1 APPARATUS, METHOD AND COVPUTER PROGRAM PRODUCT FOR PERFORM NG A MODEL
BASED OPTI CAL PROXIM TY CORRECTI ON FACTORI NG NEI GHBOR | NFLUENCE Fi el d of
the Invention [011 The present invention relates to a nodel based optical
proximty correction ("MOPC) for mask optim zation, and nore particul arly,
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 inmaged onto a target portion (e.g., 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
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apparatus - each target portion is i g by progressively scanning

the mask pattern under the projection beamin a given reference direction
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[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 walfer) 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 s'ystem,
one at a time. In one type of lithographic projection apparatus, cach target portion is
irradiated by exposing the entire mask pattern onto the farget portion 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 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




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 imaging
step, the substrate may undergo various procedures, such as primng,
resist coating and a soft bake. After exposure, the substrate may be

subj ected to ot her procedures, such as post - exposur e bake (PEB),

devel opment, a hard bake and neasurenent/inspection of the inaged
features. TS grlithgeiaihio depepsedeserbed detimeanabe Blesied. o qxampler fromnUsS
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met al | i zat [(3a, mOKWdHﬁW@HH@Qh&ﬂESnam@amﬂmghphokﬁ@hﬁmgapﬁﬁmu&a&h&khﬁﬁ@ﬂded
to finish off an i dIVI sever al are_requjred, then

the whol e pr'dée diu?n va St“gs ralvea[thfl alr"itElt tlef‘ilétr%@{itfa va&qure(ﬂé PET BE mdl’aé’ﬁéé?‘@ﬁl"For

each new | myefia! (Eé/s@ﬂ)t URddrYte tialR irdddidy siep, tHevisese Wlalyl unB&p P VeSS R QRIS DE
substrate (wafer). These devices are then separated from one another by a

t echni que &GEHs @“HméqﬁﬁwbﬁomgﬁwWﬁgaS%ﬁéﬁ&% t fl%mp$vﬁdhﬁsdémﬁ@e§mﬁ@n be
nmount ed ONg, @ &@H b Bfher &Q&Iaﬁfe% edett gtzp &;? %lﬁe ba E%@Epzrde%é]é}%l l%gdo ake

regar di ng suc processes can be o or exa
"Nlcrochlpﬂﬁ&bﬁwe@mwoﬁmﬂﬁdmnagtﬂ@ahmgmiﬁaw&m B@Hﬁﬂﬂﬁdﬁ¢hﬂmdﬁ%@&&&&iﬂg
Third Edit : w Hill 1997, | SBN
0- 07- 06725%8% o P%tct:%? a%r“"é?t"%d”a %‘é/F %a'\’g 19t %r%%@ B‘6‘4"‘] pf’fﬁchﬁﬁaéfe%@R-‘éfhaP

si mpl i ci t yyndetye pmﬁmecpioeéhs&y%hﬁmaﬁaytcﬁlﬁg eiidiaihdpeintddienr o dmeRlidsudde

"l ens"; howeyer, this termshoul d be broadly interpreted as enconpassi ng

various typadiigh dﬁ?@f@??@%ﬁ*§9%¥@H%emvﬁEPHﬁFﬁ@“%ﬁ$$%@ﬁﬁ0ém%ﬁﬂv%é%@T If
reflectiveseofhi Bors aRcGAtAANRARL GhI¥ 6 uref & a v Me?eog I\Qﬁl I?a%g'tﬂtbé on

system may al so include conponents operating according to
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t abl es whi“iNgic@BEp 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 rélgerred 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 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




h tabl es are being used for exposures. Twi n stage |ithographic
ggpg?;'?ugt a(ratra 3a descri bed, fgr exanpl e, ilr[: US 5, 969, 441 and WD 98/ 40791,
incorporated herein by reference. [05] The photolithographic masks _
Components to be intebrated onto a silicon vafer. The patterns. used to
conponents to be integrated onto : _ :
crggte such masks are generated utilizing CAD (conputer-aided design)
progr anms this process often being referred to as EDA (el ectronic design
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determ nes deviation based on a conparison of sinulated inmages, 1.e.
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fornmed on g $UDSLd &t&i W th a predicted image, which accounts for
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[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
actuality, 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




actuality, the target and predicted images are divided in a plurality of
sections. [08] Fig. 1 illustrates an exenplary section 10 of a target imge
12 and corresponding predicted inage 14 (superinposed thereon). GCenerally,
a lithographer utilizing MOPC 4 techniques will analyze a target inage at
an eval uation point Atypically located at the center of the respective
section 10 for determ ning the anount of biasing that is needed at that
point. This will be repeated for a difffrent eval uation point(s) until
satisfactory results are obtained. [09]" Software packages may be utilized
to assist in, the nal ysis. As such, the target inmage may be

repr esent eécCBVq‘aesﬁ’ét ﬁ@ 5 fclaTEe b inpes S5 1Tb% 2 UR R ki 4 Fypidadly ﬂﬁfé@d ot &d Centfrrage

may be der bved esh@ltive KRawn Imrr@@%r'hﬁ@ th Bk SMEsuig%atbg ?ehded atZtFeg pgrtnéd

deterntnrng‘the devi ati on between the target I nmge ana
i mge 14, 3dbhvilge lquéed'Nemdcffﬂlmtemldatl‘bn'ﬁhlet(Newtlbmlmtdoqdeuﬁtesreaj’mr:ahrteer ative

al gorithm de 0 functlon re the nmount of
devi ati on g@ we%ﬁ%?%pﬁ%&m%% %%Séﬁk deﬁﬁ‘“‘ﬁriﬁﬁgﬁ A g et s auchihe
anount of ctexet amagnmapie tdedehied byed et @l Bigiessione frdAPWAlch he pRERRINI
needed to conpensate éor he deviation. [10] Equation 1 represen?s t he

o)

Newt on for Hif%8 & "EotFEeti ng ‘é]eHa@l@“@dQEthemE*éﬁiatﬁlgmlﬂlmS AngAFbe UAIIZ@XﬁDrdI )
Fig. 2 illgsthalies iR cf?:kfg[;o@izet%éﬁ fleNaGLMRARE M §nr?the%9&£t]eg nng‘g 1"4' nl%h A5

represents the intensity profile at a giveén evaluation poin
(desi gnat e@tebye‘fﬂﬁ’ﬁé‘r%}twl@ 1¢ e esenttbod tres @i ltqn:elve@tgottltten fcemmrnmeprrocﬁudte at

t he given | nt.s devi |on rrar

t he |ntens§¥§(%g dgﬁ %ﬂ @%theaﬁmu a?ggfwﬂﬁﬁg SR ‘%dF@g%dS %ﬂg@eat

t he gi ven mvdbuadinae 14p0Th@ta.m0%ﬁt élﬁdﬁvtattbh M&Efﬁlﬁnﬂﬁ)us"e@lﬁf eselige thhemammwat of
bias requir.ed to the ~evaluation point to conpensate for

t he devrat@%ﬁ“ﬂg?aggﬂC?ﬂ@“?%?g@ﬁl?ﬂ%ﬁﬁmﬂz and t he predicted i mge 14. |f

t he target{lDpagRuiorangdpRESMK G mw%mﬁntﬂtéfo%éﬁechﬂg eddeN® intersection
bet ween t he |ntensrty profile (line 16) and |ine woul d coi ncide with the

origin of the&glu as s A}Hhs rated in Fig. 3. In other words, Al would
be 0. [11] MOP ses e|t &erial image nodel or a calibrated nodel as

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

profile at a given evaluation point. 87 /dxy (demgnated 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
peint. 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
intersection 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




i mge. A calibrated nodel however considers nmask properties,
characteristics of the tools to create the nask, resist properties, etc,
and is therefore highly accurate D sadvantages to wusing a calibrated nodel
i ncl ude extensive calibration, including building a mask and exposing
wafers, and factoring then arbitrary inmaging properties that cannot be
attributed to the mask, sem conductor, or any associate property. Al so,
the mai n di sadvantage to using a 5 caILﬁrated nodel is that an optim zed
mask nust be used for calibration. If o is not used, the calibrated

i i naccurate results. Thus, industry often uses the
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surface o ﬁ e The nmet hod steps include: (a) generating a target
pattern colFelgw%eBg edaf‘?ﬁ Feer AR @ R diRiLINAGE FFgshe maged; (b) sinulating a
predi cted pattern fromthe target pattern of the inage to be fornmed on the
surface ofStM@iskRstrate; (c) sectioning features of the target pattern
and selecting at |least two sections for evaluation; (d) conputing an anount
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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
pailern 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; (e) modifying the target pattern 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 to
determne 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 (¢) becomes the target pattern of step (c). If from step (g)

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




step (d) for optimzing the mask pattern; (f) sinulating a second predicted
pattern fromthe nodified 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 fromstep (g) biasing is suffic(L)ent generating an optim zed mask
according to the nodified target pattern’ 6 |[14] The aforenenti oned novel -
concepts ”Wdr be enb died by a corrput er program product and even an
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Fig. 2 is @ pletacd b usbEiakd ng t he anount of deviation, in terns of
intensity, between the target imge and the predict ed imge at a single
eval uat i ort!pbi ntlle {reningsnd fater ifgatures, manests, byl adviaptagep, 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. 1 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 sing'ie 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.




[19] Fig. 3 is a plot simlar to that of Fig 2 but illustrating zero
devi ati on between the target inage and the predicted inage at a single

eval uation point, such as that illustrated by Fig, 1. [20] Fig. 4
illustrates an exenplary section of the target inmage in accordance with the
present invention. 7 [21] Fig. 5is an exenplary flow chart illustrating

the method for determning bias for a mask by factoring influence of

nei ghbori ng structures in accordance with the present invention. [22] Fig.
6 illustrates an exenplary section of a nodified target inmage in accordance
with the q%ﬁseg i.nvention. %ag 7 illustrates an exenpl ary
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mul tivari atﬂieearmqmanvcﬂmgnare generated for each evaluation point for
factoring i-nflu nei ghbor j features on a mask. The series of
equati ons girké tﬁ@n?% PURE %eXBIQPt@FYgLi‘tR%gT?M’éC Praiesiigitappfraisas at each

eval uation point, and the target pattern is nodified accordingly. Because
MOPC i s anDHIAIBEDVEEJIIRIEERSY again, a predicted inmage is generated from
the nodified target image for determ ni ng whether or not biasing was

suf fici ent [24]f MOfenefil@he ﬁxﬁi@?&ﬁrﬁ desGtihDPHe ARG frSRGRL 6 yntil an
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expl anat i on. F pgtuv able €quations are generated for gach evaluation point for factoring influence

of neighboring features on a mask. The series of equations are then solved to determine the

amount of bias at each evaluation point, and the target pattern 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
evaluation 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 greaily optimizes a mask o be
formed using MOPC techniques.

[25]  Fig. 4 illustrates an exemplary section of a target pattern. For ease of explanation, 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.




target pattern shown in Fig. 4 is the sane as that illustrated by Fig. |

O course, any pattern maybe analyzed with the nmethod described herein.
The target pattern is divided into a plurality of sections, defined by
eval uation points A-N, in this exanple. These evaluation points may be

sel ected in nunmerous manners. Typically, a |lithographer may choose |ine
ends and partitioned feature edges. 8 [26] Fig. 5 illustrates a flow
chart of the process for inplenenting tQ@ novel concepts described herein.
In Fig. 5 "Step" wll be abbreV|ated by the letter "S." In Step 500, a

predi cted t nerat tar attern enerally

i | lustrat e@%L eﬁ'%elgrb“%ﬁ" fes Br é}fet%‘" ?Fsi ot W”ﬁ‘?ﬁ’é‘l“gf%? 8OV [CPnesBfE be
i 11 ustrat edestabeat eedin f iQEILS, ’s’@w QuS HERbHRASId MRYthD Gtk i lspzqg sftéarsoo a
generating a predicted pattern based on a target "pattern. Exenplary
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sub- 100nm t echnol ogy nbdes. evelope speC| Iy to eIp addr ess
t he Iom1tomam@gnmgmﬁréquﬁn@umn;sIxmhsehpnmndhm%mmnmamUQGQMMmarsEamuadyanced
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Step 502, a I|thographer may sel ect agf ural i eval uation p0|nts as is

shown in Hogm taciinplgey medpilevandevelop wﬁﬁéﬁlyp@mmsamsﬁsﬁbe ol lecmeging or
anal ysi's of Lﬂreﬂ{egﬂnjf%fem?c%h@&?&tmarﬁ‘f?clt&f%'a?gdﬁﬂééat od@@mgg&ﬁgéd&%ﬁ BA0 ng

AIternatlver, eval uation points or sections

an area ofm@héﬂiaﬁgb@nwﬁagemhwahmak&hbﬁahmmwpbmmkmmQAagﬁmﬁmemﬁmmhdf@ﬁhthe
area rel atjve. uat i, nt houl.d eng ass |.east
t wo evaludF%B% m“%*ﬁP&%OAn§ t@B 6?I§F@§8nﬁ Oﬁggﬁbdg?ﬁ%ﬂ&gggﬂiﬁeégﬂfﬁﬁor
expl anat i anclpulopieses a circular area is chosen. [28] In Step 504, the

i nfluence r dlqs IS&%et to forman influence circle. ldeally, the
i nfl uence ¢ PP EB9BRPRH aayielerte Ripallyor exalyaipapaint.gets shappdn

However, dijg t@mr exbif @t UF\‘HSGVEQ%M@OH ﬁ§§ts afal, 8E be1Qhed 1B éﬁ%&%r%@rédﬁt & qgjaééﬁt at a
gi ven eval UAt i on point on the t
evaluation points may be selected Altematwely, evaluation points or sections may be

selected by defining an area of the target image to analyze, and positioning a centroid of the
area 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 is chosen.

(28] In Step 504, the influence radius is set to form an influence circle. Ideally, the
influence circle shouid cover the entire area of a given target image. 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
radius 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




image. Naturally, there is a tradeoff with setting the influence radius. As
the influence radius increases, so does the accuracy of the bias

cal cul ations at each of the evaluation points enconpassed by the influence
circle. However, conputation time dramatically increases. As the influence
radi us decreases, so does the accuracy of the bias calculation at each of
the evaluation points. However, conputation tine decreases. If the
influence radius i's set to zero or a V%Jue such that the influence circle
does not enconpass any ot her evaluatlon points, bias calculations would be
con5|stent“%fEQ convent i onal Generally, a reasonable 9 influence
radi us may DECEE LSS S ?S?mﬁ TFn@é““UNﬁeiﬁ”%A ‘ﬁmFﬁ@%ﬂ%%O%ﬁ”@%%ﬂﬁﬂ@f t he
|'i t hogr aphiitogppat appssat® o 19 AOGPIRAS S e oi nt.
Ref erring to %?ﬂ ﬁgﬁthe i nfluence raﬁ?&gkﬁggﬁgggﬁﬂgﬁﬁ%hn ﬁ%% e va ‘i abl e
R Inthis e%éﬁﬁﬁ&ﬂ?3ﬁ¢gﬁﬂ@3E@ﬁbdﬂwﬁﬂﬂﬂ@ﬁ@éﬁnﬂﬂﬁﬁe bﬂ@@mpas$é$yégabua®|on
poi nts A, r t fl r :

i ncr eased sﬁguigﬁg@lnﬁt‘e e&gtflnégﬁg#reg%%xueoﬁc%%gg‘ lésje(z’njtc[?ler @ ﬁ%ﬁ?ﬁi%ﬁhepgiﬂﬁf?? [ 29]
In Step 506dwaRN@wwdw1wqaatdmnmesﬁ@anematmdn&mﬁmaagbmeM@hu@h®ﬂ@nm@int

enconpasse by, nce circle. or enerally, for each eval uation
poi nt sel e )Ed [bf%lj 5(?[{ ta t&‘bﬁ%‘?atlo‘b@r&epﬁéﬁﬁﬁﬁg‘ BB F5H RPN oyt chcomgared wi | |

be six Newsonhe qhldnOd SsircRNSr erdSree?&l IFV%ruéﬁdho@anthi%ﬁ ﬁ&ﬁp@@@t@@% by the
i nfluence clrcle Recal | that equati reproduced bel ow represgnts a
Newt on equidtPBrPcEqueRsdsang exempgry ElgAﬁ t8§<r9 wilh by sixPaveon mailomgnetfer erolli fi ed
by repl aci r i asi.n | e
poi nt s. Tﬁggggg¥ép&%tgﬂ£ﬁF)&%¥%¥?%fgﬁ§%§e %gﬁaﬁg a&ﬁggézu%ﬁgé@éémo?mﬁﬁ
evaluatlodmkn@wﬁveﬁmheﬂqﬁhamemhemevaluatlon poi nt for which the given
equation is solved. [30] Equat) o 2 bel ow corresponds to Equation | that
has been nDdifnﬁﬂaﬁﬁlﬂesgftb [ ove, sinplified and solved for Al.

Equation 2 4 A I = a l a?li abl es Al and al are known. Therefore,
Equati on %: solvedcfgr AF to determn
qu on may be modified by replacing dxy/ 6[ w1th dficy ! @l , which 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 .

éﬁ—_

Equation2 > A = AF

Variables A/ and oI 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.

of
Al = —2-o AF, + a, * AF, + 2 e AF.+ A o AF, +—24- o, * AF, + % * AF,
afxy 4 Ixyy Iy, Iy dfxy, Ofxy
ef
Ay =—4£ oAF_4+aI s AR, + —E- af o AR, +—E- o, o AF, + 9y AF+61r * AP,
Ofxy 4 Oficy B Ofxy c Ofxy D afxy L ' Ofcy
of
Al =—= OAFA+vai0AFB+ ¢ e AF. + ol o AF, + Ol " AF, + I s AF,
Ay, Ofxy, Ay, Ofxyp, Iy, T oy
o,
s AF af s AF, + ol e AR +—2 o, o AF, + —£- oy o AR, + oy ¢ AF,

+
2" aﬁcy 4 ‘ Ofxcyy : Ofxy, Ofxy,, ? Ofxy, T Oy




t he amount of bias needed at a given evaluation point. Because there are
multiple evaluation points, there will be series of equations. Shown bel ow
is a series of equations in expanded formfor evaluation points A B, C

D, L, Nof exenplary Fig. 4. ar al Aa A al ALa-" AFA+ '' AFe+ ™ AFc+ 7
AF+ " AFr+ ~ AFN af*YA afxY8 afxYc afxY aJYYL afxyN A/ = ale AF + aleB
AF,, + al a AFc al e AF 1) 51B AF + al AF . afxY." afxYa B afxYc c
af xY afxYL L af XYN Alc = arc AFA + alg ARB + arc AF,c + alc AF + alc
AFL + alc AFN afxYa afxYc afxYc afxY ]QXYL af xYN al ar al D ar ar A =

OF + ~AF + AF_+ AF + AF + AF af XYA A afxYa B afxYc c_afxY afxYL

af xXYN N 10 A - Zal b arak Lo As + Ol G891, i AFOLs axp * HEi, b all
*AF L+ all 9 AFQfafirY af IGBYB af XYofat-XYo “afdnyl, af XY ¥y, Ar, = afd, /Q’}’ + a*
AFB + arN AFc +agar * AFDaﬁ ar ° A%lL + ar " [AF'[I. Hy.r aftyg af xYc af xYD
af xYL af XYNA{BT]—ﬁeca\lﬂ -féa”@ﬁo-ar—a°41§+k gfe{@ Y g—gFe[AP}iOB to
sinplify cal cul a{r}éns t &Y 4 val ues 8 OF th fyDare cl 8%k to ze gymy be set
to zero. P however i s==a tradeoff. Accuracy decreases as the nunber
of factors xégat Rerall dpay f?%r@a%@OWReJd‘ﬁGIﬁé&sm Stp ¥t 1o vigpliyonulabetsoths t o
zero a sparse mateEx may be forned, as in Step 510. In Step 512, the

bi asing AR!4E dagh t@#aﬂrﬁéﬂqbéﬁo ﬁ@f%f”ah’specf@t & asrAedTyye. sloiwevery it hetagdeati x

for each vmm&lyedecﬂx@steb%i%he mﬁbeﬁ%h\m&s%Wosz%hﬁ%féﬁ,ﬁ%@g%d‘f@% uﬁﬂﬁzeand

exenpl.ary mat hefrati cal software prograns d
for this punpdseors[t@2foStsepse BOBixanaly &l0dracd af orStep Hl. i fyEiergs QP biaainon.
However, these steps may be omtted, but again there is a tradeoff because
conput at i oAt #rRach ﬁ@}@&g@gom%gigﬁegp@@@ by sqlgiRg the matrix for each variable, Methods

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
of equations.

[33] In Step 514, the target pattern is modified with the biasing computed in Step 512.
Fig. 6 illustrates an exemplary modified target image corresponding to the target image
tllustrated by Fig. 3. It 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, corresponding to evaluation points 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 prédicted pattern may be generated in the same
manner described above. In Step 518, it is determined whether or not the biasing is
sufficient.

[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




sinplification may not be required given a conputer systemthat can solve
for a conplex set of equations. [33] In Step 514, the target pattern is
nodified with the biasing conputed in Step 512. Fig. 6 illustrates an
exenplary nodified target inmage corresponding to the target inmge
illustrated by Fig. 3. It is inportant to note that the nodified target
image is not based on actual calculations and is for illustrative and

expl anat ory purposes only. In this exanﬂle, however, sections 20, 24, 26
and 28, corresponding to eval uation poi tls A C, Dand L, respectively,
have been Dij ased. ctigns .22 and 30, corresponding to evaluation points B
onde N or e LB, LT MGERE RG0S 530t GF DS PRnexBR b6 (hore g i besn
target pattenfleg@neloated, ifhspRicR®ddmhg H96dideQ rIRNGEM S nAndNEMREEH G ed
pattern (not shown). The predicted pattern nmay be generat ede in the sane
manner desMQf5el BBEEE: ratynigedp SEPe02i tMPBCdetyebaricnedednindt! e prodeterotinetine

bi asi ng i s¢ogMiE ihgd &AL mel 351 A lithographer may anal yze the sufficiency of
the MOPC bias adjustnments in Step 518 by determ ning the deviation between
t he prediciéd ilagerandenbitisf idpdtrmangef fdanmge.is uldtils tdrmyeeb ehedRBgetdhined
determ ni ng j_&L oL hee Lldevi tion neets, or falls within, a predetermned 11

t ol er ance. I e BEH" AR SRTHE 0 FERE N PR dtter i HEH (P ePdfite,
then MOPC hiptich@anno.cauiigtedl. chiawevex, nefholl h@rddiadl ﬁr’b@ﬁjcti mg%pﬁéatgyto?i de
of the predeterm ned tolerance, then MOPC is repeated, returning to Step
502. MOPC Hay!#eotsepistigdiondey NAt Hemp exrpstiersaitinadand shisrasdersiABC beien anet .
[36] If IVFPGQC@]&}%’UY” Jﬂés&%e@qio'v’étt%m&le?fn bRk th?o@-aplhﬁz &f;)ngtbtu% LRinBeL tbtc]e
predeterm ned tol erance, equipnent exposure settings and sca 1tgng ars may
be adj ust exptitizeg. fopanyeprtternagmlnrcant]y ovithhdOPLO/ B8 aptB8Raticant intdogahrdtdl metihod,
program priQdusg nd .apparatus of simultaneous optim zation for NA-Si gma
exposure sb tg{é%& ?fn[?f eglglé:’?)feri ng bars OPC using a device |ayout" describes
novel techarlueBciabowhicsdribet tthagslaphirGpaRpas Atisle $REIsURASsBRY HRSev@Phi M zed
for any pattern concurrently with MOPC. This application is incorporated
her ei n bygeﬁ' Qlf gpakus May b aiodifed Itcég%;_ommodate lithography utilizing double exposure or

even multiple exposures, as shown by Equation 3 below.

Equation 3 - AT =8]|, ,oAF,  +3] OFexp2+....+§emaAFem

expl expl exp 2

(381 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 implement or aid in performing the disclosed concepts. Software
functionalities of a computer system involve programming, including executable code, may -
be used to implement the above described 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
mto 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




[ 37] The above-descri bed exanpl e corresponds to a single exposure system
However, the set of equations may be nodified to acconmodate |ithography
utilizing doubl e exposure or even multiple exposures, as shown by Equation
3 below. Equation 3 -3 Al =a-f expl AFexpl +di ~exp2AFexp? +.... +al lexpoAF
expo [38] The above-descri bed concepts may further enhance conventi onal
mask optim zation techniques, such as rul e-based nmask optim zation or
traditional OPC techniques. For instance, conventional techniques may be
perfornmed initially, and the above-described i. concepts may be perforned

to further  en ce conventional .optim zation techpigyes. 91 Software na
i npl enent gcﬁﬂgg%ﬁq%ﬁlﬁéﬁn&r%fﬁéentnﬁ@y °JE 8l B‘H%Cgfj‘[q tf?e %ﬁ%ﬁ%ﬁ'ﬁlg fitar y

functi onal atd idssuafeddeOnput er system i nvol ve programm ng, i ncluding

execut abl e q de, may be used to inplement the above described optim zation
t echni ques*0The S B isF. dgas speh aeusealsr @apling Areadnblremadivplirgigisie any -
conput er. hBgigRehat hRReipdBe i:f PR IANI i RAS30R ' idat a,qegords
are stored within ab eﬂgrallpgrpbse éonpu?e%xb%gﬁ?%$%$q§$@%%ﬂggg Fﬁ%g,
however, thedigof memitake magnybss,ondddiag bot hetr lilmoehtd, ons-atuditoo metinanspde t ed

for |l oading_in | ropriate general-purpose conputer systens., K Hence,

the empodi Hedipoef é‘gﬁ%@g b B RUBTQ/A G TR b, Sy t%ﬂ?ée’p%‘&a&% in

the form ofagnec disksrend RREYbESe Gforpedevickan kiheshnitdts) bpasingdRne of the

nachine-reqdabhfggedi%n1 Execution of such code QY a processor of the

conput er sYyE1EMAEHER GEUFFE %Péﬁt-fé’@%ﬁ“%eom?%w&%t WREICCRERP g SUEH G pain

sof tware 1Z2em&lQwilsoadh BembMACHL @S, PRI RISEALLALLY nﬁé&l@ﬁ mgg:@@ 'E:oa% | kgyiaed in
dill 40 use

t he enbodi ments di scussed and ustrated herein. erein,
terms suchCORBErCWHDar@fiber oprge hingkidingethel abitee thae diomptise eflers withimaycompegi um

Lt Dart AT ek DL AR ISNCALL IR, AR PSERRRL Gk SHERUL O
non- vol at i dignalyedi @&oustiol @tlighewan@diveh aamdse feaasrt sistiag rakgiaquehon®Yhkad i | e
T e, TR I AR LY DA
platform diisgdigoeekatmye: nyphatiske: MdbR 4iNCIHAe N AL SealBARY Yiny SHED as
el n magnpetic medium, a CD-ROM, DVD, any other optical medium, less commonly used media
such as punch cards, paper tape, any other physical medium with pattems of holes, a RAM, a
PROM, and EPROM, a FLASII-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
0r 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:
- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA;
- 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;




menory of such a conmputer 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 transn ssion nedia
can take the formof electric or electromagnetic signals, or acoustic or

| i ght waves such as those generated during radio frequency (RF) and
infrared (IR) data communi cati ons. Conmon forns of conputer-readable nedia
therefore include, for exanple: a flop y di sk, a flexible disk, hard di sk,
magneti c tape, any other nmagnetic nedium a CD-ROM DVD, any other optical

medi um | ess commnly .use dia  suc unch, cards, paper.t ,_any

ot her physical mé Fcu%d\fngjte% tg@? tsgl?srﬁrél%c}%’l%;\f@é’,ro"édwq’ "’aS“BﬁE?@v\‘O@%ngPRO\A a
FLASH- EPROMIdany: sabdt@te WeHRS yreGiltiddaed sitiddi whidgand@offkich & sdABYE

transporti ggs_data or instructions, cables or I'inks transporting such a

carrier wa IQIRNERGAIS {H SFCUTpBly POTIi e eihRts Hatg WiBrrplieeito deam Phead
Progranmi ng code agRaion daldn (WADY PR (o bNESEracli 0L BRoAfic GPURIGHd GRIAD! ©

medi a may be involved in carrying one 8f nore séquences o
i nstruct i ofistery fer ipweioees oradiaged pextenutiitermaskaii okiog: targeigoigome (€al | y

depicts a || r.aphi r oj.ect .on aratus suitable for use with a nmask
desi gned wkdtwﬁ%g%;iegggglﬂ%%s 8%@?5%8%ﬁﬁ'nti on. The apparatus conprises: -
a radi at i op2$ysAeremixed htseirf Gie HppRIYIiNGF A ANOhRGYE 8Rc heam BB ehnskagdiat i on.
In this particu]ar case, the radiation _system al so conprises a radiation

source LA M2sKd ¢ pugvegpineginepahbll angonalek beatfi @ yeiartipy expicdéd siitlea (Wi R

hol der f or chedidieNghsR). nﬁﬁéﬂ'natM%‘l% freQpparitué ﬁlta%%hﬁ? aﬂ%elclgﬁ@gﬁga%énﬁl? hhgst.

posi tioning nmeans for accuratély positioning ¢ hask W t respegct to item

PL; 13 a ¥edchgmebyeietthe edslos 2 fuslbsxamaples mablde) pWiErqorroabl dedrosiatthy er LCD

substrate ,ggtll.iQer for holding a substrate W(e.g. a resist-coated silicon

wafer), and connected to second positioning neans for accurately

posi ti oni Ng3} helteubstce dtte(ay. thmeesyaatp boeiciaen IRBer) producly Op&ei boRdaN&t.em
refractive, catoptric aor catadioptric optical system

("lens") PL.(e.q., ] : . .
for imagin “éﬁeﬁ%? bl At PorT e op SEREI Rt oriieradifesy ot alareriss
(e.9., comveissd BehdPi mEmE Subi £5) bl &EnYBRt foatenWMe [ fidd infsigeRict ed
herein, the apparatus is of a transm ssive type (i.e., has a transm ssive
may comprise adjusting means AM for setting the outer and/or immer 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. Having traversed the mask MA, the beam PB passes through the lens PL, which focuses

the beam PB onto a target portion C of the substrate W. With the aid of the second




mask). However, in general, it may also be of a reflective type, for
exanple (with a reflective mask). Alternatively, the apparatus may enpl oy
anot her kind of patterning neans as an alternative to the use of a mask;
exanpl es include a progranmable mrror array or LCD matrix. [43] The
source LA (e.g., a mercury lanp or excimer |aser) produces a beam of

radiation. This beamis fed into an illumnation system (illumnator) IL,
either directly or after having traverigd condi tioni ng nmeans, such as a
beam expander Ex, for exanple. The illumnnator IL may corrprl se adj usting

means AM for.setting the out and/ or i nner rad| ext
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ot her conponents, such as an integrator IN and a condenser CO In this

way, the b bEamSPE 4rp hedirFgPostioning mrask cambenisd tacgeial e oitire b miasly Vet d
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regard to Fig. 7 th e source Fe housi h
| i t hographd maspcrld]lwt mroiunagpasnat uls gea@ah soefrhan of the otbweemhheM”It T s@llube:e LA
is a ms*rcuré/llze al so be renot t he

|'i t hogr aphi¢ pF 0] ectP? %IH iﬁﬁgy%%%%?%(e Ht? F%ﬂ%eé’PF NI ot o ‘?'6‘8 s

bei ng | ed (fint @otitieniappPahahUse @6t BxplicWytdeplcha iBikdg of. $whleal! & tfli dagCli Y
mrrors); this latter scenario is often the case when the source LAis an

exci mer  I'S¥BrSIREYes opsetoonsi-pd-sar togy) tpmpgsiaplgM T T Jetibe epnected

i nvention gRCANPaRKES el BASELy POkR.g Of these scenarios. [45] The beam PB
subsequent |y |ntercep(t:s ?l he mayE VA, which is held on a mask table M.

Havi ng trdver sédﬁeﬂbmctn@mlmbetm@i tméamdﬁﬁrmsmé&s through the I ens PL, which

focuses the beam PB ant t n strate W Wth the
aid of the secoﬁldmf‘[%m%%%gf?etri“gﬁlt%? h@@ﬁ@? ﬁsan?%ltyégﬁ?%wﬂaa “HER8E ng
nmeans | F) ,imbfeis prjatedah end gblie. Winglanilha”) smavedrRcesdrtial €| YWhe Sut@irate #81eas t 0
position E_ferent get portions C.in the path of the beam_ PB,
Similarly,"{#Hehey 1Y ted;iBélilet’i oMY Hg Fresiam caiibbd et prechedtiPat ey bposi ti on
the mask Mhuwdinkd by espggbpto the path of the beam PB, e.g., after
mechani cal retrieval of the mask MA from a mask library, or duri ng a scan.
In general, nové&hisar mefetehsnod]yebe sanabicemrivEpplaE, excét thpe 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 to scan over a mask image; concurrently, the substrate table
WT is simultaneously moved in the same or opposite direction at a speed ¥ = My, in which
M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a relatively
large target portion C can be exposed, without having to compromise on resolution.

[47] The concepts 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 mcreasingly 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




realized with the aid of a |ong-stroke nodul e (coarse positioning) and a
short-stroke nodule (fine positioning), which are not explicitly depicted
in Fig. 7. However, in the case of a wafer stepper (as opposed to a .

st ep-and-scan tool) the mask table MI may just be connected to a short
stroke actuator, or may be fixed. [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 nmask inmage iggprojected in one go (i.e. a single
"flash") onto a target portion C. The su%strate table W is then shifted

inthe x a r at ;a different .tar ortion C can be
i rradi at ed%&tlhx %lg %%Ef%gw%gtc%%er%deea}%sggptﬁftel“étfhlm rgﬁ% Hlé”%aé‘r‘?ar”?aé

appI i es, ekcpptiudehaty rﬁ!egnvfeamutcaf g&h a npoti &taaﬂomb@bﬂ&hnﬁ@iﬁcﬁlﬁ%nl Thanslngl e
"flash". Instead, the is novable in a given direction (the

so-cal | ed Sggcé IR héﬁtar%n ayerepaﬁs 0 Mﬁ-ﬂ- d&l“r‘r@c?tlijogr&[}cow‘t"??‘“%‘@ﬁh@&“@?s o gactihat
the proj ectay@nisbeamB s efanaedrlQ %ﬁ[&r Wﬁ@ie%tﬂ?% | SRR Hu&ANGHE et Y

the substrate table W is simultaneously noved In tﬁe same or opposite
direction H¥ 10&a§tYeeW“M/a synghighipic i5 uskdl s proHecermgiiréy watfalmgttof Sﬂhh‘Embﬁns PL
(typically I f ﬁgl tivel tar

portion C @Q%Fgéég%Qggéé Xr%pg%%k%EV|n %*%Pwmi %ﬁ?g@g Lg? e]'_6[47]
The concep&@uGESGMEQﬁdnn&mewarmmm(ﬁhﬂukﬁﬁewgﬂnﬂﬂahﬁﬁatICa||y ﬁDde| any
generic temfor | [ sub wavel ength features, and may be
espe0|allyﬂ§ge Pﬁ%ﬁ?ﬁ°m§H§FG$E§‘rﬁﬁﬁpﬁﬁytééﬁﬁbgéﬁﬁ%@uﬁabaﬁﬁﬁﬁ%?mﬁP@860|ng
wavel engt hsli@h vaflerl NERARSI NN tDTR ﬁte dls%tc%gd cdrTESOEAY bt S&*anoﬂ 1P Qgﬁadff eady
in use |nclude EUV (extreme ultra violet) lithography” that 1s ca

produci ng ! ‘%Q@ﬁWi“&ﬁ@ﬁbﬁ@ﬁﬁmmﬁghtmﬁ@U&%bﬁMﬁW@QWEFhﬁa@@ﬁwSaﬁ@r@wemﬂaon157nm
wavel engt hywith the use of a Fluorine |aser. Mreover, EUV |ithography is

capabl e of produci ng wavel engths within a range of 20-5nn1by using a
synchr ot r dA%br Adthohglt therpgesant imetmeoi ais Keeh tibserib&dniddiodtragedpih @sw@n) it Wi th be hi gh

energy el eglrons | r.to od ce ons 15 th| this range. Because
most rat erarS gl gﬁﬁb#\@v% Koy A @W%ﬁt@& ant?”er*tmt ﬁéBP Yaﬁdﬁag}ot tple
produced bykenedfylvesgtdfVieniaibs, Ql’lésché Gf e Prebdnit 1i5ka6dn QingMah !(31‘91 ABGrms
Silicon. Wncﬂe multi- stack mirror has a 40 |layer pairs of l\/bI yb enum and

Silicon ¥ apRendefcekpess of each




| ayer is a quarter wavel ength. Even snaller wavel engths may be produced
with X-ray I|ithography. Typically, a synchrotron is used to produce an
X-ray wavel ength. Since nost material is absorptive at x-ray wavel engt hs,
a thin piece of absorbing material defines where features would print
(positive resist) or not print (negative resist). [48] Wile the concepts
di scl osed herein may be used for inmaging on a substrate such as a silicon
wafer, it shall be understood that the ﬂésclosed concepts may be used with

any type of lithographic inmaging systens, e.g., those used for inaging on
substrates other than silicon wafers. [49] Although the present invention
has been d%%crlgﬁd agg.illustrated in detail, it is to be clearly

under st ood is by way of i |lustration and exanple only and is

not to be taken by mey of limtatiaon, the scope of the present invention
being linited ohly By fﬂeﬂteFﬁﬁﬂpnmﬁgat%@*aﬁ%@ﬁdéhbéﬂﬁﬁﬁ%i0@@ sujfagtt of &

G ai med | sg,phirate 'ﬁléﬂﬁﬁ@tn&gccfn%us%tthﬂtgﬂs%g a mask pattern to be inmaged on a
~surface of a substrate t he nethod conprising the steps of: (a) generating

a target patter(a togbeertltn'@g‘edrgel(nﬂ)temtﬂbt amagn@ a predicted pattern fromthe

t ar get pattern b (red on the the substrate;
sectioning feat fe %HwﬁyﬁgztgFﬁﬂte g%egtﬁogn © JHeElP %815 %?g%QEh(m the
sections farfaceeMahaaibitene, (d) conputlng an anount of bias needed for each
of the at |east tmo sectjons by factoring the influence fromat |east one
other section df thée%tmtﬂgé%twrﬁmf @éétrg%rtg“eraﬁad eEsctimg di sty e sadiotaget
pattern acgendifg to the results of step (d) for optim zing the nask
pattern. 2. The method according to claim11l, the nethod further conprising
the steps of: {¢gh) siommpvéng n@amowdﬁﬁwsmﬁ@&dd@re@cbaf theray Iasiomot feetiomo div f i ed

target pat lraéa[[)zrllng?ghe ﬁtfﬁlgnce(tﬁ)m 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:

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

(2) 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 paitern of step (&) becomes the target patiern 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 I, wherein in step (c), the at least two sections

are adjacent to one another.




(g) analyzing the second predicted pattern to determine 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)
beconmes the target pattern of step (c). 3. The nethod according to claim 2,
wherein if fromstep (g) biasing is sufficient, generating an optim zed
mask according to the nodified target pattern. 4. The method according to
claim1l1, wherein in step (c), the at least two sections are adjacent to

one another. 17: 5. i t al wherein step. (
further conpris%s tHﬁﬁg?ggépﬁg?ﬁﬁ%?§g%ﬁ?%h&ﬁgggﬁ%gigéﬂgﬁﬁ?ﬁ@p?g?g%%§%gttern
having a paefaneter that is greater than or equal to A/NA for a given

illum nation system (il ositi.gning a centroid of the area relative to
one of the at I@Est‘F&Bméggfﬁﬁﬁgapéﬁ'mévﬁ?ﬂ WB%?pB@”Tﬁ%ﬁﬁéFﬁﬁﬂmﬁé%ﬂﬁHing
to clai m Sgquah@nenn fhesiddieidusRkiasHoRMs to a circle and the paraneter
corresponds to the radius of the circle. 7. The nmethod according to claim

1, wherein steplid) Fositionas a semird efdbe vreredatiopso onsfol tg & legetriwpatitivgs Bor

series of gguatiens for each of the at | east two sections; and (ii)

setting near-zero factors to zero to generate a sparse matrix. 8. A

conput er program product, conprising executable code transportable by at
ion of the code.b

| east one machi ne readabl e medi u er el n execuyt a

| east one pr ogé;am Fdng or?lpaﬁfoéal%gﬂ@@@ %’h"éheéetm Hﬁa?éeta CSH%“""BP%@&W&%I&@
conput er tie patineleMt @resS@AL &NGEraafus SF BRSirERr optim zing a mask pattern to
be imaged on a surface of a substrate, conprising the steps of: (a)

generating a target pattern to be inmaged; (b) sinulating a predicted

pattern fromthe target,daktetddhe idPQahPl MBt:an stjep?d) further comprises the steps
of:
(1) generating a series of equations for each of the at least two sections; and

(i1) setting near-zero factors to zero to generate a sparse matrix.

&. 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 sfeps of:

{a) generafing a target pattém to be nmaged;

(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 selectiﬁg at feast two sections for
evaluation;

(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.




surface of the substrate; (c) sectioning features of the target pattern and
selecting at |east tw sections for evaluation; (d) conputing an anount of
bi as needed for each of the at |east two sections by factoring the

i nfluence fromthe other section(s) of the at |east two sections; and (e)
nodi fying the target pattern according to the results of step (d) for
optimzing the mask pattern. 18 9. The conputer program product accordi ng
to claim8, further conprising the stepg of. (f) sinulating a second
predicted pattern fromthe nodified target pattern of step (e); (Q)

anal yzing 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 st'df SPEPUEE ProgRm § “‘Efc?ﬁ‘ﬁﬂli&@% %F]Gﬁ?gnf‘ﬁﬁ%ﬁ%pr%@db%ﬁ ng
to claim9yeppherein if fromstep (g) biasing is sufficient, generating an
optim zed mask according to the nodified target pattern. 11. The conputer
pr ogr am pr oduct(Daccemdii#getioseernl pregctedinettcs %Olinri & mepiiied fargettpaticraof plemst
two secti oRs are adj acent to one another. 12. The conputer program product
according t0 claim8, wherein step (c) further conprises the steps of: (i)
defining an ar dg) of abtdigit@arigetecpat pexdivtddapittng @ pacaned & thehasdifisl grgeat er
than or equal .to, V NA for a .given illumngtion system .(ii) positioning a
centriod oq%HFll‘?é]a%\Pféeﬁ bﬂaﬁ?‘gﬂf@l‘égﬁ’ f‘éﬁ%mmlzw&g‘ea‘easmé% 18" secti ons for

eval uation. 13.mTheiCRMUESD! (PHRGHaM MseUWkht, AR Nehst@) alraidh stehs (Wherei n

t he area
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 pattern.

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

at least two sections are adjacent to one another.

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

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

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

evaluation.

13.  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.




corresponds to a circle and the paraneter corresponds to the radius of the
circle. 19 14. The conputer program product according to claim@8, wherein
step (d) further conprises the steps of: (i) generating a series of
equations for each of the at |east 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 formed on a surface of a sgbstrate, said apparatus
conprising: a radiation systemfor supplying a projection beam an

illum nator foriqeceiyi : |,ect ] _ iatl.on. | ecting
an adjusted beam of rzﬁg?lggﬂlagﬂlggglﬁno?ﬁig&n agcgﬁg%%s{}%g{a%db %pepl)r?gtjg%@(picﬂéﬁhesryst em
havi ng a nemgrisesthe siperdafure ("NA") for imaging a corresponding irradiated
portion of a k, onto a target portion,of bstrate; and a copputer
system f or pe?ﬁ@rniﬁﬁm?ﬂg%fﬁﬁ & dSHegs fge fiﬂfﬁﬁﬁﬁgﬁgPé?ﬁﬁﬁaén ar get
pattern to be i(mged:ttifDhessizonlfadioeh 2rdiceBhehed spatd ghdmixf rom the target
pattern to be formed on the surface of the substrate; (c) sectioning

features of the target pattern and selecting at |east two sections for
eval uation; (d) conputing an anmount of bias needed for each of the at |east

the at least tug sectt apert i FHER, LR HotiBRF ol BORaCkh g
to the reswyltinsziof a piten (Od)’e thiowed coptdunfec afg stbverarnskd gattaerstompbsindhe

appar at us accordjg .to clairn_15,l it he cqqgut r systemfurther performng
the steps of : (A USIFVNERAY HPRRUSAP HFCEPOF¥E pattern from the nodified

target pattern aafiligq@Rtor(®) 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.

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

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

(e);




20 (g) analyzing the second predicted pattern to determne if the nodified
target pattern has been biased suffici 8nt|y for optim zing the mask
pattern; and (h) if fromstep (g) biasi’ng is insufficient, repeating steps
(d) through steps (g), wherein the nodified target pattern of step (e)

beconmes the {(®rgehnappdiigethp s@fon&&)@dﬂldt&i’ pattkth to He@rApRAT tieWSod@E&DELeNg t O
claim 16, wherein if fromstegbt( biasing is sufficient, generating an
opt i mi zB#5wR 8% beer Slegrhygenthelonpriiniang Pamgel PEiEEnd. 18, The appar at us

according toggl ai , |ons are
adj acent gt o] gﬁe air?ci):[tjoan %@%#hdgr]aﬂsgfhgte&é g cej(%‘glrl Ete{)fe@zlihr '%ﬁ e%g‘f wher ei n
st ep ( cwhexgirt the moddindrtingetspdtiem ofs't@p(s) odcomies yhedafbtrpangrmeat sespea). of t he

target pattern having a paraneter that is greater than or equal to X/ NA
for a given illumnation system (ii) positioning a centriod of the area

relative to one ofhd ffasiud RESUIHME cﬁlﬁﬁt%o@ﬁerfeﬂﬁffr@fﬁaétéeﬂﬂgb Bf3sin ‘Ps The

apparatus according to claim19, Wwherein the area corr onds acircle
and theSlﬁﬁmmeg@mratmgraeypbmdtrmaSRhecqrféldg trsthefmadieedciorget pattepd. The
apparatus according to claim 15, wherein step (d) further conprises the
steps of. (i) generating a series of equations for each of the at |east two

sections; an. (iTe §phiahRhcB&ralreZ6CRiIhas! Vh&einn 4Rp %) McIENRBEALE @ sparse

matri x. ) ]
sections are adjacent to one another.

19.  The apparatus according to claim 15, wherein step (c) further comprises the
steps of:

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

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

evaluation,

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

and the parameter corresponds to the radius of the circle.

21. The apparatus 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.




