1 AN | MPROVED CPL MASK AND A METHOD AND PROGRAM PRODUCT FOR GENERATI NG THE
SAME RELATED APPLI CATIONS [001] This application clainms priority to US
Patent Application Set. No. 60/707,557, filed on August 12, 2005, which is

i ncorporated herein by reference inits entirety. TECHN CAL FI ELD [002] The
present invention relates generally to the generation of mask patterns for
use with chronel ess phase |lithography (CPL) techni ques, and nore
specifically, for methods and techniques for inproving imaging of critical
features while sinultaneously reducing the conpl exity of the mask making
process required to produce masks capable of imaging such critica

features. BACKGROUND OF THE | NVENTI ON [ 003] Lithographi c apparatus can be
used, for exanpl AN IMPREEVERGHIadMASK AND ANVEJHOPANDBRAGIRANI Cs). I n such
a case, the nmask may coRROBULLKFORGENERATEING ddiE 8Aptdi ng to an

i ndi vidual layer of the IC, and this pattern can be inmaged onto a target
portion (e.g., conprising one or nore dies) on a substrate (silicon wafer)
that has been coated with a |ayer of radiation-sensitive material (resist).
In general, a single wafer will contain a whole network of adjacent target

portions mArpﬂg %ﬁ?ﬂ%g irradiated via the projection system one at
a tine. aphi c projection apparatus, each target
por t on 'ioo%l‘j]e'rﬁ S BB QTR O B AR IRSIS R GoPrg?bs, e Lar oet

portion i S waf er
stepper. In an aI ernative ar at us
PP on August 15 id?)g which ¢ 1Bcorporated heremy re}(erence in its entirety.

TECHNICAL FIELD

[002] The present invention relates generally to the generation of mask patterns for use with
chromeless phase lithography (CPI.) techniques, and more specifically, for methods and
techniques for improving imaging of critical features while simultaneously reducing the
complexity of the mask making process required to produce masks capable of imaging such

critical features.

BACKGROUND OF THE INVENTION

(003] 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 portibn (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 apparatus, each target portion is



referred to as a step-and-scan apparatus, each target portion is irradi ated
by progressively scanning the nmask 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 magnification factor M
(generally < 1), the speed V at which the substrate table is scanned w |
be a factor Mtines that at which the mask table is scanned. Mre
information with regard to |ithographic devices as described herein can be
gl eaned, for exanple, fromUS 6,046,792 incorporated herein by reference.

[ 004] Ina manufacturing process using a |lithographic projection apparatus, a
mask patt drrediated by mepsohgdhe entize satispattameonthie tirgetgiortionds ong gostsuel #ny cover ed
by a | ayer of radiation-sensitive material (resist). Prior to this inmaging
st ep, the appdrafus &teemmonlyirederaao uas ivates stopime.e thuredternasive Bppaigatiy; commgnlyr esi st
coating and a soft bake. After exposure, the substrate nay be subjected to

ot her proGeEkHe® asH -aaﬂ-s@arpawar&agp@e&u&a&g&%ﬁi&%ﬁ)wia@w@ RBpRevely@ hard

bake and neasurenent/inspection of the inmaged features. This array of

procedur e%&&&iﬁgﬂ& tteﬂﬁédé%f 213 g?é}ééti%ﬁ %ﬁﬁ ir € ¥ fabnda Qi @ devi ce,

e.g., an | S a patterne may t ergo various processes such

as etching, ion-il ni.ati.on 0RI etal lization oxi dati on,

cheno- mecnsrtie TRRBhR apRBARY solifbs SRR MR 5™ i vi dua

| ayer. If several | rs are_required, then the whole procedure, or a
lionf¥g d o i

variant t HEH@gRIC HRRliono SIS, 1P SRR PEICCHER SN MILIRE 2 Event ual Iy,
an array of devices will be present on the substrate 3 (wafer). These
devi ces areagnHisatianfagionMeteeperally oo thtipepdV abyvhichitee tbsieate tabledh seagnedt ci ng or
sawi ng, whence the individual devices can be nounted on a carrier, connected
to pins, evitlbea[fads] MRonestthas aswkish dfe maskpiliieistspannethe Marojnéeriaton sitbt em may
hereinafter be referred to as the

regard to lithographic devices as described herein can be gleaned, for example, from US

6,046,792, incorporated herein by reference.

[004} 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



"l ens;" however, this termshould be broadly interpreted as enconpassi ng
various types of projection systens, including refractive optics,
reflective optics, and catadioptric systens, for exanple. The radiation
system may al so i nclude conponents operating according to any of these
design types for directing, shaping or controlling the projection beam of
radi ati on, and such conponents may al so be referred to below, collectively
or singularly, as a "lens." Further, the |lithographic apparatus nay be of a
type having two or nore substrate tables (and/or two or nore mask tables).
In such "multiple stage"” devices the addi ti onal tables may be used in

paral lel, or preparatory steps nay be carried out on one or nore tables

whi | e one (weferdhesedayives amgtihanssepareted fompngsecthedry aicplosquesmich Fdliningoage

| it hographi c apparatus are described, for exanple, in US 5,969,44 1,

I ncor por atsedingewhenee Ihe indifvgiueldzeiced Gt nidwmtgdoatacdardidepgmapdiedtopisk ster ef er r ed
to above conprise geonetric patterns corresponding to the circuit

conmponent §003] IFer thetsale GHsafpIAE Othd pdjdctie® Bystét Siay hdlemaRal fedeRSred ts@dné O
create such nasks are generated utilizing CAD (conputer-aided design)

programs, wd,Qis %(S)QE% QAR ﬁﬁuﬁ%qu?%d&f fifdrfidieli s %oﬁ@@‘gﬁ ‘ﬁdgigﬁ%@?& gesi gn

aut omation). Most CAD prograns f ol a set of pre Ign rules

in order tgQ . t i o Ul es. are.set by pro si-ng and
sl on | RSB S ShGOR S B ony RS R e B SEE 100.
bet ween circui% 3ﬁvicesPﬁsuch as tes %3 acitors, etc.) or .jnterconnect

lines, so H8MPl5 RS FAALORSYSTR R OIRG QECTH} ORSI3HIE A9eP e 19 AeHact
with one another in an_undesirable way. The design rule linitations are
typi cal | y thesedesignitypes s dirgqting; sbaping preamépBing theprojectign beamegfiradiatign, andrensi on
of a circuit can be defined as the snmallest width of a line or hole or the
smal | est spdteonymnwee maywisolbemefsired tothetovh ebléstivathos singilarlCBs détess.iti nes t he
overall size and density of the designed circuit.

Further, the lithographic apparatus may be of a type having two or more substrate tables

(and/or two or more mask tables). In such “multiple stage” devices the additional tables may

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

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

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

[006] 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”



[007] O course, one of the goals in integrated circuit fabricationis to
faithfully reproduce the original circuit design on the wafer (via the
mask). One technique, which is currently receiving attention fromthe

phot ol i t hography comunity, for further inproving the resolution/printing
capabilities of photolithography equipnment is referred to as chronel ess
phase |ithography "CPL". As is 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 chrone
(i.e., the features are printed by phasétshift techniques) as well as those
that utilize chrone. Such CPL masks have been disclosed in USP Publication
No. 2004- qCD353%ritichlalim&Beon diaanirenit edn badwfiobd astht emalilest winltlo pHolinst edoley
reference inits entirety. [0081 As discussed in the '539 reference, for

act ual marufilecimallest@pive bpyaes twd linagsor hwel hdles. t Tials, the Cladetératiadsithd @lerdlio
classify the mask design features into "three zones". Referring to Figs.

a, Zone | dRahddasitfbeHeiesignddaaicues with a critical dinmension in the range
that two phase edges (left and right) interact closely and forma single

aerial i mager A bige e 1 RELAFRit Tl icREdn RRA iR rbith
feature gg),]eacﬁ @?cheoFggﬁﬁgﬁgggﬁéﬁt ﬁﬁasé eége @5rn15%tgﬂgﬁﬂﬁa%%%m
i mge and jf he.t. do .not . i nteract s_shown yn.Fig. Lt c. This type,of
feature i o Sl citufi g dnahg Bt Oa RGO, 2 Snrigfiub b oI (e
Zone 3 features frombein rinte as two separate | ine patterns, a piece
of dark CHEGHENS &iogHaR GAMIR Pﬁlmolﬂtgggraﬁlym@%ﬁgt PifithenRpraving € Zone 3
feature forns a single aerial imge as shown in Fig. | c. In other words,
the Zone gsolwipn(prisdngeapshilitigs pAphotadighngraphn egHpmetasiefdreditopechromeles] 1 n t he
case where the CD dinension is such that the two phase-edges partially
interact rheselitbography "EPG.". WAl is krivewe whemutilizasg GRle techrigedsf the desalinZomesk 2
features. However, the aerial

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. Such CPL masks have been disclosed in

USP Publication No. 2004-0115539 (the ‘539 reference), which is herein incorporated by

reference in its entirety.

[008] As discussed in the 539 reference, for actual manufacturing purposes it was found

that it was beneficial to classify the mask design features into “three zones”. Referring to

Figs. 1a, Zone 1 features are those features with a critical dimension in the range that two

phase edges (left and right) interact closely and form a single aerial image. As the two phase

edges become further apart (or larger feature CD), each of the left and right phase edge form

its own aerial image and the two do not interact, as shown in Fig. 1c. This type of feature is

classified as a Zone 3. In this case, in order to prevent the Zone 3 features from being printed

as two separate line patterns, a piece of dark chrome is placed on the top of the substrate, and



i mges fornmed by the partial phase edge interaction are quite poor in
quality, and therefore wunusable. The '539 reference discloses that by
tuning the percent transm ssion using chrome patches, it is possible to
obtain high fidelity aerial image for such features. Accordingly, by
classifying the randomy designed nask features into the three inmaging
zones, and then applying optical proximty correction (OPQ accordingly, it
is possible to achieve volune IC manufacturing with a CPL mask. [010] Figs.
2a and 2b illustrate the application of the chrome patches (referred to as
the "zebra" technique) and the applicatdon of a standard alternating
phase-shift mask (Alt-PSM, respectivel’y, for Zone 2 features, as well as a
conpari son, bet ween t he. performance .of the CPL,zebra techni que, and t he

AT BSM + darnbatr aRE f 3hEB Ay Mok SeBevB TSl dROTE SONEE 2 1 t he
given exanple are three paral]el Ihpei$g the quartz substrate 20 is etched
so as to XisntHics grsertiadlythecespe hropemaskdeiisse edges and then chrome pat ches
22 are disposed on top of the features 24 fornmed by the etching so as to

f orm st ri d89%atle hesasst whdre 8eeCIP dingension esugh thatithie éwe phow-edpes pappedly istarattace of
the etched feature 24. The duty ratio of the "zebra" pattern needs to be
un-r esol vablskovhyintlig libragsai@atizms laresdastifiat as Hene'Z ebtvees. éRsenti, elelagrifleconme
digitally halftoned. In other words, the Zone 2 features are "shaded" phase
patterns fimagasttbenddmate pérﬂ@l'crhlaéﬁ dilge fteriié iR ardl \BteFBE R quafitys ArliBertior® - |
percentage transm ssion) is determned by the ratio between the size of the

chrome patghesid dehdkds3¥ Sefeleh& tﬁ@&@se?{glla{ Qﬁtuﬁﬂg mﬁe?@e?lh{r&{sﬁﬁs)on L@)ﬁg@hrome

utilizing these patches, 1t Is possibleto c e percentag

2o oo Ay 1 RSBS00 50 B 1 IRl

;F’?L(r)rn;? ibl sgg\f\lﬁé ﬁ%?%glwn&%%ggr@ ?r{’a&ﬁfegtﬁlrr]&%gnt%stﬁg t(flire%tir%glgi\lllm;gtzgne%, grfdz%; étlnar d
applying optical proximity correction (OPC) accordingly, it is possible to achieve volume IC
manufacturing with a CPL mask.
[010] Figs. 2a and 2b illustrate the application of the chrome patches (referred to as the
“zebra” technique) and the application of a standard alternating phase-shift mask (Alt—PSM),
respectively, for Zone 2 features, as well as a comparison between the performance of the
CPL zebra technique and the Alt-PSM technique. Referring to Fig. 2a, for Zone 2 features
(which in the given example are three parallel lines), the quartz substrate 20 is etched so as to
form three sets of adjacent n-phase edges and then chrome patches 22 are diqused on top of
the features 24 formed by the etching so as to form strips/patches of chrome (i.e., zebra
pattern) on the upper surface of the etched feature 24. The duty ratio of the “zebra” pattern
needs to be un-resolvable by the imaging tool so that the “zebra” essentially become digitally
halftoned. In other words, the Zone 2 features are “shaded” phase patterns from the image

tool point of view. The amount of shade (i.e., percentage transmission) is determined by the

ratio between the size of the chrome patches (dark) vs. the size of the open areas (clear). By



illustrated in Fig. 2b, and is imging the sane three parallel line pattern
as imaged by the mask in Fig. 2a. As shown, both of the resulting aerial

i mges show excellent mninmm aerial imge (1-mn), and better inmge
contrast since lower I-min nmeans it is a "darker” inage that can better
forma higher fidelity line pattern. However, for the Zone 2 features
imaged utilizing the zebra CPL technique, the resulting aerial inage is

i nherently much nore symmetrical near the outer sides of the group line
patterns. This is one of the nmajor benefits of using the zebra CPL

t echni ques because a nore practicable O®C treatnent is feasible. One issue
with utilizing the zebra technique for inplenenting Zone 2 features in a
mask is tutidizing thlse pabires, irtglostibla teicmdrol g percentagectransmissiondor the Besn2 or

hi gh-resol uti on mask maki ng process. Borderline quality zebra mask patterns
reduce ef fregkifstnes andhchisvensgh dalionpatentingdl during patterning. The zebra
pattern can al so cause difficulty in reticle inspection that is necessary

to ensure [defledhdebd aR sHBSK i FiEONMSUR M zetrd feftuRob&HfdHABE rfv@[th%'i&ﬂaéiﬁ@di ng edge
| i t hography rmanufacturing, zebra features are the best option if a quality

Cher ef or o Mg irEp aSFLEELAR Syl PRITAIE3E) LE98 BBe ' ot ebra
Cati of act oo eRen Rk 78 Ba s BRRNES s st bl iR pahomes DifBYf 0 "V
dosi £ abl o TEHIAGE 25 STl R ID Ui EPuling A5 Pk epe Y S FHGE A
satisfies the printing performnce required wthout necessarily resorting
to the usectfl image daping and SRt dapgpreontast sigegylomgr I-up megemipisa “dadeg’ 2
features. [013] Thus, it is an object of the present invention to provide an
al t er nat i vimagothaheanbetierdorm a higher fidelity line pattern. However, for the Zone 2 features

imaged utilizing the zebra CPL technique, the resulting aerial image is inherently much more

symmetrical near the outer sides of the group line patterns. This is one of the major benefits

of using the zebra CPL techniques because a more practicable OPC treatment is feasible,

One issue with utilizing the zebra technique for implementing Zone 2 features in a mask is

that such zebra mask features require the use of an e-beam or high-resolution mask making

process. Borderline quality zebra mask patterns reduce effectiveness of transmission control

during patterning. The zebra pattern can also cause difficulty in reticle inspection that is

necessary to ensure defect free masks. However, it is noted that for the leading edge

lithography manufacturing, zebra features are the best option if a quality CPL zebra mask is

deliverable.

[012] In view of the foregoing, it is therefore desirable to have a CPL mask that can

minimize the use of zebra patterns for imaging Zone 2 features, but which can still achieve

the satisfactorily printing performance. Moreover, due to the variety of IC design styles,

such as memory core vs. periphery pattern area, it is desirable to have a more flexible and



patterning techni que previously disclosed in the '539 reference, so as to
provide a CPL mask which elimnates the foregoing issues associated with
utilizing the zebra patterning technique. SUVWARY OF THE | NVENTI ON [ 014] As
noted above, it is one object of the present invention to provide a nethod
and technique for generating mask patterns capable of inmaging features
having critical dinmensions corresponding to, for exanple, Zone 1 or Zone 2
features, that elimnates the need for the use of the zebra patterning
techni que. [015] More specifically, in gpe exenpl ary enbodi nent, the present
invention relates to a mnethod of gener ting a mask for printing a pattern
including a plurality of features. met hod i ncludes the steps of

obt ai ni ng BRFoyed &P EdRaskdesign %h%sai%‘ﬁ@ffsél“’r pyntige predainangs reqyived Wftb?% ng at | east
one of the plurality of features by etching a substrate to forma nmesa and
deposi t i ngregesedtp msorting éo thewee of the zehma nagk gmix@rfogimagmgefcmfexm@le,m 2 where
said nesa has a predeterm ned height. [016] |Ina second exenplary

enbodi mentfeattlee present invention relates to nethod of a generating a nask
for printing a pattern conprising a plurality of features, which includes

the stepgo0f] dugiinisag oSﬁbtaoﬁtwre@aﬂhvmlohiﬂ@pﬁ@kzure@hlattain@u‘wefteaﬁweeﬁa, and
formng at | east one of the 8 plurality of features by etching a substrate

to forma ﬁﬁ%ﬁn@%’chﬁﬁﬁ@?jkéﬁdﬁ@lﬁdc‘hﬂ@& mtthé"!%ﬁ‘réféfeiﬂ@e S0 Qé‘ﬁagﬁoﬁﬁé L opDgnaiRt eri al

over the entire upper surface of the nesa, where the has a

predet er i iath B 8ks ok Qo d NG, Q1SR SN A, BE RS HTRET 20t

advant ages over e pri I npor e prese vention
ellnlnatese&mﬁmgged to i npl enent the zebra patterning

SUMMARY OF THE INVENTION

[014] As noted above, it is one object of the present invention to provide a method and
technique for generating mask patterns capable of imaging features having critical
dimensions corresponding to, for example, Zone 1 or Zone 2 features, that eliminates the
need for the use of the zebra patterning techniqgue.

[015] More specifically, in one exemplary embodiment, the present invention relates to a
method of generating a mask for printing a pattern including a plurality of features. The
method includes the steps of obtaining data representing the plurality of features; and
forming at least one of the plurality of features by etching a substrate to form a mesa and
depositing a chrome layer over the entire upper surface of the mesa, where said mesa has a
predetermined height.

[016] In asecond exemplary embodiment, the present invention relates to method of a
generating a mask for printing a pattern comprising a plurality of features, which includes the

steps of obtaining data representing the plurality of features; and forming at least one of the



techni que, and significantly reduces the conplexity of mask meki ng process.
In addition, the present invention provides a sinple process for tuning
features | ocated, for exanple, in a peripheral area of the circuit design
to features located in a core, dense area of the circuit design, so as to
all ow the peripheral |ocated features and the core features to be inaged
utilizing a single illum nation. Another advantage of the present invention
is that it mnimzes the issues associated with phase edge printing in
transition regions within the circuit design. Yet another advantage of the
present invention is that by using "lealdy chrome" as detailed below, it is
possible to utilize both 6% attCPL and pure phase CPL features on the nmask,
whi ch al | plwrakiyrof éures phetslang b isdhistrate ko tpinm atroesh enditiéfiositied ailightioansusiveon
with features, including Zone 2 and Zone 3 features, thereby providing for

i nproved iphags shiftinpmatetinnmre the ehikQippéidatfhéesfahe messanhagelse wésathagapr esent
invention wll becone apparent to those skilled in the art fromthe

fol | ow ng etetirmakdgepat.i ption of exenplary enbodi ments of the present
invention. [019] Al though specific reference maybe made in this text to the

use of th ﬂveﬂlte Aleilindedfion QHife?fntl rﬁntﬁe{dvélﬁ%s o’i/%ﬁtﬂgglll&e{?te gyglicitly

under st OO at t e I nvention as ma SSI ppl i Catl ons. For

exanpl e, ng%néféfethggpe!&g%ed\{éngﬂn Ql‘ia ing Ay Ih%%tegc{ & 1m|1;'>g:ltmnet89 %r az%b gi p%e 2 t I Cal

syst ens, gUI rhs for

l'i qui d- crys dIS anel s, th|n fi etic heads, etc skllled

ar ti'san v B0 é%’é‘%f’{lﬁﬁéfedu?fﬁ ﬂa%@'@?ﬁl@%? M3k BERE BFIETal e\?@ltwn

appl i cati ons, any use of the terns "reticle”, "wafer” or "die" in this text
shoul d be thoRresus invantion nseYides a Bpplegueressior haingdpaurgs inseigr, foperamplemnk " |

"substrate" and "target portion", respectively.
peripheral area of the circuit design to features located in a core, dense area of the circuit

design, so as to allow the peripheral located features and the core features to be imaged
lilti]iZiIlg a single illumination. Another advantage of the present invention is that it
minimizes the issues associated with phase edge printing in transition regions within the
circuit design. Yet another advantage of the present invention is that by using “leaky
chrome” as detailed below, it is possible to utilize both 6% attCPL and pure phase CPL
features on the mask, which allows for 6% n-phase shifted light to be utilized in conjunction
with features, including Zone 2 and Zone 3 features, thereby providing for improved imaging
performance.

[018] 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.

[019]. Although specific reference may be made in this text to the use of the invention in the
manufacture of ICs, it should be explicitly understood that the invention has many other

possible applications. For example, it may be employed in the manufacture of integrated



[020] The invention itself, together with further objects and advant ages,
can be better understood by reference to the follow ng detail ed description
and the acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 021]

Figs. la-le illustrate known techni ques for inplenmenting features having
different CD dinensions utilizing a CPL mask, and the correspondi ng i magi ng
performance of each technique. [022] Fig. 2a illustrates a knowmn CPL nask
for imaging three parallel lines, which utilizes the CPL zebra technique
for imagi ng features, and the correspondi ng i magi ng performance of the
mask. [023] Fig. 2b illustrates a standard Alt-PSM nask design to image the
sane three line features as the mask shown in Fig. 2a, and the

cor r es pondipfiealisysigingh guidandeanddaieetian pattprms forardgnetiodurpairmgmogigs.i | | ustrates an
exenplary CPL |ine feature with scattering bars adjacent each edge. to

[ 025] Fi g.ligebi-¢rly$taistispdeygmnels 3binaElskmbgpat bepds, atc. it ckilled ertiSi Wabippreemteof

Fig. 3a have a |layer of chronme deposited on the entire upper surface
thereof . [tBRGh thd @mitexB6f @l aBenitiveupplications, biey use sfitHeitaghsaestictd”, twalge of or t he
2D topol ogy and the 3D topology, respectively, [027] Fig. 4a illustrates a

Cr 0ss- sect{ypn iPfhiekBholB K chiRlerd®asiRBing ¢6AAA BG Trdvhbit deh&al BIESSRsk",
invention inplenmented utilizing a chrone l'ayer deposited over a 7c-phase

mesa et chedy,g e a5k ofion”, respectively.

[020] 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

{0211 Figs. 1a-1c illustrate known techniques for implementing features having different
CD dimensions utilizing a CPL mask, and the corresponding imaging performance of each
technique.

[022] Fig. 2a illustrates a known CPL mask for imaging three parallel lines, which utilizes
the CPL zebra technique for imaging features, and the corresponding imaging performance
of the mask.

[023] Fig. 2b illustrates a standard Alt-PSM mask design to image the same three line
features as the mask shown in Fig. 2a, and the corresponding imaging performance of the
mask.

[024] Fig. 3aillustrates an exemplary CPL line feature with scattering bars adjacent each

edge.



[028] Fig. 4b illustrates a cross-section of a CPL mask feature in
accordance with the present invention inplenented utilizing a chronme |ayer
deposited over a 2'g-phase nesa etched in a substrate. [029] Fig. 4c
illustrates a cross-section of a prior art binary nmask feature in accordance
with the present invention inplenented utilizing a chrome | ayer deposited

over a substrate. [030] Fig. 4d illustrates the aerial imge perfornance
associated with the CPL and binary features illustrated in Figs. 4a-4c.
[031] Fig. S5a illustrates a CPL nmask feature fornmed in accordance with a

second enbodi nent and di sposed in a peﬁbpheral area of a circuit having a
core portion in which the features are Inplenented utilizing 6% Att PSM

[032] Fig. i) lystrates a_prior art inplenmentation of Kk havi ng 6%

At t PSM andogﬁnfﬂ%{%fﬂé‘gpﬁ‘iﬂ%%,38[16%5%]t° tl‘bgyn'gc‘}’%ﬂn‘ﬁl th%%?é-?%%ref Egﬁlée aﬂlﬂve?rrage
performance of the CPL nask feature of Fig. 5a relative to the features in
the core parer phehreme derosiied erthe entjjgjupper shdagedbgredfent ed utilizi ng 6% Att PSM
11 [0341 Fig. 6a illustrates a variation of the second enbodi nent, in which
t he CPL f d&2air Figss3c andoldeilipsitataitha réshiting neria ithhgedtythe @hr topwlogy andcthe8B. [ 035]

Fig. 6b illustrates another variation of the second enbodi nent, in which the
features topoloherspectivelyea are al so fornmed utilizing "l eaky" chrome. [036]
Fig. 7 is a block diagramthat illustrates a conputer system which can

i mpl ement (o] g, RAGILRRaRPh CFIsTMion o PECPL BB fdafurdh LEHQGIIEAIL @ t he
present invention. [0371 Fig. 8 schematically depicts an exenplary

|1t hogr aph:GeR it éeibh MpRRBAER LRzitd's LIRBINE layer deposited over a n-phase mesa etched

in a substrate.

[028] Fig. 4b illustrates a cross-section of a CPL. mask feature in accordance with the
present invention implemented utilizing a chrome layer deposited over a 2r-phase mesa
etched in a substrate.

[029] Fig. 4c illustrates a cross-section of a prior art binary mask feature in accordance with
the present invention implemented utilizing a chrome layer deposited over a substrate.

[030] Fig. 4d illustrates the aerial image performance associated with the CPL and binary
features illustrated in Figs. 4a-4c.

[031] Fig. 5a illustrates a CPL mask feature formed in accordance with a second
embodiment and disposed in a peripheral area of a circuit having a core portion in which the
features are implemented utilizing 6% AttPSM.

[032] Fig. 5b illustrates a prior art implementation of mask having 6% AttPSM and binary
features.

[033] Fig. 5¢c illustrates the aerial image performance of the CPL mask feature of Fig. 5a
relative to the features in the core portion of the circuit, which are implemented utilizing 6%

AttPSM.



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

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 038] As explained in nore detai

bel ow, the nmask and nethod for generating a nask in accordance with the
present invention inplenments features utilizing a phase nmesa having chrone
or MoSi deposited along the entire upper surface of the features, thereby
elimnating the need for formation of the zebra pattern required by the
prior art zebra technique. This nask formation technique is particularly
applicable to those features having a CD di nension corresponding to a Zone
2 feature (i.e., those features for whi ¢h when the feature is i npl ement ed
in the mask utilizing adjacent phase edges, the two phase-edges partially

i nteract, (B8] i Opilfustraies p gariationiof Sgfspeanid embodigesh dn yfll@btﬂ@ﬁ'ngL febee tshe
feature). However, the technique can also be utilized to inplenent features
fal li ng outpledentfl utiheinZefeaky cdregostyctursuch as Zone | and Zone 3 type
features. [039] As shown in Fig. 2a, the CPL mask feature is 3D in nature.

| n ot her \oB%is Fig.l6® iiRtratcasdthéropagicuiithd sRednddasboditdiedn Whacahé Gatuwgses 24
with and without a layer thickness of 12 chrone 22 deposited on the top of

the feat urigehebre drba L2 91sBFEMAAENGnE PRUKF NErdtge Of 3D mask features enhance
pse ;

the resulting image. This is shown In Figs 3a-3d. Fig. 3a illustrates a CPL
i ne feat 31 G- ' ' S [ ' d on each
Si do of t HOtnR 1% i bjddR AR s Rt Wik At ShFRABEC 20, T3

i mage for .hoth SB feat.ures 32 and. the featyre line 30.. Fig. 3b

1T st r o el oapthaon RS SRR o nod R et lGniBitoRule o 1 ayer of
chronme 36 osj.ted on the _entire upper surface thereof, A 2D nask opol ogy
for the me[gﬁﬂs b %Cﬁe%tﬁ?ﬂ%gem%%ewpﬂ% lipomaphic Proisatios qaiaiin Stﬁfﬂafe 3b,
with the difference being that there would be no chrone deposited on the
top of thefoswevetamask &pigned with the aid of the disclosed concepts.

DETAILED DESCRIPTION OF THE INVENTION

[038] As explained in more detail below, the mask and method for generating a mask in
accordance with the present invention implements features utilizing a phase mesa having

- chrome or MoSi deposited along the entire upper surface of the features, thereby eliminating
the need for formation of the zebra pattern required by the prior art zebra technique. This
mask formation technique is particularly applicable to those features having a CD dimension
corresponding to a Zone 2 feature (i.e., those features for which when the feature is
implemented in the mask utilizing adjacent phase edges, the two phase-edges partially
interact, but the interaction is insufficient to satisfactory image the feature). However, the
techﬁique can also be utilized to implement features falling outside of the Zone 2 category,
such as Zone ! and Zone 3 type features.
[039] As shown in Fig, 2a, the CPL mask feature is 3D in nature. In other words, the CPL

mask topography includes etched phase features 24 with and without a layer thickness of



Figs. 3c and 3d illustrate the resulting aerial imge for the 2D topol ogy
and the 3D topol ogy, respectively. As is shown by a conparison of Figs. 3c
and 3d, the resulting aerial imge is nore enhanced by the 3D mask

t opography as conpared to the aerial image based on the 2D topol ogy. For
the CPL feature line 30 (phase only) of the given exanple, the actual I-mn
is approaching 0.25 for the 3D mask topology vs. 0.35 for the 2D nmask
topol ogy. Wth respect to the SB features 32, the SB features 32 appear
much nore pronounced and "darker" for thg 3D mask topol ogy vs. the 2D mask
topol ogy. [040] From Figs. 3c and 3d, it2is clear that the aerial i mge for
the SB features 32 as influenced by 3D nmask topography have nDre contrast

than the SBransiddepesited onihe topdéhe f%a}ureﬁ% b haseesk feunddhadhe usaof dRamaskt he 3D
mask topol ogy effect makes it harder for the SB features 32 to maintain

" sub- r esol featimgs tnhahee ths reshlting IDagea skhig ioplodvayin ks Feld.t Figt 3aiHestprea adiRL
invention utilizes to enhance the printing performance of CPL mask features,

Wi t hout rlardedtine G0t®bé HiragedddvingrORC sdatterinithatd (2 diglused praedchsiiend tHeeHni que.
13 [041] In accordance with the present invention, in a first enbodi nent,

the CPL fgafeUturkB0PThe biBASH Fig. FaQhRBHs iR aTeHﬂ 1ﬁﬁ§é<fd#bbﬂh'S?B ﬂ:ﬁtu@es 32 and
chronme- on- nesa phase feature. re specifically, a chrome layer is

deposi ted Qyepr tr r‘é'Pih%; h§. P%p% 11@%2&%5%?3[3%{321'( {E‘Bgﬁggmﬁﬁﬁﬂﬁw Oneﬁ.\trgshﬁd in

the substrate. expl al ne urt ayer does
ot 2o St Rl fbrodd SO SRAED A0 OBy AR b e o
enhanced i magqi ef f ect sults_ froma ywavegui de- ef f ect |nvvhcht

1 nat SBDPGRT ek SRS e RdBy B SHGE BA evPHRFE ShtiS es ¢ he
sidewal I s of the phase nesa and is pulled into the quartz, and then

addi t i onal diff ﬁrﬁg@edgmgithqttdh%woahi hegrophequadappsited opﬁh%wplogﬂte SEifepieeesvids pul | ed

into the sidewalls of the phase nesa
Figs. 3¢ and 3d illustrate the resulting aerial image for the 2D topology and the 3D topology,

respectively. As is shown by a comparison of Figs. 3¢ and 3d, the resulting aerial image is
more enhanced by the 3D mask topography as compared to the aerial image based on the 2D
topology. For the CPL feature line 30 (phase only) of the given example, the actual I-min is
approaching 0.25 for the 3D mask topology vs. 0.35 for the 2D mask topology. With respect
to the SB features 32, the SB features 32 appear much more pronounced and “darker” for the
3D mask topology vs. the 2D mask topology.

[040] From Figs. 3c and 3d, it is clear that the aerial image for the SB features 32 as
influenced by 3D mask topography have more contrast than the SB features as influenced by
the 2D mask topology. As such, the 3D mask topology effect makes it harder for the SB
features 32 to maintain “sub-resolution”. It is this 3D mask topology effect that the present
invention utilizes to enhance the printing performance of CPL mask features, without

resorting to the need for utilizing the zebra patterning technique.



formed in the quartz, is then blocked by the chrome deposited on top of the
phase nesa (in the imaging process, the illumnation light wll first
contact the quartz substrate, then the phase nmesa etched in the substrate
etch substrate and then the chrone | ayer deposited on top of the phase
nmesa). As noted, in the given enbodinent, the chrome | ayer deposited on top
of the phase nesa does not provide for transm ssion of light, and therefore
does not introduce any phase-shift with regard to the transmtted |ight.
The i mage enhancenent obtained is a result of the use of the

chr ome- on- phase nesa structure. [042] Fil§s. 4a and 4b illustrate two
variations of the first enbodi nent of the present invention. Mre

speci fi cal [0¢]] Hngecotdance Withtthepressnhinyedog, wadirstambotlinenGRhe GBE Kedtwatwube
which includes a quartz substrate 40 having a 7c-phase nesa 42 etched

t herein, ainthged o ih sheanask4dilidiap ashioatk-@nmteyphate feh@re! Bvipleapecifiedla, #2. |t
is noted that the chrone |ayer 44 is forned over the entire top surface of

the phase ¢mB&de fhdelit GesRAYd &k Bienatite\PpbiRrfassSitasméaphhabitGrtddhgd ih@e zebr a

pattern of the prior art). Fig. 4b illustrates a cross-section of a CPL 14
mask feat ug@stdid, Cii's bﬁ]ﬂixh'&ﬁ% fén}%'ﬂ Abthd bélHstﬂlE:%x% %%ﬁﬁ\dbé%cﬁ pfofidciBAfg Tesa 46
et ched thereln a chrome |ayer 44 déposited on top of ‘the 2ir- ase

mesa 46. m?sgf%'n%mf“l 'tl'[eﬁéf(?rer?i%&elgotg%d}t%é Q& p(flgg rﬁ/ file li,ggl% fR£ ﬁ@g over the

entire tOp sur ce ase nesa ust pl’l or art
mask feature in ﬁh Q one, |l ayer 47 is. de s ite g_rect gg
U face. of ARGy 5 SRLERE e AffinrcinpEing e avsit gmaa‘fv@{egilﬁs-e  al
per formance assom ated with the CPL features illustrated  in Figs. 4a-4c. It
is noted tHarhighibe dlumpptisd ightdust picks up imaging aﬁ@aiaﬂﬁn B¥ 8 hghtazams éllﬁ’r respond
to a 80nmline feature with 360run pitch i maged under the exposure
condi t i onssidgwalnaf the@hase mgsagnd isipulledrintathi gnartd, 201 B&n addiBorméimagimg As shown
in Fig. 4d, the aerial image 43 resulting

information is picked up as this light, which was pulled into the sidewalls of the phase mesa

formed in the quartz, is then blocked by the chrome deposited on top of the phase mesa (in

the imaging process, the illumination light will first contact the quartz substrate, then the

phase mesa etched in the substrate etch substrate and then the chrome layer deposited on top

of the phase mesa). As noted, in the given embodiment, the chrome layer deposited on top of

the phase mesa does not provide for transmission of light, and therefore does not introduce

any phase-shift with regard to the transmitted light. The image enhancement obtained is a

result of the use of the chrome-on-phase mesa structure.

[042] Figs. 4a and 4b illustrate two variations of the first embodiment of the present

invention. More specifically, Fig. 4a illustrates a cross-section of a CPL mask feature which

includes a quartz substrate 40 having a n-phase mesa 42 etched therein, and a chrome layer

44 deposited on top of the n-phase mesa 42. It is noted that the chrome layer 44 is formed

over the entire top surface of the phase mesa 42 (thereby eliminating the issues for

fabricating the zebra pattern of the prior art). Fig. 4b illustrates a cross-section of a CPL



fromthe chronme on Tc-phase nesa structure of Fig. 4a, and the aerial inmage
45 resulting from the chrome on 27c-phase nesa structure of Fig. 4b are
essentially identical, and have lower (i.e., "darker") I-mn values than
the aerial image 47 resulting fromthe non phase-shifted, chrone on quartz
feature, of Fig. 4c. As is known, lower 1-mn values result in better

i magi ng performance for printing lines. Fig. 4d al so shows that the aerial
image width is wder for the chronme on phase nmesa structures. However, this
can be conpensated for by applying apprqpriate OPC techni ques. [0441 As
noted, there is no noticeable aerial i e performance difference between
the chronme on 7r-phase nesa structure of Fig. 4a, and the chrone on,

27E- phase askdeaiumeydtiel wclyges ayugrtz spbstrpis\dE\haying g 7e-rhasednesadtd otbed therely t he
27c-phase nmesa is that it allows nore tolerance since the etched range is
twi ce as gadatchrdme lagerfddrdepesited on éap afitbe 2mphdse mespadtd Qucetdgein, i hy moted thai- nesa
structure, as the chrone does not transmt |ight and there is no phase-shift
15 associ it ebrowictliyet hefotm@hdver thie ehSrepossirfaiceot the phash nidse46.uBigt 4at e to

hei ghts other than corresponding to a or 27t phase shifts. The structure of

the first mubemdsHBitoraft iR fRRRS BNWhich BBBIHeQayel 37 Redebb&tel Airkdiyusiahy! for
i npl ementing Zone 2 features, as defined above, in a mask design. Thus,

when per f og 0o SR ofdil subdai 49, €at ment, and classifying the features to be
i maged into elt%er Zone 1, Zone 2 or Zone 3 categories, the foregoing

h - on- h f ' b il j
the zone 2CPabr Pen iR Yhe L REaRE AR sy i e Sk AR Ukl 1O
performth Zone .2 featur

e zebra techni que.fo es. As noted, .the chrone is
oposi ted BVar frrdc.ofiti e pahe SXPTRliry ToRureL EhepRed R 1204 SHEspude.
[0451 In a second enbodi nent of the present invention, as opposed to a
chrome | ayepOnejingfeamenwith 86enmppiseh impgedynder e supastrecopditiopeoffhBNA apdaa
etched in the substrate, a material having

quasar illumination of 0.85/0.55 setting. As shown in Fig. 4d, the aerial image 43 resulting

from the chrome on m—phase mesa structure of Fig. 4a, and the aerial image 45 resulting from

the chrome on 2n-phase mesa structure of Fig. 4b are essentially identical, and have lower

(i.e., “darker”) I-min values than the aerial image 47 resulting from the non phase-shifted,

chrome on quartz feature, of Fig. 4c. As is known, lower I-min values result in better

imaging performance for printing lines. Fig. 4d also shows that the aerial image width is
wider for the chrome on phase mesa structures. However, this can be compensated for by
applying appropriate OPC techniques.

[044] As noted, there is no noticeable aerial image performance difference between the

chrome on 7—phase mesa structure of Fig. 4a, and the chrome on 2n-phase mesa structure of

Fig. 4b. However, one advantage for using the 2n—phase mesa is that it allows more

tolerance since the etched range is twice as great. Itis further noted that with regard to the

chrome-on-mesa structure, as the chrome does not transmit light and there is no phase-shift



a certain percentage transm ssion is deposited over the entire upper surface
of the phase nesa. For exanple, a |ayer of MdSi, which exhibits a 6%
transm ssion of light, can be deposited over the phase nesa in order to

i npl enent the CPL feature in the mask design. It 1is noted that the present
invention is not limted to the use of MdSi, or materials having 6%

transm ssion, other materials and different % transm ssion of |ight nay al so
be utilized. As wth the first enbodi nent of the present invention, the
conbi nati on of the MbSi |ayer and the hase nmesa function to enhance the
resul ting i magi ng performance due to th 5waveguide effects noted. above.
Further, the |ight transm ssive |ayer may al so introduce a phase shift wth
respect t @stosatadrveifisthe dighiditlis ppssibleds etgh ihe suhgiratg fodreighttybigr , the second
enbodi mrent of the present invention may al so be utilized to inplenment Zone
2 f eat ur esoirespandiag ko ©des2mgphase hifta dbhid stroctutecofithefitssenloddidtx8iof thet hresentpossi bl e
materials include, but are not limted to TaSi, 16 CON and Al). Wth
respect t dnidn€ioh fsgiasiuisiyaRefaf fok irgflementig AomeDytatiRfge definddy@bealil ¥ mask
approximately 5-30% [0461 In addition, the structure of the second

enbodi mentgegkn ! mﬁusptvﬁaeaérfdrﬂlyregttmmmamb R6atfent! fihWladsrRing ﬂlesf%étMFes kPder
deposited over the entire phase nesa structure can be utilized to assist

mat chi ng t r r

ci r oui tgde@%&f“%%% SRR EER ) BleSHAC B T BoRRL Ao Rt e
on a peri IrCUIt i on5|der

dovi cor "t NERieks Boalsd Vet beall PR BB AT Peke SRR BUbEesk SRI: g
mask processes, such as 6% att PSM This |s due to_ the fact that 6%attPSM
per f or s vaE?erWFmv@mﬁ thepesd 1 peram the gebrarghuigug fpeZene { fegturescgs npfed, Thys,
for a very dense nenory core is a preferable to utilize 6% attPSMto

i npl enent tg%@lra@mad%gwéd overthe petige ppper B faen ok cachiofheefonefldeatirebess dense

peri phery (not menory core) pattern area,
[045] 1In a second embodiment of the present invention, as opposed to a chrome layer being

deposited over the entire surface of the phase mesa etched in the substrate, a material having
a certain percentage transmission is deposited over the entire upper surface of the phase
mesa. For example, a layer of MoSi, which exhibits a 6% transmission of light, can be
deposited over the phase mesa in order to implement the CPL feature in the mask design. It
is noted that the present invention is not limited to the use of MoSi, or materials having 6%
transmission, other materials and different % transmission of light may also be utilized. As
with the first embodiment of the present invention, the combination of the MoSi layer and the
phase mesa function to enhance the resulting imaging performance due to the waveguide
effects noted above. Further, the light transmissive layer may also introduce a phase shift
with respect to the transmitted light. As with the first embodiment, the second embodiment
of the present invention may also be utilized to implement Zone 2 features in a mask design.

In addjtion to the use of MoSi, other possible materials include, but are not limited to TaSi,



t he i magi ng performance for 6% attPSMis poor. As such, CPL techniques are a
preferred option. [047] However, when attenpting to match 6% attPSMin the
core to a 100% transm ssion CPL feature, such as a Zone | feature, |ocated
in the periphery area, there is likely to be a ms-match in the exposure
energy required to illum nate each area. Indeed, the optimum exposure
energy is much different for 6% att PSM as conpared to the one for optinal
printing of a Zone | CPL feature. Thus, in order to ensure that both the
core and the periphery print within the specified error tolerances for the
given mask, it is necessary to tune the"%transm ssion of the CPL mask
feature for imaging the feature in the periphery area. One nethod for

tuni ng t he“H3N ?lﬁin%gl Yéithgigsrsrt forike Fansmision qfﬂglﬂthélerb‘é?fpb‘lﬂég%ﬂséxm%ﬂb/s to use
prior art zebra technique to inplenment the CPL mask features, where the

si ze of thapuixiostelydaildd 17 and open areas can be adjusted accordingly to
acconplish transm ssion tuning. However, this can be undesirable due to the
conpl exi t y04éld Ipatddtion,ahe diukfurcof the esondanbidimhernt ofittiepredenpihesnzion hadng he
zebra patterning technique. [048] An alternative to the zebra technique is

to utilizelighhgadshAGsE 186k YepdsANESved theRARDhARSAesaStritiGleWwas bOlitifiag tsecond
enbodi nent of the present invention. Fig. 5a illustrates how the

transm ssiygg rﬁ‘éfﬁ{inQﬂ;e\%g Ry Thadicl %ﬁexgﬁggn%@caé bbhi%ﬁ%fﬁ@ir&ﬁt}[&e?{%g‘ the

f oregoi ng tuning, as as | rating asic structure o

e 5oL B, A €. PLAPSPRSR SHRURHES o T 49088, WD g o020

re’l ustr core "area 51 of

a mask designh and a peri pheral. area 52 of .the nask design. I n the. given
oxanpl e, 4R@nebPLexaPle. Basiditing AEEmaEn gty iqee e SPEArAGI CRE PBOTHARVISHSH ed
utilizing 6% attPSM materjal 53 di sposed on 1 he substrate 50. The
per i pher al beAPERIZRY WikieeXittng mpsk prasesses, suptu s 870 iSO This is due to the fact that

6% attPSM performs well for very dense areas under aggressive k1 (i.e., <0.31). Thus, fora
very dense memory core is a preferable to utilize 6% attPSM to implement the dense core
features in the mask. However, for a less dense periphery (not memory core) pattern area,
the imaging performance for 6% attPSM is poor. As such, CPL techniques are a preferred
option.

[047] However, when attempting to match 6% attPSM in the core to a 100% transmission
CPL feature, such as a Zone 1 feature, located in the periphery area, there is likely to be a
mis-match in the exposure energy required to illuminate each area. Indeed, the optimum
exposure energy is much different for 6% attPSM as compared to the one for optimal
printing of a Zone 1 CPL feature. Thus, in order to ensure that both the core and the
periphery print within the specified error tolerances for the given mask, it is necessary to tune
the % transmission of the CPL mask feature for imaging the feature in the periphery area.
One method for tuning the % transmission of the features in the periphery area is to use prior

art zebra technique to implement the CPL mask features, where the size of the chrome patch



i npl ement ed using the structure of the second enbodi ment. Specifically, the
Zone | feature 57 is inplenented by form ng/etching a 27E-phase nesa 54 in
the substrate 50 and then depositing a |layer 55 of MoSi over the entire
upper surface of the 2n-phase nesa 54. It is noted that because the MS

al ready has a Tc-shift, it is necessary to use 27c-etched depth for the
phase nmesa 54. This is necessary to preserve the sane phase-shift through
both the 6% attPSM features 53 and the MoSi | ayer 55 on phase nesa feature
57 fornmed in the peripheral area. However, it is also noted that because of
the 27C etch depth of the phase nesa fedfure 54, the si ngl e phase edge 59
formed in the transition area between the core and peripheral area does not
print becandepén arkas qapbe phjasted sévofdingly torsaemplishgranpBissivapming Hovevehase nmesa
structure 54 allows for both transm ssion tuning between the core and

peri pher altharembe aaletirabie dift: to shesdonplexitiy lahdi potaatial difficdtiesassatidtdd wield t o i mage
both areas, and for the prevention of imaging of single phase edges in the
transi ti onmpledanting d Qdbrkipgiterhidgitdchhigtis.at es an exanple of utilizing the
prior art Zone | CPL technique, in which two adjacent phase edges are

utilized tggg RETJ ; 73 W o 58 e
Formed by Bt aot e Re AP SRk (R £ 1q s e s hiSive RSB ERBCRCAL

oSl bl HELL LB R0 0 R gk iRy

in the un _ _ hase<edge 1 n SHbSTT: Thus,
e 2% AP SR, RS e T B e BB R
MoSi - on- phase-nesa structure of the second enbodi mrent has a 27c etch depth,
and t her ef'¥ilbasiitlustatingthe basic strughire pbthe trapgnigsiyelaygriof phaseimesp sisustsp é ¢ o
m nim ze singl e-phase edge printing issue (27C edge is not printable) in
t he transiacredartce giithabe secpud eheodyaentp Refoyring tod'ie. Paetha Sigheglillustmatgs aspreul at i on
area 51 of a mask design and a peripheral area 52 of the mask design. In the given example,
the core area 51 includes dense features which are implemented utilizing 6% attPSM material
53 disposed on the substrate 50. The peripheral area 52 includes a Zone 1 feature, which is
implemented using the structure of the second embodiment. Specifically, the Zone 1 feature
57 is implemented by forming/etching a 2n-phase mesa 54 in the substrate 50 and then
depositing a layer 55 of MoSi over the entire upper surface of the 2n-phase mesa 54. It is
noted that because the MoSi already has a n-shift, it is necessary to use 2n-etched depth for
the phase mesa 54. This is necessary to preserve the same phase-shift through both the 6%
attPSM features 53 and the MoSi layer 55 on phase mesa feature 57 formed in the peripheral
area. However, it is also noted that because of the 2z etch depth of the phase mesa feature
54, the single phase edge 59 formed in the transition area between the core and peripheral

area does not print because it is not phase shifted. Thus, the MoSi layer 55 on phase mesa

structure 54 allows for both transmission tuning between the core and peripheral areas so that



illustrated in Fig. 5c confirns that the MSi-on-phase nesa structure of the
second enbodi nent has conparabl e i magi ng performance to the 6% att PSM
features. [051] Ina variation of the second enbodinent, it is possible to
utilize "l eaky" chronme disposed on the entire upper surface of a CPL
feature as shown, for exanple, in Fig. 6a. Simlar to Fig. 5a, Fig, 6a
illustrates a core portion of the circuit inplenmented in the mask using 6%
att PSM features, and a peripheral portion in which a CPL feature utilizing
the "leaky" chrone structure of the given enbodi ment is inplenented.
"Leaky" chrone as referred to herein, & chrome which is designed to allow
a specific %anount of transm ssion of |ight, but has zero phase shift.
Thi s can beingtedfwpinatiorecandye utflized wxioaped both buges, mod fdrithd prevention of maging of
controlling the conposition of the chrone or the thickness of the chrome
| ayer depehiglegfiasecaalgtoip tiof tram3RiofAkeat.cat ure. Referring to Fig. 6a, the CPL
feature 60, which may be for exanple a Zone | or Zone 2 type feature has a
layer of 'fd@akyio. shiIRARatELarf8RAPI SUtiAFing AR prRPbitZR3nd PRIL BtHnifeeinof the
feature. By etching the background area adjacent the CPL feature having the
| eaky chr i r : It 4 0SSl tp.utilize
Y Chr offRB0Rlakaf philela0n a}@utﬂlzgé)gﬁfﬁ, @%g%gghé{%ﬁle&@%h?& Bbn life

this structure to create ective passi’ng t hrough
t he background,area is - phase Shiééf relative t Qfe | igh assi ng
through (RO EAED B oBmed B RGERE RO bER DR T A T B BN Sposed
t her eon provjdes. for effective_PSNlmﬁép o] trok] ble transm ssion and
t herefore rgsghs iy thi trpps TN qreahayinggnee eP&Pé’ fre¥ \‘isé‘?yirPF“g' P WREREE area of
a mask design such that the features in a core area and the features in the
per i pher alimagibg ot phase-cgnigdhe sbstiter acceptabl e error criteria with a
single illumnation. [052] As another exanple, the chrone is deposited over
subst ant i 4030} Thas, ssing 6% anFSdf in @og dslowitto€PL hezdbRl CPBan peripharnyd cdnasuse
t hi ckness sufficiently thin such that the chrome exhibits

single-phase edge printing in the transition arca. However, the MoSi-on-phase-mesa

structure of the second embodiment has a 27 etch depth, and therefore it is not phase-shifted.

As a result, it is possible to minimize single-phase edge printing issue (27 edge is not

printable) in the transition from core to the periphery area. The aerial image simulation

illustrated in Fig. Sc confirms that the MoSi-on-phase mesa structure of the second

embodiment has comparable imaging performance to the 6% attPSM features.

[051] In a variation of the second embodiment, it is possible to utilize “leaky” chrome

disposed on the entire upper surface of a CPL feature as shown, for example, in Fig. 6a.

Similar to Fig. 5a, Fig. 6a illustrates a core portion of the circuit implemented in the mask

using 6% attPSM features, and a peripheral portion in which a CPL feature utilizing the

“leaky” chrome structure of the given embodiment is implemented. “Leaky” chrome as

referred to herein, is chrome which is designed to allow a specific % amount of transmission

of light, but has zero phase shift. This can be accomplished by, for example, but not limited



substantially 6% transm ssion. The 6% transm ssion chrome in conbination
with the etched substrate, which is etch to a 7c-phase depth, formthe Zone
2 feature in the mask. By utilizing the foregoing technique, the mask
maki ng process is significantly reduced as there is no |onger a need for a
plurality of chrome strips to be utilized in conjunction wth each Zone 2
feature. It is also possible to utilize the | eaky chrome on Zone 3 features.
[053] In another variation as shown in Fig. 6b, in addition to the CPL
feature 60 being fornmed with | eaky chrone, the | eaky chrome nmay al so be
utilized to formthe core area features? Referring to Fig. 6b, |eaky chrone
62 is deposited over the substrate 50 in replacenent of the attenuated PSM
materi al 38 AGNNE herogpogtonof the chrame of tetthiekngsheldho phromedavigr depopitedt he
core area of the mask pattern. It is noted, however, that it would al so be
necessary dandopoithe ORE feateieg Refemingporkig.dn, he GPhdegutesil; whishtnmybedbr phase et ch
depth in the core area if leaky chrone is to be utilized to imge the core
area feat wxemple[aFnhl 1A% Z00¢ 2 dypaldeatare hhdh@laperagéiaky noheshe 61 dgositediasthe

i nportant advantages over the prior art. Mst inmportantly, the present

i nvention e;@hfemp?at RSt theRANO BYBLERE MHe Yabigsré@ii Rea RGdckRIthé QUL QMBI que,
and significantly reduces the conplexity of mask maeking process. In

addi ti on, i i i i : . j:ng

Feat ur oo’ 'S0 pR oA cbhNEM SR ARAUMEER Pl BphE 10 BERRTe LA s gn
to feature Ioc@ed'

al 1 ow t he erER Sl sBaih Prokt Bt Rl Birebtiubingh est SRyt #a B5ea”
L 09 R LA Sl SOSN8, o S
printing in transition regions wwthin the circuit design. [055] Fig. 7is a
bl ock di agVifthicalraghreme dispesad Erereonpupwidasder effestieaR SMovitrioatob#de i npl ement

transmission and therefore can also be utilized to tune the features in a peripheral area of a

mask design such that the features in a core area and the features in the peripheral area can be

imaged within acceptable error criteria with a single illumination.

[052] As another example, the chrome is deposited over substantially the entire upper

surface of the CPL feature and has a thickness sufficiently thin such that the chrome exhibits

substantially 6% transmission. The 6% transmission chrome in combination with the etched

substrate, which is etch to a n-phase depth, form the Zone 2 feature in the mask. By utilizing

the foregoing technique, the mask making process is significantly reduced as there is no

fonger a need for a plurality of chrome strips to be utilized in conjunction with each Zone 2

feature. It is also possible to utilize the leaky chrome on Zone 3 features.

[053] In another variation as shown in Fig. 6b, in addition to the CPL feature 60 being

formed with leaky chrome, the leaky chrome may also be utilized to form the core area

features. Referring to Fig. 6b, leaky chrome 62 is deposited over the substrate 50 in

replacement of the attenuated PSM material 53 shown in Fig. 6a so as to form the dense



the illum nation optimzation explained above. Conputer system 100 i ncl udes
a bus 102 or other communi cati on mechani smfor conmunicating information,
and a processor 104 coupled with bus 102 for processing information.
Comput er system 100 al so includes a main nenory 106, such as a random
access nmenory (RAM or other dynam c storage device, coupled to bus 102 for
storing information and instructions to be executed by processor 104. Main
menory 106 al so may be used for storing tenporary variables or other
internediate information during execution of instructions to be executed by
processor 104. Conputer system 100 fur®®er includes a read only nenory
(ROM 108 or other static storage device coupled to bus 102 for storing
stati ¢ i nfioatangs ingthe aerd arqastl theomaskpstiéror Itgs nofed howet@dthatit aouldsisortege devi ce
110, such as a nmagnetic disk or optical disk, is provided and coupled to bus
102 for stmecsssagyitnétoh thetbiackpraumd portsdnrafelid smbsratd B5Gk-phisapieh eepth yis the o00
maybe coupled via bus 102 to a display 112, such as a cathode ray tube

(CRT) or fdr@tlmalayebhr@meﬁm@auﬁﬁﬂ@ﬂto@hﬁgﬁtﬁycérearedlf@d@h@yl ng information to a
conmputer user. An input device 114, including al phanumeric and other keys,

is coupl eqobf) kSHohQRabhoE, thegﬁgér@df‘fnﬁ?%tfoﬂ%rdm&r%&ﬁ?a@%ﬂt %%Pﬁwﬁa%?c“ ons

to processor 104. Another t user I nput vice I's c rsor rol 116,

such as a AP WAt i 3&&8&3% gfesé%ltc dﬁ/%nt?o%r ﬂ{lﬁeﬁg l&g Irlleeié’l é ém% ttB rz,' rl% g?tl ng

direction G nformatron a i ONS T roc
S RT  E R R EE F RE L
axis (e.g y), that allows the device to speci f p03|t|ons in a plane A
t ouch pané}dd{t@ert@@ﬁyeswt FPeRYORIOViIdpsshsimple s spior énuriaqfsewres&wteéefor[ 057]
According to one enbodi ment of the invention, the coloring process may be

example, in a peripheral area of the circuit design to features located in a core, dense area of

the circuit design, so as to allow the peripheral located features and the core features to be

imaged utilizing a single illumination. Yet another advantage of the present invention is that

it minimizes the issues associated with phase edge printing in transition regions within the

circuit design.

[055] Fig. 7 is a block diagram that illustrates a computer system 100 which can implement

the illumination optimization explained above. Computer system 100 includes a bus 102 or

other communication mechanism for communicating information, and a processor 104

coupled with bus 102 for processing information. Computer system 100 also includes a main

memory 106, such as a random access memory (RAM) or other dynamic storage device,

coupled to bus 102 for storing information and instructions to be executed by processor 104.

Main memory 106 also may be used for storing temporary variables or other intermediate

information during execution of instructions to be executed by processor 104. Computer

system 100 further includes a read only memory (ROM) 108 or other static storage device

coupled to bus 102 for storing static information and instructions for processor 104. A



performed by conmputer system 100 in response to processor 104 executing one
or nore sequences of one or nore instructions contained in main nenory 106.
Such instructions may be read into main nmenory 106 from anot her
conput er -r eadabl e medi um such as storage device | 10. Execution of the
sequences of instructions contained in main nmenory 106 causes processor 104
to performthe process steps described herein. One or nore processors in a
mul ti - processing arrangenent may al so be enployed to execute the sequences
of instructions contained in main nennré 106. In alternative enbodi nents,
hard-wired circuitry may be used in pl te of or in conbination with
software instructjons to inplenent. 22 the, inyention., Thus enﬁpdinents of
the i nventSspgeexicadd0.speh fmepgnetipgisk geenticakdisk dnmprided and esrpled toibes e
circuitry and software. [0581 The term "conputer-readabl e nedi unt as used
her ei n r ef @2 donstoringyinipsmiptinn andanstrupiaensi ci pates in providing instructions to
processor 104 for execution. Such a nmedium nmay take many forns, including
but not | i[fddleCcdnputanaystaroliff idag baedupded wiobed 102¢0 aeigkiptay 1dAdsuch namsathsiei on
medi a. Non-volatile nedia include, for exanple, optical or magnetic disks,
such as sty age (ORY) 6cflat bbhel YPloath pahen@ishiay foh @lspRSind ifdfthatioRRERYmpSECh as
mai n nmenory 106. Transm ssion nedia include coaxial cables, copper wire and

fiber optige Afmbidicdteting inmwiﬁga%hﬁﬁnfeﬁlmﬁa S@eOks s, i0 oupld ARSI $67 AP NMedi a
can also take the formof acoustic or |ight waves, "such as those generated

duri . . : { . .
For m of - comaPEABEaniibn PR ERchordho B0k S AL NI IRL MRS r iR T "
fl exi bl e disk,, hard di sk ic.t t ti di

o Rov . B A Gretse s TRER o i S s Rl O B R Kot er
physi cal mediumw th patterns of holes, a RAM .a PROM and_EP a
FLASH EPROVMMHcatng g*reqt(@wfynnatlon and command selections to processor 104 and for

controlling cursor movement on display 112. This input device typically has two degrees of
freedom in two axes, a first axis (e.g., X) and a second axis (e.g., v), that allows the device to
specify positions in a plane. A touch panel (screen) display may also be used as an input
device.

[057] According to one embodiment of the invention, the coloring process may be
performed by computer system 100 in response to processor 104 executing one or more
sequences of one or more instructions contained in main memory 106. Such instructions
may be read into main memory 106 from another computer-readable medium, such as
storage device 110. Execution of the sequences of instructions contained in main memory
106 causes processor 104 to perform the process steps described herein. One or more
processors in a multi-processing arrangement may also be employed to execute the sequences
of instructions contained in main memory 106. In alternative embodiments, hard-wired

circuitry may be used in place of or in combination with software instructions to implement



chip or cartridge, a carrier wave as descri bed hereinafter, or any other
medi um fromwhich a conputer can read. [059] Various forns of conputer
readabl e nedia nay be involved in carrying one or nore sequences of one or
nore instructions to processor 104 for execution. For exanple, the
instructions may initially be hone on a magnetic disk of a renote conputer.
The renote conputer can load the instructions into its dynam c nenory and
send the instructions over a telephone Iine using a nodem A nodem | ocal to
conput er system 100 can receive the data_ on the tel ephone |line and use an
infrared transmtter to convert the datd2to an infrared signal. 23 An
infrared detector coupled to bus 102 can receive the data carried in the

i nfrared ghgjimaentmnd Thps, gowodimentsanf thegnvantion aGot Baited Bvanyapediis t he data to
mai n menory 106, from which processor 104 retrieves and executes the

i nstruct i combinbtien bfistrdwat icoastry ecksofisdrdy main  nenory 106 may optional ly
be stored on storage device 110 either before or after execution by

processor [088]. The&t ‘Conpuicpreaditié RIRULAL a8 lised Heredh RIF@D by aryhddicha $had
comuni cation interface 118 coupled to bus 102. Communi cation interface 118

provi des g, fsai@yn ﬂ%ﬁh@ﬁ%ﬁtﬁﬁ@z 10 oceSRYRHA fb? ek@uol SE WK mddiili miag0 € hat

is connected to a local network 122" For exanple, comrunication inferface

118 Y beadlnly GRS RTAE WSSO kA SR el SPE LR | TOdem Lo

provi de a ommuni ca connectl 0 a correspondi ypeé of tel ephone

l i ne. As anot her. exanpl co ni cati,on jnterface 11 be a.lpcal area
notwor . ( LRGEgS SEB: Nosoramaat sttt et dotgH b cRgadi NG
conpatible LAN. Wreless |links may also be inplenented. In any such

i npl ement aPFlbRS steraggdRYIcC Dol olatilcanedie inciug dypdipie mempry (SEelbas /BN MBAY § cal |

el ectromagnetic or optical signals that carry digital data streans
106. Transmission media include coaxial cables, copper wire and fiber optics, including the

wires that comprise bus 102. Transmission media can also take the form of acoustic or light
waves, such as those generated during radio frequency (RF) and infrared (IR) data
communications. Common forms of computer-readable media 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, 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 as described hereinafter, or any other medium from which a
computer can read.

[059] Various forms of computer readable media may be involved in carrying one or more
sequences of one or more instructions to processor 104 for execution. For examplé, the
instructions may initially be borne on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 100 can receive the daia

on the telephone line and use an infrared transmitter to convert the data to an infrared signal.



representing various types of information. [0611 Network link 120 typically
provi des data conmuni cati on through one or nore networks to other data

devi ces. For exanple, network |link 120 may provide a connection through

| ocal network 122 to a host conmputer 124 or to data equi pnent operated by an
I nternet Service Provider (1SP) 126. ISP 126 in turn provi des data

communi cation services through the worl dw de packet data communi cati on
network, now commonly referred to as the "Internet” 128. Local network 122
and Internet 128 both use electrical, electromagnetic or optical signals
that carry digital data streams. The Sla al s through the various networks 24
and the signals on network [ink 120 and through comruni cation interface 118,
whi ch car rfgn infiaeed dietgrioapoupiaddobys h@?dcaflrf%ﬁﬁ‘@dhﬁbﬁlﬁ%ﬁaf@%tﬂéhﬁ infgredignabatdnpl ary
forms of carrier waves transporting the information. [0621 Conputer system
100 can savatetissdataesbusi@2r Bueil (2 cataesthe date tamipingngmaryrl 86 fowaevhicht hr ough t he
network(s), network link 120, and conmunication interface 118. In the

| nternet pruesgl @04 etsaey and &xBOutes hhinstrocoasi Theinstegiend edeicabley maih an
application programthrough Internet 128, ISP 126, |ocal network 122 and
comuni catm@ﬂm}y N6 a3 @Ptididly beRtoA&ICEH HAGBELIevvetiN0 bliRerbeRROb} Altr cRRBLIGHCH
downl oaded application prOV|des for the 1llumnation optim zation of the
enbodlrren'qJ Qles q@ple The received code may be executed by processor 104
as it is r el ve and/or stored in storage device | 10, or other

non-vol ati tﬂ)@O %0 sft’%rp} 166 gl ogre?e%%ﬁ% ?I*C%L}dﬁ% %ft’ iR rih‘ﬁﬁgtgrgp er system

100 may o aln ap BRI By 063] Fig. 8
schemati cal | a,litho roj ection apparatus suitable for use
with a nggkglaggf@ﬁéﬁmcpww e R p L o P e PR Bt Rh CommnEA at ue

conpri ses: ) ) )
coupling to a network link 120 that is connected to a local network 122. For example,

communication interface 118 may be an integrated services digital network (ISDN) card or a
modem to provide a data communication connection to a corresponding type of telephone
line. As another example, communication interface 118 may be a local area network (LAN)
card to provide a data communication connection to a compatible LAN. Wireless links may
also be implemented. In any such implementation, communication interface 118 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.

[061] Network link 120 typically provides data communication through one or more
networks to other data devices. For example, network link 120 may provide a connection
through local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in turn provides data communication services
through the worldwide packet data communication network, now commonly referred to as
the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic

or optical signals that carry digital data streams. The signals through the various networks



- a radiation systemEx, IL, for supplying a projection beam PB of

radiation. In this particular case, the radiation system al so conprises a
radi ati on source LA, - a first object table (rmask table) NIT provided with a
mask hol der for holding a nask N A (e.g., a reticle), and connected to
first positioning nmeans for accurately positioning the mnmask with respect to
itemPL; - a second object table (substrate table) WI provided with a
substrate holder for holding a substrate W(e.g., a resist-coated silicon
waf er), and connected to second positioning nmeans for accurately
positioning the substrate with respect 26 itemPL; 25 - a projection system
("l'ens") PL (e.g, a refractive, catoptric or catadioptric optical system
for i magi rgd ér signabdinatebwbrp dink il 26 awd thrdugh wersinuMeationt ioteafatat Pewhpbretirpn C
(e.g., conprising one or nore dies) of the substrate W [064] As depicted
herei n, thBe digitdrdataus ahd o cdmipuRASysess 1 003 afe)sRemplaryeformb aBcatridrivavedri Ssi ve
mask). However, in general, it may also be of a reflective type, for exanple

(W th a refdhghiinghe HSHatioN t ernatively, the apparatus may enploy another
kind of patterning neans as an alternative to the use of a mask; exanples

i ncl ude mr@?‘j?; aJLﬁrrl}E)gr g}rs@grﬁ 106 ﬁreﬁﬂ' m%%sa%%%gd 'F@ctef\)-e)ﬁgta[ %@gn}iin;ggvg?é%rcg&, LA

(e.g.,a excl nmer |l aser oduces a beam tion.” This
beamis f into an illumnation syste illumnator) L, either directly or
artor haviitigeB} PsdBvioat LaRmer? B V! R tmmiatoh dhdericet B I Br b ngs Y o
exanple. The i]lum nat l, may conpri se, adj usting peans AMfor setting the
out er and/eéﬁmpi?nﬁewead3@@5}&%@@{ea?ﬁ*rsﬁwogdeggrqﬂeﬂap itige PEAgram thepueing
cr-inner, respectivel Q of the intensity distribution in the beam In

addi ti on, Interngf 118, d%thbitallacg! rebvvprki 198 apd poromynigatinarinietfagroldn e acostdahcas an

with the invention, one such downloaded application provides for the illumination
optimization of the embodiment, for example. The received code may be executed by
processor 104 as it is received, and/or stored in storage device 110, or other non-volatile
storage for later execution. In this manner, computer system 100 may obtain application
code in the form of a carrier wave.
[063] Fig. 8 schematically depicts a lithographic projection apparatus suitable for use with a
mask designed with the aid of the current invention. The apparatus comprises:

- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA;

- a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g., a reticle), and connected to first positioning means for accurately positioning the
mask with respect to item PL;

- 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;



integrator IN and a condenser CO In this way, the beam PB inpinging on the
mask MA has a desired uniformty and intensity distribution inits
cross-section. [066] It should be noted with regard to Fig. 8 that the
source LA may be within the housing of the Iithographic projection
apparatus (as is often the case when the source LAis a nercury |anp, for
~exanple), but that it nmay also be renote fromthe |ithographic projection
apparatus, the radiation beamthat it produces being |led into the apparatus
(e.g., with the aid of suitable direct&gg mrrors); this latter scenario is
often the case when the source LA is an“excinmer. 26 |aser (e.g., based on
KrF, ArF or F2 lasing). The current invention enconpasses both of these
scenari os. [06712 MeiEcHenaystan §ilensdoble fe £y 2 reftastive sawpiriseorraadiopic eiicelh i s
held on a mask table MI. Having traversed the mask MA, the beam PB passes

t hr ough t lsgstérenfor Pmagingi aphirfad atesleportiort ef BeammfBMan botoaa tagefeporivar Ci @g..C of
the substrate W Wth the aid of the second positioning neans (and

i nt er f er oremprisingrewsarmag disepolkhd fbstritb®.substrate table WI can be noved
accurately, e.g., so as to position different target portions Cin the path

of the be3gngs) PRs dSpidiel Abteh, tﬁekﬁpﬁﬂat_rﬁ is miiahhﬁﬁéiﬂgtyg@@f@, K288 thfsrkisgek t O
accurately position the mask wWth respect to the path of the beam PB,

€. 9., aftelasRPalaRlGan geﬁ&raf, ﬁ%ﬁ&r}{e&% telME alTBeRdE i DY E,?gt?%gﬂémi% Hﬁﬂwivggr

during a scan. In genera noverrent of the obje

realized w.t I f - ok e al, itionin and a
short-stro agf?)r'r%@ gﬁnghge(l ?’iﬂr‘fg‘a‘J %%?’Fis%ér:}'i er?g%l?y%l&éeﬁ i(g]r e f%%?&gﬁlﬁﬁe%ﬁ ?%Pndepi cted
in Fig. 8. However, in the case of a \ r stepper (as opposed a

St epr and- SEERAEGP oo e oA e iae Ry el  plrerinbaelS R trBgy o5 LD
short-stroke actuator, or may be fixed. [068] The depicted tool can be used
in two di fai%nt nodes: |

[065] 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) I, either directly or after having
traversed conditioning means, such as a beam expander Ex, for example. The illuminator IL
may comprise adjusting means AM for setting the outer and/or inner radial extent
{commonly referred to as o-outer and o-inner, respectively) of the intensity distribution in
the beam. In addition, it will generally comprise various other components, such as an
integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA has
a desired uniformity and intensity distribution in its cross-section.

[066] 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



- In step node, the mask table MI is kept essentially stationary, and an
entire mask inmage is projected in one go (i.e., a single "flash") onto a
target portion C. The substrate table W is then shifted in the x and/or vy
directions so that a different target portion C can be irradiated by the
beam PB; - In scan node, essentially the sane scenario applies, except that
a given target portion Cis not exposed in a single "flash". Instead, the
mask table MI is novable in a given direction (the so-called "scan
direction", e.g., the y direction) with_a speed v, so that the 27
projection beam PB is caused to scan ové? a mask i mge; concurrently, the
substrate table W is sinultaneously noved in the sane or opposite

di rect i on lager & sweadl oKy ArF ar fihlaging). Whe eurrenbinyejivinfeneempassesdptly ofghdsens PL
(typically, M= 1/4 or 115). In this manner, a relatively Ilarge target
portion Cscanribe exposed, w thout having to conprom se on resolution. [069]
Additionally, software nmay inplenent or aid in performng the disclosed
concept s. [08gf tTwabearh PBGubsEqatrtlyl if@rcafts theGRAR WAL whith iHold b1V 8 nask table
progranm ng, including executable code, may be used to inplenment the above

descri bed NrBiRgy FRARd tHNBaKNAVRE AR P dadses BFEGI 1BO s BY,, hiRh focuses
general - purpose conputer. In operation, the code, and possibly the

o actorm g Doy B8 SR Rarel ir PR R D IR R BRSSO o

pl atform ored at other

| ocations and/or transported.for l|l.0oading. into e, appropriate ‘
gener al - pUrBHO8 e gisAt B Lo BRiteaing pfFads R S BRE 16 et v
i nvol ve one or, nore software prodycts, jn the form of one or re nmodul es of
code car regdpgeusgtelyeagt Soprdo PAUHP G aLAELPOEBRL M g SEHT O1F 5P L h
code by a]¥roge$sor of the computer system enables the platformto
i npl ement Hth&imdarky, 8y sdyositionipe mpanecandewsebladiceiatelyrosition she maskdant i al | y
t he manner perforned in the enbodi nents di scussed

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. 8. However, in the case of a wafer
stepper‘(as opposed to a step-and-scan tool) the mask table MT may just be connected to a
short-stroke actuator, or may be fixed.

[068] The depicted tool can be used in two different modes:

- In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e., a single “flash™) onto a target portion C. The substrate table
WT is then shifted in the x and/or y directions so that a different target portion C can be
irradiated by the beam PB;

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

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



and illustrated herein. [0701 As used herein, terns such as conputer or
machi ne "readabl e nedium' refer to any nediumthat participates in
providing instructions to a processor for execution. Such a nmedium may take
many forms, including but not limted to, non-volatile nedia, volatile
medi a, and transm ssion nedia. Non-vol atile nedia include, for exanple,
optical or magnetic disks, such as any of the storage devices in any
conputer(s) operating as one of the server platforns di scussed above.

Vol atil e nmedi a i nclude dynam c nenory, 2ych as main 28 nenory of such a
conputer platform Physical transm ssiofi’f nedi a i nclude coaxial cabl es,

copper wire and fiber optics, including the wires that conprise a bus within
a conput erProjgsionehepmcBR s eausorh{fescen AMeMs BWsko nagsdrencementlyaltee subatrate fableof

el ectric or electromagnetic signals, or acoustic or |ight waves such as

t hose genéWatiedimilirngoysly ankved fin dgueme\or CRPYsitaditectionfat arspekd( ¥ R) Mdan avhich
communi cations. Comon forns of conputer-readable nedia therefore include,
for exanplis the magpificatibirsdt the léhk ®Ki(blptcatly,sk= ard 1645) Sk, thivmginat, 6 rélapely any
other nmagnetic nedium a CD-ROM DVD, any other optical nmedium Iess

comonly usgd IpBrtioR WSt RPAEN, WilhkBha rcoﬁaﬁﬁﬁms@éw reRbl0@6n, Physi cal

medi um wi t h ‘pat erns of holes, a RAM a P and EPROM a FLASH EPROM any
ot her ngbé’ 1¢ hﬁl tﬁfna Fft‘bv (?ma WnfdnPbr M@erﬁ?tﬁﬂ%gﬁé &1'5519%9%53%8&
instructi es o an porting su carrier wave, any other

medi um fr r. can read progr.amm ng code and/or dat Nhny
Chese " 1 o 3@8‘?&? (e 0?'3&%1?5%@ B Tt d%’&reﬁﬁ“ﬁa Bne o
nmor e sequences of one re ins to a r executi on
[071] At HOGGRDIRS %?%@éﬁﬁa%ﬁ%wﬁ oS ed iradeb it Tha P e vdstped | n
detail, it is to be «clearly understood that the sane is by way of

i |1 ustrat | FecEde b Bgsreerdiuwpass gomputap tin pperpigon, 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
carried by at least one machine-readable medium. Execution of such code by a processor of
the computer system enables the platform to implement the catalog and/or software
downloading functions in essentially the manner performed in the embodiments discussed
and illustrated herein.

[070] As used herein, terms such as computer or machine “readable medium” refer to any
medium that participates in providing instructions to a processor for execution. Such a
medium may take many forms, including but not limited to, non-volatile media, volatile
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



taken by way of limtation, the scope of the present invention being limted
only by the terns of the appended clains. 29 Wat is Cained Is: 1. A

nmet hod of a generating a mask for printing a pattern conprising a plurality
of features, said nethod conprising the steps of: obtaining data
representing said plurality of features; and formng at |east one of said
plurality of features by etching a substrate to forma nesa and depositing
a chronme | ayer over the entire upper surface of said nmesa, wherein said nesa
has a predeterm ned height. 2. The netEg@ of claim1, wherein said chrone

| ayer has zero percentage light trans sion. 3. The nethod of claim1,
wherein said chrone | ayer allows for a predeterm ned, percentage of |ight
transmi ssimnory of syl ar?@fnﬁa@r platfpqm; lﬁhyﬁlcaw?é@@sﬁ‘og&ieélﬁdﬂ@aéﬁ eraioheablatei ght of
said mesa corresponds to 7c phase shift or 27c phase shift with respect to
light trawepesimgretand fireseptics indudingrihe tveres girab grrapnissraduia stithitos capiterol | ing a
conputer conprising a recording nediumreadable by the conputer, neans
recorded apstérthe Corteomaive gramdsion media darr tekd tha dortrhe eleaipartedyctromagesnier at e a
file representing a mask for inmaging a target pattern having a plurality of
f eat ures, sléﬂ@lsﬁdr@@@&ﬁc@@ﬁgﬁtlvﬁdvﬁgsdcﬂas fhoSSenbifated dRBhA Fadi N reflRhéy rggenting
said plurality of features; and defining at |east one of said plurality of

features torhed fIRY Hﬁ:ﬁ' c&iﬁnﬁhﬁ;ﬁ'ﬂl&ﬁ EortAl b EoflBm E&F RadaBIE fkdANHeERROST L1 Ng

a chronme layer over the entire upper surface of sald nesa,
include, for example: a floppy disk, a flexible disk, hard disk, magnetic tape, any other
magnetic medium, a CD-ROM, DVD, any other optical medium, less commonly used media
such as punch cards, paper tape, any other physical medium with patterns of holes, a RAM, a
PROM, and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave
transporting data or instructions, cables or links transporting such a carrier wave, or any other
medium from which a computer can read programming code and/or data. Many of these
forms of computer readable media may be involved in carrying one or more sequences of one
or more instructions to a processor for execution.
[071] Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention being limited only by the terms

of the appended claims.



wherein said nesa has a predeterm ned height. 30 6. The conputer program
product of claimb5, wherein said chrone | ayer has zero percentage |ight
transm ssion. 7. The conputer program product of claimb5, wherein said
chrome layer allows for a predeterm ned percentage of |ight transm ssion.
8. The computer program product of claimb5, wherein said predeterm ned

hei ght of said nesa corresponds to 7c phase shift or 27u phase shift with
respect to light traversing the nesa. 9. A nethod of a generating a mask
for printing a pattern conprising a plurality of features, said nethod
conprising the steps of. obtaining dataz?epresenting said plurality of
features; and formng at | east one of said plurality of features by etching
a subst r atWhatds €leimedlsmesa  and depositing a |ight transnissive, phase
shifting material over the entire upper surface of said nesa, wherein said
mesa has a predetfemnthnédf ineénghdting B0nask i@ printihgd paterc canpridng apleraiyotsai d

| i ght transm ssive, phase shift material has a predeterm ned percentage

t ransni ssifenuas)daid nstedieioatprisigdhohigsershi ft. 11. The method of claim9,
wherein said predeterm ned height of said nesa corresponds to 7z phase

shift or 271 phgagisdddii repfésghtfn%%ﬁiﬁ(btlurﬁiﬁy|oi°&|3¥urésr gversing the mesa. 12. A
conput er program product for controlling a conmputer conprising a recording

b L S e S
target patatng E[onrg%\{lig rz‘&%h%n?c! lléll}r/eall”loivgly the entire upper surface of said mesa,

wherein said mesa has a predetermined height.

2. The method of claim I, wherein said chrome layer has zero percentage light
transmission.

3. The method of claim 1, wherein said chrome layer allows for a predetermined
percentage of light transmission.

4. The method of claim 1, wherein said predetermined height of said mesa
corresponds to 7 phase shift or 2x phase shift with respect to light traversing the mesa.

5. A computer program product for controlling a computer comprising a recording
medium readable by the computer, means recorded on the recording medium for directing the
computer to generate a file representing a mask for imaging a target pattern having a plurality
of features, the process comprising the steps of}

obtaining data representing said plurality of features; and

defining at least one of said plurality of features to be formed by etching a substrate to

form a mesa and depositing a chrome layer over the entire upper surface of said mesa,

wherein said mesa has a predetermined height.



of features, the process conprising the steps of: 31 obtaining data
representing said plurality of features; and defining at | east one of said
plurality of features to be forned by etching a substrate to forma nesa
and depositing a light transm ssive, phase shift material over the entire
upper surface of said nesa, wherein said nesa has a predeterm ned hei ght.
13. The conputer program product of claim 12, wherein said |light

transm ssive, phase shift material has a predeterm ned percentage
transm ssi on and predeterm ned phase s?'ft. 14. The conputer program
product of claim 12, wherein said predeterm ned height of said nesa
corresponds to 71 phase shift or 27u phase shift wth respect to |ight
traversing the ¢ dggompuer progiay Rredyeh Al Flaim 3 rvheeriteaio slropsipier BiS#SIe he st eps
of: (a) providing a substrate that is at |east partially covered by a |ayer
of radi at ipsrfentggniléght irgesopigtient-i al ; (b) providing a projection beam of

radi ati on using an imagi ng system (c) generating a mask utilized to endow
t he proj ecti on 7b&amcampiieaprpatatregraducnof ¢laim £ vdeeeis exid cloome(laher pl@ysefot ang t he
patterned beam of radiation onto a target portion of the |ayer of

radiati On-rﬁ@l&&inhin\é@ﬁﬁf@élﬁége&if,lighh@zﬁﬁhlﬁbsiohﬂ step (c), said mask is formed by a

nmet hod conprising the steps of: obtaining data representing a plurality of
features; and g The computer program product of claim 5, wherein said predeterminéd height of
said mesa corresponds to m phase shift or 2n phase shift with respect to light traversing the
mesa.
9. A method of a generating a mask for printing a pattern comprising a plurality of
features, said method comprising the steps of:
obtaining data representing said plurality of features; and
forming at least one of said plurality of features by etching a substrate to form a mesa
and depositing a light transmissive, phase shifting material over the entire upper surface of
said mesa,
wherein said mesa has a predetermined height.
10. The method of claim 9, wherein said light transmissive, phase shift material has a
predetermined percentage transmission and a predetermined phase shift.
11. The method of claim 9, wherein said predetermined height of said mesa
corresponds to « phase shift or 2n phase shift with respect to light traversing the mesa.
12. A computer program product for controlling a computer comprising a recording
medium readable by the computer, means recorded on the recording medium for directing the

computer to generate a file representing a mask for imaging a target pattern having a plurality

of features, the process comprising the steps of:



32 formng at |least one of said plurality of features by etching said
substrate to forma nesa and depositing a chrone |ayer over the entire upper
surface of said nesa, wherein said nesa has a predeterm ned height. 16. A
devi ce manufacturing nethod conprising the steps of: (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
i mgi ng system (c) generating a nmask utilized to endow the projection beam
wWith a pattern in its cross-section; (d) projecting the patterned beam of
radi ati on onto a target portion of the B yer of radiation-sensitive
material, wherein, in step (c), said mask is formed by a nethod conprising
the steps of - obtagiing drje thpresentmgrseid@hurplify of fdattirgst; emchl i ty of features; and
defining at | east one of said plurality of features to be fornmed by etching
sai d substr at eefining ot leash onestsaaindudbiyadiféaturgs @ Heifgimtedt byastchings subsiratpase
shift material over the entire upper surface of said mesa, wherein said
nmesa has gopi eerbLaY dbpbsili@d Hhght transmissive, phase shift material over the entire upper
surface of said mesa,
wherein said mesa has a predetermined height.
13. The computer program product of claim 12, wherein said light transmissive,
phase shift material has a predetermined percentage transmission and predetermined phase
shift.
14. The computer program product of claim 12, wherein said predetermined height
of said mesa corresponds to n phase shift or 2z phase shift with respect to light traversing the
mesa.
15. A device manufacturing method comprising the steps of:
(a) providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
(b) providing a projection beam of radiation using an imaging system;
{c) generating a mask utilized 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 data representing a plurality of features; and
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forming at least one of said plurality of features by etching said substrate to form a
mesa and depositing a chrome layer over the entire upper surface of said mesa,

wherein said mesa has a predetermined height.

16. A device manufacturing method comprising the steps of:

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

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

(c) generating a mask utilized 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 data representing said plurality of features; and

defining at least one of said plurality of features to be formed by etching said
substrate to form a mesa and depositing a light transmissive, phase shift material over the
entire upper surface of said mesa,

wherein said mesa has a predetermined height.



