CROSS TECHNOLOGY RETI CLES CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application is a
continuation-in-part application which clains benefit
of co-pending U S. patent application Ser. No.

12/ 122,866, filed on May 19, 2008. All disclosures are
i ncor por at ed h&rRASE A ByHNG O RETBREESROUND 100021
integrated circuits can be found in many of today's
consuner el ectronics, such as cell phones, video
canmeras, portable nusic players, printers, conputers,

etc. | nt egROSIREFERENGE TBYR EDATHECAPPICIRIAPFIOAS | On of

active devices, passive devices and their

[0001]it %?SL %ﬁﬂ%ﬁg{»ﬁ 905 cl)gtg)n%%llorﬁﬁ?h%t'tz#)gﬁge[tl%ﬁh%htcﬁ (91Q1?)r11s0foeneﬁt of co-

€ processes | nanuf actur e

L rated. circuits, a ists. of patterni

pending i § Spelert abmcelicg Semaise o oadpbs 1 oa ey 5 r70a8 o fsclosures are
_ the design and |ayout of the integrated circuits to be
incorpqrafedperewahierrafersficet he photol i t hogr aphy process and

its correspondi ng equi pnment consist of a light source

transmtted through an optical systemonto a reticle

or mask with a pattern. The pattern produced by the

light and the reticle gpnogrskoiNmbhen aligned to a

waf er covered with. a light-sensitive photoresist by

[0002] a@nt@éf?g:rﬁ:%g{litsc‘x ﬁg}gcﬂi%qﬁ ql'l:ﬂlg{ m[)g%g%f&ﬂbﬁfen%r Eﬁ‘é@onics, such as cell

tran to the ot or esi

phonesg\r}@tﬁgk:%r%lgrgg,tﬁ%%g le%%ﬁ]ﬁy&%&%é%%?%s,aﬂg afntteegrrﬁe& Qircuits may
. | ayer - by-| ayer et hodol ogy, wherein _each |ayer is
include pparaRindipnaf e vices crapdivedieas 29A eiEnsrGRgPectioaser
i mage. Thus, integrated circuits becone nore conpl ex,
[0003] s diretotithmgfapby s iomg afethie girsicipde|proesseh.ie the enapfufachire tof integrated
or nore reticles, and at a cost of several thousand.

circuitsj @hd asisigachpatichtng gpensRcoObl prodiohdgtdhester ineidceddasce with the
for a |l ow volunme run can becone prohibitively

design SRREAFIN Sof thEORRRatdd ¥R cuift B Elhdd (RABINS, fHRM pidtolithography
reliable reticle systemand nethod of fabrication and
proces el AP SO R L BN Ao SO s S BRF ARk Broueh an opica
integrated circuit system are fornmed usi i i
System pfq § IqUgiFehr Rask veiffea BRttsi ﬁé? pafeT ﬁ@odﬁlpefgﬁx slighhndibe reticle or
corresponding nmultiple layers on a sanme reticle, _
mask i HbereBligkeddige b riwpfeh eovaneb aithof lightseisdtye photorgsistwbyfan alignment
the ever-increasing commercial conpetitive pressures,
system] wheremsthe gattoom Suthet transfieradda itlenshot@edstdi mi ni shi ng
opportunities for neani ngful product differentiation
[0004] | ThE %of@ﬂ’tllﬁ%@h§cﬁocés§ Of SrdnBfet@@S h Gk t¥rmClo 4 iphdlordsiiatis commonly
answers be found to these probl ens. Mreover, the
. =1 L N 0
descrivff B 2188 SA3G 1HBR00h Yr SR Salh bl Miined by oxppsing a retce
) ven greater urgency.to the criti,cal necessity that
with ofNC TS USp ST o TTHEs & pPGBILiS 00 JF o851 P ffgmplex, some
to these probl ens have been | ong sought but prior
manufqg@m@g&gmq EqHEG Breise of g{u@]ﬁ O BT RS 8t 36 ahpgost of several thousand
solutions and, thus, solutions to these probl ens have
dollarst encly, deudrpbnsdadepwlidihgdhese tdtielear for SUMNMARNuhOODA1cah become
nmet hod of fabricating a device is disclosed. The
prohibifieélp@dpémsleudes form ng a mask that includes multiple
i mages. A substrate is patterned using the mask. An
i mage of the nultiple inmges corresponds to a
respective patterning process. The nethod furth
i ncl udes continue processing of the substrate to
conpl ete processing of the lsubstrate to formthe
desired function of the device.



[0008] A mask for device fabrication is presented in
one enbodi nent. The mask includes a mask substrate and
a plurality of inages forned onthe mask substrate

0001 S0, bRt B b <R BT 3 Borication and o
anot her enbodi nent, a nmethod for form ng a mask used

reliablg mntelgraied ecircaib system iaah npeshqsk @f‘s@hl’l@%lonTWQCW thgdeticle system and the
i ncludes providing a mask substrate. The net hod

integrdted tchrewit ispstbradas foaned nging plmuldHayey wficiengyeingfpairing flow that
mask substrate which correspond to different

matchéﬁfoh‘éEﬁUnﬂﬁl RhGIGEERIS RGeS sdnfe fetible] hateby ediRicilg thmeniste of reticles.
10010] Certa| n enbodi ments of the invention have other

In v1e§% P& ttﬁ’el_' &eﬁﬁx@i‘éaklﬁ (?l‘fiﬁ’l%rc'ui1 BhAE&iItRE Pﬁ@éﬁeﬁeﬁa&ﬁﬁg consumer

Il ed he aﬁpec S ¥M cone apparen to those
skille t t di
TR R I e ———

acconpany draw ngs. BRI EF DESCR| P OF, THE

marke{pémﬁ wc)r/r&reaﬁmgl;f ‘aﬁlqakmé@?wr%%}\?@ tpﬁeesaafgfa?éms Wereover, the
el ements of a photolithography systemused to pattern

ever-iramedsingetpedtte dai easts, tmpipye effi¢iencagsc andl areek sydht ¢prznstitive pressures
enbodi nent of the present invention; 100121 FIGS. 2a-b

adds ed¢regriehtanurgeiyo die @itiealharesity thot ammdrs:bcefoslyd tcetimese problems.
[0013 FIG 3 is a plan view of a target pattern in

[0006]ac§(ﬁﬁt‘ij&ﬁct§ t}%ste'br@ﬂ@ﬁllﬁ &fav€ Heaf igidought Bﬁ'teprﬂfrﬂﬁﬁslbpments have not
invention; [0014] FIG 4 is a plan view of

t
g S R AP b BRI %J#%?%ﬁ?@?ﬁne%é f‘*.”c%enfﬂﬁ"‘i%%q&‘?auded those
. Fla 5 is a plan view of another of a sub-pattern split
Skluedflpgli‘ﬁ%fttarget pattern in accordance enbodlprrent of ?he
present invention, [OOlGé Fl. G 6 is a plan view of a
t ar get patternforrred vi aUMMARYbi ned mul tiple
exposure of each of a sub-pattern in accordance with
[0007]anAenttbal né fibriotinghe dpvies éndiselosdt i Bre; medod Anclmies, fomming a mask
is a flowhart describing a nulti-layer reticle
that inglu@ehiipRANaEEY A bebwtraeris paitericdrushig themabk.aAn éhagd & the multiple
systemin accordance with an enbodi ment of the present

1mage§ QXﬁggpr&b tolD Pk ?éctﬁ/le BattBrmiry proeésdP!THe Mehbl %ﬁﬁ@rlhcludes continue

escrl bing a reticle generation system which may be

procesglélg é)lf gﬁe Sélggtra%? ﬁ) comptl gxgacggsﬂ‘% tﬁ(ie#bgﬂrfte &) Thé Besired function of

e presen
i nvent i on;
the device.

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

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

processes used to fabricate one or more devices.



[0019] FIG 9 is a sinplified flowhart describing a
reticle generation system which nay be used by a
designer to develop a reticle systemin accordance

[0010] Wg%xg%?réﬁ{ gfm&l@@ﬂfﬂ@ﬁ(le&fontﬂﬁee BItRS @%ectsMySbitRR; to or in place of

10 1s ow chart of a reticle systemfor

emin acca dance
those ritpliShodaingY ThithpPeR 7 oew?s(??‘a%’@ﬁa@ FYROGlTE b e art from a
pl an vi ew of anot her epbodi nent etlcles
reading [y TiRe L{E RS RITH s r&?@z}wm oo P e Apompanying
are descrl bed in sufficient detail to enable those ski
drawingshe art to nake and use the ito be understood that
ot her enbodi nents woul d be evident based on the
present di scBREHN PESaGRIPTIAT Opr DEE IR AWINEethani cal
changes may be nmade w thout departing fromthe scope

[0011] OFIG heisRih§s&Rdtrit RUSNbE 813, baki@ QE3dentdoft HBhdtelitheapll system used to
descri ption, numerous specific details are given to

pattern Eé?ﬁ%%gteﬁl cﬁaﬁ %&Hﬂ:pn fﬁ%@?rﬁ%ﬁ&% a@émﬁ&ﬁtﬂeﬂt\’mﬁé ﬁ%sent invention;

apparen e I nventi on may

hout t speci fi ails. In order to

00121 BB Gkutielag oreo frgdtinens o ErelEls 3 e el 1 - knowe
circuits, systemconfigurations, and process steps are

[0013] nHIG.d} i PlgRaicvhobietasgdt pafteman pceqrdanse uth aoghes cappdigrent of the
showi ng enbodi nents of the systemare

presentsevantidi;agr ammati ¢ and not to scal e and, particularly,
some of the dinmensions are for the clarity of

[0014] IO Fﬁ@ enisad pian vadive o h Sushatten @F]&«gﬂ@m&t fatket Pattdie il a@ordigce with an

FIGs. Additionally, where nultiple enbodi nents are

embodﬂie%%%@?r&é}ﬁlﬁ@eﬁ%hbed havi ng sone features in
conmon

arlty and ease of illustration,

oot SF36T4 By SPRERETEh RGPS ) i sconsnce

described wth like reference nunerals. [0025] The

with any apbadimglitof Hieapsenbi@VERIEM: herein is defined as a pl ane
parallel to the conventional plane or surface of the

[0016] slbSt ¢ &t @plan evggar df e sargef paitem grmechymthe sombined muyliiple exposure of
"vertical" refers to a direction perpendicular to the

each oﬂwshibzphftéﬂﬂ in aecdrdaice aefhi ameaﬂnbo'ﬁenmt,of shegiresest Inoaritjon;
above "bel ow', "botton, "top", side" (as in

[0017] q‘*l@emgl }lowcﬁﬁrg |ﬂ@§cr1b1n§nQV}ﬁﬁltlrlayé%p&ﬁEle, gro@pifg/pairiafFlow for the

der", are defined vv|t respect to the horizonta

formatLIBn gret c?e dé/@ {Plag%c?r{()l ce 1‘&?%? %hﬂ&h ARt dﬁﬁg})ll%%n? lnﬂlention'

udes eria phot or es

p n|n s , nent, . tchin cle
oo 2B R PSRN SN SL TS T 8 L Which oo

required in formng a described structure. .
used by a designer to develop a reticle system in accordance with an embodiment of the present
invention;
[0019] FIG. 9 is a simplified flowchart describing a reticle generation system, which may be
used by a designer to develop a reticle system in accordance with another embodiment of the
present invention;

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

embodiment of the present invention; and



10027) The term "on" is used herein to nean there is
di rect contact anong el enents. 00281 The terns
"exanpl e" or "exenplary" are used herein to nmean
rving as an instance or illustration. aspect or
lOOZlbnEKhllﬂéhwa 8 S8 iy o hanodies ea@@zﬁlenész%mn e Saﬁtem
as"exenplary" is not necessarily to be construed as
preferred or advantRGEAUSERVHSRIREIONspect s or
designs. [00291 he term "l ayer" enconpasses both the
[0022Fi ’ﬂlg&lf(ﬂlo“&lﬁgﬂemb@iiﬁietﬂrsaﬂre descabal mt dueficiers eletaildtb @anldd those skilled in
[0030] The term "pitch" is used herein to nean the

the arC@®he¥e 4R €&RNLE InvehSdANB &s &ﬁséﬂﬁf&rg‘t&ﬂi #HBL5thiderbodiments would be
pattern. (00311 The terns "mask"™ and "reticle" as used

eviderg %gééi oﬂ"‘{ Sﬂrgseg? dl{églg%{f Ene;n%rlﬁgﬁg}g?eploy I&%P 461 R thary be made

are equally app to either sy

. ho . 0., Mmask retic f formng a pattern by
WlthO%ﬁ%P@? b ﬁfsﬁ} P PO SR TVEongy et a5 useq
ein neans and refers to the nethod _and to the

[0023hpblathatf@£0vvpg ReeTipHERSHIM G OHPRESIEA dpﬁaﬂae@osla%m@eprmiﬁ a thorough
the context. in which the termis used. [0033]

undersBenlargdi the intviestidno| Howiveg, iewilbbé appatent that thegnventiphenay be practiced
formation of a nulti-layer :reticle that enploys a

witho@rtaeqel sp@tifiai detdilg. shsérden tohatoidabsieiag ¢log basgnrididgon, some well-
mul tiple layers on the sanme reticle. By enploying the

knowrdERWRE NG5RA dohABurai St (%?rg@ésb befs hemsi (‘iisd@&titlﬁ‘ (ietall

pattern’resol utfon and erf ormance can he achi eved
[0024]{ 0%1&?\2'3@008?%'&@%5 @Bgfﬁr?ﬁe%@&%ﬁig ng){h%% %ﬁgdg@se%% dﬁa%?mmatic and
el t ] t to d .
not to Sl st el PorgF 59??13&@3%%%5%‘?% Sk for B¢ plagoe of Pressatagion and are

critical dinension (CD) |oss, thereby |nprOV|n
shownp gxaggerstede iib|the idsawiaadf1Ed. perdditianaHie whersr meiiple embodiments are
nanonet er generation (and bel ow) wafer processing.
disclogd08vi1ddsomlendelnavingesined éeaGepar ommuancor fobarity abd @8se of illustration,
nanonctder technology nodes is greatly di mnished when

descriptig, RAO tOMP ke @S MBredt, GimDat dndi 14&! feire0A6 85 Sndtier will ordinarily
reqU|red to formseveral critical feature sizes on a

bedesE d O 8h B %} S i P{elrms Moreover, it has been

I Scovere at CD 0SS 1S even rmre severe when

| e 4 mage di f ferent.
002 R RPBATT e EhoeL i BTSSP Baief b i popventonal
dlscovered that large d nS|ty dlfferenc %@betmge 5
plane g syréqcefit the sahyatep Fegartiess plitferreattion et e tempryertiats gefers to a
issue with regards to CD SPEC and CD-Ilnearlty rofile
directign getpengiedpt torike koriavutal ay et dpfinedgTenms, prebtagiier’k “above”, “below”,
pl asma etch optim zation process. [0035] Since current
“bottoptottopB Skidic? ¢dsnial ey whl?)g higlhd” rMaswoerd! ‘amppadd®sariy and “under”, are
beyond) requires that several critical feature sizes

deﬁneb%f}ﬁlagﬂe@%qﬂe H’dhz*oh&l phps.omask at once, with all
features being of equal inportance, the etch

[0026]2 e [e%'ﬁc‘ r&! éﬂl%eﬁ‘sr Lk 1?(% 1%391&1&6? 0 1?18& r(ffl m{}@ﬁ&l%rephotoresmt

I Zzes ec m ng qul critica

eC|ated t hose, Iled in the rt t hat . Crj

patteriipe RERGHTE, oy ePRRY | Ak ¢ oo pandlet vl oot b Tterial or
difference in CD Bias betmeen smal |l and large feature

photorgpiieas roguirer in fminghdespabedeiHCyEe-a phot onask. At t he
90 nanoneter technol ogy node and beyond, the

[0027] nthetmsn fgn’his eded Iarein tpmesrethe@Ds Biredt chntactaaniang edententhe
absol ute size fidelity of the chromumfeature on the
phot omask conpared to the design data (a.k.a. CD Etch
Bias) is an obstacle for tinely and cost effecive
reticle fabrication. The embodi nents di scl osed herein
help to resol ve these problens and provide sol utions
for the chall enges encountered within the 90 nanonter
t echnol ogy processi ng node and beyond. 100361 FI GS.
I-11 , which follow depict by way of exanple and not



[0037] Moreover, it is to be appreciated that the
integrated circuit systemof the present disclosure
may i nclude any nunber of active devices (e.g., a

[0028] MHhE itérﬁlsagiingpggéglf‘?’éggﬁgia?y’% &Qe& R&eiath edh sEhvWY R%in instance or

bet ween two ectrodes Is controlled or

ustralf P 5 ptr B BB PG B G BRI oras “exemplary” s
i nterconnections. Ex | ar illustrations of the gne

not necg§Saryyig PECPPYRCY é%P‘@g‘“énP‘iﬁ‘éV% YROIREGRUS Qr Hgl?f aspects or designs
limtation, an n-channel field effect transistor _

[0029] ( NiEETYrm alpyec’h enpehpdsses Hodf fthec singulansndt ibe plPEEDNlesy otherwise
conpl enentary net al oxi de-silicon (CMOS) configuration,

indicat&l.si ngl e-gate transistor, a nmulti-gate transistor, a
fin-FET, or an annular gate transistor. Exenplary

[0030] | MhE$EEAEHRAS iChseli MR @G BlealPecaRfIb ontBeYk@RS HBk¥een features
include, without Iimtation, resistance devices wth

8 agﬁﬁying resi stance values forned by strategically

paty ering the process techniques. Furthernore, it is to

t
be. under st ood, t hat, one .or nore of the integrated
10031] g FmeC S kmaBg e B BRHEEFIn Ao i DF P Bl Tghangeably as the
medi um which could be separated into individual or .
presentainbdisnents ateeqgiualieapnlicellaite enkes sppmes mgthed (eg-gpask or reticle) of
stage of fabrication. 100381 Furthemore. it is to be
forming agettah dyphotohithoghephiynt egrated circuit system
manuf actured by the enbodi nents descri bed herein can

[0032] bahd3&¢h WybinT a8 udkd hérkint@edis U gefersoni the Byestiodnghd t6 Yiedhapparatus
as processor conponents, memory conponents, |ogic

of the é}neﬁgﬁggﬁt%g] i QA Rl TRANEL EShte@ PR WAL HGRE RGP hised.

Xeda-si g conponents, power conponents,

radi o-f.r eque RP) copponents. (e. ... RE . .
oosa) R LR G L GOENSThE S pBufER o mutitoer et
m cro- el ectronechani cal _ conponents, optical sepsor
that empit§ohePRING RAMING §YHEM: tat MALCRGFROFGERONGH %@Pgﬂ‘t laysts on the same
and arrangenmunts as may be needed. [0039] Referring )
reticle.n®y eroploy@g the grévarieg/paitisg shison descritednireine bettes\patem resolution
the basic el ements of a photolithography system 100
and CIDsgfoimapat ¢ Be achievdde @rrad 2 datinicter inds psyenh £Ohdlegy nodes at a
accordance with an enbodi nent of the present

reducedl BYENWdaRionhIBP 49 #helthehndpl Aot BPeleardhic si¥sli8Mod@ies to decrease, it
includes a radi ati on source 104, a radi ati on beam 1086,

. . . r . .

is becoffie DRFGTSE Hithe iRopii) Sodife bkdrcliobt @RELbRICD) los, thercty

: system 110 is.illumnated by the. radi ati on beam 106

improvgiy PRI PSR P PG Bt D04 ST ERRvEpsl Gnd below)
the reticle system11.0 is projected onto a

wafer grhenseingsi st material 116, which coats a substrate 118.
By way of exanple, the radiation source 104 nay

[0034]i dtdwuler,amticle dCnpeffoonami or enb-66 fraaxinstee nenhgyloghaiodes is greatly
can be propagated as waves or streans of charged

dimini§fiRAtWEdnee phbRpdhbk blfsnal étcl@%BﬂﬁﬂiatiBﬁ Piddel€is required to form several
illustration, the radiation beam 106 emtted by the

critical BHLAL AR RAUEGGe 10%e @Q{ﬁé ESnd %?&gberg 1926 BOLENS B ert@8hat CD loss
and t 110. |

I's projected onto e reticle syStem . n sone

s ever R R g S BB BB B R PR B e, i
. purpose of controlling and directing.the_radiation )
this in FapdnhOBFSN srvanigrediscouereddbatilagg dgnsity dferepees bspysep dhe different
system 110. [00421 After passing through the reticle
system 110, the radi ati on beam 106 carries intonmtion
as to patterns forned on eticle system 110. The
resulting patterns are imaged onto the photoresist
material 116 forned over the substrate 118 by the
projection optics 112. The projection optics 112 may
include mrrors, lenses, hiters, apertures, and other
optical devices for directing the &t" beam 106 onto

o~ o~ o~ o~ A e~




many different |ayers. These different |ayers may
include netallization |ayers, sem conducting |ayers,
dielectric layers, barrier layers, etc. The different

X | ayer have different patterns, which ma fi o

imageg plageq n fifigle macrAuse 1544 M ra%%ﬁi%@s,CDp%"s'fif g CD-lincarity
devi ces, an interconnections. The different patterns

profilexdug/to prabigras encenstetsd dunng the miptamnask plpsmagtahtoptimagasion process.
reticle or nultiple multi-layer reticles in a series

[0035]of Sincagirrant phebabsloteshnolddy46.%., 190 nasometebrodermid bey@ul)l requires that
that the photolithography system 100 presented above

severallBfiftal fERMASRRTE MhecalMaiPihe Photondskist bAtd, MAthofll Sdaeies being of
a systemand there is no intention to limt any

equal gg?(tﬁ‘gd;n@&nﬁlete?cﬂ Hifﬁeréh%@foirqwe?ﬁtib/%wgé}legifgiél Héﬁee%aqtf@&ure sizes is now

or the arrangenent of parts. O erring

becoq?r?gw%&i% ({f‘hl%a]n 2@%@ (13? hﬁﬁ#&%@ﬁ’g&&t}ég& es}({lleé%l Iélg: h’% a%tg&l%te@nt}ga? Dimension
understood that the reticle system 110 of the pr sen%

(CD) e béncaaht can heydefiped asthe diffpeeticeiip 6D Bisg bpiweer swall apd large feature
multiple |ayers (e,g,, the various layers of simlar

sizes withigi fheesagiet pattere gnaa elotomaskui tAtdiesi 9 syndnmsteroteehmmlogy node and
nore integrated circuit designs on a single reticle,

beyond,ahé @fcrdabiag nead filiinpfived 08I ExhdsSnearididilthbiabsudete size fidelity of the
enbodi ment, the reticle system 110 i ncl udes a

chromPIn¥ &tk YorOfhel fHREEN RRILRIpAR 2 Qlte Mesih @R (K ica. €D B Bias) is an
i mage patterns, for exanple, correspond to |layers on

' ' ' vstem Lt i . r .
obstacfitof BRI BEieoCofle R iicalli, Jpb AmBRRHE SRR hereim ey
st.em 11Q.i ncl udes suitable patterns.for formn o
to resls diE ARG ape o Sl 5t U R ies B dhnied wighin the 90
FIG 1, of the integrated circuit system 102. It w |

nanomper tegheplogy R gL Bpssad SRYINded in the art that an
i mage pattern can refer to a structure on the reticle

[0036]s yISHGSm1 11110 whinct follew udapakct tby waydiffexamhle anddioaby bmitbeamone or more
such that it alters die photoresist material in a

exempl@§i siyStdmb g ihethodsThedi toefgBiscatd @retiarkpdtem dndyorhm integrated circuit
arranged in an array. The array may be a 1-di nmensi ona

systenggnc?t}fg ROSLORAbe Bodsthed FOlmNATPISs td %@gﬁaergtg_ga-_tll?at MBYurality of

arranged in a 1-dinensional ;array. Alternatively,

conve%f’oal?l ngr\r’](\@:?slg nsalilﬁlat%rg gvsgell %’Wriwgﬁgliﬂﬁg Q]%eﬁ egﬁ%}r{% ggtsl%P%a%%pﬁeqeihpmay precede
non- ay pattern is al so useful. 10049] Al though the ..

or follogs FRFS Ly St HEreRve: Shisu Baundiesteath i gy mpgHgaions, additions,
patterns, it. is to be understood that the reticle

and/orgyeisaensimay hapnade g dgdelonydeshabesd praeesy srthauindspartior frae the scope
I mage pattern 200 that is greater than two. In sone

of theestdiodd rsebjest mhttern uRdreexaofpld, ke belayed¢satibel pro2@8 thayr methde more,
on the reticle system 110 may depend upon the physica

fewer,] brMbthet kRPS NRMHEAS Ry b Yteps ety PbeE ﬁérf&ﬂﬂ:ddﬁisb%n stiithb®S order without
for formng the integrated circuit system 102. In

ﬁ%hﬁ; PQHQ LB : of the imge pattern 200
departp ssf%_e oﬁbonethﬁ%ﬂgﬁgggﬁc'e system 110 can be
[00371d ﬁg}gréer(%gr? ?1& ?% t(g | C%{p?t :563%11(%1‘%? hté‘le ﬁgtfgxfas a{::ig%l?tf S}tls?e?n of the present

. engi neering test structures to that of the integrated i
disclogyre g@ytmtgvgq W We{ ahertive gpylﬁ@s (ﬁcgoc?rla}llﬁ’g?l??tr% wice in which the
there is a size reduction during exposure) and
current dlopang fgtween swini specified eleskiodesmsacantiodpd @r amedulaed biethe voltage
reticle system 110, based on the exposure tool and the
applicd &t @scakryl blectiedsd aad/ou pdssbacheices| shdttheiprigt¢R0hnections. Exemplary
nui sance patterns. 10050] It will be appreciated by
those skilled in the art that the reticle system 110
descri bed herein is suitable for many ki nds of
| it hographi c processes, including photolithonphy using
either reflective and refractive photonasks, el ectron
beam | i t hography, x-ray |ithography and i on beam



[0053] The reticle system 1.10 may al so include one or
nore alignnment markers 204 used for fine tuning the
alignnent of the reticle system 110. The al i gnnment

illustra?ﬁ{esl%rqglg%(g}%edr%(ﬁ% %Et?\; vice giagggclg(h? Qgtht(){?telirﬁﬁﬁtioﬂhﬁ{ _cRénnel field

system 110, t owm ng the reticle

effect tg%%{s md\ﬂfgi&bga bl%e-c os%lteﬁaagg’fegg ?r%sg%kﬁll rlhlyﬁ Pléncotil?p?ementary metal-
. during use. By ma¥ of exanple, a notch 120 on the
ox1de-s§wgt(%h4@s)1qglﬁga@ igRoWANBIE- g ransjsteraf dtizgafcganisias, a fin-FET,
the opposite direction to or in the sane direction as
or an anheanpatgnmesistorraEkempRoy illustritic®s of Aheinde bl nRB; passivieglevices may
to be understood that the notch 120 and the alignnent
includera#edut 2D4itien, besiplanse deliteawittofvardng desistans walaas formed by
around the ptriphery of the reticle system 110 to

r | 1 . f | e
strateglr@{élgrélferngg QREFroBdsh g&ﬁﬁlﬁges‘? Furd€rh &kl i€ iﬁoﬁé%ﬁé?sﬂag@ thah Qr(lje or more

ion of the image pattern 200. SO positione

of the glléé)gr}%tsé g:le}gl?lg g&g%ﬁ rc%/)Hgi{ bérrggep%r%{ii & !o%e SR 6 aflm%giuhf véhich could be

ontaln a set o

al pha-nuneric characters that allow for automatic —
separatpd (gt yigHal 6F Mg infsszattd pe TP ksl & et et gfabrication.
110. [00541 FIGS. 3-6, described below, illustrate the

[0038] pFagheraore, of isttadbeoindeiteoddihtf hie dpfegiatad; ¢irait) sygtemsmanufactured by
(e.g., sub-patterns) for one or nore integrated

the emboditients ddasibed dciein enshengleé withlin e heyltitude o€ eletthamc eystems, such as
multiple reticles, by splitting the original target

proces$oRt doBipdnéiitt, OmeMdrP lcoMPbfertd) Dot E@FonenlRe [dedinl Qﬁﬁl?oﬂénts, analog
t he sub-patterns ‘possesses a pitch greater than that.

compo?%nég, [}ﬁixga-is%}'lﬂaéo&g@ngﬁ{s ?@&/Ere&ﬂn?d%%ﬁtst Mﬁo-&@@%&%ﬂgﬁﬁ) components

ofirginal target pattern is transferre

b e 118, of. FIG .1, for the correspondi ng |ayer .
@2 B ORI N ctigbehnsisiph RS FRMBORensy qBipy g omechanical
exposur e/ doubl e etch process that uti]izes a hardnask .
componejer opt@El LGNy EerEPoReEacHda s HUHY 10 AWMEHNS o suHERyations and
in which the photoresist material 1.16, of FIG 1, is
arrangemxgnisadnay bdmeedeh of t he sub-patterns individually,
thereby defining all of the features of the origina

[0039]t Re@&tin@abivas FIGI 1, therelr0isb@own darisinnatc vivat oSk ibhiic BPments of a
the target pattern into two or nore sub-patterns may

. | t + i it : .
photoh?ﬁ)gﬁij‘gg g?lgté}fl 108Y8¢Fto ﬂh@t‘emcé}mh%%ﬁtéﬁ Lish@Ssykaat 12346 @86brdance with

ution lrmts of the photolithography system

blgo.%%ggf’hS}Wel'\s’erl‘lt%rénnl Lnow to FIG .3, therein is shown

an emobg B’F W ofa Yall et pattern 300 in accordance with
anot her enbodi pent of the present .invention. Per this

l00401er¥§16a’$ﬁ§9ﬁ5?>g{49 Y?&ﬁ‘ﬁ@tl%gé‘f @ﬁazefba%swﬁﬁé’éeﬁfad&ﬁm beam 106,
pattern to be fornmed on the substrate 118, of FIG 1,

a condetsat 1@ aeetide shigemrid Soprajsesian [ophies bl 2 fand gestepper 114. Generally, the
phot ol i t hography system 100, of FIG 1. Accordingly,

reticle ayst@x A9 us éllwahinhifed Uyathgeatdiptdrt beam 300 emittéd frotohthe radiation source
phot ol i t hography system 100 may result in the features

104 ani% PRtchP5NBE rBRdle REItAE 190G PeSEEd YntorBgRSAoREIG:t fBRrial 116, which
resulting circuit pattern being defective. By way of

cons SRRy D0 PR L 0B 04008 o oo

. di.scussion, aljternatin atures have beep | abel ed.
axis Or L RAS PR R0y B R PG 48 A Pt AP BS BL S ER s
100571 Referring now to FI 4, therein is showna_pl %n .
[0041]yjAsnisogvigens Lfmpghft élfystratien, dpe iradiptizhpeare 10§, gwifted by the radiation
pattern 300, of FIG 3 in accordance with an
source it quissee throogh theecopdessen( 08,cmd iPerojediéd omtnisbel retistet system 110. In
the arget pattern 300 can he split into two or nore of
the sub-pzatem 400, such as’ a age or pattern, wherein
each of the sub-pattern 400 nay possess a pitch
greater than that of the target pattern 300. For
pur poses of illustration, the features have been
marked with the letter "A" to better demarcate the

o~~~



[0060] Referring nowto FIG 5, therein is shown a
pl an vi ew of another of the sub-pattern 400 split from
the target pattern 300, of FIG 3, in accordance with
an, enbodi ment of the present venti.on. is to Q
some gbedBeBiterandeseh! Bt me é““é‘{ig (I?é‘tci‘le‘ﬁ’ﬁ%d@moé%éﬁ gpertures, such
an imge or pattern, 12 split fromthe target pattern
as slitg0for ithe aumorp P8 rerirolitg ard diecting, the tradiatinn beannilAg onfrea precisely
target pattern 300 upon exposure of each of the
defined ubeapdthiceteticlé@fPsterrdl Opur poses of illustration, the
features have been narked. with the letter "B" to

[0042PEA k&Y paﬂﬁﬂ?ﬂﬁ'@ﬁ%l fhb @et&qg’?@@h{ EI0) tiSRdiabeBedt 009 édies information
target patfern 300. 1006 Addltlonally, it will be

as to ﬁ%&ﬁ%‘: ¥ ﬁnﬁ&i olﬁy%ly}gﬁcq sPidhedol nThd sﬁft ing! Qe gged onto the

resol Ut1 on assi st featuf can
e ret cIe S 1 Bl GS. .1 .and

photorS pleri 140 PSR! 1, TSRS qﬂé"%&]thepgma?%leﬁs@il 912 The
hul | er bel ow FIG. each, of the sub-pattern 400 ¢

projecijgn @pwrjég/%@f m@@dg HTALS, lfeg:@qscﬁ]éerg,yaé)pgﬁqe&, Fod jg¢her optlcal devices for
eni pioving the multi-layer reticle grouping/pairing

directih thve radi@tiombearr G)6 Into 1GOBRErarest @rcuitsysterolO2o FI G 6,
therein is showmn a plan view of the target pattern 300

[0043] oIt e do beéi undetseoodotiibi thedbhmudredigl raterplosle magfindadh ang type of an
the sub-pattern 400, of FIGS. 4 and 5, in accordance

energPVsiflithR BAPQULNRO: Régalihe tiHceRaRt, 4 pyantd %'he reBi8t, or a chemically
target pattern 300 can be transférred to the

amphi%lﬂ%%s? ﬁlatS is &‘gﬂo?ﬁédaﬁ ge%ﬁrgql%s \%lpfmgwn §PtheCRF d ﬁot. reBeated herein.

ayer € exposure ni g

xp05|n each of t ub- pattern 400 aratel
R e e R -
of the target pattern 300. It. is to be understood.
layerst péternefl taner ofs BT fifes Ay it axcapripk dige vardthsy belgw abgiy §5 penometers.
exposed first and then foll owed by the other set of
Moredvegtitivél Heoaffppeaiated dytthogpeskilbat irethe 80@hat Bd0Genal Tlagers, such as a
t echni que descri bed above by FIGS. 3-6 helps to
primeg lal tﬁ'ﬁiJ Aati-geflddtivé BEHEINE Ahd/ion b batthbyHati-ref it [caktingmay Be employed to
overlay error conmon to doubl e exposure/doubl e etch

enhan&ft‘ﬂ@% méﬁf o?ﬁie&hﬁﬂ)r&%ma?erﬁﬂf@rm ng layers, such

ers and ayers on a sane retlcle By way

ones AR YRl PG i PSR g bt
f |
develqpﬁé,nligﬁ\égg ﬁergg(g}es;p_otggqeﬁ é’éfﬁﬁg pﬁq}e eallsg g{eﬁlﬂg?{ﬁ @gig(g{n?pslementary regions

enbodi nent achi eves this because each of the
that ageimopsovereis 4be nattewyr pradeeed b theerelglgesystem di18 may be used to
the same tinme, therefore elimnatingwiter-to-witer
manufdctufd imegtated wireit deonfoneds rwitten rthe antegiatedecitdug systenc|162.  After
contains nmultiple imges (e.g., two or nore of the

severa} URToRat de@fifondud@P) protéssdBl ¥tepsedsclodin®emaltifdh esidans@l patterning
in a scanner in order to be positioned correctly

a u rat Fl I

operafdis?dh Spbrad TP B 0 ] Sepheded B St ARG Pfin kel or muliple
accurately register a new retlcle [ 0065]
Smnw?@hfﬁﬁﬁﬁwF%B “Hresent enbodi nent prOV|des a system and

od that elimnates inherent |ntra-

[0045} ega@t phheotntogrried ¢BFYIL §ystem 021 fgrmerh emté e gubstraten} ifymay include
i thography by enpl oying a pairing schene that matches

many slififdres|layets uBheseshfferentrlayays nmy endudmmatadlisation dyers) esmiconducting

layers, dielectric layers, barrier layers, etc. The different layers may have different patterns,

8



[0066] Referring nowto FICI, 7, therein is shown the
flowhart describing a nmulti-layer reticle
groupi ng/pairing flow 700 for the formation of the
which rnﬁégi Qb fns ¥REEM cbifbondits Fhfeh do abilh AQEAEAANLSsiVE (dRVvREs, and their
enbodi nent of the present invention. The system and
) nmet hod of. t nul.ti-layer .reticle graupi ng/pairin .
mtercoweg%%offg? @%?ﬁf%%‘lcf %a“ﬁg?ér*}nr‘?é"rs}a iRy Pt By, ¢ Siple mult-layer
.. multjple | ayers on a same retjicle, By way of exanple,
reticle ?Wé‘“‘é‘&h‘?‘H‘é"@X‘ﬁéﬁ‘édﬁsa%l@r?@ge% i IRBING WETHPRY-e | ayers on
the same reticle for inproving CD performance by
[0046] e Apisolpi bry undrestoed st dheypbeiplithgeraghyi sptterpali(li prgsented above merely
factors, [0067] it ill be appreciated by those skilled
represents driveexanipld baillustretigaof suvd 4 apstan sind dherbes desatentd@dto limit any
as a subset within the gnupings and that within a

embodFhéHd kEthe QuBMdiiod, RS ﬂlu§t§zﬁe@?arf§1,1 bt 1h laf-aR@inkdnP 85pLfs.
pairing factors, but typically there should not be any

o047 Py B RSl IR ISR 104Gt with o
cbodGf SHBLSERELT AP L 3,008 ML LEES,ONG0L IBES 10 ot e oo

group 704, a reticle specification group 706, a wafer
embodipnesé aldustrgies 9p dymgbesithsi nitreaientol muljipbulsymgde.gothgvarious layers of
conmbi nation thereof, to design each of the inage
similarpat differen? 00¢grated irQuit Zesigns)tthe oseibor paire entagrd®d, ciwhit designs on a
FIGS. 4 and 5, fornmed on and/or within the reticle
single @¥6lcemithkd than [0 Q@RlipMirbindles. each of the groupings, there
are several pairing factorsnore generically referred

[0048] t On BRe EAGSARRAL, EMti%XYQ%QQU%QSJ&q Rty of image patterns 200, x,
i mpl ementing the nulti-Tayer reticle grouping/parring

e § 21 798, S53G0 b 356 0 o FRSTBUSp JJLL B e i
reti.cle polarity factor 710, a fr structure .

systemp df & for §F Fasfersipodthat g rpaeq P%@mp%ﬁ?(g?qwdf“&&% theegicleggystem 110
reticle transm ssion percent factor 716, a disposition

includestspifiahtl e patterschon formmgg ciseuitay o aibevshor orien tfdhesibstratgyl 1Beof FIG. 1,
consi dered when desiw ing and groupingtairing each of

of the irhegratedgacpatyeem 1200 hndlltbeeapudripeat bertioséGlilled in the art that an
Additionally, within the reticle process group 704,

image PB@erf! calllfeort8Cd frSctiéChn A Aetichi byhdn tIYPahh@ft &ed #80modify the
areticle resist blank factor 722,” a pellicle type

radiati(irg%%ag{’, s%%ﬁthagirt\ggtie%gfﬁ%P%g?{egi%{:{n%{eﬁ %1?1’ a @n%geg Zﬂﬂnﬂ&. t'I”Iﬂi:eimages, for

ere

onsi dered when desi gni ng, and groupi ng/ pai ri ng each, of .
exampley gy he ATEEY dp PRS0 an A0S AR AP fol Amggeronal or 2-dimensional
Further, within the reticle specification group 706, )
array. §Re CHIpISr Eager Ths maayche dganged & pdrdmeayongl et Aliernatively, as

factor 730, a reticle wade factor 732, or a con
shown ithFKatabo maigee 2604 mapbe bearged si delimdnsivrahactesi §mangjng the images
and groupngi pairi.n.g each of the i mage pattern 200

in a nofAgral PeitEh s NS hiefd). 400. Furthernore, within the wafer
process group 708, one or nore factors such as a

[0049] g%%?ﬂoggh ftﬁ’eol%tlgl%‘%g%mgeﬁ sﬁ"(ﬂm# RSAES tO o SH@ i Hige gﬁg&%,dlt is to be

a conbination thereof, ma’y also be ere

wh esi gni. and g i ng/ pai,rin ach.qf the i.ma .
unders( Y afio s 3R 190 L b Rl o BRHE 268 25018 rets R T RS the image

each of the factors nmay contain several elenepag,that
pattern 200 thatd® Sfsateg G tWer 4B SHRE FMoRGITSHENTE AYMbREo! the image pattern 200

mul ti-layer reticle grouping/pairing flow 700. For
formede partht aetig tsyptamt hE0 deaya dgpendpurre thet pleysiaal jliphigations mandated by

pol arity factor 710 may consi der whether the reticle

is a bright field reticle &t a dark field reticle: the

frame structure polarity factor 712 may consi der

whet her the franme structure polarity is either clear

or dark; the scribe line polarity factor 714 nmay

consi der whether the scribe line is either a space or

— o o~




to multiple laytide transm ssios in excess of twenty
(20) percent. [0073] By way of exanple, it has been
di scovered that reticle transm ssion percent

dlffer nces tme n mul Ie | ayers.in exc

equipregsApg d eehmi the B Sora Sl S S EoR a8 s rgbodiments,
difference bet ween a replcle transm ssi on of 40% and a _

the number of the imagedritewi 2900 nossiBlown age vk thei reyele syt d §0 can be determined
decreased CD performance due in part to the difficulty

by cal@flatiptthersizé ofjiedchef feasrage pittdm 2OE bpedding thetsezerof dlt engineering test
system 110. As an exenplary illustration, a layer with

structided Blth&! F thé aNSIFhSS icRBuiP Sysepit OZ)tanUVtﬁﬁliﬂg 4c2Ondirp0y I vehdpe there is a
palred mnth a layer possessing a reticle transm ssion

size re%ﬁ&t % E)gﬁorsﬁﬁé 6@)com égﬂﬁ i QAL BE Xna)&n{lﬁ'iyﬁfaﬂ)ﬂ‘)l% r!1rea on the

nsm S|on p rce of tmenty (20) shoul

alre r sin
retwletsefgtﬁen} Elrbir it 8, RopFE I ARG TR b Pl Blrisiround cach field to
because | arge density difference for dlfferent i mages
prevengnpisancg psegsue on CD SPEC and CD- arity profile due
to problemfaced in the phototnask plasna etch
[0050]o pit ivill Awet apprecidted by éraso rsgllled;ee thedirg gleay shetpticlgagystem 110 described
reticle transm ssion percent differences in excess of
hereintiwenityblé 26) mpey kards efdthogephic pideesdes, ineludmigephGdlithography using
nmean-to-target because the entire, process cannot be

either ﬁﬁfét:@\'?eegld@@ﬂa&% WhbREhasIRs, RIOEbIE BealPtithoSaBhy, xatrzlﬂ litlyg@ephy and ion

critical feature sizes within the same reticle
0/ e R

beam FRRHFEHT K S L . oo, 180 BHAARLE WEly HORE e scope of the
can be descrlbed as the total. quartz (clear) area

presenf HWEROThf the reticle exposure field as divided by the
area of the reticle exposure -field, T pi cal

[0051} eGendralls e setickmsystana il {0 instudes @ tepspREsn e grer ey ﬁ%ﬁéﬁ?l&ﬁﬂy planar,
will have a reticle transm ssion of about seventy-five

essent{all§) freee o€ elefectswhiod eaigh s highl eptioak tangtaiskion jas| igfledioncatea desired
(contacts, netals, vias) will have a reticle

expostire ARSVEl SO B Be @B&Ufesiswmhltetrai ive, (REgbypririmiting fR0P&Eentage of
The present inventors have al so di scovered that the CD

energyP b lB Gfe RkicleN§stefil 110) Gn SUHE SMbddithafNtR!r8®1®8ystem 110 can be
|nprove by grouplng/palrlng the nultiple Iayers

made 8%seaer(g)lnt tet,]seotx (%Eas rsglgl? %S? %ﬁt{ﬁo]r %glly&itt(? s@df‘ 1?&: gforosﬂlcate glass,
space structures ped t.o uetu es

and Qi AR TEG et Help) PRt RS b lemigtedy ﬁf{ﬁna}f glso employ other
polarity. By ray of exanple, a simlar or sane

materigisrthattans eomiestikle wigh gherphoistlidioeraphy psacess, aprtigplady wben a material has
desired feature polarity (positive/negative, and a

favorabl anraremisivityaheracetistidsevhnl the ivayel¢mgtly of the exposure light source is less
liglittieldidarkfl cid). [0076] As such, every pattern

than 188Ane general |y categorized as |ines and spaces or
ol es, The present inventors have di scovered that

h
[0052Li Egﬁrq pﬂ Ft Y lék&erﬁoltlo srﬂeé?§?ﬁéhteﬁ Heled 480 ihfRcted, it is

ecausethe reticle nman acturlng process
di fferen

forsthe different,t s stru I
ready g5 S foBled B GBES s AP T TR g e O b 8 more of the
adjust the entire said MWItbpg process en. orodu0|?q il
imageppatiery 2ABsWaIshced B atraspisalty Feterad argmd 3 G&ntgh PP of the reticle
same reticle. Accordingly, this creates an obstacle
systerf.oThe ispastig efhehchrof dles Bnagefpat en200r ey else be alripd by thgndesigner, but
if the device |layers are not grouped or paired
shoul@&hé esisistent withronted paetidiats of HOHFEnthadi stegpeal tbyexamipldi n
die reticle process group 704, the reticle type factor
720 may consider whether th® reticle is a chrone on
glass (COG reticle, an alternating phase shift
maskircticic (ALT. PSM, or an attenuating phase shift
mask/reticle (ATE PSM; the reticle resist blank
factor 722 may consi der whether the reticle resist




pedal twice of the reticle system 110 can be inproved.
For exanple, a suitable reticie process groupi ng/ pmay
account for or utilize substantially simlar reticle
w-ter types, retpcle resis | ank t S reti.c
100531 2188 s otP Paert T an T bR R B Ry b R EERR wscd for
fine tu;liggitg(? gﬁg&g%ﬁ%etb? 15% eno gyesbegpnﬁﬁﬁé rﬁg;aﬁ]%l Sgﬁ:u In{ %{;llxkeer 204 is preferably
group/pair nultiple | ayers that use COG alternating
formedpfergthspietiphary of Hiequgiele ystem 140t Giniehy iaHgwitsdbe refisier gystem 110 to
techni ques on the sane reticle (i.e., it is best to
be positiohedratducdtelytwiplda the phételidapmpbyayaémtlit® @eshyestemm FIG. 1) during
110); suitable reticle process grouping/pairing nmy
use. BY&Ba 2 df! re)(énﬂ%e,t OndERYPY Htte sibdtiakd] 1B (a@¥RSven flFAG. UH&an be aligned in
either NCAR or PCAR reticle resist blanks on the sane

the opﬁn(%gira] ) r@ét%(ﬁl;ﬂlot(ﬁ'gb &hé Shé Pﬁfcg{ogl%\%stﬁe afi s Ul gﬂe{?ﬁérri(ﬂgin]fﬁy}. 2A and

ogroup/ palr nu ayers-that use one o

L-Lin KIF, or F.pellicl es on the sa r ;

FIG. 24,1t 5 &° paperped fias Bt BbARGHs Aheimg HikfRsral rhay be placed

) trying to group/pair nmultiple |ayers that use either

in any|ofseyrioyp PeFIEERy atpupd 4he WeTipery 1of JB refrle pesteanid 0 to ensure proper
reticle and/or suitable reticle process

alignmgutoafghe gpaile systerra 0 mediregistsating of thegmmagp/patienn 2001 t Alsb gositioned
| ayers that use one of SO44lee, 804-free for fina

along ték @%ﬂf)h@fr off ehSEicler 86teq]l EANisNg bhiyaRrR Rea ROE tHBAMRAY contain a set of
reticle. 100791 Further, within the reticle

alpha-rﬁﬁ%ﬁcf SRR QD 18t OB w @] adtbtRati € tdcbLfitib Pl iB&TBRtion of the reticle

actor 730 may consi der process neasurenents such as
S SteInqg@n-to-target, three (3) sigma, range, CD tolerance,
ysteme tration/overlay, delta Xntean/Yrnean, defect size,

[0054] Iglngggr I#G;X ﬁesac{]?g)gg gﬁ%,ag{lgt?q%g t B CQ@?&? Wtéqgfgtr qerirlpgrleedifferent reticle
system 110 and/or the cycle-time endured by the )

layers feeg.i sitepatiesnsd for oM of moyg fintegrated winceitidgsisas py atfiegle reticle, rather
skilled in the art that range can be descri bed as the

than ompenfloploacidesoby aplittiop the ariginal tasgeg @httédy in@atswor @mante sub-patterns,
a single axis (e.g., horizontal or vertical). For

whereif $86PbBrhe SAPRtdrAs Feksesséll 4 Sibdh BBatbSthaR @t bf 8 dRigiral Sarget pattern.
maxi mum and m ni num val ue 1 n the horizontal axis. An

rr e B 5 o 0 GG PRSP r i 1,

it wll be appreciated by those skilled i he art

the corgqsaPhsng FOREAIA § JUULE FRIRSIIS BOrEhedeii-ot PLS pisspre/double ech
each target val ues bias between | arge and snal | . .

proces§ gt ytilbees adprimpdrelayaringlpdiag qual trenchragd fakb ing apnregehes) in which
(maxi mum CD error - mninmumCD error) for al

the phétoresiat intagerimbd$6,r @nElGt. lpos exosed G080dachtofithe sab-patterns individually,
understood that the followi ng ranges given bel ow are

thereby deNhile NS Bk edtrfes WIrtAOBRigimal trkétusditeat | anisanheati®lerstood that
to be construed as exenplary and non-limting. By way

splittin%:;tgﬁ ifetﬁ'gglt;ga;ctgtﬂginf@ o © b W—ggnerﬁ.b Bral HRAReF@ Forl B§ers that contain

can vary from about Samto about 200nrn

. 4X | evel.), .t he ran I3 _signa ary from
pitehestyi o GRe rSOBBa B SRRl Bl R R 0tF Y

range for the"range" within the reticle. requirenent i
[0055]+ JrafeFing pve 4 WG > ARSHP BpBaHsh M4, Vigdo it 2 Beempattern 300 in

g'oc (mask level), the range for the CD tol erance can
accordgrpeywith emathérombaddaném of shexprsaent govanHox Pgxthimemskodiment, the target

| evel ), the range for the registration/overlay can
patternVAD0ymiy @prestrautpaltdntto bedomiiuin 166 substr@XeX 18naiSIKG. dythla) exceeds the

the range for the delta Xmeanliman can vary from about

3nmto about 20nin Cc-MX (ridsk |evel), the range for

the defect size can vary from about brimto about |

OOnria (u$X (mask level), the range for the delta

Xmeannl i nean can vary from about 3iun to about 20mm

("gl4X (mask level.), the range for linearity can vary



[00831 By enploying the nulti-layer reticle
groupi ng/ pairing flow 700, cost quotations for the
reticle system 110 can be determ ned by ascertaining
t he highest required reticle grade for all of the

resolutiqy liss ef thgpbetolithegephy syera i189,é}f@|11@- br Heeasdinglyy an gyposure of the
within the reticle and assigning that value to the

target pastern 2withiartbé plygtolithogaptyosyisteqn t00amay tesulk iytbe featwpseto be formed
groupi ng/ pairing flow 700, the disposition of defects

not beaipdbceds@NBi imapledtdnd thetresleng yisdudinpatfent Guing dfedtiasedBy way of
on the hlghest reticle grade for the different

examp?@J el JH 1008 cﬁ oMHefﬂru'%D Ptehi00chsy /64 SfRodbird ﬁhcf’(?elow

Furt he rewaf er process group 708, th
h|ne type Q WA g TR
[0056];39% 1;2/&3 %:élfsrl]%f (e;#_s gtlrﬁ%rfle}/itu(fgsrﬁl\;tff %‘[-:en B‘%le{i ¥s{i’t§1 ggtiigrp n “A” or “B
) m : such as an : strlpper scanner
tOfmng%“Hfﬁﬂﬁ%ﬂPEaEWperlscanner for exanple, or whether
the |ithographic schene is inmmersion or dry
[0057]d Refewingerew for BiEe s thesein/is shavrea plansyies of @rﬁ/ubtngrte@e‘m split from
factor 736 may consi der inspection frequency,
the tarigetsymtietr 800, pifXEG. 8| reaccanthhos withemagnebalnmeitt dfadhs prasbmt invention.
exanple. Generally, the multi-layer reticle

Per thidefibBHAInBahE taigkt ih®in 300 cBRbE BSIR ifdl tivo I @nort aY teSubipattern 400,
areticle by gi mpi ng/ pai ring Iayers together on the

such a? grgﬁa{é Eﬁérﬂ,?\g%% hé%}i h g‘g Pl 1Y C B egb%sﬁééstrh %§/ch greater than
that oigtho?ﬁ'ga%@?tgxlar ée(ﬂ)g ygcfargqﬁrgqsgg ggg‘g%?th(gl fho 1[@ %turesﬁ}a ElPmarked with

cess paraneters/el enents descri above t hat g
the let%D“ﬁ’é 14 Brtire dematsptetthe sphspgtiors eé‘rﬁ e Grecgatiem 300, In some
nproved. For exanple, a suitable wafer process
embodgmgmjpy thgpiteli off thg smpattere 40 may de approyinately glouble that of the pitch for
substantially simlar machi ne types and/ or inspect
the tarpttlatierad@@Onii eraspleoit walier spppdciateidby thosd dkéllalainehe art that the sub-
reticle. In sonme enbodi nents, suitable wafer process

patter G BANFETRY aRACHSE BY l@l'lé‘ﬂ:h@l@' dykted 110e ofMpidis.pl 8nd AVt is used to
patterns on each reticle according to the type of

modlfgﬁl%q%(ie}rg (é g%e%ﬁne}(?fp { ﬁ%v\f &ﬁ@g{ 1? zé}ggltrel p%lf)to?esNt gfa@eﬂal 116, of FIG.
. /pairing the multiple [ayer patterns on each
1lna%€?f tording to Iithographic schene enployed,
s I mer sion or dr¥ and/ or qrouplngtalrlng t he
[00581nu4\édlp1>rea11|yagt &ill pgraparemated yoheseriyilted 18 thysirhibet g g more of a sub-
simlar inspection frequency requirenents, inspection
resolupoix edsiss ifeature 462 can bt dorarpd woibdirctidnsysiem ¢10 tammpRve print bias, for
cabinet, a bare reticle stocker, a reticle standard
exmnpmechanlcal interface pod and/ or conpact cases) on the
same reticle. [00861 For exanple, for effective

[0059F €AL Gls&ssAERRRE B¥low Th FIT® ITRAH Fehddublhittet MD0 can be grouped/paired
I nspection frequency and i Aspection setting (e.g.,

on the reﬁ?ql Ssltezrrel 1?ﬁ %y %‘%Eé)ﬁ{x)é Q?%l@@{la g?egf&gee Pg@ﬂ%gmkﬂg QOﬁv 700, of FIG.

same retlcle. it will be appreciated by those skilled
in the art that scattering bar desense can refer to a
reduction of nspection sensitivity so that scattering
[0060baRefewingatovctedilGr: Edthgesir il shewa ambin yewioh gnothepedhe eﬂv-pattem 400
whil e inspection sensitivity fin typical defects, such
split fasn ceyatgel patamt30), o£PHE.r3, 9N taesordanice svitigan embodiment of the present
anti-reflective coating, and ESD damage, renain
inventigic hR PRMhe ViidistdoaNdhd dach RE teyubAfatteodl, Qucteds drCin@iple or pattern,
use of storage space can be achieved if critica
device layers of the intended identical storage space
are grouped/ paired together. [00871 Furthernore,
within the bining table group 709 a pairing table
factor 740 may exist The pairing table can help to
categorize simlar or like |ayers based upon



contact and |ine/space |ayers, and |l ayer sequence
(e.g., a wafer process sequence Whereby sen conduct or
devices are fabricated). Generally, the pairing table

split fr(grﬁ3 Itlpesttaliﬁ%t gz?]tgehéggﬁ 1534 #ong&?%glﬁn&Qﬁé btmere él;s} f&ﬂhin%rtﬁe ﬁapget pattern

ecl ol ogy né ocess

0 neraII e formation
300 upelyn@ipgﬁtrffg CHi e v R UaE ﬁ%tnumot%esg?fﬁﬁb% §Pﬁé¥l? Figfres have
flow 700 will utilize one or nore or_ all of th
been mgrksd pyitly shedlser et betsy éleawepatm@eoﬁubwmttenosepwatedoffom the target
the pairing factors descri bed above. For exanpl e,
pattern 86thodi ments, the nmulti-layer reticle grouping/pairing
flow 700 may anal yze information fromthe data group

[0061] 7BAditioAglly,at ixell Be RpPEEBRdIOMPse Qdllenth thBeart §hi 6heor more of the
specification group 706 by considering factors such

sub-res@l%tmltl R6idi §tdeGle®109 @l feftﬁﬁﬁ&f o Hfe reEH@ sS@tEﬂnCll 19, of FIGS. 1 and 2, to
ansm ssi on percent factor 716, e reticle polarity
7 the pellicle type factor 724, the
1HWKW8P§B€@P§%%H¥@PBF£ factor 718 and/or a | ayer sequence
is_information could_then be ed to pair
[0062] metctlﬁspeeﬂ Ayrdhes belava R Fe?s carla o gﬁ@tsetnpaﬂmvtﬂé F&t he giouped/paired
multiple layer reticle (Le., the reticle system 110)
on the fetielemgistiry 1 Adyreniployinghermulttliysr eetighogrphpigg/pairing dgw 700, of FIG.
fl ow 700 exhibits inproved CD performance over that of
7. a multiple layer reticle formed without the use of the
mul ti-layer reticle grouping/pairing flow 700.
[0063] fﬁ%ﬁ@ﬂﬂ%‘ now & FaBoy, Qhé}éi%\’tb dBSwR a PPRCIibW O f MRPlat @ bht@in 800 formed
e

ayer reticle grouping/pairing flow 700, it

via theibg‘m}l?lng’(? nlﬁ.gﬁlg %8911’& :}Igg{eatc? ot ﬁlte' étllb aﬁgﬁlt 2@6 1(}10 Ff(?%l ﬁj and 5, in

i nati on of o or nore o

r oupi_ngs r one.or nore of t n ctors
accordgiigg, ith %e?mfg%f ERte Ot BrsgTD HtVF‘P‘H@P 155 ST Pe@og00 can be
Addrionally, it wll be appreciated by those skilled
transfered tore ahetoresist H@Wéabh}%ﬁgg Kp sl fiexr cagh sprresponrdiag faygt wiag multiple
descri bed above can be defined by their collective
exposuab tdchhiyjué dbyTexwsinzheacEDoip éref subpaten @00t depanatly olr esimultaneously,
system 110. [00901 Accordingly, the nulti-|ayer

thereby ®ifinéd C%ealgéiotﬂﬁ if@IrBabT the BarkétPatterflODOP IO t6l B8 uadEroldus that either set
met hod that strategically de.tennnes how device |ayers

of featied B ddeA? 1} 8P aéo‘ﬁﬂi Bia g(?stedsﬂﬁtt %m' g f@fl@w&ﬁb& 88k bfher set of

the creation of anmulti - retic such as

feamreﬁfg%gpﬁlé?% ?P?tée F’%‘g/y7ggpldgglcp?btegeabove devi (r::tl cle

ayers_can be grouped and paired for effective retic
[0064] aﬂ%\ e igaheidupsecaded Agove PoBYIY R pelps i glimERS GO ptsreng, ntra-layer
therein is shown a S|an|f|ed flowchart describing a
registration  anideopelag reaor Gomey@t tndgdde ewpesure/dauple etch suedcdssesa by pairing
designer to develop the rcticie system 110, of FIG I,
doublei pattagiigy iR suwik bs PC eyendand AT tfyetshenpr esratreticle. By way of
invention. The reticle generation system 800 can be

examplléSﬂiCtIdefr Akt tgatis p@?ﬂﬂ%r'tﬁét‘%lehéﬁé@ﬁle lsRApeCdfpolEsfiborPStructures and a
t he retlc e system nore than one of the inage

CT layeraI: gztg c&tpo rPl ﬁ}/gtﬁ thgg’ glgr?%%sl %Ib ?gén“?{lé ﬁl golgesﬂﬁf gzsln%gtures The
e B L OUPL0 E00 SHSLo O08 I ED s e

mul tiple layers on the same reticle as dlscussed supra
reticle j 3 fheGsame me, athgeefersa sbmaipsing mveits-tpoyritet ghith gartdh gource drift.
multiple |ayer patterns generated for each of the
Furthemmetré,cdinces thet retivle kOntanfs fmulEpld imbageswielgl, the apmosx bathedsub-pattern
by those skilled in the art that the Wn! 'system"™
with regards to the circuiti3l ayout system 802, the
multi-layer reticle grouping/pairing system 804, and
t he dat abase system 806 may, nore specifically, refer
to software and/or hardware configurations.
Addi tionally, it |s to be understood that the circuit

P



[00941 Referring nowto FIG 9, therein is shown a
sinplified flowhart describing a reticle generation
system 900 which may be used by a deslinmer to devel op
the reticie system 110, of FIG, 1, in accordance with

400), #wabhrsede ibbsipligne onet I hicapresde ATder f biposiienedisarrectly relative to
reticle generation system 900 can be used to fabricate

the substratd 18 bEFIGylerAcmidiogly, msuegistation her lawdriis fadussdswighaut having to
10 with nore than one of the sub-pattern 400, of FIGS

load add adtirdely 1M39&1a ddverdiielel Cl e gener ation system 900 may
include a circuit |ayout system 902, a target pattern

[0065lE_y1§§ @t'i@hg% ﬁ&%nt%ﬁlﬁfﬁhbxﬁ%r&h@estaasryg@ﬁl RAth&h&d ﬁl@pelnﬁﬁlates inherent

each ayer sub-pattern system 906 f
intra-19ya8 Se {r&g{ > 8}1 ar ge ‘;ﬂrilrg dg@gé ié&nrﬁgg 11@5%15#)@by employing a

) cIe rou sten1908 whi ch des a
parnl oSl Smgai'#re%l%kog ey %Péarﬁgr%%
| ayers on the sanme reticle as dlscussed supra in
[0066]7 | Refisering nhat iplle 7s herdminshownghe §owehaigdesrabing |atmlﬂrléayer reticle
| ayer patterns generated for each of the reticle
groupisigphringlfldv 700 for the fdmmaﬁpp o€ theaegde Bystethdd @, ekFIG.ddin accordance
the art that the term"systenf with regards to the

with afil eifbeldimdn@ @ tie fi¥seheMveRion. TR dystegedndnatthed of tgshelihlayer reticle
904, the sub-pattern system 906, the multi-Iayer

gmptgéda@r%%gf%‘@m%%5?3%@?%?@9 T Pl o e
r onf i.qur at.i ons di ti..onal

re’acleb ng% Hvdié/r eé(slalpfeh © p3Ong s héametm tayou ultgﬁe]lner% 1gf§ 1 e?’; hg the same
ci.rcuit | ayout softmare 902 y. be used to nake.the

reticley £ | IBYRE0 VRS G%mer paiee hyt PRPIOYIngeOng Or fijoEe gipypijes and/or pairing
system 110) via the nulti4ayer retlcle

factorgyr oupi ng/ pai ri ng system 908, which can be used to
i mge the sub-pattern 400 on the different |ayers of

[0067] hk wiltbe gppiceidtedibycttiode skilkidamtlicQ2t thaOhe GairlugHEdctéokhean be described
circuit layout system 902 deteunines the design of the

as a subRbegiah e &bt H ¢ anbOBat WihifthGingle %.gaﬁhg,l tB¥RIcah Be hfiftiple pairings

mapped out an e target pattern O is created for
r .

o i A 02 LSS0 00 gy I i
1o the sub-pattern system 906, which can then split

g“mpWﬁ% target pattern 300 into two or nore of the

-pattern 400 when the pitches of the target pattern

[006813 0@1 ecabedifachta e mqltéﬂay[er tRticle goupipg/pairing flow 700 utilizes one or
phot ol i t hography system 100, of FIG 1. The two or

more gouping$, ok aslabdmgt(mpmmzoe refiely pprceshugredp 41 meeticle specification
sub-pattern system 906 is then analyzed via the nmulti-

group| 7ABEE wWaitr Srbeesg ipedipi TAY, pcbifing Jaldy gtotim AB of @ ddatbéxationehereof, to
wi nch of the sub-pattern. 400 should be grouped/ paired

desigil QRRLPRIe ikndg gﬁﬂeﬁl 260, lre1ED, B?fﬁce%ﬁﬁ%ﬁﬁ&n%m SYEFIGSt 4 6h®5, formed

system 110. s of the nulti-layer reticle

on an(g(r)?vls’}ﬁfng%eat{e{lagggssté(rﬁtﬁ61 908 are described above in

erence to th | ayer reticle grouping/pairing

[0069} e?\{lm?rg c(gacho}c)f ElleGgroZplngéJ btlsmer% ua?‘g tse&e?alttpa?ngg IfaEcltors %Xr more generically

referred to as factors) that may be considered when implementing the multi-layer reticle
grouping/pairing flow 700 described herein. For example, within the data group 702, one or

more pairing factors such as a reticle polarity factor 710, a frame structure polarity factor 712, a
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groupi ng/ pai ring system 908 determ ning the
appropriate grouping/pairing of the sub-pattern 400,
this data is then sent to the database system 910. The

scribe ]?rrheg;l)'lr I%{l]t%// fr?l@tl(){ 175] ,ea%teii&%etrﬁagméﬁésﬁ%#;ﬁeﬁ'&nf"?&t(jrofl g,e?:a%%g%iﬁgn structure

rcl e Sys e extracte

dat abase stem 910, formatted,, and sen o.a reti . .

factor R G0 GBIy 00 Ao 85 DT BTGy L by gouPing pairing
therein is shown a flow chart of a reticle system 1000

each of'fae impgrepatteri 20@ asy dreeyubppgeinrtMe cHAditpralywiithingthe reticle process
enbodi nent of the present invention, The reticle

group Fysbesorliof: factotsumiels apa oaticth tyge fact@t120) e radight resisti tHargk factor 722,
bl ock 1002; and assigning two or nore f an inage

a pelliditylp8 At 0L, hR@iteetyips et sy Bloe mcldénﬁl‘grty%@ﬁetoe 17280dr& combination
| ayers of an integrated circuit system by groupi ng and

thereofgﬂliay ib@%oﬁﬁ&&g(? fwhkh %eléigﬁggta?@ltgg@fgghm&% geﬁhro?tﬂil@in@dge pattern 200

ystem accor ng to a"nu retic

groupi.ng/ pairing flow.in a pl.ock 1004. [009 in

and Sy BaRPRRL o st ot PrsdeloBSrsebBimeeitipcio. Bpsprappre factos
is provided. The craoss- technol o reticle system

such asj ayetiglgesquarepient Becior y3 62 etelg &adggy@%zr, 73gn 8t & combingtionythgreot, may
i mges, for exanple, may be arranged in an array. The

be consideray wiey dosigeing -add perpingiediriag e@%d}' frtbe shegeapattgrr 20, and the sub-
such as that shown in FIGS. 2a-h. Arrangi ng the inages

patterni 4000t N@thegabie] Guthad thensafes prices gtsed A0S, ¢re0&Ahodenfacoes such as a

enbodi nent, inmages correspond to at |least first and

machi®@§R A clof 954 UnAdifeRtion/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.

[0070] 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. Generally, the multi-layer reticle grouping/pairing flow

700 matches multiple layers on a reticle by grouping/pairing layers together on the same reticle

that exhibit similar elements within their factor.
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Technol ogy can refer to a technol ogy node or

generation, such as 45nin or 40 mm Technol ogy can

also i nclude a half technol ogy node, for exanple, the
terimprocess toward the next technol ogy generation.

(00711 Rt el iame gy theawressnbinvemiprs hage iscpysyecaihapthgD performance of
i ncluded. For reticles with nore than i nages, nore

the retidiesyszent é t0narl bginagrovainbbgoipio/pdieidg thomobipld layenevithin the reticle
enbodi nent, the imges conprise the sane |ayer of an

systeni NI EE@iseds elliscantihllpéindiaf fesicknind thaatesdiuo@iesolarity. Galditionally, the
enbodi nent, the images relate to a first technol ogy

presenk vefoek ﬁeh)% #s2ovEr thad ﬁff%&"@&ﬁ%ﬁ%ﬂ@1§% Yhaf Iﬂdiw&ﬁkh@ layer polarity,

next generation technol ogy can include e next ful

such %Eoge%c?ﬁr 881%{51{ If;il(lé fdé%i)%g‘:mnoss i éﬁ% thSP Bye set;l?)(e\?m @i?%q%%{e be%ause it is
Tabl 010

extrerg 4T AL RTBGe bl PR iehdPRBe HLERIPYE AR BHPRgs ctch lincarity

providing reticles with cross-technol ogy gyoups havi ng

at the pagpetimpan first and second technol ogi es and nore than
first and second imges is al so useful. For exanple,

[0072} hEhe ptesedteinventotsehqye calsad ddcavierddl flatithe Gy esiformmnst oiuthe reticle
in Fig. 2b. Providing a reticle with other nunber of

systent MRgeSni e ahprovets & Usroudifd/Baiting thanailtiple lap@odbf®At on the reticle
the reticle system conprises a cross-technol ogy and

systent 196 SvittRY Dne (FEE dhle€ trbt?él@ t2aUShi8fbn PeReft! Cte o‘?lteé Givn above. By

systen1conpr|ses i mges from 2 or re techno ogles
formirgg e mu %e RS all &' Slﬂ?l}cl G IP HRILR eq retl gmls ion percent
% CFE 'y’ Be 11 0m Te’sdne Rt
Ics OlQ Table sho an ex
categopggﬁi\arsté%}e gqara mis§] pﬁycsﬁtpqhﬁ@gensq et the!rTEfJ? t;ﬁ% layers is rarely in

system
excess of twenty (20) percent, thereby preventing the degradation of CD performance common

to multiple layers with reticle transmission percent differences in excess of twenty (20) percent.

[0073] By way of example, it has been discovered that reticle transmission percent differences
between multiple layers in excess of twenty (20) percent (e.g., a 20% difference means the
difference between a reticle transmission of 40% and a reticle transmission of 60%) generally
leads to decreased CD performance due in part to the difficulty of optimizing the plasma etch
recipe for the reticle system 110. As an exemplary illustration, a layer with a reticle transmission
percent of twenty (20) could be paired with a layer possessing a reticle transmission percent of
thirty (30). To the contrary, a layer with a reticle transmission percent of twenty (20) should not
be paired with a layer possessing a reticle transmission percent of seventy (70), for example,
because large density difference for different images will cause issue on CD SPEC and CD-
linearity profile due to problem faced in the photomask plasma etch optimization. Furthermore,
it has been discovered that reticle transmission percent differences in excess of twenty (20)

percent adversely affects reticle CD mean-to-target because the entire reticle writing process
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with four inmages As shown, the reticle conprises first
and second technology pairs. The first pair conprises
di fferent technologies of a first level of an IC and

cannot L)Q %erﬁgl%ﬁ r&ﬂd Bﬁjcl)l][steg g@@dﬁg@h&h&kﬁp%ﬁ 1!11%8 hnak %aﬁ'&‘g Qfze@ within the

econ evel TSt rrmage Secon

I Thi :
same retic egaeccuralteli}(rj. | mageFourth |inage Exanples

[0074] It will be appreciated by those skilled in the art that a reticle transmission factor can be
described as the total quartz (clear) area inside of the reticle exposure field as divided by the area
of the reticle exposure field. Typically, a relatively bright field reticle (gate/active/implants) will
have a reticle transmission of about seventy-five (75) percent, whereas a relatively dark field
reticle (contacts, metals, vias) will have a reticle transmission of about twenty-five (25) percent.
[0075] 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 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).

[0076] 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.
Accordingly, this creates an obstacle for timely and process effective reticle fabrication if the
device layers are not grouped or paired effectively and correctly.

[0077] Additionally, within the reticle process group 704, the reticle type factor 720 may
consider whether the reticle is a chrome on glass (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
17
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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, 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.

[0078] It has been discovered that by grouping/pairing each of the mulitple layer patterns on
the reticle system 110 according 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.
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[0079] 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.

[0080] It is to be understood that the following 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
from about 5nm to about 50nm @4X (mask level), the range for the CD tolerance can vary from
about 10nm to about 80nm @4X (mask level), the range for the registration/overlay can vary
from about 12nm to about 60nm @4X (mask level), the range for the delta Xmean/Ymean can
vary from about 3nm to about 20nm @4X (mask level), the range for the defect size can vary
from about 6nm to about 100nm @4X (mask level), the range for the delta Xmean/Ymean can
vary from about 3nm to about 20nm @4X (mask level), the range for linearity can vary from
about 10nm to about 20nm @4X (mask level), and the range for the CD through pitch can vary

from about 10nm to about 20nm @4X (mask level).
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[0081] 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.

[0082] It has been discovered that by grouping/pairing each of the mulitple layer patterns on
the reticle system 110 according 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.

[0083] 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 the highest reticle
grade for the different multiple layers within the reticle system 110 to be fixed.

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

for example. Generally, the multi-layer reticle grouping/pairing flow 700 matches multiple
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the CDNgdfotdan®t ¢fl thé otRAS 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.

[0086] 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.

[0087] Furthermore, within the bining table group 709 a pairing table factor 740 may exist.

The pairing table can help to categorize similar or like layers based upon grouping/pairing

factors such as reticle grade, reticle transmission percent, polarity, dark/bright field, pellicle type,
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possible combinations and permutations a specific technology node/process may employ.
[0088] 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.
[0089] Addtionally, it will be appreciated by those skilled in the art that the parameters for each
of the factors described above can be defined by their collective ability to improve the CD
performance of the reticle system 110.
[0090] Accordingly, the multi-layer reticle grouping/pairing flow 700 provides a robust method
that strategically determines how device layers within the integrated circuit system 102 are
paired in the creation of a multi-layer reticle, such as the reticle system 110. By employing the

multi-layer reticle grouping/pairing flow 700 described above, device layers can be grouped and

paired for effective reticle and wafer processing.
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[0091] 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 pattern 200, of FIG. 2.

[0092] The reticle generation system 800 may include a circuit layout system 802, a multi-layer
reticle grouping/pairing system 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.

[0093] After the circuit layout system 802 determines the design of the integrated circuit
system 102, of FIG. 1, each layer is then analyzed via the multi-layer reticle grouping/pairing
system 804 to determine which layers should be grouped/paired together to maximize the CD
performance of the reticle system 110. Details of the multi-layer reticle grouping/pairing system
804 is described above in reference to the multi-layer reticle grouping/pairing flow 700, of FIG.
7. Subsequent to the multi-layer reticle grouping/pairing system 804 determining the appropriate
grouping/pairing of the multiple layers, this data is then sent to the database system 806. The
grouping/pairing of the multiple layers for each of the reticle system 110 may then be extracted

from the database system 806, formatted, and sent to a reticle production system.
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[0094] 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.

[0095] 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 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
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.

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

(i.e., the information) produced by the sub-pattern system 906 is then analyzed via the multi-
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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.

[0097] 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.

[0098] In another embodiment, a cross-technology reticle system is provided. The cross-
technology reticle system includes a plurality of images 200,.x, where X > 2. The images, for
example, may be arranged in an array. The array may be a 1-dimensional or 2-dimensional
array, such as that shown in FIGS. 2a-b. Arranging the images in other configurations is also
useful.

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

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

different technologies. In one embodiment, the images relate to a first technology (n) and the
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next generation technology (n+1). The next generation technology can include the next full node
or next half node. Table 1 shows an exemplary technology pairs of a cross-reticle system with

first and second images.

Table 1

First Image Second Image
Examples

Technology/layer Technology/layer
1 45 nm/Poly 40 nm/Poly
2 45 nm/Active 40 nm/Active
3 45 nm/Metal 1 40 nm/Metal 1
4 45 nm/Metal 2 40 nm/Metal 2
5 32 nm/Poly 28 nm/Poly
6 32 nm/Active 28 nm/Active
7 32 nm/Metal 1 28 nm/Metal 1
8 32 nm/Metal 2 28 nm/Metal 2

[0101] Providing cross-technology pairs is also useful. Additionally, providing reticles with
cross-technology groups having more than first and second technologies and more than first and
second images is also useful. For example, the reticle can be provided with four images, as
shown in Fig. 2b. Providing a reticle with other number of images is also useful.

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

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

with four images. As shown, the reticle comprises first and second technology pairs. The first
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pair comprises different technologies of a first level of an IC and the second pair comprises

different technologies of a second level of an IC

Table 2

First Image Second Image Third Image Fourth Image
Examples

Technology/layer | Technology/layer | Technology/layer Technology/layer
1 45 nm/Poly 40 nm/Poly 45 nm/Active 40 nm/Active
2 45 nm/Metal 1 40 nm/Metal 1 45 nm/Metal 2 40 nm/Metal 2
3 32 nm/Poly 28 nm/Poly 32 nm/Active 28 nm/Active
4 32 nm/Metal 1 28 nm/Metal 1 2 nm/Metal 2 28 nm/Metal 2

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

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

[0106] As shown in the second example, the reticle can have images from three different
technologies. The first two images can be of different mask layers from the same technology,
e.g., 2X Metal 1 and 2X Metal 2. The third and fourth images can be of different mask layers

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

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

system set by forming multiple layers on the same reticle.
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[0117) o%gaanomeé impettans|aspfice of drppisyens arnenten & Wt Hrvakugbly supports and
processes. 10. The nethod of claim7 wherein
servicesahphistdpicel trendhuf oédugingscostsplimyli §argsystens) andliaecre QR performance.
processes. 11. The nethod of claim -
[0118MWNEkeRE BAE 6BV GRS asI¥Brs QY tISAPresedf inveffidnadons@@ikntly further the state
of the technology to at least the next level.
[0119] 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.
[0120] While the invention has been described in conjunction with a specific best mode, it is to
be understood that many alternatives, modifications, and variations will be apparent to those
skilled in the art in light of the aforegoing description. Accordingly, it is intended to embrace all
such alternatives, modifications, and variations, which fall within the scope of the included

claims. All matters hithertofore set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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and OPC processes. 12. The nethod of claim| wherein
the multiple images conprise different |ayers of a
same device. A mask for device fabrication conprising:
a mask substrate; and a plurality of inages
fonned on the mask substrate, *herein the plurality of
i mges are technol ogy node conpati ble, wherein an
i mage corresponds to a different patterning process
whtts€4hit64 kabri cate one or nore devices. processes used
to fabricate one type or different type of devices,
I S. The mask of claim 13 whaigsn the plurality of
i mges correspond to different technol ogi es or
devices. 16. A nethod for formng a mask used in
devi ce fabrication conprising: providing a nmask
1. subshketb@of fAidating a devicf @mpliaige: a pi wal ity of inmages on
the mask substrate, wherein the plurality of inmages
C ONnpiisea teskpahpriding nivdtgimnialagg) elsreivdhe meitiple amagdesragerise
corresponds to a different patterning process used to
comipatiind ecinelogie or nore devices. 17. The net hod of
claim 16 wherein the plurality of inmages are used to
develtaping e wibstetqpusog dssesk, vdectin the frelbple oeges @respbydqte or
different type of devices.
respective patterning processes; and

continue processing of the substrate to complete processing of the substrate to form the

desired function of the device.

2. The method of claim 1 wherein the substrate comprises a wafer for forming a plurality of

devices in parallel.

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

assembling, testing and packing the dies into devices.

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

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

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

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

6. The method of claim 5 comprises:
dicing the wafer into individual dies after processing of the wafer is completed; and
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The nmethod of claim 16 whertein the plurality of
i mges correspond to different technol ogies or
devi ces.

assembling, testing and packing the dies into devices.

7. The method of claim 1 wherein the multiple images correspond to different technologies

or devices.

8. The method of claim 7 wherein compatible technologies satisfy technology node

requirements.

9. The method of claim 7 wherein compatible technologies employ same or similar mask

processes.

10. The method of claim 7 wherein compatible technologies employ same or similar OPC

processes.

11. The method of claim 7 wherein compatible technologies employ same or similar mask

and OPC processes.

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

device.

13. A mask for device fabrication comprising:

a mask substrate; and

a plurality of images formed on the mask substrate, wherein the plurality of images are
technology node compatible, wherein an image corresponds to a different patterning process used

to fabricate one or more devices.
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14. The mask of claim 13 wherein the plurality of images are used to develop device

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

15. The mask of claim 13 wherein the plurality of images correspond to different

technologies or devices.

16. A method for forming a mask used in device fabrication comprising;

providing a mask substrate; and

forming a plurality of images on the mask substrate, wherein the plurality of images
comprise compatible technologies, wherein an image corresponds to a different patterning

process used to fabricate one or more devices.

17. The method of claim 16 wherein the plurality of images are used to develop device

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

18. The method of claim 16 wherein the plurality of images correspond to different

technologies or devices.
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