| 055071-0390 APPARATUS. METHOD AND COVPUTER PROGRAM PRODUCT FOR PERFORM NG
A MODEL BASED OPTI CAL PROXIM TY CORRECTI ON FACTORI NG NEI GHBOR | NFLUENCE
Field of the Invention [01] The present invention relates to a nodel based
optical proximty correction ("MOPC) for mask optim zation, and nore
particularly, an MOPC factoring the influence of neighbors during mask
optim zati on. Background [02] Lithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (1Cs). In such a case,
the mask may contain a circuit pattern corresponding to an individual |ayer
of the IC, and this pattern can be inagﬁd onto a target portion (e.qg.,
conprising one or nore dies) on a substrate (silicon wafer) that has been
coated with a |ayer of radiation-sensitive material (resist). In general, a
single wafer will contain a whole network of adjacent target portions that
are succe883Q7d1839%rradi ated via the projection system one at a time. In
one type of lithographic projection apparatus, each target portion is

irradi ated by exposing the entlre mask pattern onto the target portion in
one go; such an appar at USPRARADUSIMETHOD ANDWGOMPUEER waf er stepper. In an
alternative apparatus - I A DY, FORMIMG-Aand- scan appar at us
each target portion is irrMOLE ' It anni ng t he mask
pattern under the prolect(ﬁﬁ(&@@ﬁﬁhﬁFAC@OR@NGH@EEHﬁh@ direction (the
"scanni ng" direction) while synchr oMgEEIIENEEanni ng 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 aFiekhbfothe ifventsambstrate table is scanned wll be a factor Mtines
that at which the mask table is scanned. More information with W(99

974735-1 - Gp3071nOB8REen invention relates to a mode] based optical proximity correction (“MOPC)

for mask optimization, and more particularly, an MOPC factoring the influence of neighbors

during mask optimization.

Background

[02] 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
irradiated by exposing the entire mask pattemn onto the target portion in one go; such an
apparatus is commonly referred to as a wafer stepper. In an altemative apparatus —
commonly referred to as a step-and-scan apparatus — each target portion is irradiated by
progressively scanning the mask pattern under the projection beam in 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 system will have a
magnification factor M (generally < 1), the speed V at which the substrate table is scanned

will be a factor M times that at which the mask table is scanned. More information with
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regard to |ithographic devices as described herein can be gl eaned, for
exanple, fromUS 6,046,792, incorporated herein by reference. [03] In a
manuf act uri ng process using a |lithographic projection apparatus, a mask
pattern is imaged onto a substrate that is at |east partially covered by a
| ayer of radiation-sensitive material (resist). Prior to this inmaging step,
the substrate nmay undergo various procedures, such as primng, resist
coating and a soft bake. After exposure, the substrate may be subjected to
ot her procedures, such as a post-exposure bake (PEB), devel opnent, a hard
bake and neasurenent/inspection of the inmaged features. This array of
procedures is used as a basis to pattern an individual |ayer of a device,
e.g., an IC. Such a patterned |layer nay then undergo various processes such
as et chi ngggard iy litpgaphiatdoref dodestgped hekeml danzit glemed, dosi ekatipba from US
cheno- nec i polishing, etc., . all intended to finish off an individual

| ayer . |f%@83§?aﬁt¢€rfg§fa{£§%§ﬂa’ WIEIHTER, then the whol e procedure, or a
variant theyjeofs a\Whdnhf0fviRg theodlss usirPLBthegraplaE pEAERioRPPABNE 2 mENEHHidA | Y,
an array of ‘devices will be present on the substrate (waf eQ_._Theseﬂdew ces
are then depniad otof ¢ srhstple thaids Heleaypagiallp chvarediby sdayer 8 rafiztiongenitive

saw ng, kNG V| |. Vi ces C n rier nect ed
o pins, ATRERI HiRaT P b e PRSHAELS A, RS holeB ARk SRR
for exanplsech b eantile dsskcoativk cmdchisglt Fake. i ceftdrogxpofire) tetdubsitatéSniagiehd o
Sem conductor Processing”, Third Edition, by Peter van Zant, MG aw Hill
Publ i shi ngv'ggcted ipauher Prasaprgs. Gyetos Aomst- ok PostE BRKSIF ABedicVHEPBFH. HiaT 8fk ence.
[04] For the n&%gﬁcrﬁénbﬁmfﬂ;@&!o@]‘ &thetiﬁﬁgéarf&ht%%fs! @H‘issa}ﬁ%?%i“bﬁm%éd&%ﬁ% palitRra be
referred to as the "lens"; however, this termshould be broadly interpreted
as enconpasss hgpatigm aumdiwpes layer ofpy djvisst ¢.onas St Eneh a pattdreedi lager mefyrteart | ve

optics, reflective. optics, and gatadioptric syste f .exanpl e,. The

radi ati on “Eiif%fg%n%’ %?Vga?f%ésﬁ?c PUde a&O%O@H%nf?"éboi?@ioﬁg?%O(Pé@’dﬁ%ﬂq{%&-ﬁgﬁy of
these desioghiatiyp@Berh@medhdrt@l boigshirehaR), AU iREnde@ms Fiflsh offthnt iAGiviiel legdri o beam
of radiation, and such conponents nmay al so be referred to bel ow,

col | ecti vep\Erdrlaxsrnegg raqyited, then ghe paplg procepyiet piop vatigd thereefo gilhhayecto be

t . i t
cpper = s R 09 o YRS DK AN e TSR RS R e o L

may be usedfcir)n Paseaddvales aerthgr spanat drom stepstivapy beechaigue eachastdiding ene or
nore tables while one or. nore  other t%bl es are bei nrg used for, exposures.
Twin st agéawngh\gg?rgﬁﬁbeb1ngbvg§,}agflaxgce§rcgn ¢ mounted on a carfier, connected to pins, efc.

Further information regarding such processes can be obtained, for example, from the book
"Microchip Fabrication: A Practical Guide to Semiconductor Processing”, Third Edition, by
Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07-067250-4, incorporated
herein by reference.

[04]  For the sake of simplicity, the projection system may hereinafter be referred to as the
"lens"; however, this term should be broadly interpreted as encompassing various types of
projection systems, including refractive optics, reflective optics, and catadioptric systems, for
example. The radiation system may also include components operating according to any of
these design types for directing, shaping or controlling the projection beam of radiation, and
such components may also be referred to below, collectively or singularly, as a “lens”.
Further, 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 paraliel, 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
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wU(! 9974735-k. 055071, 0390 3 described, for exanple, in US 5,969, 441 and
WO 98/ 40791, incorporated herein by reference. [05] The photolithographic
masks referred to above conprise geonetric patterns corresponding to the
circuit conponents to be integrated onto a silicon wafer. The patterns used
to create such masks are generated utilizing CAD (conputer-ai ded design)
programs, this process often being referred to as EDA (el ectroni c design
automation). Mdst CAD prograns foll ow a set of predeterm ned design rul es
in order to create functional masks. These rul es are set by processing and
design limitations. For exanple, design3rules define the space tolerance
between circuit devices (such as gates, capacitors, etc.) or interconnect

| i nes, sodesribed, efvsugrantphatint B %4t advMERP8HOTVI nescodmrated hHerdirerbagct

wi th one aqother in an undesirable way. The design rule limtations are
typically &8 ed to as "critical dinensions" (CD). Acritical dinension
of a circypd) cage bﬁ(ﬁatzh@?ﬁblﬁ@ thiMks S PRrteS tto WaKHE  Bdmpridel REorBEtrit hBattepri¥al | st
space between two |ines hus, the CD determ nes the overall size and
density oforrgspendies ioyhe girewif eQmponepigde bointegseipd entognglienn walkr.g&he Batierns
integrate C r i 4 I
circuit dgsfisEil {(1) éé%tatt frstlgé%vv}g? &'a ?Qigér%{af&ugd Lt%zli‘@ Eﬁo%o%ﬁ%gg@ggsdég ﬁro%’g Iggsr ngly
m cr oscopiilds sarcz:essoebftdrl bdnmgrrefphed: td eaflrfe sclanchnivi ddsignesiabmbticon. sMeite@AD

sl i ght devratron f t he Esultrn f tures printed on the substrate may

render th@@WARLE 'iort’of?)éFtaB predetp eSS ARE oy ras PYFteaRls < By

physi cal V@Licat|ense £@rbyddrtée@§ﬁg hﬁH‘dés'igl?i' 1trﬁrtaﬂott§glfreg):xmprt hfsigh Gl P ABHHe
generating the inage on'the substrate, [ um nati on characterlstlcs of the

system athe spask jolernce t:[ewqenlwcurtelewrsr (emh &1 gates, ofparhersagte.) ompdetconyasied
opti cal pl’l] r)e(slt, E&Staé’ tOC rsltu%ctlit trljle gtr &%Vlcets%f/& Odg?tqn%}lelcg Wit O({r/nlegﬁlt on ]E)]g_ggzugﬁs

to mnimze 'S un eS|ra eV|a erm nes

a conpar i sigfesiribls wayl ahedemgmg&shmitatﬁms a® tpdllgrefenad of ast'ariged dimemgigas” whi ch
represents the desired image to be formed on a substrate, with a predicted
i mage, whi€h) &t B0 Simensionrnfraagitcaiticap Pe detipediasdhe pmaliashuidtl of gJ@P@ﬁf ¢

substrat e 111§Itlé§t séa@e b@ﬁJc@ﬁlt\!ve Yined Mehis2 R D AR rRimed itet Sdrall NBELH dfsif)) o ded

ina plurality of sections.
the designed circuit.

[06] Of course, one of the goals in integrated circuit fabrication is to faithfully reproduce
the original circuit design on the wafer (via the mask). However, because of increasingly
microscopic size of lithographic features and high resolution systems, slight deviation of the
resulting features printed on the substrate may render the device inoperable. These
deviations are typically caused by physical variations (or diffraction limited imaging) of the
equipment generating the image on the substrate, illumination characteristics of the system
are mask, etc.

[07] In the current state of the art, model based optical proximity correction (“MOPC)
techniques provide corrective measures to minimize this undesirable deviation. MOPC
determines deviation based on a comparison of simulated images, i.e., a comparison of target
image, which represents the desired image to be formed on a substrate, with a predicted
image, which accounts for characteristics of the illumination system, substrate, etc. In
aciuality, the target and predicted images are divided in a plurality of sections.

[08] Fig. 1 illustrates an exemplary section 10 of a target image 12 and corresponding

predicted image 14 (superimposed thereon). Generally, a lithographer utilizing MOPC
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[08] Fig. | illustrates an exenplary section 10 of a target inmage 12 and
corresponding predicted image 14 (superinposed thereon). Generally, a

| it hographer utilizing MOPC W)( 99 974735-1. 055071 0390 4 techni ques will
anal yze a target inmage at an evaluation point A typically |ocated at the
center of the respective section 10 for determ ning the anobunt of biasing
that is needed at that point. This will be repeated for a different

eval uation point(s) until satisfactory results are obtained. [09] Software
packages nmay be utilized to assist in the MOPC anal ysis. As such, the

target inmage may be represented by a natthematical expression, from which the
predicted image may be derived. Well known mat hematical algorithnms may be
utilized ft@lhniqdﬁt\eiﬂlrﬁnra]yla@a tdmgetdlmg’eadtianmvheﬁtma@roim bﬁetypaagﬁtochteagmhéaermd t he
predicted i, suc t he " Newt nmet hod. " t hod uses an
iterati ve"ér%ngipFWﬁetSS"tl?é Z)rfﬂ’f #éerﬁ‘"i“ﬂ%g'e&fm”%‘ Lﬁ’l‘f’émgdhatr‘%b‘f‘egg‘get‘hﬂé’ot“ﬁe
anmount  of l‘ﬂ%\/\irlﬂtUeQébeQ%HWlilFf@t%mtéi*'églﬁﬁo dﬁmﬁ)%&]@aﬁsfmsry Bl pthinarge 14.
The amount of deviation may then be used to determ ne the anount of biasing
needed t o {¢Bnpénlwere Hagkagehaaydva wiilizen o [aghit iEGbatMORC 1anﬂ'e'plses@mls>ht He
Newt on fornula f rectin Eguat i.on

Fig. 21l Imluréfft lmtag a9 qeortepref' 6ql(t:eedr Fﬁ? nmagggn%%lﬁ%ln%éj "of loe’qtrg i oﬁFE thff_Pm%lC)lleg

repr esent Smhgten'laml&n&liettw/ed pr ofwtle kabwA @htheRatedblal@iitions poiynbe dillizédtyt
(deS|gnated by. nurrerﬁ represents the slg{) of the feature profile at
the gi ven YgFENinEE; 8% %‘6?‘%&“ b%‘fve @Pé@géﬂt@as% g theenreticted image B segh a5 the

I ntensi ty yahughoPRkEEN TﬁleNév@tBH%etHdﬁ%& ANErdR aRoRtirT ek HRAE, b 41

given evaluation point. AF (not illustrated) represents the anount of bias
required tofushidit repmesentgey ﬁfe umeunteufaﬁwyaatlooan:owem t}teotamgﬂmemgcatlé gk thche
deV|at|onbtwenth grhg i ma 12 .and t red?ﬁ% ) If%rthe
target i mRG&"t ‘?ﬂﬁlﬁegf}e Pg’d’”{‘ JEVIRHoR ARy ¢ eﬁ] S [0 Srm‘f’ ragboé’f’

bet ween tmelsingheétﬁzutto’ccﬂﬁlw‘nbdtef((rltmm\rﬂa@bnand line 18 would coincide with the
origin of the graph, as is illustrated in Fig. 3. In other words, A would

be 0. [ | [10)] Remtoudasrresantiche Nawipsripanuls fasgereasine sk sdgeal i brat ed nodel
as the predicted inage. A cal ab ted nodel however considers mask
properties, ch&qamhani-éthEs:M(—f%? tools to

Fig. 2 illustrates a plot of certain components of equation 1. Line 16 represents the intensity

profile at a given evaluation point. 6/ /0xy (designated by numeral 18) represents the slope

of the feature profile at the given evaluation point. &/ represents the deviation (i.e., error in
the intensity value) between the target image and the predicted image at the given evaluation
point, AF (not illustrated) represents the amount of bias required to shift an edge of the
evaluation point to compensate for the deviation between the target image 12 and the
predicted image 14. If the target image 12 and predicted image 14 were the same, the
inlersection between the intensity profile (line 16) and line 18 would coincide with the origin
of the graph, as is illustrated in Fig. 3. In other words, Al would be 0.

[11] MOPC uses either an aerial image model or a calibrated model as the predicted
image. A calibrated model however considers mask properties, characteristics of the tools to
create the mask, resist properties, etc, and is therefore highly accurate Disadvantages to
using a calibrated model include extensive calibration, including building a mask and
exposing wafers, and factoring then arbitrary imaging properties that cannot be attributed to

the mask, semiconductor, or any associate property. Also, the main disadvantage to using a
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create the mask, resist properties, etc, and is therefore highly accurate

D sadvantages to using a calibrated nodel include extensive calibration,

i ncluding building a mask and exposing wafers, and factoring then arbitrary
i magi ng properties that cannot be attributed to the nask, sem conductor, or
any associate property. Al so, the main disadvantage to using a W DC99
974735-1 055071-0390 5 calibrated nodel is that an optim zed nask nust be
used for calibration. If one is not used, the calibrated nodel likely wll
produce inaccurate results. Thus, |ndustry often uses the aerial inmge for
MOPC, because it expedites and faC| litates the process as it does not rely
on existing tools. However, aerial nodels do not factor in real life

i mper f ect icolsatedgodel i IHhat enoptimized guish grust beabsel for eadibrasidel 1f ¢nedp nRewsad.dl ess
of the no i) I hven rs th h. RV, t|on MOPC
t echni queglﬁd%a%tr?o i m%de] ]h% aclg %JO(I’%litu g&ﬁlﬁ?t?ﬁeesglggé gthu%felﬁd'ﬁsb r(?efpn(f;' e % Ur es

for a gi vamialsegid fonMOP@E Headugett emptduet Bnd fatiligftdiahe pRCES, asMEE@s aenslydar s
only the deviati on between a targ i mge and a predicted i mge at a given
eval uat i of*SBIGIO0Isa AP HFES agri! nt%‘ﬁ@.daétm %ﬂ%realﬁeuﬁ%ﬁwws A8 Ba chy

nei ghbor i ggugneba,;yg]ﬁ@atédtmgdegl ven mask pattern. As a result, deviation
between the target imge and a prediction i nage remains. SUM\/ARY [13] In an
effort tol[kddr Bsgardlags 6OIhsgmiode) widizdd, the hevqmtmelhamrﬁmetpt thad hecranverdiohalr t her

herein co i Sti te hni t.0jaccou th ffect of

et ghbor | RO PE L PRLS S B R A R B hebBorid e B s ur e
Mor e specisédiieoaldf s, tafgbepaievel I omeepbals, BMERT theillehesit) thd évadtonttetweehhod f or
optim zing a mask pattern to be imaged on a surface of a substrate. The

met hod st &B&et lrﬁegw@ a prayictrdrimagh plrigeiaen arBtiop apnband dopy B FERIINGTPE t he
mask pat { Gf ful iR TR theichBiri FEs1iAG Aval AEIChAEPARS GrBu i BRANS
target pattern o t e mage to be forne ont e surface of the substrate;
(c) secti baiwegn freatngetasapd artdepredicget imapatdreins. and sel ecting at | east two
secti ons for evaluation; (d) conputing an anmobunt of bias needed for each of
t he at @éﬁwec“ ons by factoring the influence fromat |east one other

section o | east two sections; (e) nodifying the target pattern
according t there lts o d) for t|m2|n t he atter ()
si nul ating 4 s anctisreth eidé%ﬁspfﬁg {iFHOIRg ggdondhe novel concepts PGSt fBiher

herein conform existing MOPC techniques to account for the affect of neighboring features
when computing an amount of bias for a given feature. More specifically, the novel concepts
described herein relate to method for optimizing a mask pattern to be imaged on a surface of
a substrate. The method steps include: (a) generating a target pattern corresponding to the
mask pattern to be imaged; (b) simulating a predicted pattern from the target pattern of the
image to be formed on the surface of the substrate; (c) sectioning features of the target
pattern and selecting at least two sections for evaluation; (d) computing an amount of bias
nceded for each of the at least two sections by factoring the influence from at least one other
section of the at least two sections; (e) modifying the target paitern according to the results of
step (d) for optimizing the mask pattern; (f) simulating a second predicted pattern from the
modified target pattern of step (e); and {(g) analyzing the second predicted pattern 10
determine if the modified target pattern has been biased sufficiently for optimizing the mask
pattern. If from step (g) biasing is insufficient, repeating steps (d) through steps (g), wherein
the modified target pattern of step (e) becomes the target pattern of step (c). If from step (g)

biasing is sufficient, generating an optimized mask according to the modified target pattern.
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nodi fied target pattern of step (e); and (g) analyzing the second predicted
pattern to determne if the nodified target pattern has been biased
sufficiently for optimzing the mask pattern. If fromstep (g) biasing is
insufficient, repeating steps (d) through steps (g), wherein the nodified
target pattern of step (e) becones the target pattern of step (c). If from
step (g) biasing is sufficient, generating an optim zed mask according to
the nodified target pattern. MX 99 974735-1, 055071 .0390 6 [14] The

af orenenti oned novel concepts may be enbodi ed by a computer program product
and even an apparatus utilizing nodel oéti cal proximty correction (MOPC)
for optimzing a pattern to be forned on a surface of a substrate. The
appar at us[ddul dh¢ rédremtentipned auwivel concepty snambeoemisadiqsl piyng camprisy geedgran beam

an illumnator for receiving.the.projection. . beamof.radiatiagn .

proj ect i ng SR u%‘fegaarb%%%ga&‘rls F%\@%"ﬁé i“g’ﬁelaolﬁ)tbclaf%oﬁ“@fty SOHEden @%@ofoécti on
syst em havpigizengnipaeteirCal beapendduea §urldle bf & SibsiriBIMRE appLRLE ESPO R1udE a
irradiated  portion of a mask, onto.a target portion of a substrate; and a
conput er SFEEMSTHIM S&r UERYINGG PIRISELT RraEman i wiados fas seceiying the prgieqiigpel
concepts te. &kGO £ - t ; | PG At ni,ques.
By factoriB‘lr;]agé'?) Eefa(;ﬁ%] ué‘#}%gﬁﬁ?ﬁﬂg?&ghﬁgﬁ?@&%@aﬁ 8%‘29&%}8% roacy (% abrﬁ%}g’ ‘

cal cul at i prigectibmeyseas bavidg a hahémoas agenate (4K sfomarpadies § votrdspondigy imilzed f or
enhanci ng patterns to be imaged on surface of a substrate..[16] The

For egoi no PR 5f AEEsF it BT fu@ela UG Rl et B e ot elompine

di scl osur e afdrbmeRRGEEBRcHOr € apparent fromthe fol l owi ng detailed

descri ption when taken in conjunction with the acconpanying draw ngs. BRI EF
DESCRI PTI ONJ OF 'IDRAWVRIGS opaspls mrggent| siggifigante edyvgpragesy ovier usanventiooal dOBC

secti on. ol haOst, LiIBAR, A et hafoLRAR S RELIIDF Sl LhEnERhs [19]

Fig. 21is ustrating e anoun evi atron,

i nt ensi tyinchatwee follohea thdt atagled mbyragBirthedopitinezqar foderdtaedng pagensab ba imagegl e
eval uation point, such as that illustrated by Fig. 1. [19] Fig. 3 is a plot
simlar t8"ERYTASPI EFYPSY6ut i1l ustrating zero deviation between the

[16] The foregoing and other features, aspects, and advantages of the present disclosure
will become more apparent from the following detailed description when taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[17] Fig. | is an exemplary illustration of a section of a target image and a predicted image
superimposed thereon,

[18] Fig. 2 is a plot illustrating the amount of deviation, in terms of intensity, between the
target image and the predicted image at a single evaluation point, such as that illustrated by
Fig. 1.

[19] Fig. 3 is a plot similar to that of Fig 2 but illustrating zero deviation between the
target image and the predicted image at a single evaluation point, such as that illustrated by
Fig. 1.

[20]  Fig. 4 illustrates an exemplary section of the target image in accordance with the

present invention,
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target inmage and the predicted inage at a single evaluation point, such as
that illustrated by Fig. |I. [20] Fig. 4 illustrates an exenplary section of
the target inmage in accordance with the present invention. R 1I1 99
974735.1.055071.03911 7 [2 11 Fig. 5 is an exenplary flow chart illustrating
the method for determning bias for a mask by factoring influence of

nei ghboring structures in accordance with the present invention. [22] Fig.
6 illustrates an exenplary section of a nodified target inmage in accordance
with the present invention. [23] Fig. 7 illustrates an exenplary

| i t hographi ¢ projection apparatus. DETAI’LED DESCRI PTION [24] In general, the
MOPC t echni ques descri bed herein entail determ ning the anobunt of bias
needed to [8plti Mige & avesxkmplityt Sow ahhitliBustratng thermgethink forndekarmnteg biesfior a

nei ghboring ., features on mask. The. techni ques i.ncl ud enerating a

redi ot ed Kt & (T PRPTep! tSlrbuie SEE AR acRy s Hih PFyprgen

eval uati onngatigi.s at which biasing may be determ ned. A set of

mul tivari a}?I e equations are generated for_each eval uation point for

fact ori ng {4k | Géh O lvErtsiengRBHPIRRGSEF N o 2a108ified targimagh i aseprdange yith
equations (gt GoidAeMvagloned to determine the amount of bias at each

eval uation point, and the target pattern is nodified accordingly. Because
MOPC i s ar2$} erfag. i7vBusmatss es sxerapjary hithographiegirgje@tniappgetus.s generated from the
nodi fied target image for determ ning whether or not biasing was sufficient.

I f not, tgg%ngﬁi%#ﬁgg@ﬁ“dﬁéwi bed above is repeated until an adequate inmage
has been T X m ng the foregoing, the influence of neighbors
of a give attern y.b en.into .account thereby accurately reducjng

devi at i onrh?)@t ‘éﬁe%?gzﬁa g\{[b?ﬁa@ﬁmﬂﬂs flﬁséng%{]}ﬂﬁ?‘“ieﬁﬁ‘gedetet%m | ngyat B}ri nt ed

on a surfagR s&bsd kA lBumii 8 n‘iHskgﬁ%éﬁ?wﬁﬂ@%dtdfir%piﬂeniinf-lﬁé]c@ S kel BbO8ng
fornied using MOPC techniques. [25] Fig. 4 illustrates an exenplary section

of a targdtatpas vermmagior Thagdechoiquex prictidatdeneratinghe predieted patiran tfenon asthtgwn i n

Fig. 41is ptangnsa?tg%etgain&;hﬂ;lurialilyuo%teclglhgtgonb oirllztis B w%ibh gasﬁlg%a%/ede (ﬁpe%nﬁl%ﬁt &rn
set of multivariable equations are generated for each evaluation point for factoring influence
of neighbering features on a mask. The series of equations are then solved to determine the
amount of bias at each evaluation point, and the target pattem is modified accordingly.
Because MOPC is an iterative process, again, a predicted image is generated from the
modified target image for determining whether or not biasing was sufficient, If not, the
cvaluation described above is repeated until an adequate image has been obtained, By
performing the foregoing, the influence of neighbors of a given pattern may be taken into
account thereby accurately reducing deviation between a target image and the actual image
that would be printed on a surface substrate. This of course greatly optimizes a mask to be
formed using MOPC techniques.
[25] Fig. 4 illustrates an exemplary section of a target pattern. For ease of explanaticen, the
target pattern shown in Fig. 4 is the same as that illustrated by Fig. 1. Of course, any pattern
maybe analyzed with the method described herein. The target pattern is divided into a
plurality of sections, defined by evaluation points A-N, in this example. These evaluation
points may be selected in numerous manners. Typically, a lithographer may choose line ends

and partitioned feature edges.
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maybe anal yzed with the nmethod described herein. The target pattern is
divided into a plurality of sections, defined by evaluation points A-N, in
this exanple. These evaluation points nay be selected in numerous nanners.
Typically, a lithographer may choose line ends and partitioned feature
edges. WI1)L90 974735_ 1 -055071.03110 8 [26] Fig, 5 illustrates a flow
chart of the process for inplenenting the novel concepts described herein.
In Fig. 5 "Step” will be abbreviated by the letter "S." In Step 500, a
predicted pattern is generated froma target pattern. Fig. 2 generally
illustrates an exenplary predicted patfern 14, and therefore will not be
illustrated in _other figures. Various nethods may be utilized for

gener ati nf% pF ‘éd?c‘iléﬂm&‘ét% 8ew duserf @ﬁ pxoqesy B timplamaafing ﬂB(é‘Pfﬁﬂ &pycepts
Sof L var & RAEKAGLRersiHClnde MISKNEAVEITTI Borbiibg MAHT ST i b! zed-
sign an targe ed a

MASKWEAVERTM 1's power f ul opti1m zation too £ the
sub- 100npmretisclnalteyyis gmzb&ﬂed frbmwasrgde;mﬂenpelﬁ g Sphgsictallgallbsyrates ahekgmatgr ess

the | ow ki _imagin reqU| ts 0 prduc factuyers at advanced
nodes. VAERIERUERERT o gnd ﬁ\%“\?ﬁ”&é’%‘ le{mfg%ﬁ%mts hpBFBRERF: af anots desthais ed

optical prRyive §i)iz6@6EEdieRMing aPpRilkicH Y %Jnhb E@rohvdeta‘ | RERt abk Qa4
ASM.' s pat e?]t ed chromelgéss ﬁgseﬁ{él lt ﬁo pa as ' ecl:ﬁnolo |eés?]lqb g?] I n

Step 502, “lHT\Mf% Resgregsveeh araly A WEAVE T"lhy $M§c MﬁI\%JQQla&TI“omyﬂm tﬁtlged as is

shown in ' , e 0 | ect ed .for

anal ysi s or a \gr%oAt}'fﬁ%f fagd ceg% l%éles\lfa‘?/e%gﬁﬁ%dg g%tﬁﬁ?% O?rla épr et?(? f(ﬁ&c sub-

Al t er nat i Vedyy teelnadlopt moalbspmwﬁss:le@elopeelcﬂ.pleﬁﬁSalm Help ac&bésealﬁeeldmbyl 1dﬁging| ng an
' of th ar ea

area of the target ma to anal yz and itioning a centroid

fel ative FgUEAMgUS el GIsPhmanEtss Al ehansed e MASKWEAVERDY also
eval uati oprovRIRE RLBH-cAPY hI&Q%l@Jl R8&-vaksd Qﬁlcﬂ%kﬂﬁfgﬁ&)ﬂ&'@ﬁ(‘!@&?ﬂablllft)p\}v:th
explanat|on purposes a circular area iIs chosen

i nf | uencenitadi uplementation poff ohVhR Pntfentaén@lgomﬁmﬂ eﬁha$ftlelah¢grapft}’héCPLWf)l uence
circle sh?ukl]g yer the entire area of a given target inmage. However,

di st ant 2% have | ess affect or influence on intensity at a given

eval uati of27poi htStem S0he liths@apher maggelectNagluvahlyl of evilngtionh paintg, dsrasi@afnfinwi t h

setting the influence radius. As the inf|uence

Fig. 4, for example. All evaluation points may be selected for analysis or a group of adjacent
evaluation points may be selected. Alternatively, evaluation points or sections may be
selected by defiming an area of the target image to analyze, and positioning a centroid of the
arca relative to an evaluation point. The area should encompass at least two evaluation
points. Any type of area may be considered, however, for explanation purposes a circular
area 18 chosen.

[28] In Step 504, the influence radius 1s set to form an nfluence circle, Ideally, the
influence circle should cover the entire area of a given target tmage. However, distant
features have less affect or influence on intensity at a given evaluation point on the target
image. Naturally, there is a tradeoff with setting the influence radius. As the influence
radivs increases, so does the accuracy of the bias calculations at each of the evaluation points
encompassed by the influence circle. However, computation time dramatically increases.
As the influence radius decreases, so does the accuracy of the bias calculation at each of the
evaluation points. However, computation time decreases. If the influence radius is set to

zero or a value such that the influence circle does not encompass any other evaluation points,

bias calculations would be consistent with conventional MOPC. Generally, a reasonable
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radi us increases, so does the accuracy of the bias calculations at each of
the eval uation points enconpassed by the influence circle. However,
conputation tine dramatically increases. As the influence radius decreases,
so does the accuracy of the bias calculation at each of the evaluation

poi nts. However, conputation tinme decreases. |If the influence radius is set
to zero or a value such that the influence circle does not enconpass any
ot her evaluation points, bias calculations wuld be consistent with
conventional MOPC. Cenerally, a reasonable 9 X 09 9-4715-1.055()71 03 90 9
i nfluence radius may be set to one or t®o tines ?2JNA (i.e., multiples of
?JNA) of the |ithographic apparatus or to enconpass at | east one ot her
eval uat i om{penest radRefrsay ibﬁgset m Iéhg or two tirhes MINA lniemcmuitadfrsusf ha¥A et the

denot ed byt he varlable R his e lary. fi qur e t he. uence |rcle
encorrpass)([alléh0 (RIS EPPERAS ST Fﬁ%ﬂcﬂmpﬁs aéﬁ:’g% onﬁ%t 'l@l‘aﬁlroﬂlplomt ?ﬁt “i”?‘gfﬁo

radi us |t 4cen¢l idfibenct nsdieabacbeen dehdred rafylthkenmbw Rl mﬂcadmwﬁgmtehefe

eval uation points. [29] In Step 506, a, Newton eg?atlon is generated for each

eval uat i of! B¢t CIEIR BIAREDEES eb%}“‘t"ﬁ@ POHES GeBe &> dibrloI N Yatyraile theHlugrqey . f or
each eval %ﬁasq&ma Bé m%f%bs‘eﬁtsg%mﬂeemuﬁmgm §§ses S&‘B@F%\QR%E}&;P Gxgmpl ary

Fig. 4, there wll be six Newton equations, eac Dation poi nt
enconpassélﬁ by Irt h@p i506] a1drewnciquetian 1s Reuahted tfcbrastac:bqu@uat@n Hoirtrepponoghased d

bel ow) resents a Newt gn equati on ua 3 AF = Al 3 ation | may
be modi f| g?ﬁ %‘Iey n?lélfﬂcgcflﬁ‘a aXy Wor%lgeﬁfr%ﬂy %%fyeff’%' Fval'(}%'ioghp?lgbrsg‘géﬁ Dbifasi ng
of mul ti phighopriphérs Cohbigéigoi@mplary Fil 4./thdre wile 59 RN etork s?@usﬂfbaagaefoefeaoan edge
at an evaluation point other fhan the eval uation ﬁOI nt for which the given

equat i on regalwovdwmt[e@e?mﬁfe@tbbihezmﬂéwwccr@lﬁr digsall dhattequatifmal ilsprodu¢edat has
been nDdi%k§@$ﬂ§f N% %ﬁi & simplified and solved for W Equation

24A1 =7 are known. Therefore, Equation 2 may be
sol ved for AF to deter @vayount of bias needed at a given eval uation
poi nt. BecauseFfiyatios ! 'sgﬁﬁﬁﬂquf‘ eval uation points, there will be series
of equations. Shown below is a series of equations in expanded formfor

eval uat i oggpgioat SmAy bBmddifidd bylreplkiag arxepplvathy oftl 07 4which represents biasing
of multiple points. Therefore, “I” will be responsive to a change of an edge at an evaluation
point other than the evaluation point for which the given equation is solved.
[30] Equation 2 below corresponds to Equation 1 that has been modified as described

above, simplified and solved for Al.

Equation2 2 A7 = 8] ¢ AF

Variables A7 and &/ are known. Therefore, Equation 2 may be solved for AF to determine
the amount of bias needed at a given evaluation point. Because there are multiple evaluation
points, there will be series of equations. Shown below is a series of equations in expanded

form for evaluation points A, B, C, D, L, N of exemplary Fig. 4.

AL = al AR+ al ear, + 2l ar, AR+ al, AR, + ol , AF + al, AR,
o Oy, T dfxyy Ofxy, ofxyp ofxy, Ofxyy
) J
A!H:af AF4+61 . AF, + al, “AF.+ or, ear, + ol «AF, + ol “AF,
ofxy 4 T Bfayyg Ofcy, ofxy Ofxy, ofxy
AL = i, CAF,+ ol . AF, + al,. AR+ ol “AF, + ol AF 4 al,. «AF,
ofxy T Oy Ofxy Ofxy Afxy, Ofcy
]
Mozaf AF+61 M+af AF+aID.AF+aID.ML+aD.AF

ofxy 4 T Ofxyg ! Oy ¢ fxy ? afxy, o Ofxyy
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al al al al al al AID=" AF~+ AFB+ A AFr+ '~ AFD+ ~ AFL+" ~AFv |)i-V

af xY. 1 af xyc afxy., af XYL afxyti. alB AF + al s AF + ale AF + al $ AF +
al " AF + al B AF Al B = afxyr afxYB afxyc afxYD afxyr afxy n Al . - alc
AF + al ¢ AF +al C AF +al C AF + al AF + NC AF af YA afxY8 B af xyc
af xYD D afxy L afxy, Al D AR + alO AFB + 010 AFr + _ IDIL" AF + _ AFL+
al 0 AF,, afxYl1l4 afxye afxYc afxYD afxy,. afxYV W)v" 974435-1 055071, 0390
10 AIL. OL AF4 + 71'- AFa + all AFB. + al L AFU + 31L AFL + alL AFry
af xYa af xY8 af XYC af xY1l af xYL afxYn. o] & al al al 01A AF% N, AFI + afxY,
af xY8 af4Yc af XYD af XY, af Xyv [31] Recall that factor al is known.
Therefore, in Step 508, to si rrpllf‘% cal cul ations, the values of al that are
close to z ro l;re%ﬁ gt_Ho zgro. Ohey g{- o@leer saéLtr&de o7, Ac}‘,quracy
decr eases as ér factﬁoraﬁcﬁet 0 ® i nére@%e Regafxgl essy
setting sorre fa?tors ero a sp se matr may beaforrred as, in Step 510.
In Step 512/, Eh& tbisas, SevaFyua .gmant_(_s, ed APy

sol ving the mat@ix for e@ré}h« vari a@ﬁbc Met héde, for s@fxi ng spéﬁﬁe matrices
are well known, and exenplary mat hematical software prograns, such as
MATLAB, miylhe Redalli thexcFadtor A1 Hi &nput. pob@efofe3 2] SiSh P8, DABMpINRY caItOladss, fher
sinplifying conputation. However, these steps may be omtted, but again
there is aulteadedl f thaearudese ompitb ahdyobe ket a6 cHRes .hoRegar i eamdesfich
sinplifi catl on not be_required ven a conputer systemthat can solve
for a conplEX SetecrapcseRfulif ingResT P%%ftoﬁseétt%&e@llﬂcref‘f‘ﬁé tRfgEesh At e s

modi fied wWhd R B A/ DeharQITRMEE haybe ThigRd2ds%in Stéfi &0, QH'Sltépuﬁtf e BPasi}
exenpl ary nodified target inmage corfesponding to the target inmage

i |1 ustrat ed lyedch@valBatidntpoiii®t ié GRerdiadt byt @1ig Getiitditix fd}%adfmdirfabl%d Mah@Rt
i mage i s not based on
for solving sparse matrices are well known, and exemplary mathematical software programs,

such as MATLAB, may be utilized for this purpose.

[32] Steps 508 and 510 are for simplifying computation. However, these steps may be
omitted, but again there is a tradeoff because computation time increases. Regardless, such
simplification may not be required given a computer system that can solve for a complex set
ol equations.

[33] In Step 514, the target pattern is modified with the biasing computed in Step S12.
Fig. 6 illustrates an exemplary modified target image corresponding to the target image
illustrated by Fig. 3. Tt is important to note that the modified target image is not based on
actual calculations and is for illustrative and explanatory purposes only. In this example,
however, sections 20, 24, 26 and 28, comesponding to evaluation potnts A, C, D and L,
respectively, have been biased. Sections 22 and 30, corresponding to evaluation points B and
N, respectively, were not biased.

{34] In Step 516, the modified target pattern generated in Step 514 is used to generate a
new predicted pattern (not shown). The predicted pattern may be generated in the same
manner described above. In Step 518, it is determined whether or not the biasing is
sufticient,

[35] A lithographer may analyze the sufficiency of the MOPC bias adjustments in Step
518 by determining the deviation between the predicted image and modified target image.

This may be done by determining if the deviation meets, or falls within, a predetermined
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actual calculations and is for illustrative and expl anatory purposes only.
In this exanple, however, sections 20, 24, 26 and 28, corresponding to
eval uation points A, C, Dand L, respectively, have been biased. Sections
22 and 30, corresponding to evaluation points B and N, respectively, were
not biased. [34] In Step 516, the nodified target pattern generated in Step
514 is used to generate a new predicted pattern (not shown). The predicted
pattern may be generated in the same nanner described above. In Step 518,
it is determ ned whether or not the biasing is sufficient. [35] A

| i t hographer may anal yze the sufficiency of the MOPC bias adjustnents in
Step 518 by determ ning the deviation between the predicted i mage and

nmodi fi ed thrgee. [thgpredicidiimagmly withindte @rddgtedeined trilerameg, fhien MRP@ bas xen on

nmeets, or fall it hin redet erm ned. 1k. '4735-1. 05 1 0390 11

tol er ance(.'oni”?let? ?1%?” ‘&?rtﬁetge Frﬁgﬁgedi Hagy lsholuﬁs’#eh@ %‘? BE%FT@PH{“H‘ZEJ?TBTC& g‘ﬁ‘&e,

t hen MOPOVIGHX Beepeatedpfathmaingdo Speorer MOPC g bpra@hel egtii 18 GRedetenaitkgi de of
the predeterm ned tol erance, then MOPC is repeated, returning to Step 502,
MOPC may 5%“@§5€§U§ﬁnﬂﬁfil the predetermined tolerance has been net. [36]
It MOPC HBGE-  1rBPcaGleY i SR M SstRbnd %@tf’e'd’tﬁ%;)é) fssurﬂﬂl%béoemtﬂg tﬂ?}tre(fet%?m'ned
predeterm ned tolerance, equi'pnent exposur€ settings and scatting bar s may
be adj ust ®thrarde Seqyarnentt expappt isctingo andecattiy 878, 89 be eadffuistdded U'SA paedrinod,

program product and s of iL,qul t aneous optimn zation for NA-Si gma
exposur e ﬁ%ﬁf?ﬁﬂsnﬁhagggggﬁgTFH “%grgpéﬁﬁy%kiwaggnldﬁ ugh andy BRA AW oL i bes
novel techiRiufiast@sud Sptiiiz&bon fot MRS RRRAI & paRPASAIMS 98 sbdrREs: BRY (¥ uaps hm zed
for any pattern concurrently with MOPC. This application s incorporated
herein  byeviet laywicdeschbest iovehterhragyes ip aviichrhdogigplie agpayatup setéingscaap be
correspongs: t:0 i £XP ) r..fhe: At QRS may
be nodifie ‘tb“ﬁ%ﬁgﬁghﬁétepﬁi?h§8§§§h§ﬂ§?| ¥§¥§B”@%§§P8§§§B§ 8?% ofﬁagven
mul ti pl e expbsences itasntsétpwn by Equation 3 bel ow. Equation 3 4 Al =al 'P J
0 - |

AFexpl +01E3?? /@Fhepé%%{/é-ges%rigéd é){am-lﬁ?é corresponds to a single exposure system. However, the

sel of equations may be modified to accommodate lithography utilizing double exposure or

even multiple exposures, as shown by Equation 3 below.

Equation =2 E =§ .Fexpf’kg .A_Fe;;pz +.... +§ expn .EFmexpn

expl exp 2

[38] The above-described concepts may further enhance conventional mask optimization
techniques, such as rule-based mask optimization or traditional OPC techniques. For
instance, conventional techniques may be performed initially, and the above-described
concepts may be performed to further enhance conventional optimization techniques.

[39] Software may impiement 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 optimization techniques. 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 computer system enables the platform to implement the catalog and/or software
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exp n *AFspw [ 38] The above-descri bed concepts nmay further enhance
conventional mask optim zation techniques, such as rul e-based mask

optim zation or traditional OPC techniques. For instance, conventional
techni ques may be perforned initially, and the above-descri bed concepts may
be perfornmed to further enhance conventional optim zation techniques. [39]
Software may inplenent or aid in performng the disclosed concepts. Software
functionalities of a conputer systeminvolve programm ng, i ncluding
execut abl e code, may be used to inplenent the above described optim zation
techni ques. The software code is executable by the general -purpose
conputer. In operation, the code and p&gsibly the associated data records
are stored within a general -purpose conputer platform At other tines,
however, fetenlayhrgfmetionsy Heessensiady the mapnse perfornadi iBribe smpdimenisahigspesed ed f or

| oadi ng Lﬂiﬁu&ﬂ?ed%ﬁeﬁr?p” at e general - purpose conputer systens. Hence, the
enbodi nents di scusse above involve one or nore software products in the

form of oh®] or Asmpsed hmoeloy tesnsoduch @d eompuater oredadiymeatreddablet matiem” refer to any
nachine-rea&ablg@nedLun1 ExecutLgn of such code q¥ rocessor of

a t he
conput or - B54TBnTHah EERendn BraXPiBE APTECToN Lrb RTOcERE 3t S1esy ot &
sof tvare Wi 8%y 9uketinp mASRRTLIA0A ot 1A AR ATORHCHEARSvolkile
essentially the manner perforned in the enbodi nents di scussed and
i || ustrat ®gdineprd dranpappionsmediad hepeplutila aregip Hgbideador gmpuitler opticahmehi ne
"readabl e_nedi.unt to a | um rtici I N providi
instructi Bﬂglge!tl 'gﬁék%i%g@égss%ry 0?)(9?3 ggrggeugglvﬁ)%gﬁné& hcoam%h%e?%ﬁpn@lrér}%% 3 é’EgOﬁ%ﬁy
forms, i nalrudiptgfdomt dizodsséd abdved Velatilaanedvo inalvidk elymaticameniedyakichess madi a,
and transn ssion, nedi a. hbn-é$lggile medi a include, for exanple, optical or
magnet i ¢ BFERY, Olstieh aFompH{Fr GfatioR. Shyvie dranuisye’ mefiqngludo Ayftad cplys:

oper at i Ng¢@&$eLWreUndt fMier opHiLy/ Qﬁclf?dliﬁ%fﬂ%r Wire ke Lo BHs AR VNS - wiMRh %tédnﬁ)u'f@di a
i ncl ude dynam ¢ nenory, such as mal menory of such a conmputer platform

Physi cal $ystnsniCggicomwane tiapsnistdudedeocanitaie baldbms of elboiserr ahictremagmktifi ber
opti e, | DChATLAGLANEC B8R B sSSTRL}GR Rallity bRl Bl R T 43 o
el ect r omagim@tddC(IR p 4R abmmudlcaBGRUSCHEmOH fdinBNif saRterstiabblesnddoaRregager at ed
during radio frequency (RF) and . . _ _ .
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
lorms of computer readable media may be involved in carrying one or more sequences of one
or more instructions to a processor for execution.
[41]  Fig. 7 schematically depicts a lithographic projection apparatus suitable for use with a
mask designed with the aid of the current invention. The apparatus comprises:
- 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 a mask

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

mask with respect to item PL;
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infrared (I R) data conmuni cations. Conmon forns of conputer-readabl e nedia
therefore include, for exanple: a floppy disk, a flexible disk, hard disk,
magneti c tape, any other nmgnetic nedium a CD-ROM DVD, any other optica
medi um | ess commonly used nedia such as punch cards, paper tape, any other
physical nmediumw th patterns of holes, a RAM a PROM and EPROM a

FLASH EPROVM 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 nedlun1fron1mh|ch a conputer can read
programi ng code and/or data. Many of tHese |urns of conputer readable
medi a nay be involved in carrying one or nore sequences of one ur nore

i nstructions toaaapmdQQSQUNMﬁﬁmbewwtmbkbMHjhéﬁhuFW@ha%u&ﬂh&ﬂamkm&hly depi cts

a lithogr iC proje n ltab for use w mask deS|gned
mith tn’ ARG R Rk SR B e P RO B esr o Falish AP reilisd By el

radi ation @syt&irﬁtgrﬁaanslféracmﬁte elwhmgﬂﬁ: SAbRHBOK P FesPRR i of ; radl ation. In
this partlcular case, the radiation system al so conprises a radi ati on

source LA, - a- piprajectiopjsegem { Aense) Klmtesdc & igfresiveniqpis ordatadipptris eptisgls k

hol der f OE %ﬂg}agmﬂgﬁ Ifrrad%b(f §0r90n 0 E%Elgmgntgﬁg%rga%%ﬁﬁo ; egelpé, first

p05|t|on| ans accur at positionin ct to item
PL; Wo(, QQNQﬁﬂmﬁﬁmw(ﬁﬁﬁ@@msQQQﬂmEmmnmz%@cond obj ect table (substrate table)

WI' provid h a su rate holder for . holding.a substrate W (e.
resi st - coE@éd P PRGBS i)ﬁ’feé'? )the 2PREratih et e Hansg ShEoHpe ‘[foa‘?at"'lao‘i’ﬁ'ﬁ@%ﬁ’é(ﬁns f or

accurat el upgsi HoRBldg it RencrlD S hid} Q1 bd of @S RERELVEOtypt € Fr Rlxampled(wifiPheCt | ON
system ("lens") PL (e.g., a refractive, catoptric or catadloplrlc opti cal

system flleptinggnang) ah tmrnﬂtabﬁlhttb@anv@rattusmammmlme aprgBe Kisd ofpadtentingameass
portion Cﬂs(ﬁi ternan&® [H)t’hla %lgﬁnt Olqgskoé)%arﬁg)rlé[% 19&19(?6) a ogllan}?na%'ljebr?l rroarl S‘a%\é SIL(g]g] As

depi cted herern, thé apparatus nsm-s
t ransm ssimaaix. nask) Fbwever in general, it nmay al so be of a reflective
reflectl nask Al t er nat | t he_ a paratus

type, for anpje (with a
may enpl o@ngﬁﬁo Riric 6F & pATHSERRY ﬁ&wa%maéas PP bRt BURRRE Use of
a mask;  eXpkeS it R MRCarR I RARABATRIR (i oI, Ah@Y dibdeRy o Bl Rhving

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 o-outer and g-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.

[44] It should be noted with regard to Fig. 7 that the source LA may be within the housing
of the lithographic projection apparatus (as is often the case when the source LA is a mercury
lamp, for example), but that it may also be remote from the lithographic projection apparatus,
the radiation beam that it produces being led into the apparatus (e.g., with the aid of suitable
directing mirrors); this latter scenario is often the case when the source LA is an excimer
laser {e.g¢., based on KrF, ArF or F, lasing). The current invention encompasses at least both
of these scenarios.

[45] The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. llaving 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
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143] The source LA (e.g., a mercury lanp or excimer |aser) produces a beam

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

means AM for setting the outer and/or inner radial extent (comonly
referred to as a-outer and (3-inner, respectively) of the intensity
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 i npinging on the mask MA ha$¢ a desired uniformty and intensity
distribution in its cross-section. [44] It should be noted with regard to
Fig. 7 theesiidnéngsioeans dandaintraterdyectus trwawrimeendawﬁi)ngte sgbsttakeetabict MBgambhi ¢

proj ectiop as S often th nmer cury

lanp, for n~.o9£’(P§e1rt,?§at’e%B 5t Wat® 1t pomgon fg%e arlg%tr?b(t‘Téo'tSSQ ﬁﬁena tst(]} §P55Ri ¢

proj ect i om%apﬁp:atlat)t,lshe ﬁishﬁos’lt@(dm@g m@ﬂhshﬁﬁl’mbtuhai tol dccratihppesstidiethe gnasiedfA nt 0
t he appar at us th the aid of suitable directing mrrors); this

| atter sceﬁamsaeqtgo BlFtPéﬂi‘ qfile beaaePRyreh, aflkemsphanical 1eiigval ¢f themaskodA fromser
(e.g., bagefsoNvdhFor Mifn z( sdag. 'I\E"‘géri% J.m %ﬁteﬁPéﬂ‘Bﬁ jel?tvt%‘lte!; &{jr SpEAPasses at

| east both of thede sce arl 0S. beam sequent intercepts the
mask MA, whaligid with thelag @fna ngugkke mbihde (doffrse mamtlmgng)reardearshed-stmkee magdikle VA,

the b B t th t he beam PB opt
Lar got - pol [OR LoBPeL He Gttt et SP e T RCER i 47 of TEREVGethll Wcabs -

974735- 1. GhRD¥kpR390 dbﬁoﬁ:@&b tal sEpl-ang- saaﬁm&)(ﬂamﬂasmb@em R fidt Be meutreu ng
nmeans | F), the substrate table WI_can be noved accurately, e.g., so as to

posi tion H’vtﬁl‘het‘éﬁt’k@tﬁ&ﬂ@ét‘ ‘Hd?ﬁtbiktﬁr@‘eé: in the path of the beam PB. Sinilarly,
the first (43 Si 04 gl’&gcd"fﬁ@l n%ﬁﬂsé&‘%‘t@%@fﬁe&n@ﬁﬁ&é@ta y position the mask MA

wth respec to the path o beam after mechanical retrieval of
t he mask MA fr-Olmsteg nmbkthlembirshtajble M isikepit nsgscralz&lg:amnomary,gmdenaht,lrema\zlenent of
t he object tables id.of. a |long-stroke

odur e ColR maiet T oo G urdf Aot S ot S e Bot € T SR )

whi ch ar ewnofk txphifed ih the kR G §Qiredtidnk Go thit a EHOBRMElargek PortibR (CasBe Of a
waf er stepper (as opge osed to a step-and-scan tool) the mask table MI may

just be ctmd am PBhort stroke actuator, or may be fixed.
- In scan mode, essentially the same scenario applies, except that a given target

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

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

the projection beam PB is caused fo scan over a mask image; concurrently, the substrate table
WT is simultaneously moved in the same or opposite direction at a speed ¥ = Mv, in which

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

{47] The congepts disclosed herein may simulate or mathematically model any generic
imaging system for imaging sub wavelength features, and may be especially useful with
emerging imaging technologies capable of producing wavelengths of an increasingly smaller
size. Emerging technologies already in use include EUV (extreme ultra violet) lithography
that is capable of producing a 193nm wavelength with the use of a ArF laser, and even a
157nm wavelength with the use of a Fluorine laser. Moreover, EUV lithography is capable
of producing wavelengths within a range of 20-5nm by using a synchrotron or by hitting a

material (either solid or a plasma) with high energy electrons in order to produce photons
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[46] The depicted tool can be used in two different nodes: - In step node,

the mask table MI is kept essentially stationary, and an entire mask i nage
is projected in one go (i.e. a single "flash") onto a target portion C. The
substrate table W is then shifted in the x and/or y directions so that a

different target portion C can be irradiated by the beam PB; - In scan
node, essentially the sane scenario appl i es, except that a given target
portion Cis not exposed in a single "flash". Instead, the mask table Ml is

novable in a given direction (the so- c%l | ed "scan direction", e.g., they
direction) with a speed v, so that t hel proj ection beam PB i s caused to scan
over a mask i mage,; concurrent ly, the substrate table W is sinultaneously
moved in PHBINSAwange. Bepvist Mostmplerals ars alsoratiegpwishinyhis rapge, illamigstiemman | s
the magni Eé EI%ULL%H b?frefrlr%ﬁwl: ﬁ‘anﬁmg lwﬁ@a%ﬂ{rﬁ%'tz]c%’of MOT%b]c{enurQ m‘}gﬁ)conl Pnd M-
manner, w t hout "havi ng
to conpr omrﬂemumrrlmscml 40 Iaye‘r pa[nfk?df Mbb’b(t@llﬂﬁEM(BSldib&C Mchs&cthhelmeltmssrraﬁ/czsh mul at e

or mat he |caIIy nodel e gin temf in u

wavel eng?ﬁ" &t%ﬂégﬂeraﬁﬂveﬂ%‘ﬁgb §‘béE‘iag$'I Va%éeé@ gr@%@i‘ g‘@‘%l %a‘@ifng

t echnol ogiigsgGaRAbT&iedilyPh @Mtd@ﬂm\r@\a@édeteqkmc@%n %rdyﬂ@i&?&rgmm srn@emabdter
size. Energing t'echnol ogi es” already in use include EUV (extrene ultra

viol et) | matsoal !a@hsnrptmatt Xr1gy @@p@l@lﬁ@h&aﬁ tlpnm@s@pﬁgbsarM%ﬁmwb@f@nsgwhcm th
the use o deve hwrththe use of a

Fl uori ne Ieﬁgléers w%@é%t 6\76715 nOt ;Pne%a '(‘:’%%5 e of producing

wavel engt 1w tila thee o"oaa@es dlfsclaﬁdi’olﬁmrbMadee ngddosiyagingatnrodubsratdyuchiat ki ng a
material (either solid or a pla(r% t\gl‘?th hi gh energy el ectron n order to
produce phOtYh¥aloR ichall by padessioqd B85y iseigery cpBeshts HrNDE Hied \r@rﬁr@ iS&tause

nost  mat ehlh%Lx%Fl%E SmEADRL P E ¢ VthJEbﬂe b3t Sor ﬁaﬁ‘e%%gkbﬁ EﬁHﬂer%E bar BBY silk8n

produced by reflective mrrors a nulti-sta of Mol ybdenum and Silicon.
The nul ti waBtsack mirror has a 40 |ayer pairs of l\/bI ybdenum and Sl | i con where

t he thick uart er .wavel.engt.

wavel engt E@? may tB%u%?}é%ﬁrgge tmveﬂ“%qh 5}’ *t df"tsﬁré%erd abm 'pu yp c%l ?% 1?15 to be
synchrotr elmaMﬁllmmbddqhmrtﬂduﬁﬁe Bbyvaayf Nmsrghlengh@ exﬁlmeenma is n@rtterbreal i's
absorptive at_ x-ray _ wavel en a thin piece of absorpbi ng mat eri al defines

where felkeR B “apal dmgation pssgmetqf\ree Pf@%qnstmvelaronrhﬂngdrwt hebathejgms

resist). . rihe appended claims.
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[48] While the concepts disclosed herein maybe used for inmaging on a
substrate such as a silicon water, it shall be understood that the

di scl osed concepts maybe used with any type of |ithographic inmaging
systens, e.g., those used for imaging on substrates other than silicon
wafers. [49] Al though the present invention has been described and
illustrated in detail, it is to be <clearly understood that the sanme is by
way of illustration and exanple only and is not to be taken by way of
limtation, the scope of the present invention being |limted only by the
terms of the appended clains AIR 99 971735.!.055071. 0390 16 Wat is d ai ned
Is: 1. Anethod for optimzing a mask plaﬁtern to be imaged on a surface of a
substrate, the nmethod conprising the steps of: (a) generating a target
pattern to be imaged; (b) sinulating a predicted pattern fromthe target
pattern t&Bbisfdaimsdlsn the surface of the substrate; (c) sectioning
features of the target pattern and selecting at |east two sections for

eval uation; (d}. compuntthed deor aptboiaingod nipiskpaniesdedbd anagededn ofsutthee af al east
two sections,. actoring the jnfluence fromat | east one other section of
t he at Ie%‘gbt%t@%hésglgbj?gﬁg';%pgﬁﬁg%S)S!eﬁ%ﬁtic‘fyi ng the target pattern according to
the results of (a3t epgeheihtifii tapgt pittezh fihetif@gsRSKk pattern. 2. The met hod
according to claim1, the nmethod further_ conprising the steps of. (f)

simul ating a s@dond'BrEHPE eereysiet rhen 5o the t4red ratem toapgdimsdtaneth of
step (9) gﬂ@cé{gfﬁgsﬁg}ga@econd predicted pattern to determne if the nodified
target pattern has been biased sufficiently for optinizing the nmask
pattern; and (&) i fsetnannsfceprdst thd msgengatiesn ambseldcitiog enleast tepeattiong fst eps
(d) throu%h]st.e s (g), wherein the nodified target pattern of step (e)
becones t "% PHet pattern of step (c).

{d) computing an amount of bias needed for each of the at least two sections by
factoring the influence from at least one other section of the at least two sections; and
(e) modifying the target pattern according to the results of step (d) for optimizing

the mask pattern.

2. The method according to claim 1, the method further comprising the steps of:

(H simulating a second predicted pattern from the modified target pattern of step
(eh

{g)  analyzing the second predicted pattern to determine if the modified target
pattern has been biased sufficiently for optimizing the mask pattern; and

(h) if from step (g) biasing is insufficient, repeating steps (d) through steps (g),

wherein the modified target pattern of step (¢) becomes the target pattern of step (c).

3. The method according to claim 2, wherein if from step (g) biasing is

sufficient, generating an optimized mask according to the modified target pattern.

4. The method according to claim 1, wherein in step (c), the at least two sections

are adjacent to one another.
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3. The method according to claim?2, wherein if fromstep (g) biasing is
sufficient, generating an optim zed mask according to the nodified target
pattern. 4. The nethod according to claim1l, wherein in step (c), the at

| east two sections are adjacent to one another. WI K911 9"4735. 1. 055071
0390 t7 5. The nethod according to claim11, wherein step (c) further
conprises the steps oG (i) defining an area of the target pattern having a
parameter that is greater than or equal to XJNA for a given illumnation
system (ii) positioning a centroid of the area relative to one of the at

| east two sections for evaluation. 6. The nethod according to claimb5,
wherein the area corresponds to a circle and the parameter corresponds to
the radi us of ¥he clichethodpeopdinghiocriamchmdicran step &) diher comprasesitie stapep (d)
further Cﬁpprises the steps of: (i) generating a series of equations for
each of the at least two sections; and (ii) setting near-zero factors to
zero to generatip a &iaigpeanmadéa éfhe Qrgefpaempbiéig Ppagmant haodwedater Cleamri Si ng
execut abl e qﬁd% trgns Qrtaﬁhe_b . at | east one nmachi ne readabl e medi um
wher ei n eXEELPIENAJPr ¢ Bae 8“%§maﬁy$%%5t one programmabl e conputer causes

the at |east ong proanRATRR @neSIRYHR :ardQeRATL RIIReS HREANENGRoQbctRheRT foOr
optim zing a mask pattern to be imged on a surface of a substrate,

conpri si ngv}ys8iost eps of : (a) generating a target pattern to be imaged; (b)
sinmulating a predicted pattern fromthe target pattern to be fornmed on the
surface of the substrate; (c) sectioning features of the target pattern and
sel ecting at |gast Twomeled babalifidio clama, uheiciinthe Gebh conegpohdsng aasircRmagnt  of

bi as needed for each of &Pe at | east_ two sections by
the parameter corresponds to the radius of the circle.

7. The method according to claim 1, wherein step (d) further comprises the steps
of:
{i) generating a series of equations for each of the at least two sections; and

(ii)  setting near-zero factors to zero to generate a sparse matrix.

8. A computer program product, comprising executable code transportable by at
least one machine readable medium, wherein execution of the code by at least one
programmable computer causes the at least one programmable computer to perform a
sequence of steps for optimizing a mask pattern to be imaged on a surface of a substrate,
comprising the steps of:

(a) generating a target pattern to be imaged;

(b)  simulating a predicted pattern from the target pattern to be formed on the
surface of the substrate;

() sectioning features of the target pattern and selecting at least two sections for
cvaluation;

(d) computing an amount of bias needed for each of the at least two sections by
factoring the influence from the other section(s) of the at least two sections; and

(e) modifying the target pattern according to the results of step (d) for optimizing

the mask pattern.
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factoring the influence fromthe other section(s) of the at |east two
sections; and (e) nodifying the target pattern according to the results of
step (d) for optimzing the mask pattern. 1' 1) 999'47 1,- 1.05507 1 0390
18 9. The conputer program product according to claim8, further conprising
the steps of'. (f) sinmulating a second predicted pattern fromthe nodified
target pattern of step (e); (g) analyzing the second predicted pattern to
determne if the nodified target pattern has been biased sufficiently for
optim zing the mask pattern; and (h) if fromstep (g) biasing is
insufficient, repeating steps (d) through steps (g), wherein the nodified
target pattern of step (e) becones the target pattern of step (c). 10. The
conput er program product according to claim9, wherein if fromstep (Q)
biasing is sufficient, generating an optim zed mask according to the

nodi fied target pattern. 11. The conputer program product according to claim

8, wherein in gtep Tig)conyifer @bgrb@asbdicnacdesihg @6lati 8, AHhRE EsthpristhgOmhe
anot her. 12. The conputer program product according to claim8, wherein step
(c) furth&fPs¥onprises the steps of (i) defining an area of the target

pattern havingm pa&ﬁgﬁ@g&&%%&a&&&%ﬁt@m@&ﬂ (L oBRl e DAl (cPLieB 91 VeD

illum nation system positioning a centrio e aréa relative' to one
of the at(dieast two sections for evaluation. 13. The conputer program

product according to ¢claim12, erei.n the area ,corresponds to.a circle and
t he paranet er @Er r 4P ﬁiﬁ‘%%% SEHE 8‘1'1‘&‘55 d’ta“?rﬁetocﬁieﬁ%‘?’é‘?e Wﬁhelwcgﬁ%?égei
055071 03PMtekPhas been biased sufficiently for optimizing the mask pattern; and

(h)  if from step (g) biasing is insufficient, repeating steps (d) through steps (g),

wherein the modified target pattern of step (e) becomes the target pattern of step (c).

10.  The computer program product according to claim 9, wherein if from step (g)

biasing is sufficient, generating an optimized mask according to the modified target pattem.

11.  The computer program product according to claim 8, wherein in step (¢), the

at least two sections are adjacent to one another.

12. The computer program product according to claim 8, wherein step (c) further
comprises the steps of:

() defining an area of the target pattern having a parameter that is greater than or
equal to A/NA for a given illumination system;

(i1)  positioning a centriod of the area relative to one of the at least iwo sections for

evaluation.

t3.  The computer program product according to claim 12, wherein the area

corresponds to a circle and the parameter corresponds to the radius of the circle.
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14. The conputer program product according to claim38, wherein step (d)
further conprises the steps of: (i) generating a series of equations for
each of the at least two sections; and (ii) setting near-zero factors to
zero to generate a sparse matrix. 15. An apparatus utilizing nodel optical
proximty correction (MOPC) for optimzing a pattern to be fornmed on a
surface of a substrate, said apparatus conprising: a radiation system for
supplying a projection beam an illum nator for receiving the projection
beam of radiation and projecting an adjusted beam of radiation a portion of
a mask; and a projection system having nunerical aperture ("NA") for

i magi ng a corresponding irradiated portion of a nask, onto a target portion
of a substr at el4.andl eompitdrerosys tpeedutbeccpmifzap rlany &, éestirepisp (rfprthsi ng
of :  (a) generat H target pattern to be imged; (b) simulating a

predi cted paIfr beSLegPeBS Of?he target pattern to be fornmed on the surface of

the substrate;(ifc) sneftiinnh ﬂe&;efs@ﬁéc}iﬂ&&@ns%réahﬁofﬁhégelea:ﬂ@kbQtfdﬁoﬁeﬂ@n@e' ecting
at |east two sections, for evaluation; (d) computing an anount of bias needed

for each of thelat TeBigMmepigsTo Bstors lorsrogy 8?%%‘%?P%Sqlﬁémﬁnfl uence from at

| east one other section of the at |east two sections; and (e) nodifying the
target pattern according to the results of step (d) for optim zing the mask
pattern. 16. The apparatus according to claim 15, the conputer system
further perforii.ng At hzq:psta&ps utfizing frhodsl rm:ltiahli pepxdm 8¢ coomactiore MCOREY frat t ern
fromthe nodified tar ggtern of step W 2‘?\ 974735-1 05507] 0390 20 (Q)
anal yzi ngOP‘HB‘ZE‘&?d’ﬁHe% ROY Legd gas s HePt autsEr: WAl HPARHE RBAFPEd tar get

a radiation system for supplying a projection beam;

an illuminator for receiving the projection beam of radiation and projecting an
adjusted beam of radiation a portion of a mask; and

a projection system having a numerical aperture (“NA”) for imaging a corresponding
irradiated portion of a mask, onto a target portion of a substrate; and

a computer system for performing the steps comprising of:

(a) generating a target pattern to be imaged;

(b)  simulating a predicted pattern from the target pattern to be formed on
the surface of the substrate;

(c) sectioning features of the target pattern and selecting at least two
sections for evaluation;

(d) computing an amount of bias needed for each of the at least two
sections by factoring the influence from at least one other section of the at least two sections;
and

(e) modifying the target pattern according to the results of step (d) for

optimizing the mask pattern.

10. The apparatus according to claim 15, the computer system further performing
the steps of:

(f) simulating a second predicted pattern from the modified target pattern of step

(e},
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pattern has been biased sufficiently for optimzing the mask pattern; and
(h) if fromstep (g) biasing is insufficient, repeating steps (d) through
steps (g), wherein the nodified target pattern of step (e) becones the
target pattern of step (c). IT The nethod according to claim 16, wherein if
fromstep (g) biasing is sufficient, generating an optim zed mask accordi ng
to the nodified target pattern. 18. The nethod according to claim15,
wherein in step (c), the at least two sections are adjacent to one another.
19, The method according to claim 15, wherein step (c) further conprises the
steps of: (i) defining an area of the t?é)rget pattern having a paraneter that
is greater than or equal to VNA for a given illum nation system (ii)
positioning a @nt rinejzof thheecenmdaprediciat i patemnotoomaerofing Methat mbdifisd tdrge

sections f val ua hodacord to cl,aim19, wherein the
ar ea corrgékgh%?%eﬁ la%egrsgﬁgclengﬁgo t%h"%ﬂ?% f(B%F r”éfﬂgnds to the radius of
the circle. 21¢h)Theif iRinhedp @g)cmﬁng\& fnSufeitightrebeatingh@ERI @) %@\p%h( ﬁépsf(th her

conprises the steps of: (1) eneratlgeg a series of equations eac
the at | edgereqipe @@étﬁeérﬁ@get@mﬂem@fﬁtyp begomgs Hiedprggiepatemaiisispdck o zer o to
generate a sparse matrix. WVK 99974735.1, 055071 0390

17. The method according to claim 16, wherein if from step (g) biasing is

sufficient, generating an optimized mask according to the modified target pattern.

18. The method according to claim 15, wherein in step (c), the at least two

sections are adjacent to one another.

19.  The method according to claim 15, wherein step (¢} further comprises the
sleps of?

(1) defining an area of the target pattern having a parameter that 1s greater than or
equal to A/NA for a given illumination system;

(ii)  positioning a centriod of the area relative to one of the at least two sections for

evaluation.

20. The method according to claim 19, wherein the area corresponds to a circle

and the parameter corresponds to the radius of the circle.

21.  The method according to claim 15, wherein step (d) further comprises the
steps of:
%) generating a series of equations for each of the at least two sections; and

(1) setting near-zero factors to zero to generate a sparse matrix.
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