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~ WD 2006/ 026699 PCT/ US2005/ 031094 METHOD FOR
| NTEGRATED CI RCUI T FABRI CATI ON USI NG PI TCH

WRAOFPBIOPLTATI ON 5 Background of the |nventi orPCHUE085/031094
of the Invention This invention relates generally to
integrated circuit fabrication and, nore particularly,
to masking techniques. 10 Description of the Rel ated
Art As a consequence of many factors, including denand

for incr eﬁiﬁ%nerdeﬁﬂmmgMbAmry

capacity an gy efficiency I n nodem el ectronics
integrated ci rcM&IBTGaRIé"C&)Wr'ﬁIBLIEWTm ng reduced in
size. To facilitate this size reduction, the sizes of
the constituent features, such as electrical devices
and interconnect | i nBackirderdof thelptenfieonr m t he 15
If|”r11t0 ar at edEl circuits are also constantly being
he trend of decreasing feature size is
evi dihig mve‘naon elatavigEieerallyrio mbagoatad orcwit fabtieation andd awiegegicularly, to
nam ¢ random access nenories (DRAMs), static
m@%ﬂ%@%‘é‘% 'ss menories (SRAMs), ferroelectric (FE)
nmenories, etc. To take one exanple, DRAM typically
conpri s S i) Li.ons of identical circuit elenents,

I lls. Inits nost general form a 20
MeNKsy aCedrsedupecad lnyang ofastsy Sndhfdntgvvdeteinﬂclfqri owteased portability,
devij ces: a storage c aci.t or and. an acce
COmP e PERBPES CPERE FIEATEY © o] & Sivd fHeconjgy dntemrated
cilc@i€akd edhtihivably Goig sédatel iARRe.bTH fchitnathys siieglecﬂ@ctmmfthe sizes of the

data. A bit can be ertaié{% to a cell thr

coprat e AP Ba oty GREPRSI S BT UG Vay fgoform te

inRheel tRffs bk Qb Lhftah#f BengiieereegCt r ode si de. By
decr eamqr;a the sizes of constitu el ectri cal

devi Estraf ot drereasingd (et 87 an%'@%flh AT SEAEmls T agory figcuits or

deSicéLsucR s URGIE FRENm 48Mss B8 mdBes! (DRANIO! &hiid1@nddie G6tess memories
features can be decreased. Additionall Yo

or e . .
(SBANH ferresiectisr(FEL TPMET@asied TOHFCr e FHEP ﬁd?PeA@g%ﬁ}ly comprises
ml‘ﬁ?dn% Sf IidnBcdi RE e BRIYntE B GRS rldifors @B, NHAlts RSN form, a

eature sizes places ever greater denmands _on

merash élhiypisallysesysists Of o eleattical feviepirdedoragsofapasiighfidem access field
efﬁ aﬁéﬁt&h %Eﬁ%ﬁﬁm'y%eﬁ DRk YssHSiE fhodtRn R EET dlork 6RL Bif @fary digit)

as conductive lines, on a substrate. The concept
of@iatapwc bih cabe Wettasted aeh) tetewughrthe Eansistor end eead by sensig chgee on the
st(];rggg %15 %‘o}nctil ¢! refeflfibd Ql@grroﬁ sidae ﬁ* deaBimebat V&@é" of Bonstituent

pol nt in two nel ghboring teatures. hese

elécewahdwealmi thepioodictiys Hadsi thetceckrps Sisacibagizehef W@efﬁﬁmow devices
in& Oéaccmgtthefsg geg. egzza%ﬁg Iheﬁcge& 4€ &Mﬁi&&ﬁ a} ¥torag Lzlp%gfl%’%c:ﬁﬁ'gg hncreased
bylfetting rewve ehearyt deBs mlmhofnemhg damhtsh of af eaf ure and of

h dt h. of
by oSG il PRA By BR AR ThAS ol sl Al b Mlhes usc

D

nei g ors
to d@hteh the Gaturedl Rodeitaddple) phofsﬁhthimy ks, cohmwmiyensed to pattern features, such

oI|tho raph ech qgues e
e PRSI DR P APT -ELTPBP! HRBCB 1o g LT e e iz of e
fedt@@h nPlfblh&s EsimBObs the His&h&e)foctwebn \iﬂ(ﬁﬁtﬁlﬁl fafiGASwo neighboring features.
PCT/U82005/031 fo feature .
TiSER EARH 5 BRGEB SoHOL LR EE GOHTP TS fE (et o picaly
filfed @b d RitcPia Suchlaf Ab G W1NGr. As a resul, p1tch 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

gach have a minimum pitch below which a particular photolithographic technique cannot reliably
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Pitch doubling is one nethod proposed for extending

the capabilities of photolithographic techniques
WG nei r mi ni num pitch. Such a method i s PCT/US2005/031094

illustrated in 5 Figures I A-iF and described in U S.

Patent No. 5,328,810, issued to Lowey et at Wth
forfnefe%l%g C 810 e iRl Aich R Q fﬁ!}tbflt!ﬂ@@'ﬁ}ﬁﬁmﬁécﬂrﬁug IchrS imid $@flure size

forma pattern of Tines 10 in a photoresist |ayer

rﬂbﬁ@ﬁﬂylng a layer 20 of an expendable material and a

subgitat 8oudling AR hOWhekRd FiptiposedlBor dRQaMBL RS Neababilities of
then transferred by an etch step (preferably

phetalithegramiisl tephnigues feyqndyibeir pOnimuey Pty Syshat 8iod e dllusirated in
Fiffes "TPAYF &l ddeéé?rbeéf Re 1 Oﬁﬁéﬁ%ts ézsrsqé Ae8ah Rivrey e al. With

Stripped an rel's 40 can 10 be isotropical
referentedd Figore Ifg phtasléhqaﬁ@hm issfiratrveed th darmesanstiera joflinrs AP iyt Photore&st
r Figure 1B,
AP ORHS o er APl PG FotrA BT A2 o i Figure
thedfhttemsis Shroviramsforredmygur @ctl Bep Gpeferebly a8B0trdpia o theeeyer 28] forming
pla%xﬁ ?cﬂ:g%, nlngl%{dIéﬂ‘ '49' 'i'ﬁlé f)ﬁ/ot rgsﬁgﬁﬁesel)ﬁtcgﬂg erdqml eIs 40 can
St aevar s o anot her eriral, are t orne e
begsattepicdly dt¢hed e mdreadesthel Giswoque@-f@nemghlmﬂng r@méﬂ‘?lSr@ @h@own in
.spacer t erha .70
F1$uge ?@ Anig e? 5g r?g {Seggp Clge Plﬁ)g%}gl ntﬁr &bg%%teé H&efr ?ﬁané?eésaﬂg a8fhown in
F@:Ee 1D'h é‘:pacerseﬁ()ni m,gna“tmw exatrglingGr angnatllyénnmeérmwgding from sidewalls of

an%tg arvrlg% 1% g rrrr%% Ssp c? §1 dre\f@tlioc@ ]%1'9@96&1’3%&( etching the

sp%lat.llﬁiat.eﬂﬁ&’foﬁl the gmvmntapsm-fabes mmnmr)lnya |dnedtmnbé dp@elpfath: @s ghown in

.def | ni one .f.eat ur pace n
Pigii { fode R FOPIRUS JA8 FrioREpte oodnr oo By tygailbers &
wis@eogdtier Gk as Asmak rf@ﬁpdi:témmgm showh ireBipuk Bt Uhes, Svhte a given piich

0ssi b with a otM| hographi c tec u .
R ] e PR S8 U0 B NS e BB AT gphudes o
featlred dtthe spickLdefingd BCthel é{ialcéfs bal Xed rdsiilt, thesnaxiestfdagire size possible
above this reduction |n %3 I s conventionally

folithoggphig tophmiqus is ?:f@ﬁ creaffl.  pre general |y,

pi t ahwill Wﬁﬁp&d&la&c@&h&t%ﬂe tHditchiis actGlp HaREd 8t kyample above this
“mul tiplication” N@’ tch by a certaln factor actuall ¥ b
redugtjes PeRitohdy eelr‘fﬁ@lqn pieeeH teyes Pieh “qoybling orrpere generally, pitc

nﬁﬁfb‘ﬁ@ﬂfoﬁ en Q‘hattlg rdghnali ey "‘ﬁmftﬁhé’dhﬂ&doihﬁﬁfcﬁ'lﬁ a &@ﬁﬂluﬁ&or actually
l'ayer 50 of spacer naterial typic as a S|ng e

mwﬂﬂeg radeeing the pitehdry tht faghoss ThempmymtigHd temm]aﬁ:dls peingrsiErein.
the ®i.aR8 aRtf1agel 80 fof'l ?ﬂab@r%ﬁatérﬁ[ tﬂ?ﬁa@)\’h&tsrhes ﬁ]ﬁ:‘kﬁes@ 90 (see Figures

usual I'y corresponds 'to i ckness pitch
1Dand3iE) erefl beppise thie Isyeqcﬁfdbmﬁ@@?gmﬁ fommerd bsthe Fpagsrs ?0 ¥yally corresponds to
théﬁ'I ficlnesSiob C#’l'tcthsdoub %511 Jdﬁ&s g@ﬂhﬁy o CRALMBES with.  Circuits,
erent stzes. For anp random access ‘nenory o
howievernftes enpkomfcaalreswfcd@'ﬁﬁqrait HIZGBr rEoy sxmﬂq:mW apaEpy WCTHPTY circuits
| C C I r ne »
e ol Py B BRI Sr RS K0S Dty
arapd) dheclhcm@y Icelﬂseese wpcb,all}f nommeeqaby pcpidecrty/e lmtﬁear@()m the penphery, the

conducti v contact f
008‘8‘}?&‘@21}1}35 lea ryaci/og;a% 11& ﬁéds T P?nf)]ﬁ ggg'% S a(t) Pelgéjhgﬂal features
sudtsad landing gads,alﬂﬁwevdfrp vater 1argelaﬂia1b thel cancgletlvet lxsr. ﬁ'rh eddition, periphery

tive nes. .In addjt el ec
AP Reiob o AP s bt B oR Hevi R Bt 68, Morcorer
evel Fotiiphenl feivyts easbd forrhddewidr thayameliiclke m/tm an'ayeﬂae lekibility requn'cd

o Bl ) SHHDY Pt B P SRR oG G i o Phtems ar

lirGited GalthbSe thatlchn beyfoinGad|along et side@a b phireedphotogsiat. Si ngl e
mask, particularly if the patterns are 35 limted to
those that can be fornmed al ong the sidewalls of
patterned photoresist. 2 WD 2006/ 026699
PCTI US2005/ 031094 Sone proposed nethods for formng
patterns at the periphery and-at the array invol ve
etching a pattern into the array region of a substrate
and into periphery of the substrate separately.
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Thus, a pattern in the array is first forned and

transferred to the substrate using one mask and then
WOHES M % at tern in the periphery is forned aRfT/US2005/031094

separately transferred to the substrate using 5

anot her mask. Because such nethods form patterns using

di f fRER Y ofdBIKRetRdds %If ffoﬁﬁﬁ% battRG24t RN SeripR&y @nd at the array involve
substrate, they are limted in their abi llt%/thto form

etchingaupeiéam frithe peayUegion ofesbsiisisi and Mieparehery of the prbgirale separately.
Thw@ %npaﬂellﬁ% @Aenagr q@ﬁgvm@d%dqpangfaﬁgd £REBErdid BEng amnask and

be necessitated to "stitch"
thesteqmﬂlelt rattgatin élmrwnphemls| fnm@d@@ﬁ enstaicly wengfered tmthp ﬁubstrate using
an&ﬂ e%kt I%'egagsé'@éﬂf me H‘% rﬁsviﬁﬂlggﬁﬁé?&ﬁ 'inaglgafit lsFRAES locations
h respect to nas due“to the fine
onfa@ab&maEs theyl are digfifed &xthbiy aluh@ tp |erehfemnet thpﬂ Tieguitei Qygrlapping patierns,
£ f
o2, PR Py T W Pt o
nedzels:stafedad: Lm:@&” regsspwete ghttdrerwitit inwonheaisp Mgltlpml efugh a third mask
especi al t |

woupqd {ace Ve, ?rf:&tgr él'%ll%}%ad %ﬁ Es?)ﬁ tV\@P nr@agg talilgé}nefg d}&% (t:othgl fine features
deﬁmddnyeheqsmhﬁmltmhcattzhetmlnugnu on, a nethod is provi ded

for sem.copducto Qces he. et AL .

or oR TG eR- Betsat 1 280 PRI or ARRRERHRS of BRIhPGRs, copecily
wiepctht fHatuges réduére siffeseht atelappingt ;&Itfms ardyespeaizally inocopjunytiangrith piich

"h’\'f@ Frl mary nmask layer and a first photoresist |ayer
m FFY¥i™g the tenporary layer. A photoresist pattern

IS formed in the fi rﬁur_rmmtﬁeshsénnbmyer A first

pattern haV| ng features derived eat ur
phot%‘i"g’?}nﬁt P t TP |f gﬁ? &Vﬁ@:amr & Ipﬁg] %8 ?rgw,g%q, ?or semlconductor
proécR¥@is. The HREHAEoRPOES pﬁﬁid&ig d fpeiatd itviay la?pﬁmaﬁjrthhs}c layer overlying

fornmed above the | evel he first ﬁattertg %n% %t ‘1
the;sypsiraty %FHP@%’{YSI?Y% gyffrgf,n}gq & Prigfryegask Jaen and g Jigsh photoresist layer
ov@hﬂﬁ?fh@&é@oﬂrﬁlfa@& A BRoteredigpatten 0d A& ﬁtthfpﬁisf ﬁlﬁdﬂoréﬁid layer. A

the Tirst pattern are transferred to the ﬁ%
firptapEemy bawrtgrﬁ%tareﬁﬂs‘e@fa fomy teairesi 9 thaRhofresivh P
terdiBFRY Loyl CASHERE pRSiSrelist 18P %S&Quénh{r wslbd Eﬂhﬁe MheXeek] of the first

pattern in the primary mask |ayer
paa?spra@éuaato@ar Pheteresisiatierp e formed e%ﬁlec%?ﬁ&ﬂu@e%ﬁvt layer. The other

phBRFlst Hitedland 4R AR HSldRRR thalsBiPedtd URGRRRE) hbka1@P 1ol Bfn 2 mixed

primary masking |ayer. According to another aspect of
patityn th hecommanimask Inverhdhe pebsiieis eersea trpeghihn g pattom in the

p A8l ?a?rel‘:' FCI be 2fhPecilRld 2 RhaRScaR rcgﬁfpgé@&yamatenal or
Substrate’and form ng an anor phous carbon |ayer over
matdrestu bs proagsesd tixofighrthe priraary nuglﬂng layeer is formed over
! he [dchsh gagoaqngpﬁy el %}Oﬁa r‘% b, b EOPY ao%dleaﬂxf&r forming an

is forned over Iayer and second
infegmddesicuit. a ke msthod3®rrms¢sept0mi@g % hubstragrped écrrynngagae gpmmorphous

rdin n e i
cofih el e pEPRLETR £BR RESbaR )t oMl Blor s RN carbon
lamnmtemmar&dnym 19 dorened nvertthqa&t"t Iewdmasly layertapfh a second hardmask layer is
f mul tip h tion nd separately formng a second
o’br%‘idtog %@mBWSV % hogr aphy wi t hout pitch
mul t Agbirdiret foamothdih@pdct b theditrebns g andetheibds tpeovided afore semiconductor
t rapsf redt mask .| ayer an bst r.ate t ch
SR e R RS o SR EOPAPR P6 BB AL sepsatly
fo?ﬁﬁg 6 becdhd paiern w@ntolltglegraﬁthmdﬁm nmﬂiﬁ;ﬂllgﬁt&ﬂ. fTthe first and second
ormn i.nte ted ciycuit. The thod.c ri.ses
e G A TESRD B AYFT P AP ﬁ°@tﬁﬁﬁ%ﬁﬁ%¥ﬂ?‘ﬁ@’ﬂ-
mas kAccuﬁhﬁéQo%@Qﬁio@%ﬁ 898:tRE Thd mRedon, 3heBdd lsﬁﬁbﬁé&’dl’foh &Sming an
mﬁgé’lcerg%tgg h a %or%ﬁ'%gﬁd Frﬁ](lfg%ﬂ%{s}iﬁa gmnu?\sﬁﬁlcﬁ gtﬁtrs% part of the mask

u

ég?ormcd in the

3-
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IS below a mninmum pitch of a photolithographic

techni que for defining the second pattern. The nethod
WOx308602661%pr i ses et ching a substrate through tRETAESIR0S/031094

pattern. According to another aspect of the invention,

a method is provided for formng a menmory 5 device.

ses form f r :

PSP R Adr e P Sy QO o Pl e spGoREBRUE e st pich
is %eayea nn‘xﬁmnmspktclnaﬁ aepshoaihthogmplhap cshiiga fovdfingigrticscemdghttern. The

orar aceh n selectively
meihé’ﬁng{?%gy ﬁ%lfﬁ‘gwgza ) ﬁ %écﬁrf) ah(r:lc gesma%k e ﬁe menory devi ce.
The Acesrpmg a:ranothp& z&p@hoﬁ tﬂenmmube, agedthagltis melviged fomformihg 2 memory

ol Arelreoaroety reepparig phepelnRe R A g B overa
carb6iager. Of lapdief MREOmyte 4 dE@omﬂ:ﬂ) oﬁarsmlfaibmq' thoteympbrary placeholders

her ct of t nvent thod is Rravi
ond et R e RO Ty Ty St SR PRt (e The emporery
pladEolRet £0 @HEdtfv&@ rEA6vEY Felat@vePio Uha katky metkristen dbmh a pattem of mask
strjps. acer is fornmed on s emalls of. each

mafEia é‘FSP§PﬁhP to Toafges AR AR 1SEIPT B %P@n?rgﬁﬁ‘o‘éed to form
a patéemp ©f yépanter agRtt of BIRC iventiod, fiafnléthb&yie rproided for for

formed in a plane aboye th acers nd a er
maNRAcHING 38 lf“ﬁ%’a‘i‘?%‘ﬁculltaﬁ‘ mef%ﬂé JERTE IRrEe ¢ P #Ye?*?léﬂaafel strips.
A $Rcd RerofARn AR dhchithaAR1 ftfip.t i makidred PAGEArS removed to form a
ccordi ng to another aspect of the jnventio

el of GRACEHL EPAFTPA4FE BT IFHFE I e P APLBPOUF 45, £ s and &

patldiisTBiRadh HRNRLL BES. Qh@ﬂd‘c@hﬂg trBnsRiriéd & thé Yan® horizontal plane as the
spaced-apart lines of a mask nmaterial above a

spaggiSstrat e, where the mask material is different from

phot A&E&P{nﬁé& Tﬂﬁﬂ{&‘ 'a%@ét ok Yhe Qfiventi @t We@Sd hssprgﬁflédrfﬁﬂmhﬂhfa%humg an

phot od e matérial above the substrate by a

 intedreted bireuiio e phvithodxompesd prayiding O paralipaefepepapat jinggof 2 mask

mad 43Ge Rilsfhd thhng thé ﬁﬁ%l@x?‘n?c&m@ LRt (R FibtdrBsi@N A plurality of

anor phous car ow t he spaced- aoart i nes.

featwre rsddafged i argoledeiimblsenaterid] afoh*ee thq\/selh%twamqby & photokggaraphic
oy GP4Lamorph

tecfiof,Xhe Gflocq ot BT 8, PRIy ARt 3o BB S amorphovs
caﬂomlayﬂaielowh@épabﬂdme&tbtﬁesa f| rst mask material. The

l'ine sgpay Y DRl

fi r§f°° Bor EIF tﬁcﬁg Qt[écﬁh é\ n(]%{suo{sle;{%%%él y e c(::'[hfalldfmﬁllg 2 mask
paftipa cte&bﬂmate\menrtegrtted titonits The methed dopgbrivds phovadimgrcpinmlity of lines of a

te rary. Thes on qrar eral
S e
mdtddRD i @lareokly Biched. agpice0betaamt the rlinamn sie ﬁi&ﬂe\mﬂah sb@indvtemporary

il S B B AP B OO VAR OFen i pocis” 4 i

thdn @Rl DA layer o aRTRS SnaklSme@al belos tiﬁdmurﬁmb o’ Hﬁs Ibﬁ geleatively etching
30 integrated circuit. The process conprises providing
thrqugh b $HRFS ayer extending over a first and a second

r egi Qdoidfngao RAsthéradspest bothe if@hReh, lare&@Eais qﬂomerdcfar fabridating an
pattern is formed in the masking layer. A m

inpBeq PR Ae Grocss SOPRTSHPIBTOPRS SRR IHoicD i o g and

seéoﬁd tréh%rf bf £ barkiflf) ABridafed BRPAed teRc@f, hefia&ehﬁal’forﬁ{é@ljﬁ the maskmg
m ni mum feature size Qf an other portion

laxf@at ﬁemlm% 985D el Phe PBiop 196 TeeRaP CBEPBHITST, e it region is

eq®iGO'Hi189 t‘n&h Rt RAF 228R6EEm Glantd Qi HfaMt 6tRG podtion of the pattern
part| ally formed integrated circuit is provided. The

copespendind tp thegeennd 19gibegr at ed circuit conprises a carbon

lP(aZYI'/%{%200§/ o?fg%% hstp%t ¥ the: ﬁl"m@c’%og%l@lgﬁ’}ﬁ%med integrated circuit is

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

(
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pitch-multiplied spacers on a | evel overlying the

carbon | ayer. The spacers have a pitch of about 100
WHoep2¥ss. According to yet another aspect OFCT/H%2005/031094

invention, a partially fornmed integrated circuit is

provi ded. The partially formed integrated circuit

0 upbst f
PR ol L e By I ORIl R bt pich g ot
loaﬁm&rlwa; eri aI different from phot oresist. A mask

f i rclc%lrlm I agh E%' afs ecﬁgf Ha {ntv tion na%agﬁa%l&%&%dllﬁeﬁated circuit is

v &
prpfetiodhd panwlyefonmﬂemteghtecﬂ efcm pmgpraessewstchtqoatdt agrrimaigmask layer

ov%iﬁl % gfd bI t%rt?a efl'? o daPF Welé%l oL cy ofn ztrtgr?al gﬁi genﬁ_ﬁfom photoresist.

A maskemiteiH dmﬁﬂmg bdirdy @htteem 1sLtm1bem1t1madira‘t m&arre bhelyﬁi@t thé pemary mask
Descy i rred Ei nment s,.and ,fro
l5i BGOSR G SEREE & NP G 1Bt B Ao plane
oviQlingl e mhdKirhatérla® 1 nvention, and wherein: Figures
1A-1F are schemati g ﬁgoss-se% :A ogal .Si de views of
partially fornmed c - 12 nmed in
ac COrtdaneation Wil B WieOtndfstood iofhthel DetalledDeserptimoof thbPreferred
ur es 2A-ZB are a mat i c, SS-S tronal o)
Do ot o wrrrﬁgrayﬂ%rr}a o5 BRTP BT i P8t e

111@ﬁ§&{mrémth preferred enbodi nents of the
i nventi on; Frgure 3 is a schematic, Cross

S ec
si de° 1@11‘@’\/\}1‘50'# @Wesclﬁ,%{?ﬂtupaqrpﬁ-srcgpppé dldﬁgwls ﬁ}é? nalfd conductive

tinkg, %Hn@d 1% aaé&erncé QAL Eﬁor' atpRsh acmlbmlgslaétm i v el y
array of the rrem)ry devi c

efi nab _@ﬁer int a!l
accdflaﬁwc?e% 25 qorc@rré%meeroerrea@rl#ém ndgpde igws of a partally formed

gf&gﬁcg N a&%rdéh%% ﬁefeﬁe@en%hﬁféﬁ{s lo€the rvedfond €CtL | 0 nal
e view of the partially formed nenory device

F| gufigrg3 if & whematerrpyigediont sile yiomatdne Igm%ﬁllarf%@qeg enemory device
of S) aflel ety 191@&&1% s‘éﬁeﬁﬂe@rd@ﬁﬁiﬂ e ‘ﬁ{@l@ diripd the Rbmory device,

Invention; Figure 5 1s schema
in mnweuﬂnmfated@l@edmeewoﬁﬁe tlﬁeﬂ'fwart i aI ly forned

me ngf %%Q g Y% £ Gehetbtic LG s@ctlgmﬁfsld% vieh! tﬁhh ity QetSiRd Fnemory device

ayer, 1h accordance with preferreéd
of@gwdr?sﬁe&ﬂrswndﬁmn%pacbre bctwvenpluqmemﬁulgm,em(aaqcerd@ce with preferred

L9 sectional side view of the partially
ngg%gﬁé%ﬁw %\91 ce of Figure 5 after transferring a

pat tRigure 6 nmdhheatphcms;mmoml sidayew efcheapardatiydpumeg memory device

of % I,%F Qf%ﬁ ‘{"tf’% B learglnixagk fér ef & raéc%ddaggreb\%% H%f%}r%d %bodaments of

thd:m@z&ﬁms;ectl onal si de vi ew of the partl al | y fornmed

of n}r%’ﬁ%\gw C??B?r@a% O%:WSE g%é'g%l 8&%?%{9 f\%ﬁ)oy atﬂé’f erre déx%%ry device

of EFiieel isnEtk Srabfefrg 4 patRnl ifom; theiphotoresiSt ias'eratosa: Henmtrarg layer, in

cr secti S eV|e of. the partially forned

ac %BF%/W%VB EC‘ES??’JD RNty thedF‘fegP rg spacer etch, in
acCcaigan? e a\/\écb&m[ﬁc?érﬁisﬂﬁd:roﬁﬂ’%ﬁﬁ ivisnéfthopartidlly formed memory device
invention; gure 9 | s a_schematic, .crqss- segtl on

o SiEEo§ G oPNEn ot (ST 105 % SBATHENGh )b AR ERg gy prefemed

enfbo@itefts 8f AL entloRMOVI Ng a remai ning portion of the
tenmporary | ayer to |l eave a pattern of -S,Qﬁo .
2008718968 PR p@qrpqygggegfsggmggde 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 patiern of

5
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spacers in the array of the nenory device, in

accordance with preferred enbodi nents of the
WO poperazaeem; Figure 10 is a schematic, cross-saiTl/6yPd95/031094

side view of the partially forned nenory device of

Fi gure 9 after surroundi ng the spacers with a

Qi85 rerral LadRiments of th

Spaccr %lﬁgée E:rl,ytlve eg%gp g}n{%ﬁgtﬁ%g%/eﬁﬂqﬁeegpacer s,mcinr;So ©
maamtlmrdance vvrth preferred enbodi nents of the

i nv t| o ure .11 d

sid 57 oOHaRG oSty FO R or 6 SRR ARk oy device
of Higue © aﬁ& mﬂmdlﬁ@thmswg:exa Vp&tat emnvabiﬁ mhigrialeing dormjmg § hard mask
defi abIeI T i phe e; ferred
tiE et oD almel B, By, Baef Ll ARt i profee
enﬁHi)&m‘leﬁtdeﬁﬂlbmvantﬁ)ﬁ Figure 12 is a scherratl c,

cross-sectional side view.of.t

St dategRti e B LR AR bk %ﬁ?’é‘%ﬁ megry device
of tFagur a0 dfterafdkning yiegajterh Mn dlgceleddvebedafinbble pa:}ef @r the gperiphery of the

enbodi nents of _the | nvg{grg

Ei qu
TERE fgfien SEsRBEC I B rdo g of %r i ﬁ%“%art ially
for rmglnam lYscleb@atic, RrosofeciongLyide iy of thepartialBrisfnexd mengry device

t he atternfromthe ectiye ef.inabl e | ayer to
ofy ]ﬂg'-’rﬁ arheifes righings thropg iﬁ t@p%@%%adk iYL R0 89&%6 Wlf}hpmfemd
enfbo8inRhk 8fthe iedionpnt s of the |nvent| on; Figure 14 is a
schematic, cross- sectlonal S| Vi e f th rtra
o a5 BB Grosaroctiong | Ate i S BeparT b apeory device
of Bt eI flePtrdRR R the m fRoRdhe b@ecﬁﬁasz @éfin@Ble u@mo it safe level as
array into an under hard mask |ayer, in

theyepeestH SEOTHACR Wpth@reéqrreé gmborimenisfthesingtipnie

| NVeRkirON ishl Sgllk%tlg' Qrds&se%h&ﬁhﬁ&%é\ﬁ of thé fHalBefefrhed@mory device
si de vi ew of partially formed menmory device. 20 of

of Figyee &3 aftpr arch@g the mfigman e perinbeey 394 thecwphocer Ratiein the array info an
mﬁ%@hx@%ﬁf&’ﬂl@éﬁ%ﬁp & 'c?bg@r@ﬁ{ce %B bl%ﬁ?reﬂ Brmbd¥@mét§ @the invention;

er to a'primary ayer, in_accordance wth
pr efEgureds emehnmﬁémcsosmectlwl fidR vipw pErke paTtig formes megnogy device

ofsfﬁgﬁygi Iy fer t?JnQi%ﬁ‘m%ecﬁé b&;ear mstrlg hegy At th8aB@I dati@th ¥ the array

nenory device after transferring
togdtier perpripheey gnaqkdaxtearmacmdancn entb pser:cf@redr@mbperrﬁntﬁ of themvention;

u ndg%gxnre 0is 2 ;31?&?4 a8 Boss- r{angr%raaegag Eft"(_}(k Brruarfﬁ)ﬁrrd%mory device

ne i nventl ures 17A and
of]Fl@rarlﬁz aﬂmcn'ﬂgfeap’(ﬁthe astiphieavpadtetnand uthé spacsic paitsimtp the underlying
ron cr o tter o the
SUEW ymé‘ﬁ%?r{naﬁ ‘S emgém?oedg%ggsﬁf@l gﬁﬁ&nﬁ& 3&¥part ially
for rmgluémrthyaxdie\lﬂBearef micneptkphs) acwmmdén‘damughtm scanning electron

oSt L‘E  SHROMTLIEE S o oy ol SR pperPClRbdc by, of a partialy

fotrfedRh@i-edeRice) fokmdddn mcnglaﬁbefvﬁmrpeerferm]r fi‘rfboﬁmhts oéthe iivention.
has been foungd th: echni ques can
have diffi cul ¥§2 FiiS%t0 a

substh zadifen iorbr&ﬂéﬁm fr‘dth ﬁfmnngldliffeﬁaﬁBﬂ@ feﬁﬁi'ékpd %abcen found that pitch
transferring patterns, both_the sgacers and t

o PR DB T e RS BN e PR TR ety Fgpcinlr

mﬁ:ﬁl%f'n%ﬁ eRtttiodd by ir@isthass ﬁaeems tHh GidRpicetAdRd eideflying bibstrate are .
wi |l be appreciated, howe that the etchants als

expesssd tgwgayetqhqgt, m@ep@ﬂmgp f:tc];ﬁs ayvay| Mpbspapematms oIt will be

apPéBihtel MRwWe AL B8 tAd etEI{aﬁﬁ efse Wehﬁb@vag tRApERE) albélh@c 2SHERL Fe. Thus,
can be worn away by the efchant before the tgatt

ovey the gpuEse qura@gﬁ%qngta@a’ctemégeespaqeﬁ Gag bE pHoagaugyy the etchanpbefore the
paﬁéﬁ%ﬁ%\fﬁt 8 %0113 efeh %Eie%fﬁcﬁlﬁ%@i sxaqesrtsasy 0@ treh@ &dvibid decreasing

sl ze iC or exanp i ncreas | eads to
fe@tgqg@gp, whieh, (5@ %gmplﬁem%pﬁqggf lggds gq]@g.ger agpect ratios as- ﬂ!r]e \%ﬁls of these

6-
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WD 2006/ 026699 PCT/ US2005/ 031094 trenches decrease.

In conjunction with difficulties of producing
WOs20pe/@266%es of different feature sizes, thesd@(FaiT2845131094

transfer limtations nake even nore difficult the

application of pitch doubling principles to

ir C t featur
L e s
szzed thﬂw Ifatwmlttrmafenlmdtah&lspmkt even mrradnﬁ&caﬁ tlgraghplfiaation ¢fepitch-doubling

an of ze features in conjunction
p”WI?IﬁStB C%ratedcmgtma ufta?tﬁrea first phase of the nethod,

photlo kdewrncﬁgjreaqaﬂnj?ﬁcahds pir¢ferteddobbiimegts af the preefiémebioy for improved
pacer. pa t Thi s ni_cal

pal?eé%ﬂ[ﬁ'lggr c{ En?{ th§| gHna 183 %ede iif%‘ent osrllzeo¥eta%ﬁ e's 19 é%]&lgﬁo@is with pitch

dotl‘thmgahﬁﬁﬁ‘rsqfhaaa dfﬂimngthcﬁ]hp}mtohﬁmgapmemdrmtclpﬁmbhng are preferably used

hot %%ﬂ?ﬂ%ﬂﬁ%@%@@ gw%gr e r one 51ze m one ??gﬁo% o?%q:hlp, eg.,

thdJﬂfdyp:hTerMerﬁlfry Eﬁlﬁ I]ﬁ‘:‘ﬁmdfcynctﬁllqape, phditohthb@;@ﬂﬂy 151&awparfo;m¢ﬁgto form a
acer tern t he S cer. att n an
se@@& B toﬁ ‘ihipaﬁ §f’ r%e&[p g € Jaey h]:u% in a layer

n un er

ovEHHinpBihYy sﬁﬁ%&lﬁaﬂgﬂ Byirthe Waee Paipere el b haoﬂrﬁpﬁaﬂbm are then transferred
preferentially etched rel ative_t an und

to S BIeTIWRE PIH TSP P REAET &F RE Rpfipgghed rtative t

an tuh@RBAR uBrald OMRet PRePridREIL] piBEKE B thayiedsiefed frém the primary
underlying substrate _in a_ single ste%11 Thus,

mplgne bt OEHSPB DSt Fes RSl GPe Thuto BTG (i eEHimE differen

sizREatREd, Q¥¥nd BE whichiara BRI e i 91tcﬂh§ﬂ 10é lph(h:@]g:h@@iphih technique
techni que 15 used for_patterning, can, be

usgdh 5 pafiermingr o8 Reaforped anfctessralifmy ey B §P°éﬁﬁsgﬁlyttffnf fzed to the
lm&g@%gﬁﬁggmﬁubstrate Mor eover, because t he second
pattern is initially fornmed on Hyer overl yi ng

s pad¥ereoysatheeause the sreondpaine ip S SO £ ﬁVftrH@g the spacer
pa@&?ctﬁé sighd ?z{tﬁl:rn 83 RefifStl bpacQURhLAP Qisrbgreglﬁéb%rﬁﬁpﬂé features of

Terent zes, such as conducting |ines and_| andi ng
differels sresp@vdhp he ognduetings fisesorny landing pagls @iV BFtPAgf o Bigstors, can

erably, the primary nmasking |layer is
adpﬁigg&ﬂﬁﬁﬁggﬁﬁger that directly overlies and, due to

et cPrefetablyt thy ptn;narymgas}gpg tepigriis She gslgng Lgygé]pagt @mmtla overlies and, due
to @{cﬁ scﬁec%v{ﬁg %Pﬂmﬁ'flg B.')gp Q@P&Eﬁnﬁt{ﬂp&g § Eﬁﬁlz)%gﬂe LRGirate through the

n par |cu prinary
prﬂf&s;k mg}qﬁ@}eger i $n puraétéaraﬂieyprhmdislgﬁg dayerest pefezablt framed of a

il e ARG o ek e Bl o Bblpc, St bl g o st

mAH,eH A spRenpatiam ah feffedtiveip by thassferedris fipse dut the priptary masking

152 e SR B R R Y S AR 580 1 n

- m&uWRsisedfoe etcﬂ;ﬁﬂ the\&ﬁlﬁ&aﬁem thavaslpatican u&echnfeﬁkcmbrmenxgnsfbrmd to the

substrate, so that the |n it c ffectivel
subtate; disreit BEeNG eI EREbFArY tog a5 of Patii dffuipe oxices
0@l afB kiBicdd, Mhé Yriv@tyainasiéng Dyér iéalsrbﬁfa}ﬂyOformed @f icatben and, more
i ncl udi ng oxides, nitrides and silicon, the pri mary
ﬁ%@hWﬁﬁmﬁﬁy%W°¥@mbreferably formed of carbon and, nore
30 pg %ﬁl??@%&p}x‘eﬁf’é&hﬁmﬁdﬁ?mﬂ@rdﬁﬂ Bomprise\ahy natd€ial or materials that are 1o
appreci ate at a substrate can co I Se an
bedﬁ&%ﬁ?@léhf%ﬁé therpgimagy @agking laygr. F;ﬁae@g@gwa{ ué}yﬁ?ﬁgayer of a single
mﬁéﬁdimar Muﬁﬁ%f%e}sasf%ﬁferéﬁa Hteridls SaUIE)‘iér loflers &amhgfdgws ofdifferent
layer of a single material, a plurality of |ayer
melprialse prefEUCHERSER] TS, ot ﬂass@rm%?nwhasﬂ@r@c Hféfvf%c tmﬁsmsulamrs

coﬁﬁuc@“rg fcﬁ%%ﬁﬁomaﬂ@&s%ér@&is isel1y, Ut WaBSrateNeokfpEiBas ffubtures or layers
hese materials can include sen conduct ors,

uhmmﬁdvéﬁwﬁﬁﬁiQﬁ@mdﬁﬁﬁﬁ@@@W@“b@Pgg@ﬁﬁmﬁht|ons t her eof .
Typically, the substrate conprises structures or
layers wultimately formpart of the integrated circuit
bei ng fabri cat ed. -7-
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-7 WD 2006/ 026699 PCT/ US2005/031094 It wll also be
appreciated that transferring a pattern froma first

WQ 2pe2a6% a second | evel involves form ng featREEESIONS/031094
the second | evel that generally correspond to features
on the first |Ilevel. For exanple, the path of lines in

the IP \%ﬁloeﬁs% %:a\ﬁﬁllecﬂﬁ\fe& rlthag ﬁ%]%ge%g&%/ %éﬁ{e}n%rﬁ herRald {Bfa second level

| i nes on rst leve ocati on of other
invobat tfmmmgdaafufnemsm orvdnd vl theti deheralby pomssnond) tq features og the first

lech CE%E' e)garrln th% é)g%hlo? [més S %%?@ vt hen fgér{efaﬁlg ke the }Hﬁ? of lines on

d sizes of features-can vary from
thet ﬁst ﬂavelsandl mv dbcation vhethsefeaim:s | mvibe sedopdderel wilFgprrespond to the

locgﬁ%ngij 511‘81&3,1'%9 %ﬁgsl A9 BAY e‘%lc 'grh%gféqsé tsﬁalpgssandas@gs o%features can vary

€ SI Zes o I've spaci hgs between
frohhihe fies lewelas tHeapeond develh howervam Sfoe Bxaemple Serending uprareidhechemisiries

e r di m.ni rel atlv
anc$ F?"ﬁ%‘%\}g‘? s:zw,ﬂf | 383 §$%Vle Spacings be %e& E'n(% hfgﬁ%’gsrer%o tﬂé;ﬁansfencd
patt@atdagrbe. enlatgbd Raf diménidhed \mlhﬂlventoV\thb Q)at‘ta"d eont thletﬁret level, while still

Fi gure wher.ein ke, nunerals refer to like parts
‘e$ﬂ¥ﬁ%ﬂ:%ﬁFwHPPde¥f“be appreci ated that Figures 2-16

ar e Ri@irerde GEB $awi Heymaile awnhd Pigaes| wherddh likengrheals refer to like parts
preferred enbodi ment 1] fi d application in an
o VDRI R St s 16 e Parisnen daallo R
f or NREiOMe Brefenied chnﬁbtﬁmeﬂmwﬂﬁﬁﬁd spplhaarﬂoy naﬁht,ammagemuﬁnch features
enbodi nents,_ part of the attern t
of SHGrrm Hra e e 6p PRy b PO T R G S gt of the
paﬁé}ﬁ 16 b@'tﬁaﬁé’ferﬂe'a el éh‘ﬂ‘stia&ﬁm%ﬂhddlw Pitch GhulBflickie and that has a pitch
ot ol i t hogr aphi ¢ .t echni que Qr pro SS|ng %
beg’l‘!’o’@ﬁ Fipigm qifh 24 thetahgie! lthmm%{féc t Iiﬂﬂé%ssff fog grotsing the substrat.
n ARG, WL ?m: GRTerRE eHBEEmERs EAY 10 B8V ol fitingfyahiedated circuit, thcy are
circuit, they are particularly advantageé$ |y %Egg udi
pattisuledy advnipgconsy prpliphty Tarm deviced havinegeiay ellechisyl qowges, meluding
10%1'9 61 %‘d@é Ay p LMo@an‘férang"ﬁBﬁ v@lﬁﬁl@)‘&nﬁﬂdde%laﬂublll & PRAM, ROM or flash
ol at| e nmenory devices such DRAM ROM ar f1 ash

meverpr I sushrdegigesh pigkbyimdindicatincan berued iploretg Jrnuspr gyl electrodes
anH% uEtheflﬁE{% ﬁlgesﬂﬁa% éga TR Bfps SRR c%hx%ﬁﬁ&ﬁﬂﬁ&tcﬁi%o@ﬁﬁhy can be

uctive e array reglon of the chi
usedﬂolfmbrwemmmauc}m cowhats, ole ppyivherisa el @é chl@% etnelary masking

s A AR S e PRSI, o 1
t he ]ﬁgure 84 shéwd zatop |vu'a-t wﬁ’ﬂglaatlaﬁe fehrigated mgewt@ circuit, or memory chip,

[ Lustrated i e..k ure e
oy it (20 el o Bl b AR B | PP Rty
It Wﬂmapptehiiat&d thafl @fer f&‘brmmdnrd Ithenﬂggrdnd digjt 100 cbmp]e’@ythe array 102

wll SUE#P, :II) ‘%9136% P?]f‘-{f%<1 Fhfglggolanggcr g, ér%eg’ da%fl & Gt‘nca dewces such as

trafné’!btbfscafﬁﬁlcﬁphcﬁtﬁrst Mesitablye gitett aulltiplication banl'@ef)usad ‘e (ﬁwrpll @atsres in the

N

th&sfeaiﬁsﬂh§ ta%? 190d Caxpagiohd) flﬂmtoﬁﬂﬁ)grfap]i@l yathei thed) pitch multiplication, is
mul tipljcation_can be u ed to form features

vty Pt PaCsSn (P BB RS BTRBROIL IS s oosed
in PR pepipRerY 10D hakea ramhgyi@;hfrﬁahpuoaﬁoﬂ @t’fgﬁl’c halditiohxea® devices in the

the array 102. Conventi onal hot ol i ra t her
periRbgay p‘ieﬁ‘B’F? haseqr| grometies ofpe o8 6@?9“}? ic ’g'sus%?i Sy, alking pitch

mﬂﬁfﬂ'iéﬁﬁ&h fe&eaa%nia%aduu T corﬁ@ﬁtﬂiah&ﬁ:hbﬁﬂﬂﬂ@@ﬁ@t fbt fuch dewces

conpl exi t ic circuits._|lgca er..pher
04 ViR esivissieny TR ABEPETBIY ENPPOHA GUHE 100 f Brovided. A
suﬁtgﬂl'tet 119N pRRITR HQNH G8Fous NayleRC120060. THE FbstiR€ U0 Rill be patterned to
| ar ger geonetrles due to electrijcal constraints,

fopm @mxy Tertuepmandne dprers P16 milk Be righed fe darmupyprasl fop s patter, as
t han conventional photolithography for such devices.
Wth reference to Figure 2B, a partially forned
integrated circuit 100 is pre¥ided. A 35 substrate
110 is provided bel ow various | ayers 120-160. The
substrate 110. will be patterned to
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formvarious features and the layers 120-160 will be
etched to forma mask for the pattern, as -8 WO
wWOBOGIBEB699 PCT/ US20051033994  di scussed bel GET/U32005/031094
materials for the |layers overlying the substrate 110
are preferably chosep based upon consideration of the
disGREH RAdW AL ?th‘é‘?zﬂ&l}s éiv%ﬁget‘% LRAROY o £ hrdidigbly chosen
various pattern rmng and pattern transferring
bass apen dm@@m@@dom@ @hmstBeMEceﬁh@nﬁﬁ% reuemegiefer ghe various
S | 0, 1 betw
pa&e%p?%?ﬁrﬁ ﬁ)%{téa%e( %ﬁf;é EE;@}Q cﬁ#u?s‘é@ herdia0 B e aye:rs5 etween a

pre I thographi c process,
toparet seteeu*@ub@ﬁn@lﬂelamaze uvioel eraferablytis defrble by adithagephic process,

anc?j ﬁle Su a{c ﬁ@f&r@ﬁgﬁ‘% tﬁa‘ﬁg ely § Xtt grggétd\}gtg Lnfrg?l:qtgé’ %ﬁﬁcuw ad able layer

ective
12¢&f the aﬁ:lseatb Al thelmrsa:ntweteh @hes%glbgtvp]atdsﬁnabkdaﬁr 820 and the substrate

11 r ef gl% era ﬁlo%g’ tﬂliE?t ca}xhl?eys g&ﬁvéﬂf e&ﬁéqe?etl%ﬂrgltg other exposed

£i%e eXpose
matdnﬁlsrdmhg |11he1r| ttcth l[tl wﬂi é:eaqppmexeueét&@d a tnhederiah isnaenedered Seiestwely, or

pr% J g?d R t¢.=: Ie‘}(:g eré {OF] [hﬁt T%t?erge&?.{s aFlteﬁs?!ﬂ;l H eas[éﬁ%‘gzr lSars:ferably

abdut 10 ﬁﬁﬁs geamt ﬁbr,e ppﬂf&?ﬂﬂﬂ’ ailohity2011Bnepomater 4@, tnostwfga’téntaeleast about
nore preferably about.. 20 tines greater and, nost
40 Gt aé?ﬂﬂgfm%ﬁf%if%’é@{‘ IR n%o times greater than that
for 18 e ﬂlUihdteﬂgerﬂm&ﬁfentaltk& seleptiteheddfinbhls layat &2 overlies a first hard
oG, b B Rt S5 B A ey ot
madli &l'bdt&l\rg ﬁb% I1@yfer asm,aﬂmaf aveﬂlésaa/ pﬁmldvﬂr Qnaskhiyeh 160 ewhicle svatlics the
second ha mask, or etc er..15
subgtratel {1840 be mﬁﬁ@e ﬁagfﬁﬂffdgy ool p mag; BhF I RE St g davers are

prék'er‘ralﬁ&' bﬁﬂsé@&e%erﬂeﬂi% ipBn BRnRKiBIlieSwidtkhé ich chenfdtadyamld process conditions
rough a mask. The thi cknesses of the ‘%“B%{ers ar.e

dei‘/‘f’é?‘b APy EdfosamPlie B AT TR 2 B HEAL |80t vemgl layer to an

unfidBif! GherCfieBRtivdE Sching 1R QARAFing QMi‘ tmﬂ&‘ials d8mChdteslers are

herei'n.” For exanpl’e, when _ transterring. a pattern from
rerpgVed e #qme degrep- ayr/’rgns the uaRFT laYRIE PSR oyggh so that it is not wom

w?f[,@e(fme\eghrge&ttﬁggtgg t he underlying | ayer, nat erl aI S

rom both |ayers are renoved to sone dearee

t he Iy ﬁg@}luqtratyé pmb@dupgné,f the Hist i}arfi miasl lager 36 Bs }gr@fefaﬁgrtbepyeen about
102 SEe r@[ﬁ%ﬁlgol‘f%cetrﬁﬁoﬁqmﬁ SmQhick. h’?hee&ﬁﬂeraﬂyrlayer 140 is

ust |’at i ment first hard nask

pref@@bly Setweet abaub190- 3t o dlricle sk, mmore prefserbimbetieetk alaw 100-200 nm
thlripr Zhd £e%£ }Qa?& Xl’a%plg)tléf\qgﬁ 15?]2?1’%&2%!006?!@669 %(HE '16 %0 mck and, more

nporary a er et ween bout
préf&@blS 050301111 m~40mnn kKhiglnahd 1ﬂm rpanqaryeltxmkdmey 16(b Bt m@féwbléfkmmeen about

. thick, T k layer 150 is
10%8@? Bﬁ% agg’t%%%mfeba%ﬁ'f 8‘91}% ~and, nore 25
pr e fWitha bifstenca boBigu2 Q; e snlmttvh]yaieﬁmbtb ltam 1p0 ;srm¢fyrabﬂusikrm6d ofa

: ph_P’rﬂ eg{? 1681@\%63%%%?5?%& b\% 1.t Oa.riti b ?56:}{?6189 tl:l‘ ]%i}%tcﬁl%ﬁst can be any

phmbfdmsr ﬂfnﬁiaﬁ’tﬂe &vithd 37 o r167 Z:m t1 bE nseR4fctin\ve BG5S dafwavelohgh sytems,

| ayer 0 i.s. pref.erabl of ot op esi st
193 ﬁ%lll SEv a'ngghpﬁ'ﬁ Sjon, SYsle Orkige %ﬁ) R?alflr%gﬁ)ﬁﬁp I SyStets. Examples of
ﬁ&@é@}@mrésﬁﬁnﬁbﬁdl@melﬁﬂédrg@ﬁﬂ{uﬁée aoy) sanmtreqﬂ:emr&ist, i.e., photoresist

Sul RN B G D SOHES 530 3l AT R FGpAve Plotoresi, ie.

hbﬁfeafsﬁmabéi y&h@ér&um ][a Ialchgfhf @mdgl:e aﬁ’ﬂphbibfvgfs’aml’d ﬁreferably used with

ens anpl es .o referr phot t mater l's

OhoRBOHEE; SO B IRRY SR PEYIBEn Dety B8 oS tm.  KGF

phbtofosistsRIROprefefiblySlised Sith 1l ﬁwﬁmengﬁl%h\ﬂmohfhogﬁp}éﬁdistbmg hitich as 248
source, and krg pton fl uaride éKr F)

B e o 1 afker ebementy s iorep Cp RISy PGt fvish gerp i pe formed
a KrF light source. ArF photoresists are preferably
used with photolithography systens utilizing
relatively short wavel ength t#%ght, e.g., 193 rim KrF
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35 photoresists are preferably used with | onger
wavel engt h phot ol i t hography systens, such as 248 nm
WOs308¢/83¢68%9 | n ot her enbodi nents, the |ayer 120 R{GTAURA96/031094
subsequent resist layers can be formed -9 WO
2006/ 026699 PCT/ US2005/ 031094 of a resist that can be
of Q?etsitsiet’hﬁ%gn Bypdehea bf Hz[ﬂoqﬁlpﬁﬁttliﬂﬁﬁfa?ﬂjh ¥og., %ﬁ @Gsing B YnoldSdr chanical
a nold or nmechanical force to pattern the resist. The
forprrioeticam thegesist-he first hard mask |ayer 130 preferably
COMRYL $8FerBl Bdr! the it WXt0Rask( RV Q2030 p?éﬂel‘aﬁl?%oﬁfpn@es a SﬂlCOI’l oxide

dielectric anti-reflective coatlng) ., such as
(SiOh) isioer of erdidpqtiie grti-reflegiivg rioptingd AIE@R@schc%akﬁéwon-ﬂch silicon

ox%h% CYAREL é’an%gé%tnﬁgr?yot Pl n%éo&s%ﬂ%ﬂﬂn@ﬁétfeﬁﬁ RviPMcAG near the

Itches near th resol u imts of
resphtmro liimtith ogfr s phételithesanhicy trehrieneabrsause Hbgy 6% etERRgnEeaolution by

mi 1%?811&%11%1% aﬁé(cgo ni Mi %9 %%r?%late& %a!t QFgH Periﬁctldnts c\ﬁh |decrcase the

ecti ons can decrease the
prqomwolvstfowhwh pllmwmhagmpbh earodquh theredptsyof caniterar | Quitopaily, a bottom

2 t ddition to the first hard
EAOE8 2 BRARC (L ML Xim B BRI o adifon o e i
znﬁkhyﬁaﬁmynbmnﬂﬁgumﬁhmadult|on to the flrst hard 10

l ?e\fn)e})ror%)g% i)re%ra ng%xf:c[ 81; C%Eljé?%g ?arbam%v ich offers very

F af 4 Dreter a anmodr phous
hlgd:aéthio Relemdvitg rrelelﬁxfeetos tlmepryferrhal g:lardetnaﬁ s’@tee@lm vMpie preferably, the

ativ e Pl erred h
amﬁlfp PUS G &09 15 aE gﬁﬁapﬁaroengcaé Dy el 1‘|.; %11 ayf Ll %aisept Mbﬁg%t and which
offeds afnstea g flovenadhizofor bhad ahgmllﬁnghjr Peitg amnﬁpmem wayelengihst of light
nd whjc of s further.i ovenent s
sy o b bemroh diemes o Al B o YR gl B coghop oun be
fouflla nUﬁeﬂeIﬁlﬁgld,Sﬂq\helédnbrgm Sblid Bann 381 (1696)tie6hed.ques f or
orm ng. a hi

hly tran rent._carbon e found
A HS| %]E)IﬂEF g@ %Rpg‘l T ﬁ er-l-lﬁ oﬁeFﬂl%a?an,gnaS]ég ig(g gjeferably
corhf@sed Q AicleFicWhtiefleb@vel dobisly (DARK) @G Ka bitiy@r oxlizﬁﬁ;deb hiesilicon oxide

second _hard mask |ayer 150 pr ferab
(SPRbPlotieoRc Ta PR BRI, BTG PHARGIALE) [iof siown) oan also

' opﬁérlallf 88 uRUMNE oot Bdht ré¥lctidrsC WhiRXhél Grst bl R kecond ha;rd mask layers

[ icon. I addition, a botton1ant|-reflec% %ﬁgﬁ ?%1
13@ amt-?ﬁ cenbe cgﬁéﬁf\aﬁ diffgrpntapadssialsotes AGT S BretsE it e same
matda fo? la-asle bgﬁrocésﬁfl% Sl th ARSimi2ihd BindbBeorfdiffdrént %féﬂ chd¥@stries utilized,
second ayers 130 and 150 can be forned of
as dﬂﬁ‘cﬁb?debﬁiovﬁaﬂ-éiel the dEmpoppsy daypra ALy ghegprimasy sPes lpypry 160 is preferably
foﬂiﬁ%g %h&u@ 9ar§<ﬁ-f%ﬂ Iﬁaﬁgfe%éibli YnPaAsH: @fboRr OCESSI NY
and to

nim ze e nunber of different etch _

cherfi wilk hecappreiateil 2kad the vagoupdavery ¢isystsd hewgin qap be ferpgd by various
sikud BY& dep&ition h

metgfoe i a hﬁ%&;fs ?jlan{e raéll?[ror@% édﬂargﬁlcear@ bon aﬁd el;lrrct%r e Prooesses, suc
as pheﬁleala@btyr deprsiiepeanebrt visdribdoem 28 Yard wiepl layers. Preferably, a low

reci ated.tha |

ter%;peg g elmcal a)a% T c{eg%ﬁo/o% Sﬂrg LE%&{ Eyn &f@ét d 1 sﬁ l%ers or any
otlgk lrdatenaln, ag,a ,espacdr mafepial GignpT e pver dird wask layp d60, Where the mask layer

SItI cesse S G
16@ é%g A % Gys ucgié dgltlc%q? 5 rerrrxllptera%ﬁ% 8(33831 ﬁrroreas')s/eé; advantageously
pré%ﬁfcﬁéxﬁzbﬂyor physicaldisrbgtiop ef it amerpbdvswhiben layerpor
depqsition process is u 0
oGPl retaRe SER e S BE et 16i8° e nb S AN HIRRK 1 aaditon,
an{onI@ﬁH eartign, laQMe fcatk fbe fommsdd Hyaghefmc]aﬁ @apdi\kdepcmttohe.lsnasak hydrocarbon

er, 30 160 i anDr ous s such | ow. . .
comas CiFBT 55 S PO B GBS HeRy R e SR ey Erecultls inctude
PréfyRYE HroAE Fréiiahe, Gitapd) Watylsnk, Whissienp tndarelynt.h@ suitable method for

anor phous carbon | ayer. Spin-on-coating processes can
be used to formthe photodefinable |ayers. In

addi tion, anorphous carbon |ayers can be forned by
chem cal vapor deposition us&&g a hydrocarbon

lj
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conmpound, or m xtures of such conpounds, as carbon
precursors. Exenplary precursors include 35 propyl ene,
WO RWOPRASI9 pr opane, but ane, butyl ene, but adi enePGkiES2005/031094
acetelyne. A suitable nmethod for -10 WD 2006/ 026699
PCT/ US2005/ 031094 form ng anor phous carbon | ayers is
g‘ﬁﬁ rahgﬁﬂoué']cérlroi la?a'E qptﬂe&ﬁbed@n% % P3QnBlio. 63516H EP issued to
Fbalirn et ; June 3, in a first phase of
Faifheirmas zh od Jung 3a2-§QS)ér dance wit h t he pref erred
SO S8k 1t binoli & SLERGR LAMhO gfe@émé "okl and with
t he

rrultlpﬁlcalonlnt ear(ay_o ir%b f or ned
refernegyiodtigeksGr, puieh mulgplicaton iy thsaupye @jparhal}yafw@ﬁ pntpegated circuit

ld;l_) 9% g&gonglgd %_Egpaaﬁgt@ ?#@{n g:an@ :h gérﬁn%:%% ia nl%)h VhobeR in Figure 3.
'Ihaﬂm@dqrfmdblb %yelemﬁ can phpatiotned h)gg@ phetolithagreptiycin witigh the layer 120
is ! e?c gs%% 1At1% efﬁp g@? %f 1Ieﬁc1£ %% %éno&vglla%&iu 9 I:Af@h Fb@ihé Qie@eloped the

qeve tér being devel
remgmhn@dqﬂmable dm‘tanahl;nhaowastamtab caqghcmm.‘rrea Kres i1@2,twiigh define
cas 24conprises lines 122, which define spaces 124.
PR{5* shown in Figure 4, the widths of the spaces 122
and Ahshophat Bigesi 451the| widids ofl{B@ spraes 132 anétheephetdresist lines 122 can be

red d| sion. r exa t he 122 be ;.
i uhae S arrae | ho SERER Fe bl PRASE ye ey ohing the
pHotupdsRt HﬁdsSlQ4J I'The hdidebsialr inep 24 axe bdfyraldly ehvhed usnggn Botropic etch,

T LIS oS ot kg B, B8, S ot

etétie preeérghy g@ecwd%emblwsumg ffd eThaes 4 hadth aorressaikdinigng the desired
i ne & 4a has a w orre ondln% ire

SPaqiag P eospacte}:?eto 138 vﬁ at e(g ﬁq%e m%ecg%ussmnlbelow with
%e&rte Gigatesd-16r M‘Vﬁﬂ@eﬁis@? ms&aalam feliewingittdformation eflines 024a that
i gures 8-16. Advantageou in addition to al

arg aTTOwR e deriuses fefined by ”hﬁfézilthoafﬁlélﬂﬁ Aeshpiaes “fEI%aW attern. the

plfoﬁﬁ&ﬁi’fa@l% 15 E 1o thib¥cht &R RRGhANd dd3eOsfaR lifest10f Hﬁtdw @nprovmg the
use attern the photodefinable Iayer 120, th

I's
m%ﬂoew%%tﬁg WBeR o4 hEbctrgradneophotresisf Diess2oad; 1o gy constitute the
plhdIREIH Hnduifels dpBh AT bYitdd oﬁs?@cefs' 17§ 1&121? ﬁ) WhEve formed. In other

resulting photoresist |ines us )
enchodisents, the spakes trbvesh deehesice &42cap be ﬁ%fffd’feélbé’ cEpRBAInGRfiecRes 124 to

a @esﬁéf &gl rFongaﬁngﬁ? %cﬁnénﬁsmﬁtgﬂlﬁ WhEbdepWiifell ob& theOi¥8d24 bithe lines

enbo spaces between the spaces 122
124 zgn bﬁechnmxcpklmwg{ctgiyto Mfﬁ@l having g lprger vppume tg incgease their size.

desi
e et Sob oA S AN LR ol ERAEAS) cEafch o e
140 hofrrhateaxdal ghat eaacwehbtand Withr e gravesseonditiontsafor prged alerigh deposition,

dls(cussgﬁel%%) %h%‘ﬁgg)e f rrar}%l a%lgr hefg gesﬁ@ah&?e e%g{oﬁ@mt the material

fotrﬁlﬁg ﬂfe&emmiaxydas&r Ilé@/ esrprefﬁﬁbljzzkélectéd smh ethat al caﬂl@tse]g@wely removed

nd MAth ess ndl ions fo
re%}r f Qx‘e sa%cr% gjlmt l gnc? gles%nlﬁig L é’f’r Iﬂr’?tezl d%%% the ager 140 is
mhmmbmgﬂhmgheﬁ‘inmﬂﬂmmesmﬂbancﬁe@hanﬂmhp@ﬁm&dldtmmmhﬁ for etching

for t.he,.t enpor a 140 .
ongRiseit g oo SulL Ok SR Rk bt R Rhork YpR apd bygpuge chemisties
aré Q{?@Mﬁé forf ablahg ‘dﬁlofphoﬁsf'@ﬂﬁ)naﬁlﬂf e)niallleat Iseihctmtyi rtlhidsre to a variety of

L e Bl 03B B ol - By SRl e v 120

: anarmﬁ eSﬁﬁﬂnleC:hﬁt%ﬁﬁ fir@ise §o0d meticlayend 38 thoplie} for eingple, TARCs, silicon

35

ggé pically etch significant anmounts of anorphous carbon
B ouEdEs 8t st ries are available for etching

anDriRQiaieradh BRNpMiddefiglet e o sseblefetabw trynsfeple@tté the hard mask .
to_a varjety, of naterlals a. hard

| a
Ty 10 (2 AN BIGRER Sl PR | 5rREFER maﬁc%%*ghe&tué@gtﬂﬁ goisofropic
| ayers 120 and 140. Suitable materials for the hard
mask | ayer 130 include, for exanple, DARCs, silicon
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oxides or nitrides, and silicon. 35 The pattern in the
phot odef mabl e | ayer 120 is preferably transferred to

WQ W86/ nask |ayer 130, as shown in Fi gur e BCT/U$085/031094
transfer is preferably acconplished using an
anisotroplc -11 WD 2006/ 026699 PCT/ US2005/ 031094

etcﬁts%En Q[Cl?ﬁilf%] ﬁh&gcag@g)r}ﬁasﬁlaf Al]l:l'l:lg])ﬁ/ ;2? om)lﬁé)r@ah rlnay also be

| Sotro et ch sui t
sultabletlﬁ‘éle thamddnash dkvet H30eis ﬂI@OPW&nteﬁlﬂuUmeﬂfnel?lﬁw etch Gheﬂﬂsmes can

0 fch chem stries can include CF4,
um&ﬁ%@% gﬁggéﬂ?gﬁgiggeﬁh The pattern is then
t r afbé eeiterd it dheapharsBpdrarthe teaperaryl lger 40, sohawn rin Figure 6,
pmfergotf; %sglgl a5s@ &L ﬁ@én%lag&gsogg og%s 9”&&%{%@ 48,30 Band Ar.

S con ing
Adﬁﬂﬂzfgnmlayeﬁiﬁ§0j poﬂthmn@@@smmmatch|cm@orpbﬁb¢mre&and tempprary layer 140

at fg%réeagfg%tgfth%ﬂ&zﬁm%es{ a?lrlégn% re &?e%%%l@ % ¥1%51 4%%es "ﬁlle ﬂtertﬁgt ®he hard
maklh 3yer! 030 iisreshédie A ammbteh&ﬁ)z d;dnmuhw Qlasm:ask dbsgyqu QGU S. Patent

b B AL A A S P B mppini
Cohiteol AD Ht @hEbe eippratihted fthdt G;He AlgusttaiBihg Iﬂﬁgld, Silanﬂtiintdma?egtches the
C 0 e apprecia
te“i‘pr?%;’ géﬁn{%’::?g‘gﬁs #W@O%E‘%@ﬁl& LaP’F‘Fm b ‘aneous P)F/) et ches
It ge éksts%gigﬁﬁf;guré ”gv)tinilﬁjieﬂn.m A Rphcerahmsas 1stﬂhﬁ'efpﬂ;ighg»d démgindde)ver the
hari ek e 9 o P rmery st 4G ot FB R 't M e droosed by

chéPRsd vht Ql%p&%n R dtolielal@ m@@fsﬂfoﬁ H‘&y €facdrdBateril earslpm@rmatenal
material is preferably deposit chem cal v

cappblsdiueT &2 Fisiatoonster & paterR i S SERInE FgDp gy over 160. The

spdbad B4th 1 tpﬁé@é}aﬁ?ﬁ 1900 BRdcBbsitad wikh gScEnep! cﬁv@ﬁgeUS)ﬁ:aﬁch deposited at a

mask to

ransfer a pattern to the unden£¥ %bB %1 hed
lovrderrperayre reompefiblerpdth tp dcanorama ey 410 gr § sclggfively etche

rel&AR 0 %edcg‘ﬁﬂﬁéﬂy el et 40nandl @Q¢1a ?&r&ﬂd&%@rtﬁﬁﬁmpaﬁmﬂlaﬁ:r heo. Preferred
deposi t ed | ow t enperature conpatible with the

Hwﬁﬁﬁb@%@#?Sﬂﬁ?@mﬁﬁkﬂmﬁﬁéﬂﬁﬁaﬁﬁﬁ be sel ectively etched

rel ali yewh & El’éﬁret @'ﬁ’@ip%éf 14y2Y €70 é%nadﬁgjeét&i/ td &Y &fisotropic etch to
underlylng the tenporary layer 140. Preferred

remevecpicar materisl for hetizanted surices 1 ¥eef thagarsiplly fnedinisgeded circuit
1080 a?lrkgzwqalkrphl:o'v&% G s?acat &, §Weréoﬁﬂcﬁrusﬁl§g fhidrdcht®Bn plasma,

to an anisottfopic étch to renove spacer
whmﬂutcen Iah!b advaptagdvosly zish tthﬂ haghm@sésd@@r 1300 Nt tthrearppaphiopig parhon layer

14& e se e@{n?e%r AhRfeL lug gl g % ]%%-coe 2 %ﬁllgﬂ%héﬁlﬁ C !Flguﬁ:' $hows a pattern

acer étc usi n
of ﬁﬂaum dnmeﬁ eﬁerphmnmphous\barbdm etchn Tams; pltddvdhplwgbmmye array of the

m%gﬁh gotﬁfng g}ge.%fateﬁ lém 08 as %e 8 ct'glﬁ-\{? é?hettl Ql?d AL ﬂﬂgyactcdgembodunent

can be” se reffoved

- theepithh, of dheSpPReeeniathalf nhan gf the gbotaresiki lfgles 2D (Rhoe8) eriginally formed by

Phgtg]t_\tﬂ]gég}gﬁfg Hto &ﬂ} 2&}%3%1%2?%%%}%5 feitsB?clfsité 21:7?t %r?clr ﬁf}?ﬁlﬁﬂw He outhne of the
pafidrn bFlenes P2 brigitadlly féroedicthe poagiefdablt Igyer t20.t 100 h as

been_accomplis and, i he il.l ustrated epbodi nt
D e NP S A Becopd ahasp 4t & piethot Mgring Rihe ity d BRBOATRRhs, 2 second
pafhif isFoRsddst the IpB@[il‘leﬂyZI‘t}tl( o GatinethiS peconid @ttﬁﬂi thy spaoerse @ doy protected

TR SN HIR G ——

th bR phtitrh dt HRGRripkdy (D(M gTI‘[éf':thcy:rsf s I’ﬁ%jprbfdctédhby fonmng a protectlve
phot odefi nable | a a se

lejer 404 R B BEEIF 1t 3he ﬁ&’t??ﬁlé‘? bwredodmacis }’natﬁ g ol os te

spi%ﬁoﬂ@ anR réBably! dboktOTONENN0 & thivk QS fnﬂféeﬁrﬁfcﬂaﬁﬂr, afat 100-300 nm
formthis second gattern the spacers 175

ar
thigk.o Acherd maskalayer 248 dg gt qu@{a&yeﬁ)pﬁ%q\@r thﬁ(?tﬁ(‘flf@ Igygr 200 to aid in
formed, as shown in Figure 10, to allow for patterning
of :
-12-
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the second pattern at the periphery 104. The spacers
175 are protected by form ng a protective |ayer 200
WOH8¢/036p% spacers 175. The protective |ayer 20%T/E52005/031094
preferably at |east as tall as the 35 spacers 175 and
preferably about 100-500 urn thick and, nore
traHsrf&Eﬁé aBktYern ﬁ-@xﬂl{ﬁe ﬂl@%dmbfé C?/eif B (6. theAprB@Et%erIBﬁ:k Zd)(ﬁyﬁ‘éferably

I'S next preferab a/ ornmed over the praotectiv
the ?eayré magioByercl 18jisabont 40-30 nyythizk @ad.gpee gterably, about “Sbout 50-60 nm
;BCT/ US2005/ 031094 transferring a pattern fromthe
phot odef mabl e | ayer 220 to the protective |la %/aer 200,
Pr efTése atybtgctive tldyer BOG & nlﬁéfkablbaﬁeme@ 00 2 raategisd (hat 49 r@dily removed
e fecRAMe 5&&9%%&[ ofa
sel@#ﬂr I&E}E%eatg%e 1% 185, f:"&r &QIIIZ%]O | S&H eC r

rotective |ayer referabléforme
photbreaistyeng rmad be¢ Hm sirge 1op zddiffprant phetegsistsfremm| et pspd| tp form the

phot%d?q{en%‘%ﬂg laver HB &%85 rS; xJ’rééi %aﬁ%'é 0? a dfffe?ent material from than

| ayer or ne a hot or esi st ,
usahd forerythe ghdtclubﬁwiﬁelamr 230 Eﬁlgdrei(én Mm?%r i, e Drqteskive layer 200

is %%%:]ulrjg gd g(jufs %r org %CTP éﬂe& %mheexkéﬁéﬁtr S ?E%gwty relative to the

I'¢h 'can e same or a different
spacatsdf7b.al fromthan used to formthe phot odef i nabl e

Iayjp %6@ 'ggg L& nv%h(# ¢ Bl o%ece eelf ra%%; fomahoﬁaa%a%&m 8 can be

| ay car ch can
seleétbaB etttet helﬁi@e ab [betht ths elb@ens [ 1V5 ta;ld ttel diviodefingble tliper 22@ the hard

175 ts_whe :
g;‘é Fr r%@ﬁal? Bﬁ ?I‘QF%L gk?oa £xam pr%%‘t?ct&vF] Tayer Cié)ﬁ %%rplgeofo?rﬁéd of% bottom
anﬁ-@éf%@ﬁ\l'evtﬁabtjng%%m ahéh @hd)t\iﬁsmw:ab bt formbe dsqily ebsve IEBARC. The

and defjnable | a t he ha Y,
SPEETS t% c45¢0G mp deBfel ﬁ@i g@vﬁ &03‘? S{Cg ﬁe@é I(tiya'%etr% BARC,
inARnEaRoh Qitfids B ekidds. a bottom anti-reflecti ve coati ng

e WRHCH cors DY ABiaE g S ET B e R odRlabtc laver

_ sz%é@abw‘”ﬁa&&n&i LaMB tHEOQsheebibBRERSkIL bdhitigh® ubdleto pattem the

i ncludi ng silicon n|tr|de? or oxi des.
y

Phs@@ﬁeflﬁ'@blﬁd@}te‘éﬂ%d Thes pp@tharﬁ@%re&ﬁ%fq) gltlrﬁoldr arﬂeﬁtim ng i8 formed in the

phb@aLrH A Sayetl 339, RARTARS I HRAI 167 bRYRibly K2Q pitBh B refchitdRlsihaller than
patterned u5| ng the sane photolltho%raphl c techni % forabl
the, pém Rk PereRclutiee of Jho Phrieirhaseaphis tecipigre. fhp “‘?ﬂi% preferably

€ | UL ookt ekifimdad0 m b10fd38iAtion of th
ha¥"' P’h& oot gﬂgttﬁ)gd%uﬁ g,ug ayﬁgrr 220. Wil e tﬁle patter on oF e

thtbhtlpgleﬂe¢ seplmjquea dt wﬂmeta@nreea‘reﬂ thebibe pritim 33t mperlﬁgw 104 can
bctl{%gdt s ot edin %}?}aﬂ? tl%m &Eoﬂo&ﬁ ﬁrﬁé}ccﬂﬁxe&sh&c It will also be appreciated that,

ctec gue, the pattern 230
wlp}eeﬂmﬁamldyateﬂa&y; sq:apteﬂd}pr@ therm@gmdﬁ?,oﬂ;e @@f@@p 23Qycqy also overlap the

pa LS r @nth[é I?Jge ﬁ%‘ Hif Péfér‘élfbeq{unr ﬁ?sgg% 208 29(5) fob @hese pattermns

photolit og’r aphrc chni appr eci at ed
indlibrets thdtellepastetmmalaf)foam:ted ingliffeitplopr y 104 can be used

Lo "RLBahANG0G: PaTRn ki ART Hl Qs helv?lca@li%ﬁj BHEECPA N Ghabers 175.

etc. al'so appreci
Ad Ishavat riatRighrt alt2e ribd Ihg:rdse:gask dayed 210 oim seleetiyelit etohed Y9idtive to the

PRl by e P apbpis il BCH Afdrpeation plaoms

et@BO\lidradtive IR ES erep@ddtrepioetch nely alsb e stitvbte fohdy hast mask layer 210 is

originally formed in diff rent The
P o St BT S0 o BB R ARy o
anisZﬂ'ﬁﬁtF efé}@,asﬁﬁ‘f & ah &feh \Tlt@ﬁi S(D;(;Tmtahﬂag!t?lgmaeas]sﬁpwﬁ hﬁﬁgm'ﬁ d3. Because
S i s selective ched re ive to :
thggarswae %igmvglwrgy £ SEASEFS ylgs ijfse]?rggpgfllyu gen éerg%vea, fis etch also
refBUEahE QRitetiod GlerS20DNarasndaiht | spaieBCENSh Gierepl; dcavingethade. spacers 175
Alternatively, a wet (isotropic) etch may al so be
exgpictlabl e for the hard nmask |ayer 210 is

-13-



10

15

20

25

30

35

appropriately thin. The pattern 230 is then

transferred to the protective |ayer 200 by anot her
WOHIEBI6Moi ¢ et ch, such as an etch with a PCT/US2005/031094

S02- cont ai ni ng plasma, as shown in Figure 13. Because

t he hardmask | ayer 210 overlying the spacers 175 has

Pr ey fbisdefeRE RFEGEPVEL (5hins ﬁﬁeﬁﬁ 13V 881 Bfp PRy BanstdiRd down

protective Iayer 200 around the spacers 175, thereby
to |theprimgt etke lagprad@h swhicts prefsiply cgmpUses wa@eelahm gopd etch
sclREpSE 00504004 1 Vedd 118 RESNER ol Dl frro0 230 (0 be

he patterns 177 and are then transferred down

sinudtandgesslp ensdred e die quhsr@te 1_11@0 Thypi tihpgitear i/ algng 230 form a mixed
%fm{ hedravi ng good etch selectivity to
paf s%%gémﬁ?e 118&6@1661 vice versa, to allow the
pat tTortransferio thapelReD 176 apd 230 fthehardmednayey 156 ayeslyie theprimary
ma%l? la%gel 604 ﬁrg{ &@%d ?xg.tre TRYSphe hRA nRAE ?érnﬁo I iJz-eﬁl%1y2a:?igotropmally

a m xe ern’in the prinm ayer
etched, tprefersflp usinga tﬂhqopmb(maﬂaﬁglal Ntegmjvem @n igolrepih g’;cg mppyJie used if
primary mask |layer 160 is

m?@%?a%ﬁ%ﬁpiﬁ IL:yella%geﬁ, %ET)‘ The hard mask | ayer 150 is

pr efhe aiyingarﬁ mas}olayapl@hisl then etigtieglicalhr efleada preferahdy wging 2 SO-
cob TS5 B TS EAThNE e BEHICRLE 6 e 1)
Astﬂmlterd abd®, fhl tSOp-Dmmmmyg plaska haay*mell&rﬁ Qeleaivith &m the amorphous carbon of

anLsotro al l.y.etche refera n
YRy AR o SR SRR O R aber 00 T, M cnough gasic cn
be[betiddiaftha plnsry raile nayaoa)sq t%l gter effécﬁ)rely trassferothe anaglb pateern to the

t he cont ai ni hg p s excel. t selectiv
sobsgtc G D B R LB B BT R Fo R ape rimary mask
laﬁﬁ%ﬁwtﬁéth%@aﬁ@&hﬂfehﬁrodmﬁnﬁk | ayer 150 Thus a thick

enough. mask .can d in the
60 1 mERDl begt LIS Py B T e@&%?’éﬁﬁtaad 230 can
thdnh® tpsfotiibloltad @ibddte 1 UB iy BO Ry @ ahnaelt, @b illustrated in Figure 16.

o St S SRR L5 L e 1

(e. ?aﬁin&%h&@tcarbbﬁﬁrm dikicRn %t stit@Coholidds, r@ipbéfﬂfély),m&sﬂ»’attbx&!)ﬁfamfer can
the pat terns 177 and 230 can then

?@ %r ansf e re terial
bet rsadlheacgw ishede using conypRfignslngiches FaproBrgte 85 oaterals

cotplidS) R lsE6kthR 11D I WO exbiple, @ MHBFdcABE EttiS Bathpisths CF4, CHF; and/or
nmaterials typically used for the primry mask

I"a
NF:3ontgiminsiems ¢as by ticd ta ¢igh 2@10?%11151‘13 BB PR FieRns ioh gsgpprising C,
crfldchiH, 580 @?Fe%blllthlﬁﬁ)lg PR Q:'a!lp g§ usell €8 Q@E e Wide Eu{!ﬁ‘a HBr, Cly,

pattern transfer can —be readily acconplished usin

Nitzo 8Fecamtiion G8) cantadties plapiyr Sp paathe et toreted %ﬁlﬁioéflrlélﬂd%‘ﬁ’n: the skilled
rﬁg&{;%ﬁﬁ ALl ngtg}?ﬁué RuleNEets H@ﬁ‘ﬁsru?ésefo; %@m S "i‘ﬁ@érﬁls such as

|"'uor ocat bon conprising CF 3 and/ or

' conduutos, mch@mmaasrnmmamnmom@@ls,tagd Umsﬁmg |meitaé Bifrigst F@rcréample an

anfpbbl SUREALRANI A0 SR ARk RGEE A TES, CHOFZ

asnma can used to etch
si | ilewill Imapplmlaiadi that Wire ﬂf@]sﬂqstf@lﬁ I NF®mMPEES lasieh of diffgrent materials,

contain t.ch c iql
e
etchithioagt desetdiiferai biyerst It meH; a]fsmbe gyipleeiated lﬂb&tdﬂmdmg upon the chemisiry
terja sych as
orPeREtE BidofiE aptis 178 4 He ol mhRGalS 1 Sty BELRHO. amorphous
cafboa e pfrary aﬂ;ashilaywn@u hstmat exdmtagbrmsbt ccffmdemslilemg registance to
con]egi gq?g gi So ,C%stﬁw\l\g[l 1%10§c xgsgt? ggrct%t 1%1?(‘;;}1% on ahiG g materials.
THHB! BE i pRinfiry nﬁﬁc myautgbecn effectifelydbé hmd&rsta maa{rfcst gt¢hirg through a
pref erab etch chem str,i

_ plga]dgégssp \‘g;rlgyers or for f%rmmg g% spec?ratlo trenshe In addiﬁon, the pitch
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etch through these different layers. It will also be
appreci ated that, dependi ng upon the chem stry or
WQHUMH69% es used, the spacers 175 and the harRCTHSE005/031094

| ayer 150 may be etched. Anorphous carbon of the

primary mask |ayer 160, however, advantageously offers
doSRIEELHEMT1 75 GRA Sk PRESn BFY foﬁﬁé@i\wgoh%ﬁbna? hﬁlhgraphy can simultaneousty

chem stries, especially those used for 'etch In%@
be gpsfertsd e amsabsﬁmerg} 19e0r eﬁqhawwd% laypref the rbstats gy {p @ single etch
Eask | ayer 160 can effectively be used as a mask for

tching through a plurality of substrate |ayers,
f or Figyrasilid and B shopdles rerdipntometernc Rigsre 174 shew the @'ﬁ'-y Pomon of
C
o APt 100 QA0 EL R0, LT RRAAR Mg i 0
(Figony 2i16). ohsatotdd abhroy w@ﬁnbst@’@ri 18 jcprbe anydenss P@maf@éal or materials that
thf:I Jaﬂg’?i %ﬁ 250 altelg e&)& ;[8}: @orﬁﬂo&tmg bf fﬁ@ gtlibsfrﬁg h Yd &H %lepend upon,

e subs iIn a single etc
e,gFl ﬂg@ rebstrmﬂﬁdeamd tQ‘bB %hmdf t Hlausy ersﬁigtn&ﬁt”étm@dm éhe substrate 110

'comﬁ ; (%% ?1 aﬁ% %J}f ?’E(?a% Q%G?élﬁl?\%l @ggrﬂ.lgﬂraggl?,} gafeE%Oc anﬁ a silicon layer

llpxb r |Sp¢’teary am:ingbzhalt iaftlgygrsatae checadvaniageousOused B duer fgmation of, e.g.,
" %@% not ed above, the substrate 110 can be any

apy of material or materials that the patterns 177

and NBOthair tﬁe ettipddadrficet exhibihexceptiondlyilow @dgeobughhess In addition, the

ra 0 can.depen r|c
Bihos bt B poRnea™ srrett o, sy o) DR 1635 higep, giotorec
Acﬁrbktﬁgeb@l}e t&&@resﬂfsmﬁa’ achizsedwiBledb foayieg will-defined and smooth lines in
poI r 110 a Si2 |layer 110c and a
ﬁ@% F#t '78uch an arrangenent of |ayers
can Ib QviR O RpREBALE lihat whe dommiltioh eoff patenisi awoding ®. the, preferred
transistors. Note that the etched s rf ces ex&

enbREBGHT HETY JURERre ATENRETghA8S SXAMHE: AP O kgl patioms, with

d1f.tf€r€r? GE FeahPesTBG Herboh\%ﬁdﬁfd @Vai glgngmm&@lsk ﬁﬂ&r before bemg transferred
uniformty, even at the | ow run, pitch picture

to AR GEBLEPE Pifeveeh sl beraebnEL ARl g 105 pig-doubled

fedrREIAnAGeiREd folfld ByRdnRAtbra MRt HobABSy daf easl@ bk B med conmected to
periphery, as illustrated |n Figure 17B. It wll

cagippih@ciMereerer e evidens it Siewst i1 oh 28d | Rreresplionally sBrl) %??ﬂm can be
forfrr%dt PPk @ffee.sﬁlﬁg Hme %Mgr@(@p‘ﬁo&fl BT SneRPHIRAGUSW line edge roughness.

antages For exang because nmul ti Ie pattern
Whilet ot Ligrited By éiserysit sebdisvad fha suchdayy e e%rf%&hﬂ%ﬁétﬁfe@e gafult of the

us@ of %qgﬁrg iéiba%lndnﬁ;ﬁk ﬁoﬁxﬁé HRefRbss PR B JetB) fh%f}% kiulshie hrfsotropic

strate, overl ap atterns can easily
etaiwmostrmsfee dhet pottetne 1§m bs ﬂéQ &omihe develpk i -terarasars dayep 140 to the

:f O
png‘é%{ Ellaﬁtslﬁgé??l a6g EA@& cll,:lgcﬁst(é él%r {ﬁ%&g@’%fﬁo&g Ql'iév@@% beneﬁcxally smooth the

orne connect ed

, suﬂ‘a:eh obhthh efeatm&bfoemmg the meraw Ldeamd 330. Mereews ﬂlﬂme&rrdd amorphous

thﬁ )él]? %ﬁ%tzl'lg nd’i ¢ o\é dsﬁg?éljl all SAMLED S ﬁﬁph%’g maél{’lﬁ;'}g?sd such as the layers

sane (1 ne acni evi ng excepti ona
130 me.& pm;trddtln;e tb ohe diapﬂethadg:d ﬂymgtnmgl@us cathon leyeratsuch as the layers

g “@ﬁs@@@% b5 ol B S48 bRl o e

ph&t%ﬁasﬁﬂﬁy&*@&nveﬁﬁﬁm (atdheask payesrand 1186 rajuckspiembodsinribe chemistries

PGB £ B SAASBNS it 61580 b B B s

fotn@ihedk ehdiithin@sksi6 withstindanyseqiraksubsyperetch6d an d then to
e 110.are, bel i.eved nmoot h

th t ]
t he 1S HAR b eairciat PRpUP B O EiAEas i D RS fow are
poaiiﬂer:] Zﬁﬁ exMi;{ile  TiEN ralulﬂfo}&ed)ﬁaﬁélﬁk f}@ﬂ:alajn:f@ﬁﬁém?ﬁsed tapd eince the patterns
et c chem stiril es ose elrn a
o R oo R 3 THICTT SO PRy B oy Rytiptied paer

150, relative to the depth that underlying anorphous
carbon | ayers, such as the Iagers
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30 140 and 160, are etched. This advantageously

reduces demands on the identity of |ayers (e.g.,
WORHOHR@8? st | ayers) overlying the hard nmask |RyEUS2085E1094

al so reduces demands on the chem stries wused to etch

t he hard nask | ayers mhlle at the sane tinme ensuring

is use%tto fﬁ%} Uil Q’%é’g% dt ocegs g@t%pg'a%@ﬁ&%ms@@%t off the

st r at hes. It Wl
enhseofamse Enopa*sceﬂaﬁeladt Ioa;aﬁonmmo moigiidrat aph-opnneeéd lrge

] uf§l|ts réatheld tﬂ%r 3 ef?s?ﬁonl of %&qfaﬁ us%greﬁod?s%hglec? P?rglg fxs chosen based upon

exanp fterns typi ca or ned
coasi@saidnl cofo«ptsh chennsieest el patese roosditiense tﬁeolvm;ﬂ@ts frgrdmask layers are

S ers at ound Bt
SRR B Al 7 % A6 S BPSTUERL D s
s&%ﬂﬂ&Eﬁ@ﬁﬁhﬂ@&&&ﬁmmaﬁmgmmmmmﬂjorn1conductlve Ilnes

addi 0CH ste re Y.

of f %Wad gglhg e 1? %t 3@ A ttgg'nplﬁ ha({% g%%ﬁlo ?& e%%ple the
pai:tm ]!7!1 Cbiaiy ib Ufadther bitth emhiphat b;dfdnnngsspadhlrs aroumdntﬂcespadm 175 then

ition t he wvarious | aye di_ scus '

<eBRBBE e BRISEA LI S OITE PR al G BF BER (EhEAg-dp i gy round te
spmﬂs tﬁé msges:ﬁ f@adiAn caaaplary hesthod |f¢rd111$hdn @rtd'rmslhplhcay@ns discussed in

U §r gat@rﬁ 3?@?5) acpyaf g%rl mir? A%{l,t g&é% [EI Rggfterred crﬁbodgécnts can
ad@&ﬁ@ge&@ryetm aﬂbﬁéﬁl@eﬁnﬁdq%ﬁ&m RYipObh @it ymltlbhed and conventionally

plg%glﬁnto[ggglm% edE e %g%\%%sp}tlgepa q:a{tgsg ?’);‘laqngi ggﬂcanl?ok%ﬁ Bﬁ plg)c multiplied or

caBﬂﬁ&efa@ﬂ‘feraﬁheg%eégukﬁltcalmmhbemoﬁorm ng spacers around the
spacers 175, then renDV|nggt e _spacers 175,

for Mﬁ@“%@? &hag frwe prtermn d P can hearfonﬁg}dgte% g? ﬂ)&pﬂpary mask
la% Q4 g’ deBifod] Gn SRAGREES, ddifiodal %ml@ﬁ?eﬁ Qai0B: dePBsied B&’ﬁrbaf fYie layers

for further pitch multiplication is discuss f | mask
10rmd 665 Fpramplenghe pattesg] 7 pd 280 Egupe ffanistertad tq pp additional mas

lageg g’vérity‘ﬂ% %\gﬁlh ﬁqahbﬁyé? r6h edd tﬁéh BEBQEEAR RE Stegdlustrated in Figures 10-

van lted to forned gym}erns havi ng
16anlpe ppnf@medm;n pnor@ph pﬁms dd vk

>;he new pattern m an overlying

p@%&ﬂaﬁfc g%f AR, Gahdek tﬂ@%ﬁ Qt{f tﬁ@gﬁﬂsﬁée 1if eTRABHAS mask layer
can bot l[1ed or can have
prelfefablyreemprizte g mpésiabthatan seimtwamtpl@étwlwe tq the hard mask layer 150

ang{bahgrg%/eg% ielggrethét o&n\ﬁg e attt@ﬁ:lgsiﬁ- ?azd 384 a%éobéﬁ?éqtngﬁferred to the

e prinmary mask |ayer
addpensl @thsk lapgersuch cases, additional mask Iayers can be

depo et ween. t.h i
ex an&s‘%’ v ﬁ PIRSFYER ngﬂéf%ﬁ; sﬁané%%n%ggay%g I?tgl‘r%é ol ctching an
urfderlﬁﬁg laghdl] drocesst g thwegh the ayécrlayw.mah wmgfetshlgeqﬁlag thyerg giderlying the

150 and .t hen uen t
mgq%%rge@Jp aay ie&ucopéucé%ﬁgau e ¥ r%cr%ﬁe ?tegzgﬁplé (#%% ,ng o%j involve ion
Eaﬁbﬁ] ﬂ1fﬁﬁ1o&rtﬁpﬁi§ Qiep(ﬁsﬁ‘mfgp@rl’wdt behingvetp ahrb@hrthq: maskrlayers and onto

t d l.e | d,to t
b 8 2% SR OUGL B S 04 S G B8 i

mbdAiEEal ﬁ%ﬁg@mrm &OTWIP icS€ Be @emma ioa|thd hatk bgers beallow for both
selectlvely et ched relgplv$ ‘# g{d mask | ayer 150
plansgiziag pt e madk loyers A siohipg g ﬂ‘gﬂ? BVRESYESe patterns 177
and X&Qrﬁgw it b@iliNge F@e@z&m bechése dKilted mddiet droniadt various other
mask Ig¥ Al so,

onyisgipnsyaddiiong apnd jrof %ﬁcﬁﬁ%‘? éf?ﬂé{ %&%dlﬁ\r} |‘Fte1r’]’rsf?‘8%ﬁh th%‘?%"t“rf% described

atRE@Lchob aﬁﬁa)é%’om 1B QPSS tRDintion 9A11 fsﬁtﬂx rﬁ&ﬁﬂkahmsaﬁds changes are
can |nvolve subj ecting |ayers under| t he

inengeits vy g cvAe o e v eTon b A it v BeeL e gy
exanpl e, processing can involve ion inplantation,
di ffusi on dopi ng, depositing, or wet etching, etc.
t hrough the mask | ayers and onto wunderlying |ayers.
In addition, the mask | ayers can be used as a stop or
barrier for chem ca
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mechani cal polishing (CWP) or CWP can be perfornmed on
the mask | ayers to allow for both 30 planarizing of
the mask | ayers and etching of the underlying |ayers,
Accordingly, it will be appreciated by those skilled
in the art that various other om ssions, additions
and nodifications may be nade to the nethods and
structures described above w thout departing fromthe
scope of the invention. Al such nodifications and
changes are intended to fall within the scope of the
i nvention, as defined by the appended clains. 35 -16
1. A nethod for manufacturing an integrated circuit,
conprising: providing a plurality of spaced-apart
lines of a mask material above a substrate;
depositing spacer material over the lines of mask
teriagl onij r 0s) Lion:. i vely
:Tgm)v [ ‘%8’ e@%’ ggérrmn@tfié:rﬂ%égnlg apglgtg r%ﬂg%l iCEz)nng% gﬁ:ﬁﬁ%ﬁ)&. endi ng
sur f agesvilldg heturalitg pAsacal-glaridindewdd maskahatedid abdveessubftrate;

mask terial; patternj a plurality of features in a

phot ocEpPTi Sieh avarosel ane the ieess Staslgrpateniy) by atomic layer
batibd:hogr aphi ¢ techni que, the photodefinable

materi al extendi ng above a top of the spaced-apart

| i nes sefectively femokingapase! mpterialfepmn aptizassallyegteadipg serdgogs to form

idsﬁ);%nseg shwh lﬁoﬁggﬁge{%g)ﬁﬁﬂg%%rgﬁg% urality of features

anor phous car ow t he spaced- apart
| i nes.paernibgen pletalitytbfdtatflcainma photodiefinebla nidweial bbes the substrate
xtend in spaced ener al | arallel relation.to one
2ot Reqtolipograntly tasBeifeR ing FhlodeRngbls apatatal Syyspling above a top of
pha RS e X2t of he hasMbeHhidabnd 0 the lines. 3. The
method of Claim1l, wherein a pitch of the spacers is

| ess treRlisadngi maferm defined hy dre snasers e dhe phisyityphifeatures in an
t ' [Rﬁ& ' lurality of
f%gt f@gsmﬁ&?%ﬁéqﬁ%t oggggk%ﬁg%ﬂggg'mherein patterning
. pl urlddei tgthod of Eddimr o sviwoeipthe Bses etpusinngaced, generally parallel
reaioHEDR OBt Bt eben Bt Al el ot BChpggerpendicalar o
the linésegi on of a nenory circuit and wherein the plurality
of features is substantially in a periphery of the .
rferror YhgiRethad of Elainre WhgteHo® PEFD e HheriPaceruitelpesi that fgninimum
pitch of %‘iﬁﬁ&)ﬁﬁi’o@m?ﬂiﬁ B8Ry uRd TR RFERlngS R FlatdlivEbHeatures.
renovabl e relative to the mask |ines and vherein the _
phot odéki method ofrdtlaim 3| wherembpatterting a plhuatityl pf Jeapfres comprises
wiogﬂas%¥&££§§0gg% the renovable material. 7. The nethod
POstEs PRY"Er ™ 1% "Flr t her conprising replicating the opening
13t h@he mesmdadfCRainEl, ehein thy spatksats abstamidlly ietg hragregion of

a memtf?ﬁfﬁ@ﬁ@ﬁ#ﬁ@f%@% @éﬁ%ﬁ?ﬁ%@%ﬁ? eBaaly feia Rspiphery of the
‘memor¥idit&pN  Oxi de.

6. The method of Claim 1, wherein the spacers are encased by a material selectively
removable relative to the mask lines and wherein the photodefinable material is above the
plurality of mask lines and the removable material.

7. The method of Claim 1, further comprising replicating the opening in the

removable material by anisotropically etching the removable material.

- 17 -



9. Anethod for formng a nenory device, conprising:
formng a pattern of tenporary placeholders in a |evel
over a carbon |ayer; depositing a |layer of mask

mat eri al over surfaces of the tenporary placehol ders,
wher ei n depositing conprises performng atonmic |ayer
deposition; anisotropically etching the nmask materi al
from horizontal surfaces; and selectively renoving the

tenpor.ary ace ders relative to the mask jmter. al -
7 ol B b PGt e ComPagsulir s or slicon
oxidefeatures in an array region of the nenory device. 10

The nethod of Caim9, wherein the mask materi al
cdnpr i 4 easthod forcforming e meaeory devied, compisiesii de. 11. The

met ho . ' [ I i;vel [ .

sk ragitng bRt e cHBGlRy PSRl Bidtel REPY LA} fer

pl asmedepds2tingld ayeredthogbkafiat€lliadioveOsurfabesr ai the tengorary placeholders,
t eppor ar | acehol.ders .conpri se. r phous. carbon. 13.

TR e SRS PTONHY B S BPUCERIRIYY r emovi ng

t he t eiXRehafiYallyRkchaRtaé ARESMERTRINGE Rorgionhl RGfa0kd; Bnd

sul fur dioxide-contal ning plasma. 14. The nethod of .

O ai msolectiysby wmevingrihy tmpokary asehaldgss Folative te i mask material to
t . r

PR Pl PL FERE AEH Anf 3 H0lhle A am sy SERD of he
patmhenyrdevte.nask material to the carbon layer. 16. The

T ot ) B S, SRRARF A BB SR it

silicon®pesi ng the hard nmask | ayer to a fluorocarbon plasna
17. The method of Claim 16, wherein transferring the .
pht t erfheomethad koinglabpi K. wheremeselectivplynrampyme the mask material
comprSVRELSERitE Y RRERHUERLA YlagtPOSI Ng the second carbon
layer to a plasma containing sulfur dioxide. 18. The
et hodlhefmethagl ofiaimph evherein theltouparanyrplasehotderk comprisei amorphous
of the pattern of mask material corresponds to a
T ocation of conductive lines in the array. 4854548
030608 he hikthod of Claim 12, wherein selectively removing the temporary

carbo

placeholders comprises etching with a sulfur dioxide-containing plasma.

14.  The method of Claim 9, wherein a hardmask layer separates the temporary
placeholders and the carbon layer.

_ 15.  The method of Claim 9, further comprising transferring the pattern of mask
material to the carbon layer. '

16.  The method of Claim 15, wherein transferring the pattern of mask material to the
carbon layer comprises exposing the hard mask layer to a fluorocarbon plasma.

17. The method of Claim 16, wherein transferring the pattern of mask material to the
carbon layer comprises subsequently exposing the second carbon layer to a plasma containing
sulfur dioxide.

18.. The method of Claim 9, wherein a location of mask material of the pattern of

mask material corresponds to a location of conductive lines in the array.

4854548

020608
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