; e3eQ Q 6T 1 - . DESCRIPTION PATTERN MATCH NG METHOD AND UNI T, PGCSI TI ON
DETECTI ON METHOD AND A POSI TI ON<DETECTOR, ALI GNVENT METHOD AND UNI T,

" EXPOSURE ME m“m PARATUS, AND DEVI CE AND DEVI CE MANUFACTURI NG METHOD
TECHNI CAL F-mmmm\\ resent invention relates to a pattdr$h Juht2808 ng 10
met hod and unit,,;@.p0sition detection nmethog and a position detector, a

al i gnnment- nmet hod and unit, an exposure nethod and apparatus, and a devi ce
and its manufacturing mnet hod, and nore specifically to a pattern matching
met hod and pattern matching unit usingemdRIPamdRte generated from

actual ly nmeasured signal waveforns, a position detection nmethod and

position detector to pRreERN WATCHING METHODO ANDO UNT Tiet POSITION he
basis of results of performng pattern matching on a new signal waveform

through use of the pDEFECTEONNMETRODANDIA POoSITTONt DEQECTOR)d unit
to align the detected body on the basis of results of detecting the

posi tion of the det e ABRIGNMENThMETHODs AND UM PosEXROSURE:METHORt hod,
an exposure nethod and exposure apparatus to transfer Igattern onto a

substrate while aligANE ARPABAJMS; r AND tREYISE WBYLLIDEWECH i gnnent

met hod, and a devi ce nmanufactured b USIFWP t he exposure nethod and its
manuf act uri ng net hod mm%ﬂjm

MANUY. QR a |ithography process
manuf act uring a sem conductor elenent, liquid cryst al displa \\\m\\ \&%\\r
rn

the |li ke, an exposure apparatus has been used which 5 transf

formed on a m%&fﬂ&f&i' %,fﬁﬂpbe *+166166*

The present invention relates to a pattern matching

10 method and unit, a position detection method and a
position detector, a alignment method and unit, an
exposure method and apparatus, and a device and its
manufacturing method, and more specifically to a pattern
matching method and pattern matching unit using a

15 template generated from actually measured signal
waveforms, a position detection method and position
detector to detect the position of a body to be detected
on the basis of results of performing pattern matching on
a new signal waveform through use of the pattern matching

20 method, a alignment method and unit to align the detected
body on the basis of results of detecting the position of
the detected body through use of the position detection
method, an exposure method and exposure apparatus to
transfer a pattern onto a substrate while aligning the

25 substrate through use of the alignment method, and a
device manufactured by using the exposure method and its

manufacturing method.



generically referred to as a "reticle" hereinafter) onto a substrate such
as a wafer or glass plate (to be referred to as a "wafer" hereinafter)

t hrough a projection optical system As such an exposure apparatus, 10 a

st ati onary- exposure-type projection exposure apparatus such &glUlhd03

so-cal | ed stepper, or a scanni ng-exposuretype projection exposure apparatus
such as the so-called scanning stepper is mainly used. In such an exposure
apparatus, it is necessary to 15 perform highly accurate alignnment between
the reticl e andgaesesROENG cagpposure. To performthis alignnment, because a
position detection mark (alignnment mark) that is fornmed (transferred) in
the previous photolithogt aphyh L5888 pBodd &Y £8r aa@cdcshPingrga on the
waf er, by detecting this 20 alignnent mark, the position of the wafer (or a
circuit patternsant¢dhedveater )etanebe, dei @i @dor Asida Dnd i Hiel Hasé Sewént heor
detection result of the position of the wafer (or a circuit pattern on the
waf er), the al igmmehikes gperéxpordre 2opdhezelioriess tiheemcacsedacyhdghal i gnnent
is determ ned by the accuracy of detecting the position of the alignnment
mar k. Accor di ngisansbeperd opat téven af o yrednen wh tiha ik ghr aceuiaby, (¢ bs
necessary to detect the 3 position of the alignment mark with high
accuracy. Sever@8neitPRbky ofetRreed |ty 2hed posetioke bfhere bind Hrereht omee k on
a wafer are actually used. However, in any nethod, by anal ?lzi ng the

wavef orm of a detTRTI il dF 3 2R T et asmrklataut (§2 Bdt ai ned by a
detector for position é:let ection i | i gnnent mark on the

,wthe pesiti th
wafer is detectdt SFord XAt & i"ﬁag%’g?tsk!?%}ﬁgﬁ%?oéﬁ?gn%ﬁ ¥IY? use of image
det ecti t hat | | t th iti f th [ t
10 mark1's det dToRPS LAl o EEaL IS EVEs S0 BT Rl B e iRt ik
oh A f apy P . ! ! . .
oD Useot 2 okt oo o L. e ek e SOl LS TR
anal yzing a si ghaln Way ef |8 Mo ac b fatd €L phdmt chi ngjémi ﬁems%@%@g)

met hod whi ch exam nes correl ation between the signal waveforman

tenmpl at e wavef ofyBe Wit & disidH edas&sh Ref H5ehands s bYu ST 9 @%e A P ANELET
the position of the alignnment mark that is detected by picking-up is

attracting a | dcariniaid et e r 20s Bya ) Yzéag. a si gnal wavef orm t hrough
use of this pattern matching nethod and obtaining a value of the paraneter
at which the correl atirorsuEt veee restgues i @ regdpaneavtel o mtanics triecd st at o
waveformis highest, the position of the alignment nmark is detected. 25 As
a tenpl at el@sedrgnionrmeriabolie perueate nat odnment detweerttiival refgnkd and
wavef orm obt ai ned fromthe design shape of the alignment mark, or a

wavef or m conpos&fF R{EPER)SXRA LS obt R RRIEE DI cidl el kI Fyne e, dvesagee of
4 measur ed wavef or ns, of aecﬁ)redet,ern‘i ned nunber of alignnment marks has been

used. Wien usi iy REE GHR A HEOr 627 ALK et IMRRAT R ials it t Bhipf areed

wavef orm depenH:Irnaqqso elgrlef )erlerpctenebe;gfl\éevefous photolithography process is

provide on each shot area on the wafer, by detecting this

20 alignment mark, the position of the wafer (or a circuit
pattern on the wafer) can be detected. And on the basis
of the detection result of the position of the wafer (or
a circuit pattern on the wafer), the alignment is
performed.

25 Therefore, the accuracy of alignment is determined
by the accuracy of detecting the position of the
alignment mark. Accordingly, to perform the alignment

with high accuracy, it is necessary to detect the



5 the design shape of the alignment mark and its actual shape,
non-negligible error may occur in the detection result of the position of
‘the alignnent mark. As opposed to this, such an error can bf aygi deed by
usi ng the above average-val ue-waveform as the tenpl ate wave 8rm 10

Al t hough the average-val ue-waveform has been obtained by cal culating the
average of the respective values (e. g., voltage values reflecting |ight
intensity), at each position on a coordinate, of a plurality of neasured
si gnal wavef or i t ual ; [ ; viefior e are

posi tions V\/ner«?%t leﬂscﬁgna %ever%aal?f}{ngér%]ytso t eﬁgﬁﬂsﬁlalﬁjw\i\aa\[/%uo%gn@'i S near the
average and other pogdjans WeeNRJNYT RIalidLUels S SiieWatan
different. Therefore, when the differences of the signal |evels in sone
positions are \varigrirdge mA0cWrate WX ositd oyl e weiectieshdyer, in
perform ng pattern matching while taking into account positions except for
t hose positionamatrteerhddyarbyt adiaily aldg pdsd twaoresfamt wfAccaletectsmen t hough
t he amount of processing decreases. Because the nunber of signal waveforns
that are 255neasigred bef driehanldi grangyeharatie et ale raye s didvavef or m as
the tenplate waveformis finite, the accuracy of matching with a newy
measur ed si gnaldefeRafar M HaR Ry bl ahartedEon s i raFitdQredbythqe

tenpl ate waveformis 5 always | ow. Especially, when a newy neasured
si gnal wavef or RIcEANfRT B B pie s Wl §htlst gt tRe of FS s Rkfref Bt ns
used for generation of the tenpl agﬁ}wav form the matc

hi ! .
decreases. To &F QUSSP (19S5 Hecdadf #%%?@%t htHe
t of si | f bef h d t t | at vef
sount of ) onsk APKET Y BT SUEN A SETSLALR, B SP 1 JEVELOLE
tine to ge?gr ate hhe d emml gt d rbosﬁr[?ieékitrg%ﬁ{pggaq’&ﬁo et?ircatlheirﬁaei@lc?‘f & he

mat chi ng. The present 1 nventi I'sIn such a tircunstance. A

first purpose ofy g dHESeMKk ITVENGP LS 3£ PIOM e A RIS JWd chi ng

met hod and pattern matching unit that can easily generate a tenplate and

perform tenpl atg M LHNG W T JHEPT OWech ROOHT BCH: r il braddh 1108, p Bc18@gond
purpose of the present Tnvention is to provide a position detection nethod

and position defedigyndhati c@n Aecuimigd y detect the positions of nmeasured
marks. In addition, a third purpose of the present 20 invention is to
provi de a alignnment et accrard nedtdigrdrent amdliy4ivas el greclunatved fomah, gn a
body on which the marks are forned. Furthernore, a fourth purpose of the
present in¥éntimatiern ongradvine arergxpostms tetihoy) amt lexgposureh 25
apparatus that can accurately transfer a predeterm ned pattern onto a
substrate. Addiadamiaes cerfefatiguipisedt thre Hravehtva iiemi omd 2t o

provi de a device on which a fine pattern, ,
template waveform, which is prepared beforehand, by using

as a parameter the position of the alignment mark that is
detected by picking-up is attracting a lot of attention.

20 By analyzing a signal waveform through use of this
pattern matching method and obtaining a value of the
parameter at which the correlation between the signal
waveform and the template waveform is highest, the
position of the alignment mark is detected.

25 As a template used for the above pattern matching,
a theoretical signal waveform obtained from the design
shape of the alignment mark, or a waveform composed of

average values obtained by calculating the average of



6 is accurately fornmed and its manufacturing nethod. DI SCLOSURE of

| NVENTI ON According to the first aspect of the present invention, there is
‘provi‘ded a first pattern matching 5 nethod of perfornming tenplate matching
on a waveformof a signal, a value of the signal varying at@odli ngsto val ue
change of at least a paraneter, the patternmatching method conprising: a
first step of estimating an occurrence probability distribution of signal
val ues at 10 respective values of the paraneter, based on a plurality of
measur ed si gnalndeyef of Mhav & S8£ON S4 8P Olic OERR a%ﬁb&@vgﬁmgﬁﬂ@k te
i ncludi ng an expected val ue of signal al Ue at each value of °t ha paranet er
and a probabil igtyrtenplatseénchydyng a pi ece of occurrence probability 15
information of the expected value at each val ue of the paranmeter based on
the occurrence probabihén yush sd rimertdiosve atge drdti ¢4l st pn o Pevd o6 A NYs
tenpl ate matchi ng between a newly neasured signal waveform and the waveform
t enpl at e by usitge thenplece wivetcnn) edepe 201 pg obabdl f fyréntor vat iyean of
each of the expected val ues, composing the probability tenplate, as a piece
of wei ght i Af ortiee | d&s byn eslchpe abfietlndé 2 hegpaembetark amdthits pattieln

mat chi ng met hod, when perform ng tenplate matching between the waveform
tenpl ate and a $3P25 eYNRAEI WedHPbe ngrEde Bay retanl obn conpudatéohioses

wei ghts, at respectjve values of the paranmeter, each of which is in accord
with the occur redtelbrobabit i B9 biiemeolatie »igmeenived ok m AenpPaesedt

t he respective val ue, of the paraneter, the value of the waveform

tenpl ate bei ng thetkPpect BT VAT ter BPF 31 gl 2 ROy aisime Feepekeyee

val ue of the p er. That is en the occurrence probapility of the
expect ed val uea%‘gé%%%%,v? ST GREOTE &% | B get SN efPYHECTReur rence
probabi lityasof the ex‘zpﬁ%:ﬁ i _ el i mall.. As a result,
i n measure Osi gnal wave o@ﬁ%ﬁlﬁés%g %‘geggace) er% e %\ﬁ%aq‘pvéa%% ncljrsnrﬁ‘:f e%?réte, at

val ues of the pasalet & i&F@]} \Y es
around t he expected 1%&v%$uée$l§ﬂ%a€{e?égﬂ%és aragig gfng&g? %%%é%%%%es of
the paraneter Wigheed Nee sbgnabol ¥ VATLES APPIG-{ 1§y Si tﬁ‘ttﬂ@?"the

a

weight is small. Theretore, tenplate matching can be perforne

reasonabl y refl&ctsadn Whed £t Pat ek Na | S OF B A 108, COF r2SPOREl Ng:§ 0o £ he
measured 15 signal waveforns used to generate the waveformtenpl ate.

Therefore, conpezashimed hs pyrevl ousvé Bomrhay ei mred chi Dl yehdwsisr e s Eg@ETUr at e
tenpl ate-mat chi ng can be perfornmed. In the first pattern matching of this
i nvention, 1a 20vaierfefmsli stheébrtaon resi hicons echarse tiiee abioyea becbeve Ense
probability distribution. In this way, especially when deviation of the
measur ed si gnal@xahf e ohsiniek eth Yot d1o0s o angwr rele diwtragaitamh, oiher s
valid to presunme the occurrence probability distribution to be a normal 25
di stribution. MR GRS WSS h@l%ﬂe%m%%ﬁ Inwbbiare ysarehatution is

known, the probability distribution can be used, and that neanwhile, when
t he occurrence qals%%ﬁ%?tewﬁt >, i"’Eah‘?% TR O S Hredls ke tHional

levels in some positions are very large, accurate

20 position may be detected by performing pattern matching
while taking into account positions except for those
positions rather than taking all positions into account,
even though the amount of processing decreases.

Because the number of signal waveforms that are

25 measured beforehand to generate the average-value-
waveform as the template waveform is finite, the accuracy
of matching with a newly measured signal waveform having

a shape that is not reflected by the template waveform is



s occurrence probability to be a normal distribution, which is the nost
general distribution. Mdreover, in the first pattern matching of this
'invehtion, the expected val ue can be set to an average 5 valye of asur ed
signal val ues at each value of the paranmeter, and al so, the‘ﬁi@&ezﬁﬁ
occurrence probability information can be set according to a probability
density function value of the occurrence probability distribution for the
expected value. In such a case, the waveform 10 tenplate and the

probability tenpaf Cféw.b%fﬁééié/lw,”%@ér?da from pignal, mayef oL qs) to be

used for generating the tenplate. For exanple, corsidering the Occurrence

probability di s{d¢dri®ncd® R B fdte h&d rd PUin @dhpd N DO USF eé‘f%‘nal
probability is highest at the expected value, 15 in each value of the

paranet er, and wapsfsamn inged Bopasateteridy of attte at shplwhos degeyfethpn by
a, the piece of occurrence probability information P(X) is sinply given by
the foll ow ng efhatnamchR{X)acdifadRJemadases. (Td gv@d Asldels inal |y, the
first pattern matching of this invention can further conprises a fourth
step of genératdigiat ww wavef Drmecehpi 2l et eonposiere of heye expeetedodal ues
of a signal waveformat the respective values of the paraneter and a new
probabi ity terfpidnal 2awhpasedoformiard oid cinrfarR e promabitety

i nformati on of the new expected val ues at the respective val ues of the
paranmeter on tHEHRETEN FFOTHEIHEWR St g S W f DR ahd 3 Rl oFesr ratte
probability distri bu%i on,, and ]%%geat the fourth and third ste

S
subsequently. I LE chsetaiRrF R elt 19 et Wt W%@%a‘?ﬁ%wfb}?ﬁ‘?s
nmeasured, and .9 v%en 1‘;)attern matjtphi ng is %géfeotr med,, t.he waveform
tenpl ate and t hd griobabi 1T t5F TRMET at e are® upd®e i by Rddi HeP t he new si gnal
waveformtenthe tenpl T ¢ vier v ti e v, i's
measur ed, gar ning i sﬂ%e:?%roer%?cf .%va%ﬁ%%uﬁﬁ%e% %g%dﬁg%{% t he
tenpl ates. Accordinghdnahien 2 51 g0al o \ayelor s havd No- & shape #oh {64 | £6t ed
by the tenpl ates has been neasured, in the next neasurement of a simlar
signal wavef or Mo aoedifade 4 epdt &d n MR €dh 1y Whd thde Hed Fo4 eshen That ch Sng

tenpl ates 10 with desirable accuracy of matchi ng can be generated.
unit that can easily generate a template and perform
template matching with improved accuracy.

15 In addition, a second purpose of the present
invention is to provide a position detection method and
position detector that can accurately detect the
positions of measured marks.

In addition, a third purpose of the present

20 invention is to provide a alignment method and alignment
unit that can accurately align a body on which the marks
are formed.

Furthermore, a fourth purpose of the present
invention is to provide an exposure method and exposure

25 apparatus that can accurately transfer a predetermined
pattern onto a substrate.

Additionally, a fifth purpose of the present

invention is to provide a device on which a fine pattern



The second aspect of this invention is to provide a second pattern matching
nmet hod of perform ng tenpl ate natchi ng between subsequently neasured signal
‘waveforns and a waveformtenplate, as a registered tenplate, 15 generated
on the basis of a plurality of nmeasured signal waveforns, tHWeé gecomgg net hod
conprising a first step of performng tenplgte matching between the

regi stered tenplate and a new y neasured signal waveform and a second step
of generating a new tenplate on the basis of 20 a plurality of signal

wavef orms i ncl udi nge &g, WaY &Ly %@&%E&%%ﬁl&fk&:&dﬁd{fgﬁé&%&ﬂ tenpl at e

with the new tenplate; an erein the first an Steps are repeated

subsequently. AstStHOCURE (SFSTRNMENTION the same nmanner as the 25 above
case of performng | earning on a new waveform when a signal waveform

havi ng a shape not rmideedaty bo the: temd atashas: heenHegstefsht i n the next
measurenent of a simlar signal waveform accurate tenplate matching wll
10 be perfor nedinventiwn sedosuk pisd tyerowvindd i Nl ot g tsce mvend it cdnind he
second step can further conprises a third step of estimating an occurrence
probabi | it y5di stetitind ioh péfr Homiigral tanp late atatdleinespedc iwvavefdrresobfat he
paranmeter related to the change of a waveformon the basis of the plurality
of signal wavefdrdRl.aml B@iwrireh Brep dnaernsa@iing acrobay 15 ywakml at e
conposed of pieces of occurrence probability information of the expected
val ues 10 at tH&d Dt idte WRAtes MR At PRt BCRERE, when

perform ng tenpl ate tchi ng between_t he obtained waveformtenplate and a
new si gnal vvavé‘I%trhrﬁcIT?F?IIl%“f?Jr%Q‘ A Tt c%tr‘?%l%gi%%tjd?ﬁﬁﬁ%t? n accordi ng

babi | i I . Of 5. I f sj I
(o occurr ence pLobRbllLLY veliiss, of eioseler 1o yal ves of 5 cnal vaiyes al
babi | i . Cno 1 h ; .
probabi ] Cypl el 8 e el ot valuss, belag ! Pegeuelory Lol Al s
and probabi | i tyo@%éf‘ég}r%ﬁesitcj}?él Ly St ST 'aF_?%]éé’o fasanabl e &%P&ﬁ%g

provi ded to prepare e next measurenent. erefore, pattern matc

can be performed wialdsin Caddyl d@asoianlyi dgfdiecdifigeddie Wl patd eimal

informati on corresponding to a plurality of” nmeasured signal waveforns 25

used for generatdng tde swvefvind espl i€ pd Maridies 5 i rMesbasi 1hey f i r st
pattern matching of this invention, the occurrence probability distribution
can be set to beenpluwtreraindisdind W imiscd hef expacteshce ddotvabilei ttan be set
to an average val ue of neasured signal val ues at each val ue of the

par anet er, land irhfeo miacieornfo hethe rerpectrdbabiue tat ieddr renlon clantibe set
according to a probability density function value of the occurrence 5
probabil ity forPataneteeRatrd Dduetharecelrenes preebafitHiy invention is
to provide a first pattern matching unit to performtenplate matching on

si gnal wavef or rist St Yy O & PRVAI U BHEhget R @ PEREITTHIRY PR E?, the
first patternIF%%%EIE%ng%wéégwgiég£§b measured signal waveform and the
waveform template by using the piece of occurrence
20 probability information of each of the expected values,
composing the probability template, as a piece of weight
information at each value of the parameter.
In this pattern matching method, when performing
template matching between the waveform template and a new
25 signal waveform, the correlation computation uses
welghts, at respective values of the parameter, each of

which is in accord with the occurrence probability of the

value of the waveform template at the respective value of



10 a tenplate generation unit to generate a waveformtenplate that is
estimated froma plurality of neasured signal waveforns and conposed of
‘expec¢ted val ues, of signal values, at the respective valq€§‘§ﬁ L2
paranmeter and a probability tenplate conposed of pieces of" 15 occurrence
probability information of the expected valyes at the respective val ues of
the paraneter; and a matching judgnent unit to performtenplate matching
bet ween a newly neasured signal waveform and the waveformtenplate while

using the piece.of ﬁ%ﬁé&ﬁé@é‘ﬁ? @fa@b@Qi&é_ta/EZQhé “\L%&é‘%f&”t&ﬂ;\a/?&f?@ Sxpggt ed

value in the probability tenplate as weight at the respective value of the

parameter. Accofih NekpOctddSvalhe s£npl 8t engenpsflEofn Ut tr geneLabestibe
waveformtenplate that is estimated froma 25 plurality of neasured signa
wavef orns and cespesesit of hexpecimst yal Upsat of s i giah Wid UeScuBteh B8
respective values of the paraneter and the probability tenplate conposed of
t he pieces of queebsalentetprobatiéid¢ypected2vahiormathdgh of tlidewexgret ed

val ues at the respective values of the paraneter, and the matching judgnment
unit perforis tempyet eamat eiemgt et orenr semes yroe@sil dy so finahe wavef or m
and the waveformtenplate while using the 5 piece of occurrence probability
i nformation of VHECEXPetd bl vhs ukoWn e we bbabi1$ t smakhpl s ea aseseight at
the respective value of the parameter. That is, the pattern matching unit
of this inventidh PRATOFIE PeItet I"IERERITRY EPedueh IReeBAte hehei r st
pattern matchi n‘%qg\;rg hod 10 of this jinvention._Accordingly, upon the

t enpl at e mat chi REBUST R tr AT nfRr T i Oh Tt rRR F g YoeERe pRtYality
of neasured siqggl Mavefor &s %éflectg QX thf wav ef or tqgglate, th
pattern matching Uit or9HT VT FvertTon TaR° phi 67 T HoT & AT st P EShpf at e
t chi . I fi . i Bt t | at ti
ity galer ol e neR e S T R ol £ PG PR, Phe

basi s of the new signal - wayeformand: &he, OREVET e o R e signal

distribution. I'n such a case, pattern natc er conprising
above | earni ng Janetd 8hs Cathdey Legh O P8 dsmd e, f%f@f@?@?%erﬁ’élé@és

invention is to provide a second pattern matching unit to performtenpl ate

mat ching, the secomd PRtdLr NodBd CRE Endi th£OMIEA Sk By t £8P] 8t€5 gener ati on
unit to generate a waveformtenplate 25 on the basis of a plurality of

measur ed si gnalwhee o tse andi o rregh Sdrercd e gened Bl @dc & efpd at@a asréd
regi stered tenplate; and a nmatching judgnent unit to performtenpl ate
mat chi ng bébweernt gnaew avereasws edsed gnal gevesned tog mian dvd hef s agi séep Pat e .
tenpl ate, wherein the 13 tenpl ate generation unit generates a new
tenpl ate on t helRESEOKRA, 1¢RPALRAITITL dIrevipiss Wenrlfarersnamehitme new

si gnal waveform and replaces the registered tenplate wth the new tenpl ate.
methods, more accurate template-matching can be

performed.
In the first pattern matching of this invention, a
20 normal distribution can be used as the above occurrence
probability distribution. In this way, especially when
deviation of the measured signals can be considered to
follow a normal distribution, it is valid to presume the
occurrence probability distribution to be a normal
25 distribution. Note that when the occurrence probability
distribution is known, the probability distribution can
be used, and that meanwhile, when the occurrence is

entirely unknown, it is reasonable to presume the



5 According to this, because pattern matching is performed through use of
the second pattern matching nethod, in the next neasurenent of a signal

waveformsimlar to the newy nmeasured signal waveform havi ng 1aq Ry pe,
the second pattern matching unit can perforg1 10 accurate tenplate ne i ng.
The fifth aspect of this invention is to provide a position detection

t hod of det ' it f i
body, the det eclT O T o Smmar) Ko 2 119 o TRUANE Chent S Gl nEEE | ng

a 15 plurality jof g@éﬁ%g@v%&gedpélwsgmﬁ@ir@l_shape as the specific nark,
the aet

the marks being forned on ected body; a second neasurenent step of
nmeasuring the specifiMor@dder,a RAUIRL NEMBIC BN StepBfcPeld asmai pattern
mat chi ng t hrough use of a pattern matching nmethod 20 according to this

i nvention, the ipatdreriormpatiche ngxpeithadl wsing Sdgned seveforam dpasaged at
the plurality of marks as a plurality of signal waveforns, a signal

wavef orm neasuredl et dhenespaordd csigudkl assueaevatsigneth waled osfn tlaad
positions as values of a paraneter; and a position 25 detection step of
obt ai ni ng posi tharengifer neandrnbfot Hehapricddd oo hmrdkewrrenhes hasdizalof 1 1 the
pattern matching results. According to this, by generating the waveform
tenpl ate and t iR ERREHIoN tGAR il Tle IRGVFHING @ @ Herobalil Hay tdemsity
mat chi ng net hod_of this invention by using tenplate matching results the
posi tion infor O Tt TSR Fhe RFUCT AL RIARAR e ohjdkgtrikution
detected, the position detectiqc])n can be accurate!ié/ erformed. 5. In a

position detecti¥n ThE HOPHF 3hi @1 Hent? o <h P e rMEYREC Epeci fi ¢
k ch iodically i first .di ti tti t he val f

The. par anatlr ool St 149ty PARE TS dHRTE S T T rmr k- s
iti | i nf J § J I I 0b t ed .

Adai 1 onal 1y (o sand LRGN AT P PRl FE Fheracinge

where the specifis d 0 i odicad ' G j ion
that is differee_;lr% fﬂr%ﬁ#t eéfif_fr:(g‘jta ire%%'o%%rﬁil(#%ﬁ%guﬁe&%%n%?% to
represent two- gifBad onaly RESd L L Tbrd 6 Y anendiald negh dyr ihiec {44 Stigpd
second directions, the two-dinensional position of the specific mark in the

pl ane can be dej@aimtbnddeSdpddy BSPects ofigHd St idveild WkpSctdd PFHMEE a
position detector for detecting a position of a specific 20 mark formed on
a detectedlbodyin Gl i NG o MegdsdipiEatie it | Jrehstap g driei ispechd i ¢ mar k
and a plurality of marks having al nost the sane shape as the specific nmark,
t he mar ks bei npdmmett0royt e aed ectechriobdy] depiattesm bptahitige uddce
according to this invention, performng 25 pattern matching by using signal
wavef or ns neaswiedatutiengsd wedbald oift yraikisomeatai g W @i tis of irsp nal

wavef orns, a signal waveform measured at the specific 15 mark as a new
si gnal wavef or 1Y Piosihe offsl kawing (REUafie paramet er; and a processing
unit to obtain positional informatipon of the specific mark on the basis of
the pattern matching 5 €9t .1 &MccSlding to this, by detecting the (1)

mvent Fon. 2Phe post t PO E ST | GiF o e R e Ram T Tt o1 gts

det ect ed. invention can further comprises a fourth step of
generating a new waveform template composed of new
expected values of a signal waveform at the respective
values of the parameter and a new probability template

25 composed of pieces of occurrence probability information
of the new expected values at the respective values of
the parameter on the basis of the new signal waveform and
the occurrence probability distribution, and repeat the

fourth and third steps subsequently. In such a case,

30 every time when a new signal waveform is measured, and



In a position detector according to this invention, 10 the neasurenent unit
may conprise a picking-up unit to pick up marks formed on the detected
body, and the signal waveformis conposed of changes, betmeenhﬁqﬁhﬁbggs, of
alight intensity in a mark i mage picked up_by the picki ngup it The
seventh aspect of this invention is to prov?de a alignment nethod of

aligning a det %&gr%ﬁ%erﬂgrﬁgg‘%&biﬁ%fi%ién%médpftﬁ@rvﬁv h{?gt%gﬂe)é ethe

sane shape as one a orne rising a mark position ction
step of detectifiy Posd tha5edn 1 1 0F MBd O 9 @éelﬁﬁci‘éit@@ nhediRd fREks
t hrough use of a positi%n detect?%n met hod ac%or ing to ?ﬁis i%J%ntion, by

sequential |y usidy SBgea BPESTEFSriTBEK €8¢ he &hp1diee Seomigl nugpesvofy MBIks
selected fromthe first nunber of nmarks; and a alignnent step of aligning

the detected bogyehasetewnviher @bm pDsihépnated Nf Deapiin D§ pobefsenend
nunber of marks detected in the mark position detection step. According to
this, by acéurared yrelet s i tige tdref pose tadded tofoieateomlates he second
nunber of marks 16 formed on a detected body through use of the position
detecti on net hcdcodrdingly nvemn on sihehal i wavetothehaet met 2dshapy oatt he
basis of the detection results, the detected body can be accurately
aligned. 5 The BeHrdtedpertths teMRlatReadnPean tepFBiede BN abhgnhext
unit for aligning a detected body, on. which a first nunber of marks having

al most the sane"ShpeeBRNM ol ahot Hetlaf ST e dV 2 CORpFsi HEC A PBRi ti on

det ect or accordin o this inventipo etecti ositional , 10 i nformati on of
S second nurbert TR TRl & CNEL bt ] B b et HorBeT 1 LR i7 0 HAPRIGGER of

t he second ﬂunber of ,mark elected fromthe first nunber of narks& and a
posi tion controftel TR TYH t FeCHetBht 20 B U t Hd pRaSi SR rehed
positional informati of _the second nunber, 15 o rks detected in. the
position detector. Agfc}(lﬁ' dslen(f;O %% |es(ft bé;Pa%%lusr at e‘fe;ﬁtdle?%cjt% n%gt reJ)Vl(]“;le a

Doy Lhr ough uSe O IR pEe 1 ah Qo AL o Aet R o1 R ryehe e and

body through use on tion net nventi1 on and

al igning the 2Q,gdetiecd&do DA RNs thSe Hash €1 PImé ey 84 66140 reP¥é ESrmb he

det ected body can be atcurately positioned.” The ninth aspect of this

invention is toafd o¥iwlev&r &XROSeHS] &8 Nogls 04 ié@mﬁ@féawgera%p@@éprn for med
on a mask onto divided areas on a substrate, conprising a 25 divided area

posi tion debectdgeiesdepd i on Whehbposs tdédnal plunf ol ey | ©h wEasheedi vigedl
areas on the substrate is obtained by detecting positional information,
relative to thevsubSdrmas e, tlnd sesecdndethiodecombr adigmnentf inar kstep 4¥F

t hrough use of a position detection nmethod according to this invention
whi | e sequent i ab¢ yfosmingg asemp speeifdtching kacheaf tihe segbstenadber of

al i gnnent marks selected froma first nunber of alignnment nmarks that are 5
formed on the stiERlate ardaa deeekY ddeaddyedndiage waveform; and a

second step of generating a new template on the basis of
20 a plurality of signal waveforms including the new

waveform and replacing the registered template with the

new template; and wherein the first and second steps are

repeated subsequently.

According to this method, in the same manner as the

25 above case of performing learning on a new waveform, when

a signal waveform having a shape not reflected by the

template has been measured, in the next measurement of a

similar signal waveform, accurate template matching will



al nost the sanme shape; and a transferring step of transferring the pattern
onto the divided areas while aligning the substrate based on the positional
‘information of the divided areas on the substrate 10 obt ai neqed' n Lh&ﬁi

di vided area position detection step. According to this, whil AUt ely
detecting the positional information of the, second number of alignment

mar ks forned on the substrate through use o% the position detection nethod
of this invention and aligning the 15 substrate on the basis of the
detection resulgs, the patgern is transferred onto the divided areas. That
is, while accurateﬁ)y al1gning the substrate through use of the position

detection nethod of tﬁﬁStE@V§@%&@@1péﬁ%%fﬁ“éé%éhi§gté@”@ﬁf%rfﬁv@ﬂﬁ oh he
di vided areas. 20 Accordingly, the pattern can be accurately transferred

onto the divi deghareasondher&xposr eupEhdpdcOhptDisSsi Aventtanseap e one
wherein the plurality of divided areas are disposed in a matrix-shape on
the substrate, edeteanitdeanl bgouenéncarkr@5al600Pty S€sseribut donugber of a
first alignment marks having al nost the sanme shape as one another and a
fourth nunber ofignakcoabtuesigonené raskschiave nga ahawsof t hiee sparambope as
one another, the first and second alignnent 18 mar ks bei ng used
respectively forehdtemi by thetprangew df recvavafofmtbe tipe ribxsamdof othe
aligning in the colum direction of the matrix, wherein in the divided area
posi tion detectPbaratehy pbssivomblwavnebewasi omndia foershrawesi eéction on
the substrate, of a fifth nunber of first alijignment marks is obtained
through use of FEPOETtIRP YhELrFoh!l HeY hbeMRt2b? I PP e NP E PROERE| ©F
whi l e sequentially using as ecific. mark each of _the fifth nunber_of
first ali gnmsnto??éﬂ%e%g? e%?%ﬁas&r%rﬁ}f hjerqg%r‘{‘ﬁjr%ln n%#rb{:&?e oFXFPEF5ed ay F4RRR Nt
mar ks, and.al so_posi ti L nf | ip the colum direction on the
substrat e, 1§f aatgi%%] ﬁ%%)%#tlo‘?é g‘t;el%:%l%éc]s ari g%kﬁr%n?a%rp?ée}fs obt ai ned t hrough
use of a position detgcti t i this inventio .
sequential Iy using asﬁg éllgggg%cﬁsld%’ a‘rr@?% g%%%f%&%%% %élr{%ﬁg%%nlg%?c%%n%econd
al i gnment nmar ks, sgfech ethd rom i Niged %&Qfé‘ﬂﬁ‘b@émﬁaééc Al ﬁ@&‘g?i‘%%%‘f” ks,

and wherein positional information, relative to e substrate,

divided areas ipapbteimeth byhstatistisalpy Processi Hg dhe-prsitiong 20
information in the row direction of the fifth nunber of first alignnent

marks and the postdidne t6fecontioncs otdiealsol LR T @ss i On fpdbeegi xth
nunber of second alignment marks. In such a case, the two-di nensional

posi tion iabor meiwes off tdiegoh Vi delhas ests One t hes 2&cisigstval @ € adf behe
accurately detected, and while accurately aligning the substrate on the
basi s of the der@anoier esan tize pdwef paredrby i sefeansiertediiont o the di vi ded
areas. Therefore, the pattern can be accurately 19 transferred onto any
of the divi ded RireaP at+angedmphaiee mathe xexprpieed values being the

waveform template’s values at the respective values of
the parameter, and a waveform template and probability
20 template that are statistically reasonable can be
provided to prepare for the next measurement. Therefore,
pattern matching can be performed statistically
reasonably reflecting the whole pattern information
corresponding to a plurality of measured signal waveforms
25 used for generating the waveform template.
In the same manner as the first pattern matching of
this invention, the occurrence probability distribution

can be set to be a normal distribution; the expected



The tenth aspect of this invention is to provide an exposure apparatus for
transferring a pattern forned 5 on a mask onto divided areas on a
substrate, conprising a stage unit noving the substrate along a
predeterm ned planed and a position detector according to thgsyynyggtion
obtai ning positional infornmation of a secongh nunber of alignment marks by
sequentially using as a 10 specific mark each of the second nunber of

al i gnnment marks selected froma first nunber of alignment nmarks that are

formed on the spbpidaten asecasdetested bedy,sad haye &t nfﬁé&_sﬁf‘@ds§['§n§fape
as one another. According to this, while accurately detecting the 15

positional inforaptéonaefcibie ¢ivisdedr atgasphyadet £€f | H8dt HRe POSEEE 0HAl

i nformation of marks formed on the substrate through use of the position
det ector of thisctuvestconpatidamblleyalnfotrngtide saubshe aset onctbedbagi s of
the detection results by using the stage unit, 20 exposure of the second or
| ater |ayers istpesforoesbbhithedenvidedfaneasosovahae af ptieeedecurnedce
pattern is transferred onto the substrate. Therefore, nmufti-exposure for
forming a miftiPrayalplipatyefor chine bexpectednealweth i nproved accuracy of
superposition between the layers. 25 It is noted that by assenbling and

adj usting the above BRagehimftaspecttPbntiyes et venthold b hep REPYHAS @

el enents and units nechanically, optically, and electrically, an exposure
appar at us accor ot ht tRRERFER MaABENiRg Rt bnt e anchEOHRIESHAI ¢ het FaRSPERE a
pattern onto the divide areaf on the substrate. |

ddi t1on |
li t hography protes3; 9Dy~ pé?Yorifhy %%5%%%?ewhg$n§agﬂge%l%éggeoggﬁgr%?ﬁgt
accort 1 V" he 8 preSehtoInveTon VoL poroiie on oo Ul

pattern on a subd W hi gh~ accur ac SUpET p a

pattern on a i acy of' AL tHiet &1 F
i gh y ol d-Cand® LR By Cauct T o7 (5 Can Bt iR odeasFA0E Aok A oy, anot her

aspect of the presedicdnVeRti PO LSt Bndeyh cer srnyf aet HE 80 Yo HSLBYsRPed
exposure apparatus of the present invention and a nethod of nmanufacturing a

devi ce using ansﬁ%@@ﬁ%@v@?&ﬂ@é’ Shdt benpsesend £ i axpatten. vabuBR| Ebf
DESCRIPTION OF T DRAWNGS Fig. 1 is a schematic view show ng the

arrangenent of ahgEexXposSileecappatatis AcSpedt Nget ¥a dle €NBOAt HENpar&hgteZA
and 2B are views for explaining exenplary alignnment marks; 20 Fig. 3A and
3B are respectiaedya apyvoleabshoww ngemplate composed of pieces of
15 occurrence probability information of the expected values
at the respective values of the parameter; and a matching
judgment unit to perform template matching between a
newly measured signal waveform and the waveform template
while using the piece of occurrence probability
20 information of each expected value in the probability
template as weight at the respective value of the
parameter.
According to this, the template generation unit
generates the waveform template that is estimated from a
25 plurality of measured signal waveforms and composed of
expected values, of signal values, at the respective

values of the parameter and the probability template

composed of the pieces of occurrence probability



exenplary structure of a portion where the alignnent mark is fornmed and a
view for explaining ideal results of picking up the alignnent mark; Fig. 4
'i's a'schematic view showi ng the arrangenment 25 of a main copﬁnﬁh %m§tem
Fig. 5is a flowchart for explaining an opeyation of detecting the
positions of the marks; Fig. 6A to 6C are views for explaining shapes of
21 measured signal waveforns; Fig. 7A and 7B are views for explaining an

initial waveforyp{enplals, ad 4 tdalerobahilidy demlatlfsgosPerd ihvely; 5

Fig. 8 is a viewfor explaining a probability distribution of a Iight
intensity at eagdn posidf othe Rhdrarfetsr A yﬂ&%ﬁ@rmmm@mérﬁm akit

matching; Fig. 10 is a flow chart for explaining a nethod of manufacturing
devi ces usi ng tger fxns ut@nsipes atarscishroyvbdivédn R heWly anshfiged 11 is a
fl ow chart showi ng a process of the wafer process step of Fig. 10; BEST
MODE FOR CARRYINGIEUIT widike fNENTIAON H waw eeidood | v L afe twiet e eseintg the
i nvention will be described belowwth referring to Figs. 1 to 11. Fig. 1
shows the séhemsitdéae arf avgemergned pyebability information of each
expected value in the probability template as weight at
the respective value of the parameter. That is, the
pattern matching unit of this invention performs pattern
matching through use of the first pattern matching method

10 of this invention. Accordingly, upon the template
matching, because pattern information corresponding to a
plurality of measured signal waveforms is reflected by
the waveform template, the pattern matching unit of this
invention can perform more accurate template matching.

15 In the first pattern matching unit, the template
generation unit can generate a new waveform template and
probability template on the basis of the new signal
waveform and the occurrence probability distribution. In
such a case, pattern matching further comprising the

20 above learning function can be performed.

The fourth aspect of this invention is to provide a
second pattern matching unit to perform template
matching, the second pattern matching unit comprising a
template generation unit to generate a waveform template

25 on the basis of a plurality of measured signal waveforms
and to register the generated template as a registered
template; and a matching judgment unit to perform

template matching between a newly measured signal

waveform and the registered template, wherein the



exposure apparatus 100 according to the enbodi nent. This exposure apparatus
100 is a projection exposure apparatus 20 of a step-and-scan nethod. This

‘exposure apparatus 100 includes an illunmination system 10, a ebtbg}he t age
RST serving as a mask stage for holding th jeticle R, a projecti @@[ical
system PL, a wafer stage WST serving as a stage unit on which a wafer Was
a substrate (a body 25 to be detected) is nounted, an alignnent m croscope

AS serving as %#@% %&%Jﬁ}'& WH tun & MR 4o SWPtEm20 4o th
conpr ehensi vel y cn{ ntro pci e oJl e sli/nstem and the %llke. 2% T%_e o ©
iI'lum nation sysdem hopsing comdi oft 44 1 S SR ridd) dhd WA Hanee
uni form zation optical systemincluding a fly-eye |lens as an opti cal

integrator and divhdi kéaverdeh aynd efsplacearitedl e fddtd®roempI£td cl£L1D
blind, a dichroic mirror, and the like (all are not shown). The arrangenent
of such an il | uheaaiewntaystameis, for exanple, disclosed in Japanese

Pat ent Application Laid-Open No. 10-112433. As a light source unit, KrF
exci mer | asér (oscil |fadorvey dlerigtis 2481mgu s Arga thite mx giatesh drag e s
(oscillation wavel ength 193nm, FZ | aser (oscillation wavel ength 157nm),
Kr2 (krypton diRfiEforneddrhreiseh I4se ioh W eIeernt Dy mechingon
dimrer) l|aser (oscillatjon wavel ength 126nm, a harnoni c wave generator

usi ng copper vapitI%set? oA Fadera st RhiHrs A Pk SRR FRr cury

lanp (g-line, i-line, etc.glr,1 or the like isdus.ed. te that iﬁlstead of
||ght emtted f%ldrhll Ehl”e to e newly measure signa waverorm aving a

new shape, the second pattern matching unit can perform
10 accurate template matching.
The fifth aspect of this invention is to provide a
position detection method of detecting a position of a
specific mark formed on a detected body, the detection
method comprising a first measurement step of measuring a
15 plurality of marks having almost the same shape as the
specific mark, the marks being formed on the detected
body; a second measurement step of measuring the specific
mark; a pattern matching step of performing pattern
matching through use of a pattern matching method
20 according to this invention, the pattern matching method
using signal waveforms measured at the plurality of marks
as a plurality of signal waveforms, a signal waveform
measured at the specific mark as a new signal waveform,
and positions as values of a parameter; and a position
25 detection step of obtaining position information of the
specific mark on the basis of the pattern matching
results.
According to this, by generating the waveform

template and the probability template according to the



above light source, X-ray or a charged particle beam such as an el ectron
beam can be used. The function of the illum nation system 10 having 20 this
‘“arrangenent will be briefly described below. Il1lunination | yghlueHohg ed
fromthe light source unit is incident ont 4the i Il um nance uniformzation
optical systemwhen the shutter is open. As a consequence, nmany secondary
sources are forned at the exit end of the 25 illum nance uniform zation

optical system A i an é?% ' qgﬁi t ! ndary
sources r eachegalt%#e r e_??% e brﬁ n tidr(gt% t e§b§g7n§rg%mri trlg‘\f%a% ég_ondense_r

I ens system Th?er&ﬂl'&tr@ H@éﬂ&ﬁﬂ%%s@é NhPFSSEE £4H oL e 164 1 &4 echd i nd
is sent out through an imagi ng | ens system A slit-like illum nation

area, which is gafdineid hatie 4£td decdtidd, oedthe I1etdetectr O W ch a
circuit patternis drawn is illumnated with the illum nation light IL
havi ng uni f or mgdd i srande: dyt tdre ¢dr use reedd e toply qed r &ysteim | OP. 10 On
the reticle stage RST, a reticle Ris fixed by, e.g., vacuum chucking. The
retil ce stafe RST carlrbex fpaws]yialr idegredtn o6 Ynqiitamvke qofertgeisdi iowrert tan t he
optical axis (coinciding exactly with the optical axis AX of a pr oLectj on
optical systemiPL & ccdre ddwere ek |pee)fiot mark dhandesmipenionl eysiemno
by a reticle stage driving . _
a first direction, by setting the values of the parameter
to be positions in the first direction, the specific
mark’s positional information in the first direction can
10 be detected. Additionally, in a position detection method
of this invention, in a case where the specific mark also
changes periodically in a second direction that is
different from the first direction, by letting the
parameter to represent two-dimensional position in a
15 plane defined by the first and second directions, the
two-dimensional position of the specific mark in the
plane can be detected.
The sixth aspect of this invention is to provide a
position detector for detecting a position of a specific
20 mark formed on a detected body, comprising a measurement
unit measuring the specific mark and a plurality of marks
having almost the same shape as the specific mark, the
marks being formed on the detected body; a pattern
matching unit according to this invention, performing
25 pattern matching by using signal waveforms measured at

the plurality of marks as a plurality of signal

waveforms, a signal waveform measured at the specific



portion (not shown) conposed of a magnetic-levitation type, two-dinensional
| i near actuator, and can be driven at a designated scanning speed in a
‘predéternm ned scanning direction (hereafter, it is set to 2% bipe 20320
direction). Furthernore, in the present enbodi nent, becaus tﬁ'e
magnetic-levitation-type, two-dinensional ljqiear actuator conprises a
Z-driving coil as well as a X-driving coil and a Y-driving coil, the
reticle stage RST can be driven in Z-direction. 25 The position of the

reticle stage BT jnd ﬁf @ gnal %MQMP%@S‘ gé@ygeﬁeiéﬁse $4 age povesei s

detected all the tine rough a novable mrror areticle |aser

interferonmeter alq)a(ﬁbﬁﬁee@éltgra5nd of ¥ Qb d 0 A5 whit ald e d W esd erommier )

with resolution of, e.g., to I'nm The positional 5 information of the
reticle stage RIIEdm@midre setind espdvef femmmt esn ltthd oseid ¢ thst age
control system 19, and the stage control system 19 drives the reticle stage
RST t hrough a rettitoden sisageh dig viesgulpos £ i on (not shown) on the basis of the
positional information of the reticle 10 stage RST. The projection opti cal
systemis abranged bdawrtdieng etd dilel st dge RSBALIFG ghel pegidias obtilal
axis AXis set to be the Z-axis direction. Because, as the projection
opti cal systemiBrk by efshed e dprscalonydeteggtion method of this
invention, the positional information of the mark can be
accurately detected.
In a position detector according to this invention,
10 the measurement unit may comprise a picking-up unit to
pick up marks formed on the detected body, and the signal
waveform is composed of changes, between positions, of a
light intensity in a mark image picked up by the picking-
up unit.
15 The seventh aspect of this invention is to provide
a alignment method of aligning a detected body on which a
first number of marks having almost the same shape as one
another are formed, comprising a mark position detection
step of detecting positional information of a second
20 number of marks through use of a position detection
method according to this invention, by sequentially using
as a specific mark each of the second number of marks
selected from the first number of marks; and a alignment
step of aligning the detected body based on the
25 positional information of the second number of marks
detected in the mark position detection step.

According to this, by accurately detecting the

positional information of the second number of marks



15 that is bilaterally telecentric and has a predeterm ned reduction rati o,
e.g. 1/5, 1/4 or 1/6, is enployed, when the illum nation area of the
‘reticle Ris illumnated with the exposure illum nation |'1%tJULL@H0mthe
illumnation optical system the reduced inage (partially

image) of a circuit pattern in the illum natgon area on the reticle is
formed on a wafer Wcoated with resist (photosensitive material) via the
proj ection optical system PL by the illumnation light IL having passed the

reticle R 25 ?%gﬁe\@‘t'lédso x\eﬂ%gqp Bdase B Wg% A 8 JUL

2003 25 the proj ectl on opt system in FiIg. 1, and a o? der 25
i's mounted on the dafiein HAIRHIRE PN d Nirsy el i®n *H}idj%[ll?g'é}uﬁ eyafer Wis

fixed by, e.g., vacuum chuck or the |like. The wafer hol der is so

structured 5 thaitddt«Bbdig, tdd tetk ivhsainy off reed iddtaddibnd eﬁermpltg,o #hel ane
perpendi cular to the optical axis of the projection optical system PL and
can be finely nimwedttiad tdwelyicectieoornofutdteloptdlcainaki s AX (the
Z-direction) of the projection optical systemPL by a driving portion (not
10 shown). Fhe waf er The dargith capedts @i dtlditse ifverlticabol theomptidala
axis AX. The wafer stage WST is so structured that it can nove not only in
the scanni ng diald@nmsn{ turel ty-fdin echigiino i dwetiad Py evtivgnich a
perpendi cular to the scanning 15 direction (the X-direction) so that a
plurality of sHOtrSh SH¥RAT 1He Rk oo e adé%qst i SN P RERR AT ©O1F ea
conj ugat ed Wlthth IIum tlon area, and a step-andscan operation is
perforned in W& Dt Cﬁ%‘i’ﬁlﬁrsrﬁ%as 'W% % o each

shot area on the 20 fer an o0 ion of nmovi t he wafer. to the
starting posi tiacﬁ? o‘? %q”ssndt v atoll eoP régg PO Lftaet stage WST
is driven d S Qgii A WaE ers s drjvi ng
port| on 24 I ncI ud%nréaa éimaetéce %‘é&pofm rﬁg%a o Sec%l?eqlet Ji eyV\ST

I ine Y Bl s oot d it rg’aémr@y%eé%wg*. Sulis{Eredr b

waf_er_laser inter 18 wth resol ution of nm The
posi tional infofimid Uk (Mt Ot rhe B B0 of marks; and a

position controller to align the detected body on the
basis of the positional information of the second number
15 of marks detected in the position detector.

According to this, by accurately detecting the
positional information of the second number of marks
formed on a detected body through use of the position
detection method of this invention and aligning the

20 detected body on the basis of the detection results, the
detected body can be accurately positioned.

The ninth aspect of this invention is to provide a
exposure method of transferring a pattern formed on a
mask onto divided areas on a substrate, comprising a

25 divided area position detection step in which positional
information of the divided areas on the substrate is
obtained by detecting positional information, relative to

the substrate, of a second number of alignment marks



26 information) WPV of the wafer stage WST is sent to the stage control
,system 19, and on the basis of the positional information (or velocity
information) WPV, the stage control system 19 controls the wafer stage WST.
5 The alignnent mcroscope AS is an alignnent sensor of an off8 Wk sdhidbt hod
provided on the side surface of the projectipn optical systemPL. The

al i gnment m croscope AS outputs the picked-up result of an alignnment mark
(waf er mark) provided on each shot area on the wafer. As the 10 alignnent
mark, for exampliesod@ kudK d07a dGLept 150 GedediisE oD PSILLOPaNY FRIK MY
for detecting a Ydirection position that are fornmed on a stree i he ar ound
the shot-are SAoNs t hevavaf £5n ash STOWe bl it 021 2A @éfnysgg,atéﬁé&mks

bei ng al i gnnment-nmarks. Therefore, 15 in practice, two ali gnment

m croscopes, oneaflorediet est i fige asecshd eglhiodr POS| 41 DhnRak ther et her for
detecting a Ydirection position, are arranged. In Fig. 1, however, the two
al i gnment ni cr oszopetsedr Erorepr eSerd atnwebyr shidval bynhdrer ahd gpFeMat are

m croscope AS. As each of MX and MY marks, 20 a |ine-and-space mark havi ng
a structuredperforied ion athk rechsonte aetacdetdctpdddpnendamabe used.

t he |ineand-space mark being representatively showmn by the mark MX, which
is shown on a IRRRIL SEhe eS3Me FFRpPOB. arThed aff T ajreken r M e roszopef AS sends

pi cked-up data | MD, gﬂ ch 25 is the picked-up result, to the main control
system 20 (ref erf&BFEING the Rafe sml IRINIR fiEeredl wrder cireae wiaike W as
shown by the X-Z cross-sectional view of Fig. 3A, line portions 18 ~u~

I
2003 27 53 and & Hort o e dehatel {1 e Reed-iorahe Xdirection
on a base | ayer, d on t surface, of line portions 53 and space
portions 55, alrng%?rsrfaqija%/réro%%}?% Jo‘flr%edj. SR S0 %’Fsb&iqfeatr%si st | ayer
57 is, for e ; posi;tive resist material or a chemcally anplified
type resi st15 whi ¢ %fs&hll%gﬁd}{ér adr:;ls‘;njicgés(}soanr.ewoesrjitﬁosn oqeft%%glb%&eyqeo&'er 51

and the line portion 3 are thoertgﬁ[s f rmle@%ﬁ%q{erlfngdeéehc S& d tki%i al's

are different fromeach otherinr gctance an _ nsim $sion. ,
materials of thediteRar tian, 5 @t the SRAGR Rld | Aok 2 éjijfrér%
fromeach other, and those materials are generally difterent from eac

other in refl ectzance mishdd m@@imsﬁ%@fﬁ@ouﬁxﬁ%@ dhathd he, smt g1 al
of the line 15 portion 53 is alum numor the |ike "having high reflectance,

that the mat er ickteaft itdre nedend ayfercHhls iihdedion maefdeGgmnee difwan that of
the line portion 53, and that the material of the space portion 55 is |ower
in refl ect &hce stuipent naliat aof tthee Heasies |y erheb HetAlcio,orassisd t2) tdmas t he
upper surface of the base |layer 51, the line portion 53, and the space
portion 55, andatiemowsddmprsifrerass lwethoedrhet fd viideel pordasan Tiktands,t he
space portion 55 are alnost flat. When shining the illumnation |ight from
above and obsefild§ &FqUkEge Pore@mEya Fde25uhsfinedtd dmddught useefdfect ed
by the mark-MX-fornmed area, fromabove, the X-direction distribution of
light intensitye &S Ingl§e S 1iHe Metdosh@in thi SFilgives iothatthiss, in the
observed inagepattr%%rlni qht inte itry S i 358 JUL 2~~3

s transrerred onto the divided areas.

20  Accordingly, the pattern can be accurately transferred
onto the divided areas.
The exposure method of this invention can be one
wherein the plurality of divided areas are disposed in a
matrix-shape on the substrate, wherein the alignment mark
25 comprises a third number of a first alignment marks
having almost the same shape as one another and a fourth
number of a second alignment marks having almost the same

shape as one another, the first and second alignment



28 | argest and constant in a position corresponding to the upper surface of
the line portion 53, and the light intensity is second | argest and constant
‘in a position corresponding to the upper surface of the base layer 51. 5
Bet ween the upper surface of the line portion 53 and the ugerJusupdiace of
the base layer 51, the light intensity changes in a J-letter shape. The
mai n control system 20 conprises, as shown in Fig. 4, the main controller
30 and a storage unit 40. The 10 main controller 30 is conposed of a

control ler 39, uhich bceq%g Y2 d @%5‘?3&1%51‘0& Ndr 100 BV PR Wi hpge

control data SCD to the stage control system 19 and doi ng ot her things, and
a position computidg iWH to B&nhanthtidi&k R N LOPUIHNG HHide I 1GQIPr i Ses
a pattern-matching 15 unit 31, a picked-up image collection unit 37, and a
mar k- posi ti on cal@dtdtdme uiide 3&tasi 4 WHEQESS nith Whd .diAndiddiearea
pattern-matching unit 31 conprises a tenplategenerator 32 and a matching
judgment unit 3IDsismicbrt e ttdriage s, 40 dindladds i foi wdeadi-amp- diat kst ori ng
area 20 41, a waveformtenplate storing area 42, a probability tenplate
storing area 430w Qatawripmetre Hihey-gusaiinatst,ordhg driet Mo amizem of

mar k- position storing area 45. The alignment mcroscope AS and the position
conput i ng uni t 36 dompddsmnegodialh detatimedaid rrghlugmhmdnta 25

m croscope AS and the picked-up image collection unit 37 conpose a

nmeasur enent unifCSYHAHERERTELON MefPd 2aGFRF Gt Ot it 8 RIS et esent ed

by solid Iines with an arrow, and the flows of control are by dotted |ines
with 1 9 JULWDIR ZRHEHow Y HREMEtG DR ﬁpﬁc’fff%ﬁ?%r]bfe%/% Qféitﬂ“e

control system 20 w || be described |ater. te that althqugh,_in the

b esent enbod Harich CHEHRR 1P Lot I S WAt IS S0ve R ¢ s,
the 5 mai n,gontrol | er y. a. conput Egﬁg' i t functions of
t he above ﬁrsu tsthalrgeaerneugrl‘oqe;%d)%sf%rsgcg:g;%sﬁgnfeﬁ%z I n}l%hg}{ncgihanl%)gnt rol |l er 30.

Referring baCkgrﬁpsojEigmallblj!r{E&%teimsgfrp GRPAUAS ;d)jf%e&dif@’rl tdy fagal

det ecti on syst an oblique 10 i ncidence net I xed on a supporting

portion (not showy: AL SURPOT dNE DA U QUG SYsheBAL nd e is

detection system being conposed of an illumnation optical system 13 that
shines an i mgidi-pean t-d@mmesdldl & iddsofi sl idetidmags fovesd, the

best -i mage pl ane of

according to this invention, sequentially using as a

15 specific mark each of the sixth number of second
alignment marks selected from the fourth number of second
alignment marks, and wherein positional information,
relative to the substrate, of the divided areas is
obtained by statistically processing the positional

20 information in the row direction of the fifth number of
first alignment marks and the positional information in
the column direction of the sixth number of second
alignment marks. In such a case, the two-dimensional
position information of the divided areas on the

25 substrate can be accurately detected, and while
accurately aligning the substrate on the basis of the
detection results, the pattern is transferred onto the

divided areas. Therefore, the pattern can be accurately



15 the projection optical systemPL in an oblique direction relative to the
optical axis AX direction and a light receiving optical system14 to
‘receive the beans reflected by the surface of the wafer Wthrough the
respective slits. 20 The stage control system 19 drives tHe8wiile2W0Bol der 25
in the Z-direction and in an oblique directigpn on the basis of the wafer
position information fromthis nulti focal position detection system (13,
14). Such a multi focal position detection systemis disclosed in, for 25

exanpl e, Japan%sj% dﬂﬁg{' i tais Ny B 4@&%@6 pt
correspondi ng U .rF%ae%%\et .ﬂ&a%dlg%uﬁ{rgeo%e@b 5,448, 332. e dc?s%foasures
in the above Japanese fafent Application Laid-Open and U S. Patent are

i ncorporated herein by reference as |long as the national |aws in designated

states or elected statfs,tdrixWigdbdthict i ermation @appd GRtdeihd s
applied, permt. The exposure apparatus 100 havi ng the arrangenent

descri bed abovesrtlad:gedsutdieappd it | fowr of rqrosfdiioisg Drpdtise waf &5 ri¥d of
predeterm ned marks MX, My fornmed on the wafer Win a manner that will be
descri bed bél oven Notee <J0 dritat Giisvisd gt eamesaes far aledwrd i rat ¢ hecpust s onal a
information of the marks MX, MY, the marks MX, My are assuned to have been
al ready fornmed SFRdhelvif groGing oche substrate along a predetermined

plane; and a position detector according to this
invention, obtaining positional information of a second
number of alignment marks by sequentially using as a

10 specific mark each of the second number of alignment
marks selected from a first number of alignment marks
that are formed on the substrate as a detected body and
have almost the same shape as one another.

According to this, while accurately detecting the

15 positional information of the divided areas by detecting
the positional information of marks formed on the
substrate through use of the position detector of this
invention and while aligning the substrate on the basis
of the detection results by using the stage unit,

20 exposure of the second or later layers is performed on
the divided areas so that a predetermined pattern is
transferred onto the substrate. Therefore, multi-exposure
for forming a multi-layer pattern can be performed with
improved accuracy of superposition between the layers.

25 It is noted that by assembling and adjusting the
above stage unit, position detector, and other various
elements and units mechanically, optically, and

electrically, an exposure apparatus according to this



the previous process (e. g., the process for the first layer). In addition,
assune that the wafer, which is 15 coated with resist after a | ayer made of
'a predeternmined material is forned on the wafer surface by, for exanple, a
chemi cal - vapor - deposi ti on nethod (CvD) and the like, is |b8déd 2Bo the
waf er hol der 25 by a wafer |oader (not showy, and that the main control
system 20 has noved the 20 wafer Wvia the stage control system 19 such
that each of the marks MX, My are placed within the observing sight of the
al i gnment mi croscane: A% LAW SHORRIAL 10N i N catd £l A Coarsen abh ghneRt

(pre-alignnment). This pre-alignnent is perfornmed via the stage control

system 19 by t heivwaddy 2or &0t tisysd R 2a{specifically, the controller
39) on 1 8 JUL 2003 31 the basis of observation of the outline of the

waf er, observation resudsiofon heimed kKsidhogMbhp Bradsles sightpango theng
positional information (or velocity information) fromthe wafer

i nterferoneter dfoduradidionadn yoxmonst«edphduad t e poscdrding nf@rtme i on, on
the wafer, of a predeterm ned nunber (hereafter, set to be M of selected
X- posi ti on- Get qute anmaikeediorfi +t 1it goddsBHnle YepaoSeoim om mufoinbdyen, on
the wafer, of a predeterm ned nunber (hereafter, set to be N) of selected
10 Y- positi on- dedteed Foromed kU 3te With i h sarecya¢e @et ected and t hat
the mark- MX-forned area, and MY-forned area on the wafer Ware structured in
the same way asSYRPERYSLIBICRxcEM FRATEHRI el ebS FOFFHRHRsEC of the
boundary surfaces ajgand t he surface of tfe resi st Ia%er, 57. 15 Althougrrl\, in
the bel ow descriPTACTHHe 3Pt thi ot hi red T AP Al SEQ AT Fiom Wi
information, on the mafg , Of tq$ narKi in MY are considered to designate
posi tions (coor % Hodi t300s)S PG Bha¥ yC RV i HEEPYRAt def i nes

t he novene of, t he er. W_the X-position 20 . nfornmation, and Y- position

i nformati ogbar eA%% r%{\ﬁﬁ{%’d ?%og%%rr |Sr%?%t p%%i%rll%n%r?%erét st'af 7 ona rf‘/ s 4

iR e SR e e R

devi ations from design val ues regar

obtain these deyiaidon- AN fon LIRE & ife @ 3P SBUROM, Mher er e JBakS: MK, MW

are observed after they have been noved to under the alignment m croscope
AS on the basi syofnglesh dysdues dPostd i Onatnd b osd@it omwusedionl 8 JUL

2003
15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing the arrangement
of an exposure apparatus according to an embodiment;
Fig. 2A and 2B are views for explaining exemplary
alignment marks;

20 Fig. 3A and 3B are respectively a view showing an
exemplary structure of a portion where the alignment mark
is formed and a view for explaining ideal results of
picking up the alignment mark;

Fig. 4 is a schematic view showing the arrangement

25 of a main control system;

Fig. 5 is a flow chart for explaining an operation
of detecting the positions of the marks;

Fig. 6A to 6C are views for explaining shapes of



32 when the marks MX, MY are transferred onto the wafer), and where using
the observation results, the amounts of deviations, of position of the
‘marks MX, MY, from a predeterm ned observation-reference in ige al i gnnment 5
m croscope AS are obtained. Next, position detection of X-po Bt ¥ién 2003
detection mark MXi and Y-position detectiompirark Myh will be descri bed
below referring mainly to a flow chart shown in Fig. 5 and also to other
figures as the need arises. 10 On the detection of positions of M nunber of
sel ected marks MdsdeF sidra Myaddfimsi N step 201 of Fig. 5 an alignnent
m croscope ASX picks up a plurality (three in the present enbodi nent) of

ot her marks MX than selfctied 26dp0F tdren-wetwecticn gmyksi g tan denierialle an
initial 15 tenplate (an initial waveformtenplate and initial probability
tenpl ate), and weocoofadimng dnge liatst rargt idonist falomptdieakeidnittryoldemp 13k e t he

pi cked-up data collection unit 37 stores picked-up data IMD, inputted
thereto, into tdespaakietlp-data storing area 41, and by this, picked-up 20
data IMD are collected. If the mark MX that was picked up is ideally
shaped, thedcoll ectedisi-cled-up ddtey 199y WY lalgdacam irdedialighidfior m i n
Fig. 3B. In practice, however, the mark MX is not always ideal]ly shaped due
to the fact th&SHe2REiufary SEfaddsd ot theé s fRFdt PITL i 1 esi st

| ayer 57 are not ideall lat and the. like. Therefore, actuall asured
S amn ot akes vever IR shoah Dy A TP ST S, T S i TR e

to 6C, dotted |lines gepr nt 8 JUL 2003 33 the i.deal . in ter 0
desi gn, signal V\B.VGfEf)ll’ t :alrsld3 |Sg.a #BI.OWJA chleasr%r ifp% oenXp\;ﬁ\n‘aﬁmbneg pa}' ése Oen% Ooél ow
considering th i.gnal A/ I, 1GB; i i 6 V, een
measured in stg%arlﬁ%ﬁr. ltq@idnélflt%os%%rﬁ]qﬁgg. ,d%crceoécﬁér)lagpﬁctom Shturd
instructiong frigmgihe contfpf ler 39, the tenplategenerator 32 generates an
initial waveformtenplate and initial probability tenplate. Wen generating
the initial 10 wavefmrgn tenlate @ ididial sHwbapid igdodaiplat esndirst,
the tenpl ate generator 32 reads out the picked-up data of the three
measur ed si gnalwatemefmrdte 4 apdhe StRirg .ng.er ea 41. The wavefornms shown in
Fig. 6Ato 6C are three 15 different ones that are really neasured in the
X-axi s space. Because their respective formng positions are different,
there is a probability that actually neasured signal waveforns are neasured
under di ff er entBESAc MRPENFRR CARRYING OUT| THECENVENIIONverform 20
posi tional adjustment according to correspondence anong the X-positions of
those waveldrns in ofderctkedidifidgr @ fort heomdiafetthamvan tipsl wirldspeect i ve
positions corresponding to one another_ (abscissa positions (X positions) in
Fig. 6A to 6C) IFEFTHRGIMRGFOV i the i idte ‘RederEtorl 32 ¥or each of the
signal s correspondi ng,.to pi cked-up.data.read .out. fromthe storing area 41,
¥ er @e % & n&naﬂg\ﬁége

a position where the oW g T & G RE eSS formin
Fig. 3B, - aé¥g0§§¥£3§g%aratus 100 according to the embodiment. This

exposure apparatus 100 is a projection exposure apparatus

20 of a step-and-scan method. This exposure apparatus 100
includes an illumination system 10, a reticle stage RST
serving as a mask stage for holding the reticle R, a
projection optical system PL, a wafer stage WST serving
as a stage unit on which a wafer W as a substrate (a body

25 to be detected) is mounted, an alignment microscope AS
serving as an image-pick-up unit, a main control system
20 to comprehensively control the whole system and the

like.



serving as a tenplate, is highest is set to be the position of each mark
MX. In this tenplate nmatching, normalized correlation conputation between
the tenplate waveform i.e. the ideal waveformin terns of desjgn..5 W)X
and each of the signal waveforns WIk(X) (k = one to three)1 s‘ﬁ'be?qﬂér med as
nmovi ng each signal waveform Wik(X) in the X-axis direction. That is,
X-range, for which nornmalized correlation conputation is perfornmed, is set
to be equal to or | er, 10 than XS, which iis small enough, and equal to or
smal | er than XE (= B85 R AR o Vb Caih O L PR i g, 1

pi cture-el ement pitch of picked-up data in X-direction), XE being |arge
enough, and r e REER R X lpoB NG HAEFEIEH IR 00 P tsidlel Bt val ue
CTk(8X) is 15 obtained by CTk(8X)=~ FWD( XS-f-j] WK) WK(XS-1-]~X-f-8X)y ~~~
(2) =0 and by daldwditichg & hadawe ghénsataswire prddcte looimted gntd taar varldiegthe
CTk(sX) becones maxi num and translating each signal 20 waveform Wk(X) by
the val ue SXk ilnikehe aX-mHIregctlieory, tehera¢imdslid iNdh fOfl teach simgnalc Mavef orm
WIk(X) is adjusted. That is, using the ideal waveform WD)(X), the X-position
of each sigpal pravef,orandAldd{r9id smiadidist echantheariect ed.1 Bereafder, the
signal waveformadjusted in this way is 25 represented by ~~Wk(X)", which

is the same as striwrgn.e el ofe drhferadi s fmentcipfad he MePasd di g0 s \Nexdn  the

tenpl ate generator 32 cal cul ates the average value ~o(X), at each
X-position, of .the dj 8 J 00 ' jtJ.e \gh{ ) 1 basi s
of the signal \Al/as{]/efﬂodrrrgrsrg)ﬁufpl](ex) Ct%/s %Oasseodz%d _rﬁa%vﬁéri%exf?% .t.x.Apg&kl:éllﬁa‘l and
stores the average, val ue ~to( t ch X-position into the ,

wavef or mt enpl Jtagds'tod’rqrhdq%r e@ﬁ@?%eaﬁﬁ ear,sllegrbtr SIS tHE vt dge val ues
~0(X) is referred to as an initial waveformtenplate, which is al so

represented by eXiRer SiEseyuertdsi L katel are s e e ngie re®im)32 28l cul at es
the 10 standard devi ation 60(X), at each X-position, of the |ight

i ntensitiesOWXOimmr tlesdrasics @fl tatel ai greate eenasfrorlis3 ik ( ). dadetrhe
average value ~,o(X) by . 3 ~oc¢cx) _ ~(wk (x) - ao(x2~3~-~2... k=1
15 and stores tescsitldrdarah dewieidraytad(S9nmgt, each (Xrpesiohi dimmetro theer
probability-tenplate storing area 43. Hereafter, a group of the standard
devi ati ons 60( Xodsi referdredidv @snh i driml, probabirkhy dli eIt @48 ch

is also represented by ao(X). The initial waveformtenplate ~.o(X) 20 is
shown in Fig. 74and the dhifdal HApbiddhy ! e A AU Nade ddhdid o B
using copper vapor laser or YAG laser, an ultra-high
15 pressure mercury lamp (g-line, i-line, etc.), or the like
is used. Note that instead of light emitted from the
above light source, X-ray or a charged particle beam such
as an electron beam can be used.
The function of the illumination system 10 having
20 this arrangement will be briefly described below.
Illumination light emitted from the light source unit is
incident onto the illuminance uniformization optical
system when the shutter is open. As a consequence, many

secondary sources are formed at the exit end of the

25 illuminance uniformization optical system. Illumination



Note that, as shown in Fig. 6Ato Fig. 6C, in each signal waveform Wk(X),
al though at a bottom (e. g., around position XZ) of the waveform where the
light intensity | 25 is mnimumor close to mninum deviation of

measur ement val ues of the light intensity is small, deviatidrd oL 2003
measur enment val ues of the light intensity afza first peak (e. g., around
position X1) of the maveforn1mhere the Iight 1 8J al 2003 36 intensity

| is maxi mum or. cl.ose to. n1|s | arger than that of the bottom
Addi tional 'y, r%olt%h*irf%ﬁ Jaftt% SEcYhd fb TREYII3LY oUHF Fosi 1T TNSB) HoF the
wavef orm where the lig intensity | takes a local maxi mum which is

greatly 5 di fferr%WtC]fe? d‘h%’trh‘é RS H ERR VPR oFP bt a st @ netidsaees of

the light intensity is larger than that of the first peak. Considering that
the respective ki ripifterons Uie thelunigmtion ehbiht davinX-possedons X1,
X2, X3 are a normal distribution, as shown in Fig. 8, for position X2, 10
t he average valtlerowsgh eiesest edl dyo Hx{XZ)s seadt oscur trleneegiprabatnd g 1 yg
P(XZ) of the average value ~o(X2) is represented by thel peak of a

probabilitysdensdity dyeedh Omn FIP{4 - X2 e of 1 Wirh Cha £ 1161 Sdape, i 9h stigeps and for

position X1, the average value is represented by ~ o(Xl) and 15 occurrence

probabi ity P(@é%&gﬁﬁ @%) é Eé‘& i’c?ﬁ@ﬂfnd’%&‘f t"lgé? }é%.ﬁpéﬁW$ﬁgpe

t he peak of a pro ensity function h the's

sl opes nore gescg %/&h@n éttePrObabé v51¥ nlsﬁ mﬁ%@téov?@%}é%xz)' Al so,

for position X e a erage val'ue i3 represen and
occurrence prob P(X3). (<P of , the av | ue ~q%X3 IS
represent ed by Jm%ﬁ alb‘?}b‘g)a%ﬁ TF?V%‘%H&‘H%?’EM B ,%@)?h%f
whi ch the shape sI opes rmre gently than thuﬁgrobabl lity density function

FTo(l, X1). Nextillkwelnrobamiopticalensystem uHeRion for each of X25 positions
X1, X2, X3 in X coordinate is represented by the follow ng equation: FTo (I

(X)) _ ~ &fp - (I (Xn-tle ardfcle Stage RE,) 2manide RIa(X)2ixed By JUL

2003 37 For each X position, the expected value of neasured light intensity

is equal to the ayesagecvah Ushuclo{ng. BHel tdiei DES Ut anseRPT obabihéty of the
average value ~o(X) takes the value { (2~c) 1'2 60 (X) }-1. Therefore, the

waveform5 t enp&ﬁ{eeldy X v e PI e Sent SoBatl M- eXPecd £ yalpesof 0141 ght

intensities nmeasured at the respective X-positions, and the probability

i PR CEETLT A OUB e ey UL S WL PR e
respective 10 X}Q%%ééfgh optical system PL to be described later) of
15 the illumination system 10 by a reticle stage driving
portion (not shown) composed of a magnetic-levitation-
type, two~dimensional linear actuator, and can be driven
at a designated scanning speed in a predetermined
scanning direction (hereafter, it is set to be the Y-
20 direction). Furthermore, in the present embodiment,
because the magnetic-levitation-type, two-dimensional
linear actuator comprises a Z-driving coil as well as a
X-driving coil and a Y-driving coil, the reticle stage

RST can be driven in Z-direction.

25 The position of the reticle stage RST in the plane



In this way, the initial waveformtenplate ~. o(X) and the initial
probability tenplate 60o(X) are generated. hbxt in step 205 of Fig. 5, the
‘wafer Wis noved such that the first mark MX1 of the marks l\/bia(‘h‘:& to M
15 selected for aligning is placed within the pick-up sight - 2003

al i gnment m croscope AS. This novenent of tdwye wafer is perfornmed by the
controller 39 controlling the wafer driver 24 via the stage control system
19 on the basis  of pre-alignnent results no fer stage .20  WET.
Subsequent Ly, THGig P07 e BRI e S TR o, Uit e KU i et

| MD are col |l ected. ThIS pICkI up of thei e and coIIectlon of the imge
data are perf ortRSERDYE FRekiGg ]?ﬁ) e etk e g]tarﬁ%glﬁ‘ﬁ?f'ef%lf?%fn%ﬁt §5

m croscope ASX in the sanme manner as the above step 201 and by the

pi cked-up data Cuitexition ureieldredtlonr idy i chkedi e dater v oneipri fed
thereto, into the picked-updata storing area 41 according to instructions
fromthe 1 8 wilth 20883 B8 tomtao D) lerg 39.0 Nextq InmstBpe 208 itoemedi ng to
instructions fromthe controller 39, the matching judgnment unit 33 perforns
t enpl at e magchigEodnmtivs &L nMHateetied ohisigagd IRST , fide theratethi e
judgnent unit 33 reads out picked-up image data regarding the mark MX1 from

the picked- up- dgi@e SfOF bk &F efg 4ils afikh £ hed 4 eadsgdUior theo Way @érﬁn ienplate
~.0(X) and the probability tenplate ao(X) respectively fromt

vevel ofm LoDl a6y AL mve%%f?se%%?af?;f?ia@%%é%n@% hﬁé‘%%%‘%%b?*fé’%é "
t | at tc d t t 33, | at | at

val e ORL(8%) T ?m”%cgu%“ o GHE T et R sa%:f‘r&%ﬁ?o"ég%%ﬁ. ﬁgf{gsmgr

pi cked- up i mge data 15 regardi ng the mark MX1 b (Xs+~~
ex)) ' a ~(xs+andyye REsig b themogitjanal in rfﬁﬁh‘él%l 18‘:;%)1?%6

obt ai ned for each X-position 20 paraneter SX. As seen in equatlon (6), the
correl ati oAOval e CRIRFK) regarding the mark MX1 i s obtained using the
value (1/60(X)), which is proportional to the estimted val ue of occurrence
probability of the expestmchMadtiorofodtiecsl gngd tamavied ammratgeddbelow the
X-position, as weight for 25~ each X-position, the expected value being the

wavef orm t enpl at&r +0(X) sSayal rier atn eaLd, Xt poshd i Pis Jhedcd B, akNstAL is
cal cul ation of the correlation val ue 1(8X) when the occurrence

probabi ity of §@§n§&3ﬁ%;@z¢%@ié‘ﬁs 0§ 9edSionl Sedihs20P3s 3¢hdi gh, the

wei ght is |arge, e occurrence probability of the expect ed val ue

~°(X).i5 IOM@ thq%]e ? oniéptle% ef§$&m u'é éf& c€3893+§¢ % ste

position XZ i n ¥ ensit any o gha

wavef orms Wk t akes ues ound he expect ed vaI ue, the wei
o e, and P ienots tPorFtera bV TRbRERORESs SI e &)PTefRrerTfRed

measured light intensity varies anong the signal waveforms, the weight is
smal |, the plurk@du§t b0 sTyhbd, wawvef ok e v@rk%mrbkfﬁg i eRMpboyed, when

the illumination area of the reticle R is illuminated
with the exposure illumination light IL from the
illumination optical system, the reduced image (partially
20 inverted image) of a circuit pattern in the illumination
area on the reticle is formed on a wafer W coated with
resist (photosensitive material) via the projection
optical system PL by the illumination light IL having

passed the reticle R.

25 The wafer stage WST is provided on a base BS below



10 generate the waveformtenplate ~, o(X). Therefore, the correl ation val ue
CR1(8X) is obtained by equation (6) which reflects the entire pattern

i nformation corresponding to the plurality of signal waveforns Wk(X) used
to generate the waveformtenplate ~o(X). 15 Therefore, congdi8daulngsi gnal
waveforns of the mark MX1 represented by sald§d lines of Fig. 9A and Fig.
9B, Fig. 9A shows a case where the degree of matching is judged to be

maxi num according to the correlation val ue given by equation (2) although
there is some difd e 2 PSesnt he drasused $ignal wava{erdn @k £ he
wavef orm tenpl ate ~o( represented by the dotted Iine. Meanwhile, as shown
in Fig. 9B, in@icase yhere ddaagrae e mad £ ngd fe jusinednt o es maxi num
according to the correlation val ue given by equation (6), there is smaller
25 di ff erence hetfwerhd e measurdte sighat Walvef trsedisy t he. guay ef acuum
tenplate ~o(X) represented by the dotted |ine. That is, such judgnent of

t he degree of matwhi nyr isheelflor methe et fo¢ posldenndd are g venruaiporednce
where the | s ~mzoo3 40 light intensity of any of the signal waveforns
WIk(X) usedb5t o ereridt ecatheéosvalviel e dn tre it at @ 2 @Y DN tvekds eskgcle &P ode to
t he expected value. And the matching judgnent unit 33 obtains a value of 5
the X-position PARRSFLEIKElahere te F+ed atdohs vaf e crx®xgciion

maxi nrum and stores it into the patternmatching-result stori area 44. Up
to this, the t itz i THhE HIAThe T eal%wg?/%fd?%e‘?ejgrér fhg the mark

MX1 i leted. 10 Next, _i t 21 f_ Fi 5 | to | |
From & he. contr G VT SE0 (46 TRHTAT & Heribhat A 36° Tt SLEESR HOUAvet orke
t | at dt i) I i j LSt

Lopl ate and IS OIGRADIL I LEIP Ao Tt 05 SCBLACRI YLl Lag! pibe |
initial vayglordnbeip! ahg, T Lxed @Ml N RALA AT IBE GG FRsu ¢ BB
respectively fromthe picked-up-data storing area 41, the waveformtenpl ate

storing area 42 nanshthes pattes mppt ching-result storing area 44. 20
Subsequent |y, based on the signal waveform WP1(X) corresponding to the

pi cked-up data of therp@rka M, stdwe ivgtind sevedaidn sl el w©(@n and
the pattern-matching result BXMAxlI, the tenplate generator 32 calculates a

new wavef orm t enplateot, df2) by 2 y¢gnnifBld +oéed ion Whdlfe Xr+d Bxddxion)

)/ (3 +1) . . . (7). and the tenplate generator 32 stores the new waveform
tenplate ~1(X) but ;alde vavefdinetehph arersendiaglar eko 42he Nexannine

tenpl ate generator 32 reads out the initial 41 1 8 JUL 2003 probability
tenpl ate adfX) d¥eaethen pfobabitdiyecehpnht 2o stlrt iy RbeaaUBty apfl #’%d on
t he signal waveform WP1(X), the initial waveformtenplate ~o(X), the new
wavef or m t enpl a28easq (W) LRAeWI HR¥ iGN prdbadFFi9ne@npl a1 ¥XGUTS AReRt he
pattern-matching result BX |, the,{erml at e, gener at or 33 cal cul ates a new
probabi ity te”%@%&%g%ﬁ?gow%) the illuminatidn area, and a step-and-

scan operation is performed in which an operation of
performing scanning-exposure to each shot area on the

20 wafer and an operation of moving the wafer to the
starting position of the next shot area are repeated. The
wafer stage WST is driven in the X-Y, two-dimensional
direction by a wafer-stage driving portion 24 including a
motor, etc.

25 The position of the wafer stage WST in the X-Y
plane is detected all the time through a movable mirror
17 by a wafer laser interferometer 18 with resolution of,

e.g., 0.5 to lnm. The positional information (or velocity



ai (X) - L{360(X) z+4(~1(X) - ~0 (X)) z+ (W1( X + BXMaxi )-y(X)
)z)l/4ylz . . (8) ~ 10 and the tenplate generator 32 stores the new
probability tenplate al (X) into the probability-tenplate st?rinaharea 43.
That is, based on four signal waveforns that are the signal fad @ WP1( X)
and the three signal wavefornms 15 Wk(X) (kzc;one to three) used to generate
the initial waveformtenplate ~o(X) and the initial probability tenplate
ao(X), the tenplate generator 32 generates the new waveformtenplate ~1(X)

and the neM/propﬁpgkﬁgyiggppr@eoglggg,wg@?§rﬁ?%ﬁgfﬁsfhgsmggggoEg1Eﬁgplate

and the 20 probability tenplate respective e new waveformtenpl ate
~1(X) and the newageobahttblysyenphale, ahhX) onf8nd HESUEtorWoRA the signal
wavef orm WP1(X) has a tendency different fromany of the signal waveforns
Wk(X), the wavedetuideapl aheormdfXpnandrt helpeobabihfbymsemphat gpal (Xhe25
reflecting the tendency of the signal waveform WP1(X) are obtained, the
wavef orm t enpl ateage 1¢dtand shetenobabcoéntyotenphateafibt X3taedl ®8TiNng a
real probability distribution nmore than the initial waveformtenplate ~o(X)
and the 138 JUL 200Bh&2alihgrnent prbbabstopy Aenbs ate Sbiyyment #esspreven
when the signal waveform WP1(X) is simlar to one of the signal waveforns
Wk(X), the wavef odth ¢ERpRate AREheRLpPBhABH I PRytRenpldeesnefaeet PAgthe

r eal probabiIit%¥5,distribution nore than_the initjial waveform tenpl ate
~o(X) and the iPFPISFCHPRLABFIFRY T¥AbPELBL60TDG atbIBBERAF NBHCIRERPPE| AS
step 213, according fto %nstrucgigns fromthe contro|ler 39, the mark

posi tion cal cul Rt FBRC TNt 381 chPATrRt BESPHhE PbsPRi dhLORMERE FaFk (Mafern
this position C i T t rk positjon calculation unit 38
takes in the pé@?f?tng%§§%$§%t%%ngéggl%@? y2 TR o et ony e 'oéstﬂ%emafer W

measur ed aqotheaiiﬁg?gﬁtgﬁgfknngP é@@mggék Rk &fef$9f8é9@é£9€gg$iggstem

supplied fromthe er interferoneter t hrough the st age con

19, 15 and reads; padtide ?@éi@i@n%&%@ﬁkrﬁﬁufér%&tiﬁ mythe

pattern-matching-result storing area 94. And based on the X-position of the

waf er W extract@frésomt heoposidh othinf 9r8utbofed VEh 0fi Syyrédf o pREI on) WPV
and the patternmatching result BXMAXi. the mark position cal culation unit

20 38 cal cul at esréined % posshdOra PXISBf o heh etk MX1a 9ns hdign Wedh eFi g anga
stores it into the mark-position storing area 45. In this way, the

cal cul ation of dbe Uspdsithese PXdrbd bHdengeakiditlevn-ndeksafl Biet&fore,
conpleted. Next, in step 215, it is tested whether all X25 positions of M
nunber of d4él eciedoraekscdXi thaval bermereteitedscopes heombolier decausenghe
position of only one mark MX1 has been detected, the answer in step 215 is
NO, and then the Seduepeel auvReetsien ardptipg7othen Bor|detocdBndaa| B-step
217, the control]er 39 noves the wafer Wso that the next mark, i.e. the
second mark MXPLITECTH i PO he OF ckd FRy-Pr &gt - o t hkd al T gninee Ve crBeope

AS. This . . .
two alignment microscopes are representatively shown by

the alignment microscope AS. As each of MX and MY marks,
20 a line-and-space mark having a structure periodic in a

direction to detect the positions can be used. the line-

and-space mark being representatively shown by the mark

MX, which is shown on a larger scale in Fig. 2B. The

alignment microscope AS sends picked-up data IMD, which
25 is the picked-up result, to the main control system 20

(refer to Fig. 1).

In the mark-MX-formed area on the wafer W, as shown

by the X-Z cross-sectional view of Fig. 3A, line portions



novenent of the wafer Wis perforned by the controller 39 5 controlling the
wafer driver 24 via the stage control system 19 on the basis of the
‘pre-alignnment result and noving the wafer stage WST. After t hag ,ouenbdps 1 N
step 215 it is found that all X positions of M nunber of selected marks MXi
have been 10 detected, the positions of theyarks MXi (i = tw to M are
detected in the sane manner as for the mark MX1 using the waveformtenpl ate
~. 1 _1(X) and the probability tenplate ai-i(X) replaced on the previous

posi ti on_ det ectd P Natis, ddgto . sk Wy of.0f B L QIR ALL 1 £ G2 the x-
probability 15 tenplate 61 (X) are generated in step 211 on the X position

detection of the faskidiobya asd g4l Bdydrg 3n (XQd (e the sdiface of line
~-1-WP~(X-1-~Xnna, x~)} /(3~i) ~~~ (9) 20 o'r(X) ~{ (2-f-i) o'r-y (X

2~-(3-1-1) (, WdtonL 53 iafK)Ipake lpdMPLdrs | 5 BV Je s tX) )£ S5 E-13] ~~2
~~ (10) In this way, when, in step 215, it is determned that all
X-positions of MmaberThod rsetectaed ofridse Mési{st =Llayner t©7 Ms argoxdet ect ed,
the position detection of the mark MX for detecting X-positions is

conpl eted. 25 N@MPkde pozv3ibhveleresisormate maksoMe ¢heriemklyo N) for
detecting Y-positions on the wafer Wis perforned in the same way as in the
posi tion det ectd™l oflehet YRR KEEME T ( iVEL Gh D MIT oF T eteks $ HPL -

X- positions on r 1,8 ,1U. ~pp~ 44 the wat W Then fhe X-posjtion PX of
the mark MXI a%ﬁ?%%%o‘%}r_tt’ﬂg‘g Pge oka Yo %r@@W%e ar SR B PRt 03 t he
mar k- position storing.area 45. In this the position detectjon of the
Sel ected mark WS WH TXoRonH @t RChs U | YOI RARTH ot T 739

reads out the >&ifferent from each other in reflectance and

10 transmission. Also, materials of the line portion 53 and
the space portion 55 are different from each other, and
those materials are generally different from each other
in reflectance and transmission.

Hereafter, assume that the material of the line

15 portion 53 is aluminum or the like having high
reflectance, that the material of the base layer 51 is
lower in reflectance than that of the line portion 53,
and that the material of the space portion 55 is lower in
reflectance than that of the base layer 51. Also, assume

20 that the upper surface of the base layer 51, the line
portion 53, and the space portion 55, and the boundary
surface between the line portion 53 and the space portion
55 are almost flat. When shining the illumination light
from above and observing an image formed by the

25 reflection light, reflected by the mark-MX-formed area,
from above, the X-direction distribution of light
intensity I of the image is the one shown in Fig. 3B.

That is, in the observed image, the light intensity is



position PXi and the Y-position PYh fromthe mark-position storing area 45,
and based on the X-position PXi and the Y-position PYh, the arrangenent
‘coordi nate of the shot area SA on the wafer is calculated using_ statistical
10 process according to a technol ogy disclosed in, for exanple,sJﬁﬁaﬂBée
Patent Application Laid-Open No. 61-44429 aygl U.S. Patent No. 4,780,617
correspondi ng thereto, and Japanese Patent Application Laid-Open No.
2-54103 and U. S. Patent No. 4,962,318 corresponding 15 thereto. The

di sclosures in I%@Q@V&&a@&%@&n‘?%&“& POPL L LAt 1 Onsrd Sb&h EDE ? 88d: kb S.
Patents are incorporated herein by reference as |ong as the national |aws

in designated sigtes Slircdested shat Bone tforhieh 18 sandtenaat i gnal
application is applied, permt. 20 Then while illumnating the slit-1like

illum nation areatdnsstgend escadbmdslacoaci ashdgeonstanthei opsipsasiaxds AX)
on the reticle Rwith the illumnation light IL, the controller 39 controls
and noves the retrctsodhdimgthe wWed cupWr espeticeedF tme nd sl lyyoppdsite
directions 25 along the scanning direction (Y-direction) at a velocity

rati o corresSporBitween the wodecsuofeeagdt fikkat] bre aportioy 53ian@Dehe 45
the basis of the arrangenent of the shot area. In this way, a pattern in
the pattern ar e8PRRL tHerFage cPe R Prejutdehna! tr%t}f‘]%fb%g}éﬁ oRtengheYwaf er

W
changes in a J-letter shape.

The main control system 20 comprises, as shown in

Fig. 4, the main controller 30 and a storage unit 40. The

10 main controller 30 is composed cof a controller 39, which
controls the exposure unit 100 by supplying stage control
data SCD to the stage control system 19 and doing other
things, and a position computing unit 36, and the
position computing unit 36 comprises a pattern-matching

15 unit 31, a picked-up image collection unit 37, and a
mark-position calculating unit 38 as a processing unit.
And the pattern-matching unit 31 comprises a template-
generator 32 and a matching judgment unit 33, and the
storage unit 40 includes a picked-up-data storing area

20 41, a waveform-template storing area 42, a probability-
template storing area 43, a pattern-matching-result
storing area 44 and a mark-position storing area 45. The
alignment microscope AS and the position computing unit
36 compose a position detector, and The alignment

25 microscope AS and the picked-up image collection unit 37
compose a measurement unit. Incidentally, in Fig 4, the
flows of data are represented by solid lines with an

arrow, and the flows of control are by dotted lines with



In the way descri bed above, when pattern matching 5 (canonical, nornmalized
correlation) is perforned, the exposure apparatus 100 of the present

"enbodi ment cal cul ates the sum of products with canonical weight using the
waveformtenpl ate and probability tenplate, and perforns cb@rglatypgn search
t aki ng positional -detection 10 significancepf information of each position
into account, thereby being able to accurately detect the positions of the
al i gnnent marks MX, My on the wafer. Additionally, on the detection of the

posi tions of the afy,grpenindBy&ks Mo Mea @as detEc i mdiihaddrzatd on, 15

peak detection, etc., regarding picked-up data are unnecessary, and

therefore the dgifacdn QD ivdi1AC WY ates@Nidbdd Al e obust agai nst noi se.
Furthernore, at each tinme of position detection of the mark, the waveform

tenpl ate and probalwmdté ythenphbtieo2dh used floe paésent embodimgnt pgahdi ng
the mark are replaced with a new waveform tenpl ate and probability tenplate
gener ated by addiing ddret ilgieat Ilavief arampasgad di g Heheabmark , urains ¢ heref or e
pattern matching with desirabl e matchi ng-accuracy can be performed. 25 In
addi tion, basedaom tdantaecradt elQ et dq el comput ey SR 46 YHokth i s of

the alignment marks MX, MY, the alignment of the wafer Wis perforned, and
t herefore accurfginctions of the above units are realized by programs

stored in the main controller 30.
Referring back to Fig. 1, in the exposure apparatus

100, a multi-focal detection system of an oblique-

10 incidence method is fixed on a supporting portion (not
shown) to support the projection optical system PL, the
detection system being composed of an illumination
optical system 13 that shines an imaging-beam, to form a
plurality of slit-images, toward the best-image plane of

15 the projection optical system PL in an oblique direction
relative to the optical axis AX direction and a light-
receiving optical system 14 to receive the beams
reflected by the surface of the wafer W through the
respective slits.

20 The stage control system 19 drives the wafer holder
25 in the Z-direction and in an oblique direction on the
basis of the wafer position information from this multi-
focal position detection system (13, 14). Such a multi-
focal position detection system is disclosed in, for

25 example, Japanese Patent Application Laid-Open

No. 6-283403 and its corresponding U.S. Patent No.



alignment can be performed. In addition, because accurately aligning the
wafer 5 Wand perform ng exposure, a pattern on the pattern area of the
reticle R can be accurately transferred onto the shot area of the wafer W
As described above, the exposure apparatus of the present enb®d{Wedlllis
made by assenbling various sub 10 systens ifigl uding el enments that are
mentioned in the clains of the present i nvention such that nechani cal

accuracy, elect i [ tlcal ura he whol e_s sten1are
kept within a Aﬁ‘g’e heﬂl%/ HERS Ut e J?th sagel(l’(Y%dia%?n%%%u Cafter
and before the 15 assenply, EUSt rrent to_achi eve optical , accuracy of

vari ous ki nds dfPRbpt ‘F%ta%o%y%"i‘ PeRyj R e - t R BRI VS Nt Bt @@ cur acy
of various kinds of mechanical systens, and adjustnent to achieve

el ectrical accureryinfbyarebersekiadss oford ezt rilval nalyserdd baes perf or ned.
The 20 process of assenbling the exposure apparatus with the various

sub- syst ens i ncdaxtegnatesd ant oad s canneld ¢ ioed bet aveey, the whaicloushks nds of
sub-systens, wiring of electrical circuits, plunbing of air pressure
circuits, asd thecdihe:ideedl £551i0atstyn befasel toe, psosess. of 25

assenbl i ng the exposure apparatus with the various sub 1 8 JUL 2003 47

systems, each sub-sygtepyghoutd Bgpassenbl edo ALL€hgt BBe arrangement

described above detects the information of positions, on
the wafer W, of predetermined marks MX, MY formed on the
wafer W in a manner that will be described below. Note

10 that as a premise for detecting the positional
information of the marks MX, MY, the marks MX, MY are
assumed to have been already formed on the wafer up to
the previous process (e.g., the process for the first
layer). In addition, assume that the wafer, which is

15 coated with resist after a layer made of a predetermined
material is formed on the wafer surface by, for example,
a chemical-vapor-deposition method (CVD) and the like, 1is
loaded into the wafer holder 25 by a wafer loader (not
shown), and that the main control system 20 has moved the

20 wafer W via the stage control system 19 such that each of
the marks MX, MY are placed within the observing sight of
the alignment microscope AS, this operation being called
a coarse alignment (pre-alignment). This pre-alignment is
performed via the stage control system 19 by the main

25 control system 20 (specifically, the controller 39) on



process of assenbling the exposure apparatus with the various sub-systens,
conprehensive adjustnent is perforned to ensure the various kinds of
‘accuracy of the 5 whol e exposure apparatus. Note that it is preferable to
make the exposure apparatus in a clean room where the tenpefdtd¥le 08he
degree of cleanness, and the like are contrpled. Next, the manufacture of
devi ces by using the above 10 exposure apparatus and the nmethod wll be

described. Fig. 10 i fl hart for th f d
Sem conauct or i it 1R a5 g LAY TNS e St £

magneti c head, mcro machin ike) in this enbodinent, As shown in

, he_1i ;
Fig. 10, in 15 %hf%epr‘@ﬁl?lae%‘?ﬂg{%% e‘% ,tkf%rfﬁ‘{”f 1Noer £10F e LR gPt 9BY the

e
device (e. g., circuit design for a sem conductor device) is perforned and
pattern designanﬁrﬁhﬁ(ﬂ@ﬁ%ﬁi@ﬁ@#ﬂﬂ@ﬁﬁﬁma@i@ﬁf(ﬁﬁn?@#@ciiwsi@i%%@@t%ﬂﬁbk
manuf acturi ng step), a nmask on which the designed circuit pattern is 20
formed is produtesh the stafeB30h{ewaferomeanerf atd uri ng step), a wafer is
manuf actured by using silicon material or the like. In step 304 (wafer
processing step), an actual circuit and the like are forned on the wafer by
25 |ithography or thdditkenasikg chesihesk Bhdtwifepspréparédformagigyl 2003
48 on the wafer, of a predetermined number (hereafter, set
to be M) of selected X-position-detection marks MX, (i = 1
to M) and Y-position information, on the wafer, of a
predetermined number (hereafter, set to be N) of selected
10 Y-position-detection marks MY, (h = 1 to N) are to be
detected and that the mark-MX-formed area and MY-formed
area on the wafer W are structured in the same way as in
Fig. 3A except for the degree of flatness of the boundary
surfaces and the surface of the resist layer 57.
15 Although, in the below description, the X-position
information and Y-position information, on the wafer, of
the marks MX, MY are considered to designate positions
(coordinate positions) in a stationary coordinate that
defines the movement of the wafer W, the X-position
20 information and Y-position information are not limited to
coordinate positions in a stationary coordinate, and
these pieces of information may designate the amounts of
deviations from design values regarding the marks MX, MY.
As a way to obtain these deviation-amounts, there is a
25 method where the marks MX, My are observed after they

have been moved to under the alignment microscope AS on

the basis of design values (positional information used



in steps 301 to 303, as will be described later. In step 305 (device
‘assenbly step), devices are assenbled by using the wafer processed in step
304. Step 305 includes processes such as dicing, bonding, gd Qﬁi ﬁﬂi

(chip 5 encapsulation). Finally, in step 306 (inspection st § t on

t he operation of the devices, durability tegt, and the |ike are perforned.
After these steps, the process is conplete and the devices are shipped out.
10 Fig. 11 is a flow chart showi ng a detail ed exanple of step 304 descri bed
above in manuf agidy ivike SR EPNEUCH HeyiCam s Refedd idikd ocrd Graddy) N step
311 (oxidation step), the surface of a wafer is oxidized. In step 312 (CvD
step), an insulaid Mhdid mdisnd arhedbye the: ildn wad a1l iy faee. andust £ 813
(el ectrode formation step), electrodes are fornmed on the wafer by vapor
deposition. |In &dweptllehd, anf ipnd antat ioh Stemarikom aey i nftanted i nto
the wafer. Steps 311 to 314 descri bed above constitute a pre-process for
each step in tirreadeareingl ovesy wid are st euide ety Executeghient
accordance mnth the processing required in each step. Wen the above
pre-process 5i s MgHN EIXRE iAS et <§q ineflt he waf er process, a post-process

is executed as follows. In this gost process, first of all, in step 315 25
(resist formation sY&py; Pﬁ%l%‘? degeebaPRdoHhi )((ﬁp‘ésbﬁb?%s%ﬁ%??ﬁr%na’@%%

I t 316, t b t t th

the mmok onto W 829 U F2003 148 PR iR ;I%@mmzh doacPibrga, in
t 317 (d I th d I I n st 18
?e'?(p:)hi ng gt 2\6)6 CIEI)‘Ihne %)’I]%l%%ﬁ% ei)orﬁl onsI g?Ih%lI/tet WnpolrII| th(gp ere
the resist is lgfd issd e{@v&%% bé’:.&} AU g e sty 3&'1915%595' st renovi ng

step), the unnecessary resi ter t e etching is renove By repeatedly

perform ng;phese pr@npfﬂéeéétéegld?ﬁséfp1t58§§§§®n§ 5ul i phepbaYSE cLiEULEq
pattern is formed on each shot-area of the wafer. 10 As descri bed above,

devi ces on whi Gihd iMe Ppat tenn tcs MG uniatsel y ihorswre ane manufiact wedim th
hi gh productivity. Not € that although in the above enbodi nent, three

si gnal wavef or nsl afrendrea Shil €tb 4 doRe VESIC g 1 d W, ura flir Ori tp nm]eeewamef or ns
may be used for generating the initial waveformtenplate and the initial
probability tenplatmeresed téntmnadinentnotef tdidie almdrogMX | rthdmhes @bayteed
enbodi ment, a |ine-and-space mark that is one-dinensional nmark is used as
the position de{-ewtsioniomrdetectetregtads ofe- diongresicordle posiitiidgnadf each
mar k, anot her kind of mark nay be used. For exanple, a two-di nensional mark
such as a Béx- |¢ﬁfmka¢mrkawb%l%eww©f@@te@mel%tqm@ﬁlr@hlsi‘r%ﬁﬂal posi tion
of each mark. To detect the two di nensional position of the two-dinensional

mark, the 25 awatmelﬂeﬁwevmqemmcﬂ RECRABET diP iy e et PoF neePm

tw ce, or two-di.nensional terrp$9ate mat chi nsj onal sij gélx;tl

f
nevef orm of |t he AW Ql etist R BRI 1S o L hoTs  nk
tenplate natchlggbgég éléked uﬁI&%%aZHQDS inputted thereto, into the

picked-up-data storing area 41, and by this, picked-up
20 data IMD are collected.

If the mark MX that was picked up is ideally shaped,
the collected picked-up data IMD will take an ideal
waveform in Fig. 3B. In practice, however, the mark MX is
not always ideally shaped due to the fact that the

25 boundary surfaces and the surface of the resist layer 57
are not ideally flat and the like. Therefore, actually
measured signals takes waveforms shown by solid lines in

Fig. 6A to 6C. In Fig. 6A to 6C, dotted lines represent



one-di nensi onal signal in the above enbodi nent is extended may be used. In
addition, instead of obtaining the shot arrangenent coordi nate, by
‘obtai'ning the amobunt of a 5 step-pitch that is the distance from one
exposure area to the next one on the wafer, transition from onk8eiiogegse
area to the another may be performed by use;pf the steppitch. Furthernore,
al though, in the above enbodinent, a 10 fly-eye lens is used as an opti cal

i ntegrator (honogenizer), a rod-integrator may be used. In an illum nation
optical systemusl nadhie, rod {0EROTSE Mes e, T oL SOEAL BS 1.3 Op Bl aced
that its emtting surface 1s alnost conjugated th the pattern surface of
the reticle 15 4, Note that such an illum nation optical systemusing a rod
integrator is disclosed in, for exanple, U S. Patent No. 5,675,401. The

di sclosure in the ahoyesbr$ptPahentlisbenpeepenatadpbepni Bohyitekengnece as
|l ong as the national |aws in designated states or elected states, to which
20 this internathoahatheepl s Cata Drwase Bpphs eshoyper ti t Fidbredves, 6C heave
conbination of a fly-eye lens and rod integrator or a double optical

i nt egrat or thatbéen conposead ofntswed|§0kye | enses or rod integrators in
series may be used. 25 In addition, although the above enbodi nent described
a case where the prBssht LRAvEREPOROBsOApPiPedSt oagCc8EdRADNGOexposur e
apparatus of a step-and-scan nethod, the scope of the present invention is
not limted to instpuchionpaframiphe Caperpteent?i ntvept toRPtakebe suitably
applied to a stationary-exposure-type exppsyre apparaius such as a stepper.
AQi L1 onal 1y, STRAFTIEOT of L caMbF L S bbbt 1 SN AoEd SF LESHR Rbe and
ultraviolet light, as,its projection optical ste a reflection,syste
'ncl udi ng-onl y Yer T Eet i BROBHtE EarY of SRRt S or ey (T TREET OHY of Pact fbhLs
system (catadi opt ri S inhcluding reflecti ical, ele s and
refractionﬁ§ptiﬁéﬁé€?€%ﬁé @3%%3gb%9%n%T%§%%f éﬁgﬁggf%%€$ tempf?@é,

ref'eCti0“/refr?f%é@ﬁ‘%ﬁget£%§i§%%i§§5é¥%{ﬁﬁ'3§y§%§@% &ut t ¢ picked-up

reflection/refraction systemconprising a beam sp er an oncave

mrror as reflegli9nopth&atn LLENROL Surdhi §1ghS1 di 564 OSEHs | ProhOEhEXanpl e,
Japanese Patent Application Laid-Open No. 8-171054 and U. S. Patent 15 No.

5,668, 672 corresponthddatder£t o, and Japanese Patent Application Laid-Open
No. 10-20195 and U.S. Patent No. 5,835,275 correspondi ng thereto, can be
used, or a reflectiDhéretrvacbirnn sysvamiaoFpyi. SbAgtbobCaabeanhspki tter but
a concave mrror, etc., as reflection 20 optical elenents, which is

di scl osed 1B JaphhEseePatemts Appd i cate oned bl g-iBpesuiNed Ba 38H695-anils U. S.

Pat ent No. 5,689,377 corresponding thereto, and Japanese Patent Application
Lai d- Qpen No. 193039 RBexkhWssS. timat entedpptt tee | Howmong 873s sosoiapdté cat i on
date: June 12, 1997) 25 corresponding thereto, can be enployed. The

di scl osures i n ¢hEfebve JEpaneses FatkRePAPHl 1 at tons 2@t e Ohennegpgred

Patent, and U. S.,6 Patent Qg lication are inggr oratgg,hgrein by reference as
| ong as the nat?%ﬁﬁﬁllﬁﬁ% Qrms are measure nder different

circumstances. Therefore, it is necessary to perform

20 positional adjustment according to correspondence among
the X-positions of those waveforms in order to compare or
combine them at their respective positions corresponding
to one another (abscissa positions (X positions) in Fig.
6A to 6C).

25 Therefore, in the template generator 32, for each of
the signals corresponding to picked-up data read out from
the storing area 41, a position where the degree of

matching with the ideal signal waveform in Fig. 3B,



52 ~ s ~u~ zoo3 designated states or elected states, to which this
jinternational application is applied, permt. Also, a reflection/refraction
system can be enpl oyed which conprises a plurality of refraction 5 opti cal
elenents and two nirrors (a main mrror being a concave mirrof Saddl 22003
sub-mrror that is a back surface mrror okgwhich the reflection surface is
formed on the opposite side to the incident surface of a refraction el enent
or plane parallel plate) that are disposed along 10 one axis, and has the

i nternedi ate 'EEQ@inBOBEEQ bymphase,r ekr a¢hhantopki cak ebemrntHe Of a
reticle pattern again imged on a wafer using the main mrror and
sub-mrror, thgokgtheat b@ntaehr agkkonxsysherhbei ngm@l sekomad dhindgpanese
Pat ent Application Laid-Open No. 10-104513 and 15 U. S. Patent No. 5, 488, 229
correspondi ng hbemetlazetincblirglaetibactonplitatiaat benweyst eime thamplate
mrror and submrror are disposed in series with the plurality of
refracti on optiweskfekmpents, &hd adeill wavedbironihi getrmsassesesiooygh a
portion of the main mrror, is reflected 20 by the sub-mrror and the main
mrror in turnWDpé$sesdt Rrebghfatper siignadf wanefouhsniik 6X) ahld Feanvhetot he
waf er. The disclosures in the above Japanese Patent Application Laid-C?en
and U.S. Patenthiee)i asoppstfarmgdhaseMAVB)Ir eR6ReRdENad MWaNgfasm WTx (X
national laws in 25 designated states or elected states, to which this

i nternational appFheatiéfissdapprtéd@n -pernit. Furthermore, as the

reflection/refraction-type o'ectio% opti.cal system, a reducti.on system
Ty be 18 Ut 2063 5% Sami GyR@un AT (S Ch TP ETal 1A, GOHE IRIGRT | ol d,
is telecentric_gn hoth.the.qgbjec | ane si.d nd i pag |.ane si de, _and has
S reduction raFPBeaFaRabi®1SpREEpRARRT T8 R0, BRISJRART Ees pic Al Y

appar at us 1‘"(9@&3'}1”95? Nl fian ¢t Eﬁhg?i”/ fnSBE;ﬁCt LAR- F.}{Igﬁ}pr&g’i,%%ysg‘gl%&i cal

system the illum'natfon area of anrnat i on

rectangular-slEﬁaﬁh§geq=akga+mgaqucpnﬁege§$§n tcGRsPghdesayi th the optical

axis of the projection optical systemand which extends along a direction

al nost 10 perpepgdi-e4batihg the psarli-Blelbnenti pAteh arf plikkke-op waker. By
usi ng a scanni ng exposur e appar at us conprising such a

reflection/refiacki-anreypeons 9] BEt befingplibegk 8y8LER, bhdl $ep@eSihitanlyo
accurately transfer a fine pattern of about 100nm L/S pattern onto wafers
even with 15 FR-paseéribhgbtrhaetng, bobXexanpberelativavebkogt OTp{8X)57EMm as
exposure light. Furthernore, as a vacuumultraviolet |light, ArF exciner

| aser |ightS or obEZalinsdrbli ght is used. However, in a case of containing
only a beam nonitor nechani smand 20 reference wavel ength Iight source in

the sanme environnent -controlked chanber as the roiect%ﬁg%gﬁtic l,\System
a hi gher harnoni ¢ wa@d« @) 5 uBNB CirdhA D Wk Y&l A€ el'engt’h

conversion into ultraviol et W% using nonlinear optical crystal after having

anplified a single 25 wavelength laser light, infrared or visible, emtted
froma DFB senﬁgenHMchﬁcPééégnaeéi8@38? Xf i e adbreanh LT BRI fi er

having, for ex‘a}g&){lg, Cﬂ Pé%mkgeogon?ersbirﬁjangii%uqn y&r%dertbgaunrgla%oipr?éj'each signal
20 waveform WTy(X) by the value 8Xy in the X-direction, the
X-position of each signal waveform WTy(X) is adjusted.
That is, using the ideal waveform WD(X), the X-position
of each signal waveform WTy(X) is adjusted and corrected.
Hereafter, the signal waveform adjusted in this way is
25 represented by “WTy(X)”, which is the same as the one
before the adjustment of the X-position.
Next, the template generator 32 calculates the

average value Ho(X), at each X-position, of the light



54 ~ a JUL 2003 For exanple, considering that the oscillation wavel ength of
a single wavelength laser is in the range of 1.51 to 1.59 um an

"ei ght -tinme-hi gher harnonic wave of which the wavelength is in the range of
189 to 199nmor a 5 ten-time-hi gher harmonic wave of which thd vBvel®Bngt h
is in the range of 151 to 159nmis enmtted.3dEspecially, when the
oscillation wavelength is in the range of 1.544 to 1.553um an

ei ght-ti nme-hi gher harnonic wave of which the wavelength is in the range of

193 to 194nm t 1 Syy s t he r  mar . 1.as '
(ultraviolet | i%ﬁ%%ﬂ;sslst%% Zt?ﬂ‘g( ,) é)%d k %aﬁﬁgsfc%%agﬁgﬁa%\%dén%% s in
the range of 1.ypr, &9 %y58un1 a ten-tine-higher harnonic wave of which the
wavel ength is in the range of 157 to 158nm that is, alnost the sane as F2
| aser light 15 (ultraviol _Jt% iS |obs.ai ned. Furthernore, when the
oscillation mavelength‘“§§§ﬁ' _Q%bhhég 6%?1.03 to“1.&§un] a

seven-ti nme-hi gher harnonic wa © of which the wavel ength is in the range of
147 to 160nmis enmtted, and, especially, when the oscillation 20

wavel ength Bs iand hetomagetlvd AvaSdye ovdl UHQuniX)a aseeerht Xmpdsighen into
har moni ¢ wave of which the wavelength is in the range of 157 to 158nm t hat
is, alnost the Ewmevare fanatplaghtsierinavartet4di giryeaStobi ad nedoupn
this case, for exanple, ytterbi umdoped fiber |aser can be 25 enpl oyed as
the single wavelferigith 3arage N BiRErHo (Khe 15r &8dRir riedy &t iB6n aar & iadpl i ed

e conduct or | AT CEE b K0 T A GRS O Lo AT 0D b3 ear at us
2o to produce ratiti St il SHPHE S T M bt P LD HR Ry
(Extrenme ULKravi,ol e xposur.e. appar,at.us,_  X-r Xxposur.e 5 apparat us,.,

el ectron bggn1éﬁ%%g%%%féﬁﬁgggﬁﬁ%?cgég)’lﬁgiggﬁ%aﬁﬁgPsﬂﬁlgﬁ’ef%ggﬁﬁeﬁlght
apparatus usi ng AL arodil# k) oL kel G181 o¥VHEY AGUI Ul LTAYQLE!)
light, a transm ssion-type rektlgle i s enployed 1Tn general. And as the

substrate of theprghi ghg, tGdante Qhassaiqdartzxglggs 10 with fluorine
doped, fluorite, magnesium fluoridé, or quartz crystal is enployed. And an

X-ray exposure apparatus of proximty method orq el ectron beam exposure
apparatus enpl oys a tcra@@t#HsS oWTy0E —nasl@xbsﬁf}m h<eask, E@rrbr ane- mask) ;
an EUV exposure appar at us vys a 15 reflectionrtype mask, and as the
substrate of the nmask, silicon wafer or the like is enployed. Note that the
present in¥éntian caiotes ap isthrmiardrdey tak sommafdiX) exposacd Xpparsdttion
used in the production of sem conductor devices but also to an exposure 20
appar at us t hat itntangfhe ool e etamr Ittt erigiassred at®. dtereafused in
the production of displays such as liquid crystal display devices and

pl asma di spl ays %P%%(ﬁtglﬁr}‘ee Hrardaass A9t f@r(&) a lgeviede rpgct éon asnt o

a ceramic plate and s used in_the production of thin
an initial probability template, which is also

represented by o3(X). The initial waveform template uo(X)
20 is shown in Fig. 7A and the initial probability template
6o(X) is in Fig. 7B.

Note that, as shown in Fig. 6A to Fig. 6C, in each
signal waveform WTy(X), although at a bottom (e.g., around
position X;) of the waveform where the light intensity I

25 is minimum or close to minimum, deviation of measurement
values of the light intensity is small, deviation of
measurement values of the light intensity at a first peak

(e.g., around position X;) of the waveform where the light



25 magnetic heads, and an exposure apparatus used in the production of
pick-up devices (CCD, etc.). In addition, in the above enbodi nent, position
detection of the alignnment nmarks on a wafer and alignment ‘G98A@L®P$Op3 56
of the wafer have been described. However, position detection 5 gnnent
according to the present invention can be applied to position detection of
the alignment nmarks on a reticle and alignnment of the 5 reticle, and al so
to other units than exposure apparatuses such as a unit to observe objects
and a unit thatihseusedyta det mekipasi brondoske abj maximamd il ilgirgelrerahan an
assenbly line, process line or inspection line. 10 In addition, the
application of thetpefté&he battbmnglAdddtidnadlye nbéeptdséntti Bvescond is
not limted to the signal waveforns of marks on a wafer, and can al so cover
any object thatpPesknmdgsdredagorng pastisienn¥sthehgthfavayefierat sbege the
tenpl ate from neasured signal waveforns and 15 perforns tenpl ate matching.
Al so, the pattethdhhit éRtRGSSLYt Betpkesent lPFRdnFRSANEAn HWRigHHiSe oGt 1oh! y
to a case ereg%g%ggnal val ue varies accordin its position but also to

a case wher e si gh: &P8e§r9$r§¥8c@6F&mH8't ef&ﬁ%&°?0°§u@@ﬁéPﬁﬁﬂ§Ptthe

i ted toa not AHed: St EDG: oM CWHBHROLE Japsr S3FEate AP obab: (T yie
di stributi t hag | distri A is. .k far. |, at d
3} ?bb ?‘it ft y :t eln?s%?g“ﬁé%{éﬁ%‘gﬂ%ﬁ?h&&%& @?ﬁé”;ﬁe%ﬁ%sf%&é%g%ftﬁg%jfsa“

i i bution. : : sk ~I; - ve, i
the pattern natgﬁyﬁgg ﬁ%gﬁeJBhkggggtgggnéghgﬁiggg%%g??egﬁ'ng’cﬁﬁnérﬁnﬁtg

according to thgopresent skRYBALEBA, hH8MBhala HR! ¢hENgsYsirRe BosarIpakl,e
tenpl ate can be perfornmed on new y neasured signal "waveforns. Therefore,

the patternomat ehengverhbedvandepakt @epresenteli B¢ UR(%,)3Ceididibdmrdhee
present invention are suitable to perform accurate signal processing

through tenpl at prophphilngy brnxaddbfioife dDyetishagvsl@@al, wayefier ns nmeasur ed
at specific marks forned on a body to be detected, the 10 position

det ecti on net hodeppdspasetli by dakteptak accar girppabaltihe peesdmly ifnwvettionn
generate the waveformtenplate and the probability tenplate, and perform

t enpl at e mat chi Ao (D, X9t et wihhiehpddid isdrepeofis et espacidnd fimar ksosist posi ti on
detection objects. Therefore, the position 15 detection nethod and position
det ect or accor d¥ng ke taee @ erluavint Fepresented tpl kb o) acendat el y
detect the positions of the specific mar ornmed on the body to be

ks f
det ect ed. Addi t PERAFF§NCENPER aBééFFNoﬁ(§Zleéf?Gﬁﬁﬂeﬁﬁb&hﬁufzﬁf%ﬁ%iY4¥Rﬁ

det ector accordin o .the present inyention,
u08h5 is ré%resented.%y the peak of a probability density

function FTe(I,X;), of which the shape slopes more gently
than the probability density function FTy(I,X;). Also, for
position X3, the average value is represented by MHo(X3),
20 and occurrence probability P(X3) (<P(X1)) of the average
value Hp{X3) is represented by the peak of a probability
density function FT(I,X3), of which the shape slopes more
gently than the probability density function FTq(I,X;).
Next, the probability density function for each of X-
25 positions Xi, Xz, X3 in X coordinate is represented by the

following equation:

FTo(I(X))=

—_ 2
(1) uo(X))} . )

V27 g o(X) exp[ 200(X)?



based on the positions of the specific marks detected by the position
(detection method of the present invention, the body on which the specific
marks are forned is positioned. Therefore, the alignnment nethod and
alignment 25 unit according to the present invention are sui{ @bl ©m3
accurately align the body to be detected. I4y addition, the exposure nethod
and exposure apparatus according to the present invention detect the 18
JUG 2003 58 positions of a predeterm ned nunber of position detection nmarks

formed on a subsiy alf-if hy Quodl Wssh Of trid& Rasidd PNy ARIL W # AReABhO4g, 1 BhhgN

the substrate on the basis of the detection results, and transfer a

predet erm ned patteaidt oy oM Qac?javl' desl @Heasve td s eyl e Rgxsyi thakl e neo
performufti-|ayer-exposure for formng a nufti-layer pattern with

i nproved accur asycwf reupe rposhdb 0 t v hef eflos eg v g e xypnbus auappartatkiss
according to the present invention is sujitable for manufacturing devices on
which a fine 1Cthmttakue i (2ot fed.oo (X1 18" JUhQe03 50, \WIAT W «dioMniVED | S 1.
A pattern nmatching nethod for performng tenplate nmatching on a wavef orm of
a signal, advaltifiR¥athdidXgndlePrasgntg acdsrdiPng it 6xRedtessvad ussr fieat er
the 5 pattern matching nethod conprising: a first step of estimating an
occurrence probabiht tiNRRIFEIRT TR DI (el Tl TRIPET &R pETReTEE Vlt Bies

of the paranmeter based on a pJurality of nmeasured signal waveforns; 10 a
second Step of HERArER (MPRP e dh b AR B (lcIaBtTG 2 Sofp b Wi Ue

"nct uding & pi SIS GRERTERE SO 1115 et e Bt OBt ed
val ue at eaCh\Qﬂfﬁ%éﬁf$fmifﬁ“é”§%€gn§§%%%%(%kasured at the respective
10 X-positions.
In this way, the initial waveform template pp(X) and
the initial probability template 6y(X) are generated.
Next, 1in step 205 of Fig. 5, the wafer W is moved
such that the first mark MX; of the marks MX; (i = 1 to M)
15 selected for aligning is placed within the pick-up sight
of the alignment microscope AS. This movement of the
wafer is performed by the controller 39 controlling the
wafer driver 24 via the stage control system 19 on the
basis of pre-alignment results and moving the wafer stage
20 WST.

Subsequently, in step 207, the mark MX; is picked up,
and picked-up data IMD are collected. This picking-up of
the image and collection of the image data are performed
by picking up the mark MX; through the alignment

25 microscope ASX in the same manner as the above step 201
and by the picked-up data collection unit 37 storing
picked-up data IMD, inputted thereto, into the picked-up-

data storing area 41 according to instructions from the



15 the occurrence probability distribution; and a third step of perform ng
tenpl ate matchi ng between a new y neasured signal waveform and the waveform
tenp|ate by using the piece of occurrence probability information of each
of the expected val ues, which conpose 20 the probability {&nmpliat2e03 as a

pi ece of weight information at each value @8 the paraneter. 2. The pattern
mat chi ng net hod according to claim1l, wherein the occurrence probability
distribution is a 25 normal distribution. 3. The pattern matching met hod
according to ckahrd)li1vkenegin each of the expected values is an average ~
S ,~u~ 200s 60 value of signal values neasured at each value of the
paraneter, and whenNeixft ,edeh spiegce 0¥, taheceduy ercd rprahaltildisy frdordrad | on
is in accord with a probability density function value, for the respective
expected 5 val aentpblibe B8€cuthenmetphabgbijhdbypedistnibuBiBoperforiize
pattern matchi ng nmethod according to claiml1, further conprising: a fourth
step in which temphenavedbehingnpl dnethdsi hempdirhg mateWingxpddtrsd ,vahege of
a signal value at each value of the paranmeter and a new probability
tenpl at e i el ulphghangi sedapenscilitedde ' BREBaBILI Py ckafovpatiméscotatide
new, expected value at each val ue of the paraneter are generated based on
the new si gnal TREFEFOPF BRE PREX1YXbcEIr T ehe® P ORRBTIPTG2 bR sBEPBHRPons and

wherein the fourth the third t tially. 5. A
pattorn mat chi AERel hoA™a1 CPBRT GPAFRGOS6 FBRpaYE AANCRPRG e ubar L 2nd

wavef orm t enpl ,..as. . a rtegistered.tenpla ener at ed pbasged on plurality
of neasured si§%§|Pﬁ89%P6?%%Ya Smglggssgﬁhg%t? s%%%.b?% S 6%%It€%veforn]
conprising. a &%€§E0§&@9e8&1§féfQEBEEHgtSQBEa?E HH&C@hggp%gbB%EW?%Q—the
regi stered tenplate and a new'y neasuréed waveforn "an
10 template storing area 43.
Second, using the waveform template po(X) and the
probability template op(X), the matching judgment unit 33
calculates a correlation value CR;(8X) regarding a signal
waveform WP (X) corresponding to the picked-up image data
15 regarding the mark MX; by
CR1(8X)
n 1 il
= . MS+“AX%WPNXS+rAX+6X%
g;, {(ao(XSH-Ax)) #eo l
(6)

The value CR;(8X) is obtained for each X-position

20 parameter 8X. As seen in equation (6), the correlation
value CR;(8X) regarding the mark MX; is obtained using the
value (1/00(X)), which is proportional to the estimated
value of occurrence probability of the expected value of
the signal waveform at each X-position, as weight for

25 each X-position, the expected value being the waveform
template po(X)’s value at each X-position. That is, in the
calculation of the correlation value CR;(dX), when the

occurrence probability of the expected value po(X) is



a second step of generating a new waveformtenpl ate based on a plurality of
waveforms further including the new signal waveform and repl acing the

regi stered tenplate 61 1 8 JUL 2003 with the new tenplate; and wherein
the first step and the second step are repeated sequential Y8 8L Ping
pattern matchi ng method according to claim$y5, wherein the second step
conprises: a third step of estimating an occurrence probability

di stribution of signal values at respective values of a paraneter based on

the plurality ofi paveiid Mheidiie Paraimier 4184 afidl die dwngesede a 10

waveform and a fourth step in which a waveformtenplate including an
expect ed val ue ioalsi gy yal e dxwaeteyalaBudfutixe Rar akkt, e hdnged ght
probability tenplate including a piece of occurrence probability
information 15 iof dreel expectedramllue, ain each-pad teiai tdeg pargeet efomlre,
generated based on the occurrence probability distribution. 7. The pattern
mat chi ng et hodiractior di 4g tvhetai th@0l Bghtwhierens ite otcany emCetlpe obability
distribution is a normal distribution. 8 The pattern nmatching net hod
according t8& clsign®sl wieeirmedthk () th&esxpedies valoues itheaexpeatage 25
val ue of signal values neasured at each value of the paraneter, and wherein
each piece of t¥elWrcurhientelProbbbilatgei Mt et i D TROSHE kR of - Rith a

probability density functiaon value, for _the respective expected val ue,, of
t he occurrence &ﬁ%%talﬁ?ri‘i%%/ i G firoyhere the measured light intensity

varies among the signal waveforms, the weight is small,
the plurality of signal waveforms WTy(X) being used to

10 generate the waveform template up(X). Therefore, the
correlation value CR;(8X) is obtained by equation (6)
which reflects the entire pattern information
corresponding to the plurality of signal waveforms WT(X)
used to generate the waveform template Mo(X).

15 Therefore, considering signal waveforms of the mark
MX, represented by solid lines of Fig. 9A and Fig. 9B,
Fig. 9A shows a case where the degree of matching is
judged to be maximum according to the correlation value
given by equation (2) although there is some difference

20 between the measured signal waveform and the waveform
template Mo (X) represented by the dotted line. Meanwhile,
as shown in Fig. 9B, in a case where the degree of
matching is judged to be maximum according to the
correlation value given by equation (6), there is smaller

25 difference between the measured signal waveform and the
waveform template po(X) represented by the dotted line.
That 1s, such judgment of the degree of matching is

performed that X-positions are given importance where the



t a ~u~ ?2003 62 9. A pattern matching unit that perforns tenplate matching
on a waveformof a signal, a value of the signal varying according to val ue
change of at |east a paraneter, the pattern matching unit conprising: a
tenpl ate generator which generates a waveform5 tenplate iﬁbBudungmgn
expected value of a signal value at each vajge of the paraneter and a
probability tenplate ' including a piece of occurrence probability
information of the expected value at each val ue of the paranmeter based on

the occurrence P{@P@biﬁféﬂsgﬁ§t6fbgﬁ%08f0{héosﬁgﬂgflw%@é?@?méfﬁ%%@ih ysed

respective values  of the paraneter, the distribution being es rom a

plurality of negsusesesig8alnuayehof 8Bm @af@tﬁ(ﬂimg ddgenenf, gpnnect ed
to the tenplate tenplate matching between 15 and the waveform tenpl ate

probability inferoséiod oheinétpabted vslebectrically generator and which
perfornms a newy neasured signal waveform by using pieces of occurrence f

t he expected val uesAad phecmstohimgi ghtigmehor matitoA3abbraspechi valval ges of
the paranmeter, the pieces of occurrence §robabi|ity i nformati on conposing

t he probabi it ytheppraeeltdon 1peranetenat Rban whtegle g eumior radedridimy alae
claim9, wherein the tenplate generator generates a new waveformtenpl ate
and a new probdbRi LSnPr&LEUBas 88 dos tORESndW ding®alt DRawetdgemnamd t he

occurrence probabil.i ,
P match£g§~result storing area 44. Up to this, the template

matching of the signal waveforms regarding the mark MX; is
completed.

10 Next, in step 211 of Fig. 5, according to
instructions from the controller 39, the template
generator 32 replaces the waveform template and the
probability template. In this replacement, first, the
template generator 32 reads out the picked-up data of the

15 mark MX;, the initial waveform template py(X), and the
pattern-matching result OXwax1 respectively from the
picked-up-data storing area 41, the waveform-template
storing area 42, and the pattern-matching-result storing
area 44.

20 Subsequently, based on the signal waveform WP;(X)
corresponding to the picked-up data of the mark MX,, the
initial waveform template po(X), and the pattern-matching
result OXuax1, the template generator 32 calculates a new
waveform template u;(X) by

25 m(X) = {3po(X) + WPi( X + 8Xwaxs )}/(3 + 1) = = = (7),
and the template generator 32 stores the new waveform
template My (X) into the waveform-template storing area 42.

Next, the template generator 32 reads out the initial



25 distribution. 11. A pattern matching unit that perforns tenplate

mat chi ng, conprising: 1 8 JU. 2003 63 a tenpl ate generator which
generates a waveformtenpl ate based on a plurality of neasured signal
wavefornms and registers the generated tenplate as a regi stqargegUE | at e;
and a matching judgenment unit which is eleciyically connected to The
tenpl ate generator and which perforns tenplate nmatching between a newy
measured signal waveform and the registered tenplate; and wherein the

tenpl at e gener al,agp fNef & erfo UL YVEH O ERleR L hasad 101y Ihdlual i ty

of signal 10 waveforns and the new signal waveformand replaces the

regi stered tenpdedei g tdrddhes neVad @M i@ od 2:hd PDSAA 1 Ofa wiet &6h 1 P, (¥Bt,hod
of detecting a position of a specific mark formed on a detected body, x5
conprising: a fiHestineasal efd@nd £ Stepr eip TEEs Yig (X9 ., a thleUm@hi tis veff ovad ks

havi ng al nost the sane shape as the specific mark, the marks being forned
on the detect edcdmplysta 15660nd tieadmrienerit pstodmbdfl ingaswmpicg tiches,gieci fic
20 mark; a pattern matching step of perform ng pattern natching through use
of a patterf mearhitite nea tioer vt eh g toesd b MXpaxit héhpatespd atgt chi ng

met hod usi ng signal waveforns neasured at the 25 plurality of nmarks as a

plurality o si gielei@@r ot aeCa sl VM R rehasbited Bemplate pdci¥)i c
mark as a new ski)ynal wavef orm and positions as values of a paraneter: and
01(X) = [{300(X)? + 4(pa(X) - Ho(X))?
+ (WP ( X + 8wy )-pa (X))?}/41%2 -+ - (8,
10 and the template generator 32 stores the new probability
template 6;(X) into the probability-template storing area
43.
That is, based on four signal waveforms that are the
signal waveform WP;(X) and the three signal waveforms
15 WTx(X) (k= one to three) used to generate the initial
waveform template po(X) and the initial probability
template 65(X), the template generator 32 generates the
new waveform template p;(X) and the new probability
template 6;1(X), and replaces the waveform template and the
20 probability template respectively with the new waveform
template M3 (X) and the new probability template 6;(X). As
a result, when the signal waveform WP;(X) has a tendency
different from any of the signal waveforms WTy(X), the
waveform template w3 (X) and the probability template o;(X)
25 reflecting the tendency of the signal waveform WP;(X) are
obtained, the waveform template p;(X) and the probability
template o;(X) reflecting a real probability distribution

more than the initial waveform template po(X) and the



~ 8 ~u~ 7003 64 a position detection step of obtaining positional
information of the specific mark, based on the pattern matching results.
13. The position detection nmethod according to claim12, m@grg&n t he
specific mark changes periodically 5 in a first direction, an buiBei n
values of the paraneter are positions in thg first direction. 7.9. The
position detection nethod according to claim 13, wherein the specific mark
al so changes 10 periodically in a second direction that is different from

the first directiQn . ansh- Wasei it | NeomPRladTed 8% )T &R, e 28RS %vgéucgrﬁn the

t wo- di nensional position in a plane defined by the first an

directions. 7.5yl AvdPastdHeng, et agt @idinalr det ealks oF RO Him0f a
specific nark formed on a detected body, conprising: a nmeasurenent unit

nmeasuring the speedfddrentk (@ ahe! wadldfiopnoft efpillks ehavidnghal most t he same
shape as the specific mark, the marks being formed on the detected 20 body;
a pattern matchhrgpalnilitae ctoerdd Tec ¢ areef g an 9 g peerfer In pugpolpstt £ Bty mat chi ng
by using signal waveforns neasured at the plurality of marks as a plurality
of signal wavefdirsts,ikusigmatoxmvidian e alsurteih 2 5vaite fdwan speup Fatee npr (K )as
a new signal waveform and positions as values of a paraneter; and a
processi ng uni tanst WM i i i boziaRanial 1§ Wi oehkd oh @f (X he repedtHinasar k,
based on the pattern , , , ,
Next, in step 213, according to instructions from the
controller 39, the mark position calculation unit 38
calculates the position of the mark MX;. In this position
10 calculation, first, the mark position calculation unit 38
takes in the position information (velocity information)
WPV of the wafer W measured at the time of picking up the
mark MX;, the information being supplied from the wafer
interferometer 18 through the stage control system 19,
15 and reads out the pattern-matching result OXwax: from the
pattern-matching~result storing area 44. And based on the
X-position of the wafer W extracted from the position
information (velocity information) WPV and the pattern-
matching result 8Xuaxi, the mark position calculation unit
20 38 calculates the X-position PX; of the mark MX; on the
wafer, and stores it into the mark-position storing area
45, In this way, the calculation of the X-position PX; of
the mark MX; on the wafer is completed.
Next, in step 215, it 1s tested whether all X-
25 positions of M number of selected marks MX; have been
detected. In the above, because the position of only one

mark MX; has been detected, the answer in step 215 is NO,

and then the sequence advances to step 217.



18 ,I~t~ ~ 65 matching results. 16. The positional detector according to
claim 15, wherein the neasurenent unit conprises a picking~up unit 5 to
pick up marks forned on the detected body, and the signal MaveA ORI S
conposed of changes, between positions, of a light intensity in a mark

i mage picked up by the picking-up unit. 104%7. An alignnment nethod of
aligning a detected body on which a first nunber of nmarks having al nost the
same shape as one another are formed, conprising: a mark position detection

Step of detecting psidddnaly] NARIGAL O & SPEUL Qs o cgPifsodS

through use of a positio _éptlon me according aim
sequential ly ushlg 2$eanSRRCHAIG, Mk C3GR Qleddily %&%%ﬂunﬁgrﬁgﬁ%ks

selected fromthe first nunber of marks and an alignnent sfep o gni ng

the detected bedg, p2@xhagedpoRilghe REFSithic0RAli gnie@thBHiice o sseaond
nunber of marks detected’in the mark position detection step. 18. An

al i gnment uni t mbRaealti ¢S thedatagetred hedyea orieah by frhlestcontHeAn «af Imr ks
havi ng al nost the sane 25 shape as one another are formed, conprising: a
posi ti on dei ectontaoddricdignd hieo walfairmdii vededc tviirg thes isttiagralcantfrarlmat | on
of a second nunber of
system 19 on the basis of the pre-alignment result and
moving the wafer stage WST.
After that, until in step 215 it is found that all X-
positions of M number of selected marks MX; have been
10 detected, the positions of the marks MX; (i = two to M)
are detected in the same manner as for the mark MX; using
the waveform template p;-3(X) and the probability template
0i-1(X) replaced on the previous position detection. Note
that a new waveform template p; (X) and a probability

15 template o;(X) are generated in step 211 on the X-

position detection of the mark MX; by calculating

LiX)={(24i)" t_+WPi(X+ 6 Xmax)} ~(3+i) e (9)
20 gi(X)=[{(2+D) Ti—1(X) 2+ (B+i) * (ui(X) — pi-1(X)) ?
+ (WPi (X4 & maxi) — (X)) 2}/ (3+i)]'7? - (10)

In this way, when, in step 215, it is determined that
all X-positions of M number of selected marks MX; (i = one
to M) are detected, the position detection of the mark MX
for detecting X-positions is completed.
25 Next, the position detection of marks MY, (h = one
to N) for detecting Y-positions on the wafer W is
performed in the same way as in the position detection of

the marks MX; (i = one to M) for detecting X-positions on



mar ks by sequentially using as a specific mark each of ~ ~~ JUL 2003 66
the second nunber of marks selected fromthe first nunber of marks; and a
position controller to align the detected body, based on the positional

information of the second nunber 5 of nmarks detected in tﬁe gﬁighﬁgn
detector. |g, An~exposure method, of transfefying a patter q n a mask
onto divided areas on a substrate, conprising: 10 a divided area position

detection step in which positional information of the divided areas on the
substrate is ohfgl W?é’fdé)é/ vaetﬂ%¢ “%?é’%?-' &%P@ioﬂ “@Qr%af“tﬁl% n-&hahhvehg the

substrate, of a second nunber o i gnent  mar ks through usé of a‘position

detection 15 neihody 36001di g b Jraimmel Wi vy, sgauestbakbhy jHebnghas a
speci fic mark each of the second nunber of alignnment marks selected froma

first nunber ofmaigrsentismrksothed aF&a f o5 Meth ophideysypstratgoast fon
detected body and have al nbost the sane shape as one another; and 20 a

tlransy‘ erri Rg stcﬁ@t@étidrartsf eflieé ngillé@t@;atxpﬁlﬂ MJ)_KKE,]? Mheidi ¢ofipdeteaas y\gi lje
aligning t subst r at 1§%§§ﬁ3 onad t vi de
areas on thg subst rat%1 obt al nrgid]lsly'nectkﬁée)s%(?r&/l dedléafr]e% %%??oﬂj%e%ec% on
step. 25 20. T osur e, ccordi .t [ 9 rein the. .
d%?%%%‘gry Lgxln%tnr&oq:h% Cfégg)slqgcla?% c]:‘JY?1 @}:Zﬁlath\é’h%agk pgﬁ; ttl

plurality of areas are arran matri X- shape “on e S Pgte,
wherein the alignnment nmark 71 JUL 2003 conpri ses, a, thi nunper, of a
Frrst ol 1 gnmentS I Bvene! & riot eedanh Crapk BeS b Bt ha S

fourth nunber of a second alignnment marks having al nost the sane 5 shape as

one anot her, theB9§5tiamd®Yecdh® ALTGHESHE YL IsEindg susdd thes gt vel y

for aligning in rowdirection of the matrix and for aligning in colum

di rection of theremtId xonwhes eiafén ihecal vibetedrenipositionsdetetti on 10
step, positional information, in the row direction on the substrate, of a

fifth nunbeo ofpfddsss adtgpr@ntg mes ks tSciobd Bddgddi ¢ Dolghd use, ofoa position
detection nethod according to claim 12 while sequentially using as a

speci fic Mmark eagtmofe ! heabishs e Mubos: Ofpbi 184+ Abh OMIBALOLS, mar ks sel ect ed

fromthe third nunber of first alignment nmarks, and also positional

| nfor mat i on, | neg heg o}y, diggcsion on-Lhe sybsirAie, ¢0f & SLLh puer of

second al i gnnent marks is obtained through use of’ a pbsition detection

method according o, b al M 42,401} 8 SHVENL ALY i cation Laid-Open

No. 2-54103 and U.S. Patent No. 4,962,318 corresponding

15 thereto. The disclosures in the above Japanese Patent
Applications Laid-Open and U.S. Patents are incorporated
herein by reference as long as the national laws in
designated states or elected states, to which this
international application is applied, permit.

20 Then while illuminating the slit-like illumination
area (its center almost coinciding with the optical axis
AX) on the reticle R with the illumination light IL, the
controller 39 controls and moves the reticle R and the
wafer W respectively in mutually opposite directions

25 along the scanning direction (Y-direction) at a velocity

ratio corresponding to the projection magnification on



20 using as a specific mark each of the sixth nunber of second alignnent
mar ks, sel ected fromthe fourth nunber of second alignnment marks, and
wherein positional information, relative to the substrate, 1? gﬁ{le?qﬁl vi ded
areas is obtained by statistically processing the 25 position i if*or mat i on
inthe rowdirection of the fifth nunber of,first alignment marks and the
positional information in the colum direction of the sixth nunber of
second al i gnnent marks. 1 8 JUL 2003 68 2,1. An exposure apparatus four

transferring a i &5 F Ghdd P B FREIGH R i NI Ukt dn B sibstrat e,

conprising: 'a stage unit noving the substrate along a 5

pr edet er m ned' plahe;a arat e Posin iGre datdaur aksoraf dghe et ig 1%, 1s
obtai ning positional information of a second nunber of alignnent marks by
sequenti al | y usiaupesd aarspecidrisfamrdd eactiv ofhd heafsscdhd nunber of
alignment marks selected from7.0 a first nunber of alignnment marks that

are formed on the substited evars dhe Sted it dabiapgly, avttkrhgyee: tad 10 Sia t diel isgme
shape as one another. 22. A device manufacturing nmethod including a . ~.5

l'i thogr aphy 5pr ogceston MhEr 81 b i 1heed 1 A0 BRNYL PI 0LL S5 r B R&EIlet i dr ned
pattern is transferred onto di vided areas on a substrate according to an

exposure mnet hoged&}(sﬁsrlg% teag%jgfgn%t;d%i)lrsqqi%fn tol}elaggrélégmfo%oq?jk t A position

detection neth specific mar ormed on a
detected body, c ri sing: .nmeasuring a ural i ty .of marks, havi ng, al host the
same shape as tqul@b]&qq ¢ hargim t%tg %‘f Clhoi l?oqafﬁacff”o‘f‘?a]t h“é‘g]o%péct ed
body; s nmeasuring the specific mark; perform ng pattern matchi ng through

use of a patterdF g dhhg'T T &% ARy 3 LB Lihe (RIrE Y, and

mat chi ng net hod using siJnal wavefornms neaStlred at
performs correlation search taking positional-detection

10 significance of information of each position into
account, thereby being able to accurately detect the
positions of the alignment marks MX, MY on the wafer.

Additionally, on the detection of the positions of
the alignment marks MX, MY, edge detection, binarization,

15 peak detection, etc., regarding picked-up data are
unnecessary, and therefore the detection is accurate and
highly robust against noise.

Furthermore, at each time of position detection of
the mark, the waveform template and probability template

20 used for pattern matching regarding the mark are replaced
with a new waveform template and probability template
generated by adding the signal waveform regarding the
mark, and therefore pattern matching with desirable
matching-accuracy can be performed.

25 In addition, based on the accurately detected



the plurality of marks as a plurality of signal waveforns) a signal
~~~aveforn~ neasured at the specific mark as a new signal waveforn) and
positions as val ues of a paraneter; and to obtaining positi om?l anformati on
of the specific mark) based on the pattern matching results. 24: Erh?eoa
position detection nethod according to claijg2 3, wherein the specific mark
changes periodically in a first direction, and twherein val ues of the
paranmeter are 15 posjitions_in the first directiaon, 25, The posjition ,

det ecti on net hdtf Rt S e Lk h Nohe Mpecit A e st
changes periodically in a second direction that is different fromthe first
di rection, and Wferéfen He iparpaeammedspraskithezefeike e tohal position
in a plane 20 deFned by the first and second directions. 2G A position

det ector that detieptreerat pomi theorpaffeamsgbci fic mark forned on a detected
body, conprising: a neasurenent unit neasuring the specific mark and a
plurality of marks 23 rhaddig: ifdnpdedaieses ate b s iy ispecide ovabg K,
the marks being forned on the detected body; 1 8 JU. 2003 70 a pattern
mat chi ng unit %%@'Mﬁ&rﬂrﬁ%r@ﬂﬂos%;%rﬂd’@:m{t&{ Nt Kt et - DYa #isd NY
si gnal wavefonns neasured at the plurality of marks as a plurality of

si gnal wavef or I V, A J@@ﬂg t specddi r s a
new si gnal vvavreE%Sé()rtﬁr}%s Lgénédgéploés;é?i%{g kggs ~~a ttéeaéglhgft%g}gsar aneét&erc?nga;dﬁéa
processi ng unit_.of obtaini osition i nformation of the speci Fc nark,
based on the pati®r it c‘?ﬁnn Pre"ﬁﬁl?rs 27. The position detector according
to claim 26, tvherein the neasurenent unit conprises a picking-up unit to
pi ck up marks for med*drieHE RALARY Bodyhe FPIHE A PRIV vl et im i s
conposed of changes, between positions) of a light intensity in a . mark

i mage picked upinsaite giddingnp iminade Dy A s e Hinmema ey ds -
aligning a detected body on which a first nunber of nmarks having al nost the
sanme shapelés ohestaand hiatclandi f@retesherctonprhsi ngre Ierdei@odd nigh piase t 1 onal
information of a second nunber of marks through use of a position detection
nmet hod accordi ng 4ionsl @ 2R e S@aUeHtadd Yot Sdieh asns sReeidd Lcal

accuracy, electrical accuracy, and optical accuracy of
the whole system are kept within a predetermined range.
To ensure these kinds of accuracy, after and before the
15 assembly, adjustment to achieve optical accuracy of
various kinds of optical systems, adijustment to achieve
mechanical accuracy of various kinds of mechanical
systems, and adjustment to achieve electrical accuracy of
various kinds of electrical systems are performed. The
20 process of assembling the exposure apparatus with the
various sub-systems includes mechanical connection
between the various kinds of sub-systems, wiring of
electrical circuits, plumbing of air pressure circuits,
and the like. Needless to say, before the process of

25 assembling the exposure apparatus with the various sub-



mar k each of the second nunber of marks selected fromthe first nunber of
‘marks; and aligning the detected body, based on the positional information
of the second nunber of marks detected in the mark positional infom-ation
detection. 20 29. An alignment unit that aligns a detected b @yJUﬂ1zmgich a
first nunber of marks having al nost the samng shape as one another are
formed, conprising: a position detector according to claim 26, detecting
positional information of second sl unber af rks b equentially using
as a specific markEsch Hch R RS PO R bl det et 176 ¢ he
first nunber of marks; and a position controller to align the detected
body, based on RUREETSIA e dithdtho e BotHe @&Rﬂﬁ%ﬂﬁrﬂ@ft}bft%r ks
detected in the position detector. 7 8 JUL 2003 71 30. An exposure rmnethod
of transferringaxipas eubfumateinon eonmsE Oy eliad satrardasi dn a
substrate) conprising: divided area position detection in which positional

i nformati on of gdrefdimed ded earsase darhd heasivhst rigtredd o DlEausEt by detlest | ng
positional information, relative to the substrate, of a second nunber of

al i gnment ngr ksyHdWeOWdp e Ofapbasidd ONHeS et on dret ok Sl 1 d 0
claim 23 while sequentially using as a specific mark each of the second
nunber of alig kes[?deg fai uher | et mar ks
that are fonnmed on tgf?éé subst rﬁ%e%gi%ge%ecﬁr{ed% bd(f)hdy anrd(gghn?sl\zj&eH al m)ste t he
sanme shape as qne 10 anot her;. an ransferring the patter.n ont he di vi ded
areas while al icheﬁ[llpnegr a(h% es’ubtsl'fer a(?eeé lbe}seodte ocnlpt enepsoss’i %nocgatl i %@?érm%rlegn of
the divided areas on the substrate obtained in the divided area position
detection. |S FORELOPe "xposure nethod according to claim 30, wherein the
plurality of divided areas are arranged in a matrix-shape on the substrate,
wherein the alignnmefedfar Ko beacditgiafd qridras 3Ty &15instthe i aeomt

mar ks havi ng al nost the sanme shape as one another and a fourth nunber of a
second al i §nerdxgmrkse heppap @l srostd ttte seehshapel asoome sowtleet) t he
first and second alignnment marks being used respectively for 20 aligning in
row direction of therimtrix iand forowldigtingrdm 0 umhideaitOroofat he

device (a semiconductor chip such as IC or LSI, liquid
crystal panel, CCD, thin magnetic head, micro machine, or
the like) in this embodiment. As shown in Fig. 10, in
15 step 301 (design step), function/performance design for
the device (e.g., circuit design for a semiconductor
device) is performed and pattern design is performed to
implement the function. 1In step 302 (mask manufacturing
step), a mask on which the designed circuit pattern is
20 formed is produced. In step 303 (wafer manufacturing
step), a wafer is manufactured by using silicon material
or the like.
In step 304 (wafer processing step), an actual
circuit and the like are formed on the wafer by

25 lithography or the like using the mask and wafer prepared



matri x) wherein in the divided area position detection, positional
dinformation, in the row direction on the substrate, of a fifth nunber. of
first alignment marks is obtained through use of a position @q&gcétfn

met hod according to claim 12 while sequentially 25 rising as a Specific
mark each of the i;ifth nunmber of first alignment marks selected fromthe
third nunber of first alignnment marks, and al so positional information) in
the columm direction on the substrate) of. a sixth nunber .of seco

al i gnment mar kéh steps Ulud e 2 oR%itHed T80 gt yosi 1 g eP
detection nethod according to claim12 while sequentially rising as ~t
specific mark edth Glewtire dsasmmvhifdier: é&:\@rﬁﬁsalqiiﬁ'\rﬁa‘%ﬁemﬁlr%g el ect ed
fromthe fourth nunber of second alignment nmarks) and wherein ~~ positional
i nfformation, relstriveite waiesuybsigersed ofn tdteerli I ded Hrem' 303 siwbtuded
by 5 statistically processing the positional information in the row
direction of thedddddeqnwber of didistgalbgment, rerk paridadirey posiip onal
information in the colum direction of the sixth nunber of second alignnent
marks. 32. An exposgHe ApRsdatus for transferring a pattern fornmed on'a
mask onto 10 divided areas on a substrate) conprising: a stage unit
1110V1118 the substrate along a predeterm ned plane; and . a position
detector according tmidElyn 26n D@30 69 pospddtoinat oy ned | tesofom~
second nunber of alignnment marks by sequentially using as a specific mark
each of the secdmnd opederiai ef i geetdvieeks defact ek ¥ roesta, fandttmeinber
of alignnent marks t $ that are fonned on the substrate as a detected body
and have al nostlike awmreposhipened. ontl taoteese 3Bteps dedieLRPRIACIUri ng
met hod including a |ithography process, wherein in the |ithography process)
a predet er m nedFPRIers 350 tRMIRFIERE oD W FRRA AWleas on~a zo substrate
according to an exposure nethod as recited in clainB0 zs, . A

5@ AF. A3, AYOAR. AY, APTLOSL I 15 A T OIF. A T3 Sho thdna Jglo Jefl example

. AY. AY. AF% AFHI. Al % AYs @?{ . AYn, Al n9. AY. Al , .

AN9. Al L AL, AT 58P SN | FFFCAFORY ST AT TERIEISTH HIN . Al nw Al [s_. Al

Ny ﬁf}: ﬁisé iééiiﬁ?{{ﬁ%%%ﬁ Gt Bes AV AL P AL YA SV ARSy A PL AR A Se - Hu1
(oxidation step), the surface of a wafer is oxidized. 1In
step 312 (CVD step), an insulating film is formed on the

15 wafer surface. In step 313 (electrode formation step),
electrodes are formed on the wafer by vapor deposition.
In step 314 (ion implantation step), ions are implanted
into the wafer. Steps 311 to 314 described above
constitute a pre-process for each step in the wafer

20 process and are selectively executed in accordance with
the processing required in each step.

When the above pre-process 1s completed in each step
in the wafer process, a post-process is executed as
follows. In this post-process, first of all, in step 315

25 (resist formation step), the wafer is coated with a
photosensitive agent. 1In step 316, the above exposure

apparatus transfers the circuit pattern on the mask onto
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mark is used as the position detection mark to detect

20 one-dimensional position of each mark, another kind of
mark may be used. For example, a two-dimensional mark
such as a box-in-box mark may be used to detect the two-
dimensional position of each mark. To detect the two
dimensional position of the two-dimensional mark, the

25 above one-dimensional position detection may be performed
twice, or two-dimensional template matching, for a two-
dimensional signal waveform of the two-dimensional mark,

into which the one-dimensional template matching for the
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f10% & () -! p" 16%nc&'t( conjDuEEEPS& it tQRoMBE ert0@urface of the reticle
10(&910% & ()-F710% & ()-YF510% & ()-- 10% & ()-Y,"10% & ()-%
109% & () - s5T2/ Ri! ¥oite09BBE (S)rch 'ap0gd Lupiniajtiion @ugkicplz siystem using a

"109%&' ()-zs109%& ()-",10% ()- 10(» mn }[9+/ 10FF'F- "10%F& ()- !'F-
"10%F& () - Yy A@@t@pﬁ@tor is disclosed in, for example, U.S. Patent

No. 5,675,401. The disclosure in the above U.S. Patent is

incorporated herein by reference as long as the national
laws in designated states or elected states, to which

20 this international application is applied, permit.
Moreover, the combination of a fly-eye lens and rod
integrator or a double optical integrator that is
composed of two fly-eye lenses or rod integrators in
series may be used.

25 In addition, although the above embodiment described
a case where the present invention is applied to a
scanning exposure apparatus of a step-and-scan method,

the scope of the present invention is not limited to
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10**1 Ff 5" 10% *& 49 The present invention can be suitably applied to a

stationary-exposure-type exposure apparatus such as a
stepper.
Additionally, even in, for example, an exposure
5 apparatus using ultraviolet light, as its projection
optical system, a reflection system including only
reflection optical elements or a reflection/refraction
system (catadioptric system) including reflection optical
elements and refraction optical elements may be employed.
10 As the reflection/refraction~-type projection optical
system, a reflection/refraction system comprising a beam
splitter and a concave mirror as reflection optical
elements, which 1s disclosed in, for example, Japanese
Patent Application Laid-Open No. 8-171054 and U.S. Patent
15 No. 5,668,672 corresponding thereto, and Japanese Patent
Application Laid-Open No. 10-20195 and U.S. Patent
No. 5,835,275 corresponding thereto, can be used, or a
reflection/refraction system comprising not a beam
splitter but a concave mirror, etc., as reflection
20 optical elements, which is disclosed in Japanese Patent
Application Laid-Open No. 8-334695 and U.S. Patent
No. 5,689,377 corresponding thereto, and Japanese Patent
Application Laid-Open No. 10-3039 and U.S. Patent
Application No. 873,605 (application date: June 12, 1997)
25 corresponding thereto, can be employed. The disclosures
in the above Japanese Patent Applications Laid-Open,
U.S. Patent, and U.S. Patent Application are incorporated

herein by reference as long as the national laws in
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5 optical elements and two mirrors (a main mirror being a
concave mirror and a sub-mirror that is a back surface
mirror of which the reflection surface is formed on the
opposite side to the incident surface of a refraction
element or plane parallel plate) that are disposed along

10 one axis, and has the intermediate image, formed by those
refraction optical elements, of a reticle pattern again
imaged on a wafer using the main mirror and sub-mirror,
the reflection/refraction system being disclosed in
Japanese Patent Application Laid-Open No. 10-~104513 and

15 U.S. Patent No. 5,488,229 corresponding thereto. In this
reflection/refraction system, the main mirror and sub-
mirror are disposed in series with the plurality of
refraction optical elements, and an illumination light
passes through a portion of the main mirror, is reflected

20 by the sub-mirror and the main mirror in turn, passes
through a portion of the sub-mirror and reaches the
wafer. The disclosures in the above Japanese Patent
Application Laid-Open and U.S. Patent are incorporated
herein by reference as long as the national laws in

25 designated states or elected states, to which this
international application is applied, permit.

Furthermore, as the reflection/refraction-type

projection optical system, a reduction system may be



"109%& () -f#109%& ()-s10%& ()- 10 10 10F =!'109& ()- 1l 22z334Mb}[9_@!yl" "10%
& ()-lyl" "10%

& ()-1Y"10%& ()-z!pdl Y109 ()-zl"109%& ()-z!pl"10%& ()-zMb5f 6g6h6i 6] 6NB{ 6U
V50 f 109 ()-z109& ()-#10%& ()- 10 10 10!|13"109%& ()-3 18 JuL 2003

1109%&' ()-{67R708"859p9}[ <uV50 53

19" 110%&' ()-z!'tt19°110% .& ()-zl"109& ()-z!~l"1098&8&&" ()-zf 109& ()-z!nf
109&' ()-zp9A:v: M {; <<<<}[ M?10 10 10 10!nl 7

109 () - F- " 109 -&ider WM&, - 2Y% . 0% Drc @1 %8 image field, is

10%=& () - g<#<=+=>@?wWX6M?10 10! y&"10% |

| & () -zl f"10% &el)eddrft Y& n oddH "thRYechS Ot Id fa nk0 %R de) -arfdl A% o CAEH «@OMNA
AAzXJ<10 10'y 1090 10%4}11 "109898& ()-Z 'M1 "1098& ()-Z !l $"10% *

*& ()-!'1$"10% side, and has a reduction ratio of, e.g., 1/4 or 1/5.

& ()-&" 10%&' ()-zAAAAABBCr S110! ~Y" 10%898& () -S"1098& ()-S!' "10%&' () - S109%&' ()-"
1098 ()- Y10%&' ®)lsM,1098@ scanning exposure apparatus comprising this

5 reflection/refraction-type projection optical system, the
illumination area of the illumination light may be a
rectangular-slit-shaped area whose center almost
coincides with the optical axis of the projection optical
system and which extends along a direction almost

10 perpendicular to the scanning direction of a reticle or
wafer. By using a scanning exposure apparatus comprising
such a reflection/refraction-type projection optical
system, it 1s possible to accurately transfer a fine
pattern of about 100nm L/S pattern onto wafers even with

15 F, laser light having, for example, the wavelength of
157nm as exposure light.

Furthermore, as a vacuum ultraviolet light, ArF
excimer laser light or F; laser light is used. However, in
a case of containing only a beam-monitor mechanism and

20 reference wavelength light source in the same environment
-controlled chamber as the projection optical system, a
higher harmonic wave may be used which is obtained with
wavelength conversion into ultraviolet by using non-
linear optical crystal after having amplified a single

25 wavelength laser light, infrared or visible, emitted from
a DFB semiconductor laser device or a fiber laser by a
fiber amplifier having, for example, erbium (or erbium

and ytterbium) doped.
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] ZXJ<12' ten-time-higher harmonic wave of which the wavelength is
in the range of 151 to 159nm is emitted. Especially, when
the oscillation wavelength is in the range of 1.544 to
1.553um, an eight-time-higher harmonic wave of which the
wavelength is in the range of 193 to 194nm, that is,

10 almost the same as ArF excimer laser light (ultraviolet
light) is obtained, and when the oscillation wavelength
is in the range of 1.57 to 1.58um, a ten-time-higher
harmonic wave of which the wavelength is in the range of
157 to 158nm, that is, almost the same as F, laser light

15 (ultraviolet light) is obtained.

Furthermore, when the oscillation wavelength is in
the range of 1.03 to 1.12um, a seven-time-higher harmonic
wave of which the wavelength is in the range of 147 to
160nm is emitted, and, especially, when the oscillation

20 wavelength is in the range of 1.099 to 1.106um, a seven-
time-higher harmonic wave of which the wavelength is in
the range of 157 to 158nm, that is, almost the same as F;
laser light (ultraviolet light) is obtained. In this
case, for example, ytterbium-doped fiber laser can be

25 employed as the single wavelength laser.

Moreover, the present invention can be applied not

only to an exposure apparatus for producing micro devices

such as semiconductor devices but also to an exposure
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ultraviolet) light or VUV (vacuum ultraviolet) light, a
transmission-type reticle is employed in general. And as
the substrate of the reticle, quartz glass, quartz glass

10 with fluorine doped, fluorite, magnesium fluoride, or
quartz crystal is employed. And an X-ray exposure
apparatus of a proximity method or electron beam exposure
apparatus employs a transmission-type mask (stencil-mask,
membrane-mask); an EUV exposure apparatus employs a

15 reflection-type mask, and as the substrate of the mask,
silicon wafer or the like is employed.

Note that the present invention can be applied not
only to a wafer exposure apparatus used in the production
of semiconductor devices but also to an exposure

20 apparatus that transfers a device pattern onto a glass
plate and is used in the production of displays such as
liquid crystal display devices and plasma displays, an
exposure apparatus that transfers a device pattern onto a
ceramic plate and is used in the production of thin

25 magnetic heads, and an exposure apparatus used in the
production of pick-up devices (CCD, etc.).

In addition, in the above embodiment, position

detection of the alignment marks on a wafer and alignment
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5 reticle, and also to other units than exposure
apparatuses such as a unit to observe objects and a unit
that 1s used to detect positions of objects and align
them in an assembly line, process line or inspection
line.

10 In addition, the application of the pattern matching
according to the present invention is not limited to the
signal waveforms of marks on a wafer, and can alsc cover
any object that is measured using pattern matching that
generates a template from measured signal waveforms and

15 performs template matching. Also, the pattern matching of
the present invention can be applied not only to a case
where a signal value varies according to its position but
also to a case where signal values vary according to
time.

20 Furthermore, the probability distribution estimated
in generating a template pattern is not limited to a
normal distribution. When more appropriate a probability
distribution than a normal distribution is known, the

waveform template and probability template may be

25 generated based on that probability distribution.

INDUSTRIAL APPLICABILITY

As described above, by using the pattern matching
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can be performed on newly measured signal waveforms.
Therefore, the pattern matching method and pattern
5 matching unit according to the present invention are
suitable to perform accurate signal processing through
template matching.
In addition, by using signal waveforms measured at
specific marks formed on a body to be detected, the
10 position detection method and position detector according
to the present invention generate the waveform template
and the probability template, and perform template
matching to detect the positions of the specific marks as
position detection objects. Therefore, the position
15 detection method and position detector according to the
present invention are suitable to accurately detect the
positions of the specific marks formed on the body to be
detected.
Additionally, in the position detection method and
20 position detector according to the present invention,
based on the positions of the specific marks detected by
the position detection method of the present invention,
the body on which the specific marks are formed is
positioned. Therefore, the alignment method and alignment
25 unit according to the present invention are suitable to
accurately align the body to be detected.

In addition, the exposure method and exposure

apparatus according to the present invention detect the
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detection method, align the substrate on the basis of the
detection results, and transfer a predetermined pattern
5 onto divided areas, thereby being suitable to perform
multi-layer-exposure for forming a multi-layer pattern
with improved accuracy of superposition. Therefore, the
exposure apparatus according to the present invention is

suitable for manufacturing devices on which a fine

10 pattern is formed.
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template matching on a waveform of a signal, a value of
the signal varying according to at least a parameter, the
5 pattern matching method comprising:

a first step of estimating an occurrence
probability distribution of signal values at respective
values of the parameter based on a plurality of measured
signal waveforms;

10 a second step of generating a waveform template
including an expected value of signal value at each value
of the parameter and a probability template including a
piece of occurrence probability information of the
expected value at each value of the parameter based on

15 the occurrence probability distribution; and

a third step of performing template matching
between a newly measured signal waveform and the waveform
template by using the piece of occurrence probability
information of each of the expected values, which compose

20 the probability template, as a plece of weight

information at each value of the parameter.

2. The pattern matching method according to claim
1, wherein the occurrence probability distribution is a

25 normal distribution.

3. The pattern matching method according to claim

1, wherein each of the expected values is an average
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5 wvalue, of the occurrence probability distribution.

4. The pattern matching method according to claim
1, further comprising:
a fourth step in which a new waveform template
10 including a new, expected value of a signal value at each
value of the parameter and a new probability template
including a piece of occurrence probability information
of the new, expected value at each value of the parameter
are generated based on the new signal waveform and the
15 occurrence probability distribution; and
wherein the fourth step and the third step are

repeated sequentially.

5. A pattern matching method of performing
20 template matching between a waveform template, as a
registered template, generated based on a plurality of
measured signal waveforms and a subsequently measured
signal waveform, comprising:
a first step of performing template matching
25 Dbetween the registered template and a newly measured
waveform; and
a second step of generating a new waveform template
based on a plurality of waveforms further including the

new signal waveform and replacing the registered template
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5, wherein the second step comprises:

a third step of estimating an occurrence
probability distribution of signal values at respective
values of a parameter based on the plurality of
waveforms, the parameter relating to changes of a

10 waveform; and

a fourth step in which a waveform template
including an expected value of a signal value at each
value of the parameter and a probability template
including a piece of occurrence probability information

15 of the expected value at each value of the parameter are

generated based on the occurrence probability

distribution.

7. The pattern matching method according to claim
20 6, wherein the occurrence probability distribution is a

normal distribution.

8. The pattern matching method according to claim
6, wherein each of the expected values is an average
25 value of signal values measured at each value of the
parameter, and wherein each piece of the occurrence
probability information is in accord with a probability
density function value, for the respective expected

value, of the occurrence probability distribution.
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based on the occurrence probability distribution of
10‘ signal values for the respective values of the parameter,

the distribution being estimated from a plurality of

measured signal waveforms; and

a matching judgement unit which is electrically
connected to the template generator and which performs
template matching between a newly measured signal waveform

15  and the waveform template by using pieces of occurrence

probability information of the expected values as pieces
of weight information at respective values of the
parameter, the pieces 6f occurrence probability
information composing the probability template.

20

10. The pattern matching unit according to claim 9,
wherein the template generator generates a new
waveform template and a new probability template based on

the new signal waveform and the occurrence probability

25 distribution.

11. A pattern matching unit that performs template

matching, comprising:
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connected to the template generator and which performs
template matching between a newly measured signal waveform

and the registered template; and

wherein the template generator generates a new
waveform template based on the plurality of signal
‘10 waveforms and the new signal waveform and replaces the

registered template with the new template.

12. A position detection method of detecting a

position of a specific mark formed on a detected body,
15 comprising:

a first measurement step of measuring a plurality
of marks having almost the same shape as the specific
mark, the marks being formed on the detected body;

a second measurement step of measuring the specific

20 mark;

a pattern matching step of performing pattern
matching through use of a pattern matching method
according to claim 1, the pattern
matching method using signal waveforms measured at the

25 plurality of marks as a plurality of signal waveforms, a
signal waveform measured at the specific mark as a new

signal waveform, and positions as values of a parameter;

and
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are positions in the first direction.

14. The position detection method according to
claim 13{ wherein the specific mark also changes
10 periodically in a second direction that is different from
the first direction, and wherein the parameter represents
a two-dimensional position in a plane defiﬁed by the

first and second directions.

15 15. A positional detector that detects a position
of a specific mark formed on a detected body, comprising{
a measurement unit measuring the specific mark and
a plurality of marks having almost the same shape as the
specific mark, the marks being formed on the detected
20 body;
a pattern matching unit according to
claim 9, performing pattern matching by using
signal waveforms measured at the plurality of marks as a
plurality of signal waveforms, a signal waveform measured
25 at the specific mark as a new signal waveform, and
positions as values of a parameter; and
a processing unit of obtaining positional

information of the specific mark, based on the pattern
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signal waveform is composed of changes, between positions,
of a light intensity in a mark image picked up by the

picking-up unit.

10 17. An alignment method of aligning a detected body
on which a first number of marks having almost the same
shape as one another are formed, comprising:

a mark position detection step of detecting
positional information of a second number of marks

15 through use of a position detection method according to
claim 12, by sequentially using as a specific mark each
of the second number of marks selected from the first
number of marks; and

an alignment step of aligning the detected body,
20 based on the positional information of the second number

of marks detected in the mark position detection step.

18. An alignment unit that aligns a detected body on
which a first number of marks having almost the same
25 shape as one another are formed, comprising:
a position detector according to claim 15,
detecting positional information of a second number of

marks by sequentially using as a specific mark each of
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a position controller to align the detected body,

based on the positional information of the second nuﬁber

5 of marks detected in the position detector.

19. An exposure method of transferring a pattern

formed on a mask onto divided areas on a substrate,

comprising:

10 a divided area position detection step in which

positional information of the divided areas

on the

substrate is obtained by detecting positional information,

relative to the substrate, of a second number of

alignment marks through use of a position detection

15 method according to claim 12 while sequentially using as

a specific mark each of the second number of alignment

marks selected from a first number of alignment marks

that are formed on the substrate as a detected body and

have almost the same shape as one another; and

20 a transferring step of transferring the pattern

onto the divided areas while aligning the substrate based

on the positional information of the divided areas on the

substrate obtained in the divided area position detection

step.
25

20. The exposure method according to claim 19,

wherein the plurality of divided areas are arranged in a

matrix-shape on the substrate, wherein the alignment mark
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having almost the same shape as one another and a fourth
number of a second alignment marks having almost the same
5 shape as one another, the first and second alignment
marks being used respectively for aligning in row
direction of the matrix and for aligning in column
direction of the matrix,
wherein in the divided area position detection
10 step, positional information, in the row direction on the
substrate, of a fifth number of first alignment marks is
obtained through use of a position detection method
according to claim 12 while sequentially using as a
specific mark each of the fifth number of first alignment
15 marks selected from the third number of first alignment
marks, and also positional information, in the column
direction on the substrate, of a sixth number of second
alignment marks is obtained through use of a position
detection method according to claim 12 while sequentially
20 using as a specific mark each of the sixth number of
second alignment marks selected from the fourth number of
second alignment marks, and wherein positional
information, relative to the substrate, of the divided
areas is obtained by statistically processing the
25 positional information in the row direction of the fifth
number of first alignment marks and the positional

information in the column direction of the sixth number

of second alignment marks.
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obtaining positional information of a second number of
alignment marks by sequentially using as a specific'mark
each of the second number of alignment marks selected from

10 a first number of alignment marks that are formed on the

substrate as a detected body and have almost the same shape

as one another.

22. A device manufacturing method including a .
15 lithography process, wherein in the lithography process,
a predetermined pattern is transferred onto divided areas
on a substrate accérding to an exposure method as recited

in claim 19.
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KAYNQO 1 10<93l0< A position detection method of detecting a position of a specific mark
formed on a detected body, comprising:
| measuring a plurality of marks having almost the same shape as the specific
mark, the marks being formed on the detected body;
S measuring the specific mark;
performing pattem matching through use of a pattern matching method
according to claim 5, the pattern matching method using signal waveforms measured at
the plurality of marks as a plurality of signal waveforms, a signal waveform measured at
the specific mark as a new signal waveform, and positions as values of a parameter; and

10 obtaining positional information of the specific mark, based on the pattemn

matching results,

24, The position detection method according to claim 2 3, wherein the specific

mark changes periodically in a first direction, and wherein values of the parameter are

15 positions in the first direction.

25, The position . detection method according to claim 24, wherein the specific
mark also changes periodically in a second direction that is different from the first

direction, and wherein the parameter represents a two-dimensional position in a plane

20  defined by the first and second directions.

26. A position detector that detects a position of a specific mark formed on a

detected body, comprising:

a measurement unit measuring the specific mark and a plurality of marks

25 having almost the same shape as the specific mark, the marks being formed on the

detected body;
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5 a processing unit of obtaining positional information of the specific mark,

based on the pattern matching results.

27. The position  detector according to claim 26, wherein the measurenent unit
comprises a picking-up unit to pick up marks formed on the detected body, and the

10  signal wavefonn is composed of changes, between positions, of a light intensity ina
mark image picked up by the picking-up unit.

' 28, An alignment method of aligning a detected body on which a first number of
marks having almost the same shape as one another are formed, comprising:

15 ~ detecting positional information of a second number of marks through use of a
position  detection method according to claim23, by sequentially using as a specific
mark each of the second number of marks selected from the first number of marks; and

aligning the detected body, based on the positional information of the second
number of marics detected in the mark positional information detection.

20
29. An alignment unit that aligns a detected body on which a first number of marks
having almost the same shape as one another are formed, comprising:

a position detector according to claim 26, detecting positional information of &
second number of marks by sequentially using as a specific mark each of the second

25 number of marks selected from the first number of marks; and

a position controller to align the detected body, based on the positional

infonmation of the second number of marks detected in the position detector.
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second number of alignment marks selected from a first number of alignment marks that
are formed on the substrate as a detected body and have almost the same shape as one
10  another; and
‘ transferring the pattern onto the divided areas while aligning the substrate
based on the positional information of the divided areas on the substrate obtained in the

divided area position detection.

15 31, "The exposure method according to claim 30, wherein the plurality of divided
areas are arranged in a matrix-shape on the substrate, wherein the alignment mark
comprises a third number of a first align'ment marks having almost the same shape as
one another anci a fourth number of a second alignment marks having almost the same
:sl1ape as one another, the first and second alignment marks being used respectively for

20  aligning in row direction of the matrix and for aligning in column direction of the
matrix,

wherein in the divided area position detection, positional information, in the
row direction on the subst.rate, of a fifth number of first alignment marks is obtained
through use of a position  detection method according to claim 12 while sequentially

25 | using as a specific mark each of the fifth number of first alignment marks selcctéd from
the third number of first alignment marks, and also positional infonnation! in the

column direction on the substrate, of a sixth number of second alignment marks is
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sequentially using as a specific mark each of the sixth number of second alignment

marks selected from the fourth number of second alignment marks, and wherein -

positional information, relative to the substrate, of the divided areas is obtained by

5 statistically processing the positional information in the row direction of the fifth
number of first alignment marks and the positional information in the column direction

of the sixth number of second alignment marks.

32, An exposure apparatus for transferring a pattern formed on'a mask onto

10  divided areas on a substrate, comprising:
a stage unit moving the substrate along a predetermined plane; and

a position detector according to claim 26, obtaining positional information of a

second number of alignment marks by sequentially using as a specific mark each

of the second number of alignment marks selected from a first number of alignment marks

15 that are formed on the substrate as a detected body and have almost the same shape as one

another.

33. A device manufacturing method including a lithography process, wherein in
the lithography process, a predetermined pattern is transferred onto divided areas on'a

20 substrate according to an exposure method as recited in claim30.
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