1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR MODEL BASED SCATTERI NG BAR
PLACEMENT FOR ENHANCED DEPTH OF FOCUS IN QUARTER- WAVELENGTH LI THOGRAPHY
CLAIM OF PRIORITY [01] This patent application, and any patent(s) issuing
therefrom clains priority to U.S. provisional patent application nunber
60/ 603, 560, filed on August 24, 2005, entitled "Mthod O Mdel Based
Scattering Bars For Enhanced Depth OF Focus In Quarter- Wavel ength

Li t hography", which is incorporated he[ein by reference inits entirety.
TECHNI CAL FI ELD [02] The technical fiefd of the present invention relates
generally to a nethod, program product and apparatus for generation and
pl acenent of assist features within a target pattern to provide OPC and
i nprove overall inmag per f ormance. BACKGROUND OF THE | NVENTI ON [ 03]

Li t hograp hAMEiSHQlé,tREgGMMd’R@BUC'B ANDABPARATUS FORMOBEL BASER of

i nt egr at ed SCATTERING(BAR)PLACEMENT ¥ O ENHANEERREPTH/OF HOCUS IN
circuit pattern corredpUARTER-WAYELENGTH KITHOGRARHYf the |C, and this
pattern can be inaged 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

waf er w g%’%wm%!ﬁ/e networ k of adjacent target portions that are
successi _ 0-via the projection system 2 one at atime. In
one typerqf |1l PALARPHIGaREL RS iy Pt SRR A theRASH, LRIty (' 08, ' S
provisional patent application number 60/603,560, filed on August 24, 2005, entitled
“Method Of Model Based Scattering Bars For Enhanced Depth Of Focus In Quarter-

Wavelength Lithography”, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[02] The technical field of the present invention relates generally to a method, program
product and apparatus for generation and placement of assist features within a target pattern

to provide OPC and improve overall imaging performance.

BACKGROUND OF THE INVENTION

[03] Lithographic apparatus can be used, for example, in the manufacture of integrated
circuits (ICs). In such a case, the mask may contain a circuit pattern corresponding to an
individual layer of the IC, and this pattern can be imaged onto a target portion {(e.g.,
comprising one or more dies) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a single wafer will contain a whole

network of adjacent target portions that are successively irradiated via the projection system,



irradi ated by exposing the entire mask pattern onto the target portion in
one go; such an apparatus is commonly referred to as a wafer stepper. In
an alternative apparatus, commonly referred to as a step-and-scan
apparatus, each target portion is irradiated by progressively scanning
the mask pattern under the projection beamin a given reference direction
(the ™"scanning" direction) while synchronously scanning the substrate
table parallel or anti-parallel to this direction. Since, in general,
the projection systemw ||l have a maghification factor M (generally <
1), the speed V at which the substrate table is scanned w Il be a factor
M tines bieadt adiimewtn ohc type ofhthsgraphiit profcetion appacaius, drheargefpoktigaiis on W t h
regard to |ithographic devices as described herein can be gl eaned, for
exanpl e, irfadRPBIWS exPosidbthé Srtire h&ﬁ?gﬁ&&@éﬁé tah@ktpoon BfRe9BCRChhP4] 1N a
manuf acturi ng process using a |lithographic projection apparatus, a mask
pattern i Sk En t i &asds j d by
a |layer %#ﬁﬁggﬁgtlongggﬁgﬁﬁgggagﬁgﬁg%gg% ng%%?). Pﬁ?g?&?%héﬁggﬁﬁﬁrging
step, th var| rocedu . h_as_pri [ ng,

resi st c%g I ﬁg‘g ésﬁ%&ggg%qg&g E&%?a%%te%&‘%%ﬁg‘ soﬁtgéeirf 18 tef I%h%d“gg(gé)f P%tgreegsrlr‘éfi/q} be

subj ected ta other procedures, such as a paqQst-exposure bake (P ,

v bl oprAIg Ak BRER LR CRcOG e h & BB OB SHEPH b
features, This array of procedures is used as a basis to pattern an

i ndi vi duzicannings dirggtion) while sxnchgongusly scannitg thesubstiatejable ppralel arayer may
then undergo various processes such as etching, ion-inplantation

( dopi ng) antiparalldl iarthisi directiom)§ivkt ingenereh dreprojectivarsysiem willhagha ng, etc.,

all intended to finish off an individual layer. If several |ayers are
requi r edmagrificatioh dactdrV €ggmendie dun che sfeed Wa which the bebsaaik table Islscdnde® t 0 be
repeated for each new | ayer. Eventually, an array of devices will be

present @fll bd\efaslebM fimbEthdt at which the mask table is scanned. More information with
regard to lithographic devices as described herein can be gleaned, for example, from US
6,046,792, incorporated herein by reference.
[04] Ina manufacturing process using a lithographic projection apparatus, a mask pattern
is imaged onto a substrate that is at least partially covered by a layer of radiation-sensitive
material (resist). Prior to this imaging step, the substrate may undergo various procedures,
such as priming, resist coating and a soft bake. After exposure, the substrate may be
subjected to other procedures, such as a post-exposure bake (PEB), development, a hard bake
and measurement/inspection of the imaged features. This array of procedures is used as a
basis to pattern an individual layer of a device, e.g., an IC. Such a patterned layer may then
undergo various processes such as etching, ion-implantation (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish off an individual layer. If
several layers are required, then the whole procedure, or a variant thereof, will have to be

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



(wafer). These devices are then separated from one another by a techni que
such as dicing or saw ng, whence the individual devices can be nounted
on a carrier, connected to pins, etc. 105] For the sake of sinplicity,
the projection systemmy hereinafter be referred to as the "lens;"
however, this termshould be broadly interpreted as enconpassi ng vari ous
types of projection systens, including refractive optics, reflective
optics, and catadioptric systens, for exanple. The radiation system nay
al so i nclude conponents operating acco?ding to any of these design types
for directing, shaping or controlling the projection beam of radiation,
and suctwafahpbimse tisvicm preathensdperatedifeom et dnothsebpatechniiesich asigingror
singularly, as a "lens.” Further, the l|ithographic apparatus nmay be of a
t ype havsangng, whende thoindivdduas dévades ciribd msuntédditld cdrritnVBortiecte® kepifis) Sic.
tables). In such "nmultiple stage" devices the additional tables may be

used in f al FRkthe ke Bf KPPEHOTHE podjSRton ek tha§HefdirRtteObE refire@RGasdthe NI €

t abl es ile one or nore other tables are being used for exposures. Tw n

stage |iQQ00RR & mg@gfg@ggéigrggﬁ§%%x?ﬁ%g & Q CW{% vaﬂdﬁg#@e@oig 69, 44

1, incorporated herein e pho grap masks
referred_t bove conprl se tric. patter.ns .corres di to th
Giroui ¢ BiesBE et Rbla e PR L PR 0P pprf AR BAIOR R St don.o
used to creaﬁe uch, masks are gﬁgenateg utilizing CAD (co uter-aiqu
desi gn) PEBHIGns' Tadipfian systgodudy also 1aplufRsompangts PpipiingAceardiag o any o
(el ectronic design automation). Mst CAD prograns follow a set of
pr edet er heseelesign %ﬂ’@ﬁqu diredtingnshapiag or eentroflingithe prgjrstipmbram ofradiation, Ipkse
rules are set by processing and design |limtations. For exanple, design
rul es desucheompérentspeaymisodiegetemed tdoesiaveenlledtivelyior simguladpsis @slenh”as gat es,
capacitors, etc.) or interconnect lines, so as to ensure that the
Circuit Fether,else lithograpias aparangd mayheesfaaypatavingawe oaawidhaibstrate eables
undesirable way. The design rule limtations are typically referred to as
"criti cafan@onRiSérdisre mask tables). In such “multiple stage” devices the additional tables may

be used in parallel, or preparatory steps may be carried out on one or more tables while one

or more other tables are being used for exposures. Twin stage lithographic apparatus are

described, for example, in US 5,969,441, incorporated herein by reference.

[06] The photolithographic masks referred to above comprise geometric patterns

corresponding to the circuit components to be integrated onto a silicon wafer. The patterns

used to create such masks are generated utilizing CAD (computer-aided design) programs,

this process often being referred to as EDA (electronic design automation). Most CAD

programs follow a set of predetermined design rules in order to create functional masks.

These rules are set by processing and design limitations. For example, design rules define

the space tolerance between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, s0 as to ensure that the circuit devices or lines do not interact with one another in an

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



4 (CD). Acritical dinmension of a circuit can be defined as the small est
wdth of aline or hole or the snallest space between two |ines or two
hol es. Thus, the CD determ nes the overall size and density of the
designed circuit. [071 "Assist features"” in masks maybe used to inprove
the image projected onto the resist and ultimately the devel oped devi ce.
Assist features are features that are not intended to appear in the
pattern developed in the resist but are provided in the mask to take
advantage of diffraction effects so téat the devel oped i mage nore
closely resenbles the desired circuit pattern. Assist features are
gener al | (CD)s WeritiabDdlittiehsion od4 citahiepn belBefimed @k theismallést Madthiofig lihk &£ holé hey
are snmaller in at |east one dinension than the snallest feature in the

nmask t hagr té srhall e BYw&R 8 3ky SdweholdB e THEY, Bie- CH\dSlefhint£BE Ui &8 MY
have di rren5| ons defined as fractions of the critical dinension. In other

wor ds, dT’%l?éﬂcF RuktS generally projected with a

magni fi catl on o"%gﬁ’ess t %5%&351 lﬁt., 1/4 or 1/5, the assist feature on the

mask may Ve, di rren5| hap. . t.he srral t f £, 0n
[;,09?[ Oéﬂfs g’f&X TS sgl masrkc%may 95 groI n&enrtng% eat%@ontoeiﬁ% w5t

t he waf e goa [ iI'rcul
fabrication.i.s to

re rodu t he circuit ‘gmgn on

the. wat eidgifiisteReheepiopedinfy nehiguRee ratifer et 46 BScptendeip St
features. Placement of these assist features t%_;\(gger ally follows a
pr e- def | #wgarda thegmttprm deyclopadgn thagesiet buhirg prstidrddn theenaskrie fake advantage RE how
to bias a line, for exanple, and placerment of assist features is
det er m ndiffrictiom effestsisrtbas thé dévelopedimage npredesay resembles the dssiredivanuit
creating the set of rules, test nasks are exposed to different
i1 um napdtem. sesist fagereame giferaldetsubngslutioh’l ati‘dagpesubapsoditivg,” iBemarg that t he
set of test nmasks, a set of rules is created for assist feature
pl acenenthey are smaller in at least one dimension than the smallest feature in the mask that will

actually be resolved on the wafer. Assist features may have dimensions defined as fractions

of the critical dimension. In other words, because the mask pattern is generally projected

with a magnification of less than 1, e.g., 1/4 or 1/5, the assist feature on the mask may have a

physical dimension larger than the smallest feature on the wafer.

[08] Of course, one of the goals in integrated circuit fabrication is to faithfully reproduce

the original circuit design on the wafer (via the mask), which is improved with the use of

assist features. Placement of these assist features generally follows a pre-defined set of rules.

Following this method, designers determine how to bias a line, for example, and placement

of assist features is determined in accordance with a set of predetermined rules. When

creating the set of rules, test masks are exposed to different illumination settings and NA

settings, which are repeated. Based on the set of test masks, a set of rules is created for assist

feature placement.



5 [09] However, these rules are generated based on a one-di nensi onal

anal ysis or a one-and- a-hal f-di nensional analysis. Rules generated
utilizing a one-dinensional analysis are based on an analysis of

parallel lines. Rules generated utilizing a one-and-a-half-dinmensional
anal ysis take into consideration spacing between two parallel lines, line
wdth and lines in the vicinity of the parallel lines. The

one- and- hal f - di mensi onal approach is often useful for non- uniformpitch
bet ween parallel lines. Qbviously, thednore factors considered, the nore
conpl ex the rul es beconme. [10] The rul es-based approach does not adapt
itsel f wWEOl tHoweoveplthesatrdds ate gemgmaedbasedoma onerdinuinsiena iapalpdis arménesing- i s
preferred. A two-dinmensional analysis is based on all of the factors
consi der sHalf-dirhdnsioasiemdlysie nRules aénetdtal wllizigarsheldiensivhabinth]disiaad based

di mensi onal analysis, but is further based on a full analysis of the

sur r oundsgiSanalysR-of paallaNRey, SR 8lePfentheediuilizing dnk ARd-h MM imeRsiciay portion
thereof. As a resuIF, rul es based on a two-dinensional analysis are very

difficul £nag,9' emfﬂogzbﬁsi@é}gﬁcﬁ'?ﬁﬁﬁggbet@@& ﬂgﬂ:tﬁﬁ'ﬂiel MndsCREL %R SldMines in the

f

conplicate ﬁu ti- dinensio rices. en designers prefer to use a
one-di mepsi qnak.,or onerand- a: hal f CH iLopal , approach, o [ 11
pendi ng Ay ebeeaBEREp ThdRs agdaliR B a G Hop gt alBriored on
January 14, 2004, .which is _hereby inco rated by reference.in its
ent | 1 et yUnFa PiSh PO Beralsl Loy ARG b M e DI e By assi st
features which takes into account a full analysis of the surroundi ngs of
the feat¢hmedes Bhepdes basg®g. More specifically, the applicants disclosed a
met hod for utilizin%Ban interference map to identify "seeding" sites
whi ch defliChe Therales-bassd@pprvechndass oot £dapititsel svelto somplicatadrigsigny whersR)
within the mask design. Wiile this

two-dimensional analysis is preferred. A two-dimensional analysis is based on all of the

factors considered in the one-dimensional analysis and the one-and-a-half dimensional

analysis, but is further based on a full analysis of the surroundings, i.e., an analysis of the full

design layout or any portion thereof. As a result, rules based on a two-dimensional analysis

are very difficult to formulate and express, and generally lead to very complicated multi-

dimensional matrices. Often designers prefer to use a one-dimensional or one-and-a-half

dimensional approach.

{11] Inapending application, namely, USP Application Ser. No. 10/756,830 filed on

January 14, 2004, which is hereby incorporated by reference in its entirety, the applicants

disclosed a simple method for generating assist features which takes into account a full

analysis of the surroundings of the features to be imaged. More specifically, the applicants

disclosed a method for utilizing an interference map to identify “seeding” sites which define

where to place assist features or scattering bars (SB) within the mask design. While this

method allows for the reliable generation of SB for the full-chip data processing, the



met hod allows for the reliable generation of SB for the full-chip data
processing, the 6 [|ithography printing performance utilized when
generating the interference map is assumed to be the best focus setting.
[ 12] However, for IC design rules (expressed in half feature pitch)
beyond one-third of illunination wavel ength, X, such as 45 m and 32 m
t echnol ogy nodes, conventional optics (nunerical aperture, or NA<1l) can
no longer attain sufficient resolution and the desired depth of focus
(DOF) for I|ithography manufacturing. Hyper NA optics (i.e. NA> 1) or a
lens in the exposure tool with nunerical aperture greater than 1.0 have
been pr olixbegaplfyqrintiGz penferufanct wtilized)whémgdrkmting thetigtedferehik mamislassuacti eved
when the printing mediumis not under air (with refraction index, n,
around lto®k thelbbestifodey seatingedi um such as water, that has a refraction, n,
greater than the one in air, or n>1.0. [13] Using inmmrersion |ithography

with hy PRD] Nﬁ{mk &5t I \@esihiried (bgpl‘éfsseﬁ QRhalf REtuas pitAEbeyoRd bhHRE of

illum nation wavel ength per the foll ow ng equatlon Resol ution (or

AT W T N (e
For - 103PHmFIcal P«f%?%a@? N1 pn g ‘3%359 sl et ealefen dehe SRR dépiﬁr i
pitch feature CD-3 3 mmn. The corresponded DOF can be _cal cul ated  as:
= k2 [ ()°hfequsDOF) MAyﬂmgTMy magp {petring e HypardN/p pptinsi(ng Nebmidior p dgns in @'P
k2-1.0 that is typically assuned for printing lines and spaces, the
t heor et | exposuDOPobWith cumdri¢al apdstine greger thay 1.8havebkesniprepesal orfin This is
barely manufacturing. In theory, hyper NA can be achieved when the printing medium is not under
air (with refraction index, n, around 1.0) but under a medium, such as water, that has a
refraction, n, greater than the one in air, or n>1.0.
[13] Using immersion lithography with hyper NA enables the printing of features at one-
fourth of illumination wavelength, per the following equation:
Resolution (or half-pitch CD) =k; [(A / n) / NA]} (1)
Assuming k;~0.3, achievable using phase-shifted mask (PSM) together with optical
proximity correction (OPC), 193 nm exposure wavelength, immersion with water (n=1.43 for
193 nm), with NA=1.2, it is theoretically feasible to print half pitch feature CD~33 nm. The
corresponded DOF can be calculated as:
DOF =k, [(A)*(n) / (NAY’] @)

Given the same printing condition, for ky~1.0 that is typically assumed for printing lines and

spaces, the theoretical DOF expected is about 190 nm, or less than 0.2 pm. This is barely



7 adequate fromthe point of view of focal plane |leveling capability
limt wth advanced nechanical wafer stage. [14] For printing a contact
hol e mask, the typical k2 nmay be half of the achievable one for printing
| i nes and spaces. At k2-0.5, the estimated DOF is no better than 0. 1
~Lm which is not good. Using linear polarized illum nation perhaps can
i nprove k2 since it can enhance aerial imge contrast for the
directional ID features, such as lines and spaces. However, contact hole
patterns are nore or Iess a type of 2D/structure. [15] Thus, as the
desired critical dinensions (CD) of features continue to decrease, it is
necessar gdefjuatp fremghe peihtofdeey afifocalplanefleveling B@abiity limit othaddvawed he
printing of features having such reduced CDs in a practical

manuf act me¢hagicplwaferssageSUVMARY OF THE | NVENTION [ 16] In view of the
foregoing, it is an object of the present invention to provide a nmethod

whi ch optiiam zEs prif@ngh 367408 Rble dudk, SheBBical k, RS b¥ Halt of the R hi¥vesHe 8@sfofN SO

as to enhance the DOF and address the af orenmentioned probl ens. [17] More
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mask ng optlca proxi miy ¢orrec |on ures di spos erern |n a

manner erfor ce The nmethod inclu s t he .st eps
of . (a) B a.lifmeﬁp SR A GRHOM BT P85 Fon IRUVE e PSR P BLeTTgPdsetiflngod
on a substrate; (b) determning a first focus setting to be utilized
when | matRags CoOHEsHigE fhe direytional g‘?ﬁ‘iaﬁ}f% sychas liges andspacesr BAVEVEreiPISSed on
the target pattern and the first focus setting; (d) determning a first
seedi ng kole pattespy aze mots ordesshagypefiZibdtrucpracenent of an assi st feature
within the mask relative to a feature to be i maged on the basis
[15] Thus, as the desired critical dimensions (CD) of features continue to decrease, it is

necessary to prevent the degradation of the DOF so as to allow the printing of features having

such reduced CDs in a practical manufacturing process.

SUMMARY OF THE INVENTION

[16] Inview of the foregoing, it is an object of the present invention to provide a method
which optimizes the placement and shape of SBs within the mask design so as to enhance the
DOF and address the aforementioned problems.

[17] More specifically, the present invention relates to a method of generating a mask
having optical proximity correction features disposed therein in a manner so as to optimize
DOF performance. The method includes the steps of: (a) obtaining a desired target pattern
having features to be imaged on a substrate; (b) determining a first focus setting to be utilized
when imaging the mask; (c) determining a first interference map based on the target pattern
and the first focus setting; (d) determining a first seeding site representing the optimal

placement of an assist feature within the mask relative to a feature to be imaged on the basis



8 of the first interference map; (e) selecting a second focus setting
whi ch represents a predefined anmount of defocus relative to the first
focus setting; (f) determ ning a second interference map based on the
target pattern and the second focus setting; (g) determning a second
seeding site representing the optinmal placenent of an assist feature
within the mask relative to the feature to be inaged on the basis of the
second interference map; and (h) generating an assist feature having a
shape whi ch enconpasses both the first8seeding site and the second
seeding site. [18] The nethod of the present invention provides inportant
advant agefsthofiest intéréergnce orapafe) selediing o seaupd facam sdtying whish pepessents ai nvent i on
provi des an OPC assi st feature placenent technique that enhances the
resul ti npredefirict ambuited dsfoevserelatihern theficst figus eaing: 6 da@rminingdi seeondi ons on
the order of a quarter of the wavelength of the imaging system [19]

Mor eover intdritfenbé RiAF Bhsckl oY Y tafiet Pt AIhAsciBiElocinRathgRY) Qaemhifing a

determining where to place assist features within the design, thereby

el i m nat {fagnd é&@?iﬂ&?i?enf eséﬁiﬂgﬁﬂged}ﬁﬁﬂl ?lggé&ngmn%%tsfeétﬁr&ﬂ&ﬁif?m@rﬁgﬁ and

(= A
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provi des a no ase erm ning ptl ﬁaap'(?.

maxi mum) size of the assist featyres, thereby further nhancing, th
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i nvention provides a sinple nethod for identifying whether or not each
of the f@gseroad sgsaingpet ar get pattern to be i maged are "strong” features

that will readily tEri nt within design tolerance, or if they are "weak"
f eat ur es[1Bhat Tl me¢thod of the present invention provides important advantages over the prior art.

Most importantly, the present invention provides an OPC assist feature placement technique
that enhances the resulting depth of focus even when imaging features having dimensions on
the order of a quarter of the wavelength of the imaging system.

[19] Moreover, the present invention provides a model-based method for determining
where to place assist features within the design, thereby eliminating the need for experienced
mask designers to perform OPC, and also substantially reducing the time required to
determine an acceptable OPC solution.

[20] Another advantage of the present invention is that it provides a model-based system
for determining the optimal (i.e., maximum) size of the assist features, thereby further
enhancing the resulting OPC performance.

[21] In yet another advantage, the present invention provides a simple method for
identifying whether or not each of the features of the target pattern to be imaged are “strong”
features that will readily print within design tolerance, or if they are “weak” features that will

likely require further OPC treatment to print with design tolerance.



likely require further OPC treatnment to print with design tolerance. 9

[ 22] Additional advantages of the present invention will becone apparent
to those skilled in the art fromthe follow ng detail ed description of
exenpl ary enbodi nrents of the present invention. [23] Although specific
reference may be nmade in this text to the use of the invention in the
manuf acture of ICs, it should be explicitly understood that the invention
has nmany other possible applications. For exanple, it nay be enployed in
the manufacture of integrated optical9systens, gui dance and detection
patterns for magnetic domain nenories, |iquid-crystal display panels,

t hi n-fi | [A2jragAdditiondh edwimtaged ef thapresek inveibnarilliteeoms\apparempar thedeakitled t hat |
in the context of such alternative applications, any use of the terns
"reticl einthe watiom'the followahgdetdiled dBickiptien st kb@iplatly &bsdnnents 6f e paserdtei ng
repl aced by the nore general terns "mask"”, "substrate" and "target
portion"jyvk@gmectively. [24] The invention itself, together with further
obj ects and advant ages, can be better understood by reference to the

DESCR PR R En EFEATY e oo g REALHBEV B oo P e B it e
il i h hod. of | vii i f . . Kk i
L R PR LS BB R BRI S oo BRB L1 ©1

2a-2d illustrate an exanpl e of ~applying _ assist featyres tgQ a contact
hol e i n Pescblsaprheadons TR PRI JaBSKbe AR in fremanyfrs iR hinteartahe
present invention. [27] Fig. 3 illustrates an exanple of the result of

util i zi nepticaksybtemegpiidagepansdetestipppastemsdor magnetic domain memories,
liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate
that, in the context of such alternative applications, any use of the terms "reticle", "wafer" or
"die" in this text should be considered as being replaced by the more general terms "mask”,
"substrate" and "target portion", respectively.
[24] The invention itself, together with further objects and advantages, can be better

understood by reference to the following detailed description and the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{25] Fig. 1 is an exemplary flowchart illustrating the method of applying assist features to
a mask pattern in accordance with a first embodiment of the present invention.

[26] Fig. 2a-2d illustrate an example of applying assist features to a contact hole in
accordance with the process of the first embodiment of the present invention.

[27] Fig. 3 illustrates an example of the result of utilizing the foregoing process to place

assist features within a mask pattern.



assist features within a mask pattern. 10 [28] Fig. 4 illustrates an
exenplary flowchart illustrating the nethod of growi ng the assist
features in accordance with the second enbodi nent of the present
invention. [29] Fig. 5a-5d illustrate an exanple of applying assist
features to a contact hole in accordance with the process of the second
enbodi nent of the present invention. [30] Fig. 6 illustrates an exanple
of how an adj acent feature can effect the growh of a given assist
feature. [31] Fig. 7 illustrates a flochart describing the nethod of
defining features to be inaged as either a weak feature or a strong
feature @8] h Figspdiostrates anhxemphagy flgvghaddhssrating the owmtiodnd growing theasdisti r d

enbodi ment of the present invention. [32] Fig. 8a illustrates an
exenpl ar feafpdestin atcordahes with eiececond@nibedinfengbfbepiifent ittyentidd. um nat i on
setting, and Fig. 8b illustrates the sane partial interference map after

a 00”9999} haﬁgbﬁﬁm ARRLAtSsh éﬁﬂpﬂ@dﬁﬁﬁﬂd@%@éiﬁﬁed@ﬁ%ﬁ d@neRt hdidd Fig. 9
schematically depicts an exenplary |ithographic projection apparatus

sui tabl e LUSE M '1%1% | ' f; i scl osed
concept s?ccdg%'%l LEDthh %@F%’#gﬁdﬁé E IOHN%%}P%C?E%T&A%J%Q%I?& ned in nore
detail bgl.ow, .t he. OPC SB pl ace techni que .of the esgnt i nvention
oper at es00} Sk F B S AP BITT bat ATlsr iy st BGR BR o oRE
features . having.di mensions on the order of a quarter of the wavel ength

of the iﬁ‘ﬁ@??f@‘sgg?g?‘@n To summarize the present invention, instead of
determ ni ng pl acenent of the assist features (SBs) based on a single

focal plEMé, Figpl Blastrates mBowehart degraibingdhemethod pEdefimingfeaturss to heinaeed ent
as either a weak feature or a strong feature with respect to the imaging process in accordance
with a third embodiment of the present invention.
{32] Fig. 8a illustrates an exemplary partial interference map for a given NA and
illumination setting, and Fig. 8b illustrates the same partial interference map after a correct
has been applied to improve imaging performance.
[33] Fig. 9 schematically depicts an exemplary lithographic projection apparatus suitable

for use with a mask designed with the aid of the disclosed concepts.

DETAILED DESCRIPTION OF THE INVENTION

[34] As explained in more detail below, the OPC SB placement technique of the present
invention operates to enhance the resulting depth of focus even when imaging features
having dimensions on the order of a quarter of the wavelength of the imaging system. To
summarize the present invention, instead of determining placement of the assist features

(SBs) based on a single focal plane, typically the best focal plane, the process of the present



11 invention determ nes optiml assist feature placenent based on
multiple focal planes (i.e., nultiple defocus settings. It has been
determ ned that the optinmum assist feature placenent sites (also
referred to as seeding sites) for each subsequent de-focus setting is
slightly different fromthe previous one. Depending on the illum nation
and the | ocation and shape of the neighboring features or the
surroundi ng environnent within the optical interference range, the
optimum seedi ng sites for the assist fldatures "nove" when deterni ned
under a series of defocus settings. At each correspondi ng assist feature
seedi ng swemionpl@osimendptivhal assist &utirs plateadnt baesed bn nhdtipge Yeal slewdi(ing, site
produces the optimal printing performance for the particular defocus
set ti ng. mARipfeideifocuk Bet@figie i Ha@ best ik firled had VRS ophimubssist featuse plecaraary to
pl ace assist features in all of the seeding sites. This can be
acconpl i gRewhIVrelcdE 1815k ebfing SitdsPior esth sﬁ%hMHémb S&tirg {sQfgidRt er m ned
for the various defocus settings and then grouping the Seeding sites
t oget her ;. a final i 3 ses
%121%6%?&%)9 t}fé&grﬁlgué 6 3 g)e?g%ddlﬁ of ﬁ@ﬂlmnﬁipéﬁorn%h eeltoé%fbbragﬂ g@a[[iisg ap

all of t seedi n S. I'ng single assis ti1ons

to optim,ze | erformance for the inaging, syst 35]. Fig. 1 is an
exenpl ar e PP BIRATRE AL 8% Dae PrrymEiE HERTSFG B PR AL Benfar Ly o
to a mask ttern in accordance with %:firqg enpogingnt qfﬁthe gresent

i nvent i o¥N& qptiem seedine sitesifapthe gysist fpafuies sryEewhen detegninedyiidety ¢ he
target mask pattern and illum nation systemand settings to be utilized
t o i mageserigeofylefocus pettings. Meagh eompspoadingtassiy deatirn secdifgrsitsi Meceamsat ofen

hol es 210 is shown in Fig. 2a. The next step (Step 12) in the process is
t 0 det er sssistfeatnee at thpt givenl sebdivgisitesroduicagtht optimatgyintigg phrormmanggefor fwt t er n
utilizing the given imaging system As is known, the optinum focus
setting paticuder ddeicas sattivgd A dubkrin bideAtotemhirve dlid eraby DOF v isaicte3tary to

place assist features in all of the seeding sites. This can be accomplished by tracing the series
of optimum seeding sites determined for the various defocus settings and then grouping the
seeding sites together so as to form a final assist feature structure that encompasses all of the
seeding sites. The resulting single assist feature functions to optimize DOF performance for
the imaging system.

[35] Fig. | is an exemplary flowchart illustrating the method of applying assist features to
a mask pattern in accordance with a first embodiment of the present invention. The first step
(Step 10) in the process is to identify the target mask pattern and illumination system and
settings to be utilized to image the pattern. An exemplary target pattern comprising contact
holes 210 is shown in Fig. 2a. The next step (Step 12) in the process is to determine the
optimal focus setting for imaging the target pattern utilizing the given imaging system. As is
known, the optimum focus setting can be determined either by a calibration or simulation

process. The next step in the process (Step 14) is to generate an interference map (IM) for



process. The next step in the process (Step 14) is to generate an
interference map (IM for 12 the target pattern utilizing the optinum
focus setting. As noted above, the interference map can be generated in
t he manner disclosed in USP App. Ser. No. 10/756,830. Once the
interference map is generated, it is utilized to determ ne the opti nmal
seeding sites for the assist features relative to each of the features
in the target pattern (Step 16) for the given focus setting. Referring
to Fig. 2b, for the contact hole "x" éhe optimal seed site for the
assist feature at the optimal focus cdfdition is indicated by | ocation
"1" (whic¢h as noted _above is determ ned by analyzing the interference
map) . |t tedargRspatern HHEZIRg rhe@pflmme@@awﬁm& P\s peted 2pRve, he tptegferends g v
depicts the foregoing process bein ied to a single contact hole, in
an act uafanbeygionsretad it the manper de@bnsgcg mf‘i%t AppSendin. d Oﬁg6§3@p@9@ﬂhadj acent

to nunerous contact holes. [36] Continuing, the next step in the process
i s to vamperfehmceshpiugsnemtetl) in ¢, utilieedbtopieteemineehe optineal fexdancitenfoptifeor new
defocus setting and determ ne the optinmal seeding sites for the assist

f eat ur esassior fehtifes Relutivbab @GdhsofIRd fehtdfbs il WRitarpdtIputierh {Step @6 ok thegiven
interference map will change as the defocus setting changes, and

t her ef or pchd\@ufiet REBrriRt ROGEEM! fo@fthetdaﬁta@ﬁﬁné*x” fh%%bﬁfhﬁl s‘él@@ﬁ@ket%r as the
def ocus setting changes. It is noted that the number of defocus settings

for whi C&s@?fehtmeea&ftﬁer ﬁﬁ(la ﬁﬁg ng&mlog iDfdfaleq é'%c%ﬂoﬁ 5p @&'M gf two.

However a greate ocus ettrngs considered, a
v, PRl T S AR sﬁgﬁg&«%@% L MR Rt BRIELS o
SRR IR M CAC ML G RN W
' ner emen;[nsan actual implementation the assist features would be disposed adjacent to numerous
contact holes.
[36] Continuing, the next step in the process is to vary the defocus setting, recompute the
interference map for new defocus setting and determine the optimal seeding sites for the
assist features for the new defocus setting. Typically, the resulting interference map will
change as the defocus setting changes, and therefore the optimal placement of the assist
feature changes as the defocus setting changes. It is noted that the number of defocus
settings for which an interference map should be calculated is a minimum of two. However,
if a greater the number of defocus settings are considered, a more optimal result may be
obtained. Typically, three or four defocus settings would be considered adequate. The
variation between the defocus setting is determined, for example, in accordance with the NA

of the imaging system being utilized. As one example, assuming an NA of 0.85, increments

of 0.2 um for the defocus adjustment would be typical. Assuming an NA of 0.93, increments



of 0.2 urn for the defocus adjustnment would be typical. Assum ng an NA of
0.93, increnents 13 of 0. 15 umwould be typical. It is noted that the
foregoi ng nunbers are nerely exenplary in nature, and are not intended
to be limting. [37] The foregoing process is depicted in Steps 18 and 20
of Fig. 1. Specifically, once the optiml seeding sites for the assist
features are determ ned for the best focus condition, the process
proceeds to Step 18 where it is determined if an interference nap needs
to be generated for another defocus sl8tting. If yes, the process
proceeds to Step 20, where the defocus setting is adjusted, and then the
process ¢f 0déedswndd be typidal. el islehtedvhatrtbe fonepoirigmuentiensraea merchpgxentplary in
reconputed utilizing the new defocus setting. The process then proceeds
agai n t onftn@panlGrah@ifehided t6pé linmingseedi ng sites for the assist features
for the new defocus setting is determned. This loop is repeated until

al | of theydefiRCilfegsRiplphdtdss iR UEHIRLOTASERNS an IBlor RES ¢ KbAIHANP! dhob eFi 9,
2b, the result of the foregoing process is depicted therein.
Specific iy j 4 ) ' ae 1
ot egongiinil skl ificftof B R0 TR Fres 83 BRIFH RS b DB Adivo e
best focus (i.e. facu ual s um . cat | "2" represents the
seedi ng g'iofésf’f?rcé‘f‘ﬁgo ggegﬁgtw 2t t%'mﬂhoﬁf‘d?: crnccApapn eidf‘E"tebedef ocus
(i.e., defocus. equals 0,075 um. Location "Y represents the seeding site
for the &sratad fprafotlies deigrus selinga Kiyes.khe progess praseasls de P38, Vhergthe gef ocus
equal s 0.150um . Location "4" represents the seeding site for the assist
feat ure #efpcusseitingis adjusteds ang then the prpsesspreregds back tfkiep b vheggities 0. 225
UM. [39] Once the seeding sites are determ ned for the defocus
condi t i oimgerfermbee map msiecempattedutilizitgtbe nex tefotuspeitiBg e fhe glocess theneprgueedses s
is to formed an assi st feature enconpassi ng each of the

again to Step 16 where the optimal seeding sites for the assist features for the new defocus

setting is determined. This loop is repeated until all of the defocus settings are processed.
{38] Referring again to Fig. 2b, the result of the foregoing process is depicted therein.
Specifically, in the given example, as noted above, location “1” represents the seeding site
for the assist feature for contact “X” at best focus (i.e., defocus equals 0 um). Location “2”
represents the seeding site for the assist feature for contact “X” at a first defocus (i.e.,
defocus equals 0.075 um). Location “3” represents the seeding site for the assist feature for
contact “X” at a second defocus (i.e., defocus equals 0.150 um). Location “4” represents the
seeding site for the assist feature fbr contact “X” at a third defocus (i.e., defocus equals 0.225
um).

[39] Once the seeding sites are determined for the defocus conditions under consideration,
the next step (Step 22) in the process is to formed an assist feature encompassing each of the
seeding sites identified for each of the defocus conditions. This result assist feature

represents the assist feature to be utilized in the actual mask design. Referring to Fig. 2¢, in



seeding sites identified for each of the defocus conditions. This result
assi st feature represents the assist feature to be utilized in the actual
mask design. Referring to Fig. 2c, in 14 the given enbodi nent, the
assist feature is created by form ng small square assist features 220
around each seeding site identified in die foregoing process. The snall
squares 220 are then grouped together to formone assist feature 230 as
shown in Fig. 2d. It is noted that the finer the increnments when varying
the defocus settings, the resulting asist feature will exhibit |ess of
a stair-step shape. It is also noted that while the given enbodi nment

i 11 ust r athegiven lgmbadigient, thecssistrfeatimsiineredted e foriningsspilsgpare ssisy fearuges
features, it is possible to utilize any type of shape to formthe final
assi st f22tarownd each keetling site &lentifidd ianhdferepging ipadcessh halsinatifsqidres 220aek ng
sites shoul d be enconpassed by the assist feature and the assist feature

nust 1 enthiei gpPed fopEtBértb ifdth orlededisteure 330 bd shvbwindh P52, 30. RGE hatbd ewedipl e of
the result of utilizing the foregoing process to place assist features

Wi thin afRBsie Redhiehd wh@ﬁfvmdgriﬂe §Qodus Yettings, HleGORMing a3t EAMSAANT SBS

(i.e., assist features) fo to enconpass a group of seeding sites in

the mann iniFfessf (gratslf%rég%)%% c.eit?{'ﬁﬁrzoté”cftﬁ?{gﬁ@@ﬁ% gn‘rx{fexg E‘xﬁb@ﬁgg&qﬂﬁ'ﬂﬁ%@t act

hol es, an enent’s represent tent _ _
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features in either one of or both constructive areas of interference or
dest r uct Phabapg tedermytheifipakassist fspiee, with thejesiretipaheing thaidhe all of g sesding i n

areas of constructive interference, the assist feature would be forned
so as t ositeavkouldibe ensamppised by thelasgist feature andhhe assist feature myiseremgingebi naged,
whereas for placenent of assist features in areas of destructive
resolution.
[40] Fig. 3 illustrates an actual example of the result of utilizing the foregoing process to
place assist features within a mask pattern. Referring to Fig. 3, elements 320 represent SBs
(i.e., assist features) formed to encompass a group of seeding sites in the manner set forth
above, elements 340 represent the intended contact holes, and elements 360 represent the
intended contact holes modified/treated with OPC.
[41] Finally, it is noted that as disclosed in USP Application Ser. No. 10/756,830, it is
possible to place assist features in either one of or both constructive areas of interference or
destructive areas of interference. For placement of assist features in areas of constructive
interference, the assist feature would be formed so as to have the same phase relative to the
contact hole to be imaged, whereas for placement of assist features in areas of destructive

interference, the assist feature would be formed so as to have a n-phase shift relative to the

contact hole to be imaged. Both types of assist features are shown in Fig, 3.



interference, the assist feature would be fornmed so as to have a x-phase
shift relative to the contact hole to be inaged. Both types of assi st
features are shown in Fig. 3. 15 [42] In a second enbodi ment of the
present invention, a process is disclosed for optimzing the size and
shape of the assist features disposed in the target pattern. As is
known, for nost robust assist feature performance, it is desirable to
formthe assist features as |large as possible. Mreover, |arger assist
feature dinensions result in an easier nmask manufacturing process.
However, as noted above, the assist felture nust not be printable under
nom nal printing conditions for the CD target features. Known prior art
met hods [42y pi lnad degongtdmtiodaniend of the grasérs malentien, @-poasssds disploseicfor t o def i ne
the size of the assist feature, where X & Y size limts where

pr edef i negtimiv¥igltiee Szcindahgead citesssibicfestuiee dispased acthic vagetipatiéra. A3t e
desirable to be able to tune the X and Y di nension of the assist feature
accor di Ngndva, fdtenosoRibusiaksiRGEANR PeFornRHBE ¢ idHiiraWle @ fotnl thé ZdsRBfdatugesassi st
feature generation nethod di scussed above, which can produce assi st

feat ur es,fygle @BF%s%bee | N16RGYLar. Lﬁipﬁégr%ﬂeaﬁk@ilnéﬁsﬁ%‘}\éﬁhlﬂ 1HtaE leSsier mhask | ndeed,

when uti ?I zi'ng e assi st eat Ut e generation met e present
inventio %C Pt t redet
defi ni ng%ﬁdé%twrﬁf; 5] ze %ﬁ%r’t 3P le?ili e &e a§§st9 'ﬂ t“ﬁ'{s{ens %?Rgiﬂaﬁl%
accordance, Wi th. the.second enbetﬂ of %TP e inventio
Todel - balH MBI LRTEE GpRdifieRsdar g ezﬁ"?rg ?ﬁawg.p?gr fediofie of the
assist features within the target attern More specifically, utilizing
an aer i afypicabyetilized pymsdiionalanle sqdw@paaagh tordefing thewsizs of ghe agsishipatiunst i | t he
assi st feature reaches a predefined threshold, which is sone percentage
| ess t hwhereFe&pY sige limts whewgiredefinéd rWhﬂeSLgh\approhqiEg heng beys elentiagdt is
process being utilized.

more desirable to be able to tune the X and Y dimension of the assist feature according to the

optical neighbors, especially when utilizing the assist feature generation method discussed

above, which can produce assist features having very irregular shapes, such as shown in Fig.

3. Indeed, when utilizing the assist feature generation method of the present invention, it

would be quite difficult to use predetermined rules defining the X and Y size limits for the

assist features.

[43] Inaccordance with the second embodiment of the present invention, a model-based

method is disclosed for maximizing the size and shape of the assist features within the target

pattern. More specifically, utilizing an aerial image analysis each of the assist features is

grown until the assist feature reaches a predefined threshold, which is some percentage less

than the printing threshold for the given imaging system and process being utilized.

[44] Fig. 4 illustrates an exemplary flowchart illustrating the method of growing the assist

features in accordance with the second embodiment of the present invention. The first step

{(Step 410) in the process is to define the target pattern and the illumination system to be



[44) Fig. 4 illustrates an exenplary flowhart illustrating the method of
growi ng the assist features in accordance with the second enbodi nent of
the present invention. The first step (Step 4 10) in the process is to
define the target pattern and the illum nation systemto be 16 utilized.
The next step (Step 420) in the process is to determ ne the optinmal
seeding sites for the assist features relative to the features to be

i mged. Step 420 can be performed utilizing the process disclosed in the
first embodi ment of the present inventlfon di scussed above. However, it
is noted that Step 420 can also be perfornmed utilizing the seeding site

i dent i f i stdlizednThe vexe step (Stsp #2AYanl therprasgss inppdateratinesthe SptimalNeedingsies §rg30.
Once the seeding sites have been identified, the next step (Step 430) is
to form the agss feturée@iative toathe firadirtdte be smagtd n §tepid20 sars be pdrfirmed atiliwng St
features have a size which is below the predefined threshold. [45] It is

not ed t hexe pidiesspliitatd fittle Fifst embadithehtaTtiasRbdest inhentibR didtussed AbRRSI ty t hat
any assist feature may have so as to insure that the assist feature wll

not i MgRoRBvdrNeisWRieathat SToP20%ah Yiso BE F&%rﬁféd RBURe tHehBedif LRl | ned
threshold is set at sone percentage below the printing threshold for the

D of t h@gﬁtﬁﬁ&ﬁ&? {nﬁgés {cjifsglo:s:gd iamgqﬁaﬁén éé??}l&ol@ﬂ%' 830! Akt BQ seddi Zho' d

for the arge a respect to Oopén-framnme expos

i nt ity th i i.nt it f i f tur. i.e. t

o edor | niles BT AB R, tifabren (e 4PER R Fyrrd S8 iathocionsty e
printing threshold. K As woul d be understood by. those of sU, in the art,
the pretrefingstiesishthal tha agsishpatpoes havep sigs whigh Bhsloy the prrdgtingddhtesipld.t he

i magi ng systembeing wutilized and the dinmensions of the features to be
i maged. [4b] lconatedtheighe predefined dhrpsheld repressntsshe maxipoim inderisiy thakanyur es
are positioned about the seeding sites, and the assist features are
si zed soasmast featultamey baveisoias toalnswte thanthe assidt fature wdllihotimiage on the wafer.
Typically, as noted above, the predefined threshold is set at some percentage below the
printing threshold for the CD of the target feature. For example, if the nominal printing
threshold for the CD target feature is 0.3 (with respect to open-frame exposure intensity), the
maximum intensity for assist features (i.e., the predefined threshold) can be set at 0.15, which
is well below the printing threshold. As would be understood by those of skill in the art, the
predefined threshold utilized in this process is dependent on the imaging system being
utilized and the dimensions of the features to be imaged.
[46] Continuing, after completion of Step 430, assist features are positioned about the
seeding sites, and the assist features are sized so as to have an initial dimension that results in
a corresponding image intensity that is less than the predefined threshold. It is noted that the

image intensity of the assist features can be determined utilizing known OPC simulation

systems such as MaskWeaver™™, offered for sale by ASML MaskTools, Inc.



a corresponding image intensity that is | ess than the predefined
threshold. It is noted that the image intensity of the assist features
can be determined utilizing knowmn OPC sinulation TM systens such as
MaskWeaver , offered for sale by ASML MaskTools, Inc. 17 [47] The next
step in the process (Step 440) is to select a first assist feature and
increase the size of the assist feature until the inage intensity of the
gi ven assist feature reaches the predefined threshold. The size of the
gi ven assist feature corresponding to the image intensity equaling the
predefined threshold defines the size of the given assist feature to be
utilized[47h tTike maxsktep Mnthe ptdeessifBep AdON is tozseleof a filveadsist fehtuasaidihcrbasat ur e
is determned, the process proceeds to the next assist feature, and

i ncr easeelsh® of the@sadt fedtirs uRGBthS imAgRaktdsity M fHelgivenSsist TAEreirdicBAIRS ¥
associated wth this assist feature equals the predefined threshold. This

process br%d&%ameﬁfaldmtﬁe s1z%|o|ftlféf @éﬁeasﬁa%as ecsl%glsaﬁqﬁngi@ﬁe@lnag& the mask

pattern in Step 430 have been processe & | 00p 1's represented by

St eps 449’?%1‘;‘?)9 cﬁﬂﬂ 60 p?e%eﬁ 1?01&; hgfine?ﬂi? S zte of ?heﬁ&&tdz}sgl ?t{nt%qo B si st

features ior & PSensi reach the
predefine S ste than t hose Si.S ures.that ar ess
sensi ti vBH Zﬁﬁ {}]’ﬁ %]Foﬁg‘:%lilf‘ P’axﬁlé%s'éeg Iféﬁ& gaPE?éﬁ t 8 less
sensitive assist featyres in the final mask pattern. [48].1n the gjiven
enbodi meRtoCest REPCEdsite H"‘ﬂ?é‘t A eafie, PCPESRBRI e IZ810§ Bt 85I feptier 4
follow ng process. First, the size of the assist featured is increased in
the X di fedmpgmintgnsityt 4@@0014t¢¢h‘géh thig aspist fegtufecanalp thearredefingd thiesheld. dbisve,
the image intensity of the given assist feature can be nonitored
utili zi ngroGRE€isdomtitvaddi umtil glbdf the nssist Tatirss placed $n the ouask pattern in $thp430
X-direction wuntil the X-limt is reached. Once the X-limt is reached,
the assi hiveftead pioeessal. tTHlogp divepresented by Steps 440, 450 and 460 as shown in Fig. 4.

It is noted that the assist features that are more sensitive (i.e., likely to print) will reach the

predefined intensity faster than those assist features that are less sensitive, and therefore will

have a smaller size relative to the less sensitive assist features in the final mask pattern.

[48] In the given embodiment, the assist features are increased in size utilizing the

following process. First, the size of the assist featured is increased in the X direction and the

image intensity is monitored. As noted above, the image intensity of the given assist feature

can be monitored utilizing OPC simulation software. The size is increased in the X-direction

until the X-limit is reached. Once the X-limit is reached, the assist feature is then grown in

the Y-direction. In a similar manner, the size of the assist feature is increased in the Y-

direction until the Y-limit is reached. In addition to the sub-resolution requirements, the X-

limit and Y-limit are also governed by the amount of space between the target pattern in the

design and the minimum distance required between a target pattern and a sub-resolution

assist feature. As noted above, the objective is to maximize both the growth in X-direction



the Y-direction. In a simlar manner, the size of the assist feature is
increased in the Y direction until the Y-limt is reached. In addition to
the sub-resolution requirenents, the X- limt and Y-limt are also
governed by the anmobunt of space between the target pattern in the design
and the m ni num di stance required between a target pattern and a
sub-resolution assist feature. As noted above, the objective is to
maxi m ze both the gromh in X-direction 18 and the Y-direction but never
all ow the overall assist feature size l&d shape to produce the intensity
that is exceeding the predefined threshold |imt. Al so, although the

f or egoi nend thx ¥nditestion butnevertallowttheovesadl assist feattngrsizelsni shapkite prodyeedher i n
the X-direction and then grown in the Y-direction, the present invention
i S not | inmnkigwthhiis ekdesdipg deqaedefined thrashsld diiinNAIRS, altheughfthe &gegoigy, 1t
woul d be possible to first grow the assist feature in the Y-direction,

f ol | owedexaynpldillavdatesithe Ad3Rt Peafhid Bitd Bt grovn M theXAiréctidh ¥nd Hef\Wrdwdiin t he X

and Y di nensions of the assist feature sinultaneously. [49] Figs. 5a-5d
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specifically, Fig. strates an exenplary contact hole 510 feor whi ch
assi st f S.. W e L TRk | i NQ G.COL. di to
St op 10f g iediguld P RERTE AT Db ARG G ERET -SERNBR IRRARA, |
assi st features determ.ned fromihe interference .in the nner = set
forth abBat Bt KaBisptons op altasparvely, gop ot fcand Y Himgmstods pERe Bt 7 o
540 pl aced around the seeding sites (Step 430). Fig. Sd illustrates the
assi st f Eatgg e@uligns@psly.-o t he maxi numsize allowable. [50] Fig. 6
illustrates how an adjacent feature can effect (in this instance limt)
the growi4d] offiga SgiSdakusiretsithe foregringraocehnofignewigis vaaassigiepiess. Mosecond
contact hole 610 is added to the

specifically, Fig. 5a illustrates an exemplary contact hole 510 for which assist features will be

generated to improve imaging (corresponding to Step 410). Fig. 5b illustrates the seeding

sites 520 for placement of assist features determined from the interference map in the manner

set forth above (Step 420). Fig. 5c illustrates the initial assist features 540 placed around the

seeding sites (Step 430). Fig. 5d illustrates the assist features grown to the maximum size

allowable.

[50] Fig. 6 illustrates how an adjacent feature can effect (in this instance limit) the growth

of a given assist feature. In the given example, a second contact hole 610 is added to the

pattern shown in Fig, Sa. As a result of this second contact hole 610, the growth of the assist

feature 620 disposed between the first contact hole 510 and the second contact hole 610 is

limited.

[51] In a third embodiment of the present invention, the interference map is utilized to

determine whether the given features in the target pattern represent strong or weak features

with respect to imaging performance. More specifically, the interference map is analyzed to



pattern shown in Fig. 5a. As a result of this second contact hole 610,
the gromh of the assist feature 620 di sposed between the first contact
hol e 510 and the second contact hole 610 is limted. [51] In a third
enbodi ment of the present invention, the interference map is utilized to
determ ne whether the given features in the target pattern represent
strong or weak features with respect to imaging performnce. Mre
specifically, the interference map is analyzed to 19 determ ne the
intensity of the interference at the |1&ations of the features within the
mask. Features |ocated at positions having high levels of interference
ar e consdetemigt the isenyity efithg imsrfertivatat thiellocatiomsyd theafeatuyes withirtheandskel vy,
features |l ocated at positions exhibiting reduced |l evels of interference
may exhi Beatureslacatepitgbbidondingincigleieudlé sf inforferenckedre Rembidedad @ropp fanueek | N
detail below, additional steps can be taken to ensure acceptable printing

of the wegkwilEigiagé essily. Ahérhafivedy, fdanirks !éﬁété@itﬁ)%sﬁoﬁé @Mﬂlﬁﬁ%redﬁ’&ﬁﬂé&isng the
met hod of defining features to e imaged as either a weak feature or a

string f@ﬁh%ﬁ?re%éﬁ y éﬁ%?&natc&gtﬂ?e rn‘ uR§ Oﬁﬁ&sdefm@ ab 'ei;?/!nné& foP (St ep

710) is to |net e target pattern umnatlon systemto be

i zed h
't or f or SPRLOAE Higiepffh °519 b ikt tgﬁﬁ%@ig BB  SLHF RERELERRR, ana

process be_.ut zed $ after,. the interfe |SU|l|z%§i to
Gt or m nb5 2 heFifeuFERies BHoY STeu dewrbingdhe Peat ot Fives EmBs 4t POIESS ep
730). In the next step (Step 740), each feature to_be imged i s defi ned
as eithe#s %\thakaawe@l%fﬁm@r@rstralgsfﬁtmwﬂt 1sshegt te thanisnagingProgest: nee fupt stdt ¢ he
magni tude of interference at the given feature location is above or
bel ow a {SitepdBf0) sed defecthe tasgat patierh end thE lbmeinitewmt system th b uhilizedn The next
interference magnitude which is greater than the predefined interference
val ue ar gtepléhiep1E29) aisthe proees is to generate an interference map for the target pattern based

on the imaging system and process to be utilized. Thereafter, the interference map is utilized

to determine the magnitude of interference at each feature location (Step 730). In the next

step (Step 740), each feature to be imaged is defined as either a weak feature or a strong

feature based on whether or not the magnitude of interference at the given feature location is

above or below a predefined interference value. Those features having an interference

magnitude which is greater than the predefined interference value are defined as strong

features (and represent features that will print easily), while the features having an

interference magnitude less than the predefined interference value are defined as weak

features (are represent features that will have difficulty printing). It is noted that the

predefined interference value, which is utilized to define whether or not a feature is a strong

interference feature or a weak interference feature, can be determined utilizing a process

window simulation. For example, assuming the interference map of the target pattern

exhibits an interference magnitude ranging from 1.0 to 0.7 at the feature locations (where the



features (and represent features that wll print easily), while the
features having an interference magnitude | ess than the predefined
interference value are defined as weak features (are represent features
that will have difficulty printing). It is noted that the predefined
interference value, which is utilized to define whether or not a feature
is astrong interference feature or a weak interference feature, can be
determned utilizing a process w ndow sinmulation. For exanple, assum ng
the interference map of the target pat20ern exhibits an interference
magni tude ranging from1.0 to 0.7 at the feature |ocations (where the 20
magni t udmsgofudestfantederenachava beeneemnalived wal .0), dg utibzitg e, sitaylatién | | zi ng t he
simulation program such as LithoCruiserTM sold by ASM. MaskTool s,
Inc., it pio§raff)s6chils@.ithoCERdEMbd1a by WSML BlabkT oo, Wcg St i6 putsitile etermine
interference magnitude greater than 0.8 will print well within

tol er anCgat ANRatuRL$8vihe 8k HiGFrORY rdgnitlie gilafl MY il Badtivideithg! ow 0. 8

may exhibit. As such, features having an interference nagnitude greater
than 0.8 ' }%,8 %H@% |ﬂ{5}9f i NG

inf1 grfer té’ﬁ%@“%ﬁ??%ﬁ?%‘gff’%w gag ngre e ci"ene 5%&@mgég§<‘9%f%g¥%§gg@ﬂ[%] Once
t he feat b defi ped, additi I t aken t

ensur ot HEE TRAES RORE LAV TREGioq AP B Aoy B & FE PSS TN er ance

requirenents (Ste 7501]. .Such, additional, nmeasures incIFde but are not
limted featurescpidsieatiess iwmdng 1 infrfesence magHmdnielowid$ arg.defped asivrgkt he

| ocati on and/ or shape of the weak features within the target pattern; or
separ at i fegturéshe weak features and the strong features into two separate
exposure masks. After perform ng any of the foregoing adjustnents, the
process B8] fOndcrthe feaftirg. have beem definet, bdditiorap mebstestoan He takemionensurk tlat | of
the weak features have been elim nated.

the weak features will print within the process tolerance requirements (Step 750). Such

additional measures include, but are not limited to, adjusting the illumination and NA setting;
varying the location and/or shape of the weak features within the target pattern; or separating
the weak features and the strong features into two separate exposure masks. After
performing any of the foregoing adjustments, the process set forth in Fig. 7 can then be
repeated to determine if all of the weak features have been eliminated.

[54] Figs. 8a and 8b illustrate the use of the interference map for identifying weak and
strong features. Specifically, Fig. 8a illustrates a partial interference map for a given NA and
illumination setting. As shown, the two outside features 810 and 820 are strong features that
will image easily, and the middle feature 830 is a weak feature relative to the two outside
features. As such, the middle feature may not image properly. By performing one of the
adjustments noted above, it is possible to raise the interference magnitude of the middle

feature such that it is a strong feature, as is shown in Fig. 8b.



[54] Figs. 8a and 8b illustrate the use of the interference map for
identifying weak and strong features. Specifically, Fig. 8a illustrates
a partial interference map for a given NA and illumnation setting. As
shown, the two outside features 810 and 820 are strong features that
will image easily, and the mddle feature 830 is a weak feature relative
to the two outside features. As such, the mddle feature may not i nmage
properly. By perform ng one of the adjustnents noted above, it is
possible to raise the interference maglitude of the niddle feature such
that it is a strong feature, as is shown in Fig. 8b. 21 [55] Fig. 9
schenat i (58] | yFigePpsohtmatically deysicrs apithographicj pegjtdtivn apparamna tuitabbufot adelveitlf or
use with a mask designed with the aid of the current invention. The

appar at Uga&lodigh&Ewith thedhid akhatingdht SWehteN. Fife apparatdsonfpie@t yi ng a
projection beam PB of radiation. In this particular case, the radiation

system al so co b Eatmw O o fuahSit I : mask
P a i T s Gl b R A o i

R g T S T R

position espec a secorid object table
(substrate tabl . oviged | g) ubstr at holdlgl f.or Eldin a
Substrate. w (ongrs: ohioPl@HedFauhtie) Gmrened s et holodor Beliing s
second %si tioning neans for accurately. positioning the substrate with
r espect (e&n? paticle), apdyropnectsd gt Raseipning maeaps fforrgecptely positioning the
refractive, catoptric or catadioptric optical system) for inmaging an
i rradi at maskpwith fespecofo itamePhnsk MA onto a target portion C (e.g.,
conprising one or nore dies) of the substrate W [56] As depicted herein,
t he appar at us- i®ssabnd objeatnmbles@ubstrateyfpblel WE provided with masubsiras holder for

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

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

- a projection system (“lens”) PL (e.g., a refractive, catoptric or catadioptric optical

system) for imaging an irradiated portion of the mask MA onto a target portion C {e.g.,

comprising one or more dies) of the substrate W.

[56] As depicted herein, the apparatus is of a transmissive type (i.e., has a transmissive

mask). However, in general, it may also be of a reflective type, for example (with a reflective

mask). Alternatively, the apparatus may employ another kind of patterning means as an

alternative to the use of a mask; examples include a programmable mirror array or LCD

matrix.

{57] The source LA (e.g.,a mercury lamp or excimer laser) produces a beam of radiation.

This beam is fed into an illumination system (illuminator) IL, either directly or after having

traversed conditioning means, such as a beam expander Ex, for example. The illuminator IL

may comprise adjusting means AM for setting the outer and/or inner radial extent



mask). However, in general, it may also be of a reflective type, for
exanple (with a reflective nmask). Alternatively, the apparatus nmay

enpl oy anot her kind of patterning neans as an alternative to the use of
a mask; exanples include a programmable mrror array or LCD matrix. [57]
The source LA (e.g.,a nercury |lanp or exciner |aser) produces a beam of

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

adj usting neans AMfor setting the outer and/or inner radial extent 22
( commonl fcomafoalyrreféried tass a-puteridrel o-amer, aespeutively) ofthp éénsite disjribotion e
intensity distribution in the beam In addition, it will generally

conpr i sethéeArLUS a@difi6h, iIERTTPRMAEIRIS corfiptidd vafio@dbthdr RbAGHRINEY, schl 2988 a
condenser CO In this way, the beam PB i npingi ng on the mask MA has a

desired {ipd ' ' fy t i [ ' B Ehiditi SinG & 5 t [ 58]
¢ shoul BeR N SRR E0 M (R PED bl RubhBing o e PR MRS, il

t he housgQ%ﬁfeﬁ’ﬁnmgﬁéyiakg?@éﬁ%ﬁg@ﬁ@hﬁﬁﬁﬁ,05?%? [Qtus (as is often the

case when e source“L exanple), but that it may

beam Chal ol ToPHLRE el WA Fay e Bieh i st TR b Viin B p@al s of

suitable directi nﬁ mrrors); this latter scenario is often the case when
t he sour eidhe lithographic praisqtion appazatiss (af &s qften theasewhen the sourgg EAJs @ mpreury
| asing). The current invention enconpasses both of these scenarios. [59]
The beanlapp, Halgxamplenbutthatit maxdpn be temotenfsern thedithegrpitic projastioniapparatusias k
table MI. Having traversed the nask MA, the beam PB passes through the
| ens PL, thelsadidtiohdearadlsat 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 both of these

scenarios.

[59] The beam PB subsequently intercepts the mask MA, which is held on a mask table

MT. Having traversed the mask MA, the beam PB passes through the lens PL, which focuses

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

positioning means (and interferometric measuring means IF), the substrate table WT can be

moved accurately, e.g., so as to position different target portions C in the path of the beam

PB. Similarly, the first positioning means can be used to accurately position the mask MA

with respect to the path of the beam PB, e.g,, after mechanical retrieval of the mask MA from

a mask library, or during a scan. In general, movement of the object tables MT, WT will be

realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module

(fine positioning), which are not explicitly depicted in Fig. 9. However, in the case of a wafer



the beam PB onto a target portion C of the substrate W Wth the aid of
the second positioning neans (and interferonetric neasuring neans |F),
the substrate table WI can be noved accurately, e.g., so as to position
different target portions Cin the path of the beam PB. Simlarly, the
first positioning nmeans can be used to accurately position the mask MA
with respect to the path of the beamPB, e.g., after nmechanical retrieval
of the mask MA from a nmask library, or during a scan. |In general,
nmovenent of the object tables MI, WI W3l | be realized with the aid of a
| ong- stroke nodul e (coarse positioning) and a short-stroke nodule (fine
posi t i onstepper (aphppiseditcen step-amslghan tiol)l the thesgli lable M T malrijpt b@condevted tya i n
the case of a wafer 23 stepper (as opposed to a step-and-scan tool) the
mask t abthertMdirok@yctudiat obmaybafiest ed to a short-stroke actuator, or may

be fixed. [60] The depicted tool can be used in two different nodes: - In
step nodgsp] t hEndWplctddaddlealbe uscdif Blo 8isRRMt indlidsy stationary, and an
entire mas image is projected in one go (i.e., a single "flash") onto a

target porti O-r‘In_(;t?Tﬂgdé, lfﬁ’é%nﬁgg %bfe@bﬁf%s k%sséﬂﬁal}i‘ﬁ&i&ﬁﬁéﬁ&j ah Erélriljaqnéfgk

and/or y directions so that Ifferent target tion can

1 adl at Gl SOEREALRTo 12, b ReBEeRAIR 5o SRAR0 Rl LIE ARSERRET | O

applies, ce entarg portion S 'not” expose sI'ngl e

co- cal | ol T RCBT HhiPeE i B sy eyl ay i S RpP ke nofoncC By

that the projection beamPB is caused to scan over a mask inage;

concur r elffafiptedipydhabmgm PRt e table W is sinultaneously nmoved in the sane
or opposite direction at a speed V= M/, in which Mis the nmagnification
of the |ens PLIN ssapi wade, \essaptiallyl tbe game) s@nariq appliess exngpnéhat aggivert targssel y

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 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 ¥V = 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.

{61] Additionally, software may implement or aid in performing the disclosed concepts.
Software functionalities of a computer system involve programming, including executable
code, may be used to implement the above described imaging model. The software code is
executable by the general-purpose computer. In operation, the code, and possibly the
associated data records, are stored within a general-purpose computer platform. At other
times, however, the software may be stored at other locations and/or transported for loading
into the appropriate general-purpose computer systems. Hence, the embodiments discussed

above involve one or more software products in the form of one or more modules of code



| arge target portion C can be exposed, w thout having to conprom se on
resolution. [61] Additionally, software may inplenent or aid in
perform ng the disclosed concepts. Software functionalities of a
conput er system i nvol ve programm ng, including executable, code, may be
used to inplenment the above described i magi ng nodel. The software code is
execut abl e by the general -purpose conputer. In operation, the code, and
possi bly the associated data records, are stored within a
gener al - purpose conputer platform At Hther tines, however, the software
may be stored at other |ocations and/or transported for loading into the
appr opr i edrtedfgna st germahheaesdableancdinng t BxRutidbleotach tdie nyadéassnbs

di scussed above involve one or nore software products in the formof one

or nore (REuMEseNdyseRthaBids tHePldifodf tOHnREmbR A calilsy ARHHsBRwWERadabI e

medi um Execution of such code by a processor of the conmputer system

enabl es glen a{(ﬁ‘ﬁé RSB InQ it é@&ﬁﬁﬁ? gl‘tetﬂ?zﬁm%ﬂoﬁﬁemq{mé) %mﬁ&{il(tlj'l@j?t?] aits%%ssed

downl oadi ng functions I n essent 'y the manner perforne

enbodine&hgug%é&%ﬁ%ggn and illustrated herein. (62] As used herein, terns
such as conpu%er or mechi ne "readabl e nmedium refer to any nediumthat

particip S in providing instructions to a,prqce r fqr exegution. Such
2 redi UfhRhmy AT ke ey, i AR 45 A8RURE G BRI QAR P TSHBIR G at | 6
nedia, volatile nedia, and transm ssion nedia. Non-volatile nedia
i ncl ude, Meumchalparticipatasin providing inptEycHARS 1@ agiregessor &rereglionnyudya t he
storage devices in any conputer(s) operating as one of the server
pl at f or nmedivmongsieke mbay tormyoncdudingbytet bmiteblouten-vglatilninedine velatjle such as
main menory of such a conputer platform Physical transm ssion nedia
i ncl ude nmeditj ald taabhBsion mediap Nonwolatileuneldih idetrdepfor exanple,plicadiong t he
wires that conprise a bus within a conputer

magnetic disks, such as any of the storage devices in any computer(s) operating as one of the

server platforms discussed above. Volatile media include dynamic memory, such as main

memory of such a computer platform. Physical transmission media include coaxial cables,

copper wire and fiber optics, including the wires that comprise a bus within a computer

system. Carrier-wave transmission media can take the form of electric or electromagnetic

signals, or acoustic or light waves such as those generated during radio frequency (RF) and

infrared (IR) data communications. Common forms of computer-readable media therefore

include, for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any other

magnetic medium, a CD-ROM, DVD, any other optical medium, less commonly used media

such as punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a

PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave

transporting data or instructions, cables or links transporting such a carrier wave, or any other

medium from which a computer can read programming code and/or data. Many of these



system Carrier-wave transm ssion nedia can take the formof electric or
el ectromagnetic signals, or acoustic or |ight waves such as those
generated during radio frequency (RF) and infrared (IR data

comuni cati ons. Common forms of conputer-readable nedia therefore
include, for exanple: a floppy disk, a flexible disk, hard di sk, nmagnetic
tape, any other nagnetic nedium a CD-ROM DVD, any other optica

medi um | ess commonly used nedia such as punch cards, paper tape, any
ot her physical mediumwith patterns ofSholes, a RAM a PROM and EPROM
a FLASH EPROM any other nenory chip or cartridge, a carrier wave

t r ans porformgpfdamputsr raadattle medie omy bedusvleed 1w cartyimgenet ar ammgp sequimngs sfiode a
carrier wave, or any other nmediumfrom which a conputer can read

pr ogr anmormgpre idrudions ara platasorNbngxeoitiohnese 25 forns of conputer
readabl e nedia may be involved in carrying one or nore sequences of one

or nore [6Apt rAltHol S the pPesBntRhAHESS BAs Hellh dE¥AKdd dndllush@it iiéhio Ui td he
present i1nvention has been described and illustrated in detail, it is to

be cl eacﬁéa)‘lg;‘ﬁﬂ&‘éﬁ&t%&?&‘ét ﬂm@@érgé ﬂ%ezﬁiag%fg&sﬁé(n %Ram#le‘bﬁy.ﬁh' ﬁﬁbt%‘ge

exanpl e onl I'S not e scope of

the pre onI th ed
ol ai o, DR ST iR 36 0Pl b Bty zﬁ"ﬂﬁt 0ol oy B BRRERT
opti cal ‘ﬁr oxi m rrection featur es disposed ther el n sai d nmet hod
conpri si éhet“l'?geré‘iégﬁ M¥:. (a) obtaining a desired target pattern having
features to be imaged on a substrate; (b) determning a first focus
setting to be utilized when inmagi ng said mask;



(c) determining a first interference map based on said target pattern and
said first focus setting; (d) determning a first seeding site
representing the optimal placenment of an assist feature within said mask
relative to a feature to be inaged on the basis of said first
interference map; (e) selecting a second focus setting which represents a
predefined anount of defocus relative to said first focus setting; (f)
determ ning a second interference nap based on said target pattern and
said second focus setting; (g) determ®ning a second seeding site
representing the optimal placenent of an assist feature within said mask
rel ati veWhet is@ladmeébt ure to be i maged on the basis of said second
interference map; and (h) generating an assi st feature having a shape

whi ch enconpatsses Aaiethodaif derferatiiig a mtask tavigg sptical progintiai dhnseioiniataredi ng
site. 2. The nethod of claim1l1l, wherein said first focus setting

r epr esengispdsétherin, Bl mekiaUdmpabing i stpk of:MgI Ng the target pattern. 27
3. The method of claim1, wherein said assist feature has a size such
that said asgj : ' ' : ' met hod
of claim 1, TorTRaP AR Sl PR RSng R o ATRER o s T0E,
features wthi al d target pattern ach...of, sai d_addi tianal . assi st

feat ur es bei ) GanEpabEa il B8 bRk o Qg PRt e/ biia

(c) determining a first interference map based on said target pattern and said first
focus setting;

(d) determining a first seeding site representing the optimal placement of an assist
feature within said mask relative to a feature to be imaged on the basis of said first
interference map;

() selecting a second focus setting which represents a predefined amount of defocus
relative to said first focus setting;

(f) determining a second interference map based on said target pattern and said
second focus setting;

{g) determining a second seeding site representing the optimal placement of an assist
feature within said mask relative to said feature to be imaged on the basis of said second
interference map; and

(h) generating an assist feature having a shape which encompasses both said first
seeding site and said second seeding site.

2. The method of claim 1, wherein said first focus setting represents the optimal

focus setting for imaging the target pattern.



5. The method of claim1l1l, wherein said interference map defines areas of
constructive interference and areas of destructive interference between
at | east one of said features to be inaged and a field area adjacent
said at | east one feature. 6. The nethod of claim11, further conprising
the steps of. determining a nmaxi muminmage intensity |evel for said assist
feature, said nmaximum image intensity defining an inmaging intensity that
will not result in the inmaging of said assist feature on said substrate;
and adjusting the size of said assist features such that an inage
intensity |l evel associated wth said Xdssist feature is equal to or less
t han sai d maxj num i mage intensk%% level . 7. The nethod of claim 4,

further conprisi nglherBetbeepfclamgsbersmsaitpssistissturs hes @ tirg sushihatsaid; y

| evel which defines an imaging intensity that wll not result in the

i magi ng ¥biskigptyreds aptimagedenisaidsubptradai d substrate; initially sizing each
of said assist features such that said assist features have an i naging
intensity | evkl whHitehmétboded adaimslyifithensomprisingthestep nf placing yddikarl assimhd
adjusting the size of each of said assist features such that the inmage

I Nt ensi t featueedatithins st laddet fattidr, Ractoo fdadadbitionsl iasdist ffeiired Beih® ged@iabdd Hyo or

| ess than said nmaxi muminage intensity level. 28 8. A nethod of optical

proxi m t]yer%{n%gtépg(b)f(gj_ use in a photolithography process, said nethod
conprising the steps of. (a) obtaining a desired target pattern having

features to be i megRdnQfoPoftifn 1, @Jhgfein gii ﬁe‘?feﬁ‘e'h?é Hiaggeﬂﬁl:siafga%f erence
map based on said target pattern and sal Plrst ocu
constructive interference and areas of destructive interference between at least one of said
features to be imaged and a field area adjacent said at least one feature.
6. The method of claim 1, further comprising the steps of:
determining a maximum image intensity level for said assist feature, said maximum
image intensity defining an imaging intensity that will not result in the imaging of said assist
feature on said substrate; and
adjusting the size of said assist features such that an image intensity level associated
with said assist feature is equal to or less than said maximum image intensity level.
7. The method of claim 4, further comprising the steps of:
determining a maximum image intensity level which defines an imaging intensity that
will not result in the imaging of said assist features on said substrate;
initially sizing each of said assist features such that said assist features have an
imaging intensity level which is below said maximum image intensity level; and
adjusting the size of each of said assist features such that the image intensity level

associated with said each assist feature is equal to or less than said maximum image intensity

level.



setting; (c) analyzing said interference map to determ ne a nmagni tude of
interference for each of a plurality of said features to be imged; and
(d) categorizing each of said plurality of features to be inmaged as
either a strong feature or a weak feature based on whether or not said
magni tude of interference corresponding to the given feature is greater
than or less than a predefined interference value. 9. The nethod of claim
8, wherein the magnitude of interference of a given feature is

determ ned by the level of interferen@8 at the |ocation of the given
feature on the interference map. 10. A conputer program product for
control | ing &.conutmethodofippticl pyxanity @e@ctibonfyr nedn aphowdideptaphpy t he
conput er, neans recorded on the recording nmediumfor directing the
conput erprbéesgenidmadtiod donghisipitheagardi ng to a mask for use in a

l'i thographic imaging process, the generation of the files conprising the

steps of (a) (QE lﬁalﬁingg cﬁsn@e%&hﬂg@fbah%gﬁﬁrmgEféafni‘rlésﬂtohi%\ﬂnﬁgedf &iPd dibSiPar;0 be
i maged on a substraté; (b) détermning a first focus setting to be

utilized whe i ce map
based on sai %ar %Jg. gtgit1 g}t%%;ér‘]n egﬁ%}ﬁ%&]?’g& G 'E}%ut}agtg@f# ggﬁh%&?ﬁﬁ;‘)@
det erm ni gﬁa first seedl ng site representing the optimal placenent of an

assist f&al¥te within said mask reI ative to a feature to be imged on the
basis of said fi rf . interference sel ect | %&a}. second ftpcus
setting whi cHot¥phag s igte F@H@f‘Pﬂb WP agpaggydsefdnterference for each

of a plurality of said features to be imaged; and

(d) categorizing each of said plurality of features to be imaged as either a strong
feature or a weak feature based on whether or not said magnitude of interference
corresponding to the given feature is greater than or less than a predefined interference value.

9. The method of claim 8, wherein the magnitude of interference of a given
feature is determined by the level of interference at the location of the given feature on the
interference map.

10. A computer program product for controlling a computer comprising a
recording medium readable by the computer, means recorded on the recording medium for
directing the computer to generate files corresponding to a mask for use in a lithographic
imaging process, the generation of the files comprising the steps of:

(a) obtaining a desired target pattern having features to be imaged on a substrate;

(b) determining a first focus setting to be utilized when imaging said mask;

(c) determining a first interference map based on said target pattern and said first

focus setting;



relative to said first focus setting; (f) determning a second
interference map based on said target pattern and said second focus
setting; (g) determning a second seeding site representing the optimal
pl acement of an assist feature within said mask relative to said feature
to be inmaged on the basis of said second interference map; and (h)
generating an assist feature having a shape which enconpasses both said
first seeding site and said second seeding site. 11. The conputer
program product of claim 10, wherein &8 d first focus setting represents
the optimal focus setting for inmaging the target pattern. 12. The
conput er progidhdetpmuningta foft se¢dingsittGeprodenting the oplialgdaieskent danussisthas a
size such that said assist feature is not inaged on said substrate. 13.
The conpfearire withigsaidnsk tlsiivead a ddaniretolly infagéd brethe dasipof idfirst he step of
pl aci ng addi tional assist features within said target pattern, each of
sai d addindrfeRske #api St features being generated by performng steps
(b)-(h). 14. The conputer program product of claim 10, wherein said
| nterference @pRcdiRl b UEHn@ RRAS slfind WS FABFALHE o pRABRARI IR UbrRLEas Of
destructive interference between at east one of said features to be
w‘%(pﬁ%{{a% Sad' acent said at | east one feature. 30 15. The
St
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conput er proaram produ ctaim 10, further conprising the steps of:

determ ning a_axi numinmage ntensity | eyel for said assist feature, said
raxi mum | magel SRETUITS 2 SEpnd MigTeasok map bacsdioRaR et HafiE ap Shid ot
result in the imaging of said assist

second focus setting;

(g) determining a second seeding site representing the optimal placement of an assist
feature within said mask relative to said feature to be imaged on the basis of said second
interference map; and

{h) generating an assist feature having a shape which encompasses both said first
seeding site and said second seeding site.

11.  The computer program product of claim 10, wherein said first focus setting
represents the optimal focus setting for imaging the target pattern.

12.  The computer program product of claim 10, wherein said assist feature has a
size such that said assist feature is not imaged on said substrate.

13.  The computer program product of claim 10, further comprising the step of
placing additional assist features within said target pattern, each of said additional assist
features being generated by performing steps (b)-(h).

14.  The computer program product of claim 10, wherein said interference map
defines areas of constructive interference and areas of destructive interference between at

least one of said features to be imaged and a field area adjacent said at least one feature.



feature on said substrate; and adjusting the size of said assist features
such that an inmage intensity |level associated wth said assist feature
is equal to or less than said maxi mumimage intensity level. 16. The
conmput er program product of claim 13, further conprising the steps of.
determ ning a maxi numimage intensity |evel which defines an inmaging
intensity that wll not result in the inmaging of said assist features on
said substrate; initially sizing each of said assist features such that
said assist features have an inmaging3Ontensity |evel which is below said
maxi mum i mage intensity level; and adjusting the size of each of said
assi st featurEs sulife dohputer porgramageduanbéclaint Y0, fantledr cammprisingithedteps bfh sai d
each assist feature is equal to or less than said maxi numimge intensity
level . 17. A depspidify a PlaRBfiiimdge dhtedsity 0ével 0 b4i@ bisish Gealir,GATAUHAimum
conprising a recording nediumreadable by the conputer, neans recorded
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corresponding to a mask f use in a’lithographic inmaging process, the

generat i rising the steps of: (a) obtaining a desired
t ar get p%t g{?ﬁ gdvgldrl?ét?qf% ?gfes to be imaged on a substrate (b)
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The computer program product of claim 13, further comprising the steps of:

determining a maximum image intensity level which defines an imaging intensity that
will not result in the imaging of said assist features on said substrate;

initially sizing each of said assist features such that said assist features have an
imaging intensity level which is below said maximum image intensity level; and

adjusting the size of each of said assist features such that the image intensity level
associated with said each assist feature is equal to or less than said maximum image intensity
level.

17. A computer program product for controlling a computer comprising a
recording medium readable by the computer, means recorded on the recording medium for
directing the computer to generate files corresponding to a mask for use in a lithographic
imaging process, the generation of the files comprising the steps of:

(a) obtaining a desired target pattern having features to be imaged on a substrate;

(b) determining an interference map based on said target pattern and said first focus

setting;



feature or a weak feature based on whether or not said magnitude of
interference corresponding to the given feature is greater than or |ess
than a predefined interference value. 18. The conputer program product

met hod of claim 17, wherein the magnitude of interference of a given
feature is determned by the level of interference at the l|ocation of the
given feature on the interference map.(d) determning a first seeding
site representing the optinal placenent of an assist feature within said
mask relative to a feature to be inagé on the basis of said first
interference map; (e) selecting a second focus setting which represents a
predefi ned arf6lanalyBingdarddaigeerenes man ipdetegmingiadgagnitude gijpteefersaee fonepch (1)
determ ning a second interference nap based on said target pattern and
said seeforpdukbiyud ssidifedturgs to(bg)imdgadeand ni ng a second seeding site
representing the optimal placenent of an assist feature within said mask

relative to Sdjcatégeaitzing@adhoofaaidi phngliit of featues tb »8 liRagel] as aitlbr agrong
interference map; and (h) generating an assi st feature having a shape

whi ch eneemRAS%8Feal Fédlure BhsbdfonvwHethed 8041t RAd MapRinaRbf Hbdere@eond seedi ng
site. 19. A device manufacturing nmethod conprising the steps of: (a)
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interference of a given feature is determined by the level of interference at the location of the
given feature on the interference map.(d) determining a first seeding site representing the
optimal placement of an assist feature within said mask relative to a feature to be imaged on
the basis of said first interference map;

(e) selecting a second focus setting which represents a predefined amount of defocus
relative to said first focus setting;

(f) determining a second interference map based on said target pattern and said
second focus setting;

(g) determining a second seeding site representing the optimal placement of an assist
feature within said mask relative to said feature to be imaged on the basis of said second
interference map; and

(h) generating an assist featurc having a shape which encompasses both said first
seeding site and said second seeding site.

19. A device manufacturing method comprising the steps of:

(a) providing a substrate that is at least partially covered by a layer of radiation-

sensitive material;



section; (d) projecting the patterned beam of radiation onto a target
portion of the layer of radiation- sensitive material, wherein, in step
(c), said mask is formed by a nmethod conprising the steps of: obtaining
a desired target pattern having features to be i maged on said substrate;
determning a first focus setting to be utilized when inmagi ng said mask;
determning a first interference map based on said target pattern and
said first focus setting; determning a first seeding site representing
the optimal placenent of an assist fed2ure wthin said mask relative to
a feature to be imaged on the basis of said first interference map;

sel ecting a gBGRBEdIng&YEojs&idnibeam i riitioR REIAS 8N iriagind§ye@al, i ned anount of
defocus relative to said first focus setting; determ ning a second

i nterf erence (pRRiNRASRHeAbnSAhsK 8 baRlv ﬂil_@%:ﬁﬁédﬁoﬁ Behrs it aS2AOMGn it Boks
setting; determning a second seeding site representing the optinal

pl acenme ctithy: @n assist feature within said nask relative to said feature
to be imaged’ on the basis of said second interference map; and
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radiation-sensitive material,

wherein, in step (c), said mask is formed by a method comprising the steps of:

obtaining a desired target pattern having features to be imaged on said substrate;

determining a first focus setting to be utilized when imaging said mask;

determining a first interference map based on said target pattern and said first focus
setting;

determining a first seeding site representing the optimal placement of an assist feature
within said mask relative to a feature to be imaged on the basis of said first interference map;

selecting a second focus setting which represents a predefined amount of defocus
relative to said first focus setting;

determining a second interference map based on said target pattern and said second
focus setting;

determining a second seeding site representing the optimal placement of an assist
feature within said mask relative to said feature to be imaged on the basis of said second
interference map; and

generating an assist feature having a shape which encompasses both said first seeding

site and said second seeding site.



