CROSS TECHNOLOGY RETICLES CROSS-REFERENCE TO
RELATED APPLICATION [0001] This application is a continuation-in-part
application which claims benefit of co- pending U.S. patent application
Ser. No. 12/122,866, filed on May 19, 2008. All disclosures are
incorporated herew“&ﬁbé@ﬁ‘ﬁﬁ%ﬂ%@@%@fﬂﬂgoa Integrated
circuits can be found in many of today's consumer electronics, such as
cell phones, video cameras, portable music players, printers, computers,
etc. Integrated circuits may include a combination of active devices,
passive devicgg 30 el ieleamnestons (p0RS) hpleliqagaehy s one
of the principle processes in the manufactire orinfegra circuits, and
oot RS, patterning the surface of & semicondicior wafer n 8eCOrdBNCE of co-
ith the %‘%&gn and layou of thie mteglpa ed GRG0 BEM6imed.
.G ally, the photolithogra ss.and itg correspqndi gquipment
pendi e T i L oA oy r e o sures are
incor roerti%:lg pr ma k]\D/vitrh A Ijgﬁlttﬁern. The pattern produced by the light and the
PrEficie oF mMask s thén a(flg'ned to a wafer covered with a light-sensitive
photoresist by an alignment system, wherein the pattern is then
transferred to the photoresist. [0004] The photolithography process of
transferring a pattern to a phot 'ﬁl&@monly described as a
layer-by-layer methodology, wherein each layer is formed by exposing a
rooo2[S5ie Wit only A sing's ayer mace, Thus. g tegraled ereis BECOME e, o cci
ore complex, some manutacturing dney3|gns reauwe the lse or thir y of
more reticles, and at a cost of several thousand doll%rs eatcC:h t

phones, video carpéras BO?tag%ﬁ music ??ger? Iprn}"{ers COIPUCTS. ’%nnggrated circuits may
expense of producing these reticles for a low volume ruri can becéme

include g 10N ct1veh e 1cte? ass1Ve devices an %1Ir Tconnections. .
retlcesys em and method of fabrication and a reliable in egrate circult

[00037Y PETLAOC et 0%0‘2)‘21%*38%"1}18“ SHIGIRIHINELEUC!S, SYRSM AN of integrated
ntegrate circdit gystem are for eofluglng a mul%l-?ayer reticle

circuit%,r %HHIQQA@%@QQ EQ%%EHf%tg the surface of a semiconductor wafer in accordance with the

rg@il%ili\l/gl .ex%nsive. c%0005 Thus @eneed stgltﬁem%ilps for a reliable

design and layout of the integrated circuits to be formed. Generally, the photolithography
process and its corresponding equipment consist of a light source transmitted through an optical
system onto a reticle or mask with a pattern. The pattern produced by the light and the reticle or
mask is then aligned to a wafer covered with a light-sensitive photoresist by an alignment
system, wherein the pattern is then transferred to the photoresist.

[0004] The photolithography process of transferring a pattern to a photoresist is commonly
described as a layer-by-layer methodology, wherein each layer is formed by exposing a reticle
with only a single layer image. Thus, as integrated circuits become more complex, some
manufacturing designs require the use of thirty or more reticles, and at a cost of several thousand
dollars each, the expense of producing these reticles for a low volume run can become

prohibitively expensive.



matches corresponding multiple layers on a same reticle, thereby
reducing the number of reticles. In view of the ever-increasing
commercial competitive pressures, increasing consumer expectations,
[0005 pnTdiminisksa g Wip perininikies: for¢neblingliulesosunt aiifenentiadien fabfieation and a
marketplace, it is increasingly critical that answers be found to these
reliablprohtgmss Moradveysthe ave miabiehsitabaadiéa, Sauercostse irapcyeystem and the
efficiencies, and meet such competitive pressures adds even greater
integrategeniyun thaeriicatnéeassityuthad answearsibgfornitio trespipggaiems. flow that
[0006] Solutions to these problems have been long sought but prior
matchdevelappueidiahavdtipdt ltaeghbon Suggestzdeate sbly iahsmadhthusnber of reticles.
solutions to these problems have long eluded those skilled in the art.
In viSUMMARY 200t Aaziethatohfakidatiugnpdiivice peedisetasenhcidaging consumer
method includes forming a mask that includes multiple images. A
expecsitibatratents jatiarizathgsopohemitask.fAn imagmgfiiherodiidpleliffaggeation in the
corresponds to a respective patterning process. The method further
marketptdueles contimersipgbhcessicyy dfathanswbsatrbteftoabnopletecppoddssingMbreover, the
the substrate to form the desired function of the device. [0008] A mask for
ever-inavicénfahriedtionis presentedpro oneféiribodinentd Theetmask iochiptegiae pressures
mask substrate and a plurality of images formed on the mask substrate
adds ewmthicheoerespend o tHiffercabbattessingtipmoaessas bedéoutal fabtheateurivdems.
or more devices. [0009] In another embodiment, a method for forming a
[0006 MK wsad ito dbeseepiablivatidnavs presdotedsotizghtnbathpdondeirddspments have not
providing a mask substrate. The method further includes forming a
taughtphuralyesfeadnage sobutitime arakskisubstiateonhioheserespdamhtchaiifdiery eluded those
patterning processes used to fabricate one or more devices. 2 [0010]
skilleddertaémembodiments of the invention have other aspects in addition to or
in place of those mentioned above. The aspects will become apparent to
those skilled in the art from a readidMARE following detailed description
when taken with reference to the accompanying
[0007] A method of fabricating a device is disclosed. The method includes forming a mask

that includes multiple images. A substrate is patterned using the mask. An image of the multiple
images corresponds to a respective patterning process. The method further includes continue
processing of the substrate to complete processing of the substrate to form the desired function of
the device.

[0008] A mask for device fabrication is presented in one embodiment. The mask includes a
mask substrate and a plurality of images formed on the mask substrate which correspond to
different patterning processes used to fabricate one or more devices.

[0009] In another embodiment, a method for forming a mask used in device fabrication is
presented. The method includes providing a mask substrate. The method further includes
forming a plurality of images on the mask substrate which correspond to different patterning

processes used to fabricate one or more devices.



drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0011] FIG. 1 is an

isometric view of the basic elements of a photolithography system used to

pattern an integrated circuit system in accordance with an embodiment of
[0010TheCereserinibvdittions [(F0h2]inesiodahbvarethtanyipews of eddiasinaenisin place of

of reticle systems; [0013] FIG. 3 is a plan view of a target pattern in

those acanfcisrrcabyith. ambthasmaibodihest @htheppieaend itueeticki]lfdOitdihe art from a
FIG. 4 is a plan view of a sub-pattern split from a target pattern in
readingceprarfol withgade@itdabdirieiptiohtivehpiiesésh imienticiar D@L &) ME abeismpanying
a plan view of another of a sub-pattern split from a target pattern in
drawi@gcordance with an embodiment of the present invention; [0016] FIG. 6 is
a plan view of a target pattern formed via the combined multiple exposure
of each of a sub-pRiEFDESCRIPAAONE QItTHE ERBOVINEE of the
present invention; [0017] FIG. 7 is a flowchart describing a multi-layer
[0011Tetldié.droupingupatinig fiew i thebisicrdtionns afretitletsligiepnaphy system used to
accordance with an embodiment of the present invention; [0018] FIG. 8 is
patter@sirmplifieetl @ivchartydescrib g @ deticiergéner atidodystany fuliigirayay invention;

be used by a designer to develop a reticle system in accordance with an
[0012EnTHGEin2arh afctipéaprdasentofrenamitinci® b fEtiGe Qyisamsimplified

flowchart describing a reticle generation system, which may be used by a
[0013HebIghet io dplalofcs reficlagystpatéimaocordadescwithithrnthtber embodiment of the

embodiment of the present invention; [0020] FIG. 10 is a flow chart of a
presemnteticknsystem for a reticle system in accordance with an embodiment of

the present invention; and 3 [0021] FIG. 11 shows a plan view of another
[0014 Enid6dimnent pian rativleo§ ystebapabd it AplliE DddES GFMR P@bin in accordance with an
embodiment of the present invention;
[0015] FIG. 5 is a plan view of another of a sub-pattern split from a target pattern in accordance
with an embodiment of the present invention;
[0016] FIG. 6 is a plan view of a target pattern formed via the combined multiple exposure of
each of a sub-pattern in accordance with an embodiment of the present invention;
[0017] FIG. 7 is a flowchart describing a multi-layer reticle grouping/pairing flow for the
formation of a reticle system in accordance with an embodiment of the present invention;
[0018] FIG. 8 is a simplified flowchart describing a reticle generation system, which may be
used by a designer to develop a reticle system in accordance with an embodiment of the present
invention;
[0019] FIG. 9 is a simplified flowchart describing a reticle generation system, which may be
used by a designer to develop a reticle system in accordance with another embodiment of the
present invention;

[0020] FIG. 10 is a flow chart of a reticle system for a reticle system in accordance with an

embodiment of the present invention; and



[0022] The following embodiments are described in sufficient detail to
enable those skilled in the art to make and use the invention. It is to be
understood that other embodiments would be evident based on the

[0021 pragentidishiosuneplanditiabpootss emmeihanical £hangesyiambe
made without departing from the scope of the present invention. [0023] In
the following description, DETAMEDsPESIRMETA(Nare given to provide a
thorough understanding of the invention. However, it will be apparent that

[0022FheTiv ésition ngashite diiacticesewithatibdh es s wifeiiic detallso knasiethige skilled in
avoid obscuring the present invention, some well- known circuits, system

the arcanfigiteatiodsisanbkepioeasssiepsare boudkckosead iimdethdr [RRd]iments would be
Likewise, the drawings showing embodiments of the system are

evidersevasediagramenpatie @ndiscloticesaate thadppariswanlye domieabfchimges may be made
dimensions are for the clarity of presentation and are shown exaggerated

withotin dbpadiawtingnk-tkesscddelibiomal jyevene iaventitple embodiments are
disclosed and described having some features in common, for clarity and

[0023 Rake tht iloidtnatigndcdasgrigdion; macdcosppedie dsisitsthergofesitaifavaidd a thorough
like features one to another will ordinarily be described with like reference

underiandergist {BORBJehtiertetivikotzantalll &s uppddmenbin ibhdefiredasmay be practiced
plane parallel to the conventional plane or surface of the substrate,

withoue giarsiege dfitsdetiehtatinnorfibe termdidedicalirnefetietpraseliteatontion, some well-
perpendicular to the horizontal as just defined. Terms, such as "on",

known @iboues, Shetow toribatiaminsiapd pPsideds(stspn dsidewdils ) oshiymedétail.
“lower", "upper"”, "over", and "under”, are defined with respect to the

[0024 holidawadep el rf0dAE} Tneviameifrotessingdfabasatehesetrsénohdiggammatic and
deposition of material or photoresist, patterning, exposure, development,

not toestchingn&leartingladydAonme wioiel dithesmatenialfor thhotorggist asesentation and are
required in forming a described structure. [0027] The term "on" is used

showrhereiggtoatedamthibee dsadiregt EBtact Aduoinonelbmeriisre 4nf00RJF Térebodiments  are
terms "example" or "exemplary" are used herein to mean serving as an

disclosedtandelescilhestradiong Aoynadpettrer embouineantdestribgdinéreiseas aHustration,
"example" or as "exemplary"” is

description, and comprehension thereof, similar and like features one to another will ordinarily

be described with like reference numerals.
[0025] The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the substrate, regardless of its orientation. The term “vertical” refers to a

99 ¢

direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”, “below”,

99  <c 99 ¢

side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and “under”, are

29 <e 2 (13

“bottom”, “top”,
defined with respect to the horizontal plane.

[0026] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0027] The term “on” is used herein to mean there is direct contact among elements.



not necessarily to be construed as preferred or advantageous over other
aspects or designs. [0029] The term "layer" encompasses both the
singular and the plural unless otherwise indicated. [0030] The term "pitch"
[0028]s T3rddiareirtampeanoihe: cantdmip:ceniakcdistanee batweesferly tSarrinstance or
a pattern. [0031] The terms "mask” and "reticle” as used herein are to be
illustras@d iMaichargeabbhas thecprekent e lettmentamre eaustdy applicakienplary” is
to either system or method (e.g., mask or reticle) of forming a pattern by
not nepbstolihaghapbyis{(QRI2k Pheféawn osydiamigouseddierair mpans andksigns.
refers to the method and to the apparatus of the present invention in
[0029pcabkdaace Witydhe enniexiaiseyhichithéderingslnsead QB33puenenallss otherwise
the following embodiments relate to the formation of a multi-layer reticle
indicatbdt employs a grouping/pairing system that matches corresponding
multiple layers on the same reticle. By employing the grouping/pairing
[0030Fydirenaascibeld’ Heneiad hettén patiermrésobetian-tand G perfatmbntecen features
can be achieved for 65 nanometer and beyond technology nodes at a
in a paecluced cost. Additionally, as the technology node of electronic circuits
continues to decrease, it is becoming increasingly more important to
[0031 Jedilcetprosesasiitical difnandedna¢CGgdolsseihersbio ivepreadngpatbarzeably as the
resolution and CD performance, for 65 nanometer generation (and below)
presenvafebqlincagsing. ¢G03%] kpliesdr, retdleeCH parfanmastbedde.gub¥iSk or reticle) of
nanometer technology nodes is greatly diminished when the photomask
formingaspatcetchygptowiigdtignapigcess is required to form several critical
feature sizes on a reticle at the same time. Moreover, it has been
[0032Histbvered thatt€&D’lassisis] eeamorasemet eakdre nontudtipkeintbges tof the apparatus
different density are put on the same reticle. With this in mind, the present
of the ipreseriors ehisitov éneddhaintarg e die dsitycdiffe remeds dhetheagemthe widterent
5 images placed on the same reticle may cause issue with regards to CD
[0033 5 PEDcanldyC Ddirfielwitinprofileodiredat probients drctumietied dbiringtiie-layer reticle
photomask plasma etch optimization process.
that employs a grouping/pairing system that matches corresponding multiple layers on the same

reticle. By employing the grouping/pairing system described herein, better pattern resolution
and CD performance can be achieved for 65 nanometer and beyond technology nodes at a
reduced cost. Additionally, as the technology node of electronic circuits continues to decrease, it
is becoming increasingly more important to reduce process critical dimension (CD) loss, thereby
improving pattern resolution and CD performance, for 65 nanometer generation (and below)
wafer processing.

[0034] However, reticle CD performance for sub-65 nanometer technology nodes is greatly
diminished when the photomask plasma etch optimization process is required to form several
critical feature sizes on a reticle at the same time. Moreover, it has been discovered that CD loss
is even more severe when multiple images of different density are put on the same reticle. With

this in mind, the present inventors discovered that large density differences between the different



[0035] Since current photomask technology (e.g., 90 nhanometer node and
beyond) requires that several critical feature sizes be fabricated on the
photomask at once, with all features being of equal importance, the etch
imagedliffatedaenahbnaaidydrtwesty tbase ssveralifieatigtedizesdB ISREC and CD-linearity
becoming quite critical. It will be appreciated by those skilled in the art that
profildiiitcal RRiblnsienciEEdohutine dripleasheskl elinach asctheptifiessmee process.
CD Bias between small and large feature sizes within the same pattern
[0035Ppn SirasaiamaskhddoihesRQscancivetet e choalagniradamadns ahé yonchdhesquires that
increasing need for improved CD Etch Linearity and the absolute size
severdiidelityadfftheirehviamibm fidaicue doihd g pbtornask compaiedith thiefdaaigs being of
data (a.k.a. CD Etch Bias) is an obstacle for timely and cost effective
equal lietigbetdabeicaitoaich hdi féendindime his aiiglbeeddeardinsbedpvémrefsatues sizes is now
these problems and provide solutions for the challenges encountered
becominthtuiteectifi calanio widrie abpalogye p o dssiaghibeld ianteay oimd . (00i36] Dimension
FIGS. 1-11, which follow, depict by way of example and not by limitation,
(CD) Bné bimaaiiey exebeplafinsysieths differethrods (EeBits tahweatesaadtiold large feature
system and/or an integrated circuit system and they are not to be
sizes oothstrube ssnlignjiingrit imta phetoderdtood that 00 luraliiynoferc cxvhentignainode and
processes that are well known within the art and not repeated herein, may
beyonpy doe derensiofowed| €05 irhptdvdd rPoliet) itisctoibeanddbesibod uteatinedinyelity of the
modifications, additions, and/or omissions may be made to the below
chromal@scfdaadrocdss phithautse pantippgddomm the dcopge dofihe.klairtd#d Etch Bias) is an
subject matter. For example, the below described process may include
obstadhedie, tifevle ol @ifierf Staps: “ddit daatiyatstepsltagnite pentorindddlosmyherein help
suitable order without departing from the scope of the present invention.
to res¢0aS Mdvtopeoblemit istoivevagpretisted that the ¢htélgreted aricouittsystemthin the 90
of the present disclosure may include any number of active devices (e.g.,
nanonganigitheddcgogedayviog imdenol tegondrrent flowing between two
specified electrodes is controlled or modulated by the voltage applied at a
[0036LokiGSeledtrowbichrfalbrpabgiie beweogaashathple mtdnoatrinebtichgion, one or more
Exemplary 6 illustrations of the one or more active devices may include,
exempAatiyoutstienitatormethadcliaerhed figlaticate a reticle system and/or an integrated circuit

system and they are not to be construed as limiting. It is to be understood that a plurality of
conventional processes that are well known within the art and not repeated herein, may precede
or follow FIGS. 1-11. Moreover, it is to be understood that many modifications, additions,
and/or omissions may be made to the below described process without departing from the scope
of the claimed subject matter. For example, the below described process may include more,
fewer, or other steps. Additionally, steps may be performed in any suitable order without
departing from the scope of the present invention.

[0037] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of active devices (e.g., a multi-electrode device in which the
current flowing between two specified electrodes is controlled or modulated by the voltage

applied at a control electrode) and/or passive devices and their interconnections. Exemplary
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effect transistor (NFET), a p-channel field effect transistor (PFET), a
complementary metal- oxide-silicon (CMOS) configuration, a single-gate
transistor, a multi-gate transistor, a fin-FET, or an annular gate transistor.

illustritxgmplane idnssatiors aftthe dyvecos mayarpassye devicesnnayonnatiialehannel field
without limitation, resistance devices with varying resistance values

effect fatmaddy (SFEEQieatycriiaréndgitie pfacessaechoilqUaE Fyrthesmplentingiry metal-
to be understood that one or more of the integrated circuit system could

oxide-btiprapa@netDs) eoefifnaoona meckltygdtdhicth dotdd] benskpaaatachiniotor, a fin-FET,
individual or multiple integrated circuit assemblies at a later stage of

or an talitatigate [RO38}drurtBesmplayiilisiohpunderdtoodetatitioec pagiatadtvices may
circuit system manufactured by the embodiments described herein can

includbe useawyithiniatoultittdesahededeoiies Systhmeasigh assigeacessalues formed by
components, memory components, logic components, digital components,

strate @@ l9qul eoimy dreepis;assixedhsiguial daumheneaois, jpderbeamgaseoidthat one or more
radio-frequency (RF) components (e.g., RF CMOS circuits), digital signal

of thepitaeessed cimporgsitsyn rodicrd-étke pirgraedhanaal toamporenisdiopiicatich could be
sensor components, and so forth, in numerous configurations and

separaatdangeméivigad onayubephemteca{@D39¢ Redsseinylivowt to |kl sthgthef Eibrication.
is shown an isometric view of the basic elements of a photolithography

[0038 by $temh i resed itotpditeundensintelde cheiiatigsysteoird@p spstem manufactured by
accordance with an embodiment of the present invention. [0040] The

the enghuoliolithogdaginibey stereirl Otibeluskas witadiationl s outc ef1ddctaoradigtitems, such as
beam 106, a condenser 108, a reticle system 110, projection optics 112,

procesand eostpppertd, 1 heGengradlnpheemstidlezsy stempdéhis, illlipinbtedippthets, analog
radiation beam 106 emitted from the radiation source 104 and a pattern

compafetite, retictel systehrcdh ispricjeptecontanpirotoresibbhatpiiab $ (&F) components
which coats a substrate 118. By way of example, the radiation source 104
(e.g., &Yy OdGe anydosin ofigirel axigmit off-@odssenergyphatiwan becro-electromechanical
propagated as waves or streams of charged particles. [0041] As is evident
compdrenmishejitustrationothesagianiorisbeand 106 éonitte drbynieeradiatiomfigurations  and
source 104 passes through the condenser 108, and is projected onto the
arrangeatietessysstem el Gedded/
[0039] Referring now to FIG. 1, therein is shown an isometric view of the basic elements of a
photolithography system 100 used to pattern an integrated circuit system 102 in accordance with
an embodiment of the present invention.
[0040] The photolithography system 100 includes a radiation source 104, a radiation beam 106,
a condenser 108, a reticle system 110, projection optics 112, and a stepper 114. Generally, the
reticle system 110 is illuminated by the radiation beam 106 emitted from the radiation source
104 and a pattern of the reticle system 110 is projected onto a photoresist material 116, which
coats a substrate 118. By way of example, the radiation source 104 may include any form of on-
axis or off-axis energy that can be propagated as waves or streams of charged particles.

[0041] As is evident from the illustration, the radiation beam 106 emitted by the radiation

source 104 passes through the condenser 108, and is projected onto the reticle system 110. In
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some embodiments, the condenser 108 may include optical lenses,
mirrors, and apertures, such as slits, for the purpose of controlling and
directing the radiation beam 106 onto a precisely defined area of the
some Etisddisysiemiiel Oofdedl Allerassidtutiropgbalhiereficlesyste mnlilfhertures, such
the radiation beam 106 carries information as to patterns formed on the
as sliteetiole thyspamckt CofThenteslilingehtireos mratinaghationtddhe phetonesistprecisely
material 116 formed over the substrate 118 by the projection optics 112.
definedhee podjdetiericdptigsckid A roay include mirrors, lenses, filters, apertures,
and other optical devices for directing the radiation beam 106 onto the
[0042]ntedratedssirguihsysikmhd O2ideC4sikis 10, be: undiatkindddinatGhearries information
photoresist material 116 may include any type of an energy sensitive film
as to puchras fneghivettenetiekistysqnsitive tdhe resistingr pachamiaallymaged onto the
amplified resist that is deposited by techniques well known in the art and
photomsistepaatea hdeifioreldibonaltyec itsitorirte undebstabd hajdtton optics 112. The
photoresist material 116 may include one or more layers patterned one or
projechnor@priced V2itiniapéaductednins wjdtnsdefdveabapdrbesamahiebersoptical devices for
Moreover, it will be appreciated by those skilled in the art that additional
directimy érs radiah @steaprindérom dapeantegeftedtbrecioatistgmanidbr a bottom
anti-reflective coating may be employed to enhance the development of
[00431hdtpiotorbsishdeateral . fROAUPAMBIsexpasig theopmatoiesistle any type of an
material 116, the substrate 118 can be baked and developed, leaving
energyeginsiscovanedishthe photgaasisttmmetetisibd 16 powitoemptementaryor a chemically
regions that are not covered. The pattern produced by the reticle system
amplifld0 rewdst et se defaosiah bifacichel integvatd dkoirewiticahepanents mithigptheed herein.
integrated circuit system 102. After several more semiconductor
Additiporodhssing stelps uimtdudiog thaitihle pldditienal patteiaing copenaiiorisdthene or more
substrate 118 can be separated (e.g., diced) into individual or multiple
layers spattizond ustor @ssembliese{ 00145 Bechelthadntegithte UebireuitbeystéMm nanometers.
102 formed on the substrate 118 may include many different layers.
Moreovaese avilérentalgyersamdybinchide mheliallizatide |aytetisytsaddiconduttiregs, such as a
layers, dielectric layers, barrier layers, etc. The different layers may have
primedifféopranpattélerdjve coating and/or a bottom anti-reflective coating may be employed to

enhance the development of the photoresist material 116.

[0044] After exposing the photoresist material 116, the substrate 118 can be baked and
developed, leaving regions covered by the photoresist material 116 and complementary regions
that are not covered. The pattern produced by the reticle system 110 may be used to
manufacture integrated circuit components within the integrated circuit system 102. After
several more semiconductor processing steps, including multiple additional patterning
operations, the substrate 118 can be separated (e.g., diced) into individual or multiple
semiconductor assemblies.

[0045] Each of the integrated circuit system 102 formed on the substrate 118 may include
many different layers. These different layers may include metallization layers, semiconducting

layers, dielectric layers, barrier layers, etc. The different layers may have different patterns,
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8 which may define circuit components, such as active devices, passive
devices, and their interconnections. The different patterns and/or layers
may be imaged by a single multi-layer reticle or multiple multi-layer
whichretigiesifigeseriesiofdonagingnopesations. [Q946] Udsitedhepundasstaittiatand their
the photolithography system 100 presented above merely represents one
interc@xanplasor ilhstiatioraf saaim sysiemlanddhaig isenonngedtiondaiigié multi-layer
any embodiment to this configuration, the illustrated parts, or the
reticleasrangeplenidtigais: (€04¢] Mefeering sfdwdgifdGpaatiamplan view of the
reticle system 110 in accordance with an embodiment is shown. It is to be
[0046 Lintiersteolchaiddietsoticikas ythte phddlihbirepbre sestereMbOdirassiited above merely
illustrates or describes the placement of multiple layers (e.g., the various
represtayersnofesimitde or diftaremiontefykatdd chgtitmesigrhpforione aitentike to limit any
integrated circuit designs on a single reticle, rather than on multiple
embodgtiete so [(DOAS]figenaiem bbdithentatthiepeeticler sistemrnkbhiclotipsa.
plurality of image patterns 2001_x, where X > 2. The image patterns, for
[0047 pxRefpleingonrespotdGo 2ayearslam envwnidghatecticlecsyttaysidim it dsdadice with an
understood that an image pattern 200 formed within the reticle system 110
embodinokides silitede patterns for farméngaeidcuitay dre aréeivdd orylagar of thef the present
substrate 118, of FIG. 1, of the integrated circuit system 102. It will be
embodipprecihieatdnys thodesskitiedtir thlacrhthabimutiaie |pyattere.ganheferriow layers of
structure on the reticle system 110 that is used to modify the radiation
similabeanjfserehtthat grai¢drsitheiphetgnesisbmaterial maaedesaadtadacinarit Tdesigns on a
images, for example, may be arranged in an array. The array may be a
single Tetiiche nailonahon 2axdimmsiondaiclsay. For example, images 2001-2 may
be arranged in a 1-dimensional array. Alternatively, as shown in FIG. 2b,
[0048]mages200tbediment haretinipety ite @ difienciodral aplayalAyrah gimg¢hmtterns 200,
images in a non-array pattern is also useful. [0049] Although the reticle
wheres¥stes dte shogn patdng Mo exfourlimegecpptieirts, itystodrean integrated circuit
understood that the reticle system 110 may include any whole integer
systenmurtbertobthendeageopatgran2i0agrapistgre df) thanethwitinsdmeeticle system 110
embodiments the number of the image pattern 200
includes suitable patterns for forming circuitry on a level or layer of the substrate 118, of FIG. 1,

of the integrated circuit system 102. It will be appreciated by those skilled in the art that an
image pattern can refer to a structure on the reticle system 110 that is used to modify the
radiation beam, such that it alters the photoresist material in a desired manner. The images, for
example, may be arranged in an array. The array may be a 1-dimensional or 2-dimensional
array. For example, images 200, may be arranged in a 1-dimensional array. Alternatively, as
shown in FIG. 2b, images 200,4 may be arranged in 2-dimensional array. Arranging the images
in a non-array pattern is also useful.

[0049] Although the reticle systems are shown having two or four image patterns, it is to be
understood that the reticle system 110 may include any whole integer number of the image
pattern 200 that is greater than two. In some embodiments the number of the image pattern 200

formed on the reticle system 110 may depend upon the physical limitations mandated by
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formed on the reticle system 110 may depend upon the physical
limitations mandated by 9 equipment and design rules for forming the
integrated circuit system 102. In other embodiments, the number of the
equipimBAghpalkiciih 20Q phedibie ol areatfhsdeboteusysieenl 102cdn bther embodiments,
determined by calculating the size of each of the image pattern 200 by
the nuaddingftite sizezoptheriogrngltesh situctuhesdadisatysfeinel irtegnaedetermined
circuit system 102 (and scaling accordingly, where there is a size
by calcathsiiiomeliria @ Ragpbsel e)eanchge prp@rinQ(h isywidditietheaximufihe engineering test
available area on the reticle system 110, based on the exposure tool and
structiis e desssi yhedrdegmaduirdueao/skald 02 prevecdlingsacoslpafterndere there is a
[0050] It will be appreciated by those skilled in the art that the reticle
size r&ysteon Mioindescilosdreheneincisngptitabietfios mahythdnadaxafdithogvaphlite area on the
processes, including photolithography using either reflective and
reticlerefraeiivé [oh vt skisthel egiposutre il lthd ghaplvcexstay hthrdgraplynad@ach field to
ion beam lithography to name a few, may also be used without departing
preveritomidhespaperns.the present invention. [0051] Generally the reticle
system 110 includes a transparent medium that is typically planar,
[0050Essentilyefrppet defddig, dinsevsitiladhightapticathixadsmissidn system 110 described
reflection at a desired exposure wavelength of the photoresist material
hereinlik6sithavibfominimyzingdhepH erbeptageopreoergy, albsbrdied ipyidhditieticlephy using
system 110. In some embodiments, the reticle system 110 can be made
either irdfincseeenad tyfiestofegihssansilicheds;tvut ol tiibed tphsodardiyriélglgsphy and ion
borosilicate glass, and quartz. However, it is to be understood that the
beam l@holggysyemm ddQamafealsonampley bthesednaidrials deptainezchmpatiblecope of the
with the photolithography process, particularly when a material has
preserfavoralblentransmissivity characteristics when the wavelength of the
exposure light source is less than 180 nm. [0052] Typically, after the
[0051 fet{étmeaydite theldbidlas een pdllsheddeleanadsaactimspatted, titasisregdyally planar,
to be coated with a reflective material, such as chromium, to form two or
essentmlbye fofehel idefapes pattdrwd0a vihghh gt e stretegivally cemtgleetion at a desired
around a center point of the reticle
exposure wavelength of the photoresist material 116, thereby minimizing the percentage of

energy absorbed by the reticle system 110. In some embodiments, the reticle system 110 can be
made from several types of glasses such as, but not limited to, soda-lime glass, borosilicate glass,
and quartz. However, it is to be understood that the reticle system 110 may also employ other
materials that are compatible with the photolithography process, particularly when a material has
favorable transmissivity characteristics when the wavelength of the exposure light source is less
than 180 nm.

[0052] Typically, after the reticle system 110 has been polished, cleaned and inspected, it is
ready to be coated with a reflective material, such as chromium, to form two or more of the
image pattern 200, which can be strategically centered around a center point of the reticle
system. The spacing of each of the image pattern 200 may also be varied by the designer, but

should be consistent with control parameters of a conventional stepper, for example.
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system. The spacing of each of the image pattern 200 may also be varied
by the designer, but should be consistent with control parameters of a
conventional stepper, for example. 10 [0053] The reticle system 110 may

[0053 plsDhin ehtide: ayet@n Modenadigame iionrikkens WhissedlighHing wnikegrim4 used for
alignment of the reticle system 110. The alignment marker 204 is

fine typrefenablylitormad along theigerighen aflthe Tekclgi giysiem hifkdheoabls preferably
allowing the reticle system 110 to be positioned accurately within the

formephtdalittagpagpiesy sie el drssshewinl ir0 Fkzrdyydaltngings@e Bytiskays ftem 110 to
example, a notch 120 on the substrate 118 (as shown in FIG. 1) can be

be posiligned irctietdpposiit diegilendatosdraphe sssaedirectian dsthe in FIG. 1) during
alignment marker 204 in FIG. 2A and FIG. 2B. Itis to be understood that

use. Bevagtchekathpleddhetaligntmentimadksadl riagabehplacea FHIGany @i be aligned in
various positions around the periphery of the reticle system 110 to ensure

the opprsjrerdatigionetot af ihehetisheesystenvi 18 andalégisitationactdh@(mag®IG. 2A and
pattern 200. Also positioned along the periphery of the reticle system 110

FIG. 2B a bas cotle arder206dtidatt nieynoaritdipOcasétthé dlphmenumaricer 204 may be placed
characters that allow for automatic recognition or identification of the

in anyetichearsystgmsitichs[Qo&d & 16&S pSiphensafibad baioly, shsstiateltheo ensure proper
placement of two or more different reticle layers (e.g., sub-patterns) for

alignnome of thoretiniegsateoh dit€uindesigins o singteiretgleyaathe2bamdso positioned
multiple reticles, by splitting the original target pattern into two or more

along shd patpderg, oWeresndaclyoéting Hulspattareed@ossaszes agitclayeatem a set of
than that of the original target pattern. Per this embodiment, the original

alpha-tangetipattemdetsathsie aléamd thexsinsitatecd8nofdal Gr ddéotiftbadion of the reticle
corresponding layer via a multiple exposure technique (e.g., a double

systeneXpOsure/double etch process that utilizes a hardmask layer including
dual trench and dual line approaches) in which the photoresist material

[0054]1 16]G5 FB, Idscepd dedonithlbattatef tine gabe petiewistimdividualtg, different reticle
thereby defining all of the features of the original target pattern. It is to be

layersunderstdpdattenssplittingahe targetip@igertednco¢wio desngoseosud-pagierngicle, rather
may be useful for layers that contain pitches that exceed the resolution

than dimitsloptbegplebts libyogriaipimg shstergm@0 target pattern into two or more sub-patterns,

wherein each of the sub-patterns possesses a pitch greater than that of the original target pattern.
Per this embodiment, the original target pattern is transferred to the substrate 118, of FIG. 1, for
the corresponding layer via a multiple exposure technique (e.g., a double exposure/double etch
process that utilizes a hardmask layer including dual trench and dual line approaches) in which
the photoresist material 116, of FIG. 1, is exposed with each of the sub-patterns individually,
thereby defining all of the features of the original target pattern. It is to be understood that
splitting the target pattern into two or more sub-patterns may be useful for layers that contain
pitches that exceed the resolution limits of the photolithography system 100.

[0055] Referring now to FIG. 3, therein is shown a plan view of a target pattern 300 in
accordance with another embodiment of the present invention. Per this embodiment, the target

pattern 300 may represent a pattern to be formed on the substrate 118, of FIG. 1, that exceeds the
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[0055] Referring now to FIG. 3, therein is shown a plan view of a target
pattern 300 in accordance with another embodiment of the present
invention. Per this embodiment, the target pattern 300 may represent a

resolufiatigiinite detierphechhthdiaeaphpsiratenli®), off FIG. 1, thatexiegds dhexpdsure of the
resolution limits of the photolithography system 100, of FIG. 1.

target Ao 30y i@ e Hposhie hfHbie aphrg ey patierP03INLywiikin thehe features to be formed
photolithography system 100 may result in the features to be formed not

not bdigingusueodsiulivhimapaddarie: thesuasulticgainc pittpaitereibeingdefactivBy way of
By way of example, the minimum pitch of the target pattern 300 may be

exampié, danoimaiens pitdhbefohe. (395G} erease mhdiscodsianoalieinaiiachelow.
features have been labeled with either an "A" or "B" to facilitate

[0056Hiseoission dfeddswuiony hiRefariingfenw do . BeeihbitaiiedsveilbwitharRlarfA” or “B”
view of a sub-pattern 400 split from the target pattern 300, of FIG. 3, in

to faciticserdiancsintitbcovembodiment of the present invention. Per this
embodiment, the target pattern 300 can be split into two or more of the

[0057 buB¢fattary 400, te il as, ahciriage dropatterplawhéreintacheptuern 400 split from
sub-pattern 400 may possess a pitch greater than that of the target

the tapgatt@at3a03Frqd Ufpesas iaf akustraton, Wik featumes diavebet thenprieat invention.
with the letter "A" to better demarcate the sub-pattern separated from the

Per thisgeb@httem, 306 tdrpsopageen300diandnt splite piiaty ofahmethe H ditesmb-pattern 400,
400 may be approximately double that of the pitch for the target pattern

such a30@,1fongxanppierit, wilidoeapprie ottiec sop-frosenskil(echay tlvasars thattthezreater than
sub- pattern 400 can refer to a structure on the reticle system 110, of

that ofFlESafigeinphReth06. uBed porpoadifyf thkisadiatnnhec@atui §6hafd-beenl marked with
such that it alters the photoresist material 116, of FIG. 1, in a desired

the lethanNAEN0OBE] dwidhtioneallire isubilp ineapprpoiatediinnttibs ecaskil g tiarth800. In some
art that one or more of a sub- resolution assist feature 402 can be formed

embodimenes r ghiciatshisié thel A tpaitaprad® print e pioxiexaehp | BIBSBRAE the pitch for
discussed further below in FIG. 9, each of the sub-pattern 400 can be

the targroprotc/paidedfarethepdticle wydteernpi@digtahipiolying skifledtidtetperart that the sub-
reticle grouping/pairing flow 700, of FIG.

pattern 400 can refer to a structure on the reticle system 110, of FIGS. 1 and 2, that is used to

modify the radiation beam 106, of FIG. 1, such that it alters the photoresist material 116, of FIG.
1, in a desired manner.

[0058] Additionally, it will be appreciated by those skilled in the art that one or more of a sub-
resolution assist feature 402 can be formed on the reticle system 110 to improve print bias, for
example.

[0059] As discussed further below in FIG. 9, each of the sub-pattern 400 can be grouped/paired
on the reticle system 110 by employing a multi-layer reticle grouping/pairing flow 700, of FIG.
7.

[0060] Referring now to FIG. 5, therein is shown a plan view of another of the sub-pattern 400
split from the target pattern 300, of FIG. 3, in accordance with an embodiment of the present

invention. It is to be understood that each of the sub-pattern 400, such as an image or pattern,
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7. [0060] Referring now to FIG. 5, therein is shown a plan view of another
of the sub-pattern 400 split from the target pattern 300, of FIG. 3, in
accordance with an embodiment of the present invention. It is to be
split fromdelistaegethateacB@f he soibaitient d0bessbbramharbnagendicp@tianfget pattern
12 split from the target pattern 300 is a complement of the other, thereby
300 uforneitghthe: taf gatipattarn s dipen 4XPoBurpaiesshodfitietsitlpatiefdatures have
400. For purposes of illustration, the features have been marked with the
been heitkedBrith biaitestderBrcatedthersddrpattesnise pabapaddio e paeatadoRdm the target
pattern 300. [0061] Additionally, it will be appreciated by those skilled in
patteritB®@urt that one or more of the sub-resolution assist feature 402 can be
formed on the reticle system 110, of FIGS. 1 and 2, to improve print bias,
[0061 forAddinmplell JOOER]A D« ignrissaktlthehdelckilleF 1o (18, eadhafdhe or more of the
sub-pattern 400 can be grouped/paired on the reticle system 110 by
sub-regohyioyingsibiefeatltt |dg2reeatible fgroweding/ gairingdewy et ol G;1GE FIGS. 1 and 2, to
[0063] Referring now to FIG. 6, therein is shown a plan view of the target
impropapiem Bi@ae), formednpla. the combined multiple exposure of each of the
sub-pattern 400, of FIGS. 4 and 5, in accordance with an embodiment of
[0062]heAprésentsid/&nticer. bEheanddiCh &tte an B0 oasubep dnans fibechidbtherouped/paired
photoresist material 116, of FIG. 1, for each corresponding layer via a
on themutitipleyexposibe teahplqumpihexpasidgyeacttiofetiheospimgatieimed0Ov 700, of FIG.
separately or simultaneously, thereby defining all of the features of the
7.  target pattern 300. It is to be understood that either set of features
marked "A" or "B" could be exposed first and then followed by the other
[0063 EeRefecfaaiiresvtoofbil. thetharget jpationnm300laj0 064 Dheéhtechgigpettern 300 formed
described above by FIGS. 3-6 helps to eliminate the inherent intra-layer
via theegistratied ama aperleypestoe odimendn ob doulble eatesuréddoulsldBich 4 and 5, in
processes, by pairing double patterning layers, such as PC layers and CT
accordayersyith asagmbodiinientByf why pfesent invention. The target pattern 300 can be

transferred to the photoresist material 116, of FIG. 1, for each corresponding layer via a multiple
exposure technique by exposing each of the sub-pattern 400 separately or simultaneously,
thereby defining all of the features of the target pattern 300. It is to be understood that either set
of features marked “A” or “B” could be exposed first and then followed by the other set of
features to form the target pattern 300.

[0064] The technique described above by FIGS. 3-6 helps to eliminate the inherent intra-layer
registration and overlay error common to double exposure/double etch processes, by pairing
double patterning layers, such as PC layers and CT layers, on a same reticle. By way of
example, a PC layer can refer to poly layer that denotes the shape of poly-silicon structures and a
CT layer can refer to a cut-poly layer that denotes an opening in poly-silicon structures. The
present embodiment achieves this because each of the sub-patterns 400 is written on the same
reticle at the same time, therefore eliminating writer-to-writer drift and source drift.

Furthermore, since the reticle contains multiple images (e.g., two or more of the sub-pattern
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example, a PC layer can refer to poly layer that denotes the shape of
poly-silicon structures and a CT layer can refer to a cut-poly layer that
denotes an opening in poly-silicon structures. The present embodiment

400), adhiBvesthisdbcaligredasitolihessuimpaticonde400 bs poiitesned tbasameelative to
reticle at the same time, therefore eliminating writer-to-writer drift and
the subsiiceld8ftofFUGhermaresdingeythei selidieradmigasinyeltiplectnages @@t having to
two or more of the sub-pattern 13 400), it only needs to be aligned once
load aifl aceanely inginden ieehergradifioned correctly relative to the substrate
118, of FIG. 1. Accordingly, misregistration per layer is reduced without
[0065 havinguich, |dacthessdretutsatikiyciagisieidenevy seticlenda0ehbAshauehniinates inherent
present embodiment provides a system and method that eliminates
intra-liykeerestistritadayad registtienandoovéslay epiotefaio lithegrapieyniyg employing a
lithography by employing a pairing scheme that matches suitable double
pairingatienminthiayeis ey asable detible.f206610R édgerngmowiie: Fe6elé, therein
is shown the flowchart describing a multi-layer reticle grouping/pairing
[0066FI0RcTORIfigr ibe foriiation dfcteen ratitieveystenilddthaf BéGribiig a multi-layer reticle
accordance with an embodiment of the present invention. The system
groupagcpanetizotont THE) furltihkayemieticteof)thelpéniglpalyienfldwd 7 00 FiGvides accordance
pairing scheme to match suitable multiple layers on a same reticle. By
with awaynbdéaenpld, direppedcimgisoheing. Mdtchpsanital enetbtiple hyersibnlayer reticle
the same reticle for improving CD performance by employing one or more
groupipgppings Aod/30painglcfaaionsiff 6 dtewil hetdpprastdtadudyiledagers on a same
skilled in the art that the pairing factors can be described as a subset
reticlewitBin whag gfotyaimpdeanet thatrivghicharsingletdroupingblheneloate Heyers on the same
multiple pairings of pairing factors, but typically there should not be any
reticlep&iringhpfqyangn§ Fagtents fnoamcd ifferemt phyrpngings. [B068F¢ngonpengs and/or pairing
embodiments, the multi-layer reticle grouping/pairing flow 700 utilizes one
factoror more groupings, such as a data group 702, a reticle process group
704, a reticle specification group 706, a wafer process group 708, a
[0067 biringithbleagmep 769 byrtkosonkiiledtiortltherefatohe pairing factors can be described

as a subset within the groupings and that within a single grouping, there can be multiple pairings
of pairing factors, but typically there should not be any pairing of pairing factors from different
groupings.

[0068] In some embodiments, the multi-layer reticle grouping/pairing flow 700 utilizes one or
more groupings, such as a data group 702, a reticle process group 704, a reticle specification
group 706, a wafer process group 708, a bining table group 709, or a combination thereof, to
design each of the image pattern 200, of FIG. 2, or the sub-pattern 400, of FIGS. 4 and 5, formed
on and/or within the reticle system 110.

[0069] Within each of the groupings, there are several pairing factors (or more generically
referred to as factors) that may be considered when implementing the multi-layer reticle
grouping/pairing flow 700 described herein. For example, within the data group 702, one or

more pairing factors such as a reticle polarity factor 710, a frame structure polarity factor 712, a
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design each of the image pattern 200, of FIG. 2, or the sub-pattern 400, of
FIGS. 4 and 5, formed on and/or within the reticle system 110. [0069]
Within each of the groupings, there are several pairing factors (or more

scribedaftepciatiyy refaed ito, asréticlerahiidati skiay percomsidexad7mhen disposition structure
implementing the multi-layer reticle grouping/pairing flow 700 described

factor WaIgidr Rorcexbimplen Withiso thendateegronyidéci] amemndesigitpaitid@rouping/pairing
factors such as a reticle polarity factor 710, a frame structure polarity

each dhdierimhge paltédractiedinetpolatitypiactardiD4, Adelitieadignsmitsicie reticle process
percent factor 716, a disposition structure factor 718, or a combination

group th@teohe roaynbe: cansidaiet whencdek gnped ancr Jil pingfpkiiagsttdahkofactor 722,
the image pattern 200 and the sub-pattern 400. Additionally, within the

a pellikdticie pfacess’ o pv il 4, tope fac tororedactdesusingh g daetic@28/p& a combination
factor 720, a reticle resist blank factor 722, a pellicle type factor 724, a

thereofyritery type dacidsrd@ oy cléangninty pedfactopt2Bpdriagcembiofitlenimage pattern 200
thereof, may be considered when designing and grouping/pairing each of

and ththeubmagepatirn PQthand ithénsthb-paitey 3 podidatirtherout Mot heeetiaheore factors
specification group 706, one or more factors such as a reticle requirement

such afagtericBGequietiakengfaderfadton 782clorgeadomabinalidn, inereohiaytidethereof, may
considered when designing and grouping/pairing each of the image

be copadtesd 20@addsiprisglnpatenpidfPakinthercharethwithingheantafer200 and the sub-
process group 708, one or more factors such as a machine type factor

patterry 390anHmspechior/storage tfecton {8 frarcss comipridify rotlreoe shomafpalso such as a
be considered when designing and grouping/pairing each of the image

machipattgre 20@aAsHi e sudpepatieiodde. [QOFOT Eoe ne radymbaciiiof thertactongy also be
may contain several elements that may also be considered when

considenglewtemtidgstheimguitidagerustiglpagrogpéaghpalrithg fimagéOtfeon 200 and the sub-
example, within the data group 702, the reticle polarity factor 710 may

pattericdfiBider whether the reticle is a bright field reticle or a dark field reticle;
the frame structure polarity factor 712 may consider whether the frame

[0070ktrGenmelpplanity i dithErcodeamay daritaitnecserideline pol drityniagtalsd bé considered
may consider whether the scribe line is either a space or chrome; the

when retjglentcansgnibsionipetapgnt fetothr rb@ping/pairing flow 700. For example, within the

data group 702, the reticle polarity factor 710 may consider whether the reticle is a bright field
reticle or a dark field reticle; the frame structure polarity factor 712 may consider whether the
frame structure polarity is either clear or dark; the scribe line polarity factor 714 may consider
whether the scribe line is either a space or chrome; the reticle transmission percent factor 716
may consider whether the reticle transmission percent varies between about zero percent (0%)
and about twenty-nine percent (29%) dark, or between about thirty percent (30%) and about
sixty percent (60%) dark, or above about sixty percent (60%) dark; and/or the disposition
structure factor 718 may consider whether the structures/patterns to be formed on the reticle
system 110 are line and space or hole. Generally, the multi-layer reticle grouping/pairing flow
700 matches multiple layers on a reticle by grouping/pairing layers together on the same reticle

that exhibit similar elements within their factor.
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may consider whether the reticle transmission percent varies between
about zero percent (0%) and about twenty-nine percent (29%) dark, or
between about thirty percent (30%) and about sixty percent (60%) dark,

[0071pr Bhoveyadioeksintle pRkcpristhO ¥y etades andéoditeedispositione STDGErfrmance of
factor 718 may consider whether the structures/patterns to be formed on

the retiot: rgticden $yotesn bd thapelise ngdreppiee/puinelg tkeanerafle Mers within the reticle
multi-layer reticle grouping/pairing flow 700 matches multiple layers on a

systentietidledoyogsessinbs paitisity | siyeiiategatiemdfthacssanetietipeathatl exddiitonally, the
similar elements within their factor. 15 [0071] By way of example, the

preserpli@sentoivenio tidoaveretisbavésedftbed thenadh paripimamee iatlithéudtialer polarity,
system 110 can be improved by grouping/pairing the multiple layers within

such #kereatitiepsisigmahd Odisppeisasssubsianpalyrisimiaise belalanddiimieecause it is
structure polarity. Additionally, the present inventors have discovered that

extrenfolyedi€éGtivie toapii giiaeipiptrthat sodivietipd layenpolariGD Suehad spiteletch linearity
polarity and disposition structure polarity, must be the same because it is

at the extirennaly difficult to optimize a plasma etch recipe to improve CD line and
space etch linearity at the same time. [0072] The present inventors have

[0072 hisbhdigoovware dntfeait the IGDepaifordistcerofl thieatefielcCBy ptaforhildaanibee reticle
improved by grouping/pairing the multiple layers formed on the reticle

systensykténtdnl Bavithprord dfthedhpeezrpiiciegrdrsmissiple jeyeentaabedovieshe reticle
given above. By forming the multiple layers to all be within one of the

systenthié@ netibie toansohigstothigercetintlecategaries pthpaetiolectregendssgiven above. By
percent difference between the multiple layers is rarely in excess of

formirtgyehty (20)iperdentrsherelly peevetitingaie deghaddtion oftCl® transmission percent
performance common to multiple layers with reticle transmission percent

categatlifferdncediricenuassshivvepeyct2d)diecemte FROV&]Bihevayutipxdmpls, i rarely in
has been discovered that reticle transmission percent differences

excessefvween yniilipfeteyershareby gssvehtmerttye (2€3rpéasentafe(dD, pe2ld¥nance common
difference means the difference between a reticle transmission of 40%

to mukupdedaneticle itharesivlis sioms i 609 pgeeet aliffcleadss o decrsaskedvODy (20) percent.
performance due in part to the difficulty of optimizing the plasma etch

[0073] By way of example, it has been discovered that reticle transmission percent differences

between multiple layers in excess of twenty (20) percent (e.g., a 20% difference means the
difference between a reticle transmission of 40% and a reticle transmission of 60%) generally
leads to decreased CD performance due in part to the difficulty of optimizing the plasma etch
recipe for the reticle system 110. As an exemplary illustration, a layer with a reticle transmission
percent of twenty (20) could be paired with a layer possessing a reticle transmission percent of
thirty (30). To the contrary, a layer with a reticle transmission percent of twenty (20) should not
be paired with a layer possessing a reticle transmission percent of seventy (70), for example,
because large density difference for different images will cause issue on CD SPEC and CD-
linearity profile due to problem faced in the photomask plasma etch optimization. Furthermore,
it has been discovered that reticle transmission percent differences in excess of twenty (20)

percent adversely affects reticle CD mean-to-target because the entire reticle writing process
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recipe for the reticle system 110. As an exemplary illustration, a layer with
a reticle transmission percent of twenty (20) could be paired with a layer
possessing a reticle transmission percent of thirty (30). To the contrary, a
cannoleyetenitied reliClelfiisteanissiotupeieant whiwanty1626) shiocddl faatutdesizes within the
paired with a layer possessing a reticle transmission percent of seventy
same fot@Qlcfac@xamiple, because large density difference for different images
will cause issue on CD SPEC and CD- linearity profile due to problem
[0074Tadedvill teaphaicimadib plasrwskilibdoptimizatidmt udhiekmearesmiski@as factor can be
been discovered that reticle transmission percent differences in excess of
describa@ntytiie @ptpefcant ateiseba aftedeésofatiele:Cdlke ragausice ebbidéicadisEby the area
the entire reticle writing process 16 cannot be centered and adjusted to
of the peddiecex pottirs el aMy pacgiéycritiebitfecliubei siz dsWitsticih égsameirefichplants) will
accurately. [0074] It will be appreciated by those skilled in the art that a
have datidlddranssnission faltdrooandyendeficorb@d )asciteniotalhgraitz (edeaiyely dark field
area inside of the reticle exposure field as divided by the area of the
reticlergticie@xpostuie, fieid) Wibically p actédativrehs iiighifiefdiseticterenty-five (25) percent.
(gate/active/implants) will have a reticle transmission of about
[0075 ket fdgen(7 Bivpeteenhanh edea sl celative yhdarkdialiD rptitter{aantactsthe reticle
metals, vias) will have a reticle transmission of about twenty-five (25)

systenpércenin [08Y5¢ Tinproresiehy ignoapiopgphavecalso discpleiegethdbthedCon the reticle
performance of the reticle system 110 can also be improved by

systengrbl{pmglpairingithe anuhipte desperstionnsed omrehé . ecticithesiste mntil Spadgth structures
a similar or same disposition structure (i.e., either line and space

groupsdruegores gravbeditogethegorupele sigediemesndroupadiogetiveny antdadure polarity.
similar or same structure polarity. By way of example, a similar or same

By watrof eraotarityicsinrefesine simiaropshnig desiretbrfeatusenpblactysame desired
(positive/negative) and a similar or same reticle polarity (e.g.,

featurdighpfildigarkfiesd)vidaeaaliAs) suah] everysipaittern can engensrtadley polarity (e.g.,
categorized as lines and spaces or holes. The present inventors have
lightfididebwkfiettihat lines and spaces should not be mixed with holes on the
same reticle because the reticle manufacturing process is different for the
[0076 Hiftesenictyposry pattern can be generally categorized as lines and spaces or holes. The
present inventors have discovered that lines and spaces should not be mixed with holes on the
same reticle because the reticle manufacturing process is different for the different types
structures. For example, it becomes very difficult to center and adjust the entire reticle writing
process when producing both lines/spaces and hole critical features on the same reticle.
Accordingly, this creates an obstacle for timely and process effective reticle fabrication if the
device layers are not grouped or paired effectively and correctly.
[0077] Additionally, within the reticle process group 704, the reticle type factor 720 may
consider whether the reticle is a chrome on glass (COQG) reticle, an alternating phase shift
mask/reticle (ALT. PSM), or an attenuating phase shift mask/reticle (ATT. PSM); the reticle

resist blank factor 722 may consider whether the reticle resist blank is either a negative

chemically amplified resist (nCAR) or a positive chemically amplified resist (pCAR); the
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structures. For example, it becomes very difficult to center and adjust the
entire reticle writing process when producing both lines/spaces and hole
critical features on the same reticle. Accordingly, this creates an obstacle

pelliclfotyipn elytantaracsssoafideti veheghialehiabrigation i tfahdexiiatiaysosi@teis either an
not grouped or paired effectively and correctly. [0077] Additionally, within

i-line theveddiglehpricee sfoghaupe? Qdhrihadietiletypadgcidrd 20oeay sehsidet, such as that
whether the reticle is a chrome on glass (COGQG) reticle, an alternating

produgdibbe shift proaskireticteci@inmePladd) coraair @itefiuatidg ptaseishifer; the writer type
mask/reticle (ATT. PSM); the reticle resist blank factor 722 may consider

factor Whether thenkédialeviesisirblanivisaither Bieegative ahanukelioarb@litiedriter; and/or
resist (NnCAR) or a positive chemically amplified resist (0CAR); the 17

the clgellicieyppddacior 72 aayagoasidsidehethethke theawavelen§OuaitheSO4-free for the
radiation source is either an i-line wavelength (i.e., around 365

final dhamometersyOorideedtultiti-hialppweaiedd igthh swectkdtethat iy adudad $94 cleaning
a krypton fluoride excimer laser or a argon fluoride excimer laser; the

refers writee tigpefiadiares26i thiaytieo nsisle cldnatiyepritte writEhdseastasesswritarl ite ion arise
an electron beam writer; and/or the cleaning type factor 728 may consider

from wihthepthexiteansist aveifiod-tred, BO4Haenforahe ifinal clearraiyothe multi-layer
S04-free. It will be appreciated by those skilled in the art that SO4

reticlecteauping/pafars: tidhve708 et hidfated tiplkhinyihrs onasketidaingonqoegsairing layers
These sources of sulfate ion arise from sulfuric-peroxide resist striping

togethandnpite sleamning AetivitieshiBanarally, dleenontitivalyer thretidletor.
grouping/pairing flow 700 matches multiple layers on a reticle by

[0078 prdupmsghpairidgdayarsl tbgethegonihefamegeaticle ofiabexmibitpdemidger patterns on
elements within their factor. [0078] It has been discovered that by

the regebupysgipalifgeactiof ttretheuldpidel pyerepatperananrstidesetinid shstenthat the CD
110 according to the reticle process parameters described above that the

perfor@Bngeerfahmaciod ©f YktemetitlecayshermiptOvedn berieyaropkd aFontelknngie]e process
a suitable reticle process grouping/pairing may account for or utilize

groupmighstantiiyaginvitannetictonwiidztypbsiasindly sesidar biticketypisy repiciereticle resist
types and pellicle types when grouping/pairing multiple layers on the same

blank ttgticte rétidornpeminddimibelis typatablenegicienngdess igroupinglp &isiey on the same
may mean trying to

reticle. In some embodiments, suitable reticle process grouping/pairing may mean trying to

group/pair multiple layers that use COG, alternating phase shift techniques, or an attenuating
phase shift techniques on the same reticle (i.e., it is best to not mix reticle types on the same one
of the reticle system 110); suitable reticle process grouping/pairing may mean trying to
group/pair multiple layers that use either NCAR or PCAR reticle resist blanks on the same
reticle; suitable reticle process grouping/pairing may mean trying to group/pair multiple layers
that use one of i-line, KrF, or ArF pellicle types on the same reticle; suitable reticle process
grouping/pairing may mean trying to group/pair multiple layers that use either laser or electron
beam writer types on the same reticle; and/or suitable reticle process grouping/pairing may mean
trying to group/pair multiple layers that use one of SO4-free, SO4-free for final clean, or non

SO4-free cleaning types on the same reticle.
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group/pair multiple layers that use COG, alternating phase shift
techniques, or an attenuating phase shift techniques on the same reticle
(i.e., it is best to not mix reticle types on the same one of the reticle

[0079 By Ft@nck] O)ithttitaier¢eticl & procRas GHotpUTY/TH T tg: rajcmeaquiryingntofactor 730
group/pair multiple layers that use either NCAR or PCAR reticle resist

may &lanksopitesameasetisiensuitakle sticle processerodpisg/Mirkignaayrange, CD
mean trying to group/pair multiple layers that use one of i-line, KrF, or ArF

toleraped]ictgiytpeR oo tbd Sardel e tohe: suladen eticlecprogesEngiaitpingfpairOD through
may mean trying to group/pair multiple layers that use either laser or

pitch; alettienebermradd &3y pes eortidcsaheecstiolethandlnlswytabie réticled/or the cycle-
process grouping/pairing may mean trying to group/pair multiple layers

time dihdiradeonieofcfiol-reeciGOUtfredtforifinal ajganciateddsy S4efrdelled in the art that
cleaning types on the same reticle. 18 [0079] Further, within the reticle

range spedtichionlgrdup #Heopdrenatiote reoalir€Nenictactortaidet MAY Lonsigierement in a
process measurements such as mean-to-target, three (3) sigma, range,

single GKis t@l@rahcezoagistratianicer|&yr delimpleyearyy meanX difectisizi, specified by its
linearity, and/or CD through pitch; and the reticle grade 732 may consider

maxinthencost ofith@ueticldusystehe hbdamidbntie cialdMTihedndurabcb) hiecction that is
reticle system 110. It will be appreciated by those skilled in the art that

betweeanfesecamwbevalessribedidsdhe pertfioinman cargieal| M&revean-itovtdidet appreciated by
(MTT) measurement in a single axis (e.g., horizontal or vertical). For

those eixdietple, thenge tma0 X linectigrria spiecifie chbylés anmasifraom eaudh target values bias
minimum value in the horizontal axis. An MTT value in the X-direction that

betweén hetwenh shelddnworval UED isisaiddolbeawithipetiernamge isbedoverinium CD error
will be appreciated by those skilled in the art that CD linearity can refer to

— miniedéviations) ffanalé Hobaténgeteasiuesdiapoinetween large and small
features. CD range for linearity performance is the (maximum CD error -

[0080 Miktimutm BDuerdwarxtdod alidindaritylloeasurengentegpaintbe[0080k | piv tadbé merely for
understood that the following ranges given below are provided merely for

purpogsrpdsdssfatiostrationrarid &re ¢tonbewwonstrgsdnasl @yemplaxgnanditing. By way of
non-limiting. By way of example, in some embodiments, the range for the

exampiee am-tortargatbodmyeanty, ftbenralguf @rihe toean-to-target can vary from about 5Snm to

about 200nm @4X (mask level), the range for 3 sigma can vary from about 3nm to about 200nm
@4X (mask level), the range for the “range” within the reticle requirement factor 730 can vary
from about Snm to about 50nm @4X (mask level), the range for the CD tolerance can vary from
about 10nm to about 80nm @4X (mask level), the range for the registration/overlay can vary
from about 12nm to about 60nm @4X (mask level), the range for the delta Xmean/Ymean can
vary from about 3nm to about 20nm @4X (mask level), the range for the defect size can vary
from about 6nm to about 100nm @4X (mask level), the range for the delta Xmean/Ymean can
vary from about 3nm to about 20nm @4X (mask level), the range for linearity can vary from
about 10nm to about 20nm @4X (mask level), and the range for the CD through pitch can vary

from about 10nm to about 20nm @4X (mask level).
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about 200nm @4X (mask level), the range for 3 sigma can vary from
about 3nm to about 200nm @4X (mask level), the range for the "range”
within the reticle requirement factor 730 can vary from about Snm to
[0081 Rba¢heNy @< Mdskdevalsithadapiag/ferting Gowaletanseieanmvaiiple layers on
from about 10nm to about 80nm @4X (mask level), the range for the
a retidgisiratiaupongpeyicanayery dsgethabout thensarie abielt GBame@#dX (snadkr process
level), the range for the delta Xmean/Ymean can vary from about 3nm to
measuahaeiit2 Gvichi @#AX(faask. level), the range for the defect size can vary
from about 6nm to about 200nm @4X (mask level), the range for the delta
[0082Xniehany oerweadi carvevat o myapoup3iypdoiap @it Gih@dxli¢pladkyer patterns on
level), the range for linearity can vary from about 10nm to about 20nm
the ret@WX$ysoaskl €valladihghe rhagetide thye i dhrouph pitetecadesaipedrabove that the
about | Onm to about 20nm @4X (mask level). 19 [0081] Generally, the
CD perfoltidayer oftible gradpingfeairintDflom TROimatohels nioltipleaatayrrsaosuiable reticle
reticle by grouping/pairing layers together on the same reticle that exhibit
specifgimnitar procgssgipeaagremantweidhin their factoutijd@8Xubhastiaben similar reticle
discovered that by grouping/pairing each of the mulitple layer patterns on
requirthengticimdysteivid 1gradeordihg teothe retidledipeaiticatinimplrameddss specification
described above that the CD performance of the reticle system 110 can
grouping/mpioyeadafonexampieg acswtainpepeticipesfie cifabatio nfgroeping/pagengthree (3)
may account for or utilize substantially similar reticle requirements and
sigmayeticleegi@letdlesame erpisodimaefitssutadtdtaeolesp¥aitaatiolefect size, linearity,
grouping/pairing may mean trying to group/pair specific values of
and/omtdauthtotighigetclinsedif8)hsigraspeangqyréier tedarainde requisinationiomgeslay, the same
delta Xmean/Ymean, defect size, linearity, and/or CD through pitch within
reticletheil/ ve speaping/preferget betiokealbgsime e o samgerary the tsameetidtigieades on the
and/or grouping/pairing substantially similar cost and/or cycle-time reticle
same gtades on the same reticle. [0083] By employing the multi-layer reticle
grouping/pairing flow 700, cost quotations for the reticle system 110 can
[0083beBie tenplima dgthaseeltiaimyng e kighagtiredpirsdg élicle G defoqaditaions for the

reticle system 110 can be determined by ascertaining the highest required reticle grade for all of
the multiple layers (e.g., the different process layers) within the reticle and assigning that value
to the job. Additionally, by employing the multi-layer reticle grouping/pairing flow 700, the
disposition of defects and/or repair of the reticle system 110 could be based on the highest reticle
grade for the different multiple layers within the reticle system 110 to be fixed.

[0084] Furthermore, within the wafer process group 708, the machine type factor 734 may
consider what type of machine is being employed (e.g., the photolithography system 100, of FIG.
1), such as an ASML stepper/scanner or a Nikon stepper/scanner, for example, or whether the
lithographic scheme is immersion or a dry development process; and/or the inspection/storage
factor 736 may consider inspection frequency, inspection pixel size, and/or storage conditions,

for example. Generally, the multi-layer reticle grouping/pairing flow 700 matches multiple
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the multiple layers (e.qg., the different process layers) within the reticle and
assigning that value to the job. Additionally, by employing the multi-layer
reticle grouping/pairing flow 700, the disposition of defects and/or repair
layersafithe reetitietsy sienpinkdpadingd beybasegahdhenmigbsshieticielgrade dohibit similar
the different multiple layers within the reticle system 110 to be fixed.
elemef@O@4ihutiaarfaake, within the wafer process group 708, the machine type
factor 734 may consider what type of machine is being employed (e.g.,
[0085thdtphatdkdio graplhysystiem B0 @raipie/paljingueltiks AthASMltiple layer patterns on
stepper/scanner or a Nikon stepper/scanner, for example, or whether the
the relithogyaehicldOhane dsniguneisionfer praoggdevetopengesiroeassdandiasd above that
the inspection/storage factor 736 may consider inspection frequency,
the Cinppeoiimarpixel sizeranttaystaradelconditionaprioredxafoplex mpherallyitable wafer
the multi-layer reticle grouping/pairing flow 700 matches multiple 20
procedageosgingipatiole by ygreuping/fainngidiersiubgetiatl oritnd same atclgpes and/or
that exhibit similar elements within their factor. [0085] It has been
inspedtiseBuared thethbysgi@upirgdpdiiad e@adie shinermidlitplénlayarepatiesdsents, suitable
the reticle system 110 according to the wafer process
wafer pacametersipiamenty deaaripedmbgipaities tremiipkrfwaapeecofiithen each reticle
reticle system 110 can be improved. For example, a suitable wafer
accordingcesthgroppind/pairingeniay.acocdfMar aeppiiZzesuizstantiaMilsimigpper/scanner)
machine types and/or inspection/storage methods for layers placed on
that vtk ssmbaatitidelnasdine grolpodgipants.gs ttalbha ] wydéetayrocpssegroupingpch reticle
may mean grouping/pairing the multiple layer patterns on each reticle
accordangardinbdgripbityphahmacpioga@®. guchrnAiMicsiepperByannéfoorgepuping/pairing
Nikon stepper/scanner) that will use the reticle, and/or grouping/pairing
the mufigpha ditiplepayenpatternignteachsteticiel yaoootdingsieetitvoghaghency requirements,
scheme employed, such as immersion or dry, and/or grouping/pairing the
inspeatmuritipledayee patidinrs saoegedingddisnbdaptially Dimdarispediion reticle stocker, a
frequency requirements, inspection pixel size, and/or storage conditions
reticle(gtapdand N2cbabindtjradntae reitladtockenmactetiste) satltasanmechelaical
interface pod and/or compact cases) on the same reticle. [0086] For
[0086 Ex&mplex aiopetfdotiveffeticte inspaetimapiecthm marmbfacharinfpdineing line, inspection
inspection
frequencypand inspection setting (e.g., pixel size and scattering bar desense) should be similar or

the same for layers grouped/paired on the same reticle. It will be appreciated by those skilled in
the art that scattering bar desense can refer to a reduction of inspection sensitivity so that
scattering bar is not captured as false error during inspection while inspection sensitivity for
typical defects, such as crystal growth, repair sites, missing anti-reflective coating, and ESD
damage, remain unchanged. Additionally, be way of example, efficient use of storage space can
be achieved if critical device layers of the intended identical storage space are grouped/paired
together.

[0087] Furthermore, within the bining table group 709 a pairing table factor 740 may exist.
The pairing table can help to categorize similar or like layers based upon grouping/pairing

factors such as reticle grade, reticle transmission percent, polarity, dark/bright field, pellicle type,
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frequency and inspection setting (e.g., pixel size and scattering bar
desense) should be similar or the same for layers grouped/paired on the
same reticle. It will be appreciated by those skilled in the art that
contacsCaitenng/Ppicdergpas aad rafesr tocquestuciion. ofanspretipisansiiddilgme whereby
that scattering bar is not captured as false error during inspection while
semicdnsipeaitofe sriasitivitydatclygigal defecily suah @srary stallgrnosifl, teegair out all of the
sites, missing anti-reflective coating, and ESD damage, remain
possiblnchabgediofdaiiibpatytagonay gieexamplaneftigienbdigprot storageemploy.
space can be achieved if critical device layers of the intended identical
[0088Ftabager sipacalarefgrouped/ paiiratle tagather si3081] Fubtheymdre, wiihinlayer reticle
the bining table group 709 a pairing table factor 740 may exist. The
groupip@itpagitabitosandieipi lioucaiagoniz @Similarcrdikefayers basadsufrsoribed above and
grouping/pairing factors such as reticle grade, reticle transmission
one operaenty ptlafinhedaaikibgghitbieldigpetiiald thpee. 2Faoniacipdsdiinedspantodiments,
layers, and layer sequence (e.g., a wafer process sequence whereby
the mskrmigendedtty dexipasqrarfapritated@)0Genenakliy 16 énpainiag dalfiemelis data group
to sort out all of the possible combinations and permutations a specific
702, thealktiologyocockegpoapeXE! may hmployle] 0p88TiGeinaraityy i éasmadiovidefing factors
the reticle system 110 by the multi-layer reticle grouping/pairing flow 700
such awillthtilizeideegoaduadietor 182f the grodpingsidessiinegabovefactdr Giié.othe reticle
more or all of the pairing factors described above. For example, in some
polarignfilanolihEhtshe thelimlel tiylzy Grcret ikt gioudisg/pavmstflomrédaeay 18 and/or a layer
analyze information from the data group 702, the reticle process group
sequent@®4 didisthdastietespeaificatéarbgrasgd 70§y onsidaplglisctorsn scketicle system
as: the reticle grade factor 732, the reticle transmission percent factor 716,
110, whereaticte poibiftye fagtor réfiOletliecpetliclectigde $aston 7124) thedispositioen multi-layer
structure factor 718 and/or a layer sequence. This information could then
reticlebgrogeid géppain ghBawultifleckdybrts ompheyveetiClp pestermabtd, avhetdit thiea multiple
multiple layer reticle (i.e., the reticle system 110) formed by the multi-layer
layer meticle droueihgiptiivg fhewuF®éxthibitsuthplaeedr@Dlpegfonpiagqmioirgy flow 700.
that of a multiple layer reticle formed without the use of the multi-layer
Althowgliclbgrbopingfpaidey £lopedi0i0. application of the multi-layer reticle grouping/pairing

flow 700, it is to be understood that the reticle system 110 could be formed by any combination
of one or more of the groupings and/or one or more of the pairing factors of the multi-layer
reticle grouping/pairing flow 700.

[0089] Addtionally, it will be appreciated by those skilled in the art that the parameters for each
of the factors described above can be defined by their collective ability to improve the CD
performance of the reticle system 110.

[0090] Accordingly, the multi-layer reticle grouping/pairing flow 700 provides a robust method
that strategically determines how device layers within the integrated circuit system 102 are
paired in the creation of a multi-layer reticle, such as the reticle system 110. By employing the
multi-layer reticle grouping/pairing flow 700 described above, device layers can be grouped and

paired for effective reticle and wafer processing.
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Although, the above provides a specific application of the multi-layer
reticle grouping/pairing flow 700, it is to be understood that the reticle
system 110 could be formed by any combination of one or more of the

[0091 Draipbrga andioro G s)arerefiihie gaimgdadigrsffdteomettiriay&icribing a reticle
reticle grouping/pairing flow 700. [0089] Addtionally, it will be appreciated

generdopothopeeakilod, inlich atath at thepapmeeigntar eatdyetfphtdacteils system 110, of
described above can be defined by their collective ability to improve the

FIG. CDn pederdaacceviththe retibtelsysterof1he. poeeal AocornibnglyTHaereticle generation
multi-layer reticle grouping/pairing flow 700 provides a robust method that

systenstiBategiagy ukete imiabs daonadevidpllaysrs wsthile thecintagitaieckccsitstem 110 with
system 102 are paired in the creation of a multi-layer reticle, such as the

more tietictesystdmiib@e Pytenmploging Hi6. Rwlti-layer reticle grouping/pairing
flow 700 described above, device layers can be grouped and paired for

[0092 Eff@btivetidtiglerendinaigs proGedsing; 221{RRA1¢iReietungnowttonF@, 8, multi-layer
therein is shown a simplified flowchart describing a reticle generation

reticlesysi@in §QQAjnivizichsmay8od  ugkd byravdésignaotpueelomthecheticleéo match suitable
system 110, of FIG. 1, in accordance with an embodiment of the present

multiphvigtionor ke retintergeécieratidiscsystiénuplicdii®eisad todabbaateyatem 806 for
multiple layer reticle, such as the reticle system 110 with more than one

storingflibhenmidyge pattepatRO0s gékdated. fH032h DiehketicielgepecatidnGysi€ihe. 1. It will
800 may include a circuit layout system 802, a multi-layer reticle

be apmyeoigpéddipairing Systehin304, anhich hrotides sy sronpimghpaigngsschdmeitouit layout
match suitable multiple layers on the same reticle as discussed supra in

systeni-Kb27 flandhal ddtgbasetisistgmudit fomirsigriygtthe 8odltipld ldypedpalttensystem 806
generated for each of the reticle system 110, of FIG. 1. It will be

may, apprepatgtdlythess skilelivinithenavvthiztrtheatercoriBystenvhwitiAdeaodslly, it is to
to the circuit layout system 802, the multi-layer reticle grouping/pairing

be undgystend 804, theditheidhtabhasesysterht80tenayyimbrespegificalB)Zeferytbe used to

software and/or hardware configurations. Additionally, it is to be
make tirdesstoodnthitiphelsiouitiayoulgendratedidy tysteimculOayouthsysteltn-layer reticle
802 may be used to
grouping/pairing system 804, which can be used to image the image pattern 200 on the different
layers of the integrated circuit system 102.
[0093] After the circuit layout system 802 determines the design of the integrated circuit
system 102, of FIG. 1, each layer is then analyzed via the multi-layer reticle grouping/pairing
system 804 to determine which layers should be grouped/paired together to maximize the CD
performance of the reticle system 110. Details of the multi-layer reticle grouping/pairing system
804 is described above in reference to the multi-layer reticle grouping/pairing flow 700, of FIG.
7. Subsequent to the multi-layer reticle grouping/pairing system 804 determining the appropriate
grouping/pairing of the multiple layers, this data is then sent to the database system 806. The

grouping/pairing of the multiple layers for each of the reticle system 110 may then be extracted

from the database system 806, formatted, and sent to a reticle production system.
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make the various multiple layer reticles (e.g., the reticle system 110) via
the multi-layer reticle grouping/pairing system 804, which can be used to
image the image pattern 200 on the different layers of the integrated
[0094TirRéfesyigiembhOD 0N 3] AfiekihdchiaoidayoithplusientiBoLtetainutitsng a reticle
the design of the integrated circuit system 102, of FIG. 1, each layer is
generdtien arayr 00 iavthehmudii-lay ase@ticle gupiagipaltng opybte Bl dpstem 110, of
determine which layers should be grouped/paired together to maximize
FIG. 1thia @Roptiioemancenottibecratiotimystemtid prddaiailsvehtion. nDiid-iayiere generation
reticle grouping/pairing system 804 is described above in reference to the
systentir00)-layebe eiiete tgriabpicgépainings ipoad afR0 rexd dFeGsudh Subirentient todieen 110 with
multi-layer reticle grouping/pairing system 804 determining the appropriate
more roupia @i ngbaidhemidipted FZES s4 tid data is then sent to the
database system 806. The grouping/pairing of the multiple layers for each
[0095Df Tie reticie Systentidh O yeeytitE0 haagxinabide droimdheldatabageem 902, a target
system 806, formatted, and sent to a reticle production system. 23 [0094]
patteriRefernin@ b Yot @El&atdh g becin gstshrowm 8 8inpfifidd . flawohant hléspribingub-pattern
a reticle generation system 900, which may be used by a designer to
systentl @066y thraceticle/sylstemy 1HOsudf-patril4 0 adcBrdandeandth, drvothebe target pattern
embodiment of the present invention. The reticle generation system 900
300, zandie-used tetiakrigada@nppipiedayetaeticles sudnds previdticla sysigrmg/pairing
110 with more than one of the sub-pattern 400, of FIGS. 4 and 5. [0095]
schem€he nedicle spanblationtgysterye206nmiay siokideid cucditstapeut system FIG. 7, and a
902, a target pattern system 904 for generating the target pattern 300, of
databdstGsySieior @HrHdayerriagsule pattkrplesistenp 806 iorggenetatinigisplitiingf the reticle
the sub-pattern 400, of FIGS. 4 and 5, from the target pattern 300, a
systenmbilf)-1dy eriHetic keppraupied paihiog sikgiedi®@O8; ahibhtphevides ‘@aystem” with regards
grouping/pairing scheme to match suitable multiple layers on the same
to the reticlet dsydisciissed S0praha it hatechasydaiab2(de dystern-fdi@®forsystem 906, the
storing the multiple layer patterns generated for each of the reticle system
multi-l3Or [retitldezappragiprediy tyssmski8d mndhéardtabdse sestartsysi@miiay, more
with regards to the circuit layout system 902, the target pattern system
specif@@lytheeBubtpasiefit syestend/@06hahbvare configurations.  Additionally, it is to be

understood that the circuit layout generated by the circuit layout software 902 may be used to
make the various multiple layer reticles (e.g., the reticle system 110) via the multi-layer reticle
grouping/pairing system 908, which can be used to image the sub-pattern 400 on the different
layers of the integrated circuit system 102.

[0096] After the circuit layout system 902 determines the design of the integrated circuit
system 102, of FIG. 1, each layer is then mapped out and the target pattern 300 is created for
each layer via the target pattern system 904. The target pattern system 904 then sends this
information to the sub-pattern system 906, which can then split the target pattern 300 into two or
more of the sub-pattern 400 when the pitches of the target pattern 300 exceed the resolution
limits of the photolithography system 100, of FIG. 1. The two or more of the sub-pattern 400

(i.e., the information) produced by the sub-pattern system 906 is then analyzed via the multi-
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multi-layer reticle grouping/pairing system 908, and the database system
910 may, more specifically, refer to software and/or hardware
configurations. Additionally, it is to be understood that the circuit layout

layer g€k aeatiydhaicinguiliayoudeefiwaseahenalibe ot tautnakethe00 should be
various multiple layer reticles (e.g., the reticle system 110) via the

group&diptinay eo gethele tgreayiin g/ de rors ysieonndd e wiidie canchesyseatd 10. Details of
image the sub-pattern 400 on the different layers of the integrated circuit

the mslysteyerkefclO@abipiitgpitin girguit iapostasy sievrriDed stetesriinefetbiece to the multi-
design of the integrated circuit system 102, of FIG. 1, each layer is then

layer meapleedroupaadhtligiigrdeipatternad0piis.cleatdhiosqeanh dayde viathelayer reticle
target pattern system 904. The target pattern system 904 then sends this

groupingdpaidatign jottine S0P-pattarinysten approptiich easupieg/ splinthefatgekub-pattern
pattern 300 into two or more of the sub-pattern 400 when the pitches of

400, thie darget peiternBOtbxcaedike yesottitn. liflits gbtipenghetolilbhadrdphyub-pattern
system 100, of FIG. 1. The two or more of the sub-pattern 400 (i.e., the

400 fonfeavhatidmeprodeieed oyithé ISumpatieen bystemm&©6 Sdhehanrklybeskwgstem 910,
the multi- 24 layer reticle grouping/pairing system 908 to determine which

formanédhensidematiarreddo plwluidibe sgsauped/paired together to maximize the
CD performance of the reticle system 110. Details of the multi-layer

[0097 TetRidegriagping/ paifitiy $9stbencd0s ahewascfibed-hinowd inreafdeeryseto 1000 for the
the multi- layer reticle grouping/pairing flow 700, of FIG. 7. Subsequent to

reticletisgseuitiliiyan reticied grau pinh/paikntdeystent @P8ldei@awining tbetion. The reticle
appropriate grouping/pairing of the sub-pattern 400, this data is then sent

systentol {I¥) dethisirs systEng AR iTlesgseupimgdpdiviig 100thesd bspaérp t400or more of
for each of the reticle system 110 may then be extracted from the

an imagtarasersystenthe 1 fidbrmattad, @ntbsentie araticle prodsictiomsystemted circuit
[0097] Referring now to FIG. 10, therein is shown a flow chart of a reticle

systensystenodiog dod thariregiclels pétdnn ik érpatecordancehwittiiale system according to a
embodiment of the present invention. The reticle system 1000 includes

multi-prypridingle getigegistemgilavbiock10021 00w assigning two or more of
an image pattern onto the reticle system to form one or more layers of an

[0098]ntbyranetheirenibodiment, a cross-technology reticle system is provided. The cross-

technology reticle system includes a plurality of images 200,.x, where X > 2. The images, for
example, may be arranged in an array. The array may be a 1-dimensional or 2-dimensional
array, such as that shown in FIGS. 2a-b. Arranging the images in other configurations is also
useful.

[0099] In one embodiment, images correspond to at least first and second technologies.
Technology can refer to a technology node or generation, such as 45nm or 40 nm. Technology
can also include a half technology node, for example, the interim process toward the next
technology generation. Other technology nodes or half nodes may also be included. For reticles
with more than 2 images, more than 2 technologies can be included.

[0100] In one embodiment, the images comprise the same layer of an integrated circuit of

different technologies. In one embodiment, the images relate to a first technology (n) and the
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system by grouping and pairing each of the image pattern onto the reticle
system according to a multi-layer reticle grouping/pairing flow in a block
1004. [0098] In another embodiment, a cross-technology reticle system is

next gpnewiden (ddnalgssciethniegekeiielesyiienedhatldes @pluwlite dfe next full node

images 200i_x, where X > 2. The images, for example, may be arranged

or nexintalf axsay. Thelartashovaydnecachnginrensibnal «yZpdimensienads-astaye system with

such as that shown in FIGS. 2a-b. Arranging the images in other

first avdBéiguidiianges also useful. [0099] In one embodiment, images
correspond to at least first and second technologies. Technology can
refer to a technology node or generatible, Isuch as 45nm or 40 nm.
Technology can also include a half technology node, for example, the
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[0101] Providing cross-technology pairs is also useful. Additionally, providing reticles with
cross-technology groups having more than first and second technologies and more than first and
second images is also useful. For example, the reticle can be provided with four images, as
shown in Fig. 2b. Providing a reticle with other number of images is also useful.

[0102] In another embodiment, the reticle system comprises a cross-technology and cross-layer
(CTCL) reticle system. The CTCL reticle system comprises images from 2 or more technologies
and from 2 or more layers of an integrated circuit system. The CTCL may be from the same IC
or different types of ICs.

[0103] Table 2 shows an exemplary technology and level groupings of a CTCL reticle system

with four images. As shown, the reticle comprises first and second technology pairs. The first
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5 32 nm/Poly 28 nm/Poly 6 32 nm/Active 28 nm/Active 7 32 nm/Metal 1
28 nm/Metal 1 8 32 nm/Metal 2 28 nm/Metal 2 [0101] Providing
cross-technology pairs is also useful. Additionally, providing reticles with

pair corosSstachiffdngy gelipddasdng marsihavefitst andGesonthteokvm@ldPes comprises

and more than first and second images is also useful. For example, the
differgefickenhaaln fiespsdyicednlilevielusfiamalges, as shown in Fig. 2b. Providing a
reticle with other number of images is also useful. [0102] In another
embodiment, the reticle system corffatike? a cross-technology and
cross-layer (CTCL) reticle system. The CTCL reticle system comprises
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y and fevel groupings, as

[0104] Other types of technology and level groupings, as shown in Tables 3-4, are also useful.
Tables 3-4 show several examples of cross technology reticle schemes which combine different
number of near generation technologies with different levels as long as their mask processes are
the same.

[0105] With respect to Table 4, 2X metal levels (e.g., 2X Metal 1 or 2X Metal 2) refers to
metal layers which are less critical than non-2X metal levels. For example, dimensions and
requirements for 2X metal layers are larger in size and less stringent as compared to the non-2X
metal layers.

[0106] As shown in the second example, the reticle can have images from three different
technologies. The first two images can be of different mask layers from the same technology,

e.g., 2X Metal 1 and 2X Metal 2. The third and fourth images can be of different mask layers

from another two different technologies.

27



Tables 3-4 show several examples of cross technology reticle schemes
which combine different number of near generation technologies with
different levels as long as their mask processes are the same. [0105]
With respect to Table 4, 2X metal lengik (&.9., 2X Metal 1 or 2X Metal 2)
refers to metal layers which are less critical than non-2X metal levels. For
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[0107] For cross-technology reticles, a technology node requirement is added to the
grouping/pairing flow 700 of Fig. 7. Fig. 11 shows an embodiment of a technology node
requirement 801. Within the technology node requirement, technologies are determined if
technology requirements are satisfied for grouping. For example, a node and half node processes
can be defined as default compatible 850. Default compatible technologies are those which
automatically satisfy node technology requirements 854 are compatible and can be grouped or
paired.

[0108] If technologies are not default compatible, compatibility analysis 852 is performed to
determine if the technology requirements are satisfied. The compatibility analysis include
whether the mask processes of the different technologies are the same. For example, factors
which may be considered include whether the technologies use the same mask and optical
proximity correction (OPC) processes. Mask processing, for example, refers to the processes

related to forming the mask. This may include processes from resist development to final

cleanup and mounting of pellicles on the mask. In one embodiment, mask processing involves
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requirement 801. Within the technology node requirement, technologies
are determined if technology requirements are satisfied for grouping. For
example, a node and half node processes can be defined as default

the foltowipatiala ShdcBsEsulictompajibte ¢eaiinglogiasasker ko2& pwbied to laser or e-beam;
automatically satisfy node technology requirements 854 are compatible

2) patend icanfee ghicipediadepaikddn {018 oif deghmelogiemantaiat defasdd after resist has
compatible, compatibility analysis 852 is performed to determine if the

been deckioptagyrrpajurasde3is saripsiatisfiededibe andpatindity lamakpsisliegiud®gies which
whether the mask processes of the different technologies are the same.

utilizeFbe exm plesitaidtormasih il roRChe eansidstedfinctedroldagtharditements. As such,
technologies use the same mask and optical proximity correction (OPC)

the teqhiodegisarMask piisessidgafdscexanpe oigjeiedo the processes related
to forming the mask. This may include processes from resist development

[010970 finakectemhogicandhicbumtingroppdblic]eseqm dbessnasi.dendnee to other groupings as
embodiment, mask processing involves 28 the following basic processes

describetinagicIhdkielppingtitie praskiafipnexofore, o ldsertibeé-ineBiy; 72) For example,
pattern transfer which includes etching (wet or dry) the chrome that is

the fleexposenuafter rbsistickspbleinydevelopedl dr thatdetngdn®). sifippinglbey requirement
resist; and 4) final cleanup. Technologies which utilize the same or similar

is not sadskeanthORGvprooesses. satishe jechh adoyyoteguinedesntm Besrsyetiredte determine
technologies are compatible and can be grouped or paired. [0109] For

if techtedhpplegiescwkith aresaoshipdtiblecpdProcess may continue to other
groupings as described in the multi-layer reticle grouping/pairing flow, as

[0110He3tkbeddlesdgydloped exabypisedtihe filonw sonicondsdoitklevieticler polegityted circuits
factor 710 of the data group. If technology requirement is not satisfied,

(ICs). tHépflewatepheintie sctidies reje dbe disedhnopagyrnad esbsaatd ¢or dopamiree teatures which
determine if technology requirements are satisfied at step 858. [0110]

serve Theampoles teveldpesibsimbe UBed conipumesemicondectoraetddgs dorm devices or
integrated circuits (ICs). For example, the reticles can be used to pattern

ICs waltstiesirate: tof e Thatswbseicior saarepds camipoaentsiom thbich a plurality of
substrate. The components are interconnected to form devices or

devices or ICs are formed. After processing of the wafer is completed, the devices are diced,

separating the wafer into individual dies. Continued processing can be performed, such as
assembly, testing and packaging to complete forming the devices or ICs.

[0111] In alternative embodiments, the reticles can be used to develop processes for forming
the devices or ICs. For example, the reticles can be used to define process parameters. The
defined process parameters are then used to form devices and ICs.

[0112] It has been discovered that the present invention thus has numerous aspects. One such
aspect is that the present invention can improve the CD performance of a reticle system. The
present embodiments achieve this by using a multi-layer reticle grouping/pairing flow that
matches corresponding multiple layers on a same reticle.

[0113] Another aspect is that the present invention reduces the cost of producing a reticle

system set by forming multiple layers on the same reticle.

29



ICs with the desired function. The substrate, for example, can be a wafer
in which a plurality of devices or ICs are formed. After processing of the
wafer is completed, the devices are diced, separating the wafer into
[0114]ndAsidtial dispeontitugdipeopessing wasripeitdpedseudtdssers prevent faulty
assembly, testing and packaging to complete forming the devices or ICs.
tapeoB1dut] tthinkigsrativecapakogiments, the reticles can be used to develop
processes for forming the devices or ICs. For example, the reticles can
[0115Dbe Aisetido dptioei prhaeds: patacmetiareniibe iefineasd pducessopatemeiefengineering
are then used to form devices and ICs. [0112] It has been discovered that
costs dhe theeseritrinndrtiof ttiddaralsherous aspects. One such aspect is
that the present invention can improve the CD performance of a reticle
[0116Fytemhdisppee Bethethb pditeanis aahiey ecthiscoyhespogsibra iitrikensed reticle cycle-
reticle grouping/pairing flow that matches corresponding multiple layers
time don g sativderpticlectioh 18]nAppttyat aspecirisatiegiaina pogseririnvention
reduces the cost of producing a reticle system set by forming multiple
[0117]ay¥es aimotherSatpertaiictap2g (1] proatieinaspech issthait thevphegentsupports and
invention helps customers/users prevent faulty tapeouts due to
servicenapptognatalpatidgpf [RULbindrothe rsaspBitiigthat¢he pres antréavertisformance.
helps to reduce non-recurring engineering costs and the total number of
[0118}etithescneedaticf0hLGbnatpataspdet jsdhatt e presendisegntiaty further the state
reduces the possible increased reticle cycle- time during reticle production
of the iferiappogpiiate leyerhanepdeead.together. [0117] Yet another important
aspect of the present invention is that it valuably supports and services
[0119thelhistoridakthendl difscodexcitghaosls, rsimslifyisigns ysid ths, iatediaereasig system of
performance. [0118] These and other valuable aspects of the present
the prigveentiovesonseyuesbysfurthertine stdtdeafttiertechkcdogy dodatleasilibde solutions,
next level. [0119] Thus, it has been discovered that the reticle system and
capabihieci teyt ditedtcirclid geste ivoimpre preseticliavvadtiore fuatid vasum pertarhance. The
and heretofore unknown and unavailable solutions,
resulting processes and configurations are straightforward, cost-effective, uncomplicated, highly

versatile and effective, can be implemented by adapting known technologies, and are thus readily
suited for efficiently and economically manufacturing integrated circuit package devices.

[0120] While the invention has been described in conjunction with a specific best mode, it is to
be understood that many alternatives, modifications, and variations will be apparent to those
skilled in the art in light of the aforegoing description. Accordingly, it is intended to embrace all
such alternatives, modifications, and variations, which fall within the scope of the included
claims. All matters hithertofore set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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capabilities, and functional aspects for improving reticle and integrated
circuit performance. The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile and
effective, can be implemented by adapting known technologies, and are
What Bésargrdily: suited for efficiently and economically manufacturing
integrated circuit package devices. [0120] While the invention has been
described in conjunction with a sggcKip/fiest mode, it is to be understood
that many alternatives modifications and variations will be apparent to

se skille he art |n ht of the afaregoing description. Accordingly, it
1. grﬁé%%‘édﬁ% t??é@egé‘l Vd%‘ﬁcéi't‘@zl?tiéﬂiges modifications, and variations,

which fall withip the sco e of the jncluded claims. All matters hithertofore
set OV RETER G EHY tecgﬂ’?ﬁgitylng drawings are to be

|nter reted in |IIustrat|v nd non-limiting sense. 30 hatl claimed is:

CEAIRING 3 ATREHS e iRy 2 HROIE B P P RRIF A

comcgensm multiple megqm éaatternin substrate using the mask,
correspRRa i ARCHREGE DPIE MURiBIRTH%GES corresponds to a respective

patterni rocess and continue roce sipg of the substrate to lete
LB 10 e P 5 VOl 0 eSSt L e YT 8 Torm
the d The ethtod of ¢ tlLalrg 1.wherein the substrate comprises a wafer for
¢ ei% nglgfa%. f'deVices in parallel. 3. The method of claim 2
compnses dicing the wafer into individual dies after processing of the
wafer is completed and assembling, testing and packing the dies into
derYlé:%?e f eth?d Bfer%'ﬁl"{iqéswhs‘%{&'é‘cform'“% the mf“'“P Horm
are’(ided d% p 4evice processes B TOPTABH A AR ype or

of dev?ée%lfifne{)%?glpe?.v ICes.

2. a éaslurality

3. The method of claim 2 comprises:
dicing the wafer into individual dies after processing of the wafer is completed; and

assembling, testing and packing the dies into devices.

4. The method of claim 1 wherein forming the multiple images are used to develop

device processes used to fabricate one type or types of different devices.

5. The method of claim 4 wherein the device processes are used to pattern the substrate

which comprises a wafer for forming a plurality of devices in parallel.

6. The method of claim 5 comprises:
dicing the wafer into individual dies after processing of the wafer is completed; and

assembling, testing and packing the dies into devices.

31



5. The method of claim 4 wherein the device processes are used to
pattern the substrate which comprises a wafer for forming a plurality of
devices in parallel. 6. The method of claim 5 comprises: dicing the wafer
into individual dies after processing of the wafer is completed; and

7. agwRmRlined EtingAnd RackingdhRdipinio davicassdnd 3 derrigHod
of claim 1 wherein the multiple images correspond to different

technd@siBOlRGies@sdevices. 8. The method of claim 7 wherein the multiple
images comprises compatible technologies. 9. The method of claim 8
wherein compatible technologies satisfy technology node requirements.
10. The method of claim 8 wherein compatible technologies employ same

8.  Omhidiemd@skcriacessrereldlhiEhaunplbathafslaimsrivhiesinpaanpatible
technologies employ same or similar OPC processes. 12. The method of

technél@Bs8 wherein compatible technologies employ same or similar mask
and OPC processes. 13. The method of claim 1 wherein the multiple
images comprise different layers of a same device. 14. A mask for device
fabrication comprising: a mask substrate; and a plurality of images

9. formesandheRsk SUPEHRIA YHHANE espoRb:ditierehtdatieringode
processes used to fabricate one or more devices. 32 15. The mask of

requirgladisl4 wherein the plurality of images are used to develop device

10. The method of claim 8 wherein compatible technologies employ same or similar mask
processes.

11. The method of claim 8 wherein compatible technologies employ same or similar OPC
processes.

12. The method of claim 8 wherein compatible technologies employ same or similar mask
and OPC processes.

13. The method of claim 1 wherein the multiple images comprise different layers of a

same device.

14. A mask for device fabrication comprising:
a mask substrate; and
a plurality of images formed on the mask substrate which correspond to different

patterning processes used to fabricate one or more devices.
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processes used to fabricate one type or different type of devices. 16. The
mask of claim 14 wherein the plurality of images correspond to different
technologies or devices. 17. The mask of claim 14 wherein the plurality of
images are technology node compatible. 18. A method for forming a

15.  MpskMagddhdavicefapreati QReCMRLISIRG iRAQVIdIRG BN aS KSR @ ice
and forming a plurality of images on the mask substrate which correspond

procedGedliffReRY rRsitaiaipgeRiPeassasuead i taliricaigqne or more devices.
19. The method of claim 18 wherein the plurality of images are used to
develop device processes used to fabricate one type or different type of
devices. 20. The method of claim 18 wherein the plurality of images

16. camesRrbicHiffenentyiesineleyre it fevieesedZorrespond to different

technologies or devices.

17. The mask of claim 14 wherein the plurality of images are technology node
compatible.
18. A method for forming a mask used in device fabrication comprising:

providing a mask substrate; and
forming a plurality of images on the mask substrate which correspond to different

patterning processes used to fabricate one or more devices.

19. The method of claim 18 wherein the plurality of images are used to develop device

processes used to fabricate one type or different type of devices.

20. The method of claim 18 wherein the plurality of images correspond to different

technologies or devices.
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