; e3eD. 6dT4,,1 DESCRI PTION MARK DETECTI ON METHOD, EXPOSURE METHOD, DEVI CE *
MANUFACTURI NG METHOD, MARK DETECTI ON APPARATUS, EXPOSURE APPARATUS, AND
‘DEVI CE TECHNI CAL FI ELD The present jnyention relates to a mark detection
met hod, an exposure method, a device”manufacturing nethod, a mark detection
appar atus, and an exposure appar particul arl y,’” mm”mmﬁ

invention relates to a mark det e@?‘ggﬁlm(ﬁ%d for detecti ” mmmu

posi tion neasurement that is formed on an object such as a segd,genduct or
substrate or a liquid crystal display device, an exposure nethod for
transferring aMA@&DEF@&J&NMEﬂﬁm{@XP@%EMETHBQ, DFEVEEpy t he use of
the mark I U@fﬂ? i { } exposure
met hod, aﬂ@n@rq@:égiqec |onﬁ£&§§t%@%@pﬁn§ﬁggﬁn§?@gf %rﬂ)g%g i on

measur ement which is fornmed ARPARATIS, @NDDEVICGE a seni conduct or substrate
or aliquid crystal display device, an exposure apparatus for transferring
a predetermned pattern onto a substrate aligned by the mark detection

appar atus, and a devi ce manuf agw (%M Xposur e appar at us. BACKGROUND
ART In manufacturing a sem con uctl—ggi ev?@g‘lj':md a liquid crystal display

devi ce, a var The presént irivention tetatdsrio queark detectitn hethed].anleRpéduee pkrhvdra

techni ques, a flié-fgelﬁggatterned in’(fqge fornmed on a, photomask and a reticle

(herein Yig§ m A mefhoda matk "é’}‘o’éﬁpl?%@uﬁé‘%dﬁ?e’éﬁ?slérﬁﬁﬁg‘t‘fﬁ%‘s-appar at us
IS proj a4dregarkiotlafly,ARS B irfveftidiSlel Qo 3 Yotk a&e&ioﬁleiﬂétﬁé’d"ﬂﬂgﬁ:ﬁ&iﬂ?ef er or

glass plate on which a photosensitive agent such as photoresist I'S coated
(her ei n&faglefor ppsitien medsuremens thatisfoymedroman objieesisuctpas a ssmicirglugtonj ect ed and

exposed e r,.exanpl e, an exposur rat us .of a

st ep- ané@%ter%%é’tr ﬂi@féecrﬁ' %t% ds‘iPﬁY evf?gh?‘f’e?xpf’ﬁg? ngﬁ}?ggﬁﬁr%ﬁyewng fie reticle and
a posi t ipeudetefminge pieir on arsabadid ighed bptteGRE o] theiniak AitedtionGhthagy and t he
reticle pattern is superposed on a pattern already forned on the wafer.

Par t i cudayir§mppuipgiuEng methed disingthgexpesire method; @ mabkadetestion apparatus &d f or

sem con i i . i ! .gnmen f the exposure
appar at ggt,%tg{ atC éﬁép?g% ? %S#%@E%Hfﬂ%hwggﬁgﬁg%wg??ll(l:ﬁf%te Hgs}l&? %Seal i ke becones
finer, semicomhuitdrenbsimate or a liquitl crystalgtispiayt dgvivef ar espdswk tppdratghfsr accur acy
has increased, and variou ocesses for aljgnment hav een made. In
gener al }r-a{lsﬁ'%mgg iad’ﬁ‘?ﬂf%tmﬂ?eﬁt éerr“é’tnfoc? %‘hsgatﬁél‘g@%dhﬁg‘ﬁﬁgfeé%ﬁﬁgw e light.
ATONg  akphiAtRs) tand ¥ He B mafifabtiRd By 1thE bposh@@pfarhits. @ Vi sual Reticle
Alignnent (VRA) systemor the like, inwhich an alignnent mark drawn on a
reticle is irradiated with exposure light, and inage data of the alignnent
mar k pi cked up by a CCD caner i LS subjected to inmage
processing, and a mark positi ?\Rpm%ﬁék%me followi ng are types of

al i gnment  senkomamifactuieg ©ssnicénductor desdes aridt£liquidl EgBardibpléy §AicelBi s sensor

waf or v REtROf plabdt (ERhaHeR S PR o 0 BNGEnas R 08 AP palede use of |
|i ght dihigephhsh 6}{aﬁﬁ&hhﬁél@&dbayrgiiaé_(m&ihﬁtéé,%%feﬁeﬁ lt(‘f’a%(x%ﬁ&?% @ylngxgg\g?nt (FIA)

This sensor is a sensor for irradiating a nment marks a as a line
of dot s ofiant éxfosyrietapparatus és projeated andvexpeisechont & siiatrateisotthasussengcandbetbiogen | anp
or the lLike as, a light saurce. and performng i e processing of the inmge
data of WQECIQF EiRhRite gnapiich ﬁﬁa%taswﬁé{e agt é‘é‘%eaﬁg’%gﬁor‘gﬁélslq"@gi n order to
nmeasur e (ieréthdfiereforield @as water)-aser Interferometric Alignnment (LIA) This
sensor is a sensor for irradiating alignment marks arranged in a

di ffraction glhe ratiglenattemyip ptmﬁcépd?vand@mp@sed by theousdiof,for ¢xampleyahng | aser

b hayi i i ff f i d ' h d
a1 ac EXbheeppdabisbr el dpEhtpdd SR G5p ARnig iadesitn el o o ©
posi ti ofetiele drdea gUsitiparatilie walekark adjiistet €alipha®owiabhigh A6chridy a4 @i fetisle

interference, In the alignnment by these optical systens, first, an

al i gnme RRUSTR ISSUpRIPEpRd qred patieen plicady farmed @ndkiwpiebcessed to nmeasure a
posi tion coorg] . I t rk on,the wafer is
detected and g?‘@g{é@gg’? {egm&gg%ﬁ{elg}é&gxggcta ﬁ%&éé}g?ﬁélreﬁg&r%d foﬁereof, t hus

posi t i ogemicordrluricitcvithe AdeprYimdEatboiis tl@@lighﬁéﬂ&ﬂth&@@@ﬁihr@ap}salﬂﬁﬁﬁ, agesul ts,
the wafer is noved by a wafer stage to _performan alignnment so that a

pat t er n theragerngf thegemigenductor glxepiber the ke breomgs Gner; mdemanst fopari ti on, and
the pattern image of the reticle is projected and exposed on the wafer.
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In sone of the above-described alignnment systens, processing is perforned
after a one-dinensional imge or a two-dinmensional imge is obtained as an
al i gnment signal. For the case of a,twp-dinensional inmage, by adding mark
portions in the 3 nmeasured direction, it can also be treated as a

Cont i nuotat A ek SHHTREE A0SR Rt BR vabichs BRRES AL conveni ence

of si‘gnabligmﬁameeﬂmﬂe,an i mge pickup device, the signals will be
extracted as signals sanpled at a predeterm ned interval. For exanple, when
an i mage procebkgengrak dheslignmenicof theresicledrpertommed uging expasuke lighhsor, is used
as an i nage pi I | . xel. size § iga.teds.the signals
will be sanpl eﬁh‘ﬁ% ggﬁé'r}ﬂrf] e %{lﬁ%@%gﬁ rrrlg frllaeig tlt’)ef}“'3 %Z%aev%}lé}e etl;cﬁz%l} gqmcfélgl ly, it is
desi r abl ¢VRAabyssingopdhs likeitip whidlr analightehtrage dpavarkopa ekticlecie ibligtedpited by a
sanpling a parz{grls actl_an interval corresponding to the @i@xel si ze of the.

i mage pi EXRASUESENEand imege data fdhe elignmentmarkgricked ap bye (ol cameras the ke’ i s

used for; ! mar k position.

| nci dent &f‘?%sﬂﬁut’%@tggkﬁ?‘é%%%%é‘%]ﬁgggg{%% reay?%?%ﬁlé al i gnnment sensor is
extrenel y hi ghThefotlowjey ars tipes of dlipamentdensors foeswffers.ng unit of the inage

pi ckup dgé'(,lf??g é)r []gtlpnsl?l}rﬁlg§2?est he position nust be finally determ ned

with an s than the sanpled interval. Heretofore, in

edge det ecti oNTRBJedsBLisGRehRr #br iﬁﬂdigﬁﬁ%‘?%gnﬁﬁﬂﬁﬁ%§ iaﬂ%ééﬁ%f ?‘ﬁﬂ@ oP&th or med

for the sanpl ed signals, and when the | position resu I's cal cul at ed,

t he i nt epRalwakestwienlasérdeamrip buler podatect aimark positéan tyythanseagfidighpr i at e

function [ s a linear or a quadratic function, and by solving the
functi on,d&l;}ac?ee@%rls\?? eée‘gmq’aég‘s than the sanpled interval has been

obt ai ned(2)'Bi¢lH¢mh$]eyAligrhﬂerft'(nw) the sanpling interval, the nore the accuracy
is inproved. On the other hand, when the magnification of the optical
system i s i ncr &Bi§ sepspris@rsgasor for irradiating aligamentmarks arrpnged va p lisp obdots bj ect |

t he vi suglafii j: Al s ' ' | r..of. pj xel s of
the Cop chleft i SRRERI G B ideh Bibh bABed ol VG as il < 2
field of sturee, andperforminsg infege pneessinp dfiths miape dutaciitan Bligme inmark itBagedch as
size of the i gnnment rk or the accuracy of the pre-alignnent perfornmed
before t %aéﬁ%g%ﬂ?%g’géﬁﬁﬂé% ?tqrﬁeaéaffi‘{‘?‘?fﬁ?,poﬁlﬂﬁ'rder to prevent the
conver si p3) [QkerdnRifeidnichfINAREHeRQIRONENt Of a signal into a |owfrequency
conponent "by sanpling (aliasing), a necessary condition is that the m ni num

resol vi ng uni t This senser isesgnsor fortitradiatiegyalignmehuparke airawged $n @ diffraétions or | ess

of the m ni. riodi onent,. The m.nium,periodi.c conponent qof the
signal i §rr%ﬂgglﬁt?%n N Rgc}’?af r)%r%lt‘g? d]rﬁJ‘[‘)H%u%%%gg%f RS ﬁ%ﬁ%‘&lﬁm@ggﬁqrﬂg sensor
usi ng anfreqidncigh and causingaletwd gepetatsdalifftactidr lights folifterferdd withiedeh ey per i odi c
conponent of the image as Pnpin as follows: Pmn = ~1,/( 2 X NAgL ~,

wavel engPfebio MEshEe RpOSItigR ‘glfthfo%tﬁn@épt%‘ feam thspbges obtginedthyengndhey | 1 al so
vary depgféitienc@n the illum nation conditions. By using this value, the
sanpling interval PSis given as: PS < 0.5 x Pmin and, the above-described
condi ti ons canlngbe ghgringént byl theispoptical systemsnfitshan atigghentgnark be theakti®S i s

corr or ot FisiReHdN Fradabel 3 Bralief BRmePEcaerifa G et o Briem RSNG| g
i nterval nfAgk 6@ @eRPdels detéctEdbid probéddd loSmeashe M RBiBh cOordinktdfbiof, kG 14

is a diagram for explaining the process during the execution of the edge
det ect i onositign af 3 shett tabe spgrposrstis detennined. g Basedon thicse wsylts; the wasenis of

i iLnclLi i | i i §. f d. JTvpicall i |
ot er val TTOSe4 BFp oler sBieR RS o8t o bigndi s TR iflemimate Pl Peredacaghy "
bet ween adaweepised aneationsusition, art the patiéralimsetof e reficle is projected and

exposed on the wafer.

In some of the above-described alignment systems, processing is performed after
a one-dimensional image or a two-dimensional image is obtained as an alignment signal.

For the case of a two-dimensional image, by adding mark portions in the



the.drawing is at a maximum In the exanple of FIG 14, the point denoted
by the reference synbol Po is the point of maximuminclination. Fromthis
point, the closest relative maxi num.a m ni mrum are found by hill-clinbing
and hill-descending. In the exanple shown in FIG 14, with reference synbol
Po as a center .Eeoi.nts are fqtijr}d %r& the H1 and H?2 directions where the

di ffqrené‘éeaﬁlr@ direcring 1(a5;3l50.8s 5i'a S P dinghsipa Eefres a mini mum  These
points are defRad sfgﬁalbareté}fgiﬁmpylsig#ms\fﬁdﬂa\?e &iﬁﬁn&&%lyfﬂiﬁﬁﬁyﬁuﬁih%sﬁé& t he
edge. In the exanpl e of FIG~ 14, the sanpled point 'P i becones the maximm
val ue of ta the pesitien, bahforcomvenienpt efsigral transhrissiercofansintage picknp demicey teue of

t he edge.. After..the maxi.mum val ue he mi.ni num val ue of, the edge are

obt ai ned S180g5 erl]be ﬁx@'cfeééslskg\?gds_sgﬁggg ?E?Bﬁegq%tﬁﬂﬂ’ﬂ&el,n?ﬁﬁﬁi ni:grr et e val ue
of t hese wheh b fmadelfRoRIARy RASdE siRA%s BCED darficra df 8 1iH€ berRor, d\@e@ad s S Where
the edge crosses the slice |level. Wen the sanpling interval is increased
to sone énegerpickupideviensinegihe/pikelesizerig limited the signats wall be sampledhat an

above- de . be ew ] vary.accerding, to t.he. relationshi et ween t he
sanpl ed E@é‘{va %ﬁe?%%cf d\t/éq)fetﬁ%i"éﬁ% %% d eagﬁg} ‘[S%SﬁFa%}foﬁattW@P %%E“gﬁfo V\ﬁ‘g slice

| evel SL imade fickuprdesict bt sgmpled By ¥ dirhplingOdppafatdsiue anBaGvalooReiponasghs . 5 I n
addition, since , the fitting is perforned by a linear function, a quadratic
f unct i on thegrixel gize of the imagepicken deviseng t he edge positions E~ and E2, an
error occurs h § o 4 O ' t he
positional rel gztiéé o%gﬁﬁgn’@ecﬁ)\%gaa%ob%@%ﬁ%ﬁé@ﬂ%ﬁgiu I ofr%?glricég %@ngq %gréal?, t he
mar k si gmabdrdeato swsmsute ftior matki pasit®n. as t o change the center of gravity

t hereof, resulgi ipn a variation in the neasurenent result. Mreover, also
in the correla %nﬁﬂi"ﬁ%&?neé? nibe aﬁcq‘%@dF%‘Wasfﬁ'o&%PHm% S¢OEa| | er t han

the sanpleggerhdl} Bighah cbBpatison té ﬂﬁ%ihhﬁurﬁ'résrol\ffﬂ%ﬁtﬁt ¢ fe! ﬁﬂé%’égdia?@rdemﬁ I ke,
an interpolation error occurs here also. Furthernmore, heretofore, 1 n order
to inpro@@r thirreasonythe pysition miustrbel fintajly determinkd whith\ae abeeacyt squiaktalor fessised f or
the ali gr}gaeglt& mar Ifs . %nd t he accuracy has al so been inproved by averaging
of the ré& B G AP P g%‘btai ned by sanpling in different phases.

I ncidental ly, WbRBHR] indddgt deteStitRGnAIRd édrfdlatidy niith QK PRIVeSstARRdEea US, a
shift of the inage according to the structure of the alignnent mark and

resul ti ngeHorgeddoribesampled pignslaand vhsa dniaal ogitiomresnlt issslgmated. thet has
recent!y;REeR eV &lép%noﬁlmg&m ﬁﬁe(ﬁ%&{ ﬁ)&)’t(ﬁgia&aﬂn&%d SRh QY £ HndY o
['n addition, e asure

i ncreasi ng NA. I nce t nt accuracy | nproves as the
edge sl opquirstinisctiin epkby aving tisd fpnetionyh iresh] viegspawer déss ¢hamtthé Seenadre

level, it _is @also negessary .to.ipcrease of the,optical systemused in
the alig ?ﬁlaﬁg'é?rb‘ggalf’?f[i r;épwuy’ttﬁ%ﬁ%ﬁr :}@n m&é‘&tgrr"éﬁ@?e 'Pé'iﬁé@"er, when NA
of the ahé@MEM ingRbidgdl systemis increased, a problemoccurs in that the

m ni num periodi.c conponent Pmin~ included in the image, that is, pmn =
~11 (2 X NA ) @adheetbershand, wien the magsidication of the optical system is increased 1n

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



Since it is difficult to narrow the visual field under the present
situation, it has becone difficult to satisfy the condition of PS < 0.2 x
Pm In addition, in using an XY-sinmultaneous nmark for neasuring X and Y
sinmultaneously in order to increase speed (refer to the gazette of Japanese
Unexam ned .Pat ent . @fcpl icatiagn, First Puplicatjon No. Hei 2-272305 for

det ai | s) MHARTHRATS component e intgs A5 rin & oleseduced, and thus the
above-described avermging) gbhf gzcth?l so. decreases. Hereinbel ow, sinulation
results will be used to describe the relationship between the sanpling
interval and the posjpiwsldmBasofighent error. FIGS. 1 S and 16 are di agrans
showi ng position neasurenent errors when 6 sanpling is perfornmed for a
step difference mar WNANA ofoptical kystem f or di fferent sanpling intervals. FIG

15 is a diagr show si t.i.on neasurengnt errors when i ing i

per for med Wi t?%%evc?ﬁ’ttﬁgé'g&gﬂpé%oﬁ’ﬁm ‘#@e ‘%%Thgﬁ@‘frﬂmﬁ'i‘o'b‘.’%‘%, ng,' é)‘l

1T um nahdignthsd ik, the samiplnditervil I is givéa asl6 1S a di agram show ng position
measurenent errors when imaging is performed with an optical system having
a wavel ength ofs<00-8 > Rmism an illumination sigma = 1 and NA = 0.3. In FIGS.
15 and 16, Eﬁéeab%{?éﬁéfs%ﬁé‘ef{‘o%%oﬁé‘?{ﬁ iée”%fi'#gqtde“’a' s, and the ordinate shows

position measurenent errors ation, the m nimum periodic .
conponent P noweéveg,| wittpdhé sanigligamemal PSS aickdaSsll, tHERGRT irfsatnptingMagn NA i's
0.3 and 0.5 ~c mwhen NAis 0.6. As shown in FIGS. 15 and 16, when the
sanpl i ngP§tfRrEMRg:the pdgeReasyremengor qosiglation sneggirement beogmaesasignificatiposi t i on
nmeasur e zvel L calilby 1 edu . pHowever . t hi.s png interval
Bt R L T T R Y
the line widthpg.n4ald @i foPExﬁlﬂﬁir@XH@ﬁ‘éE&sﬁ@ﬂﬁ%@&%‘é)ﬁec’i‘lﬂgnbhﬁeleﬂ e, the
total required overlay (total overlay accuracy) also varies depending on
the |ined&if@dion. of the circuit pattern printed on the substrate. However,

for this total;.querlay Lcally an aceuracy of [4.0r l.ess of the
i ni mum | i ne wmgttﬁlg%@ o ﬁéexg?(ﬁ%tne 05'{&?’&#?{’ gﬁ&oé‘}tr?%f’?x}”éﬂﬂi"?cilﬂ?m% accur acy
of about slbfk puint is fdundi C Tpivallyesititd e sdmpliigiateral &la PMANafe, a pFinPisder ~to

satisfy this requirenent, the neasurenment error allowable for the ali gnnment
sensor i ebtaigedwheretagliffergnge . AN¥hetvagn adiapent sampledpoiots imtHeoVidireaionon

alignmeng is assumed to.be 5 As is a ent .fromFIGS. 15 and 16, even
't NA T ol B BREHRE mefimfime a8 s SRl T ATy Un G dempied B i n < P <
0.39 x PreéfdtenceRImBBIER) it (R oMt nid@tirhiith Sicliahtid?> i s PS > 0.41 x Pnin~ the
poi nt measuremnent error exceeds the allowable error. FIG 17 is a diagram

showi ng t he siframdhisgeintcthe closest egdativeapaximymiand niginat eresfoind biet ween t he

sanmpl i nopindSivial adnt ot | QQHE [ar=1g nor nal i zed
nmut ual colrrel at?éon I suudségccfm%g sﬁ{(;tlelnggl n ?g&%‘%ﬁ‘@?'éwﬁg‘aﬁ&r?‘ﬁ’a i nterval
PS beconsysntobRgas g canter, prosts aredfoundinsthe Eiand He direstivons wheiehthy diffeeshease, and,

with abo%tC PS <Vg._2 x, Pmn as a reference,, the deterioration of the
accur acy 2chihde Wodirgstippin the drawiag becoms apinimym. obhese pemtyare definedriori ng t he

edge det I ] i 1n the nungber, of alignnent ill be
Shoan. _Free i yAihe B6 BRAR I Wi fe®, RubPTerPs BERE 0¥

r epr esenthesgmpled poin? Py béadhies fishhaxih@inedie 6ftke sdbFPArid e 4thSIed pbinePd t he
posi ti on neasur.enent er&%{ \M}en t he nunber of alignment marks i s changed.
FIG 18 pecomegiheqnimumspiuspltheeedgesul t when the nunber of |ine spaces

(hereinafter r ! ; i i a0k showi ng t he
Fosul t anen Lge R hakiind viiiind fuedihitm vald: of e afald REEAR U'T e
L&S i s nsetteng 4 slicgdevel 8L as,dor ¢xuenple)ab énterniedidte grineof theservakies, shé epeeased, the
position measu%emeg;_: errog decr eases. wever, fromthe results shown in

FI GS. 18PN B1iapd Fa atg 3gkasdng Befnispuiers Hige g‘?‘"sm%f‘e%g‘]ﬁﬁl‘?%]ﬁv?lnterval wher e
the position TRAEH RISEADIiRE [rRErvAIQ8 frcRAbeddB ShRB EReME THe HAUGRUR B dndt NE
nunber of alignment marks ©s increased. Mreover, wth reference to FIGS.
18 to 20theseimphum galuaoétheabevegesciibeal ddge apl eany aatordinmg ¢ tHehrelaparship on

nmeasur e t errors are extrene reduced. The magnifi.cati on of the optical
o B gt 8 Seq pSstib R AL e STen et pavirt e S Rate Bl chad + o
the abovRyAesICTArRedeSAMIRY intOvariatioh YPihe mdAYRYRENt rLdMS 1S not so desirabl e
because the magnification accuracy during manufacturing needs to be made
strict and different mark intervals cannot be dealt with. DI SCLOSURE OF THE
| NVENTI ON The present invention was nmade in consideration of the foregoing
circunstances in mnd. The object of the present invention is to provide,
even if a sanpling interval nust be set to about 0.2 tines or nore of the
lower Iimt of the mninmum periodic conponent, a mark detection nethod
capabl e of reducing a position error of a mark position, an exposure nethod
for transferring a predeterm ned pattern onto a substrate aligned using the

N g Y T o,



8 predeterm ned pattern onto a substrate aligned using the mark detection
apparatus and a devi ce manufactured using the exposure apparatus. |n order
to acconplish the foregoing objects, g first mark detection nethod of the
present invention conprises the steps of: irradiating a mark forned on an

obj ect wi'th a det,ection be j magi ng an,i mage of. the mark through an
i niage; f \(,)Mr m ng Igvgﬁﬁwlp, %BWE‘%F%‘ hg?qrwﬁejby 8?’“’?%&“%‘9% %\ﬂ‘i‘al‘,iFchsu? ornmed on

an i mage figichét Br HRMikeEwhétt &otaﬂingltﬁééd' ©0bitibNPE S FNA] errd?WeBis heRRy @ signal
related to the inage signal in predeterm ned sanpling i nterval; and

i nt er pol alsb.ng the signals related to the image signal in cycles equal to or

| ess than the edefermn sanpl i,ng int.erval.s. According to, this

i nvention, in ﬁ% Rt é’oﬁﬁ@q%" P’r‘?ng’oﬂi % 8% etﬂof‘gﬁnﬂﬁ?]?gﬂ?SBﬁ’qut‘?%e pi ckup
devi ce Muftsaipled pdsitibiBRd the 8ighhl) tH¥LmArR SighMaGises ABROAARHIN f asdB chdpge or
more, there is an advantage that the position nmeasurenent error of a mark
can be sthgsentecefraravity thergel eesplfing in & vayiationiim theimeagurenehioresdtial to or | ess

R T It T e

above- desmalidp eithnthe sangité®intdredl réslth 60m thd Gittingag e qRadrltiPorday like dRas a
predeterm ned pixel size, the predeterm ned sanpling interval includes an

i nt er val 4§rPQlponsrErOcewihereé@lsi xel size, and the interpolation is
performed at a,d a . | r 1 i xel

size. In this casﬁéﬁﬁélﬁéh%fg@gﬁé’sﬁl gred%f %0 ‘gﬁ’z?‘%ﬁgg?‘é’ngd°grasgg‘%§@}rﬁﬂh§%kﬁul tiple
of the mhaverbeen fypidaligluseddforthe mtiptmerdt nidoks, andithe atarrasychasalsd fbeer mage pi ckup
device. This m.ni mum periodi c conponent is,defined Ry ~,./2NA based on the
wavel engtfprevedsy "tvl"?éagg@t%fé ‘?Wﬁpeﬁgg‘?ﬁ“éﬁ‘d #W@%M@P‘F‘Eg% ‘é‘rﬂéﬁ%‘iﬁ?’d’msof t he

i magi Ng syst ennciPAERY. Shen ipkrtbniRs & lti®ntHya j IsZ .2 tines
the mni mum perimodi (;H%o bonent olrérmpraee%grﬁd,nb?upte;ﬁg(%@oébgbﬁa?dﬁégs?ﬁgqm ni mum
peri odi cthedmpgmangerding todhestructure bf e aligmamerit mark amybresultifig from gpéonadticsi ze i s

anywher e_b en 0.39 tines or re t0,0.41 tines @r Less.of the m ninum
peri odi ca%eg}%ﬁlﬁgﬁctome%grpé@gp; ngerprg?serlccée&ttlg begn ‘3’8!"? CQWSEF hi ng
oper at i oabdrfatioe taMse inprovadbydnére@ingaNAt o or | ess than a predeterm ned cycle
fromthe inage si a,n_al utput at the sampling intervals. Furthernore, it is

preferabl e t had adfiiosnyiesathp meagesmment aecurasyonproyepes the adgs deprhsaenes equal
to or | e%ﬁep?d?.a]si%n@l %h(cﬁ% S ah()'génﬁﬂh; gamé’\ﬁbahit is acl%{ NG qg?rgcr%e e
ed § andl t mn. By

predeterm pi xef size e mnimum periodi ¢ conponent

per f or m nfjtht bptcab systems ssaugn thed adlgament inerdes te anprbes the aligiedertactusacycase wher e
the m ni numregol vi ng unit PSS .of .the imge pickup device nmust be 0.5 tines
or nore of 9W?Yﬁ5’qﬁli“?i‘i i Hyrqllga{ngnw%ﬁ@}ﬁgﬂﬁmps increaggd, ¢ pEObleMge: ¢ hus

ther e i sogursid R tiRoRidiMain Rifolic BRPBAEHE P, G HLIRR ifHeGMage, R, | N
conditions where the i mage of an object cannot be conpletely restored. As a

result, since the position neasfmarret’(2 n<aNdJarse sanpling interval can be
perfor rreg on, for xangl e, the image of the alignnent mark, the expansion
of NA or “YHESBEANYAC45Pt he visual field is possible even by the use of a

conventi onal i SRSt R GRS YhirSw tROVIGRAY BEid vhliBCRe ?feséxﬁ_fsﬁﬁamh?& !
operation accogganl ed wth snmoot hing 1s perforne n this invention, there

is an adb sfficnlt thsatisfyr the eerslition ofi Ryes ©€2n M. shortened as conpared with
RGN RTINS N
than 0. Ssikulfagedubl§y ifboRieftiinBREdedPeéd @ERPRNRO sazklite of Japanese Unexamined

Patent Application, First Publication No. Hei 2-272305 for details), the number of

alignment marks must be reduced, and thus the above-described averaging effect also

decreases.

Hereinbelow, simulation results will be used to describe the relationship between
the sampling interval and the position measurement error.

FIGS. 15 and 16 are diagrams showing position measurement errors when



Specifically, the snoothing operation conprises: a step of setting a
snoot hi ng poi nt where snoothing is perforned for the inage signal; a step
of selecting, fromthe inmage signal, apn inmge signal sanpled in a
predeterm ned range that includes the snoothing point; a step of sanpling a

) P e+ sbind 4f GRS £ ] Sfteenf SRR Y8 ER sty R8T dptp vk i ng
poi nt anﬂltévQQSiFIGQ'P?SHaGiQ aﬁﬂh%%%dsﬁﬁﬂ%%h%@lg\kmiéﬁo?s w&id@?dﬁg&pﬁi cal to

the sanpling interval of the I nage signal; step of a e product
of the spérbomed viithegeopticgsasterandvinge veariehgtl of 060t moan illuhengiondigta bei ng
obt ai ned for each of the inmage signals included in the predeterm ned range.
Al t er nat T eng NA 7.6 nddEhi b aodiagram shawingnesition meaguremeny epforswhen ng an

ir | af .00j . he .i l.at i f he i i | i b
0t 1Pl O3S Tl S Bl B GT 1,L ©°
S gnal. inifatioh s — BERENIRL®.3 0 1hRRGEOS i1, 86 ablifich BUGFHABhRRE, POT T

a step of selecting, fromthe inage signal, an Inage signa in a
pr edet er itareals, and g drdinhigdhoys positioromeaspramenterarsposi tion; and a step of
addi ng the pradyct of .the sel ected inmage signal d the function renoving a
peri odi ¢ corrpgﬂgﬁlf SMHO& a}eﬁﬂwnﬁum(peﬁg&?’go'g@m}eﬁ P “‘fﬁ’gﬁglﬂ fng to the
di st anceaovemteidibed fidd 91 .3h v NiE|SAES sl 6.9RGR vhelNAL is d.Gie Product bei ng
obt ai ned for each of the inage signals included in the predeternined range.
Moreover, in tAsshowmia®IGBN1S dridel 6, nhee thei sgmpling intervdlfeithadged) agesulie poi nt

in the prede%(frm ned. sanpl.ing interval, and an_interpolatiqon is perforned
on an ar%ti’t?lp yhersinthe PRCTHOR TRER IR PTTPTs ags cyiclieallyyr : e@-he"‘ﬂ\"@‘(fét‘_b‘tsm ned
sanpl i NYsanfliag VidtbrvBY indhibRHHRpBSHkBh hAsurerhbht TpbROAe HALOK afgéiver Sion
including the linear conbination of a plurality o? the sanpfe points
| ocat ed dapending on dhelineywidth.t he arbitrary point. This interpolation nethod

i ncl udes a weight.i n peration using the plurality of .the.s | £ points.
Furt her nor e, ilﬁ a!’ﬁ?’gerﬁr?gélheﬁxgﬂ?mf S ?’I%&He a‘e’tt%etogﬂfeé’b‘lre?gpﬁgésur ed on
the basi @otef oveHay hdvuticppaled eatids Wehdiigdihithe lille Witk of thRRirBhiegftess M ned
sanpling interval is determ ned on the basis of the anount of position

measur endtedon e spbstiatte  Hayen Aanthis tatabovspp dypipally dameeurneyedf Ieerei n i s a
subst 1 at gOftRe WNifnflifd i b MELHEE clrbuit pAR] Brbdifired® AalldGuATRYNT Of
posi tion neasurenment error 1 n the predeterm ned sanpling intéefvalr 1Ts the
val ue whahost 80 hmtistypioally reguireé farrthstotal lofertay. | &ssrdef totshisfyrthiis num | i ne wi dt h
of the circuit tern transferr onto_the substrate. Still further, in
Ohi & oot b FeRp R b Al eAlscior B AL RN SoF SRS A | ot
and on a corr el@, tRdaligHsdnt eRoC oW BRFPAidnRRnPRSESinRl b BE siRge signal. In
order to acconplish the foregoing objects,” a second nmark detection nethod
of the presentA$eppareatfras e s Hé, exeadENAfis Oi6ramdiOly véhemshk f or med on

an obj ec{,; ' AR 5l e K, ich i.,s formed.qn i. mage
pi ckup e%pg@gyﬁ%{v%p%ﬁgglze%“cﬁs%Q’g%gp g'i'“@r?\gﬁ W%Sﬁflbema{ﬁpﬁﬁg HRE‘?@H}&I’S rel at ed
to the iP@ge43ighgl, theipsinpmeskitemidiit Beol exeeqdsiticalioMablesddoras a sanpl e point;
and perform ngﬁ@nbj(nter_pol ation ,on an arbitrary point in a cycle equal to

t .

or less than Lifediagramhewing the simyplatipndesyidts represgptingithe relationshisn net hod
using a b Qi gy,‘;% ] L nati lity of the

sanpl e p%ﬁ??tﬁbkgé}g?lw 1|Hn t 3}1 c?‘ﬁ}eéﬂp %@?gpfe ggﬂ?ﬁg?xﬁgg@r %g@g%ﬂa?lgé@ point is
subj ect enutugl ¢artedationlisitsedn using the plurality of the sanple points |ocated

in the vicinit f the bitrar oint..This jnterpolation nethod includes
a step of perf%ﬁ’ i) ‘3_%'[ Efna? %ﬁ@ﬂﬁg f'ﬁ?f"%gs ﬁ§° l?)‘?ﬁ_i’ﬁéh‘? RSN t he
sanpl e pRkdufemchb rréd shidbilPRicAlasd And, ivitiedboliPp, €gher P, naswreﬁeé&ﬁb,q Ling

coefficient used in the weighting operation. rein, When t predet er mi ned
sanpl i ngddteriasaticn ofithe atcurdey camogbppératiftesh filter includes an interpol ation

nt er pol at 1 on it BF R0 e hy pertoBtni e dledief Wi minieaseits
product @t nhi®er s AighkAt ks WM et ki (dx) and a wi ndow function Wdx)
which i s capabl e of converging an end portion of the interpolation function

s(dx) to zero.FIG8 &8 tp 2Qprediagraranghoiwving the isimylatiatowsults representingibadow
function Wdx) is represented as: 11 W~) - 1 + cos(2~dx / R) 2 Moreover,
the second mark detection nethod of the present invention standardizes the
interpolation filter so that the sumtotal of the weighting coeefficients
used when a first arbitrary point is subjected to interpolation and the sum
total of the weighting coefficients used when a second arbitrary point
different fromthe first arbitrary point is subjected to interpolation can
be predeterm ned values. Herein, the standardi zati on converts the
respective coeffcients of the interpolation filter by dividing the

______ o v T 1 Y b1 o o - e o



12 equal to or less than the predeterm ned sanpling interval. Herein, the
first mark detection apparatus of the present invention is characterized in
that the inmage pickup device has a pixel size a predeterm ned nultiple of
the m ni num peri odi ¢ conponent of an image fornmed on the inmage-formng

surface, . 10e npl.i.ng 4 nterval .includes a cycle of the pixel
si ze,, anéélFtﬁoé'% 1§,([ii> gﬁ%ﬁ:ﬁ‘?ﬁ %ﬁ"%glgg i“&%‘gﬁ%wceﬁﬁ%%“&}?"i m?agprﬁgnlegﬁlr&q{ ‘Y}}’?néhecycl e
equal t o nambersfaliphaentti@kischhnged 2 eFIGINS i§h Biagtai HRWiNihe r&QRRARENt 1S
defined by ~, /2NA based on the wavel e of the detection beam and the

. | ngth ~ o t ]
numer i ca|thf‘d}5@heuP@lmpaﬁe&(h@ennﬁﬁgéefesﬁ@?w I%S) is threer§aGpl Lisla diagram| s
pr ef er abl i . mni ripdic ¢ nent . | ddi tion,
the fi rstSHmngipg ﬂ%ce}'? %Ié |f(])énnn§%%té§r1§¥’[?snao t (gﬁﬁi r&e?%%?ﬂ’ Sﬁ%ﬁt 'eorﬁ‘s‘flﬂ?'ﬁ r
conpri sed.ée ismixet hi ng devi ce which renbves a conponent equal to or |ess
than a predet e&m' ned. cycle from Elﬂsi gnal output at the sanpling intervals

by the sanpl i nf 8584ab @S thedpmber of glignmentmarks jinprsased, the PgEHOR han 0.5 ti nes

the mni Ladi nt Wl t.hi j ves
peri odi c%rrtg%%éerg?gﬁregua ?‘Sg gda‘fggg%fﬂoﬁgﬁgiésp%ﬁ Héénﬁqsl n%!o(r?‘;a“gt? on the
basi s of understpodhht thereds PSarapling interval mihererthepositioh measorgpeneerorfdvenndt.

Mor eover,, the first rk detectipon gpparatus of the present  invention is
char actePF‘fE?feivﬁryt’ﬂ‘é‘{{‘aetvﬁ’é‘ ?rﬁ\“f‘ﬁif oggﬁgrggergmaﬁlfﬁlg eredsefhal related to the
| mage signal asfofecyBith BRtdoe IIFIARE 184FIE S pli tméﬁcﬂgallf%?Fﬁal’ and
the interpolation device interpolates an arbittary point in a‘c e equal
to or | egswhighthenositionankasencmientezirossarp lektiemélpreshued. Hheamgnificatipobfit i on

nmet hod usgj.ng..a_ .c rsion includi t he.li.near  conbi.natjon o plurality
of the s DPuCUGHIYE H ShSq el e shmiling PPt eear Sithe pagelolte
Fur t her mab®ve-debeibed satpling intdtedle C HodsvaPhaishsotSsofdesitdbRy beeaiigethees a
measur enment devi ce whi ch _neasures a position of the object on the basis of

the i nt ePFENECREPIacGiary duing manufagtyrang negds to e made spics aed different matkanpl i ng
interval vﬁ@%&ﬁxﬂﬂ?ﬂedi‘ﬂgftﬂe basis of the anmount of position nmeasurenent
error of the neasurenent by the neasurenent device. Still further, the
first mark detection apparatus is characterized in that the sanpling device

out puts the image signal i f ﬁgt rmned sanpling interval, and
the interpol ation device @S%maﬁrﬁﬁ Yg inﬁNon t he i mage si gnal

i tself. A secomge presdat fefié @B MBATAGoRfidESARE RredoMSlcuRftaROAPT | SES 2

sanpl i ng_devi ce ich images a mark formed on an obj ect, converting an

i mge of inmindma e ohiest efithe present invehtiomiage poivisieat veantia sampingtinteryab si gnal
rel at ed ' i i [ m.ne Li.ng interval as a

sanpl i ngh{glgllt}Sr:étes;et ang%‘éﬁb'?n er ;S)gplgbtr %’é@ﬂ%ieo&eé lmvl\ﬁ?fitﬁgﬁ'ﬁ?l IELPSIO8E an arbitrary
poi nt i ncamponeht aeuark detectiar methed cigable dfredueingdaiositiohradr 684phikng 13

i nterval g%.an i nterpol ation_nethod using conversion including the |inear
conbi nat PBHUYE a4 Sxp method foriraasteming) apredsterminedipaftern ontq yaubstrter pol at i on
devi ce | Bl &leA¥sAb e Mk didk Oy Akvi S : | t he sanpl e
points | oc%{eed I % the vici %Fl%)éﬂ%ep‘dtah%H%‘?ﬁfgrg}fé&%%@n‘#,éﬁg%gﬁpgghe

i nt er pol expaswredesthed; apeark detestien appagits] amgexposuratpgatatus fon grahdferripguar al i ty of

t he sanpl e .points d includes an interpolation filer which determnes a
wei ght i nar‘:ég‘SF?ﬁnsﬁ‘ ilfern oty 4 SyBiire e\%ﬂ"ﬁﬁ PF‘H% %ﬂ@?&@ﬁwﬁtwwmﬁraweand a

pr edet er déviesmamimattineg by henseat theexposirbhpatather pol ation filter includes an
interpolation function s(dx) represented as: S(~) _ sin(2~1x / 2T ) 2-~rdx |
2T Moreover, tfaotherehjeqiaf hedwesent inventiap paioqreridefevernid the sssplingi nvent i on

further i i 7] kce i.ch. st andardi zes it he
i nt er pol gﬁ%é\l l? ?ﬁaZFos(g’g%?%g r?‘#@%ﬂ‘%k&%&%&ﬁﬁ%%%ﬂ P?{bc’dbcoef ficients
used whegompérenfdhaais, ever if teasafplif tht€alalobs ActisaietP b kidplingdBestbmagnd the sum

total of vveighti,ng coefficients used when interpolation is perforned on a
second aPBFl defessiopanethodicapeble of prevertingtapositiongpeagwrmentaripr gausad byan be

pr edet er ij; i ar«ll zi i nyerts. the.respective
Coof 1 of ShAgte, ¥ e b o HF A bt e P o L SR Ve

coef fi ci eligredyinghle mark devdctibn afetliddea dedpembnfectangd bthbe atigg tifeur t her nor e,
the first mark dehection apparatus of the present invention %uyther

conpr i se8XROsuicdBethoth @ raarkidstectign anparaiifpdexpeswe appatetys fos giaasfermedr | 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 inmage pickup device having a pixel size PS of a
predeterm ned nultiple of the m ni num periodi c conponent Pmn;" of an imge
formed on a predeterm ned i mage-form ng surface, and the snoot hing device
removes a periodi c conponent equal to or lessthan 1 /( 1 /PS 1 /Pmn;"),
on the basis of the pixel size PS and the m ni num periodi c conponent P",;".
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BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a diagram schematically show ng
a constitution of an exposure apparatus of one enbodi nent of the present
invention. FIG 2 is a diagramfor expgaining a state in which _
interpol ation is perforned on a one-di nensi onal irrage Flocli 3 is a diagram
“for expl EInV\:hI Lnt.erpolatign is ormed on

t wo- d} ﬁe%’g‘%yg{r;éa ‘“Far%i 808104 Su%%fa&f allgnlgcg uﬂn%ﬂl?-ra?rh@ﬁé%%?ppﬁ%']‘sea(?{il %n of a
step di ffdeffle@ﬁﬁmlima&rddrﬁéﬁfgtﬁ@éﬂlﬁﬂn@ﬁ%ﬁbﬂathﬁage pi ckup device by an optical
system for conditions where NA'is O t he wavelength is 0.6 ~ m and the

i 11 umi nat i on sityerder to accamplish the forageing objegtsan ﬁtﬁ@nmrkné@temonmmci ofghe he

I mage sh | nterval m 6 is a

si gnal Fr;[g%l‘;:eg&b n%l‘) }1%5?]?%3&83% g'a‘il W2 Fxrafrlﬁ:iitog_necﬁom ﬂbjgcté"é{ 1 i ng

i nter val defectibnsbatm; ihagdthdan i?nag& ofl tHél ragHk Ao BEOM iﬁﬁhg%ﬂ@mﬁihg Rfeth on anount  of
an edge position when an i mage position for an inmage pickup device is

moved. Fieepvegtingthe irageqtahn @mlngh istfermedran it imsge piskup deviebint ated by

rform t s 0 ints for
Phe o gnaftcdichlliage B oyBhERER GhFelsil b M 1hEGESEh (7 BRORIERHEE O
results csmnplmgadtebgal spedfinterpoluting thehwigraiselated to itiecinfagt sighaliin oycléseual
respecti 0|ntsfor the signal showmn in FIG 6. FIG 10 is a
di agram i‘?‘l%@\e??d'l‘ @F@F@E&lﬁeﬁﬁaﬁm%f‘t%‘fa $an edge position when an i mage

position for apckdrBRg t@ﬂﬁxﬂﬁl@erﬂﬁ)‘ﬁ' ﬁﬁh@b‘zﬁb%ﬂfe%&h& H’rlhl%lgl? R:Ql)l%{lbr? Onit 5¢ gPved.

FIG 11 is a diagramshow ng the sinulation res position measurenent
error whanage piekupl dem}e imstbe/@L tinses deamipiniumtpeniogiercboponerny ob a image or

| at FI G h g th ati sul ts of
bos: 1+ on s dettinSri s AT R SRt Pt piete Tk SRS od when
per f or m Bignifithitly RUbGRADY ihletpoitingGh a tydfe equdl tosoreleég iR PpreddieMing t he

C

sinmulation results of position nmeasurenen error en the sanpling
i nt er val SMEPRHRKGEM Méma%wg@ﬁlwfr@e marléwbr@harq samplasicat theprpdetermingd | t eri ng.
intervals.

In addition, in the above-described mark detection method, the image pickup
device has a predetermined pixel size, the predetermined sampling interval includes an
interval of the predetermined pixel size, and the interpolation is performed at an interval
equal to or less than the predetermined pixel size. In this case, the pixel size is preferably
a predetermined multiple of the minimum periodic component of the image formed on the
image pickup device. This minimum periodic component is defined by A /2NA based
on the wavelength A of the detection beam and the numerical aperture NA of the
imaging system. Moreover, it is preferable that the pixel size be 0.2 times the minimum
periodic component or more and, further, 0.5 times the minimum periodic component or
less. In this case, it is best if the pixel size is anywhere between 0.39 times or more to
0.41 times or less of the minimum periodic component. Moreover, it is preferable to
perform a smoothing operation to remove a component equal to or less than a
predetermined cycle from the image signal output at the sampling intervals.

Furthermore, it is preferable that the smoothing operation remove a periodic
component equal to or less than 1/(1/P; - 1/Pmin), which is represented by the
predetermined pixel size Ps and the minimum periodic component Py,

By performing this processing, aliasing noise can be removed in the case where

the minimum resolving unit P of the image pickup device must be 0.5 times or more of



FIG 14 is a diagramfor explaining the process of edge detection. FIG 15
is a diagram show ng position neasurement error when a step difference mark
of a6 ,umline is sanpled for differgnt sanpling intervals. FIG 16 is
anot her di agram showi ng the position neasurenment error. when a step
differenge mark of a & a mlinejis | ed for different sanplin

i nteryal s° PG “Peflgglg 08?188'?65‘;})'3%86\}%& ?gfehglﬁ mﬁr%{siaaﬁay@@ettéatregrm esenti ng
the rel abtaRgficin beinRoved den sREaHditfhs WheR tHeimARGTBA SbjebiAnA®ARUr ement
error when normalized nutual correlation is used. FIG 18 is a diagram
show ng cempletelitestoregn resul ts representing the relationship between the

sanpling interyal si.tlon.measurenent . error when the nunher of

al irrgnmagt nar kégla §‘%'El ﬁ’r %’g‘?et posIyQR xpgasgreme%pxaarﬁogﬁgﬁrﬁgm?g&gpeg%?%ﬁq on

resul ts petfisrafedoh fog ekdifple ghe iRt dighies miMReths 3RFHUNs0E of NAsv@ak and
position nmeasurenent error when the nunber of alignment marks.is six. FIG
20 is a axpagsianrEihswisvg! field ispossibleravem by theuise of 2 eqnvertéonal imapgerpickup

rel ati onghi;p. between the sanpling interval and position nmeasurement error
when the nunber of alignnment marks is nine. FIG 21 is a flowhart for the
production of Motﬂw'er;ein(:aarsbntdrpaiaﬁhmépbratibhiaﬁcmapahieawi&ﬂsnh@thiﬁg isSI 61t |hl qui d
crystal panel, .a ), a thin-filmmgneti¢ head, a m cro-nmachine or e

| i ie) i nB‘ffE%méPrb‘b&*C%?’é‘r‘metﬂﬂ’ {iﬁeﬁ 13 AR adyantags i that pRcespipg;timecan be ghqriesgd hgrt
show n ' : em conduct or
devi ceg %ﬂ%%‘b%hag eﬁﬁ%@?ﬁ%%&# BI‘F‘EEQ??\@EVJ I &hi@ﬁggﬁﬁ%@% description
wi || be sepdeatdly detail for a mark detection method, an exposure nethod, a

devi facturi ng nmethod mar k detection a at us, an n exposure
v at et R SRRl Ak R yPRERHE e AR5 B
r ef er enciithubheribdeddongifonentsposur € apparatus] First, a description

according to one enbodi ment of the present invention will be 16
Specifically, the smoothing operation comprises: 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 ihcludes the
smoothing point; a step of sampling a function while removing a periodic component
smaller than 1/(1/Ps - 1/Py;s) 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/Pnin) 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



made for an exposure apparatus, to which a mark detection nethod accordi ng
to one enbodi ment of the present invention is applied. FIG 1 is a diagram
schematically showi ng a constitution qf the exposure apparatus according to
one enbodi nent of the present invention. In FIG |, reference nuneral 1

|
e rr e UsiBion e dndFaife e RBhantotbidHER SLA hERIpF e saRBE "
reflecti g@initd IotHRdMAlthViclnitg RF tRMHrbikes foi@m 1|rhia fi'ﬁt\e/:\%_@lhﬁiﬁﬁ nliethda%&ﬁ@éscae

nuner al denotes a wavel ength selection filter ich only transmts |ight
havi ng a Weighéing aperatieneesingthe plurdity ek the sampletpeintst hr ough. Ref er ence numer al

6 denotes a fly-gve integkat.or ich adju the .i.llum natio i ght
transmitted t hr%@éeﬁmﬁ%\’/le ﬁd?ﬁenglgmh? P%Sﬁm#q (fsétt@? objeqt i geﬁsuf%rﬁ’h@ﬁba% ux

havi ng aofithefifterpolatddeiftigé Yighalst Hekbilt, it prefaéreiQRAICRANPUAR irtérvdl idenot es a
reticle blind having an aperture S, which adjusts the 1llum nation range of
the il udftsEmingdon therhasis of th amountefposition meaguenert eriop ivthe measuremgntc hangi ng
t he size ner : . iQn:filt.er. - integrator 6
and ret i SReoBRR Rl AT AL BB bl Shice ¢ SR b s UBRURER ' 2
Ref er enc andthemnmiunBofposition sneasureimksiciton in the predetefrained eanplitg inteevadpt i cal

axis C 1, anii ref erence nuqeral 9 ??@&}JS a_ lens systemfor irradiating a

reticle We¥eshers o ipiheyerianbecrps ese phthepyiningm bpe wadthief theor 8.
Reticle lfalifpdileRPPsR | axis C2 where lens system9 is

di sposed. cOltlw1 Igaﬁﬂles ret féé?go?%,tﬂggglﬁg%tebattern is transferred onto a wafer 12
and an al i gnmeftill fimther, fin thipimsentionntheduterpotation is performéed an thetimapesigescr i bed

| ater. Reference nuneral enot es rojecti optical system di sposed on
opti cal é&ﬁﬁ ,“%ﬂfﬁﬁﬁa%l% ’Qéé’i’fam@%iq%ltg‘lng%&tq ’i"?f’@ﬁt“gf‘i’%nsrritted t hr ough
reticle 10. VAfrdrddrdo iaScompiBRtIORRELEIMRobfeeRSH Sbid HRfeddctiph mdiu & t he

| i ke, and resist (not shown) is coated on a surface thereof. Reference
nurer al % RIeseBt inxentioncamprisesrthe\gfeps ofyinmeing a markfprmpedconian ehjesti on. | n

addi tion . ture i. i alr.of blocks
novabl e F%ﬁ‘%ﬁ@é@ﬁgﬁé@(ﬁg@gﬁm I"cu arﬁ%&geé%{? %’tlﬁ’gp@glﬁgupzctij%’é ep 28 ont o each
ot her. Releetriealdmapeisignal} odputtiag o signalaelted\te thidmiagesignul in 8 prede®Bhiped whi ch

noves stage .13 .in a stage- rIDvi_n coordi nate system formed in directions

per pendi &8nplingigtepsgl ps & §3naple paink apd pedormyng uintrapelatioman aarbifrasy pejat 13, and
t hus t he; i {4 f biSni S &?]]g(; - i sual
field of "g?g’fcéft ?nﬂ°3gtl§§é%§§és?%§$tﬁ‘?‘ﬁwl7 I ?}lﬁgg%? llat;(}’ne,ﬁf(lgil \}iﬁho\él mrror 14
i s fi xedmsthad ysingdetopversion dngbading therlinedr combirmtiot oRe phuralitg of thesemple 20

denot es @dﬁ@ser interferoneter which detects the position of stage 13 in

t he stage-1noving coordinate systemby irradiating noving mrror 14 di sposed
on stage 13 wi Hbrekn, ifielintegalatibh metisl, tReysitrag it heshbjbciedaodevi ce 21 and

| aser interferqnmeter 20 are controlled by a stage control system 36. In

addi t i onnterrplatien esing theplwalit o the sampiepaintg located in the vaciniy of the arbitragyr f ace

of wafer ;42 S’I‘}f"ﬁﬁé}ﬁ@ : : ' LLdeQn : surface
of refergnce marli e 3@%@@&@{&32@@3& %ﬁ%&@é?%@ﬁ%ﬁ%&mﬁs f or med.
By neasunsing thetpleralityrdf thessampl epaints andami inferpolation fitter foridgermmainingsensor can be
det erm ned nd a positional relation betwen stage 13 and reticle 10 can
be rreasu?”@&ﬁh%gg& 115ty ysg gl insthe eightine OBARHY s I'gq’?‘gewé“é\/‘iﬁe gresieteangd on a
control sifpalg itekalls T, iR iRrpRhtbrCAR: itludbY 8h GiRrBdlation fRRELPLRPYenent of
stage 13. Ilﬁlﬂ agddi tion, det ec{l:s%n resul tls l(l)f Iaserrai r?tler eromat(e{rEPZO are
suppl i edgfvepby 8s:age control system 36 to main control system 37, and main
control system 37 outputs a control si gga{ ]éﬁ stage control system 36 based
on the information of the resul §@k)< e apparatus in this

enbodi nent conprises: a reticle alignndm/38Ensor 31 for detecting an

al i gnnmen on reticle, 10

k for. : d f [ i t 32 f
Get oo M pbBHAR Behs eistren arsdt naar L Bl | $305 prodionet hnant Cmar k

formed o : L | i t e Aalignoent mark
of roti cfsppfiiorfinchifh b Fartd WHIEH uBGW RHIGHIE L drebb BohORRE: | O™
wavel ength esd|petioh of thedhterpblation fardtiomsda) tooserd.i Hdreinewhesuledglhi ke from a

| i ght source (jrradiation syste not shown). The relative position of a
det ecti oW"éﬁ%"blsr&(th%W“@?&’r%F‘élont 6% dnepresaiftedds: | ndex mark) of reticle

al i gnnent sensor 31 and an optical axis AX of the projection optical system
are obtai ned beforehand. And the relative position of the center of a
circuit pattern region drawm on the reticle and the alignment mark is al so
obt ai ned beforehand. Accordingly, the center of the circuit pattern of the
reticle and optical axis AX of the projection optical systemcan be aligned
by detecting the alignment mark and by obtaining an anount of a shift

t hereof fromthe detection origin.



Wafer alignment sensor 32 is a so-called off axis alignnent sensor which is
separately provided outside projection optical system1l. On an inage
projection surface, the optical axis %g waf er alignnent sensor 32 and the
optical axis of projection optical system 11 are parallel to each

ot her. WAfer alignment sensor 32 detects the reference mark provided on
reference mark menber 33 or thgahi )formed on wafer 12, and thus
measures the relative positional relati on2between these detected nmarks and

the index mark, forned. in align t sensor ,32. Note that the reference nark
or the alignne rWF'kﬂ}esseF(?“rd%H"ir‘TrE[a@ff"W”t Wetthﬂé ofithe PEISEHANYIHANT r om a | i ght

source. ( ifahdidiads (B0 iriPORdn MbiCHD thit thofun® RANGS tHESkdi g RobARIERA ysapnsor 31
and Wafer ali %nmant. sensor 32 conprise 1 nage-formng sygtems |cl11 orm
i mages ofwhema fizgst jaghimasn poing issubjedtet e interpelatorcandrthe kuma tataltdfehd whightiag an

i mage pickup .device. JIn additjon., althou all.types. of fhe abqve-described
~ sensors gpegﬁg Fflftegb léena?sseﬁ%de?rgiéqafygmtrfﬁﬁ.?éﬁtsqu‘x g'? firgtarpirappintds ¢ hj s
enmbodi megibj¥dtdd toifteHRME0h RES be!BleltteAinkd Paldds. IPREM, tRERAIRIarBSatital er
al i gnnment sensor 32. Reference nuneral 3 5 denotes an alignnment control
syst em t 6onysrtg therrespeetive corfligiantanf theintespolationfilter by dividibg theadesppatient  sensor
32 are ¢ i trol system 35 processes alignnment signals
out put f?%#ﬁ%%ﬁgR%élr?tsqglre]iﬁ{sllt(l)Pgﬂ’gfésgﬁ%“%ﬁoe@ﬁgngm puts the sane to the
above- descr i beRurtieimorepthie isedondynsdrke detdction methbd of 1€ pEBEM AN RANGH pérédri@n.. t he
illum nation é‘i ght emted fromlight source 1, such as a
super - hi §SMBPIEEE precesyios ferpoyinga compenenbhaving cyclesegual toor less thasaed by

reflecti e 1N kO ' ,

vevel ongPh esiied S folet i SRl RSB P RL b e PredtBhied o
necessar yampingantenmlir eHérniny thelimaggpickundbvidecias b bixel sigd Ponpredgériminddansmi t t ed
t hrough wayvel engt h sel ection (él lter 5 'Inﬁ _adl;ftksted into a | um nous fl ux

havi ng a tHHRISPHNE AWM perigdl¢ compAnes ¢/ npags formedpndhe pmageand t hen
reaches prkiwleidd i i g | 280 &Hﬁ{ e Sto
adj ust tEe illgl urln' naltplﬁL gémro gﬁﬁr@ﬂegc%rﬁ(:érgé%@glldés %8@ Egﬁt&rrﬁeﬁﬁ%%u%? ll’(l)ggcl on °|hgﬁt . The
i |1 unm nagqushta grdess thanak{giPs -t léBmit)hewthgbasip of the pixebsied Prandi the mitimund 7 i s

fl 1 ef ' ' . nd ol NGI .. . The. i
of  apor ¢ Ly SrhiEaph THlpich 36 Py BB e B 510548 R b e

syst em 9compshent®,(Jesi red range of reticle 10 is illum nated. The inage of
t he shot pattern or the alignnent mark, which exists in the illum nation
range of the r rrorggthejinterglation iperipamed on thedmagesignal itself.esi st by
proj ect i on opt TAlxpdYith Btk ofIRprebAB i bR ‘ tofofis 10
exposed on a partix ul ar regi oon %?pwa%elr ?@1&%&%&%&&&%?%%}1@%&% g@rs 31
det ect s &Hebspaisiontowhigh atpnedetarminedwpattends teaisforredgandrthe piedetembined e 10, and

waf er al | t etects the.reference k.pgsitio n reference
mar k. morBAiE R ERRe i A€ WSl Whion Ak an T b Piecledout put
Thi s al i gpthenise 6f e alark detectiqgirhethod.al i gnment control system 35, and

reference positions of reticle 10 and stage 13 are set. Next, main control
syst em 37 out pMoEeoyer: 3 deyiee manyfaeturing of thernressht ipyentiomig®rso that t he

Cendor 53 Eadutfl ERPIEr ol Bl ool ndRod B RELFGRY e Hediined O

control pattpmabntoshepsubkteste.a det ecti on signal output from |l aser

i nterferoneter ﬁ_o to ggian control system 37, and controls the detection
signal by sendi*AlstRuHIsteRtIQmARParatys pTdhe presentivRsion inelndesanipadiptiany st em 37
cont r ol sg@ngh RESEdidESa ok fRASH b L i gnment mark
formed o??%vvafer _121,’r measur s t he pggi%?;og‘ﬁgpggﬁ%g??%t%lﬁf é%g wafer 12, and
per f or s imagedbimgimgwsysterh ovhi¢cthforma me image of tiee madkrin thémmageforming gorfee; i s
term nated, the sho ttern for on, reticle 10 is _transferyed to the
resist coi %H“&ﬁ&em{kgﬁai‘%e QSB%S'S&?E% itBWW\?rgeng‘B’é‘n%ﬁ‘éféa"FrP Herpling dgyice he
procedur ghicircofirdithe thddd ofthethh@inB th R idcaPRfgk 's%ﬁalf i%'-n Qe I?@oﬁh%tgan ment
signals output fromreticle alignment sensor 31 and wafer alignfrent sensor
32. |t i signdliredeted vethedmpge Signahin h eredeteemined sammlimgantetvak anil s mum di vi si on

unit of the i e . pi.ck evice if it.is 0.2 to 0.5 tines the mpinmum

peri odi cl%%lgﬁ‘ghgg’é‘fe ‘?’Uﬁg ilm@afeért%%g%@ﬂ&é foﬁgﬁén?ﬁeékgi’ﬁ{ WANEE by t he

al i gnnent optical system The mark i nage formed on the inmage pickup device
is sent as an electrical signal to a sanpling apparatus which is a sanpling
device, and sent as a digital image signal to a processing system This
processi ng systemconstitutes an interpol ati on device, a snoothing device,
a standardi zi ng device and a neasurenent device. A line sensor, a CCD
canera or the |ike can be used as the imge pickup device. In the forner
case, the digital imge signal is one-dinensional, and in the latter case,

o 2 1. o o v

is



First, a description will be made of a nethod for perform ng an
interpolation of a digital inmge signal obtained by the foregoing i mage
pi ckup device. To sinplify the description, the case of a one-dinensional
image will be described. Even a two-dinensional inmage can be treated as a

one- di mensj i ' canning |line or by addi ng scanning
l'ines, i n%ggég@(g%)rrlggﬁﬁ%}]&%IPFegg&gﬂnlﬂlgdgggP@r&l Fﬁr‘fa'r explaining a state in which
i nterpol ati on Hereps theofisthak dotector aphai@isofAieprebdR dfentioh flcfaradterifedr

sinplicity, a description will be pade for the case of an interpolation
wher e an if fhapibe fmage Rigkupglexice hagm pixgl sizaa profeierminedymultiplecefdbe minimonsi der ed

ki oh ! S ) . |odiaital i
gl Cf RerRdé RotnreRfof b e RIHES ot ndETSHAIRE S B8 e b i GPO°
sat i sfyi sgmilingintBrval ehsieg aayclabdf te pbel sige, anditrdhrtpolfiondeeicp pbdidrhRn i s

defined to.be fkfék': o, 1, ..., n Q-ianln order to_performthe,
i nt er pol AR iBFrPokation w agyclessqyal 19,y lesp than thepinglsizst i dhe Bpeimum periadic per f or med

bost i on CpSHAeIsHeld by A1 ta Baska o cle PvAGIEY . ' BRldh pRam BT S ©
i ndi cat e¢hdhnkericAll dpef@eNA @etHe iiafd fmidy ISR  The RHRX LTRSS iR Ot her

i
(hereinafter, referred to as a proximate point), and several points in
front of 'Gtd tiresithpminrimymmperiedic campenenti pini additiain) the fiestmeatle detecteon

specific i ] . - 1n Fl .13, to f6.denote

one di o 2pelarty Shnt BISERBenlion Fidfer Gomidlel & Snodthine hellle RGP A el T
The posi tomporeabeqliahtotadessthanhesredaerminidogoleifonnh sighgliduidutafihge signal s f3
to f6 are X3.tq X6, respectively, Now, the case is ,considered in which the
i nt er pol SR ‘Qteb‘@}sfwtﬁéamﬂl’ll“t&@é’@eongﬁml}rﬂﬁsﬁléﬂélmd’ls@ﬁ laeger theade si gnal s
inthe c ' i : he i iy I:S. et ween
t he one- gﬁlﬁg F\h-sgi %lgg@u@?gflggﬁ%?%glgﬁg ?@’H’aa;ng R@ﬁgdr??hbg ?e‘%lgeel%goé'%%%fi F:er t he
i nt er pol aompenents equdlito edlesothan 1118 abiP i) @nplesbasisaif tikeoogikeli st ahditheeof i s
defined to be X . di A one-dimensional digital image signal proxinmte to
the posi MY ELBFRMLEERFCR Heaminsj gnal after the interpolation is fs. This

one- di nensi onaMogo¥e, te firsBrEBrkicfdAbn hfpafid TIROHESent vefiforPs0Xi Mat e poi nt
K, which has a _value of K= 5. Therefore, the interpolation 1s perfornmed by

the use &haragdrizediin thet the sampling dgyicegtutputoa signal rejatad taithe image sigiabet  poi nt

K, for e : j - dj i | igikt.al. Jmage. signals f4 and fs
and the Farg foink B0 pledcRRfc s HaiEla Ryl b il BARG RRRE %, ey
the for eguérpglatesantibiteary ppint ifhecycld ejupbloa i«s tHah thepre@ftbrmilied saipliag f unct i on
of k and. k' i eneral ; however, in the case of performng a positiaon
measur e nﬁ’rﬁ?r,v‘_“]tq}_?( n lﬂtleﬂ?oﬂ)%loét’?‘ﬁﬁ"df Y& cagvasion 1%‘4_}1 Re thedinsascasphination of he

rel ativeapRgality @ﬂtlﬂ%aﬁpl_‘l_e %ﬁlﬁgé 1cha%& lin the Vicihify $OIRE SBltaty géiﬁg -he'be eover, when

the sanpling intervals are in an I'nteger rati val ues t hat
the rel ative pbuthermpregshedust mark detgetéor appatass. furthdr cofmptikessemensmeniensl

| : . held, in.a.st . b di
Uhese nubeyiot ahef R BEET Bt Cd BB S ORISR Aleipi Rt siier pol aci on,
the int etipohadrzed imfat tieipastetamnined spaplisy fReval Nodeteriladd dnhBe ¥atd lahe " i

used in E@uati n (.1) is a variable determ ned in consideration of the
accur acyHPuRtiod PPsitieR PspBIeaent gFar ofthe mepmrerpent by dhemeasurementdesice2, in the

f =~ i L i na f, X ~ d,th '
it on ol SHeRine fity e Gctectidt aBfihdus RbHAAREHL AN InAt e omriR k1SS 4 o e
t he saneputputsdlor imegp sipdsl itselftih thepredetermiredpamplindintsichlf 41 th@l ue thereof is
K=14

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



When a sanpling function represented by Equation (2) is used as the
foregoing interpolation filter S(dx), the original signal can theoretically
be restored. S(~) _ sin(2~cdx / 2T) .13 . (2) 2~cdx | 2T However, an errors
occurs which is attributable to the area of the pixel of the inmage pickup

device a he. use. pf ly data,adjacent to t.he signal..in the. .

ot er por A0t pvidn@imeiftion b FHnE LB vstofon NGBl N el foRSPinaionfs when
the i nt eragdirality @ tHel fe (Rhigky) Hereh, etinteffonitioh e vied érpSlate@ tier 0 at the
end portions ttKe_reof.. or this reason, in actually, the product of the

i nt er pol #higary ppint vsingthexplunahityi of ghessamiply paiets lacatgtin thecvieinity ofthgt h i tsel f,

that is, a.w f I.on X t chi he di st ance fixed. t he

vari abl e aﬁ}bd@%ﬁ@?@%raég?llgénm: 5‘?%1%}3&1 ‘{r%“’g Egggrrﬁésearvﬁgﬂgw%?ﬁer tlé’ndlglélg)ﬁées t he

i nt er pol glurslity bf the@amplethoints, Baé ifcbideo¥h Higerpolatién fler (BichideteamiRgdat i on
representing this interpolation filter S(dx). Sﬁ:) - sin(2~rdx / 2T) x W
(dx) ... Weighting gopfficientiusad inythe aveighting opgrations r\Whethtbe peedgierratdgdf uncti on, a

panni ng W . K ; . f. i i (4) may be
sati sf ac}[@g@% 18{535\3{1] I tégﬁ\ﬁtg@g%ﬁ@ﬁﬁg%@%ﬁ%%n /lﬁkkéﬁﬂtﬁg(f%%@hﬁwg ange and

| engt h ofreprésented astow | n t he above-descri bed nethod, for the case where the
position coordinate X(k') is coincident with the position coordinate X(k),
all of the points becone zero GE&EPLMM nt where the relative
position dx = 0. Accordingly, the data2sii/@F to the interpolation may be

used as it is r the r%.‘lrativ osi.tion, and us the progessi ng speed may
be i ncreased. TEQYEH theotrst mprstrgon APRapatuSofdhe Peatt invspihiurfige case was
descri bedophRsR1aN ORAE dSVE N i f i ' evice is
handl ed agﬁ‘{g f)ng- &@%si_on%ﬁli md%‘?%@é‘%%&é@?@%ﬁ%%‘?ﬁ@“%@3‘5‘%rﬁ‘rﬁd for the
case whemsunriotahofitheiyeighling adefficients nsidevheasntarpolasiodiisperfirmad bn afaste.

(Removal _gf.. noi se eqver here are nmapy.cases.where noi i s included
inthe i ﬁﬁ’d‘éar!ﬂ’aw}ﬂf‘“%éH“’i‘Q‘a;°€‘P’8§@% Wﬁ%fﬁngsc sed hen "H‘E}Pg]%g?’é‘sel ectri cal
noi se geneffainfd odrh sebendabitRbepointafiffelent fréf @R filsOdBitrad) pantd@h®et . such as
dust or the |ike, caused when the ali gnrrent mark is subjected to

processi miedetormined yalyes. y Thisstandardiziag deyiceeqnvertyiha gespestivsceeffisiepisedessi ng
such as [ [ : . NOJ q ' rors and
e e WABRARER e o SISO BRI IR 7 0

case of pespediveicneffiaieptssi ti on neasurenent, in general, |low pass filtering

is conmonly perfaorned. escribed above, the jnterpolation i erforned
on the inmage sFB‘i?ll?;ﬂ““BffP _erfg'at ‘P?Fa‘tf?f%“m%ﬂf{tﬂ%m%“ﬁé’rvéfétfct”eﬁif‘ﬁ?rn t he
case of fehinpfdsASmdofifing Hévi& WHiSh kémd RS heHBhedt ¢ daﬁosgmsltma nterval s

after the interpolation: Wen the interpolation |%ﬁger ormed, the sanpling
i nt erval pagdetsrmingd cydle Eoputhe sigoel awtmib Aea sample peint intthe predetemaimpd i ng i nt er val

for the i y C Engly,. [ n C re.the.fi.ltering is

per for rreéglgﬁlﬁn egflh% Pﬁ@ger%%q%ellalg g gﬁYICéﬁan@Q%Bé@%%mﬂgngaqeé’ lcreéﬁﬂ}“ieé&nand t he
processi mpagd piekupndevivehasing Alpitd eize Py 6f a pretidiamghed Maltipld dfahé Agnigam be
performed hefore the iﬁter ol ati o& ia this case, the process of filtering
becones HETIQHC Femponent miePg"Qﬂ nage fora156 oRa Repdeterpdngdimage-frming e taes. or at i on

of the aggy Hﬁ%oggﬂ?ﬂf&@\fice fehfovidY Al AldniindReh #4116 Br RSs Alas¢/1ped above is

a convol ution
1/Pmin), on the basis of the pixel size P and the minimum periodic component Pp,,.  This

pixel size P is preferably larger than 0.5 times the minimum periodic component Py,

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 is characterized in that the object

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



operation which is basically the same as the filtering operation.
Therefore, it is considered that the deterioration of the accuracy is
‘prevent ed by sinultaneously perform ng 4t he interpol ati on operation, and
that the filtering operation and the processing speed can be increased.

Now, X i ned | filter.i d b . h e of
Dot ar i RGP L ASETPR PHGR gpeakate PiStDs AREH g o b AT hsmpecielblr e g
the int ebqu{ea;sé 8NthkinhdrR detektion dppiragigent ed in the above-described Equation

(2) or (3 first, the processing is performed on the inmage signal using
t he i nt er pol at Futherpreea de(isg of theipresént inviehiorpis sermyactwged thrqugh tler sted  usi ng

the | ow s filten R(X Al t hough no gui,val ently to the above process,
when ¢ heOl SRS e arietesied pafignale Re Sip BBy e ppordlf afRBE L can be
performed. LPS(x) = JS(x' ) * R(x - x'" )dx' . . . (5) Therefore, the inmage
signal obtained fromthe imagﬁ:‘ icku&ﬁglevi ce is@grocessed by the use of
!_PtS(x) Ire'E).resent edf! n EGRIEF 5}6)318 PT% 'nggEé)ﬂ WG S'l[JEj egt e(rjozzgsses e
i nterpol ation . r ;

performed sinu é%égh?ﬁé&?ﬁ&e%%ra p(gaellg'sb%&% r%’ﬁ%aﬁé%{e]&‘sa oe?‘gésﬁléd. An _
o pass 1Tt er Box oot eponde to A change. of the aycle of the sinc
ow-pass filter, X) corres t : , of, )

I ol B g SR e A st T
ccordin : : e, X) in Equation

the foll gwél?\léﬂe%alga%_l?g%g%& by the use of a variable H .sat_i sfying H<T.
LPS(dx) - si n(ﬁq..dxs 2 djagram fqr@xplaiming 4 statel ilvhish\isterpolatioh lieper fosmed bn asi ng

t he wi ndpw Eunctj on . dx%. raﬁpresent ed in Equation (3), LPS(dx) is

r epr esentCYIEEPMYHBAESPEBHN ng equation (7). LPS(dx) = sin(2~cdx | 2H X W
(dx) . . . (7)FI&Tis b oRéldReridfinAprERUAH ¥ & differehdd mhrk ihiage RIREESH! N9 Of
the image signal obtained fromthe’l mag)e pi ckup device, the interpolation
and | ow paimageipickupidayice by ap eptical Sﬁtmf r?anthtlmm@reNatm.O&Ggﬂe L\?r )egm Qg

wi ndow funct,ion i epresent ed by the foll.omng Equation . ~) - +
oo 9-cx WRogprEh 1s.6 55, 558 W ympakpS stgdraif 10

A tength of the w ndow

(I'nterpol ati onpyef, 545 b \Wn&l JBRARACEYPanpiRE BreSihdBebHown in FIG. 4 with a

sampling interval of 0.24 ¢ m.

FIG. 6 is a signal obtained by sampling the image shown in FIG. 4 with a
sampling interval of 0.24 u m.

FIG. 7 is a diagram showing the dislocation amount of an edge position when an
image position for an image pickup device is moved.

FIG. 8 is a diagram showing the simulation results obtained by performing a
three-point interpolation on the respective sampled points for the signal shown in FIG. 5.

FIG. 9 is a diagram showing the simulation results obtained by performing a
three-point interpolation on the respective sampled points for the signal shown in FIG. 6.

FIG. 10 is a diagram showing the 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



Next, a description wll be made in detail for the case where the inage
signal obtained fromthe i nage pickup device is a two-di nensional image. In
the case of performng position neasuggnent using a two-dinmensional inmage,
position coordi nates in two directions nmay be obtained fromthe sane i mage
data, or 'a hon ¢ ord| onl.y .one rectl tained. In
this eanHPlﬁ’gﬁ ?6?“1]?%18{;? WH’Z‘ IYg’eﬁlWﬂ WEF'&?@B@%O ‘fll‘))&lr' Phe i mage
pi ckup d@i\{‘tbﬁ@g_l s about 0.2 tines the ninimum periodic conponent of an inmage
in at |east ohe neasurenent direction, the interpolation is perforned so
that the sanpl FiXy lﬁmedxaatamnforteiqdamnrxgthapropma@éemﬂemnml |l er than the

m ni mum di vi si ? gf t he m&ttcku devi ce, at g

direction. A case P& 'r?gfaﬁ?e?’l}?&'l iR ?Fé“‘iemea?%qféﬁf eBﬁSfe?‘{ﬂ FFB¥ed on a
t wo- di MeREkIOBRd 6 | R Bfe i%lsgmledfﬁdlhyreﬁtss%mhmgmml@r val TX in the x
direction, sanpling interval Ty in the y direction) and the two-di nensional
i mage Ssi gnal f FIG. K¢ is matlmmdmgt&nishmhng theglogitiah nieasurerkiynt efdox whe®a step . . .,

nx'; Kky in acycle TX and Ty' satisfying at | east
one of Tﬁ‘fgfep}(e nﬁlﬁlﬂoﬁ‘%/gﬂ nryne lsml@d fm@ﬁwnwmng@a@walw ue of the image

signal fkX~, k I, .0bt.ai ned .b 0| 1.ow n uation.(9) u i nals
f~g ky of one %IrG r@?sea ﬂaﬁ{a&@o\ép @eﬁlﬁlﬂ?téon(r%ﬁ% rﬁg{esgnﬁégti: ﬁé}atL(%}fE ]
< ky < P&SetWeBh/ﬁhe%ﬁﬂEﬁﬁg iVl aBd Podifibremeausinédf efrdr Widn ndirslize@mutuly ky )
dependi ng on and with a point (PX Py) as a center, wherein a

posi ti oncmﬁ%)mspﬁdky) on a two-di nensi onal inmage correspondi ng to kx, Kky,
and a position I nC|dent
or proxinate tlf)@e(e{g Eé%%lﬁgﬁ}’n Wla% ﬁgtS{ﬁQt gljr?’ éﬁtgltrgprgg\?mrl?éﬁ‘le o ﬁon%ﬂi

vari abl ebeteteen therseinplingimtdroaltané pasition megrsurémdnfsrror Wherﬂ‘thknmhher,d(y ky )

(9) (Px <kx<Px+ar my<ky<Py+ny) In order to facilitate under standi-hg
Bok ialets

regar di n§ %’H’%e“é i bed process, a specific exanple will be descri bed
wi th referencepi® 1bli& aid: aﬁiﬁov@né ﬁle%‘lrﬂﬁlgt%xﬁ% {8 ﬁé&hﬁh Hagelﬁtléﬁsﬁgp
which the interpolation s perforned on I mensi onal | nmage Si

FIG 3, bdmcmﬁielsalylphh@umrpalandpommn memwne.m eiroehaiethe nitnbet ofher ei n the
sanpl i ng hnter ﬁ?of fhe two-di nensional inmage in two directions (X
directi of %{W&E’X/m(?f Sd¢tFon in FIG 3) have the sane T. 25 In FIG 3,
(Px(2x), Py(3yFiG.00 i§ Peiabaim sHOWiRy the sRidatdsiSiesmeE refteRatiROiRtrslateisRlped by

t he i mage pi ckup devjce, Now, the case is considered where the

i nt er pol hetween the sppling interval 2ad ppsitionymessugsnyent error when the ppmferpf < T, Not e
that, in,psd6nt Rrfachldet at e understanding, the case will be described
wherein th Interpolation is perforned at the sanpling intervals T' in any
of the x di recF]CbﬂlamaiﬂbWehqﬂ foir theqiroductiod\ef s Hevice (arsemidondistort dép sripl ed

t ft t PX SY~ t
(P (oxatls griva fptid sl it . CED, & Bl diaebercubaied mired riachingol at i on
i s perfobfmd likey indhPehbbdifdeRil ofthepreseht Inveftior( 8y’ )) as shown in FIG 3.
First, a proximate point to the point Qto be interpolated (hereinafter,

referred to asFi.pRdxa ﬂawehqmmwng the dbtails nbstep BHRFEIGI21 fapxifetoass oy ( Sy))
becones t int. Next, at |east one of the close points of this
pr oxi mt%ra%nﬁ%{?&}c@gglvggt ed. In the exanple shown in FIG 3, points q 1 to
g8 are selected. After sel ecti ng t hese cl ose points, the operation
represented by the ore atlon M IS Eerformed The i nterpol ation
filter S(kx, kx', ESI positioninthe
t wo- di mensi onajye} I ',
simlar to the gaeggg \F;\.}lviﬁ gfa?‘{?gﬁpﬁwgrl B%{)P{%td ?gﬁd%tés}ﬁf(’?g?ﬁ a&fﬁg@egntb%t\qﬂeetngd’l%n

one- di merspasn méthadja cbwgnmanufantumgynaﬂaﬁea matrlhéetea‘lioﬁrappdraltuis andan t he

t wo- di nensi onal i nage signal .is resented using the djfferenge of these
POSi t | ong&Xposure apparatus acco ding to one e odiment of the present mventlon with reference

to the drawings.

[Exposure apparatus]

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



For-the case where the distance of these positions in the x direction is

defined to be dx = ~ PX(kx) - Px (kx') ~ and the distance thereof in the y
direction is defined to be dy = (ky)16 Py' (ky') ~, the foregoing
interpolation filter S(kx, kx', ky, ky") is represented as the

interpol ation filter ) r.eover foIIo'n i,s also simlar to
the case M Fé aPﬁép(?Serea}pB?)rlagié tBHMP%h ‘bg’rafl{)‘il ogme[ﬂ',pg' a(?ﬂ‘é@mgﬁ@ﬁg?onal i mage
si gnal . &nB&dimerBdfite prebent iR esiik apflidant erval T and the sanpling interval
T are in an integer ratio, when the operation of the foregoing Equation
(9) is execut eHG headatgtaass@ematutallvtsbowmgercpostamtmmffth& exposurg( dx, dy) that
t he above- d g eirlab e (g fkfé are snﬁored bef orehand in the st or age
appar at ugppgt c%?ﬁo ing tg ofe SbpUmsnt ¢t thePresent MeRtghs, 1ol ati on operation. The
i nterpol ati on miHIGe!, refefehce Hittheral Pdeddies £1a8R sélrcdPfichas g1 ng t he

i nterpol ati on on t he two-di mensi onal |mag1e signal, becones a product of

i nt er pol &4neEhighmressurs maetcundamy of #n exeimer lases p Referorcediumasalibodrnotend | s

TRt A Sk st SR

si n(2~r dyuxherﬁ[l'@lbiexﬁ)tesdyw:ive&'ﬁg‘tthaEcﬂbmﬂhw vhicle 5119 randnaiks lligﬂﬂlhﬁhﬂganOI se due to
the fact thﬁt t.he interpol ationt{1 élrrs sX and sy are Jimted filters, and
the filt3RYSigeth Becessaruifr seposwe Pghat RBfﬁTGPF‘F t@neab&dwwlx-wenave a

| ow pass;, dﬁérgfé £616 % cthQﬁ dsts'tfe 11ﬁfrmé\,?\£ﬁtﬂgﬁfitr%ﬂlg€tt < lﬁﬂ)gx?h ) a%leﬁl%thtsge{t 4 case of

t he one- nsi onal ge Si en eac e I nterpolation
filters ﬁlt@tﬁ(l)ltcamlilmmm;s(ﬂiy()halvmgsmhjtfen:mmnkenntytdmmﬁtmmw function and the

I filt d t dugct f d. ., . siml
Lot he case of MEHPE AR 1SeRsarEr S S SripsarehatiaiSRge

si gnal , metlmumﬁtwmtaﬂg@@m& 'ilﬁﬂnﬁlhtllétﬂ'ig‘ht gor(aketiclang, t§$@‘3¥§cn‘b@@la‘?§re® ed in
Equation ( 10) satisfying a sanpling interval <TX, Hy <

Ty are ugwgtneth%ﬁ%tpﬁapeﬁur&ts on ( 10) into the follow ng Equatl on ( 11),

2l taneous o Hevelbdgeh Shbcibuifh SR RORBIR 6500 A5 Y BB Uit 5

2Hy) 2~ siyuenti2tly on the fahik)optigaltdxéy@hre, by obt ai ni ng a product of S(dx, dy)
in Equation ( 10) and the w ndow function W dx a defi ciency wher ei n
the val ue doesRefstencspunerpl8 denolesagetlection sigor fbwl%@emﬁﬁléﬁlscﬁl t he

| 1 POl #id QtndddyinefltladforB0) 58 CRITN Y lmatg% Aok yifh e, examl e of

t he foregm ng w ndow function I's glv w ng Equation
( 12). bmnatdm)llgrhtwﬂ(zdxdbxrﬂe@dm)nurmr& 12) vvhere V\D((dX) = 1 + cos(2~dx

wi noow 1 e Bt K pongton an bl é%aﬁxﬁrea?nsts&sew Gt he

di rect i oQn(Ek rdticteato @rsh@tfpaabmﬂs tragsférpdiate b Nafer 12 And@ &R Bligmerit tadk 9T 0

obtain an original imge froma signal obtained by sanpling after

per f or ni PEFIiQREMEashysIY: Wl'éﬁ?h%feé‘eb‘t gsariberblgter. the sanpling interval must be
0.5 tines or | [ ein, for
t he case V\hereﬁ%reegé\?a{l/&}ﬁggi {lhdgggl Fxg)k egfjdsbe exﬁlafﬁpa%%%)%quﬁ&l s ~, and

t he nuneaxis &2, whiehtconergds th&tfbluﬂpn\atmalhghysmBﬂmual Mugh Beticteé 10.nmum peri odi c
conponent of t opLi. cal stemis in order that the
al i gnment nar k{x)iggmgi ? %3 Seﬂré‘tY’@Eﬁ‘E@r F?P#rﬁ@(r@%@%@ﬂlgogﬁp i‘!‘&sa“dtrFﬁéSt not
magni i cgidval) iPéoatddeonPdirfasd thedfem i s reduced to make the visual field
broader. Aftér the alignment nark is detected, the nagnification of the
optical systenRéferenoenenerelll hdahotdsa S&dgedmﬂmlﬂmg wafeel 2 by vechium 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.



In such a case, the mninumdivision unit of the inmage pickup device
sonetimes becomes 0.5 tinmes or nore of the m nimum periodic conponent of
‘the image forned on the i mage pi ckup ew ce by the alignnment optical

system Herei nbel ow, a description will be made for a mark detection nethod
capabl e of re gg t he p05|t| on ﬁ rrent error ,even jn sych a_case. For
the case V\/nerent 8 28V Hg GRH fsc#?%e AN predetermyinedimogigion of stage by i ng

per f or me@efayercd RuhBRAPE0 Qéxﬁ)'t’éél% 18Ry ixﬁ@rfer@xhb@%ﬁ&h%ews%hé%b%{tﬁinfbfgtagb Pt
periodi c corrponent of the image is converted into a |long perio

conponentn theglage-moyingsaeulinate system bsireadjatiop mewingtmirror il 4 dppbsedioplseagea si gnal

cannot be,restqred, onl y by performng the interpolation. In this
enbodi neﬁ? Wlt% gé%ﬁh%a‘%?{%nm conponent due to aliasing is included in the

signal and the’Dhef £IVY-6scriVbeE Britd\@evide D 1 BADIAAEF InRifefork@BPANGE totfollch By mage
pi ckup device is defined as PS and the m ni mum periodi c conponent o?

i mge fo?ﬁ@ﬂe‘éﬂm@hé’ﬂ%é@ pi ckup device by the alignnent opt| cal syst em is

<.  opr eaent od i) BEFHEe Rk itk RTRARRER y s QBB T RePBmvi ng

t he corrpwafmﬂz befited@ntdpredetsraditedpositaof ghaye DB S@4 b shidide@Fréf¥rensy f or med.
For this, IS S%3I sfactory that an operation represented by the follow ng

Equat i onmarkz’ﬁe‘(‘ 493, AP as ?)Eﬁf?ré‘ﬂ‘i?éﬁr dignpgntisdormed;  Pyuneaguningthisch does not

i nol ude ;rggnc B?éfe#&ﬂi{p&ﬂ@odﬁﬁ@ T(lﬁg)%meme?ig&g%{ fzg%ﬁ’lﬂeﬁ% %&g%@%&u&&%“ 1701
obt ai ni ngalittmpr@ﬁnetagoﬂSﬂh@ratmt;fﬁOmdbentehsmbm above Equation (13) and the
wi ndow function W dx i enc | ue does, not snoothly
converge to zée 8geacion%rﬂ]esyé% %%P‘P}t %”? ‘ﬁl‘—’z‘cF h? g?ﬁgloé%tai ontre} gignal outgit ng

noi se r effomal mamoR®ol s§Sen\ITdo chhtrdl RedvVaRIeR: of stk 8. act ual processing,

val ues obtained by the operation represented by Equation (13) are obtained

bef or ehand an dnsﬁié‘ﬂl@& dqﬁemhe resulis a@l@sca pmanfenmster R0 axelsuppliedfforrmstagad d uring

the inte ad fr t he stora
appar at ué&?ll(’?%?le%r & prIa 8%%1 3y Steﬁ%r#gﬁ%‘ﬂaémﬁgﬂ{ﬁ System g?o‘f}ﬁﬁ"ﬁ’f ?89?“
pr ocessi signdl itorgtageadonire]l $isehi 36 1babed an thefitiforetiorséfahé RRUIRY of the processing

time can be achieved. Still further, adescrlptlon will be made for the
case where t helICRYPRSINE apRargtay inthis smbadimgat eqmpsises mtwlsuagatanemsencyr (kx: 0,
1, ..., B‘P(forl‘él)étect%géwah ent Bhark % ég’é?n-re@l cle edb; érﬁlaa's\gl rﬁgx}ne@l{s&g ﬁy Is >
1; x-directional sanpl |ng I nterva Frettlonar Ing rnterval Ty)

is perf ofomddtecthmm referenceinggrk lon agfexence llnerkl mempass o&mhhgm@t ingarigformed as f ~
ky'. Fi rs Eor each value f kX ~,', a point (Px, Py) is obtained
wher ei n a pS t1| ‘'on Px (kx), Py (ky) on the di gital image which corresponds

to kx, Kky, an(ReﬁclBQﬁgﬁm&ﬁ sB¥sor BX dbtectSYhe A1}gnneAOMARSITRAHIO Y0 bP Huse oky are
Coi nci deg:lj or proximate to each other. Next, with this point” (Px, Py) as a

cent er examplpdight {defeckign fearphhaving W@‘@I@Ig@s@lupldpﬁh% of the lllummatzonkx < Px +
per for rredém é&fé&gﬁ é‘gxtl) Jﬁ-oﬂ}’ hﬁ%&f) g}%‘ég?,{? hﬁﬂﬂg m%%kg‘%)%é Elﬁ%ﬁe Sn k and

k' ang opositidninfatdetecti6 nnglyl)(foullexmhpleaﬂhe baltﬁﬁg"ahdl;ﬁﬁx&ﬁa}rlamf rleﬁél/bUdl ng a
periodi c ,co ent Xi mat.e than 1 1 /PS - 1/Pm in at
| east on %%Qgﬁnﬁ‘?{aﬁf“ﬁﬁ@ %’E&ala?mﬂeﬁﬂweupé%wctwam@caléwtm areﬁlﬁb‘ﬂ%? ned by
sanpl i Ngbéforeh&Hf. C)ﬁﬁideché_ ?%lat-Rbé poyf'n'dﬁ of hﬁ"&'eﬂl@xsétg éll'chﬁiyaﬂ&n%glgyﬁﬂra Prx - kx-

t di |

awﬁy '."F&i reteie and(tﬁqalygr(crg& madfgli%l?ﬁ(ﬁpfmhd{@<%eu?rﬁmgl}] ehtéd:ehue?n a
escript| e .case 0 m ng internol ation together

w e 1 ove ey gy ind Rl 5 @Pié fais "0k RO BF Rl ProP G sy g2

t wo- dIOfTEH%Saliyilédi b$ U&@étin]g{]the alighrhént kit ARFbyPshidining aKEémQ)'ﬁﬁt of abhift th teof '

Ky' : 1 is signal after the converS|on has a sanpllhg
i nterval fr@mtth%dﬁgtﬁﬁlgmmlglreast one of Tx > TX and Ty > Ty'. In the case of

f t | at t oget Jilt f h
Dol ue of 1 ix VaBPufiiniu SERE I o oS R gt TS L
posi ti onseBm(ai@Q prol?ideli)bhtsm proRcibmoptizhl dySREE IWh l@%ﬁ%a"g@%&ﬁ&%nts@rfm Ky,

and the position Px' Py' (ky') corresponding to kx', ky' are

coi nci dethe Oatrlcqéﬁmom&rtabg@aem senserp2 andsthe optigal Bxis kf propesting optiva] Py) as a
center, an operation represented in Equation ( 15) is performed using
signal of one or nore limted close points fkx, xy (PX - nmx < kx < PX + nx,
Py - ny <ky <Py + ny) and an arbitrary function S(kx, kx', ky, ky')
depending on k and k', and thus |low pass filtering and interpolation of the
t wo- di nensi onal signal can be performed. _ ~f~"(~~~"~~v~~") ... (is)

Px- mx<kr <Px+nx) ~Py-ny<ky<Py+ny)



Herein, the function S(kx, kx', ky, ky') is a function s(dx, dy) depending
on the variables dx = PX(kx) - PX (kx'") and dy = Py(ky) - Py'(ky'). This
function S(dx, dy) is a . function cari)gbl e of being regarded as
approximately 1 /( 1 /PS - 1 /Pm") in at |least any one of the x direction

and the y dj ti .l t S . 4 ted b
Eauati on Sk ST e BRipeflo3dh oS at“?%l?fyﬂﬁlléﬁ&ﬂ'rt%?m% 3 et e elefdpee S°0 £,
P{ x} m-, h%rk—prﬂ)l(/lﬂéd b$teferencelrhBioniémmber 38 oF thTeQﬁ FASHR n%k ?o?‘hié}i ofi wafer 1o, P{y} m-,

=1/ | PS - nMex ere t es denotes the x or
I;Iy recti oé\n@ theg mfﬁgs)ums)th&re@tévgppsmm)@}g‘dgt)on betwee(llése\dh@cted ma@lcb@)ndihey n(2~dx / y

2Hx) 2~d 2 for th
for)egm ngnd ﬁﬁ%fbi? %’ﬁlg{iﬂfm A ng?% &ght aﬁﬁgotgﬂs%? {ff?%ﬁ y| ﬁ; S(()(rjx ©
dy), repakgeinethallyis heathite®with 189 detét¥ioh B@aﬁi\’ﬁﬂﬂm\hém%ﬁﬂc@ﬂn’ﬁlﬁﬁ@n dy) may

al so be used. Furthernore, in the actual processing, a nethod nay be al so
adopt ed sYstem)rwineh is ngbshosmies of t he operation in Equation (16) are

bt al ned bef of RARMCaiBAth! Shest 31Mholi Wart! A AAEIARRAL 30 USuilad a0l & Form
and during the 1 nterpo I on opera HI LS Corr a8 onlngtothe val ue

of dx andnag¢ fa:mngeymiexﬁswmchﬁmmgagefmapﬁgrﬁxﬁmnﬁﬂdarmmeeﬁ&edce Mikh such a
net hod, t o&)gratl onp progessing, tinme can be shortened and further
shortenl ﬂ@je@f’ f180 1 HpageRcye ds¥iEeved. It is reconmended that the filter

~ y F
dependl ng, reglglé}:iﬂt@& mqﬁ%ﬁﬁu %rpla%(&?th@gbdd v%'LQEJ}‘Pfea 'sérﬁhrs aﬂréié%/phc@g?%sous types
of filtemsfer bhgnmﬂm scmseldBZ;ym nmmnplpby"thmembmhmmtf\mhdkldescribyd asingpwFhYpri ate
wi ndow f nctl on ? for exggp When the m ni num peri odic
conponen ‘%’Ime ie %‘ Sé’f%‘?faﬂ IgRReRtSPRL At ed as P~ 1 /( 1/PS - 1 /Pm-~),
the filter F(drofedeficd ARNQRIETH ®MoRY aﬁﬁlﬂ@ﬁﬁ&'ﬂc&mﬂeﬂys@% f‘() whlcﬁ'r&fc?e ~dx [ P~)
... (17) 2~rdx | P Qther than the above, for a Savitzky-Golay filter, for
exanpl e, alignmentsensor randithe:wafer pligmment senser32 ase gennectede Adigiment perl od| c

ot o noa- gl REEL8Y Brotels R ARERERL ol SiBlopf iRt STanRE bove

descri pt amhoutpits thersaink onthefabave-descried miin 2omtist spdtém3gi onal i nage signal was
descri bed. HO\é\ﬁver simlar to.the case of, interpaol ation, such elimnation

can al so be a fogegoing constipytion. tasdlugringtion Mighteermitted from light sourerelpr oduct
of the fildhgsal %Iﬂxgﬂﬁrc%@h@ﬁw Bmp /3 ah gﬁc‘?ﬁ@?@gér Vi§ réHdcRat l{ngﬁectl%’ reover,

| ow- pass filter i nt erpol atiion“can be perforihed sinmultaneously. The
met hod ofmimerr4 mdnanCIn@msmvcbngthasblesmomﬂihtarSeonylengthhelenm(m fildrStanbyn  was

descri be rGV|o if the condition is d mhereln t he
i nter polg GRS l‘ﬁﬂé%”%*’e%’%%?“ B‘T‘%?ﬁ%@é?@oiswg Iﬂﬂﬁﬁ%tﬁ’ff E’r € conponent
~equal t oillumih&ia lighﬁﬁa:ﬂsnﬁ(tedlth&d%@hwailekﬂgth selectfoneflter Slis hdjﬁstédiﬁﬁ) yhere the
m ni mum di Vi SIO nlt of the i,mage pickup device is 0.5 tines or nore of

the mini ayingiputosmintsnsitydistribugina byflinevedntesraiantd amdithengood
accur acy dashddQ §xd 72he interpol ation operation has been described as
above. Fé?e}feﬁbitﬁl%ﬁlg description will be nmade for the use of interpolation

in the positi oRetivbablindeTrelringesitie sizel of gpeitureS trudjust therilehaiatiomrange bod are
wel | - known. ection.nethgod | n edge detection, an edge is
predet er Fﬁ“ﬁ@dogg' tg%\ﬂﬁ’ﬁ‘?‘a‘l‘tf‘}’i‘a gge dihﬁfee‘hlléﬁ‘ﬂ pofi F%W&f?&ltwgléﬂ’%ﬁ i mage,

a slice bexableiblind 7ieoEd b fefREGEN RYirét ﬂ%ﬁql?&&éﬁ%ﬁ‘?&s dt 31 the
position where the edge crosses the slice level 1s interpo ated t erein,;

t hus a nﬁm@mw¢§0§e¢tmm Tnis formedomreésle £¢ by this lenesystens 9, anddire t he
sanpl i ng t al ge data or less. An exanple of the
correl at fjésﬁ ng feélcgelr?ollsmwlfg Harmt ual correlation nethod, in which a
tenpl at e i mageTks igigk of thelbhenstesh RehOlphafee mark) Whivh! dx?s@éjmrfh'é ual _
correl ati on between the tenplate inmage signal and an input inmage signal is
cal cul at dirmingtion rengerafithgyretiple ll‘)ens.af@mw qmaf@n Breaatedtwigh xeexspbsaprejqcmge

si gnal e nal ation unctl dependi ng on
this rel &J%?gsyﬁt)gpﬁ 33%8(?% "Pmdunalgﬁﬁ e lc%e@Rs TSt 8‘?138? “lar '(%&Opel ation
functi onof wafePtai ned. Myreover, there is a self correlatlon met hod used for
the case where there is sy metry in the input image. In the self

correl ati on neRefisde alag@ieghwnsor lodegotiethe pmlkboﬁ Qichealignsnent marlpsined om
considered to be a close point to a synmetrical point, the position

coordi nate of one part of the divided signal is inverted, and a correl ation
is calculated. This calculation is perfornmed while shifting a center point
whi ch devi des the




signal into two in order to conpute a correlation function. By obtaining a
peak of the correlation function, the position of the symetrical point of
‘the i mage can be neasured. In perfornmygg the position neasurenent by these
nmet hods, as a nethod of performng the interpolation, there is an

i-nterpol ati : US| 08t L] jd | hat of a
pre- pr oc (e 10U E AP A0 s ol i BT RpohiBh i Ferbinds

per f or m n@rk fhemberdSuixadmnt stapkt1a] arfd thisthe aligrment sigaaldeo batpiton This per f or ned.
For this case, the tenplate jmage signal at the sanpling intervals after
the i nt eApenment §anahisoutpy tg alignment comral sysiem #é@dﬁg@me PRYHASHE| on met hod

and the |ike. 7 e is also a nethod of using interpolation in an
i nter nedlkég't&e% lso'lt\ég@g&ggl?ﬁ{e&%%asurenent . Although both a differential signal

g_n ?f an ori g:' nalNext] x?mlcohhgkgsdeneﬁ?wmﬁda tontexd ?ignd&b sape¢ Controb kyseetn g@e
ifferenti ignal is or the purpose qf "recognizing" an edge
posi ti on® e algraneny pr §§@_§dm@fa@rtl_ﬁéan Re dstpPaby ths wafenbignmgptui red. | n
this casgensyhen %t@b%ﬁ&:;l%?&t@m%fﬁrms dhfd %&%&%&ﬁysf&]ﬁ%oh{}et%gdaﬂﬁge si gnal

and a signal subjected to I'nterpolation and snoothing are used; there is a
merit i nsuppbess detetionsignabowputifron ksenintedferometdri28 te arairetatiobsystest 3ihd, t he

correlation functi on becones 32. functi of the relative position
bet ween %cgcqnﬁ'gﬁttﬂ? deteq logistﬁ?ﬁﬁéy %Pg'ﬂgg?ﬁ@bﬁ&tqﬂét'i nput i mage si ISnal and t he
tenpl ate i magenshé@inanké ﬁainaaoﬁtﬁlijgaein%ﬁaba{rsglaha nRAEPYEEE B nfeBGur&anP! i ng

intervals of the inmage data. Accordingly, the interpolation is perforned
for thi sthepopitipaof &a aligamentanark forthed oniwaferoh2e measurésthe hesithanswf aaticld n t he

peak det i on al so achi eved. rei nbel ow, descripti,on of the

si mul at i gglgécgvsvﬁ ?gb’c?’P SEhPT! %@B%Ptge%ﬁ‘? s@‘?’?'orét&‘(‘irpoﬂi@'hg‘égg of using the
prior ar tlighatknt Ritérmeindied)ithestot pattdrn Remed ve fetickd (8 is4rahSfeReddahéidiRNSI onal
projection of a gf[efa difference mark image forned on an inmage pickup device
by an opfpates ongyy femfor conditions where NA is 0.6, the wavelength is
0.6,u m and tﬂ‘aeéclrilrphlah A1l bO thade H&etdiPofth® probBdiie %r%ﬁﬁhin%‘fg A obtained by
a simul ation. \When emnlrrumperloohc cohponent 1 nclude n the inmage is
cal cul at alignmentmask phsitioni foom de aligemesigpigrial scattpud fironn retible alighmenifseisoe opt i cal
system a?ij t(pen colnvert d with respect to wafer 12, the m ni num periodic
conponent” f& Y8 PLRY BT 45 ~c m FIGS. 5 and 6 are signal s obtained
by sanpling t higid éfRegvetopufolh the ierpblatntor e MbdiMtim diliSion i@k ¢k 24 . u m
The mark detection nmethod according to one enbodi ment of the present

i nvent i olnaggPickyp devieeliffibis Osbiod). hiimgs theasipimes petiedic Torapatichf eftbeice bet ween

_ _ _ i B pEtodic Tmpatient oftbece be
esul t o, Mg T iing o B 06 defic B (R BRBSSIRER, 0,7 Coul 1o

correspond to Tieanarkdmepe foramdloh she iatage pickapdevied is sentiangn elRetripslsignapn  of
t he i mage iCkiiggdeVi ce s%fch .as a gocfeamera. Wien F|,GS..5 and 6_are

conpar ed'/# YMPLAE APRATRIUS Whighds a VicRead; sgptas digital irppssrsignal tp a
di T f er enprobéseife ROt Mhis prédddsihd!si3tehnt cdnStiffis'an'i PR Abvigd aCr ror Wil |

occur when edge detection, the correlation nmeasurerent and t ie like are
per f or mesmoathing device,redandaniizing dever andemesuchenydaiictue to t he phase

rel ati onshi p between the ition of the i e d the position af the
i mage pi ckup d‘%t‘,‘.“%é?nsf’hé @ﬁ&@eﬁaﬁrf}ﬁénﬁﬁﬁﬁgé‘ﬁﬁﬂ O (QFf’tkt‘ng\ggean error
in the sanpk forther ddde) tat digital infage sipRAI ik On@8fR:Siohll, BnPintRe lattdd dag¢, sanpl i ng
is perforned for, i nage data :

two-dimensional.

In addition, it is desirable that the sampling 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]



in acycle of 0.24 ,u mwhile noving the sane by a sanpling interval of 100
a m edge detection is perfornmed to investigate the difference between the
‘nmovi ng anmount and the neasurenent val ?‘ﬁ and then the shape in FIG 7
appears. FIG 7 is a diagram show ng e dislocation amount of the edge
position-for the case where e position.of the inmage 33 for the imge

pi ckup device 'E"tn%a%s&‘f‘p'i*—?@h% ’gf’@’w& dﬁta%}éhf?é'i‘qﬂéﬁetF‘%lanEetB‘i"%i“iﬁ‘eEﬂl‘P&)n anount
bet ween td\éheBmiodinéi0¥ e ppEntiRGenfBASUr enent val ue while changing the
sanpling interval. Wth reference to FIG 15, although the variati on anount
behaves cyclically, it can be seen that the error increases after the

sanpl i ng(Ii ter%al xceeds 0.2.am This is a condition where the sanpling

i nterval i rp(,% e ?ﬁlmi"%‘qﬁgr{ape m ni nrum peri odi ¢ conponent of the inage.
Incidental |y, Fifst!d\@estfpttondelliaeinhaie oTatnakbPHe pétlirhingd h RRepaaRadimENt Of
the present invention, interpolation is perforied during the neasurenent.
FI GS. 8 digialdmagesighalpbtaimeddiydhs fogegoing immge picknpdenites obt ai ned by

perform ng a three-peipt Jinter.polation pn the respective s | ed points
sanpl ed from t he S} gﬁ'a{}]lg dg%mg?’ﬁﬁﬁafﬁf’{)%mﬁ%“ﬁmgﬂﬁé‘ﬁ'_@?e_t'f" ®FG 10is a
di agr am aésombetly (Hven ditwvb@liBénsivhabiiiigd caidbe tréesbonRimbhRbhal Rhadelty Case
where the position of the image for the_ inage pickup device subjected to

the i nt eFSRAVIRG V1§ Scannigg ire onlyraddingseanaingdines iprg ditegtion.here is hardly any
di sl ocati on anggnb ; ) i . he _anpunt of
novenent, and It t%é%L gieaﬁgaggﬁg?’é@g%ﬁézééﬁat%%?h{cﬁZﬁg@éﬁ?@%i/s }?eé%gflan???cant |y
i mpr ov edoiwydipensionatiimggé. hdniFiiG e2, fod simplicity, & Héscripfori wilbbetnady Rortteiavd ng

simul ati on r.esul tls.of t he positi,on measurenent error for the case where the
sanpl i ng® ‘8?‘%9 atjen ‘Eli‘ﬁéﬁ_ tnagedhBERlC T erAimgntional Bragepr ocessing as
described abovg cadelis e6iider&@lin viHiCh infelpdisti igrégﬁxﬂ{@d%g%vﬂvd%%iﬁ% b ion
results of the position nmeasurenment error fof the case ere e sanpling

i nt er val diggaldmagegsignalifietk: Pet.f.ox n) myingrd samiphing ingervalt T oma cyeled safisfying a

di i i.mul at. . L f.th it f
he case nlr o7ps BN ABr AR il ieEnBfigh ty GRerT Gaevaihy Bghonty
| ow passn').i |In@tde?@o pérféem tha interpdlatbRat i@@hm%r?ﬂla‘ﬁh%'ﬁ@ﬂﬁt%_ dpReddbh §s Of the

position neasurenent error for the case where the sanpling interval is
changed WHERMSE HFipg an mjerpalation Hiter $Gnk hbithe wo¢ plaspoint K+ where g posivierh

referenc Bl i bd s Dy ek f orm ne three-point

i nt er pol gﬁ)gﬁ ,a t 1&&%3 éulrn gﬁgtﬁ?%ggggnrﬁg ygl?lggé(o(gﬁq%ﬁﬁg%dr\%h% a%acr% cﬁcﬁﬁpi nt er val
is 0.6 twithsachhatheriaripranimptertd ealihootherrtherciaafterpfefdried to aRgproxima@t pbiat), unt i |

t he sanpl i interval. .s 0.3 ~ m. . .34 Under this condition, although
al i asi nga@]csgt‘j?r Ry i“ﬁhﬂf‘ts‘?ﬁa_f‘ﬂé’_ﬁﬁ“&i HBEPRIPL ¢ he neasurement accuracy, the
anpl i tude of tA@esoHpHidHAWIIPGRS tadh Iﬁofé%?‘é@ﬁ@iﬂy Wil tetette O FIG©.| TRegGI £ not
relatively large and contributes little to the neasurement; thus the
measur enii® fesaotenny-dimensienalidigital igweeisigaaly, eaclchavingresampliog sutepyil Rig
interval 11 i.odi.c_conmponent of thg |mge, the
accur ac yT i %ﬁm‘%g pdééétgﬁfu%fv%%% S H% ﬁ!ad{%{rné’\?&%%ggal imége Sgnals tt3 to h are X; o
X, respectively.
Now, the case is considered in which the interpolation is performed on these
one-dimensional digital image signals in the cycle T'. In the case where the interpolation
is performed between the one-dimensional digital image signals 4 and fs, the signal after
the interpolation is defined to be f's and the position coordinate thereof is defined to be
X's.
A one-dimensional digital image signal proximate to the position coordinate of
the signal after the interpolation is fs. 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



In FIGS. 12 and 13, filtering for renoving a periodic conponent equal to 1
~ mor less is perforned. Counting backwards fromP f =1 /( 1 /PS - 1
YPmn;~), if PS<0.3 3~ m the aliagjng conponent which causes a problem
wi |l be renmoved ensuring good accuracy. In the case of performng only

1-ow pass _filterd see FIG 12), the accur is dnproved.slightly in
compar <81 Rt PRerREut aping K fis ety BY ppéeitBrig udt Bhee, ' §)
however , sigfidl9f,anlY; &ANRE fdlE)\&QﬁéTEdjuaﬁibﬁ('l)@ iasing are large, thus it cannot
be said that there is a very good effect. It is recognized that the errors

are shifted to a |l onger sanpf'ikeg i Dt gS¥ak')as a (hole. On the other hand, in
the case of perform ng | ow pass &-mkkmeri Nng and i nterpol ati on together (see

FIG 11 ), th curacy is inproved in conpari.son wth the case of qnly
performng i nﬁé‘?tﬁ%f‘l’é?g%‘?g ]?@@ggﬁﬁé tq‘ﬂ‘)t‘?' 10 ﬁﬁ?@(gnl&)elsta RYtign of%ang

si mul ati @npk t | ; r 3 : i ntil

t he sarrplﬁirhrl1gaﬁ%lé%ﬁkgéﬁﬁgﬂﬂ%{%@g&gsg?gﬁ%ﬂ n%rg%h%aﬁﬂg’bggg\i}g‘%g%ﬁa ations,
it is rebbgni(dedwhichtdepérssmnlykordbe eslativerpositivh dd =4 o)y -oX k) |1 is tyfically

enbodi ment is extrenely effective for the case where the sanpling interval
cannot bé SEt to be 0.5 tinmes or |less of the m nimum periodi c conponent of

the i mage. Herglofeover) GMeitHeSamplifiemedridlé TARd W Ark i Ofﬁgééérp fakio! A8 vgn'ugaﬂ at in;m
- = L. ~C

results shown in FIG 1 S (nunerical aperture NA = 0.6,
and FI G thabthe selative positioagixroan take e imijed, Adhphthese-numerigalryalueagregitered i bed

above, t . Lni shed faon any.. in the region of 0.2 x Pmn;"
< PS < Ogﬁgéggﬁmﬂgag{dg ?tgl%g%]g{) ffdégqo%n%ol?yarﬁ%h%fe %1&"5&“%?61%{ ?‘te‘f‘ﬁ%onbglg ition
measur enstotage bp@ikatbedaimpshé Bitgpolatitig the inRrpdlativnciperitioh ¢4 bOperfimadd. 3 t0 S
nm ) However tﬂe agaggglac,y ig,i nproved. .i.n the regi on 0.39 x Pmn;" < PS <
0.41 x PNeR theythe vanablesim” wed imEquatian (s a Naniable determired inicesidergtinie, i t he
pi xel si i i vtice is determned so as to satisfy the
condi ti Oﬁﬁg?%&%;:&%?&ﬂﬁ&&@é@é‘é@d81%4111&)( Pm n; ~, the neasurenent error of

t he mark posi tFwthefrmogeindd6i 2, inthe canobhebtaioingfe) dired the Bdsitivint doordizdte

al | owabl e, yal u 5 nmin FLG hus t.ne neasutenment accuracy can be

i rrproved?f%(ﬁ agfﬂx%rpompag?orpmatet])ﬁ%dféé%gn ; g?ﬁgs???j%ﬁlsggimaﬁeﬂﬁ“@@% Bt be
changed {dnie, thoreasdhde o the proseflaRipsit KSardahe villetHeRGPisTK caf, i on of the
optical system (inmage-formng optical systemfor observing a mark in order
to form an i nalyher pspmplingfunetion reprgsantest kykEgration (2 éy used aglEredforegning so as to
satisfy adl ki 39 AR < X Pmny thus the

measur en%an glgtrg%{r gf(t:é;%(@{)f ﬁlg%?nlgpkarggﬁaltgaeﬁ)?nﬁﬁrreglséel%'.bel\%gfp%rge'er, on the basis of
the foregoing sinulation r%zé‘!t)t Ssin@é A2F)condi tion that the line wdth of a

mark = (2n + 1) x PS/2 is ‘s‘l?;@;‘;?‘meenthe@hape(pitch) of an
observed mark (mark having a cycle) and the pixel size PS, that is, if the
sanpl i ng posi t Howewmchnt dmorecgerspesich isattribnableho theaded afahe piaelofahdrer, t he
posi tion, neasur,enent. err can be .controlled towithin the all owable error
(Fhe. acolaeey RkGR dgeicf A B 58S of FUE Brtaedirapt L PE B9l To e esp i
satisfying theTkodtlirtch@Rdbhahe lahér dabd otibkabIP astieald with ¥hinte?Poldtich ) X PS/ 2,

appea
the mark nmeasur enment accuracy can be |nprovedl.$|n.ot her words, when the
magni f i cEitero¥dwrdaepaot smapthly spmverge topeiosithessndipertiang theeeadr i ned so as to

mar k- measur emott s gthehigh actlEb OF abbistal e o kin PSR it 7 1T
ef f ecti viimited 1dagitharidhiBe agtiitse i thiRSs,2 WindoWFirttion WYARY RatchingltR®! ation is
required,, and the condition PS > 0.5 Pmin;", where allasing is generated.
Fur t her nBisBco,xqddynthe yasighle mi Geasiderad in prrfarming the knternelton.ys nsedep therrar k,
cach ot nerHPRRETt BUASERE THE (ERARAR BLCRT 3Pt s aGuliBh Pl Bl B o 11O
nmeasur enemérpplagon filker S(dx). be i nproved. In addition, when such an uneven nark
(a mark constituted of a plural i_té@&‘/ | ines and spaces and having different
line widths and space wi dS@%izn“»“%( ?E&gm&)ﬂ d gqgir)]t hin the mark)) is

used, the nmeasurenment erro an DRedy/effuce n" all e pixel sizes by an

averaging effect. Note that this nmethod is also effective for both the
condi tion "PS Asan sxamplp of the\fpregeing weirdqyn fusetior ajpgnning windey orthellikee

nter pol SR agsap R lovine ARREAA RIS I RA | "2 ethao of

obtaining intensities (for exanple, |um nance) of positions anong the
sanple points (f3 to f6 in FIG 2) by linear conbination of the intensities
(for exanple, lum nance) .of the sanple points. Mre specifically, the
interpolation nethod is a method of obtaining an arbitrary point
(interpolation point f g) by perform ng a weighting operation by the use of
a 36 proximate point (above-described fs in FIG 2) of an arbitrary point
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several sanple points in front of and behind the proxinmte point
(above-described f4 and f6 in FIG 2). The coefficients corresponding to
‘the respective sanple points (close s3 |l e points f4 to f6 in FIG 2) used
in this linear conbination (weighting“0peration) are equivalent to the
contribution fromthe respective sanple points, that is, the weighting
(wei ghting coefficients). W&ﬁ:tlh'a‘ios Rye val u are also included in
this weighting. Incidentally, “accordilig to the sanpling theorem in order
to restore continuous data to its pre-s | ed state, the condition in that
the sumtotal of the wei gHt $a4e§AN W&ﬁgﬂ"’g‘dﬁ}w\ays const ant nust be
satisfied. W b el Jal ?ﬁgﬂfd i gx&pp)-he sum
of an infini tgmntg@n%%dr"feoqébégg)gp I Cl gh%tﬁi@g%gﬁ?,tﬁet eSﬁgcﬁlr#tégd?%{t 0 tlhe

wei ght s ceincidentivithethe positiamtqordinate X(k) atl lof tHeqroemobevgme aardi éxicept fomthe be

satisfied., Hopever, (n the . actyal interpalatiqn processing, the weighting
oper at | oROIE WAL s el v Rosifon i T 0 ASHGHEAEIdala Y iTEJRGTRIAHN e s) |
Wien t he pdthe LRl Alit R7or the Pé?éti\@rﬂ&i@iloh,nan? thidThé ﬁﬁcés%ﬁfg%geedtxhs‘y gum total of

the weightS is not constant and cyclical noise occurs at the sanpling

i nt erval sicreasedsi ng t he reduction of an S/Nratio for a signal having a | ow
contrast. In ofdef.to | ve, this problem  standardi zi L ocessi ng nust be
performed on t ea%ggg)}l}eigl ugh f'b%‘ﬁ aP?l‘fe_e eﬁ%}pat{]topp ef?ﬁet“éﬁsg?ﬁé’i%ﬁﬁ PRGFthct i on,
si nc f unghigenjgnabisttained fb@the ndfRShickupldedide ¥ Hahdle@ a§B dfe-Hidfienkidaal _
standardi zi ng processing for the interpolation filter. A description wll
be made fraage; e peepsesing canxbernexformed fog thermass whereipandmagnsignal ishandled2y in t he
f oregoin ' . ich is given by the product of the interpolation
filter Sgﬁ‘gg]ﬂﬁééngmnﬁnﬁ?a%bl ength in the foregoing Equation (2) and the
previ ousl y-descri bed wi ndow function Wdx). First, before a value of a
certain bit‘{ragr oint (the point to be interpolated) is calculated by the
use of t Re“NMaEP] 158)i on filter S(dx) in Equation (3), the sum (sumtotal)
obt al ned byt NgrorgHeE Ritrélhre M Icbdel wishehioid i irfcﬂid%&i%@?xpa%?ﬁ%nalt he
coefficient val ues of_’ the respéctive sanple points (coeffiTients of the
respect i whichdspprocgssing ebjentt alhie doise is dlectiical soipogenerated dni the pesiphesedf f or

this opepat.ion are .divided by.the obtai ned sumtotal, Thus, in 1 the
cases (1 Mgl fgfl o ¥ abey Senal St ik, BT fhét e Ebtnens iy ' [he

wei ght i ngutjédtedre prédesdipg.” 1 " (a constant value). For this reason, the

noi se descri bed above i.s not generated. Then, this result obtained by the
37 divi si on i sPytiedady inthgesagmef pesformingiasymptotic pieeessiagsheh otdge. Herein, a
descri pt | i1 e ifi.eal r i r.dizi essi ng by
excorm | o Bt bieh SRy ot <l BEed M erdod andhE L Elsi g g

ar bi t r ar ymeaswrengleabt.on point f g described with reference to FIG 2 by the
use of the sanple points f4, f5 apd fb in the, vicinity of interpolation
bornt 10 Thel i BrEssCBen fhe.628n DPSTORHE 4 BSHRBMRSHAD & BOFHLS 1 4. 1 s
and fb, vi-phssaRriaRiIPcIMGHRY pbilemidat er pol ation filter S(dx) are defined as
a~, as and a6. The sumt ot al E'a of a4 to a6 is obtained. And, by dividing
t he respecti veAgdescribed abave, the interpalatipy ist pesfosmed omthglimpgesigael pbtEingd as/ E a

Sl e pot il tEhEla et HELHELE ARGe fefliefingls relunfERER ot her
aspect okarhpléng inteevabdoafedr it inferpdlgtion. PaVhe the fiderfolbfi®i B peifained) thf t er

performng | nte,r{)ol ation or perfaorm ng interpolation after performng

di f f er enédmplingrintegval atterdhe mterpelation beqomes ghorisr thapdhy ssmplingdnterypkioethsr e, a
descripti i be r: if: j.ati nd

i nt er pol :;ix%lii%‘r’]& rlra(la sé%??g%lg’olﬂs y@a%ée’%%rreﬁcgﬁg?r% 1% %ﬂe}%dse ﬁ;ahlgﬁthgr der to

achi eve énteipolatieni manyapetdtienpare cepsied @nd thegprodessihgtinme igerédies. di f f erenti ati on
cal culus after_performng fil teréng, by a.sinc fung}%i on S(dx) is, equival ent

to perform ng Fthesmopsy alioughsthe filtering qan by perdormed f%thsiin&eﬁmﬁ@m 1Bwi ng
Lo pet . b ) . ' rLow n
o ony g ERse! BERrdoRR FHRRKP BodHAETH R fh o BREIPGROASptatilny Ksuiting i ™

t 0 rest onaettabmtioy of drefancuracyy i nt er pol ation using this filter f(x), the
condi tion that the sum total of the contributi an és_umtotojl .of the weight
coef ficients) FEWeXeh BiiEiAqlption opsralpmasdaseike @50 S @CBYAUMIUh point s
al ways zero (hereinafter, referred to as a "summation condition") nust be
satisfied, and the condition that a monent Ef (x) x is always constant
(hereinafter, referred to as a "nonent condition") nust also be satisfied.
However, as described previously, since the weighting operation is
performed in a limted region (wth |imted sanple points), these two
conditions cannot be satisfied naturally. For this reason, when the
interpolation is perforned by the use of this filter f(x) w thout

D - T T S 1 o o o o .y o




Next, the obtained sumtotal E f(x) is divided by the nunber n of the
sanple points utilized for the linear conbination (weighting operation),
‘and E f(x)/n obtained by the divisi 0”255 subtracted fromthe val ues of the
coefficients of the respective sanple points (coefficients of the
T-espective sanple points obtained by the filter, f(x)). The function f(x)

r epr esentP§gHeHRhic éspl@é’c"?@%&'e&%‘f‘ﬁ‘% 9@”?%0256?*%’”5%‘3@ "8t i bed above to
be a funghi ) i ~ 5 vl , by the use
of the convsgd;ég%d()t&mfth%g‘%}?lg% t?m} é(f)tﬁé(%%]elr afscﬁgr%)&%r%‘{egﬁdé)yf %Banex of the monments f
(x) x ofertftrenicpthe finteipelation operatien, and hetthe idtes ngrppezatjomi antishé proodssiagned, and
t he respecti,ve ﬁ?oeffi cidents by the conversion function f (x) obtained

pr evi ousFhFed ean Vtf@8¥%y this sumtotal of the noments. And, the result f
(x)/( Ef (X) N$w, £prleaéteRsinéd 1oWasd fittesSis asuled ¥$BEIRAD. @ wei ght coef fci ent
of the sanple point. In the foregoing manner, standardization of the filter
function f(x) Inghpeaseiobperfornting lovspass filtermmatier thesintermdationuismenformedcondi ti on

d t. it tisfied. . ' descri ptj. i1 ]..b
apeci 11 o aping erRleeR 6 sog e i H AbRies BehPR P B by ot ne
case whefigstthe plodésRingas pérfctthell onRIRY g 8idnal hsind Shmbirpd1ation {ul?ér@(:ppl ation

point f g described with reference to Fl 2 using the sanple points f4, fs
and f 6 i And then thediregessings nepfermes] waing thg lowappsgHiltee BEH i ci ent's of the

respective sa i . i i h

i nterpol ati onnglhﬁ?%ﬁﬂ r@i ?(T{“L}%lt?%@c}g?ge n%’ V%gbﬁ%’ gé&atﬁgtf@g)%%@igéﬁlﬁgt(a al EDb
of t heseidubed,anlafinost simhilaripredss cdnde performed. b/ n, b5 - E b/n and bb - E b/n,
whi ch are obtained by subtracting E b/n, obtained by dividing the sumtotal
E b by the nunber of the &EBSfd)e pHixBt*RE+o' )i s cadg, three) fromthe
respective coefficients b4 to bb, are obtained. These b4 - E b/n, b5 - E
b/n, and b6 - TEhdrtforethe imagesighal\obtameddfam et imagdpickupbdevicean grdobssed Next |

th ts of t ffici in th ] l.e point
bt ai noq Y Birdie PREPSES renresstin bitin Oy REHAH § Sna SBHERRRtDr g n i n t he
sanpl e paitérpslatidn addfiétthgidan B 8blafRROAId sHRE Yhed& hiddbledate ﬁépf%@fedand chb, the

monents of the respective caoefficients b4 to bb beconme c c5 bs' and
"c6 be' sinngtapeoushyethg pracessing tirge gan be sheytersd. t he respective nmonents is

obt ai ned (specif.i . f = C S ot 6.1

est abl i shed) . J?ﬁé’ﬁ@aﬁ“ for s cast z5"}‘?8')“’,"* S tich i€ ﬁse(’>%§ the'aofabeibtd (%),
whi ch ar bovophsifilter] R(y) cirsispondg to a 3Ranigd of the chéle obih 3indddndtioa\vf ¢ties| y by t he
sumtotal E x f ﬁég @f t he rmr@ ts, are determ ned to be the weight

coef f i ci UHEROl3HOR flier Y(X)peppesgite Qh%ﬂ'@“ﬁai@hs f4, fs and f6. Note that

al though the ahaha@ply, Afthiskese\pp S EHRL g ' rk

det ection net hod an_dggtyhe exposée\glrﬁegg(%?ﬂ%%&gggérdi ngle!trg r%%g{egg%)\ggt-hggscri bed
enbodi meflloying Feuasioa <&y the wesoef aovariabled] patisfing Hi<ilienti on is not linited
to the above-descri bed enbodi nent . (léorE /gzarrpl e, in the position nmeasurenent

usi ng an i nmage sensor hav‘Ln.g(ca)Eis i mum d_i_yﬁ(,;i on unit such as a CCD
or a line sensor, the present i|nvedwbd@ftan be applied to position

t f . Op h Late. Th
Tt hod of i nt oVistreREn if e Zadeor il B8 Wi B SHingtin W) ForEeEeRat G Leing a
filter foquattmae),1PSedd)asicpgséedssinlthedollettidequiteorcase of detecting a

position froman optical inmage. Specifically, for exanple, like the
above- descri bed LSA-tyﬁsS&u)g:rﬁﬁ(ﬁtfd’é/e?@b;W(m )
2mdx/2H

By using Equation (6) or (7) in the processing of the image signal obtained from
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(2mdx / R)

W (dx) = :

. (8)



the case of performng position detection by taking a signal related to the
.alignment mark while noving (scanning) a wafer stage relative to an
‘alignnent light, a light intensity sigpal for a discretized positionis
simlarly obtained. Wien detecting the position fromthis signal, the
'sanpling interval of the si i 6 ly smaller than the

m ni num peri odi ¢ conmponent Ig?aigﬁe%{g?%%&q%{gﬁ{gg%l ing interval is

determ ned by the clock frequency of the electrical systemand the noving
rate (scanning rate) of the wafer stage. By using a |arge sanpling interval
to per f oflpicinelation of a hwe-dimensionalimage si8AM G rate can be accel erated without

reduci ng the = TV rei 3 J: oved, but
al so the cl ociTe r’eag%éeéﬁrc@rbg'f‘s{“ﬁgequ dg:g[’rd ?@g?ﬁ@i}%@%@g%gh}]%ﬁé s[ed to

i mprove bbtein&l fiomahé tmagerpitkup devise isvdtsvoeditmeasiomabimaget of the i mage is
measur ed at so]prreéb#)oi nt w},th.res ect to the direction (gif t he aﬁptical axi s
of the project G5t PERST SIloR MEASYrgmEnt YsHigf tWosUMENSHANSLRELEH: enent

si gnal  dgpeiudl ddgrddihtd R tive aftectRDk 'ﬂ{a]y% obfiEneRFRIne feisQfAe %Eéeic@zlta, ygtemis

obt ai ned, the best focus position of the projection optical systemis

obt ai nedpositimh eofdins¢ inp@ilnbngpdisictipn maybavbtatnednt si gnal regarding the

di scretized f . point. is simlarly obtained. A so,.in this case, the
nunber of magﬁ%ﬁgﬁoé’&eﬁ{’ orgthﬁ °§8¥¥h§&@86‘"‘6§m§%ﬁ%ﬂ%‘éﬂ’?ﬂft&? BBt i on of
the presgikup duwedetis Bbut 012 tihés the GRhinR@el PériddRSddnfonesTRAAH IBAFTh ablca@al

wi thout |owering the measurenent accuracy, thus'the nmeasurenent rate can be
i mpr ovedoreymeasyegient dixectian, theberpelation istperfesmeskagrthatdhgpsamnling ivterval of1)
accor di ng, .t .1 hi ' [ 40 . uf actured.s s.to he.able to
control ?’ﬁed?%{gis]%nﬁggnw%ﬂ é\i\%@lﬁrtﬁ?t\y\f g’ 1 gé‘é@&%@&ﬁ%&tj&éﬁe lglafgg&CkP%te, and to
enabl e edpdceLat deavd inlthisdigbctidnposur e accuracy whil e i nprovi ng t hroughput.
Specifically, the exposxﬁ%e apﬁ)ar,at,us_ accaording tq this enbodinent is

manuf act ur ed i Ca%§dh censigrreewhereinthe interpolatinnds pedorgied o Wvosdipgpsional Fl G 1,
such as de i ] irNAtd : i ¢l | i gnnment
System 3T SR CTELIER (AT TOBHhOR RUaloR R e P Ty e £ 12 i e
coupl ed dimgttibpbanddhe brb-timensionalriorpesigad] gl iscahVertedrimoaanigrabfil yy or

optically,,and then an overall .adjustnent (electrigal.adjustnment, operation
confirma o@: ’dr"%e%(iéz\ell)"i’?yaéﬁgémafﬁ?‘t’t @kats@‘s?ﬂé%attlﬁ‘éﬁom"fo

manuf actm;i>rrg'aga11;/heryexposure apparatus is desirably performed in a clean
room where the tenperature, degree of cleanness, and the |ike are

control | ed. Nekfter integpodationpeach yalye|of thedmagelsignal fixt iyds obtaintdby thei ng of a
devi i : d . { : } i ,_FIG 21
R e

is a flowchar ucl e Irn thrs enbo ém conduct or
chip suclm;] ast&meByaJmiqakyﬁBL#n&) f.jndqan ai})itnsp)sih&kpqmamlﬁltea S(IGDkx'akji,iky'?- film
magneti c head, a m cr,0; maghi ne e like). .shown, in F 21, first,
ot ep dSPERGDE Bk O B () FLHE o WS APORon Pelkcd b3 gned
(for exapphewo-dffdmibnhlimage fébx't%ér‘]sgb?diﬁé td 18€ k§ 2k aQiasiieh PL S8V PIRY) and

pattern design for realizing th unction is perforned. Subsequently, in
st ep S30gorrasperdingtedixi &y are egineidens)or proximate theachogher.neNdteghagtisd ci rcui t

pattern Qn.is factured. nwhile . in step S303 (wafer

pr oduci ngoqé%%it%‘?abl%m\eﬁd?ésraY%%reo%ﬁg’erﬁﬁgfln F@@e ﬁ‘écé’r%??" a material such as
silicon. Next, in step S3@4..(waf Lhgnst eply an actual circuit or
the like is forned on the?mf(ggmag)%ﬁ%ﬁghy"% hni que as descri bed

| ater using the mask and the Weberswhi ch are prepared in steps S301 to
vafer processel e s IR E0HRE Sl abo s e Teth 20 T
assenbl yspeciiieaxamplid will'tie. debétived velh Riere RAEIRGL Ng process (chip seal ing)

are included. Finally, in step S306 (inspection step), inspections, such as
an operation cBitBrisadiagram stexplaining aistptgin whioh theinterpelptiopispedemed f or t he

devi ce fapricat | 0 T i ce .l s..eomplet.ed after goi. t hr ough
such st e§§?It‘gﬁ'g%ﬁ%desr{bnétﬁgﬁgggfg%ﬂ' thﬁggﬁ;‘}g ?oaSlﬁpgalntﬁg%p 1%%6%“&103[5%@’ 1@@? ailed
fl ow of Hewribad wBaktiMGhs seiplingQdtehvals dffiee Sasdinhsitidl ihagd tartvodictions

sem conductor device. In FIG_ 22, the surface of the wafer is oxidized in

step S31(x dissetignandy dgedion in FiGs)devethesameldD step), an insulating filmis
formed on the wafer surface. In step S313 (el ectrode formng step), an
electrode is formed on the wafer by deposition. In step S314 (ion
inplanting step), ions are 41 inplanted in the wafer. Each of the above
steps S311 to S314 constitutes a pre-step for each stage of the wafer
processing, and is selected and executed according to the necessary
processing in each stage. In each stage of the wafer processing, after the
pre-steps are conpleted, a post-step is executed as follows. In this

g o o o " o o o " . Y . ~N A



exposure apparatus of a scanning type (USP 5,473, 410), which noves a mask
.and a substrate synchronously to expose a pattern of a nmask. Mreover, the
‘exposur e apparatus of this enbodi nent \%ﬁan be applied to an exposure
apparatus of a step-and-repeat type, i ch exposes a pattern of a mask in a

state whére t S nd_subst I at static, .and then noves the
substrate seq%rfﬁ&ail@x(gif)’?véw.m &um re a3sumeg foe points syapled s of
this enbagingBmhgcmokiirdamel i ed to a proximty exposure apparatus which

allows a mask and a substrate to closely contact each other w thout using a
proj ecti on optNewl the paseasgonsidgredhwherethp dterpolatipmis perforroéd a seampliegk. | n

exposur o R BRisigs ToAT Noleinsin ot Io FRARME R sciadife dbe fhsr 811 e
eXposur ebep@efibddishérain tReinfrbEIRGNVS pYrfRRldi a8 thelsBmPInE R4S € iARRRLAL Us for

liquid crystal which exposes a pattern of a liquid crystal display device
on a squitex diregheriang the y difeetian. an exposure apparatus for manufacturing a

(365 nm o T CREIRAEIOr Rauh Mttt Foip s iy oS BleliE ot 28BS 13 "oy B
an FZ Iaé}gl(m('),p@(ayr))m(pp@gxgj Bf1eyghar gea particle ray such as an X-ray and

an el ectron [Tg% can be uysed as the Ii&_lgt_ source of the exposure apparatus
42 of this enbdevtbpcase irepnsiderpdyyhere the intpwolatien isgreriosmerdyfon s peing & ofon r ay,
an el ect (899 43Rk a i . ) I (Ja) of the

t her mal Qﬁ‘g%)?):’lghw?g\)d% at g’ﬁq#%@%}éa%@%{éq&%ﬁ%m gﬂﬁng%{rlll??)l&’ %‘ét@e 8rP-£of t he

proj ect i orerpglnicd ghersinaftermefesredad aomproxamate goiat)iivobtained.e G, JEP(dks0 be

either a | magnification systemor a magnification system In the
proj ecti gﬁgﬁgf"?@g}eg&f‘s?@ﬂm%@h‘xhsi ng a far-ultraviolet ray such as an
exci mer | aser,Next"RU&ist Ge c‘/ﬂh@&o&e{ﬁﬂﬁ@bf&i@ptBﬁ?%dt@agcﬁlé‘t‘éE Qd18dted. @¥n the

t heret hrough such as quartz and fluorite I's use e glass material. In
t he caseexampleshoynain HG. B.awints qi toag8 ate selgcted.heAferaelectingthesepiose pboinggy st em i s
a catadigptric.or dioptri stem(ateflection type reticle is also used).
I n addi tﬁf?r??e'iaﬂmf ﬁe@r%sggtgd §¥ ﬁ%stlto’ffﬁoé‘ﬁ E@P@té‘fnr@bﬁlsrpg#gﬁ?f{'el ectron opti cal
system that conig intespddatichfiledr Sk, KR, k@ k") HWifRctie Eﬁiﬁﬂ%@n fiRYpobigion
satisfactorily used as the optic system The optical path for transmitting
an el ect Hote Fugrdimensional image sigaalishown by kanehtha position\ahewn by ki simtler tnear

nmotor fo t: ey . 53 or USP
5. 526, 1108) 2ot g tneThRARIAant:ferk el of o} AR EoPmaboilnl M dn 0l
magnet i cmiahyedses ghet infeepelatidn @i thg two-dimemianal iarage signalds repestmad asifipthee may
be used. ﬁfr eqve t he ESFI a?e may be either a type which noves al ong a guide
or a guif eé?gef’{/'ﬁ‘gsevﬁﬁs ¥™%s not provided with a guide. Regarding the

apparatus for Egrithé fie Whetcrge distanBé aMBed®ositiohPin tHE k YirB&iod iSHaBRARY an
el ectromagnetic force mas;i al so be used, in which a nagnet unit having

magnet s B¢ pTd Bekih Ralksx'dil andrthe distancesthereafinghendireationns defineditmbe dot| s

di sposedpi Pt Worlis [ . e ' h .ot her,, «l.n this case, it is
sati sfac ¥)(lr2¥) pg{gg )gﬁ@égﬁjegg%? E Er%eerggn%gﬁ%ﬁﬁ%r%ﬁ%ﬁkxarl%’ liyt’?és %?PF?&?IE}F(gaSutHFt may be
connect ethtérpolafien Sitergdx,adyyl t hat the other unit may be provided on a noving
pl ane of the sfage. di sclosed in the gazette qf Japanese Unexam ned

Pat ent Appl i ca}'ﬁ%g"r?)’eéﬁfesflf’ﬁ%ﬁﬁgi‘%élﬁ? Siniiap to the pasg whseyths inteypplationssg 118)  a
reaction ; Is f : he fl oor
(the car PRI BT SlcdhmbsiFil ifid dfnal®, StecRicai MY oIl ihebALL™Y
Japanes eandhihr aampleng iBtereal (' Ageih an attegenratiel whén tha lbperation of thélforegdéng 8- 330224

US S/ N 08/ 416, 5S8 ti f t.ed i ‘th ticl t
N g Okt TR PR B o e an A S b g 12,2 20
menber.  hphvadRbdritel vatisblé Bsh ARONR sHRSEbdBRAarkiTh Al g@ﬁ%ﬁ%ﬁﬁﬁ on has

been nade for the case where a sinc function is us ng the
i nt er pol he read whide\pexferming ithe integi®olativmeapesitiani on may be done by fitting

ing, f | lipe fyncti on. th f performing th
i nt erpol ati on. bie Gerpoltion flfer sl dyndor the saseiof Beorming the JEmOl0in 8y e
per f or rredaeq%euiﬁﬂsm{a@hh@ge i AL e ARBARY o PihtdrPSlathShiler®$, 4nQ, goONCer ned

i mage signal. 44 .
their respective directions and is represented by the following Equation (10).




CLAIMS 1. A mark detection nethod conprising the steps of: irradiating a
.mark formed on an object with a detection beam inmaging an i mage of said
‘mark through an image-formng system ogonverting the image of said mark
formed on an image pickup device into an electrical imge signal in order
‘0o output a signal relat to fhe. i ignal in predet erm ned sanpling
i nterval; and perforning%ﬁﬁfgy'BF&PHB%?Gﬁ t he srgﬁgp related to said i mage
signal in a cycle equal tQy Iess t han sai d predeterm ned sanpling
interval . 2. A mark detect]on method according to claiml, wherein said
image pickup device has a predeterm sia@hkX2l) si ze, said predeternined
sanpling interval includes a cy 'DT‘“‘“?EpTédeternlned pi xel size, and
said interpolation is perforned in a cycleéqual to or less than said
predet ermi ned pi xel si ze. ngg{ siat 2=l V 2H) net hod according to claim 2,
wherein said pixel sizeis a prs Y ofiil tiple of a m ni num periodic
conmponent of an image forned on said |&§ge 5]ckup device. 4. A mark

det ection net hpgk aﬁﬂ@cvcttmlohom réiuding noit Anetoths Eicelthat thie ibteippRitiondi C
conponent is defined by . /2NA on the basis of a wavel ength ~, of said

det ect i ofilts snnshsy arerﬂetnmdrﬁkﬁcr&,@lndalveﬁlmxm, fonallewingitiee intepelation filfergs:sy st em

0.2 11 mednbh RER TP VERRRen SRR A, 48 sfet T bt Sal® e PEF o0 15, °

met hod amnéldikgeﬁsﬁbxﬁl fhdpe Signahwhei dack of &l of the int&rpalatios filters sf(dxpmdor | ess
of said m ninmum periodi c conponent. 7. A mark detection pethod according to
cl ai m 6, Sxﬁnioérlﬁemc%ﬁddo dhewindgw fungtion anq therlow-pass filterme; epdithen a pradiet of sai d
m ni mum perdgdi c.gonponent. 8. A nark detection nethod according to claim
4, wherein a snoothing operation renoving a conponent equal to or less than
a predeterm neMou;onybe sifm1hmt¢thecamsqf@eﬁ‘ogmag noig¢ pntoviahfos ghed sanpl | ng
interval is detect i t hod accoy dj to cla

wher el n St ARSBATgen el Tish tecnBtoltan THer el Bl M rivestod ™t o' or

| ess t hagy Rquation (1073H; ard HJ 58S xngoi‘sah{jb?ing@iﬂb@amf}?ai e, e&i?,[(ﬁé wsduad pi xel
size PS and said nlnlnun1per|o i C_conponént Pmin. : det ecti on

met hod a@@wemﬁmlatlw di0xinte the foliewiagKqvation (@1 aed @mﬁiqveaaqmﬁl@rmg apd PS is

| ar ger thne ? nes ofrfosal %Sl d | mim ;}),erl odi ¢ conmponent Pmin". | 1. A mark
det ect i off ﬁg?ﬁ 8“5%%0r%3 Enf 81 8 wherein said snoot hing operation

conprises: a step of setting a snnothhagﬁpwzﬂh where snoot hing is performed
for said inmage signal; a step &K mwm om said i mage signal, said
i mge signal sanpled in a predeterm ned range that includes said snoothing
point; a step of sanpling a fun tlonsnmamﬂ¢2ﬁmﬁ identical to the sanpling

interval of said inmge signal, % ﬂgyfﬁﬁEEEQQEfenDVIng a periodi c conponent
smal l er than said
. (11D

Furthermore, by obtaining a product of S(dx, dy) in Equation (10) and the

window function W(dx, dy), a deficiency wherein the value does not smoothly converge
to zero at the end portion of the interpolation filter during noise removal may be resolved.
One example of the foregoing window function W(dx, dy) is given by the
following Equation (12). . |
W (dx, dy) = wx(dx) x wy(dx) .. (12)
where

1+ cos(2zdx / Rx)
2

1+ cos(27dy / Ry)
2

Wx(dx) =

wy(dy) =



1/( 1/PS-1/Pmn") according to a distance between a position of said
.snoot hi ng point and a position of said selected inage signal; and a step of
‘addi ng a product of said selected inag9 signal and said sanpl ed function,

t he product being obtained for each of said inage signals included in said

‘predet ermi ned range., 12. A k detection nethod according to claim 10,
wher ei n said snoot hil?fgraé‘ﬁg?%n?[%ﬁtg@g%r‘y@gg‘m t‘e(greéﬂ"o‘éet ting an
interpolation point phgm@e bid RSBl theORiniOW i BHed dirgea&y Si gnal is perfornmed;

a step of obtaining & nost proximate position of said imge signal, which
1s nost proximate to a position of said interpolation point; 46 a step of

sel ecting,.fromsaid i.mage si.gnal, said i mage signal sanpled in a
p_re_deter%lﬁrélﬂatfoéhgéﬂfﬂa$&mor?éhqgéé’d_ nost proximate position; and a step of
addi ng a produgatgefdrals & kdelo@sbiadtlan sBEIRalSmdpedromithighal bRGInk@By r ENDVI Ng a
peri odi c conponent smaller than said 1 /(.1 /Ps - 1 /Pmn",) according to a

di st ancesampiwgaftpoparformingdhe samplingdpre eestpin ivpage. the garapling interyst swsiche bei ng
bained 1 i : . . . . g
Ponge. 135 Undid fesgbr AR uinl AR IL MRfldBa b IBES | Heddth ToPRENRISUILOCS,

si gnal i theGuivBidhgthSf Hightaised eorfkd Mumimktdaiig Predehenithaad] spntd 6fghd nt erval ,
and interpolation is perfornmed for an arbitrary point in a cycle equal to
or | ess optival syaiech isNAlche minimach parivdic componerrof dhe dpyicalrsystatmds pol(2td on

met hod using a conversion including a |inear conbination of a plurality of
sai d sanPl® points located in the vicinity of the arbitrary point. 14. A

mark deteot] onypphiiad BRASLAL B SnbLA Mokl cUELEL0 BARFARLGEPOl allon

met hod i ncl udes™ a™ wei operati on sai urari ty of said
sanpl e peppataus, fife. magnificakion ef thetoptical gpdtém ds redueeddo npke theolisahfidld wher ei n

measurengnt (i s rforngd for a posjtion of said ohject on the basis of said
i nt er pol B1O8Q¢T; 8rtglﬁgﬁ&¢mefﬁ6f)ar ‘srf%rt‘?{’t%ef é’ﬁg&ﬂi%%‘h he opUC SHER B ¢l ai m
15, wher gicha Sl M dRAEARInGIN R§drfoandd. i Ng interval is determned on the basis
of an ampunt of position neasurenent error anmount in said neasurenent. 17.

A mark det ect i lorsuelea basd, the cinigiung divisien wiihofitBs imageaqrickiup dewice sahgtinds i s a
substratg ont o \ggich a Ci rc?h_'lt Srgattern .S .transfergﬁg and s idvgm)unt of
position ?‘Fé’gg;ﬂp > BIPYF of e ’ianWPé’(ﬁgf’(gPﬁ?WB@wg tIhFHBage BPFI™ has a
val ue of tRligagopickip devideBytHenligntenbptidal %fste&ﬁi HékinBeélbtv, Padst/ptibnON Whi ch
the total overlay is transferred onto said substrate. 18. A mark detection

met hod avdlbbamage fos agnagk detectiomptipd canable af sediicing) the pesitiqnsmenspredientd on
said i mageo bR sich3hle.

For the case where the foregoing conditions are not satisfied, for sampling
performed by the image pickup device, aliasing occurs wherein a short periodic
component of the image is converted into a long periodic component. For this reason,
there is a problem that, in principle, a signal cannot be restored only by performing the
interpolation.

In this embodiment, a pseudo-signal component due to aliasing is included in the
signal and then removed.

When the minimum periodic component of the image pickup device is defined as
P, and the minimum periodic component of the image formed on the image pickup device
by the alighment optical system is defined as Ppin, the minimum periodic component of
the pseudo-signal is represented as 1/(1/Pg - 1/Ppin).

Accordingly, filtering for removing the component having this cycle or less may
be satisfactorily performed.

For this, it is satisfactory that an operation represented by the following Equation



47 119. A mark detection nethod according to claim1l1, wherein said

dnterpolation is performed on a correlation function obtained on the basis
of said inmage signal. 20. A mark deteggion nethod, conprising the steps of:
imaging a mark forned on an object; converting an inage of said mark, which

‘i's formed,on an i e pickup Vi, i Nt n electrical image signal;

out putti ﬂ(g?glag igaﬁg&g‘ﬂq%al{s% atrabi?cfﬁg(’ikr)ra‘gjéab&ﬁﬁgf’t 1ggluge @‘ﬁﬁﬁf‘g‘%ﬁoi nt in a

pr edet er girsshestcHpptoxivdatel}tequnlab or ReSthas 1 f(oPM N, Nt er pol ati on on an
arbitrary point in a cycle equal to or |less than said predeterm ned
sanpling interval by an intghpol atzg’n"(lket'blod .ugi®g a conversion including a
| i near conbi nation of a plurali&<pkgai d sanple points. 21. A mark
detection nmethgd accoyrding. to clai 0,..wherein sajd int ol.atiaon net hod
ncl udes a st AOBPVEePY oftHint (i Prold of hegient ids &F the abaYe EHRoR LIt by t he
use of sgidthewiiddhw fiic@dn W&h?ﬁﬁé’mﬂi&c?%ﬂéﬁe?n iR SahBdobdndt Bo¥ingy Ni ty of said
arbitrary point. 22. A mark detection” nethod according to clai'm 21, wherein
sai d i nt eapyetgate a0 abthiedd pertion @é theadntstpopation filter duringi nogseaemeia) mayrbg
operatiorrésotw he use of said plurality of said sanple points. 23. A mark
det ect i o Tretod accor di ng to claim22, wherein said interpolation nethod

uses an i nter pRirthetrdref inlthsictatd pRiceisitigh galaessbtAhdd Biothe 8pérhiied ent used in
said wei ghtigﬁ@ﬂgerati on. 24. mar k detection nethod according to claim

4. A
23, wher EPres s Eauation & Hbrase abtaiaed befprshandpand stased i the storage apparafys d
-~ | ot . s _ . : y ted
e 5 ) Albllat dghh ind Rt UPinfod At Rt Mhe YRS h el b BRE 22201 B
todcl) ai mtéhgtge Wﬁﬁﬂogﬁﬁ_ﬁnﬁ tiecprpedsat idIﬁrSutfHé]:hﬁﬁn_eé, t_HBoﬁ(rﬁh'Q?n ﬂ)r_Scd’s@i]Eig esented as
S(dx) = s(dx X), i s roduct. of said interpo]ation function
_sE dx) an 8"%& h%%\ﬁ’%ﬂ?fﬂhﬁ‘gﬁ”\}fﬂ%"%%‘ﬂgQgﬂier?éocéﬁﬁl%@“ﬁﬁ?pﬂ bopehigvedai d _
i nterpol ati on $Nfkher) a%l(a@fi}:ltiéﬁ’wil?BQ%naQ@fqrﬁaer@Eé<wH@{e?Hél'ogf-‘ema{ﬁ;gg%gﬁccor di ng

to claim?25, wherein when a length of a windowis R sal nction
W dx) i soffefwoedierensidna signd figyy (kx: D, 1, coagZydR, 1, .R) n® nk/ny & 1 n@trlkasteieect i on
met hod acgcording to claim 23, wherein standardization is perforned for said
i nt er pol ek1*andmy)is gr1; ¥olirestional pampling intsrval T ty-direstional sampling intseval Toi ent s

used whep | &¢4 j ) LESt - i.trary ., point and the sum
total of ﬂrdﬁfe}gl\?ﬁe%aghﬁdﬁgmééoegréﬁéﬁgﬁgﬂ)ﬁgﬁgﬂ%{r‘ﬁ ‘ﬁ%@‘%%é%gﬁkbh is perforned on
a second ar bi tkiest,yasfai each staliié €k’ a poiat (R B) fs abedineal WhdreiaraypopitiontP,can be

predet erp val ues. 28. A mark.detectio t hod accordi.ng to ¢laim27,
wher ei n &Eggélfér?&;ﬁﬁfhg&ﬁ 18138¢ 81 r@g’%ﬂ?@&&?ﬁ%@&m a(PB%‘PPi? g?‘Z‘ﬁ?s of said

i nterpol ajﬂﬂ@o chiréspBhdiRy tellov) 6 A chiRideRSdgRéNiMateqds  idh Ath&nt s by the sum
total of the respective coefficients. 29. A mark detection nethod according

to claim23, viNextewiththispeist FrrRy) py dewtes; f9gsigeals fie mpof ang oa muse tlost ¢

. | h ] id i
comonert L 8 S6; LB 0B, SRIGEhel 18 RALE JUORSEAMTSS,,
30. A nu(ld) dgieefotmedionai ixbitrary Goxctdom8(kixpk<) kel Ky Pdepending on k and k' and on

a function F(x, y) which can be regarded as not including a periodic component

approximately smaller than 1/(1/P; - 1/Ppy) in at least one direction by the use of a
numerical value row Fj, j obtained by sampling in the cycle Ty, Ty. Thus, low-pass

filtering of the two-dimensional signal can be performed.

Sl b= Zfla,kyFkx—kx‘,ky-ky‘ ... (14)
( Px~mx<kx<Px+nx)
(Py=my<ky<Fy+ny}
In addition, a description will be made for the case of performing interpolation
together with low-pass filtering.
The signal after converting the foregoing two-dimensional signal fix ky is defined

as fi’ y'(kx": 0, 1, ..., nx'; ky": O? 1, ...,ny'). This signal after the conversion has a



wher €i n sai d i mage pi ckup device has a pixel size PS a predeterm ned
.multiple of the m nimum periodic conponent Pmn;" of the inage fornmed on

‘t he i mage pickup device, and said snmo@phi ng processing includes a step of
renmoving a periodic conponent equal to or less thanl/(1/PS - 1/Pmn;"), on
‘t-he basi . Sa] i xelasl I 1 fn,;rrz eri odi ¢ conponent Pm n.
31. A m?iﬂq@gégiéf?f‘gkéﬁg{y#ﬁé%?o%%ﬁ??gr"gdg m 3 ? wherei n said pixel size
PS is |arger tinahe €asb of perfamidg ingsrpblation togeth@evitioldwepase filterigy) firdenfon. 49
32. A mark de} ection net hod according to claim20, wherein said

i nt er pol §85haRlueof fior vor REXIBAE PRINY (BB ds Qbtained whetgin the pesitionP(kXposur e

met hod, | i i k t t j .Ch { gndy Red
pattern Pgﬁpfdgrrlhsl?gflgg g@?iagﬁgvhgc}l (%n%’?ﬁg@g% g)rlﬁ(l’ ggéﬂggﬁyt}gdrgﬁﬁ)fl? "@g@hgi'@(& ed onto
sai d subseémrapending gried] kghare beinkidant or pfoximatatkeathiothizk.ed by the use of the
mar k det ecti on_net hoﬁl accor d&ngpybjo any one of claims 1 tq.,32. 34. A device
manuf act uri ng NETHEHD hikBeIE (FxaPwias? eehtsrsanonstationrenpressnisd in Fguation of t he
exposur e(gidetophed 18RS LighdlloPEnséY rﬁoxerlﬁﬂ?édedi&e@%m@ﬁ; LapD- pRtogsaipd
substrate according to ¢laim33. 35. A mark detection &dpparatus conprising:
an i rr adiraxi Byr my stkyns Bt o) andraadictitrary fanatien I8(i>g ke By, dy') depandjngam kv t h a

det ection an, .an Jjmage-f.orm ng .Syst em whi for an.i e qf a,mark on
said | na&‘é“-bf iR ‘Q‘C(r‘%é%@ﬁ“éﬁﬁ %Mé@ma?%waﬁ?ﬂm"egﬁmwﬁ Enfl 698 D o

i mage- f opepfatthegUr f ace; a sanpling device which converts the inage of said
mark into an electrical imge signal in order to output a signal related to

the inmage signal in a prefeter m eSSkl imdyHntei®l ; and an interpol ation
devi ce which interpol ates th?xs-ir n;ailm)rel ated to said inage signal in a
cycle equal to or |ess than sait prédet ermned sanpling interval. 36. A
mark det ect i OnHaRR that fActRMBIKL KXY k&,qcyglis% Rinéfion y(aﬁ,rcga Qefedidfhg JFREE PI Ckup
device has a pixel size a predetermne rru'l tiple of the m nimum periodic
conponenvatiblesidx 5 Peikjo -Fo klrernddysaPyky) mBy &yor Fhisduration $6éx, dyhisa -

predet er @] i i |5 i e saj .xel size. and
sai d int gﬂrngg a?a?)gﬁl egg\gfa@gﬁﬁa}r‘fe&a‘ﬁ@ﬁ IlL rgg@?af)%y g%(?)gﬁ ?frll)mﬂ)aféls/laé ?éea Ste“cﬁ'ﬁé’l“ ¢ g 8 or
| ess t hathesaditbcfionand the yalire@fon. A nark detection apparatus according to

cl ai m 36, whergi i d. mnimum_peri.odic .
I% a@idlsti%n, the ﬁmc[(]ilcjm S?c?x, dy) is represented by Equation (16) using H, and

Hy satisfying:
for the case of Ps{x} > 0.5 x P{X}max,
Hx = 1/(1/P(x) - 1/P{X}max);
for the case of Pg{y} > 0.5 X P{y¥}max,
Hy = 1/(1/P«(y) - 1/P{y}max)
(where the symbol {} denotes the x or y direction.)
S(dx, dy) = sx(dx) x sy(dy) ... (16)
where

sin(2zdx / 2 Hx)
27dx [ 2 Hx

sin(2zdy / 2 Hy)
27y /| 2Hy

Sx(dX) =

sy(dy) =

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



50 conponent is defined by ~, /2NA on the basis of a wavelength ~, of said
.detection beam and the nunerical aperture NA of said i mage-form ng system
*38. A mark detection apparatus accordggg to claim37, wherein said pixel
size is equal to 0.2 tines or nore and 0.5 tines or |less of said m ninmm

‘peri odi c\‘,glgggaoq enl e gf% A urtkn ecti0 n. appa at us ace r di,n t%tocl ai m 37,
further conprisin 8 |%b° }agg 1R °F ﬁ%\?‘é‘éa‘b %rﬁﬂ g‘ﬁt é%ﬁfal to or
| ess t haappardtisid edtslarifone] s duting ﬂﬁghtalfbl@ibﬁ lop&tigi) valubs &cttedp&iin tong

i nterval by said sanpling device. . mar k det ecti on apparatus accordi ng
to cl ai migyalugiesdsiand dypee rpaddsomdhe somage ppparatuspnd propgpsed. 5Withwsghaf sai d

peri od cHEGiegoE RPAERALFRbess il Q8 ThbicP A pef BOHERRE FF G

basi s of cadbethchiexed. si ze PS and said m ni num peri odi c conponent Pmn. 41. A
mar k detection apparatus according to claim 35, wherein said sanpling
devi ce out put sit isfecamgapded thatdoefiltord s ai' dy imke @ade ghalimited lengivitites point in

v . A ' TS . .
Pt or pot LK SRy SEhehRlFR, tobectiOiiF ot - B0 Y o | BleROMP vRABNIUASE,
pr edet er filtersgbus abiairied dyimiltiplyfig,a se fanction beramcipptopeiaterveindod fustiog a

conver si .ncl udj a linear conbination of a plurality of said sanple
points | g@ﬁl‘k‘&‘l?#?‘ﬁ@‘@iﬂ&ﬁm ty of the arbitrary point. 42. A mark detection

appar at us aCCOWEH%élﬁirﬁhﬁfn;Beﬁédicchfgljﬁabﬁént 6PIRIldeSidid] is"i‘eﬂfgs%ﬁfég%g?nL devi ce

whi ch measures a position of said object on the basis of said inferpolated
si gnal , WitPet WPga), thepfiléad &(dw)is reprbsentepby Rguation€tal is deternined on the
basi s of an ampunt of position neasure t error of said nmeasurenent by
sai d nmeasurenent device. 48 =n§§§@i”t§‘isé§i£tion apggyatus according to claim
35, wherein said sanpling device GathpRes said i nage signal itself in said

oL D et e DR Rk OIS S BAG38) A FERL b P o
conpri si f@reoflisyAsdy laiper, deMaiemuini gehiodidReMpoReni B klafitdlyaftréi8en oObj ect,
convert| % ergt%re, 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/Ppmin), 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



image of said mark into an electrical inmage signal and outputting a signal
related to the image signal as a sanple point in a predeterm ned sanpling
‘interval; and an interpolating devi ce3\3/hi ch interpolates an arbitrary point
in a cycle equal to or |less than sai d“predeterm ned sanpling interval by an
i-nterpol ati on, met hod using a conversion including a |inear conbination of a
pl ur al i t {IEFIOSKIQN WhersH9e gdgrsrngses the slicedeyg] ixinteapalated Bigrein v us accor di ng

to clai %surmé{t‘?% ﬁbrﬁ?‘fé@dm LARhS! dgaR tﬂ‘&Yie%?tl{ Hklﬁrﬁﬁlgghg%ﬁ% fpditrary

point by the use of s plurality-of® said sanple poin ocated in the
vi ci ni t y digitabimage dataior legs.y poi nt. 46. A nark detecti on apparatus according

to claim45, wherein sai.d i nterpol ation .device perfor a i ghting
operation by pﬁ@eﬁéréplgpfgf‘ﬁcﬁnﬁ( P%F‘}ng?agmlgfé‘;rﬂ“ ggﬁ?rfﬁvl\g}(’%dﬂﬁﬂ?‘hc! udes
an 1nter ﬂP{vﬁfch‘a%lﬁbllaf%rh?ﬂﬁ@éAﬁEnﬂ@st ﬁ%?ﬂerg@ﬁef@reﬂﬁlcgghbﬂﬂal&ggﬁr{déﬁdl %GltrelHt'i;(lﬁp_ in the

wei ghti ng operation. 47. mar k detection apparatus according to claim46,
wher ei n \nbiaveess tiederpplattdtmagersigeal agd ap inputjinage eignall is calclated mhileshifting
interpolation.filter i udes. an. i nt er pol ati pn. function. s(dx), represented
e: S52) B Bhe nosion s g imat 3dna! & R {iGias ied Asbu at s

accor di Ngofrélatidrefulittidh depbiidifion R RIaITE PSsiflorbisBMAPLLHZhIFa PO seRitidhi ch
standardi zes said interpolation filter so that the sumtotal of the

wei ght i ng§f theeprrelatiemfunciiereis obtsinedi nt er pol ation is perforned on a first
arbitrary poin { - Ih Lghting coefficients.used when
i nterpol ation Msf)?‘%’g’? #’ clf)}r% ﬁégrygtﬁ&é:%}érg@%%m%%ﬁtu?%‘i{5"%ﬁc egb?rf Cht from the

first ar byhmatry irpthe iipuc #inagee predeterm ned val ues. 49. A mark detection
appar at us accoy di ng %o claim48, wherein said standardi zi ng devi ce 52

converts the rBsBesslf-gerrelatignrmethedasignel issividedinto tyol neets gha positien by
dividin i | £1 : . . tive
coeffi c?g%@é%@%%ta%ﬁ?%gg% gdc%%}gﬁr}hg%lggl a'ltﬂg’stﬁgg%%{r?éf?é]og&é%&%F)glf)%éﬁ%? further
conpri si nfjthe dividest digmad) isdavérted, avd adorredation éscalcutateponent equal to or |ess

than a predeterm ned cycle from said. signal output .as mal.e point in
sai d predeter n{lﬂ]]é&gl'gg‘ﬁ‘ﬁ?’? ﬁ_d’ertﬁ%‘?cﬁ‘é( ‘_1?)§}’9€‘3g8 Cglét?‘i)?‘?‘ﬂb‘?’@ésaﬁ\g.d‘_’% ¢ A mark
det ect i ogigafIAAavdSn BfdePtdionthuta SdrdlaionGundtidal BV obfiifing 2 FRAK dTdh&levi ce
i ncl udes an image pickup device having a pixel size PS a predeterm ned

mul ti pl ecemelation fypetion, fermosition of thesymanstriqipeintéf thnimagesen bomessireh a

pr edet er g ned. j rage- tornl i t hi vice renpves a
peri odi c%: %06 e & g%ﬁbé]gleggr&%@%gby ﬂg:ge %‘%ﬂ‘?dfi;&gg "?etq&%%erﬁe f?’,rm%lﬁr{%ﬁe basi s
of sai d ptergblatiba,ehd?&isaitineapadatitnihethiod pfRusinpthe pegtigomessurdtignt sibadlar A mar K
det ection apparatus accordin flﬁ,ﬁo .claimb51, wherein said pixel size PSis

| ar ger t MaiRabOIR RIPPERCESS s‘é‘%‘i"g EHP&um peri odi ¢ component Pnin". 53. A mark
det ecti on appagpdciticallyRé Hieﬂﬁ»dtcenéiét%f@)é'}ﬂmn hé€hdasiié exﬁ%ﬁ}%‘é filkding&y! Cc€
outputs said inage signal itself I n said predetermned sanpling Interval,
and sai dintenpelagion istpestormied:i dor this tasesthe tempdatp ithage signabat thesainplmgge si gnal

itself. & X e apparatu wherein said. object .is substrate onto

which a fiea?eRenRE iEBRRR, Aultye MRE RS il blifinl pindlafinirhe

pattern kuAdthedikef erred onto said substrate which is aligned on the basis of

a mark detected by the use of the mark detection apparatus according to any

one of clains Breeyesshersis als agagthed of wiingintarpolatigningatinteanediate satgrolt he

thggsaj e&g@gg{sg{e%&gcgﬁﬁugg BOB il b AR AR Lgna hbAke by the

s.A . A VsedSinAlig@deAé@ioAsinddhs difffentiabsgni®ishiads. fAr the phBmye ALN . A& ANl . A9s. A

TLA& L A9s. A9. AL. A3. A9 . A A&tQ%S A9L. A9s. ALul . Aé 2. ALY, A. A&E. A9Y. A&us. A9( .

ASNLI . AQSTECOgizZing ", dnesige Rpgitiog: there areApany CARES Whielk: e AErPoletiqn isgot=\ g1 Ql eg:

s} xrnmgb] ga] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca

] ca] ca] cﬁ@gﬁkc'a] cajcalcalcalcRa]calcals Z !11"""$$WR&E; """ C(((;

) iat) ) ;Z*I+V+++} ksthisccagd, wdeh esjgnal olthiced byadlifﬁ%emﬁ?ﬁxig tga]rqm} Baz]gea;}g:lﬂa;ml] caljcalc

a] ca] ca] ca] ca] ca] cal.cal ca] cal.ca]calcalcalcalcal+, ,%,-:-U -+

00<499<>$3 WM&?@‘W %r‘i‘fgl“ﬁ‘%t@&k e ‘@ﬁ‘i’ébﬂrﬁzﬁ TRPELINES ca] ca] ca] ca] ¢

?}\Icﬁli\lﬁg]o‘i%%c%%]li? g@mma}\ca] gﬁ&f%g;]&glg}a}/j ca] ca] ca] ca] ca! GHLXLLLAMVIVM
N Furthermore, in the correlation method, the correlation function becomes a




V]| cJ‘a] c”aV] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
.caJca]ca]calcalcalcalcaljca = ‘TaWatapara
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a] ca] ca] dmpgeedigm] and the kenaplan imagesagmab]wiatie at ithals typidanYREmpled @R} xsni d_Z] ]
cal] ca] ca] cal ¢a] ca] ] caLca] ca] ca] cal ca] ca] ca] ca] ca ca] caj ca] caj ca] ca] ca] ca]
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c?k! hr | HU~xrke [ Vni d caj ca
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h:/21 aJ ca
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V]cMaV]ca W]c
WV] ca] ca¥inoddtion] ca] ca] ca3RUbr *agknezzt ng” YTO cal ca W] ca W]caV]ca W] caV]ca

U\LN]/] gga gg] (L:J;/% ggﬁﬂéa%/&% a&,e%%] Cgﬂ%egeglyfrg&dgd in the image is calculated in
- 4CLV>A[ éb&&iﬁe?ét%%ﬂlﬁ]rﬁ @.allsﬁhﬂe ikjfe ﬁ@ﬂp a}x%a?lt %L&jal AfufaVl ca
al ca c

V] c’\a\/] ca] c”aV] ca] caV]ca ca o cag

LA "+t apeetnRidrap, the@x@im\nh pbidiodic tdmpdrent is 8]67@]ca¥) calLaM ca] ca] cal ¢
a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cagca] caj ca]!eca] calcalca]calcalcal@))/*A

** W2, - - - . BIGS: prang 6/arq gipnals obtained by, sanplng;t m}ag]?]S]l@\al]lua]’KhFcla]aca] ca] ca]

ool o2 oL AELTH Rk AL SRR B Alambe gl pibageg] ol o

V] c*a] c”af the present invention was not used for obtaining these results.

The difference between FIGS. 5 and 6 is the difference in the sampling phases in
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 4 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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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 u

m.
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In FIGS. 12 and 13, filtering for removing a periodic component equal to 1 z m
or less is performed.  Counting backwards from Ps= 1/(1/P - 1/Ppin), if Ps < 0.33  m,
the aliasing component which causes a problem will be removed ensuring good accuracy.

In the case of performing only low-pass filtering (see FIG. 12), the accuracy is
improved slightly in comparison with the case of performing no pre-processing (see FIG.
15); however, errors by sampling other than aliasing are large, thus it cannot be said that
there is a very good effect. It is recognized that the errors are shifted to a longer
sampling interval as a whole. '

On the other hand, in the case of performing low-pass filtering and interpolation
together (see 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 P, reaches P,
=033 um.

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, Py = 0.5 2 m) and FIG. 16 (numerical aperture
NA =0.3, Ppin =1 m). As described above, the accuracy is deminished for any NA in

- the region of 0.2 x Pyjn < P5 < 0.39 X Ppig and in the region of P;> 0.41 x Py (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 P, < P <. 0.41 x Ppyp.

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 of 0.39 x P, < P, < 0.41

* Pmin, the measurement error of the mark position (edge position) can be controlled
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10" 10" case of a fixed pixel size), the magnification of the optical system (image-forming optical

system for observing a mark in order to form an image thereof on the image pickup

device) is determined so as to satisfy the condition of 0.39 % Py, <Ps <0.41 X Ppin, thus

the measurement accuracy of the mark can be improved.

Moreover, on the basis of the foregoing simulation results, if the condition that
the line width of a mark = (2n + 1) x P¢/2 is satisfied between the shape (pitch) of an
observed mark (mark having a cycle) and the pixel size P, that is, if the sampling position
and the edge position are shifted from each other, the position measurement error can be
controlled towithin the allowable error (the accuracy can be improved). Accordingly,
also by using a mark satisfying the condition that the line width of a mark = (2n + 1) x
P¢/2, the mark measurement accuracy can be improved. In other words, when the
magnification of the image-forming optical system is determined so as to satisfy the
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 Ppin,
where interpolation is required, and the condition P > 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 Prmin, 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 fs 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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The coefficients corresponding to the respective sample points (close sample

points f; to fg in FIG. 2) used in this linear combination (weighting operation) are
equivalent to the contribution from the respective sample points, that is, the weighting
(weighting coefficients). Note that negative values are also included in this weighting.

Incidentaily, according to the sampling theorem, in order to restore continuous
data to its pre-sampled state, the condition in that the sum total of the weights for
weighting is always constant must be satisfied. When an infinite number of sample
points are used (when the sum of an infinite number of coefficients is taken), the sum total
of the weights can be made constant, and thus the foregoing condition can be satisfied.

However, in the actual interpolation processing, the weighting operation is
performed 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 are
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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interpolation point 'y described with reference to FIG. 2 by the use of the sample points £,
f5 and fs in the vicinity of interpolation point fg. The weight coefficients of the
respective sample points fy, f5 and fg, which are obtained by the interpolation filter S(dx)

are defined as a4, as and as. The sum total X a of a4 to ag is obtained. And, by dividing
the respective coefficients a, to as by the sum total £ a, a4/ X a, as/ T a and a¢/ X a are

determined as the weight coefficients of the respective sample points fs, f5 and f;.

Next, a description will be made for another aspect of the interpolation filter.

Performing differentiation after performing interpolation or performing
interpolation after performing differentiation leads to an increase in the processing time.
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.

fG)= 211 cos(jﬂx/ 2T) sin(27z:x2/ 2T) .. (18)

x

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 Zf(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.
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Next, the obtained sum total X f(x) is divided by the number n of the sample
points utilized for the linear combination (weighting operation), and Z f(x)/n obtained by
the division is subtracted from the values of the coefficients of the respective sample
points (coefficients of the respective sample points obtained by the filter f(x)). The
function f(x) representing the respective coefficients is converted as described above to be
a function f'(x), that is, £ (x) = f (x) - Zf (x)/n.

Next, by the use of the conversion function f\(x), the sum total X f(x) * x of the
moments f'(x) * x of the coefficients in the respective sample points is obtained, and the
respective coefficients by the conversion function f(x) obtained previously are divided by
this sum total of the moments. ~And, the result f(x)/( £ f(x) * x) obtained by the division
is used as a weight coefficient of the sample point.

In the foregoing manner, standardization of the filter function f(x) is possible, that
is, the above-described summation condition and moment condition can be satisfied.

Herein, a description will be specifically made for this standardizing processing
by exemplifying the case where the interpolation is performed on the arbitrary
interpolation point f's described with reference to FIG. 2 using the sample points fy, f5 and
fs in the vicinity of the point fi3. Weight coefficients of the respective sample points fs, fs
and fg, which are obtained by the interpolation filter f(x), are defined as bs, bs and b,

The sum total Z b of these b, to b is obtained. And, bs - = b/n, bs - £ b/n and bg -  b/n,
which are obtained by subtracting Z b/n, obtained by dividing the sum total £ b by the
number of the sample points (in this case, three) from the respective coefficients by to b,
are obtained. These by - Zb/n, bs - Z b/n, and bg - X b/n are respecﬁvely defined as by, bs',
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 f;, fs and f;
are respectively defined as C4, €5 and ¢s, the moments of the respective coefficients b, to bg
become c4 * by', cs * bs'and "cg © bg. Next, the sum total X x - f(x) of the respective
moments is obtained (specifically, Xx « fi(x)=c4 * bs' +cs * bs' + ¢ * bg' is established).

Then, by £ x*f(x), bs'/ £ x+f(x) and b/ X x* f(x), which are obtained by dividing
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_ ‘of the present invention, the present invention is not limited to the above-described
embodiment,.

For example, in the position measurement using an image sensor having a limited
minimum division unit such as a CCD or a line sensor, the present invention can be
applied to position measurement for other objects such as a mask on a reference plate.

The method of interpolating for a discretized signal and the method of using a
filter for removing aliasing is not limited to the case of detecting a position from an optical
image.

Specifically, for example, like the above-described LSA-type alignment sensor, in
the case of performing position detection by taking a signal related to the alignment mark
while moving (scanning) a wafer stage relative to an alignment light, a light intensity
signal for a discretized position is similarly obtained. When detecting the position from
this signal, the sampling interval of the signal must be sufficiently smaller than the
minimum periodic component of the signal. The sampling interval is determined by the
clock frequency of the 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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10%& () - SP a@ly the exposure apparatus accordmg to this embodlment is manufactured in such
a manner that the respective elements shown in FIG. 1, such as the above-described _
illumination systems 1 to 9, reticle alignment system 31, wafer alignment system 32 and
projection optical system 11 are coupled and fabricated to one another electrically,
mechanically, or optically, and then an overall adjustment (electrical adjustment, operation
confirmation, or the like) is performed thereto. Note that the manufacturing of the
exposure apparatus is desirably performed in a clean room where the temperature, degree
of cleanness, and the like are controlled.

Next, a description will be made for the manufacturing of a device using the
exposure apparatus and method of this embodiment.

FIG. 21 is a flowchart for producing a device in this embodiment (a
semiconductor chip such as an IC and an LS, a liquid crystal panel, a CCD, a thin-film
magnetic head, a micro-machine 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 $304 for
the case of manufacturing a semiconductor device. In FIG. 22, the surface of the wafer is
oxidized in step 8311 (oxidation step). In step 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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. post-step is executed as follows. In this post-step, first, photosensitive agent is coated on
the wafer in step S315 (resist forming step). Then, in step S316 (exposure step), the
circuit pattern of the mask is printed and exposed on the wafer by the above-described
exposure apparatus. Next, in step S317 (development step), the exposed wafer is
developed. Subsequently, in step S318 (etching step), exposed members of a portion
other than the portion where the resist remains are removed by etching, Thgn, in step
S319 (resist removal step), the unnecessary resist remaining after the etching has been
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
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In the projection optical system, when using a far-ultraviolet ray such as an
excimer laset, a material which transmits a far-ultraviolet ray therethrough 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 thg 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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performed on a correlatlon function prepared on the basis of the concemed 1mage signal.
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electrical image signal in order to output a signal related to the image signal in a
predetermined sampling interval; and
performing interpolation on the signal related to said 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 device 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 device.

4. A mark detection method according to claim 3, wherein said minimum periodic
component is defined by A /2NA on the basis of a wavelength 1 of said detection beam

and the numerical aperture NA of said image-forming system,

5. A mark detection method according to claim 4, wherein said pixel size is 0.2 times or

more of said minimum periodic component.

6. A mark detection method according to claim 5, wherein said pixel size is 0.5 times or

less of said minimum periodic component.

7. A mark detection method according to claim 6, wherein said pixel size is any of 0.39
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10. A mark detection method according to claim 9, wherein said predetermined pixel

size P; is larger than 0.5 times of said minimum periodic component P ;.

11. A mark detection method according to claim 10,

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 sampling a function in a cycle identical to the sampling interval of said
image signal, the function removing a periodic component smaller than said
1/(1/Ps-1/Pmin) according to a distance between a position of said smoothing point and a
position of said selected image signal; and

a step of adding a product of said selected image signal and said sampled function

b

the product being obtained for each of said image signals included in said predetermined

range.

12, A mark detection method according to claim 10,

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;
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P mterpolatlon is performed for an arbitrary point 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.

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

includes a weighting operation by the use of said plurality of said sample points.

15. 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.

16. A mark detection method according to claim 15, wherein said predetermined
sampling interval is determined on the basis of an amount of position measurement error

amount in said measurement.

17. A mark detection method according to claim 16, -
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.

18. A mark detection method according to claim 1, wherein said interpolation is

performed on said image signal itself.
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20. A mark detection method, comprising the steps of:

imaging a mark formed on an object;

converting an image of said mark, which is formed on an image pickup device,
into an .electrical image signal;

outputting a signal related to the image signal as a sample point in a
predetermined sampling interval; and

performing interpolation on an arbitrary point 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.

21. A mark detection method according to claim 20, wherein said interpolation method
includes a step of performing interpolation on said arbitrary point by the use of said

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

22. A mark detection method according to claim 21, wherein said interpolation method
includes a step of performing a weighting operation by the use of said plurality of said

sample points.

23. A mark detection method according to claim 22, wherein said interpolation method
uses an interpolation filter determining a weighting coefficient used in said weighting

operation.

24. A mark detection method according to claim 23, wherein when said predetermined
sampling interval is T, and said interpolation filter includes an interpolation function s(dx)
represented as:
s(dx) = sin(2adx / 2T)
27dx [ 2T

25. A mark detection method according to claim 24, wherein said interpolation filter



1096& ()- 10 10 109M 10% ()-Z 10% ()- VAEbC 10" 1IMIOYCE ()-° 109%B& ()-
$109%& ()- L4109B& ()-Zs10%& ()-3 10%& ()-V uMaBbC 10"

"S/'s! 1096& () - & & 10956& () - 9Y" @ 10968 %é

I HL | 10965& () - ZLMLOY%G& () - MLO%é& () - [~ bC 10" 310%&' () $3109%68& () -
10968 105 105 10599&! 1096& () - GF4s! 1096& () - C 10"

s 10%5&'()§ (d5}is Teyggnteyl.as Si(bb)a?&(é )- L@@@%@Cb)& aLBTOﬂW@&sw ingerpolptios e, (

oz 100 (it AR s ndlod WG GaleRify ity é@%f%gi%%?f‘; Vs

10968 () AR fhctnGed) 1 %ero. 810% & () - slo% & ()- s10% & ()- 105 105

26. A mark detection method according to claim 25, wherein when a length of a window
is R, said window function W(dx) is represented as:

1+ cos(27dx / R)
2

W (dx) =

27. A mark detection method according to claim 23, wherein standardization is
performed for said interpolation filter so that the sum 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.

28. A mark detection method according to claim 27, wherein said standardization
converts the respective coefficients of said interpolation filter by dividing the respeétive

coefficients by the sum total of the respective coefficients.

29. A mark detection method according to claim 23, wherein a smoothing processing for
removing a periodic component equal to or less than a predetermined cycle from said

image signal output as a sample point in said predetermined sampling interval.

30. A mark detection method according to claim 29,

wherein said image pickup device has a pixel size P; a predetermined multiple of
the minimum periodic component P, of the image formed on the image pickup device,
and |

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

periodic component Ppjp.

31. A mark detection method according to claim 30, wherein said pixel size P; is larger

than 0.5 times of said minimum periodic component P;q.



105" 9109%& ()- " 7&109%& () - 3G-f dEbC 10" 10% & ()- LT10% & ()- 10% & () -
5109 & ()-'Y 10% & ()-2s10% & ()- f-(v8ndEbC 10" L-10% & ()-9L'!10% & ()-
"9$ 109 & ()-3L" 10% & ()- 9!10% & ()&%§ 109 & () - 3m xmbC 10" L 10%4& () -
10" 10" 10"9&910% & ()-L7°10% & () 109% & ()-sS/10% & () -] ~dEnbC 10"
SUF109%H4& () - 9S109%H4& () - S&S10%H& ()- s 109%H& () - 910%H& () -

LMLOYHE () - 2~} dEnMDC 10" | "!110%4& ()-3 10%& & e} a& (ﬁa 1.0H8
& 109
109412 () G)I %xﬁ%&_‘%ﬁgﬁg&n m@tﬁ@&@&%o@mg f%,c}'gn/i"%l, () er nq 1nf { 0%_|& ()_ ~( NNC

10 10Hs! mgtf@me@pn&&g image s1gnal 1tself

33. Anexposure 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 the mark detection method according

to any one of claims 1 to 32,

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

to claim 33.

35. 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 said image-forming
surface;

an image pickup device disposed above 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
interval; and

an interpolation device which interpolates the signal related to said image signal

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

36. A mark detection apparatus according to claim 35,

wherein said image pickup device has a pixel size a predetermined multiple of the
minimum periodic component of the image formed on said image-forming surface,

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

said interpolation device performs interpolation in a cycle equal to or less than

said pixel size.

37. A mark detection apparatus according to claim 36, wherein said minimum periodic
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0.2 times or more and 0.5 times or less of said minimum periodic component.

o

39. A mark detection apparatus according to claim 37, further comprising a smoothing
device which removes a component equal to or less than a predetermined cycle from a

signal output in said sampling interval by said sampling device.

40. A mark detection apparatus according to claim 39,

wherein said pixel size P is larger than 0.5 times of said minimum periodic
component Ppin, and

said smoothing device removes a periodic component equal to or less than

1/1/P - 1/Ppyin), on the basis of said pixel size Ps and said minimum periodic component
Pmin-

41. A mark detection apparatus according to claim 35,

wherein said sampling device outputs the signal related to said image signal as a
sample point in said predetermined sampling interval, and

said interpolation device interpolates an arbitrary point 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.

42. A mark detection apparatus according to claim 35, further comprising:

a measurement device which measures a position of said object on the basis of
said interpolated signal,

wherein said predetermined sampling interval is determined on the basis of an

amount of position measurement error of said measurement by said measurement device.

43. A mark detection apparatus according to claim 35,

wherein said sampling device outputs said image signal itself in said
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image signal as a sample point in a predetermined sampling interval; and
an interpolating device which interpolates an arbitrary point 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.

45. A mark detection apparatus according to claim 44, wherein said interpolation device
interpolates said arbitrary point by the use of said plurality of said sample points located in

the vicinity of said arbitrary point,

46. A mark detection apparatus according to claim 45, wherein said interpolation device
performs a weighting operation by the use of said plurality of said sample points, and
includes an interpolation filer which determines a weighting coefficient used in the

weighting operation.

47. A mark detection apparatus according to claim 46, wherein when said predetermined
sampling interval is T, and said interpolation filter includes an interpolation function s(dx)

represented as:

_ sin(27dx / 2T)
2mdx | 2T

§(dx)
48. A mark detection apparatus according to claim 46, further comprising a
standardizing device which standardizes said interpolation filter so that the sum 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.

49. A mark detection apparatus according to claim 48, wherein said standardizing device
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50. A mark detection apparatus according to claim 46, further comprising a smoothing

device which removes a component equal to or less than a predetermined cycle from said
signal output as a sample point in said predetermined sampling interval by said sampling

device.

51. A mark detection apparatus according to claim 50,

wherein said sampling device includes an image pickuf) device having a pixel
size Ps a predetermined multiple of a minimum periodic component Py, of an image
formed on a predetermined image-forming surface, and

said smoothing device removes a periodic component equal to or less than 1/(1/P;

- 1/Pnin), on the basis of said pixel size P and said minimum periodic component Py,

52. A mark detection apparatus according to claim 51, wherein said pixel size P; is

larger than 0.5 times of said minimum periodic component Pp;,.

53. A mark detection apparatus according to claim 44,
wherein said sampling device outputs said image signal itself in said
predetermined sampling interval, and

said interpolation device performs interpolation on said image signal itself.

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

detection apparatus according to any one of claims 35 to 53.

55. A device, which is manufactured through the step of transferring said predetermined

pattern onto said substrate by the exposure apparatus according to claim 54.



