| NTEGRATED CI RCUI T SYSTEM W TH ASSI ST FEATURE

TECHNI CAL. FI ELD [ 00011 The present invention relates

generally to integrated cjreuit and nore particidarly

to a systemfor integrated circuits with assi st

features. BACKGROUND 100021 integrated circuits have

becone ubiquitous in many portable electronic

produ ﬁﬁ% b

VoI ceﬁ$ ecor der sﬁ% tlﬁ&e%ﬁ%MR?%fﬁ A§S gi?éﬁé‘é%ﬁla

el ectroni c systens, such as cars. planes i ndustria

control systems, etc. Across all applications, there

continues to be dema t he size and

increasing perfornan?gxgﬁQ(ggﬂgigﬁge 100031
Virtually all electronic products beneflt from

[0001] E@Fé’é%SFngYfEﬂﬁ]@fllr%lﬁEes SARETPIEY Fontpgdel sirPutmndgrareagrticularly to a
systerﬁ'f&%‘ﬁe éH&ﬁ:u‘ﬁ@%a)lt% a@ﬁ r}gatq §| gned into ever-smaller
ph yS|c space hese enan s are often very visible
with the many consuner el ectronic products including
but not limted to personal portable devices, such as
cel lul ar phones, di gBPaIKG@RAMEMNES ARAnd nusic P1 ayers,
10004l Thus, there is a constant drive within the
[0002§ émgﬂaredwﬁt:mts havdsténfe tibiquReCa nsinZ @®rtable Wlclro@is products, such
ncrease quallty reliability, and throughput of
as cell H}@@@sa@(&? K q@mqergeml%@corgelé etcn@scwg}b PHHedapy rger clectronic
systerT€ MREY ad %5( CRAnesd P’Qiugtl?l%] |: Ihl%’l s%gérﬁ dJ‘[é v ch?Ss a'ﬂe FPE’HCQ%HS there
consuner nds’ for sna er qua Ity co
contlransitcelbedﬁmammfor ﬁdumngﬁletshmtandpweasmgmﬁ)rmeﬂmeatﬂﬂye devices.
sulted i.n continua

10003} 3@%@55@5‘3’5&@” TS icigie ditflienband performance in

integr@Y1 GRSt Ehids awﬁlfea'B§1'n§t @Js?gneésm‘(@leklelas?ndlﬁr tdisical space. These
manuf acture of integrated circuit devices

demandsee pﬁ¢rat/¢rm glafslmle hvitly tha sma@ly@:pssurmmi@iqctromalptm)ductsedciudmg but not
ef ects nuf act ure of 0
i Rorel AU BPPE o a8 resh e FBTRRa I b G and musi

pkweﬁf&ﬂSlStor as wel| as the cost of integrated circuit
vi ces incorporating such transistors. 100061 Anbng
l0004i ﬁ@%éh%rﬁef areongthalt dinsurdhipethasenisondestoromilvsry wngduce sizes as

well Qsor}ﬁc{rgése &&ngy {e!h?ﬁl f ﬂﬁin‘?ﬁr%ﬂgl}p% (ivfegllteﬁgggteg Vc?rrchﬁydewces e.g.,

errors In nsi ons ar
microptvee S|, h&:ﬁtorﬁ datiuexe asd Zl&:Slllteh atThipalive dulnadiedobp Gmtﬂ&g demands

devi ces may be capabl e of produci ng. For exanple, the
for S“m? £t ﬁwgiﬁr fal\iy RTRRULEHS an8 lESirPRic JRVISES Wal Pkt BIOoFg FsEably.

[OOOSI %C@H@I&la@%‘ d8ve S&MELNAUSS R al im rovergent in the manufacture of

ield-effect--transistors may correspond to one
semlconduqtcaaclevehemgl, omangigprsa as ewillczn:nmmt onanciéacioe df amieg@ted circuit

dovie b R S BP0 Nt e SRR hamurcure of
the cofgob@dbf diypRas &r@ﬂﬁstt)glag [ANSh ﬁflev%rall' doke }I'Jéf%ﬂﬁgtfor a®Well as the
other features. The sem conductor critical dinensions

cost ohgyegried sireuiséevaeralincorprattinaanhyenyisisrml | of fsets can

o0oe SHESET il PR BRSO P o e syt v cren
dimers®hgeasevelras overlay errors in photolithography. Critical dimensions are the
smallest feature sizes that particular processing devices may be capable of producing. For

example, the minimum widths of polysilicon or poly gate lines for metal-oxide



[ 00081 Overlay errors including alignment and focus

can affect these sem conductor features. In the case

of nmultiple exposures, the critical dinensions can

al so be affecting by overlay errors. For exanpl e,

during doubl e exposure, the illum nation energy dose
semic®AMuRE TEeRUGRL: HLAndRBFOXIFRESHYphAd froabk @ritical dimension for a

m sal i gnment or fbcits erfor can cause uni ntended or
semlcnn@sqtqrgiemaﬂlavmg suqlom@]stMI ti pI e exposur e using

stom.ze m n .

10007 &8 PR FERr AT et g RE PR Pl pepigonghugtor eriial

dimeRicd€ efbri hardsReoror iettatdeon &f othbe featste@m 286 semiconductor critical
illum nation. Fbmever with doubl e ex osure, the

dimensiass dyavel bseorpre 0 R loials keax e rall affss gan repessent a significant

ct, are

prs A 08 OFL e BRR ST SRRSO S

[0008<])f0vlfei‘;1@y agsissiclidiag uhignmay aad fewk chbeffem sheseadthiegnductor features.
yi e 0010] Despite the advantages of recent
In thed@aﬁéwépwéﬁpke W%H@%dh%%wawameorﬁawn dat PoAlfpdiseeby overlay

errorsI Fof e%]ﬂf)l'e NHir 4 eg )&?BS&WBQM}MHM&%B&%&&%E IcB9be reduced to

ontro I nt eg cult or mance ot omask
approylnedtdy lmhﬁanmtaegnﬂﬂlgdmemtr au [fdlcuyleefdﬂ CE{nO@[Ll]id: ufihuended or missing
need still remains for an integrated circuit systemto

featurﬁ?owde i nproved control of manufacturing processes

[00093 MG Bl NEk PRBRE SustbMize QWndhaddie id BGE @FSIHBUcHRABRESsolution
or |nproved density of integrated circuits and

enhalpancmtctsrblanm}e po‘kssafblfeatetee@lter platesl pr dleuetisntajien |0§ the customized

increa t hat an wer s be .f ound
L e A R A R R T
half. MOBGurROUEd)twHek thefk st fo@vek aReladtSard qmtealods a @sighiller on wafer.
ested arty solutions and, thus, solutions to these

Reduqan@%eérﬁ@ Hakeeassishisaeruey aflpgdbe wrl- m@hmlgrm fre art.

[0010? rlll)v%%j%'lﬁt Eid%r&%%@sdfgg%wg hg\élwélr\%% £t§c‘f ?rg{iurllt fabrication there

is a doedhuing nHSd figr Bnprovisg mmﬂamme¢th lrmergrzas& icituit performance,

feature(kir t he Lmstrate formng the main feature
photoggskyyield, st BERETHEHCTRHLEEY unct i on assi st feature,

[001 I?qjhﬁg SNfcedshi® ?@ﬁélﬁ@f(ﬂfan the Ifa’teﬁ%ﬁrcﬂl@ st%rﬁ 8 plo¥eti@Roved control
eat ure, over the substr % arid form ng an

of mamfw@m@eﬂomssmlmhﬂmg nlgptom@slsu blgt vlaWeOMhtehntream demand for
) th over, [00141 rtai
mprg ) R Tan AR AL 8B S1 R e LTI BBl PR it is
incre®@fnghih@fRan@at irRnest rRheVEd tohesedspsems. W | | becone

apparent to those skilled in the art froma mailing of

[00124 r$ehm@n$ eniheee debkiniselpvgdser gty swehew rrak slsvelppments have not
taugh{ g}c ?ﬁg%%gtgd agy tsgﬁltl%%g %naat'ﬂ}{é,ns%lu%o%mt@ UPese problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

[0013] The present invention provides a substrate; forming a main feature using a first non-
cross-junction assist feature over the substrate; forming the main feature using a second non-

cross-junction assist feature, adjacent a location of the first non-cross-junction feature, over

(B



BRI EF DESCRI PTI ON OF THE DRAWNGS [0015] FIG 1 is a
top plan view of an integrated circuit systemin an
enbodi ment of the present invention; 10016] FIG 2 is
a top plan view of the integrated circuit systemin a
first mask phase; [0017] FIG 3 is a top view of a.
the subktrgt; hdd BFM3L h© %té@ﬁfe@%lﬁhlttﬂﬁel dpNth@GuBdtReE GiithGHE tmain feature
syS|en1n1the first mask phase; 5181 FIG 4 is a top
thereqyfan vi ew of the integrated ci rcw t syst emin a second
[0014r§%ha18he%?odghr%§rg% rgil the 1¥1v%%1%n %atf? 8trh\g/ zgsw C%(s: i %%c? f O%)Ps?r place of
those infentibgedsewond T skpgehast] bf[c@ﬁl%Q‘]ppEﬂeﬁ tobthbse &illPinh@art from a
view of the first photon-task over the second )
readingtlbprediovere Heiailsdrdcsgipticndvian eken Wik selerencatdhp gozpanying
7 1is a flowchart of an integrated circuit system
r manufacturing the integrated circuit systemin an
enbodi nent of the present invention. BE-ST MODE FOR
CARRYI NG DLL THE | NVENTI ON [ 0022] The fol |l owi ng
enbodi ment : BREIIRESCRBEBION CBUTHIEd RehVIdétai | to
enabl e those skilled in the art to nmake and use the
[0015] AXE@Nt is0f.top HlanSvitw dTeanun@ei st ctinalst@hh@ran embodiment of the
enbodi ments woul d be evident based. on the present
Preseiy iy deyr e, and that system process, mechani cal

[0016§ F?@ ge] arfB% gi%‘ﬁ ng {tﬁflegﬁt‘égﬁ?gg%%ﬁﬂ 'syrgg%lﬁ ‘ir?&‘ﬁég%laﬁg BR%e;

[0017HEHG. r3 ptd o, vieunerofist dpecnftia detai diSthanegiawdrciteait system in

rovide a thorough understanding of the invention.
the ﬁfgidaé%ﬁasqt will be apparent that the invention nmay be

[0018PFAG 4 BooMb iRkt bPER§nSRaRIIdiCud ) Rdih $n 2 5&095 ﬂ’raa"sk gﬁase
avoi d obscuring the present invention, sone wel
[0019EFHe Ui sy topysvent cowbigiivatindis), soand qcﬁ rtlm:msegrmcbpscuarsgstem in
not, di sclosed in detail. Likew se, the draw ngs

the Se%%gvﬁn POAGdi ments of the system are

[0020F IG: -disag k@ TpRh Iveew dMAhd Bt st tDofeRlsR @B ihePRESAC HhAS Yk of the
sone of the dinensions are for the clarity of

integrifpd sBpibist: 4Rd are shown greatly exaggerated in the
[OOZIFFRW PR F. (;v Rhart of an integrated circuit system for manufacturing the integrated

drawi

circuit system in an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] The following embodiments are described in sufficient detail to enable those skilled in
the art to make and use the invention. It is to be understood that other embodiments would be
evident based on the present disclosure, and that system, process, or mechanical changes may
be made without departing from the scope of the present invention.

[0023] 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. Likewise, the drawings showing embodiments of the system are semi-diagrammatic
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100241 Where nmultiple enbodi nents are disclosed and

descri bed, having sone features in common, for clarity

and ease of illustration, description, and

conprehension thereof, simlar and |ike features one

to another wl|l ordinarily be described wth |ike

e ce N
and nﬁe{os cgfeg r?b dp%@%?laﬁg es;g%ﬁe d&n@g % G)HEI{H(?I l‘g?%/ f(;'}etgg ldlgxp%gfgresentatlon
and alefshdm(gréaﬂylexeggemchm teadavangFBGL not intended to
any ot her significance or provide |imtations for

[0024 m\éh%? aghple) gaskments a[@élzslmsqﬂo@ndesi?fégqu@ Mavisgryggseksatures in
commopaf(}r%ﬁemt%:aﬁa lo %%o tLhést ?mffs(?e(_i,c Qn(!i §oxﬂ8{ h&%gonatﬁer%of similar

ne par ane or ace

and hka\f&ntme@ one e gaothkee ssll @idlnmslydjel mm]becbmth'ﬂhae fefir¢nce numerals.
ertical fers to a_direction perpendicular to the

The epopd lilﬂﬁﬁlﬁsaﬁna}éi’ ejnystbegrer ieembadrgl seipen cgdodighent, ctc. as a matter

of descﬁ:BHVce conveﬁﬁz'n@ﬁ’ 111 ‘POhECHended W have ShfiSihek & %niff&ance or provide
i gher’ ower' upper
hnnmhumﬂ@rﬂw;aﬁenﬂ&Wﬁﬂ&ﬂlMAth respect to the horlzonta

| ane. [00261 The term "on" as used herejn neans _and
WOZSFEP%F%PQSHO% PUEESeEoNE BT AP EN SABHLE: NTHa ¢ GEfiped as a plane
parallelpfooﬂx%s}ln':'lhﬁ@ or 88rH&edr BRN 8lBnddiC! gﬁ’:ﬁ&le&egpﬁb WrRAta@bn. The term
mat erial, patterning, exposure, devel opnent, etching,
“verticiléariens 40 aamnd¢torn pepovalulafto theeharepetal ad Justrddﬁmbdmif engns, such as
" as requm d i,n. orn1ng“a described strugtur
B b R B o BreartiantS, B cHaVTonaRRhtoqlover”

uppeﬁn dotv@” tha “ap@ar atrél ge@fedtiitn &Elﬁe%ﬁﬂithé RYENHtQ ﬁbldn@
accordance with the context in which the termis used.

[0026] 062 FermRehE s ey heowin iaf @d 1tfers edigichcdrgad howng aletgpts. The

Rl an view of a ntegra rcu t system.l 00
term B Bentingne Sop b FaLEHES Hobfitinm ThEink aghfiedi. cxposure
devel ] étcl‘ﬁﬁ @eantR0 Duefretably dMak uﬁeﬁemarbrltﬂhﬁﬁhgtaedeqmred in
circuit er 102 having an |ntegrated circuit
formimg, Bsciers%ﬂl@d svacturhe Thatterr atetbnei acused kugstmeans andgefers to the
I e v
methodrla%e 0 gf’e (e#l'arrﬁ'(i:su(%{tﬁ% g%tsél‘}{rt élg\%ﬁj%rq snu%‘%glgis?n& l)vﬂg tl%aéorllltext in which
ﬂwtmﬁemngamductors [ 00281 The nmmin integrated circuit

fea%ures 108 such as netal, polysilicon, dop

[0027] Rsfeaing nowr oy 15 de MR dbishows 2ciaR Men fft%@ aw@?grtar?é circuit

Systerh Nbe9h %Eeéilnﬁadﬁlﬁ%ﬁt ofstﬂp%g{?@ﬁtem}gﬁhonj_h?hé Hhégg%@& %ﬂ"CUlt system 100
circuit die aving 'the main Infegrated circu

preferhkﬂatmxrle@smantegmtqﬂ oxcudevafeniBcliaving @n ihtngrzeécbclrcrultcsmbstrate 104.

| evel s, or ele tr i ca 00291 A f.irst i of. i
The iEd, Sol SitoR eSSl ot PETS diruTadsobBhgdving main
1ntegrht@@9§c19f feBRRcs 1WBA8Sh hiptibQuasd. st features 112 are

shown for reference with phantomlines. The first
[0028] Magenaii imeitaet @SSuit taedrtoN0ASEihsds heal, lpb@fsllib&ﬁ) @pdnt implants,

. the second i mage of non-cross-junction assis
or Viafsgigfegpductars ﬁalage foygred pvemihe integateH 1wt é‘@]?sgfi@d 0¢i Abgiptegrated
s S RS O t
c1rcu1ﬁg1§i 10r66\11'a%bng aﬁ?’{l‘%fl Q%%%%gvﬁ{cﬁggeégﬁggslﬁ)ggogg ?5\/1?{' )(;J)nnectlvny for
ekcukhﬁmvmsbnﬂgnncmsgmphnct|ons [0030.1 The
ross-junctions can be fornmed wherein an assi st
[0029f &bt EmaEcoRLBa SHETHEFIioh 1 I§RICs 1P dae iy &Cerh imagenpl non-
Cross %Lﬁlgh&p%ss‘?gt %thmseﬂﬁegrerﬁl%%t for %‘éﬁ:r@h% rV@I%}!I E)harﬁb)!nl A ghe first
uni nten esist can result in Thrm g uni ntende

imagef @atanresssoueactidrhassisnfegreat e end dii secaubsiaeated nb@4ross-junction

The unintended features can result in defects or

failure of the integrated circuit die 106 due in part

to shorts or opens. 100311 Forming the first ine. of

non- cross-junction a.ssist fleatures 110 and the second

I mage of noncross-junction assist features 112 al so

provi des i nproved placenent of the main integrated

circuit features 108. For exanple, there were no

m ssing features for a best |Iocus with no offset as

wel | as a defocus of negative fifteen hundredths of a

.



100321 it has been discovered that the integrated
circuit system 100 substantially elimtt: resist
pillar formal ons thereby elimnating unintended
features or additional cleaning as well as
substantially elimnates the need For reducing sizes
assist Rfatdrfte] @s§t i‘abtdﬁtﬁﬁédl&@ﬁaetlhﬁ ek dirpitQubdkte MAIOHANRAS ke formed in
and integrated circuit yield, 100331 Referring nowto
a shapgjogan . ltarvrerg@hstastlaélbrd\mvarlmpncbwntavt@w QJrnipgfeng cross-junctions.
[00301|_Ef1§ %1[0%5- Ine 10%5C g'énr l&% : (?r ee@ Eere aJsmE ]i‘ctéartg%fégosfggsa ?ﬁo&léesr of the
assist aeafﬁltré&‘dan [aboh eo@sks aﬂanm&:nﬂt:d Sésuﬂ)@tl&h @sﬂ re&fst plllars The unintended
non- eross hnmeti on assi st features 204, and nain
resist ¢agplicpilbl PoBINETAGIERdedicqmics Eer BF iHediaisd Gisuif irhstiaiedhq4. The
I
uninicfER) Rk SHHERIAR A R0E b PRNTRLP UL SAUES FRRIERM Rjue in par
to shophot oprmsk 202 can he thrilled of a transparent

ter.i al ch.as a guartz mater.i al, ca ona
10031@9%5%&%65“ T3y ARl BPR-S1OSS-HICHPR: A5 f f%ats%rsori the second

1mage(cqaf1@n°‘ %gg}un@'ﬁ&? AR feé‘tuf@gf‘@s allémpfré)\l‘i@és' G8p R E f)la@ément of the
b.2), or any other sinilar type of material that

main msegratahgpanefwtmts 108ghitar ckhepfd, ﬂmre phot onesksirZ0Ratoeny for a best

of ..a tran parent .mat er illLumn
focus ¢ G S T SATE R s et pHob ks 2H55Y g §TlR At hicron (-
0.15uhnt egrated circuit substrate 104 of FIG 1. [0035/ The
first portion of non-cross-junction assist features

[0032p b drag dreibdistovanesttho ﬂ@patq:eeatfrﬁaelecruﬂasystesu ¢0 aghstantgldt elpminates
resist %%{ %r&ggﬁlﬁ]sgfﬂf:%&' %' ?‘Enaglwg %8%%5?_\51‘6? | { a(?]cﬁg (I)I%I}T]Elgérggg as well

en’ a
as subptagtifllyeclivhiaGe} thetrabd ﬁiruﬂdt&hﬂg day ofitlhd asdst {ehastsNhereby improving
tantal umall oys, titanium (Ti), titanium alloys,

photorpatk B@dRGETAS uﬁﬁ?@%denuntsU|cide (MoSi ), nol ybdenum

[
[OOSSfﬁEF@%&%g g@%vdt8 Sﬁ]@ I%ot?lgrg)f(}gﬁ h(ec;ttx)n 1% ?%gt\hg\tgr(ﬁ tgﬁ 1% ]egrated circuit
systenn@A0O an asidrsj maslt rphaiseas”ﬁhesmte@attdr ICH‘SUIQ @fstemri Ob@réﬁerabe}dmcludes a

s a horjzont sha e adj acent the main. tures
frst iR ris fr S0Pt heoRisi At eNE: gpd main
featuréB 'T}&tﬁrﬁtg% 8@§f<n(?rpgr09§fl_ﬁﬁqctt1$}?a§sﬁt RANAELIHACIHIGHE Fain features
substrate 104 of first photonmask 202 can
206 Cd@é)%ﬂorrgﬁiadvqr@hﬁoﬁh@hdtela@m%@ ot her phot or nasks, or

ti,on th r ¢conn L he.in t ed

10034EFFRRR RB R BR' arcbe SIRIEGA et BRugsBl TGRS F avare
materiARA- ;Qﬂﬁﬁﬂodnuﬁ%at@ﬂala§ oy ek thadhisll £9a120h Aasrife(Ualf.s@b.2) material,

shape of the first 1nmage of non-cross-junction assist
a magnggipiir BgorideometerROMEN D R). a0t ehentingilarelyge &if enaterial that is

r

ttanspgriqm M %MI nT%th} st %ﬁ?%(%(?s aé%t%hrﬁgcgoﬁggaﬂsp%ﬁ%gﬂ%?er% allowing
illumintidn tbhﬁssdthicﬁttgh&hé fisdt powoalse 20Thad biversthe paegrhed catuit substrate

non- cross-j uncti on assist features 204 and the main
104 oIt dr es 206 can be formed with the different size

] e

[OOSSEZ\%& ?1(1;3'\_’_1%‘311&{‘ 6f Bheﬁte%sﬁﬂ?fgﬁgﬁ‘égsﬁggatg%g% V\(/:agege fo?ﬁt@@ of opaque
materialsl suvhnat ivopstsio Y MOe t8QRteof silidide i( M P rtabgderc siticon mitride (WSIN),

S em 100 jn t first mask. he first. . )
wngs By IR Zn el bl e Gt abt B 25 Atbel sy higor, ajride (Tasin),
tamahr;ﬁeirr%)&abhrénurﬂsl(me t@aﬂlsﬂsar% mygdeananthjbngotybdenum silicide

| lum nation over the integrated circuit substrate

(MoSﬁ;fmelly@iermm Theys| grid (804 chamaal(gh or nembetiapdictantes 306
for providing customillum nation over the integrated
circuit substrate 104. [0039] The first illumnation
source 302 can provi de exposSure of a photoresist (not
shown) forned over the integrated circuit substrate
104. Exposure by the first illumnation source 302 can
provi de portions of the photoresist resistant to
renoval . A process such as a wash can renove exposed
portions of the positive type photoresist thereby



system 100 in a second nmask phase. the integrated
circuit system 100 preferably includes a second
phot omask 402, a second portion of non-cross-junction
assi st features 404, and main features 406. The second
portion of non-cross-junction assist features 404 and

[0036)) F&r @ﬁérﬁﬁlfeeﬁﬂé UTr8Sho#06h §8Ibr&G o fLfABEh XS st felaﬁlr&eﬁ)quﬁ be formed
phot onas [ 0043] The second photomask 402 can B

as a horlmalo$haaetadmsptatl@nmamf@ured 206 uofer dlse éirsiuldmt(zmask 202 for

o S i 58 PRI ST PS8 Bl 104 ot

FIG. f | UDtid dest rpdbeimhak A0NAESHD aBgnedofo 8iM¥r BaRQEs, Jthdr! BHotomasks, or
pe of material that is transparent to light. The

Combwéleﬁ&l%ﬁrﬂftf@wglvae%wyaﬁleflmeg@dewlrcalttdlgwlaﬁt 1

al.l o i1 um atlont thro
1003 ] QS R et G BN oge A0 QB ¢ dipe of the firs
image Wsﬁd@&@sﬁ%c@(ﬁn Rk$ast teank00444 Jihergeraneh ﬁoﬂiffe@éhtoilze scale.
non-cross-junction assist features 404 can be forned

Simileyy, dpagaen fpaters Hoscagetin ashepmefsthe maivjntearaing sirent features 108

u N $i ld ¢o
of LT SHAGHE UPRLEn RIS 15 S B Mhon i e
204 dndase )maih abitatad M EdnCBn forhiedi Wigh (Ha3ifNrentt &t @dalmver the first
al loys, titaninni (Ti), titaniumalloys, nolybdenum

Phom{‘%lj,go?ml yhdenturt silieide (MSi), nolybdenum all oys,
) 100451
s b, DI by AT LR e s
of thedaggsited @atuitrsgsied00camhdRrst onsiephas. ahy EFdt hlh&hlnétﬁtﬁp@)urce 302
adj acent the main features 406 ogver the second

such 3ol Bgew 8 627 Pregirab hgidvdser kns é%écmtra@fsmt%g dlgpgion over the
1ntegr9ﬁ8tc@ﬂcﬁﬁ%lﬁbs4&?e ?(‘f@ bt Fl§ 1. ntfﬁ@ 'iéi'fs%ﬁdaﬁ%‘éo 1n§ﬁlgétapéﬁ&es 306 for
. The second photoniask 402 can

provmhog ouShi@m lﬂmatnanels pvaﬁh@mtqgtﬂt@mk&ubmate o&bi nati on

[00393 g_gr g'or];t 1&?1%11%%%2%8%}4:\8/ Ift ¥-ﬁ:§£ é)té(gg% 2%%}%{11{%&%(:1%;}'10&&%'5}& (nlote shown)

formeﬂQWeP El%sﬁl‘téglﬂﬂe@tcir&ﬂt st foRat BERIuA04, ﬂ’érhlglellfuﬂuﬁa,tlon source

shape of the second inage of non-cross-junction assi

302 cale atm@apmgn&)bf ke @hotbresist meststalit fth eerenval sisk ercsesl smuph as a wash
main leatti C t he .mai n

can 1R SR AR Ed ICTPRIE FoRYTH B R Bh R GMey Py oK pos region over

the iflédrh@n edttcui adsesal B4 Thedeecendrdofobhed Rbr the integrated circuit

non- cross-j unction assist features 404 and the main
substipiggldr es 406 can be formed with the di iThrent size

(00407 £ RSB 1Inhae JE A RIRK RSk %8&9%0 HoaFS RIS N block

111um1hhﬂ1¢1ﬂbflﬂiel ﬂﬂlnsﬁb,lﬂil%% H020f PIG. UNend iheeRkap&E o i0F Gldhicross-junction
em 100 in the second mask phase. The second

assist |f‘1>>/qﬂ&rﬁ$ A8t PORIG clipareblsgpilbimting. aAlgrgativeloim edladafield mask, the
it s FBOREDY s UR R SIS0 st ORI L4008 e g gion o
non- cm‘ss HiInGtiod assidnéeaheas2®04 can al so include apertures 506

for providing customillum nation over the integrated
[0041¢ Fpe tHustrajinsstirpases. toufirst ghwgnatiesosieceortld is shawn hainpiwo of the

apertlﬁﬁsuj@m?[ggkéél ogé@ﬁ{ %?haﬁ)éﬁ)g%lr'ﬁg éegilgh%}lgf&' ts%r géc'rtst%‘b&i Qhe apertures
and leh@#ay B poa uli fécrbyt shine:, petond pollzJM IlatiOn Sour ce 502.
n_provi de portions of the photoresist resistant to

(0042f Vare NAVEPJEs & BIGEHN &% Shpvitad HoR &P ERBVE 18k pesegted circuit
systerRQ0d '1@Q§e&)fndtnt11é%kﬁ)@1§§et | Me. 1B§ég?at&h8¥&ﬁ %%/'st%}n f(ﬂ)e[grgﬁ}(ably includes a
exposi ng a region over the i'ntegrated-circui
substrate 104 or other features formed over the
integrated circuit substraté 104.



[0049] For exanple in a clear field mask, the second

phot omask 402 of FIG 4 can block illum nation of the

mai n features 406 of FIG 4 and the second portion of

non- cross-junction assist features 404 of FIG 4 can

Hock illum nation. Alternatively, in a dark field
secondrpBitombtlesd Gk cocohedrdoms R ndd2ros@funpriow helest features 404, and main

| um nation of the main features 406 and the second
featurfffoﬂ@é orf hefsepgil BoGeB -GiumBTrars-Ia8ei Wy apshtitrtwss 404, and the main
I e second

featurésléﬁ)%?n Hat8 |f%ljrr1ﬂéggﬁ;re{:glte %gonﬁéb'h Bﬁ)%‘f’a%kﬁg%l ng two or the
[0043pPee batned pbOGmiask tHOE chrebs fdaiddwif bhraasshapenatrid, sicheke quartz

matergh S g HETRHE S A B SBRE G GHmaf e GGy D material,

a magRedifhl ?ﬂ&hd'éoffﬂa{eﬁaf: e rQub b e(freérﬂl bt%els oY atylgé) Bf RhRLial that is
View o I rst photomask 202 over the second

tranSpﬁlﬂ@ot orragkt. 40]Zaeofseotohé phot@gasat €62 chm d‘urmedsyoﬁteenwl@n@rent material

a110w18gdllwinr Sép‘g&(}) ip%g% B‘fzﬁ Zg%ngeﬁélils ngec 9 agk %2 over th)e integrated

circuil©XBasHE €0pFOLess. such as di pol e or other custom zed
illumnation. Placing the first photomask 202 over the

[0044}5%@ ratophpovivask ndg2riskjustivanesst gagincs 664 ngn bf farmed of opaque

ortio On- Cr 0ssj unct i assi s ature
materig e BRSBEER b8Pt FEROR Mo BaLS TibSlaronagl fsde twsiny,
tungstt@ A WY E€Sak@hnl 1TA, shaRemotilidide L TUSD) hﬂi‘rﬁalum silicon nitride (TaSiN),
cress-junetions. 100521 The first portion of
tantalyporelboyos stapme (i on tla@smrstali‘oefat mOé@derrn ado) Heolgledcona silicide
ortion of non-crgq t|o si. st 4 can
tos bl RRatin ARG TR EALY SRbRETST 3hSubRl Byt

[004559@@%@&1&@@' I ekbmd lib@iﬁtidﬂgof?héﬁ%rdssl tioN SissifiS flatifres 404 can be
eatures with cross- Junctlons can ave Cr oSss- Junctlons

fonned @e ﬁt\fﬁrticebshap@ adjeery 8 heoprfesgres 48hapadhe eegond @otomask 402 for

1mpr0¥ hggf ﬁe%éu{?lﬁ é)thlopog%a% 462 {(Bgfgro&é étggr%{edocnrcaﬁ %ﬁl?s‘irate 104 of

FIG. In OTlTh@ emd jphb@ini QR 483 sdagtbef Sahud @s 044 featll@H Ikhckhghotomasks, or
first portion of non-cross-junction assist feat ur es

comb@@taorbtéﬁl egblior spREEUBYY 8t WA ddFatsgcitedlt disr1G0-ddim 1-

[0046@?‘% ?éco}'lﬁl 'pg{tL %CMO%U ggssg%ﬁétlokhﬁflfs‘f festurRNRIO0RSK 1?10(12$hape of the
e secon non-cr oss-j unct

secon@$8h&t off mal- M$Jm0@omw9‘1sb éeahoeaetd by FEG.andatd dl}ﬁﬁetemalslze scale.

or e-beam patterning techni ques over the second
Slmllaaw@fmélp prep 49psen 9&98&%@5&1 FERI I EstiFapigR! features 108
u r 0
o B RA3F Sy RG4S, PR EMSKcE, Aahoutdtsiod i s
featur¢sh€04 amdsthe Rhaih deatask 4262aarh>d fbtneeclswab rbe pHotroresic s¢aE over the

be us separately or individually. 10055]
Secon‘gaﬁ%tf’?“iaﬁbﬁﬂzow to NC. 7, therein is shown a flow chart
[0047?&6%11'1@5@\9 hQEeE, £ihGlintis SYSE g‘t%&@le(?\p(gf MHﬁ@mdﬂﬁlhﬁﬁbn source

he integrated circuit system1 in an enbodi nment
502 of the iptegsienit c1rquﬁesmlstemn1001‘mehsy@:toemn78@@ plham uﬁmsecond 1llum1nat10n

royviding a substrate in a blo tin

sourcdsBS live B np iy KPR PrRGROLE SRUgq, deldhn sy Spransmiting
illumih@ R Aahteb PR ASURSItIsBbLratd] @ &1 TACK | 7Phe 18RrIv4REN hRE include

mai n feature using a second non-crossjunction assi st
apertufesatOfrier pradjdaeeeitstan ilbwainiem ofer theanteigraggd circuit substrate 104,
[0048E%g% is(ec.(?Bé 1ﬂug]i1r:1§gtf%snouﬁ get 5LU'% c’aH t(;))\éoev:l%ei e)gjoslllfrreg)ur tpthﬂtoremﬁl (not shown)
formell REeSUBShE @b dWilchit bt T04f G@Ip&bﬁlﬂetlﬁ'&h@ eM@hd filfundination source

bl ock 708. [0056] In greater detail, a systemto

provi de the nmethod and apparatus of the integrated

circuit system 100, in an erfbodi nent of the present

invention, is perfornmed as follows: 1. Providing an

integrated circuit substrate. 2. Exposing a main

integrated circuit feature using a first

non- cross-junction assi st feature over the substrate.

3. Exposing the main integrated circuit feature using



4. Forming an integrated circuit die having the

integrated circuit substrate with the main integrated

circuit feature thereon. 109571 Thus, it has been

di scovered that the integrated circuit system method

and apparatus of the present invention thrnish

j g t of . va |_abi
502y BRI oAk BEE AR BL i AR BntiDR 2 RRES sgh as @ wash
can rehesklexpogdproot@ssEshapesieantype gho@irdstnsheddtd exposing a rr”egion over

.strai ghtforward, cost-effective, unconplicated, highly . .
the injegralafl| U1t bt o O B S Bt I OBPPS OPU DS deialed circuit
subst2@ 1ipap! ement ed by adapting known conponents for ready,

efficient, and econom cal manufacturing, application,
[0049ahdr exarhplzahiaoclear] H€88haskhiteeseched iphyentaslod0has Hieeh can block

illumiggt?(fng(i)ﬁtgxg gl}?g%?é)a?%ggg({)é g{] F%tﬁlgangy Tfmg S%b&ggleosnt 0 nogl-edroslst-junction
assist TRhirké 364 bPPEG. ARG MBEL AlunARSioM. | A1li8a@RPRNEAtdatOfield mask, the
those skilled in the art in light of the ‘af oregoing

second @detonpsk o2 @wecpdidagllymination ofithe emdedeatorce #p e the second
iodldrsuch al ternat | Vﬁzé rmd%(u cations, and variations,
POrtoRO! BRMFEISTTWURT YN ELEEDE bf the incl uded cl ai ns.
[0050AFbr MRktrene Mirb&es, Bt BE@ns elluthRatibn BaE: BOPTs $BEWhakThg two of
the acconpanying drawings are to he inerpreted in an

the aperiugpst $Q6 v icaleds ROA- Withiar shage w8 s sircleglikopgh Winkst uidgrstood the
' IS, : -faor facturing an

spernf it S be of g difrerf Bk RS, of RO

[0051F Befarmgz aowad 16 e@tthicreinak ismed awbd plaa viidw sf the first photomask 202

on- Cross-j uncti on sist feature over the 5Bsubstrate;
over GG pl@(ﬁemﬁéi W4 @3’3%%6%%? Rer Wisteal G clifdirst photomask 202
and (O8O SholdGk AR BFS bilfehHFt b %}épl?éiill A uddy! ﬁﬁﬁ‘tdnogxposure
of the first non-cross-junction feature, over the
processudysh raatdepoland dtlgar musgmaredi ninegnatoad Rlacing uhd fikvihogmask 202

he substyrate wth the main feature thereoven .
over §ERARE LRl Bp o el oe Gining IEE HEH Boigh i pp-cross
junctib P hsEi Geurks D64 2R ARSI PYibAD f thlB-ABYsJud @idh WkstaB8tures 404
the first non-cross-junction assist feature. 3.

in a shppe ohait howthest efoas-aetions. cl aim 1 further conpri sing

o2 I 528 R RERP RS TRRL DSy B L8 M ion o
non-cross-junction assist features 404 can be formed having substantially no overlap and
substantially eliminating cross-junctions. Assist features with cross-junctions can have cross-
junctions identified and removed forming I.-shaped features having the first portion of non-
cross-junction assist features 204 and the second portion of non-cross-junction assist features
404.

[0053] The first portion of non-cross-junction assist features 204 can be formed by standard
optical or e-beam patterning techniques over the first photomask 202. Similarly, the second
portion of non-cross-junction assist features 404 can be formed by standard optical or e-beam
patterning techniques over the second photomask 402 respectively

[0054] For illustrative purposes, the first photomask 202 is shown over the second
photomask 402 although it is understood that the first photomask 202 and the second

photomask 402 may be used separately or individually.



4. The method as clained in claim1 wherein formng
the main feature with the 15first non-cross-junction
assi st feature includes exposing a region over the
substrate through a first photomask. - 5. The
method as claimed in claiml wherein formng the main

[0055] @atwrieg wotvho ThE. ‘B ekati iP QR0 @Sk tHAGtd QR A8 SR circuit system
feature includes exposing a. region over the substrate

700 fop P amSe dbndn BHOES S SYBCTAl Hbtihedl ciodiment of the present

i u tUEil N L.rCHit  SYS rising: .
T804 RO L EORA R UL b SIGBE R i
featurpraismg ntlegr abedross-fowiion fadtiufenusiongr thd bilstralcmage Wéck 704:

- - ' i features over the integrated
o B T e P e b omis e seomncs ocation

of theClifs€ Woh-ck@a1jHK@ioHSetdred oS EC ARdg 5}@'&&@ iffa bllock 706: and 1;forming an
non- cross25junction features, adjacent a location o

integrathe cfrpyishaviirgde sofstmenwich dssnjindctironhassicsin £ Batures,
r t i ntegrated circui.t substrate; and formng an
o A Rl 0
. . . : i - . . )
rudoatt e v Do SRR, S0 By
f Ur tiHeYidewmprinsisgdicoicrit mgbsirafd. r st phot onask

o cvoenlh Rl SRRl G PEeRliEatinng GPChbnREsunction asis
por tfeanrcafvendB sebd@&- j unction assi st features. o
8 e nethod as clainmed in claim6 further conprising
f%m}?)(ﬂ?ﬁmgg dbe gifgp integrated circuit feature using a second non-cross-junction
feature, adjacent a location of the first non-cross-junction feature assist, over the
substrate.
4. Forming an integrated circuit die having the integrated circuit substrate with the
main integrated circuit feature thereon.
[0057] Thus, it has been discovered that the integrated circuit system method and apparatus
of the present invention furnish important and heretofore unknown and unavailable solutions,
capabilities, and functional aspects. The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready, efficient, and
economical manufacturing, application, and utilization.
[0058] 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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5phot omask elimnating a cross-junction of a second

portion of non-cross-junction assist features and a

first portion of non-cross-junction assist features.

9. The method as clainmed in claim®6 wherein formng

the main feature includes customzing a first

i1 lum nation source overctRpvgntegrated circuit

substrate through a first photomask. 1010. The method
‘W%mﬁ@éhﬁﬁ%iEEd in claim6 wherein formng the main feature

I nc es custom zing a second illum nation source over

ng t I()rr%ag%[h%tdqgr &hﬁﬁétﬁs&lﬁgjgﬁ rﬁ%‘ﬁfza gl?m r 8@'( ﬁle thﬁqsmg

b 15 n feat th
TSRbe 3 M aeie et Figr Rt ef °f°§§e%{°§°%eas?st?d gt dler the
substrafddbstrate and a second non- cr oss-j uncti on assi st

feature over the substrate adj acent the first
fomniog dbe maindeiture aliged uvidh sapreoadgloatcaepsgpratigntassist feature,

havi n%d} &0t Uf%%gtﬁo%t i t‘ﬁ'e st Hon- n‘lufgt?# ufe Qeorv%xo i substrate;

12. The systemas claimed in c
conpr iagaingt phot omask 20havi ng the nmai n feature and

the first non-cross- Lunct i on assist_ feat
forming an integrated circuit having the substrate with the mam feature thereover.

2. The method as claimed in claim 1 further comprising forming a first

photomask having the main feature and the first non-cross-junction assist feature.

3. The method as claimed in claim 1 further comprising forming a second

photomask having the main feature and the second non-cross-junction assist feature.

4. The method as claimed in claim 1 wherein forming the main feature with the
first non-cross-junction assist feature includes exposing a region over the substrate through a

first photomask.

5. The method as claimed in claim 1 wherein forming the main feature with the
second non-cross-junction assist feature includes exposing a region over the substrate through

a second photomask.

6. A method for manufacturing an integrated circuit system comprising:

providing an integrated circuit substrate;

forming a main integrated circuit feature using a first image of non-cross-junction
assist features over the integrated circuit substrate;

forming the main integrated circuit feature using a second image of non-cross-
junction features, adjacent a location of the first image of non-cross-junction
assist features, over the integrated circuit substrate; and

forming an integrated circuit die having the integrated circuit substrate with the main

integrated circuit feature thereover.
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13. The systemas clained in claim 11 further

conprising a second photonmask having the main feature

and the second non-cross-junction assist feature.

14. The systemas clained in claim 1l wherein the main

feature aligned with the first non-cross-junction

adsi st Theanethed jascrlaead im daiposeduriegi ennpiste dpning a first

_ T he . g _

oo A RS 8 B B b DRl st s
and a feeond p@sisn pfinat-cross-pmsticat askistfeatuecsi ncl udes an exposed

regi on over the substrate. 16. The system as

cgai methe infetidRiatn cldimed eif e¢laim toh Gurglieh donmiiging sfoaning a second

integrated circuit substrate; the main feature is a_. .
photomaskn eHiminalpg e Bross-FaGHN PE §ONA| RGHYY Ognnpﬁ-caosm@ﬁwn assist

featur;ésﬂzﬁnggarﬁa}%t eﬂg)%&{ Mﬂ&%ghﬂaioﬁsﬁéigt[feétﬁ@s.u res over the

circult s trate and a second i mage of

Tnge. oF¢ Maihn s iBRE T Hal B hiFla Yy AE e HAR CAGR includes

custorh2irpod @kRdIlGin{matbl ssubsbhat tie iargdrdtdi cirduitegibatiael through a first
circuit is an integrated circuit die having the

photomaskegrat ed circuit substrate with the main integrated
circuit feature thereover. 17. The system as c| ai ned
i H0.cl alhe methodrasiskaimed itpelaim Ggvherein formipg ihcomaigkieature includes

coorf o TR R G LR Ry B L8 v
secon®PRdtbMAskOf non-cross-junction assist features.
11.  An integrated circuit system comprising:
a substrate;
a main feature aligned with a first non-cross-junction assist feature over the substrate
and a second non-cross-junction assist feature over the substrate adjacent the

first non-cross-junction feature; and

an integrated circuit having the substrate with the main feature thereover.

12.  The system as claimed in claim 11 further comprising a first photomask

having the main feature and the first non-cross-junction assist feature.

13.  The system as claimed in claim 11 further comprising a second photomask

having the main feature and the second non-cross-junction assist feature.

14.  The system as claimed in claim 11 wherein the main feature aligned with the

first non-cross-junction assist feature includes an exposed region over the substrate.

15.  The system as claimed in claim 11 wherein the main feature aligned with the

second non-cross-junction assist feature includes an exposed region over the substrate.
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18. The systemas clainmed in claim16 further
conprising a second photonask elimnating a
enss-junction of a second portion of
non- cross-junction assist features and a first portion
of non-cross-junction assist features. 1519. The system
as clainmed in claim 16 wherein ihe main integrated
dpr cuithe prdem@s clagnedmmdmpll wherist || uni nati on

t.om j grated circuit
ilgégsgut%?ta gﬁteﬁ%ﬂe tcgavcg{c?g{; 8% t%%egrrask. 20. The system as
chemaideatnrecik ai maii Gntegratedicirctii deatmie nlipmddegitia b dulst image of non-
circuit feature is forme

: by a second,
i |1 uniCFREE TIPSR aree fRATNEDRYS fo SesfoR ST ¥risitg gnd a second
Ci I CUiit,» SUBS hbAlfoséFudchbR UeistaresRAQNG RIAL MEBSKt image of non-
cross-junction features over the integrated circuit substrate; and
the integrated circuit is an integrated circuit die having the integrated circuit substrate

with the main integrated circuit feature thereover.

17. The system as claimed in claim 16 further comprising a first photomask
eliminating a cross-junction of a first portion of non-cross-junction assist features and a

second portion of non-cross-junction assist features.

18. The system as claimed in claim 16 further comprising a second photomask
eliminating a cross-junction of a second portion of non-cross-junction assist features and a

first portion of non-cross-junction assist features.

19. The system as claimed in claim 16 wherein the main integrated circuit feature
is formed by a first illumination source customized over the integrated circuit substrate

through a first photomask.

20. The system as claimed in claim 16 wherein the main integrated circuit feature
is formed by a second illumination source customized over the integrated circuit substrate

through a second photomask.
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