1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR PERFORM NG DECOMPCSI TI ON OF
. A PATTERN FOR USE IN A DPT PROCESS RELATED APPLI CATI ONS [01] This
application clains priority to US Patent Application Set. No. 60/858, 702,
filed on Novenmber 14, 2006, which is incorporated by reference herein in
its entirety. TECHNI CAL FIELD [02] The technical field of the present
invention relates generally to a nmethod, program product and apparatus for
perform ng deconposition of a target pattern so as to allow the target
pattern to be inmaged utilizing double patterning technol ogy (DPT).
BACKGROUND OF THE | NVENTI ON [ 03] Lithographi c apparatus can be used, for
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TECHNICAL FIELD
[02] The technical field of the present invention relates generally to a method, program
product and apparatus for performing decomposition of a target pattern so as to allow the

target pattern to be imaged utilizing double patterning technology (DPT).

BACKGROUND OF THE INVENTION

[03] Lithographic apparatus 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 fayer of the IC, and this pattern can be imaged onfo 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

apparatus is commonly referred to as a wafer stepper. In an alternative apparatus, commonly




"scanning"” direction) while synchronously scanning the substrate table
parallel or anti-parallel to this direction. Since, in general, the
projection systemw ||l have a nagnification factor M (generally < 1), the
speed Vat which the substrate table is scanned wll be a factor Mtines
that at which the mask table is scanned. More information with regard to

| it hographi c devices as descri bed herein can be gl eaned, for exanple, from
US 6,046,792, incorporated herein by reference. [04] In a nmanufacturing
process using a |ithographic projectior apparatus, a nmask pattern is

i mged onto a substrate that is at |east partially covered by a | ayer of
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connected to pins, etc. 3 [05] For the sake of sinplicity, the projection
syst em nmey046e192) inadrperatel detef BreReerice. as the "lens;" however, this term
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systens, for
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 a;'e required, then the whole procedure, or a variant thercof, will have to be
repeated for cach 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, efc.




exanpl e. The radiation system may al so include 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 singularly, as a "lens." Further,
the lithographic apparatus may be of a type having two or nore substrate
tables (and/or two or nore nmask tables). In such "nmultiple stage" devices
the additional tables may be used in parallel, or preparatory steps may be
carried out on one or nore tables whil& one or nore other tables are being
used for exposures. Twin stage |ithographic apparatus are described, for
exanpl e, [0f] UFobiHe6akaldlsimplivityr the pajedoi eyseimmby hereineftarteaefefrBbio afie
photol i t hographic nasks referred to above conprise geonetric patterns
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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.

[06] 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




target patterns becone increasingly smaller, it is becom ng increasingly
harder to reproduce the target patterns on the wafer. However, there are
known t echniques that allow for a reduction in the mninmmCD that can be
i maged or reproduced in a wafer. One such technique is the double exposure
techni que wherein features in the target pattern are imaged in two

separ ate exposures. [08] One such technique, referred to as double
patterning technol ogy, allows the features of a given target pattern to be
separated into two different masks and4then inmaged separately to formthe
desired pattern. Such a technique is typically utilized when the target
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[08]  One such technique, referred to as double patterning technology, 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, as noted, 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 properly imaged utilizing a single mask.

[09]  When utilizing double patterning technology (DPT), polygons in a design may need
to be split into multiple polygons. These multiple polygons are subsequently assigned to one
of two (or more) masks for imaging (this assignment process is also referred to as coloring).

Current fragmentation/splitting algorithms can be quite complex and time consuming. For




[10] It is an object of the present invention to overcone such deficiencies
.in known deconposition processes for double exposure techni ques. SUMVARY
OF THE INVENTION [11] In view of the foregoing, it is an object of the
present invention to overcone the deficiencies of known prior art

techni ques by providing a fragnentation process for deconposing or
fragnmenting the features of a target pattern into distinct segnents which
can be imaged separately, for exanple, by utilizing multiple nasks in a
multiple illumnation process. [12] Mire specifically, the present rel ates
to a method of deconposing a target pattern containing features to be
printed ceraaplophirbaset splintilg 4lgdrth:palidve bas utilized, meivaod thawinidest fulke st eps
of: (a) defining a region of influence which indicates the m ninum
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associated wth a feature of the target pattern; (c) determning if an
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into di Stdj nct pp_lg ons, which elimnates the problens associated with
prior ar tSSFQMROSIHQR BEPCEPSEY S HPURIE PP icshYgYes. [ 14] Additi onal advant ages of
the present invention wll becone apparent to those skilled in the art
fromthe follow ng detail ed description of exenplary enbodi nents of the
present invention.

SUMMARY OF THE INVENTION

[11] Inview of the foregoing, it is an object of the present invention to overcome the
deficiencies of known prior art techniques by providing a fragmentation process for
decomposing or fragmenting the features of a target pattern into distinct segments which can
be imaged separately, for example, by utilizing multiple masks in a multiple illumination
process.

[12]  More specifically, the present relates to a method of decomposing a target pattern
containing features to be printed on a wafer into multiple patterns. The method includes the
steps of: (a) defining a region of influence which indicates the minimum necessary space
between features to be imaged; (b) selecting a vertex associated with a feature of the target
pattern; (c) determining if an edge of another feature is within the region of influence with
respect to the vertex; and (d} splitting the another feature into two polygons if the edge of
another feature is within the region of influence.

[13] The present invention provides important advantages over the prior art. Most

importantly, the present invention provides a simple and efficient fragmentation process for




[15] Although specific reference maybe made in this text to the use of the
invention in the manufacture of I1Cs, 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 splay panels, thin-filmmgnetic heads, etc. The skilled artisan wll
appreciate that, in the context of such alternative applications, any use
of the terns "reticle", "wafer" or "dge" in this text should be considered
as being replaced by the nore general terns "mask", "substrate" and
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the foll ow detail ed descripti and. t he acconpanying draw ngs. BRI EF
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subsequent|ly colored and utilized in a nmultiple illum nation process. 7

[ 18] Fi gén thearidrom the Selloaties detuijedglescaiptippelexemplapecrastimends pighe prsanhe
fragnentati on process of the present invention to an exenplary target
pattern. ifve8forFi gs. 11-17 illustrate a second exanple of the application of
the fragnentation process of the present invention to an exenplary target
pattern. [[320] AEhgsth sh&iRdrefdrentstnizatbe ndade v thik texaoteaisobf thh évamipdniis &fci on of
the fragnentation process of the present invention to an exenplary target
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whi ch can i npl enent

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.

[16] 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

[17]  Fig. 1is an exemplary flowchart illustrating the fragmentation process of the present
invention, which is utilized to decompose a target pattern into multiple segments, which are

subsequently colored and utilized in a multiple illumination process.
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fragmentati on process of the present invention. [22] Fig. 26 schematically
-depi cts an exenplary |ithographic projection apparatus suitable for use
with a mask designed with the aid of the disclosed concepts. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 23] The pattern fragnmentati on process of the
present invention provides a nethod for splitting polygons of a target
pattern into nultiple polygons, which are subsequently colored in the DPT
process. As explained in further detail below, the nethod splits a pol ygon
into multiple polygons by fragmenting edges created by convex vertices in
negative areas of the pattern and by fragnenting edges created by concave
vertices filAl pd8gs 2vi@ ilnstrate aoffirst dxemplerfetic apphtdiion of thEfeghkagtimnpratdsoor
process entails extending a ray (or vector) fromeach vertex until the ray
i nt er sectthe prestdn @rvewmdor toXxin ekemeyslge.targbd gittémit er section may cause a split in a
nei ghboring polygon if the neighboring polygon is within a region of
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of determ ning whether or not the given polygon 8 is split Iis set forth
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dat a fo#ﬁat? suchpas "éds"} mhichxﬁggg?stgnggr data format. However, any
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inventioqﬁgpich i?'Utkjiéfd to dfcoq$%$e a target pattern into nultiple
segnent s.” RETRITT NG TG EY § XEMPIHE G BE ' ep in the process (Step 10) is
to exten n ed i.e , ray or vector) froma given vertex of a feature
in the ti? @et %bgﬁéi% ?hglaﬁlf flipsrapghataustiates p sermputensysteaguhish capdpplsrcat

anot her feature, thereby form ng a segnent. In other words, Step 10 entails
cal cul at iffigmeRtion pegesh obtheprrsertdejrentien.f r om t he begi nning vertex to the

intersection of the neighboring vertex
[22]  Fig. 26 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

[23]  The pattern fragmentation process of the present invention provides a method for
splitting polygons of a target pattern into multiple polygons, which are subsequently colored
in the DPT process. As explained in further detail below, the method splits a polygon into
multiple polygons by fragmenting edges created by convex vertices in negative areas of the
pattern and by fragmenting edges. created by concave vertices in positive areas of the target
pattern. The fragmentation process entails extending a ray (or vector) from each vertex until
the ray intersects another vertex or edge. This intersection may cause a split in a neighboring
polygon if the neighboring polygon is within a region of influence (ROI) with the vertex

from which the ray emanates. The process of determining whether or not the given polygon




or edge. [25] Then, in the next step (Step 12), the segnment fornmed in Step
10 is divided in half, and a point is placed at the mddl e of the segnent.
Starting fromthis point, another ray or vector wth a | ength equival ent
to the defined region of influence (RO) is generated/ drawn perpendi cul ar
to this segnment. The RO essentially defines the m ni num space necessary
between features to allow features to be inmaged in the sane nmask. The RO
is preferably set optically and is set, for exanple, to k1Al NA where K,
is the mnimumki to print features ong one exposure (typically greater

t han ki >0.31), Xis the wavel ength associated with the illum nation source,

and NA i $s $oheisRENTSHH sabwaqe{std&e% the@ %Eﬂ .ﬁnhgﬂl%@&%gw sfeﬁﬁéggn aldhta assures

that no nelghborlng edge | ess than on the sane
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is to determ’ne i Fromt e segirent
|ntersec§s apoth gﬁg f the ray extendlng from9 the nlddle of the
segnent 6 anot her edge, the ray is ignored as it cannot
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and a new vertex is placed on the edge at the position that the ray
i nt er secgiet hateadde feallit tn thd grga pattes potildise fa@ intasecidinarign br &tk of e/ pol ygon
in the target pattern. [28] Next, in Step 18, the ray is extended
(cont i nuiMghdrfeatire; thaem, BihRglal s@ftherdt! Bidthdt8vords, Step 10 entails calculating the

length of the segment from the beginning vertex to the intersection of the neighboring vertex

or edge.

[25]  Then, in the next step (Step 12), the segment formed in Step 10 is divided in half, and

a point is placed at the middle of the segment. Starting from this point, another ray or vector

with a length equivalent to the defined region of influence (ROI) is generated/drawn

perpendicular to this segment. The ROI essentially defines the minimum space necessary

between features to allow features to be imaged in the same mask. The ROI is preferably set

optically and is set, for example, to k;A/NA, where k; is the minimum k; to print features on

one exposure (typically greater than k;>0.31), X is the wavelength associated with the

illumination source, and NA is the numerical aperture. By setting the ROI optically, it

assures that no neighboring edge less than (or within) the ROI will be on the same exposure.

[26] Retumning to Fig. I, the next step in the process (Step 14) is to determine if the ray

extending from the middle of the segment intersects another edge. If the ray extending from




newy placed vertex until it intersects another edge, which will be an edge
in the same polygon in which the newy placed vertex lies. An additional
new vertex is positioned at this intersection. Next, in Step 20, the two
new y positioned vertexes are connected together, ther eby separating the
pol ygon/feature into two polygons, with the two poI ygons sharing an edge
formed by the ray. It is noted that these two newy fornmed pol ygons can be
assigned different colors (and therefore to different masks) in a
subsequent coloring process. [29] As ndted, in addition to form ng two

pol ygons, the two new vertices are fornmed. In the next step (Step 22),
from t he thewliddle plthe sxgnicasdoey eot ietersetthmothayedgs, thontyiinigacret @s heandpt oj ect ed
in the sane direction with a |l ength equivalent to the RO, and the process
returns taauseSt @it ivh wighboSpeRhSird/ Ry WhosRSEe H0BRS phREEH t@Qﬂ:};SQfl tdt is noted
t hat once both extensions from a vertex are evaluated, the vertex is
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i |1 ust r atbeiced A ﬁﬁrﬂé&%%téé%wﬂlost% shergy dyterserts the erlsghilhls edes errspand8®L i s
extended fromthe edge of vertex 204 until the segnment intersects another
edge or verdiegent fgfureipoliizeinshe teseshpritien. s a vertex associated with feature

202. Then, a ray 302 is generated, which extends fromthe m dpoint of the
segment 308] | NebibtithStdp A 8dhé myss ¢J§temie¢ﬂ'(®hﬁm1img RgbatanteaditebéorRBlom #A6

newly placed vertex until it intersects another edge, which will be an edge in the same
polygon in which the newly placed vertex lies. An additional new vertex is positioned at this
intersection. Next, in Step 20, the two newly positioned vertexes are connected together,
thereby separating the polygon/feature into two polygons, with the two polygons sharing an
edge formed by the ray. It is noted that these two newly formed polygons can be assigned
different colors (and therefore to different masks) in a subsequent coloring process.

[29] As noted, in addition to forming two polygons, the two new vertices are formed. In
the next step (Step 22), from the newly created last vertex, the ray is continued to be
projected in the same direction with a length equivalent to the ROI, and the process returns to
Step 14 and repeats the process steps noted above. It is noted that once both extensions from
a vertex are evaluated, the vertex is removed from further consideration.
[30] - Figs. 2-10 illustrate a first example of the application of the foregoing fragmentation

process to an exemplary target pattern. Fig. 2 illustrates an exemplary target pattern having




shown in Fig. 3, ray 302 does not contact any edge within the distance
defined by the RO, so no further action is necessary with respect to
vertex 204 and the process proceeds to analyze the next vertex, which is
vertex 205. [32] Wth regard to processing vertex 205, in the sanme manner,
a segnent 401 is extended fromthe edge of vertex 205 until the segnent

i ntersect another edge or vertex, which in this exanple is a vertex
associated with feature 202. Next, a ray 402 is generated, which extends
fromthe mdpoint of the segment in bofh directions by a distance equal to
the RO. As shown in Fig. 4, ray 402 contact an edge associated with

feature 203, WOLGRLS, I 50) 1@% 8L S A O S GPh i Pegggor dance

with thep 5, ver aced a

| ocati on of e inte ion e.r ext ended |n t he sane
directi ohﬁ\sdlﬁ’% |abpye; ?ﬁ?gﬁ‘ggﬁqég‘eﬁ ‘EEY ﬁ‘&&%ﬂf“f&%?f‘ﬁ g ®part of

pol ygon 203. A@ shown in Fig. 6, another vertex 505 is placed at the

| ocat i on PHI®YSH §nql¥?teéF%@Etf‘?TB%ngl'PFQCQ%TWéW@f%FWEH“\I}%@ bepesesiog thiend 505

are then connected as shown in Fig. 7 by edge 801 so as to 11 formtwo

di sti nct {ppoirgreniingda therersdtaiemNend vertexrs cpripined theain) e p righttedfed from
vertex 505 by a distance equal to the RO as shown in Fig. 8, and the

f or egoi ngnapnerc dsveiver, pthpemttbads drmalse fmmegpblen exanpl e, t he extended ray does
not intersect any additional polygons so the process is conplete and the
resul t i $3ttjhatig béhishateethe pragkssad offfatpsdorad fl 2ah wheeh aodkeghbe 308igstended t er n
have been fragnented into four polygons as shown in Fig. 9, each of which

that can fige ths eParEtvehdx Z0a \ie thelsBenfens HRGQIUONbHEIOIIRE bNErRk OFRES in thisg. 10
illustrates one possible coloring schenme for the four polygons [ 33] Figs.

11-17 il 'ek%ﬁﬁﬁlélisea @r@ﬁ%ﬂ&a@é%'f&t&fe 262 agﬁ@‘ﬁ”&}a!}gsoﬁ id ?e%gx%ﬁedp%ﬁcﬁl’eﬂeﬁd%
accor dance e foregoing nethod. The target pattern of Fig

i ncl udes ﬁfoﬁﬂfle In‘?&ﬁo%t%? {h%%leééﬂém%m in both directions by a distance equal to the ROL As

shown in Fig. 3, ray 302 does not contact any edge within the distance defined by the ROI, so
no further action is necessary with respect to vertex 204 and the process proceeds to analyze
the next vertex, which is vertex 205.

[32] With regard to processing vertex 205, in the same manner, a segment 401 is extended
from the edge of vertex 205 until the segment intersect another edge or vertex, which in this
example is a vertex associated with feature 202. Next, a ray 402 is generated, which extends
from the midpoint of the segment in both directions by a distance equal to the ROI. As
shown in Fig. 4, ray 402 contact an edge associated with feature 203, which is within the
distance defined by the ROL In accordance with the process, as shown in Fig. 5, a vertex
405 1s placed at the location of the intersection, and then the ray is extended in the same
direction until it intersects another edge, which also forms part of polygon 203. As shown in
Fig. 6, another vertex 505 is placed at the location of this intersection. The two newly

formed vertexes 405 and 505 are then connected as shown in Fig. 7 by edge 801 so as to




110, 112, 114 and 116. As shown in Fig. 11, applying the fragnmentation
process, the ray 113 intersects polygon 114 within the predefined RO,
which results in polygon 114 being split into two polygons 114a and 114b
as shown in Figs. 12 and 13. The ray is further extended fromthe second
vertex added to polygon 114 by a distance of RO in the direction of

pol ygon 116. As shown in Fig. 13, the ray also intersects polygon 116.
Applying the fragnmentation process, this results in polygon 116 being
split into two polygons as shown in Fi§l 14. As there are no additional
~features, the further extension of the ray beyond polygon 116 does not
resul t i nfemn twi dptinetpelpgens £03mandPdBbi Dinxt] the eatis fiethes cxboisd fiom Yurgx 565. The

resulting fragnentation is shown in Fig. 16, which illustrates six distinct
pol ygons, byBGlistait2 equal tolifia RO hé khowiiliG &g Bdankikhbfordgothg prdcdst lsusicalies, one
possi bl e coloring schene for the six polygons. [34] Figs. 18-24 illustrate

a variati dre gifer dxampatipleeteSRAWY HidesoOmterdkdr shf-ad SRE& HbRAbAY. | rst
three features 110, 112 and 114 of the target gattern grgét%émégg 8g%éthose

h [ o) . € € elorl S atie di h
shown in ionfl@e addlthe G AStha theBle! gtdgggﬁ%@ggyﬁgggg @frtgel%gae?g%{;t ed in the

sane nanner. However, as shown in thi ure Ut si de of

the RO r | 4 h, t.he. fragmeptation process does
not splitﬁ%@ﬂ%ﬁggaég%ﬁgﬁﬁ&%gégﬁﬁgé%ﬁay%gﬁmﬁg%g%éieg%HPW wb%?ﬁg?ﬂ“bolor

schene. Fj -24 il.lustrate the fragnentati .process appljed to this
t ar get pa%S fg)%ratél@ Cégred Yob Subs%qlfptgc.o(?oﬂ“,g Wt ég(ﬁg Oﬁ)‘i‘%r AH G BessblfeoRangwi t h

ern. Shown
respect to fea%urg %14,1and therefore feature 120 is not fragnented. Fig.
23 i || ust PFAERS OB FuRBPYEMSyment ati on and Fig. 24 illustrates one
possi bl e &%Ior schene for the fragnented pattern. [35] It is noted that the
f or egoi ng! ¥ aghigntldt i 7gHusratror soeend sxamalspififegmentingd target paticesinatcarduace t ar get
pattern. Further, all vertices (i.e., convex and concave) are treated
equal | y. WHbB tlee foregning method. The target pattern of Fig. 11 includes four features/polygons

110, 112, 114 and 116. As shown in Fig. 11, applying the fragmentation process, the ray 113

intersects polygon 114 within the predefined ROI, which resuits in polygon 114 being split

into two polygons 114a and 114b as shown in Figs. 12 and 13. The ray is further extended

from the second vertex added to polygon 114 by a distance of ROI in the direction of

polygon 116. As shown in Fig. 13, the ray also intersects polygon 116. Applying the

fragmentation process, this results in polygon 116 being split into two polygons as shown in

Fig. 14. As there are no additional features, the further extension of the ray beyond polygon

116 does not result in an intersection of an additional feature as shown in Fig. 15. The

resulting fragmentation is shown in Fig. 16, which illustrates six distinct polygons, 110, 112

E

114a, 114b, 116a and 116b. Fig. 17 illustrates one possible coloring scheme for the six
polygons,
[34]  Figs. 18-24 illustrate a variation of the example shown in Figs. 11-17. Specifically,

the first three features 110, 112 and 114 of the target pattern are the same as those shown in




selection criteria to trigger the creation of a ray froma vertex. If the
rays created by vertices intersect within a polygon, nultiple polygons are.
created. For exanple, large |landing pad type polygons that are near
vertices can be broken into nultiple polygons. If there are many vertices
near a |large polygon, it may actually forma checker board type pattern.
Rays are also extended in both a horizontal and vertical direction froma
given vertex during the segnment formation step. It is further noted that
smal|l jogs in the edges that create vernpices can be either ignored or

i ncl uded for polygon creation. The vertices created by a jog are

consi der egigSRlahd hf a fe@t, JiRGe H& %jﬁ%gfe t e n,.an order
of magni tude of the‘r:i F{C]t (k?dyé&(IO\IA) Fgg]lﬁﬁsﬁggegﬁhééo\%%wreg%ter t he

pol ygons af.Gn 19%@&&%% ?epatu‘fré % é{de%@tl%rﬁﬁﬁ-&%t&itocfé’it Ling akgenl pamis

applled The coloring a gorlt esi ti iple expoSures
e., Thlscl n {) thm erfor utilizing
e| t her %H% ?%1@§§océ%de SR ) tq{ﬁ t?'%&g g‘&i:\te&t&re ][Cj% Eh gssﬁ'gd EBE &F5 ng
aI gorit h ver g ons toget er for each exposure,
e, o Td e deE%/Egr’r '35 i 9 éﬁeﬁp@%ﬁﬁg grlied to igtaggebpaiicy i s

done such that edgps of the ygons for one exposure are nei ghboring as
many edgeds #YWHIELIHRE fF"H’“‘@tIRQFS PtideionROlaatharintg te Siature £14 apd Brerabarol ved
by mnimzing the intersection of edges on nultiple exposures.
Mat hemat i Eaireyl20iis nefHigmantsdt Figf 33 netrdtes] thotihal fragoentatimiaad Fg. A¢A; f1 B;}
where A is an edge in exposure one and B is an edge in exposure two. This
criteria idboatesiope podsjbdetoldrachane footistfragimented phteem.t here are only two
exposures, 1. (A -Ai#)> RO for all i# where Ais an edge for exposure
one, and [35] ( Bt B#icithdRble fh@poiab Frapiientwier Sgdpithis i2dppREDO all0krtR¥POSHUE € t WO

target pattern. Further, all vertices (i.e., convex and concave) are treated equally. There is no

selection criteria to trigger the creation of a ray from a vertex. If the rays created by vertices

intersect within a polygon, multiple polygons are created. For example, large landing pad

type polygons that are near vertices can be broken into multiple polygons. If there are many

" vertices near a large polygon, it may actually form a checker board type pattern. Rays are

also extended in both a horizontal and vertical direction from a given vertex during the

segment formation step. It is further noted that small jogs in the edges that create vertices

can be cither ignored or included for polygon creation. The vertices created by a jog are

considered small if the jog forms an edge with a length less than an order of magnitude of the

ROL (kA)/(10NA).

[36] As noted above, after the polygons are formed by the fragmentation process a

coloring algorithm is applied. The coloring algorithm splits a design into multiple exposures

(i.e., separate masks). This coloring algorithm can be performed utilizing either a rule based

approach or a model based approach. The coloring algorithm, however, should group




[37] The criteria above can be extended to include nbre than two exposures.
For nore than two exposures, another criteria simlar to mnimzation of
edge intersection is added, such that the nunber of edges between
exposures is mnimzed for all exposures. Furthernore, another constraint
simlar to criteria 1 and 2 is added for each exposure beyond two. [38]
Vari ations of the foregoing process are al so possible. For exanple, it is
possible to determine the RO by a sinulation process or experinental data
based on the given process to be utili¥Xed for imaging the target pattern.
Such sinulation or experinental data will also indicate the m ninmm

al | owabl eopasetobehsvedcdr atpisas, L a6 sisathe fodygohii®ghtbal fof &&hteRpdsiRge
properly for the given process. [39] As noted above, the present invention

provi des fHaRespailis a&y@ﬁbﬁgﬁﬁe@wéﬂh@ﬁ%p@n@&on ﬁretex;f)d\éﬁ?etaréﬁa aogﬁgw , the

present invention provides a sinple and efficient fragnentallo 4  process

for dew'm@iea tRSodAA biyBoh A 'P%BL ot drDfeo1gL Py Mt XRONS,
which ell nageess ?ﬁes pr g{) eerl’;ri5 aggoéi at ec t ﬂ Cprairore ar %éé);u]lggﬁ%%g%&g
fragment ation. pro SEes. 1%4 Fi g, Zﬁﬁ% a_bl ack di agra ﬂgt il l.ustrates
= comput a8 Pad 888 S mul it albofinet e RematF e el AR R heuts
expl ai ned .above. Conputer system 100 includes a bus 102 or other
communi c&FYR mechani sm for communi cating i nformation, and a processor 104
coupled with bus 102 forfgrocessing i nformation. Computer system 100 al so
i ncl udes a WA CrREBIGTeYDE anSlehinFZPeSUFME SR Bole 8r 8IaPdREXRPSURANY. or ot her
dynam c storage device, coupled to bus 102 for storing information and
i nst ruct i onhig erifgea abave it Bljepitopvo censtramntslen thevk prg ambntwoexp@Breal so may be
used for storing tenporary variables or other internediate information
during execlt (8pAg)> ROS forwditizjoms:re¢ 4 iben elge dutagoduye repaessor 104. Conput er
2. (Bj-Big)= ROI for all 1#j where B is an edge for exposure two

[37] The criteria above can be extended to include more than two exposures. For more

than two exposures, another criteria similar to minimization of edge intersection is added,

such that the number of edges between exposures is minimized for all exposures.

Furthermore, another constraint similar to criteria | and 2 is added for each exposure beyond

two.

[38] Variations of the foregoing process are also possible. For example, it is possible to

determine the ROI by a simulation process or experimental data based on the given process

to be utilized for imaging the target pattern. Such simulation or experimental data will also

indicate the minimum allowable space between features necessary for the features to image

properly for the given process.

391  Asnoted above, the present invention provides important advantages over the prior

art. Most importantly, the present invention provides a simple and efficient fragmentation




system 100 further includes a read only nmenory (ROV) 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
di sk or optical disk, is provided and coupled to bus 102 for storing
information and instructions. [41] Conputer system 100 nay 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 conputer user. An

i nput device 114, including al phanunerjyc and other keys, is coupled to bus
102 for communicating information and conmand sel ections to processor 104.
Anot her _type .of ., user i i i . 4. S as a nouse,
1 ackbBITES & st s et faRah sROBRR poBonss WERR

i nformation, and co nd selectjo t.0 ocesso 104 and for ntrolling
cursor novaRalE thepreflens %?ﬁocia%?! Wq;ﬁ?gori aﬁ%ﬁfe?b 5\3/({%@?6%3%8% TO;% eﬁgsg t wo
degrees of freedomin tw axes, a, first axis fe. . ﬁ .dha second axi s
(e.g., y}0lt hBig %) Sadlocksliagram thabiiusizaless copwe effﬁgsb%% G¥NERE o plane. A
touch panel (screen) display may al so be used as an input .device. %;12]
Accor di ngmplomenidhefimmiinttian prcesiarpinge praven Compeeryypisr HY ipslidss edubay be
performed by conputer system 100 in response to processor 104 executing one
or nore F02 sedberomsuoicairremorhamismegor spsmiuieating srfersratian iad aiprocsisonlifenor y
106. Such instructions may be read into main nmenory 106 from anot her

conput er emgddiabitiebuseldl don precssdingisforstioa géorpnércestdrt 000 Bse awiudona whint he
sequences of instructions contained in main nenory 106 causes processor
104 to pefefifyM 0d) Suddra0 6 eslofl £BSs ARy Pedviher #hdt.dyfdisicGtoragerdevic@r 0CESSOr s
in a nulti-processing arrangenent may al so be enployed to execute the

sequenceg, 4 thBal [$Cht Q8Sn SRR RIa6HaddIndiRiRod¥REBE ¥xekPed by Prorkdser T0aL | ve

enbodi nents, hard-w red
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. 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.
[41] 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 alphanumeric and other keys, is coupled to
bus 102 for communicating information and command selections to processor 104. Another
type of user input device is cursor control 116, such as a mouse, a trackball, or cursor
direction keys for communicating direction information and command selections to processor

104 and for controlling cursor movement on display 112. This input device typically has two

degrees of freedom in two axes, a first axis (e.g., x) and a second axis (e.g., y), that allows




circuitry maybe used in place of or in conbination with software
‘instructions to inplenent the invention. Thus, enbodinents of the
invention are not limted to any specific conbination of hardware
circuitry and software. [43] The term "conputer-readabl e nmedi unf as used
herein refers to any nediumthat participates in providing instructions to
processor 104 for execution. Such a nmediumnmay take many forns, including
but not limted to, non-volatile media, volatile nmedia, and transm ssion
medi a. Non-vol atile nedia include, fori%xanple, optical or magnetic disks,
such as storage device 110. Volatile nedia include dynam c nenory, such as
mai n nendhedeviegdo sprcHb pasiieison 2 pide-aAiteedhydec] dsrasanatlisplap neg also bpped ani r e
and fiber optics, including the wres that conprise bus 102. Transni ssion
medi a carnaimodeake the form of acoustic or light waves, such as those
generated during radio frequency (RF) and infrared (I R) data

conmmuni cg42]ons. AGamting td QlerdnbolintArpithe iméﬁaﬂ@%%omﬁelgﬁrdce@ms for
exanple, a floppy 16 disk, a flexible disk, hard disk, nagnetic tape, any

ot her nmagegbintedBbokiPuted sistenRB in rEWBhseaD YrdRbRSH 1 RRLEGA g %is?g!c)) L rePunch

-cards, paper tape, any other physical nediumwth patte oles, a

RAM ~a PR(Menal b BERiMVhoR ikt EER A mymgg%q%, MY Ve s cartridge,

h [
a carrier wave asggescrlbeg hereinatfter, or er ﬁ%lﬁuan%5W§mhich a

conput er r [44] Vario ornms of co ter readahl e nedia may be
i nvol ved nlfa%%géﬂgaradﬁptﬁ)gm%llﬁén %rory &rﬁ%qlféons]é‘ﬁ?fg?{ccé’gl%g%rﬁ??ga@? mﬁ&“@"? Fuctions to

processor, 104 faor tion. For exanple,..the  instructions may initially
be bor ne “GH4 dﬁ’éﬂ@%gf‘f%&ﬁ%twn&f e SSRRRIFE AL ARsYEAGnSs copfamEG RPN SHINRE er can
| oad the instructions into its dynam c nenory and send the instructions
over a B¢ eHNEHRIOPSSHE 104 fpriormdlrarpceas rigd here. Qnepuimere syst em 100
can receive the data

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 limited to any specific
combination of hardware circuitry and software.

[43] 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
106. Transmission media include coaxial cables, copper wire and fiber optics, including the
wires that comprise bus 102. Transmission media can also take the form of acoustic or light
waves, such as those generated during radio frequency (RF) and infrared (IR) data

communications. Common forms of computer-readable media include, for example, a floppy




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 nain nenory 106, from which processor 104
retrieves and executes the instructions. The instructions received by main
“menory 106 may optionally be stored on storage device 110 either before or
after execution by processor 104. [45] Conputer system 100 al so preferably
i ncludes a comuni cation interface 118igcoupled to bus 102. Conmuni cati on
~interface 118 provides a two-way data conmunication coupling to a network

link 120 gihat ﬂ!ey?ibfé%‘ék?ﬁﬁr@%s‘k?m@gr{g:%% e, %Wei‘m%%?sﬁc R & RO
y be a n

comuni cation interface 118 ma i ntegrated services d|git§%’netmork

(I1'SDN) c o). A [OV] [ ' connect i on, to a
correspo?%??@ y6%93?9¥%F§8ﬁ%héﬁﬂﬁfﬁﬁgﬁ%§“§ﬁ§¥ﬁg¥&@§3%§P§£‘%%ﬁ%%ﬁﬁéation
interface 118 be l.oc a A rd t rovide a data
comuni cadtt of® g@%‘?lneégc? W’t%ﬂ’%&@g ﬁ?)cgﬁ%@&f( EkhA%é—éi{g@g APy ﬂ%ﬁ‘prﬁﬁﬁ}oryal so be

i npl emented. In any such inplenentation, comunication interface 118 sends
and 1 oG CAIELEe FENer Bt Agiragerehsrengfengeny alhesmedigmdrann ghica r r y
digital data streans representing various types of information. [46]

Net wor k |GoRRutEREan 9l cal |y provi des data comnuni cation through one or nore
networks to other data devices. For exanple, network link 120 may provide a
connect i dAd] t hr ¥agdus| fomed of setmpatekreadible oedia ey be tuniyad ércat@hgomebo dat a
equi pnent operated by an Internet Service Provider (ISP) 126. ISP 126 in

t urn proundesegiatices obomaoringat imtugehyiogescesdon il 04t ckdvativnr Fawkgeplpatk et
data communi cation network, now conmonly referred to as the "Internet”

128. LocahstiuetimBikaylididia@yse bath€bi& hadeaddic ARk fd $en@k eshputedl The remote

el ectromagnetic N
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a 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 or after execution
by processor 104.
[45] Computer system 100 also preferably includes a communication interface 118
coupled to bus 102. Communication interface 118 provides a two-way data communication
coupling to a network link 120 that is connected to a local network 122. For example,
communication interface 118 may be an integrated services digital network (ISDN) card or a

modem to provide a data communication connection to a corresponding type of telephone

line. As another example, communication interface 118 may be a local area network (LAN)




or optical signals that carry digital data streanms. The signals through the
various networks and the signals on network lIink 120 and through

comuni cation interface 118, which carry the digital data to and from
conput er system 100, are exenplary forns of carrier waves transporting the
information. [47] Conputer system 100 can send nessages and receive data,

i ncl udi ng program code, through the network(s), network link 120, and
comuni cation interface 118. In the Internet exanple, a server 130 m ght
transmt a requested code for an appliddtion program through Internet 128,
| SP 126, |ocal network 122 and conmunication interface 118. In accordance
with the ¢antnprbods a dale cemmbnidation adedion ppd aagatibie [N Wiedesh tnkst ey

illum nation optim zation of the enbodi nment, for exanple. The received code
my be exechd ethldyenpedo de asoduch Odplamentatibs co8@@h&thn iRRHLQ 1 1BtsBERGnd N
storage device 110, or other non 18 volatile storage for |ater execution.

I n this nREeds el&aifal bRErSHShEeHt ti@ﬁ%igﬂgfs@lﬁdﬂcar?}p&gfteﬁﬂﬁia%ﬂe de in the
formof a carrier wave. [48] Fig. 26 schematicall’y depicts a |1thographic

projectiqg,@gg@hgg%%né%#ﬁggfﬁﬂﬁg&ﬁg§e with a mask designed with the aid of
t he curren? I nventi on. e apparatus conprises: - a radiation system Ex,

Lo SUBPL YR i 10 LA RERIER: Gl A0 Myl o R S

case, th di ation sy X a first
object table sk. table) MI provided with a mask hol der for hol ding a mask
VA Corg. Pokvst Frthsr el oman Pt vk 1D LAY PPy daungiaepn
accurately positioning the mnask with respect to itemPL; - a second object
tabl e (suBwrehisakngbyak 19dtas bRst erampuier i34 &r i dska sainmenbpprssted by an hol di ng a

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

(47 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 Intemet 128, ISP 126, local network 122 and communication interface 118. In
accordance with the invention, one such downloaded application provides for the
illumination optimization of the embodiment, for example. The received code may be

executed by processor 104 as it is received, and/or stored in storage device 110, or other non-




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 inmaging an irradi ated portion of the
mask MA onto a target portion C (e.g., conprising one or nore dies) of the
substrate W [49] As depicted herein, the apparatus is of a transm ssive
type (i.e., has a transm ssive nask). However, in general, it may al so be
of areflective type, for exanple (with a reflective nask). Alternatively,
t he apparatus may enpl oy another kind @gf patterning neans as an

alternative to the use of a mask; exanples include a programmable mrror

array or e JRidd & 1a£e§?;lecﬂ§@n.518(‘)&?]19ﬁ%r,&&g@gﬁ?ls%%{rgwyml@%aﬁf exci mer

| aser) produces a beam of radiati dinto an illum nation

system (i) Il%a'ignaéo%kn thé,fm%{&haera lirectly or after having 19 traversed
conditionP%g neans, such as a beaim expander Ex, for exanple. The

illum na I L. conprise adjustin ans. AM for setti.ng the outer
andlor | W FisaParereRenily SeStma bR ariet on PR s it S8 fnner |
respectively) of the intensity distribution_in the beam_ In addition, it

wi |1 genérbk gesigivg riiddhe aif jobths cHrsAnveBHTb 18R ARPAITAWTRESSH i ntegrator I N
and a condenser CO. In this way, the beam PB inpinging on the mask MA has

a desired uni f orwiltefompistannEandi fo supEying Bureiestonbepm S Reelogdiaestly gns [ 51]
It should be noted with regard to Fig. 26 that the source LA nay be within
t he hougpamgulef cas$ehd iatiabgr gpteimcal prajmerisésorradipper auus L(4gs i s often the case
when the source LAis a nercury |lanp, for exanple), but that it may al so
be renote fromatflie dbjdchabiedmhilcaplepMagirodted witpamatiisolddrier Hoddlh@h mask beam
that it produces being led into the apparatus (e.g., with the aid of

sui t abl e Ml (261 bREiJR)! &Y Sohnedtd ® firdl pRItioBEGNAS fdrSacOlrh@ly JIRI0BRE GhavheN
the source LA is an
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, catopiric 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.

[49]  Asdepicted 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
alternative to the use of a mask; examples include a programmable mirror array or LCD
matrix.

[50] The source LA (e.g.,a mercury lamp or excimer laser) produces a beam of radiation.

This beam is fed into an illumination system (illuminator) IL, either directly or after having




excinmer |aser (e.g., based on KrF, ArF or F2 lasing). The current invention
.enconpasses both of these scenarios. [52] The beam PB subsequently
intercepts the mask MA, which is held on a mask table MI. Having traversed
the mask MA, the beam PB passes through the Iens PL, which focuses the
beam PB onto a target portion C of the substrate W Wth the aid of the
second positioning neans (and interferonetric neasuring nmeans |IF), the
substrate table WI' can be noved accurately, e.g., so as to position
different target portions Cin the path9of the beam PB. Simlarly, the
first positioning nmeans can be used to accurately position the mask MA

wi t h r espestrstdedndgiopaigmeats, tsheh BedreaRBxpader Ex, 86t @ampRe Tha|Ralind@ L. i eval

of the mask MA from a nask library, or during a scan. In general, novenent
of the objgcdontpaist @fudithg MWhnyisM fob@ettlﬁgaﬁlebﬁt@ﬂaﬂ@drhnﬂéﬂ?acﬁdl@x@ﬁt a | ong-stroke
nodul e (coarse positioning) and a short-stroke nodul e 20 fine

posi ti onig &Qﬁmoﬂvg LB © aQE} L oufs Rl 6L }]L%fogggfysgéey g'leFlhgnSI d1 F‘g hO\I/leIII; slkn the

case of a waf st epper (as oppose scan
conne t ed 0 a short-stroke actuator, .or may be

table M
{ixed. [ 45 Serlt ﬁhﬂe@%&%ﬁ W gy GRIRRSE Y ORS PG SEmIRBRR RS, - I n st ep
node, the nask bg MI is kept essentially stationary, and an entire mask
i mage i s "HFYRRELRAR fh"?ﬂﬁ‘@“&bcﬁ Ipthis wayg Flﬁé’le@n PPy iEpHEI gt Be maskaMdelaspor t i on
C. The substrate table W is then shifted in the x and/or y directions so
that a didfeereimifeapigemdipicnsivilitribeionbeits fiosagiéared by the beam PB; - In
scan node, essentially the same scenario applies, except that a given
t ar get ;Bi)lr]t i drshauld be noted ssthosgdd foFig. 26 thaltle solitcad X may bs tudthth the he mask
table MI is novable in a given direction (the so-called "scan direction",
e.g., thaoysinl ofah¢ lithngraphit brojectipe epbavatuss@s fshden tHe ase when the source LA is a

mercury 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., based on KrF, ArF or F; lasing). The current invention encompasses both

of these scenarios.

[52]  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 the mask MA from

amask library, or during a scan. In general, movement of the object tables MT, WT will be

realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module




proj ection beam PB is caused to scan over a nmask image; concurrently, the
substrate table W is sinultaneously noved in the sane or opposite
direction at a speed V = M/, in which Mis the magnification of the |ens
PL (typically, M1/4 or 1/5). In this manner, a relatively |large target
portion C can be exposed, w thout having to conprom se on resol ution. [54]
Al t hough the present invention has been described and illustrated in
detail, it is to be clearly understood that the sane is by way of
illustration and exanple only and is ng§ to be taken by way of limtation,
the scope of the present invention being limted only by the terns of the
appended ¢l ai ns,. 21 t 1S ak.-ned Jls: 1, d for. deconpaosi ng a
Corget  pafrEpRTuy M Dot tRUERY g Bl i Bed BRO S AliatBEORPRRL "l bl
patterns, ¢ risi the steps of: (a), definin regi on of .influence which
PR cat e iR iHp GopemsebbaRr el onf st i Fu8N B omigha. ()
selecting a vertex associated with a feature of said target pattern, (c)
det er mi nitA@ shert-goksdgRaer. oapsyRefixedat ure is within said region of
influence with respect to said vertex; and (d) splitting said another
feature i[A8b tMe depikipd bned canf besused incltigertiidireny ®r feature is wthin said
region of influence. 2. The nethod of claim1, further conprising the step
of repeating stlepgp(dde; the dask sabdh MThatkepacshenvielly sxtiafare aoth ah eatingmeasbf sai d
target pattern is analyzed. 3. The method of claim 1, wherein said region
of i nfl udmage Ispreledtediadnbyo (ihe o didieitfBash’l oRto/ Masgevietien &, TheSsubdteata¥alie mum K,
to print features in a single exposure, Xis the

WT 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 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 1s 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.

[54] Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention being limited only by the terms

of the appended claims.




wavel ength associated with the illum nation source, and NA is the nunerical
‘aperture. 4. The nethod of claim1l, wherein said region of influence is
determ ned by at |least one of a sinulation process or actual experinmental

i mging data. 5. The nethod of claim 1, wherein step (c) conprises the
steps of: extending a segnent fromsaid vertex until said segnent
intersects at |east one of an edge or vertex of one of said features; and
extending a ray froma mddle portion Qf said segnent by a length equal to
said region of influence. 22 6. A co?)rbut er readabl e nedi um bearing a
conput er og mfor deconposing a target pattern containing features to be
printed offn& gped [snt o nul tiple patterns, the conputer program when
execut ed, causing a conputer to performthe steps of: (a) defining a region
of influence viitmethediferdecemporingn taigvlipntiescentariyg Epaces o bepisedot gat ur es
to be imaged; (b) selecting a vertex associated with a feature of said
target pawafer, mto fwltipepatiemsniamgprisingaie @ggefof another feature is within
said region of influence with respect to said vertex; and (d) splitti ng

sai d anot her fgatcinmgiattgon DinAebicd M ihdis Akt 98k @ée@sts jgature is
Wi thin said region of influence. 7. The conputer readable ne Bm of claim

6, furthqyetw&mégtggmgehﬁagg@p of repeating steps (b) - (d) such t hat each
vertex of each feature of said target pattern is analyzed. 8. The conputer

readabl e nmedi Ws@feeﬁﬂgaé s M0ELENRA] fgatuFe%f%ald?argclathaltgr%nce s

(c) determining if an edge of another feature is within said region of influence with
respect to said vertex; and

(d) splitting said another feature into two polygons if said edge of another feature is
within said region of influence.

2. The method of claim 1, further comprising the step of repeating steps (b) — (d)
such that each vertex of each feature of said target pattern is analyzed.

3. The method of claim 1, wherein said region of influence is defined by the formula
kiA/NA, where k; is the minimum k; to print features in a single exposure, A is the
wavelength associated with the illumination source, and NA is the numerical aperture.

4. The method of claim 1, wherein said region of influence is determined by at least
one of a simulation process or actual experimental imaging data.

5. The method of claim 1, wherein step (c) comprises the steps of:

extending a segment from said vertex until said segment intersects at least one of an
edge or vertex of one of said features; and

extending a ray from a middle portion of said segment by a length equal to said

region of influence.




defined by the fornmula ki1X/ NA, where k, is the mnimumk, to print features
in a single exposure, k is the wavel ength associated with the illum nation
source, and NA is the nunerical aperture. 9. The conputer readabl e nmedi um
of claim®6, wherein said region of influence is determned by at |east one
of a simnulation process or actual experinental inmaging data. 10. The
conput er readabl e nediumof claim®6, wherein step (c) conprises the steps
of : 23 extending a segnent fromsaid vertex until said segnment intersects
at |l east one of an edge or vertex of pne of said features; and extending a
ray froma niddle portion of said segment by a length equal to said region

of influence. L[lj@l ‘E‘E'e‘{k&dﬁa ﬁﬁlﬁ,}waiﬂ%%?@ﬁpﬁ@&pg |f§11 Mohh&sisi£ps of .

(a) providing a sUbStrate t I's at covered by a |l ayer of

Lgld:,]gt Ia(r)I r‘gérﬁ%g)ra{ t':r% cgrﬁ%ﬁlﬁl;[gq’%at?}es to( e)d)rﬂﬁet o1 nqalevtpa%r %nPJ Rﬁlﬁ%ﬁé I%Qtegﬁatm of radiation

sk to endow t he

proj ection bean1MAth a . pattern.in i.ts cross-sec oj ecting the
pat t er ne fOBEY FPERDy QE e S aUsE3 @‘@EPUE e P%ﬁ?r%lf%? %83 ﬁ (%/ of

radi ati on-sensitive material, wherein, in, ste said mask is formed by
a method conpkPsFigng Aecrignepfdnibrence E’?ICBé‘f“ﬁ‘%?eﬁéheam%iga‘i‘%r’i‘e‘éﬂssﬁrﬁﬂ?aﬁ%nce whi ch
indi cates a m ni nrum necessary space between features of said target
pattern tbetvren festugesdo be imaged;

(b) selecting a vertex associated with a feature of said target pattern,

(c) determining if an edge of ‘another feature is within said region of influence with
respect to said vertex; and

(d) splitting said another feature into two polygons if said edge of another feature is
within said region of influence.

7. The computer readable medium of claim 6, further comprising the step of
repeating steps (b) — (d) such that each vertex of each featurerof said target pattern is
analyzed.

8. The computer readable medium of claim 6, wherein said region of influence is
defined by the formula k)A/NA, where k; is the minimum k; to print features in a single
exposure, A is the wavelength associated with the illumination source, and NA. is the
numerical aperture.

9. The computer readable medium of claim 6, wherein said region of influence is
determined by at least one of a simulation process or actual experimental imaging data.

10. The computer readable medium of claim 6, wherein step (¢) comprises the steps

of:




(f) selecting a vertex associated with a feature of said target pattern,
(g) determning if an edge of another feature is within said region of
influence wth respect to said vertex; and (h) splitting said anot her
feature into two polygons if said edge of another feature is within said
region of influence. 12. A nethod for generating nmasks to be utilized in a
phot ol i t hography process, said nethod conprising the steps of: 24 (a)
defining a region of influence which indicates a m nimum necessary space
bet ween features of a target pattern t@3be inmaged; (b) selecting a vertex
associated with a feature of said target pattern, (c) determning if an
edge of anot hextchdiagarsegrient fionhdanl wafed unklgaviseghentftbence [vist dne of @S pect t o
said vertex; and (d) splitting said feature into two polygons if said edge
of anot hexdgt eatarice of snamftshidrfeats@é;dndegi on of influence. 13. The nethod of
claim12, further conprising the step of repeating steps (b) - (d) such

that each ver teR¥n@ihg@aghirbRatbiielePortimi o stidk anﬁ$5fé’nﬁﬂli Suanabyged. 14.
The nethod of claim 12, wherein said region of influenCe is defined by the

formul a Kaéoﬂéﬂﬁﬂu&ngre ki is the mninumki to print features in a single
exposure, ? is the wavelength associated with the illum nation source, and

NA is the nunqqig@&mﬁgqﬁ HEE““$28“§§%§?E$F§§ %se!@%: 12, wherein said

region of influence is determn one"or a simulation process
g{ ESCE g? | Cg)r(rg elrt)lspg%e\g{h%lg a!g?@s%!g%g?aqalg E%'iea%tG ﬁaﬂ]—aqg/ cg?rérg(? gy gﬁaygrl 0 rggliz}tlzdn-mer ern
sensitive material;
(b) providing a projection beam of radiation using an imaging system;
(c) using a targel pattern on a mask to endow the projection beam with a pattern in its
cross-section;
(d) projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
wherein, in step (c), said mask is formed by a method comprising the steps of:
() defining a region of influence which indicates a minimum necessary space
between features of said target pattern to be imaged;
(f) selecting a vertex associated with a feature of said target pattern,
(g) determining if an edge of another feature is within said region of influence
with respect to said vertex; and
(h) splitting said another feature into two polygons if said edge of another
feature is within said region of influence.
12. A method for generating masks to be utilized in a photolithography process, said

method comprising the steps of:




extending a segment fromsaid vertex until said segnent intersects at |east
one of an edge or vertex of one of said features; and extending a ray from
a mddle portion of said segnment by a length equal to said region of
influence. 17. A mask generated utilizing the nethod of claim1. 18 A
mask generated utilizing the nethod of claim12.
24
(a) defining a region of influence which indicates a minimum necessary space
between features of a target pattern to be imaged;
(b) selecting a vertex associated with a feature of said target pattern,
(c) determining if an edge of another feature is within said region of influence with
respect to said vertex; and
(d) splitting said feature into two polygons if said edge of another feature is within
said region of influence.
13. The method of claim 12, further cor_nprising the step of repeating steps (b) — (d)
such that each vertex of each feature of said target pattern is analyzed.
14. The method of claim 12, wherein said region of influence is defined by the
formula k;A/NA, where k; is the minimum k; to print features in a single exposure, ) is the
wavelength associated with the illumination source, and NA is the numerical aperture.
15. The method of claim 12, wherein said region of influence is determined by at
least one of a simulation process or actual experimental imaging data.
16. The method of claim 12, wherein step (¢) comprises the steps of?
extending a segment from séid vertex until said segment intersects at least one of an
edge or vertex of one of said features; and
extending a ray from a middle portion of said segment by a length equal to said
region of influence.

17. A mask generated utilizing the method of claim 1.

8. A mask generated utilizing the method of claim 12.




