1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR MODEL BASED GEOVETRY
DECOVPCSI TI ON FOR USE I N A MULTI PLE EXPOSURE PROCESS RELATED APPLI CATI ONS
[01] This application clains priority to US Patent Application Ser. No.

60/ 754,312, filed on Decenber 29, 2005, and to US Patent Application Ser.
No. 60/776,199 filed on February 24, 2006, both of which are incorporated
by reference herein in their entirety. TECHNI CAL FI ELD [02] The techni cal
field of the present invention relates generally to a nethod, program
product and apparatus for perform ng a nodel based deconposition of a target
pattern so as to allowthe target pattekn to be inmaged utilizing, for
exanple, nmultiple masks in a nultiple illum nation process. BACKGROUND OF
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[01]  This application claims priority to US Patent Application Ser, No. 60/754,312, filed

on December 29, 2005, and to US Patent Application Ser. No. 60/776,199 filed on February
24, 2006, both of which are incorporated by reference herein in their entirety.

TECHNICAL FIELD

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

illumination process.

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 layer of the IC, and this pattern can be imaged onto a target portion (e.g.,
comprising one or more dies) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a 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



irradi ated 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, conmonly referred to as a step-and-scan appar at us,
each target portion is irradiated by progressively scanning the nmask
pattern under the projection beamin a given reference direction (the
"scanni ng" direction) while synchronously scanning the substrate table
parallel or anti-parallel to this direction. Since, in general, the
projection systemw ||l have a nmagnification factor M (generally < 1), the
speed V at which the substrate table is scanned wll be a factor Mtines
that at which the mask table is scanned.” More information with regard to

| i t hographi c_devices as descrjbed herein can be gl eaned, for exanple, from
US 6, 046,iradiated R g¥pasingttleeientiss mask pajtemenie te dagetporjon in oge gaisdeladt ur i ng
process using a |ithographic projection apparatus, a nmask pattern is inmged
onto a subpparatueistdesmandy eefertadds bis pavafer sepgerc bvar driayiva aprayaus, ommonly

radi ati on-sensitive material (resist). Prior to this inmaging step, the
substr at e refeyted tdBrageepvard- Qs agpanted edch Sargetpotionds irpidiaddigy, prog@isielxoat i ng
and a soft bake. After exposure, the substrate nmay be subjected to other

procedur esycarfmifthéfmask PR&HT HRPEHEHF0jE68 bedER) a gReY RlfaBRRMirecior\ @led bake
and nmeasurenent/inspection of the'ifmaged featurés. This array of procedures

i s used as's@annﬁ]l S.Fﬁecttign ﬁitleteﬁrgﬁlﬁgﬁéﬁg{ségrgﬁ@%ﬂlk@Mﬁﬁ'aﬁftalﬁe gﬁgﬁaﬁ%ﬁ e.g., anlC

Such a patterne ayer ‘may 0 vdrious processes such as etching,
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w Il be present on the substrate 3

will be a factor M times that at which the mask table is scanned. More information with

regard to lithographic devices as described herein can be gleaned, for example, from US

6,046,792, incorporated herein by reference.

[04] In amanufacturing process using a lithographic projection apparatus, a mask pattern

is imaged onto a substrate that is at least partially covered by a layer of radiation-sensitive

material (resist). Prior to this imaging step, the substrate may undergo various procedures,

such as priming, resist coating and a soft bake. After exposure, the substrate may be

subjected to other procedures, such as a post-exposure bake (PEB), development, a hard bake

and measurement/inspection of the imaged features. This array of procedures is used as a

basis to pattern an individual layer of a device, e.g., an IC. Such a patterned layer may then

undergo various processes such as etching, ion-implantation (doping), metallization,

oxidation, chemo-mechanical polishing, etc., all intended to finish off an individual layer. If

several layers are required, then the whole procedure, or a variant thereof, will have to be

repeated for each new layer. Eventually, an array of devices will be present on the substrate



(wafer). These devices are then separated from one another by a techni que
such as dicing or saw ng, whence the individual devices can be nounted on a
carrier, connected to pins, etc. [05] For the sake of sinplicity, the

proj ection systemnmay hereinafter be referred to as the "lens;" however,
this termshould be broadly interpreted as enconpassi ng various types of
projection systens, including refractive optics, reflective optics, and
catadioptric systens, for exanple. The radiation system may al so incl ude
conponents operating according to any of these design types for directing,
shapi ng or controlling the projection beam of radiation, and such
conponents nmay also be referred to below, collectively or singularly, as a
“lens.”  HwafdnerThesddevides heghapieparated frenadnesinothyr ea ethidqie/queh hadicing ot wo or
nore substrate tables (and/or two or nore mask tables). In such "nultiple

stage" dewa@efy, hencedit iRkl de¥ies SanBmolgedusftcdrierPdnbted to gifis, etc.
preparatory steps may be carried out on one or nore tables while one or

h bl . d v . . .
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geonetric patterns “torrespon ] egrat ed
onto a silicon, wafer. Th atterns wused to greate sugh sks, are generated
utilizing m&ttoe&afﬂ%ﬁnﬁv@ear BSHYSIPUGS GRfieqHES optick, ag ﬁ?@?@gglcﬂft@ﬁs= ®ing
referred to as EDA (el ectronic design automation). Mdst CAD prograns follow
a set of prawpleelhe frdintigasyyem mayedso;inclederomponents epprating aseardng 4o ampefks.
These rules are set by processing and design limtations. For exanple,

desi gn r ulthssedefigmeypes foe dsging, shepieg ancmtrioBingelsnprojecidern beadeofiradistiqns ach as
gates, capacitors, etc.) or interconnect lines, so as to ensure that the
circuit dewutlc@sngonehts AR atho breéfeired RItRRIw, bbldLti0EI opBiagllely, a8 a&lens.uindesi r abl e

way. The design rule limtations are typically referred to as "critical

di mensi onSiyriher, the lithographic apparatus may be of a type having two or more substrate tables
{and/or two or more mask tables). In such “multiple stage” devices the additional tables may
be used in parallel, or preparatory steps may be carried 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, incorporaied 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, d_esign 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"



4 (CD). Acritical dinmension of a circuit can be defined as the small est
wdth of aline or hole or the snallest space between two Iines or two

hol es. Thus, the CD determ nes the overall size and density of the designed
circuit. [07] 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 becoming increasingly harder to reproduce the
target patterns on the wafer. However, there are known techni ques that allow
for a reduction in the mninmm CD that 4€an be i maged or reproduced in a

waf er. One such technique is the double exposure techni qgue wherein features

in the tar@h). patritesidiseesiomailyedrcuittan bodetmpd nathe sexfles widih of i G4 oHwile
exanpl e, one comonly known doubl e exposure technique is dipole

i I'1um nat i @Mhe snhallebttpaceltRErN GWE lingkbritwe haleb.! This, BT HéErntih& tHeb¥erARl edges
of the target pattern (i.e., features) are illumnated and then during a

second expsqz%lgngdgmyrb@mez&g%géd&ggﬁ_s of the target pattern are illum nated.
As noted, by utilizing two éxposures, inproved inmging performance nmay be

obt ai ned. ] r ex re.technj.que al.l. t he features
of a gi ven[b ?ﬁr gcg?c(%hgg’tqnleé ?’Em&cﬁgé% gnéeagr%? (ngiu ttfgbrf grb}sftgéq’@ﬁ@yr{ﬁ%ﬁ?gucgnd t hen
i maged separately to formthe desired pattern uch a technjque.is

typrcal &y F pTPBYTRHEACTERON e Gater (AT asKhAs B S0UGH SGRTEIogs 6f Y1 oget her
that it is not possible to image the individual features. In such a

si t uat i on, taEget patigtns ecampeinergasiegly saalianyibis bgpaming pnprepsiaglyi rder tawspradekes such

that all the features on a given nask are spaced sufficiently apart from
one anot hethe taoget hattermsamithe satanr Elowayerbheierack krioshmatkedhniques that allow for a

reduction in the minimum CD that can be imaged or reproduced in a wafer. One such
technique is the double exposure technique wherein features in the target pattern are imaged
in two separate exposures.

[08] For example, one commonly known double exposure technique is dipole illumination.
In this technique, during a first exposure the vertical edges of the target pattern (i.e., features)
are illuminated and then during a second exposure the horizontal edges of the target pattern
are illuminated. As noted, by utilizing two exposures, improved imaging performance may
be obtained.

[09] Another known double exposure 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, 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



i maged. Then, by imaging both masks in a sequential manner (with the
appropriate 5 shielding), it is possible to obtain the target pattern
havi ng the densely spaced features that could not be properly inmged
utilizing a single mask. [10] Thus, by separating the target features into
two separate masks, such that the pitch between each of the features on a
given mask i s above the resolution capabilities of the 1nmaging system it
is possible to inprove imagi ng performance. |ndeed, the above- nentioned
doubl e exposure techniques allow for a k, < 0.25. However, problens and
limtations still exist with currently khown doubl e exposure techniques.
[11] For exanple, current deconposition algorithns treat each piece of
geonet ry ishidding), it & mpesibkies bbainghe taegen paterohe/ingntht dermaly spaced fedturehthae units
are automatically deconposed into nultiple segnents. As a result, for
certain tajogRindpdé pepady infaped utihabgh sidgkeigkexposure techniques are
utilized, it is not possible to obtain a k1<0.25. [12] Another problem

associ at eglgzi t hflﬁk',rlfyes@ﬁarﬂfifgﬁcﬂp%%& Q& i%rtwofae@drétéuﬁa e s%c?qyat@ﬁ itcRr i marily

rul e base gorithis, which require an excessive nu rules to handl e

today's i i Sl.ans 0 ti_mes..therg are
situati onrs\% ('E:\g% |CIQ%{ %ftﬁ%%?ﬁ?% (’t%ﬁaeélgégls?%%qé %bro\(/\%r%}}ecr%oﬁl%%rnuﬁagaet}%éesﬁgg}? defi ned,
and such i.nstanceszergﬁp. res in the, algorithmfail nd a suitable
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Fesult. [ JTPERE STReriit pettle & MG e asBRwerATAET olRote BirabBtre such
deficiencies in known double exposure techni ques. SUMVARY OF THE | NVENTI ON
[14] | n viBstigped daublegppasiratgchniguas allay fofi ko 1089 Haweysraweblemp aidnt i on to
overcone the

limitations still exist with currently known double exposure techniques.

[11]  For example, current decomposition algorithms treat each piece of geometry in the

target design/pattern as one unit, and none of these units are automatically decomposed into

multiple segments. As a result, for certain target patterns, even though double exposure

techniques are utilized, it is not possible to obtain a k;<0.25.

[12] Another problem associated with current decomposition algorithms is that they are

primarily rule based algorithms, which require an excessive number of rules to handle

today’s increasingly complex designs. Moreover, often times there are situations/conflicts

within the design for which no rule has been defined, and such instances can result in the

algorithm failing to find a suitable result.

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

double exposure techniques.

SUMMARY OF THE INVENTION

[14] In view of the foregoing, it is an object of the present invention to overcome the

deficiencies of known prior art techniques by providing a model based process for



deficiencies of known prior art techniques by providing a nodel based
process for 6 deconposing (i.e., coloring) the features of a target pattern
into distinct segments which are inmaged separately, for exanple, by
utilizing multiple masks. In addition, the nodel based coloring process
allows for a single feature of the target pattern to be separated/divided
into multiple segnents which can be imged in separate exposures. [15] In
sumary, the present invention provides a nodel based col oring process that
all ows for deconposition of the target pattern into nmultiple reticles which
are illumnated wutilizing nultiple expdsures. The nodel based col oring
process, when necessary, automatically provides for deconposition of single
geonet ri esdeodmpdéng (@e.gedlogiag) ther feaiurdsof a mvgdt ippledn SR ARG sepérthwhiah ake

i mged in separate masks using double (or nultiple) exposures. The total

image is tihﬁg@ﬂ’ﬂeﬁﬂ’a&fy, BbrlexbrifleEBPRTIRSMAltipR- maski‘elnqa'aﬂﬂioﬁathe %Hﬁq}asééles' gn is
created by stitching the i mages created by multiple exposures). Mor e

speci fi cal doYorinkheodaESARNs fhVGRbiL ?J&%@@{)%@E&l‘dée? R%té@%tﬂ@%segéragw h&')g a

t ar get patter% having features to a su e SO as o al |l ow

the feat . The nethod i ncl ud
tne st eps b5t RRREY ol o€l i YRR GRtReat i es 1t a bl ural ity

of pol ygo ( determ ning the imge | og slope (ILS) value for each of
the pluralli a/ 3%‘ S‘HBF’?’@’@H@ preseyt lﬂ‘éet“é‘P‘i*rP‘f?iVH%SE‘ﬁ@ sbh%bw W&%&Hﬁ@ceﬁh@a‘m ni num
I LS value, and defining a mask containing the pol i/ convol ving the
mask def i rablaws forgleeqmpasitionof thetarsetpagiem ifiormaulfipks resic @swmdn@rmﬂggnmate@r 0SS

coefficient so as to generate an interference map, where the transn ssion
cross coefiftilizingmuliigé exypsutche Thd model batedenlosing panedspwhen niicesshed to i mage
the target pattern; and (e) assigning a phase to the polygon based on the
val ue of tduematically provides for decomposition of single geometries of the target pattern into

multiple segments, which can be imaged in separate masks using double (or multiple)

exposutes. The total image is the union of all the exposures (i.e., the original target design is

created by stitching the images created by multiple exposures).

f16] More specifically, the present invention relates to a method of decomposing a target

pattern having features to be imaged on a substrate so as to allow the features to be imaged in

a multi-exposure process. The method includes the steps of: (a) segmenting a plurality of the

features into a plurality of polygons; (b) determining the image log slope (ILS) value for each

of the plurality of polygons; (¢) determining the polygon having the minimum ILS value, and

defining a mask containing the polygon; (d) convolving the mask defined in step (c) with an

eigen function of a transmission cross coefficient so as to generate an interference map,

where the transmission cross coefficient defines the illumination system to be utilized to

image the target pattern; and (e) assigning a phase to the polygon based on the value of the

interference map at a location corresponding to the polygon, where the phase defines which

exposure in said multi-exposure process the polygon is assigned.



interference map at a | ocation corresponding to the polygon, where the phase
defines which exposure in said nulti-exposure process the polygon is
assigned. 7 [17] The present invention provides inportant advantages over
the prior art. Most inportantly, the present invention provides a nodel
based col oring process for deconposing the features of a target pattern
into distinct segnents which can be i naged separately, for exanple, by
utilizing multiple masks. I n addition, the nodel based col oring process of
the present invention allows for a single feature of the target pattern to
be automatically separated/divided into/multiple segnments which can be al so
be i maged separately. Furthernore, the nethod of the present invention
advant ageog] y Wmrpresciti isventian bfovides Onfdtant advafhgaddaet the pebr atdvidottages of t he
present invention will becone apparent to those skilled in the art fromthe

fol | owi ng i ﬁﬁﬁhﬂt@dt@%@s&hﬂhﬂr@ﬁo@bro&@ﬁﬁhﬁfdh‘l RERDEHI G Sro@ss ol BednfReink

i nventi on. 9] Al though specific reference nmay be made in thls text to the

use of themnb RARRL &1 thide n‘ﬁ. em%léflﬁﬁl&wegmeﬁts{w@%hc'aﬁlb)? nﬁggpq saﬁlrﬁé lfofitly

understood that the inve on has many her pOSSI pl |cat| ns. For

I t
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applications, any use of the terns "reticle", "wafer” or "die" in this text
shoul d be @aﬁgﬁeakér\fé‘éﬁdaatomlﬁgleﬁé@nm‘dhlskycaml@ e e ieged saparatalys " mask”

"substrate"” and "target portion", respectively. [20] The invention i t sel f,
t oget her wiurthefmwretbe metijod of meem@emdnmtialg edvanageousy daetathgeve a k; of 0.195.

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

[19] Although specific reference may be made in this text to the use of the invention in the
manufacture 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

nmon

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.

[20] The invention itself, together with further objects and advantages, can be better

understood by reference to the following detailed description and the accompanying

drawings.



understood by reference to the follow ng detail ed description and the
acconpanying drawings. 8 BRIEF DESCRI PTION OF THE DRAWNGS [21] Fig. 1 is

an exenplary flowhart illustrating the nodel based col oring process of the
present invention, which is utilized to deconpose a target pattern into

mul tiple segnents, which are then utilized in a multiple illum nation
process. [22] Fig. 2 illustrates an exenplary target pattern that wll be
deconposed into nultiple segnents utilizing the coloring process of the
present invention. [23] Fig. 3 illustrates Step 12 of the coloring process

of the present invention, in which fraghentation points are defined. [24]
Fig. 4 illustrates Step 14 of the coloring process, in which multiple

pol ygons are defined based on the fragnentation points defined in Step 12.
[25] Fig. 5 illustrates Step 18 of the coloring process, in which a mask is

defined wpRipr PRSERIPIIONOFSIHL DRAWINGY having the lowest 1LS. [26] Fig.
6 |IIustrawmmess in which an |nterference map

is defin or

iIIustratag L Iﬁ%h@s%ﬁ%%é O@%ﬁﬁﬁ&? é?gﬁg§gﬂ%§%@ﬁbé%ﬂd£ﬁgkég¥ %fﬂggbarate
exposures based on.the j.n erf ence, na str.at i.n Fi Fi 8
I st at dEeRRLp Geonrhinh oty ngeﬁfefﬁrpégﬁarsﬂ beflfroiit GRS st ng ¢ he
pol ygon with the next hlc?hest cost_function within a predefined coherence
radi us i s VWeiFh pedhen ytdiged i agmulyiple illyminatigrerosisap 30 of the col oring process,

in which an interference map
[22] TFig. 2 illustrates an exemplary target pattern that will be decomposed into multiple

segments utilizing the coloring process of the present invention.

[23] Fig. 3 illustrates Step 12 of the coloring process of the present invention, in which
fragmentation points are defined.

[24] Fig. 4 iltustrates Step 14 of the coloring process, in which multiple polygons are
defined based on the fragmentation points defined in Step 12.

[25] Fig. 5 illustrates Step 18 of the coloring process, in which a mask is defined which
comprises the single polygon having the lowest ILS.

[26] Fig. 6 illustrates Step 20 of the coloring process, in which an interference map is
defined for the single polygon defined in Step 18.

f27] Fig. 7 illustrates how the areas of the target mask would be defined into separate
exposures based on the interference map illustrated in Fig. 6.

[28] Fig. 8 illustrates Step 26 of the coloring process, in which a mask containing the
polygon with the next highest cost function within a predefined coherence radius is defined.
[29] Fig. 9 illustrates Step 30 of the coloring process, in which an interference map
representing the combination of the single polygon having the lowest ILS and the polygon

select in Step 26 is defined.



representing the conbination of the single polygon having the |owest ILS and
the polygon select in Step 26 is defined. 9 [30] Fig. 10 illustrates how
the areas of the target mask woul d be defined into separate exposures based
on the interference map illustrated in Fig. 9. [31] Fig. 11 illustrates the
total interference map after all polygons have been processed. [32] Fig. 12
illustrates how the areas of the target nask would be defined into separate
exposures based on the interference map illustrated in Fig. 11. [33] Fig. 13
illustrates a second exenplary target pattern. [34] Fig. 14 illustrates the
interference generated by the process of% the present invention

corresponding to the target pattern of Fig. 13. [35] Fig. 15 illustrates how
t he areas [36] t Heg. tl&ilhestratesbéw v drehshod tidadngaadaskntauld bpdefaiked inte x¢pasaty es based
on the interference map illustrated in Fig. 14. [36] Fig. 16 is a block

di agr am t hxpodutdsbasedaahe Mt RpGNdE Blap SIYisteRH WhFigho.can i npl ement i l1um nation
optim zation according to an enbodi nent of the present invention. [37] Fig.

17 schematfspal Ipyg d¢ F?l‘l&hﬁteé‘ﬂle%tgm{ﬂeyenké ﬁlaﬁ Qﬁﬁ%ﬁﬁ@ ﬁﬁ"“"’ﬁ scl osE s

suitable Tor use with a nask designed w e
concepts. TAl CRI P E ined in nore
det ai | beI (% Flrh% Iagﬁ'&alg?iigé co r‘(3)E'-rg||6| Egtgﬁegy %grg% i%rBAg m?gﬁp&gtte pattern
into nul ti Iese jch are ill nat atelylnarmltlple
exposur e P?J%‘Eesf‘ r?ndﬁ‘gmé‘??@éﬁcﬁgﬁiﬁmsﬂéte&fﬂ% f]e segnents are assi gned and
i ncl uded in one of two separate reticles, whi ch are subsequently

i |1 umi nat da3] Féig Harkstates asecond akemplary fjasget pattern.

[34] Fig. 14 illustrates the interference generated by the process of the present invention
corresponding to the target pattern of Fig. 13.

[35] Fig. 15 illustrates how the areas of the target mask would be defined into separate
exposures based on the interference map illustrated in Fig. 14.

[36] Fig: 16 is a block diagram that illustrates a computer system which can implement
illumination optimization according to an embodiment of the present invention.

[37} Fig. 17 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

[38] As explained in more detail below, the model based coloring process decomposes a
target pattern into multiple segments which are illuminated separately in a multiple exposure
process. In one embodiment, the multiple segments are assigned and included in one of two
separate reticles, which are subsequently illuminated. Furthermore, as shown in the

examples disclosed herein, the model! based coloring process, when necessary, automatically



exanpl es di scl osed herein, the nodel based col oring process, when necessary,
automatically 10 provides for deconposition of single geonetry (i.e.,
feature) in the target pattern into nultiple segnments, which are then
imaged in separate illum nation processes. [39] Referring to Fig. 1, which
is an exenplary flowhart of the nodel based coloring process, the first
step in the process (Step 10) is to define the target pattern (i.e., the

pattern to be inaged on the substrate) and the illum nation settings that
will be utilized to image the target pattern. The target pattern is
preferably described in a data format, dlch as "gds", which is a standard

data format. However, any other suitable data format can also be wutilized.
I n the exampyidessfotr ddcontphsitien ef singl¢ peonietydit., fatuted imthesargepaesantited by
equation Q' x,y), where x and y represent |ocations within the target
pattern. [lﬂﬁliFEisEgm&lté,Mﬂi@idr@ﬂ@ﬁ it dax Sépatand WuhddAieh pRAkéses.n that will be
utilized to illustrate the nodel based col oring process. As shown, the

target pat n g : a plasal i j ihgle | ong
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1.2 and annular illumnation is being utilized, with 6w = 0.77 and aOUT =
0.97. [41]targmiratese: Thedaeetpatiera ippigtcaaddy desewbedipp date formatpyrly 25 fedgivent at i on
points 35 (also referred to as snippets) to the edges of the features 32,
33 in the whiclyista spaiderdrdatadprmat) HoWleeer, inyagtharsuisablodatp Girmascadsisarbe spaced
around the edges of the features 32, 33 and function to

utilized. In the example set forth herein, the target pattern is represented by equation O(x,y),

where x and y represent locations within the target pattern.

[40] Fig. 2 illustrates the exemplary target pattern that will be utilized to illustrate the
model based coloring process. As shown, the target pattern includes a plurality vertical
features 32, and a single long vertical feature 33. It is noted that the illumination settings
include, for example, but are not limited to, type of illumination (i.e., annular, quadrature,
off-axis, etc.), A (wavelength of source), NA (numerical aperture of projection lens), etc. In
the given example, the pitch of the features 32, 33 is 64.4 nm or 80.5 nm as shown, k; = 0.2,
A =193 nm, NA = 1.2 and annular illumination is being utilized, with oy = 0.77 and Gour =
0.97.

[41] The next step in the process (Step 12) is to apply fragmentation points 35 (also
referred to as snippets) to the edges of the features 32, 33 in the target pattern O(x,y). The
fragmentation points 35 are spaced around the edges of the features 32, 33 and function to

define a plurality of smaller edges. In the given example, as shown in Fig. 3, the



define a plurality of smaller edges. In the given exanple, as shown in Fig.
3, the 11 fragnentation points 35 are disposed so as to be spaced equal ly
around each feature's edge, however, different schenmes for placing
fragnentation points nmay be utilized. [42] Referring to Fig. 4, once the
fragnentation points 35 are defined, in the next step (Step 14), the
fragnmented edges are grouped so as to forma plurality of polygons 34. In
ot her words, the target pattern and features contained therein are divided
(i.e. represented) by a plurality of smaller polygons 34. Fig. 4
illustrates how each of the features 32,1133 of the target pattern are
represented by a plurality of smaller polygons 34. It is noted that adjacent
pol ygons nisagnsineation pointrifoune didpesed Fhss 1p bk ypras equally arfing eadht festulels ddae,
equation P(x,y), where x and y represent |ocations within the target

pattern. |Kivioval, Hiffere@sdheies fdﬂ%}d@ﬁﬂgﬁﬁ%ﬂﬁnﬂaﬁon points G beantfiizaIsm ssi on of 1
and a phase of 0. As explained in further detail below, the phase assigned

10,20 uermBp! YRRl g, 0, Bice DRaothdnlarldf plinld 3ol i g Ner the

gi ven pol ygo YY), St "exposure’ or a's
exposure. [ S not ed that assigning.a.phase is nerely ong, techni que
for desi gn(lg%elp n%)’ahff %?‘Fné%%jge[ﬂggs ge éfc\}lggcpsop%lt@ &%ﬂ‘l Q‘Aﬁf’lf&ﬁ[‘}'e(’fé’é)iﬁl g@ﬂ%%‘ 't ]ﬁ For
exanple, it is alsquossible to .assign a QOlOB designation to each of the
gi ven pol yYB Wakfi fre 1figel Ragemyand deatyRneqningddasteiniass dixided K- xanoesentaditye
pol ygon is assigned. The color can be al so assigned by applying a threshold
ot her t harp Plaralitn ¢f sialer poilypons dhcFigohillusirateskove exich of Bwrfedsares 82, gradthepy
applying a linear operator to the eigenfunction such as differentiation.
[ 43] | n t hiergeepditest @prdprestited by o pbsaity ¢Sinegled folygdnad4i fiteig eoted thas bdjpeny | LS)
is calculated for each polygon (preferably at the center of the unshared
pol ygon edggygons! tial kEdre @ cbmthon edge. The polygons are represented by the equation P(x,y),

where x and y represent locations within the target pattern. Initially, each of the polygons is

assigned a transmission of 1 and a phase of 0°. As explained in further detail below, the

phase assigned to a given polygon (e.g., 0° or 180°) will be utilized to indicate whether the

given polygon, P(x,y), will be imaged in a first exposure or a second exposure. It is also

noted that assigning a phase is merely one technique for designating which exposure a given

polygon will be assigned to. For example, it is also possible to assign a color designation to

each of the given polygon, where the color designation indicates which exposure the polygon

is assigned. The color can be also assigned by applying a threshold other than zero to the

eigenfunction, or the color can be assigned by applying a linear operator to the eigenfunction

such as differentiation.

[43] In the next step in the process, (Step 16), the image log slope (ILS) is calculated for

each polygon (preferably at the center of the unshared polygon edges) utilizing the

iltlumination settings defined in Step 10. As is known, the ILS can be calculated as:



illumnation settings defined in Step 10. As is known, the ILS can be
calculated as: 12 ILS (x, y¥) =h V{In ][l (x, y)]} . It is noted that in
the preferred enbodi nent the entire target pattern is not considered at the
same time during this step. A coherence radius for a first geonmetry area of
interest is defined, and the ILS for all the polygons within the coherence
radi us are calculated. Once this is done, the ILS for all polygons within

t he coherence radius for the next geonetry area of interest are cal cul at ed.
This process continues until all the areas of interest, which may be, for
exanpl e, areas deened critical by the md2k designer, or sinply the entire
target pattern, are processed and ILS s for each polygon contained therein

are pr oces;s)fsc{x }L)ra ﬁhﬁéllia[?gﬁﬁzmd IERRORL TR thEEf‘%‘%i‘?Jﬂ?ﬂ?Jbﬁﬁné@ﬂ{e%tﬂest?%gﬂ; inned

as 4LJINA. It not e en the ILSis c or a given po

the polygon is centered within the coherence radius. [44] The next step
(Step 18) mattemtenpirconsidarcdaitthé samd titandiring thig stehe Apahyrpoce tatiais firasfitthe

m nimum I LS, and generating a mask, MXx,y), containing that single polygon.
It is notegomketratreaiofiintaest isodcBined aia@the\nnsmombettﬁé PoIRERG Wittén fhelcyB@endeavi ng
the mninmumILS, only the polygons within the given coherence radius are

consi der edadihfGreRaRERRE. Ohcé HRERUBHE, ‘&[HILB fail All p(ﬁ%§ﬁ§ wothin ik %61?e§énc@ AR sbeen
processed. It is not ed that t he mask, (S fined utilizing standard

data for ”%?thegiU%{k gl% '2'10 ﬂl?érﬁs‘tj at%tbgtéﬁlateﬁ' %miarbc%e[syé&nrtlﬁﬁ%%mﬁpalFtﬁ%rrpl ary

mask generate alns on
at tern t

pol ygon 52 ted t the na f|r can be chosen
ina nunbearre%f()%&ﬁ &st, ‘iVlPtl bg’ﬁa’f'rf)’fag]p ﬁ‘éeaih@%er“@ tlgﬂi’é[%f‘eymﬁs BBY'n%% hat is
of the nost interest. The ILS is evaluated for  each fragnmentation point in
the pat t erSimPR e etise pset Palea aFepiperssqdand A s fereagh P‘?lﬁé‘m contained thercin

are processed. In the preferred embodiment, the coherence radius is defined as 4A/NA. Itis
noted that when the ILS is computed for a given polygon, the polygon is centered within the
coherence radius.

[44] The next step (Step 18) of the process entails identifying the polygon that has the
minimum ILS, and generating a mask, M(x,y), containing that single polygon. It is noted
that sitnilar to Step 16, when determining the polygon having the minimum ILS, only the
polygons within the given coherence radius are considered. The process is repeated until all
areas of interest have been processed. It is noted that the mask, M(x,y) is defined utilizing
standard data formats, such as “gds”, noted above. Fig. 5 illustrates an exemplary mask
generated by Step 18. As shown, the mask contains only a single polygon 52.

[45] Itis noted that the pattern to analyze first can be chosen in a number of ways. In one
example, the user can specify a pattern that is of the most interest. The ILS is evaluated for
each fragmentation point in the pattern, and the coherence radius is centered at the

fragmentation point with the lowest ILS. As another example, for a full-chip run, the user



fragmentation point with the lowest ILS. As another exanple, for a full-chip
run, the user 13 <can first try to use a rule based deconposition of the
pattern. However, often rule based nethods fail to successfully deconpose
the full-chip, and user intervention is required to deconpose (i.e., split)
these areas of failure. Instead of requiring user intervention, the areas

of failure can be processed with the nodel based nethod of the present
invention. If there is nore than one area of failure, the area with the

| owest ILS value is evaluated first. The next failed area with the second

| owest ILS is evaluated next. The coheréfce radius is then placed around
the failed area wth second I owest ILS. [46] Continuing, the next step in

t he procesan (figitey t&03e 4 fild l@s@@ﬂﬁt@ln\b&siﬁdﬂﬁoﬂtﬁs tteM. XHowgver, cfehiniledaded Step 18

with the first eigen function (i.e., the highest value eigen function b(Xx,
y)) of tnﬁethécﬁqﬁlm&@bwasfﬁr19aécoﬁ%§4 the fANERip, He@usdehieRiehod leeequkrwm natl On
systenmso as to generate a first (i.e., initial) interference nap.

known, %e%%&@és@‘éﬁé'ﬁ%ﬂ%‘ﬂﬁ%ét eﬁé)gffijahﬁjeeﬂ‘fsteaa_ Qf:reﬂhﬁn&ghg& @t%xér%ﬁt? f, ﬂle%} 9“ Of

t he |Ilun1na proj ection |ns ance,

 hcor por at A R %90@?%?3@@13%@0 A g Cstai$a%tﬁeﬁ b%ag#&fepﬁﬁr?igﬁﬁf e

i mge transfer function ?f the optical system TCC is orthogonalized
into a setMee thangws ared ol il thwwcwﬂaﬂ@éow%ﬂé%@e isepaugted s nbag nst
system As noted above, the mask, Mx, y), is convolved with the eigen

function Hailedasea wish Hieghennd lewest ELS/aleu@luat%eexte’s"m cohiereneeeadiugiis than placed
interference map, F1(x, y). Thus, Fi(x, y) can be defined as: [47]
F1(x, y) =Matouf)d(th¢ faded xr,eh/)wim.secand.lowest ILS........ Eq. (1). [48] It is noted

that interference maps are well known and are described, for exanple, in
[46] Continuing, the next step in the process (Step 20) is to convolve the mask, M(x, y),
defined in Step 18 with the first eigen function (i.e., the highest value eigen function ®(x, y))
of the transmission cross coefficient (TCC) defining the illumination system so as to generate
a first (i.e., initial) interference map. As is known, the transmission cross coefficient, TCC, is
the autocorrelation of the illumination pupil with the projection pupil, described, for instance,
by M. Born and E. Wolf, Principles of Optics 530 (6th ed., Pergamon Press), incorporated
herein by reference. In other words, the TCC represents the image transfer function of the
optical system. The TCC is orthogonalized into a set of eigen functions, which also represent

the illumination system. As noted above, the mask, M(x, y), is convolved with the eigen

function having the highest eigen value. The result is the initial interference map, Fi(X, y).

Thus, Fi(x, y) can be defined as:

[47] F(xy)=M{xy)®0,(x,y) e Eq. (1).
[48] Itis noted that interference maps are well known and are described, for example, in

USP App. Ser. No. 10/756,830, which is incorporated by reference herein. As described



USP App. Ser. No. 10/756,830, which is incorporated by reference herein. As
described 14 therein, the interference map corresponds to the e-field in
the i mage plane and is capable of indicating both positive and negative

energy. [49] Fig. 6 illustrates the result of the foregoing convol ution

(i.e., interference map) for the mask, Mx, y), of Fig. 5 wth the highest
eigen value, 'Ti(x, y), for the illum nation system noted above. Referring
to Fig. 6 and the scale adjacent thereto, the interference map illustrates

whi ch portions of the mask pattern have positive values and which portions
have negative val ues. Any pol ygon segmdfit 34 that resides in a positive
area (i.e., an area of constructive interference) is assigned a first phase
(e.g., 0) therdinathy ipelfsrgarw wsagroerspddds totht e-fiekisih desiniage alane gad is\eapablead (i . e
an area of destructive interference) is assigned a second phase (e.g.,

180) . As -eixgicaingedtt positivetahe he@tivakere! ow, the phase val ues of a given
pol ygon segment can change during the course of the coloring process.

However, ougp tihe GIRGReS thesresﬂ%mh@%&ﬂgm& r Onp&aﬁ&l e%s' a@&eﬁc@ Iﬁz@ fElNEN

pol ygon segnent at the conp etion of cess 1F e util to define

whi ch of t i
subj ect ed ]P%kylt—ﬂ(g}t{ yg’xognp% 5%]?\%1% h? Eg% r eslugrhéliz%ﬁ ’ngr & éggurr%};ggté%l ﬁyﬁttegl f irst
and second r i cl t he 8? g %i %@ﬁ |ven n will determ ne
whi ch 1 ot i 1 fbqEe- R&fering SO F B an @5 § e Reactp t PSR aER o egoi ng
process is_acconplished . in the coloring process (Step 22) bg finding the
center of iHusEtesavhideRations of hermaskdqetermn have pasitive va&yl)?s gl ‘F”(‘lﬁ poryionsghaye
defining these points as (x;, y;). Then, if F(x;, y;) of the interference
map i s negsgatnve, valige Aoy polypossgment 34 tﬁat(rxsidesyl) a phstiesmegfied anaphafe of 180,
and if F(x;, yci) of the interference map i s positive or zero,

constructive interference) is assigned a first phase (e.g., 0°) and any polygon segment 34 that

resides in a negative area (i.e., an area of destructive interference) is assigned a second phase

(e.g., 180°). As explained in further detail below, the phase values of a given polygon

segment can change during the course of the coloring process. However, once the process is

completed, the phase assigned to the given polygon segment at the completion of the process

will be utilized to define which of the multiple illuminations the given polygon segment will

be subjected to. For example, if the features are being decomposed into first and second

reticles, the phase assigned to a given polygon will determine which reticle the given

polygon segment is formed in.

[S0] The foregoing process is accomplished in the coloring process (Step 22) by finding

the center of mass for each polygon segment 34, Pi(x, y) in P(x, y), and defining these points

as (Xcj, Yei). Then, if F(Xei, yei) of the interference map is negative, the polygon segment, Pi(x,

y), is assigned a phase of 180°, and if F(x;, y.i) of the interference map is positive or zero,

the polygon segment, P(x, y), is assigned a phase of 0°. In the given embodiment, the phase

is being utilized to identify whether or not the given polygon is in a positive or negative arca



t he pol ygon segnent, P;(x, y), is assigned a phase of 0. In the given

enbodi nent, the phase is being utilized to identify whether or not the
given polygon is in a positive or negative area 15 of the interference map,
and subsequent!|y, which exposure the given pol ygon segnent 34 should be

subjected to during the nmultiple exposure process. [51] Fig. 7 illustrates
the resulting nmask layout, P(x, y), after only a single iteration (i.e
consideration of only the single polygon segnent 34 illustrated in Fig. 5).

Referring to Fig. 7, the lighter areas 36 indicate areas where the
interference map, Fi(x, y), is positivel5while the darker areas 38
i ndi cates areas where the interference map, Fj(x, y), is negative. Thus, in

accor dancef\thd ifitetBRnseibn dnd butisbQuepil g a1t expoanRt tRiveniR1Ydol Réghicnabeas 36
woul d be imaged in a first exposure, and the darker areas 38 woul d be

i maged in sﬁo@lﬁ%@@ﬁ’o é‘c’f&Pt%‘dlhﬁn ffE"fﬁMﬁﬁle exﬁd’éﬁre hdek@l interference map only

consi dered a S|ng e pol ygon segnent rder to effectively consider
all of th e [ tive
process sﬂ‘)b’é%h e mﬁﬁﬁﬁ%rﬁ%ﬂ%ﬁ%ﬁb 9’?%3’) HREopS sty ﬁ‘fa@ B Steps
generate the .interference e initia
pol ygon rmFé’RSléﬁr tl%(’f](’ﬂb‘ttb? S’Bgllﬂfp(?[yﬁf”ﬁ&W@Egﬁrt“é%é&({nhaég ﬁegﬁfeﬂlqﬁf" &tion of
t he col or| ng process entails perform g the foll OWITJ% iterative process.
First, ﬁw iZhR asag e dicaterpreas where thy interferqnse mapniés ybyis pesiie, whily cost
functlon is noted that many optical paraneters or physical paraneters
can be ¢ hdh@dﬁl‘k@‘ agran 8B andecatessurias aibkre thoiterfefamae mapk 1 (Qye ieregapivar Thus it

function is a Gaussian function, which is a function of ILS and a function
of the di sicesidanct mdththd@ehod of theipkddeithigvention, Thetidhtdd,ardad 3p wobliche ithagebin

function, which is utilized in this exanple, can be defined as:
a first exposure, and the darker areas 38 would be imaged in a second exposure. However,
the initial interference map only considered a single polygon segment 34. In order to
effectively consider all of the polygon segments 34 within the coherence radius, an iterative
process must be performed.
[52] In other words, the foregoing steps (Steps 10-22) generate the initial interference
map, Fi(x,y), and the initial polygon mask P(x,y). After performing these steps, the
remaining portion of the coloring process entails performing the following iterative process.
First, the polygon segments in Py(x,y) are first ranked by means of a cost function. It is noted
that many optical parameters or physical parameters can be chosen to generate a suitable cost

function. One exemplary cost function is a Gaussian function, which is a function of ILS and

a function of the distance from the point with the minimum ILS, (7). Such a cost function,

which is utilized in this example, can be defined as:

LS, fF(F-T)] e Eq. (2).



glILS, f(r- 0)] ... Egq. (2). 16 [53] The cost
function is a mathematical representation that orders the fragnentation
points fromnost inportant to |least inportant. The al gorithm begi ns by

eval uating the nost inportant fragnentation point, i.e., the point with the
hi ghest cost function. One possible cost function, g, has variables ILS and
di stance (r-r0). The cost function used here is g; =[max (ILS) - ILS, J e_
Al 1 where i is the index of the fragnentation point. It is noted that

other netrics can also be used in the cost function, such as, but not
linited to, the gradient of the intensilfy, exposure latitude (EL), nmask
error enhancenent factor (MEEF), intensity, and depth of focus (DOF). [54]
The cost f[38kt iThe cost fanatieh heamtihembticab papesentatadn that drdexs therfthgmentatien
fragnentation points fromnost inportant to |east inportant. The algorithm

begi ns by etk Gaini mgst igortadtio ledstpeydrant Thealyveitinabégins Poévatuatihg the mdshe
point with the highest cost function. One possible cost function, g, has

vari abl es jperaftdradineh@R&Epdine, 1.6) the PRt GRA the 1 h = ILS,
where i i s1 the i nrc?gi?%of th% : 1';agrr%sﬁ;l;atl on poi n?&H &@tﬁﬁﬁﬂ%nh?r%eﬂftgmgfep (Step

24), the costuhuS Lo kiR Sdd femRal ff@?gg@%@@n@ﬂ PRl Lhe

pol ygons, e 2oher ence ragnen%at|ons
points are ranked so as to |n(1| ate the fragnentation points having the
hi ghest cogt—[mmo(ﬂl@)r—fld }-hae"T ())Of’ewhered)istthe fndexc of the fraginenthtiaphintt tes r anki ng
of a fragrrentatlon points neans the nore difficult it is to print the

Dero, the 'ﬁ?ﬁﬁﬁ@ﬁ%ﬂ%&% #cha% H@ be taeip Brsof HRghentat i ool ot e, he' "

fragmentation point wl nmoved during devel op or the fragnentation
poi nt wil |ng41FIHQ§ ﬂ}edntgﬁsﬁyh@fpwlﬂrgéq}ggﬁea(ﬁpbﬁnafggieﬁpr enhapgement factor &/[EEF)

intensity, and depth of focus (DOF).

[54] The cost function is a mathematical representation that orders the fragmentation
points from most important to least important. The algorithm begins by evaluating the most
important fragmentation point, i.¢., the point with the highest cost function. One possible

cost function, g, has variables ILS and distance (r-t,). The cost function used here is
g =1LS,» ¢ 1% \where i is the index of the fragmentation point.

[55] Inthe next step (Step 24), the cost function is applied to each fragmentation point of
the polygons, Pi(x, y), within the coherence radius, and the fragmentations points are ranked
so as to indicate the fragmentation points having the highest cost function to the lowest cost
function. The higher the ranking of a fragmentation points means the more difficult it is to
print the point. It is noted that if the ILS of a fragmentation point is less than zero, the
fragmentation point is extremely problematic, i.e, the fragmentation point will be removed
during develop or the fragmentation point will bridge to another fragmentation point.. Such

fragmentation points with a negative ILS can be assigned a higher cost function. A



fragnentation points with a negative ILS can be assigned a hi gher cost
function. A 17 fragnentation point with the higher cost function will be
eval uated prior to the fragnentation points with the |owest cost function.
This ensures that problematic areas will be separated into multiple
exposures and will inprove the pattern fidelity after nmultiple exposures.
[56] It is noted that once the cost function is defined, the initial
interference map determned in Step 20 is weighted by the cost function.
Therefore, the initial interference nap becones:

Frorai (x,Y)=F1(x,Y)g[ILS,,f(r; -rO)] ... ... . .. Egq. (3) [57]
Continuing, in the next step of the proééss (Step 26), the pol ygon segnent
34 having the fragnentation point with the highest cost function is

sel ect ed, fragthentatferskoinswith thatheghensashfuntivreswil regiveluptet] pgionto the fragnggntatiesi ng

t he phase of this polygon that was defined as a result of initial

i nt er f er eneétywh grriewedt eokt ifimcBb®PTKiR 2)surdstthat probldntictaiat walll besepakgedcol ori ng
process perfornms this step the first tine, the phase of the polygon to be

utilized iimgotnBtiSik 8Rpodutel aktBwiliRipHRANOYaticRLiddiPhfidrHuatipie eRFYsEretBP updat ed

with the previous iteration (i.e., the interference map generated by Step

(30) as de[%@]i ! q?i(s) ?SﬂteﬁY}Qat ofide%he Sost Hnﬁﬁér{ Ry nédhﬁerﬁ?ﬁél]iﬂﬁgﬁf@%ﬂ%élﬂ accor dance

with this step e exenplary target pattern. &t step (Step
28) of the, process, singilar .t ep. 20 he. ma PEX, ) ... generated by Step
26 i o condsiyBtea sice A isOvefler bl eieay Mkl Thoreld mehiisPBIRERGES 3
second interference map, Fi+i(x, y). Then, in Step 30, the interference
map, Fi+, (3P BRFOMGnerated in Step 28 is added to the initial interference
map, F;(x, y), nultiplied by the cost function, g [ILS, f (r - e )], so as
to create the total ApHenderdngye gﬁp&‘l,f ri—Fo f

[57]  Continuing, in the next step of the process (Step 26), the polygon segment 34 having

the fragmentation point with the highest cost function is selected, and a mask is created with

this single polygon, M(x, y), using the phase of this polygon that was defined as a result of

initial interference map generated in Step (22). It is noted that after the coloring process

performs this step the first time, the phase of the polygon to be utilized in the step will be

defined by the total interference map updated with the previous iteration (i.e., the interference

map generated by Step (30) as detailed below). Fig. 8 illustrates the mask formed in

accordance with this step for the exemplary target pattern.

[58] In the next step (Step 28) of the process, similar to Step 20, the mask, M(x, y)

generated by Step 26 is convolved with the eigen function, O(x, y), so as to generate a second

interference map, Fi(x, y). Then, in Step 30, the interference map, Fi+(x, y), generated in

Step 28 is added to the initial interference map, Fi(x, y), multiplied by the cost function,

g[1Ls, £ (¥ -7)], so as to create the total interference map:

Foa (59)= 2B (5,2) 0 [ I8, F (F=T)] worevererersc B (4)

i=]



N F,oWXx, Y)FF(x,Y) ' g[ILSL, f(r,-ro................. Eq. (4) r=~ 18 [59]
Then, in the next step (Step 31), as with Step 22, the center of nass for
each polygon segnment P;(Xx,y) in P(x,y) is determ ned, and these points are
referred to as (x;,y0;). Then, as in Step 22, if Fttai (x;,y;) of the
interference map i s negative, the given polygon segnent, P;(x,y), is

assi gned a phase of 180, and if Fttat(x;,y;) of the interference map is
positive or zero, the given polygon segnent, Pi(Xx,y), is assigned a phase
of 0. Fig. 9 illustrates the resulting interference map after the second
iteration, and Fig. 10 illustrates the d8rresponding nask layout, P(x, y),
defined by the interference map of Fig. 9. [60] Thereafter, the

fragnent at[5Bh [Whientin sted et step (epS B Pas2aith Step emwecbnferrematsefok bdeh pelygoli anked
fragnentation points, and the process returns to Step 22 and Steps %2 32 are

perf or med @gabdt KQly) i x%ﬁ?\ﬂd JetRiRAl £ théRPORAL 28 FPERIAL RS (x. ﬂ{)sTE@H perative
process conti nues unt fragment ation pOI nts are consi er ed and

processed.j, [Sﬁe:lalZZFlfq? is 813(931 lym)l dﬁljier ﬁ{eﬁ%reﬁmpeem ﬁ}él ﬁlh%glerl ggﬁ)ggx\? n‘}eﬁ{ ations

of the foregoing’ pr can see a tonmpari reen 'Fig. 7
and Fig. there.ar e n, th two resul ti.ng mask
patterns. @FM\@PS’SI%@ ap € qfqgé ?r&fggt"‘f‘% yF‘ﬁ}V\E gncﬁﬁlﬂftp 1@8?1%?%‘% by
the process of the esent invention after all |tera ions are conpl et ed.

Ref erri ng Z6t% the; gvenpp ygoR segmsnér Hi@naris assignsd pebaseof Ag Figr? tivairaiestBe exanpl e
clearly indicates which features, and portions of features, exhibit
posi tive vasuliing ipisferenpemap afierdhaseaenditesationoyndaig. 1 Qiblugtatdsahe eoressponding
portions of features, exhibit negative values (see, reference nunerals

mask layout, P(x, y), defined by the interference map of Fig. 9.

[60] Thereafter, the fragmentation point selected in Step 26 is removed from the list of
ranked fragmentation points, and the process returns to Step 22 and Steps 22-32 are
performed again for the newly selected fragmentation point. This reiterative process
continues until all fragmentation points are considered and processed.

[61] Fig. 10 illustrates the mask resulting from two iterations of the foregoing process. As
can be seen from a comparison between Fig. 7 and Fig. 10, there are small differences
between the two resulting mask patterns. However, Fig. 11 illustrates the interference map
generated by the process of the present invention after all iterations are completed. Referring
to Fig. 11, the interference map resulting for the given example clearly indicates which
features, and portions of features, exhibit positive values (see, reference numerals 110) and
which features, and portions of features, exhibit negative values (see, reference numerals
112). As aresult, the coloring process can readily and automatically determine which
features should be imaged in a first exposure (those features exhibiting positive values) and
which features should be imaged in a second exposure (those features exhibit negative

values). It is important to note that the process allows a single feature to be decomposed into



112). As a result, the coloring process can readily and automatically
determ ne which features should be inaged in a first exposure (those
features exhibiting positive values) and which features should be inmaged in
a second exposure (those features exhibit negative values). It is inportant
to note that the process allows a single feature to be deconposed into 19
multiple segnents. Referring to Fig. 11, it is clear that a portion of
feature 33 will be imaged in one exposure, while another portion of the
sane feature will be imaged in a second exposure. Fig. 12 illustrates the
mask | ayout assignment resulting fromtH& interference map of Fig. 11. As
shown, in the given exanple, the light areas would be assigned to a first
mask and @udbpgéﬂgaertt@ Refpiringtto Eigo bb Ut ie ceacthatrepataerkoieaias dowillbetimagesisi gned
to a second mask and subjected to a second exposure. [62] It is noted that
in order tiaope exgoshreavhileeaortiet porgiok dEthe 2ime featudnwill Beeimiaged Ansdeeond Nt o t he

i magi ng mediumis necessary. This can be achieved with a non-I|inear

phot or esi sdxpsurd, th% %ﬂust%s&ﬁé‘mﬁé{@lgydﬂt hddighheit ebuldhd BOmitACintdrlepdnc&APS U €.
It is also noted t it is possible to utilize two nasks to print features

th k>> I t
¥Mr ans?1 er |%t%§tlrl1e975%gﬁﬁ ih %eglﬁér% eix;sﬁﬁfeufh@% P(‘fSeIsréz}lrs ?dngegasgiﬁgﬂgﬂ& ﬁﬂs{]ﬁ t he
wafer is fi,r is l,eft, on,the

nat or chucﬂ?d S‘Srﬁsﬁxcp @ﬁaefd hs{oindpdsd S o 3o ageag?w?féﬂo@oaswsn TG AR PHREE  and

t he waf er osed WI(Lh t he second mask. [63] Fig. 13 illustrates another
exenpl ary ¥ t‘b%lfet"@’? SiRE°was subjected to the deconposition process of
the present | nventl on. Fig. 14 illustrates the final interference nap

gener at ed Y] t Helspotsddhat if onder togring feglarespaih @kir0.26n% rorabiedan trampferdntithmi ng
the features or portions of the features to one of two exposures based on
t he val ue iofagingenalom espoesdarng Thisean be achieved with a non-linear photoresist or this can

be achieved with an etch after the first exposure. It is also noted that it is possible to utilize
two masks to print features with a k;>0.25, In order to print features with k;>0.25, a non-
linear transfer into the imaging medium is not necessary. In one embodiment, the wafer is
first exposed with the first mask, and the wafer is left on the wafer chuck. Then, the reticle
holder is switched to the second mask, and the wafer is exposed with the second mask.

[63] Fig. 13 illustrates another exemplary target pattern that was subjected to the
decomposition process of the present invention. Fig. 14 illustrates the final interference map
generated by the process for the target pattern. Once again, by assigning the features or
portions of the features to one of two exposures based on the value of the corresponding area
in the interference map, the target pattern is readily decomposed into first and second
exposure areas by the process of the present invention. The mask layout associated with the
interference pattern of Fig. 14 is illustrated in Fig. 15.

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

divide/assign the polygons into more than two categories and utilize more than two
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in the interference map, the target pattern is readily deconposed into first
and second exposure areas by the process of the present invention. The mask
| ayout associated with the interference pattern of Fig. 14 is illustrated
in Fig. 15. [64] Variations of the foregoing process are al so possible. For
exanple, it is possible to divide/assign the polygons into nore than two
categories and utilize nore than two 20 exposures to inmage the resulting
mask layout. It is also noted that the techniques of the present invention
can be utilized with either dark field masks or clear field masks. The

t echni ques of the present invention can2f so be utilized as a nodel - based
coloring algorithm for alternating phase-shift masks. Further, it is also
not ed t hat exphsurésstolimagpihs rasfilting enagk Byewnt 1t is alse nbied that &1k tehniguid dfzke i n
conjunction with ASM.'s previously disclosed illumnation optim zation

t echni quespragenf¥abbationichh HEhiiRied MithMh SR £i61d AtiskbrZddar fRldiRaRYi tues. [ 65]
As not ed above, the present invention provides inportant advantages over the

prior ar ttecl{\@l?es %)i;fﬂr% R0 i¥venifiEc rﬁ&)ed%tutihigé/cieﬁté.fﬂ@de?—ﬁ)géleidqgg)éi?lgg%ﬁﬂjfhrﬁ gsed

col oring process deconposing the features of a target
distinct s nt.s: whi ch [ d . separat el &o exanpl by utilizing
mul tipl e e P nt B Sﬁ‘ﬁfng%qﬁe TG, i BRI e ‘Eg{e"lﬂ}‘%‘ifrgé oL thsprasay
present inyventjon a{al 0 for a.singl eﬁhe ure of the target pattern to be
aut omat i cal'V§ntion san bt wiized i %fé’d}lqcﬂglbw IA% é PE%@Q@WHL“\MP@ Hﬁ’ér%at’(’?é al so be
i maged separately. Furthernore, the method of the present invention
advant ageo?EIizHwn terdaighprodreA SML D painatipmang soprcg lopBmization teelniqyes. exposur es.
If nmore than two exposures is used, the present invention can deconpose a
2D patt er n[6d] t h Ak he®d BFqve, fhicpadsknt, inventips progideslinpuatant duyantdges tosioctbe pedrwveen
features and/or segnents in a given exposure mask should be greater that

art. Most importantly, the present invention provides a model based coloring process for

decomposing the features of a target pattern into distinct segments which can be imaged

separately, for example, by utilizing multiple masks. In addition, the model based coloring

process of the present invention allows for a single feature of the target pattern to be

automatically separated/divided into multiple segments which can be also be imaged

separately. Furthermore, the method of the present invention advantageously can decompose

a 2D pattern with k;=0.177 into two exposures. If more than two exposures is used, the

present invention can decompose a 2D pattern with k;<0.177. Finally, it is noted that the

distance between features and/or segments in a given exposure mask should be greater that

the minimum resolvable pitch of 2k A/NA.

[66] Fig. 16 is a block diagram that illustrates a computer system 100 which can

implement the illumination optimization explained 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



the m ninumresol vable pitch of 2k,)/NA. [66] Fig. 16 is a bl ock di agram
that illustrates a conputer system 100 which can inplenent the illum nation
optim zati on expl ai ned above. Conputer system 100 includes a bus 102 or

ot her commruni cati on mechani sm for conmuni cating information, and a processor
104 coupled with bus 102 for processing information. Conputer system 100
also includes a nmain nenory 106, such as a random access nenory (RAM or

ot her dynam c storage 21 device, coupled to bus 102 for storing information
and instructions to be executed by processor 104. Main nenory 106 al so may
be used for storing tenmporary variabl es2br other internediate information
during execution of instructions to be executed by processor 104. Conputer
syst em 100lefige tdoapled tcbusd®? fer starang infokmativerand ynsgrie@idns 10 Be execotetiby st ati c
storage device coupled to bus 102 for storing static information and

i nstructi gisceh@i 104.00RBSAEMAIGA.06Alsd niiyd@eiselefor 60ridd mpokah vasablesraiet | C
di sk or optical disk, is provided and coupled to bus 102 for storing

i nformat i aRteaRdidd ftbetbR Brind ScébutfRATRP LS tER %%let% B@)ﬁ&?ﬂ@d via

bus 102 to a display 112, such as a cathode ray tu panel or

foueh PanSLorfihif e A0p Bk 1400 4 RERLIR AR PRAMTHIRY DBl UAR ordbl, P!

device 114, includi anuneric and o . us
ot her e s Hnita B sBe SPEE Bireaion o iorckted EBRede: Bhrouse, a
trackball, or cursaor direction keys for conmmunicating direction information
and comanr S©EIge deYiembl O suchras @aragaptic digkorapdcdl ghiske tsproddad ang ceunrledio twsyenent
on display 112. This input device typically has two degrees of freedomin
two axes, H2ffprseringdnforhatiqn gndxstamtions. second axis (e.g., y), that allows

[67] 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

the device to specify positions in a plane. A touch panel (screen) display may also be used as

an input device.

[68] According to one embodiment of the invention, the coloring process may be

performed by computer system 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



the device to specify positions in a plane. A touch panel (screen) display
may al so be used as an input device. [68] According to one enbodi nent of
the invention, the coloring process may be perforned by conputer system 100
in response to processor 104 executing one or nore sequences of one or nore
instructions contained in nmain nenory 106. Such instructions nmay be read
into main nenory 106 from anot her conputer-readabl e nedium such as storage
device 110. Execution of the sequences of instructions contained in main
menory 22 106 causes processor 104 to performthe process steps descri bed
herein. One or nore processors in a mi22i-processing arrangenent may al so
be enpl oyed to execute the sequences of instructions contained in main
menory 10606 taused firecessur i104 tepepfosinrtbanprocesh steph ddscrétbd hefeit: UDAG o mi®¥ be used in
place of or in combination with software instructions to inplenment the

i nvent i onporobBdadrs iff AaRM PRIRESI arfalSerhdhY B12Y A RO b@%ﬁpﬂ)‘%d td éﬂe&tﬁgtﬂe%e@fé}ices
speC|f|c conbl nation of hardware Circuitry and soffware. term

t -
comput er of figtihlofis BT in At SEAORPIARL T ARG AK eﬁq@gﬁneﬁ?s?h%g‘e\%ut, on. Such

part|C|pates In prOV| ng Instructions to processor

a nedlun1na t ake includin not d to, . non-volatile
medi a, vol*t %’u LML GF é{seadﬂ(? acg pLot slﬂ1cg@}"5‘%n%‘alﬂés°f%%e% FUgtIons tRlemsnh | ude,
for exanpl e, optic etic ﬁ@Sks such as_ storage device 110.

Vol atile P¥RiiAR ER}%&MF@ Py vertiemarg otfimied g By jpecifise.

Transm ssi on nedi a |nclude coaxi al cables, copper wire and fiber optics,

i ncl udi ng cembinaijgnafhardveare eismisry and sofiwaE02. Transmi ssion nedia can al so take
the formof acoustic or light waves, such as those generated during radio
frequency [§9RF) dFick temnd ‘I‘(amqnite(ﬂr&)dahlamdium” 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
disk, a flexible disk, hard disk, magnetic tape, any other magnetic medium, a CD-ROM,
DVD, any other optical medium, punch cards, paper tape, any other physical medium with
patterns of holes, a RAM, a PROM, and EPROM, a FLASH-EPROM, any other memory
chip or cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read.

[70] 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



comuni cations. Common fornms of conputer-readabl e nedia include, for
exanple, a floppy disk, a flexible disk, hard di sk, nagnetic tape, any

ot her magnetic nmedium a CD-ROM DVD, any other optical medium punch
cards, paper tape, any other physical nediumwith patterns of holes, a RAM
a PROM and EPROM a FLASH EPROM any other nmenory chip or cartridge, a
carrier wave as descri bed hereinafter, or any other mediumfromwhich a
conputer can read. [70] Various fornms of conputer readable nmedia may be
involved in carrying one or nore sequences of one or nore instructions to
processor 104 for execution. For exanpl @3 the 23 instructions may initially
be borne on a magnetic disk of a renote conputer. The renote conputer can

| oad t he iinsttuctiotsiroaysinitiatlp be bernd pn amiagnesndiskyofaadmeenehniputeri ¢ rensté ons over
a telephone line using a nodem A nodem | ocal to conputer system 100 can
recei ve t hempatedcaroload the ihseduegidic isio lits denaatid megraind dehd dedfstiucagmvet £r to
convert the data to an infrared signal. An infrared detector coupled to bus

102 can r agRpieliR€uslal & nfodEml mblerh RRal tBlbAPEE: $is281 0070 reddlVRG8: ddte dat a
on bus 102. Bus 102 carries the data to main nenory 106, from whi

ch
processor bo;l%e fefdphbfMER aﬁ? g%%ng@l%r%ﬁ .tﬁaﬂgTi:ctgﬁth Wb edrONS datd Bad ﬁ%{eﬂggg{??lg S

recei ved mal N’ nenory option e stored on storage e 110

ith bef ' 04. .[¢1].Co ter t 100
a1 <o pr of conpgreoRele Gl B e o Hiny Lo PORAFAE edR ersnd W s VgL To2
Lo 8. net woltEehea b EHAL: FsdUhHERTals a1 PeOIaRas AP R ED 2 hor *oxrpl o

comuni cation interface 118 may be an integrated services digital network
(1 SDN) carprogsssog 104 retricves 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.

[71] 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)
card to provide a data communication connection to a compatible LAN. Wireless links may
also be implemented. In any such implementation, communication interface 118 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.

[72] 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



nodem to provide a data conmuni cation connection to a correspondi ng type of
tel ephone |ine. As anot her exanple, comrunication interface 118 nay be a

| ocal area network (LAN) card to provide a data comruni cation connection to
a conpatible LAN. Wreless links may also be inplemented. In any such

i npl ement ati on, conmmuni cation interface 118 sends and receives electrical,
el ectromagnetic or optical signals that carry digital data streans
representing various types of information. [72] Network link 120 typically
provi des data conmuni cation through one or nore networks to other data

devi ces. For exanple, network |ink 120 A4y provide a connection through

| ocal network 122 to a host conputer 124 or to data equi pnent operated by an
24 | nt er niatenBe Svivecee Aoadérd P) (1 RGP)SPLEG. in hiR pidGdess data womnuinaiicles:rdedsa
comuni cation services through the worl dw de packet data conmuni cation

net wor k, nihvsugh mEomndridwied packertatacodmurdidiion het@Hn @bw chdSnonlpfefdrredad Wor k 122
and Internet 128 both use electrical, electromagnetic or optical signals

that carr ymgkmkdedde 888, skl @MFBrk 12D and ARSI 28 BOAULR cllRickPEIAIRRENOT kS
and the signals on network |ink 120 and through conmmunication interface 118,
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I nternet exanple, a server 130 mght transmt a requested code for an
appl i cat i off¢ gedakdaa torRd Seghcampust srttem 180, arcgpxemplary fosmgiof pETIRVRYe322 and
comuni cation interface 118. In accordance with the invention, one such
downl oadedtrapspdriingithednfopngiindes for the

[73] 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 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-
volatile storage for later execution. In this manner, computer system 100 may obtain
application code in the form of a carrier wave.
[74] Fig. 17 schematically depicts a lithographic projection apparatus suitable for use with
a mask designed with the aid of the current invention. The apparatus comprises:

- 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;



illumnation optimzation of the enbodi nent, for exanple. The received code
may be executed by processor 104 as it is received, and/or stored in
storage device 110, or other non- volatile storage for later execution. In
this manner, conputer system 100 rmay obtain application code in the form of
a carrier wave. [74] Fig. 17 schematically depicts a |ithographic projection
apparatus suitable for use with a nmask designed with the aid of the current

i nvention. The apparatus conprises: - a radiation systemEx, IL, for
supplying a projection beam PB of radiation. In this particular case, the
radi ati on system al so conprises a radi abon source LA, 25 - a first object

table (mask table) MI provided with a nmask hol der for holding a mask MA
(e.g., a reticl-ejfirsaoifea catihehiall tibde)NT provied iviithonmagk ngtdar Fod HaldiRE & thaskt el y
positioning the mask with respect to itemPL; - a second object table

(substrat eviaflge)a Mficley, aull d8shedleli Ro First lﬂ)@ﬁhbﬁh? m¥@hdfSr abQirate RN HitMind the

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

posi tioni qﬂasﬁ%ﬂﬂﬁe%%ﬁtt@%fﬁrﬁ t.el y positioning the substrate with respect to
itemPL; - a projection system("lens") PL (e.g., a refractive, catoptric or

catadloptrlc opti_cal rradi ate ortion of t mask
MA onto a target apSSF?q ?%bl&?subst@%%ﬁeﬁﬁ’@awaj B 8&"?‘}&}5 petraie hgldgrjgr
substrate V\{ é%753]a ted herei.n, th parat us is of a transm ssive
type (i.e.lold{ag & sy gﬁ@ Wege FeER)coa , Wafprly ety gpnneted gy sespah be
of a reflectlve type, for exanple (with a reflectlve mask). Alternatively,
t he appar aosiioning meaps foy aeavotels positioning the sulstretervifigrepehte it Bla  al ternati ve
to the use of a mask; exanples include a programmable mrror array or LCD

- 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.

[75] 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
alternative to the use of a mask; examples include a programmable mirror array or LCD
matrix.

[76] 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
traversed conditioning means, such as a beam expander Ex, for example. The illuminator IL
may comprise adjusting means AM for setting the outer and/or inner radial extent
(commonly referred to as c-outer and o-inner, respectively) of the intensity distribution in
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.



matrix. [76] The source LA (e.g.,a nercury lanp or exciner |aser) produces a

beam of radiation. This beamis fed into an illum nation system
(illumnator) IL, either directly or after having traversed conditioning
means, such as a beam expander Ex, for exanple. The illum nator IL may

conprise adjusting neans AMfor setting the outer and/or inner radial extent
(commonly referred to as a-outer and (3-inner, respectively) of the
intensity distribution in the beam In addition, it will generally conprise
vari ous other components, such as an integrator IN and a condenser CO In
this way, the beam PB inpinging on the ppsk MA has a desired uniformty and
intensity distribution in its cross-sectiron. 26 [77] It should be noted

W th regar? to Fig. .17 that the source LA nay be within the housing of the
li t hogr aphi 8 plhoihg'élfji SF?O@EWQWP&@d (ukig; &/ hptthe squiee bAmanheanthimthesour ce LA
is a nercury lanp, for exanple), but that it may also be renote fromthe

| i t hogr aphiossipg @ﬁntge;tltmgraphlpmmjmti@s apparatus Gdisseflenrthdesemhhatheisbupe bduses
being led into the apparatus (e.g., with the aid of suitable directing
mrrors); rhdrewwy lemipt, dor example),ibnt that iofriag nlst be ranase frotethe tithe gphic peojéodliohs an
excinmer |aser (e.g., based on KrF, ArF or F2 lasing). The current invention
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intercepts the mask MA, which is held on a mask table ving traversed

the mask Mpguitig dRemd xﬁlrﬂﬁ'ﬁfﬁﬁs LAR& b RoftANE %ﬁe witth 8fa éf)gl‘féc':' ? Sis ot N€ beam

S
PB onto a target portion C of the substrate W W the ai e second

onto a ta it ¢ - i F b
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portions C.in the path of the beam
of these scenarios.

[78] 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
a mask 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
(fine positioning), which are not explicitly depicted in Fig. 17. However, in the case of a
wafer stepper (as opposed to a step-and-scan tool) the mask table MT may just be connected
to a short-stroke actuator, or may be fixed.
[79] The depicted tool can be used in two 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



PB. Simlarly, the first positioning neans can be used to accurately
position the mask MA with respect to the path of the beamPB, e.g., after
mechani cal retrieval of the mask MA from a nask library, or during a scan.
I n general, novenent of the object tables MI, WI will be realized with the
aid of a | ong-stroke nodule (coarse positioning) and a short-stroke nodul e
(fine positioning), which are not explicitly depicted in Fig. 17. However,
in the case of a wafer stepper (as opposed to a step-and-scan tool) the
mask table MI may just be connected to a short-stroke actuator, or nay be
fixed. [79] The depicted tool can be us@d in two different nodes: - In step
node, the mask table MI is kept essentially stationary, and an entire mask

i mage is pwaj Bahadshifledirethgx fid/@. y drediongbe thak hatiffereniont@t poltidh A& taPBEL i ON
C. The substrate table 27 W is then shifted in the x and/or y directions
so that a jafilRl®pind wagaipportion C can be irradiated by the beamPB; - In
scan node, essentially the sane scenario applies, except that a given target
portion Cis naqtye j i y o] d e .1 ab is
novable in a gi vlennmgﬁirqg%éf i%g%n%lﬁg{hgoﬁaygﬁ%gﬁams rllleecgfi ?Xecclgtl %‘%P‘s‘ i%é‘;e% ]!,a%em_ y
direction) w.th.a speed v,.so.that.thg roj ectio B i s caused. to scan
over a mas \%%Sés: m@%‘%‘ﬁ?‘?&hﬂ'%et %Sﬁs‘t}ﬂg?a%la r?aégltaga?e 1’ SOYPREIT AREBUs| y
nmoved in the same or opposjte directjon at a speed V.= M/, in which Mis
the magni f‘i"@&f"i’fbﬂh%ﬁolch@di 530 preqtiop i gy fhg, v direction) with a spged v, go tthitdhe
manner, a relatively large target portion C can be exposed, w thout having
t o conpr onfrejgciam beagoPBtis eansed gDcanduer a omak lipages opnanaentlyyethe suhsiratagattle or
aid in performng the disclosed concepts. Software functionalities of a
conput er sWatiersimuitaotonslypnogdambagymel oradppolitegliertbeudtabdpeed ¥ = Mv, in which

M is the magnification of the lens PL (typically, A = 1/4 or 1/5). In this manner, a relatively
large target portion C can be exposed, without having to compromise on resolution.

[80] 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 by the general-purpose computer. In operation, the code, and possibly the
associated data records, are stored within a general-purpose computer platform. At other
times, however, the software may be stored at other locations and/or transported for loading
into the appropriate general-purpose computer systems. Hence, the embodiments discussed
above involve one or more software products in the form of one or more modules of code
carried by at least one machine-readable medium. Execution of such code by a processor of
the cbmputer system enables the platform to implement the catalog and/or software
downloading functions in essentially the manner performed in the embodiments discussed

and illustrated herein.



code, may be used to inplenent the above described inmagi ng nodel. The
software code is executable by the general-purpose conputer. In operation,
t he code, and possibly the associated data records, are stored within a
general - purpose conputer platform At other tines, however, the software
may be stored at other |ocations and/or transported for loading into the
appropriate general - purpose conputer systens. Hence, the enbodi nents

di scussed above involve one or nore software products in the form of one or
nore nodul es of code carried by at |east one nachi ne-readabl e nmedi um
Execution of such code by a processor of8 the conputer system enables the
platformto inplenent the catal og and/or software downl oading functions in
essent i al |[$1} heAsumadbereipetefos snstl as pormpgeraripmghine fiteadatils madised refant any
illustrated herein. 28 [81] As used herein, terns such as conputer or

machi ne " reatiabltiet padcipates reproviding isvtyctisiedd bprdcBabr Ppakkdcatipat fkhian
providing instructions to a processor for execution. Such a nedium my take

many f or Memediig niitig Matly ks, Imdmcﬁ@gim&got Afed/e! I%rwcﬂatn@ﬁieam vah@ti I e
medi a, and transm ssion rmedia. Non-volatile nedia include, for exanpl e,

optical or eﬂ?%ﬂ&irh‘fsnﬁbs?&?mecﬁh'cﬂoﬁ%ﬁﬂ% Rddid ﬁ?]uﬁ{; %15‘8&31 gt?cﬁal b any

corrputer(slgl oﬁeratl ng as erver sed above
Vol atil e nedi a.incl ude such as na

Somout er TRt ASkpRn R AR b oSt deRtaln Ay et SRl esig e

copper wire and fiber optics, including the wires that conprise a bus within
a conput erseréyRipdprmsciscupser abpys Waéﬂ%wpé@anﬁéidp@n@dﬁem%mewhés maiom of
el ectric or el ectromagnetic nals, or acoustic or light waves such as
t hose gendnemerd of sidhrigcompaiies pfatfgqneﬁhxﬁlqamnsmmmm médiainglird¢ pyxial gatdes,
comuni cati ons. Common fornms of conputer-readable nedia therefore

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
PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting such a carrier wave, or any other
medium from which a computer can read programming code and/or data. Many of these
forms of computer readable media may be involved in carrying one or more sequences of one
or more instructions to a processor for execution.

[82] 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



include, for exanple: a floppy disk, a flexible disk, hard disk, nmagnetic
tape, any other nagnetic nedium a CD-ROM DVD, any other optical nmedi um

| ess comonly used nmedia such as punch cards, paper tape, any other

physical nediumw th patterns of holes, a RAM a PROM and EPROM a

FLASH EPROM any ot her nenory chip or cartridge, a carrier wave

transporting data or instructions, cables or links transporting such a
carrier wave, or any other nmediumfrom which a conputer can read
progranmm ng code and/or data. Many of these forns of conputer readable
medi a may be involved in carrying one o29nore sequences of one or nore
instructions to a processor for execution. [82] Although the present

i nvent i on thiea byeety ddiadtatibedhasdpé bf ths preadnt thvientiahetiednd limitéd ordy bptheaernsl ear | y
understood that the sanme is by way of illustration and exanple only and is
not to be of%he dppkprdRlaimay of limtation, the scope of the present invention
being limted only by the terns of the appended clainms. 30 Wat is d ained
Is: 1. A nethod of deconposing a target pattern having features to be i maged
on a substrate so as to allow said features to be imaged in a

mul ti - exposure process, said nethod conprising the steps of. (a) segnenting
a plurality of said features into a plurality of polygons; (b) determ ning
the image | og slope (ILS) value for each of said plurality of polygons; (c)
determ ning the polygon having the mnimum I LS value, and defining a nmask
cont ai ni ng sai d pol ygon;



(d) convolving said mask defined in step (c) wth an eigen function of a
transm ssion cross coefficient so as to-generate a first interference nap,
said transm ssion cross coefficient defining an illumnation system and
(e) assigning a phase to said polygons based on the value of the first
interference map at a |location respectively corresponding to said pol ygons,
sai d phase defining which exposure in said nulti-exposure process said

pol ygons are assigned. 2. The nmethod of deconposing a target pattern
according to claim1, further conprising the steps of: (f) selecting

anot her pol ygon, and defining a mask coﬁgaining sai d polygon; (Q)

convol ving said nmask defined in step (f) with said eigen function of said

t ransm ssiWhatds CsmedbBf fi ci ent so as to generate a second interference nap;
(h) generate a total interference map by conbining said first interference

map and said Secop@ihodlbeaéRnpasiag ARRpetPpaders havihh feaBF¥&d BHeMagedpase to said
pol ygons based on the value of the total interference map at a | ocation

respectiv i . i : i LN i.ah
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exposure in said multi-exposure process said are assigned; wherein
sai d StEDSoﬁﬁQi?1Qﬂ95t g%frepeated until all polygons have been processed. 3.
The nmethod 0 a%gonpo 'ng a target pattern according to claim?2, wherein

pol ygon havi ng Eheenpgmepb tPaliderae 1o 8Bt Co YRS next ol ygon
for processing. 4. The nmethod of deconposing a target pattern according to
claim 2, wher ei(h degraining the image log slope (ILS) value for each of said plurality of polygons;
(c) determining the polygon having the minimum ILS value, and defining a mask
containing said polygon;
(d) convolving said mask defined in step (c) with an eigen function of a transmission
cross coefficient so as to generate a first interference map, said transmission cross coefficient
defining an illumination system; and
(e) assigning a phase to said polygons based on the value of the first interference map
at a location respectively corresponding to said polygons, said phase defining which
exposure in said multi-exposure process said polygons are assigned.
2. The method of decomposing a target pattern according to claim 1, further
comprising the steps of:
() selecting another polygon, and defining a mask containing said polygon;
(g) convolving said mask defined in step (f) with said eigen function of said
transmission cross coefficient so as to generate a second interference map;

(h) generate a total interference map by combining said first interference map and

said second interference map; and



pol ygons are assigned either a first phase or a second phase, said pol ygons
assigned said first phase are to be inaged in a first exposure process and
sai d pol ygons assigned said second phase are to be inmaged in a second
exposure process. 5. The nethod of deconposing a target pattern according to
claim4, wherein each polygon having a positive value in the correspondi ng
| ocation of the total interference map is assigned said first phase, and
each pol ygon having a negative value in the corresponding |ocation of the
total interference map i s assigned said second phase. 6. The net hod of
deconposing a target pattern according 84 claim2, wherein a single feature
contained in said target pattern can be deconposed into nultiple segnents
whi ch are assi(gnasdigaing faghasetto ghid pely gamschasdd @tthavalue of the totaldigederencadindlf er ent
exposure processes. 7. A conputer program product for controlling a conputer
conpri si nata lécation spagtivety donuespomiiaiatl saidpoliigogs, caidphaerdefifibgvehi¢tecor ded on
the recording nediumfor directing the conputer to deconpose a target

pattern hahbgird BahidBdtit@pbird FRERH A palyssHistd AkRnsp as to 32 allow said
features to be imaged in a multi-exposure process, the process conprising

Lo o£Leps o1, RLRSAISALL 9. B B R bl SRR bR Ul T
SRR R o E TR N R e e )
oot 11 ci erfOmp e g Bk apesn ST ot BhHisReHE Eapl Ean g AR GIHFES on
cross coefficient

cost function is selected as the next polygon for processing.

4. The method of decomposing a target pattern according to claim 2, wherein said
polygons are assigned either a first phase or a second 'phase, said polygons assigned said first
phase are to be imaged in a first exposure process and said polygons assigned said second
phase are to be imaged in a second exposure process.

5. The method of decomposing a target pattern according to claim 4, wherein each
polygon having a positive value in the corresponding location of the total interference map is
assigned said first phase, and each polygon having a negative value in the corresponding
location of the total interference map is assigned said second phase.

6. The method of decomposing a target pattern according to claim 2, wherein a single
feature contained in said target pattern can be decomposed into multiple segments which are
assigned different phases and which are to be imaged in different exposure processes.

7. A computer program product for controlling a computer comprising a recording

medium readable by the computer, means recorded on the recording medium for directing the

computer to decompose a target pattern having features to be imaged on a substrate so as to



defining an illum nation system and (e) assigning a phase to said pol ygons
based on the value of the first interference map at a location respectively
correspondi ng to said pol ygons, said phase defining which exposure in said
mul ti - exposure process said polygons are assigned. 8. The conputer program
product of claim 7, wherein said process further conprising the steps of:
(f) selecting another polygon, and defining a mask containing said pol ygon;
(g) convolving said nask defined in step (f) with said eigen function of
"said transm ssion cross coefficient so as to generate a second interference
map; (h) generate a total interference A3p by combining said first
interference map and said second interference map; and (i) assigning a
phase to sdiow spol fpgures thlxsiprgedint dmwuliadxpesund piohessithe processtcompasiegte map  at

a location respectively corresponding to said pol ygons, said phase defining
which expbgyo€ in said nulti-exposure process said pol ygons are assigned,
33 wherein said steps (f) - (i) are repeated until all polygons have been

processed. 9. gﬂem;gearplwaﬁqr@@marf@ﬂw in®f a Shuddli®y & poMihei n step (f)
conpri ses ranklng pol'ygons utilizing a cost function, and the pol ygon

having the hi grtﬁ%et&'ﬁ%m%ﬂﬁq}n @10?%1&3@ f!llsgﬁ{/zﬁge ﬁﬁ e{i&eofrsgf&tp V\Al%glllté?)(gﬂolggtgps,

processing. 10 e conputer ct of claim
ned her rst ase. or ond sai d pol ygons
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sai d pol ygons, assi g sai d second phase are to be
P ygcontamallng sax(P pcﬂygon; P

(d) convolving said mask defined in step (c) with an eigen function of a transmission
cross coefficient so as to generate a first interference map, said transmission cross coefficient
defining an illumination system; and

(e) assigning a phase to said polygons based on the value of the first interference map
at a location respectively corresponding to said polygons, said phase defining which
exposure in said multi-exposure process said polygons are assigned.

8. The computer program product of claim 7, wherein said process further
comprising the steps of:

() selecting another polygon, and defining a mask containing said polygon;

(2) convolving said mask defined in step (f) with said eigen function of said
transmission cross coefficient so as to generate a second interference map;

(h) generate a total interference map by combining said first interference map and
said second interference map; and

(i) assigning a phase to said polygons based on the value of the total interference map
at a location respectively corresponding to said polygons, said phase defining which

exposure in said multi-exposure process said polygons are assigned;



imged in a second exposure process. 11. The conputer program product of
claim 10, wherein each polygon having a positive value in the correspondi ng
| ocation of the total interference nmap is assigned said first phase, and
each pol ygon having a negative value in the corresponding | ocation of the
total interference map i s assigned said second phase. 12. The conputer
program product of claim8, wherein a single feature contained in said
target pattern can be deconposed into multiple segnents which are assigned
different phases and which are to be inaged in different exposure
processes. 13. A device manufacturing method conprising the steps of: (a)
providing a substrate that is at |east partially covered by a |ayer of

radi ati on- sensvharéia spigsteps 6 — () Bie ippegiadaintibalhpglygine beyebeeh graeeestd.r adi at i on
using an inmagi ng system (c) using a pattern on a mask to endow t he

proj ecti on bear.wWheromputer peygnam pradust of clhags 8, whatineep (Bdcon({pdipesaadyiegtheng t he
patterned beam of radiation onto a target portion of the |ayer of

radi at i on- pelpgdnk uiBziARh €6dt Rinctivh @né the, polyos heving th higlbitbosPikiction i§ or med by a
met hod conprising the steps of: (e) segnenting a plurality of said features

into a pl ugddcidayas @fe &Q{]y(g%bﬁl;foﬁf,r})c‘%gﬁgr m ning the image | og slope (ILS)

val ue for each of said plurality of polygons; (g) determ ning the polygon
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either a first phase or a second phase, said polygons assigned said first phase are to be
imaged in a first exposure process and said polygons assigned said second phase are to be
imaged in a second exposure process.

11. The computer program product of claim 10, wherein each polygon having a
positive value in the corresponding location of the total interference map is assigned said first
phase, and each polygon having a negative value in the corresponding location of the total
interference map is assigned said second phase.

12. The computer program product of claim 8, wherein a single feature contained in
said target pattern can be decomposed into multiple segments which are assigned different
phases and which are to be imaged in different exposure processes.

13. A device manufacturing method comprising the steps of:

(a) providing a subsirate that is at least partially covered by a layer of radiation-
sensitive material;

(b) providing a projection beam of radiation using an imaging system;

(c) using a pattern on a mask to endow the projection beam with a pattern in its cross-

section;



(h) convolving said nmask defined in step (g) with an eigen function of a
transm ssion cross coefficient so as to generate a first interference nmap,
said transm ssion cross coefficient defining an illumnation system and
(i) assigning a phase to said pol ygons based on the value of the first
interference map at a |location respectively corresponding to said pol ygons,
sai d phase defining which exposure in said nulti-exposure process said

pol ygons are assigned. 14. A nethod of deconposing a target pattern having
features to be imaged on a substrate so as to allow said features to be
imaged in a nulti-exposure process, sai# nmethod conprising the steps of:
(a) segnenting a plurality of said features into a plurality of polygons;
and (b) assi gn{d)graeqingsiee mattemod beant of diatdopotty gamgetpmsiiuh aMhd hagerwdl ue of an
interference map at a | ocation respectively corresponding to said pol ygons,
sai d phaseadidiiog@biditivdahatediilg Wwhi ch exposure in said nulti-exposure process
sai d pol ygons are assigned. 35 15. The nethod of claim 14, wherein said

interference Moot BERAG &, %gdwasg@g%ﬁhyd $i% fioltR %o&gnglﬁgﬁ@ts;epgoﬁai d

pol ygons with an el gen fu ctlon of a transm ssion cr coefficient, said

transn155|on c §§%%&%%Pé ?P&ﬁt sm@hﬁ fgq b%%)m? ggohg stem 16. A nmet hod
&

of deconposi ng avi n % on a substrate
so as to aIIow |dfeat res to, be. i mul ti-ex ess, said
met hod conpri ﬁe‘ir’?iglngtt mage logslgp ?ﬂ%ﬁa e&"}b?{ﬁaﬂo Iﬁ lﬁ‘f‘g){ﬁf@m@eat ur es
into a pIurallgé pol ygons; and (b) a55|gn|n a phase or color to said

pol ygons based( ﬁe@ﬁ@nrr@stm polﬁgordwmg\xb? BHEHMILS value, and defining a mask

containing said polygon;

(h) convolving said mask defined in step (g) with an eigen function of a transmission
cross coefficient so as to generate a first interference map, said transmission cross coefficient
defining an illumination system; and

(1) assigning a phase to said polygons based on the value of the first interference map
at a location respectively corresponding to said polygons, said phase defining which
exposure in said multi-exposure process said polygons are assigned.

14. A method of decomposing a target pattern having features to be imaged on a
substrate so as to allow said features to be imaged in a multi-exposure process, said method
comprising the steps of:

(a) segmenting a plurality of said features into a plurality of polygons; and

(b) assigning a phase or color to said polygons based on the value of an interference
map at a location respectively corresponding to said polygons, said phase or color defining

which exposure in said multi-exposure process said polygons are assigned.



a mask representing said polygons with an eigen function of a transm ssion
cross coefficient, said transm ssion cross coefficient defining an
illumnation system 17. A nmask formed utilizing the nmethod of claiml1l. 18.
A mask fornmed utilizing the nethod of claim14. 19. A mask forned utilizing
the nethod of claim16. 20. A nethod of inmaging a wafer conprising the steps
of: (a) segnenting a plurality of features to be imaged into a plurality of
pol ygons; and (b) assigning a phase or color to said polygons based on the
value of an interference map at a |ocation respectively corresponding to
sai d pol ygons, said phase or col or defiﬁ?ng whi ch exposure in a

mul ti-exposure process said polygons are assigned. 21. The nethod of claim
20, wherei n saild. iThe eethodef clhimdp, whereje said anterderence naapriv generated by mask
representing said polygons with an eigen function of a transm ssion cross
coef fi ci endonvaleing atmaak sepressnting saidgsdygoaevith an eigen fedction ofja timsididsion chaki on
system 22. A nethod of inmaging a wafer conprising the steps of: 36 (a)

segment i NGoafiieledt, 84ill tnsHhisdiQpbreiLoetiRidAE TGS illiintatioR bysicthi ty of
pol ygons; and (b) assigning a phase or color to said polygons based on the

result of a conyolauf LBy of d&o@?ééﬁn%ﬁ&?é‘ez ?ﬁein‘i‘ﬂa\ﬁlg% %atﬂ?és%@ﬂ@ﬁnz}{geﬁ Bngn eigen

function of a transm ssion cr C ent, s transm ssi-on Cross
coefficient,definin i ]l l.ugipation system 23..A conputer. progra roduct
For cont r ovpiily & g vk et Bafifesh e Tsaed e it SmSR i Kee R PR The
conputer, neans, recorded_on the recording nediumfor directing the conputer
to decom&@@p351pﬁﬁ§§e%8f'tern havi ng features to be inmaged on a substrate so

as to
(a) segmenting a plurality of said features into a plurality of polygons; and

(b) assigning a phase or color to said polygons based on the result of a convolution of
a mask representing said polygons with an eigen function of a transmission cross coefficient,
said transmission cross coefficient defining an illumination system.

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

18. A mask formed utilizing the method of claim 14.

19. A mask formed utilizing the method of claim 16.

20. A method of imaging a wafer comprising the steps of:

(a) segmenting a plurality of features to be imaged into a plurality of polygons; and

(b) assigning a phase or color to said polygons based on the value of an intetference
map at a location respectively corresponding to said polygons, said phase or color defining
which exposure in a multi-exposure process said polygons are assigned.

21. The method of claim 20, wherein said interference map is generated by
convolving a mask representing said polygons with an eigen function of a transmission cross
coefficient, said transmission cross coefficient defining an illumination system.

22. A method of imaging a wafer comprising the steps of:



allow said features to be inmaged in a nmulti-exposure process, the process
conprising the steps of: (a) segnenting a plurality of said features into a
plurality of polygons; and (b) assigning a phase or color to said polygons
based on the value of an interference nmap at a |ocation respectively :
correspondi ng to said pol ygons, said phase or color defining which exposure
in said nmulti-exposure process said polygons are assigned. 24. The conputer
program product of claim 23, wherein said interference map is generated by
convol ving a mask representing said polygons with an eigen function of a
transm ssion cross coefficient, said trégsnission cross coefficient defining
an illumnation system 25. A conput er program product for controlling a
conput er conpr i(s) sagmentimgagylaiality of fetirantorbedniagddantoya flivaligoofipotygons; améns
recorded on the recording nmediumfor directing the conputer to deconpose a

target pattern (Bpasigfing @phikeas cblor ResaldREGnOPased Skl Bt re@littofaQoFollitton ofl | ow
said features to be imaged in a nulti-exposure process, the process
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into a plurality of ygons®~and (b) assigning a phase or color to said

pol ygons bs%'aﬁi’an%ls&ﬁﬁ cxfoﬁ?k‘de ﬁ&ém%Fﬁl?H%’ o HfuhﬁHatBB syfte Jask representing said
pol ygons w sm SSI on“cross coefficient, said

transm ssi on cr%s coeffl ci ent defd p i um nation s
A computer program product fof co tro 11ng a computer comzrlsmg a recording

| medium readable by the computer, means recorded on the recording medium for directing the
computer to decompose a target pattern having features to be imaged on a substrate so as to
allow said features to be imaged in a multi-exposure process, the process comprising the
steps of:

(a) segmenting a plurality of said features into a plurality of polygons; and

(b) assigning a phase or color to said polygons based on the value of an interference
map at a location respectively corresponding to said polygons, said phase or color defining
which exposure in said multi-exposure process said polygons are assigned.

24. The computer program product of claim 23, wherein said interference map is
generated by convolving a mask representing said polygons with an eigen function of a
transmission cross coefficient, said transmission cross coefficient defining an illumination
system.

25. A computer program product for controlling a computer comprising a recording
medium readable by the computer, means recorded on the recording medium for directing the
.computer to decompose a target pattern having features to be imaged on a substrate so as to
allow said features to be imaged in a multi-exposure process, the process comprising the

steps of:



37
(a) segmenting a plurality of said features into a plurality of polygons; and
(b) assigning a phase or color to said polygons based on the result of a convolution of
a mask representing said polygons with an eigen function of a transmission cross coefficient,

said transmission cross coefficient defining an illumination system.



