1 A METHOD, PROGRAM PRODUCT AND APPARATUS FOR MODEL BASED SCATTERI NG BAR
PLACEMENT FOR ENHANCED DEPTH OF FOCUS I'N 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 hereipn by reference in its entirety.
TECHNI CAL FI ELD [02] The technical field 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
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can be imged onto a target portion (e.g., conprising one or nore di es) on

a substrate (silicon wafer) that has been coated with a | ayer of

radi ation-sepsitive material (resist). In general, a single wafer w |

contain a m&MﬁMadj acent target portions that are successively

irradiated via the projection system 2 one at a tinme. In one type of

i t hogr aphi €1pr of e p4ten applisatica arsl, ang pethnt(<)isgeing fherdfion) clatins pridrdpitoar.ed by
exp05|ng the entire mask pattern onto the target portion in one go; such an
provisional patent application number 60/603,560, filed on August 24, 2005, entitled
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“Method Of Mode! 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,




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)
whi | e synchronously scanning the substrate table parallel or anti-parallel
to this direction. Since, in general, the projection systemw /|| have a
magni fi cation factor M (generally < 1), the speed V at which the substrate
table is scanned wll be a factor Mtinmes that at which the nmask table is
scanned. More information with regard to |ithographic devices as descri bed
herein can b@egt ®éamedin dngitypexhlithberapliic projdcEon GhpArkbs/Qi2h target oo &t ed herein
by reference. [04] In a manufacturing process using a |ithographic
proj ecti on appdinted biscxpasinp il epiire ek patictn driRgRdarpRiportdnIHbad sgAkRhlahat i s at
| east partially covered by a | ayer of radiation-sensitive materi al
(resist). Prappiratu@islcbintonyaeeR&l ®!a8 R watd) SteppeSin aﬁita@teﬁﬁﬁv%’ﬁaﬂégxrag% cofm iy
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polishing, etc., all intended to finish off an_individual |ayer. If several
| ayers are F‘étljﬁ?rf‘@@ to thivehiregtion. \Wnsecin gerssal dtlie Brojestiomsyster wilkhavher eof , wi | |
have to be repeated for each new | ayer. Eventually, an array of devices
will be preBégiifignion factas v Saenerally S 1), theespesd) V affikisle theeubstiets talleistsbemed

separated from one another by a technique such as dicing or saw ng, whence
t he indi vi dwél bejefacoed! taes that atwhivh de: mask 2abiwsis séamned. Odordafoadation withns, etc.

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, 2 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. Sucha patterned layer may then
undergo various processes such as etching, ion-implantation (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish off an individual layer. If
several layers are required, then the whole procedure, or a variant thereof, will have to be

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




[ 05] For the sake of sinplicity, the projection systemmy hereinafter be
referred to as the "lens;" however, this termshould be broadly
interpreted as enconpassi ng various types of . projection systens, including
refractive optics, reflective optics, and catadioptric systens, for
exanpl e. The radiation system may al so include conponents operating
according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such conponents nmay al so
be referred to below, collectively or sinjularly, as a "lens." Further,
the lithographi c apparatus may be of a type having two or nore substrate
tabl es (andwaier)t Wbessrdevioesarathsik sapatated fom dre aothér Byratkdhinjzjue sedhag dicimdasti ces
the additional tables may be used in parallel, or preparatory steps may be
carried out somngnehence tho ielitidial 88/io chrtbedh@unt@ oniafticdidofkected b fins,2E€ bei ng
used for exposures. Twin stage |ithographic apparatus are described, for
exanpl e, in[033 SF&GRe ddd of $iﬂ1996i§/9§[h@tpﬁgedﬁ%ﬁ §ystnPiay REGhETRE Be rdfQRU tJ BEthe
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waf er. The patterns wused to create su S are gehera 'z ng CAD
(comput er - aj . I pDrogra .this process of.ten bei referred to as
EDA (el ect rgﬁ)?%u%ggsgﬁ%a@%@%a (eRFuv 21{: $ CUYS OB, Fsaﬁ%‘P a&%?oéj\wcasygg?m’dﬁgr
predeterning%rd%§Lﬁ% ngles in order. tq ?r ate functional masks. These
rules are ser IS pHASETRFYSAG Max lsginglydsicomporsAls oppighngacspRding to ameeign

rul es definc;18 t he. SEgge t ol erance bhetween circuit devices (such as gates,
capaci t or s, E¥ede§1Ep iYPehos A eskingchaping eregntrallingthe pepjestion besm pixadiatien, end cui t
devices or lines do not interact with one another in an wundesirable way.
The desi gn $46h 6omnperientsmayratsode ecfeet todkloy, cdleetivelydortsngalerly,cas iat“lepal

di nensions" 4 (CD). Acritical dinension of a circuit can be defined as

t he snal | eskurthied the lshogaphicappamatul olag be of a type hawimd twesir nepaabsipas whRe t wWo
lines or two holes. Thus, the CD determ nes the overall
(and/or two or more mask tables). In such “multiple stage” devices the additional tables may

be used in parallel, or preparatory steps may be carried out on one or more tables while one
or more other tables are being used for exposures. Twin stage lithographic apparatus are
described, for example, in US 5,969,441, incorporated herein by reference.

[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, so 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"




size and density of the designed circuit. [07] "Assist features" in masks
may be used to inprove the imge projected onto the resist and ultimately
t he devel oped device. Assist features are features that are not intended to
appear in the pattern developed in the resist but are provided in the nask
to take advantage of diffraction effects so that the devel oped i nage nore
closely resenbles the desired circuit pattern. Assist features are
general |y "sub-resolution" or "deep sub-resolution," neaning that they are
smaller in at |east one dinension than the smallest feature in the mask
that will actually be resolved on the wafer. Assist features may have

di mensi ons d€P)-nddrites! dimepsiponBa cipfuitichebeddfinkd ad thel smaliest wiilth ofin loklveholwor ds,
because the mask pattern is generally projected wth a nmagnification of

| ess than 1prthegmaliekt shacy betw&en tivhdines@itetd hbleat Thue, e Chdetérasiles MR vBaNe a
physi cal dinmension larger than the smallest feature on the wafer. [08] O
cour se, one siat atiddengoadfshd designé®@rafied circuit fabrication is to faithfully
reproduce the original circuit design on the wafer (via the mask), which
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features generally follows a pre-detined set 0 ow ng t
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of assist features I's deter I h accordance w a se pre Perm ned
rules. Wien__creating.the set aof rules,, test ks. are exposed to different
1l o nat oo e eRioneddp FEnfi bl ERORRE FOpLERaRo HreGTiAKe Ohe
set of test |l s%s,ﬂg set ﬁf %gLFS is, created for assist feature placenent.
5 [09] Howdiggetion pfiecks sp fhat thegexelgpsddmageomons slasely srsemblss sheglepdainwi
anal ysis or_a one-and- a-half-dinensional analysis. Rules generated
utilizing aPBREL AssiEtiatupmare generallyi subaiceoliond ar “dsap sub-reselbijeri, Smeningehat| | el
lines. Rules generated utilizing a one-and-a-half-dinensional

they 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.




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. Qoviously, the nore factors considered, the nore

conpl ex the rul es beconme. [10] The rul es-based approach does not adapt
itself well to conplicated designs where a two-dinensional analysis is
preferred. A two-dinmensional analysis is based on all of the factors
consi dered in the one-di nmensional anal ysis and the one-and-a-hal f

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

sur roundi ng§09]i . Howeven thasalryley ase pdneratad Hagdd| on adwsidgmerisiopalianalysis angogeeand on
thereof. As a result, rules based on a two-di nensional analysis are very
di fficult tehalddimdnaioealandysxpRdssgenanttdgehiangh bye-tierdsiom] werlysiscoapdsed at ed
mul ti- dinensional matrices. Oten designers prefer to use a

one- di mensi onak alysBRE paBlle] dinbal RulestHci@igd ofilding2deemd h-hal fldilnchdiol pendi ng
application, nanmely, USP Application Ser. No. 10/756,830 filed on January

14, 2004, wWhiafisi tSkeRiHRBYsidMARINRPEM AL hPdn 10 BAEI ink) 1ihd Wi hdd 16leY in dhb e
applicants disclosed a sinple nethod for generating assist features which

takes into %Eﬁl%%hhéip%ﬂdhéi 15|n§€/£! [ esdné-aﬁ(}hﬁlrﬁ-ﬁ%@éﬁéig%'&ﬂ%ﬁgg@ iggﬁéﬁgﬁﬁfﬂg%&ﬁ to

be i maged. More” specifi cal e applican I'sc
utilizing ap..khterference ma identify "seeding” sites I ¢h define
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design. Wile Hhi% 8Jgethod allows for the reliable generation of SB for the
full -chip dHPISrBeBUSBIE™Ehe 6 |ithography printing performance utilized
when generating the interference map is assuned to be the best focus
setting. [12P] Holeveles-bassd aprrozshsloginat adaps itgelhopmliis serplisatadepispewhes &
pi tch) beyond one-third of .
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 utiiizing 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




il lum nation wavel ength, X, such as 45 nmand 32 nmtechnol ogy nodes,
conventional optics (nunerical aperture, or NA< 1) can no |longer attain
sufficient resolution and the desired depth of focus (DOF) for I|ithography
manuf acturi ng. Hyper NA optics (i.e. NA> 1) or a lens in the exposure tool
Wi th nunerical aperture greater than 1.0 have been proposed for IC

manuf acturing. In theory, hyper NA can be achi eved when the printing nmedi um
is not under air (with refraction index, n, around 1.0) but under a

medi um such as water, that has a refraciion, n, greater than the one in
air, or n> 1.0. [13] Using imersion |ithography with hyper NA enabl es the
printing of lilegtapheprimingpedernfaact ithizef whén gentratig mainmfeeéneagfab is parnddhe
foll owi ng equati on: Resolution (or half-pitch CD) ki1 [(X/ n) / NA (1)
Assumi ng ki tObskhe BespfRvaRdmgUsi Ng phase-shifted mask (PSM) together with
optical proximty correction (OPC), 193 nm exposure wavel ength, imrersion

with water (1l 3wk, folR3ad3Eh ruidd (Rpbled inhalf thathrs Rﬁtﬂg%ﬁﬂ%&]ﬂﬁr&c gasi bl e

to print half pitch feature 33 nm The correspond can

cal cul ated )* NA) 2

condi ton.  {mifason v fehdti 2 Sy apwnéééaﬁéac(ﬂﬂsﬁgwﬁeﬁ AP 8 03%%
spaces, the t heoretical DOF ex ect ed is about 190 ran | ess than

This is bar 8Mperical apertiieos Neydheanie Ipegenpttadn suffi eigtaesof U@ea pogyfhg ﬁesmeé\t}@?tb ng
capability limt wth advanced mechanical wafer stage. HIE‘ 14] For printing a
cont act hol ef feeusd DGH) dortlifkngsaphy renwiagiuties. Hyper WA apties Ge ra leisan ther
printing lines and spaces. At k2-0.5, the estimated DOF is no better than
0. 1m whi cheiposuretool g’dibaiumbﬁttahg)drmmmtqmﬂmrli.(lweibbd:rmrbpratd tm Iger haps can
i nprove k2 since it can enhance aeri al
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, thathas a
refraction, n, greater than the one in air, or n>1.0.
[13] Using immersion lithography with hyper NA enables the i)rinting 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) / (NA)’] @)

Given the same printing condition, for ko~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




i mage contrast for the directional 1D features, such as |ines and spaces.
However, contact hole patterns are nore or less a type of 2D structure.

[ 15] Thus, as the desired critical dinensions (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

manuf acturing process. SUVMARY OF THE I NVENTION [16] In view of the
foregoing, it is an object of the present invention to provide a nethod

whi ch optim zes the placenent and shape off SBs within the mask design so as
to enhance the DOF and address the aforenentioned problens. [17] Mre
speci fi cal | yadegimte foreslentoint py eiatviod focaipladedsveling eapabitihdimiovithadwenedd ng a
mask having optical proximty correction features disposed therein in a
manner so asméchamipdliwiféetaglOF performance. The nethod includes the steps
of: (a) obtaining a desired target pattern having features to be inaged on

a substrat e;[14p) f@?f)ﬁﬁtmg@.‘ doBtadt Hold sk @€ %mﬁﬁh%d}%ethglf la?th\ﬂ!tabﬁlb@aﬁﬁ on\é"ﬂcﬁrn

i magi ng the nmask; (c) determning a first interférence map based

target patt t flrst fo a fir

seedi ng si tg{r@gpg glgeesn 8n%acf’ﬁ1e o{f)thrj ?ﬁi ees&ng‘%g[l?gﬂ) 158?"3‘?1&&?3:6&‘"9 gﬂcﬁi‘rlﬁmt
W thin the mask @_ g&lve to a feature to be imged on the basis 8 of, the
first interfEPEntanglipear pelriecd|ibapingipnpechapprmm | lmaﬁqyg kppaeiitigngphanpe acrial
represents a predefined amount of defocus relative to the first focus
setting; (f)mags©nkprsiiferghadissiond D ifertuses, sychras lineseapd bpases Howevie contrgyet
pattern and the second focus setting; (g) determning a second seeding

site represdniipatjemnhercopire nellesspl tapeerf@h) stobtuen assi st feature within the
mask relative to the feature to be inaged on the basis of the second

i nt er f er encélstap Thayds (ho)Yesiga et dingensionAED)of fdatpdswbRtidid\td d@reass dpe
whi ch enconpasses both the first seeding site and
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] In view 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




the second seeding site. [18] The nethod of the present invention provides

i nportant advantages over the prior art. Most inportantly, the present

i nvention provides an OPC assist feature placenent technique that enhances
the resulting depth of focus even when imaging features having di nmensions
on the order of a quarter of the wavelength of the inmaging system [19]

Mor eover, the present invention provides a nodel -based net hod for
determining where to place assist features within the design, thereby
elinminating the need for experienced nask designers to perform OPC, and

al so substantially reducing the tinme required to determne an acceptable
OPC sol ut i oRf thedindt irierdarense nagy@hscdaengh stched foresetiingiwhidniepeseniss: t hat it
provi des a nodel -based system for determining the optimal (i.e., nmaximm
si ze of t hepadsiist afratiurfdsfoctsrehaabrytofthy filsefocuseiiagaifndtdrhtifgesitbéidng OPC
performance. [21] In yet another advantage, the present invention provides
a sinpl e netheadrdme map desttioh Yidtgrget1REHBAIan@ theRon8 26ds Httik D @) RALHIES 20f the
target pattern to be imged are "strong" features that mnl% readily print

wi thin desi gRoh®iRfing s dnting (HeY%p@SI pl g iy i kely
require further CPC} ?r earteﬁrr[éa?\tn 1{1% p)rbipnt \/8 %ﬁ@g&%ﬁ&#@?&a&&n&t ﬂlle[né

Addi tional agyap Ne. P tolpventi.on W Ll beconme appar to
Phose okl | CAMRRIGHE fealle L2 RLESEI il aéb’éi"tr%hecf%%"é‘f‘|“38’%%f8%"c"'r‘? PR
exenplary e L.ments of .the ,presen invention. [2 t hough specific
ref erence n‘g‘%‘ 2 agn%%%aessﬁs‘[fr\fef‘tfﬁesl%f’ R S @et‘ﬂiéc OWaSE%z’]thr%‘é Ef“it g‘?‘?dﬁ“ﬁ siiqAnd
manuf act ur e, of IQ@, i.f should be explicitly understood that the invention
has many ot H&FeCOPdseiBE it nnl i cations. For exanple, it may be enployed in

t he nanufacfure of integrated ] ]
18]  The method 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 providés 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.




optical systens, guidance and detection patterns for magnetic domain
menories, liquid-crystal display panels, thin-filmmagnetic heads, etc.
The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the ternms "reticle”, "wafer” or "die"
inthis text should be considered as being replaced by the nore general
ternms "mask", "substrate" and "target portion", respectively. [24] The
“invention itself, together with further objects and advantages, can be
better understood by reference to the fo?l owing detailed description and

t he acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 25] Fig.

is an exenplddly Addiwote ndvantagessifitiat pragnt inecntion hiltbabmappparém go e sd skilled
features to a mask pattern in accordance with a first enbodi nent of the
present i nvénthian frofhd fdfiogingAietaldd téscHptidnalf exdhipl &y @fBb@inhisaP MHeyprdgntassi st
features to a contact hole in accordance with the process of the first
enbodi nent @fvehdi. present invention. [27] Fig. 3 illustrates an exanpl e of
the result of utilizing the foregoing process to place assist features

wWithin a mafjgt'l paAttﬂJL{% gfn%];ﬁo[rg&engé gla% fe hﬁ&éﬁﬁ?ﬁlgtcggﬁoﬁﬁee E@é%'ﬂﬂlquyenh&? jehar t

illustrating the net grow ng the assis i'n accordance W th
the second I f.the esent.inventio 9] Fig. ,5a-5d illustrate
an exanpl e g]gp'g%%{;%%&@sag SSP%I{I&)E)%%‘)ERBIF léfg " to%‘gth?%ﬁ? J“HB‘Tt&nihﬁs ¥ rdance
with the proce of .t he second epbodi ment of the present invention. [30]

Bl o 651 BT EieadPliogus i aamplen s se Reedin (RUmp e esa A BIoEB { he
growth of a given assist feature. [31] Fig. 7 il]lustrates a flowhart
descri bi ng PHEtEEs Lytdapesrand idafgetionaatieas for mageetic fagein 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 aﬁd 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.




as either a weak feature or a strong feature with respect to the inmaging
process in accordance wth a third enbodi nent of the present invention.
[32] Fig. 8a illustrates an exenplary partial interference nap for a given
NA and illumnation setting, and Fig. 8b illustrates the sane parti al
interference map after a correct has been applied to inprove inmaging
performance. [33] Fig. 9 schematically depicts an exenplary |ithographic
proj ection apparatus suitable for use with a mask designed with the aid of -
t he di scl osed concepts. DETAI LED DESCRI PEPON OF THE | NVENTI ON [34] As
explained in nore detail below, the OPC SB pl acenent techni que of the
present i nidflti big 6pbshstesan axemphgnitevdibg illssatingitngmetbpd bf growing thesassisten
when i nmagi ng features having dinmensions on the order of a quarter of the
wavel engt h déatirbeinianegdange with therrsecohd embodingit of ¢hel prescprige@iibn.l nvent i on,
instead of determ ning placenment of the assist features (SBs) based on a
si ngl e focal2q)l ang, sa-y@ilm&kdtyadéa@n@ﬁ&ifafaﬂﬁﬁg adlsBRBiurdshe a BERER RSl t he
present 11 invention determ nes optimal assSist feature placenent based on

nul tiple fogalorddhad\eih {He pRocess JTHlelseRind eﬂq%f)@lﬂéﬁt orhd nér@&ét inbdntiy@s been

determ ned that the optifnum assist feature placene Ites (also referred

to as seedi Si ££S) ; -fo setti .S, sli Ly
it forent 1 P t R4 ke BAR L B AHET b SR MBuARM etk R AHTTH
| ocati on andiv%haggiet%f t he nei ghboring features or the surroundi ng

envi ronment Wt AR 1A ptical interference range, the optinum seeding

sites for tﬁeI assi s,% ‘lf eatures "nove" when deternined under a series of
def ocus set 4 hgsti8af lusiEtes adfovebas Aesorbing themgthadeod dgfiming Eatresdo bf fnaaged
pl acement of an assist feature at the given seeding site produces the
optimal pri At§itkgt pweakdestarsosa soeng friure yahtrespattde thedmeging proeessiimercomdgnasuch,
in order to enhance the overall DOF, it is necessary to

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 a2 mask designed with the aid of the disclosed concepts.

DETATLED DESCRIPTION OF THE INVENTION

[34] As explained in more detail below, the OPC SB placement technique of the present
inventioﬁ 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




pl ace assist features in all of the seeding sites. This can be acconpli shed
by tracing the series of optinmmseeding sites determned for the various
def ocus settings and then grouping the seeding sites together so as to
forma final assist feature structure that enconpasses all of the seeding
sites. The resulting single assist feature functions to optim ze DOF
performance for the inmaging system [35] Fig. 1 is an exenplary flowhart
illustrating the method of applying assist features to a mask pattern in
accordance with a first enbodi nent of thellpresent invention. The first step
(Step 10) in the process is to identify the target nmask pattern and

i 1l um nat i onnepsoredstaninessptimalngssttfentive platérhént baked on mukipe: fobed ppatd @en. An
exenpl ary target pattern conprising contact holes 210 is shown in Fig. 2a.
The next st epuliSt dpfodid)seitingd. Ehd3beEEEterintnet ¢hatl e DpTiinGR fHf fealRb pABémdnPCUS
setting for imaging the target pattern utilizing the given inaging system

As is knowited (ARo RFEAdMLTLE QLIS Sigls) fob gacﬁ%ﬂbs@iueﬁ?&@fo@hsﬁ%gm id & tl)b a
calibration or simulation process.” The next step I1n the process (Step 14)

(i1 o Pener pltferdf ioft R RERIC Sy enbhdtle &b Moy ﬁé@%ngﬁiﬂ.%‘i erte?r{d%h%p Yhap

utilizing the optlnun1 cus settin above eren
0/ 756, 830.

can be enegat manner di scl gsed Ln

Once t hg lhfeelr% r%?ln t%atures P {hgg‘ﬂgﬂgﬁgg GHWOWHU)?%P? Eh&fp lf?l JUSTEFTACRe t he
opti mal seedln ites or the assi st feakures relative to each of the
features in at“ﬁg tﬁ%?‘ﬁ'é‘?““bé‘?efhé‘g AIESPERe a%ist fegfures n@oys \wehen detsamacd wader ag.

Referring to Fig. for the contact hole "x", the optimal seed site for
the assist Sﬁfr@épﬁﬁk@% S¢tHagso giticasdl cofrewgading prgist feafrd ssedingisiteaplaetntopt ¢fpwat i on
"1" (which as noted above is determined by analyzing the interference
map). |t i sassist Gdiureaithagivinseeding sicanpluees the dpismal atietthg perfbinganc@ for drl y
depicts the foregoing process being applied to a single contact hole, in
an actual i ppliedenichicuosettinge Axsstlsin drdat i epimnvomhk dvaell DOFPD$atcadimeent to
nuner ous

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. 1is 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




contact holes. [36] Continuing, the next step in the process is to vary the
defocus setting, reconpute the interference map for new defocus setting
and determne 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 optinmal placenment of the
assi st feature changes as the defocus setting changes. It is noted that

t he nunber of defocus settings for which an interference map shoul d be
calculated is a mninumof two. However, 12 f a greater the nunber of
defocus settings are considered, a nore optinmal result may be obtai ned.
Typi cal |y, tthe aegebpatteourtilidngzslouisptise fongssetting) ds heted abwieghe aderfdageahp. The
vari ati on between the defocus setting is determ ned, for exanple, in

accor dance wiah he pdneraldd in die ridiger diBQIsB@inSYSH APp.RE. M. Wb/756,230]. OfS tne
exanpl e, assum ng an NA of 0.85; increnments of 0.2 umfor the defocus

adj ust ment  vistetfetet@ niapRs SéHeratddS § YMtEedfd d¥RrMine thedptinlaD§e@iE S fddhe Of 0. 15
umwoul d be typical. It I's noted that the foregolng nunbers are nerely

u
exepl ary | st rRh Ao ol BAEAISH 0 BE LA 10010 B 108,

f oregoi ng process 1 s depict

ing process 1 depl ct e 18 and'3 rtal |y
The best 1 ocue® el drming |8 Ao bu boRBRtle N OhpBindaSuh B TS T

determned if . interference map needs .to be genperated for another
def ocus set tafsﬁsg.?ea%ufe %élée, © ‘%'Fi‘?-:"f‘? B‘?”Bgé‘g’éhtw&’é‘@’&%te@ gy Iocatiprod” (whish as pated

def ocus setth?g_is adj usted, and then the process proceeds back to Step 14,
where the PRRYET Siamined bygnalezipg the erfasenca map). 2t isgrotaddhatavbild dfeomample
setting. The process then proceeds again to Step 16 where the optim
seedi ng sit d5strgged g b onkrdepiststthe Bsegoing prdvessitewgdepliaius a sigle dongotitole,
determ ned. This loop is repeated until all of the defocus settings are
processed. 1nanactual 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




[38] Referring again to Fig. 2b, the result of the foregoing process is
depicted therein. Specifically, in the given exanple, as noted above,

| ocation "1" represents the seeding site for the assist feature for
contact "X' at best focus (i.e., defocus equals O urn). Location "2"
represents the seeding site for the assist feature for contact "X' at a
first defocus (i.e., defocus equals 0.075 un). Location "3" represents the
seeding site for the assist feature for contact "X' at a second defocus
(i.e., defocus equals 0.150 um). Locatiord3"4" represents the seeding site
for the assist feature for contact "X' at a third defocus (i.e., defocus
equal s 0. 225f 0UNjum WBEH bOngpécal. hit isseeditig tigi forgoiag fuiiBire srdinedy Emplde in

def ocus conditions under consideration, the next step (Step 22) in the

process i s haufeQiniede Aot ikssdedtto bemhiting. enconpassi ng each of the seeding
sites identified for each of the defocus conditions. This result assist

feature rep entie Hhgoms S f: - ; 44 Qg t : k
desi gn. Ref g??i ng to Fi g.g%oc?%si lﬁéé 4 tgit ﬁﬁg"kgig\}ghﬁdeir%%l%ghts{ﬁg%lﬁgglfgg%}cg?&
feature is ! I i st. features 220..around each
seeding sit gﬁt?gag(ﬁ%dp?éesgg{%}?%ﬁ orf %8%%%3‘13 g?t‘??%@%e?f"‘r‘ﬁ%%%ﬁ?‘:l‘” € %t’rog’stﬂ'izo are
t hen groupe et her, to.f or ne .assi st .feature 230 as sho in Fig. 2d.
1T Shor aab Phar Bl P eh | PRBSR 15 Bridinies T Ryt mon ol s
settings, the re %Itin assist feature will exhibit |ess of a stair-step
shape. It i %enﬁﬁag% W&“@g]e cipouRsietiae. (I xesythe erpogstperpeesie Stapl0svhae s  t he
assi st feature being forned by a group of square features, it is possible
to utilize %i5cus ydng ispdigpapand thendhanredsss frperafls bask tasBiep dbtwireee thei t h t he
restriction being that the all of the seeding sites should be enconpassed
by the assiigterferacamep sneconipated stilizing fheabwdefonussscttingmihe psuakss theapodcatdson.
[40] Fig. 3 illustrates an actual exanple of the result of utilizing the

f or egoi ng pageinds Stepd 6 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 for 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. 2c, in




pl ace assist features within a mask pattern. Referring to Fig. 3, elenents
320 represent SBs (i.e., assist features) forned to enconpass a group of
seeding sites in the manner set forth above, elenents 340 represent the

i ntended contact holes, and el enents 360 represent the intended contact
hol es nodified/treated with OPC. [41] Finally, it is noted that as

di scl osed 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. FAdf placenent of assist features in
areas of constructive interference, the assist feature would be formed so
as to have tihregiveurembotianrat, thel aasistfeature it dreateddyrfoaaing brodlbsduarenssistrieayec
whereas for placenent of assist features in areas of destructive

i nt er f er enc@20 eloendesh stedingaiteidentifindl i tHedodegring pros@s.aFhd andibsgaares 120-phase
shift relative to the contact hole to be inmaged. Both types of assist
features ar ehcalpemed togbthe:to Tormbond assidt 4ehlurd M3 (PasSRGANF BELAJINE Rbte@that A€
present invention, a process is disclosed for optimzing the size and

shape of thenasaé ﬁlEref‘d%ﬁtts WheR vﬂ'&ﬁg AREfrdlls Lt %Ql%kulﬁf?é zttsg sPfeatii #ifi  known,

for nost robust assist feature pérformance, 1t 1s des e to formthe

assi st feat Hﬂﬁ&f 1680 A st shQ;?es St E a?so nM) fiacat Shile 13 §g/en efm %Eh?g%n{ ?lgsttr%{eg <

di mensi ons resu In an ea uring 0CESS
not ed above,, the . ure, nust no rintable m na
printing coﬁhﬁ e R a%*r%g’elfl%g’n&f?elf)é‘?‘ gerp f’ésﬂlﬁff: tur?@nﬁ\%p(ﬁﬂ E?rtoéifl Zerf’é‘@’ R®8s
typically ut zed tra%gtlonal rul e-based approach to define the size of
the assi st Eﬁt@ fom%/\ﬁl?é alasastfeadyrs.wilh the festrigen keing bache Al af thowsedimgsuch
appr oaches have been effective, it is nore desirable to be able to tune
the X and YSIF shavdd bsrengpmpaseedbydhaassiseisatureand Sasdstriepture mustremsistsubal

nei ghbors, especially when utilizing the assist feature generation method

di scussed 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 clemerts 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 sﬁift relative to the

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




above, which can produce assist features having very irregul ar shapes, such
as shown in Fig. 3. Indeed, when utilizing the assist feature generation
nmet hod of the present invention, it would be quite difficult to use
predeterm ned rules defining the X and Y size limts for the assist
features. [43] In accordance with the second enbodi nent of the present

i nvention, a nodel-based nethod is disclosed for maxim zing the size and
shape of the assist features within the target pattern. Mre specifically,
utilizing an aerial image analysis each df the assist features is grown
until the assist feature reaches a predefined threshold, which is sone
percent age I[4ds It hsasondwmbpdinmni nftht pressindlventfons a proecsgisvivldsedfpr ng syst em
and process being utilized. [44] Fig. 4 illustrates an exenplary flowhart
i Il ustrati ngptihizingshhsie: of shapewf fg akdia famabsdispobaiah tHeasrgbthatemondance with
t he second enbodi nent of the present invention. The first step (Step 410)

in the proc&sewi,JotBosd afbuRsdif FednBt g&*‘forﬁﬁﬁéee{t & RIS fhrnl MALARE FEQRGY St €M
to be 16 wutilized. The next step (Step 420) in the process is to deternine

the opti mal asREMIBFoRINE MbRbverIABARSE at&r%ﬁmlgn@i%n{ ﬁglﬁlt. in'afi ehferlhff eatures

to be inmaged. Step 420 can be perfornmed utilizing e process disclosed in
the first egﬁ&%&&g resent inventi di scussed agov o ver, it
is noted that St ep%g%etga e%fwseoveﬁéls Boet‘r:#/% 0%%39%’1‘%?% TR Y “%Z’é&f‘lﬁ@ ite
identificatjon process.disclaosed i.n US | ication, Ser. No. 10/ 756, 830.
Once the seedih mn??ﬁgg%ﬂﬁggﬁﬂgﬁﬁﬁF@@HBP@&&ﬁﬁ”PW?-ﬁQWPm§F@b$TSFQBdﬂ30) i's
to form an assiﬁt feature around the seeding sites so that the assi st
feat ures haVBCalsyHEedp fraditional pe-Biged ARprpach dedsiine thersinecd thsl agsist ffalBF, 1t i s
noted that the gégdetined_threshold represents the maxi numintensity that
any assi st Wh@auke sigglimiss/ wherepredefingdi N&ulesudhirppronties hawitetn éffamtive, é in | |
not inmage on the wafer. Typically, as noted above, the predefined
t hreshol d i morcalesizablesio e aple tectant thgeX ioel Y intdnsion 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.

f43] 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 jllumination system to be




printing threshold for-the CD of the target feature. For exanple, if the
nomnal printing threshold for the CD target feature is 0.3 (Wwth respect
to open-frame exposure intensity), the maxinmumintensity for assist
features (i.e., the predefined threshold) can be set at 0.15, which is
wel | below the printing threshold. As would be understood by those of skil
in the art, the predefined threshold utilized in this process is dependent
on the imging systembeing utilized and the dinensions of the features to
be i maged. [46] Continuing, after conpletlfon of Step 430, assist features
are positioned about the seeding sites, and the assist features are sized
so as to havéligad. iThe nexdlstep i($tep 420 in thegrocessutotdstermine sheoaptimes pedid sigesiforage
intensity that is |ess than the predefined threshold. It is noted that the
i mage i nt englietagsistffedtives mbgivs to the &atiiresIo baimdyed. dte4 20 cddbepeifbimzedrglikngwn
OPC sinmul ation systens such as MaskWaverm offered for sale by ASM
MaskTool s, iegprockds difcfokkd filie ABX Embé@Redtdf tHQribR GRS iSRsédGboves t O
select a first assist feature and increase the size of the assist feature

until the i mRGRvér BNRtddthaSidp00dhy A% @éﬁérﬁhné@lﬁhﬁg tﬁ@&%ﬁ'ﬁ% sitd1©

predefined threshold. The size of the given assi st ature corresponding to

the 1mge diheAibY pBAHRLIBAR (RPSARIARA SRS 10k 5e 61 1 IES dhd\edih e O

t he given assi st ature to ut n € mas e nmaxi si ze
of the first. assi st featu S det erm.ned, ..t.h rocess, proceeds t he
next assi st BT eeh ERAGL hE EECRTRRE o o o 8% 555 BebfETPid Rene
t he i mage intﬁnsil¥ asso%%ated wWth this assist feature equals. the
predefi ned FHFBERETFO thiffhe assiyt Seatues haye @ gize Whiskds belew thepredetiped theeshald st
features placed in the mask pattern in Step 430 have been processed. This
|l oop is reptatentt sdofsgd tisyt ghepradefineditheeshold repsgents theiyeaimim ipterpity ghat anyt | s
noted that the assist features that are nore sensitive (i.e., likely to
print) wil | assisbichiuteimay have seds tnémburatherisd dsyist festtrerwill maniniage se tieswsifat
features that are | ess sensitive, and therefore wll

Typically, as noted above, the predefined threshold is set at some percentage below the

prinﬁng 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.




+o,

have a snmaller size relative to the |less sensitive assist features in the
final mask pattern. [48] In the given enbodinent, the assist features are
increased in size utilizing the follow ng process. First, the size of the
assist featured is increased in the X direction and the image intensity is
nonitored. As noted above, the image intensity of the given assist feature
can be nonitored utilizing OPC sinulation software. The size is increased
in the X-direction wuntil the X-limt is reached. Once the X-limt is
reached, the assist feature is then growl7in the Y-direction. In a sinilar
manner, the size of the assist feature is increased in the Y- direction
until the Y#7In The sextewp ethe ptavesadSiicp #40) it © stloer asfitb-asdstdbdtiire @fd increase
requirenents, the X- limt and Y-limt are also governed by the anmount of
space bet weele dideoftlar geist foahicant] theindde intéR8Y oNthaBieh ARisticRiur B desthance
requi red between a target pattern and a sub-resolution assist feature. As

not ed above, rddhﬁnédbh@g{dld/ﬂ'liesslie%f%@J&l%ﬁslé?%aﬁlréEkﬁ-r &Hﬁ‘irfeg th Ehc>fmq dection 18
and t he Y—dl rection but never allowthe overall assist fé&ature s ze and

shape to pr @[Q% E(!i\ﬁlln% E\te%?éfeh%d:[tﬁ'l%gho'lfd FF&Q i?g o§ t}ﬂg Rfrél? ?{'&e g:gglf Stp bgs hol d

limt. Also, ough re90|ng exanple eature
being first 200 ection and %H% di rection,
t he present u?irllvenrtl #hgr{ﬁglgg ;158 F 8™ 8% g ’B‘r%{)ac,sé‘étsfleg}l"f‘? g‘?}?ﬂql of the
f or egoi ng, |% Wwou ﬂf gssi % first grOM/the assi st feature |n t he
Y-di recti onPF8Y IPB%S 65 edl%’iﬁtsﬂ“ FRRRnd IRFrGagestheyze ofithig pesest FF&W?/‘@W, gr ow
both the X %Pd Y di mensi ons, of the assist feature S|nultaneouslé
Fi gs. 5a- 5dlieimgga pigndtiaseociatadeybi thy apyis deature equalyrtbepiedelingd thaeshpkdy
features. More specifically, Fig. 5a illustrates an exenplary contact hol e
510 for whi PIRcess & eontipuedtuntiball ofithg ashiet fegfure placaldn the magbpetien im@tgp A3
(corresponding to Step 410). Fig. S5b illustrates the seeding sites 520 for
pl acement ohavadsérspro¢essedurldis ldat is represented bpStepdretO] Ai0earidelce as showapin iFip. the
manner

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



set forth above (Step 420). Fig. 5c illustrates the initial assist features
540 pl aced around the seeding sites (Step 430). Fig. 5d illustrates the
assist features grown to the maxi num size allowable. [50] Fig. 6
illustrates how an adjacent feature can effect (in this instance limt) the
growh of a given assist feature. In the given exanple, a second contact
hole 610 is added to the pattern shown in Fig. 5a. As a result of this
second contact hole 610, the growth of the assist feature 620 di sposed

bet ween the first contact hole 510 and tH& second contact hole 610 is
limted. [51] In a third enbodi ment of the present invention, the

i nt er f er enceandrthe Y-diredtioh butadvérallow dherveratiassistdtdnes sizhandibupntofpeatuoe the i n
the target pattern represent strong or weak features wth respect to

i magi ng per figensitg det isMre@dinp @i grédedhéd/threbingd limie ey, eifttaghtie foiggdanal yzed to
19 determine the intensity of the interference at the |ocations of the
features W teRiniplé RistBEKthe afsRBfelu Rl RAREGEWR mﬁﬁéxtdie&%rhtﬁmm dbabinl evel s

of interference are considered strong features that wl |nage easily.
Al ternativelyey: fdﬁ@étﬁherﬁe bRE&H ¥ ettonRORd: 1 QAT tSoh Sﬂ?tyéels %%ﬂ ore! S of
interference may exhibit unacceptag'e |nag|ng re i ne

expl ai ned | atl C

ccbeptanl e RrraIAL vt febendhR' s b Brudh RTORRuRG edn rthfl%ﬂt‘ﬁ" GeRB kP o

fl owchart descri bi e netho of d finin eat .1 maged
em%ramﬂ%ﬂﬁ%ﬁ@@%t%@@“ﬂ&% £WW%$%WW
process. The first step (Step 710) is to deflne the target pattern and the
i || umi nat i offPeHBHENSoBdY-uti | i zed. The next step (Step 720) in the
process is to generate an interference map for the target pattern based on
t he i magi ngl49y stldes. aaddpllustreis thetforegeing pidcess efigroWiing theihssist featurss. Mirer f er ence

map is utilized to determne the magnitude of interference at each feature
| ocati on ( Strepifiedl) Figl fe illostraneat 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. Sc 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. 5a. 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] Ina 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




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 bel ow 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 | ess than the predefined
interference value are defined as weak fl@atures (are represent features
that will have difficulty printing). It is noted that the predefined
i nt er f er enc&lelerNiRe thejptepsityiof thetintestorerretat the dfcativns wh the eatures witldin the thaskit ure i s
a strong interference feature or a weak interference feature, can be
det er ni ned diedthics lavgted afpositiesshaviigldghiesdlsof intifaranceher conxiderpdl etrongSaaturen g
the interference map of the target pattern {{i exhibits an interference
magni t ude r ding iwild) infiage rasilyD Afl@rndtively featdies (beaddu PodifiR ek BiBEing YIQER 1EREs 20
magni t udes of interference have been normalized to 1.0), by utilizing the
si mul at i on  opinagferdice fid§ Bxiait budeBRIb iSALIAMessIR oY 1My, Maskiieeh i ! nc. .
it is possible to determine that all features having an i1nterference
magni t ude gyga hayy: i | I I 1.1 hi Iy ose
eafl §Elody! ﬁ"ﬂht%gl s\%ﬁ)s carPBd Hfen'tf CJ]Stl)l}é% %;Vgépgf{béet ﬁn%nsmg)@ﬁ&)ﬁ i\xfe?lg %é&res.

features having an interference nagnitude such,

f hayd 1 4 i tud h 0.8 fi
trong. feaoes Eani PR EASTHR ARG AL Rl oree B na e PG PO 05

are defi nedasasthweak aé(;teﬁattures. 53%? Once, t he fea&lures_have been defi ned,
addi tional PeALE 2YCEIRAPE of AREMS LRt Fith despek fo the faagipeprogess,: Thedystgfap)

print withipn t rocess tolerance requirements (Step 750). Such
addi t i onal &éﬁ’shﬁﬂgss tp Heﬁ?rt?dg? tapget patieEn agthq illpmingtion wystepdiobsmfiliepdt Ale next

illumnation and NA setting;
step (Step 720) in the process is to generate an interference map for the target pattern based

on the imaging system and process to be utilized. Thereafier, 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 cither 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




varying the |l ocation and/or shape of the weak features within the target
pattern; or separating the weak features and the strong features into two
separate exposure nmasks. After perform ng any of the foregoing
adj ustnents, the process set forth in Fig. 7 can then be repeated to
determne if all of the weak features have been elimnated. [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 illum nation set@Png. As shown, the two outside
features 810 and 820 are strong features that wll image easily, and the
ni ddl e feat dragngsles piinisrigrsnse axa beanaorraaliged tpd Vobyt Hbizingshosimylatien f eat ur es.
As such, the mddle feature nay not inmage properly. By perform ng one of
the adj ust Peasrasm, sethed LithoUmijser't”, sald bp4SMBI Maskdools, Ise, i repassibletd datemie
magni tude of the mddle feature such that it is a strong feature, as is
shown in Fi ¢hat 8bfea®ies hpGbg akringerfeferse hagritude glchtyr Hapd.8 twdll prihi wlDgitlgphi c
proj ection apparatus suitable for use with a mask designed with the aid of
the current tdmme,tanamhosalfmammguﬁ iEHERENCS Bdpnithde Belodt 0.9 Maf ¥t A, L,
for supplying a projection beam PB of radiation. In this particular case,
- the radiati gphrSi ; i -aal at.l . f i obj ect
tabl e (mask L ab oy e oy AR e el AR RS SR efineis bl )

(e.g., areg ) d firs { Ll oni nme or. agccurately
bostt | oni ng s and T EORNREL SlnloReichichagR R SRY G o8 e] Sy RCHI ¢
(substrate aghg) WI' provided with a substrate holder for holding a

substrate v&?e.gi, a resist-coated silicon wafer), and connected to second

posi tioni ng ans for accurately pqgsitioning the substrate with respect to
itemPL; - tﬁﬁ r o‘?‘&éﬁ‘? atytes g%‘fﬁ feen defincy, additippal geasuges qap b sakeny b0 ensee gt ri ¢
or catadioptric optical
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.




system) for imaging an irradiated portion of the mask MA onto a target
portion C (e.g., conprising one or nore dies) of the substrate W [56] As
depicted herein, the apparatus is of a transm ssive type (i.e., has a
transm ssive mask). However, in general, it may also be of a reflective
type, for exanple (with a reflective mask). Alternatively, the apparatus
may enpl oy another kind of patterning neans as an alternative to the use
of a mask; exanples include a progranmable mnor array or LCD matrix. [57]
The source LA (e.g.,a mercury |lanp or excilmer |aser) produces a beam of

radiation. This beamis fed into an illum nation system (illumnator) IL,
ei ther diredfily &ig Asehematicaliydgpicts pdittogsptic poyelition eppangunmitalde faumshwithaa
beam expander Ex, for exanple. The illumnator IL nay conprise adjusting

means AM f omaslketli¢signgd wirh tioartie pf the ciromt inveionr Hh apparetut esxnpi@@s: (conmonl y
referred to as a-outer and a-inner, respectively) of the intensity
distribution in -thedhatdemsystein BEAAL! fo@ Bupplingh Iptoj@Eioe badrh PBCTRdihSR. UathisOUS
ot her conponents, such as an integrator IN and a condenser CO In this

way, the bepmtibBai dpd, Mt ASia@éh JyH8mTBDcoMPriflaS radlatiigshicdLyni form ty and
intensity distribution in its Cross-section. [ It should be noted with

58]
regard to Fig. 9_thal & I it i .
|'i t hographi c proj ect% é’nﬁgtp%g#gglgss éwg%g?%ﬁ%l%eé @g%@%\?\%g;q&thﬁgiﬁ%dl}ﬁ%% LA
5 Bonr ot i PPy 8o SRk Bl BB 20 PR T
being led i nt§<th1? aﬁg)éparatus ]é;e.g., with the aid of suitable directing
mrrors): tARE VRIS Fly is often the case when the source LA is an
excinmer laser (e.g., based on KrF, ArF or F2 Iasi_ngg. _The current
i nventi on enconpasksgsonbrhice tabls dsubstrate dablg)j W' provided with a substrate holder for

holding a substrate W (e.g, a resist-coated silicon wafer), and connected to second
positioning means for accurately positioning the substrate with respect to item PL;

- a 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



[ 59] The beam PB subsequently intercepts the mask MA, which is held on a
mask table MI. 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 Wth the aid of the second positioning neans (and
interferonetric neasuring nmeans | 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. Slnllarly, the first positioning nmeans can be used to
accurately position the mask MA with res8ect to the path of the beam PB,
e.g., after nechanical retrieval of the mask MA from a mask library, or
during a scdeempanlyesferaty anovereatd ©innkh eesplajiedy) dfalyd iasendiy, disfibwtionlin be
realized with the aid of a |ong-stroke nodul e (coarse positioning) and a
shor t - st r okeh¢atil. & addftion it REBgdnEANY BEpriseRhibdhs dftRr Bkpddsik, bl ddandepi ct ed
in Fig. 9. However, in the case of a wafer 23 stepper (as opposed to a

st ep- and- scafe tmtﬁtpad&a&l tlaétbet Mlis GRY, th ﬁngﬂfgt%‘fgt
short-stroke a%rt?ﬁator or y |nxe(Sj 60‘5]{%%%2%% I cted thEFh heasused

in two di ff%&i%ﬂkd%%&nl aﬂd?&tgﬁ t?ﬁgﬁtbu &?lﬂ%%i‘(os% gghgn MI is kept essent' ally

stationary, an entire mas 'S Pr o) ec In one go(l. .,

single "flashs) @n bl & ortlon C. substr S then
shifted in {? xﬂah ore 1§/°t%FVg§f€ig8Wst° §§ ¢ Mthﬁ S%Hr?ff G]é't\/%ﬁb?‘fsi‘r@n C
can be |rrthli the beam PB; scan node, essentlall t he sane
scenari o appf s Blﬁtproe]??é‘f’“ ﬁplﬁ‘i’a&‘éﬂaf Brogfer the Geserhn the ﬁOEfCﬁotA‘ ERPEE™F in a
single "flash". Instead the mask table MI is novable in a given direction
(the so-cal fagzp. fog examuple) bithas pmayealsp be remete fiogi the bithographigiprdiecsion penathtus, so
that the projection beamPB is caused to scan over a nmask inage;
concur r ent | {he redigtiosbisam that & prasvbes beltk ledsingi theidppanessky withvickid of duitebls ame
or opposite direction at a speed V = M/, in which

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 tabte
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




Mis 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, w thout having
to conprom se on resolution. [61] Additionally, software may inplenment or
aid in performng the disclosed concepts. Software functionalities of a
conput er systeminvol ve programm ng, including executable code, may be
used to inplenent the above described i magi ng nodel. The software code is
execut abl e by the general - purpose conputer. In operation, the code, and
possibly the associated data records, ar® stored within a general -purpose
conputer platform At other times, however, the software may be stored at

ot her | ocat istrperdprognprseditan stoprabdekaf tool) thadiaskgable MTombhmstappoapiciedtiea
general - pur pose conputer systens. Hence, the enbodi nents di scussed above

i nvol ve one sbort-stoske asmhtonyar mapbefiuel s in the form of one or nore nodul es of
code 24 carried by at |east one machi ne-readabl e nmedium Execution of such

code by a prewesIne dgficted 1361 GABPULRNN SYSHERANAMSES the platformto
i npl enent the catal og and/or software downloading functions in essentially

the manner perfot iRgep MH&%@@EQ@&B@W i kép‘f %&%ﬁ%&lﬁ%&%ﬁ%@%ﬁ%ﬁ%ﬁ%@ [l N

[62] As used herein, terns su as conputer or i ne adabl e medi unt
refer to any, dim .t ti.cipates..Ln.providing instructjions to a
processor f o[pa%?eé u?‘j‘lcéz ﬁ% %‘ﬁ%? (lée" %%‘8% ﬁmha ‘%“X%{aﬁ%w" B¢ lFtl:EJH“:i W@Ftﬁ%f Bhebut
not limted .. hon-val atile nedja, volatile nedi and transm ssion
medi o, Non- vbi 4t MR8 SHEEF 4t 1R GRaLst v direcdionnin R pygitlt (et HRGHOL €0 dFsks,
such as any.otrtgﬁ}ﬁéo%%ge devices in any conputer(s) operating as one of
the server TFOggddmthe treBciBsed above. Vol atile media include dynanic
menory, such as main nenmory of such a conputer platform Physical
transm ssi on nedi & iS¢l wade, cowriialy thabiams, scemoip prpplics, eeceph dhat jsbgivero pargat s,
including the wires that conprise a bus within a conputer

portion € 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 ¥ = Mv, 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




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 fornms of conputer-readable nedia therefore include,
for exanple: a floppy disk, a flexible disk, hard disk, nmagnetic tape, any
ot her nmagnetic nmedium a CD-ROM DVD, any other optical nmedium |ess
commonly used nedia such as punch cards, paper tape, any other physi cal
mediumw th patterns of holes, a RAM a %¥ROM and EPROM a FLASH EPROM
any other nenory chip or cartridge, a carrier wave transporting data or

i nst ruct i onscaredby esleast ong mrehinermadplermddngn. sEodvutorcafisnélecodudy e praeessenf

ot her medium fromwhich a conputer can read programm ng code and/or data.

Many of t heshe @Bnputepsystenoénablushetpdatfoneac il enert dicatifg da&/ot Softaved in
carrying one or nore sequences of one or nore instructions to a processor

for executi alwn[oadhg Alichensgh edsbitially @RSRinnE PBBELQNn IRSerRRAMmAeSEELed and

illustrated in detail, it is to be clearly understood that the sane is by

way of il ushd alus@RePRgeigxanpl e only and is not to be taken by way of
limtation, the scope of the present invention being |limted only by the

terms of t r[@z] apEg rﬂge%qlepéir?itél:lﬁlg asﬁc% as%ﬁmtifzrsor%aachgl% dreé%a:b]]eéfg?cﬁ?%ﬁ }‘e?%g% %{;fs ed

generating a nask having Op pr oxi y correctl

t herein, sai d comprising the steps of: (a) obtaining.a desjred
target patt g?e 4 at?/llgt 5 rtfcg[%feﬁ r“égl%tv gy g RN t‘bﬁg’%{)‘:g“iﬁ%ﬁ %Ffe@‘,?tlon( ppch a
determning a. first focus setting tQ be utilized when imagi ng sai d mask;
(c) determ AICAGILmEY fragft mpng *gPF%e AR nefdERiteddoy l@aivalaﬁféﬁrg@ga,pfalap@r n and

said first media, and transmission media. Non-volatile media include, for example, optical or

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




focus setting; (d) determning a first seeding site representing the

opti mal placenent of an assist feature within said mask relative to a
feature to be inmaged on the basis of said first interference map; (e)

sel ecting a second focus setting which represents a predefined anmount of
defocus relative to said first focus setting; (f) determ ning a second
interference map based on said target pattern and said second focus
setting; (g) determning a second seedinglsite representing the optinal

pl acement of an assist feature within s Pd mask relative to said feature
to be inmaged on the basis of said second interference map; and (h)
generating a9 peprytersesiablemsdiamaybednhecdin caryiemensmp mosessqbences of ping
first seeding site and said second seeding site. 2. The nethod of claim1,
wher ei n sai @ morespstfugtions te @tpracegyor lopexesetiving t he optimal  focus setting for
imaging the target pattern. 3. The nmethod of claim1, wherein said assist
f eat ure has [@]si Ahsugbhhd pratensimivehtionfiss ekn fl@atibedend $llahted gL, ans ©aed
substrate. 27 4. The method of claim 1, further conprising the step of

pl aci ng addikhbdnaidersoidhat HRARME @SyWdybf B Bhthnl Al 82imPabhigahd isGREH waf said
addi tional assist features being generated by performng Steps (b)-(h). 5.

The nethod @dkebpivl) o5 iIMRRIR! fle SR gof t?& fobélt ﬁﬁgﬁidﬁ%in%qfr#i{éﬁ%ngfb%ﬁﬁe Rfms

constructive interfeerence and are o) estructive I nferference "bet ween at
| east one off lﬁ@hﬂ)ended claims.




features to be imaged and a field area adjacent said at | east one feature.
6. The nethod of claim1, further conprising the steps of. determning a
maxi mum i mage intensify level for said assist feature, said maxi num inage
intensity defining an imaging intensity that will not result in the inaging
of said assist feature on said substrate; and adjusting the size of said
assi st features such that an image intensity |level associated wth said
assist feature is equal to or less than said naxi ruminage intensity |evel
7. The nethod of claim4, further conprising the steps of: determning a
maxi mum i mage intensity | evel which def i%fles an imaging intensity that wll
not result in the imging of said assist features on said substrate;
initially sizing each of said assist features such that said assist
features h il .ng intensity level which is bel ow said maxi num i nmage
intensity ?%@%ﬁ?ngﬁgag%justing the size of each of said assist features
such that the image intensity level associated wth said each assi st

feature is equal to or less than said imumimage intensity |evel. 28
8. A conput er p{'ogr tgepsfﬁt%ﬁm%ﬁhﬁwagap%%ﬁﬁw%s fien fgluges
recordi ng agggumukﬁﬁggghgmmyﬁknﬁmﬁgﬁggk%&¥5ggans recorded on the recording
medium for directing the conputer to generate files corresponding to a

mask for use i n@hottpinggrdsprddargeimatiemdiaping deatures torbe igagrdroata ssbstafe; t he
50 T8 AR L OB RN, SRR L (1
setting to be uft) Hetzeminingenfirsmagenfgesaimaprbased opcpidimtget phttirmgnd shidrfixit
interferen(Eug%ng?sed on said target pattern and said. First

(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 feature having a shape which encompasses both said first

seeding site and said second seeding site,

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

focus setting for imaging the target pattern.

3. The method of claim 1, wherein said assist feature has a size such that said

assist feature is not imaged on said substrate.




focus setting; (d) determning a first seeding site representing the

opti mal placenent of an assist feature within said mask relative to a
feature to be inmaged on the basis of said first interference map; (e)

sel ecting a second focus setting which represents a predefined anount of-
defocus relative to said first focus setting; (t) determining 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 imaged 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. 9. The conputer program
product of claim8, wherein said first focus setting represents the
optimal focus setting for imaging the target pattern. 10. The conputer
progr am product 4.of cTlwmetBod efhvdaimi In fistied canmisitg the sitp vEplhdsg sddittonabassist t hat

sai d assis eat ur,e i s not .inmpged o ai. hstrate. .29 1.. The conputer
o ogr am pr GAUES Wig <8 g R ?’P%n%aFﬂ8§ﬁi‘}8 g ﬁ%ﬂ%?@ﬁﬂ%ﬂrlbw%m fed by
addi ti onal pafsingdg fgaib)@r W thin said target pattern, each of said

addi tional assist features being generated by performng steps (b)-(h).
12. The conputer program product of claim8, wherein said interference map

defines areas of Conﬁ%{ Hethbd Sof! LG 1EWHREEN 390 Rt RATerRE rgzﬁ)StdEﬁJl&ts' atfas of

interference between
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 intensify 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.




| east one of said features to be imaged and a field area adjacent said at

| east one feature. 13. The conputer program product of claim8, conprising
the steps of: determning a maxi mumimage intensity level for said assist
feature, said maxi mum image intensity defining an imging 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 inmage intensity
| evel associated with said assist feature is equal to or less than said
maxi mum i mage intensity level. 14. The conputer program product of claim
11, further conprising the steps of: d@@ernining a maxi muminmage intensity
| evel which defines an inmaging intensity that wll not result in the

i mgi ng of said assist features on said substrate; initially sizing each of

sai d assi st feagures,s ggip ' a [ I
intensity IeveIthid% #% L%#ﬁ&? a.dI%%ﬁ?ﬁ&%{?@%ggﬁ%%9e§§Pﬁ§mi8ve?§§§%&
adj usti ng tdeerdsigzmediimeaemiablefbysthe domputers imchasatcuordsd sndle tehardinghredium der
intensity l.evel associated with said each assist feature is e | to.or

| ess t han SEFEA0 SERRSrdgehoreie dles somRRAdinE (e mAckIAr e T RS ng
met hod  CoNprhdgiig Yifodels; tifet feAéralidn ofife filedtompritgdhgefs UbStrate that is at
| east partially covered a |layer of radiation- sensitive material; (b)

provi ding a profebetiisngalenrestaisaagemdnvingifertrentoirdgpsrd cnasubsipalg c) usi ng
¢ DaLiern on @ EpSlchfSRUTit, 040, o PR RSl L8 1
target portion (©f detbmihinger fixsf 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;

(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
mnterference map; and

(h) generating an assist feature having a shape which encompasses both said first

seeding site and said second seeding site.

9. The computer program product of claim 8, wherein said first focus setting

represents the optimal focus setting for imaging the target pattern.

10.  The computer program product of claim 8, wherein said assist feature has size

such that said assist feature is not imaged on said substrate.




radi ati on-sensitive material, wherein, in step (c), said mask is forned by
a nethod conprising the steps of: obtaining a desired target pattern
having features to be imaged on said substrate; determning a first focus
setting to be utilized when inmaging said mask; determning a first

I nterference map based on said target pattern and said first focus
setting; determning a first seeding site representing the optinal

pl acenent of an assist feature wthin said nask relative to a feature to
be imaged on the basis of said first interference map; selecting a second
focus setting which represents a predefi“ied anount of defocus relative to
said first focus setting; determning a second interference map based on
said target pattern and said second focus setting; determ ning a second
seeding site representing the optinmal placenent of an assist feature
within said mask relative to said feature to be imged on the basis of said
second i nterfetkencelmapmuae pregremaprodgrtarf cAasimi 8t fulthert comeprising thg stepsbfipe

\évm gh e”COHB%%E Gadi 181% a%gllstdfe];MeSStW1 i Célairaq[argse{ E)gtte%nn,deagﬁ Iog sesliﬁcé)c&qio?lglegsls{s];
features being generated by performing steps (b)-(h).

12. The computer program product of claim 8, 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.

13.  The computer program product of claim 8, 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.

14, The computer program product of claim 11, 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.

15. A device manufacturing method comprising the steps of:




30

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

(b) providing a projection beam of radiation using an imaging system;

(c) using a pattern on a mask to endow the projection beam with a pattern in its cross-
section;

(d) projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,

wherein, in step (c), 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.




