1 OPTI CAL PROXIM TY CORRECTI ON USI NG CHAMFERS AND ROUNDI NG AT CORNERS
Claimof Priori ty [0001] This application clainms priority fromU.S.
provi si onal application nunmber 60/560,615, entitled "OPTI CAL PROXIM TY
CORRECTI ON USI NG CHAMFERS AND ROUNDI NG AT CORNERS, " filed April 9, 2004,
the disclosure of which is incorporated herein by reference in its
entirety. Field of the Invention [0002] The present invention relates to
photol i t hography, and in particular optical proximty techniques
correction using chanfers and rounding at corners. Background [ 0003]

Li t hographi c apparatus can be used, for exanple, in the manufacture of
integrated circuits (ICs). In such a case, the mask used i n nmanufacture
may contain a circuit pattern corresponding to an individual |ayer of
the 1C, and this pattéﬁﬂlgéﬁdﬁ%QXHﬁ SdCORRECIID Gexposure field
(e.g. conprising one drHANEERS AND ROUNDINGAT icon wafer) that
has been coated wth a |ayer of radiation-sensitive material (resist).
In general, a single wafer will contain a whol e network of adjacent
target exposSy oﬁhplds that are successively irradiated via the

proj ectian systenr one at a tinme. In one type of |ithographic projection

appar at h target exposure.field is. igradiated by exposing the
onbir e i B, apfidiibn FRET Wit BaodtSe Bkl seRiEn " Dehttan
appar at ¥6/568,6¢RMBNEY “VHEBCAEPROXMITY CORRECTIENPESING THRAMFERISEANB | ve
apparatus -commonly referred to as a stﬁgiand-scan apparatus - each :

target ROIPIBING Af/QQNﬂERﬁ’r’ r BlgH drst Ty OQsk dlep disdospsd 9L whighis igopRetedask
~pattern ' ' beamin a given reference direction (the
C "scanniﬁg&ﬂlﬁPégﬁﬁgéglﬁﬁévgagynchronously scanning the substrate table
parallel or anti-parallel to this direction. Since, in general, the

n-

projection systemw |l have a magnification factor M (generally < 1),
t he spedild/ofthe lhiention he substrate

[0002] The present invention relates to photolithography, and in particular optical proximity

techniques correction using chamfers and rounding at corners.

Background

[0003] Lithographic apparatus can be used, for example, in the manufacture of integrated
circuits (ICs). In such a case, the mask used in manufacturs may contain a circuit pattern
corresponding to an individual layer of the IC, and this pattern can be imaged onto a target
exposure field (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 exposure ficlds that are successively irradiated via
the projection system, one at a time. In one type of lithographic projection af)paratus, each
farget exposure field is irradiated by exposing the entire mask patten onto the target
exposure field in one go; such an apparatus is commonly referred to as a wafer stepper. In an
alternative apparatus —commonly referred to as a step-and-scan apparatus — each target
exposure field 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



2 table is scanned will be a factor Mtinmes that at which the mask table
is scanned. More information with regard to |lithographic devices as
descri bed herein can be gl eaned, for exanple, fromUS 6,046, 792,

i ncorporated herein by reference. [0004] In a manufacturing process using
a lithographic projection apparatus, a mask pattern is imged onto a
substrate that is at least partially covered by a | ayer of

radi ati on-sensitive material (resist). Prior to this inmaging step, the
substrate may undergo various proceduRes, such as primng, resist
coating and a soft bake. After exposure, the substrate may be subjected
t 0 ot hetabpr sceduredswilsbe h fagomMtistes dhay @ whichbtileengsREBYlc idevamhepridote, a
hard bak and measurenent inspection.of the inmaged f.eatures., Thi.s_ .array
o pr oceuarELon VR R HofSERRle B b festrlPR et ot 55 gpdneas i,
devi ce, cRarfiplediorh OS 6UHTR, PRbipetAthetedy By refityncehen  under go various
processes such as etching, ion-inplantation (doping), netallization,
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| ayer. mvaerialidilehipt). Buioraorthig inhgiule \stepe thevdubitrabe nmpy emdedo onariddseprocsddstesat e
(wafer). These devices, are then separaé d from one another. by a techni que
such as SHFEPRPBINSKHEh §O2 Rk etide? (R i VYT SFPRRYTS: B8 BTt MRY L ed
on a cargibjéted FARAREPredhies, Rudtbas Bidat-exdodBe Bhkd@ER) \RvERk ] a BirABhkei LY,
the projection systemmay hereinafter be referred to as the "lens;"

{ however ,and inegsyrempnigngigritpnbel bedmagsd featueasplbisedray olamessdigs 49 nwpdvaard ous
types ofy, . pLO] i on - i i : ref t i tive
ont cs. iR CRRER, 0 RHANET Tt BFL USR] L WRRET SR PRUER AR B0 OE
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for directjing, shaping,or. confrolling the projection heam of radiation,
and " suct SORbRERpIn e SBTRe eftoAlaa R Bl i Supyigu Jogt. 1f

si ngul ardeygral@ayds atceRguired, Mt the wholcdhSobdduROGF aRAHENtPRBRAGALHE HERY td6e Of a
type having two or nore substrate tables (and/or two or nore nmask

t abl es) .repeatesliuioh caciuieni ipyes- Eveagually danarsa oftdgeiceswilt bopresent ab thessustyate pe
0550, 8358) e 5L AR B4R IR Sl 0, 0 BE
st age | i dahvomgy, spldce thpipdividudbdeadces can be mounted on a carrier, connected to pins, etc.
[0005] 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 catadiopiric 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 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 and WO 98/40791, incorporated herein by

reference,



described, for exanmple, in US 5,969, 441 and WO 98/ 40791, incorporated
herein by reference. 3 [0006] The photolithographic nmasks referred to
above conprise geonetric patterns corresponding to the circuit
conponents to be integrated onto a silicon wafer. The patterns used to
create such nmasks are generated utilizing CAD (conputer-aided design)
programs, this process often being referred to as EDA (el ectroni c design
automation). Mdst CAD prograns follow a set of predeterm ned design
rules in order to create functional sks. These rules are set by
processhﬂgﬁand design limtations. For exanple, design rules define the

space t hhbe Pt anhicc nasks exeiceed (f%uabﬁvascfgmrw BeHpRIE? t AtEset C. )
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the ovehgldansd Eflo@Nd sECHS hieetOfmihdi destiBS e GUECH treatk FRRXAbndX maeRYS SE,
one of the goals in integrated circuit fabricationis to faithfully
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to be straight are not straight, This rippling is related to 'ringing"
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factors that may cause rippling are known by those of ordinary skill in
t he art .snaliest sgace bbuwsm tveq biesf Elatsuthe Chdétermduksdhe evesalbsize andalessifyfodithang
fromthe | em rippling. [0008] In the current state of the art,
nodel - bé@g “t rrects for msmatch between a target inage and

predi ct qdommouﬁse Nghet dTathé gbah@m ﬁiﬂ: teinsrcult Fbrdatiad Geb fhigyfeity teproduyd ded
into lurality of sections. predicted imge is eval uated, at one

"eval uatt DArigay Fireuit desig erpthe yva (Ylh éhecléi*ﬁl%r Howevesoasauss of theringpasingly
plural i tyicRfscaifi€ i@ BF litHogPapRR F8MAuRE ah £l ThdoYiffion systems, the resulting features

printed on the substrate tend to have some rippling, i.e., edges that are supposed to be straight
are not straight. This rippling is related to “ringing” in filter theory, and is a natural side
effect of efforts to accentuate the high spatial frequencies needed to image small features.
Others factors that may cause rippling are known by those of ordinary skill in the art. Fig. 1
illustrates features printed on a substrate suffering from the problem of rippling.
[0008] In the current state of the art, model-based OPC corrects for mismatch between a
target image and predicied image using the following steps. (1) A target layer is divided into
a plurality of sections. (2) A predicted image is evaluated at one “evaluation point”.
(typically at the center) of each section of the plurality of sections. (3) Based on respective
evaluations, features to be printed are modified in accordance with the respective evaluation
. at the center of the corresponding section to minimize the mismatch between the target and
predicted image. In low kl systems with the occurrence of rippling, or in systems where

rippling is more prevalent, the conventional model based OPC methods accentuate rippling,



eval uations, features to be printed are nodified in accordance with the
respective evaluation at the center of the corresponding section to
mnimze the m smatch between the target and predicted inage. In |ow k1l
systens with the occurrence of rippling, or in systens where rippling is
nore preval ent, the conventional nodel based OPC net hods accentuate
rippling, 4 as shown generally by Fig. 1, in cases where the eval uation
poi nts happen by chance not to be placed in ideally representative

| ocations within their respective secti ons. [ 0009] More particularly,

Fig. 2 illustrates a target inmage 20 superinposed on a predicted inmage
22, whi ehsheag gangiglly by Fighle in sasgewheredhgeevaination gpiptsdeappeh by ckanse netatpi t y
of secti . i . re.: eval uati on points
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_be expegted.j%OOlO] Fig. 4 illustrates the new predicted i mage 40 based
" on the r58sT FedVithdrersd.to te cvalyapen ptdbncsntar ot ead qf thmplutaity olpggpions 24, |
the given §xamstanc ' £limb HEUES cdrkdiPbridigy Of
t he newedpr edi ct{(;%ni i(rghat @ni%%ﬁ% {éﬁéjﬂi rllrcr:lr agéej’swﬁgrfféége{g% h%od gfr'rég Jr)ﬂea I ng
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eval uat i @igifabprelistiod waeki, afiwouldbe@kpddedr corners may be noved back away
fromthat corner to avoid over-correction. These nethods are hel pful,

but are [BPFHiFég 4 illustratppihy nexcegsdicted igaapPe bassdean teemodifiehaaghai Sty
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OPC accentuates rippling of the new predicted image 40, which increases the likelihood of
breaking or bridging depending on surrounding structure.
[0011] Improved results can in principle be obtained by choosing a “better” evaluation point,
and some limited strategies exist in this regard. In particular, the evaluation points of sections
at or near corners may be moved back away from that corer to avoid over-correction. These
methods are helpful, but are difficult to apply except in simple cases due to the complexity of
the interaction between surrounding contextual features and the ripples observed on a
particular edge of interest.
[0012] Moreover, model based OPC uses either an aerial model or a calibrated model. A
calibrated model must consider mask properties, characteristics of the tools to create the
mask, resist properties, etc. Because of this, there are many disadvantages to using a
calibrated model. They inciude extensive calibration, including building a mask and

exposing wafers, and factoring in arbitrary imaging properties that cannot be attributed to the

mask, semiconductor, or any associated property. The main disadvantage is that in order to



particul ar edge of interest. [0012] Mreover, nodel based OPC uses either
an aerial nodel or a calibrated nodel. A calibrated nodel nust consider
mask properties, characteristics of the tools to create the nmask, resist
properties, etc. Because of this, there are nany di sadvantages to using a
cal i brated nodel. They include extensive calibration, including building
a mask and exposing wafers, and factoring in arbitrary imging
properties that cannot be attributed to the nmask, sem conductor, or any
associ ated property. The nmain disadvagLage is that in order to 5
calibrate a nodel, a reasonabl e mask st already exist. Thus, industry

often uses the aerial nodel for nodel based OPC, because it i s expedient
and doesalivgatic paadel g reasprablgwaskonps already geipsr Thyse indiptrppiira useythe getal
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approximate _real life inperfections. Summary [0014] The teachings herein
aIIeviaP@mPﬁBmﬂ%ﬁﬁﬁﬂﬁ%FgﬁoﬁﬂobIens and provi de a novel method of
opti m zijow 3R THASI1E8 yétdo iR dresérs wak for aubinktia! Rismhb® §hees 4 fedcldBage
approxi mati ng. rounding of at |east one corner of an inmage of the design;
gener at iapgprediciedimagio approningtte repklife dmperépstions t her to the approxi nate
roundi ng of the at | east one corner; generating an initial
represerjgllp of a mask utilized to image the design based on the
representatron; and performng Optical Proximty Correction (OPC)
further initial, representatign of the sk, [.001 oPC.i es
the ot o0 e BuihA ndERARANUd deEholbd BrotTaRnd MOHRL p FoVel WAL

r epr esenfapiianizing at deigiask be dumhadabn Rgsubsiritat i Dite Bepsvaiudehgpproximating
representatjon of the design further to the approx] mate roundjng and the
i mage; dAngding Afratilsmhepomenion of an i ofithe desighs sepepating feBissEtation & the
satisfi eRqiph eelfict @@%ecﬁ)?%xriﬁht@tﬁundliﬂh b QY 8kt SREIRGUbdnetiiRg aAGhitial

satisfy predefined constraints, a next representation of the mask nmay be
gener at adpresentatonrofenowsk utilized to image the design based on the representation; and

performing Optical Proximity Correction (OPC) further to the initial representation of the
mask.

[0015] OPC includes the steps of generating an image of the design further to the initial
representation of the mask; evaluating deviation between the representation of the design
further to the approximate rounding and the image; and determining whether a result of the
evaluation of Step satisfies predefined constraints. In the event the result does not satisfy
predefined constraints, a next representation of the mask may be generated in accordance
with the results and OPC is repeated until the deviation meets predefined constraints.

[0016] Determination of approximate rounding may be based on a derivation of predefined
rule, which may be used to define dimensions of a serif. Furthermore, rounding may be
approximated by selecting a size of a cutout from a chamfer and chamfering the at least one
corner to approximate rounding in accordance with the size of the cutout.

[0017] When the chamfered comer is adjacent to another corner, further adjustments may be
necessary, such as reducing the size of at least one of the first chamfer and the second

chamfer so that the first chamfer and the second chamfer do not intersect. Alternatively, the



with the results and OPC is repeated until the deviation neets predefined
constraints. [0016] Determ nation of approximte rounding may be based on
a derivation of predefined rule, which may be used to define di mensions
of a serif. Furthernore, rounding nay be approximated by selecting a
size of a cutout froma chanfer and chanfering the at | east one corner
to approximate rounding in accordance with the size of the cutout. [0017]
When the chanfered corner is adjacent to another corner, further

adj ustments may be necessary, such a8 reducing the size of at |east one
of the first chanfer and the second chanfer so that the first chanfer
and t hesigeobtin fokiacHaerferdmdribé sécotd chanfer mal e reditced eropoertiohellBswihaethof t he
first chanfer and the second ch er. may be reduced proportionally so
that t h&TstERguuer %?Oaﬁﬁmﬁﬁ@%@&@ WFShnf er do not intersect. [0018]
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pr edet eftitiziedpresstation ih GHEE caacomndndigs ¥s agpdied. fownding it efichcarmertasdue to
i mgi ng constrai nts and roundi ng of mask corners due to mask
manuf ac PERIFEREHN RS nts may be factored. [0020] Additional objects,
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description which follows, and in part w |l becCoffe apparent to thdse

 ski | | ed niask coraeradne tpossk rexrafictiaing oansrbintsveay ot faoiafadg and t he
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instrunmentalities and conbinations particularly pointed out in the

appended™#PEpen ofrther fobiwing; pad dhe afcommpenipgiriyaet cu2mpy fseleamadi big
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present 't eachi ngs, way of exa way of linmitation. In
t he fi gueashingd ikey be realized and attained by practice or use of the methodologies,

instrumentalities and combinations particularly pointed out in the appended claims.

Brief Description of the Drawings

[0021] The drawing figures depict one or more implementations in accordance with the
present teachings, by way of example only, not by way of limitation. In the figures, like
reference numerals refer to the same or similar elements.

[0022] Fig. 1 illustrates exemplary features printed on a substrate suffering from rippling.
[0023] Fig. 2 illustrates an exemplary target image and corresponding predicted image
suffering from rippling.

[0024] Fig. 3 illustrates the tﬁrgct and predicted images of Fig. 2 and an exemplary modified
mask based on the evaluation of the images of Fig. 2.

[0025] Fig. 4 illustrates an exemplary predicted image based on the modified mask of Fig. 3.
[0026] Fig. 5A illustrates an ideal feature to be printed, and Fig. 5B illustrates the

corresponding actual feature to be printed.



reference nunerals refer to the same or simlar elenents. [0022] Fig. 1
illustrates exenplary features printed on a substrate suffering from
rippling. [0023] Fig. 2 illustrates an exenplary target inmge and
correspondi ng predicted image suffering fromrippling. [0024] Fig. 3
illustrates the target and predicted i nages of Fig. 2 and an exenpl ary
nodi fied mask based on the evaluation of the images of Fig. 2. [0025]

Fig. 4 illustrates an exenplary predicted i mage based on the nodified
mask of Fig. 3. [0026] Fig. 5A illusfrates an ideal feature to be
printed, and Fig. 5B illustrates the corresponding actual feature to be

pri nt ed[00Z27] B@2¢A ilkisgateS el dvkilgt pati@sof dweegatrer deap rdaivieiion faftura, anddad.i ve
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possi bl go2Bf igf eAENGRra@s ShabkShicRBreAte @ﬂékﬁﬁﬁéﬁngﬁﬁ%ﬁa’%ent%&é, Gnd FIE
illustrates chainfering adjustnents to resolve the interference. [00291

Fi g. 8 i/Blillgstratgs ekprafesngadiegtons tfresplvctheterfarenge, serifs applied to the
target | . a ring. of .the rget ir 1 Fi Q.
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target chamefgengol] thstaggkt fmdgechanf eri ng at each comer. [003 1] Fig. 10
illustrates. the sane sinulatjon %s il& Fig. 9 hut for an ynno iffied t ar get
i mage. L{B8RDg. Rillpstrates simulatiop prefermedaismgs medjan ¢eivatinn pt @ grodtied targetel

OPC | 00RyadQQRR kA FbiGharhferinklabSdch 3b@er @ target image, nodified by
chanifering to sinulate rounding, and a target inage nodified in step to

. apply rd¥Bd] big 19 dbsudtesihg sam@siiniulation painddg. & Hut dwehammoddied tapdtymagepl yi ng
roundi n ih rrespondin ste Fi g. 0035] Fig. 14
1 st r 4020 B AR €D Ban thiBabiba Mot PG M or 1 ovei . [ 00361
Fig. 15[smherad i2dldstadepiabd inagd, tldadlecapRicarpfebing € bigfula@pandibgsand a
suitable for use with _a nask designed with the ard of the current
i nvent i &#get image modified in step to apply rounding.

[0034] Fig. 13 illustrates a flowchart generally applying rounding during the corresponding

step of Fig. 11.

[0035] Fig. 14 illustrates a corner, which has been rounded, at the wafer level.

[0036] Fig. 15 schematically depicts a lithographic projection apparatus suitable for use with

a mask designed with the aid of the current invention.

Description

[0037] Described in related U.S. patent application number 60/557,833 (the “’833” patent
application), entitled “Apparatus, Method and Program Product for Suppressing Waviness of
Features to be printed using Photolithographic Systems,” filed on March 30, 2004, are novel
concepts for overcoming inconsistencies in a predicted image, by adjusting a mask
accordingly. This application is incorporated herein by reference in its entirety.

[0038] The inventors have further devised novel concepts for reducing rippling of a predicted
image and other negative affects by compensating the target image for known printing
manufacture limitations. With regard to one such limitation, there has yet been devised a
way to print corners beyond a predetermined sharpness. For instance, Fig. 5A illustrates an

ideal feature 50, and Fig. 5B illustrates the actual feature 52 printed or a predicted image of



Description [0037] Described in related U S. patent application nunber
60/ 557,833 (the "'833" patent application), entitled "Apparatus, Method
and Program Product for Suppressing Wavi ness of Features to be printed
usi ng Photolithographic Systens,” filed on March 30, 2004, are novel
concepts for overcom ng inconsistencies in a predicted i mage, by
adjusting a mask accordingly. This application is incorporated herein by
reference in its entirety. [003 8] The inventors have further devised
novel concepts for reducing rippling ®f a predicted inmage and ot her

negative affects b%,conpensati%g the target inmage for known printing
manuf acthgrigatiiend: aifhendeal Wyeture S8ghkes hnt idead remsn SR ofi 99 indinjte sharphgss,ebuhas
yet bee i ; i i ] ness.
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i | I ustr aiaebietdbde.act ual feature 52 printed or a predicted inage of 8 the
feature The jdeal feature 50 has an ideal corner 54 of an infinite
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~adjustnent factor takes this into account, and adjustnents are nmade to
 the tafet magegecad@gVdi ngly. [0040] As in the present invention,

anot her gﬁtﬁb?hs AP HIRER Nt RrvERiJHD glild(tl){mairltlllagﬁ:l&geﬂa%h {sB YR dify the bt FhSee to

roundi ng at” each corner. Corners w S suﬁfer o) roundi ng” duri ng
the pr ismulatg rpwdlires st, eawhcoBRC tCaatmerilsalways sufter sdue oumiies durig the
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sel ectively ignored, the present i1nvention alters the target in a way
that appboxppiication fraches methods by which mismatches due to comer rounding can be

selectively ignored, the present invention alters the target in a way that approximates the
inevitable corner rounding, and then applies OPC to attempt to reproduce this modified
target.

[0041] There has been much development of rule-based OPC using serifs. U.S. Patent Nos.
5,663,893, 5,707,765 and 6,670,081 provide exemplary descriptions of OPC using serifs.
These patents are incorporated herein by reference in their entirety.

[0042] Generally serifs are sub-lithographic square shaped features positioned on corners of
a circuit feature. They serve to “sharpen” the comers in the final transferred design on a
wafer, for improving the correspondence between the actual circuit design and the final
transferred circuit pattern on the photoresist layer. It is known that “positive” serifs at
convex vertices adjust exposure energy of the mask at the vertex to prevent loss of the
corner. “Negative” serifs at concave vertices remove a portion of the mask pattern at the
concave vertex so as to attempt to maintain an accurate representation of the concave vertex
in the final pattefn. Based on the rules developed for optimizing serifs, there is a general

understanding of the limitations of the “sharpness of a corner.”



i nevi tabl e comer rounding, and then applies OPC to attenpt to reproduce
this nodified target. [0041] There has been nmuch devel opnent of

rul e-based OPC using serifs. U S. Patent Nos. 5,663,893, 5,707,765 and
6, 670,081 provide exenplary descriptions of OPC using serifs. These
patents are incorporated herein by reference in their entirety. [0042]
Cenerally serifs are sub-lithographic square shaped features positioned
on corners of a circuit feature. Twaé/ serve to "sharpen" the corners in
the final transferred design on a er, for inproving the
correspondence between the actual ci rcuit desi gn and the final

t r ansf ef0féd Initmic.ﬁil tORSatsieg serifs) chdtecdgh of o ge=h serifl (apthrpositive iaad kegavive)tihat
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vertex so as to atte t to maintain an accurate representatl on of the
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optim z f eper u n L ons
of the. Pl Wl e shiIGeGul e HPBE) By, it RIGBAANGIR hpbeal? pil 1
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relativ very t her ed e of a given serlf so as t t he overall
di nensi ﬁl%tr featpfeg g’ércpvm?d %58 rHEHmEY algo baet e sprt fangen ?%%1; f%meriv CiRensions

modi fi ednd HdaReRAGAbIdYs)Of every other serif. As the '081 patent
expl ai ns, these nDdlflcatlons of serifs are governed by predefined

‘rul es, UMHEhFigs.e6A eneéﬁedwste&wsne@atbﬂ]n thde mtedmsmwafsd ahbepesitidnstand
feature dRELESHD tttgle 56 Tﬁ eDE getnee% g Ie:ratedS fo pu es o\r%n%ltsgrt% sur%{] p'IIa Ao
vary i nSBEPEaR TR AT PET SRR Ul ‘a’é’% APUPRENC & r‘%e
these r Baelssemfithadbs Gotelapfpottivn” 264 tan foxtessin ]f)(ﬁ'tl&i ” f TheportibeNa inefaiveand

spaci ng threshol (s). [0044] Fi 6A and 6B i|lustrates a pattern_to be
oF i nt od S6it s Ogetarp ahe Saskerpi off B &aieis tor ISP BREIOBT BrBAL BfEFRES v e

been ex%@ﬂfoﬁfbtf %dpcfsﬁ{ve%ﬁp%?%v&fa ! 'tﬂ&ﬁ&ﬁa@tféd%ﬁ}e%%e%h %fti%ﬁ (FlgEﬁﬁfﬂ
serif has an "overlap portion ﬁ ‘extension porti g‘ﬂ portion of
a negat iThe ovedapi bf tthaserdvennl bmsleﬁmi m ‘$grioovedlapt Qshmd‘ glang roerelll@”t Ge
overlap S?Iglrlarly, extgnmgns can)Be X\Qﬁeg af a Qﬁort extension” Eg and a “long extension” Ej.
Using any rule-based approach for sizing and positioning serifs, each serif for a given corner
can be defined.
[0045] The inventors have found that the optimal chamfer, i.e. corner cutoff, can be derived
in the same way as optimal serif dimensions. The optimal chamfering rules may differ from
the ideal rules for serif correction, but the rules will be similar in form. Referring back to
Fig. 5B, it is assumed that the rounding of corner 56 has been minimized using serifs, as
described above, and what remains is the residual corner rounding that cannot be eliminated.
By chamfering corner 54’ to approximate or simulate this expected rounding before OPC, as
seen in Fig. 5B, the subsequent OPC treatment will not be led to compromise the correction
of nearby areas in an attempt to eliminate cormer rounding.
[0046] As shown in Fig. 5B corner rounding takes the form of a smooth curve. Such a shape
is difficult or impossible for conventional EDA software to handle. The comer may be

approximated with a sequence of straight edges, in a "polygonal" approximation. A

compromise may be found between the simplicity of such a polygon and the precision with



portion of a positive serif that overlaps the actual feature is the
overlap portion (Fig. 6B). The overlap of the serif can be defined as
"short overlap"” Gs and "long overlap” O.. Simlarly, extensions can be
defined as a "short extension"” Es and a "long extension"” EL. Using any
rul e-based approach for sizing and positioning serifs, each serif for a
gi ven coner can be defined. [0045] The inventors have found that the

optimal chanfer, i.e. corner cutoff, can be derived in the same way as
optimal serif dinensions. The opti mall0chanf er | ng rules may differ from
the ideal rules for serif correction, but the rules will be simlar in
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shorter length, Og, is chosen.

[0048] Comers that are connected by two relatively long lines, such that the corner rounding
(and the chamfering that approximates it) of one comer does not interfere with that of an
adjacent corner, will have both Og and Op equal to some nominal chamfer amount.
However, when lines between adjacent corners are relatively short, such as at an end of a
line, sometimes referred to as a "U" edge, chamfering of one corner may interfere with the
chamfering of an adjacent corner. This concept is illustrated by Fig. 7A.

[0049] Typically, rules for serifs distinguish between placing a serif on a convex corner and
a concave corner. Taking the convex rules as an example, consider a "nominal" serif size
rule (corresponding to a chamfer size rule) of 40nm. However, on short "U edges", as seen
in Fig. 7B, the chamfer may be reduced so as to cut only one quarter of the line end. Of
course, these rules may be modified so that the chamfer may cut any fraction of the line

below one-half of the line end, for maintaining a “true” U edge.



and the other equals the long overlap O.. The values of Es and EL, which
are necessary to define a serif, are ignored when creating this chanfer
GCs and OL normally differ in length because of differences in the

| engths of the two original target edges, with the overlap shorter along
the shorter edge. This approxi mates the asymmetrical curve of the actual
coner rounding found in such cases. To restrict the angle to 45 degrees,
as in the preferred enbodinent of this invention, the two |legs of the
triangl e must have the sanme length, ald the shorter length, Gs, is
chosen. [0048] Corners that are connected by two relatively long |ines,
such t hfi0SOhEhisomey Weoubghintidishddandtht e cb@aﬂjer(m@tlbaaéenamlﬁ&ﬁhmtﬁ&)i t)
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~acconplished. wit.h the "ps_adj" (positive serif adjust msnt rul e
par anet Q?H\aninﬁ "o ust ment to the "parall el overlap” of the chanfer
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nom nal chanfe coul 40nm and the parallel overl adj ust nment

coul d véheyrelaatenkfalﬁmyervd 8t ERwiing atpacleeyacn of rﬂ@q featgre tofrsomimado Sﬁz fird and an
coe ! A oSBT R SRRl s Sty
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chant er 1ﬁllls%rgteldsmet aecgalrIYe 1r{1;1geoIo tm?nply demonstrate the concepts discussed above for
determining chamfer 804 dimensions.
[0052] Figs. 9 illustrates simulated results from corrections performed using median
evaluation, described in patent application mumber 833, and in accordance with the novel
concepts discussed herein. Fig. 10 illustrates simulated results from corrections performed
using median evaluation, described in patent application number "833 only. In Fig. 9, the
target image is designated by 900 (dashed line), the corrected mask pattern by 902 (diagonal
hatching), and the predicted printing results by 904 (horizontal hatching). In Fig. 10, the
target image is designated by 1000 (dashed line), the corrected mask pattern by 1002
(diagonal hatching) and the predicted printing results by 1004 (horizontal hatching).
[0053] Areas A-E designated in each figure have been chosen for comparing the effects of
bridging, necking (or pinching), rippling, line smoothing, and average line width. Bridging
has been reduced, as best seen by referring to A and B in Fig. 9 as compared to the same in

Fig. 10. Rippling has been reduced, as best seen by referring to C in Fig. 9 as compared to

the same in Fig. 10. Average line width and line smoothing is better, as best seen by



160nmline width. At the other end of this range, an 80nmw de |ine
receives a -20nm adjustnent to the 40nm nom nal chanfer size, yielding a
20nm chanfer, which is again 1/4 of the line width. [0051] Fig. 8
illustrates a target inmage 800 (dashed line), serifs 802 (diagonal
hatching), and the related chanfered 804 resulting at each corner of the
feature to be printed. Serif 802 and chanfer 804 di nensions have been

exaggerated for illustration and expl anati on purposes only, and may not
be best for the given pattern. In addition, serifs 802 and chanfers 804
are illustrated in the sane inmge t o %si nply denonstrate the concepts

di scussed above for determ ning chanfer 804 di nensions. [0052] Figs. 9
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mmge | 8 B9ed PARSF BB B eEtATHER ) fillbgoneinlese 31 el BRTesaiiopar PERF by
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hat chi n nd the predi iptin esults.b 04.(¢hori zantal
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for comdaeimige tdociatidd bettvaerDimagder dndaiarpgt, (Meakdifg nlask, (5) Regehtngitil imbgplsi ng,
l'ine snmoot hing, and average |line width. Bridging has been reduced, as
“best sedpiSAFIGEs Bymmediving the tanget impgs for ghanfersd cppRparitmedel L logRensi n
Fig. 10.4id2R0 i2BGve 3R SenbislGepefis Rk, SABRRY, R\ RbAANOPE Qaff e
Fig. 9 as conpared to the sanme in Fig. 10. Average line wdth and |ine
snoot hi megpdiedofrther fo ke s tcogwdgratipn dckual ebmer rovpding, Gn dbed tafzet,impskgor 9 as
corrpareq) %ho the sane in Fig. 10. Necking has been reduced, as best seen
by ref ertl hg to Ein Fig. 9 as conpared to the sanme in Fig. 10. [0054]
Even t hqoeps] A enask Gosemridtib® Feektidn dinkliog datgal GRigel MBGiGcAHIN APMPHEAX ARt BN
rounding is a good approximtion, the target 1mge is still nonethel ess
an ide a|1ﬂ¢0&ﬂr@t§€m thei wpdel BPR(; doop to factor in mask rounding that will inevitably occur

with practically all lithographic printing of features having comers. FYig. 11 illustrates a

exemplary flow chart of the model OPC loop incorporating both of these concepts. In Step
1100, an initial target image is defined, such as the target image 800 illustrated by Fig. 8. In
Step 1101, the initial estimation of the mask is chosen to be equal to the target, defined prior
to Step 1101. Steps A and B may be incorporated following Step 1100, in which an ideal
target is chosen, i.e., a target having sharp corners, and approximate rounding or chamfers is
applied fo respective comers of the target image, respectively. This way a more realistically
achievable target is generated. This step of approximating rounding of the target accounts for
the a priori knowledge that the projection system acts as a low pass filter, and hence will
never be able to image sharp corners.

[0057] In Step 1102, rounding may be applied to the initial estimation of the mask to factor
in the actual rounding of corners of features on an actual mask (Step 1102). The rounding is
typically due to mask manufacturing constraints, Such manufacturing constraints are well
known to those of ordinary skill in the art. In Step 1104, an image is generated based on the

mask representation generated in Step 1102, and in Step 1106, deviation between the image



consider the further enhancenents descri bed bel ow. [0055] The nodel OPC
| oop for creating the above inmages is as follows: (1) define mask
representation corresponding to the target, (2) calculate inage (aeri al
image or in resist), (3) determ ne deviation between inage and target,
(4) nodify mask, (5) repeat until image is satisfactory. By nodifying
the target imge for chanfered corners, this nodel OPC | oop, as

di scussed above, indeed generates a superior imge. However, the nodel
OPC can be nodified further to take into consideration actual corner
roundi ng, on the target, mask or botW [0056] A mask construction
function and/or target imge nodification function may be incorporated
in the rgemaltectﬁmiltb@pe}tresemdomris ideterraizkd.r oBasgil nap predefivid| Coristrginist abisy
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bet ween t he 1 nage génerated and the representation’is determned.
Based orropndingfa the anash merresantation, ajhettprsrepresentation of imperfections of corners, can

be approximated. Furthermore, the actual rounding of the mask representation complements
the target image to which approximate rounding has been applied. In other words, the actual
rounding of the mask representation can be said to round the chamfered corners of the target
image.

[0059] Fig. 12 also illustrates yet another concept in which each corner is rounded at the
predetermined radius, . As discussed herein, effects of rounding is known, and can be
approximated generally for most types of printing. For instance, the inventors have found
that for a typical mask making process radii in the range of 40-80nm, measured at the
reticule, can be expected. Of course, radii of different magnitudes can be chosen depending
on complexity of the mask feature and mask making process or mask-writer system
parameters.

[0060] Fig. 13 illustrates a flowchart generally applying rouﬁding during Step 1102 of Fig.
11. Generally, each corner is examined, as in Step 1300, and rounding of a predetermined
radius is applied, in step 1302. In step 1304, a modified mask representation (See 1202, Fig.
12) is generated, and OPC is conducted based on this image. Fig. 14 further illustrates this



determ ned whether the image is satisfactory (Step 1108). The manner of
setting predefined constraints and judgi ng whether an imge is
satisfactory is well known within the lithography art. If the image is
acceptabl e, the process is ended (Step 1110) and a nmask nay be generated
based on the representation of the mask used to generate the inage of
Step 1104. Alternatively, if the imge is unsatisfactory, the
representation of the nask may be nodified in accordance with well-known
OPC techni ques (Step 1112). Steps 1102 - 1108 are repeated until the
image is satisfactory. [0058] Fig. 12 denonstrates the simlarity between
t he t ar gertceptodif icomter drf00f wBichphds bdengroundet]) 1404d atodie f walat lowl bsitdlly nmask
representation (Step.11 . . Mor.e ticul ar Fig. 12 illustrates a
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- aprojection system (“lens”) PL (e.g. a refractive, catoptric or catadioptric optical

system) for imaging an irradiated portion of the mask MA onto a target portion C (e.g.
comprising one or more dies) of the substrate W.

[0063] As depicted herein, the apparatus is of a transmissive type (i.e., has a transmissive
mé.sk). However, in general, it may also be of a reflective type, for example with a reflective
mask. Alternatively, the apparatus may employ another kind of patterning means as an
alternative to the use of a mask; examples include a programmable mirror array or LCD
matrix. '

[0064] The source LLA (e.g. a mercury lamp or excimer laser) produces a beam of radiation.
This beam is fed into an illumination system (illuminator) IL, either directly or after having
traversed conditioning means, such as a beam expander Ex, for example. The illuminator IL
may comprise adjusting means AM for setting the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in

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



12) is generated, and OPC is conducted based on this inmage. Fig. 14
further illustrates this 14 concept. A corner 1400, which has been
rounded 1404, at the wafer |level basically corresponds to the size of
the chanfer 1402 of the target inage. [0061] Accordingly, either or both
the nodification of the target inage to approximate rounding or
nodi fi cation of the representation of the nmask to sinmulate roundi ng due
to mask rmanufacturing constraints may be used to optim ze the final
mask. [0062] Fig. 15 schematically dégicts a |ithographic projection
apparatus suitable for use with a mask designed with the aid of the
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moved accurately, e.g. so as to posmon different target portlons C in the path of the beam

PB. Similarly, the first positioning means can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g., after mechanical retrieval of the mask MA from
a mask library, or during a scan. In general, movement of the object tables MT, WT will be
realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module
(fine positioning), which are not explicitly depicted in Fig. 15. However, in the case of a
wafer stepper (as opposed to a step-and-scan tool) the mask table MT may just be connected
to a short-stroke actuator, or may be fixed.

[0067] 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 PB;

- In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash.” Instead, the mask table MT is movable in a

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



traversed conditioning nmeans, such as a beam expander Ex, for exanple.
The illumnator IL nay conprise adjusting neans AM for setting the outer
and/or inner radial extent (commonly referred to as a-outer and a-inner,
respectively) of the intensity distribution in the beam In addition, it
wi ||l generally conprise various other conponents, such as an 15

I ntegrator IN and a condenser CO. In this way, the beam PB i npingi ng on
the mask MA has a desired uniformty and intensity distributioninits
cross-section. [0065] It should be noted with regard to Fig. 15 that the
source LA may be within the housing of the Iithographic projection
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used in R rﬁiiinfotf fL€ 9t40q9§1e?%air‘s of Molybdenum and Silicon where the thickness of each
layer is a quarter wavelength. Even smaller wavelengths may be produced with X-ray
lithography. Typically, a synchrotron is used to produce an X-ray wavelength. Since most
material is absorptive at x-ray wavelengths, a thin piece of absorbing material defines where
features would print (positive resist) or not print (negative resist).
[0069] While the concepts disclosed herein may be used for imaging on a substrate such as a
silicon wafer, it shall be understood that the disclosed concepts may be used with any type of
lithographic imaging systems, e.g., those used for imaging on substrates other than silicon
wafers.
100701 The concepts disclosed herein may be used as a simulator, i.e., as a computer program
product capable of being implemented on a computer system. Software functionalities of the
computer system involve programming, including executable code, which may be used to
implement the above-described imaging model. The software code is executable by the

general-purpose computer. In operation, the code and possibly the associated data records

are stored within a general-purpose computer platform. At other times, however, the



- In step node, the mask table MI is kept essentially stationary, and an
entire mask inmage 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 same scenario applies,
except that a given target portion Cis not exposed in a single "flash."
I nstead, the nmask table MI is novable in a given direction (the
so-called "scan direction", e.g., thd7y direction) with a speed v, so
that 16 the projection beam PB is caused to scan over a mask i mage;
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signals, or acoustic or light waves such as those generated during radio frequency (RF) and
infrared (IR) data communications. Common forms of computer-readable media therefore
include, for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any other
magnetic medium, a CD-ROM, DVD, any other optical medium, less commonly-used media
such as punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a
PROM and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting such a carrier wave, or any other
medium from which a computer can read programming code and/or data. Many of these
forms of computer readable media may be involved in carrying one or more sequences of one
or more instructions to a processor for execution.
[0072] While the foregoing has described what are considered to be the best mode and/or
other examples, it is understood that various modifications may be made therein and that the
subject matter disclosed herein may be implemented in various forms and examples, and that

the teachings may be applied in numerous applications, only some of which have been



[ 0069] While the concepts disclosed herein may be used for inmaging on a
substrate such as a silicon wafer, it shall be understood that the

di scl osed concepts may be used with any type of |ithographic inaging
systens, e.g., those used for imaging on substrates other than silicon
waf ers. [0070] The concepts disclosed herein may be used as a sinul ator,
i.e., as a conputer program product capable of being inplenented on a
conput er system Software functionalities of the conputer systeminvolve
progranmm ng, including executable codd which may be used to inplenent

t he above-described i maging nodel. The software code is executable by the
gener al dgsanipdsteranngtiseintentied by reafoliowingt didims dd elaindingaad iabll applitetions,
associ ated. data records. are ored within a eral - pur ppose conput er

o1 ot f or IO R apd ppions ey B S e s S BE R Srad HEREEsr e’ at ot her
| ocations and/or transported for |oading into the appropriate
gener al - pur pose conputer systens. Hence, the enbodi nents di scussed above
i nvol ve one or nore software products in the formof one or nore nodul es
of code carried by at |east one machine-readable nmedium Execution of
such code by a processor of the conputer system enables the platformto
i npl ement the catal og and/ or software downl oadi ng functions, in
essentially the manner performed in the enbodi nents di scussed and
illustrated herein. [0071] As used herein, terns such as conputer or
machi ne "readabl e nmediunt refer to any nediumthat participates in
providing instructions to a processor for execution. Such a nedium may
(take many forms, including but not limted to, non-volatile nedia,
“-volatile media, and transm ssion nedia. Non-volatile nmedia include, for
exanpl e, optical or nmagnetic disks, such as any of the storage devices
in any conputer(s) operating as one of the server platform discussed
above. Vol atile nedia include dynam ¢ nenory, such as main nenory of
such a computer platform Physical transm ssion nedia include coaxi al
cables; copper wire and fiber optics, including the wires that conprise
a bus within a conputer system Carrier-wave transm ssion nedia can take
the formof electric or electromagnetic signals, or acoustic or |ight
waves such as those generated during radio frequency (RF) and



infrared (I R) data conmuni cations. Conmon forns of conputer-readable

nmedi a therefore include, for exanple: a floppy disk, a flexible disk,
hard di sk, nagnetic tape, any other nmgnetic nedium a CD-ROM DVD, any
ot her optical nedium |ess commonly-used nedia such as punch cards,
paper tape, any other physical mediumwth patterns of holes, a RAM a
PROM and EPROVM a FLASH EPROM any ot her nenory chip or cartridge, a
carrier wave transporting data or instructions, cables or links
transporting such a carrier wave, or y other nediumfromwhich a
conputer can read programm ng code and/or data. Many of these forns of
conput er_ readabl e nedia may be involved in carrying one or nore seguences
of one t il ructions to a processor for execution. [0072] Wile
the foregoing has described what are considered to be the best node

and/ or ot heg exaffpnethod pf optiniging ardesighdo bh farmed ongusibstads, fcpmatisiog themay
be made {Eg&@l n and that the subject nmatter disclosed herein nay be

i npl enented in various fornms and exanples, and that the teachings may be
applied i.n nunero@ apgprednkions rounding sfoseleaft oo almdrasfeah émnpel 8f the
described herein. It is intended by the following clains to claimany and
al | appl9¥&i ons, nodifications and variations that fall within the true
scope of the presgt tgéiﬁﬂa!uﬂg% reprsiiiidion! & b AcBBH fhidher o i rbﬂgla‘f?ef
optim zing a design to be formed on a substrate, conprising t st eps
of : (a) rappinpdiibe sthgstowrdineg of at |east one corner of an |mage of the
design; (b) generating_a r resentation of eS| f r e
“appr oxi mte °roanding el P pSs@helpRal = rhk b S kel I%
initial desigh baedoAtheasprodenautibhsdadut i |ized to image the desi gn based on

the representation; and (d) performng Optical PI‘OXImt}{ rrection (OPC
further to the i ni(‘il al Per ormlng Optical Proximity Correction (OPC) further to the initial

representation of the mask.

2. The method of optimizing the design, according to claim 1, wherein step (d)

further comprises the steps of:

(e) generating an image of the design further to the initial representation
of the mask;

® evaluating deviation between the representation generated in Step (b)
and the image generated in Step (e);

(g) determining whether a result of the evaluation of Step (f) satisfies
predefined constraints;

(h) in the event the result does not satisfy predefined constraints,
generating a next representation of the mask in accordance with the results; and

(i) repeating Steps (f) — (h) until the deviation meets predefined

constraints.,

3. The method, according to claim 1, further comprising the steps of:
0] determining the approximate rounding based on a derivation of

predefined rules;



representation of the mask. 2. The nmethod of optim zing the design,
according to claiml1l, wherein step (d) further conprises the steps of:
(e) generating an image of the design further to the initial
representation of the mask; (f) evaluating deviation between the
representation generated in Step (b) and the image generated in Step (e);
(g) determ ning whether a result of the evaluation of Step (f) satisfies
predefined constraints; (h) in the event the result does not satisfy
predefined constraints, generating %Pnext representation of the nmask in
accordance with the results; and (i) “epeating Steps (f) - (h) until the
devi ation neets predefined constraints. 3. The nmethod, according to claim
1, further conpri@ ng selseting apige of a cpioyt Hemey ghapitergbaserbom Bisrapprortmaie
roundi ng based gn a derivation of predefined rules; 20 (ii) selecting a
size of a cutout froma chanfer based on the approxi mate roundi ng; and
(ii11) chanfering (iije ahaméasp theeatcdswetr oho @PmTOK rRPp@xiNGALE omgling in
accordance with the sjze_of the cutout. 4. The nmethod, according to claim
3, mher@WH“PW@‘Hﬂbﬁ@ﬁ?ﬁ@gaWGP@ELdefine di nensions of a serif. 5. The

met hod, according to claim3, further conprising the step of selecting a
shape of the cutout fromthe chanfer. 6. The nethod, according to claim
5, wherein a# | eabte ngthadngicensding tohelaighgpewldrein the predefined rules define

dimensions of a serif.

5. The method, according to claim 3, further comprising the step of selecting a

shape of the cutout from the chamfer.

6. The method, according to claim 5, wherein at least two angles of the shape of

the cutout are equal.

7. The method, according to claim 3, wherein the size of the cutout from the

chamfer is based on the chamfer forming angles in increments of a predetermined size.

8. The method, according to claim 7, wherein the predetermined size is 45

degrees.

9. The method, according to claim 1, further comprising the step of chamfering

the at least one corner of the design to approximate the rounding.

10.  The method, according to claim 1, wherein the approximate of the rounding

corresponds to minima! rounding based on a set of predetermined processing factors.

11.  The method, according to any one of claims 3 and 9, wherein the chamfer
corresponds to a first chamfer corresponding to a first corner of the design, further

comprising the steps of;



the cutout are equal. 7. The nethod, according to claim3, wherein the
size of the cutout fromthe <chanfer is based on the chanfer form ng
angles in increments of a predeterm ned size. 8. The nmethod, according to
claim7, wherein the predeterm ned size is 45 degrees. 9. The nethod,
according to claim1l1, further conprising the step of chanfering the at

| east one corner of the design to approximate the rounding. 10. The

nmet hod, according to claim1, wherein the approximte of the rounding
corresponds to mnimal roundi ng basedlon a set of pr edet er m ned
processing factors. 11. The nethod, according to any one of clains 3 and
9, wherein the ch@hf erdetepyniag gotizksof ® secohfl rogtoug Heptrf erseeandr dwupderdiong to a
first cQrien c@rixertar&facgr‘iat%ﬂ{?:’ﬁrgtu%l@ o conprising the steps of: 21 (i)
determning a size’of a sSecond cut’out froma second chanfer for a second
corner adjacent t@it hereflidigg theodinest atdaght ohé bf tedfist dpnifecasd he sefondt

| east one of the first chanfer and the second chanfer so that the first
chanf er ch#ger spthaidhe Hipt elaMeemddhe seeend chemfa domot mietsephe et hod,
according to any one of clainms 3 and 9, wherein the chanfer corresponds
to a first chanfer corresponding to a first corner of the design, further
conprising th2 st&ps nethod( kycodbng tovamy noe af shimes dfand S odwerain thet dumfiér om a

second chanfer. for a.secqnd_.corner adjacent t.o the fir carner; d (ii)
Feduci ngoRREoR & o RIS, CUTaRTEIES U o hE sBRRoL i epen, afthe

propor t icomplisidg 8@ stépabf:t he first chanfer and the second chanfer do not
intersect. 13. The nethod, .according to claimof claim3, wherein _the
~predefined rules (Gonclftrrmimppra siat akeiseeonds gtewr drom gnisernd mpmiprefostaep

~of : second corner adjacent to the first corner; and

(i)  reducing the size of the first chamfer and the second chamfer

proportionally so that the first chamfer and the second chamfer do not intersect.

13. The method, according to claim of claim 3, wherein the predefined rules
concern serif selection, further comprising the step of:
selecting the size of the chamfer based on the overlap values of a serif selected

using the predefined rules.

14.  The method of optimizing the design, according to claim 2, further comprises
the steps of:
(i) determining rounding of corners of the initial representation of the
mask based on mask manufacturing constraints; and
(ii}  generating a modified mask representation based on the initial

representation in which corner rounding is applied.

15.  The method of optimizing the design, according to claim 14, wherein

rounding at each comer has a predetermined radius.



selecting the size of the chanfer based on the overlap values of a serif
selected using the predefined rules. 14. The nethod of optim zing the
design, according to claim2, further conprises the steps of (i)
determ ning rounding of corners of the initial representation of the
mask based on mask manufacturing constraints; and (ii) generating a
nodi fi ed nmask representation based on the initial representation in
whi ch corner rounding is applied. 15. The nethod of optim zing the
design, according to claim 14, whereipn rounding at each corner has a
predeterm ned radius. 22 16. A conput€ r program product, conprising
execut abl e code transportable by at |east one nmachi ne readabl e nmedi um
wher ei n execi®i onAgmpHEe rduagramypreduct, aBIPTrigRg exqspwlleania BrrsPeIR PR At
causes I 0 mab . 10 f n of
ctops adtir Bhe AR NG AR, MACRRITLioh i Bic 0640 By RpRUETGR

f abri catpeshranmible cosipogt ratss the at least one programmable computer to perform a

sequence of steps as in any one claims 1-15 for optimizing the design to be fabricated on the

substrate.



