Met hod And Appar atus For Deconposi ng Sem conductor Device Patterns Into
Phase And Chrone Regi ons For Chronel ess Phase Lithography Field O The

| nvention The present invention relates generally to the generation of mask
patterns for use wth chronel ess phase |ithography techniques, and nore
specifically, for the deconposition of a target design into a corresponding
mask pattern that prints features wutilizing both chrone and phase-shift
techniques. In addition, the present invention relates to a device

manuf acturi ng nmet hod using a |ithographic apparatus conprising a radiation
system for providing a projection beam of radiation; a nmask table for

hol ding a maMetlhedvAngl Apparatus Foe Decontposing Semieondirétort e tabl e
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Background O The | nventi dohromhelgsspRhasgrhjthographypar at us (tool s) can be

used, for exanple, in the manufacture of integrated circuits (1Cs). In such
a case, the nmask contains a circuit pattern corresponding to an individual

| ayer of t gl Of BRAntditpPattern can be imaged onto a target portion (e.g.
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conpri sing es) 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 whple network of adjacent tagrget partions that
o6 succeas: vel ye piES MyPadprifete edSost By 68y el s B3 B Prisho: | n
one type of |ithographic projection | apparatus, each target portion is

i rradiat ed Y8 BLIRRless ghessdithasranhy tophaiduesaprdpAresRecali¢ally, for the

decomposition of a target design into a corresponding mask pattern that prints features
utilizing both chrome and phase-shift techniques. In addition, the present invention
relates to a device manufacturing method using a lithographic apparatus comprising a
radiation system for providing a projection beam of radiation; a mask table for holding a
mask, serving to pattern the projection beam; a substrate table for holding a substrate; and
a projection system for projecting the patterned projection beam onto a target portion of

the substrate.

Background Of The Invention

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

irradiated via the projection system, one at a time. In one type of lithographic projection



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

st ep- and- scan apparatus - each target portion is irradiated by
progressively scanning the nask 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 || have a nagnification factor M
(generally < 1), the speed V at which the substrate table is scanned w ||
be a factor Mtines that at which the nask table is scanned. Mre

i nf or mat i ofPPAAYS- $ash Sraetpartiondis BEdingid by exppengiha gntits sk pattera eeioithed can be
gl eaned, for exanple, fromUS 6, 046, 792, incorporated herein by reference.
In a rranuf@tﬁeamrﬁgn mm@ssmuangpmratus iﬁ@gmpmi}crefﬂr@fié@@ﬂ owagppeapr.Us, a mask
pattern is imged onto a substrate that is at |east partially covered by a

| ayer of amalicatationagansid -Heemmmhbr reteired tess Sdtgp-ard-dcan appardthd s- ¢agRgi ng st ep,
the substrate may undergo various procedures, such as primng, resist
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cheno- mechani cal ., pol i shinpg, etc i nte ded to finish off an individual
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variant thereof, will have to be repeat ed for each new | ayer. Event uaI ly,
an array ofpeadViatadiahithe substraje tablaris seanediwilkhersfeetar M (imes eanat whirhdhe devi ces
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mask table is scanned. More information with regard to lithographic apparatus as here

described can be gleaned, for example, from US 6,046,792, incorporated herein by
reference.

In a 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 technique such as dicing or saw ng.
Thereafter, the individual devices can be nounted on a carrier, connected
to pins, etc. Further information regarding such processes can be obtai ned,
for exanple, fromthe book "Mcrochip Fabrication: A Practical Guide to
Sem conduct or Processing”, Third Edition, by Peter van Zant, MG aw Hi ||
Publ i shing Co., 1997, |SBN 0-07-067250-4, incorporated herein by reference.
The lithographic tool may be of a type having two or nore substrate tables
(and/or two or nore mask tables). In such "nmultiple stage" devices the

addi ti onal sepatstessfrompngeanothesdyl aitechpimuakichlas dimingurepwingt dihgregftepthenray be
carried out on one or nore tables while one or nore other tables are being
used for expuihdduatdevidasican bt aganted bh agaraipl)iconiteort so pine, etd&athérbed, for
exanple, in US 5,969, 441 and WD 98/ 40791, incorporated herein by reference.
The phot ol iidfh@etian fopardsdsuch @fREE:EEcdndeIBRANRACROVBXAnSSe, RMMRIeHosk Pat t er ns
corresponding to the circuit conponents to be integrated onto a silicon

waf er . The"MEé}Bélgﬁe Pibritafsh: WOPGEGA 9%1 HEsERRE SR Pﬁﬁ:@%‘ir&“‘?ﬁhi}e{t Editigd N9 CAD

(conput er - ai ded sl gn) prograns, I's process often being referred to as

predot er i ROACHL LA RNRE B b 197, ORI hdRi S “These rules

are set by,proces%b?g_and design limtations. For exanple, design rules
defi ne t he ISPEROLAGLRESE Q¥ &etBleiteen circuit devices (such as gates,
capacitors, etc.) or interconnect lines, so as to ensure that the circuit
devi ces or | i nedheibithagraphiaten! amay bewl & bypsheviag sveer mpie sibstiatediebles pler way. O
course, one of the goals in integrated circuit fabrication is to faithfully
reproduce theoombgimak tatilest.uh sucheSnudtiple stagdialewmbethe @dditiond eabhamskdy. beAnot her
goal is to use

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 tools are

described, for example, in US 5,969,441 and WO 98/40791, incorporated herein by

reference.

The photolithography 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.

Of course, one of the goals in integrated circuit fabrication is to faithfully

reproduce the original circuit design on the wafer (via the mask). Another goal is to use



3 as nmuch of the sem conductor wafer real estate as possible. As the size of
an integrated circuit is reduced and its density increases, however, the CD
(critical dinmension) of its correspondi ng mask pattern approaches the
resolution Iimt of the optical exposure tool. The resolution for an
exposure tool is defined as the mninumfeature that the exposure tool can
repeat edly expose on the wafer. The resolution value of present exposure
equi pnent often constrains the CD for nmany advanced I C circuit designs.
Furthernore, the constant inprovenents in m croprocessor speed, nenory

packi ng deasitsh efrible scovicqrdetor wales tealesiatmast possibliecA o thelsizetof emintegrgadonent s
are directly related to the ability of |ithography techniques to transfer
and f or m peitduitrinsedocddand tits density iinurcastsp iewsveafthaCBdoti b dinnsion defiisce. The
current state of the art requires patterning of CDs well below the

avai | abl e bérgRporidiy igskvRremepaiodches HRIredoNgioaNiet Be oftital @%Slﬂ‘é @sbuct i on

wavel ength of 248 nmis being pushed towards patterning of s smaller

than 100 nife KRbEHbIIYES EXpdsheR 613@' ééﬁn@ﬁﬁktﬂhgﬁﬁniﬁ{ﬁ% R:Qt}fé tlBththQE sglate in

the next 5-10 years, as descri In the Internation Technol'ogy Roadmap
for Sem copduct or TRS 2000) ., e 4.echni que, ich is.currently receiving
addi t1 onal A aERes e e e nale: TSRy S st fy S L ¢ her
i nproving the resolution/printi capabi lities of photolithography
equi prent  PYIPTRER oftgpcqnstralas ﬂﬁr@ﬂ@ré@@yaﬁ%@eds 1§ HEsgitadshgns cpL™ . As s
known, when utilizing CPL techniques, the resulting mask (Eat tern typically
i ncl udes st r uckythesmoreoihe eQistANd iMRFOYBNENEHIN IRIBHPIASCISOT SPEPHIRINABK t he waf er)
whi ch do not require the use of chrone (i.e., the features are printed by
phase- shi f padkeghiensjtyem)l las pawti coasunteador mivad-clattrdniz eoncuments areAs a resul t,
it is necessary for mask designers to verify that the mask

directly related to the ability of lithography techniques to transfer and form patterns onto

the various layers of a semiconductor device. The current state of the art requires

patterning of CD's well below the available light source wavelengths. For instance the

current production wavelength of 248 nm is being pushed towards patterning of CD's

smaller than 100 nm. This industry trend will continue and possibly accelerate in the next

5-10 years, as described in the International Technology Roadmap for Semiconductors

(ITRS 2000).

One technique, which is currently receiving additional attention from the

photolithography community, for further improving the resolution/printing capabilities of

photolithography equipment is referred to as chromeless phase lithography "CPL". Asis

known, when utilizing CPL techniques., the resulting mask pattern typically includes

structures (corresponding to features to be printed on the wafer) which do not require the

use of chrome (i.e., the features are printed by phase-shift techniques) as well as those

that utilize chrome. As a result, it is necessary for mask designers to verify that the mask

structures utilizing the various techniques all interact in an acceptable manner such that



structures utilizing the various techniques all interact in an acceptable
manner such that 4 the desired pattern is printed on the wafer. However, due
to the complexity of the masks, this can be a long, tedious and difficult
process. Accordingly, there exists a need for a method which provides a
sinple and systematic approach for defining a mask pattern that utilizes
CPL techni ques, which allows for accurate printing of the desired pattern.
Summary OF The Invention In an effort to solve the foregoing needs, it is
one object of the present invention to provide a nethod for generating a
mask patt ethe debiegd patterniiz pnt@Pon theotaférg lisvel e dueto thiesinmeekityasfgled mpskbt er n or
design. Inportantly, it is an object to provide a sinple and systenmatic
process f othiceanveratlomg tédisisGas diffieult progss. pattern into a mask pattern that
reduces the tinme required for mask design, while at the sane tine inproving

the accuracy Ohcéding6SiheR RistsY RAd 6t L f&ndBhRich w&es%@ﬁﬁn%lfa bl | y’ in one
exenpl ary embodi ment, the present invention relatées to

gener at i ngsfly degga% ggmgalefow fmgf%ga g{ag( b A8 RIS @10 teeﬂmgﬁw;?lc at e. The

met hod i nc rmning a naxi eatures to
be i maged esubtrateu il hase structures forned in the nmask;
(b) identi ?@?‘Yfgtlgéf“icu? SRV rﬁfe Eﬁi BP0t he target pattern having a width
which is equal to or less than the maximum w dth; (c) extracting all
features having a width which is equal to or less than the rmaxinmumw dth
fromthe target pattern; (d) formi ng phase-structures in the mask

cor r espondSnmmayy AM THeskmvemtéon i dentified in step (b); and (e) form ng opaque
structures in the mask for all features remaining in target pattern after
perform ng st epin(an)effort to solve the foregoing needs, it is one object of the present invention

to provide a method for generating a mask pattern that utilizes CPL techniques from a
desired target pattern or design. Importantly, it is an object to provide a simple and
systematic process for converting the desired target pattern into a mask pattern that
reduces the time required for mask design, while at the same time improving the accuracy
of the design printed on the wafer.

More specifically, in one exemplary embodiment, the present invention relates to
a method of generating a mask of use in printing a target pattern on a substrate. The
method includes the steps of (a) determining a maximum width of features to be imaged
on the substrate utilizing phase-structures formed in the mask; (b) identifying all features
contained in the target pattern having a width which is equal to or less than the maximum
width; (c) extracting all features having a width which is equal to or less than the
maximum width from the target pattern; (d) forming phase-structures in the mask
corresponding to all features identified in step (b); and (e) forming opaque structures in

the mask for all features remaining in target patterh after performing step (c).



5 Al though specific reference may be made in this text to the use of the
invention in the manufacture of I1Cs, it should be explicitly understood
that the invention has many other possible applications. For exanple, it
may be enployed in the manufacture of integrated optical systens, guidance
and detection patterns for magnetic domain nenories, |iquid-crystal display
panels, thin-fil mmagnetic heads, etc. The skilled artisan w | appreciate
that, in the context of such alternative applications, any use of the terns
"reticle”, "wafer"” or "die" in this text. should be considered as being

repl aced by theAkBPugh spesilie rferengerrmay besraade in thigieyt todheusepd the ipygngien in
portion", respectively. In the present docunent, the terns "radiation" and
"beant ar e thesaehufastuse oblgsall showd be exphicitlyomderstoed thatthg iestention baginagnyon
including ultraviolet radiation (e.g. with a wavel ength of 365, 248, 193,
157 or 126 othe) p@sithleEdgyli¢ations. dive extmpld iMh oy 6 enfipsloyedtih die, mamifgeturbalfi ng a

wavel ength in the range 5-20 nn). The term mask as enployed in this text may

be broadly jjigdree® bfii@dsy@fen sef 884 and akte&i@ﬁ?a&&nmE hRERtRAARANS that can be
used to endow an incom'ng radiation beamwi th a patterned cross-section,
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programmabl e mrror _array, An exanple of such a device is a matrix-

hddressabl CTesGeh ABaTHLgk %@f"an thistedlethquldbe consifersd asibsipgreniaeedby s matet i ve
surface. The basic principle behind such an apparatus is that (for exanple)
addr essed geresd termst"mask”efJubsirate/ @nd Stardehpertipe’, Faspectivelyi dent | ght as
diffracted |ight, whereas unaddressed areas refl ect

In the present document, the terms “radiation” and “beam” are used to encompass
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation,
e.g. having a wavelength in the range 5-20 nm).

The term mask as employed in this text may be broadly interpreted as referring to
generic patterning means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target portion
of the substrate; the term “light valve” can also be used in this context. Besides the
classic mask (transmissive or reflective; binary, phase-shifting, hybrid, etc.), examples of

other such patterning means include:

a) A programmable mirror array. An example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The basic
principle behind such an apparatus is that (for example) addressed areas of the reflective
surface reflect incident light as diffracted light, whereas unaddressed areas reflect

incident light as undiffracted light. Using an appropriate filter, the said undiffracted light



incident light as undiffracted light. Using an appropriate filter, the said
undiffracted light 6 can be filtered out of the reflected beam |eaving only
the diffracted light behind; in this manner, the beam becones patterned
according to the addressing pattern of the matrix- addressable surface. The
required matri x addressing can be perforned using suitable electronic
means. More information on such mrror arrays can be gl eaned, for exanple,
fromUnited States Patents US 5,296,891 and US 5,523,193, which are
incorporated herein by reference. b) A programmable LCD array. An exanple
of such a construction is given in United States Patent US 5,229,872, which
i s i ncor pofdt RdiltfasEpw of therefigatedheam, lepdngarly dhe Gffracked lighbbadvnd; imihesnt i on
provides inportant advantages over the prior art. For exanple, the
f or egoi ng maniksdthe beate begopies ipalgeracd ascerdingpa theaddresingpastessef the matrist ur es and
opaque structures in order to define/generate a mask to be utilized to print
t he target agdredseble spufae Hesequisidmptex adifessingtcembd pafqpmed asiag futablzonverti ng
the target pattern into a mask pattern that reduces the tine required for
mask desi galecttbliit Medts. Moge infaimtibh SR sucHiRVE fiehyk 0gh BELVAREYfoPExdntige,desi gn
printed on the wafer. Additional advantages of the present invention wll
becone app@bainitdd &{x@ssﬁaterﬁgug!ﬂb@s@ﬂap&m@rst,szfmm HiRn bR ih?&?‘g&gteget ailed
description of exenplary enbodifents o the present 1 nvention. The
i nvention i l.f, her with further objects and advantages, can be
better un%‘érr%ls bgorg%egegl%%'ef erence to the follow ng detailed description and
t he acconpanying drawi ngs. Brief Description O The Draw ngs

b) A programmable LCD array. An example of such a construction is given in

United States Patent US 5,229,872, which is incorporated herein by reference.

The method of the present invention provides important advantages over the prior
art. For example, the foregoing method of decomposing a target pattern into phase
structures and opaque structures in order to define/generate a mask to be utilized to print
the target pattern provides a simple and systematic process for converting the target
pattern into a mask pattern that reduces the time required for mask design, while at the
same time improving the accuracy of the design printed on the wafer.

Additional advantages of the present invention will become apparent to those
skilled in the art from the following detailed description of exemplary embodiments of
the present invention.

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




7 Fig. | is an exenplary flowhart illustrating one enbodi nent of the
present invention. Figs. 2a-2c illustrate three exenplary patterns and the
identification of the vertical features which are then extracted fromthe
pattern. Figs. 3a-3c correspond to the patterns illustrated in Fig. 2a-2c,
respectively, and illustrate the horizontal features to be extracted from
the pattern. Figs. 4a-4c illustrate the areas of intersection between the
vertical and horizontal patterns extracted in Figs 2a-2c and Figs. 3a-3c,
respectively. Figs. 5a-5c represent the carresponding final nmask design for
the correspondi g | pantxemplagetloveiertillpsiratingane embodygeny ofthepresopt  3p and 4b;
and 2c, 3c and 4c, respectively, Figs. 6a-6c¢c illustrate various

sub-r esol utiventigyat t erns capabl e of reducing flare. Fig. 7 illustrates the
rel ati onship between the percentage transm ssion of a chrome sub-resolution
pattern and theFgara-Jeatltgrare thoweekshplary patterh8 @ndtha séensificativhof €. veliogl 8
schematically depicts a lithographic projection apparatus suitable for use

with the magkgedOBicHBRANM &xrattB® frdindh®pattee current invention. Detail ed
Description O The Invention As explained in nore detail below the

preferred enbodifienta Rl cokldghdli &8 R pandrY FILKA hh@bES.] Rl 00958 for
deconposing a desired target pattern (to be printed on a er) so as to
produce a & ttern (. retic t hat c utilized to image the
waf er/subs?@%F%teglﬁec}wé%ﬂ'(et?la@aew{eﬁgo %ea‘lfxgl)eafte%grto{netﬁ%p%{%é?'eon. In accordance with
the present inyentjop,. the sk patfern to he generated utiljzes L
tochni ques. As Lradtublasde pubs ot leerfonrerisn oy e b Epual
approxi mately 100% transm ssion and zero phase shift;

patterns extracted in Figs 2a-2c and Figs. 3a-3c, respectively.

Figs. 5a-5c represent the corresponding final mask design for the corresponding
patterns set forth in Figs. 2a, 3a and 4a; 2b, 3b and 4b; and 2c, 3¢ and 4c, respectively,
Figs. 6a-6¢ illustrate various sub-resolution patterns capable of reducing flare.

Fig. 7 illustrates the relationship between the percentage transmission of a chrome
sub-resolution pattern and the same pattern consisting of 180° phase-structures.

Fig. 8 schematically depicts a lithographic projection apparatus suitable for use

with the masks designed with the aid of the current invention.

Detailed Description Of The Invention

As explained in more detail below, the preferred embodiment of the present
invention relates to a process for decomposing a desired target pattern (to be printed on a
wafer) so as to produce a mask pattern (i.e., reticle) that can be utilized to image the
wafer/substrate and generate the target pattern thereon. In accordance with the present
invention, the mask pattern to be generated utilizes CPL techniques. As such, the mask

pattern will include areas that are approximately 100% transmission and zero phase shift;



8 areas that are approximately 100% transm ssion and 180 phase-shift; and
areas that are approximately 0% transm ssion. Due to these various
different types of areas utilized to print features when utilizing CPL
techni ques in conbination with the complexity of typical masks, mask design
can be a difficult and tine extensive task. As explained in detail bel ow,
the present invention reduces the tine required for mask generation by

provi ding a sinple deconposition process which can be utilized to generate a
mask pattern directly fromthe target pattern. Mreover, it is noted that

t he met hodaisss thpfeare prpserdpateln %Y fransmissrontaad J 80 pheseehifit and; ar¢asghag asst andar d
CAD system (such as those noted above), which is programred to operate in
accor danceapproximatey 9% IttapsvhisgjounleBue fophese varidtisgliffdrentsyes folf anvshatilizedid ch
generally illustrates the mask generation process of the present invention.
As not ed apgimeeatideewhen ifilizZhHQPICRIchhigedyh orabinafidiewitie fidl omplexitask i s

capabl e of printing features utilizing, for exanple, phase-shifts or phase

edges for sttaidanmagk*aﬁnéﬁ%sirgﬁkﬁr%@a it and FnfelUxXHEVe 8RR AL cRILALI O features
utilizing at least 1 n-part chrome structures contained in the mask.
Referring {Qairi, h I; . . J.d . Jg to
det erm ne tﬁg n%gwﬁ%ﬁ¥§§3?WB%%Uﬁtgﬁ?%é?ﬁﬂgé;Fﬁg@utgﬁnﬁgg%%ﬁ%@ggﬁﬁtiIizing
phase-structures (i..e. ,,no chroqﬁ%. In other words, . it iS necessary to
ot e t ne PR SHimble e mporiratoss 1EieR s bSufiyed ¥ sshaionate { he use of
chrome to accurately reproduce the feature on the wafer. This maxi mum
wi dt h, whi BHteEndresty donbthgitaraet patiad Maseqvek it ip petgd Higt hy methpditBgret ers, such
as, but not limted to wavelength, nunerical aperture, illumnation and
waf er st eppeesent grvgitianoias beipsriprnediutijizing aetantlard §1AD bystdmm (hwph asthhssdwtedsuch as
the use of an aerial image sinulator. Specifically, by utilizing an aeri al
i mage si nabakepmwhidh is pragesshéd © dperatteih accurdencatvithiiat following detcriphien.phase
structure the i mage begins
Fig. 1 is a flowchart which generally illustrates the mask generation process of the

present invention. As noted above, when utilizing CPL techniques, the resultant mask is

capable of printing features utilizing, for example, phase-shifts or phase edges formed in

the mask reticle (i.e., no chrome) and of printing features utilizing at least in-part chrome

structures contained in the mask. Referring to Fig. 1, the first step, Step 11, in the

process is to determine the maximum width of the features that can be printed utilizing

phase-structures (i.e., no chrome). In other words, it is necessary to define the feature

width at which it is necessary to incorporate the use of chrome to accurately reproduce

the feature on the wafer. This maximum width, which can be determined based on the

imaging system parameters, such as, but not limited to wavelength, numerical aperture,

illumination and wafer stepper conditions, is readily determinable by known methods

such as the use of an aerial image simulator. Specifically, by utilizing an aerial image

simulator it is possible to determine at what width of the phase structure the image begins

to degrade. The maximum width would be set to less than this degradation point. The



to degrade. The maxi mrum wi dth woul d be set to |l ess than this degradation
point. The 9 maxi mum w dth can al so be determ ned based on a definition of
the critical features wthin the desired pattern, such as, mninmmfeature
size, mnimmpitch and maxi mum duty cycle. To determ ne the nmaxi mnum w dth
based on the critical features, the maxinmum phase size is set such that all
the critical mninumfeatures fall within the phase area. Then, utilizing
this width, the illum nation settings that provide acceptable i maging
results for this phase size width are determned. This is also done with an
aerial i nageimsinmpiidib can al$mbeodete@minedrbdsed dnteedeifin]tioniof el apiticaldedtineed and t he
maxi mumw dth is determned, or fromthe critical geonetry the nmaxi num

wi dth is fivkaih thadsired pateii)such@cagsmuy feathteiZahimnuinSpiditad Maki@dm Thus, in
Step 11, the maximumw dth of the features that can be printed utilizing

phase- shi fauty%gaelm&%erméiﬁ& ﬁfamrﬁmwmﬂxasfee%u{e%imcﬁ%ﬁ@&b Mge this width
must utilize chrome for proper imaging on the wafer. in Step 12, the

target pat Bﬁfcfi’ndn?P%?a& 1 ﬁ%%etasrﬂlgh ala alY@fé%hﬁ@zh mlglentl %%ﬁ&eijfflﬁ% HirSfe t hat are

equal to or less e nmaxi rrumvm hare | ed an dracted from

the original desig | lustrate.thr eexe | ar rns and the
i denti fi caP Rojikatin ?R ﬂﬁ%lpféﬁﬂls ‘P’@gf e L‘uWﬂaEﬂn fe%?’f‘%/aag %fler om t he
pattern. shown in each of Fig c, the v tlcal features 21
correspondlwl%qefq @gpr fﬁ@ahaﬁee%zet%afh arg,deterayied khis isalsp dere wih an p¢ial naxi mum
width determined in Step 11, and are therefore extracted fromthe original
desi gn (i . &nagetsinyjator. platoﬁl@rrrv\)ordmﬂ@ iurgisptiorais éixphandethp maxpum mpadthio  as
Pattern A. As shown in Fig. 2b, the vertical features which exceed the

maxi mum wideltimifi@k er fremghe critéat gaoaletrly dlat aadm2B) widtheis ioed et tieeatted. [t i S
noted that the features extracted and placed in Pattern A are capabl e of

bei ng pri nhe@ssdty flluinagioR hakermided C THHL S Step 11, the maximum width of the

features that can be printed utilizing phase-shift techniques is determined. Any features
exceeding this width must utilize chrome for proper imaging on the wafer.

Next, in Step 12, the target pattern is examined and all vertical
components/features that are equal to or less than the maximum width are identified and
extracted from the original design. Figs. 2a-2c illustrate three exemplary patterns and the
identification of the vertical features which are then extracted from the pattern. As
shown in each of Figs. 2a-2c, the vertical features 21 correspond to vertical features that
are equal to or less than the maximum width determined in Step 11, and are therefore
extracted from the original design (i.e., target pattern) into a separate pattern, referred to
as Pattern A. As shown in Fig. 2b, the vertical features which exceed the maximum
width (see, e.g., vertical feature 23) are not extracted. It is noted that the features
extracted and placed in Pattern A are capable of being printed utilizing phase-structures.
It is further noted that once identified, the vertical features 21 can be extracted from the

target pattern utilizing commonly known Boolean operations.
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It is further noted that once identified, the vertical features 21 can be
extracted fromthe target pattern utilizing conmmonly known Bool ean
operations. 10 Simlarly, in Step 13, all of the horizontal
conponents/features that are equal to or Iless than the maximumw dth are
identified and extracted fromthe target pattern. Figs. 3a-3c correspond to
the patterns illustrated in Fig. 2a-2c, respectively. As shown in each of
Figs. 3b-3c, the horizontal features 31 correspond to horizontal features
that are equal to or less than the maxi mumw dth determned in Step 11, and
are therefore eRimiayeth Sttp dInallted thertiogizonthl cdepopenty/ framresdhatart aupkipoer n,
referred to as Pattern B. As shown in Figs. 3a-3c, the horizontal features
whi ch excedehs thae tiveaximnmnividitharg sdeatified and, exhracted framahe tafgepattedrs Big3. are not
extracted. It is noted that the features extracted and placed in Pattern B

are capabl gask cbeéspendtol tht Balterisiillistiattd i RS 2a-3¢,rekpeétiveBy. Ad shownfineidaer not ed
that once identified, the horizontal features 31 can be extracted fromthe

origi nal p%thFgrsnSHJﬁd kﬂezlioﬁgom&pﬂaamﬁm E&?@yp%rg&)@'h%ﬁ%&a%aﬁﬂegﬂat arI'aguanext step

in the process Step 14, entails identif he I ntersections between the

vertical f qf ?ssth lljlgn%x ntﬁﬁn %th%g e}rgme%mfa%[%}% Els agéeliqueref’c\)‘ xtr%gt rinted

utilizing p ase- ures. IR times
necessary to i entlf uc |ntersect|ons suc th t th z of.t e chrone
Roplied ot fomEarieindul i i o SR ien s O da o RUE R AR Ty b hiEsho
appllcatlon of chrome to other patterns. Step 14 mhlch s an optlonal step
in the procdass,the Borizontal festges whih pxaged We@iwumowéﬁhs(@ﬂeee ghherizontal
intersections are printed correctly on the substrate (i.e., without a break
in the |indaturghdl) archentekfractadt ilois nofedithet therfe@nse extrasted and pppeed mrhagtdmas
follows. First, the vertical features contained in Pattern A are increased
in length @ sBgapabr ofbeinigPaihtediutitizihs phasalstrigitifes.eNdsfugther noted that once

identified, the horizontal features 31 can be extracted from the original pattern utilizing
commonly known Boolean operations.

The next step in the process, Step 14, entails identifying the intersections between
the vertical features 21 and the horizontal features 31 that will be printed utilizing phase-
structures. As explained further below, it is sometimes necessary to identify such
intersections such that the size of the chrome applied at the intersections can be
controlled independently from the application of chrome to other patterns. Step 14,
which is an optional step in the process, is sometimes required in order to ensure that the
intersections are printed correctly on the substrate (i.e., without a break in the line). The
identification of the intersections is performed as follows. First, the vertical features
contained in Pattern A are increased in length along the vertical direction at both ends of
each feature. Second, the horizontal features contained in Pattern B are increased in
length along the horizontal direction at both ends of each feature. The increase in size of

the vertical and horizontal features contained in Patterns A and B is necessary to ensure
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each feature. Second, the horizontal features contained in Pattern B are
increased in length along the horizontal direction at both ends of each
feature. The increase in size of the vertical and horizontal features
contained in Patterns A and B is necessary to ensure 11 the intersection is
properly identified. For exanple, assum ng an "L" shaped feature, when
extracting the vertical portion (or horizontal portion) of this feature, the
portion of the vertical feature that also forns part of the intersection is
lost (i.e., it is not extracted). By extending the Iength of the vertical
feat ure bythsdnterspationds propérheidentrfisdntor examplgessuming af "It"Isbapedifedtoa) f eat ure
that resides in the intersection is recaptured. The foregoing 1is the sane
for the homhzoeattektifight verisal dortions(onbdredniahpdrtibOtdf thik &ates, ttheepdrtiamnel
horizontal features are preferably extended by the sanme amount. It is
further notiRdettital featugan@ratdo fofml gart FIIR itlieR@ctidifis d¥PURYL, O nbthktrhied)ease is 2
ti mes the maxi num phase wi dth. Continuing, once the vertical features in

Pattern A B?‘éx{ehﬁngﬁ{e' 1400 8t thb %arueéquéatﬁ@b Rt sfeae@gﬁ{h@d gmbded. a Bool ean

"AND' operafion is perforned util |2| ng Pattern Pattern B, the result

of i o (BGkSh L PR @R ERLER g AEBE LS bR B RIS TR, "o

the vertic ures and hori2ont ures g nﬁg phase
structures, The re of. thi Lon h atterns set
forth in Fisghesamg fSQEtheélﬂHZ%“éa@%at‘F alitt ‘?dé{'@é’oﬁ’rfﬁ g‘%Cﬁééd BB“ZOF‘E’% pectively.
More specifically, referring to Fig 4a, there are no intersections

i denti fi edfeaiges amepiefratly %ﬂ@ﬂeﬁ@ymﬁsamrﬂmunbdt isdnthes @ptefl ghat B genafalri g, 3a
did not have any horizontal features to be printed utilizing

phase- st r uatleregsrdingRb¢ ameurd of thenbaeasd is 3 timéed the madimem ghase widthustrat e t he
intersections between the vertical and horizontal features identified in
Figs. 2b and 3bComtiithidg, gfice tREvatichl daturesiaPatém\ehnd the horizohtal @datsledinat af ter

separating the intersections fromthe rest of the target pattern,
Pattern B are extended, a Boolean "AND" operation is performed utilizing Pattern A and
Pattern B, the result of which (referred to as Pattern C) identifies the intersections
between the vertical features and horizontal features to be printed utilizing phase
structures. The result of this operation for the exemplary patterns set forth in Figs. 2a-2c
and 3a-3c is illustrated in Figs. 4a-4c, respectively. More specifically, referring to Fig.
4a, there are no intersections identified, as the corresponding horizontal pattern set forth
in Fig. 3a did not have any horizontal features to be printed utilizing phase-structures.
Reference number 41 in Figs. 4b and 4c illustrate the intersections between the vertical
and horizontal features identified in Figs. 2b and 3b, and Figs. 2¢ and 3c, respectively. It
is noted that after separating the intersections from the rest of the target pattern,
additional treatments, such as sizing, can be applied to the chrome intersection pattern.

Next, once the foregoing process is performed, the next step, Step 15, entails

decomposing the pattern into phase areas (e.g., 100% transmission and 180° phase-shift)

and opaque areas (e.g., zero transmission). It is noted that the foregoing requirements
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additional treatnments, such as sizing, can be applied to the chrone
intersection pattern. Next, once the foregoing process is perforned, the
next step, Step 15, entails deconposing the pattern into phase areas (e.g.,
100% transm ssion and 180 phase-shift) and opaque areas (e.g., zero
transm ssion). It is noted that the foregoing requirements 12 regarding
phase areas are only exenplary, other conditions suitable for printing the
phase structures can be utilized. For exanple, it is possible that the
met hod may utilize 25% transm ssiaon, or 50% transm ssion, or provide
mul tipl e t FeEAdERERIeasfre ordy prsnRisrysither cppdionsswyiipble for primting B dhpssi t i on,
first, the phase pattern is defined by performng a Boolean "OR" operation
of Patt er nstructives atbeariize, Fphexangdelitis pbssibilg that' thRmethod maetyi wilize 6%i ch i s
referred to as Pattern D) is a pattern containing both the vertical and
hori zont al trafdsesssionesr 3056 brengpaissidrg dr piowvide ubdple trhiysnibdas oatthestotoresk(i . e., no
chrone). Second, the portion of the original pattern which is not to be
printed ut Withziegddd RIS Qeddmpdsitioh Sers@ e phiddi palternSs amnealay'geﬁf&ﬁqﬁﬁgai on between
vertical and horizontal phase structures is identified Dby subtracting
Pattern D r § r i gips ther Theregght,0g: pattern,
which is rg? gl??lgght@o&gg tlBg'?) ?\g%n g%lgr?a %%amo 'tg}?nrgsé}ll Jﬁ%%r?gr %Pér%gut e
fol | owi ng ol.ean - 0 ation. PRat.ter = the "orjginal .pattern. - (Pattern
R pat PO RerRRPle Ao F e GopblGimn oS e BB b bftizoniet e
pattern that will be printed utilizing zero .transmssion fe res on the
sk (1. e. Faprdpbe pabiedpazing opyphass Siructings (ronad f%ws{%ﬁon%it onpl ete, the
followi ng three distinct portions of the nmask have been defined: (1)
Pattern D portine of/beprigiap! patgrhuhicl ismokto Yequintpdasiligimgphasestrugturepangyr i nt ed
utilizing phase structures, (2) Pattern C - the intersections between the
vertical whdathhonitzaomtedsedtiontbaivesn vertiba apd hodizedtaliphdse zirmgurepmgdenti§ied uct ur es
(i.e., zero transm ssion

by subtracting Pattern D and Pattern C from the original pattern. The resulting pattern,

which is referred to as Pattern E, can be obtained by performing the following Boolean
operation: Pattern E = the "original pattern" - (Pattern C "OR" Pattern D). As such,
Pattern E represents those portions of the pattern that will be printed utilizing zero
transmission features on the mask (i.e., chrome features).

Thus, once the foregoing step is complete, the following three distinct portions of
the mask have been defined: (1) Pattern D - the vertical and horizontal features that are to
be printed utilizing phase structures, (2) Pattern C - the intersections between the vertical
and horizontal features to be printed utilizing opaque structures (i.e., zero transmission
structures) and (3) Pattern E - all of the other features contained in the original design
pattern not contained in Pattern C or D. It is noted that Pattern C and Pattern E can be
combined into a single pattern as all of the features contained in each pattern are printed
with an opagque feature (i.e., zero transmission). The combination of Pattern C and E is

referred to as Pattern F.
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structures) and (3) Pattern E - all of the other features contained in the
original design pattern not contained in Pattern Cor D. It is noted that
Pattern C and Pattern E can be conbined into a single pattern as all of the
features contained in each pattern are printed wth an opaque feature
(i.e., zero transm ssion). The conbination of Pattern Cand Eis referred
to as Pattern F. 13 In the final step, the foregoing patterns are utilized
to generate the mask to be wutilized to inage the desired pattern on the
substrate. Mire specifically, Pattern D and Pattern F are conbined to form
a single mask, Whiheinalstepothedorsgoipl pattesns are iilized g generaBo thie eaask toABD"

operati on. F@ferrlng to Figs. 5a-5c, which represent the correspondi ng

final maskudbBsidga ithage thdrdesired pa&pomdihngum'atee Misre Sgdcificatly [PattarnAD gsd 2a, 3a
and 4a; 2b, 3b and 4b; and 2c, 3c and 4c, respectively, the final mask

contai ns plpagen Flardledmbingd o YofnPh sin IeinﬁHsk,_r\th_Elh@anV&rdcb&ﬁ}hhsﬁB&juﬂ"l‘%ﬁgZ@ nt al
conponent having a width suitable for printing with ase structures, and

opaque stryehibesaBBf fra%ﬂ. 18ing 9P %Q%ts% &gfcﬁ kR tﬁew&es B i i ng with

phase structures as welil as the in ers ctions en t he vert and
hori zont al e r|n ur.es h exenpl ary
enbodi nent ﬁ%‘é’ﬁ}?&’% d%é? %‘%ﬁﬁ) Ae3 1n§é)ﬁ{tgp%§§9?rﬁa YA ig %’l?agpd Ié—l? gth cCis
defined as 188@6 m §si on and shift, the phase-structures 51 are
defined as? b/bapit;‘ r5]3r‘r‘1 a48ﬁe5p§ﬁtéive%8%’%ﬁé‘é@a§lﬁ?ﬂam%ﬁ’&set firuc %?tjﬁ]efo%t ruct ures
53 are defined as 0% transm ssion. is noted that the background portion
of the nasPRrighes he serticy] agd Apizantal @wnmltent hayinghwiseh suiteblgderprinding Withn or der
to print the vertical and horizontal conponents set forth in Pattern D. It
i s further phasestiugtivgs, and epdque styoétmgs Hdfdrpdntifg ¢dmepoperts ent suitablefdri on i s not
intended to be limted to the specific transm ssion and phase-shift
char act er i $tintisg with pha3e sfuadrey a&s wéll ad the intersections between the vertical and

horizontal components to be printed with opaque structures. In the exemplary

embodiment, the background area 55 contained in the mask of Fig. 5c is defined as 100%

transmission and 0° phase-shift, the phase-structures 51 are defined as 100% transmission

and 180° phase-shift, and the opaque structures 53 are defined as 0% transmission. It is

noted that the background portion of the mask operates in conjunction with the phase

structures 51 in order to print the vertical and horizontal components set forth in Pattern

D. It is further noted that the foregoing method of the present invention is not intended to

be limited to the specific transmission and phase-shift characteristics set forth above. It is

clear that variations from the foregoing are possible.

It is also possible to utilize optical proximity correction techniques or edge biases
in conjunction with the method of the present invention. For example, it is possible to
incorporate the use of scattering bars into the resultant mask design. Moreover, the

scattering bars can be introduced into the mask design at various steps in the process. As

is known, scattering bars can be constructed as opaque scattering bars or as phase-edge
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clear that variations fromthe foregoing are possible. It is also possible
to utilize optical proximty correction techniques or edge biases in
conjunction with the nethod of the present invention. For exanple, it is
possible to incorporate the use of scattering bars into the resultant nmask
design. Mreover, the scattering bars can be introduced into the mask
design at various steps in the process. As is known, scattering bars can be
constructed as opaque scattering bars or as phase-edge 14 scattering bars.
One of the inportant requirenents is that the scattering bars remain sub-
resol ut i onscafterng basy -Gre ofithe impogtant requirgpicatsyis thetthe seattaynd bars rehmain subor por at ed
into the final nask design. As noted above, the foregoi ng nethod of
deconposi nigsalutiam. géigs. paiSc ellustratetesempplagescatsdring bhrsrSdSnampbratped que thetfinat t ures in
order to define/generate a mask to be utilized to print the target pattern
provi des ambk@dsignand systenmatic process for converting the target pattern
into a mask pattern that reduces the tinme required for nask design, while at
the sane tinme j i t i j fer.
Anot her aspect Jé %tﬁ%h%@zgﬁé&ﬁf&l?%ﬂé%@%@ﬁﬁp E ato feillg%lgggpd?%ér%?ﬁ%&%%ka %S%\gti on of
the mask [ e I “flare..in, the |nmged
substrate. E{ﬁ}s"hﬁé&“ﬁ%&%\%‘g S’Er%l thfeg%gg@rgrr%orsb%gﬁ%é%@eu%&vﬁm té)g)eglgtl:lkgdrtg (r%;l { I ght
t hat degrades the agerial .image at the imge pla i.e., typically, the
Surf ace o ERUERDEB P AP pad SNERLEPLRERIor foiE e ¢ ¢ he
anount of flare at a given point is dependent on a | arge area around the
gi ven poi nP3ticahinte hmags patterthatieducsethe simeaequiredifor mpsk designi whilept theadi t i onal
OPC nethods. Sone current theories regarding the causes of flare are:
scat t er i ngsamfie fing mprowing theractiracyopfithe ddsignymintadjontthe wafent r ast of the aeri al
i mage and un-cancel |l ed zero order

Another aspect of the present invention relates to a further modification of the

mask pattern in order to reduce the effects of "flare" in the imaged substrate. As is
known, "flare" corresponds to unwanted background light that degrades the aerial image
at the image plane (i.e., typically, the surface of the wafer). However, flare effects are
long range (i.e., the amount of flare at a given point is dependent on a large area around
the given point) and therefore cannot be corrected for by utilizing traditional OPC
methods. Some current theories regarding the causes of flare are: scattering of light
within the optical system; the contrast of the aerial image and un-cancelled zero order
light. It is noted that the background light or flare that is impacting a specific geometry is
coming from a large region around the geometry, not the geometry itself. Thus, a
reduction of the intensity of the energy in the large bright areas of the pattern by as little
as 30% can have a very large positive effect on the reduction of the unwanted flare
component.

The following sets forth various methods for reducing the flare component from

the aerial image. Prior to discussing the methods, it is noted that the following
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light. It is noted that the background light or flare that is inpacting a
specific geonetry is comng froma |large region around the geonetry, not
the geonetry itself. Thus, a reduction of the intensity of the energy in
the large bright areas of the pattern by as little as 30% can have a very

| arge positive effect on the reduction of the unwanted flare conponent. The
follow ng sets forth various nethods for reducing the flare conponent from
the aerial inmage. Prior to discussing the nmethods, it is noted that the

foll owi ng 15 techni ques would be inplemented on the | arge portions of the
mask that do not contain features or conponents to b rinted. For exanple,
referring FEMRIYES .VVOB‘Q% ,mp{leﬁ‘éenfeéllq Ragee g0 HFiIB‘?’?E\R%ﬁpH DRECONERY) enent ed
in portions of the mask outside of the portions shown in these figures. In
accor dancefe@fuFgs of gemponests torke puRted-oF etrexpmpler rgfarging todzigs. arerthe Billghingn opaque
patterns are added to the mask pattern in portions corresponding to the open
areas of tmedifigegingmoylébeimplemented infmtticas of @ Gnasknovtsidewf thegpaajorisr om any
pattern geonetry). As shown in the figure, a checkerboard pattern of chrone
f eat ur es 6shotwndh tHelsd figurtd)e open space by 25% functions to reduce the
intensity in the field area to approxi mately 82%of the incident intensity.
In a second metiqdcoramce MaIhé firsEindthol Referding REFHECHD QAW FbspRLibEbPgaE 180
phase-shifted features 63 that fills the open space by 25%is aélded to the
open area. ,..LS Pt kh i ? i: i i ield area
to approxi ?fa‘eﬁ Eﬂséﬁﬁ%o#& %ﬁ%g%h%%g’é%& O?tﬁ%gggrlr‘%s anlﬁé gntﬁ%wedli égr%gts%gt ,e as shown
in Fig. 6c,_ a checkerbpard tern of 120.phase-shifted featuyr 65 t hat
111 % ne. B0 € Bacten ks P8 bl 5™ onsPE ARR ke bSR3 HaShon

functi d the intensity in the fiel [ ly 75% of
unctions 1In0thfr: Flgl%‘g,ea chegke:rl?oa%] Selltte)r/n (I)fn chEon?e felat%re% 6?rtl$aat ﬁtllgJ thaepo%reg )érl)argg 3 y 15%0

25% functions to reduce the intensity in the field area to approximately 8§2% of the
incident intensity. In a second method, as shown in Fig. 6b, a checkerboard pattern of
180° phase-shifted features 63 that fills the open space by 25% is added to the open area.
This pattern functions to reduce the intensi‘;y in the field area to approximately 35% of
the incident intensity. In a third method, as shown in Fig. 6¢c, a checkerboard pattern of
120° phase-shifted features 65 that fills the open space by 25% is added to the open area.
This pattern functions to reduce the intensity in the field area to approximately 75% of
the incident intensity. It is noted that the intensity of energy on the large field area is
directly dependent on the percentage of fill in the flare reduction pattern.

Fig. 7 illustrates the relationship between the percentage transmission of a chrome
sub-resolution pattern and the same pattern consisting of 180° phase-structures. As
shown, when a chrome pattern transmits 50% of the incident light, the same pattern of
180° phase-shift, 100% transmission features will have zero intensity.

It is further noted that the foregoing checkerboard pattern and amounts of phase-

shifting or use of chrome are merely exemplary. Variations of the foregoing can be
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the incident intensity. It is noted that the intensity of energy on the
large field area is directly dependent on the percentage of fill in the
flare reduction pattern. Fig. 7 illustrates the rel ationship between the
percentage transm ssion of a chrone sub-resolution pattern and the sane
pattern consisting of 180 phase-structures, As shown, when a chrone pattern
transmts 50% of the incident light, the sane pattern of 180 phase-shift,
100% transm ssion features will have zero intensity. It is further noted
that the foregoing checkerboard pattern and anounts of phase- shifting or
use of chr BerorEed unkdlithe Jesired pmpentyf lygrpductionis abfaindde Fopexaguilaghecan be 16
performed until the desired anmount of flare reduction is obtained. For
exanpl e, t hessibropattetns eopdtindudesbward wht lindted tke linbispacapatterng, rédtavigtiled t o:

| i ne/ space patterns, rectangular checkerboard, alternating horizontal and

vertical | cheeRerbeadfaematigy horivdhspanktvepaial Biidd, cobfdmingllvie/dpaeopdktant e@spect s
that the features contained in the flare reduction pattern remain

sub- r esol Utth@fnpoialt asfect $BARAS fellutes IRRINGA e hichodIABA %)E’cte?ﬁ RinRf | ON
apparatus suitable for use wth the masks designed with the aid of the

current inygntilQiionNe apparatus conprises: a radiation systemEx, IL, for
suppl ying a projection beam PB of radiation. In this particular case, the

(mask 1 a0l o) - MIT s BogER UG b HeRie R BB RiEt P B romamiag S S PRI (e - a
posi {1 oni na P TR CeeTrpHLsBE E0D t PRIV 8 URAPBERSE COTBRES
(substrate table) WI provided with a substrate hol der for holding a
substrate W (e. gradiatiopsysiem Egatledorsppplrion awedeatipn baard PBovfmadiatéan. Ingthisecond

particular case, the radiation system also comprises a radiation source LA;

- a first object table (mask table) MT provided with a mask holder for holding a

mask MA (e.g. areticle), and connected to first positioning means for accurately

positioning the mask with respect to item PL;

- a second object table (substrate table) WT 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.

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.
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positioning neans for accurately positioning the substrate with respect to
itemPL; a projection system ("lens") PL (e.g. a refractive, catoptric or
catadioptric optical systen) for imaging an irradiated portion of the nask
MA onto a target portion C (e.g. conprising one or nore dies) of the
substrate W 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 anot her kind of patternipng neans as an alterpative to
the use of a naske SAUKSHI} s i2TRITERTE laNH) e¥E PSR 108 PlasMA dischaigs sppres) LD
matrix. 17 The source LA (e.g. a nercury lanp, exciner |aser or plasma

di schar ge Bwdpess p beggn ofi trsieasion. Daheant isdediinget anoHumiratign pystam (iBumindtornt o an
illumnation system (illumnator) |IL, either directly or after having
traver sed tgrithdridinecthygomafi@nbavisgitdvesssd aorhidtiminpxpeand csuch bxa béant expaadipl €. The
illumnator IL may conprise adjusting neans AMfor setting the outer and/or

i nner radi gk, xé&Qiipld TREMRIMiMatb LI &b AL Ebrhtisd Sdjastitt féansd AM Forl SBRRE the _
respectively) of the intensity distribution in the beam In addition, it

w il gener @Jltleyand%)%rim'{eh?’a?ha}f%ﬂe%oﬂ%ﬂﬁlry erBHch%%to@outéx%'a o@ﬁmt&ﬁei ntegrator |N

and a condenser he “beam I nMpI ngi ng on mask MA has a

desired uniformt intensity. distrjbution in.i.ts.cr.gss-section. It
ahout o be- Fropstve i Pe gy isHbytodihebeamd afiber HTRRTRE W thi n t ne
housi ng of the_lithographic projection apparat us‘%\{(Jas is often_the case when
t he sour ceCPMPriseyagoysqthas companants, sush ag am pstEator By and seandenser@(). lythis pe
renote fromthe |ithographic projection apparatus, the radiati on beamthat
i t producewapchabedmelBiimpipgingenadppmaskt M4 las agesired uniformity and intensity

distribution in its cross-section.

It should be noted with regard to Fig. 8 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA
is a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam that it produces being led into the apparatus (e.g.
with the aid of suitable directing mirrors); this latter scenario is often the case when the
source LA is an excimer laser (e.g. based on KrF, ArF or F, lasing). The current
invention encompasses both of these scenarios.

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
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with the aid of suitable directing mnors); this latter scenario is often
the case when the source LA is an exciner |laser (e.g. based on KrF, ArF or
F2 lasing). The current invention enconpasses both of these scenarios. The
beam PB subsequently intercepts the mask MA, which is held on a nask table
MI. Having traversed the mask MA, the beam PB passes through the Iens PL,
whi ch focuses the beam PB onto a target portion C of the substrate W Wth
the aid of the second positioning nmeans (and interferonmetric measuring
nmeans |IF), the substrate table W can be noved accurately, e.g. so as to
position different target portions Cin the path of the beamPB. Simlarly,
the first He&ask M Fgmpsamk libsy e dygiaga seng erabmpovementafahe okjesd mask MA
with respect to the path of the beam PB, e.g. after nechanical retrieval of
18 t he naskbRAMT, T avillrhe kealizdshaitlythe aid afiarlprgysteoks oznduld (qoageamasitiopingpv enent
of the object tables MI, WIr will be realized with the aid of a | ong-stroke
nodul e ( coardseshpnstrbkombdgy (firedsiziosingy, whsdhrask sotrerplidigty (épicted pasigts. oni ng) ,
which are not explicitly depicted in Fig. 8. However, in the case of a

waf er st epHBWwevedSin ARIASESK 4 Wafer SéRr @B dpsdsaditd Lép-addI&amBsdl) the alakle MT may
just be connected to a short stroke actuator, or may be fixed. The depicted

{00l can_ b KSRH nig) 15 il bR o RSO RSk EPorTEEhe i, MSK table T s

kept essentially stationary, and an entire mas image I's projected in one

go (i.e. a singhe +fl "), onto a target..nortion C. The substrate table W&
is then shifteghFﬁhPﬁ%%Eogﬁ@?g u§ﬂdP&g%§¢§ﬁ§%28&Fhat a different target

Care. scenar o dApIPALStce Sk IMANE HRRSFEa BT B %6 Tk exposed
in asingle "flash". Instead, the mask table MI is novable in a
image is projected in one go (i.e. a single “flash”) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C
can be irradiated by the beam PB;
- In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
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.
Although certain specific embodiments of the present invention have been
disclosed, it is noted that the present invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof. The present embodiments are

therefore to be considered in all respects as illustrative and not restrictive, the scope of

the invention being indicated by the appended claims, and all changes that come within
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given direction (the so-called "scan direction", e.g. the y direction) with
a speed v, so that the projection beamPB is caused to scan over a nask

i mge; concurrently, the substrate table W' is sinmultaneously noved in the
sanme or opposite direction at a speed V= M/, in which Ms the magnification
of the lens PL (typically, M= 1/4 or 1/5). In this manner, a relatively

| arge target portion C can be exposed, w thout having to conprom se on

resol ution. Al though certain specific enbodinents of the present invention
have been disclosed, it is noted that the present invention may be enbodi ed
in other f&emeaningapdiranseiebeauivaiegey phihe claansyr therefpre inteadadt ke
characteristics thereof. The present enbodinents are therefore to be

consi der edembragdd thereiwpect s as illustrative and not restrictive, the scope of
the invention being indicated by the appended clains, and all changes that
conme within 19 the neani ng and range of equival ency of the clains are
therefore intended to be enbraced therein. 20 WVE CLAIM 1. A nethod of
formng a nmask pattern for optically transferring a target pattern to a
substrate, said nethod conprising the steps of: generating a mask pattern
representing said target pattern to be inmaged on said substrate;
identifying open areas in said nmask pattern which do not contain any
features of said target pattern to be imaged on said substrate; and

nodi fying said mask pattern to contain a plurality of sub-resolution flare
reduction
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features in said open areas, said plurality of sub-resolution flare
reduction features partially reducing the anmount of |ight passing through
said open areas in said mask pattern. 2. The nethod of claim1, wherein said
plurality of sub-resolution flare reduction features are arranged so as to
forma chakkenlxaa:d pattern. 3. The nethod of claim1l1, wherein said
plurality of sub-resolution flare reduction features are arranged so as to
forma |line-space pattern. 4. The nmethod of claiml, wherein said

sub-resol uti on A mathed o€ dereiirigon nfasiapatteds fod ptiaYly tdbdereihg hhargbtofattbrmab@a of the
open area. 5 tThe.netthgd of.clq¥n11, ﬁherein said plurality of

sub- r esol GETHACHREMENod §ORPTTIE Pesledi®ls are formed of chrone. 6. The nethod
of claim1l, wheesiratingad chaglt phtedni tryprebntiiigbsalde sddet tpatidin ftb aeeiniageiohi sard
features re fornmed from phase-shifted el enents. 7. An apparatus for

form ng asﬁﬁgﬁﬁpattern for optically transferring a target pattern to a

substrate, sai ddefiffyih@thpe®Biess ifishid rhdIk pateeP®hich do MBEIdStalinyde@eabf sad a mask
pattern re resentin% sai d tan&gt Eattenﬁ to be i maged on said substrate;
means for SEIRETSY 50N Mgnen onfAdUbMRIG ARy nask pattern which do not contain

any features ofodsping shia@fk pafdrh @8 Bortdin RepluraMy st sabresalutons AkS rédat®n and
nmeans for nndifyin%»said mask, pattern to contaln_a plura

. : ity of
sub- r esol de3Mes 1) Saideopep gffas tspidrPlyraldy (of égb-reﬁolgtaqndﬂaéepéﬁﬁiqu@aé%wrgapaﬂﬁlmr ality

of sub-r es@lubihk @R ambavt ®f @ Y&skin® thré@AbMA 6fen aRAS Il saidIn¥ask palkeRi. Ng t he anount  of
| i ght passing through said open areas in said mask pattern. 21 8. The

apparatus of claim7, wherein said plurality of sub-resolution flare
reductionj, The method of claim 1, wherein said plurality of sub-resolution flare reduction features

are arranged so as to form a checkerboard pattern.

3. The method of claim 1, wherein said plurality of sub-resolution flare reduction features

are arranged so as to form a line-space pattern.

4, The method of claim 1, wherein said sub-resolution flare reduction features occupy

25% of the total area of the open area.

5. The method of claim 1, wherein said plurality of sub-resolution flare reduction features

are formed of chrome.

6. The method of claim 1, wherein said plurality of sub-resolution flare reduction features

are formed from phase-shifted elements.

7. An apparatus for forming a mask pattern for optically transferring a target pattern to a
substrate, said method comprising the steps of:

means for generating a mask pattern representing said target pattern to be imaged on
said substrate;

means for identifying open areas in said mask pattern which do not contain any
features of said target pattern to be imaged on said substrate; and

means for modifying said mask pattern to contain a plurality of sub-resolution flare
reduction features in said open areas, said plurality of sub-resolution flare reduction features

partially reducing the amount of light passing through said open areas in said mask pattern.
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features are arranged so as to forma checkerboard pattern. 9. The appar atus
of claim?7, wherein said plurality of sub-resolution flare reduction
features are arranged so as to forma |line-space pattern. 10. The apparat us
of claim?7, wherein said sub-resolution flare reduction features occupy 25%
of the tot&l arBw apbaatye of péaimak, ewhereir said ipduralpp af atbreesolitiol Hann rEductibrer ei n

sai d plurad] -res I r ion features are forned of
chronme. 1 ?étﬁrl%segga%%%%g{%sagtlt)(#%kzxﬁgicn%cg%r&\)%{g%gﬁgﬁ' said plurality of
sub-resolution flare reduction features are fornmed of phase-shifted

el ements. 3. 0, r i.Si £ . n .. when
execut ed o% a Al(“:h%rr?{p’gélfx%ﬁlg sogsc?ag&ﬁ]am‘ﬁ% r%g%ﬁht éaétgqﬁgﬁs%'?egglégﬁ%a%o&g%b 'orm t he
met hod of fasyrepme amdnged @i agwo formh @ linGspa@@pattern.

10. The apparatus of claim 7, wherein said sub-resolution flare reduction features occupy

25% of the total area of the open area.

11. The apparatus of claim 7, wherein said plurality of sub-resolution flare reduction

features are formed of chrome.

12. The apparatus of claim 7, wherein said plurality of sub-resolution flare reduction

features are formed of phase-shifted elements.

13. A computer program comprising program code means that, when executed on a
computer system, instruct the computer system to perform the method of any one of claims 1 to
6.
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