1 A METHOD FOR PERFORM NG PATTERN DECOVPCSI TI ON BASED ON FEATURE PI TCH
RELATED APPLI CATI ONS [ 000] This application clains priority to US Patent
Application Ser. No. 60/844,079, filed on Septenber 13, 2006, which is
incorporated by reference herein inits entirety. TECHN CAL FI ELD [ 002]
The technical field of the present invention relates generally to a nethod,
program product and apparatus for perform ng a deconposition of a target
pattern into multiple patterns so as to allow the target pattern to be
imaged utilizing, for example, multiplelmsks in a multiple illunination
process. BACKGROUND OF THE | NVENTI ON [ 003] Lithographic apparatus can be
used, for exanMIETHOP FQB FEREOBYHNGPAT TERNDECGMPOSITIONBASRICON | n
such a case, the mask may contai n FEEXTUREIRITQ3 t ern corresponding to an

i ndi vidual layer of the IC, and this pattern can be inmaged onto a target
portion (e.g., conprising one or nore dies) on a substrate (silicon wafer)
that has been coated with a layer of radiation-sensitive materi al
(resist). In general, a single wafer will contain a whole network of

adj acent tREPRTHIPAPPRPREAlIGNSAr € successively irradiated via the
proj ection system one at a tinme. In one type of |ithographic projection
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TECHNICAL FIELD

[002] The technical field of the present invention relates generally to a method, program
product and apparatus for performing a decomposition of a target pattern into multiple
patterns so as to allow the target pattern to be imaged utilizing, for example, multiple masks

in a multiple illumination process.

BACKGROUND OF THE INVENTION

[003] Lithographic appardtus can be used, for example, in the manufacture of integrated
circuits (ICs). In such a case, the mask may contain a circuit pattern corresponding to an
individual Jayer 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 single wafer will contain a whole
network of adjacent target portions that are successively irradiated via the projection system,
one at a time. In one type of lithographic projection apparatus, each target portion is

irradiated by exposing the entire mask pattern onto the target portion in one go; such an




referred to as a step-and-scan apparatus, each target portion is irradiated
by progressively scanning the nmask pattern under the projection beamin-a
given reference direction (the "scanning" direction) while synchronously
scanning the substrate table parallel or anti-parallel to this direction.

Since, in general, the projection systemw || have a nmagnification factor
M (generally < 1), the speed V at which the substrate table is scanned
will be a factor Mtines that at which the mask table is scanned. Mre

information with regard to |ithographi @ devices as described herein can be
gl eaned, for exanple, fromUS 6,046,792, incorporated herein by reference.
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a mask pattern is imaged onto a substrate that is at |east partially
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6,046,792, incorporated herein by reference.

[004] 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

matenial (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

sawing, whence the individual devices can be mounted on a carrier, connected to pins, etc.




For the sake of sinplicity, the projection system may hereinafter be
referred to as the "lens;" however, this termshould be broadly
i-nterpreted as enconpassi ng various types of projection systens, including
refractive optics, reflective optics, and catadioptric systens, for

exanple. The radiation systemmay al so i nclude conponents operating
according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such conponents nay al so
be referred to below, collectively or sihgularly, as a "lens." Further,

the |ithographic apparapqs may be of a type having two or nore substrate

t abl es (ankyrdke ake of smpheibe thegskiettmblspsym may herotafitmhe refored tsasabe™lerdevi ces
the additional tables may be used in parallel, or preparatory steps may be
carried oubovovenfies erm siooudd babroedly whérpetedng envonipassing wies typaddfesojatien bei ng
used for exposures. Twin stage |ithographic apparatus are described, for
exanmpl e, i systefBsSinfl68ing dckractiREQIRO rell REvSHtRE, knB Yath@bSFiE B6:femd, AR kanlfle

phot ol i t hographi ¢ nasks referred to above conprise geonetric patterns
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wafer. The patterns wused to create such nmasks are generated utilizi ng CAD
(corrputer-@és%ﬁqy%g% QUL tB O, , rﬁ){) _process often beina referred to as
EDA (el ectronic e5|rgn %utgbnéi?{ﬁgr?f C(E 02%&651%’“) eFté%I}l%lerarIBn &5?‘??) naa%desf"c f
predeterm ped design rules i.n arder to create functjqnal sks. _These
Pules are SOPoBHPoe ke PRetcird B yreateiehi o et ssa s cFues gn
rul es defuge. t he space toleragce between circuit deviceszésuch as gates,
capaci t or si€ Hieeyply; apRir i Ban B pf @ ypeayingdyo 05 moge ivsite tables (andfes t%q r cui t
devices or lines do not interact with one another in an undesirable way.
The desi grP'ifiremMaskiablge) dmsuchr ewlyple sfagd”yeviedsehe edditiapabigblesmiay beaged in
di nensions" (CD). A critical dinension of a circuit can be defined as the
smal | est vitallsl, of praparitoey ssepshedyebedarried out on one or more tables while one or more

other tables are being used for exposures. Twin stage lithographic apparatus are described,

for example, in US 5,969,441, incorporated herein by reference.

[005] The photolithographic masks referred to above comprise geometric patterns

corresponding 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 between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, so as to ensure that the circuit devices or lines do not interact with one another in an

undesirable way. The design rule limitations are typically referred to as "critical dimensions"

(CD). A critical dimension of a circuit can be defined as the smallest width of a line or hole




or the smallest space between two |ines or two holes. Thus, the CD

determ nes the overall size and density of the designed circuit. [006] O
course, one of the goals in integrated circuit fabrication is to faithfully .
reproduce the original circuit design on the wafer (via the mask). As the
critical dinensions of the target patterns becone increasingly smaller, it
is becomng increasingly harder to reproduce the target patterns on the
waf er. However, there are known techniques that allow for a reduction in
the mninum CD that can be inmaged or repfoduced in a wafer. One such

techni que is the doubl e exposure techni que wherein features in the target
pattern ar er thesmgaibst spacet wovesagan dines @tpo hulee SThys M7 CIFGteret @R hetnveatle
comonl y known doubl e exposure technique is referred to as

doubl e- pat sie¢ sidnignoty Ik dedigh&d ¢irmhni que all ows the features of a given
target pattern to be separated into two different masks and then inaged
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utilized en the target features are spaced y toget

i's not posgiblifinhQil-TRIS&; b adi i f ur | n.such a .sityation, the
target featur egm ar1 g se%é J;C?leeggg)%}%wagmnngag&)é 1%3‘6%“‘{‘]%%? 81a TIPWE  &at ures on
a given spaced .sufficiently apart from one .another so that each
feature gu?‘f? egﬁ El%r?m%\%) T lfl(ffe?sr‘r%%%&’.ﬂal#ﬁéﬁl,s bECORING SEFAHEES drHichiodREOM e 5
sequenti al nner (wWith the propriate shielding), it is possible to

obt ai n themg§¥§§Pa T8 iHe Wa 'nﬁogﬁﬁﬁdgﬁgéF?mgwag%ﬁnﬂéﬁﬂhﬁé§0Wﬁ%H1could not
be properly i mged utLIizing a single mask. [008] Thus, by separating the
target featedidion imihg minigusrehthatsanbeinnged oohprotetedtihe wafdarc Pne bshween each

of the features on a given nmask is above the resolution capabilities of the
technique is the double exposure technique wherein features in the target pattern are imaged

in two separate ¢xposures.
[007] For example, one commonly known double exposure technique is reféned to as
doubie-patterning or DPT. This technique allows the features of a given target pattern to be
separated into two different masks and then imaged separately to form the desired pattern.
Such a technique is typically utilized when the target features are spaced so closely together
that it is not possible to image the individual features. In such a situation, the target features
are separated into two masks such that all the features on a given mask are spaced
sufficiently apart from one another so that each feature may be individually imaged. Then,
by imaging both masks in a sequential manner (with the appropriate shielding), it is possible
to obtain the target pattern having the densely spaced features that could not be properiy

- imaged utilizing a single mask.
[008] Thus, by separating the target features into two separate masks, such that the pitch
between each of the features on a given mask is above the resolution capabilities of the

imaging system, it is possible to improve imaging performance. Indeed, the above-




i magi ng system it is possible to inprove inmagi ng performance. |ndeed, the
above 5 nentioned doubl e exposure techniques allow for a kl < 0.25.
However, problens and limtations still exist with currently known doubl e
exposure techniques. [009] For exanple, current deconposition techniques

i ncl ude rul e-based deconposition techniques and nodel - based deconposition
techni ques. Rul e-based nethods typically require an excessive nunber of
rules to handl e today's increasingly coqflex designs. More specifically,
with a set of pre-constructed geonetric fules, it is possible to start
performng pitch-split deconposition. This entails separating (also
referred twertipnediablnegposire tastitdquasdlloefarn ki<t € RS5.f Baveneeprobitms 4ndo separ at e
geonetry groups or patterns. Conceptually, this is straight forward
process. Homiastens stilhexdst veitt cadent] Caosiwncdoubled@pos@rs teflitgqueecal 2- di mensi onal
geonetry environnment is very conplex. As such, it is often difficult to
identify "@dd]' EBdxampvaiireft debmpRatoni@iniguhanye fle-baed kQeahbagsh dense
pattern groups. As a result, the existing Trule-based approach causes

nuner ous  cekigfidued afPRblldl Pased LB mARERdn ?&ﬂhl{qh&n eﬁulé%e?s@@ He%ﬁ#ﬁgfcﬁlgye s and/ or

operator intervention in order to resolve these conflicts. ed for

such addi Itegﬂféa'cln SULER e %ngglecg f‘%%l@{) tr()glga%/@%cii Iag’ s?‘r&}%ieﬁSﬁl%[y;cgJ%égxg %g%a%&gre

systens ver t1me consumn

significant t.i nu be taaken to tajlor the rule set . to the gjven target
desi gn. oS! THTE e SRS R Re et TSt s BT for i R Bl
di sadvant a eﬁ. For exanpl e, nodel -based deconposition nmethods can take an
exceedi ngugtC 1561@65@1@?%&% Tihisretails sepgrmgne (alsa 1skergd tompodiringbiie pdank s
Furt her, the nodel -based nethods are also not imune fromthe
non- r esol V&BY Bitdigfgatiies intp & eaparatrggombiey efoupeorgttenb.sGonaeptyally, ¢hipjser at or
intervention, which is undesirable.

straight forward process. However, in an actual IC circuit design, the local 2-dimensional

geometry environment is very complex. As such, it is often difficult to identify “odd” and
“even” pitch features from any of the localized dense pattern groups. As a result, the existing
rule-based approach causes numerous coloring conflicts that need additional exceptional
rules and/or operator intervention in order to resolve these conflicts. The need for such
additional rules or operator invention make current rule-based systems very time consuming
and problematic to utilize as often significant time must be taken to taifor the rule set to the
given target design. Model-based decomposition processes also suffer from various
disadvantages. For example, model-based decomposition methods can take an exceedingly
long period of time to complete the decomposition process. Further, the model-based
methods are also not immune from the non-resolvable conflict issues, and therefore can also
require operator intervention, which is undesirable.

[010] It is an object of the present invention to overcome such deficiencies in known rule-

based and model-based pattern decomposition techniques'.




[010] It is an object of the present invention to overcone such
deficiencies in known rul e- based and nodel - based pattern deconposition
techni ques. 6 SUVMMARY OF THE I NVENTION [011] In view of the foregoing, it
is an object of the present invention to overcone the deficiencies of
known prior art techniques by providing a sinplified deconposition process
that does not require the generation of an extensive rul e-base set, and
which is suitable for wuse with substantially any target pattern. [012] In
summary, the present invention providest nethod for deconposing a target
pattern containing features to be printed on a wafer into nultiple
patterns. The nethod includes the steps of (a) defining a kernel
representing a function having positive values wthin an inner radius and

negati ve VSUMBMARY @R THE eXVEAdiioN (b) defining the features wutilizing a
plurality of pixels; (c) disposing the kernel over a first pixel of the

plurality @fj Flhi@'?é\xséf_ tﬁéjﬁor%%fnpg[ g}sgf{nr&éetcpgf t}@fn'é n?fnvf:uen]iﬁg %G&‘Lmﬂé thk:ocat I on

of each of the plurality of pix toring the va each of the

plurality [, X : i.he a,pixel,value for, each of.the
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gi ven pixel _of th lurality of pixels with the pixel value of the given
pi xel det etii?rtidr? 8%“0&\ ﬁe(@fra H'Le(g&m%{"at(% (Eyd’f@ﬁ‘i?g?‘wﬂeflﬁ’ée rRdIvhachels suikbieder pi xel
of the pIuraIL&y of pixels, and repeating steps (d)-(f) until each of the
pIuraIity‘5?“%'ﬁ@@%ﬂﬁégyﬁﬁgﬁgﬁﬂﬁg@@sed; and (g) determ ning placenent of
the pixel ina first pattern or a second pattern based on the pixel val ue
of the gi VR Ipilksymmpny]thp prserdiaplentiorepfotidésamethod for dhenmpeingialtarg¢the pr ocess
of the present invention provides nunmerous advantages over the known
deconposi tHatemgroeesgdsatutvb Bt bel primbadtcaret wafer inteanultiple patterns. The method

includes the steps of: (a) defining a kernel representing a function having positive values
within an inner radius and negative values in an outer radius; (b) defining the features
utilizing a plurality of pixels; (c) disposing the kemnel over a first pixel of the plurality of
pixels; (d) determining the value of the kemel at location of each of the plurality of pixels,
storing the value for each of the plurality of pixels so as to define a pixel value for each of the
plurality of pixels; (e) adding a previously stored value associated with a given pixel of the
plurality of pixels with the pixel value of the given piﬁel determined in step (d); (f) disposing
the kernel over another pixel of the plurality of pixels, and repeating steps (d)-(f) until each
of the plurality of pixels has been processed; and (g) determining placement of the pixel in a
first pattern or a second pattefn based on the pixel value of the given pixel.

[013] As explained below in further detail, the process of the present invention provides
numerous advantages over the known decomposition processes. Most importantly, the
process provides for a quick and efficient method of decomposing the target pattern, and

eliminates the need for the generation of a complicated set of rules to govern pattern



process provides for a quick and efficient nethod of deconposing the target
pattern, and elimnates the need for the generation of a conplicated set
of rules to govern pattern 7 deconposition. In addition, the process
allows a given feature to be segnents into nultiple portions with the
portions being disposed in separate patterns for inmaging. [014] Additional
advant ages of the present invention will becone apparent to those skilled
inthe art fromthe follow ng detail ed description of exenplary enbodi nents
of the present invention. [015] Althoudgh specific reference maybe nade in
this text to the use of the invention in the manufacture of ICs, it should
be expl i ci ddeympauitess o additibia thd greces M RMNsIaQil ddagati Y bOded Blonts RAS vl e
applications. For exanple, it may be enployed in the manufacture of

i nt egr at edyor@dHsive 1 U i : rns for magnetic
domai n rre(r]r%ri es, aﬂl?i%%@g@eé%&%?ﬁpg p%ﬁg?%h{s?ﬁﬁlﬁﬁ%&gm magneti ¢ heads,
etc. The sigiki e 1] i reclat. hat ;4N the context of, h such
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in this text; shoul d be. consi dered, as bei ng_.repl aced the re general
terms " maslé'tﬂ}e are@%%élf%%ﬁ%W‘ng%ataﬁ?%‘?eﬁ‘é’fp ’ﬁB?’tf F{;Fﬁ)np?arygggécgmeg@o thepeesgt The
invention.tself, together with further objects and advant ages, can be
better urB&™P%od by reference to the fol | owing detailed description and

t he acconpan ing] drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [017] Fig. |
is an exeriﬁléry\fhoéﬁﬁ:mﬁ? icir¢fergaeermey brymadsan tie tswplodhd isorf feoressort thdhe
present invention, which is utilized to deconpose a target pattern into
mul ti pl e peanuéchse of ICs, it should be explicitly understood that the invention has many other

possible applications. For example, it may be employed in the manufacture of integrated
optical systems, guidance and detection patterns for magnetic domain memories,
liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate
that, in the context of such alternative applications, any use of the terms "reticle”, "wafer” or
"die" in this text should be considered as being replaced by the more general terms "mask",
"substrate” and "target portion", respectively.

(016] 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 T.HE DRAWINGS

[017} Fig. 1 is an exemplary flowchart illustrating the decomposition process of the present
invention, which is utilized to decompose a target pattern into multiple patterns.
[018] Fig. 2 illustrates an exemplary kernel which may be utilized in the model-based

decomposition process set forth in Fig. 1.



[018] Fig. 2 illustrates an exenplary kernel which maybe utilized in the.
nodel - based deconposition process set forth in Fig. 1. 8 [019] Figs. 3-5e
illustrate the deconposition process of the present invention with respect
to an exenplary target pattern. [020] Figs. 6-8 illustrate an exanpl e of
the application of the deconposition process with respect to a |ine:space
target pattern. [021] Figs. 9 and 10 illustrate other exanples of the
deconposition process being applied to target patterns. [022] Fig. 11 is a
bl ock diagramthat illustrates a conputey system which can i npl enment
illumnation optim zation according to an enbodi ment of the present

i nvention. [(1923igfBbe ifldsu@NBERICOAPBOdiNonARBEES SF RO pRAGTRIVEAYon! vi Q{«}e@ﬂ I C
proj ection apparatus suitable for use with a nasﬁ designed wth tthe aid of
t he discI0§ggE&9g5@ﬁh§tEQE;@ILED DESCRI PTI ON OF THE | NVENTI ON [ 024] As

expl ained in further de?ail bel ow, the deconposition process of present

i nvention } . ta efining,a.unction or_kernel, which has a
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and an outer r diqs of the kernel. Inportantly, the negative anplitude of
t he kernelmgﬁﬁﬁpﬂ'E@SP%@éTgﬁlﬁFaﬁfdistance fromthe center of the kerne
which corresponds to the pitch to be avoided in the pattern | ayout. Once
the kernel %Y Jdgs Rapd 1@ dlusigaip pheneamples efithe dedamnonision gercegsibeing ppliedtoel i s
sequentially placed on each pixel (the size of which is also predefined)
of the tarigeet paéigmar es, and during each placenent of the kernel, the value
of the kernel or function at the each pixel is added (or subtracted if the
kernel vall@@2])i &ig. 11 is a block diagram that illustrates a computer system which can implement

illumination optimization according to an embodiment of the present invention.
[023] Fig. 12 schematically depicts an exemplary lithographic projection apparatus suitable

for use with a mask designed with the aid of the disclosed concepts.

DETAILED DESCRIPTION OF THE INVENTION

[024]  As explained in further detail below, the decomposition process of present invention
first entails defining a function or kermel, which has a different sign with respeét to amplitﬁde
between the center of the kermel and an outer radius of the kemel.r Importantly, the negative
amplitude of the kernel should be located at a distance from the center of the kernel which
corresponds to the pitch to be avoided in the pattern layout. Once the kemel is defined, as
explained below in further detail, the kernel is sequentially placed on each pixel (the size of
which is also .predeﬁned) of the target features, and during each placement of the kernel, the
value of the kernel or function at the each pixel is added (or subtracted if the kernel value is

negative) to the previous value of the pixel to generate a number value associated with the



negative) to the previous value of the pixel to generate a nunber val ue
associated with the EE tl 9 given pixel. This process is repeated until

t he kernel has been positioned on each pixel of each feature to be inaged.
Once this process is conpleted, each pixel will have associated therewith
either a positive value, a negative value or a zero value. As shown in the
exanple below, the positive value pixels and negative value pixels tend to
be grouped together. These positive and negative values are then utilized
t o separate/ deconpose the target featurés into a first pattern and a
second pattern. Mre specifically, the pixels have a positive value are

pl aced in giken fikels Thpgirewesnis aspdatpd weilshdleernad Yasbesr gaditioned valensh @E opl aced
in a second pattern. The zero valued pixels my be placed in either
pattern. [&2bfeafse MHedehagdid\Bncctille pREGALI s AdTRd, lchdhdex @ fwill A8y kREJRtedshoul d
be located at a distance fromthe center of the kernel which corresponds

to the pit@wBrelfth Qf?hé%\écﬁoﬁﬁde Vdhud, la%e?ﬁivta%élﬁe of aﬂ"i’eﬁ’b‘t/%lué. djég)glﬁ%fn WS amplae

center of the kernel aV|ng a p05| e val ue can
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fromthe center the e nega ve va
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i mage thed% et pattern. As such, the resultlng ?ItCh in the first and
second p f“é?aﬁg o Seeond paugm ¢ Yot sgrifstly therpkiels e AT valiecdpt abl e
pitch. It is noted that the mninumacceptable CD and m ni num acceptabl e
pi tch (ancPlassd ipibe dirstpaitase aedipixele byvinps nedsdive prlecas plare! ipa seedndipaéent o

i mge the patterns can be determned utilizing enpirical or
The zero valued pixels may be placed in either pattern.

[025] As noted above, the negative amplitude of the kemnel should be located at a disiénce
from the center of the kernel which corresponds to the pitch to be avoided in the pattern
layout. In other words, the center of the kernel having a positive value can 56 deemed as
corresponding to the minimum printable CD of the features, and distance from the center of
the kernel to the negative value, which corresponds to the pitch to be avoided, can be deemed
the area which is below the minimal acceptable pitch of the given photolithography process
being utilized to image the target pattern. As such, the resulting pitch in the first and second
patterns will be equal to or greater than the minimal acceptable pitch. It is noted that the
minimum acceptable CD and minimum acceptable pitch (and the pitch to be avoided) for the
process to be ufilized to image the patterns can be determined utilizing empirical or
simulation processes, which are well known in the art,

[026] Fig. 1 is an exemplary flowchart illustrating a first embodiment of the present

invention. Referring to Fig. 1, the first step (Step 10) in the process is to define the original



simul ati on processes, which are well known in the art. [026] Fig. 1 is an
exenplary flowchart illustrating a first enbodi nent of the present '
invention. Referring to Fig. 1, the first step (Step 10) in the process is
to define the original 10 target pattern to be deconposed into two or nore
patterns. In the given exanple, the target pattern includes a plurality of
L-shaped lines as shown in Fig. 3. [027] The next step (Step 12) in the
process is to define the kernel or function to be utilized in the
deconposition process. As noted above, tiwe kernel is a function which has a
different sign with respect to anplitude between the center of the kernel

f t \ t . miting th
and an out efrgétgaiteth tObe ddIBmpdiRH HRb twd\eh&re HRGerRU I%Eher %né&étg&ﬂ%‘ t@%ttdrg@p €

change of anplitude corresponds to the pitch to a itch

ohi ch T | g DRl ARGEPEARLE SRk, B - 2 111 ustrates an

exenpl ary kernel which can be utillze rotéss. Referring to Fig. 2,

t he kernel ci4\on..21 havi.n osi tive functjon value and an
out er sect5@%ﬁ23ﬁ%§§¥ﬁgﬁgﬁﬁéggﬁf@§P“FﬁﬁBF&H%ﬁgaﬁﬁéﬁﬂﬁkmﬁﬂ¥%ﬁ?t?ﬁ%wﬂEF&e| is
sel ected s%gpe%hat t he outer sgption ééfi%. | aced at a distance

cor r espondiThgCHeCPIRESIHPE BIPCEss A8 nalgH A ergeldpa BRstipn whish hospa didsrest t he
kernel are the highest at the center of the kernel and decrease as the

di stance f P& iidepasiiermplitids kefwesn the eenfes of e &arnehand antostes brdpws ofthet he
kernel is not limted to the exanple shown in Fig. 2. Any function which
has a di f f &¢rael whergthe qutes ppsliustenbibithettednng el aomhitiele cofresphedskerieglitcard  at
a set radius away fromthe center nay be utilized. Further, it is also
possi bl e t be mandedt(he, a piwhtvdrictof ldshthak erensinireush abveptable PR IFVE 2aMdteside and
have the outer radius corresponding to the pitch to be avoided exhibit a
positive val eempldg kémploviianian Gk iutiBfddan BRI pagtebNaleréARE & Fig. B thORANYR,Of

sign in anplitude between the two | ocations.
a center sectio_n 21 having a positive function value and an outer section 22 having a negative
function value. As noted, the kernel is selected such that the outer section 22 is placed ata
distance corresponding to the pitch to be avoided. As also shown, the values of the kernel
are the highest at the center of the kernel and decrease as the distance from the center
increases. It is noted that the shape of the kernel is not limited to the example shown in Fig,
2. Any function which has a different sign in amplitude between the center of the kernel and
at a set radius away from the center may be utilized. Further, it is also possible to have the
center of the kemel exhibit a negative amplitude and have the outer radius corresponding to
the pitch to be avoided exhibit a positive value. The important criteria being that there is a
change of sign in amplitude between the two locations.
[028} Once the kernel is defined, the next step in the process (Step 14), is to divide the
features of the target pattern into pixels with proper size according to the design of the data

format (e.g., GDSII) as shown in Fig. 4. It is noted that the pixel size can range from as

small as the design grid permits to the minimum design line size (i.e., minimum CD).



[028] Once the kernel is defined, the next step in the process (Step 14),
is to divide the features of the target pattern into pixels with proper
size according to the design of the data format (e.g., GDSI1) as shown in
Fig. 4. It is noted that the pixel size can range fromas snall as the
design grid permts to the mninmumdesign line size (i.e., mninmumCCD). 11
However, because the coloring is perforned on pixel by pixel basis, if the
pi xel size is too snall, it nay take a |longer tine to conplete the
deconposition process. Alternatively, itlthe pixel size is too large, the
deconposition process may result in a conflict situation. As such, the

pi xel si zelehygt, debwossBE eclbdang spetfotntratontpive] b pitxirbesis Cifi thelpix b vieds yoodi vi ded.
As an exanple, for a 32nm CD target design, the pixel size may be on the
order of 2@l it @mgeakchilsnger Smace complets tediecdtgsintprédeap A1Rrepivdl0)if @Bt ai | s
initializing the value of all pixels of the target features to zero. [029]

Next, in §§iﬁﬂ sik8is tdo fakdeS iheﬂ.l'e&ﬁbpdsﬁioﬁ%l'&lﬁ%%y rdfi@Nn alBbSnicEMuEEon0ALNG, ker nel

is placed/positioned on the first pixel (Step 20), and the val ue of 'the

kernel -at fiGix QLA SARARBE llecsl EA (HORE FaBlsl S0 HELAATY @9@%0}&5%{ [Of the

pi xel s within the dianeter o erne
l'itud | . ¢ch t.he di st f ter. of
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kernel value is

the kerne eases.
ubtracte?

i i xel |ocation i dd (if th ,
negati ve) T B<bRB I bepoR el stk iRl Rufigte e (iact D povaln athaige

initially set to zero) for all of the pixels wthin the dianmeter of the
kernel . THEA'WEDOZEE: t hen proceeds to Step 25 where it is deternmined if the
kernel has been placed on each of the pixels. If the answer is no, the
process priBtdedisxt in Seieps . 26iaimxd éf wiersdt Hheméxtcentpr «fghe kerdeltihen repeat s
Steps 20-25 until all of the pixels have been processed. It is noted that
placed/positioned on the first pixel (Step 20), and the value of the kernel at the corresponding

pixel location is determined for all of the pixels within the diameter of the kernel. As shown,
in Fig. 2, the amplitude value of the kemel changes as the distance from the center of the
kernel increases. Thereafter (Step 24), the value of the kernel at the given pixel location is
added or subtracted (if the kernel value is negative) to the current pixel intensity or value (all
of which are initially set to zero) for all of the pixels within the diameter of the kernel.

The process then proceeds to Step 25 where it is determined if the kernel has been placed on
each of the pixels. If the answer is no, the process proceeds to Step 26 and selects the next
pixel and then repeats Steps 20-25 until all of the pixels have been processed. It is noted that
the value of the pixels is cumulative and is updated during each reiteration. Once all of the
pixels have been processed, in Step 27 the pixels are separated into either the first pattern or
the second pattern based on whether the value of the given pixel is positive or negativé. The
first and second pattern cén then be utilized to form first and second masks, which may be

utilized in the multiple illumination process.



the value of the pixels is cunulative and is updated during each :
reiteration. Once all of the pixels have been processed, in Step 27 the

pi xel s are separated into either the first pattern or the second pattern
based on whether the value of the given pixel is positive or negative. The
first and second pattern can then be utilized to formfirst and second
masks, which may be wutilized in the multiple illum nation process. 12
[030] Figs. 5a-5e illustrate the application of the foregoing deconposition
process to the exenplary target patternzshown in Fig. 3. Initially, the
kernel is placed on a first pixel in the upper comer of the pattern, and

the kernel 438 OMgE I5isd il%trlﬁt@%eta%ﬁaﬁ%ioﬁ%ﬂh%rf&e%dﬁé% %chﬁ%oéﬁﬁérf‘@m\ﬁstpﬁ): B

centered on the first pixel. The val ues of al e pl xe

di f i : . i.fical ] I f
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I i t i xel I d wh th I f th Kk t th
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f th i.xel | ue. this. is d t ke E dto th t
o he S T o b G R bbb o
that as the kernel is shifted over the pixels formng the target Patterns,

the feat ur EgngdgicHon grepadated oraseisiesl o wher havalue af the srnehas thedpestioa of based

in-part on the value of the pitch to be avoided, which is utilized to

defi ne t hegivizepindlis p@Brime, Gt kewtl wahe ipiddell 0 thapxcbedue, prdowbastbe yaltdef thar get
pattern is conpletely deconposed. Wile it is not necessary to nove the
kernel fr okarpdl wethe tooapinelthd givamyixelpaudgaiw, tie kemedbvalud i8 stthicgt iem thxanpl e,
the kernel is nmoved in a raster manner. However, it is also possible to

nove the kgikehkluen @RY (0§ RIonS Whd bk i PAéT@kMNthe B3 Hixd] bnd hepRIced i§ hat the
both the values of the pixels and the kernel maybe naintai néed
repeated. Referring to Figs. 5a-5e, it is shown that as the kernel is shifted over the pixels
forming the target patterns, the features begin to be decomposed or separated from one
another based in-part on the value of the pitch to be avoided, which is utilized to define the
kernel. Once all of the pixels have been processed, the target pattern is completely
decomposed. While it is not necessary to move the kernel from pixel-to-pixel in any
particular order, in the given example, the kernel is moved in a raster manner. However, it is
also possible to move the kernel in any other suitable pattern.
[031] 1tis noted that the both the values of the pixels and the kemel may be maintained
utilizing an x-y coordinate system so as to allow for ready identification and storage of the
values of the pixels and kernel, as well as for ready placement of the kernel over the pixels.
It is further noted that as a practical matter all pixels can be updated, however, the pixels
outside of the kernel radius will simply be adding or subtracting a zero value from the current

pixel value.



utilizing an x-y coordinate systemso as to allow for ready identification
and storage of the values of the pixels and kernel, as well as for ready
pl acement of the kernel over the pixels. It is further noted that as a
_practical matter all pixels can be updated, however, the pixels outside of
the kernel radius will sinply be adding or subtracting a zero value from
the current pixel value. 9 13 [032] Figs. 6-8 illustrate another exanple
of the application of the deconposition process as applied to a |ine space
pattern. The pixel values of the respeciive |ines are shown when the

kernel is initially positioned over the leftnost line. Referring to the
graph of HO8R] Figst b iflugtRke anvihetiampRasTiied Splivdtion of e debdnSgosition @rdcsss as
positive, while the pixel value of the second line (imrediately to the

right of thgliddblamelpddePaiterh S TREGREIVRIes AOBE Posp@SivE RhR&ArPdhoWA wHchkiR 15 due
to the predefined intensity val ues of the kerne? whi ch are sel ected so that

features spaped inReh PRSI R 1 RRGE BhAPR ErePlhGh HR' Faghl #5686 fle BERAT AL €
patterns. F?%S.ly‘aﬁgﬁ§ are e;aones o@ ﬁomﬁ%ﬁg&Varuégm@han s ase?ﬁé
ker nel is‘%giftedk%gqm_ gx%ltkoe ixqg. k@@g Fi.n %J%_Ofgg.cgniblustrates
the resul t'of 1 chhﬁ&%i%ﬁ A %f@% 133 %ﬁ%l? & ot B 5507 {Bow pat t er n.
The result, which is the sa shown in Fig. 5e, . is that the patternis
decomposediPREGEP S TEeht PhBe Fhmst i) scieaiic FABdI &5 19SS A0Es 19154 t he
second pattern including features 93. Fig, 10 illustrates the result of
t he deconpddietresieiipedintensithealury of fisgrmebwhish are selseted pathat fsaures spackdvi ng
densely spaced features 101 and 103 and non-dense features 102. As shown,
t he resul tbeloa thhatinirbadepleble pitdpae picédeatsepasge patteens, Higsaf and$ ark01 and
103) are separated into separate patterns, while the non-densely spaced
patterns axenplesdf how the values change as the kernel is shifted from pixel to pixel.

[033] Finally, Fig. 9 illustrates the result of the decomposition process being applied to an

elbow pattern. The result, which is the same as shown in Fig. Se, is that the pattern is

decomposed into patterns, the first pattern including features 91 and the second pattern

including features 93. Fig. 10 illustrates the result of the decomposition process being

applied to a line space pattern having densely spaced features 101 and 103 and non-dense

features 102. As shown, the result is that the densely spaced features (i.e., features 101 and

103) are separated into separate patterns, while the non-densely spaced patterns are left

unchanged.

[034] As detailed above, the process of the present invention provides numerous advantages

over the known decomposition processes. Most importantly, the process provides for a quick

and efficient method of decomposing the target pattemn, and eliminates the need for the

generation of a complicated set of rules to govern pattern decomposition.

f035] Varations of the exemplary process detailed above are also possible. For example, it

is possible to apply optical proximity correction treatments to the decomposed patterns



unchanged. [034] As detail ed above, the process of the present invention.
provi des nunerous advantages over the known deconposition processes. Mst
importantly, the process provides for a quick and efficient method of
deconposing the target pattern, and elimnates the need for the generation
of a conplicated set of rules to govern pattern deconposition. [035]

Vari ations of the exenplary process detail ed above are al so possible. For
exanple, it is possible to apply optical proximty correction treatnents
to the deconposed patterns Ei 14 resultd ng fromthe process of the present
invention. Further, either rule-based or nodel -based OPC treatnents may be

utilized QBsu‘ltH@ fﬂﬁ?&%ﬁfc@ﬂ o el et int Q@84 lhi}th)éﬁfe1tﬁé}%l@ﬂiasédfifrhﬂidb10&sed
di fferent functions, other than the one disclosed above, be utilized

to represep E&%néﬁ§€ﬁ#béﬂn&£ OH%%”ﬂﬁgﬁk&*@ RERCess. Agaln t he i nmportant

aspect is t at t he ction ave a erent sign in anplltude bet ween t he
center and ..th S corr ndi t 0,.t desirabl e
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102 or other conmunication nechanismfor comrunicating information, and a
processor 1962t the fispiéan gve p ddfrsent ogn inpmplitedscistvesy thageaterat the sunctiomanst er
system 100 al so includes a main nmenory 106, such as a random access nenory
(RAM or dhhediugymeaspandingtto thegmdeaablegtcly oﬂmhedtqhe dyasled02 for storing
information and instructions to be executed by processor 104. Main nenory
106 al so m@3/]bEiguskd aftdockstiagram that dhiptostes ayconaiuted bysesn 000 ehiekican

implement the pattern decomposition process detailed above. Computer system 100 includes
a bus 102 or other communication mechanism for communicating information, and a
processor 104 coupled with bus 102 for processing information. Computer system 100 also
includes a main memory 106, such as a random access memory (RAM) or other dynamic
storage device, coupled to bus 102 for storing information and instructions to be executed by
processor 104, | Main memory 106 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by processor 104.
[038] Computer system 100 further includes a read only memory (ROM) 108 or other static
storage device coupled to bus 102 for storing static information and instructions for processor
104. A storage device 110, such as a magnetic disk or optical disk, is provided and coupled
to bus 102 for storing information and instructions.

[039] Computer system 100 may be coupled via bus 102 to a display 112, such as a cathode
ray tube (CRT) or flat panel or touch panel display for displaying information to a computer
user. An input device 114, including alﬁhanumeric and other keys, is coupled to bus 102 for

communicating information and command selections to processor 104. Another type of user



internediate information during execution of instructions to be executed by
processor 104. [038] Conputer system 100 further includes a read only
menory (ROM 108 or other static storage device coupled to bus 102 for
storing static information and instructions for processor 104. A storage-
device 110, such as a magnetic disk or optical disk, is provided and
coupled to bus 102 for storing information and instructions. [039]
Comput er system 100 nay be coupled via bus 102 to a display 112, such as a
cathode ray tube (CRT) or flat panel ot5touch panel display for displaying
information to a conputer user. An input device 114, including

al phanuneringytaRdic®ishafsokettrol t o, SRMURL 8 hduSe, RuScilil, (frcbhrso?@i%&@ﬁ R&kIfHY

i nformati on and conmand sel ections to processor 104. Anot her type of user

15 input devhGBedit sﬁléc%l% P8R4k ad omi eﬁéu&lswgl%eess@( foaaak or

cursor direction keys for conmuni cati ng di I'ECtI on i hformation an conmand
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112. This evi ce WO axes, a
first axis éﬁ % and second axis, (e §%% t alloms t he .device to
Speet 1 poetedin oo dS BreSt R B al i siebiq el e handh YT whiSurss oo
used as an input _devjce. 040&)Accord|ng to one enbodi ment of the
i nvent i on, SPEHE ROSIHERS gt P s wupkapansbiscigep disp iy nayplsedwpisedss ayarem 100 in
response to processor 104 executing one or nore sequences of one or nore
i nstructi olsiceontai ned in main menory 106. Such instructions nay be read
into main nenory 106 from anot her conputer-readabl e nedium such as
st orage dg¥#tle ActOrdiiexteout cobodiimethd tieagueatogshodolirimgtpreretd magbeont ai ned i n
main menory 106 causes processor 104 to performthe process steps
descri bed Jeoghdil byQbenpater 8t@n 100 in response to processor 104 executing one or more

sequences of one or more instructions contained in main memory 106. Such instructions

may be read into main memory 106 from another computer-readable medium, such as

storage device 110. Execution of the sequences of instructions contained in main memory

106 causes processor 104 to perform the process steps described herein. One or more

processors in a multi-processing arrangement may also be employed to execute the sequences

of instructions contained in main memory 106. In alternative embodiments, hard-wired

circuitry may be used in place of or in combination with software instructions to implement

the invention. Thus, embodiments of the invention are not imited to any specific

combination of hardware circuitry and software.

f041] The term “computer-readable medium” as used herein refers to any medium that

participates in providing instructions to processor 104 for execution. Such a medium may

take many forms, including but not limited to, non-volatile media, volatile media, and

transmission media. Non-volatile media include, for example, optical or magnetic disks,

such as storage device 110. Volatile media include dynamic memory, such as main memory



processors in a nulti-processing arrangenent may al so be enployed to
execute the sequences of instructions contained in main nmenory 106. In

al ternative enbodi nents, hard-wired circuitry may be used in place of or
in conbination with software instructions to inplenent the invention.

Thus, enbodi nents of the invention are not Iimted to any specific

conbi nation of hardware circuitry and software. [041] The term

"conput er-readabl e nedi um’ as used herein refers to any nedi umt hat
participates in providing instructions 16 processor 104 for execution. Such
a nmediummay take many forns, including but not limted to, non-volatile

medi a, vol a4, IT&aﬂEﬁﬂtsﬁmrﬂMamHu@@@dﬂxﬁﬁbmbsn&ﬁE@r wiPrMefbptlcs, 1H@1leﬁ%ﬂ{é0| ude,
for exanple, optical or magnetic disks such as storage device 11

Vol ati | e npgiahhnehisdse shknani TrafBARE Y mRHGR R 81 5TBkE PSR, ¥ %cg%sél%%g light o

Transm ssion nmedia include coaxial cables, copper wre an
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take the formof acousti
radi o frequenc &S % ared at comuni forms
of conpute#g?e%? Jhpes 3@5?%0? EWﬁB F&e E‘P@B%bg”eﬁﬁgwe PExi bl e
di sk, hard Elﬁ ic tape, an other magnetic nedium a CD-ROM  DVD,
any ot her ‘Bg% f T“rngég‘fﬁ‘u ferd stk magnsti &ape p’é‘ﬁé’Fhe{ ggenctig ipedgimrCIMHREY.c |
mediumwi th patterns of holes, a RAM a PROM and EPROM a FLASH EPROM
any ot her ¥Ry othssioptienl medrunt, beisd, carlsceapei tepe, waw etharsphysisd middisn with
hereinafter, or any other nmediumfromwhich a conputer can read. [042]
Vari ous f drafgmepf kadesp aReSMraBRIAM, endBRR @Mya FLAS H-BRROWE dny otheanenydnyg one or
nore sequences of one or nore instructions to processor 104 for execution.
For exanplakjp drhvertridge, a carrier wave as described hereinafter, or any other medium from which a

computer can read.

[042] Various forms of computer readable media may be involved in carrying one or more

sequences of one or more instructions to processor 104 for execution. For example, the

instructions may initially be borne on a magnetic disk of a remote computer. The remote

computer can load the instructions into its dynamic memory and send the instructions over a

telephone line using 2 modem. A modem local to computer system 100 can receive the data

on the telephone line and use an infrared transmitter to convert the data to an infrared signal.

An infrared detector coupled to bus 102 can receive the data carried in the infrared signal and

place the data on bus 102. Bus 102 carries the data to main memory 106, from which

processor 104 retrieves and executes the instructions. The instructions received by main

memory 106 may optionally be stored on storage device 110 either before orafter execution

by processor 104.

[043] Computer system 100 also preferably includes a communication interface 118

coupled to bus 102. Communication interface 118 provides a two-way data communication



instructions may initially be borne on a magnetic disk of a renote
conputer. The renpte conputer can load the instructions into its dynamc
menory and send the instructions over a telephone line using a nodem A
modem | ocal to conputer system 100 can receive the data on the tel ephone
line and use an infrared transmtter to convert the data to an infrared
signal. An infrared detector coupled to bus 102 can receive the data
carried in the infrared signal and place the data on bus 102. Bus 102
carries the data to main nenory 106, from which processor 104 retrieves
and executes the instructions. The instructions received by main nenory
106 may optiughagitya bawstkdirdd 20nha isorage taday iatealddweikt iher Fbﬁéx@ﬁ?ie@r after
execution by processor 104. [043] Conputer system 100 al so preferably

i ncl udes aceammiitmlih@fadd L8 miaaR ablfeoraRUBlORed Aot Setidek (IFPNYURUGRLT ON
interface 118 provides a two-way data communi cation 17 coupling to a
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comuni cation interface 118 may be an Integrated se I gi

(150 cor o, ARG BEOMLAR R RMSOTALGLLR SOULEELLEN 49 3,

correspondi ng type o ephone I'he.
interface may be a |l ocal area network &h?h%v card to provide a data
connunicat%%ﬁt%%%ﬁ@g %@ﬁCPEHQHFSﬁ%bT¥%F%mE A C IF@S%@ﬁﬁmiﬁ%§ﬂ%%anﬁF§b be
inplenente&. th§§¥ SQ%F igBIe ntation, conmunication interface 118 sends
and recei $ESPRIMTREESY  In dhpich dBlsHshiation, coppupisationdpigrases! ISsardsend r y
digital data streans representing various types of information. [045]
Net wor k | | FREITS(RIgofiifiab glocijopagnetieleisontigalesignelstiam coat digitel tdatactigimone or  nor e
networks to other data devices. For exanple, network |ink 120 may provide a
connect i onrepresenting various types of information.

[045] Network link 120 typically provides data communication through one or more

networks to other data devices. For example, network link 120 may provide a connection

through local network 122 to a host computer 124 or to data equipment operated by an

Internet Service Provider (ISP) 126. ISP 126 in turn provides data communication services

through the worldwide packet data communication network, now commonly referred to as

the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic -

or optical signals that carry digital data streams. The signals through the various networks

and the signals on network link 120 and through communication interface 118, which carry

the digital data to and from computer system 100, are exemplary forms of carrier waves

transporting the information.

[046] Computer system 100 can send messages and receive data, including program code,

through the network(s), network link 120, and communication interface 118. In the Internet

example, a server 130 might transmit a requested code for an application program through

Internet 128, ISP 126, local network 122 and communication interface 118. In accordance



t hrough | ocal network 122 to a host conmputer 124 or to data equi pnent
operated by an Internet Service Provider (I1SP) 126. ISP 126 in turn

provi des data conmuni cation services through the worldw de packet data
comuni cati on network, now commonly referred to as the "Internet” 128.
Local network 122 and Internet 128 both use electrical, electromagnetic or
optical signals that carry digital data streans. The signals through the
vari ous networks and the signals on network Iink 120 and through

comuni cation interface 118, which carryg the digital data to and from
conmputer system 100, are exenplary forns of carrier waves transporting the

i nf or mat i owith ER4SlenGoNIRHE ﬁch%ﬁ@%%&%%pﬁ&ﬂoﬁ?ﬁ%d@?ﬁfﬁﬁq urﬁ{h‘élﬁérgcei ve data,

i ncl udi ng progran1code t hrough the network net wor 20, and
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transmit a requested code an a atron program throug Yernet 128,

ISP 126, on |nter ordance R
wi th tfﬁfgg‘”%s%"v? IO A iR IR slofba gBYire LS Br o awrdsbifior e
|Ilun1nat| m zati on t.he enbodi nent, for_exanple. The received
code may bt Or&& @ﬁlaéeﬂ CERFULHE- g&é@% B cogpuier sysieny Hilngebtaig Agplisatie or ed i n
storage device 110, or.  other non-volatile storage for |ater execution. In
this nannépﬁegﬂﬁﬁﬁF@#’§f§F@ﬁW§U® may obtain application code in the form
of a carrier wave. [047] Fig. 12 schematically depicts a |ithographic
proj ect i onC4ppdiiatldschouiatieddlyatepiots alghogripbic prajestsikapdasiug methbid fohudehvdthai d of
the current invention. The apparatus conprises: a radiation systemEx, IL,
for suppl yd mgskalepgnjderit!i the akled theRBrieft inadtiad. i ThB appanatidddnprises:

- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA;

- 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,

[048]  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 may employ another kind of patterning means as an



particul ar case, the radiation system al so conprises a radi ation source LA
- a first object table (mask table) MI provided with a mask hol der for
holding a mask MA (e.g., areticle), and connected to first positioning
means for accurately positioning the mask with respect to itemPL; - a
second object table (substrate table) WI provided with a substrate hol der
for holding a substrate W(e.qg., a resist-coated silicon wafer), and
connected to second positioning nmeans for accurately positioning the
substrate with respect to itemPL; a prdfection system ("lens") PL (e.g., a
refractive, catoptric or catadioptric optical system for inmaging an

i rradi at edalfporativote thé usene amamsk; dAmples tnchude arppRirarMabie @6 {fy®r LCD
conprising one or nore dies) of the substrate W { [048] As depicted
herei n, thma@pgparatus is of a transm ssive type (i.e., has a transm ssive
mask). However, in general, it may also be of a reflective type, for

exanpl e (Woub) arHe@bhRe LAV® ¢, MBaktury i PEnati ?i%crg[agﬂu@e?%%e%‘g'ﬂ?m%y?ﬁgpl oy

anot her kind of patterning nmeans as an 19 alternative use o

mask; exanpjh; NGl : Al . ranrkay.or LCD. matrix. .[ 049]
The. sour cartacrm & bR P BOS AR R el b BT EYcer S Bk Mt of
radi ati on. i mis fed int,o an illum nation syste jllumnator) IL
ei ther dir&ct f/(?%‘%}l%g*otmen 4 ig’r‘igbmh ?Sra;hfé?’seéaﬁ@m’r}?b%‘i%%bﬁgww s a
beam expander Ex,.for. exanple. The illum nator IL nmay conprise adjusting
means AM '8 €Sishadpsme BQFA%@F@?“W%\WEPUG%%H%‘PT igger ghial exiehtmon| y
referred to as a-outer and a-inner, respectively) of the intensity
di stri but i Germmanlyreferrebiems o-puteithidic-ioner, iespeniivdly)getler iatehyityotistibiton ivar i ous
ot her conponents, such as an

the beam, In addition, it will generally comprise various other components, such as an

integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA has
a desired uniformity and intensity distribution in its cross-section.

[050] It should be noted with regard to Fig. 12 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is a
mercury lamp, for example), but that it may also be remote from the lithographic projection
apparatus, the radiatipn 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., based on KiF, ArF or F, lasing). The current invention encompasses both
of these scenarios.

[051] The beam PB subsequently intercepts the mask MA, which is held on é 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., s0 as to position different target portions C in the path of the beam



integrator IN and a condenser CO In this way, the beam PB inpinging on the
mask MA has a desired uniformty and intensity distribution inits
cross-section. [050] It should be noted with regard to Fig. 12 that the
source LA may be within the housing of the Iithographic projection
apparatus (as is often the case when the source LAis a nercury |lanp, for
exanple), but that it nmay also be renote fromthe |ithographic projection
apparatus, the radiation beamthat it produces being led into the apparatus
(e.g., with the aid of suitable directippg mirrors); this latter scenario
is often the case when the source LAis an excinmer |laser (e.g., based on

KrF, ArF OPBFﬁrﬂil@ﬁ%ﬁﬁﬁ first RBitfolnoGRdant BUARLSA toSRGRIRRSRESioR %%ﬁ?m hese

scenarios. [051] The beam PB subsequently iIntercepts’the nma which is

hel d on a gBfkeshal It@ths\/&ﬁ[cgﬁ \éib@ﬂntPﬁB?%f.%é %EQ' rﬁ&ﬁﬁﬂgﬁz l{(%n"Y%ia% LGe ?{%%(or F‘r;r) gsses

t hrough the lens PL, ocuses eam arge C of
t he substr L Wt e aid oLﬁthe econd .pQsitionjn zﬂfa.
interfer on% %F%Mbr{e S%rrcfurlgllélg reEhs ﬁ?raﬁ ﬁ?vgﬂ%tog%é’lbieﬁt)ﬁagieg\gfﬁ H@Fb%ved
accurately .g.,..50 as to positjon different target portions Cin the path
of the beaﬁ?@ﬁg“ﬁ%ﬁﬁ%W§P&5#§§fhpk%m@ Yl {copiss Pesidnting apda portsirpke@odaled t o
accurately position the mask MA with respect to the path of the beam PB,
e.g., afternFPeHarnRR) Whish preaphexnbieityifepigigd in K. 13 dhewevenas thelchssradry, or
during a scan. In general, novenent of the object tables MI, W will be
real i zed wvefier sterpcaiagd opifosed loortepsandeicen ol theem{skdatl s B Thmsy fusod coghecardd a
short-stroke nodule (fine positioning), which are not explicitly depicted
in Fig. 120 adbwtyecke acniatoherrcasdedixed wafer stepper (as opposed to a

- step-and-scan tool) the mask table MI may just be connected to a

short - st r gké2 Jaclthéatepicicd @ol BRYbOARd InX®&.different modes:

- In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e., a single “flash™) onto a target portion C. The substrate table
WT 1s then shifted in the x and/or y directions so that a different target portion C can be
irradiated by the beam PB;

- In scan mode, essentially the same scenario applies, except that a given tfarget
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 V' = 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.

Additionally, software may implement or aid in performing the disclosed concepts. Software

functionalities of a computer system involve programming, including executable code, may

be used to implement the above described imaging model. The software code is executable



[ 052] The depicted tool can be used in tw different nodes: - In step node,
the mask table MI is kept essentially stationary, and an entire mask i nage
irs projected in one go (i. e., asingle "flash") onto a target portion C.
The substrate table W is then shifted in the x and/or y directions so
that a different target portion C can be irradiated by the beam PB; In
scan node, essentially the sane scenario applies, except that a given
target portion Cis not exposed in a single "flash". Instead, the nask
table MI is novable in a given directiéh (the so-called "scan direction",
e.g., the y direction) with a speed v, so that the projection beamPB is
caused to &t genesl-parpeas komprdge In epnations thatdde, atdssiblyshe aseidtabdaa WE i s
si mul t aneously noved in the same or opposite direction at a speed V = M,
in which mtdrds, atestorad withincagehaml-pfrpése@om@insr FRhtfdrhy PA CAhdr YimeMhodlederOthe 1/ 5) .
In this manner, a relatively large target portion C can be exposed,
Wi t hout ~ hagsif@rd ia R Mee@bE®h& NodaB S| ddll o Franspeld foPRAAINY intS HelapBopridlRY
i npl enent or aid in perform ng the disclosed concepts. Softwar
functi onal gdl S j r A Wale I
execut abl egeg%ﬁg?&%r%% C%glgg%gg}gte@oé' %éé%%@{) t% ﬁigﬁegl%ove dgeggg?(%%gllg}&?dﬁaqglf%
nodel . Th f i.s,executable 21 by.the _general-purpose conputer.
| n oper at ?IB(?]I% S{jﬁqggrgggpgﬂgtgﬁlathﬁ)é‘%@ %fﬁ)f/l “P ﬁ@%?s@%%"\leﬁtoé O edy é’cagfe&gonar e
stored within.a ge al - pur pase co ter platform At other times, however,
the soft v‘&%?"@mﬁﬁgadég{eé?%f% Ef‘eCB{l‘Pfén&u “gtb%f%ie M PRPRGPOF Ogﬁhéﬁ%rﬁﬁﬁt?regdmff@r
| oading into the appropriate general-purpose conputer systenms. Hence, the
enbodi nent%‘%l?%tgﬁgggan%ﬁbwlqmﬁ%m?éa@m aggl/or ?ﬁf?@r%éﬂfwrﬂm%naofm@mw in the
formof one or nore nodul es of code carried by at |east one
machi ne- r awabiley theoaomsr pExemerdiin thegmbedintentsalisuirpd andillogessidrerad. t he
conput er system

[053] As used herein, terms such as computer or machine “readable medium” refer to any

medium that participates in providing instructions to a processor for execution. Such a
medium may take many forms, including but not limited to, non-volatile media, volatile
media, and transmission media. Non-volatile media include, for example, optical or
magnetic disks, such as any of the storage devices in any computer(s) operating as one of the
server platforms discussed above. Volatile media include dynamic memory, such as main
memory of such a computer platform. Physical transmission media include coaxial cables,
copper wire and fiber optics, including the wires that comprise a bus within a computer
system. Carrier-wave transmission media can take the form of electric or electromagnetic
signals, or acoustic or light waves such as those generated during radio frequency (RF) and
infrared (IR) data communications. Common forms of computer-readable media therefore
include, for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any other
magnetic medium, a CD-ROM, DVD, any other optical medium, less commonly used media

such as punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a



enables the platformto i nplenment the catal og and/or software downl oadi ng
functions in essentially the manner performed in the enbodi nents di scussed
and illustrated herein. [053] As used herein, terns such as conputer or
machi ne "readabl e nmediunt refer to any nmediumthat participates in
providing instructions to a processor for execution. Such a medi um may
take many forns, including but not limted to, non-volatile nedia, volatile
medi a, and transm ssion nedia. Non-volatile nedia include, for exanple,
optical or nmagnetic disks, such as anyppf the storage devices in any
conputer(s) operating as one of the server platforns di scussed above.

Vol atil e medher, hctntdeMAY PRAKSEL BEROLY anSMed é.;fe;m({fggmg o Coa%g 0{ agﬂéhg%@e

computer platform Physical transm ssion ne | es
copper wr [ iS

within a Ctgaélgﬂl}%ﬁé BEI orqgét}ugﬁ:%ns S e{é\%gg&(s tﬂgﬂ)\g‘mn?ssuél}] naergglg@%vghgrtagl EH}%ﬁe
form of el ec ectro netlc nals or, ac ht waves
such as th%%&e1 ggrﬁ’ 8 aaw?ﬂgﬁﬂﬁa?agpr? e OfeE %f |1ﬁ7“ryé1f {IR) data
conmuni cat j ons.. Conmon f or s 64 uter-readable medi a therefore include,
for exanpl@MSOicPEBRsT wrdable medip may Pénvalvgqim WEYHEANS OF MOERTFaRGEes A gae any
other nmagnetic nedium a CD-ROM DvVD, any other optical nedium |ess
conmmonl y u§§ﬂwﬁﬁﬁV%ﬁm§%@WIH@“%%mém*%a¥@§n paper tape, any other physica
mediumwi th patterns of holes, a RAM a 22 PROVM and EPROM a FLASH EPROV
any ot her [ rAlthebghpthe present timfied@m haa besardeb@ibedvavbil lustraesipaietaiingisdaba or
instructions, cables or links transporting such a carrier wave, or any

ot her  nediaany fundmstudi thix the congis be wag anillugsdop had EamMplale adeisantb e dat a.
Many of these forns of conputer readable nedia nmay be involved in carrying

one O: NDrigkeh Y HRHGE S methtid) the OEpdBIHR brBRh HEdNBA Beihl lithilRl SRS DI Whe t@Hs
executi on.

of the appended claims.



[ 054] Although the present invention has been described and illustrated in
detail, it is to be clearly understood that the sanme is by way of
illustration and exanple only and is not to be taken by way of limtation,
the scope of the present invention being |imted only by the terns of the
appended clains. E 23 Wat is Clainmed Is: 1. A nethod for deconposing a
target pattern containing features to be printed on a wafer, into nmultiple
patterns, conprising the steps of: (a) gﬁfining a kernel representing a
function having positive values within i nner radius and negative val ues

in an outeyr radius; ( defining said features utilizing a plurality of
pixels;(cjv%ﬁ§d§@FWﬁP§éid kernel over a first pixel of said plurality of

pi xel s; (d) determ ning the value of the kernel at |ocation of each of said
plurality of pikeh&ethos:iferdesgmpesing ataragepatism eeatainieg festiras tpbepranted gn of

pi xels so as to define a pixel value for each of said plurality of pixels;
(e) addi ngwalepnigo inolighy patteonsechmyalsing thessesiodit ed with a given pi xel of said
plurality of pixels with said pixel value of the given pixel determned in
step (d); (f) depddsingg isend rdpessagingaMerctian Gbvias paHithel vaQfes s@thth 4litdeal i ty of
pi xel s, and repeating steps (d)-(f) until each of said plurality of pixels
has been Q@@@g&@&ﬁgmm%xﬂﬁ&n@g{@ﬁaﬁahﬂg pl acenment of said pixel in a first

pattern or a second pattern based on the pixel value of the given pixel

(b) defining said features utilizing a plurality of pixels;

(c) disposing said kernel over a first pixel of said plurality of pixels;

(d) determining the value of the kernel at location of each of said plurality of pixels,
storing said value for each of said plurality of pixels so as to define a pixel value for each of
said plurality of pixels;

(¢) adding a previously stored value associated with a given pixel of said piurality of
pixels with said pixel value of the given pixel determined in step (d);

() disposing said kernel over another pixel of said plurality of pixels, and repeating
steps (d)-(f) until each of said plurality of pixels has been processed; and

(g) determining placement of said pixel in a first pattern or a second pattern based on
the pixel value of the given pixel.

2. A method for decomposing a target pattern containing features to be printed on a
wafer according to claim 1, wherein said outer radius corresponds to a pitch value which is
less than a minimum pitch for a process to be utilized to image said multiple patterns.

3. A method for decomposing a target pattern containing features to be printed on a

wafer according to claim 1, wherein when disposing said kernel over a given pixel, the center

of the kernel is disposed over said given pixel.




2. A nethod for deconposing a target pattern containing features to be
printed on a wafer according to claim1l, wherein said outer radius
corresponds to a pitch value which is less than a mnimumpitch for a
process to be utilized to inmage said multiple patterns. 3. A nmethod for
deconposing a target pattern containing features to be printed on a wafer
according to claim1, wherein when disposing said kernel over a given

pi xel, the center of the kernel is disposed over said given pixel. 24 4.
A nmet hod for deconposing a target patted containing features to be printed
on a wafer according to claim1l1, wherein the value associated wth each of
said plurality f Ametieldsor dompodihgd {ayrcapaicgN@utditing fafiresIo béphmbdeda f or
deconposing a target pattern containing features to be printed on a wafer

accor di ng wafech@bfiy to\ohehal Wh&eindhdVA) SsRMENGitReRADK bdidf BluValiHEr ks
assigned to said first pattern, and pixels having a negative val ue are

assi gned tgiﬁﬁglg,agggggmog%tern. 6. A nethod for deconposing a target
pattern containing features to be printed on a wafer according to claiml1,

wherein a given f 23t 8 dBY. ? nt i.nt o | t.] ée ortjons with a
first portion of saleg{ Segnen @Hgsf%a?tﬁrrggp%a&eﬁ]gcog 3 rl‘“&g eat“f)“’& t%éer e ¢t d
pattern ang second . portion of. said.segnented feature being assigned to
said seco n‘éfaf%%%cf: ’@H%g e %K“ doWpdciasad @Hﬁ%ﬁ]aémglad’loéﬂée HRlEs HRRSIR My
conput er 8{0ﬂgan1for _d%conposing a target pattern containing features to
be pri nt ed 8P Raf B PIXTIHEY 14 A ReEAIE Vabiarersignediranidsgemdiademcausi ng a
conputer to performthe steps of: (a) defining a kernel representing a
function havi ng- pogicthiog dondsrerarositigtatpigetarattemmentainizgifcatsrea tebayeriaed aren val ues
in an outer radius; _
wafer according to claim I, wherein a given feature may be segmented into multiple portions,
with a first portion of said segmented feature being assigned to said first pattern and a second
portion of said segmented feature being assigned to said second pattern.
7. A computer readable storage medium storing a computer program for
decomposing a target pattern containing features to be printed on a wafer, into multiple
patterns, when executed, causing a computer to perform the steps of:
(a) defining a kernel representing a function having positive values within an inner
radius and negative values in an outer radius;
(b) defining said features utilizing a plurality of pixels;
(c) disposing said kemel over a first pixel of said plurality of pixels;
(d) determining the value of the kernel at location of each of said plurality of pixels,
storing said value for each of said plurality of pixels so as to define a pixel value for each of
said plurality of pixels:

(¢) adding a previously stored value associated with a given pixel of said plurality of

pixels with said pixel value of the given pixel determined in step (d),




O b defining said features utilizing a plurality of pixels; (c) disposing
said kernel over a first pixel of said plurality of pixels; (d) determ ning
the val ue of the kernel at |ocation of each of said plurality of pixels,
storing said value for each of said plurality of pixels so as to define a
pi xel value for each of said plurality of pixels; (e) adding a previously
stored val ue associated with a given pixel of said plurality of pixels
with said pixel value of the given pixel determined in step (d); 25 (f)

di sposi ng said kernel over another pixel25of said plurality of pixels, and
repeating steps (d)-(f) until each of said plurality of pixels has been
processed; and (fpdispbeing fsaid ki@l Plep e pixef ofSaidplpakglof bixeR, dddrépeafi@dd t ern
or a second pattern based on the pixel value of the given pixel. 8. A

conputer. fﬁ@;ﬁ!ﬁ(ﬂjﬁ)ﬁﬁtﬁ%@@ﬁ)%@';ﬂﬁﬂﬁ?% mgﬂblegameﬁbﬁac@@szd apperein said outer
radi us corresponds to a pitch val ue is less than a mnimum pitch for

a process to be( H&b 1ﬁﬁ§gfage HRAE sar ﬂel%%%?rﬁ\?ﬁlte?ﬁﬁ%? §nd8€ﬁteﬁ’11§a§é@c’iﬁ[ er

r eadabl e storag cor I ng to aim ereln I'sposi ng said
ker nel ovef, %)%B%g &%ﬁ: tﬁglcenter of the kernel is disposed over said
i . conp PIFE

gi ven pixe F%} adable st orage nedlun1accord|ng to claim?7,

wherei n the val ye, associ at each of sa rallt of pixels is
initially assi géde%i C?‘Bp'itérrrBa‘E'g’f St%a ‘t“Etac“r"é‘i{H%Eﬂ PRGBS Q1T
accordi ng to claim7, wherein said pixels having a p05|t|ve val ue are
assi gned t'@IWaPHTEPoIds (hyapidy YRluearbichisless shanaminnun Régulor ¢ eragatsiebe

utilized to image said multiple patterns.

9. A computer readable storage medium according to claim 7, wherein when
disposing said kernel over a given pixel, the center of the kernel is disposed over said given
pixel.

10. A computer readable storage medium according to claim 7, wherein the value
associated with each of said plurality of pixels is initially assigned to zero.

11. A cdmputer readable storage medium according to claim 7, wherein said pixels
having a positive value are assigned to said first pattern, and pixels having a negative value
are assigned to said second pattern.

12. A computer readable storage medium according to claim 7, wherein a given
feature may be segmented into multiple portions, with a first portion of said segmented
feature being assigned to said first pattern and a second portion of said segmented feature
being assigned to said second pattern.

13. A device manufacturing method comprising the steps of:

(a) defining a kernel representing a function having positive values within an inner

radius and negative values in an outer radius;



are assigned to said second pattern. 12. A conputer readable storage nmedi-um
according to claim7, wherein a given feature my be segnented into
multiple portions, with a first portion of said segnented feature being
assigned to said first pattern and a second portion of said segnented
feature being assigned to said second pattern. 13. A device manufacturing
nmet hod conprising the steps of: (a) defining a kernel representing a
function having positive values within an inner radius and negative val ues
in an outer radius; 26 (b) defining sag features utilizing a plurality of
pi xel's; (c) disposing said kernel over a first pixel of said plurality of

pi xel s; (d) dekg& 1ﬂnﬁgmh%§m¥&hﬂﬁgﬂ@ Hﬁ&abﬁ%gghﬂﬁt | ocation of each of said

plurality of pi storing sal of said plurality of

pi xels so as t flne Vi for urallty of pixels;

(e) adding a p?c SB%P%Smfo?%eCW%iugsa%é%ééﬁ?dah““?%oékg.Ven plxel of said

plurality of |s with said e | u Y termned in
step (d): (f) g‘?)é’;e? SonRineshe Halk%&rfg? Lﬁvarﬂt’;ﬁ %é{‘l e %>£€|5316fpll‘§§i‘téj° PEFS ity of
pi xel s, and repeating steps (d)-(f) until each of said plurality of pixels
has been &F%é§§lédaluaﬁae ) ofdaidar by g riselace AeivdeBre 3 aixal yluedpr fach af £ r st

pattern or a second pattern based on the pixel value of the given pixe

14. A devised phuplity a€piselsng net hod according to claim 13, wherein said out er

radius corresponds to a pitch value which is less than a m ninmumpitch for
a process to bée)utlding 2@ctvicmsly stored value associated with a given pixel of said plurality of

pixels with said pixel value of the given pixel determined in step (d);

(H) diSpdSing said kernel over another pixel of satd plurality of pixels, and repeating
steps (d)-(f) until each of said plurality of pixels has been processed; and

(g) determining placement of said pixel in a first pattern or a second pattern based on
the pixel value of the given pixel.

14. A device manufacturing method according to claim 13, wherein said outer radius
corresponds to a pitch value which is less than a minimum pitch for a process to be utilized to
image said multiple patterns.

15. A device manufacturing method according to claim 13, wherein when disposing
said kernel over a given pixel, the center of the kernel is disposed over said given pixel.

16. A device manufacturing method according to claim 13, wherein the value
associated with each of said plurality of pixels is initially assigned to zero.

17. A device manufacturing method according to claim 13, wherein said pixels
having a positive value are assigned to said first pattern, and pixels having a negative value

are assigned to said second pattern.



image said nmultiple patterns. 15. A device manufacturing nmethod according
to claim 13, wherein when disposing said kernel over a given pixel, the
center of the kernel is disposed over said given pixel. 16. A device

manuf acturing nethod according to claim 13, wherein the value associated
with each of said plurality of pixels is initially assigned to zero. 17. A
devi ce manufacturing nmethod according to claim 13, wherein said pixels
having a positive value are assigned to said first pattern, and pixels
havi ng a negative value are assigned t@87said second pattern. 27 18. A
devi ce manufacturing nethod according to claim 13, wherein a given feature
may be segnent etB. ihtlevicauhtriyficturpgrmdtoisaccomtinh t@cthing $3, wiRFdin ©Bived feaaikdl
segnented feature being assigned to said first pattern and a second

portion of mapbelspegmraind nflailepatibn Hahasied 9688n 09 said dgtheiRa WL PBLALET N-
19. A nethod for generating masks to be utilized in a photolithography

process, S@s@ned@%ﬁﬁﬁ@ir&?ﬁﬁé&%@g sécBfd @&ﬁ@l??fl}%i;sd s\(lcﬁ%‘xeﬂg(ﬁ fé&iu?@be%&%rglg Id to

representing a function having positive va hin an 1 nner us and
negative Vé%yﬁﬁod#béﬁ outer radius; (b) defining said features utilizing a
plurality of pixels; (¢) disposing said kernel over a first pixel of said

plurality of pixels; %P determ.ni ng.the val ue of the kerne|l at |ocation of
each of said plurat i€ Ogiforrﬁeﬂgla%r}g mggtkﬁﬁqel??dlt@é‘f(bln\ﬁaﬂhﬁ@hhwaé’gﬁ Arogess.$iaidg
plurality of pixels so as to define a pixel value for each of said
plurality yeth Gpising the steps of:

(a) deﬁﬁ.ing a kernel representing a function having positive values within an inner
radius and negative values in an outer radius;

(b) defining said features utilizing a plurality of pixels;

(c) disposing said kernel over a first pixel of said plurality of pixels;

(d) determining the value of the kernel at location of each of said plurality of pixels,
storing said value for each of said plurality of pixels so as to define a pixel value for each of
said plurality of pixels;

(¢) adding a previously stored value associated with a given pixel of said plurality of
pixels with said pixel value of the given pixel determined in step (d);

(f) disposing said kernel over another pixel of said plurality of pixels, and repeating
steps (d)-(f) until each of said plurality of pixels has been processed;

(g) determining placement of said pixel in a first pattern or a second pattern based on
the pixel value of the given pixel; and

(h) generating a first mask corresponding to said first pattern, and a second mask

corresponding to said second pattern,



(e) adding a previously stored val ue associated with a given pixel of said
plurality of pixels with said pixel value of the given pixel determned in .
step (d); (f) disposing said kernel over another pixel of said plurality of
pi xel s, and repeating steps (d)-(t) until each of said plurality of pixels
has been processed; (g) determ ning placenment of said pixel in a first
pattern or a second pattern based on the pixel value of the given pixel
and { (h) generating a first mask corresponding to said first pattern, and
a second mask corresponding to said seggnd pattern. 28 20. A nethod for
generati ng masks according to claim219, wherein said outer radius
corresponds 10 80,Phlliabtenthiliffmashel €8 ih R A1t o WU Rlal i dhidr B
process to be utilized to Trmage Said nultiplfe patterns. 21. A nethod for
generati nO.HRSRaPRSHEh Wb Gfchal [ o YRSHELM AR Rl HPOSI D%e kL dCT Ne!
over a given pixel, the center of e ReF ner e dlsposé) over saird given

pi xel . 22.. A net.hod.for generating masks according to claim 19, wherein the
val ue asslgbaig%?aé(én\}\ﬁu{lﬁe%%glﬁ‘&of said plurality of pixels is initially
assigned to zerg. 23. A nethod for generatjng masks according to claim 19,
wher ei n sai d piXel’s™R%Q % seneryEg mdskeacearding ta cim d &) Wirsein e disosingr st
pattern, and pixels having a negative value are assigned to said second
pat t ern. said kernel over a given pixel, the center of the kernel is disposed over said given pixel.

22. A method for generating masks according to claim 19, wherein the value
associated with each of said plurality of pixels is initially assigned to zero.

23. A method for generating masks according to claim 19, wherein said pixels having
a positive value are assigned to said first pattern, and pixels having a negative value are

assigned to said second pattern.



