METHOD AND APPARATUS FOR PERFORM NG MODEL- BASED OPC FOR PATTERN DECOVPOSED
FEATURES Rel ated Applications [0001] This application clains priority from
US Provi sional Application No. 60/844,074 on Septenber 13, 2006, which is

i ncorporated herein by reference. Field of the Invention [0002] This

di sclosure relates generally to performng optical proximty (OPC
correction to a nmask design, and nore partlcul arly, it relates to a nethod
of performing OPC to a nmask design whi ch!has been deconposed into nultiple
patterns, and which will be inmaged utilizing a multiple exposure process
(also referred to as doubl e-patterning (DPT)). Background [0003]

Li t hogr aphi ¢ apparatus can be used, for exanple, in the manufacture of
integrated circuits (1Cs). In such a case, the mask nay contain a circuit
pattern corresponding to an individual |ayer of the IC, and this pattern
can be imaged onto a target NHETHOD ANDAPPARAPUSHOR one or nore dies) on
a substrate (silicon waf ePEWNGMﬁBELOBASEDIDPEPORaYGr of

radi ation-sensitive materi BATFERNDECOMPOSED REATURESY! € wafer will
contain a whole network of adjacent target portions that are successively

irradiated via the projection system one at a tine. In one type of
| it hographi c projection apparatus, each target portion is 2 irradiated by
exposing the entire mask pattern onto the target portion in one go; such an

appar at us Raatedmyoypiicutiésy erred to as a wafer stepper. In an alternative
apparatus, comonly
[0001]  This application claims priority from US Provisional Application No. 60/844,074

on Septernber 13, 2006, which is incorporated herein by reference.

Field of the Invention

[0002]  This disclosure relates generally to performing optical proximity (OPC)
correction to a mask design, and more particularly, it relates to a method of performing OPC
to & mask design which has been decomposed into multiple patterns, and which will be

imaged utilizing a multiple exposure process (also referred to as double-patterning (DPT)).

Background

[0003] Lithographic apparatus can be used, for example, in the manufacture of integrated
circuits (ICs). In such a case, the mask may contain a circujt pattern corresponding to an
individual layer of the IC, and this pattem can be imaged onto a target portion (¢.g.,
comprising one or more dies) on a substrate (silicon water) 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 atime. In ene type of lithographic projection apparatus, each target portion is



referred to as a step-and-scan apparatus, each target portion is irradiated
by progressively scanning the nmask pattern under the projection beamin a
given reference direction (the "scanning" direction) while synchronously
scanning the substrate table parallel or anti-parallel to this direction.
Since, in general, the projection systemw || have a magnification factor
M (generally < 1), the speed V at which the substrate table is scanned

will be a factor Mtines that at which tte mask table is scanned. Mre
information with regard to |ithographic devices as described herein can be
gl eaned, fiphauampl&podif@he\dtiretnfdkGatd ontaRRREEIREoNR Gebdb¥udheher ence.

[0004] In a nmanufacturing process using a |ithographic projection

appar at us, apPulB3 ES %Ogg%gﬁwefeﬁe@ BAEHRRE Gre et YRS Q{e?néti[@tapg%a b, égﬁglt%ggly

partially vere er o radi at1 on-sensitive nater

Prior to this imagi nqg ste t he supstra nder qo_..various pr dur es,
such as. priFRHY e FHATEr LR GPaAR o Cb PRt onas Pt b HRoslsREY
substrate may be subjected to _other procedures, such as a post-exposure
bake (PEB)scanniet/E st petters vrdsrdh Bl cHAR DAEm §LP BYYEREY Fﬁ’?é‘fo%&ﬁ%‘ﬁn ztgct he

i mged features. This array of procedures is used as a basis to pattern an
i ndi vi dual"staaying" directicop whde syrehgonously st:Onirgubh sebstrpgttelde pedliclayrer may t hen
undergo vari ous processes such as etching, ion-inplantation (doping),

met al | i zatantifparadiel dathis@ivectdre Bines; ehagonieed] thp ptdjahiongystehovill lavé ai nt ended to
finish off an individual layer. If several layers are required, then the

whol e pro [fRoatiOf fRIFM i(SdHerallyRerete, sp¥dd V ahauBhithe BhstreResiled dameaach
new | ayer, Eventually, an array of devices will be present on the o

substrat ev&imfc%ffacmﬁoﬁ%ﬁe&%xéaq%ﬁﬁa{ﬁagggg APRGEh daf MR QOS-ARRMLAGR by a 3

t echni que such as dicing or saw ng, i vi dual devices can be

mount ed Or}egaard to lithographic devices as described herein can be gleaned, for example, from US

6,046,792, incorporated herein by reference.

[0004] In a manufacturing process using a lithographic projection apparatus, a mask
pattern is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substratc 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. Sucha
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



carrier, connected to pins, etc. [0005] For the sake of sinplicity, the
projection systemmay hereinafter be referred to as the "lens;" however,
this termshould be broadly interpreted as enconpassi ng various types of
proj ection systens, including refractive optics, reflective optics, and
catadioptric systenms, for exanple. The radiation system may al so include
conponents operating according to any of these design types for directing,
shaping or controlling the projection beatn of radiation, and such
conponents may al so be referred to below, collectively or singularly, as a

"lens.”  Ftechiigns sdches Hicinogrsapiig; vapR@sthé 1l vIBYal Bviets @ntoiREodR 619? two or
nore substrate tables (and/or two or nore mask tables). 'In such "nultiple

stage" devigager, thmeaddid ppRadict abl es may be used in parallel, or
preparatory steps nay be carried out on one or nore tables while one or

o i noe usad : T Lith hi
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apparatus are

by refere w11 0006]  Th ot ol t hographic.masks referred to above conprise
geonetric n%gt %e[elg’n g"%‘é"'ﬁﬁ@@%’i&’a Fl?ﬂj’kfge ?‘ﬁ@éléf iRtERRY ?‘eé BhPABIPRIS IRV GO US types

i ntegrated font.o a silicon wafer. The patterns wused to create such nmasks
are gener B EIOGET SYPREpscasludvgrplingive aptesd reflssiiynyptiss.ogdaatdiopt ystermcess
of ten bei nfg referred to as EDA (el ectronic design automation). Mst CAD
prograns fi6F FewmRie.sEhe wiiafoe detien mayedsodesigncompesnismpefateg at@rding s gy
functional masks. These rules are set by processing and design

li mitati ord thdSedesgatyptefor disitin, shiphy debhtedling BR $YBRESo Waff @f’lﬁ@ia{?&l ween
circuit devices (such as gates, capacitors, etc.) or I nterconnect i nes, -
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referred tQras, ?lﬁrfitﬁdggéﬂhiéjéﬂﬁpﬂwoﬁﬁ; béofa 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, incorporated herein by reference.
[0006]  The photolithographic masks referred to above comprise geometric pattemns
corresponding to the cireuit components (o 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 antomation). Most CAD
programs follow a set of predetermined design rules in order (o create functional masks.
These rules are set by processing and design limitations. For example, design rules define
the space tolerance between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, 5o as to ensure that the circuit devices or lines do not interact with one another in an

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



(CD). Acritical dinension of a circuit can be defined as the small est
wdth of a line or hole or the snallest space between two lines or two

hol es, Thus, the CD determ nes the overall size and density of the
designed circuit, [0007] O course, one of the goals in integrated circuit
fabrication is to faithfully reproduce the original circuit design on the
wafer (via the mask). One technique, which is currently receiving
attention is doubl e-patterning or DPT. Generally speaking, double
patterning is an exposure nethod that involves splitting (i.e., dividing or

separ at i ng)-IA. deeriiéval dirrension opatitrevincdnteQicingd €M%k Rest VEHB-FSTSE or hole
patterns. The sinplified patterns are then printed separately on a target

f ti ldrzhagnallsst Ly e t I; il t
waf er ut i ldrzhagnalise: pepebakeer®RKmel WEFERARE Biyst e ndgﬁé‘f?fé*"%ﬁ’% wasd to

i mage one of the | ess-dense patterns, and the other

i mage the spd-had dbesS- f@%igg@&%ﬁélﬁtS). Further, the second pattern is
printed in between fhe [ine"s of thé first pattern such that the inmaged

waf er has,rod ex ure pitch which is half that found on either
of the tvd 00 O PhEss, Bug SFHE BSuF L Elhelrd Crlisnriqaden ottty of  he
| i t hogr aph rocess, .inproving.the achi evabl e resol uti on and enabling the
printing B%IPF?@FE?%‘P%’F%H&%E%%H %@ﬁ Wadll (Miaghhaiest)s ©igdeghmdmichivbich [0008]
However, while it possible to determ ne how to separate a target pattern
into two CWEPRIVAPEIYRE RESNtins inspibi-pastiriiog ohBP Th&lcnwrallytspedan] dORTe
treatnments of the respective masks is often insufficient to obtain

accept abl BAHANRGE Fprpepbairerareded tdtiisvdleesdphitting (PaJ dividing BiesepSbfiRNG&Iense
proximty effects that occur when inmagi ng features having increasi nglny
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pattern esdphatdy f9a lﬂﬁ@é@%f&%ﬂ&ﬂfgstw%rsepalrﬁt@%ﬂk?%ere one of the masks s utilized
to image one of the less-dense patterns, and the other mask is utilized to itmage the other less-
dense pattemns). Further, the second pattern is printed in between the lines of the first pattern
such that the imaged wafer has, for example, a feature pitch which is half that found on either
of the two masks. This technique effectively lowers the complexity of the lithography
process, improving the achievable resolution and enabling the printing of far smaller features
than would otherwise be possible.
[0008]  However, while it possible to determine how to separate a target pattern into two
separate masks, as explained further below, standard OPC treatments of the respective masks
1s often insufficient to obtain acceptable imaging performance. This is due in part to the
stronger proximity effects that occur when imaging features having increasingly smaller

CDs, such as for example, in the 32 nm mode. Indeed, standard OPC treatments to the

individual masks will often result in the final imaged pattern exhibiting broken contours or

line breaks,



[ 0009] Accordingly, it is an object of the present invention to provide a
met hod and apparatus for applying OPC to a nmask design which has been
deconposed into nultiple patterns/masks in a doubl e-patterning process,
whi ch overcones the aforenentioned problens. Summary [0010] In view of
the foregoing it is an object of the present invention to provide an

i mproved process for perform ng deconposition of a target pattern to be
utilized in a double- patterning process,? which provides for inproved
imaging results. [0011] More specifically, the present invention relates to
a met hod fl8P0%Uecorsemsiiingla it is an gbjectoifithapespainiventiorcoiraiig Bendigatages to
be imaged into multiple patterns. The process includes the steps of
separ at i ngpphmtisdat applsng 0P prhaskeidsipR which Hak bdn @&Bﬁﬁ%&d@% Iﬁulﬁﬁf}@nd
pattern; performng a first optical proximty correction process on the
first pattpatemendskdie 2 KRR i ' i.Di i i.ng performance
of the fig?t pattern and thggggggﬁ%éﬁBg%$%®ﬁgbggggpﬁ?%?%gggn%FE?Téerror
bet ween t hgyfibfist pattern and the imaging performance of the first
pattern, and a second error between the second pattern and the inmaging
performance of said second pattern; utilizing the first error to adjust
the first pattern to generate a nodified first pattern; utilizing the
second error to adjust the second pattern to generate a nodified second

pattern; gnd appl ying a second optical proximty correction process to the
nodi fi ed —EA%—‘{&pattern and the nodified second pattern. [0012) The process

of present_invention al|ows for the deconposition of a given target
pattern i boa Bl plce @lethe &msoingitiictn objent of trageesenninaentitst o Pr&vide an
illum nation process, such as 6
improved process for performing decomposition of a target pattern to be utilized in a double-
patterning process, which provides for improved imaging results.
[0011]  More specifically, the present invention relates to a method for decomposing a
target circuit pattern containing features to be imaged into multiple patterns. The process
includes the steps of separating the features to be printed into a first pattern and a second
pattern; performing a first optical proximity correction process on the first pattern and the
seconid pattern; determining an imaging performance of the first pattern and the second
pattern; determining a first error between the first pattern and the imaging performance of the
first pattern, and a second error between the second pattern and the imaging performance of
said second pattern; utilizing the first extor to adjust the first pattern to generate a modificd
first pattern; utilizing the second error to adjust the second pattern to generate a modified
second pattern; and applying a second optical proximity correction process to the modified
first pattern and the modified second pattern.

[0012]  The process of present invention allows for the decomposition of a given target

pattern into multiple patterns, which when imaged in a multiple illumination process, such as



doubl e-patterning, accurately reproduce the desired target pattern within
acceptable error criteria. Inportantly, the foregoing process elimnates
the broken lines and di sconnects occurring in the stitching areas between
t he deconposed patterns. [0013] Although specific reference may be nade 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 exanple, it nmay be enplfoyed in the manufacture of
integrated_ optical systens, guidance and detection patterns for magnetic
domai n rreniﬁubgespattemiqgu adewntebt mprodisphayegpadehget faeAr WithMBBGRAd Grdieads,

etc. The skilled artisan will appreciate that, in the context of such

al t er nat i veitenp| Ingatiaothy thaddyedosr 1hedshelih BRI the Bhic q A * or “die"
in this text should be consi dergﬁ as being repl ac%%ij %ﬁ%ﬁe&m&@?%gégﬁ%r al
terms " masdeclrring W eHe Bt Hindiiths tefl @R Ised JGeRgCt i vel y. [0014] The

i nvention itsel g t oget her}f’a%/}\,i tsh f\ﬁrttﬁ%ﬁ%’@%&g}m@@?? I"czaa’(r:g%‘l%é’tdvant ages, can be

tail ed description and

better u t oo : o.the follgwing.de
the acco rr;r)[ gﬁ{;ﬁ ng Q_g ?gﬁhﬁg g&%gg‘?fg’%’]%@ﬂ L‘f)ﬂaa‘ﬁ ”bg‘lst et tylBgwmssgs o tsttiopiigs .
| and 2 il n anpl.e of a pattern deconposition process. [0016]
Fig. 3is ﬂzl‘aéj’é%"é%%&‘é% ﬁ@%ﬁ%@eﬁ "-‘ﬁ%g‘aﬂwwéﬁﬁwgﬂcﬁﬁtheﬁevm@i@mhas mgny nthge of
the double gﬁgos%re,process shown in Figs. 1 and 2. [0017] Fig. 4

i 11 ust r at @85EXEAPR EaUPRsy dicarrnenit mayibe emppaed ér theeatuficaire afihrasd i t
into separate features. [0018] Fig, 5 illustrates the application of OPC
t echni que8Piw! s¥iteras gvidenecdpiater Bompatexanor maghaiilonthin SRHokict," of Fig. 4,

liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “reticle,”
“wafer” or “die” in this text should be considered as being replaced by the more general
terms “mask,” “substrate” and “target portion,” respectively.

[0014]  The invention itself, together with further objects and advantages, can be better
understood by reference to the following detailed deseription and the accompanying

drawings.

Brief Description of the Drawings

[0015] Figs. 1 and 2 illustrate an example of g pattern decomposition process.

[0016] Fig. 3 is a graph of the average image intensity of the resulting image of the
dauble exposure process shown in Figs. 1 and 2.

[0017] Fig. 4 illustrates examples regarding how a given pattern feature can be split into
separate features.

[0018]  Fig, 5 illustrates the application of OPC techniques to the decomposed pattern

example shown in “Split 1” of Fig, 4.



7 [0019] Fig. 6 illustrates an exenplary flowhart illustrating the process
of deconposing a target pattern into nultiple patterns and applying OPC
treatments to the deconposed patterns in accordance with the present
invention. [0020] Figs. 7-11 illustrate exanples of the process set forth
in the flowhart of Fig. 6. [00211 Fig. 12 is an exenplary bl ock di agram
illustrating a conputer systemwhich can_inplenment a process of obtaining
optim zed short-range flare nodel paranmet/ers according to an enbodi ment of
the present inventjion. [0022] Fig. 13 schematically depicts an exenplary

li t hogr apHP&IHr oj Bigk b dlivistiptsaiem exenplatyi fleenihert fibustiating tictplo@sy@iSdeco@pbaned
with the aid of an enbodi ment of the present invention. Detailed

Descri pt i dargftGResn ifto multiptegattent and hplpibp TES tdatRLRGM t}ﬁfde@&{?}éc%@eﬁg e
treatments to mask patterns resulting fromthe deconposition a ?arget

pattern i i accoRncaivith BhepreRekinRatdds ns for use in a doubl e-patterning
process. Prior to discussing the OPC process of the present invention, a
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techni ques are known for separa (al's
target pa FP 1R separate patterns, which are then utilized as the
basis to %O‘r?tlarat e’ V\I/tozmggﬂﬁg?‘ﬁfléw QicdiagAl idustrating promPpREST systen which ainas

the colorin Iir}e met hod (CLN). Figs, 1-3 illustrate an exenplary process
of the cof%‘gfxﬁﬁn |3 Riacqse pholainpagrantin iz shertrarge flare modak presmetpatacesrdinkQoi s
first colored, for exanple, based on pitch to identify which features wll
be assi gHeambslimee ofdheprasent invehon. | n t he gi ven exanpl e, the short

features 12 are assigned to a first nmask 16 and the long features 14 are

assi gned 10824 se&imdImelsmdatBallpsepitwwmexdnifary lithographic projection apparatus

suitable for use with a mask designed with the aid of an embodiment of the present invention.

Detailed Description

(0023]  This disclosure illustrates a method of applying OFC treatments to mask patterns
resulting from the decomposition of a target pattern into the multiple mask patterns for use in
a double-patterning process. Prior to discussing the OPC process of the present invention, a
brief overview of the decomposition process is provided.

[0024]  Various techniques are known for separating (also referred to as coloring) the
target pattern into two separate patterns, which are then utilized as the basis to generate two
separate masks. One such method is referred to as the coloring line method (CLN). Figs, 1-3
illustrate an exemplary process of the coloring line method. Referring to Fig, 1, a target
pattern 10 is first colored, for example, based on pitch to identify which features will be
assigned to the separate masks, In the given example, the short features 12 are assigned to a
first mask 16 and the long features 14 are assigned to a second mask 18, As shown, the

resulting pitch between features in the resulting masks is twice the pitch between the features



resulting pitch between features in the resulting masks is twice the pitch
between the features 8 in the original target mask, which thereby all ows
for proper imaging of the features. After the target pattern is deconposed
into separate masks/patterns, OPC can be applied to the individual masks
20, 22 as shown in Fig, 1. [0025] Once the OPC treatnent is applied, the
wafer is subjected to two exposures, first wutilizing the first mask 20 and
then utilizing the second mask 22 (howeveér, the order of exposure may al so
be reversed) and then etched so as to generate the desired pattern in the

waf er as éhd\moriginaHitgget&nﬁ&keefhicheﬁ@émﬁmﬁﬁﬁﬁbeﬁﬂ)&gingﬁtﬁcﬁl%ﬂﬂu}ésngiﬁé?’age
represents an "OR' conbination of the first and second exposure processes.

Ref er ri ng thotabpeg patdern iid déc&m@@ﬁe@dnt_otsgﬁéra@fnﬁa%{c?/geflﬁl;ﬁ? F)?j{@caﬁ?:%%gg?fq tEBrtﬁész €ss

t he average intensity nodul ation is substan

further ”Qﬁcﬁdidh’a"l%ﬁkﬁ%ezzaés%hxﬂlii.?}_i%-lﬁ“‘«‘t hods and techni ques for deconposing
or splitting a target pattern into mil'tiple patterns. First, there are both

rul e- base no, - chni.ques. f.or per.farm ng the deconposition
process. goeco d, ?ﬁéeer%lgaﬁea %%aglgcmﬁﬁﬁ@i&ﬁsﬁ%ﬁfﬂiﬂﬂ"ﬁgsqb&“%f%’i?ﬁi’fP@UﬁﬁeﬁrS’f
deconposi tj.on procgss fqr iven pattern. Fig. 4 illustrates a nunber of
di fferent uhﬁaﬁ% |t%°sgﬁsg’&aﬁﬁ?@@gdtfﬁ@1 Weepbs iS@qoesg negsk 20 éheswever, gl ordemof
Referring torig. 4, "Split 1" illustrates the H shaped feature having

hor i zont aPXBASHESTa) alsy Be rayelsed) and slampoded sbas thgenemnd i defirddnRtverih gl
line 45. "Split 2" illustrates the H shaped feature being deconposed at
the poi nt ay ehrawrci Fifi heed sefemntagfieraN®)i MhekeilfR iBhge ROFdZRRLA! | i ne
43. "Split 3" illustrates the H shaped feature bei ng deconposed at the
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t echni quegat after the double exposure process the average intensity modulation is substantially flat,
[0026] It is further noted that there are various methods and techniques for decomposing
or splitting a target pattern into multiple patterns. First, there are both rule-based and mode]-
based techniques for performing the decomposition process. Second, there are also
numerous options for performing the decomposition process for a given pattern. Fig. 4
illustrates 2 number of different examples regarding the decomposition of the same pattern.
Referring to Fig. 4, “Split 1" illustrates the H-shaped feature having horizontal lines 41, 43
being decomposed in the center of the vertical line 45, “Split 2" illustrates the H-shaped
feature being decomposed at the point the vertical line 45 contacts the inner edge of
horizontal line 43. “Split 3” illustrates the H-shaped feature being decomposed at the point
the vertical line 43 contacts the outer edge of horizontal line 43,
[0027] Once the target pattern is separated info two or more patterns, OPC techniques

can be applied to the individual patterns. However, current processes apply the OPC

ireatment directly to the decomposed patterns. Fig. 5 illustrates the application of OPC



can be applied to the individual patterns. However, current processes apply
the OPC treatnent directly to the deconposed patterns. Fig. 5 illustrates
the application of OPC 9 techniques to the deconposed pattern exanpl e
shown in "Split 1" of Fig. 4. As shown, the deconposed feature,
correspondi ng to deconposed feature 41, is subjected to an OPC treatnent
(see, reference nuneral 51). It is noted that the shape of feature 41 is
nodified during the OPC treatnment. In addition, the OPC treatment may

i nclude the addition of assist features 52 (or scatter bar features) to

the mask petheguss dehet decbposdoBGatérpakedpRaLERA I &plit 37 oBFid kZ€ eqprate
a mask, which is illum nated ((?r si mul aitjed) toldi?perm' ﬁe the p@?%}?}ggl’ﬂ%

contour 1 egbip0e:d M B Bendit @Rl RlofBal i1 AORRE R Lgppg Wi th

t he foregoi ng exanpl e, sulting pri cont out rated in

Fig. 5. 1 . u s. hireated wt C pr.ior t

i magi ng, Ast{%gﬂ %s(lsf%f fé%‘gg}g%‘% %\u{ageclf; 1?2?}.,[%% 564 ﬁhé"gﬁ’(%ﬁgwgf’f?%a i f‘%&’c"lﬁlffged
exhibits horte interconnect . section. The opposing feature 43

di sposed ?dr%’? lggglé%Qfgttgeahggrg. ﬁbﬁﬂf‘ﬁ‘i“?ﬂ: %th)ﬁﬁ tisalneat B8y predile the addition of assisoPC,
al so exhi bl_j ts a Ehortened i nterconnect section. As a result, the conbi ned
resul t of FHECRE(PPICESTRAE faagupy de s snask patiems Next, itheaDPC dretted paBemniiiis h
exhibits an_ undesirable |ine break as shown in Fig. 5, and therefore does
not productiligerbtodzesiratah wask, ednich i5 fiuniinated (oratimdlatedpto detrmips Gblpeimddecones
nore significant at the 32 m node due to the stronger optical proximty

ef f ect s assopuatesalting flensimI0RT tredtéd fcardre §li.mensi on requirenents at  this
node of operation. The process of the present invention elimnates the

f or egoi ng [0Ez8ges. CobfR2 with the f@régbing%kaﬁbﬁstré@eﬁﬁﬁg%ﬁﬁéfd ¢d ?é’%ﬁ@%ﬁ% .
illustrating the process of decomposing a target pattern i nto o't i pl e
patterns andyaRaky F sORG hbeat Adhsh 48 RGeS YRR S PR %E'i?)? to imaging,
the resulting printed contour corresponding to the feature exhibits a shortened interconnect
section. The opposing feature 43 disposed in a separate mask pattern, which has also been
treated with OPC, also exhibits a shortened interconnect section. As a result, the combined
result of the multiple imaging process produces a final contour 59 which exhibits an
undesirable line break as shown in Fig. 5, and therefore does not produce the desired contour
57. It is noted tha {his problem becomes more significant at the 32 nm mode due to the
stronger optical proximity effects associated with smaller critical dimension requirements at
this mode of operation. The process of the present invention eliminates the foregoing issues.
[0029] Fig. 6 illustrates an exemplary flowchart illustrating the process of decomposing a
target pattern into multiple patterns and applying OPC treatments to the decomposed patterns
in accordance with the present invention. Referring to Fig. 6, the first step (Step 61) in the

process is to define the original target (also referred to as the target pattern). The target

pattern is then decompoesed (Step 62) into multiple patterns (63, 64) utilizing any suitable



in accordance with the present invention. Referring to Fig. 6, the first
step (Step 61) in the process is to define the original target (also
referred to as the target pattern). The target pattern is then deconposed
(Step 62) into multiple patterns (63, 64) utilizing any suitable 10
rul e-based or nodel - based techni que for deconposing patterns. It is noted
that typically the deconposition process focuses on the densely spaced
features in the given target pattern as '¥he non-critical features can be
pl aced in eitEer mask pattern. The next step (Step 65) is to apply an OPC
treat ment T-B3EA opmoftbaget srprigeniiop decampesingmititms dEtienoid ehat heically glie of
the resulting contour of the deconposed patterns with respect to the
target patéeEpmppsitiemprogessifehisagon theaasse(y spaced feBRralif @R difeniidehpdiRal 4 s
in the target pattern contact one another, but which are separafed from
one anot hethe nonchécd émarposachenihdedin Sithds Weddk dandrhe THENL L t 45 as
shown in Fig. 4). The error determnation is gccorrpl i s&e‘c;%%#j()(?t%gxég?r%ltg, by
si mul at i ngpphean OPBGieRthReld QLABPER R %p sed pattern. and the
conparing the sinulation result to thoelﬁ e g%és}g}égnéttotdg%ﬁm{%qh’é?ré‘?rrﬁ t he
di ff er encee@tify ko8 i ted.and desired deconposed contour.
It is noted t#% anay‘/‘]p sﬁﬁﬁ'ﬁféﬂﬁ%%é&%ﬂl ?‘ff’l I%SBE% ta thedarggi parigErindhe gitching
nodel - bas t.r eat ment be utjljzed to apply OPC to the deconposed .
patterns. %%r?ga gad’cfp? FSR° ‘“a%@gli frofue @ té? FAcAPRM paei aive wagthere buit whitkz et t 0
determ ned the ‘%ﬁ:agljff)glg ptﬁrf_or mance of the deconposed patterns treated with
oPC. [ 0036fPAHet He pnehghinthe depogippsed pastemisy nchian theachtiaal faahge 85 hd chi ng
areas is utilized as a basis to adjust the original deconposed patterns to
gener at e PRAWHECGETOs déie geret detersningtiinok acdoaqaisked, g ctespleey b @&ing the
patterns. Mre specifically, the amount of error (e.g., the amount = of
:‘ ﬁai Ere e shvsgiemperipramhichiftead) décongasathbdient 4 el SRhindIROIRLSAALRALLEr

to the decomposed pattern to determine the difference or error between the simulated and

desired decomposed contour. It is noted that any suitable OPC treatment such as a rule-based

or model-based OPC treatment may be utilized to apply OPC to the decomposed patterns. In
addition, any suitable simulation program may be utilized to determined the imaging
performance of the decomposed patterns treated with OPC.

[0030] In the next step (Step 67), the error in each of the stitching areas is utilized as a
basis to adjust the original decomposed patietns to generate new decomposed patterns, which
become the desired target patterns. More specifically, the amount of error (e.g., the amount
of feature shortening exhibited) is added to the original decomposed pattern in the
corresponding stitching area so as to form the new decomposed pattern. This can be
accomplished, for example, by approximating the size of the error area utilizing a

correspondingly sized polygon, and then adding the polygon representing the error to the



correspondi ng stitching area so as to formthe new deconposed pattern. This
can be acconplished, for exanple, by approximting the size of the error
area utilizing a correspondingly sized polygon, and then adding the

pol ygon representing the error to the 11 original deconposed patterns in
the appropriate area of the design. As noted, these newy fornmed patterns
becone the target design for the deconposed patterns. [0031] Next, the
new y formed deconposed patterns are subjlécted to an OPC treatnment (Step
69), As in Step 65, any suitable OPC treatnent can be utilized to apply the
OPC  tr eat frefibalidscasprgsed pattarns inghprpirepridst ereh bathetdesign an® noRG, BRsdhidvij zed
in both Step 65 and Step 69. Once the OPC treatnent is applied to the

new y f or nietnetbpateposedopathecnrpet désid for ﬂ&tdebémgosﬁébﬁﬁér@ (71 and 73)
represent the final patterns to be utilized in the multi- illum nation

process. [[0081] opNegf)atle ®i@P fdrBle@RiedShposhl pl t%erHsoir‘égntx%Q@lEd {ohelxeuf tlﬂggh%rgtrr:}-?em

generated as a result of Step 69 can be subjected a ver

Cont 1 1m L he Trage T Cour b e P aee e e En S dp pb it SePRoin Ohce.
Thi's veri Trestan SPeels &% affanh Ul viscioms DRG0 Rl et bottiten 65 md Sepon
ot ocess, 81 Shet His 9P s fiagpfied teghaneviygomiadviochmporidgianaaght L o1 1 or
t ar get pattefn, which is an H shaped feature, this layout is split into

two feat uFesitng nafemn €7 lsand B irengesentthe fionmpticmsth be a@iedin de k- verti cal
connection feature. Layout | and layout 2 as shown in Fig. 7 represent the

ori gi nal ileoatroswdegat ernmiioheddtep @pCRS; it [sRtdMRAk: ths pRARRAS %éiilelta&dl Ayout
| and layout 2, and then a sinulation process is executed to generate the
expect ed msilnbEep@icanbe 5ilfje®@btd Olerf R prbcess that simulates the imaging
performance of the two masks so as to confirm the image resulting from the combined
exposures of both masks produces the desired target pattern within an acceptable error
tolerance, This verification process can also be performed via a suitable simulation process.
[0032]  Figs. 7 and 8 provide an illustration of the foregoing process, Referring first to
Fig. 7, starting with the original pattern or target pattern, which is an H-shaped feature, this
layout is split into two features, with the stitching area being in the center of the vertical
connection feature. Layout 1 and layout 2 as shown in Fig. 7 represent the original
decomposed patterns. Next, an OPC treatment is applied to layout 1 and layout 2, and then a
simulation process is executed to generate the expected printed contour for each of layout 1
and layout 2. Thereafier, the resulting printed/simulated contour is compared to the original
decomposed patterns to determine the error between the printed/simulated contour and the

original decomposed pattern in the stitching area. It is noted that the error determination can

be based on, but oot limited to, a 1-dimensional comparison between the original



and |layout 2. Thereafter, the resulting printed/sinmulated contour is
conpared to the original deconposed patterns to determ ne the error

bet ween the printed/sinulated contour and the original deconposed pattern
in the stitching area. It is noted that the error determ nation can be
based on, but not limted to, a | -dinensional conparison between the
original 12 deconposed patterns and the printed/sinulated contours or a
2-di mensi onal conparison, The error in éach stitching area is then
converted to a polygon which represents the anount or value of the error,

and the gideeompodeyl gatiernoandtp poigicdsith6laedehn®hist G hi ﬁ@in%;@i%n&l%o?r%gﬁgmt. th{ehe
ori gi nal deconposed patterns in the corresponding stitching area so as to

generat e newr ilQChRINRERE B it FddSonWeao Ql%ggg,lﬁn e %Pﬁg%négﬁ% ig%nm%

course, other nethods o determ ning the ng erro

. . i Qi | d |
corr espondang sidiosshanals o hig 1 B0 JRRATRIS B PESL % Rl S

gener at ed tterns, . these patterns are subject to an OPC

treat nent ,°ﬁ§§1§@‘5f)°§§’199?‘%ﬁ?§w§’5R@“ﬁﬁ@ﬁﬁ%@&é@g SHIChingArea¥asto EBNaraie neWi gi nal
deconpose featurfs. Thegﬁ%ént erns resulting fromthis OPC process

repr esent “FHERPEES RATELS Yeepmp Hisdaneat desiend Qifiroarspasther methgdpofocess.
These patterns are then wutilized to inmage a wafer in a multiple

i 11 uni nat RefArpnBEdhsingingemer agdike atrespimeiing idjustmbntsf thhompgdaltRtgRbosed
feature. As shown in Fig. 8, the resulting imged pattern does not have any
br oken copttturssire alad podsebiet shaped pattern is accurately reproduced. It is
also noted that if the optional verification step is perforned before

i |t D Sl O il s I ©

produce t#eseRsiefiRdrd €Dt & an OPC treatment, preferably, the same OPC process as
performed to the original decomposed features. The patterns resulting from this OPC process
represent the patterns to be utilized in the double patteming process. These patterns are then
utilized to image a wafer in a multiple illunination process So as to generate the original H-
shaped target feature. As shown in Fig, 8, the resulting imaged pattern does not have any
broken contours, and the H-shaped pattern is accurately reproduced. It is also noted that if
the optional verification step is performed before actual imaging, the OPCed patterns shown
in Fig. 8 can be subjected to a simulation process to determine if the resulting imaged wafer
would produce the desired results.
[0034]  Figs. 9 and 10 illustrate another example of applying the process of the present
invention to a target pattern to be imaged. Referring to Fig. 10, the target pattern 101 is
decomposed into two separate patterns and subjected to an QPC treatment (see, patterns 102

and 103). The image resulting from the sequential exposure of patterns 102 and 103 is

simulated to determine the resulting error between the target pattern and the simulated



[0034] Figs. 9 and 10 illustrate another exanple of applying the process of
the present invention to a target pattern to be inmaged. Referring to Fig.
10, the target pattern 101 is deconposed into two separate patterns and
subjected to an OPC treatnent (see, patterns 102 and 103). The inmage
resulting fromthe sequential exposure of patterns 102 and 103 is
sinmulated to determne the resulting error between the target pattern and
the sinmulated 13 pattern in the stitchifdg area (see, e.g., areas 104 in
Fig. 9). The anpunt of this error is determned and then utilized to
ext end thep?“eﬁt {irtbe sitphing arest(sacchigngreas é3d byFiph®. aeuntoudf ofthR er@F [OF SO as
to generate new deconiposed patterns 105 and 106. Patterns 105 and 106 are
n

then  subj@deradnedondrih@Pgilized at emeid ths Empain BE BeicHRE 20 %Q?Emo&{l%fme
thereafter utilized to image the target feature in the ac

process. Trisoaato guakia6s fivi@edofipakdSpAefsa0s And 1bs UPLdHLE ﬂ)e'fs ) lggﬁfebtgfn a

Finally, Fig. 11 illustrates a conparison between Imaging
Pl o i i A s S T Bl °5‘e&?w§r%%§%f@ icsniees of
| mmgi ng 1 e R AE *npf?ﬁe%st‘u“ﬁﬁa%i%e%é’ée' QA"ghes UFAER BB SFoe | ne
[0035] i dostaRas K H BnafgRnt it UsTaiarioon betmompimas ngrestlmmig0
which can assist, in performng the process expl ai ned above. Conputer

syst em 108 FrREfih fB3E1R2 BresessaRd dmagiog sultc from he patcbamnf ARCHYBEHNS vER on. The
comuni cating informati on, and a processor 104 coupled with bus 102 for

pr ocessi ngrayspoionat | lonprmttp dteemagmgtr@ﬂilti@@tl@Ipsgehﬂ]g{,&ggﬁ Shd L Rark TRERT Y
106, such as a random access nenory (RAM or oOther dynam ¢ Storage dlev i ce,

g suglr ggeg léxéermﬁl&ez 12 o¢predentsithRe inhdphiQ) ARG Qﬂhéﬁﬂof ﬁ’?bfo'ﬂgstsl nssshmr(\)m,bt%e gér?{c uted
solid line contour has numerous unwanted breaks throughout the resulting pattern,
[0635] Fig. 12 is a block diagram that illustrates a computer system 100 which can assist
in performing the process 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 device,
coupled to bus 102 for storing information and instructions to be executed by processor 104,
Main memory 106 also may be used for storing temporary variables or other intermediate
information during execution of instructions to be executed by processor 104. Computer
system 100 further includes a read only memory (ROM) 108 or other static storage device
coupled to bus 102 for storing static information and instructions for processor 104. A
Storage device 110, such as a magnetic disk or optical disk, is provided and coupled to bus

102 for storing information and instructions.



Main menory 106 al so may be used for storing tenporary variabl es or other
internmediate information during execution of instructions to be executed
by processor 104. Conputer system 100 further includes a read only nenory
(ROM) 108 or other static storage device coupled to bus 102 for storing
static information and instructions for processor 104. A storage device
110, such as a nagnetic disk or optical disk, is provided and coupled to
bus 102 for storing information and instlifuctions. 14 [0036] Conputer
system 100 be coupled via bus 102 to a display 112, such as a cathode
ray tube ( ] or ComputesareemdN0 nuydie qoaplet viti lspl 1@ 16 edisg=5Nl12YdRE 25 2
information to a conputer user. An input device 114, including

al phanunerdatiodanyorihe (CREY sy, fldt pad uptovdh banel H%@la%gﬁr ﬁi%%lgfi&%?ﬂfﬂfn?ﬁfomg 2 ser

i nformati on and conmand sel ections to processor type o

i nput  devicompiuer sers Min iapitde9ice 1186, in@H%g%ﬁ:h@?Qfﬁgﬁ&mﬁotﬁér %%gﬁ%lﬁm?gd (U Sor
nan

direction keys for conmmunicating directi ormati on an

sel ect i onut QOPFRCEEIAnicatiBd i | i CUr SQr _novemne on di spl ay
112. This input device typi 3??’3“%@2’ ag‘%%g‘gaé‘?ggl%"%"rm?? BEGESOT 104 Vi,
first axisg ; ":¥ nd_axi e.q,, y), that allows the device to
speci fy po)gife"t%if%rslﬁsI Iﬁ#@ggﬁ%h&z&‘?%fﬁ 8@5?‘15165115&%11@%%?%% adraskball oneyrsed so be
used as ap. Qﬁ@ggﬁt dfvi ce. [0037] .According to one enbodi nent of the
i nvention, 't RIS 8 disggjiopdniopaption mmomymatimelectonssty prarsbe0
in responiﬁ t o, processqor 104 executing one or nore sequences of one or
more i nst P UEERDIRE ceBriinmegsemmongmentendisylag 062. Shishnpusevive tipRARy hBBdyDe
read into main menory 106 from anot her conputer-readable nmedium such as
?nta Io:] a?rg ng%@ff%eé of figeddmm éc twao oves of fitshexis @Oy eacRY aﬁecéd&ﬁdﬁ%tg.g}j?ﬂﬁpﬂfo@jﬂed in
the device to specify positions in a plane. A touch panel (soreen) display may also be used as

an input device.

[0037]  According to one embodiment of the invention, the disclosed process may be
performed by computer system 100 in Iesponse to processor 104 executing one or more
sequences of one or more instructions contained in main memory 106. Such instructions
may be read into main memory 106 from another computer-readable medium, such as
storage device 110. Execution of the sequences of instructions contained in main memory
106 causes processor 104 to perform the process steps described herein. One or more
processors in a multi-processing arrangement may also be employed to execute the sequences
of instructions contained in main mermory 106. In alternative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions to implement
the invention. Thus, embodiments of the invention are not limited to any specific

commbination of hardware circuitry and software.



106 causes processor 104 to performthe process steps described herein. One
or nore processors in a multi-processing arrangenent may al so be enpl oyed
to execute the sequences of instructions contained in main nmenory 106. In
alternative enbodi ments, hard-wired circuitry nmay be used in place of or
in conbination with software instructions to inplenent the invention.

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

conbi nati on of hardware circuitry and software. 15 [ 0038] The tern

"conput er - r@o%cgﬁbl medi unt’ as used herein refers to any nedi um that

parti ci pat 63 pr DY TR geomREsr e pdablsmedupd’ as essiorerdif defbmito exemidtiventhaSuch
a medium may  take many forns, including but not l[imted to, non-volatile
nmedi a, vol BHHFPaiesdt providing instrentiont ®iroressrrdiod. foNaeeMRIrAS LB 2 MR dn npg! ude,
for exanple, optical or magnetic disks, such as storage device 110.

Vol ati | e nidt mang coruebeindludany 16t RBMhNed &UAS-981alRI RediB 'Uafagﬂef I%lgtgilg and, . .

Transm ssion nedi a i ncl ude coaxi al cables, copper wre an op

i ncl udi ng &hﬁmiyﬂidrﬂﬁe&iﬁlaNoﬁWiil%caH%&190%‘, fo-;reﬁglixg?etsépio@gl greéﬁeiégangﬁggisg%??ng

take the formof acoustic or light waves,  suc
radi o fredqugReystoflsk d@ide 114" I da OO Gt Ons, cormon for
of conputer-r eadablge redi :'Iaﬂ? n%}ggl&(m?% ] ﬁ'ﬁiwa‘r’,um& TIBYPySUChiag maimnemery bl e
di sk, har d, g netic.ta any ot her magnetic medium a CD-ROM DVD,
any ot her o é’%t ﬁé%qs%n%mm.edlﬁ HFFEWBCFQ al caggaﬁecroppg_rp‘@,re and, fiberiopticp iydidiag the
nmedi um wi th "ﬁg tterns, OL holes, a RAM a PROM and EPROM a FLASH EPROM
any ot her “TERGHS COMPHSGPuscHi% (lrangenissioromedinern akio ke shelfesmrdf heshistic or fioht
hereinafter, or any other mediumfromwhich a conputer can read. [0039]
Vari ous f OYaYgs: sRcle@ibotecseneratedaltiog neiiv frequonch €RF el igg kel MROaafyi Nng one or
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-EFROM, any other memory
chip or cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read.
[0039) Various forms of computer readable media may be involved in carrying one or
more sequences of one or more instructions to processor 104 for execution. For example, the
instructions may initially be borme on a magnetic disk of a remote computer, The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system [00 can receive the data
on the telephone line and use an infrared transmitter to cotvert the data to an infrared signal,

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

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



nore sequences of one or nore instructions to processor 104 for execution.
For exanple, the instructions may initially be borne on a magnetic di sk of
a renote conputer. The renote conputer can load the instructions into its
dynam c nenory and send the instructions over a telephone line using a
nodem A nodem |l ocal to conputer system 100 can receive the data on the
tel ephone line and use an infrared transmtter to convert the data to an
infrared signal, An infrared detector cdfpled to bus 102 can receive the
data carried in the infrared signal and place the data on bus 102, Bus 102
carries tHEORREEY 104 retieresrasdorgout@Bhe fnstmativhi c Thd Bistrpedaee s6Rived 4 mi@h i eves
and executes the instructions. The instructions received by main nenory

106 may oprépeal 106 rhey sitonelly bnststedroageoraeyd &0 eahieroel ARE Qe f"t"er
execution by processor 104. [0040] Conputer system 100 al so preferably

i ncl udes ayqaoragsirdati on interface 118 coupled to bus 102. Comruni cati on
interface 118 provides a two-way data conmuni cation coupling to a network

Contun: at o o, SPPRAE! SHPE10 LEE BB Ao gt
(1 SDN) Ca:&?%%iécti &p%dﬁggﬁ{ngnggﬁ%ﬁ(\éﬁ%ﬁiiﬁggggﬁgl 1§°%%8$s0%p§8§3§%%8¢; n

correspon
interface 1

18, ngﬁ be, a L?ggl area network (LAN) card to provide a data
comuni catP FHTEIRASEMTBHK it 120 Eshisacnpscsed tan. logsl metvensls 122.nKer axenpleal so be

i mpl emented. In_any such inplenmentation, comunication interface 118 sends

and recefYERVBICEEeT intulace ¢l oy bray irtt grotedseoiles ditfitabheaWatls(Shal c&ald %

digital data streanms representing various types of information. [0041]

Net wor k| meRemn20 propdecadaiy cqmmuhideortaindc R Bic6 AbdpdRdnR kAT (9B AL MOT €
line. As another example, communication interface 118 may be a local area network (LAN)
card to provide a data communication connection 1o 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.

[0041]  Network link 120 typically provides data communication through one or more
networks to other data devices. Far example, network link 120 may providc a connection
through local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in tum provides data communication services
through the worldwide packet data communication network, now commonly referred to as
the “Intermet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic

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

and the signals on network link 120 and through communication interface 1 18, which carry



networks to other data devices. For exanple, network |link 120 may provide
connection through local network 122 to a host conputer 124 or to data
equi pnent operated by an Internet Service Provider (I1SP) 126, ISP 126 in
turn provi des data conmuni cation services through the worl dw de packet
data communi cati on network, now conmmonly referred to as the "Internet"”
128. Local network 122 and Internet 128 both use electrical,

el ectromagnetic or optical signals thatlgarry digital data streans. The
signals through the various networks and the signals on network |ink 120
and t hr ough® ékﬁrﬁ‘fbﬁﬁt%&% angrframp cempetersystd) 10hiactexeaptayy Fmstdieadiogiaads dat a
to and from conputer system 100, are exenplary forns of carrier waves

t ranspor t i ¥apsperEng fconfompiation. [ 0042] Conput er system 100 can send nessages
and receive data, including program code, through the network(s), network

link 120, [afdR]conBumipost b@ren MEELAREd He%sagbélaﬁch%ceibé‘ﬁ&ﬁﬂﬁ&luﬁ?ﬁg:ﬂg‘gﬁ%&‘

server 130 mght transmt a requested code for an applicatrion
t hrough | rba¢ Mebudethe neSR L2 el WRsiah; 122 and .conmuni catio
interface 118. | né#accor doarnég’ nevm{ t EtI ’ﬁgq?%i‘elﬁﬁog’ﬁ?mdﬁém%@ﬁ&l@ﬁmlgoQﬁlél'tf
applicati @p.pl.p iaggﬁ f.Qr @i scl.osed . process,of the enbodi nent, for
exanple. The r eéé}“el ed a%S'a;Spﬁ% “’E@“ %)%’éw 8&3%39“5‘? v, ban aplitatien progran
recei ved, san st ar ' torage device 1 10, or other non-volatile
storage f gr%o‘géhg{“éeﬁm@ggtf@? oS, ’lroﬁ%tlﬁf‘%mhfelﬂ%éﬂel cemrmpuicetiosingerére 108. fray
obt ai n apgl ication code in the formof a carrier wave. [0043] Fig. 13
schemat i cafYdageprehdhainventipagengvich dpwojoeded appliapparat vides fiir tiabdiss1§el
i magi ng the nmasks designed with the process of the current invention. The
appar at usProgesit theesgabodiment, for example. The received code tnay be executed by processor
104 as it is received, and/or stored in storage device 1 10, 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.
[0043]  Fig. 13 schematically depicts a lithographic projection apparatus suitable for
imaging the masks designed with the process of the current invention. The apparatus
comptises:
- a radiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA,
- a first object table (mask table) MT provided with a mask holder for holding & mask
MA (e.g, areticle), and connected to first positioning means for accurately positioning the
mask with respect to item PL;
- & second object table (substrate table) WT provided with a substrate holder for

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

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



- a radiation systemEx, IL, for supplying a projection beam PB of
radiation. In this particular case, the radiation systemalso conprises a
radi ati on source LA, - a first object table (rmask table) MI provided with a
mask hol der for holding a mask MA (e.g., areticle), and connected to
first positioning neans for accurately positioning the mask with respect
toitemPL; - a second object table (substrate table) WI provided with a
substrate holder for holding a substratéfW (e.g., a resist-coated silicon
waf er), and connected to second positioning neans for accurately

posi tioning the 8wpgtstRneyWrmi(“leasP@Li(e ko airtfeatiPh, caldptri@oNd@ldestiOBpE%st em
("lens") PL (e.g., arefractive, catoptric or catadioptric optical system

for imagi mystam)foriadmped ipaditiedpofontof ehaRSHK ion C
ipaditiiedpoafon M%Qte\%\%&f}%g%ﬁ@iég

(e.g., conprising one or nore dies) of the substrate ‘depi cted
herein, thengpiglads: inbrdbied JMBOSMLEHRL e type (1. €., has a transmssive
mask). However, in general, it may also be of a reflective type, for

exanpl e i a j er. ively, the apparatus may enplo
ano?ﬁer (k;@l%ﬂgf p'rg‘t(§ Pé@ %ﬁé@rg&%ﬁ@ap ?laélﬁlaﬁae??fgﬁlﬁévet%mpﬁév %aé‘ﬁ“%mﬁ%ng%’(; Y
exanpl es | rQgr ble mrror ray or LCD nmatrix. [0045] The
s)(;um::)e LAIHE%%F&?O%&%%’H%ﬁsgé}?laﬁﬁn%’ral%(@ %ze WP LYRSs 8&%@1‘@)1;@ (E)éfém Lf

r adi ati'on.eétil'qg%.s bea}g] i i fed into an illumnation system (illumnator) IL,
ei ther di FECEHY® BEsK)ariEmatxolynderpparas sy cowlist iroffien gindeefnatteinpnamns a
beam expander Ex, for exanple. The illumnator IL may conprise adjusting
means AM Fof1 dETRativg te He usepbe maskt/crmplen ercludadi mbgragiid miE&HRRloY L.CD
referred to as 6-outer and a-inter, respectively) of the intensity

matrix.

[0045]  The source LA (e.g., a mercury lamp or excimer laser) produces a beam of
radiation. This beam is fed into an illumnination 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 s-outer and o-inper, 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.

(0046] It should be noted with regard to Fig. 13 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is a
mercury lamp, for example), but that it may also be remote from the lithographie projection
apparatus, the radiation beam that it produces being led into the apparatus (e.g., with the aid

of snitable directing mirrors); this latter scenario is often the case when the source LA is an



distribution in the beam In addition, it will generally conprise various
ot her conponents, such as an integrator IN and a condenser CO In this
way, the beam PB inpinging on the nask MA has a desired uniformty and
intensity distribution in its cross-section. [0046] It should be noted with
regard to Fig. 13 that the source LA may be within the housing of the

| it hographic projection apparatus (as is often the case when the source LA
is a mercury lanp, for exanple), but that it may al so be renote fromthe
l'ithogr aphgz)g;Ci {raoliﬁecti on aﬁpar atus, the radiation beamthat it produces
being | ed IAtO-LHE ApPabaicdoneFgAIF of krlasing. dite cunbntsitivéraiheqdin 5dsM3th
mrrors); tthis | atter scenario is often the case when the source LA is an
19 exci mef! PEESFeREOl. | based on KrF, ArF or F2 lasing). The current

i nventi on enconpasses both of these scenarios. [0047] The beam PB

subsequent[0947Int elde peam PResubmeikedd; invhicphy ths chel 9f ﬁﬂﬁ bl e M.
Havi ng traversed the nask MA, the beam PB passes th‘?’gﬁ%ﬁ t elc}éﬁ%n‘gﬁ% whi ch

f ocuses t Heblbdén HBvioptavesédehs i t strate W \Wth the
oplavés gedasPRLA ) tﬂ@b&mﬂ’]ﬂ ﬂl@se% P}l%h %P@é%rﬁrﬂ\ﬁa

aid of the second positioning nmeans (and I nterfero @’hﬁl’ans

| F), the Sohstystkeciabpe G - accurately, e.g., SO as to
position different tar ge?%%)-grt Pgﬁg)rt&m%%fﬂlg SBEW?%WtWéthg%ﬁiﬁ opghe second
Similarlypetilgnibk el Bti.onin ans can be used to accurately position
the mask KA WIIEI% res%@?:’?Hl{‘tg}}?rﬂ’g‘egg&rﬂeﬁmrt‘%@%dﬁﬁm substyate talfle &'T can be
mechani cakmrvg géce%yaﬁ%lyof the mask MA from a mask library, or during a scan.

In general, nDOVE of 't Fkasi8jpegition diffesent MFZetWhrtivirsIC bethe peldfaiethawit h t he
aid of a Fﬁn%-. St r?ke nodul e (coarse positioning) and a short-stroke nodul e
i

(fine pos HRRYY Uik hpesiteonis mempldan be biyedde ptaired]yi @sﬁiog.thel%aswver,

in the cas% of a wafer stepper (as opposed to a step-and-scan too he
mask t abl WiesREs) 19 tstpatieoftbmbent 88, e g, after mechanical refrieval 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. 13. However., in the case of a

wafer stepper (as opposed to g step-and-scan tool) the mask table MT may just be connected

to a short-stroke actuator, or may be fixed.
[0048) 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 WT is then shifted in the x and/or y directions so that a different target portion C can be
irradiated by the beam PRB;

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

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

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



to a short-stroke actuator, or may be fixed. [0048] The depicted tool can
be used in two different nodes: In step node, the mask table MI is kept
essentially stationary, and an entire nask inage is projected in one go
(i. e., asingle "flash") onto a target portion C. The substrate table W
is then shifted in the x and/or y directions so that a different target

portion C can be irradiated by the beamPB; - In scan node, essentially
the sane scenario applies, except that a2@1i ven target portion Cis not
exposed in a single "flash". Instead, the mask table MI is novable in a

gi ven di r B¢ PE¥eClipR bears Pdhisicased d soan diverecmagnimage, @acurcdielyythdistBeiatcond]e
wth a spe_\%gr‘v,_ so that 20 the projection beamPB is caused to scan over a
mask i mageV Tdesipwltererhisly, motwel i vitsdanatoe obpdie dindltidrSa 2ispld pREOgYS) Ypimyed
in the sane or opposite direction at a speed V= M/, in \;\%ch I\/f{s tt%llie]g?l
magni f i cati @nthe tndghiichBes o Plke (dn¥ P C@gidaily Mir L rish B mid BLLHiS. manne
relatively large target portion Cc(ggjln bg’ expgéecg,l/éﬁ ?%g]ﬁ%gﬁ%ﬁrhag%?%wefy

CONPr om S@are#tsk j : t he .present .invention has been
o Db TaRE 8 PoHldnl cor, 80Ghsdy %ﬁ?‘g?‘s?"’[“g B g EREIOmIFT O TelHeR 00d ¢ hat

the sanme g4y wa i | ration and exanple oply and is not to be taken
by way of [I i Ir??t at%ﬂ(g%gug?l ﬁégé‘%%%ﬁl%’fmwghﬁég@ﬁ%wwﬁ 1HRstdgdnig defaih ttdeltoon! y
by the tgr g f tcre agcf nded clainms. 21 VWhat is Cained Is: 1. A nethod
f or decorrpo§]1 Ay HoqeasioRd thet the gripe bt eashofdBustetion ngd txaple eslytandieng@ntont ed
on a wafer, into nmultiple patterns, conprising the steps of.

bé taken 5 Bmitad .

€ taken by way of limitation, the scope of the present invention being limited only by the

terms of the appended claims.



separating said features to be printed into a first pattern and a second
pattern; performng a first optical proximty correction process on said
first pattern and said second pattern; determ ning an inagi ng performance
of said first pattern and said second pattern; determning a first error
between said first pattern and said inmagi ng performance of said first
pattern, and a second error between said second pattern and said i nmagi ng
per f ormance of said second pattern; utili2ing said first error to adjust
said first pattern to generate a nodified first pattern; utilizing said

second err to adjust said second pattern to generate a nodified second
pattern; a%%ﬁlﬁﬂh’@l& second optical proximty correction process to said
nodified first pattern and said nodified second pattern. 2. A nethod for

deconposing a t argevetbed buidecqaidsivigrs tageosieiuithattemCodtaiidg fARBESHbe égmitééi
features are separated into said first pattern and said second pattern

utilizi ng @ 7 whitriasadultigRGANPOS] dohRRisipIsESEps o A Method for deconposing
a target circuit pattern according to cllaim1, wherein said features are

separated into sspagidd &3d fagﬁltrgs%rge%ﬁg%gwg aﬁ%&%g aqitntgrearsggut' | i Zil”rra]g g

nodel - based deconposition process.
target circuit patter i to claim1, wherein said first optical
proximty corr ePc% t on{ng ra?c&gtgd;n%g%g’r g’élfrﬁgyscé’ﬁ%ﬁtho”dﬁf’?eéém pretirsrpeernand seidi on
process aig 1 0%.A80NF Processes.
determining an imaging performance of said first pattern and said second pattern;
determining a first error between said first pattern and said imaging performance of
said first pattern, and a second error between said second pattern and said imaging
performance of said second pattern;
utilizing said first error to adjust said first pattern to generate a modified first pattern;
utilizing said second error to adjust said second pattemn to generate a modified second

pattern; and

applying a second optical proximity correction process to said modified first pattern
and said modified second pattern.

2. A method for decomposing a target circuit pattern according to claim 1, wherein
said features are separated into said first pattern and said second pattern utilizing a rule-based
decomposition process.

3. A method for decomposing a target circuit pattern according to claim 1, wherein

said features are separated into said first patiern and said second pattern utilizing a model-

based decomposition process,



5. A nethod for deconposing a target circuit pattern according to claim4,
wherein said first optical proximty correction process and said second
optical proximty correction wutilizes a rule-based correction process. 6.
A nmet hod for deconposing a target circuit pattern according to claim4,
wherein said first optical proximty correction process and said second
optical proximty correction wutilize a npdel-based correction process. 7.
A met hod for deconposing a target circuit*?pattern according to claimi1,
wherein said first error and said second error are determned in stitching
areas associ at et (?\’;iIP?fh?‘ﬁ@ridP‘F%ﬁPOSpmﬁtfermt aimhitsm@temchcp@tﬁr%rta,cla%n AGerpyt er
readabl e storage medium storing a conputer program for econposing a
target ci réif §rspapticat prosimitadarieatos paktysesd tadRecdtioptied p%kiﬁitﬁ’?gﬁéctio. nt o
mul tiple patterns, when executed, causing a conputer to perforfmthe steps
of : separ ardergs smithe fapat proegsdsp be printed into a first pattern and a
second pattern; performng a first optical proximty correction process on

said first pattermnfhdsst §ecos ern;:. ermning an ipaging
performance of said first pactot@rgﬁﬁgﬁg%%ﬁ%&ggggﬁﬁnﬁ’é@f@gﬁ@ C%@E‘grwgﬁf’ﬁg a
first err@iid 3k o1 ttern and, said i i ng performance of

said first 1pgtﬁ %t\éﬁ?al}ﬁ%‘ggn ecc%:%)rﬁ%%élrp Brespapduead S@Q{Eggtg»@bmxmﬂ eqTrectom sai d

i magi ng pepf: S sai d.second pattern; 23 wutilizing said first error
to adj ustg{s]g?%%%g?a%%%ﬁ%‘?ﬁﬁo’? B'%&¥erate a nodified first pattern;

utilizing said s%cong Srror to adjust said second pattern to generate a
modi fi ed s econé‘ method for decomposing a target circuit pattern according to claim 4, wherein

sa1d first optical proximity correction process and said second optical proximity correction
utilize a model-based correction process.

7. A method for decomposing a target circuit pattern according to claim 1, wherein
said first error and said second error are determined in stitching areas associated with the first
pattern and second pattern,

8. A computer readable storage medium storing a computer progran; for
decomposing a target circuit pattern containing features to be printed on a wafer, into
multiple patterns, when executed, causing a computer to perform the steps of:

separating said features to be printed into a first pattern and a second pattern;

performing a first optical proximity cotrection process on said first pattern and said
secoud pattern:

determining an imaging petformance of said first pattern and said second pattern;

determining a first error between said first pattern and saild imaging performance of
said first pattern, and a second error between said second pattern and said imaging

performance of said second pattern;



pattern; and applying a second optical proximty correction process to said
modified first pattern and said nodified second pattern. 9. The conputer
readabl e storage medi um according to claim8, wherein said features are
separated into said first pattern and said second pattern utilizing a

rul e-based deconposition process. 10. The conputer readabl e storage nedi um
according to claim8, wherein said features are separated into said first
pattern and said second pattern utili zi ng?v"a nodel - based deconposition
process. 11. The, conputer readable storage nedium according to claim8,
wher ei n sai d fi V&fzingisd Bt elﬁ@fdﬁiﬂﬁljllsysad:d)gr%paﬁammtcpgameﬂasesa ﬁi@dif’ﬁeaiqur_?a@;@[@,g
optical proximty correction process are the sane processes. 12. The
conput er r eadab¥dizingowaithescomtieroon taadiosthiaittgse Ondpatich hlpenWRes £inBagRl dedohfi St
optical proximty correction process and said second optical proximty
correcti onpalternd; paes a rul e-based correction process. 13. The conputer
readabl e storage nedi um according to claim11l, wherein said first optical

proximty corregpiyddy zpéc%ﬁé§p@3ﬂp®§iﬂt§@&9&gﬁgBtioiﬁgsas[fﬂgarigxi ﬁ%%ﬂrﬁq%f;é%étﬁ; gn

utilize a nodel-based correction process.

st or age n@%ggﬁmﬁgj&goﬁ(ﬁp%ﬁ%_m 8, wherein said first error and said

second error are determne Stitching areas associated with the first

attern and sgcoend pattern.
P QCOne cgmputer readable storage medium according to claim 8, wherein said

features are separated into said first pattern and said second pattern utilizing a rule-based
decomposition process.

10. The computer readable storage medium according to claim 8, wherein said
features are separated into said first pattern and said second pattern utilizing a model-based
decomposition process.

1. The computer readable storage medium according to claim 8, wherein said first
optical proximity correction process and said second optical proXimity comection process are
the same processes,

12. The computer readable storage medium according to claim 11, wherein said first

optical proximity correction process and said second optical proximity correction utilizes a
rule-based correction process.
13. The computer readable storage medium according to claim 11, wherein said first

optical proximity correction process and said second optical proximity correction utilize a

model-based comection process,



15. A device manufacturing nethod conprising the steps of. (a) providing a
substrate that is at least partially covered by a | ayer of radiation-
sensitive material; (b) providing a projection beam of radiation using an
i magi ng system (c) using patterns on nmasks to endow the projection beam
wWith patterns in its cross-section; (d) projecting the patterned beam

of 'radiation onto a target portion of the |layer of radiation-sensitive
material, wherein in step (c), providing?4 pattern on a mask includes the
steps of. separating features to be printed into a first pattern and a

second pat t er n; 14 pEicfaomminy readablesstoraget medilimpicoaddifigt i Ol L iR, REPERSS ON
said first pattern and said second pattern; determ ning an imging

per f or manc@rwfand aiid sédond enpatieeictorai@d s@blcBag ARds Rab LA wittRL ¢ .Qété}g a
first error between said first pattern and sard imagi ng per%orrrancg 0

sai d firstandatdedpattéand a second error between said second pattern and said
i magi ng performance of said second pattern; utilizing said first error to

adj ust said first pafbssis L9 . difi.ed first ttern, utilizing
said second error to adjust s‘glg%ﬁfsle glr?gw%??.‘@ﬁm%heg%ﬂ%{) te a nodified

second pattern; and 25 applyi.n second optjcal proximty correction
process to sai ga)nodﬁ%(lg‘gd nggrmsl Stﬁgetfﬁg?lﬁ at Igﬁ% pegiady gp¥ered By adeeoafiragationr n.

sensitive material;

(b)  providing a projection beam of radiation using an imaging system;
(c) using patterns on masks to endow the projection beam with patterns in it

cross-section;

(d)  projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
wherein in step (¢), providing a pattern on a mask includes the steps of:
separating features to be printed into a first pattem and a second pattern,
performing a first optical proximity correction process on said first pattern and said
second pattern;
determining an imaging performance of said first patiern and said second pattern;
determining a first error between said first pattern and said imaging performance of

said first pattern, and a second error between said second pattern and said imaging

performance of said second pattern;

utilizing said first error to adjust said first pattern to generate a modified first pattern;

utilizing said second error to adjust said second pattern to generate a modified second

pattern; and



16. A nethod for generating masks to be utilized in a photolithography
process, said nethod conprising the steps of; deconposing a target circuit
pattern containing features to be printed on a wafer, into nultiple
patterns, by separating said features to be printed into a first pattern
and a second pattern; performng a first optical proximty correction
process on said first pattern and said second pattern; determ ning an

i magi ng performance of said first patterd’and said second pattern;
determining a first error between said first pattern and said imagi ng
performance of 2RPAIEE fispepnd patiead proximiyl carsxtion prod@sy ©saldghWaaEd BAk ga@%ond
pattern and said i magi ng perfornmance of said second pattern; utilizing said
first errcdisgidagpdified seiodd battesh, pattern to generate a nodified first
pattern; utilizing said second error to adjust said second pattern to

generate a modi 6, edl nREGATIr chRtdRE b |06l R ; econd ;optical proximt
correction process to sai d Fodifi gd ﬁ‘s?ér)‘sat%ptgt thgﬁggl}]{)go{gg?ﬁfaﬁgo&f’#é&% ond

pattern; &Mh@ﬁ&ﬁﬂé@{sii%hgsfe'ggf. mask corresponding to said nodified first
pattern after said second ptical proximity correction process, and a

second mask cor, g‘ 39 0.sai d nodified, second pattern after said
second opti cal d%?og% g}cﬁﬁﬁ élg Wi ataining features to be printed on a wafer, into

multiple patterns, by separating said features to be printed into a first pattern and a second

pattern;

performing a first optical proximity correction process on said first pattern and said
second pattern;

determining an imaging performance of sajd first pattern and said second pattern;

determining a first error between said first pattern and said imaging performance of
said first pattern, and a second error between said second pattern and said imaging
petformance of said second pattern;

utilizing said first error to adjust said first patlem to generate a modified first pattern;

utilizing said second error to adjust said second pattern to gencrate a modified second

pattern,

applying a second optical proximity correction process to said modified first pattern
and said modified second pattern; and

generating a first mask corresponding to said modified first pattern after said second
optical proximity cormrection process, and a second mask corresponding to said modified

second pattern after said second optical proximity correction process.



