1 DESCRI PTI ON METHOD OF MEASURI NG SHOT SHAPE AND MASK 5 TECHNI CAL
FI ELD The present invention relates to nmethod of neasuring a shape of
a shot region, and a nmask used in this neasuring. Priority is

cl ai med on Japanese Patent Application No. 2005-087625, filed WMarch
25 2005, the content of which is incorpgrated herein by reference. 10
BACKGROUND ART Exposure apparatuses such as a reduction projection

exposure apparatus using a step-amESORIPEIOMNMYStem (i.e., a stepper)
and a scanni ng projection exposure apparatus using a step-and-scan

system (i.e., a scanning stepper) are used during a |lithography 15
process in manufacturing sem conductor elenents, liquid crystal

di splay el enents, et QETAODSGFMEOOSIENGS SEDETRDE: AROMESKDY € hi ghly

integrated, there is a demand that these exposure apparatuses
fabricate finer circuit patterns on a photosensitive substrate. To
make t he circuit pattern finer, imaging characteristics of a

proj ecti Hﬁ?¢ § mthat projects a pattern inage of a mask
onto a p ot 0SEnNSi strate nmust be 20 adjusted to a best
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_opti cal system For exanmp in a nethod disclosed in Patent
Literature andams t“iS‘Eﬂlét‘HFFWEF“&H%‘ the like is used in linmting an
exposure region such that, after the projection optlcalwg%sten1

exposes a pl ur al iPrgripris plapagd gacepasesedagmt Applisatirin 2095-08763u15ed at e,

only a second Eattern 25 can be exposed; the second pattern is
exposed oveMah[231280%, thareytenbef witieh is nmstpopﬂé\%&l@rmbmfczence

10
BACKGROUND ART
Exposure apparatuses such as a reduction projection exposure apparatus using a
step-and-repeat system (i.e., a stepper) and a scanning projection exposure apparatus
using a step-and-scan system (i.e., a scanning stepper) are used during a lithography
15  process in manufacturing semiconductor elements, liquid crystal display elements, etc.
As semiconductor elements become more highly integrated, there is a demand that these
exposure apparatuses fabricate finer circuit patterns on a photosensitive substrate.
To make the circuit pattern finer, imaging characteristics of a projection optical
system that projects a pattern image of a mask onto a photosensitive substrate must be
20 adjusted to a best possible level. To adjust the imaging characteristics, there are
methods of determining an amount of distortion of the projection optical system.
For example, in a method disclosed in Patent Literature 1, a reticle blind and the
like is used in limiting an exposure region such that, after the projection optical system
exposes a plurality of first patterns on a photosensitive substrate, only a second pattern

25  can be exposed; the second pattern is exposed over a latent image of the first patterns by



novi ng the photosensitive substrate by fixed ampunts based on the
desi gn- dependent arrangenent of the first patterns, and the
distortion anount of the projection optical systemis determ ned by
measuring the latent inages of the first and second patterns.

Devel oped patterns can be used instead Qf |atent inages of the
patterns. 5 Patent Literature 1: JapaneSe Unexam ned Pat ent
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Tour 11 oni ng SR BBk ned b BEASE fei el i htn bl oot Berms,
reference ingcl yde sitional dgeviat. . lt is erefore necessar
o e e s e Hendns sBlnt e g ms bt ol Duent irteceSof HEmtiomerg d

positiongl devi ation between the first pattern and .the secaond
pattern, 2and to dJeRte hiteratugnl: Japangse Ungaanyaed Fatenh Puldicatian N, S6#-0p826
measurenent points as the lens distortion; there is a consequent
probl em t hat nmeasurenment of highly precise lens distortion is
limted. Moreover, to determne lens distortion in all shot regions
on the phot dEPEOSURE GUBBKENIION al | neasurenent points in all the
shot regions nust be neasured; this is problematic in that measuring
t akes a | onGROBEMPTOBESQPEEERMY THEEANVENTIOIESs been realized in
consi deration of the above circunstances, and ains to provide a

met hod of measur i lnghsleinigRapsribbdibogeat the titiedf Btposing it sekiohll phittenoon
and the like with high precision while reducing the .neasuring | oad,
and a  mask theghetobdhsiine subk otk suBSirabdwtii® off MRickEhe\ o sdrtsht vERMBEAY/is3

In order to solve the above objects, a nethod of neasuring shot shape
and a mounted is moved by fixed amounts. Since there is a margin of error when positioning

the substrate stage, the second pattern that forms a reference includes positional deviation.
It is therefore necessary tc increase the number of measurement points for measuring
positional deviation between the first pattern and the second pattern, and to determine an

15  average position deviation of the measurement points as the lens distortion; there is a
consequent problem that measurement of highly precise lens distortion is limifed.

Moreover, to determine lens distortion in all shot regions on the photosensitive

substrate, all measurement points in all the shot regions must be measured; this is
problematic in that measuring takes a long time.

20 The present invention has been realized in consideration of the above
;:ircmnstances, and aims to provide a method of measuring shot shape that can determine
lens distortion and the like with high precision while reducing the measuring load, and a

mask used in the method.

25 MEANS FOR SOLVING THE PROBLEM



mask of the invention use the follow ng neans. A first invention
provi des a nethod of neasuring shot shape including: sequentially
exposi ng a substrate with main scale marks (32) in conpliance with a
5 predeterm ned nmap, and formng a reference grid including a
plurality of the main scale mnarks arranged in the predeterm ned map
in at |east one shot region (SH), expos?ng a shot for neasuring

(PC), via a proj gﬁ gi&pto%wég% abﬁVe%bﬁé@ts( E Het ohgf‘%lr@éesgxg%%ﬁgtsshg%eo%grpaa: int y

of auxiliary sc mar ks arranged I'n rmn
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bet ween adj acent nain scale asuring an anount of

devi ati on between, the. main scale marks .and the ayxiliary scale
marks, and correct f"ﬁgmt"?fgl"r‘é’f Nt %ﬁé&legﬁpfl 8%5@8“%%“’{ #hapg %‘Flﬁﬁl?’%r'e

posi tional relationship, an cal cul ating, a shot shape of the shot
for measuri ?’F@“ﬁ’é‘é@ﬂe’ﬁ’ﬁg@ﬁésgﬁﬂﬁt@é‘? draicalednrrs (G7) 1 coppiare W2t he
amount of deviation. According to this invention, before determ ning
t he shot? sheiséetesminadanap, aad fogping 2 selprspes aridineludiega plwalityed thetmain scale
devi ation between the main scale mark and the auxiliary scale marks
and the r el metks aminged bt the predetefminesiToap igat least oheshotregior (RI), epposing 8
corrected by neasuring the relative positional relationship between
adj acent nuashet &t alcesunag KBC), vizhargéaion pptidabsysteot (PE})) dime inofud¢shepladality off or
measuring can be determined with high precision. Sinultaneous to
exposi ng t hamdtiirnscateah@kn@@kartadgdd in sherpredecedtiniv@gd bp kisthé 46dt rdplth, 20
which are used in neasuring a relative positional relationship

bet ween t hems®iufing€ adlftive FBsitiorANRAbMhi}FTeridh Adiscat MaiBtdle harksed
adjacent to it, can be fornmed between the main scale mark and the
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rel ative positional relationship between the nmain scale marks using
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is formed by multiple exposures of” 4
calculating a shot shape of the shot for measuring based on the corrected reference grid
(PByp) and the amount of deviation.
According to this invention, before determining the shot shape of the shot for
15  measuring from the amount of deviation between the main scale mark and the auxiliary
scale marks and the relationship of the reference grid, the reference grid is corrected by
measuring the relative positional relationship between adjacent main scale marks;
therefore, the shot shape of the shot for measuring can be determined with high precision.
Simultaneous to exposing the main scale mark (32), surrounding marks (40, 50),
20 which are used in measuring a relative positional relationship between the main scale
mark and another main scale mark formed adjacent to it, can be formed between the main
scale mark and the other main scale mark. This makes it possible to measure the
relative positional relationship between the main scale marks using the surrounding

marks.

25 Furthermore, when the reference grid (PB) is formed by muitiple exposures of



main scale mark groups (32L), constituted by grouping a plurality of
main scale marks (32), in a shot region (SH), the nunber of

measur enment points where the relative positional relationship
between the main scale marks is neasured can be reduced by
sequentially exposing the mark scale mark groups including a
plurality of main scale 5 marks whose p%sitional relationship is
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with high precision. A second. invention provides a nmask (TR, TR2)

i ncl udi ng amarks 3deseppsitiopsl yelationship isdgtermmed peforehiand. i ary scal e mar ks
(34) that are arranged in a grid formation along a first 15
direction and a dbteneiriielecnads arasp (Y rRmeloMilreplatalistof iaesseieon,
the auxiliary scale mark and the main scale nmark are superinposed to
i ndi cat e a melkai(32)emanged i a ofw, didy ey kodeterbaiewaeamauhbofrelatine ratatibreast
one pair of surrounding marks (40, 50) arranged such as to sandw ch
t he mai n schtteetramkip stddempdi growgh. surroundi ng marks include a main
surrounding mark (42, 52), and an auxiliary surrounding mark (44,

54) that is separRirthémiite,af ¢ calculilionof eie\shdt shdpetidtudasizirtecgrhscal e
mark fromthe main surround mark, and the auxiliary surrounding mark
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anount of devi ation between them According to this invention, before
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A second invention provides a mask (TR, TR2) including at least one main scale
mark (32), auxiliary scale marks (34) that are arranged in a grid formation along a first
15  direction and a second direction orthogonal to the first direction, the auxiliary scale mark
and the main scale mark are superimposed to indicate a relative amount of deviation
between them, and at least one pair of surrounding marks (40, 50) arranged such as to
sandwich the main scale mark, the pair of surrounding marks include a main surrounding
mark (42, 52), and an auxiliary surrounding mark (44, 54) that is separated by a grid
20  interval of the auxiliary scale mark from the main surround mark, and the auxiliary
surrounding mark and the main surrounding mark are superimposed to indicate a relative
amount of deviation between them.
According to this invention, before exposing the main scale mark and the

auxiliary scale marks in superimposition on the photosensitive substrate and measuring

25  the relative amount of deviation between them, main surrounding marks arranged around



5 the main scale mark and auxiliary surroundi ng marks arranged
around an adj acent other nmain scale mark are exposed in
superinposition, and the relative positional relationship between
the main scale marks is neasured, whereby the rel ative anmount of
deviation between the main scale nmark gnd the auxiliary scal e marks
can be determned with high 5 precision. If a plurality of the main
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reduced. _If the mask (TR, TR2) is used by being nounted on a scanni ng
exposur & aPfef8Rus (EX) with the marks arranged such that the second
direction beconmes a 15 scanning direction of the scanning exposure
appar atus, the allf gpiwealty of thempinseplomarks 32) plegrratgetl jn »fownalpng the fitse

mar ks arranged in a row (first direction) for formation of the
reference ggireﬁtibls and theagpomsirronadingmarks £2) amdthel aweldary enpoundieg slaiks (54)
ensuring that the alignment of the main scale marks in the first

di recti on daresrranged dosepantiorsalongthosoos] divvtee the amentaf relidiye ARMANT AGE
OF THE I NVENTI ON The invention can obtain the foll ow ng advant age.

Si nce the iburedn main seaidohaks tdhebereadiBirhasradibpisthudiialliessipdsih@a plaRlineasn
the maiin scale marks and the auxiliary scale marks to be neasured
with high phe®iscdl®maikstwiose positional relationship is determined beforehand; in addition, the

number of measurement points where the relative positional relationship of the main
scale marks is measured can be reduced.
If the mask (TR, TR2) is used by being mounted on a scanning exposure
apparatus (EX) with the marks arranged such that the second direction becomes a
15 scanning direction of the scanning exposure apparatus, the alignment direction of the
plurality of main scale marks arranged in a row (first direction) for formation of the
reference grid is orthogonal to the scanning direction, thereby ensuring that the alignment
of the main scale marks in the first direction does not contain synchronous movement
€1TOT.
20
ADVANTAGE OF THE INVENTION
The invention can obtain the following advantage.
Since the invention enables the relative amount of deviation between the main
scale marks and the auxiliary scale marks to be measured with high precision after

25 comecting alignment error of the main scale marks, lens distortion of the projection



25 correcting alignment error of the main scale marks, |ens
distortion of the projection 6 optical systemin each shot region
can be determ ned with high precision. Therefore, according to the
invention, a finer circuit pattern can be exposed on a

phot osensitive substrate with high precision, and a hi gh-performance
device can be manufactured. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G

1 is a scheopticalsyvtef\ih sitdWhitGedibiecmtRide@thiatd Qith BEh BRcBIROSUr €
apparatus according to a first enbodinment. FIG 2A Is a concept ual

vi ew showi ng a 1 effiefdfrea6RtHE AOtht thvantidn! £ ing TRAM fFRAh can $0epb d 2R
is a conceptual view showing a reticle according to a first

enbodi nent . ; i s M1 A ! rdi ng
Co a firet DeEimighe b GRUERR BRLish 3 S AR AL R oSS
reticle accgrdid@, g @ first embodinent. FIG 3A shows a reference
grid fornmed I'n a shot region of a wafer. FIG 3B shows a reference
grid forgred in a shot region of a wafer. 15 FIG 4A shows a shot for
measuri ng exposed over a reference grid. FIG 4B shows a shot for

measuring e e I FIG 5 shows a nodification
of surroundéﬂéﬁﬁ&ﬁgéﬁhﬂﬁeg(g??gﬂiﬁgghhgﬁ§uaI view showing a reticle
according to another enbodinent. FIG 7 shows a reference grid
formed using a retficl i 2 sphynpperRmshpwg tre cPREEURItORRERDE ISYVBEIBIAtE

BLI ND 30, 30c MNARK
according to a first embodiment.

FIG. 2A is a conceptual view showing a reticle according to a first embodiment.
10 FIG. 2B is a conceptual view showing a reticle according to a first embodiment.
FIG. 2C is a conceptual view showing a reticle according to a first embodiment.
FIG. 2D is a conceptual view showing a reticle according to a first embodiment.
FIG. 3A shows a reference grid formed in a shot region of a wafer.
FIG. 3B shows a reference grid formed in a shot region of a wafer.
15 FIG. 4A shows a shot for measuring exposed over a reference grid.
FIG. 4B shows a shot for measuring exposed over a reference grid.
FIG. 5 shows a modification of surrounding marks,
FIG. 6 is a conceptual view showing a reticle according to another embodiment.
FIG. 7 shows a reference grid formed using a reticle.

20

DESCRIPTION OF THE REFERENCE SYMBOLS

6 BLIND
30,30c MARK
32 MAIN SCALE MARK

25 32L MAIN SCALE MARK GROUP



32 MAIN SCALE MARK 25 32L MAIN SCALE MARK GROUP 7 34 AUXI LI ARY SCALE
MARK 40, 50 SURROUNDI NG MARK 42, 52 MAI N SURROUNDI NG MARKS 44, 54
AUXI LI ARY SURROUNDI NG MARKS 5 EX EXPOSURE APPARATUS ( SCANNI NG
EXPOSURE APPARATUS) RST RETI CLE STAGE PL PRQJECTI ON OPTI CAL SYSTEM
WST WAFER STACE TR, TR2 RETI CLE 10 W WAFER ( SUBSTRATE) SH SHOT

REG ON PB REFERENCE GRI D PBo REFERENCE TGRI D ( CORRECTED REFERENCE

GRID) PC FOR MEA FOR CARRYI NG OQUT THE

| NVENTI ON E‘Fljr‘gl—di ment s g@%sgﬁﬁé‘w suring method and a mask of

t he inventi%g will be ﬁg%: ' ' eference to the drawi ngs. FIG
| is a schefaelc view § guration of an exposure

appar at us 0 EX accordjng to this enbodi nent. The exposure apparat us
EXis a sca isﬁg exposmg%%@wg#ﬁﬁlﬁ st ep- and- scan system

nanmely a scanni ng stepper, that synchronousl noves a reticle TR and
a wafer Wi%tha4one-di MBMYaUﬁg&UW%Mi ng a

5 EX EXPOSURE APPARATUS (SCANNING EXPOSURE APPARATUS)

RST RETICLE STAGE
PL PROJECTION OPTICAL SYSTEM
WST WAFER STAGE
TR, TR2 RETICLE

10 W WAFER (SUBSTRATE)
SH SHOT REGION
PB REFERENCE GRID
PBy REFERENCE GRID (CORRECTED REFERENCE GRID)
PC SHOT FOR MEASURING

15

BEST MODE FOR CARRYING QUT THE INVENTION

Embodiments of a shot shape measuring method and a mask of the invention
will be explained with reference to the drawings.

FIG 1 1s a schematic view showing the configuration of an exposure apparatus

20 EX according to this embodiment. The exposure apparatus EX is a scanning exposure

apparatus using a step-and-scan system, namely a scanning stepper, that synchronously
moves areticle TR and a wafer W in a one-dimensional direction while using a
projection optical system PL to transfer a pattern PA formed on the reticle TR to shot
regions SH on the wafer W.

25 In the following explanation, a direction matching the optical axis of the



projection optical systemPL to transfer a pattern PA formed on the
reticle TR to shot regions SH on the wafer W 25 In the foll ow ng
expl anation, a direction nmatching the optical axis of the 8
projection optical systemPL is termed Z-direction, a direction of
synchronous novenent of the reticle TR and the waf er W ('scanni ng
direction) in a plane perpendlcular to $he Z-direction is ternmed
Y-direction ectio

Z-.d t he
Y-directi onprﬂ%ﬁor%??glﬁﬂls Séef’e: ? F‘é ‘%)dz ﬁ rg? f?gi&fte‘gk‘%&"f @h@ﬁ%ﬁ‘gﬂ%qm&gmw
and ¢ he 2. aiiee g pBepdats vir Virns %si%%”‘béfe‘&%ﬁé'@%daﬁﬁm%ﬁ' >

and OZ-dire t| on, The exposure apparat us, EX i ncl udes g*l um naél on
optical sysE@HFsionifigrme YPHH‘FW%@@%%*H%"“P%PF‘E?@WWW

light EL, a _npvable reticle stage RST that holds the retlcle TR, a
proj ection Sireetion (agnstcanning direghon) it (§Tmeas %-direriionx pdisestions of getatiqa
emtted 10 fromthe reticle TR onto the wafer W a novabl e waf er

st age WBY t (iaalinhigdng grotmbtheat-axis, We Y-axisyaidhthe draxisaire ryperdvalOoNTed hat
collectively controls the exposure apparatus EX, and such like. The
i1l um nati odX-dptetonal 0gisdcdon, lahd bEddiredtivat es the reticle TR with
exposure light EL, and includes a reflecting mrror 3, a wavel ength
sel ection filter Phe eRfosoielapsaituslBX iimdl@igs at Wimirfatied ébtlcgingsten ILad) 5, a
blind (field stop) 6, areflecting mrror 7, and a lens system 8.

Speci fi cal | Yunfik@esediesds TR Iwiti kpsdurd 1$gheELtat 86vableQBicke dtagd RS TSGR 2
such as an ultra-high pressure nmercury lanp and an excimer |aser, is

reflected bypetdirle 'Fli | ?ﬁ&]k&ﬂn oﬁi'ld'a[ %rsteﬁl PIoAG: ﬁr@e&tﬁ‘ﬁx’e Q%Usu& {gﬁt”ﬁ, emitted

wavel ength sel ection I'ter 4 that” only transmts light a

wavel engy KSR RAL O FUARE U WEARRSHNE kB Bhe ST 1ARRAN hEGater vy,

through the wavelength sel ection fi ust e beam wi t
uni form i nt gﬂxﬁlnt&()ngf)l%%térﬂ @dl\?f]thgycollectwely controls the exposure apparatus EX, and

such like.

The illumination optical system IL illuminates the reticle TR with exposure light

EL, and includes a reflecting mirror 3, a wavelength selection filter 4, an optical
15  integrator (field lens or rod) 5, a blind (field stop) 6, a reflecting mirror 7, and a lens
sysiem 8.

Specifically, the exposure light EL is emitted from a light source 2 such as an
ulfra-high pressure mercury lamp and an excimer laser, is reflected by the reflecting
mirror 3, and is incident on the wavelength selection filter 4 that only transmits light at a

20  wavelength required for exposure. Exposure light EL transmitted through the
wavelength selection filter 4 is adjusted to a beam with uniform intensity distribution by
the optical integrator 5 before reaching the blind 6.

The blind 6 uses a driving system 6a to drive each of a plurality of blades that

specify an opening S, and sets an illumination region on the reticle TR illuminated by the

25  exposure light EL by changing the size of the opening S.



the optical integrator 5 before reaching the blind 6. The blind 6
uses a driving system6a to drive each of a plurality of bl ades that
specify an opening S, and sets an illumnation region on the reticle
TR illum nated by the 25 exposure light EL by changi ng the size of
the opening S. 9 Exposure light EL passing through the opening S of
the blind 6 is reflected by the reflect?ng mrror 7 and becones

incid he | . | the | f
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driving device such a li,negr notor.in the X-di tion and. the
Vo dl oot i oneRS (s FHRES SE s OnEHIBE 8F DA Db s R irld SE R TEAe
axis direction of the projection optical system PL (Z-direction),
and al so i SRy hillmipaiae agredeermised ewarbtbe REic TR s. |1 nci dental |y,
the reticle TRis vacuumed by an unillustrated reticle vacuum

cont act +echani srihsreticledéase RS Trprany the reticle TR gihile beinp mavedhy adrivire
reticle stage RST, etc. The positions in the X-direction and

Y- di r ect i ondeyicetSrauch a4 lidear Mitonim thhE-direttionlaed thetYadjeeciRBTthatrage t he
rotational angle around the Z-axis are detected by an unillustrated

| aser i nt er pepadizhlr and\drtispgomeinethsojteklerishijredthinof thr pesjedtioh epteal sErer
are output to a stage control system 14. 15 An inmage of the pattern
PA in an i|PL@-daédtion), aehl@in e otadoma® Hirdetion dlbundthé @ra¥Rd Intidantaldg the
projection optical systemPL on the wafer Wthat is coated with

resist.  Cor&eldTRE bituuRed By shatillishaied fetidld vadhub@nwef REch¥Mi R YriveRd on
the wafer stage WST is exposed with an inage of the pattern PA of

the retigl eadihd A3GaRAldrSpthitfinfii Rde Qhpd s bRt i Cle TR Wi Il be
explained later. 20 ing a plurality of " lens elenents that are

configured in groyR$oaAchsdh HRBEE ction and Y-direction of the reticle TR on the reticle

stage RST and the rotational angle around the Z-axis are detected by an unillustrated
laser interferometer. Measurements taken by this laser interferometer are output to a
stage control system 14.

15 An image of the pattern PA in an illumination region of the reticle TR is formed
via the projection optical system PL on the wafer W that is coated with resist.
Consequently, each shot region SH on the wafer W mounted on the wafer stage WST is
exposed with an image of the pattern PA of the reticle TR.

The pattern PA formed on the reticle TR will be explained later.

20 Using a plurality of lens elements mat ate configured in groups and arranged
mside a lens barrel at predetermined intervals along the optical axis direction, the
projection optical system PL projects an image of the pattern PA on the reticle TR onto
the wafer W at a predetermined magnification m (in this embodiment m = ).

Various imaging characteristics of the projection optical system PL can be

25  adjusted by moving the lens elements in the optical axis direction using a plurality of



inside a lens barrel at predeterm ned intervals along the opti cal
axis direction, the projection optical system PL projects an i mge
of the pattern PA on the reticle TRonto the wafer Wat a
predeterm ned magnification in (in this enbodinent in = A). Various

i mgi ng characteristics of the projection optical system PL can be

25 adj usted by noving the lens elementstlin the optical axis direction

using a plu I of . e i vi.ng el enents . that. ar
arranged i nE %?%éeuéﬂ%e%@%gﬁ%cﬁé#d ”&grg MR gr%ﬁ‘% flm\a/%lgﬁ‘ ?%Oé | ens
el ements are_noved.in . the optical axis.direction, .the .magnification
around the GPLIX %IWhg)l(lthgf?gﬁp ot A R "P%‘Pf’ﬁtécra%‘fse‘!}reftﬁo@’ stortion
can be changed .when t he ns elements are tilted 5 around an axis
per pendi cul %ﬁ@lﬁ@aﬁlﬁga@gﬁﬁmopﬁsﬁg}ps FRdEEWEY noving the |ens

el ements, the imaging characteristics of the projection optical
system can be adjiEthernosss thegtistorgpy pancperchwnasd when s ks elempnts arg tikigd
spaces between the |lens elenents. |maging characteristics of the
proj ecti dn #oERE axdgperrondicplapipdbeatticlesid. by an 10 i magi ng
characteristics adjusting device 10 that is collectively controlled
by the main contlpgtadofstaying@@Nens ciimentm fherimagiogehavaSEristivs ofithes a
waf er hol der (not shown) for vacuum ng the wafer W and is noved by
a driving dpwjecBorldpt®aiciystamm can bé apatedrvytcontrdling theaiZprdésaah iseafed spads
the Y-direction which intersect each other and are perpendicular to
t he opti cal betwesn thé lehbeleRentfir oj ecti on optical system PL
(Z-direction). The wafer Wis noved two-dinensionally with respect to
the projection ophiagab cha&X@rBHSIf 1R brbjeQidnREE HsRREPIShE 8djuiied BPin
enabling an image of the pattern PAof the reticle TR to be
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provided at an end of the wafer stage WS5T and the’l aser
) conirol system CONT.

The wafer stage WST includes a wafer holder (not shown) for vacuuming the
wafer W, and is moved by a driving device 11 such as a linear motor in the Z-direction
and the Y-direction which intersect each other and are perpendicular to the optical axis of

15  the projection optical system PL (Z-direction).

The wafer W is moved two-dimensionally with respect to the projection optical
system PL on the image-plane side thereof, enabling an image of the pattern PA of the
reticle TR to be transferred to each shot region on the wafer W.

A moving mirror 12 provided at an end of the wafer stage WST and the laser

20 interferometer 13 that irradiates laser light onto the moving mirror 12 detect the X- and
Y-directional positions of the wafer stage WST (and thus the wafer W) and its amount of
rotation (0X, 0Y, and 6Z). Measurements (positional information) obtained by the laser
interferometer 13 are output to the stage control system 14. The stage control system 14
is controlled by the main control system CONT.

235 FIGS. 2A to 2D are conceptual diagrams of a reticle TR according to this



20 interferometer 13 that irradiates |aser |light onto the noving
mrror 12 detect the X- and Y-directional positions of the wafer
stage WST (and thus the wafer W and its anmount of rotation (OX 8Y,
and QZ). Measurenents (positional information) obtained by the |aser
interferoneter 13 are output to the stage control system 14. The
stage control system 14 is controlled 1gy the main control system

accor ding t ombeaey A ZhH SR Fow e SRR gl Ry il iR

an enl arged., vi e mark 30, FIG ed Vi ew i
U T ound ngis R PR igsd VgHepE peai apomidinmat 2y B s A4sdp SHaedtis ot ar |
sur roundi ng xﬁ 44, For sake of cqnveni ence, {he dingnsions shown in
FIGS. 2A t o®#diary Srroppdipg Atk Yt GO0 Sats PheABYeaIFRCe He phgension? OFmIR | s
used in neasuring distortion of the projection optical system PL,
and, as shoﬁ%ﬁs-ﬁg@l’@d@ffﬁoﬁtﬁlﬁﬂ%@lélwlﬂaﬂrn PA of chrome, nol ybdenum
silicide, and such like that is formed on a light-transmtting flat
pl ate ofSquartz giheseticktR sused inlmdasyringidistqrtien efike Rojettionoptieal systaned
froma plurality of l|ight-blocking marks 30 which 10 are regularly
arranged at PhraadgtsshowmmFIG A inchides a patttrnr B of chiemelthodybdervm silieidd;| G
2A, the light-blocking portions are represented by hatching. Wile

FI G 2A showanduutielikerhatksfodfled bhelightaahshittng flaepiae of qiae $laed addieth The
mar ks 30 are configured such that, when the projection optical system
PL exposurBge.themin superinposition on the wafer W positional
devi ati on between the 15 superinposed marks 30 can be neasured.

Speci fically, as BRQuierhPakd c%n&ﬁute@ %ﬁﬁ armt'irght?@f hélﬁlb‘}%ﬁﬁg%arks 30 whlch
substantially square- shape | 1 ght - bl ocKi ng mai n"scal e mark 32,

hol | ow gguagg r%ﬁ%@ %Q&Md %leﬂi‘d:?é@n%ape 33&‘%05['3%16}%

mai n scal e nmar stantirally square-s
the llght»blockmg portions are represented by hatching. While FIG. 2A shows nine

marks 30, there actually several tens of them.

The marks 30 are configured such that, when the projection optical system PL

exposures them in superimposition on the wafer W, positional deviation between the
15  superimposed marks 30 can be measured.

Specifically, as shown in FIG. 2B, each mark 30 includes a substantially
square-shaped light-blocking main scale mark 32, a hollow square-shaped light-blocking
portion 36 that encloses the main scale mark 32, and a substantially squa:e—shaped
light-transmitting auxiliary scale mark 34 provided inside the light-blocking portion 36 at

20  adistance d from the main scale mark 32 in each of the directions Xy and Y.

With this configuration, after using the projection optical system PL to expose
the mark 30 onto the wafer W, the wafer W is moved a distance of d - m (m being the
projection magnification) in each of the directions X and Yy, and the mark 30 is then
exposed again to the wafer W, whereby the auxiliary scale mark 34 is exposed inside the

25  main scale mark 32 (see FIG 4B). This makes it possible to measure the relative



light-transmitting auxiliary scale mark 34 provided inside the

| i ght-bl ocking portion 36 at 20 a distanced fromthe main scale mark
32 in each of the directions X0 and Yo. Wth this configuration,
after using the projection optical systemPL to expose the mark 30
onto the wafer W the wafer Wis noved a distance of d - m (m being
the projection magnification) in eachl1df the directions Xe and Yo,

and the mark 30 is thep, K expgsed ai t he. wafer W _ whereby the
auxi | iary sBe¥EenaEarer ghihe guriliarysca %ﬁg?ézﬂf’ﬂ’gm\é@ﬁéﬂﬁwgwgmﬁéwn 2
(see FIG 4B). This nmakes it possible to neasure the relative 12

posi tional & &sPest 1q e mainacple malk ¥eal e mark 34 (excluding the d in
novenment portion) wth respect to the main scale mark 32. As shown
in FIG 2A, a surrftaiﬁhawngnﬁi&f%@urrguraMmg@d%waede@rW@ra%?’OQmi ch
is at a substantially central position of the plurality of marks 30.
5 The sur r owhishigptaenbstap@aliynehud gesitien of theplualivdifmpkesddks 42 arranged
respectively at adjacent the Xo.direction side and the -Yo.direction
si de of fhe nmark BReprowdthganek 40 axlndsunasaio smeiundingarakis 424urangednged
respectively at adjacent the +Xo _direction side and the

+Yo. di r ect i es3peztitety af adjdeent iRy -RHectioASide hodvhe sfygdirdctiombilly of the bk V€,
the main surrounding mark 42 is simlar to the 10 main scale mark 32

in being a ahbakail) Arlokn@ftdaks 44 SbdnpBd ﬁﬁﬁﬁcﬂ&i}‘@rahjaceﬁ'éth%hmetﬂirbdﬁon
|

FIG 2D, the auxiliary surrounding mark 4 S a substantially square
l'i ght -t ransggt bid e +REHKetion BBo# tRSind& Jobe substantially square

| i ght - bl ocking portion 46, which is larger than the main surroundi ng

mark 42, The Ml naSHLAUBIAAIIRIE AZ o iaih DS AL bANYA PN EHANREY RO

mar ks 44 are 15 arrange ate positions between the
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arrange erv rrectl the mark 30c
and the surgoundl Bg IRk 4 rdnding 35 A {36 b Sufe (BhSrQhmbdify ' 1

t he Xo and
mark formed inside the substantially square light-blocking portion 46, which is larger
than the main surrounding mark 42,
The main surrounding marks 42 and the auxiliary surrounding marks 44 are
15  arranged at intermediate positions between the mark 30c and an adjacent other mark 30.
That is, since the marks 30 are arranged at intervals of D in the X, and Y directions, the
mark 30c and the surrounding mark 40 are each arranged at intervals of /2 in the X, and
Y, directions.  In other words, the main surrounding marks 42 and the auxiliary
surrounding marks 44 are arranged at an interval D which is identical to the arrangement
20  interval D between the marks 30.
With this configuration, by performing a plurality of exposures of the mark 30c
and the surrounding marks 40 (the main surrounding marks 42 and the auxiliary
surrounding marks 44) while moving the wafer W by an interval of D - m in each of the

Xo and Y directions, a plurality of marks 30c¢ and surrounding marks 40 are formed on

25 thewafer W. The surrounding mark 40 of each mark 30c then overlaps with the



Yo directions. In other words, the main surrounding marks 42 and the
auxi liary surrounding marks 44 are arranged at an interval D which is
identical to the arrangenent 20 interval D between the marks 30.
Wth this configuration, by performng a plurality of exposures of
the mark 30c and the surrounding marks 40 (the main surrounding
marks 42 and the auxiliary surroundi ngi3marks 44) while noving the
wafer Wby an interval, of D in in each of the Xg and_ Yo dj.rections,
a pluralitySBFURgirgBadot0 oftbe adigce ofer W mle K sSpeatiselly: hspretianyn 25
the wafer W The surroundi ng mark 40 of each mark 30c then overl aps
with the 13suEypdipgrarkyt efahaadagenothenmagkdOs desxpossd FresuperiPROSH DR inside
Specifically, the auxiliary surrounding nmark 44 of the adjacent

ot her mark 8&& main syasundog marksiZfeseiRigAR)t | Bhis makgsdieposeible o weasyre the
surrounding mark 42 (see FIG 3B). This nmakes it possible to neasure
the rel ati vedatiyoppdifimnabérroaof the aufiliar suraenniling amayk 4tiwitl resplichity theemking 4
wWth respect to the main 5 surrounding mark 42. Subsequently, a

met hod of measwmndingmatiedd. ens di stortion of the projection optical
system PL using the exposure apparatus EX and the reticle TR

configured as desSibsdyaehtiyad@vBodbf heddrigixpé Rh@stomichdf the pesj@Miee optital
the drawi ngs. The lens distortion of the projection optical system PL

i's measur edéﬂ)&niﬁi,ﬁﬁﬁé Qi Bk RBurd affafRusEX 9hd &@%ﬂi@!&@f@édnﬁgﬁ‘é@%é@&%ﬂéﬂ' y
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the marks 3 of the reticles in a shot region SH on the wafer W
in conpl i angg, kil bl BE 1B R deRSentBdEe Awidas t he pattern PA, a step
S2 of exposi ng t he p%&’t ern PA l|Ien tnhe Jgﬁ%t re fon SH, a step S3 of
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of the marks 30c expose n's , a step
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of marks 308‘expo prura
gg,[ gf i ?“0 ngékfcﬁ ieeg?o tar? @F\é\%%q%%yyoérorﬁlpﬁg e V\% 'thé} rrxlagp & tﬁé %Qrk?é() ?II the pattern
PA, a step S2 of exposing the pattern PA in the shot region SH, a step 83 of measuring
the relative positional relationship between a plurality of the marks 30c¢ exposed on the
wafer W in step S1, a step $4 of measuring the amount of positional deviation between
15  the plurality of marks 30c exposed on the wafer W in step S1 and the plurality of marks
30 exposed on the wafer W in step 52, and a step S5 of determining the lens distortion of
the projection optical system PL from the measurement results of steps S3 and S4.
Firstly in step S1, with the reticle TR held on the reticle stage RST, the opening
S in the blind 6 is specify by operating the driving system 6a of the illumination optical
20 system IL. Specifically, the opening S is set such that, of the pattern PA of the reticle
TR, only the central mark 30c and its surrounding marks 40 constitute an illumination
region. That is, the opening S is conrolled such that only the region within the broken
line of FIG. 2A is illuminated.

The mark 30c and the surrounding marks 40 are then transferred by muitiple

25  exposures in one shot region SH of the wafer W mounted on the wafer stage WST,



the projection optical system PL fromthe neasurenent results of
steps S3 and S4. Firstly in step Si, with the reticle TR held on the
reticle stage RST, the opening S in the blind 6 is specify by
operating the driving system6a of the illum nation optical 20
systemIL. Specifically, the opening Sis set such that, of the
pattern PA of the reticle TR only the dentral mark 30c and its

con e R AR ST R PoRR B A e TR A
i f FIG2A is illumnated. , Th 30 d i Kk
40 are t nenCRErLph B8 BiF R P eV RS Y HE Gt e
SH of the V\B.{,@g Wnount ed qn the wafer stage WST formng. a

reference gPf e pEccliopEe #dckn | (Fonseagentiy ag sy ig & I)Gg”lii'e a plyralibuefanasks

marks 40 are exposed on the wafer Wwhile noving the wafer stage WST
2 di st ance BcandurpRdingmarky 44 HeoWrH EETREnbInGS Setrewion SwItleche v,
as showmn in FIG 3A, a plurality of marks 30c and surroundi ng marks
40 are opdepteyway irampadh pthertbydntetvel D r egin sachSH thauditectidna Xo eirbYo. 5 Cfitlais
away from each other by interval D in in each of the directions Xo
and Yo. O pdtiesn, aphirslgy of maingbale mbiks $2 afe onderky asreaded sudhrthes (183 ager avay
orderly arranged such that they are away from each other by interval
D in in eafimahch dtkerdbiyrigteivabDs mXa eadhchf ¥ diRetbnk X8 adY,, bad Merebform
reference grid PB. Wien the reference grid PBis formed in the shot
regi on SH othetrbferened @fd Md.by 10 using the marks 30c, the surrounding
mar ks 40 (main surroundi ng marks 42 and auxiliary surroundi ng nmarks

44) arranged ar oUNHeORe fer@tbndebeid P 10 £534:30 6, (HBEHES red BntIRRLF (RORSES
the reference grid PB are superinposed wth the surroundi ng marks 40

of an aghacgghe the ks 58I e mllxﬁdLHQﬁFxéé a%lrﬁii.n %ﬁé&%‘ﬁﬂ?ﬂi‘g? n{lil‘slg‘tiz%ﬁd auxiliary

simul taneous t0 formng the nmain scta the main
S U o AR e R Bl A
surroundi ngtl{éq‘&}él%nce grid PB are superimposed with the surrounding marks 40 of an adjacent
other main scale mark 32, as shown in FIG. 3B, simultaneous to forming the main scale
mark 32.  That is, the main surrounding marks 42 arranged at adjacent the ~Xg.direction
15  side of one main scale mark 32 are superimposed with the auxiliary surrounding marks
44 arranged at adjacent the +Xj.direction side of another main scale mark 32 adjacent to
the —Xj.direction side of that main scale mark 32. Similarly, the main surrounding
marks 42 arranged in the —Y) direction of one main scale mark 32 are superimposed with
the auxiliary surrounding marks 44 arranged in the +Yj direction of another main scale
20 mark 32 adjacent to the —Y, direction of that main scale mark 32.
Thus the reference grid PB is formed such that the main surrounding marks 42
and the auxiliary surrounding marks 44 are superimposed between adjacent main scale
marks 32. These superimposed main surrounding marks 42 and auxiliary surrounding

marks 44 are used in measuring the relative positional relationship between adjacent

25 main scale marks 32 in a subsequent step.



44 arranged at adjacent the +Xo_direction side of another main scale
mark 32 adjacent to the -Xo_direction side of that main scale mark
32. Simlarly, the main surrounding mnarks 42 arranged in the -Y0
direction of one main scale mark 32 are superinposed with the

auxi liary surroundi ng marks 44 arranged in the +YO direction of

anot her main scale 20 mark 32 adjacentlﬁo the -Y0O direction of that
mai n scal e mark ok .er.ence.qr | B.s f h

the main surroun |ﬁsﬁﬂgékégﬁﬁ&ﬁéﬁggﬁﬁgmgﬂi| Fﬁ?&méﬁ%%ggﬁ%gﬁécﬁggise44
are superinpo

sed bet ween j@acent in scal mar ks, 32. . These .
super i npose(ﬁanﬁiﬁﬁﬁg)gﬁt\ﬁ%eu %?Jn‘g aﬁﬁrreﬁtgg APESHd %"?ﬁ’%ﬁ?"%ﬂ@ﬁﬁr PSS
mar ks 44 arge used.in.ne ring,the relative sitional relatjonship
bet ween adj DR AN GESBIGT N soRtia YR Em e ereRole fRRHiEn LTl 15 ' To
facilitate understanding in the above expl.anation, marks of the
reticle TR $OEIRgieStry dndte Bateh (e soias eppligy mdherplpeionbeledes.
However, as shown in the drawings, the axial direction of the

coor di nat e syst e stap Bhdhe pattery B afthevgtieln dR is exppsadfoveribe regaence ignaPB
_systemon the wafer. The sane applies in the explanation below. 5 In
step S2, t histhashotregioRAHof the reticle TR is exposed over the
reference grid PB in the shot region SH That is, the opening S of
the blind 6 is wlienedhdypeningSatfithredblint & ishwidenaidhyapsiating the drighg bysem
illumnation optical systemlIL, such that the whole of the pattern PA

of the r et éxdfeheliRuineradomsptichlesybteiUn] sugi thatthe eboloBf the Pertp@PA of the PA of
the reticle TRis then 10 exposed over the reference grid PB that is

al ready forsgele TR Hebén&iRd illu@eiad6n Riodl Thepatt@iPA of We BEcld ERGS ihbed
above, the shape of the reference grid PB resenbles the shape of the
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reference grid PB are orderly arranged at intervals of
and YO diregiips. The plurality of marks 30

As described above, the shape of the reference grid PB resembles the shape of
the pattern PA.  That is, the plurality of main scale marks 32 of the reference grid PB are
orderly arranged at intervals of D in the Xj and Yy directions.  The plurality of marks 30

15 of the pattern PA are orderly arranged at intervals of D - m in the Xj and Y directions.
The pattern PA can be therefore superimposed over the reference grid PB by being
projected at magnification m by the projection optical system PL.

When superimposing the pattern PA over the reference grid PB, it is exposed at
positions separated by' d - m in the —X; and —Yy directions. As shown in FIG. 4A, the

20  auxiliary scale marks 34 of the pattern PA are deviated (by —~d - m and —d - m) with
respect to the main scale marks 32 (actually including the auxiliary scale marks 34) of
the reference grid PB.  Therefore, as shown in FIG. 4B, by exposing the marks 30 of the
pattern PA at positions deviating by —d - m and —d - m with respect to the main scale
marks 32 of the reference grid PB, the auxiliary scale marks 34 of the pattern PA are

25  superimposed in the main scale marks 32 of the reference grid PB.



15 of the pattern PA are orderly arranged at intervals of D min the
Xo and Yo directions. The pattern PA can be therefore superinposed
over the reference grid PB by being projected at nmagnificati on m by
the projection optical system PL. When superinposing the pattern PA
over the reference grid PB, it is exposed at positions separat ed by
d min the Xa and -Yo directions. As dhown in FIG 4A t he

auxiliary scale rk n PA are deV| and
“dm with respadss o mprilmnare Bk & Repehisd "é’é‘f’ f%mﬁaﬁ%
the auxiliary scale marks 34) of _the reference %I‘Id PB Ther ef or

as shown .nmﬁﬂlleahomglowﬂéafﬂa“s\vﬁg Ve widerlirmpecat ingavalyofil) emiin PR
positions deviating by -d mand -d mwth respect to the main scale
mar ks 32 of andhi diredtionénce grid PB, the auxiliary scale marks 34 of
the pattern PA are 25 superinposed in the main scale marks 32 of the
reference grid PBhe plralithefaukhisryzeale hiagisp4 of Hepatian k4 (134 thapséemnmidved
inside the main scale marks 32 in the shot region SH of the wafer W
are or def | yplanligrgeokikdry sediemeudkk 34 tibt & orteilpatrdvgeda intenvels ¥OD - m in the
directions. The plurality of auxiliary scale marks 34 of the pattern
PA (i.e., tXpafdatdestiont) ik kemeda fHouforhichyoriaf PAUX Ak nhtjored abevehiskhot34
that are orderly arranged at intervals of D- min the Xo and Yo

di recti ons) fok fehRHABPC 3 ohAE] $y%1d€iﬂﬁ§ﬂ1@ lopéhil¥S irfiSe BIRHALY sk oheye,
this shot for neasuring PCis fornmed by w dening the opening S in
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PC containi c[l}gtortion of the projection optical system PL. That is, the reference grid PB that does

not contain lens distortion is superimposed with the shot for measuring PC containing
lens distortion in the shot region SH of the wafer W. The superimposed reference grid

15  PB and shot for measuring PC are used for measuring distortion of the shot region SH in
a subsequent step.

Subsequently in step S3, the amount of deviation of the reference grid PB
formed in the shot region SH of the wafer W in step S1, i.e. the relative positional
relationship between the main scale marks 32 that constitute the reference grid PB, is -

20 measured. |

The wafer W is unloaded from the exposure apparatus EX and developed. The
deviation amount of the reference grid PB on the wafer W after development is measured
by a position measuring device using image processing. Specifically, the relative
positional relationship of the main scale marks 32 constituting the reference grid PB is

25  determined based on the relative positional relationship of the main suwrrounding marks



| ens distortion in the shot region SH of the wafer W The
superinposed reference grid 15 PB and shot for neasuring PC are used
for measuring distortion of the shot region SHin a subsequent step.
Subsequently in step S3, the anmount of deviation of the reference
grid PB forned in the shot region SH of the wafer Win step Si, i.e.
the relative positional relationship H& ween the main scale marks 32
that constitute the reference grid PB, is 20 measured. The wafer W
o unl oadedd FEHDS ﬁe{ﬂ%%w%d%ﬁaﬂ%?ﬁ thafgre é‘fﬂ?“H’BE}%PgE‘éVS‘?“ th graun Scale
devi ati on anmount _of the reference grid PB on the wafer Wafter
developnentn$§$ﬁ%asured by a position neasuring device using inmage
processing. Specifically, the relative positional relationship of
the main scal e mefkdss@ibed ahoye) thempingeale marke¥2ang thesugpyndingmnarks ‘Els
determ ned based on the relative positional relationship of the main
sur r oundi nganragédardind itd@e forvhed by travsfértingthy mack F0smdinrsgalermatks32) 4nd that
are superinposed between the main scale nmarks 32. As descri bed
above, the smionndiagmerkedf ksf B2 ratiett TRhents tervaferdV by expsies. 4Theredoreathged
around it are fornmed by transferring the mark 30c (main scale mark
32) and t hereldtive posiisactieAgomsBipktviddn eie rhdig sdaRihatke3iRnetitingtthe waf er
W by exposure. Therefore, the relative positional relationship

bet ween t heri@bfe 36AIPR 2B tHeSuRSurRi®pSharks 40 Mhid fifoulddiShakes #d d PB
and the surrounding marks 40 (main surroundi ng marks 42 and

auxiliary waﬁl&ﬁﬂ%i#&rﬁéhé:k%ﬂk)&%m AR b ARKE3SEaAlEadyRr KS

32 is already s makes 1t possible to determne th
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of one mai ndf?&:ﬁln? based ién éx% r&é}gvetpggitional relationship between the main surrounding

marks 42 arranged at adjacent the —Xy.direction side of one main scale mark 32 and the
auxiliary surrounding marks 44 arranged at adjacent the +Xj.direction side of another
main scale mark 32 that is adjacent to the main scale mark 32 in the —X direction .

15 Accordingly, the relative positional relationship between the main scale marks
32 constituting the reference grid PB is measured by using the position measuring device
to image-process the overlay of the surrounding marks 40 (main surrounding marks 42
and auxiliary surrounding marks 44) arranged around each main scale mark 32
constituting the reference grid PB.

20 Subsequently in step S4, the amount of deviation between the reference grid PB
formed in the shot region SH of the wafer W in step S1 and the shot for measuring PC
formed in the shot region SH of the wafer W in step S2, i.e. the relative positional
relationship of the plurality of main scale marks 32 constituting the reference grid PB and
the plurality of auxiliary scale marks 34 constituting the shot for measufing PC,is

25 measured.



auxi liary surroundi ng marks 44 arranged at adjacent the +Xo.direction
side of another main scale mark 32 that is adjacent to the main
scale mark 32 in the Xo direction . 15 Accordingly, the relative
positional relationship between the main scale marks 32 constituting
the reference grid PB is measured by using the position nmeasuring
device to inmage-process the overlay of18t he surroundi ng marks 40

(mei n sur r oundi N, JLKAeAZovBTe LN, Bhik RS QUAHLAG TR GoAE)

arranged ar ound malin scale nm constituting ererence

grid PB. 20 gyently in step S4, the anmpunt. of  devialjon between
Pheref er enBERREPER Yo dS oo e SRR BiPhn S Bk P e S G T
step Si and .t he sh%#{e%qé‘zneqasg;i ng PC formed in the shot region SH
yWaler vy.
f e

of the waf eFRERD the relative positional relationship
of the plurality in scale.marks 32 constituting the reference
grid PB and the PHPHuspg agesitional IeEasyngeaylcs nagePIASS JIRVPEiat i ng

t he shot for measuring PC, is 25 neasured. 18 As described above,

the auxifi abgiweendhemaigsrale marks 34 sud thaeiribiary sealesmarks $oaranseisai piphgalve

are superinposed over the plurality of main scale marks 32 formed in
the shot refposiosHndle shhtregian SH, the amhu of Heviativn hefwaerpis imainoeale marks
nmeasuring device to i nage-process the overlay 5 between the nmain

scal e mar ks33&dahglaxkizraseielmaksy34siadheshoekion SY can bamemsdredt a
plurality of positions in the shot region SH, the anmount of

devi ati on bet weems shewni FIGS8R aamarR flemed 87 sapeéimpbsiticnbfithe maaiy Scal e
marks 34 in the shot region SH can be neasured. As shown in FIG 3B, a

mar k f or medsdepousding bR st kiehufliatyharbiiding Btk 10\4nd b AdiREKedisy and
the auxiliary surrounding mark 44, and a mark fornmed by 10

super i Npesi &ipeAmPdsitidADL MR il SAkEARBY 2P Akili9 setbdhirk 34 YeaSiE 2l €

mar k 34, each constitute a box-in-box mark (FI G 3B show ng an exanpl e

of a mark f @ RBiebox-in-box mark (FIG. 3B showing an example of a mark formed by
superimposition of the main surrounding mark 42 and the auxiliary surrounding mark 44).
The amount of deviation of the inner square (auxiliary surrounding mark 44 and auxiliary
scale mark 34) relative to the outer square (main surrounding mark 42 and main scale

15  mark 32) can be determined by using an image processing measuring instrument and the

like to capture an image of the box-in-box mark.

In step 85, the shape of the reference grid PB is corrected based on the relative
positional relationship of the main scale marks 32 constituting the reference grid PB
measured in step S3; the shape of the shot for measuring PC formed in the shot region

20  SH, 1.e., the lens distortion, is then calculated based on the corrected reference grid PBy
and the amount of deviation between the main scale marks 32 and auxiliary scale marks
34 measured in step S4.
The lens distortion of the projection optical system PL is determined by

measuring the amount of deviation (positional deviation between the main scale marks

25 32 and the auxiliary scale marks 34) at a plurality of measurement points (overlay



superinposition of the main surrounding mark 42 and the auxiliary
surrounding mark 44). The anmount of deviation of the inner square
(auxiliary surrounding mark 44 and auxiliary scale mark 34) relative
to the outer square (nmain surrounding mark 42 and nain scale 15 mark
32) can be determ ned by using an inmage processing measuring
instrument and the |ike to capture anl1@nage of the box-in-box mark.
In step S5, the shape of the reference grid PB is_ corrected based on
the rel ati veetwergdhe mamarale mpeks 54 aachibg a‘éfflh%f}ﬁécaF?e[F%k%%"éloéthﬁﬁ?fRf§n@zg“
constituting the reference grid PB neasured in step S3; the shape of
the shot f oPB fast it the siCraeiniBof the wn’?@r%@dth@@pbfﬁr@easmg? e., the

| ens distortion, is then cal cul ated based on the corrected reference
grid PBo aswperithposadroven thegtferbave gid B bet ween the main scal e marks 32
and auxiliary scale marks 34 neasured in step S4. The | ens

di stortion of thdigwevgreeheémexpoging ihakefaysdeqnid PB to thedetfariv thedafoystage
nmeasuri ng the anount of deviation (positional deviation between the

mai n scaj e WTK®1digbthe Hafn W e hewibttlgmoved. al herofork shaddjerdice grid PB
plurality of measurenent points (overlay 19 between the main scale

mar ks 32 angichl& puibhing bifort MeBndT8 ke JJT.Of the reference grid PB
formed in the shot region SH of the wafer Wand the shot for

nmeasuring PC supgk n@g&g‘e g%\ﬁﬁﬁoﬂ maéi?(f)ﬁﬁ@ﬁﬁiﬁ s&ﬂé HafRB32 HORe NS renceh \E;\gT

exposing the refere the water W the wafer stage
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grid PB p05|t|on| ng error
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i deal shape oes not include positioning error of the wafer
stage WST i%aECU?a Ed('j

The amount of deviation between ideal positions of the main scale marks 32 and
the auxiliary scale marks 34 of the shot for measuring PC is determined based on the
shape of the reference grid PBg thus calculated and the amount of deviation of the

15  auxiliary scale marks 34 with respect to the uncorrected main scale marks 32 measured in
step S4. That is, the shape of the shot for measuring PC with respect to the shot region
SH is calculated.

The shape of the shot for measuring PC thus determined, i.e., the average

amount of deviation of the plurality of auxiliary scale marks 34, is then calculated as the
20  lens distortion of the projection optical system PL in the shot region SH.

The relative positional relationship between the main scale marks 32
constituting the reference grid PB measured in step 83 is determined by measuring the
surrounding marks 40 in the following manner.

Taking an arbitrary nth main scale mark 32, the amount of relative positional

25  deviation of an adjacent main scale mark 32 (n + 1) with respect to the nth main scale



cal cul ated. The anmopunt of deviation between ideal positions of the
main scale marks 32 and the auxiliary scale marks 34 of the shot for
nmeasuring PC is determ ned based on the shape of the reference grid
PBo t hus cal cul ated and the anpbunt of deviation of the 15 auxiliary
scale marks 34 with respect to the uncorrected nain scale marks 32
measured in step S4. That is, the shag@ of the shot for measuring PC
W th respect t.he shot region SH.is.cal cul at.ed. The.sha of. the
ohot. for neEiRTL eI Lo EPLFISFHEEE e cuer i h Be SR RgRe M.  of
deviation of the plurality of auxiliary scale marks 34, is_then

cal cul at ed @YARGEIRn ferdaipurgRdiPG etk 3¢ Al tr 8paliary gisroypdipg gerks
system PL in the shot region SH The relative positional relationship
bet ween t he*4¥ai Bxpyessing thif gdatiop amewsi g6 (4x)iang éYBh’@e (bt &) BARSCS PETkEE
measured in step S3 is determ ned by neasuring the surroundi ng marks
40 in the fdaviatasiwith mepeeide thePdlkinaiy seale matki X2rba(Hochand Avd) in theSdireprinnk
32, the anount of relative positional 25 deviation of an adjacent
mai n scal e aEINkdig@tipmrespetlivaly.t h respect to the nth main scale 20

mark 32 is determ ned between neasuring the overlap of the

surroundi ng mar kSubfquénilyaht apoinebiveRtivé deeiamen beteeen thei(udt Hignainsdade 42
and the auxiliary surrounding marks 44). Expressing this deviation

anount as (/% 3276d AY hdjaceh @ 2) nfaid dcal¥Bhddk ST &lsEnililyide@dnineledy at es
with respect to the nth main scale mark 32 by (Axl and Ayl) in the

X-directi 0nmeéuﬁﬁ%‘lhé’bd&fa?%&’h@@m&&ﬁﬁﬁ%%a\‘l@Mtp SHEm RSNy of rélagveanount
of relative deviation between the (n-+ 1) main scale mark 32 and its

oo, AR gy e a1 el

rreasuring the overlap o e sur s 40 to obtai'n

ST 8, SRS B3 (N B0 PP
with respect to the nth ma}in scale mark 32 by (Ax1 + Ax2 and Ayl + Ay2) in the
X-direction and the Y-direction respectively. That is, the amounts of relative positional
deviation of all the main scale marks 32 can be calculated by sequentially repeating this
calculation using the main scale mark 32 as a reference.

15 However, when the amounts of positional deviation of the main scale marks 32
are determined simply by adding the measured values of the surrounding marks 40 as in
the method described above, measurement error contained in each measured value may
be accumulated, increasing the error and making it difficult to calculate an accurate
reference grid PB.

20 Preferably therefore, the reference grid PB is calculated after inserting an
evaluation function that expresses alignment error in the alignment of main scale marks
32 (reference grid PB) calculated from measured values of the surrounding marks 40, and
statistically determining the most appropriate positions of the main scale marks 32 such

as to minimize this evaluation function.

25 As for the specific method, while it is possible to use methods disclosed in, for



10 mark 32. Expressing this as (Ax2 and Ay2), the (n+2) main scale
mark 32 deviates wth respect to the nth main scale mark 32 by (Ax |
+ Ax2 and Ay 1 + A}2) in the X-direction and the Y-direction
respectively. That is, the amobunts of rglative positional deviation
of all the main scale marks 32 can be cal cul ated by sequentially

r epeat i ng ekfungle, phoesk FaicohApglicagon, Haiblreationséa 2606/ 028 sach a& vector
reference. 15 However, when the anpbunts of positional deviation of
the main seatiemEtiddsmddntaity @inteinethdt\@shetit MEbiithia), add diride:t MSthaB,AS 14"8%
val ues of the surrounding marks 40 as in the nmethod described above,

”easure”e’ﬂ)'bss%lé%u%ﬁi@h?@ﬂeﬂ@?%‘?&ﬁtﬁﬁéﬂ%d@! ue may be

accunul atéd, increasing the er and making it difficult to
The reference ot bR LB G oSt il BT e oF Ba B mo
functigﬁri\ t hat express E aligﬁr:\rre t error _in t_he_al%i%‘nrrent of _mai n

scal e rtrar FFOL $Ber ye‘?r@g R the I?Sdgﬁfgjnoeé’lf & pEpIsati9n ALY tERERL g es

of the surrounding marks 40, and statistically determ ning the nost
appr opr i atdetepaisicd vGiichigl prekisiamai n scal e marks 32 such as to minimze
this evaluation function. 25 As for the specific nmethod, while it is
possi bl e t o uselméiihwdy titi Sepostiticireferehos gi2d PBax atpdcesd hhagbmee relative
Pat ent Application, Publication No. 2006-106240, such as vector

sear ch methadeondIelati@isRipHetwenRE hch scARNAAKS 32 kaRsitddhpit, and teiloml ex
method, it is also possible to use various other types of

statisticalsdEbi0fe r%&)gﬁho X %ﬁ.egis"y%t%sﬁl Q'cﬁlchglrt_e ;Eécf%lgﬁe%{o% géence

grid PBo that contal error, t enabl'ing the 1ens
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corrected based on the relative positional relationship between the
mai n scal &NFEkAtien of Bvdroieetianpptical systsm Rlnean kgdetermined with high precision.

That is, in comparison with a conventional case where the lens distortion of the

projection optical system PL is determined based on the amount of deviation between the

reference grid PB and the shot for measuring PC, it becomes possible to greatly reduce
15  effects of positioning error of the water stage WST when forming the reference grid.

In a practical example, while the amount of deviation at measurement points of
the reference grid PB and the shot for measuring PC in the conventional method varies
by approximately 5 nm, the method according to the invention reduces this variation to
approximately 2 nm. Therefore, according to the method of the invention, lens

20  distortion of the projection optical system PL can be determined with high precision.

The above method of measuring lens distortion is performed for all shot regions
SH of the wafer W, and the imaging characteristics of the projection optical system PL
can be optimized by driving the imaging characteristics adjusting device 10 based on the
result. This enables minute circuit patterns and the like to be exposed on the wafer W

25  with high precision.



di stortion of the projection optical systemPL is cal cul ated based on
t he ambunt of 10 deviation of the corrected reference grid PBo and
the shot for neasuring PC, whereby the Ilens distortion of the

proj ection optical system PL can be determ ned with high precision.
That is, in conparison with a conventignal case where the |ens
distortion of the projection optical g@sten1PL is determ ned based

on the amount of SiBydgaént9Na REAINERRN LPirohedifs RRES 40 WiltbdBpRitdat he
shot for measuring PC, it becones possible to greatly reduce 15

effects of posi timﬁma%d%al &&mnmfdﬁ{grﬁafrma\mge@mmw%mé he

reference grid. In a practical exanple, while the anount of deviation

at measurenent po;%]srkthﬁwﬂ tn F@?, tﬁﬁ%fe ﬁn{gtﬁ'{]bgﬁo@{dih% xﬁ’ﬁk%{,%axé Qx‘f'an;p@!it ag_ﬁgzlené

measuring PC in the conventiona vari-es ppr oxi mat

nm the methqod r.di hel Ry i reduce hi riation to
opr ox mat ey Feqecith 3e b b0, BERM 3 HSIEER bR ale Bt b
invention, lens 20 distqrtion of th j,ection .optjcal_system PL can
be et ert nEARRERE feiHh ThrisaTaRes ot Delat aEtyen Naf R 5 Yriliehi sige
l ens distortion is perforned fo |1 shot regions SH of the wafer W
and the i madi ngy B %e@@ﬁiwsﬂ?ﬁ%ﬁ%@“f%mbﬁw@e@mg FRapi i aag thaspauilian)
can be optimzed by driving the imging characteristics adjusting
devi ce 10 b#s®YngaZ maKs 4Akegppstituihe sermpfies marksdananged groung femath s
and the like to be exposed on the wafer W 25 with high precision. 22
Subsequent | 30¢, wherpdrtermining ba radstivepesidenabivelrtionshiriaf thomein s¢aldyparks 32 in
explained. FIG 5 is a nodification of surrounding marks 40 arranged
around a nastep SDmentioked shnywnt lieporids@ossihle tohnasuramionowy theamuditng mar ks
42 are arranged at adjacent the -X0_direction side and the

- Yo- di r #&t | davisiod of the niafirescaiembar32 in dredXdnd &g directiohs, dnyald themotationadi ng
mar ks 44 are arranged at the +Xo-direction side and the +Yo.direction
side of i tangByinuld 0%ydigecpibair al ity of marks (three main surrounding
marks 42 and three auxiliary surrounding nmarks 44) to constitute the

surroundi ng mar ksTidenablesihe ederdnicpiid PBNE bBBrkected even more accurately.
Therefore, lens distortion of the projection optical system PL can be measured even more
accurately.

15 Incidentally, while FIG. 5 is an example of an arrangement including three main
surrounding marks 42 and three auxiliary surrounding marks 44, it is necessary only to
provide two or more of each.

Subsequently, a modification of a reticle TR will be explained.
FIG. 6 is a conceptual view of a reticle TR2 according to this embodiment.

20 Constin.lent parts which are identical to those of the reticle TR are represented by
identical reference numerals and are not repetitiously explained.

The reticle TR2 resembles the reticle TR in having a patfern PA2 constituted
from a plurality of light-blocking marks 30 that are orderly arranged at predetermined

intervals in the o and Yy directions.

25 As shown in FIG. 6, surrounding marks 50 are arranged around a plurality of



30c, when determning the relative positional relationship of the
main scale marks 32 in step S3 nentioned above it becones possible
to neasure, not only the anbunt of 10 deviation of the main scale
marks 32 in the X0 and Yo directions, but also the rotational angle
in the QzZ-direction. This enables the ngerence grid PB to be
corrected even nore accurately. Therefore, lens distortion of the

proj ection &ﬁﬂi%{%ﬁ ?@tagrﬁﬁéghgﬁé‘?bvpﬁ tﬂ?ﬁémfe%ﬂorféﬁ%&aﬁﬁhgat ﬂ&&érﬁl'tie%ﬂh)é-

15 I ncidenta I's an exanhple of an arrangene

i ncluding t ' | 42 and three auxiliary
surrounding@rgﬁﬁgﬁﬁg?ﬁéﬁﬁﬁgqﬁg%g§§§?9ﬁgnIy to provide two or nore of
each. Subsequently a nn%lfica expl,ai ned.

i of a.reticle TR WLl .be
PG 6 1sa conceleroutise itk b borabfiesS aSiisty himed Sufy Bue
enbodi nment . 0 nstituent parts i are identical t hose of,_ the
Correl o TR HPES SO dieananeeg A arp O e oF eitsston mibeirkarRA0
not repetitiously explained. The_reticle TR2 resenbles_the reticle TR
in having a2¥hilsearmngedin aae in thg e diregtiopyand apluigliy ptapxiiary surrounding
| i ght-bl ocking marks 30 that are orderly arranged at predeterm ned
nterval s | MatEAREH axcrrvagedior BeTyaby Db 8 the ¥ stipmoFhema group 30
surroundi ng marks 50 are arranged around a plurality of 23 marks 30
that are arpahgedgédina rowin the Xollgectondi Tlet isi tha phndlisy efhainshryovatding he
center of the Yo direction (hereinafter "mark group 30L'). The
sur r oundi ngmesid abd thephralon sf auxiliaedsuorpuading marks 54 yre afranppd at intervals
surrounding marks 52 that are arranged at intervals of D)2 in the
- Y0 directi ehichfard identivnltl tigpsoofthaPluralify dichrial 30 Atmlenged, themain ow i n
the X0 direction, and a plurality of auxiliary surrounding marks 54

that ar @par sangadingd a5 yatis a0k 2ulrdntig nhyie i kestdngan Af t he
mar k group 30L
intermediary positions in the Xg direction of the marks 30 of the mark group 30L.
The shapes of the main surrounding marks 52 are identical to those of the main
surrounding marks 42, and the shapes of the auxiliary surrounding marks 54 are identical
to those of the auxiliary surrounding marks 54.
15 By using the reﬁcle TR2, when forning a reference grid PB in one shot region
SH of the wafer W in step S1 mentioned above, the number of exposures can be reduced
in comparison with when using the reticle TR.  That is, as shown in FIG. 7, the opening
S of the blind 6 of the reticle TR2 of the illumination optical system IL is set such that
only the mark group 30L and the surrounding marks 50 arranged around it (the area
20  inside the broken lines in FIG. 7) form an illumination region. This enables the
reference grid PB to be formed in the shot region SH merely by performing exposure
while moving the wafer stage WST in the Y direction.
‘When measuring the relative positional relationships of main scale marks 32 of

the reference grid PB in step S3 described above, the overall number of measurements

25  canbe reduced by determining in advance the relative positional relationships between



and arranged in arowin the X0 direction. That is, the plurality of
mai n surrounding marks 52 and the plurality of auxiliary surrounding
mar ks 54 are arranged at intervals which are identical to those of
the plurality of marks 30. Furthernore, the main 10 surroundi ng marks
52 and the auxiliary surroundi ng marks 24 are arranged at
intermedi ary positions in the X0 di recfon of the marks 30 of the

mar k group fﬁ@?iuréﬂf'ﬁo AR 8Si1Oharkh$) 1B fe %H:n"g&ljﬂﬂqirﬁﬁ e G dRectRhe That
identical to those of the main surroundi ng marks 42, and the shapes

auxi 1 ary sarTsans nat b Ben A Bap Pafiah ML R in Xl BB 1
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step S 1 nentlone e nu exposures tarr be reducéd  in
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inside the broken lines in FIG7) forman illum nation region. This
enabl es the ref dheieuse. galydhemlatize pesitiopplelgtionshiphef the prinrsege s1rksH
nmerely by perform ng exposure while noving the wafer stage WST in
the YO di r egoirsd2L\kes aremparedieltp thy Yotbreptédnaepd ke mensimed o nSpecitically, since
rel ati onships of main scale marks 32 of the reference grid PB in
step S3 destbe marsumiounding mirks 5 araiged imarbernin te Xyeiectionmpd the augifaryan
be reduced by determ ning in advance the rel ative positional

rel ati onshi perobmdingemark? 44 atrdvgedina raivi ih yhed, difeétionaesafoemedinks 32 t hat
are arranged in arowin the Xo direction. That s, since the
plural ity ofupsidpositival the Hegrécsof3RpeimpatigeibdiWedh thalvisd edsired, X0
direction are exposed collectively by the mark group 30L of the

reticle TR2, theyrheadathe pbsaficiarblapnshdRef BRtntdin QhleMRdrks3A Fshdekir:
scale mark group 32L). In other words, the reference grid 5 PB can be

handl ed as Rfé&lck 864 PHRaPhdihak ddidnRedPRicd o R BlafiRe HosHioRMRSatRekhips of

the main scale mark groups 321 and the relative positional relationships of the main scale
marks 32 of the main scale mark groups 32L.
15 Since the main scale mark groups 32L are arranged in a row in the X direction,
their relative rotational angles can be measured.
By using the reticle TR2 in this way, the load of measuring the lens distortion of
the projection optical system PL can be reduced.
Preferably, the exposure process is performed after matching the Yy direction of
20  the reticle TR2 with the scanning direction of the exposure apparatus EX (Y-direction).
To form the reference grid PB, the alignment direction of the plurality of main scale mark
groups 32L (X, direction) is orthogonal to the exposure direction of the shot for
measuring PC (i.e., scanning direction), obtaining advantages such as ensuring that the
alignment of the main scale marks 32 in the X, direction does not contain synchronous

25 movement error of the wafer stage WST in the X-direction.



Therefore, only the relative positional relationships of the main
scale mark groups 32L that are parallel to the YO direction need be
nmeasured. Specifically, since the main surrounding marks 52 arranged
inarowin the X0 direction and the auxiliary surrounding nmarks 54
arranged in arowin the X0 direction are forned in 10
superinposition, the degree of superinpgsition between themis
nmeasured. The relative positional relationships of the main scale

mar ks 32 of the oWiilepeeferraf entexdingentyraf thePBrention haye bbardestribed aliovedt
based on the relative positional relationships of the main scale

mar kK gr oupsshdald bandddrdieod thhtahd operafiosdl piooedires) shapdsiod tielvbpsitueht dléreentsi n
scale marks 32 of the main scale mark groups 32L. 15 Since the main
scal e mark @eipbgEbidalonsafd 86 6248 Bfdrelyle:@miply( dndl thah &ddXibne| oneisbidne,

their relative rotational angles can be neasured. By using the

reticl e TRZuh&ithting, M@ thel RBdiEARNOEan TR e waﬁoﬁtfagpdmgsfr&h He@piit on Of
the projection optical system PL can be reduced. Preferably, the
exposur es prg %&fﬂ)eg @&ﬁfﬁ%ﬁ?ﬂn.after mat ching the YO direction of 20
the reticle Tl Wltl?‘l the scanning direction of the exposure apparatus
EX (Y-direction) ‘Th In e%tﬁ){n%élpc?es rm%%ﬁfc&?q%@ s@l‘fagt}fé%olltsvaﬁg.al I gnent
ity 0 al'e nmar g S

direction of the pFura mal N sc roups- 32L ( Xo

direction) is orthogonal to.the exposure directio t t.f
nmeasuring PC (i. y.gl,' iﬁhiw?fﬂe HFFE% ei%ﬁ?{‘aﬂ(%fi%ﬁcﬂij?% cg%fv%ﬁr} ea%gglaglusgﬂe as
ensuring that th al i gnnent_ of the in,scale rks,32. i he
direction JB&&s F\%tth% E’F)hscgk‘?r’l’??ﬁ]?‘%ﬁo m%suﬁ'ﬂ%%'l’i“m& 5%?3’}1 , ?‘H‘éﬁe
waf er stage WST in the X-direction. 25 V\hileﬂgreferred eﬂ%ogi ment s
of the i nvetsilR RarpEntaGmatke 8¢ picdhucrra Bevenapsd, they Gan ke BRsEHRER 8t ood
that the operational procedures, shapes of the constituent el enents,
their cérbi setheoshape datis seitable fay the mersripe ielvwpe being awdt hat

additions, om ssions, substitutions, and other nodifications can be
made wi t hout depd¥hilathe tbayemexpienatipn dgseribgs a case where all the marks 30 include

main scale marks 32 and auxiliary scale marks 34, with regard to the marks 30 concealed
by the blind 6 in step S1 it is acceptable only to form the auxiliary scale marks 34.
Furthermore, while in this embodiment the surrounding marks 40 are arranged around

15  the mark 30c at the center of the reticle for forming the reference grid PB, this is not
limitative of the invention. For example, surrounding marks 40 can be arranged around
a mark 30 at a position other than the center and used in forming the reference grid PB,
or another reticle can be provided for forming the reference grid PB and the mark 30 and
the surrounding marks 40 can be formed in this reticle.

20 Steps S1 and S2 need not be performed in that order, it being possible to perform
step S1 after performing step 82.  Similarly, steps S3 and S4 need not be performed in
that order, it being possible to perform step S3 after performing step é4.

The foregoing embodiment of the invention describes an example of measuring
lens distortion that causes warping of the shot shape. However, the cause of shot shape

25  warping is not limited to this; for example, in a scanning-type projection exposure



5 scope of the present invention. The invention includes

nodi fications such as the follow ng. For exanple, while the above
expl anation describes a case where the main scale marks 32, the
auxi liary scale nmarks 34, the main surrounding nmarks 42 and 52, and
the auxiliary surrounding marks 44 angg54 are box-shaped, they can
be cross-shaped or 10 anot her shape that is suitable for the

measuri ng i apperatnsethe shvé shrage issweiped\tot bidy b &ena Bisteetiosof Frerpadjeasion optical
describes a case where all the marks 30 include nain scale nmarks 32
and auxi | i asygtesdait elsory kgicBrénousinidvemegafdr baawtdnehemafksstde aad theealckd
by the blind 6 in step S1 it is acceptable only to formthe
auxiliary sstadec Whe iSemibn carf; W tdiese)BY plivdinlneeabuling MeSsheduTdisABITornicde
surroundi ng marks 40 are arranged around 15 the mark 30c at the
center of thesuchbdaghife b@fosh@r M ng the reference grid PB, this is not
limtative of the invention. For exanple, surrounding marks 40 can be

arrangeds around i \BhK e %b@diﬁgﬁiggécﬁﬁ%fatngﬁ%r?ﬁg%efeih%.?g&%ig‘%r %ghq

used in formng the reference gri ) rret
provi ded fog, L Hen ' . e
B oundi g Hace s b GahEHRnE ot dsthd TP Bl i ol ldPordey
S2 need not. be perfornmed i.n, that order, it bei possi,b to perform
step ol ar Ve RpebPied s R itser riop 254 e B0 B i oudhe i O
be perfornmed J that order, it bein 0SSi 0 perform st S,
artor perf ol sPatwares o e CiaoHEE A B et B e S BAt o
descri bes an exanpl e of measuring . |ens distortion that causes
war pi ng of TResEEHorAlismatizelyag ipivarsd regia oscillpdiag Spmaldi B semipendustar laser
warping . is not_limted to this; for exanple, in a scanning-t pe
proj ect t&n Safdsulaseroy visilp sipglegevelengh lasestlichtn ispepiigediay pEbETABED onl v
by lens distortion of the projection optical systembut also by
synchr onousdapsy aithfor evample, bdiumedi) fon bothafhivm eadifterkivd (Yo andt j cl e
stage. The invention can, of course, be applied in nmeasuring the
shape of a winslengthrappverted to ultraviolet light using a nonlinear optical crystal to obtain
high-frequency waves, which are then used as illumination light for exposure.

The invention can be applied not only in an exposure apparatus used in

15  manufacturing a semiconductor element, but also in an exposure apparatus that is used in
manufacturing a liquid crystal display (LCD) and the like and transfers a device pattern
onto a glass plate, an exposure apparatus that is used in manufacturing a thin-film
magnetic head and transfers a device pattern onto a ceramic wafer, an exposure apparatus
that is used in manufacturing an image-capturing element such as a CCD, and so on.

20 The projection optical system PL can include any one of a refracting system, a
catadioptric system, and a reflecting system, or any one of a compressing system, a
magnifying system, and an enlarging system.

The invention can also be applied in an exposure apparatus that transfers a

circuit pattern to a glass substrate, a silicon wafer, and such like, in order to manufacture

25  areticle and a mask that are used in a light exposure apparatus, an EUV exposure



by such scanni ng exposure. 5 Wile the above enbodi nent descri bes an
exanpl e where a KrF exciner laser, an ArF exciner |aser, or the
like, is used as the |ight source, this is not limtative of the
invention, it being possible to use an %2 | aser or an Ar2 | aser as
the light source, or to use high-frequency waves froma netal vapor
| aser or &@PRAEUSAeX-Ta% eXHosURianpaRs, 40 dentrondeamexposwe epparatus, and such
Alternatively, an infrared region oscillating froma DFB

sem condudiker Iraegyosdrd apparatufdshieat utitisedeepartraisleb{BEUS) Hghtevavauml engt h
| aser light, is anplified by a fiber lanp doped with, for exanple,

er bi um ( Ergtrdvaéle@tUny £r &t Uhdaneh Wké, 8f Rickienifbial t&0€k transparent reticles, and a
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el ectron beam exposure apparatus, and such |ike. In exposure
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immersion exposure apparatus are disclosed in, for example, PCT International
Publication No. W099/49504, Japanese Unexamined Patent Application, Publication No.
15 HO06-124873.

The invention can also be applied in a twin stage exposure apparatus. A
structure and an exposure operation of a twin stage exposure apparatus are disclosed in,
for example, Japanese Unexamined Patent Application, Publication Nos. H10-163099
and H10-214783, Published Japanese Translation No. 2000-505958 of PCT International

20 Application, or U.S. Patent No. 6,208,407. As disclosed in Japanese Unexamined
Patent Application, Publication No. H11-135400, the invention can also be applied in an
exposure apparatus including a movable exposure stage that holds a substrate for
processing such as a wafer, and a measuring stage that includes various types of

measuring members and sensors.



ultraviolet (VUV) light, and such like, it is conventional to use
transparent reticles, and a reticle substrate of quartz gl ass,
quartz gl ass doped with fluorine, phosphorus, 5 magnesium fl ouride,
crystalline quartz, and such like, is used as a reticle substrate. In
a proximty nmethod X-ray exposure app tus, electronic exposure
apparatuses, and such |ike, transparent masks (stencil nask,
menbrane nask) are used, and a silicapawmfer or the like is used as
the reticle substrate. Provided that necessary |iquid counterneasures
are appropriately taken, the 10 invention can also be applied in an
i mrer si on exposure apparatus that fornms a predeterm ned pattern on a
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in, for exHAfS&Tangsdimbepre %ﬁ‘?dﬁ&@g}‘lﬁé‘f \%ﬁﬁt 0%%10? ¥&PPon, Publication
Nos. H10-163099 and_H10-214783, Published Japanese Trans| ati on No.
2000- 505958 of PCEKPPTHISA Tt foprspsusing. AR preisetionpptiea] sygtemy, thag inchudeqg |
6, 208, 407. As disclosed in Japanese Unexam ned Patent Application,
Publ i cat i onpignlitypf apxifiary sode mprks arranged in B predeteting mep il shetregianan
exposure apparatus including a novabl e exposure stage that holds a
substrate for progsewigagelginehpasitionalwelhgonship hebwaemashacentionagn stakegearktat
i ncl udes various types of neasuring nmenbers and sensors. 28 CLAIMS
1. A nmetthod of messwmHnggnshounisidpdatimipiwesi g main scale marks and the

auxiliary scale marks; and

correcting the reference grid based on the relative positional relationship, and
calculating a shot shape of the shot for measuring based on the corrected reference grid
and the amount of deviation.
15

2. The method of measuring shot shape according to claim 1, wherein,

simultaneous to exposing the main scale mark, surrounding marks, which are used in

measuring a relative positional relationship between the main scale mark and another

main scale mark formed adjacent to i, are formed between the main scale mark and the

20  other main scale mark.

3. The method of measuring shot shape according to claim 1 or 2, wherein the
reference grid is formed by multiple exposures of main scale mark groups, constituted by
grouping the plurality of main scale marks, in a shot region.
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sequentially exposing a substrate with main scale marks in conpliance
with a 5 predeterm ned map, and formng a reference grid including a
plurality of the main scale marks arranged in the predeterm ned map
in at |east one shot region; exposing a shot for neasuring, via a
proj ection optical system that includﬁg a plurality of auxiliary
scale marks arranged in the predeterm rféd map in the shot region;
measuring ayr el atfi\ e, ApRdiof ifiaking HloftHap0 sRbRIRAL CRER 3 AAGH fe il N
scal e marks; 10 neasuring an anount of devi ation between the main
scal e marks i 11 2 KS: . GOIL.E
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cal cul ating a shot shape of the shot for neasuring based on the
corrected reference grid and the anount of deviation. 15 2. The

met hod of asuri shot, shape .according to claim]1 erein
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adjacent to it, are fornmed between the main scale mark and the 20
ot her nmi n $etistieal methed of provessingtheryelgtivy positianal relpfipnship thatis sasured.
according to claiml or 2, wherein the reference grid is formed by
nmul ti pl e exposures of nmain scale nmark groups, constituted by
grouping the plurality of main scale marks, in a shot region. 25 29
4. The net hod of Amaguoimpgsisfgot shape according to claim 3, wherein
the main scale mark group is fornmed such that a plurality nmain scale
mar ks ar e arrangedlehst oac maiv.scal®mallie nmet hod of neasuring shot shape
according to any one of clainms 1 to 4,

10 auxiliary scale marks that are arranged in a grid formation along a first direction

and a second direction orthogonal to the first direction, the auxiliary scale mark and the
main scale mark are superimposed to indicate a relative amount of deviation between
them; and
at least one pair of surrounding marks arranged such as to sandwich the main
15  scale mark, the pair of surrounding marks including a main surrounding mark, and an
auxiliary surrounding mark that is separated by a grid interval of the auxiliary scale mark
from the main surround mark, and the auxiliary surrounding mark and the main
surrounding mark are superimposed to indicate a relative amount of deviation between
them.
20
7. The mask according te claim 6, wherein a plurality of the main scale marks are
arranged in a row along the first direction; and
the main surrounding mark and the auxiliary strrounding mark are arranged in
separation along the second direction.
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5 wherein the cal cul ati on of the shot shape includes correcting the
reference grid by using a statistical nethod of processing the
relative positional relationship that is neasured. 6. A mask
conprising: at least one nmain scale mark; 10 auxiliary scal e marks
that are arranged in a grid formation Png a first direction and a
second direction orthogonal to the firs direction, the auxiliary

scal e mark gnd t hpe Bk BecdfddhEro BBk 74Rick WAREd g%&?%inélﬁltédﬂﬁ' CRhfhink
rel ati ve amount of deviation between them and at 1east one pair of
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mark, the pai'r of Surroun I'ng a nmal n surroundi ng
mar k, and a is separated by a grid
i nterval ofgmﬁﬁﬂégﬁé F%Pﬁﬁé5§#§ﬂhaﬂﬁﬂﬁ%ﬁgﬁﬁﬁﬁe mai n surround nark,

and the auxiliary surroundlng mark and the main surrounding nmark are
superinposed to indicate a relative anmount of deviati on between

them 20 7. The mask according to claim6, wherein a plurality of the
main scale narks are arranged in a row along the first direction;
and the main surrounding mark and the auxiliary surrounding mark are
arranged in separation along the second direction. 25 30 8. The
mask according to claim7, which is used by being nounted on a
scanni ng exposure apparatus, the nmarks being arranged such that the
second direction becomes a scanning direction of the scanning
exposur e appar at us.



