DETECTI NG APPARATUS Technical Field The present invention relates to an

adj usti ng net hglmlm'wm"m"ﬂlﬂm"tl on detecting apparatus which detects the SC
position or th o-be-detectﬁd mark by receiving a flux of |ight
fromthe to-be-detegksre mark, and is stitable for use in adjusting an

al i gnnent sensor provided in an exposure systemthat is used in a

| it hography pro w u m ng j rn of, for exanple, a
sem conduct or |mmm« ﬂwm ‘mmr cui t%ﬁmégl ckup device (CCD or the like),
a liquid crystal digghgy or a thin filmnmagnetic head or the like, or an
overlay error neasuring apparatus or the like for measuring an error in
overlaying a pl WBjudpNe MEFHOTFFOR P@S?H@Nﬁﬁ’fﬁﬂﬁ?@@f’mé” In
manuf acturi ng sem conductor Integrated circuits, use 1s nade of a
projection aligner (stepper or the like) which transfers the image of a
pattern of a reticle used as a nask onto the shot areas on a wafer (or a
gl ass plEtknicdt Fiele |1 i ke) on whi ch a photoresi st has been applied. For
exanpl e, a sem conductor integrated circuit is formed by overlaying several
tens of | ayerEhegiresencinvention relates ®r amsadjustiog wathed forra posjtior deteetingi appatatus
positional relationship. Wen, for exanple, the circuit patterns of the
f ﬁc on ]9 arkicks g%g%h@é pesifien et ttbe hkfé_Ofp’T ®rhs m?ﬂ mﬁéﬁ%&f Eeeieige _@rﬂ“@toﬁ Ihéht}lﬁ_ﬂ!!m ,
erefore, i S necessary, .to, ain, W.th high, precision e. al.i gnnment
bet ween 1o~ I sk, B SyERIedDr i i ANPALY SHSRRETH DT FeAde o Rbd | n
the individual shot,areas.on the fer in.t recedin rocesses with the
e ort oo B ot A sty e oS p 50 Pel 57 Beeln s
al i gner J.s. (0} [ i -l KhCh: t he
posi ti onéegjf&gﬁgcg(%néﬁgﬁ %érﬁ%ﬁl?’mﬁff %%ggg}(%léli)) %g‘fqgﬁ%éélg%?gﬁee%’ gﬁgﬁﬁg‘%}égl on the
vafer {opgilas dhhYilagletic Hedd ke Billor Wblefla BRE S RingHhRHEs byRes Of
al i gnment "'sénsors, an inage-formng type (image processing type) which is
unl i kel ikeGolfeaahiigcinastobih cvepavimy 4 pluafitylof ywabeh sutsrdts. has becone
w despread recently. This type has an optical systemwth a simlar
structure to that of a m croscope, picks up the image of a wafer mark

magni fi ed by an objective | ens using an inmage r; 0 7 AUG 2D02
Background Art
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In manufacturing semiconductor integrated circuits, use is made of a projection aligner
(stepper or the like) which transfers the image of a pattern of a reticle used as a mask onto the
shot areas on a wafer (or a glass plate or the like) on which a photoresist has been applied. For
example, a semiconductor integrated circuit is formed by overlaying several tens of layers of
circuit patterns on a wafer in a predetermined positional relationship. When, for example, the
circuit patterns of the second and subsequent layers are projection-transferred onto the wafer,
therefore, it is necessary to maintain, with high precision the alignment between the circuit
patterns (existing patterns) that have been formed in the individual shot areas on the wafer in the
preceding processes with the image of a pattern of the reticle to be exposed next. The projection
aligner is therefore equipped with an alignment sensor which detects the position of alignment
marks (wafer marks) provided in each shot area on the wafer together with the circuit pattern.

While there are various types of alignment sensors, an image-forming type (image
processing type) which is unlikely to be affected by asymmetry of the wafer marks has become
widespread recently. This type has an optical system with a similar structure to that of a
microscope, picks up the image of a wafer mark magnified by an objective lens using an image
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z pickup device and detects the position of that wafer mark fromthg Aye08
signal. Further, an overlaying error measuring apparatus (registration
measuri ng apparatus) is used to check the precision of overlaying of a
pattern whi ch has undergone overl ayi ng,exposure by the projection aligner
on the existing patterns. Wile a posi?i on detecting apparatus provided in
the overlaying error neasuring apparatus is also an optical systemsimlar
to the i f i WoTel r i d in l.he ,exposure system
t he target o@gﬁn‘beg%ué%ér%gsrftﬁé écgﬁtgﬁgf%lgr@ﬁ% %%ﬂ%b]glﬁ%glfds?g?%ﬁ%n bet ween t he

rel ative posi Fidies afbvaRyiBdas) Méa@ﬁiﬂ%ﬁmﬁtﬁ%%‘%ﬁtﬁ%ﬂ%%ﬁkﬂf@% AR I ayi ng
mark (new mark), not the position of a single wafer mar a go ut’e

posi ti ondsed td chictiethe preeitian s ovstlaging of a paltetnfvehieitab GidergoRdbdtlaging Stiosge Of the
optical systemof the alignnent sensor or the position detecting apparatus
in the obgetht aytjartorealigner oneths existing patppest AWhik,a gosidon deddttin® Sppasits @rovidega Or
the like) of the detecting optical systemof an inmage-form ng systemor the
| i ke, orindhe eutflagngrenor nesaswing@ppardtes is hisoiai opicil aystey sitrdlar tofesimage-st r at i on of
the aperture stop of the illumnation systen), the error in the optical
char act eforsingdweptigement senser eapipped in theterposyeersystemthplarget foomeasrementisr or i s

generally called_ TI.S (Toal Induced Shift) because it originates froma
tool . WA R n?%@élﬁiﬂ&?ﬂ bewped theyslativeRastions ¢es Hndrrigpiedeatk EXiiRthod of

fhe 11 5 DA il AR BHRIN, nfud Rl bt R B AR B Ui pos of

recessed and protruding nmarks (step marks) having different anounts of
steps) (h%reln fter, this method will be called "different step mark

met hod") . Thi g yeliré fe%faﬁﬁtan%h@ﬂqpmrolgtiémm&tdrﬁdglo%ls%g@&l dydterd dFtneexanpl e, T.
Kanda, K. M shima, E. Murakam and H Ina: Proc. SPlE, '"~ol. 3051, pp.

846- 855 {lifAthént sefmpe ot the padition, detebtng@ppiias RS oNeeSying etas hivaaeinPipfaesween t wo
recessed and protrudi ng marks having different anbunts of steps on a wafer,
t urns t hee.vafaberrdt®a (comcboritiedikepefbudetsting optEulapsen DParbigtage fmmingsygenh wo
recessed and protruding marks again. In this case, the TISis half the

di f f er enethpbkenersn adiustmeni emerad thedilweingtiongystem fnissaisttation §f he peryresiep t he
nmeasured value at a rot atit(ﬁnal angl e and the

ololti calb | gl e éml%at‘ﬁﬁﬂf&“é)ld £ AR egpﬁéﬁa%gtcﬂiftiﬁ fgr’Oﬁﬁ%ﬁéFﬁ?‘fif) ﬂé\ﬁiﬁm h an
box 1o pisb iR TRY et bRl tilea TR PE| RO, BRBARFOHSLI ERAS

t he innelefnraatg@l as neasuring targets. G ven that the 0 7 AUG 20D2 3
anount of two-di nensional msregistration of the center of the inner frane
mark whi ch i swigaegdre e tisf thert @8reedntly Becdnlpeoposditaanetidd dfagjustisigalic dptiaare  mar k
on a substrate for evaluationis ( 0 XI, D Yl) and the anount of

t wo- di nmeswicanaf a puskion getsiting tapgamates to trdvecethe Tt sasaf orlibt measarekdyaimb ptthe i s
acquired through reneasurenent after the wafer is turned 180 is ( 0 X2, O
Y2), (jTadisfibye berwiesnTwStypks ofrecessed andigrotrerlieg marks (sepsuarks) hvapglifferents becores
(( DX1 + 0 X2)/2, 0.YL+DY2)I2), In this case, the optical systemis
al so adj aspwHs Phsteps fapreinafisy thisymethedriyill bepplleds diffgrenirytep ‘Pé‘lklr%ﬂmdﬁﬁiﬁusan

al | owabl e. r ange. Conventional | as .describ bove, e different. step
mark met rel’?ggefb‘@@ﬁ %&%‘b@‘g g’(ﬁdg%dérbtf?reeé?mﬁlf”éqﬁ\ﬁ?@hﬁl lgﬁsg“?%gr errl%ﬁg]eﬁlder ror
of the pesit.l Yl ag ol gk, o i :

Tt hod heg TPHErs: IR R A (YRR ST SRR
types of pagreske twéfdeREPind peotReindRi e haSRE difrddemBoudised efepy ot Nwslest eps,

cl ose to each other while the ampbunts of their steps are different from
each ot hefms thy @afer 180" ang thHed Sikhdiks aldit@ce DR dtwlcyn thogertvd eesssdshdand
protruding marks with different steps, the different step mark method may
be unabl erttmdingjmesks dgein. fihthisahbeey; thafliDis helf thelldfakcebitivoa thpmessatedyglot @m wi t h

hi gh precision even though it is effective in adjusti nlg fhe position of the
aper t ur e agetatiprek angleeof 0] | and themicasredyvalue i a wigHonpbangle of 188 1 éet (Mg,
conventional ly, ,%Lter the di stance or the r.ejﬁfst]%l#e {‘}lﬁgre lSt[’ tion between
a pair ofhiFiBtiqabsysietis adipstehingpchs Prehu s iR £} $HO¥PE HEGs ur ed,
the substrate. s turned 180 and.the distanc r.th | aty : .

m sregi strati CHEY gnﬁe{rﬁremﬁaglmpn%qpp %@ﬁgﬂ?ngagégéﬁﬁé%ﬁggﬁ%’ﬁ% REEHPe the
TI'S. Thi j i : i i ren uring
opor at i on. TRE At RO ERHE ) AR R0kl 15 S Bl CikerEniTeRS
predet erm ned opti cavl-. menber is adjusted, it is necessary to perform an
operation of turning the substrate 180 and taking a neasurenent, and an
operation of adjusting the predeterm ned optical nenber until the TIS
actually falls within the all owabl e range. This brings about such

di sadvant ages that the tine needed for the neasurenent and adj ust nent

. Y N .



0 7 AUG 2002 4 not practical. If the substrate is tenporarily rema\qegug‘mmm
the stage after neasuzing the distance or the |ike between a pair "of marks
on the substrate on the stage and then the substrate is taned 180 and

pl aced again on the stage, foreign mat{er nay adhere to the substrate and
the work of placing and renoving the substrate is troubl esone. Further,
conventionally, after the distance between two marks with different steps

and o TP o S iR b MBS f O conady O bOBES, AR RS e 1 s
Thi's eafksddiibich REp&Y BIHBOEnYRbHFe Bltcr Biind g bﬁﬁs@m&t%ﬁe uaga%% R ons of

the di stances 1s considered as a reference value (trué value

di st ancexhet yernd titanidiat crawlAidddsins ickif 8 &Pk oS bORS cenWRES} baHGRarky0 Nar ks
with different steps are tanmed 180 , however, the shapes of the marks as a

whol e anehichiaaggited thrduph rentdasigrement aférky wifbien wuiled 188 UCH fqaxzdiasw,rm,on, may
enter the results of the distance detections. In view of the above, it is a
first ofbgcthe d1S ofithsovenwng ewor mesypinguppizatarbeactnesy A X +AXDA, (oY1 a
position detecting apparatus, which can easily and accurately formthe
necessardy YaM2k dn thiy case ssaptiea) system isplsb edjustedhiasadt awiysthitdEa, db) astike BISt i cal
system Further, it is a second object of this invention to provide an

adj ust i fylsrathingn allowables@iget i on det ecting apparatus, which can accurately

opt 1 cal Syt SPFEROEHRY Bt ARHE e RBn AR A Faog P LT BRrSg
tical g
or eci of GRtey a1y ShigRR PN RER bt Bl B bR o BRI | 1) B

met had fd%an?nggg{ B e&&f&hﬁr%c BG4 MR AtHfRulRuola@Blratkl) dotRed o8y ge@bs (TI'S

)
in a short pe time and wth high accuracy. Furthef, 1t isa fourth
obj ect Qfcekddti Sind &ﬂajh%ﬂlaﬂ@, f 0\ vtepradetamiafiled atbiss, £16de 16 vath wiet WhileRE Ch can be
used in inplementing the aforenentioned adjusting nethods. It is a fifth
obj ect aimduhts of iheir erps ara different frorh dechartheadj usti ng nmet hod for a position
detecting apparatus, which can correct a tool-induced error (TIS) with high
accuracy. FurBiveaif it ispossibletosicruriely fyracrecesfed pipd profradiegimpikp with dfesspt de an
adjusting nethod for a position detecting apparatus whic¢ch can accurately

formt hége@éd@séﬁﬁrym_rﬁéﬁp@ark Brethod aay be Heabige agjyetiferdhe dhvgauan A fhedtelee®eand

] Ust mREEB SR D B FAATER DAoL r e 1 P eneer g e

Furt her @Eﬁmcgt%p%%th%ﬂ%%éﬁ%%@g%@én?m of this invention to provide a position
Y :

detecting r~ apparatus or a pattern detecting apparatus
whi ch can enphRiesS i dbreitksTisNehnVEIHRAIS; aflch thk FisBh&Loralt eRigct of this
invention to provide an exposure system equi pped with the position

det ect i ngisepRaitihibetwean Aphih ofimarks foa eudhetibn on @ predeteimizd sebypag iy eesysd.em and
a nethod of fabricating a device, which uses the aforenmentioned adjusting
met hogls . thdiubetrassisinenet 180 e andhthe distanee ot tifei relgtivearistegisiraiign ipetwecruithe pair of

posi tion detecting apparatus according to this invention, which is equipped
With a dBakTismigsuspst aeain to agayire the(HS, T gls dispdvantggeoygly inprepses Hie timsia@igd ng a
flux of Jight fromone to-he-detecte k or .a plurality of to-be-detected
ks 10F O EReRPE P NTB Ao 1 e e D Tttty ek o r el ar i ve
posi tions the.plurality of fo-be-detected nmar ased .on the.fl of
Pant eoeiseeies Srilmabead it PRFSL R AR AR o g 2 ey
that a i ayi° O i ; : j Esike (3la,
32a) an%k]gét%}éelcgp [ o%%&%@%%?gl??z Eéﬁzelng’g}%n% Iy ‘Sﬁg%é‘frg?%%@gg‘{e?@ provided in a
pr edet erdping cheifbapuritil fig TS herailiycrallwithih thiéiallgwabld e Mhistbainposboof sutthe Wi dt h
of the recesses to the width of the projections are fornmed on a

pr edet erdisadexhtagabthbrtht 8Bmé hdeded for theaneaswremertt yndédjcheend habolres ¢xtemdlyfemesur i ng
the di stance (M) between the plurality of grating marks (DM, DM2) in the
measur i regdovher deirontionat anglproftthresublsitatecaanmay be gt exasily toyl$Pe ma moashragienet i ng
predeterm ned optical characteristic of the detecting optical system based
on the rMféd3f¥-ed val ue. According to this invention, for exanple, a

firstgratng rﬁlrn%cr(, %}sio%f g rr]ot'crxlxgj}Sétargee \%ﬁ]ség gasn turn the substrate 180° on a stage where

the substrate is to be placed complicates and enlarges the structure of the stage, and is therefore



(31a) having a width a and projections (31b) having a width b peri®@iAalily
provi ded and a second grating mark (DMR2) which has recesses (32a) having a
wi dth ¢ and projections (32b) having a width d periodically provided are
used as marks for neasuring the optical characteristics of the detecting
optical system At this tine, the ratig of the wwdth of the recesses of the
first grating mark (DML) to the width of the projections (a : b or a/b)

differs d i . i di. f t recesses .of the.second gratin
ok ( ot PEERAGHE e folae SR AL BV B SRR i iR R A ™t 1
duty raty ; : i I i.S. 10 al (a +
b o = drheie helyeR iphir bEmBRE ol Schtiee bR e s BRE AR Ror (il o Blrd i R £505)
is 100 x %; i I i i I 5. tion, a
o ur al i o Sadplededailin ot i Rt Rly adhiE & dl Bibohile bt e WIMERL | OF.
shoul d Dbytading dndirembvihg heseizaatd ivxidublesdnie.t he ratio of the width of the

recesses to the r; 0 7 AUG 2002 6 wdth of the projections. It is
t her ef or e posBirther convertisially afierdhedistaricabetiwgerf wiomarkewigh ditferegt seaps ks i n a
normal |ithography process by using a mask on which a plurality of naster

pat t er nsdejgeiednthpsevmark 4ré bireadt18Pat, itwslitnce endaigént agsiviaptl tierdiffs@cti on to t he
light transmtting section are fornmed. Because this invention uses a

pl ur al i tRErBrenghePiorigtented Kistanessiisigkei =5 therldht Thinmeans teat therpucragadtatiesf thehe
s Rt R BB R
tho ~ai 1 PSpBRBeRicS ety RRESTIAS MIF STBLLEN PR ARSI Rt
aber rat i g %un?éaﬁ{g;oas, h%@.g@fzr, tﬁ@s’[ﬁia#%%fiﬂé s AGGR0k! AOHIREASE thaf ¥SrfoR bihb 1€
posi tion of each nmdrk imege shifts i n accordance wth the 3uty ratio.
Through easty eiBRk dRfortiemd) Shianeerbalk WeaR dishBcd dtticibdual mark i mages,
therefore, the neasured di stance between the individual mark imges is
shifted from thaew of B anse, iV &lafst(cBRe! of fedinvattive togiroditkean ddieiingvhehodn
asymmetrical aberration remains, and it agrees with the reference val ue
when t hefoas positiar deteating dpparatitsi which eanreasilyand secarhtel Biprmslzesigedssagy maks first ance
bet ween the individual mark inages and adjusting the optical

char act emeasuipgthe qpuca shagaciggistios Rhthe OpiEcahB8$Wr ed val ue becones the reference

W thin an ol | GO F Bngand v 8 BRENRLTLO PR ahaTh PR BB W arh of

h 5 : . i j h
gt - of PO Bl b i A bRy BrleBodPts fbleasighBloe © L
ratio of tihe WalkRriffcs bbGe bHFAPSERmiAd boifectd fbdki@hnidcd SbfaAbe6hd @RS 1 @ 1

has very Tittle transverse shift caused by asymetrical aberrations, it can
be used ggical dyek@rae as adjiRimkntakrot Smtiilikingfone puiga it digipsdcames. One exanpl e
of the detecting optical systemis an imge-form ng optical systemthat

proj eat s i mag#ss afhirdlobjept afitlds inventiof tapravidean aduskisg wathod for pn epletlewysttmed
observation surface and one exanple of the optical characteristic of the

det ect i n§hishrieaicasyiest tepkinguasé eaer; (KD én shortpsvied of lgncrand vith Mieie a3t ween

W Oh i gh pr cERSHear s ATSugpeEh BSBVHGhue Roter brioatFky FIOMOGERELE: ng
t ' this,i t] whi ch i i pped with

"PPaim nabroi Sy apt el bitor SRHmR e SRR Gt ect ed mark or a

plurality of z ‘ . : : o i 9,

12" 05, Yor oyt pERHEYEE G RoRIb AR OR ARboRt o piplcTrdle Dt
to- be'deﬁﬁﬁ'&a@@, FRicK Tan EfecOPbOIChAREd EXG (PIS) Whth AiEhQbcdrdtg. One tobe- det ect ed
mark or the relative positions of the plurality of to-be-detected nmarks
based on the Flhuberdf islisiyti olgenn dethizdniehtyort th rodeie an bdjnging pdettod forsybidon | S
designed in such a way that two grating marks (HML, HWMR) each having

r ecesses d¢t83mg afrdtumwbich caj ascuratolydornBBib ne@sraly mirkefonaucasugingithd opiégal odi cal |y
provided in a predetem ned neasuri r:jg di rection and having such shapes that
t he rece§Basecteisticsand cprest a predepanipgd abpEation of pdeterting PpiFalh aPtRE FEM , HMVR) are
the inverse of those_ of, the other ing marks are fornmed on a :

ratl
pr edet er APHETE HPB@EP%‘%“eﬂh(‘T{Pf“‘i“’rFyflﬁ’g"\’}fhc}P RECYP™ each ot her, and neasuring
t he di stance tween the two nn s in. ring di i on through
t he detecti ng%ﬁgﬁ‘?ﬁ%fa’ E)l/ss% 108 géﬁb e(ggf {ljus%tlfwneém%nmgrp gﬁ'cheé rdr%aﬁce’rgb%igoct%béal
characteristic of the illum nation system based on the nmeasured val ue.
According to this invention, given that the width of the recesses (33a) of
the first grating mark (HML) in those grating marks is narrower than the
wi dth of the projections (33b), a darklevel image of a dark level is
acquired at, for exanple, the recesses (33a). Accordingly, the width of the

I ~r— _\ Y o o o - o

—pd




In this case, one exanple of the optical characteristic of the ill uf7nayg el
systemto be adjusted is the position in the plane perpendicular to the
optical axis of the aperture stop (3) in the illumnation system Further,
in the above-described second adjusting nethod, with the two grating marks
(HM 1, HW) on the substrate (11) being first grating marks, two second
grating marks (DML, DMR) each having recesses and projections alternately
and periodically provided in the neasuring direction and having different
ratios ofPPEREISKF aPritest deterting apnaziusdvhich qan employstrhaidjusting methods. 0 7 Al JG 2002
8 projections ma% be fornmed on the substrate in the vicinity of each other,
and after thel' B} LPATRDIRCHIAhIS BiveRiion te proyide AR FXROPYre SYStem GauipPEd With Bt i on

system i [ ust based on the di.stance between the first gratin rks
(it Bt R RS0 s SRR RE urEE PR PSS RE POV S BABSC | n ¢ he
measurin i 14 3 r d ing optical system
and ; Iprgcfg(%r[eéra%ﬁ%ggwg%twgg? @E%&?ﬁ%@%@#@ﬁﬂﬁﬁ%‘g&é& igngpolpti cal ysyst em
may be adj usted based on the neasured value. This conbi nes the use of the

second adjusting nmethod and the first adjusting nethod (different ratio
mar k met bedbsié of he Bvemtiggnt i on. At this tine, the adjustnment of the

predeterm ned optical characteristic of the illum nation system which uses
t he firstgratAdgstrmjuktngiidiod foM2positonrietectafgfappirads dxgordihgabtisiatdnton, of t he
detecting optical system Accordingly, the illum nation systemis adjusted

first bywhish meqtipped with e defecting npticahsyksm((:849, 12748,)16, Ah)dortdordensing adlyxmet ri cal
aberration of, for exanple, the inmage-form gﬁ optical systemis adjusted by
t he di f flghefromrapeiteberdetretedmark @r g plurality efdp-hedptediedenksd dyr dstsciinga positien can

be adjusted i ndependently, which.is cqonvenient, Jt is . desirable _that .in the
af or efrertiiEn M 1PPFEIeGrd Satkdaciaie getiiens OEEFWEM?“W_ oheieieried fpags lgﬂfrﬂ%itti ng
marks (Ol VR e S cord¥Bea OB Rl AR skt SO0k 8ed i s0AS WARAE N9

di recti o’ rate a oné&’ "anot can ensure

hi gh- pr egi.Si: f i es in the
Teasur | e SR RAR AR IV Dlzerlh fa R a2 R et 679

hi gh- pr emb? aRen&el hfE hérdically proviaed inGredferined nbdshifY dirdcfiod sndt@eihg abl e

that the steps of "the recesses (3la, 32a; 33a, 35b) and the steps of the

pr oj ect i diffsreffihtios 2 widBiof titradeses bsthamnidtnbl e projectidns hierfommedange of 40 to
60 nm This can provide a high-contrast imge so that the distance between
a pl ur al pregeteymineglrskkbstrater(1hen thetveninieycbf whe dnottiey landmeashsngthe distafi¢er(dtd) posi t i on
detecting apparatus_according to_this invention, which is equipped with a

det ect i nBETWRRM tegPlugalitt f gaprggnarys (M1, 1M2)ig thexpgasyrpngidiregiipgdiyough the £ | ux of
light f t 0- bedet ect £d. k I I, i f t.o-rbe-d t ed k
R e e A e AT e et I
by the d@ﬁtﬁﬁl@aﬂ%&%éd%'thfﬁ@zfs%vméCh detects the position of the one

t o- be- det'ect e or relative positions of the plurality of
t 0- be- det ect ed cERaikg 1PBRGE RRoR fHRK BRPIE, ATirSte ARG mdrk POMI PRhRR 84G8¢e8eE i C
detector, conprises a positioning nenber (16a,16b, 17a, 17b) which

posi t i on@1a)habimgstwidthadnt pdjectibss (QPH)ihacihg awidiEb péridaicail piokided edderdetand
opti cal 0 7 AIl G 2002 9 systemwhich affects a predeterm ned opti cal
char act eratsg nark @M2) which hisneczsseb 32e) Ipeingervddtbeland progectiéns (33b) heabg axi s of
the detecting optical systenm), and a control operation system (23) which
drives twedﬂpgﬁqueﬁ#lngrq’fﬂ%éqc usel 25 mepsks fppmessyiipgthe pptical chpraptarigtiggof the

predeternined optical characterisiics based, e_di stance between a

Dl G al + ¢ §P1E7i0g PRtrel St et 95 erihe 1ol RLTRAD PhBpErStsG B R bR ned
nmeasurin j i fCH.S d.thr i j system
and the. Btk GRFLIR e MHleE e rIE0uEat (Fapinh B el &8 BL D SE e RR b

adj ustin ! i : S Vv i can
Pe. Used. R Seohn SR g R (DN Bkt AERRA ALREI (S L SO BE o,
whi ch i sthe@uiyRRasiwith fdspehitol dnk pidH FitherBc86s (BR) & 108x aAab) (%), aHdl thadis One
to-be-detected mark or a plurality of to-bedetected narks, a detecting
optical myistétnréshOet tOodeitth of the recskgs BRALs Hinogfesad (%),fWiich =¢ diffeght fr om
the to-be-detected marks, and a photoel ectric detector (22) that receives

t he fl uxAcfording st thisomtatiered phyalithef esatingmarkp eandiavé silbtantially theisambibteh det ect s
the position of the one to-be-detected mark or relative positions of the

pl ur al i t height buishpald e difforea frpmaes appihe in B raio@éthe titth At IF gecatses todhin t he
phot oel ectric detectpr, conprises a positioning nenber (4a, 4b, Sa, Sb)

whi ch positions at teast a part of the optical nmenber (3) in the

illum nation systemwhich affects a predeterm ned optical characteristic
(e.g., within a plane perpendicular to the optical axis of the illumnation
systen), and a control operation system (23) which drives the positioning

N T



An optical -system adj usting method according to this invention, whjghyg00l
adj usts a predeterm ned optical characteristic of at |east one of an
illumnation system (1-3, 6-8) for irradiating illumnation |ight onto a

t 0o- be-detected subject and a detecting optical system (10, 9, 12, 15, 16,
21) for condensing a flux of light frofthe to-be-detected subject, is
designed in such a way that formng first and second to-be-detected marks
(HNI'L, HwWe; 28A) on a substrate (11A) for evaluation in a predetermn ned
posi t i onafidth of te prnestions; 1fisherefigge possible tepasily aud achuratelyjeutethe gowg muplskis  ( HVB,
HW4;, 28B) which are the two to-be-detected narks rotated by a r-; 0 7 AU
2002 i 0 PreTRA Sheerely pRErstbYRsng & mesk 9B sihicharRiyrality Phmpsier PRt ebiph kavaed,

neasuring.the rel ative . .posi.tions of the first and second to-be-detected
mar ks {H ,ef‘ilii\/fé‘fﬁ"%%gASV’C t shielding secfipn fodhs Jight rynmitiag seelionars fagmeht i cal

system neasury relative i t.Jons of t third..and, faurth

t 0- be- det ect e eg%rségfs(lﬁwf}orf_m§§§l§§}dyo S 1Y stfa?”ggglfféﬁelnb{?g?fs?fﬁlée det ecti ng
optical sy¥she b I i ; X j 4 : one of
OPLT SR | SR SRl S o SR s R BB B B0

rel ati ve (RQstid sARSwIMBASIUhERcdsds (Sr'pfojbdiiBns) Hith rQbedt & BR P&t RPeREnIRE Khis
According to this invention, after the rélative positions (e.g., the

di st ance adjjtingimdilal dah bs talldth cheS Biferedt rato Derkdsdtiaalt e thiecks, i t he substrate
are neasured first, the relative positions (e.g., the distance D2} of the

t hi rd andsynomnettitel tigertaden) etehcts edmaraerkangin thichietestinpsiptied] syssetrs thegmsitioredE Wi t hout
turning the substrate. As a result, for exanple, the TIS (Tool Induced

Shi ft) wekebhngrk irpagesbifts dmasserdance math thesdutyDiatio. Tirpugh meggigerpent pble disenes of t he

illum nation system.and the detecting optical systemis adj usted. in such a
way that betyesn érs anshivifual mark jmagesnthereiore, thermasamrebdistance Srsethe idyaduahs  ne
substrate need not rned af this. ti and.if these. t sets of

t 0- be- def™&¢ ’é‘&?gﬁ%’rsﬁ@%ﬁ‘i\#%mgl?ﬁ rﬁ%‘:{e&“b‘é“‘?ég‘?efé&?ﬁ?%ﬂlwfE?eiﬁ‘éhwﬁ% Phe observation
view fi el of k0§ aﬂ'é?%aﬁfiﬁ teRhirf S PAr G c%é’x%}tg{ﬂe 1é&ter ﬁ’éc‘iﬂﬁiﬁ%%eﬁth%%n‘ﬁﬁétﬁ&l can
per f orm two- di neénsi onal ~post ti oni n&rcan e useg, thus making 1t possible to
nmeasur e B&ra86h ot Exifted B hedBingdfe GitatideMBtwiks the MdKAdRI ReikSnages ahd this
case, as one exanple, at l'east one of the illum nation systemor the

det ect i ngdjagtingahd opsi¢sitohanattasstioninisudhce Wy thatjthesheduredivauchecampsaye tefeadnce he

di stance neasured for the first and second to-be-detected marks becones
equal t o valebyutlizmgibe aerve anedyrimetricd) gbartationicaaredsilyy b et within bealtiwtablet ed

mar ks. Accordingly, adjustnent can be carried out in such a way as to
substant if@gy mnimze the T'IS. As the first and second to-be-detected

marks, a pair of box-in-bgox nar 28A) y be used. this case, the TIS
of, for exanpl&s d%ﬁﬁra@\‘?gﬁt g‘&?i”ﬁk‘j’ %ﬁ?&\”gﬁﬁé’ggﬁr’?%ﬁeﬁ FRF 8%‘85%“53%%(3%‘8%. A
pai r of ' H}\;n“ havi €s$s .

proj ecti g%%ﬁg((%m@tga _tel?1 !rfllal\é? le °§’?‘§§%‘ B%seg_rh P‘%a:i)ggl ?'yﬁ%%ag%ﬁgeeﬁ%%%b%mgk

pr edet er RiHAESal1® BSME Widih f the fdcbsass 1o i v&l&“'oﬂ&e?k&ﬁ&ﬁéﬁﬁ@?.&l hitaleritfige 1 ecesses
and the projections of one of the grating marks are the inverse of those of
t he ot henrafserseshiftieeusgd by hsyhnisidsbaberratjonbgt das delused at efdréncs maslng tigecond
to-bedetected marks. Irt this case, it is possible to neasure and adjust,
wi t h hi ghinered compamg dstenees: or caused by, for exanple, msregistration of

the center of the aperture stop of the illumnpationr' ; 0 7 AL1lf 2002 m
system A pai fOnsfexgippleofithe sgleringOpiigel sysiom is anEragpriQrming qpicdsydan el a4, 32a)

e
projectiaons, and thus different .duty.ratios I Xpr.ess._t. r.ati o of the
i athof Pne it edbonish! Grgleat s B e PG RIS Bad i it

percent agqSpe ﬁ‘i?t){n&eoe%@ﬁ tifdge A& ufnhéé 5%1?]%@%@?& b ProRBHE onbEdn BRI kS, I N

this case, It 1I's possible to neasure ust an error originated froman
asymTetric@géctmmgghgfécjsﬁ,ﬁph as coma, of the detecting optical system It
is desirable that the thud and fourth to-be-detected narks are the first
and second t olfesatencaljetingmethed favtapbsidorndetct 8l appardiue acodidirgy ty thid ineerifibly as
conventional ly defined can be neasured.

which is equipped with an illumination system (1-8) for illuminating one to-be-detected mark or

a plurality of to-be-detected marks and a detecting optical system (10, 9, 12, 15, 16, 21) for

7
S



A first substrate (11A; 11B) for evaluation according to this invegtingn
which has a plurality of to-be-detected marks fornmed thereon, is designed
in such a way that the first and second to-be-detected nmarks (HM, HW,
28A; DM, DW) are formed in a predeterm ned positional relationship and
the third and fourth to-be-detected marks (HVB, |-i M4, 28B; DMR2, DM4) which
are the two to-be-detected marks rotated by a predeterm ned angle wth the

sanme positional réal ationship are formed. By using this substrate, the
adj ust i nEPIYERHER Huxof dightdmm the 0-8e deteqtsdaaarks. éirdgtestingithe position efthe ore toan be

i npl . A d trate (11) for eval uati ding to thi
| mvent | oS SHFAHRET He SRS PPoS L s A PP E AT ROPHEdOR Her oon, | S
desi gned,| hat at | east first to-be detected marks (DML,
o) i RO LBl b e ke aRicd PR stkriadsvichad s dts AR Y

pr of cct 1 SRLC(iaf, BMA R tsthB Rhsle 3¢ FHIT Bol bt Talh Hie it i eneng
appar at UEcr%ﬁa@@gﬁ@idF&ﬁ%%“&éﬁnm@@nﬁgﬁﬂﬁ 'usieigi‘ﬁfa ﬂ&é;}.g g\.Ec?)@Bapre?ﬁmgthgar k

met hod. As one ‘exanple, this substrate 1 Ina I'ng ‘an opti cal
appar at Ugec¥ddésciid tife fréje&iRnd BIcoe RO ki@ khe nfhrid THAMPR MMM USe D irBrsd Sf tHSe@rin a
devi ce fabricating process including a |ithography process for transferring
a devi cethpatiepgriting RiacksarafotitedoretedeWimitied aubistrite (1) inhhovigihitpofaastkothds) .  As
one exanple, this substrate is substantially the sanme as a subject to be
det ect edalymedsaringthé diatancgiptwert the twi gehgpmrrisno theimesuring die@ion throeghitey t he
need for newy producing a holder oz the like, A pattern detecting.

appar at ugeteRias patiGabsyssm; pRdsadjysting predeterigined wptical diackspetis afitherillypinatipn o 7
AUf 2002 12 ih)lu i nation \z\'\éétﬁm(l_& 6-8) that irradiates illumnation

| i ght onPHR 0BeAD fStBEEWR ¥ ect t hrough an obj ective optical system

i ght “whi ch 1 SHUBRATR Yot ket BBl whlh ottt iR RS B ulioatd o

obj ectiv ' - - j ) _which a
pa 1 of " repEGENR)ip 63} e s 1R B RAAL B BfERRIng b "D T ¢
of secongyBBage ottd\Rrk I0¢tis aitedat, taaadple) tB@&c@se%Q@S%ﬁldAQiofcﬁﬁ%y, et wilidnch
crossing the frrst direction (including ?he case of turning the marks 180
) and havt thg ptdjeztiems(@52) bf the senoad @smg rerkp@M?2)dfecdmes sizrromerkisanakieewidthoofi ded
integrally, and an adjusting nechanism (4a, 4b, Sa, 5b, 16a, 16b, 17a, 1' 7b)
whi ch adfhsgecsssgs (35bhgnd adgskidevebimaghef axjark levdl ivasaweed af the pwjectionst(Bren).

illum nation system the objective optical systemand the detecting system

based on TP#l|iathepeis BEERESIAMAP 3t HeaPmign ivhe Hestiitne mapy(Fidh)are I §ELRe pair of
first marks thr he obj.ective. optical .sys and rel ative positional
|t or T e SR ) Be BEE G R sy HBRER g AR ReB g o
this patt i X | [ : i cal
R T e U R L e A ST
t wo- di meqgi:Raabd % tRdosition bb@e Apirufidopt (W URGHES bebhdchthe ifafddiof thogchiwlést | Ng

nmet hod for a position detecting apparatus according to this invention,

whi ch | sreayinppkds shifibd, anthat the sdjusrhero Brrsys tienil{mindtionGy83m fcad bd domactedat | ng
one to-be-detected nask or a plurality of to-be-detected marks and a

det ect i ndy egiusting|thas distagen i 50ch aywaylas to re8ch ajgedegerinined faferenso value sinrilgfs gast | ux of
light fromthe to-be-detected narks, for detecting the qﬁ)OSit,i on of the one
t 0- be- de{sthose §ratingmarks can ba foraedfasilyand accuptely Rrusing 4 ppdetsymigred mask.

t 0- be-detecte rks based on the fl.ux of |light condensed by the detecting
opt 1 cal syt eih T cooe; 88 Gamtp of reticn e oA BERRl e BF or e
wth an i rK i ent. ! :

corpr sed ireas BeRol i HEpianElor et 8 el R EHuR Boasltston (Ml
D\ve3; Hl\/mlmih@(%)syﬁ@}ﬁ_h having a recess and projection pattern arranged
symmetrically in Such a way as to sandwi ch the center portion in a

pr edet er m ned FuRB&UhiROAbAYE-8GEhied stcond hdjostidg hidthad [withRe BRieahetlaks ea of the
detecting optical system and detecting the relative positional

rel at i ongHVd, HM A toa tieesubsimter(il bubghigifiost groungmieeks), iwoesecmid gtalvey moakd @Mpor ti on
and the two end portions in the neasuring direction through the detecting
optical $3MdR)sarh havingrdfasses andjprajepiiand eltesnatily ansl repipdicaly edaetheri stic of

the illum nation systemor .the detecti ng optical system based on the
measur ed Mmeaguring AireCting@nd haying different ratios of the width of the recesses to the width of the

&
s




val ue. According to this invention, as one exanple, the distances B?tMﬁﬁ%z
the center portion and both end portions of an evaluation mark are
detected, and those distances are conpared with a predeterm ned reference
value (a true value) to determ ne the tool-induced error (TIS). At this
time, a possible way of determ ning th& reference value is to tumthe

eval uation mark 180 , reneasure the distances and take an average val ue of

the results of the t asurenents .ag the reference value. In this case,
as the e¥/gi° té‘ﬂ%‘?f"’r?ﬁ&%’i%ﬁ OPﬂ?cér‘IEW@H’E ﬁﬁﬁlqugtysoﬁﬁ%pﬂ]cgapd ther e symet ri cal)
to the c [ portion.in the n ring.djrection he .shape in {he

neasur i n@‘@{’ﬁ? miyeds, HR% Cléaﬁ%céetngﬂ‘?@% @]u@%l‘%ﬁte@\}%ﬁwedﬁ’ﬂ% QO NHYER mar k
i's fumed, r : t -induced error, such
as distor%?%%vh%ﬁﬁﬁﬁﬁ%?ﬁgP?zcg fﬁgeéggéﬂ%Q%QRgp%gHﬁggﬁ#vﬂ¥ﬁ%gF%%?-induced
error capNIE, DSHThe §eastifddicOth MELS HbRfea ingpki be
correctgg)vm'th h?élh pre%gi sié(;?]l. As on}gﬁexangfe%#ﬁﬁe&%%ggpﬁ%g%?egnﬁ and
bot h endarjdar fredefsmired bpE@netatdetetigticl T enetiérbitl dparal SRten ABELILRstedBadbar ks
with different ratios of the width of the recesses to the wdth of the L
proj ectomwths medsurédevabret ratio nmarks), it is possible to formthe eval uation
mar k accurately and neasure the inage-form ng optical state of the

det ecti ng opt Thiakombiststhe ugpadf thesedoad kgjpstap nethodand the destradjustihg trieehodent er
portion and both end portions that constitute the evaluation nmark are
grating (flfsent fiogeark methodkef thin invprtisine &t fittime the adiustaesieaf tepredetarmined st ep
marks), it is possible

p le to neaswe misregistration in the i|lym.nation state
of the i PRUSA; FrarrsHstsPE thedlymipationgyem M%ﬂswetfﬁélgfamwk%mh%g}lﬁur e
stop, uneven illum nance. distribution or the |ike) with hi.gh .precision. A
Third poditerered S blPRRE D Pt be i A A Ehrlib S RRASE e h o
equi pped .t L ) k L4 ths ) ! l e
t o- _be- de%})eéltcc %’Q‘é gﬁg?% igllrﬂ %f%ﬁ@{;ggé%%& ls) e? ’e%%dggt‘mn%{rh Eﬁsjm %?@gl'?g%?l i ng
optical sk $flfdr ebmple thedmaddiorribl ol s\8RAAE R§@RedByithd/ifterend rhght from
the to-be-detected marKs and a photoel ectri'c detector (YZZ) t hat receives
the fl uxp@fk hétBbd (f2QRRRERMOY hethatdioftdah Be ad)stédiadepsytkh@yywhithiich det ect s
a position of the one to-be-detected mark or relative positions of the

pl ur al i t yoroknitw- be- det ect ed mar ks based on a detection signal firomthe
photoel ectric detector, is designed in such a way _that a _positioning nenber

that positi ond ingesiraie thagin the aforgmentioaed st ¢ secops pdjesting grethpd)the plusaliy of

illum nati t ect i 7 ALJ6 .2002 14 ti | t
o S5 e oA BB
operati O&e%vX? ttrgt@agggl)o & 13he & 'th‘(:?s'[ﬁip%n%ﬁﬁjré higl%f}g'sﬂ? %‘gsrurénq'sn%ﬂﬁé to reduce
an error 'R the predetermned optical Characteristics hased of a relative

posi tio ngismﬁeé @m%mms nfdfk RlagbSAde rﬁé&ﬁxﬁ'ﬁngﬁééﬁoﬁ RdthutNRA B K b e HVE3)
of a predeterm ned evaluation mark to be detected through the detecting
optical syPEémiRe @ggk-ﬁrb&si@hmgli&mfﬁh eptital @fok. OFurfhERit By devikAb&that ThY skepappar at us
can use the third adjusting nethod for a position detecting apparatus
accor di nehetrecestas B31a/82en33apIddb) hml thx gesuf thepysieations(Gtn 3ah;3gbt30a) hi s
invention, which has the aforenmentioned position detecting apparatus of

thi s i nveyhsiaptallydiervetiin arangeof(4940 688m. Thischn provide a highwanraghignage s ihat r at e
stage (58, 59) ich positjons a substrate (V~ qnto whi.ch a pattern of the
mask is ths dtance WF@%@H‘%W&?WTW’&PF cted Vg ALPTERSIR f or  al i gnment i s

fornmed, are designed.in .such a way that .positional.information o he

al i gnnent nar % %’%pﬁ‘ﬁg‘c’g Sgtgﬁpgtagp ﬁréusdaé:%g{%ﬁgo %V By RNy Y, cF%nequ@P € c‘f“flhn%
apparatu Mol 1 | {ed._out based
on the. ageEateSphelERRm A, 9,12, S8 28] bl oRESR AT Bk BB RE LR 1

obt ai ned ghycr@fintidr APlirdiRy PbitE Aletestés hiafks Bhd 4 AddRQRIrcideRcEEGSPhANg _
apparatus according to this invention by using the adjusting nethod of this
i nvent i ofeceifediiBy Flag oflightt@densed bgthedtisathg@ptial sisrea, thich kdetscts the @ndiiannf whi ch
manuf act ures a predeternni ned device by using an adjusting nethod for the
posi t i on tidesne ta-bardeteqdqsbmark ws retetive hositicnpofthe ploralityi of ¢d-beddstectddanaskspsgedof
adjusting a predeterm ned optical systemin the position detectjng

appar at usn pyietgetiongigmaram fhephotagledia Auertorgrmpasds agopbaning wemberi(Hrokdhat i on

of an alignment mark on a predeterni ned substrate using the adjusted

posi ti on 13@@@‘%‘5" BosHions et eastrprttithsApHER! FH’@"%UE@HP Hedleliring Piffisk based
on the detection resylt, and transferring a pattern of the mask onto the
substrate. In this ¢céase, as high overlaying precision can be obtai ned,

hi gh- per f ormance devi ces can be mass-produced with a high yield. According
to this invention, a nethod of manufacturing an exposure system which
exposes a photosensitive substrate ('t~ with an energy beamthrough a mask

. o o, . a




0 7 AU6 2002 15 and projections alternately provided with respect tb/ &b 2002
aligned direction, detecting the at |east two to-be-detected narks by the
mar k detecting system and noving or replacing at | east one optical el enent
in the mark detecting system based on the detected distance in order to

adj ust an optical characteristic of th@ mark detecting system . In this
case, the mark detecting system can be adjusted with high precision by
using the adjusting nethod of this invention, such as the different ratio
mar k net HEWM whigh afiest anredeteamingd opticalghaiagieristis (ot withind plane popdiditglat © t hi s

invention, an adjusting nethod for an optical systemin a position
det ecti nff® Qﬂﬁfﬁ{lﬂgftth%&t?%ﬂ&%t}cﬁll SYFETR A ARGHCRTRL APRIatio SYﬁ%F‘e(EB)at’hlﬁgdﬂveS
0.a t.0-be~t detected subject and a detecting optical

ill i i J. i ght :
Systom § 5 PRTREEmAEbS i pioSE (@ fecbpeaorior Biine HEtdegmines QRS L e BB E oL

20Ut S Sl e SRR RIS BB AR Bt o0

adj usts a second optica er | dAF system

afl ter theqRdinialaTRabutle dtir{géﬁo‘hit \ﬁlzlgh RREIERA ek ﬁﬁtdg{e@;tﬁfék)]ﬁticd&&%geérg. g to

this invention, an exposure ne I'n an exposSure syst eq W th the
posi ti onihdgha6élediGe EduirasrahdSordinb ioahs ifvemidnaihe Bfst 5@@5@&%& f5t aipBgisyet hod,

is designed in such a way that an alignnment mark forned on a substrate is
det ect edddwncting eppaesustdf dids theérnzioh capbeappdir at us adj usted by the adjusting

nmet hod, the substrate is aligned based on the nmark detection result, and a
pr edet er mi nedApatandpositien dstgetispabparatus hecoadingmodhls muémion avkkch ideqaipged posi ti on
detecting_ apparatus according to this invention conprises anr '

i |1 um nawitban Blstivation Resters (1 &dhah iluminatesont tale-dstecied giark erra purality of to-be-

t o- be-detected subject) . a fzrst adjusting unit that adjusts a first optical
char act efstetsdamggks. pistertng ApficAl pysisp éés? 421 15a1éi3?)éé‘lti°ﬂ’bé“’8?9§ 2k o5&l em ¢t hat

i ust: ngogre ST sliiaeps Searioneon PHar e e e R R
dot ect | ng@RIL§8) i8¥Skele i 3880l WAL (kBN Sl 5. sBEand

opti cal aracteristic e secon usting unit after adjusting the

first opidafadr raMifeafokifbhsifiie ghitalith Of folbesdeted@il H2kKs BEsed Bh b detb&tidhlRRMalexposur e
system according to this invention conprises another position detecting

appar at usromfthd piosoelaeitiendeteotor, canprisana pdsitipning miencpp@aabySa, Shiavhidepmsitioss an
alignment mark formed on a substrate by using the position detecting
appar at ust leas} apareef thyopticel mhgmbst (3) ircthe éémuam pystem whjchuafiects agmefietgimiged ng t he
substrate based on the result of detection of the alignnment_mark,
optical characteristic (e.g., within a plane perpendicular to the optical axis of the illumination
system), and a control operation system (23) which drives the positioning member in order to
reduce an error in the predetermined optical characteristic based on the distance between
predetermined plural grating marks with respect to a predetermined measuring direction, which is
detected through the detecting optical system and the photoelectric detector. According to this
invention, the second adjusting method for a position detecting apparatus of this invention can be
used.
An optical-system adjusting method according to this invention, which adjusts a
predetermined optical characteristic of at least one of an illumination system (1-3, 6-8) for
irradiating ilumination light onto a to-be-detected subject and a detecting optical system (10, 9,
12, 15, 16, 21) for condensing a flux of light from the to-be-detected subject, is designed in such
a way that forming first and second to-be-detected marks (HM1, HMZ2; 28A) on a substrate

(11A) for evaluation in a predetermined positional relationship, forming third and fourth to-be-

detected marks (HM3, HM4; 28B) which are the two to-be-detected marks rotated by a

'
N’



0 7 A-J i 2002 1s/1 and exposes a predeterm ned pattern on the al iﬂglnﬁlﬁtlﬂﬁl
substrate. iBrief Description of the Drawings FIG 1 is a partly
cross-sectional, structural diagram showi ng a position detecting apparatus
according to the first embodiment of this invention. FIG 2 is a pl an vi ew
showing a plurality of grating marks 38 a wafer to be used for adjustment
in this enbodinment. F1G 3 is a diagramillustrating marks for adjusting
the characteristics of the detecting optical systemin FIG 2 and an image

si gnal dﬁfeﬂ@(ﬂlc‘i’ ARES Wﬁléthe Pagjaenaprel 1% Yintainedg @reaguring the reltingrasitions

|1 f f |1
Gyt om o MR 2bd Soaed o et trcted st 15ty KR 9o e ﬁféstrq?%@@gﬁﬁe? e ?rQr .
water 1 SeQifd 3&0%‘18}!5 o e RS el B PR e cevent  on.

FIG 6 b k
ben ool R R W%%) 35 s SERGL A, SR B R Yo i réi% 1%2{. ng
the changcdgeitasd, hﬁ@acgﬁststdmagtlohymtn@ﬁh%aﬁmﬁ{é}d ﬁdﬁ?&mémﬁﬁ%m 54k pI an

signal obtained fromthe images of the marks. FIG 8 1is

Vi ew depasddion dhexdlagi¥epasitndinenat e thdWolsets bofo-Heaitidrd uagd. f or adj ust ment
in the second enbodinent. FIG 9 is a plan view show ng plural pairs of

t 0- be- det ect esbcomlingsto diids mmaitioesaftesthe relative pbsitiome (dog, thedistadoe D1 0f ths fient i n

t he second enbodinent. FIG 10 is a dia~amillustrating a pair of marks 29X
in Fl G a8d serdndite-bendetpstedimpnks ondhe substeate dre owasuted firsttheslatife pdsisionaelgs. FI G
11 is a plan view showing a plurality of evaluation marks on a wafer which

can be URsedistanse DF) pf e whirgk and ﬁothéﬂ)ﬁid@tact@mahs Prethe substraty arg measett i on. FI G

12 di t f h t, f

dot ect | AGUBR BELRE t SibBRHte S ettt forSreiah (Ber g GHAPR ST K F o t he
dj

t he chandiaielRids (71 522 ahdatledd RGP B ooyl Y 2gpBling 1 U011 10

si gnal @%] Qﬁ%m 1st ZNtA\h u@ugﬁ)ggfa}ﬁlaf thid %Blhﬁllé WRdR 3 gféﬁetEﬂﬁnéMlB@ablE ! G 14 s

a struct |agra show ng a projection aligner equipped wth the

posi ti oRaflR! AGkhdEIbRRRAICBE HEt Ve MurfiddGat thls @fie, afd FtHeBRINELs DERSR detdele®  15A 1S
a plan view exenplifying a wafer mark to be det ect ed by the alignnent
sensor inerkd Kave bdly tabelseqhéatiallppaced imthp bbserwatienwisw Giridrog tienlstebierg opticatpl e of
the wafer mark to be detected by the alignnment sensor. FIG 16 is a

st r uct ursasterd] angrrdineryistage wglcaﬁarowforrawmrgmmnmgmal mgr?gn bpwad.dbuss equi pped
with the position detecting apparatus in é% swde for Carrying CQut
t he Invéﬂﬁl?%‘wsﬁ‘P@rt%F}eé%‘thg@ré%é‘lﬂr‘r@HP Y mb KESPRvention will be

descri bed bel O\%WI th referenc

position det elg 1§1§asg,paagpea?ﬁ§1 Ec&‘g?ﬂa Ofé] tuﬂi eWBS&St%ththe d%&f%f’%e surface
of 2 allica bt nad AjubiEa B ﬁ&meéjw VAR REHALE ol BEREREPEAOY L he

p05|t|on etectlng appa atus 6] thls e |msnt In ura pairs of
recessedeaind t@ﬁ@a&eéiemaﬂk@bédoﬁ@s BRIaKS u(&dlmcgafeks@}ed%ﬁhé Mird8ad itk e
surface of the wafer 11 as will be discussed later. In FIG 1, illum nation

| i ght Albk-defecad wagles. anckdingtyhadjdstradnt can terdatried dufin eunha wayghto ssbstartiallyl such
as a hal ogen | anp travel s through a condenser lens 2, an aperture stop
(her ei nahingmize te 188 " Q stop") 3 of an illunmination system a first rel ease
lens 6, a field stop 7 and a second r el ease, 8 and enters a half prism9

al ong an opt iAsthe fi& andsrgongito-berdeterted matkataingis of b iarhox maeksj(234) ma isat i on
| i ght ALI ichisr cted downward at the half prism9 ill.um nates the
wafer 1500l Gy B TN BUGHTE SR YR TEREETes B REA Do RRITh | o a
coher ent f actp 5a19£f gnﬂmg marks (HM1, HM2) each having recesses (33a, 35b) and projections

(33b, 35a) alternately and periodically provided in a predetermined measuring direction and

having such shapes that the recesses and the projections of one of the grating marks are the

inverse of those of the other one of the grating marks, may be used as the first and second to-be-

detected marks. In this case, it is possible to measure and adjust, with high precision, an error

caused by, for example, misregistration of the center of the aperture stop of the illumination
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illumination system is set by the a stop 3. A flux of light AL2 vh] &HG 108l
reflected at the wafer 11 enters the half prism9 through the objective

| enses 10. The light flux AL2 that has passed the half prism9 forns the
image of a lattice mark on the wafer 11 onto the pattern surface of an
index plate 13 through a third rel easellens 12. That is, the pattern
surface of the index plate 13 is conjugate with the surface of the wafer
11, and index marks 14a and 14b which becone the reference for the

detecti ofYS¥®ition at the tine a projection aligner perforns alignnent are
formed on that pattern surface. |t is to be noted however that when the
posi tion det ecqtﬁg)qﬁrg"fé‘ﬁ%rr&‘%r&&ﬁ\fﬂ’twg cARhryMEdrResses (343 Sda)aad areisstiens| ayi ng

i .. the.index pl i ial. 7
Al so Zoob it FhpRRERH 3td Radeherinef pich e Boa L e R os B RepB T 43 passes
t hr ough | | 1 i.cal tem f ti f
(her o nalscsP b e GlaBRT ' siipeibRs oA BbiEER BRSSP ol e oo

18 and agyf.l i L ' waf er
11 and chs P8 LERSheBlR phelns i RaF e % s Bihif TR bR, 0,
of a twodiefRash@®sbnd Ba@eicRiel HRrde W MR cast, ©fs pRssEiDotnydsurO ind dfust dke.  An
image signal S read fromthe image pickup device 22 is supplied to a
control eperaigimtedsiai anasy@metritaltdbersationjzack a¥e0ina, dffte deticny dptical kgnaes 10,
the half prism9, the third release lens 12, the fourth rel ease | ens 15,

t he coma corr &gs desiratldpthatthe therdsing foufith teabcdeatdvted fmaekschrd tha §irs? indessomdite-ut e an

i mage-form ng optical systemas an optical systemfor detection. A

descri pt bedetogted magaraaedpy/ 9 f oAceortingidie TIR apeanyentiondlydefingdcapde set in
parallel to an optical axis AX2 of this image-form ng optical system the X
axis is SEBYS-parallel to the sheet surface of FIG1 in a plane

perpendi cul ar ,to the Z I 8. t he .Y axis set r.pendicul ar. .t.0 the sheet
surface of FI é &ft. Suﬁﬁraﬁi@iyﬁ’c@?g ,forteﬁael“artfﬁ%ﬁof:ugrl‘g t§§%$ g?néxoxe, Chol?asf‘ he

| mage- f or iy m&!be@tkﬁamn%k @E&{é&,ﬂ@@es%aea ﬂ%uapae\w%um 1 GRERLEr of the

aperture stop 18 in e Image-formng optic system and the position of

t he aper ksiofd oliPdeldtedichdrksaEMes HMD @8AeDMI10DUIY) arfomicdlin e pre@etindaf
detection of a mark position (hereinafter called '"telecentric

det hr ougbsition’) rekcionshiti ang thetrirdiami fodrtioh-te-deested marka (HMB HMEu28R; iDM2,( def ocus
anount) of the surface of the wafer 11 in the optical axis AX2 with respect
to the bé&¥dd)vddcsarptsitwp tnbodettdad markgpetafedibyriarpredeiotmiived angleswiththe Jhme
aperture sto is designed in such a way that the center of the

p 18 .| i:¢ . . !
aper t ur e Petiinpahrslagigpshinare farmed (BY peingBis subsiratedbs ashpstipgmethed fer g pRiRl on by
arbitrar mount s.. by hal di ng. t he aperture stop 18 by neans of hol di ng
nenber s %&i“"’éﬁ%&"@é‘t&*&ﬂasE‘Hf‘?&"f‘ﬁ*@“‘iﬁ'ﬁ%@%&?"&?ﬁg nmenbers 19a and 19b by
aper tur e- St 0p DAsbid BB (4PN RREIAkS e tfs MAnEED which fud Ffihale! W
type, a stretchable drive el’'ement type, sSuch as a piezoelectric elefent, a
voi ce COigk tonmt dfecled@Mrks t6RRed tRerkdn) ResiBAYdRR suck B%vathat fgedsi t@ fid@ebe-t he
control of the control operation system 23. Before neasurenent is
i niti at edetetibeemprks (DMANDM2) hindngyeesstes and srofeptichs altesngdele prbyvided e liavingvoi d a
tel ecentric dethroughtion. Wiile the objective | enses 10 and the ot her
optical <iffsrenhzatias of thawidtinefithe redessasdo the sddth bEdie piojdstionsrage faimged. Byasingi ons i n
the position_ detecting apparatus of this epbodi nent, various aberrations
due to priaetbstasn appiterdaecting apparetis gan Yeasipsted srthtasafprsmappionsd diffsientons
exceed a (Pr edet er ﬁiﬁ’ﬂed al l owabl e range, it nmakes the position detecting
preci si oftUOSEE ™A the f,° | 0 7 AUS 2002 ~8 necessary precision. The
aberration wth {b %xz:&ﬂlﬁ‘?ﬁé sbSiAL Js‘ﬁ?atdeiﬁ %ﬁﬁ&mg'an b f‘calpa%ﬁbfﬁfug&hféﬁﬁ]s% %lf ng
precision is COme, Whi'CH Ooccurs due to the eccentricrty of each optical
menber a@%gﬂ%ﬁf@dfih%ﬁﬁﬁaré?ﬁse@h&l RRsefin b B8viRahb ARt RodcbARudilp e lidboagy even
if a to-be-detected subject (to-be-detected mark) lies on the optical” axis
AXZ of t peockd¥BgardnoieFing@ depice faerrSantd £WorkGadta (Wasireily afithesugk a afable®). The
coma correction optical system 16 is an optical systemfor correcting such
remai ni nhsonerexaupde, tlinsubktaatg stisansgilbttbe minetab e subjertitodfe detaeted bythe oftanahii ng
optical systemin accordance with a change in its position. Therefore, the
coma cor apparitesinshapcend sizs; $hus glimialing Hes¢edherdiewly prodising adbglder orabe likse cent er
of the coma correction optical system 16 can be shifted in the X direction
and the Y di r fcpati§m dpjectinganparaius acaopling 19 iy inkentignghicivis caupred atha8ct i on
optical system 16 by neans of hol di ng nenbers 16a and 16b and shifting the
hol di ng nenbers 16a™~and 16b by cona-correction-optical -system position
adj usting nechanisns 17a and 17b under the control of the control operation
system 23. At |east one optical elenent other than the coma correction
optical system 16 may be designed to be novable so that the optical

T ) - o - e o - o T




When the anobunt of coma remaining in the optical systemis |arge, gwg
adj ustnent of the position of the coma correction optical system1l é@@#@é
| arge, which nmay shift the position of the primary rays of the flux of
image-formng light significantly fromthe optical axis AX2. In this case,
the rel ati onship between the position%ﬂ the aforenenti oned aperture stop
18 and the position of the nain rays changes considerably and in the worst

f?ZS,; gitq@wgﬁ%@*iy%?ﬁcﬁfeﬂ%ﬁ-@@{ TR ‘t’éﬁpﬁ&g&-é%e s su?jgitdsty?t om 16
compl et argogy o HefePiERelusisit ) ﬁs’?aaﬂd%%ﬁ%ﬁrrﬁ?%@ﬁ%Zbﬁﬁa Tedh ?ﬁtﬁheaaper ture

18 : 661 | ' in FIG
1 and ar vt AR RERER AL LB afifhe 15 e et A R IR e coma
correct i ghecaid bfirhl @M@h?mg%c?)gnrﬁiscs’a movablé n‘%ﬂﬁ)e?@@&% wilfh b ﬁg{uh&f fird R r abl e

to arrange the ‘coma"corre optical system ose to'the puplil surface
(aper t ur@mnst, M2 Barranped diéng armﬁtetﬁxfe&rdﬁiaﬂ@agm biGRtond WHHATHM3, HVMY 26%) cour se be
arranged on the conjugate surface through a relay system The arrangenent
on the canhggbdeamgarctadaitttionwgiictecrossing yhedpitidiradtios Yistledingas cideof aghigt age
that the degree of freedomw th respect to the space where the arrangenent

t akes plthemarks 180 cr)end baying the same straétaicias the ipaip obfistweeks arb proyiied intagrellyf t he Q
stop 3 in the jillumnation systemfromthe Iight source 1 to the second

rel ease WdzAdivpinggBehaniyn (455 49 Ra. Shpkhe: Live 1% bP) Michisdiupis at lpashepasiahi ng
opti cal stem cha . eve he.a .stop 3 adversely affects the detected
posi orbpo Bephet i e inabe iichipt SR, Babiers bafiab G Rt e auce. t he
adj ust ne .moy.enent f 1 osittign of the aperture stop.18 .c s a
el ecent s EVREB bk e DR Rro B P 08 A Wi f Por B EG,
positio : i § Rt Jrtd : op 3.
Ther ef opé?&'? ﬁg&%hgl?e o%&ibgg%% Sgﬁgg%fl%ﬁgau%ﬂﬁ gﬂf&é@lﬁ%ﬁﬁ%ﬁ%ﬂg&@gﬁg}i of the Q
stop 3 C@dleclfg BRiphir @fsdchnd Mgk direction and the Y direction by arbitrary
anount s by ho%di ng the a stop 3 by nmeans of hol ding nenbers 4a and 4b and
shifting the Aotadding tothisipettan deiccing agigardiys, e aditting pediotl faran agdficad tystem
mechani sms Sa and Sb under the control of the control operation system 23.
A descr i @chrdingip His inzengion e lesfusedh dFugthenib isepossible iedwadlimensiongllyresiiusbie f or t he
optical systemof the position detecting apparatus in FIG 1. First, plural
pai rs of optialedawgen{i¥Spr ot rudi ng grating narks (step marks) on the wafer 11
a_ plan view

for adjustnent in,this _enbqgdi,nent w.ll .be .expl ai ned. Fl.G 1S

Show ni- he. eyt aofgipg MiEon B hmeition acloufe RorRtaif Secoldind o3 ffuPnr’s Voo
as one e . . ] 2 F nf.c t he

waf er 11&%%%8&#&%?%%& kasﬁ%&%l%ﬁi?ﬁé&?ﬁgﬂ% t%g?géﬁ\?ht{cgdﬁ%g%émri se a
first mapdsia paRslitd o RORNELIERH knaiing 8 @heAiRY oPibal6lein(10,8¢ €5 36 6200
protruding patterns in the X direction and both provided in series, and a
pai r qf rerkksdeadiM & wDblght fbm g tbibe-dectd mandifoidecotingy the positiohiof gi onar k
DML1 and a second nark DML2 that have shapes obtained by turning the forner
pai r of webdkdetdrieddfark or fElatisepasitionpef the plofalityent keba-@it4cied DiR)s basedl angbdk s ( DML1,

DML2) are used for adjusting the characteristics of the detecting optical
system Rief light pasdersgd by thedlgiestingopteal sysiema$ dosignad igsucha Way that@rsubsiiakes

(HM, H ong,the X axis. whigh i.se. a first r . a second
'k VRO SR it o8 Pitdiof ghapn X FRDNERFind p askt pofi oMY I35 56" he x
directio i I . LOoLr Lo p . her eof , and
2 pair or a8y} e SRR EiGIRRARRY QR Bl B B PO
HML1 and gygszan : heRe ' a1RYin slEHY g, dslg f or mer
pair of Pn]g‘g%g%g{/ﬁqgga%r hpseb{ﬂ\?\.ﬁe%gﬁy sn%of ng%élggsl%ﬁﬂ gyl\/nQ]) and %a_r ks (HML1,
HML2) ar exrd§edh thoentdpbigibh R frb@tGhaled aletdurinf Higdetiof ispheed inlausbeat ko
system When, for exanple, a silicon wafer is used as the wafer 11, those
r ecessedarhdf (e détectiligngtitad kjstenre andhddticahe bedatfve positbnal relatienstipr(gisdmagh
accuracy through steps, such as application of a photoresist onto this

waf er, edgtbsughtionfor thedike) of thetentsnpirtionyanddhic teend pertionsin Hitrrgsurisgi cl e

pattern, devel opi n% of the photoresist, etching and resi st selparati on.

direction through the detecting optical system, and adjusting a predetermined optica

characteristic of the illumination system or the detecting optical system based on the measured

'
s



FIG 3Ais an enlarged plan viewillustrating a pair of marks (DM 7 BNE)0?
along the X axis for adjusting the characteristics of the detecting optical
system shown in FIG 2 and FIG 3B is a cross-sectional view of FIG 3Ain
which the first mark DML has five narrow | inear recessed patterns 3la with
aline width a formed on the surface of3the wafer 11 at a pitch Pin a
lattice formin the X direction wwth a predeterm ned step Hd, the pitch P
being aboyt 5 to 20 a m Likew se, the second mark DM2 has five narrow

| i near r%%héessed patterns 32a with a line width ¢ fornmed on the surface of

g_ﬂg step rd. PrediiBe R Bl sk cher E’E"%ﬂe*ﬂé‘%%‘%ggﬁéa&d% %ﬁ‘%‘i ﬁQhWi '
Cecond. e BB ofont BPLFSrauid ark blc HotcBBA o Plos Aierel of Bt "
appr oxi n@b%t\lﬂé’tex%@nédoreé%ce ValdB (a bbe {fﬁuﬂ?@&{téﬂﬁxﬁ thd @b ih 8RS I:rgcg (ﬁgj‘.p{!\r isd of

each mark DV2 shoul d be set to approximately 40 to 1 nm hi s
step Hd iigetdssibiBay of Bterifiilhg @S tef@tndeRalut RO B Bk el AN@fi0n ARRKEB0Ar Ops (t he
mark portions do not becone sufficiently dark), |owering the position

det ect i ngmeaatd e distantds ahfhiake ai fprdde vilecafthsregie af e twdmeasakaithts 39he nm
adverse step-induced geonetrical optic effects, such as vignetting, occur,
maki ng i tefalerfck ivalue.t Intthis gase, dsithprvgluatinnumark & this aisentenansysmdtoca (e, to obtain
an imge with excellent contrast for each mark, it is desirable that the

st ep be BINMericH) iQthe qepter parioniRilsdneasyring dingetionath shapain thgmessugnid) of t he
wdth a of the recessed patterns 31a of the first mark DML to the width b
of prot rglﬂ‘?cﬁﬁn isavestantiallysthe same evepif thesyalyationgpagk sitummed 1O aTheseiore. 6% ¢/ d)

Wt B g B el Potys S5RE el BREAp B AL FERLenaL S oy ¥ e
vor S, g g oo (L AR BLR Lk BB o b1 B L EFERzE

patterns rst nmar respect to the prtch fers from
t he dutywqtgm;j@p@geg%ﬁ( c/P (%) of the width c of the recessed patterns 32a
of the second mark DM2 with respect to the pitch P. As one exanple, the
duty ratio of Aslage @t dhd@hieepdrgoddnd both dnb @orfibfissthat eesiskiniMhe bwal®bn t 0
SO% and the ratio of the width a of the recessed patterns 3la to the width
b of themparkodre greling gnaplestwidy differ8itlvatios of e wadih bhHiht teressésrio thisivadiobtidi nent .
a:b=1:1,ora/b=1 (11) The duty ratio of the recessed patterns 32a of the
second namojecme (Hiffereat ratiomatksl it isippsible ép fore thegyplyation mageacsately andof t he
recessed patterns 32:;% taq the,V\(idth d o& t he protrudin att?rns 32h is
about sefeawrs §F [rpjge-forming gpticyl statepr thy detecngaptigal sysigm, RarticRlary A EMGHARr & ¢ he
two mark o and DM2 arranged close to each other in the X direction in

t he abové nanner are observed by the position detecting apparatus in FIG

1, an inmage Sﬁﬁﬂél:en%?gaxkiﬂﬁﬂnﬂbﬂ{ &ﬁ?gﬂﬁ:ﬂ?, {481 CondUIROBR ebAludtdf mhridirk §GEd0N by
t he i mage pi ckup devi ge signal SDin FIG 3C. Thi-S I rmage

e 22 is an i
si gnal SBhafiByvHoge RE€Ks a6 plYecHots aedeVised IdiffBR A cpingHRias), it i0 pékiblad by
scanning the inmages of the two marks in FIG 3A1n the X direction, in the
non- meas ureasuge misregistraton if the idaminetidnetale ofltie iHGinaGd systhra (indsrdgistratian ofaxi s
represents a position X in the neasuring direction, and the position X

act ual | ytheaiympizetitnsipariyse stop,i o ey eptiluhininee distribbtiendor e like) withigh precision.
position froma_ predeterm ned reference point .on the image pi ¢ckup surface

of the image P ‘GRS BOVRRA dslecyng apparsius pecopsling fg thisinyentign, \yehds equppef 2éthor a
f th f f th f 11.in.FIG 1, t i i gk f f
B O (L T A e BRI L RO el
portion a%zeag@mm StdeflRb edag{%ax{agsg Ir,séz 1§aff}§1@(%r1$%ﬁt&oﬁeg@eg%%u&'o@ﬂ ¢DL

corresponding to the im _ ' mark DM ge portion
li kew se fBRGRIRSheAddkRled nfid dn@ R pBbtodledhGd ddiQbr P53 %Ofc&ﬁ&@‘ﬁ&@ll:dli%ﬂi%mt he i mage

of the second mark DM2. The control operation system 23 in

det er m nesndehied B Healeertindophied] Wpkdn, aviEeN detictsRPDS5itiomof thcdnead-bé-daeqar tion | D1
and a center position Xd2 of the portion 172 fromthe inage signal SD.

W th no ahekomatihove gsitissndf theplodakity o toctset detsgted piarksdiasegys aaletectidni signdi st ance
Mi shoul d becone the designed distance Dd in FIG 3A |f coma remains in

t he det eéwoinihe pstoaieiriodeteciomis gesigned in sgeha wayfthat @ esitioning member that

positions at least a part of the optical member (3; 16) in the ilumination system and the detecting

!
[



22 however, the anount of change in the image position caused by tAd AEmill
differs due to a difference between the duty ratios of the widths of the
recessed patterns 3la and 32a of both marks DML and DM2, so that the

di stance MD does not coincide with Dd.. Because it is possible to determ ne
not only the level of the remnaining cdfa but al so the sign fromthe

rel ati onshi p between the neasured di stance Ml and the di stance Dd which

o 11 orsOArt PR e hAFe B RR R Bt diFe sod sl emsgsion seiom © '
Cuch o o) O by SR GoRAERRARE S chded o ot L TR PR Gl 2 ot |
D Aft oy ey D O vt R et ARG of e R BRI DT

syst em E6vi21-BRviEH) ok & preBetbihiliet WeRRidBark tefed RRODTRY deectl opdflZ 1S

neasured again, and If the error d Ml wth respect t sre

Dd is ouysémdendthetphetoelbdtfiv\adittoraps\§6vidéd) rhaf DpaaentinQbethe afidbafusmipt | S
carried out again. As the above-described steps are repeated until the
error D nvithddabt s pasiiticni detecting apphrotne bdcerdirggtg his inbentianlj ust ment of the coma of
the detecti Rgnopti cal systemis conpleted. Because the adjusting nethod of
t hi s enbodi CXPRSHES SY B pererdimgtodhis Bivprsionewhich hes threafersmentionedipdsitionent  dut y
rati os, A’t i.s called "?llf,ferent ratio mark nmet hod". There are various

met hods, €681 apparafys of {hisdpveniip g nagh sfagsdsf-ePhwviush holds meask angd e sehstratal gori t hm
of detectin asi tion of eac K i i n the, above-descri bed

posi 1 o taag i SR bastibus sl (P shuo SRR R oRtirgt BETHSLER ¢ ni o

enbodi . { Li.ce d perifor osktion, .detecti on based
on theng%%fggg%%@@% %1‘ aﬁ%ﬁ%g‘éﬂgﬁ% %‘%P’“%B{‘a?"@%%r éed(:iaetﬂg??% 'ﬂg‘éﬁsalwaé'e | evel
and the FIA ; i Wl 1 n

pr edet ertﬁlgkgﬁhr e g‘r?t’edr%g&wmgvtg?o m gﬁéﬁ {}gﬁggﬁtg ﬁcgﬁ%tgﬁefegﬁdmglﬁ pt%ﬂtemhi ghest
degr ee Qfetc@ﬁlﬁg‘@ﬁaﬂai@@n&&ﬁgﬂxﬂchﬁ)ﬂtl&:ﬁﬁkﬁﬂﬂﬁx tHESuBELAkTs B ritd\Gut p@Bi bh &8 Of the
mar k i mage. Al though the signal waveforns that correspond to the inages of
t he i ndealetaciorkissuld 2A high dégrbe afrayemayingsdoomacyi can B¢ GhtaiB<d byt ddpstigsthanmealMd may
be determi ned after detecting the anounts of dethroughtion of the positions
of the reptkm obilie pepitioAsteafing Apparatisaceording torbis invgationyrriog theadiséngl 4b. Wil e
t he di stance Dd between both marks DM and DM2 in FIG 3A is already known
as the deghefhfdhis #IVGRlon he act ual di stance Dd between the marks contains a
producti on erér.of th attern of a reticle.whi s, used, at the time of

ch
transferring £R55E HAPHE methad AGERLLing P this inveptiop, whyeh spgufaduresd o sych
as an et chj e . i j : 3 - It is
t her ef orl;gegi gegllnir%gg ;aéw%egﬁyrr%;g‘%ﬁlea ﬁtgga%%?%ﬁ f'agtg%(z&%?x d?ﬁgﬁ&:afpgggﬁ% %{]%llsst ance
Dd bef origydrif6n, ah QbR BRsteBH 6k dpims HeldtermhRd dpEQANTstefitIn i pdsitiad dddcrihd e
di stance between the imaeges o] tﬂﬁ% l!tiewo mar ks BI\/I and DWR ipﬁ FI G 3Agl
(ref err eqpptratuady ity theadjustrpsnetiou, dédutingpdsitionallinfosmation o€ en dlfpAmandndrke
di sta%ce bet ween the i nages of the sane two marks DML and DWVR (let it be
Mi2) ar eomeprsdaterthinedisubstite vaing thegdiustad pesitioviistegingtappayetus sus aligeisgthed val ues
shoul d be used instead of the reference distance Dd, as disclosed in T.
Kanda, Ksubsjraitiyvitha mask haspiprathe defp@iopiresplhand pragscrrings gattenpof theguash ontg
846- 855 (1997 herei nafter .call ed . "docynent 1"). <Md> . (Mdl + MI2)/2 (13)
Bvon i1 Dhereied B e b SvEreYRS TGO e B PEL PTG 1 & 1
t her ef or% AL 1§ Possible 1o igjeat elgﬁ .t‘Ee error 0 Ml of the distance Ml
bet ween PR ci%&@% p?odYJ eah yylf: e coma. In general, a position
detecting app : bty i
di mensi onal d%?%gﬁ%ﬁgﬁg%‘ﬁﬁtﬁgg??%ﬁ%d@ fraﬁ(g%:%ﬁi“g%)%gjr(@%g Sir;hé%ngﬁrihf\?gnposi donal
rel ati ongdpofs apPhotosenbifite SdSEatOfW) Wi af QlcRiyBRin ei6ekhadhask (REREuchSecC at ed
with the X direction, adjustnment of coma associated with the Y direction
can al sopbeidfigrafmarkeetelijngrpash (63) vhicheledits tiagiipamnt ek (B8, HEX W0 Yes thef a
pair of marks (DM |, DML2) along the Y axis on the wafer 11 in FIG 2. The
adj ust i ngpbaetid)eoid fhordetetteng systemiisyaovided is yedtherwayrtha miGopticalyxis is lvosied e
explained. First, a pair of marks (HM1, HML2) along the X axis on the
waf er 11outsidgandllumingtien areeef theprereyhsam onggordmate seEmwhsre iecswbstipleust r at i ng
a pair of marks (HML, HW) along th? X axis for adjusting the
char act efP¥sS 2l tgdetegta diSHNGRPHYETA Eé‘i‘}é‘f"éfﬂ“%ﬁﬁ%\fﬁ?‘ RAEFSECHNAYIE TRGCREES 4B i s a
cross-sectional viewof FIG 4A in which the first mark HM has five narrow
|l i near recessed patterns 33a with a line width a formed on the surface of
the wafer 11 at a pitch P2 in a lattice formin the X direction with a
predeterm ned step Hd, the pitch P2 being about 5 to 20 ,u m Likew se, the
second mark HV2 has its periphery surrounded by an engraved portion 34 and

o - o o s ~r_ Y




0 7 All G 2002 24 recessed patterns 33a having the width a and protruding
patterns 33b having a width f (= P2 - e), and the second mark HV2 hag 7t Qi 2002
protrudi ng patterns 35a having the width a and recessed patterns 35b having
the width f, and for marks HML and HME relations of the recesses and
protrusions are reversed. That is, the duty ratio of the recessed patterns
33a of the first mark HVL is set equal to the duty ratio of the protruding
pat t er nanBfiajeaifonk hl@erﬁa‘!él? pbvived ithipect 1 ah hﬂﬁfeaaaeaieﬁ,r&mmﬁg thy'ax 16wy ks HML
and HW2 arranged close to each other in such a nmanner are observed by the
posi t i owaibttealeicogd appartyithesmiark dEtbéting Systam anhdi@eing orplaciapbeieResheby readi ng
their images in the X direction by the inmage pickup device 22 (or the

si gnal aptexsbajeuknt in thtmadodetactizgsaystemdpaskid oa dhiel deterted gistance imager wiagjustlanSH i n
FIG 4C. In the image signal SHin FIG 4C, mark portions at portions I|Hl
and 1H2oplisel copeiedstiet the matk détedtipg systenk HM  and t he second mark HVR2 becomne
dark portions. The control operation system23 in FIG 1 detects a position
Xh1l of the c&hifiscasss the markdatectingsysiem cgn be pdiustedanith iglyprasisiorpupangtheosi ti on
Xh2 of the center of the partion |H2 and determ nes the distance M between
them 1 ARSE meiod of UEs inydiiomsughan e Riferend rRanRmEROB G bigh @V jayne

mul tipl }enﬁio}xri]eob i.sctdance on the imge pickup surface by 1/ a by using a
magni fi €atron ¥ RCtor cx fromthe surface of the wafer 11 in FIG 1 to the

i mge pickup ; F iiHs HEB: § -' ] Epation
system the 9?2%@%%20%}?,% tgénﬁ%ga‘?ﬁ*l?ge aag\gcgaﬁrrg %dg?sygtﬁlgld*gbg%&d&gual to the
r ef er eng@eding appreRud Kbving¥ah MhiinAdh YysteR® ivr irfidi=hg nﬁmaubm%m dnfoRQo-be-
illumnation system however, the amounts of the shifts of the inages of
the t fioderectécssubleltt anddl delvtirigplical Sfasear fopcoridesiiga fixfof HplefontbpeAst-ng on t he
steps of the individual marks, so that the distance Mh to be neasured

di f f er s déteded qubject; adjestenfist ajitisdl haactdistic Gpbeillbmimtibysyseog axddidpgistao t hi s
enbodi ment, the sign and size of an error D M (= Dh M) of "the distance M
bet weensiched pptigalcbargeterisiic of the dptaeting oppisrl sismafier e sdjustmepaf thefisstt he

r ef erence.dj %nce Dh change greatly in accordance with the position of the
Q stop FPUR! PREPi nation systemin FIG 1. Therefore, the control
operation syst in.F . i S Sjtl f the O.s .3 t hrough
Che & -t op’ BsEofmgsd Gifihigich, BbRhRe kol I L SBMR bl bR, "\ 0

nmake t he,eekifibn @etMﬁng H?ﬂa}éﬁﬁs; whieR [sSakde 8 for &@ﬁiﬁ@s’iiﬁ?fnc@o&ﬁs dRighbeindbgtance M
bet ween the i nages o he two marks HML and HW2 Ts neasured again, and the

adj ust meay 4t ad eh%nﬁl@ﬁti tharR forfled b & suBsEite & dBiebied BP1NR peditsh ddyectisl apphrang t he
position of the stop 3 until the error D Wvh falls within the allowabl e
range) adjosted Wike 24j0Ring mdthiod] the albsivata Baligmedibesct] oathetnnek detepiohlresolt, anthe mar ks
MHL and MH2, like the step Hd of the marks MD1 and MD2 in FIG 3 should be
about 4@ pregeteguinghpatternds expesesipnfthy alighedssubgiratne sane as has been given

above. Further, .to acguire the image signal w.th excellent contrast, it is
al so desi r abl®° hﬁ%l?osltﬂ’g %F&%‘gﬁﬂpgﬁgﬁcﬁo ga\%@fﬂﬁmvzt’@“‘i’%co@@rﬁ?ﬁ at s

desi r‘able t. : i 0.0f .t : e t he first

mar k HM‘I%%%{OQEQS??@%## a%{{negﬂ g a@ﬁ‘t‘gx‘g’? g’?’ t?)gqg-ﬁg-{i %ltg&gd?%lt%% gtdlg)ir;l{]SE patterns 35a
of the sgeand uifikat bifEsed 4 AR op1iediRRarkHBrsiE BOMHE fubGnaBBRERILTRUEYing0% Thi s
is because IT the duty ratiois too small, the contrast of the mark images
drops, bpticl seerfBst ddHddnBE afhiRlop Uit il the Jo-1f detddrd Pitséd:, iaGBcond agjastingd
results. If the duty ratio is too |large, the anount of change in the anount
of det huoingiat adpustsof sebdrel optitd tharsctgpistd of thandetdctindepticaimgeen adtaltentrod oms sed
patterns 33a of the first mark HM 1 and the inmages of the protruding

pat t er nhaBadjuss the besond eptival aharakictisie by Wit seeonid adjusiing adit pjertadjustingitha first t he Q
stop 3 (by an adjustnent error of the illumnation system, becones

smal | er optigagharacipristily the SrshagiussingBmt sensitivity. As in the case of the

af orementi oned adj ust nent associated wi.th the X direction, adjustnent of an
adj ust ment erAr‘tS’?hE‘JBF"ptoﬁ‘éreFstW‘ﬁﬁ’?f“éﬁO %éﬁ‘ﬁtlﬁ’é%‘éﬂr‘éfseaﬂo%eh??s{dﬂg Y direction

can als : : ' t i ol f a
i of Seiseie it O o AR it Nl NG R B b iR TR,

Furt her oddedion a@hSRralas usRB kiR JoStubl@et&RAE affaratils @djuéted By B &Y b debshaact ual
val ue of the reference’di stance Dh. To acconplish this, as in the case of
FI G 3, agfubelg dni€ast AlgangehddabiRebabditon thagast i deitdiieon bMhe ABgesentarkand HWVR
in FIG 4A (let it be MI) is neasured, the wafer 11 is taned 180 and the
di stance between the inmages of the sane two marks HML and HW2 (let it be
Mh2) is nmeasured, and the average val ue of those two neasured values is
used instead of the reference distance Dh. The positional adjustnent of the
coma correction optical system16 in FIG 1 and the positional adjustnent
of the a stop 3 in the above-described enbodi nent may be carried out

- v ] N o, N - o - e e



0 7 AJG 2002 26 16. Al though the remaining coma is adjusted and rermﬂs?d l;)f
adj usting the conma correction optical system16 in FIG 1 in this AUG°2002
enbodi ment, the present invention is not restricted to this but the
remai ni ng comn nmay be adjusted and renoved by adjusting the positions or
rotational angles of other optical ABftbers, such as the objective |enses 10
and the half prism9. Further, at the time of adjusting the illum nation
state, not only the position of the Q stop 3 but also the position of the
Li ght s?’@&ﬁléleosis"oﬁ'fe‘ie#é“‘ﬂéﬁ’éipﬁ‘it%QthetaH%“eﬁ&P 26nhal angle of the first rel ease
l ens 6 or the second release 8 may be adjusted. [Second Enbodi nent] The
second enbodi nent of this invention will now be described with reference to
FIGS. 1 and 5 to 10. As a target to be adjusted in this enbodinent is also
the position detecting apparatus in FIG 1, the description of the
structure of the apparatus will be omtted and only the nethod of adj
usting its optical systemw || be discussed. In this enbodi nent, a wafer
11A is placed instead of the wafer 11 for adjustnment in FIG 1. Plural
pairs of to-be-detected marks are formed on the surface of this wafer 11A.
To begin with, the plural pairs of to-be-detected marks will be discussed.
FIG 5 is a plan view showi ng the wafer 11A for adjustnent which is placed
in place of the wafer 11 in FIG 1, and a silicon wafer is used as one
exanpl e of the wafer 11Ain this FIG 5. Forned on the surface of the wafer
11A is a first box-in-box mark 28A which has an inner-franme mark 27A and an
outer-frame mark 27B surrounding it. Forned in the vicinity of the

box- i NBAY PeSBIphor&Aht Pravig@cond box-in-box mark 28B which has an
inner{frame mark 27C and an outerfranme mark 27D arranged at a position

obt ai ned byFIGot &td paglyarossectjvinglc gniclueal diapam showing arpasiordefectingl t he
outer-franme mark 27B whil e keeping the positional relationship of the pair
of mardpparamAaceainZB theHingt entodignenholdhis lvgatipnp FEn 2i$ eplad eisivehowigeehe
box-in-box marks 28A, 28B in FIG 5. In this FIG 5 the first box-in-box
mar k  28Wakity pherating Sapison aalpr tp b pied defagiustmentin dhipeplgdimeinElGrdise 278 each

o B R T R B
et 52 ek RO AR BRI 2D SRSRRCL iglin gy o oo

mar K 2riffks fon adjlitig GRScharabeNfits bhatillifiRa@inyaes iPFIQQShd kvidlge sighdir ought i on
(desi gned val ues) of the center of the inner-frame mark 27A in the first

box- i netitainedrfromk th 8Aagen of the mérkdi F#G1S ioaphndicw dibwimgtpluyal paird df ta-bspect to t he
center, A of the outer-frane mark 27B are (dXl, dYl) and the anpunts of
posi t i trsted aearky oy agafpiota be yeed; fgsiinstmant indhe sseondisambedimeat ofghis inyentiopner f r ane

i ot 115n0 ) T EA Y (4R BE AYBPAT 8F COrinrRE TR dRA P G & 27D ar e
R it e v R L i S L L
error ﬂfﬂw&mtiﬁﬁéﬁgrﬁpé‘)ﬁﬁﬂeﬁﬁérﬂ 'iheiil'ﬂa%e!é‘ Bf (R HANAC FIE | 918 alP e BRiplans UCh

errors should be snmalleéer than the detection precision that 1s required by
t he posiew idepictilptBekimple apameirt Htrk Aiiesebdasd for adiasimestihmeygdond ons nmay be

previously nmeasured wth high precision and checked by, for exanple, a
scanni embaslireaits BlG. fiica plac vy shGkive pbral phies dfitdcbe-détect¢dmakeasaothef t he
posi tional dethroughtions of the inner-frame marks of those box-in

wafer which can be used for adjustment in the second embodiment. FIG. 10 is a diagram

illustrating a pair of marks 29X in FIG. 9 and an image signal obtained from the jmages of the

marks. FIG. 11 s a plan view showing a plurality of evaluation marks on a wafer which can be

used for adjustment in the third embodiment of this invention. FIG. 12 is a diagram illustrating

marks for adjusting the characteristics of a detecting optical system in FIG. 11 and an image

signal obtained from the images of the marks. FIG. 13 is a diagram illustrating marks for

adjusting the characteristics of the illumination system in FIG. 11 and an image signal obtained



box marks 28A and 28B with respect to the outer-frane marks are det
the position detecting apparatus in FIG 1, the anmpbunts of positio
det hroughtion to be nmeasured nmay not satisfy the relationship of th
equation (21) due to an asynmetri cal a{)grration or the like of the
detecting optical system As will be discussed |ater, the asymmetri cal
aberration or the like can be adjusted by using this phenonenon. Furt her,
in FIG B : ry@C f .er 11A are a paj.r of marks 25X
consi st i P SRR the iRl I B Bl 0GB Wi Ao robpindlenle ana

pr oj ect | QRS kMwitShehodiibs AlttAR g% - 5NN shapes

t hat the&lgg)tptern of‘%r eclesses aﬁg F%}‘%‘gmﬁs&?@ﬁ‘ verng%é,k&aﬁg’qggﬁéﬁar of

mar ks 26pfad PiedteRenplifytng® witGinrk ¥ 1 detcbRd By h{§ aBfmmEk st IXFRY) gg,%ﬁ iFﬁ.as uch

shapes that the shapés of the pair of nmarks 25X are rotated 1 t is,
t he pai r158 isagldas/iR6 showngimdiikr @fan?blet&ﬂtﬁﬁwﬁ@ﬁrhark’%b@d%c&:dfb%ﬁetalﬁgﬁﬁédf HVA
whi ch are obtained by turning the first mark HVML and second nark HV2 as one
pi ece byset®0 Flthilbes keepiund diageinr shpwiigtan onalayinglesro mesbiipg apphdre t hat t he
desi gned di stance between the first mark HML and second mark HWVR in the X
di r ect i o¥uippedvithithrepogision gefectingiappazatessin FéGvleen the third mark HVB and
fourth mark HW in the X direction also is Dh. Although the pair of narks
26X is arranged close to the pair of marks 25X in the r" ; 0 7 A-JS 2002

Zs neasutin irection ( irection) in FIG 5, they may al so be arranged

close t ?Shg’mgﬁﬁr“ yw‘ﬁ&?‘ﬁkvwﬂw he non-neasuring direction (Y

direction). Fyrther ai,r .of s _25Y and a i f I 26Y..al ong the

Y axi )s, whos egspﬁ%gré%d fgrtsgen%q?gg%enog tF%Bre%egf Pvggloﬂg'ﬁl&e %%ﬁ%ﬂﬁaﬂﬁ(ew Wair of

mar ks) 2 e formed on the surface of the wafer 11A. Those
R GRPRGY ) Hoog

four pairs 25Y and 26Y are used, as one exanple, in

adj usti ng t hepgharaekes pssitidndebtid hrbﬂub‘ﬂ&cﬁﬁﬁﬂfQB (Y SERmmMR 8Rd theOr

exanple, a silicon wafer is used as Fhe waf er 1I1A, those recessed and

pr ot r udi sugfabof-d WafbOK foRidfsstaem Oy Mided on Burkge ot dercedbyrad pesitibn a very hi gh
accuracy through steps, such as application of a photoresist onto the

sur f ace ddftectihg sppeadtex of tiex pobadimendfin Fite 1p Pbira prirsod réagssge amsd profnaling lattice
correspondi n&treti cle pattern, devel oping of the photoresist, etching and

resi st sEpds EeroRaky aaebepeden be syiface obtbovpler 4 sl be dispissesdalihl e of t he
adj usting net r..the detecti ti.cal em.(.i mage-f.orm n ptical
systen) of t hB‘O}g'és gt‘ﬂlﬂwmﬁﬁ?rb@% ﬁ@q 838&?@?%&3‘@&’#1’ l&(:h 'i.eglfé&?ﬂ%i"m %ﬂgh? he
centers of the outer:f r e - 1.1 ho . 28B on
Tho. vt RV EA B b B s bl By e 2, 8P s i SR BRI °F1
view fie opt | S i o]/ W-Tod B 65100  ankiRGeRpgi ti ONn
detecti n%ga(ﬁgé)par%stgﬁgs?ﬁgiﬂllg%%)fugé\%&?ﬁlé ?ﬁ%ﬁ%}tﬂyﬁfﬁ%sﬁi og)gl aé’et %?‘%ughti on (
8 X1, 8 pélehscd addntcENhES pritin 9 A6nd ANGHticAlARRBGtHheAldmitatidh $ySeReThet 0 t he
center of the outer-frame mark 2 and the anmpbunt of positional

det hr qugittuimdaation Eg2ALDwH2) isaéfldcted doentverd aothe hhlé phisum B illufmisawes thewkfe27IC Wi t h
respect to the center of the outer-frame mark 27D are neasured. The

measur edfovadjusiment throyplh abjesive kapseslOt ApPyatig, whieh raherent fictgyof thei onal

det hroughti on on the irrae?gb i ckup device 22 in FIG 1 obtai ned by processing

the i nagBlUBHRAHEP S, dhs 1[')’f‘~'rf;élég’l’|§ickup device 22 by the reciprocal (1/ a

bi ckup surface Bt S bRl B8 Sl RSBk Sp R AT e 11

B N

usi ng the er stageé pro 1 on-‘a

equi ppedyajde [k em%kmrﬂg §ﬂ{ogﬂéﬁag@@%u&a&%f%pm§]ﬂ1% 13 R6I A thied relcadre

control operation system conput es the amount of det hroughtion (
~ X, 8 Yen®i2.t 116t (LAS Pa@sin Midtad€ ofthe index FaleUB s @hjupes with@paurfe@idiEieught i on
of each of the two box-in-box marks 28A and 28B fromthe equation (21) as
f ol | ows. witer $1,and index marks 140and UORERCcE8e O refasndeifonthé deledtion poginiabn ( S
X, 8Y) is equivalent to a part of the TIS (Tool Induced Shift) of the
det ect i nthe ¢iptei agerbjestjan adignayperformspigirmens aredemmedon iept ppisar wrfaee. ilhsmlg 1.
bX=(8X1+ 8X)/2 {22A) . . _ i _

noted however that when the position detecting apparatus of this embodiment is used as an

@ =0
b=
=
o
~S
=
[omme §
~

overlaying error measuring apparatus, the index plate 13 is not essential.
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sY-(sYl+ sY)/2 {z2B) Then, the control operation system 23 adjus S] Ph{emm
X-directional and Y-directional positions of the coma correction optical
system 16 through the coma-correction-optical-system position adj ustl ng
mechani snms 17a and 17b as one exanple in such a way that the anount of
dethroughtion ( 8 X, ~ Y) approaches (¥ 0). Thereafter, the centers of the
outer-frame marks of the two box i n-box marks 28A and 288 on the wafer 11A

in FIG 5 are_a aln seghg_gnl%?ié moved into the observation field of the
position det eptﬁi et B alat srpassp@hepdgmlagqﬂe’s I&'ﬁ%ﬁtﬁfouéh a fysthirelease fens

det h of th t f f k 27A and
the anount “operssoRe coa%etmtgﬁwt re‘?ﬁa&‘e’w c ctpg;‘%@fecg,s,ggﬁgﬁg er of the

i -f t t h f th
correcti %g‘émgf.ééﬁ%“% SRRt A otEt it ws R JermaRa o 0T
det h b
et S

whi ch is acqui red rtutirng t equat i ons

(22A)  angfeRdfhal f]ﬁ’d%%ﬂdkhﬁ BéviceR 2Rk 8 AL PE HAHe Blel QERage §1§E9§ reaalﬁroﬁi’tﬂp this,

t he adjustnent of the coma which is thé main contributor

asymret rineab pizkey devideQ@2 i0fupblied 168 texiol BEkrAIdhisEim 33/ Sthet b@bmﬁah qhed. A
description will now be given of the adjusting nethod for the i |1 uni nation
syst em i ebjéeti€e lehsesHOy the halEprishi 9,sle, thirduelqasd lexss 13f therduukth réléeXe sl ¢ catang t he
X axis on the wafer 11A for adjustnent in FIG 5 are used. Then, the

cent er s efregian quaical spftemdp kad g Kelddens 2ib vorstivterndmage-foheing opticat systemtase
observatlonfleld of the position detecting apparatus in FIG 1. FIG 7Ais
an enl ar geepﬂﬁ? S &0 deterdt Aafsshiption v ilb apY b givamiog the sasg in wheh th%eﬂ%mr ks

HML and H t FIG 7A
OIS o ?Beﬂﬁ%ﬁwwﬂw%&ét%Hﬁ%&%ﬁﬁti@i@%@@&ﬁ SBiTEr Soa |

h al i h
a 1ot bR ot e dfor Of PR BSPablald & MRS s%%ﬁheﬁdﬁs?' tpiten |
P2 bei ng(}ag%tcugrgggg%ee%uﬁcetdfw e, the second mark HW2 has its

peri pher urroun an engraved portion 34 and has five el ongated

| i near protrug Mg cas, fh@ﬁaﬁﬁxeﬁ&iizlwrt (Nﬂ?of!h@ﬁné@e%x&ﬁg&ﬂfcﬂ{% stéth i he pitch P2
inalattice form ~l ~~ 2002 30 The designed value of the distance
bet ween dhiemtssitgribe sfertbrtdianmser o thelefiermnastéiVEB in thetilmegexfotning opiiahsysembDh and
is about 50 to 100 ,u m In this case, the first mark HML has the recessed
patterns an@Btae hesitioncpf thecapetiere brop 18 will #ffest the déthrgughtion ef the regalbotetactien of awi dt h

f (= P2 - e), and the second mark HWVR has the protruding patterns 35a

havi ng t Rerkpagitien thessipafies ealled slglepeniricaletigoughiion, ﬁ FFeprgingrke aphola  and bot h

?Z‘LEESZ'X“ posfie! S ot iR rr R0t b et B Bs R RRAT Bl B AR T o1
mar Hl\/[L“;

I L AL R R R bt o

M2 s h}ou hsdieBiendIaR WhehHOw a0 Ok dafter JifRe :Spéﬁt?n‘é Rtob QB ctrmesshtfed §Pth8 KodHebiondn
i mage ’/signal with good contrast. Further, to acquire the inmage signal with

better ceafid thaMdirection By Abitraryalioants bgzlhottiiih@ tifet ppriurb ste i 081b¥imbasabheliind0 to 60
nm It is desirable that the duty ratio of the recessed patterns 33a of the
first nmarmentdets 104660 ObegnP2hiftixg)theahwidinhmenibiry 192end dSmby svetursrstaprpoditing
patterns 35a of the second mark HV2 (100 x el P2 éa/%) shoul d be

appr oxi matisstipg pomhaniims2(agne dnefadeed serepiaped b iyetdhable driveclement Hipsl uch the
contrast of the nark inmages dr deter|. oratln the repro ility
of the pBSIERFEY IapTtres s don Foor(PER DeA beippBP ke Sisbe Rhder Bne

anount of

the | mag&e i offe Pl SadiTied 28 RPN SR b el B Bn B B "

d k HW, which
caused byt B NI GhER ARl RGREBRIC 1 TP ke L
I 1um nation sygiem obﬁaf‘v@t@@es%%t ateoﬂ;embsma% &hme Iaguadinds haent

sensitivity. In the case where the tvo marks HW2 arranged close to
each ot hegseinBleBtiith vRry TR BR piecisibs ialkeqioien bétedhh% mfarntslo@ thiskeht@indhg
apparatus in FIG 1, an inmage signal obtained by reading their inmages in
the X di rvendmscahcqunonhd;.lcl tupgnduqltooleuprsdeﬂlrenmlﬂzMmsutthremmgrgaibemalmnaged in
the non-nmeasuring direction) is the image signal SHin FIG 7C In the

i mge si greded Siaradatemhiged AlDwahigrangpot makes thegosipon detesting pregisign ipwepthan the
corresponding to the first mark HML and the second mark HVR becone dark
portions. The cont r &b operation system?23 in FIG 1 detects a position Xhl
of the center of the portion IH of the inmage signal SH and a position Xh2
of the center of the portion IH2 and acquires a distance M between them
The d| stance I\/h takes a val ue V\:hl ch |s obt a| ned by rrul t| pI y| ng t he d| stance

Y oy



31 Next, the other pair of marks 26X along the X axis in FIG 5 ar e foMsail?
near the center of the observation field of the position detecting
apparatus in FIG 1, and the inmage signal fromthe inmage pickup device 22 is
processed as in the case of FIG 7 to fg,qui re the distance WMh2 which is the
X-direction di stance between the center of the inmage of the third mark HVB
and the center of the inmage of the fourth mark HW in terns of the length

on the 11A, .The t he contr.ol eration system23 in FIG 1 conputes
t he amﬁ’ﬁ%c%sf“yo?é?%?’?}hgﬁleia fr metgiiheﬂﬁr eﬁggg‘gﬁyee%ffe\gtaqruée Bsitfopdelgrtigance

bet ween - Ir fr e i.deal state .as.follows.
Thi s armh%? lsowscfgﬁ?? g’&% £ ?‘%Elé(@cﬁfieﬁfeggcgé%ﬂm\% eetﬁ‘a’ ?pélcgmﬁ)eé?stfcr%rfdw RS (Tool
| nduced C : . . Ny M det i ng

appar at UB T eop e SR A0Sy SR Tt o I PRSI OT R BRED, o
in the i hlatkyiliegbn 0o opﬂ@tmmafmm@-miﬂgWrcﬂ@mm%nﬁ HaoRiveiseed in

t he above manner shoul d becone nearly zero. Wth an adjustnent error

remai ni ngffea t he illum nation system however, the amount of shifts of the
i mges of the two marks HM and HW2 to be observed becone different

dependi ng on flhecamegyreofion dpticalisghitent digixlan wptidebsysem fohatrrettig sacoembingfy

det hroughtion d MK to be neasured becones greater than the allowabl e range.
Speci f i c&pmyandap shafign ghetstte ofithe eomsed ihedmege-forrping optirabsydtemiiz acoofdan¢se anount
of dethroyghtion 8 MX change in_accordance wiith the position of the Q stop
3 of t he PGSR BhPSOne APsrRiom, le cqma gomsclenpntical syderp do tsdstigeiddR at i on

23 in Fl dj h it . th 3 through &£ h -
o 1 on St et T et P Gt & Bl bty ol e PR e "

absol Ut e ; : . det Wole? . %'Q%@g r, the
di st anc eg ﬂﬁ(ﬁlg’]‘dﬁ aﬁfg t Ig;e d’%@%&%@? gngamt'oﬁgg tB %\B&glgg gh%é P ﬁl%!r)l{{%rhé% X tgr?ie
measur ed 189 eans diBoRIMRUA¢mIYs thatNd Q6HdI sRiftirg tmmn%ﬁﬂ%é@de%d 16b by
substituting the nmeasured values into the equation (23), and the adjustnent

of the poshhiofectbn-bitecaldysicqPposition adiosmak aleekbnkyhsrgpeat 17amtdehcioatrelng e
measur enent and the adjustnment of the position of the Qstop 3 until the
amount ofthedehtiol @pehationsystom\as. fAtldast ane bptical diéreenhibthentbinl the camgenrred®on n t he
case of the aforenentioned adjustnent associated with the X direction, the
adj ust menApticst sysiemalf] may bredesigaed tobe sroveliesq thitlg opsical charagieristies  $heobireg-ed
wth the Y direction can al so be perfaorned by nmeasuring t i stances

bet ween {HBIRERRYEY SYfterpHS- aﬁaﬁc&h%fhwmg Sileceningity m@@zg%wswn%v

R N N R

—
=

bet ween tHd 'stanc orrection
opti cal amzﬁg;h%@thh% fidafchakachtRiShids ¥t RQGskd BP e nRAEMSH BBk cBfa bdifecBorSt OP 3
in the above- escrlbgd enbodi nent may be carried out independently. It is
to be nobpﬁlcaqmgnais_the time of adjusting the position of the o~ stop 3,
even if a coma remains in the detecting optical system (image-form ng

opti cai syst eyhenah¢ arnoume nf consa rprasininigliretheoptivalidystomi inraef the edjedimbnt of the conma.
It is therefore efficient to adjust the coma by adjusting the position of
the o st opsitorf ¢fitkq compacormetionapticah systermel Cchegemesdpnge crhidrmaipshife e pasidaneah 76.
Al t hough the remaining coma jis adjusted and renpved by adjusting the coma
correct i & RERITLEAYS gf/tg@ 8p¥ ebimage-fqripinglightsignificandy.fom thraplical pis §4% not

oot 1| co Aot e B ARG e FandShe Bl e ™
b ect  vand s BEBY IR w2 o il Bl i i VRS Boc, BEORAGH SN | g
the illuq%&ah%rgie?%%%ﬁm% 1878kaY nb&EroBO faliju®Bd &fery fife e SbRRorbrMY coitlaSO t he

position of t source 1 or the position or the rotational angle of
the firstonedioadpridabsisteh Wis hdjest&econd rel ease 8 may be adjusted. Anot her
exanpl e of to-be-detected marks that can be used at the tine of adjusting
t he det ecti ng Suph & padsibility bEmadjngimed ean bd dindined¢d compeydy bynewedsing tew be

di scussed with reference to FIGS. 8 to 10. FIG SA shows a pair of marks
with a r epsitiproheelatigngiibeswean the epertens siop 18 laed the 60mhi eqrTegtion opsical wpstgiaile & of
mar ks 25A, 26X along the X axis in FIG 5. In FIG 8A one set of marks
25XA and timeoresbapritflGel yndataseing deanprire siap b3 claseq tothewalshiban s comanal

rel ationship as the marks 25X and 26X in FIG S, and in the vicinity of

t hose nar/PRESCUgRAPIELSE] syste ks 25XB (marks with a rotational angle of 0 )
whi ch consists of a.fifth mark HWb and a sixth mark HV6 having the sane
shapes and the sanme™~gositional relationship as the first mark HML and t he
second mark HW2 are fommed. In this exanple, after the distance Ml in the
| eft-end marks 25XA and the distance M2 in the center marks 26X are

si mul t aneously neasured in the observation field of the position detecting

oy o o o o o - .



0 7 Al6 2002 33 25XB and the distance M2 in the center marks 26X adg AUG 2007
si mul taneously neasured in the observation field, and the anount of

det hroughtion b MX (which is 8 MX2) is acquired by substituting M3 in

pl ace of Ml in the equation (23). The effect of variations in the results
of detection in the observation field tan be reduced by, for exanpl e,
taki ng the averaged anount of dethroughtion of the anmounts of dethroughtion

8 MX1 and -~ WS .adne apount of det hrou htionFa? MX. {n this exanple, the
three pairs o i ’2%%1? ORBMANEH e SemasCorReliqneoPLEal SYSER1 & Hpseli@ e PRI he
- } di i Y. di. t] . i FI 8B. .FIG 9 sh
Cott oo o Ukl B RGE o Pl it 8D SRS SR ey Sesiie e isvmege 01 1 oy
| e, : i i El G t f f
o arer  EREnEhE Slr-BOuREh § ey M SLG o Srdebiver] o WE SRR s oGy A,
mar kDML, adlgl, Ghtie QG HIch RRY ke %ﬁ%ﬁtﬂ?tgl?éédelﬁﬁzc%f Réc%ﬁwnh%scp%&g{) I spigesses and

projections’in the X direction a series to ea and a pair
of mar kswﬁ&Xtmrﬁhgémtak&q;]ﬁaMQ&c@Ed.t he marks 29X rotated by 180 and are
| ocated in the vicinity of the pair of marks 29X. That is, given that the
di st ance (desifghertlatiahdhé)bebedeneterpositon bf theto sty XindMLillamthasecopEmtesk DVR i n
the X direction is Dd, the pair of marks 30X consist of a third mark DM3
and f our the lightrsourori tevhie sécohdivedeasdh®ansithepasitinp etha spartuee stopr 1sin Bivlimaged DVR2 and
t he di stance (designed value) between which is Dd. Further fornmed are two
pai rs of far@inepaoal system Sowmess eiep then@ stopdadyersfly affecisdhedetasted phgipensofaf t he

two pairs of marks 29X and 30X rotated py 90 . In this exanple too, two
pairs of t%%ﬁr%@%ﬁﬁf&é&l eve) astgned that Becayaeéhcr?&w%nmoaﬁ@sﬂ) e he v

di [ A d of j h ' . K 9 d 3 I h
X aci s+ ROUR KO et AP % Aol Skl bosdho T Shaf g B BE 2031 ong

the X axi$,.d : i Vaty position
dot et | e onstis oo RislofP g o A EHE L AshoFED i

i Il ust r atrgefof) heP@istopd is BRigHed 2 ciRh Wlﬂz?thfahﬁe eknfe¥ bSthe h)owe%zs RarfdeGhifdd and
FIG I OB is a cross-sectional view of G 10A in which the first mark DM
has fi veirth©Xghieeibn dnti€ifrY tieutios by abaiabednicunBba holding the 1, si6p Wb winband of or ned
on the surface of the wafer 11B at a pitch Pin a lattice formin the X

di r ect i oholdingmeantprsetiend drembshifinehe holdingtmirenteistde Anddtpey Fgstappesitios to 20 | ~
m Li kewi se, the second mark DMVP has five el on%]at ed |linear recessed

pat t er nsadpyingmeshanismsys apg b guder ths cArtep] ghthe RNl PReERtiEn sYSIeMheS. waf er 11B at

h 0 7 AUG 2Q02.34 pi P i lattice formin.the X di i
W th Che. st ap AFSRIOE AT e Bieheh R PLT U SRt R fedpiel T on, i ne
di : . of ' . f th
econd. naNETEns OBl Eindoelalfe b 18 LR it RO ARSI ' ¢
appr oxi ”Efo%ﬂiné%lz\t%@ ek @teglnahés? bipthe ke 3Dk aﬁjh?ﬁeﬁt%ﬁttﬁ%oﬁﬁﬁ%ﬁ W ged of

each mark DML shoul d be set to approximately 40 to 100 nm If this
step Hd ebsgpldigal. smal |, the contrast of the inmages of those marks drops (the
mar k portions do not becone sufficiently dark), lowering the position

det ecti ng pr e&iG.i2in a plan vidw shosirgthd-etafor tioiveadjgstreat &r FIGh &rand b silicor] @&fenm
geongtrical step-induced adverse optical_ effects, such as vignetting,
occurs, ifaisehds dne example efithe watsr gbin FGgh| Kormed or the surfasa sfithe $larEart her,

: nat ﬁ : ﬁLBﬁfgfpr%%Efﬁﬁ%éB@@? %ﬁs’xg’d P X PR men ¢ szfs{‘?@”&ﬁﬁw iartxctk 55 or 2l b)
! . ; .

i i n b BROPREeh RS RSB A et F X e S 80 o™

d /d - | ‘ k

ove. to abtiviiel ieelee sttt Bl GRIPEDUDR LR B8 o phic) ARERRG, T

the duty {8t bRr1g 138 a XeBhEmar@ DMA? cialRaviishos @otﬁﬁedtﬂzﬁ'urhﬁl%‘?&sﬁﬁnd??ﬁﬁ gfns 31 a
of the first mark DML wth respect to the pitch P differs fromthe duty

rati o (1efrks v5/98° (Ahosetwd pars\if Biatks DM, DMD) epteake(DMal, DV adAsedfor t he
second mark DM2 with respect to the pitch P As one exanple, the duty ratio
of the redesmgdhqaeiataeteristics bfithoflete¢vmgplicat syemk DML i s set to 50% and t he
ratio of the width a of the recessed patterns 31la to the wdth b of the
protrudi ng patAlssfesnglen the susteee efdhe welebidsare ppaineinakyGIV hdiY2) dong the X 1 -
1, or a/lb =1 (24) The duty ratio_ of_ the receswatie ns 32a of the.second
mar k DVR a¥is whish compasBrsumark ARYL e seqendgnagk TRV IEHn ST 1 s PEE T s ed
patterns 32a to the~width d of the protruding patterns 32b is about set as
follows. ¢ : d =1 :~9, or c/d =1/9 (25)




In the case where the two marks DM and DW2 arranged cl ose to each @pfhes 700d
the X direction in the above nmanner are observed by the position detecting
apparatus in FIG 1, an inmage signal obtained by reading their imges in the
X direction by the image pickup devi €§ 422 is an image signal SD in FIG 10C.
This i mage signal SD nmay be acquired By averaging an 0 7 A~0 2002 35

i mage signal, obtained by scanning the inmages of the two marks in FIG 10A

in the o rect L0 - ri dir.ection (Y direction). 1n FIG
106, hatas AREleRdna bikidd ey AR AR ot P el EER o S

di recti qaymang Ik NOL ﬁffﬂ%ﬁl |1 [ I 'S

obt ai neg by MM%@EFIBB/{?%%E%’%%%@:&% {:%ﬁr#r%? (E)%gg&pre egg#%%géngg?%?m poi nt
on the iRRUK LS BLGHES B¢ Rrndh Eh@?ow' i vi C | 1 by 1/ a
by using a nag_nigé%:dcati on ?act o% c~ fromt éﬂgltgﬁ) g%e o&%ﬁ?%&gg 11A in
FIG 9 trearkd@IMIVEIM2pinalendkSEINEEG BIMNIY) bid@sdd BORIURLAK AR chRNdtéHRticdf tHen t he

i mage signal 5D in FIG 10C, the edge portion of] the first mark DML becones
a dar k phurninatmonssystamportion | DI corresponding to the image of the first
mark DML and the edge portion |ikew se beconmes a dark portion at a portion
| 172 cor r espoNbsmépricsample, a sthige wafer isthsedsasdlmviafepllkthoireceTied audprotrading

operatiqgn system 23 in FIG, 1 acquires a distance Ml between the center
posi t i on2tief maks eandedormedoayith yeraligh agcuragy thrqugh sises, sychies septicgionofia porti on

ID2 fromthe | e Si | SD. W no,aherratio resent jn the detecting
opt i cal. Moy fesi| SR Hhiek sxtonhal Gr B d BHEaRE oL e SO T S, D
FIG 10 lL.f .a C remai.ns . i,n the detecti optical system however, the
am)ug)’; 0 V%}?Pd%%ﬂg%plfﬁ%m lﬂneégu%aéjgl"?s &Sﬁgg'iﬂg‘%ﬁ by the conma differs due to a
difference b : i QS0 g . tterns
Sia and 32a oronoeh RerRA AT IR E e PhEb e NP DORRORER. ol
col ncl dQxxi&'fbﬂhdm_tiné\@%Ehar&&ﬂ@isﬁés@ﬁheﬂfétc&t_hﬁ%f o(?ﬂ@dlkﬁst&@éﬁo@!n%m&%nﬁm.lm In
FIG 9 is noved into the observation fie of the position detecting

appar at Usa crossHeQidnal eise of FEG. GiAsin avhich thdrfishmark DNMEhasi fse ancew hintanveetss¢éde

i mages of the marks DM3 and DVA in terns of the length on the wafer is
acqui r echattd@he? eavitles |ina Widthcoioemédsorettis sisfaeciofishe wafpriblt 4t agitcHhRinzdsfticd on of t he
coma correction optical system16 in FIG_ 1 in such a way that the two

di st ancégmmhaxdﬂmpncwfnazpra@tmwdéﬁe Mdgthp gitchf baingabauist €8t 4 i ned

oo PR e oo TR bl S e S P

e S ' ) ; . _ i ch
e paPpmbo e BAC G ERE| PR (B TRRE bR 1n ARBLYEm RS X Yyl o
be formag. gf, filemBL KT iRt WORANE 1RNFeabi el RACRe BktabRiDetwdis HRREMBEN

those two pairs of marks may be neasured. Further, depending on the type of
aber r at i g¥fthel frstigarREM L aCkhe Eadfer @R MOBEBnd MafkaDM2 ¢ sef tolasiesigned valublofDd. 2002 36
mar ks, a pair of second marks which are the pair of ftrst marks rotated by
180 , a ias distadcetdd is dppraxikmtelyi0cth 180 @2 thhe pair of first nmarks rotated by 45
, and)a pair of fourth marks which are the pair of third nmarks rotated by
180 may be f di issldsitablettha theestepr(dens)didoipach mard QME DMA geculst br sshtoopt i cal

d the ill i i b dj db I i h
Y ot anc cwprcprmately 40 ot it it SR MR 1SioR gk e PRI, RGES RS O ARSha 1 of
f th At,this, ti i f fifth i.ch 1. L. f
o s by s B T LRSI
f fift . 2 . (it h
or Tl r&?%&? If ﬁltlsasttf'pdl&lﬁﬁcc%ﬁlgs %@Xteﬂc i %G%ﬂﬁ P Eﬁ%gg?ﬁplﬁlglﬁcﬁée%ﬁmtrwm .

regard to e optica aracteristics to be nedsur c acteristics

of the iggiviretsaku hOERYREHH ,dc&rirﬂgdﬁ%asgal‘m@lt t@%dt 8fphiyQRcrie HeafEdrha@) and in

the meridional direction (Mdirectio can be detected by using the pair of

third memdghet @ dbien Ritinkage fwighiextdllertRblgasofor tdth ek, Gug dsBitde thél thoaighe a pai r
of first marks and a pair~of second marks which are the pair of first marks
rot at ed 4tod0Opnedet erm ned angle (e.g., 180 ), for exanple, are forned on
the wafer in the above-described enbodi nent, the relative rotational angle
bet ween t he phithis embpdiment, theratis (anklot #e) o dierwidth agd disrreceasd lpatterys Ha of ¢ he
actual remaining rotational error of the pair_ of secqond mafks (in.the

| ayout di¢ Best matk DYlite thegwudtbbyof ppotuding pattaray 30 Qi*??’tlﬁéhffeéi/%ﬂf” IR on) on

t he design i e cgse ere th ir f.i,rst r k accurately rotated
by ¢ ho. p Dt ferea ey L ey BB et eserty B e RE S astr o
remai ning rotational error (the difference between the actual rotational
angl e and the predetermned angle) is greater than a predeterm ned val ue,
the distance that is detected with, for exanple, the pair of second marks
may be corrected in accordance with the remaining rotational error. This
can provide the distance between the pair of second marks that are the pair

Y " 4 Y .. . N T




The third enbodi ment of this invention will now be described witH Fdtei8hce
to FIGS. 1 and 11 to 16. As a target to be adjusted in this enbodi nent is
al so the position detecting apparatus in FIG 1, the description of the
structure of the apparatus will be om tlted and only the method for
adjusting its optical systemw | be &i scussed. In this enbodi nent, a wafer
11C is 0 7 AUG 2002 37 placed in place of the wafer 11 for adjustnent in

FI G 1. . | i | i K h
urt ace PR pelobn€iod B P b0 1SRRIk W5 D) E6a MRS ChTPIGE BBl sedof

| | j At . f d
Phe. war o 1 [Repss DERRREADERHR: AL DI el i bEP Qe 71 10"
i's a pl aythGO190QUNGLY) Blﬁzﬁhg@ﬁifﬁ c bifie tdbssBfibdtSEBIM oMY LlorddSndtk BARH 1 N

pl ace of the wafer 11 i'n , andea Sl ?‘?con wa?%r 'S usegnas one exanpl e
of the wafhaesptdtGo the pitoh B. Bk bne ekdmpleOtheasty @ftioldi theTeuetsaE Batinstzne oMt fifst 11C
are a first evaluation mark DX along the X axis consisting of a first mark
DWVR1 t o meark PMHissetrié SORWRAA drahridaf\vhengidtyodfities reeeseed paitcnay Bl a oo the midih b of
patterns in the X direction and a first evaluation mark DY along the Y axis
whi ch cdkespratredieg pajterns 3b isrpalrds fodlemis in duseembodimenirar k DMB3 and whi ch has the
shape of the evaluation mark DX rotated by 90 . The eval uati on mark DX

al ong the X &its {slupdmhti @)y 1ine symetrical in the nmeasuring
direction with the marks. DV21 d DWV3 having differ ratios of the

wi dths of th é’t‘@s@%o’f}B?Eﬁ%ﬁ%@%ﬁ&“b?%ﬁ&ﬁ*&ﬁ%%ﬁmﬂmfkﬁ?@1F6“6&% U0 %ot h

si des of the cent may,K 2. and the eyaluatio rrks DX and DY are used
Far - ad; o0 RGN s ARy OME e B8 polimE X 20ud By R ol BFemalirin < o

f or med : the wafer 11C are a second eval uati on mark HX

al ong t%gb ag;&t;ge{:%ﬁgllﬁsi'ng of a first mark HWR1 to a third mark HW3 each
having cycli ¢ reecessas candipr ofippdi ng patterns in the X direction and a
second eval uati on mark HY which consists of a first mark HV81 to a third
mar kK HVB3 andn e ke Wbae tHeaews s DN aiidDM2amdaded elosemrekct-btherad de&xd by 90
. The evaluation mark HX along the X axis is substantially line symretri cal
in the réssioniinthedbeeomirger e vbserved byrthelpositivpdetesting Mipr@tUsavFiey lraver sed
patterns of the recessed portions and protrudi ng portions |ocated on both
si des ofimegfesignshoRpinerhbkrepfipg thel frgagen & the X|dirsetion by fgrimagepiclawdiense & e used
fox adjuysting the ra rjstics. of the illum natiagn stem, Wien, for
il =05 3 Bher SERAM SO Crs S i HEA S ST Y & s Seiogh

pr ot rudi_n ratin rks_can.be med Wt ry,high £ ac rough
D ep. © stRn? aBbR Sy Ryt B hdech AEAE hudbihs B ME Y AL REREGER AT 200
the projRalhdBurddFReecRin dhEree@n) espondi ng reticle pattern, devel opi ng of

t he photoresist, 'etching and resSist separation. FIG 12A is an enl arged
plan view il IHFGAA, M Kdtoithlrsds reptedehta b boditiorX ko t(BXmahsurif difeetion, axd he Shown
in FIG 11 and FIG 12B is a cross-sectional view of FIG 12A in which the
cent e; popitien Xsag@alky) Gpre3énisrapdsitioBéhidhas obthinekbyahualtiplatngdhd positien fromeessed
pattefns 42c with a line wwdth ¢ fornmed on the surface of the wafer 11C at
a pi t ch predefprgined referercerpoinion thetiiagepickup serface af he ithags pipkepieaviceri g d/ st ep

Hd, the pitch P beiggl%_about 51t0 .20 a m_ The nmarks DV1 and DWMR3 are so
fornmed a¥ WoshgrdvpeaHiceten Relpk oivem the sprfesgiol the waba 1 KOs thp Bagehr ee

el ongated . linear recessed tterns ith a lin . formed on the
sur f ace Hpeep R PE e TReseAa BeBn 2 Jp Mebalt sels i G 3ruBRRE (he X
directi . t ) : 1BYR3ird : as that
of the rrtlgn c&ﬁftﬁﬁ%}ggﬂ?r%ggs%rﬁﬁeiga%ﬁpg%ﬁglﬁa@E(}éirec?ﬁr%sﬁ?%&?gn@ﬁ%iestance
bet veen g, GRAL Bfst Mbrk A1 HRE the EpoRR 11kBGisE BEoRTes @Hark BEridREka JdMica and the
di stance between the center of the mark DVMR22 and the center of the mark
DWVR3 ar qm%ﬂ%oﬁdiﬁgﬁjtg@ﬁﬁbgqg@m@ s€@on®eharkbM3. di stance Dd is approxi mately
40 to 60 a m Accordingly, the center of the mark DM22 on the design should
coi nci de wi t HThehentraniperatows$ystelne?3nm FG. 1DEImamsithDiRBncerMd btiwesn slemtarn t he
measuring direction. It is desirable that the step (depth) Hd of each of

t he mar Kwsitve Xdi ef thpertiondDI éndecentsr pesticappoxitheeogtion 13 fiog thetmagm |1f this

step Hd is too small, the contrast of the imges of those marks drqps (the
mar k por¥878haDd§Vithgre beryieg pagetin the HF‘FW“&QP@&‘)&(? Sy (6t NS FES 1SR E\ﬁfﬂ‘ﬂ‘lﬁon

detecting precisiaqon. If this st cones qgreater.than about 100 nm
st ep-i n&?ﬁ&ﬁe &'ﬂ\ﬁﬁ?lgrg’ddlé%%? ﬁddﬁﬁﬁbg‘% Bje CaSEIPEInS @Jﬁ%dei?g% %Dﬁlggts?'%‘afl’ occur,
making it difficult.to get highly accurate neasurenents. In this

enbodi ment, the ratvo (a : b or a/b) of the width a of the recessed
patterns 4la of




the mark DM21 (like the mark DM23 on the other end) to a w dth Iy physn
protrudi ng patterns 41b (a + b = P) differs fromthe ratio (c : d or c/d)
of the wwdth ¢ of the recessed patterns 420 of the center mark DM22 to a
width d of protruding patterns 42d (c .t As one exanple, the width a
of the recessed patterns of the marks 2I_?)|Vl21 and DV3 is set to 10% of the
pitch P and the ratio of the wwdth a of the recessed patterns to the width

b o tenolcoy 0 bRk LEhBSin' e e ARiloR ch@Psy BeR5s bl PR (31) The

wi dth ¢ of the recessed pafterns o €82 {0 about

10% Of e Bick Wi ReR B S beShahb: it AL Aol £E89G0RC LT NS O

the wwdth d of the protruding patterns 1 s near c: d=1:

9, or c/HakdDbM1(ZADM2 Qo?haNHc dﬁsta%@@gm?&)els HottcBﬁcﬁ@ DR/E%F%C&J@@H gvp%F 4@t ion

mark consisting of the three marks arrange ose to
each ot heketernindgot¥nti th@&hél@ﬂﬁe@e&ﬂﬁn%@&ﬂ@bﬂﬁ[@@ﬁfe sigh FRASAE YedioRshig he
position detecting apparatus in FIG an i mage signal obtained by reading
their i nmgenilre mémurd distaaed Mdandhe disenéd B ehish bbdomes @ yéferencd 2hé ondd] | Mage
signal SDin FIG 12C. This imge signal SD nay be acquired by averaging an
i mage siqpemkion systeal Zibid H3G. badivatd thypashioniofithg esmafortagtiort apticatapsten iLe FI G 12A
inthe X direction, in the non-neasuring direction (Y direction). In FIG

12C, t hehbroyeh %’61’%{“&? camxecsion-gpticak aisterm ppsivies pdinsing Jerkanisps 1feansUi7p rlvgsuch

di t t Is t whi ch

obt o nedt W Thip £ °%'5m% R Riiter Bised onsiE S5 ket e SMSFERBe poi nt
on the Iﬁ%g%ﬁgcn ktulgcg\a ?%ﬁﬁgcft?qg%‘?}ﬁtﬁ‘g%éﬂ ckup device 22 by 1/ c~ by using

a magnlflc of the wafer 11Cin FIG 1 to the

i mage pi ckup ﬁﬂérftgegfdjmm&teef HOBISGH R HiRofiE LB opdc A0EuERRE of gnal SD

in FIG 12C, the edge portions ortions corresponding to
the i magggaRE MdBerWednkEe faMgds ﬁ%th%ﬁs PM1DDMY ie BessuRAGRIR, Md Eﬂihepéif&' ons,

and a portion LD22 corresponding to the inmage of the center mark DvR2
becones A Miawith ppéat @nthidreferepsrvalue Dddo buts8PeRhk APpwiable kdigetReessed pattern
with the narrow wdth c. The control operation system23 in FIG 1 acquires
cent er pdsicmenimedadibstmpit2ocazmig OMUARIo fAsitheabowe-tiesorilsedisBpd are rfpe@edmdil | D23 as
t he p05|t| ons of the individual marks fromthe inage signal SD, and then

conput esthe prEorady Mdighs wiskip thegHoxatigrapge. theedipsimest %ftthwm cé thesleigstingo| | ows.

Xd24 = Xd2 + Xd23)/2 Then e cont r.ol at.i stem 23 conput es
2t e SRR e Complaieth el iy g g RIS Db Res s ey T he

mar ks DV RO BB 8 DANDEARS N dul) LESPRE cali LI RPN LM ditagyO” Lhe

center he eva ua e posrtional relation.

Wth no aber rgfdOfe. 951%1‘%‘ Mettols, shéh L efehbd ﬂ&h@&’&dd%hel%b(&% @8hod, 5 the

det hr oughti on Ml shoul d be a predeterm ned, preacquired reference val ue DO
(0 on t hgpsiieh @Pdetedin Gae(ifb@iﬁoﬂ @mcmﬁlaikmnbgﬁn@ﬁtaﬁsw Mgcritel ipbathonsaesceip
however, the anount o? change in the imge position caused by the cona

di ff er s ploeest, andargi dikef tiemandydiensehintthie edbddiment Fassxahplcie stize knefliddand t he
mar ks JDM21 and DVMe3 (the ratio of the widths ¢ and a of the recessed

pat t er nspegiorrhs p@yw@@@te@t@mhﬂ&edmnﬂwlm positpntof e lm#&e StEmakyly el medemn@ug%t i on
Ml does not_ caincide with the reference val ue Because |t 07 ~'l~
2002 40 Peslveiasd ths caaelalion methofheomparey th@ﬁ@ageewal P Wi éﬂr%rfmnﬁfb coma but

Nt and CRERRY e S s PoSet DR R b g o B AR e 1
adj usts LRe. ROGhLLs fihd &tfo%?th%?rgaﬂl?ﬁﬁdgg Aﬂﬁédﬁ,ﬁﬁle sﬁﬁﬁ%@c @Tﬁi&ﬁpugh the
i cal - i jus

conma-correction-op em position anl sms a and 17b in

such a V@)\‘r@%ﬁﬂn&@b ﬂK@ﬁ%ﬁ M]%eé‘ B tBE [n‘éléx Radd 154314l 186 aﬁ%@&o% i PR, SO 8REn& 2€ Of

an error O of the dethroughtion MI with respect to the
refer enCMd\tﬁdylb% deRrmitkd @ﬂtcrﬂ&@ctﬁ%lth%ﬁﬂhﬂts oD flethldBgHRRE bf ihe Positfions BEthe 0B
correction optical system 16, the

marks DM1 and DM2 with respect to the index marks 14a and 14b.

While the distance Dd between both marks DM1 and DM2 in FIG. 3A is already known
as the designed value, the actual distance Dd between the marks contains a production error of

the pattern of a reticle which was used at the time of transferring those marks and a production

™y
S



det hroughti on Ml between the position of the center mark DWVM22 and thgr
average position of the marks DW1, DWMR3 at both ends is neasuredogb %ﬁmm
and the error D Md of this dethroughtion Ml with respect to the reference
value DO is conmputed. If this error D,Mi is beyond the allowabl e range, the
aforenentioned adjustnment is carried out again. As the above-descri bed
steps are repeated until the error D Ml falls within the all owabl e range,

and the ad} USdMRAh efink Qﬁ?xggglﬁcnlgg?r{ﬁ[}ﬁlggﬁ%?&tgé]@gthg Rafef . ﬁ%&%ﬁeﬂ?&‘oks

conpl eted. "Because the a _ _ enbodi ment’ neasures the
di st anceleHRbIae thebdife KB aKSalWaliB ofliné fedBitt ddtihYe H@DIER theASorlRbntiol& f 1 T st

enbodi nent, it will be called "different ratio mark nethod". There are

vari ous adfitaeds , Tosdechmpiish this aftrtedivBidaOevwaashhe ahiges atthoRvdmikepMmif or the

al gorithm of detecting the position of each mark image in the
above- dead DMi2nh FIGS3A (1eferrdé teeas NI afprroeessd, tienwafariy ionmed 180 hemi ey be used
in this enbodi nent. For exanple, the slice nethod perfornms position

det ect i iistangs betwoen thhemages ofdhpesgiettivomagfs RYé andBYE (bt iy ba MdDeraimeasured,
predeterm ned slice | evel and the correl ation nmethod conpares the inmge

si gnal 8PP ereraehYbiretMinPHeesetup Beaties vibipestorkhbaMerdiated of e posi tion
bosi 1 onc IR ARG ARgRIosh i b Rente K Mo i Mtk PLr g ErEs W ue DO
houl d t | ti ks, th t ual
Shoul o 19961\ REE R BRIl Bfed Moyl 1951 on ke, (e acta
eval uation nagM&Qgﬁdth_m?éypdggt)i on error in the patterns of the reticles

used at the tine of transferri t he eval uation marks or a production
errot, such aseaft tRére N dha®Ehalfis Rithd dd@clihg@hried] sfMIIGS | BRgefoRt, f ke waf er
11C, and distortion or the like of the detecting optical system Before the
af or emenpobgisieth deticugit prot A Mdwefitkd distenceiMd bawetasvo ahibleintagesaducedbyt the act ual
val ue of the reference value DO. This can be readily acconplished by using
t he avercame. val ue of the first 0 7 AllS 2002 41 neasurenent and the
second neasurenment wth the wafer 11C rotated 180 , as disclosed in the
"document 1" Jp&erardledipasiion detepfingspparathacedyipimsasusg the mapgpositiopsin the two-

A o B o R D
et r oughes S e RrsE R SimaR shodef i Sl SRR PR nt at e 160

and t he delRiauaitthoy dlectdiaRYIS 8IFerReSEd byoReRfrild1ge MLk vBMRd, @ed DVR3 at
both ends with respect to the position of t'he center mark DM22 1 n the X

di rect i amagdshoe a geir bf megh (DeN1,EV0Z) ddhg)hd ¥ axie as theedfa@dRinFIGTRen, the
average val ue of those two neasured val ues shoul d be used as the reference
val ue DO. DO Fhe(aNfnsting mvetRyd for g dYunguationisysterh & G § will newrbe enplagnedofriasti n t he
detecting optical systemin FIG 1, therefore, it is possible to detect,

with 3 Hi R§#HT b e HARLL, HIYH 2 lewg the Xyaxisgm thwalgetlHp IGH7 arebsel of t he
centers of t rks at both_ends with respect_to. t ter .nmar r oduced
by the cona. qﬁpn?é ‘ﬁ@%‘%ﬁﬁ%@?%ﬁ“ﬁt%“&ﬁg%af%ﬁk?@g\éﬁm) acl‘i’Fég‘Feegerence
alue (tr aj. Qt at i the wafer..11C causes i I i on. mar ks on
e wat rTrclpiiihe B shEAE IR iR iR Band SeBR G R TR AR ATRE e s
do not haye SHEHR L & ma.em%{ygiiara thefid En)aﬂ@ﬁm%s 110 {diBvAERNGEcALS al ong

t he non-neasuring direction per pendi cular to the nmeasuring

di r ect i Qiajtern@B3RWitDs ligORRIC EtmeT drthe alrfangoff thowafet Bit 06 bitePDih atlittcd | ke of
the detecting optical system may be superinposed on the neasured val ues of
t he posifoimmirahe Xaliatticonsith ppreddtertiivedtstop Hug thie pittielf DveingrabbettS to@0ama. aft er 180
rotation. Wth regard to this point, according to this enmbodi ment, the

eval uat ildkewiag, kheDrcavdgnask b kap its peripghenyrsuirpurdpddy arpengeaged peition Ieandyianet ry

of the evaluation mark DX is kept before rotation and after 180 rotation
and t he fvemepey dincar projaiding patemypddavathsthe bep wWidthys farmgdghthe piteh B2 B Ialfien no
error conponent originating fromdistortion or the Iike of the detecting
optical Y8tem In general, a position detecting apparatus needs to measure
t he mark posi4ions. in e Lrection i I ' | j on) or
the relative {beescl%? lglé%da a‘?ureeogf g@i %Sﬁasu% {E)ét&i% tls‘%]&t%hcfra(s (%gg@q%%%g\iaas%?@%fﬁt i oned
adj ust MepE xag30tdndt B 214 shobligot tHd AL Efﬂhi%éééb Y AR HharR MY BRNMRe associ at ed
with the Y direction can al so be performed by detecting the positions of
the i mages of the individual marks DM31 to DMB3 of the first eval uation
mazk DY al ong the Y~axis on the wafer 0 7 Alfa 2002 42 11Cin FIG 11 and
measuri ng the dethroughtion of the centers of the imges of the nmarks DMVB1
and DMB3 at both ends with respect to the center of the image of the center
mark DMR2 as a relative positional relationshinp.

U



The adjusting nmethod for the illum nation systemin FIG 1 accorgj ngg 100l

this enbodinent wll now be discussed. First, the second eval uation nmark HX
along the X axis on the wafer 11C for adjustnment in FIG 11 is used. FIG
13A is an enlarged plan view illustratisng the first evaluation mark HX

along the X axis shown in FIG 11 and FIG 13B is a cross-sectional view of
FIG 13A in which the center mark HW2 has its periphery surrounded by an
engr avede@sa§ad!p9mex§§13ﬁnﬂvﬁag&etvhaﬁ%_ B ﬁﬂﬂﬂ&iﬁg plglepg%@b Hé@g A dRDr (gﬁliezt-@,ns 44e

with aline wwdth a formed at a pitch P2 | ttice formin

di rect i cumd tHewecdridttdik PRM2 BasaROptbtniliigpaBOn 358 haVing tHEBWil 8 fecafied HVR3 of
the sanme shape are so forned as to sandwi ch the mark HW2 in the X

di r ect i quatterhb@5tnimavingtth@didias atidvor @ik BM Eshd M2 aklaliGR @f §RGededkd fidns 43e
with the line width a formed on the surface of the wafer 11C at the pitch
P2 in a prefrysiape afegeversed. That isKthdidnyatticoot the redessedpritates 3ot the dirs hegk Hh.  That
is, the mark HW1 at one end (like the other mark HW3) has the recessed
pat t er nsH¥Hds sehequabtortheduty etin obtha prptpdiog pattmsgSp af the sagendidarkEM2ng a wi dt h
f (= P2 - e),, and the center mark 2 has_the protrudi ng patterns 44e

havi ng the WllattEF ?S%WH“F@E@QW‘ﬁM?F&ﬁMZ@FTWiC’%C iorf’ég'\‘/\?t gTHn fuichfhe nar ks
HW1 and_HMR3 at, bot h.ends and the center mar 2 have .only the

rel ati onehly Bee Q%grfgtbﬁ@lerpé)élg% ngwélﬁa PREP R F{)Clﬁgﬂz e ge gnal gme?‘H@'r wor ds,
t he duty i : : I . fhe [ HVR1. and HW3 .at both
ends is rsege %@fﬁ% %%g%lﬂggga@ﬁa}og@) iR-/tc[)t%c#Jrl %g%@cl%@&c%%ﬁ]@r g%itjs {gggr?ge%?e tHhe
center nRE Kod MR &urid D &irdidi ; : at 0f ool M21 and
HW3 at oﬁn en%s_, ? é%lg%)ﬁsé&rwu&g?ﬁmgﬁgs ﬁ?ﬁglcgrg%g?#g; east gliﬁr?gﬁle;ﬁf he

cent ér nam, kndidBartibss & BbrtibRs BIGHE Hﬁﬁ/@drfbsﬁcﬁ%fmgfto b EirR ia i HIAZ 204 theRecop@r ks as
one exanple. In the nmeasuring direction (X direction), the distance between
t he centmirk@ME2 becormrdarkpdzdoran@hé mtrolopemtion$ystehe23na FkG. HMRR caagotitien

di stance between the center of the mark HW22 and the center of the mark
HVR3 ar eXkkef thocamted o ihg pewion Hi Lief tbhimagp pignal St aad e@ositior Shhefghosantenokl y 40
to 60 am In this case too, the center of the mark, HW2 on the design

shoul d cBf RefigR g and deframpnes the distagee Mh betyige ey g thiscaseinm theglistanse Misi des

i th ; i di ti ... 0.7 Al~ 2002 43 | th the th
ar ks HB e VEIVB Sbaingd B pltiptying 1 disiancran (e imese RISk R RIFLace PV, G DYUSiBier ar e
o ' a-h . i $ e
bt ot nenithififioR ARlof P RoIhEEOCL NS 13 Elty T e hmp M pituIBeGeRL IS

devi ce 22 (Orﬂﬁ&t%ggﬂktnéﬁﬁéﬁgﬁlqhé bR B0 RBA K B cAMhehlaiA)n the N
i mage signal SH in F 13C. 1f the wdth a’in FIG 13A is narrow, portions

1H21 andhbobPmahitr bitRild H@gRaltb Gidatferdtitel distdricéSDh 1 $Gih anhibubinear 6rs Pomichii® t he
mar ks HVR1 and HWR3 at both ends, becone dark portions at the recessed

pat t er n ipdhe illommatiomsyswmp bewéven theld@unts of s plufisiofithe immgesf thegwoamarksar k. HVR2
becones a dar ké_ﬁ\(?rti on at the portion corresponding to _the protruding

pat tern. HiyH cand 512 £ bebesrsigd bsgome diffsrentdepending oo, the stepsof e dndividyabmalkssi t i ons
Xh2l, 'Xh22 and Xh23 of the porti | H21, 1H22 and . J H23 of the inage signa
SH and fﬁ?r‘Pﬁg'?e%ﬁﬁ&?ﬁg@é@ﬁ’%ﬁ%‘%ﬁ@%&é@ﬂ‘ mrelgione distansey + xn23)/2) of the
mar ks at bot hgoends. Next . .a det.hroughti Vh of the center ition Xh24 of
The marks. FVSPiENES it GE ERpEipTnf Setad g st fhuts KPR G 2s o

t he cent / i i i (i : I i p.

W thout 25 bt ahic v vBGRH) hEHpARe Bk BERRL R FREL o B0 pi R KBbo IR on

Mh obt ai Rfgerch disRBcADR ViinBRpreftly i el din@8wiina bositndf Beed &tdpravrard
reference distance HO (it "bécories 0 on the design). Wth an adj ust nent
error i nillujnénatibn syRteABini KIG. |k yRiegdfore thsuwnen] ogetadiomagstent 23 iaFIG.H ddjistsabe t he

i mges to be observed becone different depending on the steps of the

i ndi vi dugdsitivaiok the (7 stopSstbougl thp rdtstop ppoHNnen) 3djusbing inechanibres Seardrdbugykuchen Mh to
be nmeasured differs fromthe reference value HO. Specifically, according to
this enbway sdnmake the esioy A Mh amalicz.eThereagter, the emer HMhin(the ckmncw%dh brtwedne

det hroughtion WMh_with respect to the reference val %FI—E chang?g%r eatly in
accor dan®e m#geRof e typaatks SiMband FM2 é5 measpred again, apdthy pdigsiosaidt g system in

FIG 1. Therefore, the control operaf.ion stem23.in FIG, 1 | USt s At he
posi t i onpcl?ftlof’ﬁgﬁ‘@ L o8B Sf‘?ﬁ“@}ﬁtﬁ‘ﬁaf ﬁ‘i‘,‘u%“g %QBSIB}E}%&*’%H Ny :’ijlélftﬁl ﬂlﬁ “HRCMani sns
Sa and [ Wﬁﬁ ke the error O Mh smaller. Thereafter, the
error Dqg’ﬁf(g)ust e @g}ﬁﬁ%ﬁgﬁ%ﬁa%ﬁam bet ween the marks at both ends with
respect to the center mark is neasured again, and the adjustnent of the
position of the ~ stop 3 is conpleted by adjusting the position of the Q
stop 3 until the error D Wh falls within the all owable range. As such an

adj usting nethod neasures the positional relationship of marks with
di fferent




~ ? ~0G 200? steps, this nethod will be called "different step mar k0 FreAUSIEM
in this specification. The present inventor found that the use of the
different step mark nmethod, which is disclosed in the aforenentioned
docunent 1, can adjust the positional pgethroughtion of the a stop 3 or the
uneven il lum nance of the illumnation light in the |layout surface of the Q
stop 3 with a high accuracy. It is desirable that the step Hh of the marks
M21, HVR2 amds Msidestrbislel it @k sep b8 ophie warndMHI JBOMHD, Lild e SERILSE met he

|l ower) this step Hhis inits range or in a |ower range, the greater the
change mmrkstMDi ardMDikin 6 cdishoakibe iaboa K0 (el 0tring MEeireasor for ks i fiidisying wal

mar ks which i s caused by the positional dethroughtion or the |like of the Q
stop 3 Apyiman givemhlaivei Byrtteheo amuipe the dnageaipniltwith dxgelleacenesst,Hiighles . Not e
however that if the step Hh of the nmarks is too small, the contrast of the
mar k i maepaeblg thgphe stepkBy shagld b eb@®rre wiG0omof the i mage signals, so that the
measuring precision of the positional relationship drops. Wile it is

desi rabl e t oldegesiralie that the dutygatiqptithe fﬁq;?ésedﬁ’étﬁf‘é'hseﬁ'ﬁioﬁﬁégirﬁt aageIMIKE%T or e,
R B N R,
Chat t nEPa R ARUIBE AL EO AR 042 OFhd BreSuBPR fre R Rgaindiin P o ©
bot h engﬁqtﬁﬁ%fk&%yﬁ(%ﬁ%@d skt £¥£%Sﬁ%q%€%gﬁ%‘%ﬁ[l%f Qrfe.ptogﬁgor? §RRh, Mark

HWVR2 sh d be approxinately 10% o s i's because fhat if
the dut yestiid i101h@ bufyh&tioNs doarBe, thdBndiudt bithhufelil e Rinbkt oPddthiotigten ofti@! |, the
contrast of the mark images drops, thus deteriorating the reproducibility
of the paslveipositiciesians intges efakd fetessddfpatidis 3Batoy tHedirit onarls HMIGand aliedagdshe
anount of a change in the anount of dethroughtion of the relative position
of the bpfitgemtwflinglpettereciwod thepatond mask HM2 Whichnir dasseBIVR thesshift diNR30at bot h
ends and the images of the protruding patterns of the center mark HW2,

whi ch i §topaiBeen sjustment grerfdkecHuminaban sypeme bseases smellsy, thys radijcingtbfent error
of the illum nation .Syst en), becomes smaller, thus reducing the adjustnent
sensi ti $PPYMENSCNSIOYe case of the aforementioned adj ustnment associ ated
with the X diyect,ion j ust nent.. of . an adj E .t illum nation
system associAéSt‘%%’evﬁa %ehc%?%eea ‘%e‘cTi‘Fltr’%)g ‘?%c{riusgrﬁ%nl%%sg dg‘%%%gre‘&{cg?ér%%ng@ measuri ng

the posiagjhge@ht &%h%jhﬁﬁx%m ofbs ﬁm@ﬁluhﬁ%lﬁiéu %M&&%Mnﬁ@i bR rk HyY

along th axis on the water 11C in 11. Further, 1t esirable in
the casgjsgbe férformbd by ﬂ)eﬂﬁ@ﬁ% 0R didkic@BitWadn tHeImkBeddf algaR of phAkeARA1, 0 7 AUG
2002 45 val ue HO of the dethroughtion Wh of the marks HW1 and HW3 at both
ends w tHiMIDapegthd ¥ akiben derviafer dn KIGHRP2. To acconplish this, as in the
case of FIG 12, after the dethroughtion of the marks HW1 and HW3 with
respect to t Fertherikisilalesirpblelictheras of Fe ddemeepujtie ponelyalupngf 1) is
neasured, the wafer 11C shoul d be turned 180 , the det hrqughtion of the

mar ks \ HyvefarensrPistimes Dy (1R arecsnlish thoaStlﬁéherFa?q@frﬁRé-z% Pg?féh‘b‘gﬁt%tcé GeREEdN bei ng
Mh2)

vl lies. Steae el iy PR rRFLndo, R he P D whdbGe iR I . -

mark wit wWEder St { own in
Fics, 12 ufet 380 T Rl R Yk BhNRl ofthe BB A bR G101

wi dth ofy Her}@hil)‘?:?ﬁéﬁsﬁf%dpﬁfdtthé)ﬂ/%ra £ viiBEofGREVE Ao FRErcVARied B ubdaBniadoh Of the
protrudi ng portions nay be set to 1 : 1 and the marks DWM21 and DW3 at both
ends mayhdrefefepeedisefce™l.l t s whose duty ratio of the width of the recessed
portions is about 5 to 10% Further, marks (protrudi ng marks) whose duty
rati o of the Thieghbsitiafal tdjestypemitof thdichpa porrdciiomepticsl sabeutl65n Fie. 1686 tmy be used
instead of the nmarks whose duty ratio of the width of the recessed portions
i s aboutpositional adjostmentiod Wies@ staprd in ke abreeihiseringfl emb@limegt mayHe cemisd eut mar k
HW2 may be a mark which has recessed portions having a narrow w dth

(r ecess deflependentlys distoke paieddbatiah o g 9L ppipding theposioRpidle Fasiohe et iks whi ch
namber . PR AEHREB AP RS PG YT P TR APIGE SELCR) ALY CAR bip o
nunber | 110 SC Py TR et Y3 s eRdrs el S Y B,
however Sa)qﬁlgiitir{gﬁﬁé Fosidior bk WSt tﬁegqngx@%qgiﬁg?aoc%%&f&ﬂ%pﬁ&&sﬁfeﬁi rudi ng

pattern e marks at bot shoul d to each other. That is,
it is desirable that; the nunbers of the recessed patterns constituting the
mar ks DM21 and DM23 in FIG 12 should be equal to each other, and the
nunbers of the recessed patterns constituting the marks HW1 and HWR3 in
FIG 13 should be equal to each other. The positional adjustnment of the
coma correction optical system16 in FIG 1 and the positional adjustnent of

- ~ a2 o~ I Y




0 7 AJ~ 200z 46 coma remains in the detecting optical system (inag _flﬂﬂj%ﬂ?g
optical system), adjustnent is possible w thout being influenced b§7t

coma. It is therefore efficient to adjust the coma by adjusting the
position of the Qstop 3 first and theg noving the coma correction optical
system 16. Al though the remaining coma is adjusted and renoved by adjusting
the coma correction optical system16 in FIG 1 in this enbodinent, this is
not restyg ctive but the remaining coma may be adjusted and renoved by
adjusting the positions or rotational angles of other optical nenbers, such
as the obj ectAeubRtgesmdiflingd6ni Radfiskd ad eV byRbfubtiR he @md ddgeddoR® Of
adjusting the illumnation state, not only the position of the Q stop 3 but
al so t heoppicaisystann 16in Flite 1 liri dfstentboditeat, thereséh éhvptiiontis fo rédtrickddao thistak i onal
angle of the first release lens 6 or the second rel ease 8 nay be adj usted.
A descr itht ieorainiig ¢omaonasies agijusted and remrozedlnysadiisbng tie pesitionm gr mppienahtnglesi n FI G
1 as adapted to an alignnment sensor of a projection aligner, with reference
t o FI GS.of pihepepiicalgnenghars, such as HaobiestiysrlepseriQ and the haifrpsismbn iFerbersat thsed i n
this enbodi rrfe . Referring to FIG 14, at the tipme of exgos re, exposure

li ght LLIIP&OTiajusinesine Ylugyination sipjectal opdy e postipR PhIRT FattPRrh 'btafspélaﬁ POgigR em 51,

whi ch [ .Jigh : I

s RS e O bt e RO GenPe S BT BRI b e
d t the like. Then, the i f tt f d

fﬁg regfﬁr%ﬂege&%%??& 0 g%tla'ed gn Ia gi ngl gnshot ealr em;,geocr)] aav\g?erewono\rmrr:smog

phot or esissdont BnfRBIniéaf, through a projection optical systemPL with a
projection magnification (3 ( (3 being 1/5,1/4 or the like) through the

proj écti on opflietsabongysibofintht ofis iveichiwiR now Be BepASIANEABRERE: ©FGS.O!
system 52 optimzes the exposure anount based on control information of a
mai n cont amilS te 16t Amab@get Ao beesijustedtin this emHoHinreawis blso dievpesitiov ddtecting axi s set
in parallel to the optical axis A?~ of the projection optical systemPL, an
X axi s sadpats guFlS. | dhe descrptionsf s stradiyre gedic appappus will be ppitted gndery the
perpendicular to the Z axis and a_Y axis set_ perpendjcular to fhe sheet

sur f ace "Bfined o adjustingits qprical systepe wil} brliscapsedd o't PORdimERcveifr HA st i of e
stage 54 .and.the reticl e,54 positions_the reticl 0 reticle base
55 0n e el bk Sefon 1 G eBRaA FIRA° e i R B Sub R i has o
on contr i I : i 3 | ues of
he coor A LAbTRACo st 1R, TYBLARAA, RIRER e IS IRERMLA Y 1o% 77
Al J~ Z00gu h Gisthgeqaf er Wis held on a wafer holder (not shown) by a vacuum
chuck, and the wafer holder is secured on a sanple table 58 which is fixed
onto an XY stEIge 539 plappiewiskelviag tie Wafsrad Atfaldd@stilnt whish ésplaedvmyplas of 0 f | oat
through an air beating. The sanple table 58 controls the Xdirectional

posi t i orth¢ aterdl wddGt iL,om) asilicomeafianis esed\as anclexampletof Ihe veafier 18 Atio this KIGt he
surface of the wafer Winto the i mage of the projection optical system PL
in an alfemedendiesydrcnl thervepferdaAxea Bltsa\g%—ls@omré@%\éh@laﬁﬂae pngpfrangg i n a

Cnt §E hgﬁmgrﬁrﬁgﬁraahngtgrﬁyg% i T BiRE : HOTBELRRCBH THES Q%ﬁﬁ}béxt abl e
58 i i . i 61. Ex

o vi auark B A ERaPeriBR Rt PEHHER BEE i e B aiomg e st ep
movement II!QQMC Itflgl%e%?[ %‘{)ﬂﬂgﬁd da5 rg g@ﬁgont %ﬂ%%ﬁ‘%@ﬁs O}ltbﬁe&qué Bha-frdR9aRI the

reticle Rin't peat system overTying exposure Is

per f or megh OyndttheoRECIRES @ik 22Bi veiIR kebpingdth&posittbnalatlaGiniEp bof Bk phief haké cl e R
and the wafer Wshould be carried out beforehand prior to exposure. For

t hat purpisend ZZB.ef erence mark nenber 65 on which various reference marks
are formed is secured onto the sanple table 65 and the reticle Ris aligned
Wi th the refeFliéh6ds amsnlagsdepierievs Gethcting thedrox tiimboxmparks 28MeddB in &4@I % dnof a
reticle a[ingnrrent m croscope (not shown). An alignnment sensor 63 of an

i mge pribisddGi hgha §ipiboxsinex matetPosompssesshefianestirameanask 87 A apd gHeoRmC al

system PL by _the off-axi ystemgjgin the sane, structure as the opti cal
system ow?r?g%ﬁa%h FQUyMISERb P LA FIAREY \éamgﬁ%@ewtxigﬁ%g PALLerL (O ToGFRSPHRIGETS i gnal
fromthe i mage pickup .device 22 ( Fl G in the ali nt sor 63 is
suppl i eceiLlﬁ(Swgﬁt i 35 tf?l’"lg%&’h%m%%%?ﬁcgg??ﬁﬁ%%e&eéﬁ{qg‘f .mafﬁg’y@z;ﬁ?dg(ﬁﬁ%ht si gnal
processi L] f J t i bhANAN quter-

et b oucher o iF e st Sl AR Bdsn el L el i AR 7RI v
detected with respeet to index marks 14a and 14b in FIG 1 in addition to
the functions of th& control operation system?23 in FIG 1. Because the

i mge signal processing schene or the like in the alignnment signal
processing system64 is disclosed in, for exanple, Japanese Unexam ned
Patent Publication (KOKAI) No. Hei 4-65603 and its corresponding U .S

~ 2 a2 A A N e




07 Alit 2Q02 Qa each shot area 36 on the wafer W and the wafer mar 7?}@ 0
conprises a wafer marls 37Y along the Y axis having recessed and protru p?}&
patterns formed in the Y direction at a given pitch and a wafer nmarls 37X
along the X axis having recessed and pyptruding patterns formed in the X
direction at a given pitch in such a way as to sandwi ch the wafer mark 37Y
Two or nore wafer marks 38 may be fornmed in each shot area. Further, the
waf er : [ j on: r k X and 40Y
dependinty S 3h 6 &8 Bin B AR SHLERO S R Bbn BRI BROT IR E"E:

198, TheyJ@faind@hth of e ndadl 2% 260 Hhoalli holAPesaaaR 9/A R 1 1 Of T Uding

patterns fornmed at a given pitch in the ection, and the Tatter wafer

mar k40 YdiadcAtardd e difectish Svith despEc@ 6B BShed i R HRILEEG: RARE B1H G (Oed at a
given pitch in the Y direction. In the case where the alignnment sensor 63

i s used dYil)RnGtheldnouhisios positidnel dair@ighfidn (dedigrad jvelgésyBithe téhtdrlo&heZndes Pl aced
on the sanple table 58 through an unillustrated wafer |oader system Then,
t he di stBmnembs 2#En thdrecondiogesn-bdx mavk 28Biin the Of dirretidsandMiirectid®yvitiand mar ks
(FI'ML1, HML2) for adjusting the characteristics of the illum nation system
in FI G mspest edkasqenisy B, pf be guer-fianemadriibrare 6ids &Y 2)6tde fallowingrelagenshipi on of

the Q stop 3.in, Fl I, is . adjusted based on_the asurenent result. Then,
t he di st’éﬁ?:tﬁﬂﬁfgf’%g‘fﬂflﬁﬁp?‘ﬂ‘é% &SI tm?‘f?g’ldgzbf' L& YoM2D DWve) and nar ks
(DwvL1, DML2) f adjusting the characterjstics of the detecting optical
System in Al cANBo Rt i aPubies SARESRRE Sk eEnEEPTRE and  he
position : | .cal LN FlG.1.]s.adjusted
based) on™ uef‘ti&nlg%n reﬁéﬁﬁ‘:ﬁ?ﬁﬁl h&@"fl h’lgﬁ%aru%g jgﬁsf: égtﬁ%tﬁg ﬁcgsgnc%aﬁll urcéuelr%d by
using th itianlde Qﬁyafé Mg PLse hBsific L hi . waf er 11C
for adj ugyt ﬁpn‘ght&rl? n Fltefcc;‘\afigi I's g{sm C:gﬁﬁtl(#ngt &s%{g%l}égu{)ﬁagbrﬁ%?%vﬁé%ﬁgh t he

uni | | ust maisardwatiedigh Maelebn saEdheiRed HHEBS exbitBlePOZhiri@dctof haébaapdi p of the
i mges of two evaluation marks HX and HY for adjusting the characteristics
of the i{(SBM)orahdldwr. systemin FIG 11 is neasured through the alignnent
sensor 63, and the position of the o stop 3 in FIG 1 is adjusted based on
t he measur enehtthisesse if themipaitional dethjoughtionpefahe ma¢rdramsuirkpolohosepeximmges of
two eval uatio rks and DY for adjusting the characterjstic¢cs of the
det ect i nbo"dﬁi‘rgé ggA %E@W ithrqspest tofhe QGffaperRarkeye H?t%‘aeq Wr‘h%@‘[’?“i%‘e

al i gnnment sensor 63, .and.the positiop of.t coma, correction aptical system
T P E b RBR Shpetitina R 1D Pt B okl So BB SR B oo S Bt ey

t he adj ust. . el i e . i ng the
i st ance By st hifin b0 B h O B BB EER P TRESHE 09, L,
11A for agdidak Bpidal dRtem. Qshvifiibe @isdQR 14, FHeGsyrRmeBBd abdiriadlbitgt R danOf the
detecting optical system can be executed by neasuring the positional

rel at i onsdadpusedd Hyhgingnimigplenofmendie mar ks 28A and 28B on the wafer 11A in

FIG 5 or the distance between the i mages of the marks 29X, 30X, 29Y and
30Y on the waFerthet, iBFiG SFfaBnedon thih euréast phthe wiater [FlAGare Bpairohmarkis 26Xnce

(basel’i ne a,m_)untf) bet ween_the center position (exposure center) of the
pattern fopsigangef afffsl mak Y bhavmgapaitam of eydie recericcasdpepeciipnt iRdhexX i gnnent
sensor 63 is acquired by ing the position of a predeterm ned,

r ef er enc@GFHPT %“Cllg%ﬁet’?ﬂép W@gmﬁh@”%ﬁuﬁh F\‘%H??é at i pAfter QHITCESARS 28 PEIRTHORS
sensor 63 _in parallel.to the L gnpent .of . the ticle R . Than he. XY st age
56 1< or FoeArBaany g pfmeiks gP R FAFR Y w8 vistalEal B b Bt At entBH® ¢ on
of the t ' nt ' t he
basel i n\gﬁlfgﬁr%% t%hlta &eltr: %&%@%%ﬁ%%ﬂﬁl@gﬁ agfrgfﬁltégg’i@gg 'p@gﬁgﬁéﬂg%%éﬁ

st nrct ur g0tordsi drafsrene® HVB knd®foRfh nfafk AN Wihiéh frebbtsihed B} vt and t he
measur enent of the baseline anount, etc, are disclosed in, for exanple,
Japanes efitdnmakriiNe dnfPadoend mRtkIMeas b pi¢dEBKABD" Nohiletieepidg B2 padticnald i t s
corresponding U. S. Patent No. 5,243,195, and the disclosures in this

publ i cat ietationshdp. t Giretrhst thpdesegmed disendeicovqsn thetfzs niegk BV 4oy seewhdmadce as a
part of the present description within what is permtted by the donmestic

| ans of HME isshm¥idiredinads Ph.be dnsigaed dstancs bpwef:mﬁlg thisgkraark N DHand fourth
application. _The a stop 3 and the aperture stop 18 shown in FIG 1 may be
so desi ghetk BMdip thsek flaechier elsq 8130 r epl aced with other stops. For exanple, a

plurality of S be proyvi .on a turret plate.in., £t .exanple, each
of the illuni %‘2‘35‘&?@//8%‘?%0‘%%5 fﬁﬁgls iaﬁé‘&ég' F@P%OA‘% Repof 8‘5?“533‘97&‘%%6 and one
stop which is selected in accordance with tape conditions (step anmount,
pitch, shape, etc.)~for formng an alignnent mark (e.g., the wafer nmark 38)
on the wafer W the type of a layer (reflectance or the |ike) on the wafer
Wwhere an alignnment marls is formed and the type and thickness of a resist
may be disposed in the optical path. Fox exanple, the aperture stop 18 may

o o, N ) .




0 7 AUK 2002 50 replaced in at |east one of the illum nation sys{&migiililt he
i mge-formng optical system it is desirable to |oad the wafer 11 shown in
FIG 2 onto the wafer stage 59 and adjust the illumnation systemor the

i mage-form ng optical system Note th%i an alignnment sensor which can
permt replacenent of the stop in the i | uni nati on system or the

i mge-formng optical systemis disclosed in, for exanple, Japanese

U i ned Pat ent Publij cati.on, ) No. Hei, 8-30660 d J
nexcam i Psigis diseloh oy bR DRoRAley Ry e S aspal e BhaH mars
i, _ .NQ. 7 , ' in.t
cor ! e=DORY bR nERLS o S SRR, £ LBS SABLOAN SR dlute
part of thes @W%H%tr{éeﬁﬂié,_ b hifet erahaafeafmkﬁﬂpaﬁﬁar&ﬁécgmtﬁiq% prestic
| aws of the country specitied or 'selected In IS ITnternation

appl i cathas 2600 AAEEH 0T NG ARES 8 tha it BBME whR i1 aBhRe s paiRlAl ned in
t he above-descri bed i'ndi vidual enbodinents, it is desirable to nake the

rot at i onakrke?s0268f, 25 wed 24Y e ubed! fSune ekanide, il RIGARY Gk bRkaFxedsmel the
waf er stage 59 (i.e., the orthogonal coordinate system defined by the

i nt er f eribueinetiortbdyytems snmal | as possi bl e when one of the wafers 11 and 11A
to 11 Cis |loaded onto the wafer stage 59 in the projection aligner shown
in FIG 14. AVbemderrgrymples huilicontwaiiys yspbascthe wefer HA, oretecessedandaf er and t he
ot her periphegral portion is detected to acquire the X-djrectional and

Y- di r ectRTRHHINEROXIIP1oGH Marksaneereing Faris Fan e fbroertvites iy g%é!a%lr% threeht he

wafer W _and t.he waf.er. an

o B s S PR B ST B e
vt et i THSe 61 B STEO SIRERA S ol SRR i

and its gouigspoRding U.S. Patent Application Serial No. 391,648 (filed:
February 21, "1995), and the disclosures in this publication and the U S
pat ent appl i caldepipasEwilor feahivned ohedx@npleldy the afiRst 1 for theddtectibg t he
present description within what is permtted by the donestic | aws of the
count ry oppiedisfited (iorags-Edrmirtgagbtical sysiins) of rtegposition dntextinggppkiatatn BiG. 1 AFethough
the projection aligner in F1G 14 uses the position detecting apparatus in

FI G 1 dbisghe eftersef the oylpraiiamy markepf the eypskax-inbpemarks ghivapd 2Ekembe waffat i s
used in this oj ection aligner be a TTL (Throu he Lens) pe which
det ect s J&inaﬁﬁ&o%ara SW&F@@IW%}%aﬁﬁg%ﬁaﬁvﬁﬁeﬁ“@&%ﬁ%gaé P e Ohr @ TTR
(Through, The Reticl e);.t ¥pe whj.ch.det.ects a mar a,reticl nd.a rk on
e o e EGRE IR0t AR APl G b fP R o et of PriRRl < ¢ ha
constit . 2 f (1S, ] | NS r e
separate eguﬂle%%gg%ﬁbjg{lppgfglghhy&g?tglc{gns_ Earr rréfhg "\%l[ﬁ ch g?fé“?ﬁ&_z‘g ut]egéﬁgg dwar e
provi dedbfith RidraHane mark27B ahd BERmOENtWR p@shidnmaieﬂﬁ&iéﬁ@éd @X2PS iyoRébf thy St em PL
is mounted. Further, the projection aligner in Fl 14 is not limted to

t he st epceatedof tbpmatr-framematk®7Cveith tbspectds thgreteras tie cnadfamn gnagkPisaree t ype
such as the step and scan type or a nmirror proj ection type or the step and
stitch tgersusgfhi Ehe measyredaplues 35¢ obtaingd By wpltiplyingdhepmayntsof posifionslensi ti ve
substrate partially overlaying one on apother. In addition, it my be

desi gnedictigoughtion 0@ the dragsRigkve drvee $3p 16 1 Qptrined by pragesingdhe imaee signab n

whi ch t ft X i | h bout, 5 to 1 , h

e e B s st oiCkmede i Rg Y e SetPSEl B0 B e Aregpitigarioh ¢ oBithy o g n e
; i . O bi |

A I L e S e S e ki

syst em WabdheHBEShO Al 39 4 Bthe X@Ereéﬁn%%&@sxu&i?ec%ﬁéaﬁ'ﬁb%&f‘o&t‘%&shi%har ged
particle rays, such as electron rays or an ion beam Note that 1h the EUW
exposur espsatsiyasingtthewtRelsiadel ppovigudan e tprdjection blighad orShSXERagSequipped Inaké | on
system conprising only of a plurality of (about 3 to 6) reflection optical
el ement sovarlayiog eredrineeaburing appgyaus.eticle is used as a reticle. Further, as
reticles or masks that are used in the exposure system for nmanufacturing
devi ces, suchlkpscadierthewantod vperamsystes 23 amilthd cpmpaestbelamgunanal exposur e
system whi ch uses, for_exa extreme ultraviolet |ight or vacuum

| e, ) (
ul t r avi ofedEroushyar ( 0 ¢ &Y) of eP%ﬁﬁreééfhluﬁP%tbe Feoupy abRasifiopd dgthroughiivs®f e syst em
whi ch i inthe Jith f dugi ti k
Fur ¢ her FBot e v B Gy e BTG BF eeto CLEG o Gins’ 1B £T6ufr om &

mercury |lanp, a laser beam such as a KrF exciner |aser beam AzF exciner
| aser beam or Fz | aser beam or harnonics froma YAG | aser or the |ike may
be used. Alternatively, a harnonic, which is acquired by anplifying a DFB
(Di stributed feedback) sem conductor |aser by a fiber anplifier in which,
for exanple, erbium (Er) (or both erbiumand yttrium (Yb)) is doped, and

- . o




(at | east one of which is a concave mrror) arranged on the optical.fl@'h,sm2
extendi ng strai ght wi thout being bent, as disclosed in, for exanpl@, L&
Pat ent No. 5, 788,229. The disclosure in this U S. patent is incorporated
herein by reference as a part of the present description within what is
permtted by the donestic |aws of the Country specified or selected in this
international application. FIG 16 shows an exanple in which the position
detecti e { 0 r { [LQf asuring
appar at 2 PAERTARAASOLIOGA £ 0§ ) BUaBEth: 1 A0 RS IR BLE QTR o
measur e thigetécih@bpiiedl H9intdf fRPosifieh &lidBAS MparaAleNEId Ae individual marks in,
for exanple, a pair of grating marks or a pair of so-called box-in-box

mar ks and needXnot §xaaséng/d hgzzapsol ute positions of the individual nmarks,
a high-precision position nmeasuring apparatus such as a | aser

i nterferonetefYs(diecdsw y(22B)e waf er Won which circuit patterns (or
resi st patterns) have been forned on two | ayers to be conpared is chucked
by a sanpl e tHishehggoniol eferdtion systemp2ihadiubtsatbe Xalitogtioneheal [Yedicmetiamal XY st age 72
in two perpendicular directions, the twodi mensional position of the sanple
t abl e 7Popigorsed hercomarpprregiion gptigalsysica Kahiopglethie cemteesctionsppiicel-siamasur ed

Systom PSHBRRAS Tl abbas o1 pRFBsghStcha ey tut AgePETigeed on
t he nea d I T ampl e t 71 has a function of adjusting the
hei ght ?ﬁg§%¥¥%8§6§Fb??rﬁ?ggﬁgmﬁggbf W as Z to-gede;ected SULFZCL ?n a
m nute range-y@:&ﬂéﬂ &,aegmgfﬁte)ﬁg& b&%-ﬂﬁ&%@ﬁ&%ﬁﬁ&%ﬂxﬂﬂ-b@ﬁmﬁ@@%&&:Jgt ure

of the optical systémo osition tecting apparatus n

| ocated mpsrand Wl MG, 804 agﬁﬁg&?éﬁtﬁnﬁknobéﬁmottn@oﬂs%a?onmemhéﬂevi ce 22
of the position detecting apparatus 74 1s supplied to the control operation

syst em Fdsitidh Geteding bpparMREh FIG.ONarBYIs SMOuABofipasitienal Bakolgition{ dacigw Ying the
anount of positional dethroughtion of the inages of two wafer marks to be
det ect edfithe caoter ¢fi theinher-franee thark @7 Aend thsfantohet of poditiank! degeowghtion( §%8f ém 23 in
FIG 1. This overlaying error measuring apparatus, |ike the above-described
enbodi me¥®)f thegantarpinke inpdrdragpinark R76 preteersired: Thes, 4djusimg thepessipngf dieem and

the detecting optical stemw th a high accuracy hy placing. the wafer 11
for adj FETRTCAAn Bpigal éfﬁ?ﬂﬁr@dmwmg@wapt %@pﬁéﬁ%&ﬁﬂﬂp\?éw@wn on the
sanple table . 71.instead. q he fe measurin e di stance between
The'i magael MU RERER B comtpveBosl o & 2 PTBBE K el B ol G R Frsdcen on
t he sa : : el HOR:B: ! e XY stage
(e, S sl ud B LG HEDEAT PO CRIBN LRI R MRS X1 St age
nmeasur edapd @hrouBR (Y SietddRSintbat 6Xahd BehadPREH B tHéSnaif coribu@dées Iy ng error can
be nmeasured with a high precision. Because two wafer marks to be detected
ar e f or neyinmatridalfaberratioh of ty @etscting dplieal syserd Ryompleredr or nmeasuri ng appar at us,
the position of the position detecting apparatus 74 in the direction of the
optical axis Adeschptian willewerie gixenwéthn adine ingardtias! fopthe llvainatinesysfendist ect i ng

the two wafer_nmarks, therefore, it _is desirable that, for exggrle t he
sanpl e tHb & For ikdistdoea oleBakn 2 h andReXerlensghe Srxisis heovaledlAder s of t he

i ect i GEPRE b ffosioSdh BRE B ERE GBE pfofeRomth S Pougag fie'
acoor dangheiiilh SEn G AREE: RELIRRA L ISHAIBHELANR 156, 1 1o (o vl er mar ks

associ at rection axis in such a way that each

mark i mage i%g@@ﬂﬁ@éﬁéﬂ@&%ﬂ%@ﬂmhfﬁgb t i FERARE B Sur hamEnQEMDe

i mage pickup device 22 in FI'G 1. Fur e projection aligner in FIG
14 or thademes iRFitG MEFG, TEERSEFdsfGcBPRA VRS FIG. A fewhldh thefigemakal |y
provided with an auto focus mechani sm which detects the auto focus position
of the A¥ehady¥ifd diengdier diatdr aetestd pherms3Ba with a fine widdf e fonaedibn o safice snsor

63 or the direction of the optical axis of the position detecting apparatus
74) and thowafsi high atisepitch PR dcelatice firm inghieck digkction wh 2 predetefmjpadstapddd. thicon of
the alignnment sensor 63 or the position detecting apparatus 74. In this
case, i rPilgefadbeingabaunea thdim.ohikewise, thesyeepnd gtk HYR has és pernberyipgeundpd

di stance bet ween pai r, of fer marks, .the neasurenent need qgnly be taken
whi | et VG siEYadpolion 2 frsfite dongaled YasRE rotoing piews o b ivdien a
to-be-detﬁﬁfqg k. LLkgﬁ%se hi %s desirabl e that during the adjustnent

i |1 ust r Y80 §IArReAt S RIET fa 23 PsH  BMhodi ment s, i.e., while neasuring the
di stance between the individual marks on the wafer 11 shown in, for
exanple, FIG 2, thé auto focus nechani sm should be activated so that

vari ous neasurenents can be perfornmed in a focused state. Noted that the
auto focus mechanismnmay be either the TTL type which irradi ates a
detection beamonto a wafer through the objective |l enses 10 or the off axis

- . . Y o,



As marks for adjusting the characteristics are fornmed on the 07 AU512002
measurenent-only wafer 11, 11A-11C in each of the above-described

enbodi ments, the exposure systemwhich is used in the production of the
characteristic adjustnment marks does net require a nodification of the
conveyi ng nmechani sm or wafer holder or the like, and the projection aligner
in FIG 14 and the overlaying error measuring apparatus in FIG 16 need not

be provided wWy:hi.g %iuelofm@rags%w&nn@mmeﬁmsmfﬁa ks3R and BB in f Or

measur enent onto the XY stage by neans of a wafer [oader. However, the
char act efid Xdirectidlii¢Dh G 2Bt 56 tdF L. 1R EHIPGsQ hedirfl nfieHMINGE tehan a
wafer, and further the place may be attached to or detached fiomthe sanple
tabl e 53cakscd pattiing 3@ hXving Seagathle)ind probpéingparer833b hgving &widtt ff (=tF2e ¢jjl at e on
whi ch the characteristic adjustnment marks are to be forned is not a wafer,
t hat pl anétleancdpd nmpki HiMEZhas thet fretridihggtaderes Bia aving fterwillthaded rezessédong as its
shape and size are the same as the substrate (wafer or the like) that is
conveyedatigms Hd hswbigdls wisth §, aml bothuoerke 501 88 HVIZ favsrthé elappghiphetvensnl t he
overlaying error neasuring apparatus in F sguare substrate is

|G 16. As
used i n FERTSER PULRIPEVEGIS TRRTSRf That issthg duly rati Oéﬂtﬁdﬁﬁﬁﬁsﬁégﬁtemsc?é? af b {ist o
di spl [ilt th | at e, whi ch th h teristi dj t
mar ks o L el il e BBl it 2 e S MY [ her . o
f I ' terhshi ' k d
be. seour o t ot paptrel il s GRELAR. RinE Mt AR BEDIS HEBRD BAF 0BloL, ™
" egul ar e asirfifcR RO AR ikl SralgE RRE SRR AboPlonke . iRy, W achfife BLOP T Lhe

position detecting apparatus. 1n-t cas e time ne or the

measur i fga gl WA e cORraShR i REeH] ARat GRTERDP IBAshoUTaIbe bt GREs0MBEr € a
measurenent-only wafer is used. Al though at |east one optical elenent is
moved to ad]j Usis detigablefihat cled dubhatia of e testss@bpattrnt BEa oflthelfivbtiadrk BIMISES0 em or
the image-form ng optical systemin the position detecting apparatus in

FI G 1, x/Bai%)) eopthedaty reficofdhd prooidingeattpms Bid efhedecandimank) HMEhEAPAX us may be
repl aced wi th another optical element together with the novenent of the at

| east orf@2Fe)) shauldhecapproximptely A8%p dihis ipecause, ibide Muty sriodetoasmphdhappar at us

I . Th ySt j ecti [ in.th b -d i, bed
o e TheLSERRre System, (b oot on oL idner) L Lbe Roreideperibed
and (he AL Ry AL S AR ST SRBAIDE LSSyl @Al 1o

instal | irEl_Qti\té}ﬁ)smlaiﬁ ok 1@ [ﬁﬁs’%‘éh gpg{e R RBPRMiRInY S35 XM it Infrk BM L add Ih figigBAr dvar e

provided integrally w rame on which the projection optical "system
i s hel d,of ARkirten duey phaeins 9Fa G thyecO Mirk HM2, MiK® is RREIHyThOGift bemept i cal

adj ust nent as explained in the above-descri bed enbodi nents, attaching the
reticl e sgipaig®y @n adja$teentsinmg of the ifiuniisition systent)) ipcemessataiien thas repecisg the t he
body of the exposure system connecting wi res and pipes, and perform ng
gener al adijsURAMpREIFILVIEY. ectri ¢ adj ust nent, operational checlc, etc.). It is
desirable that the mapufacture of the exposure system shoul d he conducted
in a clean roBihs HSHPER cﬁgo%ﬁ@&ep%ﬁ%@éosgf@g%@gg %ﬁllfg% forth
are controlled.

' h . th f the .
above- dég%ﬂerbaéﬁogﬁ‘er{ﬂ%aito Cpg%%g}’”gegr%‘gmt%g%g qi%ﬁr@@ﬁ%%ﬁﬁ%gﬁt&m%ﬁi ces on

a wafer, 1§ \ L ri . f:

Gesi gni e AR AFELEARCHILER SEBHGRS (¥ FropP REh iR E, M MAASMERe R | o g
reticl eshbasedeR0rhPhivecHeD)idhe ShaR sighadieh 6. AEORURE RO _@sipﬁeﬁ &H ih P a
silicon material, a step of exposing patterns on the reélc es on the wafer
by perf orQyinidgk poriigiyae portivsd I dnb R ¥@espording t@the first aZlOMM 120d Shest@mi i n
Figure 1, a step of assenbling the devices (including a dicing step,

bondi ng mirk pIM2 Heqackiad pgtiatse e cantrol opgpption systerrs13ein FAAAL datecfsarpokitiomhi s
invention can be adapted to the case of executing calibration of not only
t he al i ghinieofitheseanten of tha partion 8l ket the imagk isignd SHaand atpeeitionyEh? efthaigentar pbr
measur i ng apparatus but al so_ other inspection neasuring devices or the |ike
based orfh¢perienHswulasavirg agistanss Mhdwtwaep thegi g distange Vb takst akalvonhiehn be
adapted to the case ere tFle el ect[zonic opc%i cal . systemor the like of a

t
scani i ng® pPiained Ry ERiD, 36%@8 IS{aREe 9T 16 ImaEE PICKURTIAGE DYl CAPWE F or ce
mcros Corgggr&ﬁac‘:';mn Parctotr lbefrlohllﬂﬁé surface of the wafer 11A in FIG. 1 to the image pickup surface.
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This invention is not to be limted to the above-descri bed enbodi rne[?tsr E)lzlt
may take various structures w thout departing fiomthe scope of t he AUS 200
invention. Al the disclosures in Japanese Patent Application Serial No.

10- 27474 filed on February 9) 1998, Jgpanese Patent Application Serial No.
10-32788 filed on February 16, 1998 and Japanese Patent Application Serial
No. 10-85858 filed on March 31, 1998, each including the specification, the

scopes of theegd ieMiher pAlEofdhA PO BRNEhE RexRlS FIRGlare AbfediREARPQLRE €D
herein by reference. Industrial Applicability The first or second adjusting

met hod bpthe abgeesitibn Held d€the pbiifich depRas@Appera®i id FIGS 1, 04 ﬁfétiin@?; di@nl ke
advantage that a plurality of grating marks for neasuring the necessary
char act ériimbgcgiclapniceis 22 is paovdssad avin dieadaye dIFIG OF torchuird er didtarce MH2he
position detecting apparatus such as an alignnment sensor provided in an
exposur &hiphgs & irestion distastedeteen He centereof dfe imageudf alvet third mgrkddMBeadthesuch as
sem conduct or devi ces, can be adjusted with a high precision by using marks
and t he CoV&Of Hipiimgeqeides HrEhmerk in fezms 9ighg lepgtibowthe wrfird14an” ensure nmass
production of_ devi ces, such as high- peﬁﬁr mance semni condugt ogpdevj ces, with
a high yi el d.Thehdhgsopiel opgfatiad $YRGMASIR S fgemguiss b AmEHnt 9 ERIOPERSORp par at us
has t he e t hat trical ,aberrations .or the |] f.th

ot ect | HPse0h Bemesy Ao AR, sffie besh M PR Pa gt e ases SRS OB Srer of y
measuri g j i I i ng marks
with di ?‘%éé%ﬁ? ggrfgtlg\gsgegﬁse ﬁ@%‘féﬂiﬁﬂﬁ%@ﬁﬁ’?ﬁgfééﬁ"85%%3%%3%%8{%9?%2 wi dth of
the pr Odeé@hﬂGcé?ﬁtﬁﬂtm%e il K AWy stE R ®f %%@Q@or@d@ké&ﬁﬁg PaARE PG or a

posi tion detecting dpparatus has iyhe advant age that an adjustnent error,
such)as a posi MroagMhdetMu2yagheapn of the aperture stop of the illumnation
0 7 Alla 2002 57 system can be corrected with a high precision by nerely
measuri ng t h&Vithost anadjushe¢nneror if thedllimingten sgdtdm,ahqdmouat oftdethodughtiat Ong mar ks
whose recessed portions and protruding portions are reversed. The first or
second P¥iobiaingd iethe abdvagnaapp shewldibecome nparky Zevoy Wit Brpdiimagserathe first or

second adjusting nethaod for a position detecting apparatus of this

i nvent i 6¥MAINAE By BE HEHRRLOR 8YSFh, heWFYeshe apquakbplshifts ahthaanagss obthe fyp s

i nvention, - be- ected mar revi.gusly rotated by a det.er m ned

oo e | ST waf HAFS Bty o e St teh R gp ulseps B RRELEETR Y,
turn th t I AT 1 i he opti cal
system &ao@§%?téﬁ?§g%§@§%&é¥ﬁ§u@53ant agetbtgﬂrg?&%lﬁgbgéorlﬂgrg%gﬁg%lgy%asured in
a short ag@@i@gmg%e.ti me and there is no reduction in the precision caused by
the rotation of the substrate so that the error can be neasured with a high
preci sion. | tSpesfitdg| £tadig pothii drbedinent teldiph ahfsizd éfahe amslmeetd error

qui ckly and with a high precision. According to the first or second

eval uat idethreightianr AtMX chinge édjoaerdintg witbttirombsitibn ofths ¢ stopd of e ilbenindien used.
Further, the pattern detecting apparatus of this_invention can use the

optic f}' sysjen EhFISH L u Shereipravihersentral Pperpion sysiee A8 ioHG. Aadiusiethe ppsitongfjthest i ng
met hod for a _ppsitiogn detecti.ng apparatus uses_an eyal uati on mark ichis
Subst ant 3109y R ] € HHOP RS R ACHEERB TSRS SE EICR? N S SOHRYFS DAl

eval uation rk hard change n en | uat | rk.is r ted by
oo 1 1SR A B e SRBRRRL o RRERT MAC IR bRl B B Ret PR WU

high ac %ﬁ?&fﬁhé’@rﬁ%e% fucg@gﬁjﬁkeefo% %Ik@%ﬁ%’%é){‘ﬁee me%%dta%ﬁﬂ tRE arh&ﬁlt bt ke of the

optical system an ust (correc error th a high accuracy. In
the casegiciifipBids SMR ie¥alhiat ydibditing iR HeEkedROSS ifi€ HeRfudtien {239 nand two
end portions that constitute the eval uati on mark aregratng marks whi ch have
I ecess edhgaldstradis ofuhd ppeidm afdheng sopr3 is oti@plaled by reptaing thendikstaiel i cal |y | aid
out in the nmeasuring direction and which have different ratios of the width
of the nmeasgsmentpod theadpstment dfghapadition of the i9e stpp duntildhemngot ofi ons, t he

eval uation mark can be fornmed accurately. And, the detecting optical system
or the idethiorghtien 8MXyallsarithimibe plovablargeged with a hi gh accuracy. The third

osition detecti a tus of this {.nvention can use that adjustin
et hod. Accor®f AT G &Qﬁﬁ%wm@n@g%wwﬁﬁﬁeea@? W_ftﬁit@ X ﬁ\&%@#&?ﬁ the mark
e et g S E T o B LS 5 o oo s SR PDiPe Ph b

also be performed by measuring the distances between the images of the two pairs of marks 25Y,



0 7 ~~1G 7.0D7. 58 apparatus of this invention, so that an exposurggé%g;ﬂﬁi
havi ng a hi gh overl ayi ng precision can be manufactured. 0 7 AL6 9
CLAIMS 1. An adjusting nethod for a position detecting apparatus, equipped
with a detecting optical systemfor cgpdensing a flux of light fromone
to-be-detected mark or a plurality of to-be-detected marks, for detecting a
position of said one to-be-detected mark or relative positions of said

pl ur al i g yQfonehd e aeie bR teSrhréan Ksn PR tnd @cqc'?ﬁi;:% the dttferBicelbb@fibn oRAENsEd by

sai d detecting optical system characterize conprising: (a) preparing a
pl ur al i tdystambesgr ati ng marks which are forned on a predeterm ned substrate in
a vicinity of one another as said to-be-detected nmark, said grating marks
each havi ng rkheesstenabndjusanejtefthe ooaa edricetioiadpeibal sgstn PeiniKIGI Taldtire pr ovi ded
in a predeterm ned neasuring direction and haring different ratios of a

wi dt h ofpositidrid] adjestisens of the @ stepdtih thefabevaidtsqibed crebadirnend may by carriedditat i ng an
illumnation |ight on said plurality of grating marks; (c) formng _an inmage
of said %ea?ra!ram?w Iois typeanatasighatat e h@ﬁ@“&acguwwémesmﬁm&wsﬁrspcm@eew ifa
condensing a refl.ection lLight, flux fromsaid gating marks il|um nated by
sai d 1 I ISR R Feitectipg oigh sisier (maessiorming OBt BalemlyAaiusien 5)

measurin di st ance be id plurality of..gratin rks in said

measur i r?gSS |1? ?@‘?“6%“‘8%%@%@‘%@3@‘? %?Hfaﬁgtd%lhﬁ#osr%f{g%ﬁﬁﬁ? 3‘8]18[ C&P‘}“@V ating marks
f or med . Sal ] r ' ' ' : i ned

opt { cal "SRt EPRABHSE "G S R RRthok ik R HolE bl BRRUS G |
nmeasur edgval ue. 2, The adjusting nmethod according to claim1, characterized
inthat a ratio of said width of said recesses of one of said plurality of
grat d ng mar kalibongriha tashitiyg sethalisabjusied adtreraoyelibg Atjustng Siti dmeiceirértion sai d
projections is 1:1. 3. (anended) The adjusting nethod according to claiml
or 2, claticatsysteang BaliniFIGt hat this aimtlodimertcthisngn@ pesirtive by Stegamainipg apma

i mge-form ng optical systemfor projecting inmages of said plurality of

gr at i ng anglpkethermberraionsl(pertisular!y epmpaeiriel ppearation) apwy bs adjgsterhandgemoved by

characterjstic to adjusted.is . a coma. . 7 2U02 .
ad]lustgng the posg%ns o% rotational angies o% O{E%r optlcg mem'AB']crcs;, suchl? as tgeo objective lenses

10 and the half prism 9. Further, at the time of adjusting the illumination state, not only the
position of the 0 stop 3 but also the position of the light source 1 or the position or the rotational
angle of the first release lens 6 or the second release 8 may be adjusted.

Another example of to-be-detected marks that can be used at the time of adjusting the
detecting optical system and the illumination system will now be discussed with reference to
FIGS. 8 to 10.

FIG. 8A shows a pair of marks with a rotational angle of 0° formed in the vicinity of
the two pairs of marks 25A, 26X along the X axis in FIG. 5. In FIG. 8A, one set of marks 25XA
and 26X respectively have the same shapes and the same positional relationship as the marks
25X and 26X in FIG. 5, and in the vicinity of those marks, one set of marks 25XB (marks with a
rotational angle of 0° ) which consists of a fifth mark HMS5 and a sixth mark M6 having the
same shapes and the same positional relationship as the first mark HM1 and the second mark
HM2 are formed. In this example, after the distance Mh1 in the left-end marks 25XA and the
distance Mh2 in the center marks 26X are simultaneously measured in the observation field of
the position detecting apparatus in FIG. 1, for example, and the amount of dethroughtion 0 MX

(whichis & MX1) is acquired from the equation (23), a distance Mh3 in the right-end marks



4. An adjusting nmethod for a position detectins apparatus, equi ppe@ \L/}(rutrri g?”
illumnation systemfor illum natine one to-be-detected mark or a V dlp y
of to-be-detected marks and a detecting optical systemfor condensing a
flux of light fromsaid to-be-detectedgzmarks, for detecting a position of
said one to-be-detected mark or relative positions of said plurality of

t o- be-det ected marks based on said fhu of |ight condensed by said detecting
opti cal 25Xl hetdiMne M2I i 818 cblerGRATRY 263 46 simuRincBhPRlehdiftdan Bkl ai ity of
grating rnarks which are formed on a predeterm ned substrate iti a vicinity
of each obidheition Sicldpind theoamiemest REFQELARY B MX avBlch isx@MXDY iTmRGkfeddgch havi ng
recesses and proj ections alternately and periodically provided in a

pr edet esabstieting®aSiin plage ofi ML ini theeqaaibn(33) Me sikwhoflasipims fhthe resalisbfr ecesses
and said projections of one of said grating marks are the inverse of those
of the deleetionon thewbserwdtion gicldtcambe reduded by, for)eximnplestakingithe negagsdiavtopitwf al ity

of grating marks by an illum nation light irradiated fromsaid illum nation
syst em dedyourhiion of gheamquiis b dehrogglitign ) Ml and 0 MX2p ampwgmeustied ont o a
pr edet erm ned surf by condensing a reflection light flux fromsaid

plural i £t _ g*“ll%gl ~marks illuminated by said illumination Iight through
Bl ural ity of B PG le Ear P S Lt P 2o OB eBA 64 Eed) 1 mmge
of sl ¢y Al Whalichuridh aBEAh 19 RIS QRIRnYig @ d predetermned surface;
and (e) ad] usting p predeterm ned optical characteristic of .said

i |'1um nati on [3¢sé W%é%leqﬁarﬁﬁfoguﬁ%&%ﬁﬁﬂgMﬁ'ab'ﬁnmétﬁgéﬂﬁﬁexﬁ@bﬁ@ﬁ fpg met hod

according to claim4, characterized in'that said optical characteristic of
sai d)i | lewathplatthOfeteyiss Bpfidasyiemat BS. effolhedronnBSiviabdofiawaterll Bri6r

perpendi cular to an optical axis of an aperture stop in said illumnation
syst em a6justiilest aelp pait ofygadkeR9X domisting dfiarfgstinmric DM Inand acecond nekaPMeteacti zed i n
that two second grating marks, which are different fromtwo first grating
mar ks haWwying a pattsss akeychnhigcqspesjapd pioinsdonain in Xediesclionaad ddd ingeriesde eathot her

Cach M g Ses S SIR LSl o A OB A Rl A cpl o ded
t i dt h .of id. i i e f ~ i bst i

20eSS oot e R RSS2 TR R R Hid® 7

charact @i skl theHrst S 1 Ms@&%h%ﬁrﬁﬁﬁzgmﬂe%( é‘i?'éch&{ £HL B gt d

; sed
di stance between sal égPMst brating ma and after sail g‘ gg‘jrustl ng of said

optical 3oKabaaiidfh Mildinsk DA shd oA ARG which hevB thesAleshans s et ween said
second grating marks in said measuring direction through said detecting

opti cal nsaried BM1iand N2 aslthe dishAacqdesighicdal tdybaeveaf whiah & I3decond grati ng
mar ks, and a predeterm ned optical characteristic of said detecting optical
system i s nedsuthedohmesiede o itk df marks 2X¢ dnd Y mdonglthe Yaatjs wdtidhigvertht hod
according to any one of clains.1 to 6, characterized in that said plurality

o

of gr at iSAeperal the v pairs of matksi2AX gd PR rqteedlay W e FsthisickgmelF teoe oIS 8h sai d
Suost o  BAoF P 9808 APLDCE) 0 2.0 TR DAL, SLdiAAhEgR oS
the two pairs of marks 29X and 30X along the X axis in the X direction.
In this example too, the pair of marks 29X along the X axis in FIG. 9 are moved into the
observation field of the position detecting apparatus in FIG. 1.
FIG. 10A is an enlarged plan view illustrating one pair of marks 29X along the X axis
shown in FIG. 9, and FI1G. 10B is a cross-sectional view of FIG. 10A in which the first mark
DM1 has five elongated linear recessed patterns 31a with a line width a formed on the surface of
the wafer 11B at a pitch P in a lattice form in the X direction with a predetermined step Hd, the
pitch P being about 5 to 20 & m. Likewise, the second mark DM?2 has five elongated linear

recessed patterns 32a with a line width ¢ formed on the surface of the wafer 11B at the same



within a range of 40 to 60 nm ~1 position detecting apparatus whiclf7 Aub200?
detects a position of one to-be detected mark or relative posirions of a
plurality of to-be-detected marks, said nmarks having recesses and
projections and generating a reflectigg light flux when the marks are

I 1lum nated, characterized by conprising: an illum nation system which
irradiates an illumnation Iight on said to-be-nmeasured rz~arks; a

det ect i cl?PEﬂ mmcay&frﬁmtﬁebaau&raafmﬁ% sfp ffcf %'ﬁ&réeh&mvafc EJ rom said
one to- measured mark or saird plurality o e- measure s onto a

pr edet ernﬁeasuﬂﬁh gireEtRmetha Aithed BBwRR the BRARr S thSRsCnkR DMt FRABYEQEBP@E! . G5 on
sai d predeterm ned surface; a phot oel ectric detector that outputs a

det ect i gecont giaak DM ik €& pOi disifed Palgdfdd. MBEAIiNIncE Bdds iprdemireigSukethomar ks
fornned on said predeterm ned surface; a cal culator which cal culates a

di stancetbet ween said plurality of marks in a predetemn,ined neasuring
direction based on said detection signal of said photoelectric detector; a
posi ti otaing Ihﬁﬁﬁ%ﬁbmlﬂ%ﬁleﬁ%l(@@ﬁﬂsﬂd&fﬁﬁ@asfter%hﬂMzwhOa}ﬂ bspeliteal member in
sai d detecting cal syst af f ect pr edet er mi ned optica

char act é‘PP’QE"i”&?‘C(?gﬁ@toam@é‘ﬁ% rlgﬁl]l c%‘ﬂ%‘?? t@ﬁf%‘ﬁaﬁtwfﬂﬁl’@é&ew thgse

posi tionin I.n, sai.d redeter ned

d
Boe o Mo T Bbih Bt ol BESEE e b Oheh oBRhf B BT 28
200.2 .62 s?o"ﬁl e}f @Is SB:Z) Hdbb&gr%est grgar?erqﬁ a%autqgo %pggo?ﬁ[eyr?cal step- 1n9uce8 a VCcJ%s% a

pOSItIO one
optlcal effects, such as vignetting, occurs, making it difficult to get highly accurate measurements.

) Further, to obtain an image with excellent contrast for each mark, it is desirable that the step be
40 to 60 nm.

In this embodiment, the ratio (a : b or a/b) of the width a of the recessed patterns 31a of
the first mark DM1 to a width b of protruding patterns 31b (a + b = P) differs from the ratio (c: d
or c¢/d) of the width c of the recessed patterns 32a of the second mark DM2 to a width d of
protruding patterns 32b (¢ + d = P). In other words, the duty ratio (100 x a/P (%)) of the width a
of the recessed patterns 31a of the first mark DM1 with respect to the pitch P differs from the
duty ratio (100 x ¢/P (%)) of the width c of the recessed patterns 32a of the second mark DM2
with respect to the pitch P. As one example, the duty ratio of the recessed patterns 31a of the first
mark DMT1 is set to 50% and the ratio of the width a of the recessed patterns 31a to the width b of
the protruding patterns 31b is set as follows in this embodiment.

a:b=1:1,orab=1 (24)

The duty ratio of the recessed patterns 32a of the second mark DM2 is set to about 10%
and the ratio of the width ¢ of the recessed pattemns 32a to the width d of the protruding patterns
32b is about set as follows.

c:d=1:9%0rc/d=1/9 (25)

In the case where the two marks DM1 and DM2 arranged close to each other in the X
direction in the above manner are observed by the position detecting apparatus in FIG. 1, an
image signal obtained by reading their images in the X direction by the image pickup device 22

is an image signal SD in FIG. 10C. This image signal SD may be acquired by averaging an



detected mark or zelative positions of a plurality of to-be-detectell7nil5K80)]
said marks having recesses and projections and generating a reflection
light J'lux when the marks are illum nated, characterized by conprising: an
i1lum nation systemwhich irradiates gg illumnation light on said

to- be-detected marks; a detecting optical systemthat condenses a
reflection light flux fromsaid to-be-detected marks onto a prodeternni ned
surface,-rﬁégé 'mf [ =Hes det r [ .

pr edei enx~l gi;ggﬁlg&t}t%g%de; a p%{‘)%tggkgaée ??égﬁ%‘g@ergi&féfﬂt a'tiﬁ(%\u@pr&tlftsghgecélg?’ecti on

sigr-~, aintﬁ@ﬁ@ﬁﬁ@mﬁhggﬁmoﬁgf@ﬂcﬁ&g@ of said to-be-detected nasks forned on
sai d predeterm ned surface; a cal cul ator which cal cul ates a di stance

bet ween sai dIpFMG. a0C] the BérizdBtakaid BpréseRtsAGREIBENK Wethe FRAKKHg dRELtEh, 88t | ON
based on said detection signal of said photoelectric detector; a

posi t i ottiepgsitiemEertublaicpreditd d mRision whickdsébtanddarytmfiplging tetposiddn heker in
said illum nation systemwhich affects a predeterm ned opti cal

chFt r acprsdé¢temmiined rafetenge paintandhe inpge pickemsusiyestaf thevilmagdpickup\desics 23 i F1G.
positioning nmenber in order to reduce an error in said fr edet er m ned

opti cal 1(‘?9124 %lchwmg@iwg”&g@w faftora® fEame the svrfash of e wafer A dnk1G- 240 He at or .
10. Al ti - dj usti th dj i det 1 ned
opt 32| R es il vt of wf etk Bie 5 ke Pidesmin e biG) T h o

i i ati Ll um i i t t.0- be-d d bj d

JEpn e R e

t o- be-d | I | 1.S1, Q. 3 [ first and
second 15t GerdRratk DMPAIA! Sl pifloh MM AN Gl L bl ¥ *and
prepari pg; BdreBNGHdHRlth B iRUASSRL Rcifd ik ®MA hird and fourth to-be-detected
mar ks whi ch are the sane as said two to-be-detected marks rotated by a
predet er m nedhaogit@®! verdtnipdierh aB & FIGY 1 s@juttegndibtincd Md bohetdtthodakr p ar e
formed, said to-be-detected narks each have recesses and projections, and a
r ef | ect positidn Xt offthexortion Bl 4nid|thendentat pasition Xd2 ofithie pertian 1132 fromithghimage r adi at ed
fromsaid illumnation systemis generated; (b) irradiating illum nation

| i ght oBigs&liSEp- Wik ng abprrabienprgsenbinfle. detacking QiicHdysten, this distance Md should

become the designed distance Dd in FIG. 10A. If a coma remains in the detecting optical system,

however, the amount of change in the image position caused by the coma differs due to a
difference between the duty ratios of the widths of the recessed patterns 31a and 32a of both
marks DM1 and DM2, so that the distance Md1 does not coincide with Dd.

Next, the other pair of marks 30X along the X axis in FIG. 9 is moved into the
observation field of the position detecting apparatus in FIG. 1, and the distance which is the
distance between the images of the marks DM3 and DM4 in terms of the length on the wafer is
acquired. Thereafter, the coma is adjusted by adjusting the position of the coma correction
optical system 16 in FIG. 1 in such a way that the two distances Md1 and Md2 coincide with
each other within a predetermined allowable range. Likewise, the coma in the Y-axial direction
is adjusted.

Although marks rotated by 180° are formed beforehand on the wafer for adjustment in
the above-described embodiment, another pair of marks which are a pair of marks rotated by a
predetermined angle 6 (0° < 8 <360° ) may be formed on the wafer beforehand and the
distance or the like between those two pairs of marks may be measured.

Further, depending on the type of aberration to be measured, for example, a pair of first



0 7 BUG 2002 63 (c) condensing a reflection light flux fromsaid fi@zt %%’M
second to-be-detected marks illumnated by said illumnation |ight AAJ
predet erm ned surface through said detecting optical system and form ng an
i mage of said first and second to-be-dgjected marks on said predetern ned
surface; (d) neasuring relative positions of said first and second

t o- be-det ect ed marks based on sai d i mage of said fast and second

t 0- be- defggl %‘Oimﬂ%?ge%oﬁ&ﬁﬁ&g th| rtﬂ g ﬁ&?fgﬁ?ﬂ‘é‘ﬁmgta%%&%@“ L Bdir offiadll ating

an illum nat’i 't ght on sai etecte mar (f)

form ng @ik FRRE a8 thé paiflof ftbtsbrd YWiatawyuh° t and e pALSIEEHB AN IRS Kfﬁlcﬁﬂrestl?é d
predeterm ned surface by condensing a fefl ect | on light flux fromsaid third

and f our gdir df ehiklemakis fedtedbyEBIR'S nial e Formad eflthe yada befotdhhnidnaaiid igragd-i ght
through said detecting optical systemwithout xotatinb said subst rate; (Q)

measur i nigrmiag apiicabsystesi dridahsillomimbondsystemrmayebechdfusied bi akoudings etisahead mar ks
based on said image of said third and fourth to-be-detected marks fornmed on
sai d pr etietaes dritentad witly the pair ofthigd fiadks ani the painef favrth marks. Antbissines apar of

i1lum nation system and said detecti n(lg optical system based on neasurenent

resul ts iih @ﬁﬂfﬁ yhidnarethe peig et firgymarigye aéﬁ&thy(:laﬁ 3 94 epRinefjsixh mags whichod
accordi na%e th% p%llr%k E}tﬁ' markcsr}gt%t%g S)y lé&’e mayr%urthcr EJC formed on the wafer. With regard to

the optical characteristics to be measured, the characteristics of the individual components in the
sagittal direction (S direction) and in the meridional direction (M direction) can be detected by
using the pair of third marks to the pair of sixth marks of those four sets.

Although a pair of first marks and a pair'of second marks which are the pair of first
marks rotated by a predetermined angle (e.g., 180° ), for example, are formed on the wafer in
the above-described embodiment, the relative rotational angle between the pair of first marks and
the pair of second marks, i.e., the actual remaining rotational error of the pair of second marks (in
the Jayout direction) with respect to second marks (in the layout direction) on the design in the
case where the pair of first marks are accurately rotated by the predetermined angle, may be
measured beforehand. When the measured remaining rotational error (the difference between
the actual rotational angle and the predetermined angle) is greater than a predetermined value, the
distance that is detected with, for example, the pair of second marks may be corrected in
accordance with the remaining rotational error. This can provide the distance between the pair of
second marks that are the pair of first marks as a reference rotated accurately by a predetermined
angle.

Although marks for adjustment are formed on the wafer for adjustment in the above-
described embodiment, those marks may be formed on a reference plate, such as the XY stage.
[Third Embodiment]

The third embodiment of this invention will now be described with reference to FIGS. 1
and 11 to 16. As a target to be adjusted in this embodiment is also the position detecting
apparatus in FIG. 1, the description of the structure of the apparatus will be omitted and only the

method for adjusting its optical system will be discussed. In this embodiment, a wafer 11C is



adjusting at |least one of said illumnation systemor said detecting .
optical systemin such a way that a distance neasured for said fiﬂztt\l@ﬂ%ﬂl
second t o-be-detected marks becones equal to a distance neasured for said
third and fourth to-be-detected marks.,,12. The optical -system adj usti ng
met hod according to claim 10 or 11, characterized in that said first and
second to-be-detected nmarks are a pair of box-in-box marks. 13. , The
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consists of a first mark DM31 to a third mark DM33 and which has the shape of the evaluation
mark DX rotated by 90° . The evaluation mark DX along the X axis is substantially line
symmetrical in the measuring direction with the marks DM21 and DM23 having different ratios
of the widths of the recessed portions and protruding portions located on both sides of the center
mark DM22, and the evaluation marks DX and DY are used for adjusting the characteristics of
the detecting optical system.
Also formed on the surface of the wafer 11C are a second evaluation mark HX along the
X axis consisting of a first mark HM21 to a third mark HM23 each having cyclic recessed and
protruding patterns in the X direction and a second evaluation mark HY which consists of a first
mark HM31 to a third mark HM33 and which has the shape of the evaluation mark HX rotated
by 90° . The evaluation mark HX along the X axis is substantially line symmetrical in the
measuring direction with the marks HM21 and HM?23 having reversed patterns of the recessed
portions and protruding portions located on both sides of the center mark HM22, and the
evaluation marks HX and HY are used for adjusting the characteristics of the illumination system.
When, for example, a silicon wafer is used as the wafer 11C, those recessed and
protruding grating marks can be formed with a very high accuracy through steps, such as
application of a photoresist onto this wafer, exposure of the projection image of the
corresponding reticle pattern, developing of the photoresist, etching and resist separation.
FIG. 12A is an enlarged plan view illustrating the first evaluation mark DX along the X

axis shown in FIG. 11 and FIG. 12B is a cross-sectional view of FIG. 12A in which the center



on said predeterm ned surface. 16. The substrate for eval uation agggg@im@
to claim 15, characterized in that said fu~st and second to-be-de 3
mar ks each have recesses and projections alternately provided and have
different ratios of a width of said reggsses to a width of said
projections. 17. The substrate for evaluation according to claim 15,
characterized in that said first and second to-be-detected marks each have
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illum nate y'retlection light froman illumnation system characterized
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adjusting an optical characteristic of a detecting optical system which

f or ns anapprdraately 4036 60 fii ms Actmdingly,dbd entee df tirarnacgk DM22 op thediesign stionkdd
surface. 20. The substrate for evaluation according to claim19,

char act e¢dinads With tha gentera phthe marks 2821 g BYI23 on bosh pidesdn theaneaguripgrdissctionc| ude
a pair of marks having the sang shaﬁe and one mar k_sandw_ched between said

pai r of mar ksltan¥Fsianis tha the sten (depthl el ef cerk ok the vtk B2 10p DMz 3shgaldbe gt
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and proj r%ﬁxtlés (axq)%s ﬁh& %ra%o%%s k6 g&i b%@&m%‘i‘ﬁé?&‘ﬁk %Qrki "l'ogpering the position detecting
precision, If this step Hd becomes greater than about 100 nm, step-induced adverse geometrical
optic effects, such as vignetting, occur, making it difficult to get highly accurate measurements.
In this embodiment, the ratio (a : b or a/b) of the width a of the recessed patterns 41a of
the mark DM21 (like the mark DM23 on the other end) to a width b of protruding patterns 41b (a
+ b = P) differs from the ratio (c : d or ¢/d) of the width c of the recessed patterns 42c of the
center mark DM22 to a width d of protruding patterns 42d (c + d = P). As one example, the
width a of the recessed patterns of the marks DM21 and DM23 is set fo 10% of the pitch P and
the ratio of the width a of the recessed patterns to the width b of the protruding patterns is set as
follows.
a;b=1:1,orab=1 (31)
The width ¢ of the recessed patterns of the center mark DM22 is set to about 10% of the
pitch P and the ratio of the width ¢ of the recessed patterns to the width d of the protruding
patterns is nearly set as follows.

c:d=1:9,0rc/d=1/9 (32)



shapes that said recesses and said projections of one of said secdhtl AU5 7001

t 0o- be-detected marks are the inverse of those of the other one of said
second to-be-detected marks. 22. The substrate for evaluation according to
claim 21, characterized in that a marlgghaving the sane shape as one of said
two second to-be-detected marks and | ocated on an opposite side of said one
of said two second to-be-detected nmarks with respect to the other one of
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mar ks including a pair irst marKs arranged along a first direCtion and
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first direction and having the sanme structure as said pair of f rst marks;
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t o- be-det ect ed subj ect through an objective optical system a detecting
syst em whitions pEpationsdD31 prd I&Stdonpspoidjhg toftheimagenrdithet aetks PYRA1ead BMAr ks and
transmtted through said objective optical systemby nmeans of illum nating
sai d t o-ahBorksadiheqome dark pprtions and pperHa Y coFaspanding l9ahcimags pibe £eBFT| i ght

flux on a ermned surface; a calculator.fo al cul ati re ive
bosr t | orarE PFE} FRePRERs of pnRER pfheilin AR bhoing losbisi Bl o il 1T ona
i nformatj.on Qf.q$3 d pair of second marks based on an image of said marks
formed on said preédeterm ned surface by said detecting system and

The control operation system 23 in FIG. 1 acquires center positions Xd21, Xd22 and
Xd23 of the portions ID21, ID22 and ID23 as the positions of the individual marks from the
image signal SD, and then computes the average position Xd24 of the marks at both ends as
follows.

Xd24 = (Xd21 + Xd23)/2 (33)

Then, the control operation system 23 computes a dethroughtion Md (= Xd 22 - Xd24)
of the average position Xd 24 of the marks DM21 and DM23 at both ends with respect to the
position Xd22 of the center mark DM22 of the evaluation mark as a relative positional relation.

With no aberration present in the detecting optical system, the dethroughtion Md should
be a predetermined, preacquired reference value DO (0 on the design), If a coma remains in the
detecting optical system, however, the amount of change in the image position caused by the
coma differs due to a difference between the duty ratios of the mark 22 and the marks DM21 and
DM23 (the ratio of the widths ¢ and a of the recessed patterns with respect to the pitch P), so that

the measured dethroughtion Md does not ¢coincide with the reference value DO. Because it is



an adjusting nmechani smwhich adjusts at least a part of said illum nantj 225 00
system said objective optical system and said detecting system based oOr Zi
calculation result of said calculator. 27. An adjusting nethod for a

posi ti on detecting apparatus, equi ppedowith an. illumnation systemfor
illum nating one to-be-detected mark or a plurality of to-bedetected marks
and a detecting optical systemfor condensing a flux of light fiomsaid
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mark or relative positions of said plurality of to-be-detected marks based
on sai d rélhtibnskip betwgld the anedensbdttiyughtordMdehné tie ireferemqatviaina DOS ths taitfot,
characterized in that: 0 7 BUG 2002 67 (a) a substrate forned with an
eval uat ioperaner $ysteand3rig FEG.deadjusts thegrositiomotberprmaexiredfonaptient systemaltd
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formed on said predeterm ned surface; and (e) a predeterm ned opti cal
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is adj usted based on said detection zesult. Z8. (anended) The adjusting
met hod adowatdé ragge, checiforemeioned adiwstroent isi camrigd jont aghiat Aathelabaetdegeribedf sai d
center portion and said two end portions, which constitute said eval uation
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(amended) The adj usting method according to claim 27, characterized in that
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evaluation nriark to be irradiated by said illumnation light, are grating
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While the aforementioned reference value DO should reach 0 because of the symmetry of

the evaluation marks, the actual reference value DO may not reach 0 due to a slight asymmetry of
the evaluation marks due to a production error in the patterns of the reticles used at the time of
transferring the evaluation marks or a production error, such as an etching error at the time of
forming steps on the wafer 11C, and distortion or the like of the detecting optical system. Before
the aforementioned adjustment, therefore, it is desirable to measure the actual value of the

reference value DO. This can be readily accomplished by using the average value of the first



Wi th said substrate rotated by substantially 180 , detecting a relative
positional relationship between said center portion and said two end 7 ALS 2002
portions of said evaluation mark with resect to said neasuring di recpi ot}] ‘as
a second positional relationship throd4gh said detecting optical system and
adjusting a predeterm ned optical characteristic of said illum nation
systemor said detecting optical system based on said first and second

posi t i onatastreinaiti and stiei speond Jkasurdmend with theownfetd i € catatad) 1800 p sas disolosadtin the
detects a position of or detected mark ox relative positions of a plurality
of t 0- be'ddatreant treframck o inalw sectiqas Ofriec tAirt asd 'St Erebehimatrithg a refl ection
light flux when illum nated, characterized in conprising: an illum nation
syst em whi ch $pecifidilly imghia smbodimentnafter tw dethrgrightion of thie dveragetpositien efdhed mar ks;
a detecti n% tical systezrx which forns an i mage of said to-be-detected
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and sand detecting optical systemwhich affects a predeterm ned opti cal

char act egsitd referen@fithhlge DONt r ol operati on system whi ch drives said

posi thoning nmenber in order to reduce an error in said predetezm ned
optical char 200 erMsili+cedB@sed(3h a cal cul ation result of said

Even if there is a remaining coma in the detecting optical system in FIG. 1, therefore, it is
possible to detect, with a high precision, the error A Md of the dethroughtion Md of the centers
of the marks at both ends with respect to the center mark produced by the coma.

It is to be noted that the method of measuring the reference value (true value) by rotating
the wafer 11C causes the evaluation marks on the wafer 11C themselves to be turned 180° |, so
that if the evaluation marks do not have symmetry (line symmetry with respect to the center axis
along the non-measuring direction (Y direction) perpendicular to the measuring direction), an
error compaonent originating from distortion or the like of the detecting optical system may be

) superimposed on the measured values of the positional relationships of the two marks before
rotation and afier 180° rotation. With regard to this point, according to this embodiment, the
evaluation mark DX has symmetry as shown in FIG. 12, so that the symmetry of the evaluation
mark DX is kept before rotation and after 180° rotation and the reference value DO can be
measured with a high precision with no error component originating from distortion or the like of
the detecting optical system.

In general, a position detecting apparatus needs to measure the mark positions in the two
directions (the X direction, Y direction) or the relative positional relationship. As in the case of
the aforementioned adjustment associated with the X direction, adjustment of a coma associated
with the Y direction can also be performed by detecting the positions of the images of the

individual marks DM31 to DM33 of the first evaluation mark DY along the Y axis on the wafer



cal cul at or. 0 7 AUG 2002 69 33. An exposure system having a posi tggn 52007
detecting apparatus as recited in claim8, 9, 26 or 32, a nmask stag V\MJCZH
hol ds a mask and a substrate stage which positions a substrate onto which a
pattern of said mask is to be transfedRed and on which an alignment mark
for alignment is formed, characterized in that positional information of
said alignnment mark on said substrate is detected by said position
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carried out based on the detection result. 34. The exposure system
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axis shown in FIG. 11 and FIG. 13B is a cross-sectional view of FIG. 13A in which the center

mark HM?22 has its periphery surrounded by an engraved portion 34 and has three elongated
linear protruding patterns 44e with a line width e formed at a pitch P2 in a lattice form in the X
direction. The pitch P2 is about 5 to 20 4 m.

The marks HM21 and HM?23 of the same shape are so formed as to sandwich the mark
HM?22 in the X direction. The mark HMZ21 has two elongated linear recessed pattems 43e with
the line width e formed on the surface of the wafer 11C at the pitch P2 in a lattice form in the X
direction with a predetermined step Hh. That is, the mark HM21 at one end (like the other mark
HM23) has the recessed patterns 43¢ having the width e and protruding patterns 43f having a
width f (= P2 - ¢), and the center mark HM?22 has the protruding patterns 44¢ having the width e
and recessed patterns 44f having the width f. The marks HM21 and HM23 at both ends and the

*) center mark HM22 have only the relationship between the recesses and protrusions reversed. In
other words, the duty ratio of the recessed patterns of the marks HM21 and HM23 at both ends is
set equal to the duty ratio of the protruding patterns of the center mark HM22.

The width of the recessed patterns of the marks HM21 and HM23 at both ends, i.e., the
width e of the protruding patterns of the center mark HM?22 is set to about 5% to 10% of the
pitch P2 of the marks as one example.

In the measuring direction (X direction), the distance between the center of the mark
HM21 and the center of the mark HM22 and the distance between the center of the mark HM?22
and the center of the mark HM23 are set to a designed value Dh. This distance Dh is
approximately 40 to 60 & m. In this case too, the center of the mark HM22 on the design should

coincide with the centers of the marks HM21 and HM23 on both sides in the measuring direction.



usi ng said adjusted position detecting apparatus and aligning said .
substrate with a nask based on the detection result; and transferri ngg7a/3\UJZUﬂ2
pattern of said nask onto said substrate. 36. A nmethod of nas, ufacturing an
exposure system whi ch exposes a photod4@nsitive substrate with an energy
beam t hrough a nmask, characterized ixt conprising: (a) providing a mark
detecting system which, detects an alignnent mark on said substrate, the
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whi ch holds a substrate on ~~~hich is fornned an eval uation rrAark which
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systemin a position, detecfing par atus having an |l lum nation _systemfar
i rradi at(FeEs ST RN thd e dsfhes tlcf”oMBép- wsyredidifigmifomn thg Frderépce

det ecti ng,Q d cal systemfor condensing a flux of light fromsaid

t o- bg- det 35& d subject, characterized in that adjusting a first optical

characteri stig, ofcSR fhoblaldgT R dntdafyet, AP sigdMld size of an error AMh (=HO -

Mh) of the dethroughtion Mh with respect to the reference value HO change greatly in

accordance with the position of the 0 stop 3 of the illumination system in FIG. 1. Therefore, the
control operation system 23 in FIG. 1 adjusts the position of the 0 stop 3 through the 0 -stop
position adjusting mechanisms 5a and 5b in such a way as to make the error A Mh smaller.
Thereafter, the error A Mh of the dethroughtion Mh between the marks at both ends with respect
to the center mark is measured again, and the adjustment of the position of the 0 stop 3 is
completed by adjusting the position of the 0 stop 3 until the error A Mh falls within the
allowable range.

As such an adjusting method measures the positional relationship of marks with different



0 ~ ~u~ ~~~~ 71 adjusting a second optical characteristic of said detedt’ A4 2007
optical system after adjustment of said first optical characteristic. 42.

The adj usting nmethod according to claim4l) characterized in that at |east

two to-be detected marks having receséés and projections alternately

provi ded and having different ratios of a wdth of said recesses to a wdth

of said projections are forned on said to-be-detected subject; and

i rradi aftcRy ismethpd wilkbheallpdidifferesh step matk wethed 't thissperdication d heenressntby sai d
illum nation ys‘iﬁ’én}e and ?gé uqségi ng said second op i,cg,l characteristic based
on a reé‘me{“ob%“E the psrpt Aherdiffisreny step pgp methegywdichds ¢ierlesed dbect ed mar ks

t hrough said detecting optical,. system. 43., The adjusting nethod accordin
to cl ai m%&“é?ené‘ﬁ% we dgcanadivpdbe goawanﬁéie@wag'e}gho?ﬁw %ﬁ%é&fgﬁ stic

i ncl ud tri i.St.i.c..incl udi . 44. .Th dj.usti

ot hod Snaep SRR b wf HRERSEh kBt e P al liferR R Shoatih 545! bo°

det ect chdEﬁchs havi ng recesses and projections alternately provided and
havi ng suc hapes that said recesses and said projections of one of said
to- be- det ect g BRRkSI: MaLuk SHF HHCA RN Sk OUIRS, 190125 Advbos bisutehgpt.ed
subject; and irradiating said illumnation |[ight onto said to-be-detected
mar ks byb&saBotd 40 mi mmsr@mesaﬁdlm? ﬁﬁmlstﬁmmﬁstnh Perafi@ of irf 4 IoSler AR, AR
characteristic based on a result of condensing a flux of |ight from sai d
t 0- be- deteatt thel changk $n thh tpbgetsaidposidomt taatignabifyt ofelad indiy sl dmmarkSwhidiie

adj usting nethod according to claim44, characterized in that said first
opt i cal catsed bicthe ppsitional datlrpughtion er tholike ofitlee Gosont 3 appedrs. eFlradis, e deftasiornt s

constituting. said illumnation . .
sensitivity becomes higher. Note however that if the step Hh of the marks is too small, the

-

3,

contrast of the mark images drops, lowering the SN ratio of the image signals, so that the
measuring precision of the positional relationship drops. While it is desirable to set the mark step
Hh in the aforementioned range, therefore, it goes without saying that the detection sensitivity is
improved if marks with a lower step are used as long as the image pickup device of the detecting
optical system to be used has a good SN ratio.

It is desirable that the width e of the recessed patterns of the marks HM21 and HM23 at
both ends and the width e of the protruding patterns of the center mark HM22 should be
approximately 10% of the pitch P2. This is because that if the duty ratio of the width e (the ratio

‘) to the pitch P2) is too small, the contrast of the mark images drops, thus deteriorating the
reproducibility of the position detecting results. If the duty ratio is too large, the amount of a
change in the amount of dethroughtion of the relative position of the images of the recessed
patterns of the marks HM21 and HM23 at both ends and the images of the protruding patterns of
the center mark HM22, which is caused by the displacement of the 0 stop 3 (by an adjustment
error of the illumination system), becomes smaller, thus reducing the adjustment sensitivity.

As in the case of the aforementioned adjustment associated with the X direction,
adjustment of an adjustment error of the illumination system associated with the Y direction can
also be performed by measuring the positional relationship of the image of the second evaluation
mark HY along the Y axis on the wafer 11C in FIG. 11.

Further, it is desirable in the case of FIG. 13 to measure the actual value of the reference



system 46. An exposure nethod in an exposure system equi pped with (iziAcﬂJsz
position detecting apparatus as recited in any one of clains 41 to ,
characterized in that an alignnent maég formed on a substrate is detected
by said position detecting apparatus justed by said adjusting nethod;
aligning said substrate based on the mark detection result; and exposing a
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first optical characteristic by said first adj usting I 48. The position

det ect i MgasafRARahUad aF Wb Walut Bf BRIt heasuediaipel gloukesd tiken byt at | east
two to-be-detected marks having recesses and projections alternately

provi dedfa¢rdekamve Bg. di fferent ratios of a wwdth of said recesses to a width
of said projections are fornmed on said to-bedetected subject, said

i Il um nat i onAsys terindtion adirlg taesarls avithl a idifferami statcivonfrorh ghat ofteatioevahiation

t o- bedetected marks, and said second adjusting unit adjusts said second
opt i cal metkshawn ér FKIS. 42 bed imenbeusedsul t of condensing a flux of light from
sai d )t o- be-det ect ed marks through said detecting optical system 49. The

posi tion det E8% PRAGP S ELPGEX PTG Yythe yidth §F the zepess OF b &8Pty ¢t hat
t | t -be-d d havi d i tJ
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u
unit adjusts said first optical characteristic based on a result of

condenspiaguding poetiond is kb@RS & 1B NERibe uied-itieead of Bi6 hkeks kS dityfeibehthsai d
detecting optical system 50. An exposure system characterized by

conpr i switth osthe teeprsed perbonsdestwot $ togl0&ppar at us as recited in any one of
clains 47 to_49; and an ali anent ap‘g\arat us for detecting an alignnent mark

formed on a Sikswiseainehasxampleny FiGild: e senterarmriEMEcaypeagpark #hish hayj ust ed
D S e P SR e A0l PR e
patter nydg er?&%%%e& Raks %n%h %Lwlleqﬂ}gtgucﬁn%bp%‘iﬁ’o% favin g a narrow width (protruding
) marks).
The number of the recessed patterns (or the protruding pattems) which constitute each
mark DM21, DM22, DM23, HM21, HM22, HM23 may not be the number illustrated in FIGS.
12 and 13 but any number can be used. It is however desirable that the numbers of the recessed
patterns (or protruding patierns) of the marks at both ends should be equal to each other. That is,
it is desirable that the numbers of the recessed patterns constituting the marks DM21 and DM23
in FIG. 12 should be equal to each other, and the numbers of the recessed patterns constituting
the marks HM21 and HM23 in FIG. 13 should be equal to each other.
The positional adjustment of the coma correction optical system 16 in FIG. 1 and the
positional adjustment of the 0 stop 3 in the above-described embodiment may be carried out

independently. It is to be noted that at the time of adjusting the position of the ¢ stop 3, evenifa



0 7 AO~ 2002 73 51. The adjusting nethod according to claim1, 4, or 10,
characterized in that said to-be-detected mark is positioned in a defldchifhll
field of view of said detecting optical systemat the tine of condensing a
reflection light flux fromsaid t 0- be4Bet ected mark on said pr edet er mi ned
surface through said detecting optical systemsuch that the shapes of a

t o- bedet ect ed nar.k positi_onedcagn one,side wWith respect to a center portion

of sai d YRt EEAHRGP thedreigcige apficad fyskmy(imags ioaping gpiisal Ystem) Aivepentis k

posi tioned.on the other side are different. 52. ~ The adj usting nethod
Pocor di RS wbhuh e ttiesicee By e fevpe, f Bitberefiecficioniio A HauPen sai d

t o- be- det.er mi ned r k rnmed op .said, predetiermined surface is fornmed on

o o pr BHEVDE BRSO pF BE & B9 e aRat BtiEh Befta S B En el e °F1 ux
from sailgl t o- bedeterm ned mark only once on said predeterm ned surface

t hrough"sai d detecting optical system 53. The adjusting nethod according
to claim1 or 2 1 i:Q. 4 P4 :
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const i t ntay bg adjastel pmdeembesdriyrdiising-the piaitoas edotadena] aglesdéttheropied, and said
i ndi vi dual positional information of said pluralit)~ of recesses or
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3. ANF. AtheAlumainainn/statg aot iyt posiRnAN|th&FT APp 3 but also the position of the light
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a] ca] cal4at baioe]of sxpmpicadeaiuralight e slicadiaed axd rehdle R]byah dijntajtion] ca] caU] ca]
ca] ca] ca! $DSb$gGu~i #033{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca]] ca] cal] ca] ca] ca]
ca] ca] cRefjcelgypiemal} which comprises an exposure light source, such'as a mercury lamp or an

o] Ch CEVOAT HTE A CR] LK R BHPE AN P T ot e Fas DAFRT Ca cal ca
I ca] ca] GRh&a! theéa) M image of a pattem formed on the reticle R is projected on a single shot area,
) on a wafer W on which a photoresist is applied, through a projection optical system PL with a
projection magnification 8 (8 being 1/5, 1/4 or the like) through the projection optical system
PL. At this timne, an exposure amount control system 52 optimizes the exposure amount based
on control information of a main control system 53.

A description will now be given with a Z axis set in parallel ta the optical axis AX of the
projection optical system PL, an X axis set in parallel to the sheet surface of FIG. 14 in a plane
perpendicular to the Z axis and a Y axis set perpendicular to the sheet surface of FIG. 14. At this
time, the reticle R is chucked on a reticle stage 54 and the reticle stage 54 positions the reticle R
on a reticle base 55 in the X direction, the Y direction and the rotational direction based on
control information of a drive system 57 based on the measured values of the coordinates of the

reticle stage 54 by a laser interferometer 22.
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off-axis system having the same structure as the optical system of the position detecting

apparatus in FIG. 1, and an image signal from the image pickup device 22 (see FIG. 1) in the

) alignment sensor 63 is supplied to an alignment signal processing system 64. The alignment
signal processing system 64 has a function of acquiring the positional dethroughtion of the
images of alignment marks on the wafer W to be detected with respect to index marks 14a and
14b in FIG. 1 in addition to the functions of the control operation system 23 in FIG. 1.

Because the image signal processing scheme or the like in the alignment signal

processing system 64 is disclosed in, for example, Japanese Unexamined Patent Publication
(KOKALI) No. Hei 4-65603 and its corresponding U.S. Patent No. 5,493,403, its detailed
description will be omitted, The disclosures in this publication and the U.S. patent are
incorporated herein by reference as a part of the present description within what is permitted by
the domestic laws of the country specified or selected in this international application.

As shown in FIG. 15A, a two dimensional wafer mark 38 for alignment is formed on
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direction at a given pitch in such a way as to sandwich the wafer mark 37Y. Two or more wafer
marks 38 may be formed in each shot area. Further, the wafer marks to be detected may be one-
dimensional wafer marks 40X and 40Y independently provided in each shot area on the wafer, as
shown in FIG. 15B. The former wafer mark 40X along the X axis has recessed and protruding
patterns formed at a given pitch in the X direction, and the latter wafer mark 40Y along the Y
axis has recessed and protruding patterns formed at a given pitch in the Y direction.

In the case where the alignment sensor 63 is used in FI1G. 14, first, the wafer 11 for
adjustment in FIG. 2 is placed on the sample table 58 through an unillustrated wafer loader
system. Then, the distance between the images of two pairs of marks (HM1, HM2) and marks
(HM11, HM12) for adjusting the characteristics of the illumination system in FIG. 2 is measured
through the alignment sensor 63, and the position of the 0 stop 3 in FIG. 1 is adjusted based on
the measurement result. Then, the distance between the images of two pairs of marks (DM1,
DM2) and marks (DM11, DM12) for adjusting the characteristics of the detecting optical system
in FIG. 2 is measured through the alignment sensor 63, and the position of the coma correction
optical system 16 in FIG. 1 is adjusted based on the measurement result.

) Similar adjustment can be conducted by using the wafer 11C for adjustment in FIG. 11.

© Inthis case, the wafer 11C for adjustment in FIG. 11 is placed on the sample table 58 through the
unillustrated wafer loader system. Then, the positional relationship of the images of two
evaluation marks HX and HY for adjusting the characteristics of the illumination system in FIG.
11 is measured through the alignment sensor 63, and the position of the 0 stop 3 in FIG. 1 is
adjusted based on the measurement result. Then, the positional relationship of the images of two
evaluation marks DX and DY for adjusting the characteristics of the detecting optical system in
FIG. 11 should be measured through the alignment sensor 63, and the position of the coma
correction optical system 16 in FIG. 1 should be adjusted based on the measurement result.
Further, the adjustment of the illumination system can be executed by measuring the distance

between the images of the marks 25X, 26X, 25Y and 26Y on the wafer 11A for adjustment in
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positional relationship of the images of the marks 28A and 28B on the wafer 11A in FIG. 5 or the
distance between the images of the marks 29X, 30X, 29Y and 30Y on the wafer 11B in FIG. 9.

Thereafter, in FIG. 14, the distance (baseline amount) between the center position
(exposure center) of the pattern image of the reticle R and the detection center of the alignment
sensor 63 is acquired by detecting the position of a predetermined reference mark on the
reference mark member 65 through the alignment sensor 63 in parallel to the alignment of the
reticle R. Then, the XY stage 59 is driven based on the coordinates obtained by correcting the
position of the wafer mark to be detected through the alignment sensor 63 with the baseline
amount, thereby providing a high overlaying precision.

The structure of the reference mark member 65 and the reticle alignment and the
measurement of the baseline amount, etc. are disclosed in, for example, Japanese Unexamined
Patent Publication (KOKAI) No. Hei 4-324923 and its corresponding U.S. Patent No. 5,243,195,
and the disclosures in this publication and the U.S. patent are incorporated herein by reference as
a part of the present description within what is permitted by the domestic laws of the country
specified or selected in this intemational application.

The 0 stop 3 and the aperture stop 18 shown in FIG. 1 may be so designed as to be
respectively replaced with other stops. For example, a plurality of stops may be provided on a
turret plate in, for example, each of the illuminatjon system and the image-forming optical
system, and one stop which is selected in accordance with the conditions (step amount, pitch,
shape, etc.) for forming an alignment mark (e.g., the wafer mark 38) on the wafer W, the type of
a layer (reflectance or the like) on the wafer W where an alignment mark is formed and the type
and thickness of a resist may be disposed in the optical path. For example, the aperture stop 18
may be replaced with a stop for shielding the O-th light (positive reflected light) generated from
the wafer in order to detect the wafer mark 38 in the dark field system or the aperture stop 18
may be replaced with a retardation plate in order to provide functions similar to those of a
retardation microscope. The 0 stop 3 may be replaced with a stop having an annular opening at
the same time as the aperture stop 18 is replaced or independently, so as to place the wafer mark

38 under annular illumination. With the thus constituted alignment sensor 63, when a stop is



ILI10% /& ()-: LI 10%& ()-: Ss10%& ()-' | 10%& () - XLN2QoQpQuQr Qs QQuj
10! & MLO0% & ()- 10 10 10<109& ()-s23"109%& ()-3 ! SH3"109%& () -
QQSMIOYY[~?j _@!| 10L2!109% & ()- ! &F"%O%?>&' ()-9&F" 10% & () - g
"10% & ()-,t10% & ()-[[[[[[[~crb@!| DI " 1004 (

8#3" 10%«&%)2&02
& "10%& ()-&

10948 ()-' 10%4& () - &ML0%& ()- 10" 10" 10"5 10%&'() cra bAcLd)f.f/f} ?24@

! 0448 () -3 1094 ()= f1h
" 109412 (V] IhgblEss O oo o SOl ot A e omiPe ontel s odes ()11

" 1098B&d)ran1d B i ?N]a%)e%ig‘sl‘fc)\in%n HEB%, (dthe wafer stage 59 and adjust the

illumination system or the image-forming optical system. Note that an alignment sensor which
can permit replacement of the stop in the illumination system or the image-forming optical
system is disclosed in, for example, Japanese Unexamined Patent Publication (KOKAI) No. Hei
8-306609 and Japanese Unexamined Patent Publication (KOKAI) No. Hei 8-327318 and their
corresponding U.S. Patent No. 5,706,091, and the disclosures in the publications and the U.S.
patent are incorporated herein by reference as a part of the present description within what is
permitted by the domestic laws of the country specified or selected in this international
application.

To execute the optical adjustment that has been explained in the above-described
individual embodiments, it is desirable 10 make the rotational error of a wafer with respect to the
coordinate system of the wafer stage 59 (i.e., the orthogonal coordinate system defined by the
interferometer 61) as small as possible when one of the wafers 11 and 11A to 11C is loaded onto
the wafer stage 59 in the projection aligner shown in FIG. 14. Accordingly, the cutaway (notch
or the like) of a wafer and the other peripheral portion is detected to acquire the X-directional and
Y-directional positional dethroughtions and the rotational error of the wafer W, and the wafer and
the wafer stage are relatively moved in such a way as to make those measured values nearly 0
(zero) and are chucked by the wafer holder. The wafer prealignment mechanism is disclosed in,
for example, Japanese Unexamined Patent Publication (KOIKATI) No. Hei 7-288276 and its
corresponding U.S. Patent Application Serial No. 391,648 (filed: February 21, 1995), and the
disclosures in this publication and the U.S. patent application are incorporated herein by
reference as a part of the present description within what is permitted by the domestic laws of the
country specified or selected in this international application.

Although the projection aligner in FIG. 14 uses the position detecting apparatus in FIG. 1
as an off-axis type alignment sensor, the alignment sensor that is used in this projection aligner
may be a TTL (Through The Lens) type which detects a mark on a wafer through the projection
optical system PL or a TTR (Through The Reticle) type which detects a mark on a reticle and a

mark on a wafer. Although not illustrated in FIG. 14, multiple optical members that constitute
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the off-axis type alignment sensor 63 are separately held on a plurality of lens barrels which are

fixed to hardware provided integrally with a frame on which the projection optical system PL is

mounted,

Further, the projection aligner in FIG. 14 is not limited to the step and repeat type, but
may be designed as a scanning exposure type such as the siep and scan type or a mirror
projection type or the step and stitch type which transfer a plurality of patterns on a
photosensitive substrate partially overlaying one on another. In addition, it may be designed as a
reduction projection type aligner (EUV exposure system) which uses the soft X-ray region
(wavelength of about 5 to 15 nm), such as EUV (Extreme Ultra Violet) light with a wavelength
of 13.4 nm or 11.5 nm generated from a laser plasma light source or a SOR (Synchrotron Orbital
Radiation) ring as the exposure light, a proximity type X-ray exposure system which uses hard X
1ays, or an exposure system which uses charged particle rays, such as electron rays or an ion
beam. Note that in the EUV exposure system, the reduction projection optical system is a
reflection system comprising only of a plurality of (about 3 to 6) reflection optical elements and a
reflection type reticle is used as a reticle.

Further, as reticles or masks that are used in the exposure system for manufacturing
devices, such as semiconductor devices, may be produced by an exposure system which uses, for
example, extreme ultraviolet light or vacuum ultraviolet light, this invention can also be adapted
) to an exposure system which is used in the lithography process for producing reticles or masks.

Furthermore, as the exposure illumination light, g rays and i rays from a mercury lamp, a
laser beam, such as a KrF excimer laser beam, ArF excimer laser beam or F, laser beam, or
harmonics from a YAG laser or the like may be used. Altematively, a harmonic, which is
acquired by amplifying a DFB (Distributed feedback) semiconductor laser by a fiber amplifier in
which, for example, erbium (Er) (or both erbium and yttrium (Yb)) is doped, and then subjecting
it to wavelength conversion to ultraviolet light by using a non-linear optical crystal, may be used
as exposure illumination light.

The projection optical system PL in FIG. 14 may be any one of a refraction system,

reflection system or reflection/refraction system. Available as the reflection/refraction system is

an optical system which has a plurality of refraction systems and two reflection optical elements
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being bent, as disclosed in, for example, U.S. Patent No. 5,788,229, The disclosure in this U.S.
patent is incorporated herein by reference as a part of the present description within what is
permitted by the domestic laws of the country specified or selected in this international
application.

FIG. 16 shows an example in which the position detecting apparatus in FIG. 1 is adapted
to an overlaying error measuring apparatus. Because this overlaying error measuring apparatus
has only to measure the relative positional relationship among the individual marké in, for
example, a pair of grating marks or a pair of so-called box-in-box marks and need not measure the
absolute positions of the individual marks, a high-precision position measuring apparatus such as
a laser interferometer is unnecessary. The wafer W on which circuit patterns (or resist patterns)
have been formed on two layers to be compared is chucked by a sample table 71 which is so
mounted as to be movable on an XY stage 72 in two perpendicular directions, the two-
dimensional position of the sample table 71 is measured by an unillustrated linear encoder, and
the measured value is supplied to a control operation system 73. The control operation system
73 positions the sample table 71 through the XY stage 72 based on the measured value. The
sample table 71 has a function of adjusting the height (focus position) of the wafer W as a to-be-
detected subject in a minute range.

A position detecting apparatus 74 having the same structure of the optical system of the
position detecting apparatus n FIG. 1 is located above the wafer W, and image signal from the
image pickup device 22 of the position detecting apparatus 74 is supplied to the control operation
system 73. The control operation system 73 has a function of acquiring the amount of positional
dethroughtion of the images of two wafer marks to be detected in addition to the functions of the
control operation system 23 in FIG. 1. This overlaying error measuring apparatus, like the
above-described embodiments, can adjust the optical system for the illumination system and the
detecting optical system with a high accuracy by placing the wafer 11 for adjustment in FIG. 2 or
the wafer 11C for adjustment in FIG. 11 on the sample table 71 instead of the wafer W and

measuring the distance between the images of each pair of marks. Thereafter, as the wafer W is

placed on the sample table 71 and the control operation system 73 drives the XY stage 72 to feed
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eITor measuring apparatus, the position of the position detecting apparatus 74 in the direction of
the optical axis can be different between two marks. At the time of detecting the two wafer
marks, therefore, it is desirable that, for example, the sample table 71 should be moved in the
direction of the optical axis of the objective lenses 10 or the image pickup device 22 should be
moved in the direction of the optical axis of the image-forming optical system in accordance with
the distance between the positions of the two wafer marks associated with the direction of the
optical axis in such a way that each mark image is accurately focused on the light-receiving
surface of the image pickup device 22 in FIG. 1.
Further, the projection aligner in FIG. 14 or the overlaying error measuring apparatus in
FIG. 16 is generally provided with an auto focus mechanism which detects the auto focus
position of the wafer W (the direction of the optical axis of the alignment sensor 63 or the
direction of the optical axis of the position detecting apparatus 74) and focusing the surface of the
wafer W on the best focus position of the alignment sensor 63 or the position detecting apparatus
74. In this case, in detecting the position of a wafer mark on the wafer W or the distance
between a pair of wafer marks, the measurement need only be taken while this auto focus
) mechanism Is activated to achieve focusing on a to-be-detected mark. Likewise, it is desirable
that during the adjustment illustrated in the above-described embodiments, i.e., while measuring
the distance between the individual marks on the wafer 11 shown in, for example, FIG. 2, the
auto focus mechanism should be activated so that various measurements can be performed in a
focused state.

Noted that the auto focus mechanism may be either the TTL type which irradjates a
detection beam onto a wafer through the objective lenses 10 or the off-axis illumnination type
which irradiates a detection beam on the wafer at an inclination to the optical axis of the
objective lenses 10 and the surface of the wafer without going through the objective lenses 10.
The alignment sensor which has the focus position detecting system of the TTL type is disclosed

in, for example, Japanese Unexamined Patent Publication (KOKAT) No. Hei 7-321030 and its
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application. Although the aforementioned detection beam is irradiated on a mark on a wafer in

the publication and the U.S. patent, the detection beam may be irradiated on an area on the wafer

other than where the mark is formed, e.g., on a street line (scribe line) on the wafer.

In the alignment sensor 63 or the position detecting apparatus 74, illumination light of a
wide bandwidth is irradiated on the marks for adjusting the characteristics which are formed on
the wafer 11, 11A-11C or the alignment marks on the wafer W and the index marks 14a and 14b
are illuminated with the light that is reflected at the wafer. But, an illumination system for the
index marks may be provided separately from the illumination system that illuminates marks on
the wafer. An alignment sensor which has an illumination system for the index marks is
disclosed in, for example, Japanese Unexamined Patent Publication (KOKAI) No. Hei 4-273246
and Japanese Unexamined Patent Publication (KOKAI) No. Hei 5-41343 and their
corresponding U.S. Patent Application Serial No. 841,833 (filed: February 26, 1992), and the
disclosures in the publications and the U.S, patent are incorporated herein by reference as a part
of the present description within what is permitted by the domestic laws of the country specified
or selected in this international application.

) As marks for adjusting the characteristics are formed on the measurement-only wafer 11,
11A-11C in each of the above-described embodiments, the exposure system which is used in the
production of the characteristic adjustment marks does not require a modification of the
conveying mechanism or wafer holder or the like, and the projection aligner in FIG. 14 and the
overlaying error measuring apparatus in FIG. 16 need not be provided with a special conveying
mechanism and can load a wafer for measurement onto the XY stage by means of a wafer loader.
However, the characteristic adjustment marks may be formed on a plate other than a wafer, and
further the plate may be attached to or detached from the sample table 59 or 71 on the XY stage
by an operator or the like. If the plate on which the characteristic adjustment marks are to be
formed is not a wafer, that plate can be mounted on the XY stage by a wafer loader as long as its

shape and size are the same as the substrate (wafer or the like) that is conveyed by the projection
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not a circular shape. Further, a reference plate on which the characteristic adjustment marks are
formed may be secured to part of the XY stage and the adjustment may be carried out regularly
or in accordance with replacement of the like of the stop in the position detecting apparatus. In
this case, the time needed for the measuring operation can be shortened as compared with the
case where a measurement-only wafer is used.
Although at least one optical element is moved to adjust the optical characteristics of the
) lumination system or the image-forming optical system in the position detecting apparatus in
FIG. 1, a part (optical element) of the position detecting apparatus may be replaced with another
optical element together with the movement of the at least one optical element or the part of the
position detecting apparatus alone.

The exposure system (projection aligner) in the above-described embodiments can be
manufactured by incorporating the illumination system and the projection optical system, which
comprise & plurality of lenses, into the body of the exposure system, performing the optical
adjustment, installing the position detecting apparatus shown in FIG. 1 in the hardware provided
integrally with the frame on which the projection optical system is held, making connection of
wires or the like, performing the optical adjustment as explained in the above-described
embodiments, attaching the reticle stage or wafer stage comprising multiple mechanical parts to
the body of the exposure system, connecting wires and pipes, and performing general adjustment
(electric adjustment, operational check, etc.). It is desirable that the manufacture of the exposure
system should be conducted in a clean room in which the temperature, degree of cleanness and
so forth are controlled.

In the case where the exposure system of the above-described embodiments is used to
manufacture semiconductor devices on a wafer, the semiconductor devices are fabricated
through a step of designing the function and performance of the devices, a step of producing

reticles based on this design step, a step of producing a wafer from a silicon material, a step of

exposing patterns on the reticles on the wafer by performing alignment vsing the exposure
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system in Figure 1, a step of assembling the devices (including a dicing step, bonding step and
packaging step), an inspection step and so forth.
This invention can be adapted to the case of executing calibration of not only the
alignment sensor in a projection aligner and the overlaying error measuring apparatus but also
other inspection measuring devices or the like based on various measuring principles. For
example, this invention can be adapted to the case where the electronic optical system or the like
of a scanning probe microscope or the like, for example, an atomic force microscope (AFM) or
the like.
This invention is not to be limited to the above-described embodiments, but may take
various structures without departing from the scope of the invention. All the disclosures in
Japanese Patent Application Serial No. 10-27474 filed on February 9, 1998, Japanese Patent
Application Serial No. 10-32788 filed on February 16, 1998 and Japanese Patent Application
Serial No. 10-85858 filed on March 31, 1998, each including the specification, the scopes of the

claims, the drawings and the abstract, are incorporated herein by reference.

Industrial Applicability

The first or second adjusting method for a position detecting apparatus of this invention
has the advantage that a plurality of grating marks for measuring the necessary characteristics can
easily and accurately be formed. Therefore, the position detecting apparatus such as an
alignment sensor provided in an exposure system which is used at the time of manufacturing
devices, such as semiconductor devices, can be adjusted with a high precision by using marks
and the overlaying precision or the like 1s improved. This can ensure mass production of devices,
such as high-performance semiconductor devices, with a high yield.

The first adjusting method for a position detecting apparatus has the advantage that
asymmetrical aberrations or the like of the detecting optical system can be corrected with a high
precision by merely measuring the distance between (the images of) a plurality of grating marks
with different ratios of the width of the recessed portions to the width of the protruding portions.
Likewise, the second adjusting method for a position detecting apparatus has the advantage that

an adjustment error, such as a positional dethroughtion of the aperture stop of the illumination
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The first or second position detecting apparatus of this invention can use the first or
second adjusting method for a position detecting apparatus of this invention.

According to the optical-system adjusting method of this invention, a to-be-detected
mark previously rotated by a predetermined angle is formed on an evaluation substrate, so that it
is unnecessary to turn the substrate at the time of measuring an error induced by the optical
system tool. This leads to the advantage that the error can be measured in a short period of time
and there is no reduction in the precision caused by the rotation of the substrate so that the error
can be measured with a high precision. It is therefore possible to adjust the tool-induced error
quickly and with a high precision.

According to the first or second evaluation substrate, the adjusting method of this
invention can be used. Further, the pattern detecting apparatus of this invention can use the
optical-system adjusting method of this invention.

As the third adjusting method for a position detecting apparatus uses an evaluation mark
which is substantially symmetrical in the measuring direction, the shape of the evaluation mark
hardly changes even when the evaluation mark is rotated by 180° . It is therefore possible to
measure a tool-induced error (TIS) with a high accuracy without being affected by the distortion
or the like of the optical system and thus adjust (correct) the error with a high accuracy.

In the case where as the evalbation mark, a mark whose center portion and two end
portions that constitute the evaluation mark are grating marks which have recessed portions and
protruding portions alternately and cyclically laid out in the measuring direction and which have
different ratios of the width of the recessed portions to the width of the protruding portions, the
evaluation mark can be formed accurately. And, the detecting optical system or the illumination
system can be adjusted with a high accuracy.

The third position detecting apparatus of this invention can use that adjusting method.

According to the exposure system method of this invention, the mark detecting system

can be adjusted with a high precision by using the adjusting method for a position detecting
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109%& () -19%& ()-L m%@%g(r}xéthod for a position detecting apparatus, cquipped with a
detecting optical system for condensing a flux of light from one to-be-detected mark or a
plurality of to-be-delected marks, for detecting a position of said one to-be-detected mark or
relative positions of said plurality of to-be-detected marks based on said flux of light
condensed by said detecting optical system, characterized in comprising:

(a) preparing a plurality of grating marks which are formed on a predetermined
substrate in a vicinity of one another as said to-be-detected mark, said grating marks each
having recesses and projections alternately and periodically provided in a predetermined
measuring direction and having different ratios of a width of said recesses to a width of said
projections;

(b) irradiating an illumination light on said plurality of grating marks;

(c) forming an image of said plurality of grating marks onto a predetermined surface by
condensing a reflection light flux from said grating marks illuminated by said illumination
light through said deteciing optical systern;

(d) measuring a distance between said plurality of grating marks in said measuring
direction based on said image of said plurality of grating marks formed on said predetermined
surface; and

(e) adjusting a predetermined optical characteristic of said detecting optical system

based on said measured value.

2. The adjusting method according to claim 1, characterized in that a ratio
of said width of said recesses of one of said plurality of grating marks jrradjated by said

{llumination light to said width of said projections is 1:1.

3. (amended) The adjusting method according to claim 1 or 2, characterized in that said
detecting optical system is an image-forming optical system for projecting images of said
plurality of grating marks onto said predetermined surface, and said optical characteristic to be

adjusted is a coma.
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optical system, characterized in comprising:

(2) preparing a plurality of grating marks which are formed on a predetermined
substrate in a vicinity of each other as said to-be-detected mark, said grating marks each
having recesses and projections alternately and periodically provided in a predetermined
measuring direction and having such shapes that said recesses and said projections of one of
said grating marks are the inverse of those of the other one of said grating marks;

(b) illuminating said plurality of grating marks by an illumination light irradiated from
said illumination system;

(c) forming an image of said plurality of grating marks onto a predetermined surface by
condensing a reflection light flux from said plurality of grating marks illuminated by said
llumination light through said detecting optical system;

(d) measuring a distance between said plurality of grating marks in said measuring
direction based on said image of said plurality of grating marks formed on said predetermined
surface; and

(e) adjusting a predetermined optical characteristic of said illumination system based on

said measured value.

5. The adjusting method according to claim 4, characterized in that said optical
characteristic of said illumination system to be adjusted is a position in a plane perpendicular to

an optical axis of an aperture stop in said illumination system.

6. The adjusting method according to claim 4 or 5, characterized in that two
second grating marks, which are different from two first grating marks having recesses and
projections which are inverses of each other, each having recesses and projections alternately
and periodically provided in s2id measuring direction and having different ratios of a width of

said recesses to a width of said projections are formed on said substrate in a vicinity of each
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between said second grating marks in said measuring direction through said detecting optical
system is measured based on an image of said second grating marks, and a predetermined

optical characteristic of said detecting optical system is measured based on said measured

value,

7. . The adjusting method according to any one of claims 1 to 6,
characterized in that said plurality of grating marks are formed in series in said measuring
direction on said substrate and close to one another; and

a step height of said recesses and a step height of said projections substantially lie

within a range of 40 to 60 nm.

8. A position detecting apparatus which detects a position of one to-be-
detected mark or relative positions of a plurality of to-be-detected marks, said marks having
recesses and projections and generating a reflection light flux when the marks are illuminated,
characterized by comprising:

an illumination system which irradiates an illumination light on said to-be-mcasured
marks;

a detecting optical system that condenses a reflection light flux from said one to-be-
measwured mark or said plurality of to-be-measured marks onto a predetermined surface and
forms an image of said to-be-measured marks on said predetermined surface;

a photoelectric detector that outputs a detection signal corresponding to said image of
said to-be-measured marks formed on said predetermined surface;

a calculator which calculates a distance between said plurality of marks in a
predetermined measuring direction based on said detection signal of said photoelectric
detector;

a positioning member which positions at least a part of an optical member in said
detectling optical system which affects a predetermined optical characteristic; and

a control operation systern which drives said positioning member in order to reduce an

error in said predetermined optical characteristics based on a calculation result of said
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recesses and projections and generating a reflection light flux when the marks are illuminated,
characterized by comprising:

an illumination system which irradiates an illumination light on said to-be-detected
marks;

a detecting optical system that condenses a reflection light flux from said to-be-detected
marks onto a predetermined surface and forms an image of said to-be-detected marks on said
predetenmined surface;

a photoelectric detector that outputs a detection signal corresponding to said image of
said to-be-detected marks formed on said predetermined surface;

a calculator which calculates a distance between said plurality of marks in a
predetermincd measuring direction based on said detection signal of said photoelectric
detector;

a positioning member that positions at least a part of an optical member in said
illumination system which affects a predetermined optical characteristic; and

a control operation system which drives said positioning member in order to reduce an
error in said predetermined optical characteristics based on a calculation result of said

calculator.

10. An optical-systemn adjusting method for adjusting a predetermined
optical characteristic of at least one of an illumination system for irradiating illumination light
onto a to~-be-detected subject and a detecting optical system for condensing a flux of light
from said to-be-detected subject, characterized in comprising:

(2) Tonming first and second to-be-detected marks in a predetermined positional
relationship, and preparing an evaluation substrate on which third and fourth to-be-detected
marks which are the same as said two to-be-detected marks rotated by a predetermined anglc
while maintaining said positional relationship are formed, said to-be-detected marks each
have recesses and projections, and a reflection light flux to be illuminated by illumination
light irradiated from said illumnination system is generated;

(b) irradiating illumination light on said first and second 1o-be-detected marks;
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llluminated by said illumination light on a predetermined surface through said detectung
optical system, and forming an image of said first and second to-be-detected marks on said
predetermined surface;
(d) measuring relative positions of said first and second 10-be-detected marks based on
saxd mage of said first and second to-be-detected marks formed on said predetermined
surface;
(e) irradiating an illumination light on said third and fourth to-be-detected marks;
(f) forming an image of said third and fourth to-be-detected marks on said
predetermined surface by condensing a reflection light flux from said third and fourth to-be-
detected marks illuminated by said illumination light through said detecting optical system
without rotating said substrate;
(g) measuring relative positions of said third and fourth to-be-detected marks based on
sajd image of said third and fourth to-be-detected marks formed on said predetermined
surface; and

(h) adjusting at least one of said illumination system and said detecting optical system

based on measurement results of steps (d) and (g).

11. The optical-system adjusting method according to claim 10, characterized in that
adjusting at least one of said illumination system or said detecting optical system in such a way
that a distance measured for said first and second to-be-detected marks becomes equal to a

distance measured for said third and fourth to-be-detected marks.

12. The optical-system adjusting method according to claim 10 or 11, characterized in

that said first and second to-be-detected marks are a pair of box-in-box marks.

13. _ The optical-system adjusting method according to claim 10 or 11,
characterized in that said first and second to-be-detected marks are a pair of grating marks
each having recesses and projections alternately and periodically provided in a predetermined
direction and having a form such that said recesses and said projections are the inverse of one

another.
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characterized in that:

first and second to-be-detected marks are formed in a predetermined positional
relationship on said substrate;

third and fourth to-be-detected marks are formed on said substrate while maintaining
said positional relationship of said first and second to-be-detected marks but rotated by a
predetermined angle therefrom; and

said first to fourth to-be-detected marks are each marks which are to be used in
adjusting an optical characteristic of said illumination system or in adjusting an optical
characteristic of a detecting optical system which forms an image of said to-be-detected marks

on said predetermined surface.

16. The substrate for evaluation according to claim 15, characterized in that said first
and second to-be-detected marks each have recesses and projections alternately provided and

have different ratios of a width of said recesses to a width of said projections.

17. The substrate for evaluation according to claim 15, characterized in that said first
and second to-be-detected marks each have recesses and projections alternately provided and

have such shapes that said recesses and said projections of one of said to-be-detected marks are

the inverse of those of the other one of said to-be-detected marks.

18. The substrate for evaluation according to claim 15, characterized in that a fifth to-be-
detected mark having the same shape as said first to-be-detected mark and located on an opposite
side of said first to-be-detected mark with respect to said second to-be-detected mark, and a sixth
to-be-detected mark which is the same as said fifth to-be-detected mark but rotated by said

predetermined angle are further formed.
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formed thereon, said marks having recesses and projections and generating a reflection light
flux when the marks are illuminated by reflection light from an illumination system.
characterized in that at least two first to-be-detected marks having recesses and projections
continuously and alternately provided and having different ratios of a width of said recesses to
a width of said projections are formed, and said first 10-be-detected marks are marks to be
used in adjusting an optical characteristic of said iJlumination system or in adjusting an optical

characteristic of a detecting optical system which forms an image of said first to-be-detected

marks on a predetermined surface.

20. The substrate for evaluation according to claim 19, characterized in that said at Jeast
two first to-be-detected marks include a pair of marks having the same shape and one mark
sandwiched between said pair of marks and having a ratio different from those of said pair of

marks,

21. The substrate for evaluation according to claim 19, characterized in that two second
to-be-detected marks each having recesses and projections alternately provided and having such
shapes that said recesses and said projections of one of said second to-be-detected marks are the

inverse of those of the other one of said second to-be-detected marks.

22. The substrate for evaluation according to claim 21, characterized in that a mark
having the same shape as one of said two second to-be-detected marks and located on an
opposite side of said one of said two second to-be-detected marks with respect to the other one of

said two second to-be-detected marks is further formed,

23. The substrate for evaluation according to any one of c¢laims 15 10 22,
characterized in that said substrate for evaluation is substantially the same in shape and size as

a substrate for use in an exposure process.

24. The substrate for evaluation according to claim 23, characterized in that said optical
apparatus is installed in an apparatus to be used in a device fabricating process including a

lithography step of transferring a device pattern onto a work piece.
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with an energy beam through a mask on which said device pattern is formed, and detects a mark

on said work piece through said photosensitive layer.

20. A position detecting apparatus characterized by comprising:

a holding member for holding a subject to-be-detected which comprises a plurality of
marks having recesses and projections and generating a reflection light flux when the marks
are illuminated. said plurality of marks including a pair of first marks arranged along a first
direction and a pair of second marks arranged along a second direction which crosses said first
direction and having the same structure as said pair of first marks;

an illumination system which irradiates an illumination light on said to-be-detected
subject through an objective optical system;

a detecting system which receives a reflection light flux generated from said marks and
transmitted through said objective optical system by means of illuminating said to-be-
measured subject, and forms an image of said reflection Jight flux on a predetermined surface;

a calculator for calculating relative positional information of said pair of first marks and
relative positional information of said pair of second marks based on an image of said marks

formed on said predetermined surface by said detecting system; and

an adjusting mechanism which adjusts at least a part of said illumination system, said
objective optical system, and said detecting system based on a calculation result of said

calculator,

27, An adjusting method for a position detecting apparatus, equipped with
an illumination system for illuminating one to-be-detected mark or a plurality of to-be-
detected marks and a detecting optical system for condensing a flux of light from said to-be-
detected marks, for detecting a position of said one to-be-detected mark or relative positions
of said plurality of to-be-dectected marks based on said flux of light condensed by said

detecting optical system, characterized in that:
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condensing a reflection light flux from said evaluation mark illuminated by said illumination
light on a predetermined surface through said detecting optical system;

(d) arelative positional relationship of said center portion and said two end portions is
detected in said measuring direction based on said image of said evaluation mark formed on
said predetermined surface; and

(e) a predetermined optical characteristic of said illumination system or said detecting

optical system is adjusted based on said detection result,

28. (amended) The adjusting method according to claim 27, characterized in that at
least one of said center portion and said two end portions, which constitute said evaluation
mark to be irradiated by said illumination light. is comprised of a grating mark whose ratjo of

a width of recesses to a width of projections is 1:1.

29. (amended) The adjusting method according to claim 27, characterized in that said
center portion and said two end portions, which constitute said evaluation mark to be
irradiated by said illumination light, are grating marks each having recesses and projections

alternately and periodically provided in said measuring direction and having different ratios of

a width of said recesses to a width of said projections.

30. (amended) The adjusting method according to claim 27, characterized in that said
center portion and said two end portions, which constitute said evaluation mark 1o be
irradjated by said illumination light, are grating marks each having recesses and projections
alternately and periodically provided in said measuring direction and said recesses and said

projections are the inverse of one another.
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relationship through said detecting optical system,

with said substrate rotated by substantially 180° , detecting a relative positional
relationship between said center portion and said two end portions of said evaluation mark with
resect to said measuring direction as a second positional relationship through said detecting
optical system; and

adjusting a predetermined optical characteristic of said illumination system or said

detecting optical system based on said first and second positional relationships.

32. A position detecting apparatus which detects a position of or
detected mark or relative positions of a plurality of to-be-detected marks having :
projections and generating a reflection light flux when illuminated, characterized in
comprising:

an illumination system which irradiates an illumination light on said to-be-detected
marks;

a detecting optical system which forms an image of said to-be-detected marks on a
predetermined surface by condensing said reflection light flux from said to-be-detected marks
on said predetermined surface;

a photoelectric detector which outputs a detection signal according to said image of said
to-be-detected marks formed on said predetermined surface;

a calculator which calculates a relative positional relationship of at least three locations
of a prcdetermined evaluation mark based on said detection signal from said photoelectric
detector;

a positioning member which positions at least a part of an optical member in said
illumination system and said detecting optical system which affects a predetermined optical
characteristic; and

a control operation system which drives said positioning member in order 1o reduce an
error in said predetermined optical characteristics based on a calculation result of said

calculator.
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J o positional information of said alignment mark on said substrate is detected by said
position detecting apparatus and alignment of said mask with said substrate is carried out based
on the detection result.

34. The exposure system according to claim 33, characterized in that said position
detecting apparatus can change a detection condition for said alignment mark and at least one
optical element is moved or replaced in such a way as to compensate for a variation in an optical
characteristic caused by a change in said detection condition.

35. A device manufacturing method for manufacturing a predetermined device by using
an adjusting method for a position detecting apparatus as recited in claim 1 or 27, characterized
by including steps of:

adjusting a predetermined optical system in said position detecting apparatus by using
said adjusting method;

detecting positional information of an alignment mark on a predetermined substrate
using said adjusted position detecting apparatus and aligning said substrate with a mask based on

the detection result; and

transferring a pattern of said mask onto said substrate.

36. A method of manufacturing an exposure system which exposcs a
photosensitive substrate with an energy beam through a mask, characterized in comprising:

(a) providing a mark detecting system which detects an alignment mark on said
substrate, the detecting system is provided in such a way that an optical axis is located outside

an 1lJumination area of said energy beam on a coordinate system where said substrate moves;
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two to-be-detected marks having recesses and projections alternating with each other and
generating a reflection light flux when illuminated; and

(c) moving or replacing at least one optical element in said mark detecting system based
on a distance relating to arrangement directions of at least two to-be-detected marks detected
by said mark detecting system, and adjusting an optical characteristic of said mark detecting

sysieni.

37. The exposure system manufacturing method according to claim 36, characterized in
that said at least two to-be-detected marks include two first to-be-detected marks having different
ratios of a width of said recesses to a width of said projections.

38. The exposure system manufacturiné method according to claim 36, characterized in
that said at least two to-be-detected marks include two second to-be-detected marks having such
shapes that said recesses and said projections of one of said second to-be-detected marks are the
mverse of those of the other one of said second to-be-detected marks.

39. The exposure system manufacturing method according to claim 36, characterized in
that said at least two to-be-detected marks include a plurality of first to-be-detected marks
arranged along a first direction and a plurality of second to-be-detected marks having the same
structure as said plurality of first to-be-detected marks and arranged along a second direction
which crossing said first direction.

40. The exposure system manufacturing method according to claim 36, characterized in
that said at least two to-be-detected marks include a pair of marks having the same shape and one
mark sandwiched between said pair of to-be-detected marks and having a shape different from
those of said pair of to-be-detected marks.

41. An adjusting method for an optical system in a position detecting apparatus having
an illumination system for irradiating illumination light onto a to-be-detected subject and a
detecting optical system for condensing a flux of light from said to-be-detected subject,
characterized in that

adjusting a first optical characteristic of said illumination system; and
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42. The adjusting method according to claim 41, characterized in that at Jeast two to-be-
detected marks having recesses and projections alternately provided and having different ratios
of a width of said recesses to a width of said projections are formed on said to-be-detected
subject; and

iradiating said illumination light onto said to-be-detected marks by said illumination
system, and adjusting said second optical characteristic based on a result of condensing a flux of
light from said to-be-detected marks through said detecting optical system.

43. The adjusting method according to claim 42, characterized in that said second
optical characteristic includes an asymmetric characteristic including coma.

44. The adjusting method according to claim 41, characterized in that at least two to-be-
detected marks having recesses and projections alternately provided and having such shapes that
said recesses and said projections of one of said to-be-detected marks are reversed are formed on
said to-be-detected subject; and

irradiating said illumination light onto said to-be-detected marks by said illumination
system, and adjusting said first optical characteristic based on a result of condensing a flux of
light from said to-be-detected marks through said detecting optical system.

45. The adjusting method according to claim 44, characterized in that said first optical
characteristic includes a mounting positional error of elements constituting said illumination
system.

46. An exposure method in an exposure system equipped with said position delecting
apparatus as recited in any one of claims 41 to 45, characterized in that

an alignment mark formed on a substrate is detected by said position detecting apparatus
adjusted by said adjusting method;

aligning said substrate based on the mark detection result; and

exposing a predetermined pattern on said aligned substrate.

47. A position detecting apparatus characterized by comprising an illumination system

that irradiates illumination light onto a to-be-detected subject, a first adjusting unit that adjusts a
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48. The position detecting apparatus according to claim 47, characterized in that at least
two to-be-detected marks having recesses and projections alternately provided and having
different ratios of a width of said recesses to a width of said projections are formed on said to-be-
detected subject, said illumination system irradiates said illumination light onto said to-be-
detected marks, and said second adjusting unit adjusts said second optical characteristic based on
a result of condensing a flux of light from said to-be-detected marks through said detecting
optical system.
49. The position detecting apparatus according to claim 47, characterized in that at least
two to-be-detected marks having recesses and projections alternately provided and having such
shapes that said recesses and said projections of one of said to-be-detected marks are reversed are

formed on said to-be-detected subject;

said illumination system irradiates said illumination light onto said to-be-detected marks;

and
said first adjusting unit adjusts said first optical characteristic based on a result of
condensing a flux of light from said to-be-detected marks through said detecting optical system.
50. An exposure system characterized by comprising:
said position detecting apparatus as recited in any onc of claims 47 to 49; and
an alignment apparatus for detecting an alignment mark formed on a substrate by using said
position detecting apparatus adjusted by said first and second adjusting units and aligning said
substrate based on a result of detection of said alignment mark; and

that a predetermined pattern is exposed on said aligned substrate.
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51. The adjusting method according to claim 1, 4, or 10, characterized in that
said to-be-detected mark is positioned in a detection field of view of said detecting optical
system at the time of condensing a reflection light flux from said 10-be-detected mark on said
predetermined surface through said detecting optical system such that the shapes of a to-be-
detected mark positioned on one side with respect to a center portion of said detecting field of

view and another to-be-determined mark positioned on the other side are different.

52. The adjusting method according to claim 1, 4, or 10, characterized in that an
image of said to-be-determined mark formed on said predctermined surface is formed on said
predetermined surface by means of condensing a reflection light flux from said to-be-
determnined mark only once on said predetermined surface through said detecting optical

systemn.

53. The adjusting method according to claim 1 or 4, characterized in that when
determining positional information of a predetermined to-be-detected mark having recesses
and projections which are provided alternately and penodically, individual positional
information of said plurality of recesses or projections constituting said predetermined to-be-
dctected mark are determined, and said individual positional information of said plurality of
recesses or projections are averaged and taken to be positional information of said

predctermined to-be-detected mark.



