; e3eAA>(()\ 3j 5nABATA=WL5 AUG 2003 DESCRI PTI ON POsSI TI ON DETECTI ON METHOD
AND POSI TI ON DETECTOR, EXPOSURE METHOD AND EXPOSURE APPARATUS, AND!% B0/ 260
AND: DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention
relates to a position detection nethod and position detector, an exposure

| U met hod and exposure apparatus, and a device and devi m@mﬁ‘ﬂ“ing

met hod and, nmore particularly, to a positjon detection %@\M@W sition
det ector for obtai ning arrangenent information of divided afgagnon an

obj ect, an exposure nmethod and exposure apparatus usi ng 15 t%e position
detection nethod, and a device manu g the e d and a
manuf acturing nmet hod thereof. Backgroun Art In a |.ﬂﬂmmmwmmcess
for meki ng sem conductor devices, liquid crystal display deyiggs. and

| i ke, an exposure apparat us mhrch transfers a pattern fornmed on a nask or
reticle (to bePQSEFIONYy DETECTEON MESHOD 'ANDCPOSITPIONNTETELTOR O a

substrate (to be referred 25 to as a "sensitive substrate or wafer" as
needed her ei nafteEJfPQﬁUREsMENi@ErW EXPOISIIRE APPARATURe &NDed wWith a

resist or the like vra a ection o |caI systemis used. As such an
exposure appar at us, Do®E VL C@'@Mu@ﬂ%@ proj ection
exposur e appar at us such as a so-called stepper a scanni ng exposure type

proj ecti on exposure apparatus such as a so- caIIed scanni ng stepper is
mai nl y used.
TECHNICAL FIELD

The present invention relates to a position
detection method and position detector, an exposure
10 method and exposure apparatus, and a device and device
manufacturing method and, more particularly, to a
position detection method and position detector for
obtaining arrangement information of divided areas on an
object, an exposure method and exposure apparatus using
15 the position detection method, and a device manufactured

using the exposure method and a manufacturing method

thereof.

Background Art

20 In a lithography process for making semiconductor
devices, liquid crystal display devices, and the like, an
exposure apparatus which transfers a pattern formed on a
mask or reticle (to be generally referred to as a
"reticle" hereinafter) onto a substrate (to be referred

25 to as a "sensitive substrate or wafer" as needed
hereinafter) such as a wafer, glass plate, or the like
coated with a resist or the like via a projection optical

system is used. As such an exposure apparatus,



5 I'n these exposure apparatuses, position adjustment (alignnment) between a
reticle and wafer nust be accurately perforned prior to exposure. Too AUG ﬂma
achieve this alignnment, position detection nmarks (alignment nmarks) are
formed (transferred by exposure) in the previous 10 |ithography process on
the wafer in each of shot regions, and the position of the wafer (or a
circuit pattern on the wafer) can be detercted by detecting the positions of
the alignment marks. Alignnent is performed on the basis of the detection
results of the positions of the wafer 15 (or a circuit pattern on the
wafer). Such anﬁﬂﬁﬁ: d form ng

al i gnment by %g%ggﬁ?ﬂ% ali gnmenét Q%%kgr?%@ggégx g O§§ﬂ§%§%%§%{:ed gl obal
al i gnment (t oshenabbreviatead 1as "sE@e;be&e;r@Irnafb@ahnﬁﬁ@eéwpégﬁre afgy 20
measuring alignment marks (position adjustnent marks transferred together

W th a circui prpi¢teior etpeaue alpppasitbisossichnaa wmagercalbagputi ng
arrangenent coordi nate positions of each shot area by a statistical schene
such as a | eastaryiuag esgpraKiimmadmlandsedpon exposure, 25 stepping a

waf er using the accuracy of a wafer stage and the conputation result. This
EGA schenme’is di scEBskdes, e%?ifur%kﬁﬂﬁﬂéﬁ§UP&PenPOEaFHQEpéﬁJHﬁtm%&t94429
and correspon t ent ._ 4,780,617 hese AUG 2003 3
schenes, the g@&?@ﬁﬂ%ﬂﬁ)q%eEW%ﬁﬂﬂ%ﬂﬁﬁ?}c&§e8nﬁoﬁé%§§smFﬁtt s of the

thr oughput of ,Lhe. 8p0a; afuseoih.d s FOASRhae, LN Orger Lo geternine a

plurality of parane uniq y specifres c arrangenent

coordi nate pO%&RbHﬂéan ﬁ&%&tfHﬁ*H%ﬂéﬂﬂﬂHnV%a&Qs‘qgﬁhgﬁﬁéﬁﬂgﬁgPﬂé copsdinate
positions in teris of design, nmore positions of alignnent marks than t he

m ni mum nunbefoehetihQsLan ettt retl Hyo edpcdiureyhenpkheapirbyiofisparanmeters are
measured. Then, 10 statistically valid paraneter values are determ ned
using a st@ti 3itbabraphenprecess am dHeeastfegqudar eaappréxsivati oagidpon

appl ying such statistical schene, error analysis is perfornmed under the
prem se that a&ﬁltbﬁsP?ﬁb%lW%d§ﬁﬂéﬁbﬁF”F@SJPFSaoFlépPgﬁnEﬂFtﬁﬁﬁkgnhave t he

%) ATsor | s tHPsHPESEN TR AR B O, JSsrrcar SRoNBoSTE1B0RoE Tl
techni que fortﬂgtgigkghggttg T éed%iﬁﬂfhﬁﬁﬁ H%rg@%%%%ﬁeﬁyoﬁxﬁﬁgtthlé fuzzy
process 20 based on fuzzy inference using statistical val ues such as
of the detection results of the positions of the wafer
15 (or a circuit pattern on the wafer).

Such alignment schemes include a die-by-die scheme
for performing alignment by detecting alignment marks in
each shot, and an enhanced global alignment (to be
abbreviated as "EGA" hereinafter) scheme for, after

20 measuring alignment marks (position adjustment marks
transferred together with a circuit pattern) at several
positions in a wafer, computing arrangement coordinate
positions of each shot area by a statistical scheme such
as a least square approximation and, upon exposure,

25 stepping a wafer using the accuracy of a wafer stage and
the computation result. This EGA scheme is disclosed in,

e.g., Japanese Patent Laid-Open No. 61-44429 and

corresponding U.S. Patent No. 4,780,617. Of these



t he average val ue and variance of the nmeasured positions of the alhgnnent
mar ks and obt ai ni ng the arrangenent coordinate positions of the sho AYG 2003
has al so been proposed (hereafter, this case is referred to as "prior 25
art 2"y. Wien all alignnent marks are equally fornmed, the prem se of prior
art 1 that "all position neasurenent results of alignment marks have the
sane reliability" is 15 AUG 2003 4 truey but not true when the shapes of
al i gnnment marks di ffer depending on their positions on a substrate.
Therefore, when the shapes of alignment marks differ depending on their

positions on geogubsd alife FEhl ROV 93 PrEBATELEMENLsEESHbL Saapbiefer their

reliabilities are high or low, equally contribute’to determnation of the
arrangenent Coefds net ecOSIHiARMEL YFokhar eppakhens.di fferent
reliabilities. The accuracy of the arrangenent coordinate position 10
determ nati on of shottltedGAeddtaniaed nundelert he adbavemphenase suffices to
achi eve conventionally required exposure accuracy, but does not suffice for
the increase pluraleyy aof oeckamtesrs rrhegcamt qpedysspPriibiearthe is free
from any problem of the accuracy 15 of the arrangenment coordi nate position
det er ni nat? on26F18hoR F BFRIRMGIHL (IR GH NGtico POt 1PnsHefe GBPL 3FeR® prior art

2 requires a huge, conmputation volune for fuzzy inference, a |ong period of
tine is requiFEganvﬁeY%r¥é§é;tQﬁ§QQQQﬂ%ﬂ§n§HP¥968F5FnQPélﬁbgP?ig%s of shot

regi ons, and 20,4 bi s nBkesd { glid it 0. TR ave g L EoURbPLA . of
exposure. Tn order o_pref%dt suc Fiov\/tlhroughpu , ~a large-scal e
conput ation regULSRihSm YRGS df“%ﬂﬁ%é,ﬂéqﬁi%%% tBebpehifapges the whole
exposure apparatus to be large and conplicated. 25 Upon applying the
conventional platasitgabf ssheifetdhe esindaengeal. althgapent narks to be
nmeasured on a wafer are determned enpirically or on a trial-and-error
basi s thalO af sé¢atisbhséikly ivayl & ptarat aantva laewabee detBrAlB20081i%gwhi l e
aligning the wafer using a tenporarily selected sanple set, the sane
patterns on tBeSkatéptaFel nbaRemredsuahdas hat lppstesfreder eBRTe%inatel orot
obt ai ned, anot her ga le set,is selected., 5 As .described above, in the

po H”%4%§

conventional metho g8 Y%n%efufﬁ Ha grivterit® Mg §L3Qbset of a set
of all ali gnept, (BLkS; L Sodet Sl Gthduk AheAliRale TRERO, gnd the

validity of determ nation at sanple set "is not quantitatively

eval uated. Theoefielisn méassrddnt AdsOU X ead dhhrhtt harR&r AEvEi sh&i bution
of the positions of a plurality of alignnent marks as el enents of a sanple

set deterbhbnecabg théisbhVety? otiedrewettvar apprcopraisat dlsy reekkeetistbhaserror
di stribution of positions of all alignnment marks. 15 For trying to solve
this probl em "P#ées asttheé) fol | owing nethod: the position control using a
plurality of parane&ers whi ch are obtained using a provisiagnal sanple set
det er mi ned enpiric&lP$'oFsan?Fia???yl%uﬂﬁﬁﬁﬁ?ﬁﬁﬂ%P{%ﬁﬁﬂqgf%9ﬁ€téPPangenent
coordi nate posjtien 0 sh i.ons t l,e _set includes shot
ar eas (so-calﬁ%ﬁ 9i§8ﬁg%§6 ghg %ﬁﬁgﬁggiﬁﬁﬁ%§§§$ aféggpgﬁfgnnent errors than

those of ot hef &Rl ckrREHEASpa AMENERA L Bl ks @OHAI &M 22y pHeleksol at ed
shots are excluded fromthe sanple set. This nethod presupposes that only

few 25 i spDat echsshiobs €xisly, iafdréhad wdinse =tdtgnenialnaralsiecagseht be
decrease of alignnment accuracy for all shot regions.
the average value and variance of the measured positions
of the alignment marks and obtaining the arrangement
coordinate positions of the shot areas has also been
proposed (hereafter, this case is referred to as "prior
25 art 2M).
When all alignment marks are equally formed, the

premise of prior art 1 that "all position measurement

results of alignment marks have the same reliability" is



15 AUG 2003 6 However, if alignnment marks of two isol ated shot regions, of
whi ch pattern shift directions are al nost opposite to each ot her ﬁ%'ﬂﬂﬁ?&ge
two shot areas having negative correlation), are sel ected, high-accuracy
alignment is possible. Therefore, exclusion of the nmeasured position
information of alignment marks contained in an isolated shot area may
result in an alignnment accuracy decrease.; In the case where a wafer is
aligned on the basis of 10 the position neasurenent results of alignment
mar ks included in a subset (sanple set) selected froma |arge nunber of

al i gnment mar kg, o URQQH W0 LG VAL Qkéﬁagfoﬁ gﬁﬁi’rﬁeﬁé’rméﬁl&c“ ng the

desired sanpl & set, evaluating separately 1ndividu gnnment nmarks in the

sampl e set 154gpgsr NAUpdIRKGJTUEN thRATC post $0hs BRCAUSEoétrde ] deal that
the sanple set broadly reflects the entire set and because it Is preferable

t hat al i gnnenthebéksrd N Heh sHistapels prebesghhynbaygrias pOsE£dON
distribution that corresponds to that of alignnment marks in the entire set.
20 For exanpl éepemdiie @astheaihrepesdindoas bhve abhbghnebe, nat kspositai canpl e
set is an alignment mark contained in an isolated shot region, if one fifth
of all theéd al ngaserengnl keestld socomhgithed ttheiisoraldabshbtlieegronshigthe
sample set is nore valid than a sanple set excluding 25 alignnment marks of
i sol at ed shot °F ef§PHnseIuhatY L tiddvuticokcefrbrEmorakdaruPEdtR® i gnment mar ks
reflect the position distri of all.the aliggnﬁnt narkg spnmehow, and
o) B%lr

bQ¥ioQ
shoul d not be EAPRYERSHY TYHTHAF CHBRETEF O Phef e 538 2

different reliabilities.
The accuracy of the arrangement coordinate position
10 determination of shot areas determined under the above
premise suffices to achieve conventionally required
exposure accuracy, but does not suffice for the increase
of integration degree in recent years.
Prior art 2 is free from any problem of the accuracy
15 of the arrangement coordinate position determination of
shot areas unlike in prior art 1. However, since prior
art 2 requires a huge computation volume for fuzzy
inference, a long period of time is required to determine
the arrangement coordinate positions of shot regions, and
20 this makes it difficult to improve the throughput of
exposure. In order to prevent such low throughput, a
large-scale computation resource is needed. However, the
use thereof causes the whole exposure apparatus to be
large and complicated.
25 Upon applying the conventional statistical scheme,
the positions of alignment marks to be measured on a
wafer are determined empirically or on a trial-and-error

basis that after transferring a pattern onto a wafer



have been no proposal s concerning a nethod for selecting a sanple set from
the entire set of alignnent marks formed on a substrate so as to nq{ugﬁgmm
statistically valid position control and alignnment on the basis of the
position neasurenent results of alignment marks in the sanple set.
Furthernore, although it is not appropriate to exclude alignnment marks in
descendi ng order of position error anounts in order to reduce the nunber of
sanple 10 alignment marks and al i gnnment neasurenent tine, there have been
no proposals concerning a nethod for reducing the nunber of sanple

al I gnment mar jg; Wai L ¢; o 0t alyl nd #ld %%E%g:;%ﬁt‘ég}dggﬂrifg\%%iécté‘@ al i gnment

technol ogy that can neet recent requir I npr exposure

accuracy and thkeughpeit, | sndrepbded pathe rilkes@nt nbNygak i ofrbage oS apde
considering the above situation, and a first object of the present

invention is andptlhyt def adgoishdd aresdgttecbiren nget bbta andd 20apeshét on
detector which can accurately and efficiently detect arrangenent

i nformati on ofadpVédedt ateaselmrtad.obj ect. A second object of the present
invention is to provide an exposure nethod and exposure apparatus that 25
can transf®er a prelét earhtlepahsin dmt &he sepyensdenalt Rehhgd, agcur acy.

~ 5 AUG 208 8 A third object, of the present inveption is to grovide a

devi ce on whiEﬁmp'ﬁesﬁﬁt?tr?ﬁ&QﬂW?Q§c€@F§FeP§ PorPHRESE ACF ofir 8RBT oBf €211 of the

present invention i o 5 proyvide.a manufacturing.nethod of manufacturing a
g%?gnmgn{: r{vflrlP Ga% SaE né

devi ce on whic I'né pa er%sl%rénﬁggﬁfh ely £ EfgcT%Eﬁ?%’o?
I nvention

the validity of determination of that sample set is not
gquantitatively evaluated. Therefore, it is not

10 guaranteed that the error distribution of the positions
of a plurality of alignment marks as elements of a sample
set determined by the conventional method appropriately
reflects the error distribution of positions of all
alignment marks.

15 For trying to solve this problem, there is the
following method: the position control using a plurality
of parameters which are obtained using a provisional
sample set determined empirically or arbitrarily and
uniquely specify the arrangement coordinate positions of

20 shot regions, when the sample set includes shot areas
(so-called "isolated shots") having much larger alignment
errors than those of other shot regions, alignment marks
contained in such isolated shots are excluded from the
sample set. This method presupposes that only few

25 1isolated shots exist, and that those alignment marks
cause the decrease of alignment accuracy for all shot

regions.



According to the first aspect, there is provided a 10 first position
detection nethod for detecting position information of any area &h AYF 2003
obj ect: provided with a plurality of position-neasurenent-points, the
position detection nethod conprising a neasurenent step of selecting nore
posi ti on- nmeasurenent-points than a m ni num 15 nunber of neasurenents
required to cal cul ate val ues of a predeteg m ned nunber of paraneters, which
uni quely specify position information of any area on the object, fromthe
plurality of position-neasurenent-points and neasuring pieces of position
information of theygly&SPEC I MG FRlept! &6 rRQS Il QQD@?@Y%@@E"‘%E@@' nts; an
estimation step of cal culating respective positions of the selected
POSi ti on- MeasyE@IEAE - PS8 RitSL.cHbastd eoh she FReasweeBBhsr £s8ll A&t t he pieces
of position information, and estimating probability density functions which
each 25 represpgpds e Wrs evesh prodleabi(lii.iey ,ofthehewoakhot atedapasatiron f or
respective one of the selected positionneasurenent-points; a probability
density cal cuhagabivategrasfladdlaul atineg splelbdld, i hygheascuyaoy t he
calculated 15 AUG 2003 9 position of each of the
posi ti on- meast eFBRRC pol hiROSHAEH o Neggiocti vexehesdpPnt A Prdbability
density functions aqg a.$,raneter cal%ylati of eval uyating an error
K170 ¥

n _ste
of each cal cul"&Gf2a%" SUSEEERTI R S 563&95W8nFewaF Mce position
while using t tjve, cal cul at rqbahi Li d .ty' s_value as a
pi ece of meigE?“f%?@%%a‘¥5H‘§ﬁ§H€§F%ﬁf§F&n%Q@§|5%3 §?§P%§ %?e%%ternined
nunber of pargielrhént bASEH LY i Rmluated errors. 10 According to this
nmet hod, pieces of position information of sel ected
posi ti on- measur enenh- pRé NESs@rehdrasneEe mnd 416 gpesi bhofseapdspsobability
densities of the selected position-neasurenent-points are calculated on the
basi s of 1he mbaspesiehtn resagumsendigorrekiilda ofl atliiggmehe staksstically
nmost valid values of a predeterm ned nunber of paraneters, which uniquely
speci fy positiiBRLPARSr Hatd otRIeanieamd® Getdn seBjeseed whPMeaus2hget he
cal cul ated probagilitﬁ depsities aslggeces of information eafhdreyre§enting
the certainty™8f°%6 ? eagb%?T?Qﬁ1Wﬁr rr RPS§HPFLNANg the validity o

posi ti on- measyr geAbaPeLplse 1A fd UndYNAGRLAHAR! Ul at gd,postisgn and
a respective reference position 1S weighted in accordance With the
certainty of tBgagateulaiediPosidl ol iQYnrtdit MRSNECHKNV@he sample set

posi tion-neasurenent-point, i.e., the 25 probability density at the

cal cul at etls posiokisonoof hahe mesipesdnse. pA¥iitd ors Measwsentnt ipoideéal That i s,
if the probability density is large, the weight is large, and if the
probability dé&hsitt fhessample, sehebypadiit Heflaafly the pRtAYe 2003200 As a
result, when the calcugated Eg?itio of. a posjtionneasurenentéﬁoint has

hi gh certai nt PEPHESHAGr &8 BFSTRTIRERCE DT 1SS "GE kEhd e &PRul at ed

POSTLTon of 1 heafsl LLANLIEBSLLEIENY - 01 Ntp ) ALY 10 ik ighetRgee S

position is hi when tne cal culated position o

posi ti on- measWeeiRBboRaksNt oNBRat O¥F CEI{ @hmdye ddecagf e OfenicAl-bugaee of
the error of the calculated position of the position-nmeasurenent-point

relative 2O | tFo elkampieg posthéotass liovre Tdres ef Drivesialdensieati stical ly
valid 10 values of a predeterm ned nunber of paranmeters which

marks in a sample set is an alignment mark contained in

an isolated shot region, if one fifth of all the

alignment marks are contained in isolated shot regions,

the sample set is more valid than a sample set excluding

25 alignment marks of isolated shot regions. That is,
position errors of measured alignment marks reflect the

position distribution of all the alignment marks somehow,

and should not be carelessly ignored. However, there



uni quely specify position information of any area on an object can be
calculated while rationally reflecting respective certainties of thB5 AyG 2003
cal cul ated positions of position-mnmeasurenent-points, the position of a area
of 15 interest on the object can be accurately detected. In the first
position detection nethod of the present invention, the reference positions
can be determ ned in advance on the basis;of design information. The
probability density of each calculated mark (a 20

posi ti on- neasurenent-point) position directly reflects the certainty of a
respective ma Ltion, Therefore, in the first si;ti.on detection nethod
of Phe presen%§V§8§%%+8ﬁ? Z&EF36?§*§?€I€#£Pu§t88Q§9dnﬁPFiEF§?H 1i%e

errors of thecabgylat &g POSIY | el satd g%tpgftgqigﬁ?ﬁggpﬁ%£k¥e reference

positions by the respective probability densities o e calculated
positions. Infbbrefi 65ta poshdti@rtdaieed an @%trif%mogttah@sewﬁﬁ% i nvention,
normal distributions can be adopted as 15 AUG 2003 11 the probability
density funct vehsd posibien vegntidl ismdaritiigeuteant! ynvahedbhsipr esUgRet he
occurrence probability distributions to be a normal distribution when

vari at i ons® of pepibien gfiea srereredrdul xetsed ek jpdsignimens mek&si ¥e tbe5 t he
respective reference positions are expected to be random i ke normal random
numbers. WhenSBRBLBcE®Frence probability distribution is known, a
probability density function of at probability distribytion can be used

i nstead of a nor rra%uak‘]g?ﬁ“ﬁﬁ?i o#tq&uﬁhe“oﬂ?ef‘%aﬁ@}’r?@r\%ﬁ@ﬁ £Re occurrence
probability di [, ut I it §s ratj.onal t.o presune.the
occurrence pr%gggkpgtéfg?gﬁ?¢gu 1'on fﬁlﬁg%gﬁﬁgﬁg |°6P§ErP uPPﬁh%lﬁﬂich is
the nost geneeakoRr 8gbhts tyn dbsddd B I Qyude chide nhinbat B@%Eh@@edet ection
met hod of the 15 present invention, position measurenment marks can be
formed atl®heapaghthéent- meassrame il ipninke rdasstehet@seimbherpesiti on of
each position-neasurenent-point can be neasured by detecting a respective
posi ti on neashegaeheenank. PINeRe@s & kmtcarie pasiat imometrbasiufenentdmat kgcan be,
20 e.g., a line-and-space_mark, box-in-box mark, and the like. In this
case, a pluraffeynBFPeHsPE i IAMRIR et iBrrardr ke oksr bd gt mehetploiagity of
position-neas%&enentggints can include a first nunmber of first nmarks, of 25
whi ch surfacestdles thAnge ¥%a first direction, and the position

information of eac Lr k ?%Mé ' I t can be
position infornatigﬁggf§g'g?ﬁr%y? y 3?9H§§?ﬁ?§‘%§$??€ﬁg%?ﬁ ?ﬁggfirst
directioni®f retenAUced(08eren€acdk fimstoviRl kxdddusdChcaueasy. ahhe position
of a first mark in the first direction can be cal cul ated by neasuring and
processi ng t héhgesphpoh isfoeedddon of the first mark. Also, a probability
density function that 5 represents the occurrence probability of the

cal cul at ed positi ofN€aR*BESRE I EeREL PSS drean dnagissicom sidegiageshpositi on
and neasured sitign_information. en the first k periodically changes
in the first i%lpé’gt Fbﬁu#iz%“a AR Z%dr%tp er%’l?fn?:ﬁﬁlé’ %\?@P&QE val ue of 10
positions of anRlHEabhtysotof AU G POTAIONS N de Lila! dlheg! Lo such as
t he boundari es between ['Ines and spaces, Whi ¢ represents the Ceft'fal
position pb thesfiitish ABEKctSAMNRECHSEsh ascddia ROS e s jLhenth st mark,
and the probability density function that represents the 15 occurfience
probabi l ity ofdettleetcentrrnyjepest t iwfoment ben estt idiptiedd Bieaposint ban
informati on of each selected first mark can be measured in the neasurenent
step at a pl urr®jiecf-of positions in a direction perpendicular to the first

A second object of the present invention is to
provide an exposure method and exposure apparatus that
25 can transfer a predetermined pattern onto a substrate

with high accuracy.



20 direction. In this case, since the nunber of pieces of position
information to be processed increases, the position of the first FﬁrKUd 03
the first direction can be accurately cal cul ated, and the probability
density function that represents the occurrence probability of 25 the
cal cul ated position can be accurately estimated. The surface state of each
first mark can also change in a second digection different fromthe first
direction, and the position information of the first mark neasured 15 AUG
2003 13 in the nmeasurenent step can include position information, in the
first direction, o ral fieat ur ti L ped. i he first
direction of the fér?flp%r%jéa%dq%ost?% ﬁ%isﬁﬁrgr Eﬁg??%jﬁw?nl% E%(Bsecond
direction, of, 8,5 W addddcdlor alWHE FRAL FQB%ekthQré nather secopd
direction of ?he first mark. In this case, the two-di nensional position of
the first markogmedpe cal cul ated based on the nmeasurenment result of the
position information of the first mark, and the 10 probability density
function that repraséotsth hebpsaurafende preseair| inyeotidbheisatcoul at ed
position can be estinmated based on the design reference position and
measur ed posi ProWlidefarmanufaErtumiag methiogf efnaahshacharipera adevied t he

t wo- di nensi onal position of the object 15 can be calculated. In the

measur ement sPBpWNEeR BHR$ RS A SCvEAke Nt TPEREE - one of position
information in the first direction of a plurality of feature portions in
the first direction and position information in the second 20 direction of

a plurality opiff&al HsfrPdFOFRVenEP8nsecond direction can be neasured. 2n
this case, since the nunber of pieces of position information to be

processed increasegctorddhgl €asthone oft theddir stthard secpgpdviiegchi ons,
the position of the first mark in a 25 direction in which the nunber of
pi eces ofl@ositireh posbtihat i detdar iz preadtesisEorhdstentirgspeds tahobe
accurately cal cul ated, and the probability density 15 AUG 2003 14
function that inépreather eheant ange e an obdlsicti pyovidedewihh cal at ed

position can be accurately estimated. The IuraILtg of marks can further
i ncl ude a secBAYFALNDEr Obi PRELLIRY TREA L SFEPCANSSr f 5B BPAtBLORhange in

5 a second dirgg%% QoQi$£ et gﬁ(gggie Egg%;s%&%%% 'ogteangfthe position
i nformation OF sach Second fark reasur ed J 't he reasur 8ment Step can be

posi tion infolERELEINGT mErd! P& i {oh Hed KA tRRLEhPES thAnt RemSHEANA

directi-on of the second mark. In this case, the position of the 10 second
mark in the secapdrdbfeathonr&mnte talGidat ed kyireasyei Rg1asd progessi ng
position information of the second mark in the sane manner as for the first
mark, and a preedbitkirhyndeénsinlye f Ut tpaorandiar s,ephdsbnusitthelgccurrence
probability of the cal culated position can be 15 estimated based on its
desi gn ref er eFPEPEYi PPOAL LAY MRERIMEL YL I8 iafeSr RBt £HA. OPASELT s,

i nformation tq%%mpghéa%garg9%§%;¥P;éggg¥§%ﬁyﬁga 4ﬁ%§¥d%EP§§ﬁ%h$898jeCt can

be cal cul ated.” " I'n asur ep, e posi [ mati on~of 20 each
sel ected second Jmik n6ap; Bee JEEBUSSL: Pof B A8l di%r0h fPRBkt I ONS in a

direction perpendicular to the second direction. In this case, since the
nunber of 2pi ecespeltive selected position-measurement-points; an
estimation step of calculating respective positions of
the selected position-measurement-points, based on the
measurement results of the pieces of position information,
and estimating probability density functions which each
25 represent occurrence probability of the calculated
position for respective one of the selected position-

measurement-points; a probability density calculation

step of calculating probability density of the calculated



position information to be processed increases, the position of the second
mark in the second direction can 25 be accurately cal cul ated, and 15eAUG 2003
probability density function that represents the occurrence probability of
the cal cul ated position can be accurately esti mated. 15 AUG 2003 15
Furthernore, in the first position detection nethod of the present
invention in which position neasurenent rgprks are fornmed at
posi tion-neasurenent-points, a plurality of divided areas can be arranged
on an object, 5 and position nmeasurenent marks can be contained in each of
the pluralit .o v reas.c Ln this. v r angenment, coordi nate

P y%rg%]lﬁcjji:%r} o HEDr the ngjlggﬁﬁ mgggugémgn’ga;?c%ri/ts

position of e area on the can be accur detected. In

addi tion, theb&’é@&jeér?rf@d}%ﬁtﬁ%@@neo‘cofp%h@”ﬁ?cglﬁﬁb1%1? nd#ﬁ%ilwe parameters

associated with representative points of the plura 0 ded areas. In

this case, theugéteseenid of ddianeeRHeSaNtal Y €oROLPES, of dya et GRNt T al
points, of the plurality of divided areas on the object can be cal cul at ed,

t he arrangeneat déeroy defeadredallTulatast ppsaciangesestieootsli nate system
Not e that the predeterm ned nunber of paraneters can further include

par anmet er © asso2pee ey naf qusinges poisiéi onhahilbeusépg eteat ke spyectpoient s of
the plurality of divided areas. In this case, in addition to the 20
arrangenent c6dtERrIRE SrakaRidii e Peasdivasi velpei aAfsaopiedre pfural ity of
di vi ded areas on the, object,. a divjded area,coordinate systemthat
specifies thewafggEt+?£¥ﬁﬂaﬁhﬁqeﬁqd 2 ﬁ?ﬁ@%}ngcgﬁ ?eﬁnagtﬁ%elike on the

di vi ded ar easy caRe ber Al &llahfl: 25 AGcaRAIg L OpLbg segopd, aspect, there

is provided a sec pos et ection net for detectrng position
informati on ObkyvalyaPd®a©b@ object provided with a first nunber of
posi ti on- neasur enent - points, the position

10 According to this method, pieces of position

information of selected position-measurement-points are
measured, and the positions and probability densities of
the selected position-measurement-points are calculated
on the basis of the measurement results. Upon

15 calculating the statistically most valid values of a
predetermined number of parameters, which uniquely
specify position information of any area on an object,
while using the calculated probability densities as
pieces of information each representing the certainty of

20 the position of a respective position-measurement-point,
the error between each calculated position and a
respective reference position is weighted in accordance
with the certainty of the calculated position of the
respective position-measurement-point, i.e., the

25 probability density at the calculated position of the
respective position-measurement-point. That is, if the
probability density is large, the weight is large, and if

the probability density is small, the weight is small.



15 AUG 2003 16 detection nethod conprising a first step of selecting a
plurality of neasurenent point subsets which each consist of a thifd A

of position-neasurenent-points and are different from one another, the
third nunber being larger 5 than a second nunber and smaller than the first
nunber, the second nunber being a m ni mrum nunber of neasurenent points
required to calculate a predeterm ned nuger of paraneters that uniquely
specify position informati on of any area on the object; and a second step
of 10 statistically calculating, for each of the plurality of measurenent

poi nt subsets,_est] jons of the pr t.erm ned _nunber of paraneters and
certainty of %‘ﬁegelé%?lgria?’l ovﬁ}%e,n t%’see(fag%%r%égsegr é’%&%ﬁ%’ésa?t% %?sﬁéo?ﬁi rd
nunber of posjtLons- @§¢[§§?ﬂg- | Qs Ear. 15 a nt - poi nt
subset, the c%%%g?%§§ 0 e eggﬁag?%%héggF%?%gyérgggté?ﬁ?%%dgﬁunber of
paraneters isjfalgehdd efif Ushde g & ewealad caghicBBt heBsti8AUokSthe
determ ned in accordance with position errors of

posi ti on- neaspoeiendn poeaé Sremdr tcipaimt usddttioecabelikat ee20réhee
estimations, relative to respective expected positions. If the deviation of
posi tion €Fropesbtiohelposighorwheeasire medicudaiteds posédion oél gul ate the
estimations is large, the certainty is low if the deviation of the

posi tion erroP8sisiappneasyFRNE R Mty 25 lovwhicgirtaAnEyr dthg €89traes
met hod, a plurality of different neasurenent point subsets are sel ected,

and for each 8f th 1Heacere © piTh" . §€F§Fa&§Pﬂﬁﬁ?Poﬁgséﬁa°Ph8fr 15
AUG 2003 17 C%@@%Qéé@%nlﬁg fyedetarmpaed nuaber of tBari%”?tr%r;ér‘é’{x‘&&h
uni quel y specity position |n?orna_|on_6? any area on -an OSJec are
statisticallyseakgubat gd. 1dhe optd fBtdQns Andd @%'a&ig%&eamgyvgii&he_ _
predet er mi ned nunber of paranmeters 5 (to be also referred t0 as "position
paranet ersl heaeusafbery ptedatdrimasdimpiidr RF Pparsubsetsr ehliegat the
position distribution of all position-neasurenent-points. Therefore, the
position di st nnbguedy spealiy poss it iormeasinmmrentonpoifnesycamebeocacenr at el y
estimated based on 10 respectjve groups of the estimations and their
certainty of PREepEeadPebfi pRbCHIMIRG YO \oara@fdioded Iyorefhecpingal ity of
measur enent point subsets that are se ted irically or ,arbitrarily. The
second positi 5358&5&??056’%?}1‘6%1%%&4 3&}%6}9"‘ l@&ﬁ%r??é*ﬁ@”?hf’?d step of
obt ai ni ng st agiost :6ahLe¥al i dyal Yes: o ¢ g predatarg ned nugher o
cerfainty for

paraneters, based on thé reéespective groups of “estinations an

the pluraibty j@kcFBa88ULRNERAL 8}9?@& sehisels £l Grahigd delt elh@gsecond step.
In this case, since statistically valid 20 position paraneter values are

cal cul ated on the basitheoffirespposiviograesctoforn hetasid et ittves and t heir
certainty of position paraneters for the neasurenent point subsets, and the
groups of thePESERREt ABNSNAAEN cethi FRiLRRIE Ritkidnsaldap ©ef | ect the

redet er m ned nber, _of 25 raneters that are statjstically determ ned b
Eroadly sanpH%%jefpﬁﬁﬁglinpggV??Sﬁ-%%a%?ﬁeﬁﬁﬁﬁ§rﬁfﬁé%ﬁlQQt&P%?FP@EPP?'vaIié

val ues of the pred%%%rgr%%gbgﬂgpﬁrdggsity of each calculated mark (a

20 position-measurement-point) position directly reflects
the certainty of a respective mark position. Therefofe,
in the first position detection method of the present
invention, the errors are evaluated by multiplying the
errors of the calculated positions relative to the

25 respective reference positions by the respective
probability densities of the calculated positions.

In the first position detection method of the

present invention, normal distributions can be adopted as



15 AUG 2003 18 paraneters for all the position-neasurenent-points can be
accurately calculated. Furthernore, the statistically valid val ue P§.ﬁﬂfﬂma
of the,predeterm ned nunber of parameters is obtained by 5 cal cul ating
average of the corresponding estinmations weighted with respective
certainties, each of the certainties representing a piece of weight
information for the respective estimtio In this case, since the weighted
mean of estimations is calculated using the 10 respective certainties of
the estimations as respective weights of the estimations, the rational

eval uation of _the esti jons, can be perfarnmed i fch estimatipns with a
Iom/certaintytéﬁnPF?%%éii*QﬁﬁgeQﬂﬁfx ﬁp F&ﬁnérhegnggb?ﬁaY?%hslﬁﬁ%% a hi gh
certainty congr]j ) tatisticall i I .1 he
predeterninedgéhggéﬁl%?{%é?ggg%é%%%F%PU%fi%?ﬁegﬁ§§#%?8§gn§§§8$%ﬁ%g Ypoints

can be accurayeky-apgt 8854 | %o G GG Id'lsttg@bﬁ%.cleﬂdwﬂgﬁ! &émé&%&% I on

nmet hod of the present invention, In the second step, certainties o

posi tion neasgregenbrsestl tise aldifl QY a0 PRISUABRBNLePRENYS €8N be
taken in account for calculating the estimations and certainty thereof. In

this case,5si nbe thepestivatreofisrand: tdoxit ioest airet gxpbctha poedet er m ned
nunber of paranmeters are cal cul ated considering the 25 certainties of the
posi tion neasypefent liksunernat randqyogiunberspeadlieanthe- pecnrsence

statistically nore valid values of the predeterm ned nunber of paraneters

yal . . TDE par
can be cal cul REERAPILIBY \is BHRITIAR |35 IIPW oR, PERE2BELORY dERPIEYN
conprise an estimation step of cal cul.ating,. for..each of the pluraglity of
nmeasur enent p FHE%§8858ESFQ?%§%%%F1 Jﬁa%i“f%ﬁébS?lPﬁeCPHisa Hﬁﬁ%er of
posi {1 on- meas yregRak- BRI 01 3o HASE: Al A TRAM CTRAL theSUkhs Ohahlle Lhi rd
nunber of position nmeasurenent-polnts and estimating pro abi ' y density
functionsy ¢ hatyneachnkepreserin &€ GIdnse hokakidditytebnt he cakaulat ed

position of the respective, selected position-nmeasurenent-point; a

probability demsisyrational to presume the occurrence probability
distribution to be a normal distribution, which is the
most general probability distribution.

In the first position detection method of the

15 present invention, position measurement marks can be
formed at the position-measurement-points. In such case,
the position of each position-measurement-point can be
measured by detecting a respective position measurement
mark. Note that the position measurement mark can be,

20 e.g., a line-and-space mark, box-in-box mark, and the
like.

In this case, a plurality of position detection
marks formed at the plurality of position-measurement-
points can include a first number of first marks, of

25 which surface states change in a first direction, and the
position information of each first mark measured in the

measurement step can be position information of a

plurality of feature portions in the first direction of



10 calcul ation step of calculating respective probability densities of the
cal cul ated positions of the positionmeasurenent-points, based on tHe AUG 2003
probability density functions; and a paranmeter cal cul ation step of

eval uating an error of each of the calculated positions relative to 15
respective reference position using the respective cal culated probability
density's value as a piece of weight infppmati on and cal cul ati ng
estimations of the predeterm ned nunber of paraneters, based on the

eval uated errors. In this case, since errors between the 20 cal cul at ed
posi tions and,4&spacidtYfal&f.er eACSuRASLLQBS A Re Wob SN £5h Id¥ arcarndance
with the information of the certainties of the calculated positions of the
posi ti onmeas wiaenlr RGNS rsit. GirkbBeiphobahi bet ¥alensdtideoyat the
cal cul ated positions of the position-neasurenent-points, 25 statistically
val i d esti mtmersaniing kedppedebesimgethaupbet t bdn pim fomrtaer iorc arf ehe

cal cul at ed which uniquely specify position informati on of any area on an
object and f&EsAUEaC03 2Adseat Ropabbgbiditgcdentnbtyefundnidrestioft t he
cal cul ated positions of the position-neasurenment-points. In the second
position et ekERGIFGREthSNeoPCCHErBRESeRECPAREALFBNOL polRe t G Wttt enent

mar ks can be 5 forned at the position-peasyrenent-points as jn the first
bosi t1 on det dRAT T TreaRo D51 PRETBEBSeRE PV EHL F bR SHEAn £ HFHHTe y of

di vi ded area n b rr t pect . itio ement marks
can be contaﬁ%%%ﬂfﬁ%E%ECﬁo %%H§g8| ?5??#§go%ng?gT§g%6%?egg. O According to
the third aspectst e det iRf¥adey ankhbed RPASthéOR; Aot et By hod for
detecting position informati on of any aréa on an object provided with a
first nunber DikPasilir-dmpSpackehhrRoi Bhe, atbeagesvalwn siet ecti on net hod
conprising a first step of selecting a 15 first neasurenent point subset
whi ch corldl stpositionhiafd angpiberldtyposi feehumeaparehens - jpoitthe , £t t hird
nunber being | arger than a second nunber and smaller than the first nunber,

t he second NuRHEFCHEIMEYE I 38 rithd eI Be Trekiieafe i nNgS st raffiased to

| cul at det er ni ned 20 nunber of t hbat. unj guel i f
bosi L1 on i nf YRR GHERSSHTy Sar08 ST ToBPECE o8 SEcthtl SHER ook ect i ng
a plurality of, e&@%é@%%”t%eg}osa%% %lfb%ﬁtasf\ﬁ’%egﬁgﬁ,h SORSipd of a

fourth nunber of positionmeasurenent-points and are erent from one

anot her, 25 tBeohasi I NHEeri theimg drabgek hbharebhessgeonehdunber and
smal l er than the third nunber; and a third step of statistically evaluating
possi bi | i1y obceceptamtarprtdmifiilrisly mEasheerentrpdi pbssubsetcdy leme of the
plurality of 15 AUG 2003 21 second measurement point subsets, based on
measur ement resuimated. the third nunber of position-nmeasurenment points

conposi ng the first neasurenent, int subset_ and measurenent  results, of
sets of the fourth RGBT % ?WQ£H5ﬁbé§hfﬁﬁ%hP9§8Fﬁg§ %éEﬁtc%ﬁb%sing

one of the Second, JEASILEREN PO SUNSESe e (LT SL UBABYESITERS BPi Nt

subset being used fo ca ate € pre erm ne er of paraneters.

According to pBs$tibRs £RCD Pfrddtad Werlddnni@fu14@ €6cend peasurenent point
subsets, it is evaluated whether or not it is possible to replace the

initially26el ditedtsanpl elsethid idssde,medsitree Rt npabetr s@bseégebyofh sanpl e
set including a snmaller nunber of elements. That is, to determ ne whether
or not it is pesstbbe ionferrhicon Heo 1B madsesseld increases, the

posi tion-neasurenent-points used to calculate | , ,
position of the first mark in the first direction can be

accurately calculated, and the probability density
function that represents the occurrence probability of
25 the calculated position can be accurately estimated.
The surface state of each first mark can also change
in a second direction different from the first direction,

and the position information of the first mark measured



the predeterm ned nunber of paraneters, it is evaluated, based on &h@@
position nmeasurenent results at the position-neasurenent-points obdt 2003
first freasurenent point subset and those of each second neasurenent point
20 subset, whether or not the position error distribution of

posi ti on-nmeasurenent-points in the second neasurenent point subset is
simlar to that of position-neasurenentpdd nts of the first neasurenent
poi nt subset, in other words, whether or not the second neasurenent point
subset 25 and the first nmeasurenment point subset equally reflect the entire
set of all pasi Eh@nmgaaaﬂéﬁaﬁﬂts@@ﬁs nEsn henedorns s ioh Hedwsinaa ilbhe nunmber
of positionneasurenent-points as elenents of a sanple set, 15 AUG 2003
22 statisticdn vaki ditygtoflitbet tah £udbfit ®doMataieist wfoft Meginedet er m ned
nunber of paraneters can be maintained. In the third position detection

met hod of theontdsest linedninobhethibrsthidirstbiveaf dhepriisstamagkth 5
step of statistically calculating estimations of the predeterm ned nunber
of paraneter sa%@oéé%t‘-apnwf@?m@%éo%st }ire R nse cnd et KiF tidsurcdment
results of the third nu r _of positjpn-nmeasurenent-points conposing the

[ Frot meadur SR LoD e aabr St FERRST LIRS B i SRaAng 10

cal cul ati ng ti 1.0Nns 0 he. m npe rameters and
certainty of féarégétoﬁn%ffi gﬂé ?36?5§gr§%’|§%f Fﬁg %aﬁ%}{/ (F;cf%esecond

measur ement P&Jdﬁdiﬁﬂélﬂ%‘%ﬁalb?éggtﬁ?é?nr@@%’l‘i@”ﬂ‘ﬁs'i e84t o0 dhe fourth
nunber of positionnmeasurenent-points: and a sixth step of conparing the 15
estimati ons an Akkadnbysell bhethér féasBosneeierds i if Stleset wWith the
estimations and certainty for each of the plurality of second nméasurenent
poi nt subset aEid ievalindbirngtpossebi theyfofst ephaici mpd Hehd i r st nmeasur ement
poi nt subset by one of the plurality of second 20 neasurenent point

subset s, 1Phe BigbbiddsyudensitypSRREt sopsehahereRFLSTHT Fhdal cul ate the

pr edet er mi ned nunber of as t he estimations and their

L t hi ,
certainty of QHEIHEOGE BERPABI L AGRLET bR par Lkt AT QAT M EBadsd 25 on
th iti 1 t 1L ent - i nt f th
oD rens o SEANMEIE Db LA UL 08! abBELROPLE L O I AL ST L 0 D ot o

the position jmAsIHRITRRL i keSH! LA FatmhBEoROSI 1hON- MRASIH &I ERM Mhsof 15
AUG 2003 23 each second nmeasurenent point subset. In this conparison, the
certainti es gfertasipecttiovehgr awpsdomehBeorsl i pasiohen o tree tamjgarasur enent
poi nt subsets are conpared as well as the groups of the estimations, the
certaintiles ezarh B ragfllcediaiteg-devi ati on of the position error distribution
of position-nmeasurenent-points of the respective nmeasurenment point subset.
And by exami ni ng tHe %o MEGRyEErSSE FESENt §OTt RRCPoSPPOrERrT NSt

di st ribut i on of, posid i,onTeasur eEentpol ats, oF Lhe, 11 St mEasurengnt 10
poi nt subset s Conpared wi th that ~of position neasurenent-points of the

second measur@EMt RY Mr WRIRIra11Rer 8F0FBat ke CARrPEHST &1 ek What her or
not one of the plurality of "'second neasurenent point subsets and the first
measur enent pol ndctsidrs einde gualilty ohefin€etrmbbéornihr €he second
20 direction of a plurality of feature portions in the
second direction can be measured. In this case, since
the number of pieces of position information to be
processed increases for at least one of the first and
second directions, the position of the first mark in a
25 direction in which the number of pieces of position

information to be processes has increased can be

accurately calculated, and the probability density



15 set of all position-neasurenent-points. Furthernore, in the fourth step,
certainties of position neasurenent results of the 1.5 AUG 2003
posi ti en- neasur enent poi nts can be taken in account for cal culating the
estimations and certainty thereof. In this case, since 20 the estinmations
and their certainty of the predeterm ned nunber of paraneters are

cal cul ated considering the certainties off4the position neasurenment results
at the position-neasurenent-points, statistically nore valid values of the
pr edet er mi ned nunber of paraneters can be 25 cal culated. Additionally, the
fourth step c [ ' 0n .St u L 0. ective

posi tions of ?HSE? |rd§§hﬁﬁhéﬁgﬁg%§§§ Ep%ngggggﬁgghéné?%%$%%£§¥ﬂmﬁ?ch 1
At1G 2003 24 g¢gapestchiv:dd ids MERNIRNRERE ReENtatubyel st Dasesh on
measurenent results of the third nunber of positionneasurenent-points and
estimating probabi Cheyptensiityy famatd s dahattueaslrr epEesast a 0s6EsRgNce
probability of 5 the calculated position of a respective point of the third
nunber of posntimbarnefssecyehtrgudint ©f ahjcbhbabrfaty deases ycleahgalaii on
step of calculating respective probability densities of the calcul ated

posi tions ®f BheepoBPt dbresiayurdffareyd drom bhsefisat10irdet ppwbability
density functions; and a, paraneter calculation step of evaluating an error

of each of phé“éaFEﬁl%?%Htﬂﬁ%i%qQﬂﬁ9%§ﬁ%ﬂiqfeePSﬁré§5@89iWér¥e$%?%ﬁﬁﬁﬁ
oS o e o e SRS S PRGELEH P IR ygh °

5

pi ece of weig Irnformation and cula

predeterm ned HupRes « of o PAFAIBIAL Ho A0 9 ke SKabHalad-gbeely ofn this
case, since, for the third nunber "of position-nmeasurenentpolnts conmposing
the first neagueegeBbn@OLSEk SUDSEILhIGY Qs , behwepBstheosabeutgted positions
and their 20 reference positions are weighted in accordance with the

i nformat i & ofetbhedceathi v iEse cfeddral chlredltdbad cpasbei eascolatée by

posi tion-nmeasurenent-points, i.e. the probability densities at the

cal cul at ed poSeRisoRsNGf andked Pors 19101y Resdddoandnifopoantion efathstical |y
valid 25 estimations of the predeterm ned nunber of paraneters can be

cal cul at ed thEﬁOBHiBﬁEFyl%pghﬁfiﬂﬂﬁxQQQWﬁ¥iaﬁf5Pﬁa$#§nféFsénWaékeaa%% an

OOl eCl g not! PRgkhKL I eLy oSlnd 1y cdiR. /AR 2003 cEp.agehaLnthes of the

cal cul ated positions o sI T4 onnmeasur ement - nts. Gition, in the

fifth step, ceckarpthes 950@@@iii6¥‘@Faﬁﬂiﬁ%ﬁ%hl%%%ﬂlF%s@%i&ﬂecan be.
posi tion-neasurenent5 points can be taken into account upon calcul ating the

estinati obS ardtdentadnbysébeseofts Mysiapnerme fler@enidel thsstepncandconpri se an
estimation step of cal culating respective positions of the fourth nunber of
posi t i onmeasume@stregopnsstidorimgetmafidme Flhataliisty ioff osmedmdnlfhat
measur enment poi nt subsets, based on neasurenment results of the fourth
nunber of posPSEAIREasr énkRe-dHMeRSI At ATt @EpitbisaBPPREY B8RS ty

functions thaE@e%%ECLEQES§?”t occurrence probability of the cal cul ated

position of a Trespéctive podint of the fourth nunber of
In the measurement step, the position information of
20 each selected second mark can be measured at a plurality
of positions in a direction perpendicular to the second
direction. 1In this case, since the number of pieces of
position information to be processed increases, the
position of the second mark in the second direction can
25 be accurately calculated, and the probability density

function that represents the occurrence probability of

the calculated position can be accurately estimated.



15 position-neasurenent-points; a probability density calcul ation step of
cal cul ating respective probability densities of the cal cul ated posilty ang 2d3
t he positionnmeasurenent-points, based on the probability density functions;
and a paraneter calculation step of evaluating 20 an error of each of the
cal cul ated positions relative to respective reference position using the
respective cal cul ated probability densityfs value as a piece of weight

i nformation and cal cul ating estimations of the predeterm ned nunber of
paranmeters, based on the 25 evaluated errors. In addition, in the third

posi tion detecti on~ i, ora t @it 8-Sy AL L0 : i p can
conpri se 15 AUGng%3 Zéﬁgﬁféhr?%es?é%ggfpggg?Fé?ig%}%éeggFét é?%ﬁg, for

each of the seeak rasyreEnvep@ibh SHDGRLEh B651EBSA aNSaAlrdulttit
predet er mi ned nunber of paraneters and certainty of the estinmations, based

on neasur enemarles Hes fairnede atoposh thonumbesubément-points, a

posi tion-nmeasurenment-points; a fifth step of statistically calculating
position errdrkugFlithe qgfosiiviisiedraasasemant bpohnrangéd tdre 4n raly]emasur enent
poi nt subset through use of the estimations of the predeternm ned nunber of
par anet er € caARYUIRATF 1N MeesHFersntt RagképcandrevaPied inrA postasti ity of
repl acing the first asur.enent_ pQi nt, subset by one of the plurality of
second neasur® meﬁ aHs s@ll"r’rdleﬁi 8rg3se, HY 'Eléjr%u‘F%ﬁ‘?'ngtklﬁ)si tion
errors of posjijian- reNEL- i_n MQsing firs 5 measur enment
poi nt subset %%/]!%g% ng fﬁg%estllﬁ%%ieohéfgggg hggp?é gt%%%élee% Hutber" of

paraneters, cghfWj&ad Und e Radgaekiihaepesttjon neasurenent results at
t he position-nmeasurenent-points of each second neasurenent point subset,

the position errorimisdditidgr orthef piRdeesirnioedrpasbeeneit pPpamdSeds t he
first neasurenent point subset can be obtained. Therefore, wthout

cal cul atilfy than ebn¢hude maramet adseiassoeibsedt yidoh répresentsterve ned nunber
of paraneters on the basis of the position neasurenent results at the

posi t i on- measBPEMehtODFoimiuradiitvth@ff fryidreadtpafent IPoimts et , it
can be detern ned whet her ar t .one of the plurality of second neasurenent
poi nt subset sCAAPTHIIFIT r?ém'z;st&}eeﬁ@ﬁtreﬁ(?i“ﬁgt”%pﬁzﬁatﬁoo%' %7 Wset

equally 1efl eclLhe eniife Sefe AR RATi Y00 TBISUEENRI DO M Sepe

Especially, in't e re a sec nmeasdrenent pornt subSet to
conpared is acgjbsetcal Bdadidslated/eand aM@ahqgBRbAL BHPS§t reBVrred

cal culating position errors
15 to as an arrangement coordinate system.

Note that the predetermined number of parameters can
further include parameters associated with points other
than the representative points of the plurality of
divided areas. 1In this case, in addition to the

20 arrangement coordinate system of representative points of
the plurality of divided areas on the object, a divided
area coordinate system that specifies the direction of
pattern transfer, scale, and the like on the divided
areas can be calculated.

25 According to the second aspect, there is provided a
second position detection method for detecting position

information of any area on an object provided with a

first number of position-measurement-points, the position



of position-neasurenent-points which are included in the first measurenent
poi nt subset but not included in the second neasurenent point subsdtd AUB 003
estimations and their certainty of the predeterm ned nunber of paraneters
10 can be calculated for the case where the first nmeasurenent point subset
is used as a sanple set. Therefore, it can be quickly determ ned whet her or
not one of the plurality of second neasupgnment point subsets and the first
measur enent point subset equally reflect 15 the entire set of al

posi ti on- neasurenent-points. Furthernore, in the fourth step, certainties
of position t t f.s Sict 1L.QD- u | bt s_can be
takgn in accggﬁfégéﬁgﬁkﬂ%ﬁﬁ%ﬁié%?éﬁ%?qgg??ngékggsgggg égpggé%ggigﬁe?eof. I n

this case, sipeerL0i{e £d IRidMes AR ihRelieeEEaLAl ¥hO0fatReconsist
pr edet er mi ned nunber ‘of paraneters are cal culated considering the

certainties obftletippsd Ih@ibdreasuBERl oheabkarahehbepoints and are
posi ti on-neasurenent-points, statistically nore valid values of the

pr edet er m neddafifilesnof fpam aret eretder,beh25b thdkrduhankbdr baiaddiarger the
fourth step can conprise an estimation step of cal cul ati ng respective
positions of thenfauseserdinparbesr aunssismadderesbanciibat LpophtBumber, 15 AUG
2003 2s each of the plurality of second neasurenent point subsets, based on
measur enent rEE%I?%céhdtWEﬂq%mFﬁﬁiﬁbﬁbéﬂn&@uﬁo§PWPSH-ﬁéa@ﬁ?%ﬂéﬁWeBBints and

ti ti babjlit d ity f ti t hat h t 5
csti mmt ing prgBebLLY Yo QPO L, WANCLLGNS, LU Sagl opLasenL, gecutrence 5
nunber of posFékgﬂé%%%ﬁé@qﬂﬁﬂ%%l}bi%e% e%‘o!s'iﬂoﬂe?ﬁlr‘h}fmﬁf:‘lliSH'8 1 on

step of cal curating respective p ty sities o e calcul ated

positions of hLRG REsktbRNHBASMH BNt RPINSBcohd Baggdogn the probability
density functions; and a parameter calcul ation step of evaluating an error
of each of0t hetealistiasety posidulatsingl didrw edoh oEspaet plaratfieyeace
position using the respective calculated probability density's value as a
pi ece of wei gieasBrenent npeinh skbats c @sdtimad iossi #ft tbas of the
predet er m ned nunber of garaneters, based on the evaluated errqrs. In this
case, since, PEFIABLEERMERCE hpuRkRRf MEANS AT PG FETEaRREYsOLefPBr s

bet ween t he c%IS Iil| g%g:dngosi gi oglsoxgndeét heriermern ferreesr&g_% po;i %bon%harg 20

wei ghted in aSE5FRARER™ M t AT RE ThibFIRET ISt SRS 1EEr PEi hPFesPF %t he

cal cul ated po3ihbapsoef pbBEr POSihd MRARHEIRNARC NSy bah the
probability densities at the cal cul ated positions of the

posi ti on-nsasmeaaemémpﬁ'tn?smst@&Eﬁd,caiﬂe/ deddad rst ioFakhens of the
predet erm ned 25 nunber of paranmeters can be cal cul ated which uniquely
speci fy positiestiimatoprmat obnthhé prgdereanioredamuniijesc tfapd reaeitenal iy
reflect the certainties of the cal cul ated positions of the .
position-neas&?éﬁéﬁ?IEéiH§§Pg the calculated estimations, and is

determined in accordance with position errors of
position-measurement-points, which are used to calculate
20 the estimations, relative to respective expected
positions. If the deviation of position errors of the
position-measurement-points used to calculate the
estimations is large, the certainty is low; if the
deviation of the position errors is small, the certainty
25 is high.
According to this method, a plurality of different
measurement point subsets are selected, and for each of

the measurement point subsets, estimations and their



15 AUG 2003 29 Furthernore, the third position detection nmethod according
to this invention can further conprise the fourth step which, if thﬁStﬂkfﬁms
step finds second neasurenent point subsets that can replace the first 5
measur enent poi nt subset, selects the nost valid, second neasurenent point
subset for replacenent and adopts estinmations of the predeterm ned nunber

of paraneters, cal cul ated based on neasuignent results of the fourth nunber
of position-neasurenent-points of the selected 10 second nmeasurenent point
subset, as values thereof, and which, if the third step finds no second

measur ement poj i 5 SHAS &I t%*é%r%ﬁ@té?@kﬁ&ﬁ Px&ﬁbé%r%e RN, RQIN

subset, adopts estindtions of 'the predeterm ned nu r of paraneters,

cal cul ated bagedyn yreaudieeRosleibaSUhEsrRit i secong e ein Qn

posi ti on- nmeasurenent points of the first nmeasurenent point subset, as

val ues thereobbjédrt tanes srasd stiicallle thilecdlsteq. fiTids seciomt ores Wreirent
poi nt subsets that can replace the first 20 neasurenent point subset, i.e.

i f the nunbertiéiposttiaamtyeasfutbeepredotatrsivcad hembeduckdamimttars ng t he
statistical validity, the nost valid, second measurenent point subset for
repl acenert i §tadeptasasrafier regnmseasel'Positipe BRRRFERAY, if the third
step finds no second_ 25 neasurenent point subsets thag can repl ace the
first measur R8RS TRY s Hs&ach measprepsat pRbBE B %%%iﬁ?%i%Ct the

measur enent - poi nt s, can,.nat_.be .reduced intaining the statistical validity,
The first meoShrsiist Wi el ot alTaBed Be b et iyt air the

sampl e set . ThRBrotYfe OIS A JiBR-BERITHRT BENEH WDes1 6 par ameter s

cal cul at ed based on the position nmeasurenent results a

posi ti onnmeasumneaEBat e tifo ioft 4 Reinsddplaecaebtal g agdephgbe@sbd$ied Soval ues of
the predeterm ned nunber of paraneters. Therefore, the nunber of

posi ti on-Measuespeatipoiqicipsed tthec@scumateonheand| tiksinfcetiwainty

pr edet er mi ned nunber of paraneters can be reduced while maintaining the
statistical vaFi8heypregrtermpimademmbest ofhpagsnptrsn fordetecti on speed

can be achieved majntaining the accuracy. In the third position detection
met hod accordPﬂ@r?%l¥%i%%i qqmﬁntp8§¥PFoﬁu SEErEﬁﬁﬁﬁaﬁ%r%%f%%ﬁe%e

st posi (i ofBRFLERT oh AorHan Lt i ural i ty 1o of ivi ded areas, each
of which is provi defevstboh e ROSi {dPHJRATURITRRE nBRr kin €aPtherarranged
on the object. According to the fourth aspect of this invention,
15 comprise the third step of obtaining statistically wvalid
values of the predetermined numbexr of parameters, based
on the respective groups of estimations and certainty for
the plurality of measurement point subsets calculated in
the second step. In this case, since statistically wvalid
20 position parameter values are calculated on the basis of
respective groups of the estimations and their certainty
of position parameters for the measurement point subsets,
and the groups of the estimations and certainty each
statistically reflect the predetermined number of
25 parameters that are statistically determined by broadly

sampling from all position-measurement-points,

statistically valid values of the predetermined number of



there is provided a fourth position detection nmethod for detecting position
information of any area on an object 20 provided with a first nunbersQfyg sq3
posi ti on- neasurenent points, the position detection nmethod conprising a
first step of selecting a plurality of first measurenent point subsets

whi ch each consist of a third nunber of positionneasurenent-points and are
different fromone another, 25 the thirdjgunber being |larger than a second
nunber and smaller than the first nunber, the second nunber being a m ninmum
nunber of measurenment points required to cal culate a predeterm ned nunber
of paraneter 0 1 Lquely i S L information
of any area %&{ﬁet&zfsgcft%?g?@egggdpg?%gﬂg %%?%g%%rxnegrﬂg%pcflun% |C%§l c}? second
neasurement poddifraEISelcalvhilghegach consist of a fourth nunber of

posi ti on- neasurenent-points and are different 5 fromone another, the
fourth number bei renteEtgerordd)anhehetaedendcaunberasnd eamhé asf tddh t he
third nunber; and a third step of statistically evaluating possibility of
repl aci ng t heoplthalprededferiiinet maaberepénpapanatess bsetachtaimmte gf t he
plurality of second neasurenment 10 point subsets, as a neasurenent point
set used to cedkgilatelng ryegesgerdr heegontRBEPNGing L shEtatinsAccording to
this nethod, foy each of the plurality of second neasurenent point subsets,
it is eval uatBF AT B S5FPEELVE FESSPBPELRS repFcRt tHe plural ity of
15 initially ésgiteac{n diessargpel esets. t he pl.urali %y of férst neasur enent poi nt
subsets) by one SaHpIE SECPESTS0SEd%F BHFEReP ntifbEht of B ¥Rt That i s,
to determ ne t the ; posit LN regqp;- jnts used
to calcul ate %/\6;1 u@gé o]%gst e plwe%dee{}}eégﬁll%rrﬁelggﬁun%grtgPsggg%g’r anet er g&{fﬂd t he
processi ng vohéeighodd P s s maBasusenBNtal 8gUhtSd Casihe dipduced, it is
eval uated whether or not the position error distribution of

posi ti on-Ifeasvespert iyoiqedrraimtdres of the pbtuimbtiynefasecasearsiasur enent
poi nt subsets is simlar to a position 25 error distribution, for all

posi ti on- neasteEdeht -Poi thes e sddmatdag -babed ranienel pesatuamioreasiur enent
results at the?%osi tj on- measur enment -paqi nts of thebgl uraljty of first

measur enent  pbint S TR ONSTIRAR PG eTENSHeFedcPRECE nest1MatiqRs 2003 32
nunber of posjtion- surement -points a | enents of .a,sanpl e set and
reduci ng t he %%%lge%glf%é ri/eongtiarﬁsntalf ctoﬁlzcrﬁg’éli%tei g%sﬁéagﬂ?eﬁ%nw’r%éu%@r

statistical vabithiyiofs Wieifal CHIGH drialines BbntBeLRLEAREEL AR nuber
of 5 paraneters can be maintained.” In the fourth position detection nethod
accordi ngl3 0 shasisoveantipnaltie vadlived sifepheapreadpeirnendd f ouddy dep of
statistically calculating, for each of the plurality of first measurenent
poi nt subset spaeame¢her$ ofer k) ofthsheowiddemnemersadenanbepobfit pacameter s and
certainty of the estimtions, Sbjggiedrﬁ n measurenent results of the third

nunber of posPEFBREheLE R CulateG-n step of cal cul ating
statistically valid_est] i t.he predet er.m ned, nunber par anmet ers
and certainty of t e ?[éég%#ér)rrgiipggnssl,tJboar{s)e%c{c?r?ec@roguﬁlgtg‘f) tﬁg gé?i mat i ons and

certainty thepeabohershienblol Alid kil Jddchls IRASUr eERhLipeLoL sbsets.

calculated inthe fourth step; a sixth step of s y cal cul ati ng

estimati one Obobheiph edes airdmact gt Oio PahaTpbeisidAdmegshabméyt of the
20 estimations for each of the plurality of second neasurenent point
subset s, basegodntaeasorkeaerdkeresin tasafutthe frowatlicudantiey ohe

posi tion-nmeasur enent - points; and a seventh step of conparing the
statistical | yeFatPAt&Shf nadd PR ehn eertha 5aaf -wi tIR thd Sesapfmt bRSeand 25

certainty for _each of tge Iuraﬁliit of second measurenment point subsets and
eval uating po& iebfeﬁgf'ﬂ‘}a +°‘§%|o ntd}/%]rfe B THS &falt?'pr&eB%ESﬂﬂneg
measur enent p%hﬁ5e§ug§eﬁ§r§§e@ers are calculated considering the
25 certainties of the position measurement results at the
position-measurement-points, statistically more valid
values of the predetermined number of parameters can be

calculated.



15 AUG 2003 33 neasurenent point set used to calculate the predeterm ned
nunber of paranmeters. In this case, the statistically valid esti metd M6 20m
their certainty of the predeterm ned nunber of 5 paraneters cal cul ated
based on the position neasurenent results at the

posi ti on- neasurenent-points of the plurality of first neasurenent point
subsets are conpared wth the estinationﬁgand their certainty of the
predet er mi ned nunber of paraneters cal cul ated based on 10 the position
measurement results at the position nmeasurenent-points of each second
measur enent poi nt ., IS ri , e i ntjes of the two

gr oups of thg estPﬁ%%?%ﬁ?‘%ﬂegtéhﬁgggﬁg ggggefénaggﬁééﬂg$5ﬁbs of the

estimations, Lhes el Udds Aachitibeihge! kpY dauhals Ahlpllianasy) tion
error distribution of position-nmeasurenent-polnts of the respective

neasur enent pef NheSUDEMentAHb i SXBIeRSNIrbBBeEWDvE OPPA i S r&sUWHs, the
two position error distributions are conpared. Therefore, it can be :
determ ned whehbhed roumickdy rof posE tdiont-meaplveakbht ypoinse doagkdress ur enment
poi nt subsets and the first measurenment point subset equally reflect the
entire setd of maksupregnt oresmwldsurcdhdiie- soilntdsnulberhef nipeeitionthe fourth
step, certainties of position neasurenent results of the .

posi t i on- meastERAEFRPF R ME AR estirating reebaht 3oy denltating the
estimations apd certainty thereof. In this case, since the estimtjons and
Lhei 1 certai nEYPEr-9he Hitetsr b TRT RGNS PCoP . paRGHeb BYRa Rt bt Al il at ed
considering thg.  dp.4HR 2093, 34 GEIIAIBE §848E o DG PosLiLon, grasur ement
results at thé poSition-neasur enent-points, SERECST cal y nore valid val ues
of the predet gpgt PEgh EDSHr He RARIS' 3 $2BbAB1§RLGULBL S5 Fur thernore,
the fourth step can conprise an estimation step of cal culatinhg respective
posi tionsi®f thectbhatlomusitbes of dEsidliaanngeasdpeseiiveppiobshif oty each of
the plurality of first measurenent point subsets, based on neasurenent
resul ts of thdenditiesurbethafcalrypodiad pesisacnsenéntheopns st homn-
estimating probability density functions that each represent occurrence
probabil ity ofeRRBIYBFRUTRRERL odiasssh o ther spRebivétpofdRsdEYthe third
nunber of positiog:neagurenent- ointé; a rogg Llit¥tdens%t¥ Cflculation
step of cal cuF3PFHYCES r 23D e tRASTH SHalSia ity 24dREi e BF THARIWAI ALY at ed
positions of LheeppstthPnadeRsys SRR Nt edPBR8d c0Bnk N PLOPDI £11Y
density functions; and a paraneter calcul ation tep o eva?uat|ng an error
of each OisffthQﬁéét‘iﬁéeﬂeﬁ@ﬁérﬁé@%ﬁﬁﬂi&M B ihg kespeekpeecigberence 20
position using the respective calculated probability density's value as a
pi ece of wei gkhtleniateat poobantl Loy cldratiitng sestailmet iasns pletheof
predet er mi ned nunber of paraneters, based on the evaluated errors. In this
case, since, MELIBRCANEPTPARLIPR raRd neapktaemo SEtimasdpsst of Beerrors

bet ween t he calcgk%ted Fgaitions aqﬂ their reference positions are wei ghted

in accor dance B® Fﬁ@% oP HPS B fp35ﬁ§§§ﬁ§%ﬂ sgd gp %hg cal cul at ed
positions of the 1998kl QPxBRASUT £BY f PAUJUS, dirRe € ors between the

20 calculated positions and respective reference positions
are weighted in accordance with the information of the
certainties of the calculated positions of the position-
measurement-points, i.e. the probability densities at the
calculated positions of the position-measurement-points,

25 statistically valid estimations of the predetermined
number of parameters can be calculated which uniquely

specify position information of any area on an object and



15 AUG 2003 35 probability densities at the cal cul ated positions ogstﬂ?
position-neasurenent-points, statistically valid estimtions of the G 2003
predet er mi ned nunber of paranmeters can be cal cul ated which uniquely specify
position information 5 of any area on an object and rationally reflect the
certainties of the cal culated positions of the positionmeasurenent-points.
In addition, in the sixth step, certaintkgs of position neasurenent results
of the position-neasurenent 10 points can be taken into account upon
calculating the estimations and certainty thereof. And the sixth step can

conpri se an est,.mti.on st of | culating, respegtive itians,of the
foﬂ?th nunberr%ﬁl%ﬂﬁsaﬁ(ﬁéﬁ%ﬁﬁguﬁgﬁeﬁfﬁgﬁﬁgg}e?g?ge%% c§¥§$ﬁ§ ?%rality of
second measurgienl Jiy RA! ines WSS LS onbAsEduaBnERESbENEOL Tesul ts of The

fourth nunber posi tion-neasurenent-points a timating probability

density functions ihatheadbdRPREAR ACOERREBNPREPRBE! bE Vel the
cal cul ated position of a respective point of the fourth nunber of position

20 measur emenpréiid Sinvderdidgbidoistiy idanmeh¥ueahett ahh pks séap wWd

cal cul ating respective probability densities of the cal cul ated positions of
t he positi%on- fireased enentipoiptssit loasedasnrehenprpbabtéi 4y denshé yEfwsitct i ons:
and a paraneter calculation step of evaluating an error of each 25 of the
cal cul at ed por$3iken rdataation sethodeofi ther erepsenteipvention. usAndy t he
respective cal cu] ated probabjlity density's value as a piece of weight

i nf or mati on a‘?‘ldpjc'é’F%JLﬁ‘g% i‘?fg CEISVIJ‘idI\%Et AgRESofapnke afSaM%BZ%St@%

pr edet er m ned nugbgr oﬂip%kgqgagrs a%%%%% an t he gvngaéed errors,

Furt her nore, ?%% Fourt 6%S| ISR FEPESEREIS &epﬁ5g can’f of t Ay %%%%%ise t he
ei ghth step “@hcgacﬁfofr¥%%é§#&¥éﬂi &é%ffuqquggcgggag?asurenent poi nt
subsets that can replace t I rst asurenent pol nt subset, selects the
nost val ith secondaseesaieierd i Nhisbseipdcer, kaplracegeptoandeadapt s
estimations of the predeterm ned nunber of paraneters, calcul ated based on
measur enent rebitdspoditdilon hetfemiritdm menihed dorpdstecbhrgeassiehent - poi nts
of the sel ected second neasurenent point subset, as val ues thereof, and
which, if theinfprratiep 9f miy mrefecondnmedsecemPrevperdt withbsats that can

replace the first neasurenment point subset, adopts the statistically valid
15 est i mat | onEESE VNIRRT GTF (RS Qe AR EIRtTBEEPEF + paPanrBr Sl 5100

Ther ef ore, t hgopuabes, ofeh054 1 ANRASHLTIENL-R0! aLsusedsLo.gal gyl gte the

val ues of the pre erm ne araneters ere I'e

mai ntai ni ng t Rerst ahdsthrdhey@l dlirdty s undd MNiRverRRkits28rt Bec ROt 1 on
detection speed can be achieved nmaintaining the accuracy. In addition, in

the fourth posuihben detessioiomraidradrdrieti-iaichtst, epheanhdoapnuspea fourth
step of statistically calculating, for each of the second 25 neasurenent
poi nt subset sbeésgi hargenstodn thesgrabiramdare@nsupped 16 sapanthers and
certainty of the estimations, based on neasurenment results of the fourth

nunber of posittFdh- RBESEF enkh® - PRFMS PURGT (I D% F SR PiTYE AUEPS608T

measurement points required to calculate a predetermined

20 number of parameters that uniquely specify position
information of any area on the object; a second step of
selecting a plurality of second measurement point subsets
which each consist of a fourth number of position-
measurement-points and are different from one another,

25 the fourth number being larger than the second number and
smaller than the third number; and a third step of
statistically evaluating possibility of replacing the

first measurement point subset by one of the plurality of



37 calculating position errors of all the positionneasurenent-point§h§® tﬁ@
plurality of first nmeasurenent point subsets through use of.the esth Bo
of the:predeterm ned nunber of paraneters cal culated for each of 5 the
second measur enment point subsets and eval uating possibility of replacing
the plurality of first measurenent point subsets, by one of the plurality
of second neasurenment point subsets. In $his case, by calculating position
errors of 10 position-mnmeasurenent-points of the plurality of first

measur enent point subsets by using the estimations, of the predeterm ned
nunber of paraneters. calcul ated based on the i tion nmeasurenent results
2t the positi SrChhdtn el Red B3 SuBat de BREt AT TR e 15
subset, the ppsiti r i j [ r 1td _
neasurenent-pggﬁégegﬁﬁ{éﬂﬁ3ﬁ¥ﬁk%%gggkgga%gdp?%i%ﬁgﬁpﬁ%ééhfﬁﬁsﬁﬁ first
neasur ement pEb it S URSISS TR VAT itrRe maABLeeftht Sahbes@bia nath
Therefore, wthout cal culating groups of the estimations and their
certainty 20 méasheenredeisailivied Myeher off thar Aset €l snatbéheotbasi s of the
position neasurenent results at the positionmeasurenent-points of the
plurality of posstioranasmmEnerngoipaingsbeers anupohingtdmre sehttilstically
valid estimations and their certainty of the predeterm ned 25 nunber of
paramet ers, i 8eeaRd HeeHEIRAMAN e POt BePsSetsnothenEl bt tRRATHIERRERE y Of
second neasurenent point subsets reflects_th entihe set o

f all
posi ti on- neasBPERENTPOTHE LN 31SRIG L0631 ¥ 2ERr ER8r RBFRSt s M fourt h

step, certali n;lhggegfopp%}a{rgence asur ement results of the .
posi ti on- neasurenent poi‘ht’s can be taken in account for cal culating the

estimtions and Ceix&é? d¥nd N&S 8H1s | EdNichh28e theNpEuPal ey Skl Mations
and their certainty of the predeterm ned nunber of paraneterS are

cal cul at ety copstdrai Mga s tertait AJirteSisetthie pesiki efaleaced eiksatheéesul ts
at the position-neasurenent-points, statistically nore valid values of the

pr edet er m nedonunber iofiparesmitelrs wardpdate checuhatédllFusehecvede, the
fourth step can conprise an estimation step of cal cul ati ng respective
positions of ERBPLBUFER hibEr NF2PTERMESnPraasusERERE) pBY nd sSamBteeach of

the plurality o; sec nﬁ measur enent_ poi nt su bas g on, nmeasur enent
gFothER Faag

. 1
rosults of thESFoURCRRABE DI P todeurtaBREERo! nt B Anke ot mat | ng
probabi ity dg@%&%-ﬁ&'”&ﬁ o0, that, £agh ri%or%%%gklgcﬁgr Esageep%ggab' lity of
the cal cul ate p05|%|on of "a respective p0|ﬁi of the tourth nunber of

posi ti on- NeasuiLRBRR! o 20pH8 £ Sn-rie 24 PRARIHH b @RS ikkacabcub akheat st ep of
cal cul ating respective probability densities of the cal cul ated positions of
t he positi on- whaspredent rpdned Spuriase b O patamepreaabiiki ty deaiinbyed,
functions; and a paraneter cal culation step of evaluating an error of each
25 of the cal k@is&te@npbBft PORLT it dted EIGES FeSHLFE REF EPBNce position

[ th ti | cul at ed babi | it ity | [ f
sl Gt 1 nf or MREG BRCAPLEPATR NP RLt 1 eth OHE Of Trome P CROEP3003 30

P et o e BRI 03 LSS DR UL BRE Bl T S
between the calpdledl, ednBeRbli 8Sn8PdthdIGds MG RIGR MRRIskraBBLIbR of
position-measurement-points in the second measurement
point subset is similar to that of position-measurement-
points of the first measurement point subset, in other
words, whether or not the second measurement point subset
25 and the first measurement point subset equally reflect
the entire set of all position-measurement-points.

Therefore, upon reducing the number of position-

measurement-points as elements of a sample set,



5 weighted in accordance with the information of the certainties ofI tﬂ?
cal cul ated positions of the positionnmeasurenent-points, i.e. the 5 AUG 2003
probability densities at the cal cul ated positions of the

posi ti on- neasurenent-points, statistically valid estinmations of the
predeterm ned 10 nunmber of parameters, can be cal cul ated whi ch uniquely
specify position informati on of any areapy®n an object and rationally
reflect the certainties of the cal cul ated positions of the

posi tion-neasurenent-points. In addition, the fourth position detection

met hod 15 acc I:ng- st o+t S sl Nt ic0 a [ camid ourth step
whi ch, if the%‘ﬂ':lrr%lsc%épryfaﬁﬁgg\ége%gnghrgmgas%%%%d pol ntéiﬁobﬁsg'?lsefthat can
replace the firsdetBATHRRNMLRS B PHRSRbLcBE! &£k Sod NeaiMStingd.id one, for
repl acenent, of the second neasurenent point subsets and 20 adopts
estimations of therprgdetarivicnedsitibar detepat anehetBod Caf ctheat ed based on
nmeasurenment results of the fourth nunber of position-nmeasurenent-points of
t he sel ect ed peessrtt nieastdent thei thigdbsetp asnvedmesidder eofyrtdnd whi ch,
if the third step finds no second 25 neasurenent point subsets that can
repl ace tie féter obshatdmdritcaddiyncadgbdatingt astsmatidny ¢hlthd at es
estimations of the predeterm ned nunber of paraneters and certainty of the
estimations, PERIREIARALNERaT of PETADRE26532nd0CPEERIREY AE tHE t hird

nunber of positjon-nmeasurenentpoints for each of t plural ity of . first
measur enment p%ls%%m%ﬁﬁ%%sf'sﬁoaasne é’é]opes?sé]s‘?e\lf‘g tes°d T?ﬁeogrghd%t%t}lrﬁfdned nunber

of paraﬁetersnéﬁlﬁéfsasfgﬁééytiv Jnga%ﬁltﬂem%itopaiﬁt%heeﬁlﬁgsfﬁéj%@tp&@sed on

groups of the estimations and certainty thefeof for the plurality of first
nmeasur enent pREALuSHRSEt SpoiterRityer; theifuAbetepf of statistically

posi ti onnmeasur enent - poi nts used to cal cul ate the val ues of the

predet er medcaushest Dig pedtaimettdion caf hder edededewhnihed 10umaéntat ni ng t he
statistical validity, and inprovenent of the position detection speed can
be achi eved npanam¢beény amd ceimiady ofotthet Bstimatipest fart@apwseii on
detection nethod of this invention, in the same manner as in thtﬁ segond 15
posi tion det eEPPoRIWERhbEY theedond asasymepensl PALDE| §ePBFt8ach®¥F t he

predet er mi ned pugher,, ol B LGP, AN fie chiakned iy palpulatipgpver age
of the correspondrng eSLT et ons Wweighted w't he ‘respective certainties,
each of the ChehshpbheRe [ SPLALNIIMNY A et sXepBirobbmddri AOEABLI On f or

the respective estimation. Furthernore, 1n the Tourth position detection
met hod of 14 hi gskDMEOLbAY, af@Std i L MBASE RNt ifetkmeadtrbrehor petnat the
posi tion-neasurenent-points in the same manner as in the first position

det ecti on mnet BothseAndinah2bhel esaindtyiais dind dedtaiedy dacheefhwhichhés
provided with the position measurenent nmarks can be arranged on the object.
15 AUG 2003 4P1A€ég|layn@ft§e$%%df'ﬂ%?iné{%“}%‘6t RS ntthisatbis@FeneP8n, there is
provided a first.posi.tion detector that detects sitd.on,infar i gn, of any
area on an objeé’c?llgﬁié{}ﬁ’dgasﬁ‘?hi%tbbl%]?a]f? elyacolfngpg:g‘l ié&r]f-sr?egt‘segf’@néﬂfgpﬁoi nts,
the 5 positiopqdetectBtetORprbié s AEBASULAIEIM, WH tsddlply measures pi eces
of position information of nore positionmeasurerent-points than a m ni num
nunber of 20easiy=eRBREnECGYl hEdstios 684 £ Ut1Rd ef Mmtd Hiafe adfurdrenedgbenli ned

nunber of paraneters, which uniquely specify position information 10 of any
area on the oljubstet bleéngosksedoheneatcukbmentthe predetermined number
of parameters.
In this case, the estimations and their certainty of
the predetermined number of parameters calculated based
25 on the position measurement results at the position-
measurement-points of the first measurement point subset

are compared with those calculated based on the position

measurement results at the position-measurement-points of



poi nts being selected fromthe plurality of positionmeasurenent-points an
estimation unit that detects respective positions of the selected 1.5 AUG 2003
posi ti onmeasur enment - poi nts, based on the neasurenment results of 15 the

pi eces of position information, estimates probability density functions

whi ch each represent occurrence probability of the detected position for
respective one of the selected position-pgasurenent-points, and cal cul ates
probability density of the detected position 20 of each of the

posi ti on- neasurenent - points and a paraneter calculation unit that eval uates

detection errof-ipfs&amy Hed N ARIRCLRA ROSIIIQRS WhiH & HAS Nbnfdi& i son,

respective calculated probability density's value as a piece of wel ght
information angle cod £ddiaiteessWE reabeesiob gbolipe Hf etlies es 8t Negk MsHer of
paraneters that the detection errors becone statistically mninmumas a

whol e, based ofi the tdei ectastremendr pointl15ubbE: 2088e 92ohpa tdul sasleteelct or
according to the first position detection nethod of the present invention,
the estimati oasuthe grdupd atfeghehespasiations, otheheesbd ent bels neadis

(posi tion-neasurenment -poi nts) and respective probability 5 densities at the
cal cul at e ma¥F®REpRRE D He R tijen @ésitgeopo|§é§ilpnoﬁrrﬂ$oqﬂhﬁﬂbwmon he marks

measur ed by th? nmeasurenent unit. And the parangter calculation unit
cal cul at es” t h@F vBPIES. B MG Whelwte PRt RES RinbBRE BESBaFhHERers t hat

uni quely specfysROSHdd b d 0T IRIIQN %dlgxggk’aﬁﬁﬁi‘nB”tﬁQ oh ect .

Therefore, the pre%%ﬁernlne nanber of “par arreters can®bé accurately

cal cul at ed, aBQm%Q@iQﬂﬁ'ﬁééHlﬂéWfQ&ﬁﬁ%b%ﬂt@%na@¥r65931QBrEBuQPbﬁcéfCan be

accurately detected. In the first position detector of the present 15

i nvention, thposeaso-anEidutéidn tCadi0AEPLIES@hanfi BgemphsKdPmenmt t for

pi cking up i mages of marks fornmed on the object. In this case, the position

i nformat ildh opoantes@esed imrdongmrese widhsthett ofi pheibasns of changes in

light intensity according to position in the picked-up 20 mark inmage.

Accordi ng to PRasursmentaRRidits ttertehs sseroVd deep BRI R | P TRE ect or

t hat detects osit%on i nformation of agy area, on_an obj ect groviged with a
28N%8ef

first number OPSPBEPTS oM el EIRtSTIIReS WPRENGESPET BAT cte
L . © 1 .
poTti on- neashrSEALEEE e Wlcodd HedBAMNCER ROTLE Q0BeBts HRa the i1ty o

neasur ement pegh Rkt SHOSOE Sendi € hBath eitSte@hiayt BekrdeBUMRE Qhtire 15 AUG
2003 43 position-neasurenent-points and are different from one another, the

t hird nunb®r betngfl al Jepos haivre-rsecanemantheoiand . .smal | er than the first
nunber, the second nunber being a m ni mum nunber of measurenment points 5
required to cal cul &pethepredet eimi el frnddy sdferparcarseding iekarfuni quel y
specify position. informati on of any area on the object; and an estinmation

conput i ng uniP?Fﬁﬁ?ogtﬁf?§T¥%ﬁﬁ¢? _ Qﬁﬁ%uQ£;thFoPOE&GHOBfmfﬁéuﬁFHFQFTty of
measur ement  peiat, ugﬁfftﬁe t‘?%%ém NS Rnd r]E‘?qu:lga '£48t§LY pRd nunber of

pararret er_s an certal nty Of _ e es |ma(f|ons _ase on rrea_ urenment results
of the third RurbRht@bnROoshl | S8y FRESLY SIFRIMedI0l Nii%: chl ot Riasedeteptar, for

each neasurenent point subset selected by the set selection unit, according
to the 1528ecahe pesimbdboRet £ad i tie e tdrwact Hifntyhe P rrewe piredeteminiaad

number of parameters are calculated considering the

certainties of the position measurement results at the

position-measurement-points, statistically more valid

values of the predetermined number of parameters can be

25 calculated.
Additionally, the fourth step can comprise an

estimation step of calculating respective positions of

the third number of position-measurement-points, which



T

the estimation conputing unit statistically estimtes val ues of the,5
predet erm ned nunber of paraneters which uniquely specify position AUG 2003
i nformati on of any area on an object and calculates the certainty of the
estimations on 20 the basis of the positions of position-nmeasurenent-points
measured by the neasurenent unit. Therefore, the position distribution of
al | position-nmeasurenent-points can be aggurately estinmated based on
respective groups of the estimations and their certainty of the
predet erm ned 25 nunber of paraneters for the plurality of measurenent

oi nt subsets_th are selected enpirically or arhitrarily. 15 AUG 2003
24 In the sec%éﬁ psoesitt|eoﬁflarestte&e§%§§glgpgi ﬁal 5 f‘ﬁ?%e?hv%%ﬁ%n?nthe

estimation CORpYLE AhdHY b LA SO k8 2R 58! LIRDESNoE b ot iiRly - fOr each of

the plurality of neasurenent- point subsets, detects respective positions 5
of the third RYEDEFerdntPQd ttN-dRASYEEHBRENBOpRbBab DS @dhd _
nmeasurenment results of the pieces of position information of the third
nunber of posttunetisrasihanBEQDitkpTesenti satasrphodaptdbilyi tengidy

functi ons which each represent occurrence probability of the detected 10
position for the cabpsbatiecd gusidticsf ofhe trhspdchiwbepodfit of the

posi tion-neasurenent-points, and cal cul ates probability density of the

det ect ed posi ENHRAPURRRH F RIFE e MegsvEsBarEnBALopdi nds: and a

araneter cal culatipn unit that eval uat detection error_of, each of the
getected 15 pBng?%ﬁiﬁéaé4%P§hfhd¥@ﬁ%iﬁgzﬁgcﬁg9glBglﬁﬁi%?%ﬁFkﬁ%babiIity

d ity I . DI f. wei.ght, inf.or.nat i d | cul at h I

of ‘the ' predsteres metl Rraer o Harsnersrs o &t thRecabelbe e errors

become statispheat|{ynsi i neHa a&:@iﬂ%'—%ea?@%%ﬁxeﬁ@—ggiﬁjﬁ'g, dsiechign errors.

In this case, for each of the plurality of nmeasurenent point subset, the

par anet eri@al eHbapiOFaiil it yweigiyix e rmecs ibakweandt hepsahretet ed positions

and their reference positions in accordance with the information of the

certainties ofalhelzhicul stedd &5 gudlivaitdng efh eheor of each of the

posi tion-neasurenment-points cal cul ated by the estimation unit, i.e. the

probabi ity dEAsFY}akeqd PR it nediadd vigodot r6a8e6EivRereference

posi ti on- neasur enent poi nt s nd cal cul ates esti igns_of the, predeterm ned

15 AUG 2003 45PROREEE 61 ke SR RS R GALGHAFS 2 apBEPPIPbOSTY o

 nformation ObedRy:dr £ay QM An P Ghled e BligRR! Ly ebERLEFLn BGqCEr Lai Nt es
p of t

of the calcul ate sitions posi tion-neasurenent-pornts. Therefore,

statisticablychivalhdiggtédeincorf dhenHy edeberaicRedeAUAbRhe f opar anet ers
can be obtained. In addition, the second position detector according to

this inventi opacamefars hevasodpsn Sthea parlangtieer evabue . dettar thbsngagajt t hat
calculates statistically valid 10 estimations of the predeterm ned nunber
of paranet ersSBased 6ar gkbRipshird triankan jafatiosis igndneastapneptther eof |

cal cul ated by the estimatipn conmpufing unit, for the pluralijty of
measur ement  p8CAPTEUBLBPRSIEG Y$g2£%ﬁéhanQﬁ¥%ﬁﬂﬁﬁtsPP&QFI§u95¥Fd val ues of

the predet er migned QURBELe 0f iPe PRI ASBLAISY ]é:i%i lilons a

posi tion-nmeasurenent-points can be accurately o_talneag _888Fdipg_to t he
seventh aspectre@brbhbs pOYEPLERE, atdard iz Q¥ dedoadhhicedwResi Ehan

detector that detects position information of any area on an object
provi ded information of the certainties of the calculated
positions of the position-measurement-points, i.e. the
probability densities at the calculated positions of the
position-measurement-points, statistically valid
25 estimations of the predetermined number of parameters can

be calculated which uniquely specify position information

of any area on an object and rationally reflect the



20 with a first nunber of position-nmeasurenent-points, the position
detector conprising a neasurenent unit that neasures positions ofl 5t AUG 2003
posi ti on- neasurenent-points; a set -selection unit that selects a first
measur enent poi nt subsets, which each consist of a third nunber of 25

posi ti on- neasurenent-points, and a plurality of second nmeasurenent point
subsets which each consist of a fourth n er of

posi ti on- neasurenent-points and are different fromone another, the third
nunber being |arger than a 15 AUG 2003 46 second nunber and snaller than
the first nu r.._ fhe sec u r i.n L Di er of_neasurenent
poi nts requi p%’%r'%%l cajlecsuloggt]gh% %?g&é‘? Fcr% néag}]ﬁ%%n}ég fp)?n%é‘? aprr%%lg}ralsoq—hat

uni quel y spechdysposiddhdinfrqrmation of 5 any area on the object, the
fourth nunber %e?ndévaﬁggilt an the second nunber and snaller than the

third numbe r and ap,eygdatdOn iGPHHY IMGthniskephateeval yotes ppssibility
of replacing the first neasurenent point subset By one of the plurality of
second neasur poeitidd e Niramdnetresullhe bifr shenpas vt eoRAhe POb Fdmeitbs et
bei ng used to cal culate the predeterm ned nunber of paraneters. In this
det ect or, faccpetinhyg tan thwe tdkand ipd kicorudéet spbnonabethading the s
invention, the evaluation conputing unit statistically evaluates based on
posi tions 15 68t pdationh-arhAsEAMtvpsihersofeaareavey, t Hee nebEUr ement
unit whether or not it is possible tq replace the firs asyurenent poi nt
SUbsel as a saHBPeSLRL UG F b SAtLon. SEEBUPENEAtCHOf A0 t o be

measured to cabeulateryalues olnd he RiedenTNRd.OubeE of; 20, paramet of s

by one of the'p second rneasur enent subsets each of which
is conposed Ofne@shB¥RENTUDRT Of RIreRIMS JdrhaRe! Beukhi $EyNBASKEESEN POI Nt
subset. Therefore, upon reducing the nunber of positionrneasurenent-points
as el enent® ofeastadpber S&3int2 B uldsAtSt ie@ledvahi flebh¥udbméhe £aseut at ed

val ues of the predeterm ned nunber of paranmeters can be naintained. In the
posi ti on det ecforhactondimonunmpethict ippedritiioormetlseremahtiapo bnt sommpdit | ng
unit can conprise an estimation 15 AUG 2003 47 cal culation unit that
statistical | yeghliwatipesprokabilid wskagisiity dpastiensnthpbi aaclubset ,
estimations of the predeterm ned nunher .af par ers _and_certainty of the
cot| Mt | one, BEREASBAE nEGSt EAR HREEAtS 7 B3t hFoRa SRR Bh et | on of

bosi t on- measyLeqeaba POk L : LOTRASI A0 J16:SRACKELC rBRASHT RURALPOENT subset

which is seleCted fromthe first neasdrenent point subset and the plurality
of secondi SreapUEeIEBH-ROL St r SHISEISS it an lwatiien vahtitpat conpares
the estimations and certainty of the first 10 neasurenent point subset with
the estimati oeslandatévhastey éHreeandl ofirde eppacalivey pabbabtbhdy

measur enment poi nt subsets and eval uates possibility of replacing the first
measur enent poensisipseef byheneafulaedradlbiopsofofsgbengomdasorenent
poi nt subsets, the first neasurenment 15 point subset beingeused to

cal cul at e t he \FREHECERPRT RO ALTHET2 T (Rt ittt &FePaPd Lifhys deRS& LYt he
eval uation uni es e_est] ions t.heir rtaint
predeterninedfka%gggﬂ%f ngaﬁe %ﬁéﬁ%&ﬁ%hﬁ%ﬁ%g%%g;QPh%%g tPE&¥y§%u5g§ng

conputi ng2gni tanf @ rofeoki Egth NBASHEE BN cP vHa st onist RetlBRgeecabeul ated
for each second neasurenent point subset. In this conparison, the

certainties ofrespepedtveveefeoepse gbos el @stugtatg anse afesplettiwe neasur enent
poi nt subsets are conpared as well as the
calculated probability density’s value as a piece of
weight information and calculating estimations of the
predetermined number of parameters, based on the
25 evaluated errors.

In addition, in the third position detection method

according to this invention, the third step can comprise



25 groups of the estimations, the certainties each reflecting deviation of
the position error distribution of position-neasurenent-points of1{.5hg
respecti ve neasurenent point subset. And by exam ning the two 15 AU& gB%S
48 conparison results, the position error distribution of

posi ti on- neasurenent-points of the first nmeasurenment point subset is
conpared with that of positionneasurenmenjgpoints of the second neasurenent
poi nt subset. 5 Therefore, it can be determ ned whet her or not one of the
plurality of, second neasurenent point subsets and the first neasurenent

[ b I | .
P osiLi on- mot ae%%rltyl %%Ehfék %ﬂ%%ﬁ&iéglfﬂ%%f%s16}]trﬁlq’or‘lfocraleaﬂhaﬂfon unit

posi ti on- measur enent - pol ernore,

can 10 conpritgR aRcesH ABEsQPeMBAL 1ALt 08LISSLSs § GSREGHIe ROSI4 ikgns of

posi ti on- neasur enent - poi nts conposing the specific neasurenent point

subset, basegremictheniBaguneiBet ¢esphtsmefe POSAd e oA OR HRf

posi ti onmeasur enent - poi nts conposi ng the specific nmeasurenent 15 poi nt
subset, esti resttésmagriobabi basyddensnt ysf verednionse sl toh facthg Auasent
occurrence probability of the detected position for respective one of the
posi t i onmeas diEReRt ofoPasd tépnrheaspeenent-pehsts errerfi fidi mtepulset , and
cal cul ates praobability density of the 20 detected position of each of the
posi ti on- neasthdsite Cadilit Salandabingrpeet bior friALs iadn Whe t t hat

eval uat es detect,iqn error of each of the getected positions while using the
respective cdlCHACEI FASBABTFPEYPAERET t 9F stRRI T s MEIRWEESBIE wei ght

i nformation lcul.ate C al ye f edet erm ned nunber of
par aneters tﬁggJﬁﬁg%'g?%c??%ﬁugﬁrg?é %gcg%g %%aq?%g%%ﬁﬁl%ﬁqﬁhﬁ nmum as a

whol e, based prieddte ré@heat hGRLEE! 8t Spat mb bk Bs CASEou ML 1 Phd he specific
measur enent poi nt subset, the 15 AUG 2003 49 paraneter cal culation unit
wei ght s éPfr orfuthnvetert bedcalelibat £dg poss s1lohsi and i heigl aifrey aftee
positions in accordance with the information of the certainties of the

cal cul at ed pdsinstomsagurepenpoppinbnsupastrieyeone pof rMtlsy Buralithef
probability densitjes at the cal cul ated positions of the

posi ti on- measiicEh MegSHReRenEnBOEAT coaseESst ati stical |y valid estimations

of the predeterm ned nunber of paranmeters_which upiguely specify position
i nformation of any are soﬁagﬁ’OEFeSgEC?RﬂFé?%r%?SﬁEF%Reg% W%d??y val i d

estimations lodia d-alakaruhard-puIhes g&ﬁg@ﬁ%@ ¢}l rationally

reflect the certainties o e ca ate . ns of " position

neasur emest - paidsuretRhtheoehtakiBdet | Byt B8ih§i £k POSE LA SR € Ofcne
according to this 15 invention, the evaluation conputing unit can conprise
an esti mati orrrdendratined oapmberhaf séadmstecs) |gatabladest ey fflor t he

speci fic measurenment_ point subset, estimations of the predeterm ned nunber
of paranet er PEHHE & taienPPsdtipRemeasrranebhsTepaked ah Thgasur enent
results of pasiti.an 20 information of position-neasurenent- nts composi ng

oi
the specific Qﬁﬁﬁﬁﬁgﬁn§%§SBSFWFn GBgéPFgmﬂFcﬁa?g_i%W%%_eﬂF?%@%ﬁW?ﬂ? plurality
of Second MEasU AR, NlnSUBBEL 810N EYBEUALLOM MILLod Nt cal cul ates
position errors of the positioh-nmeasurenent-poinfs, conposing the first
20 position-measurement-points in the first measurement
point subset can be obtained. Therefore, without
calculating the estimations and their certainty of the
predetermined number of parameters on the basis of the
position measurement results at the position-measurement-
25 points of the first measurement point subset, it can be

determined whether or not one of the plurality of second

measurement point subsets and the first measurement point



25 neasurenent point subset, through use of estimations of the
predet er m ned nunber of paraneters for each of the polarity of ﬁgqﬁmp 003
measurenent point subsets and eval uates possibility of replacing the Flrst
measur enent 15 AUG 2003 50 point subset by one of the plurality of second
measur enent point subsets. In this case, by the evaluation unit cal cul ating
position errors of position-nmeasurenent-ppints conposing 5 in the first
measur enent poi nt subset by using the estimations, calculated by the
estimation conputing unit, of the predeterm ned nunber of paranmeters for
the second MeapdeeRahapelnte BUDSELnd AN AN & 13 %'o%titc'igHt—' on of

posi ti on-neasurenent-points rn the first nmeasurenent ol nt "Subset can be
obt ai ned. Thefeal@r@meWttpoutrsal culating the estimations and their
certainty of the predeterm ned nunber of paraneters on the basis of the
posi tion neasur enERpecealliys ah the p9sé tidrdreadERRNRAIsMSmehtt he first
measur enment poi nt subset, it can be 15 determ ned whether or not one of the
plurality of ppdadndubsasuteniat cpopatedubset ssurektt lef friestfimgasur enent
poi nt subset equally reflect the entire set of all

posi t i onnmas MEHFEFEMEBLNPSINE nSubgeti dpy ehcWsttiimg ines iddiooulestrioss uni t
can 20 conprgﬁf an.estimation unit that detects respective positions of

posi ti on- nea éﬁ@ﬁF}BBFWngEBﬁﬁﬁgF?@P%¢ﬁ§sﬂﬂﬁﬁGiiFQN%%ﬁhqﬁﬁgnﬁnp5Pﬁt
subset, baseqﬁggttB%agggégéggﬁgé%ﬁﬁzgéééggg% 93#%!0” i.nf rnﬁklg of

posi ti onnmeasurement - poi n ®poi nt

subset, esti RhdPLRRANLIEK:BOSHE Vo IO | Al WG RACH SResent

occurrence probability o e detected position for respective one of the
posi ti onneas whyieNceR@ahe yobrt BRe SPEEHEt SrivBas MMMy RE Maramb® WG 2003
51 subset, and cal cul ates probability density of the detected position of
each of flAe pmsi teowakeadatedefbpothe scasedvieepardaretfrrsdal cul ati on unit
that eval uates detection error of each of the detected positions while 5
usi ng the redPaSregeas paiatedubsebabs | 13§d dehsl t3amPhealagd .as a pi ece of
wei ght inforgﬁ%hp and cal cul ates such val ues of the predeterm ned nunber

of paraneter he &EtEEPiBﬁ SP?%?%YtﬂﬁﬁﬁﬁP%ﬁ%ﬁi%ﬂqqﬂ%q PIn®itum as a
whol e, based SN tof}e t‘ﬂ%&ﬁ%%ﬁrgﬁ' i gg{ 8£Sﬁe‘l:<9né hrhese%sszliarse%d rgtalp?[iin ﬁ’s&%)%[et;[ﬁg?ght s

speci fi c nmeasurenent ubset, "the par aneter cal

errors betveqid - aisutahedsaoshEh NS0 80 SHSId: IEIRANFE dIaRid ons in

accordance with the infornation of the certainties ul at ed

posi tiongdsof tHee epadirel @LMBESHLENPOE: POOMReadiPrdment tdaiiiababi l ity
densities at the cal cul ated positions of the position-neasurenent-points,
and cal cul at es st dirfthegaiorg,vdhi dhestpuathonsepf ¢éret prredieserati ned nunber

of paraneters which uniquely specify gosition information of any area on an
obj ect. Ther @Y+ "SASUEEMERE| FGSYAFF dOEstRFreR? DHs JF—neis Ysed®dtter ni ned

nunber  of pafﬁggﬁégw%i%h%% E%&E%nghlXcégakgc£o£h§51culating the
estimations and certainty thereof. 1In this case, since
20 the estimations and their certainty of the predetermined
number of parameters are calculated considering the
certainties of the position measurement results at the
position-measurement-points, statistically more valid
values of the predetermined number of parameters can be
25 calculated.
In addition, the fourth step can comprise an
estimation step of calculating respective positions of

the fourth number of position-measurement-points, for



certainties of the calculated positions of the position neasurenent-points
can be obtained. Furthernore, the third position detector accordirih AUG 22003
this invention can further conprise a paranmeter value determ ning unit that
cal cul ates val ues of the predeterm ned nunber of paraneters, based on

eval uation results of the evaluation conputing unit. Therefore, the 15
AUG 2003 52 nunber of position-nmeasurenggt-points used to calculate the

val ues of the predeterm ned nunber of paranmeters can be reduced while

mai ntaining the statistical validity, and inprovenent of the position
detection speaehCaf RReSpathheyed BRI BeabRhNHehBOraGENF a8 inCSAHELNY, tO
the eighth aspect of this invention, there is provided a fourth position
detect or thabadeticohsmpasuiément fesuldis @ ahheafypuaitBanambar ebj ect
provided with a first nunber of position-neasurenent-points, the 10

posi tion det poséticonpeasingmentreesinreiemd @sittiretdngneasbebs1pogi ti ons of
the position-neasurenent-points; a set-selection unit that selects a
plurality of 9enitymEHBaE EpRnt LRt Raduranresept cfcegeknesnsi st of a third

nunber of _positjop-oeasurenent-pojnts and are different 15 from one
anot her , %ndpéongFgEFYyogftQ%c WeAkat ARt L0G fFf SuBSSPESHAVEN each

i st of f th f i tion- . t - poi nt diff t
From one anoPRONE Do PR FaSHERUB S 0 IEager a2 CERaRE nunber and
shal | er than e, 5t pPUARST 1, Lpeaseeony 20 JKheIorbeikag fei ni mum nunber

of neasureneﬁk points tequired to ca te a predeterm nunber of
paraneters th@ncunbﬁwﬁgyrégﬁééﬁyv@0§f&5éﬁhﬂﬂHyNdEﬂEﬂQ&e%fo%nkhérea on the
object, the fourth nunber being |arger than the second nunber and snaller
than the thi cdloutbeérd RSsantons ef athmtpon tdorpuwdasgrementt-patineyal uat es
possibility of adopting one of the plurality of second measurenent point
subsets 48 ab@sgslupanthe pophabilibketdensidal dirattdanse @gnedet er mi ned nunber

of paraneters. 15 AUG 3003 53 In this detector, according to the fourth
position det EAPHFEAE ABACBLALHPR PSR MY g2 kUt id\daaBa St R tc 8ApBBFARG uni t

statistical | he(aluaLea,pased 80sPRRLAL OPS s ROYS LLFTRRSeent - poi nt s
reference position using the respective calculated
probability density’s value as a piece of weight

15 information and calculating estimations of the
predetermined number of parameters, based on the
evaluated errors. 1In this case, since, for each of the
second measurement point subsets, errors between the
calculated positions and their reference positions are

20 weighted in accordance with the information of the
cerfainties of the calculated positions of the position-
measurement-points, i.e. the probability densities at the
calculated positions of the position-measurement-points,
statistically valid estimations of the predetermined

25 number of parameters can be calculated which uniquely
specify position information of any area on an object and

rationally reflect the certainties of the calculated

positions of the position-measurement-points.



5 nmeasurenent unit whether or not it is possible to replace the pl ;llraklijé Y003
of first neasurenent point subset as a sanple set conposed of 9

posi tion- neasurenent-points to be neasured to cal cul ate val ues of the

pr edet er mi ned nunber of paraneters by one of the plurality of second 10
measur enent poi nt subsets each of which is conposed of a fewer nunber of

el ements than the first nmeasurenent poinjgsubset. Therefore, upon reducing
t he nunber of positionnmeasurenent-points as elenents of a sanple set,
statistical validity of the cal cul ated val ues of the 15 predeterm ned
nunber of paranet mai.nt aj L In e fourth positi det ect or
according to this%%%$§%99§§?'tﬁgge§§?ggtP8%£€%%%u ??Ef{hﬁql%% nprise an
estimtion c @N L UNict st h istical . t he specific
measur enent ?ﬁﬂébgsgg, It;e%tgi %Y?%ﬁ%bgfb%g %%%P%%Héeﬁgxfﬁsﬁge&rhﬁunber of

paranet ers argbuz@ht aiceby whfichheiesthanth Ops, sbas ek iy RasiHerent results
of position information of position-nmeasurenent-points conposing the

speci fi ¢ neasnwasneehepti pbiatbsabswebscbhas s&hecéeladds athd heigdtural ity of
first neasurenent point subset and the 25 plurality of second neasurenent
poi nt sub$et Neagyredgnsubeins subeetti saleégtyathel resst mealiohs sefcaniie
predet erm ned nunber of paraneters and certainty of the estimations, based
on groups of REASURECHHs PefnEhaubset Aeks pepkacetent caand a3dfnted nunber of

araneters and .certaint f the estimations for the plurality of first
Iron::asur ement peoﬁtr‘?f“a&}t%g%/?,% ﬁheei?ﬁ?ﬂﬁf?m%%ﬁpﬁ't“fﬂ?%r d‘% tp%%g%wspar es the

tatisti |1 j ti i t ai nt f.th fi t
o Nt subset G EER, bR P BOER AT F R Yot a1 L a1ty
of second neagmRIERE g@ls@ttisgbaeﬁuramgneysw@{gsoﬁaaﬁ bidids & adopting

one of the plurality of second neasurenent pol nt subsets as a measurenent
poi nt suhset dercoal aidhateebatppedatesabset, 18s nbabess of hPadEaEteis. | n
this case, the evaluation unit calculates the statistically valid
estimations afdatheilf tbet 4harg etephéipdedet esecord meaderemsntpar amet er s

based on sets of the predeterm ned nunber of paraneters, for the plurality
point subsets that can replace the first measurement

point subset, adopts estimations of the predetermined
number of parameters, calculated based on measurement
15 results of the second number of position-measurement-

points of the first measurement point subset, as values

thereof.
In this case, if the third step finds second

measurement point subsets that can replace the first

20 measurement point subset, i.e. if the number of position-
measurement-points can be reduced maintaining the
statistical validity, the most valid, second measurement
point subset for replacement is adopted as the sample set.
On the other hand, if the third step finds no second

25 measurement point subsets that can replace the first
measurement point subset, i.e. if the number of position-
measurement-points can not be reduced maintaining the

statistical validity, the first measurement point subset



15 of first nmeasurenent point subsets, calculated by the estinatiﬂg
calculation unit, and conpares the statistically valid "estimatio AHG 2003
their 'certainty of the predeterm ned nunber of paranmeters, for each second
measur enent point subset, cal culated by the estinmation 20 cal cul ation unit
with the statistically valid estimations and their certainty of the
predeterm ned nunber of paraneters. In tdy s conparison, the certainties of
the two groups of the estinmations are conpared as well as the groups of the
estimations, the certainties each 25 reflecting deviation of the position

error distrihul hagpebaPasi hons IRISUISIENt HAIN! S8 LBerLespaat Lye

measur enment poi nt subset. And by examning the two conparison results, the
two positionteer predisbbhbHbd OMsmbe A% AYG 2003 &% %ra@._cﬁqg%aeﬁas!geref ore
it can be determ ned whether or not one of the plurality of secon

measur enent pai BhespbsetsoAnded Herdmdrst FRASLMNhROLREisYbset equal |y
reflect the entire set of all position-neasurenent-points. 5 Furthernore,

t he estinati orasakembatipoinnstofarhe crplse 9t esdd REbpgeduait thBat
detects respective positions of position-neasurenent-points conposing the
speci fi c Pread@t8fEnPLpbhat PEadeEermiR® 1 Wibahe frvayaneress.resul t s of
position infgﬁnation of ﬁosition 10_nmeasur enent - poi nt s conposi ng t he

speci fic meastFERERFSpoFAE SWRRRT , oL RITHL N Hessiemeny -Behsitey upghct i ons

espoctive one o ERAsbear e olbBEs Srté it G e SieRE BY " "

respective one o I onmeasur enen |

measur enment @ﬁ&@he%ér§ugﬁﬁg?eaPQd&éé&LWEﬁfE;dHfH%ﬁﬂdfngytﬂ%nSity of the

detected position of each t he position-neasurenent point's; and a

paranmet er calstatakt@BaUnvhlifaty evahdaimsr SRdmadd U @heOhohit§adph of the
detected positions while using the respective calcul ated probability

densi ty' $020 dezleceias appedceanfbeeidietred anapitaamiard te@l adkatrasysuch
val ues of the predeterm ned nunber of paraneters that the detection errors
becone stati sti calPy thenithirfagcai when ede tesebometthedetcestriddmaertoors. | n
this case, since speci fi¢c measurenent poi nt subset, the 25

. 1 h
par anet er caF@ﬁPaﬁPgén%th’mB?@h?%o%wW?ﬁ§P?ﬁﬂ%ﬁﬁuFQH¥§ Canckreatedmgdsi ti ons

and their refegr e Lt Lons. .| lance with the infaornmation of the
certainties 8?: ?Eg gﬁgh gge@e%%g]?%'ﬁ%ﬁg?o?%%se Hodihs SR edS8I Efefit- poi nt s,
15 AUG 2003 96 kne. £408tPHebabIbh ldeditis dd Gfeitlod, NGntAlC thalad sRGST L ons
of the position-neasurenent-points, and cal culates statistically valid

estimati dhs of theipeddareas) nedchmusbeshnih pes asmividedViiien whiequel y
specify

position measurement marks, can be arranged on the object.

According to the fourth aspect of this invention,
there is provided a fourth position detection method for
detecting position information of any area on an object

20 provided with a first number of position-measurement-
peints, the position detection method comprising a first
step of selecting a plurality of first measurement point
subsets which each consist of a third number of position-
measurement-points and are different from one another,

25 the third number being larger than a second number and
smaller than the first number, the second number being a
minimum number of measurement points required to

calculate a predetermined number of parameters that



5 position information of any area on an object. Therefore, Statisi§ﬁﬁjlﬁp
valid estimati ons of the predeterm ned nunber of paraneters that rafi ﬁa @
reflect the certainties of the cal culated positions of the

posi ti onnmeasur enment - poi nts can be obtained. 10 In the fourth position
detector according to this invention, the evaluation conputing unit can
conprise an estimation calculation unit f{hat statistically calculates, for
t he specific nmeasurenent point subset, estinmations of the predeterm ned
nunber of paraneters and certainty of 15 the estimations, based on

measur enent  Regihd i %,gfspeeikyi 8851 01 6h MBAF O 1 AP £ 1) BRRBULRMBAL- POI Nt S

conposi ng the spec C neasurenent point subset which I's selecte romthe
plurality of sigeet] aEasdbAAEBtePObNt sELESELSy ANl wihlavyl bt isedoHRi t t hat
calcul ates errors of all the 20 position-neasurenent-points of the
plurality of Mfdassiremeatupetdmnt spbsat s swihsett seddh argis ilsze odf at feueshi mat i ons
of the predeterm ned nunber of paraneters cal cul ated for each of the second
measur enent poiniers gfs positand-veasuaewenpossimis iand are eilfdeiregtt he
plurality of first 25 measurenment point subsets by one of the plurality of
second nmedsurfgfEhonsoidRotigbsetbe FAuEhl snemker bRinthdangsirudheon theit

cal cul ating position etrors of position-neasurenent-points of the 15 AUG
2003 57 pl uraﬁ‘?cicﬁpdofmmli’re& aﬁ§a§8?i:‘@ﬁtt%ﬁ? n‘fh%uﬁb&‘% PRFGingnché
estimations, - redet Lned. r t far, .eac econd
measur enment p%lnrté]%t}%geg,% gg%ggg ggi{gg ?ﬂéel‘gﬁmtr?%%lcb%lcﬁ a[aifgn unit,
the position @IgiQfcifdithler b@%h@@tp%faﬂrgé’%éé%‘fé}ﬁ&%rpﬁimt - poi nts,
which will be estimat'ed if 'the plurality of first neasurenent point subsets
serve as the s 368t oneavfbehebpaipelit yher efecend Wddiirteraltcul ati ng
groups of the estimations and their certainty of the predeterm ned nunber
of 10 pad@netrrintorsubsetisasias ef mepheupesent opomassetemsdd resul ts at the
posi tion-neasurenment-points of the plurality of first neasurenent point
subsets and tfRACHlRtestthe Priegdgarpymiaridnesbera®f oPararREatfei r certainty of
t he predeterm ned nunber of paraneter it can be 15 determ ned whet her or

) S T
not one of the pl AEFIEILTG teetbid MERbaPentAr PBFRtOSUHRRIRIYF st s t he
entire set of _all (gc%s' t i on- measur epent - poi nt n, addi ti oagathe estimation

s, |In,

cal cul ation uAft5F SRS L ETER e B R PBRSTRTt thatS M S%spect i ve 20
posi tions of Iy 1.0Ns ur; t ~ RQALE o j [ £ r ement
poi nt subset, é:‘atl‘s}jtiaé orbn t he r%ggl%r g%%%%&?gsg??gég?g%%r;ﬁ?gﬁq!%%locir '?);ngn of
posi ti onmeas uf eIeid T IR0 S 1% GRPeSPJ et BEtSPeehti g1 0BABE BNt RGNt subset,
estimates probability density functions 25 which each represent occurrence
probabi | ity ohedderasirgrtred nrosiubisen s obyr espestinpie oset oforigmsed of
posi tionmeasur enent - poi nts of the specific nmeasurenent point subset, and
cal cul ates prdbEPHET tRRHsiafy edrmepés- 18hABGL 20080 58 R t®d position of
each of the p‘gﬁi tion- rreasq:: ei_'gl%nt points; .and atgar aneter cal cul atjion unit

r

that eval uat e§ %‘%‘?%ﬁt?%,{’oe S §Eh_b<§f PPR& 48P cBTRT PELTR T IR R | e
using the respechive &ol Gl AL ALARARY khi @20ktiriiRedalifbds g Pl ece of
cal ¢ of t e

wei ght information an ul ates such val ue e predetermn nunber

of parameter sphhahetdies doiE AHO B rRIte@s3 nBeG8NBmet 8Fi shé Cabs ¥ foMi mum as a
whol e, based on the detection errors. In'this case, since, for the specific

measur enent pmeasusetset rdshe ti0 qaar deetreducakdeuliat ieneualtaved ghts errors
bet ween t he
whether or not the position error distribution of
position-measurement-points in one of the plurality of
second measurement point subsets is similar to a position
25 error distribution, for all position-measurement-points,
estimated based on the position measurement results at

the position-measurement-points of the plurality of first

measurement point subsets. Therefore, upon reducing the



cal cul ated positions and their reference positions in accordance with the
information of the certainties of the cal cul ated positions of th&§ AUG 2003
posi ti'on- measurenent-points, i.e. the probability densities at the

cal cul ated 15 positions of the position-neasurenent-points, and cal cul ates
statistically valid estimations of the predeterm ned nunber of paraneters
whi ch uni quely specify position informatipn of any area on an object.
Therefore, statistically valid estimtions of the predeterm ned 20 nunber
of parameters that rationally reflect the certainties of the cal cul ated

posi tions of fifgepogict begﬂ@ﬁéﬂtrﬁgmr&%mép&ﬂ&§%f§@1%iﬂé%@-s Gge  f ourth

position detector according to this inventi'on can turther conprise a

paramet er valgagpds deterAlnNk8guethy tHalp L&l BiPSrMUMe D ok Hlehe
predet er mi ned nunber of paraneters, based on evaluation results of the

eval uati on couedtiiog meesurdhenef pesultde sutbigtiofal validity of the

posi ti on-nmeasurenent-points used to cal cul ate 15 AUG 2003 1 59 the val ues
of the predete@lsiuiededurbénesf opatheepeede tarmired eduded Wi | e nai nt ai ni ng
the statistical validity, and inprovenent of the position detection speed
can be achi eRSFaRELEES FRAgPENBaARERERRY: 5 According to the ninth aspect
of this invention,

th i i ded t had t f i
ot edet or i ned. pat § 4P (et § P RRASAF S38 SRCSCCURR CPeRed AFRATHG an
arr angerent ignf el b eRakeH! athon:pieR ofosalel ALNG A A detesm ned

nunber of paraneters that pertain to posi e di'vided ar eas by a

posi tion det es,ottéwra)frr%ttlaeqse@egw'yneaieuwﬁn&PVﬁﬁ]ié},{}: g Galcul ating

arrangenent information of the divided areas” on e substrate; and a
transfer steplafrdliagsber Einrgtt Neapatéent 0pd Dnt heusiati ded Arieas iWisl €
aligning the 15 substrate based on the arrangenent information of the

di vi ded afPeafLdiheulipatddtemmtihedannabgenefit pa rdrostreats eamd alemtadinitgn st ep.
According to this nmethod, a pattern is transferred onto divided areas while
accuratel y détfedhengstimaidonsr ahgsadnen ohea peremen et arldss oo tiesubstrat e
using a detection nethod of the.present invention and aligning.the
Substrate on THEbANEESr SEnBORAELER BRAPRETITES AR or%, - i Patti&Ph can
be accurat el y, £ [k 3Aa08tAc 1 0es Bh Y1 o0 P §356r fmar LGEOSH Mg O L he

tenth aspect of this invention, ere I's provided an exposure apparatus
that transf erpsreai&re&qah@errhu%eeabteﬁaraﬂé@eﬂs VARIE - SFEAMIQN F SURStrate,

conprising a stage unit that noves the substrate along a 1 5 AUG 2003 60

15 estimations, based on groups of the estimations and
certainty thereof for the plurality of first measurement
point subsets, calculated in the fourth step; a sixth
step of statistically calculating estimations of the
predetermined number of parameters and certainty of the

20 estimations for each of the plurality of second
measurement point subsets, based on measurement results
of the fourth number of position-measurement-points; and
a seventh step of comparing the statistically valid
estimations and certainty with the estimations and

25 certainty for each of the plurality of second measurement

point subsets and evaluating possibility of adopting one

of the plurality of second measurement point subsets as a



novenent plane; and a position detector according to this inventipg Alfbgs
cal cul ates arrangenent information of the divided areas on the substrate
nount €d on the stage unit. This apparatus transfers a pattern onto divided
5 areas while noving and aligning the substrate through the stage unit on
the basis of arrangenent of the divided areas detected by the position
detection unit of this invention. Theref;are, a pattern can be accurately
transferred onto the divided areas. 10 In addition, in a |ithography
process, by perform ng exposure using an exposure apparatus according to

t he present | ' 1 E~1Se P [ for | b2l on a
subs?rate mﬁF%gﬁpéhﬁgggué%%étd%ﬁgﬁggg%ggif%gg%ﬁgn %hgrg¥§?89?%h?éggossible

to 15 manuf agiperaciOperim&héysi ntegrated micro device with high yield,
and the productivity can be inproved. Accordingly, another aspect of the

present inventionTIhstaidevhse, noef sicd i dyl usivag iah etAasttienappar at us

of the present invention and a nethod of manufacturing a device 20 using an
exposure net laad chetibecpresentyiof erite qureddRichimiNESCRuRbEENo®F THE DRAW NGS
. Fig. 1 is a schematic view show ng the arrangenent of an exposure

appar at us>ac®erdimagers aalewbatederasedDIFiYye poaidden2Beasurenens f or
expl ai ni ng exenpl ary alignnment narks; 15 AUG 2003 61 Fi%. 3is a
schemati c bl F&RUdEEgRENTERORP AL T PR ISRt RILYEFe Oaithecont rol  system
in the appar at hown _i-n_Fi 1. Fig 4.s vi ew.for _explaining a design
value of & 5EOPERLEGY 86 faFok TraruEmeny Ry Skt are pnpared

expl ai ni ng a,AQ% thanedetfgtioNs ORSd AR dditaiirys o fh@w chart (part 2)
for explaining the position detection operation; 10 Fig. 7 is a view for
expl ai ni ng a greasteenBikdr 86Mbér 06 f GpdPdrte t &P Ta 1B 13NE BB adled Vhews

showi ng an exanple of a mark measurenent result and probability density
functionl0 the position measurement results at the position-
measurement-points of each second measurement point
subset. In this comparison, the certainties of the two
groups of the estimations are compared as well as the
groups of the estimations, the certainties each
15 reflecting deviation of the position error distribution
of position-measurement-points of the respective
measurement point subset. And by examining the two
comparison results, the two position error distributions
are compared. Therefore, it can be determined whether or
20 not one of the plurality of second measurement point
subsets and the first measurement point subset equally
reflect the entire set of all position:measurement—points.
Furthermore, in the fourth step, certainties of
position measurement results of the position-measurement-
25 points can be taken in account for calculating the
estimations and certainty thereof. In this case, since

the estimations and their certainty of the predetermined

number of parameters are calculated considering the



Figs. 9A and 9B are views show ng anot her exanple of 15 a mark nea3§r?mgg&a
result and probability density function; Fig. 10 is a flow chart (

for explaining the position detection operation; Fig. 11 is a flow chart
for explaining a nethod of 20 nmanufacturing devices using the exposure
apparatus shown in Fig. 1; and Fig. 12 is a flow chart showi ng a process of
the wafer process step of Fig. 11; Fig. 48 is a view far explaining a

nodi fication 25 (No.l) ; Fig. 14 is a view for explai ning anot her

nodi fication (No.2); and 15 AUG 2003 62 Figs. 15A to 15D are views

rod 11 catt on et B S RE e R A R T e PO R
embodi nent ofy, &ﬂ%wneﬁ%egu&eiﬁ@ﬂug&mé' ?&@%&&é)ﬁ %&f‘é RahLgr with

reference to Figs. 1 to shows a schematic "arrangement of an

exposur e apparAhdes b&OtaéCp&ddagetﬁlﬂ@deﬂﬁﬁﬂ&fﬁﬁﬁ P rdnta difsee@nt L0
i nvention. This exposure apparatus 100 is a step-and-scan projection

exposur e apparedtaydat®ae exposure apparatus 100 conprises an illum nation
system 10, a reticle stage RST for holding a reticle R as a nask, a
prolectloﬁ opti cal Egnﬂhgmmpme,ath@féousthgst@ﬁﬂbamldﬁmmesH1an\Mafer Was a
substrate (object) is placed, an alignnment mcroscope AS as an inmage pickup
unit, a main KOHMASILosy stem 26 FélcggétéwmtIQ%9¢§kaﬂu9QﬂﬂhuﬂyStbé overal |

he illum nation system 10 i ncludes a |ight
Sggfg:tus E”ELé'giﬁgdk%umge% of p051t£on—meg$urement -points, for e%ch

of the plurality of first measurement point subsets,
based on measurement results of the third number of

10 position-measurement-points and estimating probability
density functions that each represent occurrence
probability of the calculated position of a respective
point of the third number of position-measurement-points;
a probability density calculation step of calculating

15 respective probability densities of the calculated
positions of the position-measurement-points, based on
the probability density functions; and a parameter
calculation step of evaluating an error of each of the
calculated positions relative to respective reference

20 position using the respective calculated probability
density’s value as a piece of weight information and
calculating estimations of the predetermined number of
parameters, based on the evaluated errors. In this case,
since, for each of the first measurement point subsets,

25 errors between the calculated positions and their
reference positions are weighted in accordance with the
information of the certainties of the calculated

positions of the position-measurement-points, i.e. the



20 an illum nance uniformng optical systemconprising a fly-eye lens as an
optical integrator, a relay lens, a variable ND filter, a reticle bh3 AdS 2003
dichroic mirror, and the |ike (none of themare shown). The arrangenent of
such illumnation systemis disclosed in, e.g., 25 Japanese Patent

Lai d- Open No. 10-112933. Note that the |light source unit uses a KrF exciner
| aser |ight source (oscillation wavel engid = 248 nm), an ArF excimer |aser

| i ght source (oscillation wavelength = 193 nnm), a 15 AUG 2003 63 harnonic
generator such as an FZ laser light source (oscillation wavel ength = 157

nm, Kr2 (krypt Loer) Ll .|1gh ourc illatian.wavel ength = 146
nm, Ar2 (aré%r?ggaog%r Y] gggg?ﬁ%ﬁ%taéo %ec%béslglisaﬁeaci ipoorfl\%&\? e tﬂhg - 126
nm, copper l.as j r | &S l.t.ra- hi gh- pressure
morcury’ | amp e ting Rpaphlghefb oG o) SER AR L. ot

char ged- part isght@mB@aBnsuUsh 8fe Xpr8dSte BhECEd HUMPNS o Opdhiddridta Fay be
used in place of light sent out fromthe aforenenti onecs) 10 Iight source
unit. The op&eaidadrudhttbewhlthmnaghehy syséetiHod it driis farmardement
will be briefly explained below. Illumnation |ight emtted by the |ight
source unbt eft eny tlreai bhusnnahgectnafidr manigoropt iy ate Syexttemhwhen t he 15
shutter is open. In this way, a | arge nunber of secondary light sources are
formed at thesobaingig@soptt hbei FrUAPhaRe? ReS Fokenhpoptiec sosdyisoem  and
illumnation |ight conponents sent out froma |arge nunber of secondary

l'i ght sour ceé“%a%é’cFﬁ“‘teﬁg"PQt‘PEPe blind. 20 Illunination light transnitted

t hrough the reticle _bli. .S t k n_JL magi | ens. .syst Thi s
illum nation syst%lenma%gli@rqf)hhi ?ﬁ§t gggsg#?t]?l i{:e‘g% Igueﬂﬁ:tnaaltnlstolneysarogfgl portions,
whi ch are defq : ' i oRf t retd ' JLCui t
patterns and qd%%ﬁ%ehggfgghgggt %F{ggﬁswafh [ I%éré#aﬁrgn :%ﬁ%nféﬂ{tw th
near |y unbf orgviiddsudananectakba LatbChEcHuME HpXdeHMed e irRf itHee Stage RST
by, e.g., vacuum chucking. The reticle stage RST can be 15 AUG 2003 64
finely driverestinatd oXsYapkdagerpeiptpdtbeteoft cAndetloptsicalh astiep (osmi ch
coincides with an optical axis AX of the projection optical system PL,
descri bed | at¥PLGESe §& Pﬁﬁ&ﬁ?ﬁé?ﬂoﬁtgys?gn?%h@u%%wrm XRYRATT iate a
designated 5 scan vel oci téhi n_a gggdet e{)m' ned scap_direction (Y-direction
in this case)PHBy 4 P& 8 &St AGET 6P DRFPFRoLT shYwhy L ¥omra e Sragnet i ¢

float type twn:djensd |, b1 near,ac ; I .cle R
Furt her vor e, AT s Xt od tear. ToenpSRERLLER B, fecdh Hedq) g
t wo- di mensi ongdidd NRMseRG!, UdaBkd BAl HEBSudekelt | ¥EsGDES 4 Addiddp o an
X-drive coil, Y-drive coil, and the like, the reticle stage can al so be
finely drivemunbdihefZpdisiedibnomeatheepesttpoindé sdhe ¢etimdweirsg age RST
within a stage 15 noving surface is always detected by a reticle |aser

i nterferonet @rqRapid trefdensdd vt fuastionpethetechpheréprosenter”
hereinafter) 16 via a rmva%lﬁl m.rror 15 at a_resolution of around 0.5 to 1

nm The posi t?SH TR Bl itHo Of ot el E5LES BERATPPF b PhePt ticle 20
Ot Tn oo el Al Hodkd, B0 RAS BARLEOhuAKSERE IBoc HU G | VES D
via t ge not snown

reticle stage ‘the reticle sta river ~on the basis of
the posi tigon héd Ok F&idrn fidthe raeyr@b_ﬁbs.tn.%? Bedsithecpiohestion optical
system PL is disposed bel'ow 25 the reticle stage RST in Fig, 1, and the
direction of step opf icHl cubdtsi X respdetiivedpasbhbelZeaxdensgitession. As the
proj ection optical systemPL, for exanple, a refraction optical system
whi ch i s bot htk¢ deal@ilegmd masitions of the position-measurement-

points, based on the probability density functions; and a

parameter calculation step of evaluating an error of each

25 of the calculated positions relative to respective
reference position using the respective calculated

probability density’s value as a piece of weight

information and calculating estimations of the



15 AUG 2003 65 and has a predeterm ned reduction ratio (e. g., 1/5,_.1/4 2&5
1/6) is used. For this reason, when the illum nation area of the ré?i@#%

is illumnated with illumnation Iight TL coming fromthe illum nation
optical system a 5 reduced-scale image (partial inverted image) of the
circuit pattern on the reticle Rwithin that illumnation area is forned on

the wafer W the surface of which is applded with a resist (photosensitive
agent), via the projection optical systemPL. 10 The wafer stage WBT is

di sposed on a base BS bel ow the projection optical systemPL in Fig. 1, and
a wafer hold ' t t st.age . e wafer Wis fixed
by, e:g., va 38%?%%%’81@?%‘8 Iglgml?%e ({flg\éga%ag{eﬁeeﬂgmp\eé\ggﬁoggeF 5. The wafer

hol der 25 cagyhhlhtbl @RYodd direction with respect to a plane

per pendi cular to the optical axis of the projection optical systemPL by a
driver (not showmhrtR8EmE28, atisd® HwufimnaldsimivablRtertiba MetBeli eanof the
optical axis (Z-direction) of the projection optical systemPL. Al so, the
waf er hol der faTtROri sohppesy tiod adidiitch adtoeyd vheptiifcaheaxhdrAXstépe waf er
stage WST is novable not only in the scan direction (Y-direction) but also
in a direbti danfX- derevti najdspeeqpentipedar subsdtes shat dianecepdacso as to

| ocate a plurality of shot areas on the wafer Won an 25 exposure area

conj ugat ed withg £RESE| MEAFABETORT rRel Bh, SHIRE herFedraed sa theepogiid- scan

ti i i.ch ti f j d i h shot
oper el on |l 38.0RSTBLLSK. LSR8, RSl b Sach el aea o
t It : : t .ea. f t WET
cxposU & oL b PIRLLLEN-OL b S6Kl £l S SRR Tl i o1 a0

and the |ikepalageR@skt i ea168h1406d WBdSEd Sbadfe IR drierithe-SuY tR! @fe 5 is
al ways detected by a wafer laser interferometer 18 via a novable mrror 17

at a resobut ithie dbuataundmBed 66 posbtidloshéadDnremdry-miinds ©Fr thel ocity

i nformation) WPV of the wafer stage WBT is sent to the stage control system
19, whi ch comelgicsedhgenahdr meaageen 8Tt gpoitie fidsiat ofast Madub® position
information (or velocity information) WPV, The alignnment m croscope AS is
an of faxi s altihgieedty asdewhdfhdi 5pokke BRl¥PesEIRIL NG ace seconke

rojection optical systemPL, This alignnent mcrasco AS qut puts i nmage
P okup 1 ooul MEAGRTaMER T BRL ThaPRESPRR( EPE it hL ) a5 T A B each Shot
area on the I | t = d Lo tyi;sqn mar k
MX(T, ) and\?@eta%gsr?éhﬁ hg?{algt :sgﬁggrrgf kgar\/%?? ﬁb)gvﬁl clhgealﬁge}l]%g ﬁ’e‘:a&llgn street

| ines aragnd estShelt idneaabAvaluby 68 the ppégétd¥mBsediMbdm.oe. 9., Fig.
2A, are used. As the marks 20 MX(i, j) and MY(i, j), a line-and-space mark
havi ng a per irediamesgtensct Gherefiorhe tbéeeptmhgrdof egetsioriaran be used, as
represented by, e.g., the mark MX(i, j) shown on a |arger scale in Fig. 2B.
Not e that Fi gleamyamandPRiessauspAetantaspaceterabie HaAuRp tHr &9 i nes.

However, the 25 nunber, of, lines in_a |ine-and-space nmark_ use s, .the mark
W T3 (o B dE T PR Bt RRERRG T ChDy ek The PR A ocaope

AS outputs Fﬂﬁ%%ﬁkéﬁhfﬁgﬂyﬂed%E%t&gPicai1@af&5&@993a§g improvement of
20 the position detection speed can be achieved maintaining
the accuracy.

In addition, in the fourth position detection method,
the third step can comprise a fourth step of
statistically calculating, for each of the second

25 measurement point subsets, estimations of the
predetermined number of parameters and certainty of the
estimations, based on measurement results of the fourth

number of position-measurement-points; a fifth step of



as its imge pickup result to the main control system 20 (see Fig.1&1) %ﬁﬂ
shown in Fig. 3, the main control system 20 conprises a nmain contr AH%i 3
30 and storage unit 40. 5 The main control unit 30 conprises a control unit
39 which controls the operation of the exposure apparatus 100 by, e.g.,
supplying stage control data SCD to the stage control system 19 and serves
as a set selection unit for selecting a panple set and repl acenent
candidate 10 set, and a position arithnetic unit 37. The position
arithmetic unit 37 conprises a picked-up image data acquisition unit 31, a
mar k i nf or mat] ylat i qt it r l.af 1 ition information
of picked-up dﬁg?l%ggllt\:/gi}{énéb%tgﬁht%gg%%gs)i%Eg%f#h%*épir}g%sg%i@% i mage data 15
acquired by %ﬁ%sﬂk@ﬁ%ﬁtUBoiﬂggeoﬁaEﬁea?ﬂ&f§l$ﬁ§”bf”¥ﬂré%lmm%sQ%%ﬁ%EEer
calculation unit 33 for calculating estinmations of position paraneters

whi ch uni quelppitet eubkseest BRratgANgesest e SO imdEiasnsSAF aheal i d val ue
calculation unit 34 for calculating statistically 20 valid position

par anet er valpresietamdiardenahbati ofi param8seforcalallmtdchd opossidhi loift y of
replacing a sanple set by another one containing a fewer nunber of

el enent s. SThéhet SesgaduRpesypeRast ppe ket - $ipb s ey cafhteyadiugrtddicar ea 41,
sanpl e set informatiQn stqrage_area 42, mark 25 information storage area
43, estimati (ﬂ?séggrl&déyaf’ argg}a‘éhﬁgvﬁq‘?dp A¥ ki Y fhdei titea 44 therein.
Not e that the aforenentioned, alignnent. mcroscope AS,. cont.rol it 39, and
position ari t"her?estlﬁrcemﬁﬁﬁlt pgynt T‘gsnﬁé' 950%“%8°€0 g iR tﬁ’oﬁtg]i on
detector. Al kG L I tic unit 32, paraneter

cal cul ati on 3ﬁ¥¥£%§?ﬁgﬁ§r§§Fﬁ§”§g}§g %gkégﬁgiion unit 34 constitute an
estimation cal cul ati @hidnichsedngyt BR1EGLEEBRALO0Po 51 €Bb L W ALd AN dpit and

eval uation unit 35 constitute an evaluation arithmetic unit,. Furthernore,

t he al i gifentporidrioscopasABeardtppokets upf i thagep tat &l AoguSifidinst unit 31
constitute a neasurenent unit, Mreover, the paraneter calculation unit 33
and val i d valRf2Hesenst POANTLOSURBETt84bF RS NG LtRe o Pakmeataiasys detfer mi nati on
unit. In Fig. 3, the flow,of data is indicated by the solid arrows, and the
flow of cont ol RFSAdsEECRLBaPURRET 48 tBﬂr%??BﬁgsﬂTﬁ?%Q%ﬁﬁﬁﬁq\R?%ﬂﬂarations
of the units [n the main.control system 20 r%ll be_descrilhed later. 15 In.
this embodi ment , & FaiTA CloMEr ST SYEPERT 20 1 5° cBhstHs ¥ By Eonbi ni ng
vari ous unit (RYA-YE t ' I ; constituted
ne & comput ey e HR ) 0E SaET, SPERS TSRS AR TS fha
constitutle t heuysd), teeNiposlitibht e3@omayiber20utiop! esedEd s farig-ans
installed in the conputer. Referring back to Fig. 1, in the exposure

appar at us 100neasnnsipienqueaintisdemhichypaliubei esponated ocfistidet ecti on

plurality of first measurement point subsets serve as the
sample set, can be obtained. Therefore, without
calculating groups of the estimations and their certainty

20 of the predetermined number of parameters on the basis of
the position measurement results at the position-
measurement-points of the plurality of first measurement
point subsets and thus the statistically valid
estimations and their certainty of the predetermined

25 number of parameters, it can be determined whether or not
one of the plurality of second measurement point subsets
reflects the entire set of all position-measurement-

points.



systemis fixed to a.support portion (not shown) that supports thq
projection optical systemPL, and conprises 25 an illum nation optﬁ%épG 2003
system 13 which directs inmaging |ight beans used to forma plurality of

slit images in an oblique direction with respect to the direction of the
optical axis AX toward the best inmaging surface of the 15 AUG 2003 69
projection optical systemPL, and a |igRhig-receiving optical system 14 for
receiving these imaging |ight beans reflected by the surface of the wafer W
via slits. The stage control system 19 drives the wafer holder 25 in the 5

Z-direction and agﬁgggégﬁ rgirfgtéqg1ﬂﬂn%2f§%%%%ﬁc%%§$g%]%Egog%z;onThe

information from this AlTT=polnt Tocus
detailed arr i j Ltispai:pt fo i1ipn
dot oct | on syEram a0s BPEstiinepr e uied ST pRUMTLEhRAHERRPILALY, o

6- 283403, itpogAtECERRMEE Ntk kem. iPH&BuN0 £o3, ¢48c333ciagdeh8e |ike. The

di scl osures 1 n the above Japanese Patent Laid-Qpen and U'S. Patent are

i ncor por at ed esedranibys r&idreacea asty Ao t.he Ihathdsakasbansinhde
designated states or elected states, to which this international 15
applicatidn itbeapptimatipesnnd theiheanqedsuive ofpphearusded@rminadt he
above arrangenent, the arrangenent coordi nate position of each shot area on
the wafer W P§TQeteefcH2aaMeBPTDIRLE /2R ke gonsdaerdngdehecting the
arrangenment coordinate 20_position, of each shot region, assune that marks

MX(i, j) andSRYERINFYe8r et athe RS ¥ ot AP UHIrESREf ECSWAER @&f BRSpr ocessi ng
ot onk FHRLEOhPHEE gl Epnbhs 40107 HRESA Sl Lt vhRLED) - 1 0
DX6(i, j)} ofheeRdgki e (bPedEtermined number of parameters can be

10 calculated.

Furthermore, the fourth step can comprise an
estimation step of calculating respective positions of
the fourth number of position-measurement-points, for
each of the plurality of second measurement point subsets,

15 Dbased on measurement results of the fourth number of
position-measurement-points and estimating probability
density functions that each represent occurrence
probability of the calculated position of a respective
point of the fourth number of position-measurement-

20 points; a probability density calculation step of
calculating respective probability densities of the
calculated positions of the position-measurement-points,
based on the probability density functions; and a
parameter calculation step of evaluating an error of each

25 of the calculated positions relative to respectivel
reference position using the respective calculated
probability density’s value as a piece of weight

information and calculating estimations of the



referred to as "edges"

hereinafter) between |ines and spaces in a mark

DVMX(i, j), ideal in terms of design, corresponding to the mark M3 AUR)208% e
known;) as shown in 15 AUG 2003 70 Fig. 4. In Fig. 4, edge positions
DXk(i, j) (k =1 to 6) are expressed by DXk. That is, assume DXk+i (

) - Dxx (
6). Also,
j) _ ~DXk(

~j) ) - ~X... (1) for the edge positions Dxk(i, j) (k

T
lto

the 5 X-position DXX of the mggk DMX(i, j) is defined by 6 DXx(i,

j) I5 ...(2) k=1 and is known. Furthernore, a Y-position

DYX(i, j) of the mark DMX(i, j) is determ ned upon design, and is known.
Yaeféaétéﬂﬁiﬁéﬁqﬁdmbdﬁ’oﬂjﬁgfamdtkrsDY%Qbed;inihetwg(', IDE
6(i, J)) kK DW(i, j)

Li kew se,
DY5(i, j),

of the edges in a mar ]

, 1deal in terns of

desi gn, correspUUgteq éerdhe. Mar k¥ icage), aliecknowBrasath dhecmark DMX(i,

i). That i

S,

assune DYk+i (i ~j ) - Dyx (i. j ) - DY ... 15 for edge

posi ti ons DYkétond)mé&surdmdrt Gaindl smbstets,Y-epasirsi bati¥enothé he mar k

defined by 6 Dyr(i, j)=~~DYx(i, j)~/6 ...(g.) X~ and is known.

Furt her nor e, cahcilabedtpositDions ,and tdfeithaafgrienoryprsifjons &eeer i ned

and is known. 20 Detection of arrangenent coordinate positions

of shot at ea¥edghhed| ik RFEQX FNGRMED Whee igforfatdes PExtBRe 1 ot) on

which simlar patterns (including the first nunber of rks) are forned by
: £ e 8<cFF

DMY(i, j)

upon desi

waf er proces§F

is

n,

the fl ow 25

needed.

P (> 1) sanplgigaiatenl
M (third nunber), s =1

10

15

20

25

15

§eLptEBSth Rt RASYEH5R=d

GeBCBeF bR based on

R T SR L T = SR

) al so
statistically valid estimations of the predetermined

number of parameters can be calculated which uniquely
specify position information of any area on an object and
rationally reflect the certainties of the calculated
positions of the position~measurement-points.

In addition, the fourth position detection method
according to this invention can further comprise the
fourth step which, if the third step finds second
measurement point subsets that can replace the first
measurement point subset, selects the most valid one, for
replacement, of the second measurement point subsets and
adopts estimations of the predetermined number of
parameters, calculated based on measurement results of
the fourth number of position-measurement-points of the
selected second measurement point subset, as values
thereof, and which, if the third step finds no second
measurement point subsets that can replace the first
measurement point subset, statistically calculates
estimations of the predetermined number of parameters and

certainty of the estimations, based on measurement

. L R dd RS0 atl ,m=1to
B%%lﬁf&%%>§%)th%£§j ﬁ%ﬁo%ﬁﬁ%ﬁshr@ﬁent pbonPs



(> 1) replacenent candidate sets Rqg{MX(iqn, jagn) , MY (iqt, 5 jaty}k Ass 20

to Q n=1to N(fourth nunber), t =1to N 4 SN<M, and stores

el enment information of the sanple sets SP and repl acenent candi date sets Rq

in the sanple set information storage area 42 in Fig. 3. Note that M nmarks

MK (ipm j Pm and Mmarks MY ( ipg, j p9 ) 10 as elenents of each sanple

set SP are respectively selected not to4bi ne up upon design. Al so, when

conparing any two of the sanple sets Sp, each set includes at |east one

el ement that the other does not include. N marks MX (iqgn, jgn) and N marks

MY (iqt, jatlegsidd & &mNtHi10h aamBereBrapeatRt ofanddisiatenset- Ry are al so

respectively selected not to Iine up upon design. Furthernore, when

conpari ng anyoines ofod haadreplraceeeptueandicgabg setst Racasacémest i ncl udes

at |l east one element that the other does not include. 20 In this

enbodi nent, péintuwilieset 0f amr kelolks ps vaPopsand theksrédfe(eéfsingg9) as

el enents of the sanple set SP are equal to each other (M, but may be

di fferent fronnkerhobigrrandtersusitatdsséiceady gplidecati®eksons narks

MX(i pm jgn) and marks, MY (i Ps, jp9) as el enents OE t he sangle set Sp 25

nust be thr eBNBFeehred L ahp iatk o HRSRSESt tBE PAFYBATEARR 3D Al so,

in this enbodinent,. the nunbers of  nmarks (g J a [ (iqt,

jqt) as el enBRF52HFLY h&?%%?ifeor%ﬁpecgﬁaﬁrggﬁgysgif gg)a}:eﬂgaggflé’?%kgach

ot her , 7 different. f ; _other. In such
(N, pb2nfUG008, . PhdilleJiy R nufrn%e?. bef HRTL each

case as well; each o e nu marks MX (iqgn, jqn) and marks My(iqt,

jqt) as el errﬁe5§u9ém&h€-;5&ﬂ&@§q1§a8 eandildaiia teetned vAusksbgrt Bree or nore,
and the total of them mist be 5 |arger than 6. The first wafer Wis | oaded

onto the waf pielet8ehiRéd byurbavalfel Paranest uwicash®enykedanddavhgbaent with
coarse accuracy (prealignnent) is done by the main control system 20 novi ng
t he waf etOvi aatitheashage tloatstod tisyisicah MeLiglidy,t kad dapkoveMENE pF and
MY(i, j) are glaced_mithin t he observation field of view of the alignnment

nmi croscope Athesgefipien Agrpehton SRR AP Bife ArailEVeSnRdRtEyBEBH 20
(nore specifiﬁgll¥ control unit 39) via the stage control system 19 on the
basis of obs&PGafFEHTBFYthe 15 outer shape of the wafer W the observation

result of marks N%E%’fhétaﬁﬁ ML o tﬂrb&éﬁHfEHkaéﬂgﬁ%H@nohe¥h%W3o@nd

position informatio or velocity Information) fromthe wafer

i nterferomet @hiL8inRehel bhNJihaghe t Sarkd Gnarthed N POSitheORBcRhd he marks 20
MX (Ipnr Jpm r MY (Ipsr Jps) r MX (lgnr ]Jgn) , and MY (Iqt, Jqt) aS

el enent s16f tduzitaopl desetsiSp roethiegp acesrestaciastdiacdlly setld dRyadne
measured in subroutine 202. In subroutine 202, the wafer Wis noved to

| ocat e the fiafsteashr RE( Xhpopredehe teired i wimbrir Ko IWRG1aMeHerE) Cagt P25 t he

i mage pickup position of the alignnment mcroscope AS in step,.,211 in Fig. 6.
Such novenent®qt@igste Pyngar ot @tgﬁﬂt?%?r%$et%€ $hﬁr$?ﬁﬁﬁ%9ﬂdj em 20 via

the stage Cc”g§%¥mé%£%%%nh%gghted with the respective certainties,

each of the certainties representing a piece of weight

20 information for the respective estimation.

Furthermore, in the fourth position detection method
of this invention, position measurement marks can be
formed at the position-measurement-points in the same
manner as in the first position detection method. And a

25 plurality of divided areas each of which is provided with
the position measurement marks can be arranged on the

object.



15 AtJG 2003 73 Subsequently, the alignnent mcroscope AS picks Y& afg
image of the mark MX(ill. j11) in step 212. Then, the picked-up inmage dégg
acqui sition unit 31 stores inputted picked-up i mage data IMD in the

pi cked-up i mage data 5 storage area 41 in accordance with an instruction
fromthe control unit 39, thus acquiring picked-up inmage data IMD. In step
213, the mark information cal cul ati on uailt 32 reads out picked-up inmge
data associated with the 10 mark MX(ill. 711) fromthe picked-up i mage data
storage area 41, and extracts the X-positions of six edges as position

information in thecs®iind™d ldhe ifi¥kthoaspbetbasi 6no§ iheemt cied- up i mage
data and position information (or velocity information) WPV fromthe wafer
i nterferonet ehedd i8 prowaichat darfdeswi pbsahibnstetietton fhatn déieeciont r ol
unit 39 . In this manner, ( FX1 ( i11, j 11 ) , BXx ( il1l1, j 11 ) .
FX3(111r JllposExign | infqgrimatirorFXE( ianlyi ajrer) on EXsebiectigrayigdedhown in
Fig. 7 are extracted as the X-positions of the six edges. 20 Such
extracti on oWitheaXphosdlitohelfPastidisggaegsnrprenfpresdhsedtby anal yzing a
wavef orm obt ai ned by scanni ng the picked-up i nage data alogg an XS(ill
711) axi s whPERIpAeR ede At ahe o9& PEACHORYSBE HRLE nBPRE MX(i 1. j 11)
and is parallel to the, X-axis s .shawn .i Iy y ﬁ£ Lng a
waveforn)obtgﬁﬁagrﬁﬁ ?+ﬁ%§ﬁeﬁ?rﬁ;%ﬁﬁ?%ﬁﬁ%ﬁ§8éﬁﬁgﬁﬁagéfd@?égi%8$ eygh
Y-direction. nNokgrLhahc I8 AR WHad Rl hAG 1 hRAUNLRSe? be' HBEsAEEhEABSI C
required to calculate values of a predetermined number of
parameters, which uniquely specify position information
10 of any area on the object, the position-measurement-
points being selected from the plurality of position-
measurement-points; an estimation unit that detects
respective positions of the selected position-
measurement-points, based on the measurement results of
15 the pieces of position information, estimates probability
density functions which each rxepresent occurrence
probability of the detected position for respective one
of the selected position-measurement-points, and
calculates probability density of the detected position
20 of each of the position-measurement-points; and a
parameter calculation unit that evaluates detection error
of each of the detected positions while using the
respective calculated probability density’s value as a
piece of weight information and calculates such values of
25 the predetermined number of parameters that the detection

errors become statistically minimum as a whole, based on

the detection errors.



15 AUG 2003 74 volume but can accurately extract the X-positions o§ tm?
edges. Referring back to Fig. 6, in step 214 the mark information 5 AUG 2003
cal cul'ation unit 32 calculates a position 5 FX ( ill, j 11 ) of the mark MX
(ill, j 11 ) and a probability density PFEX(ill, j11) of that position as
follows on the basis of the edge positions Fxk(ill. j11) (k =1 to 6) of
the mark MX (iil. jll) extracted in stem®13, and edge positions DXk ( i1l1,
j 11) of a ideal mark DMX ( i11, j 11 ) 10 corresponding to the mark

MX(ill. j11) . The mark information calculation unit 32 cal cul ates an

X-posi tion FX(ill .1n/lthk sOletBRLBR! Kab¥bibiing Jdd) chy Hifac HUBLCIRM _
~FXk~l pm~. Jpm~ k~1 More speC|f|cafIy, t he average val ue of the edge 15

posi tions FXk{dddct ijonl jnetkoa &£t 0né)ppéséhe imrdnddiin,| [thd Ebtimatdancul at ed
as the X-position FX(ill. j11) of the mark MX(ill, j11) . The mark
i nformati on aaliculcatlicod atest tB2 phenttahsudfit Bse eselrctatFXarks . j11) of
t he nmeasured edge 20 positions FXk(ill. jll) corresponding to ideal edge
posi tions DXk(;(oaﬂqi,onymff)SUEvmaFXgppiiwfi | 3nd reRReFtive IRnchatiNgty1l~ 711)
... and then cal culates an average_valuye dEX(ill, j11) and standard
devi at i on2aX YeNSiLigs pf Fhgr ca gué?FS smﬂﬁ)'(kp?ﬂﬁiion Iy §heHafiss G Fx
~7pm- Jpny —-5E‘¥3§§€ﬂ§3 iﬁ%gEmEtQO;Io%'Lhe %grﬁgkﬁégégked by the
measurement unit. And the parameter calculation unit
calculates the values of the predetermined number of
parameters that uniquely specify position information of
10 any area on an object. Therefore, the predetermined
number of parameters can be accurately calculated, and
the position information of any area on an object can be
accurately detected.
In the first position detector of the present
15 invention, the measurement unit can comprise an image
pickup unit for picking up images of ﬁarks formed on the
object. 1In this case, the position information of a
selected mark can be measured on the basis of changes in
light intensity according to position in the picked-up
20 mark image.
According to the sixth aspect, there is provided a
second position detector that detects position
information of any area on an object provided with a
first number of position-measurement-points, the position
25 detector comprising a measurement unit that measures
positions of the position-measurement-points; a set-

selection unit that selects a plurality of measurement

point subsets which each consist of a third number of



75 X (ipm jnm _ ~(dFﬁdi~,jrm0-dFX(ipm jam) 2/ 51/ 2. . . (9

k=i J dote that the X-position FX(ill, j11) of the mark MX ( i11, 15 AUG)2003
gi ven 'by equation ( 5 ) , the X-position DXX ( i1l1l. J11) of the
aforenmentioned mark DMX(ill, j11), and the 5 average value dFX(ill. j11) of
the errors dFXk(ill. 711) satisfy: FEX(ill. J11) - DXx(ill. J11) + dFX(iim
J11) ...(6A) Hence, upon calculating thgs3X-position FX(ill, j11) of the

mark MX ( i11, j 11 ) , the value dFX ( 111, j 11 ) may be cal cul ated 10 by
equation (7), and the X-position may be cal cul ated by equation (6A) using

this value i oBH@E ngﬁeﬁif?+f%% ?Hh @&E§QH§Eb9%nQ5kroHpgﬂe

cal cul ati ng the va d I'n place of cal cul ation given by

equation (7) andkhek,t BReVEhLEY %Mﬁlﬂemglla)azfm hoan ealsedbaded by
equation (5), the val ue dFX ( 111, j 11 ) can be cal culated by dFX(i~Il~

alll - FX(i lhumbdl) and%élMJﬂﬂén-the (6B8)s Simeder)e tgeneeabinan factors of

the errors dFXk(ill. j11) are considered to be random the mark information

20 cal cul at i onumtbevi beifg assimirsur hadmibdmeiof diestsurdentendn pios n& snor mal

di stribution, and that a probability density function fxl|(dx) of the

errors dFS(k(mqquljrfs_i Foi sagrybateya fRpgdgteminst numberdPiia, j~z }Z
Based, on such esti,mation, .the rk

i nf g??ratzronqgrg‘é‘lejélﬁirgtl gﬁtuﬂ’ﬂfq'lﬁé}'%a?%%? Y PP PN GapaFded t hat
ocour rence. pradanet ghpEke pIEEthian (hleanirtiessiliqor e R/

occurrence pro abirlty p he “mar k

MXCiTT. J11) Ghakestaci@hyealxX(l Lhichided) for each of the plurality

of measurement point subsets, estimations of the

10 predetermined number of parameters and certainty of the
estimations, based on measurement results of the third
number of position-measurement-points.

In this detector, for each measurement point subset

selected by the set selection unit, according to the

15 second position detection method of the present invention,
the estimation computing unit statistically estimates
values of the predetermined number of parameters which
uniquely specify position information of any area on an
object and calculates the certainty of the estimations on

20 the basis of the positions of position-measurement-points
measured by the measurement unit. Therefore, the
position distribution of all position~-measurement-points
can be accurately estimated based on respective groups of
the estimations and their certainty of the predetermined

25 number of parameters for the plurality of measurement
point subsets that are selected empirically or

arbitrarily.



pFX (illr 711) - fxIl (dFX (i11. 711) ) - ( (2~) nz.aX(im j11) )- 3
(10) 5 The mark information calculation unit 32 stores the p05|t|on an
j11) of the mark MX (ill, j11) and its occurrence probability pFX(ill. 111)
calculated in this way in the mark information storage area 43. In this
manner, cal culations of the mark information that pertains to the 10 first
mark MX(ill, j11) are conpleted. Figs. &A% and 8B show an exanpl e wherein
the X-position FX ( i11, J 11 ) of the mark MX ( i11, j 11 ) and its
occurrence probability pFX(ill. j11) are calculated on the basis of the

measur ed edge posithi @ EXK6RH! pokidion Ak détdt Gocotiaad t3Brahew anot her
exanple. In the exanple shown inh Figs. 8A and 8B, the errors dFXk(ill, j11)

of the neasuriegetdgenposhti e8simxk{on | conddhit)ireprurdstpeadi ngmpm"sbeandeal
edge positions DXk(ill, j11) are relatively uniform as shown in Fig. SA
Not e that 20 &stgma8Aonl hostr ahes, t fier edgyeh poSithcopd UDMK ity 0. | 11) as

el ements on the X-axis in the mark DMX(ill. J11), and has synbols Dxk
attached ont meslsogenensnentist ﬁvb@$t$1gde¥#$ﬁﬂInﬁﬁneﬂﬂayetpése@g@n§05|t|ons

FXk(ill. j11) as elenments on the X-axis in the mark MX(ill, j11). and has
symbol s FXk Zéféﬁﬁaéﬁéédoﬁﬁﬁb?ﬁogé B?%h%ﬁ?%?m?%ﬁ%4%?%ﬁ£ﬂP°WRG§P ased) for

whi ch phg ed itions FXk ; sPo |n F %ﬁ? are neasured t he
T obabi 11ty dh Ty Mg Re PR e FPElkTS ofE L He PREE D003 7
di St butl on drhBtlond? %fsgﬂ\é’ntlﬂrg' gumﬁgr blﬁaﬁsog Pidlihedadateh %tdev' ation

axX(ill, j11) 7s sma a resu a ity en5|ty pFEX(1 ] 11)

that an errorpdiakes %s\talm%e@%&bbhmu&} dén&ity M AERAY tirarrof the mark
5 M (ill, j 11) t'akes a val ue FX ( i1l j 11) becones larger than that in

Fig. 9Bto beeaiﬁscfa;h@ieml owculeanuhi peobamlm exmiee cshematddn Figs. 9A
and 9B, the errors dFxXk(ill. j11) of the neasured edge positions FXklill.
j 11) cor Ad@sparel iy dro fidre tihgexlespdgeipespeinhsof the third number of
position~measurement-points, and calculates probability
density of the detected position of each of the position-
measurement-points; and a parameter calculation unit that
evaluates detection|error of each of the detected
15 positions while using the respective calculated
probability density’s value as a piece of weight
information and calculates such values of the
predetermined number of parameters that the detection
errors become statistically minimum as a whole, based on
20 the detection errors. In this case, for each of the
plurality of measurement point subset, the parameter
calculation unit weights errors between the calculated
positions and their reference positions in accordance
with the information of the certainties of the calculated
25 positions of the position-measurement-points calculated
by the estimation unit, i.e. the probability densities at
the calculated positions of the position-measurement-

points, and calculates estimations of the predetermined



10 Dxk(ill, j11) greatly vary, as shown in Fig. 9A. Note that Fig. ?Ayﬁ?%%
the sanme expression nethod as Fig. 8A. In the mark MX ( 111, j 11 3'f 3

whi ch 't he edge positions FXk(ill, j11) shown in Fig. 9A are neasured, the
probability density function fXI|(dx) of the error 15 distribution is
gradual, as shown in Fig. 9B. That is, the standard deviation ~X(ill. j11)
of the error distribution takes a |arge malue. As a result, the probability
density pFX(ill. j11) that an error takes the) value dFX(ill. j11), i.e.,
the X-position of the mark 20 XM ( ill, j 11 ) assunes the value FX ( ill,

] 11) beCOﬁ%ﬁmggqlBngép?ﬂeégg% gq-gﬂghnfﬁﬁégyn%ggg?kfﬂ$gg§t%§ﬁferring back

to Fig. 6, it Is chec 1f ma I'nf ti‘on cal ations for
all the sel eqtr@driREkSnabe SRYPLEES. oh Mok Neb P eIRNtiANRMaANgCeSS, since

25 the calculations of mark information of only one mark MX(ill. j11),
i.e., the nardefesict the EXethintidd)opfthdecamrkl Med Idosijtibhsand its
probability density pFX(ill, j11) 15 AUG 2003 78 are conplete, the answer

in step 215 itheN@osandonhmeseyuenent spwimces TlhestigrlGtdtisstieplay6, t he
control unit 39 noves the wafer Wto a position where the next mark falls
within thé i g egitérapirnel afokhei predetereingd gimhar Micr oscope AS.
Such novenent of the wafer Wis dopne by noving the wafer stage WST when the

control unit PRFATSHELS §2PhBewAPER1BFYve unit 29 via the stage control
tem 19 on the basis, .of the prealignnent result, 10 After that, the
X mositiona Ext A sl ton” othEr SRafRd mhe LT ds ten Lo dadatding
robabilit ensi.t.i_e EX. ¢ P i h -positians. EY. (i i.ps) of
ke (1 pod s S lteric i ohBhnl Hllknet Mo POed W M dnbddiPyadd®®)

X-posi ti ons Fa&t_(é'ﬁﬁnﬂﬁ;mn@fgngﬁ?\ﬁscmm@esJ‘gﬁatméﬂeﬂg W bility 15

densities pFX (ign, | e Y-positions .FY (1Q, 79~) o

10 estimations of the predetermined number of parameters
based on groups of the estimations and certainty thereof,
calculated by the estimation computing unit, for the
plurality of measurement point subsets. In this case, the
statistically valid values of the predetermined number of

15 parameters for all position-measurement-points can be
accurately obtained.

According to the seventh aspect of this invention,
there is prévided a third position detector that detects
position information of any area on an object provided

20 with a first number of position-measurement-points, the
position detector comprising a measurement unit that
measures positions of the position-measurement-points; a
set-selection unit that selects a first measurement point
subsets, which each consist of a third number of

25 position-measurement-points, and a plurality of second
measurement point subsets which each consist of a fourth
number of position-measurement-points and are different

from one another, the third number being larger than a



marks My(iqgt, jqt) and their probability densities pFY(i9t, jqt) are
conputed in the same manner as in the case of the aforenenti oned nhSkAUG 2003
MX(T I}, j11) until it is determned in step 215 that the mark information
(mark positions and 20 probability densities) of all the sel ected nmarks has
been calculated. If the mark information of all the selected marks has been
cal cul ated, and the answer in step 215 ig: YES, subroutine 202 ends. And the
sequence advances to step 203 in Fig. 5. 25 In step 203, the paraneter
calculation unit 33 reads out the X-positions (ipm jpm (m=1to M of
the marks MX( ] d el i1t S fod EX(1 jpm, and
the Y-positi %ﬁg%\c}( p%@?ﬂﬁ(%&gﬁ@%%ﬂ o'%‘“étjﬁ%%‘lrgédr E@“&eﬁ; D& 5008 70 My
(ip9, jps) an@dohai huRbePaBklhlya dRDS1hiE Sniive X | 10 mdRurfed t he mark
information storage area 43 for each sanple set Sp in accordance with an

instruction fgcamtisheegaiieal tontél391addea New edet fmiGRIdC Wuaddedn odni t 33
then 5 calculates the estinations of paraneters which uniquely specify the
arrangenent gfarsimeteaseabaBAniqugly Thepeohf K pddi(tiior )irfadmd(iion jo)f f or med
on the wafer Wdeviate fromtheir ideal positions due to a m snatch between
a stage clor dinyargegy snefhexeb¥gchhi the speeffh esumigen he iggsiltdngerof t he
waf er stage WST, and the arrangenment coordjnate system of shot areas as a
desi gn coor diti"e t&Fs SEFPPA. BUNPST \RRE SERLFRF Nt She dhisd nusperind such
a msnmatch oc d t he follow ng four in factors. ~1 Rotation of
wafer: This iaquge%f)lr gg’?ég‘a%ﬁgg QPRGN 18 bt B al‘%ne‘éarlr%a?celf of the wafer

coor di nat e S%ﬁis@l‘b(i%it@l?’))f""irEglég§H CEhéofiP&Szﬁ@%@%ﬂ sSystem (X,

Y). Othogonality of the stage coordi nate system Thi's occurs when

the X-axis anghpéedXiby baedodi EREL p2N8a i t] Ner VB €on® s WRneate not
accurately 20 orthogonal to each other, and is expressed by an

ort hogonabi t ypeimtorsuisetd, Litheakiexpans s outrehen t kagiond walkesetsaaliimg val ues)
in the a- and ~i-directions of the wafer coordinate system (a, (3): This
occurs when tusedydrcercalcapateeke2prespnadsicent pertsr due par ameftErs.
processing or the |ike.
In this detector, according to the third position
detection method of this invention, the evaluation
computing unit statistically evaluates based on positions
15 of position-measurement-points measured by the
measurement unit whether or not it is possible to replace
the first measurement point subset as a sample set
composed of position-measurement-points to be measured to
calculate values of the predetermined number of
20 parameters by one of the plurality of second measurement
point subsets each of which is composed of a fewer number
of elements than the first measurement point subset.
Therefore, upon reducing the number of position-
measurement-points as elements of a sample set,
25 statistical validity of the calculated values of the
predetermined number of parameters can be maintained.

In the position detector according to this invention,

the evaluation computing unit can comprise an estimation



" Thi s expansi on/ shrinkage anount is expressed by wafer scaling valuﬁs Tﬁ and
RY in the a- and (3-directions. Note that the wafer scaling val ue AUG 2063
a-direction is i,5 AUG 2003 80 represented by the ratio between the
actual ly measured val ue and desi gn value of the distance between two points
in the a-direction on the wafer W and the wafer scaling value RY in the
~i-direction is represented by the ratiqyﬁ bet ween the actually neasured
val ue and desi gn val ue between two points in the ~i-direction. Ofset of
the wafer coordinate system(a, (3) with respect to the stage coordi nate

t X, . .Thi . he fer. Whas entirely devi at by an 10
?%?iﬁr}gsimmcéiﬁﬁaﬁﬁg§§?hg?ﬁgggéﬁ ?Eﬁfﬁ&F%ﬁﬁ Y & élﬁéysangofs%gfpyessed
b ffset t] ~1t
o) o added, ARt Hada e de oo h A R o BN D T i

terms of desigibdcde riifeWahBibEL06 Hli Patandte SY HRNdebt a¥nit), b thansferred
to a position (EX, EY) on the stage coordi nate system (X, , of which the

position is gisSmadyon, Rsa®ed0osnSheasstémdhtl)resdids WD¥osi@ion » , Ql1)
EY O, Rr sin B, cos B0, 1 DY O Note that various other error factors are
al so presént inmfddmaaddnt bdnpbeithenahessmeate oneasbionas ampprsdtiguahe
transfer, and the position (EX, EY) is considered as an expected transfer
posi tion. |n spawfdlc meagusemhatopehogosabsely wriady 18 aved ecdsidd falomr ot at i on
error 8 can be considered as 25 infinitesimal anounts, the target transfer

posi tion (DX HSy)IihsE BeASRreleREaRStRE PORIEY NG Bhe PhHurRld tWeCdt ed by

second measurement point subsets; and an evaluation unit
that compares the estimations and certainty of the first

10 measurement point subset with the estimations and
certainty for each of the plurality of second measurement
point subsets and evaluates possibility of replacing the
first measurement point subset by one of the plurality of
second measurement point subsets, the first measurement

15 point subset being used to calculate the predetermined
number of parameters.

In this case, the evaluation unit compares the
estimations and their certainty of the predetermined
number of parameters calculated by the estimation

20 computing unit for the first measurement point subset
with those calculated for each second measurement point
subset. In this comparison, the certainties of
respective groups of the estimations of the two
measurement point subsets are compared as well as the

25 groups of the estimations, the certainties each
reflecting deviation of the position error distribution
of position-measurement-points of the respective

measurement point subset. And by examining the two



15 AUG 2003 81 EX _ RX ,-Rx (w + 8) DX + Ox . , (Z2) EYRR B, RR DY O
whi ch expresses a first-order approxinmation of the trigononetric flénaug Qo3
in equation (11). In the follow ng description, equation (12) can also 5 be
expressed by EX At ~, AmMDX Ox EY - Azi.Axx DY + O "' (13) where 10 15 20
25 All - R« ... (14) A12 = -RX(w+8) ... ( 15) A21 = RY,B"'"' (16) Az 2
- Ry. . . (17 ) That is, paranmeters whigch uni quely specify the
arrangenent of shot areas SA(i, j) are six paraneters All, Al2, A21, Az2,
X, and OY. In step 203, the paraneter calculation unit 33 cal culates the

estimations ghL0gscos! ¥ ORATELaLS 0l GaGh ST (S8t (3B, peofObkovs.  The

paraneter ca ron uni es an expecte ransrer posi tion

EX(ipm | Pm) »8ki 826H-1BE KuMid B pd f8s JOBHNE 1d@akehEaReMhEAL POSI Li ON
(DXx(I pm jpﬁ) . DYx(1Pm jPm ) of the mark MX(ipm | Pm using equation

(13) , the EXoiR® shBsdt COHt Gbipdnged Rel Rt &FfS podilseguent |y, the
paraneter calculation unit 33 cal cul ates an expected transfer Y-position EY
(1 P9, jPs) omlmeaachemank-pyift$90£f| phe Eeoontihmebdeaéméntansdint posbseéon
(DXY(ip9, jPg), DYY(ipg, jP9) ) of the mark MY (iP9, jpg) using equation
(13) , the EYbepsforps)itorrrile rdetemmipgdmdtedinger orl BoAUGNE008 tB2 Then,

t he paraneter _cal culation unit 33 calculates an error BXpm of the

X- posi tion FRIGBAELYpR -Seecane uTed THIIEd R thS UnsgS§r 8REnEPesul t,

relative Lo Le expectadokLAPselne RISIE nBIU PP ARk (0L ERED ™K
set of all position-measurement-points.
Furthermore, the estimation calculation unit can

10 comprise an estimation unit that detects respective
positions of position-measurement-points composing the
specific measurement point subset, based on the
measurement results of position information of position-
measurement-points composing the specific measurement

15 point subset, estimates probabilility density functions
which each represent occurrence probability of the
detected position for respective one of the position-
measurement-points of the specific measurement point
subset, and calculates probability density of the

20 detected position of each of the position-measurement-
points; and a parameter calculation unit that evaluates
detection error of each of the detected positions while
using the respective calculated probability density’s
value as a piece of weight information and calculates

25 such values of the predetermined number of parameters
that the detection errors become statistically minimum as

a whole, based on the detection errors. In this case,

since, for the specific measurement point subset, the



SXom=FX ( Ipntr ~pm - EX( Ipnmr ~Pm ... ( 18 ) The paraneter
calculation unit 33 also calculates an error SYps of the Y-positiongRyg 2003
(ips, jp,) , calculated based on the neasurenent result, relative to the
expected 10 transfer Y-position EY (ip9, jps) for each mark MY (ip9, jp9)
by SYps = FY (lpsr 7ps ) - EY( I.PsTr 7ps ) . .. (19 ) Normally, it
is said that the nore identical the ideajgmark shape and actually
transferred mark shape are, 15 the nore accurate mark transfer onto the
waf er W has been done (except for transfer position accuracy). Therefore,

the mark posih%aiLce’%neit%rn@a%.cqxel‘[laitilphﬁ%gﬁﬁ;&ﬁkﬁhggl &P%gés%qoeftrvpergr% t‘{: reasur ement

results of t ge positions 0O r avi ng ape nore identical to

the ideal mardaiAQrehepesitlisas bhg Eﬁé&i‘b}.éké%’eﬁéé/%o fe 1416 G cul ated

mar k position depends on the occurrence probability of the mark position,

i.e., the proedddddncedantht ¥heHengermbieonas aneher c&ad £1H eld O URie 33
eval uates the errors BXpm and SYps cal cul ated by equations (18) and 25 (19)

usi ng the probmibidliatedeositiieaspbX( tRe pbpih} i anem@dstfémht nts ,and
cal cul ates eval uated errors EXpm and EYps by EXpm = pFX ( ipm JPm 'bXpm
( 20 ¥ 15 AUBGL00IBBiEYRY depbYtfiebpstitheRsa)culdsd ... ( 21 ) The
paranmeter calculation unit 33 then calculates the estimations of the six
par amet ers AROSIALNSAAL tRe; poektigpdmersukrBEN BT PO LS aanvdiri ation Sp

: _- “EYp " s=| b | yi ng.the method of
?ngP géu21glgééga%éiﬁéggﬁf%g%tﬁﬁ%%i&aggiﬁgdeﬁF¥%$€B@§%Rggﬂaﬁéggs.ONb?e
t | ; e P
AP A op. R ER AR ndet bl bRl AR LR B IR

Azl, A2z, OX,p@dick (9% A RANENenSLFULHhNERHS EAUAL OBSeSBACT D, Of .8l X

equations obtained by setting partial differentials of the variation Sp
gi ven by léquastamn {t2i)ally tviad isl xspamanebrESoAldhe AbPeddérmgd Ox. and OY

to zero. The paraneter calculation unit 33 stores P groups of
number of parameters that rationally reflect the
certainties of the calculated positions of the position-
measurement-points can be obtained.
In the third position detector according to this
15 invention, the evaluation computing unit can comprise an
estimation calculation unit that statistically calculates,
for the specific measurement point subset, estimations of
the predetermined number of parameters and certainty of
the estimations, based on measurement results of position
20 information of position-measurement-points composing the
specific measurement point subset, which is selected from
the plurality of second measurement point subsets; an
evaluation unit that calculates position errors of the
position-measurement-points, composing the first
25 measurement point subset, through use of estimations of
the predetermined number of parameters for each of the

polarity of second measurement point subsets and

evaluates possibility of replacing the first measurement



15 estimations (Al P, Al zP, AzlIP, Azzp, Oxp, OYP) calculated in thgg @%% i n
the estinmation storage area 95. The valid value calculation unit 3

out the P sets of calculated estimations (A lp, A zp. Azl P, Azzp. P, CNp)
fromthe estimtion storage area 45, and cal cul ates 20 an X-position

devi ation aPX, Y-position deviation aPY, and covari ance aPXY associ at ed
with each sanple set SP upon adopting eqﬁr group of estimations as follows.
The valid value calculation unit 34 cal cul ates the expected transfer
X-position EXp(i Pm ]pm of each mark 25 MX (ipn1 jPm fromthe idea

t f t D, 'P~" L p~, DYY f th k MX
[ by Usi ho ERETESEPRAPFoRY PRFI BT WS A LI YAns 6e5H ovp) as the
val ues of aég@g%ggg ééiBPy @g@ters (Al1, AIz AzI Azz, Ox, OY) in

equation ( 1 ubsequent e valid val ue calculatlon unit 34

cal cul ates the exﬂﬁﬁkﬂdstEé@éfebyYEH@SéﬁéIﬁhi?ﬁﬂldﬁ&tJd&DcdﬂétQ§@h mar k
MY(ip9, jps) fromthe ideal transfer position 5 (DXY(ips, jps), DYY(ips,

Jps) ) of tprdﬂﬂﬂioMNékﬁSrsJBS)pahﬁty6ﬁ+mbaﬁﬂnﬂmenﬁ4pduﬂﬂso@0m®bbi&@ t hen
cal cul ates an error spXpm of the X-position FX(ipm jpn), calcul ated based
on t he neasuriendite ﬁégattmeaehaEMGettpDime &u@&&nehytusﬂng<ahex-position
EXp(i pm jpm for each mark NK%Q pm) 10 by SpXpm = FX ( Ipm ] Pm -
EXp ( ipm | eehimationg,2cglyu b%@qbﬂén‘@hlﬁ;/ esthignataiqry qpmm’éclm cwlidti on
unit 34 calculates an error SpYpg of the Y-position FY(ipg, jpg) calcul ated
based on the‘ﬂ%d%ﬁ?éﬁ@ﬁFtFé§ﬁPFdfFBﬂ??ﬁeOEEP%Eﬁﬂﬁﬁ%ﬁFt Hn e SESBS ti on

EYp(! ps, ] ps)mefa%ruréfp %gnwséb ‘]Eﬁélfgg YoonS e_r F‘é( éjﬁ.st%r‘lllgs ti

EYp(i ps, JPs) e val i Le~ca ion uni evaluat es

the errors SFB%NBd§y11%BY&§a%a&QHEﬁ£egoPMt@qyﬁiﬁﬁgﬁ%iééﬂ ﬁﬂH%&%%nk%&) usi ng
the probability densities pFX(ipm d pFY (ips, Jps) , and cal cul ates

evaluatedoerrpuﬁhﬁﬂﬁﬁmge&ndaﬁpwasobyaEﬁé@n1 -Tide fodtpmwiltHugt ' spXpm ... ( 2
5 ) EpYps = PFY(lIps, ]Ps) spYps ...(26) 25 The valid val ue cal cul ation unit
34 cal cul at escabrulating the estimations and their certainty of the
predetermined number of parameters on the basis of the
position measurement results at the position-measurement-
points of the first measurement point subset, it can be
15 determined whether or not one of the plurality of second
measurement point subsets and the first measurement point
subset equally reflect the entire set of all position-
measurement-points.
In addition, the estimation calculation unit can
20 comprise an estimation unit that detects respective
positions of position-measurement-points composing the
specific measurement point subset, based on the
measurement results of position information of position-
measurement-points composing the specific measurement
25 point subset, estimates probability density functions
which each represent occurrence probability of the

detected position for respective one of the position-

measurement-points of the specific measurement point



X-position deviation ~pX, Y-position deviation apY, and covari ance apXY
respectively by 15 AUG 2003 85 ~(~pmz /(M1) 1/2 ,..(27) nG | MsQadG 2003
~(eYps)~ /(M1) 1/2 ,..(28) a~'y -.. ~" (~yprn . sYPn) (M _ 1) 11 2

. (29) nmr1 The valid val ue cal culation unit 34 calculates a 5 deviation aP
upon adopting the estimations (A IP, Al12P, AZi P. A2ZP~ ~xP~ GYP) by a'p = {

(~wY) 2 (~pY) z - (") z ~1/ 2 . . g7(30) The calcul ated deviations 6P
indicate the certainties of the respectlve estimations (A IP, Al2P, AZi P.
AZ2P, OxP, 10 CNP) i.e., the degrees by which the respectlve sampl e sets

SP t th t t | at t 33
checks i n ot SyE6%; ey ERicG ka8 ﬁ%mi}%?a S o5 b 1 he

b 15 i
above.  SL1ce e NDRL0L SATIECC 364 % BRAS Bl it IS, ARURE 15, 11 ot ep
basis of the oiglrt%umaf aeﬁﬁkHEEtQPscéfb&fatiAér? Uni2itharAetB1uDBs OP) and

deviations aP that reflect the certainty, the valld val ue cal cul ation unit

34 cal cul at eslericghiond ctar 6F each oaremEt@stoitddecdd tdsinisnwhioes (Al | P,
Al12P, A21P, AZ2P, OxP, OYP) using the values (1/aP) as respective wei ght
coef fici ebt s wfindhehestrespeconye aalicobsbedsprolsati loft ystcenisdttiycal |y val i d
paraneter values (Alloy Alto. Azio. ~1220~ Oxo. OYO That is, the valid
val ue cal cul &tdloye @§ @ Piecsnplt ¥sightsinfrrpapion and calculates

such values of the predetermined number of parameters
that the detection errors become statistically minimum as
a whole, based on the detection errors. In this case,

10 since, for the specific measurement point subset, the
parameter calculation unit weights errors between the
calculated positions and their reference positions in
accordance with the information of the certainties of the
calculated positions of the position-measurement-points,

15 i.e. the probability densities at the calculated
positions of the position-measurement-points, and
calculates statistically valid estimations of the
predetermined number of parameters which uniquely specify
position information of any area on an object. Therefore,

20 statistically valid estimations of the predetermined
number of parameters that rationally reflect the
certainties of the calculated positions of the position-
measurement-points can be obtained.

Furthermore, the third position detector accofding to

25 this invention can further comprise a parameter value
determining unit that calculates values of the
predetermined number of parameters, based on evaluation

results of the evaluation computing unit. Therefore, the



86 Alto= ~(Allp/ 6p) ~~(11 Q) ...(31) p=1 P.1, A120= ~—Al2p /| QP) -~

~(1 /7 gyp) . p~l p~I A2lo =~ (A21 p/ ap) ~ (1 / ap) (33) p=11.5 AusL 2003
Azzo =2 ~ (Azz p/ @) ~~(1/ op) . .. (g4 p=_1p-1 5 X0 =~ (XXp / ap)
~~(1/ op) (35) p.I pol OYO=~(OYp/ Q@) ~~1Qp) . .. (36) P=1

P=1 Also, the valid value calculation unit 34 cal cul ates deviation ao upon
adopting the statistically valid paranetgr values (Al so. A zo. Azio. Azzo.
xo. OYO by / P 10 Qo=P~~(1 % ~P) (37) / p~l The valid value cal cul ation

unit 34 stores the statistically valid paraneter values (A so. Alto. Azio.

Azzo. Oxo, O d,deyiat i 2d, d4 LN [ i d val ue
stg?age greaxg%bgg Bgrggg%%g&ggﬁﬂﬁiﬁ%%tﬁﬁ$%ﬁhﬁ§é f%eﬁﬁﬁp,gﬁ%gg}gﬁhk, Quy)
and devi at i orhaUyH3$86sUBPNt KX POEeH € &fm i) WA Mol BatHRERHL5NE4207, the

eval uation unit 35 evaluates i'n accordance with an inStruction fromthe
control unit ba9rpdasedi Whiye chaiwpd aeing tHe samlstisell Salbhwiagy of 20
repl acenent candi date sets Rq. 15 AUG 208 s7 In subroutine 207, the

eval uati on urind 3Bpreudsentt oX- pusipeohsi dEX(dgiwctiom) speed tanobh) of marks
MX(ign, jgn) and their probability densities pFX(iQn, jg~), and Y-positions
FY (iqt, Pqtpchieved painfabdningrikhe MCEUxacY{9t) 5 and their probability

densities pFY(IqtRcb%&hi%&og%tpgeng£§hth aspect of this invention,

there is provided a fourth position detector that detects
position information of any area on an object provided
with a first number of position-measurement-points, the
10 position detector comprising a measurement unit that
measures positions of the position-measurement-points; a
set-selection unit that selects a plurality of first
measurement point subsets, which each consist of a third
number of position-measurement-points and are different
15 from one another, and a plurality of second measurement
point subsets which each consist of a fourth number of
position-measurement-points and are different from one
another, the third number being larger than a second
number and smaller than the first number, the second
20 number being a minimum number of measurement points
required to calculate a predetermined number of
parameters that uniquely specify position information of
any area on the object, the fourth number being larger
than the second number and smaller than the third number;
25 and an evaluation computing unit that evaluates
possibility of adopting one of the plurality of second
measurement point subsets as a measurement point subset

to calculate the predetermined number of parameters.



information storage area 43 in step 221 of Fig. 10 in the sane manner as in
the aforenenti oned case of the sanple sets Sp. The eval uation unit.53Qs 2003
cal cul’ates a estimation (A lq. A 2gr A2l gr AzzQ Oxg. and Oyq) for
paraneters All, Alz. 10 Azl, Azz. Ox. and OY which uniquely specify the
arrangenment of shot areas SA(i, j) in the same manner as in the case of the
sanpl e sets Sp. The eval uati on device 355%hen cal cul ates X-position

devi ations agX, Y-position deviations aqY, and covariances 15 agXY of
respective replacenent candi date sets Rg upon adopting the Q sets of

cal cul at ed ESti”a&%pg%i@AhEQEcéb§ 'aégbg?iﬁézgo g%gafé®§9qéﬁéggkfﬂ

q o]
devi ati ons aq upon adopting the Q sefs o | cul ated esti 1ons (Allq,
Al zq. Azl . ARAGct@h, mO¥Hbdi Bft BRiSARVEREISH, ashd Nedd1 8% Oof the sanple
20 sets SP. The cal cul ated deviations aqg indicate the certainties of the
respective estampritiie®s uhAll grali2gicAPL g~eParaatEXPpaddd])on gositdons, the
degrees by which the respective replacenent candi date sets Rg represent the
entire marks NXposd tiign-agaspremept 2p@inthemeyaticed ilpn Whet 35 reads out
the statistically valid parameter values (AUll, AUz, AUzl, AUz2, OUx, QUY)
and devi aPi oMeAFHEHRNEhENI &l FRSFBPHECEt BPhget al 2 aPASS1RIRI & Hanrkass
simlarities with the estimtiogns 15 AUG 2003 88 (Ai.ig. Al 29, A2lq,
A22q, Oxq, OYJ)® &Hd% é\higtlo nd 155t aREBEHEEBA" I ?%lli’thes"}ké%ta t candi date
sets Rg. Such. eval uation, i e by pE ehensi vel v cansi dering a
simlarity Fmo \ﬁglaer gsr"ra'éct %rc’h?fgg%gsogi éﬁgg;%gg ﬁ%as:&fé(%rﬁq Eo%ﬁf‘lg@ P‘ﬁ Al 2q -
AUL2 + ~ A2i QueadAl2 £t d - = = + = Adser - - (38)
and a sim|l a?‘ileiay G of t e\?iaé?%g%t\?aﬁggéegi Sg(lglg?/ % :e*fi%n@fpeacbl .. .e(rSQ) 10
For exanple, df dalramdt@rs 6 ond0bif eneapphiedei ey bneseysiaie Cl, it may be
determ ned that the two sets are simlar. In such a case, the simlarity F
of the pdfansterswnees @odntheubsatbaeath Gfofvhich is composed of a

[\})

fewer number of elements than the first measurement point
subset. Therefore, upon reducing the number of position-
measurement-points as elements of a sample set,
statistical validity of the calculated values of the

15 predetermined number of parameters can be maintained.

In the fourth position detector according to this
invention, the evaluation computing unit can comprise an
estimation calculation unit that statistically calculates,
for the specific measurement point subset, estimations of

20 the predetermined number of parameters and certainty of
the estimations, based on measurement results of position
information of position-measurement-points composing the
specific measurement point subset which is selected from
the plurality of first measurement point subset and the

25 plurality of second measurement point subsets, and
calculates statistically valid estimations of the
predetermined number of parameters and certainty of the

estimations, based on groups of estimations of the



15 devi ation values are equally handled. On the other hand, if Cz'fﬁﬁ@ﬁﬁmﬁp
"' ( 41 ) for a predetermned value C2, it may be determ ned that”

sets are simlar. In such a case as well, the 20 simlarity F of the
paraneter values and the simlarity G of deviation values are equally

handl ed. Also, if C3 < Fq + 3Gy ~~-(42) for a predetermned value C3, it is
evaluated that the 25 two sets are simlg. In such case, the simlarity F
of the paranmeter values and the triple of the simlarity G of deviation

val ues are equal |y handl ed. 15 AUG 2003 89 The eval uation unit 35 checks

in step 223 ifrebB@eemificd HORHEE CHENba Lot day earﬁﬁtce@qatlmy bastReen found

to be simlar as a result of evaluation in step 22 NO'in step 223, the

eval uati on uristidatsendsfarr eRerpLoranm gais ng A4y &eb@u&@&eﬁ@nbehtunlt 39.
The control unit 39 receives the report and selects new Q repl acenent

candi dat e setsubsand;storesalbhevion ¢dmpsaind ersied YhaftolcaRipaeesstheage area
42 in step 225. In this fashion, the process of subroutine 20? executed if
NO i n step 2z3atdsgadellgnvahiédoesieindtaiehs ifnd/ESntaisttep oZ28het he
evaluation unit 35 replaces the replacenent candidate set information in
the sanpl @ setihsis S‘Fﬁﬁtlirﬁ'ﬂe%oi”%b’ét afese® wth rths metisrtinas pedtains to

| h | 1 di f dtob | Th
Sval uat o DR 2ot ALATRE 858 PluiiY T S s v ahr cRERk dat o
set that is it rﬁé% \AEL_\Xsf OHHQ g%?@aéégnegd@gn s 2 D1 S t& fgazs%fél%g"%w Of

times. For e en fhé predeterm n times’is hree

since simlardf ¥ravaiuabieryhas 9@@&@%&%%&@%&% Qs eRRE \é'afer the
answer in step 226 is NO and then the process of subroutine 207 ends. If
t he predet er memwtiremeher pofinti BBEsét ©hecald@late the predetermined

10 number of parameters.

In this case, the evaluation unit calculates the
statistically valid estimations and their certainty of
the predetermined number of parameters based on sets of
the predetermined number of parameters, for the plurality

15 of first measurement point subsets, calculated by the
estimation calculation unit, and compares the
statistically valid estimations and their certainty of
the predetermined number of parameters, for each second
measurement point subset, calculated by the estimation

20 calculation unit with the statistically valid estimations
and their certainty of the predetermined number of
parameters. In this comparison, the certainties of the
two groups of the estimations are compared as well as the
groups of the estimations, the certainties each

25 reflecting deviation of the position error distribution
of position-measurement-points of the respective
measurement point subset. And by examining the two

comparison results, the two position error distributions



answer in step 226 is YES, and the evaluation unit 35 25 sel ects &5 Aug 2003
repl acenent candi date set having the highest simlarity fromthose found to
be simlar as a new sanple set, and replaces the sanple set information in
the sanple set information storage area 42 by information 15 AUG 2003 90
that pertains to the new sanple set in step S227, thus ending the process
of subroutine 207. In such a case, the nggber of sanple sets is one from
here on. Parallel to the aforenentioned process of subroutine 5 207, the
control unit 39 cal cul ates the arrangenment coordinate positions of shot

areas SACI . I iSicifobaf PORARELE6-4p! HESCUAE oAl oy A Az, (O

Quy) calculate tep 20571 hen e retl waf er W are

al i gned on thfythasies oFf tthléepQﬁ!rS'J!E@Slegflgeé&% Ré £80 A AI e under the
control of the control unit 39, and the wafer Wand reticle R are

synchronousl| ysupseass ainda thel geirky matborenenesponst nulsed heyyigjyect i on
magni fication in opposite directions along the scan direction (Y-direction)
while a slit-teéfideedt [ahe nattiiore Idetaref 41 hepceit vyn-odeashiramantapoyints.
coincides with the optical axis AX) is illumnated with illum nation |ight
I'L, thus bransfer riur;hengmnesr f#henegtpaataprn apbaubitiore ywit cdan R onto
each shot area SA(i, j) in the reduced scale. Upon conpletion of pattern
transfer ont CUPE e %eéﬁafnaaﬁeasus% that d?ﬁ"e"%f”eﬁ’sﬁ%m%aded under
the control of trklcontr uni t. 39. the first fer Wis

|f
conpl et e, anop?she pornosceoss PSE Y AENSTERSY fl ﬁggﬁa%%‘h‘a%d‘:?'msrﬁ%g " the
control unit éa u§%%@n%o 01ﬂtFBﬁ gﬁlfb%§Q8%5§Qj%§ of all wafers

(e.g., wafers one is conplete ove process, since
exposure of (ﬁéé%ﬁfghédﬂTﬂeéﬁﬂﬁ%rof position information of position-

10 measurement-points composing the specific measurement
point subset, estimates probability density functions
which each represent occurrence probability of the
detected position for respective one of the position-
measurement-points of the specific measurement point

15 subset, and calculates probability density of the
detected position of each of the position-measurement-
points; and a parameter calculation unit that évaluates
detection error of each of the detected positions while
using the respective calculated probability density’s

20 value as a piece of weight information and calculates
such values of the predetermined number of parameters
that the detection errors become statistically minimum as
a whole, based on the detection errors. In this case,
since, for the specific measurement point subset, the

25 parameter calculation unit weights errors between the
calculated positions and their reference positions in
accordance with the information of the certainties of the

calculated positions of the position-measurement-points,



is conplete, the answer in step 208 is NO. The next wafer is Ioadﬁgngqgﬁm
the wafer holder 25 by the wafer 1.5 AUG 2003 91 | oader (not sho U 3
the sane manner as the first wafer, and alignnment with coarse accuracy
(prealignnent) is done by the main control system 20 noving the wafer Wvia
the stage control system 19 so that marks MX(i, j) and MY(i, 5 ) can be
placed within the observation field of wWgew of the alignnment m croscope AS.
After that, steps 202 to 207 in Fig. 5 are repeated for each wafer Win the
sanme manner as the first wafer until YES is determned n step 208. 10 If it

is determ neq i;n $}ep 8§abflf%g %éhg{ﬁgrep S 2f; & ﬁé_ fers is

conplete, the exposur process acenent ca ate sets which

are SUCCGSS'g%%th%hgrHknﬁﬂefb6§£t$6himbé%dEéﬁHn6 dit®,Samel e set a 15
predet ermi ned nunber of tines are found in step 226 in Fig. 10, since the

nost simlar ceneuwdbteBoseasestitsl Uperh BEd tdE: isvhisiegite it apl e set, the
nunber of sanple sets becones one. As a result, NOis determned in step

204 in Fig. Ppredeteredntteneabéerof apalr amepe 2O6iliclexatithed y2@perijflyace of
step 205 mentioned above. That is, the estimations of position paraneters
cal cul at el b&ssd tdent héfﬁégﬁti@ﬁ pBo2ny eaeer QAN tebisfctrmioertoard MY
contained in the S%R%|e sanpl e set are dlrectly adopted as paraneter val ues

(AULl, AU z, SA*:BHS Eélydﬂ%ll@lﬁ?tﬁé%ﬁl%sﬁ% & At Smined waf er W

According to th SXpasUr e % aEatgs glo odj nt mn h the
aforenentlone ﬁgeﬁeﬁ? a dp %EIB% 3 ¥H%ﬁ anple sets are

selected %?ggn%qgé of tﬁétb éyla@g@ ﬁ&?i%e pos |on |strﬁbut|on of

cal cul at ed bas on the resu esti ma

the entire mydesu¥énmnd - BMlQQQOéthgethf§§@§§tlVe groups of the
estimations and their certainties of position 5 paraneters cal cul ated for

t he sanplhé sets. Aocdidi fgluythspratisiopalieyevtdr daposrdiron tpardnet er val ues

can be obtained. Therefore, the wafer Wcan be aligned very accurately, and
the pattern ti¥ifRiftdonacthragyatuatbeni ApPBVEtNY unit can comprise an

estimation calculation unit that statistically calculates,
for the specific measurement point subset, estimations of
the predetermined number of parameters and certainty of

15 the estimations, based on measurement results of position
information of position-measurement-points composing the
specific measurement point subset which is selected from
the plurality of second measurement point subsets; and an
evaluation unit that calculates errors of all the

20 position-measurement-points of the plurality of first
measurement point subsets through use of the estimations
of the predetermined number of parameters calculated for
each of the second measurement point subsets, and
evaluates possibility of replacing the plurality of first

25 measurement point subsets by one of the plurality of

second measurement point subsets.

In this case, by the evaluation unit calculating

position errors of position-measurement-points of the



10 Furthernore, if a set appropriate to replace the sanple sets is found
when searching for a replacenent candidate set that reflects the b§sAUG u3
distribution of the entire marks MX and My as nmuch as the sanple sets used
to calculate the statistically valid position 15 paraneter val ues and
contains fewer elenments than any sanple set, the appropriate set is used as
a new sanple set. Therefore, since the t4ye required for aligning a wafer W
can be shortened while nmaintaining statistical validity of the obtained
position paranmeters, the 20 ~ throughput can be inproved. In addition, a

mar k posi ti oy jig6akqulat ed-ep ﬁ@?s@f‘érhén@fpéﬂ?t PO dd QN awf&r@t i of

each position neasurement mark I gnment mar k) obtai ned tthrough neasuri ng

the ali gnnentedimat ians9C bt eﬁe%iédﬁﬁéﬂnﬁﬂé@|ﬁnﬂ5e§%f pardmetid®
measurenent results of a plurality of edge positions of each alignnent

mar k; the cerficd riayrhofseichad feakupeséht opolst cablssdwt erh fquraddie bdesi gn
val ues of the edge positions and errors, and paraneter val ues 1.5 AUG
2003 93 (estihmtdstrisptiioat cadcgliztyospesity the posiangenentraf shot areas
(i, j) on the wafer Ware cal cul ated for each sanple set using the
certaintySas d¥rEnidiufion Frer afbr eosbeionsees pler emertrgrmigis ofwhieh shot
areas (i, j) on the 5 wafer Wis cal cu| at ed u5|ng the finally obtained

C

accurate par d’ffe]t]erbevﬁﬁ}'ég‘att@daﬁfgﬁhf’h@lb\ﬁ‘?%?'two Cirsh SATHHIERE can be
per f or med, a[}g qﬁlf sq_{bgettr ar;%fr%r ys Ehle“ll QQm YS%% counacy. can be be achi eved.

The nanufact evi ce using e exp ure apparat us andlnethod of
this enmbodi meffle Middrde ﬂ%%%[]‘tb@gléﬁhﬂ‘_"lng' Gro&&s I f atﬁé Q& G tthQ'IS

production of devices (sem conductor chipd 8uch as ICor LS, Iiquid

crystal panelsgnd @Heiss deftltﬁ1hltkﬁbﬂ'aﬂﬂétpﬁehéﬁéﬁmlzﬁ%&rrﬂlﬂMﬁldﬁs 15 or the
like) in this enbodi nent own in Flg. 17 in step 301 (design step)

functi on/ier f paremetee e sirgitheobasie dévihespéeition measundmetresi gn for
sem conductor devices) is perforned, and also pattern design is perforned.
In step 302 (vesidnlat das @n@ssttepp—maaﬁaskmeotfmm@s v & ithehe desi gned
circuit pattern is fabricated. On the other hand, in step 303 (wafer

preparati on sREPHE WAy Q%fsﬁr@ﬁﬁ?&ﬁeﬂgpﬁgpﬂhFEr?%?S%E%FP%% Eﬂqqtﬁﬂ$ and

the Iike. statistically valid estimations and their certainty of

the predetermined number of parameters, it can be

15 determined whether or not one of the plurality of second
measurement point subsets reflects the entire set of all
position-measurement-points.

In addition, the estimation calculation unit can

comprise an estimation unit that detects respective

20 positions of position-measurement-points composing the
specific measurement point subset, based on the
measurement results of position information of position-
measurement-points composing the specific measurement
point subset, estimates probability density functions

25 which each represent occurrence probability of the
detected position for respective one of the position-
measurement-points of the specific measurement point

subset, and calculates probability density of the



In step 304 (wafer process step), an actual circuit 25 and the Iitg re
formed on the wafer by |ithography, as will be described |ater, uS H@mtmg
mask and wafer prepared in steps 301 to 303. In step 305 (device assenbly
step), devices are assenbl ed using the wafer 15 AUG 2003 94 processed in
step 304. This step 305 includes processes such as an assenbly process
(dicing, bonding), packaging step (chip gpcapsulation), and the |ike.
Finally, in step 306 (inspection step) inspections 5 such as an operation
confirmation test, durability test, and the like of the devices

manuf actured jn step 305.are_performed. _After these steps, the process is
conpl et e, euu#%ﬁ%?t @v'ggé%éngg iS%gE %Efﬁh?ﬁ%ﬁsﬁﬁf?ﬂﬂﬂé§%¥§$mﬁﬁ "ed,
exenplary fl : t 3Q4 j 1%%@ r i.ces. As
shouﬁ inyFig&w%%&S?hgaﬁa%eP%gﬁﬁggggaggigg%%?%%g In sﬁgggg%%%&g%a%ﬁion

step). In steftdkdidaVRrsbePbf aBchnsll ghé ofefddtrd SSIQHRAONHENG Waf er
surface. In step 313 (electrode formation step), electrodes are formed on

the 15 waf er upimepdsi tdeapeckivet eplddaté@nptsiphil iy QersdieR).s i ons are
inplanted into the wafer. Steps 311 to 314 nentioned above constitute a
pre-proceds ofalemclasstaepiiecet bé watightpiofessatbon arsd sedlentliatelsy execut ed
in accordance with the process required in each step. 20 Upon conpl eti on of
t he pre-procesich vadaels sfeshef prRdetiaraingd ovenler ohastramedeess steps i s
performed as follows. In this pos%bgrocess, the wafer is coated with a

phot osensi t i Ve 3gdhte i 48teCEA o816 EPES| BECPBR natd oo stADLY AHd I RSove
%fgf“;ﬁi gﬁggé &q%f}lgetf PR 3n' BEe2AELEELLE BRELELN R NG MRk onto the

since, for the specific measurement point subset, the

10 parameter calculation unit weights errors between the
calculated positions and their reference positions in
accordance with the information of the certainties of the
calculated positions of the position-measurement-points,
i.e. the probability densities at the calcuiated

15 positions of the position-measurement-points, and
calculates statistically valid estimations of the
predetermined number of parameters which uniquely specify
position information of any area on an object. Therefore,
statistically valid estimations of the predetérmined

20 number of parameters that rationally reflect the
certainties of the calculated positions of the position-
measurement-points can be obtained.

The fourth position detector according to this

invention can further comprise a parameter value

25 determining unit that calculates values of the
predetermined number of parameters, based on evaluation
results of the evaluation computing unit. Therefore, the

number of position-measurement-points used to calculate



the aforementioned schene, in_gféb 316 (exposure step). The exposed wafer
is devel oped in step 317 (devel opnent step), and an exposi ng nmenbdr5 466 2003

portions other than 15 AUG 2003 95 portions where the resist remains is
removed by etching in step 318 (etching step). Then, the resist that has

becone unnecessary after etching is renoved in step 319 (resist renoval

step). 5 By repeating the pre- and post -pgocess steps, multi layer circuit

patterns are forned on the wafer. In this way, devices having a

m cro-pattern accurately formed thereon are nmanufactured with high
mass- product i

ity. 10 In_th b nbodi t, tecting the edge
positions of t\ti’lf?eyvm EME GSﬁﬁP%gﬁfeﬁﬁa}I nréu ) ?n?g%ar,anllﬁ%rédgj’@”pgsi tion

parallel to the direction o e mar

s extracted Lor SAEN LR 1USkAGHLIR LENEH: U LOROE: 2t Ao g nal e axts

data in the déﬁc?icj{jnl vl%‘ﬁ{eﬂ%”%fc%ér PBQiEESnd&éE%%%&? gé%%éétf él%{'t‘iqheoa“er”

ern change or thein

change, as descr above. ternatively, as s at

represent ati velyi Shyead n¥aik iN4( LB& akBOYac@dge positions can be extracted

al ong each of a plurality of (= H) axes XSh(ipm jpm) (h =20 1 to H)
paral lel o the dicenxtdiowy ite whiechihhh paptetnodftihe tmvdntdddd pm jpm
changes. I n such a case, edge positions EXkh ( ipm j pm ( k =1 to 6,
1 to H) are Beractedromiged an ¥xposireomeEX¢d pfior | pransiethiggrask
:\/E(g:_bpm., 35~J Fg)ggéqs(ge?_r%%datpea%tg%nG olr_lli'_EXd(lIvri)crinedJ arl);gas_ o~n ~a Fﬁgsggrparge,f Pm
comprising an arrangement information calculation step of
calculating a predetermined number of parameters that
10 pertain to positions of the divided areas by a position
detection method according to this invention and
calculating arrangement information of the divided areas
on the substrate; and a transfer step of transferring the
pattern onto the divided areas while aligning the
15 substrate based on the arrangement information of the
divided areas calculated in the arrangement information
calculation step.
According to this method, a pattern is transferred
onto divided areas while'accurately detecting the
20 arrangement of the divided areas.on a substrate usiné a
detection method of the present invention and aligning
the substrate on the basis of the detection results.
Therefore, a pattern can be accurately transferred onto
the divided areas.
25 . According to the tenth aspect of this invention,
there 1s provided an exposure apparatus that transfers a

predetermined pattern onto divided areas on a substrate,

comprising a stage unit that moves the substrate along a

h



15 AUG 200S 96 Also, an error dFXkh(ipm ]pm of each edge position

FXgh(l pnr ]pm) fromthe ideal edge position DXk(ipm jpm is cal cul GtAls 2p3
dFXgh ( Ipm J pm) - FXgh ( Ilpmm ] Pm) - DXg ( |.pm Jpm) ... ( 44) 5
After that, an average value dFX(ipm jpm and standard deviation aX ( ipm
jpm of the errors dFXkh ( Ipnr ]pm are respectively calcul ated by

dFX(i Pmj Pm) =~~~ dF'Xxh(ipn1an)~I(6H).60(45) X.t ~. Ji 6 HCX(lpm Jprn)
_ ~ ~ (dFEXxh(l'pm Jp~) - dFX (I pm Jpm) " | (6H -1) . (46) k~I h-1 10 The
X-position FX(ipm jpn) and standard deviation aX(ipm jpm of the mark
MX(ipn, jpm calcul ateg inthis way are, statistically nore valid _than those

in the af or eMOREMEREAPABBEi ABNt 2 P ML HATET &Fcéffirlagt &8 Eg‘c}gé
positions is || ayeg%ﬁo%hgg}awt.hggléﬁl%rig?e aﬁf%%%ﬁnewqqff@%ti%t &t gf\% the

Y-position F\J(ne'l ps, ] pY9) of “éac J’pe) can be cal cul ateéd in the

same nmanner : L PPhe Sk I henGal cul at ed
Y position F%?i%ggdﬁéga%hs%%d%s%%%%t| on tﬁ%ﬁ’oﬁ%h}@;g;tag]@e g‘(r)lg'?ﬁe mar k

MY(ip9, jp9) are stals sbpaabt¥sMEgnyeetd & tdaseoritd i iaeve
enbodi ment, since the nunber of extracted edge positions is |arger than

that in the aliews emiedi MBRingAdheralhgiingpthearsdubsirege ahrauwghpahanet er s
that 25 uniquely specify the arrangenent of shot areas SA(i, j) on the
waf er Ware calagel angd on the basbsmafinerrasgément ¥ AG 2003 d@d t he above
enbodi ment. Since the optimal values of the six paraneters axe cal cul ated
based on st atdrs@isc sleltgcigebyarhe Rafkt poRi debRct Lo utHdi ofed&hidi nties than

t he above casge i i i
the above casg, Miqher agpuragy .than Lo.the,abovs embodimny ean be S

transferred onto the divided areas.

10 In addition, in a lithography process, by performing
exposure using an exposure apparatus according to the
present invention, it is possible to form a multi-layer
pattern on a substrate with high accuracy of
superposition, and therefore it is possible to

15 manufacture a more highly integrated micro device with
high yield, and the productivity can be improved.
Accordingly, another aspect of the present invention is a
device manufactured by using an exposure apparatus of the
present invention and a method of manufacturing a device

20 using an exposure method of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the arrangement
of an exposure apparatus according to an embodiment;
25 Figs. 2A and 2B are views for explaining exemplary

alignment marks;



In the above enbodi nent, the aforenmentioned six paraneters are used as
those for uniquely specifying the arrangenment of shot areas SA(i,1.§) nzﬁ*e
wafer "W Al ternatively, even when the arrangenent of shot areas 10 éﬂ?i, )
are uni quely specified by nore paraneters than the above enbodi nent, their
optimal values can be accurately calculated as in the above enbodi nent.
More specifically, in the above enbodi mggt, upon aligning shot areas SA(I,
j) on the wafer, even when 15 appropriate val ues of paraneters that specify
the arrangenent of representative points, e.g. central points of the shot
areas SA(i, j), are calculated,.and the central point of .a giyen shot area
SA(i, j) is align &gUSPnéStﬁogghﬁﬂ?gﬁﬁt%i%?ks%h?i%ﬁ%nﬁh%fﬁﬁggﬁgﬁbcuracy of
20 super posi tj . Qbf Aj r.qpl i by the
Fol 1 owi ng & hri PRk BECEKS RE:QPLAMERS Sk OPLSE SRodBuitt

Lai d- Open Noshdim218486qand,6-349705. ~5 Rotation of shot region: This is
caused when a 25 reticle R has rotated with respect to the stage coordi nate
system (X, Y) uporrilg.adsfier ai rjea fakt expléonikg DndddieyT atdlalee df @Nto a
waf er Wor when yawing is accidentally mxed in the novenent of a wafer
stage WBTS ILrmnalfer2ed3m@8kapon scanni ng exposure, and is expressed by a
rotation error ~ of the wafer coordinate system(a, (3) with respect to a
shot coordi nate sySiemhde agfdewr ehaste (ares bar&F é@xnlaitiag-a and

(3-axes. 5 Othogonality of shot region: This is caused by distortion of a
pattern for mRPBFLLTy SELECEIRN APSEBFLPBA (distortion error) of a

projection optical_.systemPL, .and the like ng, i s _expressed b n

ort hogonal i ty erroEFl(i}. %iianépwefpﬁﬁéi Eﬁ?’éﬁr?hkg%% %’fp a}f&lr}%dﬁ‘(?n: Thi s
is 10 caused hysian £ I@telkibieopeheebhon Magni fication upon projecting a
pattern formed on a reticle Ronto a wafer Wor by the wafer entirely or

partial | yoexpandi reipr shrd akivigwdfert explhoningi & med Heasferad ddwuld ke.

Thi s expansi on/ shri nkage anount is expressed by wafer scaling 15 val ues rx
and rY in theefeomdinkate axis directions (i.e., a- and ~3-directions) of

t he shot coordinate system Note that the wafer scaling value rX in the
a-direction is repficsenttdd and BBe argt véeyst fhevingeamcexanpie mfsured val ue
and design val ue of the distance between tvvo%lgpi nts 20 in the a-direction

on the wafer "HTaMPAIHTERE K& tsERFfi REOVAPLE TY 5P (BIMHEYion i s
(EPLESereR DY, LISIg L OPaUPSh Uit SIEU YRR SRSNEL h M 05y 1
pcgsLt " }SB-PX’(EZ %@ru el s AmeRt e st 18X RhAS BB ML Dt v dehsityX ~~~ (47) DV =
function;
Fig. 10 is a flow chart (part 3) for explaining the
position detection operation;
Fig. 11 is a flow chart for explaining a method of
20 manufacturing devices using the exposure apparatus shown
in Fig. 1; and
Fig. 12 is a flow chart showing a process of the
wafer process step of Fig. 11;
Fig. 13 is a view for explaining a modification
25 (No.1);

Fig. 14 is a view for explaining another

modification (No.2); and



15 AUG 2003 99 using a central coordinate position (CX, CY) of that shot
regi on, and a coordinate position (SX, SY) of the position (DX, DY) 1.5 Aug 2003
relatisve to that coordinate position (CX, CY) on the shot coordinate
system Therefore, when 5 error factors ~5 to 07 are added to the
af orenentioned error factors ~1 to , a pattern to be transferred at the
i deal position (DX, DY) on the wafer coogginate system(a, (3) is
transferred to a position (EX, EY) on the stage coordinate systemEX _ Rx, O
EY O, Rr 10 rx,0 + O, rr (X, Y) gi co0s9,-sing sin B, cos B ~cos ~) -sin ~
sin ~, cos ~venAy 1).+,tan XJ 0.1 Cy1 - tan ~.SX + ox . . . (49)
((), 1 SYO Note t ziTgS\Iarll‘r’éugoowﬁgra ?r%f’e‘flséc?%?‘%l%? ee’é?r%polapﬁ'yesent in
addition to farenentj an nsf and that the
position (EX, r?ls? ?gngkgeggﬂgggf%ﬁgg%%%éejalsf%%glrs]fet%{eposi tion. 15 In
general, sine®dite @ttiBageRal bty errors w and x, and residual rotation
errors 6 and ~ can be considered as infinitesimal anounts, the designed
transfer position (DX, DY) and expected transfer position (EX, EY) are
related by EX Rx ,-Rx{w + B) CXEY Rr 8, Rt CY 20 + rx ,-rx(X+~) SX + X
,..(50) rp -BEST ¥D. E@&MBWJMSOHIT i TR - SNVENEEENoxi mat i on of the
trigononetric function in equation (49). 15 AUG 2003 Z00 In the foll ow ng
descri ption, equatAbrempeginegtagp§otBejpresent invention will be

described hereinafter with reference to Figs. 1 to 12.
Fig. 1 shows a schematic arrangement of an exposure

apparatus 100 according to an embodiment of the present

10 invention. This exposure apparatus 100 is a
step—-and-scan projection exposure apparatus. The
exposure apparatus 100 comprises an illumination system
10, a reticle stage RST for holding a reticle R as a mask,
a projection optical system PL, a wafer stage WST on

15 which a wafer W as a substrate (object) is placed, an
alignment microscope AS as an image pickup unit, a main
control system 20 for systematically controlling the
overall apparatus, and the like.

The illumination system 10 includes a light source,

20 an illuminance uniforming optical system comprising a
fly-eye lens as an optical integrator, a relay lens, a
variable ND filter, a reticle blind, a dichroic mirror,
and the like (none of them are shown). The arrangement
of such illumination system is disclosed in, e.qg.,

25 Japanese Patent Laid-Open No. 10-112433. Note that the
light source unit uses a KrF excimer laser light source
(oscillation wavelength = 248 nm), an ArF excimer laser

light source (oscillation wavelength = 193 nm), a



15 expressed by EX _ An, Aliz CX+ Bi t, Biz SX+ Ox , , , ~51) EY,Azi. Azz
CY B21, B22 SY Or where B11 =rx ... ( 52 ) Blz = -rx, (x + ~) ... 1{p5AYG 3003
=rY, ... ( 54) Bzz - rY ... ( 55 ) That is, paraneters which uniquely

specify the arrangenent of shot areas SA(i, j) are ten paraneters All, A 2~
Azm A2z~ aii. Bsz. Bzi. Bzz. Ox~ and OY. In order to obtain optinmal val ues
of the ten paraneters, four two-dinensiogal marks Wp(i, j) (p =1 to 4),

whi ch do not |ine up upon design and the patterns of which change in the X-
and Y-directions, are forned on each shot area SA(i, j), as shown in, e.g.,

Fig. 14. Not t.h f [ Jdimted to f , d
can be i hroe TGFURBHE. OROCFRECE wou e rhelorks LaRFRe R RPREShaving

tt hown, &i; ' tg » th
Ve tvo- di mensranar Caaric e ATy T T o) Rk el RE S nTei 5Lt of four

t wo- di mensi onalserankgh¥WBbhirck) (88c 8lVasivh wHRA P HTRAIUGEdm) Af her that,
the X- and Y-positions of the two-dinensional marks 25 WWp(im jm, and the

probability dengiohi edmel)t haserXiightl Yopose t {asildra: ion calvalledgith t he
same manner as in the above enbodi nent, thus cal cul ating optinmal val ues of
t he 15 AUG=20@3 1ol ,t eapparawepersladdr Mght Adurdey,z o BYAG BieserBz| .
Bzz~ Ox. and Oy. In this way, the arrangenment of shot areas can be obtained
t hat takes i rftfo Va¢E@ThE SPhBTEEEHE R OREIBUBY t hyponkdTkneand -1ine, or

expansi on/ shr.i nka‘gL of each shgtél{regi on., Furthernmore, optimal values of the

error factor<hg s 8FetBEl cukgt edVRSE ng 2 AU FRATIB PR E5) for the
af orenention ontroll_abl.e_error G X, r ~).,and four

par anmet ers (gj(ljef?n %HJZC% g%l k §§¥%’0Fi§ﬁé9{>§n§iﬁs ’pa%%r%%eerlsl,]fet H}?yo'étei mal

val ues of whigdedaye fieed 62l ¢ubatedendndut N AGH OFKIANER, MirtdhdiRpRey error
factors, corrected are the magnification of the projection optical system
PL, the synchrigmussoualceciuhytrati o upon scanni ng exposure, synchronous

novi ng directions upon scanning 15 exposure, and the |ike. Thus, the
accuracy of super st tapgratdohuctthéhei apiomédation system 10 with

this arrangement will be briefly explained below.
Illumination light emitted by the light source unit
enters the illuminance uniforming optical system when the

15 shutter is open. In this way, a large number of
secondary light sources are formed at the exit end of the
illuminance uniforming optical system, and illumination
light components sent out from a large number of
secondary light sources reach the reticle blind.

20 TIllumination light transmitted through the reticle blind
is output via an imaging lens system. This illumination
system 10 illuminates slit-like illumination area
portions, which are defined by the reticle blind, on the
reticle R having circuit patterns and the like formed

25 thereon with illumination light IL with nearly uniform
illuminance.

The reticle R is fixed on the reticle stage RST by,

e.g., vacuum chucking. The reticle stage RST can be



In the above enbodinent, a plurality of initial sanple sets are usged, but
if one sanple set fromwhich accurate position paraneters can be chd AYGa2083
is known, 20 that sanple set nay be used as only one initial sanple set.
Even in such a case, the processing flow of the above enbodi nent can be
applied. Since the nunber of sanple sets is one fromthe beginning, in the
processing flow of the above enbodi nent,g4 he answer in step 204 is 25

al ways NO. In the above enbodi nent, whether or not it is possible to reduce
t he nunber of elenents of a sanple set is evaluated by conparing the
position par . o1 5 éﬁlﬂﬂ L7 Gettalnties

cal cul at ed f%ggke&gg#gﬁelge??éﬁd‘zg%%r#gé ons r%#l%ﬁ)l&sai%t ?:Ic))nltg%r aneters and

their certaifj@sagabgukagdifno eaciudd ¢l Witlddoiah hepkagrment
candi date sets. Alternatively, such evaluation can be 5 perfornmed by

so-cal |l ed crase p@b’FEb@abhoeptb@aE Specart 113l 1dbsdMidepoIate@n BT 6hs Of
mar ks MX and MY included in a sanple set are cal cul ated using the
estimati ons dfllvménpasioni egspanaaed ecan dad clit iatesd dtora eash gnepledcenent
candi date _set, and the position error 10 distribution of the marks MX and
MY i ncludéd isfamh&edgmpity 48t aj BredeeermreH bt diraatdencal cul ati on
result, thus evaluating if each regl z%cement candi date set has statistical
char act eri st i O HFGeF4PENE Nt GPERaE2BE) e At R Stage dyilyedadaot
repl acenent p?HsEsi Si Ici tf“é can _bhe_15_ eval uat ﬂtthout cal cul atin tge

Y FEMBELSARE PhERPTRTT at TRT esm YR DM HE WSRASE"84t . Such

position pard

cross-verifi Clgi{r{eg# ia%tﬂ%rttoircgba%ytﬂlg?ﬁ%ﬁ \;‘E’“Mﬁ%&}% repl acenent candi date

set is a subs e sanpl e sef. ove e ment, upon reduci ng
the nunber ofp2QRlrareels iof tAiga8RbedsRént A k&l iHe rfgridtiild #1oaamml e
sets axe replaced by one new sanple set. Alternatively, tqhe nunber of

el enent s10f eagle afwo-kdmensiahalyloheani dctahasenplreclaeies g -oar-iveduced. | n
this case, for each sanple set, a new sanple set is searched for that 25
has char act ereit] dr @éggilEdloantot par radrive t ¢reliki af Tdtivenlcdtar aderi sti cs
of position errors, of rks and_consists of fewer el enents. 15 AUG 2003

103 I n the addte EifoditentetdreSdPRRAS| 6ARI 2h3Q K MENHY e iyed dfed.

Al ternatively, ha W J_| ne sioonal mar ks shown in Figs. 15A to 15D may be used.
Al so, upon calcul-att ﬁr'gct € en par anet ers, one-di nensional marks MX 5 and

MY may be used. si.apa X | .e: v - pox mark
may be used in aﬁ;@{%ﬂ&%’%%@g Eﬁ%&e?ﬁ&%gé?éagp\ﬁ%‘g %Stéﬁ%ggéné%e%ecti ng

the two- dismenséwing) eFdde0N s0h1wHGE detWOtdlNBysh Orat i ABs KLaddie
af orenenti oned one-di nensi onal position detection
interferometer (to be referred to as a "reticle
interferometer" hereinafter) 16 via a movable mirror 15
at a resolution of around 0.5 to 1 nm. The position
information of the reticle stage RST from the reticle
20 interferometer 16 is sent to a stage control system 19,
which drives the reticle stage RST via the reticle stage
driver (not shown) on the basis of the position
information of the reticle stage RST.
The projection optical system PL is disposed below
25 the reticle stage RST in Fig, 1, and the direction of its
optical axis AX is defined as the Z-axis direction. As

the projection optical system PL, for example, a

refraction optical system which is both-side telecentric,



10 process may be perforned tw ce, or two-dinensional tenplate nmat cﬂén‘g
into which the above one-dinensional tenplate matching for one-di nendiAY6a2003
signals is extended may be performed on two-di nensional signal waveforns of
t wo- di nensi onal marks. 15 In the above enbodi nent, the off-axis alignnent
met hod that neasures the positions of alignnment marks on a wafer w thout
the intervention of a projection opticalgsystemis adopted. Alternatively,
a TTL (through-the-1ens) schene that neasures the positions of 20 alignnent
marks on a wafer via a projection optical system or a TTR
(through-thehgt inglsel bRabie sk il hadepdehde Lhs ermes, ayvaf er 19nd rl?Fw,C' e via
a projection optical systemnmay be adopted. Tn the case€ of the TTR schene,
upon obser vatgron,/e3anBl @sabil gNPEAt tIEEHSESaSEn | hendIPSitd AN 1Rimidaralosr mark
where the deviation between a reticle mark formed on the reticle and a

waf er mark fqmeedodnthbervafielei B z€r Dl 1umifa A6 w8 04 imddiembove
enbodi nent, the coordinate positions of the shot areas are cal cul at ed.

Al t er nati vel Wighte ISt epmpngcliroh thehi Ehotimeyidre ae@ticdlatsdtemm tahe above
enbodi nent, the fly-eye lens is used as 5 an optical integrator

(hompgeni 2er )tedusesi-gcalef impgef (Paghbal ehrverteddingaelyraft dthamay be used.
In an illum nation optical syst usin he rod integrator, the raod

i nt egrat or isc"(ﬁcéld&sg’d‘tgﬁfﬁ %Hagﬂ%tEeE ‘F{'es%r‘fja'i:}é”ﬁs Sl Eyiaidaed with
the pattern a f reti.c A C i 1 i Opti.cal system
using the ro}%lrefnat gg‘"r <C';1Et°or?heldsED [ ggFoRg%églrﬁd,vl’ gtlggé“@%:%%g{hl\% 5 675, 401,
and the di sclgsiries Withng 2RQYStU(shofateRt 1t Své NEQEROr atvd, hefei n by
reference as l'ong as the national l'aws Iin designated states or el ected 15
states, to Wpmdydddion dbeheali epatemppl.ication is applied, permt. Also,
the fly-eye lens and rod integrator may be conbined, or two fly-eye | enses
or rod i Avegr at or TheawaferdisspgseedsiCnisedieposedban! & dasd| BS optioal
integrators. 20 In the above enbodinent, the present invention is applied
to the step-dif I esEirn pptécpdsaratappBlatsFigowen ednd tthevadfsst i cati on
range of the present, invention is not limted to such specific apparatus,
and the. pr esdIRideh @t PonMOHATEE OOi ERBI §°5pp| PERSE RS ot ditormasr o
exposure appafaliisHey a3 .8 5! GBRELnOLnhORIALKE, EXEM A PATU e
apparatus using, e.g., "ultraviolet rays nmay adopt as a projection optical

system a ref ligotd OhSlreMsconghat 1R8ePf nbehbeCo§VEaRPti LAl in _amy AUG 2003
105 elenents alone or a reflection/refraction system (a catadioptric

systenm) ha&vi ngihedthi grefliedt irespand tof haplane pprpendichEaEnts. .t the
catadioptric projection optical system a reflection/refraction systemb5
whi ch is di scoeisechl mxis @f thgpamedecPapentrtacdl Cpestdn. PB-47 19054 and
corresponding U S. Patent No. 5,668,672, Japanese, Patent Lai d-OQpen No.

10- 20195 and CoOr¥espdirth RRUrs, BRCeRENNBLS8, 835t5n8ly JRgveke | ketheind has

o o B ROt LRl T MERBRLLEF o2 oS, o

projection optical system PL. Also, the wafer holder 25

20 is finely rotatable about the optical axis BAX.

The wafer stage WST is movable not only in the scan

direction (Y~direction) but also in a direction
(X-direction) perpendicular to the scan direction so as
to locate a plurality of shot areas on the wafer W on an

25 exposure area conjugated with the illumination region,
and performs a step-and-scan operation in which an

operation of scanning and exposing each shot area on the

wafer W and an operation of moving the wafer to the



di scl osed in Japanese Patent Laid-Open No. 8-334695 and corresponding U. S
Patent No. 5,689,377, Japanese Patent |aid-Open No. 10-3039 and 1.5 Aug 2003
corresponding U. S. Patent Application No. 873,605 (application date: June
12, 1997), 15 and the like, and has a concave mrror and the |like as
reflective optical elenments w thout using any beamsplitter can be used.

The di scl osures in the above Japanese Pagféant Lai d-Opens and U. S. Patents
are incorporated herein by reference as long as the national 20 laws in
designated states or elected states, to which this international

appli cati on 'e§8%§/ﬁ&be§ta99r§%§itiéh @P'#H{%e)& I flte%tr!eori‘/eg)%fa.”c@ﬁt.' on system
can be enpl oye ich conprises a plurality of retraction optical elenents

and t wo mrrehe (arggi QtQ&éWéT bei %&@ﬁn&%&%\éqw rdrrqrvegngyaasub- mrror
that is a back surface mfror of which the reflection surfacé is forned on

the oppositeywgifde tRapbedtneédernd spéfegendfa andfy agld @hechanent or pl ane
parall el plate) that are di sposed al ong 15 AUG 2003 106 one axis, and has

the internedi ate MregeesialordobythbosaferrefagetWsin ioptiiealX-&1 @iames, of a
reticle pattern again imged on a wafer using the main mrror and
sub-mirrob, tiseadeblysctebattefirbyt & onalyst b dreiimfadifegicowddr A85viapanese
Pat ent Lai d-Open No. 10-104513 and U.S. Patent No. 5,488,229 correspondi ng
thereto. In thieVedlieeBLrsRr &f'r a6t PoFeSPtEAPnt RE ARPHNH Pror tandg bm.

bm di, d. i I ith t I | it f, ref [ tical
ol omont s, and S SO RPRAEREh-Rle™ 157 DASCRY. THARAN L oP Ui tof Hhe mai n
| ement s A ot 4 Hort1 of"of
i ough & portiZeh S ke Subim Fror BRC et el (RE e ersy Hos o) beur oo

in the above wlﬁ%ﬂ%%%t@%&%”&hbahgf@egtégé B oAl th A 16 IJICQHRQS at ed
herein by reference as 15 long as the national laws in designated states or
el ect ed 3bpat emsiltdonhiielforhhs ibAt eonatéboal £ apint feaid wirorl)s vappl i ed, permt.
Furthernore, as the reflection/refraction-type projection optical system a
reduction system rihe l3d iznmenpl nypcdonhpph ASsisean.offaxis Al imgnnandge
field, is telecentric on both the object plane side and i mage plane side,
and has a redfESGPY &iiseoged angtherpidg, syyfaceyh the Rr&ieatdiony

opt 1 cal syt S 1l BTHCEREnat EBRCar baSBRSThett TG 10 8 W oy be a
et S RS OGS ke 6 Tolees oty (e Pt o
almst 15  contained in each shot area on the wafer W. As the
alignment marks, an X-position detection mark MX (i, 3j)
and Y-position detection mark MY(i, j), which are formed
on street lines around a shot area SA(i, j) on the wafer
W, as shown in, e.g., Fig. 2A, are used. As the marks
20 MX(i, j) and MY(i, j), a line-and-space mark having a
periodic structure in the detecting direction can be used,
as represented by, e.g., the mark MX(i, Jj) shown on a
larger scale in Fig. 2B. Note that Fig. 2B illustrates a
line-and-space mark having three lines. However, the
25 number of lines in a line-and-space mark used as the mark

MX(i, j) (or mark MY(i, Jj)) can be three or more. The

alignment microscope AS outputs picked-up image data IMD



15 AUG 2043 107 perpendicular to the scanning direction of a reticlJe or
waf er. By using a scanni ng exposure apparatus conprising such a 1.5 AUG 2003
reflection/refraction-type projection optical system it is possible to
accurately transfer a fine 5 pattern of about 100nrn L/S pattern onto
wafers even with F2 | aser |ight having, for exanple, the wavel ength of
157nm as exposure light. Furthernore, as,a vacuumultraviolet light, ArF
excimer laser light or F2 laser light is used. However, in 10 a case of
containing only a beam nonitor mechani sm and reference wavel ength |ight
source in the sane environpent -controlled . chamher as the projectiqn

opt1 cal systan TaonigHEP RAFRR: ESTRVE. Tioyri Hrae SRREER Y BYBER ASd with
wavel engt h co(r%]é%r $i;@n knato ultraviolet by using non 15 |inear optical
crystal after "havin ’am))l'i fied a single wavel ength laser light, infrared or

visible, emtted fyomaBFBLsenicogduct oryl 85 els e C figoer | aser by
a fiber anplifier having, fgr g%arrpfe,e errgiﬁrr%n (%r eélbi%t}%rtf?]nd 2yo'?terbi um

doped. 20 Forcompripls. acﬁﬁihdébhﬂgolh@ﬁiﬁh@o%&?d|slt<’t1ria%{é wevel angt h of a
singl e wavel ength laser is in the range of 1.51 to 1.59 um an

ei ght - ti mé- hitileemaliar moniteowauaiof 30hcahp t hee way edcengtdl i iitn 3%he range of
189 to 199nmor a ten-tine-higher harnonic wave of which the wavelength is
25 in the rajeadf cpptrodsisbanrPsrapioncef tHhparnddure wraanates
oscillation wavelength is in the range of 1.544 to 1.553um an

ei ght - t i me- hi‘gfePYafménirc SHRPEYARIWAFREE t FRPWERA eI HHH PG G H%e range of
193 to 194nm .t hat is,t l15 Ak:JG 2293 tge al nost_the sagnme as Ar.,F _exci nmer
laser |ight (TH3FRFCNEERY SIRETM &7 0BREi RREVERRP theif i‘?eeﬂtfs‘:ctillqnation

wavel ength i§,i4 t r | .5 . -1 e- .har.noni c
wave of whi cﬁmhqce iJ\/%)/a‘?{:vesl%g%g;%ttﬁ];-ligs % %aﬁﬁéérg%ggg%cﬁ %%%%ﬁ]{dl{ att:{éoi S,

al nost the sad@: aadd d #Rfithibahhrivhheaveohglic 3pht )ries iaiingd.

Furt hernore, when the oscillation wavelength is in the range of 1.03 to

1. 12um a seven:thmerild gindit Bar ponpeivaseaopivkedhug hienampy edeagegth is in the
range of 147 to 10 160nmis emtted, and, especially, when the oscillation
wavel engt h i ¢arisd icangaisf 31,099magk1inbermgt ko exairuatinrgheyithar noni ¢

wave of which.the wavelength is in .,the range of 157 to 158n that is,
BIost the Saife Y B ICIBt M0 ROSEEAORa T B BRAF a9t GRS HRod. |1 thi s

case, 15 for I t Lum_dop tLb ser, can, he enpl oyed .as the

si ngl e wavel eﬁ%@ﬁ@l@se%é ‘Ia)ré%vé:g,% ﬁgglsééeﬁﬁei%@ﬁ%‘w clana%% %ﬁ:ﬁ i ed not
only to eXPOSIH r f pr.oduci 1LCLO j ;

sem condﬁl(r:st or{pdew%efqﬁﬁt@;aell?m?%daﬁgeg%éggrg&g% %%%g%gaﬁl’s&?ﬁg%ﬁ?tﬁalﬁsfers a
circuit pattes npOrdneti 9lassudlsbhataier 38i EbgoBaYehEit &9y as to produce
reticles or nmasks used by a |ight exposure apparatus, EUV (Extrene

U traviol et) expowmalionmprd atasd.t iy pprexposusevappararigyeky ect ron beam
exposure apparatus,, etc. Incidentally, in 25 an exposure apparatus using

DUV (far ultr3%Fofetne |§hfhtarhanggirenralduslart #5881 e¥4 12 ghR 11
transm ssion-gype,r ety Cdfatiisoneqfﬁli%y%q if@)rg?:%i{:ah.'atf\ﬁg saéi%{]%%:]%&ate of

the reticle, qua??zcg s quartZ glrass W uori 109

doped, {1491 | g1 409568 16 'dHOhiel®y. Q190811 28T YAl Bbal SapIBhONEL: ANd an

X-ray exposure apparatus of "a proximty nethod or electron beam exposure
apparat us enpiReysof évaNsd It PodHina 1TRSK ofSkepthbingsk, samphe ager mask) ;

an 5 EUV exposure apparatus enploys a reflection-type nask, and as the
substrate of bheanaslker sorhé contweairdmgora tfle@elri kembereapl eyedents.
The storage unit 40 has picked-up image data stored area
41, sample set information storage area 42, mark
25 information storage area 43, estimation storage area 45,
and valid value storage area 44 therein.

Note that the aforementioned alignment microscope AS,

control unit 39, and position arithmetic unit 37



Note that the present invention can be applied not only to a wafer exposure
apparatus used in the production 10 of senmiconductor devices but al 3§ a6 2003
exposure apparatus that transfers a device pattern onto a glass plate and
is used in the production of displays such as liquid crystal display

devi ces and plasma di splays, an exposure apparatus that transfers a device
pattern onto a Z5 ceranic plate and is uggd in the production of thin
magneti ¢ heads, and an exposure apparatus used in the production of pick-up
devices (CCD, etc.). In addition, in the above enbodi nent, positional
detection of cthetati,g8MENEboRBEKS ORI MR, and Al IHEHaRP of the wafer
have been descri bed. However, positional detection and alignnent according
to the presebhfopmentbanacanhhetdpphinddt 132 ,pasiddmiadr deireiionion the
alignment marks on a reticle and alignnment of the reticle, and also to

ot her units whah élposndevappar aalses caucinlad i261 ainuirti t34 ccobset vetebj ect s
and a unit that is used to detect positions of objects and align themin an
assenbly |indD pFbéB3SipAnsadcylagsedt ivorit i mnd this exIGmoben 10

| N DUSTRIAL APPLI CABLLI TY As has been described in detail above, according
to the positFInCHEEECCPON EL REF &VE HESTb et et i AP Hppar e u3Bof t he
present inventi Lnc tati.stical. 5 Qcess i s exequted on the basis
of position ?Iryl%‘gp%ﬁ PBng(g?t%(r)“seitttlicortlm&étt'ec&iruorn SOTRS bt AT nehgpment

measur ement Qf -£BEcBRSI hisORNEELEChdRN P! IMaH LU AL Oamﬁ&i -@9&#&{?&
information of any area on the object is accurately and e #ICIent y

detect ed. ThaLetoneritheepasieach rdaiceas oritl0 mitshand Position
detection apparatus of the present invention are suitable for detecting the
posi tion of payametaromadrudbjtecin uhlido,33aeoat diailgid ord he: expbsihhgt frehhod
and exposure apparatus of the present invention, the positions of a 15
predeteﬂﬁﬁneﬂnhgnﬁércéﬂsépﬁgﬁﬁeﬁtPmm@@@ﬁ&%rﬁﬁt&ﬁmkﬁﬁﬂﬁﬁnr@mbtarelﬂetected
usi ng the pogition dehec%ion n%%hod of the present invention, and a

pr edet er ni nefi*Bat Per F7€s e FHerdeP oht olBYFAEEdaPeadimi IRt | YRFAYS L he
substrate on e, basi.s of t.he detegti.gn .result,. Ther ef or.e he_exposi ng
net hod and e?%%sﬁ?g g%ﬁgr gtfugog rtorcite J‘%r elsnedz ca?thev%g:ﬁ gﬁ‘%r%’%%?%aﬁf’éo 0
perform muf t {pexpasyeechioe gremar&qo%smefft e AYE; RALLLr ), i by mpr oved
accuracy of superposition between |ayers. For this reason, the exposing

met hod and expasube appakat 9 24 10f HeheiqyRsend invwestjon are suitable for
mass- producti on of devices having a fine pattern. 15 AUG 2003 111 WHAT IS
CLAI MEDYSS 1. A pédsi thds detbectimemtvetiiod rain dedrectohgs poseni 80 is
informati on of any area on an object provided with a plurality:of
position_neaggpéﬁéﬁptggiﬁyspopﬁ@nlng varlous units. Alternatively,

the main control system 20 may be constituted as a
computer system, and the respective functions of the
units that constitute the main control unit 30 may be

20 implemented by programs installed in the computer.

Refer;ing béck to Fig. 1, in the exposure appafatus

100, an oblique-incident~-type multi-point focus detection
system is fixed to a suppé¢rt porticn (not shown) that
supports the projection optical system PL, and comprises

25 an illumination optical system 13 which directs imaging
light beams used to form a plurality of slit images in an
oblique direction with respect to the direction of the

optical axis AX toward the best imaging surface of the



5 position detection nethod conprising: selecting nore

posi ti on-nmeasurenent-points than a m ni nrum nunber of neasurenents ?'@qi“ﬁr a3
to calcul ate val ues of a predeterm ned nunber of paraneters, which uniquely
specify position information of any area on the 10 object, fromthe
plurality of position-neasurenent-points and neasuring pieces of position
information of the respective selected pgsition-nmeasurenent - points;

cal cul ating respective positions of the sel ected

posi ti on- neasur enent - poi nts, based on neasurenent 15 results of the pieces

of position infar Lon sti i probabi ity density.functions which
each represeﬁ{}o €g§§9§n88€g$% a%¥$?%@ af”Fﬁéiéa atte§d 368 ion is to be

a predet er m ned ;1vahugysbafeds OR, FRASU SPEIY ¢ ti%la??ffintghQiﬁﬁ%pgggh\ée

sel ected position 20 ireasurenent-points and design I rformati"on regardi ng

the sel ect ed e@slelcicen- BpasHe esBPfaddi At Sthd Gfaf2SMEGLIaV &1aRe . Of Thie
sel ected position-neasurenent-points; calculating probability density of

t he cal cul at extapesiconanodf sgatémol 9t dei wasi tthio nvafas ot 280iiAt $he 15
AUG 2003 112 based on respective one of the probability density functions;
and eval uat i igddirestion shdeashokhigue adiorkquigint icon thel dasis bd a
respective predeterm ned reference position 5 while using the respective
cal cul at ed préd¥&si PesjtdeRsinfosmahler BLom Wi sndft impigmt ifefcesnat i on and

detection system (13, 14). The detailed arrangement and
the like of this multi-point focus position detection
system are disclosed in, e.g., Japanese Patent Laid-Open
10 No. 6-283403, its corresponding U.S. Patent No. 5,448,332,
and the like. The disclosures in the above Japanese
Patent Laid-Open and U.S. Patent are incorporated herein
by reference as long as the national laws in designated
states or elected states, to which this international
15 application is applied, permit.

In the exposure apparatus 100 with the above
arrangement, the arrangement coordinate position of each
shot area on the wafer W is detected as follows. As a
precondition for detecting the arrangement coordinate

20 position of each shot region, assume that marks MX(i, 3)
and MY (i, j) are already formed on the wafer W in wafer
processing up to the previous layer (e.g., in a process
for the first layer).

Also, X-positions {DX;(i, J), DX2(i, Jj)}, DX3(i, j),

25 DX4(i, j), DXs(i, j), DXg(i, j)} of boundaries (to be
referred to as "edges" hereinafter) between lines and
spaces in a mark DMX(i, j), ideal in terms of design,

corresponding to the mark MX(i, j) are known, as shown in



cal cul ating val ues of the predeterm ned nunber of paraneters, based on the
eval uated errors. 10 2. The position detection method according td.5lass Mg,
wherein the reference positions are determ ned in advance based on design
information. 3. The position detection nethod according to claim15 1,
wherein the error evaluation is perfornmed by multiplying the error of each
cal cul ated position relative to .the restctive reference position by the
respective probability density. 20 4. The position detection nethod
according to claim1l1l, wherein the probability density functions are
probability density functions, of normal distribution., 15 AUG 2003 113 5.
The position%aéfeétio nn%fﬁod4ac%%ﬁ%iR@F%Yﬁ?ﬂ%ﬂ9ﬁkf}'mﬁéréFn=p6sF?i6h

measur enent Kk re_forned th si,ti on-neasurenent-points. 5 6. The
posi tion det e%é{el %ﬁ{gﬁgtsﬁganggc@tr{ﬂi ngn{%% i M5 Rherein a plurality of

position detectio®x§5q§§ ﬁgrpegrggi} Rl ygal ity of (1)
ude

posi ti on- measur enent’-'poi nt's i nc first number of first marks ©f which

patterns changg tQeakana gobitsbndi bRL(,0%) and A 10keCe)0f ROSHL i ORe
information of each first mark neasured in the step of selecting and

measur i Nng5comHpcsdt ipheory of f1osintd0n oMX @r,mati a akfanphupgl ity of

pattern changi ng portions ou each fjrst mark in the first 15 direction.
DXx(i, j) = {Z DXt(i,j)} 6 (2

k=l

and is known. Furthermore, a Y-position DYx(i, j) of the
mark DMX (i, j) is determined upon design, and is known.
Likewise, Y-positions {(DY¥i:(i, 3), DY2(i, 3j), DYa(i,
10 j), DYq(i, J), DYs(i, j), DYe(i, j)} of the edges in a
mark DMY (i, j), ideal in terms of design, corresponding
to the mark MY (i, j) are known as in the mark DMX (i, 3J).
That is, assume
DYgs1 (1, 3J) - DYx(i, j) = AY = (3)
15 for edge positions DYyx(i, Jj) (k = 1 to 6). Also, the

Y-position DYy of the mark DMY (i, Jj) is defined by

DYv(i, j) = {zs: DY (i, j)}/6 - (4)

k=l

and is known. Furthermore, an X-position DXy(i, j) of the
mark DMY (i, j) is determined upon design, and is known.

20 Detection of arrangement coordinate positions of
shot areas on a plurality of wafers W (e.g., wafers for
one lot) on which similar patterns (including the first
number of marks) are formed by wafer processing up to the
previous layer will be described below based on the flow

25 chart shown in Fig. 5 with reference to other drawings as

needed.



7. The position detection nmethod according to claim®6, wherein for each of
the selected first marks, the step of selecting and neasuring nedQHMQQAWMp
pi ece, of position 20 information at a plurality of positions lined in a
direction crossing the first direction. 8. The position detection nethod
according to claim 6, wherein 15 AUG 2009 119 said pattern of each of
the first marks changes also in a seconq direction different fromthe first
direction, and the piece of position inf&rnation of each first 5 mark
measured in the step of selecting and nmeasuring includes position
information, in the first directjon, of lurality of pattern changi ng
portions |ined i nh& *FPr g&df‘?eﬁ’f?bng’an%‘%o%?”ﬁ’%ﬂ% i"WFGr et S6ESHT Ehe

second directjion, qf | urali ty pattern c i ng poyrtipns_1 Lned in
t he second dﬁfégﬁi%ﬁmﬁég %ﬁgspggiﬁggﬂmﬂe?@@figﬁqgﬁThstgtcggding %% gfaim
8, wherein fgf £aChospl ¢ehedal himibe MR/ ks 4 NE & 80 ¢f >SQhecthngaand o
measuri ng neasures at |east one of the 15 position information, in the

first directionl)ofreplBbumahtt ¥aRdidoss taons Ry MRALLN § i F apt (1Qp, crossing
the first direction and the position information, in the second direction,

of a pluralitipf Epsitl awsd, mee Lnta Hi (€otiron wEmMSSENg t he Sacom,
direction. 20
4 < N < M), and stores element information of the sample
sets Sp and replacement candidate sets Rqy in the sample
set information storage area 42 in Fig. 3.
Note that M marks MX(ipm, Jpm) and M marks MY (ips, Jps)

10 as elements of each sample set S, are respectively
selected not to line up upon design. Also, when
comparing any two of the sample sets S,, each set includes
at least one element that the other does not include.

N marks MX(igqn, Jgqn) and N marks MY (igq, jq) as

15 elements of each replacement candidate set Rq are also
respectively selected not to line up upon design.
Furthermore, when comparing any two of the replacement
candidate sets Rq, each set includes at least one element
that the other does not include.

20 In this embodiment, the numbers of marks MX(ipm, Jgm)
and marks MY (ips, Jps) as elements of the sample set S, are
equal to each other (M), but may be different from each
other. 1In such case, each of the numbers of marks MX(ipn,
Jpm) and marks MY (ips, Jjps) as elements of the sample set Sp

25 nmust be three or more, and the total of them must be
larger than 6. Also, in this embodiment, the numbers of
marks MX(iqn, Jgqu) and marks MY (igq, Jqt) as elements of the

replacement candidate set Rqy are egual to each other (N),



10. The position detection nmethod according to claim6, wherein the
plurality of marks further include a second nunber of second nark§,Augf 2003
whi ch patterns change along a 25 second direction different fromthe first
direction, and 15 AUG 2003 115 for each second mark, the position
information sel ected and neasured in the step of selecting and neasuring is
position information, in the second direction, of a plurality of pattern
changi ng portions. 5 11. The position detection nmethod according to claim
10, wherein for each selected second mark, the step of selecting and

TEGSUT 10 OB 2y DE RPSLALON | G IPDAGS P L Yegeogal Ll one 10

a direction Cross hé Z0 'sécon recti on.

method accor gy, { 0aChabf the BRI B Il Wk (aF, divl fethaleas.are

arranged on the object, ea ar eas BYEi M§~L5 provi ded with

the positi onmyRagyr gupntaMRllementd oFh@nROSEhiaBeHEh€CEA RN dBEdask@accor di ng
to claim 12, wherein paraneters associated wth respective, predeterm ned

represent ati Rg mostntise afhrdee ol urcale,t ywndf t2@ dovadedf atlears must iteel uded in
t he predeterm ned nunber of paraneters. 14. The position detection nethod
accor di ng5t o lekrgem tBanwherei n paraneters associated with other points
The first wafer W is loaded onto the wafer holder 25
by a wafer locader (not shown), and alignment with coarse
accuracy (prealignment) is done by the main control
system 20 moving the wafer via the stage control system
10 19 so that marks MX(i, j) and MY(i, Jj) are placed within
the observation field of view of the alignment microscope
AS. Such prealignment is done by the main control system
20 (more specifically, control unit 39) wvia the stage
control system 19 on the basis of observation of the
15 outer shape of the wafer W, the observation result of
marks MX(i, j) and MY(i, j) in a broader field of view,
and position information {or velocity information) from
the wafer interferometer 18.
Referring back to Fig. 5, the positions of the marks
20 MX(ipme Jpm) s MY(ips, Jps)s MX(ign, Jqn), and MY (igqe, Jjqt) as
elements of the sample sets Sy, or replacement candidate
sets Ry are measured in subroutine 202.
In subroutine 202, the wafer W is moved to locate
the first mark (X-position detection mark MX(i;;, ji1)) at
25 the image pickup position of the alignment microscope AS
in step 211 in Fig. 6. Such movement is done under the
control of the main control system 20 via the stage

control system 19.



25 than the respective, representative points of the 15 AUG 20031%%@
plurality of divided areas are further included in the predeterm ne Hn%MQ
of paranmeters. 15. A position detection nmethod for detecting 5 position
information of any area on an object provided with a first nunber of

posi ti on- neasur enent - poi nts, the position detection nethod conpri sing:
selecting, fromthe first nunber of posit3i on neasurenent-points, a
plurality of measurenent point 10 subsets which each include a third nunber
of any position-neasurenent-points, each subset respectively having

di fferent conblnaghggeaﬁeﬁggypo§ﬁé|§§héﬁﬁgﬂg égyﬂg S Phe f|P ird

nunber being |arger than a second nunber and snaller t han t nunber,

and the secope 1RagENBErtheimacia Mt (,7) M nynhar sebpnPasur enggh, PehAt s
required to cal culate a predeterm ned nunber of paraneters t hat uni quel y

speci fy posi piiekedriipr imégendata aayqwt €kt ion turd wljlecttoresadnpungedosi ti on
information of the position 20 neasurenent-points included in the plurality
of neasur enepickedntipsibsgesdata alBticdily piadkad-aw dgagkeodagach of the
plurallty of measurenent point subsets, estimations of the predeterm ned
nunber of 2 paPifEegrs 24R4 éér%%|%$9°€ﬂaﬁ¢ﬁeW1th an instruction from

the control unit 39, thus acquiring picked-up image data
IMD.

In step 213, the mark information calculation unit
32 reads out picked-up image data associated with the

10 mark MX(ii1, Jn1) from the picked-up image data storage
area 41, and extracts the X-positions of six edges as
position information in the mark MX (i, Jji11) on the basis
of the picked-up image data and position information (or
velocity information) WPV from the wafer interferometer

15 18 in accordance with an instruction from the control
unit 39. In this manner, (FXi(ii1, Ji1), FXz2(iii, J11),
FX3(i1, Ju1), FXalinn, J11), FXs(i1z, Ja1), FXe(itr, Ja11))
shown in Fig. 7 are extracted as the X-positions of the
six edges.

20 Such extraction of the X-positions of the edge can
be implemented by analyzing a waveform obtained by
scanning the picked-up image data along an XS (i1, J11)
axis which passes all the three line portions of the mark
MX (i1, Ji1i1) and is parallel to the X-axis, as shown in

25 Fig. 7, or by analyzing a waveform obtained by
integrating the picked-up image data in the Y-direction.

Note that the latter method requires a larger arithmetic



15 AUG 2003 117 estinations, based on neasurenent results of the ﬁgird
nunber of any position-nmeasurenent-points; determ ning the parane ‘n@ﬁ 2003
based on the estimations of the predeterm ned nunber of paraneters
calculated for 5 each of the plurality of measurenent point subsets and the
certainty of the estimations calculated for each of the plurality of

measur ement point subsets; and cal culating the position information of any
area on the object, using the determ ned paraneters. 10 16. The position
detection nethod according to claim15, further conprising: obtaining

statisti call yHakkdove! ues oLoihe PLPURLAI NG NUTheL .01 Rar gReLpLs,  based

on the 15 respec I've groups tions an Fural|ty
of neasurenegh?gglnt subsets calculated in the step of statlstlcally
cal cul ating The position detection nethod according to 20 claim 16,

wherein the stati fleifeaiklyigvBhtl val Begofecanh ofed el pre@eanm ned nunber
of paraneters is obtained by cal cul ati ng average of the correspondi ng

estimati ons ugifghtradiont balbelaespecinie I2rdealiotliaass eaposdtivhe 15 AUG
2003 118 certainties representing a piece of weight information
5 FX{ii1, Jin1) of the mark MX (i1, Jj11) and a probability
density PEFX(i11, j11) of that position as follows on the
basis of the edge positions FXyx(iii, j11) (k = 1 to 6) of
the mark MX (i1, jin) extracted in step 213, and edge
positions DXx(iii, J11) of a ideal mark DMX(iii, J11)
10 corresponding to the mark MX (i, Jiu1).

The mark information calculation unit 32 calculates

an X-position FX(ii;, j11) of the mark MX (i1, ju) by

k=1

FX(ipm,jpm)={im(im,jpm)}/6 )

More specifically, the average value of the edge
15 positions FXy(ii;, j11) (k = 1 to 6) of the mark MX (i,
j11) is calculated as the X-position FX(ij;;, Ji11) of the
mark MX(iy, Jui).
The mark information calculation unit 32 then
calculates errors dFXy(iii1, J11) of the measured edge
20 positions FXyx(ii11, Ji11) corresponding to ideal edge
positions DX (111, J11) by
dFXg(i11, J11) = FXk(i11, J11) — DXk(in1, Ju1) " (6)
and then calculates an average value dFX{i1, Jj11) and
standard deviation oX(i;1, Ji11) of the errors dFXg(iii, Ji1)

25 Dby

kal

6
dFX (ipm, fom) = {Z dF Xk (ipm, jpm)}/6 e (7)



for the respective estimation. 5 1f . The position detection nethod
according to claim15, wherein the step of statistically cal cul at1BgAuG 2003
conpri ses: calculating, for each of the plurality of 10 neasurenent point
subsets, respective positions of the third nunber of

posi ti on- nmeasur enent - poi nts based on neasurenent results of the third
nunber of any position nmeasurenent-poi nts and estimating probability
density functions that each represent occurrence probability that 15 the
calcul ated position is to be a predeterm ned val ue of the respective,
selected third nunber of an osition neasurenent-g i Nf1/2 cal cul ating
respective probabibﬁxmmgﬁhsi{ ddF&F(iph, ) e @F X {ipa tj20) Fﬂh tions-@ the

posi ti on- neasur enent - poi nt's based on the probabilily density functions;
and evaluating an error of each of the calculated positions relative to

respective referemneeeP@hbti ReURL-PIsiHeor EBRELL ) VE,,abgutatedaprobability
density's value as a piece of weight information and cal cul ati ng

estimations MX(53;AUG 20031 dhD f ddue tpreedetSar, mithed Xrpobet ioh P&y @nes ers,
based on the evaluated errors. 19 . The position detection method according
to 5 clai m 15uwef eihe pdsinementioasdr saskht DN ks -ade )fommed tae all of the
pOSItlOn-nea%g%gg%gt}gghgtan(in’ j11) of the errors dFXx(iii, J11)
satisfy:
FX(i11, J11) = DXx(in, Ju) + dFX(i1, Jjua) -+ (6A)
Hence, upon calculating the X-position FX(ii1i1, j11) of the
mark MX(iii, ji11), the value dFX(ii;, j11) may be calculated
10 by equation (7), and the X-position may be calculated by
equation (6A) using this value in place of a calculation
given by equation (5).
Upon calculating the value dFX(i;i, j11), in place of
a calculation given by equation (7), after the value
15 FX(i11, J11) has been calculated by equation (5), the value
dFX{ij;, Jj11) can be calculated by
dFX (i1, Jiu) = FX(i11, Ju1) = DXu(iyi, Ja1) ***(6B)
Since the generation factors of the errors dFXy(iii,
j11) are considered to be random, the mark information
20 calculation device 32 assumes that their distribution is

a normal distribution, and that a probability density

function fyi;(dx) of the errors dFXyx(i, Jji1) is given by

] . [ —arxan, iyl
I o X G ) °xp[ 2K i, )Y ] ¥

Based on such estimation, the mark information
25 calculation unit 32 calculates a probability density that

the value of a variable dx is dFX(iii, jn), i.e., an



20 . The position detection nethod according to claim 19, wherein a
plurality of divided areas, each of 10 which is provided with the position
measur enent marks, are arranged on the object. 21 . A position dei-&cAUGomag
met hod for detecting position information of any area on an object provided
15 with a first nunber of position-neasurenent-points, the position
detection nmethod conprising: selecting, fgomthe first nunmber of position
nmeasur enent - poi nts, a first nmeasurenent point subset which includes a third
nunber of any position 20 nmeasurenent-points, the third nunber being Iarger

hunber ES?ﬁg%a%%"ﬁﬁﬁnﬁ%”ﬁaﬁﬁ%if#%ﬁ@af%ﬁéiLEO. 1S Fhs Rreab 688 el are
_predet er_m negfhrézg.ggrk gg((galra ertsd ejgata %llglg_.el%ua eC| f}/)lg%ﬁl tion

i nformation any are obj ect selecting, from

the first rreasurerﬁfxt t LLb yral4ty)of second measur ement poi nt
subset s which each ﬁd(raﬁlzlffousﬁéh( n{)lﬂ 1tlgny position

measur enent - poi nts , ea:ch)(aubé’ébw(qu,eqﬁyp‘lly having 5 different(10)
conbi nati on of the position-nmeasurenent-points, and the fourth nunber being
| arger than tlre gwmanrﬁamnet1andcshathlcetl¢mamithe32 trakesurdher ; neasuri ng
position information of the position neasurenent-points incl uded in the
fist neasure®fitgenEX (111, Ju1) of the mark MX(in, Jjui) and its

occurrence probability pFX (i1, Ji11) calculated in this way

in the mark information storage area 43. 1In this manner,

calculations of the mark information that pertains to the

10 first mark MX(i;;, Jj;1) are completed,

Figs. 8A and 8B show an example wherein the
X-position FX({ij;;, j11) of the mark MX (i1, Ji11) and its
occurrence probability pFX (i1, Jj11) are calculated on the
basis of the measured edge positions FXx(ii1, Jj11), and

15 Figs. 9A and 9B show another example.

In the example shown in Figs. 8A and BB, the errors
dFXx(i11, j11) of the measured edge positions FXg(iii, ji1)
corresponding to the ideal edge positions DXy(iji, ji11) are
relatively uniform, as shown in Fig. 8A. Note that

20 Fig. BA illustrates the edge positions DXx(iii, j11) as
elements on the X-axis in the mark DMX(ii1, Jji11), and has
symbols DXy attached onto those elements. Also, Fig. 8A
illustrates the edge positions FXyx(iii1, Jj11) as elements on
the X-axis in the mark MX(i;;, Jji11), and has symbols FXjy

25 attached onto those elements.

In the mark MX (i1, Ji11) for which the edge positions
F¥k (111, 3J11) shown in Fig. BA are measured, the

probability density function £y;;(dx) of the error



10 subset; and statistically evaluating a possibility of replacing the
first neasurement point subset by one of the plurality of secondqg UG
measur enent poi nt subsets, based on nmeasurenent results of the thir n&ﬁ%er
of any position 15 neasurenent-points conposing the first neasurenent point
subset and neasurenent results of sets of the fourth nunber of any

posi tion-neasur enent - poi nts each conposijng one of the second neasurenent
poi nt subsets, the first neasurenment point subset being used to cal cul ate
the 20 predeterm ned nunber of paraneters, and in the step of Statistically

eval uating, eNAALLg.RI IL! aLLl)esabelnsan i hiedelsd M dgd,f eat uggoamount

of the first nmeasurenment poi nf Subset and a pre erm ne eature anount of

the second ”%%%%B%'f%nﬁei@%@ioﬁb@)%?ié,r spealsi ¥RbY10bhai fede 281 Pasgd on each
of the measurenent results, the 15 AUG 2003 121 predeterm ned feature

anount of therepeeiditpassheient ppolnf, sybsetthabeangesaoe kakdsfgature
anount as the predeterm ned feature anount of the first neasurenent point

subset. 5 22 vallilee dpEdiiti,onitet eicta.gn tet Kogoadtdrdi ng tbecharkn 21, wherein
the step of evaluating conprises: statistically calculating estimtions of
t he predeber M¥lddinuhbkrtdfepaa dmeiua Frdiceht hi PEGOBES t FRragr ddidnmt i ons,
based on neasurenent results of the third nunber of

posi ti on- measdedmet Fggi-nes EBnBGs?ﬁﬁcfhE@?;b%ﬁOWmasurenent poi nt subset ;

statistically Ca“ﬂ%éﬁwﬂyge?sgh Eéogiagglghghown in Figs. 9A and 9B,

the errors dFXy(iii, Jji11) of the measured edge positions
FXg{i11, J11) corresponding to the ideal edge positions

10 DXx(iin, Ji11) greatly wvary, as shown in Fig. 9A. Note that
Fig. 9A uses the same expression method as Fig. 8A.

In the mark MX(i;;, ju1) for which the edge positions
FXy(i11, J11) shown in Fig. 9A are measured, the
probability density function f£y;;(dx) of the error

15 distribution is gradual, as shown in Fig. 9B. That is,
the standard deviation oX(iii, Ji11) of the error
distribution takes a large value. As a result, the
probability density pFX (i1, Ji11) that an error takes the,
value dFX (i3, ju1), i.e., the X-position of the mark

20 XM({ij1, Ji11) assumes the value FX (i1, ji11) becomes smaller
than that in Fig. 8B mentioned above.

Referring back to Fig. 6, it is checked in step 215
if mark information calculations for all the selected
marks are complete. In the aforementioned process, since

25 the calculations of mark information of only one mark
MX(i11, Jj11), i.e., the mark position FX(i;1, j11) of the

mark MX(i11, J11) and its probability density pFX(iii, Ji1)



predet er mi ned nunber of paranmeters and certainty of the 15 estimations for
each of the plurality of second neasurenent point subsets, based on
neasurenent results of the fourth number of position-neasurenent -igbiAHE s2003
and conparing the estimations and certainty of the first nmeasurenent point
subset with the estimations and 20 certainty for each of the plurality of
second neasurenent point subsets and evaBuating possibility of replacing
the first neasurenent point subset by one of the plurality of second

measur enent point subsets, the first measurenent point subset being used to
cal cul ate thg pregetrsve nach S duwdiennofktRar amst €5SNo, dfd Abke 2003 222 23 .
The position detection nethod according to claim 22, wherein in the step of
cal cul ati ng gsghémte oadvdrded e fddeqt 21@asur enent point subset, certainties
of 5 position neasurenent results of the position-neasurenent points are
taken i nto accounfnupbsp caléul @ie ngoritm lesinimaBiSonsvasdtber waEatyWt her eof .
24 . The position detection nethod according to 10 claim 23, wherein the
step of cal chbasipgsbsiomathens the nexd fmark faddsuwéirbhn pbenimagdset
conprises: calculating respective positions of the third nunber of

posi ti on-TreaBlfEHRNELIPLE e S, Vi HE P Sde IRENE PAETRESSARRENt poi nt
subset, baseg og neasur epren resultf ORq%% %%%et%ir% ggnbeghofw for

posi tion-nea {3 n@ﬂY?%%?ﬁt% eﬁﬁfcﬁﬁ %ﬁulng proba VIle 83n5|?y FUREti ons

that each stage WST when the control unit 39 controls the wafer
drive unit 24 via the stage control system 19 on the
basis of the prealignment result.
10 After that, the X-positions FX(ipm, Jpm) of other

marks MX(ipm, Jpm) and their probability densities pFX (ipm,
jpm) » the Y-positions FY(ips, Jps) ©f marks MY (ips, Jps) and
their probability densities pFY(ips, Jps), the X-positions
FX{(ign, Jgn) of marks MX(iqu, Jgqn) and their probability

15 densities pFX(ign, Jgq), and the Y-positions FY(igqe, Jqu) oOf
marks MY (ige, Jqt) and their probability densities pFY (iqe,
jqt) are computed in the same manner as in the case of the
aforementioned mark MX (i1, Ji1) until it is determined in
step 215 that the mark information (mark positions and

20 probability densities) of all the selected marks has been
calculated. If the mark information of all the selected
marks has been calculated, and the answer in step 215 is
YES, subroutine 202 ends. And the sequence advances to
step 203 in Fig. 5.

25 In step 203, the parameter calculation unit 33 reads
out the X-positions (ipm, Jpm) (m =1 to M) of the marks
MX(ipm, Jpm) and their probability densities pFX(ipm, Jpm).,

and the Y-positions FY(igs, Jps) (s = 1 to M) of the marks



represent occurrence probability of the calculated position of a respective

20 calculatiqg
respective probability densities of the cal cul ated positions of thd5 AUG 2003

posi ti on- neasur enent - poi nts, based on the probability density functions:
and evaluating an error of each of the calculated positions relative to

point of the third nunber of position-nmeasurenent-points;

respective reference position using 25 tgg respective cal
probability density's val ue as 15 AUG 2003 123 a pi ece

cul at ed
of wei ght

i nformation and cal cul ati ng estimations of the predeterm ned nunber of

, d R d .o 25 . Th iyji.on d [
et hod accor dRGe6 i AFDo CHahEr BERTRCEHEY et bt S erngres)

timations f I n i e
bosi &1 on measiE 2iadie MO AFASL IR LcBRA0L 2U33°Ls PoF

tal T Esn

poi nts ar

égﬁaken

into account gpengcahCulabirgntheyifnesti (s Ans: syl €& alHy Yeddigiqof . 26
The position detection nethod according to claim25, wherein the step of

cal cul ati ng eghi e onsSrHerpAaciet2eCeRd ciBASUHRNMEAL tPOB NEKSAIbSet conpri ses:
15 cal cul ating respective positions of the fourth nunber of
posi ti on- rMeasuakboeld t0i thes e fuimatdonsob £t barpmetakist whOEh sesdipde 1y
measur enment poi nt subsets, based on neasurenent results of the fourth
nunber of posEPeehEnetkerarmanogysing ofasbcsseireasi A8 (probabi ity density

The marks MX(i, 3j) and MY(i, j) formed on the wafer

W deviate from their ideal positions due to a

mismatch

between a stage coordinate system (X, Y) which specifies

10 the position of the wafer stage WST, and the arrangement

coordinate system of shot areas as a design coordinate

system, i.e., a wafer coordinate system (a, PB), and such

a mismatch occurs due to the following four main factors.

D Rotation of wafer: This is expressed by a residual

15 rotation error O of the wafer coordinate system (a, B)

with respect to the stage coordinate system (X, Y).

) Orthogohality of the stage coordinate system (X,

Y): This occurs when the X~axis and Y-axis feed

directions of the wafer stage WST are not accurately

20 orthogonal to each other, aﬁd is expressed by

orthogonality error w.

an

@ Linear expansion/shrinkage (wafer scaling values)

in the a- and B-directions of the wafer coordinate system

(¢, B): This occurs when the wafer W entirely
25 expands/contracts due to wafer processing or

This expansion/shrinkage amount is expressed

scaling values Ry and Ry in the a~ and B-directions.

the like.

by wafer

that the wafer scaling value Ry in the a-direction is

Note



20 functions that each represent occurrence probability of the cal cul ated
position of a respective point of the fourth nunber of 1.5 AUG 2003
posi tii on- neasur enent - poi nts; cal cul ati ng respective probability densities
of the cal cul ated positions of the position-nmeasurenent-points, 25 based on
the probability density functions; and 15 AUG 2003 124 eval uating an
error of each of the cal cul ated positiog% relative to respective reference
position using the respective calculated probability density's value as a
pi ece of weight information and cal cul ating estimtions 5 of the

pr edet er m ned_nunber, of, paraneters. ha n e I e . 27 . The
position det égPFSHe%?ﬂokgyatg}é%r%tnlgo B)oe STdeae?lmt%%, a\%ﬁgﬁg?& ﬂﬁggé?é% of

eval uating COaRGLSGA 30554t SiEa ¢ Nt WA bk Qe eRAENOpo L HEsSECON
measur enent poi nt subsets, “estimations of the predeterm ned nuhber of

parameters ang ¢@kt alalyeltibheo®sthdbid s w,baged the Wa&swr epRMingesul ts
of the fourth nunber of position-neasurenent-points; 15 statistically

cal cul ati ng pesiukli ap £i rities ffditdeeties tisoreprasaneasnby pohatsatofot he first
measur enent poi nt subset through use of the estinmations of the

pr edet er nb nedbetweer the pataaklersezalred ataEldid mndheestigp shloal cul ating
estimations and evaluating a possibility 20 of replacing the first

neasur enent peitweesubyet ppinbaeinfthgPiineatiitan.of second neasur enent

oi nt subsets. .
P @ Offset of the wafer coordinate system (a, B) with

respect to the stage coordinate system (X, Y): This
occurs when the wafer W has entirely deviated by an

10 infinitesimal amount with respect to the wafer stage WST
and 1s expressed by offset amounts Ox and Oy.

When the aforementioned error factors @ to @ are

added, a pattern to be transferred to a target position
(DX, DY), in terms of design, on the wafer coordinate

15 system (o, B) is transferred to a position (EX, EY) on
the stage coordinate system (X, Y), of which the position

is given by
(EX]___(R,\',OJ (cosB,—sinB J (l,—tanw) (DX)+(OXJ D)
EY O,Rr) \sin@, cosf) \0, 1 DY Or
Note that various other error factors are also present in
20 addition to the aforementioned ones upon actual transfer,
and the position (EX, EY) is considered as an expected
transfer position.
In general, since the orthogonality error w and
residual rotation error O can be considered as
25 infinitesimal amounts, the target transfer position (DX,

DY) and expected transfer position (EX, EY) are related

by



28 . The position detection nmethod according to claim 27, wherein in the
step of calculating estimations, 25 certainties of position neasurqggﬂk
resulits of the 15 AUG 2003 125 position-nmeasurenent-points are ta LS
account upon calculating the estimations and certainty thereof. 29 . The
position detection nethod according to 5 claim 28, wherein the step of

cal cul ating estimations conprises: calcy,ating respective positions of the
fourth nunber of position-neasurenent -points, for each of the plurality of
second nmeasurenent point subsets, based on 10 neasurenent results of the
fourth nunber of p asqaggg@? estimating probability
density functions Eﬁkj=§ach r epresen l cua € pr@ability of the
cal cul ated positio E&t) a ke ecgfve poi Y3 \Pre fourth nunber of

posi ti on- neasur enent - poi nts; 15 cal cul ating respective probability
densities of jlienCalppbated ositions: &l A RAakiaBnTEEs upgMENt - poi Nt s,

based on the pro abl Ity density functions; and eval uating an error of each
of the caIcuk&ﬁg@n@ﬁgtgh@nguﬁgifgﬁthtéqdégﬂgﬁnquq reference position using
20 the respective cal cul ated probability density's ‘val ue as a pi ece of

wei ght i nformati onnartecdbtubaihggdestr ptians afudtherpr@det eam addonunber
of paraneters, based on the evaluated errors.
5 be expressed by

(EXJ=(A1|,A12] (DX)'F(OX] (13)
EY An,A» ) \ DY Or

where
A3 = Ry e (14)
A1z = -Ry'(w + ) " (13)
10 A1 = RyO - (16)
Ajs = Ry e (17)

That is, parameters which uniquely specify the
arran@ement of shot areas SA(i, J) are six parameters A;j,
A1z, Az1, Az, Oy, and Oy. In step 203, the parameter

15 calculation unit 33 calculates the estimations of these
six parameters of each sample set Sp as follows.

The parameter calculation unit 33 calculates an
expected transfer X-position EX(ipm, Jpm) of each mark
MX(ipn, Jpm) from the ideal transfer position (DXx(ipm, Jpm).

20 DYx(ipm/ Jpm)) of the mark MX(ipm, Jpm) using equation (13),
the EX(ipm, Jpm) containing the parameters. Subsequently,
the parameter calculation unit 33 calculates an expected
transfer Y-position EY (ips, Jps) ©of each mark MY (ips, Jps)
from the ideal transfer position (DXy(ips, Jps), DY¥y(ips,

25 Jps)) of the mark MY (ips, Jps) using equation (13), the

EY (ips, Jps) containing the parameters.



15 AUG 2003 126 30 . The position detection nethod according to claim 21,
further conprising a step which, when the step of evaluating fingg ﬁﬁﬁﬂﬁ?
measur enent point subsets that can replace the first neasurenent point
subset, selects a 5 nost valid subset fromthe second neasurenent point
subsets for replacenent and adopts estimations of the predeterm ned nunber
of paraneters, calcul ated based on neasgpenent results of the fourth nunber
of position neasurenent-points of the selected second neasurenent 10 poi nt
subset, as values thereof, and which, when the step of evaluating finds no

second neasurenen%P§QL2§?§;§E¥gﬁ%g E?ﬁﬁ%ﬁfé QQF%nHQe3gi%%gFggéﬁggenent

poi nt subset, ado i'ons o € predetermned nu paraneters,

cal cul ated bgged, P8y 15x TESE U BBk & &5t drd 18 (118 ]sp%‘é(,)ngaﬂé'ﬁfpﬂe@f position
measur enent - poi nt s of the first ‘measurenent point subset, as val ues

thereof. 31 balbe §OSthé aledilvmid reidlag aeQandivegtbotBe ekpeoted,
wherei n position nmeasurenent marks are forned at the

posi ti on- neaguaasEst - popad 5tiG?2 EX (IR, phsit fon detkchapk Wethad dsdor di ng
to claim31l, wherein a plurality of divided areas, each of 15 AUG 2003
127 whichSisbgrovided with the position neasurenent marks,
0Xpm = FX(ipm, Jpm) = EX(ipns Jpm) - (18)
The parameter calculation unit 33 also calculates an
error 6Yps of the Y-position FY(ips, Jps), calculated based
on the measurement result, relative to the expected
10 transfer Y-position EY(ips, Jjps) for each mark MY (ipss, Jps)
by
8Yps = FY(ips, Jps) — EY(ips, Jps) =+ (19)
Normally, it is said that the more identical the
ideal mark shape and actually transferred mark shape are,
15 the more accurate mark transfer onto the wafer W has been
done (except for transfer position accuracy). Therefore,
the mark position is more reliable as it is calculated
from the measurement results of the edge positions of the
mark having a shape ﬁore identical to the ideal mark’s
20 shape. Also, the reliability level of the calculated
mark position depends on the occurrence probability of
the mark position, i.e., the probability density.
Hence, the parameter calculation unit 33 evaluates
the errors 6Xpm and 8Yps calculated by equations (18) and
25 (19) using the probability densities pFX(igm, Jpm) and
PFY (ips, Jps), and calculates evaluated errors €Xpn and €Yy
by

€Xpm = PEFX (ipm, Jpm) 'Sxpm <+ (20)



are arranged on the object. 33 . A position detection nethod for detecting
5 position information of any area on an object provided wth a f,i b
nunber of position-neasurenent-points, the position detection netﬁ%é G 2003
conprising: selecting, fromthe first nunber of position
measurenent-points, a plurality of first measurenent 10 point subsets which
each include a third nunber of any positgspn-nmeasurenment-points, each subset
respectively having different conbination of the position-nmeasurenent-
points, the third nunber being Iarger than a second nunber and snmaller than

the first nunber, _and th? Zcicong unber being a m ni mum nunper. 1C3f
measur enent p0|nt§ Wequp g 81cu‘ﬁte a predeterm ned nunber of

parareters that umguely.ageei ¥aposidt ol igior s ignploauates on the

obj ect; sel ecting, e ap ura Ity e first 20 nmeasurenent points

subsets, a pluyealdstymat 158806¢ RRasHigNBAkafet Bk ssubsens, W,ch Bachokhcl ude
a fourth nunber of any position-nmeasurenent-points , each subset

respecti vel y dmviopowidl ¢1 efieimicos natrien ieh Shegiven by
posi ti on- neasur enent - p0|nts and the fourth nunber being 15 AUG 2003 128

larger thgn the secg 9? er than the third nunber; measuring
position infornati o a’pl g posi tion-nmeasurenent - poi nts included
in the plurality of

by applying the method of least squares on the basis of
the evaluated errors eXpn and €Yps. More specifically, the
parameter calculation unit 33 calculates estimations Ajip,
Ajzp, Azips, Az2p, Oxp, and Oy, of the six parameters Apn, Aiy,
10 Az, Az, Oy, and Oy by solving simultaneous equations made
up of six equations obtained by setting partial
dlifferentials of the variation Sp given by equation (22)
by the six parameters A, Az, Az, Az, Ox, and Oy to zero.
The parameter calculation unit 33 stores P groups of
15 estimations (Ai1p, Ai2p, A21p, RA2zp, Oxps, Oyp) calculated in
this way in the estimation storage area 45.
The valid value calculation unit 34 reads out the P
sets of calculated estimations (Ajip, Aizp, A21ps, A22p, Oxp,
Oyp) from the estimation storage area 45, and calculates
20 an X-position deviation opX, Y-position deviation opY, and
covariance o XY associated with each sample set Sp upon
adopting each group of estimations as follows.
The valid value calculation unit 34 calculates the
expected transfer X-position EXg(ipm, Jpm) of each mark
25 MX(ipn, Jpm) from the ideal transfer position (DXx(ipm, Jpn) -
DYy(ipm, Jpm)) of the mark MX(ipm, Jpm) using the

estimations (Aj;1p, Pizp, A21p, A22p, Oxpr Oyp) as the values of



5 the first neasurenent point subsets; and statistically evaluating, based
on neasurenent results of the position-neasurenent-points includep iﬂ¥§gﬁ
plurality of the first nmeasurenent point subset, a possibility of'?ep a %g
the plurality of first 10 neasurenent point subsets by one of the plurality
of second neasurenent point subsets, as a nmeasurenent point set used to

cal cul ate the predeterm ned nunber of pagganeters. 15 34 . The position
detection nethod according to claim 33, wherein the step of evaluating
conprises: statistically calculating, for each of the plurality of first

measur enent mghnbawﬂée&sf @ﬁlié”g |,0m3, ,0fa b heopr edet ek Bgsk TAHTDEr 3 0f

paraneters and certainty o estimations, based on neasurenent

resul ts of tRepkBguentuyhetnof voHDEd tvdiiue MRAITISTEM REILRL 94 cal cul ati ng
statistically valid estimations of the predeterm ned nunber of paraneters
and cert ai nt yadtuflbeeesthantkpast ed aseah offe g rbypes iafi dnh&Yg $14spatipOns and 25
certainty thereof for the plurality of first measurenent 15 AUG 2D03 129
poi nt subset ©f eakbuharsdMYhishe Isdlefrom chlecdbgrilngransfantPopstion each
first neasurenment point subset; statistically calculating estimations of
the predeber fil¥edimunber) roPYphtmmeter)d &fd téer Markt YYotetrhdrd esti mati ons

for each of the plurali of second. neasur enent, poji nt .subset.s, .based on
measur ement resurﬁge va&%d vaiue calcufat{on unlp él‘then calcula%es

an error 8pXpm of the X-position FX(ipm, Jpm)r, calculated
based on the measurement result, relative to the expected
transfer X-position EXp(ipm, Jjpm) for each mark MX(ipm, Jpm)
10 by
OpXpm = FX(ipm, Jpm) — EXp(ipn, Jpm) '+ (23)
Subsequently, the valid value calculation unit 34
calculates an error §,Yps of the Y-position FY(ips, Jps)
calculated based on the measurement result from the
15 expected transfer Y-position EY,(ips, Jjps} for each mark
MY (ips, Jps) by
OpYps = FY(ips, Jps) = EYp(ips, Jps) e (24)
The valid value calculation unit 34 then evaluates
the errors §,Xpm and 8,Yps calculated by equations (23) and
20 (24) using the probability densities pFX(ipm, Jjpm) and

PEY (ips, Jps), and calculates evaluated errors gpXpm and

Ep¥ps DY
€pXpn = PEX (ipms Jpm) 8pXpn e (25)
€pYps = PFY (ips, Jps) Bp¥ps - (26)
25 The valid value calculation unit 34 calculates an

X-position deviation opX, Y-position deviation opY, and

covariance opXY respectively by



of the fourth nunber of position-nmeasurenent-points; and conparing the
statistically valid estimati ons and certainty with the estinationfsaﬂd
certainty for each of 10 the plurality of second nmeasurenent point’ as
and evaluating a possibility of adopting one of the plurality of second
measur enent poi nt subsets as a neasurenent point set used to cal culate the
predeterm ned nunber of parameters. 15 3f . The position detection method
according to claim 39, wherein in the step of calculating estinmations for
each first measurenent point subset, certainties of position neasurenent

results of the positioffmeasurgnment 2Q;moints are taken into account upon
cal cul ating the es@ﬂﬁa{{Eb@ﬂh& /Gﬂﬁﬂ%inty t-hé€2Bof . 36 . The position
detection nethod accordits™ to ol aim3%, wherein the step of cal cul ating
estimations for 25 each first measurenment point subset conprises: 15 AUG

2003 130 calculatlng r % osit|ld@s of ,the third nunber of
posi ti on- measur enerfPL p%iﬁ?éﬂ@ %ﬂaéaéﬁLof thecﬁsurallty of first neasurenent
poi nt subsets, based on‘“ffkasurénent results of the third number of

posi ti on- neasurenent 5 ints and estimati probability density functions
that each represent_ it t he(snl cul ated position of a
el sy |9 e s

respective point of i on- neasurenent poi nts;
The valid value calculation unit 34 calculates a
5 deviation op upon adopting the estimations (A;i1p, BRi2p, A21p,

A22pl OXpr OYP) by
1/2
={ (aX)?+ (opY)? - (0nXY)? } +++(30)

The calculated deviations o, indicate the certainties

of the respective estimations (Ri1p, BAizp, A2ip, Bazp, Oxps
10 Oyp), i.e., the degrees by which the respective sample
sets S, represent the entire marks MX and MY.

The parameter calculation unit 33 checks in step 204
if there are a plurality of sample sets S,. In the above,
since the number of sample sets Sp is P (> 1), the answer

15 in step 204 is YES, and the sequence advances to step 205.

In step 205, on the basis of the P groups of
estimations (Aj;ip, Aizp, Az21p, A22p, Oxpsr Oyp) and deviations
o, that reflect the certainty, the valid value calculation
unit 34 calculates weighted mean of each parameter of the

20 estimations (Aiip, Aizp, Azip, A22p, Oxpr Oyp) using the values
(1/0y) as respective weight coefficients of the
estimations, and obtains a set of statistically valid
parameter values (Aiio, BAizo, A210, A220, Oxor Oyo). That is,

the valid value calculation unit 34 computes



cal cul ating respective probability densities of the 10 cal cul ated positions
of the position-neasurenent-points, based on the probability denshsyaug 2003
functions; and evaluating an error of each of the cal cul ated positions
relative to respective reference position using the respective cal cul at ed
probability density's value as 15 a piece of weight information and

cal cul ating estimations of the predetermgied nunber of paraneters, based on
the evaluated errors. 37 . The position detection nethod according to 20
claim 34, wherein in the step of calculatlng estimations for each second

measur enent poi nt subs P certaln i n})05|t|on asurenent results of
t he position- neasu#@ne i { &) Ig? dn/ emtp ac nt upon cal cul ating the
f).

estimations and certainry thereo p=l 15 AUG 2003 131 38 . The position
detection zn.ethod. according to clal erein the step of calculating
estimations for eac iﬁ ufe SE t sub conprises: calculating
respective positioﬁgm"ﬁ; ﬁguggﬁﬁ #Bg? posi“i on- measur ement - poi nt s,
for each of the plurali y of sec asure nt point subsets, based, on
measurenment results of the fourth osi ti oz~ measur enent - poi nts
and estinmating pro@ggg A8, éy’ i hat $Hch represent occurrence
probability of 1C the c éula? d’ én?g? reépectlve poi nt of the

A220={i(1422p / ov) }/{ZP:(I / o) } ..-(34)

p=l p=l

5 oxo={i(oxp/ap) }/{f(l /ap)} ++(35)

p=l p=l

oyo={i(oy,,/a,,) }/{zpja /ap)} .--(36)

pal p=l

Also, the valid value calculation unit 34 calculates
deviation 6, upon adopting the statistically valid

parameter values {Aiio, Aizor Az210r B2z0r Oxor Ovo) by

10 0'o=P/i(l [op) - (3T)
p=1

The valid value calculation unit 34 stores the
statistically valid parameter values (Aj1i0, Aiz0, Azi0, A220
Oxo, Oyo) and deviation oo calculated in this way in the
valid value storage area 44 as parameter values (AU, AU,

15 AU,;;, AUy, OUg, OUy) and deviation oU used upon exposure

of the wafer W.

In subroutine 207, the evaluation unit 35 evaluates
in accordance with an instruction from the control unit
39 possibility of replacing the sample set S, by any of

20 replacement candidate sets Rq.



fourth nutr~bcr of positi.on-znea.su,renment-points; calculating respective

probability densities of the cal cul ated positions of the

15 AUG 200

posi ti on- neasur enent - poi nts, based on, the probability denszty functions
and 1~ evaluating an error of each of the calculated positions relative to
respective reference position using the respective cal cul ated probabii.ity
density's value as a piece of weight infgrmation and cal cul ating

estimations of tk~, e predeterzni n~ed nunber of paraneters,

based on. the 2C

eval uated errors. 39 . The position detection nethod according to claim

34., further corrprIitnsisﬂgr ug%ﬁge?@%(:hth Z%paﬂﬁisé equLftt %‘Sa’zj.e‘é’dgt ioﬂQ finds

second. neasurenment poin t hat

poi nt_subset x 38l:8¢18nd Fx12 ,,/,*rUg?B

measur enent point subsets

can repl ace

he Lirst nmeasur ement

003, 13 Sty valki sgk (£ romyt he second
%acghen? gﬁdhédggtgagg?iﬁ%éi%nSBSP t he

pr edet er m ne@wmgﬁroprggggﬂiﬁ Sdeféd €14 Atk Biggeds gn, Neagur enent results

of the fourth nunber o

position 5 neasurenent-polnts of the selected

second neasurepRRitpenst FEYbsEt j.as mal=uds ticheneoff, mandswil ¢ by, wWHen t he
step of evaluating finds no second neasurenent point subsets that can

repl ace t he fandstthedasprelshi lpbyndessbsies ritopts, t he)sfaphstheansykvalid
10 estimations as values of the predeterm ned nunber of paraneters. 40 .
The positi on iddicaaeitdennetrsadacesedi g D IR MBB,ofwmfdrei 1% Hé $hep of
eval uating conprises: 15 statigﬁ%callg calculahs%%sfor qggh of ng second

measur enent poiiit "SGHSEt 85 &8t PRt PHRESBER thee e of

e samp

sets Sp. The evaluation unit 35 calculates a estimation

(A11qr A12q, B21qr A22q, Oxqr and Oyq) for parameters Ay, Aja,

10 A1, Az, Oy, and Oy which uniquely specify the a

rrangement

of shot areas SA(i, j) in the same manner as in the case

cf the sample sets Sp.

The evaluation device 35 then calculates X-position

deviations oqX, Y-position deviations o4Y, and covariances

15 oqXY of respective replacement candidate sets Rq upon

adopting the Q sets of calculated estimations (
A21q, B22q, Oxqr Oyq), and also deviations o4 upon

the Q sets of calculated estimations (Aiiq, Ai2qs

Allqr A12qr
adopting

A21qr A22qr

Oxqr Oyq) in the same manner as in the case of the sample

20 sets Sp. The calculated deviations ogq indicate
certainties of the respective estimations (Aiig,
RA22q, Oxqr Ovq), i.e., the degrees by which the r
replacement candidate sets Rq represent the ent
MX and MY.

25 In step 222, the evaluation unit 35 reads

the
Ri12qr A21qs
espective

ire marks

out the

statistically valid parameter values (AU;i, AUi2, AU21, AUz,

OUyx, OUy) and deviation oU from the valid value

storage

area 44, and evaluates similarities with the estimations



predet er mi ned nunber of paraneters and certainty of the estimations, based
on measurenent results of the fourth nunber of position-nmeasurenent-pdVAt 283
20 cal culating position errors of all the position neasurenent-points of
the plurality of first measurenment point subsets through use of the
estimations of the predeterm . ned nunber of paraneters cal culated for each
of the second nmeasurenent point subsets ggnd eval uating 25 possibility of
replacing the plurality of first 15 AUG 2003 133 neasurenent point
subsets by one of the plurality of second measurenent point subsets. 41 .

The posi ti on detecyion gethog accordi pa)tang gLat ot d0ns Whereindinrihe step

e
of cal cul ati ng &&t1 M8 i oHE fofYeact’ se nmeasur enent  poi nt subset,
certainties @fiyRoshki PBpIRASHEREENnd LSl d Stfs t’H1E POsEh | Opa IEASLERTENt
points are taken into account upon cal culating the estinmations and
certainty thearsedbnelBy42ompibRePobvdlPresiadieiidion meishiadlacieydEngfto claim
41, wherein the step of calculating estimations for each second neasurenent
poi nt subset parEpricees vataksugaremgoyespective positions of the fourth 15
nunber of position-nea urenent-p?int , for each of the plurality of second
measur eneht poi nt FguBsebsa hakld! oh wsur Ml results of the fourth

nunber of position neasurenment-pqintg _and estimatin robability densit
P + S17°leq - AU:E)l + |Bz2q - AUzerH gp y y

+ |ogqg - OUxl + lOyq = OUY] ++(38)

and a similarity G of deviation values given by

Gqg = log - oU| - (39)
10 For example, if
Cl < Fq % Gq -+ (40)

for a predetermined value Cl, it may be determined that
the two sets are similar. 1In such a case, the similarity
F of the parameter values and the similarity G of
15 deviation values are equally handled.
On the other hand, if
C2 < Fq + Gq e (41)
for a predetermined value C2, it may be determiﬁed that
the two sets are similar. In such a case as well, the
20 similarity F of the parameter values and the similarity G
of deviation values are equally handled.
Also, if
C3 < Fq + 3Gq - (42)
for a predetermined value C3, it is evaluated that the
25 two sets are similar. In such case, the similarity F of
the parameter values and the triple of the similarity G

of deviation values are equally handled.



functions that each represent occurrence probability of 20 the cal cul ated
position of a respective point of the fourth nunber of

posi ti on- neasur enent - poi nt s;

based on

cal cul ating respective probability de1r'1':%iﬂtu|ﬁegm3
of the cal cul ated positions of the position-nmeasurenent-points,
the probability density functions; and 15 AUG 2003 134 eval uating an

errpr of each of the calculated posa.tigus relative to respective ref erence
position using tk~e respective caiculated probability density's value as a
ni ece of weight information a.nd caJ.cu.la.tin.g estimations 5 of the

e e, T, S RARIE S S a0 s ¥ e

posJ.tion detection net

accor

urther conprising a

The

step which, whep tBg18t8ReAP Sin@Vdt@tddtg {] RESLSREQNHBRABHHRAEAS POI Nt

subsets that can replace the first nmeasurenent point subset,

sel ects a nobst

valid one, foe cephiagenepta péstile SEcORM ZNEasUrier eep PNt gybgets and

adopts estimations of the predeterm ned nunber of paraneters,

based on 15 hWmasteeneds, resal ¢vabiathen funurt Bhuwdnets af bgeesirtt on

measur enent - paints of the sel ected second neasurenent pcint subset,

cal QU at ed

as

val ues t héredhdigading~thih, tahthe t fentreb Wilte\# .uaThengohitydd moisecond
measur enment paoi nt suybsets that can replace the first 20 nmeasurenent point

subset, st at i%st FEEPRYeEaFREI BEBRT BstT

FEHIREDMThE it SSENF Y red nunber  of

pararet ers and SSULALLY T Lhe SLLIT QNS paged afdieasyz-eneet resul ts

of the thirdTunber “of
plurality of fid3hat888ULeBBAhe area 42 in step 225.

10

15

20

25

o057t on-~néasu. rem en

poi nts“tor “"each of the

the process of subroutine 207 executed if NO in step 223
ends.

On the other hand, if YES in step 223, the
evaluation unit 35 replaces the replacement candidate set
information in the sample set information storage area 42
by information that pertains to only the replacement
candidate set or sets found to be similar.

The evaluation unit 35 checks in step 226 if there
is a replacement candidate set that is successively found
to be similar a predetermined number of times. For
example, when the predetermined number of times is three,
since similarity evaluation has been done only once for
only one wafer, the answer in step 226 is NO, and then
the process of subroutine 207 ends.

If the predetermined number of times is one, the
answer in step 226 is YES, and the evaluation unit 35
selects a replacement candidate set having the highest
similarity from those found to be similar as a new sample
set, and replaces the sample set information in the

sample set information storage area 42 by information

In this fashion,



25 poi nt subsets, anal adopts as val ues of the predeterm ned 15 AUG 2003
135 nunber of paraneters statistically valid estimations thereof t&lAUE 20%d
based on groups of the estinmations and certainty thereof for the plurality
of first measurenment point subsets. 5 44 . The position detection nethod
according to claim43, wherein the statistically valid value of each of the
predeterm ned nunber of paraneters is olbfgai ned by cal cul ati ng average of

t he correspondi ng estimations 10 weighted with the respective certainties,
each of the certainties representing a piece of weight information for the

respective e3hbfBhLAfaid2 ro Mif ARSI (A 1MLIRA! hah Jtebhed accerdbng to 15

claim 33, wherein position nmeasurenent rks are forned at e

posi tion- meaguueAENEnE0bRbSes St siirdiftsidd @o7det gt iseenhmat Badeaccor di ng
to claim45, wheréin a plurality of divided areas each of 20 which is

provi ded wi t knehaupbait bHns AMESeIr SAENti Teorles farom dverangad on the object. 47
A position detector that detects position information of any area on an
obj ect provi ded wPklradlellbo At 2003rdi¥ntioned process of subroutine
5 207, the control unit 39 calculates the arrangement
coordinate positions of shot areas SA(i, j) using the
parameter values (AU, AUz, AUz, AUz, OUyx, OUy)
calculated in step 205 in Fig. 5. Then, the reticle R
and wafer W are aligned on the basis of the calculated
10 shot area arrangement under the control of the control
unit 39, and the wafer W and reticle R are synchronously
moved at a velocity ratio corresponding to the projection
magnification in opposite directions along the scan
direction (Y-direction) while a slit-like illumination
15 area (the center of which nearly coincides with the
optical axis AX) is illuminated with illumination light
IL, thus transferring a pattern on a pattern area of the
reticle R onto each shot area SA{(i, j) in the reduced
scale. Upon completion of pattern transfer ontc all the
20 shot areas SA(i, j), the wafer is unloaded under the
control of the control unit 39.

If exposure of the first wafer W is complete, and
the process of the subroutine has ended in this way, the
control unit 39 checks in step 208 in Fig. 5 if exposure

25 of all wafers (e.g., wafers for one lot) is complete. 1In
the above process, since exposure of only the first wafer
is complete, the answer in step 208 is NO. The next

wafer is loaded onto the wafer holder 25 by the wafer



plurality of position-nmeasurenent-points, the position detector conprising:
a measurenent unit that neasures pieces of position information of),5Maug 2003
posi ti on-neasurenent-points than a 5 mni nrum nunber of neasurenents
required to cal cul ate values of a predeterm ned nunber of paraneters, which
uni quely specify position information of any area on the object, the

posi ti on-nmeasurenent - points being selectgd fromthe plurality of

posi tion-neasurenent-points; 10 an estimation unit that is electrically
connected to the neasurenent unit and that detects respective positions of

t he selected]pos'tiqn-nea ure nt-goints based on surenent results of

t he pi eces of ﬁ? FtiBﬁtiﬁ58WHg$?8n,h%s??WﬁﬂQﬁ?ﬂﬁ%ﬂﬁéﬁ% § V1 EENs BV SFunct i ons
15 which ; i) t .ed iti

s 1o bo a prisCrdTeRRent ALERTBRE BRSO 4R el 1 O

sel ected posigy @hJTRATH BRREOROLPEBeNsh d&SY HY HHOBEd O KAgakdieng t he
sel ected position-neasurenent-points, for respective one 20 of the selected

posi ti on- neasdiRE RonpoNt Sysabfl cal s¢l ehes nuwbahik (iy jdenrsid myafi ,t he
detected position of each o? t he position-nmeasurenent-points: and a

par amet er 5cal Yulcin be pliacethatthsnetket ob st vat oomnieictlet] dfo wileer of
measurenment unit and the estimation unit 25 and that eval uates detection
error of eacHhs alignmens MUCreeosre3XSdetREtew Puxh 4 i WrePrsmilZe tesi ng t he

respective Cegé¥“f§(%1g. 5 are repeated for each wafer W in the same
manner as the first wafer until YES is determined n step
208.

10 If it is determined in step 208 in Fig. 5 that
exposure of all wafers is complete, the exposure process
ends.

If replacement candidate sets which are successively
determined first to be similar to the sample set a

15 predetermined number of times are found in step 226 in
Fig. 10, since the most similar one of those sets is used
'as the subsequent sample set, the number of sample sets
becomes one. As a result, NO is determined in step 204
in Fig. 5 executed thereafter, and step 206 is executed

20 in place of step 205 mentioned above. That is, the
estimations of position parameters calculated based on
the position measurement results of marks MX and MY
contained in the single sample set are directly adopted
as parameter values (AUii, AUip, AU, AUz, OUx, OUy) used

25 upon exposure of the wafer W.

According to the exposure apparatus of this

embodiment with the aforementioned arrangement and

operations, a plurality of sample sets are selected



probability density's value as a piece of weight information and cal cul ates
the predeterm ned nunber of paraneters that the detection errors bheceE 203
statistically 5 m nimum as a whol e, based on the detection errors. 48 . The
position detector according to claim97, wherein said neasurenent unit
conprises an inmage pickup unit that picks up i mages of marks formed on the
object, 10 and neasures position informgjon of the marks based on inmage

pi ckup result of the inmage pickup unit. 49 . A position detector that
detects position information of any area on an object provided with a 15

N e

conprising: a se el"éction-uni rom S er of

posi ti on- measyy eiRN-RQIRE 8¢ BsRiMABLAGYLRE PEASL SARN s DOl iPIAL S Which
each include a third 20 nunber of any position-neasurenent-points , each

subset respecife/@nt ihvimagkdi MkeafAt MeOaBESRE1 G € fd¥pective groups
posi ti on-nmeasurenent-points, the third nunber being | arger than a second

nunber and sref e td¥/indald ohisr ahdnuhbee, cantlaihei s€condarliticm bei ng a

m ni mrum nunber of 25 measurenent points required to calculate a

pr edet er mSnedparaietAlC 26D8uldedufiber tbé pamphet eetss t hahcemidjuelly ,speci fy
position information of any area on the object; a nmeasurenent unit that
measur es positianstgically yedildi BASAEASTr BAEATCHOT nY31 v ¢RfedPg n t he

lurali f
prurality o obtained. Therefore, the wafer W can be aligned very

accurately, and the pattern transfer accuracy can be
improved.

10 Furthermore, if a set appropriate to replace the
sample sets i1s found when searching for a replacement
candidate set that reflects the position distribution of
the entire marks MX and MY as much as the sample sets
used to calculate the statistically valid position

15 parameter values and contains fewer elements than any
sample set, the appropriate set is used as a new sample
set. Therefore, since the time required for aligning a
wafer W can be shortened while maintaining statistical
validity of the obtained position parameters, the

20 .throughput can be improved.

In addition, a mark position is calculated on the
basis of thé position information of each position
measurement mark (alignment mark) obtained through
measuring the alignment marks associated with each sample

25 set, i.e., the measurement results of a plurality of edge
positions of each alignment mark; the certainty of that
mark position is calculated from the design values of the

edge positions and errors, and parameter values



5 measurenent point subsets: an estimation conputing unit that is
electrically connected to the neasurenent unit and the set-selec ioQU@qm
and that statistically calculates, for each of the plurality of rmgasurenent
poi nt subsets, estimations of 10 the predeterm ned nunber of paraneters and
certainty of the estimations, based on neasurenent results of the third
number of any position-measurenent-poingg; a determning unit that is

el ectrically connected to the estinmation conputing unit and that determ nes
the 15 paraneters, based on the estimations of the predeterm ned nunber of

t | cul ated f h _of. the pl l,i f [
Qobsots and (RECEBTE Ry G Ag LR ershe tlr R AFERTEREHECRE L (e
plurality of SHEASUEEnents PO)NloSiRel e NG 2063 cROSLILAGCALELALRN Uni !
that is electrically connected to the determining unit and that cal cul ates

the positi OnsEHEQé NBé+ Ofs Dlg ANe HeAaTAMthNAsORhecheiyatNY Therdebeem ned
par anet ers. 15 AUG 20p3 139 50 . The position detector according to claim

49, wherein bBeagséi thé i ofrooEntheouniie Gor asieag: (a&p ¢5tomathen unit
that, for each of the plurality of nmeasurenent point subsets, detects
respecti vé SwpfsrtWohs odlcmtedd nsimgnirdre dfinaddiyt cbhameadupeaenateoi nts,
based on the neasurenent results of the pieces of position infornmation of
the third nupbsametepogatuen to align the wafer W, accurate alignment
can be performed, and pattern transfer with high overlap
accuracy can be achieved.
The manufacture of a device using the exposure
10 apparatus and method of this embodiment will be described
below.
Fig. 11 is a flow chart of production of devices
(semiconductor chips such as IC or LSI, liquid crystal
panels, CCD’s, thin-film magnetic heads, micro machines,
15 or the like) in this embodiment. As shown in Fig. 11, in
step 301 (design step) function/performance design for
the devices (e.g., circuit design for semiconductor
devices) is performed, and also pattern design is
performed. In step 302 (mask fabrication step), a mask
20 formed with the designed circuit pattern is fabricated.
On the other hand, in step 303 (wafer preparation step) a
wafer is prepared using material such as silicon and the
like.
In step 304 (wafer process step), an actual circuit
25 and the like are formed on the wafer by lithography, as
will be described later, using the mask and wafer

prepared in steps 301 to 303. In step 305 (device

assembly step), devices are assembled using the wafer



measur enent - points, estinmates probability density functions which each
represent occurrence probability of 10 the detected position for tHg aug 203
respective point of the third nunmber of position-nmeasurenent-points, and
cal cul ates probability density of the detected position of each of the

posi ti on- measur enent - poi nts; and a paraneter calculation unit that is
electrically 15 connected to the estimatgpn unit and that eval uates
detection error of each of the detected positions while using the
respective cal cul ated probability density's value as a piece of weight

i nf [ d | cul I .of 1h det ] ned nb f

par amoter & 26 AL e LeBEaP ARl er  BPESLBE Do) o et ISR R ARERSR as 2
whol e, based [ 1,4; i.ti:.qn,.d Lar . di
Lo claim 00, Thit i “Consrranaf pEoSeef ugilo A APd il L A BEIARRE " ' "

determ ni ng upfidp thaf '%n%ggghqgggghy,cgﬂgegﬁgdligéj:he estimati on conputing
unit and that cal culates statistically valid estinmations of the

predet er m ned nunteinafl ariameteps 308sednepegt 0oSsOdp P It¥pasiidm i ons and
certainty thereof, calculated by the estimtion conputing unit, for the
plurality5of smdsursemntopediantioaubsatfsrmdfion Aeos) tdurakddtiant dredthat
detects position 10 information of any area on an object provided with a
first number ®id ga tlide washicefenicpsi masufageupediin grtep 305 are
performed. After these steps, the process is complete,
and the devices are shipped out.
Fig. 12 shows a detailed, exemplary flow of step 304
10 for manufacturing semiconductor devices. As shown in
Fig. 12, the wafer surface is oxidized in step 311
(oxidation step). 1In step 312 (CVD step), an insulation
film is formed on the wafer surface. 1In step 313
(electrode formation step), electrodes are formed on the
15 wafer by deposition. 1In step 314 (ion implantation step),
ions are implanted into the wafer. Steps 311 to 314
mentioned above constitute a pre-process of each step in
the wafer process, and is selectively executed in
accordance with the process required in each step.
20 Upon completion of the pre-process in each step of
the wafer process, a post-process steps is performed as
follows. 1In this post-process, the wafer is coated with
a photosensitive agent in step 315 (resist formation
step), and the above exposure apparatus transfers the
25 circuit pattern on the mask onto the wafer aligned using
the aforementioned scheme, in step 316 (exposure step).

The exposed wafer is developed in step 317 (development

step), and an exposing member of portions other than



detector conprising: a set-selection unit that selects, fromthe first
nunber of position-neasurenent-points, a first 15 measurenent poi nt.5 sAlifis 2003
which includes a third nunber of any position-neasurenent-points, and from
the first neasurenent point subset, a plurality of second nmeasurenent point
subsets which each include a fourth nunber of any .

posi ti on-nmeasurenent-points , each subs 20 respectively having different
conbi nati on of the position-nmeasurenent-points, the third nunber being

| arger than a second nunber and smaller than the first nunmber, and the
second nunber bejng a . m ni num nunher o

f ; t i i dt
cal cul ate a PPEUE HIREE 22hEM5eS to eB§E§%§5§?§Q?ﬂ§§53%§d%§ﬁ§ié%eci?y
iti 15 inf i : 1 th
Pour h nunbet™ bere 1ot e ey BRerdG ofyR BaE raqi B s 11T

third numberyea-MBasii it WNideddiale tIBABY €8 RERLYEANSNOEtépe3 Do

posi tion-nmeasurenent-points i'ncluded in the first nmeasurenent point subset;

and an eval uatk9ops€oramdvdlg sHdd) that is electrically connected to the
set-selection unit and the neasurenent unit, and that statistically

eval uat ess a possi Biyl réyeatiidd theplps-ngrichedsit-piroceasusérpat polhi-subset
by one of the plurality of second neasurenent point subsets, based on
measur enent iLegektsiofuttheattienhnanserfaymeghyn the wafer.

In this way, devices having a micro-pattern
accurately formed thereon are manufactured with high
mass-productivity.

10 In the above embodiment, upon detecting the edge
positions of the marks MX(ipm, Jpn) and MY (ips, Jps), OnNe
edge position is extracted for each edge using the
picked-up image data on a single axis parallel to the
direction of the mark pattern change or the integrated

15 data in the direction perpendicular to the direction of
the mark pattern change, as described above.
Alternatively, as shown in Fig. 13 that representatively
shows a mark MX(ipm, Jpm), edge positions can be extracted
along each of a plurality of (= H) axes XSp(ipm, Jpm) (h =

20 1 to H) parallel to the direction in which the pattern of
the mark MX(ipm, Jpm) changes. In such a case, edge
positions FXgn{ipm, Jpm) (k =1 to 6, h = 1 to H) are
extracted.

Then, an X-position FX(ipm, Jpm) ©of the mask MX(ipm,

25 jpm) 1s calculated by

6 H

FX(ipm,jpm)={ZZ FXu(ipm,jpm)} N6H) --(43)

k=l h=l



posi tion-neasurenent-points included in the first nmeasurenment point subset
and the neasurenent results of 15 the fourth nunber of any 1.5 AUG 2003
posi ti on- neasurenent - points i ncluded respectively in one of the plurality
of second neasurenent subsets, the first neasurenent point subset being
used to calculate the predeterm ned nunber of paraneters, and in the step
of statistical evaluation, 20 the eval uaggon conputing unit eval uates
simlarities between a predeterm ned feature anmount of the first

measur enent point subset and the predeterm ned feature anount of the second
measur enent poi nt se r ciiyel v obtai ped:b ch..qf, the
measur ement 25 resp§1t§, Tat gggggdéFgr%xﬁ%'d pégt%]Fegga%’;u%@geg?pﬁlglsoécond 15
AUG 2003 142 r ement bat b bgi B ture anount as
the predeter ﬁggypf“'eg?ﬂ“r)eggﬁuﬁﬁgo?et&ﬁé ???gtﬁneasﬁme%}%?% 0i ﬁl “subset. 5
53 . The posiddlpuldaleeiclgr according to claim52, wherein the eval uation
conputing unit conprises: an estimation calculation unit that is

el ectrically connetfXad(iq, t he) mea§duelipnt ipal t ~ abfk tikat Hdati st cdd)ly

cal cul ates, for the specific measurenent point subset, 1~ estinations of

t he predetter iar mhdler 25f ayaradet ¥pduandr¥éimai dtn) @n IB&aaseirdat i ons,
based on neasurenent results of position information of

posi ti on- neastf BrAHCH F¥dtenrc drpbsPh gt R L SRS A mEbmur dmdnrBoi nt subset

which is sel egéggegtri%rgltyhecafllc{ﬁgtrenaaggr enment poi nt subset

dFX (ipm, jpm_)={zi dF Xi(ipm, jpm)}/(6H) -++(45)

k=l hwl

» o § & . . . . 2 1/2
aX(lpm, _]pm) = Zz (dFth(lpm, _]pm) '—dFX(lpm, _]pm)) /(6H —l) e (46)
k=1 h=l
10 The X-position FX(ipm, Jjpm) and standard deviation

0X(ipns Jpm) Of the mark MX(ipm, Jpm) calculated in this way
are statistically more valid than those in the
aforementioned embodiment, since the number of extracted
edge positions is larger than that in the above
15 embodiment.
Note that the Y-position FY(ips, Jjps) of each mark
MY (ips, Jps) can be calculated in the same manner as the
mark MX(ipm; Jpm) . In such case as well, the calculated Y
position FY(ips, Jps) and standard deviation oY (ips, Jjps) of
20 the mark MY(ips, Jps) are statistically more valid than
those in the above embodiment, since the number of
extracted edge positions is larger than that in the above
embodiment.
After that, optimal values of six parameters that
25 uniquely specify the arrangement of shot areas SA(i, j)

on the wafer W are calculated in the same manner as in



15 and the plurality of second neasurenent point subsets; and an eval uation
unit that is electrically connected to the estimation cal cul ati ogsugid 2609d
that conpares the estimations and certainty of the first nmeasurenent point
20 subset with the estimations and certainty for each of the plurality of
second mneasurenment point subsets and eval uates a possibility of replacing
the first neasurenent point subset by ong; of the plurality of second
measur enent poi nt subsets, the first measurenent 115 AUG 2003 | 43 poi nt
subset being used to cal culate the predeterm ned nunber of paraneters. 59 .
The position detector accordin I in1 3, 5 .wherein.the e timation
cal cul ation Jﬁﬁ @8N8r|@§8dlgﬁg53tl § éﬁﬁnqpﬁ%ﬂﬁ; 3@98855 ggctlve
positions of u i.fi ur enent
: sqb(?:s?ta 891e'€§%§ 5@5‘3951&91{‘@% géljﬁjeoé 4}9 1% 13RGCl 1f1§r {KS?E

poi nt subset on the neaslrenen position I nfdrmtion of

poSi tion- measyeiP iz k! oE?LtE!BﬁsCQH@%lHé‘Erté'@r@a‘leerlfésC tHRAS ¥heMaBbvRo! Nt

subset, estimates probability density functions which each represent

occurrence pradal)i hiilgheef athardeyechesl postié abdwy danisiEalehte canebef the
posi ti on- neasurenent - paints of the specific neasurenent point subset, and

calcul ate$ 1mgmuwteabi |l ity density of the detected position of each of the
posi tion-nmeasurenent-points; and a parameter calculation unit that is
el ectrically In the above embodiment, the aforementioned six
parameters are used as those for uniquely specifying the
arrangement of shot areas SA(i, j) on the wafer W.
Alternatively, even when the arrangement of shot areas
10 SA(i, Jj) are uniquely specified by more parameters than
the above embodiment, their optimal values can be
accurately calculated as in the above embodiment.
More specifically, in the above embodiment, upon
aligning shot areas SA(i, j) on the wafer, even when
15 appropriate values of parameters that specify the
arrangement of representative points, e.g. central points
of the shot areas SA(i, j), are calculated, and the
central point of a given shot area SA(i, j) is aligned
using those parameters, sufficiently high accuracy of
20 superposition cannot always be obtained. Such problem is
caused by the following three major factors, as disclosed
in, e.g., Japanese Patent Laid-Open Nos. 6-275496 and
6~349705.
® Rotation of shot region: This is caused when a
25 reticle R has rotated with respect to the stage
coordinate system (X, Y) upon transferring a pattern

formed on the reticle R onto a wafer W or when yawing is

accidentally mixed in the movement of a wafer stage WST



connected to the estimation unit and that evaluates detection error of each
of the detected positions while 20 using the respective cal cul ated.5 AUG 2003
probability density's value as a piece of weight information and cal cul ates
such val ues of the predeterm ned nunber of paraneters that the detection
errors becone statistically mninumas a whole, based on the detection
errors. 25 15 AUG 2003 144 55 . The pegition detector according to claim
52, wherein the evaluation conmputing unit conprises: an estinmation
calculation unit that is electrically connected to the nmeasurenent unit and

that statist hgeh' xcénﬁ%g%ﬁ@&dré,oraqus%Jés%e@ewge%est@shnt subset,

estimations of the predeterm ned nunber of paraneters”and certainty of the
estimations, chasedyoss MRS W LEN e ot Inla® Ofs ve@et i(an BNf ALERt tespeét

posi ti on- neasur enent points conposing the specific neasurenent poilnt
subset, 10 wibch bhogetestethdtomdtemlhawalng coaflrdeauead aweasur enent poi nt
subsets; and an evaluation unit that is electrically connected to the
estimation caghraldelonoubhe @ndanddi-aedcul ates position errors of the

posi ti on- neasure t-points, 15 conposing the first neasurenent point

subset, through us® 8ftegenatitoheoShte jaE@®dt el RitfedSnGABERdOPY

paraneters for, each, of t?e plurality_of second neasur.e ntdpoint subset s

and eval uat eSIFEOLEALP Py BFPREPPLR| TFHeE 9 ireticle R, distortion

(distortion error) of a projection optical system PL, and
the like, and is expressed by an orthogonality error ¥%.
@ Linear expansion/shrinkage of shot region: This is
10 caused by an error of the projection magnification upon
projecting a pattern formed on a reticle R onto a wafer W
or by the wafer entirely or partially expanding or
shrinking due to a formation process or the like. This
expansion/shrinkage amount is expressed by wafer scaling
15 values ry and ry in the coordinate axis directions (i.e.,
o- and P-directions) of the shot coordinate system. Note
that the wafer scaling value rx in the da-direction is
represented by the ratio between the actually measured
value and design value of the distance between two points
20 in the o-direction on the wafer W, and that the wafer
scaling value ry in the f-direction is represented by the
ratio between the actually measured value and design
value of the distance between two points in the
B-direction.
25 The ideal position (DX, DY) in a shot area is
expressed by
DX = CX + S5X e (47)

DY

CY + S8Y +(48)



measur enent poi nt subset by one of the plurality of 20 second neasurenent
poi nt subsets. 56 . The position detector according to claimb55, wWSeres 2003
the estimation calculation unit conprises: an estimation unit that detects
respective positions 25 of position-nmeasurenent-points conposing the
specific 15 AUG 2003 145 neasurenent point subset, based on the
measurenent results of position infornmatgepn of position-nmeasurenment points
conposi ng the specific neasurenent point subset, estimates probability
density functions which each 5 represent occurrence probability of the

det ect ed posi ti. o] cli @ﬂﬁ% f Q. NQS k0N asur t zpaints of
t he specifich%éggu%e%%%?§%gi% allgcélse ?1%% q%%ﬁid%%?egqgr§gagﬁ??t?Hggnsity

of the detected;ipRsi bh@Na OkoSAGhH e 1S NORIH | @k, MBAFULEMRRAL- Poi nt's; and 10
a paraneter calculation unit that iIs electrically connected to the

estimation UpdsidAdnt NBK, eyaj uss Bt Ted eed | i eIddrdihatacposfitliba det ect ed
positions while using the respective calculated probability density's val ue
as a piece of(Qxgi gt bnf oharsthon evodrdhhaxtis atyescehb sddlereflores @henhe
predeterm ned nunber of paranmeters that the detection errors becone

stati stical | yenHos faerassaGiist 0 Bagseaddndt ke Het cxferrmenttimed 57 . The

position detector accordinﬁ)to gbain152 20 further co i sing a paraneter
val ue det er miSHERE GRCEOERaY itC Pecfr PEEFPY N cHANRR t BEPROF S HEE R (1S on

ideal position (DX, DY) on the wafer coordinate system (a,
B) is transferred to a position (EX, EY) on the stage

coordinate system (X, Y) given by
EX\ (Rx,0) (cosf,—sin@) (1,~tanw (0.4
EY ) \O,Rr) \sin6, cosd ) {0, 1 cY
. rx,0 c'os¢,-sin¢ L—tany) (SX N Ox - (49)
0,rr) \sing, cosg 0, 1 SY Or

Note that various other error factors are also present in

10

addition to the aforementioned ones upon actual transfer,
and that the position (EX, EY) is considered as an
expected transfer position.

15 In general, since the orthogonality errors w and ¥,
and residual rotation errors 6 and ¢ can be considered as
infinitesimal amounts, the designed transfer position (DX,

DY) and expected transfer position (EX, EY) are related

EX\ (Rx  ~Rx(w+)) (CX
EY) \Rr -0, Ry CcY

r ~rx(x+@)Y (SX) (Ox .
+(r P ](SY)J'(OJ +(0)

which expresses a first-order approximation of the

by

20

>

~

trigonometric function in equation (49).



conputing unit and that cal cul ates values of the predeterm ned nunber of
paraneters, based on evaluation results of the eval uation conput i AUGI %93
25 15 AUG 2003 196 58 . A position detector that detects position
information of any area on an object provided with a first nunber of

posi ti on- measurenent - points, the position detector conprising: 5 a
set-selection unit that selects, fromtyiggfirst nunber of

posi tion-neasurenent-points, a plurality of first measurenent point
subsets, which each include a third nunber of any

pOSiti0”'”Easure”?ﬂt588iPéflowfﬁﬁyhé%ggﬁ?tﬂa%%P%%hh%%B% pgﬁhngsdgiggrent

conbi nation of thé 10 position-neasurenent-points, and fromthe plurality

of the firsteggﬁggﬁggeg poi nt subsets, a plurality of second neasurenent
poi nt subsets i ch each include a fourth nunber of

any
position-neasureneEﬂxjg§:hsApae€E:§ifﬁme&zjiéﬁj%qfhjly Qﬁxing di fferent
conbi nati on of the 5gsj.t i0n- V] i ndihe tHird nunber being
| arger than a seco §§ u ’%&Ag dnigf;t Ilgr't an%?ne (%Ist nunber, the second

nunber being a m ni mum nunber of neasurenent points required to calculate a
pr edet er m nesheweber of paraneters that uniquely specify position 20

i nformation of an%hgrea on the object, and the fourth nunber bgj%% | ar ger
than the 3econd n €t Tand snmal ler than the third nunber; (52)

Biz = ~rx(y + ¢) + (53)
By = ryéd - (54)
By, = ry ©*(55)

That is, parameters which uniquely specify the

10 arrangement of shot areas SA(i, j) are ten parameters A;j,
Rip, Az1, B2z, Bii, Bi2, B2i, B2, Ox, and Oy. In order to
obtain optimal values of the ten parameters, four
two—-dimensional marks WMp(i, j) (p = 1 to 4), which do
not line up upon design and the patterns of which change

15 in the X- and Y-directions, are formed on each shot area
SA(i, j), as shown in, e.g., Fig. 14. Note that the
number of wafer marks is not limited to four, and can be
three or more. As the two-dimensional marks WMp, marks
having patterns shown in, e.g., Figs. 15A to 15D, can be

20 used.

Then, more than five two-dimensional marks WMp (i,
jm) (m > 5) including three out of four two-dimensional
marks WMp(i, j) on any shot area are measured. After
that, the X- and Y-positions of the two-dimensional marks

25 WMp(im, jm), and the probability densities of those X- and
Y-positions are calculated in the same manner as in the

above embodiment, thus calculating optimal values of the



a nmeasurenent unit that measures positions of the

posi tion-neasurenent-points included in the plurality of 25 the fq5siyg 2003
nmeasur enent poi nt subsets; and 15 AUG 2003 147 an eval uation computi ng
unit that is electrically connected to the set-selection unit and the
measurenent unit, and that statistically eval uates, based on nmeasurenent
results of any position-neasurenent-poifgs 5 included in the plurality of
the first neasurenent point subsets, a possibility of adopting one of the
plurality of second neasurenent point subsets as a neasurenent point subset

to calculate gﬂe predeterdmned punber ofy pargnetgrs. gl0 59 . Jhe ition
tEAS L% B %)
det ector according o d?alnf%S, liherét'n fge é@élug?loﬁ“coﬁ%htfﬁgaugft

conprises: ag,estimation calculation unit that is electrically connected to
t he measurement unit and that statistically 15 cal cul ates, for the specific

measur ement poi nt IaRUBREE, we§] | tRé | HNtajeridiet W ddodr imad kwanbee of
paraneters and certainty of the estimations, based on neasurenent results
of position bbtainati bhaoftpbss timme reeasaumdnerite poit@tts ononposi ng t he
speci fic measurenent point subset 20 which is selected fromthe plurality
of first %ea@entéﬁgnnagétm agdbs&pranadonfehplukage t 9f opaskcohdt neagupenent

poi nt subsets, and cal culates statistically valid estimations of the
pr edet er mi nedUAGREEMOBE, paPahBR bréa bR of ‘the error factors (ry, ry,

%, ¢) are calculated using equations (32) to (35) for the
aforementioned controllable error factors (rx, ry, Y%, ¢)
and four parameters (Bj;i, Biz, B2i, Bz2) of the ten

10 parameters, the optimal values of which have been
calculated, and in accordance with those error factors,
corrected are the magnification of the projection optical
system PL, the synchronous velocity ratio upon scanning
exposure, synchronous moving directions upon scanning

15 exposure, and the like. Thus, the accuracy of
superposition is further improved.

In the above embodiment, a plurality of initial
sample sets are used, but if one sample set from which
accurate position parameters can be calculated is known,

20 that sample set may be used as only one initial sample
set. Even in such a case, the processing flow of the
above embodiment can be applied. Since the number of
sample sets is one from the beginning, in the processing
flow of the above embodiment, the answer in step 204 is

25 always NO.

In the above embodiment, whether or not it is
possible to reduce the number of elements of a sample set

is evaluated by comparing the position parameter values



certainty of the estimations, based on groups of 25 estinmations of ' the
predet er m ned nunber of paraneters and 15 AUG 2003 14e certainty1§fAU%éﬂB
estimations for the plurality of first measurenment point subsets; and an
eval uation conputing unit that is electrically connected to the estimation
calculation unit and that 5 conpares the statistically valid estimations
and certainty of the first neasurenent pgpnt subset with the estimations
and certainty for each of the plurality of second neasurenent point

subsets, and evaluates a possibility of adopting one of the plurality of

second 10 meggyr efpnt Dol Nl AURSETS 13013 ERARULATEAL BGLPl<SUbBetata

cal cul ate the predetermne paraneters. e posrtion

detector accggdifngridns! & Mt MERIrANMIR @S tindRthafrcakerh aht 08s uNi t
conprises: 15 an estimation unit that is electrically connected to the

neasur ement galtudated hofofled LM Soff &F RAGIHaE tRODIf irepSaebment

posi ti on-nmeasurenent - poi nts conposi ng the specific. nmeasurenent point
subset, basedaaditiheeneassir enkhterresuivel yof suadhi teivad uatfionmabnoheof
position 20 neasurenent-poi nts conposi ng the specific nmeasurenent point
subset, eBti parésrpedbbyi $otgakediesosanuatidisaMiodh each represent
occurrence probability of the detected position for respectivigone of the

positi on measur enRESPSPRELELFALHE SHRG IR el FldfEst SfofRt k85MEubset ,

and CalCU|at%%dp&9b§RE h&gddfgsétgééglétg%t are calculated using the

estimations of the position parameters calculated for
each replacement candidate set, and the position error

10 distribution of the marks MX and MY included in the
sample set is calculated based on that calculation result,
thus evaluating if each replacement candidate set has
statistical characteristics equivalent to that of the
sample set. In this case, replacement possibility can be

15 evaluated without calculating the position parameter
values and their certainties from the sample set. Such
cross-verification is particularly effective when the
replacement candidate set is a subset of the sample set.

In the above embodiment, upon reducing the number of

20 elements of a sample set, a plurality of initial sample
sets are replaced by one new sample set. Alternatively,
the number of elements of each of ;he plurality of
initial sample sets may be reduced. 1In this case, for
each sample set, a new sample set is searched for that

25 has characteristics equivalent thereto in the statistical
characteristics of position errors of marks and consists

of fewer elements.



15 AUG 2003 199 det ect ed position of each of the position-nmeasurenent

points; and a paraneter calculation unit that is electrically conp CﬂﬂﬁﬂNQ
the estimation unit and that evaluates 5 detection error of each o§ t he
detected positions while using the respective calcul ated probability
density's value as a piece of weight information and cal cul ates such val ues
of the predeterm ned nunber of paranmeteigzthat the detection errors becone
statistically minimumas 10 a whol e, based on the detection errors. 61

The position detector according to claim58, wherein the eval uation

conputi ng unit coanricﬁgsgab@@ee saaaitxﬁé}&,cadrféﬂdq&de%ig%& hA2ksi fix

electrically 15 connected to the neasurenent unit and that statistically

cal cul ates, fLan ueaspecsddc TRSMRIERIRQ MvosdimehsibablMmbikes of the
predet er mi ned nunber of paraneters and certainty of the estimations, based

on neasur eneghowastht Fi@é. pO5A ti®OM SMineryald aizeaf. padkbi onporasur ement 20
poi nts conposi ng the specific nmeasurenent point subset which is selected
fromthe pl ucallcuyaolngetbhad:emngaramsrdr poione-siibeasdonahdmankevidKuat i on
unit that is electrically connected to the estimation calculation unit and
that cal cBl aeasl M3 weyobe vfedll Ahethpdivdvhineedenadenarboi AP5 of the

example, a box-in-box mark may be used in addition to
those shown in Figs. 15A to 15D. Upon detecting the
two-dimensional position of such a two-dimensional mark,
the aforementioned one-dimensional position detection

10 process may be performed twice, or two-dimensional
template matching into which the above one-dimensional
template matching for one-dimensional signals is extended
may be performed on two-dimensional signal waveforms of
two~dimensional marks.

15 In the above embodiment, the off-axis alignment
method that measures the positions of alignment marks on
a wafer without the intervention of a projection optical
system is adopted. Alternatively, a TTL
(through-the-lens) scheme that measures the positions of

20 alignment marks on a wafer via a projection optical
system, or a TTR (through-the-reticle) that
simultaneously observes a wafer and reticle via a
projection optical system may be adopted. In the case of
the TTR scheme, upon observation, sample alignment senses

25 the position of a wafer mark where the deviation between
a reticle mark formed on the reticle and a wafer mark

formed on the wafer is zero.



15 AUG 2003 150 plurality of first neasurenent point subsets through use of
the estimations of the predeterm ned nunber of paraneters cal cul at®e$l AUar 2003
each,of the second neasurenent point subsets, and evaluates a possibility
of replacing 5 the plurality of first nmeasurenent point subsets by one of
the plurality of second neasurenent point subsets. 62 . The position
detector according to claim®61l, whereinighpe estinmation cal cul ation unit
conprises: 10 an estimation unit that detects respective positions of

posi ti on- neasur enent - poi nts conposi ng the specific neasurenent point

subset, based on the.fBagys GRMd ERHLES AlndORIdiAR.af BpuRLLgR-Oke

posi ti on- measur emént poi Nt S conposi nNg Speci f1'c neasurenent poin

subset, 15 eshimhigs REOLADILL tys dansidan f unatdeanstwhicel, earb seppesent
occurrence probability of the detected position for respective one of the

posi ti on- neaputteREBE- POt shot rde spesd fdul ameasur enent poi nt subset, and
cal cul ates probability density of the detected position of each of 20 the
posi ti on- neasur endnt thei absye aembed jreeminet e calycidyat ilemsunist ushdt ass
electrically connected to the estimation unit and that eval uates detection
error of Backnobptheadeirvtegraposi tharegemiiariusi A rRaceesfethbve

cal cul ated probability density's 25 value as a piece of weight information
and cal cul at €dY-e¥s AprSpod3rqdiintegrator may be used. In an

illumination optical system using the rod integrator, the
rod integrator is disposed such that its exit surface is
nearly conjugated with the pattern surface of a reticle R.

10 Such an illumination optical system using the rod
integrator is disclosed in, e.g., U.S5. Patent
No. 5,675,401, apd the disclosures in the above
U.S. Patent is incorporated herein by reference as long
as the national laws in designated states or elected

15 states, to which this international application is
applied, permit. Also, the fly-eye lens and rod
integrator may be combined, or two fly-eye lenses or rod
integrators may be disposed in series to build double
optical integrators.

20 In the above embodiment, the present invention is
applied to the step-and-scan scanning exposure apparatus.
However, the application range of the present invention
is not limited to such specific apparatus, and the
present invention can be suitably applied to a stationary

25 exposure apparatus such as a stepper or the like.

Even an exposure apparatus using, e.g., ultraviolet
rays may adopt as a projection optical system a

reflection system consisting of reflective optical



such val ues of the predeterm ned nunber of paraneters that the detection
errors beconme statistically mninmumas a whole, based on the detect?1.8nAUG 2003
errors. 5 63 . The position detector according to claimb58, further
conprising a paraneter value determining unit that is electrically
connected to the paraneter calculation unit and that cal cul ates val ues of

t he predeterm ned nunber of paraneters, 1bgsed on eval uation 10 results of
the eval uation conputing unit. 64 . An exposure nethod for transferring a
predeterm ned pattern onto divided areas on a substrate, conprising: 15

cal cul at ing apredetetiiigdopulels ol DALAMRIALS LAl HRELY N L0 POSitions

of the divid areas by a position detection ne gtoclaiml

and cal cul at iy ;3 bRRYEBERY s LBAPT HRY 190G Wdeh hes disdidad afRas on the
substrate; and 20 transferifing the pattern onto the divided areas while

al i gni ng the rfrsictaive bpsedadnel&feRts ANgRdTRtHe | dtidRigtencof the divi ded
areas calculated in the step of calculating arrangenent information. 15
AUG 2003 152 p3®jechnoexppsicelappatanpsa t baf 1 ¢qaingt Arest mn qiriene tsgrstiemed
pattern onto divided areas on a substrate, conprising: a stage unit that
noves t hedsubticht d sadéaglassdnblenend- pl daRanegr| Patent Laid-Open
No. 8-171054 and corresponding U.S. Patent No. 5,668,672,
Japanese Patent Laid-Open No. 10-20195 and corresponding
U.S. Patent No. 5,835,275, and the like, and has a beam
splitter and concave mirror as reflection optical
10 elements, or a reflection/refraction system which is
disclosed in Japanese Patent Laid-Open No. 8-334695 and
corresponding U.S. Patent No. 5,689,377, Japanese Patent
Laid-Open No. 10~3039 and corresponding U.S5. Patent
Application No. 873,605 (application date: June 12, 1997),
15 and the like, and has a concave mirror and the like as
reflective optical elements without using any beam
splitter can be used. The disclosures in the above
Japanese Patent Laid-Opens and U.S. Patents are
incorporated herein by reference as long as the national
20 laws in designated states or elected states, to which
this international application is applied, permit.
In addition, a reflection/refraction system can be
employed which comprises a plurality of refraction
optical elements and two mirrors (a main mirror being a
25 concave mirror and a sub~mirror that is a back surface
mirror of which the reflection surface is formed on the

opposite side to the incident surface of a refraction

element or plane parallel plate) that are disposed along



a position detector according to claim47 that calculates arrangenment

information of the divided areas on the substrate nounted on the G
unit, 10 66 . A device manufacturing nethod including a Iithography 2003
process, wherein the |ithography process transfers a predeterm ned pattern
onto divided areas on a substrate using an exposure nethod according to
claim64. 15 67 . An exposure nethod foprggransferring a predeterm ned
pattern onto divided areas on a substrate, conprising: calculating a
predet er mi ned nunber of paranmeters 20 that pertain to positions of the

di vi ded ar eagny ag; BOSLAA OPadeLiRe Nk RIdIOH SOGRAIGH N Jrivedl FyMehesand

cal cul ati ng arrangenent ormat1on of the divided areas on the substrate;

and transf er LgRgabBeoRabpesBa PN Perhdrt lj Vo fled wswinsl & parttidmn algagm ng t he
substrate based on the arrangenent 15 AUG 2003 153 information of the

di vi ded ar eagmagkaubat adwafet hes i@ ptloé ol uhitrong and angementror,

I nformation. 68 . A device manufacturing nethod including a 5 |ithography
process, whetdien refidectihodrephycpionespstennedng digplaracrif ned pattern
onto divided areas on a substrate using an exgosure met hod_ according to

cl ai m 67.510 Je@aneas BapestrbaidtPren (¥ - t}Ans¢43}3 mpd brddtadhithed
pattern onto divided areas on a substrate, ,
No. 5,488,229 corresponding thereto. In this

reflection/refraction system, the main mirror and sub-
mirror are disposed in series with the plurality of
refraction optical elements, and an illumination light

10 passes thréugh a portion of the main mirror, is reflected
by the sub-mirror and the main mirror in turn, passes
through a portion of the éub—ﬁirror and reaches the wafer.
The disclosures in the above Japanese Patent Laid-Open
and U.S. Patent are incorporated herein by reference as

15 1long as the national laws in designa?ed states or elected
states, to which this'international application is
applied, permit.

Furthermore, as the reflegtion/refrﬁction—type

projection optical system, a reduction system may be

20 employed which has, e.g., é circular image field, is
telecentric on both the object plane side and image plane
side, and has a reduction ratio of, e.g., 1/4 or 1/5.
Also, in a scanning exposure apparatus comprising this
reflection/refraction-type projection optical system, the

25 illumination area of the illumination light may be a
rectangular-slit-shaped area whose center almost
coincides with the optical axis of the projection optical

system and which extends along a direction almost



conprising: calculating a predeterm ned nunber of paraneters that pertain
to positions of the divided areas by a 15 position detection method!5 AUG 2003
according to claim?21 and cal cul ati ng arrangenent information of the

di vi ded areas on the substrate; and transferring the pattern onto the

di vided areas while aligning the substrate based on the arrangenent 20

I nformati on of the divided areas calculgg®ed in the step of cal cul ating
arrangenent information. 70 . A device manufacturing method including a

| i t hography process, 15 AUG 2003 154 wherein the |ithography process

transfers a poeggharshigd PaLiRL LY Widekcabaseon Bobybser ghe USing

an exposure according to claim®6 An exposure nethod for
transferringyareiedglensingda PaddriihPrbxpsiutedepparadasoBompsbshyat e,
conprising: calculating a predeterm ned nunber of paraneters that pertain
t 0o positions sakcht he rdfyedetlons esfr dyt isorHx ypes igricgr ctdbac bpohcait hod
according to claim33 and cal cul ati ng arrangenent information of the

di vi ded ar easystemheisubst paseibksda ragmfrate iy trsasgart ér §1BAto t he

di vided areas while aligning the substrate based on the arrangenent 15
1 or mat | B BPERE A PF ABRUAr bAGTE ot AIRIGE Hih A YpdTe ever with

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

Furthermore, as a vacuum ultraviolet light, ArF
excimer laser light or F, laser light is used. However, in

10 a case of containing only a beam-monitor mechanism and
reference wavelength light source in the same environment
-controlled chamber as the projection optical system, a
higher harmonic wave may be used which is obtained with
wavelength conversion into ultraviolet by using non-

15 1linear optica} crystal after having amplified a single
wavelength laser light, infrared or visible, emitted from
a DFB semiconductor laser device or a fiber laser by a
fiber amplifier having, for example, erbium (or erbium
and ytterbium) doped.

20 For example, considering that the oscillation
wavelength of a single wavelength laser is in the range
of 1.51 to 1.59 um, an eight-time-higher harmonic wave of
which the wavelength is in the range of 189 to 199nm or a
ten-time-higher harmonic wave of which the wavelength is

25 in the range of 151 to 159nm is emitted. Especially, when
the oscillation wavelength is in the range of 1.544 to
1.553um, an eight-time-higher harmonic wave of which the

wavelength is in the range of 193 to 194nm, that is,



of cal cul ating arrangenent information. 72 . A device manufacturing nethod
i ncluding a |ithography process, 20 wherein the |ithography procesbd AUG 2003
transfers a predeterm ned pattern onto divided areas on a substrate using
an exposure nethod according to claim 71. 15 AUG 2003 155 73 . An
exposure apparatus that transfers a predeterm ned pattern onto divided
areas on a substrate, conprising: a stagggunit that noves the substrate

al ong a 5 novenent plane; and a position detector according to claim49
that cal cul ates arrangenment information of the divided areas on the

substrate nDYNBEtOBhENSaRt 388 AR texdihed Last} @XROTUNQ1RRPAILBLHE t hat
transfers a predeterm ned pattern onto divided areas on a substrate,

conprising: aighageignbbthbaédmoyes wien sistdsiialaltors wakevengih pl ane;
and 15 a position detector according to claim52 that cal cul ates

arrangenent iisf danmgheopanget b Ui 57 desl S, om thea-sibet-hagaerount ed on
the stage unit. 75 . An exposure apparatus that transfers a 20
pr edet er m nedaparnecnwentoofi wvhileh theasaonlenghibsitsr dine theompnigsi ng: a
stage unit that noves the substrate al ong a novenent plane; and 15 AUG
2003 5 157 to 158nm, that is, almost the same as F; laser light
(ultraviolet light) is obtained.
Furthermore, when the oscillation wavelength is in
the range of 1.03 to 1.12um, a seven-time-higher harmonic
wave of which the’wavelength is in the range of 147 to
10 160nm is emitted, and, especially, when the oscillation
wavelength is in the range of 1.099 to 1.106um, a seven-
time-higher harmonic wave of which the wavelength is in
the range of 157 to 158nm, that is, almost the same as F,
laser light (ultraviolet light) is obtained. In this case,
15 for example, ytterbium-doped fiber laser can be employed
as the single wavelength laser.

‘Moreover, the present invention can be applied not
only to an exposure apparatus for producing micro devices
such as semiconductor devices but also to an exposure

20 apparatus that transfers a circuit pattern onto a glass
substrate or silicon wafer so as to produce reticles or
masks used by a light exposure apparatus, EUV (Extreme
Ultraviolet) exposure apparatus, X-ray exposure apparatus,
electron beam exposure apparatus, etc. Incidentally, in

25 an exposure apparatus using DUV (far ultraviolet) light
or VUV (vacuum ultraviolet) light, a transmission-type

reticle is employed in general. And as the substrate of

the reticle, guartz glass, quartz glass with fluorine
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In addition, in the above embodiment, positional

detection of the alignment marks on a wafer and alignment
20 of the wafer have been described. However, positional

detection and alignment according to the present

invention can be applied to positional detection of the

alignment marks on a reticle and alignment of the reticle,

and also to other units than exposure apparatuses such as
25 a unit to observe objects and a unit that is used to

detect positions of objects and align them in an assembly

line, process line or inspection line.
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3. The position detection method according to claim
15 1, wherein the error evaluation is performed by
multiplying the error of each calculated position
relative to the respective reference position by the

respective probability density.

20 4. The position detection method according to claim
1, wherein the probability density functions are

probability density functions of normal distribution.



10@=zazX61/ !!-:110988& ()- !k-:!10%@@& ()-

"10%@V& ()-!"10%& ()-!~" 10%@1@1&' ()-!y"10%& ()-uSl 1.5 AUG 204
1, s 10%@@& ()-S!as! 109 ()-S!1s! 10% ()-S  10%@& ()-y&f 10%@ ()- 1088
1088 10880zXJ<1 !, 10 10!~ :!109%& ()- 'k-:!109%& ()-

$110%@ & () -1 18! 10%&' ()-!1s! 10%@@& ()- Suv7l !

L0%@ () - 8310%@ () - MB10UGE () - S10%E& (J113° t 0% () - &S10%@ () - 10dE71 !
4109%GR. () - - 310G () - : +10%@ () - LS1O%E () - &' S10%G () - &F10%G& () - M/ 01=>
@C 'Lt 10% & () - O%ﬁ&e(bms%i@8%&déiecﬁiwﬁ]ﬁﬂ@ﬂéH@Eicordlng to claim

109%@& () - S610%@& () - @OKAEDC | @0% & () - 310% & () - 10% & () -

&10% & () -, 1008 &iHolreiBl PUb&tibnXmed K #&ént marks are formed at the .
1"10% & ()-&F10% & ()-: L10% & ()-10% & () - &3&10% & () &S10% & ()-R 11 1"i " C#

yHAEDC | 4° 10% & ()l 100 L) 10% & ()-

(" 10% & ()-9 !6%010})&‘;(5 %%5#& Pgh %#gé’g%%c |s® 10U () U 10%@ ()- 10/ 10/
10/ 3: 10% & ()-sf8 10% & () - s6810% & () - 0SYDUPYREMELC

| 9810% () - 9F 109G () - Y3109 () - 910%GE () - FLOUG () - &SLOUGK () - SUR&" RE&&: .
' dEbC 1" 1QU@ () - & 310%

pJ;htlon detection method according to claim
5, wherein
a plurality of position detection marks formed at
the plurality of position-measurement-points include a
first number of first marks of which patterns change
10 along a first direction, and
a piece of position information of each first mark
measured in the step of selecting and measuring comprises
pleces of position information at a plurality of pattern
changing portions of each first mark in the first

15 direction.

7. The position detection method according to claim
6, wherein for each of the selected first marks, the step
of selecting and measuring measures the piece of position
20 information at a plurality of positions lined in a

direction crossing the first direction.

8. The position detection method according to claim

6, wherein
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5 mark measured in the step of selecting and measuring
includes position information, in the first direction, of
a plurality of pattern changing portions lined in the
first direction and position information, in the second
direction, of a plurality of pattern changing portions

10 lined in the second direction.

9. The position detection method according to claim
8, wherein for each selected first mark, the step of
selecting and measuring measures at least one of the
15 position information, in the first direction, of a
plurality of positions lined in a direction crossing the
first direction and the position information, in the
second direction, of a plurality of positions lined in a
direction crossing the second direction.
20
10. The position detection method according to claim
6, wherein
the plurality of marks further include a second
number of second marks, of which patterns change along a

25 second direction different from the first direction, and
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11. The position detection method according to claim
10, wherein for each selected second mark, the step of
selecting and measuring measures the position information
at a plurality of positions in a direction crossing the

10 second direction.

12. The position detection method according to
claim 5, wherein a plurality of divided areas are
arranged on the object, each of the divided areas being

15 provided with the position measurement marks.

13. The position detection method according to claim
12, wherein parameters associated with respective,
predetermined representative points of the plurality of
20 divided areas are included in the predetermined number of

parameters.

14. The position detection method according to
claim 13, wherein parameters associated with other points

25 than the respective, representative points of the
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15. A position detection method for detecting
5 position information of any area on an object provided
with a first number of position-measurement-points, the
position detection method comprising:
selecting, from the first number of position-
measurement-points, a plurality of measurement point
10 subsets which each include a third number of any
position-measurement-points, each subset respectively
having different combination of the position-measurement-
points, , the third number being larger than a second
number and smaller than the first number, and the second
15 number being a minimum number of measurement points
required to calculate a predetermined number of
parameters that uniquely specify position information of
any area on the object;
measuring position information of the position-
20 measurement-points included in the plurality of
measurement point subsets;
statistically calculating, for each of the plurality
of measurement point subsets, estimations of the

predetermined number of parameters and certainty of the
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the certainty of the estimations calculated for each of

the plurality of measurement point subsets; and
calculating the position information of any area on
the object, using the determined parameters.
10
16. The position detection method according to claim
15, further comprising:
obtaining statistically valid values of the
predetermined number of parameters, based on the
15 respective groups of estimations and certainty for the
plurality of measurement point subsets calculated in the

step of statistically calculating.

17. The position detection method according to
20 claim 16, wherein
the statistically valid value of each of the
predetermined number of parameters is obtained by
calculating average of the corresponding estimations

weighted with the respective certainties, each of the
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calculating, for each of the plurality of
10 measurement point subsets, respective positions of the
third number of position-measurement-points based on
measurement results of the third number of any position-
measurement-points and estimating probability density
functions that each represent occurrence probability that
15 the calculated position is to be a predetermined value of
the respective, selected third number of any position-
measurement-point ;
calculating respective probability densities of the
calculated positions of the position-measurement-points,
20 based on the probability density functions; and
evaluating an error of each of the calculated
positions relative to respective reference position using
the respective calculated probability density’s value as

a plece of weight information and calculating estimations
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5 c¢laim 15, wherein position measurement marks are formed

at all of the position-measurement-~points.

20 . The position detection method according to
claim 19, wherein a plurality of divided areas, each of
10 which is provided with the position measurement marks,

are arranged on the object.

21 . A position detection method for detecting
position information of any area on an object provided

15 with a first number of position-measurement-points, the
position detection method comprising:

selecting, from the first number of position-
measurement-points, a first measurement point subset
which includes a third number of any position-

20 measurement-points, the third number being larger than a
second number and smaller than the first number, and the
second number being a minimum number of measurement
points required to calculate a predetermined number of
parameters that uniquely specify position information of

25 any area on the object;
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and smaller than the third number;
measuring position information of the position-
measurement-points included in the fist measurement point
10 subset; and
statistically evaluating a possibility of replacing
the first measurement point subset by one of the
plurality of second measurement point subsets, based on
measurement results of the third number of any position-
15 measurement-points composing the first measurement point
subset and measurement results of sets of the fourth
number of any position-measurement-points each composing
one of the second measurement point subsets, the first
measurement point subset being used to calculate the
20 predetermined number of parameters, and in the step of
statistically evaluating, evaluating similarities between
a predetermined feature amount of the first measurement
point subset and a predetermined feature amount of the

second measurement point subsets respectively obtained

25 based on each of the measurement results, the
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22 . The position detection method according to
claim 21, wherein the step of evaluating comprises:
statistically calculating estimations of the
predetermined number of parameters and certainty of the
10 estimations, based on measurement results of the third
number of position-measurement-points composing the first
measurement point subset;
statistically calculating estimations of the
predetermined number of parameters and certainty of the
15 estimations for each of the plurality of second
measurement point subsets, based on measurement results
of the fourth number of position-measurement-points; and
comparing the estimations and certainty of the first
measurement point subset with the estimations and
20 certainty for each of thelplurality of second measurement
point subsets and evaluating possibility of replacing the
first measurement point subset by one of the plurality of
second measurement point subsets, the first measurement
point subset being used to calculate the predetermined

25 number of parameters.
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claim 22, wherein in the step of calculating estimations

for the first measurement point subset, certainties of
5 position measurement results of the position-measurement-

points are taken into account upon calculating the

estimations and certainty thereof.

24 . The position detection method according to

10 claim 23, wherein the step of calculating estimations for

the first measurement point subset comprises:

calculating respective positions of the third number
of position-measurement-points, which compose the first
measurement point subset, based on measurement results of

15 the third number of position-measurement-points and
estimating probability density functions that each
represent occurrence probability of the calculated
position of a respective point of the third number of
position-measurement-points;

20 calculating respective probability densities of the
calculated positions of the position-measurement-points,
based on the probability density functions; and

evaluating an error of each of the calculated
positions relative to respective reference position using

25 the respective calculated probability density’s value as
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for each second measurement point subset, certainties of
position measurement results of the position-measurement-
points are taken into account upon calculating the

10 estimations and certainty thereof.

26 . The position detection method according to
claim 25, wherein the step of calculating estimations for
each second measurement point subset comprises:

15 calculating respective positions of the fourth
number of position-measurement-points, for each of the
plurality of second measurement point subsets, based on
measurement results of the fourth number of position-
measurement-points and estimating probability density

20 functions that each represent occurrence probability of
the calculated position of a respective point of the
fourth number of position-measurement-points;

calculating respective probability densities of the
calculated positions of the position-measurement-points,

25 Dbased on the probability density functions; and
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evaluated errors.

27 . The position detection method according to
claim 21, wherein the step of evaluating comprises:

10 statistically calculating, for each of the second
measurement point subsets, estimations of the
predetermined number of parameters and certainty of the
estimations, based on measurement results of the fourth
number of position-measurement-points;

15 statistically calculating position errors of the
position~-measurement-points of the first measurement
point subset through use of the estimations of the
predetermined number of parameters calculated in the step
of calculating estimations and evaluating a possibility

20 of replacing the first measurement point subset by one of

the plurality of second measurement point subsets.

28 . The position detection method according to
claim 27, wherein in the step of calculating estimations,

25 certainties of position measurement results of the
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10 measurement results of the fourth number of position-
measurement-points and estimating probability density
functions that each represent occurrence probability of
the calculated position of a respective point of the
fourth number of position-measurement-points;
15 calculating respective probability densities of the
calculated positions of the position-measurement-points,
based on the probability density functions; and
evaluating an error of each of the calculated
positions relative to respective reference position using
20 the respective calculated probability density’s value as
a piece of weight information and calculating estimations

of the predetermined number of parameters, based on the

evaluated errors.
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measurement results of the fourth number of position-
measurement-points of the selected second measurement
10 point subset, as values thereof, and
which, when the step of evaluating finds no second
measurement point subsets that can replace the first
measurement point subset, adopts estimations of the
predetermined number of parameters, calculated based on
15 measurement results of the second number of position-
measurement-points of the first measurement point subset,

as values thereof.

31 . The position detection method according to
20 claim 21, wherein position measurement marks are formed

at the position-measurement-points.

32 . The position detection method according to

claim 31, wherein a plurality of divided areas, each of
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10 point subsets which each include a third number of any
position-measurement-points, each subset respectively
having different combination of the position-measurement-~
points, the third number being larger than a second
number and smaller than the first number, and the second
15 number being a minimum number of measurement points
required to calculate a predetermined number of
parameters that uniquely specify position information of
any area on the object;
selecting, from the a plurality of the first
20 measurement points subsets, a plurality of second
measurement point subsets which each include a fourth
number of any position-measurement-points , each subset

respectively having different combination of the

position-measurement-points, and the fourth number being
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measuring position information of a plurality of
position-measurement~points included in the plurality of
5 the first measurement point subsets; and
statistically evaluating, based on measurement
results of the position-measurement-points included in
the plurality of the first measurement point subset, a
possibility of replacing the plurality of first
10 measurement point subsets by one of the plurality of
second measurement point subsets, as a measurement point

set used to calculate the predetermined number of

parameters.

15 34 . The position detection method according to
claim 33, wherein the step of evaluating comprises:
statistically calculating, for each of the plurality
of first measurement point subsets, estimations of the
predetermined number of parameters and certainty of the
20 estimations, based on measurement results of the third
number of position-measurement-points;
calculating statistically valid estimations of the
predetermined number of parameters and certainty of the
estimations, based on groups of the estimations and

25 certainty thereof for the plurality of first measurement
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+bC estimations for each first measurement point subset;
statistically calculating eétimations of the
predetermined number of parameters and certainty of the
5 estimations for each of the plurality of second
measurement point subsets, based on measurement results
of the fourth number of position-measurement-points; and
comparing the statistically valid estimations and
certainty with the estimations and certainty for each of
10 the plurality of second measurement point subsets and
evaluating a possibility of adopting one of the plurality
of second measurement point subsets as a measurement
point set used to calculate the predetermined number of
parameters,
15
35 . The position detection method according to
claim 34, wherein in the step ©of calculating estimations
for each first measurement point subset, certainties of
position measurement results of the position-measurement-

20 points are taken into account upon calculating the

estimations and certainty thereof.

36 . The position detection method according to
claim 35, wherein the step of calculating estimations for

25 each first measurement point subset comprises:
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of first measurement point subsets, based on measurement
results of the third number of position-measurement-
5 points and estimating probability density functions that
each represent occurrence probability of the calculated
position of a respective point of the third number of
position-measurement-points;
calculating respective probability densities of the
10 calculated positions of the position-measurement-points,
based on the probability density functions; and
evaluating an error of each of the calculated
positions relative to respective reference position using
the respective calculated probability density’s value as
15 a piece of weight information and calculating estimations

of the predetermined number of parameters, based on the

evaluated errors.

37 . The position detection method according to
20 claim 34, wherein in the step of calculating estimations
for each second measurement point subset, certainties of
position measurement results of the position-measurement-
points are taken into account upon calculating the

estimations and certainty thereof.

25
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5 number of position-measurement-points, for each of the
plurality of second measurement point subsets, based on
measurement results of the fourth number of position-
measurement-points and estimating probability density
functions that each represent occurrence probability of

10 the calculated position of a respective point of the
fourth number of position-measurement-points;

calculating respective probability densities of the

calculated positions of the position-measurement-points,
based on the probability density functions; and

15 evaluating an error of each of the calculated
positions relative to respective reference position using
the respective calculated probability density’s value as
a piece of weight information and calculating estimations
of the predetermined number §f parameters, based on the

20 evaluated errors.

3% . The position detection method according to
claim 34, further comprising a step which, when the step
of evaluating finds second measurement point subsets that

25 can replace the first measurement point subset, selects a
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10%@&I()'Fuquﬁggetermined number of parameters, calculated based on
measurement results of the fourth number of position-
5 measurement-points of the selected second measurement
point subset, as values thereof, and
which, when the step of evaluating finds no second
measurement point subsets that can replace the first
measurement point subset, adopts the statistically valid
10 estimations as values of the predetermined number of

parameters.

40 . The position detection method according to
claim 33, wherein the step of evaluating comprises:

15 statistically calculating, for each of the second
measurement point subsets, estimations of the
predetermined number of parameters and certainty of the
estimations, based on measurement results of the fourth
number of position-measurement-points;

20 calculating position errors of all the position-
measurement-points of the plurality of first measurement
point subsets through use of the estimations of the
predetermined number of parameters calculated for each of
the second measurement point subsets and evaluating

25 possibility of replacing the plurality of first
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41 . The position detection method according to
5 claim 40, wherein in the step of calculating estimations
for each second measurement point subset, certainties of
position measurement results of the position-measurement-
points are taken into account upon calculating the
estimations and certainty thereof.
10
42 . The position detection method according to
claim 41, wherein the step of calculating estimations for
each second measurement point subset comprises:
calculating respective positions of the fourth
15 number of position-measurement-points, for each of the
plurality of second measurement point subsets, based on
measurement results of the fourth number of position-
measurement-points and estimating probability density
functions that each represent occurrence probability of
20 the calculated position of a respective point of the
fourth number of position-measurement-points;
calculating respective probability densities of the

calculated positions of the position-measurement-points,

based on the probability density functions; and
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evaluated errors.

43 , The position detection method according to
claim 33, further comprising a step which, when the step
10 of evaluating finds second measurement point subsets that
can replace the first measurement point subset, selects a
most valid one, for replacement, of the second
measurement point subsets and adopts estimations of the
predetermined number of parameters, calculated based on
15 measurement results of the fourth number of position-
measurement-points of the selected second measurement
pcint subset, as values thereof, and
which, when the step of evaluating finds no second
measurement point subsets that can replace the first
20 measurement point subset, statistically calculates
estimations of the predetermined number of parameters and
certainty of the estimations, based on measurement
results of the third number of position-measurement-
points for each of the plurality of first measurement

25 point subsets, and adopts as values of the predetermined
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44 . The position detection method according to
claim 43, wherein the statistically valid value of each
of the predetermined number of parameters is obtained by
calculating average of the corresponding estimations

10 weighted with the respective certainties, each of the
certainties representing a piece of weight information

for the respective estimation.

45 . The position detection method according to
15 claim 33, wherein position measurement marks are formed

at the position-measurement-points.

46 . The position detection method according to
claim 45, wherein a plurality of divided areas each of
20 which is provided with the position measurement marks are

arranged on the object.

47 . A position detector that detects position

information of any area on an object provided with a
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5 minimum number of measurements required to calculate

values of a predetermined number of parameters, which

uniquely specify position information of any area on the

object, the position-measurement-points being selected

from the plurality of position-measurement-points;

10 an estimation unit that is electrically connected to
the measurement unit and that detects respective
positions of the selected position-measurement-points,
based on measurement results of the pieces of position
information, estimates probability density functions

15 which each represent occurrence probability that the
detected position is to be a predetermined value, based
on measurement results of the selected position-
measurement-points and design information regarding the
selected position-measurement-points, for respective one

20 of the selected position-measurement-points, and
calculates probability density of the detected position
of each of the position-measurement-points; and

a parameter calculation unit that is electrically
connected to the measurement unit and the estimation unit

25 and that evaluates detection error of each of the
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wherein said measurement unit comprises an image pickup
unit that picks up images of marks formed on the object,
10 and measures position information of the marks based on

image pickup result of the image pickup unit.

49 . A position detector that detects position

information of any area on an object provided with a
15 first number of position-measurement-points, the position
detector comprising:

a set-selection unit that selects, from the first
number of position-measurement-points, a plurality of
measurement point subsets which each include a third

20 number of any position-measurement-points , each subset
respectively having different combination of the
position-measurement-points, the third number being
larger than a second number and smaller than the first
number, and the second number being a minimum number of

25 measurement points required to calculate a predetermined
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10 the predetermined number of parameters and certainty of

the estimations, based on measurement results of the
third number of any position-measurement-points;
a determining unit that is electrically connected to

the estimation computing unit and that determines the

15 parameters, based on the estimations of the predetermined
number of parameters calculated for each of the plurality
of measurement point subsets and the certainty of the
estimations calculated for each of the plurality of
measurement point subsets; and

20 a position calculating unit that is electrically
connected to the determining unit and that calculates the
position information of any area on the object, using the

determined parameters.



1V 109 () - &&10%& ()-1}"110% . ()-m\\\]] ]]]]1bCIL10%& ()-' 10%& ()- 10 10
1071 : &109& ()- " y8109%& () - 1.5 AUG 2003
L6109 ()-]1]7)_ alawUsbCl!109%& ()-!al 109& ()-!S!I 109& ()-! (9! 10%z& ()-3!@5
1 109 () - S! 69! TO% () - Slabbbbbccer S11\s9!10% & () - 910% () - &10%: ()- 10
10 10!'t-!1 109 ()- !S-!10% ()-

cEdds$ef ef gzX6r S1! 1 k" 10%&' ()-!y" 10%gq&" (139f" 109884 ()-s9! 10%& ()-!fs9! 10%&
()-1s9! 109% (& ()-g%iiiiiiirSl! Ss!109& ()-109& ()-'109& ()- 10;; 10:: 10;

; 1710% ; & ()-!"10%% () rhl kk3k kL 8BEXeE Rl Bl dikrd Ro  claim 49,
96 1094.1& ()-! 10908 ()- @\! 109& ()- @ #s! 109& ()- ! f

s! 109& ()-8 n * L 10%& () . . o
1/(50%(1)!/3! éoc(%)i1%11[5}%%0Q‘Q&}o%ﬁ%‘?lﬂ?@&g %%’Bﬁyé&*]’ﬁl%]lt °°mprlsing' |

0 0,'- ~\ OOt 1109 (e @ a: 0 (e o0& ) -f!"
10988 ()-f - 10%38\%&‘"’( l%%i&&gg’{%-%%%t t%‘%‘&% e Bhe Biefukel

10181109 () -4 K501 DXPL A0 il 0098 O Tt aEND! LGl
10%g& () - @0%g& ().~ mLO%g&' () - 103@&'@-ttu UUUAEMD! t° 1 109G& () - S10%& () -
109%g& () - 005%181_%/@ ' é‘?lg%/ BC (FUr S~ \BW%\%@.’E §eRSYGETEI T Fod09ge () -
@910%& () - &l 1098 () - 310%& g&)b 1(()2@&' () - - Wowmx AxnxdEND! g&s?éf@&' g)a-g&l (1)31
0%g& ()-f/ T points, ased on the measurement results of the plecel o

10%& ()- -s10%& ()- Y+10%g& () - &S) 10%@& () - nxxxxxxxxybCl't: 10%g&' ()-Z10%&
()-L' 10%g& ()posingipr dgfrag@rion of the third number of position-

10%9& ()-510%9& ()-y*yZyyyy/ zdEbCl t y10%9& () - Z10%g& () - Y10%&' () - @0% & ()
-&10%&' () - measurement-points, estimates probability density

10%9&' ()-/zZzzzz{ R{ dEbC! t $10%g& ()-"Z10%& ()-110%& ()-310%& ()-!10%& ()
-10%& () - R{ {fyrdB}idng shdEl each represent occurrence probability of

10 the detected position for the respective point of the
third number of position-measurement-points, and
calculates probability density of the detected position
of each of the position-measurement-points; and

a parameter calculation unit that is electrically

15 connected to the estimation unit and that evaluates
detection error of each of the detected positions while
using the respective calculated probability density’s
value as a piece of weight information and calculates
such values of the predetermined number of parameters

20 that the_detection errors become statistically minimum as

a whole, based on the detection errors.

51 . The position detector according to claim 49,

further comprising:
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measurement point subsets.

52 . A position detector that detects position
10 information of any area on an object provided with a
first number of position-measurement-points, the position
detector comprising:
a set-selection unit that selects, from the first
number of position-measurement-points, a first
15 measurement point subset, which includes a third number
of any position-measurement-points, and from the first
measurement point subset, a plurality of second
measurement point subsets which each include a fourth
number of any position-measurement-points , each subset
20 respectively having different combination of the
position-measurement-points, the third number being
larger than a second number and smaller than the first
number, and the second number being a minimum number of
measurement points required to calculate a predetermined

25 number of parameters that uniquely specify position
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third number;
a measurement unit that measures positions of the
5 position-measurement-points included in the first
measurement point subset; and
an evaluation computing unit that is electrically
connected to the set-selection unit and the measurement
unit, and that statistically evaluates a possibility of
10 replacing the first measurement point subset by one of
the plurality of second measurement point subsets, based
on measurement results of the third number of any
position-measurement-points included in the first
measurement point subset and the measurement results of
15 'the fourth number of any position-measurement-points
included respectively in one of the plurality of second
measurement subsets, the first measurement point subset
being used to calculate the predetermined number of
parameters, and in the step of statistical evaluation,
20 the evaluation computing unit evaluates similarities
between a predetermined feature amount of the first
measurement point subset and the predetermined feature
amount of the second measurement polnt subsets

respectively obtained based on each of the measurement

25 results, the predetermined feature amount of the second
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measurement point subset.

5 53 . The position detector according to c¢laim 52,
wherein the evaluation computing unit comprises:
an estimation calculation unit that is electrically
connected to the measurement unit and that statistically
calculates, for the specific measurement point subset,

10 estimations of the predetermined number of parameters and
certainty of the estimations, based on measurement
results of position information of position-measurement-
points composing the specific measurement point subset
which is selected from the first measurement point subset

15 and the plurality of second measurement point subsets;
and

an evaluation unit that is electrically connected to
the estimation calculation unit and that compares the
estimations and certainty of the first measurement point

20 subset with the estimations and certainty for each of the
plurality of second measurement point subsets and
evaluates a possibility of replacing the first
measurement point subset by one of the plurality of

second measurement point subsets, the first measurement
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5 wherein the estimation calculation unit comprises:
an estimation unit that detects respective positions

of position-measurement-points composing the specific
measurement point subset, based on the measurement
results of position information of position-measurement-

10 points composing the specific measurement point subset,
estimates probability density functions which each
represent occurrence probability of the detected position
for respective one of the position-measurement-points of
the specific measurement point subset, and calculates

15 probability density of the detected position of each of
the position-measurement-points; and

a parameter calculation unit that is electrically

connected to the estimation unit and that evaluates
detection error of each of the detected positions while

20 using the respective calculated probability density’s
value as a piece of weight information and calculates
such values of the predetermined number of parameters
that the detection errors become statistically minimum as
a whole, based on the detection errors.

25



10967& () - 1094T& () - 91094T& () - 109T& () - s1094T& () - s109%& () - 2i dEYNC 10z
*10907& () - (109F& ()- & 1090& ()-$: 100& ()-"ml0%r& ()- 109a& ()- H JESYMOG 1R
&F7TMLOYT& () -, 51000& () - 9&3: 1099& ()-& 1F109d& ()-/g

10967& () - - 10967& () - KLMNZAbC 10z3 109& ()-, 109& ()- Z109%& () - &@LOY%& ()- 10T
10T 10T 9109%& () - 9sdEbC
102109 () - 109& () - 109& ()- 109& ()-f 1094¢) - Ls109%& () - LaBbC
10z$GLOY ()-"y109%& ()- 109& ()-109& ()-!{l 109& ()-10% ()-L.adEbC
1023110%& ()-/s! 1088 ( )il Q&'16) ohl Q¥ EY o} 9A08@EdIng FIDVR 1EimE,
10znmL0% & () - &10% & ()- 10 10 10 9109 ()- Y7109% ()-, 510% ()-L! dEbC 10z

10% &' () - @QLO%ge f1nl AR vkl LAYE 8n ( }:oxlnp&@%:& WnitS i(g)ers!: YBNUWEDLC
10z! F109%2 & ()- 109 & ()- 1092 & ()-3109% & ()-10%& ()-2z10%& ()-m i dEbC

10z9- I]_O(Vi&' ()- +10%% %éﬂlﬂa]tq(@&'c(a)lcuﬁég%gfg‘ ﬁ%ltﬁ)that is electrically
10% & ()-#L10% & () - Qcdef rxmbC 10z" 10%0°& (

iSééi??i/ai‘iéiﬁr@ﬁ%%‘iﬁo%o&F %%O?"e%féés%?%"%ﬁﬁ%@% )éf’%%? “Prigathyc

5 calculates, for the specific measurement point subset,
estimations of the predetermined number of parameters and
certainty of the estimations, based on measurement
results of position information of position-measurement-
points composing the specific measurement point subset,

10 which is selected from the plurality of second
measurement point subsets; and

an evaluation unit that is electrically connected to
the estimation calculation unit and that calculates
position errors of the position-measurement-points,

15 composing the first measurement point subset, through use
of estimations of the predetermined number of parameters
for each of the plurality of second measurement point
subsets and evaluates possibility of replacing the first
measurement point subset by one of the plurality of

20 second measurement point subsets.

56 . The position detector according to c¢laim 55,
wherein the estimation calculation unit comprises:
an estimation unit that detects respective positions

25 of position-measurement-points composing the specific
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SlO%@&'()SyIOQQL égen ur&%nce probability of the detected position
for respective one of the position-measurement-points of
the specific measurement point subset, and calculates
probability density of the detected position of each of
the position-measurement~points; and

10 a parameter calculation unit that is electrically
connected to the estimation unit and that evaluates
detection error of each of the detected positions while
using the respective calculated probability density’s
value as a piece of weight information and calculates

15 such values of the predetermined number of parameters
that the detection errors become statistically minimum as

a whole, based on the detection errors.

57 . The position detector according to claim 52,
20 further comprising a parameter value determining unit
that is electrically connected to the evaluation
computing unit and that calculates values of the
predetermined number of parameters, based on evaluation

results of the evaluation computing unit.

25
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first measurement point subsets, which each include a
third number of any position-measurement-points , each
subset respectively having different combination of the
10 position-measurement~points, and from the plurality of
the first measurement point subsets, a plurality of
second measurement point subsets which each include a
fourth number of any position-measurement-points , each
subset respectively having different combination of the
15 position-measurement-points, the third number being
larger than a second number and smaller than the first
number, the second number being a minimum number of
measurement points required to calculate a predetermined
number of parameters that uniquely specify position
20 information of any area on the object, and the fourth
number being larger than the second number and smaller
than the third number;
a measurement unit that measures positions of the
position-measurement-points included in the plurality of

25 the first measurement point subsets; and
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5 included in the plurality of the first measurement point
subsets, a possibility of adopting one of the plurality
of second measurement point subsets as a measurement
point subset to calculate the predetermined number of
parameters.

10
59 . The position detector according to claim 58,
wherein the evaluation computing unit comprises:
an estimation calculation unit that is electrically
connected to the measurement unit and that statistically
15 calculates, for the specific measurement point subset,
estimations of the predetermined number of parameters and
certainty of the estimations, based on measurement
results of position information of position-measurement-
points composing the specific measurement point subset
20 which is selected from the plurality of first measurement
point subset and the plurality of second measurement
point subsets, and calculates statistically wvalid
estimations of the predetermined number of parameters and
certainty of the estimations, based on groups of

25 estimations of the predetermined number of parameters and
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connected to the estimation calculation unit and that
5 compares the statistically valid estimations and
certainty of the first measurement point subset with the
estimations and certainty for each of the plurality of
second measurement point subsets, and evaluates a
possibility of adopting one of the plurality of second

10 measurement point subsets as a measurement point subset

to calculate the predetermined number of parameters.

60 . The position detector according to claim 59,
wherein the estimation calculation unit comprises:

15 an estimation unit that is electrically connected to
the measurement unit and that detects respective
positions of position-measgrement—points composing the
specific measurement point subset, based on the
measurement results of position information of position-

20 measurement-points composing the specific measurement
point subset, estimates probability density functions
which each represent occurrence probability of the
detected position for respective one of the position-
measurement-points of the specific measurement point

25 subset, and calculates probability density of the
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points; and
a parameter calculation unit that is electrically

connected to the estimation unit and that evaluates

5 detection error of each of the detected positions while
using the respective calculated probability density’s
value as a piece of weight information and calculates
such values of the predetermined number of parameters

that the detection errors become statistically minimum as

10 a whole, based on the detection errors.

61 . The position detector according to claim 58,
wherein the evaluation computing unit comprises:
an estimation calculation unit that is electrically
15 connected to the measurement unit and that statistically
calculates, for the specific measurement point subset,
estimations of the predetermined number of parameters and
certainty of the estimations, based on measurement
results of position information of position-measurement-
20 points composing the specific measurement point subset
which is selected from the plurality of second
measurement point subsets; and
an evaluation unit that is electrically connected to
the estimation calculation unit and that calculates

25 errors of all the position-measurement-points of the
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5 the plurality of first measurement point subsets by one

of the plurality of second measurement point subsets.

62 . The position detector according to claim 61,
wherein the estimation calculation unit comprises:

10 an estimation unit that detects respective positions
of position-measurement-points composing the specific
measurement point subset, based on the measurement
results of position information of position-measurement-
points composing the specific measurement point subset,

15 estimates probability density functions which each
represent occurrence probability of the detected position
for respective one of the position-measurement-points of
the specific measurement point subset, and calculates
probability density of the detected position of each of

20 the position-measurement-points; and

a parameter calculation unit that is electrically
connected to the estimation unit and that evaluates
detection error of each of the detected positions while
using the respective calculated probability density’s

25 wvalue as a piece of weight information and calculates
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5 63 . The position detector according to claim 58,
further comprising a parameter value determining unit
that is electrically connected to the parameter
calculation unit and that calculates values of the
predetermined number of parameters, based on evaluation

10 results of the evaluation computing unit.

64 . An exposure method for transferring a
predetermined pattern onto divided areas on a substrate,
comprising:

15 calculating a predetermined number of parameters
that pertain to positions of the divided areas by a
position detection method according to claim 1 and
calculating arrangement information of the divided areas
on the substrate; and

20 transferring the pattern onto the divided areas
while aligning the substrate based on the arrangement
information of the divided areas calculated in the step

of calculating arrangement information.
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dYNC 10z 5 movement plane; and

a position detector according to claim 47 that
calculates arrangement information of the divided areas

on the substrate mounted on the stage unit.

10 66 . A device manufacturing method including a
lithography process,
wherein the lithography process transfers a
predetermined pattern onto divided areas on a substrate
using an exposure method according to claim 64.
15
67 . An exposure method for transferring a
predetermined pattern onto divided areas on a substrate,
comprising:
calculating a predetermined number of parameters
20 that pertain to positions of the divided areas by a
position detection method according to claim 15 and
calculating arrangement information of the divided areas
on the substrate; and
transferring the pattern onto the divided areas

25 while aligning the substrate based on the arrangement
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109%7& () - 10%& () - ecgléﬁgérapﬁy process transfers a predetermined
pattern onto divided areas on a substrate using an

exposure method according to claim 67.

10 69 . An exposure method for transferring a
predetermined pattern onto divided areas on a substrate,
comprising:

calculating a predetermined number of parameters
that pertain to positions of the divided areas by a

15 position detection method according to claim 21 and
calculating arrangement information of the divided areas
on the substrate; and

transferring the pattern onto the divided areas
while aligning the substrate based on the arrangement

20 information of the divided areas calculated in the step

of calculating arrangement information.

70 . A device manufacturing method including a

lithography process,
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predetermined pattern onto divided areas on a substrate,
comprising:
calculating a predetermined number of parameters
that pertain to positions of the divided areas by a
10 position detection method according to claim 33 and
calculating arrangement information of the divided areas
on the substrate; and
transferring the pattern onto the divided areas
while aligning the substrate based on the arrangement
15 information of the divided areas calculated in the step

of calculating arrangement information.

72 . A device manufactqring method including a
lithography process,
20 wherein the lithography process transfers a
predetermined pattern onto divided areas on a substrate

using an exposure method according to c¢laim 71.
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10 74 . An exposure apparatus that transfers a
predetermined pattern onto divided areas on a substrate,
comprising:
a stage unit that moves the substrate along a
movement plane; and
15 a position detector according to claim 52 that

calculates arrangement information of the divided areas

on the substrate mounted on the stage unit.

75 . An exposure apparatus that transfers a
20 predetermined pattern onto divided areas on a substrate,
comprising:
a stage unit that moves the substrate along a

movement plane; and
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