1 SUBSTRATE PROCESSI NG METHOD, PHOTOVASK MANUFACTURI NG METHQOD,
PHOTOVASK AND DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD

The present invention relates to substrate processi ng net hods,
manuf act uri ng nmet hod of phot omasks, phot omasks, and device

manuf acturi ng nmet hods, and nore particularly to a substrate
processi ng nmethod that includes a patterning step 10 in which
patterning of a resist on a substrate is perforned b& exposure for

manuf act uri ng el ectroni ¢ dSHBRERAMECY ES6ING MBETHOD,,

sem conductor, a fact i sk | e
patterning step. SHORGRRARE MANTRACHR o MERECH AHGEGMASK oo
met hod, and a device 15 ma iﬂﬁ&ﬂgﬁﬁ%ﬁ?ﬁ# géﬁﬁﬂ e substrate
processing nethod or the pﬁ%?ggg§i. %ET eﬁéﬁanufactyring
el ectronic devices, in the substrate 20 processing step or the wiring
step in a wafer processing step (pre-process), a series of processing
such as a patt SEQHNLCASD HIEED exposure step) in which patterning of

a resist layer formed on a wafer is performed by expgsure, a _
devel opnent step in SR EREBIWATEFD LR TRd8 Ch&ehe prttsdtiiéd PEocessing

devel oped, an ﬁ%t?é&gj yn%&ggthﬁﬁgg%ﬁa#%ﬁofﬁﬁﬁko%gg gp&%#ﬂkgg'&ggi%?d

wafer) is etche main ry etc e resis ern (re

i mage) that hageheed HavetAR_G- iSRS WeRloas, daiBSko AN b8 duike1Sto a
repeat edly perforned.
substrate processing method that includes a patterning step
10 in which patterning of a resist on a substrate is performed
by exposure for manufacturing electronic devices
(microdevices) such as a semiconductor, a manufacturing
method of a photomask used in the patterning step, a photomask
manufactured by the manufacturing method, and a device

15 manufacturing method that uses the substrate processing

method or the photomask.

BACRKGROUND ART
When manufacturing electronic devices, in the substrate
20 processing step or the wiring step in a wafer processing step
(pre-process), a series of processing such as a patterning
step(i.e.exposurestep)inwhidhpatterningofairesistlayer
formed on a wafer is performed by exposuré, a development step
in which the wafer that has been patterned is developed, an
25 etching step in which the wafer (or a f£ilm on the wafer) is
etched {mainly dry etching) with the resist pattern (resist
image) that has been developed serving as a mask and the like
is repeatedly performed.

However, recently, it was discovered that in some cases




However, recently, it was discovered that in some cases 2 the size
of the pattern forned after etching differs fromthe size of the
pattern in target after etching even if the resist inage of the sane
size as the target is forned by patterning. It turned out that
especially in the case when an isolated 5gpattern and a dense pattern
that are supposed to have the sane resist inmage |inewdth are forned
on the sanme photomask, the tendency was high of the linewidth after

et chi ng varyi nghp&riZeaeh g parRernfamedcasbenrptiobdngt - frus Sramaie
a dense pattern.are fornmed on the same photonmask,. the |inew.dth of 10
Gach of Lhe palter 08 BAF HREERRG Bhiaors THATRELGnLEs SRR T eIt
consi deration i i3, LY. effec : - %,aﬁge ;
usi ng a space %Ig%ct[%%tr? E?heﬂvﬁf%gs?szgh\%i ]E?r%eét &gsgt?fgée%. I J'tci‘leéﬂrtmq'
Wi ring step, asttherdd idigt Ter ed8becabuny i {tA )cdd@s whegNan isolated
conventionally used. In recent years, 15 however, copper (Cu), which

has a | owerd el eettéxn padi stdance pdbirem bhahemeandppssaditpaid e tbe same
finer patterning and hi gh-speed operations, has becone to be used.
However, with Eopper 1M89CethAPHLELE S FRETEY Us thReSHMREOERBAREL HAtP
i s enpl oyed as hni_que for. formng w rin it hout, et ching. 20
the copper (reif eljr)@?%c,ef 5 g%%?rpcffgf‘% g]tt%an?w téh%gﬁ%rﬁth% ﬁ’&rgﬁ?% per
consi deration fhe, factidhat ehchhodcdd & A1k ebiSpdtEEEE Wdd WeRnse
conpared with alumnum In the copper wiring by the danmascene net hod,
wiring is fornesttyrmepesifdmgdceppehe byapt athidgtpnis i, hehki kenafii®th of
formng a groove in an interlayer 25 insulating film and renoving

t he copperlfon ¢3h 9f fheerdiytavP EChehe adiotivmsisani e atoeililghsag) taking

When a space pattern is, used .,as the pattern of the photomask as in
the case when thHe o‘é?fh?(?%fé‘tﬁﬁnhtg ©j ngﬁ‘b"f‘gy%’&‘?XJi“ElWa§flf§€§nt ly been
di scovered that everhg' gnaeﬁae!ﬁjlset O.!En@gl%g % space pattern, the wiring step
will be described. Inthewiring step, as the wiringmaterial,
aluminum (Al) has been conventionally used. In recent years,
15 Thowever, copper (Cu), which has a lower electric resistance
than aluminum and is suitable for finer patterning and
high—speed operations, has become to be used. However, with
copper, a technique referxed to as the damascene method is
employed as the technique for forming wiring without etching
20  the copper {refer to, for example, Patent Document 1), taking
into consideration the fact that etching rate control is
difficult when compared with aluminum. In the copper wiring
by the damascene method, wiring is formed by depositing copper
by plating or the like after forming a groove in an interlayer
25 insulating film, and removing the copper on the surface by
CMP (Chemical Mechanical Polishing).
When a space pattern is used as the pattern of the
photomask as in the case when the damascene method is employed,

it has recently been discovered that even if a resist image




of the same size as the target size is formed by patterning, the
tendency was high of the size of the pattern forned after etching
being different fromthe pattern size in target after etching.
5Meanwhil e, in electronic devices such as a sem conductor device, due
to the progress in finer geonetry, higher frecision in processing
size is required at a nanoneter |evel. Because unevenness or
variation in the finished dinension of devices particularly affects
the yield or thé Ypesameonispertl thfe theged slied de, fowmrd hanpatserning,
reduce unevenness .and variatiqn, are pressi Accordi ng to such

] ng. (
a background, ERPAMTHs qRMIE §h ¥t S 2Peehridicopyttent farreRsa tHRF
pattern size a . Iy 0-pe e iLh at a._desired valu
Sbatent  Docungrehiis kaidd oGeBE Al b G bALRahh e taih R atiotfeer
Publ i cati on) Ne:cR092- 270586 DI SCLOSURE OF M LE | NVENTI ON Nanvas MR
SOLVI NG THE PROBLEM 201 n order to investigate the cause of the
phenonmenon i n whi ch Mdenwdtltegrin bl aetroh he dbtréceebabhng diskhecsniiiomr
the pattern linewidth in target, the inventor perforned various
experiments (iAevie®ngusitrutae Poayrand inhelngkegeonet ny clohskejupheeision
the inventor reached an.assuppti.on that the main 25 cause far the

el ation bet welh RHRSSRILR T AF OF TREUTERT SF 7 REGENSF P SHlel opREmESe

and the |inew ghh,of,dde o‘%%%?{%‘tféﬁ k) -}‘?ﬁ&@i’}&s &yl eﬂ\@fdor%% 50v1 88
profile of the resist image differing, tor exanple, depending on
exposure condi phpasc@latng aFFetesncd Wikad bkeshe operation speed of the
10 device, requirements to reduce unevenness and variation are
pressing.
According to such a background, expectations were high
for a technology that allows the pattern size after etching
to be set for certain at a desired value.

15 Patent Document 1: Kokai {Japanese Patent Unexamined

Application Publication) No. 2002-270586

DISCLOSURE OF THE INVENTION
MEANS FOR SOLVING THE PROBLEM
20 In order to investigate the cause of the phenomenon in
which the pattern linewidth after etching differs from the
pattern linewidth in target, the inventor performed various
experiments (including simulation) and the like. As a
consequence, the inventor reached an assumption that the main
25 cause for the relation between the linewidth of the resist
image after development and the linewidth of the pattexn after
etching varying was due to the profile of the resist image
differing, for example, depending on exposure conditions of

the pattern or the like.




4 Further details on this point will be described, using a
space pattern as an exanple. In-the space patterns after devel opnment
illustrated in the upper section of FIGS. 6A and 68, the resist

i mges both have the sane linewidth (the 5 linewidth at the bottom of
the resist imge) Wb, however, between |ijnew dths Wbti and WD 2 cl ose
to the top of the resist inmages, a relation Wt 1<WDt2 exists, which
shows an obvious difference in the resist profiles of the space
patterns. Because ofFstidterdidkteréacen ithisheopriofwilléshe difsgmiheidonuding

condition of the resist inmage profiles after _cure (heat treatnent)
illustrated i n®t ARATH A e ESoAR X PIRES - 6ARaRle 6P afie Aty ednef aflker

More specifica si-st__i.mage.in ELG  6A that hasaﬁggg
profile greatl %%%JF%QE%%S J‘(lg‘e (J)Crrrarlg‘fddhne tjth(? Pﬁgeﬁesaeﬁtﬂﬁn( B¢ hgﬁ and
heat treatnment ggsi fge head £ i fds Lben! hkfe bRAtsIHLALNRAL BY (the
ultraviolet light irradiation or the I1ke is also included) in the

cure process wheneebdytared tiid bdthen esi shei fagest Nrdde) 6B, hadwdias,
a bad profile. As a consequence, in the resist inmage after cure, the

| i newi dt h of thetveses dinewdgshpdDaraiviPts slFb6 taAhetaPp Ph theGresist
20 (\WDb1<WDb2), Accordingly, .the linew dth of the space patterns |
after etching FPRIRTT £t SFiatT % "PoUEID e BEL 8RS of VI ES ShNsaRl gRvious

FIG GA s narsower diFlG G waen coppgiedowiLh FlG. B8, Lo oLder,

to obtain a resist 1mge 0 same | in an 1sofFate

space pattern sgdadsélenses sich freirkars, 1hhend i peyddidy ofgettlemation
i sol ated space pattern on the photomask is set w der than the

| i newi dt h Iof t hendinse: spadehepatetséist, ihale ngrofil ke ari¥iedecatreorihesie
optical proximty effect. Accordi ngl y, in the case exposure is
per f or med undeFrédendive ddpgsgrEedsin dhg nidRse s lonnedi BhES -ofAt 3

(oot st 1 e obs e o) Bhed shacenat L Rl T SL IR0 e 1o
Lol o BT LS L ktetioc 00 R RN
due to the heating (other than heat treatment using heaters
15 or the like, heat treatment by ultraviolet light irradiation
or the like is also included) in the cure process when compared
with the resist image in FIG. 6B that has a bad profile. As
a conseqguence, in the resist image after cure, the linewidth
of the resist image is narrower in FIG. 6A than in FIG. 6B
20 (WDp1<WDp2) . Accordingly, the linewidth of the space patterns
after etching illustrated in the lower section of FIGS. 6A
and 6B, FIG. 6A is narrower in FIG. 6A when compared with FIG.
6B.
In order to obtain a resist image of the same linewidth
25 in an isolated space pattern and a dense space pattern, the
linewidth of the isolated space pattern on the photomask is
set wider than the linewidih of the dense space pattern, taking

into consideration the optical proximity effect. Accordingly,

in the case exposure is performed under the same exposure



On further investigation, the inventor consequently found out that
there was a close relation between the resist image profile and the -
projected imge (the aerial imge) of the pattern. Mdrre specifically,
in the upper half of FIGS. 10 7A and 76, a resist inage of a space
pattern that has a good profile and a resist inmage of a space pattern
that has a bad profile are respectively illustrated. Further, in the

| ower half of FIGS. 7A and 76, aerial inages (projected inages) of

the pattern corrrdpbheiifg the tanéwidth hé rhesirssistuigesyd nftihe 1Solated
upper half are illustrated. As is obvious fromFIGS. 7A and 7E, in
both cases whefPEfig B3I eabf thfe rrEssstinansgelidqygeasamPansepatrrn
resi st image ptQfl i_S.ha t.he target |inew dth (Target ).,.0f _the
resi st image og'gt déj%écgzlgé‘agggtterens?r& se"“’S}’eFr gcte“/ﬁ ’é’f‘ﬁiﬁiﬁ g?ttkﬁeereswt
bottom of the rgskss hsmaeyy andddie 204bQkt omubiNeydy WohC oI AL fesh
with the distance WDI, (hereinafter referred to as "projected I nage

| i newi dt h")5 betfieen ¢twehing ersadeds i@ pacht spate tihecfgaj.ect ed i nage of
the corresponding pattern and a predeterm ned slice | evel SL.

Furt her, |inew dths ifurhervbnressipetionn thee Mrvsintiory cofisefesnily
of each of the resist_ingggs coincide with the prqjected ina%e )
linewidth at a*SFPEEYeVers Siere Wiish FLo%¢ JGI@EIPRVREEIIR The Fowkit
by a predeterni \, t t e- is et er.m-n i ce
evel TS of 1 neteie iy A e AT (B350, LADH Y SHgSel o6
Further, as istpdvpirseMeNneREPSbEOrFdaGSy,7AnabHe Bhpd @ aaFapgerids .
the projected image |linewidth with respect to the change in the slice
| evel is sihlleér aml tiie shaepisdgechger of ez tsxkdenpgetehowrhain halsGa gdod
(corresponding to the resist 5 image that has a good profile) than

t he rounded- edgEREpdjat édrefbge 9H6IAn ofna MR Ccey Bat &6 eBptindiaggativad
the resist imge t has_a bad profil, .. From the descri pt.i

Wbove. the | nVERTBI T SAEnERT RO ORI Lo ERE CPher S WgDeh cibede Lover

rel ation betweg # e ¥cgharp-groed feature im‘agteee(pf&j&&ée%ﬂi gs)géf

the pattern and the profile of the resist 1nmg or- as” a consequence,
t he device |inené didttehiar a6t e&éSdnding Rated@s o EhoOsRsigkaiharevihhihe
the profile (related to the linewidth of the pattern after cure (or

et ching) )13 18dper freasente hvbntimrtaths Andes uhderoushérab@Esnerd and
findings that the inventor obtajned, and according to a first aspect
of the present PnvEnPPER casfsy BheR theobratile ofubRe masd shr baadgssilgggood

e o enre, CORRABER EndULELR LR 8262018 HEE kRl GO YPRLIANS,
{(Target CD) of the resist image of the space pattexn is set
by linewidth WD, at the bottom of the resist image, and the

20 bottom linewidth WDy coincides with the distance WD,
(hereinafter referred to as “projected image linewidth”)
between two intersecting points of the projected image of the
corresponding pattern and a predetermined slice level SL.
Further, linewidths WD¢; and WDy (>WDe:) in the vicinity of

25 the top of each of the resist images coincide with the projected
image linewidth at a slice levels SL’, which is a slice level
that is lower by a predetermined value than the above~mentioned

predetermined slice level SL of the projected image of the

corresponding pattern.



20 process of predicting a device linew dth characteristic based on a
shar p-edged feature of a projected i nage of a predeterm ned pattern;
and a process of adjusting an exposure condition of the pattern based
on the device |inewi dth characteristic that has been predicted.
25According to this nmethod, the device |linew dth characteristic is
predi cted based on the sharp-edged feature of the projected i mage of
the predeterm ned pattern, and based on the device |linew dth
characteristic that hasHeesnaprisictivedust hieer xpogeré ngoRUEI 1 0 ehdtirs
pattern is adjusted. 7 Accordingly, by perform ng exposure under the
adj ust ed exposth® CHMS iiEntherPTelttRst ieeaslingw it oribngespect to
patterning of the resist .coated on the substrate. (or on _the thin fil
on the substratdj WIS A& ﬁ%j %Jgjt%%l 'erﬁ"fgelgf STWé%rﬁzﬁtt Fnsgﬂﬁp"eégerg
devel oping th ,_s(yja@é ; r AN I, Sits it
satisfies thee%lem r e%@%g??fg%egl?%\%lgf%ﬁghZ?ag%%%erssﬁléﬁ&g@%é %% %ér?mt

the substrat e {mdg@®Bhkbaasd GobillpPoFa 1Ehasubsid abehdededdttl BRM@Ited
descri bed above, it beconmes possible to forma pattern of a desired

| i newi dt h on tHead® sbgbst¥mfes. 7B (copcespoiidigng dotihe sabsst dinege that
processing nmethod in the present invention, when an isolated pattern
and a dense pakﬁéi%r% Ba% ryofiidfdrred onto a resist in one exposure in

the patterning step, e p re.condition is.adjusted to nmake a
linewidth 15 of a rerritOE[} tgi)égt ?égﬁgéﬁglghI?%%W’dttt%éoflnge%?fe?%a‘gt??%ra

etching be in gesidasth A t8BreNwh9t A £1esd S BIEGPREEGEAn aPGe t he

dense pattern. In this case, especially when the pattern is an
i sol at ed Spacesipatg-erdyaahdeatdeaseE spage-qiaictednindde ofl thenpatteon and

condition of the patterns can serve as the 20 exposure condition.
the profile of the resist image, or as a consequence, the device
linewidth characteristics that has a clese relation with the
profile (related to the linewidth of the pattern after cure
(or etching)).

15 The present invention was made under the above new
findings that the inventor obtained, and according to a first
aspect of the present invention, there is provided a substrate
processing method that comprises a patterning process of a
resist on a substrate by exposure, the method comprising: a

20 process of predicting a device linewidth characteristic based
on a sharp-edged feature of a projected image of a
predetermined pattern; and a process of adjusting an exposure
condition of the pattern based on the device linewidth
characteristic that has been predicted.

25 According to this method, the device linewidth
characteristic is predicted based on the sharp-edged feature
of the projected image of the predetermined pattern, and based

on the device linewidth characteristic that has been predicted,

the exposure condition of the pattérn is adjusted.



According to a second aspect of the present invention, there is
provided a first device manufacturing method that conprises a
| it hography process in which a pattern is forned on a substrate using
a substrate processing nethod of the 25 present invention.
According to this method, in the substrate, processing step, because
the pattern is formed on the substrate using the substrate processing
nmet hod of the present invention, a pattern of a desired |inew dth can
be formed on thecsuisnghy e by Pestficginiognespppues suider gére rstuenedf
unevenness and variation in the finished size of the device, and a
device with a GEBESHHRraRTTFiPeedrcdn Béhﬁﬁnﬁ?%ﬁﬁmwhiiHHQﬂ@r@éBE
yield. In this the I thagr.a hy,step c bstr at

. B&@égr lIlD r Q gt C £tecfl LiCh ﬁggp%ﬁl se’&'r aen oF 88t€he

processing ste cast one o

pattern of a tgapsi §$Eﬁ drs tfh%r BBdstrate) xJﬂ:ht BhE SASFecddf iWabl"8s the
pattern and the gate pattern of the tran5|stor can be a groove
pattern. |rb supataerassend tdergdicpdwne ahkesubtthitng dirir cokr eaposdsit®,
the resist pattern 10 of the same linewidth is a groove of the sane

| i newi dt h. a refsieT gpigern Hhathisegiaspeetthsf dﬁﬁerpde:baémce linewidth
invention, therge is grOV|ded a nanufacturlng nmet hod of a phot ongsk

used in a patt EPATAGEPTUTESs 15t ATRESPR{NS B IS 408 By TR Fos T B
t he net hod CO”B%"&H‘QuthPéﬁ ’ess Iglf Igé?n n%té n@e ﬂ%véchb&?el |lr%e%g&g| s

characteristic based on a s ure a projectedinmagée o

a pattern thatpbssiwiderd omz@(d aO@aattta@rahetoga&Jssu@étﬂ 13 AR SS oﬁf the
changing a linewdth in at |least a part of the pattern based on the

devi ce |indnm dshostheataet eri stic that has been predicted and form ng a

pattern According to the substrate processing method in the
present invention, when an isclated pattern and a dense pattern
are transferred onto a resist in one exposure in the patterning

step, the exposure condition is adjusted to make a linewidth

ot
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of a resist pattern and a linewidth of a pattern after etching
be in a desired relation in both the isolated pattern and the
dense pattern. In this case, especially when the pattern is
an isolated space pattern and a dense space pattern, the
illumination condition of the patterns can serve as the

20 exposure condition.

According to a second aspect of the present invention,
there is provided a first device manufacturing method that
comprises a lithography process in which a pattern is formed
on a substrate using a subsirate processing method of the

25 present inventiocn.

According to this method, in the substrate processing
step, because -the pattern is formed on the substrate using
the substrate processing method of the present invention, a

pattern of a desired linewidth can be formed on the substrate,



20 whose linewidth in at |least a part of the pattern has been changed
on a mask substrate. According to this nethod, the device |inew dth
characteristic is predicted based on the sharp-edged feature of the
projected inmage of the pattern that is to be formed 25 on the

phot omask, and the linewidth is changed in at |east a part of the
pattern based on the device linewi dth characteristic that has been
predi cted, and the pattern whose linewidth in a part of the pattern
has been changedi¢ls chaor smeeb:ors ¢ hbenpsie siibishr at aneAeaneds ngldyyvabyation
perform ng exposure 9 using the photomask manufactured in the manner
descri bed abové? Gie ifﬁrnéﬁﬁég oL T BhrepdeTire ngdpat deTitangish ataood
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substrate after the pattarNi-Ag. atﬁgsiﬂh@%ﬁ%&t%%t tc%ﬁt bg%%??%%gf

desired device |inew dth characferistic i e su

(or on the 4 hi gubsdraen g esubabr 8t in khitheagangest desChirbediiring
above, it becones possible to forma pattern of a desired |inew dth
on the substrapatted Agrbrdigget padtkonr ofi aspeotsisitdrhdspfesead.

i nvention, there isg}é){ovi,ded a photomask used in a patterni ng process
of a resist on a sub$t A& G§SexpoRrErios RRFERLR il ttdenJpEefprteayn
usi ng the manu i.n t f hot omask in_the present

i nventi on. 15A%€ggrh;élr r?d:%flgﬁtsﬁggp %?gbn%s%,grﬁﬁvﬁep§5%ﬁﬁnEX_S%SSPShu%i?nge’
the phot omask, ¢4 ?kaoeé%%ewtd&id@'tméefﬁw@o_ £ NG O ! B texn
resi st coated on the substrate (or on the thin fil mon the substrate)
with the pfroj eef ethe nagee dfinkched dpat tera qnshelewed apiengatnke 1$HbS1 dEH £

after the patterning, a resist 20 pattern that satisfies the desired

devi ce |inew dth cha&csereingt te & sshigidradreattve e pireseot (brventidre
thin filmon t{&_gesubstrat el. I n the nner descri bed above, i

; It
becones possi bt 1PoPRPE Pt e FARBE 2GE HekhY 8E HPOReRE dt RPehOPREK used

substrate. in a patterning process of a resist on a substrate by exposure,

the method comprising: a process of predicting a device

15 linewidth characteristic based on a sharp-edged feature of
a projected image of a pattern that is to be formed on the
photomask; and a process of changing a linewidth in at least
a part of the pattern based on the device linewidth
characteristic that has been predicted and forming a pattern

20 whose linewidth in at least a part of the pattern has been
changed on a mask substrate.

According to this method, the device linewidth
characteristic is predicted based on the sharp-edged feature
of the projected image of the pattern that is to be formed

25 on the photomask, and the linewidth is changed in at least
a part of the pattern based on the device linewidth
characteristic that has been predicted, and the pattern whose
linewidth in a part of the pattern has been changed is formed

on the mask substrate. Accordingly, by performing exposure



25According to a fifth aspect of the present invention, there is

provi ded a second devi ce manufacturing nmethod that conprises a

| it hography process in which a pattern is forned on a substrate using
a phot omask of the present invention. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS I n the acconpanyi ng draw ngs; g FIG 1 is a view that
shows a schematic configuration of an expdsure apparatus related to a
first enbodinment. 5FIG 2 is a planar view that shows an exanple of a
reticle used fosifigtiengha oMaskigagytorageat 1etheimannee exqosiiyeel above,
apparatus of the first enbodinment. FIGS. 3A to 3F are views that show
an exanpl e of SFnifh RTRAY r"@:ﬁﬂﬁtrs bﬁfo@é@épamhm@ngpsa%ﬁwmpfdaha BEShC

10,111 um natl on SENSIL o S0, Sp Y| SE. LIS IS A el ol oo 2

{1 gt ol 8 e gt

15FIG 4 i a shoyeehes tadihad t3ROWS t8ePhORES Sh Nk Al FOTHdth@rn that
satisfies the desired device linewidth characteristic is
formed on the substrate (or on the thin £ilm on the substrate).
In the manner described above, it becomes possible to form
a pattern of a desired linewidth on the substrate.

10 According to a fourth aspect of the present invention,
there is provided a photomask used in a patterning process
of a resist on a substrate by exposure, on which a pattern
is formed using the manufacturing method of a photomask in

the present invention.
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According to the photomask, by performing exposure using
the photomask, or in other words, by performing patterning
0of the resist coated on the substrate (or on the thin film
on the substrate) with the projected image of the pattern and
developing the substrate after the patterning, a resist
20 pattern that satisfies the desired device linewidth

characteristic is formed on the substrate (or on the thin film
on the substrate). In the manner described above, it becomes
possible to form a pattern of a desired linewidth on the
substrate.
25 According to a fifth aspect of the present invention,
there is provided a second device manufacturing method that
comprises a lithography process in which a pattern is formed

on a substrate using a photomask of the present invention.



of a control system when exposure of a wafer is perforned using a
reticle in the exposure apparatus of the first enbodi nent.

FIGS. 5A to 5E are views for explaining a manufacturing nmethod of a
sem conductor device in the first enmbodinment. 20 FIGS. 6A and 6B are
views that show an alternation of a linewgdth of a resist inage, a
linewdth of a resist inmage after cure, and a |inew dth of a space
pattern after etching in the case when a profile of the resist inage
i s good and WhBRIZDrRESCRIPTION OFIBHE DEIMVINGBad. 25FI GS. 7A and
78 are views that show a resist inmage of a space pattern with a good
profile and a resi sti fdife 36CORPSPHEBI pREF e} t h a bad profile, and

t he correspondi ng aetial .i nages rqj,ected i mages), of .the patterns..
11 Best Mode for Ca(ra‘Eﬁiyc?a‘ngiL 8ﬁpatﬁégﬁﬁi}7§%§?gﬁws 2 Sgl}%{fagilﬁafzgg%,lguratlon
af i r st enbodi megt of 4 hepsesent iaention %h&@@ deserished, eﬁﬁ%@g?gﬂt.
FIGS. 1 to 7B. FIG 1 shows an“entire view of an arrangenment of an

exposur e apparat us 15 52ried apednbe wiker thiskhenbedi 88y lE¥PRStEticle
apparatus 100 is a scanning projection exposure apparatus based on a
st ep- and- scan weedhotor tframing a wa rdogcakpeve spalring my ist épperxpasgoe
called a scanner). | 1, a,Z-axis is set parallel to a single

FI G
optical axis AR ?raolg]‘b? difedtiorf IG5t eaPod¥eeRim 10 PL, aY-axisisset in
a direction paral | elpfg the %%9‘%?535@?\9&;9; 1R show Lhi g%(g‘rgﬁiea'ngf
an cti

orthogonal to the Z-axis, an X-axis'is set inadire
per pendi cul ar §ond her PRYerSHNACE R obtGindng | Aufildemebt @Bta of an

illumnation optical system 12 which will be described later is set
to perforrtn ahhuharaidlbon ldowdiihdbhpnand are vibeseXipos whewappesat afsion
in FIG 1 is provided with an illum nation systemthat includes a

| i ght source 19f éhdslatdmendinevieépt iddls spstrenrending riq ithleechange of

SRfsrt gnm whi ch atl"ig tiI l(ilu?ni %f%?_togn’ggllf itRlclnnS wl elrjlné eld:i.’ne%ri(giltleﬁcg Oan d%?utslechlaace

pattern is 110 nm, 115 nm, 120 nm, 125 nm, 130 nm, and 135
nm, respectively.

15 ' FIG. 4 is a flow chart that shows a processing algorithm
of a control system when exposure of a wafer is performed using
a reticle in the exposure apparatus of the first embodiment.

FIGS. 5A to 5B are views for explaining a manufacturing

method of a semiconductor device in the first embodiment.

20 FIGS. 6A and 6B are views that show an alternation of
a linewidth of a resist image, a linewidth of a resist image
after cure, and a linewidth of a space pattern after etching
in the case when a profile of the resist image is good and
when a profile of the resist image is bad.

25 FIGS. 7A and 7B are views that show a resist image of
a space pattern with a good profile and a resist image of a
space pattern with a bad profile, and the corresponding aerial

images (projected images) of the patterns.



20 PL, a wafer stage WST on which a wafer Wis nounted, a control
system 50 that has overall control over the entire apparatus, and the
like. As |ight source 10, an excinmer |aser |light source is used
that oscillates, for exanple, a KrF excinmer |aser beamthat 25 has
wavel ength of 248 nmor an ArF exciner |aser beamthat has wavel ength
of 193 nm [I'lum nation optical system 12 includes a beam
expander 14, a bending mrror 16, a diffractive optical elenent (DCE)
18 (18A to 18(Besdn MddealfdrrBakzyhiaiqyonpt ithed Iypseardidd, 12 a
zoom l ens (a variabl e power_ optical system) 22, an optical integrator
(in the enmbodi ment, BeHRiEAS tery -ebrefBPradineel 6F &hs RFeI/AT 1BVeRtpn

which w Il al sg. referred.tao as_ mcro fly-eye in e criptjon
bel ow) 24, a con e&?%f%ﬁbrfgg '5g§§%§e%9j%¥*% ﬁe%?c?%'b&ﬁ d §8Shows an

serving as an &h4 ud natd.on, 4 il | Frage- ] j
system 30, a bend#ﬁ%“%ﬁ??g} g%,gg%%H?ﬁQQ??Q%. Théﬁgﬁgg?gnng%Fgéus 100

paral | el bé&ansremtdedd rom Fight amtdineh? .( eBpossiee laght-atus 100 is
(illumnation light)) have a 10 rectangul ar cross-section narrowy
ext endi ng al ongy RN EX Py ddiecddrhonzrasdrempepa trdarm drpgedden a4

serving as a beam shapi ng optical systemthat consists of a pair of
| enses 1l4a andSE%-.ang"ﬁg@ ‘g%h%‘ﬁ'd t%i&ﬁ I ehg WeGatife TEMEag; fprper

Do PO Y BT RO o BSREL VEY h0 HS REp
enter beam expandersikfyid epenl-angadi wi 4R &r the RAGR WA 8ge:1 681 Rl Gten
1, and are shaped into beans that have the predeterm ned rectangul ar
cross-sectlilon.PL, a Y~axis is set in a direction parallel to the page surface
of FIG. 1 within a plane orthogonal to the Z-axis, and an X-axis
is set in a direction perpendicular to the page surface of
FIG. 1., In FIG. 1, an i1llumination optical system 12 which
will be described later is set to perform an annular
15 illumination.

The exposure apparatus in FIG. 1 is provided with an
illumination system that includes a light source 10 and
illumination optical system 12, a reticle stage RST on which
a reticle (photomask) R is mounted, projection optical system

20 PL, a wafer stage WST on which a wafer W is mounted, a control
system 50 that has overall control over the entire apparatus,
and the like.

As light source 10, an excimer laser light source is used
that oscillates, for example, a KrF excimer laser beam that

25 has wavelength of 248 nm or an ArF excimer laser beam that
has wavelength of 193 nm.

Illuminaticn optical system 12 includes a beam expander

14, a bending mirror 16, a diffractive optical element (DOE)

18 (18A to 18C}, an afocal lens (a relay optical system) 20,



The beans out goi ng beam expander 14 enters diffractive 20 opti cal

el ement (DOE) 18A for annular illumnation via bending mrror 16. In
the case the parallel beans having the rectangul ar cross-section

enter diffractive optical elenment 18A, diffractive optical el enent
1BAhas a function of formng an annular ljght intensity distribution
in the far field 25 (Fraunhofer diffraction region). That is, the
beans that enter diffractive optical elenent 18A are diffracted

equi angul arl y #readve lensi (@ wiricinteepener aiptdiqedcsiyebemi t32,0phi ot L o8Y
serving as the, center and becone annul ar beans. Diffractive_optical

el ement 18A i sTRFFHRFSRF fidelre £IPPAIBRREDI 2 FHfE® dld~RvEhUPBRA? e
fromthe illum I OpL.I th nd_.i.s.swi.tchaple . w th
diffractive oprpfl?((i:&}at%ﬂe}?se%gﬁt%@ﬁggf %%e%’ue'{ﬁirll%]ofqéﬁl ?ﬁ?ﬁ rPaet ir8ﬁ*°-5ﬁ8d to as

diffractive ophi&ad rel,eapdtinlle £OL-POSIRIL oL DAL iaoébn%@{s%éoptical

specifically, diffractive optical elenment 18A Is supported on a
turret board (spsiaay2pl, d ecthnolediowm) 28 katrviay dobatel andwadian field
predetermned axis parallel to optical axis AX. On the turret board,
a plurality ofSERR{ Bast ivagepfrraing|advad $8AtemtI0 diaf bendhng mirror
characteristics,used fqr annular 10 illum nati on,

apl ural i t yof di?%’r #9 \/tgk?p i'*%-el ement s18B wi th different

char act er i sti cs usedy ot guadeypol ey LLuD Nl ileoaag 8. BLUEALL 1% BF

diffractive optical elenent erent aracterrstics u

for normal illgdifed 10N @s@oiirandedntl enol @nCitGWH erienth &l have a
direction. 15 Accordingly, by rotating the turret board, a desired

di ffracti vé optecn®ilereatosset satieidf namravnuabeendingiel bnadhievie-axis
optical elenments 18A to 18C can be positioned in the illumnation
optical path. FhHeedlotoiti nd SPtERL AT PEPaRE 44 CarT le0mseq Reai Shatea

h [ i t chi f th 0O diff ' tical t), |
porTormed by SRRl debat Giinoan S oh Joe aiode  ahagr ieand 140
command of contdQle SYiHLMR01 4R 5% LChLOG: fRE z%@t@ﬁ%"‘ﬁg?ﬁi Nehd 2

diffractive optical elenents is not imted to the turre od, and

t he mechani smpdoitimanpieactany @iy aespésevatodn Fhy PAGE, surface
diffractive 25 optical elenments different fromthe above diffractive

optical ellénem$ FIBA tlo (¥8Ehisuz Y Apldinfef . ackdamr diptcilyal theehemts that
used for nultipole illum nation besides quadrupole illum nation as_in
di pol e or tripdHerT PSGH REPRBACT chh afissShB a-R V1 tiHE &H8f PaUe atyhrce

and the funCti&PF?&.thgﬂégkg%%é%gffﬁgogégﬁgghathavethepredetermined

rectangular cross-section.
The beams outgoing beam expander 14 enters diffractive
20 optical element (DOE) 18A for annular illumination via bending
mirror 16. In the case the parallel beams having the
rectangular cross-section enter diffractive optical element
18a, diffractive optical element 18A has a function of forming
an annular light intensity distribution in the far field
25 (Fraunhofer diffraction region). That is, the beams that
enter diffractive optical element 1BA are diffracted
equianguiarly in the entire circumferential direction with
optical AX serving as the center and become annular beams.

Diffractive optical element 18A is arranged freely



14 18B used for quadrupole illum nation and diffractive optical

el ement 18C used for normal illumnation will be described later in
the description. The beans outgoing fromdiffractive optical elenent
18A 5 enter afocal lens (relay optical systen) 20. Afocal lens 20 is
an afocal system (afocal optical systen), ich is set so that the
front side focal position substantially coincides with the position
of diffractive optical elenent 18A and the rear side focal position
al so subst ant i ahsgriad eiida wirich wi@htirewpiose t £:x0m athea ipnedehet tbmed
surface S indicated by the dotted Iine in the draw ng.

Accordi ngly, aPPeicdheafdansrsutigoisidtrhabd i T¥tnctiffragptiveabptical

el enent 18A forman a | ight, intensity djstribution on the pupi
pl ane of af oca‘Ff%%‘?%t ;@ﬂ % éﬁ%ui’gigxﬂﬁlﬁﬂﬁ%ﬁ%‘cé’inq ghdfrpchive
substantial ly I #gﬁgg% I Lcal . \neen ont

side | ens grou@ggg%kgﬁa a rea}8g%§gglgg%h%?oh%ﬁ%%ﬁeﬁé'a'opg?é%ens 20,
a coni ¢ axixonsgdei st gdmesd AR cEeRt| @%{ﬁéépml@mr{wn@w 98 ¥hppoRRd
described later in the description. The beans that exit afocal 1lens
20 20 enter mer@ fuyreyeb@drdi @ deowm bease ( vawitabhewppwaratophhcadtate

system) 22. In the enbodinment, diffractive optical element 18, conic
axi con 21, and®®EZOHM PeREedoteEnsRed F¥d SaP3habl 9y tepePEafrakystienPEhaton

AR Lot R e R i MR R T
18A with differeni characteristics used for annular
10  illumination, a plurality of diffractive optical elements 18B
with different characteristics used for quadrupole
illumination, and a plurality of diffractive optical elements
18C with different characteristics used for normal
illumination are arranged along a circumferential direction.
15 Accordingly, by rotating the turret board, a desired
diffractive optical element selected from a number of
diffractive optical elements 18A to 18C can be positioned in
the illumination optical path. The rotation of the turret
board (and consequently the changing (switching) of the
20 diffractive optical element) is performed by a first drive
system 34, which operates under the command of control system
50. The switching mechanism between the diffractive optical
elements is not limited to the turret method, and the mechanism,
for example, can employ a slide method. Further, diffractive
25 optical elements differen’c from the above diffractive optical
elements 18A to 18C, such as diffractive optical elements used
for multipole illumination besides guadrupole illumination
“as in dipole or tripole illumination, can also be used. The

configuration and the function of diffractive optical element



i ght on the pupil plane of illumnation optical system 12 (that is,

t he shape and size of the secondary light source). Further, although
it is omtted in FIG 1, an optical unit that includes a phase
shifter (e.g. a quarter-wave plate, a 15 half-wave plate, an optical
rotator, and the like) or a plurality of #adge-shaped prisms

di scl osed in the panphlet of International Publication W2005/ 036619
and the |like, and can optionally set the polarization state of the
illum nation 5188 gised #br chuadupoé eof 1 1 dnel id Hiwm aad i dirf foamdii b7k osys 1 dasl
arranged as a part of, or separately with the shaping optical system
Mcro fly-eye ¥Enerin &pisesl forerbrratobsiytination gipddnberdefcribed
m nute | enses Jishgt have .a p siti.vg.refracti ng power of a

predet er mi ned shape di spos&FFEA8EF§%tn a matrix. In 10 general, a

mcro fly-eye is mﬁ%ebﬂﬁ&% R O?ﬁgr% 81&3%5&%1%& 8@??%?1 ];]e?%gngnt 183

exanpl e, by applying etching tréa nt to a plane par

pl at e. 5  erseh afokulleldeS(ddladvhepti€sd ddtenyerds rRd=er 16020
each lens elenment in a normal fly-eye lens. Further, the mcro' 15
fly-eye is forhedn afegeal $ystent Hadbceheopuidzel sgbtainhutwhidngesset so
bei ng separated fromone another, different fromthe fly-eye |l ens

consi sting of s Eieregitts FREE APeatomititialy paratedliy oreiirides

o R, SR ELDL A 805l FVETLE L PO N e

the same as thedd \ieke 4RI pbBiEtGh d1sd Wudhetake19f 6hAk1dds 48

nunber of mnute lenses in mcro fly-eye 24 is shown nuch fewer than

t he actuallOnuntiey position of a predetermined surface S indicated by the
dotted line in the drawing.

Accordingly, after the beams outgoing from diffractive
optical element 18A form an annular light intensity
distribution on the pupil plane of afocal lens 20, the beams

15  exit from afocal lens 20 as substantially paralliel beams. In
the optical path between a front side lens group 20a and a
rear side lens group 20b of afocal lens 20, a conic axicon
21isplacedwhoseconfiguiationandfunctionwillbedescribed
later in the description. The beams that exit afocal lens 20

20 enter micro fly;eye 24 via zoom lens (variable power optical
system) 22.

In the embodiment, diffractive optical element 18, conic
axicon 21, and zoom lens 22 constitute a shaping optical system
that can optionally set the i1lumination conditions of reticle

25 R by changing the intensity distribution of the illumination
light on the pupil plane of illumination optical system 12
(that is, the shape and size of the secondary light source).

Further, although it is omitted in FIG. 1, an optical unit

that includes a phase shifter (e.g. a quarter-wave plate, a



Accordingly, the beans that enter mcro fly-eye 24 are divided

two-di nensionally by the nunber of mnute | enses, and 25 on the rear
side focal plane of each mnute |lens (substantially coincides with
the pupil plane of the illum nation optical system , an annul ar

|l ight source (that is, a surface |ight soygce (a secondary I|ight
source) consisting of multiple Iight source inages) is forned. 16
The position of predeterm ned surface S substantially coincides with
the front sidendbfakapopldtwm eh ppaickeénso2tomndirichahentittent opl ane
of micro fly-eye 24 is disposed in the vicinity of the rear side

focal positi onPbprabify |@hyerpe-ishapegt REt SMBrdissclased |i@n§hzzpamphlet

erortty ik SPGB AN s 02, o
consequently p&éﬁ ddh8 o ggap Hlang ggtolaarﬁ loﬁn%gt% a@%@mgﬁw&@om

plane of micro fly-eye narer |ons st'an y conj ugate

optically. 510 Acgt divRgbY.is0shd BE tHRCi TRt dHtaRe ndiitGloRsl,| Vs 8YLarkfeq
for exanple, an annular illumnation field centering on optl cal axis

AX is formed assianpelé ciseonmsepheapapy| wipthambeoshahoomloptans 128y s tdre.
entire shape of the annular illumnation field alters simlarly
dependi ng on the fo@ﬁicxloeﬁéﬁ’hekiﬁ Fhd® perrrtizady elgpent grlsisdigonobra

I 22 d t 36.t hat t
ndor he comBHIbe SEoRtyate SFEREM St RaVERLPOSLALYRE TGt RERo"T
each mnute | egs é’f fché*anfrdMe%Y%h%? hé§s§o£§&tcl§’%l%@ﬂf G QSRaBeek! Oy

simlar to the shape of an illum nation fi ation area

that 20 shaul dgdaee:fmmdm@@rdseiljyc—Je@eRléthEaeayeﬁMmﬁgha $hape o8f mBiute
exposure area that should be fornmed on wafer W. The beans from
t he annul ar sel:@mi%?ry fplrg%am:céYf@Hﬂad-rmethblm@mre@rtd@ntdma plane
pl ane of mcro f e 24 ent reticle blind 28 via condenser

opti cal systerﬁ)%g/ ]F%]t FHH §e28 25 in the enmbodi nent sets the

11 umt nat Ton area byt ol LLUPL AR 0L @06 TRl 8163 OBt b 4R

inaslit shape that narro in § ect °on;

includes a fixgge ebhsled dilentdi 8AdMal ?‘g;f-%;léﬁ'feﬂ‘é dt tﬂ"ugfthEBe the mlcro‘

illumnation area in at |least the Y-axis rection and a

15 fly-~eye is formed integrally without the number of minute
lenses being separated from one another, different from the
fly-eye lens consisting of lens elements that are completely
separated from one another. However, the point where lens
elements with a positive refracting power are disposed in a

20 matrix in the micro fly-eye is the same as the fly-eye lens.
In FIG., 1, for the sake of clarity, the number of minute lenses
inmicro fly-eye 24 is shown much fewer than the actual number.
Accordingly, the beams that enter micro fly-eye 24 are

divided two-dimensionally by the number of minute lenses, and

25 on the rear side focal plane of eachminute lens (substantially
coincides with the pupil plane of the illumination optical
system), an annular light source (that is, a surface light
scurce (a secondary light source) consisting of multiple light

source images) is formed,



novabl e reticle blind 28E di sposed on a plane conjugate to the
pattern surface of reticle R Myvable reticle blind 28B can change
the width of the illum nation area in both the X-axis and the Y-axis
directions. Myvable reticle blind 28Bis 5 driven by a blind drive
system 42 that operates under instructi on]fs1 of control system 50. And,
by driving novable reticle blind 28B at the begi nning and the end of
scanni ng exposure so as to further limt the illum nation area,
exposure of unnecessdrey pastasonadt prepieteent add siifhadbeassbsteatt s
through reticle blind 28 are irradiated on reticle R via

i mage- f or ni ng eptrekdesyitbn!zo fangtbeids ﬁ@cﬁﬂrRQﬁlmn TR TR HENS [

h dth h reticle Rf f th t att
el or Wi 8 protbeReon BT E P LS %?nr%s@%iﬁﬁy wee&éﬁ'ar%sfx%sseeiiﬁ.%
15 exposure | ”vi’\fﬂr?:’f‘cd\} '6% QP?é/"rré%'}t 89\511‘{‘4{#3 Shaeli % %E‘.e In

illum nation area an e movenent respe

exposure area 4end¥ ofaeld, 0&o@fne§eﬁf3 @2 p@&kﬁﬁa{hﬁlm% §>H9§t§£é¢£@iéﬁn1ned
conjugate to the illum nation area related to proj ection optical

system PL) in simefa¢ced sardi tbet ionidert 20lsynoht arniausl Ylgoayeoldeth a
for each shot area on wafer W the pattern of reticle Ris
transferred onfeRh TS fQxBa rEA P’éﬁhW»byaPtqﬁ@@tS@ﬁll&ﬁngcﬁﬁts the
nmet hod. ect i ti.c system,PL, for, l.e, a .
Feduct on opt iRS EyarBR ¢ha e otond UL Al g 4B FFRL Bagne ot micro
refracting sysg d B 423 Rr 91,861aR, g

is used. On theﬁlg,nné(,g dentlpupl pl anélnggﬂ!f)?%j g%%ﬁ%gmggggte%g%%énﬁrﬁ%?

a vari abl e.capexdas®iisiqdy,i snathangesh dort pebhengs txﬂme:xfwmyl—@gb 24, for
aperture of projection optical systemPL. This variable aperture stop
is driven by aexamp@,dﬁmvennnsas;ﬁshmmtﬁnat T opbd ategd-anidgr opheptical
command of control system posur e apparat us 100 of the

enbodi ment  f urdet AT &5i %Oﬁf??ﬂ/iaaeﬁnvﬁktehcéﬁea%ﬁ PREYE BiedsuPf mfocal
I nstrument (”Oieféé‘%f]) ’Jl:shgye tt{l?cgslshg Cc?f1 tg%t gﬁ?&fi@b&%ﬁ@%{:%&ﬁ%mﬁd

part of the instrunent insta Pnar
aerial inmage nepsdid @grdlﬁétrwna@}taen@mﬁ"&n that f@éél q&gﬁfﬂ g4r abbRMens

simlar to the ones disclosed in, for ‘exanple, Kokai apanese
Unexam ned5Patzht Shpl foasl o’lreriﬂﬂfoi b€atbon)ldds 22002- dl%ﬁ;(h’ﬂi by a second
drive system 36 that operates under the command of control
system 50. Further, in the embodiment, each minute lens of
micre fly-eye 24 has a rectangular cross-section similar to
the shape of an illumination field (illumination area) that
20 should be foxmed on reticle R (consequently the shape of an
exposure area that should be formed on wafer W).
The beams from the annular secondary light source formed
on the rear side focal plane of micro fly-eye 24 enter reticle
blind 28 via condenser optical system 26, Reticle blind 28
25 in the embodiment sets the illumination area that the
illumination light irradiates on reticle R in a slit shape
that narrowly extends in the X-axis direction, and includes

a fixed reticle blind 28A that sets the width of the

illumination area in at least the Y-axis direction and a



10 and the corresponding U. S. Patent Application Publication No.

2002/ 0041377 i s enpl oyed. Now, conic axicon 21 wll be

descri bed. Conic axicon 21 includes a first prismnenber 2la that has
a planar incident surface and an outgoing surface, which is a
concaved conical 15 refracting surface, apyl a second prism menber 21b
that has an incident surface, which is a convexed conical refracting
surface, and a planar outgoing surface. And, the concaved coni cal
refracting surfieselof neie dlier $fl ipdi 888 neébders2il @nardpfibeeconvixgde to
coni cal refractlng surface of the second prism 20 nenber 21b are

f oLwed conpl enEit q??rnsﬁu¥ﬁéﬁet9¥ér§E%Fé%é§ cHavebhe 1aiticleoht hed 288
Furth t | f th 21 d
e oar piat gRafaRlereNida St Rl AT IRIISH of 1 Al bR 3583 s o

di stance bet wegly tiig, \ée@ﬁ%ewa%mZS Mo%faﬁo%t k@gléﬂéf@ffn@f28t§1%s
first prismnmenber 2la and the convexed conical refracting surface of

the second Spricmweniear 221 ing vativabbgstdmel MidHaanepeghdngeunfleconi c
axicon 21 is performed by a fourth drive system 40 that operates

under the commertBictdomns oif sgstepd 5ysterg50. Andbwhby dpévingcetraple
in the enbodi nent, ?P t he annul ar, secondary |i ght source set by

diffractive opﬁ??%ﬂlﬁﬂ aETt 2£8AFnERR REIAHE G PSCakEE B c%ﬁl%Pannlng

axi con 21, for [ ter th t
annul ar _second onee SoaR FE Y 1 huPE SUE FTARL e Bthod "B dle
sour ce whose cggeﬁhﬂygggggyy ardakNRgH géq§§g¢ghﬁyae enl ar ged, mnthout
the wwdth (e.g. 1/2 of the difference between the outer and inner

di anet er silOsubst ant iTak| peahanghay. pdss dtitherughorasichy bhendpes adieon

of conic axicon 21, the annular ratio (the ratio 10 of the outer and

i nner di anet er%rga%%@nsi%@%]@ﬁervm &W@rﬁoémlvﬁémlaﬁystem 30

d | i ght h h
Further Vi o HPD ARG FLAfRE S Ehe Lith Heamso SE6RABF U | PERES direuah
i ncreases the fé)&acllel ﬁnﬂgﬂn% @Qg&lﬁfq%hézreéfélelﬁa@{@gﬂl& WP R via

m ni nrum val ue to predeternlne val ue
projection optical system PL. And, by performing scanning

15 exposure in which the movement of reticle R with respect to
the illumination area and the movement of wafer W with respect
to the exposure area (a projection area of a pattern image
substantially conjugate to the illumination area related to
projection optical system PL) in the Y-axis direction are

20 synchronously coﬁtrolled for each shot area on wafer W, the
pattern of reticle R is transferred onto each shot area on

- wafer W by the step-and-scan method.
As projection optical system PL, for example, a
reduction optical system that is a both-side telecentric

25 refracting system with a projection magnification of, e.g.
1/4 times, is used. On the incident pupil plane of projection
optical system PL, a variable aperture stop is arranged for
setting the numerical aperture of projection optical system

PL. This variable aperture stop is driven by a third drive



the annul ar secondary light source alters to an annul ar secondary

| i ght source whose entire shape is simlarly enlarged. In other

words, by the operation of zoomlens 22, the width and the size
(outer dianmeter) of the annular 20 secondary |ight source change,

wi t hout any change in the annular ratio. As is described above,
in the enbodi ment, by at |east one of conic axicon 21, zoomlens 22,
and the vari able aperture stop of projection optical system PL,
coherence factesystfem 28 vahbteopéthetemturdeal thhecomnward edl capersLirsey ofem
the beans fromthe secondary |ight source with respect to the

numeri cal apert@re on the reticle side of projection optical system
PL, hereinafter alsq. referred to as i m_nation a)., which is one of,
Che 111 i nat | on coRdPERGRE SRRAr st Sodis ROBRRIYENS & bsheaBrES 1o

In this case, %fcﬁéc{ﬁ§£ﬁ LGld GRS, Emegzgé %ﬂ%g%ﬁgfﬁ%gﬂFtEQﬁé t 1ot shown

actually a limt in the variration ran e annular ratro by coni
axicon 21. sThesefiie, sliitiskenenbBedbaetat ased i fifdaaet bvga@@téf_:a&he

el enent 18A for annular illumnation, a plurality of diffractive
optical el enentisstmimpnt osteillhddifidatenafemashegerWti c8satlke aerial
provi ded. Mre specifically, one of the diffractive optical e|lenents
for annul ar ilitAEHACPSHIEBENER AR HHRtA/aR SBEBnERAYy NESgRt cevtrEeration
sui table 10 when t-he annul ar ratj.o garigs in.the ran

] A
ovamares o0a" TE S BRRAILE ISl BEC R AN GRB88, Kona'sl dapapese

for annul ar il NAHQNPEOEAE Abh AR a0 SRSPICA Yorl )l GBL 5€45.Cfg303,
sui tabl e when the annular ratio varies in the range of, for exanple,

0.6 to 0.80 Asarad chaseguentendint U cnbPetddt ayiptora?ionmdbiheatnon No.
diffractive optical elements for annular illumnation, it becones
possi bl e to chHye Gdd dindisaempaeyedin the range of 0.4 to 0.8.

Now, conic axicon 21 will be described. Conic axicon
21 includes a first prism member 21ia that has a planar incident
surface and an outgoing surface, which is a concaved conical

15 refracting surface, and 2 second prism member 21lb that has
an incident surface, which is a convexed conical refracting
surface, and a planar outgoing surface. Aand, the concaved
conical refracting surface of the first prism member 21la and
the convexed conical refracting surface of the second prism

20 member 21b are formed complementarily, so that the surfaces
can come into contact.

Further, at least one of the first prism member 2la and
the second prismmember 21b is configured movable along optical
axis AX, and the distance between the concaved conical

25 refracting surface of the first prism member 2la and the
convexed conical refracting surface of the second prismmember
21b is variable. The distance change of conic axicon 21 is
performed by a fourth drive system 40 that operates under the

command of control system 50.



As is described earlier, diffractive optical elenment 18A is

configured freely insertable into and wi thdrawable from 20 the
illumnation optical path, and is configured switchable with other
diffractive optical elenents, such as diffractive optical elenent 18B
for quadrupole illumnation or diffractive,optical elenent 180 for
normal illum nation. Accordingly, by setting diffractive optical

el enrents 18B and 25 180 each on the illum nation optical path,

il lum nation conditiMns tpecdtiadalpp) €n thermmaidioentnosil the annulax
illumnation and the |ike can be set. For exanple, in the case of
quadr upol e i || BRFPREFOR LLERA W qvsehdcasEIpAcHfRIPRELFR] @licRant oBA
descri bed aboveI,1 t he an%%]ar.rgtio (the ratio of tﬁg diameter _21 {g

a circumscri bet"eTTETe® &% AESFOUTe A APRLG TS A t1RF GF3RBLEr Tofom
an inscribed ci L u f [ 1.nat.j on

i ght on the plk,l%lg %g%faﬁiégg?éﬁlﬁc?ﬁ%%%t ?gﬁﬁg&g iacﬁarrﬁgfs%%gr%@ffﬁght

vari abl e bys cogbgrexiag@arédlo Ananthllbe sdathdfry Deght kBkBatintel bty
(each light source) on the pupil plane of the illumnation optical
systemis vari@bireisr zooiniheas @Pamdunit her, enhergedalwichiomtatbe width
vari abl e by conic axicon 21, zoomlens 22, or the variable aperture
stop of project®oh optd &f Wsddhiprenra petucnddeaduker) angoinner

because the vapj ati an of_the.annu] ar ratio_by nic_axicon 21
e Timted. ¢ o B e art R 2l h g ) B ofBRr v ifes by Ene
di fferent chargedesi s & ARil0aRecHTEs, SWd UHRG e di B (a6 T Y8 10
optical el enent's when necessary. Further, in the case of nornal

i Ilum natildn, ebrhe diieaxandnndkranlandueretiansths =3 zpl anale pal @ahétedr)
pl ate because the distance between the first and the second prism
menbers 2la anef 24te janmuest sscoadbyyzekeht hovenwes chengeeonitbagt 221y
the size of the illum nation | itglht on the pupil plane of the

i |1 uni nati on opRFRt 3§§/§{]’eemw| ariable. The a value is also 20

variabl e by zoom | e%z%%e%dir?rtﬂehgg%g&%ﬁ&ln@, SRRLLULE a%%%&g%{ ?%’%&dary

ection optical system PL. However, O restrictrons in

design, there isgREtdédlidcy anbi8hted tHeN@oNAL I BB HOWRL0ERNGR 0D21 Ny
outside diameter by zoom | ens 22. Therefore, in the enbodi nent, as

di ffracti e optraablel drent 2 I8 ifrom 281lnerimla phédeteaiirey value, then
plurality of diffractive optical
the annular secondary light source alters to an annular
secondary light source whose entire shape is similarly
enlarged. 1In other words, by the operation of zoom lens 22,
the width and the size (outer diameter) of the annular
20 secondary light source change, without any change in the
annular ratio.
As is described above, in the embodiment, by at least
one of conic axicon 21, zoom lens 22, and the variable aperture
stop of projection optical system PL, coherence factor (o
25 wvalue: the ratio of the numerical aperture of the beams from
the secondary light source with respect to the numerical
aperture on the reticle side of projection optical system PIL,
hereinafter also referred to as illumination o)}, which is one

of the illumination conditions, can be made continuously



el ements, e.g. two, with different characteristics are provided. Mre
specifically, one of the diffractive optical elenents for nornmal
illumnation forns a circular secondary |ight source suitable when
the a value varies in the range 22 of a relatively small a val ue
(small a) to a noderate a value (noderategy. Further, the other
diffractive optical element for normal ilTum nation forns a circular
secondary |ight source suitable when the a value varies in the range
of the 5 noderwteizbMal ue (noderate a) to a relatively large a val ue
(large a). As a consequence, with zoomlens 22 and the two .
diffractive optical 16 &heft §266r ABENEP FE3hmhFdEnen 1ni prbéeahedesian,

ible t h t.h I i.n _the, f. a. || t I a
possible (o changesthe Gusl e, the, rangc ol g amll 8 Lo e larae 2
of a reticle RIused,J R eXROgYEEAPPAS atrHér.%@ng%;orjiI g{?ré' @Qb@dﬂnéﬁ@?eas

groove pattern used for copper W ring oWs an exanp

of reticle RT.dHfxadive applianarevimwmtOh snefbel £aRIlwhen 1vinenedids 0
the pattern surface side 15 (the lower surface side in FIG 1). As is
shown in FI G pluratity eRuiifdraetévef opt htab s2lsamesttsat €. 52 {eog.with
synthetic siligggglass or the like), and on one surface, a

substantial ly SR &P3parterhchied PR PEeVEPed- | ke sheelEiertly,

area (not Shorggeié%féﬁéﬁaifEEAC%E%§h§5§%$% &ﬁi%ﬁ%ﬁ?l %%k %QEPﬁntire 20

surface of pattern area is7a _ Sect 8% 1 ght
shi el di ng menber ] §hicth B rC RS SAL WM Hnd e LoKEnaW¥§ haphgast&u%é &l H%hbie

PA, a plurality of isolated patterns ISP and a plurality of dense
patterns DT awleed drirednnnlarpredss erarined iposhé i onale ogl, afbonexdnple,
this exanple, 8?ﬁté§’%%6. Further, the other diffractive optical el t
' P emen
fer annular illumination forms an annular secondary light
source suitable when the annular ratio varilies in the range
of, for example, 0.6 to 0.8. As a consequence, with conic
15 azicon 21 and the two diffractive optical elements for annular
illumination, it becomes possible to change the annular ratio
in the range of 0.4 to 0.8.
As is described earlier, diffractive optical element 18A
is configured freely insertable into and withdrawable from
20 the illumination optical path, and is configured switchable
with other diffractive optical elements, such as diffractive
optical element 18B for quadrupole illumination or
diffractive optical elemént 18C for normal illuminaticn.
Accordingly, by setting diffractive optical elements 18B and
25 18C each on the illumination optical path, illumination
conditions for quadrupole illumination, normal illumination
and the like can be set. For example, in the case of quadrupole
illumination, similar to the case of annular illumination

described above, the annular ratio (the ratio of the diameter



25 | SP and DSP are both space patterns (aperture patterns) that are
formed by a light transmtting section within a |light shielding
section. Inreticle RT in FIG 2, alnost all the entire surface of
pattern area PAis a light shielding section, however, for exanple,
the light shielding section may sinply 23, be the formation area of
patterns ISP and DSP. In this case, isolated pattern ISPis a line
shaped space pattern that extends in the Y-axis direction and has a

| i newi dt h of , $Hra exampirecridednoirOense paket Eour OSRLtS saurcper andlithe
pattern that has five |line shaped space patterns extending in the
Y-axis directi &P LT igei@Criord ehEckxafpltde foorniioht neeliges)
the X-axis directji,on at. a.pitch of .800nm Jn FIG,. 2, .patterns _|SP and
DSP are iIIust?gi%%Fré}%PW%ﬂﬁf PntﬁéﬁgghgnaE??uﬁugﬁlzglﬁ8F Pﬁeﬁgﬁke of
conveni ence. 1 s lAqt = AXI W3 i t rea
PAwithr espec?ltg%)}nit}ﬁ%ﬁcozing%?lg?lr gﬁ C @ﬁévggégg%%% g:lfof@%c%?%g?lge%’
with the centesndftipatdieren odr @acPA) lumen®eddn Afighet i(ekenal i ghresdurce)
marks RML and RM2 is forned. In exposure apparatus 100 of the

enbodi nent, i nonrides mBitlo pdleregi nft hber dblwrinatigs apdiché spagen is
after etching of a space pattern that has a desired device |inew dth
char act eri st i c@TRGIBPHBRONEE o - | [FugivhaE: ithe THAlRE il sy gariable

obtained in aq%fng ié”%%ﬁé%xfbgﬁegogﬁ ?gggré§v@ﬁ#ﬂd%ec%§%$% 1$¥$5§¥gure

50. In the description exanpl e of d ST _
obt ai ning the @@B#%ﬁp@b?éé‘h@o@fogﬂﬂdém gakton woONdichi Q0Ss Walsle RS well,
a

descri bed. First o , the exposure condition of the
simul ati orlOw |hedmaigestrd vediakhohhrsnex pos whee comtilkiroratioc by conic
(hereinafter, standard exposure condition), the exposure light is an
ArF axicon 21 is limited, the plurality of diffractive optical
elements with different characteristics are to be used,
switching the diffractive optical elements when necessary.
Further, in the case of normal illumination, conic
15 axicon 21 only functions as a planar parallel plate because
the distance between the first and the second prism members
. 21a and 21b is substantially zero, however, by zoom lens 22,
the size of the illumination light on the pupil plane of the
illumination optical system is variable. The o value is also
20 wvariable by zoom lens 22 and/or the variable aperture stop
of projection optical system PL. However, due to restrictions
in optical design, there is actually a limit in the variable
power range of the outside diameter by zoom lens 22. Therefore,
in the embodiment, as diffractive optical element 18C for
25 normal illumination, a plurality of diffractive optical
elements, e.g. two, with different characteristics are
provided. More specifically, one of the diffractive optical

elements for normal illumination forms a circular secondary

light source suitable when the ¢ value varies in the range



25 excinmer | aser beam having a wavel ength of 193 nm the nuneri cal

aperture of the projection optical systemis 0.78, the illumnation
condition (hereinafter, standard illum nanion condition) is an
annular illumnation in which the a value equals 0.8 and the annul ar

ratio equals 0.5, and a reticle 24 is usggd on which an isolated
space pattern with a linewdth of 135 nmand a dense space pattern
with a linewdth of 100 nmand a 200nm pitch are fornmed. And, by the
exposur e underof ersfanhdeetlyidnail aoatdalore dendillicn tuss npdera treetivdlale

a 5 resist image of the isolated space pattern with a |inew dth of
150 nm and a r E8¢48ratfage - offutidedenste sphes didfrachivp aptd chilrreldresrts
of 120 nm are t, er. In_this sinmulation, the.projection
magni fi cation %& ﬁ%ngérlojlte]‘glu}q@%a&l)??cg rz%sys et 88t SFSOQHQJG%U Jrght

magni fication. saigfé@sﬁga%ﬁ@"@héﬁet}?é id ?:agﬁ%evgfigeﬂl 3rdl ﬁ:fgrﬁ&%n&? the

(hereinafter referred to as an "i1sol ated-dense difference"

"linew dt h sbi agddeddtd ke vhioeWmbdsraie herbesi sd1duBRaSy 0brbBes value
i sol ated space pattern and the dense space pattern when the
i |lum nation cokiiad of .i sRal & eradameacet hivstkxposurlenks 28oaddt tlon, two

h as f t.h | tered ip th f 0.7 10 0.9
Ind the annul STLTEAS e GRS EREVFARYCESN D Ao 1A BT ARG Tho -
i sol at ed-d ' A linewi dth bi the.ab t andar d
exposur e post trornee BOSEHeLt KR MRS P Rl et o PHERE ain s

I'n the change oft2Q tihgr waldeg(i bl uRI@YI 98y a) and the annul ar

ratio in the above range, the |Iinewidth of the resist imge of the
dense spadé patt er nNegtpaintiasnetdpalon 20 imbeAsadedbnghy, etdieple of a
variation of the relative linewdth bias in FIG 3C reflects the

| i newi dt h changFiqia Re usedi 5t erpagurefaineaitys) e dospirenizy a wiring
pattern. Furtherd V’;ehe \M%iére co‘gt o%rb line in EIG_3C shows a contour

li ne when t he SRS PRSI Ve FPERePHt FORRES 1080 (nore

R
(I'inewi dt h bi ag)ew 1t Betsan® BSwhee visHal EdoflefIs® pattern surface side
15 (the lower surface side in FIG. 1). As is shown in FIG. 2,
reticle Ry is made of a glass substrate 52 (e.g. synthetic
silica glass ox the like), and on one surface, a substantially
rectangular pattern area PA set by a 1light shielding area (not
shown) is formed. In this example, almost all the entire
20 surface of pattern area PA is a light shielding section by
the light shielding member such as chromium or the like.
Within pattern area PA, a plurality of isolated patterns ISP
and a plurality of dense patterns DST are formed in a
predetermined positional relation. Inthisexample, patterns
25 ISP and DSP are both space patterns (aperture patterns) that
are formed by a light transmitting section within a light
shielding section. In reticle Rg in FIG. 2, almost all the

entire surface of pattern area PA is a light shielding section,

however, for example, the light shielding section may simply



25 difference (linew dth bias) under the standard exposure condition
(standard illum nation condition)). Further, FIGS. 3A, 3B, 3D
3E, and 3F show a simlar variation of the relative linewi dth bias as
in FIG 3C, in 5 the case the linewidth of the resist inmage of the
dense space pattern is 110 nm 115 nm 125 nm 130 nm and 135 nm
respectively. Further, in these FIGS. 3A 3B, 3D, 3E, and 3F, the
white contour line in FIG 3Cis shown in a dotted |ine. For exanple,
as i s shown widé the whinted gy ewernoE| Gati1€rdF, ISthemd BEPLI | um nati on
condition is changed so that both the a value and the annular ratio
becone | arger on thedbtidaprnelsqlatedPaid aehSt Hata LhBe shaped space

i sol ated-dense_difference of .the linewidth at.the top.of th esi st
mmge of the. SACESThA ST ABuraF h A h R o BER FER, 2
where the 15 |inew dith Recones é%_émpﬂ,cm b, changed Lo fe i e 19N 5
in which the linewdth of the resist I1mage of the iIsolated space
pattern becongsemiditiic (agade thhe hesf Fied,1Md houwbeahapgagpitieerns
| inewi dth bias (the isol ated-dense difference of the linewidth at the
botton) of theextending magdhef YrhslispdtreQOigmiidina linewidtin ¢ohe for

enbodi nent, information that shows the relatiaon bhetweepn the ,

i 11umination cOMIR N “ARd T hel FaheryvERe iHét i ALBPESIAR als ashblrh i9f
FIGS. 3A to 3R bt ai.n by, si i r. by per.i i

advance for va??%hlzg' tgbgg G iyzrfe%ggtlc%%lg;%égﬁgt&t %gﬁsian’{eorﬁrrgiﬂ)sgkg}:%d much

stored in nendryrddy GHHT #heS¥et8ANS0ize for tH¥EXaked B @ERSSHLNENEd OW
when the exposure of wafer Wis performed using reticle RT described

earlier byOexposure Cappatht asddfQiroftich#-erteditmnitiwid bfbpattern area

descri bed, according to a flow chart in FIG 4, which shows a

processi ng al gtk i respect to the center of reticle Ry (substantially
coincides with the center of pattern area PA), a pair of reticle
alignment marks RM1 and RM2 is formed.

In exposure apparatus 100 of the embodiment, in oxder

15 to obtain the resist image and the image aftex etching of a
space pattern that has a desired device linewidth
characteristics, adjustment data of illumination conditions
are obtained in advance, and is stored in memory within control
system 50. In the description below, an example of a

20  simulation for obtaining the adjustment data of illumination
conditions will be described.

First of all, the exposure condition of the simulation
will be described. In this exposure condition (hereinafter,
standard exposure condition), the exposure light is an ArxF

25 excimer laser beamhaving a wavelength of 193 nm, the numerical
aperture of the projection optical system is (.78, the
illumination condition (hereinafter, standard illuminanion
condition) is an annular illumination in which the ¢ value

equals 0.8 and the annular ratio equals 0.5, and & reticle



26 of a control system First of all, in step 102, reticle RT
is loaded onto reticle stage PST via a reticle carrier system (not
shown), and using the aerial inmage neasuring instrunment previously 5
descri bed, aerial imge neasurenment by the slit-scan nmethod is
perfornmed in the procedure disclosed in, %gr exanpl e, Kokai (Japanese
Unexam ned Patent Application Publication) No. 2002-198303, and the
corresponding U S. Patent Application Publication No. 2002/0041377
and the |ike ptevismslon $8idesetiibedateel apate ebtvdrn wikar satimswiatth
the aerial inmage intensity distribution (projected inage intensity

di stribution) of tHe "paenedr Asdesre ArpESPathervt vitle eaREinewidth| gf {30

next step, step 104, the sharp-edged feature of the projected inage
i s comput ed, u@?r‘?dld( ﬁeggpﬂﬁﬂé@t%ﬁ“ %ﬁﬁggo’i%ecf‘nt enslr 1y d'ihsé( FrBAaFFbR ‘gﬁjﬁr

has b bt ai ped. ' f 13, |
as been obtaipned s@ggﬁ%fﬁxﬁﬁlkﬁgﬁgkx?§ §§% %ﬁ%ﬁ{ﬁgﬁ%gtE%%eEggiéfé, a

val ue of the projected image intensi _ _
intersecti gn ppsiid©nmsigehod chécosdemld ephEESHANE N Wiht Bel1Qsisdith
sensitivity (i.e. the slope of the tangent |line at the 20
intersecting poSiltilonn, and @ desg ssl dpegefod hbepdeneetspddenpgetern with
intensity distribution at the intersecting point is conputed as the
shar p- edged f eat t¥eeWwidih@lglesitedre nfgened pi Hihe wader- brigHthisss
of the imge nmay affect t former differentjal value. .In such a .
Case. it o qoetndig Sy’ dhst BroBaoFheh Ee i Sani datope. T EhoagtLon
elimnate the dpdidonce fled B8 BELOBbNESScales hifhigich aBLN0S,
contrast of thgﬁérojegﬁgd% nmage can %e cdﬁ%ute aslthe sggrp-edged
feature. 10 I n thieest sheps, thé et ddeeride Li@wedaVhceifiaesmd h

characteristics are predicted, based on the sharp-edged

(hereinafter referred to as an “isclated-dense difference”
or a “linewidth bias”) in the linewidths of the resist images
of the isolated space pattern and the dense space ?attern when
the illumination condition is altered under this exposure

15 condition, such as for example, the ¢ value altered in the
range of 0.7 to 0.9 and the annular ratio altered in the range
of 0.4 to 0.6, and the isolated-dense difference {(linewidth
bias) under the above standard exposure position, i.e. the
variation of the relative linewidth bias. In the change of

20 theowvalue (illumination o) and the annular ratio in the above
range, the linewldth of the resist image of the dense space
pattern is maintained at 120 nm. Accordingly, the variation
of the relative linewidth bias in FIG. 3C reflects the
linewidth change in the resist image of the isolated space

25 pattern. Further, the white contour line in FIG. 3C shows a
contour line when the above relative linewidth bias is zero
{more specifically, a contour line that connects the exposure
condition (illumination condition) when the isolated-dense

difference (linewidth bias) is the same as the isolated-dense



27 feature of the projected i nage that has been comput ed. To be
nore specific, first, in step 106, the profile of the resist pattern
(resist image) is predicted based on the sharp-edged feature of the
proj ected imge . For exanple, when 5 considering the case of the
projected i mage of isolated pattern ISP, as the projected i mage of
pattern ISP, for exanple, an image shown 1n the | ower section of

FIGS. 7Aor 73 is obtained. If the differential value (the sl ope of

t he tangent |ideff¢oencde(lliopwidipeliat)i nheéesetia g spaiantds eRbhoande P2
between the 10 projected inmage and slice level SL corresponding to
the resist senSPREVFISR cEitarElagist dilfeninahben rrddiomithe

differential value r .the | | ope) d prQj ected_image |inew dth
VEl b having a |engt &Quﬁtﬁqrﬂe%gggneﬁg’ P?Qt o _,ﬁlt’hé?mﬁ]r GFi F O8f =t gt ar
resist |mege ol PEIONO ey edichede PefofiiiOlnad NG 1R prelide ofy
the resist inmages shown 1n, for exanple, the upper section of FITS.

7A and 6A @ H&S5.cak® 8nd bLihewiaitheroiiairaedst TheadiebghtnodldehbBe space
resist image (the thickness of the resist layer), in this case, is
al ready known.pabtetre iextlGtrep, 196epm10825 anmpr of 30 ewrof amkie 18&snmt

imge 20 after cure is predicted, further taking into_consideration
t he def or mat i ohSERECH 074 e clPEthpRatimehiesnEdbrdityl yB- t3he PFoRNASE,

of the resist ] def ar y. the .cu treat.nen heat i n .

O travi of ot 1 1 S i AT E SR S a7y TPor ShardahPHg Thé PetFseline-
predicted, such as fiyr @xamphe, L€ 23HIMIGiEROW idhide A dd ey 16,
section of FIG 6A. However, because the defornation due to the cure
treat nent Itay bR, sytedd the sbhemfasebon tdumddefionnbsi atarthitr] s thet Gbith

treat ment does not necessarily have to be considered (the processing
in step 108 i stmdtc Vadispansabkednnul® ratioc become larger on the dotted

line, it can be seen that the isclated-dense difference of
the linewidth at the top of the resist image of the space
pattern (the linewldth at the height position where the
15 1linewidth becomes 135 nm) can be changed in a direction in
which the linewidth of the resist image of the isolated space
pattern becomes wider {degrade the profile), without changing
the linewidth bias (the isolated-dense difference of the
linewidth at the bottom) of the resist image of the space
20 pattern.

In the embodiment, information that shows the relation
between the illumination condition and the relative linewidth
bias as is shown in FIGS. 3A to 3F is obtained by simulation
(or by experiment) in advance for various target linewidths,

25 and the information is stored in memory in control system 50.

Next, a processing flow when the exposure of wafer W is
performed using reticle Ry described earlier by exposure
apparatus 100 of the embodiment will be described, according

to a flow chart in FIG. 4, which shows a processing algorithm



In the next step, step 110, device |lihew dth characteristics are
predi cted, based on the profile of the resist imge that has been
predicted. In this case, the device linewidth characteristics can be
predi cted by conmputing the 5 [inewidth of the pattern after etching
formed on the wafer that has undergone thg.etching process of a
predetermned film (e.g. interlayer insula?ing film that uses the
resist image as a nask, based on the above profile of the resist
imge. O, in afdit¢omrtnad tdyetabove profile of the resist image, the
10 device linew dth characteristics can also be predicted by
computing the |inewfd@$toPrit RélpatterhcRft®t, aedhicdg Brsbe tmddeg ate

cont oo 90 1EDL00 SIHSRLH 13N DRSNS o,
et ching characigisdi fd thef %rer_'gla%tﬂégéexjr@&édﬂ'}zgr gLE}S?Fu}ﬁ’@hgglﬁfﬁieously

mai nly an etching velocity ratio of a“resist an m un

resi st subjsectdsscpitoess siehd al eitidd deastderiar, bdans kY idi-EEeh antdhoqa
and/or P-N difference can also be included. Density difference refers
to the differeheeeirdochaddet Bhe sriccedsuehisslidsedetvhifng eseepd e, thnkai

20 shape or the_like in the cqgarse_section and the dense section of
the pattern. P{ERAGFS SReEamerers Prbethelri F & teinte BuRliRat 20 hi ¥Ry

characteristi CfOéjéj—eléé%@e a idf ft?lrsggggré%&ggn}ﬁzfrsucé§ gpgg&[}%b%/cagﬁt?n

N-structure of a sem conductor. endi ] cas

ani sotropy of #e &iAlidhd NeAN 28bs00821 987 i Aicd uded 13%et et shi 1

characteristics. In the next step, step 112, the exposure
condi tionl0s adfarstigebcso sbhats an ebthin imbgenstfatt eanthét @&ridle image
etching) that has a desired linewidth is obtained, based on the
devi ce |inew dtM-&HErtat dasitsibes iphal Phalectireninmaediiotedsitp9

For exanple, in the case expqsure is performed under the stanpdard
exposur e condi#%%ﬁFﬁﬂéiﬁo sﬁ% gg@cPFBgﬁr%%s GG REFJPPT EFEREES i Br -
the linewdth of the_e ' th be P i.ct n

desired |inew dth, grl; ngg)%}%@g%ﬂn?{?éﬁ%o?g? éelﬁ% gye r?glug?&g&? e
iIlumnation lightordyeadicat 8lagB LBecoab@fed, adstihhg RALL 8£8) ebile dMintlye

the linewidth of the resist imge of each space of pattern DSP
beconmes a ldesiirerditeniddist ribucdoputiest (hdmtbdesy dbheierdoswMeranount
is corrected based on the predicted device |linew dth characteristics
(the above specifically, for example, a differential value of the
projected image intensity distribution at an intersection
position with a slice level corresponding to the resist
sensitivity (i.e. the slope of the tangent line at the
20 intersecting position), or a log slope of the projected image
intensity distribution at the intersecting point is computed
as the sharp-edged feature of the projected image. In this
case, brightness of the image may affect the former
differential value. In such a case, 1t is desirable to employ
25 the latter log slope, which can eliminate the influence of
the brightness. Besides such methods, contrast of the
projected image can be computed as the sharp-edged feature,

In the next steps, steps 106 to 110, device linewidth

characteristics are predicted, based on the sharp-edged



10 linewidth difference)). Next, based on the information -that
shows the relation between the standard illum nation condition and
the relative linewdth bias previously described, illumnation a
and/or the annular ratio are adjusted via drive system 36 (and 38) 15
and drive system 40 described earlier so that the bottomw dth and
the top width of the resist inmages of pattern ISP and pattern DSP
becone a desired val ue, respectively. In the next step, step
114, exposure bsaties stiepgtandrogaetadt hndge stiper flersmedenndemptihed.

adj ust ed exposure condition 20 (including the conputed exposure |
amount and t he adj usteBeiTPERSRECLEACedHdiSt oy, St 19Ft érhg Reofile of

PALET O 1oL S g AR LERE, AR SRST SRl SR Pt e

=
whose surface 'S coa e&"\?nt

routine i s conphgtgohyrRlBERM uMREe LY 9o WGy mgg@.at R 0 1@?@4&

RT is transferred 1s unloaded fromwafer stage WoT and carrie

coater devel opesngidrizhowng casanst tise gevetoped imAge @i fWlatedfattern
wafer W the resist inmages of pattern ISP and pattern DSP that have

the desired |ih@W dish tasdpppietted aieadeofedatt@on ISP, fNexexampke, an
manuf acturi ng pet hod of a sem conductor device in the enbodi mnent wl|

be described, TBIE FPH@“FH‘- FP%@.O‘@E PRCEERN PE KL GH 74198 75 1s obtained.
s conduct or Shr St EEtEentSsPYREREN g <18he R e leafiant dineh (o

sem conduct or Substrate (wa ayer ring

first copper wiiénthd aiepk) atf oniBHs Syt UNdeiA@HRIpf i 44 fi Bati&d Afne
an interlayer insulating filmand resist patterning after going

t hrough a ldevipecjsolat inage egicon! fos fatredrslptocessyoral wr) to frbensdd it
process, and a 10 transistor formation process is prepared. Then, on
the wafer, a dF$RUSHOR G €9BNRS GPERIPRABZLhen f baged ¢Fltbe giffeyential

LV ) YT A S LR ARG b gt g L REREAL
sinplicity in ﬁgﬁhgf%Fﬁ%ﬂbkﬁnoftf%héugyad@HEa%{QQ 92, the profile of the
resist image can be roughly predicted. Accordingly, the
15 ©profile of the resist images shown in, for example, the upper
section of FIGS. 7A and 6A ox FIGS. 7B and 6B, can be obtained.
The height of the resist image (the thickness of the resist
layer), in this case, is already known.
In the next step, step 108, a profile of the resist image
20 after cure is predicted, further taking into consideration
the deformation due to the cure treatment. Accordingly, the
profile of the resist image deformed by the cure treatment
(heating or ultraviclet light irradiztion {(UV cure) for
hardening the resist) is predicted, such as for example, the
25 image shown in the middle section of FIG. 6A. However, because
the deformation due to the cure treatment may be small in some
cases, the deformation due to the cure treatment does not
necessarily have to be consideréd (Che processing in step 108

is not indispensable).



15 lower layer wiring 81 is not shown in FIGS. 5A to 5E As
diffusion prevention film82, for exanple, a SIN (Silicon Nitride)
film a SIC (Silicon Carbide) film a SICN (Silicon Carbon Nitride)
filmor the Iike can be used. In the case a material that has a |l arge
etching selection ratio to 20 the |nterla¥§r insulating filmforned
on diffusion prevention film82 is used as diffusion prevention film
82, then the filmalso functions as an etching stopper film

Next, on diffusion drewért nextlfstepg2stamn il0erdeanier Logakaditing film
83 is forned, for exanple, by a plasma CVD 25 (Chem cal Vapor

Deposi ti on) reEiheR dre Tt Iqsk @ reFpEedbaged Add srdb AnafBe pﬁ@ﬁihqsucpfg the

Low k T11m | SCEE CHRGeRACHRA o0 SRRarTagor Yhet SePRg, AR ce
is, for inst a“fﬂue»?fc?dﬂ“é f%\ggcttgr§ggl érﬂarl E}e Fgr{lféﬁé?tf:lyeckﬁﬁﬁtigﬁd:he

di eI ectric 31 constant the i1 nt er ayer ins m 1 s*arou

2.0 to 2.55 linewidtH ke emeoghiestn @ﬁtébeeﬂdmuigatfba@\eﬁl b thatwafer
conposes interlayer insulating film83, an insulating filmthat has 5

a dielectric comst &as uraimagdnhanh@ntsngfpﬁcmassa oSethrddmtermined £ilm
specifically, an 3i02 filmthat has a silicon atombound with a

hydr ogen atom (%rg-allR‘ytleréF‘éf@’p” %f&%hlaé”é-@ FethYyIthaddPreas Yheaomspistokmage
al 'yl group (CHZ—

(et hyl si | sesq oxérhes)%( ) Har?\egr 08 ﬁé&?‘?ﬁ‘%r%@o% gafcggsgﬁf'&%nﬂage

filmis suitabhe, in additidh &S th@taﬁ:{évaeygﬁsowié'c?é kAY £4448:83088, the
been fornmed, a cap film85 is fornmed (FI 5B) on interlayer

i nsul at i ngofl | e Bi3ce GamehiilatnBehbuactepNst &Ss i alleet beepketitoéd by
interlayer insulating film83 in the CVWP process by the damascene
met hod. computing the linewidth of the pattern after etching also
taking into consideration etching characteristics in the
etching process performed after development or after cure.
In the description, etching characteristics refer to a
15 selection ratio, which is mainly an etching velocity ratio
of a resist and a film under the resist subject to processing
{etching), however, density difference and/or P-N difference
can also be inc;uded. Density difference refers to the
difference in characteristics such as the etching speed, the
20 shape or the like in the coarse section and the dense section
of the pattern. P-N difference refers to the difference in
the etching characteristics due to the difference in the
P-structure and N-structure of a semiconductor. Dependingon
the cases, isotropy and anisotropy of the etching can also
25 be included as the etching characteristics.
In the next step, step 112, the exposure condition is
adjusted so that an etched image (pattern afiter the etching)
that has a desired linewidth is obtained, based on the device

linewidth characteristics that have been predicted.



15 As cap film85, for exanple, an Si02 (Silicon Dioxide) film an
SiIC (Silicon Carbide) film an SiN (Silicon Nitride) filmor the |ike
can be used. These filns can be forned, for exanple, by the CVD

nmet hod. After cap film 85 has been fornmed, a predeterm ned resist 20
pattern, or in other words, a resist film@6 that has a predetermn ned
pattern profile is formed (FIG 5C) . More specifically,

wafer Won which ower layer wiring 81, diffusion prevention film 82,
interlayer insul atimpd ekandBe, dndtlrapabielarBSuareislpposbtmwed iusider the
carried to the coater 25 devel oper, and a photosensitive agent
(resist) is codtdrenhexPosuEeessidisipn Ry ipardy desctihed bared enitdie

i ted i L ed t f .St T t 1Q0
|1 the enbodi rant FERIG Pett R e TdaHTent attet ALTHE GBABertry Brogte
Then, after prepaiftidy AREAMJ Aas:hayer Peskad? Rel fegggsqre%&nl@r@a

predet er mi ned,” exposure is perfornmed under the exposurée conditlon

t hat has been edlifastettdigy bheupt os£dHeL ipnami st yn destid bedadanted e
pattern of reticle RT described earlier is transferred onto wafer W
5 Next, wafer Ve watehasisrthn rafesad iswbachitde I navigltdoaf ¢he resist

devel oper, and, then is devel oped._Accordi n%lﬁy on wafer W the resjst
i mages of pattEPF9F 86 SRl FREFEIST PRPLeRADSERNRCIIRS 8@ + syt

o P e Fo e DeFLE 4 20l B SR, R O] (BALLBED S
representativedy thedpealecras deR3icel 1{AdiM B ARdacELF {1 LAL BRI RS e
in heat treatnent (post-bake treatnment) or ultraviolet |ight
irradi ati dm® treatewendth slidifeldeadet 0. waf er W when necessary. Next, dry
etching is applied to cap film&85, interlayer
Next, based on the information that shows the relation
between the standard illumination condition and the relative
linewidth bias previously described, illumination ¢ and/or
the annular ratio are adjusted via drive system 36 (and 38)
15 and drive system 40 described earlier so that the bottom width
and the top width of the resist images of pattern ISP and
pattern DSP become a desired value, respectively.
In the next step, step 114, exposure by the step-and-scan
method is performed under the adjusted exposure condition
20 (including the computed exposure amount and the adjusted
illumination condition), and after the pattern of reticle Rp
is transferred onto each shot area of wafer W whose surface
is coated with a resist, the processing in the main routine
is completed.
25 Then, wafer W on which the pattern of reticle Rg is
transferred is unloaded from wafer stage WST and carried to
a coater developer (not shown), and is developed. Accordingly,

on wafer W, the resist images of pattern ISP and pattern DSP

that have the desired linewidth and profile are formed.



15 insulating film@83, and diffusion prevention film82 with resist
film86 serving as a mask, so as to formthe wiring groove (depressed
section) that reaches lower layer wiring 81. By renoving resist film
86 t hat has becone unnecessary by ashing after dry etching has been
conpleted, a wiring groove 20 88 that reaﬁ@es | ower | ayer wiring 81
is formed, as is shown in FIG 5D. h the case diffusion
prevention film 82 also functions as the etching stopper film a
first dry etching catexdis e rennEaconr rapméthod 85 canenicdretdeywardevice
insulating film83 25 with resist film86 serving as a mask, then

ashi ng and cl edhi FHe ERPBENsats vikddop ndesgerbed mefersingstet FI¢F mdA
86 that has beco unnecessary, and then a second dry etching can be
performed on d??gﬁgion prevention film82 with cap film85 as a hard

mask. And, wiring griaQue 88 hhaty %g@%gﬁ%%% séeéé! ﬁ%teﬁi;“tigrﬁ%eﬁxnegd.

can also be forned in the nmanner

groove 88 Ias bheeredMpIRg, aebehi Sendest S ubstEerBY ek 3% )a e baaghih a
treatnment. Then, a copper wiring layer is enbedded inside wring

groove 88 usi ntpwekdewerpritimg 83 (etfiodtandpper ¥ispogt myeary et fmdned
and the like, and a wring groove 92 electrically connecting to | ower
|l ayer wiring 83 P@SeSERERT fgmf;fﬁym@jw?n PheaR dfitaE 2 Be T WinSUAg tdnadiidm
92 is flattene rdi he pr.ocesses descri bed ove, W rjnag
16 groove o5 oFbEEeeR Yoeberbty REPEE Gotns SPEREAE S A Ba A B
formed (FIG 5Hgidh fdaaSkn pehbersnce, NYOES a0 B8R +iddi 63bESs?, and a
barrier nmetal fiTmnade of, for exanple, a Ta (Tantalu film a TaN
(Tant al umiNi t rixcke)s fdtlon fartd{Tampgsbeass fislprepm i, ( Togrst on tetwa e,
film a Ti (Titaniunm film a 15 TiN (Titanium N tride) filmor the

| i ke. Further, 2 cdfiduspon pugiasiog0Lihdi Ehtlest armbd FCE . (YopperS ¥dvem
and reference nuneral, 91 | gic tes a Cu, |l ayer, respectiveI%. Barrier
metal film 89 %ﬁﬁe%é‘@flﬁ? % opper) eFaYRIe 9(? A IsEeroPhEd bYat nesaches

sputtering method. ;FULLAgH. 3 k) Ael s €30n0esL0F a4 BY dd1&1. 2080 the

pl ati ng net hod.
sake of simplicity in the description, the configuration of

15 lower layer wiring 81 is not shown in FIGS. 5A to 5E.
As diffusion prevention film 82, for example, a SiN
(Silicon Nitride) film, a SiC (Silicon Carbide) film, a SiCN
(S8ilicon Carbon Nitride) f£film or the like can be used. 1In the
case a material that has a large etching selection ratio to
20 the interlayer insulating film formed on diffusion prevention
film 82 is used as diffusion prevention £ilm 82, then the film
also functions as an etching stopper f£film.
Next, on diffusion prevention film 82, an interlavyer
insulating film 83 is formed, for example, by a plasma CVD
25 (Chemical Vapor Deposition) method or the like (FIG. 5A). As
interlayer insulating film 83, in this case, a low dielectric
constant insulating film (a Low-k film) is used. The
thickness of interlayer insulating £ilm 83 is, for instance,

around 200 to 600 nm. It is preferable that the dielectric



Then, after formng a via plug electrically connecting to wring
groove 92, a nultilayer wring structure can be forned by repeating a
simlar process. Next, device assenbly is perfornmed using the wafer

on 25 which the nultilayer wiring structure is formed. In the
assenbly process, processes such as a dickhg process, a bonding
process, a packaging process (chip encapsulation) and the |ike are

i ncluded as necessary. Finally, tests on operation, durability, and
the like 34 arenpeafivrofedhenihhertleyecelitshdiatiay Hiken imdeound 2.0 to
As is described so far, according to the wafer processing nethod
related to theZefbodi ment, the profile of the resist pattern is

redi cted based on the sharp-edged featyre of the 5 projected i mage
gf a predeternined p ttg?nejn%s Ak /£ Y L{éﬁ?ah%?lé?aib]aﬁ‘f@‘hg thhé)% ﬁ?fﬂg‘bcs?ﬁ

ticle RT and, b d,.on edi Gt [
?Rergebfcg Iingﬁﬁg?ﬁa%%gractg%ﬁ%%%%g@g?egggéa?g?%ﬂﬁfg%ggl%%gﬁ,egﬁ%lﬂég

then the exposdreicondidiconsnetanat 1e@fdr tBBnaafdl O i emady wstead More
based 10 on the device linewidth characteristics that have been

predi ct ed (stepradPficaclaor dnngl9: fhympsradohas g selpesorstamienntinel th
adj usted exposure conditions, or in_other words, by perfornng '
patterning of HYITEIREETH\ER &l KWHARIR HecthpsjacBe el ragecat (tREs) .

patiern, (1D i1 AALCEELOR AR LheyS YBLln QLR | N PRLESLRLI e

the resist patfern ce Tine

characteri sti cgshs (hOFips O g 1wabae; Eulhher n essdy Rer-beesi ng
the etching of the wafer using the resist pattern as a mask, "a

pattern (drloove)lsédsfuitasartdie fdas Ledshinemielt h can be forned after
the etching. 20 Further, according to the device manufacturing nethod
of the enbodi nent, iAftsieinaeetapebdessilagisgebllmdcabse hern gosneds a

W dth of gach G I TGP Bove ‘BEBBROL I dab) (U S0areeaTRE B AEET Tk
grooves after gichidig EDaL OFLESPORYs G LS rotective Film of interlayer
insulating £ilm 83 in the CMP process by the damascene method.
15 BAs cap film 85, for example, an $5i0; (Silicon Dioxide) film,
an SiC {(Silicon Carbide) film, an SiN (Silicon Nitride) film
or the 1like can be used. These films canbe formed, for example,
by the CVD method. |
Lfter cap £ilm 85 has been'formed, a predetermined resist
20 pattern, or in other words, a resist film 86 that has a
predetermined pattern profile is formed (FIG. 5C).
More specifically, wafer W on which lower layer wiring
81, diffusion prevention film 82, interlayer insulating film
83, and cap film 85 are deposited is carried to the coater
25 developer, and a photosensitive agent (resist) is coated.
Then, successively, the wafer on which the resist is coated
is carried onto wafer stage WST of exposure apparatus 100 in
the embodiment, which is inline connected to the coater

developer. Then, after preparatory operations have been



25 resist patterns with the sane |inew dth are grooves that have the
sanme |inew dth. Accordingly, generation of unevenness and variation
in the finished size of the device can be suppressed, and a device
with a good operation speed (snmall signal delay) can be manufactured

with good yield. 35 In the enbodi gent, the exposure
condition, i.e. the exposure amobunt and the illum nation condition
(the illumnnation a and the annular ratio), was adjusted based on the

devi ce |i new dpértdareatt evhisth eset patdhadrbiesed preogicsted 5s( pegfothad
di fference between the predicted |inew dth of the etched Lnage and
the desired |i%edfHtH)e e3namrer conéthposemt itAfFeMeeanadjupbed in the
limted to this, and instead of .the exposure a nt and/or th .
i 11um nation cBRATTTHIC QﬁeW59u§&Hiﬁ?8ﬁgf%e?héa §5§hP§g§ﬁﬁﬂn?gaﬁﬁﬁ%ﬁle
the I 11umnalign rdiibeaNeadifer 10 £xpasulaoRdtb! gngerap, al so be
adj ust ed. Clherpexpos&Te cgﬁditions i ncl ude, for exanp?e? t he opti cal
properties sof proj exld=an epteeal Syst e@sPhebabeiidddOns BUFRLEBato the
aperture or the like), or as is disclosed in, for exanple, U S
Patent No. 5, 7422376, dREdprEy1l ahd then| ikedetdiedarhl ehereadimyl 5 on
status of a super-resol ution technique for substantially increasiP?}%3t
a

the depth of fERART By ConFeAdSHsIIAER PF RATH Fretel érfl PRt ot BE
the waf er dur‘ﬁ&éﬁ%{@'&&i Bi‘);ﬁlg%{%_ﬁ Al %%E%E =% POS Gér_!tn%e%’.”t rgm.

fluctuati on (novene range axis direction an

Further, in thsc AdjHStERALL2OGe LH€ dddddPNabboph oG 1H@Bn ¥BBmed in
intensity (energy) distribution of the illumnation |ight on the

pupi | pl anid ofthd Imemneat dencopbed dbsystienrd@reosntiat iotdlgr inal dsted hes
shape of the secondary |ight source was maintained substantially the
sane whil e adj¥&%3Fy 3%%& ni dude ¢urre tngammenst Renin Deatridreadigent

annul ar ratio),. ver, the present inventjon .is.not limted to
thi's, and for @&%’I ,kea|trf§ﬁ%H‘§“$Ee?§h&_ ETOTL AR deCBiaary SPrghton
sour ce (Such agred LAAANLIAEL LhUFLNALEQD | SiAdditlery,

illum nation), adjustingthepolarization state and/or the ¥pectral

characteristics (e.glex@gniey RHENANG$ Ripp13@aney lagngt Tin isnt, et yad 1 And:
the like can also be perfornmed. On adjusting the spectral

char act erilst i csysdlortimqariplley 83t hedstlibhesdn pAeavest: ispedtial 8% wtth
(e.g. 95%energy purity wdth (E95)), which is set based on the
i ntegration vaf &l 5% ;@d@b@ﬁaperxrlng as a mask, so as to form the wiring
groove {depressed sectlion) that reaches lower layer wiring
8l. By removing resist film 86 that has become unnecessary
by ashing after dry etching has been completed, a wiring groove
20 88 that reaches lower layer wiring 81 is formed, as is shown
in FIG. 5D.
In the case diffusion prevention film 82 also functions
as the etching stopper film, a first dry etching can be
performed on cap film 85 and interlayer insulating £ilm 83
25 with resist film 86 serving as a mask, then ashing and cleaning
can be performed in order to remove resist film 86 that has
become unnecessary, and then a second dry etching can be

performed on diffusion prevention film 82 with cap film 85

as a hardmask. And, wiring groove 88 that reaches lower layer



5 intensity distribution of the illumnation |ight, a second spectral
width (e.g. full width half maxi rum (FWHM ), which is the w dth when
the intensity decreases to a predetermned rate with respect to a
peak val ue of the spectral intensity distribution, and the ratio of
the first spectral width and 10 the secongjyspectral width is

adj usted. Furthernore, adjusting the exposure conditions can al so
include a reticle pattern correction (linew dth adjustnent that wll
be descri bed | wizing Blia ceacehdcebdofhmewt inahdé onarmedi tespraobednabove.
auxiliary pattern) called OPC (Optical Proximty 15 Correction) whose
detai | s are di scl os&tFisT "ibtnedsre, 88 has mprdergd, suehgngore site
the |ike. iSNJ:e“é(nt‘ldvead ec%nd lenbodi rrgnt wi | lt beTﬁéscri bed. The . .
second enbodi nERtTTEER enbddiret 87 5FRRYATY of Ruf ﬁc?‘ﬂﬁ’?% Wyring
reticle such agaydpn sRAMRIRa {2418 61 RIRE G¥bavs!ss Qgﬁ%b%wnz}gléﬂng
t he second enbodblfrrent, the sane processing as insteps 102 to 110 In
the first enbodétisd gudy\oirodssputesciridadthsd paid enheedi kandnaf hewi ey
device linew dth characteristics are predicted, the |linew dth of at

| east a part ofredies spacd geitttiend ldacannécting gu tlomerdasger wiring 81
correspondi ng toogpatte ns ISP and 25 DSP forned on_reticle RTas the
exposur e condi t¥ orPie%dj fetedddty &itet RELHRERI ot "B MGs grPsvepdZ is
that an etchi nglégi?%?ea/vi th desired |inew dth can be obtai ned.

Then, using the pattern data whose |inew dth has been adjusted, a

plurality of patterngdodRiagdtBSPhEhgiobeysed MR 3 pdashhede! IHREeM 4 h

are formed in a predeterm ned position relation within pattern area
PA formed ldn omecofe t4ie eSldftades ldfy gbasscisibsttatiews?, lagerswshiwnm 81
in FIG 2. Patterns ISP and DSP can be forned, for instance, under

t he procedur esC®t % doutiiasy @ Gel 8&0 r onl bl -r 88ir stefarehes suplerse &0

the Iight shie]di m h h ' the, i t hat
pattern area PRISESHUS i BTE LPESTEE2hst M AIFQR &t i o EATBA oSt B

apparatus, andelGhl fignt Re1h %h%aghir%hqgﬂamrmr{*}%e%fﬁ =, A§ e} PRGN en)
using the resist pattern as a nask.
£ilm, a WN (Tungsten Nitride) film, a Ti (Titanium) film, a
15 TFiN (Titanium Nitride) film or the like. Further, reference
numeral 90 indicates a seed Cu (copper) film and reference
numeral 91 indicates a Cu layer, respectively. Barrier metal
film 89 and seed Cu (copper) layer 920 can be formed by the
sputtering method. Further, Cu layer 91 can be formed by the
20 plating method.

Then, after forming a via plug electrically connecting
to wiring groove 92, a multilayer wiring structure can be
formed by repeating a similar process.

Next, device assembly is performed using the wafer on

25 which the multilayer wiring structure is formed. In the
assembly process, processes such as a dicing process, a bonding
process, a packaging process {chip encapsulation) and the like

are included as necessary.

Finally, tests on operation, durability, and the like



10Reticle RT manufactured in the manner described above is | oaded,

for exanple, into exposure apparatus 100, and exposure by the

st ep-and-scan nethod is perfornmed under the standard exposure
condition described earlier using reticle RT that has been

manuf actured, so as to transfer the pattegg 15 of reticle RT onto
each of the shot areas on a wafer. Then, by devel oping the wafer, the
resist images of patterns ISP and DSP that have a desired |linew dth
and profil e araréopeaethomd e wileedeviinet hbab elvam danbodidesnt , in
addition to the pattern 20 correction (linew dth adjustnment) during
the manufacture of theif&GSErdPgestT Fdedacarrisng todeapbaiupEocessing

condi {100 (¢, SpoBhot BRla 1 HACHLIAN.! BReCRRILLL R AR B

=4
exposur e anoun can pbe a

exposur e usi ng}é}éf‘@efr_?tiiscE%e&@@%e@%é@ﬁ@nn@l@f : %&BLEQ?EE fehture of the

perfornmed. Further, in the second enbodi nent, e pattern correction
during retixl epnafetaed tihkgg dfSa pokdbt8hbted patbert, Bavh dlshfor example,
adj ustnment, and for exanple, an auxiliary pattern can be ‘added

i nstead of , orP#htexl t1h ang DRE bhnesk ttle &dj Ostemntl06 38d 108), dnd
each of the enbodi nents above, the profile of the resist pattern was

predi ct ed baseﬁa%ﬁdtﬁ%'Qﬁhﬁﬁxéﬁégﬁdf@éfﬁ?é?o?h$H@“ﬁ#ﬁiééP@H?ﬁﬁﬁge of
pat terns | SP apd. DSRe A 4he evigeol bpewi dLichargcl etistigs vere

predi cted base predi cted prori presént T nven

however, is nogxpbshtedohaithbis Pat B8 rANGCEnl gt dE hidjusted based
characteristics can be predicted based on the sharp-edged Reature of

t he proj ectted omuigee odetite pgaiiecerinthFehthecter steiach thfatt heve been
enbodi nents above, the case has
predicted (step 112). Accordingly, by performing exposure
under the adjusted exposure conditions, or in other worxrds,
by performing patterning of the resist on wafer W with the
projected image of the pattern (step 114), and developing the
15 wafer after the patterning, the resist pattern that satisfies
the desired device linewidth characteristics is formed on the
wafer. Furthermore, by performing the etching of the waferxr
using the resist pattern as a mask, a pattern (groove) that
has the desired linewidth can be formed after the etching.
20 - Further, according to the device manufacturing method
of the embodiment, in the wafer processing step, because the
grooves for wiring is formed using the above wafer processing
method, the width of each wiring groove becomes a desired value.
For example, the grooves after etching that correspond to the
25 resist patterns with the same linewidth are grooves that have
the same linewidth. Accordingly, generation of unevenness
and variation in the finished size of the device can be

suppressed, and a device with a good operation speed (small

signal delay) can be manufactured with good yield.



10 been descri bed where exposure is perforned using reticle RT on

whi ch isolated pattern | SP and dense pattern DSP are formed. The
present invention, however, is not limted to this, and exposure can
be perforned using a reticle that has only isolated patterns, or only
dense patterns fornmed. In this 15 case, the exposure condition does
not have to be adjusted in order to adjust the isol ated-dense
difference (linewdth bias) in the |inew dths of resist imges and
the like as was per flor e iembeddhent, t tiee esrhmeiurentcondtitoven, | h. ¢ hitthe
case, for exanple, by experinent or sinulation, the relation between
20 the shar p- etROS RPN o NChELEr o] benter b ipycurdithienpithern and
the device linewdth characteristics gd t he proflle of, the resist

pattern), and thePei3tiBhopethedif fRBUYRYI taF 19 nelip@r3piusted based on
charact eri Sti cengnil-hR SxRAPME, CARULLLER: (LG UHRta @bl Sisia

| east one of the exposure anmount 25 and t um nati1on con |on
are obtai néd i (e agly aiee diFifeRenderbdgvddie taet pabd expas Wikewh¥th of the
measuring the intensity distribution of the aerial image (projected

i mage) of the phehed Anage agct Hee desived Laingeidblasur iHogevast ruhxmesent
predicting the, deV|ce | i,new dt h characteristics_based aon the

measur ement r eSU FE{Thd SRt 6‘1&*}688 ?%&P&Feda%ql Wéeﬁgcﬁ%&‘@d@x?osure

i mge), and trgm§I the ex

condition bas E%héggﬁgg?cga%éflne d%h %§%§§%§ 1§%|cs Q@ﬁ fon to
resist inmge ofhd R&ppaLker ndu bhddodosid QthanEM‘t%@co@&@(E’.tlon, other
consequently the pattern inage after etching with a desired linew dth
can be obtldi negkposure cdrutitthens the dléd esenodjusteadhe Qrlodt |e@pisairico
the influence of the intensity distribution (brightness distribution)
of the seconda?®n¢ﬁﬁﬂﬁn%u%%Q%§d§eséPFb%%ﬁ@ﬁkﬁmatﬂ? @@ﬁl&ﬁéopg@PertleS of

corrected by chan Q%Q tl glnatlon £on |L|on such as, g
exanpl e, changi iy Tie Fh8BEGRY FETOFL {([ESEE5A0R PIMSFHEAL iR ure
e
or N other woilepcChapg] Nt b fsm'seﬁosﬁaeldan%&aéxg £ 808 R ent
like. In each of the enbodi nents above gscriptio dcused
groove patter ng argl M, i3VE, RE37,391 and the like, the implementation
15 status of a super-resolution technique for substantially
increasing the depth of focus by continuocusly setting a
predetermined point on the wafer during scanning exposure to
a different 2 position, the fluctuation (movement range) in
the Z-axis direction and the like. Further, in the adjustment
20 of the illumination condition, the intensity (energy)
distribution of the illumination light on the pupil plane of
illumination optical system 12, or in other words, the shape
of the secondary light source was maintained substantially
the same while adjusting its magnitude (the illumination o
25 and the annular ratio). However, the present invention is not
limited to this, and for example, altering the shape of the
secondary light source ({(such as, from annular illumination

to quadrupole illumination), adjusting the pelarization state

and/or the spectral characteristics (e.g. center wavelength,



15 layers, however, other patterns and other |layers are also
acceptable. Furthernore, the reticle pattern can also be a pattern
formed by a light shielding section within the light transmtting

section. Further, in the annular illumnation or the multipole
illumnation, in the intensity distributign 20 of the illum nation
i ght on the pupil plane of the illum nation optical system the

intensity in the areas other than the annular area or the plurality
of areas eccentaveldnam dptecabl axdrsd Aedbeke rmtn hawve ho peefpemed. On

That is, the |%ﬁsen3|t of the illumnation I|i in the annul ar area

or 25 the plur wiﬁ 5@%&@%&%?#%@%&% tlr:éau%%awl%nﬁy Ipast
to be higher t t on axicon 21 in eac
of the enbodi nents %%o%tiggf['h C?frs . [B'Irlidéc% erég%la ThEY Hgﬁlgy chpm

concaved coni cakodef r aR1ERG sSskd 8E8eARM Eﬁ@lﬁ%eﬂgtpéﬂ %&H@@ieép@c"@nal
that has a convexe 40 conical refracting surface are placed

sequenti al 15y fimreddiey idilstc rdbutdensodethdoveMedi nate car Laggereat second
order can be reversed. Further, the configuration of the illum nation
optical systemsReriezth Wéﬁtbhéeeﬁbo‘dilieMlsitébbabf|Hsa}9mm ¢ FBHMX Anpthe,ch

dth f | th |1 t
oo £ on e e A S %%rea?ﬁse%‘%f%swﬁe'aﬁ#% Dbt Seterpiged
adj usted. According)iyy, !é@EFBSySf &:.% %9 ncrrHe g@@kggfdirﬁg%ﬂty

as the illum nation optica ose

(Japanese 10 Unex@anidied ongt aat 6@@'&@@% QF E’HQ'ffﬁéﬂ %bcmal width and
2002- 231619, and the corresponding U S . Patent Application

Publ i cati df Noth<CRHORE3IPELLrBdr wedahpize adipagisd.caFurtheguategr 24,
instead of the fly-eye lens, an internal reflection type integrator
(such as a rod®dIUstdin FREtPXROTHG 6andet enentcasy alhe mqéeldﬁac%ﬁwsée

d F f nb b
:Jlsfaum nation :Jl{gg%emal %Igae((fts}%floéggngﬁlg‘?%m e gleitﬁg ﬁg}ﬂ%‘? of

| nternational Jfubligald @&t\é@1989é4§§§§n&‘®n63&n%%€ 9598?91: N9ydt Son of
Patent No. 7,023,610 and the |1 ke,

an auxiliary pattern) called QOPC (Optical Proximity
15 Correction) whose details are disclosed in, for example, U.S.
Patent No. 5,546,225 and the like.

Next, a second embodiment will be described. The second
embodiment is an embodiment on a method of manufacturing a
reticle such as, for example, reticle Rr previously described.

20 In the second embodiment, the same processing as in steps
102 to 110 in the first embodiment previously described is
performed, and after the device linewidth characteristics are
predicted, the linewidth of at least a part of the space pattern
data of the pattern data corresponding to patterns ISP and

25 DSP formed on reticle Ry as the exposure condition is adjusted
based on the prediction results so that an etching image with
desired linewidth can be obtained.

Then, using the pattern data whose linewidth has been

adjusted, a plurality of patterns ISP and DSP that have the



20 harnonic wave may al so be used that is obtained by anplifying a

si ngl e-wavel ength | aser beamin the infrared or visible range emtted
by a DFB sem conductor |aser or fiber laser, with a fiber anplifier
doped with, for exanple, erbium (or both erbiumand ytteribium, and
by converting the wavel ength into 25 ultrayiolet light using a
nonl i near optical crystal. Further, as the light source, a

| i ght source that generates a vacuumultraviolet |ight such as an F2
| aser havi ng adewiveddnginewifdthszramfoaned 2it os qrrdyedmrivanedgpasition
wavel ength of 146 nm an Ar2 |aser beam havi ng a wavel engt h of 126

rim 41 or a AP W&ﬁBiFr%t%PéﬁésPPafﬁgmaﬁtoq PRE &ficheagifpees
g-line or the é;'q%essc%%b%ltggtgesys%’s is shownUiiNele, Lhe Patterns ISP

magni fi cation © € projection optical 'systemis nhot’ Ii'm 0 a

reduction systewy rafndchheos el By fidthelcdenale 2auRl HHBERLEYENG
system or a magnifying system The projection optical systemis not

limted tob5a refatiotg mg elstenpnamshd hesSyst em tae he-fwe of ehe 1ight
reflection systemand a catadioptric system (for exanple, an in-line
type cat adi opt$ie 1% meiede sdehapb schrenig dodéd ilakef shatoforms

exanpl e, the panphl et of International Publicatjion Nunber
W2004/ 107011 RHd-3He 3E&R gépoﬁ’aﬁ’?@l% &hepapEntt APPIIT AT Bhectron bean

mage o an USLOM T mane e e Shc R T e nadre Sbbyie i arekes

i mage or an upri ma I'n e ove, the case

has been 15 desfidbekvleipmeniteubl 8§ethe | FVSIH Patterappki 80nk ok A
scanni ng exposure apparatus by the step-and-scan nethod. The present

i nventionl%owever, Resigde Rt maredactutrhidsinatitk itanc@r dbsorbieed above
suitably applied to an exposure apparatus by the step-and-repeat
met hod (the so-Taiastpdst é’%ﬁeﬁ}‘a@k’ Bo ARCREBGRITH @p@aﬁaﬁaﬁugo%y e
step-and-stit(gkﬂggd¥gjby the step-and-scan method is performed under the
standard exposure condition described earlier using reticle
Rr that has been manufactured, so as to transfer the pattern
15 of reticle Ry onto each of the shot areas on a wafer. Then,
by developing the wafer, the resist images of patterns ISP
and DSP that have a desired linewidth and profile are formed
on the wafer.
In the second embodiment, in addition to the pattern
20 correction (linewidth adjustment) during the manufacture of
the reticle described earlier, the exposure condition (e.q.
at least one of the illumination condition and the exposure.
amount) can be adjusted as in the first embodiment while
exposure using the reticle that has been manufactured is
25 performed. Further, in the second embodiment, the pattern
correction during reticle manufacturing is not limited to the
linewidth adjustment, and for example, an auxiliary pattern

can be added instead of, or in addition to the linewidth

adjustment.



Besi des the exposure apparatus above, the present invention can al so
be applied to a liquid i mersion exposure apparatus in which liquid
is filled in the space between projection optical system PL and the
wafer as in the apparatus 25 disclosed in, for exanple, the panphl et
of International Publication Nunber W20044 053955 and the
corresponding U. S. Patent Application 2005/ 0252506, European Patent
Application Publication No. 1,420,298, the panphlet of I|nternational
Publ i cati on Nunber \@2@E4h05580Be &ns>dPesrgra dloves, 852, BEGLilR @hdhe
the like. Further, the gresent i nvention can al so be applied to a

mul ti-stage exposiifePapparatifs Breviakd RreRdLpFiraihanp crostatratvre

whose details i | [ r | e al anes .
Unexam ned Patcgfm(:‘ai h%u%%ﬁ%%deodn?mﬁé.g Ofg-égggﬁﬁgs é%ana %%%éoarr}(géc BSn%ﬁvnléz ®
U.S. Patent NopiQp163araceBy9sEpub! iished Japaneserkhcansbat iy of

I nternational Publication for Patent Application) No. 2000-505958

(and the c6rr gepatiditegl WhrS.fiPat enthdNords <89 i442htibh S. hdRad e, N& not
6,208,407 and the like, or the present invention can also be 10

appl i ed to an ExNpdad 6cagpat-apng rodedbde vilnlevwadrbaharamder istage can

that has a neasurenent nber (su as a fiducial mark, ensor, or

the like), as %Pagg&Fng&’ﬁsﬁfi %ip’&éﬁpqpae%ﬁia%%tt%ﬂgﬁe projected

Unexam ned Patﬁigggﬂgyiﬂﬁy:%%Q%egp; 11- 135400 (and the correspondi ng
ational™ Pu

panphl et of Inter bl'i'cati on 15 Number W1999/23692), Koka

(Japanese Unexam negrPahen) fulklaicgadf Gk MabodhtlH4884e( antt tASe has
corresponding U S. Patent No. 6,897,963) and the I|ike.

Furt her nnil@, theerpdesentibedvehtrorexarswmtes d sbpestiotadd yu=ippl iredindé Rr
only to an exposure apparatus that uses ultraviolet 20 I%ght as the

i I1um nation [197yKE160E SRlesefdait e b3tiradssmeapaiste HaPS hgas Formed.
h d ti b h | ect b , i.Qn b t
an Ty exposie PaRErd: G TTALY Hedie TR s RE GV L PENT St EXBos e
appar atus can Q&)@éhx%o%&la%‘ésp@ff@%{e?n@smg 3 &%alaleb%ﬁgt”ﬁ%?gﬁx&m

vari abl e- shaped 25 beam nethod, a cell-projection nethod, a I'ng
aperture arrayidolidtd patdeanBnskrpon) ¢Ciémse RiednsFaoraxaipl® this
the case of the apparatus that enploys the pencil beam nmethod, the
devi ce |i Aéw dtdserhdhecespdstiesapaii thenpdesds ctieadhbusetth dre tHausbgd sin

i mage profile nmeasured in advance, and the , , ,
order to adjust the lsolated-dense difference {linewidth

bias) in the linewidths of resist images and the like as was
performed in each of the embodiments above. In this case, for
example, by experiment or simulation, the relation between
20 the sharp-edged featured of the projected image of the pattern
and the device linewidth characteristics (and the profile of
the resist pattern}), and the relation between the device
iinewidth characteristics and the exposure condition
(including for example, at least one of the exposure amount
25 andthe illumination condition) are obtained in advance. Then,
during the actual exposure, by measuring the intensity
distribution of the aerial image (prcjected image) of the
pattern using the aerial image measuring instrument,

predicting the device linewidth characteristics based on the



43 exposure anmount serving as the exposure condition of the pattern
can be adjusted by increasing or decreasing the exposure energy based
on the predicted device linewdth characteristics. Further, the

| inewi dth can be adjusted as 5 the exposure condition, based on the
device linew dth characteristics. each of the enbodi nents
above, a transmittance type mask (reticle? was used, which is a
transm ssive substrate on which a predeterm ned |ight shielding
pattern (or a paserd@rgattesnadter (&hki gharptedmbitieatugatit efnjhes
formed. Instead of this mask, however, as is_disclosed in, for

exampl e, U.S. PRI 1MRIEI8, 257 tannefecrinm theswpatievar pabrE
shapedmask) on ich a light-transmtti attern, a retlectign
cattern or anhideiBn pE R RREY Ghndt: BE Rty s SorcBrpdherec
data 15 of the; padd£lih (vt ek sPecEXPOFEd- LAk AlisA R ¥Sede Mildbrn
the variabl e shaped mask that uses a DVD (Digital Mcromrror

Device), WE chwith & Kentlref laimanidtadi ahd wWrismgendlgptiay pdeteef image
(also referred to as a spatial optical nodulator) , after the device

| i newi dt h charaftey istdhnicame thr edilesddedt hengidtdsiogn Yat abbhine@.
pattern that is to he nerated by the el ectraon mask ¢an ge corrected
and |inew dth adj ustffErt'®Canthe PeffereRcr < t1he &Xpdddredednt? thh

ot chod | moe thor R, dRER, IRkEhalPyl FEMASNGRL BhabRsR00E " 20

et ched i mage th as a desired I'rnew

enbodi ment 25 @i evkousd dordeser tR€hecondary T¥ghBeSoutde dREBSEREd above
i nvention can also be applied to an exposure apparatus that forns a

devi ce patitler ncaom awabdre Wofrackibtdgr apaygsys ttéry 1 byudiciatiing asndition,
interference fringe on wafer W as is disclosed in, for exanple, the
panphl et of 43M¢ht&FnfGTorATPhE) | chERSHINUHIR rShAFR0ETA08526880L the
Furthernore, the present  invention can al so be applied to an exposure

appar at us that®% FY Shehh SpRECEY ri”-'_off*n é’tﬁlﬁﬁr"z‘ﬁ’? o' %}?a‘}%’ﬂgd:]é% o(HLue,
variabl e Shapeﬂ}&%ﬁﬁ)&é}” Lhe WAl gTiivd & e PLQI &GlH ‘EH%' Ebodiments
er Subl er al nost

system and p or s bl e exposure of an area on the wa

si nul t aneous| yalhdwON&heCABHE P EXROFBEBsedSon Yrdbse! Oseehdds ah@rwiring
exanpl e, Kohyo (published Japanese translation of International

Publ i cati d® folaRatenthAgplercabitbry bett00#-&id88Mherandyehe are also
correspondi ng alth':cSe'ptlaobﬁ.aé.en%‘uyghegﬁc?rlel,’ ?1’111316e) reticle pattern can also be a
pattern formed by a light shielding section within the light
transmitting section. Further, in the annular illumination
or the multipole illumination, in the intensity distribution
20 of the illumination light on the pupil plane of the
illumination optical system, the intensit-y in the areas other
than the annular area or the plurality of areas eccentric from
optical axis AX does not have to be zero. That is, the
intensity of the illumination light in the annular area or
25 the plurality of areas eccentric from optical axis AX only
has to be higher than the other areas.
In conic axicon 21 in each of the embodiments above, the

first prism member 21la that has a concaved conical refracting

surface and the second prism member 21b that has a convexed



The present invention is not limted to the exposure apparatus for
manuf acturi ng sem conductors, and it can also be widely applied to an
exposure apparatus used for manufacturing displays such as the liquid
crystal display 15 device made of square glass plates or the |ike, or
to an exposure apparatus used for manufacggring thin filmnmagnetic
heads, m cronmachi nes, DNA chips and the like. Further, the present
i nvention can also be applied to an exposure apparatus that transfers
a circuit pattepmiom cefmglcddagsabsfaat emr p28cadssedquart wdfler faof the

only when prodfping m cr odevi ces such as sem conductors, but also
when produci ngti8hkti U s igderadiovayed Fhe expoangErdiprdedscanche as

an optical exp pacat an_EUV_exposure .apparatus, , X-ray.
exposur e appargéﬁéfggﬁﬁ gﬁrg 8t rb © beEhT ek 36p%ﬁ5tb§ihﬂﬁﬂé%%?n
obj ect subj ectob© ExPASYM&n] SNQbchi Bt £t Sl Sfeht LRGSR 1§XaNPL £a
the object can be a glass plate, a ceramc substrate, a filmnenber,

a mask bl arlk osxareld, kend am@ ichershapetisnal s wgtioddlmalsedoh§ &8s the
circular shape and can be rectangular instead. As |long as the

national |aws hlgebiafiare¢onddtaon( dncluding ctedrsidiagsyatio amd cthe
this internatiponal application is applied, permt, the above

di scl osures of L+HEREKH K FEIPEE| parbed; HAseopaipaLE: svarious

i | j j .S LS. .
nLernet onal, BUELIGald g e UoSenPRLants A0, LI S PR e on

Application Pu ca cri ar e i ncofpora rern

ref erence. optful 1 hBfstdn cRaeho8bdt g, erbodiymiphie  akevai (Hepshisse
has been descri bed of a device manufacturing nethod that includes a

Wi ring prddessUnexanirgdd Cappet Awpligatisn euhikllchbyien siNegl 20 02AR3OEITE
process. The present invention is not limted to 10 this, and the
present i nvent3h e8I EReRdEng ¥ o 1 Yahppt iPewlicasidaAuid ication No.

TR 21T} 10 LI A ! LIRS Bl 0PI 00PIE L ALSN oo
gﬁ;gghP;;OEE?ﬁ%%Q§¥%?ﬂgP@¥%a§§héﬁtéﬁaqﬁkékﬂélgﬁéfiééiféﬂf%9geb¥nf%brator
(such as a rod), a diffractive optical element or the like

15 can be used.

Further, in each of the embodiments above, as the
illumination light, as is disclosed in, for example, the
pamphlet of International Publication W01999/46835 and the
corresponding U.S. Patent No. 7,023,610 and the like, a

20 harmonic wave may also be used that is obtained by amplifying
a single-wavelength laser beam in the infrared or visible range
emitted by a DFB semiconductor laser or fiber laser, with a
fiber amplifier doped with, for example, erbium (or both erbium
and ytteribium), and by converting the wavelength into

25 ultravioclet light using a nonlinear optical crystal.

Further, as the light source, a light source that
generates a vacuum ultraviolet light such as an F; laser having

a wavelength of 157 nm, a Kr; laser beam having a wavelength

of 146 nm, an Ar; laser beam having a wavelength of 126 nm,



15 the single damascene process previously described, a groove of the
gate can be fornmed on the wafer using the substrate processing Method
in the present invention. |INDUSTRI AL APPLI CABI LI TY 20The substrate
processi ng nethod of the present invention is suitable for formng a
wiring groove and the like. Further, the gevice manufacturing nethod
of the present invention is suitable for manufacturing m crodevices.
Further, the manufacturing nethod of photonasks of the present
i nvention 25 isrsyinedtuwy denpatbbicyanengtphot drEighs Used foch as the
manuf act uri ng giirodevices. 46 Cainms Wiat is clainmed is: 51. A

S

substrate proc8ssthy HetHisu iHdfec6Apr P48 BE pait®rni ng process of a
resist on a SUbStrEﬂﬁﬁﬁ%ﬁe%xp%%%r%agghfiggaﬂ%gﬁg d %%%&ggéﬁgé%geﬁﬁﬁifal

predicting a device'1|n¢wndth CharacterisiTc
feature of a pspieshed NFRIEiAL L8 PESILLRETLREIN 10 PAld 8LRd the system

5 mayeither be an equal magnifying system or a magnifying system.
The projection optical system is not limited to a refracting
system, and the system can be one of a reflection system and
a catadioptric system (for example, an in-line type
catadioptric system whose details are disclosed in, for

10 example, the pamphiet of International Publication Number
W02004/107011 and the corresponding U.S. Patent Application
'2006/0121364), and the projected image can be one of an
inverted image or an upright image.

In each of the embodiments above, the case has been

15 described where the present invention is applied to a scanning
exposure apparxatus by the step-and~scan method. The present
invention, however, is not limited to this, and it can also
be suitably applied to an exposure apparatus by the
step-and-repeat method (the so-called stepper) or to an

20 exposure apparatus by the step-and-stitch method.

Besides the exposure apparatus above, the present
invention can also be applied to a liquid immersion exposure
apparatus in which liquid is filled in the space between
projection optical system PL and the wafer as in the apparatus

25 disclosed in, for example, the pamphlet of International
Publication Number W02004/053955 and the corresponding U.S.
Patent Application 2005/0252506, European Patent Application
Publication No. 1,420,298, the pamphlet of International

Publication Number WO2004/055803, U.S. Patent No. 6,952,253



wherein the sharp-edged feature is a feature that shows a change in a
projected image linewwdth with respect to a change in a slice |evel
the projected imge |inew dth being a distance between two

i ntersecting points of the projected 15 i mage and the slice |evel;

adj usting an exposure condition of the prggeterm ned pattern based on
the device linewidth characteristic that has been predicted; and
patterning the resist on the substrate by exposing the 20 substrate
to the adj ust etn@xpesurigecondhEtoer, zthermewbi@t Lavenpioeesyt mjso be
net hod of clalm t he shar ged feature is a

differential v W%fQﬁh 3 Rrdt §ettadn 508 FSn PPEFREs eFerided with a
cor respondi ngog%fu%éf elzﬁ}oék s%ggggqxﬁ’fcﬂev%&y%l% gpu%gggg?oégé gns! fto\é example,

di stribution ecte € procéssing

met hod of cl alm]&aﬂ\h%gbﬂese%d%&%ﬂnle@@ﬂ:éﬁt @ubﬂegtwﬁrww@tmd%
a resist sensitivity in an image intensity distribution of

proj ect ed iSmagéand the correépofidéngubissr aretmmc&ssmgameﬁhéd, ORohyo
claim1l1 wherein, 5the sharp-edged feature is a contrast of the
pr oj ect ed (published Japanese translation of International Publication
for Patent Application) No. 2000-505958 {and the
corresponding U.S. Patent No. 5,969,441), U.S. Patent No.
6,208,407 and the like, or the present invention can also be
10 e&epplied to an exposure apparatus provided with a measurement
stage that has a measurement member {such as a fiducial mark,
a sensor or the like}, as is disclosed in, for example, Kokail
(Japanese Unexamined Patent Publication) No; 11-135400 (and
the corresponding pamphlet of International Publication
15 Number W01999/23692), Kokai (Japanese Unexamined Patent
Publication) No. 2000-164504 {and the corresponding U.S.
Patent No. 6,897,963) and the like.
Furthermore, the present invention can also be suitably
appliednot only to an exposure apparatus that uses ultraviolet
20 light as the illumination light but also to an exposure
apparatus that uses a charged particle beam such as an electron
beam or an ion beam, or to an X-ray exposure apparatus.
Incidentally, the electron beam exposure apparatus can be an
apparatus by any one of a pencil beammethod, a variable—-shaped
25 Dbeam method, a cell-projection method, a blanking aperture
array method, and a mask projection method. For example, in
the case of the apparatus that employs the pencil beam method,

the device linewidth characteristics can be predicted based

on the resist image profile measured in advance, and the



I mage. 5. The substrate processing nethod of claim1l

wher ei n, in the predicting the device |inew dth
characteristic, 10 a profile of a resist pattern that can be obtai ned
t hrough the patterning process and a devel opnment process is used.

6. The substrate processing nmethod of clajgn!l wherein, in the
predicting the device Iinew dth characteristic, 15 a profile of a
resist pattern is predicted based on the sharp-edged feature of the
proj ect ed i magekpawirepmount servihngdesi thel ¢xpaduiteh condiidoar pEt the
is predicted based on the profjle of the resist, pattern that has been
predi ct ed. 207Paﬁ?%F%Lﬁ%Hré%<§d@P§E§§sPMglﬂ%E?ﬁﬁFQﬁ ¥ SerreaqmBe ebhe

the profile Ofe}r:}g§ IEI_eéSi%{EI%%I el g SnPLRM %}: ec?iétaekc{ 01 s newidin
consi deration a e?orma I om-of "t he I’eSIS? a? ern due th a ﬁea?rl ng
treatnent. 25B-hdhecisdibsddialse PFQsESSE NG et hadyohcg! @dmb atifEsted as
met hod further conprising:
5 the exposure condition, based on the device linewidth
characteristics.

In each of the embodiments above, a transmittance type
mask {reticle) was used, which is a transmissive substrate
on which a predetermined light shieiding pattern (or a phase

10 pattern or a light attenuation pattern) is formed. Instead
of this mask, however, as is disclosed in, for example, U.S.
Patent Ne. 6,778,257, anelectron mask {a variable shaped mask)
on which a light-transmitting pattern, a reflection pattern,
or an emission pattern is formed according to electronic data

15 of the pattern that is to be exposed can also be used. With
the variable shaped mask that uses a DMD (Digital Micromirror
Device), which is a kind of a non-radiative image display
device (also referredto as a spatial optical modulator), after
the device linewidth characteristics are predicted, the

20 design data of the pattern that is to be generated by the
electron mask can be corrected and linewidth adjustment can
be performed as the‘exposure condition of the pattern based
on the prediction results in order to obtain an etched image
that has a desired linewidth, as in the second embodiment

25 previcusly described.

Further, the present invention can alsc be applied to
an exposure apparatus that forms a device pattern on wafer
W (a lithography system) by forming an interference fringe

on wafer W, as is disclosed in, for example, the pamphlet of



a devel opi ng process and an etching process after the patterning of
the resist, wherein in the predicting the device |inew dth
characteristic, 48 the device linewidth characteristic is predicted
based on the sharp-edged feature of the projected i nage of the
predeterm ned pattern and an etching charggteristic in the etching
process. 5 9. The substrate processing nethod of claim8 wherein,
In the adjusting the exposure condition, the exposure condition is
adj ust ed t o naketerhanewmat [Pl izapdbheNonaét eWOHITHORF WB&€cone a
desired val ue based on the device linew dth 10 characteristic that
has been predi E¢ehenamprerh&heupsesatte ipveasssnnegammadisodbefani dies o an
wherein, the exposur e condi tion include% east on

(N f .
exposur & amountAbaTtT hAkPGERT SEnt Sn PPRUAPAAET oh PEGRAFEI On 2LBLBF LY
pattern. 11. The SUDSITQ QoA 9GESSHNY JBAMRALAGE) b3 WAZLE ia the

5 projection optical system, and performs double exposure of
an area on the wafer almost simultaneously in one scanning
exposure, as is disclosed in, for example, Xohvo {published
Japanese translation of International Publication for Patent
Application) No. 2004-519850 (and the corresponding U.S.

10 Patent No. 6,611,316).

The present invention is not limited to the exposure
apparatus for manufacturing semiconductors, and it can also
be widely applied to an exposure apparatus used for
manufacturing displays such as the liquid crystal display

15 device made of square glass plates or the like, or to an
exposure apparatus used for manufacturing thin f£film magnetic
heads, micromachines, DNA chips and the like. Further, the
present invention can also be applied to an exposure apparatus
that transfers a circuit pattern onto a glass substrate or

20 a silicon wafer not only when producing microdevices such as
semiconductors, but also when producing é reticle or a mask
used in exposure apparatus such as an optical exposure
apparatus, an BUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus. The

25 object subject to exposure is not limited to wafers, and for
example, the object can be a glass plate, a ceramic substrate,
a ©iim member, a mask blank or the 1ike, and the shape is also
not limited to a circular shape and can be rectangular instead.

As long as the national laws in deslgnated states (or



t he exposure condition includes at |east the Iinew dth of the
pattern, and the exposure condition is adjusted by 20 changing a
linewidth of a pattern fornmed on a photomask. 12. The substrate
processi ng net hod of claim 10 wherein, t he exposure condition
includes at |east the exposure anount, angsthe exposure condition is
adj usted by changing 25 at | east an energy amount of an energy beam
Irradi ated on the resist during the exposure. 13. The substrate
processi ng netéricidd dtaites10 Whereich thie éxpeseattiwowridiappdncation is
includes at least_the 49 illumnation condition, and the exposure

condition is aRERSHH BPEHERgithG éﬁoﬁﬁe¢b§c%ﬁ%ﬁ#qqnﬂﬂ &heokosap(fphvo

| f | t th d th
pattorn. 5 10 e el 8 RaBO RS et P o AR TiRer B o
the exposure copdigt kompdnglidesqatnd gast Eaat%‘?zec%%ﬁ‘il&afﬁréi‘zcb%h?&é&&fs

an energy beamirradi ated on the resist during the exposure
5 description are incorporated herein by reference.

Further, in each of the embodiments above, the case has

been described of a device manufacturing method that includes

a wiring process in which copper wiring is formed by a single

damascene process. The present invention is not limited to

10 this, and the present invention can also be similarly applied

to adevice manufacturingmethed that includes a wiring process

in which metal wiring is formed by a dual damascene process.
Further, besides the description above, in the case a

transistor gate is formed by an embedding method similar to

15 the single damascene process previously described, a groove

of the gate can be formed on the wafer using the substrate

processing method in the present invention.

INDUSTRIAL APPLICABILITY
20 The substrate processing method of the present invention
is suitable for forming a wiring groove and the 1like. Further,
the device manufacturing method of the present inwvention is
suitable for manufacturing microdevices. Further, the
manufacturing method of photomasks of the present invention
25 1is suitable for manufacturing photomasks used for

manufacturing microdevices.



15. The substrate processing nethod of claim 14 wherein, t he
spectral characteristic includes at |east one of a first spectral
width, the first spectral w dth being dechged based on an integration
value of an intensity distribution 15 of a spectral of the energy
beam and a second spectral w dth, the second spectral width being a
wi dth when an intensity of the spectral of the energy beam decreases
to a predetermned rate with respect to peak val ue of the
intensity, of the spectral of the energy 4N 20 16. The substrate
processi ng nmethod of claim1 wherein, when an isol ated pattern
and a dense pattern are transferred onto a resist in one exposure in
the patterni ngh&£t ibeclesmgl, igd5t he exposure condition is adjusted to
nmake a line width of a resist pattern and a linewidth of a pattern
after etching be in a desired relation in both the isolated pattern
and the dense pattern. 50 17. A device manufacturing net hod
that conpPises a |ilhodyapis pradee g dae ashirch ree tfaid érhrati ssdmprmieskom
a substrate using the substrate processing nethod of claim1. 518.
The devi ce mefRiEBRfUtNAgPREERBE Bf 21 BPFLIY ARerepwbstrate byhexposure,
| i t hography pr.ocess coaprises,a_substrate processi ng process in which
g

at | east one

is forned.
10
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Ote G PPRigCPEPELFAPEAd a gate pattern of a transistor

predicting a device linewidth characteristic based on
a sharp-edged feature of a projected image of a predetermined
pattern,

wherein the sharp-edged feature is a feature that shows
a change in a projected image linewidth with respect to a change
in a slice level, the projected image linewidth being a
distance between two intersecting points of the projected
image and the slice level;

adjusting an exposure condition of the predetermined
pattern based on the device linewidth characteristic that has
been predicted; and

patterning the resist on the substrate by exposing the

substrate to the adjusted exposure condition.

2. The substrate processing method of ciaim 1 wherein,

the sharp-edged feature is a differential value at an
intersection position with a level corresponding to a resist
sensitivity in an image intensity distribution of the

projected image.

3. The substrate processing method of claim 1 wherein,

the sharp-edged feature is a log slope at an intersection



1019. A manufacturing method of a photomask used in a patterning
process of a resist on a substrate by exposure, the nethod

conpri si ng:

predicting a device,linew dth characteristic

based on a sharp-edged feature of a projected inage of a pattern that

15 is to be

formed on t he phot onask; wherein the sharp-edged

feature is a feature that shows a change in a projected i mage

i newi dt h wi
i mge |inew

%ﬁﬁif@ﬁtwi%aacl € doft 2 s3ld Inlr?f\l‘,%la £Q§1Q£0é§&§féjfvity

ing a distance between two ersecting points o

the projected 204 r@@@g@”ﬂnﬁ@ﬁs§f%(3@ié€¥%mtion of EhANYMe@ed image.

linewdth in at |least a part of t

e pattern based on the device

i newi dth characteristic that has been predicted;
formng a pattern whose linewidth in at |east a part 25 of the

pattern has

been chhngéd sabdtrate prpaeteingngetied radSicdtionlavmesdkin,

substrate based on the pattern. 51 19 wherein, t he

shar p- edgéd

f eat ur echis s adigfadaad ifgptvakeudsaa cantingsdr 9éctherprojected

position with a | evel corresponding to a resist sensitivity in an
i mage intensitYP¥Fstribution of the 5 projected inmage.
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5. The substrate processing methed of claim 1 wherein,
in the predicting the device linewidth characteristic,
a profile of a resist pattern that can be obtained through

the patterning process and a development process is used.

6. The substrate processing method of claim 1 wherein,

in the predicting the device linewidth characteristic,
a profile of a resist pattern is predicted based on the
sharp-edged feature of the projected image, whereby

the device linewidth characteristic is predicted based

on the profile of the resist pattern that has been predicted.

7. The substrate processing method of claim 6 wherein,
the profile of the resist pattern is predicted taking
into consideration a deformation of the resist pattern due

t0 a heating treatment.

8. The substrate processingmethod of claim 1, themethod
further comprising:

a developing process and an etching process after the
patterning of the resist, wherein

in the predicting the device linewidth characteristic,



21. The manufacturing nethod of a photomask of claim 19 wherein, the
shar p-edged feature is a log slope at an intersection 10 position
with a level corresponding to a resist sepsitivity in an inage

intensity distribution of the projected inmage. 22. The
manuf acturi ng nmet hod of a photomask of claim 19 wherein, 15the
shar p-edged feature is a contrast of the projected imge. 23.

The manuf act Wi agdiRlhod k.2 pROLONBSK: of : £l 1 fl‘asl%%??{:@é&’ba?soé&‘ohhﬁle

predicting the device linew dth characteristic, e of a resist

pattern that sidrbec@béai nedctheoyghrhbe,payter8ingmpyoCcesstpad a
devel opnment process i s used. 24. The manufacturing

met hod of a phwtdseskmofied| patt @bn 19nahef eétiching chatdictdeistic in the
predicting the device linewidth characteristic, a profile of a resist
pattern is preditied basedssn the sharp-edged feature of a projected
i mage, mhgreby the device linewidth characteristic is predicted based

9. The substrate processing method of claim 8 wherein,

in the adjusting the exposure condition, the exposure

condition is adjusted to make a linewidth of a pattern after

etching become a desired value based on the device linewidth

10 characteristic that has been predicted.

10. The substrate processing method of claim 1 wherein,
the exposure condition includes at least one of an
exposure amount, a linewidth, and an illumination condition

15 of the pattern.

11. The substrate processing method of claim 10 wherein,
the exposure conditicn includes at least the linewidth
of the pattern, and the exposure condition is adjusted by

20 changing a linewidth of a pattern formed on a photomask.

12. The substrate processing method of claim 10 wherein,

the exposure conditicen includes at least the exposure

amount, and the expeosure condition is adjusted by changing

25 at least an energy amount of an energy beam irradiated on the

resist during the exposure.

13. The substrate processing method of ciaim 10 wherein,

the exposure conditicon includes at least the



52 on the profile of the resist pattern that has been predicted.

25. The manufacturing nethod of a photomask of claim 24 wherein, 5the
profile of the resist pattern is predicteggtaking i nto consi deration
a deformation of the resist pattern due to a heating treatnent.

26. The manufacturing nmethod of a photomask of claim 10 19, the

met hod further conprising: a devel opi ng process and an etching
process after: i bt resks I ] h
predicting th%iggﬁ?%%E??ﬂeaggggtgﬁgfa%?gr?2?¥%$£§%£I%eg?%glt?%émﬁath

CharaCteriSti&dj@s@é@qéﬁkﬁﬂnﬁﬁ§ﬁpa%neﬁgﬁg}5d§§@¥§b@@ﬂﬁqc%ﬁ@tﬂﬁﬁigfplane

the projected image of the predeterm ned pattern and an etching
characteri sti®f ign tiel @b OO PrOEaSH that irradia2és AnpbBAEOFRSKeam on
used in a patterning process of a resist 20 on a substrate by

exposure, on Wi chateahtern is formed using the manufacturing nmethod

of claim 19. 28. A device manufacturing nethod that
conprises®a |ithography process in which a pattern is forned on a
substrate 25 using a photomask of claim 27.. 29. The device '
manuf act uri ng net hot! of & &HRT 2BARASTEIGE ST MPERGGr @bIRf J3ibéegRerein,
compr i S5 & SUbStr afie, PLOCESSLN0 BOLERS, | Malel, &l £ast. one of a s

W ring pattern

characteristic of an energy beam irradiated on the resist
during the exposure.
10
15. The substrate processing method of claim 14 wherein,
the spectral characteristic includes at least one of
a first spectral width, the first spectral width being decided
based on an integration value of an intensity distribution
15 of a spectral of the energy beam, and a second spectral width,
the second spectral width being a width when an intensity cof
the spectral of the energy beam decreases to a predetermined
rate with respect to a peak value of the intensity of the

spectral of the energy beam.

20
16. The substrate processing method of claim 1 wherein,
when an isolated pattern and a dense pattern are
transferred onto a resist in one exposure in the patterning
of the resist,
25 the exposure condition is adjusted to make a line width

of a resist pattern and a linewidth of a pattern after etching
be in a desired relation in both the isolated pattern and the

dense pattern.



53 and a gate pattern of a transistor is forned.
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17. A device manufacturing method that comprises a
lithography process in which a pattern is formed on a substrate

using the substrate processing method of claim 1.

18. The device manufacturing method of claim 17 wherein,
the lithography process comprises a substrate
processing process in which at least one of a wiring pattern

and a gate pattern of a transistor is formed.

19. A manufacturing method of a photomask used in a
patterning process of a resist on a substrate by exposure,
the method comprising:

predicting a device linewidth characteristic based on
a sharp-edged feature of a projected image of a pattern that
is to be formed on the photomask;

wherein the sharp-edged feature is a feature that shows
a change in a projected image linewidth with respect to a change
in a slice level, the projected image linewidth being a
distance between two intersecting pcints of the projected
image and the slice level;

changing a linewidth in at least a part of the pattern
based on the device linewidth characteristic that has been
predicted;

forming a pattern whose linewidth in at least a part
of the pattern has been changed; and

patterning the resist on a mask substrate based on the

pattern.

20. The manufacturing method of a photomask of claim
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19 wherein,

the sharp-edged feature is a differential value at an
intersection position with a level corresponding to a resist
sensitivity in an image intensity distribution of the

projected image.

21. The manufacturing method cof a photomask of claim
19 wherein,

the sharp-edged feature is a locg slope at an intersection
position with a level corresponding to a resist sensitivity

in an image intensity distribution of the projected image.

22. The manufacturing method of a phctomask ¢f claim
19 wherein,
the sharp-edged feature is a contrast of the projected

image.

23. The manufacturing method of a photomask of claim
19 wherein,

in the predicting the device linewidth characteristic,
a profile of a resist pattern that can be obtained through

the patterning process and a development process is used.

24. The manufacturing method of a photomask of claim
19 wherein,

in the predicting the device linewidth characteristic,
a profile of a resist pattern is predicted based on the
sharp-edged feature of a projected image, whereby

the device linewidth characteristic is predicted based
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on the profile of the resist pattern that has been predicted.

25. The manufacturing method of a photomask of claim
24 wherein,

the profile of the resist pattern is predicted taking
into consideration a deformation of the resist pattern due

to a heating treatment.

26. The manufacturing method of a photomask of claim
19, the method further comprising:

a developing process and an etching process after the
patterning of the resist, wherein

in the predicting the device linewidth characteristic,
the device linewidth characteristic is predicted based on the
sharp-edged feature of the projected image of the
predetermined pattern and an etching characteristic in the

etching process.

27. A photomask used in a patterning process of a resist
on a substrate by exposure, on which a pattern is formed using

the manufacturing method of claim 189.

28. A device manufacturing method that comprises a
lithography process in which a pattern is formed on a substrate

using a photomask of claim 27.

29. The device manufacturing method of claim 28 wherein,
the lithography process comprises a substrate

processing process in which at least one of a wiring pattern



53

and a gate pattern of a transistor is formed.



