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METHOD FOR | NTEGRATED Cl RCU T FABRI CATI ON USI NG PI TCH

MULTH LI CATI ON Background of the Invention Field of
woOheostasmnt i on This invention rel ates general | pCTws2005/031094

integrated circuit fabrication and, nore particularly,

to maski ng techni ques. Description of the Related Art

As a consequence of many factors, including demand for

increased portability, conputing power, nenory

capacity and ener ef fi C|enc LN i Cs,

i nt egr at eIETHODHAR INEECEA, M&%ﬂt@gd in

size. To facilitageNdPBrcH MU EUSCATIONt he si zes of

the constituent features, such as electrical devices

and interconnect line widths, that formthe integrated

circuits are al so cogga@ﬂhhyopﬁém@mﬁ@ﬁreased The

trend of decreasing feature size is evident, for
Fieldapffhiednveptionenory circuits or devices such as dynanic

randem, ﬁﬁ&ﬁx%ﬁ reﬁ?cgéo% h§§11}( 1M ted SitRltitfbricAREQRY, 36E€FSticularly, to

menor i es erroelectric (FE) nenories, etc. To
nmﬁmat@ﬁ@quanple DRAM typi cal |y conpri ses milions of

identical circuit elenments, known as nmenory cells. In

its nost general form a nmenory cell typically
Deorinticutof thyfRelajgd Ast ect ri cal devices: a storage

capagitp rcoﬁﬁ%&lue"ﬂ& ¢ (cjxgé‘g ffdcﬁ:'réj ﬁglﬁﬁﬁé dehBRG 1 18 Ghoreds@C Portability,
nmenory I'S an a ssabl é location that can store

cmmltlbg oyt memprydcapiatily efd ensrey. efficipny inamodsen gleptrqniss, integrated

cnrci%uts are contlr{"l.lhlgs%éjl%ghrgt Jéguc'é ﬁlns%es E}%rt?ﬁﬁgtertﬁiggzp}%dt?&ﬁﬁ' thY sizes of the

age e ectro romthe reference
c@is’eﬁntﬂt ollguss, dech By efteticeladivings 2hé infereenneeif linsomidths; (e tform the

nge aie c1r%ai|ts agee%l C%%Stg’l b%]l#gd 9&9&0“ ng lines that

e nmenory devices
I ncolh® ruaﬁd nf) dédn@slﬁg ffaatlua rses is @midbe, e xempledin memory circuits or

Addi ti gnal st or age capac
d?wciets S %c:i)éérmg nﬁt}d%gq c‘Ichp én%on%? IqﬁﬁRM?rg rs%/aﬂg g%lﬂglglgacpéé% memo.nes
(STOATIE ) Ehadoeleedu cHE)mﬁbmdmeﬁ eat UFetage pesephnatee DRAM typically comprises
eate nds qgn.,tec ues used to rmt.
SRS RB SERA e oROUE) 1 REGPNRRS] o Bt ggnere form
négRe; dell thatdle rcﬂnsﬁmmefelecﬁmﬂi‘dea]mscwlstdwge icapacitarmed an eqgess field

a Substrat The conc t o used t
cfes Emmsios, eehapguwrg e s i Ban oGRS Snet sl pi e diei)
oB8ath ha Wi shavceitketyeesl ﬁhfbugﬁl eetttapsibtopaidrtad by iem)ng charge on the
nei ghboring, fe eatur re t.

alr ures
SYPEARF ﬁéﬁdtr%; @ﬂgct]tmqq égerﬁléclﬁv\iz fro & flg%e%'sy ?eégetam\{% %he s e¥ qr%’ constituent
cRE@ichlYRVE dnd the kbRElcting ighebiia€biodds, thSrU ahe sizesadf the memory devices

1@%@Lﬂmfﬁeﬁreg§% @pxglls%&fd Agtgm?rﬁ y,\\//étqei%,\é%%a]?g{t%% Gan"be thoreased
?I%ﬁl% n%@ﬁelﬁé RS the Badidy 8evide@m @ nei ghbori ng
eat ur e. o factors such as optics and H

r adi dibe @thgq} ép@ﬁtgqq]m fepde viggs plaﬁﬁ%‘f"@f grteﬁsr @s on techmques used
£ mQHQfé%regaﬁ& é?(@l’ﬁ apH&dHtH&Eﬁi)]@' ik @&nﬂ@ﬁlﬁ%éﬂ’ﬁb @httePn features, such

particular photolit raphi ¢ techni que cann
ag edridadsivy oot BabEFS lf@ncetomf PﬁF}h‘Faﬁ@ﬁwuﬁﬁdtt% Hese‘;fflbeéhe size of these

Qah.]lg Olpifh %gc{eﬁﬁﬂi 45 tﬁeetﬁﬁﬁ‘ﬂcg erwedar éfthalfpdmt WY t&oSle#Bboring features.
uction Pitc i's one nethod proposed for
Tawsecliaatimgg aqeﬁgn@ailip albﬁquthyes@acgfgs between adjacent features, which are typically

filled by a material, such as an insulator. As a result, pitch can be viewed as the sum of the width

of a feature and of the width of the space separating that feature from a neighboring feature. Due
to factors such as optics and light or radiation wavelength, however, photolithography techniques

each have a minimum pitch below which a particular photolithographic technique cannot reliably
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phot ol i t hogr aphi ¢ techni ques beyond their m ni nmum

pitch Such a nethod is illustrated m Figures 1A-1F and
wdesmpReddi n U. S. Patent No. 5,328,810, issuedPCoD/US2005/031094

Lowey et al Wth reference to Figure IA,

photollthography is first used to forma pattern of

| h |
fogiln a%ur p’lé}wa,gtg‘? g]%h;gl{l es'm?x? a %golfsgﬁlj es Pr{lg ?e%hlgiaueaé/a%rlﬁr%p feature size

rediictiohgure 1B, the pattern |s then transferred by an

et ch ep referably anjisotropic o the l.ayer 2
fornt 'ﬁ%‘ pqogi@%ollﬂef)%, lg?th?fgn%ff’g(fs 3 596. eﬁiﬁrédub%o{hgr g%qa]é’]thtles of
phdtdl&Sogphic &Bchhﬁlué‘d betypﬁ)dé thearnaliriirhen metoldr edush AOmﬁhaiﬂ freillustrated in

el 90L L) ShIFE LS AEHERRC Rl SLAUF RS o wio

ref@yRe tollgat 1H}3;$}ﬁﬂ>althogﬁp1@l.lb sigquseatd fprml epmrrt ﬁdmeslmlntalphotoresmt

mandrel. s 40, a hown ure. | e
e QFRRE Bleb il 3 CBCEPG f’%éflqaya“?&ﬁﬁ@% %i‘toe Adi h‘@‘”‘f Ppdiigure 1B,
i gdemalid ﬁle@fral%&@ﬁeﬂ ®F afRtdlstepl (prefisbly hasoubpic®athe thytm#), forming
sides of the mandrels 40 by gref iéeml al | c?tChh %%ﬁgq 40
plagrheldprspinligls 44 oTﬁetHIi‘étOFFé’ﬁ oa hersipned arst e, fraggels 40 can
bd %oﬁoﬁéa‘ll? Cloh@Rl in&BAe e @itaRe basvesOAFNLORIE GliidReld BO, as shown in
The renal ni ng(hmandr els 40 are then renove

|
Figahéi ol Oiyyr the! mpaedissUBt TGy CRPosligetRethe e‘%glé o5 shown n

%&kﬂj 0K pRatk 66/iR, MterifiSex&R@NE of &ighlagis fcﬁmlad:extaffcluﬁg from sidewalls of
ere a glven pitch formerly included a

anpdifer magrgiab e themtouned enie sies efplkie @andrrle B Brnsipnisiin sl the

sﬂ;a@&J HAGH] HUR thERIbRS AfEcel 0 aSPEE RS (ﬂﬁ%ﬁﬂl(ﬁﬁﬂsﬂ@&/erte&ﬁ as shown in
spacers 60. As a result, the snallest feature siz

Fizoessiib| Shenermhiningphdests 4hog tispHPEo el cR#iRgRENINg onfy the spacers 60,
wh cil%gée'thl\éle hot aggﬁ{ aSIORF (Battelrﬁmé'\” aL lshch% ARRREC it Bklst WRdre a given pitch

I's actual hal ved in the exarrpl
ftzrbloﬂiemcltuﬁﬁpdsa pagtemclefining pre fpat@re land enecsppgthe $agisarifiij now includes two

feraﬁ{r & gw %b a%Ide el tﬁjeo#géeﬁ“ﬁ@) ASQ resufOfE sﬁ@lﬁ@tr @Atk size possible

catio I's, conventionally

vvitﬁmlmotphuhemphmféclquupISteéﬂqcttyylyale@eaSGChl n factor actually

i nvol AL Be %grt%&gt%dtt wit] lé ﬁ@ ;}?t)fh Esha% gﬁ)ﬁﬁgl@é'd 1n¥1lﬂ';eexample above, this

convent HoRal Prer i no ogy I's ‘retained hereln. Because
réduetidnaipgritcb @ afnveiaualy mfetred itabs pijohi ‘dartlipg s, mors gepgrally, pitch
“t hj ss,,9 see Fi . L Re tuall

lgﬁcagfmt he ésatcﬂr%vgsl(?}ogy lgu@@gc? 1:%(51) s‘% g(élfg Lb‘%ﬁaslua g

1mrvree&n1mmgsthet mtch ibathat fabtok rBesoBentiquak tetmickdedyl i retpined hereln

typi cal | eat ure f. onl i dt.h e
G r caitale %83@' 5030 oPt eh mé‘?enol T al%;th‘é?gsm 8@ tgllclﬁesésr W fsee Figures
19 206 3E) Eﬂrbeéb)(léd’mé Sizesfodl ﬂiécfmuaeﬂbwdrbsrthﬂrspa@rsr@msu@y corresponds to

tla¥ ttlcal !%sy ? {‘fﬁ (E)B I a 188 IDgrrol pcﬁy fea%reﬁ pﬂg o g'\%dth Circuits,

hbleveRRimel ¥mpley Fatudsef Hﬁf&r@aklw ® Ommmpkedrabgom: amehs cnuemoey circuits

Ilnsand m t h ri y, ,the conduct »

T &PEgHn GBS PRI AR R bt Ry S e 1n e
atr@ys, @8 BemdPR kIR hi@ef @blcﬁl@%dﬂh&ﬁedﬁ:@%n&i&tﬂfﬂmﬁhs ngd, pacﬂlm periphery, the
however, can he Iarégtzr t han_ t he conductive line

caR Ve es BER DRy AU HBTCHE AR p 19gS. Perpheral eatues
shiSPRSIhSdiY $ads, Hdweeer) @ﬁgﬁﬂargé}&ﬁlaneﬂhe cédduerdk laey i mesldition, periphery

the array. Mreover, even eral features can
csareBdres e e o g P Y e ey oes e 80, Morcover
el g&iﬂhbﬂayfeiitﬁﬂy bdnesd thiened fithike Gink EL%H £ th¥ drfay] th@ﬂ@alblhty requlred
not ossi bl e usi n%a Si n | e mas parti cuI

tp Hefi rﬁ&trfléﬁs Ll gpisally %BOSFIB CURDE & SPRlg magly ﬁa%‘é &%/ ‘ﬁ&’& patterns are
18kRA% hB& B SEMR!fhiSned hiloRAtHe BIdBRAlIS RN PLRFRE bEdtorSRs e

proposed nethods for formng patterns at the periphery

and at the array involve etching a pattern into the

array region of a substrate and into periphery of the
substrate separately. Thus, a pattern in the array is

first fornmed and transferred €0 the substrate using

one mask and
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then another pattern in the periphery is fornmed and
separately transferred to the substrate using another
woasile/028mgause such net hods form patterns usi ngCT/US2005/031094
different masks at different |ocations on a substrate,
they are Iim'ted in their ability to formfeatures
t hat reqwre atterns vol
| andPHEF Bré?a"ss hﬁggﬁ’én i E AR &L Iperrlﬁ1 %ry it ayt/glfe QoY mvoe
ett:}hhg’ gpateskintale Dey rgoassh fsxﬂ:ts'e:de tm:d itetpetighaty d:f\ﬂua substrate separately.
parate patterns. 't |nter f«ddltlonal
T80 PR Y i RS TR BOBEtsD do P AR i ge masic and
theh bibtliee PReEh inl e ﬁaﬁﬂhe@l i gmiﬁedlhncbheﬁarﬁtelyttﬂﬂsfémemeto the substrate using

features defined b itch nu
anogher, Fﬂaﬁ}% gBecaysg 6]1(‘&1] xﬁﬁfﬂg}is fgrﬁlelfaételing ugn£ glgf‘éreflt ?qas#% fl’h%g%rent locations
ol QEBshge, BRItk Bt indhdif BilRNto Hid Baura e edqalre yvenlapyisg patterns,
the features requi re di fferent overl appi att

n
U PSCpacT RIS PROCOVTIARIET GHETRERCt g Ano yel & thid Task may  be

ndPedstrhtBd {oCafitkIoNiwo SeIE Yatiins b iltEv@bite nAdkEmﬁIﬂj' R@-htatthird mask
one aspect of the invention, a net hg{d ro ded][l Q. -
wewd fagsnenge teetesh Chlsagss it TEReCchit ABtk dlshpE to the fine features

d&ﬁ@&bﬁtb@ meh lﬁﬁmﬁﬁca?&ﬁ?mqw ? a primar ?/ rrask | ayler

over e substrate, a_tenporary |ayer over

t he ﬁp?qﬁ%}ag}y, ‘F(lslad?%q’ foaﬁlethadqqf,fgrfmr&fszt%rp%%f cgf%erp%ﬁlg?s especially

wh¥E rtﬂeyfeﬁ&eg Q@uﬂ'%ﬁr&eﬂa@? BE patfrRRAY 8dpeSAIStin Rad;fuRkibn with pitch

Is formed in the first photoresist layer. A first

np#irlieatian. havi ng features derived fromfeatures of the

photoresi st pattern, iggpf@fReheiiivehitp t enporary | ayer.

A second photoresist layer 1s subsequently formned

abovécediding dy ehe @fpeethel fher syengign.t & msthed ds RFVisteR efer semiconductor
e B&I& d ﬁH%tr&tQﬁ H k1 lyi

PR 5T be B LER 4 LREAPY A8 A By st e v

tlterﬁabmatesta t@mowv teyar everlwaa sﬂﬁeelPrrIé?dy sl hgerpand pafisyt PMGSISt layer

X Ve Yir SPEL layer. A
o 4 0L e AL B R Kl
fip tpbigarm laming Heatyses deaivgd framidedtargepf th phefotepisttpattern, is formed in the
preci at ed, t hat

teﬁ;% orary Lo orA SeCOTI 1id Hgl{aﬁ?oggsg? sfa&éﬂté E%béé eﬁ:t h‘lﬁeoﬁﬁaébw he level of the first

ppirdrimandy anrathk pi@tdrayse patteAr cofodheryint tbe amndw elnot@rsqaﬁdwebf The other

pM}?rg&l%} P! ge:ﬁl %nd the ﬁi:nta pf.!%%gn allrg El{s?\ﬁleg ?odthg flm rgrnggsl? émo form a mixed

rovi ng a '
patitps i tht erimng hak fdyeg Hie mmmmsuvsoccmdadamuglayl@rmmvbpaﬁem in the

p%llﬁlgw? {lfll?%i lrzagqtrrg . Ib %{]] Isbre Satgp%giﬁt%ﬁ’gﬁag rt{q {%r trelttéc' cgno E(qﬁ‘ 188 ﬁ{; matenal or
ma®raRdo BB beckdee tlfrmrgatthehﬁﬁadnmkskingy@er an d a s e con d

hard k.| t t

Ao orPEE 50 HEEHETPHE SEaS BFTRE: f HTHE) BP0 Al gmine an

1ﬂ1t§grﬂé@‘éir&ﬁl? ffﬁdf nfe&ﬁ‘d Cb@ﬂl@iiﬁ% gitovidihg gm&bstx@fe anfihfermieg hea camorphous
I ses or s rn

CHAPE It s PO HE. Sbiar ek B Hathet SE 56 G appapops caon

18¥%r. pménsﬂotetrﬁ&gérapibym&u shotk fﬁistﬂl@ﬂdmﬁﬂd lhyep b dCadebad. haesk layer is
first and second patterns are transferred to a nask
formpd PVves i teMRUME{HYSt e i s etched through the mask

| ay eraccAem@éliafdihdr Qspet ofothe tiefitiods P @tetholfis pfdeided for semiconductor
I nvention, a nethod is provided for {)orm

felpicatipa (g mshod GPEPriSTh TR RSt PBHRS %B%Chf%‘fl?ﬁql‘?@“% and separately

f&%ﬁllfg PbRT Ptk wh&mltﬁoééﬂ}@twﬂhalﬁttplt@ﬁ mhfthﬁhcﬂiﬁ&k pafd @&t hnd second
has a first pitc a second part

PBRTTEHR tfﬁﬁﬁeffﬁd b 15yFE 28 2 S‘#ﬁgatrﬂ FSrf‘é@t%e‘b fhqugh fhe nE?élf B¥fTa

M ni MU, %OLB‘ NG an@tthh %&Jt ok ﬁ‘fégﬁﬁﬁﬁérp alrRGival 16 YRovided for forming an
defi ni ng e Second tern.
integrated 01rcu1t The method comprlses forrnmg a mask pattern in which a first part of the mask

3.
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nmet hod al so conprises etching a substrate through the

mask pattern. According to another aspect of the
wonvenReén, a nethod is provided for form ng aPQEMS2ON5/031094

devi ce. The nethod conprises formng a pattern of

tenporary pl acehol ders in a Iayer over a first carbon

| ayer. A | ayer of mas gtpal IS 03|ted

paéfﬁlfﬂf}g& a @r%pltflhqgldtaesﬁrppa a'ilrt ) %\E’éﬂ‘oﬁ’a&@?l as @ §eCpI ]i)lﬁ)g.n The first pitch

is$eloR Gt thivhym pRIADE %%hgtbﬂﬂﬁbﬁﬁﬁhhozt@é}ﬁlﬁiue $otrdeAgiag thefsedoh@ pattern. The
menory device. The ten‘Eor ary pl acehol ders are
melgpEaEq sPEIMisesEirbRE a SYRsiralf fyereh dhepask RHERY mat eri al to

f or My geol@hg Brafothér aBReKor ML iB¥ehAdn, 6 lettRE RN B beCformmg a memory
features in an array region of the menory devi ¢

denice oL B¢ W@thp@, ccg;@:trls Rg @ aagtﬁléacq te@pporaﬁ%pll g]lc}f:rls brha 1a§er over a first
cdBdnNOg: 1 & 19}';e9\'$f segt hdrial Qrdeﬁﬁﬂéa( S\t bUrfab& oalﬂiel t&hﬁ@ﬁr@lip&deholders

circult. he net hod corrprlses orm%gfap ural it
artﬁalﬁdleélsels‘ttﬁ"ﬁ]p!gemweé prapdiorizantsl spiegs oinfhs mERGR(| degio The temporary

pl?@e%gld@rlgg ?E!lecﬁtferlﬁfl PemoVBE ré@ﬂg 18 kheSthhidk Rfat @8 td EFRVLPatteth of mask
orma pattern spaced apart spacers. A mask |ayer
rrnaerml@pme@omdmgdo @aam@ T ATy 1 0TS A PEnaan EFVifepat t er n
is f Rgé@cﬂn% Mo tﬁ:‘? aH@tﬁéﬁ‘ Ls@&qrof El@empéﬁtlt)ﬁr B théhod is provided for for
transferred to the sane horizontal plane as the
mepeaerg apcuegrdihgrotis. Arronetbed cospaiess fomingverlitalieof mapfrel strips.
3 oRGAW f 1 435808 REBekd to f
AP BBk oF SEMAIS O L IR B, Ul E) RbEr RhSRgto forms
p&‘p@at:eﬂspapair apattisp@srsof A anagh dyemtformied| in apgans apove the spacers and a
bstr.at e I | h
BBk OSSRk 1 B e e
sgpbat.odef i nabl e mat eri al above the substrate by a
phot gl i t hogr a C techn - ' :
o SRR BRETIL BT PR S it
iradppdtahatesitc ghb mtﬁoaycempzhxek pmwtdhg asma@w -odipactd-hpartdines of a mask

Ir}/_a\ge(r:lgl:: ag)b?%%%}l%]stga[jneo, tW ]ﬁ]tﬁsl% ‘I:(tma r1a eerr%n%?%)hqfﬂ’iﬂ’gto?eg{éf te}Q %ﬁu‘ality of

fdaftr@0is adefilleC it € lphbtodafhﬁblaeﬁdmdl (abcmerths esbsprme Vviyda nvgotalithographic

BT e Btk o A RS e oo
c&xﬁé?play@rbylowamﬂpaaﬁ -ap&t lgek.ectively etched. Spaces
between the lines are fill ed W|tha cond t .
et orACH I R D APt i AT M eAPTAT I &Y BB pge 2 mask
pEiSNRdabrRaRRE MtddiBe BRREGE STheAndlitddtcBpPrides pﬁohﬂmgfaqﬂumm bfiines of a

a | ayer of another mask rial belowthe
figst npais]ﬁ g@teﬁ? skhedies Q;asgpa@[te@%ynagkish‘egxa&rﬁryt rﬂ%tgréag ?b% ‘i'}/st temporary
Rl & RE:cliRPBEhdIET SRSREdwéh thé&nésnate Tlled Nvlthaa second temporary
process is provided for fabricating an inte

at ed
megierighi The sPRendiPraREYY malsial i SEECNFIEICERh Y WeREISPHfgS A patiern is
tllleﬁ)f&{neﬁﬁ R RG 2 RIRE mAskf thdiSial Bk ehe PREARY of 18k BNseldctitely etching
partially fabricated integrated circuit. A pattern is
throwghdbl spAceshe masking |ayer. A mininmum feature size of
a porddQRingfio taH&hé? aatsﬁe%f of &e ﬁr[v%ﬁﬂﬁin diph@edsQs phfvidell I fabricating an
region 1s equal to or |less than about hal f a mi_ni num
iftegitted eirayitz d'ho progess eTARSISCHRIPYIHIBE 2 afasipfelapriteriepding over a first and a
s68hd E%Q&lngf %pgar{lﬁlyt ﬂﬁn&%ﬁq{?@ L@ 1R . A& GRAcH RPY fdrRed in the masking
anot her aspect nven?]on a partially forned
liyet. e gr minéroire ifgabué 6124 sf ,@)P@WP@ efjthepgterp g sapidjnes to g first region is
Fﬁl &9 r0§t1§5g flét{ Q%'u{ h&i? . #nﬁ'[ﬁgn FeaBRE RRD ok%%he@rb@rtﬁn of the pattern
urality o tiplied spacers on a |evel
cmvemhymngnﬂheweadbmmnlayer. The spacers have a pitch

of ab[{)clé{)rding to another aspect of the invention, a partially formed integrated circuit is

provided. The partially formed integrated circuit comprises a carbon layer and a plurality of

-
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100 nmor less. According to yet another aspect of the

invention, a partially fornmed integrated circuit is
wonrasiodedd The partially fornmed integrated ciredirts2005/031094

conprises a substrate and a primary mask | ayer

overlying the substrate. The pri mary mask Iayer f or med

pi%ﬁ%ﬁlﬁ@i}eg glléa?ilarﬁ Igllﬁfé egfglfecirlrtleréyznrlgg{gn? ?aerg%nolla%er d%‘fle spacets Tay Isfave 2 pitch of about
1doignBér Ig¥sane overlying the primry mask Iayer A
RTINS S e L R
prOWHET. | Ble patBail@ fon@@cﬁﬁfe@ﬁtdd@ﬁcrﬁf cotrlpﬁs@raaubslngﬁe af[clh&éprlmary mask layer
invention w || ?F better u derstoqd_fro ﬂ‘ﬁff ?ﬁf toresist.
oyselEEg thstsPRiTatsr TR BB ASK eréﬂ%‘?f‘ iOhd At e“& PO Phigotores

ASRRR REeF a3 GSHirsiiiei 188 pd¥edinta fiuGt plhrhd.kﬁfeﬂﬁhg tlﬁl’mhmary mask
not tolimt the invention, and 1%ﬁﬂerel n:

Iitre. &cPRSHARE b oc FBSSE oD ia PGB T SOROTrY Faerqpd Plane

o\te%ggqleql@ggggﬁ{ehme lines, formed in accordance with a
prior art pitch doubling rret hod Fi gur es 2A-2B are a
schematic, cross-s £ Sviews of a

par t irgl kn\(/elitﬁﬁr{ﬁﬁ b@%@r{r}{mgé?é’rb&ﬁﬁoﬂl ‘ﬂieﬂ@&ﬂ[ed@b@@‘rﬁﬂoﬁ bf the Preferred
preferred enbodi nents of the invention; ]gure 3

Embprtiments and fearo 15 agesndedotiayings dbich pevinant SB%EF@P%P‘?‘“W limit the
111fs/9rﬁf$§dan LY,.device of Figure 2 after formng I i nes
In a se ectlvely definable layer in the arr%y t he
nenoFigutte lAcE atf schemeidn: depsteecignehsigy wews plepprtt ally formed conductive
hﬁélbt%%éﬁ‘%ﬂﬁc%oﬁfa éehﬁt JBH%PE& &'ﬂ:h JoLEIME Shetholis @ schenati c,
Cross-sectional side view of the artially forned
e no Figute 2AeAB aif aﬁc@qma@ ,3TOPP-BASHORG HOrRnA @1d§ VTS @f a partially formed
mga%md%%cg RAQLAHG with pRBStred R ARHARIANAS Wi,

Ferred e the invention; Figure 5 is a )
sche figurec3 1scarsobsn®e,cmseﬁ®tw®il side viewar pﬁlﬁléllbm?damﬁ?ory device

gp ﬁ%{?% afté n€ rr?ﬁng ?nesclg a ?éleclt:lkfg 'rlgﬁn%bl@fléy%f 1netf1ézzﬁ+a?%g ftﬂgl‘ device,

, I'n"accordance wt refer
ireatb@dance with pm&”ertehembmnemts afithe iRvegtiere 6 is a schenati c,

cr 08% A7 Cl Lon a%efrr?allgg ecrc\>/ss %%tlglgatl Eﬁ? i@k h%!’pla%lafbo f‘o%gd memory device

ure er trans ring a pattern
of Fixfird Beaﬂ:ah o;trldarrm@ s;iacdsalgeeweenqamtct®mpdmax yin |aggoeance fyith preferred
PﬁQfgr dan?1tehvm th referred enbodi nents of the
e EISE8Y7 s a schematic, cross-sectional

si de Figuess afa dch@ndoiay drosalsécyiofiad srﬂemewmﬁﬁteypadiall'y teemed memory device

v %%ﬁ?’ieﬁ%‘tg)}g : tg%gglz%%%g %a%qlla)ﬁ%/ EIE %c?:];)gance S d)referretd emb]pdlments of
thivenfiteNnt i on; Fi gure 8 is a schemati c,

Cross-sectiona de view of the partial
FTEFTDIFglguﬁeeQ/}S&eSC{S Salr‘-IF’g“u%/SIé ngvtlglfﬂ[l E_‘IE glg Fﬁélg}grpaél[a %%ormed memory device

oA GGk 3NGRr \Mahé'felﬁﬁgfaeﬁal‘cﬁ@ £6Hank pRAbBsiafl laydieto a temporary layer, in
i nventi on; gure ﬁ_gemit I C, Ccross-sect i onal

agqOFRENGS WA lafrfefrrré%@riw% R enory devi ce of

Fi guIrgmud Afstaedchdn@iio Vrokg-settibRINBide vied of tetpaniallp fortb@memory device
tenporary |ayer to 1 eave a pattern of acers Iﬁ‘{] t

hrIRGge o o SEROREIg SBYFCA! o TS B e dpiepince Wit profered
RISIEEAEEr BERRGiHRNt S Of the

Figure 8 is a schematic, cross-sectional side view of the partially formed memory device
of Figure 7 after a spacer etch, in accordance with preferred embodiments of the invention;
Figure 9 is a schematic, cross-sectional side view of the partially formed memory device

of Figure 8 after removing a remaining portion of the temporary layer to leave a pattern of
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invention; Figure 10 is a schematic, cross-sectiona

side view of the partially fornmed nenory devi ce of
woionsreecd9 af t er surroundi ng the spacers w th aPCT/US2005/031094

renmovabl e material and formng a hard mask |ayer and a

sel ectively definable |ayer over the spacers in
sq%%%% %{j g%xe'rag: g D}eprrn%%)er?; %gc e gb g%:ao{%nce v(s:n?lb relt‘eé’reeg tembodlrnents of the
m&&dﬁnVleMIof t he partlally formed menory deV|ce of

afte

et FRBFdO P Bhermer B 5 P SFs i of 18 PHOALY BTy device

of Figaxe @ifdaﬁ@ﬁrﬁotmﬁihb tipr phery eith e rbnsiable miaseraf al’(ch&)rmmg a hard mask

i nvenfi on; ur a schenpatic, cross-section
RGP P THOSSHRLT APy 6T Bt WG o g e prfered
eﬁ%d&ﬂﬁmgbkﬂ&ﬁb&hnﬁichlng through the top hard mask

| ayer, in accordance wth erred

i nvehigrsm! s %jﬁf»reatfscw septOpal éﬁsﬂew 0 g%é’gﬁpﬁﬁéﬁq%ira?my device
oS FdreVioeateP Forknty P pittebRlnl the kQEREly MRARILY Wt i @heOperiphery of the

Figure 12 after transferring the pattern fromthe

mswpRIeYigR M2caeireg Hite Predged e@BO(tHﬁ@t%%t PEPEPSas t he

Spaceffire 121s @&ﬁ&ﬁﬁﬁn@rgss%&ﬁnﬂ KRE Slctved R pHaelilRMhed @émory device
the invention; % ure 14 is a schenmnati c,
[

of Figwee. bk efifo ﬁtalunn& breushi B tBp herempskr Iy in) apospdeRe with preferred
eﬁg&gﬁaﬁgﬁﬁhggwggmflgure 13 after etching the pattern

In the periphery and the spacer pattern in the arra

i nt oFighredddes sopFmeficherpy-sreiioral sy siew of theagtighy fyeed W‘P‘PW device
oPk 1%’&@ 15 8RerSRQELTE e at®dm DS e REVe R e ifdb@Ub for IPtht Sanf level as

schematic, cross-sSectional side view of the partially
ﬂﬁ@?%@@ﬂﬂ@ﬁ@ﬂyn@éwﬂdﬁﬂbﬁﬂﬁmﬁwﬁﬁwméOﬁﬁﬁgwﬂﬂﬁﬁnsferr|ng

the F%{uteelrél% 1 Bl Eﬁﬁlcpﬁ%%ggﬁfo}{al pd vIereof %ﬁ%ﬁfaﬂ? frtaBd Rerhty device
the array toget

rinar ay er,
obEigurdinbe diltle the edttsry iodheyrso rmmft e gaoeripatter in the array info an

uhdERE h R malit BP:Cin Hcoldin® SRR fomiOBARAR DAL iR BAon
I ew o partially Tormed menory device of
Fi guFiguk5l Saf ¢ s:hemata;nsrbgrspcptwgaltstde viserdf fieenestiafz farepdimemery device
e sp C Iy
o 5P e DO 8 AR A0, DO 1 i i e e
td gatshartb 2 tpnma]annhslélagm scdrdneanditilpt Beaedembodmugtsas e, investion;

vie }ghlreh1[6 éf}% achemgt&:ca?rﬁlssﬂ ctleolna?l%}dre gﬂvmf ?l{e?é)?t?t%ﬁg R/n?tgd %emory device

pat t e array the
of @@Dﬁdﬂ tﬂﬁr)tranﬁ‘émag p)htr pdriphdry pﬁmmtanld tenapager getidre ég the underlying
d in accord vvlthbé ftﬁ en‘gdrregts of the
S'tﬂ?W Frt'T BT BRE AT T ! g T8h : the"Brererr ed

Enbodigirst 574 nanadlﬂB a0 shicroprepis] aﬁswdwdi&t tlfrou[glm Agscamning  electron

dlfferen S|ze f res,.it has en f. C
ST  CRRRRY G BBV TE D50 ZHaF e Pyl partialy
f&rhRe ﬁfem@@tdeﬁf:é] SorfrRd & ftdrSdncaiviEh pleferipdembdalithants ofitie 1nvent10n

common net hod ) q.p t he

spacers and t H&ERHEHDE FLES PAIelSsed to an

et chanhdditydnite BrdB[eﬁTs&ﬁ@ﬁbmﬁhé &iffEﬂeﬁﬂ@& fae\wtys ﬁthﬁs been found that pitch

substrate naterj al aﬁgre0|ated

dpwhing {9eRIGHCE 1Fahbaye &tféaﬂ'oo&réfmf%twagj FrE Pelebiloa SuBgis fin parioula

iR borAm&d AMBbds’ ¥t ifnsfTMAS patfe, bbth @he §dEe3€ a@f the underlying substrate are
transferﬂ%apttern thesacers Can%lgvvo

y
epgpseché ar ClhrRL HBEH r%eftlﬁ%ﬁaﬂatet@?ﬁn Ay, s wpstrale mateniall It will be

?ﬁ%&t@é %ow;ﬂ%le $iut SHefeldnitd L1iLReap bRa NGRS AtBRitRYa §16®er rate. Thus,
rend towards decreasing
over the course of transferring a pattern, the spacers can be worn away by the etchant before the

pattern transfer is complete. These difficulties are exacerbated by the trend towards decreasing

feature size, which, for example, increasingly leads to higher aspect ratios as the widths of these
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feature size, which, for exanple, increasingly |eads

to higher aspect ratios as the widths of thesetrenches
wdeate@ae®9 | n conjunction with difficulties of PCT/US2005/031094

produci ng structures of different feature sizes, these

pattern transfer Iinitations make even nmore difficult

o SPBLLEL o0 . LR ARUBLLIG REANGARL S5yEr e

sighsf thése phitdre Gansk Bastionsl mexdxaeh MBRtdfiodlt thh eppliemantof pitch-doubling
allow for i nproved pattern transfer and for the
pRgiRigste B]FFgE?Fedcﬁ“f"r“E‘in 89 e features in conjunction

Wit hirPdidwe Bf ghedellifrio@tied, Prefered Eboddi@seofhe inkientior e for improved

photollthogra hy and pitch referab
DGE T oth B SR CETRHRR b RLPh e (BRPER T opgign with pich
d&ﬁ)ﬁﬁfy res R pRRe oBihé trethdd PABtohBEE B hy@hd Hifh cE)thblmg afe 1@eferably used
the array oF a nmenory chip. ILn a second

phas
topfEE & FPACFIREHEph Y b @’P#‘@HY Eorie FRBFABEOR G ARG5S Sl chip. e
tHRahLLEbNa hﬁm@ﬂpéhtﬂ?r Inrae&b&ﬂ Iﬂ’lﬁset PetdttoRrapBy & agaih ﬁ)%rformed to form a
periphery of 'the menor ip, 1n alayer overlying
S@praic@qﬁe@amtaéﬁther Bgeth of C@Ba%%r the REVRER o Fﬁ@o%féa’m&l a layer
opé?lg[;r@rtﬂa héer g&%& 5.7 %ﬁe ;350%1‘:{ di8rn3Ad lﬂkﬁds%édn}d fpﬁﬁerﬁ’ bieMBdnransferred

ayer whi ch era can be erentlallé
tceemmé@r e Iatmamemimwiaxmdfémlwﬁgraélu l53% 'Pf‘aﬁl éferevﬂ'fé ysirhgdpelative to

aft UI%&:?I?%Q QI%SBQU q‘F’lQ §pa@£1‘eanﬁ Q@&‘)n@ 'bﬁ%{sedrré ﬁl‘én ftl‘él@é"l‘érffelaefrom the primary
y- masking [ayer to the underlying substrate in

nsslu@ kystte e uHertyingoabstatenis af sinele semi Heysdpatteas &t fogmlz&dlfferent

s1t2§e ngrﬁe%s rﬁ?‘eoéf‘wlgr:h %@'b‘%ﬁwﬁﬁg ngﬁhﬂ}/ﬂ ﬁlfc‘:ﬁ oy ﬁﬂéfﬂh@fb&ﬁbbl@ftechmque

ot ol ograp ni que used for patterning,

ugelnfob @atfepring cbamrve foimesd eand dhase patteresasrnblee Sigeaseiyly mam5§erred to the

&9P5f%£sﬁ3eto the underlying substrate. Moreover,

e second pattern is initially formed on a

| ay e Mavecsred, yeqagsetthresesqwlqatterpai ingialy farmed ewee dayer ustlyiag fhe spacer
PG AR 15 AREFL R Py afer AESU, orctang e o
difeendht cdiZemgsdch nas canddetingniihien gendatisding  ppdy iop hisriphery transistors, can
é SIStO& fo qg advant ageously be forned. Preferably,

afyRRaBrM L P & ki ng | ayer is the masking |ayer that

di r e@idfaralfly,ahd prasargndskich ieyer & the mhlsksglla@t thai digectly gverlies and, due

$ %Ighmﬁ%lg%pgfssggintﬁ?lgp g ?Q:Pmrta xl;nF %gr%g%% egch) P ‘;h%mlbsl?lnte through the
pBiadatyl ﬁlb!:ikﬂfg, latrdiie mrpdﬂﬁﬁu}ar s lplnﬁgr}i myMngl Eyeprlefmasfatbbly formed of a
forned of a rial that a ect|V|

mairial hgtealiogrs @8? efelp seleghixibere %%Aior?gﬁ?%g saaoteﬁ 81a eridl and ttqé/ substrate
iRBdr AL, :;S@ khat Scériaiters RAE etEecﬂx’aetl):‘l Bé ﬁarﬁ:&[’re&ft(f ﬁCsIol thetl tye bxemary masking
transferred to it so that the pr in
AP Bebes BB T Y B e b BT 5 AT nds when th
Ak (HRG fohQcISHPBE Edkite, 36 Chat ﬂ%@ﬁiﬁemﬁ iteas Kffct(folvélﬁ eéltrimaferred to the
etchingwthe substrate, so.that atter |ni

can .. .
sulpsfrater e foyitssacellentrigherclegiyity 6el't‘th"€ t%fﬁﬁ@teﬁ‘/a? , gfuding oxides,
rﬁtt‘léeseﬁiﬁekﬂl&ﬂt 118 Sfim&! @Ldny | thyer r1§'p@éfér¥lﬁytf6rn&dvaﬂ t®boh and, more

material s, including oxides, nitrides and silicon,
P[ffff%fa'ﬁlfalaﬁ@ﬂ%}ﬁoh%@moﬁg | ayer is preferably forned of

car bapyangh .gpREGteR ek 8 s@hirtte cATBINRRNGS! 8nyCradtBi or hiateihlk khat are to
be appreciated that a substrate can conprise

bewrasessed thmuglwﬁne erimatysmaskiag laxpre Thes, peubsiee é@sléﬂu%’rﬁlé% ffa single

rﬁﬁ& apr ' 5 l§&1$' @ hﬁﬁéleeﬁt matBids, a%y%ﬂ&sltaj?e@é @avﬁi%rlreglons of different
Pncl ayer of a S|n§he mat erj al , plurality of

maigretiSsoroﬁmgWes an dlrem, e e hese gnatogials a:?@ ﬁnc@}dq SEYASPR uctors, insulators,
c{gﬂﬁélr%{bgsétrog Q:'ot%ﬁﬁatﬂ)fns HhdfRr efyplcgm &hd SlbRtrRE cShpiket WhGSurkdor layers

ese materi al s can i ncl ude sem conduct ors,
ultirsaitly faymopart of the integrated circuit being fabricated.
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conductors, or conbinations thereof. Typically, the

substrate conprises structures or layers ultimtely
woéanmwrperdd of the integrated circuit being PCT/US2005/031094

fabricated.It will also be appreciated that

transferring a pattern fron1a first level to a second

Ieve vol yves form

res in. th e
t nat uhERa PF e A L el RR AR F U seoond teve
inb@ves| fornfiay feaiiasih ehe sebtmdpatehtiaf gdneralg comespdng is dicatres on the first

| ev Wi | | ener a :
L AN IRRERETR Y R R P
th& Qﬁﬁﬂgvdl QM(E kheWlotdtiofs QIf roftep deptlirésOort ke decwdt lewah vafl correspond to the
sim I feajures on evel . . The eci s
logHAp R SEHG LH s o ther B ItHebe Theote Yo BR SRS o fpes can vary
frJ)rﬁ\ﬂ%I firktQete® tBESQHE 1ERY, &bwemwmamﬁardeﬁehﬂmglueon etch chemistries
dependi ng upon etch cheni stries and congl ti og @ transferred
and copditiefs. oL PEANdEREaUPHEE BEYRAN 1R dieGe wanstere
pdi@FaMEAghd Qﬁa&é@@ﬁﬁi%ﬁ@l@d%‘aﬁ% fo GRNpdARmetd alieg €ifbt Bdvel, while still
dim ni shed rel ative tg the pattern on the first | evel
reggmpbliag Sreisppe inkigbMBISTRg t he same initial "pattern.
Ref e eB&8ceMdll nd¥PWe BRINRORe tFbutdewhirgiuras ,nuﬂﬁﬁ[seﬂcﬁr to like parts
i ke nunerals refer to like parts throughout. vl\n
thiysiehawsr b wilbhecgpresiated tatdiguess 22‘6% ngt @C??Sct“% E‘@%@aﬁ?ﬂ
dr aWWhﬁlQ t@%&t@x‘red\/gﬁﬂoﬁuﬁ&lé WAl & p St a €SHA e st Sct \M Much features
find application in any context 1n which features of
ofttlifférentsires asp famedgnen fubfireisd ingiartigulatipadvpnfpgeous ‘ﬁnb"dlments part of the
h 1Oty Qams%rr@@‘((ayts @959?15 %m@@bﬂgﬁ&?muﬁﬁﬁéan% ahd1@at has a pitch
ern to be transferred to a substrate is forned by
bqjow clre winimnimp bitehaefi thn phatelithagaphisdechaiaps bR feameggstipgethe substrate.
h*acﬂﬂf&l %}B ttﬁ rgifeﬁgch ol Jaﬁ‘BéJﬁs%@EU forth %ﬁﬁﬁte?ﬁ?ed%ﬁ@ﬂt they are

strate. dition
ppﬁaﬂz&lyreddar@gb@xslymgmesl te ammkﬁgwg@év@wpg) arfayp ﬁ'f @pﬁ}ncal devices, including

10|§13)t e%rflt%talerg sCI d 9&5‘1 tSlF aﬁ&%ﬁ x% AL CPLA Hé@crels ¥uch as DRAM, ROM or flash

red to orm CES havi ng arrays
nefnosl ém such da\hced epmch esltiplicatibw dinrhy uswigp fory e.gatransigior gajgelectrodes
and Jle.a d non Ghn b b
M 116ers 11% Iﬁay I'C%IDIII @}ﬂh%; ghlégﬁ & ﬁééceo\g}?%:ﬂélgﬁﬁ Sﬁ&t 1& SPaphy can be
ufedltd fqiirlnlla}@:rlf@lmresamcb es m&ldtsi a ﬂfeqnenpheeesg)f thetqhaqa s Exgraplary masking

ate electr s. and conduct.i.ve ay
S8 5F P Mo WA B Ao AP TSd A efitd
phot glgutdmgEiaphy tepncwef d pedialiyofaboramad| megeued f:laalitu pragemory chip,

such as conta at the peri [ s of t [ «
1B oA PRy e {)%i RN TA ‘lsg gge R %l}er r i glt%|t}ﬁe pgriphery.”
Iﬂ'Wl[I[bE: YpEdifledtha, dfel tabiicanite of thdﬂlntelgﬂtteﬁl cgcul’eH)O iFcognplate, 211&: array 102

Wsato ew of artja icate nte
el ey OF kb sPruiel. b oordkebinpy HE e BHE B RS such s
tlralri:s@storﬁﬁﬁ@h’apaclto‘és SDEsJiIlelgﬂ ditth bﬂult&pmﬁidnpiaﬁ rbaluse‘de’gl form I@tyres in the
the "peri

o FPL GRS o PhinE St O P Lerh S b e placeer than

thd3€ 1R A YrrakO20M [CondeiidriaR iphtolRBogiephs,etashep cﬂmul ick anltlﬂilhatlon is
conducting lines and electrical devices s

tynicaH¥ peed 4¢ Rattgmdhese fp&@rctso‘tfegauswg Igi:o(ﬂﬁtr% comptééﬁy gtsloglc circuits located

IMetﬂeH;LHe%an%k@ﬁﬁbl@%lﬂéﬁ afitdpicdton @ffieat Uk egditish, tsdﬂﬂe devwes in the
array , as discussed bel ow On t he ot her hﬁ% ekl e

pEEPleh apapirg Oleresh EepAYECT CHE UiPe SlCFH eTOn IS 1 ’?By j [HAAnE prie
LE@plﬁEtfd'ﬁMesi ngantgék‘%ﬁ@ﬂﬂﬂ QRMntiBRO bﬁﬂtd)lltﬁk%%’pﬂphb‘ sudh&i%hed's

an pirtch nutlglcatlon |s€ty|cal used ded A
pat t e¥ith refersnse fie FigureeB, hrataly o lﬁtégﬁ@il r"}r%mt 100 is provided.

%185%9 eq)ﬂ) tlsy rg%décplg:'l&;v Galrfoﬁéjlagle?rs h 2 808 drHe Rubshte N8 WA BE Yatterned to
S|ng rrutlﬁlcatlon difficult. In

fa@dmno@h fea@lmmndlélw leleess IW-1Revigeichet {p oeg ditpask If%{rtB%Pa“em’ as
geonetries due to electrical constraints, thereby

meki ng pitch nmultiplication | ess advantageous than
conventional photolithography8f or such devi ces.
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Wth reference to Figure 2B, a partially forned

integrated circuit 100 is provided. A substrate 110 is
wonroeosioderdo bel ow vari ous |ayers 120-160. The suberTmab®ms/031094

110 will be patterned to formvarious features and the

| ayers 120-160 mﬁll be etched to forma mask for the

a 5 - 4 Blisd ferably ch

RS by o FRETRR o 6 s SRy R W Bt (10 b reerably chosen
bbb daasmﬂatmpmﬁ tlanodsmmk&y ahd process cpimbtwheqmmeytsefﬁmthe various

rocess co on_requirenents for I

rﬁo%n% ﬁfafg fneiirzﬁls T Feg? P}Sﬁuss%dt heerc:S n. S%aﬁgesthg ‘ﬂy‘ér% Hetween a

tobxﬁbﬁlsﬂectﬁely alblﬁexbteh@ef MMwh@t‘afﬁelﬂy F:3 deﬁpmby a lithographic process,

anﬁgtk?e (F:i%stpz %V)dng?t ﬁ% S(Fugg% apa ?Ztg Cdgr\émgedcggorr]lg{ PisS e(%lvgg/tdeﬁ{lable layer

17010 tKelaBatia@Nl 10.0thé lag&rs betveen thatdletinelyl d¢findeld 1fy0120tané the substrate

sel ective eflnablela er 120 to.t

Hngre pigfer gﬁb@%@éeﬁ? Rl thEY it F\fSW“’SQf ?t?sm"a"glrs{afa%/ 5y Oggerposed
maRdalt Rerisudst reethe 1 %A1 8¢ epiécihial il y maledd d casideledtselectively, or
KR TR T YR —

ARBPTEEhAtLiek, Nitdre preffRbETabalt 20 $ined preateleine, dn&ﬁble&falblyehtyeast about
or preferentially, etched vvhen the etch rate for that
AQyirnesrgreafer than that fprsymeundg pptesals nes greater, preferably
abouty, dhQ iflsHBSd SfBSHiREnt, tﬁ@@&ed@ﬂ'\f@lﬁl eleAlkMble 1@?@ uto Z)Qeﬂhhmﬁrst hard
greater and, nost preferably, | east about 40 { q
mgtkeer aeh s9paleyerHap, whish @Wlﬁ%ﬁ&ipﬂr@rynlasfeé 4t wich oerfpggr second har
ml'aélé lé?‘te{cﬁts?(ﬁi) @J&P{O@sm%hh $Rgies %ld}ﬁﬁalr?/ &layk gebd I@b h@ich overlies the

ayer 120 overlies a first har or etch stop
subayase 1@3@ beitipaepred (-4 gtesdh trevgbor 1&?5}( g dhicipwses e fyers arc
hehCdlohsdhORistrled ¥R prad@Es conditi
pr\%}:e?eﬁ)[’l‘)i %@Sée?l d?gé;ﬂfglg u{ri‘f}{ n«‘%}ﬂﬁ@tﬁ}?ht% %ta - ci 60, ﬁ']rlech pr conditions
depouitpadi leegein.hdfog uabmplat ‘@hemmanﬁf@rrb@ paftcss S pi oyerlying layer to an
uﬁ:&eﬁyﬁg)l };ep rbg ngfgc gp S Thl% LH&E ﬁ?ﬁ%&s nﬁﬁentaﬂefr&ﬁ)bﬁﬂislayers are
Pera oll%pendl ng ‘upon conpati b ty
ramqvbd torsernetdcgreen hﬁms,sther st laydd ippreieebly this Gmulgbﬁ%that it is not worn

a‘g’gs ve%@@?od?@o‘f"ﬂ{éetcﬁor exanpl e, when transferring a
3’? roman overlying layer to an underlying |ayer

by s &l getilvseityd etteidinmyt, theefinstrived ngskrgyer a3Qis profereldy b@rwgen about
1{)J Sg tlparll %rres re% rgblgWegﬁ ﬂ%t PR8FHBAGE T e-{aﬁﬁ)ra& ﬁ?er 140 is

ayer enough so t
pmﬁarahmbawamagbowmo Ztoh mncdnnl@adomoltehuefenablh bdtweqnwéout 100—200 nm

LI r ate Jhe fdr
tigd el Sh S BRI a0 rshidl ORUceh MR 148 b ¢hidland, more
pM@ﬂﬂy a‘bbm ZODEtnmadmckadmduhe 89 nmsk ldyi:ICkﬁO iT Ipeeferably between about

PG5 ik T ety oy EPaPARRYIEEC: een abour

100- 240ith Rrerdnbé fbKFlnghe the sdantlvétadefimabls Raylen20ris pfsferatdy formed of a

P (gtgrgeggtggllp 1?15%% %E)geké% fo}s')]rfﬁ%.tlg 9@%@ tr}'g)lr %}Eagl%ge then%otoresmtkcan be any
h&bﬁ%ﬁlst]&&phtﬂ)l@ﬁv&ﬁ @8.dkhy 15Ehine 893 mboms 1th 6 36506n mmelength sytems,
th| ck a egﬁ‘rgmre preferably, about I Examples of
e perdnehcein gofe3: dhi BFER LR PR Faeme

| é)iagt@rebﬁt Mtﬁfa&rlﬂ@ﬁdé afgbiklﬁﬁdndﬁc (AﬁlF)ﬁhﬁHitWe@hbﬁieslst i.e., photoresist

I nC . ggsgetq%glyﬁﬁég ! ]?é)g gcng?geC gﬂio]\é'gptlgﬂggg%%gssggsgﬁve photoresist, i.e.,
E&Eﬂ%ﬁtst' DB I sl Ritl a KIF h}gﬁgso[hm: Mpﬂdﬂ)reeﬁ&B aRPreferadP dsed with
nm wavel engt h syt ens, vel e rsion KiF
phyietiBpg Rty §Eet Bl e aﬁﬂaFlthlhmg?%p‘fﬁ 16%%7 eg, 193 nm.
E&aﬂ%@ﬂst@%reoﬁreﬂafaﬁ QlsEERith mg&rv@aszblﬁﬁgmpmmhmgsaphp @j/sitﬂﬁﬁ such as 248
argonfluorl ArF) sensitive hotorﬁ?elst i bf d
nphuysleme singthes GRS BF Tyge! G4 PR SRR et Taisgirop be forme
and krypton fluoride (KrF) sensitive photoresist,

i.e.,
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photoresi st suitable for use wwth a KrF Iight source.
ArF photoresists are preferably used with

wohoisohéaddmogr aphy systens utilizing rel ativel yreinmis005/031094
wavel ength light, e.g., 193 nm KrF photoresists are
preferably used with | onger wavel ength

hot. ol i ra SH Stens ) 8 Noech 1
o B TR Py P R Rl
fofo@Sd)ﬁdttehﬁl;l@feSts’ﬂcan be fornedof a resist that can be

patt rned b 0- int 1jthagr
IélPt Cfﬁlélt] grlnpﬁagg Juas éay%g tl?(?lp}/e’f%rﬁdlyg rc(érg r¥se§'l§_lsﬁg:0n oxide
(smnzi) eflhcain droa didhetrici aisitrefiatice nemikg |(BYRC),180h ps ef eifiedptrych silicon

WE]F(&C ﬁ)ﬁi%&aca? }3 ! }?ag’?ciugae Ia&/xg&f?geoug for %ct 1/L_{h (?p;gttterns 1%}\1/1n§ gltches near the

re§dh|1tio€10mnﬁd oh aspHotatitvgaslyini tbahntiee bEVARES the&n:ah)e:nhance resolutlon by

oo e T B TR0 R ALY Blese e
piRAab® kiith RehaBiotitHogaptyi @u alehigcit) s@eb loey petenn. e@bmey a bottom
resol ution by mn|m2|n}?o§@b ht .r tio

iR EnY KRORET ot SPsry B0 e C R v aabith o Frst bard
m@ﬂ&@eﬂmo%ﬁt}bmgmedneahﬂgol i t hography can define the

edges of a pattern. otto
ant i 1hecEmBeRR/aye J4p |15n}§e%’§g&éjym(‘%o‘$ B{EH‘}S qaghon, which offers very
high rgtdhagelléétlbl%/ Usfei 8 Redrdftedd had thekfhitsdaldlandorsgsdferably, the
ayer 130 to contral light reflections. The tenp 51‘ah d which
arperylqus $aINOT & 0BT OF FBIYAIPR: AN It B BRSPS o et and whic
ﬂ’%k %H’th%f ﬁﬁﬂr@veyrﬁﬁﬁ! Y St hifRme R IR Chding ErahspRndtd Wavdldigths of light

e preferred hard mask materials. Mdre preferably

usef doravpl pligsinsnic &ewﬁlopée“fhmﬂ%ersrf?rofonfufl&ﬁ%%\%ﬁi‘nsﬁaé?% Giybon can be
(%lg t A%{éﬂh{%&b Méﬁéﬁa‘?aﬁﬁmoﬂd@ﬂhﬁ?ﬁs‘s (29v8) Y%Lzz)b of f ers

roverrents for hoto a nnent bei n
tr anépaménthet férskf\)aarélreqﬁlgtlﬁsr 380, | thy ﬁﬁcoaé é@rdf @Pslsl%ﬂ 150 preferably

prly® BlrectRe Qx?cgfetﬂlsaﬂfe (:&ﬁﬂ? (ONRS) (Y, Ql'i&ﬂi r&%lﬁ%‘} Bki¥icon oxide

r ans arent carbon can be found 1n A
(SV@t)SQ;rSdICOH THi addSadn, @ toftpmrsnti mbcwgc%t)ma@ei\%inow@own) can also

%%EH)I ‘peeusea iqz %onﬁ@f lggeh'fr?:g]:éctloﬂy e’Wh}lg Che ﬁx@teanﬁ %‘eogégorﬁar{afh mask layers

aer y conprises a dielectric
13(ngrid- IISchhIebﬂ foxmedoqf aliffemayt (n@‘,eﬁz@y tiese fpyers aregrefprelfy formed of the same

2(%}91 f%rr eagee 2)f pgocieggnlr% a8 Ii]o glﬁlllr Ge &?In%i)er% d§fe¥elnf:&5h RCC ﬁln(strlets utilized,

ive coating (BAl
as Bﬁmbedd&fwal Eﬂte tht teumadatwlam 148 etie tpomaynmasds| layer gAY is preferably

he fir d hard mask
f(?rg'y(i?g Ogsn%'flr danor%%re }ab%g%antsllf;ﬁgﬁ ? %e(ghe nt _
mat et willshe abhte&eted thaeths vamcms myelfseiwbdsyd heseineeh bf forthesl by various

mat er | r oces L.
n}eﬁ'gﬁ%la% fo @"Psed)(%islflg tﬁx% a% t C(ﬁ exahm rlol‘rillg ga}{(l) d og}lgféﬂ I;rg%esses, such
aél eﬁdiﬂilbzﬂ)@dpdiaie@mtldnl doa Heht&ed ecmﬁnmaiﬂay healymasklldrs. t Reeferably, a low

%QQ?SK 2 e;]ﬁ}éb% %Ipé c%ssfése rg?e ¥ fepc%sﬁﬁesgaé(ri énatsk layers or any
ofhef ﬁh@t@nalé te, g dphceb eaEHr @kt B dovichéie nhdsle layer Iwuwhéraﬁ‘&rrsask layer

discussed here n can be fornmed b ous,. Ne
DBV of ROREhGE STRPT | e L G Ry i gines advantageonsy

pYeRE QhkniVA BEPhySieH ASskiption o thOGRG FiRSs cAbaa@s chemni cal

vapor_deposition can be used to _for

| ay o SEIn-BrOFEAEBPSFEoen Ll FipfapL e bEeEd iy In ecdivon,
2HBRAS! {PBbnPRAGESE bS fereRd by Q:héxﬁf@@lswtpoﬁ Bé&pokiciod using k hydrocarbon

| ayers or any other materials, % uRﬁjﬁ'aCE teria fud
celp:pwpl,eorp)lxm@@ 8} SUCh EOTHRALRAS, aaS;F@FbOT f?c & EX r%grg&ursors include
prdYRhe, bEPyhs ptPaiee Buithe, BilpleRd) Bl dishd drdQBetel$C NA lstitble method for

t enperat ur e gepom tion processes advantageously

prevent chem cal or physical disruption of the
anor phous carbon | ayer.
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Spi n-on-coati ng processes can be used to formthe

phot odefi nabl e | ayers. I n addition, anorphous carbon
woaymree®an be forned by chem cal vapor deposi PCOMWS2005/031094

usi ng a hydrocarbon conmpound, or mixtures of such

conpounds as carbon precursors Exenpl ary precursors

|nclude opy, Q .6 e
Togi g AR Eﬁgaa?:netla yne c{éi\ gcl[ rgy? %ﬁ%%g) for té)?é}n%g’lssued o
Fafbarrpbmgmdamdmrm(b%yers is described in U S. Patent
3 Zgbgzl?s Og % }}&m%}ﬁo digtagcfolr: | (r‘,eb\%{ﬂirl ﬂlo Ifﬁ rrgic%rr(r;)]l)ro§1me%ts and with
réfdrérte tdEigees-e rp’nehi mBhiptckitioe it the arug ofite Ipameﬂyefoﬁ’ﬂﬁhntegrated circuit
igures 3-9, pitc | ti,plicat,i t he .

ik e o Rt e PR b el 1B Ghapla i 3
The ﬂﬁirt]ddeﬁﬂihbleSa)fe@ 12eehn®8 phiftenddvg) ogl E}ﬁhonﬁlﬂ'lograbﬁ)y et whi2Bthe layer 120
as shown in Fig . The, phat odef.mabl e. | ayer .120 ca
SO B BANy IR 3 Tt BN EROGF ARG | NCIATOR faigoped the
rén@iifg ﬁl%@)dbﬁna@kpﬁﬁc&@altlﬂlofoa@isﬁtﬂ 0 dabd, Qu@Pridds ligés A2ewhich define
and then devel oped. After being devel oped, the
spagsPeiZfhi ng phot odef nabl e material, photoresist in

t hi s AGaBfvn BTIRKE 588e WidIRDS ﬁ%%paeemmndeﬁd PHOtOSERAE Bffes 122 can be

124. As shown in Figure 4, the widths of the s(geacqegy
alfred fond desfied dipngipes iter xRl TEppatea ] 2 6am Pt RGEq B gohing the

pg&&leglﬁqmgé RN STRNphobdREsisE KAPI28 ard PrefePdACEShed Z,Iglng aR iddGopic etch,

w dened by etching the photoresist |ines 124

syhas orseldirgpideinemancg, wplasprOPerERs yOr Qoriiridsin gT hggxtent of the

efcﬁ@stﬁrgigllaﬁlyesgl‘éaed SHGR :ﬁ%s@tn@'ﬂnfe Ub40ds qammha:‘éﬁﬁspoﬁin% to the desired
asma conpri si ng N2 and Ar. The extent of

spamzarahe s@cw &t Be dpmpd.ses widk e REFolhet Teim s gisgusigp below with

résg&?to]ﬁ §6 aAWa%gboﬁéw @%QH)Q't@ ﬂlc;v@né e f(ﬁi@ﬁﬂl({l’qu lines 124a that

acl ng t he spacers to be formed, as wil

aapmr@meaﬁl@u fentores tdeinedi BY: thes Plntoliskagearhigi iewnp%@ p@@i tq pattern the
pgﬁg&?gzﬁ)l@f %&9 12@?%? @ioﬁ%gr? %ﬁ(&&fh ﬂk Qdﬁg gf frle Qfed Pl4athér96’§ﬁ ilf@roving the

on ines 1 at are narrower
uhidanity @f tibelfiien d@4.byThe mesulbing pbotickisigingp A€ and é?ﬂ@u thuﬁeconstltute the

pglgeﬁx%ldte% Oo? ﬁita{uﬁ'glg %Jﬁgxé}ﬁ%f thlfnr@gga@er% gyf({i?hg%?ecb V&tlh be fo%&f‘ In other

mhqimmmts; dhet spaces) hctﬁvemntht ypagds 127 ear hemagowediby emendmg the lines 124 to
aC oﬁrefitslzg gFQ :]eng(%r%% ac eﬁlo{'r«g %%?erl%lzém%gg ];lt%z%&% (;ngyt‘ﬁ 1nes 124 or the lines

ut e ers or nmandrel's upon ch
1patdnde nhaficaiyaeeted td B ¢ Fagurlhading wﬂalrger beiulfng tcntedeast thelr size.

gtagegrgeﬁ%f ?'}Elge ‘%@9‘1@?@ a}%ﬁ%ﬁgis aﬁletl | nes %ﬁlgé{)a%ﬁfedsangfgged to a layer

ldest hﬁfénsll tha caE(Wlth@MﬂﬂTWlltH thealddctdss omdltionmfee rspakr materiddeleposition,
dde os' {lhe I | 4. or, the
th

188n lto gheﬁ,a‘t{e%t . Hegftarhcg\s}han falho%?resmk? the material

fMﬁhrLgmﬁe &@npoﬁﬁf Q@SIGIAK)he pfef@dﬂﬂ}e selebhed speétt thet i cﬂf bd ktdaectlvely removed
(modi fi ed) phot odef i nabl e er 20|s refer y

R e PO ogel) DA By 120 S\ PRELPLERLY e e 140

préfériisy aognddl bh ah’bﬂ)h&[so cebch. C Mudinlst ahs preferrQipalieedistries for etching
mat eri al depositi scussed bel ow. In algogltl

S HrogRTIKGiEh SIEBUF et AR HATATOL O Rerers Sropies chemisris
a4 {dr QidHipOarhdiphdue @Mﬁ@Wh'e&y&lént%&cllﬁtyplfeaﬁed &4 yariety of
sel ected such that 1t cfafg be sel ectlvegy gyo he 120
mpagrigls; 3/ard @afl?ﬂéy%ﬁé%%ﬁlec fop syph mpfgriglpare fi’ﬁ%’ ﬁeﬁ}’?r?@” © layers
ah@mr SHBLIA A 2800V Bie hhiiemdsRYSer 1380né18dd) F@feRkmblE YDARCS, silicon
fornmed of anorphous carbon. Because the preferred

oxideneraitriflessandsticg-chi ng photoresi st al so typically

et ch 19k QRidrh GRMHe AHBRUEINELIL ay@NMDI0R GsFera Bl RAAsfaRd to the hard mask
because chem stries are available for etchin

lagieb i Hh 6t showarin Sikeus 1-h Thiz d@psfaris Petraddt wplﬂ}hsg%ﬂ Using,A8 anisotropic
to a variety of

-11-
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materials, a hard mask |ayer 130 selected from such

materials preferably separates the |ayers 120 and 140.
waubdcaké@omat erials for the hard mask | ayer 138CT/US2005/031094

i nclude, for exanple, DARCs, silicon oxides or

nitrides, and silicon. The pattern in the

S i S Frd oL B R L PRSI oo
sultia gted hdr® nﬁﬁl@faﬁr&bb Ys tiC dh‘ﬁf'eﬂrai‘lﬂad)rmrbng pmslma etch chemistries can
ni s Cc as an etch using a fluorocarbon
maP &a &gql{% ﬁéﬁghcé ¥t (isotropic) etch may al so be
sui t el gatlefn tsh@el afadsterasikiol ty aempod@y i lsyet Hith, aPslefwer meBigure 6,
quorocarbon asne etc chem stri can incl ude.CF
p y (G20 a7 S%z-ggltalglpg plagma, pea%,t &r ﬁlsa§rga Cﬂlétﬁlnlng EOZ, 62 and Ar.
AENaﬁleéJoﬁﬂ{r QRe $O.-ddARidiRARCYN ety Qibohdd the@ﬁef&kﬁdempdﬂary layer 140

at@ r@tlej: rg?e@tef) [c}gg %fg%ggglla%q umsc{g%prgt@? %@%&nﬁr&% ﬁlld’] gmgs t%e rrragé that the hard

mAGVRR-atROlSiivhed! NR S#RbIE WU, *bMbiAGE Hil@&ﬁals Caddcrie@ Nn U.S. Patent
carbon of the,%qﬁferred tenpaorary | aye

AgeRRBre AR HO s RS 8 gl AGeist 31 20 onilea P Dimension
C&I{ﬁ%'ﬂ 40 \J‘llln[?esaﬁﬂﬂ&lart@t fhat ARt sOPp@nhdikh PRSKa lsidy@Enebddy ickches the

etched. A suitab SO2- cont ai ni ng pla ma i s described
tefoporerydayepidteang mm @aph%?ﬂeﬁbableﬂeyegé% -772 to Abat chev

et al s}Iolwlrl%gng‘ngl’llsg la ?é‘r 1176 Qpﬁ)ace? Rlaletib186lprerekdblsCrithkt depos1ted over the
Di mrensi on Control éﬁgre0|ated that th

h@Omagonayeail 7 ang the @ma@f lmr i"é)n §weré%?f@élstwerably deposited by
}fegmp (/%)5% dép% ﬁ&h Ao, Qre? H&)\Sﬁﬁoﬂ h?he%@@e@ dfetimahh e any material

own In Figure 7, | ayer 170 of spacer
capawle of ade dss paskftetabifgr meskEmde pl@esmtdedwl@s/emm@%n%léﬂ@er 160. The

spn’gsf%nalteﬂéﬁlgreige?bglgaer aa%%@ d%ﬁmrv@f dgolo&Wt@;% cc;v%gge PhearnsRaRBbsited at a

eposi t e em cal vapor
loske pmnpmtahm cmnpaabbnwn‘h It@y@mp@relpfobmfl ¥R, anfthy agp heeselectively etched

el m% Eo t%e ]te%qﬁj ra?flg?%}glrélgg%lcg £ﬂ1yﬁLéyeﬁ ﬁlg%h#rlﬁg @Hce t4afords le@/emk Preferred

frans yfng primafy ‘mask
nhamdsuﬁﬁﬂemmhanﬂpaw@mdmﬁmmmmakspreferably 1) can be

AePosk ol b A0 R R YT 385 1) s AT RRIRMAR eon o

Foretc tenporary
rdniye rspa]:éOmﬁtalﬁhl Iﬁonc horidostabekbots 180 on° thet yepbtindly rfernaed iviggraigd circuit

(g Eg{ff}wﬁ %88 er asl égpa?eg%cggéé%a égxrforﬁlgﬁi ﬁgll'l%/ 4 ggorgpa?bon plasma,
whichica0flsadvantaiesusinetcls thk iherd maskk laglersl 30 AiNesthtamiorphous carbon layer

AR S S ERRE RLEE, 0B FERAL ST
oh@paberO1Tsabt siter frreamrphds afboh leeh pEkts) gitch ynuﬂtqﬂlmﬁwn in the array of the
|nt grated cir an et.c

C al SO
L bR OS5 HheiE s S A0SR choosien
H@:' ARABS thahp&BrsGaRalatiBoofEy PRitaeaa mlaésyuat(eiglmeme oniginally formed by

pbgglﬁbég?@g{/ eit?q?@@%@é})rgﬁ%tgiﬁlaﬂgg F)hogg é’%a rekr)lgrgll}l/ Dot tf11'e outline of the
patkddn &R 1 Rkl 1P fofed 1E|tlﬁtﬁh6to@efﬁlhlﬁlmy& pattern of
spacers 175 left after t §.$ hous carbon(ﬁ 9)d ; d
Thus Neph fieh sarand Piges gt PPOPEEP g PryffrTichignoodiments, & secon

PR is‘%ﬂn‘)éd L OhEBiphtYy Q04 2t & fbrif ki€ et dnd PaferhaBe HHaeds 175 are protected
acconplished and, in _the illustrated epnbodi nen

opi FSHIebP S aYS 20 L AT oA SEOVBHn R <pifo Py by gipettrin of

tllle' & (ﬁﬂd];%&erﬁ G @19 @rll;ﬂer}prg'T'Fl@ Ishaerk Q74TRE pﬁitected by formmg a protective
tol i't hography. wi || be appreciated th%ﬁ
lzsyigag@( aver fis eeray gﬂﬁ yTh%pqoml\feHéyeé 4PY i retsrabisyat least as tall as the

g%%ﬁseg@ A48 ﬁfé}%ﬁy 186kt A0b-80( &l thick AhdrBAork Brdf&iebly, about 100 300 nm
ot odefin

ayer 120. Next, in _a second phase of
thiek. hadhacweskdivey Ao isueas pelerbly faaned e dhaainestivelayer 200 to aid in
second
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pattern is forned at the periphery 104. To formthis
second pattern, the spacers 175 are protected and

wanaoishessphot odef i nabl e | ayer 220 is formed, aBCTSN5/031094
in Figure 10, to allow for patterning of the second
pattern at the peri phery 104. The spacers 175 are

tected t iV r € ot
B ERL RS L D SR BN AL PUSE e ot
the éaglt mak liyet 16 dblm ApRicien shldlﬂﬁldamdremakebhrbhl;ouab@ut 50-60 nm
100-500 nmthick and, nore preferably, about 100-300

thick. A hard mask layer 210 is next preferably
for mEHE th‘t'ehﬁy@rﬂme@tprwfaabl&yfeﬂ‘rneﬁw 4 eamriel that is readily removed

i nt.r erri n rom e | r
seéeggv §6r eﬁxge B)i, ere, ZF)% FX% q%c%g%fayera%ah carhgé/ fgmned ofa
phBstKsidt,ayer md} el theadatigt ord0)-Bffleram ﬂiH'()to@éelsarfd)m et eised to form the

pref erably, abo abou ick. Th rote
phigerr bbb s 15 LRFSol: PBFABH B 6 i 64 PR Ee ! Fom than
ude8 ok tHeaHBABE NS BIE @6 208l (Vigtel18y. i M&reﬁaﬁbférhlﬂy,&]ﬁhﬂ;ﬁﬁfe&we layer 200
175. For exanple, the protet|v Cﬂo@{er 2 cgn vﬁy lative to th
isf foPPRIPTIMOBP g £ Ws PatCh ca g° 5 § Faseletiaagyy relative to the
sphtdif ersent  phot or esi st from t hat used to form t he

phot odefi nabl e | ayer 120 Flg[ (ﬁh can e b
t he Seotbersmbadigpentt shera theRiplertival an:rr%%lf fraped Qfgimptgral that can be

le&'hVéﬂr RenthRigdetd paRhie dpades 1320d(fé proieictRble Mpérezzo the hard
preferably, the protective |layer 200 is formed of

H@ﬁblﬁﬁhéb%c%lehe peicdfipErvaeRk, Bevetcehdai P B2 dsfpang of a bottom
aﬁ? eﬁgétfvél 'c&a)ﬁné %Ihﬁf{@y%dt LptoftfestP BmEleSforlca- dlﬂealyoibbeé’ the BARC The

odi nents Where t eprotectlvelayer 200 is fo
smrfcera IF8itcar |ba|fomwdtof@amat§ealsehle‘ma M goadt ‘?fﬂeéel?céll‘”@f F%@e BARC,

%%Sﬁggﬂc ,ﬂgtr RaGekSid 75 and the photodefinable |ayer

mask | ayer 210 can be omtted. For
ex arrM’}ele ittdae bppattemed isieg dnapbetolFboerahis trniise. thsgphgtodgfinable layer

29(2 gr[&e%‘i pgt‘%megcl}s gethg g%ﬁé ?gotg)m hﬁ:ng:clﬁnque ung:d tc_)l_ I%Jattern the

resi can ect ove t he BA
phqztadbén@ld%ercba@ bEBhus owitle deferkncg tmftlm’ﬁ al, anpatiemn 230 svigrmed in the

pg&gcgeﬁaab (0 la}/e%lZ@& t WYl lé %{ﬁtp?tténb ?775[52%% lyrlllgé 'ygﬂtéﬂg)r ?ésblhﬁ&psmaller than

e patterned usin
tlwrmmpiwm pitalt hagmapﬂun of thegihniotjthegraphie teptimique ddsf ipatidsh 330 preferably

hlﬁsn%tpéﬁc riesohR oS fe?l{l'ﬁ btl yor g%gaﬁe%rtjﬂ%fj tﬂésxln{lll%mé? ﬁaﬂ%lﬁ%? resolution of the

N3G aph € used to patt
pbd)’t@lﬁth@zfphwabd}mqhayﬁ twill B@ appTévirsed thatttle pa@f:re r28f eethe periphery 104 can

bB ngtd gqnpr{g%rﬁ% é%/ é‘?ns% 0s '1%{1}9 [ {é?%mects e{ o ztrvly]lll f]f‘} be appreciated that,

vilefilgsaiby laastyasepdrited from the pdaitent iLOM tlen;aalttblerzw hvan atsheverlap the

m e Eyjé]n g:'h Ei’ ﬁléeoﬁsg[(gscﬁhurtﬁ%grg%}?%ft ?%B‘%Bo g}g 'cglr&og 2@ T tﬁese patterns
lﬁ@@% tHat BBy ﬁevdahgmmyqugﬁelameﬂerehmpst he ni ni mum pi tch

or re ol uti on_ of o]t ra chni I
will Ep%&fﬁﬁl &y ]ét ?CL% Beaga{rgqﬁveg%ﬁgpa?f%%?ﬂ bt spacers 175.
MeEioRRemy Figd aan tHéehah‘S extlagkolaf@r mad &%ﬂ@d:lﬁ@lvﬂﬁdﬁched relative to the

transj stors, | ocal terconnects etc.

ngfﬁﬁk‘éi@ﬁ'rgf éad'ert #2505 pre\mii ly, usipg aa taylaetlé)alcl eé%eu\g% 2 aatjluorocar%on plasma

cRBP A 1RHAvdlY, AnvdthRoRadid) @tdh rhak7alsd msuaaﬂ& G the2B0d @msk layer 210 is
al so overlap t hgﬁgat tern 177.

PP (i of D drben fadt BFE trelets?efrea iy q‘fa‘t‘a’?te‘f“d? g by another

ARG ScH, BebhGahe Stk Bah alSteYoMBhidg lakied, BakHownfli® FigReE 130 Because
di ffeérent stegq/ The pattern 230 1s then transferre
Y

thoharfraask et P everlyise tﬂl*?eSPﬁ%ﬁ“t EPnhag previusly hagngremoyefis ¢ g his ech also

&R0l WMo eIy R 2b8 ardu@ thakfdcdnaks, | a6y RdHng hose spacers 175
sel eé:tl vely etched relative to the
expose
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phot odefi nabl e | ayer 220, preferably using an

ani sotropi c etch such as a fluorocarbon plasm etch
wéhomrneddvel y, a wet (isotropic) etch may al sBCDAIS2005/031094

suitable for the hard mask | ayer 210 is appropriately

thin. The pattern 230 is then transferred to the

pr ot alctthl rencey te agug%ﬂ? ¥mc§ ﬁJattQ’Pé ?P]te{ng @B@ s]%t(l)[%n?l’ tlrafllyf&l?ed down

as an etc con asna,
toFthg uprémal3. maBleclamemt)h e/htmhrm‘ﬂ&&blyl aymrls@l@ roaleiall yhamigg good etch
cers 75 h previ.ousl ee eV [
5¢ eicg‘élgpg e¥ ftﬁ‘ée g?%taengt‘lﬂ%eev 2yer @8 tgg E‘lﬁe % Hf £8P0 to be
s1ﬁtpm1emslylt?ﬁl,sfetrhdatoethy shteaate A go.t fﬁhase thepatens 1777&d 230 form a mixed

x&?s Wth re renf:ég to Figures 14 and 15, the
p%ﬁ B TR T, te then transferred down to the
pr I E6 Yraﬁ@éi‘lto ttayerterh® 077 addi23h, the diré mask Jayerolffraversngthe primary

teri V|n d etc electivit ubst r at

Foeves e 0k Oarel e TR B e P BT S Goricany
ett&db&eetmy ﬁsﬂ@&ﬂﬂhﬁdrc}baibbﬁllpﬁﬁrﬁi r atlerhivelyearsisbtsdpicadten thaPbe used if
Thus, the patterns 17and 230 forma m xed pattern in

thf’llférdﬁ?qswv 38 5eelptivebrthiPs0. To transfer to the
pat t @hdprithdry @it 13%0,160 e thear chisoRSHcallfyddhed, Siteferably using a SO,-

overlying the primary mask | aye 60.15s t. etc
cquizinjng Bladmy, Whidheap ST lAREORSLY éﬁvae Ji*%d’hf’@d?f?“é‘?‘s (] 50% (Figure 15).
A% Bbt%@ﬁﬁd?f@'tH@gd)yco%faﬁﬁ%lasﬁfaQlﬁ@é}@ale)ﬁt défdctigtydor the amorphous carbon of
f1 uor ocar bon Al ternatively, an |,§tro§1f<f(\;: tﬂ "
theayingey @%S@daﬁef Won’@laﬁéf‘r@ thekaed magkolpyer 800 Thysed Higkysapygh mask can
bl Bdrhed T ehePSriniRy }hamiﬁ%rl §23Y) QB lé]kéoeffeﬁtl\teﬂeﬁansfer the mask pattern to the
ani sotropically etche ref erab using a SO2-

syhgtatail b9 H@ngaP%?PélonWFC@Wgﬁlﬁlﬁtrﬁ Wl&t?@bwgtrylg BB (s Rrifgary mask
139%216@%%%94:&arﬂeﬁﬁt%sf%%)c&ﬁm&we 15). As noted above,

SO2-contal nin @fp asm has excell ent selectivit
e

for Hawnaheth peesdengfearsion themrimae mpask eyl SRl PItigTs r1¥71€61 230 can
tHeft lb@ttﬂal\fs?erl:e(a 5 bR snﬁ{a@e ﬁ@%mk "ﬂyeelﬁyeil 36 asThissk, & 1tlﬁ'slt1§{éd in Figure 16.

enough can formed I'n pri rraq% mask @%/
G160 thqﬂ1$mta@rm@¢rtaé@etvplvaétyymedrfah%lfs etlmﬁlbrén ke 6P pag the pigpstrate 110

(} gdarﬁ b @etrﬁon]'{i'nq SHRbDG: s(fl%}{ eBhhRN&, re%f)é‘chvéiﬂefﬂe %ﬁt’tér@ fransfer can

out wearing away t primary mask |aye
bb etaiily apd:tengblalneﬁeusmgt qoammemal iechesopprepriate ﬁcﬁm%glatﬁgqlhor materials

corg]?r?su%g:]t £t§ g gsg&h aﬂ{ﬂﬁ rB@a%n A g%ﬁgng UF? CHF; and/or

can e trans
I\E‘Ubbﬂtahmg blb@mal samigg she td ay}emhmmﬂa@e a fhesdearbgr etch compnsmg CF,,

t
drIf];llth e(?llgl c? &g éftﬁtltlalﬁn% gIaFroﬁér Xa?t{::oe tﬁgd ﬁ)‘a e?@?%g&so% cixtadeearnd a HBr, Cl,,
NF@mmmdd/bh@l:&“’bﬁtmr%tlﬂasﬁb&t@@ag be umrimo pteb taglc@raﬂtb@@dltamdthe skilled

aﬁlgﬁ (ggrﬂ ret%iﬁlgfﬁ Ig?tfér?nq ne gu? E:gls hf:ml%%%g %lj %’t érytklgsttaﬂiematenals such as

e rea acco she
cONRIE 1n6]tlaﬂng eluﬁiilﬁtm &am;rtmp mnemis aridjrantslhm matbrirks. (;Fror example, an

terials rls bstr 10. For exanple, a
YRR R ‘T‘tc E%ld‘ﬁ % 3 and/or NF3

cont gt willng aplbraﬁﬂed matr’wlte& ﬂ:lS aﬁsﬁane Ef0chmpiides taycrs of differdat materials,

o Tg‘lggsgc%%%g}f Ak el'tt??ngsgrco b@%%gtgh %}gmmg{ S, csatlnl cu useﬁ% Slrccesswely

cOhitBBu@NHesa difidfent lhets. TNval alﬁqﬁ a@p\ﬁénmﬁ:d tEEtéfdepammm utponghe chemistry

pl asma etch_can be u to con

P BRI B0t PBES dnen g Hisk LR 19 Bl Piisd Amorphous

Bteh of ReEhdr) assif RKerotdos eﬁovﬁdﬂ% hcﬂ\&hﬁgd’mﬂjé foiffeds &xcélﬁﬂthremstance to
as conductors, |ncluding nsi ti.

capentionsh stch cgﬁmﬁélp%“ espﬁctallly C} %%e fOé)g c}l?.mgesﬂocgﬁ-cortnallnmg materials.
ﬁtub‘ r@h@ Wk Hbmhdkala@erCRIO QR cfle@lvel) Bisisad aa af hikhr o€ atching through a

plurahty of substrate layers, or for forming high aspect ratio trenches. In addition, the pitch

-14-



10

15

20

25

30

35

It will be appreciated that where the substrate 110
conprises |layers of different materials, a succession

wohomiokémp ent chem stries, preferably dry-etchPCT/US2005/031094
chem stries, can be used to successively etch through
these different layers. It will also be appreciated

do&Elgé patfeﬂg? aéugg]il u;?a% 22§ Che St r en%onclri m St B}ig% 51mu1taneously

bdxeansfeed. the,%ﬁbﬁtpiﬂ@m &&’aﬁ@ﬁdﬂfduhh@yep bf tha ISlyoslTﬁtS k10,aye Blngle etch
160, however, advantageously offers excellent
si%hasi st ance to conventional etch chemi stri es,

espegipats Y74 $aseB léﬁ(ﬁﬂthé @efsul&hf:sh]iuﬁ@res IngC&)TV—ACﬂlﬂWa't}ﬁ iafrgy portion of

t I Th ] L
NACHER T DL N, T ——

Fusalid) Yy AQhoed Bsdve athe sdbayR¢ 510 @h bfe @ﬁy fa@drraf Mghtdfia bt materials that

aspect ratio trenches. In_additio
the a%tfeé?Sri 7170 20 riehepate- e b 02@@0%% E“%@Jt’séfaﬁagﬁf?“o%g?nd upon,
ekl HROGEARNY deat & BIkdraBeoushy i eﬁlgdr@sn sfeai®d7B otht ebstrate 110

Substrate 110, or each indivi dua

cosupstsr mbelNa pyer 1ifa.ca Bel¥rffoan dbveh! %flbeﬁ b5y Bweﬂsi 7 gffoon layer

1104B SRAYUNt BEnsERH bARers bilI6d Wi@ntaldodsly @sdd/ A b Mmatifieof, e.g.,
array portion of the integrated circuit 100, while

ﬁﬂwg&*% 17B shows the periphery of the integrated

Ci I Ciple tl:laq)@m(e[t:dhgélJ EL@%C% e;‘ﬁﬁ)rt efRpRbBH1ALRE roubRss. In addition, the

substrate can be any |ayer of material or
trerghesr formes! i rﬁl@t argapi shqya excelons unformen vy the o Wet Wy pitch pictured.

As%glgageo-e[lglg, &9&5993%% LRl vel RIS URS bRl v;lél-pde@iﬁéﬂ SRReR6t lines in

., e.g., ectrical device to be forned. Thus,
'meMﬁﬁﬂgnmegﬂmmﬁméﬁdﬁmﬁllﬂ$he substrate 110 conprises a

Si 3Ng lvgy gﬁacm@edpﬂllay $ilel T&B@tldnaXP a{fg?s afeortife? th &M@ I'preferred

110c an I con |ayer . Such an arrangenent of
emquanmm affeﬂsemmbvthUMQmi Wy mewamlet fhecaigsr matipdmn pefferns, with

di fe nbsn%e ns'egt &g&FOW eg as %leeﬁfrahﬁlgskslyieﬁ‘ @&%ﬁe bemg transferred

exceﬁtlona nness tion,
tdt ehmbﬁtram oimhap}fmg pwelrns mntdaelydle rtlaysfgrﬁd\kp thg @éistr@ﬁt Thus pitch-doubled

fe g\l;f o Mﬁ‘es%v Gl eg ﬁt ccgnr\]fg’nt 0 %‘}/ lpﬁgglltﬂg%%ﬁrev e 1%1 nggned connected to

ousl%, se results are
eddhrdiieng Mueédverdled evidert atgsenbtthand 18s exqqpmqmelly small features can be

f(%gnﬁﬁli, é’@ ta%t&%?aﬁllée{ tllrlrﬁle?]%c L&l eg,aylt(ce%tlongff‘gnﬁ gl%(g?cr%cﬁ ai(’g‘fg)olrn Qﬁ@e roughness.
W}ﬁletrbehmftﬁf ®r thedy enddiievedtint okch damshm,lmc owghness is the result of the

For le,. cause I e : -
o VR RS oo TS Pt BE Y U bR hE PRy poron
e&h&i0berdnkfeathe rm&kmé ayeﬁnmmr)oﬁ@n hﬂm egeltaf dhs feepoedy tageral40 to the

et 101 LD, DS08Rl Mgty smon e
sﬁtﬁ&%&é’fﬁtﬁ% @J&%résﬁ@hrﬁﬁ@ﬁhe fp@ﬂ‘cdﬂﬁﬂ 17yang QBY. eMolr@nal the preferred amorphous
phot ol i t hography can.easily bhe for ne

cBREHEh BT AEIR R NG PO GO BEE L Roag o th laver

136 %ﬂd 830C eAtive na kileYdestethdt uﬁ&ﬂtyhhl’gaﬁioﬁlﬂlﬁud)@rﬁoﬁﬂms&ﬁk, swolhiak ghe layers
e sane tine_achieving except i 0 al £1
e T S P el o iy of s (e,
phbtﬂ?e&@tdla:;?&‘s) toRERN the harll Snablelab@Y el dlbatedsdds Bethaids bi ﬂﬁ chermstrles

edge roug ness is the result of the use of the | aye 1
a0l il (NGRS PP PHOS Sl B PRETS P ety Rty ask layers

f&lxﬁ fhicRlefo H 'rrﬁ% ﬁ:@@itﬂsta%ﬁ Gﬁ@&uﬁnﬁ sﬁﬁs&@t@ tRhest he patterns
7 and 2 fromthe | evel of the tenporary. |ayer 140

t o t Hewgk @lmabeyap@ﬁeg@tqdélgﬁé Variqge ng)ﬁHiCﬁfﬁglﬁ of theiiflystrated process flow are
H;'?o?é rlaJr%x;?rﬂ;Q ., BFtéh REkip RS 19I8aT feinRl lc)oseimegIshsiiddghe patterns

aces features form ng the patterns 177 anq
SO thit eTqyne s arepdel &ioBPogRedy, where the pitch multiplied pattern

-15-



10

15

20

25

30

35

carbon etch chem stries disclosed herein allow the use

of thin hard mask | ayers, such as the layers 130 and
wa3Me/meddat i ve to the depth that underlyi ng anBCphs2®s/031094

carbon | ayers, such as the |ayers 140 and 160, are

etched Thi s advant ageousl y reduces denands on the

is d‘@ ;f%)%lbOfrﬁl!gaﬁrgH%eﬁ(q,ggﬁﬁ?ngggrlgée%%ﬁ% IstSts are ¥re dergb Iy used to cut off the
erde BBAELS 160Ps, lsb athreiriosp Fir@s t\medivﬁmal,e{oﬁhom’wete& dng. mask
lp‘?,y ﬁ%ﬁ%%gﬁhqa@‘t&ggh%g? rﬂl% ]Izﬁrrrlgkse iegfrjl ngﬁ%gﬁgre{n i5 chosen based upon
cobbitiBslickNof il SRR Hes S‘au@qirdcaztseccmﬂﬁlbﬁs thd tvasidus| haadrsask Heyers are
appreci ated that various difications o
PTGt et T B8 S Bl o™ S G oGP aigfp) Advamgeoushy
sh B&mﬁgérﬁénmade&s mtzéseﬁ@sorﬁpymtg ally formed cl osed
oops, since the patterns are fornmed by s @) {a Eﬁ . th
sur | LAt AR @A @IE Of BERUEEULHL FF D REEEI TR I oo erample, the
pdRdht 1P éa%%aoﬁahh&fﬁtcﬁ 8@ icl Oy f fofuihe ORaers takouad Ithen@ecers 175 then
addltlona processi ng steps are referabl¥ used to dth
regPving Hie SBFIE 195, (bEENTBBRET SOKIER TRETIHOBE POF Sround the

sﬂaws {nedyyidy QA on. NANCAPRBCH&RL foP BSther W8 R muhlitioh RBiscussed in
omposition of the various |ayers discussed her

Udhdeient Baset?sdpdric Loy dbratnGRTEP. GYEK (B BT F’@E"ds ments can
acwagta%ero ¥BS aﬁ;ﬁf&g Itd 'f&ﬁlléd p&tﬁﬁls\'f@{/lhg BSthhicH mlﬁohleéi)éﬁd Sonventlonally

are er ab each fornmed of the sane materi al
p]gm@1t]nd@appmali-pa¢qﬁnpﬁhgekturea,ytb¢ pattermg\lAh p%%}f)ﬁp >both§qu)htc]é pltiplied or

] conplexity. In

cgﬂ%%$30n H&ﬁgﬁ ?ﬁlﬂ%&ﬁﬁ%ﬁ%ﬁ?tern 177 can be nore

t han Wmmeremoreﬁbm twp @natdres, 177 vad R3 qap b campylideigd ggdhe primary mask

la%/grr 1t6laef de%lféd: {nhrg'd!:ﬁ !:a%s' gcfjdltp%alhtﬁésﬁ"lﬁgrssbgﬁ‘%g ﬁ&o@&&%ﬂw&ﬁ‘ &e layers
acer renmbvin e spacers

mmami 9. Sjvacenspla rtioupedtetnk é7Zs pat&oscan rbattrawééreedfte epgfditjonal mask
ar oun

ai¥% chvglgyl{g%ﬁlefigrr trﬁasﬁ la hre 15%)7agd h%ﬁl ﬁTeSsg%L%Hce &%‘%m‘ﬁ%ﬁﬂp&a@é&ﬁn Figures 10-

lon is discussed
16 naribes)erﬂaan@m pNigect Eh,e 3)2&1@1’(7 atnd 280t dgrmethe g¢w patiem in an overlying

th
ngg%ﬁp% éelgaes"rl agllg {0 tra%si%{ the 8 e%gs t§ %o gbﬁ%&t H0C %H add1t10na1 mask layer

be app 0 forne atterns aV|
pledriblpedniitisen matplidl d@nt cande (sdmtleeﬂty |e’®hai lelative to the hard mask layer 150

tolith t
0 SRR B0 g B8 s o
a&hﬁ&ﬁt@ﬂk}ﬂ&grees of pitch nultlpllcatlon Mor eover,

gﬁr te ﬁtéshog ?Vlh at L8 ”Q@r)gléqzl t&%ﬁg 01321;3 Q ascicaﬂ%eés pre%ra%?}’ fﬁxgéiLeegtchlng an

esir

i @SE g 1861 Ipfdca@ﬁilg tlﬁfafglﬁ theaw Rk &ye:a narhevcdmhjettmg ltb@tswaétﬂlymg the
the layers 140 an g* g@r exa E e patterns CMldewamn

i 1e3Sh o GRICPRERDT BPHEIOR BOARE 0 TR > heshd 4

iRYeRthidnN@iffubien Bevisk, Bepokitihd Ye wetldéhiekc! thengl the mask layers and onto

sequence of steps illustrated in ures 1 16, ca

PR BB o DhigBe U A pETTE S 7 S 2235 O e R chemicl

nlieiaﬁanﬁ% fahk r(QMPﬂ oA EMIV 8l BEl REfophuat @Ot Innab lelsay @llow for both
ransfer t atterns to the substrate 110. The

Pg?gélﬁlftﬂilgcﬂfé]lle Thask feyprs ped ctepng o thepideriingdpyEes a materi al

that Landb El{s & %@ﬁ 'b‘éeipkﬂre@fafehefgl iRkakkived o thdrerthlsitdvarious other
mask ‘| ayer 150 and protective |a er t hat suryounds

opfissiopatadditiges e oo B B B gthe e AR frigyres described

aBE\ee qﬁhttcljgﬁﬂhg 15 el s@é’;ﬁ rof thliS/RntioMh |Alﬁsuclpﬁ16&71ﬁ§sﬁ1|oﬁ@and changes are
vari ous mask Xers%¥%§ erably |nvo ve

intprdei mfaa withingbe segparf theayefl ony eq bicthe FrPsRAsA cleies-

mask | ayers can involve subjecting |ayers underlylng

the mask |layers to any sem conductor fabrication

process. For exanple, processing can involve ion
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i npl antation, diffusion doping, depositing, or wet
etching, etc. through the mask |ayers and onto

wanaeroegiong | ayers. I n addition, the mask | ayePeTaamobe31094
used as a stop or barrier for chem cal mechani cal
pol i shing (CW) or CVP can be performed on the mask
| ayers to allow for both planarizing of the mask
| ayers and etching of the underlying |ayers,

WACCIoAIM:Ng| y, it will be appreciated by those skilled
in the arf\ g{at various ott0 er omnss ons. addi ti ons and
modi t cat {*dPROTYr SRCHREET B RE SRS G 8and
struct ur eprotiamgri besdtrabd oweerumtdw@umardemmkt ]ameg <ﬁ\refims tthee substrate,
scope, of. the invention. fll nodi Iﬁl cati ‘ii hotoresist
chanaa%relaraeteﬁnmréw s Biserisn R s IS oeat - o P
| nvenyér@Rerliasthei@poad Ipyer;t he appended cl ai ns. WVE CLAM
1. A nethqod for em conduct or S conpri si ng:
provi di ng? pigiegist Rﬂﬁ%?&thgé Sbli’q] ?Pé?sgst K€k | ayer
overlies fdih%m%ldbﬁitrpaﬁt@m inelkbtany 15RARGERyfchtaie bl the first pattern
overlies the primary é@la yer, wherein a first

phot & &sied ﬁlogyfé?mrﬁ%%frtb‘f rSt P Bor ary | ayer

form ng arphelbQlsesohd bhddditdidt #Yer dbovelElevel bSthe ﬁﬂopmﬁl st
| ayer; formng a first pattern in _the tenporar er,

wher ei n f &amingas oer R}ﬁ@rqs}sl" AR the SFroy $Bh°6‘§Fﬁil% Lyer & rom

features QfnskdigndMObQESHbDEesRBatihRnd e Hidt Pettedn ®AEOSHInary mask
phot oresi st | ayer above a level of the first pattern;

f or nianef tafPreteeixedpgediR i stimpryeask Bysrnendhe second

phot or esi ﬁltocéséi}ig five shfsBAS ﬁ@&fgh@ga Iﬁllia@d Iﬁ&tﬁ%ﬁn Bl %lﬂlﬁﬁ/&hﬁk layer.
pattern and the first pattern to the E\el nmary

| aye?- to Tbe methodpkeldinpat vhersn pieceshiae SH%“?'EC ﬁa@prlses transferring
tﬂe%{&éd’ paﬁ&g t@{l}lg Q&Etﬂtggy ét&ﬁniﬁ’lp slk@fe through the m xed

ernint pri mar er. 2. The method of ,
o al 1, Wh@meﬁhnd pf@@@s Liwhgreithiermsing 8 Phejergsigtaafsern gedéor forming an

te b
ol L] BelEpPhGR BB Db PRI RUPRIL S £ BY
wher di n fa hmmgmé of ﬁfdmmrleswhglempfawmg A Dhplayesist e ang forming an

e@}(’?%%m 2 éﬁéﬂ%ﬁ% p%%ﬁﬂ{hhé%%}%%ft [1%1: gllgvr%]naa wavelength

chm;eu &bm thognoim goralspttg)tvfolﬂe’/'smrs,t 15 aut, dPhreineds wp et AgP e wavelength

i l%cher phot oresi st pattern conprise perform ng

ﬁ otol ithography with Iight having a wavel ength chosen

f r om5t he g\heum:ﬂmdnd @tainmgl othetB1 thenfimst 41517 theagegontigghotmgsist layer

ni]}f 61? we % elngth light. 5. The nethod of

Cﬁ‘%ﬁlsﬁ Sahe Oé?rﬁSI§ﬁ’§ ¥ st and the second phot or esi st

| ayers. conihé Seethiddeofs@lain ph @ha’emsﬁosmngmheeﬁrsalpatteﬁn fuirther comprises
t hod of C rein.

redyping, é\rw%tgrﬁ;%esgl%ot?rgsaﬁ, ﬁeﬁlamglg V%I T o]nmtnﬁ é)ilo 1i 1gt épgxfy&o a desired
WiGHBY n;bm«gmaﬂilyefchmgﬂfe@habﬂegstphot ol it hogr aphy to a

doot 720 Wl B SPALOM CALLY. BLEN RG0S e of s o
pﬁbtl’)ﬁ:ﬁistﬁ&hilﬁlhgl atte@lidovgicaAly etink, wieredd folming $hedirst pattern comprises:
etching the temporary layer through the photoresist layer;
forming spacers on sidewalls of remains of the temporary layer after etching the
temporary layer; and
preferentially removing temporary layer material relative to the spacers, wherein

the spacers form the first pattern.

8. The method of Claim 1, wherein the temporary layer comprises amorphous

carbon.
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photoresi st remai ning after isotropically etching,

wherein formng the first pattern conprises: etching
woheostoeeqoer ary | ayer through the photoresist | BgeUS2005/031094

form ng spacers on sidewalls of remains of the

tenporary layer after etchi ng the tenporary |ayer; and

preferentiall j,n t
r .el ‘i ve {1’@ {n%tgo«g "I;Eé 311198 eeflré ) &eY pr]lﬁ% S%g%@%}geg fc{;i}qu%lse%amorphous
cafdohst pattern. 8. The nethod of Caim1, wherein the

tenporary., | a e[%;ﬂd%&%lg Z%Hé‘rfrﬁ%rh%t&%ask cf‘a?elg %ﬂﬁ(%}l o-l;g%e the temporary

met hod of I
lafe® Bl the psmaiafapiblays. car bon. 10. The nret hod of CI a| m 9,

wherei n hard nas ers d| ctI rl

t enpbr ar yL1eafpEpo cgﬁga( lr9r : FSI/’I %ﬁ%ﬁ%] Igaser %I. con?%nse a material
selBeleh @emathe &b@}i dondiflingwhehi@nsilidoa divaide or‘rasalmltedlyein@ coating material.

C Ol'rpr i se

a |aI elec ed fro t he consi stin
of si¥i Co]:]he gp} alag(ll evv(ljlfire hgn'ﬁH? é‘%:tg Y&t $aUnE et Fial is a
dicieatié g}glraﬁgﬂelcggtmgu The nmet hod of Caim 11, wherein
the antirefl ective_ coati mat eri a di eI ectric

ant i Fef | etls pefhebat Fagn 1 therq*ﬂ éhelfﬁ?“ﬂ?fﬁrygi‘ye@cgp?ﬁlsfs @ bottom anti-

ﬂy@a%&;aﬁng he tenporary | ayer conprises a bottom
antifiective coatin ‘glﬁ 14, The thod

wher ¥-n t Fee setheshef GRigt bt adeein 53“;%{’“‘@ }i‘oé%ﬁl{glag%‘%n%‘ily contacts
aﬁr},@eﬂy%é b@f{%ﬂ{ﬁ% fﬁ@ﬁ&&@hﬁﬁt i-flective coating. 15. The

Claim1l, wherein the substrate is.an
i ns u liat or Thelleethqth‘?f GhatHo Whesein dhe s pareis 15 gpHBTuAto-

processi ng}flé Remsyle t‘i%eﬁd%ﬁér&ﬁ%r&@ﬁmgcﬁlé ¥@bstratB @sfiek conductive
an array of a nenory device. 17. A nmethod for formng

limas of mrt gy af edemprclgliee: provi ding a substrate; form ng
an appr phgq‘lgetl?(ﬁrfpto@rﬂuﬁé’ﬁ{mf}gﬁfedtcﬂﬁmsUbSt rate; formng

a first hardmask | ayer over the first anorphous carbon
| ayer; fopwiidipga stestypiérary | ayer over the first

har dmask % gan%g B&Is%ﬂ%gnﬁyé%@f&rﬁﬁje éﬂﬁitﬂfﬁaSk | ayer
over the npcorary layer. . hod of Caim 17,

wherein f ﬁmmnggl fast halr@mafiﬂm oYy ﬁ@dﬁStlaﬁy@FO‘@c?ﬁi?Pﬁl boyes
chem cal ya ng 48R g%&?g@rovgngthe Hg?ha%ﬁﬂﬁﬁygf afid @i m 17,

wherein t er conpri ses anor phous
car bon. Z&brmﬁgea smnhbddmﬁslm}arme&@etmraéy EY‘?‘Torm ng a

32382? ti gﬁ{ng NOKS 4 SPERAN 1T, IEinBIIRAS SEAnd RS ERborMBRP bomprises

chemical vapor deposition.

19. The method of Claim 17, wherein the temporary layer comprises amorphous
carbon.

20. The method of Claim 19, wherein forming a second amorphous carbon layer
comprises chemical vapor deposition.

21. The method of Claim 17, wherein forming a first hardmask layer and forming a
second hardmask layer comprise chemical vapor deposition.

22. The method of Claim 17, wherein the first hardmask layer comprises a material
chosen from the group comprising silicon oxide, silicon or a dielectric anti-reflective coating.

23. The method of Claim 22, wherein the second hardmask layer comprises a
material chosen from the group comprising silicon oxide, silicon or a dielectric anti—reﬂective;
coating.

24, The method of Claim 17, wherein the amorphous carbon layer is about 100 -
1000 nm thick.
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21. The nethod of Caim17, wherein formng a first
hardmask | ayer and form ng a second hardmask | ayer

woaoprizem chem cal vapor deposition. 22. The nechws26/031094
Caim17, wherein the first hardmask | ayer conprises a
material chosen fromthe group conprising silicon

oxid siljcon, o dielectric anti- tive.

coat %ng. JE? m%lh%c{ ?‘f@?lﬁlgﬂl of & Al tﬁne E?t Ba\?\gllél%?éilérefﬁeabout 10~ 50 nm
ths&kcond hardmask | ayer conprises a material chosen from

t he oup..co I Si Siljcon .oxide, silicon or a

i ot o v EESRRhe el 1y EBTeR figodiry R s apogs 100 - 300
mhaéun 17, wherein the anor phous carbon | ayer is about

100 -_100Q run thick.25 _ The nethod aim17,

aner &t Pt o R B T BB GRe gty 1050

thidei ck. 26. The nethod of Caim17, wherein the

tenmporary_carbon | ayer js_about 100 - 300 .nmthick. :

27 e, ERTBEGE O B 7 A TGHSPEIRE AOSHBBHY lormng 8 pater i
a RB1ABRS kvdr A¥REcdng haB@bHk 1850r by Rdo-Ripriniihgk. 28. The

met hod of Claim 17, further conprisjng depositing and

for mthg aT}beamgtg?%of Glaim |5 dirdher F(ér%]smg\g}i@posﬁw aénél‘g%healst layer over
SRS kaha¥ ey nano-inprinting. 29. The method of

Caim17, further conprisi Q’% depositing a pho{lor esi st

| aye?0-ovelhe methed ebhldimn APl cPmpayne paermpgdhe phqiosgsist layer to

f&,&aghgtio{gsig@paﬁéﬂrt her conprising patterning the
photoresist layer to forma photoresist pattern. 31.
The Abt hodhefmetiod;ohCim 30y further coswRpAE aiHEe Y4srqfpgenings in the

pﬁ(jtgrgsiégﬁ)a 2ni ngs in the photoresist pattern. 32. The
met hod of Claim 31, wherein altering the size of the .
opendhgs Ebarprethedof fdaimall ngereiealigiingathe fsize 198 taspRnePgs comprises

n%?d“g%g;tﬁ?g{%m enih@i M 31, wherein altering the size

ngs conprises isotropically etching the ]
phot 83.esi $he pathodr of €binh Gl mvéerginddiraiale phosiBe fi gpenings comprises

BRSLENY; i ' blo&lst pattern.

St e e P e |
patt @4.n t he¢ methedebPdinhdd; dmthekcomyising r@Blerrigetheypidgpngd photoresist
0 im34..f onprising transferring the

p%\%eggﬁghaﬁ Sﬁﬁogpg?ré{s}lltagiel%eg'ttern to the tenporary |ayer. .
36. The nEhhimethod ofiTlaim34B Syrthbugonipesing ansfermngthe Wislepddrgjotoresist

spacers on sidewalls of the tenporary |ayer forned by
o e €1 B PR

Wi dened photoresist pattern. 37. The
met had. of Tat aketiod6f Chint 8 durtheoequupirising dorpriref spaerst dnggideyvalls of the

t{xfprg?agf ﬁ?eétfg%gé E@%&?ﬁﬁﬁé’ et B NERud e Spacers
The method of Claim 36, further comprising preferentially removing the

temporary layer relative to the spacers to form a spacer pattern.

38. The method of Claim 37, further comprising transferring the spacer pattern to the
first hardmask layer.

39. The method of Claim 38, further comprising transferring the spacer pattern to the
amorphous carbon layer.

40. The method of Claim 39, further comprising transferring the spacer pattern to the
substrate.

41. The method of Claim 17, wherein the substrate comprises a plurality of layers of
different materials.

42. The method of Claim .41, wherein the plurality of layers comprises

semiconductors, insulators and/or conductors.
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38. The nethod of Caim 37, further conprising

transferring the spacer pattern to the first hardmask
woOay®r26689. The net hod of C aim 38, further cORPTIUSR0G/031094

transferring the spacer pattern to the anorphous

carbon | ayer. 40. The nmet hod of C aim 39, further

conpr.isin tranferr t he. Spacer attern to the

substr at &> m4thed Ofﬁgn ig? By ﬁ&r’ipflsm\%her ein the

substr at efoﬁﬂﬂ@ﬁﬁﬁeﬁaﬁamwymitammnmpmaubrayers of different
materials. 42. The pethod of ,Claim . 41 rein

plurali t)ﬁeBafratFléyg‘i’g“D@oﬁpls‘ch’é% @gfzﬁncg?ﬁdm#\gﬁ%ography Without pitch
msqh@ﬁpﬁo&l@nd/or conductors. 43. A net hod for

sem conductor fabricati

risin a first
pattern OfEpE F@ﬁt}iﬁﬁrftlaﬁ‘i?ﬁe@%‘%di%‘ em%@ﬁg?aﬁ{‘giy mng a
second padidaieh RYstRlkaholid hegadniyr Wi t hout pitch
mul tiplication; transferring. the fi rst and second.

pat t4 ns Ths methadof Claip 42, wherrin foreing g fisst pfisee pogpRaises:

through tRg,ARs KutRKedr. maﬁﬂrelstbﬁpd’i@d oghodfhold @tn4 3,
wherein formng the first g ttern caonpri ses: formn

plurali tyde@psnpmnachl@kgt leys H:og-porg%p%Haa@galégpnotg?]mandrels and

deposi t i ”&1@&9&1@&115%¥ch n@%rbléﬁfcet@ay%ﬂ |'i con-contai ni ng
material over the mandrels; and anisotropically

et ch#ng t Ake meﬁmi@tf (laiped3, whereinTioening eHEe Rey 1é|aﬁ903§’113hed by

formng a first pattern is acconplished by
p&??éﬁd g%ubl ing. 46. The nmethod of C aim 43, wherein

sep a4(at el {'hé metppdhof Glaispth W@erp@tsgmqﬁelﬁ gﬁiﬁmg @G_sgcond pattern comprises

ﬁq wth the first pattern.
O‘Qf)gglg R &?%n%&gﬁésgﬂg%rﬁﬁggtp%vﬁgr ein the substrate
conp#1. s esTle pétheddfiGlaima3, Whsrein sheshibsitpfefcempriges a plurality of layers of

dl%ltegrl qer§as 48. The nethod of C aim47, wherein etching

a substrate conprises enploying a dlfferent et ch
cheml&;t r yTheometbad bf SlaimHg, phercial dichingof sibalyee sompdses Amploying a

rreHIi ﬁ EmlfsorFc;'re%%l(:)rthepvlﬁ1 {t}a&qu Psl rcuit, conprising:

n Fein - a first part of the
mask4p at tey methanoafofrmmgtan pltdgdnedanrdulvmgnmsmga second

part of t e _mask as. a t
the first orp“x?‘ulngﬁ qﬁéﬁl t‘F wl'flerr%;nna fm f;}')arllt fFHﬁ &%k e})‘ﬁ’ﬁ@rﬂ%’&lpa first pitch
phot aid \if}h:@ajﬂi apdtond p&bd’fhheqm&kfpaﬁtemi bisi amecrgldtplrteh sdewidthe first pitch

pattern; and etchin
e L G R
maskppRtd; eidy conpri ses patterning

etching a substrate through the mask pattern.

50. The method of Claim 49, wherein forming a mask pattern comprises patterning
an area corresponding to the second part and separately patterning an area corresponding to the
first part.

51. The method of Claim 50, wherein patterning an area corresponding to the second
part is performed using a photolithographic technique utilizing 248 nm light.

52. The method of Claim 50, wherein forming a mask pattern comprises etching an

amorphous carbon layer.

53. The method of Claim 50, wherein etching an amorphous carbon layer comprises

exposing the amorphous carbon layer to SO,-containing plasma.

54. The method of Claim 50, wherein the substrate comprises insulating and

conducting layers.
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an area corresponding to the second part and
separately patterning an area corresponding to the
woiom2g@ast. 51. The met hod of O ai m 50, wher ePaT/US2005/031094
patterning an area corresponding to the second part is
per f or med using a photolithographic t echni que
utiI2|ng n.ight. od of C ai m50,
V\:hergél n £ %ﬂ‘éyéfcﬁg‘ aﬁﬁ?’f %—evécgh%’mpgesgetchl ng an
anor phousfofiaih e patley @ tempodry flaehoidtrk och lajer Cva |an:a156n layer;

\22 S(r)g : 2 g e ecﬁgsiitg%gﬁ Y?émgg %Hglaoré/;)rg Plrfj%ceg %( g% gnliagz p%aceholders

plasma. SdlectiRy rﬁiﬁbwhﬁ)gjthé)fna@ rﬂzitéﬁa5&om\hhﬁioﬁtaﬂ]sdrfaees and
substrate{:o, ises .ingulatin a]g ﬁg tlnq I material to
| ayer s. 55U FHERV RS e ABTRE Py° %1%"\7 @ e mask mate
Conpﬂ'ofrﬁlaglgaﬁeﬁl%ﬂﬂlm Bat@dd] teofréspididgepestarey in an array region of the
pl acehol ders in a | ayer over a carbon | ayer;

depoBFHIHGEES ayer of nask material over surfaces of

t he 3enPOTIR HetRddaFeNOMIBI Gherbif ldeglsitiig b Yayeredhandsk ghatefiel comprises
mask material from hori zontal surface

nd . .
depasitang the mpsk massrsl P fylovHEREATHE F%WC%V?&%%@PHB%P“’C%S
rel atd ve 1@ hiifod GHaifBdes whéetbintte hk AaterfaBédngBestdilicon nitride or
mask materi al correspondl ng to features in an array
silieogiosideof the menory device. 56. The nethod of O aim

55, wherein. deREsidrl BGin sl7a%BEreRf sVl the mask material
conprises depositing the mask nmaterial by a | ow

camgmsesretchingevidieioroairbymplaimadeposi ti on process. 57. The
met had of pfd aidMoabor gL 15E, WB@refﬁa% PRipBFa@ é}laceholders comprise

conprises silicon nitride or silicon oxide.
amarphmyd cabonC] ai m 57, wherein sel ectively renoving the

maskgrat e}ghea_ﬂ}]e(fﬁﬁp o E %ﬁm@t N DeLrh t R1RtiTdIH %ﬁﬁﬁﬁ@ Ofle temporary

pl asma. 5 e net of Caimb55, wherein the
plhehpideracympisecethinateits sbfmdipde- contsinieRiEgMear bon.  60.

The ?Ft ho‘fl O{n @'ogléﬁgew &hieleth §Q‘Ja1%9{a§1¥ ?dklé(r §e§£§9§é§ ﬂgz temporary

the témporary plac rs conprises etch
plstﬁhf)]ldersdmbfhbdﬂb(nﬂmeal ning plasma. 61. The met hod of

G ai m S5, Tyl\'h § of CI @ﬁ&%%&%&%ﬁ%@%ﬂéf@émg gﬁe ﬁ)_?]tteern of mask

tenporary p ace 0l°der's and e car | ayer
nﬁ’etihiadthafcaxﬁbm]amrSS further conprising transferri ng

t he tteﬁﬂ ]fnet&, 1kC]%1 L& | ﬁére%(gra%&&nﬁ I PR glﬁ'ﬁask%terlal to the

The t ho erein rans
c4¥bdr 1@ye|ﬂ c@ﬁprmaséxpmigehe erd skt liyer wairfbtomcmayleplamrp rises

R i

cﬁaért Etgré} ®fnpfigs kutkegefithatxpbsing the seantd oabbmajeger bmaawe@ntammg
S%Jbswgléent |'y exposing the second carbon |ayer to a
Biuadioaideont ai ni ng
The method of Claim 55, wherein a location of mask material of the pattern of

mask material corresponds to a location of conductive lines in the array.
66. A method for manufacturing an integrated circuit, comprising:
forming a plurality of mandrel strips;
forming a spacer on sidewalls of each mandrel strip;
removing the mandrel strips to form a pattern of spaced apart spacers;
forming a mask layer in a plane above the spacers;
forming a pattern in the mask layer; and

transferring the pattern to the same horizontal plane as the spacers.
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sul fur dioxide. 65. The nmethod of C aim55, wherein a

| ocati on of mask material of the pattern of mask
worbtmrozedyo corresponds to a | ocation of conduct PEE/USRMEN31094

in the array. 66. A nethod for manufacturing an

integrated circuit, conprising' formng a plurality of

nand acer on

rran rgﬁh(}de alerg i hee qll the rspealcet‘g g;gtglyéﬁh ts%acgc{ ggf’é?ali]ly parallel
reebd ardﬁe @xﬁoﬂ&p aicledt bgdadeh By andgesondfspacat p]gna enesding peyrendicular to
hln a Flane above the spacers; formng a pattern in the
EER8RPayer: and transferring the pattern to the sane

hor i gont athgah@hel EC14ihe6sfehe cemfatsingit@sfimeing dé paftern and an other

Claim6 erein the rrs extend in ced
S T U e N
bet ween f ThshetBoitoSE@eRN6EL, SPhaadthp hanés] exjsdiadd ndstantially vertical
per?endi cular to the spacers. 68. The nethod of C aim
$-urt her conprising transferring the pattern and an

ot h670 pat TRy efhod Ed1an 69 eavlﬁe&ﬁ@ G6rfning0a apPacet b@nprises depositing a
maski ng | ayer underly|n t he ri zont

| _plane. 69.. The .
STHGRF RSPt OTCPRPSFS 08 oot e FRRORRL ST e Lo S‘ﬁ%ﬁ%‘gy removing
the %&ﬁﬁgtérﬁll frbfm‘é&‘fe{cé&ﬂﬂler ﬂiaﬂ ewaldewalls the-EﬁtfhdﬁEEtﬁ@sj of

Caim69, wherein fo a spacer, conpri se
depodi-t | N TSHEAeR! IR i0aBIL AFISEE & MG o@alpal comprises

pdefdemiTBAdh&hica Vi deRRidlorbstan et aler deRlsiioh broedsy.
renoving the spacer material from surfaces other than

the €-dew&hd wethed ofifdaimeifevhareis thejspreer materiafgemprsehglicogmitride or
sifddidha€0, wherein depositing a spacer materi al

conprises perform ng a chem cal vapor dePOSI tion or an

at on?% | afes mefbprbefiQisionfopyisaes forming 2 mask laygrcRpEriss:

G aim 70, ;uhehghd tﬁeh%a(?é?@%ﬁl M}%f logls LRHERILLS Bhterial, wherein the
silicon n|tr| e or silicon oxid 73. The met hod of

d ai mn®Gablevmetedd! s ﬁet@pmﬁetyget@abtamkdttvawhe PO ses:
surroundi ?0\%# E% Rk g&d Jn}a t a!b@‘yeEtﬁe Q{/er%t e E@H@%l@ material; and

mat eri al ein the renovabl’e material is
sel ect | velfqrmetg@hﬂémtb@&stéa)@t invtke planctaheveshawpeeess f or ni ng

a harﬁg ma%ﬁe %%8(5 Ptddllal‘?r? H %h&@&Vfﬁnﬂd?% %éﬁ%ﬁ{ mQﬂe lths% layer comprises

removabl e ‘materral; "and Tormng a oresi st layer in
pérﬁﬁmpig@lh&tohﬂh@gt@}iyhe spacers. 74. The met hod of C aim

Zgnp :reg pemf%pamn%%ﬁb @t% R"?ﬁl{éh g%ng%ﬁ gqgéépaltt%% the sF]me horizontal
plahe &3 1Bt spabifis CmﬁﬂﬁeIams¢troaws1ﬂ3e¢tch1m@amom®opa¢at@mn to the

sane _hori ont | ane .a the [:S.: ' .
ani s& %] r opi tﬁ‘iﬂ 1§t TR facalr %‘%gga%g ;é}rg@{gp&{}%gﬁl&' nmet hod
for manuf @ﬁivwﬁngnagplarrahtynﬁ egacext -guirtdinecofi 4 maskongieriad prye a substrate,

OV 08 5 B ALY Bl SHRSGH AR | oS of @ sk

patierning a plurality of features in a photodefinable material above the substrate

by a photolithographic technique; and
replicating the spaced-apart lines and the plurality of features in an amorphous
carbon layer below the spaced-apart lines.

77. The method of Claim 76, wherein the lines extend in spaced, generally parallel
relation to one another at least between first and second spaced planes extending perpendicular to
the lines.

78. The method of Claim 76, wherein a pitch of the lines is less than a minimum

pitch of the photolithographic technique used for patterning a plurality of features.
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wherein the mask material is different from

phot oresi st; patterning a plurality of features in a
wohoisodedoabl e materi al above the substrate byprar/us2005/031094

phot ol i t hographi ¢ techni que; and replicating the

spaced-apart lines and the plurality of features in an

77 o HEBDr o B oo AL RARALE pPREL of £8Ry comprics

expcﬂ;u%nﬂsteﬂ:slsge mlglitalbhyg @ﬁrﬁ@lldngﬂh olf @4&artrn on to one an ot h er

at | east tmee second spac l.ane :

ext élidi ng d’lf g “317 ngf% it Hespare ygstgnﬂggy ﬁjeatnhag gy region of
a REmélyadiftuif Gmd Whefegi the dlpilite lof Gattréreis| subestinlly kres petiphary of the

a nlnlnun1p|tch of the photolithographic technique
MRPYH B patterning a plurality of features.79. The

met had  of THel rAdtiBd 3 Clamhemsewhergia titecinds Mg eacapdduiryad intyriad belectively

features conprises exposin hot ar e
U R R g R R
plirh By BF £8sk mﬁﬁéﬂtﬁb feRBvabic@gerAl. € substanti aI I y in an

array region of menory_circuit and V\her

pl ur@ it yThsf mﬁ@aé of &%"“ﬁnswé JBdkea remRriFine f“?? atlﬁ‘ér ﬁep QR§yng in the
re%vaﬁoﬁ%ﬂ?rm@f)?’ arfdoiiBtdlly e&ﬂimgﬂé&erﬁ&tablédna‘iﬁcnaﬂ aim 76,

erein the 1ines are encased by a mater
sel e¥} i velle methed, abflein df.athegdn tﬂt? linse Cﬂ‘ﬁ%rkselsﬂlﬁ% niffidp or silicon
O)é{y%er ein the photodefnable nmaterial is above the
plurality of mask lines and the renpvable nateria
82. Fhe nét mododffoCiferming e, mplfy PHEF ddnpPieiengy mtegﬂted cireuit,

Cornﬁg gatl ng the opening in the renpbvable material by
I'sotropically etching the renovable material. 83.
The met hoprowitlingk alumlingot linaeefai Tstmek mpisad, e Hpgsisgarated by a first

SI I |&&go&};r5ét%% 1.0r silicon oxide. 84. A nethod for

pattern to fabricate an i ntegrated
CI rcuit, mbwpvqlmtﬁigng the st @peyaey PAtedl ity of |ines of

a first n?ﬁmg gi%%gsrbeﬁlee \t.hg?lnés ﬁ&é@dﬁ%&éﬁﬁ%&%a@n&l' rst

t enporary na Tectively etching the first
t enpor ar ysdtiedy eibhing the biconyl tepperery niséariakiewperhige frapfssand

with a sec cgw e%gﬂlg @T@F ﬁces 5865t |}ya%1;(l lﬁtaCﬁi,&lg)f another

t he secomsf enp rary 0 open the spaces; and
sel eﬁias;kvrﬁ:itynaéatchl ng through the spaces to forma

patt tﬁ]&g%f 61 (rem rs@lls, v eﬁ:ﬁﬂn? I‘cl-}1I f%g[ terﬁ&?ary material

net h eréln Eerect v 'y e
céﬂmﬂr&ésdt@mmﬁphomwonal conprl ses etchi ng anor phous

Cor 8D PRI £ S TRy MBS Qg cvose
tHeQir® nidkeR8 B 2GRISInA bdﬂtmgngiuﬂﬁmdloﬂd@m de.

87. The method of Claim 85, wherein filling a space between the lines comprises
depositing amorphous carbon.

88. The method of Claim 85, wherein filling a space between the lines comprises
depositing an underlayer photoresist.

89. The method of Claim 88, wherein the underlayer resist is a krypton fluoride
photoresist. ’

90. The method of Claim 85, wherein selectively eiching the second material
comprises performing an etch using a sulfur dioxide-containing plasma.

91. The method of Claim 85, wherein selectively etching through the space
comprises performing a hard mask etch and then etching an amorphous carbon layer using a

sulfur dioxide-containing plasma.
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87. The nethod of Caim85, wherein filling a space

between the |ines conprises depositing anorphous
woanlmnec988. The net hod of C ai m 85, wherein fPCIiUSE08/031094

space between the lines conprises depositing an

under | ayer photoresist. 89. The nethod of C ai m 88,

wherein the underl ayer resist is a krypton fluagride
phot¥r esi .m@@(?d_r eff%a‘ﬁ’e%hglﬂ%@f CEIPATE §g°§m\%ﬁ1ér|°‘é‘°r%nthe Space to form
op%ﬁh%‘ih b W@shrate Lbdbnigth teanfashonskaftoh éfyeal  conpri ses
e ol RS feh HeBeE i B SR g
a §8LBE doMBlives %&ﬁﬂgﬂﬁe SpRhRLGR ah BRulsRAgycEONPr i Ses
perform ng a hard mask. etch andgﬂ?en,etcthg_an
anor HhousA SEICES dor| faRyeptingSp fjeggated fUfcht, comprisime:
di oxi de- CQBti@inRi N ehad¥idSMPer WkiendAg dvet BOEst0dndCh abdond kegion of a
further conprising etching through the space to form
openWﬁ@%WﬁHﬂﬁm@%@ggﬁﬁﬂé“ﬂﬁﬁerneath t he anor phous
car b_on | afahing %SpaHJIQQnrfﬁ‘é hodi fla@r,aWHér&&a Wheh@h Feature size of a
etching through the space to formopenings in a
subsparaereof doskPra eSTIBPNANEGO NI presAnigedipogpless than about halfa
i nsul,af .mﬂg FERAYE "size Ut -anDHRE Q68D of We Hffd ElebidEdif to the second
integrated circuit, conprising: providing a masking
Iaye@g@xtending over a first and a second region of a
partpal | YTlflea?folcgs@t eI, 9gr 1880 Che Gilsting iQkMeBBprkes amorphous
pattern in the naéklng ayer, wherein a mni num
cdlgat ure size of a portion of the pattern corresponding
to the fiirgt LQRd u ih€SSted RAGLIARM emory device,
hal f5‘§ m Eﬁenﬁ{%g%égf Srlagmgl z thg Qla{rl}é 5tth5erf§te&3rt ion of e?%rg e
whatihehnficbregies pomabongs totht huag elctba themetyi @sice g5l wigyein the second

rocess_of L m ' maski ng | ayer
ﬁ%gﬁﬁ?$§ggﬁgﬁ%ﬁ%ﬁg§§“¥§?@%ﬁkgﬁéhﬁ$ﬁ§ process of Claim
94, @her eiThe pheeisndtfe@iamm &d, ehercin forimean petayr jn desy megking layer

wherein the. fir. regi.on. Cogr t e LAYy ¢ :
cpgsr R b "B RiFelch THAL B e ffe Aot Y el region and
p&fyeg phodEthd grajiyevithent pibie myltipTicatibe farparty of tibemaitiom . ovgﬁhe second
The process of Caim94, wherein formng a pattern in

% masking | ayer conprises performng pitch

mul t bl i calpaatialll Gormpdintegratdd cirbuét, patyrising: over the first
regi on and rform ng photolithography w thout pitch
nultiplicéfggﬂng?”B rts of the pattern over the

second regifialit®f picpafuttipiiéd ypatas mrdch ientlegrdyiegl the carbon layer,

circuit, conprising: a, carbon er; .and a plurality
of pi D%Wﬁ%@ﬁ??%&e%Bﬁ%éfgmﬁ$l@%F%@gf$0verIying t he
car bop. | aygE paihIpy Rimed MR gaRACEEE: faMeinaof)ivtheteirothe spacers extend

about 100 nm or | ess.
in spaced, generally parallel re%ation to one another at least between first and second spaced

=

T

planes extending perpendicular to the strips.

100.  The partially formed integrated circuit of Claim 98, wherein the carbon layer
comprises amorphous carbon.

101.  The partially formed integrated circuit of Claim 98, wherein each of the plurality
of spacers comprises silicon nitride or silicon oxide.

102. The partially formed integrated circuit of Claim 98, wherein the amorphous
carbon layer is between about 100-1000 nm thick.

103.  The partially formed integrated circuit of Claim 98, wherein a hard mask layer

separates the amorphous carbon layer and the plurality of spacers.



99. The partially fornmed integrated circuit of Caim

98, wherein the spacers extend in spaced, generally
woaomlokedor el ati on to one anot her at | east bet Re®WS2005/031094

first and second spaced pl anes extendi ng perpendi cul ar

to the strips 100. The partially fornmed integrated

U 2 L LRI 08 ST i gt

isbﬁW&@h@bﬁdOGOmﬁuhkkof Cl ai m 98, mhereln each of t he

plural ity of space rls S. Si.
oL o s o R 3 PSP RED ey e e
lodtddGubstan@illyCl ah S BGegiwhefithd partiag fanmed pﬂmgnasedwnmo n

Iayer i s hetwee bou 100- 1000 n The.
par t181 | ythediRFEdY | ?ﬁ“é rared ‘gV‘F% uﬂ:fag? ‘f@ eggompnsmg a pattern
defhed B dartdn Ratedalmetyih@ie hard efasl 1a;tree s the a rm r phous

carbon | a er an the [urali
part oy y Y (TORMSH Mol é:%c F‘?Paétpqé? ﬂ]}ﬁrﬂlb%e pattern defined

bBgb &I ﬁ‘latteﬁﬁ HapsltdabsksthidBy ot 8 peepheee st aeopsitiall)-Hinadnintegrated
thick. 105. The partially fornmed integrated circuit of
cicudi m 103, wherein the spacers are | ocated

subst@nt i RlohYia @ foRfedBihlegite B@huANcoRfpriting partial Iy

formed integrated circurt. 106. The partially forned

menory de¥$9O8™F C ai m 105, further conprising a

pattern d@fn’nﬁﬁg ¥k G ROQLIBLRS huBbtra@Y BlelpYilfay hid Idyar fdrmed of a
mask | ayer The partially f or nmed menory devi ce of

O ai mrtz0d difigrest Epm phelerepislt t ern defined by carbon

materi al %Takﬁﬁﬁkﬁgl SRpEantilsebdiérdin AfiRE t)laﬁh @fféﬂyﬁfg the primary
the parti al formed integrated circuit. 108
partna%ﬂ%@ﬁ@nﬁed integrated circuit, conpr|5|ng a
substrate, t@cfehﬁ?tﬁé’ mIRSH dleﬁﬁ‘iﬁé a @éé%ﬁd Ydtideh ﬁlhtesecond plane overlying
substrate Pihe primary mask | ayer forned of a materi al
diff&wemmkﬁmkmmphotore5|st a mask material defining a

fir Stofat | '¥ask material
sk Py et Bty Tl OR By QT RS ob 1 e TRt
1ssseﬁ01rmdectiat 4 eateridl nelattlsélz o vilarsttivy erthe sl maksiakms k

mat ep [ [ ivel
o TOB oAy SRR pbaied RARCLE CHRPL) Bihclhd Bl etecively
r@UwﬂﬂﬂﬁM@ﬁM&hnmﬁkemtWﬂbﬂ%@N@ﬁﬁvable relative to the

mask te O Th f or

o ot PR B DAt B R 1 L JAl b undertyer
r@&ﬂ&Mﬁh&sammmmnﬁwxm@ﬁmmmem$ an under| ayer reS|st

111. The ri for ' :
110, Wher & reey igry ager i er b 8 e, Helhlectvey
r&ﬂﬂ@&bﬂﬁmﬁh&b@@ﬁ&s&mmpmiﬁcmﬁhe partlally f opned

Isg|t 23 at/:ﬂ%}g ngr(f‘igl y formed 1nfaeg1m:eg{ 01r<‘:u1t\M}e(El§1 Ot8h§/herem the primary mask

layer is an amorphous carbon layer.

114.  The partially formed integrated circuit of Claim 113, wherein a hard mask layer
separates the amorphous carbon layer and the mask material.

115.  The partially formed integrated circuit of Claim 113, wherein the mask material

comprises a silicon-containing material.

116.  The partially formed integrated circuit of Claim 115, wherein the mask material

is silicon nitride or silicon oxide.

117.  The partially formed integrated circuit of Claim 115, wherein the photodefinable

material is a photoresist.
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renovabl e material conprises anorphous carbon. 113.

The partially forned integrated circuit of C aim 108,
woheremend he primary mask |ayer is an anor phouBCTAISh®E/031094

| ayer. 114. The partially formed integrated circuit of

Caim 113, wherein a hard mask | ayer separates the

anor phous_.car ho ayer. and, t.he teki . . Ct

partﬁgl | yThegrHYY %Oﬁ%é%%jlngelg%aﬁf dg frFLgﬁ?t 1%}% @I&h@?ﬁrﬁlﬁg phdBfsistisa
phobedst Neobpetivraskitimekgptoal flodidpy iagges #uoride or 157 nm wavelength

silicon-containin terigl. 116. The partially forned
PhoIpigGPEE SXﬁt?’Eﬁﬂrggg?m@faﬁa?ﬂgﬁlg?n Wer iﬁ(ﬁm‘qf he nask

mat erigal Tie SirlidlOformkd ribttgated cathii ©6rCleixi des, dhdtein Theubstrate

partially fornmed integrated circuit of Caim 115,
unerdieihn PEREY BREE BYEf i nabl e material is a

phot ploesi 'Eﬁe-cﬁgal‘t&lly-rfbﬁndﬂaih{e'g‘xaieﬂ yirbar aedlaintl @8 raliceein the substrate is

circuit of aim 117, wherein the photoresist is a
cOyRetiBE-esi st conpatible with krypton fluoride, argon

fluofjide e Al INTONRYE lir@Epaitdt piReitobli glai® JI08pterein the substrate
systens or 193 nm wavel engt h i mrersi on systens. 119.

coprpaisgsalyrality 9T leprnefdh e Jreisrials circuit of O aim 108,
wherein a substrate underlies the primary mask | ayer.
120. The partially fornmed integrated circuit of Claim
108, wherein the substrate is conductive. 121. The
partially fornmed integrated circuit of C aim 108,
wherein the substrate conprises a plurality of layers
of different materials.
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