RETICLE SYSTEM FOR MANUFACTURING INTEGRATED CIRCUIT SYSTEMS ECHNICAL FIELD
[0001] The present invention relates generally to integrated circuits, and more particularly to a reticle
system for manufacturing integrated circuit systems. BACKGROUND ART [0002] 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
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semiconductor wafer in accordance with the 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 ontg a reticle or mask with a pattern. The pattern produced by
the light and the reticle or mask is then anEﬁé?&iESI e Rered with a light-sensitive photoresist by
an alignment system, wherein the pattern is then transferred to the photoresist. [0004] The

photolith&$t8bhy H6 REEEBE {RYRBHIR NG Y oAl PHBTEALRE REBIS By HES B KTy
layer-by-tayeremathadainom: wherdineach layarisdoumes by axpesing 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 becomedrebiiRijyely, gxpensive. [0005] Thus, a need still
remains for a reliable reticle system and method of fabrication and a reliable integrated circuit system
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using a multi-layer reticle grouping/pairing flow that matches corresponding multiple layers on a same
reticle, thealdsheagsicivigamecaumiber Rirfabilel aBu oy IRIAY st Belisi reYBwRsisss csfamditizgdremepetitive
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Interconnections.
[0003] Photolithography is one of the principle processes in the manufacture of integrated
circuits, and consists of patterning the surface of a semiconductor wafer in accordance with
the 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.
[0005] Thus, a need still remains for a reliable reticle system and method of fabrication and
a reliable integrated circuit system and method of fabrication, wherein the reticle system and
the integrated circuit system are formed using a multi-layer reticle grouping/pairing flow that
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, and diminishing opportunities for meaningful product differentiation

in the marketplace, it is increasingly critical that answers be found to these problems.
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Moreover, the ever-increasing need to save costs, improve efficiencies, and meet such competitive
pressures adds even greater urgency to the critical necessity that answers be found to these
problems. [0006] Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded those
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system including; providing a reticle system; and assigning two or more of an image pattern onto the
reticle sySPEPRABURSFARTGRISE Midfe RO SEHLEH iNtBTaYet? dREUT iFdle AT ET Yo Ut g B PaRfng each
of the imagepattetssepteshenketicle system according to a multi-layer reticle grouping/pairing flow.
[0008] Certain_embodiments of the invention have other aspects in addition to or in place of those

mentionddYMdve> FHAoRS SR B il IORLIRTNAPp AFER RE §HOYS AW PP EHE Y ORBIFNE FeAGiRG of the
followingdesatles descsiptioanyhandaben with aefereseeidadhe arcerprasIving siawvings. SRIEF
DESCRIPTION OF THE DRAWINGS [0009] FIG. 1 is an isometric view of the basic elements of a
photolith@siHHLsLiBAR%18Hd to pattern an integrated circuit system in accordance with an
embodiment of the present invention; [0010] FIG. 2 is a plan view of a reticle system in accordance
with an embodiment of the present invention; [0011] FIG. 3 is a plan view of a target pattern in

accordance with another embodinkdH(d{ ¢ Bre $8nTliHveiNiYENTION

[0007] The present invention provides a reticle system including: providing a reticle
system; and assigning two or more of an image pattern onto the reticle system to form one or
more layers of an integrated circuit system by grouping and pairing each of the image pattern
onto the reticle system according to a multi-layer reticle grouping/pairing flow.

[0008] Certain embodiments 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
reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] 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 the present
invention;

[0010] FIG. 2 is a plan view of a reticle system in accordance with an embodiment of the
present invention;

[0011] FIG. 3 is a plan view of a target pattern in accordance with another embodiment of
the present invention;

[0012] FIG. 4 is a plan view of a sub-pattern split from a target pattern in accordance with
an embodiment of the present invention;

[0013] 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;

[0014] 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;



[0012] FIG. 4 is a plan view of a sub-pattern split from a target pattern in accordance with an
embodiment of the present invention; [0013] 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; [0014] FIG. 6 is a plan
view of a target pattern formed via the combined multiple exposure of each of a sub-pattern in

accordanedsith rRIGemMiodimentRAthEpERBAIY INMANHORYIPRIMIEIGodpm g/ flanehars derprthing a

multi-layer reticle grouping/pairing flow for the formation of a reticle system in accordance with an

embodim@RPSH IR ASEiTtS AalTv ! ASBUERRTE ahsad shorimg L EraPreRs LIRS Yeticle

generatiqoEpsteaVRiGh ManmbRUSEH RycaAeaigoabinde Yelrr-aEatirla sy sigtenl) atsaidange with
an embodiment of the present invention; [0017] FIG. 9 is a simplified flowchart describing a reticle

generatidt SFSEERY, dATSHERTEY HEYELW By sligEsRysEMd AT At apgmbrrinerbridhte with
another giphegtiment@sithe present invention; and [0018] FIG. 10 is a flow chart of a reticle system for
a reticle system in accordance with an embodiment of the present invention. BEST MODE FOR
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detail to @pahleithpseaiskiiee itd e adpa Rake agcdrsathe donemienvithiadether uatisiaes: that other
embodiments would be evident based on the present disclosure, and that process or mechanical

changes ol B¥ e HitodPdeparting from the scope of the present invention. [0020] In the

following[de$81ip¥G. numeldsvsiesifisrdetaildasgsgive ot proiide ptharpugh sradecstanging of the
invention. However, it will be apparent that the invention may be practiced without these specific
details. Iﬁ%P@Q%Mi&’S%EW@W?@WEsem invention, some well-known circuits, system

configurations, and process steps are not disclosed in detail.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] 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 present disclosure, and that process or mechanical changes may be
made without departing from the scope of the present invention.

[0020] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0021] Likewise, the drawings showing embodiments of the system are semi-diagrammatic
and not to scale and, particularly, some of the dimensions are for the clarity of presentation
and are shown exaggerated in the drawing FIGs. Additionally, where multiple embodiments
are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0022] 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 direction perpendicular to the horizontal as just defined. Terms, such as
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on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,
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“upper”, “over”, and “under”, are defined with respect to the horizontal plane.



[0021] Likewise, the drawings showing embodiments of the system are semi-diagrammatic and not to
scale and, particularly, some of the dimensions are for the clarity of presentation and are shown
exaggerated in the drawing FIGs. Additionally, where multiple embodiments are disclosed and
described having some features in common, for clarity and ease of illustration, description, and

comprehgyaian thaeeRbnsirilaéand dkasfastures-anadaanathepoviti Hdnaris ke despdbadswith like
reference numerals. [0022] The term "horizontal" as used herein is defined as a plane parallel to the

conventiGALFPIde GFRLHESe M HaR B SIS aflfaeings AR HRE AR 19 RS alRiab ¥ refers

to a direglipRdespRendieylardeithp harzontrkasivskaalingd. Terms, such as "on”, "above”, "below",

"bottom", "top", "side" (as in "sidewall"), "higher", "lower", "upper”, "over", and "under”, are defined with

respect 8¢ hof D6 EEMIRe 1TSS 4T E (O RO RTe ISt FORARARIAN EHSBSE Seposition of

material po@RtoERIstrPattekanglL RO kEen plareiopenaet Biching aeaningyaRAonramemalof the
material or photoresist as required in forming a described structure. [0024] The term "on" is used
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herein toPhelHHREs difdbf bRESLt Ay lERsahtdefsHoe] THETHIMS "Skarfif i RlF "eXerfblary”

are used-heEehpleynagmeevédgsasidy tostRNeemirikistiatipRfAm aspast aitgrebedisientsirscribed
herein as an "example" or as "exemplary" is not necessarily to be construed as preferred or
advantadSBES HURABISEF aspects or designs. [0026] The term "layer encompasses both the singular

and the gipobntEss eiherwisemdisesathalie? tolthentevimgpiteharis Wse pheieitniesNoaieiiese
center-to-center distance between features in a pattern. [0028] The terms "mask” and "reticle" as used
herein arf't&BEUsed interchangeably as the present embodiments are equally applicable to either

system ofoeEthode. germnaghte reticigrof Heremngharpatie thdy ahetedtbageapdiyt A2 Bk e derm
"system” as used herein means and refers to the method and to the apparatus of the present invention
in accordSALESRith 3R8%BRtext in which the term is used. [0030] Generally, the following embodiments

relate to fhe2ermakienaha midikiayes reficitethal ereplaysia groupigipaling:risiere gt maiehes
Coscribo BT UL BtaH FALBI LGP e PTG AR A BT YoF 8 FRheter
and beyastdtéeehnotogyeades siddedogepiepst. Additionally, as the technology node of electronic
cimencioIVELh 166 F@boby HRERovinG DA SHSAHER A 1 melom o, B dfeeter
generatiapantubelomg wetenpiiveesiindn accordance with the context in which the term is used.
[0030] Generally, the following embodiments relate to the formation of a multi-layer reticle
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.
[0031] 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 images placed on the same reticle may cause issue with regards to CD
SPEC and CD-linearity profile due to problems encountered during the photomask plasma

etch optimization process.



[0031] 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
inventorggosegvesaiddhatlang gHensiyiditaienees hebverniiif fifiereidmagesplacBdQuile same
reticle may cause issue with regards to CD SPEC and CD-linearity profile due to problems
encountdi SRNTHY HEEMoterHESIC IS Rfa AR St ARD PRI Posesiiit allrfertotomask

technology;(g. o Qhnanpveiacnade aok hexenierepuifesitdsaverahesticaldpativa sizeshe
fabricated on the photomask at once, with all features being of equal importance, the etch_difference or

linearity befitdehcnang avisrilicalre 5ivdl Re ABRredusthmgtbeiteskiftichintRgitbdhappridaled by
those skiligehéndim actithathitisaPirennion fefhebted dihamiityeaas hecteiimad rathedifiepnce in

CD Bias between small and large feature sizes within the same pattern on a photomask. At the 90

nanometBR et &0 I EE{ o A7 ah BB HRE thAPALSTAgRe A PRAIMB Sve A E B DA And the

absolute giaeiigitnelthamehsepoimdrathise aithe @iofomagk saraared i thendasignd@iada.k.a.
CD Etch Bias) is an obstacle for timely and cost effective reticle fabrication. The embodiments

disclosed Y N&m 1Yo e SRE BYgBIdT MR @b BT BRCLIR AT OmBRarRd (de dgagtit8untered

within the90 NaPDNE&htSihN0IO Gy PnEassifgnadelans deyoneiioa3s]Elicis. fAbtRamdtich Tadow,
depict by Wayfgf example and not by limitation, one or more exemplary systems qr metgoéj[‘s used to

fabricate AYRHUEGYSENF eI AR ittt S ER Gt A5 At RPN S PR BRI & as
limiting. Itfislterpesuideisieea thathamphy alitielensyeiiaorlJypeasssm thasdrendel yaivn within the
art and ngt repea; erein, may precede or follow FIGS. 1-10. Moreover, if is to be understood that
many mcﬁm ioﬁi&&j Tﬁgngfhéﬂg/f(?ﬁ%ﬁ’isi%ﬁé a‘f}’%’e%%%‘qg]l?h@ﬂém S SHBEATIRREE without
departinghfeeeneileenptapes ofttnes claimet albig et mattei fo¢ axames fhehelawalesciiies-pedcess
may include more, fewer, or other steps. Additionally, steps may be erforrged in anés it%ble order
without RNy O 1HE EOpAS HHE BrREc UG Idn. [OOSM MArcosert: S B Sh Pt Ared that
the integgatedicirofit sysienyefl the qyese i diselostlick noayhingthtedanyrnaumibeit efpatveldesices (e.g.,
a multi-electrode device iﬂawh'ﬁé;ge Cf;(g flowing.betwi)en two sg)ecifig(‘ed electrodecﬁ{is controlled or
modulatedByPIRETSIEJS KPPt At & Contrsl &IEldbE)QhE/BPHEEQ0E HaL fEamRgdHipuons,
interconneklinoss, Exaroplamishssiy ation d©hihdeonetios Bedse alkiivetdavigescsiayitholudds paithigut
limitation, an n-channelg]ijiig effect t a‘rll\ﬁistor (NFE'lI};, aé)-cha!netl‘éﬁ Iq[ eﬁ%ct tret)n istor (PFET), a
complemSAEAN) TEPRESHE & ?&Bﬁ‘{é 158y BNl urSlioh AR ng -E%% ranSIdEst, B RGi-gate
transistolipalfide|1drep fareannutah gade prangigtbtidnx@mplapy itistriatipesfafiee anemr sunidlpassive
devices m inC.|l.[Il((j)lel without Iirir}itati%n, resist ?te devices with varying resistance values formed by
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strategicgﬁyei'gll’f%1 ing Eﬁgpﬁrrgggssatrélc |a%0é)se. N %8?%8%,1%’ fH8%e understood that one or more of

the integ{@03d Cirdlirsysienit doulel be jpppraisddatienaiarieton adhediomt, ywwhich cadfutdcbpreeparated
into indiviciju(ﬁl or ?ultgl.% (i:ptggraﬁted crirgguit a%ssc?méaggs.gg aeI:ater S}%ﬂ? %] ng})&fgﬁgnb LO.OBSL.Ch
Furthermors, it 1510 heé Uiiderstiodtharthe i ebvra ed Gire |t'%'y§tem manufac urealby the'™
embodiméatswesarified ingréietwaenbewssepkuifiiedh elenutitedesot @laeciiodiosyatematclidly ahe
processoy ‘i&'l#g%ﬁﬁé% Memany.camponents, logie, compone ésaé’e}g'é%'dc%@ﬁ"“ i, analo 5
components, mixed-signal components, power components, radio-frequency ( components (e.g.,
RF CMOBxeinqulitsy,itigtatisonal frooassermorapotien i vicier melecicbrie chahaallcoitponeats, optical
sensor components, and sp forth, in numer onfiguration rrangements as needed.
10036] ROBTRERIS ETE G T o T T P B E s
photolithognaghysystenmt00-useld-til patt kOO Ntegrfitrdtatioruib Sysidvpd@2imaccardanadtivith an
embodiment of the present invention. [0037] The photalithography syst 00 includes a radiation
e T s To6 4 LA E O Rt s R P R S BB E e o
stepper IdreGpmsiratlydtheeeticleysystbnie] 19iibolu nimétacbby the stadiatidavibeanwiOb enryited from
the radiation source 104 and a,pattern of.the reticle system 110 is projected onto a photoresist
material T8 R e o STy TS e Bher ey RS B RS N e
any formisf onlexis@l dfftaxs enegy thahecamdpaprd pagatesysiswavekl dregtrepansi of cnarged
particles. [0038] As is evident from the illustration, the radiatign beam 1 mitted by the radiation
Cource 107 daet e e e e R S G R TR oo
embodimeststihescondersstagd®niayricwiode 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
reticle system 110. [0039] After passing through the_reticle system 110, the radiation beam 106 carries
information as to patterns formed on the reticle syst?am 110. The resulting patterns are imaged onto
the photoresist material 116 formed over the substrate 118 by the projection optics 112. The projection
optics 112 may include mirrors, lenses, filters, apertures, and other optical devices for directing the
radiation beam 106 onto the integrated circuit system 102.



[0040] It is to be understood that the photoresist material 116 may include any type of an energy
sensitive film such as a negative tone resist, a positive tone resist, or a chemically amplified resist that
is deposited by techniques well known in the art and not repeated herein. Additionally, it is to be
understood that the photoresist material 116 may include one or more layers patterned one or more

times Wit[DMSLFﬁﬂHBB&MY@tHS@%% %h@éttsﬁﬁ)&laﬂﬁfﬂ?éﬁﬁﬁemrﬁoéﬂ%uﬁ Mﬁt&% aRpreGiatredy those
skilled in the art that additional layers, such as a primer, a top anti-reflective coating and/or a bottom

anti-refleBHVBCESRING RSY D ASHES de e rthRE AL BARMIOH MU H B SRAGPIS St YHH5tRYal 116,
[0041] Afigeiexppsingshie ahapyrsisl, mriaoal ddoptirrybriiaieddBarnbedgkad-angsiryeloped,

leaving reglons covered by the photoreS|st material 116 and complementary regions that are not

covered. APRE Pt RERR PHRtre 4 B TS 1k CRIMRFSIERS 1 PO Vivhy HBIBSRI Y FidrEi @ idGhted

circuit COE@E%@E&SWIGBIQ thrintegnasd @if&h&lﬁswsdﬁgﬂalOglgﬂﬁllerpigy@i@rmw&lﬁ@ﬁ@iﬁgndﬂﬁiﬁf
processi 8? steps, including multiple additional patterning operations, the substrate 118 can be
t

separate 8”@5’“’8@@8}‘1%0‘3%1?%8%'150r%ﬁiﬁblé%ﬁﬂcﬁﬂﬂﬁ%?'ﬁss@mbﬁgs [oB4 2P E LR TPHe

|ntegrated&@mmgﬁ&gﬁg‘@gemgmthﬁmﬂﬁ@eaw may include many different layers. These
different |a Mers may include metallization layers, semiconducting layers, dielectric Iayers barrier

layers, eldVPAL diTEM SRR NSRBI RHHALSUERC IS RFfHE ARGt CBIRSREnts,

such as agivasiauisaspRassiventieviraseandpneifinieiaapnactiansulg difie ey paltevia-aae/or
layers may, be |ma ed by a single multi-layer reticle or multiple multi-layer reticles in a series of

imaging SPEIAtiHE: Téﬁﬂ%“?tlf)f 6 BEGREETEBBA hat the photolithography system 100 presented
above meeeR7TeTRS s CINAEXapRP|€yarct ST feS UC di fySiesvuand there isdigtisiession to limit
any embodiment to this configuration, the illustrated parts, or the arran ent of parts. [0044
Referring?ﬁ Watocﬁ‘témﬁetheﬁ)grna\srgHS]\R/nS&SEﬁgh ﬁg\w %@ﬂﬁ%tmlc%t’sﬁfs %ig]ﬁlﬁfilr?a%%?éartcle with an
embodimeai@hiliie pheereninusnsian 10 Iﬁ; tolheidadarsiongd &Iaatethenreeaiﬂ systemitdDfedihenpresent
embodiment Iustrates oi@gscr bes the ement of multi ers e various layers of similar

or dlffereﬁt EYtatEd Sir 6&’5)“?5 57 TR By Fﬁt Bt?%&‘?lan%nb%aa@ﬂ EHisficle,
rather thannwmnultmlevr@tlckt&tmﬁétﬁistm@me.emjaadtmﬁr@aﬂnﬂdedteleaayatemsbﬂt&mlmztylde atwo
dimensiona ;L ploy| two. or more of an ima le atte 200, such as an image or pattern, for
patternind AV BY (HET bGP et &R aR B2 o L PR BEIGA A S0 T S b
controllakhagpricedtiolss and columns. It is to be understood that each of the image pattern 200

of the sUBRRE 115, o G PR AORALAE R R 03 LG L G AR G B ose.

skilled in gha@ruﬂmpﬁh&smageghaﬁe wordhean Ostearntblamﬁs}memmﬂe reticle gmtﬁml 100Tihat is
used to modlfy th dlatlon 06, of 1 suc that it alters the photoreS|st aterial 116, of
. 1 i OGO ERPSr TooAR RSt LS B A eSO AL D GERELETRY o of
the magemhtt&rmlﬁ@Ofot |shto Repndesstoodtibifinthanétitie aysiere Lidimay ibeluael a6yowntoole integer
number of the i %Tnae%e l[i)aétern 2 that;[ IS 91 atter two. In some embodiments the number of the
image pzﬁfg(r:hs 8d ormed &h he Fer't?c(é s e%n "may depend upon the physical limitations
mandateﬂ)bg«%unmemaandgjeBtgngmIehsefmeﬁnﬂmingsthe inteyrabed widcuivsybtam 10 lcnatker
embodime ts the number of the image pattern 200 ppssible on the reti Ie S m 110 can be
determmec?(hy cqaf)culastln% Htet%ﬁ%sér% 1%lac {?118 fr%%ltggpe p‘é\sttern ﬁ)@) by ad Fr%lﬁ zate?o i
englneermgagedt chquﬁlmdi’eaisofrﬂaaarmbgﬂatédrmmh sy stieensiiba réend maignglaqm@gdm@hy where
there is a Si ze rﬁ%m?ﬂedur%n expos Lﬁr&) atnﬁi compaéingethhslr\{\gth tﬂ% ma rlnéjrrsn avai aple area on the
reticle sysPem based™ n] e exp sure too the necessary borders aroundeachTied'to
prevent mllsanqmpﬂtt&msesﬁmmﬂmmmmamﬂmumdntm tHiseskiltbel intthenaxdt thattiheyeticle
system 110 described herein is suitable for many kinds of lithographic processes, including
photolithography using either reflective and refractive photomasks, electron beam lithography, x-ray
lithograpb0dAg idnibeatelitihdgraphy than#mepbotevesistapatsmbé lbseawitiebwitedapatsipg difom the
Scope oféhe E resse%rs]lttwe/eﬂ'tﬁ) stich as a negative tone resist, a positive tone resist, or a chemically
amplified resist that is deposited by techniques well known in the art and not repeated herein.
Additionally, it is to be understood that the photoresist material 116 may include one or more

layers patterned one or more times with measured line widths below about 65 nanometers.



[0048] Generally the reticle system 110 includes a transparent medium that is typically planar,
essentially free of defects, and with a high optical transmission or reflection at a desired 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 glassessHE &S iPWLNVlinppestiteaasialioie glansd brosilicaiaAlagaindiauasiz; brwever, itis to
be understood that the reticle system 110 anﬁsg/ also employ other materials that are compatible with

the photdtRSGradRY pRocESieHyRicotng aer & RRiter AL b ROH I MSRA AR Ceristics

when theywaueleadihe Al pxRas WEthe PheiesR dslass thare180 nm. [0049] Typically, after the
reticle system 110 has been polished, cleaned and inspected, it is ready to be coated with a reflective

material, D3¢ las/HiFb SR I1S fOFPROBES foRRab e IitadBo stsod L ivsiih Ralb e ditidgically
centered @iausska, CRAEH P O the retidde sy siempiiersnacing o gashehite inagrpatier 200

may also be varied by the designer, but should be consjstent with control parameters of a conventional

stepper, f68'9Ra M3l foBRfoOrRE ferilhs RAliem Pregurel by dBeAeilste SyREBr b raass b Asfht202 for
global alignmentafdhateetialeisyistam ddlpuithin thetphotalithnesarky systentyk@din of (21G Akethe

reticle system 110 may also include one or more of an alignment marker 204 used for fine tuning the
alignmeriSFie PREe SPREIRU T pRIRSEIBISoPHARY dHYTIRE JBRiRdsy Hiditioraticratisraias 110,
thereby allaninehetreticld systen 81040 be pogiigpead accumtely) withiniHievirhotolihegiaphy system
100 during use. By way of example, the notch 202 and the alignment marker 204 can be used
collectivel§HeNHSHOR eSS provide for registration of the reticle system 110 and the image

pattern 2Q@42chihel brednagesrprajestedionadhe DM miraied1ds heespropeardy1atonad wittugeeviously
formed structure gn the substrate 1%8. It is to be understood that.the notch Zg)tﬁ.and thelalignment
marker ZWWafg Rkl Eny of Vatfoud HESRbn LY BuUnE#e b‘lﬁi‘ﬂ) P S5HHE RN e '&YStem 110 to

ensure prepetaligirment skibe drliglaisysipm, 184andliegistratonoktiaefsnage paite iaz0Ravalso
positione%ﬁlon@ thefperiphery gf the r%i le system 110 is a bar code area 206 that may contain a set
of alphartiHEAE cRAHGEsr SHSR JMEW FSTAGSHNE FREBIREYR oV e AtifRAHSH S Hesrehitid S stem
110. [005ikvidés Sandt Chede sathiec faeioms || 3eatEtrenp lpatmsnindl ow pirinaes difaregtdeticle layers
(e.g., sub-patterns).for one or more integrateq circuit designs on a single reticle, rather than on
tite SRS <P E HIE O GHAPIE G LHSF SRS BB B SHGRS CUBEBHEPRE WRBren each o
the sub-[ja0i430s hdssedseam@iaivddatehéhsnibiahogthehoriginahia@epratiend R thiserely
embodiment, the ori%i}nal tﬁﬁg%’??ﬂem IS trar:gsfer ed to the su%s ate 118, of FIG. 1, for the

iple

correspoldHG AT g3 TR Pt YRR W g B S RREISL B Y ocess
that utilizesitobandmaskhayemifiglutaiing dtali enched pdudk) alrlihe approgaabesyiipamdich the photoresist
material f EIG. 1, is exposed with each of the sub-patterns.individually, thereby defining all of the
foaturcs IO orTET 0 A b 11 B ST e AR LTt Qe ot R W ewo o
more sulx@ati¢érnsmashbausahddonday e ttkapeopiaimpicties. thitiexoeke thdaiesaldtibatlithéts of the

photolithography system 100..[Q052] Referrin w to Ii!hp 3,.therein is shown a plan view of a target
pattorn 3001 A e v o B AU br A St s, B e TiHodment the

target pattein@60ayay (egregent aipattéipeic bé fonmedoonlifierathistaiettd &kl Gesigritiafoexceeds
the resolution limits of theﬁ;gg(f)tollthﬁ ra rI% gxstem 00 oleIG 1. ACCOdeQ}?} f Q g(glogure of the

target pa?tré?r(l) SHEWINERE p Ot ﬁSsg%phy éf‘yss}fle%ﬁ ﬁf& r%arﬁfPé’éﬁ fihthefeatlifes 16 be formed not
being su¢@45jully iroageehand tnemasstitingtaite i patier hObeing ideliedti vewBydvagnsioaxhnrple, the
m‘”im“meﬁit‘i]h ondhe tardet S’rae“efrﬁﬁf)oamea?{ D 0HDRNQMeters and Relow. [9%?3[} ase
discussion, %?é/rngtlng atures have been beleawit 8ithér &7 “A%er “BPI6 FatintaB diecussion
below. layers of the integrated circuit system 102, of FIG. 1, typically arranged in a matrix of

controllably spaced rows and columns. It is to be understood that each of the image pattern

200 formed within the reticle system 110 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 the image pattern 200 can refer to a structure on the

reticle system 110 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.



[0054] Referring now to FIG. 4, therein is shown a plan view of a sub-pattern 400 split from the target
pattern 300, of FIG. 3, in accordance with an embodiment of the present invention. Per this
embodiment, the target pattern 300 can be split into two or more of the sub-pattern 400, such as an
image or pattern, wherein each of the sub-pattern 400 may possess a pitch greater than that of the
target paftyae PO 1 frupH e SeE Q¢ INREALoN edRalEeSNBYSERA: MAskaNtR IeitRmA” to
better demarcate the sub-pattern separated from the target pattern 300. In some embodiments, the

pitch of tRE&dbIHLRBAFRR TR HRrb RIS ETa S B P BrlHdeson YhelRdntsRsEOERSh 300,

for exampfemnlt wihke pipieraciate chhtyithasarskilled ivihe mrshat thevsdbRatietie4AtRR sef@kto a
structure on the reticle @gstem 110, of FIGS. 1 and 2, that is used to modify the radiation beam 106, of

FIG. 1, siBAZhARiHRE tﬁEfﬁ%fB‘r&é‘?sfFHFé‘%eWéTeﬂé,@F@%@%R%daua%%iﬂéf&%??éﬁmﬁm
Additionaliynitatdll B¢ apReeiaieshRydRse siiderindhgial thatMeerakmene |t aystbnresolutign assist

feature 402 can be formed on the reticle system 110 to improve print bias, for example. [0056] As

discusseQReHABPBEIBE- e NgMbsE ATAmENegs RtearF 40 8asaiblse g rofplaairdi 6 e Peticle

system 1{{hky€ByiRYERG AN B JaQIASHE!R @ LRI GHRAIAEhH AW ERD Bl B0T HPQ&IIhRederring
now to FIG. 5, therein js shown a plan view of another of the sub-pattern 400 split from the target

pattern 306 Sf FISCRERPHLLSGEE GHIFSIP SRh S RESFTHE preseib VR, (9 fstene

understogetBrainghchvafdhebets-patiainARQusHoh dsaikiBageues Paite donsplii o mithe idrges pattern
300 is a complement of the other, thereby forming the target pattern 300 upon exposure of each of the
i L hiseen i

sub-pattdF B G BURBls 5Bt MU diohc hRiatur rREBRALT (R ethist 4B 1o
better defrascale ther&ib-patiedresapacidad piemipadrtget pattefn 300. [0058] Additionally, it will be

apprecia those skilled in the art that one or mare of the sub-resolution assist feature 402 can be
formed o@ﬂ%ﬁeﬁﬂ@@ﬁ%@ﬁ%@f&tﬁ I‘?Vdg‘?sf g 1B theota B i ERUSeraYS %riéﬁef}féffg?ﬁ As

discussefdigithpr faelpieifor ka9, ldaah of Hieogulpinatiete 468 crirlngi gsaiioedipaieapy thenpeticle
system 110 by employing the multi-layer reticle grouping/pairing flow 700, of FIG, 7. [0060] Referring
o 10 PR SR o LA G A AR Ehe DB (At OB ROt W TSR &l ol
exposure@f begah ttibgrsptbypatieimeAddewf MikySibh arcube dvadenrdaseetiriihtamennmbestipest of the
present invention. The target pattern 300 can be transferred to the photoresist material 116, of FIG. 1,
for each Pégf)%ﬁdmﬁqugr via a multiple exposure technique by exposing each of the sub-pattern
400 sepdiau48] oGinetdianeaustyidleesehiymefirongdlldisthefeatpiesofnibei taigetapastepidaidy It is to
be understood that either set of fegtures marked "A" rggo co.lélla(i be e}éﬁosed first %Ed then ftollowed by
the other LU 3K o SAmPindCTar er Bkeri st gt E0Ba A RIS el 1S Ab b iy
FIGS. 3-adelps texplisnieaiedhddngrarestt imkajdyeonagistiatiendnd b/etaydsrominiminaty tahdouble

exposure/double etch processes, airing double patterning layers, such as.PC layers and CT
yers, oRESAIES Sl ARTRY SRy B LA T D e BB oL S S ELE e shape
of poly-sifipaensttuotusebamhdedTolayeneaih rgies td' alatkepolyclayertinaiddnaies] ao, apéningédn
poly-silicop str%ctur .'{hel resen& embtodirﬁent achietvestt Is because atﬁhtoflthetsqb-gagtems 400 is
written off the sama réficie®at thé'Sa uéirtl%ne, fhefeford éﬁrﬁngtilﬁ% Wiiter: o-\%/rﬁeef drift 'and S6Urce drift.
Furthermbre siycd db errgticle wbatamnsmuitipla innages atipletwitlo (o pieof ithe guphygiteresd00), it
only needs to ligned once in. g scanner in.order to.be positioned correctly relative to the substrate
16, of P o A LS B 0 T T Y RS T o e Al rately
register afidw eetickard0RH2 ke susHethehpreshtheimbodiment provides a system and method that
eliminates,jpfaerent intra-layer registration and o error for dquhle-patterning.lithography.by
employin e e T A D e B Ane R e
Referring¢wly to bd Goatetheidimisesleotine thatiioalckerh de sdnibigia, noulfotay er saticteogecafting/pairing
flow 700 for, the B%[é“n? ' O&W&r%ﬁﬁ'g)ﬂ?t‘%@ ilcl%{ %feﬁt'Gef} ’air%&{%tfo“c’é‘lﬂ‘éﬁ yaith an gmiodigent of
the preseﬁrf fvéntion. The system an method of the mutti- ayer re idle grou;ﬁngl}palring flow 700
provides sy paimin{ sekpamm gofrratdh uliabbeageuptipgle i3 snan al sabeeraetidldy Byewlayi gfeexbumple, the
pairing sgheme matches suitaple multiple lavers onhe Same SIPIS [ mIoMagGR performance by
employing one or more groupings andidr pairing tfactors.

[0050] The reticle system 110 may also include one or more of a notch 202 for global

alignment of the reticle system 110 within the photolithography system 100, of FIG. 1. The

reticle system 110 may also include one or more of an alignment marker 204 used for fine



[0064] It will be appreciated by those skilled in the art that the 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. [0065]
In some embodiments, the multi-layer reticle grouping/pairing flow 700 utilizes one or more groupings,
such as aelata HOURAALarR HRURIBIREE S AUPI G OficterabR e sRRMNaaHRNI PURpHRPy BfWREEr
process group 708, a bining table group 709, or a combination thereof, to design each of the image

pattern 26iclt Bt 1dPbesthy SHrR B, SHEGSS BRI & R BRNHHET AR YHE HRticle
system 14:0. [AGRANYithiprsasit @hthroorauRingssthem aka pareshRalnehtagiac (2anaie grnerically
referred to as factors) that may be considered when implementing the multi-layer reticle .
groupingAPERMGHNHED HSEABER WL A eaH WX ek RHiARNGRLS BYOURS7SS reRs @iRTbre
pairing fasiters setedlcasyasaticipnelarity fiasige pifled POMSuSH URNIBP IR IRRIRC Bl RS abeE line
polarity factor 714, a reticle transmission percent factor 716, a disposition structure factor 718, or a

combinatiBRstFEFeb @i PEPRENAHEREH Witk RTGEIH M doAma T BU B ity SURyraethédmbge

pattern 2(0@8d dingesitbdaaiiar i A rAdzitonalyhvithinnb et retele 708 essyI5e Wi i Daey aifmore
factors such as a reticle type factor 720, a reticle resist blank factor 722, a pellicle type factor 724, a

writer typ‘@fﬁ&i&P%@?&scﬂ%ﬁ&%@ﬂW YR SPUCtL TR (ReTEUCRERPBRASASIARYEY when
designinghandtgiieupinepainnaepeRithiimagadoriars gAkantohe swyrpateichddQldngriner, within
the reticle specification group 706, one or more factors such as a reticle requirement factor 730, a
reticle grgalé%‘?f%roéélf SrEEoMBTRIDIY the? Bt /055 BER A BRE P ERYRILIGniR AriPha-
groupingmidfg eral@éihtinadgayaitainoliane e isida-pattRinifott fushermernelawiRierthe wafer
process %rloup 708, one or more factors such as a machine type factor 734, an inspection/storage
factor 73 ,Q)'r a combination thereof, may also be considered when designing and grouping/pairing
each of tp@0BNROE 0B 1B 2060 @itk dhe R -paiternale. jRRerkmetatal\araacte afithecdactaisienay
contain several elements that may also be considered when implementing the multi-layer reticle
grouping!BYTFi{ o B?‘%PQ%&%‘F&%i{‘ﬁ?ﬁetﬂf&e&é?éeé]r%ﬁ%“f SIS (Sl PRy cféﬁ“ﬁo may
consider tvietiemthapetielecissa brighitfiald retiate nnb tagk figldhetictetheolratoe singiakerpalarity
factor 712 a%rgo%s‘lfeivweth _rthe frame structureprﬁ)oﬁr%y IS eitb?eé c%gar ?Crﬁgark;.the%?cribe line
polarity fACF LAy cOMsitEr BSTRE RRE SERbE IIETs Bkt 1"9Pate'oP thtoEEthY fehiré
transmispisepercenthactaibolitnmeay tensigeialtefee piterrelicliaicinsadissior pevcentVergesbetween
about zen%i er egt (0%) and abog@twe;%g-nine percelrgt.i3| QW%ark, or between about tg(jrtg ercent
(30%) and about Sixty' PefCETPS085 2k br AB ot AbBE si %ngéehﬁcfgb%? tky afh /S the
dispositian steuctidesietetchli toeys chasiddizeh ethardihesktitgtures/patier s dd tenfbrmed dialthe
reticle system 110 e{ljne and space.or hole. Generally, %he Ef-l yer reticle grouping/pairjing flow
700 matdHBs Ry B o P e B NG Reobl s fodenariss tRATEA 9EHSe tha
exhibit sinilepetemenigiwidbinl iheiefalciode {068 hByivay fhaxampehd¢heipiedantdavpmters. have
discovered that the CD performance of the reticle system 110 can be improved by grouping/pairing the
liplo By 1RO LoUTS LIRS 10 SALE D, Bt STt CheR n TS Structure
polarity. Astdiiidioallyy¢hetiresentinyeniors thavexdisdovereddhaioiotieffsabit/ehenaskdibiogiaghhat
individual Ia%/er ?8@”'[3/' such as reticle polarity and disposition structure polarity, must be the same
because it s €x remely difficult to optimize a plasma etch recipe to improve CD line and space etch
linearity §005@]saRudctirine: [069) THE pBeskatinvantbosvhayelalsyidiscolvareadtapitterc Bodeifiormance
of the reticle system 110 canbe improyed. by graupinaipairing the multple iavers farmed, pn fhe reticle
system AT Withione of%‘ﬁelfﬁree reticie ransmission percen? ca(t)egorles given above. @y Formlng the
multiple layees poteitiba0fithay oepotthe thaeerneticte tramstdissioie patstntcdicyofiddGhé, rbticle
transmission percent difference between the multiple layers is ra in of twenty (20) percent,
thereby SO e i RTR o i s R M TR s
transmissigropercehtidiffersngestimeX0e sgiti twbea iyh(20)i thegrepity [ 63T OhBYWaya prestdiipléhdt has
been disgovered that reticle transmission percent differences between multiple layers in excess of
ety (I0F SASEH e 5 A GO I B EHGY (i G B e B B SRR
40% anddefsticle tr&éysmigsion ofaé(se) genenaliynleadsitchdel tbasedz & Dpperfordtihoeyue indart to
the diffic%la% 0of gt%}gmizg}%fg\% plasma etch recipe for the reticle system 110. As an exemplary
illustration, a Fallyer 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-totarget because the entire reticle

writing process cannot be centered and adjusted to produce both small and large critical feature sizes
within the came reticle aceciriratelyy 100711 I+ will hbe annreciated by thoce <ckilled in the art that a reticle



[0072] The present inventors have also discovered that the CD performance of the reticle system 110
can also be improved by grouping/pairing the multiple layers formed on the reticle system 110 with a
similar or same disposition structure (i.e., either line and space structures grouped together or hole
structures grouped together) and a similar or same structure polarity. By way of example, a similar or
same strpghsng Pelaitysealt trlendachsiniaiansameuaesiad feathnaneariidoasiiyeinegatiye) and a
similar or same reticle polarity (e.qg., lightfield/darkfield). [0073] As such, every pattern can be generally
categorizedl 48 fﬁ’?é]ét%{ﬁdh:?ﬁ'a\%%%rg‘?%%%s. The present inventors have discovered that lines and
spaces sfynsig natdrerAHxed with eles, ARl e kalisls hecrusertheueiiale-amafgstidtirgnprocess

is different for the different types structures. For example, it becomes very difficult to center and adjust

the entird e fRIREMRRIG 0 8E Wer pRotfisaiB ISt e ot mrR RO TRERSSIHANGTELBN the

same retiede (hiscaRdlghed it ereaies panstaole feminply and precasmeftestivieraticipatatrication if
the device layers are not grouped or paired effectively and correctly. [O%?pﬂ Additionally, within the
reticle pro@8sSYfodh FoUnase AL AL EheMaTidn £osthely o nshari e Y PR rBatIESs BRI me on

glass (CQfeaietiehan amaalie thatingRpasersBion e/ paliste dAdTRSMIoa! @B fitanuatingemiese shift

maslareticle (ATT..PSM); the reticle resist blank factor 722 may consider whether the reticle resist
blank is SRHEES Ralatte lHemicaly At dTDaIsth KR BRI HSLIte LA LR Bhdffied resist
(PCAR); thergeallide. typestaséosnfBddmameoasidatavhgther i pradelengihmalitiie mghitiomaelrce is
either an i-line wavelength (i.e., around 365 nanometers) or a deep, ultra-violet wavelength, such as
that prodteRRI B RIBRoR A EXERREPHISE dPCh pter ARl RGBS by pe
fallctor 726kmaz]g Bons tizeér ﬂv&taﬂbeilﬂh?aﬁﬁfﬁrdﬁ(ﬁctﬁs&rlfwﬁtﬁﬁ @fr@agegst{ﬂﬁb bg%ab}w@%fﬁmréajt?sﬂr:e |
cleanin ctor 728 may consider whether the cleapers are SO4-free, SO4-free for the final clean,
or non SO et BA G EREL ILEB Y HBEA St A LI uRRr Soa ohEH 1Bl e use o

sulfates witbiorths task CIEaNgARTGeESin héserso uisasenf sulfate ion arise from sulfuric-peroxide
resist stripi nd pre-cleaning actjvities. Generally, the multi-layer reticle grouping/pairing flow 700
matchos HUTAIe RIS T B G7BSBIAGTOLH LTy rL diqBeis B it B (e extibit
similar elarpastsiwithinaheir fastore [0763t hasdbeen discayesadithatstsngnaapiodippitng gach of the
mulitple Iﬁ,{yer épatterns gn the reticle system 110 accroding to the reticle process parameters described
above thatth %5‘6@3 frmance of the reticle system 110 can be improved. For example, a suitable
reticle pro@@se] grav piigipaisihginayracetant far BIGLlze sadbstantially sibvacceatickowrien types,
reticle resist blapk types, reticle types and icle types when grouping/pairing multiple layers on the
s 1ot LB B R o S R D GRS A D BTG e RS 1R
group/paftonuiipleofayEisthat use COG, alternating phase shift techniques, or an attenuating phase
shift tech&gyﬁi {.he.same reticﬁ i.%.,t't is best to not mi>i reticle tgpes on thef ame one of the
reticle system-11 )'3 Ui YetiRie rodesgrﬁlr%ﬁ Fné)fﬁléiﬁrli)garrh%?% aﬁli(rﬂt/iﬁgr; ?otgfoﬂur}?p%ﬁl%%ltiple
layers thdD0sgkithenNGA Ruee PRARreile véFHEGbE niks endiarenve tetiale nsithblentaiictgrocess
grouping/pairing. may mean trying to group/pair, multiple layers that use of i-line, KtF, or ArF
el Y BTN e Tond e e e PR oL Ay b s
group/pajramitiipipliayens tihet taseejiheciaSO0ds elecigricheamofriterdypestberéhe famnpeticle;
and/or syitable reticle process grouping/pairi mean tryin group/pair multiple layers that use
one of SOTEHCET LT HOGTSD hAgh oo Sioron G ae s RtRERHs SRR oore)
Further, withifedheeeticteespeaificatidndyrwith 706, ltheretiRTe wedqueitemaantacior 78O sudypaansider
process rs%e%rsa%ﬁrﬁ%nt seuth as rﬂtfearpl-g%-éarget, three (3) sigma, range, CD tolerance,
registratiorﬁover ay, delta XiteaR mean, defect size, linearity, and/or CD through pitch; and the reticle
grade 73Q038y cawmsidenttly costitf theppteciatsgdie nhdeOs kit e ey clbdirmecenduced dftiihe reticle
system 149, lL il b appreciated. o ose skiled n e arnatrande can e dgprrined as e
performance o alt'Cb mean- o}%arge (‘f\?ﬁ' ?measuremen In a single axis {e.g., hofizontal or vertical).
For exampipsaangennbéas Xediesetigrieis specified by its maximum and minimum value in the horizontal
axis. An alye in the X-direction that is bet these two valuyes is,said to be within the range.
Moreove?jﬁ?;tg\-/s\ml k%iesa%bsr(:élélsgfged? %{}ﬁ rozjeefglgllelg in the art ﬁ%‘zﬁ\ﬁc Ii%rffgarsi]flyl/) _g%terreq‘e?@ tﬁ%nde%iations
from eachrtangel/yakeds bias thetweerlargysed srhHl fégtuesplopinangkefomiiméakityeperforchance is
the (maxirpumilg:%g,rrior -ﬂrg\;\p%Hr%ﬁl?(?r;or) for all linearity measurement points. [0077] It is to be
understood thatt e]foﬂgwmg ranges given below are provided merely for purposes of illustration and
are to be construed as exemplary and non-limiting. By way of example, in some embodiments, the
range for the mean-to-target can vary from about 5nm 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 fr8fn about 5nm to about 50nm @4X (mask level),
the range for the CD tolerance can vary from about |IOnm 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
AdAafect ci7ze can varv from abhoiit GBnm to aboiit 100NnMm ADANX (mack levaell the ranne for the delta



[0080] By employing the multi-layer reticle grouping/pairing flow 700, cost quotations 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 regb el theraiicle aysiam L. aulkkRebaserbam thephighashreficie.orads: fpnilediherent

multiple layers within the reticle system 110 to be fixed. [0081] Furthermore, within the wafer process

group 708 RN ECRSAMnetBrRle FRre BT sAH Bpetbratemddls g rmeded (e.g.,

the photqlithegsaphySystamnl&dbeliment Iof suchraseaniMitiosteaperiaeaniriemasikem be
stepper/scanner, for example, or whether the lithographic scheme is immersion or a dry development

process; GGk ddpedfinststsigRateial 756 by Kndid&rinepb Gt TROGERCYAYRE péttbn pixel
size, and/@iI§IEAGS sevaditiabshiRfueX BN PR paNeralivh the ndtiJaysyateligleigmouppgieaising flow 700
matches multjple layers on a reticle by grouping/pairing layers together on the same reticle that exhibit
similar elﬁmﬂﬁ@?ﬁﬁﬁm’ iR diipag Al taleder iR ot dhed met hArtpiR pdiriigiedh of the
mulitple laygsrpateramosithe reliche syaten hifiaccroding toBhe yvadepprogrssPamRMelersialements
described above that the CD performance of the reticle system 110 can be improved. For example, a
suitable WEVBroRethe QHBELISHA ARAHY TH 4S 19800 A2 BPattize Whstantially similar machine types
and/%rl ingnm]onm@rt@glﬂqueéhamlﬁ@ediamwl@ce@ the mh[pe t@{é@f;}ilratgqmaﬁemﬁﬂim&mﬁ, |
suitable wafer process grouping may mean grouping/pairing the multiple layer patterns on each reticle
accordin tHEH A hiREh VS (8 STER ﬂ%’ﬂﬂoﬁfﬁ ﬁ%}’fgf%ﬁﬁg?%’tr%{%ﬂ%% SE%%@@?E&&%§X that will
use the retiglagaidine groupingnajing thenmaybiplelryeanattarnson aach deiielecacror@ngvio,
lithographic scheme employed, such as immeysion or dry, and/or grouping/pairing the multiple layer
patterns EE570IRI 8 & Ay '?ﬁifﬁrpﬁ%JQX‘ﬁro?g?FéjﬁBng %gﬁ‘?Pégﬁégﬁ ?iﬁ‘é%é)&%ﬂlﬁ'i Psize,
and/or stefidgednditonm (@6 @m N gaidinalea tharelcaticle flopkain a iiepole-siaasiasdworebanical
interface,rEod and/or co %act cases) on the %ame reticl .égo&?»% For examp %for effective reticle
inspection 1h PRES TS ATYCURRY MBICHEHb; ﬁcﬂ‘éifu%a}?i\/ ARSI NS (R THeBifBI 8% e and
scatteringdpas eekease)ibbculddaminiiasrefoidectiameforlayers goouwpead/ daifedmnsing samtreticle. It
will be appreciated by those skilled in the art thalt S attering bar desense can re{eéto ahreduction of
inspectic?ﬁpué SHVIty §81?ﬁaﬁ‘§68& P BAFS HE t&iﬁﬁi?&% A4 Gatad M BF BUYRG rnSpShid Uil
inspectiontsnisitivity fosdypiced difeets osueinasscaysial @grovddt, ttepaissitesndnissing anticieflective
coating, and ESD damage, remain.unchanged.. Additionally, be way of example, efficient use of
storage 458 SRR UG v aH kel MRV A er b PRl TRRRAT do o SiOVSel Yhgatire
grouped/paviag togeihand Ql4hiclir rgivnare nauthnithe bining table group 709 a pairing table factor

740 may exist. The pairjng table can help tq.categorize similar or like layers ba eﬁ upon .
aroupinglBLiHg A bR FE b RO TR AR SR o T I el
pellicle tyipheeantaoiaho dnatspacailay eisd andetayeresaguéncel ¢atde - pawaten pridess gggudce
whereby semiconductor devices ar?Pf%brictaltled). C% r]er&ell%lthe tairin liable helps to sortt out all of the
possible COMBMERSHE ANE ps)(éannlﬁ a |%nr§1%csﬁc§;c§| ICEEANG 08 hoderprotdss Pnna:§/ séirrﬁlf)lroeyl. 085]
Generallypoi68 ffolRestiom ofritne tetiEl6 systerardihObyttre mihki-fayeciraticlesgrittipgng/paitintaflaw 700
will utilize one or more or all of the ' described ab and gne or more or all f the pairing
fnctors dES Bl AR R Bapie h SoTte BB e e KRS Bt 1308 dhpindibaiing
flow 700 meyrdarakyzei ihfenneationlinomtthé datpgronpinOtibe. refintesyroaasadrawgphédloéinblethe
reticle spr%%iﬂ{:_?gi%rrl erch 706 by cpralusriqleriﬁg far;{ﬂs rsuvcllalfas: thgrggticsleh%rag(% facta(%(r: 7321,tttgiae reticle
transmission pe?cent He of PE e et povrari y f3Ctor gt e péllc(ie trfllpe actor ]}28211, e
dispositiondtipictlagefaciora/dBnandlala |Byewaggfenceplbjshiafprinaficolcomdnihehdsesusaaddo pair
the multile [ayere, onine pUcle svstem. 1O, wherein s muliple laxeryelide. (i, e reticle system
110) formedltb%?heymul%l-llayer reticle grouping/ppairln ow’ 708 Exhi |ts}fmp|pov &l%ﬁlperformance
over thatgrbepmgkipid/tayerireticfecforsned without the use of the multi-layer reticle grouping/pairing
flow 700. ugh, the above provides a specifi lication of th Iti-layer reticle grouping/pairing
flow 700,[@%}@0 %rte] &V?%%é%r%u%%%% g‘t{ﬁ} Petic eseséis(?epﬁ ﬂol%%lﬂﬁ tt)ﬁeaig%rﬂrﬁ ri/ngn%%%lr%bclﬁgu%%n of one
or more clethelgrdupingsibaet/eitbime tbe rmoreoigthendaihaigWabiors oitple igoliplagethatictan be
grouping/pajring flow. 700. [0086] Add ionaltl%(‘ it will reciat %b those skilled in the art that the
paramera O SSATY ofckiThd SR Bl L R e AL SR Forove
the CD pé&rdonmm &ooe dffitrentegiviepsystem 110. [0087] 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 |£1 the creation of a multi-layer reticle, such as the
reticle system 110. By employing the multi-layer re itle grouping/pairing flow 700 described above,
device layers can be grouped and paired for effective reticle and wafer processing.



[0088] Referring now to FIG. 8, therein is shown a simplified flowchart describing a reticle generation
system 800, which may be used by a designer to develop the reticle system 110, of FIG. 1, in
accordance with an embodiment of the present invention. The reticle generation system 800 can be
used to fabricate a multiple layer reticle, such as the reticle system 110 with more than one of the

image pg$0e3 L0fh féGndhdPeRNT heeraligie @eneratian sysismeARmayibielvge aicizeyislayout
system 802, a multi-layer reticle grouping/pairing system 804, which provides a grouping/pairing

scheme & nTREH SEREBRSInTEEe 38y rddn #HOYAMETe ok U HiBERSSEd%aPPa 194 1@. TRliSHd a

database;sysieeaRa6 fasuponng the wagtipledaygr pastgymrgenerstiad Jofeachpftpensficle system
110, of FIG. 1, It will be appreciated by those skilled in the art that the term "system" with regards to

the circuit TBRI0RER T2 LA SNt AP A Ig RS UpHETP gy &lEn 28 04, hin U@t s base

system 80ommFIn9re shesifitaied elehia/spiiiare @pdéacardaiel configurations. Additionally, it is
to be understood that the circuit layout generated by the circuit layout system 802 may be used to

make thed Y¥usHithtipRahy RetigleuRe g, s aieIscEGEAe RITG) MR AR th RIS FEAISY

grouping(pririeg systemm&osk)whiechean e ussditedmagethenpnagennatiane 2001enhe different layers
of the integrated circuit Séstem 102. [0090] After the circuit layout system 802 determines the design of

the integ AT ORGSR 10%) (rE1t8ed PELen: I SR AN P S i h S R ey SPFeile

groupingfpadngisystenn B¢ dacdeiermisechiplayeracshonid be granpetipaiedigaathenteomaximize
the CD performance of the reticle system 110. Details of the multi-layer reticleﬂgupi 1g/pairing system

804 is deStriiFHBEVEAUAHENRE S thi iUiBUE e rRISSIBRSHSGALARTHY HOQ AOOSRISERT 7.
Subsequenidaitberxowiti-lager deticleogipuatngl paisiaersyats M8 Ododsithimininpein elapphiantiatel

grouping/pairing of the multiple layers, this data is then sent tq the datapase system 806. The
groupingﬁﬂﬁﬂ‘fggg?%@%e(ﬂ? R HGerages 8%%?9%‘}3&@% S%%f@rtﬁeﬂé)oz]ra H%é?&tyg&]fgb from

the datahasecsysteprods, fesupatted, ardosensie Adeliclaupiaductionc Ry sipanfdQ0P I Refestio now to

FIG. 9, therein,is shown a simplified flowchart descrihing a reticle generation system 900, which may
e ised B3 B U 5 o G RSB S8 100 OY IS bt By e IR R

embodinfasioef thespregent inuantinatidhe fiediels ganeyation sysieieR0 caiche dsggniadahricate a
FIGS, 4 AhHE 50951 o i SoPeren A 5 0 ey RUHETS A1) BB 602, o
target pat&mesyﬁdemca_ﬁéﬂ @Ewaﬂﬂ@ethﬁﬁm&hﬁﬁﬁeﬁﬁcﬁ%,ﬁeﬁ@e qioredasah fayer, ZB6ub-pattern
it T8 Bt it SYSILARO05, WHTEN pPSvicts S BB oAl SN GTE match
suitable multipleg/pyaisoeatheosaedratielpaasci200saatithe sub-pattern 400. Furthermore, within
the wafer process group 708, one or more factors such as a machine type factor 734, an
inspection/storage factor 736, or a combination thereof, may also be considered when
designing and grouping/pairing each of the image pattern 200 and the sub-pattern 400.
[0067] Generally, each of the factors may contain several elements that may also be
considered when implementing the multi-layer reticle grouping/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.
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supra in FIG. 7, and a database system 910 for storing the multiple layer patterns generated for each
of the reticle system 110. It will be appreciated by those skilled in the art that the term "system" with
regards to the circuit layout system 902, the target pattern system 904, the sub-pattern system 906,
the multi-layer reticle grouping/pairing system 908, and the database system 910 may, more
specificatior@iglytomerare sl ot harwamsigHimtions: Additienalys isiipReidersioad that
the circuit layout generated by the circuit layout software 902 may be used to make the various
multiple E/E1SICRIS B! BE/ RAIASHiEAUCEY Ap8iPET GPVIBCRBRRUIRUES P AL iR i U S Sy stem
908, whighi@an theitsrebio image the sub-pattern 400 on the different layers of the integrated circuit
system 102. [0093] After the circuit layout system 902 determines the design of the integrated circuit

system 199681 FRY. Y2y QL xapan'ss theRTRTappEY SlP el e srget paterh i 612 ReEfRRRSF each

layer via §ienH@rgatBalsichsY$erAP04 ihPRIADBY RAYEsH Sheiee8d them siendseilis/infarmation to
the sub-pattern system 906, which can then split the target pattern 300 into two or more of the

sub-pattdFIA60HER thebitenRessithetasGutialneHmBE sXigleqatl BBt IHIRs RAERLY-

photolithogiaiploy gystene 1oekeat MGentorkhetwaincoieredofithe foul-pattarg HOk(igodpiadnipsmation)
produced by the sub-pattern system 906 is then analyzed via the multi-layer reticle grouping/pairing

system oBE 0 BRelR PHRTN- o S R UBY 2RO HIRRSGRSUIEH LR 88 BT HBIb Maximize
the CD pgidaumnse afsthie ictiolesysientidd Relgimpbthelmulii-taerdapele grgupinamining system

908 are described above in reference to the multi-layer reticle grouping/pairing flow 700, of FIG. 7.

Subsequil t83Ffe NSV &HDe BBEHIRG/pairing system 908 determining the appropriate
grouping(peswg ThthprsstimpatientofDNaiBisIdatai isdhesdant thehenigiatasrisystemiRd e
grouping/pairing of the sub-pattern 400 for each of the reticle system 110 may then be extracted from
the databdSE'D,4tcht 41 5 ERRAYS, né@%ﬁ?‘%@?é‘ﬂi%l@ﬁr@&ﬁ&%ﬂ%ﬁefﬂ?%ﬂ? rglﬁéﬁtﬂﬁbe now to

FIG. 10, thsrain isGhavimaoflewtihartiota retigte sysiemsifi0pdre e deiiclecs ysitam 486 agordance
with an embodiment of tlh.e present invention. The reticle a{sgte 1000 irgludesg;%{gvjdin a reticle
system iUBIBEKHDSAL JE5HHy B orHIE SParPhiAGd ISR RHSIHIR S5EER to form
one or meie fayers wkastiolegraiadicitenipsysiaritignred piag eadtpairingiprchafrthie imapeipattern
onto the reticle system accqrding to a mylti-layer reticle. grouyping/pairing flow.in.a block 1004. [0095] It
a5 boert MOV GO R (o0 B S (R T RS MG e oD SHES B s e
the preseniinventiomaaipieprare iehGEliplertermanasonf geredialeigistanesihe:peeseof anehodiments
achieve t@aggy using a multi-layer reticle grouping/pairing flow that matches corresponding multiple

layers on Heticle. [0096] Another aspect is that the present invention reduces the cost of
producingo@7elicieysystsmosetyniplening mawltipienlajiecs ancthalsametteicleaioR@s]Angdreeaspect is

b R I R sen euly ehendy e (s apeaigteper.

and the tatedmuthbeli e raticl ds:neaaed. RO ANt evi as pd cl (9t haidt he rprie ke ntaimreistion retluces

the posSiReIngreasi Teifls el 4y e ASHels R adUIoN T IDIRPIRRIE B R red
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 cannot be centered and adjusted to produce

both small and large critical feature sizes within the same reticle accurately.
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[0100] Yet another important aspect of the present invention is that it valuably supports and services
the historical trend of reducing costs, simplifying systems, and increasing performance. [0101] These
and other valuable aspects of the present invention consequently further the state of the technology to
at least the next level. [0102] Thus, it has been discovered that the reticle system and the integrated

circuit sygsem pf the,presepprenten jurishes iR a i@t anthheletefarenanknowid Ansttnyailable
solutions, capabilities, and functional aspects for improving reticle and integrated circuit performance.

The resuftntepribed dsdbin P gTat AR e a i s ide esnetid 1A S ApIIdateBY highly
versatile grad gifgctive tcanrbgcipieprnied iy @daptipg damgwniteenolegiesrang aradhusigadily

suited for efficiently and economically manufacturing integrated circuit package devices. [0103] While

the inven®HFRSH YEPLaLslindl hrlsrfufitifdn WARRISHRRIR! KRS EE R EYS BEUNRREFHod that

many alteyRatives, Madifigatings fRnd vadrtiQus it b aprakem) o these skileskis theanidsidght of the
aforegoin% description. Accordingly, it is intended to embrace all such alternatives, modifications, and

variationST e WEANREERYEthee SREISENS the included claims. All matters hithertofore set forth herein or

shown in[Jeg Ziccompprying diaiags [re:tal e diespeaiediin andloptiasiveraadRosY linditiegcsense.
What is claimed js: 1. A method for manufacturing a reticle system comirising: providing a reticle

system; &M A8 sgilirfG it Br B IrBRSP Kitlia ge PRI R BRIt rBHERPL ST d 1B boRE Bimore

reticle system 110 with a similar or same disposition structure (i.e., either line and space
structures grouped together or hole structures grouped together) and a similar or same
structure polarity. By way of example, a similar or same structure polarity can refer to a
similar or same desired feature polarity (positive/negative) and a similar or same reticle
polarity (e.g., lightfield/darkfield).

[0073] As such, every 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.  Accordinlgly, this creates an obstacle for timely and process effective reticle
fabrication if the device layers are not grouped or paired effectively and correctly.

[0074] Additionally, within the reticle process group 704, the reticle type factor 720 may
consider whether the reticle is a chrome on glass (COG) 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
pellicle type factor 724 may consider whether the wavelength of the radiation source is either
an i-line wavelength (i.e., around 365 nanometers) or a deep ultra-violet wavelength, such as
that produced by a krypton fluoride excimer laser or a argon fluoride excimer laser; the writer
type factor 726 may consider whether the writer is a laser writer or an electron beam writer;
and/or the cleaning type factor 728 may consider whether the cleaners are SO4-free, SO4-free
for the final clean, or non SO4-free. It will be appreciated by those skilled in the art that SO4
cleaning refers to the use of sulfates within the mask cleaning process. These sources of

sulfate ion arise from sulfuric-peroxide resist striping and pre-cleaning activities. Generally,
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5 layers of an integrated circuit system by grouping and pairing each of the image pattern onto the
reticle system according to a multi-layer reticle grouping/pairing flow. 2. The system as claimed in
claim 1 wherein: assigning two or more of the image pattern onto the reticle system inlcudes

analyzing 10information from a data group, a reticle process group, a reticle specification group, a

wafer prqaess @i BkMdNBIDabaR ereef Rw oGyl as flatiped iy ekaith lanbgrginp pssigning
two or more of the image pattern onto the reticle system inlcudes analyzing information from a data

group incHRHRY'& PatiENe HbishitPretisr, A dhmrane sl furb ik ritter slemsnts iR R factor,

a reticle trgrgmission percent factor, a disposition structure factor, or a combination thereof.

[0075] It has been discovered that by grouping/pairing each of the mulitple layer patterns on
the reticle system 110 accroding to the reticle process parameters described above that the
CD performance of the reticle system 110 can be improved. For example, a suitable reticle
process grouping/pairing may account for or utilize substantially similar reticle writer types,
reticle resist blank types, reticle types and pellicle types when grouping/pairing multiple
layers on the same 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.

[0076] Further, within the reticle specification group 706, the reticle requirement factor 730
may consider process measurements such as mean-to-target, three (3) sigma, range, CD
tolerance, registration/overlay, delta Xmean/Ymean, defect size, linearity, and/or CD through
pitch; and the reticle grade 732 may consider the cost of the reticle system 110 and/or the
cycle-time endured by the reticle system 110. It will be appreciated by those skilled in the art
that range can be described as the performance of all CD mean-to-target (MTT) measurement
in a single axis (e.g., horizontal or vertical). For example, range in an X-direction is specified
by its maximum and minimum value in the horizontal axis. An MTT value in the X-direction
that is between these two values is said to be within the range. Moreover, it will be
appreciated by those skilled in the art that CD linearity can refer to the deviations from each
target values bias between large and small features. CD range for linearity performance is the

(maximum CD error — minimum CD error) for all linearity measurement points.
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4. The system as claimed in claim 1 wherein: assigning two or more of the image pattern onto the
reticle system inlcudes analyzing information from a reticle process group including a reticle type
factor, a 20reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning type factor,
or a combination thereof. 5. The system as claimed in claim 1 wherein: assigning two or more of the

image pg#em PNiPithe ticlRisxsisminicHdad Rorivzinn bdosnataRbamR pricle-anacikication group
including a reticle reqluirement 25factor, a reticle grade factor, or a combination thereof. 6. The system

as claiméWiRosesinf 1pHERERD 48diging RFCORSHRBTE BF SR MRLGY patanmdimdtire réickasystem
inlcudes anahAngnRigH MR IRh e WREGH REE GBE SheRRING UHNG eaNRaRi fR YR8 JacHiman

inspectio%%ﬁr%g(e)nfrgctéb)k)? r(r?lzfs?(rqg\iggfi?ﬁ]et?fl{geg ff'or 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).
[0078] 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
process measurements within their factor.
[0079] It has been discovered that by grouping/pairing each of the mulitple layer patterns on
the reticle system 110 accroding to the reticle specification parameters described above that
the CD performance of the reticle system 110 can be improved. For example, a suitable
reticle specification grouping/pairing may account for or utilize substantially similar reticle
requirements and reticle grade. In some embodiments, suitable reticle specification
grouping/pairing may mean trying to group/pair specific values of mean-to-target, three (3)
sigma, range, CD tolerance, registration/overlay, delta Xmean/Ymean, defect size, linearity,
and/or CD through pitch within their respective preferred reticle requirement ranges on the
same reticle and/or grouping/pairing substantially similar cost and/or cycle-time reticle
grades on the same reticle.
[0080] By employing the multi-layer reticle grouping/pairing flow 700, cost quotations 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
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7. A method for manufacturing a reticle system comprising: providing a reticle system; and assigning
two or more of a sub-pattern onto the reticle system to form a target pattern within an integrated circuit
system by grouping and pairing each of the sub- 5pattern onto the reticle system according to a
multi-layer reticle grouping/pairing flow. 8. The system as claimed in claim 7 wherein: assigning two

or more @hdha ke RatiaNLie toe detiglersvaiemuinisdasanalrindmafasmatiensitamaciaiagroup, a
reticle process group, a reticle specification 10group, a wafer process group, or a combination thereof.

9.Thes as claimed in claim 7 wherein:
[0081] 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 layers on a reticle by grouping/pairing layers together on the same reticle
that exhibit similar elements within their factor.

[0082] It has been discovered that by grouping/pairing each of the mulitple layer patterns on
the reticle system 110 accroding to the wafer process parameters/elements described above
that the CD performance of the reticle system 110 can be improved. For example, a suitable
wafer process grouping/pairing may account for or utilize substantially similar machine types
and/or inspection/storage methods for layers placed on the same reticle. In some
embodiments, suitable wafer process grouping may mean grouping/pairing the multiple layer
patterns on each reticle according to the type of machine (e.g., an ASML stepper/scanner or a
Nikon stepper/scanner) that will use the reticle, and/or grouping/pairing the multiple layer
patterns on each reticle according to lithographic scheme employed, such as immersion or
dry, and/or grouping/pairing the multiple layer patterns according to substantially similar
inspection frequency requirements, inspection pixel size, and/or storage conditions (e.g., an
N cabinet, a bare reticle stocker, a reticle standard mechanical interface pod and/or compact
cases) on the same reticle.

[0083] For example, for effective reticle inspection in the manufacturing line, inspection
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 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.

17



assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing information from a
data group including a reticle polarity factor, a frame structure polarity factor, a scribe line polarity
factor, a reticle transmission 15percent factor, a disposition structure factor, or a combination thereof.
10. The system as claimed in claim 7 wherein: assigning two or more of the sub-pattern onto the

reticle sypigsajnicus@sanab/zinthinfermation on akalicmorosasmgravr ineiHingoanrelicgiype
factor, a reticle resist blank factaor, a pellicle type factor, a writer type factor, a cleaning 20type factor,

or a comBifaR8iiiselIE 4an Rl d9tRITEE At TIkS HXTRePas d 280 gnFHe RIREGIHSR of the
sub-patteROrQibe ietciRRYsiate, NG ARANKIRE INRIERAtN-IOM dretlertrRaiicatinaigroup

including a reticle requirement factor, a reticle%(?rade factor, or a combinatign thereof. 2512.The system

as claimd¥Pf Gaiiet IR rans/ spask H%fﬁn’& HEFE SPINE"SEb Péttetn WHIT tREPFERTIESHYSHsH
inlcudes amnalyBingetfesmakies: evicaswAfahRiesRas. ARGV Armachbe RYRS (8Ge @n

inspectiogﬁsg%r?lgeegggsti(l))rléoCrO?n%(i)nng(i)rrl%tignrgltggrrrggiéﬁons a specific technology node/process may
employ.
[0085] Generally, the formation of the reticle system 110 by the multi-layer reticle
grouping/pairing flow 700 will utilize one or more or all of the groupings described above
and one or more or all of the pairing factors described above. For example, in some
embodiments, the multi-layer reticle grouping/pairing flow 700 may analyze information
from the data group 702, the reticle process group 704 and the reticle specification group 706
by considering factors such as: the reticle grade factor 732, the reticle transmission percent
factor 716, the reticle polarity factor 710, the pellicle type factor 724, the disposition structure
factor 718 and/or a layer sequence. This information could then be used to pair the multiple
layers on the reticle system 110, wherein the multiple layer reticle (i.e., the reticle system
110) formed by the multi-layer reticle grouping/pairing flow 700 exhibits improved CD
performance over that of a multiple layer reticle formed without the use of the multi-layer
reticle grouping/pairing flow 700. 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 groupings and/or one or more
of the pairing factors of the multi-layer reticle grouping/pairing flow 700.
[0086] 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.
[0087] 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.
[0088] Referring now to FIG. 8, therein is shown a simplified flowchart describing a reticle
generation system 800, which may be used by a designer to develop the reticle system 110, of

FIG. 1, in accordance with an embodiment of the present invention. The reticle generation
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13.A method for manufacturing a reticle system comprising: 30providing a reticle system; and
assigning two or more of an image pattern onto the reticle system to form one or more layers of an
integratged circuit system by grouping and pairing each of the image pattern onto the reticle system
according to a reticle transmission percent factor not exceeding a differnce of twenty percent between

each of tB?si@ih@%(P@Hﬁ%b ukéd Aorethiediéos manipRCINING@italicia By alei GRMRESge AP Pyiding a
reticle system; and assigning two or more of a sub- pattern onto the reticle system to form a target

pattern V\)Tfﬁfhrﬁ?trﬁﬁ?d’r i g @t gl8liSihGI8nd-pairing each of the sub-pattern onto the
reticle syRio89 RCenedingcle deiRlistR i 3nseHS ST ReyGabhi@dctornalieksrrding @fiferencaudfitwenty

percent bgjt/\levre?2t1gfaecgr(())fui)qgﬁgegrl%g psaytgteem 804, which provides a grouping/pairing scheme to
match suitable multiple layers on the same reticle as discussed supra in FIG. 7, and a database
system 806 for storing the multiple layer patterns generated for each of the reticle system
110, of FIG. 1. It will be appreciated by those skilled in the art that the term “system” with
regards to the circuit layout system 802, the multi-layer reticle grouping/pairing system 804,
and the database system 806 may, more specifically, refer to software and/or hardware
configurations. Additionally, it is to be understood that the circuit layout generated by the
circuit layout system 802 may be used to 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 circuit system 102.
[0090] 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.
[0091] Referring now to FIG. 9, therein is shown a simplified flowchart describing a reticle
generation system 900, which may be used by a designer to develop the reticle system 110, of
FIG. 1, in accordance with another embodiment of the present invention. The reticle
generation system 900 can be used to fabricate a multiple layer reticle, such as the reticle
system 110 with more than one of the sub-pattern 400, of FIGS. 4 and 5.
[0092] The reticle generation system 900 may include a circuit layout system 902, a target
pattern system 904 for generating the target pattern 300, of FIG. 3, for each layer, a sub-
pattern system 906 for generating/splitting the sub-pattern 400, of FIGS. 4 and 5, from the
target pattern 300, a multi-layer reticle grouping/pairing system 908, which provides a

grouping/pairing scheme to match suitable multiple layers on the same reticle as discussed
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15. A method for manufacturing a reticle system comprising: providing a reticle system; and assigning
two or more of an image pattern onto the reticle system to form one or more layers of an integratged
circuit system by grouping and pairing each of the 15image pattern onto the reticle system according
to a disposition structure factor of lines and spaces or holes. 16. A method for manufacturing a reticle

system CQIpRITBINAIRroViding aleball SystambandRsagnBaHvmeRiperf RirdatbnRaliaisraato the
reticle system to form a target pattern 20 within an integrated circuit system by grouping and pairing

each of th¥¥ Saphpdiidmrsieleiheteticld Gy dierlhbe v ity ed dggbertorkdipddrifbasetdh g ves and

spaces ofehaleSystem” with regards to the circuit layout system 902, the target pattern system 904, the
sub-pattern system 906, the 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 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.
[0093] 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-layer reticle grouping/pairing system 908 to determine which of the sub-pattern
400 should be grouped/paired together to maximize the CD performance of the reticle system
110. Details of the multi-layer reticle grouping/pairing system 908 are 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 908 determining the appropriate grouping/pairing
of the sub-pattern 400, this data is then sent to the database system 910. The
grouping/pairing of the sub-pattern 400 for each of the reticle system 110 may then be
extracted from the database system 910, formatted, and sent to a reticle production system.
[0094] Referring now to FIG. 10, therein is shown a flow chart of a reticle system 1000 for
the reticle system 110 in accordance with an embodiment of the present invention. The
reticle system 1000 includes providing a reticle system in a block 1002; and assigning two or
more of an image pattern onto the reticle system to form one or more layers of an integrated
circuit 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.
[0095] 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.
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17. A method for manufacturing an integrated circuit system comprising: providing a reticle system;
25assigning two or more of an image pattern onto the reticle system by grouping and pairing each of
the image pattern onto the reticle system according to a multi-layer reticle grouping/pairing flow; and
using the reticle system in a photolithography system to form one or more layers of an integratged

circuit sygieprek8at Rendyatiamns LRIBAN: dginkihg WhaeinlAssienioe teuwinsyadidheinage
pattern onto the reticle system inlcudes analyzing information from a data group, a reticle process
group, a FefdrRAghss s BIR HMA WiRlke FYFEE Q8L SRIIGICE combination thereof. 519.The system

as claimgqgogeglainndihvhepein: idssigningpweal maeehtialivage Patarsopisiieneticasystem
inlcudes analyzing information from a data group including a reticle polarity factor, a frame structure

polarity fa¥tEmS S FmnsItiPla 43 YR s tran&HRSion percent factor, a disposition structure
factor, orfgogambinasiae thepeef.is that the present invention helps customers/users prevent faulty

tapeouts due to inappropriate pairing.

[0098] Another aspect is that the present invention helps to reduce non-recurring
engineering costs and the total number of reticles needed.

[0099] Another aspect is that the present invention reduces the possible increased reticle
cycle-time during reticle production if inappropriate layers are paired together.

[0100] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.

[0101] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0102] Thus, it has been discovered that the reticle system and the integrated circuit system
of the present invention furnishes important and heretofore unknown and unavailable
solutions, 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 thus readily suited for efficiently and economically manufacturing
integrated circuit package devices.

[0103] 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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1020.The system as claimed in claim 17 wherein: assigning two or more of the image pattern onto the
reticle system inlcudes analyzing information from a reticle process group including a reticle type
factor, a reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning type factor, or a
combination thereof. 1521.The system as claimed in claim 17 wherein: assigning two or more of the
image pafteri RriR;thedeficle system inlcudes analyzing information from a reticle specification group
including a reticle requirement factor, a reticle grade factor, or a combination thereof. 22. The system
as claimed in claim 17 yvhendind R0assigificgnting ardrioresgbtha tnage pagtern onto the reticle system

inlcudes analyzinI% in ormatlt%n 1froml_’a wafer process group including a machine type factor, an
inspection/stora%e YA A3F A Combiniation thereof. 23. A method for manufacturing an integrated
circuit system cassirisiiggweroviing afraticheagygieter2bassigairg dve piteanore fofia subgratiers onto
the rg ticle system by gfg}y rlsngfa 1919 n%elzgpa(%ed circuit system by grouping and pairing each of the
image pattern onto the reticle system according to a multi-layer reticle

grouping/pairing flow.

2. The system as claimed in claim 1 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
10 information from a data group, a reticle process group, a reticle specification

group, a wafer process group, or a combination thereof.

3. The system as claimed in claim 1 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a data group including a reticle polarity factor, a frame
15 structure polarity factor, a scribe line polarity factor, a reticle transmission

percent factor, a disposition structure factor, or a combination thereof.

4, The system as claimed in claim 1 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a reticle process group including a reticle type factor, a
20 reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning

type factor, or a combination thereof.

5. The system as claimed in claim 1 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a reticle specification group including a reticle requirement

25 factor, a reticle grade factor, or a combination thereof.

6. The system as claimed in claim 1 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a wafer process group including a machine type factor, an

inspection/storage factor, or a combination thereof.
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each of the sub-pattern onto the reticle system according to a multi-layer reticle grouping/pairing flow;
and using the reticle system in a photolithography system to form a target pattern within an integrated
circuit system. 24.The system as claimed in claim 23 wherein: assigning two or more of the

sub-pattern onto the reticle system inlcudes analyzing information from a data group, a reticle process

group, a reticle gpecificRiQAHIO T Biaff/ FRCOsRAERUP M cspRisaton thereof. 525.The system
as claimed in claim 23 wherein; assigning two or more of the sub-pattern onto the reticle system

inlcudes analyzii§ HBrEAERSIs F M EBata%roup including a reticle polarity factor, a frame structure

polarity factor, a,sG6Rm §inG delaribrdaFtals deiied e s IS Sei01Pe5Lesh fctermtadispesigRstructure
factor, or a combination thereof. 1026.The system as claimed in claim 23 wherein: assgnﬁing two or

more of the sub-patter® BRtS tHeMEERted) S SRS A nIOU RIS A Rakits rath 2 St Brocess

group including a reticlgatyig fasiey, aneticleitgsistank facterdmpellisle dypaaciniea Widignsype
factor, a cleaning type factor, or a combination thereof.
grouping/pairing flow.

8. The system as claimed in claim 7 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a data group, a reticle process group, a reticle specification

10 group, a wafer process group, or a combination thereof.

0. The system as claimed in claim 7 wherein:

assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a data group including a reticle polarity factor, a frame
structure polarity factor, a scribe line polarity factor, a reticle transmission

15 percent factor, a disposition structure factor, or a combination thereof.

10. The system as claimed in claim 7 wherein:

assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a reticle process group including a reticle type factor, a
reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning

20 type factor, or a combination thereof.

11. The system as claimed in claim 7 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a reticle specification group including a reticle requirement

factor, a reticle grade factor, or a combination thereof.

25 12. The system as claimed in claim 7 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a wafer process group including a machine type factor, an

inspection/storage factor, or a combination thereof.

13. A method for manufacturing a reticle system comprising:
30 providing a reticle system; and
assigning two or more of an image pattern onto the reticle system to form one or more
layers of an integratged circuit system by grouping and pairing each of the
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1527.The system as claimed in claim 23 wherein: assigning two or more of the sub-pattern onto the
reticle system inlcudes analyzing information from a reticle specification group including a reticle
requirement factor, a reticle grade factor, or a combination thereof. 28. The system as claimed in claim
23 wherein: 20assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing

information from a wafgh e cestafosR dnehddiREdemashine 5}{&%@%0{@3@ fRERRCYANSRES0R factor,
or a combination thereof. 29. A photollthograPhy system comprising: prowdlng a reticle system; and

25assigning two or moPE BF RIS FHBIRG tHE TSI EaRY RS RS5TH RS r‘?ﬂﬁlé(i’g)ﬂé?s of an
integrated circuit systefm e @atping and pairing each of the image pattern onto the reticle system
according to a multi-layer reticle grouping/pairing flow.

14. A method for manufacturing a reticle system comprising:

5 providing a reticle system; and
assigning two or more of a sub-pattern onto the reticle system to form a target pattern
within an integrated circuit system by grouping and pairing each of the sub-
pattern onto the reticle system according to a reticle transmission percent
factor not exceeding a difference of twenty percent between each of the sub-

10 pattern.

15. A method for manufacturing a reticle system comprising:
providing a reticle system; and
assigning two or more of an image pattern onto the reticle system to form one or more
layers of an integratged circuit system by grouping and pairing each of the
15 image pattern onto the reticle system according to a disposition structure

factor of lines and spaces or holes.

16. A method for manufacturing a reticle system comprising:
providing a reticle system; and
assigning two or more of a sub-pattern onto the reticle system to form a target pattern
20 within an integrated circuit system by grouping and pairing each of the sub-
pattern onto the reticle system according to a disposition structure factor of

lines and spaces or holes.

17. A method for manufacturing an integrated circuit system comprising:
providing a reticle system;

25 assigning two or more of an image pattern onto the reticle system by grouping and
pairing each of the image pattern onto the reticle system according to a multi-
layer reticle grouping/pairing flow; and

using the reticle system in a photolithography system to form one or more layers of an

integratged circuit system.
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30. The system as claimed in claim 29 further comprising: 30an integrated circuit device manufactured
using the photolithography system. 31. A photolithography system comprising: providing a reticle
system; and assigning two or more of a sub-pattern onto the reticle system to form a target pattern
within an integrated circuit system by grouping and pairing each of the sub- 5pattern onto the reticle

system according to a THiyayer setitl@PHPingRaringém: 32. The system as claimed in claim 31
further comprising: an integrated circuit device manufactured using the photolithography system.
assigning two or more of the image pattern onto the reficle system inlcudes analyzing
information from a data group, a reticle process group, a reticle specification

group, a wafer process group, or a combination thereof.

5 19. The system as claimed in claim 17 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a data group including a reticle polarity factor, a frame
structure polarity factor, a scribe line polarity factor, a reticle transmission

percent factor, a disposition structure factor, or a combination thereof.

10 20. The system as claimed in claim 17 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a reticle process group including a reticle type factor, a
reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning

type factor, or a combination thereof.

15 21. The system as claimed in claim 17 wherein:
assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a reticle specification group including a reticle requirement

factor, a reticle grade factor, or a combination thereof.

22. The system as claimed in claim 17 wherein:
20 assigning two or more of the image pattern onto the reticle system inlcudes analyzing
information from a wafer process group including a machine type factor, an

inspection/storage factor, or a combination thereof.

23. A method for manufacturing an integrated circuit system comprising:
providing a reticle system;

25 assigning two or more of a sub-pattern onto the reticle system by grouping and pairing
each of the sub-pattern onto the reticle system according to a multi-layer
reticle grouping/pairing flow; and

using the reticle system in a photolithography system to form a target pattern within

an integrated circuit system.
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24. The system as claimed in claim 23 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a data group, a reticle process group, a reticle specification

group, a wafer process group, or a combination thereof.

25. The system as claimed in claim 23 wherein:

assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a data group including a reticle polarity factor, a frame
structure polarity factor, a scribe line polarity factor, a reticle transmission

percent factor, a disposition structure factor, or a combination thereof.

26. The system as claimed in claim 23 wherein:

assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a reticle process group including a reticle type factor, a
reticle resist blank factor, a pellicle type factor, a writer type factor, a cleaning

type factor, or a combination thereof.

27. The system as claimed in claim 23 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a reticle specification group including a reticle requirement

factor, a reticle grade factor, or a combination thereof.

28. The system as claimed in claim 23 wherein:
assigning two or more of the sub-pattern onto the reticle system inlcudes analyzing
information from a wafer process group including a machine type factor, an

inspection/storage factor, or a combination thereof.

29. A photolithography system comprising:

providing a reticle system; and

assigning two or more of an image pattern onto the reticle system to form one or more
layers of an integrated circuit system by grouping and pairing each of the
image pattern onto the reticle system according to a multi-layer reticle

grouping/pairing flow.

30. The system as claimed in claim 29 further comprising:

an integrated circuit device manufactured using the photolithography system.
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31. A photolithography system comprising:

providing a reticle system; and

assigning two or more of a sub-pattern onto the reticle system to form a target pattern
within an integrated circuit system by grouping and pairing each of the sub-
pattern onto the reticle system according to a multi-layer reticle

grouping/pairing flow.

32. The system as claimed in claim 31 further comprising:

an integrated circuit device manufactured using the photolithography system.
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