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METHOD, DEVI CE MANUFACTURI NG M i THOD, MARK DETECTI ON APPARATUS, EXPOSURE
APPARATUS, AND DEVI CE TECHNI CAL FI ELDL The present i mm“mwat es to a
mar k detection nethod, an exposure nethod, a devi ce\mﬁﬂm\ ng net hod, a
mar k detection apparatus, and anDESQBIRIFI®OMNapparatus. Mygarticularly, the
present invention relates to a mark detection nethod for detecting a mark
for position neasurenent that is forned on an obj ect such as a

sem conduct or Wﬁtﬁewmg&étﬂwmm@tﬁuﬁ MEBYOPSPEGECEAN exposure

met hod for transferring a pre ermned pattern on a substrate aligned by
t he use oMANBFASTIIRINGMEIFHODEMARK DETECTION ARPARATUS, EXBOSERE0D usi ng

t he exposure nethod, a nmark ?’M&}ﬁgﬂ@h for detecting a mark for
posi ti on neasurenent which i : [“ect such as a sem conduct or
substrate or a liquid crystal display device, an exposure apparatus for

transferring a predeterm ned pattern onto a substrate aligned by the mark
det ecti on apparatus, and a deviiEEHNOMaELDed by. t he exposure appar at us,

BACKGROUND Al | n manufacturi sem ductor device and a |jiquid crystal
ool oy oyt olnd BreB s @nhaf reiflesto A SRk At Rudhesf af Brr e Tl ol Lo
t echni quedice MmahifléinindRethdd etk RERLDA bpfaratey) asd Sipos®me lippdistug reticle

(hereinafter, referred to as reticle) by the use of an exgosure appar at us

i s proj ddere pamsigulady,shes prgsash inyentigmsrelaiasdo 8 mank defectionang deteetings er or

gl ass pl ' | . : ' i s coated
(hereina ggo?rbp geypét? lﬂjggs"?%ﬂég%ﬁm%gefpwgdrﬁrg@%@?ééﬁgc}g%t%ﬁﬁ’ngﬁép)@%j ected and
exposed shystriatesor adiquid crydtalrdisplangevice, Anexpsfes tiethod fortiaisfesring a a

st ep-and-repeat systemin such a ranper that%athpositi on of the reticle and

a posi t iPEdesrmingd Pajara en 3 subsixate Aligaed bythe yskef thoymark deteptionsrathaded and t he

reticle L .&uﬁﬂ? 0 r ?lpﬂfg fer.
Parti culdgfi%ﬁllaﬁufraecen ﬁl&gfaara?gmﬁl% ’@g%l&sr?ﬁl% E@PF %@%ai&%cggﬂa equtpfgg,af or
sem condetetting amarkuiot posittarcmeasuregient whichds formeden ah bgjectsnch afa t he exposure
apparatus,.as.the ttern of the sem.conductor circuit or the.like becones
Pher o aonisRRds ¥ PO gh alhautd o R YN st St A e  or o

Wi th hi ghasgderiag dpaedétddinedpatteapach a aibgtrata bligied bp temskaftdcton al | gnnent
have been made. . . In general, the alignment of the reticle is perforned
usi ng e@pRAEY and gdevicamanufagturedhydhe exppsUre ARPFTYES.t he reticle, there is a
Visual Reticle Alignnent (V1ZA) systemor the like, in which an alignnent
mark drawn on a reticle is irradiated with exposure light, and i nage data
of the alignnent mark picked UBABKGR@UONDcAREra or the like is subjected to

i mage processin a mark posjtion i.s asured. The..fqllow.ng are types
of a1 Gnent  eoenftagueg S fgimBuctof deyiss eI el amley SR il &
Sensor ivariety 9 prafir tténidues akdiillize Jh ttBhi§Resh aolgQdtianed | i ne of
dots on a wafer with a [aser beam.in order to detect a mark position by the

use, of limggnfogmed pra phefomasisansa tetielg (hgreinpfier raferred togs etiglehiby thagee Al i gnnent
(FI A

of an exposure apparatus is projected and exposed on a substrate such as a semiconductor
wafer or glass plate on which a photosensitive agent such as photoresist is coated
(hereinafter, referred to as wafer).

The reticle pattern is projected and exposed by the use of, for example, an
exposure apparatus of a step-and-repeat system in such a manner that a position of the
reticle and a position of the wafer are adjusted (aligned) with high accuracy and the reticle
pattern is superposed on a pattern already formed on the wafer. '

Particularly in recent years, high densification has been required for
semiconductor circuits. Accordingly, also in the alignment of the exposure apparatus, as

the pattern of the semiconductor circuit or the like becomes finer, a demand for an
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This sensor is a sensor for irradiating alignment marks arranged as al §iDAG 2002
of dots with |ight having a | arge wavel ength bandw dt h usi ng a hal ogen | anp
or the like as a light source, and perdorm ng i nage processing of the inage
data of an alignnment mark inmaged by a CCD canera or the like in order to
measur e alipmnént perforredrwith Hghdr asarradybeincrasdpdndi variohs processes fot | A) Thi s
sensor is . a sensor for irradiating alignnment nmarks arranged in a

di ffract iabgmgvr&flﬁwgbeﬁamaéﬁ-n on a wafer fromtwo directions using |aser

beans havi ng skj i ofl , &%gs' gener at ed
diffraction li {i}dr#?&;t% dliun%l{«grge?lte()ﬁvhﬁ fﬁuggclhl ot°1§’g€h in o?’ﬁ%?ﬁrtg?ghrrtél\gsur e a

posi tion of thAmungghgmneéntsystéms foothetrbticlg tlreseisalisiah BdticlaAdigyimenhe

ooV e o o S R SRl oL 0t bl
posi ti on ¢cOALA 1At Gnd iRh&Uata JIGHE alightheR R Prdked UBbY aTTD BEm¥falctkhe S -

detected ahd processed t0 neasure a position coordihate thereof, thus
posi t i on likk issubjeoted teinge prowessings entl 2 matkaposition ienicasBessled on t hese results,

the wafer is ed by.a wafer s e to performap alignnent so that a
pattern imageng%e g"#@ ?Eﬁ@%‘fﬁ%@ﬂ%‘fém&f@awaﬁfsche shot position, and
the patt g[yydseesiep Alighhent(ESAF! € 1s projected and exposed on the wafer. In

some of the above-described alignment systenms, processing is performed
after a one-di khisstnsanis 4 senspe fayrirrediating alignwertinarks arranggdas slinpefdated as an

! : . g - - ddi k
por 0 ons P g with? st Baiy i Grdgufutehfa S RIERTY hBRE Ll 50705 oot e

as a one-dffraess bodtatteredrbgthe. matkese signals are originally signals that are
continuously distribuyted with respect to the position, but for convenience
of si gnal(2)t$/‘§19§'f‘i‘f’%%f*gﬁnﬁ$“t%)rrage pi ckup device, the signals will be
extracted as SirfdbioP A cflbr ¥r iAadbGHEHRLIEN HarkDAAINBH s Efhe P! & When
an i mage processing sensor, such as a canera or a lilne sensor, is used
as an i megith lgght kaningle largeewawelangth Hahdwitlithxadingsa idogen lampriot thet like lag a dighnal s

will be sanpled,at .an.interval determned by . the_.pixel size. Ideally, it is
esi r abl SONard PETUnG 3 Prace SR 14t imagt R of oty inent Motk WAES L by o
sanpl i Ng bFRAECH Chtseralor &t likRliR brdet toGRéds@RAGAGK Positién.t he pi xel size of the

i mage pickup device. Edge detection, a correlation nethod or the like is
used for (3%]2@@@%?%@?@H&$@eﬂtrﬁwﬁ=)der to measure the nark position.

I ncidental ly, kq; I LK Ac I I G {..Sensor is
extrenely hi ghmﬁgg%%gsﬁ sgé%?{%%@%y%ﬁmhétgg%%hﬁég%ﬁég?ﬁ?%gni mage

pi ckup deviting.paffern onhlai veaferciasm mwo thectipos usinglasembeamdisavingslightly differemt mi ned
with an gccuracy equal .to, or |ess 1..the sanpl ed interval. retofore, in
btge. dot dAFEPTRIeY 400 FRSIERS oA e Bt o RS S e 24 th iaeh St For o
for the srdRkEmessus@pdssitich vt tNd@igniRat hhmMFonP e iphhRIbbiAsdd thrdugh @8l cul at ed,
the interval between the sanpled points is fttted by an appropriate

functi on iBtgderenes. a 1inear or a quadratic function, and by solving the

function, a re i j

obt ai ned. Typi gwgpg?rﬁ%?r%rgéﬁ%@ag %ﬁ?h@g{%%ﬂﬁ%“?h@ ?TJIP)?% r?ﬁczgaccuracy
i S i nprovedetedd drideprodelssed th aredsurentd positidrecoortindté therebf.orNedt, anhadigapienic al
systemis ipcreased in order to reduce the sanpled interval on obj ect,
Che vi sumark PRI Valer s deiseict apRropessed toiRapUEE A gASILeN EOCREisERTey th¥ xel s of
t he CCD Cons i ; b i he vi sual
field of Cpt%%{)ggasor Irtrﬂg‘f &@g@%&gﬁgg\%{%ﬁgh&m@hﬁ%@@ﬁe%gﬁg i%voaﬁi:r l§sauch as

si ze of trhevedlblygrwader stagerté perfortrivan aligomenicop tht atphtterpimagd ofthermticlean f or med
before the alignment .neasurenent. addition, Ln order.to preyvent the
conver si O ‘OPErEONH O AL R s Bn BREerh iige of frdrtethis o RFEIAM equency
conponentexbysed dHWhd Wefef. al i asing), a necessary condition is that the m nimum
resolving unit of the inmage in the inmage pickup device is 0.5 times or |ess
of the m ni mumipsomoeli the sbavoalesaribed Thgnment systemspprocesding i perfumedafterf t he
signal is given b or exanple,,.in the .case. of an . nage..processi ng sensor
sing an ftEReTena Gue SR & tedimemane inet s & 29 SBURER SRIgD 2

m ni mum per i odipgy GRERQIN twalditBSsidriAPHfage Soyilding@fark bHIMWE in the
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pmin =~ 2 X NA) ~.: vv-avelength of light ' ~"~ "' - NA NA of opticalg DEC 200
system However, this value will also vary depending on the illum nation
conditions. By using this value, the é”anpl ing interval PSis given as: _ PS

< 0.5 x Pmin and, the above-described conditions can be satisfied. However,
when t hemsaogedidirgetiont, @rcumblséBe irsatediay 2axedimensionalimage.i n sanpl i ng when
perform ng the_edge asuremen& ar correl ation rrgglsggre nt., becones

si gni ficant|y Mgy a5¢ anginally sigeals that ap centinyo IS Wih ESBECh i -~
that is,;.f u N kSiic@ndi g i Di t he
br ocess QBERRSA burtocedhvilitnce of inalifarichofl of B A HioibRleticp! Y |

det ect i osigralsowill belextraéted a4 sighdiesapipled atafpredetenmined iimtefviah atFopexamplepe poi nt

is found. ~ Typically, since the sa ing interval is a fixed value, a

poi nt i swhen animage grosﬁsgagﬁsreﬁomé%asgap épﬁf%mf aing sERtches HS&%@S #Bent
sanpl ed pai ' | | b i1 : = i In the
exanpl e 1(5)}% IgIE; %khﬁiﬁ%‘}?‘%ﬁgmgéo{hE? Ngg%ﬁ% gc} rE@ec?F}l%‘@? e grvzlg?g s§'§‘ olaw%gn Is the

poi nt of interval detemiined bytheiporel size.onidedliys itpodasirable Hmt signals sutpneframithee maxi num
and mninumare found by hill-clinbing and hill-descending. |n.the exanple
Shown. | riegepickup deiice beamipie 5 SRIGE PGS & SBNERA CHRPRISES found | n
the Hl aie phié] did Sthé RREzeWi&iup detige di f.ference O Vin the V direction in the
drawi ng becones a mnimum These points are defined to be the maxi mum val ue
and the m ni midge deteetian; acomelatioremethad ohthedike igsed for thesgsampledisignalsanpl ed
poi nt P,. becones the maxi mum val ue of the edge, and the sanpl ed point PZ
becones FPE%G '%W?/%ng%f’o?ﬁ@'edge. After the maxi num val ue and the

m ni mum val ue Iadidérifllye ig@naraE thddceinace reqaftéd foh thedlighimest defisklis SL as, for
exanpl e, an internedi ate val ue of these val ues, the edge positions E~ and
Ez are s@tregshihgh poiomparispntoghe minimwgereselying anit of thedmage pickydeviaghen t he
sanpl i nggd. Qi IS, o gn& 5% " ad 0l nd the

m ni numgl\:/(glr!{l}g;o r%’h}ze%dég{/ogl- esgélﬁgil edge l?v‘\;l'lzlll‘I’ml‘slgﬁray ac%gyﬂgd ztﬁf)lest%he

r el at i onthhn the sampled mtetval. sanpl ed position and the signal edge position. For

this reason, the slice level SL varjies, resulting iin a variation of the
neasur erent  r cm:tpl"ore,?lz e&e]jlegcéoré M&e correlation met%od, processamg fas been

performed for the sampled signals, and when the final position result is calculated, the

interval between the sampled points is fitted by an appropriate function such as a linear or
a quadratic function, and by solving the function, a resolving power less than the sampled
interval has been obtained. Typically, the finer the sampling interval, the more the
accuracy is improved.

On the other hand, when the magnification of the optical system is increased in
order to reduce the sampled interval on an object, the visual field is narrowed due to a
limitation in the number of pixels of the CCD camera.

Considering the constitution of the apparatus, the visual field of the sensor must
be ensured to some extent by conditions such as size of the alignment mark or the
accuracy of the pre-alignment performed before the alignment measurement.

In addition, in order to prevent the conversion of a high-frequency component of
a signal into a low-frequency component by sampling (aliasing), a necessary condition is
that the minimum resolving unit of the image in the image pickup device is 0.5 times or
less of the minimum periodic component.

The minimum periodic component of the signal is given by, for example, in the

case of an image processing sensor using an optical microscope, the lower limit of the



5 In addition, since the fitting is perforned by a linear function, g¢0EC 2001
quadratic function, or the like, when obtaining the edge positions E~ and
EZ, an error occurs here also. Also i# the correlation nethod, dependi ng on
the positional relationship between the sanpled position and the signal,

t he mar k ngnigmal peradicaompehent whthedmagoasdsyitas follewsye t he center- of ‘gravity
thereof, resulting in a variation in the neasurenent result. Myreover, also
in the correl ation detifod(4i ficd44 resol vi ng power which is smaller than

t he sanpled interval, results, fr the fitfing to_a quadratic or the I|iKke,
an interpolation er rrWaE 5@‘1@2@ al so. }Ilzurtherrmre, heretof ore, in order
to inprove the acCurg@gyya gﬂt}braﬂ .sfe)ﬁ of marks .have been typically used for
the alignnment marks, a'ndAt?l accuracy has al so been inproved by averaging
of the respectHywevenrthis valut aiilhaldo byrysiepgdingoon the iluniigationtcopditions. By

I nci dental ly, when performng superposition by an exposure apparatus, a
shift of Uﬁlh%thilsffé?é‘&sﬁ@éémll%mﬁ%vﬁlﬁelssﬁw%hre of the alignment mark and
resul ting fron?a<§9r;gapi,c aben ation becones a problem However, it has
recently been found tHit the comatic aberration can be inproved by

i ncr easi mgl, ik abbve-debdribédronditions eant besatisfdur enent accuracy i nproves as the

edge sl ope becqQnes steepey for .a signal_whjch hgs ,a noise at. .the sane
Tevel , it is aCESYEHEEIhs s ApIPE AP nGat g STPL RS aBPURE RPER ol i n
the ali QP%iﬁ%‘th@E&’é‘ef méRulefRhPNoBRtSh IIRIRHherR 66HNRS ¥ignlTRURNET . When NA
of the alignnment optical systemis increased, a problemoccurs 1n that the

m ni num persedefore the spropléng infenyal Pi rea¢hed 8 X Bnif, Nleat isyfige aboh®.2 XsPrypin = ~( 2

X NA ) decreases as.NA increases. Since it is diffjcult to narrow-the
visual field uiiGend t‘sr?edlﬁgré@efgf explaingg therprogess Aringhe STRSULRY 91 theipdget o
satisfy ghesfegndition of PS < 0.2 x Pnf',. In addition, in using an

XY-si nmul taneous mark for neasuring X and Y sinultaneously in order to
i ncrease speedn(atgpieal etige détectipa abgorichnpffirstathe peme of mexianmim adlikzttonnt

ol nimontioRspaia! i TRt B otnee H H Ce Em A SR AP OPIEEr agi ng
et RGeS, e sk A bt REAL L righted ©
nmeasur enthetdrawingiis at a maximum. In the example of FIG. 14, the point denoted by the
reference symbol Py is the point of maximum inclination.
From this point, the closest relative maximum and minimum are found by
hill-climbing and hill-descending. In the example shown in FIG. 14, with reference
symbol Py as a center, points are found in the H; and H, directions where the difference
AV in the V direction in the drawing becomes a minimum. These points are defined to
be the maximum value and the minimum value of the edge. In the example of FIG. 14,
the sampled point P; becomes the maximum value of the edge, and the sampled point P,
becomes the minimum value of the edge.
After the maximum value and the minimum value of the edge are obtained,
setting a slice level SL as, for example, an intermediate value of these values, the edge
positions E; and E; are set as the points where the edge crosses the slice level.
When the sampling interval is increased to some extent, the maximum value and
the minimum value of the above-described edge will vary according to the relationship

between the sampled position and the signal edge position. For this reason, the slice

level SL varies, resulting in a variation of the measurement resuit.



FIGS. 15 and 16 are di agrans show ng position neasurenent errors when? § 0§C 2001
sanpling is perfornmed for a step difference mark of a~ 6 a mline for
different sanpling intervals. FIG 155is a di agram show ng position
measurenent errors when imaging is performed with an optical system having
a wavel engt h df addifiom sincealre fittihg is peaformed by glmearfunctior] aNfadratic6. FIG 16 is
a di agram show ng position neasurenent errors, wh i magi ng i s perforned
with an BBeiapr fgyilﬁewwlwgmag m@@g@n@wp@a@p& ga,anﬁroaﬂcqurq 15?&7 nati on
sigm = J.and NA = 0.3. In FIGS. 15 and 16, the abscissa shows sanpling
interval s, ‘and the ordinate shows position neasurenent errors. In this
si mul ation, t hdserimthevoirgetiorosiethod, depending orthe positieralickdationship between

above-descri bed.i mage i s ~C en NAis 0.3 d 0.5 a mwhen~-NA is 0.6.
Ao hown e RO Eonand the euflciie FHek SapR cRivgs PRRan p &8 Wagee. o
resul t '&c@&&té}ld?%ﬁatx?]\?%&b&, EeQ@tiH?ﬁiHaﬁ’ﬁtiHEﬁﬁﬁ&E erhért P&stear € cyclically

reduced. However s sanpling Tnterval 1 n which the position nmeasurenent
errors are reddordverhasmmsheleqreshationgneshod, kimeé  resolvingtgower whidhiignnent of t he

acour acy ey i BERaiBiradtrouls For B OGRS RIS BB "partern
printed Rierpdifiondr bédes hégewRyer, for this total overlay, typically an

accuracy of 1 /4 or less of the mninumline width of the printed circuit
pattern is redwithemnorarheseteiore dyorgér talimprove thenecuracy, ¢ plusality f madksi r ed f or

the tota |.ay.. 4n. or .satisfy.this requirenment. the neaswenent

error al @%ﬁ%’bﬂ‘&?ﬁi{ ‘rﬂseedgg‘ir%@é%{{ﬂg%’iﬂ‘éﬁ?’ %"'%d té%gfﬁuragﬁgs %S% “"Now, t he

al i gnnmenimmévedibyalveagnglof thexespetii@nEks obtained by s@abling iR differériphdses.i S

apparent fromFI.GS. 15 and 16, even if NAis 0.6 and 0.3, when the sanpling

i nterval PS j-dn¢identallyppihgn perfasmingysuperprsibign by am gxposye appasatus i p

i nterval J . ¥ j Haas I ds the

al | owabl tehE)Z}F ?%era%%._rlag% té%h%sﬁ gi u(rjel %%drqg% ovvlt ng tﬁ@q@% ng%JIrgﬁ crsig)gﬁ?t S

r epr esensbengtidrhisecomesd porbddm.p Heweweg it hdseeceatiy beendoumnt thanthé camatic he

posi tion nmeasurenent, error, when a. n;ﬁgal i zed nutual correlation is used. As
T

shown | n2heEfrtion éan bydmproved by ingreasing val PS becomes |onger, the position

neasur ement erfh QagitisARMde the MBASLARTAL ackifhcy hprdveddR ke &ie SloPe Becontddl N as a
reference, the deterioration of the accuracy cannot be permtted. Next, the

resul t s BeaPaT fosd sigpalpehich hag appise thargmedevebdt isglsomeedssaryi ta inereasedAi n t he

nunber o i ATV M R I ans

show ng {”-htfe}13 ts)ﬁg H%fﬁﬁ Jr%gsl}l‘j’} l{esahglg?)‘?rgg}gﬁﬁeﬁg)%é&& té%ﬂ@%gga&hfag ‘ationship
bet ween t he sdipiéveg whendNA af thentigtrhent ppticdl systermisciacreased,rd prebleor when t he
nunber of ali, t mactks is.changed.. FL G, 18 is.a, diagramshowi ng the
Fosult VPRSI Ah irgB | pEGohE SOrpReien e Ik P L in M BREata; B a6 Las) i s
three; FIG 19 is a diagram shoping yhye nesyky when L&S is six; and FIG 20

is a diagram showing the result When L& 'is nine. In general, as the number
of al i gndeerdaseves BN irkréases; eased, the position neasurenent error decreases.

However, from the res s, shown in FLGS to 20, it is understood that
there is a saréi?‘?erfblsiwﬁlé’f“(}é‘i’ NFRYY @‘et"l"ﬁé’ab@égt‘m&ﬁ thrpressrbivation it B does not
decr easepd8h ditdeit galéyﬁsfyfthé bsditgrge. efg. Ak ipg“rll‘_rrent marks is increased.

Moreover, wth reference’to FIGS 18 fo 20, Sanpli ng intervals cyclically
appear at whi dh addigiopasiusingrandea-simuitanenus anark for measuringt X andk Yy reduced. The

magni fication of .the tjcal syste be set so t.hat t sanmpl i,ng
"nterval Smyipudnsi Aol aifendd EE GRS ottt e R R D e v
However, Pétbﬁt%ﬂpﬁcm&n, FQSMiEﬁ%@\I@@E@E%ZMﬁOﬂE@Eﬁﬁ)J théhi@Beraffcur acy during
manuf acturing needs to be nmade strict and different mark intervals cannot

be deal t aignment DrgsosUREreadpceriEnd thyeEiee rbpyerdrscribed auereging ¢Beetiabe was made
i n consi geecrréa}‘l ion of the foregoing circunstances in mnd. The object of the

pr esent mve% Sonis to provide, even if a sanpling interval nust be set to

about 0.2 ti megereinbelinesigfuldtiva resuewill beridedad dédefibeihg irélbtidriRRip tReléen
component, a mark detection net hod capable of reducing a position error of
a mar k ptsisenpling iateresl god theeposision mpaswementLief.erri ng a predet ermi ned
pattern onto rate.aligned using the.mrk detection nethod, a device
manuf act uri ngmi%a é?ﬁaret(ﬂ%gr@%%‘soﬁg’ég ?I%Sftho&f?eagurﬁﬁlfﬁt ec'i%“f%%’i‘?‘bn appar at us,
an exposure apparatus for transferring a predeterm ned pattern onto a
substrate aligned using the mark detection apparatus, and a device

manuf actured by the use of the exposure apparatus. Another object of the
present invention is to provide, even if the sanpling interval is equal to
0.5 times or nore of the lower Iimt of the m ninmmperiodic conponent,
that is, even if the sanpling interval does not satisfy a sanpling theorem
a mark detection nethod capable of preventing a position neasurenent error
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8 predeterm ned pattern onto a substrate aligned~using the mark det ecti')ofﬁM’IW
apparatus and a devi ce manufactured using the exposure apparatus. |In order

to acconplish the foregoing objects, 8 first mark detection method of the
present invention conprises the steps of irradiating a mark~formed on an

obj ect vdatipling deeeotmaifobe atep differerica gnasinof abigen tifie fandiffemerit sathplingyh an

i mage-form n%us¥stem, converting the inmage of the mark which is formed on

an i mageinjsreaksup Fifévisds aidingsar shasyiag pesitien measkisaest errors WheDimgg By a si gnal
related to.the, i e sigpal in a.predeterm.,n anpling interval . and

i nter poI%FEﬁ"HEFQ‘ﬁ@g‘? %%&ESWM?@H&%W?Yém%écebéyg‘ﬁép%gvﬁ?’@g@aual to or

| ess thany LACNRI-LOS! TN § Ak howhE bIRich measureRAOEMI R LhiS -
invention, In e case where t m ni mu esolutron unit of an 1 mage pickup
devi ce nidipingés gerfdrnedradthtaf@ptitdlisyseh heving diwavelongh 6£06 uah, @n | mage or

more, there is an advantage that the position nmeasurenment error of a mark

can be silyminatiomsigmg = kbahdcN4 Q.3i nindrlGSt 43 pudyl 6, thecabsgissasheys samplingor | ess

than a predeterm i ng. i i signals of the mark which
are s anoret i o BE SraREE Shair e B eoliPle 9Bugi fTon: in the

above- descri beglthiegiulition Cthe SinifRinhpeiodidwnipagt M, dhdlidedan itlee has a
predet erm ned pixel size, the predeterm ned sanpling interval includes an

i nt er val above-gd¢seribadamage isnd mauwpendA is 0 Zeand i mhwhenNAipBSat i on i s

performed at gn intetv al I l.ess than.the predetern ne i xel

B e T thi s Aoab8vh i Bl 13ang 1B, hen! 6F Sarbal g igreirobs EiASEHTA OL Bul ¢ 1 pl o
of the niypliRRENYIRSETHh A SosRIIMAGHRHemRht drits ArdRg&IchIY PRIdceN HRRvevEREEs Pi ckup
device. This m ni mum periodic conponent is defined by ~, /2NA based on the
wavel engiampling isteryaldn sbichcthe pesitierameashtementerrarprareirediced pkanges e NA of t he

I magi ng . [ .4 U 1S preferable that the pixel size be 0.2 tines
the m ni%%dg@?r{(\)@f‘@ﬂggrﬁgghent or nore and, further, 0.5 tinmes the m ni num
periodi ¢ conpamalignn®nt bLhe exposuiepparads@nd the 1iks, the tdtalirbquiked ovei®l size is
anywhere between 0.39 ti-nes or nore to 0.41 tines or. less,of the m nimum
peri odi c(ighpysrRcCuREY) dbspararies deneadipg en thedineavidth qf dhe drapitpatiemsot hi ng

oper ati qy: 0 S S b fiké DL€ L ned cycle
FFom t hahe P el R RN okl ol pichilofh o L PR 0=, VT
pr ef er abless of ket minhrum imetwidtpfdheprintedeirquitipatian as reguiralli Acacpeoeof equal

I 1/( 2. /PS - [ B’ ich i d b h
tp?egtrat e?a'rsﬁ%ﬁtfa ’%P)‘(setp"(’lgf]ﬂ Py %dnf(?rﬁﬁéb%l %‘}I\Cﬂlﬂgh &hl%r%ee?r%?g t en%/ }Dme". By

per f or m fBguitdiiet, Miconesatont:nt alroradlongble Forsthe alighnikmt sREMe dboul 3tth8 ngise where
the m ni num resol vi nq unit PS of the image pi ckup device nust be 0.5 tines

or more of XNy themlignmgpbertprafiewable fonafigpaentdupssumedisdifehtmpm * of t he

i mge; thus tu&rigapﬂé%ﬁ&oﬂdm.qsgm eved fmA?sC&a'%ﬁ&ms:@pemF' nproved even
in conditions where the inmage of an object cannot be conpletely restored. .
As a resamplingimerealthies @3st Pk Fredbift erfnt andwhercthe saaplomgiptervad) Pj it er val
can be r.f on,, for _exanple, fhe inma f the aglignment mark, the
expansi o >0¢5K& d?'“’?l}?é)oé&tdﬂ?‘?g SWEB?CW%?W%&@F ahpg?tae F‘gorpossi bl e even by
the use of a QQOVENisiaQligdram¥BOWingiteddiMutitivh edultdMepReMfing thd RiBoAdhip

i nterpol ati on operatjon acconpanied wth smoothing is perforned in this

i nvent i oMetweandhesampling intgrvahangdfhe pesitiommessursmestermey whese nosmalizeds hor t ened
as conp ] he: where interpolation and | ow pass filtering are
perfornearéﬁfsagl\gg?%%agpg.lf@gg't hernmore, the predeterm ned pixel size PSis
preferably norAs shben iR FEGti7resthe sempling iateava) By beedmes hagarothe position n.
Specifically, the snoot hi operation ¢ rises: a step of setting a

snoot hi nge3seTeMENtEETe SBAY wwga%esm}siewtggﬁ@& §10-2 p&minpa gacteregematic a step
of sel ecfd it i Iﬁ'g&aé gl mage signal sanpled in a

pr edet eréﬁtﬁg’éatioggigpé t gt%% uges erx{rgiatsr?bot_hi ng point; a step of sanpling a
function whi | Nexérthe resgltssopainedioy perfoompgrtbaedgerieickton withan inctdasdin/ Ps -

1/ P, ;") accordi 1o the djst e between the position of the snoothing
poi nt an@e&“’ﬁg%‘iqr}iggﬁmﬁ?mt%l(%@ﬁgﬁet%’Gwpnage signal in a cycle identical to

the sanpling i r ag?% i x i t he product
of the sel ect eﬂé?hgggfsq%r%gﬁggn tﬂgi gﬁn%?lggﬁﬁgﬁéfsﬁgﬁfﬁgeﬁgqg{ gg%ct bei ng
obt ai ned for each of the inmage signals included in the predeterm ned range.
Al ternatively, the snpothing operation conprises: a step of setting an

i nterpol ation point where the interpolation for the inage signal is to be
perfornmed; a step of obtaining a nost proxi mte position of the inmge
signal, which is nost proximate to the position of the interpol ation point;
a step of selecting, fromthe image signal, an image signal sanpled in a
predet erm ned range including the nost proximate position; and a step of
addi ng the product of the selected i nage signal and the function renoving a

o o " ~ e o Y



In order to acconplish the foregoing objects, a second mark det ect i ol 6 DEC 2002
nmet hod of the present invention conprises the steps of imaging a nmark
-formed on an object; converting an inébe of the mark, which is forned on an

i mage pic~laup~device, into an electrical inmage signal; outputting a signal
rel at ed reationship hetyeers thyrsampling itgyval dod therpositidn seapirément erroewber thas a

sanple point; and performn n i nt olatiop on ap arbitrar int in a
cycle eqa%‘ing‘?fﬁéﬂg”’é?é nlaﬁ'%‘fgfﬁaé‘gﬁ ‘e em{sﬁe‘ﬁwpﬁ“ﬁ’é‘giﬂ?ﬁ r&?‘étzﬂ% an

i nt er pol gelfAMbERSH1fHE spades theleifiafier éfeirt to'ad TaiS)iislréelBIA. 1964 diagril nation of
a plurality of the sanple points. Herein, in the interpolation nmethod, the
ar bi t r ar yhqangithe iresultiwhiend8eSiistsax;iand EKpA04s a diagrasi shpwingthp resuliwhen of t he
sanpl e pgi r&t.s located in the vicinity of the arbitrary point. This

i nt er pol &BdA™MPEt hod i ncl udes a step of perforning a wei ghting operation
using the pl urmlgehéralDhs theQubdePdalighinbitinarkRéid ifdtedsed, eddsionon filter for
determ ning a weighting coefficient used in the weighti rg oper ati on.

Her ei n, wisasurement grrexideceaepgsn e Hlosvener from thewesyltsshown imFIGSd8 in2Qips| at i on

filt [ int |_at,i f ' ). Qi - ~) -
o o 55 A B PN AR b SR Aot o
S(dx) = dédieake véif ich eDen i the urpisky oF alignnienemiarks ¢4 ineleadedon function s(dx)

and a wi ndow functi onw\i/é:'dx% whi ch_i s capabl e of cqnvmi ng&_ an end portion
of the i nt er poMaraoer, Pithaelfersnes oS 18 sampplingiintervalseclically ApRear of t he

w ndow i : ki efaHB B ARl o te o C z00zZ m
w-~) - 1§t+‘a518§?§3\§k1ﬁ g%)ﬁ %@e%over,é% tgc sez)g%ng%r Ehggliag%lﬁ ?%tﬁmfrbgt hod of

t he pr eséte aptival Bystem mayHeasatsar tatzhs sanipding itenvplcthereofxan e Infatched o theat t he
sumtotal, of fhe.weighting coeftfigients used when a first arhitrary point
<) 0B eIORY SBRN Y Ak o PNEV B HF el Besvahle e eng |

coef fi ci gRbSifidsRm d&ﬁﬁﬁg}ad&ﬁig%ﬂu@{cmrh{g%b’dsﬁebeha@lb Edier siatdifféremahdig first
arbitrary point is subjected to interpolation can be predeterm nedval ues.
Her ei n, triervals sanmat bl desltiwith.converts the respective coet~'icients of the
interpolation filter by dividing the respective coefficients by the sum
total of the respective coefficients. , Furthernore, the second mark
detection nethod of the pDISELOSUREOF TEE PEVENTION a snoot hi ng process for
removi ng a conponent having a cycle equal  to or |ess than a predeterm ned
cycle from t hel RoRIGRS InyRRE ono‘ﬁespraedeedggan%dfﬁeﬂoe % herforepping GECHRYRASER r i ned
sanpl i ngiq AL V&he obREES Mhe tizlx*&é‘en!t IHRERtdH i€ K ProtiaY | &en H%%aﬁapﬁh@‘ﬁheﬁélze PS a
predeterm ned nmultiple of the m nimm 1perl odi ¢ conponent "Pn1" of the inmage
for med omusthie sehipgbopt G timed o moee of tthelosvep bmiiti of ghepmimiroum periediades a step of

renovi ng [ [ h 1/ RS - 1/ Pmn), on
the bas LpoiepE Y sfark AFRAN hefOl Banebfl i rech B3 b dMabrd iR sk ot | e
pi xel si pesifih, iaf ekposgrrméthed fd? tansferiag atpheletdrnined patiet otdi asubsigponent  P~"
n. Furthernore,, the i n&(tec{ﬁ= ol.ati Oﬁl"i s perfornmed on the jnmage signal itself.
The expodtignedysingdhe markdeiechpr getod; #devife anufacturingmethed YSEthe n t hat t he
obj ect | | ] t i . sferred,
and the oy T e bl Bl ol 8 Badsherkbel 1 G

al i gned predetepniped pattem ontha substiatelaligned vsindthe megk detectivin apparatusranddet ect i on
met hod. br.eover . &“dglﬂ glg manxf acturing nethod of the present invention is
for manuf8ctu P‘ﬁgfaa Fevy & US4 éhet%@(’%’% YA Shet hod of transferri ng the
predet er m ned pabther ¢bjed b tHelipeseutinldntion is 1 ptdvidd, evall ik tRah@pliadN appar at us
of the present invention includes an irradiati on systemwhich irradiates a
mar k f or HEervalis aduably) @6 timgiston merejef the iqwen linktofitheminimumenssiodiér i ng syst em

bt ciup aeomedteah 8T, Sherif e BnbifRish % AP Sl At el Govi oo
whi ch comygl Heedtivh rhétheEcaphble b€ praREiking (dsRidn Mle@sirémélerrone@gedstygnal in

order to output a signal related to the image signal in a predeterm ned
sanpl i ngaligfing. ¢ expesnwe method fos tigpsiaring 4 peedpiesmingf patern prtoasybErats t he

stgnal T glileddish thd'aid Bl 1iSh WiHod, B adi& Ghfutactirin btodudiPe 12

exposure method, a mark detection apparatus, an exposure apparatus for transferring a




equal to or less than the predeternmined sanpling interval. ~ ~ - . Hergb®EC 2002
the first mark detection apparatus of the present invention is

characterized in that the imge-pickupddevice has a pixel size a

.predeterm ned nultiple of the m ninum periodi c conponent of an inmage forned

on the i magktdmined pattan bhiwaesubstrate aligndd usdngrileanark aetetiiongappatatuswand ai ncl udes

a cycle of the pixel size, and the interpolation device perforns an

i nt er pol w@ﬁmarﬁmgﬂe@l@ms ?xPPWBPPRaé@QS-than the pixel size. The m ni num
peri odi ¢ conpo i i = . hAas I . ~ of

t he detection %ggi%eﬂatﬁggﬁrheﬁl ﬁgnﬂ%\rfﬁo(r:e O%B@egﬁfgﬂﬁg\ﬂﬁw?ﬁge&:éﬁage- d(:')(r)frtn'h?\g

system THieemiinedntion zemprisep thef stepa lolfyirr@diatiniga Matk formedon freobjectiwitina per i odi c

conponent, In addition, the first nark detection apparatus of the present
i nventi orsiefea%r%%m%@y%gﬁ%&teﬁpﬁb%aew @Wﬁggﬁf’%ﬂ%%@?"é conponent
equal ! 0 Bhverfiiot hg%ﬁmﬁ@ﬂ%kﬁmﬁlg%ﬁm&&{mﬁg@pﬁwaévi%% at the

sanpling inter S e sanpling device. Herein, the pixel size PSis
| ar ger t redastrizabimagersignalheutputtinga sigpalrelattddo theripege signdbin 4 prediatdrmined

1 7ps - popppe e AdR GBI R el By v PSS
peri odi C 1§ gRSNERM thePrétietermined samPlrgEiaieevals. t he first fiark detection

apparatus of the~present invention i's characterized in that the sanpling
devi ce out put s Ascerdipgdp thivinyertipn; in thp ease whgee the grinimuag resolutiopheit pbamt i n

t he predeterm. | i ' al e interpol atjon.device

nter por Avaet B BT Pt Diatind) e ARG BReBME B AT i o o

pr edet er mhdérethéra iPdn diyantAgecthiethe Pysifich medsarep@nférrérbfaBhdikdanibe Ny a
conversion including the linear, conbination of a plurality of the sanple
poi nts | ignifantipredpeed hydntsrrolating ip g &yl squal torqr lessithan a msgqtﬁgvm e, the
first mar J ‘ i y ce which
nmeasur es nggg]gftﬁiwé&nmgf tﬁg@%gfg%?f%ﬁ%%&g% agi S 0 t1 e %@gﬁ&g}ggg si gnal ,
char act enntesdlsi n t hat the predeterm ned sanpling interval is determ ned on

the basis of the amount of positio asurenent error of.the asur enent by
the measurenmen . ti’?f‘e.m@fla ?vef(ifﬁrf#&?mz}rﬁge@,o&mﬁé?é %%Fip Bppar at us
i s char ade@ick Bk praddtbriinddsixslamie] 1he predetcthimed sdrpling ihitpval RARIeS hgnal

itself in the predeterm ned sanpling interval, and the interpolation device
per f or ms 1niervahekthe predetemninethpixplesizexargbthe injerpplation is performedatandntenvak
detectio ent . | Ls I.SeSs | | whi ch
mages. & tALRC PEleR bl e AR RRh | HER O, TATRE LAS e pBA B IR AT, O
el ect ri cal predegmiredgmatipland theuhinirthtmipgriadis compdnenebfithe iindge foimed orathe si gnal
in a predetern ned, sanpl | interval .as a sanplin oi nt; .and an
inter Bol d{f&ﬂ%@?l&@%ﬂ ‘l’?é“‘{%hpi ?Hgiwg?‘ﬂaﬂ’a%@c ‘é?f“%‘g'}éf“t‘ﬁgte{})“%‘&yntl “NADased | e equal
to or les red 1 i interval b
oh, tfé{%vél&%gf hf(; d&fj@% RO TAR 2h S the nuéleﬁcgi aﬁaﬁuﬁ g@/% Io%néxg y

an interpolation, ( ng-a conversion rnclu _ edr _
conbi nat ijgagiak spstéth.Ur Mokdoveft i$ preferatIPihat e ipiKePsizd B¢ 62 Rimdsike miHiguRO! at i on
device interpolates the arbitrary point using the plurality of the sanple
poi nts | derpdid compeneat of mpyei ang, frthern 8.54inkestthexminimumrperiodisdompenent or

i nterpol ggj.on [ Q el ght ' i h lurality of
t he sarrpﬁégspo}ng@é,cggenﬁ lig’ {ﬁ%ﬁ& lﬁfggé:p 12% ﬁ%%?‘%&ﬂ%ﬁ%ﬁ% g% ﬁﬁ]%ﬂ?ﬁ‘@{%‘?m nes a
wei ght i ng.4lothés er lesstof tigatlinimuriniperisdic gbipogena p eViaieo0dt, it is pibfefabld®

predeterm ned sanpling interval is T, this interpolation filter includes an

i nt er pol ASTIGHM A ACPINIE QREFRIPN 1@ FAYE 3tcampausnt squay to ordessthap & / 2T) 2-~rdx |
2T Moreo is : ent invention
further g@%;@gﬁl?&# ?r?gi;trh g:ﬁ?? gglﬁé&?@gﬁvﬁ%a@%gﬁgg}tﬁ??gs t he

i nterpol ati on ffulthermose) itib pteferhie shattitectrmiothifg ¢ peeationirgbveg perivelid | ci ent s
used when interpolation is per don.a first arbitrary point and the sum
total of %%H?Tﬁﬁﬁuéé‘é?"f}i‘eﬁtg?ﬁ Is/?{fg:'dlfgﬂe)nwx‘ﬁi‘é?‘ﬁﬂeé?'}t Y®eperforned on a
second arQyj J: L bf hitiint P&iddt iL(tgary point can be

pr edet er lr"l&ectlEjé}l\rlg{reg ém'?'%gs ?’Eﬁt&(&ig{ldl ZI ng&hacg\ilcir%tén@g%eﬂr"?"é t he respective
coeffici ents o By pgehfermingehip ptaxessing, alidsingmolsg can be cinmyed rethecapeshdry e
coeffici eplts.b t he slumtoth gf the respecfive coeff{%ﬁi.ents. Furt her nore,
the firstNHErK tselving wap Sarhithgdmage pi prif-‘a&smusm%/ {RES Of AR
conprises a snoot hing device which renoves a conponent equal to or |ess
than a predeterm ned cycle fromthe signal output as a sanple point in the
predeterm ned sanpling interval by the sanpling device. Herein, the
sanpling device includes an i mage pickup device having a pixel size PS of a
predeterm ned nultiple of the m ni mum periodic conponent Pm" of an inmage
formed on a predeterm ned i mage-form ng surface, and the snoot hing device
removes a periodi c conponent equal to or less than 1/(12/PS 1 /Pm-n), on

o o Y b1 e ~e~ o o "




BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a diagram schenatically sgg\giwqggz
a constitution of an exposure apparatus of one enbodi ment of the preSent
invention. FIG 2 is a diagramfor exfl aining a state in which

interpolation is perforned on a one-di mensional image. FIG 3 is a diagram
for expl e minigrum perixidic compdnentPinvif éhquiatage; thus therejpear agvamtdgeothaterror

t wo- di mensi onal i.mage signal.. FIG, .4 is a gne-di nensi ona rojection of a
step di f3CHEREEADRE PGS gv?rbﬁnﬁggdlgﬂn%whqrﬁﬁgémﬁg%g{}?ﬁo E\‘/'* ftfgmBbeean opti cal
system f i GQ@BYirtdsregd Wwhere NA is 0.6, the wavelength is 0.6 ,u m and the
illum nation sfgma is 1.0. FIG 5 is a signal obtained by sanpling the

i mage shown i mAsd Bsuld, sirice thespositiop imeasurememtrin akcoarse Qnplingintervallcanbe i s a

si gnal obtai ned by. sanpling the i e showmn in FIG 4 with anmpl i n
in%J ervalP _‘@?‘gﬁn’%o?ﬁx%ﬁ’%?‘%g%g_g&ﬁ &Pﬂ‘?’ﬁm&a&‘et%@m&?%“l ‘bfé\é‘gio_ ea_rrgunt of
an edgeF@%aﬁgiérP&m@%ﬁuarﬁam%gsmé ldny theliseddT al COREAIBAA FRgedSIVge 1 S

noved. 8 1's a diagram show ng the sinulation results obtained by
per f or i dayicg. t hr ee- poi nt i nterpol ation on the respective sanpled points for

t he signal sh in FI.LG 5.. Fl 9 is a.diagram show t he. si.nul ation
Fesul te obt ai REOreByeTpEPieapistPolPtER oBeRitt AEoPRARE S A PBAREE The
respect i yefosmedincdlisialétion theére idvn sdvamage intRavprdcessiig@mdcanfieShoftéheds a

di agram showi ng the di sl ocation amunt of an edge position when an inmage

posi t i onascomparediwitlythe speeiviisrelintarpalationynddew passdilieripg prggrerforaed i s noved.
FIG | 1seh€raﬁl)p“ agram showi ng the simulation results of position

nmeasur ene r'for when a sanpling interval is changed when perform ng only
i nt er pol ati on.Furthéimdre, the predetefginedpixblosite Ry i$ prefesdbitunadei thim 0.8 simds sheof
position peasurenent error when the sanpling interval is changed when

per f or mwguwwenewcwwomt?em ng. FIG 13 is a diagram show ng the

simul ation resdfetigicaily, RRSnidofind Bt Botprises: a step of setting a smoothing
point where smoothing is performed for the image signal; a step of selecting, from the
image signal, an image signal sampled in a predetermined range that includes the
smoothing point; a step of sampling a function while removing a periodic component
smaller than 1/(1/Ps - 1/Ppi,) according to the distance between the position of the
smoothing point and a position of the selected image signal in a cycle identical to the
sampling interval of the image signal; and a step of adding the product of the selected
image signal and the sampled function, the product being obtained for each of the image
signals included in the predetermined range. Alternatively, the smoothing operation
comprises: a step of setting an interpolation point where the interpolation for the image
signal is to be performed, a step of obtaining a most proximate position of the image
signal, which is most proximate to the position of the interpolation point; a step of
selecting, from the image signal, an image signal sampled in a predetermined range
including the most proximate position; and a step of adding the product of the selected
image signal and the function removing a periodic component smaller than 1/(1/Ps -
1/Pmin) according to the distance from the position of the selected image signal, the
product being obtained for each of the image signals included in the predetermined range.

Moreover, in this invention, the image signal is output as a sample point in the

predetermined sampling interval, and an interpolation is performed on an arbitrary point in

a cycle equal to or less than the predetermined sampling interval by an interpolation



Z 6 D E C 2002 15 en or when the sanpling interval is changed .when 260EC 200
performng interpolation and lowpass ' filtering. FIG 14 is a diagramfor
expl ai ning the process of edge detectl®n. FIG 15 is a di agram show ng
positi on neasurenent error when a step difference mark of a 6 a mline is
sanpl ed fRthodiuking aeohversion inchglingthe tinedr sombin@iorldf a plumlityt dfahe shingge am

showi ng the positjon neasurenent error when a step di.fference mayk of a 6 a
m |ine i 8oBkiptaied indhe HF‘F‘#‘EPE&F athikayy PRt nIH5 g ‘?Ia'i*Q‘G“et%?gil%Cl ®4fagr am
show ng ' ' ' Liag. rel ati onshi p between the

sanpl i ng%%hg?%ég‘%@qgog t%gﬁrdﬁéﬁrﬁg%ﬂrﬁggrlmr when normalized nutual

correl ati on i sFurtheemore] in thit Snveation, dhegpsition oif thei abject isanedsuneld @nitlenbasiss ul t s

representing.the rel ati onship between the, sanpli,ng i nteryval .and position
msgsur eneﬁ@%&tﬁwp{masﬁgwﬂmﬁw% %anrgq?rréﬁfmf’ragwgﬂ%l FyaL FIIOG_ 19 is a
di agram Eﬁ%iﬂ@d +ﬂ‘§xe%h§b' bk %omlggﬁﬁéﬁﬂfeﬁﬁﬁé?ﬁérﬂ Brrb iR th&m@Adufidsdih P

between the sanpling interval a It1on measurenent error when the
nunber ofThabbjgetpeedetemminied hemeirsis)a.subdti3te Gifo which adiirzyit patterh cirangferted,

i mul at i | t . ting th | at j i p_het th | |
i or val SUiH{HE aEohE € FONDIE Meaisretd eFoF MHCReCET R RPUPE SFRRSNt nar ks
i's nine. telvalueddher$a totdllo¥diactorhey 1/4 loe1els STHE Mikimudd lise WRIH 6€thé a

sem conductor chip such as an IC or LSI, a liquid crystal panel, a CCD, a
t hi n-fi | mirerigpastemdranstenred gnigithe shbswatRi ne or the like) in the enbodi nent of

s304"of F1 G 230 Brent biineguioD. e pebRab) st Bedfhaped o
CARRY! NGitcdiflanitén d ddvfeMtiopRutdtios oblaiied on tike kieis @f thHetimage vighdl. be made in
detail for a nmark detection nmethod, an exposure nethod, a device

manuf act ur i ng Werd@do agcomplish theifereerisg ohisetarteprnd mak dstpction method of

the present invention comprises the steps of: imaging a mark formed on an object;
converting an image of the mark, which is formed on an image pickup-device, into an
electrical image signal; outputting a signal related to the image signal in a predetermined
sampling interval as a sample point; and performing an interpolation on an arbitrary point
in a cycle equal to or less than the predetermined sampling interval by an interpolation
method using a conversion including the linear combination of a plurality of the sample
points.

Herein, in the interpolation method, the arbitrary point is subjected to
interpolation using the plurality of the sample points located in the vicinity of the arbitrary
point. This interpolation method includes a step of performing a weighting operation
using the plurality of the sample points, and an interpolation filter for determining a
weighting coefficient used in the weighting operation. Herein, when the predetermined
sampling interval is T, the interpolation filter includes an interpolation function s(dx)
given by as:

_ sin(2zdx / 2T')
2mdx [ 2T
The interpolation filter is represented as: S(dx) = s(dx) * W(dx). S is a product of the

s(dx)

interpolation function s(dx) and a window function W(dx) which is capable of converging
an end portion of the interpolation function s(dx) to zero. Herein, when a length of the

window is R, the window function W(dx) is represented as:



exposure apparatus according to one enbodi nent of the present inventiopngpgg 2002
with reference to the drawi ngs. [Exposure apparatus] First, a description
according to one enbodi nent of the prddent invention will be 26 DEC
2002 16 made for an exposure apparatus, to which.a nmark detection method
according to one embodi ment of the presfmrAngpention is applied. FIG 1is
a di agram schematical |y show nf(éx) T i of the exposure apparatus
according to one enbodi nent of the prese invention. In FIG 1, reference
nuneral 1 denohgsedvet, i ¥eciiina® dttehoMeod BPRE phiseiltjVeatsnr e mercury |anp
or an exciner |aser. Reference nuneral 4 denotes a reflection mrror for
ref | ect i rstandardizes tha intenpolatigh filtemgorthatdhe suomiotal ghtheswrighting tocfRereaisanedk

nuneral 5 ,den s ,a wavel engt h.sel.ection fi.lter ich | v transmts |ight
navi ng. a VDA g oAl SRR E b Sfea3 @ ation S b el R ALIRINAL v
6 denot esoéffitielts W¥&] WhdrEDcrb arbitvy fdintdifferehtirdr ehel firbtuitbifatyl pointlis ght
transm tted t hrough wavel ength selection filter 5 into a | umnous fl ux

havi ng a subiegted i inisrrodation\can be predptarmised vatugser BlerainAimtengdardizatienot es a
g g . ' . . p e f
The 111 ko hiis e ReB: SRR otthe MsFiladiH Moy gt WiRGRLARD (005 0

t he si ze coéffiaiertstbytiee sum dobal off drgtdpestbleaotffioientsi [ter 5, fly-eye integrator 6

and reticle blind 7 are disposed sequentially, on the sange optical axis C 1.
- Ref r e FRBhSAARES, Hhe setoriehpick detsshanmesivd ofthaPresait s IQEPRITATEIS t he

optical axisofHi f : gqﬁg) or
irradiating g@rme%f’rg?eesﬁﬁr?&ﬁ?ﬁ@g?}éﬂﬁxk@é}eg??on %gﬁ%@?@ﬂqégigﬁgge}]%ef | ection
m rror 8.prédetermained tgcle fronh the dnagd signaboutpyitas @ admple ipsinCih thi predefeanmedy st em 9
is disposed., . Onthis reticle 10, a shot pattern is transferred onto a wafer
15 and anaBPHE Rt e Rl heggiees PERRUIATTHERDE! SFf bap BIFESTEUDY
descri bednliapie BfﬂB%iﬁfr&E}ﬁ%gﬁbUIE EéthpdnknfiB) 068 Re And¥e TodfcdionthORhdgeal system
di sposed on optical axis .. Which converges the 1!l um nation Il ght
t ransni t trigkupeiegyh Thetsmaothingprogess includes p step of ramavingch periodicomponente made
of silic # i d_18si . N t . ace
her cof . Hufide BB bPL(EPE, [Fpnlbn S %o BEUB ST 0P, Gl Bty =17
vacuum s petiodio cothporetdtiP . o riThet pivel siza Peislargératharn(. mitnes tis minddumeetiadiohi ch a
pai r of bl ocks ngvabl e in directions perpendicular to each other are
super pos QMRS meh other. Reference numeral 21 denotes a drive device
such as a not ofyrtidirpke, IRMBRPIARA id ferfdimBd 8h ARGMARY Lipshl #84QF.di nate system
formed in directions perpendicular to each other. Therefore, drive device
21 noves st age Thgexposuretmgibod ofcthe present inventiais charagtériged irthasthe wpiscissed on
an exposuyr ] ' gi.i 'l Qpi.l y 11. 2 6.DE C 2fl D1
17 In ad |St% Fécgr??y%lt?nt)‘)\ﬁéﬁga %Ec}e?%r %éaggﬁlgég&gér? e?, %%dgt ePlgsﬁ%eWélﬂedposi tion of
st age 13.pafterhds easéerredonteathe 2@bstrateorideh 3 aligisedlron the basisf eftlembskr devdetedh
detects the position of stage 13.in the stage-noving coordi nate system by
i rradiat iWgh iqﬁ&xwgﬁ(ﬁmﬁ °‘H¥“§$&9§ed on stage 13 with a | aser beam 15.
Moreover, a device manufacturing method of the present invention is for

manufacturing a device using the exposure method of transferring the predetermined
pattern onto the substrate.

A first mark detection apparatus of the present invention includes an irradiation
system which irradiates a mark formed on an object with a detection beam, an
image-forming system which forms an image of the mark on the image-forming surface,
and an image pickup device disposed above the image-forming surface, a sampling device
which converts the image of the mark into an electrical image signal in order to output a
signal related to the image signal in a predetermined sampling interval, and an

interpolation device which interpolates the signal related to the image signal in a cycle



The above-described drive device 21 and laser interferometer 20 are 76 DEC 200
controlled by a stage control system 36. In addition, a reference mark
menber 33 having a height equal to thé&surface of wafer 12 is fixed on a
predeterm ned position of stage 13. On a surface of reference mark nenber
33, a naequab® (ulﬁseﬂmneh@preﬂﬁmmhedyamphnglrgemdr med: By measuring this mark,

a reference |t|on the nnent s n can be det.erm ned, ., and, a
posi ti onal rg §'Fignthe 3{" nappary cPF"ée‘ith loﬂg%%[fpé‘ad St age

control §Vhame g E%E&cﬁ?ﬁévx@éhééeaﬁfél's%a%ied@éﬁﬁﬂxc&ﬁnﬂtxﬁl%fﬂ@'mxﬁhﬂﬂﬁ' out put
froma main control em 37 to control novenent of stage 13. In addition,
det ect i operrudmﬂomponéntloﬁan imaget formesk amthe enagefoamag surfaste; td pfedeterminade

contr ol em. 36 t n con .Sst.em 37 mai.n.control system 37
ot PR era iRt SORl S Rt e o AL TR BRI ik nefli s

I nf or mat homdolatih ﬁ%%’;}hl%%qurﬁ RS o LSBT Be ?Bdé%i’é USTHe'minfth$m peRedt ment
conprises: a reticle alignnent sensor 31 for detecting an alignment nark
f or med ocompnent ie ddfinedaiyck /2Nviabased ait thgrwavelengthnd oof 82 deterctictebeant andg a

reference mark on reference mark nmenber 33 .or an al. anrent mar k fornmed on
2

waf er 12themupierieal aperiuge Nénef the iege-fommigg sytam: + Hee pikelgizednprefarsly 82 reti cl e
10 by th f et lﬂ%fﬁ)s vel ength
equal to?Ot giﬁ m%% the n?i'inf }ng(%lf (L;Jr)lqu ne&fj g)%%(gfs}ﬁ}} e |l ghﬁgﬂdf&rbgemﬁaﬁ\?l ght

sour ce ( appagadiisaifi |thmpr55®t mvpntlmt fush@\m)npn?dsel smalottting deviesswhich rengdves a

det ect t f i nd ticl
aﬁ S(r:]n{en)[r’] rﬁ%%‘ggtrquiﬁgﬁﬂfeﬁgﬁﬁﬂlalpé eteﬁ%gm?%ﬁgﬁﬁ;s‘ﬁf {(%nhop'[ ?c:af gyst em
ar e obt ailinp ehtervalldydhe SitplinBdeviet.at HoteinP®e iphiePsiz@P, s hagaanies.sof a

circuit pattern region drawn on the reticle and the ali gnnment mark is al so
obt ai nedtxmsthreemamwm periasticivorgpanent P, archtheismoothinigedeyicegemovespetiedia of t he

by. clot oot e Cay B et MR/ nEE b R oE e oA bEEP - BRARE T 0"

t her eof ﬁﬁmﬁ{@r@akej@mp@ﬂemmmql n. V\af er alignment :sensor 32 is a so-called
of f axis alignnent sensqr whi CIA I S, separ at e{#{ provi ded outsi.de projection

optical systen¥ereoves,the firstmark defection4nparatus o thepresentiBveItiopds| axis of

waf er al LgimRited ﬁf‘lﬁgtrthggmﬁ‘ﬂﬂl%t&@w@% Gl s‘?’%iaﬁrepitecp%%@ﬁﬁdgg@lgﬂﬂtds%al 2 6
D EC~UCL system 1l are paral Wafer alignnment sensor 32
det ect s sdmeple ecblet mrtb@pwdqathzrnpngd/saamdlnermtcmlemm intenpRlatiomexic33 or t he

al i gnnent__nar k. f e rel.ative

S bsi T ottt RE ARy Rl Fladte A8 b BliRe RRR e HhedeRimirki et ¢ or rod

in ali gnmiéﬁ'alSﬁlﬁﬁ%teﬁﬁlatlblﬂh&tﬁdﬂlaisuigfwcdneérﬁbﬂMdiﬁg the GihedritombdlinagibfienNt mar k
Is irradiated, Wl%h the detectjon beamfroma |ight source (irradiation

system) aRIEHity of thesargpispeIntIocated i the VisHW Of theasRifarypoialng af er al i gnnent

sensor 32 CoNPfjrifRrhiRiMhe i Thdie déwat&.rsgpm@due RurfHer earhm@% n?JaerQxﬂeﬁ?ll | gnment
mark and the reference mark and on an I nmage pickup device. In

addi ti onde‘a¢et\hmglgmeamresgfmstlamfoftthmolammeﬂmé@sm obths lafermndated dgmlappl i cabl e
as waf er nnent

nb di Il
Goscri be AR bk enRhed AREHIE Sl s Re R TR e is o 15,
Ref er encmewa&ﬁ& fheastétent Brrat o fAheRBAsufeditint 6} thehdaifeinentdevic. reticle

Still further, the first mark detection apparatus is characterized in that the sampling device

outputs the image signal itself in the predetermined sampling interval, and the
interpolation device performs an interpolation on the image signal itself.

A second mark detection method of the present invention comprises a sampling
device which images a mark formed on an object, converting an image of the mark into an
electrical image signal and outputting a signal related to the image signal in a
predetermined sampling interval as a sampling point; and an interpolating device which

interpolates an arbitrary point in a cycle equal to or less than the predetermined sampling



al i gnnment sensor 31 and the wafer alignnment sensor 32 are connected. 7 6 DEC 200
Ali gnnent control system 35 processesdglignnent signal s output from

al i gnnent sensors' 31 and 32, and out put’s the sane~to-the 'above-descri bed

mai n control system 37: In the foregoing constitution, the illum nation

| i ght eniintesal by arminkdrpolatienometbed asing eonvarsion inclpding thedinepy eomhinationdfcur y

| anp or an_.exe¢iner, | aser. i.s, ref,l ect oy refl ecti.on. oI and i nci dent
on wavel e%@}%ﬁ@eqff&et ?aB}Pl‘? quflté'r g_ere% Rikitiais t@gﬁ%‘é‘??%n rptﬁlg{eg-fhe&; only
transmit _Sarbihai_ytpohawgiﬁs? tife plarBlyesTahds Yochied iretheasdiiiey éfthé et hr ough,
and the illumnation I'ight transmtted through wavel ength selection filter

5 is adj uashiggryipeins, and| therintespelatian devieqperforms ani¢ighting opsrationuspg dhest r i but i on

by fly-eyg integrator and _then reach Lcle ' Ty icle blind 7
changus 1 Mwelh 38R gl it/ B8 ins GRS T Ol bRieh GeebhisER 0t ol
10 by t hewsigttingicoefficieht hded i the_WﬂgmibFuptrm:i.orwhmgthé piedeseniined ed t hr ough
aperture S of reticle blind 7 is reflected by reflection mrror 8 and

i nci dent Bmplingintesyalis this intepolatigy &ilter inglydestaniptexpolptiop Suncgipp s@dx) nd 7 i s

f or med on }grggein,gl eds,‘LO by this lens system9, and the desired range of
reticle 10718 ‘eldl um nated. The inmage of the shot pattern or the alignnent
mark, which exists in the illum nati am(2akgeTpf the reticle 10, is forned
on wafer 12 coated with resist B FG]‘QW | ptical system 11, and thus
the pattern image of reticle 10 is exposec/i on a particular region of wafer
12. Reticl e al Mproever, thefisomatkldetetion tppakdres ¢fake presemt dfventiom fakthgnment mar k

f ormed on 2 6 DECa' ~? 19 reticle 10 nd waf er alignpgent sensor 32
detects t9pEArigssch Sandardizipg deies vhigh sapdardies e terpelptiot Bisep tes i xod on

stage 13, safdtal Bbihe Wetah 'ggaématm@ hgéaadvhén%meg;owtm ishrfor@bd O TRt Signal is
output to alignnent control system 35, and reference positions of reticle
10 and stabjgratyPointangd the sum-total pEweighting soefisientsoised yhemint@polotiomist s a

control signal to stage,control .s m sg that the ali.gnnent nark forned
on wat er PR G EPEL BB poih LSRR Bork it R bR IR B, 20 cont o
syst em 36prédetarpsncdtvaliRs. 1 TS stafidardiding devite édhivertLBp téspbctive ¢bexficiefitdpl i es a

detection signal output from]|aser interfergneter 20 to main control system

37, and chaintgplationtiertbydividing shegiesnectiye coeHisients tydbe pue totalpfithe | n such a
manner, ngl ‘%‘q:rg Efcicystem 37 controls and noves stage 13, neasures the

position o%&f e al ]?igcﬁe?r%s?\t mark formed on wafer 12, neasures the positions
of reticle 10 Zudhewafore, thfirsamdrkpdetectiomspparates of grenprasent taventiom fagther. At t he

poi nt when the align ntdis te 'natedh t he sho% aaHer formed on reticle
10 i's t 1 aRCIERFCPIAR dpdies Which sy tomapEnt aal & Qrdess A on wi 11 be
nmade in detditdrmaiedicyele frone e yighal citpud @t @ 6Arhple PEintin tAé p@aeeAkine®r K posi tion

fromthe alignnent signals output fromreticle alignnent sensor 31 and

waf er al i pg indervaldly thosampling dewies. o dergia, the syapling devicednglydesahol ati on of
theninin% Hhdiksd 9Viddalvingla di 'Zg@g ' Anflfod 1t ddal S to 0.5
tinmes thel nPi\rénljlr%‘ré gé;r“::gc}ic?},::&cad&lrr%%ﬁ{ent g?%‘%gé{l matgééLj @glruh%dd f{c’r)drllét rgmia’[r]?age

pi ckup dendriodiclrpmiphaend Pi,gofremimagetforned onyagiredetermined image-forming surface,

and the smoothing device removes a periodic component equal to or less than 1/(1/P; -
1/Pwun), on the basis of the pixel size P and the minimum periodic component Pyin.  This
pixel size Ps is preferably larger than 0.5 times the minimum periodic component P pp.

In addition, the second mark detection apparatus of the present invention is
characterized in that the sampling device outputs the image signal itself in the
predetermined sampling interval, and the interpolation device performs an interpolation on
the image signal itself.

The exposure apparatus of the present invention 1s characterized in that the object

is a substrate onto which a predetermined pattern is transferred, and the predetermined



The mark i mage formed on the image pickup device is sent as an el ectrizc&DEC 2000
signal to a sanpling apparatus which is, a sanpling device, and sent as a
digital image signal to a processing sl)f’Stem Thi s processing system
constitutes an interpol ation device, a snoothing device, a standardi zing

devi ce armdtternisEansfesredontalibe sehstrata whiekeisglignadron the Bisis efhemarkodetedigd | i ke
can be used, as t i mage, pi gkup device. In the fornmer case, the digital

i mage si }Xg'f'e’j’%"g 'H?‘%é%‘?%lc@ﬁ%&p "in the latter case, two-dinensional.
I'n addition, iFuiRerdRd, adleViee b'RE ptdientSmreRtibNE rdhubicwaéd hedughfiBe stei t al

i mage signal output fromthe sarrpﬁ ng apparatus typically be nade to

cor r es pord transferring ¢hepredatermintidyiagemontmthe seifstratedyitheejpopire Rpparalgsi ce. | n
such a manner, the resolving power of the inage pickup device can be
e~ciently utilized. [Mark detection nethod] 2 s o Ec 2ocl 20 Next, a
description will be mad@gRIBFISESTRIPTION ORTHEISRAWINGY net hod according to
one enbodi ment of the present invention. (Interpolation of an inage signal)
First, a descr F}#ilois agiagramschematically showing-rrenstsntioreef ane¥pagpran

i nterpol gt di gi t i [ anal  obt ai ned by the foregoing inage

pi ckup d%\&/’b%gtpg%&sﬁén%ﬁ%e‘%tg%ﬁgg%r%?p e n,og’[ he case of a one-di nensi onal
image wi |l be #HS.Q ishealiagrin €or explaiingla s@tesh evhidh ineFRdativanis pefdrmedofd as a
one-di mensi onal |mage by renoving one scanning |ine or by adding scanni ng
lines in 9pEimesinel @8I G 2 is a diagramfor explaining a state in which
i nterpol ation i fAQf; Nyl h A& ggg) ; r
sinplicity, a gg'ﬁsgﬁ‘ﬁ%?ﬂ&ge ma%%g?{c%?ht he h(:lgs otloz"algs F%]rtﬁ)enrr%glog% on
wher e an tiosliyeenssonal msdgedigasl. a one- di nensi onal inmage. A case is considered

gt T " BB o Sy Er i1 S HEBRPA e et F e 0

sat i sfyi ng ithagepidkupldi®ice by aglopaédl 8ystéif fSltondiBoRCWES e NA ST ROl ation is
defined to be fk~ (pk': 0,1, ..., n). In order to performthe

i nt er pol avavelengthtis 0.6 usmt dndfthe illwminativatsigmacisdvibl ut i on operation is perforned

using an inter jon. filter, S(k, k').by the use of, oi nt, K, where a
posi tion X(k) gﬁé;’t’aia&&“ﬁl 0‘?‘?%@! m&%é’ae iRpeR sbove 'aangsf‘t"Yl@rP X (k')

i ndi cat edRyike inflrfal GP0ORAIAGNt Wi th each other or proximate to each other
(hereinafter, Teferred to as a proximate point), and several points in
front of and bEIGlistasighapobtained By sidsyslinghe magashdwibia Fiad4 witr 2

specifically with reference to FIG 2. In FIG 2, f3 to fb denote
one- di neﬁ@éh%ﬂméﬁrﬁltoﬁp-zi“mﬁe signals, each having a sanpling interval T.

The position ¢ i nates of these . one-dinensional digital image signals f3
to f6 are X3 tgP(;'(g’ S AR SIRYYE %@flofﬂﬁn@%ﬁoﬁg%ﬂg‘? H%sftéod%v}ﬁe ch the
i nt eLpol am:ag)mdsstiq@ﬂbfﬂmmge(pibvl\cﬁbdsﬁcﬁmn@ednns: onal digital fi magg Ei gnal s
inthe cycle T, Int case ere the [nterpolation js perforne et ween
the one- di _rrensﬂ)q’raz{] IS graran SP??&’&&‘%ﬁﬂW&*aé‘OHFSHl!‘RfEF?JP“{%P?fWg after the
i nt er pol %1'e9—@oi)x(1§ gﬁ&khl‘ﬁﬁ% sﬂtmeeépe&imqmgirbta RN fok G sHARI iﬂio%tiﬁﬁ@.es.eof s

defined to be A one-di mensional digi I mage signal proximate to the
posi tion coor dFHat @isefdiagramshowiag the simulatine résnitsobsaihed boperfeming a Thi s

one-di nensional .digital. inmage signal fs rre ngds to the pr.oxi e point
< “uii ch ise painy iefpd Btion S e sybeledn T Y B sihal MR 8 HAE . or hed by
the use of sever@! 1(P@aisgrih shéwiRg tRS dislocation amount of an edge position when an

image position for an image pickup device subjected to interpolation is moved.

FIG. 11 is a diagram showing the simulation results of position measurement
error when a sampling interval is changed when performing only interpolation.

FIG. 12 is a diagram showing the simulation results of position measurement
error when the sampling interval is changed when performing only low-pass filtering.

FIG. 13 is a diagram showing the simulation results of position measurement



2 6 DE C 2002 21 and behind the proxi mate point K, for exanple, usi ”QE@R 00
one-di nensi onal digital inmge signals_f4 and fs and the foll ow ng Equation
(1): . f'k~=~ fkS(k, k") ... (1) (K—ml§<K+r’r) In the foregoing Equation (1),
the interpolation filter S(k, k') is a function of k and k' in general;
however, error hen the samplingiateiai isichanged pdeh pedorming interpotatiin andHew-pass

i nt er pol %i an filter S(dx), which depends only on the relative position dx

= ~ X(k) HWteRpk ) ~ is typically used. Mreover, when the sanpling
intervals T angid'14 ' B "tRd hdcesk BEedpRIddRetidpat the relative
position dx can Qakggggg%@{r:{oke%@gﬁ@% oft)tﬁeesse ?\dug%rreri cél val ues are stored

bef or ehand hel BIG.ri54ds s dageaeshopiey positnanchsirgmestztion yheh e step differenceal
val ues fromthe st oi_ag_e appi';\r 2t us,during I,he, i nt erpol ation, the
i nt er pol R4'6AL PemlinGis samgled °rﬁ§ﬁ?r6?tr?éﬂlp INHIEETYHEt the variable "ni' used

i n Equation IS riabl e detern .-n iderati accurac

of tﬂe i nt eréoﬁlé?f'ilgﬁs %hogﬁ?ﬁza%fﬂgfowhﬁérgﬁg?%f&l%?%%ﬁé%xf?p‘lvﬁér{%gg%ase of Y
obt ai ni n@ifference HaTE6f 4 HB AR Is'sAaple@ Fordiifareft s@mplingingdidali.ne position

coordi nate X4 of the one-dinensional digital inmge signal f4 are the sane,

f4 correspondsFiG 17hiea giagranmetosvingothe simGlativeh resvits vepresentinpethe cdlationsiip= 4.

When a s i nq funct.ion represented by Equation is used.as the
o agai mbaRicen e shap i Al aRa BRitan MEAsBrRn, Fr VHen SAETAIGAA AR ot i cal | y
be rest orgfelatiiiis used®i N(2~rdx1 2T) ... (2) 2ralx | 2T However, an errors

occurs which is attributable to the area of the pixel of the inmage pickup
devi ce and t heFl{&d 8ds a disgramishoavingihe siemilation reswdts sepgesantingrthe pedationship

e’ | ht e uIeR? I applibg o &PARE pebhico oo S SR Bab Rt o8 021 °, N0

end port iafipgmént@iagiafis thred. thi s reason, in actually, the product of the
interpolation filter S(dx) having a ljmted length and the length itself,

that is, a w nB%#1Pinadiagranyghowingthe simulgianTasults sepsessating the selajonship

i abl ' ' f Q% 0j ' 100 nd th
!t er pol AEERA e Riping (hueteir a8 Boditer HEabPRERP AR ne RudfBE 20 00
r epr esentalipgm¢ttinmrksis sixpol ation filter S(dx). S(~) _ sin(2~cdx/ 2T) x W
dx) ... (3) 2=z 2T | e of f i i ndow functj.on,
banhi n’ w ndowF b1 2076 Aaelh S5t fe Sp i pE IS Rt R rmy be
sat i sf actvetweey the¢sathpling thtérvalatd positich Réasurement Etorviieh (B shshbdRof . . . (4) .

2 R range and length of the window In the above-descri bed nethod, for the
case wherHgRRet JsEks s 9iecoor dinate X(k') is coincident with the position
coordi nate X(k | | . . i wher e
the relatve. phic ey ds? QowalinP R HerafRaEF of £ 8 1E ShhichfucldiSpfpbh

i nt er pol at aniC oelShe ligeiddrystal panel,s CCD, 4 thin-fibh atageetichesd, tai mitro-machihdius t he

processi ng..speed. be i.ncregsed. In addition, although in the above
Ceocr pt PO i birghY emipd MRS prose B Eipnon
FIG. 22 is a flowchart showing the details of step S304 of FIG. 21 for the case of

a semiconductor device,

pag

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinbelow, a description will be made in detail for a mark detection method, an
exposure method, a device manufacturing method, a mark detection apparatus, and an
exposure apparatus according to one embodiment of the present invention with reference

to the drawings.

[Exposure apparatus]

First, a description according to one embodiment of the present invention will be



i mage signal obtained fromthe i mage pickup device is handled as a 26 DEC 2002
one-di mensi onal image, the processing_can be perforned for the case wherein
an imge signal is handled as a t wo- dilffensi onal i mge. (Renoval of noise)

Mor eover, there are nmany cases where noise is included in the inage signal

whi ch i s niadp faraaspasyradppantus, (bwhichahmek daectibr atethodadccordingao gaaer at ed on

t he periphery of tthe I mge, signal, or a defect, such as dust or the liKke,
caused weEBROdimENtYfithe present iRYERtionsis 8pplicdct ed to processing. Particularly, in

the case of peﬁl@ﬁ%?%ia%%&ﬁg@&%alﬂg%m' 'Aondt id%sof‘%ﬁ’eg&p%lrg‘:t | on,

hi gh-frequency noi se catses ec nerrdrs and the I'tke, resulting in

| ar ge neapparsuearcomingoo onkembbdiment efithopresénbinvestiamse of performing a

position maasu}g@{}gml, .n general, |l owpass .filtering is commonly perforned.
a ; 11 TREETY

As described at _ ¢ anmerakl denpt S&WF?}F?FEW" ASthe i mge signal
obt ai ned sﬁﬂ}r-ﬁgg'gfpfrgérmngghat Jarfi5\6r chAbrlifer. REfBfoeGRTRrA " denble€hi N9, the

filtering s he 'sanpling Intervals after the interpol ation.
When t he réflecgonpmiredriforreflectingriflumimetion lighs epttqal fromy lightt senxcall. afRefarertche

i nt | ati hor t t t | i i nt I . the i
Sl onal . RUDGRLD GRS 2 Wearoet el o Aler Rt prlf spiegts (s bf¥ink fre ar ror the
i nt er pol gfak@BngtiRERsARLoR bkHRBredh&ethRiligh! CRefRREcE MENGAIE 8&RIRG fly-ER

i ncreases. Furthernore, although the filtering can be perfornmed before the

i nt er pol antégyator ¢ whidhi adjusteshe illumingsiondight trafsmifttdd througly wanelongsh seleiton i n t he
i nterpol at.ion. operat.ion qrasulting.in a deterdoration of the accuracy.
However , %étﬁreﬁng(f%l%%‘fl%‘fgl %%%%Waﬁ t‘r?nggntagsgte{r 'Sgré@ngﬂbve Is a convolution

2 6 D E C 2002R&RBreppefidhéral7 ddtiotds airstidle biikdhdving dheapsaiite S whidheadjusts

filtering~gperation. Therefore, it is cansidered that the deterioration of
t he accu%dﬁum@aﬁ?‘év’é‘ﬂﬁe wiumigatienbght dor areticls 4 @tapp described latesrhyol at i on

oper at i Oghar@ﬂ%gﬁ@ﬁieéf@gﬁh@se” ng operation and the processing speed can be

i ncrease w, a predetermined |owpass filter is assunmed to be R(x). In
the case of peWawelengily s¢lestiopdBer §, fly-eyel inpgmtdr érand heticleblindoD aratdisposeds
perfornmed usin

the interpol atio ilter S(x) represented in the
above- deSTHFH y@&ﬁﬁ? 1300 (E)pgxfglcﬂxls(n%i first, the processing is perforned on
the inmage si gnRiferensé AEméMES HeHoRisRALALAHRA nlitrbi RF b&didg thedgtitdr akis'de
processi ggd :'e?ergnecrefn%nrg?aclj 9udse;1c?tgs zE lbs?ls L}E)s\’z\grrrl) ?osrsirr;dlielltgnegra rlerft(ié(le with the
illumination light reflected by reflection mirror 8.
Reticle 10 is disposed on an optical axis C2 where lens system 9 is disposed.
On this reticle 10, a shot pattern is transferred onto a wafer 12 and an alignment mark for
position measurement, which are to be described later.
Reference numeral 11 denotes a projection optical system disposed on optical
axis C2, which converges the illumination light transmitted through reticle 10.
Wafer 12 is a semiconductor substrate made of silicon or the like, and resist (not
shown) is coated on a surface thereof.
Reference numeral 13 denotes a stage for holding wafer 12 by vacuum suction.
In addition, the stage 13 has a known structure in which a pair of blocks movable in
directions perpendicular to each other are superposed onto each other. Reference
numeral 21 denotes a drive device such as a motor, which moves stage 13 in a
stage-moving coordinate system formed in directions perpendicular to each other.
Therefore, drive device 21 moves stage 13, and thus the shot position on wafer 12 is

superposed on an exposure visual field of projection optical system 11.



Al t hough not equivalently to the above process, when the follow ng Eq ‘Bt'E‘BnQUﬂ?
(5) is used, an alnost simlar process can be perforned. LPS(x) = f S?x'% *
R(x - x')dx' ... (5) Therefore, the ikWhge signal obtained fromthe inage

pi ckup device is processed by the use of LPS(x) represented in Equation
(5), and thus ]aagdifiomla mevingalirsr 14ds ﬁﬂé&ﬁ@@?@ﬁét@ﬂniﬁ&ﬁpcﬁsﬁd&ﬁfﬂs@e ¢an be

obt ai ned; and since these processes are pertormed sinultaneougly, the

pr ocessi Referenpionumerali 29 denotes a taser. intsrferometes twhich detgcts the pesitien ofsides 13 sinc
function,i sed th ve- descr,i. W\ ] I esponds
to a chal g}ge %{?geflﬁgﬁ8§§ %rao tetsﬁgg'?ﬁw:‘g ?03?10 i%%ﬁugimyﬁ(gertﬁn%'ﬁééﬁ %‘fﬁ% filter
S(x) reprrsahhesdetdeamolmti on (2). Accordingly, in this case, LPS(x) in
Equation (5) can be represented as in the follow ng Equation (6) by the use
of a variabl e Theshovesdsserbpedidrivedeviced| apd laser énterferomgter 2Qre controlisd by-dx | 2H
Mor eover, i usi ng the wi ndow function Wdx) represented in
Equat i onafté%éoﬂﬁggsg%gmgs&represent ed as in the fallow ng equation (7).
LPS(dx) - si n(Ig-addition, AHfefexenéé rxk member 33 Havidigracheight ediiaByo the sidackgfiat i on ( 6)
or (7) in the processing of the image sjgnal _obtained from{he inmage pickup
devi ce, WREr ?%tsé'%xﬁgPaﬁi%?ﬁeéﬁ%meémﬂg%°¢§%&°é|3i n@PENrBee YdElesied at a

hi gher r f2qr | 'qu%\e/ hiféht iSfobRed. © S estufiYg tHi¢ fol | ow ng
Equationﬁl%gswgr@\?ﬂf)ﬁ’-@%gﬁ coa\gf2~ fﬁ*%@‘ﬂ, ) (oéx? 2 26DE8?~ 2 24 R range
and | engarkph réferencei podition (OF Hiecalignmentisemson éanchet deterniined paridarpdsitiomalge  si gnal )

, » , Next,.a,descripti i 1]. .be . ma I n det.ail for the case where the
i mage si {55?&11"“85&“%%&'8%? fﬂmﬁrﬁhclpﬁgggd% BRasHdevi ce is a two-di nensi onal
i mge. |n the ®aseofirol§ster I8 bR Arive Q&viEERSHHsENBNA cotitbolSighal output

t wo' di mensi onal 1 mage,
from a main control system 37 to control movement of stage 13.

In addition, detection results of laser interferometer 20 are supplied from stage
contro]l system 36 to main control system 37, and main control system 37 outputs a control
signal to stage control system 36 based on the inform|ation of the results.

The exposure apparatus in this embodiment comprises: a reticle alignment sensor
31 for detecting an alignment mark formed on reticle 10; and a wafer alignment sensor 32
for detecting a reference mark on reference mark member 33 or an alignment mark formed
on wafer 12.

Reticle alignment sensor 31 detects the alignment mark of reticle 10 by the use of,
for example, light (detection beam) having a wavelength equal to that of the illumination
light (exposure light) from a light source (irradiation system, not shown). The relative
position of a detection origin (for example, the center of an index mark) of reticle
alignment sensor 31 and an optical axis AX of the projection optical system are obtained
beforehand. And the relative position of the center of a circuit pattern region drawn on
the reticle and the alignment mark is also obtained beforehand. Accordingly, the center
of the circuit pattern of the reticle and optical axis AX of the projection optical system can
be aligned by detecting the alignment mark and by obtaining an amount of a shift thereof
from the detection origin.

Wafer alignment sensor 32 is a so-called off-axis alignment sensor which is
separately provided outside projection optical system 11. On an image projection surface,

the optical axis of wafer alignment sensor 32 and the optical axis of projection optical



position coordinates in two directions may be obtained fromthe sane | PBOEC 2007
data, or a position coordinate in only one direction may be obtained. I'n
this enbodi nent, for the case where tHe mini mum division unit of the image
pi ckup device is about 0.2 tines the mninmum periodic conponent of an inmage
in at | eastemPNearepaalv]l éseath odherecWafen aligrintent Bines1BY detéotsnthe sefgrendeor med so
that the sanpling interval of the di ?i tal image can be smaller than the

mi ni num aask ppyAed on refesence meark membep? T RiIPe alignmeat mark fogmed pmwafer 42,
direction, C IS aC ks . I i ' ' formed on a
o di o BHEREulsS 4RI BHIP icHaft-Flidn bk MRHP B0l P Hloh s

di r ect i ofhde:smawk fofifed ifitatigifbnt B¥ndoR 32.neNyte dhiat @etreferenc@ndrk drethé wo- di nensi onal
i mge signal f~) ~y is converted intg a sigpal f~~, ,~y~ (kx': O, 1, ...,
nx ; ky' alignment mark’is irpadiafedswith the letegtion beagy fioma lightjsopycediadistionng at | east
one of T s VohawhY - After interpolation, each value of the inmage
si gnal fgjf,éﬂﬁyhlugﬂgggtaﬁhﬁe "by the follow ng Equation (9) using signals f~,
~y of one or rRutielelalightnent sehsvs 81 and Wafer@Rgnmennsensok32 sorPtise nx, Py - ny <
ky < Py # ny). and an arbitrary interpoJation filter S(kx, kx', ky, ky')
dependi ngagH-fRmipg systems,yhigh &)r@dmse{)crﬁj e gignmgat mark ke reffterics i

posi tion, XhK¥e o%@%ge(ﬂ%kﬁ?gkiwgi mensi onal image corresponding to kx, Ky,

and a position PX corresponding to kx', ky' are coincident
or proximat e tloadditibn,aitheugh dlbtypes dfabe aHowe-desceled sepsoranicaippbcabld & a

variable set in relation.to the gccuracy. (Px-nx <Px+n Dy - y<Py+ny)
I n order w?%r ?léﬁlli“}ef‘t SPEOT S RBR E’fagﬁg? ﬂgﬁ‘fseeéﬁ%"gl%“ pﬂiﬁggmgéﬂés@/g {%Fé&‘pr ocess,
a speci fglcgnm@amhg,r%waf@aﬁgﬁﬁ@mism;m,th reference to FIG 3. FIG 3 is a
di agram for explaining a state in which the interpolation is performed on a

t wo- di mensi onadtefergagsausmenal 35 depotesaraaligpmentcontrabsyisten topehielkptislgat i on, a

case Wl |,. i I L i of y ¢

oo di et ikds ST Sl O Gt AR B3 S0 SnEeB,” Mglent o 1

FI (G6 ;’:g bante) §}I‘serrs(3;61p'o&'cbsses atigAment dignallil tﬁitpt;ﬁ frogﬂl{gﬂm)snt d?ylicgy)) gzid)ﬂ, PX( 6x),
Py( 6y are assuned to poi nts sanpl e y the i mage pi ckup device. , .
Now, the%@@qt%t@éﬁg?'%‘ﬁéabmeémm mag e¢n5eol sXstesm3Ts perfornmed a sanpling

interval T sahingd irddBink constibutiR i illfAnatibh it A @ ight dRte 1
under st andi ng, the (_:aslen-évﬁol st;l bé desclri bena l\/\ﬂe@{ei nlttt e (lgnt gr polation is
per f or meshichtas alsepes-hight pragguermencyry lgmfror amexgimerdéset, iereflecied by tefloetiamd the y

it Hy . : . Ut
ar e et | i SRR oh ffvetbngh JBCATIER s O WAl Refleh Shipd e SORR T Y
case iSs &mmiiderghmmaewﬁmdgm magrsé\h@gfonfzprs;radref@mgh,fa?d the POit n{ Qt(r)\f
Px' ( Sx' A . as 0, In .. FITst, Xl Jmat e .pol n o] e
boi nt 0 Hlmiteion fighfat R epgh e ignit elfion et § AR BR drmt e poi )
I's obt ai fggnodsx!Heving a UnfiSkbintendiy (RMIButRAG) THSeyt ifte AEK 6ARE eRO Nt . Next,

1
at | east one of the c?ose poi nts J(y this proxinmate point is selected. In
t he exanydachesietiole blindFl. G 3, points gl to g8 are selected. After sel ecting

t hese cl ose pojnt t erat.ion_represented e . for.egoi ng Equation (9)
i s perforned. Oq'%g?q lﬁlfng%p aﬁ%?sothe PIFY ?Q Rie'e ,to&ﬁs{%}liwn%ans%gge&ihc“ on
dependi ngstiofe 10MH-th@didihgiioni lipht. heTHeVitludinatios ligh alansmiee tgbegipdpeaiedn by k
and the position shown by k', simlar, to the case where the interpol ation

i s perf oPhis#clsbling & ipslectipdbnsilsriion mirpy 8 apd dnrident pm lens system o sThy pe

i nt erpol at.} ol i i J i ing the
G 1 oy on LB APerhites o RIS P Ry ARy s EPHRRANY g W 00,
posi t i ondedired rdnge »f ckticlecttOiisithinsinated.i ned to be dx = ~ Px(kx),- Px (kx') ~

and the distange thereqf ip the direcgtion is deftned to.be dy = ~ Py(ky)
- Py (ky') -, brelma&egmeﬁgoqme%wt%&ﬁ@wmw,‘g Rexiin e, 1y ) is
repr ese”‘ilﬁﬁnifl&ti&nhrﬁn%e@f%@&{iél@1@Pisffbﬁﬂe‘a_ron%(zaffép széb}ated'\@fhe:@é’n?trby prbgctfon | owi ng
is also simlar to the case where the interpolation iIs

optical system 11, and thus the pattern image of reticle 10 is exposed on a particular region

of wafer 12.

Reticle alignment sensor 31 detects the position of the alignment mark formed on



perfornmed on the one-di nensional image signal. Specifically, if the 2 6 DEC 307
sanpling interval T and the sanpling interval T are in an integer ratio, ’
when the operation of the foregoing Equation (9) is executed, the val ues of

all the interpolation filters S(dx, dy) that the above-described variable

can take ratide $0,@nd wafrraligeshent gensar 3hdetegthihg oferepesamarkipositinn op agfersace ead

whi | f of mi ng t he i | at.i tion. The | hon filt
SCax. by ymatkapenthet SE gue & A3, Rt AR TR R nent el b ShBgH "ol "
t wo- di mengisamant sighBlis ofipie alighReRRAtrel RSO Us! ardf referdrRe podiAédsst filters sX

and sy in their respective directions and is represented by the follow ng
Equat i on retide}0 and stggeHl@iare set26 S(abr, dy) = sx(dx). x sy(dy) ~ .. . ( 10)

where- - s=(d = sm(2~rdx | 2T ~rabr | 2Tx sy(d = 2~rd 2Ty)
ray 1| 2Ty Thiei AR e 31 ofehEa et SHeoilie ke Sl R 3b 1o
the i nt ergahAthelighhmbhtehsrk FemadbnSVater B dahbedected by Bleswaferdlighinf 1 | t eri ng,
for alktowng the interpolation filters sx and sy to have a | ow pass effect

or the |isssor3i.e Hpganontrol systemtdrives stage i hen the hapis of thisscopfrol signal,

di . L . . . : ) il
x( ch) POy 8 Jp R S Blp R SRR e 20 B e LA R 5
filteringandaostrdldithe datepriqrisigial by eendafg feedbaslew.it. Mor eover, simlar to the

case of perforning noise renpval for the one-dinensional inage signal, with
the inter pol at bsHchjamanngr, maiysontrohsysteny 3T sontrolsand maves stage Eymeasdes ( 10) ,

convort - EhCarIERA e AR nRk R a1 ncanles oftudi @fgie o 1O

| ow pass [0 dntievaferd 2aad perfoemnpan alignmentfon thecsamer f At thegoirit mtehaleeousl y. s~(~)

- sin(2ndx. / 2Hx) 2~rdx ., .2H ~ sv(~). = sin(2-rdy.|l 2 2=rdy | 2
(1) "or (2 igmERNaS el b e pRTR Sormmed oBreie O s s bre i e FSR . 10) and
t he W ndQwafed 06 twagsr 1YW dx, dy), a deficiency wherein the val ue does not

snmoot hly converge to zero at the end portion of the interpolation filter
during noi se r éndsseriptipmywibicbernaads|in defail of the precagire fosfdetenmiring ayoi ng Wi ndow

; . o . e . ‘ dv) =
et o0 Mo i b 850 ) LSSk il Sl ) =
1 + cos( Beqy wafdhwligidmentsemdoE3L 2002 27 Rx: range and | ength of the w ndow
inth di I, . | t h of i.ndow,in, the y di ti

(B m nati on' oft iPTERivAG POTRSGLHR HUFFOFHOTRLTER BNTIMM G e Wi Sk n an
origi nal jfBagickiPdeviest #790.2 800 3itingd Mmﬁ%niﬁﬁoﬁtk%{)&gegxft 8f Ny the

sanpling for a certain inmage, the sanpling interval nus .5 times or
| ess of timeghfosnad ae thedmege pickupidayiderbyitheealignmeat optisalsystemt or t he case where

t he wavel engt h I ATy .00, 1S .~ puner i cal
aperture of th(FaI(B %g&a{rlggﬁtxaggég eé%ocfns&{&d%eﬁg&rurpﬁ%%%sﬁg?tiaggﬁ gg‘é’%‘%%'osr‘%’n of the
optical sypatsempling apparafid whibl\js.a samplingdesce, and sehteyra difizdl imhge signaent mar k
is first detected in tgﬁeex osure apparatus, the magnificatjion of the
optical SKFeIeEHE /SIEBY uCEYS PIOCTIEIRg sYsien GeustiiitesrandpigrRfaion devicosd er t he

al i gnientonifing et BSAtraivliE JEPRERAd £ Mebdifbaflnn bGP cal System i s

increased and the alignnent is perforned. . In such a case, the mninum
di vi sion unit @flindesnsaregEChH winem efshe bke canrbetusedbas theimagepickup devices or

f th l Ni i 0diG. f the | he i
oi chup. acdnetopyeR e e Sl FSERREL s Rochafel e and BFE rrEettBecr f pt 1 on

will be nedealimensiénattar k detection nmet hod capabl e of reducing the position
measurenent error _even _ in such a case. For the case where the foregoing

condi tions ar e Inadditien, jitis desirableghat dbggemplige interval for the digital image signal
output from the sampling apparatus typically be made to correspond with the minimum

division unit of the image pickup device. In such a manner, the resolving power of the

image pickup device can be efficiently utilized.

[Mark detection method]



performed by the image pickup device, aliasing occurs wherein a short26DEC 206
periodic conponent of the image is converted into a | ong periodic

conponent. For this reason, there is 20problemthat, in principle, a signal
cannot be restored only by performng the interpolation. In this

enbodi ment, a Nexeuddessrigioalwill bepaide in detait of Dmatki degdction methiod abemtdiigi n t he

si gnal and the% r.enove Whaen the m nimum peri odi ¢ conponent of the inage

pi ckup di&\Ang gmbediment plthe RESTLINYEAN®The i ni num peri odi ¢ conponent of the

i mge forned on the i mage pickup device by the alignnment optical systemis
defined as Pnm',, the m ninmum periodic conponent of the pseudo-signal is

r epr esenglstdrpakatibh Of AfPfmagelsigRat)n) Accordingly, filtering for removing the

conmponent havi this cycle.Qor |ess e satisfactoril, erforned. For
this it s <t m%wpwaﬁbsﬁlae}ﬁefgée&edff@pqeééaﬂ%anHﬁe&ﬂ@t%gﬁwﬁ ng

Equat i ongs,: W; ; ﬂag, i afilter F(k, k')

whi ch do%lglt%ot n@?%aéég?ﬁngaggrl 0 Ire?@glg‘?n%g% nt zgt)t%?%)g(l mately equal to or

| ess than 1/ ( |ToRsmplify/tRerdespription; the casd of(agne)dimensiqnaBimagwiltbeK+nr )

Mor eover, b btai ning the product of the right side.of the above Equation
(15°) e BB ary ARy pinege cin Wrafopllan dphealrensioa IR Ve does
not  sNDOfelHoying@nk 8EAMRinedine®r By addihf Scafhig Miakd in®Re dredtiog. | Nt er pol ati on
filter during noise renmoval nay be resolved. . Furthernore, in the actual

processi ng, vdilJe? ivbdiagmadfopexnltiningacstate ingrhiclkeiptaspalatiands porfemmegdiongn ( 13)
are obtajne . ; a | A S [ ] | ar
form anéc)f{%' dm%ﬁ;gl&gaﬁgﬂ ?%t erli[ggﬁ%"% g(% Sop%lﬁ‘gt?’i aoé]egérﬁﬁgn\?gﬁﬁgga%@ﬁgé !rﬁl%gd from
the st or e ineRvlaionsSviete ALiiage I8 ttdatedis@VASHiménsionulihage.manner, the
operation processing tipe can be shortened, and further shortening of the
processi ng ti ricessds prnsideraddy adrichdnterpolationispsrformedian 8 pperdingsnsigngl pe nade
for the g : assmy Lyl i i &hkgnal f~, ky
(o o R AL gl GOW B2 eV rld Aldolthe Aec T In TR ARSI and
is > 1; X-<dTr ethe ngal aBerhpingsybjented to miterficdation-isl defenetito baFy §&rfhlli ng i nt er val
Ty) is perfarmed.  Now. t signal .after th ow-pass filtering ..s given as
£ PES. i Bder  Pibippinde lRpuch, R sigbfacto BT oy pletiSpgetatiSn§, e
wher ei N gerfRied usifig B irftéasolatidly filtdryS(k N l%)hﬁe diediftadloirit KB Sherd Sdditioar r esponds
to kx, ky, and a positiaon .Px'ékx' ), . Py' (ky' 3(' corresponding to kx', ky' are
coi nci de?yﬂﬁk)@n asligital imege indicatgd By kand A position X'(ky indicpted &y kogrgcoinpidentpy) a5 a
center, I ~ima I I j nt kx < PX
oy b o il (o W n BN PR & arbfihete fBia))
per f or meahdosevernl poits in fropt dfiand behond Biskpointkx' , ky, ky') depending on k and

k' and fuynction. F(X, i ch : ded i '
per  odi o compan SRS S HRpEE Reraprip Sk B e Rrend G 2 HIER 7 |
| east ong tdify RableWhe méAifondB&igAl imhaPe!§iBhdlS dhchvaking a'saMipling interodltRi ned by

sanpling _in the cycle Tx, T%‘:.§ Thus, [ow pass filtering of the
t wo- di mehBe pesitionsGogrdinatesef these gae-fumensipnal digitak image-signals f to f are X3 to

fkx. kKYF' dex-Kr ~ y~ ... 14 ( Px- mx<kx<Px+nr) (Py-nmy<ky<Py+ny) In
addi ti onf&ﬁ’argsra)ggtﬁle?bti on will be made for the case of perfornm ng

i nt er pol ati on Nogghbtease\is ¢dnsideredim sdhidhi th¢ mtdrpajationtie paifgmeld oafthese converti ng
t he foregoing two-di pensional .signal, f,~ ~ is defined as f~' Kky' (kx':
o, 1, Oe-dihendtipal SRR siehafl 5 phe orple o1 iyt phAEHO AR on has
a ~s g 1ﬂé@foFrﬁ%bé%\‘@fee?fi‘t%bhclflGin'léi’x%r"e»hh(l?digi?z:ﬂihh&gfekél%i&gls_%} ald®@sthe §iBBal QfterTx > TX
and Ty > Ty'. In the case of performng interpolation together with
| ow passthiiintemolatign is defined tq be 'candtihe/positiongoordinate thgreof is dpfined tadee poi nt
(Px, Py) Xi,ss obt ai ned wherein the position PX(kx),
A one-dimensional digital image signal proximate to the position coordinate of
the signal after the interpolation is f5. This one-dimensional digital image signal fs
corresponds to the proximate point K, which has a value of K = 5.

Therefore, the interpolation is performed by the use of several points in front of



Py(ky) on the digital image which corresponds to kx, ky, and the posita®pEC 2002
PX (kx"), Py'(ky') corresponding to kx , ky' are coincident or proxinmate to
-each other. Next, with this point (Px Py) as a center, an operation
represented in Equatlon ( 15) is performed using S|gnal of one or nore
linted aﬂ\cbbﬁmnlcthapﬁaximte byin( R}(for eﬂatnpie I<usin=g thone-dimenstynal digptakinkage< Py +
ny) and an |tr y f a y, ky') depending on k and k',
and thussngﬁﬁg dttg?f% t‘%‘ié& ation of the two-dinensional signal
can be perforrred (Px m<<kr< x+ru)§ (r% y<Py y) Herein, the function
S(kx, kx', ky, ky') is a furctTon % §) de d| ng on the variables dx =
Px(kx) - PX (kx') and dy = Py(ky (ky'"). This function S(dx, dy) is a
function Capauheh@forég%irggqaq@aai dodhemtepslaen fiméred(y, ki 4 iStion df Pahd) i n at
| east any one of the X rection and the y direction. In addition, the

f unct i onk'sp ggneralihoweyer, épthe saserad PeHgmERE A PPBVOY mEISuLEIent thiiniarpplpgon

sati sfyi f

1P x) e e §EH: PN REGS n&%@e SRR RR I X D1 Rl

1/ P{y} maxged( where t he synbol denotes the x or y direction. ) S(dx, dy) =

sx(dx) x sy(dy). ... (16) V\/nere SX{C~~ In(2~rdx | 2Hs) 2~rdx 2Hx sy(dy)

= sin(2ndy | 21{495%2% when theisgmphingigieeyals T ang brarg weanrlaﬁegadﬁ% thwﬂéws()n S( dx,

dy) one [ ( quation
16) . by oE R ARR el on Bl kg AU hun BRI RS BR R

t he act ubéforshaniisdd ing starage sppachtuseandiby redding thekepuenrisal vhlueh from th@ 6DEC?" "

30 val ues of the o ation in Equati are obtai ned beforehand and

stor ed | HoPss sm Gy Liing i tesmo b, 8 ihirpolasBh SpSRRCL G rperiREnet.

i nt er pol MoteARatAREVAIabR"m "Vt%b&'ﬁﬁchthwx?ﬁB%ijvwbleiﬁeH?ﬂxdéa'weorﬁfdc?dﬁoﬂ”d dy are

read fromthe storage apparatus and processed. Wth such a nethod, the

operat|oﬁﬁbﬁ@@é@@b’rﬁ’gﬂﬁlﬁ@mloﬂéﬂéﬂ@rtkéned and further shortening of the

tinme can be ac
be nade as a I|m orleblhljtlﬁ ?’iqﬁt er E%ﬁoﬁzﬁﬁ%? glencénhlt(f%rw!ﬁo?ggorg%: %el Y, on
kx - kx' ofiNY akdthe ;ioyxtlonidst&dma’&r)é; ofalié enesdiingnpsionad tligital itrape sighaltfy alettie ned by

I tiplyi ' f t b t dow_ f t d
PG 3 S O Rt RPKORH AL Sl BSRLYIEY o Wb T

When a sampling function represented by Equation (2) is used as the foregoing

interpolation filter S(dx), the original signal can theoretically be restored.

sin(2zdx / 2T)
2mdx /2T

However, an errors occurs which is attributable to the area of the pixel of the

S(dx) = o)

image pickup device and the use of only data adjacent to the signal in the interpolation.

The error caused by the latter case noticeably appears when the interpolation
filter S(dx) does not smoothly converge to zero at the end portions thereof.

For this reason, in actually, the product of the interpolation filter S(dx) having a
limited length and the length itself, that is, a window function W(dx) matching the
distance fixed by the variable m considered in performing the interpolation, is used as the
interpolation filter S(dx). The following Equation (3) is an equation representing this
interpolation filter S(dx).
sin(2mdx / 2T")

2mdx [ 2T

As an example of the foregoing window function, a panning window or the like

S(dx) = xW(dr) ...(3)

represented by the following Equation (4) may be satisfactorily used.



When the mini num periodi c component of a false signal is represented agbBEC 7277
_1/(1/PS-1 /Pm~), the filter F(dx) is represented by Equation ( 17).
F(~) _ sin(2~rdxl P~) ... (1?) 2~rdx B2P O her than the above, for a

Savi tzky-CGol ay filter, for exanple, as the filter size thereof is nade

| arger, the m ni mum peri odi ¢ conpoRR(®wksRY €l atively increased. Therefore,

a sinilar effect can be odV&M of a ®Iter having an
appropriate size. In the above descri%ti on, elimnation of aliasing for a
one-di mensi onal i mge si gq@lmﬂ/gg%ngi%gﬂqidr%wﬂquer, simlar to the case of
i nterpol ation, such elimnation can al so be achi eved for a two-di nensional

i mge si gnal ubitheabdve-deserthed mettiod; for the dasewhéra the position sberdingtedX (ks is hei r
respective direct.j,ons. reover., | as{h;slterin and interpolation can
be. per f oF HBCIGT I Hn BBHIGTY CooriBatha kb Al Bf 15 BPPEH HEAGE AP St R i

si mul t ?nﬁé‘i!flﬁ{vheﬂé’!tﬁé}elaﬁbagaﬁﬁé’d $p8 WA ceRamplyotid dafaPrioPtosthy intérpyyaier . i f the
condition is satisfied wherein the interpolation filter does not

appr oxi nmenak(bg upedaasiitiis fer the rgletivepositiapand thusdeg processing spaed sraythgan 1 /( 1 / PS
-1 /Proir)creagé/fn for the case where the m nimumdivision unit of the inmage
pi ckup device 1s 0.5 tines or nore of the m ninum periodic conponent of the
i mge, a neasulncaddiionyalthough drrthaabeveaieycriptiop,ahs cdsk evas déseribedt whereinahi on

operation has, been descri bed as abgve. Herejnbelow a description will be
made for Up#ge signal otaingd Eppdheimass m#u?ﬁ‘swswﬂw@ﬁ AEHQSY H?‘Pn%dge

det ecti ok d j 5 I | met hod
I cdge. L e R e T e R B T

i mage si gmab-dohersionahimegei nage, a slice level is fixed for the edge by a
pr edet er mi ned net hod, and 26DEC20' ,"' ~ 31 the position where the edge.
crosses the slice level is interpolated therein; thus a neasurenent is

per f or megrahé Nl aEdisdCY equal to or less than the sanpling interval of the
digital inmage data or |ess. An exanple of the correlation nethod is a
normal i zed nut Mareaver thereare sranyseses wherernojgsiicincidedingheinagesiggal si gnal i s
pr epar ed - 9 | 4 i tenpl at e
T g e N e R G T ko e
rel ati ve thedmage signaifor tldefet sydhais dustrar gee likegemmbkedawhen the alighment maekgie si gnal ,
and a correlatjon function depending on this relative position is conputed;
thus a p&HNCPHSHresTSHRet he correl ation function i s obtained. Moreover,
there is a sel ﬁmﬁ%laﬂy,aﬁt&mag@am&oﬂﬁﬁg abyMptbtiteproasainyArhGskedgy € 1S
symmetry in the input image. Inthe self ‘correlation nethod, a signal is

di vi ded dpteetiannbigh-fraquenty neisssauses deicgtionsimgesrand thelikseresulting srelargsi nt to a
symetri %s&%&, qofl€ position coordinate of one part of the divided
signal is 1nver eg, and a correlation is calculated. This calculation is
per formed whi | Borsthisfredson, ia tieeetse of eefonmingta mbitida medagernée, migghahl, i nto two
in order to conpute a correlatiqgn fynction. By obtaining a peak of the

correl at iNPRYS TCF’Bﬁ,‘S"EOI’i‘ém?)‘&iPF UGt the symetrical point of the image
can be measur eds dkg:riped ASVEI 1hE iktEiBoRASH Isl RS RERRdgeRenhNShifind®t hods,
as a method of perform ng the i nterpolation, there is an interpolation

met hod ofin thed engbadimengozrid thengafiazaio thesaserof Blteringathe fidtetimgis peffomngdrag ther ocess,

such as filteri.ng. i.ficall t he et hod consi,sts .of perfqrmng the
measur em8HLP léﬁgt l@%“f‘%)&? iﬂhegmgfalqlﬂloé‘r p%ﬁgwr&? %@tfqnd? H%"gqm\gg’rtﬁ% hi s case,

t he t enplahglingiageva afiertthe iterpblatiGrabgtbmegstiotefiha tife sampEfg fnfevdl #ér@hol at i on
nmust be used in the normalized mutual correlation nmethod and the I|ike.

Mor eover imageesignal.s Ascoxdipglsinikeicase wheredle filtgring dvpesformad piterdbe i nt er medi at e

state of . ; . [ i i.gnal and an

ori gi nal 1@?@%@8@#@%&%@%%&%@@égdeﬂxggkgecfgﬁ@r}?dmginﬁ%g he differenti al
si gnal is nadeFanlierinoge, pltiqupheheofiltéringwan bé perfigied befoctothe fréadpblation, id here are
many cases, where the int%r olation is not required. In thjs case, when a
si gnal obRiar#edthe prosessof fltering besomes Raise Hpthe Interpglatian epeRtioRnEesHtag dna)

subj ecte q t d snoothing are used, there is a nmerit in the
pr ocessi %g&%élltoggtﬁég)?lt&ﬂeedrcgn%rag? in the correlation nethod, the correl ation
function becomtlwaver, theGnterpoldfior @perafich dsudesdribed abdvetihe comiohitione position
between the input inage signals or between the input image signal and the
tenpl ate i nage signal, which are signals typically sanpled at the sanpling
intervals of the inage data.




Accordingly, the interpolation is performed for this correlation funct;{@r{]ﬁE 1002
and an inprovenent in the accuracy in the peak detection can al so be

.achi eved. Hereinbel ow, a description @ the simulation results of sanpling
measurenent errors for the case of using the prior art and this enbodi nent

wi Il be dgip¢mtion Which idtbdsicatly m&aﬁbﬁ?ﬂﬁifamﬁhg-@%@at&ﬁii dherfors, isisep di fference
mar k i mage fornmed on an i_ma?e pi ckup device by an optical systemfor

condi t i orfonsifsedthaiabe detorigratiomaf the pequeacy ispreventeddy-sippltanseusihe i | 1 uni nati on

i o PP R el b Bl 380 ol B el ShepMi e ol
consi der ajpeaditanbe irdeecag@iyni fi cation or the like of the optical system and

then converted with respect to wafer_ 12, the ninjnumperiodic conponent is
0.6/ (2 x 0.6) Moy, spredetgiming .w-Basaﬁ‘wte@sawa&hggﬁam ai ned by sanpling

the i mage showg, ip c@egg.péﬁ%&m%m#g %eﬁxé%@{e‘é@etig{er&l&%n% Phrforffedmar k

detecti on nethod accordrng to e present I nvention was
not used using tiinterpolatipnt filees 8(x)@sptesented Tinthedbd YeedesorilediBErjuaten(Zy b3), 5 and 6

is the difference in the sanpl.in hases, in.the sipul ati on fesults.
Speci fic rrﬁtysheipwcsﬁ&gdépari?% 33? wga,geﬂs@ﬁﬁswm § InFEPelalien ﬁléeré@f)p espond to

nmeasur emepl (eashd %%g?s@ihg‘iﬁ?erfbﬁﬁ@d Qiin@\éilé\&pm%lfé?ﬁi(i)l on of the image pickup
devi ce such as a camera. Wen FIGS. 5 and 6 are ‘conpared with each
ot her, the shapédthoegh ndiequivgimatlystodheatwye arosess] wheti the &llawing Equatisadh) ot her

and thus ..t _i,s anticipated that an error wll occur when edge detection,
t he corré?3‘°te|dbﬂ1e}q@ggﬁfr@ﬂgrﬂré’%gﬁcaph%gﬂeﬁﬁ%n%‘re performed. Wen the

measur enent position is c d st henphase rghati onshi p between the
posi tion of the inmage andﬁ?ﬁg%pogﬁ?i)o?(%f gct) e i mag 5pi ckup device, the

h inth P . = i
Therorore, in oraRtid IR mdl? SenhObeAeESn AR ik Obickih ddfec O RSN ¢,
i mge datty thewuse of L.PS¢x) aépréserteddn Byudvioh€5)and thas 4 kignalaobjedtyd ® sanpl i ng

interval .of 100 a dge detection . is performed to investigate the
di ffer end@t_eﬁ’é?%% and ﬁﬁer?&aﬁaﬂ CQW3 YHFincR dhate REATPSFRAE Peléﬁgraad and then
the shapejhidibSasly! HRRPERESing finGcarbé hoftefia@0r am showi ng the di sl ocati on
amount of the edge position Tor the case where the position of the inage
An operation for the case where a sinc function is used as the above-described
low-pass filter, R(x) corresponds to a change of the cycle of the sinc function of the
interpolation filter S(x) represented by Equation (2).
Accordingly, in this case, LPS(x) in Equation (5) can be represented as in the
following Equation (6) by the use of a variable H satisfying H < T.
sin(2zdx/2H)
2mdx/2H

Moreover, in the case of using the window function W(dx) represented in

LPS(dx) = ... (6)

Equation (3), LPS(dx) is represented as in the following equation (7).

sin(2zdx/2H) < W (d)
2mdx/2H

By using Equation (6) or (7) in the processing of the image signal obtained from

LPS(dx) = (D

the image pickup device, the interpolation and low-pass filtering can be performed at a
higher rate.
The foregoing window function is represented by the following Equation (8).

1+ cos(27dx / R)

W (dx) = 5

. (8)



2 6 DE C 2002 33 for the i mage pickup device is moved. FIG 15 shows &6 DEC 2507
variation in the dislocation anpunt bggween t he novi ng anount and the

measur enent val ue whil e changing the npling interval. Wth reference to

FIG 15, although the variation amount behaves cyclically, it can be seen

that the error increases aff:dpngernaddensih ofibe windeWval exceeds 0.2 ,u m This
Is a condition where the sanpling interval is about 0.4 tines the m ni num
peri odi ¢ conponent of the inage. Incidentally, in the mark detection nethod

accor di ngnfegpoditon@faeWb danénsitnal Mfagpsigaslnt, i nvention, interpolation is
performed during the neasurenent. FIGS. 8 and 9 are diagrans show ng
si mul ati on resfitsa desenptinagvibhbegnadedn detad for tahease whererthe image sigplat i on on

the respegti I / epi{[ - | | s shown in FIGS. 5 and
6. In adgﬁt%inéﬁ?gglr@ﬁgﬁgtysl af’c??’glg?gsm soo(\i/}\nmﬁlté l?enr?g{ ISl ocati on anount of the
edge posi tion Inahe tdse of performiiey sosition neasurement wingtalteoidimgasidml inidpe, | nage

pi ckup devi,ce subjected to the interpolation _is noved. Wth reference to

FI G 10, Pesiaqnscqordinatesingwa direetions mayibe ohtamed fiom e sppe imgsdalae®ia j on with
respect bS’sittiJ}Fco% Ehﬂ}lnl?BXc?ﬂ‘i‘FéHigngrﬂSjb%?ﬁﬂn@d.be seen recogni zed that the
y

accuracy Is significantly 1 nprove performng the interpolation. FIG 15
i s a di agr am slndhis egibsdimeng tforthe casswWhese thé niisimupodivisiomunitef sherieragat err or

for the case where the ling interval js§.changed w.thout performng the
br - pr o BERIMIFE LBt D Haime s U ITEpRIOR i GAmPBReRt OF 40 [edes PLigtshm

showi ng ghdmbaiitepibnt 8iattiba, e intétBolalsn fsipeHoRASY tRATRY saRiplifg itévalldfe case
where the sanpling interval is changed when perform ng only interpolation.

FI G 12 the digitsl tpgpesieas he simnalier shan the minimumedivision uait of the image pickwp measur enent

error for_t.he re e sanpling interval is changed when perform ng
only | Owg%\é%esatﬁﬁ%ﬁﬁg\ﬁﬁ%gyeé&& 13 is a diagram show ng sinulation results of

the position neaaserieoBididetsd Wheréiathd Mterguistidnibperforinge of atpbidirgensidral val is
changed when perform ng interpol ation and | owpass filtering..
image signal fi, «y (sampling interval Ty in the x direction, sampling interval Ty in the y
direction) and the two-dimensional image signal fix, iy is converted into a signal fyx iy
(kx": 0,1, ...,nx"; ky": 0, 1, ..., ny') sampled in a cycle T,' and T,' satisfying at least one of
Tx>Tx' and Ty > Ty
After interpolation, each value of the image signal fi iy is obtained by the
following Equation (9) using signals fix, ky of one or more limited close points (P - mx <
kx <Py + nx, Py - my <ky <Py + ny) and an arbitrary interpolation filter S(kx, kx', ky, ky")
depending on k and k', with a point (Py, Py) as a center, wherein a position Pyx(kx), Py(ky)
on a two-dimensional image corresponding to kx, ky, and a position P,'(kx"), Py'(ky")

corresponding to kx', ky' are coincident or proximate to each other. Note that the

foregoing variable m is a variable set in relation to the accuracy.

Sle= >SSk, k' ky, k') .. (9)
{ Px—mx<kx<Px+nx)
(Py-my<ky<Py+ny)

In order to facilitate understanding regarding the above-described process, a
specific example will be described with reference to FIG. 3.

FIG. 3 is a diagram for explaining a state in which the interpolation is performed
on a two-dimensional image signal. In FIG. 3, to simplify the explanation, a case will be
described wherein the sampling intervals of the two-dimensional image in two directions

(x direction and y direction in FIG. 3) have the same T.



Wth reference to FIG 11, it can be seen that by performng the 26 DEC 7
t hree-point interpolation, the nmeasurenent accuracy is good until the
-sanpling interval is 0.6 tinmes the m APum peri odi ¢ conponent of the inage,
that is, until the sanpling interval is 0.3 a m 2 6 DE C 2002 34 Under
this conditi onln HGt ha@g@xpPi@g)) ng(RxirB(6y) até assamed to beqroims sampley t he
measur enent. gccur ac qtlhe anplitude of the m ninum peri odi ¢ conponent

i ncl uded oY Hemasy é@ Yot relatively | arge and contributes little to the
measur enent RIERA B REY much.

When t he sarrplllkqgg %ﬁ?ﬁifa@xcee[}"&% t| bﬁnﬁpﬁrﬁqm rrurcrlts‘4|?)§edrgr|1 odirc component
of the i imgeal T batishingTa<¥. dNoterthatfinordey ts faoilitate nnddnstamﬂurgmheg:asd wilFI GS. 12

and 13, filter nDV|n a periqdi c ,conponent. e ual a m.or |ess
o per T oPhitroribethervg BadicrBa et Bfamed ag M garebligegiiervals Frifafy OF £ ps”S
0.3 3 UtHEx%F&n@ﬁhﬁft‘h@ dﬁ%ﬁﬁpt ent which causes a problemw || be renoved

ensuring good accuracy case of performng.only |ow pass filtering
(see FIG 12), AsHwvacinFlGcy, ths simpedpaints aftenthe injerpolatemayadeSued taibeh t he

case of t.for i ng,.no pr.e- pro¢ ing (see FIG 15 ); however, errors by
sanpl i ng%g‘t(%?éﬂg&g’dﬂoﬂ@a@‘agﬁa@@%ar ge, thus it cannot be said that there
I's a very goodNew @6 kaseli§ cdnidefidOghtre e ﬁt&%blahb@nsq{effefnsedaﬂ'o?aﬁbinftt}?@ to a
| onger sanpl ing interval as a whole. On the other hand, in the case of

per for m G (PXWPpERyd) a5 showmiimFIGRY iFirsk R peramatepoins trethh peint Qe bl G 11 ),

the accug 1AL ' ' - WM : f mng
nt er pol Srebyepd(RERNRE, sRAGTRR ) BRRiE Bopl) S RERed BT SRPARTLCD:
Wi th ext PER)) be@asd tcprokiagite peifit. be obt ai ned up until the sanpling interval
PS teaches PS =0.33ym Fromthe aboye sinulations, it s _recogni zed t hat

the mark det ecNE¥natieashere ofthe slaseRpints of kispraxigts painids selecisd. r

effectiv te be 0.5

oo or Yeifle SRRnCASAGIR it DP AR AR Mt s R e BRI o e?sn
nore, a dwpetatibhmprmhﬂedbgﬂwefdsgomgﬂqaamﬂm atpecformedsul ts shown in FIG 15
nuneri cal ape nd uner.i.cal

gapert ure NA = P ‘Sﬁ%m wlatmn fil?dr(lS(l% kXAEY d‘@%bsta}n%’ﬂ é'b‘@%nd"t%%‘g Q‘S@ﬁ?‘&% i's

demi ni Shﬂdthf:@sﬁ/o-ﬂﬁﬁed‘s)fbnbnrﬂalge sighdli showh by R -add hefpdsitiont sIREWIrbYk 38milaPg-n and in
the region of PS > 0.41 x Pprn. (The position peasurepent error becones

| ar ger ~ t HErFashwhere ﬂtﬁ/tat;n@lfémndﬁ P%Ifo%éetl the qng-dimengignal imagesignak hdnaccur acy

the of mul Sy e ol bRk ot oiFlncns(Shalipded s iepresiled (AT, © 0o

pi ckup ddiﬂ”emmcbsfdekeanommsl so as to satisfy the condition of 0.39 x Pnmin <
PS < 0.41 x P asu nt error of the ositiaon dge

posi ti on) can n}t:)%f tB%FﬁSF g’ﬁteeeo‘ {)‘8‘1“3“5’5%0 nﬁﬁ%’hgﬁ?“l“(?ﬂ/é’bfi%e’\?glt%e (5 nm
in FIG B&}Hx —t||l"‘,}($cx) hpx (ttﬁ@ﬁﬂfd&ﬁ@atstaa@@méeamnqe@y BiRedtioR idetihed kdbOdNL wor ds,
for the case pi xel size PS cannot be changed (in the case of a

fixed pi )?e(lkY)st %é?y ) }t F'Pé fﬂragwps interpplgton filtenkop ki, Bﬁlk}’éyss*teEWWt?ﬁaﬁséhtﬁ orm ng
opti cal abﬁgv g a mark in order to forman image thereof on
t he i mage E#SE}JBEhetW ce? #’2 determ ned so as to satisfy the condition of
0.39 X Pm" < Nboreover, e following,is allsmsintilaetanhasucmleretthammelayomfs t he mark

be i the b f th | ati
Cosult s, TRHHTR QgRePYS -OiopRIpaI EES REEl v SReFTGH iy Reasmgnigrel T psy 2
is sati Sfah@%et%ﬁﬁtbﬁﬂ%‘mrté}ealslhﬁﬁ%ﬁﬂiﬁté‘é&} réifo, %Hexptﬂé ngéi'ﬁﬁ]orf‘@fftﬁc fd}@%dfné"av' ng a

cycle) and the pixel size PS, that 1's, 1f the sanpling positi ahd t he
edge posiBquationgOpissireéutest thervatnes af all ttetinterpotatien @ttsxstS(dm dyptistithenent error

can be coptro tovmt |nt t accurac

o ovedyBotss et Par A R iR bt E e R RRARPRB R B on ¢ ha
the |i ne pairghidiviafe RrfdBningthd iAkerpoldtion opefddoRd. the mark neasurement accuracy
can be inproved. I'n other words, when the nagnification of the

i mage- f or m ng dpe inerpolatien lien S{duatydini the dassof perfarmingathe intgrpolagios ondi t i on

t hat theI dth .of .a mark neasyr enent

acour acy RoTeueniPh dnR R ke Aol Rt RS TERE o b ¢ ne
condi t i Oﬁhé?lsreEpéatch Bﬂécﬂoné"ﬁiﬂﬁ@rép‘i‘és@ﬂit@@b?tﬂe%lldvﬁm%ﬁﬁﬁétfoﬂdlO)and the condition
PS > 0.5 Pm", where aliasing is generated. Furthernore, by formng the
line width of the mark unevenly in the mark, the sanpling position and the
edge position of the mark can be shifted from each other. Wen such a mark
is used for the neasurenent, the mark nmeasurenent position can be inproved.
In addition, when such an uneven mark (a mark constituted of a plurality of
| i nes and spaces and having different line wi dths and space widths in the
visual field (wwthin the mark)) is used, the nmeasurenent error can be
reduced |n aII t he pi er si zes by an averaging effect. Note that th| S

o - Y Y T o [T T Y L ™~ ~N M~ O~ I




Z 6 D EC 2002 36 proximate point (above-described f5 in FIG 2) of arpgDEC ™
arbitrary point to be subjected to interpolation (for exanple, previously
-described f 8 in the description of FE6 2) and several sanple points in
front of and behind the proxi mate point (above-described f4 and fb in FIG
2). The coefficients corrandpd: aghde si(le respect (W@ sanpl e points (close
sanple points f4 to f6 in FIG 2) used in this |inear conbination

(wei ghting operation) arevdgri-val ent to the contribution fromthe
respective sanple points, that is, the [ ing (weighting coefficients).
Not e that negative values are g} dﬂ% t hi s wei ghting.

I nci dental ly, according to the sanpligdthderem in order to restore
continuous data to its pre-sanpl ed st.aEE%” Ei.f condition in that the sum
total of the weights for weightj@ag Ytonst ant nust be sati sfi ed.
When an infinite nunber of sanple poi =yaB used (when the sum of an
infinite nunber of coefficients is taken), the sumtotal of the weights can
be made const ahfe Windawihpationpfor redueine npise dusigiths 3at thatthe interpelatien oy

Fovever . B SPhnh ACAA M IR RE P Ao B BB GRS ot 00 1
i nt eL pol ahd gro hsvmlrohepmdgédn oatlhb ilik?,tadenabtﬂddma ntahmersixﬁilarab die aate vfhe

wei ghts is not . constapt and, cyclical noj curs at.t sa in

0t or val She QEEPA Qb e i OHhGreagh SLaINo il Pistpgftion ISherN & ng a 1 ow
contrast sy(!iﬂ iPi\%?éctéon%h' Mﬁdé\b'f&xd%ﬁ%&me 1&%&%@{1&5@%&&&%&%&& must be

performed on the above-described interpolation filter (weighting function,
si nc funsherephys useidr ei nbel ow, a description will be nmade for the

st andar di zi ng ocessing, for.the interpol.ation filtar, description wll
be. made f or e ELTRSES opelay Bk P ST RGO AP spoldRr el T er S(ax) in the
f or egoi n@n&disensioRal(itage ¥idhdal hwitls thglierpoRYioh fitterd s {ax)cind Bf(dy hrepreséntedool at i on

filter S having a |imted length in the foregaing Equation (2) and the
previ ous|uyEe!@§eaKHEdedewarlemmgiacﬁmwxa&)nteml%?h Hr & h aepsgd tof a
certain [ Dot - l i(nie j . ted by the
use of tﬁé&ehtggiué% a{Ii%gH{ﬂ% Pﬂ%tf@?d‘@%‘%@@ﬁ“égﬁa%’fagh&ilgg}pﬁgﬁ% sumtotal)
obt ai ned idggrpblagon canceprfatmedsifoultareousdy.dx) i s cal cul ated. Next, the
coefficient values of the respective .sg@l F? ggl nts (coefficients of the
respective sanpl e points obtai a@&)bgys polation filter) used for
this operation are divided by the obt&mel2Bumtotal. Thus, in all the
cases (in all the arbitrary interpol at'2o iAts), the sumtotal of the
wei ghting can be set to "1" (asgdy)st . For this reason, the noise
descri bed above is not generated. Ther2zdyht® result obtained by the
26DEC2002 37 division is used as a wei ght coeffici er‘t{l of the sanple point.
Herein, a description will be specifically made for PI s standardi zi ng
processing by Eu@igpmbfey by 8bthithglAsiEdidt 6F S(dk @) imEQiatish 210)@Rditlke per f or med
for the arbitrary . _ interpolation point f 8 described wth reference to
FIG 2 byvindpw fimetion W(de dyhgsieBcigagyrvierein the wlueiges potismootidy gonverget y of

i nterpol at | i i : i €] . i sanpl e
poi nt o1 3 £ £k Bh boffion B e Wb GRIautR Bk GRS lenldh) B BERAbNEL " oy
are defined asOaéexahplanfithelforedding simdowofuattidn W(dxf dg)ds giveabyitle obt ai ned.
And, by (Halé;din t he rif)pective coefficients ad to a6 by the sumtotal E a,
a~/ E a, wipg Eautpn{12)- £ 5 are determined as the weight coefficients of
t he respective sanpl e poi = s Next , description wll be
made for another aspect op?t‘t&h‘gﬂi n%gﬁtggﬁg@%n filt Q?) Per f or mi ng
differentiation after perfwhgig ng i nterpolation or performng interpol ation
after performng differentiation |leads to an increase in the processing
time. Therefore, a descripti o%x@xBI:lb*eCQ?é?ddfo an aspect where
differentiation and interpol ation’are sinpltaneously perfornmed
sinmul taneously in order to achieve a shortening of the processing tine.
wy(dy) = 1+ cos(2mdy/ Ry

2




Performng the differentiation calculus after performng filtering byJ BEC 2002
sinc function S(dx) is equivalent to gerforn‘i ng filtering by a function
f(x) represented by the following Equa¥ion ( 18) when the sanpling interval
is defined as T. f(x) _ 2 f ~cos(2~cx / 2T ) _ sin(2nx | 2T ) ... ( 18) x
~x2 where f (x) = 0 pdramgdend lefgth@stirreindaw dn the xpitvetionri ng i nterpol ati on
using this filter f(x), the condition that the sumtotal of the
contributions (sum tRy sangeand leagthelf e windew in the ¢ MU cal cul ating a
certain arbitrary interpolation point is always zero (hereinafter, referred
to as a "summation condition") must be satisfied, and the condition that a
nonent E(Elirﬁm&ﬁomﬂaﬁaﬂhg\/&)‘riooﬂﬁﬁgay ant (hereinafter, referred to as a "nonent
condition") nust also be satisfied. However, as descrjhed previously, since
the wei ghti ng Bgeneral inondsr t9obiain aroerigingl ampge frorm @ signgl JRaped 8 | i it ed

sanpl e pqi , pﬁﬁ i @d?{%ﬁ# LS 'Hl@%’a@ For
this reag%ﬁlﬁ%hag% e#ﬁ%etﬁggj%aél!n%n%rlés: per %Ar%gg’ﬁﬁiiéé%ggdse o} ﬁ"tl%ﬁbse filter
f(x) w tBduimesar lest gf thg nhinemwm oykl¢ incheded imythe image. ndlessdn, dorcthe sasatwlitehe
sanpling intervals, causi ng a reduction in,an S/Nratio for a signal having

a | ow cothervayelengthof fightiseq forithe Wlmination iord soditls rumeyical aneEpied Rsi ng thi s
function f(x), the. di zi i | so .be perf d. 260D
£ & boopontsikasleitisH e o8 riniEniT peiodio comrpsat o thefdpBon SERBRES kR 1 ¢ e

respectiygysanpl e points obtained by the filter f(x) is calculated. Next,
t he obt ai ngd sumtotal E f(x) is divided by the nunber n of the sanple

poi nts utili zedowevertiherder tiehthealigihmesttmark is fivsi dptdctedgn dipeegbswe) , and E
f(x)/n obtained_ by the.division is subtracted fromthe val ue t he

oo - o BRREGH e ERGREsan Ph e oaeal Y Rrsceet B ks W pisuai e

respecti $gad&Pheerde ratigmﬁmt%dm& deYectedetht imdgBifichiion of thd Btidabi§ysletB f (X)
representing the respective coefficients is converted as described above to
be a fundncreapedrandthe aligmment is petfoyrmed. = f (x) - E f .(x)/n. Next, by the use
of the conversjaon functiqn f. S f. 0 he nonments f
(0 x of tne Boet B B8 miniin ot ¢3hElmze pickdb gedef ol oq and
t he respéedomes 0Sokrhés drirpdre of the minimam pedsdic component ofthe infage forpiedioned
previously are djvi dc(fd,by tBi s.sumtotal of the_ponents. And, .the result f
(x)/( E fheimpee pirkupsieyiqedy thyalignment optipbiysiem. y dlsgernlelom i gtiptioBef f i ci ent
of the sappbemas fra rhitk dBRCASH RERbA SapdBIRINE teduSind MkAp it &RurRhehthe fil ter
function f(x) is possible, that is, the above-described summation condition
and nomestroreyenin $ush agase.be satisfied. Herein, a description will be

specifically de, for this standardi zi ng. processi ng.by .exenpl.i fyi ng the
chse where | herfiipe iss e Rt FECRER GiioRS REFRESARERY A SMBPRY ot at | on
poi nt f gedaardibyake imdgs pickhpdevies alissing docurd wiserdig alshet pafodice points f4, fs
and fb in the vicinity of the point f g. Wight coefficients of the

respect i FEMRRAFHI of tB%Pﬂ'i‘&? if gonveEed, Ao ¢ bzng\mﬁmcﬁc 5emPeAsph; on thiyrepsng,

| nt er pol erOR algrbBih thdtXih pridtiplel 8 SighBitafitot B resiste@Bsly BY eff@r‘?nigé'met otal E b
of these b4 to b6 is obtained. And,” b4 - E b/n, b5 -"E Bln and b6 - E b/n,
whi ch ar éntepolatiomd by subtracting E b/n, obtained by dividing the sumtotal

E b by the nunper. of .the s | e poi.nt in this case, .three r.om.t he
respective co%#’giemogl%%%’gpsﬁgg -ggréaﬁSérpg?rmghaueﬁﬁ@@gm%m_mnﬁut%pﬁm s - E
b/ n, and sR@al-ank théntemoPed. especti vel y def ned as b4', bs', and bb'. Next,

the noments of the coefficients in the resgect.ive sanpl e points are
obt ai ned. WienWhsa thy minimusspesipdiciiempapent pbthefinage piekp denice ay defingd b t he

ronont s o Sihr® Arntsiuef Bériddic BifnduBBARIhg el orfiel R it michlo B0CEL 20
"c6 Db6' byNexdlignineft sptical ybtain ideﬁnefd(ameQIth§ henifsppaiodicacompraeitsf i s

obt ai ned (specifically, E X (x).=¢c4 b4 +cs bs" +c6 b6 is
establisﬁ%n;SPUCﬁ%@al}albﬁrerEe%eJ?S ](/zJﬁS'H@’rwn)E x f (x) and bb'/ E x f (x),

whi ch are obtai VAN . i evi ously
by the sumt ot é@@r&dﬁ@ﬁh}{g@%@r{%ﬁ%%? émé(gnregé}(ljae‘é@rtﬁlgr?gg%? E‘)&ggejmfg %e wei ght
coef f ci emesatiffactdrily pedprenddi ve sanpl e points f4, fs and f6. Note that

al t hough the alignment of, the wafer has been exenplified in the mark

det ecti on net h&ar ifditihiatislestosithat aeanserlion censesenisg by tha REoWB Mt r i bed
enbodi ment of the present invention, the present invention is not limted
to the above-descri bed enbodi nent. For exanple, in the position neasurenent
using an image sensor having a limted m ninmumdivision unit such as a CCD
or a line sensor, the present invention can be applied to position

measur enent for other objects such as a nask on a reference plate.




The nmethod of interpolating for a discretized signal and the methodof pic n"
.using a filter for renoving aliasing is not limted to the case of ~
detecting.a position froman optical 2313ge. Specifically, for exanple, like
t he above-descri bed LSA-type alignnent sensor, in the case of performng
posi t i on(1d¢imag be perfinnetiaking@ fites Fnk') whishalbesthdt indlide the peayivdint mar k whi | e

novi ng (scanning) a wafer stage relafive t alignnment light, a |ight

i nt ensi tg,orgp@ﬁlg?app@xugataliysegpaz?? E'élﬂssﬁé?\ f’(%ﬁ-ﬁzl’m)m | arly obtained. When
detecting the position fromthis st i he s ling interval of the
signal must be sufficiently small an ‘t he” mum peri odi ¢ conponent of

—m<k<K+m)

the signal. The sanpling i nt er val"“’™det er mi ned by the clock frequency of

the el ectri calMexsi@bypstiaihing oprodet bAthe rightCsidudMie dtvive Eqaitidn@3yaf er
stage. By using a |arge sag) ing interval to performthe interpolation, the

scanni ngandthe windewainetianc\Véda: adefigienpbwhereindig valee dogs nges@bly. Theref ore,
t I ' : . : f th

ol ectri oaitapt LA IAHE eREpdIBh GG jnugbiaind id ity Rtk IR ERUFREY R 00

wher e t hesgloed.rast of the image is neasured at sonme points with respect to

the direction of the optical axis of, the projection optical system and a
focal point pdrhemERerean g actHahprogessing: values @ @Fﬁ@%ﬂ“ﬂﬂ?@’@&al poi nt of the

proj ecti i ; i i Ld t he

Dt o) cct | AT ARIER) BQUEDE (1 Sr R bR orthif 4R ol RSt erale BPaliue

measur enertubgargfomh, andglaridg thy intepothtisn opératran theowbies pmjy ibe reasd feomrttear | y

obtai ned., Also, in thi sfcas&, t he nu1r1rber of neas rene%:tijOi nts.can be
reduced f}?raﬁgf‘lw@’at“ffetoipﬁf EFpBICAIGH o n §ych AIPUDEN 4 IR SHPFH"& he focal
Poi Nt POfink Qb IMREEHITBM fusthehbrtdMihg Othe bRVEsINE dinid @inFRAsKiEAHE Nt

accuracy; thus the neasurenment rate can be inproved to a great extent. Note
that the expostikfugtheran desssiption will be madedenthdicasg where hedownpessdilirsing is 2 6
D E C 20D2 40 nuf.actured so gas to0, be able control the position of
wafer 12501 {1p-BBHIAR BB et O ol BT G ooV e LR Bt og i1

hi gh expesi sddyGysas¥-difdbtichal SRHRNE TerlvAI UG ARE onal GR iihg ftbryal .)€
exposure apparatus according to this enbodinent is manufactured in such a
manner t lsaterformed: e Noay thesignal aftertheslowlpassfilteringlisgiven asfligh'.as t he
above-describ LI g LN, syst.ens.. o9 .. reticl i . system 31,
waf er al i gnrreﬁlgrsg’fg? %prﬁg%béﬁ?jﬁﬁrkb] E«re%"l}t ir:"cl))a'f' 8a{ain§9§fh§#ﬁ"%g§${éoncgﬁpl ed and
f abri cat @)t (loy)@nahodighil ivlage which abirgspondsab &x) loadddya pasition®x'&aD, y, and

then an gQveral | adjugtnent (e|ectricgl adjustnent, operation confirmation,
or the | PKGY icg“?f’BP‘_P‘gP%r@gf’i’H@l@FS?‘nNg?‘EOEH'&E‘“’P%%tOrFéﬁ PEEEuring of the
exposure appanyii{swiis ﬂﬁ'@?diﬁ@(‘?'x,}? PR &B{Hﬁ,%ﬂl s{ﬂ%gls%ekayrbf bROG MBR' ot he

tenperature, degree of cleanness, and the aré 'controlled. Next, a
descri pt paintsPy 4 mip e kxadl By + o, Ryranyrs iy <ty ttunyi),rap aperationl shdvaebyEquagion he
exposure aratus and nethod of thig,enbodi t. Fl.G 21 is,.a_flowhart
For  pr odty Rgpestoffe et ot Rapi Rt by R deedmifeis 8 4 Eh as an
| C and aa finStion B(x, yiwhidh ¢ty bé flgarded & not incididg @pdriddit-dokdponeragnet i ¢ head, a
m cr o- machi ne anij tr;lé like). As shown, in FIG él, first, in step S301
(desi gni Aepreximately smaller thantl{GFs of Prmbingt lgastone dirgetiandiyshe psef 2exanpl e,
design f : G ' I B3Ra ] j T a ai f.ern.desi gn for
real i zi ngﬁ?lﬁré& {I}Jﬁ%% %Ogﬁf: I ’s%%ﬁ%fn%ggﬂ%g{s%gg%d}f% T Vi ﬁ%e%wsg%i ( mask
manuf act fittenmg ofitkpiwo-dinmensiknal aignalkran be peferingded circuit pattern formed
thereon i s manufactured. Meanwhile, in step S303 (wafer producing step), a
wafer is produced by the mse of 2afmaferkab-guch as-silf) con. Next, in step
S304 (wafer processing step){ﬁ;z;ﬁjﬁ:@gﬁual circuit or the like is formed on
the wafer by a lithography téchni que as described | ater using the mask and
t he waf er whi clh addition) £@esceptionwidlibemsadSIorithe casS30 Berfokiniiy intetpsiatign S305
(fabricating step), a chip |s made using of the wafer processed in step
S304. |ntqa%81§rwtt§i?vs3m§, 11§F185-esses such as an assenbly process (dicing,
bondi ng) and arpag i bbn; I i ed.:. Kl ly, in
step S306 (i nspectg‘ﬁh@%eoggl?&?ﬁéglégﬁg%lgffaﬁdugﬂ)eggﬁgﬁ sg%%y%’flfyésngécﬂgﬁ irmation
test andaafguy'dlsl: 0j t,y..t st ky'dy &, penf'dr iEds fignal after thevomersiathas@at ed in step
S305. The device is conpleted after going through such steps, and then
shipped. FIG 22 is a flowhart showing the detailed flow of the foregoing
step S304 for the case of manufacturing a sem conductor device. In FIG 22,
the surface of the wafer is oxidized in step 5311 (oxidation step). In step
5312 (CVD step), an insulating filmis formed on the wafer surface. In step
S313 (el ectrode form ng step), an electrode is fornmed on the wafer by
deposition. In step S314 (ion inplanting step), ions are 2 6 DE C 2002
41 inmplanted in the wafer. Each of the above steps S311 to S314 constitutes

. . o oy Y b1 Y o o o - .




In addition, the application of the exposure apparatus is not linted Gtﬁ)E[?ﬂ][l?
exposure apparatus for manufacturing a _sem conductor. For exanple, the
exposure apparatus can be extensivel y2§ppl ied to an exposure apparatus for
liquid crystal which exposes a pattern of a liquid crystal display device

on a squaampliigriptedval batisfying attleast one afdposk anddfypafat us for manufacturing a

(365 nm o S e radering Suspalajon Dot oW flidine. el o
an F2 | aggiy dalkdf D) Bé9§sox§n§§ ptagg k‘ﬁf 9@% %&&kﬁ?ﬂéﬁyﬂxé g&&i&?px@egx- ray and

an electron ray can e git source of the exposure apparatus
26DEC200P4%g) @f the digitabimmgd iwhécht correspande sodmp kg and thet positiva Pg'(lof), Beikp'y an

el ectron ray, ap e]ectr.o un, .ar | ant hanum hexabqri de (LaB6) and tantal um
(Ta) of tcﬂ’égﬁpﬂ‘_é‘ﬂ%{oelg{”é%’{]?gﬁo‘f‘&‘%ﬁﬁ 8P Et‘t%?ﬁﬁﬂg’eﬁs_ed.( The) magni fi cati on
of the projectieq, Qr&h'tl‘ﬁ@boi%i’&i P) ba BétterOdt dbe?ati'bﬁ‘i'éb‘r&deﬂﬁdiﬂEh@iﬁohUt may

al so be either an equal magnification systemor a_nagnification system In
t he proj étDiivperfopmed using yignad of o ermors;limjited d@ﬁp@ﬂ&gﬂbd?et mxzkstlh as an

i | , ter] i ch t i tar-ultraviolet

Eher ot hr o Bm iRk I b o) S e R e n SBG6 K kP gPbsolbands 1 11

the case aad k'y&idrtﬁuéimvﬁﬁas!s &iffin@andAfiterpolation of B thoiRehdionRl Sighdleah bsystem i s
op

a catadioptric or di ic system (a reflection type reticle is also used).
| n addi t ipeHormed. t he case of using an electron ray, an el ectron optical

system that consists of ap el ect {e , ngy, pol ari scope may be
satisfactorily used as thg"ﬁp;gi %ﬁé k@&?s‘ ’%Yr gpti‘ég) path for transmtting
an electron ray therethrough (hdnied &y vacuum st ate. When usi ng a linear

nmotor for the wafer stage or_the reticle stage (see USP 5,623,853 or USP
5,528, 1118), eHexwén thafunetiont §(Extkn kyikypds afunction s(gx.0y) depengingrondbe or a
magneti c- Ll I 30 W oy d Ja% A Ntpzy rc f ..force may
be used. v%gag%slvdg{r,%(ﬁ@ léﬁt"gf;*e)zrnay yg_ej;’g%)tghg(@tyg‘gg Ié{c}»ﬁ%ﬁ%g’&?&sgng a gui de
or a gui dedoties cadpaple oftbeinlg regardediasppprok oheatelyil { VPa- til|,.gein dkbgeatranly oge bhe
apparatus, for, driving.a stage, a plane notor for driving a stage by an
el ectroné].b‘?fég’ir‘??t‘PBF'&‘gﬂ‘ﬁé'ﬁ“&gg@'be used, in which a magnet unit having
magnet s di Spos gthddftidn\\he FiRERIORISODE dy PR YerlseAedBY 1o Batttn (ﬁsﬂ@sﬂmx o
di sposed in two di nensions, are opposite each other. In this case, it is
sat i sf actthrsgtisfying: any one of the magnetic unit and the armature unit may be
connected to t t £ other unit may be provided on a noving
pl ane of the s gé@?&%o{fsgg# O@Z%x??ﬁ“ﬁ’é gazette of Japanese Unexam ned
Pat ent Appl i caHy erl/(1A;0o+ IR LRt 1 on No. Hei 8-16647S (USP 5, S28, 118), a
reaction force ner at e vj ng . the wafer stage may be sent to the floor
(the earth) rregﬁgbﬁ‘@é?f’gmgi}gﬁeg ﬁgéy} »a frame nember. As disclosed in
Japanese Unexam, eed1Rat,g0t | ixation, First publication No. Hei 8-330224
(US S/'N 08/ 416, 58;k, a()?ea/cpt%lpgn“)for ce generated by noving the reticl'e
stage may be s6where thetsyimbel Jodenpten thegwemyhdirestiemhni cal |y by the use of a
frame nenber. In additi org(% ﬁbe q(ve-ddﬁscri bed odi ment, a description
has been nade for the case & és%( |r1gé(¥ nct i on“i( used when perform ng
the interpolation. Howeveryndipbe Z 6 DEC 2002 43 interpolation may be done
by fitting using, for exanple, a spline function. In the case of performng
the interpolation on an input ir{?%e_ sin(lwal / 289el f, the interpolation may be
performed on a correlation fundffon prepgl ed. on the basis of the concerned
i mge signal. 2 6 DE C 2002

_ sin(2zdy / 2Hy)

sy(d
A== I2h,
Moreover, as for the foregoing function S(dx, dy), one obtained by further

multiplying S(dx, dy), represented by Equation (16), by the window function W(dx, dy)
may also be used.

Furthermore, in the actual processing, a method may be also adopted such that



44 CLAIMS 1. A mark detection method conprising: irradiating a mark fbgGed ™
.on an object with a detection beam formng an i mage of said mark through

an i mage-form ng system converting t g i mage of said mark forned on an

i mage pickup el ement into an electrical image signal in order to output a

si gnal r edla¢sed theoopesdtivnéh Equation416)ianmokiainedbefbrehandmnd gtoresd mithe storagapl i ng

I nterval s; perf.orn a snmoot.hi.ng. operation to renove a conponent having a
cycle bePP@%WMW&?%@Q&W&?%%?‘B&@@ OREAPIYAYE PHE °§§’in§ % gnal
output a ' arhd | I : S@d}gg i ah pf ol Wiith Qo sai d

si gnal rgei)tale ot?o sa‘?gp%ﬁegga?rq{%}g?wi nage@??g‘ﬁm |np?e§:s§§:(?e ‘g‘qthal to or |less
t han sai thethodcthe eperaticrprocasping timeican be shdrten@l and forhdr shertening efitherbinhod
according to claim1, wherein said i mge pickup el ement has a predeterm ned
pi xel si ¥ bedg 'Gvéa'edet erm ned sanpling interval includes a cycle of said

predeterm ned pigietonthéiied M uRAilfer FL B! ROLA6E MARdd & NBA#HQY BRSthifike CYCl €
equal to _or less than said predetermned pixel size. 3. A mark detection
met hod aEGkraiky)depsndingi respectivetiy oaiky ~&xi andkyx&y'. siTherejage varjsus tiweeohii ned

mul ti pl ezQf m 0l ri0di.c ent .an | for an.sai d i mage
pi ckug epg%é’ﬂ{u.t Ogmg%%%%’qﬁlggE%%Bﬁ?%mag’&g@ﬁ%%? M@B& |nng to claim
3, Wher eiwdg@k dselifiteRamigleoper ati on renoves a periodi c conponent equal to

or less than 1 /( 1 /PS - 1 /Pnr,), on the basis of said predeterm ned
pi xel size PS When tginininwn periedie coaponentefinfalse signabig represented as Rict ect i on

met hod a¢gppdi 118, P! el Feix) ¥ YehfeldhtciPlyEquation (17).

sin(27dx / Pe)
2dx | Pe

Other than the above, for a Savitzky-Golay filter, for example, as the filter size

F(dx) = ... (17)

thereof is made larger, the minimum periodic component is relatively increased.
Therefore, a similar effect can be obtained by the use of a filter having an appropriate size.

In the above description, elimination of aliasing for a one-dimensional image
signal was described. However, similar to the case of interpolation, such elimination can
also be achieved for a two-dimensional image signal using the product of the filter
functions obtained in their respective directions.

Moreover, low-pass filtering and interpolation can be performed simultaneously.
The method of performing noise removal simultaneously with interpolation was described
previously. However, if the condition is satisfied wherein the interpolation filter does not
approximately include a periodic component equal to or less than 1/(1/Ps - 1/Ppun), even
for the case where the minimum division unit of the image pickup device is 0.5 times or
more of the minimum periodic component of the image, a measurement with good
accuracy is possible.

The interpolation operation has been described as above. Hereinbelow, a
description will be made for the use of interpolation in the position measurement.

Edge detection and a correlation method are well-known as mark delection
method

In edge detection, an edge is predetermined by calculating a differential image

signal of an input image, a slice level is fixed for the edge by a predetermined method, and



predeterm’ ned pixel size PSis larger than 0.5 tinmes of said m ni num § DEC 20"
periodic component Pmm 6. A mark detection method according to clai m% , 0
-wherein said snoot hing operation conpi@lses: a step of setting a snoothing

poi nt where snmoothing is perforned for said image signal; a step of

sel ect i NGpe pdsRMBnSAiete IHARALe SbSBRthe sfied l@vélﬁ@ﬂ%rﬁdlﬂedi{heﬁe%ﬁmh&% in a
predeterm ned range that 1ncludes said snoothing point; a step of

per f or ni rueasurementi 15 performed Withoiceuraeyeasuakigior dess than ﬂ?eﬁmllh@ injterv élr(!féhe of said

I mage si ect to a functlon whi ch renoves a periodi c conponent
smal | er gﬁ%#%ﬁ%ﬁ%ﬁa § 1/P",;"), according to a distance between a

position of saiag e&m?kmfmge merahoa Reétibdi9 8 inbinpilized mefiallcciilfionafetho®ge
signal, a step of calculating product of said selected i mage si gnal and

sai d sanph enquhmgmpbtp imagh sxga@i p%pnepared beferehand, g@panaltm@ mutyal pedrelationc | uded

o B S A e A R S e P R, 5,07

oper at i ORh&faRivE §6§ﬁorﬁoﬁh€&nﬁflat6 ghddesigraharddthenpal inlalgo Bighall aid avher e
i nterpol ation for said |rra e signal is performed; a step of gbtaining a

most pr oﬁpﬁﬁltaEOYpﬁ%lFft“PWPGP 18, Py thisysiptive P@ﬁﬁ?ﬂ ISWHF’@Hteﬂsth%%Peﬂ#rR?ﬂtWﬁt etoa
position o‘?ftkgs&hglahgﬁm%ﬂs 0%5}1 int; a step of selecting, fromsaid inage

signal, said inage signal sanmpl'ed in a predeterm ned range including said
nost proxi mat eMmecb\te'r ahere drukelf-cotrefation nethoduwlsed fon theacags whigre theod issai d

sel ected i mage si and a function for Z 6 DE C 2002 4~ renoving a
peri odi ¢ S&B‘Hﬁb"ﬁé‘i‘]ﬁ‘eémtl@?get han said 1/(1/1'S-1/Pm™") according to a

di stance to a $84 i Be §6SHG&I to each
of said image El?giﬁtg?l?e?ﬁ%?ﬁﬁieﬂelﬁ ?ﬁ%ﬁprsre%gt%rﬁn%%c? ﬁrmét%lgte Band addi ng said

product tconsidéred tochsrn déseqing to mgemsmnlapcsnt e positien toondinate of one pat hod
wccor 6 9y LAk AR B fen3| o 0u Pt 2 2 samle poi i

This calculation is performed while shifting a center point which devides the
signal into two in order to compute a correlation function. By obtaining a peak of the
correlation function, the position of the symmetrical point of the image can be measured.

In performing the position measurement by these methods, as a method of performing the
interpolation, there is an interpolation method of using the position measurement similar
to that of a pre-process, such as filtering.

Specifically, the method consists of performing the measurement after filtering or
interpolation is performed. For this case, the template image signal at the sampling
intervals after the interpolation must be used in the normalized mutual correlation method
and the like.

Moreover, there is also a method of using interpolation in an intermediate state of
the measurement. Although both a differential signal and an original signal thereof are
used in edge detection, since the differential signal is made for the purpose of
"recognizing" an edge position, there are many cases where the interpolation is not
required.

In this case, when a signal obtained by differentiating the input image signal and
a signal subjected to interpolation and smoothing are used, there is a merit in the
processing rate.

Furthermore, in the correlation method, the correlation function becomes a



interpolation is performed for an arbitrary point in a cycle equal to ‘Er[)dEC'lm
less than said predeterm ned sanpling interval by an interpolation rrez

.using a conversion including a linear 3onbi nati on of a plurality of said
sanple points located in the vicinity of the arbitrary point. 9 A mark
det ect i orfumtibh ofitha celativh pugition betwadenti® inputhimags sigreds QI lietWe&nphﬂ mpion met hod

i ncl udes .a wei.ghti ng, operation byt of said allt aid sanpl e
poi nts. ZBags! i ‘g@f’ g@ﬁﬁtﬁ “H%&Wag%‘ﬁb‘?‘ﬁ@@ﬂs &ﬁ@ P'et?’ _
measur engot, u?glﬂfchfa?sréﬁﬂ?ﬁﬂ%{gzﬁaﬁos't'on of said obj ect on the basis of said
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the simulation results. Specifically, in the actual apparatus, the simulation results

correspond to measurement results for the case of moving the position of the image pickup
device such as a CCD camera.

When FIGS. 5 and 6 are compared with each other, the shapes of the signals are
apparently different from each other, and thus it is anticipated that an error will occur
when edge detection, the correlation measurement and the like are performed.

When the measurement position is changed due to the phase relationship between
the position of the image and the position of the image pickup device, the change in the
measurement position causes an error in the sampling.

Therefore, in order to assess this error, after sampling is performed for image data
in a cycle of 0.24 1 m while moving the same by a sampling interval of 100 1 m, edge
detection is performed to investigate the difference between the moving amount and the
measurement value, and then the shape in FIG. 7 appears. FIG. 7 is a diagram showing

the dislocation amount of the edge position for the case where the position of the image
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position for the case where the position of the image for the image pickup device

subjected to the interpolation is moved. .

With reference to FIG. 10, there is hardly any dislocation amount of the edge
position with respect to the amount of movement, and it can be seen recognized that the
accuracy is significantly improved by performing the interpolation.

FIG. 15 is a diagram showing simulation results of the position measurement
error for the case where the sampling interval is changed without performing the
pre-processing as described above.

In addition, FIG. 11 is a diagram showing simulation results of the position
measurement error for the case where the sampling interval is changed when performing
only interpolation.

FIG. 12 is a diagram showing simulation results of the position measurement
error for the case where the sampling interval is changed when performing only low-pass
filtering.

FIG. 13 is a diagram showing simulation results of the position measurement
error for the case where the sampling interval is changed when performing interpolation
and low-pass filtering.

With reference to FIG. 11, it can be seen that by performing the three-point
interpolation, the measurement accuracy is good until the sampling interval is 0.6 times

the minimum periodic component of the image, that is, until the sampling interval is 0.3

m.



less thanl/(1/PS - I/Pm~), on the basis of said pixel size PS and s §DEC 2001
m ni mum periodic conponent P,n;n. u- A mark detection nmethod according to
claimet , wherein said pixel size PS 84 larger than 0.5 tines of said

m ni mum periodi c conponent Pm". 23. A mark detection nethod according to
claim 14 , wheUsader thia cénditidre aithdvghialissingsoqeearshe ditidishthevedtidaliythge si gnal
itself. 24. A mark det ecthi on get hod according to_ claim 14, wherein said
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peri odic e&eﬁ%&g ﬁfne@;&eamwrﬂﬁlg@eaeiﬁewnw%? ¢ PeRge: the ARQHRACH|dERHSNES 26, A
mar k det WrelaN cording to claim?25, wherein said mark is

I rradi atggtslémt @é}gtg‘gg‘%on beam and an image of.said mark is forned

t hrough an i mapeFIGS: it agd 53, $iRring forirémoving aperiqiis componentaapainenty ms def i ned
by ~. /2NA on the basis of a wavelength ~. of said detection beam and the

numer i calor &seistperfermiéd. ofCouniing backwards tromi v H{1<Rerl/Puin)nid Pk<@eX3ecini on net hod

accordin clainé6, Wnel'_l_e' n sai d pixel ﬁ e is egual to or, nore than 0.2
8 blem willge

ta.
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according to Cirﬁh@bé&bﬁg%&hﬁhé‘oﬁ?i&m ﬁs’éﬁlteﬂﬁigseé FICAR!thd Rclfacy RSS than
0.5 tinmes of sald mninum periodic conponent.” 29. A mafk detection nethod

accor di ngmpwved slightlp 8 comparisom withithe qaseed pesfomping nogerptocessingr(seedil€. t han
0.39 ti f said m ni mum periadi ¢ copponent, or .is.equal,.to or.less than
0. 41 11 S )PV ET TR Y iR et ANEATE Lork, R it IOt bR M et ho
accor di Nghdr®is@l vayobd effevh el FecopfizddabatithOerrdts afeashiitedRb 8%dnges nMeasured
based on said int %Eol ated image signal. A mark detection nethod according

to cl ai msaoplingintere| ps swhalepr edet er mi ned sanpling interval is deternined
based o0, 2 2Bl Sl BB R ORI s PRI
6 D E C 2¢d2theb(ee FIG. 11), the accuracy is improved in comparison with the case of only
performing interpolation (see FIG. 12). With reference to FIG. 13, simulation results
with extremely good accuracy can be obtained up until the sampling interval Ps reaches P
=0.33 zm. )
From the above simulations, it is recognized that the mark detection method
according to this embodiment is extremely effective for the case where the sampling
interval cannot be set to be 0.5 times or less of the minimum periodic component of the
image.
Herein, once more, a description will be made of the simulation results shown in
FIG. 15 (numerical aperture NA = 0.6, Ppin = 0.5 1 m) and FIG. 16 (numerical aperture
NA =0.3,Pmn=1uxm). Asdescribed above, the accuracy is deminished for any NA in
the region of 0.2 x Ppin < P5 <0.39 x P, and in the region of Py > 0.41 X Ppin.  (The
position measurement error becomes larger than the allowable error of about 3 to 5 nm.)
However, the accuracy is improved in the region 0.39 x Ppin <Ps <0.41 X Py,
On the basis of the simulation results described above, if the pixel size P of the
image pickup device is determined so as to satisfy the condition 0of 0.39 x Ppin <Ps <0.41

x Pmm, the measurement error of the mark position (edge position) can be controlled
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condition that theline width of a mark = (2n + 1) x Py/2, the mark measurement accuracy
can be improved. Note that this method is effective for both the condition Ps > 0.2 Ppyp,
where interpolation is required, and the condition Ps > 0.5 Py, where aliasing is
generated.

Furthermore, by forming the line width of the mark unevenly in the mark, the
sampling position and the edge position of the mark can be shifted from each other.

When such a mark is used for the measurement, the mark measurement position can be
improved. In addition, when such an uneven mark (a mark constituted of a plurality of
lines and spaces and having different line widths and space widths in the visual field
(within the mark)) is used, the measurement error can be reduced in all the pixel sizes by
an averaging effect. Note that this method is also effective for both the condition "Pg >
0.2 P, Where interpolation is required, and the condition Ps > 0.5 Py, Where aliasing is
generated.

Incidentally, the interpolation method in the above-described embodiment is a
method of obtaining intensities (for example, luminance) of positions among the sample
points (f; to fg in FIG. 2) by linear combination of the intensities (for example, luminance)
of the sample points.

More specifically, the interpolation method is a method of obtaining an arbitrary

point (interpolation point f's) by performing a weighting operation by the use of a
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i nterpol ates the snoothed signal related to said inmage signal in a cycle

equal t opRkin#£é poihh\@BovrdeictiieddpinFIGL DESE anamitrary Point tebe/aibjectedrar k
detection apparatus according to claim 3~ wherein said inmge pickup
el ement intespelationdéor exampleppreviously described £ ip gherdsseription 0§ EIG+HARA0. 5 ti nes of
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2~rdac | petformed in a limited region (with limited sample points). When the interpolation is
performed in a limited region, the sum total of the weights is not constant and cyclical
noise occurs at the sampling intervals, causing the reduction of an S/N ratio for a signal
having a low contrast. In order to solve this problem, standardizing processing must be
performed on the above-described interpolation filter (weighting function, sinc function).
Hereinbelow, a description will be made for the standardizing processing for the
interpolation filter.
A description will be made for the case of standardizing the interpolation filter
S(dx) in the foregoing Equation (3), which is given by the product of the interpolation
filter S having a limited length in the foregoing Equation (2) and the previously-described
window function W(dx).
First, before a value of a certain arbitrary point (the point to be interpolated) is
calculated by the use of the interpolation filter S(dx) in Equation (3), the sum (sum total)
obtained by the interpolation filter S(dx) is calculated.
Next, the coefficient values of the respective sample points (coefficients of the
respective sample points obtained by the interpolation filter) used for this operation dre
divided by the obtained sum total. Thus, in all the cases (in all the arbitrary interpolation
points), the sum total of the weighting can be set to "1" (a constant value). For this

reason, the noise described above is not generated. Then, this result obtained by the
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Therefore, a description will be made for an aspect where differentiation and interpolation

are simultaneously performed simultaneously in order to achieve a shortening of the
processing time.

Performing the differentiation calculus after performing filtering by a sinc
function S(dx) is equivalent to performing filtering by a function f(x) represented by the
following Equation (18) when the sampling interval is defined as T.

f(x) = 2f1 cos(jmc/ 2T) sin(27zx2/ 2T) ..(18)

y/n9

where f(x)=0
In order to restore data by performing interpolation using this filter f(x), the

[ condition that the sum total of the contributions (sum total of the weight coefficients) for
calculating a certain arbitrary interpolation point is always zero (hereinafter, referred to as
a "summation condition") must be satisfied, and the condition that a moment X f(x) * x is
always constant (hereinafter, referred to as a "moment condition") must also be satisfied.
However, as described previously, since the weighting operation is performed in a limited
region (with limited sample points), these two conditions cannot be satisfied naturally.
For this reason, when the interpolation is performed by the use of this filter f(x) without
satisfying the conditions, cyclical noise occurs at the sampling intervals, causing a
reduction in an S/N ratio for a signal having a low contrast. Accordingly, in the case of
performing filtering using this function f(x), the standardizing processing must also be

performed.



2 6 DEC 20p2 5~3 An exposure apparatus conposing a marls detection 7 6 DEC 2002
apparatus according to any one of clains sb to 4~ n wherein said object is

a substrate to be transferred with a §¥edeternined pattern, and said

exposure apparatus transfers said predeterm ned pattern onto said substrate

posi tioned basggit,aRe sinBsulh WelETH RbfliNe Soifitidid inthélRbRRtiVO Saniflo poiRtsUSs. 94.
A devi ce manufactured through a step of transfen~ing said predeterm ned
pattern obthinedby the filtes f(x pisealoylatedi d exposure apparatus according to claim
43. A An.A9! A AL[.A].A,.A A9F. As5,, AF, A .Ay. A% AlY. As|

. AHY. ALF. AY?. A¥g¥h, the gbtamed gam fotal 3n(x) is Anjideddy Ahgynumber a-of the sample

5\%:5: ?2?@{3@?4@; o s Sopitynation (weightig Operation ',%f¥&)/ﬁ%@é}éd}by e
XSAI. o £l 0 cajca]ca]c
ajc a]g caj g?%é?@%%@%?%%ﬁ%ﬁ?f@% %?ﬁ%%ﬁ@s%?h@%ﬁﬁ}:ﬁ% é;i?rlp‘f@

o e T e T Lol et
8- Tunctigry § hrpresepfing Medarest veAoeHicients & sorvsTiehcdesenhedapety 0rcal ca) ca
]Nﬁla] caj Cé‘hﬁ]@li&ﬁ‘&i]tﬁﬁlisc,?’](ﬁ?i?%I)Q@f“‘(ﬂ}/ﬁ.a] cal ca] ca! / Y®n0p049: : <r >>ACCCCCFHMVN
NNV ik it eaelchbigich el cabsakaabe ashagh el oaU

ca] ca] ca] ca] caU] ca]'ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cOa] ca] ca " “aaaabb

Xbadd  moments f(x) - x of the coefficients in the respective sample points is obtained, and the

ghgghohhh3i G i kkkkLI pprzupkfa\ W] ca] ca] ca] ca] ca] ca] caj caﬂyca] caj ca&ca] caj ca]

ca] ca] calespectiyg eagflicignisby thecenyezsion tngliemi(xs abptamad peeyioaply aredivided Prvvvyy*y5
cpsL C,. . i

2 EGOf val B K PEEAPELR RGeS o140 et ERUR £ ¢ 4) el ¥ reitisia) ca cal

ca] ca] caNlga] & AbEghCRbARIAbEME sahpi et OB<#x3>" uySh

$vO| wr mhc”Y] ] ] ] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca]ca] ca] ca

] ca] ca] ca] ca] dajtheaforegoing] marinen standardizatadnrofdHSTIBI Fudtib @i is pbsgible] thata] ca] ca
| ca) ca] o SRF ARSI SR £ Ao B ROl PR PR AR e o] o oy
ca] ca] ca] ca] cafieraing aletipadica]ICey spotificallycaideabe tiadndaldeahg plocedsingb- W n! G x

snid _Z]]]]ca]calca]ca]ca]ca]calc

a] ca] ca] Pagremplifying thespecayhers 8&]@*&]’@%‘@&]@%“@5‘}‘6‘&% theaghiralyca] ca] ca] ca] ca] ¢
1 Q)i 4" i ' :

)l ) it el o) sa kel st

V] c”aV] chin decatihityadf the poiakBy >OVeight coefficients of the respective sample points fy, fs

wo E Y. ,

L8 gt el st il oM aThigle geloe stk alag oo oo oo o

nOy} xsni ghdbdmestal] S srah&8los & .35 6Bthied.C aAsdl; 2aEGA], 82l E b/n and bg - S b/n,

a]J ca] cfa] ca] ca]ca] ca] caV]ca V] c”Ma] craV]ca]ca] caV]ca V] cMaV]ca]ca]ca]ca

LPar P>BEahichGidotitdined by Mibtrdasfip] va] endthebbpdieiding thejwa total £ b by the
V] cfaV] ca] caV] ca] ca] c?] ca] ca] ca] caj a)J cal ca] ca] ca] ca] ca

UV] caU] cBajmbgrofthesprple poiptrin this chﬁ}éﬁﬁgnﬂm EosRSivepeedficients by to be,
V) o] cHpeRRy CTBReIR SR SRR SRS fesmecte foned s Rbue
and bg'.
Next, the moments of the coefficients in the respective sample points are obtained.
When the distances of the function f\(x) from the origin in the sample points fj, f5 and f;
are respectively defined as c4, cs and cg, the moments of the respective coefficients b, to b

become c4 * bg', cs * bs'and "cg * bg'. Next, the sum total X x « f(x) of the respective
moments is obtained (specifically, Zx * fi(x)=c4 * bs' +¢s * bs'+ cg * bg' is established).

Then, bs/ £ x*f(x), bs'/ £ x+f(x) and bg'/ £ x+f'(x), which are obtained by dividing
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#dEMV Y%R)c/ﬁ %81{5’1& 8? fhg electrical system and the moving rate (scanning rate) of the wafer

stage. By using a large sampling interval to perform the interpolation, the scanning rate

can be accelerated without reducing the accuracy. Therefore, not only can throughput be
improved, but also the clock frequency of the electrical system can be decreased to
improve the S/N ratio.

In the case where the contrast of the image is measured at some points with
respect to the direction of the optical axis of the projection optical system, and a focal
point position measurement signal depending on the focal point of the projection optical
system is obtained, the best focus position of the projection optical system is obtained, and
a focal point position measurement signal regarding the discretized focal point is similarly
obtained. Also, in this case, the number of measurement points can be reduced by using
the interpolation of the present invention for the focal point position measurement signal
without lowering the measurement accuracy; thus the measurement rate can be improved
to a great extent.

Note that the exposure apparatus (FIG. 1) according to this embodiment is
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magnetic head, a rmcro-machme and the like). As shown in FIG. 21, first, in step S301
(designing step), the function of the device is designed (for example, design for a circuit of
the semiconductor device), and pattern design for realizing the function is performed.
Subsequently, in step S302 (mask manufacturing step), a mask having the designed circuit
pattern formed thereon is manufactured. Meanwhile, in step S303 (wafer producing
step), a wafer is produced by the use of a material such as silicon.

Next, in step S304 (wafer processing step), an actual circuit or the like is formed
on the wafer by a lithography technique as described later using the mask and the wafer
which are prepared in steps S301 to S303. Then, in step S305 (fabricating step), a chip is
made using of the wafer processed in step S304. In this step S305, processes such as an
assembly process (dicing, bonding) and a packaging process (chip sealing) are included.

Finally, in step S306 (inspection step), inspections, such as an operation
confirmation test and a durability test, are performed for the device fabricated in step S305.
The device is completed after going through such steps, and then shipped.

FIG. 22 is a flowchart showing the detailed flow of the foregoing step S$304 for
the case of manufacturing a semiconductor device. In FIG. 22, the surface of the wafer is
oxidized in step S311 (oxidation step). Instep S312 (CVD step), an insulating film is

formed on the wafer surface. In step S313 (electrode forming step), an electrode is

formed on the wafer by deposition. In step S314 (ion implanting step), ions are
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completed is removed.

By performing these pre-steps and post-steps repeatedly, a plurality of circuit
patterns are formed on the wafer.

In the above-described manner, a device having a fine pattern formed thereon is
manufactured with high accuracy in mass production.

Note that the exposure apparatus of this embodiment can be applied to an
exposure apparatus of a scanning type (USP 5,473,410), which moves a mask and a
substrate synchronously to expose a pattern of a mask. Moreover, the exposure apparatus
of this embodiment can be applied to an exposure apparatus of a step-and-repeat type,
which exposes a pattern of a mask in a state where the mask and substrate are made static,
and then moves the substrate sequentially by steps. Furthermore, the exposure apparatus
of this embodiment can be applied to a proximity exposure apparatus which allows a mask
and a substrate to closely contact each other without using a projection optical system, and
then exposes a pattern of the mask.

In addition, the application of the exposure apparatus is not limited to an
exposure apparatus for manufacturing a semiconductor. For example, the exposure
apparatus can be extensively applied to an exposure apparatus for liquid crystal which
exposes a pattern of a liquid crystal display device on a square-shaped glass plate, an
exposure apparatus for manufacturing a thin-film magnetic head, and the like.

Not only a g-ray (436 nm), an i-ray (365 nm), a KrF excimer laser (248 nm), an
ArF excimer laser (193 nm) and an F, laser (157nm), but also a charged particle ray such

as an X-ray and an electron ray can be used as the light source of the exposure apparatus

51100 & ()-1C
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excimer laser, a material which transmits a far-ultraviolet ray ti)erethrough such as quartz
and fluorite is used as the glass material. In the case of using an F, laser or an X-ray, the
projection optical system is a catadioptric or dioptric system (a reflection type reticle is
also used). In addition, in the case of using an electron ray, an electron optical system
that consists of an electron lens and a polariscope may be satisfactorily used as the optic
system. The optical path for transmitting an electron ray therethrough is in a vacuum
state.

When using a linear motor for the wafer stage or the reticle stage (see USP
5,623,853 or USP 5,528,1118), either an air-floating type utilizing an air-bearing or a
magnetic-floating type utilizing a Lorentz force or a reactance force may be used.
Moreover, the stage may be either a type which moves along a guide or a guideless type
which is not provided with a guide.

Regarding the apparatus for driving a stage, a plane motor for driving a stage by
an electromagnetic force may also be used, in which a magnet unit having magnets
disposed in two dimensions, and an armature unit having coils disposed in two dimensions,
are opposite each other. In this case, it is satisfactory that any one of the magnetic unit
and the armature unit may be connected to the stage, and that the other unit may be
provided on a moving plane of the stage.

As disclosed in the gazette of Japanese Unexamined Patent Application, First
Publication No. Hei 8-166475 (USP 5,528,118), a reaction force generated by moving the
wafer stage may be sent to the floor (the earth) mechanically by the use of a frame
member.

As disclosed in Japanese Unexamined Patent Application, First publication No.
Hei 8-330224 (US S/N 08/416,558), a reaction force generated by moving the reticle stage
may be sent to the floor (the earth) mechanically by the use of a frame member.

In addition, in the above-described embodiment, a description has been made for

the case where a sinc function is used when performing the interpolation. However, the
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predetermined sampling intervals; |
performing a smoothing operation to remove a component having a cycle being
equal to or less than a predetermined cycle from said signal output at said sampling
intervals; and
performing interpolation on said signal related to said electrical image signal in a

cycle equal to or less than said predetermined sampling interval.

2. A mark detection method according to claim 1,

wherein said image pickup element has a predetermined pixel size,

said predetermined sampling interval includes a cycle of said predetermined pixel
size, and

said interpolation is performed in a cycle equal to or less than said predetermined

pixel size.

3. A mark detection method according to claim 2, wherein said pixel size is
a predetermined multiple of a minimum periodic component of an image formed on said

image pickup element.
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6. A mark detection method according to claim 5 , wherein said smoothing
' operation comprises:

a step of setting a smoothing point where smoothing is performed for said image
signal;

a step of selecting, from said image signal, said image signal sampled in a
predetermined range that includes said smoothing point;

a step of performing a sampling in a cycle identical to the sampling interval of
said image signal, with respect to a function which removes a periodic component smaller
than said 1/(1/Ps-1/Ppin), according to a distance between a position of said smoothing
point and a position of said selected image signal,

a step of calculating a product of said selected image signal and said sampled
function with respect to each of said image signals included in said predetermined range,

and adding them to each of said image signals.

7. A mark detection method according to claim 5

wherein said smoothing operation comprises:

a step of setting an interpolation point where interpolation for said image signal is
performed;

a step of obtaining a most proximate position of said image signal, which is most
proximate to a position of said interpolation point;

a step of selecting, from said image signal, said image signal sampled in a
predetermined range including said most proximate position; and

a step of calculating a product of said selected image signal and a function for



10! 1h"10% . & ()-!L 10%n& ()-!'p 10%& ()-10%& ()-Y(3 10%& ()- 10 UEF;P‘H
10- RzX6?@ 10! 9S& 10%&' ()-!Ay 109%& ()-!3y 10%& ()- 10%& ()-!+ 10%<k&'7(9- !
10%2z& ()- % ()*7zI "P10(109%& ()- 10 10

10! +00L10%& ()-y! OL10% (& ()-y! pOL10% & ()-yS& 10%& ()-7: "< P10O(!4s3
1109 ()-!'+4s3 1109 ()-!'!1s3 1109 ()-s3 110% & ()-,10%& ()-

i (i/%wé‘)rﬁql’?ﬁggygﬁg%wg@ \%)mflé@@ﬂ SOF&I({ o SRR b d 4iOHMLRY& () - T %
109& ( Jo-posiibBBES&d (sklected DB s)i%}iafl)%ﬂt'h(r):sﬁebﬁb@%/&i ¢f)saidlithag® signals included

10Dz X9x V40! ~ & 10%& ()-! CLF' T 10%& ()-!>LF ! 109& ()-!CLF ! 109%& ()-LF ! 10%& ()
-1+, 1os@d predeterminedirangeoandsadrigng spil produd ita saié eaghoad spiyl image senalHog () - !
s90! 10%z& ()- ! ~0s90! 10%3G&' ()- ] knbdEMAO!  109%& ()- f- 10%& ()-
8. A mark detection method according to claim 1,
wherein said image signal is output as a sample point in said predetermined
sampling interval, and
interpolation is performed for an arbitrary 1:;oint in a cycle equal to or less than
said predetermined sampling interval by an interpolation method using a conversion
including a linear combination of a plurality of said sample points located in the vicinity

of the arbitrary point.

9. A mark detection method according to claim 8, wherein said
interpolation method includes a weighting operation by the use of said plurality of said

sample points.

10. A mark detection method according to claim 1, wherein measurement is

performed for a position of said object on the basis of said interpolated image signal.

11. A mark detection method according to claim 10, wherein said
predetermined sampling interval is determined on the basis of an amount of position

measurement error amount in said measurement.

12. A mark detection method according to claim 11,
wherein said object is a substrate onto which a circuit pattern is transferred, and
said amount of position measurement error in said predetermined sampling
interval has a value of one-fourth a minimum line width of said circuit pattern on which

the total overlay is transferred onto said substrate.

13. A mark detection method according to claim 1, wherein said

interpolation is performed on said image signal itself,
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outputting a signal related to said image signal as a sample point at predetermined
sampling intervals;
performing interpolation on a arbitrary point in a cycle equal or less than said
predetermined sampling interval by an interpolation method including a weighting
operation using said plurality of said sample points; and
standardizing an interpolation filter which determines each weighting coefficient
used in said weighting operation, so that the total of the weighting coefficients used when
interpolation is performed on a first arbitrary point and the sum total of the weighting
coefficients used when interpolation is performed on a second arbitrary point different

from the first arbitrary point can be predetermined values.

15. A mark detection method according to claimi4 , wherein said
interpolation method includes performing a weighting operation by the use of said

plurality of said sample points located in the vicinity of said arbitrary point.

16. A mark detection method according to claim 14, wherein when said
predetermined sampling interval is T, and said interpolation filter includes an interpolation

function s(dx) represented as:

s(d) = sin(2zdx / 2T')
27dx [ 2T
17. A mark detection method according to claim 16, wherein said

interpolation filter S(dx) is represented as S(dx) = s(dx) - W(dx), which is a product of said

interpolation function s(dx) and a window function W(dx) converging an end portion of
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20. A mark detection method according to claim 14 , wherein a smoothing
processing of removing a periodic component equal to or less than a predetermined cycle

from said image signal output as a sample point at said predetermined sampling intervals.

21. A mark detection method according to claim 20,

wherein said image pickup element has a pixel size P, a predetermined multiple
of a minimum periodic component Pry, of an image formed on said image pickup element,
and

said smoothing processing includes removing a periodic component equal to or
less than1/(1/Ps - 1/Pin), on the basis of said pixel size Ps and said minimum periodic

component Ppin.

22. A mark detection method according to claim21 , wherein said pixel size

Ps is larger than 0.5 times of said minimum periodic component Ppp.

23. A mark detection method according to claim 14 , wherein said

interpolation is performed on said image signal itself.

24. A mark detection method according to claim 14, wherein said image

pickup element has a predetermined pixel size,
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26. A mark detection method according to claim 25, wherein said mark is
irradiated with a detection beam, and an image of said mark is formed through an
image-forming system, said minimum periodic component is defined by A /2NA on the
basis of a wavelength A of said detection beam and the numerical aperture NA of said

image-forming system.

21. A mark detection method according to claim 26, wherein said pixel size

is equal to or more than 0.2 times of said minimum periodic component.

28. A mark detection method according to claim 27, wherein said pixel size

is equal to or less than 0.5 times of said minimum periodic component.

29. A mark detection method according to claim 28, wherein said pixel size
is equal to or more than 0.39 times of said minimum periodic component, or is equal to or

less than 0.41 times of said minimum periodic component.

30. A mark detection method according to claim 14, wherein the position of

said object is measured based on said interpolated image signal.
31. A mark detection method according to claim 39, wherein said

predetermined sampling interval is determined based on an amount of position

measurement error of said measurement.

32. A mark detection method according to claim 31, wherein said object is a
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33. A mark detection method comprising:

irradiating a mark formed on an object with a detection beam;

forming an image of said mark through an image-fonning system;

converting the image of said mark formed on an image pickup element into an
electrical image signal in order to output a signal related to said electrical image signal at
predetermined sampling intervals; and

performing interpolation on said signal related to said electrical image signal in a
cycle equal to or less than said predetermined sampling interval;

wherein said interpolation is performed with respect to a correlation function

obtained based on said image signal.

34. An exposure method, wherein said object is a substrate onto which a
predetermined pattern is transferred, and said predetermined pattern is transferred onto
said substrate aligned on the basis of a mark detected by the use of said mark detection

method according to any one of claims 1 to 33.

35. A device manufacturing method, wherein a device is manufactured by
the use of said exposure method of transferring said predetermined pattern onto said

substrate according to claim 34 .

36. A mark detection apparatus comprising:

an irradiation system which irradiates a mark formed on an object with a
detection beam;

an image-forming system which forms an image of a mark on an image-forming
surface;

an image pickup element disposed on said image-forming surface;

a sampling device which converts the image of said mark into an electrical image

signal in order to output a signal related to the image signal in a predetermined sampling
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an interpolation device which interpolates the smoothed signal related to said

image signal in a cycle equal to or less than said predetermined sampling interval.

31. A mark detection apparatus according to claim. 3¢,

wherein said image pickup element has a pixel size Ps;

said pixel size P; is larger than 0.5 times of said minimum periodic component
Prin, and

said smoothing device removes a periodic component equal to or less than
1/(1/P5 - 1/Pmin), on the basis of said pixel size Ps and said minimum periodic component -
P

38. A mark detection apparatus comprising:

a sampling device which picks up an image of a mark formed on an object,
converts said image of said mark into an electrical image signal, and outputs a signal
related to said image signal at predetermined sampling intervals;

an interpolation device which interpolates an arbitrary point having a cycle equal
to or less than said predetermined sampling interval by an interpolation method including
a weighting operation using said plurality of said sample points located in the vicinity of
said arbitrary point; and

a standardizing device which standardizes an interpolation filter which
determines each weighting coefficient used in said weighting operation, so that the total of
the weighting coefficients used when interpolation is performed on a first arbitrary point
and the sum total of the weighting coefficients used when interpolation is performed on a

second arbitrary point different from the first arbitrary point can be predetermined values.

39. A mark detection apparatus according to claim 38,
wherein when said predetermined sampling interval is T, and said interpolation

filter includes an interpolation function s(dx) represented as:
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of a minimum periodic component of an image formed on said image pickup element;

said minimum periodic component is defined by A /2NA on the basis of a
wavelength A4 of said detection beam and the numerical aperture NA of said
image-forming system; and

said pixel size is equal to 0.2 times or more and 0.5 times or less of said minimum

periodic component.

41. A mark detection device comprising:

an irradiation system which irradiates a mark formed on an object with a
detection beam;

an image-forming system which forms an image of a mark on an image-forming
surface;

a sampling device which includes an image pickup element disposed on said
image-forming surface, converts said image of said mark into an electrical image signal,
and outputs a signal related to said image signal at a predetermined sampling intervals;
and

an interpolation device which performs interpolation of said signal related to said
electrical image signal in a cycle equal to or less than said predetermined sampling
interval;

wherein said interpolation device performs said interpolation with respect to a

correlation function obtained based on said image signal.

4. A mark detection apparatus according to any one of claims36 to 40,
wherein said sampling device outputs said image signal at said predetermined
sampling intervals, and

said interpolation device performs interpolation with respect to said image signal.
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