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 March
25 2005, the content of which is incorporated herein by reference. 10
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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  canbe 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 images of the firsy and second patterns.

Devel oped patterns can be used instead of |atent inages of the

patterns. mobak e photdseisitiver stibskiatelBpAxeisendunsXadedhPdésiii-dependent
Publ i cation No. S64-068926 DI SCLOSURE OF | NVENTI ON PROBLEMS TO BE

SOLVED BY Mﬁh&%ﬁw@ﬁ;&{w@ﬁm} ﬁﬁlhf{@b ﬁk‘tﬁnﬂﬁ%&(&uﬁ?&? BOPNSoctiah opth@l ti me
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pattern, and to determ ne an 15 average position deviation of the

measurenent points as the lens distortion; there is a consequent
probl em t hat nmeasurenment of highly precise lens distortion is

limted. MEEOVYSUREIGF VENTION | ens distortion in all shot regions
on the photosensitive substrate, all nmeasurenment points in all the
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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 to 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 limited.
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
éircumstances, 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 predetermined map, and forming a refeyfence grid including a
plurality of the main scale marks arranged in the predeterm ned map

in at | east one Isbaler tee@l@thé Sidve oB}POSd Methad oS Medsufifs sHOE Slsdpe iand a
(PC), via a projection optical system (PL), that includes a plurality
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for nmeasuring based on the corrected reference grid _PBﬂéband_the
anount Jof RIedatesmingd may; ent Hirmipgarefergnse igrid daplyding a plaradifeoidhe main sslg
t he shot shape of the shot for 15 nmeasuring fromthe anmount of

devi at i on hakyermgeld twipredstahnedarak imatdedshenashot teigionySHS eapesimpa ks
and the relationship of the reference grid, the reference grid is

correct ed dyt foRBrRasiringqPC&id £hrofebtich GRRL dysam (PLY tadt ixvhsdel B pheilwpen
adj acent main scale marks; therefore, the shot shape of the shot for
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relative positional relationship between the main 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

(PBo) 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 betweén 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 multiple 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 nmeasuregd can be reduced by
sequentially exposing the mark scale mark groups including a
plurality mbinreilantelafoups (3BLK somtinged pogiotpiag alpluraitp bt masiscpleinsarks
determ ned beforehand. If the main scale mark group (32L) is forned
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including at | east one main scale mark (32), auxiliary scal e nmarks
(34) that are arlf thegeain sealcamauki grofip(3ah) isdormzeddorith mpluralisy of main scale
direction and a second direction orthogonal to the first direction,
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one pair Ofergbdl AMRALANE nZB &dupst0, 50) arranged such as to sandw ch
the main scale mark, the pair of surrounding marks include a main

di ) B L . i 44,

54) that 1o sepdratEdrys s o Ry s aUaT BB b OV
k f t in d K, dt Ll di Kk
andt 1 H MGt R R A e O A et B TRV E I ol at 1 ve

anount of deviation between them According tg this invention, before
exposi ng t ¥etatigaship thapisengesirdardpot shape af e phod for mgagying s moat
superinposition on the photosensitive substrate and neasuring 25 the
rel ative astatisticalyyf idda\(i.athat habtbe ieaetrertoneean bewetergined aithdighypraeisiks.
arranged around
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

auxiliaty 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, wherepy the relative anount of
deviation between the main scale nmark and the auxiliary scal e marks

can be detth¢ alitstalinidik BhdhuxiBarp EREIBURE mdrks @rapbed Abukd/aroidjidast ddrn
scale marks (32) are arranged in a row along the first direction,
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mar ks (54) are arranged in separation along the sec Irectlon,
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positional relationship of the main scale marks is nmeasured can be
reduced. IHedisienmask (TR, TR2) is used by being mounted on a scanning
exposure apparatus (EX) with the marks arranged such that the second
di recti on becomndfa plutdhity ofthe main staleandrko32pire talrangeddn airdvg aloxp dsfiret
apparatus, the alignment direction of the plurality of main scale
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reference grid is orthogonal to the scanning direction, thereby

G oct i on GoaE e B IBRAROR aloft e DB iR, B TR O e R ace
Si nce t he TRVERTOR SRS TR P ReaurB reooar ol et it
t he in scale marks and the auxiliary.scale narks to_ be neasured
with 'Ogh Iﬁﬁugénggz Biatksrwhgse 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
erTor.
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 correcting 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 e exposed on a

phot osensitive substrate with high precision, and a hi gh-performance
devi ce canomsisal systaufiactalrshdt regioBRuEB: DESERIEMIONgH Pl BRAW NGS FI G.
1 is a schematic view showi ng the configuration of an exposure

appar at us  accorihergorepacaoidingbd tieniboshtior Y finer bircudpdtmicad ®8egpdsedbn a
view showing a reticle according to a first enbodinent. 10 FIG 2B
i's a concefHouRknsiiRWMuBRRIM Wih 8igh§hd$didh, 388 2 highMRribAndhct WEEe can be
enbodi ment.  FI G 2C is a conceptual view showng a reticle according
to a first, ljg§ FIG 2D is a conceptual view show ng a
reticle accor Ing to a first enmbodinment. FIG 3A shows a reference
grid farned in a shot region of a wafer. FIG 3B shows a reference
grid fornmed 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
measuri ng %&-&YSBESQWTIQN@FJ%E INGS FIG 5 shows a nodification
of surrounding marks. FIG 6 is a conceptual view showing a reticle
accordi ng to andilfel iserdobetmateniew stkivi@ng theshofigirationaffen erpasurprdpgaratus
formed using a reticle. 20 DESCRI PTI ON OF THE REFERENCE SYMBOLS 6
BLI ND 30, @Q6rdMiRK 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 MAI N SCALE MARK GROUP 7 34 AUXI LI ARY SCALE
MARK 40, 50 SURROUNDI NG MARK 42, 52 NMAI'N SURROUNDI NG MARKS 44, 54
AUXI LI ARY SURROUNDI NG MARKS 5 EX EXPOSURE APPARATUS ( SCANNI NG
EXPOSURE APPARATUS) RST RETI CLE STAGE +£L PRQIECTI ON OPTI CAL SYSTEM
WST WAFER STAGE TR, TR2 RETI CLE 10 W WAFER ( SUBSTRATE) SH SHOT

REG ON PB REFERENCE GRIUXPBARREFEAENGAIGRI D ( CORRECTED REFERENCE
GRID) PC SHOT FOR MEASURI NG 15 BEST MODE FOR CARRYI NG OUT THE

| NVENTI C]\l gdi mantssngﬁ? hgi measuri ng met hod and a mask of

t he |nvent|on wil | expl ai ne referencetothe drawi ngs. FIG

| is a sch ic vie ion of an exposure
appar at us EX accOP@QﬁgépgRgﬂﬁgﬁ@ﬂ%hgﬁ%g% The exposure appar at us
EX is a sc i Nng exposure aratus u3|n st ep- and- scan system
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a wafer Win a one-di nensi onal d| rectlon whi |l e usi n% 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
PB, REFERENCE GRID (CORRECTED REFERENCE GRID)
PC SHOT FOR MEASURING

15
BEST MODE FOR CARRYING OUT 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 is 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 a reticle 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 wafer W (scanning

di r ecti on)prijctondpios spSERends tinad Ztdrektiéh, adiditiodGispithtshohemaRenent
Y-direction, and a direction perpendicular to the Z-direction and the

Y-directi - ' j ' s oSqit-ef: =i ]
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optical system]L that ill Hm’ nates the retjcle Tlﬁpyvi th exposure
light EL, %difessieni(aon-seneing dueclign) irdyrmed &-dieatigy.  PRections pLiclitipR o
projection optical systemPL that projects the exposure |ight EL

enmi tted 1Qifclioatianderound thel’e-asiR the¥axishand#he éraxiyararaspacaiely tamredr
stage WST that holds the wafer W a main control system CONT t hat
col | ect i veiX-diresiohpds-dirtioa xpdOd-diraefipar at us EX, and such |ike. The
illumnation optical systemIL illumnates the reticle TR with

exposure |ight THeexpitdrd dﬁaﬁﬁﬂdﬂl@%“i}@imﬁﬁlﬁés@cﬁiiilﬁﬂiﬂ”ﬂi&ﬁ)gpt?bal Ssiwavel wagt h
selection filter 4, an optical 15 integrator (field lens or rod) 5, a
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Specifically, the exposure emtted froma t source

such as an, ultra-hi gh pressur.e nercur .and _an_exci ngr ser... s
e 1 ect ed 1y okl T Sa R AR ORHFHGY S Pl i TEo R 1 EnPOGre Ty ER WHited
wavel ength_sel ection filter 4 that only transmts Ii%htg at a 20

wavel bt Hrer dhs retigle G onds thssvafer Weame¥ahie weicgstaeenlV St thatdiplds thgywafer W,
t hrough the wavelength selection filter 4 is adjusted to a beamw th
uni f or m i re mawi doptreli ysteinUOING tha yollectively 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, 2 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
system 8.

Specifically, the exposure light EL is emitted from a light source 2 such as an
ultra-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 changing the size of
the opening S. 9 Exposure light EL passing through the opening S of
the blind 6 is Mepbaue BghtiBl passing diroughtthevgpenringrSoof the himil Hoofiented by
incident on the lens system8. The |lens system 8 inmages the i mge of
t he openi nie eflettindwirkdri7ratd becotes ihdident of thzllensERstaalsd dheldis syémél e
stage RST, illumnating a predetermi ned region of the reticle TR 5
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driving device such as a linear notor in the X-direction and the

Y-di recti agd, ;ﬂf@m&ﬁ{gp&gﬂga&meﬁ Hoflt fosanalpto the optica

axi s dlrectlon e pr Ion optic sys (Z dlrectlon)
and aI o in the ection.aro axi s n nt al |
fhe & e TR Tng &g%@swbﬁmhﬂrﬁﬁe?&%@%ulwﬁw"éﬂréovsgk@ idnvig ¥

cont act mechani sm prOV| ded 10 around a rectangul ar openl n |n t he
reticle stdeyicelsnch asalineppmoppsdn thegkrdiregiion gad 8@6&4 ~diggetipn

Y-direction of the reticle TR on the reticle stage RST and t he

r ot at i onal pespeglisular enchorthdgenal tastieoptica aglisdirettiod df yhegmrojadtidr epgicalstystdm
| aser interferoneter. Measurenents taken by this laser interferoneter
ar e out putPlt (Z-diretloay @nd aibé fothe sotaticnal difectidibarfind e geaxad. tThedaailtyethe
PAin an illumnation region of the reticle TRis forned via the
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resist. Consequently, each shot region SH on the wafer Wnounhted on

t he wafge f the pattern PA of
t he \rNgitl cl e&?‘%%“\eﬁ;ﬂ%‘;ﬁ g,égggi{fi gf‘%ﬁg}aﬂaﬂ?ﬁ igﬁ F%t. cle TR will be
g)(;ﬁ.lr ?Igﬂ(ragdl ;’i'ﬁleg r%@g%iﬂﬁa&%@%%&:tﬁly an(a Y- <|h(rac=:r2:ts101(1a lof the retlclc;[ {]ﬁ on%'le 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 that are configured in groups and arranged
inside 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 thiggenbodinent in ='/4). Various

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

25 adj ust eskpbydablevdriving dlemémmanthatdre aeamiged ima tibndptendialdirastion. diFbect i on
using a plurality of 10 expandable driving elenents that are
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proj ection optical system PL are adjusted by an 10 inaging

char act eri st i cs lagipagdorfinmyyinipthe fems ¢lomehtst the smagihg detdctegisticsoditbe ol | ed
by the main control system CONT. The wafer stage WST includes a

waf er hol dsbjettia orsicaleysteinaran baadiustedby thitrollwiftBe ai¥\preaside Inssenled ephcby
a driving device 11 such as a linear notor in the Z-direction and

the Y-dir egdiven b icghelefeficsect each ot her and are perpendicular to
the optical axis of 15 the projection optical systemPL

(7 airection. SHRpHE i lli TGyt THIS) a1 My s

the projection o _
Cr anst 3 r dtheE iR Re e PAGTETE Sce 0 e R Rop e ot
provi ded actontarg1 Seyr;t%mo(fzo%qt}fa waf er stage WST and the | aser
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 (8X, 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.

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



20 interferometer 13 that irradiates |aser |light onto the noving
m nor 12 detect the X- and Y-directional positions of the wafer
stage WST (and thus the wafer W and its anmount of rotation (OX OY,
and QZ). Measurenents (positional inf o; ti on) obtained by the |aser
interferoneter 13 are output to the stage control system 14. The

stage contdalyagysh enFitoAliSa fRARNIN, l:@ 2BYs M&l%hd‘vﬁ%ﬁa%arﬁyiﬁtﬁ@ 2C
CONT. 25 FIGS. 2A to 2D are concepfual diagrams of a reticle TR

accordi ng éﬁnkﬁibx%e%%e d}*%k‘}ﬂég‘iﬁ%taﬁlng@eﬁﬁ@ “anf F %1@ na V\ée@vx&t@ofs

an enlarge VI ew®o I's an enlarge V|e

surroundi ng nmark 42, an ed Vi ew n _auxiliar
sur  oundi 1 AraernsproRaing ek £F o ks oL hERARERS ﬁr & Biner S SR
FIGS. 2A to 2D differ fromthe actual dl_rren5| ons. 5 The reticle TR is
used in e 2Ade AP Siffprdioamthsaciupldipersienst i on optical system PL,
and, as shown in FIG 2A, includes a pattern PA of chrone, nolybdenum
silicide, and diheheticddER idnased irsmeourpgldistortzon dfghe projeanemeptichhgysteinat
pl ate of quartz glass and such |ike. The pattern PAis constituted

froma pl uplalahdyas@howh HIEIGOD ACiKEIRGesByaEmIA dtvhédine, Hiblgdeniagilictel v
arranged at predetermned intervals in directions X0 and Yo. In FIG

2A,  the 'dlﬂ%clphﬁcthhﬂgfd}%& 'oH'%l% At ﬁaﬂsﬁm@t’hﬁ%ﬁ&ﬁe@&{e%ﬁ‘ qttlsd @nd YWn! €

FI G 2A shows ni ne e act ual eral ‘tens of them The
mar ks 30 a5e, configured such that when the projection optical system
exposu?l%s themin superinposi t| on on the wafer W positional

deV|at|on betme the er| ed neas
Speci fically, WBWl %IFF sHt deé a é‘%@ gﬁ‘%i’fg‘é"‘ £ 50/ which
substantial ly s uar e- shaped |ight-bl ocking main scale mark 32
hol | owl 0s quase Eegulralyeerangegiat prsdeiermingd inesyals Buiistionsato asdofoos Bs PG 2A,
mai n scale mark 32, and a substantially square-shaped

the light—blocking 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 square-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 X 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 Y, 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 sys§em PL to expose the mark 30
onto the wafer W the wafer Wis noved'a distance of d - in (m being

the proj egdsiiRRalBReR iﬁﬂh‘é%{ﬂdﬁ&)y s'gene gRAR3Plextinging itl]‘ciee&tﬂa@ﬂﬁe%ﬁnﬁﬁtﬂtiéfg,

and the mark 30 is then expoSed again to the wafer W whereby the

auxi liary %ﬁﬂﬁﬂé@{&hg%aiﬁ%c%ggﬁgg?i nside the 25 nmain scale nmark 32
: 'S na p

(see FIG 4 es | ossi bl'e to neasure the relative 12

positional error, of the i,Liary scale 34 (excluding th in
movement porti or}s SHRPPAR ?Bé Béet S%B‘“inﬁglgr%% 5’9 ésaqféa‘“ﬁgl Tfo'élic?a f&gﬁ(sﬁc?vm
in FIG 2A, a surrounding mark 40 is_arranged around a mark 30c which
is at a subbichinataisnstansially esntigbrasitionpf #ie plwality afmearks 30-of marks 30.
5 The surroundi ng mark 40 includes main surroundi ng nmarks 42 arranged
respecti vel y at HejsarewidingmwarkaelOdieledssinmin sircending manks 42vsradigedct i on
side of the mark 30c, and auxiliary surrounding marks 44 arranged

respect i vejeypeativéld pbdpatent the X @irdtioesité el ths -¥g daediohBile of the mark 30c,
+Y0-direction side of the mark 30c. As shown specifically in FIG 2C,

the nain swdra@ug%h{l&r{%&gé&am Al diah3d bGekiiRly a&gjaeeg t@ffk&di%ﬁlsn 32

in being a substantia uare_llght-t()ilock!ngnar. shown in
(1 ght -t and 01 e - PR Rh BT IR BES0%e cuberantially square ¢
mark 42, The. el 45 SUPRGURIRSAIY A FIE 26508700 HETpIPERSFS 1208 POUAC
mar ks 44 are 15 arranged at internedi ate positions between the mark
30c ant® anmaijssale marbgl‘néwbem& ksubstantiathypaugrs light-bleekingy@arkar 1 showa i
arranged at intervals of Din the Xo and Yo directions, the mark 30c
and the suFib0Ddtheguritink st@oendingmerk 4ris asgestansially squereviight-trahsnbiting n
the X andmark 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 Yy directions, the
mark 30c and the surrounding mark 40 are each arranged at intervals of D/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 30¢
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

Xy and Yy directions, a plurality of marks 30¢ and surrounding marks 40 are formed on

25  the wafer 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 perform ng,a plurality of exposures of
the mark 30c and the surroundi ng marks 40 (the main surroundi ng

marks 42 agirouR@ng il 46 Hihe SJAdeRtGHENHarRBOKS Gtifiohily, enemixiliagy t he
wafer Wby an intérval of D in in each of the X0 and Yo directions,

a pluralit i I : : 20
tho. wai er WO PRARE FRrcReof e SHPURE Ak TR e dtheg R s RERRE B0y fsice
with the 13 , sutroundi mar.k .40 o adj.acent of her..mark 30c.
Speci 11 cai fash AR Re PRt o BrE it ARy PR Rhesd) PRI sy the
other mark 30c is exposed in superinposition inside  each main .
sur r oundi ni§iabige Rosivonakgrgorpof the awiliaryrsyrroundipg mark 44, yith respect fQtheanaifyr o
the relative positional error of the auxiliary surrounding mark 44
with respestroundingearkeda 5 surroundi ng mark 42. Subsequently, a

nmet hod of measuring the lens distortion of the projection optical
system PL usi ng SubgeqamBbs b artidpd hdhsisink helenk dikertiodtdf ehegprdjdetion optical
configured as described above wll be explained with reference to

the draw ngétemTiﬂ@uéiﬁgﬁle@kﬁasafetdpg&aﬁfs EXghdthOtefiele TR cMHtoufcl as A¥sckiBBa PL
is neasured by 10 performng a Sstep S 1 of sequentially exposing only

t he marks gbq)%&jﬂtlh@gﬂgﬁ%&p\l,vgﬁr%geﬁ&tgmescgg&,ilngggi on SH on the wafer W

in conpliance e mar Ks ‘the pattern PA, a step
S2 of exposing t S3 of

e patitern PA.i.n the shot .region . a ste
measuring the r t rality
g the rrdBRATHEeR oF bR aroreRRopir A e B RS Y ol
of the marks 30¢ exposed on the wafer Win step .S 1, a_step. S4 of
measur 1hg PHErBRE MY plosnamsially expesing oplyihewarks SAc ebthe peticls iain ¢ v
of marks 30c exposed on the wafer Wn step S 1 and the plurality of
mar ks 30 shopregen Shhon the waféreW incompliange $2th themiapokthe mage ¥in the pattern
determning the lens distortion of
PA, a step S2 of exposing the pattern PA in the shot region SH, a step S3 of measuring
the relative positional relationship between a plurality of the marks 30c exposed on the
wafer W in step S1, a step S4 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 S2, 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 controlled 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 S 1, 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 theqyllumnation optical 20
systemIL. Specifically, the opening Sis set such that, of the
pattern PAfoahinghaefesdncebdd PB, Spécifidalie, the aiarlad Ocramtl khe3@¢roanding trfarks 40

surroundi ng narks 40 constitute an illumnation region. That is, the
opening S ige zmbd%hﬂdwﬁ"ém ﬁv}ﬁﬁtm&mlg’thE R QO WIT 4 Bistintd1D - ¥ Rkah
line of FIG 2A is illumnated. The mark 30c and the surrounding

?Z‘g,.k;n“%Ha%f?h% El‘:&“"% oS st st ké?ﬂﬁ??%?*{@%m@ﬁ%?grﬁ%&hg
PB. .Spe

marks 40 ARyt rfgrrﬁ%rﬁsaﬁ%e R SR e O

a distance D min each of the directions Xo and Yo. Consequentl

as showh i#cppey fam eaclbp@rmalpx wiered Dy s cach o therthirestigns o 3@ ﬁgs

40 are orderly arranged in the shot region SH such that they 5 are
away from paien, etphealith pf imatnescelaimatks 32 are oukedh avhngedeudi thetthéyars aXay
and Yo. O this pattern, a plurality of main scale marks 32 are
order |y arframgach Shelbytinkival Deyn &1 @chwithe direetions X and tp.eind Ryerébit fornd al
D min each of the directions X0 and Yo, and thereby form the
reference geideRBee the reference grid PBis fornmed in the shot
region SH of the water Wby 10 using the marks 30c, the surroundi ng

marks 40 (main Syl ﬁﬁ@‘i’%f@x%gé%}rﬁﬂ)ﬁ?s %Hﬂeﬁé{%néa S tegioh SH gFad! rbg

44) arranged aroun eac mai n sca At conatitut

the re rence dP er ose hthe r.,roundj n ks..40
of an- 10 atkur e e 0o SRRt %@ngmiu%df%‘fwkﬁ Sy aiary

si mul taneous to form ng the naln scale mark 32. That is, the main
sur r oundi nHIPHRKSE marky 34 Agareed arodaf seedimf thevmainygale magest32chatognstitue
of one main scale mark 32 are superinposed with the auxiliary

sur roundi n‘@e mefetence 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 +Xo.direction side of another main scale mark 32 adjacent to

the —X.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 +Y 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 aressuperinposed with the

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

anot her mai n scdbdad@tateamier3@ndidg acthatbéve eixplanatidnl, sharks of thenetidle TRate
mai n scale mark 32. Thus the reference grid PBis fornmed such that
the main stmsRHBEbMG theWwkEr Was cphttkd iR gad X IHowa ¥, BIhoAMNE tHRAIrdRinks 44
are superinposed between adjacent nmain scale marks 32. These

super i "POSRd Rl reﬁﬁﬁr{&[ﬂ@'&&ﬂdiﬁﬁﬁ Kﬁstéiﬁ oft L Rkt kk@ﬁa{c}fagﬁﬁeﬁ%ﬁmeng

marks 44 are used I n neasuring the relative positiona ationship
bet ween adj acgn 25 main scal e rks 32 i.n .a.subsequent, step. 15 To
Poel Tt ar SoRRflhe paRa T Be Roe TRGTD ol BRSO RRF Ao
reticle TR are transfgrred onto thﬁlma_?r Was erected.im

,f ther

f €es. .
However, as shoWhSERSErae patighr ko of thersicle TR 43 exposed avebihe seterepes grid PB

coordinate systemon the reticle TR matches that of the coordinate
syst em on inithe shat wegion Bk same applies in the explanation below. 5 In
step S2, the pattern PA of the reticle TR is exposed over the

reference grid HABatissthe bgenidpdS of thgblind & wille@dd bysopeiaiag dpatrivirg: Ssten
the blind 6 is widened by operating the driving system 6a of the

11T um nat | QrofeRt illGmina®is betkal systetd Al shéipthatithewhbieof tRfpatta mpadftes N PA
of the reticle TR becones the illum nation region. The pattern PA of

the reti clieqdBrisho Sl AOIRKAORRM GUEE 'R LALAANGG, IR I

is
already fornmed 1nt S regl on ribed

bove,, t he_shape of, the ref id P les the sh th
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reference grjd PB are orderly arranged at intervals of Din the X0
and Yo di r&fei¥ns. 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 I in the Xp and Yy directions.  The plurality of marks 30

15  of the pattern PA are orderly arranged at intervals of D - m in the X, 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 — Y, 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 in in

the Xo and Yo directions. The pattern PA can be therefore

superi nposed over the reference grid PB by being projected at

magni fication in by the projection opt ;é:al system PL. Wen

superinposing the pattern PA over the reference grid PB, it is

exposed at  pOSi,Ols _aﬁﬁnletg%%g nﬁ%/kﬁ;ch4 sggeﬁ:ﬁpéslg@ins?@@ tid¥ain ¥Gale marks 32
, e

directions. As shown in F auxiliary scale marks 34 of
the patter. devi i - - \Af P he
mai - acar d e o8 SOF SEbeafe bter Y g oRisPYdcrfipcd i s LEBRGE I 10X
of the refgrye ce grid PB. Therefore, as shown in FIG 4B, by

exposi ng t& Re of the pattern PA at positions deviating by -d
inand -d in with respect to the main_scale marks 32 of the
reference grid Mg plusdity akauxiliary seplemarksad RE thy pagern PAi-p athe gatterpaf thee
25 superinposed in the main scale marks 32 of the reference grid PB.
16 Thus tplerakiydf hivdliyryscalk enankesr MshB84raondenly apaged af inteinads afle- meh the
scale marks 32 in the shot region SH of the wafer Ware orderly

arranged at, idatygditsorRs islermibdiathbtor Measuding PYD dismasitibasdsabo¥é)ahis shot
plurality of auxiliary scale marks 34 of the pattern PA (i.e., the

pattern of ot higasyfinPbiigfdrinta 8 vAtelidd E ¥ & (TE Kiindd sichab 1868 2

orderly arrange Intervals min the X0 and Yo directions)
is ternmed a. shot for asurj.ng PC. nt 1.0 o1t 0 ot for
measuri ng \fgéefaélgp 8??@@89“ 1%13%%05’ ﬁ%‘%ﬁt@rﬂ %Qéﬁﬁggt\éﬁ% ’ E*l ?%%HG such
as to use a wde range of_valid.|nner di ter of € projecti.on
opti cal sfmaﬂH@ﬁ%‘gﬁnm’? ¢ BRtEH g)}% meJF%ql?#gt%ﬁler?h?Vggl(% Sthe

pattern PA of the reticle TRto the shot region SH 10 of the wafer W
i n onelGopeafshe wafer Fhiaraap operatiome Theredprgethe arrargemenkolibsauxiliary s@da) e
mar ks 34 of the shot for neasuring PC contains arrangenent error
caused by iherhks 34 df §it ehdtifonmedsutigPE coptents aoangspicntettorsyesed by Rins  That
is, the reference grid PB that does not contain lens distortion is
super i nposdstomioh df Rerejpeion GpticiBageniPly AGacienhareferdgee 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 surrounding 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 ?evi ation of the reference
grid PB forned in the shot region SH3 the wafer Wn step S 1, i.e.

the rel ati mgﬁ% %dg@lgag* surfcﬁllnaﬂlgmm 2 &%ae@gg;ehﬁ@om HRnweR s ﬁ?ih"séal@z

that constitut erence grid PB, Is measured. The wafer W
is unl oaded?gl}r g?the exposure apparatus EX and devel oped. The
devi at i on Bf6UAt" of the reference grid PB on the wafer Wafter

devel opnment is neasured a_posi.tion ne ri devi ce,.usi ng i nage
processi ng. Spect¥ eé%ﬂ%eﬁag%/‘ﬁethieé?%?ﬁ mﬁ%ﬁ’ﬁﬁﬂ@ﬁéﬂ SWQP%‘P%W@%%B;
the main scale marks 32 constituting the reference grid PB is 25

det er ni nedartragediaronnd i arerfeinzgd byetrq@@gmnwhamar@@t(mnsmb rprrk BR bangethe,
surrounding marks 17 42 and the auxiliary surroundi ng nmarks 44 that

are super i suposading etaviseld df ke erdla TRomt@the mafdeSV 3 exposurte s dhedsfute, the
above, the main scale mark 32 and the surrounding marks 40 arranged

around it Q@vé podiishabPieldtiondsh BétiveBDthe hguidBale Miks §BoHRtiREAL themar K
32) and the 5 surrounding marks 40 of the reticle TR onto the wafer

W by eXPOSifGencTHEH BROLR hd N ik PRl PIRoub EhEhlARSH g

bet ween the mal nsca stituting the rence grid PB

and the surrqundin ks 40 in_ surroundi ng .marks 4 d

i |y SR oA e el ) B gl Sn o rlE s Rosreaty s
32 is already known. This nmakes it paqgssible to determ ne.the,

rel ative pE¥WE ordds s finessible fo deeriasthe selahive H?ﬁi“ﬁngégﬁféoﬂ?ﬁ‘rp@%en
and another main scale mark 32 that is adjacent to it in the -Xo

di rectlbn ¢nesnainsenle merk 3 andiapethevwaini sozla marke A thabis adiagenb & ifirethe tXe
mai n surrounding nmarks 42 arranged at adjacent the Xo_direction side
of one mai diretiah based ok tikXehtide pdsitional relationship between the main surrounding

marks 42 arranged at adjacent the —Xg.direction side of one main scale mark 32 and the
auxiliary surrounding marks 44 arranged at adjacent the +Xy.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 nmaijp scale marks 32 constituting
the reference grid PB is measured by using the position measuring
devi ce to i nageAguesudsd abtne, teankidiyryctalt herlsyid4r costdiimgg thesho fea0
(mai n surrounding marks 42 and auxiliary surroundi ng marks 44)

arranged amedtifn®PChardBaberiBpcHee ol@ the SldratigNSirhdib kiAgmbike 30 €dreiednf the
grid PB. 20 Subsequently in step S4, the amount of deviation between

the refer efpgereBioh&IPE th QB dyi N the shot region SH of the wafer Wn
step Si and theé shot for nmeasur i ng PC fornmed in the shot regl on SH

of the wafer Wi ROS] tian onship
of the prural ity i e Gop e GHtdsGe RE fidedices HEPTTCe
grid P the | ural i of auxilja scale marks 34 constituti

the sh ?leﬁ“v gmawgscﬁe b%ﬂfxgw S651C merka ad args atgBlpEly
the auxiliary scal e marks 34 constituting the shot for nmeasuring PC
are super i tfrosidanoindhe shebragiaw Hilithgameuntaf deviatindetvenenr $hegpain seatemarks
the shot region SH of the wafer W Thus, by using a positional

measur i ng 3feandahe xiliamp gelomarke S8 i the sb@teegiatySH daebeaensurdte nMai n
scale marks 32 and the auxiliary scale marks 34 arranged at a

plurality of pogdnbRisn FIG Bikea shag for@ed BY superindpdsitieBLme nfn
devi ation between the main scale narks 32 and the auxiliary scale
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mar k fornme erinposition o e maln surrou |ng mark 42 and
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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 S5, 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, i.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 (nain surrounding nark 42 and main scale 15 nmark
32) can be determ ned by using an inagé processi ng measuring

i nst r unentpARntthemalnl &8le hifrieeI A Sh@ iR Scalf mirR € 3P thd reRQend Eig-

In step S5, the shape of the reference grid PB is corrected base n

the relati it j i ' ar 32
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t he shot for peasurin C f.orned . he shot region 20 SH, i.e., the
| ens di stostuP?rBHPOSFQOY%é e ke 1 ased on the corrected reference
grid PBo and the anmount of deviation between the main scale nmarks 32
and auxiliary sdigveevenmwhen exppsingils reenca g5t &P tathe wafer WeHie water stage
distortion of the projection optical systemPL is determ ned by
measur iSng W& hehding theofafetdWinaist beminoay triovedl Theudfae] tha rdfeteneregrid P
main scale marks 25 32 and the auxiliary scale marks 34) at a

plurality jaflua@asmditionBalerBPbNths wafy efab@WsSI9 between the main scale
marks 32 and the auxiliary scale marks 34) of the reference grid PB

formed in the Sh@écof(ﬁ%;lﬁ @he%%sﬁfon:oﬁ%adﬁf%e 4i Reh1d gﬁrpl.é@@tinfﬂférreference

measuri ng PC superi nposed over e reference gri B. However, when
exposi ng the ference.grid.PB.to the.. . fer. T
ol di ng t B EreRrrRa ot R SR 8RS IR Blin S ACRa3 e
grid PB includes positionin ror of the fer. stage WBT, .
Accor di ngl PRSHiHENg RO LR FeBRTEhiS SR - S TR rs P Bobaving
reference grid PBis corrected fromthe relative positional .

r el at i Whshanpdedl shans thatidaessiad inclydgmesitigping ewprelj the wikey staereWiSdtisr ence
grid PB neasured in step S3, and a reference grid PBo having 10 an

i deal shapmlditeitd.does not i nclude positioning error of the wafer
stage WST is

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 PBy 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 S3 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 anmount 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 t he anount of viation of the 15 auxiliary
scale marks 34 with respect to the uncorrected nain scale marks 32

nmeasur ed ighark S $0deB4minkdHetween idaQuriBaReowriiap BES R@krodraingRaks4d ng PC
wWth respect to the shot region SH is calculated. The shape of the

shot for f(gf&t@hig@&feﬁ&{e{wa;mg@&&{nmr@%k; 4Fand &@@@g&gg@@omﬁ%@

devi ati on plura auxi Iliary scale m is then

cal cul ate s the 20 lens.distortion qf.,th oject i | cal
oystem PL 45 hibrete HEgRGR G eombR @ eRE APOLERS Rt ?,
bet ween the main scale marks 32 _constituting the refecrence._grid PB
measur ed id§vigies pvithgesnscide thenh maip sspleratk 42 bR § ¥ nand 01y o0 a‘gﬂﬁeﬁtﬂﬁPks
40 in the followi ng manner. Taking an arbitrary nth main scale mark
32, thé amndMdicfctioeteapdctiwelposi ti onal 25 devi ation of an adj acent
main scale mark 32 (n + 1) with respect to the nth nmain scale 20

mark 32 is det eSabsqoentis! the amotimaswlathg dehiatiow betivegn the (if Hd) main scale
surroundi ng marks 40 (overlap between the main surroundi ng marks 42

and the_ausidsalaka SGdQUANINO7 REHScald Mk PXRANTIDAGnmed eyl at | on
e n

anount as (Axl and Ayl), main scale mark 32 deviates

wih T espalashind B8 o0 Bh: S6BLSAR A |%>9 W %%r@g'etg@aﬂmﬁx bt rdidtivkhe

X-directi and’ ection resp _ uently, the anmunt
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measuri ng the overlap of the surrounding marks 40 to obtain the
anount10of merkdRi vExprsesing thisrs (AeendAy2ribe Gt tidbmainpeale ﬁla% 43 degtes
scale mark 32 and the (n + 2) main scale
with respect to the nth mz_lin 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 | + Ay2) in the X-direction and the Y-direction
respectively. That is, the amounts of 5 | ative positional deviation
of all the main scale marks 32 can be cal cul ated by sequentially

repeating ekhihiSle faphred BAbAA PPREADNINGE 2004-D088] RICHEY Yech? séficlmethod,
reference. 15 However, when the anounts of positional deviation of
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of the surrounding marks 40, and statistically determ ning the nost

appropriaMngﬁﬁkah@mgﬁg{mkagoﬁain scale marks 32 such as to mnim ze
this evaluation function. 25 As for the specific nmethod, while it is

possible to Uselmm%ﬂﬂysﬁ%@m tefered @grid PB B%878 & badePan @R Selative
Pat ent Application No.” 2004-290988, such as vector search nethod,
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the projection optical systemPL to be determned with high

pr eci slilon.deviatiompEthaggrreaierrefmense eod PBoang theshetderemggsieng %', whereby the

corrected based on the relative positional relationship between the

mai n scal demsatisterti®a of tregirojectidnryptical sysierd PLiven bedetermined 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 gre-atly reduce

15 effects of positioning error of the wafer 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
projection optical system PL can be deberm ned with high precision.
That is, in conparison with a conventional case where the |ens

di storti on of t IBubsquuejthrt inodifwptiorcel surywiding Mhrks 40 dell be pxplaidedbased
on the anount of deviation between the reference grid PB and the
shot for neasuriflg. Plea hédiBELOABS sRRiAL Sndiles 4 Sainkdd dreghiCemafk 30c.
effects of positioning error of the wafer stage WST when formng the
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at neasurenent points o the reference grid PB and the shot
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approximately 2 nm Therefore, according.to .the nmethod of the, .
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be determi ned with high precision. The above nethod of neasurin
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and the imagi ng characteristics of the projection optical system PL
can be optiunmonedingyhacksidd) focanbigtuiethgiumguadiag actlerdsirtaagedoatpusl the ghark
device 10 based on the result. This enables mnute circuit patterns
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Subsequently, a nodification of surrounding marks 40 will be

expl ai ned. sl € ;o A il R0 Bo bl TEAUNY! 8 oS Qurlof anged

around a nmar three maln surroundi ng marks
42 ar rranged at..adj acen t he .- X0,.diy ecti,on.si.de and th .
o 1B R nGE BN S iS 42 kel o8 Ykl Ry <50 Bis piationlng
mar ks 44 are a,rran&(?rg_ at. the +X0-direction side and the +Yo_direction
side of idneleap thef4direcionural ity of marks (three main surrounding

marks 42 and three auxiliary surroundi ng marks 44) to constitute the
surroundi ng nar kEhisinables thegeterance and PBHe berggrkected 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 Constit(xent parts which are identical to those of the reticle TR are represented by
identical reference nutnerals and are not repetitiously explained.

The reticle TR2 resembles the reticle TR in having a pattern PA2 constituted
from a plurality of light—blocking marks 30 that are orderly arranged at predetermined
intervals in the Xy and Y, 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, t also the rotational angle
in the QZ-direction. This enables the reference grid PB to be
corrected RWAR 30RKR aRGEIhSddEh Y row TR BIeSlQfiR ctidrLfibstantEHlRt theRketbr 6fRe
projection optical system PL can be neasured even nore accurately.

15 I nci denﬂ’ﬁhfré’ctio%ér&nﬂe@‘mér&%?%%(ﬁ_@g”pl e of an arrangenent

including three main surroun 42 and three auxiliary
surroundi ng nmar 44. it..1 s _necessary onl 0 rovi de two or re of
each. Subsequen%,sugoﬁl&%l&?lériﬁi%@ﬁreo%ngﬂpégi%‘éﬁgp I%O?W%SWBP Med.
FIG 6 is a conceptual view of a reticle TR2 according.to thjs

enbodi ment Marks 32t are arigaerd gl nteryalyef Y2 iythe —Yetirgcgn of ek gawp 30ke
reticle TR are represented by identical reference nunerals and are
not repet i adnisd arrasgerd iniaTew. in TieeXs ditdctidm a2 phaaldyrof awxilidrg swreunding TR
in having a pattern PA2 constituted froma plurality of
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intervals in the X0 and Yo directions. 25 As shown in FIG 6,
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that are arranged in arowin the X0 direction substantially at the
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surroundi n i nter of D2 in the

.marks 52 th ar e .arr.anged .at al 2
-Yo di rectg’gﬁﬂgfe %ﬁ‘&‘cﬁgﬁc’%&“&%ﬁﬂ’eﬁ‘t’ of ATk 3y Wﬁ‘ﬁﬁ’é’ >t aPow i n
the X0 direction, and a plurality of auxiljary surroundi ng marks 54
that at® arwengdineMarks2eanddheapliqy surrqunding marks 3 e araegsdst t he

mar k group 30L
intermediary positions in the X, 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 reticle TR2, when forming 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  can be 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. Furthernore24the main 10 surroundi ng marks
52 and the auxiliary surroundi ng marks 54 are arranged at

i nt er medi ahg plygality b%/msinisnalc markeG2dhatacg dromged intarewnntheXadirestion.helhat
mar k group 30L. The shapes of the main surrounding nmarks 52 are
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of the auxiliary surrounding marks 54 are identical to those of the
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formng a reference grid PB in one shot region SH of the wafer Wn
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7, the opepnin of, the blind 6 of .the.reticle TR2 of t
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30L and the surroundi ng marks 50 arranged around it (the area 20

i nsi de t he br okdheraferesoninthereative) posiionslaplationships gk theonaip seplomarkThi s
enables the reference grid PBto be forned in the shot region SH
merely by grewrsci2iithef aexqpoaiet & thedyi decetionineed bdhumeasafer  Speghcall@Tsinge
the Yo direction. When neasuring the relative positional

rel ati onshhpma@if sutfundisg glatksfRraasnged i rowhie theel aliftten gid te RBiliary
step S3 descri bed above, the overall nunber of neasurenents 25 can

be reducedybyufhe hi%}@isﬁ%aﬁgeﬂ% aAnGH it (R X [iREtiorard fthdcl nal
rel ati onshi ps between 24 the plurality of main scale marks 32 that
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scale mark group 32L). In other words, the reference grid 5 PB can be
handl ed asteEIeSFgHg! o thea deteymisted fhased oadby wlatiye RovHenA selagiomships of

the main scale mark groups 32L 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 Y direction of
20  thereticle 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 aggiliary surroundi ng marks 54
arranged in arowin the X0 direction e formed in 10

ged in 8 row ection e formed i o
veacur od. The 1 oY Al e e EpBAREbF BETRIch O nRESORFRes R By &
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scale mark groups 32L are arranged in a rowin the X0 direction,

t hei r rel ambstgutiasasanidetlzr nedificaonsenan e niade itheut depgrting fnegr thiyepirit or
reticle TRZ in this way, the |oad of neasuring the lens distortion of

the prd@ eccbpofahé pesdnt Swehiion. PL can be reduced. Preferably, the
exposure process is performed after matching the Yo direction of 20

the reticle TR2 webfyehiitn RERAR MOdiftaRME sQR Rlthd PAoFHROSUr € appar at us
EX (Y-direction). To formthe reference grid PB, the alignnent

f
direction of th I ' .of ' MRk :
direction) is o(r%Ftogggo é%’w%%ttﬁé%ggﬁgg@l}%u I rd gsé:{llgésﬁy%?e ?xﬁéregﬁ?aﬁpgf ale
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direction does not contain synchronous 25 novenent error of the
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of the invention have been descri bed above, it should be understood
that tHe opetler slopakhapiscoishle &3 theshepsesnpinstrime drgiusedent el enent s,
their conbinations, and so on are nerely exanples, and that

addi ti ons, om ssWhilksthe aboNasdxipladhtiodrdescrites a @hdeavrhem®ali the eairks3lsinclade be

made wi t hout departing fromthe spirit or
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 S2.  Similarly, steps S3 and S4 need not be performed in
that order, it being possible to perform step S3 after performing step S4.

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 surpgunding nmarks 42 and 52, and
the auxiliary surrounding marks 44 and 54 are box-shaped, they can
be cross- sippprtiispthe $iiot ahapehiewaphdpet daniaby less digfortidnl of theoprojehtion optical
measuring instrunment being used. Wile the above expl anation

descri bes @steastut ake b splchrdnbes MBYdetens rrorigdtaietn thewafer Stagd sndhe ksicR2
and auxiliary scale marks 34, with regard to the marks 30 conceal ed
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used in formng the reference grid PB, or another reticle can be
provi ded fawArforginegy lashie of t dikeris vsegras thelihs peireeh thipgmiet Bmitagiie ofithre
surroundi ng marks 40 can be fornmed in this reticle. 20 Steps S1 and
S2 need naomnvérgiopgit beingrpeksibhe tohat awF2 éaser artanke? hagepassbe ble sowcper tonm
step Si after performng step S2. Simlarly, steps S3 and S4 need not

be per f or nEghfidqudnbf tvadésiBdm ainietdl apst 1026 61 DYRGISsePES fl@fndtiof Righbfor
after performng step S4. .The foregoi ng enbodi nent of the invention
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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 (LCDY) 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 anyf2 | aser or an Ar2 | aser as
the light source, or to use high-frequency waves froma netal vapor
| aser or app&@usamel-rasexpbburap@iiton at elgétrorf mam epposeapparatus, and such
Alternatively, an infrared region oscillating froma DFB

sem condudilel [R&gbsukd appard@udes Bk uliideeep Qliraviofdt IDE VS Ligg| wxcwamel engt h
| aser light, is anplified by a fiber lanp doped with, for exanple,

er bi um ( Erﬁltrﬁ\ﬁlib@@ﬂ'féﬂ,%%@?g%% REDddaReAtdR D to %thtransrarent reticles, and a

wavel engt h-converted to ultr 't ght using a nonlinear optical

crystal tao tai,n. _high-frequency waves, Which are n as

1 S na et Fife=d oPSurscd et R on b Rl SRGPRG o
only in an exposurge appar at used in 15 nuf act uri ng..

sen conducPEReanE: Ao e systaliia ez R i Uspbat ttide svbsTalcs fad

in manufacturing a liquid crystal display (LCD) and the |ike and
transf er s proxigitygecthes Xeanexposers appagitas slegiranie exposureapparaiuecsappsbiugh us
that is used in manufacturing a thin-film nagnetic head and

t ransf er s likegeansperemandsks (stacil onmk andmbrate madke are wad, exg asilicen wafer or
apparatus that is used in nanufacturing an inage-capturing el enent

such as a 166hke RREedH thdretidle shibfraly, O ecti on optical system PL can
i nclude any one of a refracting system a catadioptric system and a

flecti t §y; i i Hhy!
o ooti ng | 5Y St il AOALa D igfidBIREATAL Y SE3bATpridely TGH hY| NG

system and an arging s e Invention can applied in
an ex ur.e _apparatus that .transfers a circuit pattern to a_glass
Subst 1 o, e BBeRy S, Bretied i Himerfon Sriibe gpBE LS Bt oo adt o o

25 a reticle _and.a nask that are used |n a |ight e sur e appar at us,
an EW expdedrtemned P&Bf}aro&twgst%e Wﬁg%{%’éﬁdw&r @P&ﬁ%ﬁb%ﬁ@,aﬁﬂlemn

el ectron beam exposure apparatus, and such |ike. In exposure

appar at us eeptichlssystemiang the spbeipatel t4 stiictire and BURAPORYTE IPeratiecafiam

immersion exposure apparatus are disclosed in, for example, PCT International
Publication No. W(099/49504, Japanese Unexamined Patent Application, Publication No.
15 H06-124873, and Japanese Unexamined Patent Application, Publication No. H10-303.
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 J apa.ﬁese 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 ed as a reticle substrate. In
a proximty nethod X-ray exposure apparatus, electronic exposure
apparatuses, and such |ike, transpacepimsasks (stencil nmask,
menbrane nask) are used, and a silicon wafer 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 mer si on gxposuy e ﬁ&ga%atus Ihaﬁtfﬁrns a ﬁ@eﬁeternined pattern on a
substrate 'mafeﬁ§n§ a FFE%?WgS %5 RESFBEHREEN a projection optica
system and the substr, gf. A structure and an eﬁpos re operation,%f an
i mer si on expos&P%ueéﬁa Pasing p subjirate vyemainscale glarks,in yypplianseith a

| nternational Publication No. W99/49504, Japanese Unexam ned Pat ent
Appl i cat i opredemiingsamam andirming Heérarsgrid indvdinga plirdiseolUhe xaain srele
Pat ent Application, Publication No. H10-303. The invention can al so

be appl i edmatks arrhivget! i5 thepeedetcpaiidd eapipar [@idisne shot sdgiamgt ure and an
exposure operation of a twin stage exposure apparatus are discl osed

in, for exanpl expdARANGHRE fdeeadiinge diaRaireiabtoiRiphic A 3l 4tan, thEuRtlug&ld on
Nos. H10-163099 xgndﬂﬁlo-214783, 5%§I?§ﬂgd Jgpanése ransl ati on No.

2000- 50595 : [ i ' : : .
6, 208, 407, PG, &f GubloEy et R kil oF Bl Bl oy B4 i B L el
Publ i cati No. H11-135400,. the .j. ' I | ied |
exposur e appar at DS LAY BopOHbrnBRtE dr Sest adtefPRrmigrddls
substrate for processing such as a wafer, and a .neasuring stage that

i ncl uddl vari oudneappaag ¥t amepnh el deviniiondabrees thepaig ssplomarks and the, Al VB

1. A nmethod of neasuring shot shape conprising:
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 it, 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.

25



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 shot for measuring, via a
projection optical system that includés a plurality of auxiliary

scal e markg arr amgestiida JraBiRlaher dFhpestchRIng 1 cldf 35 ARbrelratE Bin
measuring a relative positional relationship between adjacent main

scal e marks; £ d Lal L [
oal o mar i hpf ERAAYE RApATa R, pilraly ol LA MELIRE At iR ow.
reference grid based on the relative positional relationship, and

cal cul ating a shot shape of the shot for neasuring based on the
corrected reference grid and the_anpunt of deviation. 2. .The

met hod of Ireasurlibign of@@ﬁwr&%wﬁh@aqcerd&gatp@wn%@@ml to4,
simul taneous to exposing the main scale mark, surrounding marks,
whi ch &r e whezeinithe catmadationiof thesshpisthapd inelugessioriecting the edferencerasidi by using a
bet ween the main scale mark and another main scale mark forned

adj acent tgatlstical afethddasiipeste g e felithe pusitionds eelbifonshipkhaa icmtdsared20
other main scale mark. 3. The nethod of neasuring shot shape
according to claiml1l or 2, wherein the reference grid is formed by
nmul ti pl e exposures of nmain scale nmark groups, constituted by

groupi ng the pl LI .fmi.n scale marks, in a shot region. 25 29
4. The nethod o?iﬁ%gé%¥ﬁ%gﬂgkot shape according to claim3, wherein

the main scale rk grou islfor ed such that a plurality main scale
mar ks are arr angbtFashPig Magscalesmatth e npt hod of measuring shot shape

according to any one of clains 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 to 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 surrounding mark are arranged in
separation along the second direction.

25



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 |east one main scale marl; 10 auxiliary scale marks
that are arranged in a grid formation along a first direction and a
second dirgcti orrlﬁrn&dmg@mdﬁnfg @ é1kien F,iwikth BivseThy Bing fbentadisn b seihyting
scale mark and the nmain scale mark are superinposed to indicate a

relative R 8re %pa@ﬁf@, el ﬂﬂk?ﬁéig‘%ﬁi@ang%@ Sk AR GhdechiRPditecABEHRBes 8f

surroundi ng "mar ks "arranged suc to sandw ch the main 15 scale
mar k, the II: Of. SUr in r | i a main surroundin

mar k, and %%ﬁl{l%éﬁr?ﬁﬁgfﬁéyglgrsf;%&% e%ognug%éﬁh%%%'i S separated by aggri d
interval of the auxiliary scale mark fromthe main surround mark,
and the auxiliary surrounding mark and the main surrounding mark 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.



