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

Pat ent Application Ser. No. 60/818,544, filed on July 6, 2006, which is

i ncorporated herein by reference inits entirety. TECHNI 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 nmethods and techniques for inproving imging of critical
features while sinultaneously reducing,the conplexity of the mask making
process required to produce nmasks capa ble of imaging such critica

feat ures. BACKGROUND OF E 0 I i atus can be
used, for exanp‘i‘gwp kmk{{é\&bﬁgm at ﬁéﬁ?&g’f(la) In
such a case, the mask RB§Hy@ﬁFéFNRéHQ¥EBﬂﬂ?N' & rresponding to an

i ndi vidual layer of the IC, and this pattern can be i maged 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 nmateri al

(resist). In general, a single wafer will contain a whole network of

adj acent RERAGJERD APPHICATIONS are successively irradiated via the
projection system one at a tine. In one type of |ithographic projection

appar at ug1eariis ke eion®diink Hority td US Fatdnt ApplicatietlSéyNexjioslisig4f filedentire
mask pattern onto the target portion in one go; such an

on July 6, 2006, which is incorporated herein by reference in its entirety.
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TECHNICAL FIELD

[002] The present invention relates generally to the generation of mask patterns for use with
chromeless phase lithography (CPL) 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 portion {(e.g.,
comprising one or more dies) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a single wafer will contain a whole
network of adjacent target portions that are successively irradiated via the projection system,

one at a time. In one type of lithographic projection apparatus, each target portion is




apparatus is commonly referred to as a wafer stepper. In an alternative
apparatus, commonly referred to as a step-and-scan apparatus, each target
portion is irradiated by progressively scanning the nask pattern under the
projection beamin a given reference direction (the "scanning" direction)
whi | e synchronously scanning the substrate table parallel or anti-parallel
to this direction. Since, in general, the projection systemw /|| have a
magni fi cation factor M (generally < 1), the speed V at which the substrate
table is scanned w |l be a factor Mtinmes that at which the mask table is
scanned. More information with regard to |ithographic devices as descri bed
herein can b | eaned or example. fro S, 6,046,792, incarporated herein
by ref or EiteiechGEPS e he barts BN Pl G 1R Bt prs RESHATRY

proj ection apparatus, .a nask, patter IS i ed ontg a substrate that is at
Peast pafRPRETISS ERRVEPRIA rHpTe! gy &o0r SERRRTal) SHAGEHEYS PRREF Lo Ty
(resist). Prior to this inmaging step, the substrate nay undergo vari ous

pr ocedur Berredde ata siep-id-$6aR @PParaies, §achduERtNogoR Y WW%M%@WBH
exposure, the substrate may be subjected to other procedures, such as a
post - ex pssuming helwask PERYT ueksy Slegpeiesiion beath dn ¢ glyak eefergmg direction (the ,
nmeasur enent/i nspection of the imged features. This array of procedures is
used as ‘Scarmirgy dirt@iopatvhie synalronmciyicanrahg tha yerstrete tabldgaraléor e. g., an |1 C
Such a patterned |ayer may then wundergo various processes such as etching,
i on-i npl gt gdrait td ©BRIiREIon. MRiica] inl geadrhlOthe pra¥dtidatsysddm wilhBaR-amechani cal
polishing, etc., all intended to finish off an individual |ayer. If

several |,ayefistidh Gack R M (Fehbrally BAN thdi§edh Y2 Wil RGRIHILSratOfabR ¥ fhhiat
thereof, will have to be repeated for each new | ayer. Eventually, an array

of devi ceg) i %fa?llaial\/f)ﬁrﬁése@at R WhiAShSUIILERAL & Barlnt@! ﬁ/f&re infHraforflGMh CES are

then separate rom one anot her by a technique such as dicing or saw ng,
whence g8tk utic 4EHLRGS dEAROBFIBHDLES: Lo SBF Elafiple, BOARS! o t0
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




[ 005] For the sake of sinplicity, the projection system may hereinafter be
referred to as the "lens;" however, this termshould be broadly
interpreted as enconpassi ng various types of projection systens, including
refractive optics, reflective optics, and catadioptric systens, for

exanpl e. The radiation system may al so include conponents operating
according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such conponents nay al so
be referred to below, collectively or gingularly, as a "lens." Further,
the lithographic apparatus may be of a type having two or nore substrate

t abl es and t or__nor S).. "yt t » devi ces
t he addi éﬁ’ager{iiﬁh%eg% eevécersrﬁrf %ng& §§r§%§:ﬁlﬁ Slp(}anreéjlh Fﬂej?%te%ﬂrilé dae%g?no%y&glﬁ%%g may be
carried out on.one or. not bl es ile on or _nmore other, tables are being
used for Sa@‘%%?&?%?.therwgﬁ*@?;%é”qe? ‘E%ﬂlﬁ‘rlﬁ?ﬂﬁt@ MASITAE NGy Eed 1§ RISy ?St%'ed, f or
exanple, in US 556969, 441, incorporated herein b% r ef rﬁgce L 0%% The

phot ol i t H88L Afstiitle srkaRisimplictyy b Pryechiss Swtapmay hegngilg s rlcn %é’t Hhens
corresponding to the circuit conponents to be integrated onto a silicon

waf er . THenspatowsyersthis tewel shayldhedypadly inédapTvied 8 crpoBpPgEHE atiew BPesIalzi ng CAD
(comput er-ai ded design) progranms, this process often being referred to as
EDA ( el embjeotiorcsystesisgncladihg natacdve) optiv s¢fleOir optice gnd natadioptrio wyséensse forof
predeterm ned design rules in order to create functional masks. These

rul es ar gaggle. bhhepidigRmSiystgmang alleghedd dompbadntosiserating mc@xdinpioanydési gn

rul es define the space tolerance between circuit devices (such as gates,

capaci t Ofhgge Rbign })g% for Air8sRE WRESThg of EdMBSHInG SheAfiofeltiRIelin @ rilidtioheadCi 1 cui t
devices or lines do not interact wth one another in an undesirable way.

The desi gpy, Eglg,ﬁ%dé%@%tmm%_r@ﬂ%ﬁe%&mew, Y11 Bt QY bend RS as £71bAd cal

di nensi ons critica I nension of a circuit ‘can be defined as

1 5Tl o bR ot s e R bphpaascsbueen (v
(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”




size and density of the designed circuit. [007] O course, one of the goals
inintegrated circuit fabrication is to faithfully reproduce the original
circuit design on the wafer (via the mask). One technique, which is
currently receiving attention fromthe photolithography comunity, for
further inproving the resolution/printing capabilities of photolithography
equi pnent is referred to as chronel ess phase |ithography "CPL". As is
known, when utilizing CPL techniques, the resulting mask pattern typically
i ncl udes structures (corresponding to features to be printed on the wafer)
it which do not require the use of chrone (i.e., the features are printed

by phase(éﬁjbu cﬁﬁ%@gﬂ of cat@g' cafi B HERRE of BRtnidhid: Wadh 6P% QR%or nach CPL

masks have ‘been I Ication No. 2004-01 1 55 3 9 (the
539 reference ich is herei,n_.incor t fer Lo
entiret y(_)r 5 gg%lle&i\gfg&?ehbetweengw%rllmf:%%r ggﬁ[er@.eigusb hhe (f]f H&E g&s th@m'/etr 1

scussed | eréence, 1nt case ere the
CD dinmension js such that. the t phase-edges partially interact, these
f eat ur esS4r & ‘3§9V$ﬂgﬁﬁ§§n?gﬂ§’ features. However, the aerial imges

formed by the partial phase edge.interaction are quite _poqr. in uality,
and theréXQ}eOE%mﬁﬂﬁWQOFWﬁﬁm%%g“ﬂ@?@ﬁ@ﬁ%%nﬁ?@ﬁﬁag%§t?ﬁﬁ&%BVTﬂﬁﬁ t he

percent transm ssion using chrome patches (i.e., a zebra pattern), it is
possi bl etheoerightbdircultidghigr ordkivwajer (wie thethaskiragee feelmiguse hickat gweatly As a
result, for the Zone 2 features inmaged utilizing the zebra CPL technique,
t he resutectinmgadentmin fromathe phetolithlograpint ¢ommurdty, foo fiethey impoying le near t he
outer sides of the group line patterns. This is one of the major benefits
of usi ngreshlatigepriingChabli@eb bf piusslithegaigeqaipiienids pifaredd to abtierofBEss r eat nent

is feasible. 5 [009] One issue with utilizing the zebra techni que for

i mpl enengidRe lidRRRpRy faal UARSs kfbvdh, when utilizing CPL techniques, the resulting mask
pattern typically includes structures (corresponding to features to be printed on the wafer)
which do not require the use of chrome (i.e., the features are printed by phase-shift
techniques) as well as those that utilize chrome. 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, in the case where the CD dimension is such that
the two phase-edges partially interact, these features are classified as Zone 2 features.
However, the aerial images formed by the partial phase edge interaction are quite poor in
quality, and therefore unusable. The ‘539 reference discloses that by tuning the percent
transmission using chrome patches (i.e., a zebra pattern), it is possible to obtain high fidelity
acrial image for such features. As a result, for the Zone 2 features imaged utilizing the zebra
CPL technique, the resulting acrial 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 zcbra

CPL technigues because a more practicable OPC treatment is feasible.




mask is that such zebra mask features require the use of an e-beam or

hi gh-resol uti.on mask making process. Borderline quality zebra mask
patterns reduce effectiveness of transmi ssion control during patterning.
The zebra pattern can also cause difficulty in reticle inspection that is
necessary to ensure defect free masks. [010] In view of the foregoing, it
is therefore desirable to have an alternative to utilizing the zebra
pattern to form Zone 2 features (as well as other features) in a CPL mask.
[011] Thus, it is an object of the pregent invention to provide an
alternative to the zebra patterning technique previously disclosed in the
"539 ref C SO as..to..provide. a L. . Wh el Lm f or egoi ng
- asues al08; Sre Bt GuRiRie Py GRS il ey 2B kel a Ty MRy
OF THE | NVENTI ON [012] As ted above,. it is one object,of the present
Chvent i oRT DR R GGG 8 o6 SR AL PP P R R er ns
capabl e of imaging features having critical dinensjons corgespondjng to,
for exanmppking pEsess) Berdepdingauality @ghrgmask patfesas ré‘ih}cﬁif’?sf%‘tt’é’énqsﬂ@ UFSEFSIOBr t he
use of the zebra patterning technique. [013] Mre specifically, in one
exenpl ar sondebddingaaticminge Tgc e patiany ean dlwrrapss @Ef@gft)x o Taticlerisprsion
generating a mask for printing a pattern including a plurality of features.
The et thatis nacdsse® dnee géfepidraefmaikposi ting a | ayer of transm ssive

mat eri al having a predefined percentage transm ssion on a substrate;
deposi ti g0 Ineyer odthe GRaghiee, et eetadibre desitab to hawnanitshtie watidring the
etching a portion of the substrate, the substrate being etched to a depth 6

based on & Sieh RGomereisd 1 KhtuvesRi WELH dhe féHabH i s6PY.endsRyer and the
substrate; exposing a portion of the transm ssive |ayer by etching the

opaque NRf1&f | fys RECH ket DEMEFROSHE thvRRESH B rovide an alternative to the zebra
patterning technique previously disclosed in the ‘539 reference, so as to provide a CPL mask

which eliminates the foregoing issues associated with utilizing the zebra patterning

technique.

SUMMARY OF THE INVENTION

[012] Asnoted 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 technique.

[013] 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 depositing a layer of transmissive material having a predefined
percentage transmission on a substrate; depositing a layer of opaque material on the

transmissive material; etching a portion of the substrate, the substrate being etched to a depth




of the transm ssive |layer so as to expose an upper surface of the
substrate; where the exposed portions of the substrate and the etched
portions of the substrate exhibit a predefined phase shift relative to one
another with respect to an illumnation signal. [014] The present invention
provi des one or nore of the follow ng inportant advantages over the prior
art. Most inportantly, the present invention elimnates the need to

i npl enent the zebra patterning technique, and significantly reduces the
conpl exity of mask making process. Ingaddition, the present invention
provides a sinple process for tuning features |ocated, for exanple, in a

peripheral area of, the.circuit design to features ed. in : , dense
rea’or Biiet bf B frphaSafgy iy b SE° b bap i 10 G0 B BGHele B8R Foa r s

and the cor.e atures to be imaged utilizing a.singl.e illum natian.

Anot her B‘Eﬁ}%?é@@ e SR AT ﬁFt%ﬁ’inﬁ RAgY Iggte’?fﬁé%g‘f“?g '!rl?Fﬁi‘PﬁSE‘g or?lﬂlé i ssues

associated wth phase edge printing in transition regions within tHe
circuit obeganSTRVEdAST fefs 1gG¥Rese 38 8P sukree of BhssHbstalsy WHEE i %89 Hat i t
overcones the problens associated with poor etch selectivity, for exanple,
bet ween patiShGN thasbstraianimstthattshedmbriions of thersubstrateexhibitaeredginethphape
utilized in the mask. [015] Asa result of the foregoi ng advant ages, the
present shift eclitiverto oanarvthen tvithirespecttto an dluminaiomagkilr et i cl e capabl e of

i magi ng high-fidelity CPL features having variable transm ssion

properti pa4] t Tiad prect Beerdtioh pidedts bBe sBmMufeart therfolldah ingpetahealvaiitegessuch as,
for exanple, |ine:space PSM features and contact holes PSM features. 7
[016] Adgid-kislor ady anke@portadiyt HR pREesaMentiby Sithingtids WehkeddBGRFRIRAPAN ENt
to those skill'ed in the art fromthe follow ng detail ed description of

exenpl ar ﬁm%@@g gh@%ﬁég Itér%futu %{f'eg afd ﬁ?ﬁ?%aq[ﬂk@&ﬁf&g ‘fﬁ%| corﬁﬁéﬁﬁ B Hﬁtﬁinﬁpﬁd fic

ref erence may t ex e use of the irnvention In"the

process. In addition, the present invention provides a simple process for tuning features

located, for 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. 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 it
overcomes the problems associated with poor etch selectivity, for example, between
MoSiON based-materials and the quartz substrate, which are utilized in the mask.

[015] As aresult of the foregoing advantages, the present invention can be utilized to form
a mask/reticle capable of imaging high-fidelity CPL features having variéble transmission
properties, that can be utilized to manufacture PSM type features such as, for example,

line:space PSM features and contact holes PSM features.




manuf acture of 1Cs, it should be explicitly understood that the invention
has many other possible applications. For exanple, it may be enployed in
t he manufacture of integrated optical systens, guidance and detection
patterns for magnetic domain nenories, |iquid-crystal display panels,
thin-filmmagnetic heads, etc. The skilled artisan wll appreciate that,
in t he context of such alternative applications, any use of the terns
"reticle", "wafer” or "die" in this text should be considered as being
repl aced by the nore general terns "magk", “"substrate" and "target
portion", respectlvely [018] The invention itself, together with further

obj ects gﬂg%,‘? ?ﬁ e§Van9a6%~s 8&nd %ge?lkmvgrg%%r@ l%g&npéla égtfef?{ tgr?l‘fo%e E%}l%’le

foll owi n escri 1 on acconpanyi ng

sk pat PP B frorHEe GrSee R esepion plae R R o

i magi ng process to generate the desired feature in a substrate. Fig. 1
shows a {EHANew and a cross-sectional side view of the target pattern
[ 020] FI%€72 illustrates a first step in the nmethod of formng the mask in

accor danfd 7hi Akheugd spesifisisfarericaaribr srdein thisiexide e vaselihe mvontioayip e

pattern. Fig. 2 shows a top view and cross- sectional view of the reticle
pat t er n dhanifagutehd I€s, itsshosltl dp cxflicithaundetstvod tiet therigientort wasimargmthenn. 111 8
[021 ] Fig. 3 illustrates a second step in the nethod of form ng the mask

i N accor geRibe aplibatioh Fop &:aid, itirtaeitengioyet i ihz imguatexdlipkgatedt ar get
pattern. Fig. 3 shows top view and cross- sectional side view of the

reticle petdaPéytesid gﬁ'&n&@ﬁld&%&@ﬂ&? dtRfhsThr thiigheNBASAAIN aaREEE,NG t O

invention. Fig. 3 refers to the Iithography substep.
liquid-crystal display panels, thin-film magnetic heads, etc. The skilled artisan will appreciate

n mw

that, in the context of such alternative applications, any use of the terms "reticle", "wafer" or
"dié" in this text should be considered as being replaced by the more general terms "mask",
"substrate" and "target portion", respectively.

[018] 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

[019] Fig. 1 illustrates an exemplary farget mask pattern of the present invention, that
would be utilized in an imaging process to generate the desired feature in a substrate. Fig. 1
shows a top view and a cross-sectional side view of the target pattern.

[020] Fig. 2 illustrates a first step in the method of forming the mask in accordance with the
present invention utilizing an exemplary target pattern. Fig. 2 shows a top view and cross-

sectional view of the reticle pattern during the first step of the method according to invention.




[022] Figs. 4 and 5 illustrate a second step in the nmethod of formng the
mask in accordance wth the present invention utilizing an exenplary
target pattern. Fig. 4 and 5 showthe top view and cross-sectional view of
the reticle pattern during the second step of the nethod according to
invention. Fig. 4 relates to chrone etch substep while Fig. 5 relates to
MoSIi ON etch substep. [023] Figs. 6 and 7 illustrates a third step in the
nmet hod of formng the nask in accordance wth the present invention
utilizing an exenplary target pattern.gFig. 6 and 7 show the top view and
cross- sectional view of the reticle pattern during the third step of the

nmet hod rding.to invention, Fig. 6 re s i p while
fro 7 reft2ibebieo iRetiE B onb Rismep 3 BRnb df bR M AR
resulting mask for the exenplary target pattern. Fig. 8 shows the top view
and cr os &€ PESERIAHERIER gl E‘W #@ﬁ@g?ﬁe?@“g“pﬁ{gt g rsﬂ‘?ws[tﬁ@ BWENG LTS, and 9b
illustrate exenplary CPL t¥pe PSM masks that can be generated _utilizing

t he procestonsf sidpyichr ddbswelivlp pattprn dpring hosgeopd giep 9lpthe mefhed pggoading fp
exenplary CPL type PSM contact hole pattern that can be generated

utilizi nmvestnpFigcksderafo thihbithograpnsubstiepent i on. [027] Fig. 11 is a bl ock
diagramthat illustrates a conputer system which can inpl enent

i |l um naf2dh Bipt.idmnd atillostragccsecatidrteptio tianmethboli foening dfe mdsk ipaeesiatce
invention. 9 [028] Fig. 12 schematically depicts an exenplary |ithographic
proj ect i @ith @RNRERhLiav&itioh ablifing iiDExenfardr ot patirs KFigl dsing Setowitidtop he ai d of

t he di scl osed concepts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 030] As
SMX flhai negichengichss tieomB sewtdrdhdRiiPR $afth de8RAEHSkEdREd &efBbhe nittid@cor dance
according to invention. Fig. 4 relates to chrome etch substep while Fig. 5 relates to MoSiON
etch substep.
[023] Figs. 6 and 7 illustrates a third step in the method of forming the mask in accordance
with the present invention utilizing an exemplary target pattern. Fig. 6 and 7 show the top
view and cross- sectional view of the reticle pattern during the third step of the method
according to invention. Fig. 6 relates to lithography substep while Fig.7 relates to chrome
‘etch substep.
[024] Fig. 8 illustrates the resulting mask for the exemplary target pattern. Fig. 8 shows the
top view and cross-sectional side view of the reticle pattern.
[025] Figs. 9a and 9b illustrate exemplary CPL type PSM masks that can be generated
utilizing the process of the present invention.
[026] Fig. 10 illustrates an exemplary CPL type PSM contact hole pattern that can be
generated utilizing the process of the present invention.

[027] Fig. 11 is a block diagram that illustrates a computer system which can implement

illumination optimization according to an embodiment of the present invention.




the present invention regards a new type of CPL type PSM mask that i nproves
imaging and elimnates the need for a "zebra" pattern to control the
exposure energy transm ssion during inmaging. As explained in further
detail below, the mask utilizes two filnms, the first of which wll
attenuate the inpinging light to, for exanple, 5-12%while maintaining O
phase shifting, and a second filmthat wll further attenuate the
inpinging light to 0% It is desirable to utilize a chrome-based film
(including CrxOy) on top of a MoSi ON based film fornmed on a quartz
substrate in the mask process (it is noted that other suitable materials

may als i{4 l;lm;\g i I | rise in
t he manu azc@b:fuir}iftg'nig2 gcg%%%ness %{Pg&%o t Eehpg%%pglggﬁﬁgcf ?ﬁi&&l‘:’@g@%&e@éﬁgl based
mat eri al nd Ltz trate. .The. hpd of .the present invention

al so add?oéggee‘gh?ﬁims%?géssﬂ%l? 3?"8@? e]élﬁf)ggﬂe%m?ﬁ%%(g‘ioﬁl a?pésts' an exenpl ary target
mask pattern of the present invention, that would be utilized in an

i mgi ng process to generate the desired feature in a substrate. As shown,
the mask_pattern includes an un-etched quartz nmesa portion 12; a

t r ansnmi sBEIALLELD DERCRIBIHAN Q8 THHEL INVERBION on with zero phase shift (for
exanple, but not limted to MoSION); a non-transm ssion portion 16 (for
exanpl e, (1601 Aeexpliingd kegein.che medmanyl meihdl fangeeshiog 2 qusl inzaccqrdance onthl 8,
which fornms the background area of the mask. It is noted that in the given
exanpl e, thebecsedtdinedtiouengiids poew iype of EPhagped’ S ptakk it ih§2@As omagh@Dardhase
depth. 10 [032] As noted above, because of poor dry etch selectivity

bet ween ¢lliginhteaths iesdioy @ “pbid ipafiern 1d cdrrod the RSO enanst tiahenisdiorethatngd quart z
portion 12 (e.g., Si2), a standard reticle mnufacturing process would
require fnigtngd ARekbREINYN BlrhenRehil R thdPahdkaltlizBewloaABAhé RrsPbLRRich t O
prevent danmage to a previously-imged |ayer, which is typically not

possi bl eyiThgnRie &R irik{h\éq{yhi {850l Qa#ﬁg&%iﬁz%%ﬂ%]aﬁ%nﬁ&Gefal?afsleng, for

exanpl e, the target sk pattern o
shifting, and a second film that will further attenuate the impinging light to 0%. It is

desirable to utilize a chrome-based film (including CrxOy) on top of a MoSiON based film
formed on a quartz substrglte in the mask process (it is noted that other suitable materials may
also be utilized). However, when using such materials, issues arise in the manufacturing
process due to the poor selectivity between MoSiON based materials and the quartz
substrate. The method of the present invention also addresses this issue.

[031] Fig. 1 illustrates an exemplary target mask pattern of the present invention, that
would be utilized in an imaging process to generate the desired feature in a substrate. As
shown, the mask pattern includes an un-etched quartz mesa portion 12; a transmissive portion
14 having y% transmission with zero phase shift (for example, but not limited to MoSiON); a
non-transmission portion 16 (for example, but not limited to chrome); and an etched quartz
portion 18, which forms the background area of the mask. It is noted that in the given

example, the etched quartz portion 18 has a depth of 1920A or 180° phase depth.




whi ch negates the problens arising fromthe poor etch selectivity between
transm ssive nmaterial 14 and the quartz substrate 12. [033] Fig. 2
illustrates the first step in the nethod of form ng the mask in accordance
with the present invention. Referring to Fig. 2, the substrate is
initially prepared such that a |layer the zero phase, y%transm ssive

MoSIi ON material 14 is deposited over the quartz substrate 12 and a | ayer
of chronme material 16 is deposited over the MboSiON material 14. Then a
resist pattern is disposed over the chpone material 16, which exposes al

of the areas of the mask in which the quartz will be etched (i.e., etched

auar 2 DA8S) OBFadBl s MOLS, ERRX R SRS S NSHLTN KRG Bon,
orD220 P oAU BB o P00 06 SR Al 1,200 1

target depth mnus a predetermned delta, A which is defined, by éhe etch
sel ect i vinEspigdyrpearoerevald reqpire shag p gerfertly algsd opsistaatiss by formed Wypderne

thi ckness of the MbSIiON film 14. Specifically, the delta is: A= MSi ON

fil m t hitohmesst danfaigh Bi QXtevinusly-imaged fayse wdahi iy Bipicplly net posgsiblet ek prasent t he
etch selectivity is well known and can be readily determ ned once the

mat er i al mvériongraviddsiazedhddafior gdverating femexasiples thedarest niadk pattbrt bieFigulhstrate 12
are identified. It is 11 also noted that the chrone |ayer 16 can be

ut il i zedwhigh acdaddsthdmoklcy aiisige frha tied ol Bgh efiedtivity bbbt Madsayaivel4 and t he
quartz layer 12. [034] As an exanple of the foregoing, assumng that the

final / deghigsl uahaele fhADsdRRiB 16for 180 phase depth) for the background
area 18 is 1920A; the filmthickness of MoSION film 14 is 400A; and the

MbSi ON: q Zg: £t i Wi ' : ) ti LLzi
foregoin ?%r%%l%hius %8% f)?%% %{?%%lt% ﬁ@ﬂ\;%?l S%Rg{gﬂ%ﬁ% @?1%,&11 B%Cs%kdég%%]‘hﬁ? he

desired @1% %pe'sé}ﬁ invention. Referring to Fig. 2, the substrate is initially prepared such that a layer

the zero phase, y% transmissive MoSiON material 14 is deposited over the quartz substrate
12 and a layer of chrome material 16 is deposited over the MoSiON material 14. Then a
resist pattern is disposed over the chrome material 16, which exposes all of the areas of the
mask in which the quartz will be etched (i.e., etched quartz portions 18). As noted above,
these etched portions 18 may correspond, for example, to the background portion the mask.
Next, in the exposed areas, the chrome material 16 and the MoSiON material 14 are etched,
and the quartz substrate 12 in the exposed areas is etched to the target depth minus a
predetermined delta, A, which is defined by the etch selectivity between the quartz 12 and the
MoSiON material 14, and the thickness of the MoSiON film 14. Specifically, the delta is:
A =MoSiON film thickness x (MoSiON:quartz etch selectively).
It is noted that the etch selectivity is well known and can be readily determined once the

materials being utilized for the transmissive layer 14 and the substrate 12 are identified. Itis




depth "X' of the background quartz portion 18 in this first step of the
process equals 1920A - 240A (the target depth - A), which is 1680A. [035]
Turning to Fig. 3, the next step in the process of formng the nask is
illustrated. First, utilizing standard |ithography techni ques, a resist
pattern 22 is formed over the reticle such that it exposes all of the
areas of the reticle in which it is desired to have un-etched quartz nesa
structures 12. It is noted that in the preferred enbodi nent, the opening of
the resist pattern 22 correspondlng @ the desired un-etched quartz nesa
structures 12 are extended (i.e. e larger) than the target dinensions

20 25 LRl L f9lu OYELLRY %lr (et tqgoeﬁzedta@%hamega&td DL HE R drgnd O mech

€ ‘openi'ngs so as to“renove chrone
| ayer 16 as shown inh Fig. 4. Next, all of the resist |ayer
22 is re%%@éﬁEﬁﬁ?gﬁ??ﬁgh?%W?%?%mr*‘ is inmportant that the resist | ayer be
renmoved fromthe background areas of the reticle in which it Ee3|red to
f or m backgftb u‘?ﬁjﬂfq‘?}‘é‘rf@ge dhe fogrgeinggassyqaing thay &er{@a’!%lref} oSt Fichy BPEIH
pattern 16 as a hard mask, the MoSi ON | ayer 14 is etched Durl this
et chi ng P¥0Spbass depthpfos dredwekiroudrarca [rie 482078 the film @lCBDeSB@fMl@“g film a rate

equal to the etch selectivity ratio, MSI O\ quartz. Thus, the anpunt of
guart z et&Bd€0Anardhibe MSKYN quat: dclesiectidiy wi0160: 1 thee dhcah utihf.)ziwg themki ng t he
total etch depth of the background quartz areas 18 equal to 12 the final

target efogdpod@Ebim{avRi4ODAIX(0IH0E ) gvMeNe@MRBIPADA. iAS sach] B qebiaskctetapy h) . The
resulting reticle is illustrated in Fig. 5 [036] Continuing the exanple

not ed abgue, «sther 1Rl B&k&%ﬁﬁd‘q&ﬁuf@bﬁioﬁqgiiﬂﬂﬁyﬁh@t :ﬁ%t%fttﬁe bB&S equkls fonom step 1
is 1680A; 'the thickness of the SONfilmis 4 t he NbSlCN quartz

oDt o Bol} rOul et g ral a2 eLeh auri g WS averen,

process, [OtSQF TRk h tgpf@gt % 191 n%gestep in the process of forming the mask is illustrated. First,
utilizing standard lithography techniques, a resist pattern 22 is formed over the reticle such
that it exposes all of the areas of the reticle in which it is desired to have un-etched quartz
mesa structures 12. It is noted that in the preferred embodiment, the opening of the resist
pattern 22 corresponding to the desired un-etched quartz mesa structures 12 are extended
(i.e., made larger) than the target dimensions so as to allow for overlay errors. Once the
resist pattern 22 is formed, the chrome layer 16 is etched in the openings so as to remove the
chrome layer 16 in the opening as shown in Fig. 4. Next, all of the resist layer 22 is removed
from the reticle. It is important that the resist layer be removed from the background areas of
the reticle in which it is desired to form background quartz portions 18. Next, using the
remaining chrome pattern 16 as a hard mask, the MoSiON layer 14 is etched. During this
etching process, the exposed quartz areas 18 will also be etched at a rate equal fo the etch

selectivity ratio, MoSiON:quartz. Thus, the amount of quartz etched in the background areas

18 will be equal to A, making the total etch depth of the background quartz-areas 18 equal to




background quartz areas 18 equal 1680A + 240A = 1920A, which is the target
design (i.e., a 180 phase depth). [037] Turning to the third step in the
process, which is illustrated in Figs. 6-8, once the background quartz
areas 18 are etched to the target depth, and the MocSi ON | ayer 14 has been
removed fromthe areas in which un-etched quartz areas 12 are to be forned,
which is the result of the conpletion of the second step, the reticle is
once again covered with a resist layer 32 to define a resist pattern that
exposes all the areas of the mask thatjpwi || be MbSiON structures 14 (y%
transm ssive, 0 phase relative to the nmesa background 12, but 180 phase
relativ tche . 1t ;1 tﬂg& i ferred
enbodi rreetrlll{3 fﬁn%lﬁ%g@té: %Jeﬂln(%ﬁg}@fhg ‘%lhllg ﬁ%@‘f%@( f)lgitﬂieelér % 1 g}gtp?gsrer esp 2) ng]?%llggl{l%{ he

desired v iCN st&g@%u es .14 are extended (i.e., nmade |larger) than the
target diHERSEHY 0&% 3 al low for overlay errors. Next, the exposed

chrone p ern 16 is etched so as.to renoye, the chro | ayer 16 above the
MbSi ON |®§é} %{tmtuﬁgﬂa@ov%}erﬂ%@ b9y fhe %ﬂg{f\/@}h@b%@rﬂé{f GeroaEeT os 14 1 n
the reticle as shown in Fig. 7. Thereafter, the resist |layer 32 is renoved
and the Ffompstepilds Leh%: dhe ewémMﬂ%leaﬁmw@PX; the plgpiOR:quadz [ 038]
Referring to Fig. 8, it is shown in the given exanple that in the final
reticl e sebeskvibyis 0t60e ; ghd/thn additionpl guartzrichivbBIn@V PNty 2400 * k6B T a y%
transm ssion, and 180 phase shift relative to the etched quartz portions
18, and 2404. Fhuetat Hedknd véitheAoegrihg emend@eeiithbplocess, thOeh tiepginsefthesi on wit h
180 phase shift relative to the etched quartz portions 18. [039] The
process ckdrohint di@rtd aras k8 équaRTEB0AdRIMIR Wil D20A ehigh i€ Siedthrgetdtsinh (e acan be
utilized to formvarious nmasks capabl e of imagi ng/creating various

featureslgﬁgﬁm@@@ﬂg*e, referring to Figs. 9a and 9b, the process can be
utilized to forma line: space pattern where

[037] Turming to the third step in the process, which is iHustrated in Figs. 6-8, once the

“background quartz areas 18 are etched to the target depth, and the MoSiON layer 14 has been
removed from the areas in which un-etched quartz areas 12 are to be formed, which is the
result of the completion of the seconc;l step, the reticle is once again covered with a resist
layer 32 to define a resist pattern that exposes all the areas of the mask that will be MoSiON
structures 14 (y% transmissive, 0° phase relative to the mesa background 12, but 180° phase
relative to the etched quartz areas 18). It is noted that in the preferred embodiment, the
opening of the resist pattern 32 corresponding to the desired MoSiON structures 14 are

-extended (i.e., made larger) than the target dimensions so as to allow for overlay errors.
Next, the exposed chrome pattern 16 is etched so as to remove the chrome layer 16 above the
MoSiON layer 14, thereby forming y% transmissive, 0° MoSiON structures 14 in the reticle
as shown in Fig. 7. Thereafter, the resist layer 32 is removed and the reticle is complete as

shown, for example, in Fig. 8.




each of the features (i.e., lines) to be printed conprises the y%

transm ssion | ayer 14 di sposed on the un-etched quartz, with the quartz
areas adj acent the features being etched to a depth corresponding to a 180
phase shift in the manner noted above (see, Fig. 9a). Fig. 9b illustrates
anot her line: space pattern in which only one of the |ine features includes
the y% transm ssion |layer 14 and the other two line features 12 are forned
by the 100% transm ssive un-etched quartz areas 12. Fig. 9a shows the path
of light 200 through the y%transmi ssijye layer 14. Fig. 9b shows the path
of light 300 through the y%transm ssive |ayer 14 and the path of |ight
400 thr t 100% t.rapsm ssive layer 12 Fi L0 | . . partial
ok palo APy 6 e s SR i Y Qloniemblge e U p AL BBl

adj acent _to. the contact | Once agaln,. t rocess of resent

i nvent i of° 8" %ﬁ#%%@gFﬁqﬁ@FﬂP?% w#@%ﬁ%?%ﬁ%ﬁ%&@ﬂ%gﬁﬂ?iﬂgw in Fig.
10, the contact hole exhibits a 180 phase shift_ relative to the scattering
bar. [ 040} relative o thestehpd guagtz prations]id) @d the ug-glcheibiudgz aedions H Powisdt s
forth an illustrative exanple of the process of the present invention,

vari at i oHf¥%Yofransmésspnoeiths B803 phasglshidt platvg tolthe ctilimd quastapprtions ik | e t he
illustrative exanple discloses using MoSiON material as the y%

t ransni si@B9e Theypeocessawfifosuing alnlask trepedires iwith thayresenhayesmnican bé zed.
Further, the percentage 14 transm ssion of layer 14 is selected in

accor dang@gized tofotth@adas inifks ¢pablt bf anging/creting bariowadiansese dof Baampanpl e by
utilizing different materials and/or controlling the thickness of the

mat er i al hf@$nd BIBESM Md b, BRPré@bs dahBe LRASITD S0 MiRf sphdcGhatternaviRid ai n t he
desired imaging result as nay be necessary when imaging, for exanple,

" Zone 2"eat:l‘?@f”ﬂﬂé %tun% (;f]'.ie?.l, ﬂflésy to MAn%d%ﬁﬁp@es tRd Aqlléﬁgrﬁi%si&?}é?erbﬁen descri bed

as corresponding to t opaqgue layer 16 and 100% transm sSive |ayer 14

res aque . §
et of or vt e BhAEhof el OB S A e I REURUD PR o,
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intg?o a 180° phase shift in the manner noted above (see, Fig. 9a). Fig. b
illustrates another line: space pattern in which only one of the line features includes the y%
transmission layer 14 and the other two line features 12 are formed by the 100% transmissive
un-etched quartz arcas 12. Fig. 9a shows the path of light 200 through the y% transmissive
layer 14. Fig. 9b shows the path of light 300 through the y% transmissive layer 14 and the
path of light 400 through the 100% transmissive layer 12. Fig. 10 illustrates a partial mask
pattern for forming contact holes with scattering bars placed adjacent to the contact hole.
Once again, the process of the present invention can be utilized to form this reticle/mask. As
is shown in Fig. 10, the contact hole exhibits a 180° phase shift relative to the scattering bar.
[040] 1tis also noted that while the foregoing description sets forth an illustrative example
of the process of the present invention, variations of the process are also possible. For

example, while the illustrative example discloses using MoSiON material as the y%

transmissive layer, any suitable transmissive layer may be utilized. Further, the percentage




obtain a phase shift other than 180 relative to the un-etched portions of
the substrate, in the event a different phase shift is desirable. Further,
while the foregoing exanple illustrates the use of the present invention
in conjunction with a clear field mask, it is also applicable for use with
a dark field mask, which can be utilized, for exanple, to forma dark field
trench PSM mask. [041] As noted above, the present invention provides one
or nore of the follow ng inportant advantages over the prior art. Most
inmportantly, the present invention elijginates the need to inplenent the
zebra patterning technique, and significantly reduces the conplexity of

ra pa ohni que. and si gn reduce: . y o
oracess FOPTEaRTR) ekt R odelbEostd Gyt I ASHETRLAPRBIAGAES ° P TP

the circujt design to  features. located .in a.core, dense area of.the
circuit Eﬁtﬁﬁ& regampledby “QLF‘Bgvaifr?ée E’IaFeﬁﬁ]Sraﬁ or ?%@Qﬂggifeetﬁicg?e& Ogt&fﬁ t he
core features to be imaged utilizing a single illumnation. Another

advant ag@atsrial) pengsesarrie cprial theitemsipissipm gt Ight tgphtapthedesirgimagiag gesult

associ ated with phase edge printing in transition regions within the
circuit aemigbe nevessanvdich émagioy dentcxgmplef “Zone 2p feabwer Stunfybhwhdechiremehat i t
overcones the problens associated with poor etch selectivity, for 15
exanpl e, afibjuagie havdiBeOiksbralxeichs ratrespbalisg wrtble oprgue)layert 16 adB8@%at e, which are
utilized in the mask. [042] Fig. 11 is a block diagramthat illustrates a
conput er tresalieMe 18R WhisPectiadly, dnfiptiRrRiifable hgatérial Lrabyna o mrsubsititad zat i on
expl ai ned above. Conputer system 100 includes a bus 102 or other

conMmuni Caefeite "RCAMARICHMKE QEpth ONTHE RICH I HHRGubIHAE PHRbLE 9ikicdRAedesiPRESSOr 104
coupled with bus 102 for processing information. Conmputer system 100 al so
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dynam c stora

event a different phase shift is desirable. Further, while the foregoing example illustrates the
use of the present invention in conjunction with a clear field mask, it is also applicable for
use with a dark field mask, which can be utilized, for example, to form a dark field trench
PSM mask.

[041] As noted above, the present invention provides one or more of the following
important advantages over the prior art. Most importantly, the present invention eliminates
the need to implement the zebra patterning technique, and significantly reduces the
complexity of mask making process. In addition, the present invention provides a simple
process for tuning features located, for example, in a peripheral arca 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. 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 it overcomes the problems associated with poor etch selectivity, for




device, coupled to bus 102 for storing information and instructions to be
executed by processor 104. Main nenory 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 furt her
includes a read only nenory (ROM 108 or other static storage device
coupled to bus 102 for storing static information and instructions for
processor 104. A storage device 110, such as a magnetic di sk or optical

di sk, is provided and coupled to bus {3502 for storing information and
instructions. [043] Conputer system 100 naybe coupled via bus 102 to a

d! splay 1)9‘&%1;) S;%g ! 27 MbS! tﬂ)g%ﬁ-mét@’atlst &Ha%hé @% sﬂlgsuial!ea'svhlﬂiglee! utffized @uch panel
di spl ay Y'or |SHW%y|ng information to a conputer uséer. An input device
114, including al phanunmeric and ot her keys, is coupled to bus 102 for
connunicﬁFFﬁﬁ'infornation and command sel ections to processor 104. Anot her
type of user _input device is cursor control 116, su . a nouse, a

t r ackbal [042br Figullsis @ bick Seaeragh @gsqa(tﬁs a COBRHISh S YSLM ﬁg) %ﬁ‘%ﬁ% on
informati on and command sel ections to processor 104 and for controlling
cur sor nisvrement therillumingtien ontimizativg expiamed ebayey Compuipp st {00aeludetd degr ees
of freedomin two axes, a first axis (e.g., x) and a second axis (e.g.,
y), that bad 108ws otlieecaievindeation nigharggme &ir cympwsicaiingnisidrmationp bathepropess@iuch
panel (screen) display may also be used as an input device. [044]

Accor di ngo4 eupled vathitadil OB fdr ppdcesirgs infovieatidnorGonigueer spsdm deGalgminpludessss may
be aided by conmputer system 100 in response to processor 104 executing one
Or NDre FREUSHRES 108fsutes DFndeH ScdeShérbiéy (RAM) @O bihet d@Emidsterag Mmemory
106. Such instructions maybe read into main nmenory 106 from anot her

conput er gLeadahlofed 5 814102 BHEDHASnAIMEAGLAaNIELdo be BXRGIWEbPN Of the
sequences of Fnstructfons contaihed |n main menory 106 causes processor
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 storage device 110, such as a magnetic disk or optical disk, is provided and coupled to bus
102 for storing information and instructions.
[043] Computer system 100 may be coupled via bus 102 to a display 112, such as a cathode
ray tube (CRT) or flat panel or touch panel display for displaying information to a computer
user. An input device 114, including alphanumeric and other keys, is coupled to bus 102 for
communicating information and command selections to processor 104. Another type of user
input device is cursor control 116, such as a mouse, a trackball, or cursor direction keys for
communicating direction information 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., y), that allows the device to




104 to performthe process steps described herein. One or nore processors
ina nmulti- processing arrangenent may al so be enployed to execute the
sequences of instructions contained in nmain nenory 106. In alternative
enbodi nents, hard-wired circuitry nmay be wused in place of or in
conbination with software instructions to inplenent the invention. Thus,
enbodi nents of the invention are not l[imted to any specific conbination of
hardware circuitry and software. [045] The term "conputer-readabl e nedi unt
as used herein refers to any mediumthgt participates in providing
instructions to processor 104 for execution. Such a nmedium may take many

forms, incl.uding. but naot limted to,, non-vplatile i a ol at.il e nedi a,
and trais s%qsg’r‘?n?rﬂ]cﬁ @.&m‘?\ldﬁ({% RETEH SCTvEny Sﬁ%&?ﬁoaggodtfeolfse‘&sa%f‘%& opti cal

or nagn%%%p di sks, such as storage device 110. Volatile nedia include
dynam c ¥Sry, such as main nmenory 106. Transmi ssion nmedia include
coaxi al cables, copper wire and fiber optics, including the wres that
conpr i sel0Bfl Awording @essicmbpdimenieafithe iauentignsige mertedesisa Tresiess BEY Bcoust i ¢ or

| ight waves, such as those generated during radio frequency (RF) and

i nf r ar edai¢edR)y cdatpater syshamu hdCatresposse tCpmeossof Hnmxeofting onpot wereseqdatise nedi a
i nclude, for exanple, a floppy it 17 disk, a flexible disk, hard disk,
magnet i Coftoap@r maryinsthitdonsmgtdied ¢n math memorg 108 B insthlvilpnsanay leirbel opt i cal
medi um punch cards, paper tape, any other physical mediumwth patterns
of hol esintEmBAMentrPRSMromndothERoMputer Ottt ERRGM, sadhyas fore dewb®dIN. chip

or cartridge, a carrier wave as described hereinafter, or any other nedium

from whi caﬁOIP&*myédeaﬁerfe@snoffiﬁﬁﬁcﬁ&%@LmV@a irPMSin§ RISy b6 ERRRYIr&desdopadabl e

medi a maybe 1 nvolved 1 n carrying one or nore
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 the invention.
Thus, embodiments of the invention are not limited to any speciﬁc_ combination of hardware
circuitry and software.
[045] The term “computer-readable medium” as used herein refers to any medium that
participates in providing instructions to processor 104 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 storage device 110. Volatile media include dynamic memory, such as main memory
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




sequences of one or nore instructions to processor 104 for execution. For
exanple, the instructions may initially be borne on a magnetic disk of a
renote conputer. The renote conputer can |oad the instructions into its
dynam c nenory and send the instructions over a telephone line using a
nodem A nodem |l ocal to conputer system 100 can receive the data on the
tel ephone line and use an infrared transmtter to convert the data to an
infrared signal. An infrared detector coupled to bus 102 can receive the
data carried in the infrared signal and place the data on bus 102. Bus 102
carries the data to main nenory 106, from which processor 104 retrieves

and execuytes fhe instructigns. The instructio cel fg5=Y menory
106 may ‘g‘f)lf iaﬁ?éﬁ%/&%% h%‘i%odrlsédmgﬁn eéltctgarpaegaéﬂyd)gl%ﬁrgle%%&éln% rﬁ%#‘%g’rab%%p%?%’ or after
executi o b rocessor, 104. [047 uter system 100 al so preferably

i ncl udesBXDeéWEﬂﬁ?rc%ﬁlF%}ﬁlq%hﬁ&ca%%ngap%[ﬁ'ﬁ?’éﬂyf’g}eﬁﬁgmfﬁl?e%‘ﬁ% i cation
interface 118 provides a two-way data conmuni cation. coupling to a network

i nk 120Patisans of Bolew adeled PROM: and ERR Ol ASHEFR Opbrang eispingmory

communi cation interface 118 may be an integrated services digital network
(1 SDN) cehiplonrartsidgeradamiet waps shdestaibad Hereimalienenany other exdisaniae thsh & 0 a
correspondi ng type of telephone 1line. As another exanple, comunication

i nt erfacenif8roayrdaé a | ocal area network (LAN) 18 card to provide a data
comuni cati on connection to a conpatible LAN. Wreless links may also be

i mpl enenfoad} Vil Yorgid@i chiphierremiableingddia @ayhainivolatd Mrvatriing bhasend#8 sends
and receives electrical, electromagnetic or optical signals that carry

digital dahécsd sRaedr moRPhaRRNbAIG pYdkisor 504 P fecfion. o ExailQMhe [ 048]
Network link 120 typically provides data communi cati on t hrough one or nore

net wor ksinE@uc‘ﬁBHseﬁla?ﬁﬁt?aﬂg'%\éibﬁﬁr%'on%%agﬁmgl@af NREWR doniphek E2DrefBY¢ Provide a

connection

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 receilve the data
on the telephone line and use an infrared transmitter to convert the data to an infrared signal.
An infrared detector coupled to bus 102 can receive the data carried in the infrared signal and
place the data on bus 102. Bus 102 carries the data to main memory 106, from which
processor 104 retrieves and executes the instructions. The instructions received by main
memory 106 may optionally be stored on storage device 110 either before or after execution
by processor 104.

[047] Computer system 100 also preferably includes a communication interface 118
coupled to bus 102. Communication interface 118 provides a two-way data communication
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)




t hrough | ocal network 122 to a host conmputer 124 or to data equi pnent
operated by an Internet Service Provider (I1SP) 126. ISP 126 in turn

provi des data conmuni cation services through the worl dw de packet data
comuni 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 streans. The signals through the
vari ous networks and the signals on network Iink 120 and through

communi cation interface 118, which cangy the digital data to and from
conput er system 100, are exenplary forns of carrier maves transporting t he

f ) 10 d
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| SP 126, Iocal netmnrk 122 and communi catjon interface 118. |In accordance
with t herereivesrloctical, slestramsgnelioNRysa stenals shat carry §aital dalgisHernst or ¢ he

illum nation optim zation of the enbodi nent, for exanple. The received code
may be escersatnsing ygrioysitee sbipforneioms it is recerved and/or stored in
storage device 110, or other non-volatile 19 storage for |ater execution.
In this -[m&heN¢mdnmnl¢m0t§pisztlbzrprdxamesrda§a cobtminrcatippihrowghioonor moge in t he
formof a carrier wave. [050] Fig. 12 schematically depicts a |lithographic
proj ect i aAwakp & aheisdatiidevite. eFdrekarisie, natwdrk liak 126 ag psiviieadtomdetion he ai d of
the current invention. The apparatus conprises: - a radiation system EX,

L, for @WRizhYddaBndwbikoi206s b Abst beapuED Mfor iegdiatd@fimert Bpéried by par ti cul ar
case, the radiation systemal so conprises a radiation source LA, - a first

obj ect tghl f(GER% ﬁr@@h&)(lﬂ\ﬂg 185.0MPIBE (M) pRoviTRS Hath 04 HBInitAlonReelicdg a mask

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
and the signals on network link 120 and through communication interface 118, which carry
r:he digital data to and from computer system 100, are exemplary forms of carrier waves
transporting the information.

[049] Computer system 100 can send messages and receive data, including program code,
through the network(s), network link 120, and communication interface 118. In the Internet
example, a server 130 might transmit a requested code for an application program through
Internet 128, ISP 126, local network 122 and communication interface 118. In accordance
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




MA (e.g., areticle), and connected to first positioning neans for
accurately positioning the nmask with respect to itemPL; - a second object
tabl e (substrate table) WI provided with a substrate holder for holding a
substrate W(e.g., a resist-coated silicon wafer), and connected to second
positioning neans for accurately positioning the substrate with respect to
item PL; a projection system ("lens") PL (e.g., a refractive, catoptric or
catadioptric optical systen) for imaging an irradi ated portion of the nask
MA onto a target portion C (e.g., conprising one or nore dies) of the
substrate W [051] As depicted herein, the apparatus is of a transm ssive

type (1. 8oraodRS 1eridk@RFBh SR R I?E{E?I W&%rﬁﬂ@&fsggfxg 1b0nﬁ§%§n%a§'{5ppii%ﬁ'gﬁy al so be

of a reflective type, tor exanple ctive ternatively,

t he appaéo%te%?thgq,%rn,legpég -gr‘lﬁpaglger ki nd of patterning nmeans as an
alternativeé 10 the use of a mask; exanples include a programmable mrror

array or é&ﬁ Jmat.ri 95405 % The source LA.&g. ., a nmercury lapgp_or ci mer
aser ) oS CRE 17 iRty denre £ Bifosssant bistig Fangs ToenCR oF v nat on
system (illumnator) IL, either directly or_after having 20 traversed
condi t i ohasK ¢rsigned With ghe aidobthe Rk inysiiper TRSEPPRGIISSRBAHIE. The
illumnator IL may conprise adjusting neans AMfor setting the outer
and/ or inner T adpdibtiaxiveism EX.dbmivosnplyies @ praiertion baam FBoeftradiatigid In #us nner
respectively) of the intensity distribution in the beam In addition, it
wi | | genparaddlar cesniheirs@aticarsysias abblhemposspondaticn soswehAas an  integrator IN
and a condenser CO In this way, the beam PB i npinging on the mask MA has
a desired unif afirtbljeaindble (heskikly) MT ptovidudtwitna mask idde fadidgcs imask [ 053]
It should be noted with regard to Fig. 12 that the source LA nay be within
t he 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 posifioning the substrate with respect to item PL;
- a projection system (“lens”) PL (e.g., a refractive, catoptric or catadioptric optical

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

comprising one or more dies) of the substrate W.

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

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

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

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

matrix.

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

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




housi ng of the lithographic projection apparatus (as is often the case when
the source LAis a nercury lanmp, for exanple), but that it may al so be
renote fromthe |ithographic projection apparatus, the radiati on beamthat
it produces being led into the apparatus (e.g., with the aid of suitable
directing mrrors); this latter scenario is often the case when the source
LAis an excinmer |aser (e.g., based on KrF, ArF or F2 lasing). The current
i nventi on enconpasses both of these scenarios. [054] The beam PB
subsequently intercepts the mask MA, which is held on a mask table M.
Having traversed the mask MA, the beam PB passes through the I ens PL, which

focuses B\Qe?seﬁggxgﬁiﬁggwmﬁ &gﬁ el bés}’g{ %lﬁgﬂclie%t}ig]; §oﬁu Qfaﬁ@#&%th% HniheodYit h the

ai d of tHe sec I'oni’ ng nean ero ri’'c nmeasuri ng means

|F), the_substrate.table W be . .noved accurat el . 0. oas to
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Simlarly, the first positioning nmeans can be used to accurately position

t he mask{oommapdy rfengd fpes o-puter i HHMAL sPetigclybelhepmtensitydistribptiery n
mechani cal retrieval of the mask MA from a mask library, or during a scan
| n gener #ie bezrMemddition fit whlegenbijaBy torarize @griddB, ofMF covnpénepts, suckas ared Wit h t he
aid of a |long-stroke nodul e (coarse positioning) and a short-stroke nodul e
I Cl 21 ({ridgneoddGdnidiaanhdanser G@ Ia khiawey,nid beaxplPB ahpihying epitetedk MA hkg. 8.
However, in the case of a wafer stepper (as opposed to a step-and-scan

tool) thgdesmeh uhi Mihd PBshsity 8istrdati6OMBGI@E-skQioa. short-stroke actuator,
or may be fixed. [055] The depicted tool can be used in two different

modes: - [d5A] Sk SRuTPEEnott I RitHRKrd 18 M 1 Mhat frcksbitte BA f HeAlithin ffcal i onary,

and an entire nask inage is projected in one go (i.e., a single "flash")

onto a t ﬁ‘&gﬁntg of a{etlitﬁ(ﬂkrf%hic-rg}gj e%&p&)%&ls t(e?s% Sfien the case when the source LA is a

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

. [054} The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having traversed the mask MA, the beam PB passes through the Iens PL, which focuses
the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning means (and interferometric measuring means IF), the substrate table WT can be
moved accurately, e.g., $o as to position different target portions C in the path of the beam
PB. Similarly, the first positioning means can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g., after mechanical retrieval of the mask MA from
amask 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




W 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 node, essentially
t he 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 projection beamPB is caused to scan over a
mask image; concurrently, the substrate table W is sinultaneously noved
in the sanme or opposite direction at g;speed V= M/, in which Mis the
nagnification of the lens PL (typically, M= 1/4 or 1/5). In this manner, a

relativ (lg'é © g S?tE g t)ﬁ{vﬁeﬁ al%[néag(lé)j%rflg\%tycdgﬁicﬁg uﬁifl%o§ Phwalled DOME c&%\é!fﬁ Yk cen

conpr om 1 on present r nventl on

descri bed and il ust ate in detajl c ea und tood t hat
the sanePl§PREHGS GRRPSEH 104 51(%i sEER Ogrtilbe %@iﬁﬁlﬁ%%@?}'%‘ﬁ anﬂ%f t3%be taken
by way of limtation, the scope of the present invention being limted only
by the tdeR$troky %WH@”G§HEHH€HP *fains. 22 What is aimed Is: 1. A method
of a formng a mask for printing a pattern conprising a plurality of

f eat ur es[058aitheepiatsd ted e b%ﬁlwg in tyeo djffengst medesdepositing a | ayer of

transm ssive material having a predefined percentage transm ssion on a
substrate; depastdpi mgien theayask toble ME dqukeprmssentizaly striopary dartdr i swipske
material; etching a portion of said substrate, said substrate being etched
to a dephlagbaseéiecttd aone@odhé.Ngsifgk EftdshV) driyo heirye portivaiCd The aurbsimits siblke | ayer

and said substrate; exposing a portion of said transm ssive |ayer by
et chi ng wal d (RRAHIRA'BL Bk x@hrid/or v directions so that a different target portion C can be
irradiated by the beam PB;

- In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given
direction (the so-called “scan direction”, e.g., the y direction) with a speed v, so that the
projection beam PB is caused to scan over a mask image; concurrently, the substrate table
WT is simultaneously moved in the same or opposite direction at a speed V' = Mv, in which
M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a relatively
large target portion C can be exposed, without having to compromise on resolution.

[056] 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.




etching said exposed portion of said transm ssive |ayer so as to expose
sai d upper surface of said substrate; wherein said exposed portions of
said substrate and said etched portions of said substrate exhibit a
predefi ned phase shift relative to one another with respect to an
illumnation signal. 2. The nmethod of a form ng a mask according to claim
1, wherein said etching depth of said substrate is equal to a target depth
m nus a predefined delta, said predefined delta corresponding to a

thi ckness of said transm ssive |ayer thnmes the etching selectivity between
said transm ssive Iayer and said substrate. 3. The nethod of a formng a
mask accgﬁﬂ$nghl n11 wherein said |ayer of opaque naterial conprises
chrone. of a formng a mask according to claim1, wherein

said transm s yer i se g@ q%ﬁ&H?WiS The. neth formng a
mask accor di ng )t(&in 61?031% fcm\{z;ﬁ% ?F aPg" PISAETERG 8P %%@y gﬁper cent age
transnis on in nge of 5 to ercent. 6. The nethod of a formng a
mask acc @Ffiﬁgsafc{)mﬁqha ﬁ‘?fﬁpnsd\?getp%?tﬁp%@pd opagque nmaterial operates as a hard
mask during the etching of said substrate. 7. The nethod of a formng a
mask accor di négppsiting alayerof tipenistiye meledaldeving d ppleineiperesntagai d substrat e
forms a background portion of said nask, said background portion being a
cl ear fiehmdmiBionAncowpsitagy, r eadabl e medi um f or controlling a device for
generating a mask for inmaging a target pattern having a plurality of
features, thedgpositesslagér cfepauainmangiaban shidrasdsmissive material;
etching a portion of said substrate, said substrate being etched to a depth based on an
etching selectivity between said transmissive layer and satd substrate;
exposing a portion of said transmissive layer by etching said opaque material;
etching said exposed portion of said transmissive layer so as to expose said upper
‘surface of said substrate;
wherein said exposed portions of said substrate and said etched portions of said
substrate exhibit a predefined phase shift relative to one another with respect to an
illumination signal.
2. The method of a forming a mask according to claim 1, wherein said etching depth
of said substrate is equal to a target depth minus a predefined delta, said predefined delta
corresponding to a thickness of said transmissive layer times the etching selectivity between
satd transmissive layer and said substrate.
3. The method of a forming a mask according to claim 1, wherein said layer of
opaque material comprises chrome.

4. The method of a forming a mask according to claim 1, wherein said transmissive

layer comprises MoSiON.




conprising the steps of: depositing a |ayer of transm ssive material having
a predefined percentage transm ssion on a substrate; depositing a | ayer of
opaque material on said transm ssive material; etching a portion of said
substrate, said substrate being etched to a depth based on an etching
selectivity between said transm ssive |ayer and said substrate; exposing a
portion of said transm ssive |ayer by etching said opaque nmaterial;

etching said exposed portion of said transm ssive |ayer so as to expose
said upper surface of said substratepswherein said exposed portions of
said substrate and said etched portions of said substrate exhibit a

predefined p @aﬁg’r‘ﬁﬁr‘%&f éﬁgﬁ}#ﬁg atg%ﬁ%‘%@fd?%tggg%w IE Dpk gl%psgl%ttrahgraﬁﬁve

illum nation-s e’ nmediumaccording to claim

8, wherein said etching depth of said s trate is equal to a target depth
m nus a 16)’%3@???@6‘3“69@? SIS lﬁ‘rté‘a@i‘lg%ébdﬁs tﬂé?tpﬁrce’&tor responding to a

t hi ckness of said transm ssive |layer tines the etching selectivity between
sai d transni $siThe methed ofafaraiag g maghagcerding to chim L wheginsaldapaqadanl e
medi um according to claim8, wherein said |ayer of opaque nateri al :
conpr i sesatetial operates is a Iird npskguring the etaliap pésawbsiibsiataccor ding to cl ai m 8,
wherein said transm ssive |ayer conprises MoSiON. 12. The conputer
readabl e nmediurTeesahsi ¢ofg foomiak aimmsBaconhirgionlsmildwheminsaidstihed poitigger has
a percentage transm ssion in the range of 5 to 12 percent.
of said substrate forms a background portion of said mask, said background portion being a
clear field.
8. A computer readable medium for controlling a device for generating a mask for
imaging a target pattern having a plurality of features, the process of generating said mask
comprising the steps of:
depositing a layer of transmissive material having a predefined percentage
transmission on a substrate;
depositing a layer of opaque material on said transmissive material;
etching a portion of said substrate, said substrate being etched to a depth based on an
etching selectivity between said transmissive layer and said substrate;
exposing a portion of said transmissive layer by etching said opaque material;
etching said exposed portion of said transmissive layer so as to expose said upper
surface of said substrate;
wherein said exposed portions of said substrate and said etched portions of said

substrate exhibit a predefined phase shift relative to one another with respect to an

illumination signal.




13. The conputer readable nmedium according to claim8, wherein said opaque
mat eri al operates as a hard mask during the etching of said substrate. 14.
The conputer readabl e nmedi um according to claim8, wherein said etched
portion of said substrate forns a background portion of said mask, said
background portion being a clear field. 15. A device manufacturing method
conprising the steps of: (a) providing a substrate that is at |east
partially covered by a |l ayer of radiation- sensitive nmaterial; (b)
providing a projection beam of radiati,gn using an inmaging system (c)
generating a nmask utilized to endow the projection beamwith a pattern in

Its cross- S€& t’f c%on%%lterﬁ'da)datﬁ %}FSCt ' Ol‘dﬂ'% t8 %lta X %n\%gerg g%%?d% h{n%qf\%ﬁﬁf on ont O

a target pOI’tIOI’] ayer atron-sensitive nma erein,
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transm ssion on_a substrate dep05|t|ng a |l ayer of opaqu nateélal on said
transm sSIFEPRSIngtP Althickgesnfifgiddrapgpisriyn ayer tga@Sdh%%@fi% CHViERPHEWEHbst r at e
being etched to a depth based on an etching selectivity between said

transm sédidwansayssivedagr aud Widwbstatat e; exposing a portion of said
transm ssive | ayer by etching said opaque material; etching said exposed
portion of sal@ Theaonspussicadatlaypedivmacawding texlpios & wiairen saip peer ofur f ace of
sai d substrate;
opaque material comprises chrome.
11. The computer readable medium according to claim 8§, wherein said transmissive
layer comprises MoSiON.
12. The computer readable medium according to claim 8, wherein said transmissive
layer has a percentage transmission in the range of 5 to 12 percent.
13. The computer readable medium according to claim 8, wherein said opaque
material operates as a hard mask during the etching of said substrate.
14. The computer readable medium according to claim 8, wherein said etched
portion of said substrate forms a background portion of said mask, said background portion
being a clear field.
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 1n 1ts

cross-section;




wherein said exposed portions of said substrate and said etched portions of
said substrate exhibit a predefined phase shift relative to one anot her
with respect to an illum nation signal.

25
(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:
depositing a layer of transmissive material having a predefined percentage
transmission on a substrate;
depositing a layer of opaque material on said transmissive material;
etching a portion of said substrate, said substrate being etched to a depth based
on an etching selectivity between said transmissive layer and said substrate;
exposing a portion of said transmissive layer by etching said opaque material;
etching said exposed portion of said transmissive layer so as to expose said
upper surface of said substrate;
wherein said exposed portions of said substrate and said etched portions of said
substrate exhibit a predefined phase shift relative to one another with respect to an

illumination signal.




