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[0003] The present invention relates generally to integrated circuit fabrication,

and more specifically to masking techniques.

Background of the Invention

[0004] Integrated circuits are continuously being made smaller as demand for
portability, computing power, memory capacity and energy efficiency in modem
electronics grows. Therefore, the size of the integrated circuit constituent features, such
as electrical devices and interconnect line widths, is also decreasing continuously. The

trend of decreasing feature size is evident in memory circuits or devices such as dynamic
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Thus, pitch can be understood as the sum of the width of a feature and the width of the

space separating that feature from a neighboring feature.

Summary of the Invention
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region of the substrate including the | ooped ends in
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in the gaps between the spacer lines. A metal layer is deposited to form a plurality of

metal lines in the gaps between the spacer lines. The integrated circuit is provided with a

substantially planar surface in a damascene process.



the | oop ends to define a bl ocked region of the

substrate. The nethod further conprises selectively
webadsings3t hr ough the spacers to from a plural i PgTAS2006/007333

trenches in the substrate w#thout etching in the

bl ocked regions. Brief Description of the Draw ngs
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[0018] Figure 1F is a cross-sectional view of the substrate of Figure 1E after

removal of the mandrels.

[0019] Figure 2 is a schematic top view of an exemplary partially formed
integrated circuit.

[0020] Figure 3 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 2 after forming a plurality of pitch-multiplied features
in and over the substrate.

[0021] Figure 4 is a schematic, cross-sectional side view of the partially

formed integrated circuit of Figure 3 after forming an insulating film thereover.



circuit of Figure 6A. [0025] Figure 7 is a schematic,
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thr Qygy) t hep %gt%cgﬁx s e B1iS C6B0Ts RAMA R $lew of the partially
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cirelii@dsFigastdonal view of the partially formed
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photoresist pattern; the view is a cross-section taken along the length of a spacer loop.

[0031] Figure 11 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 10A after etching insulating film and removing the
photoresist, the BARC and the spacers.

[0032] Figure 12 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 11 after deposition of a conductive material thereover.

[0033] Figure 13 is a schematic, cross-sectional view of the partially formed
integrated circuit of Figure 12 after a chemical mechanical planarization process is
performed.

[0034] Figure 14 is a flowchart illustrating an exemplary process for forming

certain of the integrated circuit structures disclosed herein.



regi on and the peripheral region. [0037] Figure 17A is
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pitch. Such a nethod is illustrated in Figures 1A-1F
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then transferred by an etch step, such as an anisotropic etch step, to the temporary layer
20, thereby forming placeholders or mandrels 40. The photoresist lines 10 can be stripped
and the mandrels 40 can be isotropically etched to increase the distance between
neighboring mandrels 40, as shown in Figure 1C. A layer 50 of spacer material is

subsequently deposited over the mandrels 40, as shown in Figure 1D. Spacers 60 are
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arta firorerlzctetiatd yné fratire @sd oeel spaoad cadhehgying i Wigtht Rafor a pitch of

actor. The conventional. term nqgl i s retajned
el RmAGEESRE BYV EMRG LD SeEPes dB0 N op ey 2 (dsfined by
sp€drt BeRéRL b heyiaiz B FCRR aiich UF FheCofiRgh@Asethe skiallsst feature
pitch multiplication refers to the process generally, |
sizegessitile geithoh nhetolithnesanhicofechnigee it BEedyabedeorenserhby giging the

.progce [ | oyed. [0043] Because the |ayer 50 of
m@%é@@ﬁﬁ%%%ﬁﬁgg “typically has a single thickness 90
(seeqgoisgur esyhid MRGitcEls ackitdlytRGRUSE thdekabipteshovt, thiveeduction

_features forned by the spacers 60 usually corresponds )
int pitehhat comvenkipeslly Sderrachto p$ thiteh delgbblingg” acHerYgenerally, pitch

Lypically, praduces featur Qf anly .one w dih. .
oot N Bl a6 SRR e BB APy posergn fctor
adhhAIfyein@Bkves réRRingFPE SIATR} €hat fANGI0 MTAE CRSSetRARI Yrminology is
circuits t |callg contain arrays of nenory cells and |
refaggidchersinc INotesthahby feeming spageredporpmasphdhsg definahle fggfure size can

arrays. the ry cells.are tvpically connect
oS TR B GRS BRIRE bRty gt
off the ﬁﬁmbMMmahé_syh@%maqbnhaamifpﬂ@cep@ﬁ&nfmyeaonnect i ng

arrays to logic. Peripheral features such as |andin )
pads[0043lhev decawsarihblayeraiyedspaesa matereal dvimepliythag e single thickness

I nes.. Additio y eriph . i V]

o4 [ Tt LA VonPEURISHP e SEHE TGPl LTy e spcer

6@ RaAlly @aﬂre%@ﬁd'lsp@& that {hivknadsr 9, thyDpiedyv doubl@getechdique typically
peri pheral features can be forned wth the sane pitch

pradueas deatpieap! onlyeorre| widithi Hpwver cliagraed siscudiefafisa include features

Leuits. Wl L typicall [ ' : '

oERERHEL Sk HPYSRL LR e ARt D8y A s

of eSOyt dtllk af@Mogecitamitteihalsongllédhepesiplawal Iisthekrrags titmemory
patterns. {0044] Sone proposed, net hods for f,orm'ng1 )

cqblst are tyrically eanmeqied ibgrronguciive lines e Hy thgyperipheyy Bre conductive
.t hr ee. ar . e ' hadl..:

obl SPTRRRORG ROIE ol Rl S B Pl e

sthagelan@iaf tpRas), hosvvel) cay biedalgey titande icogducsipadiers. Additionally,
| oopsi n _one rz&ign of a chip, such as the array region .

pestpharategientiical edavicss spRlaras Hansistesn cRrpadRIer Ly, ditpey g electrical

faQ ' [ f -
obfbh e PSE TR B0 I APRLISal O 0T with e s
piltﬂcﬂyéﬁme afaly Sthe deeibditpeequpiea taldefiad tiecuitsivsillftgpiosltl het te possible
ayer
using a single mask, particularly if the patterns are limited to those that can be formed

along the sidewalls of resist patterns.
[0044] Some proposed methods for forming patterns at the periphery and at
the array involve three separate masks. For example, in one method, a first mask and

pitch doubling are used to form a spacer pattern, which typically comprises spacer loops



overlying the spacer pattern. This covers the centra
portion of the spacer |oops while the |ooped ends of
woOhercsipacers are | eft exposed to an etchi ng pr®eCcEss$2006/007333
Then, a third nmask is perfosned to forma third
pattern that includes interconnects in and/or fromthe
iPehé Pdpesrabl & @BipYBuchBRY thel Ry 165I6RREA mePasLleRed t Bhdh, a second
and the third pattern are t%en transferred to an
nmﬁlé % W»fwgled:at@kfpﬁg q sppend ppftash ie anotber wegidvee! thel chin, sach as the

RO BT b RSP RCE "ot Pafbr PRl RELAGS g m o ever

oaal}ﬁ@grmarspabet attdt. TRRCOWerk FRPSentre] NLtid06BE shitet MRps while the
circuit peripheral region. Such features include, for

laopadshds, of; the spassrinase defh arosechto, aTeieliag Peeness: eEhaan third mask is

er | e, space onso
o{pt e Fa ke IR AR et PR BB R TR S i g perihens
ré»‘glkhﬁ eRotanhd Ycl@bﬁétﬁ’dspaie@ 4drn laid BeCBld PAGENMd heh R@nsferred to an
foregO|ng, nProved t echni ques have been devel oped for
&)

darhiingympddng, tayer whichi qap éaeeqﬁqheéurzlegve tssm@n@ﬂrlyylg substrate. This
I ur es haV|n n atterns.
S R 5 g U PR B o

spett ®Iopst-Go be foimasdsinethe @etchid F;])anﬁnel@atre gibf. MMfhFeftlites include, for
bel ow the m ni num pitch of the photolithographic

exBeplpi Jisscogseqd prbempr dBessieayres l§an svestaprwitle the spacer loops, can be
@gsghhét&{]ﬁl th3feat&1§§ }nathg cﬁ{{ﬁp ?ﬁaé/t éﬁn a% cQEbg glﬁ)se Ce]n 1& méied

aving array cal ev Ces,

| ogi ¢o0a5] gatia wcbﬂbﬁﬁceaﬁﬂthvﬂieafdrbgin@dmﬁﬂb‘védoke@hm fles. have been
menory devi ces such as DRAM read only nenory
devedened ierdpyming diegtares ofr didfprent |Stzeg,u@spe@ew aaersh nfmltlnltﬁd features
[ usable to form for exanple,
h?HL%bR& E&éggﬂ&%fectrodes and conductive lines in the

ar r ayoo4epi onnafertalh%mbbumems\g\/paﬂt ef &My Riieipatiad to be transferred to a
phot ol i t hogr ap ‘% is usable to formlarger features,
O

Sw@ﬁtedsas copichchelow dhe prRinpEtr plithert B ﬁmtqlﬁbogmlpes technique used
fm%s?lgé tﬁg%m)&%tes t %Bisﬁ%t ?.ﬁg ce?tg]tfhglﬁlpgélme% r(I:a(r:lab %d to form

vice are Il ures 4hd’are
dd\&&@rhabﬁ@ dnayebNeledtlOA deviceq iictudin H@Y@oragdt@&“rz\&s%h/d @blatile and

an exenplary partially fabricated |ntegrated circuit
nqmolaglﬁcrﬁeragryaleﬁ@ﬁw caﬁuq:RAM s onky mgmery/(“REN on flagiomemory
a1'1c§ %rz{'r&yyd p i %!ml %aﬁ{}n ég ﬂSabllé tciMfc&fJSb%r example,

appreci ated e in ed circui I's

triadiatoic gﬁte&lectlbéesaﬁﬁcﬁyorﬂd%tlw lihet itpthéadtrkay fegioche 6 eHeychips, while
popul.ated w th conducting lines and el ectrical devices
cQeRtions! phelaiheEEPaY nes tepladicrarlargeipfeppies, such as contacts, at the

pgﬂﬂhtehgg bicfﬁg 'cﬂi%ag%Qeﬁsgﬁﬁqsﬁlg%étgéﬁhftﬁ%@{gf ﬂf ﬂb#ga“:fmg a memory

array reg I"SCUSS
dmmareﬁlhmpned liptherfifurdsegd are dddditedtienstal | y i ncl udes
features larger than those in the array region 102.
Conv & bnalFighet | shoRsgr dppyvieWaehen exmamplpit ptially fabricated

%Me@l Gt '.l(%"su&hc' ad Y eﬁ‘f’gr{é%{hlﬁ%j cglﬁpafi‘l I gql‘%ﬁg&}e gﬁzs is surrounded

eaturés exanpl es I NC
by ﬁnfeﬂph)efrall 1Bgion 10U duirMill Pe affrecigraniit) dfteraberplteptated cBEuit 100 is

fa?gggatgiktlgg a%rla}rf Cllfl)!’z tvgllll t%l%gﬁg béf rzie;xsgley ggﬂdlftgf rvs(?}‘lch (Eoen Iugt?ng lines and
electrical devices such as transistors and capacitors. Pitch multiplication can be used to
form features in the array region 102, as discussed herein. On the other hand, the
peripheral region 104 optionally includes features larger than those in the array region

102. Conventional photolithography, rather than pitch multiplication, is typically used to



using pitch nmultiplication difficult. In contrast, the

regular grid typical of array patterns is conducive to
woibmhomskti pli cation. Additionally, sone devi ees/USm06/007333

t he peripheral region 104 nty require |arger

geonetries due to electrical constraints, thereby

Kighd, p) tolp t
po 50 P P S patanl pesys g cvi
Thé %@bl‘hd‘lﬁﬁ co@plegR$ bbihe 16t fcﬁcmmdesatemmrthé atiiphera cegien 104 makes

e relative positions, and the nu
usmg gitensuitgdicatian %ﬁﬂc&l}; ,Iléﬁ?rg{;?gt hpregylag @‘éc{ Yyﬁltcgig&%rreaé{ patterns is
cﬁ}éltgégﬁ rﬁ&iﬂ NE&Hin nA&’&lB@ﬁall?np&Hé RS inl @1@4&}1 heral region
partial cross-sectional view of
104Daﬁzty edquite fladged gaﬁminesntieg tatekdtrcal constraimfs, Fthgabxe rr&_akmg pitch

m%&n%lpo;gg b gci\}gbgggqﬂgz 15{]&&é§t§)¥1ﬁ{1§?06&nt{1%%§p@%§ L8 devices. In
ad&lﬁéﬁ' B g?'sglblég%@ile Hhald %%elgflvé §ANC BRSreRife Et)ﬁh@ﬁé hﬁH fedumber of
substrate . and es

e trenches are filled With an
petiptsaidlatgionsl (0B, and ueday aspians 16%iiléhe 1ﬁ1¢gra|teq1qumcatt 300 t@svary in other
afield isolation | ayer, and in an exenplary
emp is a shallow trench isolation ("STI") |ayer

Sleg %g%’&l?; ?ngeag%r%léd Pls2SB&BidnalHREw ot t§epﬂ)aﬁt1£l[y fabricated

or TECS process. In an
mteg@efﬂdlcabmt ef'EI‘ngBmE mﬁcludlh@pﬁmls of the pusy Iegm)nalrﬁ)@ and the peripheral
densified, er .interlevel Iectrlc

region %) Ol BICGALORIRENG (PO, BOLFoHR ST SRLIT dripiched into
su@ﬁ&tec%g %g{l tleSe ﬂgﬁi\% % BrOsi W18 ah kkdulfG: 105, @&&1%5”@1 oxide. The

cont act es an 'tng wth conductive plggs 110.
indulaton &0 ib e diel’[rb idpjatiohdapneat it we eptmplaryl #0bedimsnt e shallow

RS K, Pl 5 S B R hESh BbEY, inor
dl%TQJ ik RO, ﬁs'wqﬂpgr BEOR prA¥&. Thha ex8Mphir@ASmBodiidehi, & SOD is

er, are’di sposed over the i nsul ator” 106; the etch
mﬁbnmdha&dmmﬁkﬂ is used in the formation of the

conductive plugs 110.. hi rtai di t th
oGSy ©18s Feenicsieat et haEBUEERERE gs igformed over the
su&%%% fA8% nfﬁ'@ﬁ"ﬁ‘iﬁﬁde foueh BE T 0divRAHEng BenthdiHelatad filling
éxtengs slightly above the substrate/plug
withntcendueties phgesi 110us @neobmhmdﬁngm,r &CSCOI{dOQIB@] plyigs tI4@ comprise
exenpl ar

poﬁ@gq‘gﬁ,l]én% F‘; n(?rg l(,j]e{ tﬁarﬁggképrhggl eé;ﬁrcaﬂy f@]igl]tc Vg r%zﬁ?réa},ls e b be used in

otﬂé}e g@&ﬁ&%ﬁss' B&itibhs bPenPREH BRST Bler’ €M, AcH Q4. a Ritri@ @ayer, are
I ment, the conductive plugs 110 have a feature

dlqjozmi oferathp il anat K6y ti0etnimstoli lager prl@fis usediin the formation of the

duct t
BT e ot e B IS LplR S SPR  ac
su?gﬂ atélYPfu% Hﬁ&fa@é ablpwet e i€ ek CdrhtRliRbate SthB aMeulgtor 105 extends

e sl ze between apprOX|nater 32.5 nm and
slihtly abmww&heh;bstwe/phg idtekfoce, hedlugireied inBigurecy. t he

d 110 d t d o
Add DS ot HeseaisE G tae HutRR G S e FgRke size in
tht A §¥8orf POORChIAYRr HaHIBe AaRIPERY ikl @@ pepiphlrdl region 104. In one

embodiment, the conductive plugs 110 have a feature size of approximately 50 nm. In a

preferred embodiment, the conductive plugs 110 have a feature size between
approximately 30 nm and approximately 100 nm. More preferably, the conductive plugs
have a feature size between approximately 32.5 nm and approximately 65 nm. Other

feature sizes for the conductive plugs 110 can be used in other embodiments. Additional



Patent Application (filed concurrently herewth;
Attorney Docket M CRON. 313A; M cron Docket 2004-1
wO0@e6004d35) . [ 0051] As illustrated in Figure 4pCams2006/007333
insulator film 114 in whichiodamascene trenches are to
be formed is deposited over the filmstack illustrated
ddtatlsHlegatdf3the RéchaitRies GRACL 81t thd bshdubisw FIusS arfel frévided in U.S.
conprises an un-doped oxide film such as an oxide
Patentm Afepisstiered_f r om t et r @iled hgoncyrrenily sherpwibe Attorney Docket

p " while in.o j ts the insulator

Nﬁ?gE&i%ﬁ%%ﬁ@g@ngbaéﬁig&%&ﬁ%gqﬂyﬂﬁf such as BPSG or
PSG. [0@shpr nanirxirsted ihFiguad 9f sn GR6laRe fELE14 th Shidhl damascene

ot her embodi ments. I n an exenplary enbodi nent, the

trenebed anede beifpmmeriis degositep oyen tad film shackHilustragessin Figure 3. In one

corr.espondi ng .t 0 e conductor height t for,ped in.
o RASTRRS Grea B Br PGP D563 wiadt e Bu BT Bvice i
ddpositd from AethRbthyRstkholsaiere FIHOS) deRAsihesthaY embbilignents the
insulator film114. hi one enbodi nent, the hard nmask

inselpteor filmecanantises sedopadrokisiedilsy, suth evBPS& ehBEGh Othsemon-oxide

. material d_in oth i ments. [0053
it Pt oE PP S bob ARERIRY o B b9 Shpeen, e
inghil8tok @l Med 4y @gpdsh@d R4 thidksds dodyesondiffy: toith@Bonductor height to be

exenpl ary enbodi ment, the spacers are fornmed using a
fosined i de imfegratpdicgenihi que such as that illustrated in

" Oigpl A L AR 500 A5 Q550 BB BB over e

indidto? FRMET 14pT BCEFSembdlibnte ¥R M@ iyask! 1118 RbmptiB& amorphous
spacers conprise a | ow tenperature oxide material that

siliggn, lpbheushiodlerr sedterialy caaIbg uapd in etheypadodingenthe
unde K9 hard mask, |l ayer 116. FEor .ex I [ ne
onboltfahy ARLORBR) PN Bl 8 RIS Wiy 1 B AErogmed over

thle€iied 19l 18RO UL 6.400 B  exdthplaROdriBsdiREIY Giendpaters biteformed using a
spacers are deposited u5|nq an atom c | ayer deposition
i

Pistho deuhding Eirelimpdusr sucheasethrialistrefed tin Figpat dAsthreughy i using the
sijlbicon. axide, silicon nitrid ol ygryst i

e RSB bk SORl PRl TR Relbl  ggp gpg s

pi@e@s. 1R0ad Badmslen @siiiderit) tHeegabdhts comptibe ailowve@hpbRelire oxide

circuit where conductive material is to be deposited,

migteriphthatsearhs ciehpd splsgiieheviith respecitte theamdpilyipg §endangk layer 116.
120 are, v icall I gne i

Félggx t ?’Vlé (8 eu%rgbcicﬁ%feﬁt[ @16 5%]3@45% g%ng%)\)?g% éﬁ@ temperature less than
A AgDTE N ahbiBeS paboditheie ik nctis ers gaswiied 1di8gantatomic layer

the gaps 120 varies between the array region 102 and .
denesitiga rmrperss-alExeamplasy materiabt forhtae jspecesy dichulectilieay; gxide, silicon

100, 1S B f r i rated in Figure 6B, which
n%@e%ﬁéﬁ#ég%ﬁ§wgﬂ%§§a%&%%%ééiem1of the spacers 118 and

the [ousa] verBotge@aths spgatlrs IHIBGuE £apRB28ltEM correspond to regions of the
illustratesthat the spacers 118 generally follow the
ingrgratpeh ecitsPitt wherp | gradugtenpigterial dhdo difodepasied.naly &he exemplary

embodiment illustrated in Figure 6A, the gaps 120 are vertically aligned with the

conductive plugs 110.

[0055] In an exemplary embodiment, the spacing between the spacers 118 and
the gaps 120 varies between the array region 102 and the peripheral region 104 of the
integrated circuit 100. This is further illustrated in Figure 6B, which schematically shows

a top view of the spacers 118 and the intervening gaps 120.  Figure 6B also illustrates



| ayer, thereby formng a plurality of |ooped ends 124.
[0056] As illustrated in Figure 7, a BARC 122 is
wappisitedssover the spacers 118. The BARC 122 i SPCT/US2006/007333
optionally applied in a spim-on process, thereby
providing a substantially planar surface. After the

thﬁﬁﬁk%pllé&% I ﬁf g&%&d@‘%eﬂes{xg g%én ﬁmﬁéoﬁftﬁé findsl@rméd ﬁﬁﬁ@?ﬁoto definable

mask results in a pattern
layef, tpéielﬁpfoemnfgta di2Glibesfrigoptepods 126 over the int egr at ed
circuit. The photoresist patt gefl nes &ieal 0oC @8 113
r eg|[9)956ﬂ hat ABF%F(étefiﬁ%F}g(‘J‘%fp%& Y345 gppliefl @ Vet gpagers

perl gﬂgr a fllpe&:ptl%H%%ﬁ apgﬁé' i P£ Irylpﬂg&l %césﬁ‘ tt}h:?eby providing a

region IS 1S lustrated in Figures
suBs‘baI(tﬁtilsﬂqumaew)lrfacmj ABtef tilop BARMW)L22 As applieds bvert thd spacers 118, a

sorasnSog apled " Tho erbnd s oot 15 8 nite SETNGsTRCI26 being
degggteﬂ %ngptgg ﬁgﬁ e SRR LirkdiP nTﬁé]ﬁloﬁﬂé’s‘iﬁ hattQ@ARREn&NAS0didA rB¥ion that

gaps 120a, 120b accommodat e
blmks ahe opedh tndsf 1 2¢4hef the spmdrsrﬂd§l<arw definesegqreet mpre epesings 128 in

tL Q57 di
o bempar o o TG copbigs T FSEER A IO G TR 5B (B view
Agﬁ tﬁﬁe& £olb el @) iR En EREnNAGTRIH i RAGH MR YcBoRT ﬁﬁﬁ{sﬁ aspaced apart

in on8 enbddi nent I's as | ow as 100 nm which
fran dichspacersi 08l byrargap i12 0@ sind aswspasedbpaninfrora e mp@‘HOD}j)ﬁd ends 124

byiqngptéaﬂlgr Bﬁ g gglﬂpms thsiég&%?aﬁclzq%\g’vrﬂg%t%%%?g%ﬁ% of the ﬁond mask with

re?&@ﬁgltﬁé dpgdement, the spacers 118 in the circuit
rray regdion 104 are sufficiently spaced apart to

al | ge0sTnt abt sn &8npilaryEenbolmmaiédhe trompnmw wddth of the openings 128
i nterconnecti ons to, ot her Iev%l) @ﬁ} t he Lnte at ed

deppdsu PR, theopaBle FiooBxeiniia S RBIf PRt VEITR I one
ﬁﬁ%ﬁﬁ%‘c@%‘ldv@ aP €6 AR Aichtik %n&ﬁgicérﬁ‘&?dlhl%ntets %B%iw a@85 nm, and

ustrated in Figure 9. In a nodif enbodi ment, the
whiab freanotite feinbedinbynt i lewcerdd mas chetr duh@mqmg cathbe used in other

bl ocked region, is transferred.to an
oS e chiny ST B o rdh 1A Bl s reion
ld4ntafér oRdbRhey | BH&U %ari he BORCcatane 132 6586 tgndeloak provide
| ooped ends 124 ‘of the spacers 118. [0059] The

1nl=3-ﬁdaﬁnecttmhs tsothed levsleof ﬁby ingegrated hirefit-t he hard mask

| h oy t che
oaloedRy Mnak SxGRlaS i s Fakufc PR ekl i petormed. the
BARCUSIY A e%he'dn ad ilﬂéfrﬁeé— AR 9h Th S Rodified SnHBeink el &he pattern

vi ew t aken al ong | ine perpendicular to a spacer
ddfmeg) byarttle i seceidy un@k;LCchl(Id\mE cthei bloak@d gsgioseds iteansferred to an

. view taken along the | engt f.as r loo

iR Rt PERES REPER R ARGEN 808 Sy paly i ginefll taver o
theMAR ¢ 810k kd QN8 Pi¥cie eSS \Cdd FIMYathe §factBa 18,

photoresi st 126 and BARC 122, followed by an oxide

et ch[0059] sudhedbbREi etetnis follohed dwi afe cieh o thi hprd: magy tayer 116,
wpuch I?:alg ge seslg %ﬁfgfy etc]h]ég with respect to the spacers 118. The resulting structure is

illustrated in Figure 10A (which is a cross-sectional view taken along a line perpendicular
to a spacer loop) and in Figure 10B (which is a cross-sectional view taken along the
length of a spacer loop). In one embodiment, the hard mask etch is a dry etch process.
This is followed by successive removal of the photoresist 126 and BARC 122, followed
by an oxide etch. In such embodiments, the oxide etch will remove both the spacers 118

and exposed portions of the insulator film 114. The conductive plugs 110 provide an etch



and exposed portions of the insulator film 114. The
conductive plugs 110 provide an etchstop. The
woesslsazg structure, which is illustrated i n PCQwse06/007333
11, includes a pattern of tikenches exposing the
conducti ve plugs 110 in the array region 102, and a
st(%at 8k nreﬁfltnggt ’a?r@e Whﬂglsm]ﬁlﬁsthﬂe& lﬂf FiaRd 1TBsdeIdRY & pattern of
1 erip era region 104 hi s sequence
tr@dhesrm@gﬂmgjﬁieycohdmvmvs plups léf) fip el amay asgrerc102, and o phtsern of other

e SRR b e B LB ey Wi 90 e
ad%ﬁtlé]%ééhslg oWer§ fﬂi@‘é@fecﬁ)\fe ta B RAGSfSr HS- treﬁtiﬁesBAﬁQ 4 24 odified

is O omtted i n enmbodi nents wherein the
enshuldifih ] the anmaﬁlm 3§ 1 diustreted ¢ Figuees 108086] 10B is etched without

Regar dl of how th enc e forne th tch .
prs¥ deBevde! 9 %P&f‘?rﬁtlég'_ e %A&%ﬁ 422 fppucriafly gipiliedm etmbodiments
wRGUAThOLBOWTL ¥naFORS R ol ARciVe mask patterns: the

pattern fornmed by the spacers 118 in the array region

102, [0a6@] thRegmﬂIeeﬂ mff bowrethebyrendies pztr@t sl stthel 26chi processes
t he peri hera This effect]

iR o | Oh T B e et e to N odprshyggtters: the
paeforded BY %&Jﬁ)a&é}@ 198RS th2Rr 06 LB N 03, N ISR pRYsin Jfai%led by the

In regions” of the integrated Circuit 100 not cover ed
phoyoredis Kéciaritle mhnplmrdsuegmnl al;lhas effe@ivelyold6m} asmiperposition of two

[ lustrated mbodi t .
il ety R AIGH® SsBtE Py 1 e 2R RR theahhcers 118 in
re%ﬁﬁE b?ﬂthntéﬁﬁt@ﬁ dirbiit ?@Tﬁ’&%@v&bd By ite-seldRldi phORIrbYst 1458£126.

[ayer 116 is renoved before deposition of _
t he [ﬂﬁﬁuuct Agellpsitated @l FipBG 15uint abéxempda embiodenent conductive
mat.erj al.s i ncl ude, .but are tita
RS i B eq QSR Rero o AP RSy Oponally, the
hafr® &k lalyEl a6 §X SBRLAY b@ﬁ’?@@eﬁ@s’iﬁon bheh& RBAUKEIVY 8naterial 130.
material "130 is deposited to a thickness sufficient

Slstaiblrc tomalnctivieematicd s tindlndsn dlat wiedndt limitadhte, p@amtph,ewmum nitride,

ille fte t|on of . the conduc
oAU, CAMAHBC AT AR PR | U F GHOTP e o giea o woductive
mHSAS H@) 8 ﬁ@ﬁsﬁ&@tot DeiGRdUEERiSntisicH et the aae &eﬁd]fjmdth in the
provide the integrated circuit with a planar surface.

peTipbenyas fllkeidn g%@rriﬂppwlen iof thd ¢arsluetiiteanaierialriagihemiced mechanical

A f art il ust t| n n [
PIPARP  ok PFFr b EFb 0 TCRT A Bh CEEUT oh 1€ Bnches and
pr‘éWdH @ﬁé&h%@ra@écﬁ&fc@ﬁ%ﬂh@?l@hﬁ siffad¥, OMHedeh1tiny Sth@th@iskftustrated in
illustrated, a plurality of features are defined in

F%mmﬁlﬂst resist layer in an array region of the nmenory

oy efiBoh . ASRTHER Rt Bk e PRt 7 EipgRhtn of he

inRiReI&T BRbut sthAWRES ARAGsddRrEintie rdvedddsin Figher 5. RaSBtktrated, a
on these features, pitch multiplication is used to

plaeditynef &apiresr aleudeiin@d irs pdizeirrepisioloyeri in an wroAveregipasK thg memory

l i g‘r& ahg???patlgﬁ%rb?%%% gfd gl OC SSI, %? ersllsﬂgaersveart cfftﬁ %e used to define
th@%a{tﬁfeé‘ Qb % stbiehist Rebd 08 implihfrauedisttiBydrs.i Bab@BS6n these features,
eC

preferred ause resist is generally
pitch multiplication is used to define a plurality of spacer loops in a lower masking layer
in an operational block 152. In a modified embodiment, the spacer loops are formed over
the patterned resist features, although this is less preferred because resist is generally
unable to withstand spacer deposition and etch processes. The ends of the spacer loops

are blocked with a second resist layer that also defines features in a periphery region of



unabl e to withstand spacer deposition and etch
processes. The ends of the spacer |oops are bl ocked
wonods/1a4csecond resi st |ayer that al so defines Peawse®s/ 007333
in a periphery region oftha3dintegrated circuit in an
operational block 156. After the second resist |ayer
| ' ' k is applied,
e e Bt ol BB e e et P
an angdatiing Nayee af ine edpdhettyben the spaversrie siched, the efching baimg performed

_operational block 158, A netal fill and s e t C\VP
in ggttegcdetingd O dbe EF@O% Fesist hAYST Byt opq{@tlonaijglsocg YS8! Adietal fill

' ' il oy AREKFbirPintegrated
B O T A Nl
cirtiiit i @ni speegioatleblocl r1_60,i thegabyaa}lomélgg' oret{l dpwss 40 itgnfpirmed in the
e s S T S RPAPSH S B8 IR ects 0 e
EhALILEN irtft) perfierd 0 ndl ®lock 164). Th
i
inteRoPOsvENirs optiodilyased tutennecnipegeneds ¢iraniit deinrponets, such as logic
periphery, Alternatively, the second nmask,can,define
coppRBA AV ieinGe REEHs AMERIREYS oo SPaRiRask cant define other
ks ' a ' hoistyNRite PRRRIng th
partg%gp’s%ugfl %E)é;%d‘gﬁlbltsi: g%??%%gﬁn%g%f %ehg?% t ﬁe}lh‘gleri phernagl © shacet
loopst er connects are al so optionally used to form
el ectrical connectiaons,. between the array region 102 .
and [99\@] per Pipq?éﬁagq cm 'IBﬁntﬁ.’d € PSFH rairl gﬁ%/rf:ci)rt]%ﬁs gfee%sc? %ptlonally
usEPRS ﬁhh%%{riQLgﬁ%eétﬁga Bbtwied Hl{eeargﬁ-reﬁgﬁ 16X 3Phe peSpiedial region

contacts can ormed in a plane above the damascene
108t (Mhdd isilustriated st ppdratibriahblerk) L6 oflBiguyant 4o Eomek ample, sigh gontacts
cont act rovi ded

ca heu GHER o8 BIRE S0ierba dPEaeRE cuh e s T flpg 3. An
G)C?%lggeg?f S art 46y & RARC CoRBcD) é@tgvid@& ah qapmects. | iaeilldBated, the

Figure 17A through 17 rovi de a top-down view _
ovefhead cextectpinalugesemipbutalitgrutf cofitattsel 4detohoepsed by gstintgrcegnect line
in Figure 14. In particular, Figure 17A illustrates a
148 r st “mask 134 defined by a photolithographic process,

hi 96@“0@@{@@5 7AtRfouoh BiC PRSKdel B4op-BoWeTvidvebfiad éemplary
| ayer of photoresi st nagerlal, al though in other )
ensddrdéntexitlse mbthods illestratetsio Figareild. T partiewan, Bigure17A illustrates a

anot her_ |l ayer, such as_an anor phous gcarbon .l ayer.
fins} ey 1%%%@ wa&@_@%&%ﬁf@ Offst ?Fefé%b@?'%%f%@e%? st mask
134 s Hermtd k198 §fihotdbstt RSKallathoush MY ofRr bSBbdiaRKE the first
etch process, "and then performng a pitch doubling
mbgke i iy wensfarrede alothen keyar, fsiichsas anearikorphis| dagke; layerofigure 17B

..second nmetal mask 13 ields th X |l ary.structu .
SR LSk REK 12l 4, AP EXGTRLALY A HBALIS wig
isM‘t‘r%g@ %&hggséésg NSdi tRed P&f&ﬁﬁﬁ%a pah e tligoREAGYIEeh tie shrunken

recelve contacts 139 fromother |ayers of the
filshneegk at Agplidationidf. 2 G088 mael ik 138 Yiplds ithe eyeraplagy structure

TN WIE N
cdPlou 35 PLcBive COMYEE I BORBIn other layers of the integrated circuit.

[0065] Certain of the integrated circuit fabrication techniques disclosed herein
offer significant advantages over conventional techniques. For example, conventional
methodology requires three separate masks to define the array region, to define the
peripheral region, and to remove the looped ends of circuit features. In contrast, certain of

the techniques disclosed herein allow pitch reduced features to be formed in a damascene



nmet hodol ogy requires three separate masks to define
the array region, to define the peripheral region, and
woaorsenwse t he | ooped ends of circuit featuresPCTuS2006/007333
contrast, certain of the teaehni ques disclosed herein
allow pitch reduced features to be fornmed in a
pelRBBRSheneRs @aBssvd HRakksUSAS dedttiYed WereBSK %xerﬁ’%lary embodiments the
descri bed herein, in exenplary enbodi nents the | ooped
leapgd cads af prgy feabres was heablogledpyivle Keedsanier inaskhthas tsrsed to define
IS used to define periphery features. [0066]
A

er ‘aspect of certain enbodinents, rules are
provieisd] t 0 haghdthérabepeti OE Udettahe ShiBB8FentY full! 8RFEPtovided to
the integrated circuit fabrication nmethods disclosed
favdlitaten cirquie degignergutcaimplement thee intagiatedi pidéuit deirjcation methods

responds 0 the integrated circuit patterns that .
LSRR UR M eI SORE R bl Sipe ittt 8 the integrated
cBOAC PattdrAOBifat 250 TBmRH, Phiiehlaay SvIRACTHE SBfls 3BEk 3R MBe @pacer loops,

which are not, define the circuit features of o

seme &f erghich gipc pndlesad (and soggrofhwhichrare donglefing ¢heosieeit features of
- [ [ itch L tiplication.and. danascene T

e DS it PP LoDt Rl PR B G multpliation and
demisend te@siqeer Thé hulgyi dekREshdlew Peiiddi A%iRuit designer with
circuit that is fornmable using the techniques _
guidslines fargbuilsing mciroudt thetde farmeblensingithe tepluitiasisiigsclpsed herein. As

jreuit i | i an it h these rul al l ows m xed .

5505} b, BRTET R Yol e Pl Eimiced use of
intatogheon!with varyimskieh sbeaechifd Gad ynly aws RReR. Kpatefically, a spacer

mask, or "spacer”, is used to define pitch-reduced
laypia dBesk, pat wisReIde s eusedht tor defimme dritchirediised nspaprss  between dense
. i i e i | [ ok 3 2
St IS SRy P B BBl o s
defives the imtetconiRer papleal i thegi@it peligh&yledith.an exenpl ary

enbodi nent, the desigg rul es for defining the spacer

y

: pac
and H90Z] arle BzempEHy ewGodisnt. e flegigrordes fopdefining the spacer

i | i | = i Ai 2L f ure size.that . .
o8L K8 44 588 0 ot BT BT INEERIGRR o DR i
faatirewizd thetcar @8 rédotvedyvndBsik $he hagintah ndklgnehSalfbwed between
pitch multiplication scaling constant corresponding to _
the tadnapke gi%% daable wds & puchemultiphipationsssalingearstanheorregponding to

2 Tekdl slii.encﬁfs%ﬁ ggeée%( lo%pg*)élg%cﬁ%c@etfﬁx% tfe ﬁle@@lhﬁ‘)ﬁse (0.<x < 1). Because a

pitch-mul tiplication Ique 1 s used, act'ua
singleepicchrmeltipligitionhtealatigey abheedy shagethifileint@edimie6iugifch achievable
di scl osed. herein is F. [0068] In one enbodi nent, the
usipg therteqhgigyies diselogRdrein & plural ity of distinct
cl os op - er| ross, . -
oo e 848, AR sy g of s
clb&ed lobpcthai ® vt boglap @wrexk. awoeseiplay ¥pdcor PoPE e8Gare illustrated
.integrated circuit sinplified for illustration. As
in; gt oa pvirh i6 RdoR pistier! angBisEpkay &-Arosessiiigenaiddditeuis simplified

N b U T
mitefiunegpaby of(1-x)F.

[0069] In such embodiments, a plurality of metal features 144 are defined by a
plurality of spacer loops 140. Because a damascene process is used in the preferred
embodiments, the gaps between the spacer loops, some of which are enclosed and some
of which are not, define the metal features 144 that will subsequently be deposited (for

example, by physical vapor deposition or chemical vapor deposition) or electroplated with



plurality of spacer |oops 140. Because a dammscene

process is used in the preferred enbodi nents, the gaps
woetowesm3t he spacer | oops, sone of which are eRrcraseme/007333

and sone of which are not, 1define the netal features

144 that will subsequently be deposited (for exanple,

b hysi cal . vapor, ,deposi tiqn or ical .V .
5 8 VIR RO Ok UL g v e
spa{c_@rd%gg tl%lﬁ.n THEEh&h! faalsy M dde ar &fEed ionesbtiowidgs bnehe spacer

si de by

e spacer |oops 140. The netal features 144
lodpadti0 dmee definimexn ovidboyf(1si)fe Theymetplfesiyzrsel42) thepse dafned on

onl e S48 et PRI dprotd e aripbiy i) LIPS g Meta

FedMRVE cih AisPivEHBd bRt fdstrickbr by Dipachlcdp f4aivithesminimum
can also be fornmed without restriction by a spacer

wiltogorisd fordingh tea the mitnimrmmwirerobitionr oo thsohlpaigl techaique F. As

..M nj resolutjon of .the ljthogr : ' )

AT S0 4 BePL e 14 R8F AR R e

by@a EpAHeMUSRS RG] B He Hetal flefiRRAriaRehvBya anisipaasrsphdng of F if
140, and the netal features 142 have a m nj mum spac

, LN
seratbd by ephasraced: bya epaseylogpat@op pn)cyyong S§1§a£fe"’r mpt@b&agure 142
.on_only one side. .|f tal,fe r { S
or JERSERIBHT Bort sl dfe ot oL FiBe o Bie' i HAIRE dhbh nfoontact
witletiRdt i, ShSl R obdhpeRrdiRelly ¥djident tehbdstdts withh thenspbeer loop 140. If

occupi es directly adjacent real estate with) the ..
the prtad feabuye pl 4246 prasentioneonkpens sideef the spacgplopg 14P.dhehp minimum

on qnl.y on lde of the s
PR Qe ) SPaf B yRAT e PP apidns i€ Bop 140.
f eatpypro)144The eiedih@ess@Rfifss dxpopndbdherdif@Obasdden the integrated

circuit "design ral es expounded herein are bhased on thg
cifenit fghrivation d¢ohvigiues flisplopedakarein. tlBaHiGHEs UHNE @R QyEkFized spacer

herein. | ticul i e .
eog Qe PuBBELTY Ry B0 Al iy S ARAE Y i tines that
arb B&AiRR thep@dh-featedd featars. t hat are defined by the

pitch-reduced features. [0071] Separately definupg th%
met al00ZHd s Sapasetelyadadinéngaibe nataligdt pages dayery agordmg to the rules
raovi ded by the exenpl.ar : ' S, ahi scl I .

o7 B 5 PSR RO IRELR, Mg biesabibo i

ar iftGahtbd RAS@E basedt BetiRCicuall cibiic Waturbedtau el dppedr oxi the wafer.
appear on the wafer. These ral es advanta eou%%g . ch
These oules afivantagrouslyipepant Py ther iberspls ppigfons fhab afipe gyhen pitc

i.tch multiplicatiaon chnkques: ar: t 0 ;
o PG by Ao OHEFRAGE RRE. L TIOL of e scling
phth&s 5 heeesdamsgnddsighesuleo taomiorini wih f fitture epipélt chultiplication
mul tiplication technol ogi es capabl e of producing
teghmoldgies qapahle pEpopEsg spalder 552068512850 enbodi nent s
di sc herei n ar e . W L ety .
o cBREE" il PSR dhOSt L R e il G « i
vaidhE UT ifedritell WiCuith UEx@hple0f shidhnintegehtédciraiitsduelude, but are not
‘having arrays of electrical devices, su%g as Menory for
liéted tar gitopiss theving Areays [0 elastricabAevietsasheiean@igiyy cell arrays for

Vglgt\ﬁie G5a ngrllj-%gla?ﬁe %My Me? EucfhI a@ﬁRMOM oM memory, NAND

flash memory, and integrated circuits having logic or gate arrays. For example, the logic
array can be a field programmable gate array (“FPGA”) having a core array similar to a
memory array and a periphery with supporting logic circuitry. Therefore, the integrated

circuit formed using the techniques disclosed herein can be, for example, a memory chip



flash menory, and integrated circuits having |ogic or
gate arrays. For exanple, the logic array can be a
woielstlopisagr ammabl e gate array ("FPGA") havi ngraTase®e/007333
array simlar to a nmenory aeray and a periphery with
supporting logic circuitry. Therefore, the integrated
ociarmraedssdromimah e ingluda ébotte a Hbgiq uesy dind Cdr@is@ded @ie@hdly, or other
.can bg,.for exanpl e, a nmenory chi por a processor,
mipgrated capuis ey ings 1pgicT gate@gR% array and enbedded
menory, or other integrated circuits having a | ogic or
gate array. Scope of the Invention [0073] Wile the
foregoi ng detail ed des$gobpbf e Iieagbpses sever al
enbodi nents of the present invention, it should be

unded@’dbd tWhilet Hhe diozsgpiigur detpided | dessription v edisphosps  several

| 0 .t . . r t,. invention., Lt.. .. .
a0 420 e P00 PR s oo
ilasttatoyeesrdy b it Sieditseof tha praeiifigventio N MOER be appreciated that

descrjbed above, and that the nethods described herein
thep fpegic, SUHIgUFAtoRR taadt @pesations discdosed rras gdisfer dragm rteset described
ri ' - ; finj at terns
SR e Benfpl Moachiven TR A ok BEp 18 PR it i Bieratea
cigefii fabmcptianpl ural ity of features in a first
phot oresi st | ayer using photolithography over a first
region of a substrate; using pitch nultiplication to
produce at |east two features in a | ower masking | ayer
for each feature in the photoresist |ayer, the
features in the | ower masking |ayer including |ooped
ends; covering with a second photoresist |ayer a
second region of the substrate including the | ooped
ends in the | ower masking |ayer; and etching a pattern
of trenches in the substrate through the features in
the | ower masking |layer without etching in the second
region, the trenches having a trench width. 2. The
method of Claim1l, wherein the features in the | ower
maski ng | ayer have a feature size between
approxi mately 30 nm and approximately 100 nm 3. The
method of Claim1l, wherein the features in the | ower
maski ng | ayer have a feature size between
approximately 32.5 nm and approximately 65 nm 4. The
method of Claim1l, wherein the substrate includes a
conponent array including a plurality of electrica
conmponents, each having a feature size substantially
equal to the trench w dth.




5. The nmethod of Claim1l, wherein the integrated
circuit is a flash nenory device. 6. The nethod of
wGCheaionmods34 wher ei n defining the features in thepErmsk06/007333
phot oresi st | ayer conprisest7perform ng
photol i t hography with |ight having a wavel ength chosen
WE emalibe group consisting of 157 nm 193 nm 248 nm or
nm 7. The nethod of Claim1l1, wherein the first
and $econd piethat dwi defiling graticospini e inkegraeaheircuit, the method
&ﬂotoresist material. 8. The method of O aim]l,
AT using pitch nultiplication conprises:
deposi t i n@efhigPag eflufiiterdleAyes fhe freat %@ﬁ)résﬁbtt[hﬁfer using
first photoresist 1layer; and isotropically etching the
spacphotakthegiaphy o@®r aThig regivmotla efbshtaj m 1, wherein the

substrate i.s an jnsul.at.or.10, The nethod of Caimi1l,.
wherei n clinE dgich SEURGREBai AIOELCS Ho 198G O oartes i  lower
phot 81618k layeR YS! cabR Yoo il §hS BRAPRsKERYAN thel featuf&€in the lower
met hod of "Cl'aim 1, further conprising patterning the

secomaslghptayeeigckitlingdgepediendss third regi on of the

substrate. 12. The nmetho f Claiml1l, wherein.th

TIrst regPOrnBCT LE SCant AEPIyest B aoroShrisPyPT the substrate
devi gRIudMYkhE MOl bhdh ih @ 180 of RGLHAERYE; B | phery

region of the nmenory device. 13. The method of daim

12, wher eftohinger p#iternl of énghdhres iindheig@dstrate through dhedieagures in the

area, in the. second ot oresi st. | ayer adj acent_the .
Feat 0T TR<ERASTO R RHE SRTTG IpJ%rocoRRsrarh e fapches having e
IS sybs@oviam. |y deposited in the interconnect area to
provide an electrical connection fromthe periphery
regi &n of TheanetadoefyCldgnile evhetedn thehisatweeshindheflovgranasking layer
1 erein the trenches ar ormed. in an insu I ng

v AP SreP bt PRES IRl (T Rey 400 o
fillgng tiRe ifeBh@SCIMh N, aviERliRkhd RYBEss iANHe 1WA Mskking layer
pl anar surface on the netagllager down to the

cer

havigsfeaftrarmize befeeen approxiaats npragd epeoxitmtely 6mmhod
an arr

of npki nggﬁe Rl al it ?i%%}g@ﬁ%?‘ﬁltﬁlég‘f ls#r?ﬁji%ipciggﬂes h &hiSbtent array

t he net hod conprisin g

inc@lingdh RQurali§USISEleatieal | dANGRALRE! cadh tHAvigPd Wadlrk tsizeOdubstantially
conductive plugs, an insulating filmoverlying the
eqightpibe froechovidys, a | ower nask

5. The method of Claim 1, wherein the integrated circuit is a flash memory
device.

6. The method of Claim 1, wherein defining the features in the first
photoresist layer comprises performing photolithography with light having a wavelength
chosen from the group consisting of 157 nm, 193 nm, 248 nm or 365 nm.

7. The method of Claim 1, wherein the first and second photoresist layer
comprise the same photoresist material.

8. The method of Claim 1, wherein using pitch multiplication comprises:

depositing a spacer material over the features in the first photoresist layer;
and
isotropically etching the spacer material.

9. The method of Claim 1, wherein the substrate is an insulator.



| ayer overlying the insulating film and an array of

spacers forned over the |lower mask | ayer; depositing a
weacnsithscieal filmover the | ower mask | ayer an@#CThs2006/007333

array of spacers; form ng as8resist mask over a portion

of the sacrificial film the resist mask defining an

openpng G[\h%rmgt]ﬂ?% A AYinP ;l 1 gflﬁlgll‘éﬁ'{ ?ﬁc}rlrl]“{‘!g §E @bRduchel WA the second

mask [ ayer and e sacri an be etched
pheer@dst layet yoveistthe s@spéedgido t he resi st mask; etching

the sacrificial filmand expasi a portion of the

| owdd - rashbel grghod &t chidyg .tlhef“Ttg?%eFoﬁﬁgﬂng BRI the second
phEIRRN: PRl 06 of M€ stbileat  ng i1 m etching a

plurality of trenches in the exposed portion of the

i nsukat i Mhefrméthod of Exqmsld, athetepatite fastpogivndnclodestanearray region

conductive plugs; perfqrm.ng .a netal deposition into
ofthgepiony deyies, &y e aeeion fpnleias h§e egion, of g, emory
dedckernating between the netal and the insulating film

in a damascene process. 16. The nethod of C aim 15,

wheriéi n tHe hetbod h£€laimrld) wherainrthy thofd mgionheddddsian interconnect

lines. 17. Thg met h

f i 5. furth i Si
o o DientsoPPL PODIREI PP ey B SeasHien g Chie BTGPy laver
withreih 2GRGBER 'suﬂsgsue ?td%g&tﬂlgg iPfhe Ghidtd@hdedt afeid PRIvide an electrical

conpri sing renovi ng spacer array, the resist mask
coanettivhdromatheipkiiphay rdgidmofishé memoet ddviideg t he plurality

of trenches. 19. The nethod of. ¢l aim 15 wherein.the. :

o of Ciaogihad PACIEEL Y u ey bO R Sh el Brd i g nsulating
la}\/@?%fﬁierkut)ﬁ@até,%ﬁﬁ?&ﬂH&P@Jﬁn}?{@s\ﬁ?:s the | ooped ends of the

spacer array. 20. The nmethod of C aim 15, wherein the

array is filingtimrtyenahgsayith 2metaltyenendod of d ai m 15,
wherein the array is aJogic,array.. 22.. Th t.hod_.of .
G o m 15 gD e i b g e ph fp T 8 fa g aer in
| nsuU] @foh RBerfeigrHBesg3- The nmethod of Caim 15, wherein
the sacrificial filmis a bottomantireflective
coating. AR4metiivkeofimetltiog a plurditaiofredrBluctireelinss in pharray, the method
spacers are selected fromthe group consisting of

Cogfﬂqs%n oxide, silicon nitride, polycrystalline

silicon, ABideERr Patn stRk ild1ediiBbLNeestRle @ addtct vith a plurality of
wherei n t'he spacers are deggsmed using an atomc

| ay evondegivsipligsnapimseletisg fig ovaihdngrierroadestivelpiian a Bywer mask
V\,herlg}iler} otvgﬁyi%E ?ﬁee{n%ulgﬁr?g Hf%%oa%idta%darr%ty o spacers formed over the lower
mask layer;
depositing a sacrificial film over the lower mask layer and the array of
spacers;
forming a resist mask over a portion of the sacrificial film, the resist mask
defining an opening over the array of spacers, wherein the lower mask layer and
the sacrificial film can be etched selectively with respect to the resist mask;
etching the sacrificial film and exposing a portion of the lower mask layer;
etching the lower mask layer and exposing a portion of the insulating film;
etching a plurality of trenches in the exposed portion of the insulating film
to expose at least a portion of the conductive plugs;

performing a metal deposition into the plurality of trenches; and



tenperature that is |l ess than approxi mately 4000C. 27.

The nmethod of C aim 15, wherein the spacers have a
woeaicune3si ze bet ween approxi mately 30 nm and PCT/US2006/007333

approximately 100 nm 28. TRe nethod of C aim 15,

wherein the spacers have a feature size between

appr oxi : : : i

method of P AES A AR, ARPRA IR (O VIVl A e Miulating

si z€efilsuinst dantasednepragssal to a feature size of the

conductive plugs. .Th t hod of , Cl aim. 15, wherei
Che Yocr  Thebrtios iof Mg b <t e REIAPT TR} afhsigay of bverhead
bigﬂﬁgsace over the array of spacers. 31. A nethod of

pitch nultiplication for damascene features in an
i nt et at €thecinethoidt of Clhaem st Hather eoprisinggremor g i rsgacer array

ubstrate:; perfqorm a first masking process to define

b ?Feﬁi:‘ihgkg_tggp@bajgﬁf’?\%?%&s'over the substrate, the
spachy | ifRSHSBRALAEEANNY, ArbbtEdhprishben@@RS the spacer array, the
perform ng a second maski ng process that blocks a

refistrhagirandfthe saerifigiab8im béfnesetehing thia pluralétlyiofi esnches.

lurality_of int [ . | ogi ' f.th .
TN Dt e NI
lo%#k% %ﬂ@ SR SINRER HNBsisRA&R col D & 18 5@Rdnd} Bf thB8pacer array.

ocked portion; depositing a metal layer to forma
pl ur2(.i t yThef mathodlof Clamosl 5i whetem the emeshiss; memely array.

provjdi ng.a planar rface on t metal layer to

ool 2he e Helat or F i o vBre Fe fEncs o 1348 kg

net hpd of Ti(d QLibd bt CYMRI 18] Whiles thEaskeiticldl Hgs id@aVRsdating film.
plurality of | ooped ends, and wherein the | ooped ends

of t2k spBmemdthekofalhiml d&ksdereds. thahwacriBeinbdilgf is a bottom
i m.31, wherein the integrated circuit is a flash
aﬂ%é%%vﬁzé%u@g: 34. The nethod of Caim 31, further
conpsd Si NPhERRNRALIIMYaitl €5, WKREi6 ANk &rs Wrd Eeléted from the group
peri phery region of the integrated circuit. 35. The

cametistingobfiliCinaixide] silicown vitdde polyerysisRise siliconeandaathophe

gaps,have_substanti al l.y. t sane.w.dth, 36. Th od_.
of i m © r’i’ﬁ&ll?ec}&ef)ﬁ Ch%lg‘ QSaB@Freﬂrt ﬁ%es S%ac?ﬁ%r ?%e& n Jté?l gsmg an
at@MiRyer deposition process.

26. The method of Claim 15, wherein the spacers are deposited at a
temperature that is less than approximately 400°C.

27.  The method of Claim 15, wherein the spacers have a feature size between
approximately 30 nm and approximately 100 nm.

28.  The method of Claim 15, wherein the spacers have a feature size between
approximately 32.5 nm and approximately 65 nm.

29.  The method of Claim 15, wherein the spacers have a feature size
substantially equal to a feature size of the conductive plugs.

30.  The method of Claim 15, wherein the sacrificial film forms a substantially
planar surface over the array of spacers.

31. A method of pitch multiplication for damascene features in an integrated
circuit, the method comprising:

providing a substrate,



material. 37. A nethod of formng integrated circuit
conponents on a substrate, the nethod conpri sing:

wa00sg0&3k4i t hographi ¢ technique to pattern a fPCEUS2006/007333
resist |layer and define a pourality of lines; using a
pitch nmultiplication technique to forma pattern of

spacers ar( 31&1”{@ ﬁrf{erg;ci 185%1{?1? 1,06ds by abfige Bl ard {>f aBdr lines over

l'i nes, erein e space onpri se elongate | oops

hav igsubsteste, eindiPacatdines sdparagedbyseploratity efgaps; | ayer

over the [ oop ends to define a bl octre%}r i on of tgz

subst r at Berfertng 8| seqnd/Bpsking BIOCER§ HHr 8%% 4 RUQP £t dpg spacer
to i.ro ' | integrated
¢ 0l B e bty SEBRESrhBrt B0 RERSERRQL e ntcer

of Crauitn 37, further conprising:transferring a pattern

of the blocked region fromthe second resist |aye

| I r.to
a hard meskmgaRiptalifnal Frenahes Mlhe gaps ReREP Mgipager lines except
| ay f fi,ng the trenches.. 39. The nethod of
d a?%@%lgﬁgﬁéﬁlnht he second resist layer conprises
anor phouslepasithena né@il 1Fke tarftrincalplofalily af megil lingh gy dierirenches;
the substrate includes an upper insulator. 41. The
net 888 of O aim 37, wherein the first and second
resist | ayens; l28ulh& SRR hes! hlerBli861hR the 4eetal lines in
The net h%&é m%%;@?ﬁﬁ%% Iaﬁer eln the sggcerls have a
f eatib gerkhge bet ween approxi mately 22 nm and
approximately 45 nm _43. The net.ho

f O aim 37 .
Shordsn T Seoard GavE 31, MUTeh dne e dk e @ plurality of
' | e 4. Th
lo%?%ggé,gx?{i ghérle%p’%lg ff&d&ﬁg AR QNS SRES Hhed BR BIRRKed e

erein the spacers have a feature
si ze33bet ilenmethpd of Chaimed ly wi2rebn the integrasqdpeitsuitriaedlagh memory
65 nm 45. The nethod of Caim 37, wherein the spacers
defigfe a feature size substantiall y equal to a feature
si zey0f the §LEGDERES1aif03 1, FREhTRbAPHsAE cGhdcihg fhe interconnects
further conprising: depositing a netal |ayer into and
witly & petiftery regivalod she iatedrapddagienitzi ng on the netal |ayer

to f30‘5r. m aTIPel fanrét%rodsgg E?a?r% gna\gvhéarleitne{hgastpgger lines and the gaps have

substantially the same width.

36.  The method of Claim 31, wherein the spacer lines comprise an oxide
material.
37. A method of forming integrated circuit components on a substrate, the

method comprising:

using a lithographic technique to pattern a first resist layer and define a
plurality of lines;

using a pitch multiplication technique to form a pattern of spacers around a
region defined by the plurality of lines, wherein the spacers comprise elongate
loops having loop ends;

depositing a second resist layer over the loop ends to define a blocked
region of the substrate; and

selectively etching through the spacers to from a plurality of trenches in the
substrate without etching in the blocked regions.

38.  The method of Claim 37, further comprising:



between the netal and an insulator. 47. The nethod of

Cl aim 46, wherein the netal |ayer is deposited in an
wehewiwephat i ng process. 48. The net hod of C aParA482006/007333

wherein the netal |ayer comrises a conductor sel ected

fromthe group consisting of copper and nickel. 49.

The et hagdnofenfd F@tt%?n off HE be%f(ecﬁ‘égﬁh'fﬁirﬁ] thePRE 4RI B¢ ayer to a

the second resis ayer in a peripheral region of the

subdtardatmesladyacemt to an array regi on, wherein the

spacers are fornmed in fhe array region of. a nmepory

devi ce. SEMOTHE ﬂ?ﬁeﬁeﬁ%?# IE?fIS%Ia%‘fr %fﬁe%’?‘,g e‘\ﬁﬂl@g él?%tr?lwggs“

i nt egy at efhCidfld of CTRANSN Sy e fdeBSH PRAR Myer comprises
device. 51. A partially fornmed nenory device

angopiodssarpgn. a plurality of patterned nask lines in an
arra '

region o h y devi rein,the ) )
oot i nectrdarbpd RECERE o whetadts lpEuREIdS gapper insulator
optigal | yridehidaadel ef rahied i3] we&ih Yiheofidt RaAt deebndfresist layers
the mask lines, including the closed | oop ends,
conipeiseihe sahne repstincziérdial. def i nabl e material extends into

a perj ph regi on 1 integrated circuit, .and .

Furcher " ot edod Ss ity T st Bistpilt e 60 size between
apPEIXiRARIY2 Y £8i08 a%ﬁ'gxim-ﬁlf&y p&nkd al |y formed nenory

device of Caimb51, wherein the patterned mask |ines

overdd.e dllsubsthodtod ClEa. 37 éhepain theaipagers baveedl fagap size between

devi.ce of, C ai m. 51, wher ej he patterned mask |ines
ap@BWFE’B’ 3 2B fl aPRIgX A yE%ﬁﬁ Pally forned menory

devige of Tid Rkthod bf OMIBY £3, RvHeien Bt paedie Havis Keaird €i3e between

conprise silicon oxide or silicon nitride spacers. 55.
apPhaxipaety 3.5 yof andrpppropinasely 6§evi.ce of d ai m 51,

wherei n the patierned sk,bines averli r at .
that%‘ncl egn%ﬁoéroﬁa9p%lp ép’n 318]56?11\‘/:&? is%g%r? %%%T%ef%amre s1ze
suBhhtialy squhiab AEEa iR fdeMrGehaf C ai m 51, wherein

the patterned nmask |ines have a feature size between

appréxi matled metbod ph{Clais 2dpPrdel ¢RMISINZIO0 nm 57. The
partially,faor.ned nennry deyice ' " erein

t he patt e(ilerli’g RS ﬁnﬁqﬁ r@é’se ' hn\zfl(\)/ énda ¢ gﬂeat%égfcf;f%sz %QMS) et ween

appr oxi megighatizBxx on Ak andalapPEow Fertre b ypl&ikar vt fabd that hatternates
partially fornmed nmenory device of Claimb51, wherein

t he egiveeaibp yneidfapd abinsulsttieri al conpri ses

phot ﬁrﬁ .gii flt\}\% mse%hoth%ﬁ A&l i4%| I\)&}eﬁgIe% QEQ rﬂ@ﬁofa¥erd v h&%sﬂéd in an

d ai erein e pattern
electroplating process.
48.  The method of Claim 46, wherein the metal layer comprises a conductor

selected from the group consisting of copper and nickel.
49.  The method of Claim 37, further comprising patterning the second resist
layer in a peripheral region of the substrate adjacent to an array region, wherein the

spacers are formed in the array region of a memory device.

50.  The method of Claim 37, wherein the integrated circuit components form a
flash memory device.
51. A partially formed memory device comprising:

a plurality of patterned mask lines in an array region of the memory device,

wherein the patterned mask lines form closed loop ends; and



mask lines are pitch-nultiplied spacer lines. 60. A
nmet hod of defining an interconnect pattern in an
wonumgosased circuit, the nethod conprising: deBCgmiSnyeao7333
plurality of pitch nmultipli2d cl osed spacer |oops that
do not overlap each other, wherein the |ithography
techni qugnlo}t%ﬁﬁ)}akaleﬁnﬁ)fl rrr?ﬁﬁkawd?ﬂrl?ﬁéc%?rpohﬁﬁp%f hRY ik lines,
a m ni mum f&ature size ?: the plurality of spacer
| oopslintive tie ¢logd lobplichdss Fvitetedn thesomstidaHy alefinatilé ynaterial extends
constant, with x defining a pifch nultinplication .
Soaming ReSHSPRITESIO8 0 SpBHErIE CEFih i RTHET GF sy plurality of
t he he@NdoiJie spacer |oops are separated
fro%&@ggﬁ{noélgg%ﬁ}g Vari abl e gap distance, the
M nisaum Gap mitsdgnioent nregqoty ds)iee of fldef f hevkerpiatthe patterned
of metal jnterconnects to be forned in a danascene
mask faeseverih e fdsHahe pattern of netal interconnects

confshgur &gt nﬁﬂ@%ﬁhe& thehdgy danse SERMiAL bNOwhdigin the patterned
spacer | oops, rein the netal interconnects have a

madzk hinedcomapribehilidoax) F i f separated from a spacer | oop
on two sides, haive a En%ini mum

Sepatat o 0 by AlICRREE! TR Shvbne” 5w SLibkipag paterned

m{gk%@y&%@%@ggcfohfoxﬁﬁ%isﬁﬂcbﬁ/nﬁﬁ&@ﬁiaeérg.t ed by a spacer

oop, W ining a maxi mum m sal i gnment bet ween
t he 5$pac érhel poiiallyafoimed enameraldevine of €daimest.swherai thpeatterned

tal interconnects, are_separated fro ach. ot her by a
i e PR TaR R R A A oal ST and of
F i fsgnot Sepahaifdidhed nihfi§ldevied of B&iniT81 heHerefn the patterned

Caim60, wiherein if metal interconnects are present
mask linaphsiecefsatufe Hrebawetnrpppiximatelyt30 wh aa¢ aprpxingépy 100 nm.

the netal is desigped to contact. th ac | ) .

e Tt obhorS B RER iRt GRS, PRl Bfpaemed
mé&kGindt & feRUrOHLe BdtdBerPippik@mearelyt 1785 fmlidlabbiox@hately 65 nm.

spacer | oops, a m ninum spaci ng of m n(D xF,

0) is )
designed The pafaltafeme enereeral deviteerfcOlaiactl, afgreiméhe optically
pacer | oop. 63.. A masking process conprising:
d%ﬁgﬁpm%ﬁ%aic%ggﬁeisgg&ore&g ‘ining a first pattern over a
firsgg regrnpffially forfiledShénddre désice dfaCIpint G, wherein the patterned

mask lines are pitch-multiplied spacer lines.

[av]

60. A method of defining an interconnect pattern in an integrated circuit, the
method comprising:
designing a plurality of pitch multiplied closed spacer loops that do not
overlap each other, wherein
the lithography technique is capable of resolving spacer loops
having a minimum feature size F,
the plurality of spacer loops have a loop width xF that is
substantially constant, with x defining a pitch multiplication scaling
constant corresponding to a feature size of the spacer loops, and
the spacer loops are separated from each other by a variable gap

distance, the minimum gap distance being (1-x)F; and



mul tiplication technique, the first pattern including

at | east one pair of features connected by a | ooped
wendoegiomsect i on; defining a second pattern ovePC&US2006/007333

second region of the substradte; and defining a

derivative pattern of the first pattern, wherein a

pair of feAllres. foh [@SReRfifebindietAbe! BA%Ed QR damascene

pair of features are not connected by the | ooped end

conmpeadess) whevdietled patteme of inretdl ipwtaoenests condigmuesbiedconnect to the

pattern, and the deri ativ‘glggattern are defined by two

mas &3PS %e‘@?‘raﬁ*ﬂ%.t Q?(‘feﬁgooﬁ??’o ¥f Claim63, wherein:

the second reghopmeRl iktB8oitbRagé @ thiirAurhGgidth (18G)FOi separated

of an integrated circuit; and the second pattern _

defi nes drquh ar glapdryloop onniwer sidesn deve aiminithem| wightle (1—=x)F+D) if

regi on. 65. The _.maskin ocess of .Claime63, .. . .

wher ei n: tsﬁ%ar?tg‘gtﬁiﬁ’%%_sgq%gpgo% é)Paqn&fl‘gr 8@%"&'& B, yidih B if

a gap hayhnes GaRsiicllNby anthiche 1dspatwitieD N a maximum

feature wdth'that is substantially equal to the gap

wi dt h. 66nisaliganrens kétwgerptho spapst sbpOin e 8B3talukierceipects, and

the | ooped end, connect.ion is omtted in form ng the

derivative pag’f‘%rrﬂetﬁg ! tgfclog??ﬁ?ﬁwgar%r?e%%r%ﬁﬁngmrpnr %@%}%smher by a

usi ng ongnRimiM&phdiRg GREK S scPdratedng ENghPSOF eSiSot @Eparated

Claim63, wherein the first and second patterns are

def i ned Uwsiawpagdiot ol i t hogr aphi c processes. 68. A

met hod of . formn y devi ce that .includes an

a5 oghtsaae ol G Ahe AFCPAE P RO fge? Preseat on two
sidRM?dng 10F9he FREALRN BY sPackt Wo?é,ithé/ nffal R HEREAGo S kact the spacer

| oops in the array region, the patterned mask | oops

lobwi ng separated from each other by a gap region;

over)ying.a lith hi ¢c..mask over [t f
Oy 0 Lk O9FeP SR P e AR st n o
siZeL8f Qe oBMBE Plitalitheofl sfab@UI0BPY)i £ nilRisdone GY&IiSg B hREBLF, 0) is
a portion of 'the patterned mask | oops; forming a
designeditst deparateehemetal interecenneelyindrihe gfagerdgeivsed by t he
I'ithographic glask'_oc%nd 0f o_rnrginng a plurality of contacts
over®t he < SHETREPIY atcarm st S wherein at |east one of
t he pl urggr'b{zmmgfa AOEAELS IS positioned within the
patterned mask 1 oops, . .
defining a first pattern over a first region of the substrate using a pitch

multiplication technique, the first pattern including at least one pair of features
connected by a looped end connection;

defining a second pattern over a second region of the substrate; and

defining a derivative pattern of the first pattern, wherein a pair of features
corresponding to the at least one pair of features are not connected by the looped
end connection;

wherein the first pattern, the second pattern, and the derivative pattern are
defined by two masks.
64.  The masking process of Claim 63, wherein:

the second region of the substrate is a logic region of an integrated circuit;
and

the second pattern defines a plurality of interconnects in the logic region.

65.  The masking process of Claim 63, wherein:



and wherein at |east one of the plurality of contacts
is positioned in the gap region separating the
woatdeawssd nmask | oops. 69. The nethod of C ai mP68/US2006/007333
wherein the |ithographic m@k intersects the plurality
of ﬁagt e; ned mask | oops at a right angle. 70. The
met hod o [ r f RbWreah ki i
of pat t ericiiiiedty copRleR R R @Dy 8 gap MR 4 Ap il and
first reghofcataed hh\aSa afea;emowﬂiﬂh algs 18 smbktamtiallar epebiha the gap
regi on, wherein the second loop width is greater than
mewlﬁ‘ihst | oop width. 71. The method of O ai m 70,
erein [ rgi
TLEARREE P oRe 10 e Pad R RE U R ftnection i
om:iaéd ar faﬁdur@&ﬂe dediogisrequipimi Isepefdrinignarortichieg grocss$ nging one of
nltrlde 73. The nethod of C aim 68, further
theBrampdisng connecting at | east a portion of the

Pl urgdl i T Qi SR8k E R sd O R 65 A¥hQEinGRNEHE kil Rcbhd'Bftterns are
defined using photolithographic processes.

68. A method of forming a memory device that includes an array region and a
peripheral region, the method comprising:

defining a plurality of patterned mask loops in the array region, the
patterned mask loops being separated from each other by a gap region;

overlying a lithographic mask over a portion of the array region and at least
a portion of a peripheral region, wherein the lithographic mask covers at least a
portion of the patterned mask loops;

forming a conductive material in a region left exposed by the lithographic
mask; and

forming a plurality of contacts over the conductive material, wherein at
least one of the plurality of contacts is positioned within the patterned mask loops,
and wherein at least one of the plurality of contacts is positioned in the gap region
separating the patterned mask loops.

69.  The method of Claim 68, wherein the lithographic mask intersects the
plurality of patterned mask loops at a right angle.

70.  The method of Claim 68, wherein a portion of the plurality of patterned
mask loops has a first loop width in a first region, and has a second loop width in a second
region, wherein the second loop width is greater than the first loop width.

71.  The method of Claim 70, wherein a contact is positioned in the second
region.

72. The method of Claim 68, wherein the plurality of patterned mask loops
comprise silicon oxide or silicon nitride.

73.  The method of Claim 68, further comprising connecting at least a portion

of the plurality of contacts to an array of conductive lines.



