1 SUBSTRATE PROCESSI NG METHOD, PHOTOVASK MANUFACTURI NG METHOD,
PHOTOVASK AND DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The
present invention relates to substrate processing nethods,

manuf act uri ng nmet hod of phot onmasks, phot omasks, and device

manuf acturi ng net hods, and nore particularly to a substrate
processi ng nmethod that includes a patterning step 10 in which
patterning of a resist on SUBGFRATEe PROGESSIN@EIMETH@Rposure for
manuf act uri ng el ectronic_devices m crodevi ces) such_as a

seni conduct or, FHRARAMRSE MU SNG,; MREHOs kPHOZPMASE, AND

atterning step, a photona u _ turing

get hod, and a device 15 mﬁ?fvaﬁaﬂrmé%% ﬁ#ﬁ& ﬁﬁﬁ?e substrate
processing nethod or the photomask. BACKGROUND ART When

manuf acturing el ectronic devices, in the substrate 20 processing

step or the WgciiyPERR, IFTRIMAf er processing step (pre-process), a
series of processing such as a patterning step (i.e. exposure step)

in which patterningliod prgssitstinvayerion eeledeenta sabhet rasSe perdassechg
by exposure, a devel opnent step in which the wafer that has been
patterned is mevebdpediararfRE eticty ngtobdpof phatticotastise phbeoméeksa and
filmon the wafer) is etched (mainly dry etching) with the resist
pattern (resi9devicoaprnuinatunhbeg beehhedsel ap@duaes \pPagt aeubarhsktand
the like 1is repeatedly perforped. wever, recently, it was ,

di scover ed t hat §hr§5wrg%%%%s§1g tr??gt%dzgh@ft t-RELpEEEeR PP3 b FERLRY tTreP

etching qbffe£§ éﬂf%%tgg%terning of a resist on a substrate is performed

o

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.

BACKGROUND 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)inmmichpmtterningofairesistlayer
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 film 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




size of the pattern in target after etching even if the resist inmge
of the same size as the target is forned by patterning. It turned

out that especially in the case when an isolated 5 pattern and a

dense pattern that are supposed to have the same resist inage
linewidth are formed on the same photomask, the tendency was hi gh of
the linewdth after etching varying per each pattern. In the case an

i sol at ed pat terd v afdehswatgmureforacd $6raectomingedédiers from the

phot omask, the linew dth of 10 each of the patterns on the photomask
is normal |y s&tZ¢ &4 hfe Rt ToAS BRFSRT of Geecbphiingdl e diinthg resist

effect. As an. exanpl f using a spac attern, the wri ste w ||
be descri bed. HTA0% RE Fi RONSIHES 45 FRE b Ta%y TTafarTar BV Ak Shithng-

(Al') has beenlvﬁﬁg%ﬁﬁé& 05‘??% l%’hé’ée%j%%%&ifﬂg%n y§al SCa%% mt}loe V&L ’isolatc?d

copper (Cu), as a [ower e r1TC Tesistance an al um num-an

i's suitablse f@étﬁéf&?ran@aét@ér{g@%a%@@rnh-tHQE speed,ppeLaL AN %2 R3Bhe same
becone to be used. However, wt copper, a technique referred to as

t he damascenerd®idodnifye elplety el hasreheo e wd el 8Amb oSG G E] Nthe
wi t hout etching 20 the copper (refer to, for exanple, Patent Docunent
1), taking iterdennsiwer atiigbnof hehé dcindwiaitletdhienrgetahéngondrvlng per
difficult when conpared with alumnum In the copper wiring by the
damascene netéweh Bitiewni s Tnorthed dased @podisiliag esoppdit ey apidatl nignse
or the like after formng_a groove in an interlayer 25 insulating

film and rerff MR HEC S oppEle bR He S FFHRE L O ( A dgiewidth of

Mechanicapy Poli Sk, en. 2. sRoce 2l Lo 400, At dlbpeLLErn ol
L %S, ST S A SEPIET S Ao SVE) Rt} drgn 3 of the
As an example of using a space pattern, the wiring step
will be described. Inthewiring step, as thewiringmaterial,
aluminum (Al) has been conventionally used. In recent years,
15 however, 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 referred to as the damascene method is
enmployed as the technigue 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




t he tendency was high of the size of the pattern forned after

etching being different fromthe pattern size in target after

etching. 5 Meanwhile, in electronic devices such as a sem conduct or
device, due to the progress in finer geongtry, higher precision in
processing size is required at a nanoneter |evel. Because unevenness
or variation in the finished dinension of devices particularly
affects the yp&ltthorsanrse saper ati one speerebfsitde 180fdemedehy patterning,
requi rements to reduce unevenness and variation are pressing.
Accor di ng to SRHendsRyMesniigexpledts séas dertdchpghtersr fgrmed after
technol ogy that allows the ttern size after etching tq be set fo
cortain ai a GESHRY RRNSEAL SCPSRLNT OB R LIS TRGILAS (FabaRESE atter
Pat ent Unexgg%g&ﬁéniﬁplication Publ i cati on) No. 2002-270586

DI SCLOSURE IANVENTI ON MEANS FOR SCLVI NG THE PROBLEM 20 I n

order to ignvesti gat S : i i
5 g D@eélﬂﬁlffééﬁ, ?n@&%ﬁ%@&%fﬁgs st cp %%éﬁ%ondc%thctor

pattern linew dth after etching . romthe pattern [inew
in target, thgeviwepRe Reehergmnayd OHE1 bhiett, hiidGleddbetision
simulation) and the like. As a consequence, the inventor reached an
assunption t hat grieamim?5icause depfiitel ael anaoorkekreravebe Because
linewidth of the resist 1image after devel opnent and the |inew dth of
the pattern afrevenmeshion veaipitdignwas the finidleddéfieheioh ¢fedevices
resist image differing, for exanple, de endinqﬁgn exposure
condi ti ons ofpa¥¥&9$%ﬁ¥i¥rﬁﬁﬁeqqﬁathek§%e d epritiferrderailos sreer| f the
point w Ll be. described, usin _@.ﬁpacedpattern as _an exanple..ln, the
space pagperﬁge%}?%T requiremn S 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 pattern 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.




devel opnment illustrated in the upper section of FIGS. 6A and 6B, the
resi st imges both have the sanme linewwdth (the 5 linewdth at the
bottom of the resist inage) Wb, however, between |inew dths WXI

and Wbt 2 close to the top of the resist iymages, a relation WI| <WDt 2
exi sts, which shows an obvious difference in the resist profiles of
the space patterns. Because of such difference in the profiles,
deformati on 10 condidnttreofdettas Iiseshsthi sagei pr efiilllebeadfi¢ eerthw@, using
(heat treatnent) illustrated in the mddle section of FIGS. 6A and

6B greatly didfspace Matespedd iacalexgmptliee r é8i shei sipgreeipatiRi@s g ter
that has a good profile greatly col|apses (deforns) due to_the

heating (ot heteYhurPheRt tlrlduttsiedidinghRedRRees seridon v Fitke, fand

t t t b t iolet,light i di ati the |i 1

el uded) 1 e BiF FErELSUhaRRR Rombarere e et TRFfThagns &

FIG 6B tlgat fﬂ%et@i ﬂaélﬁé O m H£OREAUENLE, | TL Q)e Tﬁ@bs' %ﬂ.tow.ever,
the | o? t

i mge after cure, I new dt e resist Tmage 15 harrdwer in

FIG 6A than paciddn 18840 dtWDhsVDA2Y wpACEBEENA Yhel 5 IdMenkdidy i st

of the space patterns after etching illustrated in the |'ower section
of FIGS. 6A amgds, &1£a1LA 5 WRLKADRL &0 &t4 BA shesheema &bvious
with FIG 6B. In order to obtain a resist inmage of the sane '

i newi dth 25iffarenceslatl eths pacel patpesii o af dens esspae eppat ¢,
the linewdth of the isolated space pattern on the photomask is set
wi der than t h&etanmes uf mmht%bfg@?%@%pm&%mmﬁi, 3k FRIfoFmatplon
consider%%ion the optical proximty effect. Accordingly, in the case

exposur e s p‘é‘?‘?%?ﬁﬁp lﬁﬁ_cjé?h? eSS %Lﬁ%o%ll%r@#w%r@%r? heheat
|nevi dth of Lhe Lesist iymas of the l s0lat et 2RASS AL LY BA0Y H%na
6B greatly differs. More specifically, the resist image in
FIG. 6A that has a good profile greatly collapses (deforms)
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 consequence, in the resist image after cure, the linewidth
of the resist image is narrower in FIG. 6A than in FIG. 6B
20 (WDp1<WDpz) . 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 1in an isolated space pattern and a dense space pattern, the
linewidth of the isolated space pattern on the photomask is
set wider than the linewidth of the dense space pattern, taking
into consideration the optical proximity effect. Accordingly,

in the case exposure is performed under the same exposure



is substantially the sane, however, the profiles of the resist

i mages usually differ, and as a consequence, the linewdth 5 after
etching varies in each space pattern. On further investigation, the
inventor consequently found out that there was a close relation
between the resist imge profile and the projected inmage (the aeri al
imge) of the pattern. More specifically, in the upper half of FIGS.
10 7A and 7B, cand&sisths) nage laheaisphces pata epnithatmings of ghedisolated
profile and a resist inmage of a space pattern that has a bad profile
are respectivepycelnalsiann ead Foetrraist drelge Povithe dealse spafeGRTiRAN
and 7B, aerial inmages (projected inmages) of the pattern

correspondl ngl® & BRGNS A lHe F%@lssatmehnﬁ@l@@v?ﬁrt% PEOGHPEF Halhearasist
| lustrated. As b A and 7B bot h wh

the profi le ofTeFes  EEFEl Y ibRESE, gtnr 2o m%ef'étﬂ%n?%s.@?és T ach

profile ig bade Lhe fayge t%%ﬂ%dig %%%1 %ﬁ) ?g{ % e resist imge

of the space pattern Is’s i Rewr ottom of the

resist image, and tde f@@tmt%éé{ﬂ!@l& V\Qhéoir{%ﬂi@&r V&értsécflf‘ently

di stance Wb (hereinafter referred to as "projected i rage 11 new dt h*)

between two i pbefgentd RhaROithtseOhabhe dIrectead tirgBetliebReihe resist
corresponding pattern and a predeterm ned slice level SL. Further,

l'i newi dt hs V\Dthagedo X 21 ¢ aflk |thed priciectied nintygeof(tB6 abeistdpimdge) of
each of the resist inmages coincide with the projected inage
l'i new dt h at Bhelpetemvel $logle spegtiifdisaild va dhi tbel epper Itlaahf $% FIGS.

| ower predet erm ned val ye than the_above-nenti oned
predeterH‘nOnedWélqr&:‘% Fevél TSEisf tHadprof ettt Jamkge (or Ty fBat has a good
correspondin

o 9B MHRPSH L tind & rEbatE 1edla Srd et Ga e o ERer adabeq Bad

to profile are respectively illustrated. Further, in the lower

helf of FIGS. 7A and 7B, aerial images (projected images) of
the pattern corresponding to each of the resist images in the
15 upper half are illustrated. As is obvious from FIGS. 7A and
7B, in both cases when the profile of the resist image is good
and when the resist image profile is bad, the target linewidth
{(Target CD} of the resist image of the space pattern is set
by linewidth WDy, at the bottom of the resist image, and the
20 bottom linewidth WD, 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 z predetermined slice level SL.
Further, linewidths WDy; and WDiz (>WD:1) 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.



the change in the slice level is smaller in the sharp-edged

projected image shown in FIG 7A (corresponding to the resist 5 inmge
that has a good profile) than the rounded-edged projected i mge

shown in FIG 7B (corresponding to the regist inmge that has a bad
profile). Fromthe description above, the inventor reached a
conclusion that there was a close relation between the 10 shar p-edged
feature of the projRatidtd mageief obheopatwiesm congbartibey prrati.l 2Aadind s,
resi st image, or as a consequence, the device Ilinewi dth

char act eri st i€ze t¢tmangmsim tdleopeofelcaeidoamnagehl thewigrbfwieh (regraed to
to the linewdth of the pattern _after cure (or etching)). 15 The
present i nvent}drriaRI$reide tifd S 1Cke 1886V el Refinatiagi Hystha athamredged
i nventor obtai ned, and.,accordjng to a first , aspect of the present .

i nvention, tHEISITSEY d?ﬁ@@dséogﬁbgiﬁaF% §%r FRPHETHD O hiag resist
conprisesca p i 0 . iL.St._o u r.a .
xposur o, 5 he TP Seans Farng br8oh 8 shescthf r3HE3 AT AgRY rgiesse

l'inewi dth chargeterdsfinCiRased 78N & shadhsiged tt)e@ﬂé'rr%sqfst?image that

projected image of a predeterm ned pattern; and a process o

adj usting an exposwsLd senditdon of the pattern based on the device

| inewidth characteristic that has been predicted. 25 According to
this method, the defrae tHeneld st piciar adicard  Sttihe iisvyared o tredh digse
on the sharp-edged feature of the projected i mage of the

pr edet er m nedc@atlesion dib baserire oms e devdeerdiafevgndtbetween the
characteristic that has_been predicted, the exposure condition of

the pattéfn iFFHRILKA Fraticeorlithy Proggasedt shavaPetpsshr bt eryand

t he adjusted . .exposure condjtion, or.in other words, b erformn .
J the pro J_(_:Le opghe reslst image, Or as a conseduernce, tg‘le c?ev1ce

linewidth characteristics that has a close 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.



patterning of the resist coated on the substrate (or on the thin
filmon the substrate) with the projected inmage of the 5 pattern and
devel oping the substrate after the patterning, a resist pattern that
satisfies the desired device linew dth characteristic is formed on
the substrate (or on the thin film on the substrate) In the manner
descri bed above, it becones possible to forma pattern of a desired

I i newi dt h- on Adecrdnglpstivateer Acool o ngxpostihe sudst riaie fdpeeissd ng
method in the present invention, when an isolated pattern and a

dense patter rexpesure apeiditeeh onto fnrethsr vordse exmsuferning he
patterning steg, t he exposure condition is adjusted to nake a

| i newi dt h 15 BRtee¥esigtohdthemesdid £agteeheat Rhef subphrakpnl(arter the
etching be in a desjred relation in both.the jsolated pattern and

the  dense patioRrLih Ghid 585 tESEd JiFy REPERESPAERet 7S Offhe
i sol ated gpac r n S e n, the illum ion
condi ti on%of %Jg@%%?t%#%s&%\g%ﬁﬁ%% gtggt%‘ge@é%%i pao%s}:uerre tcljben Ergl ‘{‘?éoénﬁﬁng’

According Lo 2 acondpazRech Phat e Preprit deﬁéveegaged dLPeLE IMhewidth
provided a first device manufacturing nethod that conprises a

l'i thography peiegessténi yhi €N sarpans@rch khel Div@dratad @rSeMHiatBin film
using a substrate processing nethod of the 25 present invention.

Accordi ng t o ¢mhitherstithetrate)t helsihst maheeprdesssibagd aboer, bedstisenes
the pattern is fornmed on the substrate using the substrate

processi ng nmepdwiibicthe fHousentrahiem ioh, a dephtedrhintwididestn ethe

| i newi dth can be fornmed on the substrate, 8 which can suppress the
generat i 37 of SpevERHess and variation in the finished size of the

Vi n Vi Wit h, . .
device, and a de cﬁ%cogéhéb£¥5x¥he substrate processing method in the

present invention, when an isolated pattern and a dense pattern
are transferred onto a resist in one exposure in the patterning
step, the exposure condition i1s adjusted to make a linewidth

15 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. 1In this case, especlally 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 1is provided a first device manufacturing method that
comprises a lithography process in which a pattern is formed
on a substrate using a substrate processing method 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 method of the present invention, a

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



operation speed can be manufactured with good yield. In this case,

the lithography step can conprise a 5 substrate processing step in
which at |east one of a wiring pattern and a gate pattern of a
transistor is forned. In this case, the wgring pattern and the gate
pattern of the transistor can be a groove pattern. In such a case,

the groove after etching that corresponds to the resist pattern 10 of

t he sane |i nevhiltih cas sugpoeve Wfe tbhaegatitohigewndtvenneAccandivag itadr ian
third aspect of the present invention, there is provided a

manuf act uri ngimetheodiofi sheghotiorask Usedlevite pact er dengcprotels s gfood
a resist on a substrate by exposure, the nethod conprising: a

process of preREEATIRY SRRSA @159 iRV R wiRd el i329¢ WeleH on a
shar p- edged feature of . .a projected i.mage of attern that is to be
formed on the  phot GRS SifF prise do T2 NG T Ea G4 GATHREH Son 2at

| east a part t1er sed .on t.he vice, |l inew dth _—
char acterlgsti%‘%%%]{geﬁ]é;} Oeceen%slp:)zfrEILI isﬁegdlgnggﬁgbmgﬁgiﬁg%%t eF n0f230w”:lng

whose | i new qidyidy @ty fastyd PatdeQfrd her %atex%{z%i@mbef@ s&hanged

on a mask substrate. According to this nethod, e device l'inew dth

characteristic is prediGisedakasednenyt henghgspcedgeshd eatargatOfpdthtern
projected i mage of the pattern that is to be fornmed 25 on the

phot omask, angf tities [Hreewiiditod cachérgedgirnoat peaserna phattswih tthease,
pattern based on the device linewidth characteristic that has been
predi ct ed, aridhe beopuetaditempbskingithen chhréspengace Yie rheipataadtiern
has been_changed is fornmed on the mask substrate. Accordingly, b
perform hf exostie TN shiME i hhot chedsiogim @ adihe e kwwﬁﬂu

?g:ﬁg;bed above, '&ca}d%&EFEOM%rgﬁirgya Séégrg}r%%énggégégg1 ﬁgeggyén,

there is provided a manufacturing method of a photomask used
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



coated on the substrate (or on the thin filmon the substrate) wth
the projected i mage of the pattern and devel oping the 5 substrate
after the patterning, a resist pattern that satisfies the desired
device linew dth characteristic is fornmedg on the substrate (or on

the thin filmon the substrate) |In the manner descri bed above, it
beconmes possible to form a pattern of a desired |inewdth on the
substrate. 10u#teettienshdioomadonahhfagpaetdoin the puexentesoyebetbove,
there is provided a photomask used in a patterning process of a

resi st on a subsimatehdy wexpdsuriey weridicing patterming sof orledresist
usi ng the manufacturing nmethod of a photomask in the present

i nvention. 15°9@ked @MEhe cUlRt fis deasky The peinof Mmgrekbesistrate)

using the photomask, or jn other words, hy perform ng patterning of
the resist cokt®y Oif thePEIBSTT aﬂtr&asz%rO%ntl‘\{%D%frﬁeerrwf v ping the
substrate) w h roj ected . mage of the pattern and _devel

The subst Pat & AT Bre Thet BETT et g e rbiiad oo e fran WY
satisfies thesdesifads dayl C&eéifflfa"' @éﬁc%kﬂ fﬁﬁﬁt?ﬁ?f§c%&i@&'@rﬁs
the substrate (or on the thin film on the substrate n the manner
descri bed abop@®rméd PR bRSTEDEr Id £06 A PALIRIdh eheRSivAG) |
| inewidth on the substrate. 25 According to a fifth aspect of the
present inveninothe mdreier ideproVheedavosecand wavintes eosl fslairiciEorm
met hod that conprises a |lithography process in which a pattern is
formed on a aubstteate ebiagies phed ohbsdwiodth hen prlesestbstwae i on. 10
BRI EF DESCRI PTI ON OF THE DRAW NGS I n t he acconpan¥ing drawi ngs; FI G

1 is a vitéw that sHEECREGKhéraRi ECeBHR g 6F the present invention,

there is provided a photomask used in a patterning process

of a resist con a substrate by exposure, on which a pattern
is formed using the manufacturing method of a photomask in
the present invention.

15 According to the photomask, by performing exposure using
the photomask, or in other words, by performing patterning
of 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 an exposure apparatus related to a first enbodinent. 5 FIG 2 is a
pl anar view that shows an exanple of a reticle wused for formng a

W ring groove pattern in the exposure apparatus of the first

embodi nent. FIGS. 3A to 3F are views that;ghow an exanpl e of
sinmulation results for obtaining adjustnent data of an 10
illumnation condition, and are views that show a variation of a

rel ative |ineBRIEF MDESCRI PEIOMNIDFY THE t DRAWENGS of the
illumnation condition when a linewidth of a dense space pattern is
110 nm 115 nm 120Emnthe 2&cepnpag0imgndeawini3s nm respectively. 15
FIG 4 is a flowchart that shows a processing algorithm of a ,
control system whenf Exposurse aof’léwwﬁgé? E@O'ﬁér@o?%%@“%@%gw%ﬁrﬁﬁ?ﬂ@n

in the exposure apparatus of the first epbodinent. FI|GS. 5A to, 5E are
Vieve for expPhi fi nGROTRAG! BRTFITYS ol POt of o sbht SorkitRegHIent

device in 5t he fir StFﬁfpgd#ﬁgv&:ad}%rogEE%SchaacAs ggs6aBﬁ %%Sm"ﬂ%"‘ésf %P ettojfcle

show an alternation a resi St Image, a rinew

a resist inmagesc@f£&F E£4ERInGNS @ifiﬁ'ﬁ’v\%ﬁé&éﬁpé‘t‘%’ﬁ?eﬂ?%ﬂ@r& d&Fe
e o0

etching in the case when a profil e resist 1mage i s good an

when a profilg@dritesresi shel MPAe: | Smba@ingd: FI GS. 7A and 7B are
views that show a resist inage of a space pattern with a good

profile and a resi sEIG3mgR ofo BF spaceripatd ermetw dhowa dradexpmaflid eof

and the corresponding aerial inmages (projected inmages) of the
patterns. 11 sBestahbee fesulbs rivngirinieg |avemimeniHedatanadt aan a
first enmbaodi nent of the present invention wll be described, based .
on FIGS. 1P t ot YRIpas 1gn vl e e @i @0@ &keye BRakr sheyerermrigtion

I . . . .
an exposure %8?%3%&5%f¥¥% linewidth bias corresponding to the change of

the illumination condition when a linewldth of a dense space
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 5E 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.



5 related to the first enbodi ment. Exposure apparatus 100 is a

scanni ng projection exposure apparatus based on a step-and-scan
nmethod, that is, the so-called scanning stepper (also called a
scanner) . In FIG 1, a Z-axis is set parg/lel to a single optical
axis AX of a projection optical system10 PL, a Y-axis is set in a
direction parallel to the page surface of FIG 1 within a plane

ort hogonal toBelet Medes, £opdCar2yineg out dtHei Indrghtfon on

per pendi cular to the page surface of FIG 1. In FIG 1, an

i llumnation opticadfesginaitdr, afiictst enbpdbredesdribegreseet inveetion
to performan annular 15 i]lum nation. The exposure apparatus in FIG

1 is provi ded'ittParessrikfdathairdyat éhGhatl itec7BdesF G} | hghows an

source 10 and jllumpatiop optical system 12, a reticle stage RST o
which a retith lf?)h%%%‘?’ra%wp()a ?Er%%%ﬁ%rﬂ? %EO?%C?}F%QTSWi a%%/%lf%nfoo

20 PL. 2 waf ef.p1808 VETon MIGN BRG] Scipunled 2 contiglioy s

syst em 50 "t hat "has~over a rol  over entite appar

the like. As }ighinSOM d ' S j S i sed
that oscill ates, fr(l)r eﬁgﬁnﬁl gecgﬂ%fé%%fﬁt? %%Psée# esamt %‘t? d)Igééflhas

wavel engt h of s 248 aiwi 0§ c & mithRX CtABE ilASehehaamdinald shadning stepper
wavel ength of 193 nm |Illum nation optical system 12 includes a beam

expander 14, (al berdiIngdrer soanidéyr) a did firlact Lyea dptaxdad iel sgenparaliel
(DCE) 18 (18A to 18C), an afocal lens (a relay optical system 20,

12 a zoom | eéag F asvr@labbrt bomkraxpt ibloSyastery] X ian aptical system
integratqor. (in the enbodinent, a mcro fly-eye lens (a mcrolens
array) i9Ousellr BhEch*ifIis 8r§oihe FFRFFERR P Tad Lo P 11 paggesyyface

the descript igP ﬂ%l.of\%i%%’inaa %Rg%%nggghg é:rila? lto the Z-axis, and an X-axis
is set in a direction perpendicular to the page surface of
FIG. 1. In FiG. 1, an illumination 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.

Illumination optical system 12 includes a beam expander
14, a2 bending mirror 16, a diffractive optical element (DOE)

18 (1BA to 18C), an afocal lens (a relay optical system) 20,



5 system 26, a reticle blind 28 serving as an illumnnation field

stop, and image-form ng optical system 30, a bending mrror 32, and
the like. The substantially parallel beans emtted fromlight source
10 (exposure light (illum nation light)) have a 10 rectangul ar
cross-section narrowy extending along the X-axis direction, and

enter beam expander 14 serving as a beam shaping optical systemthat
consi sts of aapmiom dfenserfisesatflabhadeddr odidnsds si4acand224bahaye-iacal
negative refracting power and a positive refracting power,

respectivel y, integretpageizuriaceniedvrert G a IMigre hf v e % rrahela .

Accordingly, the beans that enter beam expander 14 are enl arged
within the pdiecERt$ae X @Y IFIiG ufedanafh&tcél YhapedlFRt B bBRRBTFPALLO as

h h d The b t
beam expander 1 ACST EYA, 71 FAOHHE™ B0 5 Peut o e OCRBRS SHek e
annul ar il uny éEéxﬁ’@é" é‘;{&’l‘%l@bl%&ré’é S%qu#l réQ%ﬂ?%ﬁ Enh_‘ﬁa{?%é'é:féld

beans haVI ng t e rect éng Cross-section en rac Ive O

el ement  18A gg fréﬁa'ﬂﬁééguﬂdﬁﬂlﬂﬁ‘@ﬁ%ﬁ%a@8éyg%§ma3bUnﬁtbéﬁﬂfﬁ mlrror
formng an annular light Tntensity distribution in the far field 25

(Fraunhofer ddffraecdiome regi®n). That is, the beans that enter
diffractive optical elenent 18A are di ffracted equi angul arly in the
entire circunferentfred dirsrniomMiy paoptlicalbehs envitigedsttde 1ight
center and beconme annul ar beans. Diffractive optical element 18A is
arranged freefguaee 1hsedrddere ntbohind(w twaizakite Fiomthehave a

il lum natlon tlcal ath, and is swtchable with diffractive

opti cal 19 en’”e‘?] Capgt Céiﬁ&&r ﬁﬁé’ltéopl PIE DALY SiFLeRdlaPr3eRg the X-axis

optical el en‘e(ljﬂjt_relg&gﬁ)r a?l rerTlr!.ateJ: k)leléllrrrq g}?}%él? er %1 serving as a beam shaping

optical system that consists of a pair of lenses l4a and 1l4b.
Lenses l4a and 14k have a negativé refracting power and a
positive refracting power, respectively, in the page surface
i5 of FIG. 1 (within a YZ plane). Accordingly, the beams that
enter beam expander 14 are enlarged within the page surface
of FIG. 1, and are shaped into beams that have the predetermined
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 18A 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



5 specifically, diffractive optical elenent 18A is supported on a
turret board (rotary plate: not shown) that can rotate around a
predeterm ned axis parallel to optical axis AX. On the turret board,
a plurality of diffractive optical elenenfs 18A with different
characteristics used for annular 10 illumnation, a plurality of
diffractive optical elements 18B wth different characteristics used
for quadrupol ensetrtaivieaihion, amdidebipdbsadbly Ofomli fHe arl 1 wvel optiaal
elements 18C with different characteristics used for nornal
illunmnation epeical apae, akntgla svictcmdelenribh difEcadioive Igptical
Accordingly, b rotatigg the turret board, a desired diffractive
optical el erreﬁhie%%fll%c% feonieadinprete of Ll yninaaken vandpiighractive

elements 18A to 18C c be oftijg:)ned in the illum nation optical
bath. The roteRF DA bIC1FRSTtr 18t THbaRer T &hd: LHEHRIEHDry Mioge

changin swi t.ching. t he. diffractive tical el t)_ 18

port ormed hy STFTEICH Ve CLSREEH S WY SR Dbt el Wiy L ppporced
cormand of cogt rol Syhem,20: .(IBEaﬁWI%EQEQQ %%hﬁﬂb%ﬂ])bﬁﬁ%e@%ﬂg%tate
diffractive optical elenments is not“Iimted to the turret nethod,

and the nechagtsihd d @frcReaEIAnCaR=EEPbOYa 1Sl itde Jprtiked. aRUEtRLI, on
diffractive 25 optical elenents different fromthe above diffractive

optical el eneld $ukBAttbodB8E, spthrasdidifdf adtifee apivMecaptebalieslicagnents
used for multipole illumnation besides quadrupole illum nation as
in dipole or 134 polehidiimreni othavartatsot bes useed fidve annular
configuration and the function of_diffractive optical elenment 14 18B
used for lquadkbbenendticimi faplerahiey ¢iF g GEraveivptariaicalepépEantsd@B

used for norma) jillupination will be described  later in_the
description. ¥he'b SRR Y TR T R T FFT AT jg%‘i i SAIBIRMERN 18A

illumination, and a plurality of diffractive optical elements
18C with different characteristics used for normal
illumination are arranged along a circumferential direction.
15 Accoxdingly, 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 coptical 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 tc the turret method, and the mechanism,
for example, can employ a slide method. Further, diffractive
25 optical elements different 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



5 enter afocal lens (relay optical system) 20. Afocal lens 20 is an

af ocal system (afocal optical system, which is set so that the

front side focal position substantially coincides wth the position

of diffractive optical elenment 18A and thg, rear side focal position

al so substantially coincides with 10 the position of a predeterm ned
surface S indicated by the dotted Iine in the drawi ng. Accordingly,
after the beands misicgoifog dquadrwbdie adilivee naopidrcahded efensciBe faprthcal
an annular light intensity distribution on the pupil plane of afocal

| ens 20, the dleementlsl&Xiusdad ofnmfromamial enisl @i rest isubgtiant ik [described
parallel beans. In the optical path between a front side |ens group
20a and a reh%t%ﬂd%ﬂl%ﬁ% FIUPLPOPf af ocal |ens 20, a conic axicon

21 is placed whose uration and func be describ
Cater In the doscr (T BRATPH GRS AR GkiTSf bher OPC -B0oSement do

mcro flys, ey%ﬂ%ﬁ V'gz ogmLens (¥ 5%:$be égww%y%_t'ci' sysLem féﬁé 20

In the e Odl I'TE I’aCtI ve Op erren COI’]I C aXxlcon

and zoom | ens: 22,£a8t ULGs A NAREAG: PRI CALa B secr@mth%ﬁﬁnls set so

optionally set the i1llum nation conditions of reticle 25

changi ng the dndensid yehst rd iy i e of ﬁmﬁﬂdm@d@ﬁ@{tlalmhtc&mdl%s
pupil plane of illum nation optical system12 (that is, the shape

and si ze of twuijs&ﬂﬁn@asythbghbfsmnftfact1$hudﬁumcalabﬂbmngh L8Aiand the
omtted in FIG 1, an optical unit that includes a phase shifter

(e.g. a quartesamesiedeltaegl pdasbitinl falmy esylhsttant il lgptdaiaglcides with
rotator, and the like) or a plurality of medge shaped prisns

di scl osedfin & Rﬁ%{%ﬁd?ﬂ%ﬂ ofofa |nrietsletiroad FIbTTass i i nbieosyhIes 1dhe

and the |ike, an optlo aII set the pol ari zation state of the
i||um‘nationOlat ed Tinetin the drdwing

Accordingly, after the beams cutgoing 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 parallel 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
21 is placed whose configuration and function will be described
later in the description. The beams that exit afocal lens 20

20 enter micro fly;eye 24 via zoom lens (varlable 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 illumination conditions of reticle

25 R by changing the intensity distribution of the iilumination
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



5 light, which is one of the illumnation conditions, is arranged as
a part of, or separately with the shaping optical system Mcro
fly-eye 24 is an optical elenent consisting of a nunber of mnute

| enses that have a positive refracting poigéar of a predeterm ned

shape di sposed densely in a matrix. In 10 general, a mcro fly-eye

is made by formng a group of mnute | enses, for exanple, by applying
etching treathebf-vova plane, paraptetaldl assapbaf eandtache nikk e dens
inthe mcro fly-eye is snaller than each lens elenent in a nornal
fly-eye | ens.pFarahéty ¢ohevedgeoshdped | yrigms idisorosed i im egralgamphlet
w t hout the nunber of m nute | enses being separated from one anot her,
di fferent frodfthetematianal Endlicasion Hg2ePSr AsoEP archithet hhkearand
conpletely separated fraom one gnother. However, the point where | ens
el ements with® nﬁé‘&i’t‘%f\?e&y’eisfeéc"t g OpBRer2Are P Epbs & Fﬁealwl‘;d—“%ﬁar%é’n

inthe mgro f|ly-eye.i.s.the ne, t.he fl.y-eye lens... In Fl 1, for
the sake of ot s7EY ik e aRET Phninitr draRilel ERfsr ity B e
i s shown nuch f‘é{\’ff‘p’ h t r OL.¢li :

that enter m %%o Fﬁteg’g'2%%?%*’%5?%%%%&%?%% ?%Qggg?ﬁée?stem'
nunber of mnute | efis@ss fARG-e”D2aniEhen re i & de 1faealc Bbareseingash a
m nute |l ens (substantially coincides with the pupil plane of the

illum nation optbenlof ayaten)lemvearondtahalveghtoczditrice cefiahcténggpower
surface light source (a secondary |ight source) consisting of

mul tiple |ightf sopredetienybsddi shipe nédspdsed Thenpobytioma ofatrix. In
predeterm ned surface S substantially coincides with the front side
focal podilti o¥eBEr3bod FaFEO2DLY-aKE th&ddfcPieherpiater SLOMPcPd minute

fly- 24 i i inth i.cini f h r si f ocal
po)s/i te%/gn Ofl ;J()%Ilhge?%ﬁe oglz_ex%ﬁgleyl}ggr alpt y%nc_:} e‘%ck?gg ‘Erledaetmé)r(i\"g1 to a plane

parallel glass plate.
Each minute lens in the micro fly-eye is smaller than
each lens element in a normal fly-eye lens. Further, themicro
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 polint 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 each minute lens (substantially
coincides with the pupil plane of the illumination optical
system), an annular light source (that is, a surface light
source (a secondary light source) consisting of multiple light

source images) is formed.



5 other words, zoomlens 22 substantially puts predeterm ned surface
S and the incident plane of mcro fly-eye 24 in a Fourier transform
rel ati onship, and consequently puts the pupil plane of afocal |ens
20 and the incident plane of mcro fly-eye 24 in a relation
substantially conjugate optically. 10 Accordingly, on the incident

pl ane of mcro fly-eye 24, for exanple, an annular illum nation
field centering on T ipealitian ®fAXredetermetedssunfibe Sasbarithally
pupi | plane of afocal |ens 20. The entire shape of the annul ar

i |lumi nation ¢¢hcides ertd shei faehy dareddicad oosiheof adakzobeanyehs of2,
zoomlens 15 22. The focal |length of zoomlens 22 is changed by a
second driverRysthemiBeicRat bprrates nisder ficeremiid 8fseeaedoin the
system 50. Further, in hﬁ enbodingg%, %%ﬁh m nute | ens of nicrg
fly-eye 24 ha%l%l%%méa BrIeRbsRdAG B FAPT YT AHE dRAFeDf 1D
an illumnpation field (illumnation ea), that 2 hqul.d he fornmed .on
reticle R%( co?]tg(la%iﬂe%??ys‘t hzeoosrﬁap%nsoff%nsgb& "’lonstu]rag‘L é’auﬁ1£rescﬁeotu R lbneed
fornmed on wafgr,- M. The, beans. fy.om r ndary, |1 SPU L
formed on the Jv'r.eac;'e ss?delp(?oca erancté 0 ?ﬂ%% ?f?—ﬁgye Z%l%n% =

reticle blingo28i &t o CONSIENERT r ODI # LA SISHS] %ﬂ@ﬁzor@é%&é&tﬁ'ﬁﬂtg&he
25 in the enbodi nent sets the illum nation area that the

illum nation pught plravedbdt @Bcoal rietri<|2@ Bnintlee sindi cdmpelahbabf micro
narromy extends in the X-axis direction, and includes a fixed
reticle blindiRBreyhatd set @ rhdanidnhsebstaetial by een] wrate expiicaltly.
| east the Y-axis direction and a 17 novable reticle blind 28B

di sposedlfn PFFAFELRDH ugdt &heo incielopsdt PérResaffréeref fterereel R for

Movabl e reticle bljnd 28B_ can change . the width of the illum natian,
area i n bot h THABE G A 1P LATLE 47 PBC T 6E. SNBbaBH B9 &R i oal
blind 28B is axis AX 1s formed as in the case on the pupil plane of afocal
lens 20. The entire shape of the annular illumination field
glters similarly depending on the focal length of zoom lens
15 2Z2. The focal length of zoom lens 22 is changed by a second
drive system 36 that operates under the command of control
system 50. Further, in the embodiment, each minute lens of
micro fly-eye 24 has a rectangular cross-section similar to
the shape of an illumination field (illumination area} that
20 should be formed 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 exfends in the X-axis direction, and includes
a fixed reticle bilind 28A that sets the width of the

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



5 driven by a blind drive system 42 that operates under instructions
of control system 50. And, by driving novable reticle blind 28B at

t he begi nning and the end of scanning exposure so as to further

limt the illumnation area, exposure of;jqnnecessary areas can be
prevented. 10 The beans that pass through reticle blind 28 are
irradiated on reticle R via inmge-form ng optical system 30 and

bendi ng m rr arodsbld hesthiealws Whaid B8R dassekd rougiplared icdre) W&dfter mo
an imge of the reticle pattern on wafer Wvia projection opti cal
system PL. Arfdhe ppig@rfrosiirdgcscalnt gl abe ékpodlovabile vatthlenelind 28B
nmovenent of reticle Rwth resgect to the illumnation area and the

novenent of védeFhangetie wégekof the did vaupeddos area lpdorhbieetiiris
f tt i bst anti al | jugate to.the illun nati

area related 46 HO] AT O SHTCH Ayt SHITBRLS ACHE P Bed 288 18

di recti f

W' the Cpitt cue e SRR NS Rl O BRI LA £ ekl ©f

waf er Wby t hg, st GR-@11h$ @0 JIBIeA. Asdhoisect i Qﬂdo%%c@fiﬁi’ﬁé &BWAble

for example, a reduction optical systemthat is a both-sid
telecentric Z&ield asting BStem wmd hayiHmiestdon trRgnidd G isnefing
e.g. 1/4 tines, is used. On the incident pupil plane of projection
optical systemmRisuie wardsabb e wapdretrul emst apel 81 bumiangeidod areasedstpamnre
the nunerical aperture of projection optical system PL. This
vari abl e aperefuirenngegssardraneas sam baipxewntiead 18 system 38 t hat
oper ates_under the comand of control system_ 50. Exposure agﬂfratus

I

100 of tRE enmbodi meite MFAetfste RESS FrRAERY S6A%HT 1dh IdmhIZs wage

reasuring In$££fg§¥gtéé"gh %ggﬁg&e R, via image-forming optical system 30

and bending mirror 32. The beams that have passed through
reticle R form an image of the reticle pattern on wafer W via
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 directiocn are
20 synchronously cohtrolled 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



5 by the slit-scan nethod that has at |east a part of the instrunent
installed inside wafer stage WST. As the aerial inmage nmeasuring
instrunment, a unit that has a configuration simlar to the ones

discl osed in, for exanple, Kokai (Japanesg Unexam ned Patent
Application Publlcatlon) No. 2002-198303, 10 and the correspondi ng

U S. Patent Application Publication No. 2002/0041377 is enployed.

Now, conic axsygore®BavihathepdesteisbeddeConhe aximand @4 d¢orciamlesyatem
first prismnmenber 2la that has a planar incident surface and an

out goi ng surf&&e, which is a concaved conical 15 refracting surface,
and a second prism menber 21b that has an incident surface, which is
a convexed coni cal Fr"é?qsébltq ﬁﬁpa%?—ﬂﬁc]eoo St e srhesinsutgdpaghermore is

o1 sm merer 2140 It VAHG Toreeiea WO LREPOPHAg I RV LROF SR
second prigsm20 (peber; 210 ¢ [P comi sre oLy 2. 4natod e

surfaces “can Ttone |n o con Iea one of

pri sm menber QA@tﬁl‘rﬁen% he, sxecondy F?st%@é””@:%?%& %ltggleswg@r.‘f | gUret aerial

novabl e al ong optical axis AX, and the distance between the concaved

coni cal 25 refnagd imtth SHifrRE € neft iR rfd, r gt upLtSEhaRRLS 2 pmnidniha ion
convexed conical refracting surface of the second prism nenber 21b

is variabl e. dhelhstandes ohasgel ot leoad dnaxficprexindle, Kekbdri=bdnese
a fourth drive system 40 that operates under the command of control
system 50. 19newamelngrddtesd PpplicatheneRbbliaehionhhén. t&i@%ﬂrﬂﬂwB
secondari | i ght source set by diffractive optical el enent

i ncr eased Ot heA®fl $HENERF BR SR EN K- SonP28SN T dPrdiigmfiion ?PBHCQE%%WI\B)
a predeterm rféioé//add{qel?’ﬂﬂelns tehn?p oyecll ar secondary |ight

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

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

20 member Z21b are formed complementarily, so that the surfaces
can come into contact.

Further, at least one of the first prism member 21z 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 prism member
21lb 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.



5 source alters to an annul ar secondary |ight source whose outer

di anmeter and inner dianeter are enlarged, wthout the wdth (e.g.

1/2 of the difference between the outer and inner dianeters)
substantially changing. In other words, o the operation of conic
axicon 21, the annular ratio (the ratio 10 of the outer and inner

di aneters) and the size (outer dianeter) of the annul ar secondary

| i ght source changefomé tspeuti famyy 1l lghangethe drtvesdiindirtt, khehheke drmmular
t he enbodi nent, when the annul ar secondary |ight source increases

the focal |enggtendazpdrmdhdnsor2cefart bysdekinatel vé mprniscali alement 18A
value to a predeterm ned value, then the annul ar secondary |ight

source al t er siR@reRsanriliadisiaasrdafycoRiftaHdtat & mhsss %mmpleer from
shape is Slﬁl|ar|é enl ar r words, by the eratlo

I n h
e e 25+t a ko s ReRadE g rph Bed i ua o et PE e hBaany dight
20 second%ry %&@P&e 2QYG% Eganggn?lﬁeéhcr)%etc& a %hf gﬁgtsql}r%e wBh gl Oufter

ratio. As’is Scri béd above e eas one

coni ¢ axi con @danZ0om d,60S ey @E%m%% g&»bagh@ ée@at% hSGOP 14 width

proj ection optlcal system PL, erence factor 25 value: the ratio

of the nunericalgapers use ofe tder besemed r@é‘ﬁwéél@ @@@O@Q@éy dn@hinner
source with respect to the nunerical aperture on the reticle side of

proj ection opiimedtsys) esuibitiantics Pipaitiaigaleo 1Tef erthed woralks, by the
illumnation a) , which is one of the illumnation conditions, can
be made conti®RetatioRf veerkblaxicon thl s Yasannueat ocateist ritdtd ot io
in optical de3|%n, there is actually alimt in the varlatlon range
of the afful &?f P&t%t%rya@ém@%&ﬂééweﬁfrs’rmcéﬁaﬁeﬂﬁ pHEer diameter)

enbodi nent, as
of the annular secondary light source change, without any

change in the width.

Further, in the embodiment, when the annular secondary

light source increases the focal length of zoom lens 22, for

15 example, from a minimum value to a predetermined value, then
the annular secondary light source alters to an annular
secondary light source whose entire shape is similarly
enlarged. In 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 opitical 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 PL,
hereinafter also referred to as illumination ¢}, which is one

of the illumination conditions, can be made continuously



5 diffractive optical elenent 18A for annular illumnation, a
plurality of diffractive optical elenents, e.g. two, with different
characteristics are provided. Mire specifically, one of the
diffractive optical elenents for annular éld | um nation fornms an

annul ar secondary |ight source suitable 0 when the annular ratio
varies in the range of, for exanple, 0.4 to 0.6. Further, the other
diffractive opdrtablel enent for annular illumnation forns an

annul ar secondary light source suitable when the annular ratio

varies in the rangeln dfhig rasamplie, td. a8 ons i cpislerpilersign,
with conic 15 axicon 21 and the two diffractive optical elements for
annul ar i || ukreBEe ilenactrabksnbinpbsdl bhe oy ididifjerenge ffhtihgrannular

ratio in the ran of 0.4 to 0.8. As is described,earlier, .
diffractive oftt QPRI 0T dleontNGEREATEr eyt RhoiRaminet iy 3

and mjthdrama@i%%%%?@lvgo {gﬁéﬁ'ﬁg&ﬁ%ﬁ% Q%Apggkcghnﬁf%P’ifﬁﬁ%%g%ﬁﬁﬁp, a

configured sw € Wt ractive optica enen

as diffracti Vﬁuﬁﬁigfleofl &enent, 18R, 4 0<5p19f@91|[ lL@Pér@eMé und nat i @R, Ofywith

diffractive optical ment 18C for normal 11l um nation.

Accordingly, dbyrsetéhndrdiddactive optbreabreienents Mk ark2x 118G 1y,
each on the illumnnation optical path, illumnation <conditions for
quadr upol e i | dnkri ot tlom, dhHE readt ivé usptnbtd brelaneht defdi kenmalabe

set. For exanple, in the case of quadrupole illumnation, simlar to
the case of ahhlfminatiemifieqmisonn adewdarbedcabdeey timhtannurae swittiable
(the ratio of the dianmeter. 21 of a circunscribed circle_of the four

li ght sodPces RER e aiEifet &2 tdP FRuiigscinbbbecrrere of  tFrr rstample,

ot sour cesy ol i 11 Lambastion. i abkconyt e, pupt | PLATE- 8] e
for annular illumination forms an annular secondary light
source suitable when the annular ratio varies in the range
of, for example, 0.6 to 0.8. As a consequence, with conic

15 axicon 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 iilumination optical path, and is configured switchable
with other diffractive optical elements, such as diffractive
optical element 18B for guadrupcle illumination or
diffractive optical elemént 18C for normal illumination.
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



5 and the size of the illumnation Ilight (each |light source) on the
pupil plane of the illum nation optical systemis variable by zoom

|l ens 22. Further, the a value is also variable by conic axicon 21,
zoom |l ens 22, or the variable aperture sjpp of projection optical
system PL. In this case as well, 10 because the variation range of

the annular ratio by conic axicon 21 is |[imted, the plurality of
diffractive opfiaatireirenentiesdidirdid ofr ¢he €haratight stdescas eartd the
be used, switching the diffractive optical elenents when necessary.
Further, in t&eameker off e rets¢tibed neitole ebrile dBimxdicht Xowrtes)
functions as a_planar_parallel plate because the distance between

the first and®thereetbrdiprdsterehbehs on1thankrRib Parsiet dmeal |y
zero, however zoomlens 22, ~the size of the illumnatjion | i(?

ht
on the pupi | Hg IRFC R ORGIGH PHS TSR dt VBAR 2By &t B FNYGri TR 21
h lue is al . yari . ‘ . N
The a valye 1,3l 50, 20 y .réfbél'?ef b!lﬁﬁ@:‘%%@%&bfﬂ% f/’erear%ﬁ‘gLul‘éfr{ﬂoasbA&ce)

aperture Stop of 'projection optica

restrictions o NeRPtheal1 4esidd, of NeKe i f1@cind1dn i id1l %,é*&@n is
vari abl e power range of t'he outside dianmeter by zoomlens 2Z.

Therefore, ivhtieoraBYdidBliendddi f FraEhEYE 1O §GRAIL R BBk MR i1
25 normal illumnation, a plurality of diffractive optical elenents,

e.g. two, w thy didrier emticdrardct exost ilsnarz?, provildedriaMalele aperture
specifically, one of the diffractive optical elenents for normnal

i Ilum nation $oereia rdiojegtdeonsepshdatysystghtPlsourlee thiist abbe aherell,
the a value varies in the range 22 "of a relatively small a val ue ,
(smal | alf% o REFRINRS atle avaal el of mrfdat @f ajhe RAMKRT F3el dtipgrconic

G fracti ve optl gal A erend o f 0 OBl L urd ool eyl A £l TS oL
of the elements with different characteristics are to be used,
switching the diffractive optical elements when necessary.
Further, in the case of normal iliumination, conic
15 axicon 21 only functions as a planar parallel plate because
the distance between the first and the second prism members
. 2la and 21b is substantially zero, however, by zoom lens 22,
the size of the illumination light on the pupil plane of the
illuminaticn 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 o value varies in the range



5 noderate a value (noderate a) to a relatively large a value (large
a) . As a consequence, with zoomlens 22 and the two diffractive
optical elenents for normal illumnation, it becones possible to
change the a value in the range of a smal4, a to a large a (e.g.
0.1-x"0.95) 10 Next, a description will be nade on an exanple of a
reticle RT used in exposure apparatus 100 for formng a wiring

groove patteref usedlbadvedppena i re nglud Gsm2A1dheonwscan asdapheeod value
reticle RT. FIG 2 is a planar view of reticle RT when viewed from
the pattern simdcdeeates de . 1Bufther| dler othefatid friadd live FpGica) elefmnt
is showmm in FLG 2, reticle RT is, made of a gl ass substrate 52 (e,.gn.
synthetic sitPeagieRt olimenatid} foEmy ditbieian rsRepndary light
substantially rectangul ar. pattern_area PA set by a |light shieldin
area (not  SHWEST S Forarit WHFY IS Gx AP, VAFABS! 1A FOE HEARAR (6 the

20 surf ace Ofm@@éé%ée]roarv% u%'g‘s(imzoh erla!t%htc ?%i?ﬁlgdiicf?g%'éf%%é._\?E}%f{%%:c?%alue

| i ght shi él ding e suc rom um ern

area PA a plpralid Yo of h%ogghsﬁseahgﬁeg§ 1$Pn %Qmal&grﬁiiéryd Ofhe two

dense patterns DS#’ are formed in a” predéterm ned positiona

relation. |In difSrexaigd aptpodd erdeddnt SE@NhdSR are haiinspase, it
patterns (aperture patterns) that are formed by a light transmtting
section withieconheghlossihilel donthaeps ithie. olvalet iel en&rdngdbG a Zmall
almost all the entire surface of pattern area PAis a |ight

shiel ding sec@iton,a yavewer, (§0¥. ékakplocs0t BB) | i ght shi el di ng section
may sinply 23 be the formation area of patterns |SP and DSP. In this
case, iscﬁsat ed pat t6%F 1 Sp IS FIRHEC s Epdd RpFagie |pa 38t #xaFqle of a

gﬁ)ez?ns ::)gntsglgep%%? ee% ?]{le [ ecftglhggxggsgupg%p%arlalt%esmﬁgbhfoo:r? ’fofr?nﬁn%xg%!rerng

groove pattern used for copper wiring.
FIG. 2 shows an example of reticle Ry. FIG. 2 is a planar
view of reticle Ry when viewed from the pattern surface side
15 (the lower surface side in FIG. 1). As is shown in FIG. 2,
reticle Rr is made of a glass substrate 52 (e.g. synthetic
silica glass or the 1like)}, 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 Ry in FIG. 2, almost all the
entire surface of pattern area PA is a 1light shielding section,

however, for example, the light shielding section may simply



5 periodic pattern that has five |line shaped space patterns

extending in the Y-axis direction with a linewdth of, for exanple,
400 nm |ined in the X-axis direction at a pitch of 800nm In FIG

2, patterns ISP and DSP are illustrated nmugch |arger than the actual
size for the sake of convenience. 10 On both sides in the X-axis
direction of pattern area PA with respect to the center of reticle

RT (substantilad | yhe chormadesn vatde tdf petternof IPRtdred DEPeca PA) , a
pair of reticle alignnment nmarks RML and RM2 is forned. In exposure
appar atus 100 of the! éhibhediamnt isphasederattsrn §SBbitmpnl inreshepedtspace
imge and the image after etching of a space pattern that has a
desired devi CRAFFFEN A chraFerRIerizt iR YrFistFerRcClitn rd has a
illumnation gonditiaons _arge obtained in vance, and is  stored jn,
rermry i t b i CORTOE Rt £ S TRL® hes BLCRRT pRe ek Ly DSF 15 2
exanpl e of; a I ' r I ni ng: t he U

L Tuni nat Pon FLsRee BatlerP R A MOh oL SIIBE SA Yacterns

exposure condiii g g the shduyadion qivdde 06, desaf ibedind i dih Sof, for

exposure condition (hereinafter, standard exposure condition), the
exposure |ighéxdmpBd, ATO 2m,exehelr ihasies peamhaMirkgtd opavel engttciofor
193 nm the nunerical aperture of the projection optical systemis
0.78, the il%WnmatilonFEGndEt ipat{deneiTBH teevd DSPaadar Ul 1hd und padhinonch
condition) is an annular illumnation in which the u value equals

0.8 and the akeger thanothkeurtbudl 55izmdier ridie ctake 4ot | conpsemiiomce .
whi ch an_i sol ated space pattern with a |inewdth of 135 nmand a
dense spafe patt er PRidrta Sidesnitat hher 21981 Snft BRAT AOR0Dh R T EH: L2

];glr,]g:sgl O'rbl\ngéi &{rﬂgh rex ?Oé?u([é:-e ’ggdﬁ{e éehr?tesé a(gl aJ_[e Jj_cl:Jl.éJrg\Tn tsiu%nstantially
coincides with the center of patternarea PA), apair of reticle
alignment marks RM1 and RM2 is formed.

In exposure apparatus 100 of the embodiment, in order

15 to obtain the resist image and the image after 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. 1In this exposure condition (hereinafter,
standard exposure condition), the exposure light is an ArF

25 excimer laser beam having a wavelength of 193 nm, the numerical
aperture of the projection optical system is 0.78, 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 a reticle



5 resist image of the isolated space pattern with a linewidth of 150
nm and a resist image of the dense space pattern with a |inew dth of
120 nmare fornmed on the wafer. In this sinulation, the projection
magni fication of the projection optical systemis set to an equal
magni fication. 10 FIG 3C shows the difference between a difference
(hereinafter referred to as an "isol ated-dense difference" or a
“l'inewi dt h bi 88"yséd) drheHiigtewindtib®latetihepkesi shttergesitiofa thimewidth
i sol ated space pattern and the dense space pattern when the

iI'1umi nation ebndit irgm arsl & tenee spdee phiseerpestnea 1bimontith onf 100
such as for exanple, the a value altered in the range of 0. 7 to O.

9 and the anrit@nd a& 280am pisahi are hiormede 2ed,0b¥ the (EROWEE teler

i sol at ed-dense di ffercgsrllc(%hjeﬂ new dth bias), under the above standard
exposure positforstsn VRFRRETOR PN dHet ORI WRIRR ThheRF RS, 2@

bias. In the ¢change of 20 t | | um nat i . .
annul ar rtzgtl oﬁ% e 80 OPr%élﬁegéSO#ﬁécgﬂ Rew-dt ﬁaggefﬁewi’ggi%ﬁjir}%wg]edth
of the dense éf)ai% Liar 2 t
variation of the rgppt %\%eglilc%segmy%?hﬁ%ﬁgj]ﬁ%h%l %eﬂg%: r@%%? dém en (e
l'i new dth Chaﬁgﬁﬂéwi@tﬁq_r@ﬁlﬂo | RO Of FE NRed SOh at 108 $PALL, 2Tn this
pattern. Further, the white contour line in FIG 3C shows a contour

i ne when t hesahove:iet atilve piarpadiidn hagniSizetion (dDrithe projection
specifically, a contour line that connects the exposure condition

(111 um nati orcriohehl i sngtathehs tet i 5ol an eswehgeagut f fer shere.
(linewidth bias) is the sanme as the isol ated-dense 25 difference

(1'i newi dttR bias) urfdét- tHe hurridme ddfdrrance iriitadn g stidirnance
illumnati on ond| fio %g Fulgrt her, FIGS. 3A,_3B,. 3D, . 3E, and 3F show
o sinilar  valtens G biet e TOied vie 1351l diie Blale s L éti—”ef?‘%ﬁ

or a “linewidth bias”) in the linewidths of the resist images
of the isclated space pattern and the dense space pattern when
the illumination condition is altered under this exposure
15 condition, such as for example, the o value alitered 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 the ¢ value {(illumination ¢) and the annular ratio in the above
range, the linewidth 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 isoclated 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



5 the case the linewidth of the resist inage 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 liney,sFor exanple, as is shown
with the white arrowin FIG 10 3F, when the illum nation condition
is changed so that both the a value and the annular ratio becone

| arger on thedtlbféedncti Neinétvidan beaspemntibat thdestsolat€degensere
difference of the linewdth at the top of the resist imge of the
space patterpopdheionnésiantant theuhénghioposondbniohkere the 15

| i newi dt h becomes 135 nm) can be changed in a direction in which the
linewi dth of the reBi&E¢fmgel®?- tHr i 3B ailed Fpacend palt t e ecoifislar
wi der (degrade_the profile), w thout changin t he, | i newi dt h_bi as .
(the i Sol of ed ABhEE0N T FEr B er oA SbheS T Seaith B12% HeS bR (B ofc in
_the resi $t5 ! nﬁl@? @%}sé Q%esﬁﬁﬁg i th&% tt ren'relsri] Ichfmfngocgf r{r:%rét dense space
i nformati on that Shows the relation — between the 1T?um hation

condi ti on andpsiaé'efﬁlﬁéiyieolm,ewiﬂ%hnmpi 885 3%m| S158 ,i£'n<5|%§5 =, 1O
3F is obtained by simulation (or by experinent) In advance for

various targetebpoewi dbhy, 2haiHbi heni tHosdraticen 38, S ed, ik MBARBIYE,
in control system50. Next, a processing flow when the exposure of
wafer Wis peh¢orimece usimgpuetliiclee iRTFOSsC3C hied stamdn én bydexpedurime.
apparatus 100 of the enbodinment will be described, according to a
flow chart in FIG EQriHagpishowss d psbeewsivaghakher vhhte28rrof fn FIG.
control system First of all, in step 102, reticle RT is |oaded onto

reticle stlage’ReWhem e dtlilumd nadriqre condditdmn A6t CBRBARY, Soakgat both

using the aerjal inage neasuring instrumnment previously
the ¢ value and the annular ratio become ldrger on the dotted

line, it can be seen that the isolated-dense difference of
the linewidth at the top of the resist image of the space
pattern (the linewidth 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



5 described, aerial inage neasurenent by the slit-scan nethod is
performed in the procedure disclosed in, for exanple, Kokai

(Japanese Unexam ned Patent Application Publication) No.

2002-198303, and the corresponding U S. Pgtent Application

Publ i cati on No. 2002/0041377 and the |ike previously 10 described, so
as to obtain information on the aerial inmage intensity distribution
(projected i mfea i cvetsel ysyslteahri buti on) of the patterns | SP and DSP
on reticle RT. In the next step, step 104, the sharp-edged feature of
the projected i mgdissteaipurled, usisien 3y getcteld: iRmge 1v8ded onto
intensity distribution that has been obtained. Mre specifically, for
exanpl e, a dif¢etehtiHedmBE e Rerepi6lecEelrifhgeysheRnEIely shown),
distribution at an intersection . position with a slice |evel

cor r espondi ng?% T?&p?éEQ%taeE%ﬁ%i%m%Q?ym??$¥leQMQQﬁ§ﬁﬁ@?ﬁttHﬁ??iOUSlY
" oS : y 1 t
tangent | ighe @ésé?ﬁkﬁ%cg,s:a[% ga;ﬁgfiﬁa% R%%'sh'tr%%nt o) @héoﬁiﬁ%—c’%%ugtmeit?eod

proj ected i mage ion a e intersec

conputed as {400.3HahRe8d0ed HLBLYEEI Ot e NG A RRLERI AdBERamb et Rickai
case, brightness of the inage may affect the fornmer differentrtal

val ue. In suctugp£insss Uheksmiesd bt ent MBI @ytid tlsliedd &sn) o,
sl ope, which can elimnate the influence of the brightness. Besides

such net hods,2¢@htIeBI0Df drd thoe ofe@ctespbonmbiyey dars b el o tAeh Jaisca thieon
shar p- edged feature. In the next steps, steps 106 to 110, device

linewi dth chtkakiertiben d¥o ar20p2 412! dadethonlike previpowdged 27
feature of the projected i mage that has been conputed. To be npre .
speci fi cl%irdRsciiPl e Aot therirals | B rmahon ff sthe g image

(resist | moe), i s, oregcred hooed.on the, . shag predged feglyre, of the
distribution) of the patterns ISP and DSP on reticle Rj.
In the next step, step 104, the sharp-edged feature of
the projected image is computed, using the projected image
15 intensity distribution that has been obtained. More
specifically, for example, a differential wvalue 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, it 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



5 considering the case of the projected image of isolated pattern

| SP, as the projected image of pattern ISP, for exanple, an inage
shown in the | ower section of FIGS. 7A or 7B is obtained. |If the
differential value (the slope of the tanggpt line) (or the |og

sl ope) at intersecting points Pl and P2 between the 10 projected

imge and slice level SL corresponding to the resist sensitivity can
be obtai ned, fémtprdasédiion phejecfédr endgal thatal hees (loset heohpgted.

sl ope) and a projected image Iinewidth Wbob having a length of |ine
segnent Pl to P2, thebgroereespdcihic, fdgisst, inagecrdl e theughtylile of
predi cted. Accordingly, the 15 profile of the resist imges shown in,
for exanple, e tHpeit Reddigdh GrsdisGsimpgeandscpreficted bageammp the
6B, can be obtai ned. . The hei ght the resist,image (the thickness

of the osi ot SR yesgooq feprrd el bneil &St HiAden  Tor EREMRASY vhen
step, step 10 ; i f | S LE ter.cunre.i

predi ct edl,% f uc??lﬁglr&%]g%#]ghlgn%%g]eggﬁgﬁ{feé 5%?%%1?6?%3@%{3% 5(;]? r%%’?’ |l§r1{‘ egltpeatttoern

the cure treat§BNtas AGRORHAYMted Raiager ofi bﬁt?ferﬁh@sﬁfesféi} 4RSI e, an

defornmed by the cure treatnment (heati'ng or ultraviolet |ight
irradiation (iMagais@bwhnoin thay deReRgGdNEi dresifstics s 7 6di7TH ed,osticihed.

as for exanple, the 25 image shown in the mddle section of FIG G6A

However, becaliSehd Héfdefrenmitilomatiue tihd béoperef ttteatmmgentayibe) (oxr

smal | in some cases, the deformation due to the cure treatment does

not necessarily g estarde atongidaraar {ine giodes AingndnPstlegtwesn the
is not indispensable). 28 1In the next step, step 110, device )

| i newi dt H0cha?ER1eFTed iiR@ogr and sddica LavebadedoBReFRENELBE| 12 EBE Hamist

resi st imge that. has, been edicted. ILn this case,. the_devic .

[ newi dih ot SETEr T Ot T L AhREORO bR CaPRL ey GBS PRo" CReiLt forential
value (or the log slope) and a projected image linewidth WDp
having a length of line segment P; to P;, 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 oxr FIGS., 7B and 6B, can be cbtained.
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 irradiation (UV cure) for
hardening the resist) is predicted, such as for example, the
25 image shown in the middle secticon 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 considered (the processing in step 108

is not indispensable).



5 linewidth of the pattern after etching forned on the wafer that

has undergone the etching process of a predetermned film (e.g.
interlayer insulating filn) that uses the resist imge as a nask,
based on the above profile of the resist jgrage. O, in addition to

t he above profile of the resist imge, the 10 device linew dth
characteristics can al so be predicted by conputing the |inew dth of
the pattern after etrchiteg rad:80 steaki regdpntial Cordkdvlereatl grewstddi ng
characteristics in the etching process perfornmed after devel opnent

or after curechdractherdesies pitopretivtied desedter ittid rabiles oo the
15 selection ratjo, which is mainly an etchi ng velocity ratio of a
resi st and a ¥¢$hsuAnagetHeat aspeupredictedpr obesbilfragst ERpHtpyice

however, densjty djfference and/or P-N difference, can al so be .
e, Donbide 11 e A T s a e e Doup P PaiEERE By Sombuting the
characteri.sti£s_suc s the etching speed, the .20 sh or the lik

in the coa5r sefls%%‘%]llé(;%ﬁa%%d @h% %%%%r%e%ﬁ%lh ehﬁo?hjtr@ %gﬁee({r o }W Water

di fference riegrgsé hkQ w@e%&éﬁ@r %%Cgtci:ﬂ'in%rf%ﬁg:te%@ B9 acp%ag{-_gﬂg%ieasfum

due to the d erence int -structur N-structure o

sem conduct or (e RepeRidi [t r theutasesy £5ohS oyatRd N fet FOPYsPfimage
the etching can also 25 be included as the etching characteristics.

In the next sieps mddp H2Zsed hen extposabiere e filon of5 thedlj nestietk simage.
that an etched image (pattern after the etching) that has a desired
linewi dth is @bt dimeddibasadtortiichabdeei peoflilnewt dite chaiatt bnagei dge
t hat have been predicted. 29 For exanple, in the case exposure is

per f or med Qund&8vide Singwite exiRisareethriel €% ofrpralsouRt PERAEF e Y
EGRIIRRCE RRNI T RN G R T
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 alsc be included. 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. Depending on
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 sc that an etched image (pattern after the etching)
that has a desired linewidth is obtained, based on the device

linewidth characteristics that have been predicted.



5 total energy anopunt of the illumnation light irradiated on the
wafer via the pattern) in which the Iinewdth of the resist inmage of
each space of pattern DSP becones a desired linewwdth 1is conputed
(that is, the exposure amount is correctegh based on the predicted
device linew dth characteristics (the above 10 linew dth

difference)). Next, based on the information that shows the relation
bet ween t he standarkbir Ekaniphat, i 0n thend $¢ expastriches el ddrweed under the
| i newi dt h bias previously described, illumnation a and/or the

annul ar rat i osaardaxj esreduricacdnd Vel ey prremids slande 38) iksd hadafl pueche
system 40 described earlier so that the bottomw dth and the top

width of the fEkferenpadestbe phrewidth s she eb@b@@rwwtbééoms Peen
the. LSSpVZLﬁegaﬁisgﬁ%%r%rﬁé @%Qqé%f%cﬁt QY B [ter ue%p (2
condi tiong 20, (i 0 'éigé%dﬂt %”%%t% Qﬁﬁ{ ﬁa%%t{”hﬁﬂ digted,on

adjustedlllumnalon e patter
is transferrecthOpbeLae, $hQt o 2F £8r0f 1Wﬁ£thM@§§néHiaé‘ﬁeof tﬁe resist
coated with a resist, the processing in main routine is

conpl et ed. 25115&@@0%@3& Qe Mlﬁtﬁé@l D@IPtBé@o@és relE6h eeRM drfewidth
transferred is unl oaded fromwafer stage WST and carried to a coater

devel oper (nats stown)tecardhias dsyetlopeatkpokocmy dimaging, isotonadetedVbased
the resist inmages of pattern ISP and pattern DSP that have the
desired |inewwntthcapdepicrieredeyece drimediiBd cRexectelé stacsf dthardkmye
met hod of a sem conductor device in the enbodi nent will be descri bed,
referri néoto Fregridhh dbfEprengekt- of all, a sem conductor base

material is prepar%ﬂﬁd; 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 Ry
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 Rp 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.



5 For exanple, a sem conductor substrate (wafer) Won which a | ower

| ayer wiring 81 (a first copper wiring layer) is formed by

undergoing filmformation of an interlayer insulating film and

resist patterning after going through a dgyice isolation region
formati on process, a well formation process, and a 10 transi stor
formation process is prepared. Then, on the wafer, a diffusion
prevention film 82 Nextf othecharkifActhi)ing sthoweif a kapéronducngrikvice
for exanple, a tungsten plug that reaches the diffusion |ayer of a
MOS transi st okn clelre brmibedtineForvihe e akes of s dpl tefeyring the FIGS. SA
description, the_ configuration of 15 lower layer wiring 81 is not
shown in FI G§°5§6Eto 5E. As diffusion prevention film 82, for

| e, Si N trid film Si | Car.bi. d film
AR (&1 bon' BT '%f%eg)%%ﬁ%ﬁ%}da%% fﬂe'éeéfia%n%%{ﬁs'éaeﬁﬁ%#%rﬁed
1 t 20t
ot Sr?aggre.rh@‘-ﬁlf [P, 2 AICHENDS. SEbEEL T THbeS:) %20 WSicn 2

used as di ffupdpor rzra%ernme@ntgl 8 82 ¢ kBeNchhSef i il 9aykuncis Frmed
as an etching stopper film Néxt, on diffusion prevention film82, an

interlayer i uinaicird@ifig 71 83 ﬂcﬁrrﬂfaﬁilr&ﬂoff@:ﬁ 1@9&@'ﬂl|a§/eran§u}D£@§ﬁ§ film
CvD 25 (Chem cal Vapor Deposition) nmethod or the like (FIG 5A) As
interlayer insudatdsigt pmt83ning dhtsropsing ahrowugh el @evice isolation
constant insulating film(a Lowk film is used. The thickness of
interlayer inEkgEen ngPIMdPA @B pEOCEDT, | hsteahk eformabion me%sﬁwd a
nm It is preferable that the dielectric 31 constant of th

interlayef i nstAR TPy CPATRS LeRRARFSE DIePrepayrqsh tﬁ@e@wﬁmjrﬁhﬁmaferf

as the nsul ating dLlm haL, CaTReRes 1k URE LSl QAL B 1T I e
-layer wiring 81, for example, a tungsten plug that reaches
the diffusion layer of a MOS transistor can be used. For the
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
(Silicon Carbon Nitride) film or the like can be used. In 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 £ilm
also functions as an etching stopper film.
Next, on diffusion prevention f£ilm 82, an interlayer
insulating film 83 is formed, for example, by a plasma CVD
25 (Chemical Vapor Deposition) methed or the 1like (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 film 83 is, for instance,

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



5 a dielectric constant lower than an SiQ2 filmis used. Mre
specifically, an SiQ2 filmthat has a silicon atom bound wth a

hydr ogen atom an al kyl group such as a nethyl radical (-CH3) , or

an allyl group (CH2=CHCH2-) can be given.%for exanple, an MsQ

(et hyl si | sesqui oxane) filmor an HSQ (hydrogen 10 sil sesqui oxane)
filmis suitable. After interlayer insulating film 83 has been

formed, a capofistanB5of stHorinekx{ldyer SB)sudatimicerflidyed si asohadi Hgd to
film 83. Cap film85 functions as a protective filmof interlayer
insulating fi¥aP83 in the CWP process by the damascene nethod. 15 As
cap film385, for exanple, an SIO2 (Silicon Dioxide) film an SiC
(Silicon Carbide) fiPraneafmMepRiRsnE; ch tRiet thefedatingtidm that| griposes

et hod. ATt erzﬂﬁsgﬁif%r”’é‘%gﬁﬁégﬁéﬁr? frﬂe%? | SRR TR T U e e
pattern. of 18 GIBELIPLO% VLN ol MAR LAk B23-9n 45 uoa | more

pr edet er m ned ern profl e |s orned More speC|F|caIIy

wef er W on méﬁ@ci?f‘@éli?)’e&n \yl n@llﬁlthacﬂ B%gsgoghpf@a&@@teo%bauha]wuh
82, interlayer insulating fil §3 and cap | m 85 are deposited is

carried to thg h@@&fo@ren%t@l@vah@m 1 afdup Phed asenpethye AgeMal (-CH,),
(resist) is coated. Then, succeSS|ver the wafer on which the

resist i s coabedn iad lgdr gn:edpontﬂbﬁimcmz—Stagﬁ MET ioferexp@sur example, an
apparatus 100 in the enbodinment, which is inline connected to the
coater devel¥p@r (mThenlshisesapteparal of ylmper adnh ohSQ haved beeen 32
performed, which are predeternlned exposure is performed under the
exposurel@ond$%%%%sﬁ%h?xﬁ%% b%h%maﬂfu§¥bﬁab%ethe procedure

E;EY:grsgg ??Zﬁg}gﬁg@ and Lhe patternsu&atlngckllmﬁgéqssc Een formed, a

cap film 85 is formed (FIG. 5B) on interlayer insulating film
83. Cap film 85 functions as a protective film of interlayer
insulating £ilm 83 in the CMP process by the damascene method.
15 As cap film 85, for example, an Si0; (Silicon Dioxide) film,
an SiC (Silicon Carbide) film, an SiN (Silicon Nitride) film
or the like can be used. These films canbe formed, for example,
by the CVD method. |
After 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 embodimenﬁ, which is inline connected to the coater

developer. Then, after preparatory operations have been



5 Next, wafer Wthat has been exposed is carried to the coater

devel oper, and then is devel oped. Accordingly, on wafer W the

resist images of pattern | SP and pattern DSP that have the desired
l'inewi dth and profile are fornmed. In FIG,,5C the resist image of
pattern ISP that has been forned in 10 the manner described above is
representatively indicated as resist film86. And, cure treatnent as

i n heat treatpenforredstwivakie dreabreidientingd )y aasmd®ird | Ohtperformed
irradiation treatnent is applied to wafer Wwhen necessary. Next,

dry etching iwndgpltikel expeziprd idonds;iomtErdayers Hen meliwtiad ifd Ithe
83, and diffusion %;eventi on film82 wth resist filma86 serving as

a mask, so asPIFFOIFE IV PUTy PTFLIUeREE S KAt ehateticle
reaches | ower_layer wirin 1. By remnovi resjist filma86 that has
becone unnec&%crt})}?eé]s%%glﬁtés gvrfr’é“&%ﬁirr‘? RREpEETETompl et ed, a
W ring greove 20 8§t hat Layer wWLrjin 1.1s [ -
i's shown gi n FI G %}pﬁa'n V{aﬁzqungghg}ﬁfbﬁgi %%elﬁr%}\{/ R ?%nl%i‘f%@ngaltsoosche

functions asddie tedidig,sd.opnaiq fildn fsf&§§é1§§dd.?t GRIAG (Y1 on
performed on cap film85 and interlayer insulating film83 25 wth

resi st film 8fnsef Wi, NghaSres MBS KmabBeNo ATH G rANdS 0| LA icAG t GANDHR that
performed in order to renove resist film®86 that has becone

unnecessary, leaxk titen desiexahd idewietcbhiangl pantfhée peef Sommddon In FIG.
diffusion prevention film82 with cap film85 as a hard mask. And,

Wi ring grooveb®8 thmatrasdsthdsagewet payeer33ISRi rhay i8ds deeenl Sormrd in
formed in _the manner descri bed above. After wiring groove 88 has been
formed, éfchilMf MEINRe ASSEIiORcY 8BCOKE AScTeRfepglt ehvakyitindkeateq as

Egg\?\lﬁr p\IM;a{ : 2§eslfyizerfljfm eé?.ed%% ,i Q:%ir%e tvl\:lieraitrl%l%n%r %Osveje_n8%eléﬁ:i I”t]:%e(:ﬂa\tment
(post-bake treatment) or ultraviolet light irradiation
treatment is applied to wafer W when necessary.

Next, dry etching 1s applied to cap £ilm 85, interlayer

15 insulating film 83, and diffusion prevention film 82 with
resist film 86 serving as a mask, so as to form the wiring
groove (depressed sectlon) 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 fiilm, a first dry etching can be
performed on cap film 85 and interlayer insulating film 83

25 with resist £ilm 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 nmethod and/or a sputtering nmethod and the like, and a wiring

groove 92 electrically connecting to lower layer wiring 81 is

formed. And, by CWP, the surface of wiring groove 92 is flattened.
According to the processes described abovg; wiring 10 groove 92

el ectrically connecting to | ower layer wiring 81 can be formed (FIG
5E). In FIG 5E, reference nuneral 89 indicates a barrier netal film
made of, for wekaind e§l aczka alstahtcalfomjuetli Em the Tadhtdanied cud e d rdlae)e .
film a W(Tungsten) film a WN (Tungsten Nitride) film a Ti
(Titanium film aABa NigTngagtoavaidsd hde)béen comecheetcheng residue
Further, reference nuneral 90 indicates a seed Cu (copper) film and
reference nub®rifnoved ey cat ekean g | kyegtnerspedliafel ¢ RRYGewiring

metal film 89 and.see opper,) layer 90 can formed by th .
Cputt er | ng mebhORE LR rEnGrS By PRI DA e ARpE TR hg | KeDWBeLating

plating nethaod..,Jhen,  a &xe{?eggggicggrirﬁprﬁ L RLY9 4 GG WG Yang & wiring

connecting to W ring droo iTayer wiring struéturé can

formed by re j |4 ; S . ic iS:
per f or med usrﬁg&tnﬂ% %ﬁ%ﬁ%ﬁfl%ﬁli%nﬁ%éﬁfﬁé a%%ﬁ'elr%é/gr #iring 81

structure is forigehed N R, assemp|ytREOSQESachl OECHELENGUSHOGSe V2 is
di ci ng process, a bonding process, a packaging process (chip

encapsul ati onjlatdetdad. | i ke are included as necessary. Finally,
tests on operation, durability, and the like 34 are perforned on the
devi ce that has bedrdarRiEnASL G stk surddnsb o dercr debrallane 4 oviheng
waf er processing nethod related to the enbodi nent, the profile of

the resi € pHTRYH 75 PIEi et el basen et g sharRwrigeh Yeat kel ng 81

the can be formed (FIG. 5E)., In FIG. 5E, reference numeral 89

indicates a barrier metal film made of, for example, a Ta
(Tantalum) film, a TaN (Tantalum Nitride) film, a W (Tungsten)
film, a WN (Tungsten Nitride) film, a Ti (Titanium) film, a
15 TiN (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 90 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



5 projected image of a predeterm ned pattern, such as for exanple,
patterns ISP and DSP on reticle RT (steps 106 and 108), and based on
the predicted profile the device linewdth <characteristics are
predicted (step 110), and then the exposyfe conditions of pattern

| SP and DSP are adjusted based 10 on the device |inew dth
characteristics that have been predicted (step 112). Accordingly, by
perform ng exposuperfontded dhetlad) dstece exipos Uies dossth trhadks, or in

ot her words, by performng patterning of the resist on wafer Wwith
the projected i mages 6f ddecpdiaken fest.epctdniinand ey whdpirnr ades di51g
wafer after the patterning, the resist pattern that satisfies the

desired devi cBeTRe@viraitatethdradiher eapogamesty othedreaiihe Ofitle resist

Furthernore, b erform ng the etching of the fer wusing the resist

pattern as a PRERSTR Imirech SEstoBoast: fathe S0amRs cfa8c 282 AEwp Hrihe
be f tching._ 20, - Furth di to_ th

G e Rl L, SRR e EAEAIET 0 PEERE 00 8 8 exampe,

processi ng step, + becausep the Jﬁ?%‘f@%éﬂcl‘@ @Tngﬁképéowgdamima)t,heand

above wafer processing nethod, the w of each wiring groove

becomes a deshd €&y Vah Uehe F0&dEX0ED!Erot NEe JF0OVE@SYBEL €11 @dwhdfg t hat
correspond to the 25 resist patterns with the sane linewdth are

grooves that diaveactdeisabes | anew chdi cted of st exgl Y10 genetdt tiosn ofhe
unevenness and variation in the finished size of the device can be
suppr essed, abesdeyicmdiittivrs gddek vperatliSthasgaeiP oeabtljusigddtased
del ay) can be manufactured with good yield. 35 |In the enbodi nent,

the expodlre ¥onkeinvi¢e et lneel &sdyoshrer ettt by et i 12 Ri PRRT on
condition (ine edliumnatioh o apd che anul o o pes ol Sie.,
predicted under the adjusted exposure conditions, or in other words,
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 wafer
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.



5 (e.g. the difference between the predicted |inewidth of the etched
i mge and the desired linew dth) . However, the present invention is
not limted to this, and instead of the exposure anpbunt and/or the
illumnation condition, or in addition tosgthe exposure anmount and/or
the illum nation condition, other 10 exposure conditions can al so be
adj usted. Ot her exposure conditions include, for exanple, the

optical properties I the ogrdeddioneropt i ded aysdamrdlcdradieriat, an,e. the
nunerical aperture or the like), or as is disclosed in, for exanple,
U S. Patent sposuzazamgent RESF, Blod dhiumbeatike, comdithph el ati on
15 status of a super-resol ution technlque for substantially

i ncreasi ng thblh@@%haﬁiomd%@gmbyhéoﬁ@ﬂ%h®ns¢%txﬂﬂi|Wﬁ@ adjusted based on

d d h f d
R Frer et 2 ohe égﬁﬁ&%ﬁ}aﬁ%ﬁ?ﬁ%%gﬁﬁﬁg Rt fnaSedigted
directiongand the lLike.4 ce b’?et% a‘ﬂlhgs 0ROt 20400 s E D€ Gtk of the
&oﬁﬁltlon ﬁ#? %{ % § SR ik

'|Ilun1nat|on enS|ty istrrbution

i|lum nation Lighiqg %ab'&f‘arw%'e &ﬁ%&imbhhkﬂﬁhﬁ'at 'L%M&Péf Cahesysi &Mt
12, or in other words, 'the shape of the secondary |ight source was

mai nt ai ned Sumﬁ'@ﬁ?&i@ﬁ'% nblel saiteid ehadj, UshiNthdtSadREnt hddexddere
illumnation a 25 and the annular ratio) . Fbmever, t he present

i nvention is amdunt iand Aol tthd hHildurdmétfion ewadpltdonal beringaddetion to
shape of the secondary |ight source (such as, from annular

i1lum nation the afResugsopeoUntuailAdet die %djummartgomheomnmpzm@@er
state and/or the spectral characteristics . center mavelength

36 waveléngt SRR RF Y FIRAHEL PR FRRkA SR %?s b%S%%Qfo T @¥posure

adj st g Lhe, Speed Ll CRLAchel) BLLco Aol APl sy Rl Sosloo 0 O
I's set based ﬁ%bﬁ£@%i&ﬁ%ﬂﬁﬁﬂﬁﬂﬂs¥§£8$.QE %&%&&%ﬁhon, numerical aperture
or the like), or as is disclosed in, for example, U.S. Patent
No. 5,742,376, RE37,391 and the like, the implementation
15 status of a super-resolution technique for substantially
increasing the depth of focus by continuously setting a
predetermined point on the wafer during scanning exposure to
a different Z 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 ¢
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 polarization state

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



5 intensity distribution of the illumnnation light, a second

spectral width (e.g. full wdth half maxi mum (FWHM ), which is the

wi dth when the intensity decreases to a predetermined rate with
respect to a peak value of the spectral if4ensity distribution, and
the ratio of the first spectral wwdth and 10 the second spectral

width is adjusted. Furthernore, adjusting the exposure conditions can
al so i nclude wavelenyteh ipdatdreral )candetheohi k¢ icreawadise ad) pst firented haton
will be described |ater in a second enbodi ment, and/or addition of

an auxiliary ddieerig chiel specPa ] Oitdreait eprictiligs, yTes ceampdet,i oh)least
whose details are disclosed in, for exanple, U'S __Patent No. | ,
5,546, 225 and®®®her iaxé.lrﬁéxt's?%téfé’éof'f&dggbéﬂi- fen? R PRCRSY dudekipad.dth

Th d i K di nent t hod , of fact uri
T v one o BRosLTT B B0 sRTOE IR B e I ELREE 2h TR PR AP ddar
I th - i id . . 2 1

n the TF o LEIHRA P i L DAGaE, RLSARS £ G Ak SREPRIoHO” & Bdettha
the device |igfengtdn Ghayact @ ip!t irgg 1848 qtRr 89k et RGxihdde |Hwaw dt Ripfen

at |east a part of the space pattern data of the pattern data
correspondi ngi ¢ aaktiethswhSR amd 2t 2SR fo e ar dsetbC RS drlithed
exposure condition is adjusted based on the prediction results so '
t hat an et chirmgte neigeh widdpeddedio edpeekevetith cintibe sidatred. inffergity
using the pattern data whose |linewi dth has been adjusted, a

plurality of pbetekhistigp anf dR tratochafethhef 37st dereeetia] i wediitand
are formed in a predetermned position . relation wwthin pattern area

PA formedln Wie FFCUHE WEFaERs LY B LEUBEEFAt e B theETOr Sghown

It ReF:)reocgaufg%éﬁ#gtsiﬁgsﬁ):heagg{pggﬁr%agor?giéJ?grqseddar{ %rlsloni%gﬂggé émrde rJ'.cle

pattern correction (linewidth adjustment that will be
described later in a second embodiment, and/or addition of
an auxiliary pattern) called OPC (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 & method of manufacturing a
reticle such as, for example, reticle Ry previously described.

20 In the second embodiment, the same processing as in steps
102 to 110 in the first embodiment previcusly 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 cobtained.

Then, using the pattern data whose linewidth has been

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



5 coating an el ectron beamresist on the surface of the |ight
shi el di ng nmenber such as chromumor the like that fornms pattern

area PA, exposing the resist using an el ectron beam exposure
apparatus, and etching the light shielding, nenber after devel opnent
using the resist pattern as a nmask. 10 Reticle RT manufactured in the
manner descri bed above is |oaded, for exanple, into exposure

appar at us 100desinded ekposul &t ibya tdef etrepd aiv- s came dret duooli ned perd orived
under the standard exposure condition described earlier using

reticle RT t¥Rtahben pddhirapatacroratea #3 dormedt parmTeptt tee @urt@rcnas
15 of reticle RT onto each of the shot areas on a wafer. Then,

devel opi ng th‘(‘-&fv@alfae'-:rS FHRS TG & 153 mi@ged SoPRRHRt dPnE RSP - anl%ptggjrqshé[tSP

have a desired dth anf ﬁmOfll ar.e Hprne @ hg waf er é £
second enbodi & t F28d8F F 3RRTD ¢ %r&é’tst ST S 28 1ESFr BRE  RFPCe edd%
(I'inew dtl d&r ta)n %Lirécpcgcoﬁ-[‘% ts?!r Snofzhet Q\Fr Jgé%:? the light
descrlbed ear |er he exposure con t|on ea oné o

i 11'uni nat i on geneti diep r@é}@aéﬁes@eqpoawr&m&ﬁﬂmtar c@me bes 18] 1194180 Sisins
in the first enbodiment while exposure using the reticle that has

been manuf actpaieteis 25%paH,0m@dsing ther resisthe@ssegont erdoth deMaan
the pattern correction during reticle manufacturing I1s not limted

to the |inevextdsady uspperdtusndridretestaim eshant fghi | shargl qiatd erember
can be added instead of, or in addition to the linew dth adjustnent.

38 In each c#fteie GSHRLINRINE BHOVE, thehergr ot IRAICRhe 3 eimASK.
pattern g%s predi ct ed based on the sharp edged feature of t he

proj ect ed”i mage of Redtidrh &= Bpnyhgchigped ah’El the TRVRee ‘?%?ﬁé\/ﬁ‘?ﬂ ipoove

characteri sti £ Werc?ec{)r eP(')rCteekganl?p e,d Or%:o exposure apparatus 100, and

exposure by 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 R; onte 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.g.
at least one of the illumination condltion 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 éf, or in addition to the linewidth

adjustment.



5 predicted profile. The present invention, however, is not limted
to this, and the device linewidth characteristics can be predicted
based on the sharp-edged feature of the projected inage of the
pattern. Further, in each of the enbodi negys above, the case has 10
been descri bed where exposure is perfornmed using reticle RT on which

i solated pattern | SP and dense pattern DSP are formed. The present

i nvention, however ,hIn ssawt d4f mHedkimdinentarbowxpdhs eomdililze of the
performed using a reticle that has only isolated patterns, or only
dense patt er esed byt tarnt es P dlafecd bﬁéeéx@@ﬁneesb@nnred@ﬁdcf@easture
not have to be_adjusted in order to ad%ust t he isol at ed-dense

di fference (|<P%ét\khedpﬁ03595§§l intpdhell PrebR HRRd GF apEsPSR- iaﬁﬁb‘é%ea#aifice

the I'ik f h of the enb ts ab th
case, for oxaRTEIH) GHEAT HERoooR TRF AT GRLTHeS PETERY o7 Detheen

20 the shar pé?{je%? LLg t;ﬁfc‘?ﬁlf’é t e PL %]e%%?netd "%Be%ecl%f ”ﬂ%w%%&er 1s not

and t he devi I new aract eri st e profile of

resi st pattern)yi e chenis! aldprnleyeeie tl*l%e‘i@ﬂt@ﬁchék&@%?l@tlcs can
characteristics and the exposure condition (including for exanple,

at | east one 1§ pirReliexpeShs Cc@RUe $had dded FbyfupatdOBhe projected
condition) are obtained in advance. Then, during the actual

exposure, by iemgparongtidiepattensity distribution of the aerial

image (projected inmage) of the pattern using the aerial image
measuring i nstrunerfurthigdiet ¢agh tdie theveneodlinent gtadbove, the case has
characterl stics based on the 39 neasurenent results (the sharp-ed
featuredlff tPREN PG} ERKRY iWHEFS) SXBNF WearsSt BPFlfFB&m@ﬁeuﬁéflﬂeFﬁtéF?%rRT

ad st 19, e RSB £ SPINL Lot Baneth 00 e Pt et A0S Kl imea.

The present invention, however, is not limited to this, and
exposure can be performed using a reticle that has only
isolated patterns, or only dense patterns formed. In this

15 case, the exposure condition does not have to be adjusted in
order to adijust the isolated-dense difference (linewidth
bias) in the linewidths of resist images and the like as was
performed in each of the embodiments above. 1In this case, fox
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
linewidth characteristics and the exposure condition
(including for example, at least one of the exposure amount

25 and theillumination conditicon) are obtained in advance. Then,
during the actual exposure, by measuring the intensity
distribution of the aerial image (projected image) of the
pattern using the aerial image measuring instrument,

predicting the device linewidth characteristics based on the



5 with a desired linewi dth, and consequently the pattern inage after
etching with a desired |inewidth can be obtained. Further, the
difference in the profile due to the influence of the intensity
distribution (brightness distribution) ofsthe secondary |ight source
descri bed above 10 can also be corrected %y changi ng t he
illumnation condition, such as, for exanple, changing the shape and
size of the msecoudanygnt igdsubosr Cehe oxhanp-odédgsd whsaisyredangiige t he
a value, the annular ratio and the like. In each of the enbodi nents
above, the deserigeien inzdged ard grovvelparirg nchapbvwieimpiter

| ayers, however, other patterns and other |ayers are al so )
accept abl e. FRA1HeF Y ethe eXPpeties cordiklon dedmsed s e e Prri e
formed by a |jght shielding sectjon within the Jight transmttin
soctton. Fur RS o e L ST S (s TS 1 © LRSI T ol Pettern

1 Ui natcon, .| 6, U160t enst { e SEE LY QLo 20 80 e L WILDBEL age

Il i ght on tthe pupi | pl-ané “of ufi nation optical “syst

intensity in ihgAreasn fider: ch NAnad e &M 2w AIER On the PhLuAlddy
of areas eccentric from ©oOptical axis AX does not have to be zero.

That is, the intemmiddhed, the iditmanaidond i dobtihe anmlad @Hea
or 25 the plurality of areas eccentric fromoptical axis AX only has
to be higher imfludmes odHerhargasend it g ofhi et akveioloRl (b gachesd t he
enbodi mnents above, the first prismnenber 2la that has a concaved

coni cal refra@tsmgibguidreoid e Becoadany piobih aenbee dapcrheed lxove
a convexed 40 conical refracting surface are placed sequentially
fromthel® gt %@&@egweqﬁ&gpgrd@wwg dhGe it AbmoRaREOR &P tion,

everoed FULhgl NG AL! Bl ts MRS S SBLBH one

secondary light source, or in other words, changing the ¢ value,
the annular ratio and the like. In each of the embodiments
above, the description focused on groove patterns and wiring

15 layers, however, other patterns and other layers are also
acceptable. Furthermore, the 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 l1ight on the pupil plane of the
illumination optical system, the intensity 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 1s, 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 21a that has a concaved conical refracting

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



5 exanple, and the configuration is optional as long as the
illumnation condition including the annular ratio and the
illumnation 6 can be adjusted. Accordingly, various configurations
can be enployed, such as the illum nationggoptical systemdisclosed

in, for exanple, Kokai (Japanese 10 Unexam ned Patent Application
Publ i cation) No. 2002-231619, and the corresponding U S. Patent
Appl i cation Putvhical imonfNoctiROGAH2638ERe Bhrcedaapheenasadpyi Ladbm the
integrator 24, instead of the fly-eye lens, an internal reflection
type integratbighissenres aided)howewsfihetaveangenent erdspntanrbe
the like 15 can be used. Further, in each of the enbodi nents above,

as the illunFREEF8Rt i gMECHRE i S SQdsersat 1aror feddifplid L wHaation
panphl et of International Publication 1999/.46835 and the

cor r espondi ng” k) €2 Pat ¥ e$b%n7?%&%,%&39%%d?T?@§aW%§FSa?%ﬁvﬁa+%tﬁn?9re

wave nay %lSOeQQmﬁffg éﬁéitﬂé ggﬁﬁ%ggl%ﬁyoﬁnP i$§££%b%& as long as the

asi ngl e-wavel engt aser beamin rared” or” Vi Si bl e range

emtted by a DFRiReme0ndussd it ASRT1RE1EADSS ¢RSnnidP St fd b&Id the
anplifier doped with, for exanple, erbium (or both erbium and

ytteribiunm, antuBynSOIWErdiddhtihe yayelesgt h AdHrAhdiht,r aaldls

| i ght using a nonlinear optical crystal. Further, as the |ight

source, a |ignSogucetidat cyenes atreslayedcusnchl ds avhel Bt 1bmigtion

such as an F2 |aser_having a wavelength of 157 nm_a Kr2 | aser beam

havi ng a wavePRhbthl 2¥sUas dhgchesad el asEPr betambbei ngelsa haléaparg e

of 126 nql 41  or a, nercury |lanp that generates a bri?ht i ne such as

the g-Iife o/ME¥RLIDES &Ped e tiead FuphieRELOny piio. 2002-2316109,

magni fication of .the projection optical_,system..s not limted to a

reduction sys?%%tthgncd&fﬁ sgg}gc?:erﬁg .8% J?atexg Appllcarklon {Hoilcaluon No.
2004/0263817. For example, as optical integrator 24, instead
of the fly-eye lens, an internal reflection type integrator
(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 W0199%/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 dopedwith, for example, erbium (or both erbium
and ytteribium), and by converting the wavelength into

25 ultraviolet 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,



5 may either be an equal nagnifying systemor a magni fying system

The projection optical systemis not limted to a refracting system
and the system can be one of a reflection systemand a catadioptric
system (for exanple, an in-line type catggdioptric system whose
details are disclosed in, for 10 exanple, the panphlet of

I nternational Publication Number W?2004/107011 and the correspondi ng
U.S. Patent Applaceetonry 20a6p 0d24864¢ne zate 4 hee Iprdglect ithe nageh can the
be one of an inverted image or an upright inmage. In each of the

embodi ment s aBovenetde Eheel hbtndpeenn absedservidped. where the present
invention is applied to a scanning exposure apparatus by the ,

st ep- and- scan met hod*r S prideMagnhivieriiinn HovdverBrokedickon i9Rtiwpl

to thi dit | t | A

oty HoEB ) dhe S AR S e e
X

o o20, O Boou MIRALE 49 el AR 200,81 LR ol i e

to a liquid iTHENSIOEQRASWR1RAPALALES {5 YWY QR olii-Qd dol 8 Eéﬂaﬁ‘é”clng
in the space between projection optical system PL and the wafer as

in the apparasysteh, ditltesedyishen 0hneam e off BerpaMebt €bn0fystem and
I nternational Publication Nunber W2004/ 053955 and the correspondi ng

U.S. Patent d\p@&t@@id@rhrﬂcﬁ)%ymwﬁor Eexapebs, Pat eitrh-Apd | tabe on
Publ i cation No. 1,420,298, the panphlet of International Publication
Number VWZOO4¢@E§N%EPtI}§SS¥%I%®twh@566d@5@lh%36ﬂ9 dbpell esred | {ke. for
Furt her, _the resent i nvention can also be applied to a nU|tI-SH§%§

exposur e 1ppat 23R oW%e@aWI?%e% o IREP TR BPnat dgell iFRsEeR Y
are QISC!Oseqwggoq%PQ%g and thﬁ?%%&r%%%%a%?%% HngxagégentFﬁbﬁilcatlon

Publ i cati on)
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 apparatus by the step-and-scan methed. 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 W0O2004/055803, U.S. Patent No. 6,952,253



5 (and the corresponding U S. Patent No. 6,590,634), Kohyo

(publ i shed Japanese transl ation of International Publication for

Pat ent Application) No. 2000-505958 (and the corresponding U. S.

Patent No. 5,969,441), U.S. Patent No. 64208,407 and the |ike, or

the present invention can also be 10 applied to an exposure apparatus
provided with a neasurenent stage that has a nmeasurenent nenber

(such as a fiahzidhe nbatke. &uwsehsor, dhe Iperdsickd) ingents odi selrosdda e
for exanple, Kokai (Japanese Unexam ned Patent Publication) No.

11- 135400 (amPPiird dor redWditdiBd agenphPesuse pRPerahupaprPvided with a
Publ i cation 15 Nunper W)1999/23692), Kaokai. (Japanese Unexam ned

Patent Publ i%atidh ERGT SXRARSI8R8E2 dehdd iere Slsedpsadi Hy 608 example,
Pat ent No. 6,897, 96 and the |ike. Fyrthernore, .the, presept

venti on carkardh BeTRIRR P K AE PP PR Ry L SR R k0163098
appar at us st hafoyesndll Lo axd Ghalas 70 I ghtpdseddiad | e aatson | ighlyo
but also to an exposure apparatus that uses a charged particle bea

such as an el gSl¥ DIsheIRNRN AR + LI HEMN cfloH PnBBrXat AYn8XMABI & ation
apparatus. Incidentally, the el ectron beam exposure apparatus can be

an apparat uscdy PayerneAmiltcpeinei) Meant ned-eok o s vedddabie: shaped

25 beam net hod, a cell-projection nethod, a blanking aperture array
met hod, and acomskspendiord i S nefdioeht Por. eXxahid e441n U he. cRsteerf No.
the apparatus_that enploys the_pencil beam nmethod, the device

| i newi dt h cha@a%@%:r‘ig%iaé%i E8R beXkpr edt cihw) FESERt dhVEREipasTaR dhegde

profile asured j n advance, and the 43 exposure anpunt_ serving as
the expodlr o THITE 6P B THEOSHSE (20RF KT DE TATLSERH by ¢ M et

o e bt SRR SR R A e

linewidth CHaract etics
a sensor or the like), as is disclosed in, for example, Kokai
(Japanese Unexamined Patent Publication) No} 11-135400 (and
the corresponding pamphlet of Internatioconal Publication
15 Number W01992/23692), Kokal (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
applied not only to an exposure apparatus that uses ultraviolet
20 light as the illumination 1light but also to an exposure
apparatus that uses a charged particle beam such as an electron
beam oxr 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 celi-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 linewildth characteristics can be predicted based

on the resist image profile measured in advance, and the



5 the exposure condition, based on the device linew dth
characteristics. In each of the enbodi nents above, a transm ttance
type mask (reticle) was used, which is a transm ssive substrate on
which a predeterm ned |ight shielding patj#£rn (or a phase 10 pattern
or alight attenuation pattern) is forned. Instead of this nask
however, as is disclosed in, for exanple, U S. Patent No. 6,778, 257,
an el ectron nesgofar®aznabhe sdapibos naskihe oaxpdische acondition of the
light-transmtting pattern, a reflection pattern, or an emnission
pattern is foPaEECERCcOrAi Py 2@] efieed rioyi tnesgas 150 P tHRCHRAS G Ehaat
is to be exposed can al so be used. Wth the variable shqged mask

that uses a DMPOPRET tSPCMErBaedorn Be%iREFIIGHFE TSI ki FREBFatD
-radi ati ' di spl deyi I f. ti

nor a0 ot e RgE AL LAY, RSB S0 SLELLEROCR] BeTRllLElen oo
dictedg t 0 i d - t i be, d

Dy the electysn TaRR eon Do lorielt dited Th e iy ik (ErRERRIe D

be perforned aszthe:exposiuse. condition of the pattern based on the

prediction results in order to obtain an etched inage that has a
desired |inew dth, &5 datH be sSke@itbeilieshtienrbovdy Brevanssl ytance type
descri bed. Further, the present invention can also be applied to an
exposur e appanatks(rdiatcior maa wesd cevipbth et ot maisrisal@a substrate
| i t hography system) by formng an interference fringe on wafer W as

i s disclosed ¢h WhHisih exarpreternénpanphyiet SHldgdinhpatigrionar a phase
Publ i cati,gn Nunber W2001/.035168. Furthernore, the present invention
can alsol@e PR (U dh L §GF§n§ﬁﬁ&Pﬁtﬁ@tFﬁﬁp)sgﬁtﬁ8§W§€s a-nstead

pattern of a pbunald by oi0" HbRLLELeSaLOfs RIIAN & SRR eLoTosked P, 1.
Patent No. 6,778,257, anelectronmask (a variable shaped mask)
on which a light-transmitting pattern, a reflection pattern,
or an emission pattern is feormed 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 Micromirroxr
Device), which is a kind of a non-radiative image display
device (also referredtoas 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 cobtain an etched image
that has a desired linewidth, as in the second embodiment

25 previously described.

Further, the present invention can also 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



5 projection optical system and perforns double exposure of an area
on the wafer alnost sinmultaneously in one scanning exposure, as is

di scl osed in, for exanple, Kohyo (published Japanese translation of

I nternational Publication for Patent Appjjcation) No. 2004-519850
(and the corresponding U S. 10 Patent No. 6,611, 316). The present
invention is not limted to the exposure apparatus for manufacturing
sem conduct oreptengatiocah RhisDicdeisn dehybeapphid2e0 1,00 351 €Xposur e
apparatus used for manufacturing displays such as the |liquid crystal

di splay 15 dewrtlermoee oftisypacsegitassvphaties oantdlesd ibeeprodied am an
exposure apparatus used for manufacturing thin filmmagnetic heads,,

m cr omachi nesSXPRRUER PP UshéhpitkaynFoeshaes a mattgrasesta plurality

invention can al so be app)ied to exposure apparatus . that ,
ranot ors o cPEGREL oMY aF Gt b1t ARSTerhEaRhed OF ShCarareT cpip the
waf er not Lonly when_producin 1 crodevi ces.such-as _ sem.conduct or

but &l S0 TherP FYDUUET I P FETT Bl &Yool ik PTASETh peRtretrorite of
apparatus sucfy, ag.an &P%}?@'wﬁ‘é’?sﬂrﬁos@p&ﬁ{dﬁ% A EM rgxcﬁﬁ)ébg&anning
apparatus, an X-ray exposure apparatus, and an el'ect ron beam

exposure appaégpssurd hen23 HLieet cxleld eat, E@reé:{?@ﬁﬁgl@,lﬁompé lpupteshed
to wafers, and for exanple, the object can be a glass plate, a

ceram c substiapEnesa thidnmlaenilker o fal meskndl aoka DIPulila daitken Sod Rdisent
shape is also not limted to a circular shape and can be rectangul ar

i nstead. As |&prlicathennaio on2004a9%98 70 deshi@gnehedstmeespoiding 3. S.

el ected states), to which this international application is applied,
permit, tRe aPROVRNEHI ¥Rl 03ubEL, 38t he Kokai/ Kohyo Publications, the

B_agPh:Dgt Zn?f A:)B][ iez:n t%?p”:ﬁalﬁﬁ%]tggr}cv?ﬁt#étoingﬂ ist hneotU'lS:'L'miFi):aethn‘(;[oS t ned éxhpeosure

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 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 alsoc when producing é reticle or a mask
used in exposure apparatus such as an optical exposure
apparatus, an EUV 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 film member, a mask blank or the like, and the shape is also
not limited to a circular shape and can be rectangular instead.

As long as the natiocnal laws in designated states (or



5 description are incorporated herein by reference. Further, in each

of the enbodi nents above, the case has been described of a device
manuf acturing nmethod that includes a wring process in which copper
wiring is formed by a single danascene pybcess. The present

invention is not limted to 10 this, and the present invention can
also be simlarly applied to a device manufacturing method that

i ncl udes a Wa&laegted aoesses)i,n twhiwtiichetAl swintagna sidma hegshhyi @atth@t is
damascene process. Further, besides the description above, in the
case a transigpbiedatpeiniforpre dyown éhdbeldelureserhothsikokar/Kahyo
15 the single damascene process previously described, a groove -of

the gate can DeE¥opaieonhr tHee \RFerhinih P Hotemrtianal fuddeAmtigns,
nmet hod in the present _invention NDUSTRI AL APPLI CABI LI TY 20 The .
Substrate prodisdiig REERBHS (Y FESHH caehE HRFeAPP bhCaF 408 (RUH G g
formng agwrj roove and the like, [Further, . the device

mnU At uF! g HETTOE ST CHE® praet T avendrere s DL AT e

manufacturing m crodeuiess. jRUELBRTf EhE e%&iﬁ%ﬁ'? ioaﬂ:ﬂaxf@,t hod Ofse has

phot omasks of the present invention 25 1s suita r manufacturing

phot omasks usgged olescrapeiast W WY1 FeGiHNerd €8sy i i me\tHdE 8 CLMVERes

IS: 1. A substrate processing nethod that conprises a patterning

process of a 4 edirdingopracesbsinaitel dly cexpesuwering ihe€oratdabdy a single

conprising: a process of predicting a device |inew dth L

char act eri st i ¢anynsetho PO eHRd p- Sdgetdrteantr énvénbipnojlected Limdyed to

of a predeterm ned pattern;, and a process of adjusting an exposure _

condi ti oaCof %KweS, and the present invention can also be similarly applied
to a devicemanufacturingmethod 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 invention is
suitable for manufacturing microdevices. Further, the
manufacturing method of photomasks of the present invention
25 1s suitable for manufacturing photomasks used for

manufacturing microdevices.



10 pattern based on the device linewi dth characteristic that has

been predicted. 2. The substrate processing nethod of Caim1l wherein
the sharp-edged feature is a differential value at a 15

predeterm ned position in an image intensj¢y distribution of the
projected image. 3. The substrate processing nethod of Claim1l
wherein the sharp-edged feature is a log slope at a predeterm ned

20 position I'WHAT i IBJCLATMEDI ths di stri bution of the projected

i mge. 4. The substrate processing nmethod of daim1l wherein the
shar p-edged feature is a contrast of the projected 25 inage. 5. The
substrate processing nethod of Claim1l wherein in the process of
predicting the devite B S&RSHIRtecRECEEEEANSt Pethedithfitl €ogprises a
resist pattern that can be 47 obﬁai ned through th atterni ng
process and PUeVEFOPREMTOPTITRE 7 STIILY BT IR QY Sxposure,

processi ng ”?El@gd%%’%h%aé%a%ﬁ“@fﬁ in 5 in the process of predicting

the device |inew char ertstic, a profile of a resist pattern

is predicted based, %%%%579%% 5 featdirgeof .4 her AnLed ot ed

i mge, whereby the th characteristic is predicted

based 10 on ¢herpeedilec o Bhaed esl stspati-esdgddaHedasrPOENa projected
predicted. 7. The substrate processing nethod of Caim@®6 wherein

the profile ofmade oEsasprodtterminsd predieted 4m@king into

consideration deformation of the resist pattern due to 15 heating

tr eat nent. a process of adjusting an exposure condition of the
10 pattern based on the device linewidth characteristic that has

been predicted.

2. The substrate processing method of Claim 1 wherein
the sharp-edged feature is a differential value at a
15 predetermined position in an image intensity distribution of

the projected image.

3. The substrate processing method of Claim 1 wherein
the sharp-edged feature is a 1log slope at a predetermined
20 position in an image intensity distribution of the projected

image.

4, The substrate processing method of Claim 1 wherein
the sharp-edged feature is a contrast of the projected

25 image.

5. The substrate processing method of Claim 1 wherein
in the process of predicting the device linewidth

characteristic, a profile of a resist pattern that can be



8. The substrate processing nethod of Claim1, the nethod
conprising: a devel opnent process and an etching process after the

20 patterning process of the resist, wherein in the process of
predicting the device linewdth charactefjstic, the device linew dth
characteristic is predicted based on the sharp-edged feature of the
projected imge of the predeterm ned pattern and an etching 25
characteri stiagbtiaindr Etohidgly rogesistehindepsedisds adred pr abessiamgnent
met hod of Claim8 wherein in the process of adjusting the exposure
condition, theroexpdsigeugvhdition is adjusted to nmake a |inew dth of
a pattern 48 after etching becone a desired val ue based on the
device linewdth characteristic that has been predicted. 10. The

bst r at [ hod of C 1 wh th .
Condi 1on | ncl udes S FBASTo0E" OFCah SxpOSU EHANES PRRGH bifreretn
d illungnat di t t
SPOCI@SS:Jngnﬁ”e!t ggdchr}l éﬂeo fd:ev#er ei ﬁjée%rlithl%]gext}%;??eggz%ng‘ﬁ%emdth
i ncludes at [&fsta o] LR A Nor O 106 DA LIS, s AR NG PHOPRY cted

condition is adjusted by changing a linew dth of a pattern formed on
a phot omask. Hasedhen sthstsiad € RE0Eas sf drgeued hoel e @iad 8 deavhiiejd),
15 the exposure condition includes at |east the exposure anount, and
t he exposure woexkityon i s adjusted by changing at |east an energy
anount of an energy beamirradiated on the resist during the

exposure. 20 13. ThHdisdbyicst blpewtdthighp ety GiicClai pradiakhed dased

t he exposure condition _includes at |east the
10  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 consideraticon deformation of the resist pattern due to

15 heating treatment.

8. The substrate processing method of Claim 1, the
method comprising:

a development process and an etching process after the

20 patterning procesé of the resist, wherein

in the process of 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

25 characteristic in the etching process.

9. The substrate proceséing method of Claim 8 wherein
in the process of adjusting the exposure condition, the

exposure condition is adjusted tomake a linewidth of a pattern



illumnation condition, and the exposure condition is adjusted by
changi ng an energy distribution on a pupil plane of an illum nation
systemthat irradiates an energy beamon 25 the pattern. 14. The
substrate processing nethod of Claim1l whgfein the exposure
condition includes at |east a spectral characteristic of an energy
beamirradi ated on the resist 49 during the exposure. 15. The
substrat e prozeisst ngt aiet i doatortd ag middi ndred huie thesspewt ridhe device
characteristic includes at |east one of a 5 first spectral w dth,
whi ch is decitierebbdichl omoacterbytici Unvatar fernmiediekedy
distribution of a spectral of the energy beam and a second spectral
width, which is the width when an intensity of the spectral

decreases to a predetermned rate Wi th respec val u f .
The Tnrensity of thD epdbtr aibStSard s on it prlnaahrh Casdmg WHeretn
met hod of ;Claim1 whgrel e d‘H’ D Ahd Scflo%t ed, Palde&d ’Etartdeaaswfed}?e of an
pattern are transferred onto a resi’st” 1 n one exposure i

patterning pLocessre hmoiAg, erpeéwt@tﬁora@té !LPPuﬂn:?néétHﬁt&antﬁﬂ@k@fache
line width of a resist pattern and a |inew d a pattern after

etching be ipnacgesired relation in both the |solated pattern and

the dense pattern. 20 17. A device manufacturing nethod that

conprises a |ithography process in which a pattern is forned on a
substrate wusing the substrate processing nmethod according to any one
of dains 1 to 16. Y5 1&heThebslerd e prasesadngrineighor oiddl fm EPahrnedn

wherein o . _ .
10 the exposure condition includes at least the linewidth

of the pattern, and the exposure condition is adjusted by

changing a linewidth of a pattern formed on a photomask.

12. The substrate processing method of Claim 10 wherein

15 the exposure condition includes at least the exposure
amount, and the exposure condition is adjusted by changing

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

resist during the exposure.

20 13. The substrate processingmethod of Claim 10 wherein
the exposure condition includes at least the
illumination condition, and the exposure condition is
adjusted by changing an energy distribution on a pupil plane
of an illumination system that irradiates an energy beam on

25 the pattern.

14. The substrate proceesing'method of Claim 1 wherein
the exposure condition includes at least a spectral

characteristic of an energy beam irradiated on the resist



the |ithography process conprises a substrate processing process in
which at |east one of a wiring pattern and a gate pattern of a
transistor is forned. 50 19. A manufacturing nethod of a phot omask
used in a patterning process of a resist pgy a substrate by exposure,
the nethod conprising: a process of predicting a device linewdth 5
characteristic based on a sharp-edged feature of a projected inmge
of a pattern dbatngsthe bepbounred on the photomask; and a process of
changing a linewidth in at least a part of the pattern based on the
device linewdth characteristic that has been predicted and formng
a pattern whose linewwdth in 10 at |east a part of the pattern has
been changed on a nba3k Téx%%%%@éatez@rww%h%oﬁ heindd wrerein

hot omask of Claim, 19 wherei t he shar feature i s
BTt oronti ol vl uo e poemed), SRaERCsaLR SO0 H:@ S iFge T onsi of 2

di stributizon ct e. .21, Th
a phot onas fiaésg%%&f%’aﬁgwﬁﬁ%bgﬁﬁa helgh%ﬁcglég? fg_e CEIJlljrgg ?Igétg I[d"’ug)lon
sl ope at a predeterdy Qﬁdlntflé}%lt ﬁalsf&r%ult%gl of I ﬁgtéﬁ%ﬁajg:cogfaﬁ:hg%ﬁ@ﬂgy

of the projected imge. he manuf acturi ng (
phot omask of Ktamm add a\h%@daﬂﬂdtﬂ%é{lﬁép wogel, foed el eid Stife CRIAE@RSHhen

of the projected inage. 51
an intensity of the spectral decreases to a predetermined rate
with respéct to a peak value of the intensity of the spectral.
10
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
process,
15 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.

20 17. A device manufacturing method that comprises a
lithography process in which a pattern is formed on a substrate
using the substrate processing method according to any one

of Claims 1 to 16.

25 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.



23. The manufacturing nmethod of a photomask of Claim 19 wherein in

t he process of predicting the device linewdth characteristic, a
profile of a resist pattern that can be 5 obtained through the
patterning process and a devel opment proggss is used. 24. The

manuf acturi ng nmet hod of a photomask of Claim 19 wherein 10 in the
process of predicting the device linewdth characteristic, a profile
of a resist patternl®s prednctfedturdsed met hioke ofhar phedged ske atsede iaf a
the projected i mage, whereby the device |inewidth characteristic is
predi ct ed baseattasnbng tecproside dfredhbst exi sa pavtterate Hal drmosure,
been predicted. 25. The manufacturing nmethod of a photomask of C aim
24 wherein t helprvetred oforpel 8395t pattern is predicted taking 20

i nt id ti def ti f the resist (P d t heat i
L1 eat mont. 26, Tho SERASRLAT e AT & TRATHESC O G m 16,

the net ho?;t g?&?%%&é&gr'i%_sig bdaesve% %Bngnél?é)%;g—ggiiesn?g%a \}\ﬁ%t 8?_' A rcijneected

process a ! . patter ni ng. pr OC.GSS O \ e_r ern In
process of predigtidid at et de¥hoedi newidt Be SHAFASIRS k8L SnotBRask; and

device linew dth characteristic is predicted based on the
shar p- edged f eat ur &a @frddee spb8j €6aegHine a IMReH ikt e P adeiy ai pedt of

pattern and an etching characteristic in the etching process. 27. A
phot omask usethe pad teaint basedpmpraeedsvdfe d imesiigith characteristic that
has been predicted and forming a pattern whose linewidth in

10 at least a part of the pattern has been changed on a mask

substrate.

20. The manufacturing method of a photomask of Claim

19 wherein
15 the sharp-edged feature is a differential value at a
predetermined position in an image intensity distribution of

the projected image.

21l. The manufacturing method of a photomask of Claim

20 19 wherein
the sharp-edged feature is a log slope at a predetermined
position in an image intensity distribution of the projected

image.

25 22. The manufacturing method of a photomask of Claim
19 wherein
the sharp-edged feature is a contrast of the projected

image.



5 on a substrate by exposure, on which a pattern is formed using the
manuf acturi ng nmet hod according to any one of Clains 19 to 26. 28. A
devi ce manufacturing nethod that conprises a 10 |ithography process
in which a pattern is formed on a substrate£ using the photomask of
Claim27. 29. The device manufacturing nethod of C aim 28 wherein
the |ithography process conprises a substrate 15 processing process
in which at | east che offhe wanufgcpattiegnmeahddacfas eplpat deask off aClaim
transi stor is forned.
19 wherein
in the process of predicting the device linewidth
characteristic, a profile of a resist pattern that can be
5 obtained through the patterning process and a development

process is used,

24. The manufacturing method of a photomask of Claim
19 wherein
10 in the process of 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

15 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
20 into consideration deformation of the resist pattern due to

heating treatment.

26. The manufacturing method of a photomask of Claim
19, the method comprising:
25 a development process and an etching process after the
patterning process of the resist, wherein
in the process of predicting the device linewidth
characteristic, the device linewidth characteristic is

predicted based on the sharp-edged feature of the projected



10

15

52

image of the predetermined pattern and an etching

characteristic in the etching process.

27. Aphotomask used in a patterning preccess of a resist
on a substrate by exposure, on which a pattern is formed using
the manufacturing method according to any one of Claims 19

to 26.

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

using the 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 pattexn

and a gate pattern of a transistor is formed.



