circle, or quadrupole.
20 On the optical path of the pulse illumination light
after illumination system aperture stop plate 18H, beam
splitter 18J that has high reflectance and low
transmittance is disposed. And further down the optical
path, a relay optical system made up of the first relay
25 lens 18K and the second relay lens 18N is disposed, with
fixed reticle blind 18L and movable reticle blind 18M

arranged in between.

Fixed reticle blind 18L is disposed on a surface



After the above configuration information is 25 transmtted, in step 122,
mai n controller 50 instructs synchronous control system 80 to nove both
stages RST and WST in a first node (hereinafter sinply referred to as "the
first node novenent"), and then returns to step 108 64 to wait for both
stages RST and WST to conplete the accelergfion and to reach their target
scanning velocity. Wiile main controller 50 is waiting in step |08,
synchronous control system 80 perforns the first node 5 novenent operation
Fol |l ow ng i s asdigjlatledietBscnsed i Dromna tden §udst e noder aoy entth opgsatt on. -
The First Mdde Myvenent Operation As an exanple, the novenent operation of
both stages i ntbetheagrtstwmis sutfade dbscetbebe Rheanméxiposuare dfersut® be
sequentially perforned on adjacent shots, first shot S1 and second shot S2
that are positporeton nof e poetetomined i shappwhoimedi ghat. s¢ms Filge 6A, a
jerk curve Jy(t) of wafer stage WSBT related to the scanning direction (the
Y-axi s directibhunmnahieheared sen mirfel ¢% efrentl Nopfdreatammedigmesfowthien a
solid line, whereas a jerk curve Jx(t) related to the nonscanning direction
(the X-axi® diFRRIFOFH P SHAMNF ntA RotiREmed nkt Fefkitipr thpctEngelars

the rate of change of acceleratjon, that is thjrd-porder, derivative, of 20
position by ti¥eEPT FHfh %Qﬁf¥¥?F¢f / %ﬁia%ﬁéa%%%ﬁé?%f?%ﬁﬁ%%TV%h¥®Qtﬁsof

waf er stage WST related to the scanning direction that corre ds. to Fig.
6A 15 Shown | PRROTTIET e, BT bt G ACLE PR ot e S ) T8 5t%a o
the non'scanni§@bnning exposure (a Y-axis direction).
In addition, movable reticle blind 18M, which has
10 an aperture portion whose position in the direction
corresponding to the scanning direction and width are
variable, is disposed in the vicinity of fixed reticle
blind 18L. And, by further limiting the illumination area
via movable reticle blind 18M at the beginning and the
15 end of scanning exposure, exposure on unnecessary
portions can be prevented. Movable reticle blind 18M
operates under the control of main controller 50, via a
drive system 43.
On the exit portion of the second relay lens 18N
20 structuring the relay optical system, illumination
telecentric correction plate 18P is disposed. And further
down the optical path of the pulse illumination light,
mirror 18Q is disposed for reflecting the pulse
illumination light that has passed through the second
25 relay lens 18N and illumination telecentric correction
plate 18P toward reticle R. And further down mirror 18Q
on the optical path of the pulse illumination light, main

condenser lens system 18R is disposed.



25 direction is shown in a dotted line. Also, in Fig. 6C, a velocity curve
VY(t) of wafer stage WST related to the scanning direction that corresponds
to Figs. 6A and 6B is shown in a solid |ine, whereas a velocity curve VX(t)
65 related to the non-scanning direction is shown in a dotted Iine. And, in
Fig. 6B, a displacenent curve Py(t) of fer stage WAT related to the
scanning direction that corresponds to Figs. 6A, 6B and 6Cis shown in a
solid 5 line, whereas a displacenent curve Px(t) related to the

non- scanni ng dir eeid @pdratsiowod N ld Witidad dn reot ke hefdamne, 16 n Figs. 6A
to 6D, the horizontal axis shows the tine (t). In the first node novenent
oper ati on, thetti dlas sttege rifhrREmammy ede soacidset rapdwee eadichl thesporisd £ Iesponse
curve multiplied by a reciprocal to the projection nagnification of the
above j er k aagormikipd.t ) Whaoceher akicamecurlwsehy pepm feloociltightusoardg(t), and
di spl acenent curve Py(t), therefore, a detailed descriptionis omtted. 15
In the enbodi rgvitery rkhe tialumisatcinm mnist ohts s t ey stiemBip g eiterands
instruction values on velocity and position based the jerk curve in Fig.

6A, andwafsasehpt edafisdixt sapte@ntIol st%feé?c@t%e{é\@lr \Reamhaifer drive
system 48 according to such instruction val ues, however, 20 for. the sake of

sinplicity 29Nt RES R iIRRPHGR IR B U Hd X dtodasiahSe in Fig.
oper at on 13 YAk ARcHh ST S G, RN BGOSR on shot 1
pornt b i o PEIILAGE DorspPathy brg?ishtio SRR RS, TGS over ccon |
(hocel or af roneth kg MG e HBP ISRl oL 80l I dRaEI et L "

directign igy ikt Dt & diieRANtented d Hlet)rstAfA18F-WRS alerst age WST
begi ns decel eration, the deceleration gradually increases (the absolute

val ue of acgitematligan | Thehe wXeb dheeekiconekrntheasesraandnteaghened
predet erm ned constant value (-Aa), then the predeterm ned constant val ue

i S mai nt ai Mdd-Sftorf lay-giyeen gpey isothtadm 11905 G (urefaere tlo dtitg.sB)ce However,
the deceleration tinme in this case is fromthe deceleration starting point
t2 to tinemhde uk0 &t mulitsipda moirds liigghsh@mungesti @.idCE swafmre st age WST
proceeds in the +Y direction at a constant velocity Vscan between exposure
end poi nt timagied )t ety M.t [ FEIRNOR 0, LigAHL ispwRiqe, Sisasfarmast emence
point,_and then with point t2 where tinme T9 has sed as a reference

poi nt 18 f &M iHRE2 M s RAGE WS prie RUI ¥ %?:Pq P& HeEidistection for
(e TYS LA, Sle0id Rl g d o Heloelin cUive WL 0. ELg o€ AL o
oLt DU oSSR ALY (SRR A A [feR) 20 0 v dod
e B TR e e e e naenion e W)
lens system 18G, via vibration mirror 18D, condensing
20 lens system 18E, and illumination NA correction plate 18F.
This produces a ternary light source on the focal point
plane on the outgoing side of the second fly-eye lens 18G,
made up of individual light source images of multiple
fine light source images distributed in uniform within an
25 area of a predetermined shape. The pulse ultraviolet
light emitted from the ternary light source reaches beam

splitter 18J having high reflectance and low

transmittance, after passing through one of the aperture



25 As is shown in Fig. 6A, during the above time (Ty5+Tyl), jerk curve J
y(t) is a curve that has a reversed curve convex upward nountain (a

val | ey-shaped curve) and a curve convex upward nmountain on the upper and

| ower 67 sides of an interval serving as a center where jerk is zero, or
in other words, an inverse curve of polgrized synbols. Mre particularly,
in the first node novenent 5 operation, because jerk curve J Y(t) is the
base of instruction values for a prelimnary operation of wafer stage WST
rel ated to hepsc@omrimed dnr edlliueinaftion shetea npamiere exppswlatef a shot
area has been conpleted to before synchronous settling period (T2) for
exposi ng tha8H) next shot, acceleration curve Ay(t) has a trapezoi dal shape
during the corresponding period, as is showmn in a solid |line in Fig. 6B.
Ther ef ore, duringThkeppleki mitaryiopetatlight irefBetieen offlfe bebsol ute val ue
of the maxi mum decel erati on (maxi mrum nonentary decel eration) or the 15

maxi mum accépdiditesn 18dax vibehmseevesr psatbel expoisyye Avglt=Aa and t he
absol ute_ val ue of the average acceleration Ayave. the following relation is
val i d: AyavédAymdratesa gy aperiapwRers ioin ofi ddxedaresirde ®1idck curve,
an 20 accelﬁrition curve, a velociL% curve, .and .a d'iplg%ﬁgﬁnt curve of a
waf er stage 1R ¥iEOnVBALPSRarNELPSdG¥e ddphaittitd OFr EYsih TRt hese

drawi ngs, the.horizontal, axis indicates tine) ,in_co rison, corresponding
Lo Figs. GATE&24D1SRer Bl ewt g BF ol n 7a0SHhYT b ERPAb00R" pRPISH35 when
prel i minary .operation of aher stage Bl related LapLhe scanp g direction
i's perforne&, a quadrupoled jPerk “carve i's obviously Jsed ds “the jerk curve.
Therefore, Fﬁ%@%ﬁg%%b%t.cﬂ&éﬁtdwoﬂlg 15B8:CALLITR0N! Bg patleod s 68
substantiall'y shaped in~a triangle as I1s showm in a solidline in Fig. 7B.
Thus, dugingpkbeipermad ek BrekBliBaRY aPebakiralt biFe akeuheWskgerghation
was valid in between the absol ute value of the maxi mum decel eration

(maxi mum 5 pereehary desetesaé| ob) Bhet Ref8BXsUARB6cel6s8t vOAL 4 BRXHMTUM
nonentary accel eration) Aymax and the absol ute val ue of the average

accel er at i oncAyaseduAy rax tRAy dne eAsf eirendes criinges andexXpoasuspeapiasat us 10
in the 10 enbodinent, the rate of the absolute val ue of the average

accel er at i ohowepesyesught Hoses yact. attd onheaabbel gmeordlede baf viihe atdgignum
accel eration (or the maxi numdecel eration), or in other words, the maxinmum
acceleratioﬁlgéﬁtﬁﬁﬁiWﬁﬁﬁéécéﬁ@rapi@NPCcHﬁtbet§§pﬂP€§@@@F PHi geité@d€es t he
size of 15 actuators, such as linear notors that drive wafer stage WST on
accel er? i o E8F Had&relatMERNg SFaPPLngr P¥BOINES, 288 W8l as suppresses

t he heat generati.on.due to reduction_in_power consunption. On the reticle
RST of de, i HOGAQTATaNTs 8ToblS RLAG ol LEFPERE 8 R4y b SPnaCef f ect 20
described ahguesolln GRANGEahdser bataiidan G1a09e O 1Lha bpequancy of the

change) is suppressed, whichin turn e vel'y keeps the shif f reticle

R from occuphLAg23ERUSnAGGR! R ibd ARy f@rgedpasche H6SCEi Bad abgve
and when the operation reaches a point t9 shown in 25 Fig. 6C wafer stage

WET r eaches rafbahgat tsCagringrvel ocity -Vg~an (the m nus here neans that
the velocity is in the -Y direction). Then, after the elapse of tine T2,
whi ch i30the synchthenpusseonttehvpeleadlobhrethakehBsapdssed through

the aperture portion of fixed reticle blind 18L in the
manner described above, then passes through the aperture
of movable reticle blind 18M, the second relay lens 18N,
and illumination telecentric correction plate 18P, and
25 then the optical path of the pulse ultraviolet light is
bent downward by mirror 18Q. The pulse ultraviolet 1light
then reaches main condenser lens system 18R, and then

proceeds to illuminate the predetermined illumination



69 wafer W exposure begins. In this case, exposure tine T3 is expressed as
follows: T3=(shot length Ly + illumnation slit width W ~Vscan. Next, the
novenent operation in the non-scanning 5 direction is exanm ned. As is shown
in Fig. 6C, as soon as exposure on shot S1 has been conpleted at point tl,
waf er stage RST begins acceleration in the,-X direction according to

vel ocity curve Vx(t). Then, wafer stage wgy'reaches t he maxi num vel ocity
-Vxmax (the m nus here neans 10 that the velocity is in the -X direction)
at a point wheiwed idre detSdias rel @pseld f rom tder regi iy nghQdedccel erati on.

At this point, the X coordinate of wafer stage WoT is -Bx, and point P is

| ocat ed at poiiitlhni(rBx By drediakteéndiien, ideamy hirs fod isaxisd er st age
WST 15 begi ns decel eration (acceleration in the +X direction when the
velocity is imditetidrdi rrecid am) msoriorld rdge \REDorigh curvioX(t). And,
when tinme Txl has el apsed fromthe begi nning of deceleration (end of

accel er ati on) ,iltheniderete rdits toni eridisorand Thige reelteciowy are sbidmpsdzer o (t hat

is, 20 the novenent related to the non-scanning direction is suspended). At
this pointy tHe MrEgwidiomtle Gt viefadisatrie amsTratsicls R 136 iset Heo st eppi ng
| ength), and point P has arrived at point, C (Lx, Cy) in Fig. 5. That is, as
for the scanniSTFenT ERGIAY LI asth S5 iH 1B, (AN PHFHDIE wher e

time (T4+Ty5+Tyl as el apsed frompoint_tl, which is the exposure end
boint of the FLARTIDORGE Bt CTHE Mo ik I AP AR L&t next
shot is conpl eted, whereas, as .for, the naon-scanninh ~0 di tion,.at the
poi nt where tiorr€ Ej(I:|°><j§+(:t-'llxcirs Has lapssyesat T op'smL the Eglggp'oslm eane%}%peoi%ltdto t he
previ ous shot t. - ratfi ; IO J ) ; as i s shown
in Fig. 6C. And, Yen qo“?ﬁ%gxtgrog{sslﬁ%}gg%ﬂ i;rlt% Xgn%cf!ﬁsy%q%}e valid, the
steppi nd Qper atd Qfhr 1% RMi U 6 HoNRY &fad Kasdd Al i 1h4 ddiadt ddie, begi nni ng
of synchronous control™ in settling tine Tz Iin the scanning direction. The

| ocus of wafer stagedBlinatld,hithd@Pultse 119 livhidh PAAPAightShaRe ms 1S
shown in Fig. 5. 10 Wen the stepping operation in the non-scanning
direction i s qugdert ethreardh évednhap it ddedigmnigrg edfs synchrswytsscqontrol in
the settling time in the scanning direction as is described above, this
nmeans that wafsnsimde oot af er pid tarel esyincihr arouse o ad leyegttermi@0 are
15 controlling the novenent of wafer stage WST in both X and Y directions
so that the novamnfensser didron (sttepgdiannopdrend o) iof wafer stage WST in

t he non-scanning direction is performed in parallel with the overscan and
prescan oper atRBHL S et cddnhi R ATRI 1 0ARIs 0 PROTPEL12GLLEAEC t he poi nt

where the vel oci t\y in the scanning |,
conversion signals of integrator sensor 46 are sent to

main controller 50 via a peak-hold circuit and an A/D
converter. As integrator sensor 46, for example, a PIN
type photodiode or the like that has sensitivity in the
20 far ultraviolet region and also has a high response
frequency in order to detect the pulse emission from
light source 11 can be used. The relative coefficient of
the output of integrator sensor 46 and the illuminance
(dose) of the pulse ultraviolet light on the surface of
25 wafer W is obtained in advance, and is stored in the
memory of main controller 50.
As is shown in Fig. 1, reticle stage RST is

disposed above a reticle base supporting bed 28, which is



di rection becones zero, nore particularly, the X coordinate Bx of point B
(Bx,By), which is where the decel eration ends and accel eration for exposing
t he next shot begins, to the S2 side of the boarder of shots S1 and 25 S2.
When the above stepping in the non-scanning direction is perforned, jerk
curve Jx(t) is a quadrupoled jerk curve ig&luding two sets of jerk curves

t hat have 71 different shapes and are reversed, however, this jerk curve
does not include an interval where the jerk is zero, as is shown by the
dotted line iQikb@seBAbelbat maSn kBnbHBNScGaIensaASyisteal 38RQDVDAUSHET OM
Figs. 6B and 6C, 5 acceleration Ax(t) and velocity Vx(t) are changi ng at
all tines in ubgemogus¢aaai Bg dereclleobasehistbpaeanagt bad Baf,en st:age WST
is always nmoving. In other words, wafer stage WST perfornms the stepping
operation w thHaot shoppiindgs emrpagakl ekpanthnghelpnel ithenacynopegati on in
10 the scanning direction. Accordingly, wafer stage WST can performthe
nmovenent oper dtiirestiinnbdtheei-skhats dakgostionn . i b nadldi t ken, t husthér oughput
can be inproved. As is previously described, prescan tinme includes 15
settling t meceataepd retiicle Raiss pugporsisonpeet @By POl kERLGPrEakér W
Therefore, accel eration/decel eration control in the non-scanning direction
i s preferabl yl8oAPIrBEEd earlier than the starting point of settling tine

T2, In order to make this, p ssLbIe, in the,k 20 Enﬁoginent,,a i s _obvi ous
from Fig. 6C waf er 08t A8ELEORT PAFFeFUPBOAEA NGy REAr GRouS CESRLPOF S0t em 80

tart th t ' f _waf t WST.in th - axi;s directi

Gur i ng. uni for Byel BBLEY BOGPECRLrTE Tuct ardP sCAge ETS A1t HECedanni ng
di tion, whi ft t he.end of . - ti t
Compl et 8 acoot PR TR d8a8 dr S oA ant o™ EUCRE fodso CARAPRE i r LAt 1 on
can be reﬁvceqcﬁﬁaqolkgﬁghyélggﬁgé RYGT $62Q L LER B¢ phBRk ksfichSkAce the

st eppi ng operation in 7 n-scanning direction Is conpleted prior to
the start of 3YREeBFORBESreORKER! mhRet D@ SCFBRIAY ARG @FstEMNORN 0BAWS
control system 80 can concentrate on synchronous control in the scanning

di rection duriiggsbhraetukedgihcimadI’dg bnraddictlieoncakeeamsecibeare sicaghar dl y
any influence of deceleration in the non-scanning direction on synchronous
control, synchhdicbusdisebtrllyngotese iTZlamdet béro@esespondieny -axifsor m
velocity overscan tinme (post-settling tinme) T4 can be reduced, thus also 10
fromthis aspddtrecthroughpuctigicbbasepsovedrtRafiebeidnglhaekdt e Fig. 3,
whil e the above first node novenent operation is being performed, in step
108, mai ntTontesiicée SanRamPyensntt RE2gCeebighi 6f SfNSdh Fiyged eRET and

WST to be conpleted, as is previously 15 described. And, when the_above
first node noVefiert 2EpEr ELEERTREE BEeSCORP! Bdd, A HECheO i of"Pn St ep 108

is affirmed, and hereinafter th rocess (includin ki ng_deci,si on in a
| 50p. constsi i Ad 161 CAEEGE pho-£79 5147 3176e Lok (1I5OLEE80T08. FLPEpbaPed
antil the dechsland o 20a918p BOdkeiRbL! LURA. XV LB LRI So0nChALL0R
scanni ng exposure by alternate scanning |s_perPorneé on each of the shots
fromthe secongciohnknptBeoNkRch@WtEl.N RO ScEASE, ik NBe $€CHPUsBOL oh Mok he

first row to the last shot in the nth row (in this case, the first row,
and the 20 the reticle fine movement stage. As is described, reticle
stage RST is made including the two stages, however,
hereinafter, reticle stage RST will be described as a
single stage which is driven largely along the Y-axis
direction by reticle drive system 29, as well as driven
25 finely in the X, Y, and 0z directions.
On reticle stage RST, a movable mirror 31 that

reflects a laser beam from a reticle laser interferometer

(hereinafter referred to as “reticle interferometer”) is



25 pattern on reticle Ris sequentially transferred onto the shots. Wen

t he scanning exposure of the last shot in the first rowis conpleted in the
above manner, the deci sion 73 made in step 116 turns affirmative, and the
step proceeds to step 124. In step 124, counter mis initialized to 1,
whereas counter n is increnented by one (rﬂé, nE--n+1l). 5 In the next step,
step 126, the decision is nade whether the Tounter value n is larger than a
final row nunber N or not, referring to counter n. In this case, n=2,
therefore, thefgesdsi o naege pdsiticn Sdeprésidrgaityge ROH fhecisd ep
proceeds to step 128, and after 10 the configuration information of various
types requiredndwemxposel die id rédtediodd iwid therdt icYOW f i £ it Smeese, 3¢ he
second row) is transmtted to synchronous control system 80. Then, the step
proceeds to stap dBD,tives eatired ceontutoldreroH0 faoustexmtsl sy nehwwmndus. 5
control system 80 to 15 perform novenent of both stages RST and WST in a
second node (Her elmmaft dn alcdmaghoonened iad €' tsHagsee RS D d® viablensritr'ror and
the step returns to step 108 where main controller 50 waits for both stages
RST and WS¥ t c-hevhphas e et laclel @ atunaemdoeerardi¢isl ar tte gére stamnihg 20
velocity. Wiile nmain controller 50 is waiting as above in step 108,
synchronous cohtFeFtisSstang g0 PRYFRYGEN Y e S et rbtie® mokiehastit 1 dper at i on,

which will now be_descri bed bel ow. - The Second, Mode Movenent Operation 25
The second mod WRRSEfT %ﬁ?%ﬂfi%?téhfr%%&ﬁﬁﬁn DT E@ A both st ages

corespondi 19 L B TOUSIET. ) e ol P18 B Rl veSp il letent g, o
f d aft ; t. i ] the d
porfor I a1 Shod ey d Pl e et o g, e dosisppmdgl e e

( , _ conveni ence) haS béen ‘expose
first shogoon g differelq (NexidbyeQw (i&ffg%:g[i%,t%%%e"%@%t B" for the 5

n
sake of convenience) Is to be exposed. i s nmovenent operation between

di fferent rowsyedhe:a0ca! BFraty h&andid iy 0514 e waler3beff e scamnid ng
exposure has to be matched wi'th the acceleration condition of the reticle

bef ore scanni nghtdhfmimatesr t3®. 1@nepekatiadn yof fole evah@lest age kaget 0 be
tenporarily suspended, not only in the non-scanning direction but also in
t he scanni ng diusetdadeomf reticle stage RST may be polished to make a
reflection surface (equivalent to the reflection surface
15 of movable mirror 31). In addition, instead of the
reflection surface extending in the X-axis direction used
for detection the position of reticle stage RST in the
scanning direction (in the embodiment, the Y-axis
direction), at least one corner cube type mirror (such as
20 a retroreflector) may be used. One of the reticle Y
interferometer and reticle X interferometer, for example,
reticle Y interferometer, is a dual-axis interferometer
that has two length measuring axes, and based on the
measurement values of the reticle Y interferometer,
25 rotation of reticle stage RST in the 0z direction can be
measured, in addition to the Y position.

Positional information (or velocity information) of

reticle stage RST (that is, reticle R) measured by



Therefore, as the sequence of the novenent operation of wafer stage WST

bet ween shots A and B in the 15 scanning direction, the follow ng procedure
is normal |y enpl oyed: uniformvelocity overscan (post-settling) after

conpl eti ng exposure on shot A-~ novenent to a position corresponding to the
scanning starting position for exposure on‘fhot A (a deceleration end
position after 20 exposure) novenent to a‘%canning starting position
(acceleration starting position) for exposure on shot B~ stop at the

accel eration steafiding RESHAIHmeROCEl@ral | Hh RO th Sl tdidge before
exposure. In this case, the jerk curve is a quadrupoled jerk curve, as in

t he 25 conventddtatoJdret i36 .NnaR¢tapekakitage Robetreear rdiddi dediasedy in the
scanning direction described earlier in the description. However, in the
second node nawereril opertaitdlen drive &y dteen ethodimerit ,cditer@bowesticle
post-settling period after exposure on shot Ais omtted, for the foll ow ng
reasons. Fi gs.REA t=» 8hathdke gerik icurale ihfdrnat@imraccet erealtdaitcur ve
Ay(t), a velocity curve W(t), and a 5 displacenent curve Py(t) of wafer
stage WST Pn timfamaiiany divtestt dirom exeictlieyeinte ffeyamdtepoitht when
decel eration after exposing the previous shot area has been conpleted in
bet ween shot s GH-rdiifGes ettty s L ac RIRN abowie shdiasr I tariP B, tign eiache

hori zontal axis showing the 10 tine. As is obvious fromFig. 8A in the
second nove Wﬁiﬂ%ﬁ'y n, as soon as the novenent operation starts, a
set of jerk curves caontaining.reversed polarized synmiaol s .are forpned that
includes a jerk curv PGP CRHE - SvddSh jlé)r %}}:eurwocogﬁr{f&’to
the -side, an | rv ' ' [ T0, Vi |

bet ween t he t\%ba&}udré/]cterg.c ? yss\é}i{g?rg?i &Jj g{“Jk%dcf}:rlr\glagcgqic‘—’lostnt‘_"rar:acnllr(r)lcgulrazrvg{rIgo(jcfdﬁ;)et(c)!]]éarg1 i zed
symbol s aig alse (P ddinl: R SANRIA dih ddie JIYEMELes d1ie gy a
jerk 20 curve convex to the - side and a Jjerk curve convex to the +si de,
and an i ntervahhiglfd Ykares AL, (WdfBr 10, idyiaideship betyrgi the two
curves. Therefore, the acceleration curve corresponding to the sets of the
jerk curve is deénits h@yny € drieisyOindtle SRRIAT A orshWb A% d,N drid). 8B,
whi ch shows that (the absolute value of) the nmaxi mum accel eration is
suppressed, ashds Pprmadutsion desprifiedht iSirchofarl opefatl A .cafhsuppr ess t he
power necessary for acceleration during the novenment operation 76 of

waf er stage WS dssthigan ofhaetrs dotididlf et A%l duedadtsi arasmtimsdause t he
absol ute val ue of the maxi num accel eration Amax is intentionally suppressed
and time o witEahlacav@atdortrhs Zonsttamtl jectsidur edratthd st w8Sgoi nt s,

t he above post-settl %H%ine was omtted so as to keep the tinme required

in
for prelim naryPadfer@iHag P d&athitly Gttt PF T ieRiba i & ended
nore than necessary. g?i tin he st-settling.ti har.dl.y has, a 10
Rdverse of f oot S Tte § APSUTRETE. R8 1% GOiBUL o A Y. 41 BVa 195 ¢ he
nhumber of ShOtafré Selficdd§ ARNME JPPVEBEML S EAUENGE hetaeen AU TAr ety d,0ws
is used only at nine polnts.
on wafer W held by electrostatic chucking with a wafer
20 holder placed on a wafer stage WST (to be described
later), via projection optical system PL.
As a matter of course, projection optical system PL
may be a so-called catadioptric system, which is a
combination of dioptric elements and catoptric elements
25 (such as a concave mirror or a beam splitter) as is
disclosed in, Japanese Patent Application Laid-open No.

03-282527 and the corresponding U.S. Patent No. 5,220,454.

The disclosure of the above U.S. Patent is fully



I nci dental |y, when wafer stage WST has noved to the 15 decel eration end
position after exposing shot A as is previously described, reticle stage
RST can conpl ete the novenent to the scanning starting position. In this
case, reticle stage can sinply stay there until wafer WST begins

accel eration before exposing shot B. 20 Ah&pough it is omtted in Figs. 8A
to 8D, after reticle stage RST stays at the scanning starting position,
waf er stage WST begi ns acceleration in a simlar manner described above
referring to RigSorffdtedBedid asceleratdie Of reticle stage RST al so
begins in sync. 25 Referring back to Fig. 3, while synchronous control
systemis perform ngHehd nahey & geciond dnde daaersitc O peyradd dilorTRini t
controller 50 waits for both stages RST and WST to conplete the

accel eration iis stseq 108,fiaseliys adjlis tpren ious] yomesel edchpaAndiesvhen t he
above second node novenent operation has been conpleted, the decision is
step 108 is af fiimagsl,f ol e s nfaf tmamn adle @ ovessest iian sipspl 08 syrat eomwar d
are repeatedly perforned, until 5 exposure of the first shot in the second
row to thedexfBsurandfin Hdd ssbohigierdM idt tdmndmistes diq thml awindw) have
been completed. In the manner described above, the scanni ng exposure of a
shot on waf er BA%HFF t ReMBEepphAghopér BAAEN VPO Ofn abEFREERNSRECs PRFE1ON
repeatedly performed by caonplete aJternate scan,, and when the pattern of

reticle R has #&&h % SFOMES Rt SMOSHHET 1A tadtiSs R st

f W the deci si i t 128 . ff.i.rmed, d t ' f
' the fouti nd 1t GHBEE L5 4 TheRristn Mot "benri ) SeBbili e o
sequential Iy parfar i@etnerir}*att%ey’dj{r%cjbﬂ%rp%f Q%t&aéa*l sown 40 Bg. 4. 1n
this case, since the nunbér of Tows to be exposed I'S an even nunber,

exposur & begi R1at Shele 34 i) |t heid10WRIG LBt AR and y ocegisJdom | eft to

right 20 in the first row andthen fromright to'left I n the next row, due

to alternate PapRING -clARG WREN HN & RXRASIUTS: 0N 230tareMd itk upper | eft
area has been conpl eted, wafer stage WST noves to a predeterm ned wafer

exchange posi meyhanSueh seraiicNS ialed v epciatead| emerdartead dn irhe b
scanni ng exposure, and when the above alternate scan is perforned, the

ef fecti ve noveherctciant rodl tdfe waftercaslt agel INBK i (irketudeery sinatlsi ragsicm )bed
earlier is also perfornmed, in between adjacent shots in the same row. 7s
a. As is descransedin rimdgeaiforyg ridarchang abgrosirie sameamaisior) in the
enbodi nent, after exposure is conpleted on a shot area on wafer W main

control | eF550 CRIFO 3G i1% AisH iGardrmks OB n(madi A eimetlehs 5

necessary for exposing . the next ,shot area (refer to steps 120 and 128 in
o 3 Lo cyfEmgnos to Gl 1438y ERESOTARE: RRRL G, CEREASE 850 SCoRer o

system sonetine befare the stage caontral, system (80,, 33, .and 78) begins
decel erati on ocforbroetcﬁlsotnaélensltRSf%e%l&oﬁ}@Ia%lno e coarnﬁ:}lns df(flé)lnr ection for

exposure of th JHQ&eﬁﬁHHs d@%¥6¥6¥éh %99%?9%15 J¥ ot h stages
perfornmed by ;ﬁ% stage contro systenf%% , f} éngggég g%ﬁﬂ%e enpl oyed t hat
does not requidits tHHABRINGHE QRYALIRDS £ PP 118985 RV Walk duri ng
the period after exposure is conpleted on 15 a shot area on the wafer until
the synchponousagiAdiiddd distortion, or the like) of the projection

image can be adjusted. Image forming characteristics

correction controller 102 also operates under the control

of main controller 50. Incidentally, the image forming

characteristics of projection optical system PL may also

25 Dbe adjusted by either main controller 50 or image forming
characteristics correction controller 102 controlling a

shift amount of the wavelength of excimer laser beam

emitted from light source 11.



period of both stages RST and WST for exposure of the next shot begins.
That is, the operation of both stages does not have to be suspended before
acceleration for the stage control systemto receive the configuration 20
information on control paraneters necessary to expose the next shot from
t he upper unit, and since the suspension t4’r IS not necessary, throughput
can be inproved. In this case, all necessa Egei nformation is transmtted at
the above timng, with the exception of information from?25 reticle
interferometer 30, I@seyddittiend,er:Amel ¢losmsitaMcibsaansd e fiatlfe IEveld ng
detection systemthat can be independently sanpled at all times by
synchronous cantimoln $8emt8bn At dEl tefstdm Gaur sth abeer o 1dre

i npr ovenent 79 in processing speed of synchronous control system 80,
synchronous carirmdctsiyst erhad® G v spdaett iion dradecal ol sddudeecessary
correction val ues based on informati on such as novable mrror bend.
However, sincesi idrmeatrisspeamse cpeed et essarlyl Kaolry syncronous ithal so

i ncreasing, the configuration informati on on paraneters used for

control ling therateyess] iwde asreaiidrlat ivbrezhdhaiinade dwidhig is
configuration information, and user configuration information, are all
preferably call@i%® ednMd-He afram@@ s FhfailRe Cohe 1 He RIS PP uni t)
and the configuratjon infornmation related to synchronous control made into
a determinant ‘cémErted to a state for ultimte hi gh- speed processing, and

then transmtted to hr onous control system 8Q, in arder t chi.eve

hi ghl5 speed pr ocesﬁ‘%&%ﬁrﬁ‘oé?ppéﬂ é:hfpp?é‘?ﬁ)ﬁcﬁén fi 1t HE"E 'S?Fé)rﬁt,lo& i's
described above, Ih& cont 1%‘%eatd1°’1§t W dd b bet tern0|le9~tasr asgPstteern? G2
necessary for exposing e next shot area 1S nade t0 be sent” td synchronous
control "system8Q,,afi t-%ql%gpcq €d WLet oML 3 tg ary 53_111& waf er .
However, ?'/? t he %rra?r?gar%ent f t%ﬁ{a hzg;rSs war e alaﬁ—ghws _(?loérlrge)xdrrpﬁ e, the
processi ng spegd Afrddi wIREHLRARLS 1Rl d iSUHSiAMdrS ddddiintanhanced) the
above configuration information may be sent not after exposure of a shot
area on the wafreflideS camd girediedtitor! riomgdhiderdie expas WErfds: e ng
performed (the transm ssion of configuration information may begin during
exposure). Furineeyargrmejddiel or eserd  (seterity othd speottudarnigeed itan tdfi s, and
if the arrangement of the 80 hardware allows as is described above, the
transmi ssi on dfixate redove e dnfiingurldliowvitdfior etd onirmylayediielal ey tim ng
(for exanple, during synchronous_control operation_(during pre-settling)

bef ore expdsure®h t REr$R6tianeR1p§esGheitfornmbayaligén ARE tEnPaAKEL i on
transm ssi on begi ns during expaosure or during the synchronous cantral
%M&gﬁ%

operation as i Qe SVEF b i, L et & M FTEHESIYS ifioyed so
that th fi at i i nf ti, t.rol t f
exposi ng a pl GEHIERF o0 B St AR SRS S it B SRR | s

| t. b. it i Q | h i t. th
St desggntrol gsl{;:sa %l(%%%?%r?r%% esblgigqq?iiﬂéﬁec reodntrc%u&s' géﬁ??gs}ng?gbgtfh ©

stages RST ang, Sk d oz 1&XRARH & Yol Sihale ahens daceleyald ng, both

stages 15 in the scanning direction after conpleting exposure of a shot

area on waper &t ahherief, orfr KM IKOURasetddd Nth tfn thQidp 1Stagsiod Laid-
conpleted at a point earlier than when conpared to, for exanple, the case
when synchr on@serc @8-2038080iaisl afHeercdme eael et .on EHateoith Nisges is 20

conpl eted. Thus, the throughput can be inproved due to the reduction in
synchronous sé&,t46@Pa3 nmd 6,377,333, and the technique shown in the
above publication is basically applied to the embodiment.
The disclosures of each of the above U.S. Patents are
25 fully incorporated herein by reference.
Next, the stage device will be described. As is

shown in Fig. 1, the stage device comprises the following

parts: a supporting bed 22 that make up a frame portion



c. In addition, in exposure apparatus 10 in the enbodi nent, the stage
control system (80, 33, and 78) can conplete the position setting of both
stages RST and WST 25 according to the configuration infornmation before the
synchronous settling period of both stages RST and WST prior to exposure of
the next shot. Therefore, the settling tigg (synchronous settling tinme) of
synchr onous 81 settling of both stages T and WST performed prior to
exposure can be reduced, which allows further inprovenent in throughput. d.
In addition, i(hc@XROSWNE ;aRRAr at ws ke ish algee WsTerRediosat abdsrd S obvi ous
fromFigs. 6Ato 6D, the stage control system (80, 33, and 78) controls
waf er stage WsTppard inet belde 29t age rRIf)y ias the cbCat B¢ adia ectvia@lebased on
i nstruction values according to a jerk curve that is an inverse curve of

pol ari zed syndlthinoanpk&l piamar.y 10 operation where both stages RST and
WST are accel erated after deceleration in the scanning direction in between
shot areas in the s#aderowtiaget WETndn- seppririgddbyedevdiratoat wiigh t he
accel eration curve of wafer stage WT in this case is a trapezoidal shape
as i s shown i FepPgcteBO fhet mdperoser falfe Sfamgeror biddobedy e ¥d e s
constant wi thout any period where the velocity is zero as is shown in Fig.
6C, and al t er fdearedgs Béecofes pFesirBlce, awRiuel Reresailt Hposbivble 986 r educe
the tine required f%r t.he above prelim,nary operation. Alsq, in this case,

because 20 t h&YPEAR WAt 1ChETRESRTEUPFE Tl e Rk el B O el oBhdBrut e
val ue of jerk ich is _the t oral change. rate _of. accelerati.on) can be
suppr essed asngQgﬁoﬁHrFﬁCEi§%ngﬁf%5hgtﬁ %ig%§¥ Pﬁg FEx| n%gégg%eration to

the average valie;of ASRSLCEAL LN 0L ANENSIAAY BT RaB,be gduada25 as

wel | as suppress s ange in acceleration andits equenc

Accordingly. tRRRUORRYL 2C8N 108 anPEeved, @Rd ot he spawerctepsuned pyqgt he,
drive system of wafer stage WST such as the |inear notor can be suppressed.

82 e. In addi tfio@n thie sBXROSH @oaRRAINES 16 ithet bR a6TRQJI BRALLat3EEOr di Ng to
instructions frommain controller 50, the stage control system (80, 33, and
78) secures thacposts- 3@kt hibdgeparined r( maitbasmarel deidiya% eV erss @ani el 0d)
where both stages are noved in uniformvelocity in the scanning direction
after exposureystea 98B0t Arewe hagsbemni8ofmpbréedarsdcthatlyhepposs-sethling
period is before the beginning of deceleration after exposure (refer to T9
in Fig. 6C) waén thee apovenEntl 118agpao4riroRnidewddn egifoMoziodas oPg refie@ssanme
row in the non scanning direction perpendicular to the _scanning direction
i s perforhed. YEgFwICe CORYER 1t RE RoVERSHt SEFERACOS Lo L&f f'érent rows s

erformed, decel eration operation of both stages begin S soon.as exposure
gf a 15 shot area i ScéﬁngPga %Pe%ép't 'FWG% §Bfea%ﬁe%§EoF8Wp5ééﬁﬁsepthere

5, 1o Post-seli | ng1ngLad duricag  heopyereot . goer At g, | A DELYeELe

different rows, throughpu an ‘bée i fprove ernore, | N exposu
apparatus 10 in+§A8 the XY plane on supporting bed 22; a leveling

drive mechanism 58 mounted on moving stage 52, serving as
20 a drive mechanism; and a wafer table TB, which is

supported by leveling drive mechanism 58 and holds wafer

W. Moving stage 52 is formed in a rectangular shape in a

planar view (when viewed from above).

Wafer table TB is supported by three actuators ZAC,

25 which make up leveling drive mechanism 58 mounted on

moving stage 52. On wafer table TB, a wafer holder of a

substantially circular shape is provided (not shown), and

wafer W is held on the wafer holder by electrostatic



20 enbodi nent, as is obvious fromFig. 6C, the stage control system (80,
33, and 78) controls both stages so that the prelimnary operation
performed after exposure of a shot area on wafer Wis conpl eted where both
stages RST and WST are accel erated for exposure of the next shot after 25
decel eration in the scanning direction and 2{{he novenent operation in

bet ween shot areas in the non-scanning dir%ction perpendi cul ar to the
scanning direction are sinultaneously perfornmed in parallel, and the
nmovement 83 @pesitn @y ofh waler s 54 B8es Yot Fe ded NOMHEC aRidged dirRCiJron i s
conpl eted before the synchronous settling period of both stages RST and WST
prior to the exposiifeOfhdhtemexd &hotral Bed begidisded hes edwperesd | east a
part 5 of the prelimnary operation perforned after a shot area on wafer W
wher e bot h st aggsares Boratef @rmad teitbri aduexiposheaer of cdiren eetxd ors haterafwafer
deceleration in the scanning direction and the novenent operation where

waf er stage WBT movesspdsedet ween shot areas in the non-scanning 10
direction can be overl apped, which allows an inprovenent in throughput
conmpared wbth the cdsvediiar stidalemasimnispers i iPrIrvotwe Braded e The
scanni ng direction begins after the novenent operation of the wafer stage
in between shot! afasvi¢inHey rioh-HraniRe i eetbrl scasl kvrprat ed. Al so,
in this case, the stage contrql system can concentrate on the synchronous
settling of both¥i&Hges dG¥eddnOh& sy e MEGhGR STettd ilfgMFES o@, Ahdlersr e,

th ttli ti I duced. ddi ti f ' th
Stage devi o 2 T GTEH (0 The S IRITc O Hars il b TSHee el | (s

drive system its tr.ol. syst (80 he ¢ r tem (80
and 78) poncurﬁ%ﬁ/ per otrhrfJ%st t%ﬁerl axi%%elaé]éej%czel otnl%t rel‘?él‘% slﬁ{ a@%less £
directi on) omovepRAty OREALAEN it A CAL Gl Setl 811 S 300 MRS L il T S
25 direction after deceleration and the second-axis direction venment
operation to royen Wf efhesStAGHINEL AN dden s axd s Hi efdt o dt heoseconsaxi s
direction) perpendicular to the Y-axis direction, thus wafer stage 84 WST
noves al ong a 34 strapedi idependatapeddootsl s Rid 1 Suede vt s a&Ad S
obvious fromFi g. 6A the Y-axis direction novenent operation of wafer
stage WST i s comtaonlted hasied nmoswe ned farctt anl e al Rieisn adoordi mect o & | er k
curve that is an inverse curve of polarized synbols. In this case, the
accel eration cireeortfiamf erxist dje VBR i % axis apleraitdiadn)shapevakl i&s shown in
Fig. 6B, therefore, the change in velocity becones constant w thout any
peri od whéPe theeldodialey stakeke B Yithheriredt Q. teT XA #ieh makes it
possible to reduce the tine required for the Y-axis di re:g%i on novenent

J

operation. Al SE1TH YHITIHLNHdQREIHL he o HIRE % Ik urSR can be

suppressed, th rrat"\ih_é)feof Sthae maxg mflccel.%ati on to the average val ue of
accel eration of” SRfEr- st agte Pe1” Pbe 95 reduced, as wel |l as suppress

sudden change in acﬂﬁ&}%hoq@qu i&ﬁg&{eg]q;%erpcgi.g Accordingl vo lt%feﬂhig{bo“t

can be inproved, an wer” consure wafer” dri've system4 _
drives wafer siageiRh &, LB dH e e Y S b PRSI B8 1IN this

case, the stage control 20 systemcontrols the X-axis direction novenent
operati on20 error) and inclination (leveling error) between the image
forming plane of projection optical system PL and the
surface of wafer W, is provided in the vicinity of
projection optical system PL, and wafer stage controller
78 sends drive instructions to actuator controller 56 in
25 response to focus error signals and leveling error
signals from the focus leveling detection system. An

example of such a focus leveling detection system is

disclosed in detail in, Japanese Patent Application Laid-



of the wafer stage, based on instruction values according to a jerk curve
whi ch is a quadrupoled jerk curve having at | east two poles that are shaped
differently (refer to Fig. 6A) . 25 In the above enbodi nent, the case has
been descri bed where main controller 50 transmts configuration information
(including configuration information ongontrol parameters) of various
types 85 necessary for exposure of the next shot area, each tinme a shot
area on wafer Wis exposed. The present invention, however, is not |limted
to this, anghbdm MxXpEEHID gPRIAidsHd ddr tdepahdmey anmdirerdnt fing. exanpl e,
5 instead of step 128 in Fig. 3, a processing step may be enpl oyed where
mai n contrd 413,524 r afae batpdel ofetdk tfheusonkivglrialg detieaftdomat i on of
vari ous types necessary for exposure of all the shots in the next rowin
one comrand et ey nichradreau sseodntrola spetam@usvadret tdile <hyos treow edfent
operation in between rows that has a relatively long interval of zero
accel er at i onig mafamemtdge bmvaeml reons’ & orandirte mepim grtiphleked Thot s) as
is shown in Fig. 8B is being perfornmed. In such a case, after exposure of
the | asP shbtd anEwhrPRaisardintialy $HeH Ghe A68 P9 s§dasnicsg odi t&&ti on on
wafer Wis conpleted, main controller 50 sends the confjguration

i nf or mat i oRRAVS dHiouFALEs Ifedebldal P FRTRSEFISEH droteid AMiral ity of shot
areas in a different rowto the stage control system (to be nore precise,
synchr onous” G'H1€ 'system 80), 20 while the stage control system (88, 33,
and 78) perforns venent,_ .cont r.ol bqt h st s RST and WST to perform
exposure of a fi rstc $ho ltalroena Olf(r:]) %%rd&af%elreeﬁgrlosw.s Ter e loa-rliel,y even when

the tine frn%%?gggg%] ' exasur, Shot rsejgﬁ er ntil the

begi nning o _ ecg%ye_r%gtll on o;irgto%]feg:t ageserlas S Jéoar?%\,wgdndM%éYr%nsm tting the
confi gupat ighydiNHOr vty On N LR 1Al r RAANTRI €1 NBCaSTAY TEraRxposur e of
the next divided area’in such a short tinme is difficult, a control sequence

for both f#f idrageobtide wisg oY rHol Sisd e Galkderemiayish so t hat
the operation of both stages is not suspended fromthe end of exposure to

the synchr cnfacseit | ahd bhnmehekebaeklflstcadges korfexpesuneasetr bkeamsext shot
area. 5 Accordingly, because both stages do not have to be tenporarily
suspended befar & atdelssratirosr idromispermidmrnt ideldsemo | onger required,
which can lead to an inprovenent in the throughput. Furthernore, in this
case, the sitrHgsfegmmediesygadmuedie strarka sdie Syrrarrimnes el BoTiem|
operation of both stages fromthe above decel eratjion in_the scanning

di rect tn. Mh&FseitFabmtsst1 efhsoPepRssfetd echedc GAti hratrdd echiofnat i on

f i t f f 1,.th hats inth t
of Var! 2Us dypes hecessary Lol cxpepuLE ol B ANE Shol s L e est o
t t, i n.het [ { f t i
roverent SRS (L AT Lot L ENETEN 11, RELREN OB L, LT 0 I

| nf or mat i on fd gm4,4td lcdieré &5 erreLere 0. 1 aser C;iq{)eecrgiegdp_rreh rjgystem 76,

and 20 the focus leveling detection systemthat can be Independently
sanpl ed at @kldigRe 6wy NG ONENS 1GaNTI 011 536t 8 180: £ d or@d - Prpfeer abl y

transmtted at the above timng, and the configuration information rel ated
to syngbr onnuss iy, r tovwesrdyr efier alilg, MadecHdde axrdeteyrddwdatively

shown as laser interferometer system 76. Incidentally,

instead of the reflection surfaces formed on wafer table

TB described above, movable mirrors made of planar

mirrors may be provided.

25 In addition, the above X laser interferometer and Y
laser interferometer are a multiple axis interferometer,

which has a plurality of length measuring axes, and other

than the X and Y positions of wafer table TB, rotation




25 converted to a state for ultimte high-speed processing, and then passed
on to synchronous control system 80, in order to achieve high-speed
processing. In addition, the stage control systemis to preferably conplete
t he 87 position setting of both stages according to the configuration

i nformati on before the synchronous sett%@ng time of both stages prior to
exposure on each of the shot areas in t next row, for simlar reasons as
is 5 previously described. Gther than the description so far, in exposure

apparatus 10y4{; fhe@pous SHRadl TR oh V‘.‘;Jse”ré@@ti?xlﬂméﬂo&ﬁd Sy g

ONOUS
control system 80" has enough margin, main controller 50 may send all)'the

confi gurati®ne & of Medst bt Q01 COM I Par aded €f Sn NEESSSRrvhd Ok expose all
the shot areas (for exanple, 76) on wafer Wto synchronous control system

80 during theis) eardtesl Dei@cldprroner Bén Ongief clar y angst@it on N esurd | on
used for alignnment with predeterm ned points in each shot area of the wafer
such 15 as tlhe Ywdeishlcgmnehso desmmedbedredr | iZercadr=diganipt,etied th i |
exposure of the first shot begins. In this case, the steps 120 and 128
referred t ofohlewing Hew¢ripoione hesessinyerferadeter opystemthés case, the
above transm ttance processing of configuration information on 20 control
par amet er s BEASUFRT Hee rRep FERn duf | v e het AlxposTB elprdteest henpe?fod after
t he begi nning of exposure of the first shot. Therefore, the stage control
syst em can Eh{# odedreant?bl feeri@ncel® ckhdoth Bt fes Qherand B oper ati on of

bot h stages,are npt suspended .from 25 the i nni ng ,of .exposure of the
first shgt U SRF B S uﬁ:ﬂ 2 dsoﬁlr’e%cpfe E‘Wg%%é’ e S Hé‘)é:pe;f WS5hA et ed,
whi ch can i pprove oughput | so..the s e.control systemis to
preferably %%%p#%%%e&h%%%@ﬁ?oﬁngﬁ W?%lgo%fref%ge%o?% %I%%g% S]a%l_c%r?di ng to
the confi gupation 45f oLt on gf{%@%@% E&’}E‘&hi%‘;?ilé §EHLLLNGLf 1o of both

st ages prior t 0 exposure on ea shot areas, for simlar reasons as

I's previouspyoflesesdbesht fed D d e &GRSEL Of b a5t £4d PLOLRS SA Nta SPLEGLAM
synchronous control system 80, the infornmation may be transmtted in

parallel, whl£ sy OIS EOMY dD| pSySi @ &h | Shdef fafidN & Wyehr onous
control operation of both stages. Accordingly, the timng to performthe 10
transm tt aneeopdct drorowt i cnl bepswean PRI s conbttodd etndO stnslvisy nedy anous
control system 80 described so far may be sel ected and set, judging totally
fromthe nemfiectpecisyribfce hersymydd orouse tonttadlsyER ety ame hi ghspeed
processi ng capacity (processing speed), design 15 sinplicity of the

synchr dfousirohinatigyseemS%and the Iike. In exposure apparatus 10 in the
above enbodinent,_in addition to the above transm ttance vg{)iocessi ng of the

configuration i nfgt AT of - B ITS et @t Pren devi sed,
various neasures as_is descri in itens b., through f.. are devised at the
sare tie. SEBEET MT55T ST nif GO LY BT Bt et ate Wi L eaent
I nventi on, aélé;é‘%a’ﬁﬁ% ix?clﬂlﬁaéiciﬂ tff’ dPed P Sapitbatp | S; s tEADOY 8, HEY) Sed
itenms a., an . throug . ‘may be
the reflection surface previously described, therefore,
20 the drive amount when inclination of wafer table TB is
controlled can all be monitored by laser interferometer
system 76.
Positiconal information on wafer table TB (or in
other words, wafer stage WST) measured by laser
25 interferometer system 76 is sent to wafer stage
controller 78. Wafer stage controller 78 obtains the XY

coordinate positions by a predetermined calculation, and

based on the obtained coordinate positions and



25 perforned alone, or may be conbined. In the above enbodi nent, the

accel eration of wafer Win the non-scanning direction begins during uniform
vel ocity novenent in the scanning direction, which is 89 performed after
scanni ng exposure of a shot has been conpleted. The present invention,
however, is not limted to this, and the celeration of wafer Win the
nonscanni ng direction may begin during the deceleration of 5 wafer W In
this case, before scanning exposure of the next shot, wafer Wis

accel erated aligifpranadiif@Ciorothey aSsHger tws istiamitg bl regtid @l land t he
novenent velocity in the scanning direction is set to a velocity according
to the sensitigdrids dharacicriicst icisyrofl svaferd Mivers ydtehd 48 npd fdeisritrie
control during exposure to naintaining the velocity and controlling the
reticle in symafdm dttegesd8Thi ng exposure nethod based on a stepand-scan
met hod that transfers the pattern of reticle Ronto a plurality of shot
areas S1, S2, ... af s@ffegr thabde I'B,waf el dvqier)f ovankd bls tex gdk urse
apparatus 10 in the above enbodi ment, wafer Wis preferably noved w thout
st oppi ng oh sdaMitEkgsodded Hdswearr fase tito st aditdasl loh afaftdre \wage
which the pattern of reticle Ris transferred by the reciprocal novenent of
reticle R sudifiEERASIEPHAF $he AP i vedsisd’- i ARt ks €48£2C8i nce

2] acent - Shot S AT BH A R TR 3k DR B S IR A
transferred, such.as at and _S2, the throughput. further, inpraves on
this point. Frcoa(r%1 tkhel sd'S %%ﬁ?ﬁﬁy warer” W ?tsy Hror eogtg et nérbﬁny %evter%)f tsloori hat
the velocity t,d t %Qail e j Ty i.on ang.

non- scanni ng glgl‘ ect | on(eé%:I b\?\e/afdeer |b§&ﬁo]1%ftzete%}d %ﬁﬁ]{gl{lﬁ‘e%slcagﬁ%a%g _expossur_e
of the l'agh shole AR AN a2 MafiRh WORh dhddia Rt idfeditlditl € Rii's

to be transferred has been conpleted. In such a case, because the wafer
does not consemaidd YboitraP Jdit TV &JTe rth M 1l iRy et idtd XIS J1sed on a
step-and-scan nethod is 5 being perforned on all the plurality of shot
areas, the thr@edhpation)ppieeacthting theutdizstan o&s Hetwiam htheeasidwe
i magi ned from for exanple, Figs. 6A and 6B, during the novenent in between
shots, even whstadie acaremitey \peliodis yarehd hehep ragies teircat iasmttdme £1 0 haer e
fixed in the scanning direction of the wafer stage and reticle stage, when
jerk internal prEtiesticat iaptdfcali mysiesn (kaseliipaiot Gheakiwia Hheespect to
acceleration tine (or deceleration tinme)) changes, the maxi mnum nonmentary
R i

accel er at +on %9 iRings reddsrl@ Ryt dhes & oi nt's, the

inventors of the present invention forrulated the jerk, accel eration,
Lol i tv° and G SR, Ay SEaT st GHEE G 408 HT I ARE R TR | on

during the MG 4dhRSPEALA" Aok JHUILYNG: che? RRUAPU QTR 1Y S
reticle R in the Z direction.
The wafer carriage system carries wafer W between a

20 wafer housing portion (not shown) and wafer stage WST.
The wafer carriage system comprises a robot arm (a wafer
load/unload arm) that delivers and receives wafer W
between the wafer holder on wafer stage WST, which has
been moved to a predetermined loading position.

25 In exposure apparatus 10 in the embodiment, as the
alignment system, an off-axis alignment detection system

ALG is used, which optically detects alignment marks

formed on each of the shot areas on wafer W without going



20 First of all, the case is described when the profile of deceleration and
acceleration simlar to that of the first node novenent operation in the
above enbodi nent has a synmetric shape (hereinafter referred to as "the
first scanning acceleration control method"). 25 Figs. 9A to 9D show a jerk
curve, an acceleration curve, a velocity Eérve, and a di spl acement curve of
a wafer stage in the scanning direction, spectively. As input variables,
scanni ng velocity V[ s], 91 acceleration tine T[s], and jerk internal

ratio R are spegidiged pridgeriaion iopttiead &fysaeeelrar atddor ildut all éagkey k
internal ratio R, maxi mum nonentary acceleration A can 5 al so be specifi ed.

In this case, dnhé€idelcdtalomabét weanteAFMY, As asdsRowaniheFrggven,in equations
(1) and (2) below. T=- R...(1) d_2JAR=2 1 ~ ~~~(2) C AT~ The internal
vari abl es i n tliignresd aed ez tiiionsts yistesm Baicntist idispbbeda besdaied knee poi nt
time T2, and a 10 jerk maxi mumvalue (forner) J1, and can be expressed as
in equations E3pjeA)ionamptishl syspeot iRlsl yAlTgnmertRietectiof3pyFremRT
~~~(4) Cl- ~ RIRT2 In this caseJ, fromequation (4), jerk internal ratio R
is R=TZ/ T.515AL% tinireddades Jaerm@n ~REPOISemgh |lddumma¢mqw lighd diusgifaganent
in each |nterval are as foll ows: 92 The First Interval (O-~t~Tl) Jerk (t)
=2 ~RT t~ ~ l@gyﬂ@@l@p)o; RPot 2llum1n@¢yg@| Gg)thegrestttiayeg on

(Q)SOE(E%—t1+~ o % Vla(f@)g%éEEnye g% Second Int%rv%} l~t1}4)(ii;k(t)
Vbl(t)__B RT(deté%%+ %he reflectlgn béémg from the alignment marks and

fiducial marks via the objection lens. The

10 photoelectrically detected mark detection signals are
input to a signal processing circuit 68 where measurement
values of wafer stage controller 78, synchronous control
system 80, and main controller 50 have been input. Signal
processing circuit 68 performs waveform processing on the

15 above photoelectrically detected mark detection signals
under a predetermined algorithm. Then, based on the
processed results and the measurement values of laser
interferometer system 76, signal processing circuit 68
obtains coordinate positions (shot alignment positions)

20 of wafer stage WST where the center of the marks coincide
with the detection center (such as an index mark, a
reference pixel on an imaging surface, a photodetection
slit, or a spot light) in alignment detection system ALG,
or the positional deviation amount of the wafer marks and

25 fiducial marks to the detection center. The information
on the shot alignment position or the positional

deviation amount obtained above is sent to main

controller 50, and is used for example, when position



12 Pos(t)=-12~RT(t-RT)4+4J, RTCt - 2RTJ +Vt +96J, R3T3...(13) The Third Interval

(TZ~t~T) Jerk(t)=0 ~ ~ ~ (14) Acct) =2 J, RT ~ ~ ~ (15) Vel (t)=2 J,RTCt- ~
RTJ+V ~~~(16) 12 Pos(t)=4J, RTQt-~RT~ +Vt+96J, R3T3 ... (17) 5 The Fourth
Interval (T~t~2T) Jerk(t) _- Jerk(2T - t) ~ ~ ~ (18) Acct) = Acc(2T - t) ~
~ ~ (19) Vel (t) _ -Vel (2T - t) ~ ~ ~ (20);Pos(t)=Pos(2T -t) ~~~ (21)

According to the first scanning accel eration 93 control nethod, since
there is no scan axis suspension time fromthe end of deceleration to the

begi nni ng of a@@@&ﬂﬁ%twm@%ﬁ&g@rm Qiist ¥nglesTi diesh t | he ughent s e ke

i nproved, and al so the maxi num nonmentary accel eration 5 can be kept under
two tinmes the t@veragenmiooe ratt ong pdd Chied | (s dlovebe za thijom Nstdet ing
actuators and anps, and the degree of freedomin design can be inproved.

Al so, in this paseiion ther retpcderstageeaciderf | thadshdt car¢ s s hwabent s,
the positional shift of the reticle can be 10 effectively controlled. Next,
the case is déscribed when the profile of deceleration and accel erati on has
an asymretric shape (hereinafter referred to as "the second scanni ng

accel erati &n cont r ol Fthfsangre Filgs  exoysue Apatma 16 irrtdeurve, an
accel eration curve, a velocity curve, and a displacenent curve of a wafer

stage in the s%fm#fber&ﬁrr DA, OB VTP T VP Y . SYFeThi &0 chs T sl demputn
{ime TATS] 20 B OaTEr ST VSR 498 YIS T e R PATAP Rt B o | g1k
ernal TaU G0 88 SPRCL 1Yot HRUBYels Skea O Seceleratian, dye 1D
S Al o AN S e SR LB T AR slla Lol Lon befeen
94 TD "Rlo- rd221d R Rl wafer W measured by reticle interferometer
30 and laser interferometer system 76 realtime, in order
to link the control of drive system 39 by reticle stage
controller 33 and the control of drive system 48 by the
wafer stage controller 78 especially during scanning
15 exposure, and controls these parts so as to make the
correlation predetermined. Synchronous control system 80
operates under the control of main controller 50, which
sends out various types of commands and configuration
information on parameters. As is described, in the
20 embodiment, synchronous control system 80, reticle stage
controller 33, and wafer stage controller 78 make up a
stage control system that controls both stages, RST and
WST.
In exposure apparatus 10 in the embodiment, the
25 control system is actually designed as a distributed
system, comprising a plurality of unit side computers
(such as microprocessors) that individually control the

above light source 11 and each of the units in exposure



2TA-R. .. (23) d_2IARA- 2. 1 _~ . .. (24) AFollowng are the
internal variables in this case, respectively shown in equations (25)

t hrough (38) bel ow. deceleration jerk internal ratio Ro, a decel eration
stroke 5 Lp[m, an acceleration stroke LAInj, an uniformvelocity tinme
To[s], a first knee point tine Tl, a secoq? knee point tinme T2, a

decel erati on endi ng accel eration starting %ne T3, a fourth knee point tine
T4, a fifth knee point tinme T5, an acceleration ending time T, an el apse
time 10 is[s] dgpumdies heginnidw, of2 desetierad | oI urd KB R f9c 1d4E t R S]
until the end of acceleration, a jerk maxi num val ue (on decel erati on)

J1[m' s3], and sygtesnk, need vl el dife (RBT aceetfer adt 009 WPr [ disBlwafer 95 R = 2

_~A(2 RA) . . . (25 D3 2yTd +2R~48. ~1R. . . (26) d_2RD 3
2VTA~1+2RA1l 4&ardiRge .{yshem) 1 &Rl T maiA goriiloller (B) MhixR $drvedlo.

. (29)TZ - RT + To. . . (30)T3 =To + T. . . (31)Ta =T3 + (1- RA)TA . .
(32) TS - T3 +~las A tdoriftAal (Bt kalerTupHTAa-(WBhkistattidm.or (I tRKE -t~ ~
~(36)J1 =- 2. V. . . (37)RDO -~RDTD2JZ -2. V...(38)Cl _ RaRATAz2 /In
thi s case, >decélal dtdorjardd igarsrral owead cCIRp Ul iRBIdg THM)térg 13- To)
and acceleration jerk internal ratio RAis RA=(T-Ta) /(T -T3) . In this

case, jerk, accelerdtidie vakadimgntandy the above plurality of unit

side computers operating linked with main controller 50,
a series of exposure operations are performed on a
plurality of wafers. Main controller 50 totally controls
10 the whole sequence of such exposure operations, according
to a predetermined configuration file on exposure
conditions called a process program stored in the memory
(not shown).
A process program is a program of parameter group
15 packages saved under an exposure processing file name
made by an operator. The program includes the following
packages: information related to the wafer to be exposed
(such as the number of wafers to be processed, shot size,
shot arrangement data, alignment mark arrangement data,
20 and alignment conditions); information related to the
reticle to be used (such as, data by pattern type,
arrangement of each mark, and size of circuit pattern
area); and information related to exposure conditions
(such as, dose, focus offset, scanning velocity offset,
25 projection magnification offset, correction amount of
various aberrations and image distortions, set values
like numerical aperture and coherence factor ¢ value in

the illumination optical system, and set values of



5 displacenent in each interval are as follows: The First Interval (O-t-~T)

Jerk(t) =0~~~ (3 9 Acct) =0~~~ (40)Vel (t) =V~ ~ ~ (41)Pos(t)=vt~ ~ ~

(42) 96 The Second Interval (To~tsTl) Jerk(t) =2 ~J" is~ ~ ~

(43) RDTDAcc(t)= J' tsz...(44)RDTDYel (t)=3 ~ JR ts3 +V~~~(45)R D DPos(t) =

is 4+ Yt DT 2 ~~ ~ ~ (46)1 R D The Third %nterval (TIStST2) Jerk(t) =-2 ~

J is+2J), . . . (47) RDID Acct) - RIR(ts - ROTD) Z + 2 Ji RDID ..

(48) DD Vel (t) - 3 ~RIJR(ts - ROTD) 3 + 2 J,RDID Cs - 2 RDID ~ + V.
(49) D D 2uRestical- bdertRIE (itrs tRAT Pro et td on) oRBHR 10 steq)RDTD ) +

Yt +96J, RD3TD3 . . . (50) DD5 The Fourth Interval ( T2 ~t s T3 )

Jerk(t) = 0 ~ ~ ~ (MhinAeohtroliel, S5BDBRcodes. the2préelesd prograkh RDID Cts

- ~RDID+ Y. . . (53) 2 Pos(t)= 4 J,RDID Cts - ~ RDID +Yt+ 96 J, RD3TD3
(54) instructed for execution, and successively gives

instructions as commands to each of the unit side

5 computers corresponding to the component that performs
the operations necessary to expose the wafer. In this
case, when a unit side computer completes a command
normally, the status of the unit side computer is sent to
main controller 50. Then, after receiving the status

10 report, main controller 50 then sends the next command to
the unit side computer.

Next, the basic scanning procedures of the wafer
stage when exposure of a shot area i1s performed by the
stage control system (wafer stage controller 78, reticle

15 stage controller 33, and synchronous control system 80),
which relatively moves reticle stage RST and wafer stage
WST in the scanning direction (the Y-axis direction), is
briefly described, referring to Figs. 2A and 2B.

Fig. 2A shows a relation in a planar view between a

20 slit-shaped illumination area (an area conjugate with the
illumination area on reticle R; hereinafter referred to
as “illumination slit”) ST inscribed in an effective
field PL’ of projection optical system PL and a shot area
S serving as a divided area, while Fig. 2B shows a

25 relation between stage movement time and stage speed. In
actual exposure, shot area S moves in the opposite
direction of an arrow Y in Fig. 2A with respect to

illumination slit ST, however, in Fig. 2A, illumination



The Fifth Interval (T35tST9) 97 Jerk(t)=0 ~ ~ ~ (55) Acc(t)=- ~ JZRATA

... (56) Vel (t) _ ~JZRATAtR - ~ RATA- V. . . (57) Pos(t)= 4 JZRATA
~tR - ~ RATAJ+VtR - 96 JZRA3TA3 ... (58) The Sixth Interval (T4StCT5)
Jerk(t)=- 2 ~JZis + 2Jz ~ ~ ~ (59) RATA Acct) = RIR(tR- RATA) z - ~ J2
RATA . . . (60) AAVel (t) =3 ~~T (tRzRATA) 3 + 2 Jz RATACn - 2
RATA ~ - V.. . . (61) AA2 Post) = 12" §6T(t RRAT A) 4 - 4 JZ RAT A
(tR- 2 RATA ~ + VR - 96 JZ RABTA3 . . . (62) A A5 10 The Seventh
Interval (TS~tsSEt (S9T@n )thkemkkfidrd s- dawRmovimg WidHh R ASE (9 Shot) 2
tR2 ~ ~ ~ (64) RATA Vel (t)=3 ' RTtR3V ...(65) AAPost) - 1~JZtR4 +
ViR . . . (66)arkh RATAH mddeer e orakes Garoumg ccical drettweamn dairg.r A retdhod,

which is formulized as i s shown above, the acceleration curve Acct) is in a
trapezoi dal shdyse nelatt ivas chamwumtfaigtase imowhent itink andl oBagndpdes j er k
curve is an inverse curve of polarized synbols as is shown in Fig. 10A,

| i kewi se the fliry Stigscahi ng accel eration control nethod previously

descri bed. However, the profile of decel eration and acceleration is
asymetric® That isFisd ofogldhagd & hafe g didenarate iSFaiddecel eration
range and the acceleration range is different. In this case, in the

decel erati on EHRFEIUHRSelPerSRN ST ifs Perflodat o 1Sride STerde wit h

consi deration %f 1z hro%%’;pqct, wher eas ir}etyetef}ma%cee er e})tuir1 n range bef ore
exposure, the BB/ @ point a prede 1 m away’ from an

edge portion of shot area S, and acceleration of wafer
stage WST begins. At the same time, reticle stage RST

10 begins to be accelerated in the direction opposite to
wafer stage WST, at an acceleration multiplied by a
reciprocal to the projection magnification of the
acceleration of wafer stage WST. Then, as wafer stage WST
and reticle stage RST approach their predetermined speeds,

15 synchronous control of reticle R and wafer W begins.
Acceleration time, in this case, refers to time T;, which
is the time from the point where acceleration of both
stages WST and RST begins until the point where
synchronous control on both stages begins. Then, after

20 synchronous control begins, follow-up control is
performed by reticle stage RST to wafer stage WST until
the displacement error between the wafer and the reticle
falls into a predetermined relation, and then exposure
begins. The time after the beginning of synchronous

25 control until the beginning of exposure, or time T,, 1is
referred to as the settling time.

The time from the above beginning of acceleration

up to the beginning of exposure (T1 + T2) is called the



smal | in consideration of reducing the foll ow ng synchronous settling
period. However, in order to prevent a difference fromoccurring in the
strokes (corresponding to displacenent) in the deceleration range and the
10 acceleration range due to the different jerks, that is, in order to nake
t he scanning starting position coincide w 41 t he scanni ng endi ng position
on alternate scanning, uniformvelocity overscan tinme To perfornmed before
starting deceleration is set longish to nmake adjustnents. 15 Wth such an
arrangement, tdheqachelenad. ogneRdicRg BRsirhgen aetelethtsbages can be made to
coincide with a predeterm ned target position, and the control delay at the
accel erati on ehdigRasidd aimnd;t he sxpebikeeausserl,oanadfl thet Rettagag due
to control delay can be 20 suppressed, which nmakes it possible to reduce

t he synchr onousingetitd img thee hatomevéxpodengthAdaeidignghygscian éxposure
apparatus 10 in the first enbodi nent previ ousl;/ descri bed, the second
scanni ng accelermatdsedetshdb Inmywdze dppgRi ed *To” tthea haffpi ng 25 direction
control of the wafer stage WST and reticle stage RST during the first node
movement operati on. Whadditd opecetiens cdiati Agraddelisr &¥poresasched ils and
applied, the maxi numvalue of the jerk before exposure is suppressed, 99
t herefore, thehsneifitdhads ddauradr st idert tHe irettihg sagyge%And t he waf er
stage inproves,, and throughput can be inproved due to the reduction in
synchronous séi§Gdan e FRISFSSHRAS Hhehah flor mRerbcify t¢er scan time

S8 S M AR A A o

control syst ergoq%tat{y ssrﬁ)rgee%p%o%%en@recgnnf Qr 'roensscacp abse transmtted
enpbodi

conpared to the fiITs nent, and based on e 1nformation, a 10 nore

accurate %_ncmgng?i)gqgu@g Qx_fldt@t?e re @,ﬁll?i %Iq%{ﬁeigvaﬁ%. can be perforned.

When enpl oyi ng "t he rst scanning accelera ontrol nmethod or the second

first scanning accelpgr atj-onGont Lele BINQDs e RALR Gasgadst henst age
control system 15 can contfol the wafer Stage based on instruction val ues

according to aguaidiQed Hee e tGWIe ghtitdig dit PrRlduTdiaay DPRIAHeh in
bet ween divided areas in different rows in the non-scanning direction. In
this case, theauddtigbl edoperkrcuiviethas sakpleaaststan pelkeasd20ihhatdatre
shaped differently. In addition, in the various nethods described so far of
control ling bdtch igtrrpers thmeughayd ¢ oretric] Les s tiemreamapdrf erlrhadne tredwenent
operation_in between shot areas to nove the wafer stage in the non-scanning
di r ect i onl°25 S5REE bl HEFEIRHRGF 1Y R aeeHe dor ﬁ%%@l@%amrﬁ&réa jerk
curve having at |east two poles that are shaped differently, in parallel

wi th the prel iSHRREY Sfer d1MSIE BRI stififes THEBELREEN ERELSAGL Rar eas.
100, Neanuiil o 0l LLom Al W uRoL I, of LB OWLAR LIS Lirauanaut. on
PLoposeLS o0, NEHPUE, SR ST Y SRS IS ©
prescan, so that reticle R is brought back to the
20 starting position for scanning exposure of the following
shot. In this case, the wafer (that is, the wafer stage)
is moved in the scanning direction, corresponding to the
reticle (that is, the reticle stage). The time required
for such movement is uniform velocity overscan time
25 (postsettling time) T4 and deceleration overscan time Ts,
and overscan time is in general, (Ts;+ Ts). The moving

length during the overscan time, when the deceleration

velocity in deceleration overscan time Ts is expressed as



performed on one of the stages while on the other stage other operations
such as wafer exchange or wafer alignnent is being perfornmed in parallel
(refer to Japanese Patent Application Laid-open Nos. 10-163097 and 10

10- 163098 and the corresponding U. S. Patent Nos. 6,400, 441 and 6, 341, 007).
When t he exposure apparatus described in the above publications and the
corresponding U S. Patents is used not indouble exposure but in a nornal
exposure, the throughput will obviously inprove 15 further than when doubl e
exposure is pgfordred.,ddyaddidd an,) phemdhe scgeping expesyr e tet bed
described in the above first enbodinent is enployed in the exposure

appar at us desgddhadddt itdie phawe é@tblé&asﬂaxnsc@dndﬂm%OEérﬁ;aﬂpmcﬁméé S.
Pat ents, the throughput can be further 20 inproved in both normal exposure
and doubl e expsurfslltha i sehesires ofl Aactsaf,°theaabove.U. S. Patents are
fully incorporated herein by reference. The configuration information
transmtted to unit Irsechyvas cayincongnauis syoritemgl asyrdt, e MY ffraara,archepper
unit 25 such as main controller 50, can include information related to
error cont bol mufsteacmmbec raritsnlporatingd dig ithe stalgeowimvemsittings is

previ ously descri bed. The follow ng second enbodi nent has as its object to
posi tively and1=Ti0dn@fF=i-vel y use i nformation, such as the above
information related error control. - Second Enbodi mnent Next, a second
enbodi nent rel at ed N¢¥the pEESEAES WiREhtSeEH NS idddler ithed s featdmd id& o

Figs. 11 to 15. Fi 11 shows an entire confi aL{Lr.ation of an exposure

apparatus 110 Ha&tae(gréh %o A Se ShP b Al LIpar (& (Rt 5 E3HhESane or

equi val ent to those described in the first e iment_are .designated with
the sanme 10 ré&ferende wr%ﬁc RIS i FE rc?etsucsﬂ]lgfilél h r]Et}‘hee reé“abnooatsftn%] ngc BYi%ef Iy
made or ' i gsnenty Vi Qi tt sﬁ'??ﬂ_ﬁ Q. IS anpi.ng, exposure
type proj thi odrgs:dxrpl(?gl?r’e fg)gcﬁlar at ZH'{)%S:EQR%{]Q% etslcjjl%cal gg'd%g’t g"g{-lg‘d-scan

met hod.  EXpoS Wif, APRATHIIR skl 4 1GIIie S £ B i0ld g g e PR L& & StRge
device 101 conprising two wafer stages WST1 and W5T2 that serve as an

obj ect stage hQlyx nrawafer,s e ad W& a&iebjeGitorespeny)i velng and

i ndependently nove in a two-dinensional direction; a projection optical
system PL arr aiiged-mibey & Stage e 08 s Hilappbrgidiclte dr The aaekanism
which drives a reticle RL (or R2) serving as a nmask above projection

opti cal systemelldamimibed wherpreegetssrma nied sodivmnegl dir ectglomaliinyt Kifs
case, a Y-axis direction (a direction perpendicular to the page surface in
Fig. 11);lan ishafmar@dson(somh cd 785 Sstiemst®wghiich §i9.udndidsiawiic] e R
(or reticle R2) from above; a control systemfor these parts, and . the like.
St age devi ce FOIPAGhpHisesSha fid) 1B nd! -paths: Path fp2Fdgppdr irAdcBEgs22

ot ke up L0 e POLL o0 (0ol S, el o SLeass VD ad Wl
interferonete&)%ﬁ%éﬁﬂJé%&éﬁgg%rﬁg%%éfg%égﬁi&%Ogh%fpath’ the solid line
portion shows the path of center P (hereinafter also
20 referred to as “point P”) of illumination slit ST when
each shot is exposed, the dotted line portion shows the
locus of the movement of point P when it moves in between
adjacent shots in the same row in the non-scanning
direction, and the dashed line portion shows the locus of
25 the movement of point P when it moves in between
different rows. In actual, point P is fixed while wafer W

moves, however, in Fig. 4, for the sake of simplicity,

point P (the center of illumination slit ST) is drawn as



5 wafer stages WST1 and WS5T2. Wafer stages WST1 and W5T2 are each supported
by levitation via a clearance of around several ~mto the upper surface of
supporting bed 22 by gas hydrostatic pressure bearings (not shown) provided
on the bottom 10 surface of the wafer stages. Wafer stages WST1 and WST2
are driven independently and freely in an 5>§Y t wodi mensi onal pl ane by a

waf er stage drive systemincluding actuators such as an X |linear notor and
a Y linear notor, or a planar notor. The wafer stage drive system operates
15 under the contiOln@fen BRge e gyl er 160 shown in Fig. 11. On wafer
stages WST1 and WST2, wafers WL and W2 are fixed, respectively, by

el ectrostatic chuckimgsr sRGUIUM PJHiGk D Whe s hidl defe (13w Shown) .
The wafer holder 20 is driven finely in a Z-axis direction perpendicular to
t he XY pl ane atthitn irheridj.r ent ingnirofcdntotd Natnt A0 id HE o espentedar 4 ter XY

pl ane by a |l eveling drive mechani sm (not shown), which is simlar to

| evel i ng mechamesmtEdrdesurdtheds eartiare ial tdrenadescriggelome I n addi ti on, on
the 25 upper surface of wafer stages WST1 and WST2, fiducial mark plates
FML and FME ornedfiuwtement cus alimaunestt fdetifdtalomeriet et Alior st arafer
arranged at al nost the sane height as wafers WL and W2, respectively. These
fiduci al 103 gt tat U GVE PV W Usedce Hgrl @l raieihefy stem
detecting the reference position of each wafer stage. In addition, as is

shown in Fig. TR S acA2ForR dihénd® G318 SeRadis ditectd bifqithe
left sid face 5 in Fig, A1 f 21 d of the Y-axi
i ecti on (1 hd LTS ddb ThARTEY (AR or I he PRIB L AR ST % . 11) of

waf er stage e i shed into a .ref tj,on surface. Likew se, in wafer
stage W5T2, \a{\%yjsr%;%e ZSJOEna tenaeChot Bt eénogncpoq‘tetr}:rfe X-axis direction (the 10

right sidepsurface idé&:@i&-s Joj;) & 2YA A 23 1k LN AN Ol H G G RXT S

direction are polished into efl'ection"surface. On_these reflection

surfaces, inteideranetar e Aneasdsd o hdlastndir ads disdiihbasy Bl 1X,
Bl 2X) that structures an interferoneter system 15 (to be described |ater)

are incident, iand ftde deanplsef feshrdsof Patbatsnppacestane nedei-vpénbworach
interferometer to neasure the displacenent of each reflection surface from
t heir referende/dosi46oer{dotimal tyrrasporetingi ve 6r Patdnspoeed Sqrédd)d 1s8,de
surface 20 or the projection optical systemor the alignnent detection
system as a r efrgt exrc e surHGce)de tand shaged disalmsadesin t Sfatheexample,

di mensi onal position for both wafer stages W5T1 and W5T2 is measured. The
structureldef tHPIraff FaredduinRy iBatstdF Ieianesy NG orfet 45 tdad wil | 25
be described later in the description. As is _shown in Fi_/g. on both

sides of proj &dt§ GPORIRADIIL B rﬁ-PLPaitr‘?T}thz‘kb(- i S GGkt i %ﬁe al i gnnent
det ecti on SyStde:Lrchl]bzs%%‘:eaén%tlze%%hbaésfedchoen atbrgzeveOfJ.-Sa.xiE’Saten:l’cos4 are fully
incorporated herein by reference.
When the above preparatory operations are completed,
20 then the procedure in the flow chart in Fig. 3 begins.
First of all, in step 102, the counters n and m
that indicate the row number to which the shot subject to
exposure belongs and the shot number within the row are
initially set to 1, respectively (l¢m, l¢n).
25 In the next step, step 104, configuration
information of various types is necessary to expose the
first shot on wafer W, that is, the first shot in the

first row, is transmitted to synchronous control system



met hod that have the sane functions are arranged spaced equally apart from
the optical axis center (coincides with the projection center of the
reticle pattern inmage) of projection optical system PL. The alignnent
systens 5 124a and 124b have three types of alignnent sensors; the LSA
(Laser Step Alignment) system the FIA (Fié ed I mage Alignnment) system and
the LIA (Laser Interferonetric Alignnment) system and the position of the
fiducial marks on the fiducial mark plate and the alignment marks on the 10
waf er can be rgasugedni Bohfegy¥atwendiMEBEhARAbndihethies. ihFerkafisyst em
is a nost commonly used sensor that neasures a mark position by using the
di ffracted andesicaiderned ddsghli qensirded formbg radiialliengttadeasaid beam on
the mark, and is widely used in process wafers from 15 the past. The FI A
systemis a sersiHr tdiatgaress urse P raevnenis Jposidscon Hed, | mageh @rsocessi ng a mark
i mge, which is obtained fromirradiating the mark with a broadband (broad
bandwi dth) |igltlwmschad@ e reget damplo b tis UsehdeiTecti wdley wafer
alum num |l ayers or asymretric marks 20 on the wafer surface. Also, the LIA
systemis a séfs@n tir@lnpatders guskia iYortdl ragifigmratddmagera lidnk S55m a
phase of two diffraction lights made to interfere by irradiating |aser
beans of a sl g ¥ &S SRCHtiediteh &Y Framtthad ditesdtiigss ¢ a
diffraction grating mark, and is 25 used effectively on small steps or
uneven surf ac@SVENA e Aaftdre Wafaihe MEAHIPeMITAIdh oL thes#aliftee t ypes

of alignnent sensars are a{)pro riately used tQ suif thei 105 pur poses,

in order to pél}'af%lrlrﬁiés S i%on Csa&clr?gas etrﬁé)rsgé{aﬁn@ti dedl cﬁCha it t*Ywher e

t he rough posi.tjo f i i t, it f a
t eh’3< %nof.We&@eecrtlo%gp%%lfraqlqhegyfbgﬁéﬁa&fefﬁ%ll n%%x] Ba%%t o

|l i near mark at ree points on a wafer or I'gnne ere

accurat e pesi dron Pl @RGSRt RIS A M AT 81 Ik IRANW edud LhigLase,

al i gnnent detection system 124a is used to neasure the position of the

al i gnment  mar kg 1an peafert W el drem wafari st age WBEL ang tdre thdugiraly marks

10 formed on fiducial mark plate FML. Al so, alignnent detection system 124b
is used to nmeasurexpgd¥inegsi tdodt eaft itdie paldagyert relrdkksdrovaftey W2 hel d on
waf er stage WST2 and the fiducial marks fornmed on fiducial mark plate FM.
The i nf or mat i @osfirtdrmore adh kaltihg retente ss ehsamd edpobmrst r(sstalr ess tdesmdal | gnent
detection systens 124a and 124b is converted into digital signals (A/D
conver si on) byrderatgmremt covaldld erirr®e;s and thise nedhiafler mtgiggalislear e
processed to detect the mark position. The results are sent to a main
control | et2 19T i i adiste $ iagst mids)ondat@ 116 lstege oSS 1992155 on, for
exanpl e, synchronous position caqrrection on expqosure. I n addition, although

it is omttedIUrht RS i s PUlP e 808 16 (dedshia] &t itde S3GT0RT pSm pL,

and al i gnnent de tiaon ste 124a and 124b, an Q.25
focus/ aut o- | ev‘%dlt ﬁcgle( lelf“}{e)r r?er%ﬁ?rzlesr?er?tmlr?esc Tari ?ﬁoﬁt)gufritn(?ﬁn}?eref’og&stlang

o e e SE B B e Cabenbafpbhisiyer
and 106 some cases the information may include error information
20 of each mechanism while the stage is being moved.
In the next step, step 106, main controller 50
gives instructions to synchronous control system 80 to
move reticle stage RST and wafer stage WST.
Based on the instructions from main controller 50,
25 synchronous control system 80 gives instructions to wafer
stage controller 78 to move wafer W to the scanning
starting position (or acceleration starting position) for

exposure of the first shot. With this operation, wafer



6,341,007 is provided. Next, the reticle drive nechanismw || be descri bed,
referring to Figs. 11 and 12. The reticle drive mechani smconprises the
following 5 parts: a reticle stage RST that can nove on reticle base
supporting bed 28 in the XY two-dinensional direction holding reticles Rl
and R2; a drive system 29 nmade up of Iinea()rl nmotors or the |ike (not shown)
that drLVe reticle stage RST; and a reticle |aser interferoneter 30 which
10 nmeasures the position of reticle stage RST via a novable mrror 31 fixed
on reticle stageddShsMire mafdd Gl aHe/ atsrd ey dtt dn Gt abds 1 righo
reticles Rl and can be placed in series on reticle stage RST in the
scanni ng di regddhrtildmey+ader I aid esdritm116UChs ratiLlven Sdmger-iR&T 'S
supported by levitation on reticle base supporting bed 28 via a gas
hydrostati c prssgsstiare 48ear Fhgnor syyhehkribkeusnabnsrownkysapc 8&ncbeatkoneal y
driven in the X-axis direction, finely rotated in the Az direction, and
scanned in theetiaxies RO v recttieon APy adrd wea yrstdam 29 . syigicaimdett al |y, drive
system 29 is a nmechanismthat uses a linear notor as its drive source,
however, fbr tdfsarikedieagdmahidrcerdfien mtaawanf erid athe dexdtiption, it
is shown sinply as a block in Fig. 11. In this case, for exanple, when
doubl e 25 expddlri€lis sfadorGRErHdiacIdy REHRFIRY Y r éthicl®e stage RST
are sel ecti velé‘?/O used,, and both reticles can be nchronously scanned with

S
the wafer si déCTAF L% IS MEFS ST Tn ‘f%ee%g% PG THSRF 107
other side of the X-axis djrectian (.+X side), | apar parall el vabl e
mrror 31x madeS mtﬁéé ?ﬁd&ﬁ?&[lé:ﬁieallngserr%ﬁ)oﬂ%% d I%*é?’ﬁ?clﬁ‘sgts}w
ceramcs) is A t endi i.n.the Y- axi irecti e of 5
pl anar parall g{einaﬁ:vg%lyrﬁc%rno;}%%lfn stthae(fg(;t eT? asr}ageda%br[ %encd%??eaﬁég I
direction{phs pgd Sf*leaq(i's“ta‘?u%cft?‘;déﬁc“ on surface. Interferoneter beans from

an interferoneter (not shown cated as length neasuring axis BlI6X are

irradiated on the refde&iiiar sunf age il ooVallie MIHtac11@e 30 wid d he
interferoneter receives the light reflected off the reflection surface and

measures the rjatdorh dsac ®ENtardd W9 defemgiiea « WHa e cd Ik raitdesn,t o
nmeasure the position of reticle stage RST. The interferoneter having | ength
measuri ng axi skl 6% awaddts theiaxitsroett waldnniras wedmdintyer f andpeweaenopt i cal
axes, with which independent neasurenent can be perforned, and the position
of the reticl écdthageages RSTX-aand S rametp ot cartdhaine ace ey sdripunt eam be
measured. The neasurenent values of the interferometer having | ength
measuri nglaxi SWERIAG ] ts§aphiss efries Usad Florl it ris1vbasy tthe rotati on of
reticle stage RST in_a direction to cancel the relative rotatiqn
(rotational error) BefAsén athdetiagi% G GFe WhsF &S1ETd Yo Oﬁeﬁ‘f%

synchronous cantrol i.n the X-axis direction, bhased t he .yaw ng
i nfor mati on and e )% 5 Sﬁ’&q}}rio&oqsnfcé)rnrpaﬁ?qonsyosce\%gebr bsetgé%less WST1 and WST2

o et O A R I o SRk e A
direction WST, prior to exposure.

20 As is described, when synchronous settling of both
stages RST and WST has been completed and exposure is
about to begin, light source 11 has already begun
emission. However, main controller 50 controls the
movement of a predetermined blade of movable reticle

25 blind 18M in sync with reticle stage RST based on the
measurement values of reticle interferometer 30, so as to
prevent unnecessary areas other than the pattern area of

reticle R from being exposed, as in an ordinary scanning



108 (the end close to the page surface in Fig. 11, the Y-axis direction
being the scanning direction of reticle stage RST), a pair of corner cube
mrrors 31yl and 3lyZ is arranged. And, froma pair of doubl e-path
interferoneters, 5 interferonmeter beans that are indicated as | ength
measuring axes Bl 7Y and BIBY in Fig. 12 are irradiated on the corner cube
mrrors 31yl and 31y2 and are returned to a reflection surface (not shown)
on reticle base supporting bed 28 by corner cube mrrors 31yl and 31y2. 10
The beans reflsaepp@draff the reflection surface then retrace their paths and
are received by the double-path interferoneters, and the relative

di spl acenent of corT@enculaden boths s3hyksaR$T3 byl Wsdmridaeihr ar eftartence
positions (reference position on the reflection surface of the 15 reticle
base supporti nipehred 28h iss agess wred s yhvarr,ondues Iiye agorienertt \valagess tantt he
doubl e-path interferoneters are supplied to stage controller 160 shown in
Fig. 11, and sased,othehpadreragered v tied isds (R deadins ¢t dlee st age RST
in the Y-axis direction is nmeasured. The information 20 on the position in
the Y-axi s2di iddtigmaiteduded ther vddiramigdiatg Huﬁéepdéigtﬁtor‘?élltrt@logtﬁr&m

bet ween reticle _stage RST and wafer stage WST1 (or WST2) based on the
measur enent vd—ﬁd-é’é“lg‘ﬁt’tlﬁé’ OB P &ﬁ@tt(??“ I 1t REWSERILiNGe SRRASYT & he

| engt h neasurkf% axi. s Bl 3Y, a@p f.or 25 synchronous control of the reticle
and the waf er 9% THE L &R0y PR € i on (the Y-axis direction) on scanning
exposure based on t Vi al iQn. I S descri w 1IN _th nd
enbodi nent, a totalEﬁn%ggogpgfh%§é%%ﬁ?eFygiggbﬁgr?%rgﬁggsigynFHEO%%%%

i nterferoneter, Jndigat N Al [ | 6%, - : iy of
doubl c- path | 1o St B e A Ed S T angeh e st e e 8 and

Bl BY, makeoup & 1t@liClted avslementNtR1fRHAREEAN 30 rathical ist oWt nqFi g.
11. Next, the interferonmeter systemfor controlling the position of

waf er' st ages WHEL vane1\WEH2 raidtli ope athes ahicb adveimeingl @ die Fivgs=vld toF 13.
As is shown in the drawings, along the X-axis that 10 passes through the
proj ecti on centagfrerofstpige) &SI dm dapiel Yadaxgyss tdemelelt iamd airfee rddingratiner a@ent er
of the alignnent detection systens 124a and 124b, on one end of the X-axis
direction on & S@lfoadd yofrawdfe costrageon8Lng 4o itdee rirerj@edtion beam from
interferoneter 116 in Fig. 11 15 indicated as | ength nmeasuring beamBI1X is
i rradi ated. SM@drddiigatdioong /e o%- dxids @f @rmerogé@no@pttﬁ@ad{ s teRd of
the X-axis direction, an interferoneter beamfrominterferoneter 118 in
Fig 11 i heli cdtled as | engt h neasuring beam Bl 2X is irradiated. Then, by

receiving the 20 be that, are refl ected,off  the ove surfaces,
interferometers | 16%5%8’1%]?%85?8 e 3FESr élnattih\‘;epd‘?‘gﬁlré‘cgﬁgﬁt °6f each

reflection Su&f%E%I%r%UBE%Z%%qg%%E&%$§§?ﬁﬂ?%%ﬁ%%téﬁjﬁi%ht%hgpasure t he

position of wafer stages axis direction. 25 As is

shown in Fig. h2rdiiacheronglens ohte andh 18N8 13nliR88 X ich the
interferoneter; each having three  optical axes, and besides the measurenent
in the X-axis egitfieel ok tefrn\aier e dls Wekh aihpiet2d,! iddankfield i ng (Ay
20 exposure of the first shot on wafer W is completed. And,
with this operation, the pattern of reticle R is reduced
and transferred onto the first shot via projection
optical system PL.
During the above scanning exposure, main controller
25 50 waits for the exposure to end in step 112.
Then, when scanning exposure of the first shot is

completed in the manner described above, the decision in

step 112 is affirmed, and the step proceeds to step 114,



110 rotation)) nmeasurenent and yawing (8z rotation) neasurenent are
possible. In this case, the |leveling drive nechani sm (not shown), which
finely drives wafer stages WST1 and WST2 in the Z-axis direction and drives
5 inclination, is actually |ocated below the reflection surfaces (120 to

| 23), therefore the drive anount when the é'3ncl ination of wafer stage is
controlled can be nonitored by the interferoneters 116 and 118. The
interferoneter beans of |ength neasuring axes 10 Bl 1X and Bl 2X are each
made to irradiviaaafiy istragesWehl AnNdnNAST2 alr akhnt IEStHdpdde ephire
novenent range of wafer stages WST1 and WST2. Accordingly, regarding the
X-axis directisyppdite pOS tiraaddfatiRirgr t3iages S886h arfd MEHE isower ral | ed
based on the nmeasurenent val ues of 15 | ength nmeasuring axes Bl 1X and BI 2X,
on both exposuray ks ey oppeidecidroa ahtutdalr siystte milwrand nhiiilgh tald oqyrment
detection systens 124a and 124b are being used. In addition, as is shown in
Figs. 12 and 13, may ibet erlfosrecivet er 132 that has a | ength neasuring axis

Bl 3Y, 20 which intersects the X-axis at a right angle at the projection
center (the optical IaxitheARpxsf spepi esttieon 1dpti caldegistion Rls, mage
interferoneters 131 and | 33 that have | ength nmeasuring axes Bl 4Y and BI SY,
respectivel y, Gafiei€dd itey Qe terafi s WRe ey gt "arigl@uRtt athe adéteed iidn 25
center (optical axis SX) of alignment detegtion systens, 124a and 124ph, are
rovt ded "1 n' i SIS RET PORRET readiie fo (HE phOR (1B oSS ohh &t hnes
WST1 and WST2 in . .the Y-axis directiaon ile 111 exposuyre, usin rojection
opti cal systeﬁFﬂU’i%aﬁggﬁﬁnpeﬁggfﬁﬁﬁwmﬁ%% ﬁbégﬁﬁe : vgpugngfgage’

i nterferoneter t hat .has.l engt Syri .axi | 3Y ' hr h the
proj ection cerkljteéc%%osfe %}—&’e%t}ﬁeoﬁ%é&tslqggﬁ l}l]seyrrs%.etg el%x Ig%,n%teﬁiét lese?tlse r}%ﬁ{%’cgl%%axi S

X, are usgd A MR dRASY Ihed NG HOSIHIAN Rfurial e SAYG MBIl he

Y-axis direction ile alignment detection system 124a 1s being use he

nmeasurenent vawemf rAtestepORREAN pEddethat thastbpngbb, MRASHEI Ng axis
Bl 4Y passing through the detection center 10 of alignnment detection system

124a, that is depificalraaxich PREocnetised.o Al 1oMeR yYIRAS Wddgddiey [Fesi tion
of wafer stage WST2 in the Y-axis direction while alignnment detection

syst em 124b | sxpeisng eused thichenfresisolr elrenthe ahBesowf (int ehfier oaeeer tha3
that has length nmeasuring 15 axis BI SY passing through the detection center
of alignnent detased ehody sinermhE2 43, r stthatow,s thstt dal, dbies sSxonar shedad.
Accordi ngly, depending on the use conditions, the |ength nmeasuring axis of
the interteront &ranspitiedy tro sppch rinced® icontie Y ovwgdr 8%-r adrghes the
refl ection surfaces of wafer stages WST1 and WST2, however, since at |east
one length me I tahons 18 e nsl Yty i hnekss FYTd LR SBIAR TR BI 2X do

not fall outside.the retlecti%g?§urface.q%)maf%ﬁiﬁﬁ_ es WAT1 and WsT2, 25
0

respectively, styriséce’lmntBe()r & Sivdt O tHe W5 0 Can e Teser®t an

SEPORT )2 YRR e At 0 e AT U P s

stage RST in the scanning direction after the exposure

20 operation. Therefore, synchronous control system 80 can
receive the configuration information of various types
without any difficulty, and store the information in the
internal memory.

After the above configuration information is

25 transmitted, in step 122, main controller 50 instructs

synchronous control system 80 to move both stages RST and

WST in a first mode (hereinafter simply referred to as

“the first mode movement”), and then returns to step 108



Interferometers 132, 131, and 135 used in the above Y neasurenent having
| engt h nmeasuring axes BI3Y, BlI4Y, and BI5Y are each a dual -axis
interferoneter having two | ength neasuring axes, and besides the
measurenent of 5 wafer stages WST1 and WST2 in the Y-axis direction, tilt
(pitching (6x rotation) can be neasured. Ig t he enbodi nent, the five
interferometers, 116, 118, 131, 132, and f 3 make up the interferoneter
system which controls the two-di mensional coordinate position of wafer
stages 10 WSTLangd 62 r Beihhernled RsT FRid weantioldotip 159Q shewn in Fig.
11, a nmenory 191 is provided in which conditional expressions (such as
interfering cerdielieeas) chomne0itly dleaichg thieg rMeveient sefanmdfey vehlagas WBT1
and WET2 15 are stored. In addition, in the second enbodinent, as it wll
be described | ater @nilehinhenorenafrotlherwsdiern sswagedndbih ecreBbID8i,s
perform ng the exposure sequence, the other stage is perform ng sequences
such as waf er sgxchaogeusr c2ttwafles yaltiegn ®®ntoe rAdmsi her derr stto moslep bot h
stages frominterfering, stage controller 160 controls the novenent of
waf er stages WeTemgnd WSEZasdoordi Hgliowingt tacei datatterh Aabarspnienl | er
190 that are based on the output values of each interferoneter. 25 The
stage control °8y&hemfilgsst meceu ey ey PRier 3¢a9t-ol | er 190 pl ayi ng the
main role and contraolling the overall operatiaqgn of the entire apparatus,

g
and parts such 3$€afddsé Morer ovemerto Orgdadt®Fe control ler 160 that 113
operat e under the c§ntrol of nﬁin %gntroller %90. Th%.o er t%pn on exposure
of exposure apparat 0§ £P0 FA"Ph&” embGdMEM Wt PPRGRBE dEsc °t8d, focusing
on the operation of each.of the gbove #gﬂr t$, makIng up { he. 9 C %g%)rcglu pystem

First of all, ac@grding toinstructio rom mairn-controller reticle

R1 (or R2)nan fe r : 1£S et 1.l R d wafer stage
VSTl (or ngsﬁé’i ﬁﬁe%eglgeg;éﬁ)@%rlxg’tﬁﬁfé ré“é’gnr?g’d%g;tagt%glgteéggﬁcﬁ’oﬁqﬁtmo 10

(scanni ng contghely) 5, ShageseeBhHOLKSE égocrpﬂfﬁ SHUCH SYNE N ONoUS SGRONI Ng
by controlling reticle drive portion 29 and the drive system of the wafer

stage, while momitas 1¢ hewieasuredents. val ues of | ength neasuring axis

Bl 3Y and | ength neasuring axis Bl 1X or Bl 2X of the 15 interferoneter system
and those of |engthIme&syari Bg,axegeBk7¥uane Bl BY) anfl vefigthshegsuWEng axi s
BI6X of reticle laser interferoneter 30. And, when both stages reach the
poi nt of uni f eemhateldodiot ¥ heostcroininigt kil ea tpoed ditdvenivmed ige diirssitbloa)er r or,
20 dose controller 170 makes |ight source 11 start pulse em ssion. Wth
this operhtiodn tthe iflirgf AebeoRnoVegients oparation Ast isbevwsptincal s®jddem 18
irradi ates the rectangul ar shaped illumnation area |A (refer to Fig. 12)

of reticle RLIAEL RIVEHEGSe dl IREKX SUEVECI=i(§) chedattifh B8 EU8pBPATed and

tt d, and the.i f . th t in_lJ.unination, | A i.s reduced
Po 174 (of 185780 iBof SEECbr Ot S “aytsm RE Said o] S 288 Bh “Mafer Wi

(or W) whose syrface ;i3 CO3Led ‘é"}ﬁggﬁ%ﬁg%gggfﬁtthe $4£e1 QEMLAGnge ! §HuUCEd

i mage (a partially !nverted_lnag_ _ “As I's al'so obvious from
Fig. 12, the gldderwirdihogf ihlymjnat OB H AR oA clrS RN GRITRAS ed to the

pattern area on reticle Rl (or R2), and by synchronously
20 position by time.

In addition, in Fig. 6B, an acceleration curve Ay(t)
of wafer stage WST related to the scanning direction that
corresponds to Fig. 6A is shown in a solid line, whereas
an acceleration curve A4(t) related to the non-scanning

25 direction is shown in a dotted line. Also, in Fig. 6C, a
velocity curve Vy(t) of wafer stage WST related to the

scanning direction that corresponds to Figs. 6A and 6B 1is

shown in a solid line, whereas a velocity curve Vi (t)



5 scanning reticle RL (or R2) and wafer WL (or W2) as is described above,
the inmages on the entire pattern surface are sequentially formed on the
shot areas on the wafer. At the sane tinme as the above pul se em ssion, dose
controller 170 drives vibration mrror 18D and continues 10 such control in
order to reduce variation in interference gginges generated in the two
fly-eye lens systemuntil the pattern areaon reticle RL (or R2) conpletely
passes illumnation area | A (refer to Fig. 12), that is, until the inmages
on the entire patdedd SHrfas erhdr-esdHMBely | i ddct 1vh shotsibe@asionat he wafer.
In addition, during the above scanni ng exposure, drive system 43 controls
the drive of mwvatd® biriend h8M,i Ansyrg.wiel) thelispdmmiengnaf cuetveclpg (RL (or
R2) and wafer WL (or W2) so that the illum nation |ight does not |eak 20
out si de the |ightwasterldeabars! areleted| v RIhd ascRY)ing diweesthioén edget
portion. Such synchronous operations are perforned under the control of

st age control |lerrisfhois ity Kigs abive & amd el exposhwrwe) s a ssall sE| osed
in the Japanese Patent Application Laid-open No. 10 25 163098 referred to
earlier and thelmsr rvdsgegal iy U P lazarent NosLves, 00,448 lav@¢d6 134 £hg07,

main controller 190 or dose controller 170 performs _a conplete cal cul ation
on the vari ablTEHMRAINGTY i FFERF BN BrEt, aitl d<Eqtted i bine- 115
frequency, and_changes the jrradiation energy and oscjllation frequency by
control 11 hg ¢ HEHRGMRRT ort Tyt provi UetPt 19 gIE Sl P SehT as
controls the shut ter an@pvibration mrror, so that the total dose 5
corresponds to e FEsi sensitivity. Furthernore, in exposure apparatus
110 in the enbodi ne i ' ' i .C : is
perfornmed between maréﬁﬂg ééékvé$?&§%%%ﬁ%ﬁﬁﬁﬁﬂ?éﬁﬁ%ﬂ%éﬁ?f§§§%§¥%11 ch
waf er exchangesd rf r e et f jded. As is
shown in Elég Ekléilﬁ rﬂtﬁ{a&a%&s{% carﬁa%%%e%%%ﬁ%&%ﬁéeﬁﬂénge W th
waf er stage Weil1 @tpe sfigf 4 oadi Ng-posi ti oneph ghejd@fiorsi de in the manner
described later in the description. The first carriage systemis 15 nmade up
of a first wafeigdiopdert @l of fidstamernd efertp dbdie thathi,r sicosakentioader

i ncluding parts such as a first |oading guide 182 extending in the Y-axis
direction, a fouwsste sd,i(der, 188 ocanidya csevendy$ti deand8dishabtcaemertatonyge

| oadi ng guide 182, a first unload arm 184 attached 20 to the first slider
186, a first |Rdd)ar wheg8fateachedetaitled sleserdpiiiogerds1@mitaed -t he first
center-up_181 consisting of three vertical noving nenbers provided on wafer
stage WST1> Wafer e%@hégb%f%%%¥%&mQﬂFmﬁlﬁfﬁ??QQ%n THTH IO S GRSt wi | |
now be briefly described. The case of wafer exchange will be described when
a wafer W' ore¥@ift &t Arnefsie it HEYTafithg’ Pt iYh BHAHEY 19 si de

and wafer W carri.ed by the, fi.rst. fer 116 | oader_.are exch ed., First,
mai n control | o FUrRS T fE sl/ﬁm@%hcu(%‘f)et th FLYC 6A, Sand WETEr stagd

controller 78 controls wafer stage WST via wafer drive
system 48 according to such instruction values, however,
20 for the sake of simplicity, the description below will
focus on the velocity curve in Fig. 6C, and refer to
other drawings as appropriate.
First, the movement operation in the scanning
direction is examined. When exposure on shot S; has been
25 completed at a point t; as is described earlier (at this
point, point P is located at point A in Fig. 5), and
uniform velocity overscan time T, has elapsed from point

t,, wafer stage WST begins deceleration (acceleration in



shown) of the vacuum of the wafer holder (also not shown) on wafer stage
W5T1, and rel eases the suction of wafer 5 W' . Next, main controller 190
drives center-up 18/ upward by a predeterm ned anmount via a center up drive
system (not shown). Wth this operation, wafer WL' is driven upward to a
predeterm ned position. In this state, 10 in controller 190 instructs a
waf er | oader controller (not shown) to nove the first unload arm 184. And,
with this operation, the wafer | oader controller controls the drive of the

first slider 186 soytdatedtiod idisdn UhOagk B6M L4 SoVestid ohg & padingogui de

182 until it is above 15 wafer stage WST1 and is positioned bel ow waf er
W'. In this sigteighedn LoD | ©sidO0 € | (vas+Tent e 18k fdewiwigdk t 0 a
predeterm ned position. Wiile the center-up i s noving dowward, wafer W'
is delivered tWST Needinstdaend Dawch taion 18Zhe tdecel oret iomiqradmi Y by | er 190 20
instructs the wafer | oader controller to start the vacuum ng operation of
the first unl chtcogasd84(the dlthdsluteanmes]ut hef wadeeléMation hish dtlby sYicti on
by the first unload arm 184. Next, main controller 190 instructs the wafer
25 | oader contdpréction Wierrbsae ) hend i reachesd oadorede U amel t eoss ant
moving the first load arm 188. Wth this operation, the first unload arm
184 starts to ¥iee i frAde -bhen ridiq inredeteyminagd ¢onwpnl IyelWe hishe first

slider 117 _
maintained for a given period of time AT (refer to Fig.

6B). However, the deceleration time in this case is from
the deceleration starting point t; to time Tys.

10 At this point, as is shown in Fig. 6C, wafer stage
WST proceeds in the +Y direction at a constant velocity
Vscan between exposure end point t; and time T4 with point
A (0, Ay) in Fig. 5 as a reference point, and then with
point t; where time T4 has elapsed as a reference point

15 for time, wafer stage WST proceeds further in the +Y¥
direction for time Tys in a velocity according to velocity
curve Vy(t) in Fig. 6C. At a point t; where time Tys has
elapsed, wafer stage WST arrives at a diverging point
B(Bx, By) where prescan of shot S, serving as a different

20 divided area begins (refer to Fig. 5).

Then, wafer stage WST is accelerated in the -Y
direction for time Ty; in a velocity according to velocity
curve Vy(t), with acceleration starting point t3 as a
reference point for time.

25 As is shown in Fig. 6A, during the above time
(Tys+Ty1), Jerk curve J y(t) is a curve that has a reversed
curve convex upward mountain (a valley-shaped curve) and

a curve convex upward mountain on the upper and lower



| 86, and at the sanme tinme the wafer | oader controller noves the second
slider 187 integrally with the first load arm 188 holding wafer WL in the +
Y direction. Then, when the first |oad arm 188 cones to a position above 5
waf er stage WST1, the wafer | oader controller stops the novenent of the
second slider and rel eases the vacuun ng %p]erati on of the first load arm
188. In this state, main controller 190 dri'ves center-up 181 upward, and
wafer WL is driven upward from bel ow by 10 center-up 181. Then, main
control ler 19Q;ifst IChS LRe MRLAN 0349y GANt Qldre t qHMthdrAaW tihe | oad
arm Wth this operation, the wafer |oadéer controller beginsto wthdraw
the second sl izel,18¢ iint e@hald woMds) e ifvestsd eag v BfleMathieedY
direction. At the same timng as 15 the wafer |oader controller begins to
wi t hdraw t he fdymtiollsqad arm 188, nmin controller 190 begins to drive
centerup 181 downward to nount wafer WL on the wafer holder (not shown) on
waf er stage WET1, aidreupastdrutlhe lyacdimnmtbee fdtrisan mokdet mewsateart hol der .
Thus, the series of 20 sequences for wafer exchange is conpl et ed.
Sinmlarly,5as dpersiidgem,i bheRiagsel 5 e rikhevgeeordy tar riagehs yiza sen per f or ns

waf er exchange with wafer stage WST2 at a wafer |oading position on the

ri ght side ini@sfimgdtaomagdalesadars ad@yediipadagyow®e rptd e dnwad®rr i age
25 systemis made up of a_second water |oader and a second center-up (not
shown): the séda¥® Walereled@st tiondhedistgnpamss Ky&rtdena L&edhdNeadi ng
gui de 192 extending in the Y-axis direction, a third slider 196 and

fourth slider PO "o6d S FEXPORNE oy SNO4didT§ 3y diade cém?gce&r‘?&l %r‘ﬂ oad
arm 194 attac%e o) t he &}hi rd sli d%rt Ii96 a Sec n(q, {)ogd arm %98nat}é ghed to
the fourth slitder’ 200" &oflﬁélssggon& CEES “up ('né s%v\ﬁfpp%v?d on

waf er sta Xt r.atl.o f S e T2
perfor rredglgn\/\ggr%{zg] Iégllg%wi IaIC%%&%%g%gtroi e%élf}fvg\ggég%nh%lggé g\?%gggggfg\@ Fig. 14
shows a pl anargpuiew Qfr id Stale sk prfanhLXharde -3 hel g Rer fior ned
between wafer stage W5T1 "and 10 the fpl rst carriage systemat the | oading
posi tion on theilief tlisledan Wig.e gghe expesdbecppataihgntns peéeimyRaep

waf er stage WET2 is being performed via projection optical systemPL. In
this case, onopafrertisnagen\BELweleol tow rEpstoletwafvarl vex ofange, nalxd malt gnnent
operation is 15 performed in the manner described below. In Fig. 14,

posi tion cont deicedfe npdfion diragd MAST Zothemitag vt Ide cedpasurieondperattinen i s
performed based on the neasurenent val ues of |ength neasuring axes Bl 2X and
Bl 3Y of the | megimaipmsicerl espdtion (MReiaws peFienten e anoediergitigdfer st age
WST1 20 duri n%é(t he waf er exchange and alignment operation is perforned

based on the A¥asdféndRd Facu&LSerL Uténger Use &furtingg 238¢€98 1X and Bl 4Y of

the interferoneter iy t.em _At trr;% | o diﬁg)wpositi n.an the left side in Fig.
14, fiducial m&edSFA FioGuéVare m e pio BE & & dt°adé 25 ‘'WST1 can be
positioned directly bel owalignrent detection system 124a. Therefore, main
control | er 198YPESEYE™ nt SFF & dAttrer 131 havi ng | ength neasuring axis Bl4Y

of the interferonet gL yaLiem PLi0k;iQ Masyr B the skiqueial,e 119 marks on

fiducial mark plate FML with alignnent detection system 124a. "Fol | owi ng the
waf er exchange rd &he ies i, i Bt eiammt @urldl, a3RAMRCRHiaigaERnt S

performed. Search 5 alignnment, which is perfornmed after wafer exchange,
curve of a wafer stage in a conventional exposure
apparatus are shown (in these drawings, the horizontal
axis indicates time) in comparison, corresponding to Figs.
6A to 6D. When viewing Fig. 7A, during the above period
25 when preliminary operation of wafer stage WST related to
the scanning direction is performed, a quadrupoled jerk

curve 1is obviously used as the jerk curve. Therefore, the

acceleration curve during the corresponding period is



refers to pre-alignnment perfornmed over on wafer stage W5T1, because the
positional error is still large when perform ng pre-alignnment only while
wafer WL is being carried. To be nore specific, the position of three 10
search alignnent marks (not shown) fornmed on wafer WL nounted on stage WST1
i s measured using sensors such as the LSA Eé?lstem of alignnent detection
system 124a, and based the neasurenent results the position of wafer WL in
the X, Y, and 8 direction is aligned. On search alignnment, 15 main

control l er 190sg08ts0t salhe Spasadi D -of ceaghgpards Nt ehowealgha agdonarent
is conpleted, water alignnent based on the EGA nethod (fine alignnent), in
whi ch the arrangesent EDQrdimat @hwed, eAdirshathanea iy Wit @rdMingirary
obtained, is perforned. To be nore specific, 20 alignnment mark positions of
predet er mi ned spepdeichotshonfobierivg sekatbasuwas wilhd semsloetswserch as
the FI A system of alignnment detection system 124a while wafer stage WST1 is
bei ng sequent i &lh¢ yalpvbat dasetieonch tesigretngholeae t angehent (rax smum
(alignment mark position data), while 25 the position of wafer stage WST1

i s being cént rodneRt LY tdRCe IR B3t Pbhederthy shawmi ik e e heeauiomg axes

Bl 1X and Bl 4Y), and based on the neasurenent results and the desjigned
coordi nat e dat SM¥FIRER BHRN B FamEFRREaton) Avexsind i ke capsebaffiti ng
using the least squares nethod, the whoJe shot arrangenment data is

cal cul at ed. qut%h@ ‘P}gi e isRIerd oMt IO S~ ¥4ve’ operation of each
part, and main confroller also perforns the above cal culation. The 5

cal cul ation réed¥mts Yevygref erably transformed into a coordinate system

t hat uses the fiduci r ef rk; posj.t i 0 ' i al te FML
as a reference. In t%e %ﬁb%%f%%é@hﬁlerﬁ %%é%%%entg%ge% ec |%n1(557§£t§etﬁnl 24a is

per form ng omeasts SRt | e POsd £d of of nd hgolé&@&é HUBNE  HBI KSe Cae PEge

nmeasured whil e the sane auto focus/auto-leveling as on exposure 1Is being

executed by thecAET &g EShaithSraRes ol 1 N SBASHT €SB e aMEls 6DRES OFa1 Jdli S

can prevent offset (error) caused by the attitude of the stage from
occurring betweentihéi garentmandcexpeadien J%rWihee ndie a0 vde &éilf & a tedsgnge
and alignnent operation is being perfornmed on wafer WST1 side, on wafer
W5T2 si de, doudt eimxqosenr ewdisd<,onthe uoarsimupesdos ek hhsed(on tdveimum

st ep-and-scan nmethod while using the two reticles Rl and R2 changi ng the
exposure condi d¢emkerPWLa) amre Sjerresecdi n e madvaessitiid &l 2o otthat
of the wafer W side described ear|lier, fine alignnent based on the EGA

net hod i s lper f¥FHRRICP TS advHfit €25 a2 SRR ot € hie'3h ot r 1ire afRyefent t 28R a

usi ng fiduci al rks on fiducjal rk.plate FM2 as a reference) of the
Shot 725 on valfSl 9B HEre HAE 1o T helS s AL T Gfent OF v fbba 73 A8 no)
operation in between shots of wafer 13_/\2 to t.he arcltl' acelntnshé)t IS asequenti ally
per f or med, and ¥ he® aan%i%bp%&ep%ss%?e }beesc??tbe%leealf?tfe? i% %e‘f?orm&d
sequentially o ; r . e ment
(s?eppi ng) gpefr]%?ﬁl%@ng?rﬁa]grgt ag%lr %@&%ﬁ\%ﬁ o%e&\,ﬁyét hr}gtt%vlgebrr%\r%? gg\é%éf er

stage WST2 is Condd@ld£sh i¢b aiStdihBlg MRONSE £ &St | $1HEPLE | B8O hd d g dd TSt
enbodiment. In 5 addition, also in the second enbodi nent, the configuration

informati oo (idessnegd tawoeonfiarchdnge | of of Bk | psudder OFl 4R e PEF afHRS er S)
of various types necessary for synchronous control of the reticle stage and
t he waf er stageremexppsshghdectsdroge jaredfissupptdesed, which in turn
effectively keeps the shift of reticle R from occurring.
Thus, acceleration is performed as is described
above, and when the operation reaches a point t, shown in
25 Fig. 6C, wafer stage WST reaches a target scanning
velocity —Vgean (the minus here means that the velocity is

in the -Y direction). Then, after the elapse of time T,,

which 1s the synchronous control period of reticle R and



10 wafer is transmtted frommin controller 190 to stage controller 160
per each shot area, during the uniformvelocity overscan period perforned
after exposure is conpleted on each shot area, or per each row during the
novenent operation in between different rows, as is 15 described in the
first enbodinment. In this case, as well, 1 necessary information, with
the exception of information fromreticle terferoneter 30, the |aser

i nterferoneter systen1 and the AF/ AL neasurenent mechani smthat can be

| ndependent |y (S Gff Arlchdd MRI26 D 5l 29¢ <CRALEO! kgbolfle kinkOThe
transnmitted frommain control 190 at fhe above timng,
conflguratlon|gﬁé§ﬁg§g§gﬁrggzgdyigwgsynchronous control |s preferably made
into a determ nant converted to a state for ultimate hi gh-speed processing,
and then passed=qehbe@ stageh2pycontinolnehat®6n knier dedthowdghigye

hi gh- speed processing. In addition, the stage control system 160 is to
preferably conpl et eNdx ,pasid mavesetriti rRgpeafatieirh ist ages rmocaaimg i t he
configuration information before the 122 synchronous settling tine of
both stage§ prdigredtol cex pcs wxandmegachAsf ishehshot iar €4y, 66, 0rdesoba reduce
the synchronous settling tinme and to inprove the throughput. 5 Such
exposure i s pedrmawe contshoiouds| pasnbaen chapdhdéedapsapodntwaierwd@ern t he
manner described above, after the reticle is exchanged. To be nore concrete
on the exposuﬁi%%mGﬁﬁb@qglﬁﬁnﬂﬂQ?M%%ﬁ§ﬂﬁélﬁ(ﬁ % igeq i scanning
exposure is sequentially performed on each 10 shot area on wafer WL using
reticle R2, re?thfﬂréjJé’tga& ﬁgllqcsl%\?é’df"lfy (5 edet’e®i nédt ehoBhtI® W he

di t t t I R1 th t
oo they Scandiarphsn it ST s evamﬁxeﬁépse%&%é%‘)%%%% A
rrel d d
??gg:ﬁ{ftanceggkﬁﬁ é?ﬁggﬁ'g%tlclzyﬁgl g@ Jf%Qﬁé gh%lo §%%323 to be
measured duri g &'Ejglr?r?e 0dhdd ogeapeed fPorPetI‘EQaE@?Fm'ifﬁé"éf 20 On doubl e

exposure of er W, al so controls the operation of each p. Rl, therefore

their ret'C|eéﬂdéIEF5HmmpaSR@ eRikhgoRBiN Qﬁ@tkohbéEdl%Qtérbf W@Q@rthe
exposure sequence and the wafer exchange/ alignnent sequence described

above is perfotme iwsarsal-ed, ehd i mafen cdages MEEBbiand BABT2 shown
in 25 Fig. 14, the wafer stage which conpletes its operation first noves
into a waitingBd,a. itheh,g.wien Dbeh,sfagestbdspbetett heafecapetatjeOWsT
waf er stages WST1 and WST2 are noved to positions shown in Fig. 15. Then,
wafer W 6h begins deceleration (acceleration in the +X direction
when the velocity is in the -X direction) according to
velocity curve Vy(t). And, when time Ty has elapsed from
the beginning of deceleration (end of acceleration), the
deceleration ends and the velocity becomes zero (that is,
20 the movement related to the non-scanning direction is
suspended). At this point, the X coordinate of wafer
stage WST is -Lx (Lx is the stepping length), and point P
has arrived at point C (Lx, Cy) in Fig. 5.
That is, as for the scanning direction, as is shown
25 in Fig. 6C, at point ts where time (T4+Tys5+Ty1) has elapsed
from point t;, which is the exposure end point of the

previous shot area, the acceleration for exposure of the

next shot is completed, whereas, as for the non-scanning



123 wafer stage WST2 that has conpl eted the exposure sequence i s exchanged
at the | oading position on the right side, and wafer WL on wafer stage WST1
that has conpleted the alignnent sequence proceeds to the exposure seguence
5 perforned bel ow projection optical systemPL. At the |oading position on
the right side shown in Fig. 15, |ikew se %&e | oadi ng position on the left
side, the fiducial marks on fiducial mark ate FM2 are nade to be
positioned bel ow al i gnnent detection system 124b, and 10 t he wafer exchange
and al i gnment Segelenten Ar St p@t‘ié%ﬁ@ﬁfﬂt Wi8e Ae MBI RET (Bf+COU)SThad he SR8R!
operation of the interferoneter having | ength neasuring axis BISY of the

i nterferomet erfsyst e i SxPeslios n@ed PEd it t OF t fige BASHI GHBNELOF 4P&af i duci al
marks on fiducial mark plate 15 FM2 with alignnent detection system 124b.
The reset opereié cacodléhe: it Aldes Dard et opet § ossmsll dyedpi &s coat swbler 190
during the above series of parallel processing operations is the sane as
the details described 6@, Al abden Fapdnese fRatseninsARL+Tat kad Cai=t,20
open No. 10-163098 and the corresponding U S. Patent Nos. 6, 400, 441 and
6, 341, 007 . #ecivaldcribederiag opeexpbsur ks appat et siby 1domp he t g
second enbodi nent, during the novenment operation of wafer stages WST1 and
WET2 in bet weetP5hbts kbﬁé%f‘lortﬂ?@@ Zhe pegdmaliingl ofi Sty oRPKSEIon taedr dthi on
of reticle stage RST in the scanning direction for perform ng exposure on
each wafer, t e%ﬁ%@ﬂ%hﬁl%ﬁ Wafldr LRGeS ETE Sidembtenar eTEBNEPEHFeBLi n a

the moversnt THE b=V orV Sl dto VT P METD T DA SHot S 6t bo
reduced, and b sure w th high throughput can be achieved. This is
because, as igﬂ%f%%fgggﬁqu #iﬁ'éganple, the 5 Japanese Patent Application

Lai d-open o, 10- 163098, and té&ﬁgﬂg%ﬁ%#ﬁ I Hn 08 B0, 441

and 6,341,007, in an exposure a that conprises ‘a dou er stage

when for exanm€se®atdh PrOGESS N dd Ny i 51 EXPIRSS 8h A% i ro£xchange
time), T2 (sear che 10 alignment time), T3 (fine ali gnéranssbnetglltrliryrrﬁg-g(j,a Oaﬁd T4

(exposure ti mespethmtsi@nt 1 doWHe QxPOSIHE 4 imdend arnedsddind . T2,
and T3 and T4 being processed in parallel on an 8 inch wafer, the exposure
time is | ongerdindutciormekesi d tdes@nisdd aibbveg, cehidd tiedh svhain tdeiLerdd ni ng 15
t he overall throughput. In the second enbodi ment, however, because the
movenent ti ne Yfaagafen tstalgles: ST larech ds W2 anouze tawererr aslh ot yss tiesn res ueoresd
the exposure tinme T4 can be shortened. In the second enbodi ment, when
per f or mi ng>douAne 2t ldbisb Sihree mesianent pHurefay fagetisd da Rotdnd RAd hi gh
resol ution and, DQF (depth of focus) can be inproved. In addition, in the
second enbodi nerftl I Hedalse Sk pd&lr & h SRR to PR thody el SHRPRITY

o SnTEnt | Vel Sle SXGRAN0R SRSTALL o0 o0 (i N LR e per o U
e R b O R s
prescan operations in the scanning direction, so as to
20 set the point where the velocity in the scanning
direction becomes zero, more particularly, the X
coordinate Bx of point B (Bx,By), which is where the
deceleration ends and acceleration for exposing the next
shot begins, to the S; side of the boarder of shots S; and
25  S;.
When the above stepping in the non-scanning

direction is performed, jerk curve Jx(t) is a quadrupoled

jerk curve including two sets of jerk curves that have



125 the second enbodi nent, when normal exposure is perforned instead of a
doubl e exposure, other than the sane effects that can be obtained as is
described in the first enbodi nent, due to the sinultaneous parall el
processing 5 on the two wafer stages, the throughput can be further
improved. In the second enbodinent, whep parallel processing of different
operations using two wafer stages WST1 and WST2 is perfornmed at the sane
time, the operation 10 perfornmed on one stage may affect (disturb) the
operation eiftleent hehapéagendl arsugbversase, haweirsrpgtadguseprnt of the
operation perfornmed on the two stages WST1 and WST2 is preferably
performnmed, citke tbesadpustnmeitddi ael dseerivall héheadwoiehe] apaieses Pag eof
Application Laid 15 open No. 10-163098, described referring to Figs. 11 to
13 in the dsstsoshoen Fortesxadpteedt henactel Bigti 6A/ dBcal erstiion tim ng
between the two wafer stages can be adjusted so that when for exanple,
scanni ng ekposuceses perioraksoopbuioasefron bhesst Ggeandhe@d, al i gnnent 20
measur enent operation is performed on the other stage. In such a_case,

oper at ibnsa¢RatcHdt hon Af é)fe)ctar{cbrverﬂav:eltdh|\9<(5>sﬁ§|e| changdegcaétodllt he ot her
stage are perforped in parallel on both stages. Although the description
bel ow may SEERT otit B?ezgogéﬁﬁ%%Eé?gi lé?%B%%?e whpah P6en318"%h t he second

enbodi nent , f dev'saIV@§ cribegﬁgelow i s mad in19£der tqi revent collision
bet ween wal 2t 5t A529° AN vETES BRARENPs, heW- Entf D99 6t et i on per

oW O Per o1.o 200 URT CLLESHLL AR LLEA[EQTLNBLD, EON L OLLEL 190 Lo stage

controll er nformaii on tra inc és Tnformation related to

errors of E%B?gi’?&hafﬁ 3;2%991 fé?gﬁigﬁvﬁq@;‘%gé_‘tgﬁ%gﬁ%i gﬁ'?e%é?{igﬁ o4

det ection, or r°5 CTouhterneasures for or exanpl e,

estimatoed PRSI QAN £RQT L patesoRf both stages. Therefore, during the above
paral | el processing operation, when sone kind of an error occurs in the

vaf er stage on whtedrdl h@yenyafsr bet age pest osakdpspréhatthé stops within
the 10 noving range of the other wafer stage on which exposure is being
per f or med, mstagentoopepht on 160 batwbehnghdte almestsiageihoOmab ener gency
st op when the di stance between both stages falls within a predeterm ned

di st ance sbimg, t bhips evenougpht scan bet imenobhedh stages. 15 In the above
second enbodi nent, the case has been described where the stage device
related to the presbhtPTeNvEIEsbn desapbredd pPreaprmppinat LRCEwdes perfor ns
exposure of a wafer using the double exposure nethod, however, the present
i nventiton 88htaikd Bém%lp% P4 ZRF IGd] dhifiy Madf dIP PP SR 1ar

t echni que. this cas

waf er stagggg%ﬂ% ﬁ%i%@F?ﬁgﬁ;Lﬁﬁgﬁggiﬂ%ﬁ:é%ggiéﬁééigééﬁéga %g%éﬁﬁgg ggSed
ooSp T SR B Praaages oIt e pLLOTUE L ShEcReLiaLY In L
typical exposyi&t@RP&LAL USr than the starting point of settling
time T,, In order to make this possible, in the
20 embodiment, as is obvious from Fig. 6C, wafer stage
controller 78 and synchronous control system 80 start the
movement operation of wafer stage WST in the non-axis
direction during uniform velocity overscan time T4 of
wafer stage WST in the scanning direction, which comes
25 after the end of exposure, so that the time to complete
acceleration/deceleration control in the non-scanning
direction can be reduced by uniform velocity overscan

time T4. That is, since the stepping operation in the



However, the scope of application of the stage device related to the
present invention is not limted to 127 this, and the present invention
can al so be suitably applied to an exposure using a single exposure mnethod.
In addition, in the above second enbodi ment, the case has been descri bed
where alignnent and wafer 5 exchange operakgons, and exposure operation are
performed in parallel, however, the present®inventionis not limted to
this, and for exanple, sequences such as base |line check (BCHK) and

cal i bration peidrorghiach dilrg g wWaf &lons edechaied |y @lsSshft of

simlarly performed in 10 parallel with the exposure operation. In each of

the above enbadim®@iichoddhezaseihan Rern desaimedwkereidd traviol et |ight
that has a wavel engt h exceedi ng 100nm or to be nore specific, a KrF

exci mer | aser diygairald Wy X aidielsyisaset dleaian Wordderftddtaseyin beam 15

(wavel ength: 157nm), is used as the ‘exposure illumnation |light. The
present i nventsyghrduowesercontyalotin ithe edbarm ity i et ifcory daxainy e, a far
ultraviolet (DUV) light such as a g-line or an i-line that belongs to the

sane far ubtr@dtdlléing dgimen Tas the add ekennedretasee theral 59 Iber@ly used.
And, a harnonic wave of a YAG |aser may al so be used. Furthernore, a

har noni ¢ wave a7y B lyeage 1odt desedistraitiad By 4§ infoyisFaaning

singl e-wavel ength | aser beamin the infrared or visible range emtted by a
DFB 25 semico Gl AraSer Sy nePeUSasaNt 57 lh syGhE@noatpIStitdri rdoped

wi th, for exanple, erbi n1For bot h erbi.um and, tterib'un% and by
converting th JﬂEV&PeﬁBaht fit GOLFEPRONEEBE PP@%PrWsVﬁ oG 1 h¥nPVRESF3Bpt i cal
crystal . 128 .| nci dental |y, -as a.singl e-wavel ength oscillation_laser, for
exanpl e, an ytteri éﬁﬁﬁ$d5ﬁé&lﬁP@éFlF§ e&4cgﬁnb§eu§8agcﬁﬂ’tﬁhuéxﬁggﬁre
apparat us{jn fi. st e i ents,  .not. _onl he |ight having a
wavel engt %bS exceeg‘"ll’lnltgS %53%%‘&%%3%%3@&?%5%&%&l’}rr%bri%ﬁéﬁitm nation |ight,

but also as a matteR¢k ¢aWESBackl gt rikat hagna jwavelengihd @3 skhan 100nm
may be used. For exanple, in recent years, in order to exposure a pattern

| ess than 70nmodN mMoMrR0 Diped adARa dlsub il pesE rafe SR 0rstaplQ opl,asma
| aser as a light source to generate EUV (Extrenme U traviolet) light in the

soft X-ray regiadm (doortreddrpl &0 waMdelserfgirh thange defl rattd drbrif) boh all
reflection reduction optical system designed under such wavel ength (for
exanpl e, 13. 5magean®ST reid &SI do tgpeompdleties], 1B shbdisngpreenielusiad. I n this
apparatus, a structure may be enpl oyed in which scanning exposure is

per for redlby seseiidesus| fndearhengthenmabrkvandiashanedeusprgmantar c

illum nation, therefore, this apparatus is also within the scope of
appl i cati on oPPEHE@L3O8s &R PREENCOBRL1eEEd n tAGIIdSCH S 1 othd Npsésent! Gi8nvént i on

can al so be affirmed, and hereinafter the process (including making

decisions) in a loop consisting of steps 110-112-114—
116—>118—>120—>100—>108 is repeated until the decision in
20 step 116 is affirmed. With this operation, scanning
exposure by alternate scanning is performed on each of
the shots from the second shot in the n'® row (in this
case, the second shot in the first row) to the last shot
in the ny, row (in this case, the first row), and the
25 pattern on reticle R is sequentially transferred onto the
shots.
When the scanning exposure of the last shot in the

first row is completed in the above manner, the decision



suitably applied to an exposure apparatus that uses charged particle beans
such as el ectron beans or ion beans. For exanple, as an el ectron beam
exposure apparatus, an exposure apparatus based on a mask 25 projection
met hod can be used. In such an apparatus, for exanple a circuit pattern is
fragnented into a | arge nunber of isolategzgub-fields around 250nm squar es
on the mask, and while an electron beamis “sequentially shifted 129 in a
first direction on the mask, the wafer is also relatively noved with
respect to thenRlLGlty @R QPUIICAl RS @Mf WG Ve dUeRS tard SH ehlorddiR
fragmented pattern, in sync with the mask noving in a second direction 5
perpendi cul ar v tdrdiha A4 rst direction. And by such operations, the reduced
i mges of the fragnented patterns are pieced together on the wafer so as to
forma synthetic patthestepl N2@3ckovhtlelte madevandniediineat $0 tlhe whasealsas
been 10 descri bed where the present invention is applied to a reduction
proj ecti on expesitte rappdrating etheitaNibyy sieepprs-l , bageth DN, a st ep- and-scan
nmet hod. The present invention, however, can be suitably applied also to,

for exanpl®, a nmirrdm phej eexitostap,gsdep d26an tdepodswisiDh dppaeateus based
on a proximty method (for exanple, a scanning type X-ray exposure

appar at us t hatvheddex caner te inaediier & ats Jelng o vEheg ientfddgrad] 1I5Pwai t h
respect to an arc-shgped illumnation area on which an X—rax,is i rradi at ed)
20 I n addit iHPahd Pofedti FRIEHhIEE & SRt Ffed i sTRotPEFnfRER L0 a

reduction systemy and an equal_ _magnification system .or a nmagnification
system (for eXarpl é:,heaﬁ‘?r}(?){%dsﬁﬂ? A at s r’ré‘n?fk&cst G 45 quid crystal

di spl ays or the like n%%ﬁf used. Furthernpre, 25 th roj.ecti system
tr;'l.\)seyst % er g%eéactprocee st%o S%repaelczgt’ I’le a ery

may be a ref r &Gt3°0 I"on syst em a&ﬁoptric system

The gl ass t enj al qqi& P r.ial .t hat r ~ i cal
el enent s %ggpgtgfleaﬁo?f t eq%;tf;&glc?%tg% e écr%é)_%t s%fc%fg%u&z%gﬁ%%orgeﬁé%td
wavel ength of d e @HaesHie idiluF RGO 1 itghl ntand,@l 50, the fmed @M the
di aneter that can be produced differs depending on the glass material.

Therefore, theesRRrctiow afs Wiehike thedse & yieihim@eidu@N I 3 st em
reflection system or a catadioptric systemw ||
80. Then, the step proceeds to step 130, where main
controller 50 instructs synchronous control system 80 to
15 perform movement of both stages RST and WST in a second
mode (hereinafter also shortened as “the second mode
movement”), and the step returns to step 108 where main
controller 50 waits for both stages RST and WST to
complete the acceleration and reach their target scanning
20 velocity. While main controller 50 is waiting as above in
step 108, synchronous control system 80 performs the
second mode movement operation, which will now be
described below.
- The Second Mode Movement Operation
25 The second mode movement operation is the movement
operation of both stages corresponding to the movement

locus of point P between different rows, as is shown in

the dashed line in Fig. 4. This movement operation is



naturally be nade by taking into account the exposure wavel ength determ ned
fromthe specification of the exposure apparatus and the wavel ength w dth
(spectral line half width), the field size and the nunerical 10 aperture of
the projection optical system and the like. In general, when the exposure
wavel ength is around 190nm or nore, synthe{%c quartz and fluorite can be
used as the glass material, therefore, in is case, not only can the
reflection systemand the catadioptric system be 15 used, but the

refraction sysiemsafedl sode pget it howde miche il TEbesl dye1hdiggdifé on,
when vacuumultraviolet |ight having a wavel ength. of around 200nm or under

i's used, the refsactéwn(sysderedeyo bes usetbepentdngeien §dee nef r onbanded
wavel engt h wi dt h, however, when the 20 wavel ength is around 190nm or under,
because fl uorid¢envenidreconlyasbdabl exmbass vt £Y | dhe afidl star slovbamdi ang t he
wavel engt h becones difficult, enploying the reflection systemor the

cat adi optri ¢ sysfBareérst athvant ageows(rd&fethed ntos eas whemoEW/’ | fghtthes used, a
reflection system 25 consisting of a plurality of (for exanple, around
three to sbx) saf¢ exf i ornerhms) ord yto benmrtoysed. I n the case of an

el ectron beam exposure apparatus, an electron optical systemis used nade
up of an el ectron | els EHb dnovergntyaInaiatoron |bewiRpn i%hﬁfWﬁaTht |5, i n
the vacuumultraviolet_region is used as the exposure illumnation |ight,
the optical pathidCtDIPHR TN PREH Yases tHatvaERfidRe I Pee F TFMERT on

(for exanple, inert gas such as 5 nitrogen, ar heliu of the exposure
i 1l um nation I‘?’&h‘f?u%‘? SQ% hthe dretedt i‘%lﬁ'b “B?ee i%cngﬁjc?ﬁﬁﬁl%er eas, when
EUV |ight or anoeollegtorr(l)no € néiseus L teh 0 tié:glrbloath Es tofct))reeinlyeacuum
Furthernore, the plr =5 ¥t nVERtT DA y %e Wi e?y réﬁ)’pl i%%lr?o an’ e&posure
appar at us {for 5@&}{{ ctur i Y, I Y . ¢ryst al
di spl ay d%@i ce pat t%lrénrgI %ﬁn?col'?% @%ﬁéarr gé%%%%e%%?ﬁ%sﬁ%é%@&a#dl% exposure
apparatus for apaufasddring dbSp) ay, dayd cesnsuchhasn@ Pl Asaes & sphay or an
organic EL display, a thin film5 nmagnetic head, a Ppick-up device (such as
a CCD), a mcromdshimesha dMhe@,.dofedtieoh ] ke, and noreover, to an
exposure apparatus used for manufacturing masks and reticles. In addition,
t he present inventi armesdf@teso de ths tssdjyerapploBd o moveangosur e appar at us
used not only 20 for manufacturing sem conductor devices such as a
m crodevi ce, bepem son o Amwakgposirayappil diesvedn chheotamsfard B b riche t
pattern onto a gl ass substrate or a silicon wafer when nmanufacturing
reticles afd neekaninatdbrectsay ihanfobtowing exprsederapbarzeyealbn EUV
25 exposure apparatus, an X-ray exposure apparatus based on a proximty
met hod, and arfBRERYSGN BEEHOTRD FShoS I SVAEES alor( DS 158t 1 16 m@IfHEr i n
an exposure a\%)arat us, t hat uses DUV (ﬂeef ultraviolet) |ight or, VU 132
(vacuum ul t r aVF RIS EIRGRERRTE S B P tA NGRS &G & °%3d°%s t he
reticle substr jals i3 I j .ne-do silica
@éfresf%r?cﬁj‘[rgg} £ S UGk a%g&r},lr]ir? a?féim§ r#cgéni ped

gl ass, fluorite; of Trys ar e used. addi t1on, exposure 5

apparatus, a ;%E;B@&Hé’rbﬁ Yﬂ?o{r%kﬁ]sdé@@ﬁeré(@fér?aéncﬁ HALY X1 §RYa fxPPSUr e

appar atus based on a proximty nethod or in an el ect ron beam exposure

appar at us ;pas e, Of A JBSK Rk Qf %‘ﬁki @1 %Ets*&%‘i’mi% rs%%%@i%fi%%%ittﬁ% mask
(stencil nmask and a nenbrane nas i's used, and as the K
(acceleration starting position) for exposure on shot B—
stop at the acceleration starting position—> acceleration
— position settling before exposure. In this case, the
jerk curve is a quadrupoled jerk curve, as in the
25 conventional preliminary operation in between divided
areas in the scanning direction described earlier in the

description.

However, in the second mode movement operation in



10 substrate, silicon wafer or the like is used. In addition, the stage
device related to the present invention is applied not only to a

| i t hographi ¢ apparatus that include the above nentioned exposure apparatus
used in the manufacturing process of 15 m crodevices such as sem conduct or
devi ces, but also can be suitably applied {g a laser repair system or an
i nspection system Furthernore, the present”invention can be applied to
equi pnent other than the various types of equi pnent used in the

manuf act uri Ng K OCERSe Pfmeidt M LA O ARG FE€Spos ey €€ M uS et & | g det hod
Details on the device manufacturing nmethod when using the exposure

apparatus descgipesitd GRCihef A hes ahpver P ogh iefie | Fo Bl b 1 O 8ddi€s .
process are described 25 next. Fig. 16 is a flow chart showi ng an exanpl e
of manufacturing a deM<e R SEMTEKhiCtOrj efk pcwtied RS tan la@ or an LSI, a
liquid crystal panel, a CCD, a thin 133 magnetic head, a m cronmachi ne, or
the like). As stmweratforg.cdive i&, (Shep 26k lcdasiygrustvep)lV, (t) , and a
function/ performance is designed for a device (e.g., circuit design for a
seni conductor diesplbajement acypete eyl tho dinplagieents tidlge BSTurict itdre i s
designed. In step 202 (mask manufacturing step), a mask on which the

desi gned ci r cus¢apatneril FCH nthe dre P eRRLY kY ur Beem viHee d2@ing fwkerp 203
(waf er manufacturing step), a wafer is, manufacturing by using a silicon

material or tHE¥EFekeratdrl PSieh SRCTIRT et PrieessIvy )3T %h RS ual
circuit and the like is forned qn the wafer by, |lithography or the |ike

usi ng the mas&ed% ?/v‘?i?%]retpﬁgepjd? gtbeq"ﬁees? PP BH 1LY oé]?%gefr'%éyvﬁ?"fs'bea%e $i bed
| ater. Next, in step..205 (devi assenbl y. step). a device is | e 5
uai g the wat PP Brocetaen ¥ s SRR s JREh BuE L Pl OIS Qe
as dicing,obondjng, and packaging (chip encapsulation), as necessary.
Finally, in stép 206 (inspection step), tests on operation, durability, and
the like are perforngd an 4ifg A% devdser Ry ooessed, ithSt&RARP mAfd er these
steps, the device is conpleted and shipped out. Fig. 17 is a flow chart
showi ng a det ghdwshexarmber£fi st em20bsiesss | besl mbamgent spardacsuri ng the
sem conduct or device. Referring to Fig. 17, in step 211 25 (oxidation
step), the surdaeof 4 heetwad@rjeésk cxuxhhgedcontte vt opy 292vd AdA st ep), an
insulating filmis formed on the wafer surface. In step 213 (el ectrode
formation stemolaniztadctymuel § safeormonen thet waiekudsys vapoerdeposie i on.
134 In step 214 (ion inplantation step), ions are inplanted into the wafer.
Steps 21110 2eneRscEe belte abovédaaRBdup depke CHETCeSOTVEX thfe thes petitdasre

steps in the wafer process, and are selectively executed depending on the 5
processi ng reqid & i HEHeV bRt vie Sk eby . 2zefo, time To, is provided

in between the two curves. A set of jerk curves

containing reversed polarized symbols are also formed
just before completing the movement, including a jerk

20 curve convex to the - side and a jerk curve convex to the
+side, and an interval where jerk is zero, time Ty, is
provided in between the two curves. Therefore, the
acceleration curve corresponding to the sets of the jerk
curve is a curve having a trapezoidal shape as is shown

25 in Fig. 8B, which shows that (the absolute value of) the
maximum acceleration is suppressed, as is previously
described. Such an operation can suppress the power

necessary for acceleration during the movement operation



When the above pre-process is conpleted in the respective steps in the

waf er process, a post-process is executed in the followng manner. In this
post - process, first, in step 215 (resist formation step), the wafer is 10
coated with a photosensitive agent. Next, in step 216 (exposure step), the
circuit pattern on the mask is transferredﬁgnto the wafer by the exposure
appar atus and the exposure nethod descri bed” above. And, in step 217

(devel opnent step), the wafer that has been exposed is 15 devel oped. Then,

in step 218 (&4ChidStaNtge WEEMRASALEATRINN s Of &tk BF L% 0L ey d han the
area where the resist remains is renmoved by etching. Finally, in step 219

(resist renoving step) thieraichigitdiss< iy efath 1 dthe vasistot Rafe i S no
| onger necessary is renoved. 20 By repeatedly perform ng these pre-process

and post - pr ocessxisiepsscanildrngt iorciX,guiis pattertiscorariel ¥ ayumsk esddearvaf er.
When using the device manufacturing nethod described so far in the
enbodi ment s, dsiimee Tchehexposhre a2tedppartdabns idesonishiedti iseaekuakd be above
enbodi ments are used in the exposure process (step 216), the pattern of the
reticle cah bewa @wsirdry,edfentab e tpestotsatrtelb ran tiee wed e romi ttttedhisgh
t hroughput. As a consequence, the 135 productivity (including yield) of
hi gh i ntegratidh tdekeas e biang maaiiard int erHdniinmes duasrdtbian in
enmbodi nents of the _ ) , ,

the scanning direction from being extended more than

necessary.

Omitting the post-settling time hardly has any

10 adverse effect on the throughput. As is obvious from Fig.

4, even 1f the number of shots is 76, the above movement
sequence between different rows is used only at nine
points.

Incidentally, when wafer stage WST has moved to the

15 deceleration end position after exposing shot A as is
previously described, reticle stage RST can complete the
movement to the scanning starting position. In this case,
reticle stage can simply stay there until wafer WST
begins acceleration before exposing shot B.

20 Although it is omitted in Figs. 8A to 8D, after
reticle stage RST stays at the scanning starting position,
wafer stage WST begins acceleration in a similar manner
described above referring to Figs. 6A to 6B, and
acceleration of reticle stage RST also begins in sync.

25 Referring back to Fig. 3, while synchronous control
system i1s performing the above second mode movement

operation, main controller 50 waits for both stages RST

and WST to complete the acceleration in step 108, as is



present invention are the presently preferred enbodi nents 5 thereof, those
skilled in the art of |ithography systens will readily recognize that

nuner ous additions, nodifications, and substitutions nmay be made to the
above-descri bed enbodi ments wi thout departing fromthe spirit and scope
thereof. It is intended that all such 10 ifications, additions, and
substitutions fall within the scope of thgpgresent i nvention, which is best
defined by the clainms appended bel ow. 136 That is clainmed is: 1. An

exposure appargiasi bhaly Sesebed | Y ddRNSfiRTS IR echdaigeonto a
plurality of divided 5 areas on an object by synchronously noving said nmask

and sai d obj echové&manPr&siet £ 1bMefa S C8EEH NGorftb I 8€4d PN h& Al Elc XPOS UL €
apparatus conprising: a nmask stage that holds said nmask and is novable in
at | east said scapnl®g s recfianedllard lobretiaftagethdaprbotslsesaldl obj ect
and is novable in a two-dinensional plane: a stage control systemthat
controls both saép heSkamhdoset dd ooy e cteptaigedly amelr foxroad y ohntunl t t hat
sends configuration information 15 of various types to said stage control
system aft ér exxpesres off athid vi dest askeet | 5n conpl seeendtronet ¢ atlest
sometime before said stage control system begins deceleration of said both
stages in sai (®¥RAFRFRPHI Fleetldt fDRoexPosity £hst 1@ sterdowdi \Mahged areew) sai d
20 configuration information being at |east control paraneters necessary
for exposing sBFYE NRSEN df VMRl e ea.

In the manner described above, the scanning
exposure of a shot on wafer W and the stepping operation

10 in between shots are repeatedly performed by complete
alternate scan, and when the pattern of reticle R has
been transferred onto shot Sy, which is the last shot on
wafer W, the decision in step 126 is affirmed, and the
series of processes in the routine is completed.

15 In the embodiment, scanning exposure 1is
sequentially performed alternately, following the path
shown in Fig. 4. 1In this case, since the number of rows
to be exposed is an even number, exposure begins at shot
S1 in the lower left area and proceeds from left to right

20 in the first row and then from right to left in the next
row, due to alternate stepping. And when the exposure on
shot Sy in the upper left area has been completed, wafer
stage WST moves to a predetermined wafer exchange
position. Such operations are repeatedly performed in the

25 scanning exposure, and when the above alternate scan is
performed, the effective movement control of wafer stage
WST in between shots described earlier is also performed,

in between adjacent shots in the same row.



2. The exposure apparatus of Claim1l wherein said control unit sends said
configuration information to said 25 stage control unit even when said

di vided area is being exposed. 3. The exposure apparatus of C aim 2 wherein
sai d 137 control unit sends said configuration information while said

di vided area is being exposed, said config?éation i nformation being control
paraneters necessary for exposing said next divided area and a plurality of
5 divided areas fromthen onward. 4. The exposure apparatus of Caiml

wherein said sjage cpatiolqsystepergoip| @€ PosbtEHN, sehtéRgohrsai d both
stages according to said configuration information 10 before a synchronous

settling periogpphrsaid DOtinsthgesmpodofeh, €XPOSHr €xpBsgabdigext divi ded
area. 5. The exposure apparatus of Claim1l wherein said control paraneters
i ncl ude paranmetemsleetdated 4d5shot aarasrangestatr Wf maid dontdetllaress
measured prior to exposure, and said configuration information includes
i nformati on t ha¢ntlakesningoracconninformatechi on vahteodf paramgbeaent anount
in between divided areas, which occurs due to an 20 arrangement error of
di vi ded ar das recaspredefer néxiees snagehe ovedt nalhet syseem réfeTheoexpessr e
apparatus of Claimb5 wherein said arrangement error of said divided areas
i ncl udes at | eddp and 128 in Fig. 3) to synchronous control system 80
that make up the stage control system, sometime before
the stage control system (80, 33, and 78) begins
deceleration of both stages RST and WST in the scanning
10 direction for exposure of the next shot. Therefore, a
control sequence for both stages performed by the stage
control system (80, 33, and 78) can be employed that does
not require stopping the operations of both stages RST
and WST during the period after exposure is completed on
15 a shot area on the wafer until the synchronous settling
period of both stages RST and WST for exposure of the
next shot begins. That is, the operation of both stages
does not have to be suspended before acceleration for the
stage control system to receive the configuration
20 information on control parameters necessary to expose the
next shot from the upper unit, and since the suspension
time is not necessary, throughput can be improved. 1In
this case, all necessary information is transmitted at
the above timing, with the exception of information from
25 reticle interferometer 30, laser interferometer system 76,
and the focus leveling detection system that can be

independently sampled at all times by synchronous control

system 80. As a matter of course, due to the improvement



25 one of a rotational error of said object, an orthogonality error of a
stage coordi nate systemthat specifies the novenent of said object, 138
an of fset of said object in said stage coordinate system and a scaling
error of said object. 5 7. The exposure apparatus of Caim1 wherein said
stage control systemcontrols said both stages so that after exposure of a
divided area on said object is conpleted, & prelimnary operation where
both stages are accelerated in said scanning direction after 10

decel eration amdpaoRweTRGl spReaLIfOR ynthiehween cdintirdad sjistam \#gr e sai d
obj ect stage is noved in a non-scanning direction perpendicular to said
scanni ng di r eglyinchraheus rvhtanaoyylsy epeBi0oa®ed hiavepar dunelt ifoor texposure on
t he next divided area, and said novenment operation of said 15 object stage
in said non-scaigiuigte neckiserriys coanglcdétion efloes daswdclmonous settling
period of said both stages prior to exposure on said next divided area. 8.
The exposure apgaraegdosf sGch mslmavebdien 2@ res evehentovavest weencdi vi ded
areas in the same row in a non-scanning direction perpendicular to said
scanni ng d5re@@ﬁoﬁFS§QP§esﬁ&@édc@ﬁpﬁéﬁa§vsﬁ@#|§§@@%é§néuﬁo§ﬁ-§éﬁpling

peri od where said both stages are noved in uniformvelocity in said
scanni ng di r edPCER2AZLNGn ?%eeﬁﬁﬁéﬁﬂérﬁ§l@@nﬁpépéﬂa6ﬁ°§ AV iPGEGM&ELELS bef or e
begi nni ng decel eration after _said gxposuyre i s conpl et ed, ereas on
movenent bet wiEF UifPre CERETPIME N9 &G STAGESeoitFl! 3y SPdPBagitng and

decel eration g%eEatgon Q .sai d_bot.h a%%%nsg%%%§m%%.soon as, exposure i's

f
tia t 10 . .
Conpleted on a l&l e&earégg 59 ﬁ uérxposure apparatug’oeq& aFnll wher ei n

said stage contigh ByskemoonLoka ald hothashages &,ha5ed can diistbuct | on

val ues according to a jerk curve, which is an i nverse cur pol ari zed

synbol s, whenig RBEanenany maRer abn@r omere spai@ hRoubpet-ages ta” @nd the |
accel erated after deceleration in said scanning direction is performed in

bet ween di vi de@dndigas aiti ohhe nFaFmataWni *elB tadner- SGARRMIrRG otis! @Shited1
per pendi cul ar to said scanning direction. 10. The exposure apparatus of
Cl ai m 9 wher emadeaiithtst ageetertninkhnsy sbamecarty alos asaitdtebjfeet ultimate
high-speed processing, and then transmitted to
synchronous control system 80, in order to achieve high-
15 speed processing.

In exposure apparatus 10 in the embodiment, as is
described above, the configuration information on control
parameters necessary for exposing the next shot area is
made to be sent to synchronous control system 80 after

20 exposure is completed on a shot area on a wafer. However,
if the arrangement of the hardware allows (for example,
the processing speed of the synchronous control system is
further enhanced) the above configuration information may
be sent not after exposure of a shot area on the wafer is

25 completed, but from while the exposure is being performed
(the transmission of configuration information may begin

during exposure). Furthermore, the present invention is

not limited to this, and if the arrangement of the



15 stage based on instruction values according to a jerk curve, which is a
quadrupol ed jerk curve, when a novenent operation of said both stages in
said scanning direction is performed in between divided areas of different
rows in said non-scanning direction. 20 11. The exposure apparatus of C aim
9 wherein said stage control systen1pe?50rns a novenent operation in

bet ween di vi ded areas where said object 'stage is noved in said non-scanni ng
direction based on 25 instruction values according to a jerk curve, which

i s quadr upabedwheek ahavRgaat ikeaskckWBepoksvehathar € rahapedsdiohf erently,
in parallel with said prelimnary operation of said both stages in said

scanni ng dofeg¢heoabové4@ontigaraeebnsandodindtdet angadegld. ad devyi ce

manuf acturi ng nmethod including a |ithographic process, wherein in said

| i t hogr aphitémingr d€ess eexppier, e dusipgr sgnoidousiusg coaitd odX ppeune iappar at us
of Caiml. 13. An exposure apparatus that sequentially transfers a pattern
of a mask ddvgiagpbueabetylohadi bededelexarsaseonpnathebjsbot byea is
synchronously noving sai d mask and said object in a predeterm ned scanning
directi%n,p§éiér@%§gsur@h%®p%h%th%f@6m®?1@mn@?a%smﬁ§ﬁl@@a@%g%hﬁt hol ds sai d
mask and is ngvable in at | east said scanning direction; 15 an object stage
that hol ds 98at890BFBEEUERI OF s AHEFABI ENPn SYPERECBPHENSPBREP 1pl ane a st age

control systemthat controls botg saig naskﬁgnd sai d object ,stages; and a
control unPPeERALCBeRds 18oREFGHFREA0ACPHEr FAEI G T2896MPAr FSus types to

sai d Stagep%g@%&gkliy%%%gh%ghegO that the configuration information

on control parameters necessary for exposing a plurality
10 of shot areas from the next shot area onward is also sent.
b. In addition, in exposure apparatus 10 in the
embodiment, the stage control system (80, 33, and 78)
begins synchronous control of both stages RST and WST for
exposure of the next shot, when decelerating both stages
15 in the scanning direction after completing exposure of a
shot area on wafer W. Therefore, synchronous settling of
both stages is completed at a point earlier than when
compared to, for example, the case when synchronous
control begins after the deceleration of both stages is
20 completed. Thus, the throughput can be improved due to
the reduction in synchronous settling time.
c. In addition, in exposure apparatus 10 in the
embodiment, the stage control system (80, 33, and 78) can
complete the position setting of both stages RST and WST
25 according to the configuration information before the
synchronous settling period of both stages RST and WST
prior to exposure of the next shot. Therefore, the

settling time (synchronous settling time) of synchronous



exposure of a last divided area in any row in a nonscanning direction
perpendi cul ar to said scanning direction on said object is conpleted in
order to expose a first divided area in a different row, while said stage
25 control system perfornms novenent control of said both stages, said
configuration information being control pgianeters necessary for exposing a
plurality of divided areas in said different row. 141 14. The exposure
apparatus of Claim 13 wherein said stage control system conpletes position

setting of sakdtbotRgsbaggstACeergLBIRED 8aHdWEONhEGUb@hEaNpk-AbRr FBLI ON 5
before a synchronous™settling period of said both stages prior to exposure

on each dividedpaksgaei Bafiabd defihieeant whowh 3dlokBerexpnsur empppaeakHs Of
Claim 13 wherein 10 said control parameters include paraneters related to

an arrangenentnothgaiighguvi ded areas neasured prior to exposure, and said
configuration information includes information that takes into account a
correction vatlue of Ia addemeoh, 15naavposura bppaeenudi ¥Ddéd dheas, which
occurs due to an arrangenent error of divided areas to a predeterm ned
st age coordi nambodymserim a8. iFhebekposufeonppagat usRotoChRi nths ahagein 20
said arrangenent error of said divided areas includes at |east one of
control system (80, 33, and 78) controls wafer stage WST
(and reticle stage RST) in the scanning direction based
on instruction values according to a jerk curve that is
an inverse curve of polarized symbols, on preliminary
10 operation where both stages RST and WST are accelerated
after deceleration in the scanning direction in between
shot areas in the same row in the non-scanning direction.
That is, the acceleration curve of wafer stage WST in
this case is a trapezoidal shape as is shown in Fig. 6B,
15 therefore, the change in velocity becomes constant
without any period where the velocity is zero as is shown
in Fig. 6C, and alternate scan becomes possible, which
makes it possible to reduce the time required for the
above preliminary operation. Also, in this case, because
20 the peak of the jerk curve (the maximum value of the
absolute value of jerk, which is the temporal change rate
of acceleration) can be suppressed as is shown in Fig. 6A,
the ratio of the maximum acceleration to the average
value of acceleration of wafer stage WST can be reduced,
25 as well as suppress sudden change in acceleration and its
frequency. Accordingly, throughput can be improved, and

the power consumed by the drive system of wafer stage WST

such as the linear motor can be suppressed.



a rotational error of said object, an orthogonality error of a stage

coordi nate systemthat specifies the novenent of said object, 25 an offset
of said object in said stage coordi nate system and a scaling error of said
obj ect. 142 17. The exposure apparatus of Claim 13 wherein said stage
control systemcontrols said both stages gg that after exposure of a

di vided area on said object is conpleted, prelimnary operation where
both stages 5 are accelerated in said scanning direction after decel eration

and a nmovenent oper ahi gAqL PiBRt WegNe@py¥kded apgasawhisr eosahdrpbj ect stage
is noved in a non-scanning direction perpendicular to said scanning

direction areefbBtlihanepustyopaihgraedihBrpacaibak Eeemexpesure on the 10
next divided area, and said novenent operation of said object stage in said

non- scanni ng dbheebilberi S0cotpkesedgbetoneralsypebenngss, sest | ang pesi od of
said both stages prior to exposure on said next divided area. 15 18. The
exposur e appasatuseef tBeaposti3seheléng pairdodt ageifontr gklegstgm control s
said both stages based on instruction values according to a jerk curve,

whi ch is d&n i averseavupeeiofl) poharezbdtbyabapss ahnenmavpdelinninafygrm
operation where_said both stages are 20 accelerated after deceleration in
sai d scanni ngVelpeétyonni shpeFEanhiagi Aibechéen dftPdeaxnpensei aAft e sane

row in
shot area has been completed, so that the post-settling

period is before the beginning of deceleration after
exposure (refer to T4 in Fig. 6C) when the movement

10 operation between shot areas in the same row in the non-
scanning direction perpendicular to the scanning
direction is performed. Meanwhile, when the movement
operation in different rows is performed, deceleration
operation of both stages begins as soon as exposure of a

15 shot area is completed (refer to Fig. 8B). Therefore,
because there is no post-settling period during the
movement operation in between different rows, throughput
can be improved.
f. Furthermore, in exposure apparatus 10 in the

20 embodiment, as is obvious from Fig. 6C, the stage control
system (80, 33, and 78) controls both stages so that the
preliminary operation performed after exposure of a shot
area on wafer W is completed where both stages RST and
WST are accelerated for exposure of the next shot after

25 deceleration in the scanning direction and the movement
operation in between shot areas in the non-scanning
direction perpendicular to the scanning direction are

simultaneously performed in parallel, and the movement



a non-scanni ng direction perpendicular to said scanning direction. 25 19.
The exposure apparatus of Claim 18 wherein said stage control system
controls said object stage based on instruction values according to a jerk
curve, which is a quadrupoled jerk curve, when a novenent 143 operation

of said both stages in said scanning direcééon is perfornmed in between
divided areas of different rows in said non=scanning direction. 5 20. The
exposure apparatus of C aim 18 wherein said stage control system perforns a

movenent oper abhOpat loRed Megsr i Vi dege aiensi Whene $ahOsoRhgLhgstage is
nmoved in said non-scanning direction based on instruction val les accordi ng

to a jerk curvgirdbthniss 18RWBEf RO+ &T Knday{RehRéndbEastct WD pYl es
that are shaped differently, in parallel with said prelimnary operation of

said both stagesriddSaf oserndtdgesli RETLA0D WHT bet Ween: §atide déxpslegrar eas.
15 21. A device manufacturing nmethod including a |ithographic process,
wherein in saidf|thidogsaphsiCoProHces sbexPosUr ChHexr gfeydegr rad lsigtg saatt
exposure apparatus of Claim13. 20 22. An exposure apparatus that
sequential 5y of the preliminary operation performed after a shot area
on wafer W where both stages are accelerated for exposure
of the next shot after deceleration in the scanning
direction and the movement operation where wafer stage
WST moves in between shot areas in the non-scanning
10 direction can be overlapped, which allows an improvement
in throughput compared with the case when acceleration
operation of both stages in the scanning direction begins
after the movement operation of the wafer stage in
between shot areas in the non-scanning direction is
15 completed. Also, in this case, the stage control system
can concentrate on the synchronous settling of both
stages during the synchronous settling period, therefore,
the settling time can also be reduced.
In addition, when focusing on the stage device
20 related to the embodiment, that is, wafer stage WST, its
drive system, and its control system (80 and 78), the
control system (80 and 78) concurrently performs the Y-
axis direction (the first-axis direction) movement
operation to accelerate wafer stage WST in the Y-axis
25 direction after deceleration and the second-axis
direction movement operation to move wafer stage WST in

the X-axils direction (the second-axis direction)

perpendicular to the Y-axis direction, thus wafer stage



transfers a pattern of a mask onto a plurality of divided areas on an

obj ect by synchronously noving said mask and said object in a predeterm ned
scanning direction, said exposure apparatus conprising: 25 a mask stage
that holds said mask and is novable in at |east said scanning direction; an
obj ect stage that holds said object and i vabl e in a two-di nensi onal

pl ane; 144 a stage control systemthat controls both said nask and said
obj ect stages; and a control unit that sends configuration information of

various types War Srﬁ:i\ﬁb:ﬁta@gﬁd(f@t[r-@ha%@d e af tersiagial ecdd . opefrakigon of
arrangenment information used for alignment with predeterm ned points in
each divi ded anesh aowaichtgbjactid somamletRehn sunge! idre, bedore-axposure of
a first divided area begins, said configuration information being control
par anet er s neckissartyl dromdiErexposipey el lomfoSataf gyt wrtadgd YW iB vi ded ar eas
on said object. 23. The exposure apparatus of C aim 22 wherein said stage
control systemaunpglletes qeosd icoon isetttnugt iofn sed ldield dmtdrastrages accor di ng
to said configuration informati on before a synchronous settling period of
sai d both 8t agerlprdwive ¢redpdsuran cmvside divd e d Tkl onil 200 B Elst.. 24,
The exposure apparatus of Claim 22 wherein 20 said control parameters

i ncl ude paranetferdire| @ ttdam G BIreicf dHabded @ead'Sheasur ed

rior to exposure, and said configuration informatiaon includes information
P P is a trapezoidgi shape as 1is é%owgnan Fig. 6B, é%erefore,

the change in velocity becomes constant without any
period where the velocity is zero as is shown in Fig. 6C,
10 which makes it possible to reduce the time required for
the Y-axis direction movement operation. Also, in this
case, because the peak of the jerk curve can be
suppressed, the ratio of the maximum acceleration to the
average value of acceleration of wafer stage WST can be
15 reduced, as well as suppress sudden change in
acceleration and its frequency. Accordingly, throughput
can be improved, and the power consumed by wafer drive
system 48 that drives wafer stage WST such as the linear
motor can be suppressed. In this case, the stage control
20 system controls the X-axis direction movement operation
of the wafer stage, based on instruction values according
to a jerk curve which is a quadrupoled jerk curve having
at least two poles that are shaped differently (refer to
Fig. 6A).
25 In the above embodiment, the case has been
described where main controller 50 transmits
configuration information (including configuration

information on control parameters) of various types



that takes into account a correction value of a novenent 25 anmount in

bet ween di vi ded areas, which occurs due to an arrangenent error of divided
areas to a predeterm ned stage coordi nate system 145 25. The exposure
apparatus of C aim 24 wherein said arrangenent error of said divided areas
i ncludes at | east one of a rotational errqi of said object, 5 an
orthogonality error of a stage coordinate @sten1that specifies the
novenent of said object, an offset of said object in said stage coordi nate

system and a scadd i ErEQF SfpSiifh Obf ele Abi26:hJthes RXPOSEH &h PR &t US
of Claim22 wherein said stage control systemcontrols said both stages so

that after expaset ea®da aoilivd fied @rea orpsséd. olfeClodesetamilteetion,
prelimnary operation where both stages 15 are accelerated in said scanning
direction aft etowteeet erid irodt anidniat amviesrettii opedrad | i éxpdwiyeen di vi ded
areas where said object stage is noved in a non-scanning direction
per pendi cul ar dmparm s cadhnimg b raastveoremntred snent t afveoustampes f or med i n
paral l el for exposure on the 20 next divided area, and said novenent
operation 6f sHsted]eri stemeldth gaikiqond scamiogesh iedt$trp iraydmpl et ed
before a synchronous settling period of said both stages .

employed where main controller 50 transmits (delivers)

the configuration information of various types necessary

for exposure of all the shots in the next row in one

command to synchronous control system 80, while the

10 movement operation in between rows that has a relatively
long interval of zero acceleration (movement in between
rows for turning in peripheral shots) as is shown in Fig.
8B is being performed. In such a case, after exposure of
the last shot area in an arbitrary row in the non-

15 scanning direction on wafer W is completed, main
controller 50 sends the configuration information of
various types necessary for exposure of a plurality of
shot areas in a different row to the stage control system
(to be more precise, synchronous control system 80),

20 while the stage control system (88, 33, and 78) performs
movement control of both stages RST and WST to perform
exposure of a first shot area in the different row.

Therefore, even when the time from completing
exposure of a shot area on wafer W until the beginning of

25 deceleration of both stages is short, and transmitting
the configuration information on control parameters

necessary for exposure of the next divided area in such a

short time is difficult, a control sequence for both



prior to exposure on said next divided area. 25 27. The exposure apparatus
of Claim22 wherein said stage control systemcontrols said both stages
based on instruction values according to a jerk curve, which is an inverse
curve of polarized synbols, when a 146 prelimnary operation where said
both stages are accel erated after deceler%ﬁgon in said scanning direction
is performed in between divided areas in the sanme row in a non-scanni ng
direction perpendicular to said scanning 5 direction. 28. The exposure

apparatus of Jwige bywheleLidt pl EEiRge WETol Sstimmaglidyde said

obj ect stage based on instruction values according to a jerk 10 curve,
which is a quadhatpdied deerdattivrv eyt \Weetth astapessTeird raperatdpendefd Sadah bot h
stages in said scanning direction is perforned in between divided areas of
di fferent rowsthen esal dh@Exmseane ngp dilree ctyirorh raio 0. s fel igxpdsiuree of
apparatus of Claim 27 wherein said stage control system perforns a novenent
operation in hetbtheataied ded argasudteref ddiad rebjtecthast &geed.s noved in said
non-scanni ng direction based on instruction values according to a jerk
curve, whiéh Ay guediup ey RAYisipaas |Endot e oltes ishat are
shaped differently, in parallel with said prelimnary operation of said
both stages i rF S adddihiSYPRANES RS a5¢ FAGRIST addia di W& s Shedest on

time is no longer required, which can lead to an
improvement in the tﬁroughput. Furthermore, in this case,
the stage control system can start the synchronous

10 control operation of both stages from the above
deceleration in the scanning direction.

When main controller 50 transmits the configuration
information of various types necessary for exposure of
all the shots in the next row all in one command to

15 synchronous control system 80 during the above movement
operation in between rows (movement in between rows for
turning in peripheral shots), all necessary information,
with the exception of information from reticle
interferometer 30, laser interferometer system 76, and

20 the focus leveling detection system that can be
independently sampled at all times by synchronous control
system 80, is also preferably transmitted at the above
timing, and the configuration information related to
synchronous control is preferably made into a determinant

25 converted to a state for ultimate high-speed processing,
and then passed on to synchronous control system 80, in
order to achieve high-speed processing. In addition, the

stage control system is to preferably complete the



25 30. A device manufacturing nethod including a |ithographic process,
wherein in said |lithographic process exposure is perfornmed using said
exposure apparatus of C aim 22. 147 31. An exposure apparatus that
sequentially transfers a pattern of a nmask onto a plurality of divided
areas on an object by synchronously novin §ai d mask and 5 said object in a
predeterm ned scanni ng direction, said exposure apparatus conprising: a
mask stage that holds said mask and is novable in at | east said scanning
direction an obpertist agecthed bplsistisasthods estconding 4O twyable in a

t wo- di nensi onal plane; and a stage control systemthat controls both said
mask and sai d obpEtdusdages, i afcrieg os syfiohe otloelss gocit rahowd  sat dl tog h
stages for exposure of a next divided area when said both stages are

decel er at ed i nt &mé dosdaoirhh ngtdde sli peter one efpesurexposveachfod theisledt ar ea
on said object is conpleted. 32. The exposure apparatus of C aim 31 wherein
sai d stage com¥eds syt coet ofew safer boimi bangesasonsocas hbs after
exposure of a divided area on said object is conpleted, a prelimnary

oper ati on Wwherkréoioustagdesseridedcel erated in said scanning direction
after deceleration and a npvenent operatjon in between divided areas where
sai d obj ect stage i LHRedhan &hiiexankhpen so far, in exposure

apparatus 10 in the above embodiment, when the memory of
synchronous control system 80 has enough margin, main
controller 50 may send all the configuration information
10 on control parameters necessary to expose all the shot
areas (for example, 76) on wafer W to synchronous control
system 80 during the time after detection operation of
arrangement information used for alignment with
predetermined points in each shot area of the wafer such
15 as the wafer alignment described earlier is completed
until exposure of the first shot begins. In this case,
the steps 120 and 128 referred to in Fig. 3 will not be
necessary. In addition, in this case, the above
transmittance processing of configuration information on
20 control parameters will not be required during the
exposure processing period after the beginning of
exposure of the first shot. Therefore, the stage control
system can employ a control sequence for both stages
where the operation of both stages are not suspended from
25 the beginning of exposure of the first shot on wafer W
until exposure of the last shot has been completed, which
can improve the throughput. Also, the stage control

system is to preferably complete the position setting of



25 direction perpendicular to said scanning direction are sinultaneously
performed in parallel for exposure on the next divided area, and said
novenent operation of said object stage in said non-scanning direction is
conpl et ed 148 before a synchronous settling period of said both stages
prior to exposure on said next divided argﬁ%hSS. A devi ce manufacturing
nmet hod including a 5 |ithographic process, erein in said |ithographic
process exposure is performed using said exposure apparatus of C aim 31.

34. An exposung@ppAAdls ddirSeHary idd Yoo tfanst s h e inof a
mask onto a plurality of divided areas on an object by synchronously noving

sai d mask and maAidkeohjiRCts it plrdetRytd ety SCawidl shtredEtQfes o ibr
exposure apparatus conprising: a mask stage that holds said mask and is
novabl e in 15 tat dgastursaioh seamiay the edidtorgress olfjcacts istidga t hat hol ds
said object and is novable in a two-di nensional plane; and a stage control
system that cortamyrs ket b ssqimdwnesic lgndlesaimd blgj .ect st ages, said stage
control system 20 controlling both stages based on instruction val ues
according Po a jerk Iouthe omsiecirfi Famtampaosiessuiinge spfegsoliar i zed synbol s,
when a prelimnary operation where said both stages are accelerated after
decel erati on iSYNSAILPIEHEN FOG Il setstem 180 p oo nne Weanwady dievi ded

transmitted in parallel, while synchronous control system
80 is performing synchronous control operation of both
stages. Accordingly, the timing to perform the

10 transmittance of information between main controller 50
and synchronous control system 80 described so far may be
selected and set, judging totally from the memory
capacity of the synchronous control system, the high-
speed processing capacity (processing speed), design

15 simplicity of the synchronous control system, and the
like.

In exposure apparatus 10 in the above embodiment,
in addition to the above transmittance processing of the
configuration information of control parameters that has

20 been devised, various measures as 1s described in items b.
through f. are devised at the same time, especially
regarding control of both stage units. The present
invention, however, is not limited to this. That is, the
above devised items a., and b. through f. may be

25 performed alone, or may be combined.

In the above embodiment, the acceleration of wafer
W in the non-scanning direction begins during uniform

velocity movement in the scanning direction, which is



25 areas in the sane row in a non-scanning direction perpendicular to said
scanni ng direction. 35. The exposure apparatus of Claim 34 wherein said
149 jerk curve is an inverse curve of polarized synbols having different
shapes. 36. The exposure apparatus of Claim 35 wherein said 5 stage control
system sets a post-settling period where said both stages are noved in
uniformvelocity in said scanning direction after exposure is conpleted on
a divided area until said decel eration begins, |onger than a synchronous

settling periqdofo sl Dotdy SIAQRSI R | Hpdditd SXPOSIS: Ml Bdsp sets a
peak of said jerk curve after conpleting exposure of a divided area | arger

than a peak ofcsngiitbied K QUV@rRiedt HOVRXRADM,E hokbvel)e i@XPRIUNEMited
apparatus of Claim 34 wherein said 15 jerk curve is an inverse curve of

pol ari zed synbad stiiaw, nghd hehes adcshane: 1 @8. o fThea fpas uire wppaiai-us of
Claim 34 wherein said stage control systemcontrols said object 20 stage
based on i nst ramdrimimy ad iwesctaicoomingodaia quering wwhe, dedre dratsien of
guadrupol ed jerk curve, when a novenent operation of said both stages in
sai d scannbng whifectW.on Ins thesf cased e flvetewseandiiviodegraseas off dihfef er ent
rows in said non-scanning direction. 25 39. The exposure apparatus of Claim
38 wherei n sainexfusdratpolwrfgrerik iraccakarated eakang vib pofestidmmt are
shaped differently. 150 40. The exposure apparatus of C aim 34 wherein
sai d stage corfFVisIEtER pErIumg LR Bpbridts P TSIYE: ERHP @i & ded
areas where sajd gbject 5 st ag{]&is nmoved, in said non-scanni ng di reé:,ti on

\ d
based on i nst rdtti¥h SFATELAEFH TPT ot §&F kt?:LFrv‘ée,l%ﬁtc%gﬁ‘%c% ing
uadr upol ed jerk ,havi ng at, | east two | es. t.hat arge shaped_differently, in
o Lo ot h o T e P, RS S e Y R R Ry
scanni ng diyrect. 10, | e i LM de 41. T ) r
appar at gsq'(())f la@n%%%%e&eél \rllgss%gﬁls s%a%el%%n%ﬁﬁg%tte%%aoln rag@qZ%i%%ot h

stages so that,afder SxXNsWsH Ol o diyided Adeaqn said,abject 15 is
conpleted, a prelimnary operation where both stages
In the scanning exposure method based on a step-
and-scan method that transfers the pattern of reticle R
onto a plurality of shot areas S;, S, .. and so forth on
15 wafer W performed in exposure apparatus 10 in the above
embodiment, wafer W is preferably moved without stopping
on scanning exposure between any two shot areas on wafer
W on which the pattern of reticle R is transferred by the
reciprocal movement of reticle R, such as shots S; and S,.
20 This is because, in this case, since wafer W does not
suspend its movement in between the scanning exposure of
adjacent shot areas on which the pattern of reticle R is
sequentially transferred, such as shots S; and S;, the
throughput further improves on this point. From this
25 point, wafer W is more preferably moved so that the
velocity component in at least one of the scanning

direction and non-scanning direction of wafer W is not

zero until the scanning exposure of the last shot area on



are accelerated in said scanning direction after deceleration and a
novenment operation in between divided areas where said object stage is
noved in a non-scanning direction perpendicular to said scanning direction
are 20 simultaneously performed in parallel for exposure on the next

di vided area, and said novenent operation Q{ said object stage in said
non-scanni ng direction is conpl eted beforéaa synchronous settling period of
said both stages prior to exposure on said next divided area. 25 42. A

devi ce manuf agidid NGy M Red daliididia: e dd tdhodraphice Bl ocess yerein in
said lithographic process exposure is performed using said exposure 151

apparatus of @B fFreAB ha RPPYIm aRRalat us kheh sequenti aklyuse
transfers a pattern of a mask onto a plurality of divided 5 areas on an

obj ect by syndireoneifdry doms nmgptsachseglerarld; ssiap aly e atoviemen tprwddeieer m ned
scanning direction, said exposure apparatus conprising: a mask stage that
hol ds sai d masicamdirics arpeshiree ibasad least Sapaschadany mithexst iion; 10 an
obj ect stage that hol ds said object and is novable in a two-di nensional

pl ane; andSa Steige eemicinegy sirermltlhdthes arituns st thotdf sdiat rresdesand:heai d

obj ect stages, and on novenent in between divided areas in the sane row in
a non- scanni ng- QU Wn 155 ipwnsaiadl @@ dha otgeast .scanni ng direction, said
stage control system secures a post-settling period where said both stages
are noved in unifor AsSvéito&Ey ben edsiid Ys dARULTG Mifre®ti FiP TafFdmPdeosure i s

conpl eted on a,divided ar bef or.e beqi nni ng deceleration after said 20
exposure is chrfrﬂSe't e aWr?ﬁr s %%%t‘“%‘%ﬁ% it ??eé:r"‘éerﬁn roY&-Srsai d
stage control Sysf GRALUNS JSESIHAUSLRY WP 2 Ao 5 a9sk 2
10 are fixed in the scanning direction of the wafer stage

and reticle stage, when jerk internal ratio (ratio of

time when jerk is not zero with respect to acceleration

time (or deceleration time)) changes, the maximum

momentary acceleration also changes accordingly.

15 Focusing on such points, the inventors of the
present invention formulated the jerk, acceleration,
velocity, and displacement curves of the stages in the
scanning direction during the movement in between shots.
Following is a description on this issue.

20 First of all, the case is described when the
profile of deceleration and acceleration similar to that
of the first mode movement operation in the above
embodiment has a symmetric shape (hereinafter referred to
as “the first scanning acceleration control method”).

25 Figs. 9A to 9D show a jerk curve, an acceleration curve,

a velocity curve, and a displacement curve of a wafer

stage in the scanning direction, respectively.

As input variables, scanning velocity V[m/s],



exposure is conpleted on a divided area. 25 44. The exposure apparatus of
Claim 43 wherein said stage control systemcontrols said both stages so
that after exposure of a divided area on said object is conpleted, a
prelimnary operation where both stages 152 are accelerated in said
scanning direction after deceleration and & movement operation in between
di vi ded areas where said object stage is noved in a non-scanning direction
per pendi cul ar to said scanning direction are 5 sinultaneously performed in
paral l el for exqesisesoiod heimext (4 vided p6ea, imidsal degovenedroperation
of said object stage in said non-scanning direction is conpleted before a
synchronous setgdcinfigueri od of said both stages prior to exposure on said
next divided area. 10 45. A device nmanufacturing nethod including a
| i t hographi ¢ procesdowshermsi ningstesal f iddmgreapti iorprvices ST expostrle | S
performed using said exposure apparatus of Caim43. 15 46. An exposure
appar at us t hatiseitent izdiio tRansfsimimn paaenrar vfacreakstatoimm 2 qgdural ity
of divided areas on an object by synchronously noving said mask and said
obj ect in & prR? &%risRaFisfdthi ng direction, said 20 exposure apparat us
conprising: a mask sta ﬁfthat hol ds said mask and is novable in at | east
sai d scanning di rectﬁrb%, S5 3635 re D & tREgET MR PGP Tt d waily d¥jedt and
are novabl e i ndependent|ly in a two-di nensjonal  p].ane; and 25 a stage
contr ol systerﬁatrﬁjqe c%ln"fe?/“olg1 SR THRIE s ]a?gea%d!éaieibe ect stages when a
predeterm ned operation is performed on one object stage of said object
st ages and exposure is per&orned in parallel on a | 53 plurality of
di vi ded areas on anIbb}ch—ﬁELd on.ihe ot her object stage, said stage
control system controll g!%_jd mask stage and said other object stage
based on instruction vakueg according to a jerk curve, which is an 5
i nverse curve of polarized synbols, when a prelimnary operation where said
mask stage and said other object stage are accel erated after decel eration
in said scanning dgég tHonPﬁ performed in between divided areas in the
same row i n a non-scafifi-ng,dijrecti per pendi cul ar to 10 said scanning
di rection.

The internal variables in this case are a first

knee point time T;, a second knee point time T,, and a
10 jerk maximum value (former) Ji;, and can be expressed as in

equations (3), (4), and (5), respectively.

1
= RT . (3)
T2 =RT ...(4)
Jl=—2.__l_V____ .(5)
(L—ERJRTZ

In this case, from equation (4), Jjerk internal
ratio R is R=T,/T.
15 In this case, jerk, acceleration, velocity, and

displacement in each interval are as follows:



47. The exposure apparatus of C aim 46 wherein said stage control system
controls said other object stage based on instruction val ues according to a
15 jerk curve, which is a quadrupoled jerk curve, when a novenent operation
of said mask stage and said other object stage in said scanning direction
is perfornmed in between divided areas of g%fferent rows in said nonscanning
direction. 20 48. The exposure apparatus Cl aim 46 wherein said stage
control system perforns a novenent operation in between divided areas where
sai d ot her obhﬁgtF§gggelh§eggggd(b@;§gﬁq)non-scanning direction 25 based on
instruction values according to a jerk curve, which is quadrupoled jerk
having at |east two poles jhat are shaped differently, in parallel wth
said prelimnary é%bﬁ&?ﬂogjﬂf sai d mask63st age and sai d ot her object stage
154 in said scanning direction in between said divided areas. 49. The
exposure apparatu? 5{ éq£g¢ﬁ|46, furthgrgﬁonprising: 5 a mark detection
systemthat detec (3 ﬁhrk$ formed on said’obj ect, whereby said predeterm ned
process includes a nmark detection process of detecting marks formed on an
obj ect nount ed onVd&i)e-ore—objBct stagé8ith said nmark detection 10 system
50. A device nanufactuﬁiﬂ%fnethod including a |lithographic process, wherein
in said Iithograp&%céﬁ[dceds £X surenk§ performed using said exposure 15
appar atus of C ai %g."iﬁﬁiaﬁﬁ $§2osure abparatus that sequentially
transfers a pattern of a mask onto a plurality of divided areas on an

obj ect by synchronously noving said nmask and 20 said object in a

pr edet er m ned scannln%ddlrectlon (%?EﬂgéTg

The Seco Interval’
Jerk(z‘)=—2-—'—]'—t+2J1 .-(10)
RT
Acc(z‘)=—-']—1(t—RT)2 +lJ1RT (1)
RT 2
Vel(z‘)=—l-—']1—(t—RT)3 +lJ1RT(t——1-RT)+V +(12)
3 RT 2 2

1 J . 1 1) 1 s
e L RTY +=JRT|t —=RT | +Vt+—J,R*T?..- (13
Pos(r) 12 RT( ) 4" ( 2 96 ' a3

The Third Interval (T,=tST)

Jerk(t)=0 - (14)
Acc(t)=%J,RT -(15)
Vel(t)=—;—J|RT(t—%RT)+V (16)

2
POS(t)=%J1RT(t ——;—RT] +Vt +§1—6-JIR3T3 - (17)

The Fourth Interval (TSt=2T)

Jerk(t)=—Jerk(T —1)  --(18)

Acc(t)y=Acc(2T —t) -+(19)
Vel(t)= —Vel(2T —1t) -++(20)
Pos(t)=Pos(2T —1) - (21)

According to the first scanning acceleration



exposure apparatus conprising: a nmask stage that holds said mask and is
novabl e in at | east said scanning direction; an object stage that holds
said object and is 25 novable in a two-dinensional plane; and a stage
control systemthat controls said object stage, whereby on novenent in
bet ween di vided areas in the sane 155 r in a non-scanning direction
perpendi cul ar to said scanning direction, "Said control system nmakes sai d
obj ect stage begin a sinultaneous parallel novenent operation of novenent

operation in sandrsganetReddi ealkcorhand 3 sMveRRRh QRakAlu@hendisal d
non-scanni ng direction, during a post-settling period where said both
stages are notdechel Fron frhemeviel o e den esaitd ofcannithg tevgehniion afft er
exposure is conpleted on a divided area. 10 52. The exposure apparatus of

Cl ai m 51 wher eiceedaird tibagescadst pakeviypsisém nelses ibaidd ahrecghpiageaper f or m
sai d simul taneous parallel novenent operation until a synchronous settling
peri od of sai #ebdmprovages abdgipAsopitiher Mea lawpo sWnenda nye Rcceileirdded car ea.
15 53. The exposure apparatus of Claim52 wherein said stage control system
control s sai dC@bj et kePhganseradwoo téaws éhe Facd g6y eRsRt apéigti-on in
sai d non-scanni ng operation before a synchronous settling period begins. 20
54. The exposfdChppararas erreL&inds3 wWhbeers tEait@ st 4§88 EBREr oPEy st em

rakes sal 4 obiect Siage staul sald LM neous pacal il igremeq operati on
dovi ce, O L5102t age Sk olds 200l seheand s alle i Lkg o
stage so that ;b St g% §.8t§EHLIN SHAEMBH cpReLAL; QN MGLe 3al d
10 effectively controlled.
Next, the case is described when the profile of
deceleration and acceleration has an asymmetric shape
(hereinafter referred to as “the second scanning
acceleration control method”). Figs. 10A to 10D show a
15 jerk curve, an acceleration curve, a velocity curve, and
a displacement curve of a wafer stage in the scanning
direction, respectively.
In this case, as input variables, scanning velocity
V[m/s], deceleration time Tps], acceleration time Ta[s],
20 deceleration jerk internal ratio Rp, and acceleration jerk
internal ratio Rp are specified.
However, instead of deceleration time Tp,
acceleration time Ta, or jerk internal ratios Rp, and Ra,
maximum momentary acceleration A can also be specified.

25 In this case, the relation between A, V, Ta, Ra, and

Rp can be given in equations (22), (23), and (24) below.
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I, =T,+(-R )T, +++(32)

T, =T, +(1—%R4)TA +++(33)

T'=T, +T, +T, -+ (34)

te =t-T, -++(35)

t, =T'-t -++(36)

J =-2. 1 4 (37

(1 —5 ko )RDTDz
J, =2 4 ---(38)

(1 -%RA )R,,Tj

In this case, deceleration jerk internal ratio Rp is
Rp =(T2-Tgy)/ (T3-Tp), and acceleration jerk internal ratio
Ra is Ra =(T'-T4)/(T'~T3).
In this case, jerk, acceleration, velocity, and
5 displacement in each interval are as follows:

The First Interval (0St=T)

Jerk(t)=0 -++(39)
Acc(t)=0 -++(40)
Vel(t)=V -(41)

Pos(t)=Vt .. (42)
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Acc(t)=—RD}D (s _RDTD)2+EJ1RDTD .-+ (48)
Vel(t):—l- Ji (ts - R,T )3+1JR T, |t —lR T, |+V .++(49)
3 RDTD DD ) 1**D*D | *§ ) D+ D
J, 1

1 ’ 1
(s = RpTp)* + 7 /Ry T, [rs —ERDTD) +Vt+-9—6J1RD3TD3 -+ (50)

5 The Fourth Interval (T,=<t=T;)

Jerk(t)=0 -+(51)
1

Acc(t)=5J1RDTD +(52)
1

Vel(t)=5J,RDTD (ts —-;—RDTD)+V -+(53)

1 1 :
Pos(t)=ZJ1RDTD(tS_ERDTD) +Vt+%J,RD3TD3 -+ (54)

The Fifth Interval (T3;StST,)
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In the second scanning acceleration control method,
5 which is formulized as is shown above, the acceleration
curve Acc(t) is in a trapezoidal shape that has a
mountain as is shown in Fig. 10B, and the jerk curve is
an inverse curve of polarized symbols as is shown in Fig.
10A, likewise the first scanning acceleration control
10 method previously described. However, the profile of

deceleration and acceleration is asymmetric. That is, the
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d dEe 10% | acceleration range before exposure, the jerk is kept
small in consideration of reducing the following
synchronous settling period. However, in order to prevent
a difference from occurring in the strokes (corresponding
to displacement) in the deceleration range and the
10 acceleration range due to the different jerks, that is,
in order to make the scanning starting position coincide
with the scanning ending position on alternate scanning,
uniform velocity overscan time Ty performed before
starting deceleration is set longish to make adjustments.
15 With such an arrangement, the acceleration ending
position of both stages can be made to coincide with a
predetermined target position, and the control delay at
the acceleration ending position and the synchronous
error of both stages due to control delay can be
20 suppressed, which makes it possible to reduce the
synchronous settling time before exposure.

Accordingly, in exposure apparatus 10 in the first
embodiment previously described, the second scanning
acceleration method may be applied to the scanning

25 direction control of the wafer stage WST and reticle
stage RST during the first mode movement operation. When

the second scanning acceleration method is applied, the

maximum value of the jerk before exposure is suppressed,
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various types to synchronous control system 80. This

means that more information can be transmitted compared

to the first embodiment, and based on the information, a

10 more accurate synchronous control of the reticle and the

wafer can be performed.

When employing the first scanning acceleration
control method or the second first scanning acceleration
control method, in both cases, the stage control system

15 can control the wafer stage based on instruction wvalues
according to a quadrupoled jerk curve during the
preliminary operation in between divided areas in
different rows in the non-scanning direction. In this
case, the quadrupoled jerk curve has at least two poles

20 that are shaped differently.

In addition, in the various methods described so
far of controlling both stages, the stage control system
can perform the movement operation in between shot areas
to move the wafer stage in the non-scanning direction,

25 based on instruction values according to a gquadrupoled

" jerk curve having at least two poles that are shaped

differently, in parallel with the preliminary operation

of both stages in between the shot areas.
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Japanese Patent Application Laid-open Nos. 10-163097 and
10 10-163098 and the corresponding U.S. Patent Nos.
6,400,441 and 6,341,007). When the exposure apparatus
described in the above publications and the corresponding
U.S. Patents is used not in double exposure but in a
normal exposure, the throughput will obviously improve
15 further than when double exposure is performed. In
addition, when the scanning exposure method described in
the above first embodiment is employed in the exposure
apparatus described in the above publications and the
corresponding U.S. Patents, the throughput can be further
20 improved in both normal exposure and double exposure. The
disclosures of each of the above U.S. Patents are fully
incorporated herein by reference.
The configuration information transmitted to units
such as synchronous control system 80 from an upper unit
25 such as main controller 50, can include information
related to error control of each mechanism portion during

stage movement, as is previously described. The following

second embodiment has as its object to positively and
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& ()-!1]-"10%b& ()-BJext, a second embodiment related to the present

5 invention is described, referring to Figs. 11 to 15.
Fig. 11 shows an entire configuration of an
exposure apparatus 110 related to the second embodiment.
Parts that are the same or equivalent to those described
in the first embodiment are designated with the same
10 reference numerals, and the description thereabout is
briefly made or is entirely omitted. Exposure apparatus
110 is a scanning exposure type projection exposure
apparatus based on the so-called step-and-scan method.
Exposure apparatus 110 comprises the following
15 parts: a stage device 101 comprising two wafer stages
WST1 and WST2 that serve as an object stage holding
wafers Wl and W2 as objects, respectively, and
independently move in a two-dimensional direction; a
projection optical system PL arranged above stage device
20 101; a reticle drive mechanism which drives a reticle Rl
(or R2) serving as a mask above projection optical system
PL mainly in a predetermined scanning direction, in this
case, a Y-axis direction (a direction perpendicular to
the page surface in Fig. 11); an illumination optical
25 system 18 which illuminates reticle R1 (or reticle R2)
from above; a control system for these parts, and the
like.

Stage device 101 comprises the following parts: a
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an interferometer system for measuring the position of

5 wafer stages WST1 and WSTZ2.

Wafer stages WST1 and WST2 are each supported by

levitation via a clearance of around several um to the

upper surface of supporting bed 22 by gas hydrostatic

pressure bearings (not shown) provided on the bottom

10 surface of the wafer stages. Wafer stages WST1l and WST2

are driven independently and freely in an XY two-

dimensional plane by a wafer stage drive system including

actuators such as an X linear motor and a ¥ linear motor,

or a

planar motor. The wafer stage drive system operates

15 under the control of a stage controller 160 shown in Fig.

11.

On wafer stages WST1 and WST2, wafers W1l and W2 are

fixed, respectively, by electrostatic chucking or vacuum

chucking via a wafer holder (not shown). The wafer holder

20 1is driven finely in a Z-axis direction perpendicular to

the XY plane and in the direction of inclination with

respect to the XY plane by a leveling drive mechanism

(not

shown), which is similar to leveling mechanism 58

described earlier in the description. In addition, on the

25 upper surface of wafer stages WST1 and WST2, fiducial

mark

plates FM1 and FM2 on which various types of

fiducial marks are formed are arranged at almost the same

height as wafers Wl and W2, respectively. These fiducial
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on one end of the X-axis direction (the left side surface
5 in Fig. 11) and a surface 121 on one end of the Y-axis
direction (the surface located in depth of the page
surface in Fig. 11) of wafer stage WST1l are polished into
a reflection surface. Likewise, in wafer stage WST2, a
surface 122 on the other end of the X-axis direction (the
10 right side surface in Fig. 11) and a surface 123 on one
end of the Y-axis direction are polished into a
reflection surface. On these reflection surfaces,
interferometer beams of each length measuring axis (such
as BI1X, BI2X) that structures an interferometer system
15 (to be described later) are incident, and the beams
reflected off the surfaces are received by each
interferometer to measure the displacement of each
reflection surface from their reference position
(normally, a fixed mirror is disposed on the side surface
20 or the projection optical system or the alignment
detection system as a reference surface), and based on
the results the two dimensional position for both wafer
stages WST1 and WST2 is measured. The structure of the
length measuring axis of the interferometer system will
25 Dbe described later in the description.
As i1s shown in Fig. 11, on both sides of projection
optical system PL in the X-axis direction, alignment

detection systems 124a and 124b based on the off-axis
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LSA (Laser Step Alignment) system, the FIA (Filed Image
Alignment) system, and the LIA (Laser Interferometric
Alignment) system, and the position of the fiducial marks
on the fiducial mark plate and the alignment marks on the
10 wafer can be measured in the XY two-dimensional direction.
The LSA system is a most commonly used sensor that
measures a mark position by using the diffracted and
scattered light generated from irradiating a laser beam
on the mark, and is widely used in process wafers from
15 the past. The FIA system is a sensor that measures a mark
position by image processing a mark image, which is
obtained from irradiating the mark with a broadband
(broad bandwidth) light such as a halogen lamp, and is
used effectively on aluminum layers or asymmetric marks
20 on the wafer surface. Also, the LIA system is a sensor
that detects positional information on a mark from a
phase of two diffraction lights made to interfere by
irradiating laser beams of a slightly different frequency
from two directions on a diffraction grating mark, and is
25 used effectively on small steps or uneven surfaces on the
wafer.

In the second embodiment, these three types of

alignment sensors are appropriately used to suit their
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wafer is measured by detecting the position of a linear
mark at three points on a wafer or the fine alignment

5 where the accurate position of each shot area on the
wafer is measured.

In this case, alignment detection system 124a is
used to measure the position of the alignment marks on
wafer Wl held on wafer stage WST1 and the fiducial marks

10 formed on fiducial mark plate FM1l. Also, alignment
detection system 124b is used to measure the position of
the alignment marks on wafer W2 held on wafer stage WST2
and the fiducial marks formed on fiducial mark plate FM2.

The information from each alignment sensor that

15 structures the alignment detection systems 124a and 124b
is converted into digital signals (A/D conversion) by an
alignment controller 180, and the waveform signals are
processed to detect the mark position. The results are
sent to a main controller 190, which gives instructions

20 to stage controller 160 on, for example, synchronous
position correction gn exposure.

In addition, although it is omitted in the drawings,
in each of the projection optical system PL, and
alignment detection systems 124a and 124b, an auto-

25 focus/auto-leveling (AF/AL) measurement mechanism to find
the focusing point like the one disclosed in the above
Japanese Patent Application Laid-open No. 10-163098 and

the corresponding U.S. Patent Nos. 6,400,441 and
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referring to Figs. 11 and 12.
The reticle drive mechanism comprises the following
5 parts: a reticle stage RST that can move on reticle base
supporting bed 28 in the XY two-dimensional direction
holding reticles R1 and R2; a drive system 29 made up of
linear motors or the like (not shown) that drive reticle
stage RST; and a reticle laser interferometer 30 which
10 measures the position of reticle stage RST via a movable
mirror 31 fixed on reticle stage RST.

More particularly, as is shown in Fig. 12, two
reticles R1 and R2 can be placed in series on reticle
stage RST in the scanning direction (the Y-axis

15 direction). Such reticle stage RST is supported by
levitation on reticle base supporting bed 28 via a gas
hydrostatic pressure bearing or the like (not shown), and
can be finely driven in the X-axis direction, finely
rotated in the 0z direction, and scanned in the Y-axis

20 direction by drive system 29. Incidentally, drive system
29 is a mechanism that uses a linear motor as its drive
source, however, for the sake of convenience in the
drawing and the description, it is shown simply as a
block in Fig. 11. 1In this case, for example, when double

25 exposure is performed, reticles Rl and R2 on reticle
stage RST are selectively used, and both reticles can be

synchronously scanned with the wafer side.

On reticle stage RST, on the edge portion on the
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| parallel movable mirror 31x made of the same material as
reticle stage RST (such as ceramics) is provided
extending in the Y-axis direction, and a surface of

5 planar parallel movable mirror 31x on the other side of
the X-axis direction is polished into a reflection
surface. Interferometer beams from an interferometer (not
shown) indicated as length measuring axis BI6X are
irradiated on the reflection surface of movable mirror

10 31x, and the interferometer receives the light reflected
off the reflection surface and measures the relative
displacement to the reference surface, in order to
measure the position of reticle stage RST. The
interferometer having length measuring axis BI6X as its

15 axis, actually has two interferometer optical axes, with
which independent measurement can be performed, and the
position of the reticle stage in the X-axis direction and
the yawing amount can be measured. The measurement values
of the interferometer having length measuring axis BI6éX

20 as its axis are used for controlling the rotation of
reticle stage RST in a direction to cancel the relative
rotation (rotational error) between the reticle and the
wafer and to perform synchronous control in the X-axis
direction, based on the yawing information and the X

25 position information of wafer stages WST1 and WST2 from
interferometers 116 and 118 on the wafer side that have
length measuring axes BI1X and BIZ2X.

Meanwhile, on the other end of the Y-axis direction
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arranged. And, from a pair of double-path interferometers,

5 interferometer beams that are indicated as length

measuring axes BI7Y and BI8Y in Fig. 12 are irradiated on

the corner cube mirrors 3ly; and 3ly, and are returned to

a reflection surface {not shown) on reticle base

supporting bed 28 by corner cube mirrors 3ly; and 3ly,.

10 The beams reflected off the reflection surface then
retrace their paths and are received by the double-path
interferometers, and the relative displacement of corner
cube mirrors 3ly; and 3ly; from their reference positions
(reference position on the reflection surface of the

15 reticle base supporting bed 28) is measured. Then, the
measurement values of the double-path interferometers are
supplied to stage controller 160 shown in Fig. 11, and
based on the average value the position of reticle stage
RST in the Y-axis direction is measured. The information

20 on the position in the Y-axis direction is used for
calculating the positional relation between reticle stage
RST and wafer stage WST1 (or WST2) based on the
measurement values of the interferometer on the wafer
side having the length measuring axis BI3Y, and for

25 synchronous control of the reticle and the wafer in the
scanning direction (the Y-axis direction) on scanning

exposure based on the above calculation.

As is described, in the second embodiment, a total
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indicated as length measuring axis BI6X, and the pair of
double-path interferometers indicated as length measuring
axes BI7Y and BI8Y, make up a reticle laser

5 interferometer 30, which is shown in Fig. 11.

Next, the interferometer system for controlling the
position of wafer 'stages WST1 and WST2 will be described,
referring to Figs. 11 to 13.

As is shown in the drawings, along the X-axis that

10 passes through the projection center of projection
optical system PL and the detection center of the
alignment detection systems 124a and 124b, on one end of
the X-axis direction on a surface of wafer stage WST1l, an
interferometer beam from interferometer 116 in Fig. 11

15 indicated as length measuring beam BI1X is irradiated.
Similarly, along the X-axis on a surface on the other end
of the X-axis direction, an interferometer beam from
interferometer 118 in Fig. 11 indicated as length
measuring beam BI2X is irradiated. Then, by receiving the

20 beams that are reflected off the above surfaces,
interferometers 116 and 118 measure the relative
displacement of each reflection surface from their
reference position, so as to measure the position of
wafer stages stl and WST2 in the X-axis direction.

25 As is shown in Fig. 12, interferometers 116 and 118
are a three-axis interferometer; each having three
optical axes, and besides the measurement in the X-axis

direction of wafer stages WST1 and WST2, tilt (rolling (Oy
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stages WST1 and WST2 in the Z-axis direction and drives
5 inclination, is actually located below the reflection
surfaces (120 to 123), therefore the drive amount when
the inclination of wafer stage is controlled can be
monitored by the interferometers 116 and 118.
The interferometer beams of length measuring axes
10 BI1X and BI2X are each made to irradiate wafer stages
WST1 and WST2 at all times in the entire movement range
of wafer stages WST1l and WST2. Accordingly, regarding the
X-axis direction, the position of wafer stages WST1 and
WST2 is controlled based on the measurement values of
15 length measuring axes BI1X and BI2X, on both exposure
using projection optical system PL and while alignment
detection systems 124a and 124b are being used.
In addition, as is shown in Figs. 12 and 13, an
interferometer 132 that has a length measuring axis BI3Y,
20 which intersects the X-axis at a right angle at the
projection center (the optical axis AX) of projection
optical system PL, and interferometers 131 and 133 that
have length measuring axes BI4Y and BILY, respectively,
intersecting the X-axis at a right angle at the detection
25 center (optical axis SX) of alignment detection systems
124a and 124b, are provided.
In the embodiment, when measuring the position of

wafer stages WST1 and WST2 in the Y-axis direction while
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that has length measuring axis BI3Y passing through the
projection center of projection optical system PL, that
5 1is optical axis AX, are used. And, when measuring the
position of wafer stage WST1 in the Y-axis direction
while alignment detection system 124a is being used, the
measurement values of interferometer 131 that has length
measuring axis BI4Y passing through the detection center
10 of alignment detection system 124a, that is optical axis
SX, are used. Also, when measuring the position of wafer
stage WST2 in the Y-axis direction while alignment
detection system 124b 1s being used, the measurement
values of interferometer 133 that has length measuring
15 axis BISY passing through the detection center of
alignment detection system 124b, that is optical axis SX,
are used.
Accordingly, depending on the use conditions, the
length measuring axis of the interferometers in the Y-
20 axis direction no longer irradiates the reflection
surfaces of wafer stages WST1l and WST2, however, since at
least one length measuring axis, that is, length
measuring axes BI1X and BI2X do not fall outside the
reflection surface of wafer stages WST1 and WST2,
25 respectively, the interferometers of the Y side can be
reset at an appropriate position when the optical axis of
the interferometer to be used return to the reflection

surface.
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1 "$G"'10%00% ()and BISY are each a dual-axis interferometer having two
length measuring axes, and besides the measurement of
5 wafer stages WST1l and WST2 in the Y-axis direction, tilt
(pitching (0x rotation) can be measured. 1In the
embodiment, the five interferometers, 116, 118, 131, 132,
and 133 make up the interferometer system, which controls
the two-dimensional coordinate position of wafer stages
10 WST1 and WST2.

Furthermore, in main controller 190 shown in Fig.
11, a memory 191 is provided in which conditional
expressions (such as interfering conditions) for
controlling the movement of wafer stages WST1 and WST2

15 are stored.

In addition, in the second embodiment, as it will
be described later on, while one of the wafer stages WST1
or WST2 is performing the exposure sequence, the other
stage is performing sequences such as wafer exchange or

20 wafer alignment. And, in order to keep both stages from
interfering, stage controller 160 controls the movement
of wafer stages WST1 and WST2 according to instructions
from main controller 190 that are based on the output
values of each interferometer.

25 The stage control system is structured with main
controller 190 playing the main role and controlling the

overall operation of the entire apparatus, and parts such

as a dose controller 170 and stage controller 160 that
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5 control system.

First of all, according to instructions from main
controller 190, reticle R1 (or R2) and wafer Wl (or W2),
that is, reticle stage RST and wafer stage WST1 (or WST2)
begin to be synchronously scanned by stage controller 160

10 (scanning control). Stage controller 160 performs such
synchronous scanning by controlling reticle drive portion
29 and the drive system of the wafer stage, while
monitoring the measurement values of length measuring
axis BI3Y and length measuring axis BI1X or BI2X of the

15 interferometer system and those of length measuring axes
BI7Y and BI8Y and length measuring axis BI6X of reticle
laser interferometer 30.

And, when both stages reach the point of uniform

velocity control within a predetermined permissible error,
20 dose controller 170 makes light source 11 start pulse

emission. With this operation, the illumination light

from illumination optical system 18 irradiates the

rectangular shaped illumination area IA (refer to Fig.

12) of reticle R1 (or R2) whose lower surface is chromium
25 evaporated and patterned, and the image of the pattern in

illumination area IA is reduced to 1/4 (or 185) by

projection optical system PL and projected on wafer Wl

(or W2) whose surface 1is coated with a photoresist,
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() - eeef f gghr S1/! At the same time as the above pulse emission, dose

controller 170 drives vibration mirror 18D and continues
10 such control in order to reduce variation in interference
fringes generated in the two fly-eye lens system until
the pattern area on reticle Rl (or R2) completely passes
illumination area IA (refer to Fig. 12), that is, until
the images on the entire pattern surface are formed in
15 the shot areas on the wafer.

In addition, during the above scanning exposure,
drive system 43 controls the drive of movable blind 18M
in sync with the scanning of reticle R1 (or R2) and wafer
Wl (or W2) so that the illumination light does not leak

20 outside the light shielded area on reticle R1 (or R2) in
the shot edge portion. Such synchronous operations are
performed under the control of stage controller 160.

During the above scanning exposure, as is disclosed
in the Japanese Patent Application Laid-open No. 10-

25 163098 referred to earlier and the corresponding U.S.
Patent Nos. 6,400,441 and 6,341,007, main controller 190
or dose controller 170 performs a complete calculation on

the variable amount of irradiation energy and oscillation
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system provided in light source 11, as well as controls
the shutter and vibration mirror, so that the total dose
5 corresponds to the resist sensitivity.

Furthermore, in exposure apparatus 110 in the
embodiment, a first carriage system in which wafer
exchange is performed between wafer stage WST1 and a
second carriage system in which wafer exchange is

10 performed between wafer stage WST2 are provided.

As 1is shown in Fig. 14, the first carriage system
performs wafer exchange with wafer stage WST1 at a wafer
loading position on the left side in the manner described
later in the description. The first carriage system is

15 made up of a first wafer loader and a first center-up
181; the first wafer loader including parts such as a
first loading guide 182 extending in the Y-axis direction,
a first slider 186 and a second slider 187 that move
along loading guide 182, a first unload arm 184 attached
20 to the first slider 186, a first load arm 188 attached to
the second slider 187, and the first center-up 181
consisting of three vertical moving members provided on
wafer stage WST1.
Wafer exchange operation of the first carriage
25 system will now be briefly described.
The case of wafer exchange will be described when a

wafer W1’ on wafer stage WST1 at the loading position on

the left side and wafer W1l carried by the first wafer
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Next, main controller 190 drives center-up 181
upward by a predetermined amount via a center up drive
system (not shown). With this operation, wafer W1’ is
driven upward to a predetermined position. In this state,
10 main controller 190 instructs a wafer loader controller
(not shown) to move the first unload arm 184. And, with
this operation, the wafer loader controller controls the
drive of the first slider 186 so that the first unload
arm 184 moves along loading guide 182 until it is above
15 wafer stage WST1 and is positioned below wafer W1'.
In this state, main controller 190 drives center-up
181 downward to a predetermined position. While the
center-up is moving downward, wafer W1’ is delivered to
the first unload arm 184, therefore, main controller 190
20 instructs the wafer loader controller to start the
vacuuming operation of the first unload arm 184. 1In this
manner, the wafer W1’ is held by suction by the first
unload arm 184.
Next, main controller 190 instructs the wafer
25 loader controller to withdraw the first unload arm 184
and to start moving the first load arm 188. With this

operation, the first unload arm 184 starts to move in the

-Y direction in Fig. 14 integrally with the first slider
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Z] dNzzX9PES(Q wafer stage WST1, the wafer loader controller stops the
movement of the second slider and releases the vacuuming
operation of the first load arm 188.
In this state, main controller 190 drives center-up
181 upward, and wafer W1l is driven upward from below by
10 center-up 181. Then, main controller 190 instructs the
wafer loader controller to withdraw the load arm. With
this operation, the wafer loader controller begins to
withdraw the second slider 187 integrally with the first
load arm 188in the -Y direction. At the same timing as
15 the wafer loader controller begins to withdraw the first
load arm 188, main controller 190 begins to drive center-
up 181 downward to mount wafer Wl on the wafer holder
(not shown) on wafer stage WST1l, and turns on the vacuum
operation of the wafer holder. Thus, the series of
20 sequences for wafer exchange is completed.
Similarly, as is shown in Fig. 15, the second
carriage system performs wafer exchange with wafer stage
WST2 at a wafer loading position on the right side in a
similar manner as is described above. The second carriage
25 system is made up of a second wafer loader and a second
center-up (not shown); the second wafer loader including

parts such as a second loading guide 192 extending in the

Y-axis direction, a third slider 196 and a fourth slider
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Fig. 14 shows a planar view of a state where wafer

exchange 1is being performed between wafer stage WST1 and
10 the first carriage system at the loading position on the
left side, while the exposure operation on wafer W2 on
wafer stage WST2 is being performed via projection
optical system PL. In this case, on wafer stage WST1,
following the wafer exchange, the alignment operation is
15 performed in the manner described below. In Fig. 14,
position control of wafer stage WST2 during the exposure
operation is performed based on the measurement values of
length measuring axes BI2X and BI3Y of the interferometer
system, whereas position control of wafer stage WSTI1
20 during the wafer exchange and alignment operation is
performed based on the measurement values of length
measuring axes BI1X and BI4Y of the interferometer system.
At the loading position on the left side in Fig. 14,
fiducial marks on fiducial mark plate FM1 on wafer stage
25 WST1 can be positioned directly below alignment detection
system 124a. Therefore, main controller 190 resets
interferometer 131 having length measuring axis BI4Y of

the interferometer system prior to measuring the fiducial
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1000 refers to pre-alignment performed over on wafer stage
WST1, because the positional error is still large when
performing pre-alignment only while wafer W1l is being
carried. To be more specific, the position of three
10 search alignment marks (not shown) formed on wafer Wl
mounted on stage WST1 is measured using sensors such as
the LSA system of alignment detection system 124a, and
based the measurement results the position of wafer Wl in
the X, Y, and 6 direction is aligned. On search alignment,
15 main controller 190 controls the operation of each part.
After search alignment is completed, wafer
alignment based on the EGA method (fine alignment), in
which the arrangement coordinates of each shot area on
wafer Wl are obtained, is performed. To be more specific,
20 alignment mark positions of predetermined sample shots on
wafer Wl are measured with sensors such as the FIA system
of alignment detection system 124a while wafer stage WST1
is being sequentially moved based on a designed shot
arrangement data (alignment mark position data), while
25 the position of wafer stage WST1l is being controlled by
the interferometer system (length measuring axes BI1X and

BI4Y), and based on the measurement results and the

designed coordinate data of the shot arrangements, by
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5 calculation results are preferably transformed into a
coordinate system that uses the fiducial reference mark
positions of fiducial mark plate FM1 as a reference.
In the embodiment, when alignment detection system

124a is performing measurement, the position of the

10 alignment marks can be measured while the same auto-
focus/auto-leveling as on exposure is being executed by
the AF/AL mechanism performing measurement and control.
This can prevent offset (error) caused by the attitude of
the stage from occurring between alignment and exposure.

15 While the above wafer exchange and alignment
operation is being performed on wafer WST1l side, on wafer
WST2 side, double egbosure is continuously performed
based on the steéep-and-scan method while using the two
reticles R1 and R2 changing the exposure conditions.

20 To be more specific, in the manner similar to that
of the wafer W1l side described earlier, fine alignment
based on the EGA method is performed in advance, and
based on the shot arrangement data (using fiducial marks
on fiducial mark plate FM2 as a reference) of the shots

25 on wafer W2 obtained from the fine alignment, movement
(stepping) operation in between shots of wafer W2 to the

adjacent shot is sequentially performed, and the scanning

exposure described earlier is performed sequentially on
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each shot area on wafer W2. When the above movement
(stepping) operation in between shots is performed, the
movement of wafer stage WST2 is controlled in a similar
manner as is described in the first embodiment. In
5 addition, also in the second embodiment, the

configuration information (including the configuration
information of control parameters) of various types
necessary for synchronous control of the reticle stage
and the wafer stage on exposing the shot areas on the

10 wafer is transmitted from main controller 190 to stage
controller 160 per each shot area, during the uniform
velocity overscan period performed after exposure is
completed on each shot area, or per each row during the
movement operation in between different rows, as 1is

15 described in the first embodiment. In this case, as well,
all necessary information, with the exception of
information from reticle interferometer 30, the laser
interferometer system, and the AF/AL measurement
mechanism that can be independently sampled at all times

20 Dby stage controller 160, is to be transmitted from main
controller 190 at the above timing, and the configuration
information related to synchronous control is preferably
made into a determinant converted to a state for ultimate
high-speed processing, and then passed on to stage

25 controller 160, in order to achieve high-speed processing.
In addition, the stage control system 160 is to
preferably complete the position setting of both stages

according to the configuration information before the



109& ()-,3
10%& ()-, 3

10

15

20

25

109& () - %}A?AL1, 3 109%& ()-,3 10%& ()-3 ,3
109 ()- .3 10%& ()-%& ,

122

synchronous settling time of both stages prior to
exposure on each of the shot areas, in order to reduce
the synchronous settling time and to improve the
throughput.

Such exposure is performed continuously on all the
shot areas on wafer W2 in the manner described above,
after the reticle is exchanged. To be more concrete on
the exposure sequence of double exposure, for example,
after scanning exposure is sequentially performed on each
shot area on wafer Wl using reticle R2, reticle stage RST
is moved by a predetermined amount in the scanning
direction so as to position reticle R1 at the exposure
position, and then scanning exposure is performed, in a
reverse order to the above exposure. In this case, the
exposure conditions (AF/AL, dose) and transmittance
differ between reticle R2 and reticle R1l, therefore their
conditions need to be measured during reticle alignment,
and the conditions need to be changed based on the
results.

On double exposure of wafer W2, main controller 190
also controls the operation of each part.

When the exposure sequence and the wafer exchange/
alignment sequence described above is performed in
parallel on the two wafer stages WST1l and WST2 shown in
Fig. 14, the wafer stage which completes its operation
first moves into a waiting state. Then, when both stages
complete their operations, wafer stages WST1 and WST2 are

moved to positions shown in Fig. 15. Then, wafer W2 on
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wafer stage WST2 that has completed the exposure sequence
is exchanged at the loading position on the right side,
and wafer Wl on wafer stage WST1 that has completed the
alignment sequence proceeds to the exposure sequence

5 performed below projection optical system PL.

At the loading position on the right side shown in
Fig. 15, likewise the loading position on the left side,
the fiducial marks on fiducial mark plate FM2 are made to
be positioned below alignment detection system 124b, and

10 the wafer exchange and alignment sequence are performed.
As a matter of course, the reset operation of the
interferometer having length measuring axis BI5Y of the
interferometer system is performed prior to the
measurement of the fiducial marks on fiducial mark plate

15 FM2 with alignment detection system 124b.

The reset operation of the interferometer performed
by main controller 190 during the above series of
parallel processing operations is the same as the details
described in, the above Japanese Patent Application Laid-

20 open No. 10-163098 and the corresponding U.S. Patent Nos.
6,400,441 and 6,341,007.

As is described so far, in exposure apparatus 110
in the second embodiment, during the movement operation
of wafer stages WST1 and WST2 in between shots performed

25 in parallel with the movement operation of reticle stagé
RST in the scanning direction for performing exposure on
each wafer, the movement of wafer stages WST1l and WST2

are controlled in a similar manner as is described in the
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-10%#& () - FGRadedkpI40h0¥&8( inch wafer, the exposure time is longer,
which makes it a constraining condition when determining
15 the overall throughput. In the second embodiment, however,
because the movement time of wafer stages WST1l and WST2
in between shots is reduced, the exposure time T4 can be
shortened.
In the second embodiment, when performing double
20 exposure using a plurality of reticles R1 and R2, high
resolution and DOF (depth of focus) can be improved. 1In
addition, in the second embodiment, because exposure
operation on one stage and the alignment /wafer exchange
operation on the other stage are performed in parallel at
25 the same time, the throughput can be greatly improved,
which produces an improvement effect on high resolution

and DOF, without reducing the throughput.

As a matter of course, in exposure apparatus 110 in
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the second embodiment, when normal exposure is performed
instead of a double exposure, other than the same effects
that can be obtained as is described in the first
embodiment, due to the simultaneous parallel processing
on the two wafer stages, the throughput can be further
improved.

In the second embodiment, when parallel processing
of different operations using two wafer stages WST1 and
WST2 is performed at the same time, the operation
performed on one stage may affect (disturb) the operation
of the other stage. In such a case, a timing adjustment
of the operation performed on the two stages WST1 and
WST2 is preferably performed, like the adjustment
disclosed in the above Japanese Patent Application Laid-
open No. 10-163098, described referring to Figs. 11 to 13
in the disclosure. For example, the acceleration/
deceleration timing between the two wafer stages can be
adjusted so that when for example, scanning exposure is
performed on a wafer on one stage, then alignment
measurement operation is performed on the other stage. In
such a case, operations that do not affect (or have only
a small influence on) the other stage are performed in
parallel on both stages.

Although the description below may seem out of
sequence, 1in exposure apparatus 110 in the second
embodiment, a devisal described below is made in order to
prevent collision between wafer stages WST1l and WST2.

That is, when control information per row or per



0s' ' 10%#& () - L10%t& () - RT| [ NAALO#10#10# 610%#& ()- *10%#t& ()- %
pP*10%&' ()- *10%#& ()- | (910%& ()-He|[: NAMA10 N f 10%3%$& ()- O-
10% e$[ & () - @PI10WZ& () - % 0910%edp& ()-  VYylovZe$Z& () -
S109%Ze$Z& () -wy| {Z9NA410 +! 610%Ze$Z& ()- 910%Ze$Z& ()- LOs10%Ze$z& ()- f
10%e$& () -!'0f 10UKK& ()- [f 10%t& ()- 4 h&$§|[:-4102#z LOy 10%&Z#Z& ()-M
6&@10%$& ()-& &@10%2}& ()-& T &@#10 & ()-& &@10%& ()-&
0&@109R& () - & ' "##SDA410Z#Z "1098& ()-S ""10% e& ()-S f1109%& ()-z
f110% & ()-z YViHI%r&'i(s) thQAEALIRLEASFrUR &%i'n [cordh@d ler/18010%e s&de) - 9
| 2/ 2" 10% s& ()-9 vs$ 110%}& ()-3 h$ 110% o0& ()-3 9G'10%& ()- @ Y9G 10%
& ()-@" ' ((eorAdllere 160! H03 & n(forma ) %r& n(gmif te@ " ita%uele® () - f
@108 & ()-f F10%! & ()-10e elOe e.**+++,--|[:-410u |- "10% & ()-- q[-
"10% & ()-- "~ $MI0%atdon) related TR )s 18 Hadbhg me@h@nism on stage
| DI 10%8 & ()-s----{..//bA410u | !1099& ()-S h!10%Y o0& ()-S S 10% & ()-y M
10% & () -y 10%e&efmentou indie HhediG22 I3y e X detest ity o for- Y
gCLl"109%x& ()-Y |xs$"10% s& ()- |s$"10%s& ()- &' 10%& () - @ Y& 10%
& () - @3333445ELIE 38 UF eFSIErovasR ) 9 oS3l FOVE QY) Spamipsier0% ' & () -y

| 0 ! - 0f | ! - . " /R’ -
Ih_S 1'802 g 8 ) y.elgté%aitgéd( )polsQl)‘(ci)é%OXco)éf:%qcrﬁx%én%%l [b'o hlos)gca)gge S r]I"ge/q%e(f)ore ,

during the above parallel processing operation, when some
kind of an error occurs in the wafer stage on which
alignment is being performed so that it stops within the

10 moving range of the other wafer stage on which exposure
is being performed, stage controller 160 can bring the
other stage to an emergency stop when the distance
between both stages falls within a predetermined distance
so as to prevent collision between both stages.

15 In the above second embodiment, the case has been
described where the stage device related to the present
invention is applied to an apparatus that performs
exposure of a wafer using the double exposure method,
however, the present invention can also be applied to

20 stitching, which is a similar technique. In this case,
while exposure is being performed twice on one wafer
stage side using two reticles, on the other stage that
can be moved independently, wafer exchange and wafer
alignment are performed in parallel, which results in a

25 higher throughput than the stitching with a typical
exposure apparatus.

However, the scope of application of the stage

device related to the present invention is not limited to
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case has been described where alignment and wafer
5 exchange operations, and exposure operation are performed
in parallel, however, the present invention is not
limited to this, and for example, sequences such as base
line check (BCHK) and calibration performed each time the
wafer 1s exchanged may also be similarly performed in
10 parallel with the exposure operation.

In each of the above embodiments, the case has been
described where ultraviolet light that has a wavelength
exceeding 100nm, or to be more specific, a KrF excimer
laser beam, an ArF excimer laser beam, or an F; laser beam

15 (wavelength: 157nm), is used as the exposure illumination
light. The present invention, however, is not limited to
this, and for example, a far ultraviolet (DUV) light such
as a g-line or an i-line that belongs to the same far
ultraviolet region as the KrF excimer laser can also be

20 used. And, a harmonic wave of a YAG laser may also be
used.

Furthermore, a harmonic wave may be used that is
obtained by amplifying a single-wavelength laser beam in
the infrared or visible range emitted by a DFB

25 semiconductor laser or fiber laser, with a fiber
amplifier doped with, for example, erbium (or both erbium
and ytteribium), and by converting the wavelength into

ultraviolet light using a nonlinear optical crystal.
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c9"10%& ()5 cEADARI (Y -10Mri (9% lused as the exposure illumination
light, but also as a matter of course, light that has a
wavelength less than 100nm may be used. For example, in
recent years, in order to exposure a pattern less than
70nm, an EUV exposure apparatus that uses an SOR or a

10 plasma laser as a light source to generate EUV (Extreme
Ultraviolet) light in the soft X-ray region (for example,
wavelength range of 5 to 15nm), an all reflection
reduction optical system designed under such wavelength
(for example, 13.5nm), and a reflection type mask is

15 being developed. In this apparatus, a structure may be
employed in which scanning exposure i1s performed by
synchronously scanning a mask and a wafer using an arc
illumination, therefore, this apparatus is also within
the scope of application of the present invention.

20 In addition, the present invention can also be
suitably applied to an exposure apparatus that uses
charged particle beams such as electron beams or ion
beams. For example, as an electron beam exposure
apparatus, an exposure apparatus based on a mask

25 projection method can be used. 1In such an apparatus, for
example a circuit pattern is fragmented into a large

number of isolated sub-fields around 250nm squares on the

mask, and while an electron beam is sequentially shifted
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In each of the above embodiments, the case has been

10 described where the present invention is applied to a
reduction projection exposure apparatus (a scanning
stepper) based on a step-and-scan method. The present
invention, however, can be suitably applied also to, for
example, a mirror projection aligner, or an exposure

15 apparatus based on a proximity method (for example, a
scanning type X-ray exposure apparatus that has a mask
and a wafer relatively moving integrally with respect to
an arc—-shaped illumination area on which an X-ray is
irradiated).

20 In addition, the projection optical system used is
not limited to a reduction system, and an equal
magnification system, or a magnification system (for
example, an exposure apparatus for manufacturing liquid
crystal displays or the like) may be used. Furthermore,

25 the projection system may be a refraction system, a

reflection system, or a catadioptric system. The glass

material and coating material that can be used for the

optical elements (especially the refraction elements)
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wavelength determined from the specification of the
exposure apparatus and the wavelength width (spectral
line half width), the field size and the numerical

10 aperture of the projection optical system, and the like.

In general, when the exposure wavelength is around
190nm or more, synthetic quartz and fluorite can be used
as the glass material, therefore, in this case, not only
can the reflection system and the catadioptric system be

15 used, but the refraction system can also be used without
much difficulty. In addition, when vacuum ultraviolet
light having a wavelength. of around 200nm or under is
used, the refraction system may be used depending on the
narrowbanded wavelength width, however, when the

20 wavelength is around 190nm or under, because fluorite is
the only suitable glass material and narrowbanding the
wavelength becomes difficult, employing the reflection
system or the catadioptric system is advantageous.
Furthermore, when EUV light is used, a reflection system

25 consisting of a plurality of (for example, around three
to six) reflection elements only is employed. In the case

of an electron beam exposure apparatus, an electron

optical system is used made up of an electron lens and a
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exposure apparatus for manufacturing display devices such
as a plasma display or an organic EL display, a thin film
15 magnetic head, a pick-up device (such as a CCD), a
micromachine, a DNA chip, or the like, and moreover, to
an exposure apparatus used for manufacturing masks and
reticles. In addition, the present invention can also be
suitably applied to an exposure apparatus used not only
20 for manufacturing semiconductor devices such as a
microdevice, but also to an exposure apparatus which
transfers a circuit pattern onto a glass substrate or a
silicon wafer when manufacturing reticles and masks that
are used in an optical exposure apparatus, an EUV
25 exposure apparatus, an X-ray exposure apparatus based on
a proximity method, and an electron beam exposure

apparatus, or the like. Normally, in an exposure

apparatus that uses DUV (deep ultraviolet) light or VUV
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(vacuum ultraviolet) light uses a transmittance type
reticle, and as the reticle substrate, materials such as
silica glass, fluorine-doped silica glass, fluorite, or
crystal are used. In addition, in an EUV exposure

5 apparatus, a reflection type mask is used, whereas in an
X-ray exposure apparatus based on a proximity method or
in an electron beam exposure apparatus based on a mask
projection method, a transmittance type mask (stencil
mask and a membrane mask) is used, and as the mask

10 substrate, silicon wafer or the like is used.

In addition, the stage device related to the
present invention is applied not only to a lithographic
apparatus that include the above mentioned exposure
apparatus used in the manufacturing process of

15 microdevices such as semiconductor devices, but also can
be suitably applied to a laser repair system, or an
inspection system. Furthermore, the present invention can
be applied to equipment other than the various types of
equipment used in the manufacturing process of

20 microdevices.

<<Device Manufacturing Method>>

Details on the device manufacturing method when
using the exposure apparatus described in each of the
above embodiment in a lithographic process are described

25 next.

Fig. 16 is a flow chart showing an example of

manufacturing a device (a semiconductor chip such as an

IC or an LSI, a liquid crystal panel, a CCD, a thin



| & ()-9q|[:vW410 "710%! & ()- ,5'10%! & ()- "L310%! & ()- 1110%!!
& ()- "/10%! & ()- L- 10%! & ()-QRSTXvW410 L G 10%! & ()- L, 10%!!
&()- 10%! & ()-10 ! 10 !

133

magnetic head, a micromachine, or the like). As shown in
Fig. 16, in step 201 (design step), function/performance
is designed for a device (e.g., circuit design for a
semiconductor device) and a pattern to implement the

5 function is designed. In step 202 (mask manufacturing
step), a mask on which the designed circuit pattern is
formed is manufactured, whereas, in step 203 (wafer
manufacturing step), a wafer is manufacturing by using a
silicon material or the like.

10 In step 204 (wafer processing step), an actual
circuit and the like is formed on the wafer by
lithography or the like using the mask and wafer prepared
in steps 201 to 203, as will be described later. Next, in
step 205 (device assembly step) a device is assembled

15 using the wafer processed in step 204. The step 205
includes processes such as dicing, bonding, and packaging
(chip encapsulation), as necessary.

Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the

20 device processed in step 205. After these steps, the
device is completed and shipped out.

Fig. 17 is a flow chart showing a detailed example
of step 204 described above in manufacturing the
semiconductor device. Referring to Fig. 17, in step 211

25 (oxidation step), the surface of the wafer is oxidized.
In step 212 (CVD step), an insulating film is formed on
the wafer surface. In step 213 (electrode formation step),

an electrode is formed on the wafer by vapor deposition.
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In step 214 (ion implantation step), ions are implanted
into the wafer. Steps 211 to 214 described above make up
a pre-process for the respective steps in the wafer
process, and are selectively executed depending on the

5 processing required in the respective steps.

When the above pre-process is completed in the
respective steps in the wafer process, a post-process is
executed in the following manner. In this post-process,
first, in step 215 (resist formation step), the wafer is

10 coated with a photosensitive agent. Next, in step 216
(exposure step), the circuit pattern on the mask is
transferred onto the wafer by the exposure apparatus and
the exposure method described above. And, in step 217
(development step), the wafer that has been exposed is

15 developed. Then, in step 218 (etching step), an exposed
member of an area other than the area where the resist
remains is removed by etching. Finally, in step 219
(resist removing step), when etching is completed, the

resist that is no longer necessary is removed.

20 By repeatedly performing these pre-process and
post-process steps, multiple circuit patterns are formed
on the wafer.

When using the device manufacturing method
described so far in the embodiments, since the exposure

25 apparatus described in each of the above embodiments are
used in the exposure process (step 216), the pattern of
the reticle can be transferred onto each shot area on the

wafer with high throughput. As a consequence, the
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devices can be improved.
While the above-described embodiments of the
present invention are the presently preferred embodiments
5 thereof, those skilled in the art of lithography systems
will readily recognize that numerous additions,
modifications, and substitutions may be made to the
above-described embodiments without departing from the
spirit and scope thereof. It is intended that all such
10 modifications, additions, and substitutions fall within
the scope of the present invention, which is best defined

by the claims appended below.
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What is claimed is:

1. An exposure apparatus that sequentially
transfers a pattern of a mask onto a plurality of divided
5 areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:
a mask stage that holds said mask and is movable in
at least said scanning direction;
10 an object stage that holds said object and is
movable in a two-dimensional plane;
a stage control system that controls both said mask
and said object stages; and
a control unit that sends configuration information
15 of various types to said stage control system after
exXposure of a divided area is completed at the latest,
sometime before said stage control system begins
deceleration of said both stages in said scanning
direction for exposure of a next divided area, said
20 configuration information being at least control

parameters necessary for exposing said next divided area.

2. The exposure apparatus of Claim 1 wherein said
control unit sends said configuration information to said
25 stage control unit even when said divided area is being

exposed.

3. The exposure apparatus of Claim 2 wherein said
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said divided area is being exposed, said configuration
information being control parameters necessary for
exposing said next divided area and a plurality of

5 divided areas from then onward.

4. The exposure apparatus of Claim 1 wherein said
stage control system completes position setting of said
both stages according to said configuration information

10 before a synchronous settling period of said both stages

prior to exposure on said next divided area.

5. The exposure apparatus of Claim 1 wherein
said control parameters include parameters related
15 to an arrangement of said divided areas measured prior to
exposure, and
said configuration information includes information
that takes into account a correction value of a movement
amount in between divided areas, which occurs due to an
20 arrangement error of divided areas to a predetermined

stage coordinate system.

6. The exposure apparatus of Claim 5 wherein said
arrangement error of said divided areas includes at least
25 one of
a rotational error of said object,
an orthogonality error of a stage coordinate system

that specifies the movement of said object,
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5 7. The exposure apparatus of Claim 1 wherein

salid stage control system controls said both stages
so that after exposure of a divided area on said object
is completed, a preliminary operafion where both stages
are accelerated in said scanning direction after
10 deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
direction perpendicular to said scanning direction are
simultaneously performed in parallel for exposure on the
next divided area, and said movement operation of said
15 object stage in said non-scanning direction is completed
before a synchronous settling period of said both stages

prior to exposure on said next divided area.

8. The exposure apparatus of Claim 1 wherein
20 on movement in between divided areas in the same
row in a non-scanning direction perpendicular to said
scanning direction, said stage control system secures a
post-settling period where said both stages are moved in
uniform velocity in said scanning direction after
25 exposure is completed on a divided area, before beginning
deceleration after said exposure is completed, whereas
on movement between different rows, said stage

control system begins deceleration operation of said both
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stages as soon as exposure is completed on a divided area.

9. The exposure apparatus of Claim 1 wherein
said stage control system controls said both stages
5 based on instruction values according to a jerk curve,
which is an inverse curve of polarized symbols, when a
preliminary operation where said both stages are
accelerated after deceleration in said scanning direction
is performed in between divided areas in the same row in
10 a non-scanning direction perpendicular to said scanning

direction.

10. The exposure apparatus of Claim 9 wherein
said stage control system controls said object
15 stage based on instruction values according to a jerk
curve, which is a quadrupoled jerk curve, when a movement
operation of said both stages in said scanning direction
is performed in between divided areas of different rows
in said non-scanning direction.
20
11. The exposure apparatus of Claim 9 wherein
said stage control system performs a movement
operation in between divided areas where said object
stage is moved in said non-scanning direction based on
25 instruction values according to a jerk curve, which is
quadrupoled jerk having at least two poles that are
shaped differently, in parallel with said preliminary

operation of said both stages in said scanning direction
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in between said divided areas.

12. A device manufacturing method including a
lithographic process, wherein in said lithographic
5 ©process exposure is performed using said exposure

apparatus of Claim 1.

13. An exposure apparatus that sequentially
transfers a pattern of a mask onto a plurality of divided
10 areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:
a mask stage that holds said mask and is movable in
at least said scanning direction;
15 an object stage that holds said object and is
movable in a two-dimensional plane;
a stage control system that controls both said mask
and said object stages; and
a control unit that sends configuration information
20 of various types to said stage control system after
exposure of a last divided area in any row in a non-
scanning direction perpendicular to said scanning
direction on said object is completed in order to expose
a first divided area in a different row, while said stage
25 control system performs movement control of said both
stages, said configuration information being control
parameters necessary for exposing a plurality of divided

areas in said different row.
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14. The exposure apparatus of Claim 13 wherein said
stage control system completes position setting of said
both stages according to said configuration information

5 Dbefore a synchronous settling period of said both stages
prior to exposure on each divided area in said different

row.

15. The exposure apparatus of Claim 13 wherein
10 said control parameters include parameters related
to an arrangement of said divided areas measured prior to
exposure, and
said configuration information includes information
that takes into account a correction value of a movement
15 amount in between divided areas, which occurs due to an
arrangement error of divided areas to a predetermined

stage coordinate system.

16. The exposure apparatus of Claim 15 wherein
20 said arrangement error of said divided areas
includes at least one of
a rotational error of said object,
an orthogonality error of a stage coordinate system
that specifies the movement of said object,
25 an offset of said object in said stage coordinate
system, and

a scaling error of said object.
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17. The exposure apparatus of Claim 13 wherein
sald stage control system controls said both stages
so that after exposure of a divided area on said object
is completed, a preliminary operation where both stages
5 are accelerated in said scanning direction after
deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
direction perpendicular to said scanning direction are
simultaneously performed in parallel for exposure on the
10 next divided area, and said movement operation of said
object stage in said non-scanning direction is completed
before a synchronous settling period of said both stages

prior to exposure on said next divided area.

15 18. The exposure apparatus of Claim 13 wherein
sald stage control system controls said both stages

based on instruction values according to a jerk curve,
which is an inverse curve of polarized symbols, when a
preliminary operation where said both stages are

20 accelerated after deceleration in said scanning direction
is performed in between divided areas in the same row in
a non-scanning direction perpendicular to said scanning

direction.

25 19. The exposure apparatus of Claim 18 wherein
said stage control system controls said object
stage based on instruction values according to a jerk

curve, which is a quadrupoled jerk curve, when a movement
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operation of said both stages in said scanning direction
is performed in between divided areas of different rows

in said non-scanning direction.

20. The exposure apparatus of Claim 18 wherein

sald stage control system performs a movement
operation in between divided areas where said object
stage is moved in said non-scanning direction based on
instruction values according to a jerk curve, which is
quadrupoled jerk having at least two poles that are
shaped differently, in parallel with said preliminary
operation of said both stages in said scanning direction

in between said divided areas.

21. A device manufacturing method including a
lithographic process, wherein in said lithographic
process exposure is performed using said exposure

apparatus of Claim 13.

22. An exposure apparatus that sequentially

& () -

transfers a pattern of a mask onto a plurality of divided

areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said

exposure apparatus comprising:

a mask stage that holds said mask and is movable in

at least said scanning direction;
an object stage that holds said object and is

movable in a two-dimensional plane;
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a stage control system that controls both said mask
and said object stages; and
a control unit that sends configuration information
of various types to said stage control system after
5 detection operation of arrangement information used for
alignment with predetermined points in each divided area
on said object is completed, sometime before exposure of
a first divided area begins, said configuration
information being control parameters necessary for
10 exposing all of said plurality of divided areas on said

object.

23. The exposure apparatus of Claim 22 wherein said
stage control system completes position setting of said
15 both stages according to said configuration information
before a synchronous settling period of said both stages

prior to exposure on each divided area on said object.

24. The exposure apparatus of Claim 22 wherein
20 said control parameters include parameters related
to an arrangement of said divided areas measured prior to
exposure, and
said configuration information includes information
that takes into account a correction value of a movement
25 amount in between divided areas, which occurs due to an
arrangement error of divided areas to a predetermined

stage coordinate system.
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a scaling error of said object.
10
26. The exposure apparatus of Claim 22 wherein
sald stage control system controls said both stages
so that after exposure of a divided area on said object
is completed, a preliminary operation where both stages
15 are accelerated in said scanning direction after
deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
direction perpendicular to said scanning direction are
simultaneously performed in parallel for exposure on the
20 next divided area, and said movement operation of said
object stage in saild non-scanning direction is completed
before a synchronous settling period of said both stages

prior to exposure on said next divided area.

25 27. The exposure apparatus of Claim 22 wherein
said stage control system controls said both stages
based on instruction values according to a jerk curve,

which is an inverse curve of polarized symbols, when a
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a non-scanning direction perpendicular to said scanning

5 direction.

28. The exposure apparatus of Claim 27 wherein
said stage control system controls said object
stage based on instruction values according to a jerk
10 curve, which is a quadrupoled jerk curve, when a movement
operation of said both stages in said scanning direction
is performed in between divided areas of different rows

in said non-scanning direction.

15 29. The exposure apparatus of Claim 27 wherein
salid stage control system performs a movement

operation in between divided areas where said object
stage is moved in said non-scanning direction based on
instruction values according to a jerk curve, which is

20 quadrupoled jerk having at least two poles that are
shaped differently, in parallel with said preliminary
operation of said both stages in said scanning direction

in between said divided areas.

25 30. A device manufacturing method including a
lithographic process, wherein in said lithographic
process exposure is performed using said exposure

apparatus of Claim 22.



& ()-10s s10s s10s s |-"10% s& ()-PPQERHRRHS{Z9vW410 -"10% ? & ()--
-"10%& ()--!7110% & ()- '10%! & ()- 109 ()- m10% T

& () - SHSSSSSS5TeTqTvW410 s 10% ! & ()-( 10%! & ()-( s10%! & ()-' yl0%'!
& ()-10110110! h-"10% & ()--qTTTTIU U U [:vU410 :10%! & ()- ~@10%!
& ()- T110%! & ()- 110% 147

31. An exposure apparatus that sequentially
transfers a pattern of a mask onto a plurality of divided
areas on an object by synchronously moving said mask and

5 said object in a predetermined scanning direction, said
exposure apparatus comprising:

a mask stage that holds said mask and is movable in
at least said scanning direction;

an object stage that holds said object and is

10 movable in a two-dimensional plane; and

a stage control system that controls both said mask
and said object stages, and begins synchronous control of
sald both stages for exposure of a next divided area when
said both stages are decelerated in said scanning

15 direction, after exposure of a divided area on said

object is completed.

32. The exposure apparatus of Claim 31 wherein
sald stage control system controls said both stages
20 so that after exposure of a divided area on said object
is completed, a preliminary operation where both stages
are accelerated in said scanning direction after
deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
25 direction perpendicular to said scanning direction are
simultaneously performed in parallel for exposure on the
next divided area, and said movement operation of said

object stage in said non-scanning direction is completed
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before a synchronous settling period of said both stages

prior to exposure on said next divided area.

33. A device manufacturing method including a
5 lithographic process, wherein in said lithographic
process exposure is performed using said exposure

apparatus of Claim 31.

34. An exposure apparatus that sequentially
10 transfers a pattern of a mask onto a plurality of divided
areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:
a mask stage that holds said mask and is movable in
15 at least said scanning direction;
an object stage that holds said object and is
movable in a two-dimensional plane; and
a stage control system that controls both said mask
and said object stages, said stage control system
20 controlling both stages based on instruction values
according to a jerk curve, which is an inverse curve of
polarized symbols, when a preliminary operation where
said both stages are accelerated after deceleration in
said scanning direction is performed in between divided
25 areas in the same row in a non-scanning direction

perpendicular to said scanning direction.

35. The exposure apparatus of Claim 34 wherein said
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jerk curve is an inverse curve of polarized symbols

having different shapes.

36. The exposure apparatus of Claim 35 wherein said
stage control system sets a post-settling period where
said both stages are moved in uniform velocity in said
scanning direction after exposure is completed on a
divided area until said deceleration begins, longer than
a synchronous settling period of said both stages prior
to exposure, and also sets a peak of said jerk curve
after completing exposure of a divided area larger than a

peak of said jerk curve prior to exposure.

37. The exposure apparatus of Claim 34 wherein said
jerk curve is an inverse curve of polarized symbols

having the same shape.

38. The exposure apparatus of Claim 34 wherein

said stage control system controls said object
stage based on instruction values according to a jerk
curve, which is a quadrupoled jerk curve, when a movement
operation of said both stages in said scanning direction
is performed in between divided areas of different rows

in said non-scanning direction.

39. The exposure apparatus of Claim 38 wherein said
quadrupoled jerk curve has at least two poles that are

shaped differently.
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instruction values according to a jerk curve, which is a
guadrupoled jerk having at least two poles that are
shaped differently, in parallel with said preliminary
operation of said both stages in said scanning direction

10 in between said divided areas.

41. The exposure apparatus of Claim 34 wherein
said stage control system controls said both stages
so that after exposure of a divided area on said object
15 is completed, a preliminary operation where both stages
are accelerated in said scanning direction after
deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
direction perpendicular to said scanning direction are
20 simultaneously performed in parallel for exposure on the
next divided area, and said movement operation of said
object stage in said non-scanning direction is completed
before a synchronous settling period of said both stages
prior to exposure on said next divided area.
25
42. A device manufacturing method including a
lithographic process, wherein in said lithographic

process exposure is performed using said exposure
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5 areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:
a mask stage that holds said mask and is movable in
at least said scanning direction;
10 an object stage that holds said object and is
movable in a two-dimensional plane; and
a stage control system that controls both said mask
and said object stages, and on movement in between
divided areas in the same row in a non-scanning direction
15 perpendicular to said scanning direction, said stage
control system secures a post-settling period where said
both stages are moved in uniform velocity in said
scanning direction after exposure is completed on a
divided area, before beginning deceleration after said
20 exposure is completed, whereas on movement between
different rows, sald stage control system begins

deceleration operation of said both stages as soon as

exposure is completed on a divided area.

25 44. The exposure apparatus of Claim 43 wherein
said stage control system controls said both stages
so that after exposure of a divided area on said object

is completed, a preliminary operation where both stages
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are accelerated in said scanning direction after
deceleration and a movement operation in between divided
areas where said object stage is moved in a non-scanning
direction perpendicular to said scanning direction are
simultaneously performed in parallel for exposure on the
next divided area, and said movement operation of said
object stage in said non-scanning direction is completed
before a synchronous settling period of said both stages

prior to exposure on sald next divided area.

45, A device manufacturing method including a
lithographic process, wherein in said lithographic
process exposure is performed using said exposure

apparatus of Claim 43.

46. An exposure apparatus that sequentially
transfers a pattern of a mask onto a plurality of divided
areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:

a mask stage that holds said mask and is movable in
at least said scanning direction;

two object stages that each hold said object and
are movable independently in a two-dimensional plane; and

a stage control system that controls said mask
stage and said object stages when a predetermined
operation is performed on one object stage of said object

stages and exposure is performed in parallel on a
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plurality of divided areas on an object held on the other
object stage, said stage control system controlling said
mask stage and said other object stage based on
instruction values according to a jerk curve, which is an
inverse curve of polarized symbols, when a preliminary
operation where said mask stage and said other object
stage are accelerated after deceleration in said scanning
direction is performed in between divided areas in the
same row in a non-scanning direction perpendicular to

sald scanning direction.

47. The exposure apparatus of Claim 46 wherein

said stage control system controls said other
object stage based on instruction values according to a
jerk curve, which is a quadrupoled jerk curve, when a
movement operation of said mask stage and said other
object stage in said scanning direction is performed in
between divided areas of different rows in said non-

scanning direction.

48. The exposure apparatus of Claim 46 wherein

said stage control system performs a movement
operation in between divided areas where said other
object stage is moved in said non-scanning direction
based on instruction values according to a jerk curve,
which is quadrupoled jerk having at least two poles that
are shaped differently, in parallel with said preliminary

operation of said mask stage and said other object stage
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in said scanning direction in between said divided areas.

49. The exposure apparatus of Claim 46, further
comprising:

a mark detection system that detects marks formed
on said object, whereby

said predetermined process includes a mark
detection process of detecting marks formed on an object
mounted on said one object stage with said mark detection

system.

50. A device manufacturing method including a
lithographic process, wherein in said lithographic
process exposure is performed using said exposure

apparatus of Claim 46.

51. An exposure apparatus that sequentially
transfers a pattern of a mask onto a plurality of divided
areas on an object by synchronously moving said mask and
said object in a predetermined scanning direction, said
exposure apparatus comprising:

a mask stage that holds said mask and is movable in
at least said scanning direction;

an object stage that holds said object and is
movable in a two-dimensional plane; and

a stage control system that controls said object
stage, whereby

on movement in between divided areas in the same
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row in a non-scanning direction perpendicular to said
scanning direction, said control system makes said object
stage begin a simultaneous parallel movement operation of
movement operation in said scanning direction and
movement operation in said non-scanning direction, during
a post-settling period where said both stages are moved
in uniform velocity in said scanning direction after

exposure is completed on a divided area.

52. The exposure apparatus of Claim 51 wherein said
stage control system makes said object stage perform said
simultaneous parallel movement operation until a
synchronous settling period of said both stages begins

prior to exposure on next divided area.

53. The exposure apparatus of Claim 52 wherein said
stage control system controls said object stage so as to
complete said movement operation in said non-scanning

operation before a synchronous settling period begins.

54. The exposure apparatus of Claim 53 wherein said
stage control system makes said object stage start said
simultaneous parallel movement operation as soon as

exposure is completed on said divided area.

55. A stage device, comprising:
a stage that holds an object and is movable within

a two-dimensional plane; and
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a stage control system which controls said stage so
that a first axis direction movement operation where said
stage is accelerated after deceleration in a
predetermined first axis direction and a second axis
direction movement operation where said stage is moved in
a second axis direction perpendicular to said first axis
direction are simultaneously performed in parallel, and
also controls said stage based on instruction values
according to a jerk curve, which is an inverse curve of
polarized symbols, on said first axis direction movement

operation.

56. The stage unit of Claim 55 wherein

said stage control system controls said stage based
on instruction values according to a jerk curve, which is
a quadrupoled jerk having at least two poles that are

shaped differently.



