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Ref er ence to Rel ated Applications (0001] This

a | atlon claims the priority benefit under )

v;f@ ‘E‘? provi si onal Application No. 60/ 66?@50%0%739
filed March 15, 2005. (0002] This application is also
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in their entireties: U S. Patent Application No.

10/931, 772 to Abatchev et al filed August 31, 2004;
U.S. Patent BGH REDUGERPATIERNS REYAT & chev et

al., filed SepPHPEPLITHOGRAPRY FEAXWBES Application

No. 10/931,771 to Tran et al., filed August 31, 2004;
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Description of the Rel[ated Art [0004] As a consequence

of nd6802{ act'ﬂns applivetiondisrajsodeetataridtof and incwrpemtee dhe following by

1§ ks abL l *hFY T ST Elgmﬂﬂ ﬁt g@ ngt%{phgqqog %P@ﬁ:gt?% 1§ Watchev e al.,
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constituent features that formthe int egr at ed

Tptegiber &, 2Q£l4gU S. dtatant Auppbnatld!eNoc YOI 1] mt%rm ehele diled August
11,250 Ibe PRARCAGRER LN 1 PSP DR ERE s B Sptember 2

2hegr easi ng feature size is evident, for exanple, in
menory circuits or devices such as dynam c random
access nenories (DRAMs), flash nenory, static random
access nenori es ( SRAWckgroynaraf dnellnventiopn ( FE) nenori es,

ﬁlglﬁbf io;t akg one exanple, DRAMtypically conprises
' entical circuit elenents, known as

menorooag! | SThit ﬁmehﬁomfhesggaarany td QitBAratdd FROWE YateRhtion and,
typi cal I]édcon& sts of two ctrical devices: a

e pagieuledpde maskingirchrgneaccess fiel d ef f ect

transi stor. Each nenory cell is an addressable

| ocation that can store one bit (binary digit) of data.
PesbiiptionaT theR sMitkd Aen to a cel | through the transistor
and can be read by sensing charge in the capacitor. By

WO 2d0%)41 01 68% a RORFI8SITe 1L DAY, ctoweemc@a%maqgemﬁ@ for Amageased

b0, S o Ry B e TRl s

ae mmmumn)} Ieing fReudee Dsiye. dFNe 26 of the cbﬁsumdefeaﬁfm Itha® form the
Addi tionally, stor age capam ti.es can be increased by
lp;egr{apeﬁgmﬁ!élgse e. g.eﬁ{jzpylc gleyiges and interconnect lines, are also constantly being

decreased to facilitate this size reduction.

[0005]  The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories (DRAM:s), flash memory,
static random access memories (SRAMS), ferroelectric (FE) memories, etc. To take one
example, DRAM typically comprises millions of identical circuit elements, known as
memory cells. In its most general form, a memory cell typically consists of two electrical
devices: a storage capacitor and an access field effect transistor. Each memory cell is an
addressable location that can store one bit (binary digit) of data. A bit can be written to a
cell through the transistor and can be read by sensing charge in the capacitor. By
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on a given area in the nenory devices. [0006] The
continual reduction in feature sizes places ever
greater demands on the techniques used to formthe
features. For exanple, photolithography is c
‘Hé@é}%{lgmﬁ%\t tern features, such as conducti ve%&ﬁﬁoﬁg”
concept of pitch can be used to describe the sizes of

hese features. Pitch is defined as the distance ,

SR 55 2 lispioa) Bevies e Eopstiims BT P end the sizes of
the dbiifufing FRASal Bkl @S rdufory RIS ahd YnedRh) A8Hc&Ycan be made
spaces between adjacent features, which spaces are
smabeie af\fiditienally estorage eapaeities ¢anlbe isereasediby Attingimoicanemory cells
As _.a resul itch can be viewed as the sum of the
Wi atﬁl}ffno eaén;t%ealgﬁfl%rya?% “t the width of the space on
one g0608] of TH@oh@RialifeudRad fRhiufisitdd dlackLeVet/giRatts &Maads on
nei ghboring feature. However, due to factors such as

thp techriquasoused ¢hforay the feAtures. o Ronesamiplen ghetolithography is commonly
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desdiive tthe’ Sibdsalflihesé Ooatirdse itk GSdefiibdi8s the liestaice bemead Rentical
of a photalithographic technique is an obstacle to

ROgH ¢t Wﬂ'@ﬁﬂﬁg alyese Thé&éﬁwréﬁ?re [tlﬂmﬁil:{ defimaddyy spaces between
S AP TON» d 2P.2

goeatlo pittth car teepliewed ssathe s of the ayidthdhftalfeatirerand iofithe width of the
itch. A pjtch multiplication _nmethod is illustrated jn

S%P@J?MHF A Fogrba %@%’T PRI, L3t deanieg fEofp o Rejghboring foature.
weer. 8 ' t ey, , t.d, B
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phefodittegraphy \Wedhiniqued eadnbevet @ minjroue fdifth belpwat which ©fparticular

lLin 10 s hot ol i t hogr.aphi.cal forped in a. . .
AAESoEpb S cae TR G M Reednier s 3 Biingpm ptch of a
RSBl Bl L ohithiBa QUBiT L8 uBRISL Tt ©

30. As's ig

) own in ure 1B, t he pattern is t hen
t rand0¥7] ed ‘Pétich gouhingt oh“ritch efwdtiplishijordris amé propessdineethod for

etch) to the layer.20. ..1hereby form ng placeholders, .
Si0Hag e FpRou Y i BplshoPRER e Pidfsl Setpod FRAD g pitch
& pittPRAHipligdiidn tkhdHBiR dhetrfted ) FAReEA 1 F @hd Q8cHBed i U.S. Patent
etched to increase the distance between neighboring

Nend?28,81 04 dssueds toshomuey ieh aki thgraatire, disclgsurepbwhid igfincorporated

spacer material ., subsequent l.y deppsited over e .
By Bl i RS ol Yty S e PatiE of Tges 10
pHoeblifigeiphRblle féraitdi iA0a Photofekigh ger, Wilich GRslies< b €laghe BY of an
fromsjidewalls of another material, _are then formed on

ependsblganaterial ¢ whichqim By peerlies 2 subatrale 3@ c AsfsBpyain Sigures1B, the

conpl.i . [ ' r

GRS eBlharila B0 5 Sth Plldnf) B bt SRS e taver 20,
tiereley farmirgy plsqehelders edrahandeeds, 400 Viihe iphotetegist BnésBO cBade stripped

G T 512 2 R 3 A BT e
RAgHbEERY Bk dreIs%(?{‘@szé_li_lﬁﬁiﬂigjﬁgée Rel/ %@Bﬁ(s@ocafﬂ%gcerafﬁateﬂal is

shown 1'n Figure . , Where a given pitc
subssgirenilyl deppsitel warercthe mpaduelsr49, deslioninrig Figme 1De atSpacsrsabfti .e.,

05RBAE Suodlfe VRt i Wb SR AR a8 e Al
are then formed on the sides of the mandrels 40. The spacer formation is accomplished
by preferentially etching the spacer material from the horizontal surfaces 70 and 80 in a
directional spacer etch, as shown in Figure 1E. The remaining mandrels 40 are then

removed, leaving behind only the spacers 60, which together act as a mask for patterning,
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t he spaces defined by, e.g., the spacers 60. As a
result, the smallest feature size possible wth a
phot ol i t hographi ¢ technique is effectively decreased.
008 ile the pitch is actually halved in
g’éﬂ‘lf%@\%ﬁove this reduction in prtch IS ﬁ@remszoosloonw
conventionally referred to as pitch ' doubllng," or,

nore gengral | "mul tiplication.' S i
SO Gt 'ii’ ﬁmﬁr VIS¢ £ LR Siioh pevigpsly wchﬁe%a@ér%.dﬁﬁms

drRGtMire aRE bikedphde, HRERMY Gdth BEH el R fRhtifed ahY n'FJ@taces, with

factor. The conveéntional termnology I1s retalned

ﬂhe mﬁcﬁﬁ de[fmed)by, @c&asmceﬂﬂéol a%seﬂrrea@t tife wpdlessfeatere size gbssible

%hasa Ietrg}:fgea see Figures 1D
follth ‘H?és FHEBITHE S eat ures fornmed by
t he gUB}" S Wiile diYsich Ys &%rr%m&ﬂmtrﬁe EXaiplé B ntﬁﬁsreductmn

0%: tch doubling typically produces features of
I@nreit it ¢pnveztiogaliy zeferradnioy es pitge fidoubling,” exrpmeye rg@aarallyeeltch

e N M S N o e

dcanlty dfivdlves aéuciiftie Sifchtbietal fotdr! S'rr&nebdveﬁdﬁalctehﬁumlogy is
| ocated in the so- called "periphery.” In the arrays,

HeRieAEASHy cel Is are typically connected by conductive

li ne , r

typi P o Becklife ElayR Y ob eplcBmaEARMERAN b L AR rickness
d0o@ecFighies thﬁdl aE) aﬁdﬂﬁbﬂiﬁeﬂleﬁ‘sﬁ@éﬂof&ﬁe featveds Triaids;, the spacers 60
however, can be larger than the conductive lines., In

wiailt SaresPnd e Eiebihirkuess 9P iteh dowhling dimically peqdyegsfgatures of only
I

S e ARl By S, of [0enl s, or el

pedonp heresd mematyuciesite @rpldahy txmtam corayd dthmednerysaeiie Iqpiated lin one

f eat h tt f
Bt o e R o i BrTAEA Tordipa B el e PhGRS. (e amays,
{hE %&ﬁrﬂ%glsaérg 1&g c%hﬁie%?@@ g'scloﬁfiuo‘ﬁ% thﬁéé"ﬁfél in the perrplglery, the

photoresist, pitch nulti on by itself typica
chodusctive flined @pmalﬂmeantdcelan@mg ipeds, foeccgmpctmgmm toilogic. Peripheral

Iexrbrllt : uired to defin rrefeat 01
iy L DAy PP s BUESF e B HBCHRGAE et In
Id&[tmnnﬁenﬁﬁé{yt &%aﬂﬁeﬁ&@ 18@1[1&18? %Eﬁ’ptéﬂﬁi tﬂaﬂs1§t91§ &n' 5&Ylarger than
i nvol Ve separately etching patterns into the array

the glegtricalndevides Hpﬁlemma,}é-r Mareqyien reyemif mngh,ﬁgghfpa}mgs cu be formed

PR 5 e b5 Gt o ' s R, ek malsPlcls Tt By picn

Raltip8edtioh Mdy e mrﬂitb@hﬂhrzssd that 4r0 fomRtd alcheStBe ardawllsyof patterned
transferred to the substrate using another nask

phedoresis, pitehh mubiinliseipn by itsslh spicali sloes neigofirr the rfiexibility, e.g.,
bst r at th
PR ooyl P AR BB (2" Fhat " e

over | [@pr0]ng Patdvercome satlc limstiomiesorte ptoposhidngrethads for forming
overla s an interconnect line., As a result, yet a third
theparipherandin fhe grgy-inyolyeseparpigly elching pafterns into the array

ﬁgﬁgﬁﬁgﬁ‘;w&’ﬁ%@%é’? %3&%%% PCT? uszoogé1 faudy %rﬁr\%ﬂnﬁw and

s farmed tth ¢heesubetrate usingl oo meslexid thew inethgrptemsinftho pedphery is
%Dn%gg aIlda cs:eepag'a%e‘w qnl'a%?tjerred to the substrate using another mask. Because such

methods form patterns using different masks at different locations on a substrate, they are
limited in their ability to form features that require overlapping patterns, such as when a
landing pad overlaps an interconnect line. As a result, yet a third mask may be necessary

to “stitch” two separate patterns of features together. Undesirably, such a third mask
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chal l enges in aligning a mask with both the fine
features defined by the pitch nultiplication technique
and the typically larger peripheral features. 10011)
Accordingly, there is a need for nethods of formng
YEQRWFAQSHY  different sizes, especially wher @cImwsR006/007739
features are fornmed below the mninmumpitch of a
phot ol i t hographi ¢ techni que, and especially in
Ve adttad the axperse pintd complekity of nqumewﬂoﬁmﬂargulubffaae Hechnical

ohAERES O, G hedh R BORaPEGE HETES 4o iy, fgnpich

mﬂuﬂwaﬁw@ehmqmnm cATREESREplRd Teddstest Pl urality
of mandrels over a strate. "Spacers are forned on

si deJ@fing oquchléﬁn%)ndﬂléﬂeslS T reedrdon) methpdarof feiningt foaiss of
cﬁf?{?ﬁﬁ%ﬁeg %cia‘l’lg v&h%ret J?)%l&%?&&tﬁg etfonne %l) ?1 3&1%.{;16% gltch of a

eria
pihbmhﬂmﬁpms tdcﬁniﬁqﬁd‘ rxn@e@haﬂgrmwﬂeﬁctﬁﬁ w\flmqﬁtch Aulailiceich.
is formed in the planarizing material. The spacer
pattern and the pattern in the planarizing material is
transferred into an g%n&t%a mll%nhard mask | ayer to

forma consol i dated Cert ithe uapper hardmask

| ayef001Zhe coyeeingttalogelagpadtiof Ehe ihvientio ATh@hddst ihtegrated Bircuit
underlying lower hard mask | ayer. The consoli dated

fabpicatiorhis; oifeth s The method rompHes Arorips durluiahpefrmangyels over a
sBYRfaley 'S%?cetr{:&e $8H0RE LR SRed Rk Ag&ﬂﬁgg Nghd lgatgd}gg Bfselectively

aspect e invention, a rret I'S provi
rémo'mdn@laane |tmtt1=nq; specerd toi formia spatérepatetthodh ptatrpnmsgmatenal is

or m hous ar bo substr
455 REEEE B, S S ke toRey 8o ApANERt i3 Jeied o the
p%%ﬂﬂﬂ |n?a¥§fal e s 93%1‘3 ba&lﬁ‘ﬁ qnmk zltt%bﬁe{n ihé lﬂaﬂﬁﬁg %htenal is

t he Iovver hard mask | ayer. A terrporary ayer or ned
tougferredhistappedetiving] um kard agesk layéy toifort a hmsdhdmgi@dt@mn the
i s forne

Bl RR ek o dbe S BN F R Brensfoiet iy oF Sodety i lower

h@f@fﬁhﬁﬁdyefr OIThe $6HohMEHIEA R B afTersdd et ah@ndFBhdiedarbon layer
conpri ses providing a substrate having an overlying

oyetlying the selskateayer . A hard mask layer forned of a first

"y o X003} e chesp ek antion ! ERE G e ot 5 PR o

fomsilig ah BYeFatéDeirRd. The hivehollichSiprisd f@krifg an @hctpRousahibeh Myer
conprising pitch-nultiplied spacers overlies the hard

avesisk sphsiate. dolgyrar sha:dgmaakelam d Framad ower the auTprRRophearieqmnlayer.
Aﬂs Cé;fe?ﬂ&d%sﬁa?)}ep isda fall?x%dh rti;le Wc%h yﬂskﬁ%{gﬁ;l Sfelglgortagelayer is

mat erl ern 1s supseque

fbmaa’clsé\fcr rteed uppser tHagd hﬁﬂdlayas kAl fijge harllofakdla@ér iis ferdhddr Sver the
material. The pattern is then transferred to the
‘EFPPWW‘%SK | ayer. -4 WD 2006/101695 PCT/ US2006/ 007739

001 cor t
i[ nvei%qléﬁ ﬁécgtﬂiﬁ%ggto?/agb%r OVP%? gf ﬁ%%ﬁln&{ Héthod is provided for

semiconductor processing. The method comprises providing a substrate having an

overlying primary mask layer, A hard mask layer formed of a first material overlies the
primary mask layer, a hard mask layer formed of a second material overlies the hard mask
layer formed of the first material, and a pattern comprising pitch-multiplied spacers
overlies the hard mask layer comprising the second material. The pattern is transferred to
the hard mask layer comprising the second material. The pattern is subsequently
transferred to the hard mask layer formed of the first material. The pattern is then

transferred to the primary mask layer.
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for sem conductor fabrication. The nethod conprises
formng a first pattern by pitch nultiplication and
separately defining a second pattern using

' graphy without pitch multiplicati gpR6sn07739
‘?&?@?)l'g%%osecond patterns are simultaneously
transferred to a hard nmask |layer. The first and second

pat t ar ' I fer.r .the.
Par o028 %) rbiiefhgh T BB B of BTN BRF S B fonlfiices
fangni@adudonbiictios, e mahodlbémpred Sdnning aTEteyated by pitch
fromthe other hard nask layer to a primry nmask | aye

r.
mygkeplicalings andaepanatelyy defiings & 4°00Rd pam tiwE hpipkitiperARRY without
pleBY St 6P R a0 ol R R o B SBERAanDlcly nfred t0 o
hddvinask. layeine Thre fing cind sevpnd paenisaardrthey senyihémsly transferred from

i Si itch [t)plied har d k
theaBH TR P 19 PO BHOMH G R o e et i ons e e are
shﬁ%ﬁﬁ&ﬁ?% ttaRt b B ofahd otiBSkard AUG 13%&*}8 agﬂﬁ‘ﬁfﬁ'f( nali Falyﬁr The

subjected to a carbon etch after ching the patte
sTfsrats poprocesseslrtbronginthe pdmarydnaskéayent t ern 'i s subsequent |y

d f he hard k h h
o DTy A o S o b B o
foriBng B\HREHdr Mevide. TaHE Atbilod RRYislebrming a pdtteRDbéthSitking pitch

circuit fabrication. The nmethod conprises form ng an
multiplist coecersaptrore hdrdyeask dayer overlyiigsa arherphous ehehomsiayérngrhe

hat d ' h | t
oRuctD i it cntp BeGier Bl Togeeery 86 1yl agpiyn Bgh st
cRARE RS pARRE CTheipatd?€ ale PBHF IR tife Piteln 18shibsel Qi @fgnsferred

integrated circuit is provided. The partially forne
frorn thg hard evpsk iayenottheammyrphaovie sarhon Bisst rat e and a primary

mask r gqverl,yi the substrat The prinar sk .
"y of 0L ¢ eRhegtignd s oA Bpbchif s R, et OE R providea
fohiategfa@ali dicuit Aabrivwidn. NTOMBIMGK chiap@es Goraiihg &5 afbfhous carbon

primary mask |ayer and an upper hard mask | ayer

layprepyer é§uhSHéte|aa&/é¢p0ﬁﬁl§a a hariapask leyerandhe ampwhpyug carbgrilegr at a
' ' f oresist, defines a first pattern
télﬁpegéﬂe?%gmﬁpaa%@mggﬁl yi ng the upper hard mask | ayer.

A pheioagef i abbdingate rhatherdadpediest thes anenibnpad tpamtially formed
.over the upper hard mask | ayer. Brief, Description of .
integrated AR sis [rroded. Thie; m%ﬂbﬁ fprmgl | integratadepir@it comprises a

: , Cii o . .

SR M G pih B 1E3RE Qe KD bl oyl mask layer i

fovimed bofar materiaindiffexent frbmayshiotoadsist.adlowet htud tagk taydrieverlies the
i on, and_ wher ei

i nvent . -5 2006/.101695
PEEFTUS _fts@#dzsma}lpqeengé]m l\!@yﬁre%veﬂﬁ-sfﬁr-e lgper wapfelfu & mask
QRS- whkh | 0 atfershtdfoml r&ist 2dSHRRY @GRt PattdRSHl st plane

patterns for formng conductive |ines, In accordance
owedl yingthe mpper hard mpsktlayer. dopldtodedinatide mottrial defines a second pattern

over the upper hard mask layer.

Brief Description of the Drawings

[0019] The invention will be better understood from the Detailed Description
of the Preferred Embodiments and from the appended drawings, which are meant to

illustrate and not to limit the invention, and wherein:



[0021] Figure 2Ais a schematic top plan view of a
partially fornmed integrated circuit, in accordance
with preferred enbodi nents of the invention; [0022]

‘5{99{*{@133? 2C are schematic cross-sectional SI; éﬁb{%ﬁ‘ﬁﬂﬁ

artially fornmed integrated circuit of
in accordance with preferred enbodi nents of the

' nveghg@@t i E)Iﬁgtﬁg lngaEee&ngg‘atﬁ{‘ grogsBse@flgna? glj‘ﬂg Q;Eews of a sequence

Cross- e and VI ews
df andskiakg | pattéras Ifadfdrmi@g:roadmﬂve ilmes,um acdordenge fmdth2a pfibresrt pitch
40 mngéufes in a photoresist layer in the array

E@ he integrated circuit, in accordance with

f
g,ro\eaﬁg 22 A SCEK%QE%GI’QB‘A&E@%p SRk QP nggle angﬁ%@ﬁﬁéﬁ?ﬂted

tic cross-sectiona top
gidceify in wicemmnex withprefesred embodmemts oftle invemipnat ed circuit

BT et Bt BB S s
fgﬁﬁdelﬁfegﬂteﬂmﬁ't BEPitre 2, it Q&oi‘dﬂﬂ&n\ﬁ/iﬂ? Brefe[xfég?eﬁlboﬁin%fseof the

is a schematic, cross-sectional side view of
lp‘mntlmal Iy formed int egrated circuit of Figures 4A and

4B af et in hro a first hard
accor[é@?&e \(/:é] Bé’:dgg% mm“hf’@s%f%{(ﬂ%‘ﬂ %@e‘?ﬂdl 19R . plan
"i&e2 6t tifel ﬁ#ﬂﬁl}ﬁfdrﬁle@ ifte tdienit %%@ué@ﬁﬁ&nﬂ:‘mﬁgd&es in a

vi ew of t artiall ormed integrated circuit of
phptprasist Byerfin éhe maamsglen of the indegpated eirawitf necardanch ayidh preferred

.o g tenporary | ayer, in accordance with
eg‘%@%ep}e/sdﬁg}f‘ol&ﬁ ﬂ’ts of the invention; [0027] Figure 7

I s a [664ag MatFigures msardsmtawmhmaﬂlaero\ss £30tifal tsi and top plan
partially fornmed integrated circuit of Figure 6 after

vaevra Pl theepartiallyy formeds insegated pincudicefoFigures SAvendy 3B after widening
EEC%L %Elrw%gn i 0&'tﬂ§€ﬁo§or§§1%ttl%ﬁa \59&{' a%@e W tgg:?e%%rﬁéﬂ &%o%&rgents

schem :
gidlid inednliyn; formsd i ntegrated ci rcwt of Figure 7 after
dep03|t|ng a _layer of a spacer material, in _accordance

wi t h [B%f er r%&‘”én%éfdlanﬁ?h?fﬁat@f CEQSESTCHOBA t Sidhh vieppghdhe partially
|
G BB ORGSR s B AMBT

16yer,dn a¢ooﬂ:fan€e witlt prefer@fl embodimafaotthe eﬁuehuon n ac c or dan c e

W th Eﬂeferred enbodi nent s of thelnventlon égﬁ
Fi qul@02pd | F1gure & dsrat Johematico SESEERSHPRH 8id esw W‘ Bprtially

I
b floliafd dtout BF PRére SUIRELAAREEL & Ditdm B opl i Wit Byeipover
12 @ DéiniploDarg Dy el G bddﬁﬁl@ﬁ)cﬁ/vﬁﬂmi%rred mﬂmdupeqts e imventidneave

2 DDA O RRRECT IS o o L b L g o paiaty
BARQCH Bkl c@xfcmft BFF 1o fteP 3 'hard mask layer removal, in accordance with
preferred embodiments of the invention;

[0028] Figure 8 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 7 after depositing a layer of a spacer material, in
accordance with preferred embodiments of the invention;

{0029} Figures 9A and 9B are schematic, cross-sectional side and top plan
views of the partially formed integrated circuit of Figure 8 after a spacer etch, in
accordance with preferred embodiments of the invention;

[0030]  Figure 10 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figures 9A and 9B after removing a remaining portion of the
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[0031.] Figure 11 is a schematic, cross-sectional side

view of the partially formed integrated circuit of

Figure 10 after surrounding the spacers with a
planarizing material and form ng

‘%ﬁg&'\éﬁg??%t | ayer over the spacers, in accor LB T4

preferred enbodi nents of the invention; [0032] Figure

- ti id
thpirite® O el SRS o PP Byl P G Blopél prgyit n
alc€rdinag wath Ppedféresdenhbdbdiniedtd T dOnestish; | ayer in the
peri pherﬁ of the integrated circuit, in accordance with

pref 490348l erftigte nidnissa @«thetm@c qresseeetional siflo 0B3Y oﬁut@@pﬁﬂally

e R o SR A Pt 0 Do

ﬁlin’iﬁﬁflg rn.rauerml taiefopr@ing QI phofor&is lafper cmaﬂﬂﬁrspsdesd; in hoa¥andeCwith

the planarizing material at the same |evel as the

rspfset gnbadimenteeftieinventitnt h  preferred enbodi nents of

the i ti 34] . ' - S I .

cr o5 JURT, | eyt A% o il RolsSoBRET ANy of ghe partial

fontesiginepmucedcdircaitiof Fogurd-i pafter fdining & gatterhdh ithegplideresist layer in

tEattern in the periphery and the spacer pattern_in the
PerpheRyt g thn eraRed Girigh Hadcgordange Wity mieferred epbedimeatscd the
Jnlﬂon preferred enbodi ments of the invention; [0035]

F| gur€ 15 is a schematic, cross-sectional si de view of

t he [6033] al |Bigurt didnizda iscHeagtiat @dssesectivnrl sidé VE&\'glmf ghdl partially

fter geer aiq%r énw H‘qﬁ’z tFt?at t i%gﬁéﬁ?ﬁe%nﬁgth%ﬁ@%% o ﬁ“ﬁ ® hotoresist

lﬁ'fe?q @@J‘ﬁﬁn?ﬂ’i RiaRHST hefle RFROILVEERS the QfacdrB eln accordance with
invention; [0036] Figure 16 is a schematic,

mefesedgahndmem ofsthelmvention; of the partially formed

inte t rcwt of 15 after ching th .
ot e DBET ke B Sobiac, e sbitond] S Mt 9% e prygay
faﬁﬁeﬂ\/mte@fa@bdaaﬁhh f &?ﬁl@qk YHEetEak th%iherhqu Qﬁe péribhery and the
accordance with erred enbodi rrents of th

sperge martem in] mesﬁr]aylzmgm@ ubderlying hard haskt layer, m accordance with
S ctlon de V|ewof the partially forned

Rrht?% (51"'8?%0?1%5#‘ “®i%ure 16 after transferring both

t he qmtsqar N Figurt S RRex ispefialic, @BE-sebionaPside rvigwdtof ahid) ﬁhﬂﬁﬂly

the array to a prinmary mask 'ayer, in accordance wit

Bfr@ﬁrdemtes@tedémw Pf@rﬁtl@ Wraften perfornmgta rattern QUOSTEPHP gemave the

RSB p PR GRS B, Bt hAE i Btred Bfpquiments

dfrtﬁmﬁf;mbhng the periphery pattern and the -7 WO
2006/ 101695 PCT/ US2006/ 007739 spacer pattern to th
underdP436hg Siswerth i 2 isphematior gayicsectineh side ooy rOédhe partially

fgfﬂ?%jinfgﬁgt&i al;cmttc;fq?‘lélﬂx §81% ﬁgrnetchmg the pattern in the periphery and the

gpacer pattern in the array into another underlying hard mask layer, in accordance with

preferred embodiments of the invention;

[0037] Figure 17 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 16 after transferring both the pattern in the periphery
and the spacer pattern in the array to a primary mask layer, in accordance with preferred
embodiments of the invention;

[0038]  Figure 18 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 17 after transferring the periphery pattern and the



[0039] Figure 19 is a schematic, cross-sectional side
view of the partially formed integrated circuit of
Figure 17 after perform ng a spacer renoval and before

ng the pattern into the substrate, 6
‘géa@%&glkgée with other preferred embodi ments ﬂo(}}n{%oeo 007735
i nvention; [0040] Figure 20 is a mcrograph, as viewed

HERLYRBSERERER:) BEUEAD j MELSREORS ol P o

tienidvénitien; peri phery of a partially forned integrated
circuit. formed in accordance with preferred,

embodi038ht s Fagure 18 I A erhematic, capps-spaiionalisits yisme of sheapartially
0 [ r

OGNSR, BEIO RS [P0 (i € Bl A e efore

transferrinp ¢hegrattery infodhe $ubstpate, itpdveordance matyahdripreferyed enfbodiments

g rt.ial g%forrred integrated circuit, fornmed in

© with preferred enbodinents of the

inve 049 & 1290 De SREDBEHID s OFiewhe r

Err‘oo?j meEts [ 042] IIsn addr:D?d%nnatso 1B$robﬂgﬁgét€mﬁtsﬁﬁmé?gmelegron

mgicfofe@pencof g s;dez emssff eertion e, a pattchm stchéxk duto fosindhet hasy and the

pi.t.ch doubl i s.can encpunter diffjculty in

Prbicy BF F iy oEred (iserusir il B in picoplanis, it figered

mmtscgfﬂ{erlmﬁgﬁrahag patterns, both the spacers and

t he underlying substrate are exposed to an etchant,

whi clﬁﬂ%‘ibf erFemrtsailz’yﬂ@d gHd greamisyograpds, asubewedatheough a scanning
The t.chants Q wear

B plorosebf o BB iy pE R MR piche i R 1030 spf U pafery
r@@blétﬁz@lypﬁf i Eﬂﬁﬂiyerofmagm&g&@édt difcit,! Brnadd 14 REQITHIHCE Yrith fpreferred
mat eri al , et chant can wear away the spacers before
embedlmtsafﬁhetmmg%r is conplete. These difficulties
are exacerbated by the trend towards decreasing feature
size, which, for exanple, increasingly leads to the

need to for nDemRerhesriptndt theRtefcireCEMBodinghte hi gher
depth to wdth ratios. Thus, .in_conjunction wt

di f £ 100421 i edniaddisipm ér proRlgms rith: forming dlﬁ%rwthgﬂéﬁdf featpgopy it has
lfe%‘?rdﬁ'h& 15y éﬁ@l} d&ﬁﬁﬁlﬁ rter&hﬂlli FS endolufilef affﬁ sf&%ﬁg spacer
of pit tipli to

applicatio cation pr|n0|p es
pati¢ragytoad fubhstedte. cIn dormmoyuhethodsrof hansferring petteiné boihuth¢ spacers and

0043]. In view of these difficulti err
tﬁ%&%@ﬂa@atﬁg sg¥etey 47 eKRAFEh10 Fhechant, GYiRGoprefe ﬁe&%@é gfches away the
st Ze%r @aﬂeﬁﬁns’fﬂ et@iflts Rowbie daf raﬁ%t\b&? anay Ghd EREGO dibeit at a

eatures In cohjuncti'on wth
stawrer rgib.i Thus, over thmccmrs‘elafﬁaanbrasga(pﬁttmtmaxdancbdgmgdma&glal the

t he referre enbodl riate se nc
cisaitagany, Beir S b SRCeTS ORI e RAGTR | OGS i OEBIG cFhese
BEITRISKs Tl ePJc%ﬁt%&'H}gtlﬁ $eaSlowaid - debfadin m??@@uﬁé RS, for
net hods accordin -8 WD 2006/ 101695 P 1352006/ 007739

exampleeinprcadingly éadde irhibdinaeshiosfornp hrgmbm whisgrhaph jnczaasingly higher
itc ti llca'on.ar fera tof
oD A PSSR B R AR, AR s

Ha@ig Wifsrest! fefti SregCpdtiern transfer limitations make the application of pitch

=

multiplication principles to integrated circuit manufacture even more difficult.

[0043] In view of these difficulties, preferred embodiments of the invention
allow for improved pattern transfer and for the formation of differently sized features in
conjunction with pitch multiplication. In a first phase of methods according to the
preferred embodiments, an appropriate sequence of layers of materials is formed to allow

formation of a mask for processing a substrate. In a second phase of methods according

-8-
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one region of the chip, e.g., the array of a nenory

chip. In a third phase, photolithography is perforned

to forma second pattern in a nask |ayer formed over or
around features formng the first pattern. To all ow

Y 3006MH6R i t hogr aphy, another phot oresi st | @ayusaaB/097739
be fornmed around the spacers or, nore preferably, the
spacers are surrounded by a planarizing material and

tep khest prefesied tenibagtigrentss phmditbwﬂiﬂhy dndrpitell noultéplicatien are preferably

Byt & iy PRl o<l RS E g Bpicaffforg eoffeas e e n

oRé EfeBibh €6 TR QEIpTEAE. S \thé AaP CofC AMRIeRHLS) xempn amdiaf {iRdde Bhase,

region of the chip, e.g., the periphéry of the nenory
phptojithograplauis nerfoamfdof@rfphn plseerad pedern in memdskrlgyer derened over or

SRy SR R S A BRiRL o pllpu By BT Bby, wnote

pbbtﬁfe@fseﬁ%ra&ah)beeﬂaﬁﬁ@ﬂamﬁrﬁi fak isyRefsOramotpteferably) Ghe spacers are
substrate. Because the ﬁrl mary masking layer is

spremdediby ¢ Planadzing natariahandephofpatsiss layst tsrmefg@bb't fommed over the

JRBAA Rt SBER 5 ABy ) S A g i

phiterh, drhie sphik tpesfersed eibvdinents, 4w I dodpbutel @irea different region of the
Il -defined. [0045] As such, the pattern transfer is
ﬁgef&rgﬁlpﬁn%ﬂf&?@ﬁ@awlhansferri ng the first and
Seco tt t
and megﬁt o%é Esfo rraéjy%%?h]ﬁl ng B%\ég&)%eeérg?‘& ?’t é;aljge%ﬁgémd o
aﬁomddrlmhguprmmrj amaslulng layer,etvhich t preforabyly tdmbplmd‘arenuallygetched
a er or t Bf")PhOt reS| | ayer can res '

i
POTFITR AR PRETTHEGT DTS- JRRGESP His REsrs fgf il g papterably used
tcP{rﬁ{b?ér tp% ttéHs fﬂétsﬁf:dtﬁle, veHUu§ pREAHIRE hxé%ﬁ-éf&'&bl‘}%ke'n%‘}’rﬁmtmn the
deposi t's around pattern features t hereby "di storting
sfreciural @sl adiemidabi mttergrm ofothid/lgyer sethetiie patterey fosmed in this layer are
d,‘g# ?‘Et' on can be particularly problematic given the
E f)‘itchesfor which pitch nultiplication is

typi ponsby Umuclf\?th@pdn@ﬁl%z{nsfeﬂfstp%feﬁﬁE'rbb&ﬁnﬁlﬁﬁetf by ﬁinsfemng

and second patterns Iinto an uppe | ayer,

the Geshiong ssmﬁ pastemecfoemm‘;slypm fvm h@d meskr lzawaeantiﬁéen to the

p&]lgﬁgrlrnlrlsz a}(‘%’t ztrl}agﬁee&,fgﬁﬁi)@r es g%g g%g% %ﬂ;ﬁe plz ananzing

14 B2 iheZ pRdoreBibtClalé! cant ﬂaﬁﬂﬂom%&y;ﬁamhoﬁw thé @hotoresist material
under|ying primary masking |ayer are preferabl y all

agd{ph pHanprzieg maeriali aflkis nobmesizelioni vay leave gemasits around pattern
f&%ﬂ@? lﬂ{eﬁ%b(%ls%rﬁg%%egﬁlr& Eﬁ%rf%{'ﬁte Ne‘ggnd fns. -'Hﬂs 1§t 10n can

ern whe eaning Is acconp

bHSpal’t@t:uB!ﬂly problefnagc @ivehahe sitfall qﬁtcEanfoetvcmcH étclp rmutﬁpslicauon is
mask | ayer uncontrollably and t%/pl cally does not form

tmalﬂyalé?q ¥ 2 reshity 3Hisg etching dhe first gidesecond, Rpttamms intp 49 appgr dard

f eria
O R R A R A R i

PRI esiSP @ﬁ@/ﬂ@?ﬁ@&metﬁ@Mﬂ]aangomtenalt loe photozesidtar Begmask the
ayer. and f er abl oth e. |l ower and er

ARG BePRSERS g A el P Er et laver are

p?ﬁ‘&@ﬁlytall%@rbon-based materials, the cleaning can also undesirably etch the primary

masking layer. This is especially a concern where the cleaning is accomplished using an

isotropic etch, which can etch the primary mask layer uncontrollably and typically does
not form well-defined features. Thus, a lower hard mask layer is preferably used to
protect the primary masking layer during the cleaning step.



processes, preferably perforned at | ess than about 550C
and, nore preferably, at |less than about 450C and,
m)st preferably, at | ess than about 400C. Processing at
t enper atures advant ageously aids i
ﬁ }%\r{)\%g the integrity of the primary malskﬂq%T $2006/007739
Iayer especially when that layer is fornmed of

S rouRoEsT o WuBBrer e 1EXA RIS mask R pie i Frctetafly Blkn he
1bREPeidtuppes hatkiORAAN afd Preferablpr fofréd 85 16t ek Fgﬁ!rarﬁrerdapbﬁuon

pri mary masking | ayer is anorphous carbon. eferred
meﬁeé%es,aprgfef&biy pw@r@s@@b fess ﬂwmaiq% 50fG @ndh, mere| preferably, at less

rréér{ zﬁ:\'og?? trh&s?grefe%ﬂl Gﬁt 1 éﬁqtth%& E'beout 256380“ Es? & Ef Iﬁ?ese low

eria acer mary FTB.S

teaperbtares adeﬁrﬁ@ous]'vﬁ @ids[ip &ﬁmﬁt&hﬂlgnths Kntb@(t? rofithe primary maskmg
preferabléﬁabforrred of a material that can be depagsited

layer, gspesialn ovhen thet laygs 18 fopmeds of ameasrhous acr4€b°iﬂs For example,

RABSRAMAL L FEPUR SRSl s o, RO kil
over I[904‘7§; t Hﬁmsummefenhamtemsfor tieeyrimary hmskmg\mmradwxphous
referably also forned of a mate

k I r | ]
% ‘8’6%%1% &Y e sparirs; Wrlyds atligpressilison 1ing1c{e or silicon
iR ah 8et ahbyaiRbabahd ﬁat'éﬁh? dr\ﬂ?e chtr.ﬁhﬁld thé bﬁﬁhﬁ_{r masking layer

maski ng |'ayer and the up layer
®@p be eaversadh dTheepplenhed ninak uyernapdefet@jqeformed]ommﬁtmai&uatmﬁn be

o3 Rt PippetaBirds; o ndpoed Bt & § St P GenableTelaive
t6 IRdThsab &b Bifie 16WRdE mmah@}ayérrhna caﬁf ma@é?ﬁp SieE Rlafecial mﬂymg the

spacers and the lower hard mask 1ayer can be forned
Imerolw@maslelager The idver bardonaskl dayenia pteeferabie alsp fermeti af d matenal

d of
Rcen PR o o JcEBRuies o0 PobraBanliY pishings reifive to the
prinddi$ nRkkiag 1dyep mMdmte wWperikdmas RyéfaSkhe dpadeed and Metlber hard

primary masking |ayer. [0048] The f| rst and second

IB%ﬁﬂ(tléYeﬁ sappe f@rnr@ﬁ 05 iffment saperials, hut prfesably ﬁr@rfpm@ of the same
1.0t d
SELARL 6 TRSSIpobah oL BRep By u3; LBbR Josom

ambmﬁnénmthers@mnsml&hefoww hetl ntdsk 1dyed mﬂelfenmdmfrmmmde e.g.,
pitch of the éﬁgot ol i t hographi c techni que used for

sHlagon r¥irden gyhile dhe Beper dardeRasknigyer ras de Jarmes ofs e@arfilisen, or vice
NgS%C %%fﬂfétl a\ﬁdtsé&ﬂﬁ Eﬁérﬁ c Elg% ﬁ’&gﬁhjea 53, A al{)?‘f Frd mask

reover, because the Seco pattern 1S pre
lhyarstoahépfmﬁﬂymm.dhnglaeﬂ ayer substantially coextensive

the PG bt Rt Lot Gh e S B BreL bR ve
Ir?rnﬁi@icn 9hyeE S0 e RReflyif %@ﬁﬁsn?ﬂ‘e lhfaesuq Plsfnl tmgramhﬁ for

suc as conducting Tines and | anding pads or
ﬂoemmg hbﬁfgtentbasmdsfedmmp, ware efdwkink agelbrlew wheminigumepitch of the

e gl dprate e aEpraFrale oot pe el S e betmergen e

s&@ée@@ftmytrsﬁéfeﬁea 1 fhle WA dr 3&1&%@5‘&2@3 M&8ovER Pecdule idlsbnd pattern
the substrate, -10 WO /101695 PCT/ US2006/ 007739

i preferably dnifielly fopmad § iBre laer Gubsteatiallypoprigrsive) with therfist pitermn, the
Je%ﬂﬁgttglfn @n %Lrﬁ[p' itk ﬁI'sk1 Bﬁtte%.l RY% result, overlapping features of different

sizes on both sides of the photolithographic limit, such as conducting lines and landing

pads or periphery transistors, can advantageously be formed.
[0049] Preferably, the primary masking layer is the masking layer that directly

overlies and, due to etch selectivity, is primarily used as the mask to pattern the substrate.

-10-
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good etch selectivity relative to both the imedi ately

overlying hard mask material and the substrate

material, thereby allow ng: the spacer pattern in the
mask | ayer to be effectively transferre

‘P’ﬁémfﬂlf”rﬁﬁ?y maski ng | ayer to be selectively r€$?3@%83"°°7”9

wi t hout harm ng the substrate; and the pattern in it

Bl SE PR BT S o b TR RE O Bt o gtovs

ool atch\seleyuﬁtynﬂalaﬁvartdbaamléaﬁam&ﬁdtaﬁbwghﬂg Rér@ ek material and
relative to hard nask naterials e first and second

thustbsiae mesipriabethereby pliavng: dbe enapesuatigmyip theybard mesk rlayea to be

SRR PRI RS b, 08 ot BEAGANEer 250 TR BESHShou

Harraing filer substente) ahd eherpatterhid it td IISEGeffeﬁﬁ\ﬁaky aﬁdfdnle& to the substrate. In
Q%Eﬁge”yi ng substr_a are exposed to etchant, which can
“ﬁfélﬁoweertv‘ e suhstratenis tTelatixgli simple and can be

serzeme@} @tchéﬁhl%ﬁﬁvg ied tnm%tgkexﬁatéﬁag s, QAR BAd @&oﬁ@ Fal Rerhd)€an be
substrate conprises nultiple ferent materia to be
teansfiemred dikectly $o tha eulistratietusing a hedd mask, &g. cthe lovedr detd askyliscussed
Bﬁ?el ative to a variety of materials, including oxides,

P¥%i des and silicon, that the pri rrary maski ng | ayer
'S prigfsw) abl Ao HAEABSLVR! inABRERAHEHER 0P Hon @R ng PRidins, both the
preferably, transparent carbon. [00511 Wiil e
maskrand yhererslerlyiag enbsitrgteare xpoads] tp etghputo phichteeh yweahagky & mask

et i Pl bt T e o S AR o R ok Phere the
sabéiratPp@ipriseidmhIGpRIdifieéd nivbérals! ta e behddy It @b tsb i&d &xQellent etch

overlie the primary mask |ayer when etching a

sslepidtivaeletive to aasiclycad matesiatse including\oaides, triiisides and silipopthat the

an (f#g F}a?ﬁ g8 e sﬂﬁf ea‘?ﬁ"?@s@‘}r{g Q/fe%/&?%&s %{bﬁr lﬁdt!:abrt%l&mffrably’

trambparéf darbéri.n features in the mask may not be
structurally stable. As a result, the mask features

can d85H m aWaileihy peaany@eskpser isTieferablypprgprieabythick so that it

13RBF BomOi BORIRE (B0 Boreh? R b Y o e Wpprogiatlthat the
dpbersmmakupfee ahd rl@.serliﬂfd)h:ﬁslt lag&s fr@yicallly aldocovedid the printary mask

the substrate E%rm her enhodi nents, one or both hard
IRy RV eaférlgna: arfu areenB\)ea bser frpipd,c hogrrypre thass 1n; fases where the

_ z@lg thé sk ! feltfre@RRE &% xgﬁfhﬁijth
#}wat t %fgst rate” patter ns are transferred
lehmveln t'dllehd tlain [feapaes mfthamsskrrgzh}mqtrhe stnicatralhastgﬁlerr Ak atrgsult, the

rs of ffer mat er.i.al a |l ayer ayers
i TR g Aot S Prag PEPSHRI o Thud 2 GPnal Seach Gisppgpr and
Hahe Hlaslﬂe?novaﬂﬁs‘t?e fg‘@foﬁhé@tosst& te'n%l:l WEBilS8 he ﬁl’i‘:ﬁl@&ﬂhé mask
i nsul ators, conductors, or co |nat| ons thereof. For

%&tmp before thansfen b the peiters smthe @mtptrﬂtse Ijothercenpwidirsénty, oomor both
T it S e 2R B GPne e  SsBie”

| ayerjp0s?] CBMRilNaki ppseciabedr tfaf the ﬁsMﬂﬁe’eﬁboﬂmwr]ia&ems are
t he mask features di scussed below can -
tangforred) pam dngbedes )daxe0 @1 @osinele material, a plurahty of layers of different

materials, a layer or layers having regions of different materials or structures in them, etc.

These materials can include semiconductors, insulators, conductors, or combinations
thereof. For example, the substrate can comprise doped polysilicon, an electrical device
active area, a silicide, or a metal layer, such as a tungsten, aluminum or copper layer, or

combinations thereof. In some embodiments, the mask features discussed below can

-11-



directly correspond to the desired pl acenent of
conductive features, such as interconnects, in the
substrate. In other enbodinents, the substrate can be

' or and the | ocation of mask feat ur
‘?@F?’@Z‘g@ to the desired | ocation of insul atlg(?rsfﬁﬁlawqusg
as in damascene netallization. Exanpl es of structures

L i I T Ev——.

mhle: sibstpse. dhsmherlbﬁitobﬁ[eﬁtsnthetsﬁlﬁﬁsfe%ﬁﬂ bé@n thsPlatol afid thie6vation
gverlying level to_an underlying | evel .involves
Homan geahBst GAR LOMRsPPRY 1onthe rdegirddglacaien of tipglators, such as in
I p
mids eftt l%e;ﬂgéagﬁﬁ ‘ﬁ]&fﬂhle%s F?Z (51?1%? F(Srtfg}seﬁqflﬁﬂf %\!éﬁé’h‘ﬁ'tg include gate
mﬂeaﬂdysha@oWEmmlhlwliﬂongmm ly follow the path of

li th I I th I t f ot
feat MBI n T pEF R etoubel b HEBHPEREGnReed RE
d@ﬂﬁhg WePlo & mldeﬂrm a%t H{v%ﬁre frrntrfg RYGFs Yth e L&re%ﬁ]rever

The” preci se shapes ahd si zes o atures can var
thiteenaralbyr ¢0;rcs|1g)nklew &Iaturez-s it e avedigng leivelg Foeeimpld d\@aﬂr of lines

b PERRS ey SV T et e ity B s e B ekapd te

Ibéutioh @R bikerRatufR ri:rmregmaé}gnﬂgrlemw EGtbsPeHdit8 ik 16&dioR %f similar
enl arged or dimnished rélative to the pattern on the

featurel }n thg overlying levali The prepise shap@@nﬁlsrznfgoﬁ fleatursa gan vary from the

Lila ern, i .a rom.t xa
SRR st 3, 5 Phdep g Bk WosE  For e, foR@IR o cten
dhemistridaeghdb edrilitiont N e, siz&®V 6 and &élatﬁﬁ”ﬁ:a@h@@ GREwdefl thé Geatures
di mensi ons of features the transferred pattern is

forming thetenmsfered paiterbcapdereniarasd nedipanishad relatve tadhe patienen the
305 T, AR AL 8 B B g ALOU i pm e

¢xaiiplecofieheiaking theArsFigist amsk whe em’moﬂikﬂeﬁtsrdwaﬂﬁﬂsbelow Thus,
refer, to |ike parts _throughout. It wl| appr eci at ed

ft"ﬁ’&t""lfhwé‘g’éﬁ Fh@aPSesu theedipgnsions f feafprep.ythe ctraa tred, patiern ds still
A0aald 18 v ¢ njsé Qﬁéﬁ a?fthérﬁﬁt'i’aqgﬁtté’r?rc Ofn0idd%adt O fdrfifng spacers

pre erred e sequence of layers of

areirermhak feangred mnmhah@hlﬁtpaabﬂnow formati on of a mask for

processl ng a ubstr [.00561 Figure 2A shows a._top
vi ew (8954} potitfgtsﬂceowaibﬁowrheeeﬁ%% bithe; Figizes Moggein g Hugnecals

e 18] AR SO AoBR BRI, 068 Bt sy
drawattt sagleousl| y appl ied to form devices having arrays of

ol atPHST st s, st b e oUE ke syl eaopags.
RMeE of 12980 oM RIARFNIs id REhHihBCHINANGhAtRS b ARATRK Yor Iﬁ'Bcessmg a

Integrated circuits having logic or gate arrays.
substratd.e, the logic array can be a field programmble

a9, T DB RaB R B Skl B i B 0.
WRils ek prefdried dritRdinknggsat Rusd 116 him 1RP inéegathe ciréuig they are

a menory chip -12
particularly advantageously applied to form devices having arrays of electrical devices,

including memory cell arrays for volatile and non-volatile memory devices such as
DRAM, ROM or flash memory, including NAND flash memory, or 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 logics. Consequently, the integrated circuit 100 can be, e.g., a memory chip
-12-



WD 2006/ 101695 PCT/ US2006/ 007739 or a processor, which
can include both a | ogic array and enbedded nenory, or
any other integrated circuit having a logic or a gate

I 57] Wth continued reference to Fi
@éﬁ%gpk%gi on 102, the "array," is surroun%ﬂ%&mﬁ’mg
peri pheral region 104, the "periphery.” It wll be

FE-AEHR" il Moo b ok Kook Pl T hBRER it fr o
indegrated oirclichavirg d logie sr apste er®Ct ri cal devi ces such as

transj stors and capacitors. 1In a nmenory device, the

el ectl9857h  Jih coatinysdgefersnee rta Figyre cdA.ne pentpal ciegion | 102, the
Al ch: hoal i . » Of | 3
B i Eoulddl v 3 ekl 30RG 100 R ToEA. O LR BOkgyidhed
thesim aldfuly feided hnteprated pdidcai t100,nthe camralpel 0 swill typicklty e densely
features. such as rows/colums, of . transistors and )
RORAEA PR ccop g ligps ! elepirical,covipes suRisisdrapEiFian, anghrapaclors.
RREmEG Wevick B cRBfricBNEdviced Btnt ¥ Bhutabit) ¥f GRAREY 848, which are
featureS | arger than those 1 n the arr% 102.

tepicalkyrariangedl in prreguir grivogptteniay theriatersectiontefrwapil flinks and bit lines.

L tipli.cati N f bl d tt
el e mtoliceBof i, B hed 4 T e Gugl of gpvepgplmas of
tfdistoROMAUBBacitBR 8RRy 102, 69 BRLEBX Bel®f. (ROIE other hand, the
circuits located in the "periphery 104 nakes using pitch

petiphary | 10atymieallyd corhprisgs t featutesr azger t then rbgse dn thei array 102.

i cal .of arr terns .is conducive to pi.tch

G et ehoRi Bty R b BBl TicdBnl s Brtgerably used to
pagérh Pfegtizes Q@M dselogﬂrcﬁfbﬁit@f? QiTeHel p@iphekye1 040 befdube tHd Sdlmetric
constraints, therepby making pitch nmultiplication [ess
camplerity gblogs ainguits lopased,iahe pavipheryH 8¢ akessingaiteh mudtiplication

deyi | i{i : ' i ff . J.n .
D SR e Bt BRI, Bl B SBERRECy e
muiltiplécatiod. Hatadditien, somadievieesin Hetpefipttery fqdire lafier peviidtiesdbe to

f:@.?eri_ phery 104 and array 102 regions_in the integrated
ciricg conyyinidy therepy mpking, pifcht muttinlication. lqspoatyantpgeguy dhan

_ ) . . . ‘i i .
oplivaalioi RoliiRpnRRr i M a2itR. Yhlafion ) GoRAE ditdhces in
rélativeli@leaiteviirbefappmebiated fydbe sldiledadrtisen that theleddtivatpesifidi®, and
The | ayers 120-160 will be etched. to form a, nask far

R e of Beriihery UPASH! el 192 9IRS infie, KM (EqvEh 00 may vary

ﬂ&ﬂﬁﬁﬂdeylﬁed.mte” als for the layers 120-160 overlying
the subStrate 110 are preferably chosen based upon

consi[a8ht i diigwt 2Phshomtsemtosssectiond! pide oess of dhedpartiatysformed

I t.h ar | tt f ' tt .
o REET GFPH RGOSt JpBoth SEREed o 0r TH) BR pieleebly peovided sbove s
JuBMtREeS 1 BT VIRBNayerd PROIDET wiIe b6 Gldhk@hy foIed b AR Cfol §4®dming the
120 and the substrate 110 preferably function to

substratef HO, a5 Pscnssed heldwr i ved from t he sel ectively

defi | ayer 12 t ubsiyrate 1 t I r
130- 2@@% et \;\aghee nm%'ﬁlgalé g?re C ? iIVZé{Syﬁgé | ncz’avt?%lgmﬁ atbﬁleg i ub%é'gte 21%8 are
préferabBlddsbdhciagedl lfbnadoRsierati @i aththy chéinistey axDplobéss coldiyions for

can be selectively etched relative to other  _exposed
the, v eiqua patterp forpying anskpatispy Baskerng yiepstdiscuspgd dpreln. Because the

Igﬁ?ssf)éiiﬁéﬁda t%Shl%&tsiei\é@Lji%iy &finable layer 120 and the substrate 110 preferably

function to tramsfer a pattern derived from the selectively definable layer 120 to the
substrate 110, the layers 130-160 between the selectively definable layer 120 and the

substrate 110 are preferably chosen so that they can be selectively etched relative to other

exposed materials. It will be appreciated that a material is considered selectively, or

-13-



- ]
-13 WO 2006/ 101695 PCT/ US2006/ 007739 preferentially,
etched when the etch rate for that material is at |east
about 2-3 tines greater, preferably at |east about 10
[ reater, nore preferably at |east about '
ﬁpﬁfﬁgglﬁggnd, nost preferably, at |east aboutpéguﬁoﬁ@@””
greater than that for surroundi ng rmterl als. Because a

B Pl Pher Rh Bl o W el al ol bR 2L B e

preferbl at ilbaﬁt%buﬂ BY fnesl §iater, inoy ﬂnlefemlyaanéa@@ hfu do tihRS greater
one or nore of the |ayers 120-155 can be omtted or

agdpmpstingefamgblys atslggst abaus 40ttimes geates ithag| that fon syraynding gnatenals

t d
PSS B B AR O30 ol 8 Bpady Sr AR IRG, LOL8 g tow
W&Bdblﬁuéd putteis habe faed indhapset 1685 itafill bbappredsted thabéhe or more
i scussed below, are not desired. [0060] In the

of |the layqrn d 241 Sntrscherrumitted ommbstitted: ifisyitable efber apmals, (chgraiptries
3%1@%1‘ pfb\‘,&rs c'oﬁcﬁu fd.ré ﬁ&edh eﬁo‘ij e e, tﬁé 1S;e E(g)séa?l\?\%l %m@ﬁ@& m some

ove ies mpor ar
eml:el‘lhleﬁts vmemhe)redol(mmmhénchaérd pmeﬂﬁﬁs sffthat a3k, a8 dipcussed below,
| ayer, 150, which overlies a third (lower) hard nmask
areotdesiigd.  which overlies a primary mask |ayer 160,

whi clig, (ﬂ%ﬂf” | R Sthk rﬁﬂusn?aﬁliéaa rrascﬁml%'? é‘l{!eo sélgcft%f}c Eéﬁﬁgle layer 120

(e.qg. ) t hrou era
dvierlies g Hirstvtlardcimagkh er stuln stopalayer 130, wisiclp thasetﬁmpmahokagadl 40,

h hird h r.d 15 | . .
RS OTeaS2 PR (S Y, B HORRYeh S affie Gptes o thind
vy Brd Bask Rferi8h %bl\’@\l'el‘hééeafﬂrm ﬁlﬂ!ﬂ@ﬁf& 168 A0hitIP overlies the

preferably photodefmble, e.g., formed
sobsitater HYite be prasessedi(am, fmhyd)pthmugh egiagk. Prefeoably,ithe mésk through

. F I th t
it e SupEERT G piopfest i g 85T g 173 g n e
ﬁnasﬁ&aﬂ‘{%y@ngength systems 193 nm wavel engt h
I mrer si on stens, extrene ultraviolet systens

(| ncI[Qﬂﬁlihg 1 ith cantinved e¢ferauerto Fymure AB) the selettinely dafinable layer

B R Bisr ity PPN €L ot B F pi iR R ey ohepeis
m@wﬁqﬁ itheCart.NFof et Mld, (Rd Yholsrbdisiadah ®e laay ?hot&?e@}st EorgaBbRSwith

of preferred photoreS|st material s include ar

ST 188 nn 24 rmant PoCvpitbmBiaYigRs, 193 am wavelength immersion
sgqu%g:eg% rﬁ%ﬁ ﬁ%lu gst{'r% (f_.ll)ijc%?d Hj? %‘121 »@J\F | Pg@@&st&?éﬁro?%lectmn

Beafd. htﬂdig@ﬁphﬁ(ﬁssﬁfenﬁul t abl &dcfl@din usxﬁswsdsh lﬂhd@i'ﬂ)liyl gbtt maskless
source. ArF photoresists are erably used w

Rhﬁ?@@‘éhqgf%br% by uasdtoclefing thp |S¢1§thglyrd@ﬁaq I, aygr Yot e amples of
%ﬁ?ﬁé +t§reh1§gg15ﬁn€.ﬁ lgcghl%%rgé\m% {fﬁfﬂ)%ﬁ&&% ﬁﬁo?ox@ﬁ?t, ie,

gﬂotﬂrﬁhst sintdyteafohyseswyith nmArF Bgit bowes, McBlmyptos;fhbade;(Kth sensitive
t her ,enbodinents, th er 120 d.any sub

SO Rt il alet 553 2 Moy R Mgt

ﬁ@f&aﬁ aﬂ.?sgd Wm%afamuogq%hﬂys{ehﬁ RBYE:AP Pl ativ@lySshortaveshdif light,

or nechani cal “forceé to patternthe resi st.
{90623]3 T maK@r ipbtofegistst taee frirefstablyaugechemith | kwyﬁ@’r p3gelength

?olﬁhoﬁalp‘ﬂy% S, hd, 38R 42248 nm systems. In other embodiments, the layer 120

and any subsequent resist layers can be formed of a resist that can be patterned by nano-

imprint lithography, e.g., by using a mold or mechanical force to pattern the resist.
[0062] The material for the first hard mask layer 130 preferably comprises an

inorganic material. Exemplary materials include silicon oxide (SiO:), silicon or a
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inorganic material. Exenplary materials include silicon
oxide (Si02), silicon or a -14 WO 2006/ 101695
PCT/ US2006/ 007739 dielectric anti-reflective coating
DARg?l such as a silicon-rich silicon oxynitrijde
'HB the first hard mask |ayer 130 |SP§T‘[U52°°6’°°7739
dielectri c anti-reflective coating (DARC). Using DARGs

h flr t..hard, mas er 130 can.,be pa uIarI -
alefoter TubharRbo " S B AR o e e P " ashiice.
Pfdﬂ@amysmb lﬂrétQﬁrd ik Fay@f 138 iPhodiabkdtié af-AddltGve coatmg (DARC).
t echni & § The DARCs can enhance resol ution by
IQAE ado

1 thgnfirst Bard amaskdawer 1B3Awsn berparticadarlygadvitageous for

L AR T eI AR ok g
td&hﬁﬁ@ef alThy IﬁﬂRGE@a@fenliﬁIBé PROME O By IRMimiziM3| Kdht réfectiOnss dhus

above, offers veh% a:g etch select|V|ty relative to
increasipg Hiedrocision Witk wivigh Photalihagraphysan Refine the edass afa pattern.

the pho 1

IS I y :t?l g%s p%?%ﬁtlaf prgﬁr%&r%ﬁfﬁ%%ofq‘fer so% u% ﬁ%ﬁ"m
wihivhy mmmrﬁbsvé @ffeﬁh&@fﬂu@l etesabaetivibyrelaiee fothe profsfd herl mask
to the wavel engt hs _of !lpght used for, such alignnent.

makesiglsi tNeyR Preferablyi e aworohpus; qarhen iga &wﬂmw &pfpon that is

R 6 Y Bl Gt BB lro Fomenl¥to? GG alibilbbhe by
beihg mnqmm toi the ovavelengthd ofi dighi nsddyfor eshels edigement00Bédosition
bS5 By LS o L SR e o
MRGeRE, YRah shhe Fiﬁﬁserz'S@' Ww‘sozoat e SRiCedisIAnk Bprwmch is

the underlying | ayeér di scussed bel ow, the |ayer
incg Porasedireedne buxifgrericer rred of anor phous carbon.

i ot DUOHY, ¢ AES el cuperle P s o e Rl avers

156akd Ve %'ﬁéﬁa@ﬂ%@im%ﬁﬁrd@h theQﬁht@ﬁalN.isEd T&%@gﬁ"c&@@ﬂ@ for

silicon Carbon Hard mask r phous Anor phous
ﬂ@amﬁsﬂm rlmm US0Ar plsnssed brénvaruhalla/es iLb0 ¢o prefsralkly formed of

i 1icon/ axi ilicon/o Second, h
SRR S SO BIRSG SRR ierh b B RAteS Fafiiels A5 G M able
beloﬁrk' icon silicon [00651 It will be appreciated that
the oxide is preferably a formof silicon oxide and the
nitride is typically silicon nitride. Were the spacer

material is caBhemplatylipacet @nibljardMaSkmqmalss preferabl y

t oy r\l; haot 1 o Ny Af Ar o

a IIUL

Al +
acer material; | Ox?de'“" = Cl'\lm 'T —© z\(x'n'c(uJ ouss:hcon ' v%ar'bon

A

S . S v ”A%O U
f OF MG aAmate 8'134 925&3190 o rEEetat e '!a%éiﬂlcﬁpent Wi o

SeBgnad &Gl on 0 appfopf'oﬁh&nﬁbﬁdﬁs chem stries angide/amorphous
mRkghbORisRE | Mat eri al's, | exagplses of | ot her hard naskilicon

mat erial's 1 ncl ude anorphous carbon and et chabl e hi gh-K

[0065] It will be appreciated that the oxide is preferably a form of silicon
oxide and the nitride is typically silicon nitride. Where the spacer material is carbon, the
temporary layer is preferably a material that is preferentially etchable relative to the
carbon. For example, the temporary layer can be formed of a silicon-containing material.
Depending on the selection of appropriate etch chemistries and neighboring materials,
examples of other hard mask materials include amorphous carbon and etchable high-K

materials.
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materials. -15 WD 2006/ 101695 PCTI US2006/ 007739 [ 0066]
In the illustrated enbodi nent, the second hard mask

| ayer 150 is forned of silicon, e.g., anorphous

(licon. The third hard mask | ayer 155 is for
‘i‘# ?qog/gq}ﬁ%sxi de, e.g., a low silane oxide (LSO)PE%%g&E@%-’”
is formed by chem cal vapor deposition using a

rel ajjovgl y Low si.la | o nd el ativel vy, hi N20 .
or cclPE8 Y o b i sibalBienl deRiond G dntik g0 s
fditre ©f Eitledth d.gdtandoRblivhnt Yi€ikoh, | THY thiedREH Mddk Syer €5Dis formed of a
less than about 550C and, nore preferably, |ess than

slipRRu PXIB0RE > £ dOTSrsilarmexide (Y. t 'he LH@ igderaradyhehemical vapor
. . ) .
OB R85 139 Ly WG U 5 B o

Adlpateeoady dudtha tiepmxitide sarc Bepdriopiediht] rglatieelR 1o eshpstahites, e.g.,
greate sebu%gtivi ty rel ative to siJicon_than nitrides.

Igst, fag 2BoHs | SV Ceandn MOFRRESFab] Ye dess Bran 3R 4Q0°Ca fp Prewers Wamage to

y _ / " i

ﬂf’f%rdpﬁougﬁy : |lco%s%tl\?%e?ﬁg§’e%}gﬂ%%%g% g@ﬁses egrOtt]%{rﬁP a etsme"

séngitive atatgriabnltywitl dheppretibied that pridescaattypicallytte etthed ndthtgréiter

SEERDVER ARG 18 OOR 1 FHP 4o i SRAEOR ) Agfeshemigines fof ovides can
ool DI ; i3l '

S 0TS R 5 L A, Wi

chantisteienfor plifiées] typisallyandydremlowe the nitridespat iarrate of wbmit 31 thyes faster

160 is .preferably forned, o anmor phous. carb ue

R ST STt B PGB D YD SEREATD R e oy Thask Tyer are
pRRr By Forfned AT thé) S4reE nARAYE an JNRIC PRALS the AR NaPd mask layer is
particularly advantageous for transferring patterns to
faimied ofarherphensesilishnsubst rat es, such as a substrate 110
conpf,i.skng Itiple material s or | tiple | ayer f

ot DJUORTES e ok ol 6, bt rask oy JR0 S pERta Ry dprgned of
anBhbLarbdD@&SBlo 14 edtértictih dechiAberdldting o RRYRhAtAs. As
materials for the various |layers, the thicknesses of

npted apeee pro1phOUS) GIbar I8 Pevtishlarly sl yantagess ot Bpesirgting pallsors to
i hjli A h t efm.siries.an C X
RN Hon'untle, b, £ RE TR B D% Bk o
xﬂlﬂrgnstagm bf\@aiRrifleldr €6 Toiniif@bm4ll adatighydspert kajefeati@s.an
underlying |l ayer by selectively etching the underlying
| ayel0068lat efn additign 9 felgesing appipariae mﬂéer\agrfew@a vagousdayers, the

B o et 504G LAY L AEFLELAMEL IS hpmapi

wifheth® afch @hémistrize 9h@ proceB @oRitidrs debgibed hu@in. ahediscussed above,
enbodi nent, the photodefinable | a?{er 120 is _preferably
whgs Fansterring @ NAHFTPHTEK am AYETLYAg 1aYep i@ i pedsrlying dpysy by selectively

egz%gztﬁg uﬂaé}ljéxweﬁyery g{ratéffskl fro? %ogﬁfgﬁrﬁgiaﬁ ?é?n&{%ﬁlttg sbfte degree.

cas€s where a Is a or esi st

Thhs, cke) @peer dayer \ia piefersidp dick mmpughan thdidt wsana! wmgt dwayf over the
lligght sed to a£tern the | ayer 120. A thickness of
o0yyET,Pf tBOPAEE TSI ck and, nore preferably, about

200- Fiwdor an i hineKilludtrAIad tnfélididny, the photodefinable layer 120 is
preferably about 50-300 nm thick and, more preferably, about 200-250 nm thick. It will
be appreciated that, in cases where the layer 120 is a photoresist, this thickness can vary
depending upon the wavelength of light used to pattern the layer 120. A thickness of
about 50-300 nm thick and, more preferably, about 200-250 nm thick is particularly

advantageous for 248 nm wavelength systems.
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advant ageous for 248 nun wavel ength systens. -16 WO

2006/ 101695 PCT/ 1JS2006/ 007739 [0070] The first hard

mask | ayer 130 is preferably about 10-40 nmthick and,

rmre greferably, about 15-30 rimthick. The tenporary
WPO/Y0A695i s preferably about 50- 200 nmt hi cRCEWS2006/007739

rmre pref erably, about 80-120 nmthick. The second hard

mask | ayer 150 is preferably about 20-80 run thick

and, [0889e prThe @m&hlagd magkdayer 330 B(prefirablyi abutaHH40 nimethick and,

third.hard 5 f t

wiofd Rtelft offe SRR e T BEhEDSRrel 430 S brefipinly sttt so-

200 8rhXhicksndli rB6rd pEeTekaBih) oabeut $00E20L fth €i€1€ SBhedecdd¥Chapd HABK Myer
mask |ayer 160 is preferably chosen based upon the

lé%lsetrﬁfemblwahspt 26,80 amcthickvadi rgtmewr«ffeqablert vk §045R qun thick and

??1 e s u tﬁk?lg?é? Sl%idg gl%fh a&ﬂ;‘g ¢ 96 |5§I 8%%%'::?402% R%f)‘el‘ably,

abmaoaommicness of preferably about 100 500 i nn and,

nor e referablcﬁ about 200-300 nmis_particul arl @b’
ef f el807He 1 &5 discsssd abpyen ghopiiakaess oftthe gripary gk byer 160 is

PRFFL Shfion, E APLA NSRRI Rl BRI Al ok ool e

subaGaie kndrbaseé )ngmpthe mdfergulsr deﬁ‘mthm;SoBﬂhe elx}ﬁﬂ‘adea D%dvantageously,

b s ff@tle%g’g cﬂﬁ?f?faﬁlyg%al ' zﬁ?g"ll? %pe .%qugg% rably,
aﬂ)ﬁl\( efOOJSbOQ?m @Vﬁﬁhé\ﬁ&l etk ¥§ 3 %rﬁ%ﬁg I‘Psitlmg% Mafilly of

overlies an oxide-nitride-ox osite [layer
subkOates, vih¢loding \sebdtiats lawpngl aysplurahty) wf | dafferent Irbat@dals [tO 03‘#3§tched
The% &ﬂlﬁgs | ayers di scussed herein can be forned by

fi ¥hods. For exanple, spin-on-coating

Dr OCBIEES C6r Bmibiediduft SORIRNAABRDIRAAEYSS Somprising

Var i ous vapor de oslition processes, such as chem ca
aphydity dElepas wihmh cam hmetbhvdus &gt contrélcgate stasksl Awmticide layer 110a

oyl pntprlen it [l bichos et TR s OR Prrposic

1dyaf M 0BBRSIGcH YeRlids aGiolRoRlper110@&t erial s, e.g., spacer
material, over the primary mask | ayer 160, espeC| ally

in cH933] whdhe vers éﬁmsﬁgsﬁa% kerem&y@be fiogmed by vagions @e@fods
00 A
S e b e T

Vatigusladpof dépdaiiotl Qe eides huell ad CHEREER vEf R SdePbsili@s Tad Bafised to
about 550C and, nore preferably, |ess than about 450C
f‘ﬁ'ﬁ’ohﬂm%klﬁ)’eéﬁ" erably, | ess than about 400C. Such | ow
tenp rep tio a s

chonfUzHt'or FRERY. ° Tl AFREGR USARL°IHRY ShoboBiEY D)

ﬂ:aedsm@ Usay ab (dw‘ebosn[ 03 716atd sk EnyrEd be any@ otHSE), mﬂerga.ls, oy spacer

for mng either the | aYers 150 or, 155, can
material, over the primary mask layer 160, especially in cases where the primary mask

layer 160 is formed of amorphous carbon.

[0075] Advantageously, it has been found that the second and third hard mask
layers 150 and 155 can be deposited at temperatures of less than about 550°C and, more
preferably, less than about 450°C and, most preferably, less than about 400°C. Such low
temperature deposition processes advantageously prevent chemical or physical disruption
of the amorphous carbon layer(s).

[0076]) For example, a LSO, e.g., for forming either the layers 150 or 155, can
be deposited by a plasma ephanced CVD (PECVD) process. Various processing systems

made by various manufacturers can be used to perform the process, as known in the art.
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be deposited by a plasnma enhanced CvD (PECVD) process.
Vari ous processing systens nmde by various
manuf acturers can be used to performthe process,

‘iggmn ﬂ# he art. -17 WD 2006/ 101695 PCT/ US?PS(,SO},E{[@&G(O 230

non mting exanple of a suitable reactor
t he Appl i ed l\/aterl al s’ ProducerTM system In one

AT e orlE O £ BB e Byt ot AaBh e cPros™

s, TR dReRbR Fiprtessadaditiods) QirsCs Profdiglly i wiell §8 the reactor
i
into the reactor at a rate of about 400-1000 sccm and,

ahibrate ofrabpit Wi 5P, scerb dnd, B O preasahly, ahent 190 spam.f Nofhésdaweddnto
tﬁeﬁ% ta%tee})tf aﬁortﬁta@g dgf)o @cc%snldﬁgno I%Peraﬁ Pﬁrﬁﬂ sgpm, and

pre sSccm SSUT

Heaacftoexed Ilﬁto ﬁh@ﬁ'ﬁbf@b lay a AEE BF abdiﬂ! Qsaﬂ-4@dmwcm4axﬁi nfré preferably,
nore preferably, about 5 torn, The RF power is

ab%ﬁé?(bfﬂcyl aﬂamregerwdumaﬁfgr meferahiyr@alptaéﬁé ehipopt 4-8 torr
o e PR o U R A R AP LSRN B 300 s

rdédwpret‘agﬂp,uﬂzlout 1106 waas Therp a‘fcmgrbnd ph-éfahbltyhﬂnohtswosm éls and,
0Si t ure of a Qut 250- 450C an mor e

AU PTAhTY boi 450 T AV eespopsiY. ot 14 S ONRS Gidh el can be
dé;SHaft&m YSerpdratGRE aborl 2 o-ﬁﬁﬁcf b Thére P}ég&am ha%\'i/avutoa‘wé.h e

["ayers 150 or 155 can al so ep03|
t enp0a¥jur e dt Hay baeqofoamdmxaemmphrmd silieaMb) e(gBHaNVrmmpahe sther of

Fe0aB08 RS ot o oV S 5y e
cw (FRCGVD) probéssf &f skl éScaﬁ-Jg&WSﬂh%diﬁé%‘E 48R0 tﬁ&fé%tordm an

and, nore preferably, abouf 150 sccm The He is
AgpliehbateriaBD PEoIDcBE systeamd Thch&éa ispedfenabily| f§owedbas about OB 00

sccm, The pr re the tor |s refer
SGb 1 35 PhTeativasooih 1 B e A Ra0p, grom
ahd)Gnéie REreRblyl Shddt ERe0 @@Jny qiﬁ@ lﬁ'esmﬁ@'vﬁ% Vit feBictér i, preferably
rmree?preferabf about 100 watts. The spacing is

abpus Bey toin gnda it puefroablys gboutid storread Power isrpagfespbly about

G2 bt el oY RAREL0 Ve "the YRR R B B 400-
660 ehilsHRE EmBfecireferblyy abclp @50 m3lé 5 AdvhiRgedlsly,thedslioiphos silicon
t he anor phous carbon | ayers can be fornmed by chem cal

cwbqﬁepaat@égt & tegperaiirn of 2bont 2R0ASETH FRA.IBeRS Pirierablyrabout 375°C.
m Xmﬁﬁ of 15454 GOTRE H&lﬁ%go& arb%%ﬁg)ge?s % eﬁélfo%%e& by chemical
ar precursors I NC ,

VB2 RRPEsitidil e a hydrticydben eombutnapl o lnﬁmfud ca"cmlelcympounﬁs as
suitabl e method for form ng anoyphous carbon é%/pers i s

cRECR ProsEEOsn kixemiplany prsqersds inqluds 7o “BPIOPYRS REP D butane,
vERldn aﬁﬁtﬁhl&fe tﬁ'fd acg 1yheNeA Juitabtd B 8B%r amorphous carbon
'scl*osure of I's i'ncor porated herein

layefses descabed im IéﬂdPntmtrNo 6t56'3,080nBk pissued te Fnivbairnray:/.lve June 3,

0058 o B AR ity S RSB,
aﬂﬁﬁﬁé@s Ldfiod Gna¥l Bk Qbped! . Al Qa8 thdiidd f&%ﬁﬁﬁgg%a{ amoxphous

I's incorporated herein by reference

cs@em nﬂjd?snaw iof USe PricutsAplisetion Ne ¥Q4652n1e74ptpe‘flérqferél the entire
d%”ﬁg g?{%isch is incorporated herein by reference.

[0079]  In a second phase of methods according to the preferred embodiments,
a pattern of spacers is formed by pitch multiplication.

[0080]  With reference to Figures 3A and 3B, a pattern comprising spaces or
trenches 122, which are delimited by photodefinable material features 124, is formed in
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a pattern of spacers is fornmed by pitch nultiplication.
[0080] Wth reference to Figures 3A and 3B, a pattern
conpri sing spaces or trenches 122, which are delimted
by phot odefinable material features 124, is forned in

= 06/ 101695 PCT/ US2006/ 007739 the

W%P%@éélgnabl e layer 120. The trenches 122 Cgﬁr%lgzooem(mssv
formed by, e.g., photolithography wth 248 nmor 193

' ' [ r [ dto -
o P pioinab e oihE 128 TREHRXR 122 0 b SR B o Sppotoljograrty
withi24§ mtleuellmomﬁ, lighhdn rvetiahi ?:b r]lgllefJ h2a megm;lrgegdjation through a

erial, photoresist in the illustrated enbodi nent,
fqﬁgfﬂnﬁﬂqiﬁé% deafiards &dfeh bgigs fryelopeq, e rigmaiping pRetodefipable
ma BRI hbRré:{sP 55 18 Alusfte® BnbddinteRO %a'llmsTHﬁ?lp 'ft%?‘ﬁ{}e&o Eucﬁhﬁ the
resulting lines 124 is equal to the sumof the wdth of
illustratechlines 124 éehawt lirecrogselettionfondy)nei ghbori ng space 122.

To m.nip ze fthe critical dinensions of features forned
usi rigOBTH < ° Bhe Pl ot che Prutng Toos | 205 eqiph 108 g oF predyidl of
lild | BharfdaBe REAtRof @ neighingisPieel 1200 19 RinirhiB€ the critical dimensions

hot ol i t hographi c techni que used to pattern the
ng*ﬂ@w:ﬁ@ doimeabistgl thisqpatterh 20 linfiot24candrsphees 122y the pitch can be at or

afi et b ARohaedistthrntale Wi Bifore X piBlqsE e ey
12RYFdt@xahple/or Phatb ISR HyGltiligie VB8 noPlik, Ghé Eﬁ&%ﬁ@@iiﬁes 124
techni que and the spacer "pattern di scussed bel ow can

card pantheged8| ym. halhus,athsi puth tedyobe tatethai mintmmmpipiteth off the
ohB9RABHL LGRS0 Pl A SHANANE e gpgpgssonty

or
haiezepitcy belo®d thy rﬂﬁﬁﬁfuﬁﬁﬁiﬁﬁ oA she giRtdlithvgtaphieftech@ique. Altematively,
phot ol i t hographi c_techni que are approached, the lines

becpusethgmprgin oferrorfas Rosifien nd featire stze fipinally ifcpeases ag the limits of

T i . t za
» FiQo bbb Eyf hRbRnd e a9l P B Withel ity Brger
faatuee Spaces., AMPnm,rte npniafiser edvryinwhedent@dn aby sieésadfitieglirtel ¢24.
photoresi st lines 124, to form npdified_spaces, 122a .
and 10084)s 143 shovhin Figipres 4 aad 4. the spaces 1132 aggrpaeferably widened

P RS A AR I R ROBAR el o dnd T . The
plgtomesiytghues c14t are rprefgraplyastoed wsimg an dsotrSal/ €8H M2 /“frink” those

| [ O2/ He . pl .a HBr/ 2/ N2 pl . Th
Bl Sefat Sl ot G opag 1 CRESETOHALTY RATTh g o
SW@EMP&?I&H&, 4 CnRs, /M2 fiaaRd 6 mbﬁb?ﬂg bAbhY, Hdater: 8f 1HB&tch

desired spaci hg between the |ater-forned spacers 175,
isaprefarably $pdectodmoctbatate ovidtho nf thedinesl il 24auars isobstdndibldyvequEbto the

o3RRSt PSutht 9 bR i 374 RS 5456 o e
diA643i0h BERAM SHo¥ exdrhfle Whél Wikith 8F eI 1A8s 14 Ehnde! redied REfrom about
lines 124a to be narrower than woul d ot herwi se be

80d 2@ i te abeiit - 10en. p Advastagedislys thehwidth-reduding ¢ietealipyesdhe Bnes
ttern defjna ! I.n. addit] . .

198 16" B e R o i o5 3 iuedobfeptic

tdchiigey/used té pattom tHeqhoiodyfimabietlys ¢20.i hegiditithi the etdhecan smooth

oS BB e i 3 B e e

critical dimensions of the lines 124a can be etched below the resolution limits of the

photolithographic technique, it will be appreciated that this etch does not alter the pitch of
the spaces 122a and lines 124a, since the distance between identical points in these

features remains the same.
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phot ol i t hographi c technique, it will be appreciated
that this etch does not alter the pitch of the spaces
122a and |ines 124a, since the distance between

Ldentic points in these features remins
W"Tg’%l 06/ 101695 PCT/ US2006/ 007739 ( 0083] E’&?’t’ﬁ%’%‘mﬂ”
reference to Figure 5, the pattern in the (nodified)

ﬁgg }(R\ﬂgye P 2 %gl fleg%?%rge %Orzég'giF 3, '51?3 ggtfﬁfﬂg {rll;tﬁg gﬁlé)/hggd% pggtrc.)geﬁnablc

1696C QPO isS RAAkTaSdANSD AL ﬁ&hslghgkogary& ¢sgh, Tﬁyctt?m@ﬁr 3P réhably

usi nig! a fluorocarbon plasm, t hough a we
aqoonplishedi usingearc tnispixppis| &deh, Isuchs o ambich usingté8ubracatboraplesma,

SR4Gh £ 51 bl D BT Bt IR S RIS 5 i
Pted@tbd] fibiobarb& GlARGE efcR HiefivtGest include OEHLCOF,HY) TR and

C%hOt odefi nabl e I'ayer 120a and the hard nmask |ayer 130
dHBransferred to the tenporary layer 140 to allow for

depogiabiion QF: er, 140 of . makery al I Qur

. TOBHES BrfefiRh qTiaws e, B Rrilm B P b Boo ity r 1200
as) dechardrhsski @YerdEI0OBI frirdferied Qo U it@idraty tiger Nid0htof Qlow for
photoresist to _w thstand. Thus, the pattern is

denosttien 5| 4 layem AL of iseerer mstarieh EFigwetBdeltiheadean foypdy that the

tebfatorkudol dor SRR ioial Suichiohil She (PRI fof it B Pnclonedlt o
withsteet. Tiatsethi phttate foprieferably wansfeatd fromhe phstsdafinbslk dayer 120a
eSS A AR e S0 e
cddtidns forkpsdee hARkMI &?lé §&6neﬂad%%bdi%&§§ed'btelo%lflnkaadiﬁon to having

sel ectively renoved ative to the material for the
hipherclesas resistan¢d-thgn iphotbfEsisttice inhterialnfdeming i they teetpolary laypr 140 is

i S A SRSy et 80 B A o
spdcerd qp?gﬁ@ﬁre qg{ 8RNhe (RAGhg TRE s@ﬁtléh/gll" 150, Nad Etﬁemiv%i ttﬁglayer

phot odef mabl e 1 ayer 120a’is preferably transferre
140is prefempbly deyned af emorphous asiheg and, @ore prefesably, iymspazentearbon.

. 0. I t.aini , 10 d Q .
cul't 1SPSP o IS ol of e Shaiter pi g2ty E ig prefeably
trahErdOR/ e @mpbiary ASbhd aCONbaitihig MhadsdIBg., a plasma
Advant ageousl y, the S02-cont al ni ng@n pl asma i s used as

conteiping ¥Px (D2candobn  Ofther (suitghletteh chemisiiep drchvdg 4 8YpdP2/3ifd, or

te ha: et han, 20 ti.nes re pref blv,. .
1o hR of B sicL B Rnathe R, ARl BESEAkYuinine
pldfa iSul 65 @Gan Lich hrbal bEhSYZAGRudttahpdrag 19yer IR al Hrate greater

described in U S. Patent Application No. 10/931,772 to
thep 20¢imess aad, Tagre praferplely, gagaie dhangp timegdhe rate thatdhe hard mask layer

i SC r . i ' I: rat ' T
S PCHIR S Rt BRI pues Applcaion
No0 26/83N T2 toiAbgtchéas b, filat AugistBl,2804,0hiséntire istlodureof which is
.tenmporayy |ayer_ 140 and_al so renove, t he ot odef mab] e
ifegoete RER DY THgieRERs I 1 FPPFRGEtof 3has e ofraptaieng Rasina can
sﬁﬁxﬁﬁﬁmkqea& e R By&! 190 n¥hilseTeovd el SofodRfinable 1ayer
spacers 175 (Figure 10) Wil be forned.

120a. The resulting lines 124b constitute the placeholders or mandrels along which a

pattern of spacers 175 (Figure 10) will be formed.

[0086] With reference to Figure 7, the hard mask layer 130 can be removed to
facilitate later spacer formation by leaving the temporary layer 140 exposed for
subsequent etching (Figure 10). The hard mask layer 130 can be removed using a
buffered oxide etch (BOE), which is a wet etch comprising HF and NH,F.
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(0086] Wth reference to Figure 7, the hard mask | ayer
130 can be renoved to facilitate |ater spacer
formation by | eaving the tenporary |ayer 140 exposed
equent etching (Figure 10). The harg ¥o06/007739
“f‘gfy"g‘?’ﬁ’?%é can be renoved using a buffered OX|gRJ§etc
(BCB which is a wet etch corrpr|3| ng HF and NH4F. -20
BIIL0LRR%, 0
10 2005110185, FEIRBRARY | Al Ko
b}anla‘t dcpxisitgd bd!:dmh‘mlly degosposed sadarkgrindbdiyg dediar@pssrder 150
‘g faces, f the har d_ mask ier 150 and the
g e oy 3t 9y © {9RPOFY YRR 40: | A% sraparomateRal can be any
nﬁ&ﬁﬁlethatffﬁh Gkt A@la 1RAR FSraANYrrin ﬁérﬁlt Eh*e%d&%
k for transferring a gattglrargﬁto t he underlyi ng ﬁl%s@yer
lﬁﬁis'Rhel spgear matFial prefesabdyy d¢ eam beadepoditad withegoed atep govetggecZcan

o} SpSIREY & fenlfetaby GppRi® i1 Ffordty 13 140 5d 3 can be
sdl@AREL dfcYied AYiIve lie té‘ﬁ&rﬁ?l 9@ 4DQnd SRS \@Wrnssncqhﬁélso

relative to the tenporar ayer 140 and under|
Pregested| ragterialy gglude rsrl@me rSItl@dn ﬂmdes pred siliomciitrifiss.si ﬂmoﬂustrated

@%%%%,Sg?%eﬁggg%e Sl’ni?'g?ne?yil g Wi C%Qrﬁl"fqg%ﬁa%&l ,%&‘(rﬂﬁ{ag% in

cqbatib@swigpsthérauleoted At a0©8 maskin @tm. nation with
ot her selected materials of the nmas stack. [0088

Pref BOB®ld nBrafesees methody frespapmat @aﬁeaal gisipn jigelude chemical
d . lsing 0
RS T i RORH9OS I B g W oy

def@pinsn,t ¢. 2N usifg @.silicus ipfguBorSwith @f xR Gt mBdgemiprdtuor to form
ox gen or njtro (%gn precursor to form silicon oxides

Sléiﬁ‘ail Axdes ek nitridesreepectyealy, . Thp dhickncey pbths layeri R i aw?rably

PRSP G5 ol a8 S10T POV DR G 1YP Bt o o e, n

ﬂiehmaoaxempbaqrrmhm@memtbﬂxél lagentl 70 tihprefepabdy ddpbBitedsto a thickness of

ret posite a_thi k ess Qf ut 20-80 nm
sy 20,0 ! A R Brefere oot nPeeSe by thsi P oGRS i
aSde BOK QY ﬁ?aﬁds mo?%é*@fera%ﬂ/‘&lﬁﬁlt Gk %} glr eatef)d, nore
preferably, abolut 90% or greater. [0089] Wth reference

t o F[0§89les Witharaferem®e to Higed %cmd&ﬂ dee sijeareoxifleiggacer layer

0 Ls then.s ected to. an.ani sotropi c etch .to.renove
13 el lSERRL Y i eshrcmiopic e @ oStF PRAEC I Bg o gtzonta
sifckd B0 of thOpdrRAlly fohRa ialepRtelicireitt 100l OﬁlchﬁH‘éﬂhaﬁs@Eﬁ% asa

al so known as a “spacer etch, can be perforned usi %
spacerostclc aa dn neffammed, usingp fluerosarkonnplagmace4q Gidagining CFy/CHF;,

F F CHFE3/ Ar plasma. [0090] Wth reference to
C%ﬁﬁ@éér%baH?H@“P rary |layer 140 is next renoved to

| eav @obofes twitdl tefigteri 36 Fighrel R thellRRpbRAPRYET 140! id ekt rdfibved
is selectively renoved using an organic Strip process.

tPleateciroestanding paspieri’8+ Mhe evnesdry tyeral 494y el petivelytramayedgrsing
a:g : ?%H&Ewnﬁ{ §J&Fes§ u?’pef&? daé?c Sethiddtds e ﬁtgih o%)%gf? %o%.tﬁlmsplasma

pl1ca IOn een acconpl 1
eich) qushi sssdvogich using SO,.

[0091] Thus, pitch multiplication has been accomplished. In the illustrated

embodiment, the pitch of the spacers 175 is roughly half that of the photoresist lines 124
and spaces 122 (Figure 3A) originally formed by photolithography. Where the photoresist
lines 124 had a pitch of about 200 nm, spacers 175 having a pitch of about 100 nm or less
can be formed. It will be appreciated that because the spacers 175 are formed on the

sidewalls of the features or lines 124b, the spacers 175 generally follow the outline of the
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enbodi nent, the pitch of the spacers 175 is roughly
hal f that of the photoresist lines 124 and spaces 122
(Figure 3A) originally fornmed by photolithography.
photoresist lines 124 had a pitchpof aha
W%Bérzlrﬁlggpacers 175 having a pitch of about Igjé nnmk}%or.mg
|l ess can be forned. It will be appreciated that
7 ' f
pAEEPE R SRR 1ok, 86 S JEEE hBadmife SUAF 201 Bl s
typiohll yofurh heeclanet loapein die dphees 1224 badec0e Lin€1 B35, The spacers 175
fPCTIf.USZO 61&9%739 pattern of features or lines 124a in
Thé W PPRFTBE / phot odef i nabl e | ayer 120a and, so,
typi [lqmly TREfD anChofed bRAP o rid¥ods PRRERINEZ 46 ME! Hefefted
the Tinés 124a. The spacers 175 forma first” patter
emifordim10§) 9P sechid tpattern ia formeddoveh dlse ficst patterh ok, aBreberalilygthe

sep e A erRE gHbE diraer o Hoal SRBPISCR A 1o, st patten
157 C GR dadtidng 'the GOCHRAR! ﬁaﬁtﬁm{ @l %Eeﬁnﬁéi’icﬂﬂpie@b?%arﬁﬁllr){, or not

critical dinmensions t he first pattern
oveddpningine fusipatar dnd pattern can be forned conpletely,

arty , Qr not . overl.apping the first,pattern 177,
P0csBy o ol s oy R b el oo e i foimea by
depositiag a plunbibRy instetial #Bshdte spheR9374 b 1Ebrd Al i@daAking 14@r 200,
mat eri al around the spacers 175 to form a planari zi ng

ay ghewn pdigurad lshdwselpsiveiygdefinatle . layer sR0cis thea| fprmed on the

B e s be pRkiifot B EE ik o BB 100
at tfoeg4jer i PhepMndiidng [aPQ20D if heeferhislpak eabgs fafl)ee Ithe? dcers

Is preferably at |east as tall as the spacers 175. In
1%% dine adgitiony the pretentive daype 200aip ereforgblyifermpdeatc mpferjalrthat pag be
_ . _ el _ v
s ot P B AL O o e ecs 3% MR B AP BB B P 220,
Forasremp22the pldnarizieg huyel 200 chibe fiirasdof @ spig-oh aytdtefROfvecmating,
bg formed of a_spin-on, anti i{CS“ ective coating, such
sugB ag,a Boffamp ARtipatiectivercpaiing (BARCdat i ng (BARC). [0095] As

Wi t hlﬂbﬁ sehg ii;hvﬁllgyseﬁ&fn}g}ggéfgxﬁ%l@xﬂer :ig?, thé EF[}elzctively definable

sel ectively derinable IS prefera
lapérof2{déd predidvhtdy phogdefifableneeds. oformed vt o pbsiossist, including any

PRSI Shoe e bt s 0 o e
forREATBEh RfistBultfNL fr patidrhial 'bf 16%%%?@'%{ BhoshyDY

nano-i nprint |ithography: n sone preferred
enbod@0PEnt sn sdree prefermed zinhodimayter the Oflamzsizingelayeni2@d cah be

d.th | ectivyely. definab I 22 be f d
offied aps o cEe A L 2 dorrv Gty oo a6 e the
sfaBéts 195, e RREPY Q6hettedal telenpldield bR thaPatk@ndlni BedbfinBd in the
the [layer 220 V\/ltgggood integrity and where the

layer230uithogpod rintagrits srd where disaesdlgtionsnhangementiproperties of an anti-

eflecti oat, no. n iLed. Far , .
S e T R e e e
ifMRsiantedalR@dérhenght ssédtively efiteblerlafer 220 RyefficRafly hon-reflective.

sufficientl )Gv,non-refl ect| ve. )
[0097)} ith reference to Figure 12, the photodefinable layer 220 is patterned

using, e.g., the same photolithographic technique used to pattern the photodefinable layer
120. Thus, a pattern 230 is formed in the photodefinable layer 220. Where the pattern
230 is used to mask features in the periphery 104, the area in the photodefinable layer 220
in the array 102 is preferably open, as illustrated. As noted above, however, while

illustrated laterally adjacent the pattern 177, the pattern 230 can partially or completely
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[0097] Wth reference to Figure 12, the photodefinable
| ayer 220 is patterned wusing, e.g., the sane
phot ol i t hographi ¢ techni que used to pattern the

Lhabl e layer 120. Thus, a pattern 2 '
\PQ?%@E{«%& he phot odefi nabl e | ayer 220. Werﬁ@szoomowm

pattern 230 is used to nask features in the periphery

g BOSAE7) B A TR o DS 7, oo

difierest, rePepatRy Slumevdld (167 dnkll 239} K@ @ekel Ritteia|ihdicRel Aeeey were
the pattern 177, the pattern 230 can partially or
Iy formpd in differans sterse/ 101695 PCT/ US2006/ 007739

over | he | et el rat.ed fro

t he p[g@tslr n WL %%&é;&%tlgzp%%é&&%gip&% g%? regél%rse lgmmn
theintdimut (it 6r peacluldOdf thophotdlitberdphict tedhifque Rgdddia f@fing it, the
that they were —originally forped in different steps.

RS OVRPietebbieas apiichray Toarure Sizgregraltip yr 1gEestey thn e mypimum

HEE oF 0 SHGCoREE phaph g SOnNE B fbkf falhattop. Twillbe
dppreniated that,th¢ hatterp asQ el the Patipherie i cnl be (xad ta fqir Jahding pads,
feature size e to or greater than the m ni mum

ual
HADSISIS, jocpldRISTCORRESH: F t he phot ol i t hogr aphi ¢ t echni que

used or n,t I ' ' :
e SR PRl el B, BB Spiens,

the rpatteras dl 1Yg apdd230 ater asrsbldateds on | omaleviehtheloso e spacers and
etc. 10099] Ip a,fourt ase, of met hods according to
WQW%?S&%@&P%%%H&%&FE&Tme patterns 177 and 230

are qeiuRgl | dwiRdeRRNAN® HigUeN 3 DAL Qi 83 G RALRERBNED the same
simul'tanéously transferred to the substrate 110. [0100

Iovel las thefpettern d €7 pHspaceut 2. 143 antiseiropia tBAR G e2Bds pesformed to define
ransferred to.the same. l.evel S e.pattern 177 of

b BTN BituleR 1h B S8 EFins 100G niind B RE iy b if Ry fyatures.

Tzi%foﬂaﬂﬁ of tHSprBREH RN Y 2 6 Mal ARSuDpFLIEIRR B PR Wf I tNE phAYRFinable

and to also open up the array features. The parts
layer 2@ axgrpoefenably selestivgbr etehpd usingan aisotigpisraiibe vsivg) egy, a HB/O;

ts ofath hot finahl.e 20 are preferabl
B8 R0 oPaRbEBRubRO AR cch BEGfmh BTt Gt tver
F00Ground RS i@2spagdraBIRthefebi 16BPidg €106¢ EHater 07 Pexposed, Thi s
et ch Ereferenti ally renoves the protective |ayer 200

ar ourd®1he oXRithaelsiraeatodigyes 14 e theppcand and #yrd hpsd mask layers
; : ;
%g %{fgéds %ohlgélsfee)x‘ RS a‘i’tegls 9&9 d 54 go‘;Jrrlg st,(E hﬁ%%& njgdrsg YyEP 160, to

e second an i rd har

fetrt: helixed pattatidh eie phiv@arp ahdsknagr 160 @With REQertows Figurd 4 the
mask | forma mxed pattern in the

Mﬁ% AR 30 % St bot rappipred ‘erths eeserd hasd magkfayer 50, Where
S RELL ISy 150,000,200 Ayt Fhe ), pASBITLsyuy

etelel uting, ¢.8., fh diBreciddfl; aombaiping pasmb.| Sodnan etth pseferably etches the
ref erably anjsotropicall et ched using, e.q., HBr
Pkens SRR 4t &7yt BIsPISG pa shq  mes ey b ey ercater than

SloeD RPtithBethe MR AIRAALS the Isllic6PBxidd spcdr@i PS5 ARk okiiRMhird hard

about 5 tines and, nore preferably, greater than

mask 155 can be etched.

[0102] With reference to Figure 15, the first and second patterns 177 and 230

are cleaned. As noted above, the carbon material forming the photoresist and DARC
layers 220 and 210 can polymerize upon contact with etchants, For example, the HBr/Cl;
etch of the second hard mask layer 150 can cause parts of the layers 220 and 210 to

polymerize and leave a residue around features in the second hard mask layer 150,
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about 10 tines the rate at which the silicon oxide
spacers 175 and silicon oxide third hard mask 155 can

be etched. [0102] Wth reference to Figure 15, the

I second patterns 177 and 230 are cl .
\fra]wkgtng Ilgﬁg%e, the carbon material formng the F@ﬂﬁﬁwcﬁ%ww
phot oresi st and DARC |ayers 220 and 210 can polyneri ze
upon contact w,th etchants. For exanple, the HBr/Cl2
gtueing gf patte Raviog undssiraglyheemrunifsye deatues. c Thus dhespatisast L7 and

230 b BrerEYS ol B iptth oF g A CEE b onEiaRt i Boflia. The

drfpAnic maRtBial e ACHMG/stritlal be RECOAipERIA GkiQ,/e/@ an idtuspid\gclawith O,

Eﬁtter n havi ng undesirably non-uni form features. Thus,
dhatterns 177 and 230 are preferably cl eaned by

SUT T PREY Of fyifrePGRR 1S Ffud 36 NR0 HEARALL 7] B 780 Gl bn both

The organic material or carbon st P p can be

tremsfened its Bedhing hard mask tpyer EiS. iWhdre teeithirdhat nvbsk h5DR formed of

I .[0103] . Wt.h f Fi 6, th
BIRRE s Asiprabiyeaogioaly Agkecine, Yo Dhiropeton plopme The
FBbrb b ﬂadﬁ@asﬁ]gfef'a\b?}r indfades WG CAL dHd" S, 2 PRI ably etch

155 is formed o a’LSO it 1s preferably
isflizon opide ahdl theatmudrpltbus sirhop atesqgel, rates fdd) onave arelfesably, can etch

the

| asta. Th fluorocarbon pla referably includes

s iR, ot g 4 1585 e, eelh TF eBied B e ficimorphions
gilibd:Ciayer 030 thestahad. t he anor phous carbon at equal rates

and, nore preferably, can etch the silicon oxide at a

rate @184t er Withanefesdnoeto Hipureilidetbe pitternsal7d and 23hiare rapsferred to

nor phous hlic layer 150.is etched. [0104] Wth .
SHEPERY Bopt e P00 e R s oiged 3y pgeopicaty
bicRing fies pﬁﬂaﬁyomaékhﬁ%@fli60ﬁf)ﬁéfdﬁm§< udify @'SChdntalli®y plasma. Other
transfer i referably acconplished by anisotropically

stitshlerpich FenBRTARIDg AR S l QyoHBIGEN: oF SHGwAbN/ RS pHSIELYOs-

Dt ning e Sul . . . .
Folt3R vl AP AEER o) B8 SO- ey B Al i s
BasCiebh GBund: anh@viendxoéllent adedivitAgomniht eehodfioue calbbe of the primary
S02-contai ning plasma is preferably used as it _h

B b 160 TH8M YL dheoked Fask ley@s 1 5. 89,1 35y Fhws. 3 ik enough mask

PAPSPRAS SAHP Rl AE el 1818 Bl D b e s pte
tdhitlek sebizoratg hl e Slertionknly béardugh needdtiple bteripls | ofathe sbstrate using
er 16 o |ater effectively transfer the nm

| 3

selfctiar gtchchemisiries 2Bd pYiIOW Wereihe SHAY Bes ATy I&l’%?i@@h 160 before
m&hﬁhgﬁmﬁg [-1N legf the substrate using selective

et chem

emstries and w t hout wearing away the prinmary
mask [M98r 180ittbedéference tohBigpmt t&raftet beingftemsfesed to the primary
co ete 0105] Wth reference to Figure 18, aft .
b St 0L s pagmmsc 17 g 3o e el 1 Sypentbuise T using he
{ 86005 d hésiangived thPdiSpdedtd m&efar;qﬁpébmyt ed $o1aat balery mask

110 usi ng the layer 160 as a mask. ven the disparate
teerek60zand theavbeteatd 110(e@d amorphprsecagioniend yilinersr silicon compounds,

respectively), the pattern transfer can be readily accomplished using etch chemistries

-

appropriate for etching the material or materials of the substrate 110. For example, a
fluorocarbon etch comprising CFy, CHF; and/or NF3 containing plasma can be used to
etch silicon nitride, a fluorocarbon etch comprising CFy, CHF;, CH,F; and/or C.F;
containing plasma can be used to etch silicon oxide and a HBr, Cl,, NF;, SFs and/or CF,4
containing plasma etch can be used to etch silicon. In addition, the skilled artisan can

readily determine suitable etch chemistries for other substrate materials, such as
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| ayer 160 and the substrate 110 (e.g., anorphous carbon

and silicon or silicon conpounds, respectively), the

pattern transfer can be readily acconplished using etch
istries appropriate for etching the mat

“ﬁgﬁﬁ%ﬁﬁfg 8 of the substrate 110. For exanpl e, ?Ekﬁkmﬁ&mn1w

fluorocarbon etch conprising CF4, CHF3 and/ or NF3

e e L 1 L
exafdple, an alnimnum Subsphte saEbeCsiiheb @sitig © Aurocebetletsl.| | con

oxide and a_HBr, Cl2, NF3, SF6 and/or CF4 containing

pI asiP06) ¢ hital hsearpiseigied shab hsrecthe pubstate 1140 sprapHses ﬂaayers of

L
ﬁ§ﬁﬁéh$gifﬁg% OP%Q? her sggst?§§%$hg%@@r%¥%géﬁ 1“““
canZJfb uAGl RON6Cet O ¢EP BrcPEiFoughahde differend Ihye:e,(llﬁ d lsniglbrcfklﬂmls‘ﬂ'y is not

DC.| [ al n transitio t and transition

S‘#é?lsﬂ* Olﬂ e 9&@5\] fdrentansieans Pdﬁﬁaa?ﬁsrnbwmm thaty dereading
B 188 Bivatls 6rrbﬂe1ilsf:rﬁé§ %éﬁcﬁkgg&eﬁtl@g and Bl lln‘éslé’Y'aJ/Jr 186 may

appreC| ate hat where the stbstrafe 110 conprises
bé¢ jched. oUsm@ fonerphons peben ifat she @mch essk olayaf 160, however,

i fferent em Sstries, referabl etch chenistries,
o anlaEio Rl e ORI cer ey TorORVamHPIAl G FRAeSs, especially
thdsd 438 ?di-tetdhﬁ-}geéilibonlcﬁntﬁlnﬁig'}ﬂdt@nﬂ‘ effius [ thy/ ﬁlﬁax'}%ask layer 160 can
sufficient to etch all the different ?erlas w |

eﬁq&cst@elb deaispd exh amaeh forh@tchmgi tweulti mpluralipool substrath éwmsr myfor
har d

P e S5 AR, o g B 27 e

pitﬁ:ﬁl P30 foRdiyd B 6énvedtical ﬂﬁ@gramm @imultaBEdRRL lﬂgmu&hud to the
of fers excell ent resistance to conventional etch

bRt $10, o sach dudiidnal laypr ofithesibstrate b0 &y a singlp pigly step.

"y PG "Ciah ook PRl T Sedhondh etk Pe RIS 2 TI0 can be

etchedmsivg Hﬂioﬁsl gith &herhistrik,| Whic]ﬂ)f)reid#ﬂﬂji afikSirdpioatly %tcthhe V&lous
form ng high aspect ratlotrenches In _addition, the

layers.c ﬂhade}mutedlawt 107 i¢an bo ciched unBe afdy/CEr plasma of grivesqure of
a@ﬁt golrﬁvﬁ‘% 0%11 z{gbﬁthﬂﬁrﬂ@w%t{: 9([%{%' oretr ang %HéllltBéSOb ﬁ)(?uw?tt bias

ransferre tot substra each 1'n
pd)\agretheqiblysiiﬁﬁom liyadt Y1dbead #0hed e Wiy NYBe/CeA sihsnsd st pressure of
[01Q07]. I n_one exa{;rp t he sequence of substrate | ayer

atop 40O Tetmr iR & @ftaqguﬁogsv%swlwr aag bout 20-50 Wit bias
pSRGTHR bl émﬁ‘iﬁé—ﬁﬂﬁpr ® 80& Al Yoe CLtERA1 ﬁl;gng a

varlous ayers e si ICI aye a can be etch
CEﬂCHszﬂ-I@bWsﬁEéhtm pressareadf abqme éskmr_rﬂ‘on‘f w1ﬁ1bahm1t $00-0000 watt

SIBEEIRRYFad SHRL 00O HAL DI SOHER 8 oA ey EeSER 6 oot be
eteh&\Rth BﬁHQ@z Plasih /oA greRuRSITRb &t 40-80" 1B BGH! rvﬁﬂPJbout 250-400

about T0-30 miorr, wth about 300-500 wait source power
wati doxam)mwez eudgbont50-100 west bipppasyer. t he

oxi d fri 0X site |la ele a

etch S | ngﬁéh r?%ﬁ?’%ﬁq—é%} n’g '3 nﬁorg?% cf esgﬁﬁgﬂ g, the

sﬁ&&ﬁtlﬁ ¢k H@Tﬁ’frfoved/\ﬁbéﬂarea@@ig tt@%ﬁz@@@na&ﬁtlhyer SIGCI rtG @ransfer the
wer and about 200-400 watt bias power; and th

Pﬁ-’&ﬂﬂ}ssl 7288 230 4 the suhstmgtecldh. Fae ramevabig m@sm@weﬁmﬂéﬁe}g an
‘@h 8@%&6’@%%@ Eﬁls,ectk" § 5. Ofor %QQHISle,%ethhmgﬁz[cErs W tcBmBH&UJ silicon

oxide, the spacer removal can be accomplished using a wet or dry etch, e.g., a wet

buffered oxide etch or a dry etch using a CH,F2/C4Fg/A1/O; plasma. As noted above, this

spacer removal can advantageously straighten and/or stabilize the profile of the features
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watt source power and about 50-100 wan bi as power.
[0108] Wth reference to Figure 19, in sone preferred
enbodi ments, the spacers 175 can be renoved before
primary nmask layer 160 to transfer Jhe,

%@?@glrl#sa%l?? and 230 to the substrate 110. The re 82006IOP7739
is preferably perfornmed using an etch selective for
3 % i
B g Bt {1 es 250 B IRNG w RHE b RO RRR W gl for
ebing rthod subdimte Ll ng a wet or dry etch e.g., a wet
buf f oxu;lee h or a dr etch _usi g a ..

GorOn B, Kt 2 Padis s Yyig reuloEE e Stching the phskste 110.
Axseméfaahb&enu@déﬁma@éaww bétaﬁgugm G {agro 319&9{% fifat the
the profile of the features 06/ 1 1655
pmfmSUS’Z}’Oﬂﬂ/ 207418 etchddomntri. nHhet domppsitive bﬁ the lsvisteeted ] 3@ depend

VoLl R ke T 550 bl Pt 98 e 110
camﬁﬁgey aldic@dd BGet! ltl'OE],ga E&gﬁncoﬁtﬁ}& ngod, '?ﬁ o%tn.sﬁlﬁmfe%xﬂdﬂeQONO)

As not ed above, the su te 110 can be any |ayer of
opmpesite ddyen i 1 Geeand 2 figating pate (EGepolysilicon dayer 170d. 0mith@3ight hand

re C [ The ¢ QSi on of the.s r 110 . ..
o e A Bl Bioiratiity S BRY domale Sput SRRl (Sishateol tine
1flm=.r Mpfbte tHatiall thé ilkisGate® fdatured AR 19¢Hdd At aky, although the SG

omprises a silicide | ayer 110a, a polysilicon |ayer 11

cwol dine dXPeeass welativiely dacgeleriticaibmension s o keinggetined weiag the

I
ot 230, 88 Dachilbfinedt 6t 12081 Yl b4 FFRwaBRDy hicdn T kiifion
of, @IgTR dnBelPatstRR FQAUANDt flask Semogont rol [ine 110e.
Note that all the illustrated features are |ocated in

the HAAQL Mot baifhe etrledsurfaces axhibit exceptionally o ergs repghness.
If E@&ﬁé %!.a/uén%%hfo%é&lt Ciab agég%ﬂ) e i‘éﬁ? uhﬁoxﬂﬁiaggven at fhe low

det1ned usin an arran

1D&uyaT pitch (0 lnfn &dwmmegqﬁnrm‘e& Wdeshtigeoiishe theae naltonre aokieved
a_control {_gqat{*g stack for NAND flash _nenory.

e.g.

“[bé)‘%f@ﬁO Repee v d @pd Egod jines (b dhe priRbery, which can have a
I d

t ren c%dégé@h# r%ég ?KE gbgﬁr? :@9 nﬁﬁ OV\F e Xa@g I Eelﬁn(% h% fnf Eﬂrg‘re#lu@tfated

sguemreat the | ow 100 nmpitch (50 nmfeature size)

pi ct . Adva eousl.y, .t he esults are achiev

P 1 BHRL o SR RS Sapeidtes Fon Bt BRRohoel T dooqring f the

F@éﬁé&@ﬁ%ﬂuﬁ@ﬂt@@ﬁ&?ﬁuﬁ@%ﬁs ﬁ’dvaﬁ\ﬂagésh ok Q‘E‘a\xﬁ 16,2k |ab’111ty to deposit
gr eater than about 100 nm e. about nmin

thd decstdr andebird bard meask ﬂayers[lﬁtl mq 15% atvlpWIterbyratpps eﬁlea,,eldss than

ohilt 405 S bietart Brt o TR AENE Hlirbated i smyeppal asd
cBARH iﬁteEﬁﬁzeofathb |aiﬂogph'bﬁs BeBaSialer 10e BRFVEL, mdthhaimﬂi mask

hard mask l'ayers 150 and 155 at |ow terrperat ures of,
layery 155 |ca pravidena baffouto potect tlmaat@orp hauss qasttoiny layareksd fomretch

R 5T B A B A BB SOl et

15hallbws bderhingdpat@iis to be cleaned w1thout undesirably etching the amorphous

carbon layer 160. Thus, the definition of the pattems can be improved and unwanted
materials, such as polymerized organics, can be effectively removed.

[0112] In addition, because multiple patterns, with differently-sized features,
can be consolidated on a single final mask layer before being transferred to a substrate,
overlapping patterns can easily be transferred to the substrate. Thus, pitch-doubled
features and features formed by conventional photolithography can easily be formed
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| ayer 155 can provide a buffer to protect the anorphous
carbon | ayer 160 frometch chem stries enployed for
overlying materials. Advantageously, the third hard

P ASHB desi rani y ot chi ng tkagaﬁS‘?LﬁLSi R

160. Thus, the definition of the patterns can be

oh AR5 AR Bl TR RO S EigRAs 7D, BB RonY st Searures

cal He forfed, WEikOALSEe fRdld ﬂuﬂb Ecl@@ﬁﬂgeé:dééptm%mﬁlow line edge roughness
differentl|ly-sized features can_be consol i dated on

Véhilgmat limited by Hhesky, il deligyed gab sushilow ling sdesf renghngss iy tl-g: result
of tiolsp Ui the 1apUE TAORRY 1, N flg iR SR AT il Bk forming multiple

aﬁﬁaﬂmmgstchﬂdtoftﬁmtiﬁf ér ﬁaﬁélltmdgbﬁ?& Ry d&ﬁfﬂ t‘gﬁ dével of the temporary
ot It hogr ca easl e orne -

éﬁé g@zgsmaigﬂr{ @fﬁbéﬁ%@i thep /o &gt @J&Pstf%te da@ Rreobelisyed to
MR ! [ smdth &d deRiced gf Fthvﬁ ﬁagngs?f%:%@gme sﬂfettsvl%& 230,

f eat ur can be forne ame ti
Makoww,i ‘uhg peofereqait aroorphdug darbon | atcr]neclmdg&msodlgdimd shereinNalldve the

B fishiochse e e Sudis thedaean 30y F3pnd [ roBllveo findepte thar
dnééfﬁﬁn?g G BAR cﬂaﬁ&n 1ERETs0G dsBe ?dg@ﬁem) 2hd5168N ke etched. This

performng multiple "anisotropic €tches to transfer
apwltt@pmlylaﬂbwanbb lagds 1400amdt1e td bn/mbrecﬁshsﬁylmdte&‘ngwmeyched In

D, dipndser R BT IR AP te- UL T Bearys Lok Phorgtesist
15;&&@@@@5) Mﬂy{n @tebﬁaecsmfaskrlaydagmfe h&iubs, kRES e hérd @i layers

reover, preferred anor phous carbon etch

13AekH0nd |1é§d@11@t61°€£‘5'@d36|¢@he¢w agrespdenthe  use of thin

ol SITIAK, o 3 RUP e BR Rpftite b eV oBe Bidicniehs o Y Piidptea
Prévesy flow Siécﬂ&ass’iﬁet Rer éx@MPTe? pitchGnaltipliciGftters eypidall) @shmed closed

Thi s advant ageously ows the Igyers 140 and 160 to
loppsnginee téaﬁatteyn%ﬁe f@rrrfeé byispacers that fprared glepg the avall of ¢, mandrel.

sel I Vi f
SRR ST GARASufnC) B85 Kt gl s
adcshabhgt |pn@etslirg fhiepscirdpeferdbly a3ed tatd oftthe @ads oﬁtﬂmsbeloﬁﬂseso that
hard mask | ayers_ 130, 150 and 155 do_not need t
ca¢l: Inog fopny tie dadividugh pon-gopmectad Yimesyj Tiis gpm @etﬁscomphshed for
C ]E'QHJ'UB t
eﬁ?‘%@t Pg:r@gﬁ%@%&ég%ﬂv Ill%\?qv are %g}gesﬁ)ﬁgsbfq&o?ﬁ%xtg bei maintained,
wihilecdiching dw4yl the dnpratedted arlstof fieandsky Acuinbde alethod dor cuttmg off

b Bedsirschbsdats % el Metest iy BR6EHI71 B e,
m@@;\s%tsbﬁ BB i dRhkikd cﬁta&d:e@whfcms in%m#ﬁﬁ@’edt& rbRfefe herein.

conductivé |1 nes, additional processing steps are
pr ef ¢0HE] y Useddition wubrmifif gath eomrodistackss, it ald be appm@i@,tedstbat the

O

1ﬁ@g1mea@uamf3fe@a@éat $1¢B afRSHInAHAJsN %g.m A 4ndl ma dhbﬂ thp #i€%s of
to be naintained, while etching away the unprotected

aBnitegeted; piccuiinafies . tha eahingawey ﬂwe@rrd@ ooff e leorst tonfprey mdividual

kg c%'OQ 8]::0 1%?%12 1&]?—‘7%13 égﬁjds tg% E{op? Al with landing

pl1c a r an e
pads for each mterconnect while Figure 21B shows the other end of the interconnects. It

will be appreciated that the magnifications for each figure is different. Methods for

forming interconnects and landing pads are disclosed in U.S. Patent Application No.
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filed August 31, 2004, the entire disclosure of which
is incorporated be reference herein. [0114] In addition
to formng gate control stacks, it will be appreciated

wH3bosheiges Preferred enbodi ments can be enpl ngﬁ/ﬁs‘iodcsf%ﬁb

I nterconnect lines and associated integrated circuit
features, such as | anding pads. Figures 21A and 21B

19099Y79 O Vir&3: Of, ARA ABLRORBRL 96b4Cithe ‘éhtti:ea&igﬂlisuw%f which is
etching way the ends of The loops to formindividua

irrompeated hegein by eeferemisect s. Fi gure 21A shows the ends of
or. each

el B8 o Wit amgtieteted Tuet BiGriich OF g peem 177 gepe more
thanedouble®! TR BRSNS, tht pattérh 17P 6@9@%&%@5&% &H%Ei%cigg% forming

a
magni fications for each figure is different.
spasers ground g spereey &'6hrikant wmeNig| thedpasgrspids theneforming spacers

i SGl din,US Patent Applicati 227 WD
o3 R R i F e dB6R 7B e 5 nd §7 of aho semplary
nfdthod for| fashAUgiteat mBkiplih@0d is dReusat il €.9l BALASNG.€5,988,810 to

which is incorporated herein by reference. [0115] It
Lawvwey & gb Ao aggispocivhile thet prafm%eeﬂmoﬂmntsf canhedvgniegeously be

c r a b : l e, e pattern
gl R o nfyhd TRedRl bR R0 RPRE 42° SRLfohay
photolithdgiapdicalyadefied 1fébtureb,h e pataBi 1Y b 23pag@r botl He, pitch
n;'ﬁen form ng spacers  around the spacers that were

plifiog Ca R dutireat depaes PEPHCHEMUIERG SR on. An

exe f fayrther ol lst-2R1. | g .

i sctuagl | Mipeten sbve i 8B paigh el 220 oh B betlolidhod on
thd primnaryamiaskt lager, 160hifl desitdde pr sfchroasd, edditshaiensls 19@fy can be

advan eous|y.be applied to formpatterns having _both
dﬁpqsgﬁ& ﬁ%vanpth éaa'elgnlég @Bqllggqﬂlfqgﬁépp@le, L%le patterns 177 and 230 can be

' £b I [ :

R o ARk 5, Qg B T e R o il then e
sequieher efistepsl dipsteged mf FigurescH - hdanibp Ipefartmedrio pfobect G patterns 177

SRR A0 O TGN PARFE 5 A ARESICtS BT e Ao gt te

: g @Ak O nabIBYSESpreRMbReConIRRAS) hfathri
A S TR e bR oomRAS hfra

thed teare be selectimelynaicle@ Oclative toghe hard mesisle dayer! 1 5@ amtha protective layer

ditional, mask | a oV i ng the hard sk layer 150
B iR e PR UL e P YR el el £ e RGimpdcimas
1&4r. 16 can be perfornmed to protect the patterns 177 and

30, to forma new pattern in an overlying

phot d&f7] naldn edditigm the prpfgrrechernbasimenss canfbs emplaved mylfiplotimes

h trat T [ ti I k | f bl y.
RGP R bt O B R 0B CRRE B By R e n
plghiay| oft ldyerst e vbiesl neRell, Wwlar mipbeanettically’ 0bRipubsCor non-
| ayer that surrounds the patterns 177 and 230 after

cpBiigugus ARchyerEralygsepyatere I gush paseraleachagfkthe iadigidual[lgvelsrfo be
BB g A 10T e SR DR e
dvaibthie dadividnal Jevat @s de tpatidroedn Ibivtil alsoet apptdcmtedf thatt the @articular
clorqlpgsition and height of the various layers 120-220 discussed above can be varied
depending upon a particular application. For example, the thickness of the layer 160 can
be varied depending upon the identity of the substrate 110, e.g., the chemical composition
of the substrate, whether the substrate comprises single or multiple layers of material, the
depth of features to be formed, etc., and tﬁe available etch chemistries. In some cases,

one or more layers of the layer 120-220 can be omitted or more layers can be added. For
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plurality of layers or vertical |evels, which may be
vertically contiguous or non- contiguous and vertically
separated. In such cases, each of the individual |evels
}3 So/1008 terned woul d constitute a substrate 110 and
e VAT St | ayers 120-220 can fornmed over t ReT/US2006/007739
i ndi vidual level to be patterned. It wll also be

)bagppﬂ%gh 3t edéégz&\t 'Qtﬁg‘;%l I i cul a&%&g‘g@%@ tio gﬁg ”55

m’é%ﬁﬂﬁﬂ:nt ﬁ%ﬁ@c{iﬂtd&gtréiﬁﬁﬁaﬁat&% fol théuBErrAPP{0.Cat i on. For
exanﬁ'a the thi'ckness of the layer 160 can be varied
e

dep lng updee, while i “gragessing” dfrougheths vesousamaskl le@ers greferably

.t cal osi tion _of the,su ate et her the

insfef P X, SR EEE SRS e eon i PR P sk SO S 1B

sthj’écﬁ 3Myerst meﬂfiﬁ@m Rbskf Bérs/ k@ any fentl CorldAELBP Eabri@ition, process.
and e avail abl e etch chem stries. In sone cases, one

Feyr emwée [PAGRePsingofan; mEoly e josy imphoptaion, diffsipe deping depogting, or

“@gﬁlﬁ B@ %{‘5? %@g&gﬁ exarrrfj&y erE‘R{.% ﬁ%g‘m\eﬁglﬁ‘g%%éﬁlgﬁ addition, th

sk lay€sl cabeaed 3s Whkper bheichfor dhemsek rha¥i£xical 395ﬁ)shﬂfgd(mlP) or
155 are sufficient tg adequately transfer a pattern_to

CMFecag ssrerfgrraedionoany|of thedayer tg gllovifon botl plaparizaionapd etching of

oo 5t 3 LS A WS SLEA SR cab G M.
ﬁhﬂsl\ﬁarb}agﬁe 2805 e entiredisvlosurs ofyjytact is ng:oipa;amfdsbyuefdfend:qher@

procBT81 ' PGSt o wif Be cemniged y PoroUed g he ar ta
vABs Al ol fibions) ddhitRing ind %dﬁﬁahéiﬁﬁﬂa%! Bé Rfide B theWWhthods and

etching, etc. through the mask |ayers and onto
stouetieed gﬂsu@bddaapem wﬂhoutaktﬂarﬂng)frpmt the scopa o tﬂteameemuona mlbsuch

u as a st or barrie for nmechani

RO a s e AUB % e Ciyeded 10 fell JERKS D DR, i Gpveptign. s
dbfe8 b9 thelapplddeWclafths POt h pl anar i zat| on and etching of
the underl'ying | ayers, as discussed in U S. Provisiona
Pat ent Application No. 60/666,031, filed March 28,
2005, the entire disclosure of which is incorporated by
reference herein. [01191 Accordingly, it will be
appreci ated by those skilled in the art that various
ot her om ssions, additions and nodifications may be
made to the nmethods and structures described above

wi t hout departing fromthe scope of the invention. Al
such nodifications and changes are intended to fal
wWithin the scope of the invention, as defined by the
appended clainms. -29 W claim 1. A nethod for
processi ng a sem conductor substrate having a primary
mask | ayer overlying the substrate, a hard nmask | ayer
formed of a first material overlying the primary mask
| ayer, a hard mask | ayer fornmed of a second nateri al
overlying the hard mask |ayer formed of the first
material, and a pattern of pitch-nultiplied spacers
overlying the hard nmask | ayer :
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M

conprising the second material, the nethod conpri sing:
transferring the pattern to the hard mask | ayer
conprising the second material to expose parts of the
first material; transferring the pattern to the hard
mask | ayer forned of the first material, the exposed
parts of the first material remaining exposed between
transferring the pattern to the hard mask | ayer
conprising the second material and transferring the
Weclmmt ern to the hard mask |ayer formed of the first
materi al; and subsequently transferring the pattern to

the prj mar sk layer. 2. .Th thod of ,Cl.aim1,
whr oi h PR prac 9o & ipirQTougior wHbstrals hEYie yprimary mask layer
overlRigahé &lbstrat6) Mar®MablolaPEtFoARA T i md 1683 bvaHNERR primary mask
irst and second spaced pl anes extendi ng perpendi cul ar

layer; @ hatdemagkdayar Jomed of aesepandhoatend! ogkrlying the land ntask layer formed of

Y erformaccarpon stri.p before .transferrin
the AR B bRt DA 3o P T, Bt A ayer
compiRaRtHe SRLAT indleriald the thehddogdiskig: Cl ai m 1, wherein the
primary mask | ayer conprises annrfhous carbon. 5. The

met hodrassteaing the pattera de dherhard magh |ayer somnsising thy spcond material to

28{5\%& ‘?éo'fﬁ%%&%ﬁ&fial- carbon. 6. The nmethod of C aim

ein the spacers’ are forned of the first
mat er i dnsferring fheeparetnhiocthe hardl mask Wyerfoaned of theefifki material, the
material is _silicon or, silicon oxide. 8. The t hod, of
dwmdma%éﬁeﬁ st PAKERlTEMRRYE %@oifgthew%ntt@nﬁ@qsébapaﬁem to

NS Mat EMEEK 1a§reﬁwm'n§is§9% {hB Se&RA MM eri tRH itéhsﬁ%ll}%rtihé Pattern to the

etching the hard ayer using a HBr and

cloard aiask hyendoaserbof the fifhmategtlhanl of C ai m 7, wherein

t he second erial is different,fromthe first

rmt er | SPSGHAGrFferab PaT OB RRP ek oho. The

neg hodriRf méthad oF Elaihe lefbirt TRNPAREY ddshdt iSpRAU! BdnRrall9 parallel

the hard mask |ayer conprising the second materral '
relation fip pheansther ahleayy betweeeh dirtd andisdeondsnaced:planpysi extendingtperpendicular
K”hgecoag material using a fluorocarbon plasma. 11. The

neHod of Claim 1, further conprising transferring the

pad.t erThet enettdd of Wsitd At Gurthe?. conpiBingOgerf@in @r eaboéGtrip before
subl i t hographic features during_sem conductor .
transfesring PRGN to themaid maskdayer epmprifing the secend matarigl

P AT R SR HRAE 130 o8 o RSB Gkl Ul
carbon.

5.  The method of Claim 4, wherein the primary mask layer comprises transparent
carbon.

6.  The method of Claim 4, wherein the spacers are formed of the first material.

7. The method of Claim 4, wherein the first material is silicon or silicon oxide.

8.  The method of Claim 7, wherein transferring the pattern to the hard mask layer
comprising the second material comprises etching the hard mask layer using a HBr and Cl;,
containing plasma.

9.  The method of Claim 7, wherein the second material is different from the first

material and is silicon or silicon oxide.
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subsequent|ly subjecting the free-standi ng spacers to a

pattern cleaning etch; and subsequently transferring

the pattern forned by the free-standi ng spacers into

the hard mask material. 13. The nethod of Caim12,

wherein formng free-standing pitch multiplied spacers

conprises:. patterning a tenporary layer to forma

plurality of mandrels; blanket depositing spacer

materi al over the mandrels; selectively renoving spacer

mat@®r i Bie medad iobGlaian® avhesein firpaeferring the paftesn 4 dreshass mask layer

[ I : ; tivel e . e

com AR 5858l TR cr Bl BE HEEL A My HRE g Wi sccond
materiel ustrg ofludtbaibonyBasmaher ei n patterning the tenporary

| ayer conprises: atternjng a photoresist |ayer

ovEr| y Ty method; Qﬁﬁsﬁ%ﬂ W Ifaﬁg‘f’; COIARIIsIng, HARyiesring nihe gpattern to the
subski@btern in the photoresist layer to the tenporary

ayer. 15. The nethod of O aim 13, wherein the

t ehdor Amyethal/for cxatipng sublithographictfeaturesrdorng smicdmuctdhfabrication,

nmet hod of Claim 13, wherein the carbon material is
compttehous carbon. 17. The nmethod of O aim 12, wherein

subsedfeRingy fréd RiuRiitd PcH-RRIpIEE spiRRIIVSG a ARACKAASK Hdterial, the

the pattern cl eaning etch conprises performng an

ofrgeastinding spapere fgyminglBpatttie et hod of O aim 17, wherein

perform.ng t organi c.strip, _et.ch conprises rform
o 02 TS SRR 08t RafhiEh GBI 7 ARues® ety PRl and
conpr i subsgueigfy MiidGrady Ok pefierh IRy tHe free-BiAAYIAE SFdcSTs into the
| ayer over the substrate using photolithography wthout
phard maskmatasial.cat i on, -31 wherein defining the other
pajt erqy i f r..form ee- ndj .
o1 Do fefipl G CTE 2, WieschEloft, 0ol putipticd spacers
comprideg:ecti ng the free-standing spacers to the pattern

cl eanin etch. 20. The nmethod of Cl aim 19, wherein the

ot her gﬁ%{epgpgqa}eglppmeroqorfg@} # plugahisy ol mapgirels; per i phery

regi on - t Ls forned

di rect ?l?/ﬁ%e&/ E‘%@#ﬁg%{; %&ﬂg?@gz)‘/l ﬁgrgtpg%{aggﬁlsf he substrate.

21. Theelavbvélpderndvia} spaceriBateitldram hotitontad tstudacep &t foemrspacers on

is . for on a Jevel .above the free-standing
p?‘fi‘é‘ﬁglnﬁgttk?edpi’rgdg%ﬁﬁeers. 22. The nethod of C aim 21,
furt heg CAMY r&h&Engd hRMSheFld 10 %ea b theQphRls el dtfldhd 0 a
same |l evel as the free-standing pitch-nmultiplied

sphter Thomethod of Glagra d dewhdrsin pattjraiog ithefemperary layer comprises:

free- st aRdlinga SRASRLS: thfer bDE1RE hE tdhnford§ Myl a85CN-

transferring a pattern in the photoresist layer to the temporary layer.

15. The method of Claim 13, wherein the temporary layer comprises a carbon
material.

16. The method of Claim 13, wherein the carbon material is amorphous carbon.

17. The method of Claim 12, wherein subsequently subjecting the free-standing
spacers to the pattern cleaning etch comprises performing an organic strip etch.

18. The method of Claim 17, wherein performing the organic strip etch comprises
performing an O; plasma etch.

19. The method of Claim 12, further comprising defining an other pattem in a
photoresist layer over the substrate using photolithography without pitch multiplication,
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23. A nethod for sem conductor fabrication, conprising:
formng a first spacer on a vertical side wall of a
patterned pillar; renoving the patterned pillar;

form ng a second spacer on a vertical side wall of the

first spacer; renoving the first spacer; subsequently

subj ecting the second spacer to an organic strip etch;

and transferring a pattern at |east partially defined

by the second spacer to a first hard mask material.

whergip, definingniherasbierafattemaisrpep@rmeéd, ﬁﬁﬁeﬁonumapﬁrfwsstﬂghng pitch-multiplied

sl:uf.u:grls‘I tﬁsgﬁgafog% :s%lrste{q rAh| ;r.eﬁh | ﬂ&ghtgla fg Eﬂ“ﬂ]i“n% ?ﬂceq Eq, ft}?e]}-attem gleanmg

etch.conpri si ng subsequently transferring the pattern to an

anor phous carbon | ayer. 26. The nethod of O aim 24,

f uf@ heFheweibed of ﬁbﬂl@d@s yagréwtth‘y otherpasiery isi wgnqdwbrectly overlying a

I

perifih Ein of he BB e pbben i R BE MR ey g i oy rogion of
the shlestrate. partially deflnes conductive i nterconnects in a

partlally f%lrl ated integrated circuit. 28. The nethod

of 23 ailhE D6t Sftel i 19, ety the At prétepyis femedos & lgvel above the
free-SRGLS Bk E- aslp rtially defines gate stacks in a
reepar h%?ﬁ @'k%ﬁcatéggsntegrated circuit. -32

The method of Claim 21, further comprising transferring the other pattern to a

same level as the free-standing pitch-multiplied spacers before subsequently subjecting the
free-standing spacers to the pattern cleaning etch.
23. A method for semiconductor fabrication, comprising:
forming a first spacer on a vertical side wall of a patterned pillar;
removing the patterned pillar;
forming a second spacer on a vertical side wall of the first spacer;
removing the first spacer;
subsequently subjecting the second spacer to an organic strip etch; and
transferring a pattern at least partially defined by the second spacer to a first hard
mask material.
24. The method of Claim 23, further comprising subsequently transferring the pattern
to a second hard mask material.
25.  The method of Claim 24, further comprising subsequently transferring the pattern
to an amorphous carbon layer.
26. The method of Claim 24, further comprising subsequently transferring the pattemn
to a substrate.
27. The method of Claim 26, wherein transferring the pattern to the substrate at least
partially defines conductive interconnects in a partially fabricated integrated circuit.
28. The method of Claim 26, wherein transferring the pattern to the substrate at least

partially defines gate stacks in a partially fabricated integrated circuit.
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