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. ‘;e3edan | 4t 6TVf inu~~~mi - 1 0 3 s ~ P 2002 METHOD OF EXPOSURE, EXPOSURE

APPARATUS, PHOTOVASK, METHOD OF PRODUCTI ON OF ijmm“mﬁmwwmmmRCDEVICE, AND
¢ METHOD OF PRODUCTI ON OF M CRODEVI CE 5 TECHNI CAL esent invention

rel,ates to a method of exposure, exposure appar at us,«@let omask, net hod of
production of a photomask, m crodevice, .and nmethod of prOd“Ctic"‘ﬁisngmz
m crodevi ce. 10 BACKGROUND ART In the‘pHotﬁIithographic process fo
production of a sem conductor integrated circuit, liquid crystal display
element, thin filmmgnetic head, pickup elenment, or other mcrodevice, a
pattern of a 15MBREOOMASK EXPOSURAST EXPOSURE APPARAIBIGIURIITOMHESH, or gl ass
pl ate coated with a photoresist (hereinafter also called a "photosensitive

substrate"). AMETHGD tQPEPRIDPCD] @t ODrPROPOMASK, apPERADEYICHI, dRNDSe has
.conventionally been made of a step-and-repeat type 20 exposure appar atus

(stepper). This step-angkfPeadF t YREDEABOON' 6F apperebrvIceduces and
projects the pattern of the photomask all together on each shot area of a

waf er for exposure. Wien finishing exposing one shot area, it noves the
waf er and exposes the next 25 shot area. This action is successively

repeat ed. *coooqg* E P 2002 - z To enlarge the scope of
exposure of the%@ﬁgﬂiiéﬁQiﬁqiuﬁﬁ st ep-and- scan type exposure apparatus has
been devel oped which restricts the_exposEre Iight froghtae i_l I um nation
systemto a slitTR&FELIIVY BXLEREEON srelates shyut reERade?t uses this slif
light to reduce and project part of the mask pattern on the wafer, and
nmakes the NeSKPQEHRE AT L¥PASRHER r BPBYER HUSpVRNPEORASK c aMBERCBY Ofhe proj ecti on
optical systemin that state. This step-and-scan type exposure apparatus 10
(scanni ng stpppdudtihars ¢bté phetomesk: agécoedeviecer apnemerbrHodfof an
aligner of transferring the pattern of the entire mask on the entire
surface of theodwdeiohyofina emilatodegicél cati on using a single

10 BACKGROUND ART
In the photolithographic process for production of

a semiconductor integrated circuit, liquid crystal
display element, thin film magnetic head, pickup
element, or other microdevice, a pattern of a

15 photomask is transferred to a semiconductor wafer or
glass plate coated with a photoresist (hereinafter
also called a "photosensitive substrate”). As this
type of projection exposure apparatus, wide use has
conventionally been made of a step-and-repeat type

20 exposure apparatus (stepper). This step-and-repeat
type exposure apparatus reduces and projects the
pattern of the photomask all together on each shot
area of a wafer for exposure. When finishing exposing
one shot area, it moves the wafer and exposes the next

25 shot area. This action is successively repeated.
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scanning |ight beam and the advantage of the transfer 15 nethod of the
above stepper. Note that the photomask used in this step-and-repeat or

v'st ep-and- scan reduction projection type exposure apparatus is also called a
~~r.eticle~~ . The photonmask used in this type of exposure 20 appmr gﬁsumas
conventional |y been produced by using an el ectron beam|lithograp ;P ys%en1
or a |laser beamlithography systen1to‘dﬂawra master pattern on a phot omask
substrate. That is, a mask material has been forned on the substrate, a
resi st coated, then an 25 el ectron beamlithography systemor |aser beam
i 0 3 SEP 20D2 -7 erldriusriapdyscsyse enf ussepbdwrelrafv the masker pattern.
Next, the resist has been devel oped, then etched etc. to formthe naster

pattern by thecd@sk, natefeplandlsddn Stgpscexpbsihe aggaehtas Aagnification
_of the 5 reduction projection type exposure apparatus using this photonmask

|5 L. the wBs ClePeldged (AN AR RE-ELOLRTRSKOOBYL B fofi! pkdnen arged

pattern of the device tern, so the draw ng err ogr aphy
systemis r ucec!,r 0 %g ut 1/ n the 1 vVjicC The r ' ecomnes
possi bl e ine%?eac fc“gmf é)po?r# %)%ée)t%’év?%egp%f#ér%hwgaf?Ié‘go%?ilné%gbf about
1/~ the resolution of the lithography systenm.ln a projectiqQn exposure
appar abus prodiRITRPI AT rBRERE Le ﬁg? gtgb%hg%;ﬁh%f%ﬁﬁsto(H@BEFﬁafter 15
sonetinmes referred to as a "device exposure apparatus™), there is
di storti on ANEdEC I8R% rRATorPbrike HeskhRa FeTBrodf thAcwWpfBFec®N8n optica
system projection magnification error, drawing error of the pattern of the
phot omask, rmakes orhe ssk  anddvafeerspichiésensby mbeephot baask with
respect to the projection optical system bending and ot her deformation
error of thesqdmiedEsk €ve oppafyctionobpit bgabnsyéeemt agethand ot her error,
so there was the problemthat error occurred in the position or shape of
the pattern ggafo Megli OnNstHS-sndsseah ecyPé Exposeradappardersce and
10 (scanning stepper) has both the advantage of the
transfer method of an aligner of transferring the
pattern of the entire mask on the entire surface of
the wafer by an equal magnification using a single
scanning light beam and the advantage of the transfer
15 method of the above stepper. Note that the photomask
used in this step-and-repeat or step-and-scan
reduction projection type exposure apparatus is also
called a "reticle".
The photomask used in this type of exposure
20 apparatus has conventionally been produced by using an
electron beam lithography system or a laser beam
lithography system to draw a master pattern on a
photomask substrate. That is, a mask material has been

formed on the substrate, a resist coated, then an

25 electron beam lithography system or laser beam



0 3 SEP 2002 - 4 the characteristics of the m crodevice produced
deteriorated. Further, in the above way, in the past, the naster pattern of
¥t he phot onask had been drawn by an el ectron 5 beam | ithography system or

| aser beam |ithography system These |ithographic systens draw the naster
pattern directly based on drawing data froma control conputer.ﬂ&éﬁ&ﬂmﬂLSIs
and ot her devi ces, however, have becone 3arger in area and have been
increasingly 10 inproved in fineness and integration, so the master pattern
required for the exposure has al so becone larger in area and finer.

Further, as Lhehpheaphgskystem hsedbeendzhwo thedaasheretpatites-mrovi ded with
correction patterns for preventing transfer of 15 unnecessary patterns by

doubl e expospegt,seneakk8dskhasg shcht dedklebed,Prdendicidradhase shift
between adjoining patterns, etc., but with such special photonmasks, the

AU o o "8t gndahastRRCS,kaDACTE rAECabek HivRLhaL of o her

phot omasks. e to 20 thrs, rawm ng ta require I'i't hogr aphy

system for produyci thep 0 ecane sive.. Therefore, the draw ng
tinme requireégfgréggSWAﬁg ?ﬁ% %E?ﬁg?l%ﬁtP§9ﬁ§§%°§%§PRnge§% omask by the

| it hography system has recgently grown from 10 hours to 25 as nuch as 24
hours or so.r¥aP§tF8HgQF°dP$ﬁFH§ tYRE EXPOSULR,8PPALAtNSoNS %t or behi nd
the rising cost of production of photomasks. In this regard, in an el ectron
beam | i t hogr 5ph§ Bhetempskt iss ldBeesbgr passesoppsternodrand wmotihg ty 5
effect due to the back scattering distinctive to electron beans. Further,

it is necessphgptomaskr mayt beé 3 8-EoPd2ed2akrgedepeatiern Pifeltdheunevenness at
t he periphery of the substrate due to the charging of the surface of the
substrate. Thevéter patterdr,awot hhenmdstaingaktreor @ thedesigned, it is

necessary to neasure for error in the

lithography system is reduced to about 1/f on the

10 device. Therefore, it becomes possible in practice to
form the device pattern by a resolution of about 1/8
the resolution of the lithography system.

In a projection exposure apparatus producing a

microdevice using such a photomask (hereinafter

15 sometimes referred to as a "device exposure
apparatus"), there is distortion or coma aberration or
other aberration of the projection optical system,
projection magnification error, drawing error of the
pattern of the photomask, rotation, shift, and other

20 offset of ¥he photomask with respect to the projection
optical system, bending and other deformation error of
the photomask accompanying holding on the stage, and
other error, so there was the problem that error

occurred in the position or shape of the pattern

25 formed on the substrate for producing the device and



drawi ng position etc. in advance under various conditions and nake
conplicated corrections at the tinme of drawing with a high accuracy and
stability. Mking such conplicated corrections during the above 15
ext-renely long drawing tine with a high accuracy and stability, @Swﬁqug IS
difficult. The problemof drift in the g4amﬁng position occurs during e
drawing. Further, it is possible to intetrdpt the drawing and calibrate for
error, but this has the problemof 20 further increasing the overal
drawing tinme. Further, the resolution and other characteristics of resists
for el ect rontheanbBahavtendsthbesnofnphevedcrbdevamehpandutiedre wil |l probably
not been any rapid inprovenent in these characteristics in the future 25
ei ther. Ther&éoeeiorhtédle pattern rule of f 03 SEP2Q& - 6
sem conduct or devices etc. beconmes further finer in the future, the draw ng
time for the masggrtpat| ein @ﬁeoasofaéowyrflsknwché paseetheomheRgr t he
resolution of the electron beamresist wll approach its limts, and 5 the
necessary drg&tggrﬁcsfr€ﬁ¥ gﬁMtBH?EQ“HS& BSeBbBEFQﬁdBZFHhFQ&%ct&%% bt

g e tontro SO

of the draw ata 1nt conputer 1s a com ng SO nmassive as

to be difficy for e in.a single draywn ess.. =N the other hand, a

| aser gean1IP%%%g?ﬁ%ﬁ§g£9gpgn%Xﬁgaﬁaag ggﬁgggéggﬁai%gpﬁgﬁgpﬁa an
ultravi ol et band | aser beam, ht has  t he advantages that a resist offering a
hi gher resol 8YFbAMt hERSSR g}E PEBAPRGNFY P ERBEr 2PRY §$§t@ﬁ§§§ﬁ be used and

there is no proximty effect due to back scattering. The resolution of a
| aser beam ZBatterBgaphAgtiysbagrdhenedsaving fdatar fspme 8 cpatrefl an
el ectron beam |ithography system Further, a | aser beam|ithography system
is al so a sysoepudrchReécaents LAEsnastdepthert demidesechbyever,t havaenmount of
the draw ng data becones massive, the processing of the 20 data is becom ng
difficult, abdcthe Haagengihi aeeasahdchavagberhr ¢nekrgabdnglyTherefore, the
requi red drawi ng accuracy nmay no | onger be able to be obtained
10 improved in fineness and integration, so the master
pattern required for the exposure has also become
larger in area and finer. Further, as the photomask,
use has been also made of reticles provided with
correction patterns for preventing transfer of
15 unnecessary patterns by double exposure, so-called
phase shift reticles providing a phase shift between
adjoining patterns, etc., but with such special
photomasks, the amount of the drawing data tends to
become greater than that of other photomasks. Due to
20 this, the drawing data required by the lithography
system for producing the photomask becomes massive.
Therefore, the drawing time required for drawing
the master pattern of a single photomask by the

lithography system has recently grown from 10 hours to

25 as much as 24 hours or so. This longer drawing time



“due to drift etc. of drawi ng position etc. Further, a working mask is
sonetinmes produced by a 25 projection exposure apparatus transferring the
.pattern " _ 03 SEP 2002 formed on the master mask to a phot omask
substrate (bl ank) (hereinafter also referred to as a "reticle exposure
apparatus"), but due to anal ogous problems as with the above devideSEP 2002
exposure apparatus for producing 5 a m ¢t odevi ce, that is, distortion and
coma aberration and ot her aberration of the projection exposure apparatus,
projection magnification error, drawing error of the pattern of the master
mask (mast erhals shecomerone) facbbat behindhthée, rasdngt hestobtset of 10 the
master mask with respect to the projection optical system bending and

ot her deforq@ﬁé@@cgiéﬁrogfpnaeoﬁagkgt mask due to holding on the stage, and
.other error, error occurs Iin the position and shape of the pattern forned

on the bl ank, they contd nbdirand:Oancel ot ebhynaint herREEERRRyDCCOTE poOT

particularly at the stitchfng portions, the accuracy t omask

produced detgrj te d racy L.Cr V] ced using
lch o phot oneeRoie: 2t F cpbe8sB8E 61 aBt-bRE Phet R begRRIN T e
phot ongsk in rojection exposure a atus and projecting the pattern of
t he pﬂgtonasﬁg%ékﬁ.&%?e?ooFﬁgtﬁ@?ﬁdﬁgggéegﬁﬁgtaé§glPh£6¥8h%S proj ection
optical system the inmage of the photonask projected on the surface of the
25 devi ce subLeFRERN deedmFs BuELhEry hatpdhdNAgesFarketo goZrscE ~ 2002

phot omask along with holding, tilt with respect to the reference pl ane

(obj ect pl anfonfeleerrici bhebpt inavespesenpt phaspeshpheryeps. theef orns due
to distortion or field curvature or other aberration of the 5 projection
opti cal systsupstanatsodesi testhef oharging oH thenshefidcegodf thiee devi ce
substrate etc. A pattern distorted fromthe ideal image (ideal pattern)
ends up bei ngubsenstel refeasdoter med @pairhehdemhseegupattatra. ads a result,

the overlay error etc. of the pattern 10 increases and the characteristics
of theom crogeyigfed, it is necessary to measure for error in the
drawing position etc. in advance under various
conditions and make complicated corrections at the
time of drawing with a high accuracy and stability.
Making such complicated corrections during the above
15 extremely long drawing time with a high accuracy and
stability, however, is difficult. The problem of drift
in the drawing position occurs during the drawing.
Further, it is possible to interrupt the drawing and
calibrate for error, but this has the problem of
20 further ingreasing the overall drawing time.
Further, the resclution and other characteristics
of resists for electron beams have not been improved
that much and there will probably not been any rapid

improvement in these characteristics in the future

25 either. Therefore, if the pattern rule of



praduced sonetinmes deteriorate. Further, the imaging characteristics of the
projection optical systemdiffer slightly with each projection exposure
vapparatus, so it is desirable to correct the projected 15 inmage f@ é@?%@-
proj ecti on exposure apparatus. Here, for the aberration of the pr F i A
exposure system techniques such as arranging a glass plate or aberration
correcting plate in the optical path,TNQnﬁTﬁng a nechanismfor fine
novenent of the |enses 20 conprising: the projection optical system or
seal ing the gas chanber between | enses of the projection optical system and
changi ng t hesgmbssndwcor cdepbsesi ehcof behemgasfueherafénseandni nes used,
but even such techniques are unable to conpletely 25 elimnate the
aberration. tfieifut@e€sSERY dPawohgetime for ©hé mabtEr2paZtela besi dual
.aberration or inprove the exposure accuracy by a sinpler configuration.

Further, if 4gd “;Qhé‘{bxﬁéa@ﬁtﬁa’{’ﬂlbﬁégb{glét@@&r%ﬂg,SMEEE%QBIEQ?}BB Bgam
5 phot ot of

| it hography systemto produce a ot onmask, ation or set or other

error soneti . ! c..he an _al.i gnnment
mark of the Pro oheckiabend EREAREHATE, ShhPhafh inRcriRsRe B,
using the alignnment nmark of the ghotonask for conphete alhgnnent with the
10 devPce subZ® rAECeFSRAFYr SrANIRY aASFRFAGHIMBY pBOUMENEIRL RE pattern, error
remai ns between the alignnent nmark of the photomask and the master pattern
so there i s eheabredt FN¥RAETy obhei BROBRt 0P sEheodEAVaANENdRRa BAttern
transferred to the device substrate, the 15 overlay accuracy of the pattern
det eri or at esthanconbreokheemputersiscalsd baeomingodevinaespredasettoot herwi se
deteriorates in sonme cases. Note the nmethod of reducing the rotation,

of fset, or obdediffioultntdundesendh ankynghprdrawkny pkotkes20 basic
accuracy of the lithography system but also drawing the sane pattern

overlai d severaloditkRe d€henVRAAG] NG, 1A8ere¥eAMNDE FRbGY¥aph9 Eia8WeRg tine
takes from several hours to tens of hours, so drawi ng several tines
incregges thgrgyavhngaéteP paEEBPAOHE Mg an ultraviolet band laser
beam. It has the advantages that a resist offering a
higher resolution than an electron beam lithography
system can be used and there is no proximity effect
due to back scattering. The resolution of a laser beam
15 lithography system, however, is inferior to that of an
electron beam lithography system. Further, a laser
beam lithography system is also a system which draws
the master pattern directly, so the amount of the
drawing data becomes massive, the processing of the
20 data is becoming difficult, and the drawing time is
becoming extremely long. Therefore, the required
drawing accuracy may no longer be able to be obtained
due to drift etc. of drawing position etc.

Further, a working mask is sometimes produced by a

25 projection exposure apparatus transferring the pattern



25 _and therefore this is inpractical. Further, sonetines 03 S~ ~ 2002 -
to the rotation, offset, and other error occurring between the naster
.pattern and an alignnent mark of the photonmask is neasured in adyan ﬁRF
the position of the device substrate is corrected using the 5 neﬁguﬁga
value at the tine of exposure on to the device substrate, but the
processing is conplicated and the accuraty-was al so insufficient.

DI SCLOSURE OF THE | NVENTI ON Therefore, an object of the present invention
is to 10 produce a high accuracy, high quality m crodevice. Another object
of the presefiwrmedeomni thei masbeprmasketa ai ghotomasacgnbbitghtgual ity

m crodevice efficiently in a short tinme. 1. According to a first aspect of

the present I51dANEnNthePeihleteri a18boyededradmebhad af »peejieglel ng and
.exposing a pattern (Pi) forned on a nmask (Ri) on to a photosensitive

substrate (4éx%8§9H8h 6%8£9£€§“59”b89t&ﬁé!téyéhﬁgbgéhsng?%bﬁ%hEOQsOf

exposure characterized by neasuring a position o I mage 20 projected by

xposure_char det er' posi ! f
the Mok in SLEb o A8 o RYE A0 O B pL L P R TR PRI

t _of off f.th Ltion.of th I d.i f .id
p0si 11 8n. 25 ALLG AR ROSER: { FPeCbt ot F SERpOBuRBToF Ol SPRECARION 0 3 S E

P Z0gl - 11 invention, since the inaging charagteristics are corrected so
as to reducedRfeoBRBLinePBYraFieBt 06f tAR PRAJECHL-BPcCXPASHF St he proj ection
optical systemfromthe ideal position, it is possible to reduce the error
5 arising i napparabysii pnopecthapemagnifpaatéon eorawd drawiag
phot osensitive substrate caused by distortion or cona aberration or other
aberration oértbe pfoifhetpadtephi ofl thgsmastepr mpekt i(maswegni fi cation
drawing error), rotation, shift, and other offset of
10 the master mask with respect to the projection optical
system, bending and other deformation error of the
master mask due to holding on the stage, and other
error, error occurs in the position and shape of the
pattern formed on the blank, the continuity and
15 periodicity of the pattern become poor particularly at
the stitching portions, the accuracy of the photomask
produced deteriorates, and the accuracy of the
microdevice produced using such a photomask
deteriorates.
20 Furthey, when actually mounting the photomask in a
projection exposure apparatus and projecting the
pattern of the photomask on a wafer or other device
substrate through a projection optical system, the

image of the photomask projected on the surface of the

25 device substrate deforms due to the bending of the



error, error in the pattern formed on the mask, 10 rotation, shift, or

ot her positional error of the mask fromthe projection optical system
.bendi ng of the mask along with hol ding, and other deformation error and

t herefore possible to produce a high accuracy, high quality m crodevice or

phot omask etc. 15 Note that there are various nethods for correq%%gﬁ gbzthe
i magi ng characteristics and the methodi% mot particularly |inited: %
exanpl e, they nay be corrected by providing a nmechani smfor fine novenent
of the I enses conprising the projection optical 20 system inserting a
wedge- | i ke gbhstophakeadongt wéthaheldahgontidtr edtthngesipaior ito tdhe opti cal
path, sealing the gas chanber between |enses in the projection optical

system and chapgrafickhglahessdbgeet pRERESLEI pRogecthiendapti@altilting the
-mask or 25 photosensitive substrate with respect to the object 0 3 SE~

20 - 12 pLopeofl ! BRaBEOLATELONCPRL] CAbrBYRL ML 1o NI . @ Second

aspect of the” present i nvention, ere'is provid a net of projecting

and exposing_a pattern (Pi) forned a mas Ri.) _on Q a photosensitive
substrate (4?rtﬁiSEéhCBQKF%PEStP5n°§§FFc§F?§§éFé§P(§F?t fe net hod of
exposure characterized bg torging a first mark g53) oglthe mask; measuring
a posi Oi on oPTIASFRAGR BPLLEaLeYEY e 2BRofORELINESp LELE™Sy S8 of a
second mark (64, 10 65, 66) of a control use reference mask (60) forned
with the secbfdeWaRrkbaRE1RTt REr BhRaARVAES) SUBFLESEENGtSy o RATESEY st nark
and defining it as a second inmage position; finding the position of an

i mge proj ecdéddtoytedefprn) sbei adespt inagesyddemlopatyerng temdsd upark in a
state with inmaging characteristics prelimnarily corrected to reduce an
amount of of be¢hgotrahefeeceddandadermesdi bnother devdece dadstpetie. on and
defining it as a third i mage position; neasuring a position of an inmage
proj ected byathg peshge!i ehe28verlingalerspst etcQfl ofhehd paicteik of the mask

and defining it as a first imge position; and projecting
10 increases and the characteristics of the microdevice
produced sometimes deteriorate. Further, the imaging
characteristics of the projection optical system
differ slightly with each projection exposure
apparatus, so it is desirable to correct the projected
15 image for each projection exposure apparatus.

Here, for the aberration of the projection exposure
system, techniques such as arranging a glass plate or
aberration correcting plate in the optical path,
providing a mechanism for fine movement of the lenses

20 comprising:the projection optical system, or sealing
the gas chamber between lenses of the projection
optical system and changing the pressure or
composition of the gas there are sometimes used, but

even such techniques are unable to completely

25 eliminate the aberration. It is necessary to correct



and exposing the pattern of the nmask in a state with inmaging
characteristics corrected so that the first inmge position becones one of a
.predeterm ned 25 positional relationship with the third i mage position. 0
3 SEP2002 - 13 First, the first mark is formed on a working mask for
producing the mcrodevice or a mask serving as the master maskqgfzo3Ep 2002
produci ng the working mask. Further, a cdntrol use reference mask forned
with the third mark 5 at a position corresponding to the first mark (for
exanple, a facing position) and fornmed with the second mark at a position
not correspotbengespdth® abestratiok os pmppavedthepaxpbsiyef rom t he mask.
Next, the position of the inage projected by the 10 projection optical

system of thgcegeasy BRM K QimEMQrCQBhEQbuBSEibﬁﬁerence_”BSk (for exanple,
.the position in the plane orthogonal to the optical axis of the projection

opti cal systen)dfqgggéfyrgg.uggﬁ tQgseﬂgeéygﬁdbggﬁggiggébghgﬁgof t he second

mark is referre to as the seCond | mage position. anount of
of fset of the s cogg [ e_ppsiiion Er i i.deal positio %ideal | attice)
is found ands¥ﬁgew 6iﬂgggﬁagééﬁe$%§ ngggbi 88??8@t§§ P5°5§ §c& the anount
of offset, fO£ exang e, bz ad%usting ghe prgjech%on 20 magni fication etc.
The i mage poBPPFOMasK t RRLERAPR REr RELESENPE PERETI ETFQENFORPLHESSur enent .
The thus measured image position of the third mark is referred to as the
third i mage pesnrsodueThe therdrawage P&EPLi 8RCraPpesWeenbanf ound by
measuring the image 25 position of the third mark before correction of the
0 3 S E P 2082ignmenti magkngfchheaphetpmesssaaddtbel dulaami masfteam t he
nmeasured value. Due to this, the imge position of the third mark is found
in a state wpabtébr.i Thgregoebar ackar i€t usingnthee apdghmentaimdak(first
area) 5 desirably corrected. This constitutes the advance
of the photomask for complete alignment with the
10 device substrate (wafer) in transfer and exposure of
the pattern, error remains between the alignment mark
of the photomask and the master pattern, so there is
the problem that rotation or offset occurs in the
pattern transferred to the device substrate, the
15 overlay accuracy of the pattern deteriorates, and the
characteristics of the microdevice produced otherwise
deteriorates in some cases.
Note the method of reducing the rotation, offset,
or other error includes not only improvement of the
20 basic accuracy of the lithography system, but also
drawing the same pattern overlaid several times for
averaging, but even normally the drawing time takes
from several hours to tens of hours, so drawing

several times increases the drawing time tremendously

25 and therefore this is impractical. Further, sometimes



preparations. Next, the position of the inmage projected by the projection
optical systemof the first mark of the mask is neasured. The thus neasured
.image position of 10 the first mark is referred to as the first inmage
position. Next, the imaging characteristics are corrected so th@t &gg Eirst
i mge position becones one of a predeterm ned positional relati é 'tw he
third i mage position (for exanple, so-tH& they are 15 substantially in
register). By correcting the imaging characteristics in this way, it is
possi ble to reproduce i mgi ng characteristics when using the control use
ref erence nasket sotatieat, b€ sietsgandosithieen exfroth@ceaaanichgrar k (mar k
formed in first area 20 corresponding to pattern area) to approach the

i deal positipgatwébar eher faskert pARtleen! and ke apalgnfiehtoimdrhe Jrsk on to
the photosensitive substrate in"this state, it is possible to forma high

accuracy pat {RENoEEeSRALR_ 1iA° Rl dBAlin A A U lieHP TP Qfn OF her 25

error in the posftion or shape of the pattern. ng to a

third aspecto%f hhe gge%ent hn ention, the&e %s provi ded.a met hod of
exposure 0 3°8EPNSG5VAFTi §PRG CAR e Er FOETSSIES HoP% tern for

transfer (27) into patterns of lyrality of masks (Ri.)) and 5 projectin
and ex%os§ngAPﬁﬁgéggr¥8§B@daﬁytieBFdF@bpﬁgﬁx@ﬁ§PEﬁ Q&y§%bﬁ¥¥%) gf {he °

patterns (Pi) of a plurality of masks on a surface of a photosensitive
substrate (4He¥RFPesSybptERtey PHEmMthehpresessdngr isx sepldcat@dct eri zed by
formng a first mark (53) in a 10 peripheral area (52) of a pattern area
(51) of a nashkdi thehackuzrapat wasn ailsof ansadficdaair.i ng a position of an

i mge projected by the projection optical systemof a second mark (64, 65,

66) of a control pgserogfiirecnge TAHES ENUVENIr1bar ned with a plurality of the

second marks 15 in a first area (61) corresponding to the pattern area of

the mask and foragdrérbhed bRl b8 j8RLK of63hel prel@nttha nfidnttidiRrils it a
second area (62) corresponding to the periphéral area of the mask and

definiRg it B%oBuce a high accuracy, high quality microdevice.

Another object of the present invention is to
produce a high accuracy, high quality microdevice
efficiently in a short time.

1. According to a first aspect of the present

15 invention, there is provided a method of projecting
and exposing a pattern (Pi) formed on a mask (Ri) on
to a photosensitive substrate (4) through a projection
optical system (3), the method of exposure
characterized by measuring a position of an image

20 projected by the projection optical system and
projecting and exposing the pattern of the mask in a
state with imaging characteristics corrected to reduce
an amount of offset of the position of the projected
image from an ideal position.

25 According to this method of exposure of the present



second i mage position; finding a position of an inmage 20 projected by the
projection optical systemof the third mark in a state with the i mging
.characteristics prelimnarily corrected to reduce the anount of offset of

t he second i mage positions fromtheir ideal positions and definiqg %E ?ﬁ a
third i mage position; 25 measuring a position of an inage project é 5 ﬂe
0 3 SEP 2002 - 16 projection optical ldystemof the first mark of the
mask and defining it as a first inage position; and successively projecting
and exposing patterns of the masks in a state with imging characteristics
5 corrected sovéliaiohhesinecst thenieagbsgt charbetenkstiasr agester with or
proximty to the third image position. Note that in the specification of

the present appréceédofo asttdchedgce "ERESaRBRABUOE bYfouer b&pAnNg 10 a
_processing area by one exposure with part of a processing area of another

exposur e a”dﬁ%§§%g%ﬁélégée&a?fngéfSgkgﬁgﬁﬂﬂoh“oﬁt?&é??&%ﬁﬂeﬁ'EBSmthe

patterns (li nect 1 ng e case of stitthing 1n a direction
intersectin $e. at erns.?t'nes% 15_( ngi Ng %i A r%’ to the
pr esent invgﬁ$'oh$e% BAP % béa'p Fté?ngé%g?ﬁégpg tggék?Sr%ﬁga é?gf IS
di vided into patterns ofhgluralit of nagks an inage? redgced y the
proj ecPi on o%?%%h?gs§§tﬁ oPoﬁhEléﬁt?Erﬁ ape Phe22BapFErRI LPYMEH nasks are
successi vely projected and exggsed on the surface of the photgsensitive
substrat e wheRetBe| PRAtAgeRAERLVOhERPPEBALEI AgUaeBhBY 0fASKOrRAPRI ng nask)
for use in production of a mcrodevice, as one exanple, a thin filmof the
mask mat eri abricomsd dbencatsant pr eahbrrsabsrrataéopbPinkheserving as the 0
3 SEP 2002 - 17 substrate of the photonmask and a photoresist or other
phot osensi t i peofateionl opsicadt edsvem| oproflezt ion magnification
error, error in the pattern formed on the mask,
10 rotation, shift, or other positional error of the mask
from the projection optical system, bending of the
mask along with holding, and other deformation error
and therefore possible to produce a high accuracy,
high quality microdevice or photomask etc.
15 Note that there are various methods for correction
of the imaging characteristics and the method is not
particularly limited. For example, they may be
corrected by providing a mechanism for fine movement
of the lenses comprising the projection optical
20 system, inserting a wedge-like glass plate or other
aberration correcting plate in the optical path,
sealing the gas chamber between lenses in the
projection optical system and changing the pressure or

composition of the gas, or tilting the mask or

25 photosensitive substrate with respect to the object



reduced i mages of the patterns of a plurality of master masks are
transferred on to the photosensitive 5 material using for exanple an
.optical type reduction projection exposure apparatus by step-and-ﬁ t, Qr
t he step-and-scan, then the photosensitive naterial is devel oped. ﬁgﬁ%zmﬁhe
pattern of the remaining photosensitive material is used as a mask for
etching 10 etc., whereby the desired pati€ern for transfer (master pattern)
is formed. At this time, if the reduction magnification of the optical type
exposure apparatus for production of the photomask is 1/a (a is an integer,
fraction, etgladé @fecherptbgactiont bptpaklespstem.transfer, that is, the
master pattern, is enlarged a-fold. The enl arged master pattern IS d|V|ded

into patterns, OfA@caralﬂgﬂ’esra0§eeaﬁaeasﬁaétsofnthaepfégbh%al and
horizontal directions the reduction magnification is 1/5 (a = 20 5), 5

x 5 ar 25 maplGLofRsks phe D" tgagﬁgnégga "Bthba beppayepraghomed

each master fres part of r tern o enlargenent
of the master pattern, so th g g g ag dat a_of th. attern of each
master mask #89r@¥RRELNEL2 aBBE €58 iPé PIMRE BAsP BAGK i fPum | i ne
width becomes a 0 3 SEt' 2002 - le tines that of the past. Therefore,
the paftern &P @aBRORBSEBFIFAYR s4hsbEageakA ) bFNEONDSN 2 PTRILSE LA h [ittl e

drift in a short tinme using for exanple a conventional electron beam

| i t hography sptiealosystenr (8)beshel nenbgdapfiyexposume Further, the drawi ng
error due to the lithography systens is reduced to 1/a on the photonmask, so
t he accuracychérabeeprhsedr bpafvemingsai fhrevenamir ¢ 53Fuonhehe aft er
produci ng the master masks, the patterns of the master nmasks can be 10

transferred phsR; hinéhsﬁﬁeﬁg anpbgithensyEsthatifage phejekeledndsk by a
st ep- and- r epeat etc so the production tinme when produ0|ng sever al

Pﬂglterga:f CE‘E bgrg gathiyn’ 8 HE%QlCQ %Eaﬁtdo‘i“ &hskbentBmaesk Ql4drawi ng
y t hogr aph syste as in the past. 15 Furt'her, when there
Is a R%rt'a|6§153§§e En tQSntrol use reference mask (60) formed
with the second mark and a third mark (63)
corresponding to the first mark and defining it as a
second image position; finding the position of an
image projected by the projection optical system of
15 the third mark in a state with imaging characteristics
preliminarily corrected to reduce an amount of offset
of the second image position from an ideal position
and defining it as a third image position; measuring a
position of an image projected by the projection
20 optical system of the first mark of the mask and
defining it as a first image position; and projecting
and exposing the pattern of the mask in a state with
imaging characteristics corrected so that the first

image position becomes one of a predetermined

25 positional relationship with the third image position.



"formation of the pattern of a master mask or when there is a |later change
in part of the master pattern, it is sufficient to correct or renmake only
.the master mask including the part with the m stake or the master 20 nask
i neludi ng the changed portion. There is no effect on the pluralig gﬁ
mast er masks as a whole, so even in this case, the correction o#ﬁgﬁ ngmzcan
be handl ed efficiently. Note that abovel?he expl anati on was given of the 25
case of production of a working mask, but the sane 0 3 SEP 2002 - 19
applies to the case of producing a mcrodevice (for exanple a liquid
crystal displ ay)rinstsucdesstiwedty naxk etd | figrmed expasvogkpagtmask of a
plurality of working masks on the surface of a device substrate 5 (wafer or
gl ass subst rgge)pddd@ind | tKdi Mctb@eviderer INRAsRUSELGShYehY Bhej ecting
.and exposing patterns while stitching them the positional accuracy or

shape accur e dlr s K PR ChESguOMg Seil ddek Pk RASR [ FRBEheE! od by the

masks has a great e (o e characteristi the m crodevice etc.

produced, so_a_hi ositipnal e f e e is also
Very. i mpor t AT BT orte FRRCRRF SREF nEacBre arbeB FheCrRE e BRBken:
invention, in the sape, way as the q&thod of 15 ﬁxgosure E;cgrding to the
seconddaspe@t it RIRLHIR FRTTFRRMABRI ¥PrEhe herFE BT KadkOFs fornmed at

t he peripheral area of the working mask for producing the mcrodevice or
mast er mask €XAMpFOduri FRC MG D@ﬁkth@nhaékd(g¢§@eéuwétbetbﬁ F8EPBAN area in
which pattern to 20 be transferred is formed). Further, the control use

ref erence maskrk catresl peshtiom ndtrcdonnekpandangotdtthe farstspeméi ng to
the first mark (for exanple, a facing position) and fornmed with the second
mark at an aiggprepaesdonepagatolyherpmtthemmaska is provided 25 separate

fromthe nmask. 0 3 SEP 2002
Next, the position of the image projected by the

10 projection optical system of the second mark of the
control use reference mask (for example, the position
in the plane orthogonal to the optical axis of the
projection optical system) is measured. The thus
measured image position of the second mark is referred

15 to as the second image position. Next, the amount of
offset of the second image position from its ideal
position (ideal lattice) is found and the imaging
characteristics are corrected to reduce the amount of
offset, for example, by adjusting the projection

20 magnification etc. The image position of the third
mark at this time is found by measurement. The thus
measured image position of the third mark is referred
to as the third image position. The third image
position may also be found by measuring the image

25 position of the third mark before correction of the



- 20 Next, the position of the inmage projected by the projection optical

system of the second mark of the control use reference mask (for exanple,
.position in the plane orthogonal to the optical axis of the 5 projection

optical system is neasured. This neasured i nmage position of twﬁé§ﬁs?@ﬁ

mark is referred to as the "second i mage position”. Next, the a t

of fset of the second image position frodfthe ideal position (ideal lattice)

is found and the inmaging 10 characteristics are corrected by for exanple

adjusting the projection nagnification etc. so as to reduce the anount of

of fset. The imageéngosharaotetikhécshand calkudktiihigs firione the nmeasured. This

nmeasured i mage position of the third mark is referred to as the "third

i mge 15 pospbi@ired TWasukhi bdel BBOEhRESI then iayeabse ik oo W e
-measuring the image position of the third mark before correction of the

| Mgl Ng char gL g4l AhkES18NdofialiCihak! BYatEOMi the cHRATRGd nal ue.  Thi s

enabl es the 1mage position of the third mark to be foun the 20 state
with, the imagj LStl.csywLn tter fir area) suitably
corrected. T%bggggﬁg%?gﬁﬁégt%é gasaﬁég%sggpégggig%@is&effégﬁhe position of
the image projected by the projectjion optical st of the first mark of
the 255mask §8SAEABLYLOTFTRELE usThéasEBBatFﬁﬁg spgg%tPGNaSFe 0 3 SEP 20D2
- 21 the first mark is referred to as the "first inmage position". The

i magi ng charBEERR¥3tieBSare corrected so that the first image position
becones in register with or in proximty to the third i mage position. By 5
correcting the iReytngtbaapasibipst pEsthe thagewayojectied pysshied e to
reproduce i maging characteristics as with correction using the correction

use referencproge&tiont bptithe syagemposi then fafrstheasdkcofd v k (mar k
formed at first area corresponding to pattern 10 area) approaches the ideal

position. Thgagkoie, mb¥stikansf ehel HukhReRdureHN iRk geN@odBEk o Jf0 t he
phot osensitive substrate in this state, there is little distortion or other

oo 1 ncsRESEALRR BRrESEe Btk baPatl Bt chots g e o Torm 2
position. Next, the imaging characteristics are
corrected so that the first image position becomes one
of a predetermined positional relation with the third
image position (for example, so that they are

15 substantially in register). By correcting the imaging
characteristics in this way, it is possible to
reproduce imaging characteristics when using the
control use reference mask to correct the image
position of the second mark (mark formed in first area

20 corresponding to pattern area) to approach the ideal
position. Therefore, by transferring the pattern of
the mask on to the photosensitive substrate in this
state, it is possible to form a high accuracy pattern

close to the ideal pattern without distortion or other

25 error in the position or shape of the pattern.



4. _According to a fourth aspect of the present invention, there is provided
a nethod of projecting and exposing a pattern (Pi) fornmed on a mask (Ri) on
.to a photosensitive substrate (4) through a projection 20 optical system
(3, the nethod of exposure characterized by making part or all of the
pattern reach a peripheral area (52) of .a pattern area (51) of tHe SE3R0I n
which a pattern is fornmed and defining Re portion of the pattern present
at the peripheral area 25 as a mark portion (73) for measurenent of a

spati al - 22 03 S EP 2002 image; neasuring a position of an inmge

proj ect ed by3t heapeoréthgohoopt thakdsgspeatobft hhenpriespartti on of the mask
by a spatial imge neasurenent nethod; and correcting inmaging
characteristif6efifidfi,t €ha8reeikhgrovsaakl! QShe@ﬁ@ﬂnbefsxg%fsm of the inmage
.position of the mark portion fromits ideal position and exposing and

proj ecting tH?.%F?%gﬁrQnoénﬁ._ﬁfagasbaitﬂeénsbit 8 PhthkelRe fARY k RYEAQN

shi el ded by a According to this nmethod of exposure of the present 10

shi el ded by | to. . i sent 1
O e R s N L s

[ [ d dthe i N h teristi th . .ected, th
accuracy of BROIBGFLBSNREaPXPHE RS BBARGA: §oBFCEe B8t SERIREIN th the

peri pheral area_becones high_and when projecting and exposi_ng the patterns
of a plural i eptdfakmskstencédsspetPeopatheragpdPiat @5wd PAWEELI ng t hem
etc., the continuity (for exanple, the continuity when connecting in a 20

direction al ofignahks| Pnes surfheecafeaophatpseasiftdvepsadstivade pattern) or
periodicity (periodicity of array of direction orthogonal to the lines in
t he case of a#)Lwbipet seinrhdahgt hhemoniuhet methpdr bifoexposaneatt ern f or nmed
usi ng one mask with an adjacent other 25 pattern fornmed using another mask
can be made chargéterized by forming a first mark (53) in a
10 peripheral area (52) of a pattern area (51) of a mask
in which a pattern is formed; measuring a position of
an image projected by the projection optical system of
a second mark (64, 65, 66) of a control use reference
mask (60) formed with a plurality of the second marks
15 in a first area (61) corresponding to the pattern area
of the mask and formed with a third mark (63) facing
the first mark in a second area (62) corresponding to
the peripheral area of the mask and defining it as a
second image position; finding a position of an image
20 projected by the projection optical system of the
third mark in a state with the imaging characteristics
preliminarily corrected to reduce the amount of offset
of the second image positions from their ideal

positions and defining it as a third image position;

25 measuring a position of an image projected by the



extrenely good. Further, when neasuring the projected image of a mark, if
the shape of the nmark or the shape of the pattern (for exanple, thickness)
.differs, while 5 depending on the nmeasurenment nethod, a difference 0 3 S E

P 2002 sonetinmes occurs in the coma aberration or distortion mhggsﬂyqﬁmring
by for exanple the spatial image neasurement method. In the pre

invention, the mark portion is the samelfn shape as the pattern of the 10
pattern area, so this problem does not arise. Note that the mark portion is
shielded by a blind at the time of exposure, so the mark portion is not
transferred groject hen phot DeeDsSsysvem sobsthat £irSt MeeRrr dfngheo a fifth
aspect of the present 15 invention, there is provided a nethod of exposure

di vi di ng an pidjar ged cﬂ’é‘fiﬁiﬁ?(oitaaQaétfil\’Df'sEOimééénﬁéﬁitigﬁ) hAgo patterns

.of a plurality of mast er and projecting and exposing

| mges reduc &@%E@féﬁé‘c?% Cahg S¥ S’é‘lf?é bQE’BB?hLeB? WERF a 20

plurality oe a surface o rate e stitching
them the net d of exposure ch acterlzed ﬁ% g ng a _di spl acenent of an
actual 'y prdff %dl$oﬁrﬁt? q )W B t HRAGHRR CRRERCLEELPFLGFan i deal projected
poi nt gal) and making at |east part, of 25 the pattern (36) fornmed on the
mast er mask REERFEed soothat phe Hipst pmagepbReytannt hecpygsgin

di spl acenment or making the position of the pattern of the master nask at
the object pregistedewbthter prefamityntoptheathiydt émaghift. The

di spl acenent found here includes displacenent 5 arising due to at |east one
of deformatipmsiofieme pattern of the master mask (deformation due to
bendi ng of the master nmask along with holding, the tilt with respect to the

reference pl ane §ob¢ egiap| Bmetioé Hpe¢ LELCHDiORt bEatheypreskntphase shift,
etc.), 10 aberration of the projection optical system (distortion, inmage

pl ane curvatake; i @st { GAL ¢ S8 t ERIRg @bREARE | @ﬁpogaber b‘]%vé?%bé&h@n etc.),
and deformation of the nask substrate (bendi ng etc.

10 a processing area by one exposure with part of a
processing area of another exposure and includes the
case of stitching in a direction along the patterns
(lines) (connecting lines) and the case of stitching in
a direction intersecting the patterns (lines)

15 (arranging lines).

According to the present invention, an enlarged
pattern of the pattern for transfer is divided into
patterns of plurality of masks and images reduced by
the projection optical system of the patterns of the

20 plurality of masks are successively projected and
exposed on the surface of the photosensitive substrate
while stitching them. When producing a photomask
(working mask) for use in production of a microdevice,

as one example, a thin film of the mask material is

25 formed on the mask substrate (blank) serving as the



According to this aspect of the present invention, 15 the displacenent of
an actual projected point (~31) on the mask substrate fromthe idea

. projected point (al) is found and the pattern (36) fornmed on the Egsggyzmu
mask is distorted for formati on based on the found displacenent.

exanpl e, a predeterm ned sanpling 20 p0|nt (a0).is set on the master nask,

t he di spl acenent (offset) of the actual broIected point (ail) correspondi ng
to the sanpling point with respect to the ideal projected point (al) on the
mask substrate is theoretically calculated or is found by perform ng 25
actual exposilss tarwk eress uthe gplidreoma sipl @ nznphototréeistOod StheP 20Q2 - 25
transferred i mage by a neasuring device, the distortion of the inmage of the
pattern on thrtESdnS1OSTE ahfréAial sid opbah8ased €8pt hivextand the ori gi nal

_pattern to be formed on the pattern mask (pattern |n 5 deS|gn) is made to

distort to dﬁh % gléfnfﬁ@ é@térgé86fr5l fur fg% £ the data of

the pattern in t nis corre ted to fornt( Z pattern The

Srtoh QPoﬁS'rt”%str%% R ol et el R 4 ?htattggégette%% oot on
val ues_of the data.ft each point in the de5|gnﬁgfttern ﬁ be .f ound based
on theddi spIBRtSetAl ritHg bioY neXemele W APELIRRL hBYPSr rSHEERLPD

approxi mati on nethod, for exanple, by preparing a correction value nap and
15 |nterpmzﬂI¢QFQEl®@ @ﬁ@@sw@@aaPEﬁﬁ%%u$h%Yo$F9Pnéndp§€P§ﬁﬁ Pdesi gn
pattern) is made to distort so that the actual projected i mage becones
subst anti al |yhe nstep+and+rsoanh theni tkeal photpeensilt ivagmatevaenli fisf or
exanple there is residual aberration of the projection 20 optical system

etc., it is possldbed! NPxdj ethe aparteanséertheppémainingose to the ideal
i mge on to the mask substrate and possible to produce a high accuracy,

hi gh qual i t ypbiod SeRske i 0Ot Rat 821 a1l N$s eadle@f asatishagkdiesobtbfingf at | east
part of the pattern it 25 is also possible to cause the pattern position

at the, 28cc 0, Jurefeby 2002 88k 8FLaPhAPEeBhIEoPT tEARSPES §hhkRBOPLI Ca

systemto
pattern) is formed.

At this time, if the reduction magnification of the
optical type exposure apparatus for production of the
photomask is 1/o (o is an integer, fraction, etc.

15 greater than 1), the pattern for transfer, that is,
the master pattern, is enlarged a-fold. The enlarged
master pattern is divided into patterns of o X «
number of master masks in the vertical and horizontal
directions. If the reduction magnification is 1/5 (a =

20 5), 5 x 5 or 25 master masks are prepared. As a
result, the pattern formed in each master mask becomes
part of a master pattern of an «a-fold enlargement of
the master pattern, so the amount of drawing data of
the pattern of each master mask is reduced to about

25 1/’ of the past and the minimum line width becomes «



"shi.ft or to conbine the two techniques. The photonmask of the present

i nvention produced using the above nethod of exposure for producing the 5
, photomask is formed with a pattern close to the ideal imge, so iﬁﬁﬁﬁ p j
aceuracy and high in quality. By using such a photonmask (working ? 2@?
exposure of a device substrate, it is pgssible to inprove the overlay
accuracy of the pattern and produce a =138 tr odevi ce havi ng superi or
characteristics. 6. According to a sixth aspect of the present invention,
there is provided a nethod of exposure projecting an i nage of a pattern of
a nmaster nmaskimasathaskofubher phast(.4Chieyefofrier, stther gagdiadrm adfpteazd 15
system (3) to produce a working mask (34) and projecting and exposing an

i mage of thempgtkerfagk tha per WragnMeyk a0highdedicueazypsiitai e (W on which
,a_mcrodevice is to be formed by a second projection optlcal system (42),

t he net hod oi ?{Qgsaggfgo ﬁhgrgﬁgg%l %ﬁebﬁs ngF?Qb ne of a

di spl acenent of an actually prolecte poi nt substrate
froman ideal p t

br o] cet ed porRRVEBBLOAL AR TED. b%ﬁ&s?%;*?’%@f%%nﬁ%&sﬁcegf%?éﬁ e poi n
25 (aI) and Kin east part of t ttern.(3 0 3 SEP 2002 - 27

f or med 2on thga géghﬁﬁgﬁp VSFXFFeHaSEHr% eFHe %&%ﬁ &t or maki ng
the position of the pattern of the master mask at_the object pl ane si de of
the projecti 8BCopPi &8 Jjshomraphy: sYStems: Hiss redieed ttq d s bl e to

di vide an enlarged pattern of a pattern for transfer (27) into patterns of
a plurality thenpbosrmaskks spRthieo aRNnracy odcddssimasiber paisenreduced

i mges of the master patterns on a surface of the mask substrate (4) while

10 sti t chi ngikhéfiproheddmspleac eutherquad ther @rioducitrs the plarssrent
arising due to at |east one of deformation of the pattern of the master

{“.“‘Fi‘ \(MdeorWﬁthB ,defet pakerFnad oFf thize maetled mM¥s daNdbeV th hol ding, the

10 transferred at a high speed on to the substrate of the
photomask by a step-and-repeat etc., so the production
time when producing several photomasks can be greatly
reduced compared with the method of drawing
individually by a lithography system as in the past.

15 Further, when there is a partial mistake in the
formation of the pattern of a master mask or when
there is a later change in part of the master pattern,
it is sufficient to correct or remake only the master
mask including the part with the mistake or the master

20 mask including the changed portion. There is no effect
on the plurality of master masks as a whole, so even
in this case, the correction or change can be handled
efficiently.

Note that above the explanation was given of the

25 case of production of a working mask, but the same



15.respect to the reference plane (object plane of projection optical
systen), phase shift, etc.), aberration of the first projection optical
, system (distortion, inmage plane curvature, astigmatism conma abe@r3a$fiPozg
spherical aberration, etc.), bending and 20 ot her defo~nation of the nmask
substrate, deformation of the pattern of the working mask (deformation due
to bending of the working mask along wit® holding, the tilt with respect to
the reference plane (object plane of second projection optical systen),
phase shift, 25 etc.), and aberration of the second projection optical -
28 system (abplkied ittn, theaces ol afieproduaing ea mscrgdevise) (foma
aberration, spherical aberration, etc.) 0 3 S E P 2002 According to the

net hod of expaaire forl pgedd@cergstad aispaeyibe ohctbssiaspgct of the
_present invention, at |east one of displacenment of the actual projected

poi nt (pl) S : heeak proj oLt (al) (first
di spl acemn%}%ﬁﬁ%léa%%n%%@%#?%%%?ﬁ%? p%oj e@%ggégg}:gtb?pl) on the 10
devi ce substrat.e. fraq he | de pL.oJ d.poin i spl acenent)
is found EMKV?$k}éﬁu@%§%F(é€)€$%r%§%f%%gt%g %Bé?%$£%38§6§§9 thorted for
formatjon based_on the found displace t.. Wiep, distort] the pattern by
finding the @W?%ﬁrT%rd?L%ﬁ%c%ﬁ%ﬁ?Faﬁeg?gﬁé}%rﬁfﬁgﬁﬁéﬁﬂp#ﬂgﬂ’point (a0) is
set on the master nmask, the displacenent (offset) of the actual projected
poi nt (pl) with HeEDedthen SPRCeHDRYCHY 0P Gt P nRNE af¥PBRLREe mask
substrate is theoretically calculated or is found by perform ng 20 actual
exposur e andPattierns righbie ashibbchinggthien: cehet pesgtienali ancuracke i mage
of the pattern on the mask substrate (4) is found based on this, and the

ori gi nal patéershipesagrupatyeat)the tenfiectkengoparhs ofisthe nmask i s nade
to distort to substantially elimnate 25 this distortion, that is, the data

of the pattegdttdrns OcBassFer?882by €Re hhSk&eRhgnai greatregtedtto form
(draw) the pattern. Wen distorting the pattern by finding the second
10 on the characteristics of the microdevice etc.
produced, so a high positional or shape accuracy of
the patterns is also very important.
Therefore, in this method of exposure of the
present invention, in the same way as the method of
15 exposure according to the second aspect of the present
invention, first the first mask is formed at the
peripheral area of the working mask for producing the
microdevice or master mask for producing the working
mask (area outside of pattern area in which pattern to
20 be transferred is formed). Further, the control use
reference mask formed with the third mark at a
position corresponding to the first mark (for example,
a facing position) and formed with the second mark at

an area corresponding to the pattern area is provided

25 separate from the mask.



di spl acenent or when distorting the pattern by finding both of the first
and second di splacenents, a 5 predeterm ned sanpling point (a0) is set on
.the master nmask or working mask, the displacenent (offset) of the actual

prejected point (pl) with respect to the ideal projected point (QEXE?Q(Phe

devi ce substrate (W corresponding to the sanpling point is theor tlcaP y
10 calculated or is found by perforning29ctual exposure and neasuring by a
measuri ng device, the distortion of the image of the pattern on the device
substrate is found based on this, and the original pattern (design pattern)
to be formed on Nérwet pesherpostkios ofidehéoiddgei projectedsbigstaetial ly
elimnate this distortion, that is, the data of the pattern in the design
i's correctedpt®jéot foh doprdchbespaterr of The seaphdngapki B Ay be nade a
plurality of points arranged at a suitable pitch along the design 20

pattern or: i@odlgeréﬂeaée'f&fgfsnczhﬁasﬁr(feki eﬂaﬁigheespeéit%nd%a at each

point in the sign pattern nmay be found based o t he di spl acenent found

interpolatio Y. I e d . t het _appr @xinmati on net hod.
Si nce the or?%?n%¥9§%t$§?§°§§§§#gEgggﬁge?ﬁ§l?§92§§%8 pgr%é& on t he worki ng
mask is made to.distort so, g 3 SEP 5002 - 30 taat he actual projected

i mage BeconeBTRYBSELIARI QPFICRN FEGFEREr Lfi PRAFHESFdedP L5 BIFBERESY nage,
even if for exanple there is residual aberration of the projection optical
system et c. , ipagesppeitipneofotBepesrend BAgk: LanEPELTECHaltPeRS cl 0se to
the ideal image on to the device substrate and possible to produce a high
accuracy, highequaeteonpdnimagdeprsétitpt'e NBAL,i hbeeamoshtcadsi ng distortion
of at least part of the pattern, it is also possible to cause the 10
pattern posibfosettofhehebsecongl amagei gesativhefpom ehei ddeafiti cal system
to shift or to conbine the two techni ques. The m crodevice of the present

invention prpdscedonsindebnelabeyeeyetibodoghdexpasehe fimagiheduci ng the 15
m crodevice 1s fornmed with a pattern close to the
10 characteristics are corrected by for example adjusting
the projection magnification etc. so as to reduce the
amount of offset. The image position of the third mark
at this time is measured. This measured image position
of the third mark is referred to as the "third image
15 position". This third image position may also be found
by measuring the image position of the third mark
before correction of the imaging characteristics and
calculating from the measured value. This enables the
image position of the third mark to be found in the
20 state with ,the imaging characteristics in the pattern
area (first area) suitably corrected. This constitute
the advance preparations.
Next, the position of the image projected by the
projection optical system of the first mark of the

25 mask is measured. The thus measured image position of



ideal image, so it is possible to inprove the overlay accuracy of the
pattern and obtain superior characteristics. 7. According to a seventh
.aspect of the present 20 invention, there is provided a nethod of producing
a photomask (34) on which a pattern for transfer (27) is forneq}SFF@ t hod
of produci ng a photomask characterized by dividing an enl arged pa ez of
the pattern for transfer into patterns @fl a-plurality of 25 master masks
(RL to RN); formng an alignnment mark - 31 - 03 S EP 2002 (24A, 24B) on
a surface of a substrate (4) for the photomask; and successively
transferringthedfdedti magks ief refierpatit eonasothehe filnstalimagyeof mast er
masks (RL to RN) on the surface of the substrate (4) 5 for the phot omask

while stitchppgithefrvhirhe amhgingdchBeadibstikties(4re Qorddft@ipnmask and
the master- mask (RL to RN) using the alignment mark (24A to 24H)

Accor di ng tothEﬁaQSEEétngFgPiTgbgﬁgB%%EE8ﬁ”bE%Bmﬁ%iQ%Pﬁ%&f?ﬂéﬁment mar k

is formed on the substrat ot omask and t hat I'gnment mark is

d f i gni : K Kk substr.at.e wh ' i
and.transi or PLRG PRe [BaPEKHTGEY. AE e B LG AT RE SpAOCHmGR SubStr at o

the pattern transferred on to the photomask substrate becomes 15 accurately
al'i gned wi t hCPRESSFIBAERE HBRAIRGHEPE TR LAFLATaCRotd: (S SFMsetit or of her
error between the alignnent mark and pattern as in the past, and therefore

it is possibfié P@SE#BSQC§0ar39696#§§klW?SHnS Fhai agSL st 1CX0 afhe phot omask
of the present invention produced using this nethod of production of a

phot omask hawitht tberectapnonsioff $be, correchdonemser Hedftemsawwe he al i gnnent
mark and the pattern forned on its surface as in the past and therefore is

high in accumnaeyx aodtRathicgle iimagealpokytion0oF Shie Be2dmd Wk transferring

and exposing a pattern on a

(mark formed at first area corresponding to pattern

10 area) approaches the ideal position. Therefore, by
transferring the pattern of the mask on to the
photosensitive substrate in this state, there is
little distortion or other error in the position or
shape of the pattern and it is possible to form a high

15 accuracy pattern close to the ideal pattern.
4. According to a fourth aspect of the present
invention, there is provided a method of projecting
and exposing a pattern (Pi) formed on a mask (Ri) on
to a photosensitive substrate (4) through a projection

20 optical system (3), the method of exposure
characterized by making part or all of the pattern
reach a peripheral area (52) of a pattern area (51) of
the mask in which a pattern is formed and defining the

portion of the pattern present at the peripheral area

25 as a mark portion (73) for measurement of a spatial



“device substrate using such a high accuracy, high quality photonmask, the

al i gnment mark (24A, 24B) of the photomask (34) is used to align the
_photomask and 5 the device substrate (W. The alignnent mark forned on the
phet omask is used for alignment when transferring the pattern of the naster
‘mask on the photomask substrate for produci ng the photomask. An @BiSEAnept
mark the same as the alignment mark at 2Ris-tinme is 10 used for the

al i gnnment when transferring the pattern to the-device substrate. Therefore,
there is little roomfor error to enter conpared with when form ng

al i gnment neif&gé hdrpesdenhyya pbsisipasstbhr imageppevgetihedpsyi tional
accuracy of the pattern fornmed 15 on the device substrate, and In turn it

i s possible €Rep§98968t§oﬁ?Eﬁﬁﬁéalcﬁyﬁtéﬁ_SPOQhéhﬁéﬁﬁFSbk%ﬁbﬁsofNOte that
in this case, when Successively transferring reduced irnmages of the

plurality of gashslmsks (RIcig) P00 hSsaHEhBRE AbehBE SuBatrate (4),

20 it is prefera rvelry us exposure type reduction
proj ection e&gosure.a paratus or. a scan exgosure tgge reductkgg proj ection
exposure appRPEt SR ot BRRGNE oCRAEAGHHF LR ELFBNSBf APhECpAGYEMELER (type of
exposure apparatus used etc.) For exanple, when the 25 photomask is to be
used i A a scERaLkPBERBORDELOL QISsetpop Dheoimage PPEdGdPPRoRIpitdEect i on

exposure apparatus such as a step-and-scan type, parallel ogram shaped

di storti on (BarkapprHionkéwomr ibs" jdeat. pedibiPReandcedposingt Radpr oj ect ed
image. In this case, since skew error is 5 difficult to correct wth the
bl ock exposuprojgstiny bheupahygeansofintbepmaskeihypespatpewtiithn tdeposur e
apparatus when transferring the patterns of a plurality of master masks on

t he phot omasiaskbgdraien shik3deasbiybhebt@ndeduce the distortion when using
the 10 photomask, therefore the overlay error etc. becones snaller.

Further, when suggessayflyeb! RskCRELROal BE ERpbgarlel BROEROprERRARA! LErnS
of the plurality of master nasks (Rl to RN) on the surface of the substrate
(4). 13 1t 13,067LE8R! esiREOPLEE okNE11 "BE PHLCRRERGLEN 13! hGe to
reach the peripheral area, that part is used as a mark
portion, the position of its projected image is
measured, and the imaging characteristics are then
corrected, the accuracy of the pattern near the
15 boundary of the pattern area with the peripheral area
becomes high and when projecting and exposing the
patterns of a plurality of masks successively on the
substrate while stitching them etc., the continuity
(for example, the continuity when connecting in a
20 direction along the lines in the case of a line-and-
space (L/S) pattern) or periodicity (periodicity of
array of direction orthogonal to the lines in the case
of an L/S pattern) of the connection portion of a
pattern formed using one mask with an adjacent other

25 pattern formed using another mask can be made



(transfer position, magnification, distortion, etc.) of the reduced inages
of the patterns of the master masks (RL to RN) in accordance with at | east
.one of the nonrotational symretrical aberration and 20 distortion
characteristics of the projection optical system (42) of the projection
exposure apparatus using the photomask. When the anount of varia§k@Fpofpa
predet erm ned i magi ng characteristic of2l he exposure apparatus using 2
this photonmask is known in advance, when transferring 0 3 SEP 200z - 34
patterns of the nmaster masks on the photomask substrate while stitching
them it isexasendlsy tgpaatl ust the transfer position, magnification, and
distortion etc. of the pattern inmges of the master 5 masks so as to cancel

out the variati gmrthdre wHERD inihSAMRE tald P avikd haisky sediice the
_distortion of the device pattern exposed using the photonask and i nprove

t he overl ay AG8Ur q%ég{fcfrﬁéh%mfw %aq:k s&negﬂeﬁg%gl%?gll%y of these 10

phot omasks are gro ese phot onasks us p ty of

proj ecti on expqQsure aratuses by mx and-match_etc. In . fhis case, it is
desirabl e t ®HEHTFR & eftQ§ﬂﬂ§lﬁ'[ﬁRﬁ%kQﬁF§% *éEﬁFﬁYcWQ&%%teristics etc.
at the time of transfer of the patterns of the master 15 masks while
stitchl ng t FERINIDRT Qude BRashEeRenty REREEh A L1 EHPERRCR of the
distortion characteristics etc. of the projected inmages of at |east two
proj ecti on SORSUIMESHRIEUsEs HithaNedheriaiomese dhoteorat®B so as to
obtain good overlap 20 accuracy at these projection exposure apparatuses.
Next, it is wireaf evesd e iratbyt hisoxp hentampeisk thhee ummadt ianl riglaige i on proj ecti on.
| f deeming the photomask to be one used in 1/p-fold (~i is an integer,
fraction, ekfsagireénditBmeiihd®dunt ithe Prdaait oinvedtide, 26hé eflagki on

magni fi cati on of the exposure apparatus for 0 3 SEP 2002

portion is the same in shape as the pattern of the

10 pattern area, so this problem does not arise. Note
that the mark portion is shielded by a blind at the
time of exposure, so the mark portion is not
transferred on to the photosensitive substrate.
5. According to a fifth aspect of the present

15 invention, there is provided a method of exposure
dividing an enlarged pattern of a pattern for transfer
(27) into patterns of a plurality of master masks (Rl
to RN) and projecting and exposing images reduced by a
projection optical system of the patterns of a

20 plurality of master masks on a surface of a mask
substrate while stitching them, the method of exposure
characterized by finding a displacement of an actually
projected point (B81) on the mask substrate from an
ideal projected point («l) and making at least part of

25 the pattern (36) formed on the master mask distort



- 35 producing the photomask is 1/a (a is an integer, fraction, etc.

| arger than 1 in the sane way as p), the drawing error of the patterns of
.the master nmasks is reduced to 1/(a~~) in the device pattern finally 5
exposed. Therefore, even if making the mninumline width of the device
pattern 1/2 the current level, it would_be possible to easily ﬂggﬁgﬁ@@
patterns of the nmaster masks easily and2fn a short time with t sary
accuracy using an electron beam|lithography 10 system or |aser beam

|'i thography system Therefore, even if the pattern rule becones further
finer, the dezs$eddomevheefpandednsphacemerkposenabyingh&heeposddipnaccuracy.
8. According to an eighth aspect of the present 15 invention, there is
provi ded an ekptisersatpernadbfsthermpsoducnask at ahphebgertk phawneng a nmask
_.magazine (16 to 18) which stores a plurality of master nmasks (Rl to RN); a

mask stage (@id&héﬁhtﬁérﬁf@?e?ﬂfoﬁaébéic3§5§y§%EﬁCEﬁ@fi[0"1the mask

magazi ne; a projection opticCal 20 system (3)>which projects a reduced inmage

of \he pattern Ofnd e IRPAELRIRSkeSARAT £L-0": hIPLBSKATLAGE ACh? 2

phot omask substra or med wi an arrgnment nmark

substrate stage (6 ich positions the photonmask _substrate on a pl ane
verticgl 25 ot %n%p¥$%apoaﬁfsi8?sgh8nﬁrg?eé?ggﬁmﬁ FPBaP%sggﬁenl 03SE
P 2002 - 36 and an alignment system (14A, 14B) which aligns the master
mask on the PRAEKeER a8k ghﬁ PAStBROMBAKskAghiREMAEEANOAULHECS BEREAATe st age
using the alignnment mark of the photomask substrate on the substrate stage
5 so as to seftehetmasterudedki ahgag withhbopdingr nshef tiAs piidhal ity of
mast er masks on the photomask substrate. The nmethod of production of a

phot omask acrespecy to the sefenthcaspiaheo{oblecpr piane bfiventi on may be
10 worked by use of this exposure apparatus for production of a photomask.

Wien an al i gpreféctBok bptieanmedystenhe phatensakreybsteatyg and
transferring the
10 aberration of the projection optical system
(distortion, image plane curvature, astigmatism, coma
aberration, spherical aberration, etc.), and
deformation of the mask substrate (bending etc.).
According to this aspect of the present invention,
15 the displacement of an actual projected point (fl) on
the mask substrate from the ideal projected point («l)
is found and the pattern (36) formed on the master
mask is distorted for formation based on the found
displacement. For example, a predetermined sampling
20 point (a0) is set on the master mask, the displacement
(offset) of the actual projected point (B1)
corresponding to the sampling point with respect to
the ideal projected point (al) on the mask substrate

is theoretically calculated or is found by performing

25 actual exposure and measuring the displacement of the



pattern of the master mask on the photomask substrate, if aligning the
mast er mask and photonask substrate by 15 an alignnment systemusing this
.alignnent mark, the pattern transferred on to the photomask substrate
beconmes accurately aligned with the alignnment mark, there is little
rotation, offset, and other error between the alignnment mark and P3t3fPragas
in the past, 20 and therefore a high qudPity photonmask can be produced. In
this case, the mask magazi ne, as one exanple, stores a plurality of naster
masks (RL to RN) forned with patterns obtained by dividing an enl arged

pattern 25 ofrddef@rtédrimige)bpflatmeaphvingadévioebetheoduced. 0 3 SEP
2002 - 37 This enables the nmaster masks to be qui ckly exchangeed and

exposure to pesPerf MNESE i Fhd $MAGe &f "ehe dpatdEELhUbAJLhE MaBkNth aspect of
_.the present invention, there is provided an exposure apparatus for 5

produci ng. a il £ B8 O] £7! LB0e B TBEERA" of PALLC BnANcAePBoYQRal (349

according to the prese invention on to a device substrat

exposure apparatus characterized b in S age ich carries the
phot onmask; eP?ﬁ ?Eﬁt?%nb%pf?ﬁﬁfgsgét€ﬁ1(ﬂgfgﬁgﬁcﬁaég SPS¥QSFE é%reduced
image of a pattern of the ghotonask carried on the,nﬁik sﬁﬁge on to the
devi cedsubst#83EIn Y 1§78 ¢St BOsEagECF HaTOWRRRALARE LA SHs L ABLa FCce

substrate on a plane vertical to an optical axis (AXl) of the projection
optical systllis aptsteraiegnnehat15ssyshendahasrofsthy RALERTAI A§ns the

phot omask on the mask stage and the device substrate on the substrate stage
usi ng the althandesigearks (@dire@ddi vdé foemphdrawhskhenpahtemnsk stage so
as to project the pattern (27) of the photonask on the the device 20
substrate.: The Blheveamphingnpdinethagsbef medpoauptushlibeg present

i nvention can be worked by using this exposure apparatus for production of

a device. TheoghtgnNgBPAngBEKat0ANEAi AL BEpRBEhOAREK! EhSadsfigh al | gnment
25 when formng the pattéern of the nmaster nask on the
10 pattern or in an ideal lattice. The correction values
of the data at each point in the design pattern may be
found based on the displacement found by the least
square method or another approximation method, for
example, by preparing a correction value map and
15 interpolating using that data. Since the original
pattern (design pattern) is made to distort so that
the actual projected image becomes substantially in
register with the ideal projected image, even if for
example there is residual aberration of the projection
20 optical system etc., it is possible to project and
transfer a pattern close to the ideal image on to the
mask substrate and possible to produce a high
accuracy, high quality photomask. Note that instead of

causing distortion of at least part of the pattern, it

25 is also possible to cause the pattern position at the



"0 3 S E P 2002 - 38 photonask substrate for producing the photonmask. An

al i gnment mark the sanme as the alignnment nmark at this tine is used for the
.alignnment when formng the pattern to the device substrate. Therefore,
there is 5 little roomfor error to enter conpared wth when

form ng. al i gnment marks i ndependently, it is possible to inprovelBh&? 2002
positional accuracy of the pattern form@ on the device substrate, and in
turn it is possible to produce a mcrodevice with good 10 characteri stics.
Fur-ther, according to the present invention, if the magnification fromthe

pattern of tdgjedayvigiaaderdiie G tite den fecsidstopt cd Wsyotémerpattern

(27) of the photomask is p (pis an integer, fraction, etc. nore 15 than 1)

and the magnifigatd,ond rpg ke Pald &wb ogeémic?%pnask to the pattern (36)

_of the master mask 1s a (a is an integer, fraction, etc. larger than 1 in
the sane way as t I Pl f t mask
becones a~~3 theﬁ%ei' ﬁﬁ%éﬂ%o}%tdh%%ﬁ%%n’%éﬁ%ﬁ%oégé{@%g herefore, if
t he draw ng errordﬁI %gﬁ?line i d Ryghen drawi ng t he ﬁ@ttern of the master
ok by an U dMDERRTT RIS SSRGS oF BTAeierpd 28 the Iine
wi dth of the pattern of the device is reduced to about 0 d/(a~~3), so the
patterh of (HOENARK ke Fmed Yiihed RARHEER elefenePytheghd@buracy. 0

3 s E~ zooz - 39 10. According to a 10th aspect of the fresent i nvention,
there is provmags) $qekhdiidli i aateuyary cdnd high obleve@l thvir aByeri zed by
formng an alignnment mark (24A, 24B) on a first substrate (4) for a 5
phot omask, disdindy repch devwhetqeddler fwdok ireg tmasis§f efoedexposora sécond
substrate (W on which the mcrodevice is to be formed into a plurality of

el ement patterdesidd ALt raty, regutedbos@dsbe ofo t htppbueathey of el ement
patterns on to the first substrate to forma 10 device pattern using

Eranst er i ng 1 ot L e R PR Eeo e Ui ng che

10 microdevice having superior characteristics.
6. According to a sixth aspect of the present
invention, there is provided a method of exposure
projecting an image of a pattern of a master mask on a
mask substrate (4) by a first projection optical

15 system (3) to produce a working mask (34) and
projecting and exposing an image of the pattern of the
working mask on a device substrate (W) on which a
microdevice is to be formed by a second projection
optical system (42), the method of exposure

20 characterized by finding at least one of a
displacement of an actually projected point (1) on
the mask substrate from an ideal projected point (ol)
and a displacement of an actual projected point (B1)

on the device substrate from an ideal projected point

25 («¢l) and making at least part of the pattern (36)



al ignment mark of the photomask on which the device pattern is fornmed. 15
According to this nethod of production of a mcrodevice, the alignnment mark
,formed on the photomask is used for alignnment when transferring the el ement
pattern on the first substrate for producing the photomask. An aujyggpgmz
mark the sane as the 20 alignnent mark at this tine is used for the
al i gnment when formng the pattern on-tRé second substrate and then the
pattern transferred, so there is little roomfor error to enter conpared
wi th when forming alignnment marks independently, it is possible to 25
i mprove the fomméd onal tihe cnaseyr ohasked patdbetnbagededn the3fSupdZaaZ - 40
on the second substrate, and in turn it is possible to produce a

i crodevi ce g 4fn HoaflesHa6ACHEK LAY | €Be PdsiAE6RAT ENGnbOpaRtéihhogspect of
.the present invention, there is provided a nethod of exposure 5 using a

plurality ofyaskss €§tﬁ§§§f§£ PﬁétSBEécenPﬁaﬂﬁg%ﬁégnéktkﬁg Substrate in a

plurality of partia over | applr ng areas, e exposure

characterized by making the unt, of e ure at part of the plurality of
areas at thépf?iisEﬁo?r%ﬁ€+%$fg?yiﬁe hﬁéggﬁtern different fromthe anount

of exposure at other areas. Further, using this nethod of exposure, a

met hod®of product? or'b? G2$Bot bhesk P%%?hgiﬁgt?hﬁlg%éﬁ 8P ePaALgedring a
plurality of patterns on the photomask 15 substrate by a step-and-stitch
can be proviprtteryrefer  patteynt fex hreansfesf (2Xposnte, patkernsd of
production of a device including the step of transferring a plurality of
patterns on ¢fiea phbeoahsky sobsnasterbyaskst ¢€Rlahd- BNi)t ahdcan be provi ded.
20 12. According to a 12th aspect of the present invention, there is

provi ded a reidwesoivexposupesenteéduogdaimagbsnbfathenmhggert o a mask and
exposi ng a photosensitive substrate by the 1llumnation beamthrough a

gre;.ne gff Lgnaﬁpﬁgggnigg?gﬂ sé%PEaBBt 88dtRE KasRXBEBYELatBANAGt ghiiZed by
10 stitching them.

The displacement found here includes displacement
arising due to at least one of deformation of the
pattern of the master mask (deformation due to bending
of the master mask along with holding, the tilt with

15 respect to the reference plane (object plane of
projection optical system), phase shift, etc.),
aberration of the first projection optical system
(distortion, image plane curvature, astigmatism, coma
aberration, spherical aberration, etc.), bending and

20 other deformation of the mask substrate, deformation
of the pattern of the working mask (deformation due to
bending of the working mask along with holding, the
tilt with respect to the reference plane (object plane

of second projection optical system), phase shift,

25 etc.), and aberration of the second projection optical



- 41 by the projection optical systemat a plurality of different points
in an area illumnated by the illum nation beamto obtain first
_information, adjusting optical characteristics of the projected 0~ 3~ ~ ~~
~@®~ 5 imge based on the sane, detecting an inmage projected by the
projection optical systemat |east at one neasurenment point outs{3SEpRHp he
illuminated area in a state with the ep28cat characteristics adjusted to
obtain second information, and storing the sane and 10 adj usting
characteristics of the pattern inmage by the projection optical system using
the second id\fsiémt { @sSOrefoh P BXNOS Eplage PO GSEALE] I Ve substrate by the
illum nation beamusing the mask. In this case, it is possible to detect a
mark posi ti ofeds i e ] i N o] and adj ust
the characterls%#%gé%%ﬁiﬂép%gt?%?ﬁfi%%g%'ggggﬁf%ﬁé%hgbégggggébﬁfornation
and thirdirgéﬁnftion obtai ned by detection of that mark. The mark is for
exanple forned at a plurality of different positions outside the 20 pattern
area on the mask on ich the atte{n %o fe transferged to %he.
phot osensi tive SUFEITART it NG LARR 9F rXPRFH S EBhdPTRABF #REi Bn can be
obtai ned using a specific mask different fromthe above mask. In this case,
it is possi MECEAEECR Qpekbhis caspR8Kt 26f hE¢ NBrasent sin¥PBE10Brr espondi ng
to the pattern area - 42 - 0 3 S E P 2002 and having a second area
out si de of tate beastionehdfhdisplatementt9f othenaktuateptrofastiedobt ai ni ng
the first information by detection of a mark in the first area, and
obt ai ni ng t heoseco(el ) ndénruhei maskysdesecatenfobmathenbdkailn t he second
area. Using the above nmethod of exposure, a nmethod of production of a
devi ce i ncl ysidigedbed ShePnef (&1 ansferst ngidpUgyeénpyt haAN t0 a workpiece
can be provided. 10 Further, using the above nethod of exposure, a
met hod- of pragisiaoindhe o poheMBekuh NChE) e blCp8LRE Ph15! BRSERE! [ N

patterns formed on a plurality of master nasks on to a photonask substrate
by th?ostep device substrate from the ideal projected point (al)
(second displacement) is found and the pattern (36)
formed on the master mask is distorted for formation
based on the found displacement.
When distorting the pattern by finding the first
15 displacement, a predetermined sampling point (a0) is
set on the master mask, the displacement (offset) of
the actual projected point (f1l) with respect to the
ideal projected point (al) on the mask substrate is
theoretically calculated or is found by performing
20 actual exposure and measuring by a measuring device,
the distortion of the image of the pattern on the mask
substrate (4) is found based on this, and the original
pattern (design pattern) to be formed on the master
mask is made to distort to substantially eliminate

25 this distortion, that is, the data of the pattern in



and-stitch systemcan be provided. In this case, it is 15 possible to
+educing and projecting the patterns of the master masks through the
_ projection optical system enlarge a device pattern to be formed on the
phot omask by exactly an inverse magnification of a projection nagnification
of the projection optical 20 system diyide the enlarged pattern irg®SEP 200
el enents or functions, and formthe san® o t he plurality of nmaster masks.
13. According to a 13th aspect of the present invention, there is provided
a nmet hod of production of 25 a photonmask for use in an exposure apparatus,
the a 3 CHhe-Q®esingt hicd adrypeorkd tionfafm af deteot prlsé ghttacheri zed by
exposing a plurality of partially overl apping areas on a substrate for the
phot omask usi ng whepl Widgdtdnt iafg rersd qfatesks By byg divé ds&goaa enl ar ged
_pattern of 5 a device pattern to be forned on the photomask into a

plurality ofq:Seald e bl Uid t¥r@ind 6a%d ;S’é‘@té’fnab%hggxgdﬁﬂg posi tion

of a reduced image of a divided pattern on the substrate ba on“transfer

characteri stﬂcctsn I(%{ﬁ teg}feor'@r%fﬂ kSe WWn r@i&?@%&%ﬁ% apparatus. In this

case, it is poss y ‘design-data etl pattern produced

fromthe enlar attern and formthe divided. pattern on a nasier mask in

accor dance ﬁﬁ%eﬁ%m&iseﬂnw%rp%ﬂ%.(%(ﬂ)rtlrérs,e?to?s&b%s@?ﬁ &'t o adj ust

optical 15 characteristics of a péﬁlectjon optical s sten1forning a reduced
e

i mge of a MAAKQF azke PRAYY doe SR et e 5ESeE) sefckherurt her,
it is possible to transfer a divided pattern on the substrate by

synchr onous|actiad mrajrctedireinhsi® bhdvithe xespeehteo 2bheoideain exposure
of the plurality of areas and adjust the shape of the reduced i mage by
changi ng corplidjemts=dfpdiret sgah) exposhe eddrabmsl substreate a(fer
characteristics. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS -44-03SET
2002 FI G 1 derrespendiny texptied nddrgpBiny qsebst of s pElpgoieét 08adiya wor ki ng

reticle (photonask) according to a first enbodi ment of the present
Invenigon; calculated or is found by performing actual exposure
and measuring by a measuring device, the distortion of
the image of the pattern on the device substrate is
found based on this, and the original pattern (design
pattern) to be formed on the master mask is made to
15 distort to substantially eliminate this distortion,
that is, the data of the pattern in the design is
corrected to form (draw) the pattern.
The sampling point may be made a plurality of
points arranged at a suitable pitch along the design
20 pattern or .in ah ideal lattice. The correction values
of the data at each point in the design pattern may be
found based on the displacement found interpolation by
the least square method or another approximation

method. Since the original pattern (design pattern) to

25 be formed on the working mask is made to distort so



FIG 2 is a partially cutaway view of an optical 5 type reduction
proj ection exposure apparatus used when producing the working reticle of
_the first enbodi nent of the present invention; FIG 3 is a perspective view
of -partially cutaway main parts show ng a case of alignnent of a %nger 10
reticle in the projection exposure apparatus of FIG 2; FIG 4 i § 3a5EP 2002
perspective view of main parts show ng A0case of projecting a reduced i nage
of a nmaster pattern of a naster reticle on to a substrate 4 in the 15
proj ection exposure apparatus of FIG 2; FIG 5 is a perspective view of
mai n parts sthat nthea gpriojaktpoo)exiped uivagppheatmss f subptanedailhyg a pattern
of a working reticle produced by the first enbodi nent of the present
invention onm v&fEEter Gt tiBé\ iGedl Phodj¥t e84 Oimahe, cerbhgtiFati on of the
master reticle of the first enbodi nent of the present invention; FIG 6B is

a view of ag%‘?‘%(ﬁ%%“?%% n@m%@é rigfréé‘fdﬁftgﬁ%fggzﬁﬁ 8t ’cﬁg first

enbodi nent nvent1 on; ~ 200z - FIG 6Cis a
vi ew of another. e e of . K E? master.reficle of the first
enmbodi nment cﬁf§1ﬁé%#%éeﬁﬁt+§hé§%¥%#§m %f'? %g h£v$é§%bP??hé°configuration
for 5 explaining neasurenent of a spatjal i e ip the first_enbodi nent of
t he prgsent RIRAESRY ANd FHEE B 6% 3 RAELFLR $ﬁgs§tg?et8? $453hi ng a
projected inmage of a mark for explaining t he spatial inmage nmeasurenent in
the first erdRITEM ¥ the deviresewPsthIbRt2BA; PRFELPBB £9 a view of the
out put of a photoelectric sensor for explaining the spatial imge
measur ement preduee fa rkighndocinaey, oiigheqpatbityit miavedevoae.FIG 9 is a
pl ane view of the configuration of a 15 control use reference nask of the
first enbodinNmtd tliat henpreséndvfi caesingndift&rtibni sfaatvi deaexpl aining a
master reticle (master), blank (photomask substrate), and working reticle
used in the garstoentid pRetesh, t he DsesEsd BOssIMEBL tONcause the
10 pattern position at the object plane side of the
projection optical system to shift or to combine the
two techniques.
The microdevice of the present invention produced
using the above method of exposure for producing the
15 microdevice is formed with a pattern close to the
ideal image, so it is possible to improve the overlay
accuracy of the pattern and obtain superior
characteristics.
7. According to a seventh aspect of the present
20 invention, there is provided a method of producing a
photomask (34) on which a pattern for transfer (27) is
formed, the method of producing a photomask
characterized by dividing an enlarged pattern of the

pattern for transfer into patterns of a plurality of

25 master masks (Rl to RN); forming an alignment mark



"FIG 11Ais a plan view of the configuration of a reticle of a second
enbodi nent of the present invention; FIG 11B is an enlarged view of the
main parts of a 25 reticle of the second enbodi ment of the present - 46
invention; 0 3 S EP 2002 FIG 12 is a view explaining the case of
produci ng a working reticle using master reticles formed with Egk%erns
after correction in a third enbodi ment 81 the 5 present i nvend ,zﬁﬂG. 13
is a view of the case of producing a working reticle using master reticles
formed with patterns before correction in the third enbodi nent of the
present invef24dn 214Byrovmpasisgrintd &fG 4@bstibateG(414fbg &hei ew
expl ai ni ng the neasurenent and correction of displacenent for producing the

master reti chigohinadk j Nafd Guddes &l el Sfrats fe¥t eilgoteaticeyanpl e of error
Jdn imging characteristics of a projection exposure 15 apparatus using the

working reti i t i t t invention;
I ng 'ﬁhﬁﬁgwog?cfﬁ%'ﬁ%@té%g Bfeﬁﬁég%?ﬁfél% tge ﬁlh@%@?

FIG 15Bis a thod of corre g 1 magi ng characteristics of a
reduced i ma %ﬁ a, Hpst er tier n [ [ é c in the
Fourth 20 eHAarert oS (7 o B Ene s RuEREr OF Fib SUBREFERL TAL o
anot her exanple of error in | i c?a cteristics of a projection
exposuPe appsrattRe B OTﬁikuﬁﬁkyggs é%?%%%gpF%ﬁﬂcg 1l giégPéﬂﬂth
pos! P ! . . !
enbodi ment of the present invention; 25 FIG _ 16B_is a view of the method of
correcting thesugoape (4n7forpagphgtenaskcandi thecBastey magkced i mage
of a master pattern on a working reticle produced in the fourth enbodi nent
of the prese(Rlibtwefl) owsingdtreGlignhent havk CR4AttehddBng a summary of
the 5 process of production of a working reticle of the
According to this aspect of the present invention,
since an alignment mark is formed on the substrate for
10 the photomask and that alignment mark is used for
aligning a master mask and the photomask substrate
when projecting and transferring the pattern of the
master mask on the photomask substrate, the pattern
transferred on to the photomask substrate becomes
15 accurately aligned with the alignment mark, there is
little rotation, offset, or other error between the
alignment mark and pattern as in the past, and
therefore it is possible to produce a photomask with a
high quality.
20 The photomask of the present invention produced
using this method of production of a photomask has
little rotation, offset, or other error between the
alignment mark and the pattern formed on its surface

as in the past and therefore is high in accuracy and

25 high in quality.



o
fourth enbodi mnent of the present invention. BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON The present invention will be explained in nore 10 detail bel ow

+Wth reference to the attached draw ngs. Fir-st Enbodi ment Below, a first
enbodi nent of the present invention will be explained with refer@ﬂggpgw t he
drawings. FIG 1 is a view of the process of production of a 15 pho ona%k.
In FIG 1, the photonask to be produced33s‘a.morking reticle 34 used when
actual ly producing a senm conductor device. The working reticle 34 is
conprised of a transparent substrate made of silica glass etc. on one
surface of whi cWhendstaers fleatrtiorgn ahid 2kpdasring engdattexsn fam need by chrone
(Cr), nmolybdenumsilicate (MoSiz etc.), or another mask material. Further

two ali gnnedevityek subA itk 2R i esdd eth s e el d@y § heigmst er pattern
.27 between them Further, the working reticle 34 is one used in 1/~ 25 (~3

: . o ot | . i E P 20
is an int eg%&alg{t%g;ﬂﬂr?ﬁdonﬁésqh ﬁf&?&lf«f}gﬂ#%rﬂgﬁm (718, ~2887 o @

exanpl e, 4, educt 1 on project e projection optica
system of a i jectio SUre i in FIG
VT A eatb om0 R e o S R TS eon B 854 ng

reticle 34 i s exposed on.each shot _ar 48 of the wafer coated with a
phot or®si st ,t%ten s m%q%t%ew 'ogﬂ'be et B %’-“fgme r®et er mi ned
circuit pattern 35 on each shot area 48., Bel ow, an explanation wll be

gi ven of ondh&RRAtOmMFSk RS et HYLIFIRRRIc tYRIR FrapRLQBEiRGg reticl e
34 as a photomask. In FIG 1, first, the circuit pattern 35 of a |ayer of
the senm condd&t @atde@nc @t e Mastar waab R dthe phetommekd. The circuit
pattern 35 is formed with 15 various |ine-and-space patterns (or isolated

patterns) etsubstrate eidmnmrdduciteaive tghotahidsk oOf Aped pamihent ar | y
intersecting sides of dX and dY. The circuit pattern 35 is enlarged p-fold

to prepare marasSidie RaiMerds 2he WMPIdamsh©mark eot angid ¥ imeegswith 20
wi dt hs of the perpendicularly interesting sides of
10 used for the alignment when transferring the pattern
to the-device substrate. Therefore, there is little
room for error to enter compared with when forming
alignment marks independently, it is possible to
improve the positional accuracy of the pattern formed
15 on the device substrate, and in turn it is possible to
produce a microdevice with good characteristics.
Note that in this case, when successively
transferring reduced images of the plurality of master
masks (Rl to RN) on the surface of the substrate (4),
20 it is preferable to selectively use a block exposure
type reduction projection exposure apparatus or a scan
exposure type reduction projection exposure apparatus
according to the application of the photomask (type of
exposure apparatus used etc.) For example, when the

25 photomask is to be used in a scan exposure type



) p~dX and p~dY in the inmage data of a conputer. The ~3 is the reciprocal of
.the reduction magnification (1/(i) of the projection exposure apparatus

. using the working reticle 34. Further, when the naster pattern 27 is 25
pr-oj ected inverted, the circuit pattern 35 is enlarged 03 SEi" 2002 -
49 inverted. Next, the master pattern 27 is enlarged a-fold (a 0?3@P2%2
integer, fraction, etc. larger than 13 33r -exanple, 4, 5, or 6) t0 prepare
a master pattern 36 5 conprised of a rectangular area with wi dths of the

perpendi cularly interesting sides of a~~i ~dX and a~~i ~dY in the imge data.
The master paidwiticib projiotiitad éxpasurs epparstversuchkl 4y and
hori zontally to prepare a x a nunber of master patterns Pl1, P2, P3,..., PN

(N 10 - a2) Jdurd-hfnd /8o dafge, 'ﬁhﬁﬁeﬂo%ﬁe{l@ SRF e MBI SLSrEidni S Shown.

_Note that the divisor a of the nmaster pattiern 36 does not necessarily have

to match wth t i d [ fyo h 27 t he master
pattern 36. (%gx?%?al% négfé}git%%%ﬁ gn%‘%é&é@%é%e%%%&??% h%?grg% y system
(or laser beamlithography system.is generated fromthese naster patterns
Pi (i -1 t&%j%ﬁﬁc?ﬁé&%%tefnp I ST Y FTEX oh®t 0 the master
reticle R serving as the master nmask at equal magnifications. 20 For
exanpl 2, wheifHisoUd e SRETRGE sfithithe PIack LXPPsUFE| $YSECR, nask

mat eri al such as chrome or nolybdenumsilicate is formed on a silica glass
or other trdBpENT S HAT AXPOSHr S| YRS BrOLeet @R 8XPP8ureat ed on t he
top, then the el ectron beam 25 |ithography systemis used to draw an equal
- 50 - 0 3 dpgaratatdvhmayntfanstéxmingrege gpatberis ref amster pattern P1
on the electron beamresist. Next, the electron beamresist is devel oped,
the etched guchrdeitesdsimPeededndéks b, thdepebyohdek nesbetragéiern PL is

formed on 5 the pattern area 20 on the master reticle RL. At this
it is possible to reduce the distortion when using the
10 photomask, therefore the overlay error etc. becomes
smaller.
Further, when successively transferring the reduced
images of the patterns of the plurality of master
masks (R1 to RN) on the surface of the substrate (4),
15 it is desirable to correct the imaging characteristics
(transfer position, magnification, distortion, etc.)
of the reduced images of the patterns of the master
masks (Rl to RN) in accordance with at least one of
the nonrotational symmetrical aberration and
20 distortion characteristics of the projection optical
system (42) of the projection exposure apparatus using
the photomask.
When the amount of variation of a predetermined
imaging characteristic of the exposure apparatus using

25 this photomask is known in advance, when transferring



time, alignment marks 21A and 21B conprised of two two-di nensional marks
are fornmed on the nmaster reticle RL in a predeterm ned positional
.relationship with respect to the naster pattern P1. Simlarly, the 10

el ectron beam | ithography systemetc. is used to formthe naster(pyngQ@é
and al i gnment marks 21A and 21B on another master reticle R. The align
mar ks 21A and 21B are used for alignnenB4at-the time of the |ater
stitching. Further, while explained later in 15 detail, a plurality of
mar ks for spatial image neasurenent are fornmed in the peripheral areas of
the master rpatteefsRof(sheemdedetr faskeubai dheophpabinaisk areas in which
patterns are forned). In this way, in the first enbodi nent, the naster 20

patterns Pi;sgpavhab¥ {he18l getteniRgahkit hegr aeh}sogg%qr@ oy |aser beam
Jlithography system) are a-fold enlarged patterns of the naster pattern 27,

so the annunéégggttQﬁﬁd£ggkggng§§FgEgoégd@gggékgcagggh lg é_fron1the case

of directly W ng e nmas ern urt t’hé m ni mum | i ne
width of a mgster_ ., .0 3 E 20 - 5 attern Pi is times (for exanple,
5 tines or ngFﬁ8§fl?ﬂeeﬁ¢niﬂ%ngﬁFnBaifﬁgﬁ oo HgngF PaSt&h 27, so
each master pattern Pi can be drawn in a short tinme and with a high
accuraéy by PREKE| 8Bt A8ntBedANSeLi PHEgERBhY A atdRNUdMnghe dBaedmg onal

el ectron beamresist. Further, if producing N nunber of nmaster reticles Rl
to RN at onecharacterastirt and pbesebveredugeotibecdilssomedensarfy nunber of
working reticles 34 by repeatedly using these as explained later, the tine
10 for produthagdetnécanpbeternt egpboseRlusanBNttieec phoabmaske amdmaj or bur den.
That is, a working reticle 34 is produced by stitching and transferring the
1/ a reduced inpgesePthe(bveriayoabluehcyhetaaster patterns Pi of the N
nunber 15 of nmaster reticles R. FIG 2 shows an optical type reduction

proj ection exposgperapparabisdySsdmebenes” dpepa158¢ W khger eticle 34.
In FIG 2, at the time of éxposure,

10 photomasks are produced and these photomasks used by a

P
nt

plurality of projection exposure apparatuses by mix-
and-match etc. In this case, it is desirable to adjust
the transfer position or imaging characteristics etc.
at the time of transfer of the patterns of the master

15 masks while stitching them in accordance with the
average characteristics of the distortion
characteristics etc. of the projected images of at
least two projection exposure apparatuses scheduled to
use these photomasks so as to obtain good overlap

20 accuracy at these projection exposure apparatuses.

Next, it is preferable that the photomask be used

in reduction projection. If deeming the photomask to
be one used in 1/f-fold (f is an integer, fraction,
etc. more than 1) reduction projection, if the

25 reduction magnification of the exposure apparatus for



“exposure light IL is irradiated on the reticle on the 20 reticle stage 2 by
an illumnation [ight system 1l conprised of an exposure |ight source, a

.fly-eye lens or rod integrator or other optical integrator (honbpgenizes)
for honogeni zing the illum nation distribution, an illum nation 3y§§§ﬁ]
aperture stop, a 25 reticle blind (variable field stop), and coflde 02 .
52 0 3 sE~ z002 lens system An i-th-(85=-1 to N) naster reticle R is

pl aced on the reticle stage 2. Note that as the exposure light, it is
possible to use i-rays of a nmercury |anp (wavel ength 365 nn) or other rays
or KrF 5 exgirteiudaserthé ghtiofomyek engt h/R48xniy , aAr Enewgemer | aser |ight
(wavel ength 193-nm, F2 laser light (wavelength 157 nm, etc. The inage of

the pattern gfadtieon ) | et nat £egéF eendh 1 hen MERECsahBt WaY€aRi gh$ proj ected
.on the surface of 10 the substrate (blank) 4 for the working reticle 34

t hr ough the.gﬁéu&g:&%ﬁb2§££§ﬁ1ofyﬁéggg%%p%rﬁirgﬁugﬁ&oaaggggi&ggg%ion of 1/a

(ais for exanple e su a transparent su rate such
as silica glass. |t is for ith,a thin, film of mask .15 terial such
25 chrome orinoismiRstd 17 Eath) obf HE faevirh ReBedBE eiBaTHG ' 3 of i
surface and is formed wth two alignnent marks 24A and, 24B conprised of

t wo- di Prensi RHROFRE ksTReFeEPTgnneVel shh Rk AgthReMbBLNER, L4RBa 25. These
alignment marks 24A and 24B are 20 forned in advance before the transfer of
t he pattern wiltly ah EhecdevicecpattexXholf dphhesgureant| dserlbedtm

| it hography system projection exposure apparatus (stepper, scanner), etc.

Furt her, thevsuild doe pdssihelesubst eas ely dsagobhedpattarasphdit thesi st so as
to 25 cover the mask nmaterial. After this, the explanation 0 3 s ¢c ~ aooa

- 53 will heagieemisiks ngashey Zandi snparshéet toméheient thal axis AX of
the projection optical system3, taking the X-axis parallel to the paper
surface of pecessary accuracy using an electron beam lithography
10 system or laser beam lithography system. Therefore,
even if the pattern rule becomes further finer, the
desired device pattern can be exposed by the necessary
accuracy.
8. According to an eighth aspect of the present
15 invention, there is provided an exposure apparatus for
production of a photomask having a mask magazine (16
to 18) which stores a plurality of master masks (Rl to
RN); a mask stage (2) which carries one master mask
selected from the mask magazine; a projection optical
20 system (3) s.which projects a reduced image of the
pattern of the master mask carried on the mask stage
on to a photomask substrate (4) formed with an
alignment mark (24A, 24B); a substrate stage (6) which
positions the photomask substrate on a plane vertical

25 to an optical axis of the projection optical system;



FIG 2 in the plane vertical to the Z-axis, and taking 5 the Y-axis
vertical to the paper surface of FIG 2. First, the reticle stage 2
. positions the master reticle R on it in the XY plane. The position of the
reticle stage 2 is neasured by a not shown |aser interferoneter. {SEF
measured val ue and control 10 information froma main control sJ% ém&re
used to control the operation of the redfcle stage 2. On the other hand,
the substrate 4 is held by suction on a not shown substrate hol der. The
substrate holder is fixed on a sanple table 5, and the sanple table 5 is 15
fixed on thend &t aafeidnmdinte speipére (bbh e DB4B) i ghischhel sgnsatheof the
substrate 5 with the image plane of the projection optical system 3 by
control | ing idsdomesspash tH108 PSR §tade i andptheaphekomadk direction) and
.tilt angle of the substrate 4 by an auto focus system 20 Further, tt~e XY

stage 6 posidygiisrdte SRMphE é@@é@r&éf@é%%@iﬁé tRet AEignAlbheCli on and

Y-direction on the base 7 by for exanple a |inear notor syStem The

X- coor di nat - copr.di 0, i I f I le 5 are
measur ed by%r%l\)/(]f n(gPZtgl‘%aér?%?%R n%E f%%%9‘21%%%25?hghga%%lﬁ%tfgggegggggd a | aser
- 54 interferoneter 8 arranged facing.it. The asured 0 3 SEP 2002 val ues
are subpl i e P & AL RIR TRE SSLPCH 102A%F (RE TAPRPREREFDF S5stem o.
The noving mirrors 8m_ as shown in FIG_ 3, include the X-axis noving mrror
8mX 5 and t Heher-RAGEALBLY R Mas BT BAAS kI Hen sthgePRORPPBFKsyst em 10
controls the operation of the Iinear notor of the XY stage 6 etc. based on
t he nmeasur edsukgtesteind the control information fromthe main contro
system 9. 10 Further, a shelf-like reticle library 16 is arranged at the
side of the retiThe méttysd 20f Iprddwect bdbn cof & i phictymd bk anecardanged t he
mask reticles R, R2,..., RN on N nunber of support plates 17 successively

arranged in gdecke dévshtRNasgoEofBEhe pRoséft | eheénBiohomR) Bee reticles
formed with master patterns P1 to PN obtained by dividing the master
10 worked by use of this exposure apparatus for
production of a photomask. When an alignment mark is
formed on the photomask substrate and transferring the
pattern of the master mask on the photomask substrate,
if aligning the master mask and photomask substrate by
15 an alignment system using this alignment mark, the
pattern transferred on to the photomask substrate
becomes accurately aligned with the alignment mark,
there is little rotation, offset, and other error
between the alignment mark and pattern as in the past,
20 and therefqQre a high quality photomask can be
produced.
In this case, the mask magazine, as one example,
stores a plurality of master masks (Rl to RN) formed

with patterns obtained by dividing an enlarged pattern

25 of the pattern (27) of the photomask to' be produced.



pattern 36 of FIG 1 (master nmasks). The reticle library 16 is supported to
be able to nove in the Z direction by a slide 18. Areticle | oader 19
. provided 20 with an arm-able to freely rotate and nove in a predeterm ned

range in the Z-direction is arranged between the reticle stage 2 afgskgi
reticle library 16. The main control system9 is designed to be a 062
adjust the Z-direction position of the ¥&ticle 25 library 16 through the
slide 18, then control the - 55 operation of the reticle |oader 19 to
transfer the 0 3 S E P 2002 desired master reticles RL to RN between the

desired supmails prilEesl Ahe ndecdeings s [tdrive yqgdbclkyl éRehirgeetie stage
2. In FIG 2, the i-th master reticle in 5 the reticle library 16 is pl aced

on the reti gy Exiifsre Y Hepetftormed N tdibreysi®e 9 i s connected to

.a_.magnetic disk device or other storage 11. The storage 11 stores an

exposure datg fiﬂ&o@%iws‘&” i dataadid | §e Nase 1EEOL init the

posi tional relationship-anong the nmaster reticles to , alignnment

i nf ion,, . W i h b when_finishi f
he r oduced TR T GG TRaer 10 ot (Ferea e ametRFRE EREl “area on

the substrate 4, the next shot area on, the supstrate 4 is noved to the
exposw? e ar Srastugding ft ARG PIETHARE AR ISP %t RpPADYERRNPRof the XY

stage 6. In parallel with this, the master reticle RL on the reticle stage
2 is 20 ret & dwtanaghe 34) iateordnarso e pregertet ipyentsauePn19 and
the next master reticle R2 to be transferred is placed on the reticle stage
2 fromthe rmtialdevide subditrate t (@) r ethel| exposuce dP¥pardites al i gnnent and
the | ater explained correction of the 25 imagi ng characteristics, the

reduced i mgthafadterized ¥ havitg S MmdzRPagaskieich etatt eef2the
proj ected and exposed on the
photomask; a projection optical system (42) which
10 projects a reduced image of a pattern of the photomask
carried on the mask stage on to the device substrate;
a substrate stage (44) which positions the device
substrate on a plane vertical to an optical axis (AX1)
of the projection optical system; and an alignment
15 system (41A, 41B) which aligns the photomask on the
mask stage and the device substrate on the substrate
stage using the alignment mark (24A, 24B) of the
photomask on the mask stage so as to project the
pattern (27) of the photomask on the the device
20 substrate. :

The above-mentioned methods of exposure of the
present invention can be worked by using this exposure
apparatus for production of a device. The alignment
mark formed on the photomask is used for alignment

25 when forming the pattern of the master mask on the



correspondi ng shot area on the substrate 4 through the projection optical
system 3. After this, a step-and repeat is used to expose the reduced
.images of the 5 successively corresponding naster reticles R2 to RN_op_ the
refai ni ng shot areas on the substrate 4. \Wen exposing the r educed Jidneiged0]
of the master reticles RL to RN on the substrate 4 in this way, the

adj acent reduced i mages have to be stTt¥hed together 10 with a high
accuracy. Therefore, the naster reticles R (i =1 to N) and the
correspondi ng shot areas (designated as Si) on the substrate 4 have to be

al i gned wi t phatiomgls kacsrsstma t d-affoxt Iprodiic ymgrerhe phetpmagkct Ann exposur e
apparatus is provided with reticle 15 and substrate alignnment nechani sns.

FIG 3 showallikmnietit alarialtilgnnidite nes hete s4l Dfnmént wxpRPaE. thiasFIG 3, a
transparent reference mark nmenber 12 is fixed in proximty to the substrate

4 on the saghe tigbhised FdPAKe 1 Ldmeensaned foERIfHCENE0 Marks 13A and
13B are for exanple forned at a predetermned interval "in the X-direction

on e Lof SRR AT TPSle) e HUAIERacal He-bBLIQ ehpfbestel rence

mar ks 13A a um natron system umnating the
reference 25 .marks 13A and 13B fromthe projection.,optjgcal,system 3 - 57
Side By 111 driiS PO GHRE kR 1FENTE Feompted e HighRetL. “When
aligning the master reticle Ri, the XY stage 2 of FIG ,2 is drjven to

posi tion t hEA@ A% flel FRNERL AT kS LNSEPRERELY / adCshBWRCFRIRL® 3, the 5
center of the reference marks 13A and 13B on the reference mark nenber 12
i s subst ant it#l |YRAGE dheni RIS thiondt | *FUBIEE @K Bhet RateBRecti on opti ca
system 13. Further, as one exanple, a pair of cross-shaped 10 alignnent

mar ks 21A arfibrdieel e tfhe nbel soe asubstsapewi andt be parneih asea 20 on the
pattern surface (under surface) of the master reticle Ri. The interval of
the referengdgmitkse XA prsidss a sns€todévibee swbshagbodl |y equal to the

interval of the images 15 reduced by the projection optical system 3 of the
10 characteristics.

Further, according to the present invention, if the
magnification from the pattern of the device formed on
the device substrate (W) to the pattern (27) of the
photomask is @ (B is an integer, fraction, etc. more

15 than 1) and the magnification from the pattern of the
photomask to the pattern (36) of the master mask is «
(o is an integer, fraction, etc. larger than 1 in the
same way as B), the line width of the pattern of the
master mask becomes «-f3 the line width of the pattern

20 of the device. Therefore, if the drawing error of the
line width when drawing the pattern of the master mask
by an electron beam lithography system is Ad, the
error of the line width of the pattern of the device

is reduced to about Ad/(«-R), so the pattern of the

25 device can be formed with an extremely high accuracy.



“alignment marks 21A and 21B. In the state with the center of the reference
fmar ks 13A and 13B substantially aligned with the optical axis AX as

. expl ai ned above, inmges enlarged by the projection 20 optical system 3 of
the reference marks 13A and 13B are formed in proximty to the alignnment
‘mar ks 21A and 21B of the master reticle R by illumnation by i |1 0 SR H@n
i ght of the same wavel ength as the expd8ure light IL fromthe bottom of
the reference 25 mark nenber 12. -58-03SEP2002 Mrrors 22A and
22B are arranged above these alignnment marks 21A and 21H for reflecting in

the X directiohs thedddainpti®omn i@ d$pwat her pEwé estéganepti cal system
3 side. TTR (through the reticle) type 5 inmage processing type alignnment

sensors 14A ik i@ rett?éx?é“ﬁ@ﬁpf&vi&é@'é(e:ré@ﬁoa%f‘ PahheRibhobE
reflected by the mrrors 22A and 22B. The alignnent sensors 14A and 14B are

rovi ded wt t of he nsi ona

BI ckup 10 el% ﬂiﬁ%%ﬁé’%l C gggenen?&agci ?ﬁ gﬂeéﬁnéé%%ghgﬁe al i gnnment
mar ks 21A and 21B and t corres dln reference rks 13A and 13B and
suppl y |nagém§5§ %ﬁ@A dggﬁ a??g% g %%TtE?B%eég? gogygten115 of FIG 2.
The al i gnment. si gnal_processing systen115 perforns 15 i mage processi ng on
the i nBge siRfREENATK|dvidtnand desies prisernotothe hFRBAABATSARr ks 21A
and 21B with respect to the inmages of the reference marks 13A and 13B in
the X-directonrtaral sechndcsulbostnatie s(Ppl gntwkichotheomncsodévateset to the
main control system 20 9. The mai n~control system 9 positions the reticle

stage 2 so timttd hise tformeduitso od pldsslibpcofieebgmertrpataaedngal | w thin
predeterm ned ranges. Due to this, the alignnment marks 21A and 21B and, in

turn, the mastfispatteid Fedises fﬁ&%eé)ofntﬁéeEPaféfiﬂ yabga 25 20 of t he
master reticle R, are positioned with ~ 20c2 - 59 respect to

the referencgléméllf@ Pt &Pls 168 to the first substrate to form a

10 device pattern using positional information obtained
by detecting the alignment mark, and transferring the
device pattern on to the second substrate using the
alignment mark of the photomask on which the device
pattern is formed.

15 According to this method of production of a
microdevice, the alignment mark formed on the
photomask is used for alignment when transferring the
element pattern on the first substrate for producing
the photomask. An alignment mark the same as the

20 alignment mark at this time is used for the alignment
when forming the pattern on the second substrate and
then the pattern transferred, so there is little room
for error to enter compared with when forming
alignment marks independently, it is possible to

25 improve the positional accuracy of the pattern formed



" In other words, the center of the inmage reduced by the projection optical
system 3 of the master pattern Pi of the naster reticle R (center of
_exposure) is 5 substantially positioned at the center of the referg%qﬁ
mar ks 13A and 13B (substantially the optical axis AX) and the P 2002
‘perpendicularly intersecting sides of the contour of the master pattern P
(contour of the pattern area 20) are se#Oparallel to the X-axis and Y 10
axis, respectively. In this state, the main control system9 of FIG 2
stores the X-direction and Y direction coordi nates (XFo, YFo) of the sanple

tabl e 5 measen eehdysébénd asebstphtef eangeifr t8randtends polee idhiegrent of
the master reticle. After this, any point 15 on the sanple table 5 can be

moved to the?f@a\a@é 2f mexpPegevecel wibsa ggéae&h_ﬁ%EE%EQiBit-ic@!”he_r’ in FIG
2, an off-axis systeminmage processing Type alignment sensor 23 is provided

at the side syrface gfodhg: pgobscLi on ot ALaL YSEerhELoERLRR detecting

tie position of marKs on e’su e al rgnnent “sensor

illumnates the ngrk be%ﬁg det ect ed b# iIIunigEtaonfli ht of a broad band
to which t he'PASPHIRRr sERFESHAE BERYFEPT? PBFERSALBT REPOSITE of the
detected mark by a CCD canera or other 25 two-di nensional pickup el enent,
and suppl i esU$hadj AuBeurayliysof paskgoto gpansfgraPatserRg 20 gnnent
signal processing system 15. Note that the interval between the center of
det ecti on of phpkoSenghhbvie svhsbrake indat péurapisy of pAEFtdedilacted inmge
of the pattern of the master reticle 5 R (center of exposure) (baseline

anount) is fouerlappangaareassi hjepmetihbdr oifnedposigeence nar ks on t he
reference mark nenber 12 and stored in the main control system9. As shown

in FIG 3, tv¥pagaetériika BYi lAREAY thekamdAn24AfaegpdsBrar atf parexanpl e
formed at the ends of the substrate 4 in the X-direction. After the

TheST R oo R B LT g Bpegthc the gl agecdars il vt Lo v
248 OTOthe SHHétﬁQEQeén different from the amount of exposure at
other areas.

Further, using this method of exposure, a method of
production of a photomask including the step of
transferring a plurality of patterns on the photomask

15 substrate by a step-and-stitch can be provided.

Further, using this method of exposure, a method of
production of a device including the step of
transferring a plurality of patterns on the photomask
substrate by a step-and-stitch can be provided.

20 12. According to a 12th aspect of the present
invention, there is provided a method of exposure
emitting an illumination beam to a mask and exposing a
photosensitive substrate by the illumination beam

through a projection optical system, the method of

25 exposure characterized by detecting an image projected



" 15 successively to the detection area of the alignnent sensor 23 of FIG 2
to0 measure the amounts of offset of the reference marks 13A and 13B and

~alignment marks 24A and 24B with respect to the center of detection of the
al i gnnment sensor 23. The results of the 20 neasurenent. are supplied to the
‘mai n control system 9. The results of nmeasurenent are used by t e} 58 ¢062
control system9 to find the coordinate$l (XP1, YP1l) of the sanple table 5
when the center of the reference marks 13A and 13B is aligned with the
center of 25 detection of the alignnent sensor 23. This ends the - 61

al i gnment ofpyt ithes Yhsd Jeittich dstcdBssydteh heri atpIwphsibptyeen the center
of the reference marks 13A and 13B and the center of the alignnent narks

24A and 24B { ¥ {dyeant Pd Hptd Ofh W drea 011 Pghi RS 8§COFRLAe XPO- XPL, YPo- YP,
) Thereforefﬁky d#ﬁbﬁ%g t he XY stéﬁ% 6 of FIG 2 bygggac?ly t hose

intervals ( XRQ:XPLl . .YPo-YP1l ). W p. 0, | nates (XFo, YFo)
of the saan%?#@ﬁ%é?%%éﬁ)?{EFtF¥&§§E£§§ig%%%%tl%$8¥ﬁ%9%§gfer reticle R, as
shown 10 in F|G 4, it is, possible to align the_center of the.alignnent
marks 24A afDIETIR9 (IREY t?%?’éa%t?’&’e%?’e?s o?fstheiPErPdcdfedith t he
center _of the projected i mages of the_alignment marks 21A and 21B of the
nmast erSreti citage hased 4N ofhe §rRer JevPERiRI R{hiNaI8cREPABFteBy dri vi ng
the XY stage 6 of FIG 2 to nove the sanple table 5 in the X-direction and
Y-di rection by the pxaieetion optpoakisystem akpbeasthatredaced i nage Pl
of the master pattern Pi of the master 0 3 S E P 2002 reticle R at the
desired posineasuremndnt gspict dwtshde 20f cene eilbimihatedbareat én4a That is,
FIG 4 shows the state of reducing and transferring the nmaster pattern P

of the i-th glsterwieh i €he sptDFal hehsrbsteniet fcsha@ygbtblerpr oj ection
optical system3. In FIG 4, a rectangular pattern 25 area 25 centered at

the center ofpddigy A4 GMENInFBEKScion, S2n ot 1y -tRO03aRdARRd 248 of the

surface of t ubstrate 4 and bounded by sides parallel to the X-axis and
Y'aX'fO'S adjusting characteristics of the pattern image by the

projection optical system using the second information
so as to expose the photosensitive substrate by the
illumination beam using the mask. In this case, it is
possible to detect a mark positioned outside of the

15 illuminated area on the mask and adjust the
characteristics of the pattern image based on the
second information and third information obtained by
detection of that mark. The mark is for example formed
at a plurality of different positions outside the

20 pattern area on the mask on which the pattern to be
transferred to the photosensitive substrate is formed.

The first and second information can be obtained

using a specific mask different from the above mask.
In this case, it is possible to use a specific mask

25 having a first area corresponding to the pattern area



“virtually set in the main control system 9. The size of the pattern area 25
is the size of the master 5 pattern of FIG 1 reduced to 1/a. The pattern
.area 25 is divided equally into a sections in the X-direction and
Y-direction to virtually set shot areas S1, S2, S3, ... SN (N = azZ). The

position of the shot area Si (i =1 to h% is set to the positi Sg&gh?e
reduced 10 inage Pli of the i-th master4pattern Pi when reducﬂﬁg

projecting the master pattern 36 of FIG 1 through the projection optical
system 3 of FIG 4. Wen the imging characteristics of the projected inage
of the proj exid draweppsarsecqpdir aites astsidée hef 1Bheaos &naginewhdibhd 34 of
this exanple are ideal, the main control system 9 drives the XY stage 6 of

FIG 2 to alim gherLeiteropimdPes iatd sdehed/ csbShifingheheupsisate 4 with
_the center of exposure of the reduced image Pli of the master pattern Pi of

the master 2t i ol o by OLkdYsdHS DD R Pk BANERL. DXL a1bE MRl 1

control system 9 correct i magi ng characteristics as explarnéd |ater,

t hen projects and .exposes t.he red d; i 0 e er tern_Pi on the

shot area Siar%)cfwl ?%1%3(121'8 S r%lpee ﬁ?céj'ﬁgl'—“rg@%&mz{soégﬂﬁc %£?%S§§ 8?‘ fhe naster

pattern alreaqécgﬁgo ed 0 3.~~P" ~9~~ - 63 in the pattern area 25 of the
By &

substrate 458 SPRY 3¥8Rs, while unexposed reduced i mages are
shown by broken |ines. By successively exposing reduced i mages of the 5
mast er patterns USing e Abeve W"rhﬁ%é?f oIXPRSEER, ratmethadrRaft o RN of
FIG 2-on the corresponding shot areas S1 to SN on the substrate 4 in this
way, the reducsthdtnepesobfatdeviest mchadimg msh@lstepPdifare exposed whil e
being stitched with the adjacent master 10 patterns. Due to this, a

proj ect ed i nagensbef iddiea NBeY fe PPdt€61n 360 04 wbEkpilecedogrdbeo 1/a is
exposed on the substrate 4. Next, the photoresist on the substrate 4 is
devel oped anghr-&frded, and the remaining resist pattern is peeled off,

whereby the projected 15 inage 26 on the substrate 4 becones the naster

patte{f Further, using the above method of exposure, a
method -of production of a photomask including the step
of transferring patterns formed on a plurality of
master masks on to a photomask substrate by the step-
and-stitch system can be provided. In this case, it is

15 possible to reducing and projecting the patterns of
the master masks through the projection optical
system, enlarge a device pattern to be formed on the
photomask by exactly an inverse magnification of a
projection magnification of the projection optical

20 system, dividde the enlarged pattern into elements or
functions, and form the same on the plurality of
master masks.

13. According to a 13th aspect of the present
invention, there is provided a method of production of

25 a photomask for use in an exposure apparatus, the



" 27.shown in FIG 5 and the working reticle 34 is conpleted. Wien exposing a
single substrate 4, however, there is no exchange of the naster reticles
R, the 20 substrate ~~is fixed to the sanple table 5, and the position is
accurately measured by the laser interferometer 8. Therefore, during the
‘exposure of a single substrate 4, since the positional relationghy $Epmimeen
the reference marks 13A and 13B and the%425 substrate 4 does not change,
when changi ng the master - 64 reticles Ri, it is sufficient to position
the master reticles R with respect to the reference marks 13A and 13B. It
i's not necessstthod mfighmsdudtitopost ta opisodmasle ahapaceatipeakby24A and 24B
on the substrate 4 5 for each master reticle. In this case as well, the

nast er patt edfsodingh tgeurEnt ©f chtLi;&i"@ﬁaﬂ%aé@te@?ﬁiEgPa%é@_g gyposed
_held in an accurate positional Trelationship by the alignirent with reference

mar ks 13A angd mgi%%n%hfolpogﬁéi t % ?ﬁr&éiﬁe‘%f 13Q{aﬂ€960§ by the stage

10 control system nitored aser | ronmeter- 8. Therefore, of
course, the stitching .accurac et ween, patt erns ) cQ hi gh. Further,
when for m ngUre bRt I8 EFPLRING F o Bl E8eBE B R e T O ne et er
pattern 27 of FIG 15 1, sonetines onl ense_patterns are forned on one
ast o151 ot | 1 APELCHRRE THER a2 §rTled (8n b ERREGAAS Bk PEPe8) af ed
patterns are forned on another single naster reticle Ro. At this tine,

since the densErdpbiterel seetienRs ArY bwutadinstingfet 1aasheons pést

illum aiation conditions, inmaging conditions, and ot her exposure

condi tions, atshapeland pssiblentef optredueeced himageostfira dowddedons, that
is, the shape and size of the aperture stop in the illum nation optical
system 1, theatodhet ediceti@ciabstpata@chased andt2enghernunerical aperture of

the projection optical - 65

characteristics of the master masks by the exposure

10 apparatus. In this case, it is possible to modify
design-data of a divided pattern produced from the
enlarged pattern and form the divided pattern on a
master mask in accordance with the modified design
data. Further, it is possible to adjust optical

15 characteristics of a projection optical system forming
a reduced image of a divided pattern based on the
transfer characteristics. Further, it is possible to
transfer a divided pattern on the substrate by
synchronously moving the master mask and the substrate

20 for scan exposure of the plurality of areas and adjust
the shape of the reduced image by changing conditions
of the scan exposure based on the transfer

characteristics.

25 BRIEF DESCRIPTION OF THE DRAWINGS



0 3 S EP 2002 system3 in accordance with the master pattern Pi. At this
time, when the master pattern Pi consists of dense patterns (periodic

. patterns), the nodified illum nation system nmay be adopted and the shape of
5 the secondary |ight source may be nade annul ar or restricted to a
plurality of |ocal areas separated fromthe optical axis of the
i 1lumination optical system by substantddl -y equal distances. Ful@h&P, 200
optim ze the exposure conditions, it is also po Bible 10 to insert or
remove optical filters (so-called pupil filters) for blocking the exposure

l'ight in circul @rcar @adscentdlew Fdrolex@iAiMing ke pxdded @i s near the
pupi| plane of the projection optical system 3 or make dual use of the

so-cal | ed PLRgHRTY\Wh foiCa wRiKing T etidied ng(ﬂﬂc?ébn{ﬂ‘%l@)ocgcé&fd sing the
_image plane of the projection optical system3 and the surface of the

substrate 4.to_vidrate .\ g e ry det erm ned range.
Further, it tltos ap(#slsriasb eeﬂbgcmalggeg& ﬁ]%%%?%@?@é&%géﬁ ocal point

met hod using th ster, mask as .a.phase shift nmask d maki ng the a val ue
OF the 111 umi nafiln doritcd etk il SUsARAY J LML G GREEEH Furt per
the photomask is not limted to a nask 25 conprised of only a shielding

| ayer df chityRe HFFUFHAON PIRYecHiqn RXRP iaéqulfﬁlﬁerf&%e Btion type
(Shi buya Levenson type), edge enhancenent type, halftone type, or other
phase shift pagscing fdva iwankimng irrﬁﬁme,;pag/i@e fﬁmﬁkr@gbcrgummi on type
or edge enhancenent 5 type, since the phase shifter is patterned overl aying

t he shi el di of diet gmesEnt himverskianybstrate, a separate nmaster nmask for the
phase shifter is for exanple prepared. Next, an explanation will be given

of the 10 corr egtriqqn 30fid mgjd}g;paaﬁﬁaxg eriend i pa‘rﬁjtusljy r@jtﬁa)pdi ment. As
shown in FIG 6A, tw alignnment marks 21A and 21H are fornmed in the

shi el di ng anRa o RN FHRIvIHED GhOWS e diiferd &3¢ i Mhied the pattern
(device pattern) "Pi of the naster reticle R

10 reticle in the projection exposure apparatus of FIG.
2;

FIG. 4 is a perspective view of main parts showing
a case of projecting a reduced image of a master
pattern of a master reticle on to a substrate 4 in the

15 projection exposure apparatus of FIG. 2;

FIG. 5 is a perspective view of main parts showing
a projection exposure apparatus for projecting a
pattern of a working reticle produced by the first
embodiment of the present invention on a wafer;

20 FIG. 6A:is a plan view of the configuration of the
master reticle of the first embodiment of the present
invention;

FIG. 6B is a view of an example of a mark of the
master reticle of the first embodiment of the present

25 invention;



"15.is formed (pattern area). The peripheral area 52 is further formed with
a plurality of spatial imge neasurenment marks (first marks) 53. The
.spatial image neasurenent marks 53 are not limted in nunber or 0 3 SEA
2002 position, but in this enbodi mrent two each are arranged 20 atogqqum
ahe sides of the pattern area 51 (boundary portion of pattern area 51 anJ
peri pheral area 52). The spatial inmage #Pasurement narks 53 are, as shown
in FIG 6B, each conprised of a pair of mark el ements 53X and 53Y. Each
mark el ement 53X and 53Y is 25 conprised of a |ine-and-space pattern
conprised of a FDG3 6E~isaaoZiewb6df phothert gxampiki bf ar may®dof
intermttently. The longitudinal direction of the slits of the spati al

i mge measurenBnhasBek BaXiamnd bRethengirydi Babodimesti 8# ¢hed he slits of
the spatial inmage 5 neasurenent mark 53Y are fornmed to perpendicularly

i ntersect. Esthet iLPentpahlal image nmeasurement marks 53 are conprised
of the pairh% %arE é*en%nts 53X and 53Y here, but it is also possible to

provi de a singl rk,10 el enent or,.as shown in FLG GQC_ provide a

conbi nati on of :FEEUrEIf?yaoYlﬁﬂrEEeFﬁﬁeﬁ?§¥g§Rf?Eégk2?°§3X3, 53Y1, 53Y2,
53Y3, 53A, 53H,_and.53C. The mark el enents, iin_addition to the arrays of
slits 83x1 t®*B53&NiRG BYFFUFEMERY30L 12y SRAS4abe 1RBAFr iBed S THESY X 15
arrays of a plurality of pinholes (including circular, rectangular, and

ot her shapes§mBe@dimgntief thet pEpsenfeipBPRtéPBAENts may be combi nations of
slits of different thicknesses (weights) and array intervals such as shown
by 53X1 to 53X3 BIGH3%A i® 33Y¥BewrofOtbhenbtatei ofyscahnpnghal es of
different sizes (diameters etc.) or array intervals as shown by 53A to 53C.
A configuratppojettéelieimaygk efeaemagkofor epplbdhingaghenppawiarent mark 53

of a shape corresponding to the pattern Pi fornmed in the pattern area 51
may be 25 adophgd. m¥BstrbhenpatihetRePEir§tachbBainedtSBFChe
10 present invention;

FIG. 8B is a view of the output of a photoelectric
sensor for explaining the spatial image measurement in
the first embodiment of the present invention;

FIG. 9 is a plane view of the configuration of a

15 control use reference mask of the first embodiment of
the present invention;

FIG. 10 is a view explaining a master reticle
(master), blank (photomask substrate), and working
reticle used in the first embodiment of the present

20 invention; ;

FIG. 11A is a plan view of the configuration of a
reticle of a second embodiment of the present
invention;

FIG. 11B is an enlarged view of the main parts of a

25 reticle of the second embodiment of the present



-8 s - 03SEP2002 pattern, the slit arrays 53X1 to 53X3 and 53Y1 to
53Y3 may be adopted, while when the pattern Pi is an isolated pattern or
~contact hole (C/H) pattern, pin hole arrays 53A to 53C may be adopt ed.
Havi ng spatial 5 image neasurenent marks 53 differ in shape between master
Teticles R is not desirable fromthe viewpoi nt of standardizatf@5ERt2002, so
it is also possible to use a conbi nat+of6of-a plurality of types of mark

el enents such as shown in FIG 6C and performthe nmeasurenent 10 by

sel ecting or conbining mark el ements corresponding to the-shape or type of
the pattern foremgiom; the pattern area 51. The spatial inmage neasurenent
mar ks 53 may be forned sinultaneously with or in a separate process from

the alignment myke, AL 80 25!kl 20 dq LRS! £88eD8EMbLbIAIAGONY

system |aser beamithography syst proj ection exposu appar atus

(st epper, scanner t . an_ex i iLbL_Db iven a

measur enment %le%?%%iqgrf%%%%fép“é%ll%‘? ﬁ%%ggénggg#%ﬁ%n?og}&rgaswg%h In 20 FIG
7, a light receiver for spatial inpge peasurement of the imges projected
by the proj GRS AEHEE SRTERFEIOR LhosshBATal SRRAURRBAS BEoRBRL. mar ke
53 fornmed in the peripheral area 52 of the mask reticle R is provided on
t he XYSstagePXesamt sLRYGRELPREei ver 25 is conprised of a photoel ectric
sensor (photoelectric 0 3 SAP Z002 - 69 conversion elenment) 56 provided
beneath a |ight FEReil3d nijs ph aviewofhavh@gcaseeef apyaducisfgaped (in this
enbodi nent, a square shaped) aperture 54 as shown in the figure. The

detection siymekind téeidlehos bryemasterseasdelbs formedutvith the main
control system9. Note that it is also possible to not provide the

phot oel ect rigaeeasRE BEfYPEeEotrhecBPEAt UhetRd, tRYtdt emBsAidehitgbls gui de or
the like to guide the light to another portion and detect the anount of

l'i ght 10 j [ : : il lum nati
he master rett aVE EETC | NAGeae arn) L SA Ryt RE B okt an 128t cal  syatem 3

of th?o FIG. 14 is a view explaining the measurement and

correction of displacement for producing the master
reticle shown in FIG. 12;

FIG. 15A is a view of an example of error in

imaging characteristics of a projection exposure
15 apparatus using the working reticle produced in a
fourth embodiment of the present invention;

FIG. 15B is a view of the method of correcting
imaging characteristics of a reduced image of a master
pattern on a working reticle produced in the fourth

20 embodiment ©f the present invention;

FIG. 16A is a view of another example of error in
imaging characteristics of a projection exposure
apparatus using the working reticle produced in the
fourth embodiment of the present invention;

25 FIG. 16B is a view of the method of correcting



" spatial image neasurenent nmarks 53 are forned on the surface of the light
receiving plate 55. The nmain 15 control system 9 noves the XY stage 6 to

_bring the light receiver of the spatial inmge neasurenent apparatus into
proximty with a position corresponding to one projected inmage dfj §E8gmpi al
i mge neasurenment mark 53. In that state, as showmn in FIG 8A, the 20
aperture 54:~of the |ight receiver iS'HﬁEe'To scan the projected i nage 57,
whereby a signal as shown in FIG 8B is detected by the photoelectric
sensor 56. That is, the image of the head position slit in the scan
di recti on anmagime qgilaradtdnistficd idS q |reficedsinage 26f parmashey of the
spatial inmage neasurenent mark 53 0 3 SEP 2002 - 70 appears in the
aperture 54 pdtdwrd lvh iaegekiaig tiet fdj agerddisded sisuckessouety appear.
_After all og)the slits appear in the aperture 54, they successively nove

out of the apgiddinernd of it |predditt | IREOS Ldnp &dd of the slits nove out
fromthe aperture 54. At this tine, as shown in FIG 8B, the output (anmount

of light received). of i i €S¢S tantially
in steps, peaks?qt 'enlére% Pahngsl%%ﬁé{efpﬁ %ﬁﬁg{%ﬁ?h‘émﬁv‘gﬁeﬁﬁéof the 10
projected inmages 57 of the . slits with respect to the aperture 54.

Ther ef re,lﬂ#ﬁﬁﬁ%ﬁnqngE9ﬁ99§ﬁ9Qﬂ t® RO IcHe %#'gﬁﬁge at the peak
position of the detected values_or the center, portion of the signal found
by slicing thRUThE RRRaAINaNy of e RECSeRY R EPRT3PRd signal of FIG 8B),
it is possible to neasure the position of the projected i mage of the
spatial inmage neasurenent mark 53 in the X- or Y direction. Further, if
measuring the X Y-coordinates at a plurality of Z-positions, the strength
of the 20 signalBES : TARRNING QU THE [ENTII N erenti at ed signa

of the same wll change. This signal strength peaks at the inmaging plane.
Further, by novimg tdwesdrgeifrént idre WXl restéon 4 the@cinonopé optical
axis of projection optical systen) in the 25 state with all or part of the
i magepg Of t Ry M 3ld ok with reference to the attached drawings.

First Embodiment
Below, a first embodiment of the present invention
will be explained with reference to the drawings. FIG.
1 is a view of the process of production of a
15 photomask. In FIG. 1, the photomask to be produced is
a working reticle 34 used when actually producing a
semiconductor device. The working reticle 34 is
comprised of a transparent substrate made of silica
glass etc. on one surface of which a master pattern 27
20 for transfer is formed by chrome (Cr), molybdenum
silicate (MoSi, etc.), or another mask material.
Further, two alignment marks 24A and 24B are formed
sandwiching the master pattern 27 between them.
Further, the working reticle 34 is one used in 1/8

25 (B is an integer, fraction, etc. larger than 1, for



0 3 SEP 2002 - 71 of slits of the projected i mage of the spatial inmage
-measurenent mark 53 in the aperture 54, the anount of |ight received by the
~ photoelectric sensor 56 will gradually increase, peak at the state when in
register 5 wwth the imging plane, and then gradually decline. Therefore,
it is also possible to detect the inagiyg pl ane by detecting the position
of the peak position in the Z-direction?®Acctordingly, by movind §18&Pdilage
in the Z-direction and X-direction or Y-direction 10 i ndependently or at an
angle, it is possible to detect the projected inage at the optimal inmaging
pl ane and pessngle td i for ove § heredoek oy pifo jeceton obhrawgkrtheéi gnnent of
the reticle R by the reticle alignnent marks 21A and 21B, this spatial
i mge 15 megmyRitiion omeidLr negs e the 4 peeiesl i opges of the spati al
~image neasurenent marks 53 and the results of neasurenent are stored and

hel d. Basedé&%fgy%ﬂgﬁngg éﬁrérgbég¥§%u§qm§ﬁattf§,iﬂ@gff@.cpgrgcteristics

are corrected by for exanple adjusting 20 the projection magnification

el i e oA SRR AP 82 Ufe TRAMCS: IOGEOEN P BE BRLCL of 1S

posi tions of ‘t"he projected 1nages al®1nage neasurenent marks 53
(image_positions) fromithe corresponding.ideal lattice (desi sitions).
By 25 " ans sk ﬁﬁr&pcl;’[? oth B SPqs d QR 1350 FRAT 53T GP #0885 £ 2002
72 _thereticle R on to the photomask substrate 4 in this state, a
hi ghly accurtdt® Wik h Rated Withs? SHREPresisbi nkheni thej vaferpossibl e
to reduce deformation of the pattern due to distortion or coma aberration
or 5 other diferdemnelnped anmt erghedtionfoptizapredetermanegdr oj ecti on
magni fi cation error, drawing error of the pattern of the naster reticle R,
rotation, shiiftquiancgpatteErn pdsion cseath eshaor afea he8 neBekowpeancle R with
respect to the projection optical system 3, bending

explanation will be given of one example of the method

10 of production of the working reticle 34 as a
photomask.

In FIG. 1, first, the circuit pattern 35 of a layer
of the semiconductor device to be finally produced is
designed. The circuit pattern 35 is formed with

15 various line-and-space patterns (or isolated patterns)
etc. in a rectangular area with widths of
perpendicularly intersecting sides of dX and dY. The
circuit pattern 35 is enlarged pB-fold to prepare a
master pattern 27 comprised of a rectanqular area with

20 widths of the perpendicularly interesting sides of
B+dX and B-dY in the image data of a computer. The B
is the reciprocal of the reduction magnification (1/B)
of the projection exposure apparatus using the working
reticle 34. Further, when the master pattern 27 is

25 projected inverted, the circuit pattern 35 is enlarged



" 10 and other deformation error of the master reticle R acconpanying

‘hol ding on the stage 2, and other error. Here, since the spatial inage
measurenent marks 53 are formed at the peripheral area of the naster
reticle R (they generally cannot be formed in the 15 pattern 8r3e$ERBIH
“even if adjusting conditions to give the optimal inmaging characteristics
for the spatial inage neasurenent markst$3,- the characteristics will not
necessarily beconme optimal at the pattern area 51. Therefore, in this
enbodi ment, the followi ng neasure 20 is taken to: realize higher accuracy
pattern fornmvextedsi rst, a control use reference mask (reticle) 60 such as
shown in FIG 9 is prepared. This control use reference mask 60 is

configured in thexsmnemasan il 2 e efnl@tded Qxfi‘oPdld%&S produced
~through a 25 simlar process of production. That is, the area o 03 SE

P 2002 - 73 f§1earpqq{{éaeﬂ,8$ffclf@_{&{l,ceeﬂ@§klh%éfe@rw £ efgr 62

corresponding to the peripheral area, in the Sane way as the naster reticle
Ri, is forne .t alj g t r 9 59 i j e

measur enment e%ﬁ?\r%?sl (%’h%%%%sS%%Aﬁe%e %ﬁ%ﬁ%@é@%& and 59B and
spatial image neasurenent nmarks 63 are of the sane, shapes_as the alignnment
o ks D1A aPTERARAR St | THC AR S AR R L (S (2 F oGy ke) 53 of
the master reticle R and are forned at the sane positions_ 10 éfaoing

posi tions) Berpendiquanit hotterfting sides (af arkdbfantexchnd¥ol use
reference mask 60 (area corresponding to pattern area 51 of master reticle
Ri) is forneidh dieh imggeirdatay Oie sprster pattprmedsuiendhvidedks 64, 65,
and 66. The 15 first area 61 of the control use reference mask is divided

into a pl urailrtoy cofserteiaand rvenrt v Xigntand thort iwomwtd Slyleto Herepatde second
area 62 will be referred to as the area 1, the peripheral proximty portion

of the firsty af ea fuliisr tdE i Ever pdteeiearl Npale wf, 20.fhowy pg thE . area
3, and the center portion of the first area 61 as the area 4. Eight spatial
I mage; greasurengnt igREke Ghag®oda23d &6 #18.7 ARG 22¥Rire o =
5 is shown. Note that the divisor o« of the master
pattern 36 does not necessarily have to match with the
magnification o from the master pattern 27 to the
master pattern 36. Next, drawing data for an electron
15 beam lithography system (or laser beam lithography
system) is generated from these master patterns Pi (i
= 1 to N) and the master patterns Pi are transferred
on to the master reticle Ri serving as the master mask
at equal magnifications.
20 For example, when producing one master reticle RI1,
a thin film of a mask material such as chrome or
molybdenum silicate is formed on a silica glass or
other transparent substrate, an electron beam resist

is coated on the top, then the electron beam

25 lithography system is used to draw an equal



"the area 2 to area 4. The spatial inmage neasurenment marks 64, 65, and 66
fornmed in these area 2 to area 4 25 are configured the sane as the spati al
_ i mage 0 3 SEP 2002 - 74 neasurenent marks 63 of the area 1, that is, are
configured the sanme as the spatial inage neasurenent marks 53 of the naster
Teticle Ri. Note that the nethod of dividing the first area 61J1§Sgﬁ§
linited to 5 the above method of divisidM. <rher methods of dii$i'6hWe
al so possible. Note that it is possible to neasure the positions of the
spatial image neasurenent marks 63 to 66 formed in these area 1 to area 4
in advance usignyfaaeduirati nimasy evess uthengf testt owasti€r fpadtehe Rboants of
offset fromthe ideal lattice (design positions), store and hold these
val ues, and tigy falrgobior dksant Areidt OMtexts) Nché hel earorion sbedmof f set as
_correction values. This control use reference mask 60 is placed and 15 held
on the reti ges gt AdfeldifeEXPafel R AAUSLREON rd& OgichagLEAE Wor Ki ng
reticles (reticle exposure apparatus) and illumnated with 1llum nation

L1ght Lo TOoigR4 MRAES (HAIAG ShdmddeP MO OPLL CoyRUgt 6 3 On L he

stage 6. The spatial | mage reasur enent 64 to Irmed in the area
lto ea 4 are sured in i e pasitions in_ that,state | ge sanme way
as neasur enett® &E%}?%p%ﬁ?%lﬁ%gbe%égﬁ%%ﬁé%#k% ]gg oéetﬁ 1fast er
reticle Ri. Based on the results of neasurepent, the inaging 25
char act er i st§Re il XHMeRt XS cahfe ANY 4 LB ROMPHLELGERE oBFR - 75
various types of error of the reticle exposure apparatus. As the nethods of
correction diwa-bigiens nabhdiarkstaee fereed PR obhagnaskEes BRESCHEY mainly
be considered. These are however exanples. Further, as 5 itens for
adj ust nent tRl cior reqredetérmiied ptaitibomal stétat pdnshipreithl e exposure
apparatus, for
respect to the master pattern Pl. Similarly, the
10 electron beam lithography system etc. is used to form
the master pattern Pi and alignment marks 21A and 21B
on another master reticle Ri. The alignment marks 21A
and 21B are used for alignment at the time of the
later stitching. Further, while explained later in
15 detail, a plurality of marks for spatial image
measurement are formed in the peripheral areas of the
master reticles Ri (shielded areas outside of pattern
areas in which patterns are formed).
In this way, in the first embodiment, the master
20 patterns Pi, drawn by the electron beam lithography
system (or laser beam lithography system) are o-fold
enlarged patterns of the master pattern 27, so the
amounts of the drawing data are reduced to about 1/c?

from the case of directly drawing the master pattern

25 27. Further, the minimum line width of a master



" exanple, the projection magnification, rotation, shift, orthogonality, etc.
may be nentioned, but for sinplification of the explanation here, the 10
_explanation is given taking as an exanple the projection magnification of
the projection optical system Note that it is also possible to @2;&33&%
'sel ect the nethods of correction in accordance with the objectiv

possible to suitably select one or 15=ndte Ttens for adj ustnent to correct
the imagi ng characteristics in accordance with the objective. (a)
Correction to Mnimze Amount of O fset of All Points in Pattern Area From
| deal Latti qeatitesn nt hisl oftines ecfonnexampleerS thmesase where 20 uni form
accuracy is required over the entire pattern area 51 (areas correspondi ng
to areas 2, gimédf ¢¥nofmivnhiml 1use wedeheocetn@skaster patsernt he
_positions of the projected i mages of the spatial inage neasurenent marks

63, 64, 65, fﬁ“’§35éﬁcﬁrﬁhé%é@EPéttQEn2P13caﬁ”9e4d9£whh§nCQ”EhektU5e

reference mask’ 60 are 002 neasured and the average

O ot | 0ufE (S uleh e RISR doffiflalPeppreas &1barsofl Betlh o1 A o

using the | squar e et magni |cat|on error
area ip the area defined as . g_area 4 is
et ned as NE§§h°$£&§hyt%%ﬁb?%,%%f?%nanaaﬂv?véa9pa% BL86ERpE bBATDy o
magni fi cation adjuster (lens controller etc.) to mnimze the error of the
area 2 to ar€@SuS%y ohN¥HReY dedf PE?@FEéngTﬂenﬁﬁﬁﬁFfPéaﬂ?ﬁﬁeérror ML' of the
area 10 1 after this adjustnment is neasured or found by cal cul ati on and
stored and h@¢@ﬂ%%e%.%brt@cﬂﬁoﬁtvgneethﬁensabﬁaaltylﬁspﬁgsﬂhéen§9ter
reticle R for exposure of a blank 4, the position of the projected i mges
of the spatiptodm@getheaseceasarynnukbeﬁBoIwankmnd aettihdéegeBdpbgral area
52 of the master reticle R are neasured. If the magnification error found

based on ther¢psatéslpfusgtagutresst asseiplailvéa- Mitead) unentimei s perfor ned
by the magnification adjuster. Due to this, the sanme state is reproduced as
the sjgte 20ryPeppod@EifgitRE hésﬁ@geréﬁlalaé”hietbhﬁNeHBQE abtt he
pose a.-major burden.
That is, a working reticle 34 is produced by
stitching and transferring the 1/o reduced images PIi
(i =1 to N) of the master patterns Pi of the N number
15 of master reticles Ri.
FIG. 2 shows an optical type reduction projection
exposure apparatus used when producing the working
reticle 34. In FIG. 2, at the time of exposure,
exposure light IL is irradiated on the reticle on the
20 reticle stage 2 by an illumination light system 1
comprised of an exposure light source, a fly-eye lens
or rod integrator or other optical integrator
(homogenizer) for homogenizing the illumination

distribution, an illumination system aperture stop, a

25 reticle blind (variable field stop), and condenser



"area 2 to area 4 fromthe ideal lattice of the control use reference mask
60 and the imagi ng characteristics becone optinally corrected over the
.entire pattern area 51 of the master reticle R. 25 (b) Correction to
Mmnim ze Anmounts of O fset of 0 3 SEP 20D2 Points at Periphery of Pattern
Area From ldeal Lattice This method of correction considers the ggpgﬁ
stressing the accuracy (connection accuPdcyy of particularly the sfrtching
portions of patterns. 5 First, the positions of the projected i mages of the
spatial. inmage neasurenent nmarks 63 and 64 of the areas 1 and 2 of the
control use ledersyseemaskn 60-ghe( ieasured Rndmaseegveeagelengii fiscati on
errors in the area 1 and the area 2 are calculated using the |east 10

square net hogwé@d é‘i@r‘@hetf‘@ti?@iéué@&%é PRORLEECRhABNAB! ERE area in the
,area 1 is defined as ML and that of the area 2 is defined as M2. Next, the

DroLecon davduraliomtd PO11EpeEL D18 FROGLL! £aLgR BY ubl er (| ons

controll er ror area fromthe idea

| attice. The nifigcation err t he. area after this adjustnent is
measur ed or T%ﬁéhf¥) %%Fc 3Y?gﬁn%%H g%%r%ﬁ)aﬂﬁ ﬂépﬁr LaYS.BFr BEEi on val ue.
When act ual | uslqg he master reticle R for 20 exposure of a blank 4, the
posi tion of 3798 [Halks(Wavehenghht 24P NRhgeAREaSEFAREAt narks 53

formed at the peri pheral area 52 of the master reticle R are neasured. |f
the magni fi ckas®h kiglht (waveleagell b33tmm)reBulkaser kightrement is MM,
ML' - ML 25 adjustment is perforned by the magnification adjuster. 0 3 SEP
2002 Due to twaeelemgtlsah®7 snm) e €6creproduced as the state where
correction is made to mnimze the error of the area 2 fromthe idea
lattice of the crigrihageeot efiee epgetepskifOthedil bemin@gedgarea of

characteristics 5 beconme optimally corrected at the peripheral portion of
the pattern gieanddtof t&€iFBSIRL {81pFbefted on the surface of
10 the substrate (blank) 4 for the working reticle 34
through the projection optical system 3 by a reduction
magnification of 1/a (o is for example 5 or 4). The
substrate 4 is a transparent substrate such as silica
glass. It is formed with a thin film of a mask
15 material such as chrome or molybdenum silicate on the
pattern area 25 (see FIG. 4) of its surface and is
formed with two alignment marks 24A and 24B comprised
of two-dimensional marks for alignment sandwiching the
pattern area 25. These alignment marks 24A and 24B are
20 formed in advance before the transfer of the pattern
using an electron beam lithography system, laser beam
lithography system, projection exposure apparatus
(stepper, scanner), etc. Further, the surface of the

substrate 4 is coated with a photoresist so as to

25 cover the mask material. After this, the explanation



" (portion corresponding to area 2 of control use reference mask 60). (c)
Correction to Reduce on Priority Basis Anounts 10 of O fset of Points at

. Periphery of Pattern Area Fromldeal Lattice and Reduce Anpunts of Offset
of- Points Qther than at Periphery of Pattern Area From ldeal Lattice as
Wel'l This method of correction considers_the case of 15 stressing3tgFe 200
accuracy of the stitching portions of-p28terns and al so stressing the
accuracy of other portions though not to the extent of the stitching
portions. First, the positions of the projected i mages of the spatial inmge

measur enent wiEllkbebZiveh H©dkimgocRd HGavistperareaes to 2he3, and 4 of the
control use reference mask 60 are neasured and the average nmagnification

errors in thg@aa laxsd & 2of 2k 5Lt {ah e8peichot Bykkepanea 3 and area
_4) are calculated using the | east square nethod etc. Here, the 25

cal cul ated qgﬁ? i i r i [.S S ~ 200z 79
__ defined as ,Jqﬁéﬁég$ %%%gaggésglég %ngﬁégagéekQéuggaé?th of the area
34 is defin S A Next, the projectipn magnification is.corrected by a
magni fi cat i %gmg'dj %/EJtrérNter(? e%}sa%%n‘f? Héeéfe?%.?H?okBaféﬁﬂcgnghgagr"Pgr of the
area 2 fromthe ideal] lattice on a priority basis and to_also_reduce to a
certain extdit® t¥e2%§ ofeoFiehk &P LS BRRCH, B HafRoRLt RAGirddal I atti ce.
The magnification error MLI' of the area 1 after this adjustnent is neasured
or found by 10 JHixAlatthe zelicltersthgad reditions cbheepasbdarval ue. Wen
actually using the master reticle R for exposure of a blank 4, the

position of tdeiqiejRcten itaipestlvdé Xheplamei aThenpgsitkaaunémehe mar ks 53
formed at the peripheral area 52 of the master reticle 15 R are neasured.

| f the magnifétationseidor?2 f osndebesedd opyt Aensesghbemolageasur ement is
MML, ML'-MML adjustmnent is perforned by the magnification adjuster. Due to

this, the sajpstidLohsteeP PRYCRESSrédevai abeanliesgneobiection is made to
reduce the error of the
10 information from a main control system 9 are used to
control the operation of the reticle stage 2. On the
other hand, the substrate 4 is held by suction on a
not shown substrate holder. The substrate holder is
fixed on a sample table 5, and the sample table 5 is
15 fixed on the XY stage 6. The sample table 5 aligns the
surface of the substrate 5 with the image plane of the
projection optical system 3 by controlling the focus
position (position in optical axis AX direction) and
tilt angle of the substrate 4 by an auto focus system.
20 Further, the XY stage 6 positions the sample table 5
(substrate 4) in the X-direction and Y-direction on
the base 7 by for example a linear motor system.
The X-coordinate, Y-coordinate, and rotational

angle of the sample table 5 are measured by moving

25 mirrors 8m fixed above the sample table 5 and a laser



"20-area 2 fromthe ideal lattice of the control use reference nask 60 on a
priority basis and to also reduce to a certain extent the error of the area
.34 fromthe ideal lattice. The imaging characteristics beconme corrected on
a priority basis at particularly 25 the peripheral portion of the pattern
area 51 of the | O 3 SEP 2002 - so nmster reticle R (portion
corresponding to area 2 of control usg P&f eT ence nask 60) and t h8 3i 5Eglilelg
characteristics beconme corrected for the other areas as well (portions
corresponding to area 34 of control 5 use reference nmask 60). Wen

cal cul ati ng imeenterdnetari ®nacrangedf backnghitc e@hbymehsuzkdve (a) to (c¢)
(in (a), ML and M234, in (b), ML and M2, and in (c), M, M, and M4) and
when findi ngrdheedregre fsepplosdetsos dagef cbheraleaydteinneol@nd

_magni fication error is corrected based on the above correction val ues

(amounts of ofd %ﬁ‘éil?fcéﬁéﬁb'jleg?@ﬁeﬂoﬂt'-t'HESmQIIiﬁgaﬁ\%i.i‘}:o-ﬁrgag ,mR@sur enent

marks 63 to 66 forned i n area to area 4 from i dea attice). Here, a nore

detail ed explanahi on sl be ghyeual IRe!Reagasenghife) nilhal by Lhe

correction to reduce the" anbunts o poin € periphery of
the pagtern ar 51 fromthe ideal lattic n riority basis.and reduce
by a cirtai RAFOHRE YT LAolAY SR8 moFFah By - (iR sE80RLFOPRERLAL ( he

peri phery of the 20 pattern area fromthe ideal lattice as well. Note that

here, as thesYi&fR iorcomtrcischhergperatiert Ponthe LhBeRFaBPRgY
characteristics of the reticle exposure apparatus, not only the projection

magni fi cati o?f ofhe h&Y psbpget b optopt baardsgnt Bhe measured vhRduestati on, 25
shift, and orthogonality are considered. Further, it 1 0 3 SEP 2002 - 81
i s assuned tdwd the echtsdtbeihfotrmabéopr 6remtthe magni Eoaakrodn by the
magni fi cati on adjuster can be perfornmed i ndependently in the X-direction
and Y system 9.
10 Further, a shelf-like reticle library 16 is
arranged at the side of the reticle stage 2. In the
reticle library 16 are arranged the mask reticles R1,
R2,..., RN on N number of support plates 17
successively arranged in the Z-direction. These master
15 reticles Rl to RN are reticles formed with master
patterns Pl to PN obtained by dividing the master
pattern 36 of FIG. 1 (master masks). The reticle
library 16 is supported to be able to move in the Z-
direction by a slide 18. A reticle loader 19 provided
20 with an arm able to freely rotate and move in a
predetermined range in the Z-direction is arranged
between the reticle stage 2 and the reticle library
16. The main control system 9 is designed to be able

to adjust the Z-direction position of the reticle

25 library 16 through the slide 18, then control the



“direction. 5 First, the neasured val ues when neasuring the inage positions
of the spatial inmage neasurenent marks 63 of the area 1 of the control use
.reference mask 60 are defined as (uli, vli), the neasured val ues when
measuring the inmage positions of the spatral i mge 10 neasurenent marks 64
of the area 2 control use reference mask 60 are defined as (u2j,0%3E} 200and
t he nmeasured val ues when neasuring the Phage positions of the spatial inmage
measurenent marks 65 and 66 of the area 34 control use reference nmask 60
are defined as 15 (u34k, v34k). Here, i is the nunber of neasurenent points

in the area dpegat ot hef nthberebichBasoa@8ENL 9 pEbNtEahBfeRetaeea 2, and k
is the nunber of neasurenent points in the area 34. Each is an integer

| arger than desNed& :ﬁ@@&efnréméleab@ﬂleenﬁu betwéenl tRE de8irend k; = 16.
_Next, the amounts of offset error) fromthe i1deal lattice in area 2 and

area 34 can §§? ﬂgg g t o % f oLl n Irnear nodel :
25 S - é?ﬂgé %g Xg7 agﬁéaf§£?é% 1 ¥9£Q§yd?§n8ﬁh5gpn equati on
(L), (Xn % t he nodel Onéi coQrdj pates,. whil % are the
desi gn coordY'% oﬁt?%% ﬁ % §u gd bﬁ uesthEmﬁﬁgﬁ 3r3tXC&e ip L2)
E2- - -~ x| 2]-421 z+V\2y£_’ (v2j-Yj 1 3. ) E34
WB4xk( B34k- kal}e% 1§ 3k }’2)16 {Lmy aced %n EhEdre*élCéﬁdSFagﬁvr ng the
smal | est E defi ned by equations (L2) to (L4) are found by the | east square
met hod. Here2. W2xj, W2yj, WB4xk, and WB4yk are parameters (wei ghting
coefficients) for changing the ratio of the residual error fromthe node
equations at ar céfuthend, atlra Bdinncontieol asysteh 9 hisreshdeatedrtors of the
X conmponent and Y conponent fromthe nodel s when finding
a magnetic disk device or other storage 11. The
storage 11 stores an exposure data file. The exposure
10 data file has recorded in it the positional
relationship among the master reticles Rl to RN,
alignment information, etc.
When exposing the substrate 4, when finishing
exposure of the reduced image of the 1lst master
15 reticle R1 on the first shot area on the substrate 4,
the next shot area on the substrate 4 is moved to the
exposure area of the projection optical system 3 by
step movement of the XY stage 6. In parallel with
this, the master reticle Rl on the reticle stage 2 is
20 returned to the reticle library 16 by the reticle
loader 19 and the next master reticle R2 to be
transferred is placed on the reticle stage 2 from the
reticle library 16 by the reticle loader 19. After

alignment and the later explained correction of the

25 imaging characteristics, the reduced image of the



"YJ - s 3-03SEP 2002 nodel equations for correcting the error. That
is, they are coefficients expressing priority (weight) when giving
preference in accuracy in accordance with the position of a pattern in the
pattern area 51 (for 5 exanple, at the peripheral portion or center
portion) or giving preference in accuracy in accordance wth tfg SEP§gti on
of the pattern (X-direction, Y di rect FoR¥. By suitably setting the
paranmeters, a nodel equation weighted to both the positional 10 accuracy
and connection accuracy of patterns sinultaneously or to just one of the
sane can be Masmelr Pstbrke eRanps epropestedér ahicegpesedhenethiee f ol | owi ng
conditions (rules) are given: 15 (a) The area 2 (that is, the outside

portion of tderpeépendingeshotSat8e 6ANBREL EABsBeAtEON wn&but;hetm@ttern of
anot her master reticle (connection portion of two patterns), so has to be

‘made 172 of {54001k ChBEENT 26Yseln! Be REEBr3¢nig) GDhrepIhRqROSitional

accuracy or ection accuracy 1 ne patterns becorres stricter In

| nver se prop,g@ég@i $ha' Loeotb ALl PhotBeallngs phiebils gase: he

wei ghting co i Cclen s may FI owe -84-0
3 S EP 2002 W # yi. WB4xk =.1/L34xk, WB4yk, = } L3§¥ L2xj is
the |ine mﬁdﬁ?F s?h%e Yt °FFﬁ§P%HSAP9e?ﬂSEQFe aFﬁS ver c§P|§&(BB down
directionin FIG 9).in the area 2, L2yj.is the line width of the j-th line
pattern ext cHlif nECRBER:BG! BRPY ?FP@ﬁtOPeFPedFPB§FFéﬁelﬁ FIG 9) in the area

2, L34xk is the line width of the k-th line pattern extending vertically in
When exposing the reduced images of the master

reticles R1 to RN on the substrate 4 in this way, the

adjacent reduced images have to be stitched together
10 with a high accuracy. Therefore, the master reticles

Ri (1 =1 to N) and the corresponding shot areas

(designated as Si) on the substrate 4 have to be

aligned with a high accuracy. For this alignment, the

projection exposure apparatus is provided with reticle
15 and substrate alignment mechanisms.

FIG. 3 shows the reticle alignment mechanism of
this example. In FIG. 3, a transparent reference mark
member 12 is fixed in proximity to the substrate 4 on
the sample table 5. A pair of cross-shaped reference

20 marks 13A and 13B are for example formed at a
predetermined interval in the X-direction on the
reference mark member 12. Further, at the bottom of
the reference marks 13A and 13B is provided an
illumination system for illuminating the reference

25 marks 13A and 13B from the projection optical system 3



10 the area 34, and L34yk is the line width of the k-1ine pattern extendi ng
horizontally in the area 34. By setting the weighting coefficients in this

~way, nodel equations giving a higher accuracy to the area 2 than the area
34, that is, stressing nore the 15 connection accuracy with other patterns,
‘are found. Note that here the case was consi dered where there were both
line patterns extending vertically inah’area and |ine patterns extending
hori zontal Iy, but when there are only line patterns extending 20
horizontally in the area, it is possible to set W2xj and WB4xk to smal

val ues (in exideerny cadaemimation vihidlet \ilreamdlned ef eoe thé yekposupat t er ns
extending vertically in the area, it is possible to set Wyj and WB4yk to

smal | val ueg i(g4 r - ith 0 si des of
3 i(gHt q)ﬂ.8ﬁi5fﬁa:r€8§.§§gsﬂién%)th@5nfyiéﬁefetféﬂeOlqu €hé OxY

_the rectangul ar - 2002 pattern area do not always have to

form CO””eCté'r{]Hel;eOOZt 'P%G.FC? J?m@en %o fﬁ’%‘gtgih Rz 10fePbRbe

considering t production o Ing re by using four master
reticles Rl _to R4 (Jmaste 0.5 ster_4) and tra rring_i hese patterns
on & bl ank PR RS 238 %58 TR et SRR por FBRe ot "the ot
side and bottomin the case of the top right nmaster_reticle (master 1) R1,

but no® conn&&RHT B T etetsRFe JPRHR R ?’?é}hp%i‘a’é.tﬁ‘ﬂ this case, 10

therefore, a large weight is set for connection portions_and smal!| weight
(i n extrene kefkREenye MATk Heemkr | bhsihotuksrmrtiabhy patignad. wikht, an
explanation will be nmade of an exanple of the operation in the case of
exposur e usithe tdpt idahwakinrX er T ctlze projedt Hn lopt bdatedyshemhe above
way. FIG 5 shows main parts of a reduction projection type exposure
appar atus (devj ce exposure apparatus) nounted with the working reticle 34.
In FIG 5, a 20 wafer Wis arranged at the bottonn of the working reticle

34 held on a notpFQYEY | &5d I SAE SRS &CTHSSa Br 6P EPEsHDsRRpEGAl system 42
of a reduction magnification of 1/~ (~3 1s 5, 4, etc.) The surface of
10 alignment marks 21A and 21B are formed so as to
sandwich the pattern area 20 on the pattern surface
(under surface) of the master reticle Ri. The interval
of the reference marks 13A and 13B is set to be
substantially equal to the interval of the images
15 reduced by the projection optical system 3 of the
alignment marks 21A and 21B. In the state with the
center of the reference marks 13A and 13B
substantially aligned with the optical axis AX as
explained above, images enlarged by the projection
20 optical system 3 of the reference marks 13A and 13B
are formed in proximity to the alignment marks 21A and
21B of the master reticle Ri by illumination by
illumination light of the same wavelength as the

exposure light IL from the bottom of the reference

25 mark member 12.



the wafer 2 is coated with a phot~oresist and held so 25 as to be aligned
with the i mage plane of the - 86 0 3 SEP 2002 projection optical system
.42. The wafer Wis held on the sanple table 43 through a not shown wafer

hol der, and the sanple table 42 is fixed on the XY stage 44. The wafer Wis
positioned by driving the XY stage 44 5 gased on the coordi nates neasured
by the nmoving mrrors 45nX and 45ny abové the sanpl e table 43_gREEPhEN
corresponding | aser interferonmeters. Further, a reference mark nenber 46
formed with reference marks 47A and 47H is fixed on the sanple 10 table 43.
The working retiMiezrgysi22hoandd2dBt Arel agnasgednabkye24heged 24B so as to
sandwi ch the pattern area 25 in the X-direction. The alignnent marks 24A
and 24B, as shbgynment Fh&rks, 2dAeandedlasfaki gefdectingkinvidie xansferring
.the master pattern 15 Pi on a photomask substrate (blank) 4 for producing a
working retigieeddionWovRet €38mahh8ABRNL iFREKE réhAtaRd p4B et o3f I anged

al i gnnent sensors 41A and 41B for reticle alignnent. In"thi's case as wel |,

the working sgtiche 3dstemali goad, Wi &eggstﬁggt 2nkN¢etdmley tRMe 20 43

(orthogonal coordinate system I ne l'aser interfer ters)
usi ng the rei c A7A and 49B he, al.i gnment rks 2 and 24B, and
t he aI%gnnen Ségrk§r§€é§§ﬁ894E§Pgh@i%?nmﬁgﬁ Ssg?8fﬁi&g%bﬁgpl Esexposure, a
not shown 25 wafer usg glignnent,sensgr E@ used for alignnment of 0 3 SEP
4R 87 _ the®ERoPTVEA€d48O0RePRLVRaFBR W 1BPLIRAEIESIINF positi oning the
shot areas 48 to be exposed on the wafer Wat the exposure position, then
irradi ati ng ¥Rélpatedrhyatbg PErEPrend2fhorRANG 2Pet Thiee @34 gmmentexci mer 5
| aser light or other illumnation light L1 froma not shown illum nation
| i ght systenfenseegutéld andgédB7uref paovédedt wethnimaigiingatsiysrtenfs 1/ (3 of
t he master
and CCD cameras and other two-dimensional pickup
10 elements. The pickup elements capture the images of
the alignment marks 21A and 21B and the corresponding
reference marks 13A and 13B and supply image signals
to an alignment signal processing system 15 of FIG. 2.
The alignment signal processing system 15 performs
15 image processing on the image signals to find the
amounts of offset of the alignment marks 21A and 21B
with respect to the images of the reference marks 13A
and 13B in the X-direction and Y-direction and supply
the two amounts of offset to the main control system
20 9. The main control system 9 positions the reticle
stage 2 so that the two amounts of offset become
symmetric and fall within predetermined ranges. Due to
this, the alignment marks 21A and 21B and, in turn,

the master pattern Pi (see FIG. 1) in the pattern area

25 20 of the master reticle Ri, are positioned with



"pattern 27 in the pattern area 25 is exposed on the shot areas 48. After
exposi ng the shot areas of the 10 wafer Wwith the reduced i mage of the
_master pattern 27 in this way, the wafer Wis devel oped, etched, and
ot'herwi se processed to forma circuit pattern of a certain |layer of a

seni conductor device in each shot areaﬁgg the wafer W 15 Accor(dj 5P €662t he
above first enbodi nent, spatial imge surenent marks (first marks) 53
are formed in a peripheral area 52 at the periphery of a pattern area 51 in
which the pattern Pi of a naster reticle R is fornmed, positions (second

i mage posit irespeadf t20 Yhejrafexkrigmgearksd 3k apdt13B. i nage neasur enent
mar ks 64, 65, and 66 of the control use reference mask 60 having a first
area 61 correspamdiothero womipatties rceartasr Wf ofhé himagst eedieédchg Ri
formed with the spatial imge nmeasurenment marks (second marks) 64, 65, 25

and 66 and hae Mo ACUH PR R HAHTAS PPN Nthé OnasteB Battfrd S E P
202 the periphéral” area 52 of the raster reticle R formed wth spati al

i mage measur, ir )n 63 i e i i ppge

meacur oment nrs U dpsteh ARCR IS RN AR ofetpiuty | IR0
positions) of .5 the .proj.ected inage f the spatial | e measur enment marks
63 in the stsé’tb(ff\ﬂrﬁ‘rfat il??asgﬁfgorg?fgragtbtté}‘? & rilrsezbr #i TRari | y corrected to
reduce the anount of offﬁgt of . the second image positions fromthe ideal

positions (iFFEATaRGS MAAKS IBAhEndir BtP ofsY Ly ctihat PBRiICAd Furt her,

the positions (first inage positions) of the projected images of the
spatial i ma@&ifedsur aRchttharpermndicular Hastnterseseing RFidee afasured
and the master patterns Pi of master reticles R are successively
transferred the tdomtgwanio# tihe s tentpatittemm thi t feontewt ngf chheact eri sti cs
corrected so that the first inmage positions becone in register with (or in
proxi mty t@atteard hireh iTBgea®ddt giwrallheY ef®rehe by-4x5s arasvcing the
first image positions for each master pattern Pi, it is possible to

reprogiice i BAIdg REFRA BEEBF] SBl G e EASEndRAiHSESFLESE control use
reference mask 60 to correct themso that the inmge
system .9 of FIG. 2 stores the X-direction and Y-
direction coordinates (XF,, YF,) of the sample table 5
measured by the laser interferometer 8 and ends the
alignment of the master reticle. After this, any point
15 on the sample table 5 can be moved to the center of
exposure of the master pattern Pi.

Further, in FIG. 2, an off-axis system image
processing type alignment sensor 23 is provided at the
side surface of the projection optical system PL for

20 detecting the position of marks on the substrate 4.
The alignment sensor 23 illuminates the mark being
detected by illumination light of a broad band to
which the photoresist is not sensitive, picks up the

image of the detected mark by a CCD camera or other

25 two-dimensional pickup element, and supplies the image



positions of the spatial imge neasurenent marks (marks formed in first
area 51 corresponding to pattern area 51) approach the ideal positions, 25
_ possible to inprove the positional accuracy and - 8 9 0 3 SEP 2002
connection accuracy of the patterns, and possible to produce a phpB GFRIAN 34
having a high accuracy pattern. Note th in the first enbodi ment, the
spatial inmge neasurenent marks 53 and are fornmed at the 5 sane
positions in the master reticles R and the control use reference nask 60,
but of fset sometinmes occurs in the mark positions between the naster
reticles Ri sdgaatthd&ocdier @l ignmendf erigned mrsices s e systemwihg error etc.
In this case, by neasuring the 10 positions of the facing the spatial inage
measur ement Noalek$hat ahd Ghitefrvdie betstemn rdte destddr afiddétectbonrol use
_.reference mask 60 by a coordi nate neasurenent device etc., storing and

hol di ng t he R 210fgr{drtets s I HAiP el dfher sl 1@1430”5' dering
t hese anmounts of offset when correctlng the imaging characteristics of the

mast er ret'gt e@t’dtlxﬂasq_eﬂ%fi é]aQ:teéf tﬁx@rxﬁﬁte)fsfgtf@%ehe of f set

of the mark ense ves I mage nedsur enent mar ks 53
and 63 of t nast cl es H nd the control use r nce mask 60
do not> nece %ﬁﬁ/ (?§R9§Qﬁ S§LING AN ) oHR HBsi ti ons)

and may be prOV|ded at, nonfacjng positjons (offset 05|t|ons as well so
|l ong as t he 3Y@aFSe pEdng drad QH§4§¥Wﬁ%-%ﬁ§?QﬁQ%ﬁ m3rks PR %% 25 it is
sufficient to not only correct for the case of 03 SE 2002 - 90 error
bet ween mar Refexancg frrdomenher dr2 Angd FRred dorikhe®2ERiti on, projection
magni fi cation error, bending of the master reticles, and other error by the
ggfferencesdamqnmﬁtSyntemﬁ9the spatial image 5 neasurenent marks 53 and
. As shown in FIG. 3, two cross-~like alignment marks
10 24A and 24B are for example formed at the ends of the
substrate 4 in the X-direction. After the alignment of
the master reticle Ri ends, the XY stage 6 is driven
to move the reference marks 13A and 13B of FIG. 3 and
the alignment marks 24A and 24B on the substrate 4
15 successively to the detection area of the alignment
sensor 23 of FIG. 2 to measure the amounts of offset
of the reference marks 13A and 13B and alignment marks
24A and 24B with respect to the center of detection of
the alignment sensor 23. The results of the
20 measurement, are supplied to the main control system 9.
The results of measurement are used by the main
control system 9 to find the coordinates (XP,, YP,) of
the sample table 5 when the center of the reference

marks 13A and 13B is aligned with the center of

25 detection of the alignment sensor 23. This ends the



Further, in the first enbodi nent, the marks 53 and 63 to 66 forned in the
master reticles R and the control use reference mask 60 were nade spati al
. image neasurenent marks suited for neasurenent by spatial 10 inmage
nmeasur enent nethod, but they are not Iimted to such spatial inmge
neasurement marks and may al so be refraction lattice nmarks or ot hef In¥0Z
Further, the spatial imge neasurenmenT rks 64, 65, and 66 forned in the
first area 61 of the control use reference mask 15 60 are not limted to
those shown in FIG 9, for exanple, may be forned at equal intervals in a
matri x, and arigrment mof ther swWostoatéet above nunbers. Various nethods of
dividing the areas during weighting may al so be adopted. These spati al
i mage nmeasur enerfis rarkes e Sk ndifSetva b5 betywden f oheedetsengothe
_proj ection exposure apparatus shown in FIG 2 and may be forned using an
exposur e appaiattst disdride GaF e PRrAAE| B3BeaNE (BLCELAOBrbEaANEHel ON beans,
etc.) or a laser beam|lithography system 25 In addition, in the first

enbodi rent . dfanndhS Bl 200%a0 %45 el 08! kos; vEs . gbKeRnal ya retic e

exposure apparatus designed to using a rty o reticles R to
succesgi vel y,transfer .pattern n bl gpk whi l e stitching . them but the
i nventt on mﬂ/llzﬁc ?Rs‘ge%?‘%% éx%t-?)@ppl ?gﬁqf )t'hg%ﬂrﬁatt% t'® a device
exposure apparatus (for exanple, an exposure apparatus for producing a
liquid crystHTHEDIERe Kenttrge dost t 02 WRBY ng*achi¥r BPPES of wor ki ng
masks produced in the above way or by a separate nethod to successively 10

transfer patiR§eEVaES t KBy @& i cEPst¥RDr Mi&hwrigspent ttehithe t hem and to
cases with no stitching. Further, the nethod of correction of the inaging
char act eri st¢asrd snaioes | (XF{,edF,0 biiethbosempiestalbdei Suatnithleods may be
adopted. For exanple, it is 15 also possible to shift the position of a
master retictime ot heligmeent i of deloé maetor orecitcve RPYi a8l shgwhem 3, that

is, a plane orthogonal to its optical axis or to nove the naster reticle in
a dirggtion in FIG. 4, it is possible to align the center of the
alignment marks 24A and 24B of the substrate 4 (center
of substrate 4) with the center of the projected
images of the alignment marks 21A and 21B of the
master reticle Ri (center of exposure) with a high
15 accuracy. By driving the XY stage 6 of FIG. 2 to move
the sample table 5 in the X-direction and Y-direction
in this state, it is possible to expose the reduced
image PIi of the master pattern Pi of the master
reticle Ri at the desired position with respect to the
20 center of the substrate 4.

That is, FIG. 4 shows the state of reducing and
transferring the master pattern Pi of the i-th master
reticle Ri on the substrate 4 through the projection
optical system 3. In FIG. 4, a rectangular pattern

25 area 25 centered at the center of the alignment marks



"parallel to the optical axis or tilt the master 20 reticle with respect to
the object plane of the projection optical system 3 (plane orthogonal to
_its optical axis). Further, it is also possible to correct the inmaging
characteristics at a plurality of nmaster reticles used 25 for the
production of a working reticle or to correct 0 3 SEP 2002 - 92 the
i magi ng characteristics at only a specif?2c master reticle. This; megpagn
reali zed by changing the size, shape, etc. of the master patterns fornmed in
the master reticles Ri. Further, it is also possible to 5 correct the
i magi ng charp@ eandtiqs of fie exafate afl) tise | agbsbeape ol eahdon
magni fication for one or nore naster reticles anong all of the naster

reticles anhifHd&Stpy heiddRghaeaThel agd eEhstXxCoxby 44 exampkejkotating
the reticles for othér master reticles. Note 10 that it is also possible

not to corrent-d e JyBoLng; ¢hal AGhel) Skdker ?rﬁﬁgﬁ”@?@ﬁe@ﬁ%g' es.

Furt her, when using -an exposure appar at us C s the nas reticle
and substrate bstantially statipnary to transfer,_the pattern to the
SUbstrate 197 b AyteRn {aEed ot ofe BAS R LAE af b MBSEREH G T2, it is
possible to use the reticle bli%%géfi6|d stop) arranged in the i|llumnation

opticaP systRHRUEED QU FHe: thet et Hrtern TretRACHEEReRTRRt Péle into a

plurality of sections and transfer these to the 20 substrate aid.to correct
t he i magi ng ghaticided seqealyrinbe hofeehiops uinl the Brdisectdnsd on t he
master reticle. Further, when using a scan exposure apparatus as the
reticle exposng ef-apimecticn ofo Frixt@albytsensshot 28reae 8ayt 82n of a naster
reticle on to the substrate 4, 0 3 SEP 20p2 - 93 the naster reticle and
the substratgs are. jresite (10 |0y . alid ipos it dheoPriiedion opéa sl system 3.
(1 =1 to N) is set to the position of the reduced
10 image PIi of the i-th master pattern Pi when reducing
and projecting the master pattern 36 of FIG. 1 through
the projection optical system 3 of FIG. 4.
When the imaging characteristics of the projected
image of the projection exposure apparatus using the
15 working reticle 34 of this example are ideal, the main
control system 9 drives the XY stage 6 of FIG. 2 to
align the center of the i-th shot area Si on the
substrate 4 with the center of exposure of the reduced
image PIi of the master pattern Pi of the master
20 reticle Ri found by the above alignment. Next, the
main control system 9 corrects the imaging
characteristics as explained later, then projects and
exposes the reduced image of the master pattern Pi on

the shot area Si on the substrate 4. In FIG. 4,

25 reduced images of the master pattern already exposed



" Therefore, in the scan exposure apparatus, it is possible to drive a
reticle blind (field stop) 5 arranged in the illumnation optical system1l
.and restricting the area on the master reticle illum nated by the exposure
li'ght so as to make the position of the illumnated area in th& i mage field
of the projection optical system3 shift. Further, it is also 48 3848bl e
to make the master reticle and substrat®3synchronously nmove while shifted
somewhat in scan direction or to make the master reticle synchronously nove
with the substrate while rotating it slightly so as to correct the inmaging
charact eri stircsthel pgatrérc ldped y25 hef | tiegesulbstpate o ate. showhhpy, it is
al so possible to novie at | east one optical elenent in the projection
optical systgynid Spimés } kDI & egtekbEs édbBidEceNAINE§EET §EECSholA addi ti on,
it is possible to change the scan speeds of the naster reticle R and 20

t he substreué?zgfgﬁéﬁniy dgoma predeterm ned speed ratio to correct the
i magi ng characteristics ?ln particular, the nmagnification relating to the
scan direction)._  Further. since angluralit¥ of ster ret'cggs Ri 25 are
successi vel y exdMangs T8 TYahE refPOIi 9k tdyced oimages oLoBES - o4
patterns Pi to the substrate 4, the tipe required for exposure of the
substrate 4 MFRPIGHYRS Dhpk? NP1 ht}éﬁgﬁs%‘l“éb%F ‘afV\)gFEFeVV using a

working reticle 34. Al so when the projection exposure apparatus uses 5

exci mer | asaretigles Rl the RXpREUFEGH | §hen Bheheprrafpangingi sheton type
resist is used for the substrate 4. Therefore, sonetines the Iine w dth of
the pattern ameag 3F forSkxempthet siebstratennhsierthisi wag, Rthenong t he
plurality of pattern inages (resist patterns) 10 formed on the substrate 4
after devel opedutedV imades bdECOe maeténrpgettéine P dtd. plhakei s, since the
time fromexposure to devel opnent differs in the N nunber of nmaster pattern

i mges transdgidLed afh Bl S UbSingt £t ftchéd eyl fRMBhEag8Fat bRt ABERErOf Cchange
of the line 15 width will differ with each naster pafttern imge.
10 patterns. Due to this, a projected image 26 of the
master -pattern 36 of FIG. 1 reduced to 1l/o is exposed
on the substrate 4. Next, the photoresist on the
substrate 4 is developed and etched and the remaining
resist pattern is peeled off, whereby the projected
15 image 26 on the substrate 4 becomes the master pattern
27 shown in FIG. 5 and the working reticle 34 is
completed.
When exposing a single substrate 4, however, there
is no exchange of the master reticles Ri, the
20 substrate 4 is fixed to the sample table 5, and the
position is accurately measured by the laser
interferometer 8. Therefore, during the exposure of a
single substrate 4, since the positional relationship

between the reference marks 13A and 13B and the

25 substrate 4 does not change, when changing the master



"Therefore, it is desirable to neasure the anmobunt of change of the line
width for each master reticle or find it by simulation and finely adj ust

. the armount of exposure of the substrate 4 (resist) in accordance 20 with
thre ambunt of change when transferring the master patterns. Due to this,
since the anmount of exposure is adjusted for each master pattern, ﬁg
change in line width of the resist patté&fns-can be held to the mmi ;gzmn
Not e that the anpunt of exposure nay be 25 adjusted for each naster
reticle. Also, the anmount of - 95- 03SEP 2002 exposure may be

adj usted forrevecyesereyaitmist euffétiehestoFpbsieionwhde maeHyro) ecti on
exposure apparatus shown in FIG 2 to FIG 4 is a stationary exposure 5

type, for expapi€led Riewi8Rdregpeat tyPehet berareudle afargsPasw e of the
Substrate 4 (resist) is adjusted by changing at | east one of the intensity

and irradiatapa 1382 £EXpESHOE heBsaby! 6 axpas B et § '6%1‘?;’])091%6 substrate

4 when the exposure l1ght is continuous™10 Iight (i-ray and by
changi ng at S L of t?e exposure
ant on e EaEh ?l%%ﬁﬁn*nﬁkggez%és%?é 5B Eheltubiadine (.o her

| aser etc.) the t her hand, n the Qj ection ex re apparatus shown
in FIGS 2 15gh5 Bagtey §8§ﬁc ?po%ﬂr 5 pEaSLoRSe 5&;

st ep- and- scan té t he amount of exposure of the substrate 4 (reS|st) is
adj ust ed by BAS anaaﬁteréﬁsPloﬁ@ thet masiarenetigles Rieadeposure |ight on

the substrate 4, the scan speed of the substrate 4, and 20 the width of the
ar ea irradiae39059dtheléxhnsaneabbghatbnpbhétioaaldreéaMﬂmmSMigJMy
substrate 4 when the exposure light is continuous |ight and by changi ng at

| east one of thbealhymmehtywatht hefexpaser makkghtl 30N ahde 13@bnd@atthed, the

scan speed of the substrate 4, 25 the wdth of the area irradiated by the
exposure |ighbsitioffl EBntkB1SE&NtHEr R0t ERAgRN6L BY TwRSERAGR 4, and the
10 control system 10 monitored by the laser
interferometer 8. Therefore, of course, the stitching
accuracy between patterns also becomes high.
Further, when forming for example dense patterns
and isolated patterns on the master pattern 27 of FIG.
15 1, sometimes only dense patterns are formed on one
master reticle Ra among the master reticles Rl to RN
and only isolated patterns are formed on another
single master reticle Rb. At this time, since the
dense patterns and isolated patterns differ in the
20 best illumination conditions, imaging conditions, and
other exposure conditions, it is also possible to
optimize the exposure conditions, that is, the shape
and size of the aperture stop in the illumination

optical system 1, the coherence factor (o factor), and

25 the numerical aperture of the projection optical



“oscillation frequency of the exposure light (pulse 0 3 s ~ ~ zaoz |ight
source) when the exposure light is pulse light. An enlarged device pattern

. of the device pattern to 5 be forned on the working reticle 34 may be
divided into el enent patterns, for exanple, divided into dense patterns and
isolated patterns or divided into functional blocks (CPU, nenory EtC}£ to
formmaster reticles and thereby el i ntnfPe or reduce the 10 connBétﬂﬁ’Um
portions between nmaster patterns on the substrate 4. In this case, since,
depending on the device pattern of the working reticle, the nmaster pattern
of a single gpstem 3 ein cdecosdaneretwires thamsasteedpabteonaPplunal ity of
areas on the 15 substrate 4, it is possible to reduce the nunber of naster

reticles useghfortpodushé®nt9é mRaypeki pgrterhchbe. cdakestBabreven when
_there are no connection portions between master patterns, this is called

"stitching exposar %{é‘rr{xé‘ﬁg@é?ﬁ@@icSggg%é-kﬁé i,oeheZI;logfmehs, the term

"stitching exposure” i1nclu e cas production of a system LSl and
t he case of g%%i ' e%% tier ﬁg' g t f ? fugcti onal
bl ocks to re %ﬁﬂéékgbnn %#%ﬁgmg %ﬁeggé négr?gg ngsﬁé Sgrégs on the
substrate 4 to 25 suqitantialh zero. a ~ ~~= 6002 7 In the first
enbodi fent, tHe $REPR ot 1% %Iﬁ?ﬁf??ymﬁy hasrafe, aPPEI8E Q&re transferred
on to the substrate 4_in the same_exposure apparatus, but it is also
possi bl e to IRTLELIGEeH a¥Pt§ BIuEapbilirefslappar aF838sSEBArRLRYf er t he
patterns of a plurality of master reticles on the substrate 4. For exanple,
t he sane nunbeomothexpptical appasaofisthBeaslinminaniben optdsseider reticles
required for production of a single working reticle may be prepared, a
first exposusgstiémappasabssancedlly tgaadfdisthacpatt Purthkra fiorst nmaster
reticle on to the substrate, then the substrate |oaded into the second
exposure appepeimszehene éRpopatbeednaitibfssesendsmasker poekiighe i s then
10 to insert or remove optical filters (so-called pupil
filters) for blocking the exposure light in circular
areas center on for example the optical axis near the
pupil plane of the projection optical system 3 or make
dual use of the so-called progressive focal point
15 method (flex method) for causing the image plane of
the projection optical system 3 and the surface of the
substrate 4 to vibrate with respect to each other in a
predetermined range.
Further, it is possible to adopt the above
20 progressive focal point method using the master mask
as a phase shift mask and making the o value of the
illumination optical system for example about 0.1 to
0.4.

Further, the photomask is not limited to a mask

25 comprised of only a shielding layer of chrome and may



transferred to the substrate. The renai ni ng exposure 15 appar at uses
simlarly transfer the patterns of their master reticles to the substrate
,after this to formthe device pattern on the substrate. At this tinme, the
control use reference mask is used to neasure the positions of the
projected i mages of the marks for 20 each exposure apparatus and the

i magi ng characteristics are correct ed % each exposur e apparatus B3 s 208
reduce the anmounts of offset of the positions of the projected i nages from
the ideal positions. Note that there may al so be two or nore 25 naster
reticles pr@ilistedbeata egeat il tfieqiency ingdwlatien 98ypeekPhsbuga-
appar atuses. Further, the sanme exposure apparatus nmay be used when

transferringdvenhguat tgige of adge nalican®sient refpe) ehadreopkutfpety of areas
.on a substrate. 5 Further, in the first enbodinment, third positions

det erm ned 3l ng Hdie d Un e dLIe! SN LdBSKe@Pader enStpeed, the

projection positions (first 1mge positions) of the spatial inage

t 5 ticl i ti f
ot et or R Fad NI EOf Gl IF CafBaBHERBh b, LU0 0t
corrected so to bri the first i iti i i st ith
Sroxi I3ty tARRy (HHIGE [ TRE PIARS 1T IECE Tt PATESERE? car SEhaY Shfer | ot | cs

of the projection optical system 15 change due to the heat energy

accunul at ed Ghe (el ShBiRE (PIHEDR | A1l LR MaFk FubsHeratee 8f transfer of
master patterns and changes in the environnental conditions (atnospheric
pressure et@Eepanate Tagdnmask hEox kel phage poifteévnssni9ral so change
along with 20 the change of the characteristics. Accordingly, after

det er m ni ng dxengle rprépaged posi ti ons using the control use reference nask
60, it is preferable to correct the third imge positions in accordance

w th the heat ena:gy, ay éftﬂ_w will hee e e®neENENES conditions etc.
and correct the imging
10 correction of imaging characteristics in the first
embodiment. As shown in FIG. 6A, two alignment marks
21A and 21B are formed in the shielding area
(peripheral area) 52 outside the area in which the
pattern (device pattern) Pi of the master reticle Ri
15 is formed (pattern area). The peripheral area 52 is
further formed with a plurality of spatial image
measurement marks (first marks) 53. The spatial image
measurement marks 53 are not limited in number or
position, but in this embodiment two each are arranged
20 at each of .the sides of the pattern area 51 (boundary
portion of pattern area 51 and peripheral area 52).
The spatial image measurement marks 53 are, as
shown in FIG. 6B, each comprised of a pair of mark

elements 53X and 53Y. Each mark element 53X and 53Y is

25 comprised of a line-and-space pattern comprised of a



" 99 characteristics so that the previous first image positions becone in
register with or proximty to the corrected third i nage positions.

.Normally, in an exposure apparatus, the optical characteristics, for 5
exanpl e, the projection magnification, focal position, inmage plane
curvature, distortion, etc., are calculated in accordance with gherheg
energy and the changes in the envi r onmeff al= condi ti ons, so these
calculations may be utilized as they are to calculate 10 the change in the
third i mage positions. Further, when the anount of change of the third
i mage positiginsraleidnhest as i tesled eray ed dizt ¢ omabt envhy ueThehe third i nage
positions are preferably determ ned again using the control use reference

mask 60. Thixomjidii®tndhed ifedt ByeNdf Oth®fs1es poobtra epathe1di f ference
_between the afore-nentioned cal cul ated val ues and actually neasured val ues

of the thir di/RgePAR 4, REAR S WSt Sle 16RGitSaihlE accuracy of

transfer of master patterns fromftalling. 20 According to the first

enbodi nent , &J{]’ﬁeém g g%?rga%géé ?‘?%ﬁ%ﬁéﬁ%ﬁgﬁeﬁg el© reduce the anount

of offset of e proje positrons, so there is

| ess efror in the position_an hape of th atterns_fornmed on the

phot osensi t iWeA K Yr@ﬁ%ﬁaﬁ%§a§£7gﬁbEmﬁﬁrg%y?eﬁPﬁﬂdhﬁgﬁﬁng - 100

m cr odevi ce or photonmask can be produced. Further, 0 ~ SEP ZOQ since the
plurality of lHe@%Egkterns are parts of an enlarged pattern of the pattern
to be transferred, they can be drawn with |l ess drawing data and with 5
small drift in &Noterthat nehédyspatrizkahpige aneaserement bwankei bBogr aphy
system or | aser beam | ithography system Since the drawing error of the
mar ks beconesrenEdmgeridydtde theipadft ofdustkoelemgntéi 5aKi andob3vhe
patterns of the nmasks, the pattern for transfer 10 (rmaster pattern) can be

formed with geké gho@€Ciif acy. absbt PeEs i518CEot pLowRaESanBYnheer pACRt €dl Yy
used once produced, there is the advantage that i ndividual
10 element or, as shown in FIG. 6C, provide a combination
of a plurality of mark elements 53X1, 53X2, 53X3,
53v1, 53v2, 53v3, 53A, 53B, and 53C. The mark
elements, in addition to the arrays of slits 53X1 to
53X3 and 53Y1 to 53Y¥3, may also be comprised of matrix
15 arrays of a plurality of pinholes (including circular,
rectangular, and other shapes) 53A to 53C. Further,
the mark elements may be combinations of slits of
different thicknesses (weights) and array intervals
such as shown by 53X1 to 53X3 or 53Y1 to 53Y¥3 or
20 combinations of pinholes of different sizes (diameters
etc.) or array intervals as shown by 53A to 53C.
A confiqguration of the mark elements of a spatial
image measurement mark 53 of a shape corresponding to

the pattern Pi formed in the pattern area 51 may be

25 adopted. When the pattern Pi is a line-and-space



"master patterns may be formed at a high accuracy in a short tinme even when
produci ng a | arge nunber of 15 photomasks. Second Enbodi nrent FIG 11A and
_FIG 11B are views for explaining a second enbodi nrent of the present
invention. FIG 11A shows the configuration of a master reticle R, while
20 FIG 11B is view of an enlargenent of part of FIG 11A (mark portion).
Conponents substantially the sane as +h68e of the first enbodin&gﬁfPZMZ

di scussed above are assigned the sane references and expl anati ons t her eof
are omtted. 25 In the second enbodi nent, part or all of the - 101 - . O

3 S E P 2008t weam) tyhefsihe gpvagary3portbon3Xd ah&hsshe patbewy area 51
in the light shielded area (peripheral area) 52 at the periphery of the

pattern areqn%$}gécé§g§ﬁgﬁge&hiféiQﬁgnR{hgspgﬁgﬁrﬁrggsggrgﬁt. Part or all

.of 5 the patt In the pattern area made |1 ne and-space
attern) Pi | t e.l] shield r par.tion is used
gs the mark téhi%ﬁg?Téééggfgp%Pi%+h?%%5egégésE?éﬁznéétgg?bhegfkthe reticle
blind (field stop) is opened w to_becone_ as, 1Q shown by the . broken |ine
72 T thet BRAS AT TR Jof 1§ 56 9aY: BS) FAGRFAQ oHSVIRG BBETARdN of ¢ he
projected inmpge of the mark portion 73 is neasured by the spatial inmge
neasur énent %m&ﬁﬁeﬁ%%SWE$m%hg RAEKS nadi A4LEREr 4Rt 8RABE| PSTWPENCorrected to
mnimze the 15 anmobunt of offset of the inmage position of the mark portion
73 from t he maisker poeticbes Rexis noe desirable| frdmi Sheeviewpphatnor nal
shot size 71, the mark portion 73 is shielded, and the pattern of the
reticle R icftseasdardeziatbohhetdl anko4itBysdalsg phssibiente #8et he
proj ected i mage of the peripheral portion of the pattern area of the naster

pattern Pi of é¢hpbDedtesn area plupaditheopreypesedri faeg eflehbatreark
portion 73 are the sane in coma aberration, distortion, drawing error, and

the effects Q&c@eygiélﬂoﬁ%szg?@ﬁ% gnd’ eLEbEm tHE AEGHL2Ehent the

peri pheral portion -

10 by selecting or combining mark elements corresponding
to the shape or type of the pattern formed in the
pattern area 51. The spatial image measurement marks
53 may be formed simultaneously with or in a separate
process from the alignment marks 21A and 21B using an

15 electron beam lithography system, laser beam
lithography system, projection exposure apparatus
(stepper, scanner), etc.

Next, an explanation will be given of a measurement
device for such spatial image measurement marks 53. In

20 FIG. 7, a }Xight receiver for spatial image measurement
of the images projected by the projection optical
system 3 of the spatial image measurement marks 53
formed in the peripheral area 52 of the mask reticle
Ri is provided on the XY stage 6. This light receiver

25 is comprised of a photoelectric sensor (photoelectric



" (connection portion) of the transferred pattern can be raised. In
particul ar, when stitching, the continuity of position and shape of

. patterns can be inproved. Wen the transferred pattern Pi cannot be nmade to
5 reach the peripheral area 52 such as with the reticle shown iﬂjF&g&m@lA
and FIG 11B, the accuracy of the connection portion of the pattern to be
transferred can be raised in substanttafPy the same way as the above by
form ng a spatial inage neasurenent mark 10 having simlar slit w dths and
intervals as the |line and-space pattern fornmed in the pattern area 51 at

t he boundar yeqrordzssiomi ¢ Tethdret pas 6 eprowided SHenéathhar Lighti s possi bl e not
to provide this mark portion, but to nmeasure by spatial |mge neasurenent
the proj ect etbddi¢Imgeprité h'§‘5|h@@iﬁ@dasﬁé@’@aﬁgﬁlsfhsﬁﬁgéad(&H the pattern
_area 51 itself and correct the imaging characteristics based on the

results, . T fotolod fefON' 4 SUualionaRagoR! f SLELAEE 8A2L00BNELRO | NOSE

of the first e SO ex nat 1 on omtted. 20 t he above
expl anation,; t blind siz i of.s i L{mge measurenment was
made 72, butlQI%h% %}%%E%bggﬁ%légf%é#g$?h%+g$§%u§£ # aperture of the
reticle blind to qggnall aperture gxactlé t he _size of the mark Eortion 73
and reduce tBRPTRELSTHLT i BANBPT 280 alB Ut BRYT atRohPENPRAME §OPFLRLI n
tenperature of the - 10 3 - 0 3 S E P_2002 projection optical system3
due to the is¥siemt? orNote bhRtestaty igAtPORSLREepES) BOL BRO¥RdRCal
system 3 at the time of spatial inmage neasurenent. Third Enbodi nent 5 Next,
a third enbothenphoideléetpieseansonveht undeni thebapexphaenéd , wotih
reference to the drawi ngs. The projection exposure apparatus for producing

a working rete chse (delight gupdsuse appal bkesktoi guilie ther dighhodbnent is
substantially the same in configuration 10 as the projection exposure

appar at us ofadden@boyerticst agabedteeot th&! Smodnt 0okl GigAt. The projection
exposure apparatus for producing the m crodevice (device exposure

appar ghus) i SeSaiPed@nby 3h | YhdPSe$88Brif §8RELPVERLI OBh@set hat of the first
enbodi nrent (FIG
When illuminating the master reticle Ri, images
projected by the projection optical system 3 of the
spatial image measurement marks 53 are formed on the
surface of the light receiving plate 55. The main
15 control system 9 moves the XY stage 6 to bring the
light receiver of the spatial image measurement
apparatus into proximity with a position corresponding
to one projected image of a spatial image measurement
mark 53. In that state, as shown in FIG. 8A, the
20 aperture 54 of the light receiver is made to scan the
projected image 57, whereby a signal as shown in FIG.
8B 1s detected by the photoelectric sensor 56. That
is, the image of the head position slit in the scan
direction among the plurality of slits (light passing

25 portions) of the spatial image measurement mark 53



" 15 5). Therefore, explanations of these will be omtted. Further, the
enbodi nent is also basically the sane in the process of production of a
.working reticle explained with reference to FIG 1, so the explanation of
this point as well will be onmitted. 20 The pattern of the worki b3 SEPigHH e
(phot omask) 34 produced is obtained by successively projecting and
transferring reduced i mages of a plural7®y -of naster reticles R while
stitching them Due to various factors in the reticle exposure apparatus
used for 25 production of the working reticle 34 and the device d ~ ~~P
~91~~ - 104 appgaosurim apiparggerstwse My § hehewrkhegimages!| ef 3dhea pattern
distorted fromthe ideal inmage ends up being transferred and forned on the

devi ce substy@fadnt s':n_r&wpsﬁcr@e@scpw%ﬁya ElahFE¥roh11 hesmtgeodevice 5
_produced fall.” Therefore, in the third enbodi nent, the distortion of the

pattern OCC‘érlrii%Caﬁpéﬂe iq ”@né’famcf%%é@i‘, %nd esx?@é’étg%gw?é%gnd at the

time of the pro on of the m device I's neasured, w ng data for
the master patter be f or.med reticles is

ns Pi .t the, 1 ster i

corrected, Y% t?euscfmosft etr%%aqqee;%%r%?g%? gﬁ‘%m’ btg%%duB?lgFﬁeOqur rected
drawi ng data._ _Thi i1l be explained ip detail bel ow Fl 12 and FIG 13
are vigws eﬂ;ljaiC?frfgq el ot rrg%‘f‘? o?}“‘bfﬂ?%t ep%ﬁ’?%?%’éefg’;l *produci ng a
master 15 reticle. FIG 12 shows the case of producing a working reticle
usi ng master retAtc|Esis driey g Fh ekn BEG er$B/ gfRerovbPREction, while
FIG 13 shows the case of producing a working reticle using master reticles
formed with (estunt of teigist edécr ived) reftibe Pllotoelechpaci sensoflI G 14 is
an explanatory view of the neasurenent of displacenent (distortion) due to

t he productis® fchdesamss @s it L Eby shovetéps |l geake, abHeqihe correction
of the drawi ng data. For exanple, the explanation will be given taking 25

as an exanplgedih&ast WesSs LS €y | with NENS hOPemeRe 308 EnE 2002 - 105
distortion in the projection optical system 3 of the reticle exposure

apparﬁzus a fﬂﬁ&gkéd‘fﬂé%%éi?jrbfq{%ejéﬁiﬁg it ﬁeégeéi gbecpHaster

reticles. re,”to sinpl e explanation, 1t 1s assuned that the 5

patterns Pa ofo LQie "Bt efnLELEGEES B} 4Qu B {NFSLRE doordinate

position of the XY stage at the peak position of the
detected values or the center portion of the signal
found by slicing the differentiated signal

15 (differentiated signal of FIG. 8B), it is possible to
measure the position of the projected image of the
spatial image measurement mark 53 in the X- or Y-
direction. Further, if measuring the X,Y-coordinates
at a plurality of Z-positions, the strength of the

20 signal of FIG. 8B or the strength of the
differentiated signal of the same will change. This
signal strength peaks at the imaging plane. Further,
by moving the stage 6 in the Z-direction (direction of
optical axis of projection optical system) in the

25 state with all or part of the images of the plurality



“to master 4) fornmed with rectangul ar patterns Pa as master patterns are
transferred on the mask substrate (blank) 4. If transferring the patterns
Pa of the mask reticles Ri on the mask substrate 4 while stitching 10 them
"'due to the distortion, the rectangul ar patterns Pa distort in prcﬂjeggeg{)gz
image in a pincushion fashion and a working reticle 34 formed wt

distorted patterns Pb is produced. Ther&ore, in the third enbodlnent, as
expl ai ned 15 below, the inage distortion of the patterns is neasured and
the original master patterns (design patterns) are forned in a distorted
fashi on based @litse afexiid prmfjarasiiriansyd .offhilse vépat bel ekphgened W th
reference to FIG 14. In FIG 14, Pc is an ideal 20 pattern on ahe mask

substrate 4 pRisQireaid Atk N i asapdiehierd L £ tise NEmEhgEt 051 on) for
_the rectangul ar pattern (deS|gn pattern) Pd formed on the master reticle

f f th
(for ”Easu“i’l‘gﬁtt Qfecg for% élseétﬂelé"retl ?Pa‘.’hé%ﬂli’ the

rect angul ar tern e master proj ect ed

di storted due t . -_106 dlstortl | f, t,he point.on_the ctua
pattern Pe @mﬂﬁeﬁﬁd.wwm Sl CHh HECT Ao r e
correﬁgondlng to the point a0 on the design pattern Pd ersectlon of the
line Lh pas¥itd ttﬁ‘reodd'ﬁ‘?tw Pl eralik Yfen I‘%ri)‘f EYi ‘ﬁc b‘t‘?cal system 3
and the ideal pattern Pc) is pl (intersection of line Ln and actual pattern
Pe), the poShsrgfasie aiit (oA hAREHRIR N0 idetrei itk Baaivgor di nate
measur enent device etc., the distance (displacenent) 0 do between the 10
point a and g]]qu:)chmtdeﬁedtsirfg)ttri‘de et oon tde therpealkt posaties, and the
point y0O at the opposite side of the point pl the sane distance as the

di spl acenentirD wie a-Qligrddieidn Neaddoididgpnd. bNexdvihgetpei 8tay® on the
master reticle R having this point Y1 15 as an ideal projection point is

found. This jGalyHH AiPir&i€ion SaRer I TIPS €W | Belopsh yreetighermttently
across the entire pattern Pd and the set of the points YO found is used as

the dyaw ng Jﬁ?&é}eas%eﬁ'l{tlépr Iecatt or 5%? Jg%tﬁt&telﬁté tt}b&sttéet 20 when

intermttent e p0|n ncrease effrcrency, the
chepl acerent, RIS P RS L ed *ﬁé‘y%é’ﬁt&tgf”u&?éﬁ%eigg's?%tﬁt‘i pased on
master reti CploesSSLZbSleg nt?c?tﬁtrtprloég tgrr?eStaecrcé acg} ég §4t£gtr:1[.rgrctj with the
After alignment of the reticle Ri by the reticle
alignment marks 21A and 21B, this spatial image
15 measurement is performed on the projected images of
the spatial image measurement marks 53 and the results
of measurement are stored and held. Based on the
results of the measurement, the imaging
characteristics are corrected by for example adjusting
20 the projectdon magnification using a magnification
adjuster so as to reduce the amounts of offset of the
positions of the projected images of the spatial image
measurement marks 53 (image positions) from the

corresponding ideal lattice (design positions). By

25 transferring the pattern Pi of the pattern area 51 of



~-.10 ~ - 0 3 SE P 2002 distorted patterns Pf are produced based on the
drawi ng data corrected fromthe drawing data of the design pattern Pd in

. this way. If successively projecting and exposing these patterns on the
mask 5 substrate 4 while stitching them patterns Pg having a shdb& SEP 2002
extrenely close to the ideal pattern Pc _are forned on the nmask substrate 4
and a high accuracy, high quality mofkfﬁ@ mask 34 free fromdistortion is
produced. 10 The above expl anation concerned the correction of distortion.
In a reticle exposure apparatus as shown in FIG 2, however, the follow ng
may be consitller eetdsleaRde®nf dro ditst hdteomask auwbsageof4 aimeshis pattern
Pi of a master reticle R projected on the surface of 15 a mask substrate
4: (1) As disglatet,i anhigfhdly R@duradie pamdern il e tandeseha@, of the
master reticle due to holding, tilt and shift with respect to the reference

pl ane (object pegN@cThHgPRY1BGH RN i@PHoE i FAKS HYMNBdudd Cdebﬁ&xﬂ&i&%

distortion relating tothe projection optical system 3, aberration of the

torti atT! oj ection opt]
projection gp! 42l XSLHR duid Sheirteadtt ¥ Péo%&eeﬁ%é%ﬁe%&ﬁr(@ AS

astigmati sm “conm aberration, spherica

distortion relating to_the nmas ubstrate 4, 0 S. ~~~ z00s - Joa bending
of the mask® 5?%?%@&259ﬁ9§19£( %ﬁgﬁf1ﬁ9§lQQMQHﬁ%9a%Mﬁ¥FYEWr%’a wor ki ng
reticle 34 produced using such a reticle exposure apparatus_to produce a
ni cr odevi ce PR J&CFPRc Bagnidsfad L ih &XHe, HURVING SYLRE RE iele be

consi dered as causes for distortion of the inmage of the pattern of the
wor ki ng r et pat&ezan piojtde @asden metkiglieadd ofratat duvi cshsistande (W
(4) As distortion relating to the working reticle 34, bending of the

wor ki ng r et iotlherdpestida ilooladi regral0 afi theamthsdder tretidile eBpacitiio t he
reference plane (object plane of projection optical system (see reference
nuneral 42 elesipett b)) thed prdfEctinmlicptiiddlonsystlen iNg Bénd figg proj ection

optical system (42), aberration of the projection 15 optical system
(di stiqy tionand e WeFAMMAIH @rror of the master reticle Ri
accompanying holding on the stage 2, and other error.
Here, since the spatial image measurement marks 53
are formed at the peripheral area of the master
reticle Ri (they generally cannot be formed in the
15 pattern area 51), even if adjusting conditions to give
the optimal imaging characteristics for the spatial
image measurement marks 53, the characteristics will
not necessarily become optimal at the pattern area 51.
Therefore, in this embodiment, the following measure
20 is taken to; realize higher accuracy pattern formation.
First, a control use reference mask (reticle) 60
such as shown in FIG. 9 is prepared. This control use
reference mask 60 is configured in the same way as an
ordinary master reticle Ri and is produced through a

25 similar process of production. That is, the area of



" astigmatism coma aberration, spherical aberration, etc.) etc. The drawi ng
data for the patterns Pi formed on the master reticles R may be corrected
 for all of the 20 pattern distortions caused by the above causes (1) to (5)
of the reticle exposure apparatus and device exposure apparatus,) PSEPRIpi s
‘al so possible to correct it for just one or nore with a larger effect on
accuracy. 25 Next, an explanation wil4 be made of the relation - 109 -0
3 S E P 2002 for correction of design patterns by neasuring the positions
(coordi nate val ues) of actually projected points on the mask substrate 4 or
devi ce substuh# eddtfirarl turxe aleferarmiesamskl)6d o fedond dles®£) he fol | owi ng
paraneters are defined: n: Nunber of neasurenent points when neasuring

def or mat i on do¥ des hdiHEL A JeHe darigidralurdieda of i Areaselr Samatwapen
_measuring defornaf?gk ?&Fis l.t()é% :Ryﬁ: Ori di nal” number correﬁgonding to

above causessl bhd astledIrdtichd &) & %Porndy Mitﬁ?%f’ic?@rjﬁ?ﬁtm point PQ

at i-th neasurenent position en neasuring ormation yji): Results
of neasurenent .of Siti 15 point. Qi. when point PO _(xOi 0i)
i spl aces aliage s ik el AntAbaa e kA St cent fBeEEE e 1o

the cause (] First, consider finding a |inear approxi mati on npdel where
PSS : S

the polnt POTHAES 19) &3 ¢ HheE] R LRty RIS W spl aces to
the point Ri (Xi, Yji) in accordance with the follow ng equation (M) due
to def or mat a0 dRatiGk Hanagr seqguremgnt Marks 6k mrejef the (same2s vji

cji dji yoi fji - ilo 03 s ~ P 2002 In the above equation, aji, bji,

cji, dji, ejshapesd &g ithenyaldayrimentd mesikey 21e drehsi1B e espet ol so t hat
the difference between the Qi (xji,yji) of the 5 neasured val ue and the
Ri (Jji, Yimagef neapair¥ment marks (first marks) 53 of the master
reticle Ri and are formed at the same positions
10 (facing positions) by a similar method.
Further, a first area of the control use reference
mask 60 (area corresponding to pattern area 51 of
master reticle Ri) is formed with a plurality of
spatial image measurement marks 64, 65, and 66. The
15 first area 61 of the control use reference mask is
divided into a plurality of areas from the center to
the outside. Here, the second area 62 will be referred
to as the area 1, the peripheral proximity portion of
the first area 61 as the area 2, the area inside of
20 that as ther area 3, and the center portion of the
first area 61 as the area 4. Eight spatial image
measurement marks 64, 65, and 66 are formed in each of
the area 2 to area 4. The spatial image measurement
marks 64, 65, and 66 formed in these area 2 to area 4

25 are configured the same as the spatial image



t he nodel beconmes the smallest. The error due to the deformati on caused by
t he above causes (1) to (5), however, is not projected to be linear, so the
. closer the nodel to the desired position (here, the i-th 10 neasurenent
point), the greater the weight in the weighted |inear approximatidh3 §Epdin
Specifically, the following Eji2 and Wk are defined fromthe point Qi

(xji, yji) of the i-th nmeasured value-m%én'neasurlng deformation and the 15
point Rii (Xji, Yji) on the nodel. That is, s is a constant and k is an
integer of 1 ton. Ai, bji, cji, dji, eji, and fji may be found by the

| east squar emnesduosindrot gharckd hé3 sofll tlestakfea 21, Thati $sp &e~---~ (W k(
(Xi-xji)z+(Yji-yji.)2)y . . (M) k =1 Wk---(1/

2ns) exp( - ( (gdnKidoZed ihe ysakrhez)éQSﬁhe é;w&lgp Hrige MéksiBemefpBUSSI an
_function which becones - ~ ~~ ~ ~ 200 greater in value the closer

the di stancepd@igesn dheche txﬁ'aé‘@é‘ﬁ“f&@'lé’f’é NRi a”ﬁoﬁé‘etﬁa{t hegasur ed point.

The s in equation (M) expresses the spread of the Gaussian function WK.

The | t t t.h d
poi nt 1 Eeioa*;f% 00, P ATFE G S8 S R b AbEd BPYs BRE LRRabeRoRE 1 The

[ y dat I to_t i-1th sur ed s_considered in the
isl InZa?rrgppro %ﬁéﬁ “(Y:*F]‘gg%‘éf%# eYJI(ﬁﬁ%gg(?ttle%F ’P%éh%éﬁls%f(j) I10 at tlhe

i-th neasured p05|t|on is one of local |inear approximtion near the i-th
neasur ed poihViEOhPES|alse Heogeibient ¥oke nbet ibrishpogaibde(j), that
is, the nodel of deformation of the i-th nmeasured point PO (x0i, y0i) to
t he poi nt Rj{o (m¢dsuns the)posstionmdof Hehe, spatial nphagecation, the
equation (ML) is rewitten to the follow ng expression: Z = A ~ZO+B|
Wher:e, Oin i 2feaBuremégnt aparkbsi 63\ to 266 cformed in-tHéRe-aPed $ £oP 2002 xoi
’ area 4 in advance using a coordinate measuring device,
10 find the amounts of offset from the ideal lattice
(design positions), store and hold these values, and
perform various corrections using the amounts of
offset as correction values.
This control use reference mask 60 is placed and
15 held on the reticle stage 2 of the exposure apparatus
for producing the working reticles (reticle exposure
apparatus) and illuminated with illumination light to
form images projected by the projection optical system
3 on the stage 6. The spatial image measurement marks
20 64 to 66 formed in the area 1 to area 4 are measured
in image positions in that state in the same way as
measurement of the spatial image measurement marks 53
of the master reticle Ri.

Based on the results of measurement, the imaging

25 characteristics are corrected to cancel out the



"5.eij H fji The deformation due to the causes (1) to (5) is dto
successi vely accunul ate. The deformati on nodels for the causeg%?iﬁﬁﬁgp?S)
may be considered to be: (1) Z1=Al~ZO+Hl (2) Z2=A2~Z1+B2 15 (3) Z3=A3~Z2+B3
(4) ZA=A4~Z3+B4 (5) Z5=A5~Z4+B5 Next, the relations for inverse
‘transformation are found. The inverse transformation nodel for the 20

def ormation for the cause (j) beconestT =A-1(Zj-Bj ) where, Aj-1is the
inverse matrix of Aj. Therefore, the inverse deformation nodels for
deformation due to the causes (1) to (5) may be 25 considered to be: -
113 0 3 S waiM¥ Hybew GAlefrdr Bif (Y rE=A1td (epd@)ré3) Z2=A3' 1(Z3-B3)
(4) Z3=A4-1 ( Z24-B4 ) 5 ( 5 ) Z4=A5-1 ( Z5-B5 ) Finally, it is desired to
determ ne heipddieatiad ! e ifdand thdies A stadteskt Toklr eV DFaginghe master
.reticles R in order to arrange the patterns according to the ideal lattice

on the devi chayihaldidteh D, W Al fouirg | TodeNthat omd Ly pOSI i ons

ZO for drawing on the naster reticles R en determning the |deal

posi tional c¢Qordinat Thi o) o] S Al'l ( Z
151) 15 -KE PO, i< fné Bl (ARG T aREREES £555T, T
(A =Al1-1 ( A2-1 (LA3-1 A4-lé) Z 4-B4 ) -B % -B2 ) -Bl ) =Al-1 (A2'1

( A3- 1A%A4-11(tﬁ3‘151 f(orzs"’-"a‘é‘-‘%t-@l“ 59 SQ‘B'QQS’EH%’ J(’Eégé%g Not e t~xat when
finding how to distort patterns for drawing on the nmaster reticles R in
order to ar rdJRTIRT Rl RE oHhe Hee Wit i@ REPRIVES c2BRABABEE cefOBy t he
reticle exposure apparatus in accordance with the ideal lattice, it is

suf ficient texammlg,Athe prdject2ior awagnibicaiboml eropehonst desiring to
consi der - 114 - n 3 5EP ~OQZ deformation due to the reason (3), it is

sufficient tshiftl cuetleoddhdl asy A etnci may rbe ment B3nad, abaer forat ri x.
Further, when finding howto distort patterns for drawing on the naster

reticles R dimpridficdtidn asf atge &k61 P94t E6MShebe| hehdevi ce substrate (W
exposed by the device exposure apparatus in accordance with the ideal

lattige, 1t dgosatldi henis 9i¢ee {linBVad Nis SRLRGTe LhE equation (B) may

be used to find the corrected points for deformation including all of 10

e catocs (o 14 CBln s dFLEIEIEN 88! 1A% ;008,00 gpEsmRl el on of (v
scoorance A Ale 0% Sud0, O SELLODSRLLL IS SPRY,BLBLGT O | 2o

select the methods of correction in accordance with

the objective and possible to suitably select one or
15 more items for adjustment to correct the imaging

characteristics in accordance with the objective.

(a) Correction to Minimize Amount of Offset of All

Points in Pattern Area From Ideal Lattice

This method of correction considers the case where

20 uniform accuracy is required over the entire pattern

area 51 (areas corresponding to areas 2, 3, and 4 of

control use reference mask 60). First, the positions

of the projected images of the spatial image

measurement marks 63, 64, 65, and 66 of the areas 1,

25 2, 3, and 4 of the control use reference mask 60 are



" 15 patterns distorted fromthe design patterns and produce a plurality of
master reticles Ri. These nmaster reticles R are used to transfer patterns
~on a mask substrate 4 by a reticle exposure apparatus while stitching them
and thereby produce a working reticle 20 34. The thus produced working
Teticle 34 is used for exposure on a device substrate Wby the @? igﬁ
exposure apparatus shown in FIG 5. Not&that in the third enbo 'ﬁé 002
causes (1) to 25 (5) were shown as causes for distortion of projected -
115 - 0 3 s E ~ 2002 inages in the reticle exposure apparatus or device
exposur e apm@astired and tohes e verma g ina sl esiowtderocausestimay al so be
considered and the design patterns nade to distort to deal with these too.

5 Before trapehen' idia an@dradat ey i Rird @4 5ahsd rad end, tRéi gnnent
_sensors 14A and 14B are used to detect the alignment marks 21A and 21B and

reference gﬁg Hgg%er t | d align the master
reticle R. o $S'th I'nst eacﬁ&# e al' gtn}{rénétﬂncg%{gt%gA and 24B

conprised of the shleldln mat eri al.s, use de | at ent

s et o agméhc%% SRthRER o Nk, 406 iR adhedias s T (his
case, before |l oadin he substrate 4 into the43$2ect|on osur e appar at us
15 (FI-:G 2) Min@nd e FAF St &r° Ff%%r %‘goif’)%ctl on exposure

apparatus may be used to forn1|atent i mages of alignment narks on the
resi st on tRR3dubdtexdte the oraircrue agwif ¥ahion b | PrERttedr ks
expl ai ned above may be del eted and the production tinme 20 and produc~~i on
costs of théywwer Maynifeitdat ierBdadriys ter shicen® eehwnel tedueed. ) Fuot her, a
phot oel ectric detector having an aperture pattern is arranged above the
sanpl e tabl eninimizdd Ghe?.exifer MLirele tared Mtk Safed nedf pomt bgemast er 25

reticle or test reticle are projected on it by the - 116

ideal lattice. The magnification error M1' of the area

10 1 after this adjustment is measured or found by
calculation and stored and held as a correction value.

When actually using the master reticle Ri for

exposure of a blank 4, the position of the projected
images of the spatial image measurement marks 53

15 formed at the peripheral area 52 of the master reticle
Ri are measured. If the magnification error found
based on the results of measurement is MM1l, M1'-=-MM1
adjustment is performed by the magnification adjuster.
Due to this, the same state is reproduced as the state

20 where correction is made to minimize the error of the
area 2 to area 4 from the ideal lattice of the control
use reference mask 60 and the imaging characteristics
become optimally corrected over the entire pattern

area 51 of the master reticle Ri.

25 (b) Correction to Minimize Amounts of Offset of



" projection optical system 3. The sanple table 5 is noved so that the
proj ected i mages successively are detected by the photoel ectric detector

. through the aperture pattern. The coordinate values of the 5 projected
i mges may be found based on the output signal of the photoelectri@jsgpzmy
detector and the output signal of the interferoneter 8 and the inmage
distortion caused by the above (1) and {2) detected fromthe plurality of
coordinate values. At this time, 10 it is preferable to irradiate the marks
with the exposure light and project the marks under the sanme exposure
condi tions agowhen 4t anst plieny dheppetéen napéaarremt Edektt Lakeiee to the
substrate 4 {working reticle 34), that is, nmaking the sane the shape and 15

size of the aperijiie midtHbd ot NCoktétidRt¢ORs OBEL§atheyshem & the
_coherence factor (6 value), the numerical aperture (NA) of the projection

opti cal systég%é%F%¥§L§ 5%@&%@8?6695nﬁe89955 g&#ﬁ?%gyﬁgéEher, the Iine

wi dth, pitch, ormat1 on” 20 conditions:o s are desirably
made t he sane. as. t ttern of. .pster.reticle. e _that in the sane
vay. the exmrritGEREm BRE, PLHkrE BT RS Sha oL REBEEFRE Shor ki ng et ol e
34 on to a wafer W(FIG 5% may simlarly have a _photoel ectric detector o ~
~~p z49z 25 MRty HHE BRT E+%K%a?fe Re aPraagetedbsPeILRefatpPe 0 3 s~
zoaz - 117 table 43 and detect distortion due to the above (4) and (5).
Further, thesprtixl oimage dneaswremenieparkssa3tandecbéét ef rhernrceas)
explained in the first enbodi ment may al so be used to detect the inmage 5

di stortion. Funde? oftthe possrbleuse refiesércet haspatdermeor marks of a
master ret~.cle on the substrate 4 and then detect the positions of |atent

i mages of theepsited nad the ksvépagedmagnibeécatsioat eeroresiat theages fornmed
10 after devel opnent by an alignnment sensor 23 etc. to find the inmage

distortion. Nedkg 1hengubrérateadat arahksichngteat h8ifgothenkashave been
transferred may al so be devel oped and etched and then"t he positions of
10 square method etc. Here, the calculated magnification
error area in the area 1 is defined as M1 and that of
the area 2 is defined as M2. Next, the projection
magnification is corrected by a magnification adjuster
(lens controller etc.) to minimize the error of the
15 area 2 from the ideal lattice. The magnification error
Ml' of the area 1 after this adjustment is measured or
found by calculation and stored and held as a
correction value.
When actually using the master reticle Ri for
20 exposure of a blank 4, the position of the projected
images of the spatial image measurement marks 53
formed at the peripheral area 52 of the master reticle
Ri are measured. If the magnification error found

based on the results of measurement is MM1, M1l'-MM1

25 adjustment is performed by the magnification adjuster.



“the images formed on the substrate 4 detected to find 15 the image
distortion. In this case, the inmage distortion including even distortion
carising in the processes of devel opnent, etching, etc. may al so be found.
Further, in the above enbodi ment, the pattern to be 20 fornmed on a naster
Teticle was nade to distort to cancel out the inage distortion arising due
to the above (1) to (5), but the entiTe’Pattern to be formed qu%gggﬂzster
reticle need not be distorted. For exanple, it is also possible’td e
only part of the 25 pattern distort or make part of the pattern shift ~~~
~Q-~ - 118 Dued dtd vhisn arice heameostaton. isFurepeoducadt @adtbé shhtag t he
pattern of the master reticle distort, it is also possible to nove the
master reti gl ddieraljval M anisite winihzdreheceiporopti €Ak system 3
.5in FIG 2 to make the position of the pattern shift. At this tine, the

image fieldQed he fdi adld HUOPL | LAt SYSIOM the LEGAtES1 45€ position of
the pattern in the plane orthogonal to the optical axis, my be nade to

shift or th j . i . di tion parall el
to the opti %ﬁﬁce{ g&a{rra 26 hen%g%l??id%%&%f&?hée@%g éfg?ﬁlgklig% or tﬁe mast er
reticle may  be made to. tiJ ith respect, to the object plane, of the

pro}ec iony§ﬁHQQﬁ %R&ﬁ%éﬁéyzﬁﬁEﬁﬁfEé)rﬁﬁﬂ) F kot %e5%¥igarté9ps). Not e
that the 15 positions of the patterns at the plurality of _naster reticles
used when p%@%@%"f’r@%r%% 3et9% 1 edASERH B%té‘gﬂ-?t%él or the position

of the pattern at only a specific nmaster reticle may be shifted. Further,
t he pattern (Rertiommirrespinding thdrer poeftsontuvplinee20 pattern made
to shift at the object plane side of the projection optical system3 in the
sanme naster refiedrr@mddie At ern made to distort for one or nore of the
plurality of master reticles used for the production of the working reticle
and the positdpns ofcdmedthqatierRedutson Psivfity Bashe arswhtsng master
10 of Offset of Points at Periphery of Pattern Area From
Ideal Lattice and Reduce Amounts of Offset of Points
Other than at Periphery of Pattern Area From Ideal
Lattice as Well
This method of correction considers the case of
15 stressing the accuracy of the stitching portions of
patterns and also stressing the accuracy of other
portions though not to the extent of the stitching
portions. First, the positions of the projected images
of the spatial image measurement marks 63, 64, 65, and
20 66 of the areas 1, 2, 3, and 4 of the control use
reference mask 60 are measured and the average
magnification errors in the area 1, area 2, and area
34 (area of both the area 3 and area 4) are calculated

using the least square method etc. Here, the

25 calculated magnification error area in the area 1 is



- 119 - d 3 ~~P" Z90 reticles. Note that it is also possible not to nmake
the pattern distort and not to nake the position of the pattern shift for
~sone nmaster reticles. Further, when using an exposure apparatus which hol ds

the 5 master reticle and substrate substantially stationary to tngqﬁwquthe
‘pattern to the substrate (stepper), it is possible to use the reticle ?ind
(field stop) arranged in the illumnatibh optical system 1l to divide the
pattern of the master reticle into a 10 plurality of sections and transfer
these to the substrate and to shift the positions in the image field of the
proj ecti on auifiicald sestam IHar efctheofaddwe Plis adétined secu2pns on the
master reticle. Further, when using a scan exposure apparatus to 15

transfer thematli of thdBdtd JLlislfeOihdd ddMPiboétal erHe the master
_reticle and the substrate are made to nove relative to the projection

optical sys . : QI e d J paratus, it is possible
to drive a &%{Bljc%cé:%q{ E‘Ic? Ig{%@f@p?ﬁ%&%ﬁ "?58 E?he illum nation
optical system 1l and restrigcti the area on t master reticle illum nated
by the expolAI YA AT G A Tif ki T RAH L ¥ | 'H0m nat ed-aroa 11
the image field of the projection optical_system3 shift. Further, it is

al so 25 pos&HBUEe FhmF ite Hasths 3%83 d LA Whibstded s lattices- - 120
synchronously nove while offset sonmewhat in scan direction or to nake the
mast er reti @he &\ENOHIURNAS Hovandytth alRo sigdueeteo whitertaiating it
slightly so as nmake the transferred i mage of the pattern on the 5 substrate
4 distort. Exteandr thehemust erf pate aared & el area nhsfeomrehecl e may be
made to distort to cancel out nonrotationally synmretrical conponents of
distortion aldesding atteiden, titee akyrel fildat o Brwde Nhe ppsthéoardd of the
pattern made to shift as expl ained above or at |east -one optical elenent
of the proj ectd O iGAladpsdtaiBrk Ofs 4redBfieed L FOFSUA® KRNCEl out the

10 calculation and stored and held as a correction value.
When actually using the master reticle Ri for

exposure of a blank 4, the position of the projected
images of the spatial image measurement marks 53
formed at the peripheral area 52 of the master reticle

15 Ri are measured. If the magnification error found
based on the results of measurement is MM1l, M1'-MM1
adjustment is performed by the magnification adjuster.
Due to this, the same state is reproduced as the state
where correction is made to reduce the error of the

20 area 2 from: the ideal lattice of the control use
reference mask 60 on a priority basis and to also
reduce to a certain extent the error of the area 34
from the ideal lattice. The imaging characteristics
become corrected on a priority basis at particularly

25 the peripheral portion of the pattern area 51 of the



!

remai ning rotationally symretrical conponents. Note that in a scan type
exposure apparatus, the master 15 reticle and substrate may be nmade to

~shift slightly in the scan direction to cancel out the rotational

I
symetrical conponents. Further, since a plurality of master retﬂd¥8EPﬁW2
are successively exchanged to transfer the master 20 patterns Pi to the
substrate 4, the time required for expo8fre of the substrate 4 becones
| onger conpared with exposure of a wafer Wusing a working reticle 34. Al so
when the projection exposure apparatus of FIG 2 uses exciner |aser |ight
as the expomastér getial@Rihgpocalomngpbdrfespdndingype aeeast bs used for
t he ~ Qg ~~~" 7~ - 121 substrate 4. Therefore, sonetinmes the line wdth

of the patteidghirdDeusd foferxdd® Radlesd | rend meséeinigihgl e Rl anong the
_plurality of pattern images (resist patterns) forned on the substrate 4

after. 5 develpormniot 4L; oo besAIR e 868%toL 1 RchEhbr Thahsi s, i nce

the time from exposure to dev ers In the N nunber of naster

Change of T IHE (1PE wWHHTERTTT GriteibM g easfEhatl oot oiPRerRY: rmge.

Therefore, it is desirable to: geure t he ambunt of change of the line
width for edtif nd %ﬁeQQﬁi%ﬂ%kBE ftnd it by sinmulation and finely adjust
t he amobunt of exposure of thé’substrate 4 (resist) in accordance with the
anount of changé"hen Fakrulahkbierthagragel OB @YX EPHS. foHecasht hi s,
since the anmount of exposure is adjusted for each master pattern, the
change in |iameeaibif thd albeve ecd stt@atcpr otnchd) beMheandt M28#e dhni num
Not e that the anmount of exposure nay be adjusted for each master 20
reticle. Al s@) thel aamding2 pfapbsu(e) jreMl peMagj and ed3 s pr apdewhesever al
master reticles. Further, when the projection exposure apparatus shown in

FIG 2 to FIGnding ehSlmddRDA Ya€XPRSEFLot YRE: 6O tB¥AHPEE, 13 the
st ep-and-repeat type, the anpunt 25 of exposure of the substrate 4 (resist)
is adjgsted Pygnification error is corrected based on the above
correction values (amounts of offset of measurement
positions of spatial image measurement marks 63 to 66
formed in area 1 to area 4 from ideal lattice).
Here, a more detailed explanation will be give of
15 the case of (c), that is, the correction to reduce the
amounts of offset of points at the periphery of the
pattern area 51 from the ideal lattice on a priority
basis and reduce by a certain amount the amounts of
offset of points other than at the periphery of the
20 pattern area from the ideal lattice as well. Note that
here, as the items for adjustment for correction of
the imaging characteristics of the reticle exposure
apparatus, not only the projection magnification of
the projection optical system, but also the rotation,

25 shift, and orthogonality are considered. Further, it



0 3 SEP 2002 - 122 changing at |east one of the intensity and
irradiation tinme (exposure tine) of the exposure |light on the substrate 4
1 Wwhen the exposure light is continuous light (i-rays etc.) and by changi ng
at least one of 5 the intensity and nunber of pulses of the exposure |ight
on the substrate 4 when the exposure light is pulse |ight (EXCiWFESYF?ﬁz
etc.) On the other hand, when the proj&®e Son exposur e apparatus shown i
FIG 2 to FIG 4 is a scan exposure type, for exanple, the 10 step-and-scan
type, the anmount of exposure of the substrate 4 (resist) is adjusted by
changi ng at lLeasssumedothalte tihet edgiusEmentt lod dhgopugjddtgitn on t he
substrate 4, the scan speed of the substrate 4, and the width of the area
irradi ated bypaghefexpedone by ghle Iagniflitatiom adjuidocan Bdie substrate
4 when the exposure light is continuous |ight and by changi ng at | east one

of the int en@b&fo%aﬁ“&nﬁ?&%@%‘d@%ﬂﬂy@ﬁh Uhe R SUHRHTE #hq t¥1e scan speed

of the substrate 4, the wdth of the area irradi ated by the exposure |ight
20 in the scagrgk%gébion on the substrate 4, and the oscillation frequency
of the exposure Ti “(pul se light source) when the exposure light is pulse

l'i ght. An enl arged_devi pattern aof the device pattern to ke fornmed on the
worki g rettche  SATREy boehseSbd=ds valBste i, Fig A He ARl e,

di vided into dense 0 3 S.EP 2002 - 123 atterns and i saol ated patterns
or divided i RP§IEIABS Bfalthy S0RL Bdpdm Sugiement MARks f 3k er

reticles and thereby elimnate or reduce the connection portions between
mast er pattethe 8Feghd Siskhs: candrpl nuse eferense dasde, 6Uaendi ng on the
device pattern of the working reticle, the master pattern of a single
master reticdefiinesomst i(ndd ,t vadrigf,ertthed measthireal palneds twheaf areas on the
substrate 4, it is possible to reduce the nunber of 10 master reticles used

for producti aeaghirdngoriiendmarid Poritlibnishe ft Mined spydtadiInEitiagd he patterns
of a plurality of master reticles were transferred on to the substrate 4 in
the same expagdistrapRdftatdbksP¥d idf the area 2 control use
reference mask 60 are defined as (u2j, v2j), and the
measured values when measuring the image positions of
the spatial image measurement marks 65 and 66 of the
area 34 control use reference mask 60 are defined as
15 (u3d4k, v34k). Here, i is the number of measurement
points in the area 1, j is the number of measurement
points in the area 2, and k is the number of
measurement points in the area 34. Each is an integer
larger than 1. Note that in this embodiment, i = 8, j
20 = 8, and k= 16.
Next, the amounts of offset (error) from the ideal

lattice in area 2 and area 34 can be considered to be

approximated by the following linear model:

25



1 ]
15 is also possible to use a plurality of exposure apparatuses to transfer
the patterns of a plurality of master reticles on the substrate 4. For
.exanple, the sane nunber of exposure apparatuses as the number of naster
reticles required for production of a single 20 working reticle nmay be
prepared, a first exposure apparatus used to transfer the pattern0 &fSER 2002
first master reticle on to the substrat82 then the substrate | oaded into
t he second exposure apparatus where the pattern of the second mnaster
reticle is then 25 transferred to the substrate. The renai ni ng exposure -
124 apparatusegsXsiqm |l arly taansber txe-patierys of their master reticles
to the substratie affer thig to forjmithe |device |pattern on the substrate. At
this time, thelimage 4istorition occyrringdue tjo at |eastrope of the 5
.above (1) to (9) is}canceled out by |makijng the |[pattern of the naster
reticle used ir_yhel exposurle apg§ratq;ndist rg ffor each apparatus or making
the pattern position shift. ibte that® there nay al so be two or nore naster
reticles provided at each of the plurality 10 of exposure apparatuses.
Further, the same exposure apparatus may be used when transferring the
pattern of a single master reticle to a Eluralit% of areas on a substrate.
AccordPng to thelRhfRHaEMBBdlFeht, (fRe YB3i BRE15PFaPPELAs to be formed on
the master masks (nmaster reticles R), that is, the working mask (working
reticle 34),capedipateso Whilsr{XBe YRat afBethet dgsignoceersd nak@ses
substantially match with the ideal projected inmages, so even if there is
bendi ng of tbd€é BDesnbthrmeesduedt vahokdi.ng, aberration of the projection
optical system etc., patterns close to the ideal inmages can be projected
and transferred to the mask substrate 4 or the device substrate Wand a
hi gh accurac hi-gh—gu-al- Hi-cr-odevi-ce—or—photommsk-can be =~ =~ =P ~gA~ 25
produced. E=E2+E34...(L2)

E2=Y W2x3j(u23j-Xj)2+W2yj(v2F-¥3)?)...(L3)
J

E34=) W34xk(u34k-Xk)?+W34yk(v34k-Yk)?)...(Ld)
k

a, b, ¢, d, e, and £ giving the smallest E defined

by equations (L2) to (L4) are found by the least
10 square method.

Here, W2xj, W2yJj, W34xk, and W34yk are parameters
(weighting coefficients) for changing the ratio of the
residual error from the model equations at area 2 and
area 34 and the ratio of the residual errors of the X

15 component and Y component from the models when finding



- 125 Fourth Enbodi ment Next a fourth enbodi nent of the present invention
wll be explained with reference to the drawvings. 0 3 S E P 2002 Parts of
.,the explanations of matters already explained 5 in the first enbodi nent
will be omtted. In the fourth enbodi nent, nonrotationally symetric
aberration of the projected image of the projection exposure apgzg@pmﬁnd
the distortion characteristics and ot ke®3i magi ng characteristic

measured in 10 advance, and the results of the neasurenent are used at
the-tinme of production of the working reticle 34 as explained later. Wile
al ready explmodel equabtohir Sbreabedeceing the ewbstr.amdatbliank) 4 for the
working reticle 34 is 15 a transparent substrate such as silica glass. It

is formed wthep dReNcéetfieleatBBekprBESiNg ptyekidy GMedghtor nol ybdenum
sSilicate on the pattern area 25 of its surface and iS fornméd with two

al i gnment  may, én2§fvﬁﬂ héféfaegﬂaias‘zﬂ eggwgﬁgi Eﬁn?m@da%rekwtr 20

al i gnnent sandw chi ng pattern area se alignment marks 24A and
24B are for in_advance before _the transfer of the patter i ng an

el ectron begﬁg?i?%%b?é%ﬂyogygt8ﬁ$EF5§anb§hﬁ1Pﬁ%ﬁgﬁpaﬁﬁ?asfgtgﬁkrgrojection
exposure apparatui (stepﬁer, 25_scannir£, etc. The substrate 4 is aligned
by nmeasuri ngS*XamPleg; 3t _hhe persgherpl PariiPfeOfoSERtSs POXtHRd)al i gnnent
mar ks 24A and 24B and reference marks 13A and 13B using the alignnment
sensor 23 (PG 9Rylngnpraéesenee hAndCCHFAgHNéAt agapkdancs aidh21B are 5
formed on the master nmasks R as well. Before transferring a naster pattern

Pi to the subbéerdiredtiahi gfinthe pehsers 1XAdamedctdBnar &-used to detect the
al i gnnent marks 21A and 21H and reference marks 13A and 13B for each naster

reticle R afdrétt9ont hepFOstnshblyr seteliagRthel BatrAmelierst, @nbodi ment,
before transferring the master pattern P2 of the second master reticle R2
on model equation weighted to both the positional

10 accuracy and connection accuracy of patterns
simultaneously or to just one of the same can be
found.

As one example, consider the case where the
following conditions (rules) are given:

15 (a) The area 2 (that is, the outside portion of
the pattern area) is the connection portion with the
pattern of another master reticle (connection portion
of two patterns), so has to be made 1/2 of the
required accuracy of the area 34.

20 (b) : The positional accuracy or connection
accuracy of line patterns becomes stricter in inverse
proportion to the line width of the lines.

In this case, the weighting coefficients may be set

as follows:

25 W2xj = 2/L2x7]



to the substrate 4, the sensor 23 detected the alignnent marks 24A and 24B
to obtain their positional 15 information (X-coordi nate, Y-coordinate, and
.rotation). However, the alignment marks 24A and 24B may al so be detected
before transferring the master pattern Pl of the first naster reticle RL to
the substrate 4 and that positional infgormation used for 20 traqﬁingng
the master patterns P1 to PN of the nmasB4r Teticles RL to RN to theé
substrate 4. Further, when transferring the master pattern Pn (1< nsN-1) of
the n-th master reticle Rn to the substrate, for exanple, at |east one of
the alignnment 2542mj ks 24B2wmnd 21B nmay be transferred to the substrate -
127 4 and the latent inmage of that at |east one alignnent mark fornmed on
the substrate 4 3&#sgkst)l/By4kke detected by the alignnment sensor 23. The
_positional information obtained my be used to transfer the 5 nmaster
pattern Pn+l of whgyknsl)yh3pppter reticle R+l to the substrate 4. At this
time, the positional information of the previously detected align~~nent

mar ks 24A and 2 .be_u t Furt , = n,t.ransferring the
patterns of thir %ﬁ%’?%??%mﬁ%géﬁg %ggéegﬁégPig?egﬁgn]?@%tﬁéaghbstrate 4,

it is gossible %o use-gll of the £05i#5022| informat.ion relating to the

| at ent °i mageR2 bFSTRSKFERAMRA VREFRE 2 OY mbBPEFMR RS EIPT Ainsfer of the
1to (n-1)th naster reticles or to select one or nore |latent inages and use
only 15 thatFf8si?l ohBl tRRf 8FRBt fonl2Xd - LRi §hEi Adne; Wddsdsiof &b
information of the alignment marks corresponding to a transferred image
obt ai ned by 3ttkching Pagbenrar ekcandéngi hagégontalhy rxdgdt-ga&ftterns Pn of
the master reticles Rn anobng the 20 transferred i mages of the first to
(n-1)th nastéireatiennsnPEIGo Ph- int thes&eened,ob3ttlk&k dsbtheatldné nmay al so
be selectively used. Here, while partially overlapping with the above

expl anati on,widehfoowtRé khenplodechhefeeh bheewaikigngez® ikaling! an34 will
be explained in brief with reference
10 the area 34, and L34yk is the line width of the k-line
pattern extending horizontally in the area 34.
By setting the weighting coefficients in this way,
model equations giving a higher accuracy to the area 2
than the area 34, that is, stressing more the
15 connection accuracy with other patterns, are found.
Note that here the case was considered where there
were both line patterns extending vertically in an
area and line patterns extending horizontally, but
when there are only line patterns extending
20 horizontally in the area, it is possible to set W2xj
and W34xk to small values (in extreme cases to 0),
while when there are only line patterns extending
vertically in the area, it is possible to set W2yJj and

W34yk to small values (in extreme cases to 0).

25 Further, all of the four sides of the rectangular



. 128 03 SEP2002to FIG 17 and FIG 10. In FIG 10, R (i=1to 4) are
master reticles. Here, to sinplify the explanation, it is assuned that the
. patterns of four master reticles RL to R4 (naster 1 to master 4) forned
with the 5 patterns "A" to "D' are to be transferred to the phot omask
substrate (blank) 4. In FIG 17, first, a substrate 4 coated mﬁtqb?
photoresist is |oaded on to the sanple 82bl-e 5 on the XY stage 6 SEP &ji2 2
(ST1) and the first (master 1) of 10 the plurality of master reticles R is
| oaded on to the reticle stage 2 of FIG 2 (ST2). Next, the alignnent marks

21A and 21Hpettddr rasierdd aidt| flvly sirieave i ghefoimh t Fohhect gbar ence marks
13A and 13B (ST3), then the alignnent marks 24A and 24B of the 15 substrate

4 are det ectRyl-thbridle Fidt HWEHE1 SENSPIsKwn tIe FBSL efol eyhehe RL and
_Substrate are noved rel ative to each other based on the positional

i nformation i ed t [ Q0 | Rg e er pattern
P1 and the SCSB{S%’ ate%(%)&ﬁ%%ﬁ%&g{)g%y%%%eg?géﬁ%g ?gm?#’ansfer t he
Do P e L AL Rle b QAN SHRBLEBL e T (STE) . Nt the
master reti s and it is
judged if the transfer of patterns to the substrate 4 has been conpl eted

for 25°all MAREET bk iAbtyayTierying these pakeREnatoBtdpblankidg s77
that the transfer of patterns has not ended for all master reticles, the
next of the afasthaowny ek FES- R0 i cteire mixe cgonnegt hert perjons aticcessivel y
| oaded (ST8), then the processing returns to ST3. This is 5 successively
repeat ed t o thensifr sivke pad erostdB"in cthi®'casetdf hhst vopreightes R2 to
R4 to the substrate 4 while stitching them Wen it is judged at step ST7
that the transftesr ofetpidler Meadwosr enylerll f asutldo nesheéctebhcl es, the

substrate 4 is unloaded (ST9) and the 10 exposure processing is ended.
Next, the phifRsiSta®ehdecspboid e 4right side. In this case,
10 therefore, a large weight is set for connection
portions and small weight (in extreme cases 0) for the
portions not connection portions.
Next, an explanation will be made of an example of
the operation in the case of exposure using the
15 working reticle 34 of FIG. 1 produced in the above
way.
FIG. 5 shows main parts of a reduction projection
type exposure apparatus (device exposure apparatus)
mounted with the working reticle 34. In FIG. 5, a
20 wafer W is arranged at the bottom of the working
reticle 34 held on a not shown reticle stage across a
projection optical system 42 of a reduction
magnification of 1/8 (B is 5, 4, etc.) The surface of
the wafer 2 is coated with a photoresist and held so

25 as to be aligned with the image plane of the



devel oped and etched and the remaining resist pattern peeled off etc. to

conplete the working reticle 34 with the naster patterns "A" to "D’
.transferred as 15 shown in FIG 10. At this tinme, the alignnent marks 24A

and 24B on the substrate 4 used for the alignnent with the nmaster reticles

are left as they are for use for the alignnent when transferring é%; M

pattern on a device substrate using thi8éworking reticle 34 in t% 8

devi ce exposure apparatus shown in FIG 5. Next, an explanation will be

gi ven of the case where the inmaging characteristics of the projected i nmage

of the proj gsfd PectEXdio Seb €1EHD ag @ tém USR NgTheewaPeki Woisehietlieod4 devi ates

fromthe ideal 1mage. When 25 the projection exposure apparatus shown in

FIG 5 0 3% sdhpl@2abla043 UshAGughea WREKI 8HoWR! WaEEr3fiollged bl OCK
_exposure type, there may be a certain anmount of nonrotationally synmretrical

aberration o [ rdl t h Nk DQ¢t he. i [ cheristics.
Here, it is é%%d%%% %ééﬁig ?%%iggggi%g E g?%c?%r?@?igg %?gp%ehgfojection
optical system 42 inclydes distortion whereby.the_lattice-like,ideal inmage
28 shown by fhﬁe%ﬁ% H#I+%e80%%€bﬂ%§dab%iﬂEﬁiﬁPgntéﬁaggdsFBEebéﬁreI shaped)
projected i mage 29 as shown by the solid lines as shown in FIG 15A 10 In
FIG 1BA whk#SehePRi Ranceeribpted BRRFREPd kY stAK1MBViRFe projection
optical systemd42 to the point 29a on the projected image 29 is r and the
di stance fromirreroptimilangdi45mKiabove hehpgosamp2eatahlend3candespondi ng
ideal image 28 is ro, the distortion 15 D(r) at the distance r can be
expressed astlioldomsesp¥nding(iasey/ interféMihetaesef ore, the anount of

of fset of the projected inage 29 fromthe ideal inage 28 at the distance r

becones about r-fifjhe2) 4 rébéfefdeematR mémbépULEhfeHRed weBh, as shown
in FIG 4, when projecting a reduced image of a master pattern Pi of the

-th master repbfbgcRnofciNe7RUBRATAYS o EBReXBASURE BARphEon [s shifted

laterally in the X-direction and Y-direction from
10 table 43. The working reticle 34 is formed with

alignment marks 24A and 24B so as to sandwich the
pattern area 25 in the X-direction. The alignment
marks 24A and 24B, as shown in FIG. 3, are used as
alignment marks when transferring the master pattern
15 Pi on a photomask substrate (blank) 4 for producing a
working reticle 34. Above these alignment marks 24A
and 24B are arranged alignment sensors 41A and 41B for
reticle alignment. In this case as well, the working
reticle 34 is aligned with respect to the sample table
20 43 (orthoggonal coordinate system XY defined by two
laser interferometers) using the reference marks 47A
and 47B, the alignment marks 24A and 24B, and the
alignment marks 41A and 41B.
Next, when performing overlay exposure, a not shown

25 wafer use alignment sensor is used for alignment of



25 original shot area Si so as to cancel out the - 131 distortion. 0 3 S
E P 2002 FIG 15B shows the array of the shot areas S1, S2, ... , SN on the
. substrate 4 again. In FIG 15B, it is assunmed that a reduced image PI 5 of
the corresponding 5 nmaster pattern P5 is being projected on the oqjggg?mmz
shot area S5. In this case, if the distance fromthe center of the sho
area S5 to the optical axis AX1 of the %FOrection optical system 42 of the
exposure apparatus scheduled to use the substrate 4 (working 10 reticle
34), in this enbodi nent, the exposure apparatus of FIG 5, is r, the anount
of offset oftHdeshptojamddasHm Hosn tiloe wafehewr aBy abudcessivebywhen reduci ng
and projecting the shot area S5 by 1/~ by the projection optical system 42

becones, frqBLaiidn iy ¥hd NMhot (dfedd X8 /0 . b&EUskPSEedi Bnt BReEXPOSUT €
_apparatus of FIG 2, the anount of offset due to the projection optical

system 42 ofw#*gr SEaH: Ws&eﬁop%gp%w{%%% n,':'&(lezg g%nf?d?%{ggggagﬂg exposure

position of the reduced I nmag y exact nce 20 with

becores bRk BEF 5 98 ORI S EPTOTER BheThtiorti on

by the_anmount of offset becones as follows; b(r)/~1 -_.(/=3)D(r/~i) ...
(N2) 2% Fro ae‘iﬁPat]iJcﬂ‘P"(r\‘PzS,O‘irﬁ%f lfb?%?'?sﬁ%%rﬁ*f Bremsapnptonp2 -
132 becones as follows; b(r) -_-r~D(r/~i) ... (N3) In this equation, the

M nus sign WROVID(ILyminakiconsl ighe S¥s RN meansedpged HBagRpaHr e
apparatus of 5 FIG 2 nakes the reduced inmage PI5 shift toward the optical
axi s AX in tole plreductidmgorgnificationpef chi P axf st masherarly, for
exanple, in the shot area S7 as well, the exposure position of the
correspondi ngattern 27 in the pattern area 25 is exposed on the
shot areas 48. After exposing the shot areas of the
10 wafer W with the reduced image of the master pattern
27 in this way, the wafer W is developed, etched, and
otherwise processed to form a circuit pattern of a
certain layer of a semiconductor device in each shot
area on the wafer W.
15 According to the above first embodiment, spatial
image measurement marks (first marks) 53 are formed in
a peripheral area 52 at the periphery of a pattern
area 51 in which the pattern Pi of a master reticle Ri
is formed, positions (second image positions) of
20 projected images of the spatial image measurement
marks 64, 65, and 66 of the control use reference mask
60 having a first area 61 corresponding to the pattern
area 51 of the master reticle Ri formed with the

spatial image measurement marks (second marks) 64, 65,

25 and 66 and having a second area 62 corresponding to



“reduced inmage PI7 is made to shift so as to satisfy 10 equation (N3) and
the reduced inmages are simlarly made to shift in the other shot areas as

.well. Note that at the shot area S13 on the optical axis AX1 in the
exposure apparatus of FIG 5, there is no need to change the position of
t he reduced image Pl 13 in the 15 exposure apparatus of FIG 2. @ﬁ,ﬁ@ his,
in the exposure apparatus of FIG 5, th88distortion of FIG 15A" S cafcel ed
out and an ideal inmage 28 is exposed on the device substrate (W by the
projection optical system42. 20 Note t~aat as will be understood from FI G
15A, in the {e tpet ipli€pait apePpOSRtoONtRE Mastanceetitlenrtihgoepledcal axis
AX1 in the projected image 29, the nmagnification al so changes by exactly
~p(r) and a@itlghépé‘@ﬁél)tﬁhé?@%éé{sﬁ‘éﬁéﬁf'ﬁékkglc)?%mé&aog\%ghzc%@ ¢3 arises.

_Therefore, the projection opfical system 3 of - 133 the

proj ection p o] 41 reke l'y provided
wth a corrgé??%ﬁéﬁgﬁﬁaﬁégégg%ri%%%%%ﬂéaggﬁgégéFe?h?ﬁgdgﬁe%ggelenent in the
projection optical system for exanple 0_as.to _enabhl e the r.oj ection
mon 11 cat SRERTOERE! oFBRGRRE oPBBLEGRF of FRGTH: ERRACaBRPEREEERM RE T ange.
Further, when exposing the, reduced inage PI5 on the shot area S5 of the
FIG 1BB fortRRarhPeeCtad pRapest PEntBRpeRAFLa4pHAAIRUBCEFUFPRENE (o FIG 4

is used to not only 10 shift the exposure position by exactly b(r), but

al so correctmanks ngyniti thei shabe whbhptbpestmaghngpechaghcsesiismig®sso as to
cancel out the corresponding magnification error ~~i (r/~3) and correct the
di storti on cpeebhimenasilyscofrebtegdr bperedoneophecamotibitspst efif8eso as to
cancel out the corresponding partial distortion as nmuch as possible. Due to
this, it becofreshposétbhé image&npesivilbngheérdmsthet ideadf pbkGtidnd With a
hi gher accuracy overall. Next, the explanation will be given of the case 20

where the grpjgehl ODa€XPEEYT 8raPRakah¥8d0brFE&Guna by EANLcaXaRRbe.a scan
exposure type such as a step-and scan type and where the inaging
charagperi stpgseflrt NPhe positions (first image positions) of the
projected images of the spatial image measurement
marks 53 of the master reticle Ri are measured and the
master patterns Pi of master reticles Ri are
successively transferred to the blank 4 in the state
15 with the imaging characteristics corrected so that the
first image positions become in register with (or in
proximity to) the third image positions. Therefore, by
just measuring the first image positions for each
master pattern Pi, it is possible to reproduce imaging
20 characteristics of the case when using the control use
reference mask 60 to correct them so that the image
positions of the spatial image measurement marks
(marks formed in first area 51 corresponding to
pattern area 51) approach the ideal positions,

25 possible to improve the positional accuracy and



_._/ ’

" projected i mage include so-called skew err where, as shown in FIG 16A,
the rectangul ar ideal inage 30 25 shq t he broken |ines becones the

. parall el opi ped 0 3 sk~ aooa - 134/ profected image 31 shown by the solid
lines. In FAG 16A, the center of the projected image 31 is the sanme as the
center 35 of the ideal image 30, but the projected i mage 31 is gizs¢mpry by
exactly the 5 angle ~ cl ockw se about=t%® axis of the scan direction, that
is, the Y-direction, fromthe ideal image 30. This is error distinctive to
t he scan exposure system (al so called an exanple of nonrotationally
symetri cal cdmrecttiam)acrusacy ofethd Opateesesn and epdsonslef tbhe reticle
and exposed substrate are offset. For exanple, the partial inmage 3la at the
periphery ofphdddud¥ o gsiecbmaRges Bhavin@tLri gy atEsLacPypa¥aethy bX in
the -X-direction and distorted in a parallel opi ped fashion by exactly 15

‘the angle ~ frorq]&ﬂﬁ dieal | Parld 3§ tBOAER AR mdAl [ N Sh&aSEat i1t he present

enmbodi ment, as the proj ection exposure apparatus for successively

proj ecting reduced | t ster tter o] t reticles Rl
to RN on themgqﬁg%ﬁéa%%%%&%ﬂ&?ng%ﬁ%;fo %éoﬁg%ng?egﬁsnd-scan type
proj ection exposure apparat us avh&g t he Yﬁdiéiction as itg scan direction
i s used. Furidg PRHE WS oL e HRAS bekicEEt1hhgR Bt2andithRe pattern of

the master reticle R21 corresponding to a partial inmage 31la of FIG 16A,
the 25 i magidRpterk derreferanee dnadk r&lt s oohEseb samnetimesg 3 SE P
2002 - 135 out the errors of the lateral offset bXl and angle ~. The
broken |i ne cgquns 3in cfh¢Imkrk g shoiwns heetweay bhethastesi gn shot areas
of the substrate 14. In FIG 16B, it is assunmed that the reduced i mage Pl 21
of 5 the mstetiqibdd RD arsd beha@gepntrett esle onefbeenesi gaskhed dnea S21

corresponding to the partial inmage 30a

to drawing error etc. In this case, by measuring the

10 positions of the facing the spatial image measurement
marks 53 and 63 of the master reticles Ri and the
control use reference mask 60 by a coordinate
measurement device etc., storing and holding the
amounts of offset as correction values, and

15 considering these amounts of offset when correcting
the imaging characteristics of the master reticles Ri,
it is possible to eliminate error based on the offset
of the marks themselves. Further, the spatial image
measurement marks 53 and 63 of the master reticles Ri

20 and the control use reference mask 60 do not
necessarily have to be formed at facing positions
(same positions) and may be provided at nonfacing
positions (offset positions) as well so long as the
mutual positional relations are clear. In this case,

25 it is sufficient to not only correct for the case of



“of FIG 16A. In this case, since the anount of |ateral offset when reducing
and projecting the shot area S21 by 1/a by the projection optical system 3
is bXl, the 10 anount of offset due to the projection optical system 42 of
t he scan exposure apparatus of FIG 5 when nmaking the exposure oigéigm of
the reduced imge Pl 21 shift by exactly bX2 in advance with resg% 't %he
shot area S21 in the scan exposure appaPftus of FIG 2 15 to FIG 4 becones
-bX2/ ~i (the mnus sign is due to the inverted projection). Therefore, the
condition for canceling out the amount of lateral offset bX by that anount
of of fset beoomes estWwexdn ousrks pX2dt-3akse bobrrect (Edy a@fsEoomiegyati on
(N4), the anmount of offset bX2 beconmes ~i ~ bXl . Further, in this exanple,

when exposi npnta raskieed: i smgep it Pdcbioh hraguppsoseiopparabys of FIG 2 to
FIG 4, the reduced inmage Pl 21 may be made to distort by 25 exactly the

angl e ~ cl ok photitt Ad e @&t SrdYic18s 3 Ska 5Qng'eﬂ'§§rf H?k"cﬂg the scan

direction the Y-diTtection and shifting the scan direction o he naster

reticle and‘5*f¥5§g§§é§$£?é29§i@1$ﬁé!gf {Q o§€§£%§?g%%§égas as well, the

exposure p05|%|ons rrespondi ng feduc are made to shift

| aterally and distort by exact th gle ~ cl ockw se about the Y-axis.
Due tgéthi s,mq"‘}?uﬁfé“esrb%r{“%i]b%s%iea% pg:?at us of FIG 5, the skew error of
FIG 16A is substantially, conpletely canceled out and the ideal inmage 30 is
exposed. 10 | n tHEHRR e Bxpikgaf ot emecdineprenthaaPasko433 aaBd24B wer e
detected by the alignnent sensors 41A and 41B and the working reticle 34
was al i gned &b the6 tfermedt br blietmasten betipkesuBstandi they in register
with the optical axis AX1L of the projection optical 15 system 3, but it is

al so possi blevrtralaise | gaferéncsensasle €0 Avand diddet spdeiett ilnhgeal i gnnment
mar ks 24A and 24B of the working reticle 34 and the alignment marks of

every shot aieds Oremdier dRyrke Subséd af6r (Measireménpdpyalpathgiworking
reticle 34 and wafer W20 nove relatively, i.e., performdie-by-die
al i gnpgnt. image measurement method, but they are not limited to
such spatial image measurement marks and may also be
refraction lattice marks or other marks. Further, the
spatial image measurement marks 64, 65, and 66 formed
in the first area 61 of the control use reference mask
15 60 are not limited to those shown in FIG. 9, for
example, may be formed at equal intervals in a matrix,
and are also not limited to the above numbers. Various
methods of dividing the areas during weighting may
also be adopted. These spatial image measurement marks
20 53 and 63 tp 66 may be formed using the projection
exposure apparatus shown in FIG. 2 and may be formed
using an exposure apparatus using charged particle
beams (electron beams, lon beams, etc.) or a laser

beam lithography system.

25 In addition, in the first embodiment, the



Further, it is possible to select a plurality (for exanple, about 5 to 10)
shot areas on the wafer Was an alignnent shot area and use the alignnent

. sensors 41A and 41B to detect alignment marks 24A and 24B and 25 the
alignment narks of the alignnment shot area to find - 13 ~ - 0 §3ISHR fip
2002 the X- and Y-coordinates of the XY stage 44 giving a zero anount o
of fset between the pattern image of the%korking reticle 34 and the
al i gnnent shot area. Further, it is possible to calculate the coordinate 5
positions of the shot areas on the wafer Wby statistical conputations
usi ng the plexplahytobncwasdynaeasofodndegidlsuexpssiurel wppanaduie XY stage
44 in accordance with the cal cul ated coordinate positions, i.e, perform

enhanced gl ohasi ghéqneBNhsing Bbbﬁukaﬁit%néEeﬁﬁsQErtE%t%hh&%”%ﬂ!t§ﬁn50r5
_41A and 41B, it is also possible to use the alignnment sensor 23 for the

enhanced gl obal.-aLL9YERY! L LAsERLSpERFRenkNohS BaRKIGY i 1@bove, the

al i gnnment mar 2 are us or alirgnnment of the working reticle
34. 15 Furthe ign t _mapk ed.for_di.e-by-di e_alignnent .or enhanced
gl obal aIignﬁéﬁ?gﬁégggFESmbegPir#@8 6HVFHglﬁ8réFXg° et 5??&?%%%bstrate 4)
separate fromthe flignnent mar ks 24A and 24B used for the alignment of the
wor ki ng retiPPe2BBl198 KBt ENEnEAMESWRKetPr 8) BEVIGR SXPOSWEE appar atus for

exposure of the working reticle 34, it is possible to use a scan exposure
type reducti dpPararuet ( §arevponple  apparipasusec Apparefassif@yr and- scan
type. The alignnent marks fornmed on the substrate 4 25 (working reticle 34)
are not |impeddtoitgoanhikaidOoeystalldi8pla@ &lSmenk )2des igmedchr ee or
nore may al so be provided. Further, the alignnment marks 24A and 24H are not

limted to ctesesihgka phdraRYtheo@nyoshdpg Masksy pFoduceet and-tyrace
patterns, refractive lattices, etc. Further, the 5 alignnment marks 24A and

ngnggy be farshd waynert B¢ Ar 8keparheR ALRASH @cABRRCASES v in FIG 2
10 transfer patterns on to a device substrate while
stitching them and to cases with no stitching.

Further, the method of correction of the imaging
characteristics is not limited to the above ones.
Various methods may be adopted. For example, it is

15 also possible to shift the position of a master
reticle in the image field of the projection optical
system 3, that is, a plane orthogonal to its optical
axis or to move the master reticle in a direction
parallel to the optical axis or tilt the master

20 reticle with respect to the object plane of the
projection optical system 3 (plane orthogonal to its
optical axis).

Further, it is also possible to correct the imaging
characteristics at a plurality of master reticles used

25 for the production of a working reticle or to correct



" be formed using an exposure apparatus using charged particle beans
(el ectron beans, ion beans, etc.) or a laser beamlithography systemetc.
.10 Further, the alignnment nmarks 24A and 24H are conprised of a |ight
shielding material such as chrome. In the projection exposure apparatus of
FIG 2, the alignnment marks 24A and 24H are detected by the aIidﬂhéEPZ%Z
sensor 23 or 14A and 14H t hrough the reSRst-15 to which the nmaster pattern
Pi is transferred. At this tine, if the alignnment nmarks 24A and 24B are
covered by the light shielding |ayer on the substrate 4 where the naster

pattern Pi ighéo ingtgﬁaga&tegggﬂﬁcgiBﬁi@ﬁhg BOEpkbe ral gRRRy sensor 23
etc. to detect 20 the alignnment marks 24A and 24B. Therefore, it is

preferable t it Lght ~shj i y iy a he .predet er m ned
Larea incIudi%%gfﬁgétrgﬂggeébgrég gkgégggﬁaégegﬁggpgégnEB% %@%F?esponding to
the pattern area 25),so thaj.the_alignne mar ks 24A .and 24B are 25 not
cFyered ?y t%ka?ZER't%3i§4EfH§ Pﬁ?gFgoPagéeﬁﬁﬁgfor?:f?@;% E?h8~? ZEQZ t he
al i gnnent mar ks an step e marks. . e tha en the working
rFticLe ?4 i%Z%i%ﬁa%%Eéﬁ%??hﬁftiEPéthﬁebéfiQﬁnéﬁ§°n€P§§:§4R5§§dt24?_nay

al so be formed by a phase shifter etc., but considering the etection
accur aly of @%ér%¢tg§h@n%m§§h§6rCQQIQSFRIFQFFQSobYdéPécﬁB@mpdﬁgnaI etc.),
they are preferably fornmed by a shielding material even in the case of a
phase shift adjusteéngFuhehprojeastieadmagnifiécaktignmfor waekor2sabrand 24H 10
conprised of light shielding materials, use may be nmade of |atent inages of
al i gnment nemkstépr retiobeshemongi all1obft bResmasteat egeticlliest king case,
before | oading the substrate 4 into the projection exposure apparatus (FIG

2) and transtgrréfg the ﬂﬁ§§§ﬁ?p@h5§58té§iEEithBypE%Ee%wd%@l%xpOSUre
apparatus may be used to formlatent inages of alignment marks on the

e I ke L S
of thggworkipg, £0;£elLchesd*hodBYpP8 382" £8N8480d:" ¢4UCSaging
characteristics for some master reticles.

Further, when using an exposure apparatus which
holds the master reticle and substrate substantially
stationary to transfer the pattern to the substrate

15 (stepper) as the reticle exposure apparatus of FIG. 2,
it is possible to use the reticle blind (field stop)
arranged in the illumination optical system 1 to
divide the master pattern of the master reticle into a
plurality of sections and transfer these to the

20 substrate and to correct the imaging characteristics
for each of the plurality of sections on the master
reticle.

Further, when using a scan exposure apparatus as

the reticle exposure apparatus of FIG. 2 to transfer

25 the pattern of a master reticle on to the substrate 4,



" Further, the device pattern to be formed on the working reticle 34 was

enl arged and divided into a x a nunber of master patterns and the master

_ patterns were stitched together for transfer to the substrate 4, but 25 it
is also possible to divide the enlarged device - 14 0 - 0 3 SE %ﬁ#ﬁw

pattern into el enent patterns, for exanple, divide it into dense Ws

and isol ated patterns or divide it into9%Bunetional blocks (CPU, nenory,

etc.), to formmaster reticles and thereby elimnate or reduce the 5

connection portions between master patterns on the substrate 4. In this

case, since, tHepradtag eatibeedanticehpasubihratet Aeevmaldendd eidvd e, the
master pattern of a single naster reticle is sonetines transferred on to a

plural ity of -gigesvanchhendOpsuhskeabs Bocibalis sRazshblye to reduce the

_nunber of master retic or produ tion of “a working reticle.

f o't Fanst or ”?ﬁg%o?r 'b b8k, %?iée ﬁﬁﬁghﬁ'ﬁiigﬁeﬁﬁfzc eflffevf! e requi red
4 f
waf er W usi nBOSS S‘Bis?ﬁgséﬁ%@ 3RL AL CobIABA (ReBEopEaBlon exposure

appar atus uses exciner |aser |ight as the exposure Ilght a chem cal 20
anpl|fﬁcat|oﬁr¥9ﬂgeﬂeéPth?sl&ééﬂlﬂéﬁlpﬁe°§@B§?ﬂaﬁ§s$e“WHeﬁ§Kbre sonet i mes
the line width of the pattern imge of for exanple the first naster reticle
R anong t herpbbrattipgothpattreanonnmihes maseeirs repdciier nd)l urdmeagredn t he
substrate 4 after devel opnent will not 25 becone the target |ine w dth.

That is, sinbg the ekpesur@ trigRt-88~as télmakeomhexpesitedm afevel opment
differs in the N nunber of naster pattern inages transferred on a substrate

4, In exiremengasesuhifadBUaked! 16NRRGE Rhgkne totae o dife i || di Ffer with
each master pattern imge. Therefore, it i's desirable to neasure the
amount of  Lrojection optlcal system 3 shift. Further, it is also

10 possible to make the master reticle and substrate
synchronously move while shifted somewhat in scan
direction or to make the master reticle synchronously
move with the substrate while rotating it slightly so
as to correct the imaging characteristics,

15 particularly the image distortion etc. Further, it is
also possible to movie at least one optical element in
the projection optical system 3 so as to correct the
imaging characteristics. In addition, it is possible
to change the scan speeds of the master reticle Ri and

20 the substrate 4 slightly from a predetermined speed
ratio to correct the imaging characteristics (in
particular, the magnification relating to the scan
direction).

Further, since a plurality of master reticles Ri

25 are successively exchanged to transfer the master



" change of the line width for each master reticle or find it by simulation
and finely adjust the anpbunt of exposure of the substrate 4 (resist) in

. accordance with the amount of change when transferring the master 10
patterns. Due to this, since the anpbunt of exposure is adjusted for each
master pattern, the change in line width of the resist patterns GaSEB@0lkel d
to the mninmum Note that the anmount of94éxposure nmay be adjusted for each
master reticle. Al so, the amount of 15 exposure nmay be adjusted for every
several master reticles. Further, when the projection exposure apparatus

shown in Fl Gadfhd 183 ol h@ SLBELLIREYs ?X%éufhéygégﬂ%%defé?p' € a

st ep-and-repeat type, the anount 20 of exposure of th strate 4 (resist)

i s adjusted i I o] I DL ens) a i iation tine
_(exposure ti%%Bg%?ﬂgH%Eég%%sﬁgég?fgﬁ? %ﬁﬁgﬁ%ﬁ§%b£§bé¥5 ggﬂhé%gghe exposure
light is contjnuous light (L-rays_etc.) and by ch ing_at .l east one of 25
the i nt enst (Y IR RRATERS oE i VEESh 1 WAL pp N Er ing 5 qt 5 T855475° %
2002 light on the substrate 4 when the exposure light is pulse |ight
(exci mer | adfekS@tw¥ign rhe R @] $et LR RKPAFERS t BRPAFBFBEt RBRSexposur e
apparatus shown in FIG 2 to FIG 4 is a scan exposure type, for exanple,
the 5 Bt ep- @xciren 13er lhehtindsinthefexppsvueecl bghtheasabhemigasd 4
(resist) is adjusted by changing at | east one of the intensity of the
exposur e | i gimpif idwet Somstyps erds isbeiscasedpeerd dhet sebstbateate 4, and
the width of the area irradiated by the exposure light 10 in the scan

direction onpfdeefsBs] I fdRetinbenchdel exeoguden! 68htnespaekirpuous |ight
and by changing at |east one of the intensity of the exposure light on the

substrate 41iyx£$t‘cﬁe S&P”féPegg?%Jﬁ% h&é?@f{.‘%@tﬁaétefhfe%gﬁ.a 1) Eﬁgn fea

irradi ated by the exposure n e scan direction on the substrate
Chon " S AP T COREBEY Bl RAaGEROPHER L B LIRSS, | 9L Sour oo
't s possible 10 PERUEE SublolaBEoHT SF¥er "uaDeT88NENY ThTIOdSY! ce
become the target line width. That is, since the time
from exposure to development differs in the N number
of master pattern images transferred on a substrate 4,
in extreme cases the amount of change of the line
15 width will differ with each master pattern image.
Therefore, it is desirable to measure the amount of
change of the line width for each master reticle or
find it by simulation and finely adjust the amount of
exposure of the substrate 4 (resist) in accordance
20 with the amount of change when transferring the master
patterns. Due to this, since the amount of exposure is
adjusted for each master pattern, the change in line
width of the resist patterns can be held to the

minimum. Note that the amount of exposure may be

25 adjusted for each master reticle. Also, the amount of



20 with little rotation, offset, or other error between the alignnment marks
and pattern. Further, since the sane alignnment marks are used for alignnent
_when produci ng the photomask and producing the device, there is little room
for error to enter, the 25 positional accuracy of the pattern fornmed on the
- 143 - 0 3 SEA" 2002 device substrate can be raised, and in t r?
m crodevi ce with good characteristics-c8 be produced. Note thgk §§%2%2
present invention is not limted to the above enbodi nents and can of course
be nodified in 5 various ways within the scope of the invention. Further,

in the enbodéxpoésret iy eye0adfGsBpRaFBEUBvERPWBeBrEL CnaBtwgs used for the
production of a sem conductor device, but the present invention nay al so be

applied to aPe@F@gégfe apparatus used for the 10 production of for exanple
aliquid crysta Isplay elenment, a plasma display or other displays, a

thin filmmgnetjc ad, a pic el erent . (CCD vibrator used in a
cel l ul ar phone o$uﬁ€ﬁ%rgaWngygﬁgnPE?gg?Eééa ?%8°$PES.aE§aESEPﬁer, in the
exposure apparatus,of _FIG 5, the projection optical system 42 was a
reduction sySRe¥R pbtFife BrEPeEFﬁon4ob§iéaﬁtégéPBﬁF12€ﬁ§95§F§b be an equal
magni fi cati on systemor an enl argenent system Further, the projection
opticaP syst&YiPa2 #8y Bsampyer0aoftgpPrapfa&er8atsyypPem &bsprMmea@tof only a
plurality of refraction elenents, a reflection systemconprised of only a
plurality ofofeékposiive efetbat subatdater éf (zesioh)and adfijustedobysyst em
conprised of refraction elenments and reflection elenments. Further, 25 the

exposur e appahahgingf atl Ceabtneyebefatheointehgity- ahdd ir@adidthod 2002
type or a contact type not using a projection optical systemor may be a

stationary expgsuyexbyBErar t$ma) 8¥PehUr expybareFuiyher ont R@eeXposure
apparatus of FIG 5 I's not
substrate 4 when the exposure light is continuous
10 light (i~rays etc.) and by changing at least one of
the intensity and number of pulses of the exposure
light on the substrate 4 when the exposure light is
pulse light (excimer laser etc.) On the other hand,
when the projection exposure apparatus shown in FIG. 2
15 to FIG. 4 is a scan exposure type, for example, the
step-and-scan type, the amount of exposure of the
substrate 4 (resist) is adjusted by changing at least
one of the intensity of the exposure light on the
substrate 4, the scan speed of the substrate 4, and
20 the width of the area irradiated by the exposure light
in the scan direction on the substrate 4 when the
exposure light is continuous light and by changing at
least one of the intensity of the exposure light on

the substrate 4, the scan speed of the substrate 4,

25 the width of the area irradiated by the exposure light



"5 1limted to a step-and-repeat type or a step-and scan type and nmay al so be
a step-and-stitch type which nakes a plurality of shot areas partially
~overlap on a substrate Wto transfer a single pattern in the plurality of
shot areas. Further, the exposure 10 apparatus of FIG 5 may be a mrror
projection type which uses a single scan exposure to forma pIurﬁbigﬁ,ﬁ@h
patterns on the entire surface of the-pB6tosensitive substrate. te't

in the step-and stitch type, when transferring patterns to the shot 15
areas, either the stationary exposure or the scan exposure type may be

used. The sca {POSEHE SYSEEELOR & SENOSEEbELFatalPl gniintHapanese
Unexam ned Patent Publication (Kokai) No. 4-196513 or its correspondi ng

uU. S. Patenté%%%1%§¥€ﬂ%Q.¥€%§%#§€fl9§U£ﬁeoéx%g§§rgolggﬁkig?g%ggyand uU. S.

_Patent are osure of this specifica reference
to the extent, all owed by the donestic |aws of.t countries.designated or
sel ecteq by FHILE (ARErTRL i whef el eRreFbRe baoRl, FRPA LR RERET oGt ¢
apparatus of FIG 5, as - 145 - 0 3 SEP 20D2 the_ illumnation Iight for
exposure, use neRR pERlaERedrdeRicy-PalkernQf| Bhgt AeVB6e nRftERLP- EQys
(wavel ength 365 nm emtted frommercury |anps, a KrF exciner |aser

(wavel Bngt h eistewmped /o theiwerkingerebichavat engyhbeodivigiedrz | aser
(wavel ength 157 nm, Ar2 |aser, harnonics of a netal vapor |aser or YAG

| aser, etc. Intdhelemest paytéenspdéonferanpleapndiviodedi natiobdeaspl i fying
an infrared region or visible region single wavel ength laser light emtted

froma DFB lfatesrsonsndt Dsolated pattebrs baseivhge@okinesanpl e an
erbium (or both erbiumand yttrium doped fiber anplifier and converting

this in wavefenatfoh® Ubib@Ns Ol ebul | §Bhokp| NELE. NONLbNe8rmORhseal crystal
(explained in detail later). Further, the exposure 15 illum nation light is

xpl ai ned_ i | | . i
Wt ravi ol ot Te5ToRe veudl EROF Pl o0L LA BBEE e | BrdnaRy PaPo be one of the

soft f5ray reghRl- Y8y eLeREtng £8td2eAhakt8®) patterns on the

substrate 4. In this case, since, depending on the
device pattern of the working reticle, the master
pattern of a single master reticle is sometimes
transferred on to a plurality of areas on the

15 substrate 4, it is possible to reduce the number of
master reticles used for production of a working
reticle. Note that even when there are no connection
portions between master patterns, this is called
"stitching exposure" in the present specification.

20 That is, the term "stitching exposure" includes the
case of production of a system LSI and the case of
dividing an enlarged pattern taking note of the
functional blocks to reduce the connections at the
boundaries of shot areas on the substrate 4 to

25 substantially zero.



“emtted froma laser plasma |ight source or SOR for 20 exanple, EitV
(extreme ultraviolet) light of a wavelength of 13.4 nmor 11.5 nm or of
.the hard X ray region (wavelength of 1 nmor less). Note that in an EW

exposure apparatus, a reflection type reticle (nmask) is used. Agﬁoﬁlil’tlpﬁ
projection optical systemis 25 a telecggtric reducti on systemonly at the

i mage pl ane 0 3s ~~ aooa - 146 sidé’and is a reflection type conprised
of only a plurality of (about three to six) reflection optical elenents.
Further, the present invention nay also be applied 5 to an exposure
appar at us usi ng Bnethy Hiest, enbod beamt, the pahbershaofied particle beans.
Note that the el ectron beam exposure apparatus nmay be a direct drawi ng type

(for exanpl eplwedlitpy cpLChasvet ypetivdes abéeeshaprsifeametlypa, tbl anki ng
~aperture array 10 type, etc.) or nmay be a projection type (for exanple, a

type using acfié ah\sha €08 4BEK tRe CXRRECeR 8§Qré”h§?5§5€u§EeBuQ”i%
phot osensitive substrate at one tine). In the direct drawi ng type, no nask

s used, butyd hey eXROSUL e, PRPACALYS O pifieaPEESeDE bOKBRLIGN 15 may be

applied to t e prod Ion o e cellsTor apertures u or shaping the
el ectrpn beam_As_expl ai ned_abov tg ex ure_apparatuys oﬁ.FIG. 5 may be
any co%figur%??% 2¢ ?@p °o?r%§%§26r ﬁ%pﬁ%ﬁﬁ?ﬁgssgglang H§a'ﬁt¥58§ a mask
or reticle 20 includiggi cel | o&ga erture etc.) _On the other hand, the
exposure apgiR3tes YerEclestonrt yWosbrapeotiucFAy EXEMRASKk SP€reticle may
al so be any configuration or type in the sane way as the exposure apparatus
for produci ngake dewinker exp| axpesusgodpPaFatises 85 thet numhsrdedi ng t he
production of the naster nasks 0 3 SEWP 2002 - 147 (naster reticles), a
proj ection tpaster nrpbitles| neqairedufdroprpdogedbnonft gpeingdepr ef er abl e.
Note that in the exposure apparatus shown in FIG 2 to FIG 4 had the
substrate 4 fbxeingorébecr@nphg bébpeeparbll hofirst exposure
10 apparatus used to transfer the pattern of a first
master reticle on to the substrate, then the substrate
loaded into the second exposure apparatus where the
pattern of the second master reticle is then
transferred to the substrate. The remaining exposure
15 apparatuses similarly transfer the patterns of their
master reticles to the substrate after this to form
the device pattern on the substrate. At this time, the
control use reference mask is used to measure the
positions of the projected images of the marks for
20 each exposure apparatus and the imaging
characteristics are corrected for each exposure
apparatus so as to reduce the amounts of offset of the
positions of the projected images from the ideal

positions. Note that there may also be two or more

25 master reticles provided at each of the plurality of



5 avoid deformation of the substrate 4 due to it being held by suction or
el ectrostatics, it is also possible to support the substrate 4 at a
~plurality of points (for exanple, three points) rather than hold it on the
sanple table 5. 10 In the above enbodi nents, a transparent subs&g@ég .
(silic-a glass etc.) was used as the substrate (blank). This is L ¢
was assumed that the illumination |ight9BL1-for exposure used by the
exposure apparatus (FIG 5) for which the substrate 4, that is, working 15
reticle 34, was used was a vacuumul travi ol et band (wavel ength 100 to 200
nm or so) orexpdsyierappaecheuges. bhudthéle; ethehgamehexpagalengt h of the
exposure illumnation light IL1 is nore than 190 nm it is possible to use

silica gl assagsatdieus uhsy rBéuded 20nbHt tAhndrePLihEr thavaheralrh, oifn
_particular a wavel ength of 100 to 180 nm it beconmes difficult to use

silica glass ; t c~vheLefor a4 h ngt.h ,of the
xposur o s TTit Barrore i SRELTTT T8 0Bt rEafRbYnor "FEeag Ehles
fluorite, fluogine gS doped silica glass, rock crystal, LiF, LaF3, and -
14 a - 0 3 sEPEHHA F1 t hi um cal ci um al umi num 1 uoride (Li CaAlF crystal)

etc. are preferably used. Note that the mask material fornmed on the
substrate 4 may D¥SRET abty SREeELERC| FRedPERhcetMFR PRELEYEBSOf t he
working reticle 34 and 5 is not limted to the above-nentioned chronme etc.
Fur-ther, theeb@eibnedyespdgutbeappatielsusseseierenrecmpsk 6Ppe reticle.
When t he exposure wavelength is 13.4 nm a nultilayer filmconprised of
tens of | ayewsrefstbrednatkecpatiagsion positoanandfavkybdaage 10 may be
fornmed surface of the substrate 4 as the mask material, while when the

exposure wavgbefgidngs df. bhenspatiult imayer méabarementi magdkel sgens of
| ayers of alternate coatings of nolybdenum and beryllium nmay be fornmed, and

not only a ghasghsUpsstaterebitial R fete MbhbGPBaMELEENE! €im@B)ebE uUsed as
the substrate 4. Further, with a proximty type X-ray exposure appar atus

and eH§Ctr°“tP§ﬁ£%8£ LPNeREARL QL P PELLERAT PEY RAR kLS ihAYif¥POSUre
apparatus etc., a
characteristics were corrected so as to bring the
first image positions into register with or proximity
to the third image positions. Here, the optical
characteristics of the projection optical system
15 change due to the heat energy accumulated in the
projection optical system at the time of transfer of
master patterns and changes in the environmental
conditions (atmospheric pressure etc.) etc. Therefore,
the third image positions may also change along with
20 the change of the characteristics. Accordingly, after
determining the third image positions using the
control use reference mask 60, it is preferable to
correct the third image positions in accordance with

the heat energy and the changes in the environment

25 conditions etc. and correct the imaging



transm ssion type nmask (stencil nmask, nmenbrane mask) 20 may be used and a
silicon wafer may be used as the substrate 4. Note that the projection
. exposure apparatuses shown in FIG 2 and FIG 5 may be produced by fixing a
projection optical systemconprised of a plurality of 25 optical elenents
built in a mrror barrel and at |east 0 3 SE~ Z0OQZ - 149 part O@y%ﬂpamz
illumnation optical system conprised=of% plurality of optical elefents
(including optical integrators etc.) to a frane supported by a plurality of
shock-absorbi ng pads, optically adjusting the 5 illum nation optical system
and projectionapattealissyssesp thanechengreviong Fddstulimage o the reticle
stage (2) or wafer stage (sanple table 5 and XY stage 6 etc.) conprised of

the | arge nupbgitobnsepbasmealinPaehss@ed Whehr of proxsysitg®d ldHear notor
etc.), 10 arranging the reference mark nenber (12 or 46) or photoelectric

detect or (56&?§£8ctéhl£ﬂgjy:§’2§.ﬁ‘ntéﬁ§t ﬁBEiF?LBﬂsf.PNB%f%lg Qg overall

aﬂjustﬂent (electrical a f ,confrrmation o deratlon, efc.) Not e
' i .in.a 15
control I ed | ARPeRpEPathPatan® ! Ehn a0 chl AT LR dstadevo v ce 1 s

produced throu n of the fuynctioons and performnce of the

h step of design
circui®, a s?§gm8$efaEB?cBFP8ﬁc 08 REPRAEGCAELLPE e TIRF 0 RIS tFbsur e
apparatus of FIG 2_using the above nmaster reticle based on the design
step, a stepiBpderBh3ner FRRYaguseyt dAAtOrtaoner RLEg r &Licl e on a waf er
usi ng an exposure apparatus of FIG 5, a step of assenbly of the device

(i ncludi ng drelaglabeddingacebrgavkegiwigh &she. heaineénsmxrgynspetttien st ep.

0 3 SEP 2002 - 150 As the light source, various ones other than the ones
illustrated ahexgesaynbehesedvirohmexaanl eonditisonal,seopadsisd e to use an
infrared region or visible region single wavel ength |laser light emtted

froma 5 DFBcgeahtaRedabomalkaser uehlfizear asasdeyadipld fde@dedidicexanmpl e an
erbium (or both erbiumand yttrium doped fiber anplifier and use the

har noRiyc obt ajpe onyertibng wt: e : | t ravi I ing a
nonliggar op?Pgagh§¥§§tg¥.E§8 ggﬁggxgﬁéﬁg,gg%qf%%n%§ciI%g?#%% &gg%feﬁZthof

the the amount of change of the third image positions

reaches a predetermined allowable value, the third
image positions are preferably determined again using
the control use reference mask 60. This enables the

15 prevention of the problem of the difference between
the afore-mentioned calculated values and actually
measured values of the third image positions becoming
greater, that is, the accuracy of transfer of master
patterns from falling.

20 According to the first embodiment, the imaging
characteristics were corrected to reduce the amount of
offset of the projected images from the ideal
positions, so there is less error in the position and
shape of the patterns formed on the photosensitive

25 substrate and a high accuracy, high quality



singl e wavel ength laser is nade a range of 1.51 to 1.59 Vim an 8th
har noni ¢ of an oscillation wavelength in the range of 189 to 199 nmor a
.10t h harnonic of an oscillation wavel ength in the range of 151 to 159 nm 15
is output. In particular, if the oscillation wavelength is nmade one in the
range of 1.544 to 1.553 ~cm wultraviolet light of an 8th harnonic in the
range of 193 to 194 nm that is, a mavé“thrh substantially the sane as
that of an ArF excinmer laser, is obtained. 20 If the oscillationﬂﬁbﬁﬂ?ﬂﬁbth
is made one in the range of 1.57 to 1.58 ~cm ultraviolet light of a 10th
har noni ¢ i n mberodegicef ot 5ghbtomé8knarnt hat preduaedav @uertyier ,subst anti al | y
the sane as that of an FZ | aser, is obtained. 25 Further, if the

oscillation @@N@éeﬂﬂéhﬂiﬁrQBQEyOBE maSk3p&tEelnéQare- phets bF e range of
1.03to 1.12 ~cm a 7th harnonic of an oscillation wavelength in the range

of 147 to 16Qnﬂa}'édoaaee&rnlsfpeﬁ%i@g%egrniEotB@ e%%h%&%&&%ﬂ wavel ength is

made one in the range of 1.099 to ,um ultraviolet Tidght of a 7th
harmonic in ﬂ r e, of 7.10.108 E .1.S, l.e %& substantially
t he sane as % % gggaRQFgggggeQ}%?slgg%aﬁ g%}hﬁbggtgﬁéﬁdaggt e single
wavel engt h osci%#a iopn | aser, trLun1ﬁop d fiber lLaser is used. |10 All
of thedcont cRiabt THoLHi S8 BsReths tHiEahEs OB FRARRAG, PRc S TR0
10-98373 filed on_March 26, 1998, Japanese Patent Application No. 10-103767
filed on Mark®am1lithography SEFEABSEIPARERL AEAM eALNOSTRPDYI0- 146586
filed on May 12, 1998, including the 15 specification, clains, draw ngs,
and abstractsyaremi ngbnper theddhavanpgyerepsr eficshenmarkse hieicosies. -152 0
3 S EP 2002 CLAIM5 1. A nethod of exposure projecting and exposing a
pattern fornemabbea bpskhenrttie plioredensidnvmagnification of the
patterns of the masks, the pattern for transfer
10 (master pattern) can be formed with a high accuracy.
Further, since the masks may be repeatedly used once
produced, there is the advantage that individual
master patterns may be formed at a high accuracy in a
short time even when producing a large number of
15 photomasks.
Second Embodiment
FIG. 11A and FIG. 11B are views for explaining a
second embodiment of the present invention. FIG. 11A
shows the configuration of a master reticle Ri, while
20 FIG. 11B is view of an enlargement of part of FIG. 1llA
(mark portion). Components substantially the same as
those of the first embodiment discussed above are
assigned the same references and explanations thereof

are omitted.

25 In the second embodiment, part or all of the



substrate through a projection optical system 5 conprising the steps of:
nmeasuring a position of an imge projected by said projection optical
.system correcting imagi ng characteristics to reduce the offset from an
i deal position for the projected 10 i mage; subsequently to measuring and
correcting, aligning the mask and substrate; and projecting and exposing
said pattern of the mask on to the subst®late. 15 2. A nethod ofoggﬁpﬁﬁne as
set forth in claim1, conprising the additional step of fornming a mark on
said mask, wherein said inage to be neasured in said nmeasuring step is a
proj ected i nageximiitsyaiof neh& béunderyesért26n371 Awirehhoteopaexpeaure as set
forth in claiml1, wherein said inage to be neasured in said neasuring step

is a proj ectgfed Bpeinfthdel pght esNiéDaSRIapsa SperiBRkrad. afedt hod of
_exposure projecting and exposing 25 a pattern formed on a mask on to a

phot osensi tiyg atotﬁégbéii"h@P?ZOf1§§e5§§§£éfﬁea£55?§9h?§ phai ection

optical system conprising the steps of: formng a first mark on said nmask

measuring a itio i e ai ojection _qpti cal
Syatem of a Rateh TeftoBf ATCBR RaR CELSPertrente Ralk pErAME o0k cai d
second_mark and a third Eark gorres onding to said first mark and defining
it as A secorf iPAESTSIPIBRY 7 nthfgPRhESHRsREERNS bf (BAdRNA&BEPT o) ect ed
by said projection 10 optical systemof said third nark in a state with

i magi ng char2R4eIRPaEe RABERIT hi Rar 5 ynaderketEeaeh £Bauddéghl anount of

of fset of said second inmage position froman ideal position and defining it
as a third ishieldedipavh; Thahepeutioy &spesedi as bheamarkage proj ected by
said projection optical systemof said first mark of said nask and defi ni ng
it as a firsportbge pdsfor ospatinadl pimaget negsanemenposragthair] pakt ern of
the 20 mask in a state with imagi ng characteristics corrected so that said

first image posidi®pbes@nesione oftop) PLiedehensdN@iarosbt baBamer gkat i onship
with said third inage position. 5. A nethod of exposure as set forth in
claimg, 25 $fhRiBy the lBfoken line 72 in the figure, the mark
portion 73 is illuminated, the position of the
projected image of the mark portion 73 is measured by
the spatial image measurement apparatus 74, and the
imaging characteristics are corrected to minimize the
15 amount of offset of the image position of the mark
portion 73 from the ideal position. Next, the reticle
blind is set to the normal shot size 71, the mark
portion 73 is shielded, and the pattern of the reticle
Ri is transferred to the blank 4. By doing this, since
20 the projected image of the peripheral portion of the
pattern area of the master pattern Pi of the pattern
area 51 and the projected image of the mark portion 73
are the same in coma aberration, distortion, drawing

error, and the effects of bending of the master

25 reticle, the accuracy of the peripheral portion



"0 3 SE~ 2002 said first mark is formed at a peripheral area of a pattern
area of the mask in which said pattern is fornmed; said second mark is
_fornmed in a first area 5 corresponding to said pattern area of said contro
use reference mask; and said third mark is forned in a second area
correspondi ng to said peripheral area of said control use referenqp3§P§ﬁwz
10 6. A nmethod of exposure as set fortht9% claim4 or 5, wherein sal
predeterm ned positional relation is a relation where said first inage
position is in register wwth or in proximty to said third i nage position.
15 7. A met hpcdonfieekposupertasongt ofothh tmankfierrédopakterampansibeg t he
additional step of nmeasuring in advance an anount of offset of the position

of said firstai®ed. ofnspadtiBakagndwhbs pesttheAgof thai dohftiing g k of said
control use reference nmask and defining it 20 as a correction val ue,

wher ei n saidoﬁrﬁégi@iaﬁn&ﬁdpeﬁthoaalpaéhakhgnchﬁ Be 8hmploeguhere said
first image position is substantially in register with a position of said

third image posijign £AL'eELALEDYrSAl fafOLERCHE OhafRoY bl page 185 0 3 S E

;
P 20Q2 8. A nethod of exposure as set inclharm wherein said
first to third r are_rmarks_for - surepent. of atial .image and the
bosi 1i Bns. of FEREE] TRGoREpIBPEERbaREGas aRa BD) B8t Fih fophR: AP tdfd am of 5
said first to third marks are neasured by a spatial inmage neasurenent

met hod. 9. ASREVRoAR oY 1ExpbihrandsFiee ii?tht R arsprAgYoPIgthgherein the
positions of the inages projected by said projection optical systemof said
first to thi¢ennechipRspartinpactir sbef patierhesot bensreosgersed anong a
first direction parallel to an optical axis of said projection optical

system a secandbdi ratsedninr shbgoaakiablgattef same dayeasi ahe and a third
direction orthogonal to said first and second 15 directions. 10. A nethod

of exposure gbos€tbyofbbmifgchabpudial 3magbemenBugamentma@rky
characteristics are corrected by adjusting at |east one of a projection

magni fyde of h§fk AgPE Yn€ehE081 9Bt y¢atn8Y ahaMin@Br¢Q18PaEr #he0n ipf-sai d
projection optical system a position of said mask with respect to said

proj ection and-space pattern formed in the pattern area 51 at the

boundary portion with the pattern area 51. Further, it
is possible not to provide this mark portion, but to
measure by spatial image measurement the projected

15 image of the line-and-space pattern formed in the
pattern area 51 itself and correct the imaging
characteristics based on the results. The rest of the
configuration and effects are analogous to those of
the first embodiment, so explanations will be omitted.

20 In the above explanation, the blind size at the
time of spatial image measurement was made 72, but it
is also possible to further reduce the aperture of the
reticle blind to a small aperture exactly the size of
the mark portion 73 and reduce the deterioration of

25 accuracy accompanying a rise in temperature of the



"optical system and a position of said photosensitive substrate wth
respect to said projection optical system 25 11. A nethod of exposure as
.set forth in claimS§8, -156 o0 ~ ~ E p zonz wherein said first to third

mar ks are conprised of mark el enents conprised of a plurality of arrayed
slits or -- - pinholes . 12. A nethod of exposure as set forth iﬂ C@ﬁj 5
11, wherein said first to third narks'a}%3cdhprised of a plurali ﬁ ﬁ@pes
of mark elenments differing fromeach other in thickness of said slits or
size of said pinholes and intervals and by selecting at | east one of said
plurality of prgpestabnmapkichdneyssemo 3ndasute the LG radsidatiion aff a
projected image. 13. A nethod of exposure as set forth in claim4 or 8,

wherein a pl unakcegsatrysaidhseenndhenpksd jettiand opiildadl sy eneference mask
are dispersed over said first area. 15 14. A nethod of exposure as set

forth in clagf tfe whech? 5phdialaghageChdadniamctl.co are prelim narily
corrected so as to give to the smallest sum of the squares of the anpunts

of offset of positkas i projected by said projection 20 optica
system of said sg%%gg ﬁg% gggggﬁltheir i deal positions nultiplied with

wei ghti_ng coeffigients, . met had_of _exposure as set f.orth i.n claim 14,
wher ei R sai d meigﬁfghgacégﬂFééF@%Pglgthtﬁg iﬁﬁePFEFe@§cﬁﬂ&FH££9? second
mar ks. 25 16. A_nethod of .exposyre as set forth in claim,6K -157- U ~ CEP
2002 14, wheVWéilh 85 8*REAGRECnY IEBerrErencs &or i drawdaastaTe® with the
positions of said second marks in - said first area. 17. A nethod of
exposure as BEPIRPEELRN| AXPLSUFES aPpAraiasefers Hrednsiigiar iangrodkdind ci ent s
are selected to beconme successively |arger or successively snmaller as the
posi ti ons of rehéciecometiriles exposheef apparates) in the third

embodiment is substantially the same in configuration

10 as the projection exposure apparatus of the above
first embodiment (FIG. 2 to FIG. 4). The projection
exposure apparatus for producing the microdevice
(device exposure apparatus) is substantially the same
in configuration as that of the first embodiment (FIG.

15 5). Therefore, explanations of these will be omitted.
Further, the embodiment is also basically the same in
the process of production of a working reticle
explained with reference to FIG. 1, so the explanation
of this point as well will be omitted.

20 The pattern of the working reticle (photomask) 34
produced is obtained by successively projecting and
transferring reduced images of a plurality of master
reticles Ri while stitching them. Due to various

factors in the reticle exposure apparatus used for

25 production of the working reticle 34 and the device



nove to the outside. 18. A nethod of exposure dividing an enl arged 10
pattern of a pattern for transfer into patterns of a plurality of masks and
. projecting and exposi ng i mages reduced by a projection optical system of
said patterns of a plurality of nasks on a surface of a photosensitive
substrate while stitching them said 15 nethod of exposure conpr @i $i Wige
steps of: formng a first mark in a peﬂﬂﬁheral area of a pattern area of
said mask in which a pattern is forned; neasuring a position of an inage
projected by 20 said projection optical systemof a second mark of a
control use expesenecappaskatosnedingt hha pbunkahigt yetficiai d4seaond marks in
a first area corresponding to said pattern area of said mask and forned
with a thirdoaet&rhogisgosaed fromt tHar kdealainagendngseapcoeiagpondi ng 25

.to said peripheral area of said mask and defining it as - 158 3SEP
2002 a secongraﬂ@f@rpealawnfo}maé' gl eneoaé%ee eﬁbgerm@%w&r glnact ed by
said projection optical systemof said third mark in a state th th

| maging char gt et AL RLG! LALNALLLY LD g8" gtﬁecg gduge the amount of

of fset of sard sécond posi |ons ron1 elr p05|t|ons and
definipg it as th|r osi.tion; u iti.on f an i mage
projecged byPE% %?o?%iga ﬁhgﬁ??eﬁF's§§tgﬁF %ggﬁadgpg €10 said
mask and defining it as a first inage position; and succe35|vely proj ecting
and exposi ngdpBEeEFHIN oPEshhE B§§R§rpn°§C§F§@§9mPthhﬁa§#W§ ©far act eri stics
corrected so that said first inmage position becomes in 15 register with or
proxi mty topseddctiprdofnbhe pbotomaak and Atntheotimke eofpsdere as set
forth in claim18, wherein said mask is a nmaster nmask and sai d
phot osensi t i peodubsioat efi sha smibsbdetéctodlspmedsatriedny 2Bheodramdkhg 20. A
nmet hod of exposure as set forth in claim18, wherein said mask is a working
mask and saidata for the master patterns Pi to be formed on the
10 master reticles Ri is corrected, and the master
patterns Pi are formed based on the corrected drawing
data. This will be explained in detail below.
FIG. 12 and FIG. 13 are views explaining the
correction of master patterns for producing a master
15 reticle. FIG. 12 shows the case of producing a working
reticle using master reticles formed with master
patterns after correction, while FIG. 13 shows the
case of producing a working reticle using master
reticles formed with master patterns before correction
20 for comparjson. FIG. 14 is an explanatory view of the
measurement of displacement (distortion) due to the
production of the master reticles shown in FIG. 12 and
the correction of the drawing data.

For example, the explanation will be given taking

25 as an example the case where there is pincushion



phot osensitive substrate is a substrate for production of a device. 25 21.
A net hod of exposure as set forth in claim -159 0 3 SEP 2002 18, wherein:
said i mgi ng characteristics are prelimnarily corrected so as to give to
the smal | est sum of the squares of the anmounts of offset of 5 Eﬁﬁgﬁiﬂﬁi of
i mges projected by said projection optigal systemof said sec

fromtheir ideal positions nultiplied'ﬁyﬁﬂ wei ghting coefficients and said
wei ghting coefficients are selected so that ones for second marks
positioned at portions in 10 said first areas in proximty to sides to be
stitched wi thigtoeriomnskd bhe PEPjertann epbicpdr syrsemedniofi tdreporti ons
are smaller. 22. A nmethod of exposure projecting and exposing a pattern
fornmed on a meskche expasphet appasatuseadSshokat iat PIGhr Quglina FEGQj ect i on
.optical system conprising the steps of: making part or all of said pattern

reach a peripherrl atea Dfté PatagenmasearofesatbUeBRSKerd , Whicch a pattern
is formed and defining the portion of said 20 pattern present at said

peripheral 2 BBt #RE keROLARSRISA! TBAS! SEBGheAI tRaEPEHEAI | MaOE,

measuring a position of an Tnmage projected by said projection optical

systemof sa g fBrks oL 2nele LGRSk DYC7BPRN | KIR9RATEARUT oTe

nmet hod; and correcting inmag aracterrstrcs fé.o-1 0 3 SCE
2002 give the smal| est unt of offset of the image position of said mark
portion froﬁ??t@a?ﬁﬁﬁl4gg£?¥?ﬁ %ﬁ%he§ﬁSE?HQU§ﬁH BgBFEEP?nBatﬁé pattern of
said nmask in a state with the mark portion bl ocked by a blind. 5 23. An

appar at us f JRaHreF RITHGTBHIRERpEERRFLArFadt @Rnther MagkoFulskaakeon to a

phot osensitive substrate through a projection optical system said exposure
appar at us cofipkarkhgd. If transferring the patterns Pa of the mask

reticles Ri on the mask substrate 4 while stitching

10 them, due to the distortion, the rectangular patterns
Pa distort in projected image in a pincushion fashion
and a working reticle 34 formed with distorted
patterns Pb is produced.

Therefore, in the third embodiment, as explained

15 below, the image distortion of the patterns is
measured and the original master patterns (design
patterns) are formed in a distorted fashion based on
the results of measurement. This will be explained
with reference to FIG. 14. In FIG. 14, Pc is an ideal

20 pattern on ;the mask substrate 4 (projection pattern in
case where there is no distortion) for the rectangular
pattern (design pattern) Pd formed on the master
reticle (for measurement of distortion) Ri. Pe is the
actual pattern of the rectangular pattern Pd formed on

25 the master reticle Ri projected distorted due to this



a mask stage which selectively or 10 sinultaneously holds a mask having a
pattern area in which a pattern to be transferred is fornmed and a
. peripheral area of said pattern area in which a first mark for spati al

i mage neasurenent is formed and a control use reference mask having a first
area 15 corresponding to said pattern area of said mask in which a second
mark for spatial inage neasurenent i3 £8Pmed and a second area 03 SEP 2002
corresponding to said peripheral area in which a third mark for spati al

i mge neasurenment facing said first mark is forned 20 a substrate stage

whi ch hol dsdasphetdoansilifi vdes pesintatn dhamaplaktparesXpd8ure; a drive
whi ch noves said mask stage and said substrate stage a spatial imge

measur enent ceeviespondinky has tHe pdirghtalr ereithey pienl deatbersaPd substrate
_st age; -161 0 3 SE~ 2002 an adjuster which adjusts inmaging

charact er i stbe¥Fespodhdd neOHd HHE pIMHIC I OTRAS WIS dedDgn tpoBL@fnapdi mage
projected by said projection optical systemof 5 said second nmark of said

control use ngher@Ree sapsk O} maid wPald aéma%ﬁr@@é device and

defines it és a Second i1 mage position, asures 1on of an inage

projecgted b i (o] Lon tycal. sys gq sal itd rknLn a state
wth iglmagi néei%ée%ac eP&:b"lhces jper%hc?‘lynérl éyglco%%%%lgdj b?/lq@a?%éadj uster so
as to give the smallest anount, of offset of said second i e sition from
its ideal pdSE@loRaEIdefiGests tPlasl ’af‘ttefﬁsr‘?F?Jr%eogo 1‘??3&? 3ﬁ control s
the apparatus to _transfer the pattern of said mask on to said 15

S

phot osensi t BFEUadbPAtHEET PR stdie RATH IGMP h EheFeRELERERCs correct ed

by said adjuster so that said first inage position becones in register with
or in proxi malyes) si& dredsuned rpye pand oretemeasweenent ofevkpesur e
dividing an enlarged 20 pattern of a pattern for transfer into patterns of
a plurality edfc.nadhey dietkemnend Qisplecdementand Adrodietweeragdse r educed by a
proj ection optical systemof said patterns of a plurality of master masks
on a gyrfacedifnt « and the point B is found based on the
coordinate values, and the point y0 at the opposite
side of the point B1 the same distance as the
displacement Adn along the line Ln is found. Next, the
point v0 on the master reticle Ri having this point vyl
15 as an ideal projection point is found. This
calculation etc. is performed continucusly or
intermittently across the entire pattern Pd and the
set of the points y0 found is used as the drawing data
after correction (distorted pattern Pf). Note that
20 when intermittently measuring the points in order to
increase efficiency, the displacement at points not
measured may be found by interpolation based on the
measured points.

As shown in FIG. 12, a plurality of master reticles

25 (master 1 to master 4) Rl to R4 formed with the



a mask substrate while stitching them said nethod of 25 exposure
conprising the steps of: -162 0 3 S E P 2002 finding a displacenent of an
.actually projected point on said mask substrate froman ideal - projected
poi nt; and making at |east part of the pattern formed on 5 said master mask
di stort based on the found displacenent. 25. A nethod of exposure as set
forth in claim24, wherein said di sprad@fent is displacement ca{geSEppgiat
| east one of deformation of the pattern of said 10 master mask, aberration
of said projection optical system and deformation of said mask substrate.
26. A nmet hodligftcaxpead wat rmje AT mrarprodwygeedfbasedt éervhef a naster nmask
on a mask substrate by a first projection optical systemto produce a

wor Ki ng maskirandinkp qute) esdirertedl xSty drawimged@tatbe pagtern of said
~wor ki ng mask on a device substrate on which a mcrodevice is to be forned

by a second d@ﬂgﬁﬂﬂa‘%{téﬂq{if@iéy@df@waﬁﬁj dr #red fade §4 1 §XPPSUr € conpri sing
the steps of: 20 finding at | east one of" a displacenent of an actually

proj ected pqjnt- Sal ) j pL oL € poi nt and a
di spl acenen?df(ﬁje?}lzgd[ Egarfﬁipr O?%Eg;fﬁe%a%}gel% O%Qn@g%#nggﬂe%i }t‘:}gé slg%ggr ate from an

i deal projected point;, and. 25 nmaking. at |.east rt of the pattern formed on
05 s o s 4y WHATE SR R, 2 e 1S BRkiRG "

di spl acenent. 27. A method of exposure as, set_forth in claim 26, conprising
the additi orfti2R] SFLTINRK K i ThIRF P shdl 20H PREERFR BF arBattern for
transfer into patterns of a plurality of masks and successively

transf erri nfam@adt an ithyydradf suhstpaaterhsand a heigh urervrgcyt master

masks on the surface of said mask substrate while stitching them
high quality working mask 34 free from distortion is

produced.

10 The above explanation concerned the correction of
distortion. In a reticle exposure apparatus as shown
in FIG. 2, however, the following may be considered as
causes for distortion of an image of a master pattern
Pi of a master reticle Ri projected on the surface of

15 a mask substrate 4:

(1) As distortion relating to the master reticle
Ri, bending of the master reticle due to holding, tilt
and shift with respect to the reference plane (object
plane of projection optical system 3), etc.

20 (2) As distortion relating to the projection
optical system 3, aberration of the projection optical
system 3 (distortion, image plane curvature,
astigmatism, coma aberration, spherical aberration,
etc.) etc.

25 (3) As distortion relating to the mask substrate 4,



10 28. A nethod of exposure as set forth in claim26 or 27, wherein said
di spl acenent is displacenent caused by at |east one of deformation of the
.pattern of said naster nask, aberration of said first projection optica
system deformation of said mask substrate, 15 defornmation of ﬁh@ﬁpﬂmFern
of said working mask, and aberration of, said second projection optica
system 29. A photonask produced by usi t fe met hod of exposure as set
forth in any of clainms 1 to 19, 21, 22, and 24. 20 30. A mcrodevice
produced by using the nmethod of exposure as set forth in any one of clains
1 to 18, 20 kengpng2ef the maski3subatnat@aod daeptodhoilddgng eftet.omask on
which a pattern for transfer is formed, said nethod of 25 producing a
phot omask conpriBurighéhe whepsusing a-w64kOng BEEiamet3dideangean enl ar ged
-pattern of said pattern for transfer into patterns of a plurality of master

masks; formaging ehtgngepbtiBLE eRpdsaref appaphtasStoubsbuake hor said
phot omask; and successively transferring reduced i mages of the patterns of

t he pIuraIitM}5§O@@§£ﬁé g?fﬁsdgg%%ggegﬁéégggggég%gggﬁEbsEhgte for said

phot omask while stitchin em ni n of omask substrate 10
and sakd mas 1 NG, 54l L i n k. 32. A photomask having an
alignn%nt na#ii%%@fé?ﬁgéﬁegé %Sggﬁgggggygﬁggﬁas?ﬁefﬂﬁtﬁ&ﬁ SE%&PBducing a
phot omask as_see forth in ¢claim31,  33. A_nethod of ,exposure_projecting a
pattern of f%fé€$%oPB$%§k°gn€b8 BaEEeFEeoguBEFrH?ELlPHerﬁﬁ&Féﬁa§ﬁ bei ng
produced by transferring Eatterns of master masks on to a mask substrate,
the nethod cRFPIFEIed ¢hethBeeparbacerofuthagdeiécghsubatsktey (Hi)vi di ng an
20 enl arged pattern of a pattern for transfer into patterns of a plurality
of the naste(4hasks,Ad otis terabonl rehakeing neo ktbe woskifgceevficlbe nask

substrate, and successively transferring reduced i mages of the patterns of
the pluralit3y4 pfbémdingseerthasksrringheelbcter iaeetof hbhainmgsk substrate

while stitching them

10 tilt and shift with respect to the reference plane
(object plane of projection optical system (see
reference numeral 42 of FIG. 5)), etc.
(5) As distortion relating to the projection
optical system (42), aberration of the projection

15 optical system (distortion, image plane curvature,
astigmatism, coma aberration, spherical aberration,
etc.) etc.

The drawing data for the patterns Pi formed on the

master reticles Ri may be corrected for all of the

20 pattern distortions caused by the above causes (1) to
(5) of the reticle exposure apparatus and device
exposure apparatus, but it is also possible to correct
it for just one or more with a larger effect on

accuracy.

25 Next, an explanation will be made of the relation



-165 0 3 SCP 2002 while aligning the mask substrate and the master nmask
using the alignnment mark; and aligning said photonask and sai d device
. Substrate using said alignment nmark of said photomask. 5 34. An exposure
apparatus conprising: a mask magazi ne which stores a plurality of master
masks; a mask stage which carries one master nmask sel ected f&ﬁgggﬁ% mask
i

magazi ne; 10 a projection optical systelMBhich projects a re

ge of

the pattern of the nmaster mask carried on said mask stage on to a phot omask
substrate forned with an a7 ignment mark; a substrate stage which positions
sai d 15 phot éeRSkospbatiaheodndespgangatekirngalbyt meakuiingcalhexi s of said
projection optical system and an alignnment system which aligns said nmaster

mask on saidpaaﬁﬁiéh§g¢caaéd§ﬁb€epb@naagggo%ua%%hQHQYO%fsﬁéésa&Btrate

-stage using said alignnment mark of said

substrate st
plurality of
apparatus pr
claim 34 on

apparatus having: a mask sta

phot omask “substrate on said

B8Ents aﬁagﬁgsghgggﬁgggtqugcﬁdo%ﬂ?%@idg §Q§§' fleenpns of the

nast er phot omask strate. n exposure

%gg%hggaggy%g% ﬁﬁg%rzgg?E%e&%éon a photomask as set forth in

8- ~ 3 S~P 2~~2 sai d exposure
e which carries said photomask; a projection

opticaP systen1mﬂPEﬁ!pFBFeéPngWEEEUEéﬁamﬁﬁﬁésoﬁrﬁ pgefidesof the phot omask
carried on 5 the mask stage on to the device substrate; a substrate stage
whi ch positions Bai dNambeteofupsasuremgntappiate wbeni seksugiag opti cal
axis of said projection optical system and an alignnent system which

al i gns sai d défphmmaboesk (onisaikd daslegeirage and said device substrate on

sai d substrate stage using said alignment mark of

i: Ordinal number of measurement when measuring

deformation (i is 1 to n)

10 j: Oridinal number corresponding to above causes

(1) to (5) (J is 1 to 5)
(x01i, y0i): Coordinates of point POi at i-th

measurement position when measuring deformation

(xji, yji): Results of measurement of position of

15 point Qji when point P0i (x0i, y0i) displaces and

becomes the point Qji (xji, yji) due to deformation

due to the cause (j)

First, consider finding a linear approximation

model where the point PO0i (x0i, y0i) of the 1-th

20 measurement position displaces to the point Rji (Xji,

Yji) in accordance with the following equation (M1)

due to deformation due to the cause (j).

Xji aji bji x01i eji

25 Yji cji dji yO0i £91



sai d photomask on said nask stage so as to project the pattern of said
phot omask on said device substrate. 36. A nethod of production of a
. mcrodevice 15 conprising the steps of: formng an alignnent mark on a
first photomask substrate, dividing a device pattern to be transferred on
to a second substrate on which the mcrodevice is to 20 be for rrquc;i S‘EPDZUﬁZ
plurality of elenent patterns; transréﬂﬂ#hg‘reduced i mges of sa
plurality of elenent patterns on to said first substrate to forma device
pattern using positional information obtained by detecting said alignnent
mark; and 25 transferring said device pattern on to said 0 3 SEP 2002
second substrate using said alignnment mark of the photomask on which said
devi ce pattern iBnfthercabodd. equaeidng afigxposurejiusi agia phtirakndy of
_masks to transfer patterns on a photosensitive 5 substrate in a plurality

of partiallysovend pppé Ngodh&ass iMGetREN] a8s8MBYAhref n@¥ReauEe &hakeast one
of said plurality of areas at the tinme of transfer of said pattern is

di fferent frfﬁ% -@ﬁgy f r takhe gl r ~@f id plurality of
areas. 10 38. d%t on%?Qeﬁﬁgggég ggésgﬁmfégﬁgg#ﬁgilggnF %, wherein said
amount .of exposure is term ped. in_accordance.with_an amount .of change of
l'ine deth e?ﬁﬁf%éh%gf eb%nargﬂgfép?egs9b’sgpﬁspPEralPPﬁngflgreas. 39. A
met hod of eﬁﬁgsure %ﬁ set forth in cli£n115 37, wherein said appunt of
exposure is W&t PAIREPEFOHER oFRENERAMEATta TPReSFFOmM EP&NEPetNE sai d
patterns to devel opnent of said photosensitive substrate. 40. A nethod of
exposure as @eformathonncangednbyothel abaEe3zaugeso(lwnhépeilR)vhe patterns
to be 20 transferred to said plurality of areas are formed on different
masks from ekoheveher isnoothprajeohed vd bepbdineerat sbhehpl glakietry of areas
are different fromeach other. 41. ?~ nethod of production of a photomask
25 includi ngtiidemsde€d ©d thandéeiredgpasptilenl (hgref, the i-th
10 measurement point), the greater the weight in the
weighted linear approximation used.
Specifically, the following Eji’ and Wik are
defined from the point Qji (xji, yji) of the i-th
measured value when measuring deformation and the
15 point Rji (Xji, Yji) on the model. That is, s is a
constant and k is an integer of 1 to n. Aji, bji, cji,

dji, eji, and f£ji may be found by the least

square method to give the smallest Eji’. That is

n

Ej1%=Y (Wik((Xji-x31)2+(¥Fi-yFi)?)...(M2)
=1

Wik=(1//2ns)exp(-((xji-xjk)?+(yji-yjk)?)/2s)...(M3)

20 Here, Wik is a Gaussian function which becomes



-168 0 3 S E P 200Z patterns on to a photomask substrate by a step-and
stitch nmethod using the nethod of exposure as set forth in any one of
.clains 37 to 39. 42. A nmethod of production of a device including 5 the
step of transferring a plurality of patterns on to a device substrate by a
step-and-stitch nmethod using the nethod of exposure as set fo;ﬁg %? @Ty one
of claims 37 to 39. 43. A nethod of expdsure emitting an illu AEF AW 10
beamto a mask and exposing a photosensitive substrate by said illum nation
beam t hrough a projection optical system said nethod of exposure
conpri sing tdeeastepsionfvaleéethénglasermahe gistantedbkyweandth® proj ection
optical systemat a plurality of different points in an area illum nated by
said illum npttprméLsiré® pOiatNahlr thei REGAMMEASAreadpbghitNg ThRL iscal
characteristics of said projected i mage based on the sane, detecting an

| mage proj ecfgdy a@f&ﬂdgﬁg¥eg%#gg?%ESOEﬁécgérQXEt8?1Ehel@Qﬁ%si%none

measur enent poi nt out si um nat area In a state wth said
optical chargc i stics, adjust tQ_o ip s nd i.nformation, and storing
t he sane; an u%ﬁfﬁéﬁiﬁbktﬁgﬁ c?gFggfigégog’tﬁﬁgpQ?FgrﬁBSSdﬁﬁgge by said
proj ection optical sgsten1usin€ sai d 0 3 s ~ ~ Zgo2 - 169 second

i nf or mati on SHFHREY oAERBoSECRaFREphotBSBRAFEFGE BABEFr 4fe by said

illum nation beam using said mask. 44. A nethod of exposure as set forth in
clai m 43, coPPRfsieEed hen aEaet 1 DRGAT sRBEREOHLMAELeRt | A§ &hgapPkh®rarr anged
outside of said illumnated area on said mask and adjusting characteristics
of said pattkamdi nbfethasedisnssalll, sesdyiddahdockaseotoantiet Ri-td

i nformati on obtained by detection of said nark. 45. A nethod of exposure as

set forth i nmeasmredOpdint wher eons $dededulik thef dimedrat a plurality of
different positions outside a pattern area of said mask

approximation. The deformation model for the cause (3J)
10 at the i-th measured position is one of local linear

approximation near the i-th measured point.

Using this, the deformation model for the cause

(jJ), that is, the model of deformation of the i-~-th

measured point P0i (x0i, y0i) to the point Rji (Xji,
15 Yji), is found. Here, for simplification, the equation

(Ml) is rewritten to the following expression:

Zj = Aj-Z0+Bj

where,
Xji
20 zi =
Yiji
aji bji
Aj =

25 cji dji



on which the pattern to be transferred to said photosensitive substrate is
formed. 46. A nethod of exposure as set forth in claim15 45, wherein a
. specific mask different fromsaid mask is used to obtain said first and
second information. 47. ?~ nmethod of exposure as set forth in claim 46,
wherein said specific mask has a first area corresponding to sagp %EEZﬁ?n
area and a second area 20 outside of Thel%ame in each of which %I ty
of marks are fornmed, said first information is obtai ned by detection of
marks in said first area, and said second information is obtained by
detection of marks ins@ig second area. 25 48. A nethod of production of a
devi ce i ncl udi ng -np- 0|3 sE~ aoo2 the step of transferring a device
pattern on to a 3wrkpj ecejusing the nethod of exposure as set forth in any
.one of clains 43 to 4ff. 49. A nethod of production of a photomask 5
including the step oflygansferring patterns formed on a plurality of master
masks on to a photomask substrate by a step-and-stitch nethod using the

met hod of exposure as set forth in any one of clains 43 to 47. 50. A nethod
of production of a photomask as set 10 forth in claim49, including the
addi ti gnal steps of reducing and projecting the patterns of the nmaster
masks t'hrough said pr f%& ion optical system enlarging a device pattern to
be formed on sai d photomagk by exactly an inverse magnification of a

proj ection 15 meB#i Fi tatidn of said projection optical system dividing
said enlarged patternjintq el enments or functions, and form ng the sane on
said plurality of mast€llrasks. 51. A method of production of a photomask
for use 20 in an exposure apparatus, conprising the steps of exposing a
plurality of partially overlapping areas on a substrate for said phot omask
using a plurality of master masks fornmed by dividing an enl arged pattern of
a device paéternThe deféomaedonndaai dophhkoraakesnt(@)atdd (slyural ity of
sections an

10 assumed to successively accumulate. The deformation

models for the causes (1) to (5) may be considered to

be:
(1) Z1=Al-Z0+B1
(2) Z2=A2-721+B2
15 (3) 23=A3-Z2+B3
(4) Z4=n4-723+B4
(5) Z5=A5-74+B5

Next, the relations for inverse transformation are
found. The inverse transformation model for the
20 deformation for the cause (j) becomes:
z0=Aj"'(23-BjJ)
where, Aj™' is the inverse matrix of Aj.
Therefore, the inverse deformation models for
deformation due to the causes (1) to (5) may be

25 considered to be:



-m 0 3 SEP 2002 adjusting at |east one of a shape and position of a
reduced inage of a divided pattern on - said substrate based on transfer

. characteristics of said master masks by said exposure apparatus. 5 52. A
met hod of production of a photomask as set forth in claimb51, conprising
the additional steps of nodifying design data of said divided pattern
produced from said enlarged pattern and ¥drm ng said divided pgttsEprien
said nmaster nmask in accordance with said 10 nodified design data. 53. A
met hod of production of a photomask as set forth in claimb51, conprising
the additional stkp of azZipssli'ngleptlijcal characteristics of a projection
optical systemformng a reduced i mnage of said divided 15 pattern based on
said transfer chapacterisi+gs:'(g4-pA)method of production of a photonask as
set forth in claimb51, conprising the additional steps of transferring said
di vided pattern pgysaid gpbgiragg_Rpyg)synchronously noving said master mask
and said 20 substrate for scan exposure of said plurality of areas and

adj usting the sh of s@bd,jeduged,iimage by changi ng conditions of said
scan exposure baggg on sgédAérg%gfgﬁ)characteristics. 55. A nethod of
transfer dividin pattgrn_faqr 25 _transfer into patterns for a plurality
of masKs and -gég 03 §£E§£ éé%éBgﬁccessively transferring the patterns
of the masks on to an_object  through a grojection optical systemwhile -
partially overl appRaylyY helpalteAREIIBAtReHREETBAREr NOWNENE ansferring the
patterns of the nmasks on to 5 the object in a state that a correction
amount of i npathgreaasheunddi bei déssprped dot doawiimggenokie medter t he
projection optical systemis different between an overlapping area of the
di vi ded patteeh$éches Rheint bedear ta axrapyet hheopatitampsn@caozalin) 56. A
met hod of transfer as set forth in claimb55, wherein the overl apping area
of the divided phét ¢d8ali 3agtheei pRetdk aevacensabRaiher area forned on
the mask and the other area is a center area in the

10 Therefore, it is sufficient to find positions 20 for
drawing on the master reticles Ri when determining the
ideal positional coordinates by Zz5.

This calculation equation becomes
Z0=A1"'(21-Bl)

15 =A1"'(A2"!(22-B2)-Bl)
=A1"'(A2"*(A37%(23-B3)-B2)-Bl) (n)
=Al"'(A27' (A3 (A47'(Z4-B4)-B3)-B2)-Bl)
=Al"'(A27' (A3 (A4 (A5 (25-B5)-B4)~-B3)~-B2)-Bl)

(B)

20 Note that when finding how to distort patterns for
drawing on the master reticles Ri in order to arrange
the patterns on the working reticle 34 produced by the
reticle exposure apparatus in accordance with the
ideal lattice, it is sufficient to use (A). In this

25 case, for example, when not desiring to consider



pattern area. 15 57. A nethod of transfer as set forth in claim55, wherein
transfer conditions for the divided patterns are different from each ot her
.according to shapes of the divided patterns. 58. A nethod of transfer as
set forth in claim?20 57, wherein the shapes of the divided patterns are
i ne-widths. 59. A nethod of transfer as set forth in cIaimSﬁ Sg&ag |n an
enl arged pattern of the pattern for trdddfer is divided and t é
patterns are forned 25 on the respective masks. -173 ~ 3 SEP ~0~2 60 A
phot omask produced by using the nethod as set forth in any one of clains 55

to 59. - 6l.d&¥dmdOLENi &€e PEOILREIrdysosi 1Y) | hetneshedfascsentf @pth in any
one of clains 55 to 58. 5 62. A nethod of producing a photonmask conpri sing

the step of ugidgrdée ABehad af yhiRNREEE RS aRAl BROALN 4l Bty one of clains
55 to 58. 63. A nethod of producing a device conprising the step of u3|ng
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10 after development by an alignment sensor 23 etc. to
find the image distortion. Note the substrate 4 to
which the pattern or marks have been transferred may
also be developed and etched and then the positions of
the images formed on the substrate 4 detected to find

15 the image distortion. In this case, the image
distortion including even distortion arising in the
processes of development, etching, etc. may also be
found.

Further, in the above embodiment, the pattern to be

20 formed on a master reticle was made to distort to
cancel out the image distortion arising due to the
above (1) to (5), but the entire pattern to be formed
on the master reticle need not be distorted. For
example, it is also possible to make only part of the

25 pattern distort or make part of the pattern shift
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reticle may be made to tilt with respect to the object
plane of the projection optical system 3 (plane
orthogonal to the optical axis). Note that the

15 positions of the patterns at the plurality of master
reticles used when producing the working reticle may
also be shifted or the position of the pattern at only
a specific master reticle may be shifted. Further, the
pattern may be made to distort and the position of the

20 pattern made to shift at the object plane side of the
projection optical system 3 in the same master reticle
or the pattern made to distort for one or more of the
plurality of master reticles used for the production
of the working reticle and the positions of the

25 patterns made to shift for the remaining master
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substrate and to shift the positions in the image

field of the projection optical system 3 for each of

the plurality of sections on the master reticle.
Further, when using a scan exposure apparatus to

15 transfer the pattern of a master reticle on to the
substrate 4, the master reticle and the substrate are
made to move relative to the projection optical system
3. Therefore, in the scan exposure apparatus, it is
possible to drive a reticle blind (field stop)

20 arranged im the illumination optical system 1 and
restricting the area on the master reticle illuminated
by the exposure light so as to make the position of
the illuminated area in the image field of the
projection optical system 3 shift. Further, it is also

25 possible to make the master reticle and substrate
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arising due to the above (1) to (5) and the position
10 of the pattern made to shift as explained above or at
least one optical element of the projection optical
system 3 or 42 made to move to cancel out the
remaining rotationally symmetrical components. Note
that in a scan type exposure apparatus, the master
15 reticle and substrate may be made to shift slightly in
the scan direction to cancel out the rotationally
symmetrical components.
Further, since a plurality of master reticles Ri
are successively exchanged to transfer the master
20 patterns Pi to the substrate 4, the time required for
exposure of the substrate 4 becomes longer compared
with exposure of a wafer W using a working reticle 34.
Also when the projection exposure apparatus of FIG. 2
uses excimer laser light as the exposure light, a

25 chemical amplification type resist is used for the
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to measure the amount of change of the line width for
each master reticle or find it by simulation and
finely adjust the amount of exposure of the substrate
4 (resist) in accordance with the amount of change
15 when transferring the master patterns. Due to this,
since the amount of exposure is adjusted for each
master pattern, the change in line width of the resist
patterns can be held to the minimum. Note that the
amount of exposure may be adjusted for each master
20 reticle. AX¥so, the amount of exposure may be adjusted
for every several master reticles.
Further, when the projection exposure apparatus
shown in FIG. 2 to FIG. 4 is a stationary exposure
type, for example, a step-and-repeat type, the amount

25 of exposure of the substrate 4 (resist) is adjusted by
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when the projection exposure apparatus shown in FIG. 2
to FIG. 4 is a scan exposure type, for example, the
10 step-and-scan type, the amount of exposure of the
substrate 4 (resist) is adjusted by changing at least
one of the intensity of the exposure light on the
substrate 4, the scan speed of the substrate 4, and
the width of the area irradiated by the exposure light
15 in the scan direction on the substrate 4 when the
exposure light is continuous light and by changing at
least one of the intensity of the exposure light on
the substrate 4, the scan speed of the substrate 4,
the width of the area irradiated by the exposure light
20 in the scanm direction on the substrate 4, and the
oscillation frequency of the exposure light (pulse
light source) when the exposure light is pulse light.
An enlarged device pattern of the device pattern to

be formed on the working reticle 34 may be divided

25 into element patterns, for example, divided into dense
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10! f $f 109 & ppttern of a single master reticle is sometimes
transferred on to a plurality of areas on the
substrate 4, it 1is possible to reduce the number of
10 master reticles used for production of a working
reticle.
In the third embodiment, the patterns of a
plurality of master reticles were transferred on to
the substrate 4 in the same exposure apparatus, but it
15 is also possible to use a plurality of exposure
apparatuses to transfer the patterns of a plurality of
master reticles on the substrate 4. For example, the
same number of exposure apparatuses as the number of
master reticles required for production of a single
20 working reticle may be prepared, a first exposure
apparatus used to transfer the pattern of a first
master reticle on to the substrate, then the substrate
loaded into the second exposure apparatus where the

pattern of the second master reticle is then

25 transferred to the substrate. The remaining exposure
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distort for each apparatus or making the pattern
position shift. Note that there may also be two or
more master reticles provided at each of the plurality
of exposure apparatuses. Further, the same exposure
apparatus may be used when transferring the pattern of
a single master reticle to a plurality of areas on a
substrate.

According to the third embodiment, the design
patterns to be formed on the master masks (master
reticles Ri), that is, the working mask (working
reticle 34), are made to distort so that the actual
projected images substantially match with the ideal
projected images, so even if there is bending of the
substrate due to holding, aberration of the projection
optical system, etc., patterns close to the ideal
images can be projected and transferred to the mask
substrate 4 or the device substrate W and a high
accuracy, high quality microdevice or photomask can be

produced.
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exposure apparatus and the distortion characteristics
and other imaging characteristics are measured in
10 advance, and the results of the measurement are used
at the time of production of the working reticle 34 as
explained later.
While already explained in the first embodiment,
the substrate (blank) 4 for the working reticle 34 is
15 a transparent substrate such as silica glass. It is
formed with a thin film of a mask material such as
chrome or molybdenum silicate on the pattern area 25
of its surface and is formed with two alignment marks
24A and 24B comprised of two-dimensional marks for
20 alignment sandwiching the pattern area 25. These
alignment marks 24A and 24B are formed in advance
before the transfer of the pattern using an electron
beam lithography system, laser beam lithography

system, projection exposure apparatus (stepper,

25 scanner), etc. The substrate 4 is aligned by measuring
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alignment sensors 14A and 14B are used to detect the
alignment marks 21A and 21B and reference marks 13A
and 13B for each master reticle Ri and align the

10 master reticle Ri.

In the first embodiment, before transferring the
master pattern P2 of the second master reticle R2 on
to the substrate 4, the sensor 23 detected the
alignment marks 24A and 24B to obtain their positional

15 information (X-coordinate, Y-coordinate, and
rotation). However, the alignment marks 24A and 24B
may also be detected before transferring the master
pattern Pl of the first master reticle R1 to the
substrate 4 and that positional information used for

20 transferring the master patterns Pl to PN of the
master reticles Rl to RN to the substrate 4.

Further, when transferring the master pattern Pn
(1<n<N-1) of the n-th master reticle Rn to the

substrate, for example, at least one of the alignment

25 marks 21A and 21B may be transferred to the substrate



" 10G y5' 10%r& ()-ys3s10%m& () - F1

10%1& () -y/ 10%1& () -
. 10m 10m 10m ! 10%& () - 910%& () - 7@ 0%& () - YHudEbC 10GS10%& () -
10%1& () - 10%1& () - S10%1& ()-SY 10%& () - @ALO%M& () - UNdEbC 10GS" 10%&

109%r&' () - @.10%7& () -

10G / F10%1& () -f- F10%m& ()-f*f 10%& ()

y- 109%1& ()-y*gl0%r& ()-g #YbC 10G@ELO%TE ()-s10%& () -

i § S&p 02
3 10%r& () - SLO% ( # 1g/zg&(§)&"vwEbc

10%1& () -f $s10%1& () - &4bdE: / 10m 10m

10%m& () -y9s10%& () -
/ 10m ! 10%re4 (30¢q
& ()-1 10m#XdE7/

y710%r& () -fy5310%r& ()-y 310%& ()-F1& 10%& ()-J}uVv7
afeny ewt)tsﬁomleys@ema@)lgmemw

10m ! SLY10%msaxh - AGHOeReoN ) tHe 0omBS tyaSe0%eresiSy ) 0nag b S10%m& () - ! VAE7/

_10m ! F1Z" 10%r&' () -

y, / 10%r& ()-f-10%& ()-f*f10%m& ()-f(10%m& ()- &F" 10%& ()

-, WixnbC 10ndd08dt €4 - by 10he 18D dAent sensor 23. The positional

10%1& () -y710%m& () -

yy510%r&' () -f 310%r& () - | dEMDC 10rm0%&' ()-1109& ()-Y

' 10%& () -1 1DH®Sfmha©iOf@chia Ynéd Ol %(%e g6EaDE, 108k

GLO%&' ()-, 109%& ()-IFl 109%& () -, 2109

lOnﬁ?F O%&

Y 10%& () - TBsEe b) F0CaEmc

(zina’( | LGSR o g N
0% - S LR3I (I 10 0. QLANE 00

information of the previously detected alignment marks

24A and 24B may also be used together. Further, when

transferring the patterns of third and following

10 master reticles Rn to the substrate 4, it is possible

to use all of the positional information relating to

the latent images of the alignment marks formed at the

time of transfer of the 1 to (n-1)th master reticles

or to select one or more latent images and use only

15 that positional information. At this time, the

positional information of the alignment marks

corresponding to a transferred image obtained by

stitching together reduced images of the master

patterns Pn of the master reticles Rn among the

20 transferredq images of the first to (n-1)th master

patterns Pl to Pn-1 transferred on the substrate 4 may

also be selectively used.

Here, while partially overlapping with the above

explanation, the flow of the production of the working

25 reticle 34 will be explained in brief with reference
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Rl to R4 (master 1 to master 4) formed with the
5 patterns "A" to "D" are to be transferred to the
photomask substrate (blank) 4.
In FIG. 17, first, a substrate 4 coated with a
photoresist is loaded on to the sample table 5 on the
XY stage 6 of FIG. 2 (STl) and the first (master 1) of
10 the plurality of master reticles Ri is loaded on to
the reticle stage 2 of FIG. 2 (ST2). Next, the
alignment marks 21A and 21B of the master reticle Rl
are aligned with the reference marks 13A and 13B
(ST3), then the alignment marks 24A and 24B of the
15 substrate 4 are detected by the alignment sensor 23,
the master reticle Rl and substrate are moved relative
to each other based on the positional information
obtained so as to align the reduced image of the
master pattern Pl and the substrate 4 (ST4), then
20 exposure is performed to transfer the pattern "A" on
the master reticle Rl on to the substrate 4 (ST5).
Next, the master reticle R1 is unloaded from the
reticle stage 2 (ST6) and it is judged if the transfer

of patterns to the substrate 4 has been completed for

25 all master reticles (ST7). When it is judged at step
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10%&I() fglo%@fé? thenE%he processing returns to ST3. This is
5 successively repeated to transfer the patterns "B" to

"D" of the master reticles R2 to R4 to the substrate 4
while stitching them. When it is judged at step ST7
that the transfer of patterns has ended for all master
reticles, the substrate 4 is unloaded (ST?2) and the

10 exposure processing is ended.

Next, the photoresist on the substrate 4 is
developed and etched and the remaining resist pattern
peeled off etc. to complete the working reticle 34
with the master patterns "A" to "D" transferred as

15 shown in FIG. 10. At this time, the alignment marks
24A and 24B on the substrate 4 used for the alignment
with the master reticles are left as they are for use
for the alignment when transferring the pattern on a
device substrate using this working reticle 34 in the

20 device expesure apparatus shown in FIG. 5.

Next, an explanation will be given of the case
where the imaging characteristics of the projected
image of the projection exposure apparatus using the
working reticle 34 deviates from the ideal image. When

25 the projection exposure apparatus shown in FIG. 5
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5 the imaging characteristics of the projection optical

system 42 includes distortion whereby the lattice-like
ideal image 28 shown by the broken lines becomes a
pincushion shaped (or barrel shaped) projected image
29 as shown by the solid lines as shown in FIG. 15A.

10 In FIG. 15A, when the distance from the optical
axis AX1 of the projection optical system 42 to the
point 29a on the projected image 29 is r and the
distance from the optical axis AX1l to the point 28a on
the corresponding ideal image 28 is r,, the distortion

15 D(r) at the distance r can be expressed as follows:

D(r) = (r-xr,)/r «eo (N1)

Therefore, the amount of offset of the projected
image 29 from the ideal image 28 at the distance r
becomes about r-D(r).

20 In this case, in the fourth embodiment, as shown in
FIG. 4, when projecting a reduced image of a master
pattern Pi of the i~th master reticle Ri on the
substrate 4, the exposure position is shifted
laterally in the X-direction and Y-direction from the

25 original shot area Si so as to cancel out the
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assumed that a reduced image PI5 of the corresponding
5 master pattern P5 is being projected on the original

shot area S85. In this case, if the distance from the
center of the shot area S5 to the optical axis AX1 of
the projection optical system 42 of the exposure
apparatus scheduled to use the substrate 4 (working

10 reticle 34), in this embodiment, the exposure
apparatus of FIG. 5, is r, the amount of offset of the
projection position in the radial direction when
reducing and projecting the shot area S5 by 1/B by the
projection optical system 42 becomes, from equation

15 (N1), (r/B)D(r/B). Further, in the exposure apparatus
of FIG. 2, the amount of offset due to the projection
optical system 42 of the scan exposure apparatus of
FIG. 5 when making the exposure position of the
reduced image PI5 shift by exactly 3(r) in advance

20 with respegt to the shot area S5 in the scan exposure
apparatus of FIG. 2 becomes 3(r)/pf. Therefore, the
condition for canceling out the distortion by the
amount of offset becomes as follows:

S(r)/B = -(xr/B)D(r/B) «.. (N2)

25 From equation (N2), the amount of offset 3(r)
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axis AX. Similarly, for example, in the shot area S7

as well, the exposure position of the corresponding
reduced image PI7 is made to shift so as to satisfy

10 equation (N3) and the reduced images are similarly
made teo shift in the other shot areas as well. Note
that at the shot area S13 on the optical axis AX1 in
the exposure apparatus of FIG. 5, there is no need to
change the position of the reduced image PI13 in the

15 exposure apparatus of FIG. 2. Due to this, in the
exposure apparatus of FIG. 5, the distortion of FIG.
15A is canceled out and an ideal image 28 is exposed
on the device substrate (W) by the projection optical
system 42.

20 Note that as will be understood from FIG. 15A, in
the partial area at a position of distance r from the
optical axis AX1 in the projected image 29, the
magnification also changes by exactly AB(r) and a
slight nonrotationally symmetrical distortion also

25 arises. Therefore, the projection optical system 3 of
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apparatus of FIG. 2 to FIG. 4 is used to not oniy
10 shift the exposure position by exactly &(r), but also
correct the magnification of the projection optical
system 3 so as to cancel out the corresponding
magnification error AR (r/p) and correct the
distortion characteristics of the projection optical
15 system 3 so as to cancel out the corresponding partial
distortion as much as possible. Due to this, it
becomes possible to cancel out the distortion of FIG.
15A with a higher accuracy overall.
Next, the explanation will be given of the case
20 where the projection exposure apparatus of FIG. 5 is
for example a scan exposure type such as a step-and-
scan type and where the imaging characteristics of the
projected image include so-called skew error where,

as shown in FIG. 16A, the rectangular ideal image 30

25 shown by the broken lines becomes the parallelopiped
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10 the scan directions of the reticle and exposed
substrate are offset. For example, the partial image
3la at the periphery of the projected image 31 is
laterally offset by exactly 3X1 in the -X-direction
and distorted in a parallelopiped fashion by exactly

15 the angle ¢ from the ideal partial image 30a.

In this case, in the present embodiment, as the
projection exposure apparatus for successively
projecting reduced images of the master patterns of
the master reticles R1 to RN on the substrate 4 shown

20 in FIG. 2 to FIG. 4, a step-and-scan type projection
exposure apparatus having the Y-direction as its scan
direction is used. Further, when exposing the reduced
image PI21 of the pattern of the master reticle R21
corresponding to a partial image 3la of FIG. 16A, the

25 imaging characteristics are corrected so as to cancel
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42 of the scan exposure apparatus of FIG. 5 when
making the exposure position of the reduced image PI21
shift by exactly 3X2 in advance with respect to the
shot area S21 in the scan exposure apparatus of FIG. 2
15 to FIG. 4 becomes -3X2/f (the minus sign is due to the
inverted projection). Therefore, the condition for
canceling out the amount of lateral offset 3X1 by that
amount of offset becomes as follows:
-3X2/B = -3X1 .ces (N4)
20 From eguation (N4), the amount of offset 3X2
becomes R-8&X1.
Further, in this example, when exposing a reduced
image PI21 by the exposure apparatus of FIG. 2 to FIG.
4, the reduced image PI21 may be made to distort by

25 exactly the angle ¢ clockwise about the Y-axis by
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and 24B were detected by the alignment sensors 41A and
41B and the working reticle 34 was aligned so that the
center of the two became substantially in register
with the optical axis AX1 of the projection optical

15 system 3, but it is also possible to use alignment
sensors 41A and 41B to detect the alignment marks 24A
and 24B of the working reticle 34 and the alignment
marks of every shot area on the device substrate
(wafer) W and make the working reticle 34 and wafer W

20 move relatively, i.e., perform die-by-die alignment.
Further, it is possible to select a plurality (for
example, about 5 to 10) shot areas on the wafer W as
an alignment shot area and use the alignment sensors
417 and 41B to detect alignment marks 24A and 24B and

25 the alignment marks of the alignment shot area to find
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44 in accordance with the calculated coordinate
positions, i.e, perform enhanced global alignment.
10 Note that instead of the alignment sensors 41A and
41B, it is also possible to use the alignment sensor
23 for the enhanced global alignment. In this case, in
the same way as above, the alignment marks 24A and 24B
are used for alignment of the working reticle 34.
15 Further, alignment marks used for die-by-die alignment
or enhanced global alignment may also be formed on the
working reticle 34 (substrate 4) separate from the
alignment marks 24A and 24B used for the alignment of
the working reticle 34.
20 Note that as the projection exposure apparatus for
exposure of the working reticle 34, it is possible to
use a scan exposure type reduction projection exposure
apparatus such as the step-and-scan type.

The alignment marks formed on the'substrate 4

25 (working reticle 34) are not limited to two marks. One
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10 Further, the alignment marks 24A and 24B are
comprised of a light shielding material such as
chrome. In the projection exposure apparatus of FIG.
2, the alignment marks 24A and 24B are detected by the
alignment sensor 23 or 14A and 14B through the resist

15 to which the master pattern Pi is transferred. At this
time, if the alignment marks 24A and 24B are covered
by the light shielding layer on the substrate 4 where
the master pattern Pi is formed, it might become
difficult for the alignment sensor 23 etc. to detect

20 the alignment marks 24A and 24B. Therefore, it is
preferable to deposit the light shielding layer only
at the predetermined area including the transfer area
of the master pattern Pi (corresponding to the pattern
area 25) so that the alignment marks 24A and 24B are

25 not covered by the light shielding layer or to make
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phase shift reticle.
Further, instead of the alignment marks 24A and 24B
10 comprised of light shielding materials, use may be
made of latent images of alignment marks formed on the
resist of the substrate 4. In this case, before
loading the substrate 4 into the projection exposure
apparatus (FIG. 2) and transferring the master pattern
15 Pi, the projection exposure apparatus may be used to
form latent images of alignment marks on the resist on
the substrate 4, so the process of forming alignment
marks explained above may be deleted and the
production time and production costs of the working
20 reticle 34:may be shortened and reduced.
Further, the device pattern to be formed on the
working reticle 34 was enlarged and divided into o x «
number of master patterns and the master patterns were

stitched together for transfer to the substrate 4, but

25 it is also possible to divide the enlarged device
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pattern of a single master reticle is sometimes
transferred on to a plurality of areas on the

10 substrate 4, it is possible to reduce the number of
master reticles used for production of a working
reticle.

Further, since a plurality of master reticles Ri

are successively exchanged to transfer the master

15 patterns Pi to the substrate 4, the time required for
exposure of the substrate 4 becomes longer compared
with exposure of a wafer W using a working reticle 34.
Also when the projection exposure apparatus uses
excimer laser light as the exposure light, a chemical

20 amplification type resist is used for the substrate 4.
Therefore, sometimes the line width of the pattern
image of for example the first master reticle Rl among
the plurality of pattern images (resist patterns)
formed on the substrate 4 after development will not

25 become the target line width. That is, since the time
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with the amount of change when transferring the master
10 patterns. Due to this, since the amount of exposure is
adjusted for each master pattern, the change in line
width of the resist patterns can be held to the
minimum. Note that the amount of exposure may be
adjusted for each master reticle. Also, the amount of
15 exposure may be adjusted for every several master
reticles.
Further, when the projection exposure apparatus
shown in FIG. 2 to FIG. 4 is a stationary exposure
type, for example, a step-and-repeat type, the amount
20 of exposure of the substrate 4 (resist) is adjusted by
changing at least one of the intensity and irradiation
time (exposure time) of the exposure light on the
substrate 4 when the exposure light is continuous

light (i-rays etc.) and by changing at least one of

25 the intensity and number of pulses of the exposure
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substrate 4, the scan speed of the substrate 4, and
the width of the area irradiated by the exposure light
10 in the scan direction on the substrate 4 when the
exposure light is continuous light and by changing at
least one of the intensity of the exposure light on
the substrate 4, the scan speed of the substrate 4,
the width of the area irradiated by the exposure light
15 in the scan direction on the substrate 4, and the
oscillation frequency of the exposure light (pulse
light source) when the exposure light is pulse light.
According to the fourth embodiment, it is possible
to produce a high accuracy, high quality microdevice
20 with little rotation, offset, or other error between
the alignment marks and pattern. Further, since the
same alignment marks are used for alignment when
producing the photomask and producing the device,

there is little room for error to enter, the

25 positional accuracy of the pattern formed on the



" 10" 10968 ()- TL109G& ()-ysZ10%G& ()-Y 10%6& ()-y@o%s’ ()-y&10%GE ()-'~, dEbC
10S/ 1098 () - & 109G () - +10%G& () - (1098 () -

. 109638 () - y$109%3& () -, f6pgrdE: / 10G 10G

7" 109G& () - 910%3& () - 7f 1038 () - 5109%6G& () - 310%C& () -1 12" 10%3& () - r sz$XxY: /
10G 109@& ()-S 109%Z& () - %0%Z& () - Sf YLOYZ&' () - SL10%Z& () - &109%2& ()3 spp g0
10GX) VAE: / 10G | - 143 -

10928 () -f @O%Z& () -f&10%Z& () - S10%Z& () -f109%2Z& () -, 109%2Z& ()-! QUE: / 106G
f):1092& ()-& 10%& ()-y$mlovZ& ()-y"109@& ()-f 109%&& ()-yGlo%z& () - PAE: /

10G 510%& ( Hed®tRYB&bekriat el @A He) TS/1ERU & alnkt Y%r tlﬁ"@ga -y
+21092Z& () - Lcdef szbC 10GLOZ&' () - F9% 109&& ()- 10Z 1

i (SR S B0 b 0 e
ig%iﬁé"o/i%&(py %8%2%‘%)‘1‘ 3‘%’5"/@%‘ %)e“ L )l(")“ ﬁ/g%@%é‘(“}lq%ﬁfl 28 () -
106971092& ( Fhe7abeygeempodiTenss @rd sAfo@d OPurFfodeermadifiadoi ()-1 (bC

10G' 1 z10%Z&' () -f @O%Z& ()-S&I10%&' () - 109Z& () - 10Z 10Z 10Z,
'1109%Z& () - (g@g@gy@ ways within the scope of the invention.

10G , 109&& () -ff109&& ()- SMLO%Z& () -fF109&Z& ()-,' ! 109&& ()-fz109%&Z& () - 8n7kd
EbC 10GR109Z& () Fpgthevzs:in) thel embedimentsl0%be ExHosI Sippanatus
109@& () - k=vdEbC

10Gys3109%Z& ghoVWh! INVE&G(.) Sy wazl el (Eoxy thE0BEeduct if'onlBWF & () - y(9109%Z& ()
- Al rmovxmbC 10G10%4| & ()- 10Z 10Z 10Z;

109%Z& () - 9Gl@%&c6h‘d71@:¥@%&e(v)rc§§1@>@&t®e' HeeHeMC invention may
L0GLOY| & () - SI 109 & () - y10%I] &

%833{ §08 y%gf E %b%%%‘?ﬁ?% )ef%% '()%%D%ﬂté"s( 1283 ok % 1B PosiEmbC
18$;| %AﬂlglgéﬁFéggﬁbﬁlgéhf f%%ﬁ%gﬁtﬁb&iquid crystal display

iggﬁfé?%?!%, '710@&|& &ﬁ1y5|1 0/{z'qll:ﬁa(y)or é%ﬁg élsﬁfgys, a thin

film magnetic head, a pickup element (CCD), a vibrator
used in a cellular phone or home game system etc., and
the like.

15 Further, in the exposure apparatus of FIG. 5, the
projection optical system 42 was a reduction system,
but the projection optical system 42 may also be an
equal magnification system or an enlargement system.
Further, the projection optical system 42 may be any

20 of a refraction system comprised of only a plurality
of refraction elements, a reflection system comprised
of only a plurality of reflection elements, and a
reflection and refraction system comprised of
refraction elements and reflection elements. Further,

25 the exposure apparatus of FIG. 5 may be a proximity
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plurality of shot areas. Further, the exposure
10 apparatus of FIG. 5 may be a mirror projection type
which uses a single scan exposure to form a plurality
of patterns on the entire surface of the
photosensitive substrate. Note that in the step-and-
stitch type, when transferring patterns to the shot
15 areas, either the stationary exposure or the scan
exposure type may be used. The scan exposure system is
disclosed for example in Japanese Unexamined Patent
Publication (Kokai) No. 4-196513 or its corresponding
U.S. Patent No. 5473410. The disclosure of this
20 publication and U.S. Patent are made part of the
disclosure of this specification by reference to the
extent allowed by the domestic laws of the countries
designated or selected by this international

application.

25 Further, in the exposure apparatus of FIG. 5, as
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excimer laser (wavelength 248 nm), ArF excimer laser
5 (wavelength 193 nm), F, laser (wavelength 157 nm), Ar,

laser, harmonics of a metal vapor laser or YAG laser,
etc. Further, use may be made of a harmonic obtained
by amplifying an infrared region or visible region
single wavelength laser light emitted from a DFB

10 semiconductor laser or fiber laser by for example an
erbium- (or both erbium and yttrium) doped fiber
amplifier and converting this in wavelength to
ultraviolet light using a nonlinear optical crystal
(explained in detail later). Further, the exposure

15 illumination light is not limited to the above-
mentioned far ultraviolet region or vacuum ultraviolet
region (wavelength 120 to 200 nm) and may also be one
of the soft X-ray region (wavelength 5 to 15 nm or so)
emitted from a laser plasma light source or SOR, for

20 example, EUV (extreme ultraviolet) light of a
wavelength of 13.4 nm or 11.5 nm, or of the hard X-
ray region (wavelength of 1 nm or less). Note that in
an EUV exposure apparatus, a reflection type reticle
(mask) is used. Also, the projection optical system is

25 a telecentric reduction system only at the image plane
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1066 1%FG to an exposure apparatus using energy beams, ion

beams, and other charged particle beams. Note that the

electron beam exposure apparatus may be a direct

drawing type (for example, self projection type,

variable shape beam type, blanking aperture array

10 type, etc.) or may be a projection type (for example,
a type using a transmission mask to expose a 250 nm
square area on a photosensitive substrate at one
time). In the direct drawing type, no mask is used,
but the exposure apparatus of the present invention

15 may be applied to the production of the cells or
apertures used for shaping the electron beam.

As explained above, the exposure apparatus of FIG.

5 may be any configuration or type of exposure
apparatus so long as it uses a mask or reticle

20 (including:cell or aperture etc.) On the other hand,
the exposure apparatus (FIG. 2 to FIG. 4) for
producing the mask or reticle may also be any
configuration or type in the same way as the exposure
apparatus for producing a device explained above (FIG.

25 5), but considering the production of the master masks
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to support the substrate 4 at a plurality of points
(for example, three points) rather than hold it on the
sample table 5.

10 In the above embodiments, a transparent substrate
(silica glass etc.) was used as the substrate (blank).
This is because it was assumed that the illumination
light IL1 for exposure used by the exposure apparatus
(FIG. 5) for which the substrate 4, that is, working

15 reticle 34, was used was a vacuum ultraviolet band
(wavelength 100 to 200 nm or so) or a higher
wavelength band. Here, when the wavelength of the
exposure illumination light ILl1 is more than 190 nm,
it is possible to use silica glass as the substrate 4,

20 but at a shorter wavelength, in particular a
wavelength of 100 to 180 nm, it becomes difficult to
use silica glass as the substrate 4. Therefore, when
the wavelength of the exposure use illumination light
IL1 is 100 to 180 nm, for example, fluorite, fluorine-

25 doped silica glass, rock crystal, LiF, LaF,, and
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alternate coatings of molybdenum and beryllium may be
formed, and not only a glass substrate, but also a
15 silicon wafer etc. may be used as the substrate 4.
Further, with a proximity type X-ray exposure
apparatus and electron beam or ion beam or other
charged particle ray exposure apparatus etc., a
transmission type mask (stencil mask, membrane mask)
20 may be used and a silicon wafer may be used as the
substrate 4.
Note that the projection exposure apparatuses shown
in FIG. 2 and FIG. 5 may be produced by fixing a
projection optical system comprised of a plurality of

25 optical elements built in a mirror barrel and at least
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!!73,/10%)U&°@)5h&f @bsorbing pads, opticdally adjusting the
5 illumination optical system and projection optical
system, connecting wiring and tubing to the reticle
stage (2) or wafer stage (sample table 5 and XY stage
6 etc.) comprised of the large number of mechanical
parts and their drive systems (linear motor etc.),
10 arranging the reference mark member (12 or 46) or
photoelectric detector (56) etc. at the wafer stage,
and further performing overall adjustment (electrical
adjustment, confirmation of operation, etc.) Note that
the exposure apparatus 1is desirably manufactured in a
15 clean room controlled in temperature and cleanness
etc.
The semiconductor device is produced through a step
of design of the functions and performance of the
circuit, a step of fabrication of a working reticle by
20 the exposure apparatus of FIG. 2 using the above
master reticle based on the design step, a step of
transferring a pattern of a working reticle on a wafer
using an exposure apparatus of FIG. 5, a step of
assembly of the device (including dicing, bonding,

25 packaging, etc.), and an inspection step.
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5 DFB semiconductor laser or fiber laser amplified by
for example an erbium (or both erbium and yttrium)
doped fiber amplifier and use the harmonic obtained by
converting the wavelength to ultraviolet light using a
nonlinear optical crystal.

10 For example, if the oscillation wavelength of the
single wavelength laser is made a range of 1.51 to
1.59 um, an 8th harmonic of an oscillation wavelength
in the range of 189 to 199 nm or a 10th harmonic of an
oscillation wavelength in the range of 151 to 159 nm

15 is output. In particular, if the oscillation
wavelength is made one in the range of 1.544 to 1.553
ym, ultraviolet light of an 8th harmonic in the range
of 193 to 194 nm, that is, a wavelength substantially
the same as that of an ArF excimer laser, is obtained.

20 If the oscillation wavelength is made one in the range
of 1.57 to 1.58 um, ultraviolet light of a 10th
harmonic in the range of 157 to 158 nm, that is, a
wavelength substantially the same as that of an F,
laser, is obtained.

25 Further, if the oscillation wavelength is made one
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as the single wavelength oscillation laser, a yttrium-
doped fiber laser is used.

10 All of the content of the disclosure of Japanese
Patent- Application No. 10-98373 filed on March 26,
1998, Japanese Patent Application No. 10-103767 filed
on March 31, 1998, and Japanese Patent Application No.
10-146586 filed on May 12, 1998, including the

15 specification, claims, drawings, and abstract, are

incorporated here by reference in its entirety.
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1. A method of exposure projecting and exposing
a pattern formed on a mask on to a photosensitive
substrate through a projection optical system,
5 comprising the steps of:

measuring a position of an image projected by
said projection optical system;

correcting imaging characteristics to reduce
the offset from an ideal position for the projected

10 image;

subsequently to measuring and correcting,
aligning the mask and substrate; and

projecting and exposing said pattern of the
mask on to the substrate.

15 2. A method of exposure as set forth in claim 1,
comprising the additional step of forming a mark on
sald mask, wherein said image to be measured in said
measuring step is a projected image of said mark of the
mask.

20 3. A method of exposure as set forth in claim 1,
wherein.said image to be measured in said measuring
step is a projected image of the pattern formed on said
mask.

4. A method of exposure projecting and exposing

25 a pattern formed on a mask on to a photosensitive
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position of an image projected by said projection

10 optical system of said third mark in a state with
imaging characteristics preliminarily corrected to
reduce an amount of offset of said second image
position from an ideal position and defining it as a
third image position;

15 measuring a position of an image projected by
sald projection optical system of said first mark of
said mask and defining it as a first image position;
and

projecting and exposing said pattern of the

20 mask in a state with imaging characteristics corrected
SO thatisaid first image position becomes one of a
predetermined positional relationship with said third
image position.

5. A method of exposure as set forth in claim 4,

25 wherein:
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corresponding to said peripheral area of said control
use reference mask.
10 6. A method of exposure as set forth in claim 4
or 5, wherein said predetermined positional relation is
a relation where said first image position is in
register with or in proximity to said third image
position.
15 7. A method of exposure as set forth in claim 4
or 5, comprising the additional step of measuring in
advance an amount of offset of the position of said
first mark of said mask and the position of said third
mark of said control use reference mask and defining it
20 as a correction wvalue,
wherein said predetermined positional
relation is a relation where said first image position
is substantially in register with a position of said

third image position corrected by said correction

25 value.
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10 marks are measured for at least one component among a
first direction parallel to an optical axis of said
projection optical system, a second direction
orthogonal to said first direction, and a third
direction orthogonal to said first and second

15 directions.

10. A method of exposure as set forth in claim 4
or 8, wherein said imaging characteristics are
corrected by adjusting at least one of a projection
magnitude of said projection optical system, an

20 aberration of said projection optical system, a
positio; of said mask with respect to said projection
optical system, and a position of said photosensitive
substrate with respect to said projection optical

system.

25 11. A method of exposure as set forth in claim 8,
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10 position of a projected image.

13. A method of exposure as set forth in claim 4
or 8, wherein a plurality of said second marks of said
control use reference mask are dispersed over said
first area.

15 14. A method of exposure as set forth in claim
13, wherein said imaging characteristics are
preliminarily corrected so as to give to the smallest
sum of the squares of the amounts of offset of
positions of images projected by said projection

20 optical system of said second marks from their ideal
position; multiplied with weighting coefficients.

15. A method of exposure as set forth in claim
14, wherein said weighting coefficients are the same
for each of said second marks.

25 16. A method of exposure as set forth in claim
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7/ 10GSs 18. A method of exposure dividing an enlarged
10 pattern of a pattern for transfer into patterns of a
plurality of masks and projecting and exposing images
reduced by a projection optical system of said patterns
of a plurality of masks on a surface of a
photosensitive substrate while stitching them, said
15 method of exposure comprising the steps of:
forming a first mark in a peripheral area of
a pattern area of said mask in which a pattern is
formed;
measuring a position of an image projected by
20 said projection optical system of a second mark of a
control use reference mask formed with a plurality of
said second marks in a first area corresponding to said
pattern area of sald mask and formed with a third mark

facing said first mark in a second area corresponding

25 to said peripheral area of said mask and defining it as
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measuring a position of an image projected by
said projection optical system of said first mark of
10 said mask and defining it as a first image position;
and
successively projecting and exposing patterns
of said masks in a state with imaging characteristics
corrected so that said first image position becomes in
15 register with or proximity to said third image
position.
19. A method of exposure as set forth in claim
18, wherein said mask is a master mask and said
photosensitive substrate is a substrate for production
20 of masks.
20. A method of exposure as set forth in claim
18, wherein said mask is a working mask and said
photosensitive substrate is a substrate for production

of a device.

25 21. A method of exposure as set forth in claim
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sum of the squares of the amounts of offset of
5 positions of images projected by said projection
optical system of said second marks from their ideal
positions multiplied with weighting coefficients; and
said weighting coefficients are selected so
that ones for second marks positioned at portions in
10 said first areas in proximity to sides to be stitched
with other masks are larger and ones for the remaining
por£ions are smaller.
22. A method of exposure projecting and exposing
a pattern formed on a mask on to a photosensitive
15 substrate through a projection optical system,
comprising the steps of:
making part or all of said pattern reach a
peripheral area of a pattern area of said mask in which
a pattern is formed and defining the portion of said
20 pattern present at said peripheral area as a mark
portion %or measurement of a spatial image;
measuring a position of an image projected by
said projection optical system of said mark portion of

said mask by a spatial image measurement method; and

25 correcting imaging characteristics so as to
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and exposing and projecting the pattern of said mask in
a state with the mark portion blocked by a blind.

5 23. An apparatus for projecting and exposing a
pattern formed on a mask on to a photosensitive
substrate through a projection optical system, said
exposure apparatus comprising:

a mask stage which selectively or
10 simultaneously holds a mask having a pattern area in
which a pattern to be transferred is formed and a
peripheral area of said pattern area in which a first
mark for spatial image measurement is formed and a
control use reference mask having a first area
15 corresponding to said pattern area of said mask in
which a second mark for spatial image measurement is
formed and a second area corresponding to said
peripheral area in which a third mark for spatial image
measurement facing said first mark is formed;
20 a substrate stage which holds a
photosen;itive substrate as an object for exposure;
a drive which moves said mask stage and said
substrate stage;
a spatial image measurement device which has

25 a light receiver provided at said substrate stage;
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characteristics; and
a controller which measures a position of an
image projected by said projection optical system of
S said second mark of said control use reference mask by
said spatial image measurement device and defines it as
a second image position, measures a position of an
image projected by said projection optical system of
said third mark in a state with imaging characteristics
10 preliminarily corrected by said adjuster so as to give
the smallest amount of offset of said second image
position from its ideal position and defines it as a
third image position, and controls the apparatus to
transfer the pattern of said mask on to said
15 photosensitive substrate in a state with imaging
characteristics corrected by said adjuster so that said
first image position becomes in register with or in
proximity to said third image position.
24, A method of exposure dividing an enlarged
20 pattern of a pattern for transfer into patterns of a
plurality of master masks and projecting and exposing
images reduced by a projection optical system of said
patterns of a plurality of master masks on a surface of

a mask substrate while stitching them, said method of

25 exposure comprising the steps of:
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projected point on said mask substrate from an ideal

projected point; and

making at least part of the pattern formed on
5 said master mask distort based on the found

displacement.

25. A method of exposure as set forth in claim
24, wherein said displacement is displacement caused by
at least one of deformation of the pattern of said

10 master mask, aberration of said projection optical
system, and deformation of said mask substrate.

26. A method of exposure projecting an image of a
pattern of a master mask on a mask substrate by a first
projection optical system to produce a working mask and

15 projecting and exposing an image of the pattern of said
working mask on a device substrate on which a
microdevice is to be formed by a second projection
optical system, said method of exposure comprising the
steps of:

20 finding at least one of a displacement of an
actually:projected point on said mask substrate from an
ideal projected point and a displacement of an actual
projected point on said device substrate from an ideal

projected point; and

25 making at least part of the pattern formed on
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- 27. A method of exposure as set forth in claim
26, comprising the additional steps of dividing an
5 enlarged pattern of a pattern for transfer into
patterns of a plurality of masks and successively
transferring reduced images of the patterns of the
plurality of master masks on the surface of said mask
substrate while stitching them.

10 28. A method of exposure as set forth in claim 26
or 27, wherein said displacement is displacement caused
by at least one of deformation of the pattern of said
master mask, aberration of said first projection
optical system, deformation of said mask substrate,

15 deformation of the pattern of said working mask, and
aberration of said second projection optical system.

29. A photomask produced by using the method of
exposure as set forth in any of claims 1 to 19, 21, 22,
and 24.

20 30. A microdevice produced by using the method of
exposure‘as set forth in any one of claims 1 to 18, 20
to 22, 26, and 27.

31. A method of producing a photomask on which a

pattern for transfer is formed, said method of

25 producing a photomask comprising the steps of:
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dividing an enlarged pattern of said pattern
for transfer into patterns of a plurality of master
- masks;
forming an alignment mark on a surface of a
5 substrate for said photomask; and
successively transferring reduced images of
the patterns of the plurality of master masks on the
surface of the substrate for said photomask while
stitching them while aligning said photomask substrate
10 and said master mask using said alignment mark.
32. A photomask having an alignment mark for
alignment produced by using the method of producing a
photomask as set forth in claim 31.
33. A method of exposure projecting a pattern of
15 a photomask on to a device substrate, the photomask
being produced by transferring patterns of master masks
on to a mask substrate, the method comprising the steps
of:
producing the photomask by dividing an
20 enlarged pattern of a pattern for transfer into
patternslof a plurality of the master masks, forming an
alignment mark on a surface of the mask substrate, and
successively transferring reduced images of the

patterns of the plurality of the master masks on the

25 surface of the mask substrate while stitching them
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using the alignment mark; and

aligning said photomask and said device
substrate using said alignment mark of said photomask.

5 34. An exposure apparatus comprising:

a mask magazine which stores a plurality of
master masks;

a mask stage which carries one master mask
selected from said mask magazine;

10 a projection optical system which projects a
reduced image of the pattern of the master mask carried
on said mask stage on to a photomask substrate formed
with an alignment mark;

a substrate stage which positions said

15 photomask substrate on a plane vertical to an optical

axis of said projection optical system; and

an alignment system which aligns said master
mask on said mask stage and said photomask substrate on
said substrate stage using said alignment mark of said

20 photomask substrate on said substrate stage so as to
stitch ghe reduced images of the patterns of the
plurality of master masks on said photomask substrate.

35. An exposure apparatus projecting an image of
a pattern on a photomask as set forth in claim 34 on to

25 a device substrate,
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&10%& () -s10%& ()- Y a projection optical system which projects a
reduced image of a pattern of the photomask carried on
5 the mask stage on to the device substrate;

a substrate stage which positions said device
substrate on a plane vertical to an optical axis of
said projection optical system; and

an alignment system which aligns said

10 photomask on said mask stage and said device substrate
on said substrate stage using said alignment mark of
saia photomask on said mask stage so as to project the
pattern of said photomask on said device substrate.

36. A method of production of a microdevice

15 comprising the steps of:

forming an alignment mark on a first
photomask substrate,

dividing a device pattern to be transferred
on to a second substrate on which the microdevice is to

20 be formed into a plurality of element patterns:;

transferring reduced images of said plurality
of element patterns on to said first substrate to form
a device pattern using positional information obtained
by detecting said alignment mark; and

25 transferring said device pattern on to said
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- 37. A method of exposure using a plurality of
masks to transfer patterns on a photosensitive
5 substrate in a plurality of partially overlapping
areas, wherein an amount of exposure at least one of
said plurality of areas at the time of transfer of said
pattern is different from an amount of exposure at the
remainder of said plurality of areas.

10 38. A method of exposure as set forth in claim
37, wherein said amount of exposure is determined in
accordance with an amount of change of line width of
patterns to be transferred to said plurality of areas.

38. A method of exposure as set forth in claim

15 37, wherein said amount of exposure is determined in
accordance with a time from transfer of said patterns
to development of said photosensitive substrate.

40. A method of exposure as set forth in any one
of claims 37 to 39, wherein the patterns to be

20 transferred to said plurality of areas are formed on
differe;t masks from each other and the amounts of
exposure at the plurality of areas are different from
each other.

41. A method of production of a photomask

25 including the step of transferring a plurality of
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in any one of claims 37 to 39.
42. A method of production of a device including
5 the step of transferring a plurality of patterns on to
a device substrate by a step-and-stitch method using
the method of exposure as set forth in any one of
claims 37 to 389.
43. A method of exposure emitting an illumination
10 beam to a mask and exposing a photosensitive substrate
by said illumination beam through a projection optical
system, said method of exposure comprising the steps
of:
detecting an image projected by said
15 projection optical system at a plurality of different
points in an area illuminated by said illumination beam
to obtain first information, adjusting optical
characteristics of said projected image based on the
same, detecting an image projected by said projection
20 optical system at least at one measurement point
outside of said illuminated area in a state with said
optical characteristics adjusted to obtain second
information, and storing the same; and

adjusting characteristics of the pattern

25 image by said projection optical system using said
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44. A method of exposure as set forth in claim
43, comprising the additional steps of detecting a mark
5 arranged outside of said illuminated area on said mask
and adjusting characteristics of said pattern image
basea on said second information and third information
obtained by detection of said mark.
45. A method of exposure as set forth in claim
10 44, wherein said mark is formed at a plurality of
different positions outside a pattern area of said mask
on which the pattern to be transferred to said
photosensitive substrate is formed.
46. A method of exposure as set forth in claim
15 45, wherein a specific mask different from said mask is
used to obtain said first and second information.
47. A method of exposure as set forth in claim
46, wherein said specific mask has a first area
corresponding to said pattern area and a second area
20 outside of the same in each of which a plurality of
marks af; formed, said first information is obtained by
detection of marks in said first area, and said second
information is obtained by detection of marks in said
second area.

25 48. A method of production of a device including



3510%g& ()-Y 10%g& ()-F f10%g& ()- CCC. D*DDDIENDC 10!'Y ,, 10%g& ()- |
*10%g& ()-Y ' gl0%& ()-% 10%& ()-Y #10%& ()-Y ! 10%g& () - DD?ESEEEEEaB7C
. 10 10g: 10%g& ()- 8910%g& ()-Y 6 10%g& ()-| 410%& ()-!' @0 "10%08& ()-F

F. 109%& () - EFFF8FI FFFGTN s! 109%&’ ()- y_.;g%& ()-Y Z940%& ()-F 03 SEP 2012
109& () - 109 ()- Y3109 ()- 10g

109COGPGEGG' HIENN s! 10985 109%& () - 9L10% ()- 109 ()- 109 ()- S10% ()-
109& () - " HWHHHHS! ZI dEMV s! 1098 ) 109& ()-' 109& ()- 9409%& ()- #L109%& () -
SIS10%& ()- Y, t0MR'sErpZbll t3adkddeEntigs b1 QUR10MRpEXt3r0 DAYR( k- 3

| 4109 ()-s90! 10% ()-3 . 109% ()- , LIO% ()-JJJJIIIBK KbCs! 10% Y

Llo%&' ()- @ 1098 vl EULOYUR'; ﬁth@ogﬁ@tﬁbd ¢ 1Qp %@, ré as set forth in
109 () -j KKKL?LULLAEDCST 1098 MLOVE () -3 100& ()3 10%& () - 10%& ()-3

- any one of claims 43 to 47.
49. A method of production of a photomask
5 including the step of transferring patterns formed on a
plurality of master masks on to a photomask substrate
by a step-and-stitch method using the method of
exposure as set forth in any one of claims 43 to 47.
50. A method of production of a photomask as set
10 forth in claim 49, including the additional steps of
reducing and projecting the patterns of the master
masks through said projection optical system, enlarging
a device pattern to be formed on said photomask by
exactly an inverse magnification of a projection
15 magnification of said projection optical system,
dividing said enlarged pattern into elements or
functions, and forming the same on said plurality of
master masks.
51. A method of production of a photomask for use
20 in an exposure apparatus, comprising the steps of
exposin; a plurality of partially overlapping areas on
a substrate for said photomask using a plurality of
master masks formed by dividing an enlarged pattern of
a device pattern to be formed on said photomask into a

25 plurality of sections and
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adjusting optical characteristics of a projection

optical system forming a reduced image of said divided
15 pattern based on said transfer characteristics.

54, A method of production of a photomask as set
forth in claim 51, comprising the additional steps of
transferring said divided pattern on said substrate by
synchronously moving said master mask and said

20 substrate for scan exposure of said plurality of areas
and adju;ting the shape of said reduced image by
changing conditions of said scan exposure based on said
transfer characteristics.

55. A method of transfer dividing a pattern for

25 transfer into patterns for a plurality of masks and
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comprising transferring the patterns of the masks on to
the object in a state that a correction amount of
imaging characteristics of projection image obtained by
the projection optical system is different between an
overlapping area of the divided patterns and the other
area except the overlapping area.

56. A method of transfer as set forth in claim
55, wherein the overlapping area of the divided
patterns is a peripheral area in a pattern area formed
on the mask and the other area is a center area in the
pattern area.

57. A method of transfer as set forth in claim
55, wherein transfer conditions for the divided
patterns are different from each other according to
shapes of the divided patterns.

58. A method of transfer as set forth in claim
57, wherein the shapes of the divided patterns are
line—wiéths.

59. A method of transfer as set forth in claim
55, wherein an enlarged pattern of the pattern for
transfer is divided and the divided patterns are formed

on the respective masks.
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60. A photomask produced by using the method as
set forth in any one of claims 55 to 59.

61. A microdevice produced by using the method as
set forth in any one of claims 55 to 58.

62. A method of producing a photomask comprising
the step of using the method of transfer as set forth
in any one of claims 55 to 58.

63. A method of producing a device comprising the
step of using the method of transfer as set forth in

any one of claims 55 to 58.



