; tuvwxyz{e3ePD&6TPgq " Ma~, 00~ SUBSTRATE TRANS S AND METHOD The
present invention relates to a substrate tran@@ﬂﬁ""@ﬂ@ﬂ@%ﬁaa SUbSE}:fM M0
transport apparatus, an exposure appayatus, and a nuf act BY

met hod. More particularly, the present invention rét'¥fes to a substrate
transport nethod and substrate transport apparatus suitable for |oading a
waf er serving as t e TEEIPSUr e

or unloading a vvaS?Jer ro?r?ﬁv@g %fogj[r \gg;eﬁ{%% toAlgfr? l\éeigposure appymmwm"mgmmmm
this, and to a device manufacturing method using the exposure appar A obhSy»
BACKGROUND ART [ First Backgr Ouilg é@hbéﬂﬁg 2 and FIG 63 are diagrans %or
expl ai ni ng the construction of C kY substrate transport
appar at us. Fiifg pifeent venttinRlatds@¥'a satittafe! thansfodt ieth8d, uBViddt GBngpb/W Of an
arm section. The substrate transport apparatus conprises a |load arm 412 and
an unl eppdratysprantéxposensdppéretps.cand axlsvise manufacwring oetkosd Moretpartidutanky, the

ot °t oMORPL P ERSTe AR a8 SR AL ABh T g e sl i o, 5 °° °°

r espechiidle)for 106dInYE QWA G SsefvilDas a SifbsEAtD Bhtoa Wafs IR of aBkposun® apphrausaind
413a. On the tip ends of these are forned wafer attraction portions 412b

and 419b i : , posi tion
d 419bunigadingavaferfremp waleestage: apd IrANRXPOBER APRAFAWSYFNE B, arf 1O

shown Q. i : j ransferred to pins of an XY

st age g&é‘geé}?%'{)‘}tf%@v%ﬂ* Ftﬁ@?ﬁ%ﬁ? ﬁlgﬂe{x@é&%?ﬂra gﬁt&esése of attraction by the wafer
attraction portions 412b. The | oad arm 412 which has conpleted transfer is
then retracted and noved to brg i h wafer W The wafer Wwhich has
been transferred to the pins |ﬂ§£§@m¢}§§%ﬁ hel d on a nmounting table of

t he XY[miseBackstdundiArg | owering of the pins, and is noved to another

| ocation together with the XY stage, to be subjected to predeterm ned
processi ng skiéh 63 8nékHostpk are dipgramsfopexplaining shescanstrytipa @f 8 sorveatigrandby

posi ti in_t | QUEe- 8 i c i f . : W or
rect Sbsile WepdgBr el . Gk A bl P RIBrEEB sl il |12
been compicetianl Thnmbstrate transppatSippararus sbmprisesia lodtcarn 412 andtang@idagarmi t h t he
XY sta t ins and the waf er re rai sed. Then, at the stage where the
va or - haud eb AT abie oot Brek aih e mens s DRERwpR Checomsd an ara Bipor
e 1 oa e B oy ¢ e e 2002
2 Howet b3 and 4 3irppestinsdy ingprmoratesaspain of subiEMeUPROT Sortions #1 2scand 3 39.eOnt he

st andb ey L at the armis

separ a%,heeg&?g?éegmggﬁ %ngrg{ég%gageﬁw cﬁ?’%ﬁl%es Evig%b?rﬁg\r}\t/lgg that the wafer
attracti on pAnunprosesédBivafendV whéchvimb deenitahsportdd to theepdsizion.shivien éother , f or

exanpl e when t he fer W.is received.by_th nload.aym413, it IS necessary
o mov Bl EY it e A1 i s 16 it o8 0L RepomaclniRt SHokin tyane,BetEhor of
posi ti g rdfeasd BEAtGhGIOR ByNRE Kafed afira@fiGPpRTOAY 412b0ITHE 104 dridrAQSEH haf wafer W
transport or processing, attributable to the tinme requirenent for novenent

dur i ngcemplsted trapsforis thengewranier meorgyasiin &ring in amother MaferoV e ThawvafesVt i me of
TRnUT Gk HAO b THRAAE 1O ne B 6 Gifralied P Il B8 o hlinuhf Fufd HARY RS, appar atus
a ret g as a sK onto

for transk?’errlngapatterno Icle servin each shot
r egi onstage withifedpwenng of the pins| atdeis etaved td anotiier tdvatidrotogether with thesXYeen

applied, conventionall rojegtion exposure apparatus of the

st ep- aﬁ‘ag“sg% ¥ ?"ig’bcé:t%t)tf’g’é%"g’%y?arpéocte ,SuSF SPUSPYF type) is widely used.

On the ot her Thewfload £#6£413 ¥ mdved @ dR'stan@by FSsRIHkhb@ntih ehedRiME Qith&r Preci se
transfer of large area circuit patterns, wthout making the burden on the

pr oj ecfuidng prpeassiag of therveater WoorHsunegdiately afier nregessing.aMden s wafegWion t o

proj ect j r f L: re. b the so
or | oq "hfER pRSRGSHE RatR cBhift cohld F GRHR NS SKRATH e HERE O U "7
carri ethedY stagt vkepins and the veafer Wtart radsedi Mhemfat herstage nebege thy pasd ™ hho each

shot region, the reticle and th fer are noved sinultaneously wiih
respec Sget“da'_ts 95 B TtROSH8 glﬁnég? \S{\@VE?‘& FPPRAY Wr?%%&p&'ﬁj“é‘@{aﬁ 3mm g}%bss ure
appar aijéved {othe tiddferd siURSAaSS bly OB 41 2inW8E Afurk OARI (ROwRRE WAL on for

unl oadi ng a wafer whic as al ready been exposed on a wafer stage used for
posi ti meeivgd-and novi ng the wafer, and al so | oadi ng an unexposed wafer onto
t he



waf er stage, nust be carried out at high speed. A conventional wafer Ioader
system conprises; wafer lift pins projectably provided in a wafer ?(MAQ%
the wafer stage, a wafer |oad arm for, mounting the wafer on the er I|
pins, and a wafer unload armfor rem)%/l ng the wafer fromthe wafer |ift
pins. Furthernore, as disclosed for exanple in Japanese Patent Application,
First Public e waf er
st age, roughﬁ%’?‘r’&hh@g B’S@é& gn% rh)pb%g §§c§]sct[1 eedge%)?? éeﬁﬂeaﬁggibgpe of the
waf er ipesitienr éfaherslobdirnt é18undstdte sutiethat the enmkseaepamhd mvaé mamasjlmrmnsf erred
fromtrﬁe wafer trangsport line to the wafer Io&g 31 I\/breo in order to
per f or nf WE9TB theayalsy Noeo thatibe yefes atteaaction pertiops; sl ang the ‘V%f&ﬁ {5?55| tion, and
attrac f f f Aft er
hi o P Mo R R Phonle Wy W Nt ?“‘%%‘“néﬁ*“ﬁ%"d‘“ﬁ%en the
waf er medessaty tarxmvcsthc nslead amh 4133ft0mm8tﬂﬂb}2 pGSIIth e fiartal @ txamsfer pasitibnt he
waf er d t fer | i f wafer i.s
t ransf rﬂi‘a’#‘z{eﬂﬁ c%%‘? lﬁWIOCF o“t%l?}ﬂn‘ﬁ Ut ﬁwe%’%g’afﬁé’f’ﬁr rlgﬁchgglgar mis
t aken watibdtmotthenhﬂaéqm&mswrmmeﬁﬁmtdwmg@metm&rmnsport line side, and
at the same tine, a wafer [oad arm hol ding an unexposed wafer is inserted
into the | oading position, and the wafer |lift pins are raised so that the
waf er i to the wafer lift pins. Then, after the wafer |oad
arm i s[%c{)%cg?gg\}\{%({uﬁﬁéaeﬂaf er lift pins are lowered so that the wafer is
nmount ed on tAatheahere, Githel @me ofiniannfacturing sahtcnadncimrdcﬁyestdsrehmm«alfombd: der is
switched on. The wafer Ste?r |sthen%¢%%t|a nove 0 gltlons wher e
ear ch CHIOR ABPRTalS FRrDNICHIE ARAHER o AIeHF HPYIngas ST B T IABB Ao an
al i gn”?égflonscﬁf'lslf’ifer @Fglﬁ@ﬁlﬁféfkt@j ﬂo%ﬁ&?bhdt&eﬁ@trﬁagbgﬁﬂa IBd, @8 @dntiohdllye
search i gnment process, for ‘exanple, by detecting the position of three
one di mxgmaXP0§é@rapnaratusgaﬁ theratenandkssan Fype Ifeloglagxmosure lipepersitenpehype)
dlspla t e origin
of " ho "SPFY yRHE 10h i lnd:dEpl 2 G 8R4k B KRG AL B robreditlE, Y9 T
act ual tmmﬁgmf :Mrgayrea oncult peatcﬁss ithowtandkirgdwht burigh on tieprbjeetiovadeicaiar e
obtained. After this, the ff % al ignnment . (fine alignnment iﬁ executed for
exanpl &YYFM 100 heawy, ARAMIONIS Alse;Deing |B1VAR; 1 RIPATHIPN FXRQTBE 2PRHAWS ORIGI ves
det ect 'séﬁnﬁ@%ﬁﬁosﬂﬂa tfyb@sﬁ&% heAdd @lled Siep-dhdiadfsypd. NcdBRfthg io¥acR hprardlfs,
al i gnment nar ks er marks) attached to a predeterm ned number of shot
r egi onstep gmpmentsh earsipd gut ‘ethm‘:msc!imt@emaé eeriéme pf m@rmafgeqvcpbgmaw ech gn ment
sensor snol HiloR 3RO shBR { SRk mdvad ARILALN PR Ve RILELS |1
ach sROt CRE War er ar e premseyove g e , after
V\hl ch tobecaahmtmrrentl oned waf er exchange is again perfor med. In the
conventi onal %ﬁh‘?‘nol ogy as described above, the wafer %i ft ljpi ns %re
protrudabl y EYF Rriverhon GXpesyre ﬁB?ad@PS’dhofdﬁetovbﬁ?ré?seé IQYEhPUL AWHET | ai si ng
t hese v&ldfig dpefatioR férunlddddi}psd WhfePWwhichhaValkéidy beerPéXpbsidBicth Referggse t he waf er
hol der and the wafer |oad armor the wafer unload arm However, In the
const r wead fonpesikaning and maviag the wafenjand alse loaging\an daexnosed wafer patovks er
hol der ,,, %‘E’s@ tage for supporting the wafer hol der
becones E%Srtpagg Bé%%gaoker e\‘@{ OZ di sadvant age of the increase in size.
In particul an, comemrmle]rwafer lo:adetresaﬂantchmpugéspwhfer lift piss prejeewmbiypyotided ncr ease

an S PR EplBEE B Bt F i S blpat B T Ul BRgiportet 6 vl dal of

enl ar g@imRNnd wﬁﬂaeuﬂbwﬁnmr QEmO\tlﬁ‘E [ water fidin BRSWAfeY lift leSOfFuﬁHcrhﬂFer gase in
vibration and generated heat. Therefore, in situations where the waf er

stage diselesad fe cxamiple imdapanese Patest Application.tFirsbPklication, INo. £136262.s7heg speed
whi | e %ﬂjeo\g{tglsﬁ' n@ec‘la&n Re i’&%r sﬁa@g r%ﬂﬁ'l elgﬁﬁ!epeﬁpg’%aé@%f&?ggseé 8E?ﬁt hernore,

t he conventional processing for=on ermne m the sum
of ; t hexteafabshapx ohtiegeafer mperfbﬂmedstm&rrehnalatgxars&ge wiheregthe taferfs ne al i gnnent
tlme andtheéﬁlmefor actuallytrar]sferrln the pattern image of the

reti cl drapgered-fromibg Watey rapspoline 4o t ¥he). Therefore, even if the
waf er exchangg, Ldvee, ifordd? %o Paidim \@J:FeQEHEEEE%g t!h@%va?ér%ta%@?s“ﬁx@@&ﬂo atl&ﬁimg

t hroughput for the ‘exposure step can be i ncreased. Therefore, it
desi r alpbsition apHietttagtiomef thechpersd pasgioplthe whisr helfienis ewit¢teed péf. t Afivr tms, t he

waf er %\?gﬁg‘s lgtraléccgg)gf.tgurtnﬁ‘ he waﬁér ll}?ﬁlef\xts,ogn rtﬁ"enat E%‘vraf unfoacri rzpmrll xﬁsrcef‘t%ld' gnnent

of the



away fromthe projection exposure apparatus, the wafer is transferred onto
the wafer stage by the wafer load arm Therefore, due for exanple §¢ MANE0]
positioning accuracy of the wafer |o arm there is the possibility of a
drop in the prealignment accuracy. Therefore, heretofore after attracting
and hol ding the wafer on the wafer holder, and before executing fine

align | thel J t measur e
Fhe narseh et RE ek R G o RIS ARTEY hlnt QB

i ncr easyosferrad totkewafeoumbadammat e such search alignnment, it is necessary to

i th itiani of the wafer at the st the waf
S mant et o Ents BoPRETHOHd S f faker Rt Es e oading aeufhio e PaE o amnl o
dur i NG dalighobfFE sidl! ddd & e feqmd, 3 W&ﬂ&ﬁﬂarﬁ{hdl&'iﬂg‘ﬁﬁﬁxﬁéxﬂb@édjﬁﬁfer ishe

position of the external shape of the wafer is detected, when the reflected
| i ght fimseried into thelaadinigspositioni anddhe)yafen lifpind ase raisedesntthat themafanisi on net hod,

then duye_for ex | e t.0 the. conditign of the teri.al .of the, coati on the
wnt or - Jpy e OER e hulrP e BinS T R, ol e waftE LR of SRt g SRt ML 0.

t he conglistareidwefedisBehdt ¢Hid wafe£id nhduaidd chaxie Gafen tieldet | Afterthisyattradtivalby.-
Therefore, there is the possibility of a drop in pgsition detection

accur adle wafsrhalder gmawidghsd on. Abe pafer gageis theroirqueniially meyed toposiiapss er
transp : i : i 4 pefly
deacr | BTl ligher shpts e Vol @ARAY A Hetchb lontor Mol il * 1Yo
been f @enhsbr, end smacthredignment is pedoratedr nanuf act uri ng apparatus on the line
such as a cogjer-devel,oper (an apparatus for applyin hotaresi st ta the
vafer - and ¢ RCE o U Rereh RRETRMRG prisp e for cxBiey o erfelfe Mecsiional 1 o a
robot afrge 4fAdimenslonat sédrél AgnBinbiasks olthe wafet, ¥he pitidnandi¢ifcedient he robot
arm 464 and held. After this, the ,robot arm 464 is driven along a guide

467 i n amesnignd she fotatiop fangledsviaiorgmennt of thedrigieofithe shot @gay amtherwafesiaf er W
i ' ' t i tus 470.
1S car rd'e%gte@,yanﬁ Iggserd%othe%ggguﬁgﬂthé gcﬁb%ffsr&%}taerﬁ é: o@gn% sggp{gﬁggl\}\og?@&@v qu

At this position, the ro arm 4
t r ansf enrtisdwafot are abraaiedt iAdter sisifthe fink? abignrhéme (finecaligngrenyris exeomed &drus 470.

~ 1 MAY Z002.s A_con | unit 474 rotationall rives the rotation shaft
472 i £XSGlF b an FLPA Bihens oo otenmen araned GEHis i glyies BripenE Ryt A
preal i gRIMOEh APdYdodkdifatés! the pdSitidn o€ FiHé hligrinhéht WRAHA (Whifet nddrks) aftiche@tét €.
During this rotation of the wafer W the contral unit 474 nonitors the

out put Predstermingd pumberafsheigegionvisamplsahoishdeterminedypnferchandonhe wefasbyi | a

not ch ) i i I {] . f Wis
et oct & 2RgfERE REE R bk ARSh B BulRE etaBEA irRRE AR ik IF b
cont r olregion of the Wafer apespredisely ovatapped aifd dxpesedpifedr imdnictsthe Bboverigntiomedt he dri ve
mechani sm Then, the control ‘gnit 474 simul taneously drives positioning

pi ns 47EICTFFENANESS W‘é‘%?‘{?f‘ﬂe rive mechani sm (not shown in the figure)
towards the mpiheicbAventibadltechialogyas dest:ised d_bové,Ql!\’egxbaﬂéf)ﬁfttphﬁrﬂré"ﬁrotmdably
(prealignnent) of the wafer Win the rotation direction and the XY two

di mensimpuntsdrn ghe wafer koldes g the wafer atpge and by Fiidng tesowaten liff pinsetipnsiéinent

the conf gy tgi ik Rér_?%e‘atﬁéweem& RaRt hoige a[hg,gé ggfleﬁo@d afth Sr th%%-?af&o their

original positio xt the control unrt ves an armdrive nechani sm
484 constdatdatmang a rotary transport armdrive apparatus 482, so that a

waf er | oader ;yotary.transport .arm486 is turpned to a positio erg a clasp
bor 41 o on- t FESERT! 18 gmimen G phits e Spep i Pins sk troBREA inshS ABERaGi ¢ ne
rot at i g@ldehakd méchdnih fob ehelw el dt&HRTBNSu aﬁagawﬁaf&mam@:r&c%@@s there.
After this, the vacuumis switched on for the attraction portion 488

pr ovi deamalicaterh apdthers,isthedisasvantage of thgBCTease in sizes Jn particuler, imerer W i s
attract; A A : ' jtign the
ot ary figRErofbe R b e Aot Al Bblne R i cnk b UpofiBONEE F"

waf er \Meppingitradersingapeedvandtsegmintipeedsincostphthgekposing typec Hovgsenfin thee waf er
Wis perfornmed according to the following (1). through (10) procedures in
appr oxi A AP a@ﬂ%"&@* @géﬁﬁﬂg‘.Ot‘IriL&)"e'Fﬁg‘e g%%‘él@@f@é‘d“?’éasﬁﬂﬁgwﬁﬂp“émﬁai n
cont r olgepdthied GBA! TRERMIe, iR sithifiohl GHERIhe WateRstHpd ¥AnsYtH BAA hdlN§ i 0adi ng
position. (2) Next, the vacuumof a wafer holder 492 is switched off by the
mai n caiiificolt tamise the Byversigispecthwbie surpressinghetowtpus pndihie 1ike4, 496, 498
provi ded on the XY stage 490 are raised by the main control unit so that
the wafer Wis lifted up by the center-up pins 494, 496, 498 and separated
fromthe wafer holder 492. (4) Next, the armdrive nmechanism484 is
controlled by the control unit 474 in accordance with instructions fromthe
main control unit, so that a wafer unload rotary transport arm S00 is

i nserted beneath the wafer which is being held by the center-up pins 494,
496, 498. (5) Then, the center-up pins 494, 496, 498 are |owered by the
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(10) After this, the vacuum of the wafer holder 492 is switched on gy #h@
mai n control unit. Wth the recent progress of high integration of‘ eMYc sz
alimt is starting to be seen in the4 use of light in exposure nethods. For
exanple, in the case where exposure is perforned with a device rule
(mninumline width) of less than 0.18 ~cmline and space (LS), it has
become necesgafrdre ARE conRhRbRE }o%stﬂfg[thﬁ@ or%*ié?%f@r Noderdthised frdth (. A
(0.6-0.75) using a short exposure wavelength o or exanpl e, an exciner

| aser §ufu 6%; theawafet exchargeiie, tir sedoch aligrmert dingt, thefB® ahighment tbme, BEd theser
(wavel ength 157 nm . .The reticle .size also has shifted from®6.inches to 9
inc hest.‘m%&ﬂ@f:tuéu% ﬁziﬁf‘?‘m&&%ﬁ?&‘&@, m{aﬁ‘é?éthﬁé%tfc il @c?aﬁtég}??é%l?"mf%gse in denmand
for expgasire tipRpaTRéreforeMev&if @t w et dicharfzelintdlor thé Mt BlignméHt éinfeQie €xanpl e,
in the case of a scanning type exposure apparatus of the scanning stepper

type, shertenagdethetthroyghput é91 thérexporyre step€an berincrgased, Ehepfersnit isdesiraliple t o

et toi SerER RmAFER SRhlet O3ty BREHRRer e B Ak Bp ST O\ ey

mount ed. Hovieithermaork, idi€toforé aftdrpefbagiag predlighaenal eie wifage agositibnr t her

accel erated, the synchronization adjustnment of the two stages becones

di ffi c#vay fram theprpjechen expose apparatus, (ke vater js¢rapsisaed ontgdheWalerstage Ry ead
Lhis rERWlet 104a A, ITHRIGGRE duB T ERARIESo I/ PositiBhink AEERady Dr tREWRRERLE! | 1 1Y
of an increase in synchronization control e€rror r the’two stages. In the
scanni amp, sheapisahe passibildy vhe deopriv itheopred igniment acsntacy| Theyefordyberetaforel e and t he

waf er i i ol.t ant, en.in reali i.t .cannot ,be.considered to realize a
short eﬁ%@%&&w ngitl??ew‘btgr %‘ché Waﬁ?rhé’ggcf’ﬁé‘d?’ﬁ@“sw&n ©ccel erati on
for thgignhRee it i$ Aedeseny B dxécutk B@cd‘rétﬂﬂl’i@héﬁﬁfa&bt\xﬁﬂ? aRasure thefsBbt 4r9oa t ypes
of apparatus is nornally as foll ows. ;11 MAY_ 2002 7 At first, a rough

al i gnnitvaere Thpssths dimesiequiged for plignsmens is inereesed. [ ordgHioglimipatesich is carri ed
out ba bgt ' [N=D'€ j n, in
the condrr ghilfy RCAeERAY BHEetE U poltofig el (ke e s lpEs

bef or ewhert itherveafet s amwuingsd @f the hafendiblder.( waf er | oadi ng step) to the wafer

stage by the.robot tra ort arm (| oadi ar. is perfornmed.. After this, a
search ali g%?ﬂﬁ'tmg?répmiqggﬁ@ﬁw rF’f‘quFWrg[gﬁP i“}?&?;h(‘}rwatfﬂels al i gnment

nar ks gduktb@® oiveethaferhdliét, e pBsitich 80@e erfdthal Sidpe 6f tHRGvaAebis Bestttd,Whedl I OF  Of
t he waf er st%ge_ inthe X Y, 8 direction based on the results. After this,
a finethgirelipcipightfrep the waksr i eeeivest by ananifiourescpntdipminaion method; then t he

POSTL T g8k BF ehfifpiétd 8 B SFPo e bidrlaPol b Coarlng dAtheWltet BEERBG G T8y O

t he waf er. ter conpletion of this alignnent, "an exposure step Is

per f or mebindtiont(diffiesnees inHevepaifttre surfate, theecanditionl of thetefle¢tbdligltfcan chatge

conpl et on of exposure. t waf er st I § again return .0 the | oadi ng
oo t 1 el 1R IE ESorbaFrnd . e eBahEn! t 438 RubeRiibarEleclith Aiecinl oadi ng
arm (unload arn) is perfornmed (wafer unloading step: this wafer unloading
step and.the beforenenti oned wafer |oading step constitute a wafer exchange
st ep) . [IovdRaskeoung Arfhe tine required for processing one wafer is

det erm ned ’ %% f | i gnnent
time + the \j\ngfG e'r%la Peélwggglffgn ﬁ?ﬂfr%ﬁaﬁg&ﬁ@%@éﬁére&ﬁ{% &%ﬁé%?’g} e, also

i f t heUsiaf #IG eodctodmigfly diesariba plzer procassing flow afithowefee transpertj swafeoW whistl, it is
possi ble .to ize hi gh .t hr.oughput S.Wth increasi t he stage speed.
FovovePs teep Frattt Sndoef EcRBHanBR e dinRe bR ibe D8e 385 8870 ¢ br ough
pr ocedusaest-develbpértan Bspadd10y/Rr BFp1Ving Pastofekist to thd Mafdd) MEQBe @svelopligried or e
there is the disadvantage that a long tinme is required for the exchange
oper at V8T afigsezpouie), isiranplesred ipsprohpt m Hdeand i eddty anliraghiPRr . waf er
transf 65nibs 46864 'crfédr BN arm&A%nhE dkit: Aggéﬁl‘ﬁgﬂﬁé‘fdb& iAPadu ik%lritlg?alghg;?dvant age

of a dtop I n prea ignrrent accuracy. eover, since it Is necessary to
i nst al puide4€&T smhe divectodniof armwch ayas mms drive arst 866 and theevafexpWis cariediby he

waf er stage (XY stage)., there is the disadvantage this additional weight,
o § nofegatoshn 4Bt 9 sront REA PSP PRV A dbiS PGPy the FooDf arh

cont r ohkpRickichied dd tRal O Wker & idlitknstdN¢htd N otatfonshaft a2 86the0f the present
invention is to provide_a substrate transport apparatus which enabl es

pr onpt prehigniment apgarafuséBstrate, and a substrate processing apparat us
incorporating this. Here in the foll ow ng description, in order to clarify
the relationship between the various el enents and the configurations
disclosed in the figures, the reference nunerals given in the figures are
i ncl uded for conveni ence. However, of course the various el enents are not
limted to the configurations disclosed in the figures. ~ ~ MAY 200T_ 8
In order to achieve the above objects, one configuration of the present
invention is a substrate transport apparatus for transporting a substrate

o e o "



a first arm(45) having a first support portion (45e) for supporti n% a reﬁr
face of one side of the peripheral portions of the substrate in a ﬁrMp?(B t
direction (CGD) of the substrate, andsa first facing portion (45f) provided
on the first support portion so as to face a side face of the one side of

t he peripheral portion of the substrate; a second arm (46) having a second
support port AQBnkdiamit 47 ro&HBRANYdrives the r@@fiod sHat 472 Vi@ d@v@Ectahfm Oof the
peri pheral portions of the substrate in the transport direction of the

subst r énoé shawmniinghe figwra)icanstiutine therpreadignmaentt apparas dde.dAs g reswdt, theater support

Por t1 onY S#ri§ ot IR RlsftiBl B R g R MF ot SoR 374 MopllGh 53] % o,
dri vi nguactiorifa nofth detector (BdtShéveslir the figerpast Wai Gitil ahoich (¥pagesdictynd

separate from each other. Accordi n? to this aspect, with a sinpl
or

const r @wwvidsd onacespberakpastion of the pater 3V ds deiactado Wheriibe POIch A ARASERY and a
bst . i ) i h

1ot o1 MepoldleRerib 1, helMonfloriih 47 3HRAd Blnioh df IHITHARER shaly B 1T

(145c, the4bBive nvdechatismahérg thensomirobahii 4iidosimubtarteowdly @rivtas)popitiouinggpinsi 476a

i ph | tiog t bst t iti 7 f.th 1 7
oot ch" 7 agfiita B e eabitiemy Cacs sBOPE B the Rte] lobrdsaipd roigionpag ga2” (7 O
subst r aks réat roﬁgﬁ 2béliidsing QarEmfgﬁrn%ﬁg%? the WXFSW in ShiPRtHtidh AirkétfhSdn@lthd S
h’ only th 1 MAY 2002 9

possible with 'y operation o e'transport arm 31
Mor eov &Y, twp dimsasier dieqiiondecomplgied.p pdteneampletion ¢fehis preatignmenty e cpaiol

conpris hl . f } str e (145, 146) for
transpgﬁl}?ft%}e’? e?%ef]%o;s%txrog?r{é ;ﬁg@%ﬁ?%&s@ tc?%ypr%&rfa(l)a&éﬁ?nha) provided in the
t abl e peri phNeyt, theoshtrol aniio 404 tripedraniapm drilé ptechdniés ¥84 consticleidg@riofane arm f or

inserting into the cutouts (7l1a) and supporting a rear face of the

subst r SRRSPOTRRIM AFi¥E APRATRUS 6’523 §e thaha é*@?rgﬁ&&%w&%&rmpﬁ@naﬂééﬁwwﬁ Br onpt
substr 0 M d i ki j & sepal m
or aov PO R B e e AR i o
por t i othe rowter shafuéi) onsthp preatigamens apparatue 44, anstopsithster FAftershisahe | east two
pl aces on the rd pheral .portion. Accordipng t.0 this aspect, sipce

B uppor tEBs S REGHELS B vRHidadite ppER 6s Mnited e IESTHensto T RIS o

pl aces Agn rediflt, eIwaibrewak agreied afd held pRakid rotdry tragspstthahM86eIn thisst abl e.
Further(rérrg{e, i n anot her (%raef erred asgec the transport arm% 145, 146)
conpr i S@RGItiop the FRRIYAFARSROIH tmjls Y§ Dugipg thispap byp@fﬂoﬁ‘é{ﬁo 238" Wer vi ng
as t e nidRR@loh XY SR 400 isTORAL, B Exchefe Jrdfewster SR Cpéhﬁﬁmaf t he

peri pheral portions of the subStrate in a transport direction (C-D) of the
subst r ataordingtd the follasting Githnguglo (10) proce¢dutss in approwimiasely Srtotllesedandst support
portion,so as.t e side face of .the. one .sj of th ripheral portion
bF" ¢ he Wbt 1t & G55 B0% REvEEETa Bait Bl Eut B oL inE BB 20" L ac)
ser vi ngriassyistetn oupe oadinggokition. f or supporting a rear face of the other side

of the peripheral portions of the substrate in ranspqort direction of the
subst  &e, aﬁaxtat@eveswan ele PrageT Belder ’@fwetr%edpqafsby @édg%a conEPl 48k ond

Suppor {3)por t TRE,, $lﬂfeé‘ﬁfttp?nsf('e‘€rﬁexau 149, 19%,0@98)&09#&% 8h hférx?'sgﬁe Q6o Lie

peri pheral portion of the substrate; and a drive nechanism’ (143, 148, 149)

f or dr raiseddydhe maist contrel wnit s thatrthe wales W dmliftadup byctbe aenten-up pingé94,486.as to
appr oa separat e 0, a other, and the first and second support
porti o%gsﬁﬁgg?g%gg%}m&ﬁeespae% ﬁé\}%‘frft&gr ovided on the first and second ar s,

are abk® to bexi, fredrinadtivermddheniemtd8dtiscdnirbii¢d by\the @bfitrslainitat7ulin s aspect,
with a sinple construction and operation, a substrate can be reliably held
and tré4 FeWithipstRistens from themrigcpntielamy, sethataswaler unlppdrotaryst r at e

P 0CeS $ Ao RRIRAT O YS ins SrtcH bR ¥R Bt GatBPRRICAS i{.T@aela B?{h%fc%ﬁtrei--(]? gﬂas'm,k
pattern t0 a photosensitive substrate. Furthernmbre, a substrate transport

appar a¥8, 498. anot her aspect is a substrate transport apparatus for

transfegsring sybstrate toQ a f substrate stage (7 and t

appar aﬁ)s c O}ﬁw,glgesgenﬁ:rw ;glls %4% g?g arculoweregtby tl?e mgm c%ni?rbl unit so tga%
the wafer W is transferred to the rotary transport arm 500. At this time, the vacuum for the
wafer W by means of the attraction portion 502 of the rotary transport arm 500 is started by

the control unit 474.



a first arm (45) having a first support portion (45e) for supporti ng fw%m
beneath one of a pair of opposite portions of the peripheral portio 4

the substrate which are approxi mately opposite in a transport direction
(CD) of the substrate, and a first upPi ght portion (45f) standing upright
on the first support portion; a second arm (46) having a second support

s L et

suppor twRowithérawndrons €Hefleddihg strion, bid ithBe §anieStimel fHel rofaty parsporarrh a8@r event
novenent of the substrate in a horizontal direction; and_an armdrive

appar atWhich igstanding by while hodding thswafer, Vg turped 59 thatthe wates 8. i frensporedat t he
time of,t chpa,gfeghgldh;mport whil e nmaintai ning a spacing of the first
and second arns, and changing the spacing of the first and second arns at
the tin@) of (Themshecendr-upmnsds #9Gt498 afcmised by thetmaia conthbsitunittse that élrespor t
apparatu this as t, prior to receivi t he substrate, by %ﬁ’y

b g AT HaRsteRes rorh o ofy Luso s dBBrs (R CRYST IO RS AOTATE iy

posi ti qB) Whengxt, e fdtdry traRdpdrBE URE idwtRdalE fRPRB&IafRRE vafek W2 b? kHest and
second arns can be noved to the transfer position. Mreover, after the
subst r ostrelamitdddn transferred, the first and second arns can be noved to

t he st by it _er. r ki fir d

Sl ant 10077 o EReng PepFbine o4 A0 haRElobdfedty' Bl mARfeSP ML &

pr onpt | tie wafen W &rmedhtedioh theevafettimlden@2.can be reliably held and transported
with a sinple construction and operatiqn. Furthermore, in another preferred
aspect ,(I1bhe e thigythe KauymPidhny fh?}gFr'c‘p@d%S‘(’ﬁ%,d O&@é)tg%wglmﬁefs havi ng
the sangshape as the peripheral portion of the substrate. According to
this aspect, since the first and second support portions are each nmenbers
havi ng t he saMith theapeentprogress pbhigh indegratigroofideyicesfa linhit issstasting tot ke, sesmppor t

of the .sybstr is nore stable, Rurthernore,. in. another ef erred aspect,
2t | eadh st Bf BehnPRbGuRiARhe, S RFREerf rod Bof R EeBR RL 55, ol e
sensor feffoimediwith afdevicel aile ghiniguinflidevdth) b lesadhén 09 8heh lifle Sntpgpacé @dSpn t he
arm According to this aspect, since at |east one of the first and second

arms f Ut hasiecmpepeGesBEY 19 use B ProjeqtionapHed systerp hauing adighyN; A OfsOsimstrate i s
bei ng ' i 8.

P | Der ey B RPod A dRngltPbioR Grdiipld. 5 AU JALAHLE, BVt 208

posi t i omm,s%nks wavelangth 93 nug beant Brlasdnéwaysdengtiyl ¥min) cBhetrietele size alse hfig r st and

second arJrs,. 1 Y 02, m Accprdi ng.to this ect, sipce there is

£ ¢ hor B from & adHey e ¥ s eR, ATER it imiiAbeks RS Hap S} REPARIREBREL o of
the firiaidednd £ eRpsbuy dfparatuslveiictgcnf obidif ahighSthfoagRpiit Sartetiéehpl &gt her

obj ectégf the _present inventionis to &rovi de a nethod of .transferring a
subst r 2038 CE A SCATRINESEPS T XROSHIE APRREI P! 1BE SCcAnBing SIEPPEStYRE, SuPRdEr 9t e such as

a waf ershofifn e eﬁ?&‘ﬂ?éjtrirﬁe,qpﬁ’ﬁr@%lﬁe désidbithtb ﬁ&&@ﬁi?&%é&i@raﬁ&ﬂﬁd Rtd'r
accuracy at the time of nounting a substrate on The stage. Furthernore,
anot herthetsjtigletstage ontvehiph thegeticlé 1svmonnitesi ands the waferstagd €XX stageh ol wiich the
transfe\ggtlérnlg a spbstrate, whi ch can shorten the tine for exchangi ng
substrat es on & substrat e stage of an exposure apparatus, and which can

i nprove posi tHewdvag ifuhe wétinty/stade dnldehé waker xagdrare Mintheg acceteited,lthé € on t he
stage. Moreover, it is alsq an object of the present invention to provide

, It R L
an ex poya?@ogﬁﬁmtmteﬁ thediyostAsEHYecomen d%fg_g‘dbé? gt heradisment imstifod.
The metifadaded! TheRIbiE, ShdttdaAnRA rodts id &f McRa&SH Sk u}@tiﬁxé‘,%ém?&é?sﬂhe' nvention
is a nethod which perforns transter of a substrate to an roma substrate
st age (megbility oban isgcassiin syrgbpenizatios controlterran ot ¢he wocstagepaln the scaphing nmask

(R1) onto a substrate . which js pnositioned bei.ng nove t he

Subbt ¢ atepols SHEE syt Pnkh 07 fiiop € S SEEAT BRSFRAEWEIR G o | oac
ar m ( 22falit3 28 arinot bé)edrndidegeditb eeati® s bhictteRidg\Of eapsbufetiie By oalydnéroavaig thg the
substrate; detecting a position of the substrate by an external shape

r ef er enPechandagcelergiion 8rdhe$taged al i gnnent mark serving as a reference in a
condition wh ' LB strate
st age based gﬁafj %@aﬁﬁﬁwghﬁwg%ﬁ Pfdctg sbs% %gge%f@ﬂeﬁgb P %gt\g:s \qlglgx}ldgrg’t?l Hgybb
subst r afopwk.oweri ng the | oad arm and nounting the substrate on the
substrate stage; and then noving the load armaway fromthe substrate.
According to this method of transferring a substrate, when the substrate
stage is noved to the |l oading position, that is to say, to beneath the | oad
arm then by lowering the load arm the substrate is transferred fromthe
|l oad armto the substrate stage. After this, by noving for exanple the
substrate stage in the direction of the original position, the |oad arm can
be withdrawn. As a result, there is no longer a need to provide a nmenber in

. oy . o o, Y




31 MAY 2002 12 position of the substrate at the tine of |owering the | oad
armonto the substrate stage hardly changes. Therefore, the positi ‘?rI“MIQZUUZ
accuracy at the time of nmounting the substrate on the substrate st age can
be i nmproved. Consequently, the search alignnment can be practically omtted.
Mor eover, the position neasurenment (prealignnent) of the substrate held by
the load ar m&%ﬁst?@r&fgﬁ%ﬁb%erﬁ@&?% p&ftrinéd Whek: predlighflenfroph@ighment) ne

al i gnnent) and exposure for another substrate on the substrate stage.

Ther ef d earriedheutdhased0n thp befoeemséntigned wafer exteral shape drtectionohemdn thet hus

i mprovi ng.t.hrou ut . .ln this cas n det.ecti the positi e
supst r SPRR) AR boter Reb bRy LB ine BB FEHRON iocraRrBARMR S O

conpr i shewhfee (wifePivadihg eRppoithdigatensta@oby the @6tsot @ansport 8@ loatifgeempisaces

whi ch include a cutout portion (NI, N2) faonmed on _the peripheral portion of
t he subisripemed. Alenshis; neparchraligamery fteps performedinvolyipg seasehing s dhe on t he

det ect egh bt i £ ed results
S0 as fa glggxg?i}tg%%ﬁfﬂ%ﬁ{r&%{% i%{]thgﬁraf‘ég‘ﬁg aﬁdﬂg%éﬁ%@?@gg %Bgﬁlﬁgfﬁfg}rgggﬁsee, because
t he rotwedfersiade i aRi X, V)0 Gir¢éodion Ohsed/on theesiltsatAltdr shis,or fircdlipdmlesf @epeist he
substrate_ is | opaded on the substrate stage, it is possible to omt an

oper at | GHiedut pyplvirg pragiselk deteeing: the pesitignoef the alignmeny maghs anitBe walkEiq at e on

t he su . I Etﬁﬁﬁ ; i : ened. In
t he rre?ﬁ%%ﬁg? Slﬁ éga%{sealy eotrn P ﬁ%gggasu é‘tor at eétgglc%ﬂrtglgﬁgglpg&lt?%e%ﬁgggﬁt Ig??lsf/enti on,
it is rmetformakbtesmnyfet thepatiernaé thelreticte ohierthé wafer.aDsicompietion sfibxgtosaee on t he

substra}]e S a?‘g sj de.. Theref?rﬁgﬂt hcﬁ substratﬁ ﬁtg e can.be mniaturized,
and t hei§ WAIFEPagnly agpBdetumed 1o Bisiloading positignand Abs beirsmeptipnedpfansran of ot ¢ he
subst r ah@wafeRU8ng & UoddiY #MIUnlodP EROME perférirea Qwafet BfiloAEAS HepNhist he
position of the Substrate on the |oad arm the substrate isS transferred as
i s ont ovafpreundQasing ieroansk the beforameantioned wafer loading sigp constisiite a Nafgsxrhangni ng
accur acy, Zt the tinme of nounting the substrate on the substrate stage can
be irrprox? 'd. Furthernore, in the case where positional displacenent anount

(eWK, eWY) ofCdnkejuesnthy,ehie tixhe rduairsd Fre tpradessifg ama wafpr s deteanined dg; tHetvaferi on

center is, obtained, this positional. di splacenent gnount (eW, eW) can be
sed 1 GPuAREH B b AFLCHTPUR: ST HETE R T TV oGP RENGTR A4HC {1 ne
al i gnmeRpodiite fiMe. THBRIdralabso if\didividfexchahge tiR dpRAdoRdthe @xpésuftinié ist he
substrate stage nmay be corrected correspondi n_gi1 to this positional

di spl achauenedaitispassiplewg realizes highrtbrayghpuisasavith ipereasieg thestagaspeedvention i s

a nmet hod of t ferr ' erto a substrate
o and from HSHEE e AnoVd bl Bl Sl bangt s 1By A 3 ol

t r ansf girodedgres syl Asehdataive anemtiohked (R) > (D0)prockdsieb.s Thatford Mprenkitheh i s
positioped or bej moved by the bstrate stage (.222). 31. MAY 2007 13
This mobmowHassdnah 18t oY e et BBBE Gisfangs PHrmtot ooy inibi Gty

| ower i ngtet prRal§gtsdnit of the vadTer, Hafer frafder i§&£ﬁi6@3§0re{>&iedlb@|@6rfs€ ddnfy feRst rat e
and raising the substrate, and conprises: a first step (S 1%3, g 104) for
det ect i hredispduantagsrfgrdrep in Rredignmentaceuragy.c MOBBOVED SINGE tHHS RecEssanMet r at e

bei ng : i C -v S
176yt oL oDl B M it such e ook G S OrPlhe g bhge B, O
a posi tthem if the disadeintageghis hdditioted wedghe, anl inorease rimy sdttineg time doretherstage) andbaint i ng
t he sub tratbag on the{ojggﬁtrate stage, and then noving the | oad arm away

f rom t HisteZQRtiopdp gont % third step (S 117, FIG 27) for detecting the
position of predeterm ned alignnent marks (WML ~ WMB) on the substrate,

and, based on the detection results, obtaining a positional relationship
between a plurality of re@l%%OSHRﬁé)ETb@sM%WTKﬁ% substrate and a pattern
of the nask; : r j erring
the pattern o ﬁﬁg[’%gtsﬁttﬁgp {e%enjf %Pé‘%n%;gg%ov;&eggﬁ %ﬁ%@%%‘é&éﬁ%@%@ﬁ%n t he
subst r aviecinemdbiespeormpr transfer af a gubserate, fmisedibstrate prcedsing apparapuesi t i onal :
relationship; .and.a fifth step (S 111, S 112) for ving the syhstrate
tage (BCIPTaURE (i ReF Aty iae CREetb R Brder 1o PLbiiRe tRioRBRL r at o vi ¢ h
the unladecatit am)ug@I&@&k%a&ﬁ@mr{dﬁaﬁm&%gasseaﬁﬂa{)eaﬁg;ﬁes, feGefeftnpd tO this

aspect for the present invention, |oading the substtate 1s performed by
a conbimmeralp given amthe figuzasi aminofuded {dr€gnvdnienseibdowenes, oficagese the aripasi ti on

f f j I i K b , . i f I i h
| ond ar i posres3Eha 8 b B6nSieRicad i wilhe BBBET 20c 1 < peror mod by a

conmbi nation of an operation for noving the substrate stage to a position
for perform ng unl oading of the substrate (preferably this is the sane as
the position for |oading the substrate), and an operation for raising the
unl oad arm (238). Therefore, exchange of the substrate can be perfornmed at
hi gh speed. Furthernore, since the position of the substrate held on the

N T N - . . B )




31 MAY 2002 14 the tine for exchanging substrates on the substrate t@ﬁﬁnnr
can be shortened. Furthernore, since after nmeasuring the position of
substrate on the load arm the substrate is transferred to the substrate
stage, the positioning accuracy at the tinme of nounting the substrate on
the substrate stage can be inproved. Therefore in the third step, search
al i gnnent ca r sure
o ogess can BeRsPaCkis e plE iy, o Soridfnabih B Bdcthinp iR 1PLS]
exposu rs@bs&maafaatpwt wpmmssfbﬂ@ampsmhgtarsatbsaa&t(&g)e a;(cmxe)apiﬁmmp eothprises ng
posi tioning or of a ubstrate W), an ex ture section (210, 213,
217) fétan%ppaﬁsmeﬁﬁ ﬂg 145pb‘! dhat sugpogt %thfﬂ portign gf the substratecat ahlet%ﬁe
substr strate and

Cai a1 novERRERRE P pLAHLr plicRaRa Rl Be SIS 4 TIDt eom (226, 249)
for det ecti ndceorgingito ttmsubitratthﬂarspusapmaumeﬂ the abthehepdCDaﬂtharpmseland a

control ste 21S, 20S) for cqntral oer on.of the sub trate st age
ona  ndmRBae B rsbo s syBbot ek ipbectihodter Ghibd RuStarkdbeFREE] ng” O
Sy st eMp)abBEorC @B beRphetH PoftiBn By arisPért BekabdtatetoltRe Qa0 STHekdIbref BéfofeeCei Vi ng
t he substrate based on the position of the substrate detected by the inmge
pr oces $¢asiying the sustratedthe diaasport arms (cambe mered:lo admnsisr ppsitien wherediabsfer at e on
the su t d of

tr anst O HeAusy el Bposlole oy HEPREMA, BB0 TG RorkPat o Abfuy oo SEAGE 27
t he i npgsitipm masselagveyanmmenmanmeahbm himhsiandae stmmrmppar at us

(249) i ch can be brought i a tbgken 0 n?beneath the | oad arm
(22s, 2¥8ycd SRuTtherppRera o g FFeOfs‘B‘b%”c TRt By P’Hé Ly BOY % (RAE@SBPe, and an
i magi ”Qnﬁ@ﬁ?%hﬁ? o %@@ﬁbé‘tﬂfe tedFREE Ssn?éh 'tHEBtEh%s;SHrt Athssh 8E Rfved bpipe of the

substrate il1um nated noveabl e 111 um nation apparatus. By inmaging
the i msgredmf pctSitmnsfgbsliqvangrqlatl\tememoahmowmwt aemeammtmsmn aimgtand thehe

positio substrate can ) h accuracy wi t hout

PoR ] weistiate! REpRERRhATIR: GRMRS JTEARHER e Podbofds BREGRCY M1 MO ¢ ce
of the edge paithdriior)fin h:ttﬁhatﬁaa‘eﬁaiﬁpe&me fensporiarmatorhpiéset i e of | oweri ng
the load armaonto the substrate stage, the npveable il lum nation _ apparatus

(24S) can be2HrStRERAGH hagingi TSt FEPORD PRGN £49¢) FonfPPRATIRS 2 53 H1Ca 0EI8NY 245)
does nQfgeigfties c?igﬁcra Zﬁbﬁlbﬁs SIREsubl3FAe i Garks Hfréétﬁm'(& E) bEthe Subtrae, (for
exanpl e a waf Inches dianeter (approxinatel 0’mm), the noveable
i |1 umi rand a st fanieg pertion (4 )rowidpd ba thmﬁue@upmﬁ twmlcwso,les ex:ﬁacmmgefm of (226L,
226N1, 226R a .Substrate at the tinme of position
detecti l(’Z)nonéa’fs" Oef%é%%er pﬁ%@gom%%t%ﬁ)hs?%\g\g% %he noveabl e proj ecti on appar at us
can be made srsaddndand (46 taeing 4 sedsmivsappors pbréion t46eafcﬁdup;bdmﬁgweerar fackhef zer o

degree and the 90 de ree,no h of for e e 2 inch_di aneter
waf er é ‘{}c‘cfég"sp‘?fétl?’ BPROPS ‘59 S?@E’é‘tcrlhé’ctn%é‘ ISR50R 951
P11 umi rsasdnqre a&pagatoué fac ﬂg}ﬁd?eamma prbtteedr&melat&nuIshwmarrs@mar at us

may conprise a surface |ight source (fluorescent |anp, fluorescent plate
etc.) fagna Wagmfzthgstmtmngf ﬁxemeuehqmllmmqmatfrtmmmte and t hat both wafer

not ch detecti f at portion
can be perfor(rzrlir:ill 'ﬁ-&, ﬁter:(ro 33 ‘115% ?S"%Eg‘;’g‘rr"%“%égﬁ g@b()ﬁ%ﬁébhgﬁ%yrepor ate a
hol di ngecondtaem s6 28 &) aﬁmachahdsepgrmh&omtdaett othte by hol di ng from above, and

grooves (237A, 237B) for acco dat_in end portions (250A, 250B) of the
hol di ng rrenbdccprshng tothls aspect, iy lrnﬁﬂt ﬁeusgtaetep%m?ﬁgbsgawae €(221)
of the q%i@?}ﬁﬁk?en%ﬁa&ﬁlf(ﬁ%@t}atecihﬁé‘ﬂeﬁatﬁ?ﬁ@lda\‘i@?xﬁn fed.0ad armis |owered
onto the substrate stage, the tip end portions (250A, 250B) of the hol ding
menbers are f@dbmﬁdatlednd)thcttmefcgpempest (hzsmn@pozeamxléh 1146¢ corprises at e

Th b d h b
Stage HPEaTPaipy (1435, PHOTHERha® B iEn Ol b AT ok tal "G P et on to
t he gr qRYipBeraldbfon &%/dBbstrdtdupponpositioh (A ob thewtdgd ¢T)oMwhich thelsubstist rat e

stage. The width of the grooves (237A, 23782 may be made wi de so that,
after %WFWQS?H%‘OS%BB? arear brerof thesbRiale W)-st age, the | oad arm can be

spread and r t : re may
be further p?%%?%‘é@é)%’ﬁﬁﬁrﬁ‘? %‘%g pﬁé’?ﬁ%‘%té {rmggetr@%r se%t andsflg\tﬁgrggt mirgfr?

unl oadithgtradsposabmt rate on the substrate stage (222), and the | oad arm may
al so incorporate a hol ding nenber (238) for holding the substrate by

hol di ng from above, and tip end portions (249A, 249B) of the hol di ng nenber
may al so be freely accommopdated in the grooves (237A, 237B) on the
substrate stage. In this case, at the tine of unloading the substrate, the
substrate can be easily unloaded by noving the substrate stage so that the
tip end portions of the unload armare acconmodated in the grooves, and

t hen ra|s| ng the unl oad arm Furtherrmre preferably the Ioad arm(225

NS\ - Y o o . a =

.



31 MAY 2002 16 That is to say, with the first exposure apparatus of the
present invention, the first substrate transfer nethod can be used. S]fMAY 2002
Mor eover, when the unload armis provipded, the second substrate transfer

met hod can be used. Another object of "'the present invention is to provide a
substrate transport nmethod and substrate transport apparatus which can

unl 0ad a SUbgyGrBbRrd ks BRRES epgﬂlaﬁxis Rgt fit ih{erfiontBfdpSiestd e

Furt her nore, anot her obj resent invention is to provide a

subst r aable (1) fioxsopporting Asubstmtt, annsq 1431146} foatrapapottingshasubistratewhthehabdein | oad
a substrate onto a substrate holdi ng .nmenber in a shorte i nd at high
accura(,({;.ﬁ’ R)HP%‘B@@P? PEOY %é?%ﬂ?@ﬁ?clg‘?h%én ?é‘é@ﬁpqoﬁt\%ﬁ{lﬁ%ﬁﬁgao provi de a
subst r ar6viliéPlStRe him fiNQF R RtSMe thiodis§71d) aé Rppbrtaighareat fase ¥theh can
shorten the tinme for exchanging a substraté on the substrate hol ding

menber .subdrat@hor e, another object of the present invention is to provide
an exposure I I o] i ut by

ahor toni g t REeata D sl £ kA BRI (b BB HOHER byl BUBPRTE Y

pr esentpoissible Mtiithawnly Speratiqay sftheleamspoewims.e manuf act uri ng nmet hod whi ch can

enabl e an inprovenent in devigce productjvity. Apnother aspect of the present
invention is 1‘6"’§?:‘£’F§1‘P&P%‘*‘F’r%!ﬁ§‘ﬁ'68@sﬁﬁ’ﬁ'tCPfc}B°P Sent, VGBI NeSUPRPH PPAICBS (\y

froma s | 13 Gabsthhte\UP hQBast fvdTPMERRINGNE PerfpHel?

di mnsi@nal’q%ﬁﬁg&% sgrrrjgtE od gorrpri ges: aasfi r(g? sterl)] fope@% andi ng by an
unl oad portion; 352) at a substrate transfer position; a second step for noving
the substrate holdin nber hol di.ng the substrate tq the sub at e
transfer. posAGamEts F5%chgeh R uRatt BSs biebrth e Brliehdol i ng
menber duBstfaieatanleastdwa placesol th? pefiphdtalgioetion, Sippoft of the/sibytrat® W stgbld. he unl oad
arm and the substrate holding nenber to withdraw the unl oad arm hol di ng the

substrate frdivrthermose,is epether nieflerrrd aspeetnthe transport armg(143t 146y cormprises: st , t he

unl oad arm i [ bk an. :

SUbstrat e Mol oo ety FISCSIpbAh BoioR 65«0y uh Bt subBETpotiF

subst r afpesuppaning @regydacet ofame sideof theepesiphertal portionisof plaeswibstrdte oma trirspemibst r at e
hol di ng,.nenbe e unload arm. After thj.s, .t unl.oad arm_and t he

oubst r JHECHRR iR oh e st R g st st rapiee (43D A ORE o bR CEHFUBRG: whi ch

i s hol diorgorf docas3é Btk hRidR fade ofi thdEhicsilie bftREpérierall Bortion o8 tHrAubitige; menber .
Therefore, concurrent with standing the unload armat the substrate

b
transfer posidseeand amﬂ%@&wwmﬂﬁemﬂ pertign (}4Gcheaaviag as Hie Syppt r at e
whi ch i 6 j : f f
e’ outRrig] r AlbpofeHan, fued 6 8 biteh ol B RE perydid BEETRS B lELifaBNST B O

unl oad iamrtranspopedifestione df the substiaten andhesacnhd fedingportidnutl 46) pravidadgpn the
bstrat | di 149] ich t hi.ghe. d, .tp th b t
Cr ansf SFCRRAPPERPOTER S ot P Brk RS Frsf ot S St S Ripsab Berhl ST o ©

hol di nahé kebstratesdridat e after conpl etion of the transfer, fromthe substrate
hol di ng menber is perfornmed by rel aéive nmpvenent between the unl oad arm and

the substr at & Jyednscganiamy s, 144 f B?Télzﬁvt%ﬁﬁ_ﬁli afthe @f%éﬁvé?ﬁﬁ)@ﬁ%h%nl oadi ng
of the s%Hclﬂﬁitz{rﬁ‘xt(‘i‘g 50 sﬁ(ﬂ bpita gﬁ?gﬁ?a@ﬂc h@ié'g)éa\é%g Bgﬁf,'lﬁd“mt‘?x@pér{&e@éd@ and the

center-up, high ee oadl n oadi n e substrate fromthe
subst r aguppdro pektings (ighbddoberespestvely peiviried ondimafiist argl snondpmsy &reble to N

throughput. In.this case en in the second step the substrate (W is

passed er‘B?ﬁf&eﬁé"Q\ﬁﬁgﬁ’Pfﬁ(Zlm di ng menber (318) to the unload ann (352), at
| east one of Adeerdindeotthidta8pdie) withgsidpdesnsitiohRad eperaash, alsiibstRye k@ beoved
in a direction orthogonal to the two di nensional plane. In this case, due

to the fcHatdy held apg rapspettedet ween t he substrate hol di ng menber and t he

ontoad o m | bAEd) LEGLIRPRRALRNRRAL henbil MRS Rl Rhene, (e

substrate ho er an e un arm e substrate
can be swpparatpgmiratihfor edansferringhanaskpattermeo aphetosensitiva sultseratehi rd st ep

bet ween t he | oad ar nn ug:gd the substrate hgl di n iag&gitagr csn be started

earlier. AnotHENCHRYEA SUDPIRIf rapsportARParals op anql LA URISER por t
met hod fphratRaei t@zﬁx_s?erﬁhl%)ﬁ biitirate((Yand BB stibSkRe ithgd @)l dhdsppampRer (318)
which is noveable in a two dinensional plane. This method conprises: a
first seompprisey: standing by at a substrate transfer position a |oad arm
(336) which is holding a substrate (W); a second step for noving the
substrate hol ding nenber to the substrate transfer position, and passing
the substrate fromthe load armto the substrate hol ding nenber and; and a
third step for relatively noving the substrate hol ding nenber and the | oad
armto separate the substrate fromthe load arm In this nmethod, at first,
the load arm hol ding a substrate is stood by at the substrate transfer
position. Then, the substrate holding nenber is noved to the substrate

Y ) N . o .y



~ ~ MAV 2002 18 speed | oading of the substrate onto the substrate hol di ng
menber becones possible, enabling an inprovenent in throughput. In tﬂ)mv m
case, when in the second step the subgfrate (W) is passed fromthe

arm (336) to the substrate hol ding nenber (318), at |east one of the
substrate hol di ng menber and the | oad arm may be noved in a direction
orthogonal t @ ffr&i@rh la | fseduppora pertioh (4 Ieh Edt sEpsRtinglfiibmitenédiR o€l at i ve
movenent between th\gmss)ﬁibgﬁgie hQPgdi) ng rrpn{()uerb"and ?‘ﬁg I%ad armin the

di r ect i95A pair oheppesie pertionhef thoperiphera) ppriioas obthe sebstratgeyhieh a8l t aneously with

ne PSRl O3 b AR IR 2Rl O 0

subst r@bﬂidnqmgsgnﬁagupﬂgmmmhefi@ds@peﬂpﬂnfdﬁ; qui ckly. That is to say, the
substrate can be separated fromthe | oad arm before comencing the relative
movenent of AKeondarm (49)dBvingasesand syRPRIEPOTHEN (408) for SURROTUIREF@RLERStE s a

substr : for.unl | . trate
ol di na ehi s STeBBplc @inicdh, AR Sofkt SRR bt (40D AGRIMEUEE |

| oadi ngnaotcoend suppert pattion(fuY ooperating wéth shebfinst wirighhpértiom¢p prewérgr . Thi s

met hod conprises: a.first step standing by at a substrate transfer position
an unl %W%M@%ﬁ“béﬁﬁcg?bﬁﬁz%aﬁ\%{r %‘%“’ Mch i s hol di ng anot her substrate
(W); a secorflafh 8Avé Sppardtid (a8, 43404 54)B64) faf Rotiak e s B Eontir ai S

hol ding the substrate to the substrate transfer position, and gas& ng the
subst r dhetime gfihe sebstngtectranspert while maintaiaing arspacing efcthe firss aad sacand armsyi rd st ep
for wt ] I . i j t he
subst r S Cblelh b ekt AL M Fur s B e BHLHRE SRS sl

unl oad arm pPaserding tb aaubdtiagy transpert apgacatis cfithishspdcg peioarometavihpehesubst rat e

hol di n nber. In this nmethod, at first, the unlo rmagnd t | oad arm
ol i nguEateneY mefrgs Piding faegfher (s et 201 SesoRg B Fihily f"é%ﬂ‘essé’“@gﬁﬂ
subst r gloitibn ¥hereThOAt BYd Scohd SRS bfaRt Lagabaihe iRét aRASLdoh@ArmeaH dehe

substrate hol ding nenber which is hol'ding a substrate (for convenience
r ef er r gepved teythe'tiapgfer pasition. rMoreoyer; aftarthesubstoate has beah ransderved; therfirsler

posi ti i nst te | r | di ng
menber %B % s?cl'ﬂlgd hﬂﬁso(%é bgrmm Ezé Ili]l% S?%%‘élﬁﬂ ﬁ&(ﬁ)g%dba’{ 151118’\[/%}# %ﬁarﬁgﬁ)i%ﬁeﬁrgtgﬂ? he first
subst r at@ndarms slightlgdront thenrankfer positidn. aAsa feolldiarsgbsiranddaan, begprompdy er

wi t hdrawal . of 't he unl oad ar t he secopnd substrate is passed fromthe | oad
arm t o 'EAYeTehand he subshpts %glbﬁé%efx hold,anipagseeriedrits HERle sanstuatio

st andi rhgd\%@,aﬁo,{_he substrate transfer position of the unload armand the

| oad arm which is holding the second substrate, various processing can be
per f or med on Furtbermore tin angsberrpaeferroshaspact thefisstragd Redond ewpporcpostionst(f - e

hol di n r r r . of t e the substrate
hol di ngéggﬁgg{rcnfuggt'ﬁg}%r{ %gﬁﬁ%grr{ﬁ? ngj %&p f? %’?ﬁrﬁgagpﬁ ﬁg)?] c{/f\ﬂ?l%%su%tg%nl oad arm but
by novi ng t hecsordirig tatthis aspedt, smcerdrifirst antd isedondsumriagordonsi agheachspeed, to

t he substrate transfer grgsitio . TheF on .31 %Y %OOZ 19 corrp* tion of the
t r ansf dpemierghayine,thy sapeShape op thePergherpiRpriionokthe sybsualssupRPR of ey ¢ hdr awn
from t gpstrdbSk htrestapledi Nng nenber, and after withdrawal of the unload arm
the second substrate i s passed fromthe load armto the substrate hol ding
menber . Ther &uphermare ipanethenpseferred awpacteritlpashone effbefishardsechrd amshange of
the su e i E a common
opor at 1 S FopRlisd s BHRIe S, A3 4dprdiBRREng £ iREUASEIEE plihe” o0 on of
t he | oadppugtediomthestni.ne cent er-up, hi gh speed exchange of the substrate on

t he substrate hol di ng nenber, that is, unloading and | oadi ng becones
possi bl e, enAWCPiNgodhisasRact Sipce At least org Bkthe &fgae%q?a grmg fygher y ¢ his

case, i dhst Mo A dhe
substr\gtagﬁﬁg{gdﬁlt %gsﬁﬁﬁgée}gof%ig)e&?gléﬁgﬁ tf%?%%t lg\%)?n}n?%@;, gtOBlteast "one of the
subst r doddingofithe gubstrateds ersuded. he unl oad arm may be noved in a direction :
ort hogonal taq. the two .di rrgtﬂsi onﬁl QI ane, .and. ?,h nin }:)%(é fourth steg, after
the unl oad a -0 ANONET RIEEPT 2TR5ST figreis ‘\'K%cr POVEEL SRPSHPBSFISAE | 0ad
ar m ( 3367) fopdéib@ed the Spacih antDpaditieth oTRERt ardiiset@@srmone of the substrate

hol di ng menber and the | oad arm may be noved in a direction orthogonal to
the two dinensional plane. In this case, in the second step, due to the

rel ati ve novenent between the substrate hol di ng nenber and the unl oad arm
in the direction orthogonal to the two dinensional plane, the substrate

hol di ng menber and the unload armwhich is holding the first substrate can
be separated. Furthernore, in the fourth step, due to the relative novenent
bet ween the substrate hol ding menber and the load armin the direction

ort hogonal to the perpendicul ar plane, the second substrate can be passed
fromthe load armto the substrate hol ding nenber, and sinultaneously the

. o o o o, A a1 o o Y .




In this case, the operation in the second step of inserting at |east a part
of the unload arminto the concavities or cutouts of the substrate BhoIMAYIG0?
menber which is holding a substrate, ﬁan of course be perfornmed by noving
the substrate stage towards the substtate transfer position with the

| oadi ng arm stopped at the substrate transfer position. However, when in

the second st : 2 (352) is
inserted int é%?%@gngéﬁggléfﬁeggg%ﬁzé gﬁ&ﬁags Egér g]jdeggg;g%ﬁb{?ﬁ%)sgi oad arm may
be si mueteared chesdpgcidp awd positior dfcthe fiest etdsecomband] haiding of thetsabsteatd Bnsi on
direction of the concavities or cutouts). In this case, the unload arm can
be i nsé™¥8into the concavities or cutouts in a shorter time, thus

enabl i ng even hi gher speed unl oading of the substrate fromthe substrate
hol di ng menber. Anot her aspect of the present invention is a substrate
transport netAnothef objectofdhepresens inysntiai is tq moyide ptmethodefdpasferB® a whi ch i s
noveabl e, in.a twmp dinensi onal plang. This nethod prepares befgrehand a
subst r avev i i cfanlaRini i Bisetr B+ waet Br TENERe P AL AT oRERel w t h
concavidxpesuredpparihyihid WwBiZHdan 39ve positinihig@curacypatnhednt of Houadngi r ecti on
such tha? at ngg?t g part (3502@350 ) of agul@:gad }gz;m (336) is insgeirtabl e

t her ei rfubHIE QhiBe s88RHod conprises: a first step for standing by the |oad
armwhich is %(']Qg . e \¢ transfer
position: a sFteaggn s?’gdb‘g#‘&g’rg‘%%?‘ﬁg&tpﬁ%é‘%@%‘geﬁ%’g\k%?ﬁ% ea§% stdfof];lfte transfer
posi t i arensfarrirgi a sibsttarg) which cansshottemthe sime foensitchanging subsiratthen & satsdtratem i nt o

t he concavi%ies or cutouts of .the substrate hol.di ng menber froma direction
or t hogo¥REF OF 87 EYROSHIRGPRATARIS.ANG P4 Clh FARJRIPIOYS POSIUPRIE ARCUTIGY At fhis limg ol

passi Ndmbdiing dREbstAlLo thediagle | oad armto the substrate hol di ng menber,
relatively noving the |oad armand the stage to separate the substrate from
the | oad ar mMorgoyes; it isradgcragipbjeat of the Presemdnyestian & Provige @n S¥PASHEE substrat e
is stog . he r Lt Then, the stage (that is,

t he sub@??é%ugkvﬁg{hdﬁaﬁg%%%Eisggﬁn%\%ﬁ%\%\/g{reg@dt he substrate transfer

posi tion, andhatmdtieabfor apsiertingh stbseratecerdording to shei present mdentitinds & he

concavities OL. ut (%uts of %Fge subbstrate h #di ng nber fr a direction
or t hogdReifiod ¥hich @erlORm#RsHHE PORSYONITRIE S anchirpy® SeRSiEste tAGS GdBLolaR o |
passed dxpBdtird sﬁalra@moagenéf?ﬁheﬁ plﬁué}ﬁtof afrr]ﬁsiagkﬁld?& ARIRGAte (W)AvHileisl 0oad arm

and the stage are noved relatrvely so that the substrate is separated from
t he | oadsiioned arheing movesl bythe sybstraiestage (222)aThismprshad gempriseethe sieps ofie | oad

t { } t t th
2t ge WO BREEILA R 0253789 F Rk ul bl AW R iR S 10 0T P
and at dubsisite; degpating Dpositivn dfahdsubstate by an setetrmatishape eefedascecamrbyavi ti es or
t out th trate hol di nb f I ti t | to th
oo a1 TSI B D AT Tk Sk P RF0F 1 Aeten W e stBS e hol di ng
nenber . hefd bihe 164 a3mb fov iHfgahé SiibsiR8 Btap@ 65sRd oh i dckdtBioh fdlt 36 BpbAtidtifor

substrate hol ding nenber, the |oad armand the stage are noved rel atively
so t hatreesiwng thesupsrate; leweringthaiaad afm gpd meunting:de subptraternay the sebstrateonpar ed

to the Vet ' a comon operation

{ nvol vi Rt 8 thell .ﬁ%‘ggﬁémﬁgﬁﬁﬁ?hﬁg%ﬁﬁﬁﬁ g‘%’?“ﬁ?{gh speed | oadi ng of the
substrat e ontAxcbhiingotthismadtirodof teinsfyrmivgdsubstsste,onten thosubstrate stagaibl | ng an

i nprovenent, in thrqughput.. In this case, i he third ste it.is of course
bossi bl BoYeg tp fhedprdiag philtian. tht ipat, o binsafhle foaf friben BhloweseShs ti os. or
cut out sjofd ark) heWibstrdi8) is R REred Fof the AsHAl 28ni 16 theQhubstRiYé fpd. NERISGIMGLY O the

substrate transfer g05| tion. However, in the third step, the insertion of
at | easmoving fartexamplgdhe giolyte stage kethe directionef (IB3@iginal pesition tholesdeim i es or

cutouts ) | di r . ried
out _durcoRde MR aPa bl (BT HlcatY el BOVINEG e i B ' o

t he | oadlagersidecfanraixing the eubstete, aidthelefore,QR€ eotistruetionf theubsirate Stigd b
substrat e hol di ng nenber before conpletion of novenent of the stage to the
subst r BeIPphlies apd His$izein &Hceq‘heref ore, the substrate can be nore quickly
passed fromt : j g%p in order
to accuratel yﬁgg’ggﬁ’?ﬁ’gﬁﬁg%? %ﬁﬁgﬁlﬁ%ﬁ%ﬁtﬁn@ﬁ%ﬁi&@ﬂa&d pogfatr?%lgﬁﬁﬁérﬁé

subst r adisplieehgnhamoetifeom a ptedetsrminee sefercycet positiancand rasfien erroheitie raspet

substrat e hpl di nq. nenber_ can ve o he stage, .or. t ve the | oad arm
il t aRGJAErper irtaons e FoBRiin Wb WSty e R bR BV B 08T R OB ¢ he

st age. 3 ~ MAY 2002 22 For this reason, when at |east a part (350a, 350Db)
of the load arm (336) is inserted into the concavities or cutouts (330a,
330b) in the third step, it is desirable to nove the load armin a
direction orthogonal to the two di nensional plane, and to sinultaneously
drive this in the predeterm ned direction. Another aspect of the present

.. AN

o, " oy e r



31 MAY 2002 23 direction orthogonal to the two di nensional plane.
Consequent |y, conpared to conventional unloading of the substrate by 1aMAY 2001
comon operation involving the unl oadi,ng arm and the center-up, high speed
unl oadi ng of the substrate fromthe sudbstrate hol di ng menber becones

possi bl e, enabling an inprovenent in throughput. In this case, the control
unit ( : fi QUir i yvely

novi ng%'g’ ﬁtelorﬁ%ﬂg%%??nﬂg%ﬁ# r{é@glgggﬂ%\%%)l%ao&% c{nﬁﬁ&@%@@?bﬁgfﬁ?gg?g?&g m from

t he sulobanges. eTHeodfdrentherpesitioning atturacytah thetirths of moenting)thhsubstsge ontheansf er r ed

f the substrat | di 318). to the unl oad 352)  In thi
case. | CRSTHISSHGF Smb BRPIOTR. JrHSEAReatnths SR ERmER A PE PHEREING menber
after LhgusiMéesed, Jﬂéiogﬁgili‘nieﬁﬁﬁéﬁ&{t (Sealign@iBnt) Ve (i dubbtrAad ﬁelh@y@meng menber

to the unload armis possible by noving at™ | east one of the unload arm and
t he st dapd.anmicen bé exesutedsopcurrsatly withtafinag aligment Hfinsaaligoment) aak eXpogirehdr awn

i nctr QOB Bl oo subiifst e ALl Bl Bt BoE oL

appar atfgrgher shtgtefied) tisl improviing'thyoughpet. onl y t he stage (WST) towards the
substrate transfer position with the unl O@d armin,the stand ition at

. d
t he subst r at B ¥ys£385, gyhep slstecting the pgsiting plthe subsirate;( hei‘b‘é)éiheggaﬁlgﬁ?{r‘]‘ of the

unl oad Hd\l Re nkleh iHi4 3 idg memnber
whi on (EER228, e G ORERNA) Ein et e QWS oP etk laSHOBISIRS P G800 TN
may conlreoplacdsevhachindiude @ coteuhportien (N B363) feonddnart the pertipteralippgionfofitheser t i ng

at | east, a part 50a, 350b f e unlo ar 5 into t.he concavities
or cut StrlaRaSmATRegpiEton anilh ob HG sHRRRCbBdRn B abisHE PorlfRtaRh | he

pr edet %tﬁ@iﬁp@le lhaHEa%IUAQeq dri_"thE bbx%p@t@&?asuttbﬁ) ztéﬁb@@ﬁlcc’ﬂm offioRang@betHUi ckly
inserted into the concavities or cutouts. Mreover, in the substrate

t r ans pS¥lstraisp an s case.thesaysg the gtatignalipopition errgnof thg substratgyis corfectsl i nserting

at |ea f ag . -y : avities
or cut Seicte B8 Sbetri IGloatedin i substfn Pl RS onk ol BB 2 o
(356) aodedting thet mptiodal positionietrof 8flthy sslwstrate dnche sibatrate stage,tbowtdlhe unl oad
armand the.sta eﬁéﬂV@T&bi S t he grfdetern‘i ned direction. In this case, the
i nser t iPEMFeTENE HiHe SEPX PRSROTIEB Y he concavities or cutouts can be

conpl et ed soghe melhsh dfMtFanSfeRSROLQIBEtrite hédokdiftg fME PRIENt Ghventien, Unls@ad ar m
and the substrate hol ding nenber in the direction orthogonal_ to the two
di nmensingerasarpioprevids theyacmber formisingthe substratean the pubsisplssiage sidepect of t he

pr esentyi t i 1 | N0
bt r AMEIE(GiF) e Hytsiat phie hd B fuhib@RARC LA ABALENR shld rTRAAENRe,

pl ane, ascwlady{centeblpbiliny)ed thecmupstraestagecandedmaraved 3 Byedver, sinok diterg a

M e e GG T T T N i S
330b) and ﬁb@tmgsth%e,ahd@é RaARé adviniagd ik flRPobitibninE Gbcdriytat #e tim@st a part
(350a, 31 MAY 2002 24 350b% of the load armis insertable therein; a
stage dRqupting Hicisupsiraty on the substiateyagerran & igproved.t he two di nensi onal pl ane;
a relative dg ' 3 f QL. [ Vi rym and
he subst r at EURBTHERG Thuare Whors refibR Al llantuii VR, MR A0

di mensiceitad ofphésubistrate drom & prédeeimined deteidh cedtédis obldined, s posirignial ol uni t
(319, 320, 321) has a first function for noving the stage via the stage
drive fisplagemenhamangt GsWXa d WY beanrhetused forexampless an pffsst ampusteat dhkimeinct i on
for makin Q rm [ t str.at. | di er,. ans of
the r ell%g ?r\ljée'%;rrlé @gﬂ ¢ haggﬁlg’rgn&fo gmt’%%(r%(%%%/{gi }r?ggl&l?ngﬁ ’ ﬂlggg?@ng%ﬁtf&%?f ‘%e | oad
arm i ntsQodtfAR KLPRGAN bed EsireRfedTebresondik b Bfis podnsdnahti8plagdntind amaBRAW X F om a
direction orthogonal to the two di nensional plane, and a third function for
after tAWY3ubstrate has been passed fromthe load armto the substrate
hol di ng nmenber, .relative movi ng the Ipad armand the.stage to s rate
(e supstr at &srathret TakePR tienin & Sphed flEersfaeuts SR | s
hol di ngpetfbfinsteifster A 8 shisst@te0dAnd Yroat a §ubBtrae RaEE (122) bf ANGdpesurPagparite. Then,
the control unit, via the stage drive unit, noves the stage towards the

subst r dortransiarEnga paitesh of amasi(R Brontha substrate (WOt is pasitionsd of being rel ati ve
drive mechani makes d arm approach the substrate hol di ng nenber
to ther“é%vye%iri):)@égr ub&?aet ég’g?(%ﬁgart of the load arminto the concavities or
cutouts of the substrate hol ding nmenber froma direction orthogonal to the
two di nensional plane. As a result, the substrate is passed fromthe | oad
armto the substrate hol ding nenber. After this, the |load armand the stage
are relatively noved by the control unit so that the substrate is separated
fromthe load arm That is to say, in order to pass the substrate fromthe
| oad armto the substrate hol ding nenber, rather than the load arm the

oy o r . o . N . MY e e




Moreover, in the case where the substrate transport apparatus is furgqm 200
provided with an armdrive nmechanismfor driving the |oad arm (336), 't

the control unit (319, 320, 321), whep, at least a part (350a, 350b) of the

| oad arm (336) is inserted into the concavities or cutouts froma direction
orthogonal to the two di nensional plane, may control the armdrive

mechani Sm 0 1y enbl isdseABadtart (2051 918) RrIRE R (He Edbudle/ AALoWeigthaddi i on
to driving in the direction orthogonal "to the Two di nensional plane. In

t hi s casubstrate, and amunlofd anme(238hfor halding the substratdane raising thesubstratoandn t he
substrat e hol di ng menber can be conpl eted before conpletion of noving the
st age t MBS ubstrat e transfer position. Alternatively, a drive unit for
driving the lafash siep(S183310aR5or detebtinig Mdsitionfitkieghbitraté fifa Sandionatich
transport apparatus, and after inserting at |least a part (350a, 350b) of
t he | oalhie sibsirate beingiheldbyt the lead aem 225, @38)%r cut outs (330a, 330b), the
control unit ( 0, i yve
mechani sm and sf% %u%dsst% g@lgf’ﬁgvégﬁjnﬁlﬁ%?yf%o‘?ﬁ§ t:bg?lgt{sltrgt'eéﬁgla%%%feﬁ%) eeglloge{ arm
and t hedesdcagerestlESIto a position for eddtyiag thesnbistedte, dowering théd\lvat em anad peahtind t he

present invention js substrate transport a ratus fqr unloading a

subst ra@’%s‘(watFPBﬁt’%S@F'éﬁé staggs PRd {Hicn pOYiRS %@%gtﬂ“@ gy ar odils onal

pl ane, .for |oading another substrate (W) onto the stage. This
apparatus conprises: an unload arm (352); a |oad arm (336) for holding the
substrate at athisdptep (811, FIGR¥) &r dstesting the posiriom pfpradstermined-alignmem ( 356)

for driyj u m Lkt ol di 348). praqvided on

t he st aﬁéé&gﬁ oa%@%\?\noﬁlhecsgﬁ%tga\%t% P&e’zbagerdh%‘utg gg%&f@%@&@%@ﬁg@t ending in
a fir stpaditioagltrelatiosshipgbdtiwaén fplutabingsdf ragipas fo HeIxPased dndko subktritbendinl oad ar m
is insertable thereinin a condition with the substrate held on a substrate
cont aptpalt'ﬁ@é’féﬁ’ed@?s“and_ at least a part of the load armis insertable
therein; a rle%EhH@teE"(Sl’ﬁ, P’R@.@ﬁ'f&%é&%el?ﬁ@ﬂsf&ﬁﬁ% fkf’c';ﬁftéx’ﬁedfk’héjﬁahs\{d g9 at

| east one of the unload armand the load arm and The substrate hol di ng
menber the plurality etregions &0 bhexposed on the sehstratgovhilerpsrfoiming lalighmend bagsedsmage
drive uni 31 .or dri,ving, the stage in the two di nensional plane; and a
controlthﬁéﬁgmfg%gg,lggygfd }.“p’l'?ﬂdz control unit (319, 320, 321) has a first
function for afifvh stgp (S8 1181 1B dorandwilig thelshBstAleBtabeity @ poEitibR forimldadinghe
substrate transfer position, a second function for noving the substrate
stage Vi 5S‘Ehﬁga‘§t’&&§1&j‘?‘F\§'ébﬁ‘FéEH&‘m g uninrd 2aR and,wnleyding framdhe exposere; position
in ordefppb@uishsert at least a part of the unload arminto the concavities
or cutouts of the substrate hol ding nmenmber which is holding the substrate,
a third functAearding togthiseaspg¢ot fusithe prgsenh mventiana thading\of thesubsteateisncavi ti es or
cutouts j . rate f t r i : via the
rel ati v%er%r?rggéé%gﬁ%‘hﬁé%?ﬁjgﬁno%reﬁmb %ﬁﬁgﬁ’&ﬁﬁgg‘}b\fﬁtﬁ8@3%’/“9%%9?%5&3‘% oad arm
vi a t hepeaformihgi lvaiingofwha sebstritepand dicoperatibn Ky oR ey e |cadhsinr(@Rs; 228 pnsf er
positiopn, a fifth function for after w thdraw t he unl oad arm nmaki ng the
| oad ar °§8§F’oa@ﬂa‘ﬁlﬂé°gﬂﬁ§t‘?§é{a& lﬁarré?rﬁ&d%ﬁtf@rﬂ%ﬂﬁaaﬁgn 8PCTRYRD OB | at | ve

drive nRelaR R SubrdiShEON 4 ghaftich ot pérﬁﬁingamm%&legﬁf th Qb5 @A (FREMRTLRL O the
concavities or cutouts of the substrate holding mber from a direction

or t hogothisiis the same as vie peisitiondpoleading thersebstrate), andsmophratiom &ariraisingdhe  af t er
the sub S e to t e.hol di ng
ronber HeRim1330 a8 Snp B e 0, BTN Rt R WA Gicfa b

subst r aFatherraone] sincd tha@osition of the slibstrarhgRY @i this loadleémdoddté@ed innhé firsoves t he
unload armvia the armdrive nechanismto the substrate transfer position,

and nmovEEP tiFACSHREY PLRQSIUQMIREhG SupsiTale ofthe,subgirate stagetsHmRrQstls MRIFYENt he
subst r af; T bl }i Qe ; t he
R e e s D A el e
whi ch i tirdetegi supstangallysdirest aignitennhrather than searsealignorend éant beepegfiokoediscar m i nt o
the concavities or. cutouts, the control unit separates the substrate from
the sub ‘rtbfoé’gﬁg‘ftd? Hﬁprﬁﬁ?ﬂs}er via the relative drive nechanism Next, the
control unit Médopdihad&thieRBovinemibned Metodrof trafsferding afsabfratd, asdtarofpiRsi ti on
via the armdrive nechanism After this unload armw thdrawal, the control
uni t, viuRsaie carebeperismgd bya combinaips ff amhenesasionifar meyiae theulpRtoHage inhe
substra ' : r har.ehby. . r f oad arm
o 1 e SRR ERGE apd Set SRRy balonl SR3he BBA ik TheRROL S
direction orthogonal to the two di nensional plane. Then, after passing the
substrate fromthe load armto the substrate hol di ng nenber, relatively
drives the load armand the stage so that the substrate is separated from
the load arm Therefore, conpared to the conventional case where the
exchange of the substrate on the substrate hol ding nenber is perforned by a

o . Y b1 e o



concavity fornmed in a position different fromthe substrate contact f?‘fﬂ\Y 00
and extending in a predeterm ned direction, and a second concavity

comruni cated with the first concavi t)i4and formed in the substrate contact
face, and based on the first concavity and the second concavity, a path
with a L shape as seen fromthe side for guiding the unload arm may be

f or med, ; Ropd rudes at
e parie tn® B ExchafigRE sufbult bn e duBBrart Rakd B e SN ARY, FOA o, T e
opposi sncsaftke mdasurangfthe poditien ofttheysubstrith enélicoloed amm,she substrite icwasionedr e a
substrate with for ex | e.paor flatness is unted on the substrate

ol di ndP (pe sttt age e BoRIPMInE aceuiacy &t e el punpne fhsybsigrs SR lbeover
subst aRhisgrhle¥tagh SaBOInfprb RS TRFEIOE iNBRShird Abp,-scdblf AREMcht chlhge Substrate is
hel d on the substrate hol ding menber with good flatness. Furthernore, when
t he unipmgticallyromitied, ané theghroughput ofthecuposureprocess kan buimprevade hol di ng nenber
with the sub i e | e f I L situation
31 WY 2002 SROEHERPES P S Trieal MFeRRR L hEPERAge el ETRbE IS e

rel i ablsybserueischgel (22%) f@Péeforming Hosifivhing br Moemgf alshisstateqW1aheexetiect face
W th reé‘gﬁct to_the substrate can be made even_l|arger. Anot h%rq aspect of
the pr &8 ($3&hi:i2d ) fos anstersigg & preera b 4 mask ER1dp asubsieaepn thggubstrate

pr edet %(agz,raqs'amﬁf 05, 228) forhoRf shea&@stra{e_aad%-aﬂgaﬁa/\i%@enngreﬁe ddBFaEXpoSUr e
apparatus i's provided W t he ove rrentloneof stibstrate Transport

appar atosmags procesppsystenms (2261 245) foradetrictigg 8 phsitiomofthe substrate hetdgrethel n thi s

way, b ans aof th ubstr sport ar at us th bovenent | oned
Vart ouloaRBoed « qoiolsiaEts GnS. 4055 BEEhinBRE PP st HpBRREREE Bitbot r at o
t o t he useUbsd i Basb@bSl HEtectiBRITERIIts frRfithe iRageprocdtsing sperh NFhe bbigioiat e from
t he substrate hol ding nenber can be increased, and therefore, an

i mpr ov YRS Moyes the SuRRIe L0 aPOpIeR foF receiving theSpbyizatrbasedypn thedpositien ofit

i nventi i : i ] attern
ont o o SLSERAPIRERAEHY e SRR AbbRsE g WL RE She ol SN AT AP S

t he sulletsubsitmte omthe sobstratgsiegeaflihés axposure appaates ensplbys the ficstamghatgofsubst r at es
on the stage. an rk detection system (ALG for detecting position

det ect itrga&%@ggsgw??ﬁgotﬁh%g&efe g’.ve‘f‘ﬁ%"second control unit (320, 321)
corrects posid thi¥tabe, Preferablyeneiniage prodassi fefredoinprided Hokvéabli¢li Nensi onal

pl ane detected by the conmputing unit (321), using any of the corrections
for; tmiumipation appprapsd24Dvehichhean berbroyght eto andyakembeytifrasm bergatiy the kadst age
(WBT) , h i L ctd mark by the mark
ot oot {0 (L PATEFHARGENS biobblie o REBMGARESIET I Hilebe Y, | 07

t r anspepparapp@26) fos imsgipg ev imlaxt o an ekermmp pape biithefsobstmieciliaminangl tyuthst r at es
on the sta ~an . nprovenent in.throughput is.possible due to th

ahor t eatges i fundIRRcAperals, o e g P piaet Bt B8 35hePefeun s sy 208 ot ai ng
menber trafmiisdion Hghitethe ipositibh 6f the sebstfake dia bl mtabaed toonhigh at@mdySvithout her

provi ded for detecting position detection narks on the substrate, and the
second RBI§RsI fohexampls peryniformity in thegefletiviy abbgswrfacgrof theeedggpertiont e i n

the t wor teBER 00 FuribbAfisre 0R URChRE Pwehﬁ BBk Aot e sublSiiOls: of the
corrections for; the positioning o? t he %a arm t%e posi tioning” of the

st age, tEmotdableddurainatiom appesathit (2#45) cantbe withsirawmoso thet the moveablar k by t he mark
det ect i.l n .sgstem Therﬁéﬁréa, gri.or 0 noving the stage to the substrate

t r ansf SPUTBRYGR apRaratis (P4 oS DO IRSHE®: he substrate from the substrate

hol di ng menbéf the ch® witdrétHeQlbaRkd B allargs siz (fo B b wath D 1atifchean be

conpl eted. Therefore, maddition to rotation correction of the substrate

( pr eal idipmesrt(3ppseximsteln3@) mm).the meveabla-lumingtion appasptusi@H9lmay pe s1vEdnal
adj ust . . i ﬁ)eg{s S ssary.
Ther ef g?rF E&uotg{%egs 1@?%%)111%@%”5?8&{%% %‘%“?m&%ﬁﬁ ’22:26§$ Sﬁrlgﬁe\lenssup g&gggleduced,
t hus enlatime of positiondetactior of thersubaast rlatids pragahe groveatie projactien ypparatug hi s
case, it |s preferable to performcancurrently, the external shape

o asur e A Rl Sashasnes Baepwah & HaaiAd: MOTRNRTbE ZtRAegAIRCRARN of
the pogid gPdegrectotdt FISFBRMPK a 12 TkhMiand807atelcah e sietesdivaly Betbited bf
conputing unit, and the rotation correction of the substrate by the second
cont r olrotating the same¢ wveahie iltumination apperatyse Fatthaymore thet meveshlsstinminatiomt i |
conpletion of transfer o he..mask pattern to the substrate. Furthernore,
Che dePeRtaiis ey SEmaRR & burtsth sERP o R e, bR AR g Hes “an
exposure step for perform ng exposure using the above descri bed exposure

apparatus. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan view for
expl ai ning a construction of an exposure apparat us



according to a first enbodi nent of the present invention. FIG 2 is ﬁ Wqﬂm
view for explaining the construction of a second transport section s (1 '
FIG 1. FIG 3 and FIG 4 are di agrar‘rissfor expl ai ni ng support of a wafer by
a pair of armmenbers. FIG 5 is a diagramfor explaining the main parts of
a control nechanismof the apparatus of FIG 1. FIG 6 and FIG 7 are

di agr angy{ngfa WP hﬁinﬁh&%ﬁ fid836 Biat Q&h ava\f@ffn%tchhﬁteeﬁ&vmfdwwhbn rar RSepafdyi ded
on a nounting table, and a pair of arm nenbers. FIG is a plan view

showi ngvafemaretinfatiod flakpartibe carf be peefosmednd transport sectlon shovvn in FIG 2.
FIG 9is a vi ew show, n I ed .exa he se nsport
section shovvi:I %ﬁ tge %ﬁ?eqnwgi@ %?YdBCQanERﬂF Ml%n}f ﬁ'%ig) exarrpl e
of the kﬁ%@@d)etsﬁl@d%ﬁw)t hdl@iag if@h s4o9¢/andkrédves (B7AFRSTB)ér domntbdaghigm

showi ng_a schematic_construction of a projection exposure apparatus used as

an exanti endgortigns é2HWNi238R) ome hﬁléin}grree@mr (22R)amayi berformedan thosybstraie p| an

f f I
Ve o e Shsll e e UG AR ERan TR AR SRR 1 2 L aser
waf er sibageddald thé stHsGate ]sﬂage Ftthxp lzﬁd p&tlﬁnsp(?ﬁﬂA)/ISﬂB)S)lﬁdw hoidihg mewsbksr st age

ol an i BHAHBRREE e irenves (e 35381 o PP enoctateingen IHGFGIS1 Bader syst om
for 8 ife&irat¢ bR easily transferred to the substrate stage. After this, by moving the substrate

stage in a parallel direction to the grooves (237A, 237B), the load arm can be withdrawn from

the substrate stage.

The width of the grooves (237A, 237B) may be made wide so that, after mounting
the substrate on the substrate stage, the load arm can be spread and raised so as to be
withdrawn from the substrate stage.

There may be further provided an unload arm which can be raised and lowered for
unloading the substrate on the substrate stage (222), and the load arm may also incorporate a
holding member (238) for holding the substrate by holding from above, and tip end portions
(249A, 249B) of the holding member may also be freely accommodated in the grooves (237A,
237B) on the substrate stage. In this case, at the time of unloading the substrate, the substrate
can be easily unloaded by moving the substrate stage so that the tip end portions of the unload
arm are accommodated in the grooves, and then raising the unload arm.

Furthermore, preferably the load arm (225, 228) comprises a function for rotating
and raising the substrate, and a transport arm (243) for transporting the substrate to be
exposed from the substrate transport line to the load arm (225, 228) is separately provided. In
this case, preferably the unload arm (238) is given a function enabling movement to the
substrate transport line after receiving the substrate, and a base member (242) supporting the
transport arm (243) and the unload arm (238), and a base member (248) supporting the load
arm (225, 228) and the image processing system (226, 245) are made independent of each
other. In the case where a projection optical system (217) is provided, it is preferable that the
projection optical system (217) is also secured to the latter base member (248). In this case,
the influence of vibration when transporting the substrate between the transport line and the
substrate line is not exerted at the time of performing position detection of the substrate on
the load arm, and at the time of passing the substrate onto the substrate stage. Therefore the

accuracy of positioning the substrate with respect to the substrate stage is improved.



FIG 15 is a partially cut away schematic di agram showi ng a support

mechani sm of the projection optical system 217 of FIG 11 and a waf ed 1 MAY 2002
| oader system ~ 1 MAY 2002 30 FIG 616 is a diagramof main parts
illustrating the case where a wafer ils transferred froma wafer transport
arm 243 to a wafer load arm 228. FIG 17 through FIG 20 are diagrans for
expl aining a SUL LR E l: A : 12 inch
vafer 15 ar Praqs s 17 s Mo Booklf o Rl ShE pIE R 1 ERIBE K Clie?

i nvent isabstrakd tfanstet neetithdrdafbbe A8edarMoowgyy when the unlexdhan is prgvidedygls ur i ng

met hod for the case ere prealignment of an 8 inch wafer s carried out in
an exarsgfRdSpbsiratetrang Od&a“k’gésﬁﬁi"esent invention. FIG 23 is a flow
chart illustrating operations in the case of perform ng wafer prealignnent
in the exanple of the enbodi nent of the present invention. FIG 24 is a

di agram f or pynottiediohjgctof thepresentinventiasfis o provide ¢ substratectranspemsethod t he case

wh f | i d waf h ' f . : i fl
har 190 seuPaf iy SBRE e bR Cor R B B LB R I g or |

al i gnmefémberifla shkdrestinee. of the wafer is perfornmed in an exanple of an
enbodi ment of_ the present invention. FIG_ 26 is_a plan _view show ng a
condi ti on whdmghemmorganathexebies opthe presentinyentign ds 1QProwds a sehstrale) g 27 is a

plan vieWsSiPWeMdd dnd Qirhde A3nYof Hphilfas WHiG canl 1GHE srbéirdl@Bntd &S bstrate

holding member in a shorter time and at high accuracy.

Moreover, another object of the present invention is to provide a substrate transport
method and substrate transport apparatus which can shorten the time for exchanging a
substrate on the substrate holding member.

Furthermore, another object of the present invention is to provide an exposure
apparatus which can enable an improvement in throughput by shortening the substrate
exchange time.

Moreover, another object of the present invention is to provide a device
manufacturing method which can enable an improvement in device productivity.

Another aspect of the present invention is a substrate transport method for unloading
a substrate (W) from a substrate holding member (318) which is moveable in a two
dimensional plane. This method comprises: a first step for standing by an unload arm (352)
at a substrate transfer position; a second step for moving the substrate holding r;mmber
holding the substrate to the substrate transfer position, and passing the substrate from the
substrate holding member to the unload arm; and a third step for relatively moving the unload
arm and the substrate holding member to withdraw the unload arm holding the substrate from
the substrate holding member.

In this method, at first, the unload arm is stood by at the substrate transfer position.
Then, the substrate holding member which is holding a substrate is moved to the substrate
transfer position, and the substrate is passed from the substrate holding member to the unload
arm. After this, the unload arm and the substrate holding member are moved relatively so
that the unload arm which is holding the substrate is withdrawn from the substrate holding
member. Therefore, concurrent with standing by the unload arm at the substrate transfer
position, various processing can be performed on the substrate which is held on the substrate

holding member. Furthermore, the transfer of the substrate from the substrate holding



noved to an alignment position and alignnent is being carried out. FIG 28
is a plan view showing a condition where the wafer 222 has been noved MAp 6]
base |ine val ue neasuring position ang nmeasurenment of the base |ine val ue
is being carried out. FIG 29 is a plan view show ng operation of the wafer
stage 222 in the case of perform ng exposure of the wafer. FIG 30 is a

di agram sche i ca show overal Ct]

appar at IO (& istiget ablat bebrtneddy R she SRR A bR RV RaBOME
Vi ew shipMing membef Which hites af a figKer spékd, fol the subdtrate tAnsfeppositictv Mbrewverg an
arrangenment of structural conponents in the vicinity of a projection

opt i cal the yithdmwabefthe vaioadgrm Wéicﬁéi)mlﬂiﬂﬂéh%‘f“bw%? a@g,comp@)etpﬁ@f her uct ur al
o hoor SrSied frd R cBbe RO mehbRt S Bog Sk PVl R R gl 1 7 0
di agr anenldéadrarmant] dhensubstrae baldsigmerhbern Théreford, camhparethto torve@iord. 31 MAY
P05 1 | oHMSCHE oK RETHENFH BEF FRBAR PBRIoBITHOiTa 3P SPIEH B EBAPd dim ang an
unl oad &h@-uﬁ'l‘ﬁ‘:gh %ﬁeﬁ ﬁnl%a&ih@@ﬁtﬂ@ddfi@) of 1! sBbdiaftofrérh tRP Kb Roldihgt Ne m ddl e
of carrying out exposure of a wafer. FIG 39 is a diagramfor explaining an
oper at | membesbeedmesrpossiblaf enablingaeiniprovament in throughput.
In this case, when in the second step the substrate (W) is passed from the substrate
holding member (318) to the unload arm (352), at least one of the substrate holding member
and the unload arm may be moved in a direction orthogonal to the two dimensional plane. In
this case, due to the relative movement between the substrate holding member and the unload
arm in the direction orthogonal to the two dimensional plane, the substrate holding member
and the unload arm which is holding the substrate can be separated. Therefore, the relative
movement in the third step between the unload arm and the substrate holding member can be
started earlier.
Another aspect of the present invention is a substrate transport method for loading a
substrate (W’) onto a substrate holding member (318) which is moveable in a two
dimensional plane. This method comprises: a first step for standing by at a substrate transfer
position a load arm (336) which is holding a substrate (W"); a second step for moving the
substrate holding member to the substrate transfer position, and passing the substrate from the
load arm to the substrate holding member and; and a third step for relatively moving the
substrate holding member and the load arm to separate the substrate from the load arm.
In this method, at first, the load arm holding a substrate is stood by at the substrate
transfer position. Then, the substrate holding member is moved to the substrate transfer
position, and the substrate is passed from the load arm to the substrate holding member.
After this, the substrate holding member and the load arm are moved relatively to separate the
substrate from the load arm. That is to say, since the substrate is passed from the load arm to
the substrate holding member, then rather than the load arm, the substrate holding member
which moves faster, is moved to the substrate transfer position. Moreover, the separation
after completion of the transfer, of the substrate (that is, the substrate holding member which
is holding the substrate) from the load arm, is also performed by relative movement between
the substrate holding member and the load arm. Therefore, compared to conventional loading

of the substrate by a common operation involving the loading arm and the center-up, high



noved to a | oading position. FIG 40 is a diagramfor explaining an
operation for after the wafer stage has been noved to an alignnent 41 MAY 2007
commencenent position. FIG 41 is a diaagram for explaining an operation
when the wafer stage has been noved t0 a base |line neasuring position. FIG
42 is a diagram for explaining an operation after the wafer stage has been

moved 0 |5AHY ¢ g SRIFRAGHIPRL SRR bl B U6 ok mEXPRSHIA ehdliih_ShOt

on the I's"a perspective vie owng a co

prongs anfimproveméman ttaboghipave been inserted into cutouts of a wafer hol der,
while FIG 44 is a perspective view showi ng an_aspect rin nl.oadi ng of a
waf er W by aFP\!i‘ﬁil‘@é‘ﬂ“éheﬁ]mﬁ}e(ﬁec%@sﬁeé’theﬂ@sgﬁééw)\)ép%s r@ﬁ’o‘gff ﬁ’gdéﬁnaspect
in the yigidi ; | ' thelsh RAGnE HBnliRsaReEN
it A St e HeMPLRE) At Rl ik pEnes Bl RARDEHEIEF AR

showi ngheloadarti tniap he mavedima dirgctiaf pahogdnel todbaltvar dimieasions @ianeolethésd and t he

prongs of the |oad, anm have been inserted fr above jnto . the cutouts of
Dhe. a8t i 194 relafe mppement betyeeen e sybstrgte hgldine membchang e loadpey iny
exanpl ehédire2tiv@bRkogohalds thdiwe difiendisnat Pnha,rtheﬂ SiuRAROLEY withQROPAskingn Wher e
a wafer W1 of poor flatness is attracted and held on a wafer hol der of the

abov en@fthesHbdrainisenitheload amn @ thsgubstratg hplding migmben gheasubsisgieean bgi ewed i n
he di . : . . . :
wher o e B L@ abm o nGiefire, ol padide by 4 Pl BB RR" 2P CC

vi ew shyivklyy Thacisno siy, chie substrate canvimfseparited fiom tht loadainndetore chitindncing a waf er
hol der 318' according to another enbodinment. FIG 53 is a diagram show ng

an aspddg elAiEGRPvEReR QL the thirdsieBn of arrow F in FIG 52.

Another aspect of the present invention is a substrate transport method for unloading
a substrate (W) from a substrate holding member (318) which is moveable in a two
dimensional plane, and loading another substrate (W') onto the substrate holding member.
This method comprises: a first step standing by at a substrate transfer position an unload arm
(352) and a load arm (336) which is holding another substrate (W"); a second step for moving
the substrate holding member which is holding the substrate to the substrate transfer position,
and passing the substrate from the substrate holding member to the unload arm; a third step
for withdrawing the unload arm which is holding the substrate from the substrate holding
member; and a fourth step for after withdrawing the unload arm, passing the other substrate
from the load arm to the substrate holding member.

In this method, at first, the unload arm and the load arm holding anothc;r substrate
(for convenience referred to as "second substrate”) are stood by at the substrate transfer
position, and the substrate holding member which is holding a substrate (for convenience
referred to as "first substrate") is moved to the substrate transfer position, and the first
substrate is passed from the substrate holding member to the unload arm. Then, the unload
arm which is holding the first substrate is withdrawn from the substrate holding member, and
after withdrawal of the unload arm, the second substrate is passed from the load arm to the
substrate holding member. Therefore, concurrent with the standing by at the substrate
transfer position of the unload arm and the load arm which is holding the second substrate,
various processing can be performed on the first substrate which is being held on the substrate
holding member. Moreover, the transfer of the substrate from the substrate holding member
to the unload arm is performed, not with the unload arm, but by moving the substrate holding

member which moves at a higher speed, to the substrate transfer position. Then on



FIG 54 is a diagramshow ng an aspect viewed in the direction of arrow F

of FIG 52. FIG 55 and FIG 56 are diagrams for explaining an unl oadl1 MAY 2001
operation for a wafer W1 on a wafer hol der 318'. 31 MAY 200? 32 FIG 57
through FIG 59 illustrate a conditi where a wafer WL is attracted and

hel d on a wafer hol der 318" according to another enbodinent, FIG 57 is a

front eégglﬁgfnbx? Bt e ¥4nstkt ﬁief%J&%r@ﬂi@ﬁ‘ﬂo&@ﬁé’@e?rﬁsul?s?raﬁ?i@q‘/i bfaw? 1S a

| eft si evation view o ow chart tor explaining
an enbdeimhetsulsstrace itbdding eneffber) fand after wicthdrawd) of tiramivadiang, the sedordpr esent

invention. FIG 61 s a flow chart for explaj.nin rogessing in step S204
of FI GSultraters passed aw&hqt‘%d agn to g sppsyate %fﬂ%gﬁ’ﬁw- ﬁﬁﬁcﬁg&aﬁ?ﬂ&s@ le of a

conventg, gﬁ%n%ﬁ%ﬁmh& Whél ﬁi%%&hﬁgf’ 8f fhk YSbstrile@n Btgégrﬁb%trﬁ‘t@ @gﬁ@eﬁaéy

di agram show ng anot her conventi on appar at us. RRYI NG OQUT
THE | N\iEpérfaniNedHby e wonenoni apemtide st the pnloading farms pad thicicenterrbp,dindardogamgdn t he
present invention. However, .the epbodiytents of the present, | nventjon are
ot 1 1 APERNOT o (R oA ] Sr GO B e ST f e Pubs A aRehe

struct Lsﬁl@étra&q{almg%ﬂicﬁlb@ﬂ thdl 5 QnREHAE bEvhGinFBY cothes GONIBIE, Hablnde
appropriately conbined. FIG 1 is a diagramshow ng a planar structure of

an expdberteingidhesubstratp sxehgnge YWpst r at e processi ng apparat us whi ch
[ t : t | t
| ncor pora es@thi*%\?\% r\ﬁﬁcﬂtxﬁ g&?&%@&{d st&?ﬁ@glﬁ%&ﬁe gf&é?% gﬂggér?hatix&nttﬁ@su%@aﬁgn

enbodi nment . I'n I gur e, e expos us conprises a
first thobdisgpmembadB318)xo the wdcaham(852)at laast dee of thésutistrate holding meinberdi ng a

waf er Wfrom assette (not shown in the figure), a second tyranspor

sect | orf MR ToaR AP TSRS TEPLRAa 810 TEPHn REThRgP B (s P AAROTRIR lpdk and

t r anspaytenik HeifOittstetaf@t ihe WARAN aff With@fwal, aAbthBdubQEdit (W")aglpasest nment  of
the center and the rotation position of the wafer Wwhich has been received

f rom t Heors thederd armAdpioettheuibsirain haldingmember)al leasteps of theosubsizat heldinge waf er
Wreceiyegh B{?&ﬂgxtﬁ W(gz}dfagﬁf@gy %ée ﬁggﬁiﬁta (ﬁl%&ti&{)&thdbggg%l?% %%%%'cﬁlﬂex?sgc_&mras an

exposur é posi an exposure-o system he first
t r ansp@idnes &cthisxasd in digsecaristap, dag 10 tBd relative mcvempor hetween the suisfrate W whi | e

bei ng attractiop supported therehy, .a raisi drjve section 32 for raising
Che ar Hosing Re@bpeAauheard e, bt dliGn PEBSsegal Ihewe Yieason Hrr:

gui di nghd fidstrAé RolathgthéBereaa thelihichd AMAVATEY isHdldiREthR HRt3hbdakd Zaveal | Y.
The second transport section 4 conprises a pair of transport units 41, 42

at di f fsepasaied.vByrthegmpren i hp fourdicstap, dwssto thewrelativg maysmeat esweeptheli ng t he

trans i Sq: ' i ort
uni t o bt Aelaite mclibef B (R f0dXhriiff e QRCHGE e U delfbabl BOPPYT |
pai r ofplakenthe ascoad sybsaratk dan be passbd frgmi the logd iacta tel the s\ibstnataniesiding atembet,he

spaci ng el ueen LI BaLL ol Ale/cin BOLASIE £ S 6] [t ransTer " of the
Another aspect of the present invention is a substrate transport method for unloading
a substrate from a stage (WST) which is moveable in a two dimensional plane. This method
prepares beforehand a substrate holding member (318) provided on the stage, and formed
with concavities or cutouts (330a, 330b) extending in a predetermined direction such that at
least a part of an unload arm (352) is insertable therein in a condition with the substrate held
on a substrate contact face side, and the method comprises: a first step for standing by the
unload arm at a substrate transfer position; a second step for moving the stage towards the
substrate transfer position in order to insert at least a part (350a, 350b) of the unload arm into
the concavities or cutouts of the substrate holding member which is holding the substrate; and
a third step for after inserting at least a part of the unload arm into the concavities or cutouts,

relatively moving the unload arm and the substrate holding member in a direction orthogonal

to the two dimensional plane to separate the substrate from the substrate holding member.



The alignnment section 5, while not explained in detail, conprises %ﬁm?@]
sensor for conputing the center position of the wafer W and an ori i 21
flat sensor for computing the rotati?a position of the wafer W The XY
stage 7 conprises a nmounting table 71 for attracting and retaining the
wafer W Support pins 72 are arranged at the center of the nounting table
71 tor SUDDOAEéd}am"g*t@tﬁt@&ﬁthoaeﬁrﬁrttaﬁe uftfoall BFrf & RRUdBySat AMkubdt At Rnsegre Waf er
vertically. The XY stage 7 can driven in two dinénsions in a horizontal
pl ane Ipgsition.\Theg, mepabstratn‘stagel ls'mouqi tosvagdshe &thm:ltc@am;fcepmmw@rm peleaitd a

screw device 74. trates. the ma h [ ansport
sect i of"S4T a‘ﬂﬁ%“t“rpéﬂé)ﬁgfet“%?ﬁ%[sarﬁ?llm&tg?/?%awhﬁs e oélesc%fnth ?‘t"éﬁ%‘%&‘g {dt"l%ctl on 4
conpr i sfmbRr Which i®holain@ thesidefrste 4 Substquentig Cdfted instiing at WasrRrgagarcf tdd, 46 is
movabl e i ndependently in the horizontal direction by a |inear notor

provi dagloadamnintethegonaayitiesipacutoytst e yalpad amn prd ths substrale holdingMmemberr ound

the b 4 t th
cur r ondra sty BEE binkiof offuCBHRlo g Reo dien@0fiel Blank M\ riie 10
noved abistgtedroimgreaubsttite holdingesinbens Therefole cgnnudem%nh ?ﬂaadmg pyem:d si des of

the two arm nmenbers 45, 46 constitute substrate hol r;ghtp ort 45c, 46¢
havi ng Upload ammat the syRstrate trangier positan, VariouS prosessjge Gan Q s being
tr ansp%ssﬁgw%m{:ﬁ AMRiesd ﬁ.@ ’subs}?ﬁtc' rtbtalegnteﬂfbeﬁ htnhfe{qﬁort agk ttqntfemfnﬁé tions

cooperate to hol d the wafer er sensors 45d, 46d conpri sing pressure
sensi t isvistraterfeoom thefsybstoite htddmggnermbet teetheahload aym és Imr@m;ml, not withtthee wei ght

por 1 ontieagem uf by AR e S} b SRR fEmirRed We BhEesile” 12 |

not | i mighefspeed, b@tmg;ubhmeamfetpwﬁon amﬁe@a&eﬁhmga leascepirabt the pr ovi ded
these can hold the rimof the wafer W an apparatus for reliably judging
i f t he upipad aFpim{e thsejoacapities a5 CRiQyis qtﬁhﬁewatetehﬂé%w%m?fblﬁh g e is
provid uide 43. A
pair o?qzl 5?18 ?d t{orsggae%?}%lntgﬁ rggbgglgt\g?ﬁ%n?g%ét‘ ?ggrr?tsa%%%hg% Eﬁg?gpgcrl%{\}ﬁl ed on the
upper fmavéngsthelenload emr Angtheisubstratesoidiog methbeinghe dmequsmnhognmbwstbc s 47 are
arranged l.ower. t nenber § .45, 46 an

ot v 0t g RienACH e Send el SomRRreR b Bopyiiordl HuBdibg pEig SPhaAR g

pr oj ectbyAGom@ed oﬂem:oﬁeﬁidlaﬂﬁ%an@éadmgsdxﬁruitayhmmttupnmgwsgtdtuhﬂ)atimg arm
menbers 45, 46 arranged as shown in the figure. At_a transfer position

wher e @ﬁ@etwtetqﬁrmgb@w@sw habhrwﬂeelebeﬁwawqﬁeblc enPEHBE Alice t he

proj ectjj, Ffvéﬁgﬁt'l“'tﬂ}gu fion 47b. Wien the two arm nenbers 45, 46 are noved
hori zont each po tiron sensor 47 is positioned |ower than the two arm
menbers 45, hﬁ;hlsmade Wenoperatianualthe secend stepeofopsertang dideast epanofiic uoad t he

i ght proj. ed from.the t 0 ecei vi ect i 47a 47b of
the pod iR Ecspogsauss ot col bl o thEhRSyE Bl ambnRE FFH R0RIBEE" soh ar e
above tshigstiate, tdifofl dogRk be peffoimaiciyatiowig tHesubitfatedtagetbwardd Aike s’itbﬁirdtéfpl nges on
the Ii r01 ecting/recejving sections 47a, 47b. |f the detection output

from tﬁ@nt erpRsitionay it theleading am, stopped @t the SHbStiteATanstep poSitiol NIPWEES, t hen | t
o7 R i 1R S50 s RSN 58 16y bR (PR 10 11

transter
posi ti dhe wnt:awitid:sezr@umm(éwm %abhtmtmmad agmandytie simultaneonshpdiieansnglie, 46 can
t hen be vedt there ui r 0si.tion e transport 2,..While
ot ai | SiRIEEDied chrbfidnt g Axfens R ieo it of BE e BRRE o el S ESe anspor
uni t 4Xhe iQV&RVAM cahtR it intd tse doneavatidafor E:{il@uts\/lﬁ) aJRortes tifide, tihid edddingnide
different to avoid mutual interference. FIG 3 and FIG 4 are diagrans for

expl ai rivejhigher speqdiHeading ofac fufrstrate\ijagy thersubsirais haldipgmempsr. 46, FIG 3 is
f th t 4
een I om t neuiSHE bsnbel\ft fe pfteld i 53 e ol i TpRGnERC o
subst r asubstiacd (d?i/btgnqoorsragur(WSE) wisicls isemoeableim b owe dinfdnsionalqsaeathihol di ng
t 45 46 th t i W d
Conpr | SR REL R OBRE BroIGes DaBans BpmBt PRy dehen ReSfaerdod of ¢ ne

waf er WRedd Wi Edndaeitikd eﬁcdtéammgeﬁoh) cﬁ&fhxﬁ%\ earﬁaaetérﬁﬁtad difelfi6h fRRt i Ons
45f, 46f provided at the outer rimsides of e main dy portion 45e, 56e

for reshatiatleasig pao\(36@m350%) aftadoadhdrar (306) is insegatre tltemmti thigf metbod on. For
l e, wh t f i i i f FI G
T he <mh e b dis ¥ Tor dndink B) i odtlarky ubH Bdinl s Mibslisld By ™ .

are noved appropriately so that the main body portions 45e, 46e nove to
directly beneath the rear face of the wafer Wperipheral portion. After
this, when the support pins 72 are lowered so that the wafer Wis | owered
to a predeterm ned position, the opposite rimportions of the wafer Ware
supported from beneath by the rral n body portlons 45e 46e As a result the

Y T | e

.



arm nmenber 45 of FIG 2 via an upper armdrive unit 85, and controls the
spacing and transl ational noverment of the arm menmber 46 via a | ower3arMay 2007
drive unit 86. At this tine, the detgﬁtion outputs fromthe position sensor
47 and the wafer sensors 45d, 46d are&*nonitored to prevent erroneous
operation of the two arm nenbers 45, 46. Hereunder is a description of the
oper at i of e r al. f..F # | ch:has been
br ougntarsieaesiiSacy BRaht B RRHMAEMR sl onafes LGB EinattbbbesiioiRy, 0€7
from t higird stépsfor insafing QX leasteiCiakt@T tie load grm fntd ke Rohdagifep Of LiOuts of thee

al i gnnment section 5 and subjected to centering and rotational position

adj ust ebstratecheldingmembeniioma ditectomenthogopd do thertwe dinensiqnabplaResapdad from t he
second ' i L.gnment
and ox Bl 08 Hotdfl e soidfe B0 HAGE fom Qe LRLRE SO A T ca
syst emrélatively movinp ¢lid load afm aidbthe sfags tor sepamatechsibsiyate friom thalead avhi s agai n

transferred to,the second transport tion 4. and then.returned to the
first trans ph}t_thlss'_gﬁ'?‘f’@r‘?t g’%mf%gﬁw %ﬁgmﬁtﬂlﬁﬁupﬁéat%ﬁﬁéﬂo {dyat Hﬁeﬁ"‘gﬂf%"er is a
det ai | e@ndl&Ssositidhl TReRithé iGgSERI AN AR sBBitraY@ﬂcﬂﬁinMﬁ)ﬂg thoved WRaad he
second transport section 4 and the XY stage 7. I'n the sequence of wafer W

exchandhe substyass wansiorposicionand at toaptl acnastPidhqloadiamn jsrinssated intg thes r ecover ed

ount oS b S bRR REwnf Sy Rald Woldifs pleber fomHHircRiod GAASRA0 JREGL. L1 2
7 W t h dihénsivablegland. fsgrttRid, the eitsseratel is pasesfioth hd load wad & thexstisaage posi tion.

At this time, the unload transpaort unit 41 is also noved to the wafer
exchandeldingsmemBer, anids lqadearm agd dhrovtage g moyed relatively sa thag therubsizatels
exchangenpAsd frbMhe 938 afth MTHRIP RS SiyAn-ord 16p&s @E%Vs?lﬂﬁ}é?c fofht'Rlab¥rmepar at ed
standby ‘position fromthe transfer position where these are slightly closer
t oget héo thelsubstratechaldingwembenfthen, eatherftisan the (aad fagn, the stagcGvhigh moFies fasterhe

nmounting table 71 is driven so that.the attraction the.,wafer. Wj

ol oas dgmb 2t Bp s AobiR o38siiRitoR 1 o A6 B o B M Rim el ¢ e
al r eadyntexiposondawadsadr Mloats dffie sadstdte Raldirgth@nbek fictn h diré@idn ofthegonadio t he
stage where the support pins 72 have been raised to a sufficiently higher

posi t i okF PeHmensiondl planerand e substrafg is pagtedde theruhiisholding membes. Adiged from
the st anobyseRs h&é ‘%ﬁ EQSSE{’: ?rog'f B0 falar 95 | 'sgﬂsthEeﬂcﬁdiExg ‘ﬂ}%?xxtémhéio'a@ htly
closer to together than the dianmeter of the watrer W{(refer to FIG 7).

Af t er tahhend thestagappomoves relatively so ¢hat thesubsirateain depanasedErbmrthaNoad appssed from

t he suppor ins 72 to.the arm nenper.s 4 4 that is the transport unit
21 SurRSieorR RnoafestsS e ShuREMoTRoRdiRe P e kralicy arimon pPRRIdY | <

nmount ednvodMEng ¥RA6ATIny & indAhe adilert i} highapedibiohdiag SPME kubkiate chto g Whi ch is
mount ed an unexposed wafer Ware substituted., At this tine, the arm nenber

of t he SEPSHREOI{Ing Aembep becomes pastifles capblinganimpryementipdhiopghput-then, the
mount i ng t ablyein{slcdse QMRS @ir8 Siep it ?s%f%ﬂﬁ@géélb‘ié {00n ¥t di iGasSAPROGL thPI NS 72.
Wth the raising of the support pins 72 t0 a position higher than the

t r ans pdead ammi into4he convavitigs er cupguts of the holiding member@fter ¢ranpletionsgfonevingi t 42 to

t he suppo i 7 i.de. e ar ers of . the transpart uni re then
roved RRosae W beast SaneodfyBeo FOREVE: ik IRt RRRSertiOh bt 62 ppor
pi ns 72 panrg35@856) of the 10ad arinh (336RinGd théVcbicagities aEtut (BB0ALI3DbYOf thee
nmounting table 71. In the above steps, the substrate hol din ortions 45c,

g
46¢ pr SUbsyale hpiding enember (H$) gray be sarried out dhpingimevement of the, Ft@gbgwé’r)-tlﬁe waf er
W Thengl 6, otibie 2 b BPTHRIR it cattbe GBI inOME Loh APk r LiiBH bifheSt andby
position to i%e transfer position, or ron1fhe transfer position to the
st andbysupstmie hiadding aveintiee before ¢nmpletinnsgfonavenfent dfshesthgr toie substrate nade
pronptly. reover,.at thig ti since the wafer Wi s not held by
bt tr act BT pRREIOR, /ThREs e e shRlrateical e wqre okl magsed gy s d0adargog ang
FI G 9 thd €ibslirate hallngd BEmBP | Hdwdves] inBfllef iotdciRNPiaes thefsubdtte thansport uni t
41 shown in FIG 2. FIG 8 is a plan view of a transport unit 141, while
FI G 9 Predetermined ppsisign on thgabsiraip bplding member,id is negessany 1@ Raysor aspeii t 141
conpri i .gggﬁy' 4 f fWo arm
menber ﬁﬁ%hg%h%m%&eeﬁ%% i de e? ggsnprzlg}’?lérgthf S‘faglg’% uﬁﬁ’?’t@ § tk%fgﬁ]% so that the
two ar mifielitdneossiy #fthe dgpositadirb@ionao sledmeving direvtion of vhe skaget her nore, the two
raising units 148, 149 are also able to nove i ndependently in the CD
direction along a guide 143. The raising units 148, 149 are controlled to
raise (the direction perpendicular to the page) and nove in the CD
direction, by a control circuit 150. Support portions 145c, 146c facing the
waf er Wfor supporting a pair of peripheral portions of the wafer W are
provided at the tip ends of the arm nenbers 145 146, and are fornmed upon
upper faces thereof with attraction portions 145g, 146g for attracting and

N r Y b1 Y " -— o N




FIG 10 shows an arrangenent where the arm nenbers 145, 146 shown in FIG 8
and FIG 9 are nodified. In this case, instead of the attraction potMAbal§?
1459, 146g, novenent restricting portigqns 145f, 146f are provided upright on
the outer side of the support porti or? 145c, 146c¢ for restricting the

hori zontal novenent of the wafer W In the above, the present invention has

been describ r C A H@ 1 sent
i nvention i s?%(ﬂ1 ﬁlr?%lsﬁ’e‘g%oﬁg %Ettig%ov Sgyﬁggg?)@gﬁezlpa@g%%%%pg?ﬂvaﬁt h the
pr esentinto theaoheavitjeston eutoafs €3304/ 330t &l thewhirdstep, piais desfabkertnmmyvetthe wad5, 46.

However if an attraction portion for attracting the wafer i s.provided on
the ar AMEhhEFecssn Ofth%g?“f‘ @ tfkﬁﬁ‘@r g‘WB%‘H“%@%“Fa‘%‘QﬁBF’t’%ﬁtaﬁfﬁyyo%?‘@t Ssingle
arm ner;g)@ﬁe%cteﬁgg,ealaﬁem_er W can be exchanged to and fromthe nounting

table 71. Furthernore, the wafer Wmay be transported with three or nore
arm nenber s, Aaothet dspectaf the préseouinventionris & Substratg tanspprt apphratusor The pr esent

enbodi nent ..has heen cribed, for e sure apparat us, ..howeyer. this may

a1 S0 baMIGERE TR (RO frorm A areet LT HRECE FyBRRETE LR A0S af e,

or a deh@Gppiratb esinpastsaaPailoddsm (32 URERA drivémectaial (356) o debingiied her

exanpl e of an enbodi nent. of the present invention, with reference to the
T

dr awi nggloadprmy; asybatrats Bplging merpher 6318) oFrvidad\asiibe Haes apdAfppnekitho a waf er
| oader SySLAE 8f cftostt ?3%0@,%08?é&eﬁd\rﬁgeinparo%b&‘&édrﬁﬁhdediﬁ%w SuchiiRdhffelsta F G
11 is a schematic structural diagrarmtsh ng a projection exposure

appar atpas (3f0as 3I60bgrbithp lead arm i&inSertdble tierefr)én & coralitidn eith dewsubstratedpadd ur e

light IL is irradiated onto a  31. MAY, 38, rect anqul ar shape

1 (BRSSP EaEPnEAe Lhe? P 988 STV POl 00 B SHEB I PERVS sy st em 203
conpri sliféhsioRBl NG 8 YélRtive dHle rRQUNBRISMIISY) faSreRitivEy Qe ihgl tREBNIOAd & eCi Mer

| aser |ight source, a dimer such as an ND variable filter for controlling

t he qudlf Substrais heldingsngmeber gy diregtigmorthegenapwsthe tve digensigpalpbane; and dpt i cal
s _ 7 rg’ . o
i st vt SopreiNe(a R 320,50 Bhis bRl SRR 192 520 AFPPR o Behublion ot HEVRG' | O

i 11 um nisd undondaarmevia ehecina drive dexchatisth éns subsaate mansfer pdsitiongxpaende | i ght | L,
the i-ray (wave | ength 365n of a rcury | anp, exciner |aser .radiation
such aémfeér‘f'?mvm R HOS i gEe vig gt e G thaTisgh st (R e | engt h
157nm RnebPIsitlonSH brdeR t MbrPat 1eAR( a Pars 6f the tnlodd afR ntd thetdRavidddgpover, with
the exposure light IL, the inage of the pattern fornmed on the reticle Ris

pr oj ectceuisrof shessupsteate heldingrmernias avhisipis higlding the pehstragoandrathird furctionG,  12)

on a s el j i Lfication ~
On 7T PR A ol e W o B ALRARL .

appl i edhd substhere holdingarembertvitetheadlativerive mgetlardsmeasuri ng system f or

indirectly nitoring the exposure agunt on the resist is.provided inside
the i 11 um nall s apparas atdyrathaenss Of e onirck by he HBlogd st moved i the of

t he meagbsidattdranyfer pORiAGHvia ORY dritl driveiRédiBAISANTRN, theBhdgl iICMBYEDVia shest em 205
conprising a conputer for controlling the operation of the overall

equi pmstge diineurikiosardscehe sihstrate trpsferpasitinn in Order &1 serhat least ppert pf e t he
exposur, I . C t i i i« h at the
1 e A B ¢ Eomeifes b et S RAE bhiBedher b AR bR A2 |
on t he substiagt Thennattbe theepni adrarmthas bddneinseried Snto ¢heaconoatiticsl x@uthaEethds on t he

scanni n eed of the.wafer 1 and, the wiwdth.in the.scanning.direction of
e ox PRl s SRR R sniatn® PR e birtvin e ST B A P 2 ot s
as par amewforh,ocotﬁe@nawimaétaﬂsig%y% Qﬂlohéﬂﬁmﬁﬁtq}zl@ﬂﬂsﬁﬂc%héf&x%osﬁib%ﬁ em 217,

the X axis in the plane perpendi'cular to the Z axis and perpendicular to
t he pageriofs Frpegssing cgmbmpertarmed o thi substrato whichasbeld jen the subptsatpheldingel t o

t he page in FL.G,. 11 ni I i . j i t i Ris
el o by o ot RS} Ehbaft ngh bl fRoighlindRig B2 %
f1 oat i ngloadAROpérestmey, ot fvithethe uRlgsd &ianbat By meving it aRgthal 3, subsdate S
continuously noved in the Y direction by a dr'bve nmechani sm such as a |inear

mot or, RHHNE MEMBEBAMUEh BARYFSA! A higher Shegeite MeuPHIELS Brnskp GaBitioRe Themi r ect i on
and t hen¥ ﬂl's.gﬁ@g 3ﬂeastm«an%f% Jn@&a%sarafmeopﬁe ;&fcmg&wﬁcﬁ%@é&he glbtsnﬁc X

direction an Irection are respectively forne mrror faces serving

as novihoiding membst which dskoldingaim sibstrate,shasubstirate issseparated Srom theanbstmite
i rradi at froma reticle | aser interferonet 212 ont hese mrror
Cor o el frer b telstivE B ks Pl a0m and e bunis folng St i e |

coordinate and rotation angle of the reticle stage 210. This neasurenent
value is supplied to a stage control system 216 and the nmain control system
205. The stage control system 216 controls the 31 MAY 2002 39 scanning
operation and the positioning operation of the reticle stage 210 based on

t hese neasurenent values and control information fromthe main control
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Then, at the tine of exposing the wafer W1, after conpleting illumnation
of one shot region on the wafer W, the wafer stage 222 is steppi ng}y Mibed
so that the next shot 31 MAY 2002 region on the wafer WL is noved to
before the exposure region 230 of the™projection optical system217. After
this, the reticle stage 210 and the wafer stage 222 are driven so that the
reticle.R.: A : QRN hd BorvEsiiaaf to the
pr oj e?ﬁ‘f’%ﬁ‘mﬁ%@f’é@f‘“ g@é‘? évrvngvg a{fmfotnayélﬁ@ pr o i‘t“%éf"z’ﬁ%%gﬁﬁ"% catl{von ~ as the
speed rualdading afi theishbsiriteiay £ dominbh operpicineolvirgithe uhloadig srmmandthent i s
repeated in a, step-anpd-scan hod so that scannin osure i erformed
on eac Wegm?p’wﬁﬁecgwl??@n&&?é? S%W“I"rﬁ’%@“éﬁ@%’“ﬁ@égg HEH’%&RE‘ES@H’F% i's

superi j to perform highly accurate alignnent
[@ﬁszﬁe', SRR i Smpdvelibn AR

bef ore , between e S region on the wafer W1 and the image of the
pattern on t frethisstase |the ¢emtroFumit (BdPn320: 321)maysfurtberdwmye ayourth fpetiam o1t he

S SR OBk 0 i BB YT PR R e el
al i gnmegbstraietolfif® BRmbeR afts B¥Bubsirate (W ) Hia§ bE) transfetred &BGCGe 3lisvatet he
reticle R, and an inage processi n(gétype al i gnnent sensor 219 is arranged

by an drldingamempert () to she ynload ammy @62): Jn this evgesrtae withdrawahef the uplgad

proj ect| i 7 |4 i an
Pl Pl Pl SPb b hembk @ hORRRRhe BEYEH wf e BRERTRS 20
magni f isebktiatesapddihg meatbeoto thy shlead hm isfpossible iy amovimgaydeasf orehad theewrtloadar k, and

two di i onal i ck- i f t he Like, f
Capt ur 40 308 B Agge TP a8 gabullg Moot noe D Hhadp basvbee | <
suppl i qgljda afh, aahblﬁmﬁebr&egﬁ?g ofﬁﬁé’ﬁlﬁﬁﬁﬁte afténwiifiTawal Qo baBdrted plokipulyi me of

waf er alignment, the alignment” signal processing system 220 processes the
i mage si gnal In thed@beys subatsate ransportapparats.the conirol Heit may imavéonbithe plagey

di . ¢ . . Car i "
cent or (T oty IESUoRSlle? obBBRE hnofs UBAERR B Dfue G SbRROSR.
mai N cahd subktraty rhesferddSition, @l tEereisyinsért adeast 4 part bfthe anlodd aah émo dfe t he waf er
stage 222 neasured b e laser interferqnmeter 21 n the wafer side. The
i 1 c GABABIIES G EURIS 05 oA R0 0 TR e PEIGHIL P ODE AWESTEEL nmrk (ot he
coor di ngdvasver, kit donfrbPBt mafb,c%ﬁr??m)txﬁ@y &R PG 3k Arivé nfebﬁhniﬁ gsmdqh@zn the

coordi nate system (X e wafer stage. Furthernore, 15 shows the
suppor tat thedimemofsinserong ateaspa part 630p0¥90bpef hebnlogd amn(352yinge thel G 11. In
FIG 15 . Qr o] i ot 171 support
rember SRR SF buBHS (B5eb Bi0u5the BHRhF et b BuaeRN hEhe O B TP
expansipedecomifed direction. Tihaltis case, the unjvad adn par bé mbrejhiickiyinséree iptoahect i on
optical system 217 which supports the lens elenent of the part closest to

t he waf@PCAVIHESREEURY'S| nsi de a cylindrical shape support portion 248a of the

support nenbeMoréddvdr, inYhd LMEHRME Erandpoft dppirafisthe Brtic? Anie {318, 820,132€) MER] ecti on
optical system 217 and the_support portion 248a of the support nmenber 248

are r eRberinsgang asleasia par (30 430h) jof the unjpad)agn (332) into thejcoppavities 41 FI G

For - moRalp304 33000 Bkt Bast BRF R BE 300 ok B Cie) et S8, 2 219

cent er difvetuht (3 isaagtd riativklgpeovexhosnivad sragamithe 88g@ESTem thhie opti cal

axis AX of the projection optical system 217. Furihernore, the center of
The de T SRAFIBEE T, dRdbis £33, B SHSHEGR T dheeRpLATSBI0 4 HRLGRRY o
det ect | QfutEehYe caﬂn%?etedTéb%nd : Eﬁﬁh’c%ﬁbs@&ﬁ%& Eelﬁma?mn;eheomé uhlogdagher e for

exanpl e the center of an index mark inside the alignnment sensor 219 is

pr oj ectasd thmsubstrate helding-member intipedirscian othogonalde thegwordimpnsionakplapt e, t he
detecti the optical axis AX are arranged on the sane
strai gh‘%gIblgﬁ{elhgyhga??’gfﬁ\?\ngth%pt he Y axis. Furthernore, a five axes |aser beam

conpri si ng a Andtkdr akpeeeof the prestidXhvdntiof isf £ dubbtaae traixparmappfaus forileadary at ed
parallel with the X axis onto an X direction mnor_face 222X of the wafer

stage 22bpraed Whontaasiags (Wel) whishds BPvesbls iR tyedimgpsignakplaae.japd s 11,
Mor eove, s e bGin$| fd 4tS & e Yor:- third
| aser b%)g%ahgfgﬁlg ﬁ?‘%ﬁ gllﬁaagt e Rggér?afﬁog@ \ﬁgtaﬁglt)ﬁrg Y aisluiéﬁlcs‘;nté a&gbgsﬁr%néti on

m rror £substréeBdidafg hémberd(BE8) movided @Rthe stage tid formad withtcoacayitighor axes | aser
beanms LBXI -L respegctivel oubl.e ss.types., These each interfere

w th a Tt Cilardbl FOBTGNE Vot PEr v EAEE nY NG el CaHaRRr G Ene
figure) provided for exanple on the side face of the projection optical
system 217, so that the displacenent at a correspondi ng neasuring point is
nmeasured at a resolution finer than 1/2 conpared to the single pass type.
Furthernore, the optical axis 31X of the X axis two axes | aser beans LBX,
LBX2, and the optical axis 231A of the single axis | aser beam LBX4 are



Therefore, in order to correct these Abbe errors, in FIG 12, the I;sFMY 0
beam LBY3 is irradiated onto a position shifted by a distance HZ2 i é E]
direction with respect to the | aser ggam; LBY1, LBY2. By dividing the
di fference between the Y coordinate detected via this | aser beam LBY3 and
the Y coordi nate detected via the | aser beans LBY1l, LBY2 by the distance

t g@@fr | hen
u5| ng tE%g%;gﬂeéﬁ@ng&alﬁoﬁﬁgﬁsmgmeﬁte sta ge I?gr‘tl?i? ?g%éfgﬂ%ﬁggg{ﬁt%ﬁghzll
subt r atwe difiénsiokélIpldnepareidiive virivo oredhanisne (338) {dreclavedy ddviaghedpad art ai ned in
t he abov t here obt in.a Y.coor te whj.ch hav een
correc ‘gthf’a?bsf{s'i&é‘@‘}‘%?“ AR & TV“OW?IFPgPH t?(ﬁ}fﬁwé) déwgwl?%zpf%g%’eapdbeam
LBX3 i § chitf@@hR (39, 970, 3200STHis Béhtfoluhit €319] 820, 321 YhadlartRsitfufdtionifbh respect to
the | aser beanms LBX1, LBX2, and by usi ng the neasured val ue, the Abbe error
attri meaBIgéhQ gagenida fhel stagqginammgaresm fowages the substrate CransiREPRMtAS: ahand, at

the tine the X
axi s 1 395 BASAGH ok RAESE tosd S AEhidSt OF sibshRl ORIRL I HBEE Rt

di spl agerrelativeodrivelfieshahiein tstmaayza&nmuéastdtpardattaetdadmnﬁembeme 219a of the
al i gnnment sensor 219 as the reference, Wgn be neasured to a aHﬁ(gl‘hg;accuracy

ina CGWYWB%OW&‘%S olbe subsiratg hojding.mempey; from a dingetiopfrthoggn d%Panount .
At thi g rﬁéngron she, !u?i QL%rfm?é?loﬁ%trﬁ&hﬂc%ﬁb&ﬁ?e M%eﬁgtseéd ﬁ&ﬁ)rthé)lé’é@m eto
t he roI I ng anount o e warer stage 222 | aser beam LB

i rradi atreeb e substraggdolding meibef, reatively moviing therloed amparid-the h@geztoohepa:retel on
wth r Wf?o thg %]a §" beam LBX4. Mbreover, on the wafer stage 222
around ﬁrornh SF93: are arranged; a ref erence pl ate 234, an aeri al
i mage rreasur InN@isyppiranis 28BS lcad Ard WwHicH idMoltig BB sitRtratens §06dbY it thensor 236.
On the surface of the reference plate 234 is fornmed a reference mark 234a
for theubgirpigmasfer Rasitinsr The, the pentiad paitaiit e staeg drivaumt, maus thegtagehe

reticl g, @a@détﬂ@ 6|fsix’a6é'nean§ffe?g&n?oho erﬁ'u?thé&o uhﬁ'ﬁgwtehglﬁﬁvé s ence

mar ks, ase |ne anount Deln e spacl ng etvveen the center of the

pat t er mechangsen,ghakeh therlead arhear(pmach thdsubstmtahqﬂﬂmg nmdmber towiherbg éseniat h t he

optica Xi S ction.center 219 of e aJE’(l) nment sensor 219,
75" et eaRi parting b5 P itF W oREAER B oot 58 Ranbl B EPETRREES. 1 her o
i's proviogesldirétios saiSonaPtonhetvardigehsiondl ?laﬁt@n&@fa réduilis the/s@BRHaVEIS paiRe@NDUNE
of I|ght whi ch has passed a knife edge 235a. By Frocesm ng the detection

si gnal fromuihe logdarp e theaubetatohplding aneseher. Aftsedis, thsdead armsandyherstagrare 43
POSi ti Ol cl)Illﬂ?' zﬁek&ﬂrdmﬁﬂ@otﬂa?me shﬁstﬂteqlsgéﬁa?&éh ﬂt%'tﬁ@i ad¥theFhal7, the

i mge quality lution etc.) and various a t1ons suc as distortion
are neastarsey,in amldr totmssethmabﬂnnam thecload srsn Gorthe subsirhte ddlding tbmberai n

e oSBT e i it e g W Pisturaandh Fforci e nacth ¥ Byl o

nmeasur edndtyr position) dridnit Mkt DparnEMthe! [all @fiis isGRAIMG tRSEonchvitiey 6tejutduts execut e
this al hg‘ nment and exposure, it IS necessary to execute exchange of the

waf er &hthespbstrate haldiag magher framya difestign aehegonphtp dae o dimensignal plage, oader
syst em. (S) i ar at us of
PTG CTaRR helspRentl E pasced e SUSHAAIE Aaih efibl. DAL AR CXRARUES, BRRSTS
206 angassed Gomdahe laad/agado memuﬁﬂmtcah(ﬂdmgwmhuer,ehd lpadthrmm gndatherstage per t

275, - AT TTaiY DO ntae Sstrad ot Spals i PRI Gt aefire BERe Gre

I espectiev@nyertiohhlfgadiflg bhe kuﬁstlﬁl%(byw&ﬂrﬁ&ﬁo;\f/é\flraddﬁnﬁﬂ%g 2&51%@9% arnpperation
of these arns 206, 207 is controlled | oader sgstem control system

215 conrpf theicapterup drghisreed Iqading s rthﬁﬁuéstraac PRIP the substrate heldifiganembeari ng
sectio ggl{;\g{, (/S protrudable within a
m)verreﬁtgo]ﬂ% [)Rggl@? Bﬁﬁ tic o i"?’%@gh@fmgﬁ@‘ arranged inside the reticle

base 213. Abtwthiddass afsomsas aingaEmhtrahunitmgy hgers ysieasta DA of thedgad arminad s from .
the i ngsstem202 are s lied to an ima rocessin nit 201. The
oper at i5EogFaYiHEs or cpioyfsPiithy %’?’?ﬁ’iﬂ? gp@mmmbgg&fwémpq%t § WQVEBHtr ol | ed
by the oﬂhwstége%the%xsttﬁte &Qﬂferr%mﬁbfﬁt ﬂawzaé théborths? uhit (B190820,801 Fingy
exchange, the used reticle is transferred to the attraction portion 208
of t he imsettiat leastiargantenf the lord arm (339) ithe theadopeayitins ion diteuts (330ae330h) ptthe
rotating/elevating section 214. Then the reticle Ron the reticle load arm
206 is tenporarily nounted on the upper end of the protruded spindle of the
reticle rotating/elevating section 214, and attracted and held. In this
condition, the inmage signal of the imagi ng system 202 is processed by the

i mge processing unit 201 to thereby obtain the offset anpbunt of the
reticle Rfromthe center position, and the rotation error. This result is
t hen suppl | ed to the RRWI oader system control system 215 The R/ W | oader
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31 MAY 2002 45 wafer (8 inch wafer), then another wafer |oad arm and i mage
pi ckup device 227 matching this are used. Simlarly, the wafer hol der MAR101
is also for use with a 12 inch wafer .and at the tine of exposing an 8 inch
waf er, another small type wafer hol dZP is used. However, the wafer hol der

221 for exanple may be used in common with respect to a plurality of sized

waf er s = i i %U(}W Sipef or the
waf er ﬁ% er ,hbgirl@ I?ﬁﬁe.‘gémllg(??%gggw g?‘%np(%—fltg&i , a%félﬁggsgg’e@gri bed,
shows thistratepgmobe passahfzomshe foad atnh @ the sphstraiedoldipg membesiyst shortrdtime.l n t hi s
figure, the fer prealignment drive section 224 is secured to.the support
menber 248 p@@ﬁwgﬁﬁb&ﬁcg%ﬁﬁ%&ﬂﬁsegﬁw %?“SB%W%HSWMWWF&%UWMH ng
the prqii@GhiaRA dARE hfe@haniohd Y&mri%n%ghér fad weh €336)afiéh fheTor#l unk (3¥PBR0L ed via

the rotating/elevating section 2Z2S so as to bé noveable in the Z direction
and r oBat)awhen atdeast i parb (35083 500y of the laadarm433) ipinsertadgnioghe cencavideseict i on

224. In.this case. t.he constryction is. su t.hat t F oW sup ted on
Che et 3ol Fireiof oBBRE o et S fiondi g, B YRS Ml ARRE. 05
from t hechamie tof drive thd 10a8 arrh P e iprederiiftied dft8ctindp additiog td deving &) et i on
optical system 217 to the upper face of the wafer holder 221. As an

exanpl diredtion ogthpeqngl toghs twe digrgngionat plange Anrthiscase,iransler,of the sukstraeyegem
rotati ] i - waf er
br el | ArvaEfihiped Bkt 6P RLAN MRl B piHlr LihedBh ] SRS Thal ol o
wi t h t loémaomingthe/Magepp thret smbistoate trimesfergpositioh.oad arm 228. On t he bottom end of

the illuninati t tat | haff, 246, | i |l uninati
Syst em suppoPlioRaR T S8 0 Sk o 4 PEPI S bt FrPEHAEYaR i he ¢ e
of pread QIBSRRY tratfspbrd BppuRdtas, ad atter inrtirigd 1dabea pat @S0NB56bEofahe REdsect i on

22S, the wafer Wis raised to a position adjacent to the support portion

248a. TR (336) inte tstconeavitiesto putauts £330a, 330, theconirol uait (Hdn 320321t @AY beneat h
the lo oW | : | ower
face ofoi o 3ERaRon} BEEGhT Ut} pitehqifnl BR0Re Yng} BvORR st D8y, O

r ot at i aovs lfeflbaddrth ardthe stage (WSThinahe prederepoined dieeduani sm support secti on

242 is arranged at the rear face side of the wafer prealign t drive
section 224. OWQF%SPC‘FP&MF%‘*“&WH?‘Q% 15,3 §uostglgrieans %ﬁg&gﬁgi waf er unl oad

arm 23fioadifg HRLBHAR (W) fréif a\Wekg8 (WIS TY R & mBveiie irSiwid diRfthsiofApldne) 242
within a range of the gap g2 fromthe |ower face of the illum nation system
suppor #nd far deagdingangthep substratg (Pe) ome the stge+ Khisgaparatus §pmpFsespan unlgadyn

exanpl t i i . L is 20nm.
Tho naf s (o LR ARG 1 Bbididy GEMMenplat U 3ocite G AFBOARE ffamh

Fur t hednwe mechansmg@b6é) fdr damingahe udoad 8413 acabstiace ddieg memtteh318) di rect i on

above the.wafer, unl oad m 238. means of drj {on (jpot. shown in
Che 11 gunid shont MaeSindtomnet i Yurtang s araat o0kl pleldre n iy
axis. Npe@ionguch thabitiléasth pae (3508, 3508) SHRE uhidad AT RAndefable@hdi@ingh at r ansport
mechani sm support section 242 at below the slit shape opening 242a 31 MAY

2007 46oRtEoLYith thecubsiratnheld on g substrage contast fapp sidocandat least Ferarafithe238 i s
seori ot ol RinceRable fEURRPIcRuy® oV mbc i oMo FBRTVEY divlipal >
waf er Ueaktoane of the hdéad asmsandphe boed asn, and theosubstrad helding embaiis edirectioa ’
predeterm ned range in the w dthw se direction irectign) of .the opening
Do, - SHBowaALP 0y Sy DBl plaRc s RatRTorR ot Nt ane Bl teon. o

di ffer b difdnRRNal flare) Bnd & BARFJ ufiR (DS, 3261828y PPRisicoRGoltub® (B1®3R013Y
optical system217. In this way, by securing the wafer transport nmechani sm
suppor thaszfst fmctiam for smeying de enjnsd arm visthe armpdgve wechanisnpiodhesubissae opt i cal
system .1 he i A i j.an. ual l'y

di fferé‘ﬁﬁgﬂrﬂ%g%@:agﬁéﬁ&\f/ﬁ?ﬁﬁ F(gns é&@?g%(%gﬁg%utgﬁglﬁégra&?gg%port arm 243
and t henashdrdsm towardsithasobs2At teansfen positiorainsoridrite thstn at least\aafattrof phiecal | gnnment
and poShiPBATA 1AL SECRE Brloksa (i BaFa b B ErBrREs WOChS o BRe
and podipod diathe 4] f

accur a [IRE B flef Satrink 86 Giodd Wm'Rlcthe LHRASRIE br RGHANT SM
supportqwessél@ﬁ%ér}%ztgg, V%C?P%%r}?i esﬁ%\EArn%lﬁFn tlﬂgo%dl gur e, Pﬁyrse IS pr%@?ded a

waf er tsepanapgrthe Substate dront thersshetratd hujding exepibee viadhairetative sede watkanisnt,o and
froma resist coater-devel aper. or the like. The wafer transport,arm 243
serves 4R EH“@“‘?}? f rwdﬁ’éifﬂ’gﬁ htf WF%‘HGHB%&QEGW&%? mGENgmIRY Pr\%‘f‘@? transport
i ne al ong the opening 242a as far as the wafer |oad arm 228. The wafer

unl oad arm 238 serves the role of transporting the wafer after exposure

whi ch has been unl oaded fromthe wafer hol der 221, al ong the opening 242b
as far as the wafer transport line. Furthernore, when the wafer is
transferred fromthe wafer transport line to the wafer transport arm 243,

o o o o o o o b1 ) . B o Y .




arm 243, and the wafer unload arm 238 is controlled by the RFWI oader
system control system 215 of FIG 11. The R'W I oader system contr ol 33yAfRll
215 performs transfer of timng inforpation and the like to and fromthe
mai n control system 205. FIG 13 is pl an vi ew showi ng the positional

rel ati onship between the wafer stage 222 and the wafer | oader systemin the

proj ectj a .t .Thj .S

oot oo SHlpE SRS SoshRRCh Bl Tufioh Joraret Yibfawidin? ublot il hdking e |
ar m 228addairmappioaticthe dubstrafetioldifig aieneoyemes ofalicrelaive dribemleckanésth to
Attraction portions 250A, 250B are formed at two contact portions for the

waf er , UeEROYHBREH 2 Papt Aepaiedicpe it AT A0 A CANEFVALES B FUIOME A RASNOMFRIE G 15
i, Fehnl sk S OB BB B AR

of bottom face on e waf er unl oad
ar m 23%umtiof-fas affe? thersubstrate has been passedftomtthe boatl iaom tpthetsilbatmtedndding 249B f or

hol di ng t he fer to be upl paged fer W) fromthe | ower fac ide b
D acaunhermber ielately Bogngihe B3 Ran M sintt osranme e pihats s hedos
downwapgg of the bottom face of the wafer W1. Therefore, so that these

attraction portions 250A, 250B, 249A, 249B do not cone into contact wth
the surface bFthisapperatusrthpcpriegl upit mayes theanigeat ermyiatge apgpgrive wo par al | el

groove 3 . | r C waf er

o age. Fstgsm HE sBital JHRA BRIASE uhd thob b biRyEloe Ve Shel BRI T
237A, 2téRanisn tdwardstive salsstriatearampae powitiaf intdnder ad insert &i leist p@aitiobrie 250A, 250B
in the fer lpad ann 228, that is to say, the sane as the, spaci of the
attractP AS R {10 1 CoRGAK tios.s RVIoIS ol @w%@ratw@@a TEmRES w}&rﬁﬁolﬁgwect ive
Wi dt hs sefsirhfe® THER AHRP inderfifn of theRnfal abfiAYE the/bdiBAvili&kat chilbatsMidicind) t he
respective |ower end portions of the attraction portions 250A, 250B, and

at t r actupid Repacates thesubBrgls fram g@ sulfiicate haldiog membedwiatths reddtive ldeivgr ooves 237A,

2T BRI YRR bRl A ERPERE Rl B EORERE Sl Bt [t "
exanpl @osition Viaehcanddriveonestagism. afternkis ngload afnh &/ithémwlat, she ¢omerol tnsit, via
preal i ghme t he wafer | oad arqurlleioZS is rotated by a predeterm ned angle

t., ) A
via th er’SE‘HY? Ay meschanisay makes ashagm approach the subxrts haldige member i,

POr Ui ORYferétySndelSa 1da8tCh pat OF th foad AARNRS theofcavitidsr clichiforthe fuUbSirfiBf er stage
222 is carried out. Therefore, in order to correspond with the upper limt

of t he heldinggaembertfram g girection athogordl ta the reio dimensianal plane. | Thes, EBEDA, 250B at
this tinme, the wdih.of th oQV, 23 2378B.is set to,have sone.l eewnay.
Wih o RrsimedhE sutsithid sfbm It ToRl 8 Bnd g M ldgtm b B P E e cag ar m
228 ontieadtavd and tie stdpel sdehat 2Rl subktite issdep fratedBromthe 16wl anal Theff@rge 222 so

that the cenéer of the wafer holder 221 is ag{!l%ned with the center of the

rot at | FYPBIEY R 1 GOREDHiPRH Casfovhern the fxfanep Ghe SPDRtateson the SURMEREE] so t hat
the at hphRiGd MBMB&'iE Rmém?ea%a &%Qﬁa@ééﬁratmwmmmg M AHAARY St b

237B. After this, the wafer “stage 222 can be noved to the upper |eft al ong
t he gr @bsesomampn operago of thaYoaudgwarpeaE, thoaniarupehigh spaedieehangeref b
transferyi . er .to the unl oad

ar m 258003 o e Wi Hohuihd BB iyt Rt B e i ™
t he cenrhablingfa shbrering of the gulsstrascatansfgr fime] andrandgiprovef@nyintabelirbey diRitght of
the attraction portions 249A %,498 aligned with the grooves 237A, 237B, the
waf er dhefalbmnbes offransfers afte alignmgpt "t he grooves 237A, 237B. After the
center of th f r of the
rotating/el e?a%ﬁgagﬂﬁsgﬁled%%?t@ig%g%rgp%aﬁ%ggghé;%?g g@étjgg%ﬁﬁgﬁ)?ai sed. In
t hi s wayangedat Herssbssfate transferpasition, apfl mayeewabiet todald the substrawfand netateaf er 1 ft

i - udabpl i ded | h fer hol ' | d by th i Si
a1 ouarihg Pns BbR ST Ha G PR e aBbumiy ook Pl bRE e E et ar m
238. Maegioy 340af 390be340ep k@ rhdduringOirxieifial GR&JeaifilaGibsirkd (WY heldtin firRrieidf or e

on the wafer |load arm and the wafer unload armside is substituted by the
nov eme #FMobEIBRYLEE Uit (BRD iRk samputinggeposisional displacement of thesubstrate Withingh ger

t he ne i 2 i i | j
Conseqd e PyPAIBhE e P aibaSionat hine el Gint B HRHCl SN The meuRely

and m riedicerandatsecohdafontrobuniaf320, 3213 frr caRiPollisg akstatigroasoit ef theheadermr e, t he
stepping drive speed of the wafer stage 222 and the scanni ng speed can be
easily inproved without increasing the output of the drive notor such as a
| inear notor for driving the wafer stage 222, and consequently w t hout

i ncreasi ng the anount of heat generated. Therefore the throughput of the
exposure process can be inproved. Here the |l ength of the grooves 237A, 237B
provi ded straddling fromthe wafer holder 221 to the upper face of the
waf er stage 222, should at |east be set to a range where there is just an
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approxi mately the sane, or thinner, then in the case where the uppes|MaE8?
of the wafer stage 222 is flat, in order to prevent comng into contact
with the attraction portions 250A, 2 or 249A, 249B, it is necessary to
formthe grooves 237A, 237B | ong as shown by the full lines in FIG 13.
Here, these are also appropriate for the case where the wafer holder 221 is
used i Sl B j I : i [ e case
wher e ':l ﬂg uppgﬁé?%émg?ﬁﬁe \}vaw?{ehr% Sgﬁtggqg%g&gﬁgﬁ]taﬁ%dtﬁgtggrrnﬁ%gIg?(t)}ééqt he waf er
hol der @@putimgunin t he sane plane. In this case, in order to prevent the end

portions etc f. the ooves 237A, 237B com ng.into_contact with th
Bttraction plp MRS SRERE UB:Aee i inghiio Beyistiaeh Tanster RoEOp (e el e
exchangfadelofitige $iBStrdteREIA i Bie 182PHR @n bk Meabilted BPMicHeasPRBRnOdevidecantf er
stage 222 to be slowed down., Therefore, there is the likelihood of a drop

i n t hr daggdmmnthe measuseraens resptiof thelypeasuiement devicgnibe @ositioral dpppeemem®f 239 of a

pr edet ] I I . f f e 222 in
Phe. por Py uBEare Siih 4 fap piEfel 'l Ao WGidnBHaft oy BE BRipBlea el 700

dept h Qfoniphingirif ity rotavion 2aduntaf thddad bint karethen bé con@lledbgtheletat@dr 221 is
set so as to be thick enough to have a |l eeway with respect tog the thickness

of t he RpURlHNAtite Foment thegrpsitmng displacomentpf thuiyhstratg inpthe rofation diregion ¢ he

requir Mele? it9 Th {3 ortion
2395 of et By BeCHRUine MU STRRAST 23 Iiop o oy LR Rall oM AR e
wher e tttepsfgr pesiteen f28umlpadigy thesnbstiater fnerd thesuhstratd boldingenesbeagmotidd can be

d hi gh : d.h h ' : :
or eal | gAEsHOdPr BRaES s BFac ST sopilah irat G Z¥EfonePerliph B o
per f or nemBstrate@reatigmmnettP wihbsthany Srdpdn ligoptipasBposdibler the wafer W is

supported on _the wafer transport arm243. In the tip end portion of the

waf er transpdp theabpyeomentiogedysubstrate (raRspPor APRArAE he pRlogharm G§2pand Ipad vacuum
attachi { i i ; 1-6.E1 226R,
226n, B9 R Rke pldhel e B0 of L B P o o 2 e
waf er \WhiwduisoB30a5 3B@b)nandesmice may be prvided abowcthe prong® 8uchThat thkesubstraten

centers of these.five i e pi ckup Vi ces 6L- 226U are respectively set
on't e a8 VP it Andhaut BETef i 55ad R iR et e Wi e GERRE BF ¥

r ot at i ngisehsy thieliM@rtfRCind 3Bmavdl of thePréif o€ the uhladiakih 4RH R loSdasy ®itRM suppor t
section 245 is arranged on the | ower face side of the wafer Wso as to be

r ot at aF¥PEE8 the qomgavitiesor gutoutsofithe subptrate holdingymerabsr mayeinsrfoaned by 246. In
FIG 1 : i ] j i i : j.on 245
s set Ty e G sBROa B ubiof b Ll BR)daHIR S HERASBRGNGY 366D 7Y

sect i orlo&iig drsundeadingyefdhes subasatt evithaespettte thenmbstrare chlopd sty arckiva® @il , 226N1

and 226R._FIG .17 rough FI G .20 are dj agra for | ai ni ng the operation
for ¢ naniuieesieine BY B etheinssrad sEptd SRS e SR af er W 1 G 17
shows the congltc dovahiitRontdGariduk dspedR] the Bomche it RELELIRORE ma§ Sedlhdeh (246 i S
wthdrawn fromthe | ower face of the wafer W ~i 1 MAY 2002 50 Six

| i ght i ri§neaydy dormegjn p posisiondiffepent from the pubstrateqmtactiacrandgxiendinginad to t he
illum ! t i e L ghti . rise a
i ght SncaRamKlSELaNE A8 b SRR LOftafpconliliiBarki Wbl (ROLRY Shd AP

Mor eov eflormédninttheesubgtrate contagtffage, Mid asedcon the first\conleavity andthetseddind(ref erred to

hereunder as 0 degrees direction) forped.faqr ex e according to the SIA
ot andardine oy L BR BEE L AR et Seph At e aidedfr SHiaRE LR G5 ey &' dogr ee
di r ect i fofinéRtia RudiPa adse,ta ptofithOsubsRite cofta&lFacdaibeedes W the par P Bftcuidat t he
notch Nl. Here the |ocation and nunber of notches is optional, and instead
of a no¥<nding ib thentedaterringd direcien emthe|apresitgsideriberpeigoithrediagel .nTheseforeas e
here wi ; : j i Vo] are set
up for bt R GRER Shubadie yi i) SRR Y HRERY RiRtnedine pHIRLC P o
226L, 2hdinghender,ahgsdsirate codisas thezgbstfaee Hoddihg fave overginbstmeially hise whsle of t he -
notch N1. Mbreover, i e pick evi ces 6R,. 226U are provided far
obser vi g N4ds made ﬂéhg%ﬂf'rﬁﬁ’t'e’ @FF&?EFF%@%& op e HI8tEate R@ﬁ“‘l%??‘ﬁ@(%?‘e, when
det ect i fohqaghe8Qt BlHHimER dwhéfthe @hilgRd Sy iﬁhs&fé@ i iR cultof g siRlrheand
right of this, then as showmm in FIG 18, the 1llum nation system support
sect i onhd@diSg member withdh@subdizate being heldnthe lvecirendd of amy unflesitiable sitwation t hat t he
lighting systems 247L, 247Nl, 247R1 in the illum nation system support
section 245 respectively face the i mage pi ckup devices 226L, 226N1, 226R
Then, by processing the image signal of the inmage pickup devices 226L,

226R, then as an exanple, the two dinensional positional displacenent
anount of the point closest to the detection center at the periphery of the
wafer Wfromthat detection center is obtained. Furthernore, for the notch
N1, by processing the imge signal of the inmage pickup device 226N1, then

o o o o o o o N n . e




Here FIG 13, and FIG 17 through FIG 20 show the structure for a 12 inch
wafer. In the case where the wafer to be exposed is an 8 inch wafer; M)}
respective structures of FIG 14, FlI Gg 21 and FIG 22 are used. That is to
say, FIG 14 is a plan view wafer corresponding to FIG 13, show ng the
waf er | oader systemfor the case where exposure is carried out on an 8

i nch. Igicifdshe dertidn QEsﬁﬁbﬁl?Q&esu‘B@&ﬁE C«'Hﬂscdi%fiatﬁf awoitléd. 'MBredvaRie@bn@td oht |y
larger than 8 inches i s seCured to the upper tface of the wafer stage 222.
Par al | ereagnf thevsabstf3d Sinta $acSBvithr respfeot todhe substaate tan bomade engpdargere edges of
t he wafer hol de{h 221S. Ip this gase al so, when the vva{ er gol dfer .221S is
thick, it is?/NOhenAPEELafthe praSenfmyEntiqnds ap SXRPSUTE ARPRIAIUS SO ERSIETINEd. ~\ ot o
stage Zgedete hir{eﬁ%aﬁ&ﬁ%n%’@ﬁ&s@rh@o%fs&gc {WiSTY,rand HiSeksostifel dppar@iusiis f or ned

integral wt e wafer stage 222, then by providing a step portion 239,

t he redupvidaderith therabpyr mentipned substrais\eagspoztzapRarapus as@n appazatyy fggay 2002
i nsi de . ti a of the step portion 239 di sappears.
Ther ef g?fél}aﬂEWEQ%xre&?crssohggeea 2 can be noved at high speed, thereby

i mprovi ng t hiwthidway, byhiesaas of the sulsstrare tengget apparaasrof e sboveinentioned

iniaturi.zed. Furth h f | 228S f | di the 8 inch
e er TSRS HBSARE Pt icASu ATt oF BBURE A e Shreyalf o MRBLSEIE cup devi ces
227D, 23lg mRABOP an@ Al Rol Al oAUk ABSARIRHIAL sAlSAE hbfing FEmBaSiah on of

five locations on the periphery of the wafer WS, Mreover, attraction
port i orts inGensed, 260 Bhefrefpreaan itaprovenyend irnithnauighputgs possibdeaf er W from t he

under si de arimag_%o%protvifqﬁd in &he %Yaf er load arm 228§. Thesefat.tracti on
portions 250A OUKOBPEF O At BB U A& l?%“ﬁ?&(’ﬁ?/oésgreﬁ?grﬂ,us %’7‘?@8 elglﬂ%%ernore,
an il | yitdetinniied puaéa BnfoPadsirate Of histige PWST), ahdthie ek stadreaipphiatisbot t om f ace
side of the wafer W5 so as to be freely inserted and renoved by rotation
about tRBPAFes RS SHDsirels tapsRosiAPPRRaLIS 38 AN apRaratusies exghapging SUSIATE OB ens are

fitted 4481 A8 alhsrkideledTom&lstet( AVG) fOFUGER r;{osﬁl%ﬁfdi:@&icﬁﬂéﬁrkslgﬁrtﬁeover’ the

ide
waf er unlfoad arm 238s i1 s nla{urlzed to suit an 8 inch wafer W1, and an 8

i nch westibstraysThesecinsiccontralunstd(330, 324 caredctsr positianalghspiacementef3he Ot her

construction is. the sane .as.for the e le of EIG |G _ 21 a FIG 22
oo o Agpaie indnd O FRFRRRR e o8 BrBH B eomneiag bl BaFineihy 3 Psnont

i s per fofre@ibnk €dr; the pdsitiofihg\va tierlodMBarm(366), e polRiioRingve tiodaliet(WST) Nt € t he
illum nation system surport, section 245S 1s withdrawn fromthe |ower face
of the Wmfdsctign resujt,far the pasitipp detpction,marks by the markrgetestigngystem GA\bG).247R ar e
secured to t i Lhat.i : i : in the 8
Thoh vt or W Ui SRR bty SRR Ae RefpbR Bpfdtaras b GEPLS it

speci f iapparaies §or excilanging substrat¢srancthe stage @b dinprdyementdn througtpot isepgssile

directipn t ' a osition,rotated 90 degree i respect .to the
ot o 1418 Ok SPoRbningor e Rl AL SaeCEHIE STl hd GREFRmpED, (1°)
and i nsiuetherm@dre,dn figik ciseale maikedeidtion Bystdntis fafthériigovidédfordytebtngositioed.
Wth the exanple of FIG, 21, the image, pickup devices 227Nl, 227N2 are
ar r angetftechpn Blagsémt g Syhitats, ﬁ@tteﬁs nd Sodrol Huit gerrecis Rafitienal displaremealye
pi ckup 4tend AL i ; redas) ' Nelpoh t N1'
for obserP\{/éi %gﬁtr hizﬁgg?‘tzjgghm%%%tﬁﬁgﬂg%ﬂ%ry otfﬁ ‘ ?ﬂéﬁm vflaﬁgel{nrit(/\g%%ﬁlp{}ﬁet@mr e,
when dewogectiang forh thenositioning o thet load g, ithehpositicning dfdhewstage; anithetdnientians shown
in FIG_ 2 g tn,e iol .I.un‘idn%&i.on s%(tsl;t etﬁn su rtt tsecti on 5S.is rotated 90 from
the cordity Sh'§PORHEN dSIECUoN ATk BY, the MAfR, €etyS ‘SHPY%H“'s?ﬁ?’SfPée’é’EQN L 248N2 i n
the il lnovingiheqt SYG?t}ﬁrﬁuBMﬁMinsﬁdingiﬁﬂn #&r&er 16 SARAY theduYsttaA€ frofnhBe | Mage

y

pi ckup devices 227N1~227N2. Then, processing the i mage signal of the
five i nahurats bolding gesmbeisthe sotaiamepricotion fog theigkt substzate garshe eamentelgd. anount

in the iep &CLI 0. L o&tioh Hrferfdy <cipleMBY Z002
53 v on R Ton Ao Sgidh R bl e bubatateYpRp ) e poss e g

sect i orwidiit efy dioin hipughpdt, phstioral adjustnet afitrolr atahe tilme ofatistratd®ransteer enced -

on the notch N1' or the.,like is ¢ uted., In this wa in the case of an 8
e vREres Winecshay Thgrel e fankier Bipe S shortens B BNimbet of REtBR mcousi )
||| umi nadided, thidPerfdBliAE bh AproVahel if Subs@dté pfaliphfert rﬁé&ﬁ‘acg‘. ckup devi ces
227N1~227N2, the illum nation system support section 245S is not very

| ar ge. Ther eflothds cass, WaF prefevable torperform Icpugwimenti b dhexexternal shapemeasyreseglient | v,
th l.] t f d at high A nmore det ail t hod f
ot ett tgne R 67 Spe Beoring 1Ok e nhbualBE SE e B R e o B, e '

position detected in the plurality of detection regions on the periphery of
the wafer, is disclosed for exanple in Japanese Unpublished Patent
Application No. 9-36202. Furthernore, with the 8 inch wafer. there is al so
the case where instead of the notch, an orientation flat is used. In order
to use in conbination illumnation of the orientation flat and illum nation
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waf er receiving position which is at a height so as not to mechani caj MAY 200
interfere with the wafer unload arm 238. At this tine, the illumnation
system support section 245 is withdr . Then, the wafer transport arm 243
(the arm which holds the wafer W is noved in the +Y direction to the wafer
receiving position along the wafer transport nechani sm support section 242.
Alter g sSbstfaft 5 G c&%ﬁaﬁn%mﬁt, YA the Potalidd editecth Of tht Bebsyaley the semprt arm
243 is switched "off, and the vacuum attachnent of the attraction portions
250A, 260BI (nitfagthetsame|tiBre ds3he operatinms wa e substzade wmtihceaPletionofitrestiesddion, and
t he waf.er Igad arm %8 bst rtai sed in the Z direction as far as the
prealigf"ft'ﬂ%g tPaB‘BEi? PO hi s way, the wafer is transferred to the

attraction ppirthepmbre? HeAlevied afanefacfufig Wittiyd Jf éircbragent mdentidNeompritesst ep
S103, the illum nation_ system support section 245 is noved to a first

measur angxpesutetstepfor parformingrxppeic using-the abaw) desenibedieXpowire aRRARNS ace of t he
wafer Wby neans of the illumnation systemrotation shaft 246, and the
illumnation light irradiated. This condition is the condition shown in

FIG 24 (a). Then, theBRIBRIPESCRIRTIONOF (IHE DRAYINGS kup devi ces 226L,
226N1, 226R FI.G 18 are acq%(ugir.ed by the R/ W] oader system control system
215 of FiG O Lif pefan ipe foratelaining fFonsieipnsfes eXPOUFRARPETUEC i on 245 i S

again H&bﬁﬂné&@fir%?@ﬂﬂ&diﬂﬁﬁﬁdfrth@&cm%iﬁvhﬂibn(the condition of FIG 19) for
the bottomface of the wafer Wby 31 MAY ~0~2 54 neans of the

i 11 um nat i onFEy<tiemplant view dor explainingthg congituctioreof asegendsirgnsabs sestionhe i mage
pi ckupsﬁi&’y' ceﬁGZi:‘GR, 226N2, 226U of FIG 19 are acquired by the R ' WI oader
system con Yo system 215 of FIG 11. Continuing on fromthis in step S
104, the R WWiGadad FIGs4are disgrams forexplaiing’suppeit of £84afes by hpatrefpeet i ve

i mge signals as nentioned before, and conputes the positional displacenent
anount MEMBRIS. -\Wy) referenced on the rotation axis of the rotating/elevating
section 225, ; ; i : =G\ r t

Furt her mor o, T ap S E KR pRIGIRE e B B R Y 16 rotates
t he wakppardtaseof G228 by - 08W by neans of the rotating/elevating section

225 to a sta Y, LI QN nd supplies.the paositiona i spl acenent anount
(on. =y of oG 7 SoenE® R PR ol of ERAbs 5 M f RS

exanpl instpheyidudsind moantiny table fadrigpdir of B Mienffd®K, OWY) is considered as the
of fset for when 8D_erfor m.ng the final alignnent of the wafer W However

i nst ead of t RIG 8is@planvipgshovingprepditted exgmple ofi{he sgepad traRspge sogivn; s npved
to thegQafinEgeesi tion, the position of the wafer stage 222 may be shifted
by this positional displacenent amount (OAK, ~WY). After this, in step S
106, as showhIG./P iFlaGideddey ishowinge madified exampleofshssecond wansporysetionf t 246 i s
r ot at eghosvgn ltntﬁF Ehe illum nation system support section 245 is withdrawn to
t her eby conpl'eté™t he prealignnment. Then after this, wafer exchange is
execut ed. MOFHERVIEris awldelvieve Xieouihg B enddified gxamplel of ninesttondarispert wation St age
222 exposure Qf the wafer WL is concurrently executed. Next is a

descri 5{“?‘691‘“0‘%6619' exanpl e of wafer exchange, final alignnent of the wafer,
and the waf eFi&XAq8 HidfagPRR SEIVIAR a sWiethit @bAMGRGE 5 ;grtaﬁecﬁwwt of FIG
25. In step S 111 of FI'G 25, asS shown in FIG 24 (b),  the fer stage 222
i s noveppasaus bsed as hp examnple of o emhedimgnieof thoprdsant ixentfdnere this is al so
referred to "the center of. .the wafer, stage 222") coincides with the

| oadi ng posi ? ?%’nltzo a Eaen e évr“.h PALE oqltg%{idf’lhoﬁg%g? W%}W‘am&f’t ?‘ﬂ?sserg?gfﬁﬂfe is

t he poianisenintsrferérietep2 18)@nd B eystth g rhdasuring imagmhg@hataberivison anedfeer 221,

and the central_axis (rotation axis) of the rotating/elevating section 225
of theSiR8F &#2 PIHE. ddm 228 intersect. Hereunder, drivi ng the wafer stage 222
so that the ter:.qQf : j o) i ned
ot is ol Srrays R e ShBlingthe Gkt itnd 2R YRS, LR Y E R

pr edet eysemdat 20inclt wafds.eover, as shown in FIG 24 (b), before noving the
waf er stage . far as the | oadin ositign,. oyehand, th enter of

t he waf er unﬁédﬁglﬁﬁl%"‘fa‘gégﬂ‘ﬁ?gtdbc gb‘gf/@a@n&@llﬂggﬁgn{f ‘H@sﬂ?’f‘%ﬁﬁ’é&ﬁng t he
vaf er tyadsReY S indRWaddi.sm support section 242, and the Z direction position
of the attraction portions 249A, 249B (refer to FIG 13) of the wafer

unl oad ar m 2%%G; 5 is etpartinlly qybavayi sshersaficdiagramisbowing arspprit Bgchanismhef gr ooves

237A, 237B on,. waf er . 14 hi Qs t ] .S .referred to as "the
waf er t%l?ea?{g*egtr&’%g@fc?{ %’ﬁ‘eﬁ %%%?é% %@héﬁgﬂ§°&dﬁ§§q§3§tﬁﬁ y, by noving the

waf er stage 222 as far as the | oading position on conpletion of exposure of
the wafer W1, the attraction portions 249A, 249B of the wafer unload arm
238 are inserted beneath the wafer W1. At this tinme, the wafer load arm
228 is waiting above the wafer unload arm 238 so as to overlap. Then in
step S 112, the vacuum attachment of the wafer holder 221 is switched off,

. oa oy Y Y NS "



after the wafer | oad arm 228 has been withdrawn fromthe bottomface of the
wafer W the wafer load arm 228 is raised. Mre specifically, as 3H

FIG 13, the wafer stage 222 is m)ves to the upper left parallel with the
grooves 237A, 237B, and when the att gcti on portions 250A, 250B of the

waf er | oad arm 228 are separated fromthe rear face of the wafer W the

waf er | oad | Siabdl : I i i as far
as a positi ?r?@' aggs %%aW%%ém erléﬁltgt Iilagfn%g e%sgyg%l?%%??ggfrs%ﬁgz%ggdan

r ecei véomhewafer teanshert agn 24 htospwafeebadarmB&t is to say as far as the wafer
recei ving positign. i nuin n fromthis, .in step S117,. as_shown in FIG
b3t ehe gt of Ypugbl S03 QR Bnssblinig e Ferhrinsar iR i

posi ti ke wheR fréuiRnineRCofaM iRt WRES W dafredRf® irf drPskamPiCoft dhCentbddnf et &f
position, and final alignment (fine alignnent) of the wafer Wand exposure
i s per thepmsent immtignrent with this, the center of the wafer transport arm
243 on whi chgd X : S i v as far as
the center gl?lbf%g% ﬁ?g‘? gagﬁaﬁgl%] él%xﬂ!%%&gf/pfcg?s?%g&%%é \?\oé;@cr&lq%ad arm
228, t whereptaatigiBentf ah diachewifeslistcarried @uniafanrexbplt cifamembdimdnt 8f ihe t he
sane as the operation for the steps S 101, S 102 of FIG 23. At this tineg,
t he waPEFeRHIVEBIPIar m 238, as shown in FIG 24 (a) is stood by at the wafer

transfer posgyd 98 Hl&»@rchmﬁlﬁxstrktﬂ]ﬁéﬁ&tiﬁnéﬁﬁhe ERE os\‘g% ; 12%%%?3:0“5 are

repeated to thereby perform expos or the next Is a
descr i ptealignment amthe xxample ob fheambelingentrehthe presemvipmtior oper ati on for the

wafer Wof s 117 ,.0f FlI 25..Wwth reference to. Fl 26.t hrough FIG 29.
ATt FIAD 28 ARE {5 RIS SR CHPLOR Al &tB® SaneT o fGifer st age
222 i sca¥e\Wedretwafer predlitnfnpP@fd Wafenexhdngdedeparfcithedy a star sign, and
simlarly hereunder that is, the center of the wafer holder 221 has noved

2T ) . \ .

to the cent eFIG.2Ads dilowichart Jlustrating aceanions fy thegass wherp yeafen exchange, 26, t he
waf er WE.safid r er 221.
I i Sl bR Sl oo AL BEWMRL & perRfe Pk im R o A B ifbF ) oo
FI G 1therpresentahemtivphe end portion of the side face of the wafer stage 222
to t hereby re the position of the wafer sta 222 tao_a high accuracy.
Next, FI G 2PHCE AfJaa PR VIR showine ¢ pendfiaiy ere Disdvalorstige 202 s el aloRdng oc us
240 of pbdmgorzenter of the wafer holder 221, for the case where final

alignment (fine alignment) of the wafer Wis perfornmed. The wafer stage 222
noves to theFlfpBéis 7 pirp vigw,shopieg & epnditiorowhese the wafersaged224af Reent he gr ooves

236A, 23(B ot f iohf é{[rﬁ&'tt : i: 250A, 250B of the wafer
| oad armgjz aajéo#gh‘g‘\?\ayﬁoﬁtg% gggg t t%s(e)&\}\%oéeayl rtr'oves successi vely as
shown by t heFlGo28ss 2d@ntview shosangb comtitiort wheys thtei weafer 22, haBB®eerProvall tbha t hi s
exanpl fer, mrks for fine alignment in dinensions.are respectively
2 1 e e b Fptog Pesfrind nostdf aft A iEen Se déhate R AR BB L") ' of
waf er pwmt ks WML, WWMR, WMB for three shot regions (sanple shots) which are
not in the same straight |ine and which have been sel ect ed beforehand from

the respect i VkS-2fds a plagivisye shoyying ppesatipnef theswalst stage 232 igiheease 8bnsor 219 of
FIG 1 ; £ PlheWesfiyl ts of these are then processed to conpute the
array 8%0%“?1% is lgr af'1° of the shot regions on the wafer W For this, an
EGA (enhanceHlyl30baa dmgragmsaampticadllyghowing theoverall castricdionamf an depasdre wher e

t he nunber of sanple shot.s to measured i.s a mninumof three. This

met hod “PRATYY ?%&gg‘ef HPE%‘L%PWQE@CF@‘?HB’BW%W the number of 57 31 MAY

2002 sanpl e BlRBY imylahe/iaﬁbh@tingaw@h&@ebhma. 30f or exanple eight). Since
0

the EGA alignnent nmethod is disclosed in Japanese Unexam ned Patent
Appl i cat i on, FIG.33tis palan; viawishpwing an@rangeppm! ofjrugiural cogwonentpin the i s

omtted:. \ [l St 2l J i i i ecting
he. shodile erdffctdrl e ARATRnRRRL et pHAE 0 AR IO p RO

pr eal i gomporiensstof psvafér tkdnGporPSystehhat is to say, the array coordi nates :
obt ai ned by i t he posi.tional .displ acenent anounts (~W, of the
center of thgﬁgva'ﬁggf’a fo7planing g fne Sfﬁnn}ag@xp%fcg%?éﬁ set to the
array coordi ) O848 B; ; } (here
fheas are ascored TRugh PR CRO aranfTohoRlabing Sebifieliol O WAy fim W
correspticdiOng waf er marks), are made the array coordinates (SXI, SYl) for
after the first offset correction. Then, fromthese array coordi nates of
the wafer mark WML for after the first offset correction, the position of
the wafer stage 222 is obtained in order to make the wafer mark W
correspond to the detection center 219a inside the detection field 219b of
the alignnment sensor 219. This position is then nmade the first alignnent
position P2. As a result, when the wafer stage 222 reaches the first
alignment position P2, the wafer mark WML on the wafer Wis accomodat ed
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58 31 MAY 2D02 small even at the peripheral portion, or in the case where
strict overlap accuracy is not particularly required, then it is noj1 MAY 200
necessary to re-neasure the position_of the wafer mark WML. Next, in FIG
27, the wafer stage 222 is noved to fhe second al i gnhnment position P3, and
the coordinates (XM2, YM2) of the wafer mark WWMR2 are neasured via the

al i gnnent s i I . 1 Ld P3 i ifion of the
waf er st ageegg'g%aé%l %?Cnh}- ﬂ)ggc ?%ég#ggghtcgﬁg* %’gﬁﬁ?’ﬁg amng?té%]%r?ar Eh with the
det ect reddtionstiip betw2dDa leid drga alafey mansportaemsand ahfhloddasmd on the array
coordi nates of the wafer nmark WR_ on the array coo_rglli nat es _égsxz, SX2) after
t he abovenentiCoR8ds & dagrmn for CXPIABINE WAPCEUEN Fhthe mHdlg0f CHRERE OB t h ¢ he
presen e inclination angle O of the straight line joining the
coor di %’%@;ﬁ/ﬁ“awvw) of the wafer mark WML and the coordi nates (XM,
YM2) of the K& 80 ismdiagiAhPfoncxplaineganaipetation fiar after awgfer slagebas wieni ng t he

two marks (i/\Ml,l V%/IZ for..design is obtained. The array coordi nates (SX2, SX2)
for af MOVet K& 102UBRBOYHY et correction are then rotated about the wafer

mark WML by Fig, 20195 Hiaprkd R eRplainthg(dn cpefhtioh febafeP e aféstpe haBeenSX3) f or
after a third offset and rotation correction are obtai ned. Mreover, here
al so t mevesbis; anj align@ent qeEmmMENCEMERiNP§iEion22 i s finely adjusted so that the
position whe i i natd gle O
becones the tcsi@['tégt?sl %\ﬁ{ag%mvﬁ)? %g’fgglﬁ%fiﬁoﬁgh?ﬁpg%ﬁ}éﬂ%‘gée}?llls%%%z%gtge%d again

t he comodedmtaimsé¢ KM neasdbfig positioh.ne second wafer mark are nmeasured. After

this, the vvalf__ﬁ gt,ags_ 222 s moved to a third_al ggnm?nt ogi tion P4 based
on the third L BEEn °§P1|"“é‘§f‘gc*l9d?¥’8faﬁ‘8f‘é§°r(t walegstage Pasybegh ¢ or
rotati gvedg &cﬁﬂiﬁ@&%ﬂnﬁ@ncﬁ%ﬁé&ﬁti&%rﬂﬁ% Efpo@%@?irst fi(ll}é?t)chfrx]e (hgerwaf er mark

WVB are neasured via the alignnent sensor 219." Then, fromthe neasurenent
val ues for tF&.43ds aiperapastivorienrrhowiingsecondition wherkprongalof anumloadrem si x

conver gj F ter sh rL e fer i.sing; X
comuer BuRRANT S Ll By B o YR PGSR ORI "0,
posi ti shivatinglas ppacalieing unlvatling oKa traferOWibgranantbad agthy ecti on are det er m ned.

Usi ng these conversion paraneters, the shot array for the design on the
waf er Wis cMéﬁtI%aperémtlffﬁéw&r IREA WPFR IR evifiniLy of adoad HAT shot regi ons

on t heinmEt&arel AHef tHeQHREIS%Em HIE ben WitkichWh Eroftl AHOVERRIwWAREr Hdigervaf er Wi s
conpl eted. Next, as shown in FIG 28, the wafer stage 222 is noved to a
base |ine anBléht6rsapenspestiveyicm showimgsa conditidndmipzediatély alierahelaad amepasuri ng

Over | o o8 ATed ElE BRShaR ot Qi ek el B B atsE BRI 0 Ot

det ect cwtbuts eftherwaldidwlddr. t he al i gnnent sensor 219. In this condition, the
posi tional djsplace unt of the reference mark corresponding to the
al i gnnent nahssﬁé @@ée%fe 19gHang} Shepde 3 m &‘eﬁﬁé%‘ﬂl’léé?,f z!‘ﬁ‘gertsf?éefposi tional

di spl acement p1G. 3D idVY¥lad Riew SKovAlP dRbndifiod Where &I ve4f&NWE ofRblr fihds§sPondi ng to
the detection center 219a of the alignnment sensor 219 is neasured, and

t hese p¢srted anchheldion gl veaferhalder aftherabovementignebembaglimprt. spaci ng of the
respective r 1 . . . b ] ,ado€ei ng the
Spaci ng Dot nEiSh PSS SR i afadpEaNiurd AR b BEPAR Y Ei a9y "0y
the pattern FIGada ioh vieheshostinghreaspect veliete proggsBiaciJObrintedeieeriti’thBa of the
ali gnmen% gysnsor 219, is neasured to a high accuracy. After this, the array
coor di M&t%e bor the shot region on the wafer Wobtained in FIG 27 can be
super i nposedggs, 52 ifh GhnAGEW SRGYin@ chiditiBRWhered v ATBOW 1L altfabied 8hd Rlig RL for
each shot region, by driving the wafer stage 222 based on the coordi nates
whi ch havevaiediolden 3l 8 areatding to hiathéyeabodiment.anount . Consequent |y, as shown

in FIG 29, e fer. s 222 1.s noved tqg.an e ure. start.. i td.on Pti,
and scanni ng‘g Ig'x Bﬁsu*}' %’ag%r%gsz‘ggﬁn%%noﬁsw%gfe&?%%ﬂgn&{%gtio%ffaéFOW/\%i"ggg% nced.
That is to SHG. 58 4 fiagrafdheweng & aspedt Miewed g e dirctiGiCoftmsBoEFI®G20n 230 .
due to the projection_gptical system 217 does not occur, the X coordinate
of the wafer F&é-eﬁéea“ﬂﬂc}r 26 arsliagrams fos iexplaining anqudoadinparation fxa wafeBWd,  and

t he wafer gs driven so as to scan each shot region SA, wth the
exposurogar@g?%ﬁﬂ%élﬁéanderi ng as shown by the | ocus 241. After this, on
conpl etion of exposure of all of the shot regions, the wafer stage 222
reaches an exposure conpletion position P7. Then, as shown by the Locus
240, so that the wafer stage 222 in the vicinity of the |oading position P1
noves parallel with the grooves 237A, 237B, the wafer stage 222 is noved as
far as the |oading position P1. At this tine, since the wafer unload arm
238 is already standing by beforehand at the | oading position P1, then the
waf er Wcan be transferred as is, to the wafer unload arm 238. Wth the
abovenenti oned enbodi rent, as shown in FIG 15 and FIG 16, the

oy r Y o Y 1 o Y [ 1 o




illumnation systemrotation shaft 246, there is also the effect that g&g
occurrence of foreign matter in the region through which the wafer g%k 2007
is suppressed. Here, it is assuned t X the projection optical system 217

of the abovenentioned enbodinment is a refraction system However in the
case where for exanple ArF (wave | ength 193nm excinmer |laser radiation is
used as the pPGIYRRuL BIG. 59511RGAIBERGIRNSVHYA WafeR VBPRG USRS RIdV I Y

are few, then a catadioptric systemis used as the projection optical

syst emof 3 wafdrihotder 318 zaceordingdp andtbenmmbodiment,RIGnH7 isre rem etryatgmpyiewd.

Mor eov he esent | i on S e.applied tg f | der systens
of exp%i(a'r ‘565 A% Ot%%&xﬁ%ﬁgégﬁﬁeﬂélﬁf eggﬁ?%vva\gogﬁé I'ch use
extrenme ul trgiG, @08¢ a Flo@thaft EbMxpladiingM emBdditeivteoflaqiegich snangfasuiripgn around
100nm for the exposure beam or two wafer holder systems for electron beam
i mage dethodascardinglio ths presentig¥entiorask. Since with extrene ultraviolet |ight
it is prefer t. e C B " } f holding the
substrate sug §51 1%’%@%&@%&2& eowy‘m’/gI‘gP‘t“ﬁ%?rt‘]‘g I%Et\gggagﬁgéﬁ?ggﬁhent in the
abovenent i onEIG. &2ad IFIGNE3 ark diagiantcforexgiiiying @n aganple af aediedtivdetr e t he
substrate is held with a 3-point type nounting where flatness is set

st ri ng&Hstrgte UIPSRYAPRALBHIS- substrate is held with el ectrostatic attraction
Furt her nor e, FfPre4lifign @iﬂlﬂﬁi@?ﬁia??dﬁ?ﬁfovﬂﬂ@mdtﬁb‘%@%n%mﬁ'3 drifagle processing
met hod, a nmethod such as a |aser step altTgnnment (LSA) nmethod or a 2-beam
interference nmethod (LI A nethod) may be used. The above enbodi nent has been

described for a stgpe = | e) projection
exposure apparatusﬁgﬁgagg§%ﬁﬂ%%¥%§gégﬁﬁgggegxﬁﬁﬁﬁﬁ#gingﬁgo be applied to a
proj ecti on eKpruhds igppeschpticn 6ff spacifid emdbdinefits 0P She' fRedefPidvenidh. as a

Stepper, or tQ a proximty type exposure type apparatus whi ch does not use
a proj &lomeysr, isrembarimgnis Qfithe pigsent énveption are pat lipiediorthe fRIOMIREYRATIONS al so be
appl i edufhgditheR! £id o @%0@12 smzﬁlaﬁﬁ,ﬂ tg@?@f@h@ﬁﬁ‘ﬁ%ﬁﬂﬁn@rﬂ? ggwéourw this

way, the present I nventi I'S not to the above e i ments and may
t ake valsbbespprepaatly cnimbiried. t he scope of the clains, which do not depart

fromthe gis f, the.present invention. reunder i s a description of
hnother oG s A5 STl Aetnat Smehlef St i Slogbdn defeSsRineiouan £l
46. Fl Gubs@@tepaeuaBsihg) SppatdtikOlhic itbrpdat@xddibbii e BRINPOAappardild atdordifig tonc! udes
a substrate transpgort apparatus according to one enbodi nment, Thi s exposure

appar atRfPrewsnt ¢ebadiments fis showr 18 therfigvre derfrppgire JpRaratRfamRriseh2 Bdhosur e
appar akgsdoft sﬁ&fcﬁf’ﬂ_ ARHmafoanak %&é@&ﬁﬁ{&1 1 iéﬂ?%nﬁ%@ﬂi YWGaf@PRBGth 4S 300
conprises an illumnation system 312 1 ncludi ng an éxposure [ight source, a
reticl sassettey@oRGOWNGR theofiglire)y a aeqond itrahspoRk seationi4fyr perferming kanséer of 8 MAY
2001 61 prqi,ection.optical system PL, a. wafer. stage T' serving as a stage
For ool B R epL BamsT N on s ot EPme: SR 5 e BB 8y st om 1 or

t hese. adjustmient ofnthe aéritérmnd\thé RMAtDhDOSIHON bf the waldt WXiichha Bekg Riceivedir ce and
an illumnation gptical system (both omtted fromthe figure).. The

i 11 uni AR bR serond CRPSRORSERtiAn hangd ge XY sipgs T for maviRg e waksrol ssreived &rodpt i cal
system St i : | QR Q3 fly-eye
ins or ARy e P LechEn 43 SRENLiGy SUh ds 4 ARl roIBPA L L TYT
bl i nd, espabuee aptical\systemsh. Here is a description of the various structural
parts of the~dllLum nation syst and their eration. IlLlunm.natiqgn |ight

| L generated 'q’? B‘Iﬁ ttrﬁgs"é)gps(%%%%efﬁ%fs%8%?%3fgorér8ﬂv’é’mlﬁflhf S'%rﬁé‘ﬁ'gebeam
havi ng beinraaehetiesn Sippetted tHersBynataishiy AT sectidhe3d fo tiilinaiNe@imBi154 ki bution is
approximately unifaorm by neans of the illum natiqon haonogeni zing opti cal
syst emPsTRendipdar/ysrtical dire®iions and peuide, 33 For @uicingothe raisipg drive sectanr 35and For t he
P um ngdd hg5g§§1m5ﬁﬂ&9ﬂhpxanple excimer |aser radiation such as KrF
exci mer laser radiation, ArF exciner |aser radiation, or Fz exciner |aser
radi ati on (wdhe s¢cond tiansponreedtionot cdargrises g pair ofimanspont asitsd 1, 42 aogiffereny apor

I Y l. - th 1.SS) | i, line, i .ti tc, f th
Ul o1 v TSR Dol e P et B 30 S sing b capsporuns AL 4Ee heviae | gt
beam enjdst @riZdrdlyt Mhel tvb Wah&ird Riks A9 PO 8bMPriRRd pdf A8t TH WaRehes the

reticle blind via‘the relay I'ens. The relay lenhs is arranged at a pl ane
whi ch iretaimed Wit they painaf argiatas ong-tand minyepzlongtha ghisterfidn Whenonrsessaryt the reticl e

d the. I f the waf I th ' l'i nd, I
moveabi BT Bder 4 B8 L BREE o rotnbpb ool BERRIE R (TG T2/ CC) are

opened and cl osed for exanple by nmeans of a notor, to thereby adjust the
size of the opening (slit width.), thereby enabling an illum nation area
| AR (refer to FIG 33) of a slit shape for illumnating the reticle R to
be set to an optional shape and size. Here, the respective drive sections
inside the illumnation system that is for the variable ND fitter, the

.




The reticle stage RST is arranged on a reticle base plate 313, with the
reticle R being secured to the upper face thereof for exanple by vgqq{qm%ggz
attachnment. The reticle stage RST cany be driven mnutely two di nensionally
(in the X direction, the Y direction grthogonal to this, and in a rotation
direction about a Z axis orthogonal to the XY plane) within a plane

per pendi cul a gn% §: j f hl: Lnak Lo 1

(correspondi EB‘E %h an “gg‘%‘:?‘ggk’ §§§1§n§§xg@ﬁeg éA ?I'g}[ug,?og@gl E%P'{)%e&?éﬁ r$ %r?éé%{%?“on

opt i calcompstingthétontérrpositida of the vedfergW, tindkan eridntdtimnRlat Jénser fbr computmgachi eved
by means of .a reticle. sta ive section (not shown in the 62 31 MAY
2002 f?@ﬁfP@}‘OEB%‘i‘?%?frfgcﬁgfﬂgketi c levitation type two di mensional |inear
actuator. MfTgOX& staéehﬁcdn‘i‘ﬁrisﬁé £ mvhBEsg BBk M5yr Rfaétidg\4A réthinfhgStRE Water €d
scanni ng speed in a predetierm ned scanning direction (here the Y

di r ect i8nPuppPriepineTl ok arrsngegat RETehtgs ofthy mbunting table Hrfovsupportingdhso t hat

the whol e face of the reticle R.capn at .|east gro optd cal, _axis of the
1 um Sl aRe asd e RSt A g he pser Rt o T KGR, st on e
si de f ag avadimehsionistiniadogiz6htalsiaidPy, driving & paiebydri unit eaclf dopmristng & ace for
reflecting an interferoneter beamfroma reticle laser interferoneter

(her eufEer eand asgpW deviee ™ eticle interferometer”) 316. In the reticle

i nterferonet gfG SlifusitAG tlﬂf- fain fdots'oF MeMcdddtRnb Bt eRlibfg! TRE %rfaﬁsffﬁrt uiftd the
light returning froma reference section (nhot own In the tigure) are nade
t 0 i nt édfpervadedan thesze@ul toansporpsastior H comprisesaqairerf srmmeamnbpns4S, 46r Eatle

interference |ight positiqgn.of the reticle sta RST. wi.t hi.n a stage
ovenre it (iR tibect i g fovsp tisnendintfig e fofonth dheckion By diiheRon of

ar ound p$dtérprovitledlinghé giiaé B3 MFRKUS RNRPL col¥ 4Sa, 148k afeNPouridr&lrd thebAes 61 onet er
316 is actually two axes in the scanning direction and one axis_in the non
scanni nef 1gsneetive asm mamberp 43 44, end by creRlingshe Fyrent sepplied te pachspd¢8a,RST from

the reygcl g d f [ ' ..and
thon vi'eo i SRk EADER IS, S0 RS e hA0esSGRUEL ol aiigdE” | |
accordddce with instructions fromthe main control unit 320 drives the
reticle stage, RST via.a reticle stage,driye, secti.on mtted fromthe
figure) basez—h%HpFﬂ Slﬂ?fs?ﬁ%’%ﬁ“? ?‘Ffrb?‘gﬁllbf“ér‘l‘\éf %fccms]gtu[tee{q%ét'r@c g?‘&ﬁ@ RST. Here,
by ner @bition®aSd) 468 Havife tHeQEink isRipe@b thid ¥emlof tHeasiftOW. T When Wetwhitligbéigki cl e
interferoneter 316, the position of the reticle R can be controlled to a
suf f i cit@pipofted pmanstestedathy inside faeasaf thenfagine rimEPOTHPRS ¢fopprsts toihold ther t he
reticl e et.l. : (b . accuracy
o praane; Wikl senfel 454, d6SolBliiGl BrhinE oy Bl dE Bec g 30 7T
(not stvafer Wns present frgor thy weighe ofthe jweaferi Wnare providdd as yieet bmse Fide bfthar r anged

beneath .t he reti.cle sta RST ip FIG 3 wever tually this,is held in
e n Hosate Bl B Ese e Tt shaba pihe SYPSHE holdieg Bortifns 461825 ( not
shown indt Fihited @eingtthe barh®stabé; andAhy kifdpeig fdeptabld pravidddrthéselchy Bbld tHehe
direction of the gptical axis AX (coinciding wth the optical axis of the
i |1 uni iR Pothe dafer M4 systenm) of the projection optical systemPL is in the
Z direction. ' i em: i Si i |

Gl ement s ar7 Ananarefets SRLERLPALARERATRLS Shb oM sb blvnay D e, |
opt i caldesiredpogiXos,ghers it provisied hipairtof pasitionifensors 4@ ed theedide fane of the gpide cal

arrang t I.s ysed. A sma) | dianeter protrydin ortion 323 is forned
beneat %gfg‘np q."h%ﬁfﬁﬁ Brrojescflﬂé'{' el %SWSt‘{YBEJ@f”? ﬁ'é’Q' H{egjoéélf“? WRPELBEr S4F syst em
PL. Furof bgihrpokition kéRoP4 D] Thé iv)positfod sefisoks 47 vfe 2RRRzeANbWERthaS e tRb k. 1S a
reduci ng optical system havi ngﬁa predeterm ned projection magnification

(for exeamess 43, 96 and mirgys 43, 4pk prvidedmndhe teaefaces afitheaa ym mewbers AR of t he
. AR e Ll G s L AAabS TN
st P LM BB BBl e R Rl SRR 1

on t he membeed 45, R6iarrahges dsishovn irathe digure; et al thdisfep positon wherk olieead arina t he
projection optical system PL by neans of the illum.nation |ight IL which
s, padisdeberit dgama ese BErirretheSe R 1R @IS BE/TGEADE H5uan A8 BoeR ot 0
sensi t i affR ity 45RBlateflob @ BRI, 256n piiRidensol 19 iMBdsPionsl #fer VBT IS

arranged on a wafer base plate 317 which is arranged beneath the projection
opt i calthaytbe &v0e ®im memPEE 45340, and dercemiwal intotfarencedad beqrenentpdadVish thabst r at e

hol di ng. [ 1 h fer : i nch . di f
Wi v aieDUAOIREts T St R e e g 6 ke o Rt &8l

constructed so as to be able to be tilted in an optional direction with
respect to the best inaging face of the projection optical systemPL, and
so as to be mnutely noveable in the direction of the optical axis AX (Z
direction) of the projection optical systemPL, by neans of a drive section
(not shown in the figure). Mreover, the wafer holder 318 can al so be

.. - —




Wth the wafer stage WST, the construction is such that not only is this
noved in the scanning direction (Y direction), but this is also n%eﬂy Tﬂﬁi n
t he non scanning direction (X direct iﬁﬁn) per pendi cular to the sca
direction so that the plurality of shot regions on the wafer Wcan be
positioned at an exposure area |IA (refer to FIG 33) which is conjugate

Wi th t Reheh bl UHIRAL 44H) 48k g\% :Jbﬁ‘@ thife tﬁ@qﬁn[ is%f?&?&d\‘éﬁﬁpp fifrGfs W8 h M6h and

st ep-and- scan operati on ich repeats operation tor scanning

i || um nmpingep arctbb lightqirojeetingireceining sectivas 47a, WasIf diesdatédiod ohgpuefromahe an

operatiop for noving to a scanpi start. positian. for.exposur .tbthe next

shot . e Reeinelieceluing asetons ddk. 47 is mepide. thes | g e IR AR T WF ane of

the X gésiﬁoxﬁGHhétWoXnﬁiﬂcﬁqﬂébé 4£aH'5s iffejtRervI RS stalidby Bosifibr shd ineke/i Ng as a

stage drive unit, conprising a magnetic levitation type two di nensional

| i near figureuar the transfercpogitionavitihibeseediese tol eacheotheri and3hetwonarpy members K8, 46

abovenent ihgngd i ensi on .near actuator, in FIG 30, for conveni ence
|

| .
of il J8¢ 5P 8H%°%%P°sthf§c%lﬁgaﬁo%{§m3 bl ock. FIG 31 shows a plan view of the

waf er stage Whd tradpoft uaiwa2| Whité fetaifell debdriptionieomifeddtas Melsanfe 2 hexagon
shape with the part of the rectangul ar shape shown by the imaginary line

r emmov e FONSYUEHQS asthe iraRspop uBitdd s iHayvever, thedisight positiqns 9é thegmioanits f1 Y
directiy, ﬁe%ﬁ%t@ﬁﬂo(aﬁ id%ﬁtﬁ&lti}'xﬁﬁl:rcﬂ@ one X direction side face (-X
directi(;'err;g.l to thereby formreflection faces for respectively reflecting an
i nt er f er onet EIG.I3eandh KGY 4 farcodingraivs fior explairirg the hokiifgofdhewefer ¥ hrtheaam an

interferonete a fromap, X axi lLasgr interfer ter .64 Y 2002
soax. | THERRTCaS, A8 el s ity B ittt WaBR T ¢ $oBEatE A noriste Phnc,

i nt er f ko ERieRh R the sRlevhile PIR 496 b @tkwobt the Wafer Ve helgGh ik@%uﬁﬁfaﬁ@l&‘cﬂdiﬁ?_ one X
direction side. The interferoneter beam WY includes a Y direction first

| engt h PRRILSFOE Ak pren fxons abyve) The gubstraswldieg pertionsedisud@have thegame\shape

center . I i i j ! J: tem PL,
That 1 & B ok SPUBLAIs W) o BkA,3 sof bOy Sl 364 L RuBiRkhhe BUFL 0O 5
di r ect iface of thenwafleWoprriphety poxticn fiofn bbieatigaad movementiresttictthgpoatidnsidSt] | engt h
measur engent LS, (not shown.in FIG 3 assi ng.do rd in.the Z direction
£ hr ougHObRvF Bbe BuueE At des Y te Topindoc] BRGOR 6ot BRSACRES W i and
the seggiv@mleftfithe WRRS W BB hoAXdrital \Mr¥etich. Forekhiple Ywikd thevafd wipubl e pass
type light beans. Sim/larly, the |ength nmeasurenment beam W X i ncl udes an X
di r ect ir8ipedckythe FURPOR QiR %é@felr orflf 1hthe grymembsrsctSs #6.ithat|is Hhgshbsiaates ur enent
axi s W r 281948 [ i di igx .t Y

dir ec:/\i%gﬁhq om © e‘fsgbtl car Xﬁ?@%@%@gg@g@t ﬁltg rﬁ#};ﬁdf éjog{e}énsaﬁgi it}%h | engt h
nmeasur emeto dixedlypeseitin thedeanfacr af thewbfee Wpetipherat pantioh.h Adtegthi) menthet hese.

Each of the f.ourth length asurenment..axis WLX1 and,the.fifth. length

s ur SHEE B 2 S Vetes s BRn e POV da | Mg aF el B ppdiioRl beans.
Mor eov @pposite@inh poiiohs SEHhE WafdtOV edtippdrted ford Bereat byeht infiin bodihPorfi@BM
(doubl e pass type |ight bean) passing through the detection center of an

al i gnnéie 49Ec ASadeput theavafer Wels surnostgd hatizgnially dyrthermorgveiepdhtonet ers 324X,
324Y, : | i Fa I romthe
et | ectromrele Ridifgpbishs k- 4BF AR UhARANGF ond Hitng CIT rEildbilint 0711
shown imuted epdding frelptive distanck) maintaintd rthe opposie tholbersend restrictingpointdmsdof,r i ¢
conversjipen signal for, t interference light, the.position qof the wafer
stage Wi p%"’?’ﬁi“ﬁ(’vﬁ"?f“a egﬁﬁ'\?éer‘ré&’ttkf)rlegh%m?’%’q’@gr‘ilfcft’r?fﬁﬁgﬁ?s’g@f'gct ed, for
exanpl alisplacememo?lthe wafer W, around 0.5--1nm The nmeasurenent val ues for each
| engt h neasurenent axis of the interferoneters 324X, 324Y, 324A are sent to
the stage coht@ol isghleckdiagram for explaping sheicantrehappreatustfpsthe econd mai n
control ' i j t |y uQit; . Wt t he
e or et ion £ 358 Ay W TSI, Wi ool AEBRBO LB |2

st age ontralethelovietallxhBstedné appasatad) dindep dei conol affthd einwaheol settkgpeBOV ST based .

on the an value, (Y 1 + Y2) /2 of _ neasurenent val yes 1, Y2 of the first
Iength‘ﬁ%&é‘tﬁ’%@ﬁqgé%g%cw S%ﬁlﬂanﬁhé@é%mcqw ?"r?“ﬁ’éégurenent axis WY2 of

the Y axis | g4€fktapl bStfd QR aﬁgﬂ)\ﬁriaW&R'%?fhetrﬁtﬂoétﬁgﬁa & 9abd @iveulit 319
obtains the X position of the wafer stadge WST based on the an value (X +

X2) | 2 S3fwhikeamoritaringtposision éefoxthationSram a phsitibmmeasuring devike (amitted framribe axi s
W X1 and th ifth length sur xi s ,WLX2 of..the xis | aser
i nterf Q%WS%EHCE%XK’OVI?%? %‘??%%&eef‘r’f@? Ztt%ﬁgesérgﬁtpsﬁpoﬁnll\'{ér%’f@r’ gi5:5588s the 8

rotation (yaw anmount) of the wafer stage WST using at |east one of the
difference (Y1-Y2) of the




65 31 MAY 2002 neasurenent values Y1, Y2, and the difference (X1-X2) AY 2007
Mor eover, the stage control unit 319 obtains the rotation anmount (pi%(l,tli4 i
anount) of the wafer stage WST about 3}She X axi s based on the difference

bet ween the neasurenent val ue of thefirst |ength neasurement axis WY1 (or
the second | ength nmeasurenment axis WY2) and the nmeasurenent val ue of the

third | r . aX] 8 : ral:ounit 0319
G T e A T
anount )Jto viseahe wafet Meonl tHefmoumtiag tdbdd Tlewra dulitablepasitior forntansfatring thé wafee f ourth

| engt h peasurenent axis WX (or the fifth | ength nmeasurenment axis W X2)
and thé”ﬁ%w%éhﬂaw&@bw 4%*@-5 xth | ength neasurement axis.

Furt her nor e, Th afneodtiolBeclibn 82 cahtRdls HRIPAdiRLEhAdrIRNBAY mdvefesit GdRe cont r ol
unit 319 conputes the X position of the wafer stage W5T based on the

measur emzmembaf 4% of Flfim2t ie ambppgn amm driveienit 85, ané contradsibe spacdmiznd That is to
say, W.th the present ephodi nent,, at_ the tine of .eithe X ure or

a1 gmitpetigtral R e BF BRSR Srerytel 40 ik louEE o o B SEREBILREA M ¢ hou
the so deatfid@touiihefremtBE positiéh hawel7GaA theOWafdnNiensctd 954,k raed mohitstedVef er
stage WST in accordance with instructions fromthe main control unit 320 so
as to ARVENIESTORGOUSAPERAHAN Opthsitwp arm mesbersoy, fhe position of the wafer stage
WST obt ai nedy . . . i f r suring
the pos: t 1 onterups EERYEnBRATE o Bhaiditot F ckithlle oFHATES BEFICTY, TRE 1L 2P,
t he i niveaféreW ovidtieliasb2dn'broupiet in fitoar desideyrs ansbéired tariet sebend trdnspdrer onet er

324A i ded. [ in FEIG, 30,. th h . tativel
he. viSE O A i WY GHSRE Bectgh 3, s U GaPPoTEd SR AR E BRSNS i 1t he
expos Urafid Sifedied tdTeefng %m#tiﬁhﬁlﬁfolki‘{ioﬂ a8fukinead @a&&d%mg?fbﬁligﬁeﬂhe

reticle Ris illumnated with an i'llum nation area |Al a rectangul ar
shape (g wafes Waisdtansfarredhffom the srgpnd ARSAPT 6qtient4 to tha RY Stager/eand on

per pend] . . i j.r i j i i R, and
e Coantnlefhinkf ot A8 LSl Fleb i s elfblyfd iRl Sonchliinf Blgckug, ) TG
reticl ephcal Syseern bl On coaipletionaofelse dxpbsyrepideedsing, theviafer Wipagain rrahsferyed

coi nci di wi th the optical  axis is projected onto the fer Wvia the
pr O] ect‘?g‘% Sﬁ‘fﬁ“péﬁps&%&%’ﬁ?%,a@&’w&w“}fdéﬁ’ ﬁ{e YRLFAASPRTHSacHPR gﬁ“‘i?*’é&’,‘ that is
to say @RAnfiEmARSparaisea | A is forned. Since the wafer Whas an inverted

i mge form n% rellation with the reticle R the wafer Wis synchroni zed with
the reticle Reygunderipa detaeddgsgnptisn afitke seanense for water Y exebangebstyeca

directi + ' ' [ ' he whol e
sur  accioyeednt firsBat Lftbn 3 ik XTI0E3. 1B LGCACL bhwallt Wil & 07 2
rati o WAta/RVivehictahiss caampleted elppsyre ppoeedsingia frecovereth éroratiie aiduatingraglel 71i cat i on
of the projegtion_optical systemPL, ,so that the pattern pattern area
oa of (R EF slagh 7 ne TSR E pler U Sompiied P fePaourBaE S M he. shot ar ea
SA on the wafaiirdly asTshowwisl FIG.i 1) tﬁeweyls&gr/twim the wakdr Ve Gl dudtedQhereieis
illTumnation area AR is set so as 66 to be wider than wwdth in the non
scanni ABeYsH te thejwatergrchange pasitieq- nAhthistips, thiunlpad transpert unik41 iswishar r ower

t han t ' ' 1ght : surface
of t he g (et e Dol WA MALERpor uniP b1 b 16 HNUE: B0 7Ck

t he varexchemgepoditiors theharmsmerhbers 5,146 aratrioved tysmeanaBi Repatdted statdbgl e st age
RST, and the_wafer stgge WST at the tine of the abovepenti oned.scanning
expos rBESItiog AT TG SanSer RATLIRRYIETE Gt F SUptly cioser PEEnEk i he iR Ton

cont r olof WY Waflw @&¥er oGS sﬁgﬂmeﬁpme nfuntfg tabR1IAL is GRVENES 1HRY Be atifabliod he
exposure apparatus 300 of this enbodi nent,; an off-axis type 31 MAY 2002

al i gnmastthervefeo 3¢ inFeleasedy andaaisiizof dbe suppeit Ripst7ddecammerieEnAssaasdk thal G of

an i m o) i Y i OV] . L e oj ection
opt 1 car rehanaROR BB i e i ERY BRTIOR IRE, TheSal@E Bl wbBE Y DT
det ect isagpdrhpin® 33 havedreenfraisddi tg arsefficiendy higherpdsitionthirkthe ash indetiitetls 45) each .
shot region on the wafer, W The asurerr&rhtb results fromthe al]gnnment
sensor ‘Rt BEAFB YRS %g 46srg WQV?#;EWH(E%? 1oy pRAPIOR ithe HapHeR BRSO gnrent
Sensor it iesAfk YAl dddePIABEERE (RANE dlafheldr Sf thdvatW (étel BIFIGL 7). 2

hol di ng nenmpber 3 that the detection portion is positione on t’he ot her
si de i Mfidrahiy, the swpportqnng 72vardloveared, and thefwafbseWpis passedifrom thosupport pd®3 of t he

pr oj ect.j.,on optical st . Moreover. wth. the, exposure apparatus, 300, an
obl i quehi ‘Héﬁ‘d%fmm?yﬁé“ﬁgm?hﬁ’éi‘ effa‘&szEP“ﬂBgP‘ﬂi %HW?@E‘H@&@W%%&%&H"A‘F is
secured to the holding nenber 322 (refer to FIG 32) for supporting the
projection optical systemPL. This conprises; an illum nation optical
system AFl for supplying an inmaging |ight beam (detecti on beam FB) for
formng a plurality of slit inmges facing the best inage formation plane of
t he projection optical systemPL in an oblique direction with respect to

Y M o, . . o - N g



67 The illum nation optical system AF1l ana the reception optical system AF2
are actually arranged as shown in FIG 32 so that the detection beanznfmy 2002
irradi ates the wafer surface froma é degree inclined direction wt
respect to the X direction and Y dir ion. However, in FIG 30, for
conveni ence of drawing, the illum nation optical system AFl and the

G v oct 14 n SPioH matRaRR eXposl Falhf W: dnf s IBiAG FinsRBR T8 52 s B o o
st age VWohntedan shexposedwhteSW ark sibstinsted. SApthisvtifle,dh@amemembeces the at e FP on

which is forned reference marks ot her than the base |ine neasurenent

r ef er e H@BSPRERIL 4245 arsanged af thg tiapter pasitiony dhgpdhe mepnting tablg /il dneperaed et ween
t he posj Ld . i r al i and the
pos {1 S hfiee g aE LA BER 12 Wil B FaGhL LA B R T2 There i s
pr ovi dedsidon Kigherrthdrethe maespoktainit 422 theoxaferaWns mrgnsierseifsam theowranspars unit ng t he

di spl acenent of the er. surface fromt conj ugat e sition with respect
Lo he 424 fesePRoit By 72 Sile1 LheATamampEs o i ZBsPHEL R LG thESY Hage
qual i t Yro@f the h’ﬁngf@rtﬁ?itﬁmﬁ@iﬂc@tﬂﬂbfﬁ&ﬁﬁ&{. TPhef, th%@@ﬁﬁbri ?n@?@ﬂx‘cq&gex@@ SO

illum nance non uniformty sensor 328 for neasuring the illum nance non

uni f or tiat thejwaferd¥ is ntiragied @ad held ondbe mounting table /7o dethe @hoverstepspiber f ace

be- shofty AePIbEESHRE] £% 35 bsFidhE o e ProRbmpaRap e el U o out s
330a, 3Poftion@ftiendifegW. Mhkrétbregtheiatf memberd43] 48[eph b moRtEtapidip frdeghees to

the X axis and,the Y axis, Thi,s pair of cutouts 330a, 330b are for
i nser t P13BARYRAsHIONAP the transter Pavite op Eam the transter Rosition ie Hie$tandhy PeMYeMH ni ng t o

F1 G 38n4 hliite SEAAMDGH BPAR AW AP bL b PronfRIPMEESvA AAliEtind! GALd onnent
unit 332 arranged at a warer transter posftion.” The water prealignnment unit
332 cortiprwafesWais poehdld oy attractiom ithenrtensfebofithe $afer Wiis eleavizdre prommt at i ng
mechani sm 33 rovi eneat h t he preali.gnnment. ynit mai n.bo 334 serving
e et at i vE D Bahetamt FortxE it Moo Axemelen Pt (8 inshorh

(her eundrn1 skdver FEG. 2. FGIHR a'plapdied dPa)tradsforeuit 1414 Hhild FIGWisARYdeng thi s
vertically, and three CCD caneras 340a, 340b, 340c serving as a neasuring

devi cediedt ofthe HansppBwBitild. Thatrapspertane. 141 cempesestiepapraf A ghamhers 1A% ¢ mai n
body 33461 At (HWASH o AW £in tHéthberS 985 3148 aROpr ViR S S %ﬁ%&%ﬁngﬂnﬁme
processi ng systemfor processing I mge signals rom? e caneras 340a,
340b, 34969 thahthe awo @ membeys 45l 4@ cant eeraiskd syaichrogousy. aFurtigrmerchthai sm 338.

Th 3404, 0b, .34 f ivel ecti h
m or R BAR Bt Pl 145 B < 88fe 8 e hasbBRRSRY i G B IBEEO et € 300
340c, Igeide 183. Thovdisihgumitsausy I 4Nare RoftkdBed 3@ rais (EheAdife@IGEperdéndd@Sdriid ONS

wher e t hey %re able to image, the outer rim_ 68 31 MAY 2002 including the
not ch &€ #a8e) angd moys inihg 6D difestionnbies controb cirgit 139- suit abl y as wafer W )

held in the ; r ‘fﬁg?‘ {.S.1f or
detecting thggg%btﬁ(mlé%glﬁg? leﬁdag?%% fhg?rfﬁﬁﬂtwufg%% Zﬁlggq{ggr?t? ?gﬁ) lie‘%lalby a

waf er Iporiipas ot batwaber Wnare povidesk at heGip S6is ofitht arimemernbers 143 b4, ard arenal

shape) of t.he wafer i.s, detect.ed by. the thr caner.as. .340a, 340b,

Saoe. fotens Pt Bt s Paeteie Sl Al btioh dBelobh e ek BT Big 38, 0o

pr oces etdlidyythé kear taustof etle witei WhoAIpeid of fotthed Tk asd provideddpposed tordaci body

334, and the X, Y, Aerror_of the wafer, W is obtained_ by the wafer | oader
cont r ol°thghin opPosite,pRIHANSH the,mountingtable 74 eniwhich the yyafen Wiismountegeibe ¢ he

waf er | i I d t aid (M sm 338
S0 o [SRHESTIANE ftmellMrger iin 60 RhIZR of e EpPU P YALBAOLIR, PidcNg SRUAR 2T %3
used, iends afdble aim membESO 46atds (ABpBAORNItiGEAIH S5 c,34BC) caf®P inserred deréddO0a’ |

340b', .34 [

32 ar e THEEE. BOFYR S HREPRBoLP Gerreress 2 B PRBEr #hOch caner as
340a, mounting table 71, and separated wider than the diameter of the wafer W, and are moved to

lower than the upper face of the mounting table 71 (the lower face of the wafer W). Then,

when the two arm members 145, 146 are brought together, the two support portions 145c,

146¢ are inserted in the pair of notches 71a in the mounting table 71. In this condition the

support portions 145c, 146¢ attract and hold the rear face of the wafer W, and when the two



340b, 340c and the CCD caneras 340a') 340b', 340c', are sinultaneousl %4
arranged. Moreover, the position of the notch of the wafer W is t h&1 MAY 2002
position of the CCD camera 340b. Con;gquently, this directionis the -Y
direction (the 6 o' clock direction) seen fromthe center of the wafer
W . However there is also the case where the wafer W is nounted on the

waf er I 844 i 2L i i fion, that
e to Ay IRmbHTLG 1 Il BB Ehat WREh BF Juby B R GRS P71
0' cl ocksinte tiRcimcun) of@mosandht betweei e seadbgpositiod WkeratesupMirt pomiohdi4Sccase,
for exan‘gl e as disclosed in Japanese Unexam ned Patent plication, First
Publ i cdfPearereparaedyand she transterposition,where the sugpors PertigR I liﬁcfmi ons

corres i ] i i ?:ﬂﬁﬁ' v G irection and the
6 o' cl g@@%??’é@?%ﬁsrﬂt& ’Lg?ﬂhglt%iqlt\?g y,oPes ter f%{ﬁ]%pglf%é%g% ﬁgﬁlgge is detected
usi ng the CCibhataistr say, 8 0mpsfaridfishe $4fec W tchthe walustingitapletd danbagdrfoimesiugh 90

degr ees_.ysi .the el evati.n otatin ani,sm 338.0of the wafer. .

or eai + gttt i e Susort piperd i Sownde ERE FuRBeRe o R o Bybrop me
ar r anggyakifibniap @f R vedferWoreREiVOTo £RHIEH] aotieh dBREO A 1R WaféNWMhd th B@ge this i's
substantially the same as the nethod di scl osed for exanple in Japanese
Unexanicaedlspae earriedgpt. i cati on, First Publication No. 9-36202, here detail ed
described is ] : i al . fer

out or shape. N e dfesehFifbadengne NofRECTIal ALRES RS Bibyflnd ABIGA, 07
mai N cdidwevkr thainioudfiflg yurfact b€ theah@inting sabéy 7lcmay botonstrudteB srhallethigan thy neans

of the main _contro it.320, fqr exa e at the tine of a |ate scri bed
waf er S%4 _rheawfrgh%m%&épaﬂ,&ﬁzenw\?@ew%ﬁ maunied g tBi/mQHEI‘i’Wg‘a{"ﬁg?X, Y
error RRd the Perdiefd® portion®? tite vkt W i3 A AbSing3bnbitioR Y BthE i3 oFhig how

moment ary aspects for where the wafer W hel'd on the load arm 336 is

t r ansf eopsiction, theesuhatrate hplgingepor@ars 45cx 46cishewn iFFIS. 2dwving the sameshepew

show n e. (e W roken off, FIG 3Sis a front elevation

Vi ew, g‘ﬁhﬂﬂ‘gﬁ%%&wgﬁg‘{s}%&g' el evation view. As shown by these figures,
the | oad ar mFIG61@Cshopisian@srahgeenenovhensitigariembabers 145,f146shoknin Flghigal menber
342 atta orizoptally beneath the el evating/rotating nechanism 338. A
pai r ofanﬁ ELE& SE%IS Wﬁéﬂ%@*s‘nég‘_ﬁﬁ?seﬂﬂtﬁa afdhe FHRHIGROTURS lt“g_gr]é‘égj respectively
at t achggovetheft fetiRifE pHiSnS 1458, FIBE ate o AHEPEprizhf6n (1R oted is{de ok iRuppdrhiogonal
to the longitudinal direction of the first horizontal nenber 342, and with
an ot heporiand 143¢, d A6 fg rertugtingrtbe horizental movément ofithe widfereWt i on or t hogonal to
t he | ongi t udi i i . fi orJ i pair of
second hori zomn?'létla%?rgﬁiq)%!rgﬁig%gw@f&bﬂagég% %%@ggéa@%é%gﬁﬁfhefespect ively
at t ac hethbodintdnes, hbiweverelndpresent im@entivgl is A6t limiddb 3hSdbbae edbdlimentsd Fan ot her
end extending i rd and. parallel with the first hqrizontal pe r 342. A
pai r ofex%‘P]P’i WQF%%"I“E“'&&@H’,“’ %Q@f@% HS ﬁfl_fil’f"@‘r?epaéh W@@B??angﬁécti vel y
at t achegowéveriflal\Whtactiaf Boion fbreat@ddiag urNWaret Weis Providdl dn'hie AR imfeitep kS
menbers 346a, 346b. A pair of prongs 350a, 350b respectively attached to

t he ot Hben t&psafesfW car bg ranspered withioalys staglearmgmember 45, and) thetwaferWegad s

t her eof;, W Lkst di i Il urfaces being the direction of the
cut out sbe%g%ngéégnbangfffﬁgﬂeﬁ?nr 6&2%?13'318. On the upper face of the pair
of prongs 35Farthérnitre,ithe paufey Wiany de clahsportad efith ulires of mote &omembdrs,tdne

figure), for_attracti the rear face_of the wafer. Furthernore, the spacing
of the t%wa&r%wul}?ggﬂqég‘imﬁ“’é‘ﬁ&tg‘EJFtﬁons of the prong 350a and the prong

350b is nmade THMHrQURY enibtAiindm had6Raebdribd iraliRkposufd agpafi¥ah&wevdt dhis
Consequently, with the load arm336, in the condition Wwth the rear face of
t he waffegy alyaba anphied taeticiapparas suethes aspatteinoinspegéen appatates), or sdefpetongs 350a,
350b, tigfegtﬁoqug%a , 350b are inserted fromabove into the cutouts 330a,
330b of "tHie Walter “hor der 318 (refer to FIG 34) and the attraction to the
wafer W r el aigeshder iendesotiption dfendthei éxaadplelof cimivdinas iof therprésening

mai nt ai ned,. the wafer hol der , 318 and the | oad arm 336 are rel atively noved
al ong tiReentippovithyreferencedn thodrawings: Nathhisexamples the presert ipyention isappligd ¢ he

f | . b
1, e S e LR S 20,0

wi t hdrawn from'the _ er nor e, al so be
under st ood f rid@n Kl 5.2 @Bematiiostectunal diggnamy sh@6i0g a p8hedtionlespasursagpamuisded a

space with a greater_w dth than the dianeter of the wafer.(the space

one! os i b, Sfteic kit §F Ao e ol Exishesenos ik lehtiL) § M SRS 3940,
344b, and the second horizontal nenbers 346a, 346b). This is so that with a
| at er descri bed wafer transport 70 31 MAY 2002

C



arm the wafer Wcan be |oaded to inside this space portion fromfrom
direction orthogonal to the page in FIG 35 (the Y direction). Furthb?frh’WéW
wi th the exposure apparatus 300 of tRhis enbodi nent, as shown in FIG 32,
there is provided; a wafer unload arm (hereunder referred to as an "unl oad
arm') 352 for unloading the wafer fromon the wafer hol der 318 a waf er

transp armdrive
nmec han%%]n%gg? s?lgée %mf“\}}l’érgg’ﬂt ese. a"@L@E lI}tr.} Iq(r)% g%??nﬂ%g%liﬁ c;“tlﬁﬁala SO ?gar from
FI G 32omprisingyas bxpushredxmsmlrd:wsut:has s areecuayslatripeor hefeaciaree kasemlightl sbwea ar m

336. However, these ffer hat the | oad ar i s, held on
She’ bot BGPE MRS SSDoreEgbi iEY fol caoiloe e Rumtdh o o i BeLEoT ke uni oad
ar m 352y doful @ mr&nar%;m@r gt (ﬁ'[yfé?e 1518 f@%&rashéﬁ%r Wbthsgenizieg ees the

noveabl e el enent of a |inear notor | ow ng description, for the

pai r ofllugringtigs dcﬂmbmwnmﬁ theeekpasure lightea ﬁaludétopefbemmd:@lngyhmlumlms@a ar@50b as

for the pron s of t he are u e .unl 3 t he waf er
t P p B SERnsdh e Syelcf Sr P oS TR TR i41RY B HlRs 36iiCory

di rect mftumambecnwimxdasev@mmhawm RE@wavilegth 248Mm8), caFewabtelémgtian 8 i nch
wafer is used, then for the load armand the unl oad arm ones where the

spaci n§? 35’@1)\)%521@% length & tpmlgsxciags dass radiation, Q5 Aol SR YR Phesedr ong 350b

i S narrower r ed. FIG
57 Shows. o srarsbxEh, WABLRS clgonfre el T, e gd P phileh ofledloh ¢ vl

relati Rnspnopctadtmmemrdctwgmlaamagc ex8dre rtglen 220 (sfcfet roalfi€p d2) orma shoB54 and t he
unl oad arm 352. FI G, 37 nore specifically, a, vi i t he condition

oW N
al ong 98ORiAPe fRRAsEd Pha Wakirel Wﬁa%e%@emwfwa%ug b%ﬁ/%“hlégw&sewa%o| der by
the unbRfgies htaPsysilal o iR ts plid ol Aikidck BRRRAUAECWIOURY A5 the | oad
arm 33 vvn I'n H G m drive mechani sm 356 corrprl ses; a
| i near mgaﬂuuagSmeremrendimgymrmtnenytmexpmurmoumendhmasn ingraylidedi ng
rrechamsm 58...funct.i oni as.a v ve mechani sm f or. reci procal
ovormofove i HitbieioR Splich) Hsudhn 28 ¢ Rast o abe BeffEareps Rl €< P

rrechanirﬁﬁ@uaﬁgsysamtahws&troﬂ Rtforition @f a mBirdEohtids systnt OMEsSmpaea i s held in
the el evating/sliding nechani sm 358. Mireover, the wafer transport arm 354

i s hel EOTPPtE f%‘?’i"@é‘%ﬁ‘éﬁﬁ?ﬁ‘%‘ﬂﬁﬂs‘%ﬁh‘f ¥raalbeRURIPETHHhE FXRASHES GOBHALSYFISM 358 and
t he sl 3% t unit 321
of FI ng‘(:)m%un?? %éﬂiﬁo ﬂ?}ltﬁle &ﬁ:ﬂ gdrgglgﬁ%loﬁkgr%%rtm?éﬁg?ieg nt rﬁ af{tP%n t he

| i near dgun@tesosm th@lllammlhe@f ths w:pbmwhgla\lh,yanﬁmomeqhmtb'duyexﬁosudm exposure
apparatus% t ( ﬁ‘_ﬂa thet Wg.her l % g % ike. Next is
a descPTPYtSh ‘be ge@*a 1§ phade epproprigisy &ﬁxﬂﬂsﬁea “B'r“?‘h CPSO%T At °8ﬁaé‘PH’tgi on for
t he expesdbEthe Waféralland O widkSinlthe Stniag ddecammdmk @lp@siﬁe afe@?B@red on the
oper ation of thewgafer transpart, system MAY 2002 71 At first is a

descri pti on Bfreppgsr fhscdeseriniionds giveagy taé‘%@%u?é‘xﬁ‘fastpﬁ’é‘uﬁ}atpéhe omtical KivAXt he
waf er deh%;o,@ck%n%nwe geaﬁqw Sth@@ceax\{ﬁ; thé‘ﬁlhﬁkg%é:rb&d ciffar tgh‘EZ s FPVS 2
pl an view of "at th cenY | e exposure of 1!er IS ng perforned.
Poi nt perpenfligdardd thyypaghef Elthrlh(noxﬁm@mas directiong apdshetY@msmamllel tolthe

510y B RGOS aEAOhC AsB Plngpins e RiShopd b baFw T Rac L S (e

expos ubea@éuclmag@ezfmr aniemétioqmstdgesm)ﬁs aastngqgastppem&w!y dinbeddingpalscvenl et ed for
each shot region on_the wafer W Hereunder, while not particularly limted,

the de&ticleiasopll, and iscopimyqusiypovsddn theoy, disectiondyasiriiednecbapismispch a8 amde

t he po f osure,

t he rra?}rlléal(r: grﬁ)tt(?o %ﬁl%gghgﬁ@qrﬁtﬁﬁgn?ﬁgm& nfaB %X%%é@%}mn??%l as to
t he pr ém¢qugnrr§'he side fags efthrrctisfe Stagc 244X ip nhe\/x dlrccthm apd YOdiretctionate and t he

st andb t he unl.oad sult, the
7ol onlsshecsy omiRtih 3ot 4rd soine G b el b E Ao BRet sl or | ot age
WBT ar EHrH@&e@las@ﬂbdﬁh iAirrddigted frdml Lrediol¢ 1446F infe@fetdifettr 212 dHb tHesEmpaRFUr € 1S
conpleted. That is, the wafer transport arm 354 which holds the wafer W is
dr i venswiages, aad g laser iterterAmster %b?zm@m&tbmﬁqegrdméc ar acadingte aﬁ@zc hanl sm 356

by nea n I ition
(poi nt PJ“ %9%& (y@(ﬁ{m%%%g%tzﬁg xsm%c% g#rg{ngg‘]\i%&a% %ggg(?ar r i:jtbove

t he waf;menﬁ Pt addethe posn tomrol eys«mlm@, ’ﬁhsstigemmﬁtrolﬁs‘ystem leﬂcsmtrblsehd oad arm
336 is driven up by a predeterm ned anount to performtransfer of the wafer
W to the |oad arm 336. Subsequently, the prealignnent of the wafer W is
performed by the wafer |oader control unit 321 using the wafer prealignnment
unit 332. More specifically, external shape neasurenent is perfornmed by the
control unit of the wafer prealignnent unit 332 using the three CCD caneras
340a--340c, and the 8 rotation error of the X, Y, B errors is corrected

u5| ng the eI evat| ng/ rot at| ng nmechani sm 338 After corrpl etl on of th| s

NSNS o, o




~2 31 MAY 2002 dotted line arrow "a" in FIG 38, via the wafer drive unit

315 while nonitoring the neasurenent values fromthe interferometer 3R2AMAY 200?
and the interferonmeter 324X. Wth theygrmovenent path "a" frompoint Ato

point B, the part after the m ddle point P beconmes the extension direction
(first direction) of the cutouts 330a, 330b of the wafer holder 318. Here,

i n the scamigwdperatiopandtie pdsitioting operticedtheraiett stage210 bassi dn theszl

rel ationship such that a straight ]ine path j oi nit?rﬁl;g poi n and point B

beconedneagueneptaalugs apd eonirpl Infornagion drom ths maingentiol sYstan gB8red al ong t hat
first directi | ' . r il Wl :

I nterferonet (l(ajrmgég% f{rﬂgﬁwﬁkfe fcg?%éréfg’tlg?agfgﬁ%%gﬁgﬁ?‘%%ﬁo?he

r ef | ectof ewirbwarshape whfer helden221nyf afpredetarmiriedehivkaiess. Theagafet\h@der 22dviever

before this,interferoneter m W X devi ates_fromthe reflection face, that
S L SEOMrCU T tOR § AL B At RO B VRIRT SPEA e MBREL SHPRPHEL A A1
| nt er f ok dh 1)P6M whekr Eésfarmf&fsm?ﬂsiﬁgB@ﬁﬁmtpﬁtc%ﬂeidarfsceklasp'tﬂegi ng on the

reflection surface, switching o e interferoneters is performed by the
st age @odieetion optical sgstem A7 d afranged an aute foqus sensors( AR ssnsarhef amuli-peint r ol uni t

320. After thi.s sw.tching,.the.wafer . | Ry .CcOoN ed using
She i niouRhu SRR ascnliis fertigh cBioiph ent Sam, and g Tight AR RR Sl e

i nt er f ©30REE sliovacbynheldSted lihdsan IFIG 1. eEWaieliie senserd the poBitioR€foeds pdd@tiod)i s no

i nconveni ence. Due to the abovenenti oned_ novenent. al onf% the path "a", the

prongs BHEEPtigd @pisstirectien ofthe REpIectinn epvcalpystam 217 isidgleafed gt BgYes t he | oadi ng
posi ti | ASEr 2 : er 318
Do T eadh S o o e o B o, R W s
time, aodelphiraityofimeashrisgpeihts mide @lpré-reati megiog onvthdinearcsideoin thé scahmingaf er

stage WST s rfor t he stage trol unit 319 s that the prongs
Sb00° Sbaion PRt teShelR fo ¥ it REtnAa0: TheattEiion Teshus Bobb Bk Ax a8 500,

FI G  43rsbainubiRy sippltd ioQhe Yy €ontrol §ydiem JEEY , Bdsbbop thertigtecBoWresul&dOb of t he
unl oad arm 352 are inserted into the cutouts 330a, 330b of the wafer hol der

318. Ndiam the AF spasess thetstags caairel$ystem 218 gontals theopeigtipm of dig Zadriversegtid t i ne
o , . . ' o .
bost ¢ 1 o0t ftn {he 2irelid: (18 S OO IER SR el sige 2% AN ABABETT

posi t i cystemhed amautodeveling lsystem so 820 thedbampesitiom ef the safiveeoftthovafehWinaf er W
by the fer. holder 318, and at..the.sanme tine_instructs the fer der
ount 1 o1 e ingSE08h angE cofids MBS imReE Ut e i brbieli G pfeal el e

waf er Retiiethe38mination biee 280adi ng (| oadi ng) of the wafer W to the wafer

hol der 318. As a result, unl oadisg‘gc of the wafer Waon the wafer hol der 318
and | oadi ng &Rrther@arafia FIGy 1L, theside fagmseaf theowafer stageg?224n gher X idiggctiograngd s

f ol | owsy L : L4 i nat he vacuum
for el dfittioh i aled Aol B foRAARiYE RN Tacd Urings) s ERERrTA

at t r actmwitiaxisriaber béae & irgdiated fecoie & evafidr sisld laser-iditedferomiere2Zi® amwothese t he

unl oad arm 352 vi a.t el.evat i na/ sl,Lgdi ng nechagi sm 35 nstituting the arm
iri vo. R Siare aphe e gt PR 218 RAnEEHF & Golntte AL Pttt of t he
waf er \biaSombiiglecf te wafertshige 220N ThisIhddsuremeftvaie it Bepplivd endlstagdontrdl Af t er
this the unl gad arm 352 is further_raised, reaching to a position slightly

above t9¥emFIfand heamain copohgysiem Wt dbe caardinaigrystemdi. 39 SpBPrising ffwi&gmy,
the wafgp, A a%g%&%a&m@e wﬂcpﬁggeﬁ (Rfer WPREIDR RS RE 18 der 318.

When t he un arm Is raised to a I ght" so as" hot to I'nterfere with
t he wafipterfamimbtar 23885 refercedtthas thefveaferstage coerdaraat systefirarrthe stetiowmfyer hol der

318, th f | oad trol it 32 b f th | ting/slidi
mehani ORIGREE BT, (THE SRE® Consrel SHEHR 2 SShutTinF miveBent ObiBeuRtr fagd  The
di rect i iRthel X QAirdéticAVind Y Birédtion bashd dnl theseddeabiiementVals RAE tortfol dUr i ng

unl oadi ng of the wafer Wby the unload arm 352. ) )
information from the main control system 205. The wafer stage 222 is steppingly moved and

continuously moved in the X direction and Y direction on top of the reticle base 223 by for
example a linear motor system.
Then, at the time of exposing the wafer W1, after completing illumination of one

shot region on the wafer W1, the wafer stage 222 is steppingly moved so that the next shot



Then, at the point in tine where the unload arm 352 hol ding the wafer W has
moved to a place where this will not interfere with the |oad arm 3363 1tM&¥ 2002
waf er | oader control unit 321 controlgg the el evating/rotating nmechani sm 338
so that the | oad arm 336 hol ding the wafer W for which prealignnent has
been conpleted, is lowered by a predetermi ned anount. As a result, the
prongs r@%&%n the Wt Wi hemboatodeiBré gl cﬂg&ukd"ﬁ?ﬁh%Ofof P pREjRYor dptiall he
cutouts 330a, 330b of the wafer holder 318. AU this time, the main control
unit 32gstern@d7.vASenibis, thegetidlostage 2 and shenwater stageadlidrare drivensio thafithe 321, and

starts attracti of .t waf er .hol d 318 | di_at efore..th [LONgS
350a, 8058 RE A e ety 4R SaafnoiSlysibnet MR Bl Hufit bidjetybg ol

| mredi afdni 287 With thd'prdjectib maBhiGitatl AT the Spvel Pdtic)' Bad ilB&iindted RRRES
attachnent of the wafer W by the wafer unl'oad armvia the armdrive

mec haniespossfedighnL. aThie smavemenitis tdpeatpding steprand-snanwethasl solibateedravingV r eaches
t he upper sur.f ag\g of dt he éﬁfer hol derth318 R}gg wafer W is attracted and
secure(fxB?f’“FHép 8B 4 Shﬁé‘?gl%%ﬂ nga{% y, in this way, the wafer W
i's transferr gfithtcas®witee bm(ix?didiﬁk@ﬁ Bupepiniposed\@ipokurb ot iaiecektsty thipérforat t he

point in tinme of conpletion of this transfer, the ug}%er face of the prongs
350a, dughly spcuratraaligapgnibetorshandsgtwieen ¢ach shetiegion op BsavafeoW landdhft act with
t he waf; g it [ j FIG 45
shove. 4284 8he LR ofhelefarRi, FifhanoR hashe SRR Bmeule I RUEE 1 o

t he unlchardcteristicS 2. dithe progection bhdeahsystdm 2177, ahd wmke barrevtibes ifipobsitele. Bil8. FI G

46 shows,a condition i.mediately after the | oad arm 336 ha een |.owered
ot b i oSt BIE alBREeR, 4 foEle ARt FSHBCORe Iho BaPR e it | mt o

the CUtplhgd3BOW th33QRIOR1IAE Nahsse Bkdgihg bR alifihert sERBPLES is@fraffed he

abovenentioned transfer, an "exposure preparation conplete command” is sent
from t P 2peffeaxis maded. a enirdirection sidaface pertion of thgiprojedipnrapticalisyste237. The

74 31 2 i i . i ST I ation
conpl e?ﬂéﬁ!@é%ﬂﬁ%ﬁlﬁ%ﬁé&%@é@%@ ﬁ@%lﬂﬁﬁﬁﬁéﬁ%%&éﬁl?@% ﬁgég ﬁ%ta agggﬁrrent i oned
t r ansf ehe wafes W a nsaghifiedimageformatiomdystem for fit@inganimage bfichewest ararigt age WST
to the alignment start, position,, that i o the pgint_"c" shown by the
Star | R &0 gnenpiogaAgE PISKTHPISMIE o @ CEEbOPE SEIHS QUkse for Sanciitant, * and
starts jfaye "Elinfke §igﬁ‘al‘@fnﬂhc§h§ _pi%-ﬁﬁfd%é Q%uf;ﬂi%dﬁ@'aﬂtali%&ﬂedt@igﬁﬁle 39,
along the path "b™ shown by the kink shape dotted arrow "b" by nmeans of the
waf er drocgesingsystegn220, and atehertimie o mafeg aligument.dbe plignament sighalasodessing t he
interf i | R, e V. rom
poi nt B0 220 Brodphey ke Qo B oblai pd el Bnllorih QREX HRLdERARR Y P11
case ofdifettian d'the tdkt thinksvith reepect foa gredengmisnCietecloh) bernér, idesupphet the m 336

are V\,ité{‘lgravm ftron‘ht he. cut ou?s 330% ﬁg}Ob af thelwafer Bgl.d r 3181. When t he
waf er FemRept fosthe mayrcontof fystem f13. nihepun counl systgB 200 ivaise Hpgliche
abovensiiil @B esorinaits be theQvaférRagd@De medéured b el e BitbricrbReté 2 19 éiPthe Of t he
waf er W obtained previously at the tinme of %\rﬁgal i gnnment may be corrected

by fi nevaferside: nhstmaip centeol xystern 205 then agds the effgeifagoust efghe wsimarkdoths s case,
i t h ( t ~ i .Q i
Shaci ool et PUlcitue I cobtiind Lot Snftk ffine Bk SR, o

t hen t W)offthewafartagd. nent can be executed w thout any trouble. Next, the
operation after the rlfta e WST has beEn. ed to the point "c" bei
n

e no i ng
the ali gnneanueBm% StHFPPPE MASSENSTR Y BRRTIFCHAN PPYSAl 51T G 40
shows the of PG 1. 9B FIGE1 S the Ko opticaIGSsthiB 21738 sippBReABY & Qufgort he poi nt
"c". Point "c' is the detection comencenent position (alignnent
comrence¢mbar 248 somprising & material (fush ag aman) withtaevenysrall expapsion goaffieieniaf er W .
At thi it ' i j ti f, the
mul 11 pRERE § b bR 2 FEbRE plcFiBR pbyE BRrE 21T ORI sEorine B o Wy
and a rehigdnt ofithe panelssesine thieuwater, B\rlusdddnsipes aylimdnicaltshage suppd®pemiyna gl obal -
adj ustnent of the optical axi }_ﬂj%’brecti on position and inclinatiqon of the

over al 12433 pEihe SHpROSCBEMOer A4S grmof,the ‘l‘b?ﬂj’r?%?‘bzﬂ&&rjléh%ﬂﬁlcﬁﬂ?'b | evel i ng
operati i I } R .t Al ection
and t hedbﬁﬁ%:ll%?’%@(%l?gg? :t%'nslage&?ﬁgﬂg? Zg%’ %Ygtfrl\igéuﬁ eﬁgﬁmbﬁg%g@ ergﬁ) gﬁtl% er

posi t i chownfimdotedilones i Bi@.t1Be nul ti - poi nt focal position detection system
AF. However, in the case where a rough auto focus detection systemis
provided in the alignnment sensor ALG this can be used to performthe auto
focus and auto | eveling. Nornmally however in the alignnment sensor ALG only
a fine auto focus detection systemis provided. Wth the rough auto focus
measurenent, an auto focus and auto |leveling detection systemfor the
exposure light, that is to say the nulti-point focal position detection
system AF i s used.




~ 1 MAY 2002 75 After global adjustnent of the optical axis direction
position and inclination of the overall wafer surface by the abovenedtli Mielill
rough auto focus and auto |eveling opﬁratl on, mark search and fine

alignment is executed. That is to say, the main control unit 320
sequentially noves the wafer stage WST via the stage control unit 319, and
detects an ai:tcgrir’z%m,wgmekarfa\q@érﬁémm Ifa)sex%ctaﬁﬁﬂﬁﬂ tﬁeqa&rm@efereﬂﬁ{cyz@@‘f&r m ned
speci fic shot region (sanple shot) of the wafer , using the alignnent
sensor mdaghringibmcadndipatde ot waferstage R22. (I Gr &,attw cantgy©f thei roetangulasach mar k

and the,_detection cen of the, align nt F.i by the
ek ShipeeRosufzegion 2 vetarmeringadtalRRE o I8 aPeRliB phical st 2
324Y, 32fiRerfiord, AR denfeR oPthedRtc@fidn Vidu Fell 2Wblof Mealighimedntsensp2adn t he
position of the wafer mark of the abovenenti oned sanpl e shot. Then based on

the podeedmss agletectien ganteriZia Whe doteqrignicentenl Sads tic pasitien whekesor on, t he
orthog t ror), and
Che. |1 radpbikte ceRfer SEQL Idp ek Mgl BB oefibr T il oBlh (B 2C
conput edgtgyexﬁ ﬁ:ﬁig@;iml&:ib deviog UWthi this eﬁan%lb;sthb detedldnarenxex 2193 andithe ?[ﬁmﬁheﬁ e
Unexam ned Pat ent ication, First Publicati -44429. After this,
based aﬁlsﬁ%éawﬁraa@gﬁow@game steright hiog partelvich g'sér aw. WRRSIDPIE BAVE onput i ng
the ar ray 1GQPheinD 8 Rpristhe b Fidst 3436t beafDl BR1 %‘ﬁftm‘aswpée%ﬁx ﬁMX§ nﬂ%mfeaed These
may be corrected by applying the XY error obtained at the tinme of the

bef or erpenllclom@dthp reaxip gntmrntX diseciionaifroeface 822X1 of ﬂiocmémmagedﬁadrwvaﬂm mar k

detectlonr Its nceth i.n ter 3 Y and t he

ot o 1 dPBHRE s ARRpahe S 3 SRS 15 efier Ahcts AR AEERem 6 ¢ e
al i gn mtﬂinpﬁﬁﬂg @ firshl4ser beaghLBlYat thﬁdabascewa@{ LEB’QSlrﬂaGiatcdeiﬁwllcl WhBheeYr or due
to yawing (8 rotation) of the wafer stage WST does not occur. However,

si nce taKis oA YK dirgetiqrmirgesrfage WYserth"atYéfef 8A8 23 | engt h neasurement axes
W X1, W X2, I I t [ X, 324Y,
324 are di f1 oy g ool i eigfl ke lasdr Walnt L BRAL LIS A R R O Bl B
amount types. Thesd cagh antorfere with mtgsdrh)eama&m@rfmm aveﬂemaee wmirrar(gotshowd ih engt h

nmeasur ee Xi S t he s urenent ax or .th i Kk S

Tont | onber e s viBaE BaBl o BEE feBPrBE pETRhon BBlical Sl et P abbe
error wh oﬁbp1a&naaﬂaraadoﬂ@s;ydiﬂmgtda@smﬁgspoﬂqb éfhsutdPatiaresdhtidn@sbr than 1/2

Furt hernore, at the POI nt in tinme when the wafer stage WST reaches the

poi nt 'cempatgf Qe SHgls PAse FPEr Enabemorse the qmsaal@mt%é( Qfﬁbéixf%ﬂ%m @:es 324X

2l 20 | TRePGARsABX NG HeS LG WAbLAGR NG Bl digbats 18k, %&% larSt age
WBT, then er i1 nstruction he nain contro uni t e stage

contr olreapmttvclymrqut athrte X axissand aoqo@r sttaight lioés tebpectivily passingrtbtoggh 824X. The

reset val. .t time IS no iV me as the
55 vy PBUS 285 AX B b eRBre o s A ol m7 b elEbslion fentss 2108 of P

cal i br ahgmemfsextsbezlgatme‘qmmtx&rmm thay dxietwodxes fagéryering LB 2Yand S
performed, On the other hand, while perforn ng the aboverentioned

al i gnmerit Y2 isiparaligh with thei ¥ axis 28d eson o praightdige Bossingshioyeh she opticalanis | s
tranSf%XQQthQd@tcEQ&PEcn?Jr@I@E‘Ot shown in the figure) of a wafer |oader
system WMbreover, in order to transport a new wafer W which has been
| oaded from Coesegaénsty, hbtadelmes;fsmaml expesun by makingtbe meemvalot farthe 321

under |ns ructions fr troI it acts and ds the
rear faésé’ STt ’Hé’“%&‘f"é? b\‘i\}h% %qmstlr.%%g %&f‘a%ﬂf‘%&foﬂdg‘ﬁt g? m drive
nechanivediRr3tdge 22aruixdttmemeﬂmvaﬁc bﬂﬁe \WRpRiterhém Medadurkd By the3D4xis 1dsbr ﬁdams
direction of arrow K._. After conpletion of the abovenenti oned EGA, the st age

cont r ol LB} and3uBY? the ¥ coprdinatecohihe Wafer stageiddd, dhes the @mlﬁw%phthw#?rm uni t
320, t T that i
Vo say Bt A ReiRh AP SoET pli0 ARGt EDRILABE BT WHPRRIRET, [ 0%, 'S
descr i phéasured 8i hngh E¢<ﬁrao¢lmttmiut arneAbhn:eamn- |annbvahblb heydw amowdte Mdrbevengther

stage WST i s npv to_the bei ng.the b Ilne SUI’I osition. |
o 4 DouAstny W biadheragk Sancen5s ang BPIdheGRtET MASHBSMRDYod 1 0 ¢ he
poi Nt "rgkeasured bl kia 1agkt beﬂﬂ?LBX’TeAhlS LB Qy\ﬂletdmer@lﬂfﬁﬁ HisPl’z\c&ﬁEﬂt%ea@Jre& be

al i gnnment sensor ALG while the other + mark g typica shows the position
of t he thelasertbieams EBleanddiB¥2. TIT\Rtlmnngxmrwnb thiy sxasmpl¢.ree il ibowkear fromtdGE i gur e)

| angt h i RS oe BpriGal P EHASine i M B ek p BBy 48 e BSRLT o o

alignment marks formed on the reticle R and a correspondi ng reference mark
(referred to as a second reference mark) on the reference plate FP)
positioned above the reticle R After EGA conpletion, and before noving to
t he exposure operation, then in order to swtch fromthe alignnent |aser
|nt erferorret er 324A to the exposure Iaser |nt erferorret er 324X |t IS



31 MAY 2002 77 ALG is the base line distance in the X direction andﬁY Y 7000
direction. In this case, since the reference plate FP is made from a fg%
expansion material, and the positiona& rel ati on between the first reference
mark and the second reference mark i s“known beforehand, then the true base

| i ne di stance can be obtained by using: the positional relation (position
error) i | { - of rk

det oct EOhERfed abd B 121} NEF Bhn TR oflB0f HE wBRE MIF WA EERGE W |
error) Zaiteweser) thehdf theteds  itirangerabent thé Xtdxés (pitcigngremburs anthertimd 6 and t he
first reference nask, detected b ment sensor ALG .t he design base

the ali
line dSOPBIREEXPOSHEE)+ N bangle i‘QS’H‘YU’&I #ds Efgﬁ’tnﬁémroé‘g‘p%élﬂq e PHI@RRIBB onet er 5.
Conseq i : yoned
posi L1 SRR o e B 2R B B o R R Y et ance
only, tromdinataahd Xhetordipste ofitherwaferstagaf282. W can be accurately superi nposed

on the proj tion position of the reticle pat ngd_exposur hen

per f or ned. Hﬁﬁ%’f’/%}'e,’ i, PRdAT foHOTre e 1B eSS ﬁtenggamﬁl%qa%ﬁggaa?‘r@%g@%# 5r med.

Ther ef giRijatéd ortd & pbiifiBn Shifttd By RAfsCnCOHZRIIR IRY. ditdctioh wathespeto thdMssrent of
V\gT i nvol ves noving fromthe position obtained by the fine

th f t
al ?g\gﬁégm;@*ﬁe, IR Y2.nBy girgding thecdiffersnenhesvens) the Yooardinaedstestechyiatilys o
. t & _ . SR . b
o oqor Weited T BEF uid B Y Sor iR AR e it ucil IBVELBY U Y B

shot caftante HZR, whon's pRchinf anmbenttGX1Sf thé wafee saRO Y2 wbtadiedd TheAusiagthis t he
rotation of the overall wafer, the orthogonality, the scali ngrp
( magni pitching amownt 6, yhe stagereenixol systeinr2d6tof KIG. Hragbtraess 0¥ xddZ1 &éomothe Y

represent ed by the fset in the X. Y di.rection are, obtained, Hut the array
coor di ﬁ%?rggm%fc’fitgc‘ﬁgggﬁ%?ger%% %bﬁalﬁ'%&em;gl&% abfé’f’ )] {?gt ere ?6r}§mtah?s obt ai ned

| i near cedrdinate which BA&iHgen stiddctal forbb@érrore Simiieriy wvithahié Xchxid disd the $asense
also it is_of course necessar,é to execute_npvenent of the wafer stage WST
based 8fAm kBX5dsrradinieden 8 pesidemehibietintheZdiseian With BSRICHICISS dflect ed by
the al 'bgdh'fgeﬂﬁxﬁ,emﬁé, a0l d@#ngttﬁgmtchs‘ﬁ?edqfalﬁebﬁlem%%?%f‘Et'tl%iﬁﬂ)l@fbstﬁel I ne
measurenent, the rotation of the wafer stage WsT and the reference plate FP
cannot rdiEngremsum®d. islcorredted case, the reference plate FP is nade froma

material with a coefficient. of thermal expansion roximately the sane as
that of the @Qf‘%?o'gf‘aﬁf’é‘dvﬁﬂ‘e umg °?§'g§é8 ?‘t’aﬁyt’ﬁgﬁ&j&ﬁgl ﬁ‘i’ée ler stage

WST ei ihasurtdbPihe A bl}is 1436r Bedn EBRAREX Whdrlinafe ot e Qﬁfepéta%ﬁ?iﬂgttﬁﬂ tdhesi ve.

Therefore, there is little likelihood of the occurrence rotation error

bet weedisplaeemertt [of thej wafersingead?d with the detettinn dentee 289a ofithe glignarentseager WST, and
the ret E [ 1. 0NG: OF er. _stage WST
vael £ s i e rithle cin pBERNAL o SUBESeckitSy KR wile WELEE o8 20

| engt h Abbe srrbbdttribdiébleoto thégaw atmentite rAu s eme3iPsdYin driiarno aoed ferabley Abbage al so

does not arj se. ' 7s 31..MAY 2002 .Here,. after .th bovenentioned base |ine
easur SHRATINHSHDIS totl Flling KR! 95 B Afer YALe 3551 e GROIBAEI RO t ho et er
stage \ididted 64t8aGREiItTon QHfled By aldidare Mz ia IRy Z dit@ionFitRERict dAflé\Maké t he
exposure interferoneter 324X, "with the base |ine neasurenent results and
the yake#yLBXdsurement result in reflected form This interferoneter
switching is j I [ j rdance with
i nstruct igons ]\4:0?(([‘)(51‘)16 ’%é‘qﬁ%i“}r%yeé%{r% ?g%f%ﬁ}“?g%d& lf?&#‘t%!a&rer ? %?gﬂesquﬁg §%el%f %g, t he

st age cefaiened platei234 3drPaetial isage mgeavaringy systemd35\ARd ah diluniiqatioreaom Ng start

posi tion, for, exposur f the first shof, that is to_say .to point "e"
denot edl‘“ﬁ?“’PWesegfoo#:;gi 3}?‘5‘55‘#@@9 0%,?‘."' ré_?“’t“ﬁ"eglé_ie _ ‘ﬁMFdPH%thB‘FeeWa‘E ansport
arm 35‘?3&@&9*&%?11@%th KnbG N9, ilirelcr@l RANIROBUD] Dac feMfle FetRIcW 1gE | oader

control unit rives the load arm 336 upward via the elevating/rotating

mechaniretinl@gages21 0tafdiGt hb  Batsing Wes¢ refarennganasks, edpase léne antaunibéing ther anspor t

arm354 to the |o arm 3 At this ti th tLr ion of t.he wafer W
by meangi%18 ?fﬁ‘ée%aﬁgSFeﬁmF%?%gB%P?"eé? }ﬁ%@gf% ¥ Q‘ﬁ%g‘g‘ilaﬁ‘%”‘taﬁ?‘?%‘?‘%r | oader

cont r olcoifdides Wth th@ostidahexiaAb)aat ity detdctibh eentérf 2192 bf tHesalipiEmrsenddr Y9t he
| oad arm 336. After conpletion of this transfer, the wafer | oader control

uni t 329detpatertir Bhermerewkr &he acriahisiige measuringSustem 28R here ivROVSRd 1T t he
ot ng. Eelof D Rec Lol BRI A lfpdn ot BBV ER o BB BTG, 1

t he poiedge 235a. By prgcdshing sheaduiéonion Sigaaltfrgam dhis plemodlentroaimessongn bdsefocis st shot
on the wafer W. FIG 42 shows the condition where the wafer stage WST has
reached the point In the condition of FIG 42, exposure with the previously
expl ai ned step-and-scan systemis conmenced, with sequential reticle
patterns being transferred to each shot region on the wafer W By neans of
this step-and-scan system exposure operation, the wafer stage WST is noved

)



Then, during this exposure, as previously explained, the three points
denoted by + marks | on the outer rimof the wafer W are detected by 1tMa& 200
waf er prealignment unit 332 using thegsthree CCD canmeras 340a~340c, and

ext ernal shape neasurenent of the wafer W thus carried out. The 8 rotation
error of the X Y, 8 error of the wafer W obtained fromthis neasurenent

I's corrpetigslotihe Bebjédi&l iy Hotlie bRjjéttion @ptiE:E Byidns 213 38e infige Gualg9npl eti on

of this prealignnent, the’l oad armé36 is stood by in this condition.

Fur t her(resolationcesery amd earioupiabérrationsssush @ distostion arp amegsirech@nd thes852 noves in

h di i i . bei he | i et y.
NAY ZoGSEtmPR SR BiehpPlRii it R R BRI 2Dg ElerRitfe TR o
enbodi rdskibutiof afid tHerlike o iecexpbsife HeMangidehie tertdnigelapsiape expdsaieeanéd 280 | S

constituted by the stage control  unit 319, the main control unit 320, and
t he wafiemeasgiddy thoitumpnatipninon ypiformifitsensts 236cond control unit is

constituted I g i s I | unit
321. Mor eove??/m{d%?ov%gk @rtgﬁgga%%mggin rd %B?J%IP% nalF g%é’éfg{g s!toi ét}gg"gé efﬁghéegnput i ng
uni t aafdredvaie dnd thdetiplee $ferduntdery israt deseriptiou rof therraticle joadert dystemeandrtis ent

enbodi nent, the substrate transport apparatus_.is.cqnstituted by the wafer
tage BBIT 348" SYIEGH OF (BF BESScH DR EXpsuIEARPEALS PF SI-uhr tALrs: M ISRPBAY ar m
336, thge refikie dshday, MrétRfe 108 BB hnd’s RALIeWMITAA arr R0Y a”3Roved Treed) dTbk | Ve
mechani sm 356, the stage control unit 319, the main control unit 320, and

t he wafadranspogidaechanism (@pt shawn. in tue figuselrang amranged glaseta thaisesicds bage 2h3t he
concur (R B eRM R 200, 208 e S PR B auBi R MBS ERERM G e

posi ti @nd portiens\off the agixd 2067)207. sOpgratiorestahi¢se rems 266) Q0P isscuntrghedeby a RSWexecut ed
above the | oadi n%&F)o ition vgth respect to the wafer on the | oad arm 336.
Ther ef dP3et $y8tepy rpgwm 213 SRIMRISHSACOMPRAT o FUTHETBPES |aaﬁt¢f§a with the

eXPOoSUrtatih evaﬁﬂ@ rsé‘ét%ezwak&iﬁg YtrotaBBleaPFIdNOwWRIR ?sep'iéirﬁkﬂabié WRhibQr
preal i gnnment, conpared to the Case where exposure and prealignnent are

sequentmevengnigsioke pfrihg reticloktage 210eisouxangedioside heaetidle)base 213 dbove thised out

on the . r T eao]e Nt .1 fo i ble ..Mdreover,
the seqnatieed o Aaalle'svsBh AR ImSEURRhalt Bl O MRS sl A oo

namel y t¢ an image@yocefsidg wnifl DGl . VEHecopesdtion ©f Wb Teticle rovating/dlevatibig sdotian R4 is
position. At this tjing, the prongs 350, 350a the standi ng by unload arm
352 ar éTﬁoﬁQ%??lggshyﬁth{Wéoﬂ?Faﬁ Sapeol sy 213 the wafer hol der 318 on the
waf er stage Welhe e o%ﬁ&lekﬁ&aﬁ%@,qm&ﬁ rétitge REESramRAR o dtButtigy t ched
off by the main control unit 320. (3) By raising the unload arm 352 up, the

waf er iportionza@8fof theagati¢le ynlopth ermna0 2 riaghergpised\spingdle of the reti¢load ar m 352. (4)

The unl LS: Ww4.hd r QR el I It . | oad arm
The V0 ARhAELIRE LA A0 A R OSELR BREL) A (eI

t r ansf encunttdtan théepperend ohithk pestnidied spindle o theatiidle sitatiy/dlEvhting Sdctibhe vacuum

bet ween, .t he waf er hol de 18 .and i he f.er is sw tched on. Cons ently,
e o g B e el Jo i o, 1B i Ghagt Sighal ot e gmeie SEROB A0 el & on
st eps, ;irds&sgeagy ﬁﬁeei%ﬂgﬁ PebckQingBTi€2019% CEREHobRAiR AR THseCarkd\ht BEte irétitid | cant |y

shortened, and hence an inprovenent in throughput can be realized. The
pr esentR {ramdhe eanter popition.and thsstatiomemos,, This result isvihgn supphied trithe &AM uded t hat

t he waf [ OHQdeb, jth nti onal
exposu rlggdgg%}gt}grp%g“%% 5?‘8" %E) %?S; hort'en ego a?%?%@%ﬁln%?%g SES))SQ%’ & o%fdésqgotngc&g\ﬁgeec onds.
The r egmesiniof of thelétidlaistage 210esoads tw eortees thetoffsesnduac afnhe retihgR feh the t he
respective conyenti onal waEer | padi g% conbi ning the center-up and the | oad
arm  arfanGEPASI QR PRAEATHGISIBRIRMAHIRENElr Ot dentpitdlq pa hretirle TRfAlRBRlcvAtiAg t he
mai N pagkidai214hie 28 EdrrecPibd irdtatiG oD | R HIE the el 1€ sQ6weit sBYhat i N9 t he
waf er staée WST (awaf errr ﬁol der :5)18) si de whi gh cs n be Srmved gt yrﬁi gh speed
and hi ghticie Bus moynted opahersticle stage BE0. Inrthisiweydthareticde Riihloaded orielther m
Furt her npre acxz‘ﬁf.di ng t.o tge ol esent enbodi nent, the wafer external shape

reticle Stage in a ptealigned corldition.

Next, is a description of the wafer loader system for performing loading of the wafer
onto the wafer holder 221 on the wafer stage 222, and unloading of the wafer from the wafer

holder 221. In FIG. 11, a wafer loader system is arranged close to the -Y direction side face



measur enent and correction (prealignnment) of the 8 rotation error is.’r Y 2002
executed on the load arm 336, and the XY error obtained sinultaneous % 9]
the rotation error is corrected at thg time of prealignnment where the wafer
mark or the position of the wafer stage is detected. Furthernore, the
transfer of the wafer (acconpanying the wafer vacuum process) after

preal i gnike PtojéctioBPEcal Bgstem NP aES ﬁﬁsﬂldnrs%rhs et todfi¢chhniCAlYy iBRriefPVith thea
m ni rum Consequent!|y high accuracy prealignment can be executed.

Fur t heafsr side taserciaterferqmeterod18n dbatisod yateapﬁsalwwet fdriee ssten 224 Bvat i ng
h WST
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drive c'lé?/'auﬁ’ sdciBn 204, eThS AR 1048 hrm DD8§SIni 1ot H&ldﬁx?%%f@ﬁﬁﬂb pehan for

t he un oa arm 352, is not necessary, thus bringing about a reduction in
cost . Hensporércbynadlding fromadbayandhe constractéans sach th@ttwafcrrﬂpaem 828 ¢amtbe

descri t he abovenent.i oned e appar at us of
vari ouglsgl(g?‘#s Pé’%ﬁﬁlﬁre‘afgﬁéﬂw’{qﬁ %"SZ é’%‘é‘“ﬂng&ﬁﬁfx‘ﬁ at/enlto IOAppI i cation,
First Rikldgfeidviating detioR 226888g fdrfwsmﬁma dmcs:&uﬁ%\spriﬁaledymmh Mdt€over, by

illum nation system nounted on the wafer st preali gnrrent bei ng

car r i e®Pt#ing theratyingfrleviating secHan 2éh asy whele %wedomw&m@r: relpigde ST
and af

Al ter nglt%lélf/\g §?H@%e5&gkg’?ﬁwn§§ & ée]ﬁf‘fpﬁgts‘r‘]g’gégﬁ rom é%ovg%eQ%Q?ﬁBEH %l?gg%t

em ttimpgel enent, and a |i ght recei ving el ement arranged beneat h the wafer

to detect trangm ssion |i and, a |ight
recei ving el @ﬁfmafﬁ iglet 4 %\‘7‘8 dBchf)gi%kﬁ %ﬁtéc b? pg t‘?‘hg ﬁ%‘e?‘ét | ection
l'i ght  £Kap8f {he WiéreW Hetd SethRiwiEét loA wmlbuﬂhﬁged@nqmtfeu?tem méy be
adopted where the illunmination nechanismis inserted beneath e CCD canera

dur i ng drivksegkeR?24 xPhssimage piskrpdeder 22msdssasived daterocaipprises a mbiirelity fher e
i nst f
by ar ¢ ucke kR AR ot acfhrB afErehpdllcl ESrohdlfe & 4 Mutdforeydpligy "H, 0T

2002 ppesmormrfor te cﬁenfabshqpeeﬂﬁicevafcnﬁd Haoh dhagequickuptdeeice wompritdsias syst em
detection i.s 055| this t he preal i gnment, detection, various
roans. GRS SR BraenhtEm: erb v ArmengSullimped RRESP Seltr Stnasht v

per f or peb. CFlfrth@ﬁnéﬂaearﬁmﬂﬂﬁwtﬂn@?ﬁétﬁtsh@ﬁbn deBGoh fnbérp6ratifig APIIARY of O at t enpt
to accelerate the | oader system_Moreover, the above enbodi nent has been
descr i Badningonsystems der tranamissiondllumingonis amaagsat dhe bottegefavesat thedvaterspeci al
hexago §|tbg,g t %lfﬁ imted to
this. IWr fled ﬁgg'gfﬁrslé.h?oa?{r?a t%]oeés% Ee;trag gﬂgglgs QH&?’ dgE’;)tlmsdquare shape
or a rwﬂhdng«abbrfrcsindmnndcr raplulaity of nna’gagtgnats ostpapﬁomFtbc irhagerpickap t he

nmovi ng m.rr helnterfer? t.er. m % vi ded on the
waf er fd‘é‘eﬁl‘{ﬂﬁ‘;l“ 15 ganymissipp lugination, ri"(§ ie rtr‘bgt? R’aﬂ%m&@n descri bed
for theortrssystéie mas mahmatee Fm‘ahg:hﬁemh% setfbA 204.3 %O ROV [46RS sysiéyn t he

upper portion of the wafer stage WST. However a construction nmay be adopted
wher e SoTsE! ystem 215, tbtsetmegwg@ls e |sdapctp%toema HEOgessing; and pasiioniiger st age.

For ex Q g h at

| east gr{r?gélﬁge{f Fb(g% @% P%ﬁéﬁ?@t ﬁgi}ﬁ?g’%ﬂ%@ eﬂr‘}%{jﬁgllngttuseé‘wlﬂ % hen as
shown klmapE Irﬁeredc‘z'c ofcthe eafar tW e a\fieg this) vieeswafer WodItrangfetrédfromfthe wafeatpadand t he
opposite es of th ol der 30c, 0 be for xtending in
CPOoF | e 208 b theraise PAlGET 471 QiR heftt Nokh Ziih IR E b BE MAHLOTET 1 e
Prongs sedterh, N8 weliadd tRis harkds slgapmtdeaq TR urffoHd R tBPEfloadifly tn'&%n@@e where a
waf er stage of a hexagonal shape sinilar to the abovenentioned enbodi nent

i s usedxpasediwafer Véhon the wafer halder @211 4nd awidfer transpore a3 g trambpedtimgitht her ei n,

t hen as avities (grooves straddling the wafer stage
and thevai m?lhgvgz}farelgﬁgm ﬁggwafer hol der) 330e, 330f may be forned

ext endi ng i nHehethé Wasdr 16id 26t 128manl €heiindgh Ricitup dediten6dre ih méabdroe
surfaces of the prongs of the |oad arm and the unload arm Here the

abov enmshith resReetiveodiameters fos ussr wishue o2 inch{ppproximatedy 3hom) diametersvaten @2 |

t hese t o renc . - he
i oad HSPratedr ot BRngl 5 L0 RbouhEubh BtATaoliiiel P0AR g L
mnimzed. Since this is desirable for inproving processing speed, then
with the above enbodi nent, the wafer holder 318 is nade to protrude
conpletely fromthe upper face of the wafer stage WST and the cutouts are
fonmed only in the wafer holder 318. Wth the above enbodi ment, the
|nsert| on operation of the prongs 380 3SCa of the unI oad arm382 into the
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82 31 MAY 2002 axis and the Y axis by the armdrive nechani sm 356. 1 200
Therefore, when the prongs 350a, 350b of the unload arm 3S2 are insért"éﬂ
into the cutouts 330a, 330b, the unlgad arm 3S2 is sinultaneously driven in
the first direction being the direction of extension of the cutouts. In
this case, the prongs 350a, 350b of the unload arm 352 may be inserted into
the cu i V i oadi ng
From e e S R e PR b B e e
enbodi arensedrefimiedy, thdwafet bolderiz21dsslso fdrase withtadi2 inchnwhfet,iapd abthe timei ng t he
waf er stage WST to the | oadi ogi.tion (substrate transfer position), the
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passed npre quickly fraomthe |oad armt{o the substrate hol der 318. However,
in thi QP‘EQE%/§‘°WU¥&EF*11§ Eeure cthe Mafarprogligament driyg sectiop ¢24 psepired i B i ned

posi ti - der : ki i : r hol der
525 t o BROR siBbe Do o B bocRiGQN S EXAHOR kAR IFRuAAIERE 336
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direct] he stage. idering this sjtuyati dri hani
For ar 1500224 8 s A O Byl i B utreciirit il e S o et Bl s “ana v
axi s nwyfeppreplighmehe drivasudtian 2241 intthidRadef theReAstiuctiéh isREctpthangs wad?ay 350b of

the load arm 336 into the cutouts 330a, 330b, the |oad arm may be driven in
the fi fuppored enthe safesileas arandiS can e doweted withing rapge ofcarsppes(el gddeam on.

Furt he i i . i e where
the war B en oL RBR el A b IR B LASF O REein 20D e
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the aforenenti oned enbodi ment was descri bed for the case where cutouts
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t he fO?érﬁW} D4B4) HRSIlomRatio kst bpfport se@idn45 idh¥én &ibded bedeati IcSlaves a pl an

view of the condition where fromthe requirenment of explanation, the wafer
w1 i sfaseahihe dvader Whe therrege ofdheigap gafsorathe lewer tagpefihashpposhiprien 24fe ed and

of ar Sl e 5 Ml Rn RREREANG Blatr 147, MetpiF QB EshaplB O Lt he

cut out sc@BRsm SPPbrt séction24@as mrangéd atithe tranfacs sidesf the wadergpretdignmentn t hi s

case, even thou ope ar two or no shot regi ons ar ovi ded i e

oo on T SERUST 24t A SiaPir aBRor 58 400 21t TSR A0 e PRGN R w 1,

it is ghefdunttdtonttBe Wa%ﬂﬁaﬁfpo&tﬁﬁc;dh@ﬁi%ﬁ'sﬂp?lﬁ{ $eRfibh 242 WitRiN 2GR GTaNe fp all of

t hese respective shot regions w thout defocusing. Therefore, there'is the

| i kel i BOBaMIhe lowpr dareiof thenllumination systeny sunporfisastion 2451 the uppeniageef ther waf er

devi F ' ' ' th
Setti nialy BOREY 2215 U SELTRGRe, il I o(RPG2) NSy ol E2LsOM0 b "
cut out g1 33Menm 3 3THe weafer GrtleadkirnEIBYinws thersaineghdyei ag ltlie wiafeclobd arm @28.t he prongs -

3SCa, 3Sb of the unlgad arm 3S2, when the prongs. 3 3S of the unload
arm 3S2 are FYRRSTQE m’?t“éﬁfrﬁéa“éi!ﬂrbmgm,bcmdﬂmﬂ’éecé’z?@éb?‘é?éécsi de in

FIG S . : bwnt i Ridhl : e

Si tuat 1o abieap 3 23S bcits O grieE R b0 En BRIl ng skPabE .

t he wabpming 242adoniait parditel with olxedY ragiso Mareevenads it shMpe opeming 2424eis famreded out
snoot hl In.order to avoid this situati it has n considered to

" cuc e e WA ROt RE TR popRart el eFop i e sHEepE SPRAE 251 t udi nal
direction of the cutouts 330a, 330b, and thus reduce the area, and
corresponding to this to reduce the dinensions of the prongs 3SCa., 3SOQb of
the unl oad arm 3S2. However while the contact area of the prongs 3SCa, 3SCb
with the wafer W is reduced, the attraction force (vacuumforce) on the
wafer WL due to the prongs 3SOa, 350b is weakened. Therefore, this brings
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FIG S2 shows a plan view of the condition where the wafer W1 is nounted

and attracted and held on the wafer holder 318 . FIG S3 shows the 31 MAY 2007
appearance of FIG S2 viewed fromthe& direction of arrow F, while FIG $4
shows the appearance of FIG S2 vi evveg in the direction of arrow G As w ||
be apparent fromFI G S2 through FIG S4, with the wafer hol der 318, the

bot t . ' | ' | tiall
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formed for guiding one prong 350b of the unload anm 352 by neans of the
space Jhe®alestrdnspodt reerharis®EENPOIt $actiom242 ishaquatqdaanta differegt membetiotthe mi ned

di ' di ' i nclined 45 d he X axi Y_axi d
the 2 SHROLReREe 2o Sthamiing e pRIctR onfo Rl PLhal BioHpF Suds Bl
54) . Sitid Wwated tyansor€ thetibniseBippoit SedtidnPad, dndrth@stipdoA tndriiter Q48 €dr the ong 350a

of the unload arm 352 bg means of the space 3130a and the space 3131a, in
an L sREQectionontical syftem 2ht apbthe waferdaealignment;dsiye setion 224 zognytuglly on.
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(t hat iugload hem 23Pphare noBitBBMitti1tBARY) wefer pleeligmmas dtiee sictden 224 ambthe imagehe
substrate stage T.. . Wth the wafer hql der. 318",  si.nce the wafer contact
Face. 5 Pikup UPNIGs 47, THETSIPIS ROGHERBIY 43R REripAR o( HE LBl Rfesestin & 131,

t hen eyeroredho @ hijdf Reurddy. Wi t h poor flatness, attraction and hol ding over

substantialll\é t he whol e face is possible. As a result, as shown in FIG 53
and FI G 54, Furtkermarce pn therrighd sid ohthe waferrtransporyymeshanisi suppert seiioRaéd, on t he

waf er | VR gl g t : f i na_the wafer W
P on AN Sb st iR Tooct 8 f1E3q  (hale? Gl 1 e BRBOAE 300 3500
of t he unedposal andrexpased avafers neardt fesn ianegist ichaterspeve kpeBdrdhalikad 1'Bidowaleong t he

direction of arr F in_ Fl 2, and, at, the point in tinme ere the prongs
5505, SO0 TR RS SULPShE a0l T FanDPHIo e, ey PO CHaLFh ot R ST CPAEPLE oo

3131a, |i3d 3ibhg tHelpehing 2a%a & 1t &Be WafdH1bAMOPmUIPER TS waRunlthdladbin D38 | ve, the
wafer W is %ransferred fromthe wafer holder 318 to the prongs 350a, 350b

of t he seresohel rele pf BFBporting thawefgriaftarexposnrd which bas brep walvadedfipmdhoy a
det ot o . e N ; o
Phe boriaiuntpibeR 224 Along Wi 08 b St e salter PhnsbIPRE, Birleipbiel™, 10" ©

upper fwaes tiefwifbeis wahsferrébframrthSWwafer tratsportilinh do theowafapeanaporoarmo?43, he unl oad

352 f th fer hol d 318a... (th to the front.in th
o1 1 hog DI R B <15 RFA O FPoRioh FOS FIRoT RS AIR VR SAFETH v o1

hol der r&ﬂ%my tgaﬁ‘ac \ktenaDéhape eTeh @) dial 4 @itdbl Canddpositivhsdtectién am&g@m?SOa, 350b
unl o

of the ad arm 352 are inserted into the cutouts 330a', 330b' (nore
speci f iskewn ip the figure) Cersidering shat 3divetmentef thy positiereer the like psing this e waf er
W in [ & ri ' . ' 3 ence
of any 4o Bndte st hisPfime pofirhHAS Hob B M bl e (AR Loty SoRifHd

Fur t hentommaks a sdvendvpfediminay pesitioral ehgmmaent b£thepreatigementtad thdwafierW heldimnount .
ss 1 Y 2%02 I—gwev% in the case where the wafer hol der 318" is used, as
will NHET R £¢8m FI G s6, since the vertical novenent distance of

the unl oad arfhdaBovemhiiedSVheaQRPWarE W & thhSfefrad roff the Rafdafasivedtn oned
enbodi nent, there is the possibility of the unload tine
243 to the wafer load arm 228, as shown in FIG. 16, the illumination system support section

245 is withdrawn by the rotation of the illumination system rotation shaft 246. Furthermore,
with the support member 248 in a condition slightly lowered to a height a little lower than the
opening 242a in FIG. 15, then after moving the center of the wafer W to the center of the
rotating/elevating section 225 by means of the wafer transport arm 243, the wafer load arm
228 is raised to thereby transfer the wafer W to the wafer load arm 228. The operation of the

rotating/elevating section 225, the illumination system rotation shaft 246, the wafer transport



i ncreasing slightly. Therefore, considering this point a wafer hol der 318"
shown in FIG s7 through FIG s9 may be used. FIG s7 shows a front 31 MAY 2001
el evation view of a condition where t wafer W1 is nmounted and attracted
and held on the wafer hol der 318". FI s8 shows the plan view of FIG s7,
while FIG s9 shows the left side elevation view of FIG 57. Here parts
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for the case, where the wafer holder .318' is use and the sane results can
be obt aWFHHB*.‘"an?ngg?ﬁ ]}tﬁfeotﬂ,a“ ﬁ@%@ﬂ%&@%@ﬁgﬁw gﬁ'stance of the unload arm
3S2 can be mpyg, B is@PdnviewBhéRIng tRdSbsitRAGEreRifiohdHi BOtR BB ihe WafdriRtagbghput s
possible. Also in the case where either of the above wafer hol ders are
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t he above' € I en e case present 1T nvention

was apohflicied taholdXffns uicveahppaniat W toksd 1ogded. ditapdtionposisis @50A0250Bhe
projection optical system PL. However there is no limtation to this, and
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With this construction, in transferring the wafer W from the wafer load arm 228 onto
the wafer holder 221, then after moving the wafer stage 222 so that the center of the wafer
holder 221 is aligned with the center of the rotating/elevating section 225, the wafer load arm
228 is lowered so that the attraction portions 250A, 250B are inserted into the grooves 2374,
237B. After this, the wafer stage 222 can be moved to the upper left along the grooves 237,



structural elenents constituting the substrate transport apparatus are

assenbled by linking electrically or nechanically, so that the SUbsgrﬂ%SZWZ

can be unl oaded fromor |oaded to the,substrate holding nenber in a d t

time. Moreover) with the exposure appdaratus of the present invention, the

various structural elenents constituting the exposure apparatus
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device is assenbl ed using waf er prepared in step S20 s step S205
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t hese steps, the device.is corrgéete nd i s then Shl pped.. FIG, 61 shows a
det ai | € 3G9 BRIQRFATdriying the Waiss §tag Ao ernsequsptiy withpplinreesing8e of a
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el ectr ofgfer 35.£1d & TpPertoe' Hind BhAF siBye Y2PHouftPRIEs! b to a range where
there is just an overlap of the attraction portions 250A, 250B (or the 249A, 249B) and the

wafer W (or W1). However, considering the differences in the timing for raising the wafer
load arm 228, and the timing for lowering the wafer unload arm 238, and the ti;ning for
moving the wafer stage 222, then desirably this should be made a length with a certain
amount of leeway .

However, supposing that the thickness of the wafer holder 221 on the wafer stage
222 is a thickness so as to have an allowance over the thickness of the attraction portions
250A, 250B or 249A, 249B, then the grooves 237A, 237B may be provided in only the wafer
holder 221, and there is no need to provide these on the wafer stage 222 side. In this case, the
ends of the grooves 237A, 237B are open. Therefore, the degree of freedom for the timing of
the raising of the wafer load arm 228 and the lowering of the wafer unload arm 238 is
increased. Therefore for example the movement speed of the wafer stage 222 can be
increased, thus improving throughput.

On the other hand, as with this examplie, in the case where the thickness of the wafer

holder 221, and the thickness of the attraction portions 250A, 250B, or 249A, 249B are



In step S214 (ion inplanting step) ions are inplanted in the wafer. Each of
t he abovenenti oned step S211 through step S214 constitute preproces3iingay 2002
steps for respective stages in vvafer49rocessi ng, and these are sel ected and
executed according to the required processing for the respective stage. In
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apparatus,_or where a wafer is unloaded froma wafer stage. By supporting a
per i ph8pga 233¢1p bg mayed @ha highispeadaand hance throughput impsovsdaces on t he

peri pheral PRIEIGODs Wrtdlighhftnt 43RS BBk WAkdBpoRBdlod E@g&@g%b{%ﬁ@s gubstrate
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an attachment portion 244 for vacuum attaching the wafer. In this case, image pickup devices

2261, 226N1, 226R, 226N2, and 226U are arranged above five locations on the periphery of

the wafer W which is being held in the wafer load arm 228. The detection centers of these

five image pickup devices 2261~226U are respectively set on the same circumference, with
the rotation axis (central axis) of the rotating/elevating section 225 as a center. The
illumination system support section 245 is arranged on the lower face side of the wafer W so
as to be rotatable about the axis of the illumination system rotation shaft 246. In FIG. 13, the
rotation angle of the illumination system support section 245 is set so that the lighting system
inside the illumination system support section 245 is arranged so as to face the image pickup
devices 226L, 226N1 and 226R.

FIG. 17 through FIG. 20 are diagrams for explaining the operation for the case where
prealignment is performed on a 12 inch wafer W. FIG. 17 shows the condition where the

illumination system support section 245 is withdrawn from the lower face of the wafer W.



~ 1 MAY 2002 89 CLAIMS 1. A substrate transport apparatus for transp;o”wi n%
a substrate, conprising two transport arns that support a peripheral AY 2002
portion of said substrate at at Ieast5 two places on the peripheral portion
and transporting said substrate to a’stage, wherein one armis a |load arm
that | oads said substrate onto said stage, and the other armis an unl oad

arm thasy HRi@assians daALDIYNG! R7RIOMAZIMATRI AUTRUCsRffel Plnesal d T ranspor t

arms respe y conpri'ses a plurality of armsections which support said
per i phellahinptiort systemofupparit sectioh 245 .aThesa tightimgs ystpwisbmpuse abghtsoune farhe

di stance therebet n.. 2. A substrate transport appatatus acc ing.to
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portions of sald substrate in a transport directi on of said substrate, and

a firstac¢oadingtp tho SLA standard(Sefpigonductnaileriusiry dssasiasion of Asmrichhandd9@s to face
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direction _of said substrate, and a second facing portion provided on said
second! y BsateYi9ed-so as to face a side face of said other side of said
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f r om eacdsepopfar observing the notches N1, N2. Furthermore, the image pickup devices 226L,
226R are arranged for observing the left and right peripheries of the notch N1. Moreover,
image pickup devices 226R, 226U are provided for observing the left and right peripheries of
the notch N2. Furthermore, when detecting the notch N1 and the periphery of the wafer W to
the left and right of this, then as shown in FIG. 18, the illumination system support section
245 is rotated 90 degrees from the condition of FIG. 17 so that the lighting systems 247L,
247N1, 247R1 in the illumination system support section 245 respectively face the image
pickup devices 226L, 226N1, 226R. Then, by processing the image signal of the image
pickup devices 226L, 226R, then as an example, the two dimensional positional displacement
amount of the point closest to the detection center at the periphery of the wafer W from that
detection center is obtained. Furthermore, for the notch N1, by processing the image signal of
the image pickup device 226N1, then as an example as shown in FIG. 20, the two
dimensional positional displacement amount from the detection center of the int_ersection
point Q2 (hereunder referred to as the "notch center") of the straight line bisecting the notch
N1 and centered on the imaginary intersection point Q1 of the left and right edges of the
notch N1, and the circular arc for the imaginary extension of the periphery of the wafer W is
obtained.

Next, when detecting the notch N2 and the periphery of the wafer W to the left and
right of this, then as shown in FIG. 19, the illumination system support section 245 is rotated
90 degrees from the condition of FIG. 18 so that the lighting systems 247R2, 247N2, 247U in
the illumination system support section 245 respectively face the image pickup devices 226R,
226N2, 226U. Then, by processing the image signal of the image pickup devices 226R, 226U,
then as an exampie, the two dimensional positional displacement amount of the point closest

to the detection center at the periphery of the wafer W is obtained. Then by processing the



3. A substrate transport apparatus according to claim1l1, wherein sghd Y 900
transport arm has a support portion which can be inserted into a c om

provided in a peripheral portion at ajsubstrate support position of a stage
on which said substrate is nounted in order to support a rear face of said
substrate. 31 MAY 2002 90 4. A substrate processing apparatus conpri sing:

a tabl gmafedigalBPGE image HtRH deice 226NL,0R@ndkahpledhe %&adﬁxas@ikpiaama_t ofat e
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of said substrate, and a first facinqyportion provi ded on said first
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each of sal st arm an second arm so as t ) separate

from eaglo ajrigshsatafat thd@itation epror AOW, and thuas dorsetothe rotatigrodrigleef the vafer wWhi ch
are respectively provided on said first and second arns, are able to be
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froma subStrate stage, conprising: Irst armhaving a T1rst support

por t i oreftheavafstPports from beneath one of a pair of

In this way, with this example, by rotating the illumination system support section
245 in two steps, the position of the periphery of the wafer W at the two sets of measuring
points is detected. Therefore even if the wafer W is a large size 12 inch wafer, the
illumination system support section 245 can be miniaturized, and the wafer loader system can
also be miniaturized.

Here FIG. 13, and FIG. 17 through FIG. 20 show the structure for a 12 inch wafer.
In the case where the wafer to be exposed is an 8 inch wafer, the respective structures of FIG.
14, FIG. 21 and FIG. 22 are used.

That is to say, FIG. 14 is a plan view wafer corresponding to FIG. 13, showing the
wafer loader system for the case where exposure is carried out on an 8 inch. In FIG. 14, a
disc shape wafer holder 221S with a diameter slightly larger than 8 inches is secured to the
upper face of the wafer stage 222. Parallel grooves 237SA, 237SB are formed so as to touch
opposite edges of the wafer holder 221S. In this case also, when the wafer holder 2218 is
thick, it is not necessary to form the grooves 237SA, 237SB in the wafer stage 222. In the
case where the wafer holder 2218 is thin, or is formed integral with the wafer stage 222, then

by providing a step portion 239, the requirement for forming the grooves 237SA, 237SB



opposite portions of a peripheral portion of said substrate which are
approxi mately opposite in a transport direction of said substrataq gmpzﬁz
first upright portion standing uprighl2 on said first support port % ;
second arm having a second support portion that supports from beneath the
ot her of said pair of opposite portions, and a second upright portion
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det ecti ngBlf said substrate is being %orted on said arm 11. A substrate

transp@p amﬁqnmgdae‘émﬁpw@saéwlﬁazwﬁ Rugthenmare, @srifumiiation sysgasi t i on
sem sbifl A5AC hoRRE b BAPREL HFpBhe BBy VSN ptEnd v o,
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patter n tmgasyrsrt%rsnié a(r)en 1ttedain§i ttaj t terl \gr?llnvamcl)x? stlte%x u%?)intt Isgcrtll%n 245s. Moreover, the

wafer unload arm 238s is miniaturized to suit an 8 inch wafer WS1, and an 8 inch wafer WS2

is also mounted on the wafer transport arm 243. Other construction is the same as for the

example of FIG. 13.

FIG. 21 and FIG. 22 are diagrams for explaining the operation for the case where
prealignment is performed for an 8 inch wafer WS. FIG. 21 shows the condition where the
illumination system support section 2458 is withdrawn from the lower face of the wafer WS,

Five lighting systems 2481, 248D, 248N1, 248N2, 247R are secured to the illumination
system support section 245S. Moreover, in the 8 inch wafer WS also there is provided
according for example to SIA specifications, a 0 degrees direction notch N1’ and/or a 90
degree direction notch N2’ at a position rotated 90 degrees with respect to the notch N1°. In
this example the location and number of notches is optional, and instead of a notch an
orientation flat or the like may be provided.

With the example of FIG. 21, the image pickup devices 227N1, 227N2 are arranged
for observing the 0° notch N1’ and the 90° notch N2’, and image pickup devices 227D, 227L,
227R are provided clockwise from the notch N1’ for observing the position of the periphery
of the wafer WS. Furthermore, when detecting the position of the periphery of the wafer WS,
then as shown in FIG. 22, the illumination system support section 245S is rotated 90° from
the condition of FIG. 21 so that the five lighting systems 248N1~248N2 in the illumination
system support section 2458 respectively face the image pickup devices 227N1~227N2.

Then, by processing the image signal of the five image pickup devices 227N1~227N2, the

positional displacement amount in the X direction and the Y direction of the center of the



or being noved by said substrate stage, conprising the steps of: providing
a load armthat holds said substrate and raising and | owering sai ¢y MAY 2001
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predeterm ned alignnment mark serving as a reference, wherein a detection
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arm Next is a description of a series of operations at the time of prealignment of the

wafer W shown in FIG. 13, with reference to the flow chart of FIG. 23 and to FIG. 24. FIG.

24 (a) through 24 (f) respectively show the bottom portion of the projection optical system
217, and the wafer holder system.

At first, in step S101 of FIG. 23, the wafer load arm 228 of FIG. 24 (a) is moved to a
wafer receiving position which is at a height so as not to mechanically interfere with the
wafer unload arm 238. At this time, the illumination system support section 245 is
withdrawn. Then, the wafer transport arm 243 (the arm which holds the wafer W) is moved
in the +Y direction to the wafer receiving position along the wafer transport mechanism
support section 242. After this, in step S102, the vacuum attraction of the wafer transport
arm 243 is switched off, and the vacuum attachment of the attraction portions 250A, 250B
(refer to FIG. 13) of the wafer load arm 228 is switched on, and the wafer load arm 228 is
raised in the Z direction as far as the prealignment position. In this way, the wafer is
transferred to the attraction portions 250A, 250B of the wafer load arm 228.

Next in step S103, the illumination system support section 245 is moved to a first
measuring position (the condition of FIG. 18) for the bottom surface of the wafer W by means
of the illumination system rotation shaft 246, and the illumination light irradiated. This
condition is the condition shown in FIG. 24 (a). Then, the image signals of the image pickup
devices 226L, 226N1, 226R of FIG. 18 are acquired by the R/W loader system control system
215 of FIG. 11. After this, the illumination system support section 245 is again moved to a

second measuring position (the condition of FIG. 19) for the bottom face of the wafer W by
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positional relationship between a plwglity of regions to be exposed on
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pattern of said nmask to the plurality of regions to be exposed on said
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apparatus according to claim 15, wherein said inmage processi ng system has a

nmoveabl thisiekdropierthe positickal displastthert apmont(d WX oAWN) 1§ cansidered asakeeoffsstit f r om
beneat r1‘or when performing the final alignment of the wafer W. However instead of this, for

example in FIG. 13, when the wafer stage 222 is moved to the loading position, the position

of the wafer stage 222 may be shifted by this positional displacement amount (AWX, AWY).

After this, in step S106, as shown in FIG. 24 (b), the illumination system rotation shaft 246 is

rotated so that the illumination system support section 245 is withdrawn to thereby complete

the prealignment. Then after this, wafer exchange is executed. Moreover, while executing

this prealignment, on the wafer stage 222 exposure of the wafer W1 is concurrently executed.

Next is a description of an example of wafer exchange, final alignment of the wafer,
and the wafer exposure operation, with reference to the flow chart of FIG. 25.

In step S111 of FIG. 25, as shown in FIG. 24 (b), the wafer stage 222 is moved so
that the center of the wafer holder 221 (here this is also referred to as "the center of the wafer
stage 222") coincides with the loading position of the wafer. The "loading position" of this
example is the point where the plane including the surface of the wafer holder 221, and the
central axis (rotation axis) of the rotating/elevating section 225 of the wafer load arm 228
intersect. Hereunder, driving the wafer stage 222 so that the center of the wafer holder 221 is
moved to a predetermined point, is referred to simply as driving the wafer stage 222 to this
predetermined point. Moreover, as shown in FIG. 24 (b), before moving the wafer stage 222
as far as the loading position, beforehand, the center of the wafer unload arm 238 reaches to
above the loading position along the wafer transport mechanism support section 242, and the
Z direction position of the attraction portions 249A, 249B (refer to FIG. 13) of the wafer
unload arm 238 is set t0 a position so as to be accommodated in the grooves 237A, 237B on

the wafer stage 222. This position is referred to as "the wafer transfer position".
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of position so as not to mechanically interfere with the wafer unload arm 238 and stood by. This

is to avoid contact in the case where there is a deviation in the timing of the movement of the

wafer unload arm 238, and to shorten the distance from the wafer load arm 228 to the wafer

stage 222 after the wafer unload arm 238 has been withdrawn, to thereby enable a reduction

in processing time.

Then, in step S114, as shown in FIG. 24 (d), the wafer load arm 228 is lowered as far
as the wafer transfer position. As a result, the attraction portions 250A, 250B of the wafer
load arm 228 in FIG. 13 are accommodated in the grooves 237A, 237B in the wafer stage 222.
Here, from immediately before the attraction portions 250A, 250B are accommodated in the
grooves 237A, 2378, the vacuum attachment of the wafer load arm 228 is switched off. In
the next step S115, the vacuum attachment of the wafer holder 221 is switched on so that the
not yet exposed wafer W1 is transferred from the wafer load arm 228 to the wafer holder 221.
Concurrent with this operation, in FIG. 24 (d) the wafer unload arm 238 is moved further in
the -Y direction as far as the wafer transport line (not shown in the figure), and the wafer W1
is transferred to this wafer transport line, and the wafer unload arm 238 then returns.

In the next step S116, as shown in FIG. 24 (e), the wafer stage 222 is moved, and
after the wafer load arm 228 has been withdrawn from the bottom face of the wafer W, the
wafer load arm 228 is raised. More specifically, as shown in FIG. 13, the wafer stage 222 is
moved to the upper left parallel with the grooves 237A, 237B, and when the attraction
portions 250A, 250B of the wafer load arm 228 are separated from the rear face of the wafer

W, the wafer load arm 228 is raised by the rotating/elevating section 225 as far as a position
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ort hogo (9f§t§P(§1?Z\B?MS qhé?feﬁp‘é%tg Pjﬁdﬁ’?ﬂwgqgrlh}*@a eously driven in
said pr edet eNfine JF1E. 26 6how#ithe condifioMA¥eré@R 8tep S111, the wafer stage 222 is

moved to a loading position P1 (denoted by a star sign, and similarly hereunder), that is, the

center of the wafer holder 221 has moved to the center line of the rotating/elevating section
225. In FIG. 26, the wafer W is transferred from the wafer load arm 228 to the wafer holder
221. In this condition also the laser beam from the laser interferometer 218 of FIG. 1
irradiates the end portion of the side face of the wafer stage 222 to thereby measure the
position of the wafer stage 222 to a high accuracy.

Next, FIG. 27 shows the locus of the wafer stage 222, that is, the locus 240 of the
center of the wafer holder 221, for the case where final alignment (fine alignment) of the
wafer W is performed. The wafer stage 222 moves to the upper left from the condition of
FIG. 26 following the grooves 236A, 237B, and the after the attraction portions 250A, 250B
of the wafer load arm 228 come away from beneath the wafer W, moves successively as
shown by the locus 240 to three alignment positions P2, P3, P4. With this example, wafer
marks for fine alignment in two dimensions are respectively affixed to all of the shot regions
on the wafer W. Coordinates (X, Y) of wafer marks WM1, WM2, WM3 for three shot
regions (sample shots) which are not in the same straight line and which have been selected
beforehand from the respective shot regions, are measured using the alignment sensor 219 of
FIG. 1. The measurement results of these are then processed to compute the array coordinates
of all of the shot regions on the wafer W. For this, an EGA (enhanced global alignment)
alignment method can be considered, where the number of sample shots to be measured is a

minimum of three. This method is called a three point EGA method. Here the number of
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X coordinates of the wafer stage 222 for the alignment positions P2~P4 are measured using

the laser beams LBX4, LBXS so that Abbe error does not occur. Then, after moving the

wafer stage 222 so as to correct the positional displacement amount (AEX1, AEY1), the

coordinates (XM1', YM1') of the wafer mark WM1 are again measured via the alignment

sensor 219. This is because at the peripheral portion of the observation field 219b for the

image processing method, there is the possibility that the position detection accuracy will

drop due to aberrations of the imaging system. Therefore, this is to make the mark to be

detected as close as possible to the detection center 219a in order to improve the detection

accuracy. Consequently, in the case where the abermrations of the imaging system are very
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di r ect i effsetandratatian sgrrectiod ateoohsainédig unit. 30. A substrate transport
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on sai dalighmgst position P4 based on the third offset, and the array coordinates (SX3, SX3) for

after rotation angle correction, and the coordinates (XM3, YM3) of the wafer mark WM3 are
measured via the alignment sensor 219. Then, from the measurement values for the
coordinates of the three wafer marks WM1, WM2, WM3, six conversion parameters for the
shot array on the wafer W comprising; X direction and Y direction scaling, rotation,
orthogonality error, and positional displacement in the X direction and Y direction are
determined. Using these conversion parameters, the shot array for the design on the wafer W
is converted, and the array coordinates for all of the shot regions on the wafer W are
computed. Here, the fine alignment of the wafer W is completed.

Next, as shown in FIG. 28, the wafer stage 222 is moved to a base line amount
measuring position P5. At the base line amount measuring position PS5, the reference plate
234 on the wafer stage 222 approximately overlaps the optical axis AX of the projection
optical system 217 and the detection center 219a of the alignment sensor 219. In this
condition, the positional displacement amount of the reference mark corresponding to the

alignment mark on the reticle R1 of FIG. 11 is measured, and the positional displacement



S MAY 2002 99 32. An exposure apparatus for transferring a predetergiq$§ )
pattern onto a substrate on a stage, conprising: a substrate transp A tMAT 200
apparatus according to claim29 servigg as an apparatus for exchanging
substrates on said stage; and a mark detection systemthat detects position
detection marks on said substrate; wherein said second control unit
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appar at & base e Ahdlgit. @ substrate stage that performs positioning or noving
of a substrate; an exposure section that transfers a pattern of a mask to a
substrate on Guiseausaiyas shewnr ingJG. 29, the wales stags had ismeved 1Q 3R eXROSHEt rate; a
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subst r atomrhericed.bVhatas o dapasth thatrAbbe error with respect to the exposure region 230 due to
the projection optical system 217 does not occur, the X coordinate of the wafer stage 222 is
measured using the laser beams LBX1~ LBX3, and the wafer stage 222 is driven so as to scan
each shot region SA, with the exposure region 230 meandering as shown by the locus 241.
After this, on completion of exposure of all of the shot regions, the wafer stage 222 reaches
an exposure compietion position P7. Then, as shown by the locus 240, so that the wafer stage
222 in the vicinity of the loading position P1 moves parallel with the grooves 237A, 237B,
the wafer stage 222 is moved as far as the loading position P1. At this time, since the wafer
unload arm 238 is already standing by beforehand at the loading position P1, then the wafer
W can be transferred as is, to the wafer unload arm 238.

With the abovementioned embodiment, as shown in FIG. 15 and FIG._16, the
prealignment for the wafer to be exposed is executed for the wafer load arm 228 at the bottom
end of the rotating/elevating section 225 which is attached to the wafer prealignment drive
section 224 secured to the support member 248 for supporting the projection optical system
217. In order to transfer the wafer to the wafer holder 221 on the wafer stage 222 while being
held in this wafer position, the positioning accuracy for when the wafer is transported with
respect to the wafer holder 221 is improved from heretofore. Therefore, the search alignment
can be omitted, and the time required for overall alignment reduced, thereby improving
throughput of the exposure step.

Moreover, since the construction is such that the height of the wafer load arm 228
and the height of the wafer unload arm 238 when carrying out prealignment are made
different in the Z direction so that during the exposure operation, prealignment can be made

concurrently, then throughput is further improved. Moreover, with this example, since the
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shape of said substrate illum nated by said noveable illum nation
apparatus; and a control systemthat ggntrols operation of said subbMAIH!
stage and said | oad arm based on detection results from said detection
device, so as to load said substrate fromsaid | oad armonto said stage.
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The exposure apparatus 300 comprises an illumination system 312 including an

exposure light source, a reticle stage RST for holding a reticle R serving as a mask, a
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, " 10% () With the reticle blind, several moveable shield plates (for example two L-shape
moveable shield plates) are opened and closed for example by means of a motor, to thereby
adjust the size of the opening (slit width.), thereby enabling an illumination area IAR (refer to
FIG. 33) of a slit shape for illuminating the reticle R, to be set to an optional shape and size.

Here, the respective drive sections inside the illumination system, that is for the
variable ND filter, the reticle blind and the like, are controlled by an illumination control
device (exposure controller) according to instructions from a main control unit 320.

The reticle stage RST is arranged on a reticle base plate 313, with the reticle R being
secured to the upper face thereof for example by vacuum attachment. The reticle stage RST
can be driven minutely two dimensionally (in the X direction, the Y direction orthogonal to
this, and in a rotation direction about a Z axis orthogonal to the XY plane) within a plane
perpendicular to the optical axis of the illumination optical system (corresponding to an
optical axis AX of the later described projection optical system PL) in order to align the

reticle R. This drive is achieved by means of a reticle stage drive section (not shown in the
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direction (here the Y direction). The reticle stage RST has a Y direction drive stroke so that
the whole face of the reticle R can at least cross the optical axis of the illumination optical
system.

Mirror surface processing is performed on the side face of the reticle stage RST, to
thereby form a reflection face for reflecting an interferometer beam from a reticle laser
interferometer (hereunder referred to as "reticle interferometer") 316. In the reticle
interferometer 316, the light returning from the reflection face, and the light returning from a
reference section (not shown in the figure) are made to interfere, and based on a photoelectric
conversion signal for the interference light, the position of the reticle stage RST within a
stage movement plane is continuously detected, for example at a resolution of around
0.5~1nm. The length measurement axis for the reticle interferometer 316 is actually two axes
in the scanning direction and one axis in the non scanning direction.

The position information for the reticle stage RST from the reticle interferometer
316 is sent to a stage control unit 319, and then via this to the main control unit 320. The
stage control unit 319, in accordance with instructions from the main control unit 320 drives
the reticle stage RST via a reticle stage drive section (omitted from the figure) based on the
position information for the reticle stage RST.

Here, by merely measuring the position of the reflection face with the reticle
interferometer 316, the position of the reticle R can be controlled to a sufficiently high
accuracy for determining the initial position for the reticle stage RST, so that the reticle R can
be positioned at good accuracy at a predetermined reference position using a TTR reticle
alignment system (not shown in the figure).

The projection optical system PL is arranged beneath the reticle stage RST in FIG.
30. However actually this is held in a main body column (not shown in the figure) via a
holding member 322 (not shown in FIG. 30, refer to FIG. 32) referred to as a first Invar. The
direction of the optical axis AX (coinciding with the optical axis of the illumination optical
system) of the projection optical system PL is in the Z direction. Here, a dioptric system
comprising a plurality of lens elements arranged at a predetermined spacing along the
direction of the optical axis AX so as to constitute a double sided telecentric optical
arrangement is used. A small diameter protruding portion 323 is formed beneath (on the

wafer side) of a body tube of the projection optical system PL. Furthermore, the projection
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beneath the projection optical system PL in FIG. 30, and a wafer holder 318 serving as a
substrate holding member is mounted on the wafer stage WST. A 12 inch diameter wafer W
is vacuum attached on the wafer holder 318. The wafer holder 318 is constructed so as to be
able to be tilted in an optional direction with respect to the best imaging face of the projection
optical system PL, and so as to be minutely moveable in the direction of the optical axis AX
(Z direction) of the projection optical system PL, by means of a drive section (not shown in
the figure). Moreover, the wafer holder 318 can also be rotated around the Z axis.

With the wafer stage WST, the construction is such that not only is this moved in the
scanning direction (Y direction), but this is also moveable in the non scanning direction (X
direction) perpendicular to the scanning direction so that the plurality of shot regions on the
wafer W can be positioned at an exposure area [A (refer to FIG. 33) which is conjugate with
the illumination area IAR. The wafer stage WST performs a step-and-scan operation which
repeats an operation for scanning illuminating each shot region on the wafer W as described
later, and an operation for moving to a scanning start position for exposure of the next shot.

The wafer stage WST is here driven in the two dimensional plane of the X axis and
the Y axis by means of a wafer drive unit 315 serving as a stage drive unit, comprising a
magnetic levitation type two dimensional linear actuator. Here while the wafer drive unit 315
comprises the abovementioned two dimensional linear actuator, in F1G. 30, for convenience
of illustration, this is shown as a block.

FIG. 31 shows a plan view of the wafer stage WST. As shown in FIG. 31, the wafer
stage WST is a hexagon shape with the part of the rectangular shape shown by the imaginary
line removed. Mirror surface processing is respectively performed on one Y direction side
face (+Y direction) and one X direction side face (-X direction) to thereby form reflection
faces for respectively reflecting an interferometer beam WIY from a Y axis laser

interferometer 3247Y, and an interferometer beam WIX from an X axis laser interferometer
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length measurement axis (not shown in FIG. 30) passing downward in the Z direction through

one of these. Each of the first length measurement axis WIY1 and the second length
measurement axis WIY2 are actually so called double pass type light beams. Similarly, the
length measurement beam WIX includes an X direction fourth length measurement axis
WIX1 and fifth length measurement axis WIX2 passing through Y positions separated
equidistant in the Y direction from the optical axis AX. Moreover, this includes a sixth
length measurement axis passing downward in the Z direction through one of these. Each of
the fourth length measurement axis WIX1 and the fifth length measurement axis WIX2 are
actually so called double pass type light beams. Moreover, the length measuring beam AIX is
an X direction light beam (double pass type light beam) passing through the detection center
of an alignment microscope ALG as mentioned later.

With the interferometers 324X, 324Y, 324A, for each of the measuring axes, the
light returning from the reflection face, and the light returning from a reference section (not
shown in the figure) are made to interfere, and based on a photoelectric conversion signal for
the interference light, the position of the wafer stage WST within a stage movement plane is
continuously detected, for example at a resolution of around 0.5~1nm. —

The measurement values for each length measurement axis of the interferometers
324X, 324Y, 324A are sent to the stage control unit 319 of FIG. 30, and then via this to the
main control unit 320. Then in the stage control unit 319, the position of the wafer stage
WST is computed in the following manner.

That is to say, the stage control unit 319 obtains the Y position of the wafer stage
WST based on the mean value (Y1 + Y2) /2 of measurement values Y1, Y2 of the first length
measurement axis WIY1 and the second length measurement axis WIY2 of the Y axis laser
interferometer 324Y. Moreover the stage control unit 319 obtains the X position of the wafer
stage WST based on the mean value (X1 + X2) /2 of measurement values X1, X2 of the
fourth length measurement axis WIX1 and the fifth length measurement axis WIX2 of the X
axis laser interferometer 324X. Furthermore, the stage control unit 319 obtains the 8 rotation

(yaw amount) of the wafer stage WST using at least one of the difference (Y1-Y2) of the
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319 obtains the rotation amount (pitch amount) of the wafer stage WST about the X axis
based on the difference between the measurement value of the first length measurement axis
WIY1 (or the second length measurement axis WIY2) and the measurement value of the third
length measurement axis. Furthermore, the stage control unit 319 obtains the rotation amount
of the wafer stage WST about the Y axis (yaw amount) based on the difference between the
measurement value of the fourth length measurement axis WIX1 (or the fifth length
measurement axis WIX2) and the measurement value of the sixth length measurement axis.

Furthermore, at the time of a later described alignment, the stage control unit 319
computes the X position of the wafer stage WST based on the measurement value from the
alignment laser interferometer 324A. That is to say, with the present embodiment, at the time
of either exposure or alignment, the X, Y position of the wafer stage WST can be obtained
without the so called Abbe error.

The stage control unit 319 controls the wafer stage WST in accordance with
instructions from the main control unit 320 so as to move to an optional position based on the
position of the wafer stage WST obtained in the above manner. Here as the interferometer for
measuring the position of the wafer stage WST, as above, three interferometers namely the
interferometer 324Y, the interferometer 324X and the interferometer 324A are provided.
However in FIG. 30, these are shown representatively as the wafer laser interferometer 324.

The theory of scanning exposure in the exposure apparatus 300 is now briefly
described based on FIG. 33.

The reticle R is illuminated with an illumination area IAR of a rectangular shape (slit
shape) having a longitudinal direction in a direction perpendicular to the scanning direction
(Y direction) of the reticle R, and is scanned in the -Y direction at a velocity VR at the time of
exposing the reticle R. The illumination area IAR (with the center approximately coinciding
with the optical axis AX) is projected onto the wafer W via the projection optical system PL,
so that a slit shape projection area, that is to say an exposure area IA is formed. Since the
wafer W has an inverted image forming relation with the reticle R, the wafer W is
synchronized with the reticle R with the direction of the velocity VR in the opposite direction
(+Y direction) and is scanned at a velocity Vw, so that the whole surface of a shot area on the
wafer W can be exposed. The scanning speed ratio VW/VR is made accurately proportional
to the reduction magnification of the projection optical system PL, so that the pattern of a
pattern area PA of the reticle R is accurately reduction transferred onto the shot area SA on

the wafer W. The width in the longitudinal direction of the illumination area IAR is set S0 as
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reticle stage RST, and the wafer stage WST at the time of the abovementioned scanning

exposure, is managed by the main control unit 320 via an illumination control unit 314 and

the stage control unit 319.

Furthermore, with the exposure apparatus 300 of this embodiment, an off-axis type
alignment microscope, for example an imaging type alignment sensor ALG of an image
processing system, is provided on the side face of the projection optical system PL as shown
in FIG. 30, as a mark detection system for detecting the position of alignment marks (wafer
marks) attached to each shot region on the wafer W. The measurement results from the
alignment sensor ALG are supplied to the main control unit 320. Here the alignment sensor
ALG is actually arranged as shown in FIG. 32, and is held in a holding member 322 so that
the detection portion is positioned on the other side in the Y direction (-Y direction) of the
protruding portion 323 of the projection optical system PL.

Moreover, with the exposure apparatus 300, an oblique incident type multi-point
focal position detection system AF is secured to the holding member 322 (refer to FIG. 32)
for supporting the projection optical system PL. This comprises; an illumination optical
system AF1 for supplying an imaging light beam (detection beam FB) for forming a plurality
of slit images facing the best image formation plane of the projection optical system PL in an
oblique direction with respect to the direction of the optical axis AX, and a reception optical
system AF2 for receiving via the respective slits, each light beam of the imaging light beams
reflected at the surface of the wafer W. For this multi-point focal position detection system
AF (AF1, AF2) a device of the same construction as that disclosed for example in Japanese
Unexamined Patent Application, First Publication No. 5-190423 is used. This is used for
detecting the positional displacement in the Z direction with respect to the image plane of the
multiple points on the wafer surface, and driving the wafer holder 318 in the Z direction and
the incline direction so as to hold the wafer and the projection optical system PL at a
predetermined spacing. The wafer position information from the multi-point focal position
detection system AF is sent to the stage control unit 319 via the main control unit 320. The
stage control unit 319 then drives the wafer holder 318 in the Z direction and the incline

direction based on this wafer position information.
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However, in FIG. 30, for convenience of drawing, the illumination optical system AF1 and
the reception optical system AF2 are shown arranged at opposite ends in the X direction of
the projection optical system PL.

Above the wafer stage WST, as shown in FIG. 31 there is provided a reference plate
FP on which is formed reference marks other than the base line measurement reference mark,
for measuring the relative positional relationship between the position of the detection center
of the alignment sensor ALG and the position of the projection image of the reticle pattern.
Moreover there is provided an AIS reference plate 326 containing a sensor for measuring the
displacement of the wafer surface from the conjugate position with respect to the reticle
pattern surface, and various aberrations of the image quality of the reticle pattern.
Furthermore, there is provided an illuminance non uniformity sensor 328 for measuring the
illuminance non uniformity inside the exposure area IA.

Furthermore, on the upper face (wafer mounting face) side of the wafer holder 318 of
the wafer stage WST, as shown in FIG. 31 there is formed a pair of predetermined depth
cutouts 330a, 330b extending in a direction inclined approximately 45 degrees to the X axis
and the Y axis. This pair of cutouts 330a, 330b are for inserting prongs of a later described
load arm and unload arm.

Returning to FIG. 30, the exposure apparatus 300 further comprises a wafer
prealignment unit 332 arranged at a wafer transfer position. The wafer prealigninent unit 332
comprises a prealignment unit main body 334, an elevating/rotating mechanism 338 provided
beneath the prealignment unit main body 334 serving as a relative movement mechanism for
supporting the wafer load arm (hereunder referred to as the "load arm") 336 and rotating and
moving this vertically, and three CCD cameras 340a, 340b, 340c serving as a measuring
devices arranged above the load arm 336. Inside the prealignment unit main body 334 is
housed a control unit containing systems such as an image processing system for processing
image signals from the CCD cameras 340a, 340b, 340c, and a control system for the
elevating/rotating mechanism 338.

The CCD cameras 340a, 340b, 340c are for respectively detecting the outer rim of
the wafer W held in the load arm 336. The CCD cameras 340a, 340b, 340c, here as shown in

plan view in FIG. 32, are arranged at positions where they are able to image the outer rim
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In the case where an 8 inch wafer is used, instead of the CCD cameras 340a, 340b,
340c, CCD cameras 340a’, 340b', 340c', as shown by the imaginary line (two-dot chain line)
in FIG. 32 are used. With a dual purpose 8 inch / 12 inch loader, the CCD cameras 340a,
340b, 340c and the CCD cameras 340a’, 340b', 340c', are simultaneously arranged.

Moreover, the position of the notch of the wafer W' is the position of the CCD
camera 340b. Consequently, this direction is the -Y direction (the 6 o'clock direction) as seen
from the center of the wafer W'. However there is also the case where the wafer W' is
mounted on the wafer holder 318 in a condition turned 90 degrees from this condition, that is
to say, the condition where the notch comes to the -X direction (the 3 o'clock direction) as
seen from the center of the wafer W'. In this case, for example as disclosed in Japanese
Unexamined Patent Application, First Publication No. 9-36202, the CCD camera may be
arranged at positions corresponding to the two directions, namely the 3 o'clock direction and
the 6 o'clock direction. Alternatively, after the external shape is detected using—thc CCD
cameras 340a, 340b, 340c, the wafer may be tumed through 90 degrees using the

elevating/rotating mechanism 338 of the wafer prealignment unit 332. Here this processing
method and the optical arrangement and wafer XY0 error computation method are known.
Since this is substantially the same as the method disclosed for example in Japanese
Unexamined Patent Application, First Publication No. 9-36202, here detailed described is
omitted.

Here, the X, Y error obtained based on the wafer outer shape measurement by the
wafer prealignment unit 332 is sent to the main control unit 320 via the wafer loader control
unit 321. Then by means of the main control unit 320, for example at the time of a later
described wafer search alignment operation, correction is made by adding the X, Y error

portion offset.
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first horizontal member 342 attached horizontally beneath the elevating/rotating mechanism
338. A pair of inclined members 344a, 344b each with one end thereof respectively attached
to a face on one side and the other side in a direction orthogonal to the longitudinal direction
of the first horizontal member 342, and with an other end extending downward at an incline
in a direction orthogonal to the longitudinal direction of the first horizontal member 342. A
pair of second horizontal members 346a, 346b each with one end thereof respectively
attached to the other end of the incline members 344a, 344b, and an other end extending
inward and parallel with the first horizontal member 342. A pair of vertical members 348a,
348b each with one end thereof respectively attached to a lower face of the other end side of
the two horizontal members 346a, 346b. A pair of prongs 350a, 350b respectively attached to
the other ends of the vertical members 348a, 348b, formed at tip ends thereof with first
direction inclined surfaces being the direction of the cutouts 330a, 330b of the wafer holder
318.

On the upper face of the pair of prongs 350a, 350b is provided suction apertures (not
shown in the figure) for attracting the rear face of the wafer. Furthermore, the spacing of the
mutual gap of the tip end portions of the prong 350a and the prong 350b is made narrower
than 12 inches (the diameter of the wafer W'). Consequently, with the load arm 336, in the
condition with the rear face of the wafer W attached and held via the suction apertures of the
prongs 350a, 350b, the prongs 350, 350b are inserted from above into the cutouts 330a, 330b
of the wafer holder 318 (refer to FIG. 34) and the attraction to the wafer W' released. Then,
with the vertical direction position being maintained, the wafer holder 318 and the load arm
336 are relatively moved along the first direction so that the wafer W' can be transferred to
the wafer holder 318, and the prongs 350a, 350b of the load arm 336 can be withdrawn from
the wafer holder 318.

Furthermore, as will also be understood from FIG. 35, above the prongs 350a, 350b
there is provided a space with a greater width than the diameter of the wafer (the space
enclosed by the first horizontal member 342, the inclined members 344a, 344b, and the

second horizontal members 346a, 346b). This is so that with a later described wafer transport
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32, there is provided; a wafer unload arm (hereunder referred to as an "unload arm") 352 for
unloading the wafer from on the wafer holder 318, a wafer transport arm 354 for loading a
wafer to the load arm 336, and an arm drive mechanism 356 for driving these. The unload
arm 352 as is also clear from FIG. 32, is constructed exactly the same as the beforementioned
load arm 336. However, these differ from the point that the load arm 336 is held on the
bottom end of the elevating/rotating mechanism 338, whereas the unload arm 352 is held on
an elevating/sliding mechanism 358 which includes the moveable element of a linear motor.
In the following description, for the pair of prongs of the unload arm, the same reference
symbols 350a, 350b as for the prongs of the load arms are used.

The unload arm 352 and the wafer transport arm 354 are driven at a predetermined
stroke along the Y direction by the arm drive mechanism 356. Here in the case where an 8
inch wafer is used, then for the load arm and the unload arm, ones where the spacing between
the tip end portions of the prong 350a and the prong 350b is narrower than 8 inches (the
diameter of the 8 inch wafer) are used.

FIG. 37 shows a schematic perspective view for explaining the positional
relationship between the load arm 336, the wafer transport arm 354 and the unload arm 352.
FIG. 37 is more specifically a view showing the condition along the way where the wafer W
has been unloaded from the wafer holder by the unload arm 352, and the wafer W' is being
transported towards the load arm 336. As shown in FIG. 37, the arm drive mechanism 356
comprises; a linear guide 360 extending in the Y direction, the elevating/sliding mechanism
358 functioning as a relative drive mechanism for reciprocal movement in the Y direction
along the linear guide 360, and a slide mechanism 362. Of these, the unload arm 352 as
mentioned above is held in the elevating/sliding mechanism 358. Moreover, the wafer
transport arm 354 is held in the slide mechanism 362. The elevating/sliding mechanism 358
and the slide mechanism 362 are controlled by the wafer loader control unit 321 of FIG. 30.
Furthermore, in this case in order to prevent vibration, the linear guide 360 is attached to a
frame away from the body of the exposure apparatus 300 which contains the wafer base plate
317 and the like.

Next is a description based on FIG. 38 through FIG. 46 of the overall operation for
the exposure apparatus 300 constructed as described above, centered on the operation of the

wafer transport system.
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wafer holder 318 on the wafer stage WST, using FIG. 38. FIG. 38 shows a plan view of at
the center while exposure of the wafer is being performed. Point A indicated by the star in
FIG. 38 is the position where the reference point (here the center point of the wafer W (the
wafer holder 318)) of the wafer stage WST is positioned, at the point in time where the
exposure of the beforementioned step-and-scan method has been completed for each shot
region on the wafer W. Hereunder, while not particularly limited, the description is for where
the position of the reference point is made the position of the wafer stage WST.

During the abovementioned exposure, the main control unit 320 instructs the wafer
loader control unit 321 as to the prealignment measurement of the wafer W' to be exposed
next, and the standby at the loading position of the unload arm 352. As a result, the following
operations are carried out during the time until the wafer stage WST arrives at point A, that is
to say during the time until exposure is completed.

That is, the wafer transport arm 354 which holds the wafer W' is driven via the slide
mechanism 362 constituting the arm drive mechanism 356 by means of the wafer loader
control unit 321 to a predetermined position (point U in FIG. 37) inside the space of the load
arm 336 arranged above the wafer transfer position (loading position). After this, the load
arm 336 is driven up by a predetermined amount to perform transfer of the wafer W' to the
load arm 336. Subsequently, the prealignment of the wafer W' is performed by the wafer
loader control unit 321 using the wafer prealignment unit 332. More specifically, external
shape measurement is performed by the control unit of the wafer prealignment unit 332 using
the three CCD cameras 340a~340c, and the 0 rotation error of the X, Y, 6 errors is corrected
using the elevating/rotating mechanism 338. After completion of this prealignment, the load
arm 336 is stood by in this condition.

Furthermore, concurrently with the abovementioned operation the wafer loader
control unit 321 drives in the Y direction (refer to arrow K in FIG. 38), the unload arm 352
for which the transport of the last wafer to be exposed has been completed, as far as the
loading position (that is to say point B (refer to FIG. 37)) indicated by the star sign in FIG. 38,
via the elevating/sliding mechanism 358 constituting the arm drive mechanism 356.

That is to say, at the point in time where exposure of the wafer W on the wafer stage
WST has been completed and the wafer stage WST reaches point A, the load arm 336 and the
unload arm 352 attain a vertically overlapped condition at point B being the loading position.

On completion of exposure, the main control unit 320 instructs the stage control unit

319 to move the wafer stage WST from point A towards point B as shown by the kink shape
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With the movemcnt path “a” from point A to point B, the part after the middle point
P becomes the extension direction (first direction) of the cutouts 330a, 330b of the wafer
holder 318. Here, in the case where points A and B are determined with a positional
relationship such that a straight line path joining point A and point B becomes the first
direction, the wafer stage WST may be moved along that first direction straight line path.

Here, during this movement the interferometer beam WIX from the interferometer
324X deviates from the reflection face of the measuring face of the wafer stage WST.
However before this interferometer beam WIX deviates from the reflection face, that is to say,
during the time while the interferometer beam WIX and the interferometer beam AIX from
the interferometer 324A are impinging on the reflection surface, switching of the
interferometers is performed by the stage control unit 319 according to instructions from the
main control unit 320. After this switching, the wafer stage WST is position controlled using
the interferometer beam WIY of the interferometer 324Y, and the interferometer beam AIX
of the interferometer 324 A, and hence there is no inconvenience.

Due to the abovementioned movement along the path “a”, the prongs 350a, 350b of
the unload arm 352 which is standing by at the loading position, are inserted along the cutouts
330a, 330b of the wafer holder 318 to reach a position where the wafer W can be held from
beneath. At this time, acceleration and speed control in the X, Y direction of the wafer stage
WST is performed by the stage control unit 319 so that the prongs 350a, 350b do not contact
with the inner walls of the cutouts 330a, 330b. FIG. 43 shows the condition where in this
way, the prongs 350a, 350b of the unload arm 352 are inserted into the cutouts 330a, 330b of
the wafer holder 318.

Next is a description using FIG. 39, of the operation after the time where the wafer
stage WST has been moved to point B, being the loading position.

When the wafer stage WST reaches the point B being the loading position, the main
control unit 320 releases the attachment of the wafer W by the wafer holder 318, and at the
same time instructs the wafer loader control unit 321 for the unloading (unloading) of the
wafer W from the wafer holder 318, and the loading (loading) of the wafer W' to the wafer
holder 318. As a result, unioading of the wafer W on the wafer holder 318 and loading of the
wafer W' to the wafer holder 318 is carried out as follows:

At first, the wafer loader control unit 321 switches on the vacuum for the unload arm

352 via the arm drive mechanism 356 (commence attraction) and raises by a predetermined
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attracted by the prongs 350a, 350b of the unload arm 352. After this the unload arm 352 is
further raised, reaching to a position slightly above the upper face of the wafer holder 318,
and then stops.

In this way, the wafer W is transferred to the unload arm 352 from the wafer holder
318. When the unload arm 352 is raised to a height so as not to interfere with the wafer
holder 318, and the wafer W is separated from the wafer holder 318, the wafer loader control
unit 321, by way of the elevating/sliding mechanism 358 constituting the arm drive
mechanism 356, transports in the direction of the arrow L in FIG. 39. FIG. 44 shows an
aspect of during unloading of the wafer W by the unload arm 352.

Then, at the point in time where the unload arm 352 holding the wafer W has moved
to a place where this will not interfere with the load arm 336, the wafer loader control unit
321 controls the elevating/rotating mechanism 338 so that the load arm 336 holding the wafer
W' for which prealignment has been completed, is lowered by a predetermined amount. As a
result, the prongs 350a, 350b of the load arm 336 are inserted from above into the cutouts
330a, 330b of the wafer holder 318.

At this time, the main control unit 320 receives notification from the wafer loader
control unit 321, and starts attraction of the wafer holder 318 immediately before the prongs
350a, 350b reach the cutouts 330a, 330b of the wafer holder 318. Immediately after this, the
wafer loader control unit 321 releases attachment of the wafer W' by the wafer unload arm via
the arm drive mechanism 356. —

As a result, at the point in time where the wafer W' reaches the upper surface of the
wafer holder 318, the wafer W' is attracted and secured by the wafer holder 318. That is to
say, in this way, the wafer W is transferred from the load arm 336 to the wafer holder 318.
Here at the point in time of completion of this transfer, the upper face of the prongs 350a,
350b of the load arm 336 may be in either a condition of contact with the wafer rear face, or a
condition of slight separation therefrom.

FIG. 45 shows a situation in the vicinity of the load arm 336, immediately after the
unload arm 352 has been withdrawn from above the wafer holder 318. FIG. 46 shows a
condition immediately after the load arm 336 has been lowered and the prongs 350a, 350b of
the load arm 336 are inserted from above into the cutouts 330a, 330b of the wafer holder 318.

After completion of the abovementioned transfer, an "exposure preparation complete

command" is sent from the wafer loader control unit 321 to the main control unit 320. The
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point in time of verifying the abovementioned transfer, instructs the stage control unit 319 to
move the wafer stage WST to the alignment start position, that is, to the point “c” shown by
the star in FIG. 39.

The stage control unit 319 receives this command, and starts movement of the wafer
stage WST towards the point “c” in FIG. 39, along the path “b” shown by the kink shape
dotted arrow “b” by means of the wafer drive unit 315, while monitoring the measurement
values from the interferometers 324A, 324Y. At this time, the wafer stage WST moves from
point B to point P, being the opposite direction on the same path for the case of FIG. 37. At
this time, the prongs 350a, 350b of the load arm 336 are withdrawn from the cutouts 330a,
330b of the wafer holder 318.

When the wafer stage WST is at the point B being the loading position, and the
abovementioned transfer of the wafer W’ is performed, the XY error of the wafer W' obtained
previously at the time of prealignment may be corrected by fine adjustment of the XY
position of the wafer stage WST. In this case, with respect to the several 10 ums for the XY
error, since there is a spacing of 1~2mm between the prongs 350a, 350b and the wafer holder
318, then this fine adjustment can be executed without any trouble.

Next, the operation after the wafer stage WST has been moved to the point “c” being
the alignment commencement position, is described based on FIG. 40. FIG. 40 shows the
condition where the wafer stage WST has been moved to the point “c”. Point “c’ is the
detection commencement position (alignment commencement position) of the position of the
mark formed on the wafer W'. At this position, the detection region (detection position) of
the multi-point focal position detection system AF spans across the wafer W, and a rough
auto focus and auto leveling operation, that is to say a global adjustment of the optical axis
direction position and inclination of the overall wafer surface is performed. This rough auto
focus and auto leveling operation is carried out by moving the wafer holder 318 in the Z
direction and the incline direction by the stage control unit 319 based on wafer position
information from the multi-point focal position detection system AF. However, in the case
where a rough auto focus detection system is provided in the alignment sensor ALG, this can
be used to perform the auto focus and auto leveling. Normally however in the alignment
sensor ALG only a fine auto focus detection system is provided. With the rough auto focus
measurement, an auto focus and auto leveling detection system for the exposure light, that is

to say the multi-point focal position detection system AF is used.
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That is to say, the main control unit 320 sequentially moves the wafer stage WST via
the stage control unit 319, and detects an alignment mark (wafer mark) attached to a
previously determined specific shot region (sample shot) of the wafer W', using the alignment
sensor ALG. Then this detection result (the relative position of each mark and the detection
center of the alignment sensor (point F indicated by the + mark in FIG. 40)), and the
measurement values of the interferometers 324Y, 324A at the time of detecting each mark are
used to obtain the position of the wafer mark of the abovementioned sample shot. Then
based on the position of the obtained wafer mark, the total wafer rotation, the orthogonality,
the scaling in the X, Y direction (magnification error), and the linear error represented by the
offset in the X, Y direction, are computed by statistical computation as disclosed for example
in Japanese Unexamined Patent Application, First Publication No. 61-44429. After this,
based on the computed result, EGA (Enhanced Global Alignment) for computing the array
coordinates of the shot region on the wafer W is performed.

These may be corrected by applying the XY error obtained at the time of the
beforementioned prealignment as an offset to the abovementioned wafer mark detection
results.

Here since the interferometer 331Y and the interferometer 331A, have a positional
relationship with respect to the alignment sensor ALG, such that Abbe error does not occur,
then error due to yawing (0 rotation) of the wafer stage WST does not occur. However, since
the height of the wafer W' surface, and the length measurement axes WIX1, WIX2, WIY1,
WIY?2, AIX of the respective interferometers 324X, 324Y, 324 are different, then the stage
control unit 319 obtains the pitching amount and yawing amount using the measurement
values of the third length measurement axis and the sixth length measurement axis or the like
as mentioned before, and based on these corrects the vertical direction Abbe error which is
generated when the wafer holder 318 is inclined.

Furthermore, at the point in time when the wafer stage WST reaches the point “c”,
since the interferometer beam WIX of the interferometer 324X also impinges on the
reflection face on the side face of the wafer stage WST, then under instruction from the main
control unit 320, the stage control unit 319 performs a reset operation of the interferometer

324X. The reset value at this time is not zero but is given a value the same as the
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On the other hand, while performing the abovementioned alignment, the wafer
which has been unloaded by the unload arm 352 is transferred to a robot arm (not shown in
the figure) of a wafer loader system. Moreover, in order to transport a new wafer W" which
has been loaded from the wafer loader system, the wafer loader control unit 321 under
instructions from the main control unit 320, attracts and holds the rear face of the wafer W"
by the wafer transport arm 354 via the arm drive mechanism 356 , and then moves the wafer
transport arm 354 , in the direction of arrow K.
After completion of the abovementioned EGA, the stage control unit 319 in
accordance with instructions from the main control unit 320, moves the wafer stage WST to
the base line measuring position, that is to say to the point “d” indicated by the star mark in
FIG. 40.
Next is a description using FIG. 41, of the operation at the time when the wafer stage
WST is moved to the point “d” being the base line measuring position. FIG. 41 shows the
condition where the wafer stage WST has been moved to the point “d”. In FIG. 41, one +
mark F shows the detection center of the alignment sensor ALG, while the other + mark g
typically shows the position of the detection center of a TTR alignment system (not shown in
the figure) (an apparatus for simultaneously measuring using exposure light wave length, the
relative displacement relationship between a pair of reticle alignment marks formed on the
reticle R, and a corresponding reference mark (referred to as a second reference mark) on the
reference plate FP) positioned above the reticle R. —
After EGA completion, and before moving to the exposure operation, then in order
to switch from the alignment laser interferometer 324A to the exposure laser interferometer
324X, it is necessary to accurately measure the base line amount, being the distance between
the projection position of the reticle pattern and the alignment sensor ALG. Therefore, the
main control unit 320, as shown in FIG. 41 detects a first reference mark (omitted from the
figure) formed on the reference plate FP on the wafer stage WST, using the alignment sensor
ALG, and at the same time detects the second reference mark (omitted from the figure)
formed on the reference plate FP, using the abovementioned TTR alignment system. That is
to say, the center position of the positions of the pair of reticle alignment marks detected by
the TTR alignment system is a point representatively showing the projection position (optical
axis position of the projection optical system PL) of the reticle pattern. The distance in the X

direction and Y direction from this position to the detection center of the alignment sensor
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base line distance can be obtained by using: the positional relation (position error) between
the reticle alignment mark and the second reference mark detected by the TTR alignment
system; the positional relation (position error) between the detection center of the alignment
sensor ALG and the first reference mark, detected by the alignment sensor ALG; the design
base line distance; and the detection values of the respective interferometers.

Consequently, by moving the wafer stage WST from the abovementioned position
obtained by the fine alignment (EGA) by the base line distance only, then each shot region on
the wafer W' can be accurately superimposed on the projection position of the reticle pattern,
and exposure then performed. However, with this embodiment scanning exposure is
performed. Therefore, at the time of the beforementioned actual exposure, movement of the
wafer stage WST involves moving from the position obtained by the fine alignment (EGA) by
the base line distance only, and then moving to a scanning start position for exposing each
shot, which is shifted by a predetermined distance in the scanning direction from the position
of the shot center.

Of course, at the time of the abovementioned EGA, only the rotation of the overall
wafer, the orthogonality, the scaling (magnification error) in the X, Y direction, and the linear
error represented by the offset in the X, Y direction are obtained, but the array coordinates of
each shot region are not yet obtained. Using this obtained linear error, the design shot array
data can be corrected. In this case also it is of course necessary to execute movement of the
wafer stage WST based on the position of the shot and the base line distance detected by the
alignment sensor ALG.

At the time of the abovementioned base line measurement, the rotation of the wafer
stage WST and the reference plate FP cannot be measured. In this case, the reference plate
FP is made from a material with a coefficient of thermal expansion approximately the same as
that of the wafer stage WST, and is securely attached to the wafer stage WST either integrally,
or for example with screws or by using an adhesive. Therefore, there is little likelihood of the
occurrence of rotation error between the reflection surface on the side face of the wafer stage
WST, and the reference plate FP. Moreover, since the yawing of the wafer stage WST itself
is corrected based on the measurement value of the measurement length axes WY1, WY2 of

the interferometer 324Y, then any disadvantage also does not arise.
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interferometer 324 A to the exposure interferometer 324X, with the base line measurement
results and the yawing measurement result in reflected form. This interferometer switching is
carried out by the stage control unit 319 in accordance with instructions from the main control
unit 320. After this switching, the stage control unit 319 moves the wafer stage WST to the
scanning start position for exposure of the first shot, that is to say to point “e” denoted by the
star sign in FIG. 41.

On the other hand, the wafer transport arm 354 reaches point B being the loading
position, and the wafer loader control unit 321 drives the load arm 336 upward via the
elevating/rotating mechanism 338 so that the wafer W" is transferred from the wafer transport
arm 354 to the load arm 336. At this time, the attraction of the wafer W" by means of the
wafer transport arm 354 is released by the wafer loader control unit 321, and the attraction of
the wafer W' is performed by the load arm 336. After completion of this transfer, the wafer
loader control unit 321 withdraws the wafer transport arm 354 in the direction of the arrow L
by means of the arm drive mechanism 356.

Next is a description using FIG. 42 of the operation after the wafer stage WST has
been moved to the point “e” being the scanning start position for exposing the first shot on
the wafer W'. FIG. 42 shows the condition where the wafer stage WST has reached the point
“e”.

In the condition of FIG. 42, exposure with the previously explained step-and-scan
system is commenced, with sequential reticle patterns being transferred to each shot region on
the wafer W. By means of this step-and-scan system exposure operation, the wafer stage
WST is moved from point “e” to point “a” being the exposure completion position. During
the exposure operation, the operation of each section is managed by the main control unit 320
by means of, for example, the stage control unit 319 and the illumination control unit 314.

Then, during this exposure, as previously explained, the three points denoted by +
marks I on the outer rim of the wafer W" are detected by the wafer prealignment unit 332
using the three CCD cameras 340a~340c, and external shape measurement of the wafer W"
thus carried out. The 6 rotation error of the X, Y, 6 error of the wafer W' obtained from this
measurement is corrected using the elevating/rotating mechanism 338. After completion of
this prealignment, the load arm 336 is stood by in this condition. Furthermore, concurrent
with this operation, the unload arm 352 moves in the Y direction to point B being the loading

position, and stands by.
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319, the main control unit 320, and the wafer loader control unit 321, and the second control
unit is constituted by the main control unit 320 and the wafer loader control unit 321.
Moreover, the wafer loader control unit also constitutes the computing unit according to the
present invention. Furthermore, with the present embodiment, the substrate transport
apparatus is constituted by the wafer stage WST, the wafer holder 318, the wafer drive unit
315, the load arm 336, the unload arm 352, the wafer prealignment unit 332, the arm drive
mechanism 356, the stage control unit 319, the main control unit 320, and the wafer loader
control unit.

As described in detail above, with the exposure apparatus 300 of this embodiment,
during wafer exposure, concurrent with the standing by of the unload arm 352 at the loading
position, the wafer external shape measurement and prealignment is executed above the
loading position with respect to the wafer on the load arm 336. Therefore the prealignment
time can be completely overlapped with the exposure time. Therefore, without increasing
processing time for prealignment, compared to the case where exposure and prealignment are
sequentially performed as with the case where prealignment is carried out on the wafer stage
WST, an improvement in throughput is possible.

Moreover, the sequence for wafer exchange is in outline, the following six steps
namely (1) ~ (6).

(1) The wafer stage WST is moved to the loading position. At this time, the prongs 350,
350a of the standing by unload arm 352 are inserted into the cutouts 330a, 330b of the wafer
holder 318 on the wafer stage WST.

(2) Next the vacuum of the wafer holder 318 is switched off by the main control unit 320.
(3) By raising the unload arm 352 up, the wafer is transferred from the wafer stage WST to
the unload arm 352.

(4) The unload arm 352 is withdrawn from the loading position.

(5) The load arm 336 is moved down, and the wafer which has completed prealignment is
transferred to the wafer holder 318 on the wafer stage WST.

(6) The vacuum between the wafer holder 318 and the wafer is switched on. Consequently,
due to the significant reduction in steps compared to the conventional ten steps, the time

required for wafer exchange processing can be significantly shortened, and hence an

improvement in throughput can be realized. The present inventors conducted experiments,
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10! and concluded that the wafer exchange time of around 4.6 seconds taken with the

conventional exposure apparatus could be shortened to around 2.6 seconds to 3 seconds.

The reason for obtaining the above results was because compared to the respective
conventional wafer loading combining the center-up and the load arm, and wafer unloading
combining the center-up and the unload arm, the main part of the wafer loading and
unloading is carried out by moving the wafer stage WST (wafer holder 318) side which can
be moved at high speed and high accuracy compared to either the load arm or the unload arm.

Furthermore, according to the present embodiment, the wafer external shape
measurement and correction (prealignment) of the 0 rotation error is executed on the load arm
336, and the XY error obtained simultaneously with the rotation error is corrected at the time
of prealignment where the wafer mark or the position of the wafer stage is detected.
Furthermore, the transfer of the wafer (accompanying the wafer vacuum process) after
prealignment is made once. Therefore transfer error can be kept to a minimum.

Consequently high accuracy prealignment can be executed.

Furthermore, since it is not necessary to provide the wafer elevating mechanism such
as the center-up on the wafer stage WST, the wafer stage WST itself can be lightened.
Therefore, due to this, controllability of the wafer stage can be improved.

Moreover, the operation of inserting and separating the prongs of the unload arm 352
and the load arm 336 with respect to the wafer holder 318 on the wafer stage WST is
executed by the drive operation of the wafer stage WST. Therefore high speed other than for
the unload arm 352, is not necessary, thus bringing about a reduction in cost.

Here the wafer prealignment apparatus is not limited to that described in the
abovementioned embodiments, and may employ apparatus of various forms. For example, as
with Japanese Unexamined Patent Application, First Publication No. 9-36202, this may be
constructed with the illumination system mounted on the wafer stage WST, with
prealignment being carried out using the illumination system mounted on the wafer stage
WST and after the wafer stage WST has come to beneath the load arm 336. Alternatively, the
wafer may be illuminated from above, with a light emitting element, and a light receiving
element arranged beneath the wafer to detect transmission light, or with a light emitting
element and a light receiving element arranged above or below the wafer so that the reflection
light from the wafer is received. Alternatively, a construction may be adopted where the
illumination mechanism is inserted beneath the CCD camera during the wafer exposure
operation. Moreover, also with a wafer where instead of the notch, a bar code is printed on

the side face of the wafer, by arranging the illumination angle and the CCD camera focus
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this way, for the prealignment detection, various means can be adopted. However since in
any event this is concurrently performed during the exposure operation, then there is no need
to attempt to accelerate the loader system.

Moreover, the above embodiment has been described for the case where the shape of
the wafer stage WST was a special hexagon shape. However the present invention is of
course not limited to this. For example, as is normal the wafer stage WST may be a square
shape or a rectangular shape, or may be a triangular shape. Furthermore, the moving mirror
for the interferometer may be separately provided on the wafer stage WST. Moreover, the
abovementioned embodiment has been described for the case where the whole of the wafer
holder 318 protrudes from the upper portion of the wafer stage WST. However a
construction may be adopted where a part or all of the wafer holder is embedded inside the
wafer stage.

For example, in the case where a rectangular shape wafer stage with at least one part
of the wafer holder 318 embedded therein is used, then as shown in FIG. 47, concavities
(grooves straddling the wafer stage and the opposite sides of the wafer holder) 330c, 330d
may be formed extending in the first direction being the direction of the inclined surfaces of
the prongs of the load arm and the unload arm. Furthermore, in the case where a wafer stage
of a hexagonal shape similar to the abovementioned embodiment is used with at least a
portion of the wafer holder 318 embedded therein, then as shown in FIG. 48, concavities
(grooves straddling the wafer stage and the opposite sides of the wafer holder) 330e, 330f
may be formed extending in the first direction being the direction of the incline surfaces of
the prongs of the load arm and the unload arm.

Here the abovementioned concavities or cutouts are made as short as possible. If
these are short, the interference of the prongs of the load arm and the unload arm with the
wafer stage due to movement of the wafer stage is minimized. Since this is desirable for
improving processing speed, then with the above embodiment, the wafer holder 318 is made
to protrude completely from the upper face of the wafer stage WST and the cutouts are
formed only in the wafer holder 318.

With the above embodiment, the insertion operation of the prongs 350, 350a of the
unload arm 352 into the cutouts 330a, 300b of the wafer holder 318 which is holding the
wafer, is performed by moving the wafer stage WST towards the loading position while the
unload arm 352 is stopped at the loading position (substrate transfer position). However, the

construction may be such that the unload arm is driven in the two dimensional plane of the X
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of the unload arm 352 are msertcd into the cutouts 330a, 330b, the unload arm 352 is
simultaneously driven in the first direction being the direction of extension of the cutouts. In
this case, the prongs 350a, 350b of the unload arm 352 may be inserted into the cutouts in an
even shorter time. Therefore even faster wafer unloading from the wafer holder 318 is
possible.

Furthermore, the aforementioned embodiment was described for the case where after
completion of moving the wafer stage WST to the loading position (substrate transfer
position), the prongs of the load arm 336 are inserted into the cutouts of the wafer holder 318.
However the arrangement is not limited to this, and the insertion of the prongs 350a, 350b of
the load arm 336 into the cutouts 330a, 330b of the wafer holder 318 may be performed while
the wafer stage WST is moving. In this case, the prongs 350a. 350b of the load arm 336 can
be inserted into the cutouts 330a, 330b before completion of movement of the wafer stage
WST to the loading position. Therefore the wafer can be passed more quickly from the load
arm to the substrate holder 318. However, in this case, in order to accurately pass the wafer
to the predetermined position on the wafer holder 318, a construction enabling the wafer
holder 318 to be moved on the wafer stage WST is required, or the load arm 336 must be
moved simultaneously in the opposite direction to the movement direction of the stage.
Considering this situation, an arm drive mechanism for driving the load arm in the two
dimensional plane of the X axis and Y axis may be provided, and at the time of inserting the
prongs 350a, 350b of the load arm 336 into the cutouts 330a, 330b, the load arm may be
driven in the first direction simultaneous with drive in the vertical direction.

Furthermore, the aforementioned embodiment was described for the case where the
wafer holder and load arm at the time of transfer of the wafer, and the relative movement in
the vertical direction of the unload arm are performed by the vertical movement on the arm
side. However the arrangement is not limited to this and of course only the wafer side may be
moved vertically, or both sides may be moved vertically in opposite directions.

Incidentally, the aforementioned embodiment was described for the case where
cutouts (that is the concavities) 330a, 330b of a predetermined depth cutout of portions of the
wafer attachment surface are formed in the wafer holder 318. However in this case, when a
wafer (hereunder this wafer is referred to as wafer W1 for identification) of poor flatness with
the portion temporarily corresponding to the cutouts 330a, 330b bent downwards, is loaded
onto the wafer holder, there is the possibility of the occurrence of the following undesirable

situation,
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attracted and held. FIG. 50 shows the appearancc of FIG. 49 when viewed in the direction of

arrow E. As will also be understood from FIG. 50, the portion facing the cutouts 330a, 330b

of the wafer W1 is bent so as to hang down. In this case, even though one or two or more

shot regions are provided in the region of the wafer perimeter including the bent region of the

wafer W1, it is difficult to transfer the reticle pattern at high accuracy to all of these

respective shot regions without defocusing. Therefore, there is the likelihood of a drop in the

number of good quality chips obtained per wafer (device number). Furthermore, in this case

there is a problem due to the setting of the dimension of the depth in the vertical direction of

the cutouts 330a, 330b and the dimension in the height direction of the prongs 350a, 350b of

the unload arm 352, when the prongs 350a, 350b of the unload arm 352 are inserted into the

cutouts 330a, 330b from the page face side in FIG. 50 to unload the wafer W1. Here there is

the possibility of the situation as shown in FIG. 51 where the prongs 350a, 350b interfere with

the wafer W1 so that the unloading of the wafer W1 cannot be carried out smoothly.

In order to avoid this situation, it has been considered to reduce the width dimension
in the direction orthogonal to the longitudinal direction of the cutouts 330a, 330b, and thus
reduce the area, and corresponding to this to reduce the dimensions of the prongs 350a., 350b
of the unload arm 352. However while the contact area of the prongs 350a, 350b with the
wafer W1 is reduced, the attraction force (vacuum force) on the wafer W1 due to the prongs
350a, 350b is weakened. Therefore, this brings about the requirement that the acceleration of
the unload arm 352 when the wafer W1 is separated from the wafer holder 318 by the unload
arm 352 must be reduced. Consequently, since the time required for unloading is increased, it
is considered that this is not a practical solution.

Therefore, in order to prevent a drop in the number of good quality chips obtained
per wafer (device number), when the abovementioned wafer W1 is mounted, instead of the
wafer holder 318, a wafer holder 318' as shown in FIG. 52 through FIG. 54 may be mounted
on the aforementioned wafer stage WST as the substrate holding member.

FIG. 52 shows a plan view of the condition where the wafer W1 is mounted and
attracted and held on the wafer holder 318'. FIG. 53 shows the appearance of FIG. 52 viewed
from the direction of arrow F, while FIG. 54 shows the appearance of FIG. 52 viewed in the
direction of arrow G.

As will be apparent from FIG. 52 through FIG. 54, with the wafer holder 318/, the

bottom face (wafer stage WST side) on opposite sides thereof is partially cut away with a
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as the beforementioned cutouts 330a, 330b, and portions of the wafer contact face 318a are
removed to form spaces (open portions) 3131a, 3131b communicating with spaces 3130a,
3130b of the cut away portions. In this case, a cutout 330b' is formed for guiding one prong
350b of the unload arm 352 by means of the space 3130a and the space 3131b, in an L shape
path along a predetermined direction (a direction at inclined 45 degrees to the X axis and Y
axis) and the Z direction orthogonal to the XY two dimensional plane (refer to FIG. 54).
Similarly, a cutout 330a’ is formed for guiding the other prong 350a of the unload arm 352 by
means of the space 3130a and the space 31314, in an L shape path along a predetermined
direction and the Z direction. Moreover, in this case, a part of the substrate contact face 318a
protrudes at the part of the L shape path extending in the predetermined direction (that is, the
spaces 3130b, 3130a) on the opposite side thereof to the substrate stage WST.

With the wafer holder 318, since the wafer contact face 318a is formed at the
portions other than the spaces 3131a, 3131b, then even with a wafer W1 with poor flatness,
attraction and holding over substantially the whole face is possible. As a result, as shown in
FIG. 53 and FIG. 54, the wafer W1 is evened over the whole surface and held on the wafer
holder 318' with good flatness.

In the case of unloading the wafer W1 on the wafer holder 318, then as shown in
FIG. 55, the prongs 350a, 350b of the unload arm 352 are inserted into the spaces 3130a,
3130b along the direction of arrow F in FIG. 52, and at the point in time where the prongs
350a, 350b respectively reach to practically directly beneath the spaces 3131a, 3131b, the
unload arm 352 is driven upwards. During this drive, the wafer W1 is transferred from the
wafer holder 318’ to the prongs 350a, 350b of the unload arm 352. The unload arm 352 is
then driven upwards by a predetermined amount, and as shown in FIG. 56, at the point in time
where the bottom face of the prongs 350a, 350b are raised slightly above the upper face of the
wafer holder 318', the withdrawal operation of the unload arm 352 from the wafer holder
318a’ (the movement to the front in the orthogonal direction to the page in FIG. 56) is
commenced.

With the wafer holder 318', as will be understood from FIG. 55, when the prongs
350a, 350b of the unload arm 352 are inserted into the cutouts 330a’, 330b' (more specifically,
the spaces 3130a, 3130b) of the wafer holder with the wafer W1 in the held condition, the
insertion can reliably avoid the occurrence of any unfavorable situation such as the wafer W1
being disturbed. Furthermore, the wafer contact area can be increased to the maximum

amount.
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FIG. 56, since the vertical movement distance of the unload arm 352 is larger compared to the
case of the beforementioned embodiment, there is the possibility of the unload time
increasing slightly.

Therefore, considering this point a wafer holder 318” shown in FIG. 57 through FIG.
59 may be used. FIG. 57 shows a front elevation view of a condition where the wafer W1 is
mounted and attracted and held on the wafer holder 318". FIG. 58 shows the plan view of
FIG. 57, while FIG. 59 shows the left side elevation view of FIG. 57. Here parts identical to
or equivalent to those of FIG. 52 through FIG. 54 are denoted with the same reference symbol.

Also in the case where the wafer holder 318" is used, unloading of the wafer W1 is
performed in the same way as for the case where the wafer holder 318’ is used, and the same
results can be obtained. In addition, the vertical movement distance of the unload arm 352
can be made slightly smaller, and hence an improvement in throughput is possible.

Also in the case where either of the above wafer holders are used, in order to meet
the required performance, then preferably the cutout area of the wafer contact face is made as
small as possible.

Furthermore, the above embodiment was described for the case where the present
invention was applied to an exposure apparatus using a dioptric system for the projection
optical system PL. However there is no limitation to this, and the present invention may also
be similarly applied to an exposure apparatus which uses a catadioptric type exposure optical
system. Furthermore, the above embodiment was described in relation to a scanning type
exposure apparatus which uses an i-ray light source or an excimer laser. However attention is
being paid to future scanning type exposure apparatus, where the present invention may also
be suitably applied to EUV exposure apparatus which use a soft X-ray light source. However
in this case, it is necessary to use a reflecting type reticle and an all reflecting projection
exposure apparatus. Moreover, the present invention is not limited to the scanning exposure
apparatus such as with the above embodiment, and the present invention can also similarly be
applied to an exposure apparatus of a stationery exposure apparatus such as a stepper, or an
EB direct drawing apparatus which does not use a reticle. With the EUV exposure apparatus
however, since it is necessary to have a vacuum for the exposure apparatus atmosphere, then
a vacuum attraction for the attraction holding method for the reticle and the like cannot be
adopted, and an electrostatic attraction or a 3-point support method where the flatness is

stringently set, or some other method must be adopted.
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condition, is used for the off-axis alignment sensor. However there is no limitation to this,
and of course a beam scan type alignment optical system, or a stage scan type alignment
optical system may be adopted.

The above mentioned embodiment has been described for the case where the
substrate transport method and substrate transport apparatus according to the present
invention have been applied to an exposure apparatus. However there is no limitation to this,
and the present invention may also be suitably applied to various apparatus used in other steps
in semiconductor manufacture provided these are apparatus where it is necessary to hold a
substrate on a substrate holding member on a stage, and the stage moves, such as for example
detection apparatus (for example an SEM scanning type exposure microscope), laser repair
apparatus and the like. In the same way, an improvement in throughput can be realized.

Here with the substrate transport apparatus of the present invention, the various
structural elements constituting the substrate transport apparatus are assembled by linking
electrically or mechanically, so that the substrate can be unloaded from or loaded to the
substrate holding member in a short time.

Moreover, with the exposure apparatus of the present invention, the various
structural elements constituting the exposure apparatus incorporating the abovementioned
substrate transport apparatus are assembled by linking mechanically or optically, in order to

shorten the base exchange time and thus achieve an improvement in throughput.

(Device Manufacturing Method)

Next is a description of an embodiment of a device manufacturing method where the
abovementioned exposure apparatus and exposure method are employed in a lithography
process.

FIG. 60 shows a flow chart for a manufacturing example for a device (a
semiconductor chip such as an IC or an LS], a liquid crystal panel, a CCD, a thin film
magnetic head, a micro machine and the like). As shown in FIG. 60, at first in step S201
(design step), function and performance design of a device (for example circuit design for a
semiconductor device etc.) is performed, and pattern design is performed in order to realize
the functions. Then, in step S202 (mask manufacturing step), a mask on which the designed
circuit pattern is formed is manufactured. On the other hand, in step S203 (wafer

manufacturing step), a wafer is manufactured using a material such as silicon.
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Next in step S204 (wafer processing step), the mask and wafer prepared in step 5201

through step S203 are used to form an actual circuit or the like on the wafer as described
hereafter, by means of a lithography technique. Then, in step S205 (device assembly step),
the device is assembled using the wafer prepared in step S204. This step S205 includes as
required, steps such as a dicing step, a bonding step, and a packaging step (chip
encapsulation).

Finally, in step S206 (inspection step), inspection such as operation verification
testing, endurance testing of the device manufactured in step S205 is performed. After
completion of these steps, the device is complete, and is then shipped.

FIG. 61 shows a detailed flow example of the above mentioned step 204 for the case
of a semiconductor device. In FIG. 61, in step S211 (oxidizing step), the surface of the wafer
is oxidized. In step S212 (CVD device) an insulating film is formed on the wafer surface. In
step S213 (electrode forming step) electrodes are formed on the wafer by vapor deposition.
In step S214 (ion implanting step) ions are implanted in the wafer. Each of the
abovementioned step S211 through step S214 constitute prepraocessing steps for respective
stages in wafer processing, and these are selected and executed according to the required
processing for the respective stage.

In each stage of the wafer process, when the abovementioned preprocessing steps
have been completed, post processing steps are executed as hereunder. With these post
processing steps, at first in step S215 (resist forming step) a photosensitive material is applied
to the wafer. After this, in step S216 (exposure step), the circuit pattern on the mask is
transferred to the wafer by means of the previously described exposure apparatus and
exposure method. Then, in step S217 (developing step), the exposed wafer is developed.
After this in step S218 (etching step), the exposed material of the parts other than the parts
where the resist remains is removed by etching. Then, in step S219 (resist removal step) the
resiISt which is no longer necessary after completion of the etching is removed.

By repeatedly performing the preprocessing steps and post processing steps, circuit
patterns are layered on the wafer.

If the above described device manufacturing method of the present invention is used,
since in the exposure step (step S216) the abovementioned exposure apparatus 300 and the
exposure method therefor are used, throughput is increased enabling an improvement in
device productivity.

Here the present invention is not limited to the above described various

embodiments, and the constructions of each embodiment may be respectively combined as
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The present application is based on Japanese Patent Application No. 9-347360
(1997), Japanese Patent Application No. 10-18919 (1998), and Japanese Patent Application
No. 10-33594 (1998), the contents of which are here incorporated by reference.

INDUSTRIAL APPLICABILITY
The present invention is related to substrate transport such as where a wafer serving
as a substrate is Joaded onto a wafer stage of an exposure apparatus, or where a wafer is
unloaded from a wafer stage. By supporting a peripheral portion of the substrate at at least
two places on the peripheral portion with the transport arm, and transporting the substrate to
the stage, transfer of the substrate is possible by only horizontally moving the transport arm a
little from the standby position. Consequently, the operation of transferring the substrate is

rapid and hence productivity can be improved.
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L. A substrate transport apparatus for transporting a substrate, comprising two transport
arms that support a peripheral portion of said substrate at at least two places on the peripheral
portion and transporting said substrate to a stage,

wherein one arm is a load arm that loads said substrate onto said stage, and the other
arm is an unload arm that unloads said substrate from said stage, and

each of said transport arms respectively comprises a plurality of arm sections which
support said peripheral portion of said substrate and are capable of adjusting the distance

therebetween.

2. A substrate transport apparatus according to claim 1, wherein said transport arm
comprises:

a first arm having a first support portion that supports a rear face of one side of the
peripheral portions of said substrate in a transport direction of said substrate, and a first facing
portion provided on said first support portion so as to face a side face of said one side of said
peripheral portion of said substrate;

a second arm having a second support portion that supports a rear face of the other
side of said peripheral portions of said substrate in a transport direction of said substrate, and
a second facing portion provided on said second support portion so as to face a side face of
said other side of said peripheral portion of said substrate; and

a drive mechanism that drives each of said first arm and said second arm so as to

approach and separate from each other.

3. A substrate transport apparatus according to claim 1, wherein said transport arm has a
support portion which can be inserted into a cutout provided in a peripheral portion at a
substrate support position of a stage on which said substrate is mounted in order to support a

rear face of said substrate.
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4. A substrate processing apparatus comprising:

a table that supports a substrate;

a load arm that loads said substrate onto said table;

an unload arm that unloads said substrate from said table;

a cut portion provided in a periphery of said table; and

a support portion provided on each of said arms which can be inserted into said cut

portion in order to support a rear face of said substrate.

5. A substrate processing apparatus according to claim 4, wherein said support portion

supports a rear face of said substrate at at least two places on the peripheral portion.

6. A substrate processing apparatus according to claim 4, wherein each of said arms
comprises:

a first arm having a first support portion serving as said support portion that supports a
rear face of one side of the peripheral portions of said substrate in a transport direction of said
substrate, and a first facing portion provided on said first support portion so as to face a side
face of said one side of said peripheral portion of said substrate;

a second arm having a second support portion serving as said support portion that
supports a rear face of the other side of said peripheral portions of said substrate in said
transport direction of said substrate, and a second facing portion provided on said second
support portion so as to face a side face of said other side of said peripheral portion of said
substrate; and

a drive mechanism that drives each of said first arm and said second arm so as to
approach and separate from each other; and wherein said first and second support portions,
which are respectively provided on said first and second arms, are able to be inserted in said

cut portions.

7. An exposure apparatus for transferring a mask pattern to a photosensitive substrate,

comprising said substrate processing apparatus according to any one of claims 4 to 6.
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8. A substrate transport apparatus for transferring a substrate to and from a substrate
stage, comprising:

a first arm having a first support portion that supports from beneath one of a pair of
opposite portions of a peripheral portion of said substrate which are approximately opposite in
a transport direction of said substrate, and a first upright portion standing upright on said first
support portion;

a second arm having a second support portion that supports from beneath the other of
said pair of opposite portions, and a second upright portion standing upright on said second
support portion for cooperating with said first upright portion to prevent movement of said
substrate in a horizontal direction; and

an arm drive apparatus, which is capable of independently driving said first and
second arms, that moves said first and second arms at the time of said substrate transport
while maintaining a spacing of said first and second arms, and changing the spacing of said

first and second arms at the time of transfer of said substrate,

9. A substrate transport apparatus according to any one of claims 2, 6 and 8,
characterized in that said first and second support portions are members having the same

shape as said peripheral portion of said substrate.

10. A substrate transport apparatus according to any one of claims 2, 6 and 8, wherein at
least one of said first and second arms further comprises a substrate sensor for detecting if

said substrate is being supported on said arm.

11. A substrate transport apparatus according to claim 8, further comprising a position

sensor that detects the spacing and position of said first and second arms.
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an exposure apparatus that transfers a pattern of a mask onto a substrate which is positioned
or being moved by said substrate stage, comprising the steps of:

providing a load arm that holds said substrate and raising and lowering said substrate;

detecting a position of said substrate being held by said load arm, based on an external
shape of said substrate or based on a predetermined alignment mark serving as a
reference, wherein a detection location is changeable depending on said substrate which is
being held;

transporting said substrate stage to a position so as to receive said substrate;

lowering said load arm and mounting said substrate on said substrate stage; and

moving said load arm away from said substrate.

13. A substrate transfer method according to claim 12, wherein, at the time of detecting
the position of said substrate being held by said load arm, the positions of at least three places
which include a cutouts portion formed on the peripheral portion of said substrate are
detected, a rotation angle of said substrate is computed based on the detected positions, and
said load arm is rotated based on computed results in order to correct the rotational angle of

said substrate.

14. A substrate transfer method for transferring a substrate to and from a substrate stage of
an exposure apparatus that transfers a pattern of a mask onto a substrate which is
positioned or being moved by said substrate stage, comprising:

providing a load arm that holds said substrate and lowers said substrate, and an unload
arm that holds said substrate and raises said substrate;

detecting a position of said substrate in a condition with said substrate being held by
said load arm, wherein a detection location is changeable depending on said substrate

which is being held,
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moving said substrate stage to a position for receiving said substrate, lowering said
load arm, mounting said substrate on said substrate stage, and then moving said load arm
away from said substrate;
detecting the position of predetermined alignment marks on said substrate, and based
on the detection results obtaining a positional relationship between a plurality of regions to be
exposed on said substrate and a pattern of said mask;
successively transferring the pattern of said mask to the plurality of regions to be
exposed on said substrate while performing alignment based on the obtained positional
relationship; and
moving said substrate stage to a position for unloading said substrate, raising said

substrate with said unload arm, and unloading from said exposure apparatus.

15.  An exposure apparatus comprising:

a substrate stage that performs positioning or moving of a substrate;

an exposure section that transfers a pattern of a mask to a substrate on said substrate
stage;

a load arm that holds said substrate and raises and lowers said substrate;

an image processing system that detects a position of said substrate held on said load
arm and that is capable of changing a detection location depending on said substrate; and

a control system that is connected to the image processing system and controls
operation of said substrate stage and said load arm based on detection results from said image
processing system,

wherein said control system controls the operation of said substrate stage and said load
arm so as to move said substrate stage to a position for receiving said substrate and transfer

said substrate from said load arm onto said substrate stage.

16.  An exposure apparatus according to claim 15, wherein said image processing system
has a moveable illumination device which can be brought into and taken out from beneath

said load arm for illuminating said substrate from the bottom face side, and an image pick-up
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17.  An exposure apparatus according to one of claims 15 or 16, wherein said load arm
comprises a holding member that holds said substrate by holding from above, and grooves for
accommodating tip end portions of said holding member are formed in a substrate mounting

surface of said substrate stage.

18.  An exposure apparatus according to claim 17, further comprising an unload arm which
can be raised and lowered for unloading said substrate on said substrate stage, wherein said
load arm also comprises a holding member that holds said substrate by holding from above,
and tip end portions of this holding member are also freely accommodated in said grooves on

said substrate stage.

19. A substrate transport method for unloading a substrate from a substrate holding
member which is moveable in a two dimensional plane, and loading another substrate onto
said substrate holding member, the method comprising:

a first step for standing by at a substrate transfer position an unload arm and a load
arm which is holding another substrate;

a second step for moving said substrate holding member which is holding said
substrate to said substrate transfer position, and passing said substrate from said substrate
holding member to said unload arm;

a third step for withdrawing said unload arm which is holding said substrate from said
substrate holding member; and

a fourth step for, after withdrawing said unload arm, passing said another substrate

from said load arm to said substrate holding member.

20. A substrate transport method according to claim 19, wherein, when in said second step

said substrate is passed from said substrate holding member to said unload arm, at least one of
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said substrate holding member and said unload arm is moved in a direction orthogonal to the
two dimensional plane, and when in said fourth step after said unload arm withdrawal another
substrate is passed from said load arm to said substrate holding member, at least one of said
substrate holding member and said load arm is moved in a direction orthogonal to said two

dimensional plane.

21. A substrate transport method for loading a substrate onto a stage which is moveable in
a two dimensional plane, comprising:

preparing beforehand a substrate holding member provided on said stage and formed
with concavities or cutouts extending in a predetermined direction such that at least a part of a
load arm is insertable therein;

a first step for standing by said load arm which is holding a substrate at a substrate
transfer position:

a second step for moving said stage towards said substrate transfer position;

a third step for inserting at least a part of said load arm into said concavities or cutouts
of said substrate holding member from a direction orthogonal to said two dimensional plane;
and

a fourth step for, afier passing said substrate from said load arm to said substrate
holding member, relatively moving said load arm and said stage to separate said substrate

from said load arm.

22. A substrate transport method according to claim 21, wherein the insertion in said third
step of at least a part of said load arm into said concavities or cutouts of said substrate holding

member is performed during movement of said stage.

23. A substrate transport method according to claim 21, wherein, when at least a part of
said load arm is inserted into said concavities or cutouts from a direction orthogonal to said
two dimensional plane in said third step, said load arm is moved in a direction orthogonal to

said two dimensional plane and is simultaneously driven in said predetermined direction.
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in a two dimensional plane, comprising:

a load arm that holds a substrate at a substrate transfer position;

a substrate holding member provided on said stage and formed with concavities or
cutouts extending in a predetermined direction such that at least a part of said load arm is
insertable therein;

a stage drive unit that drives said stage in said two dimensional plane;

a relative drive mechanism that relatively drives said load arm and said substrate
holding member in a direction orthogonal to said two dimensional plane; and

a control unit having a first function for moving said stage via said stage drive
mechanism towards said substrate transfer position, a second function for making said load
arm approach said substrate holding member by means of said relative drive mechanism to
thereby insert at least a part of said load arm into said concavities or cutouts of said substrate
holding member from a direction orthogonal to said two dimensional plane, and a third
function for, after said substrate has been passed from said load arm to said substrate holding
member, relatively moving said load arm and said stage to separate said substrate from said

load arm.

25. A substrate transport apparatus according to claim 24, wherein said cantrol unit inserts
at least a part of said load arm into said concavities or cutouts of said substrate holding

member during movement of said stage.

26. A substrate transport apparatus according to claim 24, further comprising an arm drive
mechanism that drives said load arm, wherein said control unit controls said arm drive
mechanism to drive said load arm in said predetermined direction in addition to driving in the
direction orthogonal to said two dimensional plane when at least a part of said load arm is
inserted into said concavities or cutouts from a direction orthogonal to said two dimensional

plane.
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moveable in a two dimensional plane and for loading another substrate onto said stage,
comprising:

an unload arm;

a load arm that holds said substrate at a substrate transfer position;

an arm drive mechanism that drives said unload arm;

a substrate holding member provided on said stage and formed with concavities or
cutouts extending in a first direction such that at least a part of said unload arm is insertable
therein when said substrate is held on a substrate contact face side, and such that at least a part
of said load arm is insertable therein;

a relative drive mechanism that relatively drives at least one of said unload arm and
said load arm and said substrate holding member in a direction orthogonal to said two
dimensional plane;

a stage drive unit for driving said stage in said two dimensional plane and,;

a control unit having a first function for moving said unload arm via said arm drive
mechanism to said substrate transfer position, a second function for moving said substrate
stage via said stage drive mechanism towards said substrate transfer position in order to insert
at least a part of said unload arm into said concavities or cutouts of said substrate holding
member which is holding said substrate, a third function for, after inserting said unload arm
into said concavities or cutouts, separating said substrate from said substrate holding member
via said relative drive mechanism, a fourth function for withdrawing said unload arm via said
arm drive mechanism from said substrate transfer position, a fifth function for, after

withdrawing said unload arm, making said load arm approach said substrate holding member
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by means of said relative drive mechanism to thereby insert at least a part of said load arm
into said concavities or cutouts of said substrate holding member from a direction orthogonal
to said two dimensional plane, and a sixth function for, after said substrate has been passed
from said load arm to said substrate holding member, relatively moving said load arm and

said stage to separate said substrate from said load arm.

29. A substrate transport apparatus according to one of claim 24 and claim 28, wherein
said load arm is arranged at said substrate transfer position, and is able to hold said substrate
and rotate within a plane of said substrate, and said substrate transport apparatus further
comprises:

a measuring device that measures an external shape of a substrate held in said load
arm,

a computing unit that computes a positional displacement of said substrate within a
plane parallel to said two dimensional plane based on measurement results of said
measurement device; and

a second control unit that controls a rotation amount of said load arm to correct
positional displacement of said substrate in a rotation direction computed by said computing

unit.

30. A substrate transport apparatus according to claim 28, wherein said unload arm and
load arm have prongs of a shape which is insertable into said concavities or cutouts, and a
space is provided above said prongs such that said substrate can be moved in and out thereof

in a second direction different from said first direction.

31.  An exposure apparatus for transferring a predetermined pattern onto a substrate on a
stage, comprising a substrate transport apparatus according to claim 24 as an apparatus that

exchanges substrates on said stage.
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32.  An exposure apparatus for transferring a predetermined pattern onto a substrate on a
stage, comprising:

a substrate transport apparatus according to claim 29 serving as an apparatus for
exchanging substrates on said stage; and

a mark detection system that detects position detection marks on said substrate;

wherein said second control unit corrects positional displacement of said substrate in
said two dimensional plane detected by said computing unit, using any one of the corrections
for: the positioning of said load arm; the positioning of said stage; and the detection result for

the position detection mark by said mark detection system.

33.  An exposure apparatus according to claim 31, wherein the external shape
measurement of said substrate by said measuring device, the computation of the positional
displacement of said substrate by said computing unit, and the rotation correction of said
substrate by said second control unit, are performed concurrently at the same time as the
movement on said substrate during the time until completion of transfer of said mask pattern

to said substrate.

34. A device manufacturing method comprising an exposure step for performing exposure

using an exposure apparatus according to any one of claims 31 to 33.

35.  An exposure apparatus comprising:

a substrate stage that performs positioning or moving of a substrate;

an exposure section that transfers a pattern of a mask to a substrate on said substrate
stage;

a load arm that holds said substrate;

a moveable illumination apparatus which can be brought it into and taken out from
beneath said load arm for illuminating a bottom face side of said substrate held by

said load arm;
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a detection device that detects an image of an external shape of said substrate
illuminated by said moveable illumination apparatus; and

a control system that controls operation of said substrate stage and said load arm based
on detection results from said detection device, so as to load said substrate from said load arm

onto said stage.

36.  An exposure apparatus according to claim 35, wherein said control system withdraws

said load arm from said stage after said substrate has been loaded onto said stage.



