Met hod And Appar atus For Deconposi ng Sem conductor Device Patterns Into
Phase And Chrone Regi ons For Chronel ess Phase Lithography Field O The

| nvention The present invention relates generally to the generation of mask
patterns for use wth chronel ess phase |ithography techniques, and nore
specifically, for the deconposition of a target design into a
correspondi ng mask pattern that prints features utilizing both chrone and
phase-shi ft techniques In addition the present invention relates to a

devi ce manuf in d u5| i t hogr aphi c ,apparatus conprising a

radi ati on Syw w&n mcnmmmng Samwomlucta)mask tabl e

for holding a Mce&bﬁwemStmﬂﬁPﬁﬁ‘isbAhﬁd Arothe R ng pubstrate
or prolecting t he

table for holding a substpgte on s

patterned projection bea QJméﬁF%t? g’éfaﬁfloitl %ﬂggﬂ ¥Yie substrate.
Background O The Invention Lithographic projection apparatus (tools) can

be used, for exanple, in the manufacture of integrated circuits (1Cs). In
such a casBield@EThebivention ai ns a circui t pattern corresponding to an

i ndi vidual layer of the IC, and this pattern can be inaged onto a target

portion (e.g. conprising one or nore dies) on a substrate (silicon wafer)

that has been Tegredntihvdntian kaytey geabrall Al B pORrSRADI HaMepdiRER Thilse
(resist). In general, a single wafer wll contain a whole network of

adj acent  t-aitigéiromeletd phase KithairafyaeshtmBs ahy Rloe s El'ﬁ@aq gafo?% ovia the
proj ection system one at a tine. In oné type of Iithdographic projection 1

appar at us de@@rﬁ s‘itﬁfngcﬁta tRBELdeSiBn ko h%l@&b@ﬁd%% QXSI{%P[&%' the p[‘lnﬁ &Ly & mask

pattern onto
utlllzmg both chrome and phase-shift techniques. In addition, the present invention

relates to a device manufacturing method using a lithographic apparatus comprising a
radiation system for providing a projection beam of radiation; 2 mask table for holding a
mask, serving to pattern the projection beam; a substrate table for holding a substrate; and
a projection system for projecting the patterned projection beam onto a target portion of

the substrate.

Background Of The Invention

Lithographic projection apparatus (tools) can be used, for example, in the
manufacture of integrated circuits (ICs). In such a case, the mask contains a circuit
pattern corresponding to an individual layer of the IC, and this pattern can be imaged
onto a target portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that
has been coated with a layer of radiation-sensitive material (resist). In general, a sin.gle
wafer will contain a whole network of adjacent target portiqns that are successively

irradiated via the projection system, one at a time. In one type of lithographic projection




target portion in one go; such an apparatus is commonly referred to as a
wafer stepper. In an alternative apparatus -commonly referred to as a

st ep- and- scan apparatus - each target portion is irradiated by
progressively scanning the nask pattern under the projection beamin a
given reference direction (the "scanning"” direction) while synchronously
scanning t he substrate table parallel or anti-parallel to this direction;

si nce, raI he projectio temw.l | have a nification factor
M ( goner al FEPAER elchyipoeioian Iy i PR B EYOTa £k BB Pao Seanned
will be a factor Mtines that at which the nask table is scanned. More

i nf or mat i ofAISHtPATLOB KPR 80 SYchian dppaHS & capmoniitrafersd thsraawvalgedenrebdy can be
gl eaned, for exanple from US 6, 046, 792, incorporated herein by reference.
I'n a manuf aeeliprhatiye ppmrégs;—@gmngmh/ nefemdgr aptitep-dejcarc afiparatesppeaclt us, a
mask pattern is imaged onto a substrate that is at |east partially covered
by a | ayer tapget powioh & irrediated ibg iptdgvasively acanalng(thexmbaski patteddrunder the t hi s | magi ng
step, the substrate may undergo various procedures, such as prinmnng,

resi st coapidj@tiemBeatn BOf divdrakRrenbé HRdctioN PAS UWeBnniddreliresithy whake may be
subj ected to other procedures, such as a post-exposure bake (PEB),

devel opnmengynchrolalsty Rakfngitd sﬁE’s&%ﬂéﬁ@&@ Béré!lé? %Pﬁﬁf-be@ﬁlleq’io &ﬂeddeﬂﬁ?&egln&eat ures.
This array ~ of procedures is used as a basis to pattern an individual |ayer

of a devicg g elgl tl?eﬂar{;;@ctmﬁ‘é%}eﬁ vﬂﬁth%n?er é‘ﬁggdzﬁé’a‘f an ?ﬁortl\/li‘?%é} %ﬂﬁl J (f@rious

processes s ant at z[ 1 on,

origeton egc?gffat SRR SR Gy o AR R o1
ronialrs, s el L v b b Lopbnen Lot now
(vafer). Tgtssggbe%%\alull (l:)e(za Zlegne%, tt"orr] E}rc]an?ple, from US 6,046,792, incorporated herein by
reference.
| In a manufacturing process using a lithographic projection apparatus, a mask
pattern is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features. This array
of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC.
Such a patterned layer may then undergo various processes such as etching,
ion-implantation (doping), metallization, oxidation, chemo-mechanical polishing, etc., all
intended to finish off an individual layer. If several layers are required, then the whole

procedure, or a variant thereof, will have to be repeated for each new layer. Eventually,

an array of devices will be present on the substrate (wafer). These devices are then




separated from one another by a technique such as dicing or saw ng.
Thereafter, the individual devices can be nounted on a carrier, connected
to pins, etc. Further information regarding such processes can be

obt ai ned, for exanple, fromthe book "Mcrochip Fabrication: A Practical
GQui de to Sem conductor Processing”, Third Edition, by Peter van Zant,
MG aw Hi || Publishing Co., 1997, |1SBN 0-07-067250-4, incorporated herein

by reference. The |ithographic tool, may be of a type having two or nore
substrate ?%Tﬂ&g fpagh a?f‘o%ﬂo?fﬁky éFeCﬁwﬂ%e $tsB ps figlheesiawing Lhesepfieptha i pl e
stage" devices the additional tables nay be wused in parallel, or

pr epar at or {pdtidysh deviges e kaamnpinies ena casticrogrmnegteditoming etbl Bsthahi | e one  or
nore:other tables are being used for exposures. Twin stage |ithographic
tool s are indegetivbegardingrsugx prvpdsess dam biJsbtaindd Forkkimpled fND tBSHabR 791,
incorporated herein by reference. The photolithography masks referred to

above conpiMieodhgoabticationp AtRradtiasl Guidd focsSepaduilidingor Broédising'i, Thitd EdReAponent s
to be integrated onto a silicon wafer. The patterns used to create such

nmasks are Bep&aeiadFabi, MJIGHhWHiTAR sk _Eigoni MBS slgrbgso-40r ogranms, this
process often being referred to as EDA (el ectroni c design autonmation).

Most CAD pfn@&‘béﬁﬁedfh%elhpﬂ‘{yéfﬁ&{cepf predeterm ned design rules in order to
create functional masks. These rules are set by processing and design

im tations. o SxaRlsc HERkOR (1 6B RTINS0 LP R PR APLEIR IGR PO oo

circuit devices capacrtors, ®etc. erc i nes,

So as to ensure that t ircuit .devices or lines do not interact, with one
anot her | n'% nor&hoaggﬁaﬁlﬁgﬁlgmuc% mglélgfessgggeoﬂglﬁﬁ a'farf’@dﬁlé’a‘i’ga I¢5 Pt Reyr at ed
circuit fabricati c1 is to faithfully reproduce the original circuit design
on the waf&Fd f1paza her RERIOTAFIERTHBRY Rfosfriqdouf gn gagor more tables while one

or more other tables are being used for exposures. Twin stage lithographic tools are
described, for example, in US 5,969,441 and WO 98/40791, incorporated herein by
reference.

The photolithography masks referred to above comprise geometric patterns
corres.ponding to the circuit components to be integrated onto a silicon wafer. The
patterns used to create such masks are generated utilizing CAD (computer-aided design)
programs, this process often being referred to as EDA (electronic design automation).
Most CAD programs follow a set of predetermined design rules in order to create
functional masks. These rules are set by processing and design limitations. For example,
design rules define the space tolerance betﬁeen circuit devices (such as gates, capacitors,
ctc.) or interconnect lines, so as to ensure that the circuit devices or lines do not interact
with one another in an undesirable way.

Of course, one of the goals in integrated circuit fabrication is to faithfully

reproduce the original circuit design on the wafer (via the mask). Another goal is to use




3 as much of the sem conductor wafer real estate as possible. As the size
of an integrated circuit is reduced and its density increases, however,
the CD (critical dinension) of its corresponding mask pattern approaches
the resolution limt of the optical exposure tool. The resolution for an
exposure tool is defined as the mninumfeature that the exposure tool can
repeat edly expose on the wafer. The resol ution value of present exposure

equi pnent often constrains the for many advanced | C circuit desjgns.
Furt her nor & mt”ﬁém%ﬁ SEHRPNduRiSF B’\ggﬁé%‘[ S Srﬁoé?"@ﬁr“g%@%&e of g ueer ry
packi ng density and | ow power .consunption for mcro-electronjic conponents
are dir ectclrﬂj‘“e/‘é reduged and itsilensilyjingreasess howevendlg GBHgriticat Avmegsien) afdist r ansf er
and formpatterns onto the various |ayers of a sem conductor device. The
current st &paespendikpmagk pattenpuippeegehep dietresofiitiog liofit @idheoptésial expebwatoohe

avail abl e l'ight source wavel engths. For instance the current production
wavel engt h Tbf r@didtiomfar an bepasgrepors hedtfineday itls neitiuer fehtage thit thDexposwwenl | er
than 100 nm This industry trend will continue and possibly accelerate in

the next Yool Garyiepdased]Pekpd &S thb @@ fdr MHeResoliiiod WAL bpﬁ@keﬂeﬁm%ogy Roadnap
for Sem conductors (ITRS 2000). One technique, which is currently

recei ving agdpheRdabn 8dds@Rihs R A1 RIPntdAG adPREELIA diRAARRMAYs. comuni ty, for
further inproving the resolution/printing capabilities of photolithography

equi pment is r _eflﬁ{l{eﬁ‘gogeothééoﬁmni) rg\?e?rtleﬁEqﬁ%léﬂo x{&%%%%%?éeci‘ galmnory AS is

known, when utilizing CPL techni ques, e resul patetrern typically
el ues BRAMGEAGAR 4000 SRR MR PSR B SpRLAET  , 1T £
RGN P AN RO o W S

the various layers of a semiconductor device. The current state of the art requires

patterning of CD's wel] below the available light source wavelengths. For instance the

current production wavelength of 248 nm is being pushed towards patterning of CD's

smaller than 100 nm. This industry trend will continue and possibly accelerate in the next

5-10 years, as described in the International Technology Roadmap for Semiconductors

(ITRS 2000).

One technique, which is currently receiving additional attention from the

photolithdgraphy community, for further improving the resolution/printing capabilities of

photolithography equipment is referred to as chromeless phase lithography "CPL". Asis

known, when utilizing CPL techniques-, the resulting mask pattern typically includes

structures (corresponding to features to be printed on the wafer) which do not require the

use of chrome (i.e., the features are printed by phase-shift techniques) as well as those

that utilize chrome. As a result, it is necessary for mask designers to verify that the mask

structures utilizing the various techniques all interact in an acceptable manner such that




structures utilizing the various techniques all interact in an acceptable
manner such that 4 the desired pattern is printed on the wafer. However,
due to the conplexity of the masks, this can be a |ong, tedious and
difficult process. Accordingly, there exists a need for a nethod which
provides a sinple and systematic approach for defining a mask pattern that
utilizes CPL techniques, which allows for accurate printing of the desired
pattern. S ry O The Invention In an effort to solve the foregoing
needs, it ﬂsem%ﬁéedc?aft@@tls Bintedhen the dadic Howget dusrio thewopipsuity ef te masksod f or
generating a mask pattern that utilizes CPL techniques froma desired
target pat thesande adend, gadious apddifiewitiprocess i s an object to provide a sinple
and systematic process for converting the desired target pattern into a
mask pattern thatcordieglyctheretehiststa meed foe quiatied Widch pmsidede simpte andhi | e at t he
sanme time inproving the accuracy of the design printed on the wafer. Mre
speci fi cal kysteniaric apRoschefFPiEminge et pareh thdt DEliR%E €Petbchiniued Whidh rel ates to
a method of generating a nask of use in printing a target pattern on a

substrate. alld¥d forRichHR prifmpdemeiBgrealpaRgnof (@) determning a maxi num
wi dth of features to be imaged on the substrate utilizing phase-structures

formed in the nmask; (b) identifying all features contained in the target
pattern having a width which is equal to or l|ess than the nmaxi nrum wi dth;

(£) X2kl Dyl Rigpevt 19 o wtcLh vl ch 1o equal Lo of Fess than
(e sk corr Sspoung, LS, L deailr s enthlLed Lo (B and ()
pattern af ttoeprrcwri)c?er z]; r%retri'rliog ?orsgegg‘atgr?g) a mask pattern that utilizes CPL techniques from a

desired target pattern or design. Importantly, it is an object to provide a simple and

systematic process for converting the desired target pattern into a mask pattern that

reduces the time required for mask design, while at the same timé improving the accuracy

of the design printed on the wafer.

More specifically, in one exemplary embodiment, the present invention relates to

a method of generating a mask of use in prinﬁng a target pattern on a substrate. The

method includes the steps of (a) determining a maximum width of features to be imaged

on the substrate utilizing phase-structures formed in the mask; (b) identifying all features

contained in the target pattern having a width which is equal to or less than the maximum

width; (c) extracting all features having a width which is equal to or less than the -

maximum width from the target pattern; (d) forming phase-structures in the mask

corresponding to all features identified in step (b); and (e) forming opaque structures in

the mask for all features remaining in target pattern after performing step (c¢).




5 Al though specific reference may be made in this text to the use of the
invention in the manufacture of 1Cs, it should be explicitly understood
that the invention has many other possible applications. For exanple, it
may be enployed in the manufacture of integrated optical systens, guidance
and detection patterns for magnetic domain nenories, |iquid-crystal

di spl ay panels, thin- filmmagnetic heads, etc. The skilled artisan wll

appreci ate that he ntext of s te | ve .app ions, any use
of the terns f’%th’l@th pec‘ %5?%?“066? 'l'tc?l%a%e ‘%{ht‘ﬂ%”?&& g[aﬁ’fed“‘ﬁéﬁ?fb'ﬁy der ed
as being r Iaceg Lé nmor e ﬂgenera ternms "nmask" "substrate" and

"tar get p0|I 6 mgpulact %B i § ghapld heexpigitly nadessieodtbal the ivventiondias glapy

"radi ati on" and "beant’ are used to enconpass all types of electronmagnetic
radi at i on, othsepassiblepnlieatians. Sprexappd, mpayrbe(cnpipyedin the manwbapakeefyt h of 365,
248, 193, 157 or 126 nm and EUV (extreme ultra-violet radiation, e.g.
havi ng a wantegrgnadopticahsystemsy @ndpacdaRiideng)ion faterdsdommagstic dsmeinpl oyed in
this text nmay be broadly interpreted as referring to generic patterning
means t hat neatoribe ligsidetrystal divg iy paels, BieiosfilAgndpaeticticadd) eleeTha Willddl Atisan
patterned cross-section, corresponding to a pattern that is to be created

in a targewilpigréddie thaf, it e comBalITatd: alt%ﬁﬁtn@@ép?hceltioﬁ@tany /& 'thC@meal so be
used in this context. Besides the classic nmas transm ssive or

reflectiven fiigary,fep hﬁ'sﬁ’lesm thisit3 shEHPb fjonsﬁ}ﬂ%d )as b&ﬁgfgﬂiagid 8§ the%c{?@ r such

patterning means include: a) A progranmma mrror ar n ‘exanpl e

such a devg&l%rajéﬁe sr@jg%lﬁ"x" B""sgrg{eeg&fqgrg [}]&ﬁtlongere?p%\c{tlly a viscoel astic

control ective sur asi’c ‘'nci pl e behi nd such an
apparatus is that (for exanple) addressed areas of the reflective surface
r e; : ggt i nci denin the gratenadocdideht; drttachs‘rgidtionWael ‘@asmt aeddtCRSRdorapRaS
° all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a

wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation,

e.g. having a wavelength in the range 5-20 nm).

The term mask as employed in this text may be broadly interpreted as referring to

generic patterning means that can be used to endow an incoming radiation beam with a

patterned cross-section, correéponding to a pattern that is to be created in a target portion

of the substrate; the term “light valve” can also be used ii this context. Besides the

classic mask (transmissive or reflective; binary, phase-shifting, hybrid, etc.), examples of

other such patterning means include:

a) A programmable mirror array. An example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The basic
principle behind such an apparatus is that (for example) addressed areas of the reflective
surface reflect incident light as diffracted light, whereas unaddressed areas reflect

incident light as undiffracted light. Using an appropriate filter, the said undiffracted light




incident light as undiffracted light. Using an appropriate filter, the said
undiffracted light 6 can be filtered out of the reflected beam | eaving
only the diffracted Iight behind; in this nanner, the beam becones
patterned according to the addressing pattern of the matrix- addressabl e
surface. The required matri x addressi ng can be perfornmed using suitable

el ectronic neans. More information on such mrror arrays can be gl eaned,
for exanple, = from Uni ttetg States Patents US 5,296,891 and US 5,523, 193,

whi ch are faRdSAHGrstof therellested pesraleavingaly by dititastedlighibaling it &85 arr ay .
An exanpl e of such a construction is given in United States Patent US

5, 229, 872, mamicetihe beapmbasepey patistned epwirding ip the dddressing patitre ofthevdrivof t he
present invention provides inportant advantages over the prior art. For
exanpl e, t hdlrdseabdgoirfage. bt haptired mdetonidesiingean teaedetmgdatsingrsnititié o phase
structures and opaque structures in order to define/generate a mask to be
utilized teeqrdnfttmednBeMberigfotmfriint@rsiciphavirdgayseasibapleanal toreyshgent i c
process for converting the target pattern into a mask pattern that reduces

the tine rgediUmedd SakesMEHtsASS 5206, 89NiddeUSS, 50N €93, SaHidh dré RolpBRELQVi N the
accuracy of the design printed on the wafer. Additional advantages of the

present in [ i becone apparent to those skilled in the art from
the foll Owﬂeﬁghgg% elé‘%f’descri pti on of exenplary enbodi nents of the present
invention. The invention itself, together with further objects and

advant ages, carb)iepiogtamemableindBrasiapoth enampdf disadcecanstradi@nfiogivewinng

detail ed description and the acconpanying draw ngs. Brief Description O
The Dr awi ngsited States Patent US 5,229,872, which is incorporated herein by reference.

The method of the present invention provides important advantages over the prior
art. For example, the foregoing method of decomposing a target pattern into phase
structures and opaque structures in order to define/generate a mask to be utilized to print
the target pattern provides a simple and systematic process for converting the target
pattern into a mask pattern that reduces the time required for mask design, while at the
same time improving the accuracy of the design printed on the wafer.

Additional advantages of the present invention will become apparent to those
skilled in the art from the following detailed description of exemplary embodiments of
the present invention.

The invention itself, together with further objects and advantages, can be better
understood by reference to the following detailed description and the accompanying

drawings.

Brief Description Of The Drawings




7 Fig. | is an exenplary flowhart illustrating one enbodi nent of the
present invention. Figs. 2a-2c illustrate three exenplary patterns and the
identification of the vertical features which are then extracted fromthe
pattern. Figs. 3a-3c correspond to the patterns illustrated in Fig. 2a-2c,
respectively, and illustrate the horizontal features to be extracted from
the pattern. Figs. 4a-4c illustrate the areas of intersection between the

vertical and hogi zont al tterns . extracted in Figs 2a- and Figs. 3a-3c,
respectively. FF*stégf%gﬁﬁl r ‘gﬁ?§ﬁﬁg&@3wf@g 8#8%H§“V%ﬁ57pﬁﬁ? desi gn for
t he corresPonding patterns set forth in Figs. 2a, 3a and 4a; 2b, 3b and
4b; and 2cV8¥Ing 4c, respectively, Figs. 6a-6¢c illustrate various
sub-resol ution patterns capable of reducing flare. Fig, 7 illustrates the
rel ationship beﬁﬂé&ﬂc Aidusgratedinige axpnnlery paidrssing nheidentitiogternef the vertical
sub-resolution pattern and the sanme pattern consisting of 180

phase- st r uériwessvhigh ge tensahatet fronltheypatiepi ct s a |it hographi ¢ projection
apparatus suitable for use wth the masks designed with the aid of the
current inventibigs. 3BScabireghoricthe piticars illistrited id PigePd-RQnespsctivxlyl aidned i n
nore detail below, the preferred enbodi nent of the present invention

rel at es t oilRsdtO R IGritdial LGPV RYtra:telEFdm 6% faBit@et pattern (to be
printed on a wafer) so as to produce a nask pattern (i.e., reticle) that

can be utilizedrihQ 4L RGRusHAR thd\BERITIHESLLiBE BerdBsh BENENREGNH REriiAtget
pattern thereon. I n accordance with the present invention, the nmask

pattern tO%QQHQ%QE&%%gﬁg%iéﬂﬁﬁadg%%3%§€ﬂ%g%§??FAs such, the mask pattern

will include areas t appr oxi ansm ssion and zero phase

shift; Figs. 5a-5¢ represent the corresponding final mask design for the corresponding

patterns set forth in Figs. 2a, 3a and 4a; 2b, 3b and 4b; and 2c¢, 3¢ and 4c, respectively,
Figs. 6a-6¢ illustrate various sub-resolution patterns capable of reducing flare,

Fig. 7 illustrates the relationship between the percentage transmission of a chrome
sub-resolution pattern and the same pattern consisting of 180° phase-structures.

Fig. 8 schematically depicts a lithographic projection apparatus suitable for use

with the masks designed with the aid of the current invention.

Detailed Description Of The Invention

As explained in more detail below, the preferred embodiment of the present
invention relates to a process for decomposing a desired target pattern (to be printed on a
wafer) so as to produce a mask pattern (i.c., reticle) that can be utilized to image the
wafer/substrate and generate the target pattern thereon. In accordance with the present
invention, the mask pattern to be generated utilizes CPL techniques. As such, the mask

pattern will include areas that are approximately 100% transmission and zero phase shift;




8 areas that are approximately 100% transm ssion and 180 phase-shift; and
areas that are approximately 0% transm ssion. Due to these various
different types of areas utilized to print features when utilizing CPL
techni ques in conmbination with the conplexity of typical masks, mask
design can be a difficult and tinme extensive task. As explained in detai
bel ow, the present invention reduces the tinme required for mask generation

by providin i npl e dec oces n.be util dto
Gonerate atisatisaRpEpRTarTol iy bemoRiien 4 Huians e e BERE i ¢ i s
noted that the nmethod of the  present invention can be perforned utrlrzrng
a st andarda?ﬁiﬁ?‘@!f‘éﬂflleprﬁ’(téﬁ!}é‘ﬁmé}g“tﬁk}%@ these variougisiferynt tmeﬁarreﬂﬁ Bet @rmed to
operate in accordance with the follow ng description. Fig. 1 is a flowhart
whi ch genep&nt fpatires yden ytikizing GBL teebriquesrie cambioatiqr wigheths complekidy 0fpr esent

i nvention. As noted above, when utilizing CPL techniques, the resultant
mask is cé&padal masks, qna:ikrdeisigg chrelxt aidi€Gculttant itirieregtenfive task aApexplaipdthise- shi ft s
or phase edges fornmed in the mask reticle (i.e., no chrone) and of

printing fdehuilbelswyihe|presbmgn@htibiefdiices theiiid reqiitcn®r mask gégérdfi@sbeont ai ned
in the mask. Referring to Fig. 1, the first step, Step 11, in the process

is to detepmvitingd @ﬁnﬁ%e@&ﬂbc‘%%'}ar@&sé 'Qﬁrcf'l ea w&ﬁlzﬁ@ﬁatgeﬁéﬁtet&%ﬂk' nt ed
util.izing phase-structures .e., no chrone). her words, it is

necessary gﬁte‘ijr? b8l tﬁ}tb% {] ngét?)atté% dmr@btvelv\"}' i§ Hotle& th'atsthQ ﬁﬁ%ﬁ%‘fﬁl el O

i ncorporate the use o o accurately reproduce eature on the

waf er. Thi LR %}1 %e p@r’@) ?n%tggnadt%agatrm%js enge Hc%nastﬂ?c%e nh{@g§9! Ng

syst em par rre ers SUC 0 WaVv nuneri ca

t | | d f dit di.|
ot er m nab By “rbh A Pihgl 5 Honed 05@&?8% <38 Seuticemh Miouefing Aot
si nmul at or. Spec |caII &% utilizing_an aerial image simulator it is
possi bl e to det |gr'r]r et fi‘i“’ Hwhighggenergy tlh‘étr%%%“@ﬁlr goeitien preessRAdE begi ns

present invention. As noted above, when utilizing CPL techniques, the resultant mask is
capable of printing features utilizing, for exar‘ﬁple, phase-shifts or phase edges formed in
the mask reticle (i.e., no chrome) and of printing features utilizing at least in-part chrome
structures contained in the mask. Referring to Fig. 1, the first step, Step 11, in the
process is to determine the maximum width of the features that can be printed utilizing
phase-structures (i.e., no chrome). In other words, it is necessary to define the feature
width at which it is necessary to incorporate the use of chrome to accurately reproduce
the feature on the wafer. This maximum width, which can be determined based on the
imaging system parameters, such as, but not [imited to wavelength, numerical aperture,
illumination and wafer stepper conditions, is readily determinable by known methods
such as the use of an aerial image simulator. Specifically, by utilizing an aerial image
simulator it is possible to determine at what width of the phase structure the image begins

to degrade. The maximum width would be set to less than this degradation point. The



to degrade. The maxi num wi dth woul d be set to |l ess than this degradation
point. The 9 maxi mum w dth can al so be determ ned based on a definition of
the critical features wthin the desired pattern, such as, mninmmfeature
size, mnimumpitch and maxi mum duty cycle. To determ ne the nmaxi mum w dth
based on the critical features, the nmaxinmum phase size is set such that

all the critical nininunlfeatures fall within the phase area. Then,

utilizing this wdt |II m natiqgn settipgs. that pravi acceptable
i magi ng reSFERIT it g Rl i det iiea et SRR PhR G AROTS ol o0 done

with an aerial _ inage S|nulator In other words, the illumnation is fixed
and the maXifmhGAeHIRd pattery spet a5 mEdmuefegtyrs sizeHaIngRIMipssh AMEHRECHP t he
maxi mumw dth is fixed, and then the necessary illumnation is determ ned.

Thus, in SHefy cydle. Fodstermstierthermakishum idth hesed prthewritical featres dlie be pri nt ed
utilizing phase-shift techniques is determ ned. Any features exceeding
t hi s wi dt hnmstunyphdse ziee Ghetomweh fthat alpthe peitical maginnm eatutel dalivadftiin.thdNext , i n
Step 12, the target pattern is exam ned and all vertical

conponent sphsatitseFThém atilidfeth@Ouiath, TR i0imingssh dehigs tHaBpidRide AbdBpbRt h ar e

identified and extracted fromthe original design. Figs. 2a-2c illustrate
three exenmphafing RalLkeEMARis ?ﬂgsetsn:% will SRt &Jtérﬁﬁ{eﬂo Thidfis LIBE dMRS \iri'tlpé’d aeEQlat ures
whi ch are then extracted fromthe pattern. shown 1 n each of Figs.

2a-2¢c, thejNelitakof Gl S0k ﬁ:lgrl].ll.g'ﬁ E&Bﬂtl; ﬂxé/deefng tﬁ:ealhgwf( ﬁ‘ﬁ]g‘rl;lwvﬁ:l%h jhat are

equal to or less t an t he nHX|nﬂn1mn ermned 1In 1, and are
Cher ot o 652 WL P T M T i 0 B ), 2
foature zéﬁﬁé%é%ﬁgmkéﬁwﬁﬁﬁéﬁﬂnﬁn?g FSohaten Mafherwbigia S8t Bt r act ed and
placed in Pattern A are capable. of being printed utilizing
phase- st r ugaﬁlf@§ hat can be printed utilizing phase-shift techniques is determined. Any features
exceeding this width must utilize chrome for proper imaging on the wafer,
Next, in Step 12, the target pattern is examined and all vertical
components/features that are equal to or fess than .the maximum width are identified and
extracted from the original design. Figs. 2a-2c¢ illustrate three exemplary pattemé and the
identification of the vertical features which are then extracted from the pattern. As
shown in each of Figs. 2a-2c, the vertical features 21 correspond to vertical features that
are equal to or less than the maximum width determined in Step 11, and are therefore
extracted from the original design (i.e., target pattern) into a separate pattern, referred to
as Pattern A. As shown in Fig. 2b, the vertical features which exceed the maximum
| width (see, e.g., vertical feature 23) are not extracted. If is noted that the features
extliacted and placed in Pattern A are capable of being printed utilizing phase-structures.

It is further noted that once identified, the vertical features 21 can be extracted from the

target pattern utilizing commonly known Boolean operations.
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It is further noted that once identified, the vertical features 21 can be
extracted fromthe target pattern utilizing conmmonly known Bool ean
operations. 10 Simlarly, in Step 13, all of the horizontal
conponents/features that are equal to or Iless than the maximumw dth are
identified and extracted fromthe target pattern. Figs. 3a-3c correspond
to the patterns illustrated in Fig. 2a-2c, respectively. As shown in each

of Figs. 3b-3c, .the horizontal featyres 31 corres d to _horizontal
features that aPEmEgdan Sl it Rl R R IR i COMd | n
Step 11, and are therefore extracted fromthe original design to a

separ at e piss twep thepeampagvidd ase idepfifiediand xtrastedSmmpiheitareetingten. Figs3c, the
hori zontal features which exceed the maxi mumw dth (see, e.g., horizontal

f eat ur es 333-3ar@Tespenddrtthepatios iliustrated indfigd2at ratespévtivélgatis shovieinteaetct ed and
placed in Pattern B are capable of being printed utilizing

phase- st r uof Bige$b-3ct thie hofizoritdl deatured Tldcdriesiond e Roridodiaah fdafur@dhatafeeeqoalr i zont al
features 31 can be extracted fromthe original pattern utilizing comonly

known Bool easr lep@iaatthOmaximbiiewieketerhiied ifl Stdpel 1PERCRS teroRbr8Rxidttedent ai | s
identifying the intersections between the vertical features 21 and the

hori zont al frBﬁﬁBé’Bﬁ%miﬂ JdeEiEn?Eo PMepliraR8)aREh Vel td bd deReh 1?.39@95 fw;-}{ hygdures. As

expl ai ned further bel ow, i s sonetines necessary to identi suc

intersecti QN8 %ﬁlﬁ)rfzﬁ%l{fg%‘tﬁrﬁ%ivﬁ?chogxcéelaeﬂﬁecxgﬁﬁm[Hltlioﬁg%?:[g. th%ﬁzém@z%ler sections

can be contral _ dentl'y fromthe applica hrome to ot her
equired | Rearger) i heleeten i bhed WA e ReBiereohaal BUERRRE atPebF oct 1y
e AT NRONG R R M
contained in Pattern A are increased in length along the vertical direction
at bot h entigntyfed, the horizontal features 31 can be extracted from the original pattern utilizing

commonly known Boolean operations.

The next step in the process, Step 14, entails identifying the intersections between

the vertical features 21 and the horizontal features 31 that will be printed utilizing phase-

structures. As explained further below, it is sometimes necessary to identify such

intersections such that the size of the chrome applied at the intersections can be

controlled independently from the application of chrome to other patterns. Step 14,

which is an optional step in the process, is sometimes required in order to ensure that the

intersections are printed correctly on the substrate (i.c., without a break in the line). The

identification of the intersections is performed as follows. First, the vertical features

contained in Pattern A are increased in length along the vertical direction at both ends of

cach feature. Second, the horizontal feature;; contained in Patiern B are increased in

length along the horizontal direction at both ends of each feature. The increase in size of

the vertical and horizontal features contained in Patterns A and B is necessary to ensure
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each feature. Second, the horizontal features contained in Pattern B are
increased in length along the horizontal direction at both ends of each
feature. The increase in size of the vertical and horizontal features
contained in Patterns A and B is necessary to ensure 11 the intersection is
properly identified. For exanple, assum ng an "L" shaped feature, when
extracting the verti cal portion (or horizontal portion) of this feature,
the portio t he vertlc? fe tgre that al so fornB"Eart of .t he

i nt ersecti g‘ﬁ Interspchion 1y fyrogerty identitied  bpr expmplscessyming apyl eshapetifealyre he 1 engt h
of the vertical feature by sonme predeterm ned anDunt the portion of the
vertical fw@heiexdragting the sertien portien prehorigentpleetiang af this featuigptha pedion Phe
foregoing is the sanme for the horizontal features. It is noted that both
t he verti ctik varidalfeaturedimtt also féremtpartes tharigepeative ialobty(i.exit et dxtiagtetine sane
anount. It is further noted that a general rule regarding the amount of

t he i ncr eaBeexisnding ihedngtihef thaxdrtikihf@ahas By WntH freddtatiinedwinvant, iece t he
vertical features in Pattern A and the horizontal features in Pattern B

are ext endgshioofla0Ok @Ol AN PRI Rthd MitdPREAGH FR&apiuidd 2B GorE@iteer n A
and Pattern B, the result of which (referred to as Pattern C) identifies

the intersgeld QAR roNGL Webntal fealtBld 'IPl@Inolfeﬁﬂ{aPB&ﬁ tl‘?er\% 'ﬂ:g Ak Bbnifieat ures to

be printed utilizing phase structures e result o I's operation for

the exenpl f%a%meai epgra Fabﬁﬁéx]tén(ag% I 354193 fﬁsf géo%eﬁ%at 4 Oge'pér'aﬁstfat ed

in Figs. speci erri

pat 1 or ' SCLRTERUTITERR fargn i ﬁifwtsﬁwﬁﬁé&ﬁ%%% apgher 2ol

printed utili zi phase struct ur Ref erence nunber 41 in Figs., 4b and 4c
illustrate the(a%¥@P@§d¥F6H§‘ﬁgFﬁE@ﬁ“FﬁélW%WF1%éWdﬂ§ﬁ@“ﬁ@F¢fﬁﬁWE$mfeatures
identified in Figs. 2b and 3b, and Figs. 2c and 3c, respectively. i's

not ed t hatPaemds aseptended. addoplsen &N@r“@é@r@ilwg PPferfmeﬂWéh?!égPa‘éﬁm%dt ar get

pattern, _
Pattern B, the result of which (referred to as Pattern C) identifies the intersections

between the vertical features and horizontal features to be printed utilizing phase
structures. The result of this operation for the exemplary patterns set forth in Figs. 2a-2c¢
and 3a-3c is illustrated in Figs. 4a-4c, respectively. More specifically, referring to Fig.
4a, there are no intersections identified, as the corresponding horizontal pattern set forth
in Fig. 3a did not have any horizontal features to be printed utilizing phase-structures.
Reference number 41 in Figs. 4b and 4c illustrate the intersections between the vertical
and horizontal features identified in Figs. 2b and 3b, and Figs. 2¢ and 3c, respectively. It
is noted that after separating the intersections from the rest of the target pattern,
additional treatments, such as sizing, can be applied to the chrome intersection pattern.
Next, once the foregoing process is performed, the next step, Step 15, entails
decomposing the pattern into phase areas (e.g., 100% transmission and 180° phase-shift)

and opaque areas (e.g., zero transmission). It is noted that the foregoing requirements
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additional treatnments, such as sizing, can be applied to the chrone
intersection pattern. Next, once the foregoing process is perforned, the
next step, Step 15, entails deconposing the pattern into phase areas
(e.g., 100% transm ssion and 180 phase-shift) and opaque areas (e.g., zero
transm ssion). It is noted that the foregoing requirements 12 regarding
phase areas are only exenplary, other conditions suitable for printing the
phase structures,can be util,ized. For exanple, it i ossi hl e that the

Mot hod may "R TERBSEUEAS IS p S RlrY: efcizsgng it Funringhe e abge

mul tiple transm ssions on the photomask. Wth regard to the deconposition,
first, theSEHriwes ;ibeditilizeds Hogexample. wis pessitle thrtihe methed magamlize®9% oper at i on
of Pattern A and Pattern B. The result of this "OR' operation (which is
referred t&agsgnigsign, er H)%Ofrapsmissigraier pioride ondtipiairanpniisidns vh éhevpdotonwak. and
horizontal features to be printed utilizing only phase structures (i.e.,
no chr one) Wileregard fo thadecqngrosition, firkt, theghaseipgiteralis geine&bypsforaing s not to be
printed utilizing phase structures and which is not an intersection

bet ween veBbbleal "GRtopradtion ofi PaterpAamE Pattérd . UNRTedust of d8NORT Sskratit
subtracting Pattern D and Pattern C fromthe original pattern. The

resul ting pakitielsheferrédioth Paficrh €5)84 & ﬁé%temgﬁ%iﬁgg b&th @hcﬁvertﬂiﬁ{‘%rgieqo?ﬂ)ﬁthlned by

perform ng the foll owi ng Bool ean operation: Pattern E ori gl nal

pat ter " - cfip6 L8 o SRR 1 Bl sedBuBSD, o EALET N sFedhgppgsents those

portions of the pattern printed u Izing 'zero transm ssion

f eat : . feat T the f ing st
< compl et o DR o g Pribaieef VBHRs LBF M Shbie LiNGne PREF b unkliove beon
defined: (1).Pattern.D - th tical and horizontal features th t
b pri ni ec DT 1 A HaGe o PG gkl s pigo S B e 0o HEES RISSFARE: | ons.

between the vertical and horizontal features to be printed utilizing
opaque st r%?"{?ﬁré%tm(gi Pattern Deapd Patfesm Sy therpriginal pattern. The resulting pattern,

which is referred to as Pattern E, can be obtained by performing the following Boolean
operation: Pattern E = the "original pattern” - (Pattern C "OR" Pattern D). As such,
Pattern E represents those portions of the pattern that will be printed utilizing zero
transmission features on the mask (i.e., chrome features).

Thus, once the foregoing step is complete, the following three distinct portions of
the mask have been defined: (1) Pattern D - the vertical and horizontal features that are to
be printed utilizing phase structures, (2) Pattern C - the intersections between the vertical
and horizontal features to be printed utilizing opaque structures (i.e., zero transmission
structures) and (3) Pattern E - all of the other features contained in the original design
pattern not contained in Pattern C or D. It is noted that Pattern C and Pattern E can be
combined into a single pattern as all of the features contained in each pattern are printed
with an opaque feature (i.¢., zero transmission). The combination of Pattern C and E is

referred to as Pattern F.
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structures) and (3) Pattern E - all of the other features contained in the
original design pattern not contained in Pattern Cor D. It is noted that
Pattern C and Pattern E can be conbined into a single pattern as all of

the features contained in each pattern are printed wth an opaque feature
(i.e., zero transm ssion). The conbination of Pattern Cand Eis referred
to as Pattern F. 13 In the final step, the foregoing patterns are utilized

to generate the t.Q, be tili.zed to inmage the desi attern on the
substrat e. N@rehﬂﬁiﬁ?ﬁf%gﬂﬁﬁ%”E%??%?%mfﬁ3ﬁﬂgﬁﬁ§pPé?ﬂﬂﬁ&3&%Bé%ﬁB?ﬁed to form
a single mask, .whjch can be cconpliﬁhe% utilizing a ﬁ ol ean " ADD"

oper at i on. UE4ed (4 imfge 5 desigrd patigmegn the sbsteate. Morssspaeifically. Bafea Do di ng
final nmask design for the corresponding patterns set forth in Figs. 2a, 3a
and 4a; 2bPatsn achozr@}neérﬁ@fozm,a%@glamaq&hlqhég@b@moo@my,she@wghmmal mask
cont ai ns phase structures 51 for printing the vertical and horizontal
conmponent Badleang'ADW chenationi Rebirang wrFige: mb¢, vhichi tehresqit teaostspoodiog es, and
opaque structures 53 for printing conponents not. suitable for printing

wi t h phasefisdlmusk desés: fastheeblrespendihg pattekmrssiefoith anBigh Sty &esndidae2biapt i cal and
hori zontal conponents to be printed with opaque structures. In the

exenpl ary aiodidB) B¢ afidue, Bapkainelynde ﬁhﬂ%éﬁc@:ﬁﬁﬁh_@?m@ stribtbrbes sk of Fig.
5c is defined as 100% transm ssion and O phase-shift, the phase-structures

51 are def piamhedse R AL QhpoRf hddRs Qpﬂﬁﬁ's@l@biet iba&?xﬂ(intg%ﬁgpaque

structures 53 are defined as O% transmssion. It IS note at t

backgroun dpf%%g §tiu9{?1r(§féart c{kﬁaagﬁsﬁ%@ﬁﬁ&%ﬁ% ;%rglgﬁg g%ﬂgﬁ&ehgmoﬁ%%gb%gﬁlb phase

structures In or e ver oril zo onents set

Lorn 1 BB Do Py DDA SR B L LR 0 1 e

transm ssi ﬁ)orllizglrlltgl (Q)H}%%génstsh Ii:ofl;[e p(%{;l%:rda\a(/:i'%heorpiacslaé s%%ctsu(raets. flr? {I}egxgrggl\{l% 't s
embodiment, the background area 55 contained in the mask of Fig. Sc is defined as 100%
transmission and 0° phase-shift, the phase-structures 51 are defined as 100% transmission
and 180° phase-shift, and the opaque structures 53 are defined as 0% transmission. It is
noted that the background portion of the mask operates in conjunction with the phase
structures 51 in order to print the vertical and horizontal components set forth in Pattern
D. Tt is further noted that the foregoing method of the present invention is not intended to
be limited to the specific transmission and phase-shift characteristics set fortﬁ above. Itis
clear that variations from the foregoing are possible.

It is also possible to utilize optical proximity correction techniques or edge biases

in conjunction with the method of the present invention. For example, it is possible to
incorporate the use of scattering bars into the resultant mask design. Moreover, the

scattering bars can be introduced into the mask design at various steps in the process. As

~ is known, scattering bars can be constructed as opaque scattering bars or as phase-edge
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clear that variations fromthe foregoing are possible. It is also possible
to utilize optical proximty correction techniques or edge biases in
conjunction with the nethod of the present invention. For exanple, it is
possible to incorporate the use of scattering bars into the resultant nmask
design. Mreover, the scattering bars can be introduced into the mask
design at various steps in the process. As is known, scattering bars can

be constr ugéa@tgﬂtZgSPaf}r% g@tfegonlftﬁ?hﬁ Jrl!a%eﬁﬂéeﬁ}eg{stiﬁgjﬁp t?%gc%ﬁg&?%eba%sd' remna nt stu%—r i ng

bars. One o equl reme e scattering pars remain

sub- resolutipn. FL.gs. -bc i]Jlustrate exenpl ary..scatteri bars. 57

i ncor por at éﬁoﬁﬁ?%‘ ff%?—: Sf?f?dﬁumﬁ{f&ma@lgfygﬁ%ﬁe ngr%‘iséa '%‘E’H?Pé?te‘?ﬁléo %8?’8 oi ng

met hod of deconposing a target pattern into phase structures and opaque
structuresnFﬁkag&@r to define/generate a nmask to be utilized to print the
target pattern provides a sinple and systematic process for converting the
target patter nApApEd aborgstbe feregangmethad of degompesingetargehpaticayinia gdsé or mask
design, while at the sane tinme inproving the accuracy of the design
printed onstrinturesdndropagurcitneiurea sperder tofdefifrdggne mtenmaskrtv éauiibredne pebies to a
further nodification of the nmask pattern in order to reduce the effects of
"flare" intHchargetmaged psoldddsraaifple AGd §yStematlo Processifbiadoavertifs thesfrgads to
unwant ed background |ight that degrades the aerial imge at the inage

pl ane (i . epatteiyRikCahlayk pdifdsh BstrbaRes @ tild@ediifed Tor mdRWBME!, wHilkdf @eef f ects
are long range (i.e., the amount of flare at a given point is dependent on

a large ar %@‘q‘ﬁé’%ro{’m?t‘%'&\é&ﬁm&m&d@%ﬂﬁg%ﬁ%%@w&@pnOt be corrected for

by utilizing traditiona ods. current theories regarding the
Casees o1 1t onRif SHOLLERL i il AR b b aalo S (e

mask pattern in order to reduce the effects of "flare" in the imaged substrate. As is

known, "flare" corresponds to unwanted background light that degrades the aerial image

at the image plane (i.e., typically, the surface of the wafer). However, flare effects are

long range (i.e., the amount of flare at a given point is dependent on a large area around

the given point) and therefore cannot be corrected for by utilizing traditional OPC

methods. Some current theories regarding the causes of flare are: scattering of light

within the optical system; the contrast of the aerial image and un-cancelled zero order

light. It is noted that the background light or flare that is impacting a specific geometry is

coming from a large region around the geometry, not the geometry itself. Thus, a

reduction of the intensity of the energy in the large bright areas of the pattern by as little

as 30% can have a very large positive effect on the reduction of the unwanted flare

component.

The following sets forth various methods for reducing the flare component from

the aerial image. Prior to discussing the methods, it is noted that the following
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light. It is noted that the background light or flare that is inpacting a
specific geonetry is comng froma |large region around the geonetry, not
the geonetry itself. Thus, a reduction of the intensity of the energy in
the large bright areas of the pattern by as little as 30% can have a very
| arge positive effect on the reduction of the unwanted flare conponent.
The following sets forth various nethods for reducing the flare conponent

from the aghhidlied WiiPhe fidiGhery d&L@QI&%‘ B SR HRI AR Tharldb nbcdiihied € hat

the follow ng 15 techni ques wou enmented on t arge portions of
the mask t i.n features or conponents..to be printed. For
exanpie. 1 orare oG OtgS RN e prERY RS Ap o TR E ek 82 P RiBiing be

i mpl ement ed i ortionsg,of the mask outside of the portigns shown in these
oures 1 modlB RO eRa Gf R Futor g e L orRRG o Semogiorga,

sub-resol utjion opaque patterns are added to the mask pattern in portions
correspondﬁmﬁw%@ihﬁéﬁéﬁﬁﬁ areas of the design (e.g., areas that are 200 nm
or nore away from any pattern %eonetry). As shown in the figure, a

checker board painascerdafcectithohre tifse atethod sefeting atigf 64, Iseb-tdselubpreopagpace by

25% functions to reduce the intensity in the field area to approxinmately
82% of t he patients ateaddet nd ta snasly pattenn i setan donephadng asthe hparuréad oFthg. 6b, a
checkerboard pattern of 180 phase-shifted features 63 that fills the open

space by 2B8igrs(caddeads that 48200 pRNrai®a away s aBRphtedii oédhtdy) OAS siiaw educe
the intensity in the field area to approximately 35% of the incident

intensity. inthe ﬁﬁ{ﬁﬂ@j d CheBRABOI p@ers HOMorheliutbs 69 Ghat &11S RRUPRA BORE 9% pattern
of . 120 phase-shifted features 65 that fills the open space by 25%is added

to the opedsarGdtions'd ir@dtﬁ?it/ﬁe%ﬁ@n #ﬂﬁttﬂe%d §Qa fSPPEKih e Pbeamhd y 10 the

. i
field area to approxinate 75% o
incident intensity. In a second method, as shown in Fig. 6b, a checkerboard pattern of

180° phase-shifted features 63 that fills the open space by 25% is added to the open area.
This pattern functions to reduce the intensity in the field area to approximately 35% of
the incident intensity. In a third method, as shown in Fig. 6¢, a checkerboard pattern of
120° phase-shifted features 65 that fills the open space by 25% is added to the open area.
This pattern functions to reduce the intensity in the field area to approximately 75% of
the incident intensity. It is noted that the intensity of energy on the large field area is
directly dependent on the percentage of fill in the flare reduction pattern.

Fig. 7 illustrates the relationship between the percentage transmission of a chrome
sub-resolution pattern and the same pattern consisting of 180° phase-structures. As
shown, when a chrome pattern transmits 50% of the incident light, the same pattern of
180° phase-shift, 100% transmission features will have zero intensity.

It is further noted that the foregoing checkerboard pattern and amounts of phase-

shifting or use of chrome are merely exemplary. Variations of the foregoing can be
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the incident intensity. It is noted that the intensity of energy on the
large field area is directly dependent on the percentage of fill in the
flare reduction pattern. Fig. 7 illustrates the rel ationship between the
percentage transm ssion of a chrone sub-resolution pattern and the sane
pattern consisting of 180 phase-structures. As shown, when a chrone
pattern transmts 50% of the incident light, the sanme pattern of 180
phase-shift, 100% transm ssion features will have zerg intensity. It is
further noP@é”Fﬁan?HEeE%F@%@Pﬁ@“@ﬁﬁ@ﬁé@%ﬁ%@ﬂmﬁQ@ﬂ@#ﬂFgﬁﬁa@ﬁﬁuﬂﬁs of phase-
shifting or use of chrone are nerely exenplary. Variations of the foregoing
can be 16 pessidy pasigrng seld indheledlos japspt amdmto:éﬂe/snaafp pattesrhutsctangulirs
obt ai ned. For exanple, the possible patterns could include, but are not

| i mited tochdckerbpapatternpting korirental ach artpal lares, cohfaokggdmalspaceplattaned. i ng
hori zontal and vertical |ines, conformng |ine/space pattern, etc. The

i mportant dhpgedoriaft dspat isttha the@btured Son@intdinnBeflare rédaetidd pat@ry eahd@t i on
pattern remain sub-resolution. Fig. 8 schematically depicts a |ithographic
proj ecti ong@gPRadlalidss suitable for use wth the masks designed with the aid
of the current invention. The apparatus conprises: a radiation system Ex,

I'L, for supplyipg @so%ahﬁ&hgfa@pit?@q%ﬁ%@gic&ﬁggﬂwﬂ%@gst Lm{aﬁleLfg\fasg cul ar

case, the radiation systemalso conpri’s Iatron source first
o et by A0k s e T U A,
SRIA B LT TR SR N WEREE R
substrate gvargiglilgr'cas?e, {heesrichig.ﬁo%os?ztstg% a?sio'I Jor%%ﬂswm%frgéizlﬁon%ggrcg %rzkr;]eCt ed to second

- a first object table (mask table) MT provided with a mask holder for holding a

mask MA (e.g. a reticle}, and connected to first positioning means for accurately

positioning the mask with respect to item PL;

- a second object table (substrate table) WT provided with a substrate holder for

holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second

positioning means for accurately positioning the substrate with respect to item PL;

- a projection system (“lens”) PL (e.g. a refractive, catoptric or catadioptric optical

system) for imaging an irradiated portion of the mask MA onto a target portion C (e.g.

comprising one or more dies) of the substrate W.

As depicted herein, the apparatus is of a transmissive type (i.e. has a transmissive
mask). However, in general, it may also be of a reflective type, for example (with a
| reflective mask). Alternatively, the apparatus m.ay employ another kind of patterning

means as an alternative to the use of a mask; examples include a programmable mirror

array or LCD matrix.
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positioning neans for accurately positioning the substrate with respect to
itemPL; a projection system ("lens") PL (e.g. a refractive, catoptric or
catadioptric optical systen) for imaging an irradiated portion of the nask
MA onto a target portion C (e.g. conprising one or nore dies) of the
substrate W As depicted herein, the apparatus is of a transm ssive type
(i.e. has a transm ssive mask). However, in general, it may also be of a

reflective t ypeTh{; Wur&S Je' § a(kr}%réu g]ﬁarrﬁé%f cl;iem%xt iﬁ\éeei\“ 0%%‘%%13 g@lcliaﬁgregﬁ%%%:\éﬁl y, the

appar atus may enpl 0y anot I'f tterni ative to

t he use of a mask; exanpl es.ingl.ude a, rammbl e mrror ray or. LCD
matrix. 17 PREUCS S et ol edidiog TS ﬂ@'ﬂm&rﬁ Might 1aeciefien sysigg(lRIBPHS e

di scharge source) . produces a _beam of radiation. This beamis fed into an
i |1 um nat i v &petdirseily oy affer Aaieg fraversed cenditipninggneassJugh a5 a beamesxpaReer ng
traversed conditioni ng means, such as a beam expander Ex, for exanple. The
i || umi nat oEx| for geample niheiiduminatpud inay coneperiss adivbtingrmenns AiMh ortskiging thet er

and/or inner radial extent (commonly referred to as a-outer and a-inner,
respect i vebyier afd/drhigner pddén sk eyt (dodinohlyutfened torsiohautEiemams-inferaddi tion, it
will generally conprise various other conponents, such as an integrator 1N

and a condeRp&hivély) of e tidiRity WR¥ibulifEinRRARREB I 1IN R %eﬁéf'zﬁlyrms k MA has
a desired uniformty and intensity distributioninits cross-section. It

shoul d Dbe @(E}h@‘?ﬁeﬂaﬁ%s; cﬁ%&ﬁ{cﬁm%@neﬁsgsucﬁ ab B htddPfor RIS, Jgﬁ‘g%ern&?. Wil n the

housi ng of roj ection apparatus (as i he "case when

e 20 £l B B B3 LR S BB A TR 2.5 e
It opr Oduceaisg‘{%iuggn {neigs cir(?sts-oseétl}g)g. apparatus (e.g.

It should be noted with regard to Fig. 8 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA
isa n;ércury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam that it produces being led into the apparatus (e.g.
with the aid of suitable directing mirrors); this latter scenario is often the case when the
source LA is an excimer laser (e.g. bdsed on KrF, ArF or F; lasing). The current
invention encompasses both of these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a mask
table MT. Having traversed the mask MA, the beam PB passes through the lens PL,

~ which focuses the beam PB onto a target portion C of the substrate W. With the aid of the.
second positioning means (and interferometric measuring means IF), the substrate table
WT can be moved accurately, e.g. so as to position different target portions C in the path

of the beam PB. Similarly, the first positioning means can be used to accurately position

the mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval of
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with the aid of suitable directing mrrors); this latter scenario is often
the case when the source LA is an exciner |laser (e.g. based on KrF, ArF or
F2 lasing). The current invention enconpasses both of these scenarios. The
beam PB subsequently intercepts the mask MA, which is held on a nask table
MI. Having traversed the mask MA, the beam PB passes through the |Iens PL,
whi ch focuses the beam PB onto a target portion C of the substrate W Wth
the aid of _the caond positioning nmeans (and interferometric measuring
means | F), thefeask 3’@%?@5{ mesiplibraryy gr dusipg p ecarplpagenetel moxemesf of iegbiesh as to
position different target portions Cin the path of the beam PB.

Sinilarly, @bk MY,/ %1 wib $F reabimdgiting aisl af adongestipke chodpled eeansegtositipnipglsi t i on
the mask MA with respect to the path of the beam PB, e.g. after mechani cal
retrieval afdagdottisgokmskdia (fizeqmsitioningk whidbraae yot eaplicitly depictad imndan 8. | n
general, novenent of the object tables MI, W wll be realized with the

aid of a | Hogestrinkie amdof ewffepasper @0sppdseniottep-adckean BbDMke mhgkoke nodul e
(fine positioning), which are not explicitly depicted in Fig. 8  However,

in the casgbRiMamugfjed bs temRekd (AssHIRRASEA:d R, &Ry R kkeacan tool) the
mask table MI may just be connected to a short stroke actuator, or may be

fixed The depifieflolliosidinBeutiasiidittntnlgar ent modes: In step node,

the mask table MI is kept essentially ftatloPary, and an entire nask image
5 OLect 0 Ly B0 0 SO SRR 5 R, £,
RGN £ 0 SR R X R s MRS
C TS MOt &R i Rer sttt She « maior v difention s thar b difosm tare portion ¢ © Tovaple
In a

can be irradiated by the beam PB;

- In scan mode, essentially the same scenario applies, except that a given target

portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a

given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that

the projection beam PB is caused to scan over a mask image; concurrently, the substrate

table WT is simultaneously moved in the same or opposite direction at a speed ¥'= Mv, in

which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a

relatively large target portion C can be exposed, without having to compromise on

resolution.

Although certain specific embodiments of the present invention have been
| disclosed, it is noted that the present invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof. The present embodiments are

therefore to be considered in all respects as illustrative and not restrictive, the scope of

the invention being indicated by the appended claims, and all changes that come within
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given direction (the so-called "scan direction", e.g. the y direction) with
a speed v, so that the projection beamPB is caused to scan over a nask

i mge; concurrently, the substrate table W' is simultaneously noved in the
sanme or opposite direction at a speed V= M/, in which Ms the

magni fication of the lens PL (typically, M= 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, w thout having to

o ovent 1 noems LA E R or AGPRRD LG L SORR R RRER psont

present invention-have Bresent

i nvention may nbodied in other forns without departing fromthe spirit
or essent|5W'%ﬁ%*ﬁ@?5¥istics t hereof . The present enbodinents are
therefore to be considered in all respects as illustrative and not

restrictive, the scope of the invention being indicated by the appended
clainms, and all changes that come within 19 the neani ng and range of
equi val ency of the clains are therefore intended to be enbraced therein.
20 VE CLAIM 1. A nethod of formng a nask pattern for optically
transferring a target pattern to a substrate, said nethod conprising the
steps of: generating a nmask pattern representing said target pattern to be
i mged on said substrate; identifying open areas in said nask pattern

whi ch do not contain any features of said target pattern to be inaged on
said substrate; and nodifying said mask pattern to contain a plurality of
sub-resolution flare
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reduction features in said open areas, said plurality of sub-resolution
flare reduction features partially reducing the anount of |ight passing

t hrough said open areas in said mask pattern, wherein said sub-resol ution
flare reduction features are disposed at |east 200nmaway from any feature
of said target pattern. 2. The nethod of claim1, wherein said plurality of
sub-resolution flare reduction features are .arranged so as to forma
checker boaW& CEd¥:n. 3. The nethod of claim1, wherein said plurality of
sub-resolution flare reduction features are arranged so as to forma

| i ne-space pattern. 4. The nethod of claim1l, wherein said sub-resolution

flare reducti om frf%&to!drcﬁ’a_’omﬁﬁglaﬂh’asﬁg)%t@h fohepticaligtradvf@din®h thdger gudem area. 5.
The nethod of claim 1, wherein said plurality of sub-resolution flare

r educt i on 10 ASHpSiREs S Bethgd seRPEFing HiesHPs o8~ The nethod of claim 1, wherein
id pl | i - ' : ' f d f
sald plurality é%@}‘éerétﬁ{[ﬁsg 1%384 ﬁ&ﬂeﬂﬂegie%n‘?mgg%g?J%Hgg:haﬁtéﬁgb #ggﬁxa &n' Qlged Trom

phase-shifted ne An appar at us attern for
optically stbansferring a target pattern to a substrate, said nethod

conprising the steps of: 21 neans, for _ gener a mask pattern

ati.ng

representing safdh ?%%Eenpaé?isépﬁaﬁddn% paﬁﬁ‘ﬁdﬁé‘ﬂ_{’]}bﬁoéﬁf PSP SRY giag}resrreans f or
i denti fyi g QReR@PeRE tbS MdbeABA K1RRLBELR, M ch do not contain any
features of said target pattern to be inmaged on said substrate; and neans
for nodifyi ng szidifymgsiaipanaskratten torowiin a phiralityl off yubefesdutier dwod ut i on

reduction features in said open areas, said plurality of sub-resolution flare reduction

features partially reducing the amount of light passing through said open areas in said

mask pattern,

wherein said sub-resolution flare reduction features are disposed at least

200nm away from any feature of said target pattern.

2. The method of claim 1, wherein said plurality of sub-resolution flare reduction

features are arranged so as to form a checkerboard pattern.

3. The method of claim 1, wherein said plurality of sub-resolution flare reduction

features are arranged so as to form a line-space pattern.

4, The method of claim 1, wherein said sub-resolution flare reduction features

occupy 25% of the total area of the open area.

5. The method of claim 1, wherein said plurality of sub-resolution flare reduction

features are formed of chrome.

6. The method of claim 1, wherein said plurality of sub-resolution flare reduction

features are formed from phase-shifted elements.

7. An apparatus for forming a mask pattern for optically transferring a target

pattern to a substrate, said method comprising the steps of:
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flare reduction features in said open areas, said plurality of
sub-resolution flare reduction features partially reducing the anount of

| i ght passing through said open areas in said mask pattern, wherein said
sub-resolution flare reduction features are di sposed at | east 200nm away
fromany feature of said target pattern. 8 The apparatus of claim?7,
wherein said plurality of sub-resolution flare reduction features are
arranged so as mheunk domgenaritepgke mxckrttpat tepresentig shhk tapgpapastiastoobe cl ai m 7,
wher ei n sai d %Iural.'t of sub-resolution flare reduction features are
arranged sSB'% ?Ibsali%?%sgatf’i ne-space pattern. 10. The apparatus of claim?7,

wherei n sai d SYRedn@ ¥ 1ch@Fidg eﬁ_lgr'%]@a@Hﬁtshﬁ%és%aﬁdﬂ{eﬁ?wh%cdboé\,f\ﬂ?&%a?ﬁ the

total area of the ogen area. 11. e apparatus of claim7, ereln said
pl ural ity 2oF fealires eswiditargshpdticar ® berivdgedt drosid sdsuatesandr e f or med of chrone.

12. Th t f clajm7? i id plurali f - l.ution
frare rouer oS b BB SPRGt PR fo.Callhs Pl ERdHESSRESE ' 2
conput er [FraeQ rédicHONTEateich On PRD bpM GRAE SBEPIurhiS! of WARFsENAEHIERL: ON A

conputer system instruct the conputer systemto performthe nethod of any
one of clrédustion Teaturgs parpially reducing the amount of light passing through said open

areas in said mask pattern,
wherein said sub-resolution flare reduction features are disposed at least

200nm away from any feature of said target pattern.

8. The apparatus of claim 7, wherein said plurality of sub-resolution flare

reduction features are arranged so as to form a checkerboard pattern.

9. The apparatus of claim 7, wherein said plurality of sub-resolution flare

reduction features are arranged so as to form a line-space pattern.

10. The apparatus of claim 7, wherein said sub-resolution flare reduction features

occupy 25% of the total area of the open area.

11.  The apparatus of claim 7, wherein said plurality of sub-resolution flare

reduction features are formed of chrome.

12. The apparatus of claim 7, whercin said plurality of sub-resolution flare

reduction features are formed of phase-shifted elements.
13. A computer program comprising program code means that, when executed on

a computer system, instruct the computer system to perform the method of any one of

claims 1 to 6.
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