WD 2008/ 027239 PCT/ US2007/ 018395 SI NGLE SPACER
PROCESS FOR MULTI PLYI NG PI TCH BY A FACTOR GREATER THAN
wOMSARRIRELATED | NTERVEDI ATE | C  STRUCTURES ReTaISennc®18395
to Rel ated Applications 10001] This application is
related to and incorporates the follow ng by reference
in their entireties: U S. Patent Application No.
11/ 150, 408 of Wells, filed June 9, 2005; U S. Patent
Application No. 11/144,543 of Sant et al., filed June
2, 2005; and U.S. Patent Application No. 11/217,270
of Wells, filed Septenber 1, 2005; and U S. Patent
Application No. 11/134,982 of Abatchev et al., filed
May 23, 2005. BACKGROUND OF THE | NVENTION Field of

the_ Il nvention 100021 This_ i nvent| o | n sever al

enb%'éh'%ﬁ‘t%}) CERPRO Nﬂ%yl ﬂ? ues
A FACTORGREATER THAN, Wé? §.¥a~ ??rEPe‘

to masking techni quesS S pitch nulti pI [ cat| on

Descri ption of ﬁhte Rel at gg 1 |g003' As a consequence
of many factor at e i ncr eased

[09@]’]t abirhist z}pphcﬁmmistﬂem&dpmvﬂi‘fd 1n8@1f66faYesCt&th”fﬁll&Wm§rt@ reference in

theirentsGliy ity ARBUFHET RoUUL bt g S sBe€iunes. apogys. patent

Applicati®@ONs! 1 108643 eaSunes dihdled Dmd 3, P05 N4RUUM. Btent Application No.

ircyjts,.e.q., | ectrjcal i.ces an terc nnect
o o e o e RE T 0P a5 e RobBls W0 3 952 o
Abatcheviepgi. | file@Maytd3, 2083.ze  reducti on. 100041 The trend of
decreasing feature size is evident in the integrated
circuit (1C industry, for exanple, in nenory

circuits or BACKGRGUND @B THERIVENTAONOM access
Field of ries (DRAMs), flash nenories, static random
——tgcgéggg—%‘e.‘)t mori es (SRAMs) and ferroelectric (FE)
[00®aOr | Fhis Gﬁ\r@hoﬁ)(aﬁpk@%ra@f emnBb&fieats OreGitésC Weherally to masking
nori es |nc u

i.ncl udi n neto resis
techniquel P e POUPD PR 4 OB HENBHA S (o BPokPa piges including
pitch muléplidtiehor nmenories (including netal -doped
chal cogeni de gl ass el enents), SRAM SDRAM EEPROM and
other volatile and non-volatile nmenory schenmes. To
Descnptxdrﬂnkt&heRelaeadaﬂnl e, a DRAM conventionally conprises

[Om | i ons of | dentl ‘?féﬂ%{r autlg%sl gc?u 1%/%"'2%@%/\%2’???9“ portability,

compunnE%{)viZﬁ&ﬁb@l&%Q&ty e usdrgy effididndy) ﬁﬁégiﬁied cWBuits are continuously
ctrical, devi CePZ a stor ag% arp (‘h ?r and .an access
being redllacfe 'Ry SiEFs sizes of the constituent features that form the integrated circuits, e.g.,

electrical devices and interconnect lines, are also constantly being decreased to facilitate this size

reduction.

[0004] The trend of decreasing feature size is evident in the integrated circuit (IC)
industry, for example, in memory circuits or devices such as dynamic random access memories
(DRAMs), flash memories, static random access memories (SRAMSs) and ferroelectric (FE)
memories. Other examples of integrated circuit memories include MRAM (including magneto
resistive elements), programmable fuse memories, programmable conductor memories
(including metal-doped chalcogenide glass elements), SRAM, SDRAM, EEPROM and other
volatile and non-volatile memory schemes. To take one example, a DRAM conventionally

comprises millions of identical circuit elements, known as memory cells. DRAM memory cells



transi stor. Each nenory cell is an addressable
| ocation that can store one bit (binary digit) of
wdav@/02723bit can be witten to a cell through PO®US2007/018395
transi stor and can be read by sensing charge in the
capacitor. By decreasing the sizes of the electrica
devi ces that conprise nenory cells and the sizes of
the conducting |lines that access the nenory cells,
menory devices can be nmade smaller. Additionally,
storage capacities can be increased by fitting nore
menory cells within a given area in nenory devices.
100051 Features, such as conductive lines, are
conventionadlyy estudsntaya 9Ie¢tgipﬁlede\ugqsn@ %{O@gg(g@g@itor ranghane Reegss field effect
transistor. pﬁﬁ&lﬁﬁfénﬂ)@}' b0 fard Q@dr&s%@lgl@ N&Satlon tfxétrcsa'i'l sfng%r[ﬁg Hltn(b?nary digit) of

enporary 1ayer over sem conduct or trate
data. A bit glysqjwaitien (o 2 ¢%\h@f®ghék!e transisier angtyan bgtread i Wgsmg charge in the
capacitor. Cﬁ \G%Qltehgﬂglthg %Q'd?ghgglgmrégaﬁﬁ €s tl?ﬂ%%glphﬁygﬁrﬁﬂyxeﬂssand the
to pattern suc eatures wt
sizes of thp lqgnqbd:@hg hinbs ﬁga( @cessgh@mn@gy g(:l)s eepery devices can be made smaller.
Y, r
Addltlonaﬁg 49 ag% Qggﬁ nabﬁan %egggxtggc{lgls% é‘ {tgﬁt 1?\8{3% gllgﬁlv\‘%f ﬁﬁ?sdwktﬂm a given
area in menrrrm’b/lsld@seaall recting light (or radiation) through a

I
061 BT8R PAAEL: 08, SRRy Y e
in which aspattesn défifieptherfegursais st Besediibe terhgorpiydayarmyep? sehiconductor
substrate argi Etﬁﬂe lfemgqgngﬁrre&j ‘?(f) 'tl{Eegub%Erg{ehf‘su% ?érﬁr@ﬁﬁorpa?te%ﬁ% chemistries.
1 aen Ints In two nel ghborin eat ures. ese -
Photolithdgeegxhur ess cammont)y pierhltd ypatiefn mech Hyatgrsacwihive avpleariodefinable (or
photoresis@g{aggtf.} n? ’ Eﬁ%gﬁ%gr a a& %ﬁtt?"ﬁt ott %Qf’&gé’%l fsyfor‘th %j {}Qyp}?otodeﬁnable
layer usingeq preuesp avhicdr msiufes glrectmg hghtalps yadigfiem) Hhmghk;eretxcle having a
pattern co%%%@ﬁ%@st? Rﬁke%at%t}f;%%a%%g téé"lbg‘f&n%fd ﬁtﬁees%#?a‘j%a”d the
[0 ar aThegizeh @f fedtems gpe bfsrdﬁmabemiebghlkmcmrcgptf efit‘pitad,” which is
defined agr_lgxgﬁl &gﬁ;i)lé\%\ééeg lﬁgﬁtc%lr};‘mﬁtg %‘ t@? ﬁg%?)t)gl%gﬁa urr]ésq h'f'hegg Features are
typically dedipiad M@a@smemmmﬁp’qctml‘feml‘@w Sphtashara tym@allm f'dl;lddry a material,
|t t. b
such as ar?ﬁgélgr es IA% x%é{gja g%lf] It%g&g} ?ﬁ?erﬁsﬁ{%%o in a%la.#/%é hi’f?ﬂ‘eg nﬁecxtnewed as the
sum of theidth gf adentpieand ithet \hmigh af)ﬂmecspamnmpwedq of the feature separating that
' di [ h
feature fr& Ogﬁeﬁ@&o %g ifrerﬁ}:l{ - Slrlrlloeiy %gﬁaﬁeo B IfQCt{)l%aéugL bét?q% and light (or
radiation) ovayepangtho pbdtoliitogughy dechnapues nghmkyavterfenmapmm pmh b@owfwhxch a

] P . p h h n|
perticular DR Bl BRL AP Rl 6 e P ook Pkl hagyently, the
minimum| mtchj xgs;rie‘gort Af m—‘glwxjp]@mglgdnpgr@ghlpﬁe@r@;uemt@nmpﬂdlment to further
. i ssued to Lowey et al., the entire '
reducnongp ﬁ’osure of which is incorporated herein by
[%Qﬂf]er erf@éch Whthiplicatoal’ eorc &pitch Kloghlimg”1 Ay cmeppiopesed ofethod for

extending th@ g%pa%glt e§ of E%tgilfhibgﬁ%?ﬁ%ggé ﬂde}é gggc; aﬂgllr ';'ryglmt%m gltch A pitch

esl st over
multlphca@mpemhcm i lmr@teldah FigiingschA-i1i and desagibed Inn BsS.Patent No. 5,328,810,
: t ). i AS Ny !
R N e Lt
reference ¢o dhgure - 1A, \{0p 2008 /0§ 2in28 3 ORETHhosR g gA83dly formed in a photoreSISt

layer, which overlies a layer 20 of an expendable material, which in tum overlies a substrate 30.

As shown in Figure 1B, the pattern is then transferred using an etch (such as an anisotropic etch)



to the layer 20, thereby form ng pl acehol ders, or

mandrel s, 40. The photoresist lines 10 can be
webkoisppexsoand t he mandrel s 40 can be i sotropi cRaCirgus2007/018395

etched to increase the distance between neighboring

mandrels 40, as shown in Figure | C A layer 50 of

spacer material is subsequently deposited over the

mandrel s 40, as shown in Figure ID. Spacers 60, i.e.,

the material extending or originally formed extending

fromsidewal | s of another material, are then fornmed on

the sides of the mandrels 40. The spacer formation is

acconpl i shed by preferentially etchlng]%i e spacer
to the laypredGe tiheaebr fosmitignelapfhiol deph A MBdrdndes Ty phirdorgest lipeg 10 can be

stripped &Hd" @St hORBLIsSPRACER e Qatroﬁx%alﬁh QWRed Mo Fihglléra?e tHe Exstaﬁ@@ between
remai ni ng mandrel s 40 are then renoved, |eaving behi nd

neighborig;ymandils 4 a8 ShavB DN Fighre HC Polgeeht) ofgnacersmaterialiy spbsequently
deposited Q)Q’EII tﬁé maﬂgreléf"@o Sd@%l%lwhnn Fi c?gHJ 50), FSpaIQ:‘éSGO Y\@efh% ﬁatg}xéﬂeeﬂtendmg
preV|ous y Included a pattern deflnlng one
or origina; IE‘ aft)rmmeéi etendinteropatidewalheof santhenmatanah gwe thesl fageed on the sides
of the mah%lsféﬁ}at Phé §pa%@1d f&mtﬁf?'?scg&o 1Elnedtl{3ﬁ é@&gﬁ%l%&&lﬂﬁ? the spacer
by, t he spacers . res
material ffcmtthprleo@oml perdagdep (78 amit&Q i aphsctpnal ﬁemﬁmhe as shown in Figure
1E. The }éﬁﬁﬂlhgliﬁadcﬁelgfﬁ)%g 'tlYe%l lﬁnﬁl}%@ﬁ el@%ﬁig bl@gg &Jﬂlw}le' fpa&é}g 60, which
I's actual hal ved 1 n the exa bove,
together firCéda@cat sk far mattemmg, Fscoeventn Brga)m yFy efférla?,ewh@re ;given pitch
previously Hc?\ﬂied %%Mehpgeﬁmﬁ ongn?éa@urg SRR s Tce,p kﬂecﬁme width now includes
i plication. conventionally,
two featurensnt ity spagdsowithghe gp@qsh dpfined ewragi thef spacesp 6Qct Ak Irgsult, the
' I A

smallest fl{:xﬁﬁr% %esplj)ééggl‘éﬁiﬁlﬂtg &H&g%@e%ﬁgh}aé%cghggfue 1%‘9&%{&%@ c;e%;kageqp

[08€]]we e Whiledhapitelals astuatiy helyed in thecagmplerabpue.tthis mechndon in pitch
fixe ' c
is conven&;%ﬁalﬁ“ @nﬁrretx? ag ?égﬁ‘% 'qun%,t gﬁ, %ghéb g?ﬁ%")iﬁjy ?lgﬁe ﬁmulﬁghcatlon
Thus, conjventiamallg.e mglétlpilcaélon” iof pit¢hebpi cettein fSactiondsitedly inwelves reducing the
t spac f. e e,
i by UGS 200, AR, ULl oAttt MELpnce orveen
identical fsipaelﬂs inGEelar patS:rnRad dret nubygr o€ éﬂatums N figely 111&@; d@®npce. Pitch
S

multxpllcatt%nng)g ?tfc% r&é?%irn?r%)) ass%flnlte% Eheer e %fn p? al%' St'}ez t&i I?sf‘] Soubled, two

features agg spases argsdofipnad e h sedion whswbé@q:jléhﬁgr@ﬁa/cl@dsdefmeé onkyi ang feature

Qo nethods disclosed therein, a first set of spacers

I's formed on sidewalls of nandrels over a substrate.
1099 wi &t% BatenthApplicationsNe.s1 HéfbekdobWsld ((PsHsDhéiled June 9,
2005, dlséfog%\’\@lle hoapsfbxt ?&ﬂﬁn%ﬁ_%l‘&n%ulﬁﬁ%dsﬁ%ﬁl%ssuéﬁg gg&trg 'é?qna@ltirels for
desired positions mandre are reno
subsequerfispecars Aceordigdoasethedrdtiedlesetl dheraing afyeicse af smsat@eaa formed on
smewausf&rﬂmarag ovgr 3 6%88¢hte. mat &M Rikn gis déﬂg{%&%ﬁ@%&@%%w Gipon the
first set spacers an etche back to forma seco
sidewall pesitigyfs sosfﬂgaééhg sp2r¢¢@s Wil centergfl athdesired meditions. gFhe mandrels are
removed §{?@@}€J a@&% A §%a¥nﬁ§ﬁ s E1es Suik &lfe%ﬁ%p?& f fmQion. A second
center at thelr eS|re posi tions I rst set of
material i§ ﬁh@ed@oqsgec} endhedirstrgt phepasersomd gehedobacksipaoemns pesond set of
spacers. uﬁl%dﬁﬁﬁhsa Fﬂ’ﬁ:ksécgfld es%ﬁ Qf A c@rsslﬁkésghrogér? go %&tg%g%é’]%%’%%ré are also

cation act or. of
centered a:tgh,emg@-ga)eﬂ/ gq_sm@@ The ﬁrst set of spacers is removed and the second set of

spacers is used as a mask for etching a substrate. Accordingly, pitch multiplication by a factor of

and space;



four is achieved, and this technique can therefore be
extended to pitch nmultiplication by a factor of 8,
wh@p0sar239 100101 As anot her exanple, U.S. Pat eRCT/US2007/018395
Application No. 11/144,543 to Sant et al. ("Sant"),
filed June 2, 2005, discloses nethods for formng
pitch-multiplied features using multiple stages of
spacer formation. According to methods discl osed
therein, multiple pitch- nmultiplied spacers are used
to form mask patterns having features with
exceptionally small critical dinmensions. One of each
air of spacers fornmed around a plurality of mandrels
four is a0§l§vedr aR\ Vizig techaioge can Hgrsfpts hoagrdended fig pitelmuyltinligation by a factor
of 8, 16, &@tually sel ectively etchable materials, are
osited around the remai ni ng spacers. Layers forned

lom(ﬁone%faﬂdﬂ@r respaplea|lsS aPatenthApplcaticadyo. 1A, 75 to Sant et al.
(13 29 r t | |
(“Sant™), Q?Qi Bgnér/r%f efr()lﬁ% h&cl\?\)ﬁ ﬁ%}g’??n @Y%ﬁgg&g pﬁféﬂ rﬁtxlt:ﬁpggd %zngxres using
multiple sipgesrofatpiaver, formetiarad AstordiEoti meﬁ@daldmmad Ithﬁgelhamﬂtmle pitch-

glofely n

mulhphe@@g&gggyrf%ogﬁ s i mqgf)%?g%rﬁ YR féa{ues b H?%{r&hé\ﬂmally small
critical dpmnmpngf Ospaf egash Qqqlrt ¢fesmnspﬁmmgd cmqubmlna phentityi O@mandrels is

- 1 I
v 8 BEFPBLES, RSl AT, By i, o
depositedfagpundt the rdesihrrgolspp@m ebayer§ @c@mbsﬂ dfeink @dishmategals are then etched,

[ fo
leaving b%k?l\%}‘t?‘cgg?%%ﬁe%fi{ng dlﬁ?érg (f{}n?édggg ‘thccgeﬂslgs)rl }r)]fg {1118 m%tenalrs_, which form a
mask patteganpisean alleengivec estsadof deBositiag elrhetmd&_m@ lagas. :n;mc_)lﬁsibous carbon is
depositedé%é)%:ﬁcp mrr%:)xt%ln%{imn%\é#)éic%r ﬁ)rlmfeag[ﬁg rt«ﬁfﬁgﬁ?ef (t,}%le%ccw t%\r/r%ing pairs of
spacers oAdidiet amm@hbn}s carbom,meurg)va:dg)gad: wfstpaqmttsfczfaspaces apdt déplositing an
h ' er can

amorpho&é%@rbg)fg S}gyegr g?’:lg gg&lﬁ% J:agxgbse?gﬁéa‘&@dr to‘;f&gx[n]“? dge’sxrgggépe

[0ftHo e Meth¢dsmsingpmiltiple ssmwrrfemmdrmtaosrfespﬂtm mohiplio:ition lead to
large pro%?%ﬂ% cgss%) an Pe )%’gglglg’i t%@ gwgcgcﬁ%% gf gfv:% lﬂa?ent % Fa%{ : Ion o?l/ 150,408 of
Wells foratsos_nacﬁ*é tlwlmt tDoacthe\abpltdh ﬁﬁﬁlphchﬂmroby aAfwtdrldfrfabf y,Addxtxonal]y,
oins, BRFHPSEA LS LAl S 7ok YRS St e o
increase mvcn’smag lcest.o FoRd8mmie, sczi$nememetadom) gptical s¢emner with a resolution
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available %r r}%e %H‘; %3‘ Bxﬁ%%ﬁr%m 39~ e%g U&%y ﬁian\%](!)se atva arfallen}o%bqg nm scanners
nu er
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i nvention, and wherein: 100141 Figures IA-IF are
schematic, cross-sectional side views of a sequence of
woasdsimge3patt erns for form ng conductive |inespCcirmns2007/018395
accordance with a prior art pitch doubling method;
100151 Figures 2A-2F are schematic, cross-sectiona
side views of a process for fonning a pattern of
features pitch-nultiplied by a factor of four, in
accordance with an enbodi ment of the invention;
[0016] - Figures 3-12 schematically illustrate a
method simlar to that of Figures 2A- 2F for formng a
pattern of |ines pltch multiplied by a factor of four,
i n accordance wBeefidescriptigngl theddrawmsshe i nventi on;
1009917 11hé HVeRtich '\xﬁll %es&ﬂ%mﬁde?sto&f BoRT BETbdANY Dééc‘#i%txon of the
view of a partial ormed integrated circuit,
Embodimgnig\gnf gfrom rtbmapefflc{fé drevings whishhwewsteiliusiBiceandagiemot Aimit the
lnvmﬁmmyﬁﬂmpmg&x | ayer, a hard mask |ayer, a transfer |ayer
and a substrate, in accordance with an enbodi nent of
100K i n¥igsrsohA-Fenmes schemgiie o sroapsestignal BSide evieyeh efnat seguence of
masking HAtRP %?%h{?{ﬁ@l C(ﬁx'dqgtn%ngnésoﬁ)n Rb&R 4B WitPh A(ﬂeart itch doublmg
partial |l y-formed |ntegrated circurt of Flgup RYe
method; 3 pattern of lines is forned in the photodeflnable
[00FH|ET , FighrACERILANGE s%etnkhti%n cRIT0Q tﬂ)‘?ant sRE $iB&s of a process for
~ invention; 100191 Figure 5 is a schematic,
forming & mesems et frasvrss mifclemyitiplicdfbn Aefapiar tqfafquy,- froepeddance with an
enﬁmdnn&ﬁ%@gkghgguﬁhrCU|t of Figures 4A and 4B, after the
pattern of lines is transferred to the tenporary
[003§ler | Fignresctd? daheraatigally idystiairho dicthad: similar frethat of Figures 2A-
2F for fohﬂ\ﬁ%né ?%rn ]&01%% ﬂ: {cgl%gﬁ‘x ﬁéj @Pda ?a%td?r(ﬁ ?pem&&’dance with an
cross-sectional si'de an Pop pfan views o
embodimengof thel inyerfionred i ntegrated circuit of Figure 5, after
100 phﬁgg%i@fsl A2 ScHOAUAE lofock SOLIGRR SRk ¥ienP bENCRalflfly-formed
. nes conprising t tenporary layer a
integrate%wﬁd@fq“n%lf@m tgreto bfdtorme phiotosiefinairhellaye @rteimporary layer, a hard
mask laye{},ﬁ%)g%t%:fez rl]a)'ieF 8@%%%{1%?%3&3? ém%écgrscﬁgcegwﬂg %g?%%d%entt B? the invention;
(001 8ls s - §2@3¢¢So41@|anéi4&am¢i sheroftic, lveospardtionk] §idé endtep plan views of
-t u f d t
the pamdélgafggfl@cfngl?g {eﬁ clhlécu%o nf 'F%? @a@]egﬁk%a(%t%gme%gsll es Is formed in the
photodefinghde taybs in eﬁcerdanne m@wmxmm lof the iavdnsidnme nt of t he
l()l()Ty]ent 'Fgﬁre 50iP s%QQxﬁé@@@ﬁ £ g&r}e{?‘%p&?é%w g? She E}QIQﬂ%ﬁ;—formed
gure IS a schematic, cross-sectional e Vi
mtegrated ﬂé:umrftﬁlamrw 4AomeetB.i aftee@mwaé@ntw lingistis @fln#ﬁlgcd ® the temporary
layer, in a@é&xﬁ&n&hﬁtﬁ%ﬁﬁoﬁ%ﬁ{ bﬁ}ne iRefiiGhed to formspacers on
dewal I's of the nmandre i n aécordance with an
Io@?&lodl iregwresod A tang Gl?ner@rﬂch@nam{ Gozgisctiogal sid@ ang tep plan views of

the partlaﬁ9 I?&%aéd' 19te]g%&§glr<§ﬁpgf ﬁ%ﬂlle §'a‘?t%r Ykie%o?cfdehg?ole layer is isotropically

etched (or tnmmed) Lmes comprising the temporary layer and photodefinable layer define first

and second mandrels, in accordance with an embodiment of the invention;
[0021] Figure 7 is a schematic, cross-sectional side view of the partially-formed
integrated circuit of Figures 6A and 6B, after a spacer material is conformally blanket deposited

over the substrate, in accordance with an embodiment of the invention;



integrated circuit of Figure 8, after the second
mandrel s are etched away, in accordance with an
weonhsdimsat of the invention; [0024] Fi gure 10PCE/U82007/018395
schematic, cross-sectional side view of the
partially-formed integrated circuit of Figure 9,
after exposed portions of the first mandrels are
etched away, |eaving a pattern of lines over the hard
mask | ayer, in accordance with an enbodi nent of the
invention; [0025] Figure 11 is a schematic,
cross-sectional side view of the partially-forned
integrated circuit of Figure 10, after the pattern of
[0023es Figure Snist & selanatls, CRSSHaFEPnghsidel wigwr obihe partially-formed
1ntegratedt&1%ﬂr°tfo? Fign ¥ 7 aftéﬂh@gﬁ&bdﬁﬁ%?laﬂst Qe BTBRAIPREEs & sidewalls of
he I nventi on; L Fi gures 12A and 12B are
the mandr@bhwwr@an@r\wsalse@ PHmEnt af e inveatiewp pl an views of
002 PaFidAl lovil OTBRthudi QR5:RlsBChidHal Gt viRhy bF didny-f
O R P | e s pical Bl vigh BF B, Barkbiy.formed
integratedsaitssitroftidgwnd. efier theserord Skansiels areamlfeeirdwaa/ym accgrdance with an
Lisaccordance with an enbodi nent of the
embomm%‘ﬁ\g‘gﬁ%ﬂg\ﬁ; 1[08Q27] Figure 12C is a schematic, top plan
[00246w oFiguie 18dsta edheynafior pross-sastiewalatidal viest p€ tiet patially-formed
Fi };g@ r e S.
integrated h%‘.{tﬁ oL T 5€gd aé%an]e}rqur%g 51@ &Zléhé:of?%a rl}lge[éxdrélf %&aeﬁtcﬂéd away,
leaving a gatiorni ofelmesagiver He hard emsmﬁyer[ Ooagiordang@ math daBamb@Hment of the
invention@f € schematic, cross-sectional side views of a process
for formng a pattern of features pitch-nultiplied by
[092F]act &rguo 1dii%,a behemetior crapeecoliphdl side viavhoflitlne partiefly-formed
4- [
mtegratedtJﬁfcblgrb\rfg?%erQO &%Qiﬁe] Pf {e?ﬁja??tﬁgés %&%sf?ﬁ‘gﬂe E@{hggﬁld Mask layer and
the transfdriAyer 3id dcoprdimservitigaracipbediment off the investion;
hEch- oI e ' CE e
0084 P rf SR ] Rl By SR R i iowso
the partiajlg-fermpedhietegtates civnasd-KSgwtildnaftersthe patyére wf difesis transferred to the
substrate {heaﬂakcy magg gq?éjtraﬂsgatrq%e% grg: r%{noggd it ag' %\Anng Wlthra%ne]:r{xbodlment
a substrate, ayer,
oftheinvmtrmh mask Iayer a second hard nmask Iayer athird
d r..an t e
lﬂgg’zj or da rémjz \%I%téhlS% &h%ﬁb@ tgﬁep érP@{%heo# ﬁ%/é z%mélﬁ/ fongewtegrated
circuit of PRR@¢s0270881 FXIY,/a082 B0mimal 8385 ‘1@ pf the dueebavikIRemrmnoved, in
sectional side and top plan
accordanéa@t@g&?&gﬁcgﬁgé{% ﬂn&%ﬁ%ir‘red integrated circuit of
10028Jur eFigu,resafft@flShI patschematdd, drossessctianal sideaiewnof Agrocess for
' coy da
forming Ql'kpattt:%e : E\r;lg%ltu?egngx%%xgg%h 8 EL)I";e T%:?cl)rsog @S%he E%’c%gda%g with an
embodiment @ ¢hesisreritmal si de vi ew of the partially-forned

[0029] Figures 14-22B schematically illustrate a method similar to that of Figures
13A-13H for forming a pattern of lines pitch-multiplied by a factor of six, in accordance with an
embodiment of the invention;

[0030] Figure 14 is a schematic, cross-sectional side view of a partially-formed
integrated circuit, showing, from bottom to top, a substrate, a transfer layer, a first hard mask
layer, a second hard mask layer, a third hard mask layer and a photodefinable layer, in

accordance with an embodiment of the invention;



integrated circuit of Figures 15A and 15B, after the
pattern of lines is transferred to the second and
wohoost2feap d mask | ayers, in accordance w th anPCT/US2007/018395
enbodi nent of the invention; [00351 Figure 17is a
schematic, cross-sectional side view of the
partially-fornmed integrated circuit of Figure 16,
after stacked nmandrels are differentially trimred by
isotropic and selective etching. Lines conprising the
second hard mask |ayer, third hard mask | ayer and
phot odefi nabl e | ayer define first, second and third
mandrel s, in accordance with an enbodi ment of the .
(003t ent Figures 1goas lﬁﬁg@rﬁéc@war@, erose brefiaral gide and top plan views of
the partlaﬁgl‘?éﬁne?ieﬁﬁég%{@é cﬁ‘kgﬁ off ﬁgﬁ RQf 14 heﬁ'tep%rgétélnl of" lfr%g rT?q"onned in the
tegrated circuit of Figure , r a spacer
photodeﬁneehlehb'm ij agcoxshanes with lay epibaditesnt géfhednvteationyer the
0B8IS I pore 18 @GCQRM Thosll JRIY of -
) [ I#\?entl n;re go%l?lgyél gﬁ?g %quséé%gogche%a ofind Bgmal]y formed
integratedqitsai-of diguron &P A sindel 5B, @Wemhetmetepmﬁ fiirzgls I 15/ trhnsfamet! to the second
c er
and third hzmi %s@?ﬁgrs, Ié{ %Ele){iiagofse ¥v ot? ﬁ]ﬁ gm’ggglrnzgng (r(:jf‘ ’%hltagﬁveﬂ? %ﬁ
10915@1 makigued 47isi @ sah@mtwam%swcctiprah SEl@ﬂdwmﬁthmﬁamlhby—fonned
| e ' . . .
integrated Jx%gg Se% : %gé)l %%%r ﬂggl\%/gder\rllvc?rlg%&l? afe c%‘ﬁ% aHli Er%rgprer% gy isotropic and
selective pighiogr abwds @pm@usmgotﬂ}e Fieguirdehdrd, majkt layee)(tpiyd dohrd mask layer and
' t h & Are
photoderL 0% 18, ELcaban SRR AT M LLALE B B Goposien
of the inverdrogh; mask | ayer, in accordance with an enbodi nent of
in bis [0 g &l c - 1
[()b? ss- g H gg al chngﬁl\:}{: g,WH{g s %%gb%%astlée UI[%'\W Hl’rlfce Bamally formed
integratedi qntcegrceftl“egilrellﬁ cafitgr aosﬁpa@trgruaterialOi,s cahfoemalin blapaett depositEfl over the
substrate, ib ASrdaficd 4 3h Qb8 bR thelihleiofar d mask |ayer —and
the transfer layer, 1n accor dance Wi th an enbodi nment
[0837]t heFiguven?iiom sfheon0d, Gogusaesord sidmeicd2Bf alie partlally-formed
S I . I an_vi ews
mtegrateds(ﬁnﬁ {Pf%r? h8 f%tre?re% §p91?€r nrla?rqa 1%:&?%%4){) f'mﬁpacers orbixdewalls of
the mandrglst eracpbrdalpxa:tw@l an erfnbbdlmt ofsthe limsfien,r ed to t he
st r a k nsf.er yers
065' ﬂg%re gaf‘l% Pcl mgcglg glﬁ dgrog gficﬂonel 51dS aePave of CHar(t];ally-formed
integratedagieoy lttcxﬁ thavé% aftrir apaseldi poetionsi of the Got, c@mmi amct thirdmandrels are
ggb n 1 gures
etched a A?%g@% r&&%&x{%%v%% g&pfi?s?%aljdg Q\Aég% aye m a{ccordfmce with an
embodiménd ofithe mvemhegr ated circuit, showing a net hod by \/\,hl ch
t ac v ' accor di
RSS2l P VAR bLReR BT AGRET B, bty ormed
integratedeqitsptli o rgure 20t diter itheveatteimoof lineg iy\Da@dO8/R ARG Grst hard mask layer
d the wrBEHYS2004 £0AB398 Wi i Lated that
and e %rgj‘rg%vm nas a&%é? ea{?‘u‘#g&m%%e%]:“n&g%eﬁﬁ%& fawn to
[084Q]| e. Fmer%ﬂ.?-éda@e%?cﬁ astsclogmasic, Evbosictiemlside and top plan views of

the partially-forimed integrated circuit of Figure 21, after the pattern of lines is transferred to the
substrate, the hard mask and transfer layers are removed, and terminal ends of the lines are
etched away to leave isolated lines, in accordance with an embodiment of the invention; and
[0041] Figures 23A-23C are schematic, top plan views of a partially formed
integrated circuit, showing a method by which contacts are provided to lines formed according to

the methods of Figures 2-22B, in accordance with an embodiment of the invention.



100431 In accordance wi th enbodi nents of the
i nvention, methods are provided in which pitch
woubdasioptazgat i on by a factor of 2n is acconpli shet/ussiongis39s
a single spacer step, thus providing substanti al
flexibility and savings in processing tinmes and costs.
Addi tionally, nethods according to enbodi nents can be
performed using | ess expensive optical scanners (e.qg.,
365 nm scanners), thus addi ng additional savings in
processi ng costs. 100441 In accordance with
enbodi nents of the invention, n, where n > 2, tiers of
st acked mandrel s are provided over a substrate., The
10843t r & wilhlg aprypginted dhat the fyapanespifdefeatuses ihigredy argfnot drawn to
scale. another sem conductive material, or another bulk
substrate including a' |layer of a sem conductive
material, and one or nore intervening |ayers, such as,
€.g., hard nas]BetL\i@é(ﬁbeQ’scn r@% Elfan)Hl?!é?ltStl ers of
mandrel s can c‘_e—a_‘g‘@on'prl S els that are
[084Fst amm jaa¢drgansg rvaith embOdlme@meO%ﬁm in@entidng nuatknds are provided in
mﬁ)&i ol I I
which pltg tlpgé%ltont%? r}?&%ra g} §.% % @Jlo \}nglng 21 Qiggl sgacer step, thus
- providingt Slé?stantlal figik lety eahdo savamgs eremrefreesinw tihey @ngewistst 0 Additionally,
[
methods %ﬁﬂ?rﬁ% oy cﬁ%b%dlngént% _@anl'bé?_ﬁé}f(%rg\teg #gﬁl%dfsgs%gh%givg\r%pgllagl scanners (e.g.,
365 nm sqsanoeh mhusmﬂdmgaﬁﬂltmnbﬁaeings at processing qeals. be gr eat er
n t :
10088 'S sfrfb e ShF AR SO B ERERTE Py ters of
stacked nfagArpdtiargrryovided heememsibsishts, TMUQMS @thy Cp,n@mnsg rssilgfon wafer, a
wafer of tatngth@%g %d@(!tﬁlerr?lgg}éfﬂd’orl ﬁ)%\’ﬂét?%lﬁk ps?tt;ét? tr? 1r9cludmg a layer of a
spacers. e spacer patfern i's then ed
semicondpxctb@emstmgl dad rongxanpdre, intenventing laygrsg lsecm 84, reyg chardbmask layers.
Each of tl‘t?égfptﬁﬁxg dA y§|’ cga\ﬁlcg)&g)g ? g%)l‘etﬂg%l%rf metnla(reelss RaAF &L dre st aslaan%aﬂy parallel
to one anmhansfreom@ ﬁngMmespa}memamlse&aﬁnetp@radﬂnbhms nYemdrblarad tier n may

be diSposg‘Zég%r{ rﬁé&{ %lsQaY %Q‘ ¥ 'lnglsﬁ%%ds lnbeﬁudh hier&l g 1t1$1l‘}g%s <0 ute?r{\]alir%lrels at tier

accor
n-1 and ipfdigeb @dhtnretnwgth oﬁaxtdnés |ah‘tnent1+1_on Tieylateeal nild;tamqal oregpabing cbetween
adjacent %%cszrglrs at (l)ler %I}n eF ISJJI él%ént%magitnﬁﬁ&ttgrgf M\g%a%c?e (())l? spgf]gln]g egween adjacent
mandrels ghden-v h Ndxt, g,eactei-searg si@;ﬁultaaﬂmsef @r(md: 3jquntihige mlandrhlsl and exposed
[ | c 0045 .
portions mhta rﬁ%{ggg?rgﬁet o oﬁga gg%\g{lg ettg% gfgpsag%gar”lfh(e sBa pa&em is then
used for Hl‘mf@iﬂhev &pr d&a@t}é@tametchu(g ¢_h§)m$tebye¢n enshbpequeatds progided to transfer
a e .
v spcet BHGHOR, 05,88 RSP TRBE0E L B0 Bl patc
to one or yarh h_er@hméfdt hamgs |00€f]hy19$lﬁ§ subsmate led seiskgubntlyreheving the spacers.
410G ra ETd
e eI REBEATES, LA 00 8uh 200 TGS L, b, BLARRLRL 89
of 2n. Fog Wb@mpk@e with tWhélessJ@fsmmairelS Cord)r thegstch is ondtipdied by (acfagtor of four,

s wi S LB 080 A BT s B P sy

{0431t er An coepembeEbimento tlaga sehbtiaten egmpiisds @O Eppwt untaglekfcjoqkelectxic
(ILD) la)’gf]?ﬁ% Ip'r(%:egéiﬁ titoS@P fhe mggicefclr?ngma%Q&in%rt?encE Vf’n SL{CP a case, the

or ter tran erring
spacer pattepmsomprises ¢lpegatasiohukscwish . connecting loop ends and the method further

comprises blocking the loop ends prior to transferring the spacer pattern into the ILD. In another

embodiment, the substrate comprises a conductor (e.g., Si, polysilicon, Al, W, WSi,, Ti, TiN,



[ 00461 Met hods of enbodi ments may be used to forma
pattern of features (e.g., lines) pitch-nmultiplied by
wea 20@aem39of four, six, etc. Such features canpPeEmse00aD18395
conponents in various devices, such as devices having
regul ar arrays of electrical devices, and particularly
arrays of lines for nenory cell arrays for volatile
and non-vol atile nmenory devi ces such as DRAM ROM or
flash menory, including NAND flash nenory, and | ogic
arrays. [00471 It will be appreciated that a materi al
is considered selectively, or preferentially,
et chabl e when the etch rate for that material is at
etc.) and the §83ceh BRItAM LOMPHESS slpneatedlinep apthiapaneqtipe legmends. In such a case,
the loop gfﬁfsearré ArovaPQaRH bERr BE aﬁ@xnﬁ'a&tfgrﬁﬂgtthc E}gacéno Egttem transfcr to the
nbodi nents, the etch rate 1s at out 10 t
Cond“CtOFgr eater, at |east about 20 tines greater or at | east
08RGUL ARehddEESE ahs@alﬁ{en{shaay tdaa&seg% 3hRe gﬁ.grﬁrafa%eamres (e.g.,
_ exposed to the sanme etchant: e cont exf) 0
lines) pitchmipgHiphied by factdieofi fave s, stc.  Sudl Eeatlires ¢3!’ sérge as edmponents in
various d%@icgser%%}? ag%eskg@ h%x@ih% r@%u]gpgrr%;s el%cma £ ﬁé\ﬁ};c‘?‘s nd particularly
el'ative to t ofie Or nore o erra or ‘a
arrays of gmeﬁoremhmy .celAsanaws dranplatie aruir nem—gulaster altemory devices such as

P |1

DRAM, K, (e B RN ARD AR, SRR Bl

[0846Hpri &t widl heheppiicrated thay e matdreh esconkidered lebcti\@}y)e or atefaxentially,

S [ r.eat t. 0 e
etchable \?13‘% 4%1%%%1}08%1&?/ fr‘?g r%l?zg rﬁ%te{l% el? Ia%\i}%ﬁtt ng(l(}Lelt 5%1?? Q 3¥r {?aré éhe él for other
materials gxpos¢rbiodlotametetadifnt. vip sems embodiments, the esh rmtassea,t lgast about 10 times
greater, atpg{ﬁ Qtlgcht ?@) Fl%@%&%égog%tlgﬂtr gﬂ%lélt by H}?gg gr%)étglgtrl{lf a(t‘iha(? Ii‘orocfther materials
exposed tp ghet same eydhahie anithe songext off embbdinphised tbtymaeritm melerofmty’ is used
rec

to denote %{Fl )étchst %%neg?ﬂ ggglo?er %\%ﬁggg% @ﬂgt}vec thtﬂ&éﬁlﬂ#f ren? §rs %%P ] !Fr maelenals for a
given etclfaeat/hﬁ @sexginphh formﬁumtmw eunfhyisig o Grst byerginé atsecronﬂh@m an etching
chemlstrystlhét 13'8%1%2}?3){(?@% gira}n ?r%?ngﬁ%%g d itl)?ere tge %53? layer at a
substantnaﬂagtec«;ter oite thiag Hte, se¢ad, Iamrc [ 00491 Ref erence WI [l now

d | s
lopﬁgrem %g{rbt%d&{;'ﬁ}t% EQH{) u?m:ﬁ’{%%ﬂ% lrb%glsgusnérjtgg &}e Cd’“fﬁ?fgg)f %\90 cases.
In a first ¢dve, 4 pgttﬁmeyf M@%aﬁm~wlﬁmadmy_m ﬁmcmrmﬁtfomas domad ihya substrate.
Ina secorg{e ?a\g% 4 S[%ét%ﬁ?&efeatﬁ%st Eﬁwﬁlﬁﬁa?vg; E}{ gféﬁ? (ﬁe Ic’)é:{?l %rxléeo m a substrate.

Ies part| cular

It will beappprsciatedithat ﬂieadcthydsapmvaiﬁdah@emhm ot heed to form features pitch-

[ rial e l,oyed
multxphecf; QVQ f&ggﬂt grréétept agr%sf ¢ ag g%ﬁgg m% d X%)g\im g'gl'{o aﬁplénents can
be used tq;\fonh feartums Pﬁdumlldit@ldleﬁlhyreeﬂacm oﬁelghfo [enl etger s

reb Gyl ve et .
OB ORGSO hiel, BT LT 008 o

parts throgghymiti Bewill b® apymedaEea /(o2 RS GgPET AUSZG0HESD ﬂlﬁa&ﬁﬁ ar@n&tcdfecessanly

[ n f 501.With
drefwn to > ekée rgl,ltnxtl%ﬂ%n%x%ﬁ]vgﬁer gle é%g&-x%ﬁoﬁ) Ee Qlt%gélp Qs ?artlcul r{x%terlals, 6‘?6 skilled
artisan wifl geadily epiesiatef thatmshieri qombimptiot voermhiteeils ean by empE):yed with fewer or

greater nu?ﬁt%psoasgarg\éﬁéskaanal tglrn%t)}a}}y la?'fersI %Xtﬁrosl' wm&: dclhlagna e(t%dh stop layers
therebetween, prov:ded that suitable selective etching chemistries are available for the transfer steps

described.



to bottom a first hard mask | ayer 82, a second hard
mask |layer 83, a third hard mask |ayer 84 and a
weubsinaize 85. The substrate may include a topPCT/US2007/018395
sem conductor |ayer or a portion of a wafer to be
patterned or doped, a conductive layer to be patterned
or an insulator to be patterned to form e.g.,
damascene features. Wiile the illustrated enbodi nent
conprises first, second and third hard mask | ayers
82-84, it will be appreciated that other |ayers may be
provided as required. The third hard mask | ayer 84
_ can also be referred to as an "etch stop" or "transfer
Pitch mulfiglieqtion bxgaifactongffdwy, whil e nunbered first, second and

[()bg’{!b]rd (\{/ftl‘?mefeq CEOtobﬁgL%A utl“:“ant 8&%5‘%‘}{% ebg)%&erlnt of features is

readily be use Int revef se sequence
formed inyg photbéefmﬂ?ieekayat #lddispesed peetopluertity of teyatss witkoh ibelude, from top
to b S I | rh.(e.
o bottom poefgrgit |rggﬁ£& A?yé"}ﬁzc %g?"?{d !¥a?d r@éﬁl la}cetr 8% ] 6?\?&1 hgrd mask layer 84
and a substeate 86n dinstsobstv¢ sraytincludeos mpcc@ndcmtdmvter Ilaylaeer a aomon of a wafer
to be pattefldC 0
o be pat ﬁ?gm s BC% gp@étﬁ:rtwe %ye@rl]? be fﬂlﬂ &%ﬁlgé &gne Psual‘fﬁor Ec} be pattemed to
form, e.g1 GloBRscepetthatnesser Whie thoilksyaird eBodithent patipeises fifst, second and
f r rr first and S
third hard' i
v RIS 5248 AT B A O 9B S e
The thlrdsbzirécmﬂskelqysr 8 ecannaler |balrefmd'ptp| & oy “bi@h ftopsor &mahsfer layer”
Additiona? fe My
ition ?ﬁgﬁha cﬁﬁwg§§§? q%?c eg%ﬁﬁﬂgéggnkkg ébgggokggﬁg?gnmﬂogycan
readily beyseit in ﬁyép‘serwsean@hc% at a faster rate than the
0854]r ou e &xa0sed. thir r
100 ) g‘;'é‘?‘g bf Qﬁﬁrééateélt~H %r?n'g%hé%se ercan si il gah‘é_\e@ﬁgﬂ jattern a
conductwleémée ehéi, p:mby&ﬂd@ﬁll ABPBVeWSay 81, BN, etir) dver @aami@nductor wafer to
£ P i, hard nas
orm con(?lﬁ:'ﬁgg (f'ig.gs rbs%x@g%g%og gﬁaltfcg' %Ii %ﬁ%ﬁhlﬁ%ﬁs £ % OQ\Ser a ggmlconductor
wafer to meﬂﬁmlaWeﬁﬁémtlereQC Feat ur es conprl sing the first and
osegond 3 ne a uralit
i o?ﬁf i S\??ﬁﬂngeigpeiF kogg?h %ga pI ur§a | efff'e t1ure§ eg 6rﬁasaijerre(¥ to the first
and seconghhafideingsk8 fayerse8d aud iS3elsyng Fin @td}mrrgsthmstﬂy ablsctn’eod @nthe material
. . §| S not
comp nsm%t erflirg!r ?lgcgééeérzr)g‘ﬁt%%? %gaglse og%l %r&mngvg é'?t i:s aF %m%é:hemmry
etches the firsirand jeconkd diardenhaslo layacsr 8 ged tSBeatS:p&stdngate than the surrounding

r
ayers, suf D AIERARERL (PN 1 Bhosk U S0 oS refabilfr o ipgrecusly
remove thethetidefinable dansr Bily ertit ganbewomyedd ima dep}ir&e 8@pamkx8 the first hard

mask lay@f 82 &afs%ltljoﬁcaili( %&eg %Fn‘ gﬂuﬁé@i" Lg]%hg | r‘? nx% P%u%cth gc Features

page. Each tirs ave a
comprising ¢ fiest and agrond §e@0n@§k\dﬂthh82)ﬁnd &bdcfmeraelslpmhldy ofjfirst mandrels 86

and a P]“}%%%%gsz%%gslg%%}%lgg%g% g%‘[‘iﬁ%’s" Tﬁﬁe gilrrgetl &@%dréls e\)lc\gnd parallel to the
second mangsgls arhide ngt ghosyre dedthen altrmemtsrwe Bmwdeharﬁﬁ‘els Bi?i cam also be

trimmed ﬁ”@@gﬂeqeﬂ)t mc&&ﬁe thé ﬁ%am éeﬁ%i’%tg’g ‘tl OB@ 4%} %ese?nam vinﬁer than the

respect to the seco
overlying fisftapangeds 86- Fi gure 2D, spacers 88 are sinultaneously

[065.§]de1th6 illustrated embodiment, the first and second mandrels 86 and 87 are

parallel lines oriented into the plane of the page. Each first mandrel 86 may have a first width

smaller than a second width of the corresponding underlying second mandrel 87. The first
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sidewal I s of the first and second mandrels 86 and 87.
As is known in the art, such spacers may be forned by
woandsonmsb deposition and an ani sotropi c (or  PCT/US2007/018395
directional) selective renoval of horizontal portions
of a spacer |ayer. [0055) Wth reference to Figure 2E,
exposed portions 89 of the first and second nandrels
86 and 87 are etched to forma spacer pattern 90. The
spacer pattern 90 can then be wused as a hard mask.
For exanple, the pattern 90 can be subsequently
transferred to the third hard nmask |ayer 84, as shown
in Figure 2F, formng a pattern of lines 84a in the

mandrel §6Hp#xbhabetaptialy dispgred cghe mspadaaetiel §7. B Fnembediment, the first
mandrel 8f6"3‘1§EéHt§r§d mlthqlasg@a{ {d RE s&nlB¥nAdfagyor of four
relative to pattern of features fornmed in the
[0p%Ht odé#cwham@rqf@rymg tq Eighey HRdspavers 88hase sinvgltangowsly formed on
idewall E@%éh‘f&d@&ﬁdﬂ%hél ¥ Wiasl;
siaovals 9 il Gy R TSNP n Gy RARUE BBy IR Ll moy
be fonnedtby wrlfprrmﬁ ctﬂmemgnm amanisptipmic | (ondgtcticaab)| sebéctivarrdmoval of
hor ga;? S, gg%# but is advantageous in creating |ow
orizonta ro i+ ?. 8§$@£<%k features to mnimze effects of

[0857lect With irefertope idéngunst 2hi exposaiRPEYiona 88/ of the first and second

' I ] f, r Chause
mandrels @F%Eeﬁg%? &g:thg{i etg ?ﬁé{tg@ﬁ tg’n ﬁ)su'htle atggg %{t{e% bO can then be
used as athped snaskt Fert exagile, [tO@m.fterWQchmvebces@wxceumdyﬁragxafeesd to the third
hard masiSlayer 84, s { &

ard mas a}r % : ms ngm?eat ui AT %fl" ?%Rﬁ%% t&\(%ﬂ] Jatolgws%4$ i Stﬁxr hard mask
layer 84. ermseQ@ntly,l apattem efl fealres pmqiemgktmhsd bym factor bﬁfour ltia:ﬂatlve to the

i [
pattern oio{glaalll:l %uf']:ol na%ﬁl ﬁf er clf‘eg'tngﬂrirl'gﬁ& e@;mafgh%éc?ovefr tpﬁ substrate. The third
hard maslﬁhiwm%‘} wilhgerve as Fimgek o Bassfiovhe aattﬁms‘éhwcﬂﬂhaan dhe sibeteate 85. It
f I te
i o i SR RIS LB BFIRA TR, LSy i ot
low profileasidrh giabla yeatered RO mifitnize effeqms of/ ax;bedt raboxdepm@ubefk:hmge(ARDE)
sed
and/or mlg:xg)o?oagy%eee#rf%&ﬁ{h%t %ﬁgfd;%gs egl:[i use o% glescuglsué% gggr e 2E as a
mask to pidvesstht exbisgbts §5or t he | ayers 120- 150 overlying the
str en, b n _consj.der at i

OB 38 RO 0 603ED, PR35 WRA P PELLSE SR o procs

for formingfaatuies mmrepmpﬂlod ﬂmagfaamd op mures nhtsrramsf alhm;mgcesi &smilar to
C a bet.ween

that of F%htse‘rgml'%ﬁt? §§e :&géceg ve tBa“?) ﬁ‘#&aﬁ é%qo?oqegin%bﬁe %yd:r 45 gn{pﬁoeyed as one of the

mandrel 19M¢J’St rEigere13 Ghomly af eness-sastional smler aiesf of agapddliyeformtd integrated

circuit 106h€e substrate 110, each of the layers 120-140 between

the selectively definable (e.g., photodefinable)

IOD%'&Jer Y60 somtintued rsﬁﬁygtqeattoeﬁgm Frayartoes chaokang ExyeltshHZO 150 are
provided Lel%ﬁ%sg Frté%}g rl?gll gcl:)teléx 5% %g(s gg@ qfx %lef%tsclfcﬁteo ﬁtogmg% r§1ask for patterning
the SUbStlIlEO-l 1G0as dip¢usp@i b@@ﬂ&/ OZMES@aRﬁElSU&Zaﬁé /I@ﬂf&@gﬁ(} 150 overlymg the

bst ? hl A% H
ssiwe S 08, ISR o obir 8 BB 15 b conctions
for the V%@lﬁmﬁf@m ﬁﬁ"@dﬂg h@d p@tt@‘ndrarwfﬁneng)fstephehslcagsed shetd- 1B ause the

layers bet@@bn QQO]'}HQS%tSEIGH{ﬂ?Qy 'd]::ﬁﬁ'éfblé ?a?flme lgﬂagnc{ {he substrate 110 may function to

transfer a pattern to the substrate 110, each of ‘the layers 120-140 between the selectively
definable (e.g., photodefinable) layer 150 and the substrate 110 may be chosen so that they can

be selectively etched relative to other exposed materials. Because a goal of the layers 120-150
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sel ective etch chem stries and/or process conditions
are used. Additionally, it will be appreciated that
weaddistoiemxsal maski ng | ayers can be added over t ReT/US2007/018395

substrate 110 to forma mask having i nproved etch

selectivity relative to the substrate 110. For

exanple, if the layer 150 is a hard nmask | ayer, an

addi ti onal phot odefinable | ayer (not shown) nay be

provi ded over |ayer 150. Exenplary materials for the

various | ayers discussed herein include silicon oxide

(e.g., SIX), netal oxide (e.g., A1203), silicon

nitride (Si3N4), polysilicon (polySi), anorphous
overlyingshd $ubstmat€ A1Gis)to aliow m;ﬂiedg:ﬁn@thp:ﬁ@ms(tgb@fqmddh the substrate 110, 1t will

] r n eft et tql

be appre%%ﬁ?éi g%hn dél)%y(% {nmte I)}; B llag%s Cl?@ ISBg(haglcaE&g)sf?tjur ed, ?Q:Blltab‘fé1 materials,
selective agh chehsoids\eabiior @t@h@dcqnéit@m; we dsed.atAddamstlly, hr wdl b)é apprec1ated
that addlt[onglr_mgskmé, lg?et:r? ﬁéenallfenztldéiég g?egr c}hé/! tra?to rlli% FPU 8%111”%?;1%(3 avmg improved
etch seledhlvﬁynrdﬂmi\tedmth@subepatetl he. §urb®¢arrqilee 1ﬂ111€') Jayar lff()amsaﬂmrd mask layer, an
alYo?ode%’m%i)ble no(t_) glg)%i/(n)l aéé'gbre. }Z:)Lr%\gld ﬁ?etrq%r 1 dgxgn?ﬁclgry materials
for the vzmmoi; tyefsi dm:lnls@d (}ﬁrexrp hmtudb eﬂiceﬁ ))xida)(eg SEO,), ma'thoxide (e.g., ALO;),

silicon m? Exéﬁg)s B%ll rmary %&o?xlsg amt)? O\éSf i ('gnsa} ﬁg{p?prhgg{; F(arbon (a-C), and
dleIectncsalmaﬂeahee lcm:tingd{Dl@Ré‘ kidiger rich sihmnmmnddc)t ieeh of which can be

0 substr. te 110 may
reliably ket Rty che PR B 8016 b o BE MR ERHE ” hown)
[UDBS] phdt\’ﬁhe&nshuédayﬁérenc%ﬁ) P?Ig)ﬂr&)& fh&hﬁ’i&@raﬂéd aityuit 100 comprises,
from botpho{ O e Shid

sugqga? 1?1;)1 %rncifelilﬂ ﬁﬁ%? gFr grgé lla%velﬁoigla)ther hard
mask laynngalime‘ tempmty talyer ’vhdrdfm) B4(gand é.inﬁoumm;ﬁr%&: @mphab8esit layer 150.

The subsgate?iqg n n bé’\a’a \S/l 1con Hzro aPer of %n)a ne&%g%bﬁo%&lg%&gn&terial, or another

el en | OR s’ys

bulk substystt emsludmgch ualyemgofla szmmnrﬂysttml)atemr %emmaemeMents, the
rap h c S

substratc ]1 t or S fyl(zéllgglilal ]?%eé%rg%f %%a?lﬂ'S% qt& @e "(I'B\? IE}w’coresis’c layer

150 maysberfsrmed/@f api}Qtlmt@Smsttmatlenﬂ mchhh‘ﬁg)ﬁr@&plﬁitorcﬁkli ihatbligl ¥rofvn in the

art. The Pﬁé?(gsesxgg*,%lexi Wma{] g? %?leg? gbﬁee Wlt% €. gkrléﬁt onllé% Hor Egi?nm or 365 nm

wavelenghli dpiche sEammerss €198 tim aNeK)leE:ngthg Iinhn&mds:c &ysthii’ls Otehﬁdime ultraviolet

t he and. an sequent resi
systems. FEORARETTS b FSPisBA o Sor el LPH PR GoaT Y or apples of
suitable ﬂz})otmslst-mm}ehallstmcludle arfgog flaptivie (Arlg sendiivelphdigresistiRk.d photoresist
suitable f’é);' ugg%vfll n%IherF hﬁ %orutécge paé & rt]c():na 1t %ﬁ%{ﬂ%@% ’sésés_itgv_ré’ep}ytoresist, Le.,
pholoresitshremablal fbg/ummitln hiked llgb&c&t’cﬂﬂh@thealembsdmbnt%ﬁme]liﬁer 150 and any

subseque&?gglﬁ IQJ&F '\4/ C%it Pj SO%tL 51 r|651st tha 9b patt?r%-gci( ¥)y nano-imprint

additiona

o accordante
lithograpbysbagli menmsg @fmmldenrlmncbmlcdrfprc@m peiddrn Slarenidt. SAs one example, the
er sed.to engbl e

photoresfrggﬁ)g(g%éérggom QE‘@ & V\@\éﬁ%ﬁ@gé %m% 18% Jesist élé%t(e)li; i nlbch %EP-I?] from
FUJIFILhQbOV I@JntISdocﬁr ElhéOSP ﬁ'wen'fcpkm @ui@kiﬁ@yms(é) pktd.
ollth S) olutlonll

|dg?)lrgg; te %g:or%%gc% nx?(rl? %rr?xggcglema%\erotﬁﬁ mv f{]g:atl a cgnners employing

longer whedemgtbs srez esedotve el o rcdonteotq uanptce:lessmm eosss XtI\}Ilé;thodslé}:cordmg to

0272 9 PCT/ 007(0Q etc. the res tion. .
embodnq fo é’ﬁ' opven aon Fnabpsﬁgs ﬂﬁfégﬁgg‘gﬁr?@%rﬂ% ﬁ] 6%sopunon limits
greater t}ume]dSOtmn mlgr@ﬁmf thaxe2Ganm to get feature sizes one half, one quarter, one sixth,
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feature spacing (e.g., line or trench spacing)
obt ai nabl e usi ng 157 nm scanners or even snaller.
wpQOBAR7MIt h conti nued reference to Figure 3, PO®US2007/018395
material for each of the layers 120- 150 is chosen
based on the material selected for the other |ayers
and the substrate 110, all of which are chosen so
that selective etch chem stries available for the etch
steps descri bed below. As an exanple, with the |ayer
150 being a photoresist layer, the tenporary |ayer 140
may be formed of silicon (e.g., anorphous silicon),
the hard mask | ayer 130 may be formed of silicon
etc. the rpsolytiopdimis; Zrpyxanaple Q%Hmmﬂsﬂeﬂcaﬂwanlmsndw béueve the same

Feature s RGP R SO E AR OProRlob R s Ik KBl ol G smater

[60hat eVithloonfimredgatshersk tOtHnglrb éyﬁresmﬂxéﬁal]fEf)eadhtoﬂMaé layers 120-

150 is clf)o‘;selgr%gge?gédﬂ{%gn&t}éﬂgl &tlcl}:%%ﬁt ﬁ“ %Te‘?" l%}%ﬁ'&i_ pw substrate 110, all of

_ are  possi
which ar@@K«‘eﬁen a0 it sele@mmtnbchmlsmmmlm fcanhé;eten Rizpsdticpibed below.

| nat i St C.a C Si SOZ 14Q a- Si
As an engng?gg%lg‘?t}g?%xﬁ 105305% @Sa Shotoregstslﬁxer i% e§p§mqu§§0 may be
formed ofsil&jog mgmmsmlmmme&am miaflOPySt BN maPibe BHROB of silicon

nitride ('Slf ?]Z)SI % pgﬁ%gfgﬁ lg?r%; 1?0 %%SIQ? gogge% & yo'sui%f)%fhags carbon or a

polysﬂlc(p;@’;n Spiy gomieﬂqllaagrer'l"thlb dylmts biitableeconthihations dfinhayiedls for each of
the layer£ 99@3%5% Iaitl \iélﬂé’t%rz pé?e%nﬂtg’d R]%E 8?18:12 fl;l%{eor Fssilg{; eac:t}a(gj‘ %%eelayers 120-150 are
possible. pr ovi ded over the t opnost of the hard mask | ayers
120- 150. For exanple, i fTIa r 150 is fornmed of a-C,
phot odefi nabl e layer (in addition to other |ayers,
Layer| {quhmaned)l @ynllneaﬁbmm d:&ﬂlnn:‘lﬁﬂﬁbn B@orﬁ?ﬁahﬁ)ﬂﬂr Combination 5
oo |naf|r\'\c la) mfcrl

1 Xafpres of —tat-h—ec o als
150 hd r%e;e?s af e pr&/ﬁfded in Tdte 1, (it wol be 5i0,
140

ppr ea-sit ed that atsier conbi natdions pisiMaiRKIE] S a@idorsl3N4
130

AVt S—are 1 - f nr‘rhnLII ment s nf t
g}‘ﬁh 5063]8‘§ﬁ‘é traﬁgb%‘* o Hfiar | 200 ok &HE: r+§9RJ4, Si, ALO,

ayer nd tenporary llayer 140 may be applie¢d orHfO:
S|ngvﬁmy deaosik&@nntechnlquﬁc5aomn N Lagart, a-Cor
NepakgBirfio, W t HolfSilSiob t at igilySisRON- PNpol¢&iIARNSs), t i 0holySi/Sio,
cherbilagdr vapor dipgsition (6NB)er di pit dilaffD, &t OMbfayer

| ayer deposition (ALD), plasma-enhanced ALD (PEALD)

| d t PV Th
(R8T ki 4 By iyl eygs Comtyoitions Peh. ayhesgrosist layer
may be peadddgyer tHEIoMEoR QOB ORard 39asR AdyetSPANTIN) 3 LRample, if layer 150 is

formed of a-C, a photodefinable layer (in addition to other layers, if required) may be provided

120

- —c __"—QJQJ

over the a-C layer. While examples of certain combinations of materials and layers are provided
in Table 1, it will be appreciated that other combinations of materials and layers are within the
scope of embodiments of the invention.

[0063]) The transfer layer 120, hard mask layer 130 and temporary layer 140 may be
applied using any deposition technique known in the art, including, without limitation, spin-on
deposition, chemical vapor deposition (CVD), digital CVD, atomic layer deposition (ALD),
plasma-enhanced ALD (PEALD) and physicél vapor deposition (PVD). The photodefinable
layer 150 is typically applied by spin coating.
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100641 Having fornmed a desired stack of |ayers
120- 150, a pattern of spacers is next formed by pitch
woubdsioptazeat i on. I n the enbodi nent descri bed beLomws2007/018395
| ayers 120-150 are selected according to Conbination
| of Table 1. While the etching chem stries provided
bel ow are suitable for this conbination, it will be
appreci ated that they may be applied to other
conbi nations. 100651 Wth reference to Figures 4A and
4B, a pattern 170 conprising spaces or trenches 175,
which are delimted by features 150a fornmed of
phot odefi nable material, is fornmed in the
(09hsk odéiavmf@ﬂeéwetesaaosta@t gﬂl‘aefenﬁiBZOSlii) aq:iaﬂﬂmtof(Spacers is next

formed bfy %p[clﬁ’ l‘rﬂﬁ‘t e%lcﬁWor?f III tlﬂg 88&){)9{&? %?ﬁéscgiﬁed b ;fsy 1[2};)2 r5l6E acrj selected

gra clrcult oW ng Orrm
accordinga Cemmbinat®ni h Otfh'Eablfpﬂot &d’efﬂ tlnabétehlhgmnﬂs{iﬁes Enogmileé below are

suitable ﬁé@ h‘ﬁsl_acoﬁ{b(?ﬁaﬁl ﬁeq{ @ r@cl 09 tg?he%/A}xga/Sf\ € appgeé to other

! he trenc 1 OF e
combinatpgimst ol i t hogr aphy usi ng 248 nm or 193 nmlight, in

kch t | Ie I S_ex dto ..

Io\rﬁgﬁf at i\gﬁh 'E?egeun% mq@ e & %]4%2 éhP @g‘?fg ﬁ?@efd?mpf AfBefpaces or
trenches b, Nglidem'eldgpamt,edtbhéeatmﬂ ﬁ@m@)rmhdtoﬁlpﬁsﬂoﬂéﬁmteﬁrhhtahal is formed
in e oo BEORRE o PN e LS, R0 L 2RSR Mrocss or
partially [forresd) agegrhiedn pltht hloot fiedlawipgr &drinatioh e@tgtuh‘es pattein€asd in the

[ e nore t ea
photodertol IRFE 1587 Figiech XSmRSy Gt By afonenBdg g o Fieure 4B.
The trenabkes tl A& imayl btn@rtrhs:;l by, ewd.,| phobalithogteplst osidg 240 mnt bﬁ 193 nm light, in

. P LN gures 2 C scribed bel ow)  that
which th%ﬁlgo(%{)éeqiélsa&ge{g erl u%%x 08% Lto rgglaflg? E)gob%}} # {gﬁfea?q\%h?xbdeveloped.
After beihgalevelbped tho meraanhmg fhueorbestt matsiab f@m¥0sbskufafudds, kGEh as lines
1s0a. formng regular arrays of lines, e.g., for use as

conductive lines in logic on nmenory arrays. [0067]
[00b6 éﬂerfeammstldo&ingayrcemﬁmsb parghial bed B]oﬂ;@aﬁed Mndsh&s shown, with

. i l.ayer,, 150 t ransf.er e. .
L L SLE P UL RN ———
While pa_ﬂ_ﬂ@hfoﬂ ﬂnet rhe;]ont)} uﬁth’ea{ Edgthe,ninazdlﬂlmﬁmhnderﬁoo@%hgﬂ@t ﬁcnptlon of

e, pht hi n be acc |IS ed u3|n
Figures 2t5IA sg)(lt: r(ggsl,c(r:lg (? o&% thg& %%s ceqncwc ?/é’rt yms W@rhcu]arly to
facilitate nm’(tecrts all"heffeanhres ha@yreost u:kélﬂﬂl fordoithidg rb@lm@mdhé@ Rlg., for use

d E 1 ern transfer conprlses usi ng an etching
as condudtii® mQ?ml g8 BCTTVEY 8 The material of layer 140

[006T]at i Wéltll meﬂeaayleef o) E@Grea:’ndhé.ﬁﬁ)tterﬂ' hGOﬁﬁltﬁeelebt&deﬁﬂafle Nayer 150 is

ot B BEOTRY LANF L300 BB 895181 T s

embodimentg fid’ hgesugmmssthq: yitcloeFhisotanster gryf becaebmplisianisigt dh€anisotropic

(or dxrect@%ﬁ 'ttchgsteie: gm%os %lggnat? W&o Ola e%l @ tagﬁ 1§p ob“ 0’[‘?)?}8'8Tlment the
pattern trgstfer ccgﬁmmoentgoarifleg:hngscf&mmnyd seBctl\td‘lﬁ)rlthéleﬁatéxﬁD&;f layer 140

elative t&[ t1r3b b nd sel ectivel.

v s R0 e b3PhE BRI BRU:SSLSEDLY S e varoen
bromide |(H§8@)' p{[e&@qat o In tlke illustrated embodlment the etching chemistry does not
significantly remove the material comprising layer 130, which in the illustrated embodiment acts
as an etch stop.

[0068] With reference to Figures 6A and 6B, the lines 150a are “trimmed” by

isotropically and selectively etching relative to the lines 140a and the hard mask layer 130 to
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WD 2008/ 027239 PCT/ US2007/ 018395 formlines 150b.
Figure 6B is a schematic, top-plan view of the
wonv@gratsed circuit 100 follow ng etching of PCWAS2007/018395

150a. Figure 6A is a cross-section taken along |ine

6A- 6A of Figure 6B. In one enbodinent, the isotropic

etch does not etch layer 130 and |lines 140a.

Al ternatively, the wunderlying |lines 140a can al so be

trimmed to a | esser extent, either by the sanme etch or

a separate etch. The etching chem stry is sel ected

based on the material of layer 130 and |ines 140a and

150a. Lines 150a of the illustrated photoresist nay be
form lines 4 6@b.0Pigued 65 ised sdhematjs,i tog-plan g'ew anhOtegt@ed cBRALHBIO following

. r /S 691 W nti.nue

etching OH Eer er?g e P? rg%A It és I\%s}i%e(% kerf hf‘iéﬁ 63’%8% 5fﬁ)‘ﬁe 6B. In one
embodimdetﬁ ithe isdtiopgt etah dlcse amn ket tegee| 1S0 zﬁﬂls,tiﬁe:st 4G, y Alfeatively, the
undertying 345 76 bRy Bl e RE R En R PETAT LSty o separate
etch. ThEleglhlI@cWenamly & sefkqm:&mbba’searoﬁ the mudtérén exfusyey 180 rai’(&dm@ﬂ 140a and

|s 140a a 15
150s. Lifig B e e oI Btort iRl be 5208gie-Epdetsd Vit g an 0vCl.
OZ/HBrpla;ntamfanr@wsG)yNz blasmket deposited conformally over
[Og))ég]o %V%F cg:orsl (i\'rguf] re G(I-‘:l Ud n 1%4}% E% zﬂdn@ klg}!?gyl 488 8ﬂg 150b define
first and senold aiasdlkmaespeniwtt}om‘hd_myﬂdrclkaaomd haoewill serve as placeholders

€SS that approximately equals the desired width
forSpace}SmS%e%ec%v to be fornmed fromthe | ayer 180, taking

[00M0b addoantvitiareferehangdtigims dian@ BS spa0érs tahadimiBingdRslyformed on

. d t u uent..processing steps, such as a spacer
“dewauséfaﬁmgpﬁﬂgagﬁgﬁq val . The layer 180 may be, e.g.,

[0oGLhed With anfepedicdeo I(1§u&27 M%@ﬁ 186f @Q}spa@érl Eﬂakdrﬁx@lns conformally
acer el ectjvely
SR ST MR I ek e ST
tops andfsncte&tallafmi' tﬁefmﬂ%ﬁ%ﬁdbﬁi snahdfds anch &&Dasmﬂ 0QAzdr NeXXtnay have a
referenc e .spacer er 180 is
thickness i bpbiEanE 6D or o MG it B SEREF B BRI R tiedaver 150,
taking infr &é@hﬁﬂhmﬁ?h%&éﬁ%‘dﬁn&lﬁﬁﬁﬁ;thﬁf&ﬁﬁylcf&huxf ﬂﬁﬁﬁd'lgl!ibsé@f&mﬁbrocessmg
aces t he partia rmed’ .integrated cjrcujt
steps, sucy &y FntrpGafg raontcnhedrs 16 & dpaReh of an oxide
(SiOy, AEO@,th@IﬁrEbrk@h@Tar 6mmde.uszuegspaggrglayg?1sceaﬁylbeeseuéufﬂwely etchable
. .elc in , nd/ Qr
retative 1&hst b R P i 1 mnddtnd Bepdels 99a apad apa
[umazpru aNext, Tivith edefdrérvg mhmgusd 3 tﬁeaypeber 158} QGOll‘d%ubfécted to an
acer

anisotroptg Cr TR cop Rl S5 B P B roRiogt st bl et rigontal sufaces
of the patthadlyspaned stdfidicdicécuid @00l Shchy dictiohdl&toM, disbdfvnt € spacer
firs ndrel.s 140a_are denot and .t he wji dt
e, con{d BePARE h K02 8000 S oS catiyha LS e
CHze-camIEéniag‘qﬂmm the"d@8e oARiDespaeasSmiaterial. 0The @Gtthing Ghemistry may be
anot.her, enbodi B" may be | ess than

selective (oﬁhgdlﬁaa natI CO](’ ok Bﬁéhe ﬁ°e§tl?ﬁrt1§?10t her ~enbodi nent, "B"
[006§] be Withroxtingidetsfereqenlo tRigre-§)) thd. widthsS&Nhe spacers 185 are

denoted t?ynbé)’q'tﬂés\nvgéths otB thelﬁsrst mandrels 140a are denoted by “C” and the widths of the
second mandrels 150b are denoted by “D.” In one embodiment, “B” may be less than or equal to
(C-D)/2. In another embodiment, “B” may be less than or equal to (C-D)/3. In still another

embodiment, “B” may be approximately equal to (C-D)/4. In some embodiments, “B” is
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-15 WO 2008/ 027239 PCT/ US2007/ 018395 selected in
order to have approximately equal |ine/space patterns.
wonoesne7sabodi ment, "B" is approxi mately equabPCrws2i07/018395
The spacer width "B" is determ ned by the processing
conditions (e.g., deposited thickness, etching
chem stry, exposure tine) used to formthe spacers
185. 100741 It will be appreciated that the | ocations
and widths of the features shown in Figure 8 wll
control the locations and w dths of the mask features
ultimately formed (see Figures 10 and 1 1) and the
ultimate pattern in the substrate 1 10 (see Figures
selected ihZkdemid HavB)appi@OmstelNequal ling/space glaiemsc dntaneRinghadeserg, “B” is
: RASE 0 fortsh
approx1m?r{‘§§/ d%c&aé ?3](_ 4§a gfhg s%é%?%d&eﬁ %od;e elrrgh:ix]rée%n% S néfg@e]cgsmg conditions
(e.g., dep@si@d thinkines5,0itching Cbﬂmmeﬂr)edxpgstm@ame) ssed18 St)mathe spacers 185.
ectively.re Vi eesta S Th .
OpFGe: Ahi g SPRER Cpf R I B ET e Y B B Rt rown in
Figure 8 Tmdl émrgtm ghe sibmnoas andssidgacof tm ofask Heatpat t\rkﬁmaﬂ:Q,Ofmrhed (see

Figures lé %cgz i%rﬁ«{the i rpa? Itrtléeo 5 d s sttﬁager lgd;]%g%?%elf‘eﬁlgll}éoar}:% 12B).

(0o BIgl e Neazm,l with rreferencettc mnmges:hemism yexpbsd xetiens ofvehk Vfirst and

o B 7B R RS 208, ¢y spcer

185) are pﬂecﬁtozrel;etbnummgoaeiwerﬁséestah&hgn;gaceﬁ::hemlst&epsﬂamdmg rs*paoers define a

pattern oﬁ }}ﬁgg’r% ggod'lt 1St Cgﬁr%% shto(lgxﬁ% ?Q:rfﬁeogsg-rsledct A ﬁ% g%i?e&r} 8@ é’& lmes gnat extend

into and por bf drspage. t e ohe msﬂaodmmbt erinaﬁd&elarerdks/aams exdiorpied, usirfg a single
are for

d h
snisteopl B ik CHA o GL R RGNS TR0 oLPEY PDHTBHrls 1402 and
150b. Iphthe atlestraéd reatberindng, ﬁ‘Bﬂd{kBlrSm&%bisﬂp@tfd}ﬁmedtM@ a ﬁrst etching
e AR SR B T DD P & o R4, 4498 ccin
chemistrys pagancvel &posedi ng;troﬁi iof tthd) fit-do ma&tdeﬂeBJ,OaaSAyk\@FIsiamb?, E)f the first
e..0...  Si onpri sing hard ma r .
mandrels 1305 81€ Kl S apiprPRBAREE 274 R PBY PER e g dpymed of a
photoresid9haedriatpmasdrelsi 550 anagfer eebed asinkaytebsygeaoatinidgdPlasma and
. Pattern tr
mandrels 303 mi e e 415G o U AP tToqs O P aRerEr | Tovpuapeist both
etches, asl@ﬂulﬁ@hé ma&dnabge d. r&hmi)ebn%ﬁsﬁagyxefd hadk 1aywhn? a
t che a
QFRET L NGy et FRERUETLE Sbd e dRE A BYGs ndfagered o

layers lZ@X@ﬂI‘pl ), this fc&;temg 1i3€s 12X0af ordnEiDaof PAsicdiNdsansfae cat béiae®mplished

sequentla?la/e(he EraXsfng % ]agn%ﬁlesﬁ%ﬂ {:_c'legor I nsq" &)olgfyaea}‘%g?xa%g &snﬁctlve mask
etching cfnlalasstua{ foA@aaln thﬁyl&eror aemalmieeusly fusingylhe sid0 dtchifirmeoisty. As an

example, %Zlg%f ; 13 fl(e)%o equ” %E%P al ntlcﬂgl hemmatm lrgY/a F%rﬁgrgs% a fluorine-

ans ayer bsequ
containingsplagna sdch est é. gnal CHFd@;/Ehaplasmey obe Gmgm/mq;ﬂisnfa As another
i, f layer. 120
example 1? ?afngE% 1sgt#ormed of ?}ﬂ? Carfb 8ha %%1% =0 ngamasma Xlay beused. The
transfer l@y(qrgéﬁ-mﬂnbaswbsaqpqntlﬁsmﬁd ssmg aalirectomhl ,etcﬁxrthﬂ(}ﬁé)@Be selective for
I used 0857 1.l Lust rat

the matetgag%% ?r ofSH n X mgi l?%e 'L}?O iy ﬁ nnéﬁga éjgrgor[ri}gqau gﬁrgson a sulfur-
and oxygen—contammg plasma, such as, e.g., an SO,/0; plasma, can be used.

{00771 As illustrated in the sequence from Figures 10 to 11, the spacers 185 and:

remaining portions of the first mandrels 140a can be removed to reduce the aspect ratio of mask
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remai ning portions of the first mandrels 140a can be
renoved to reduce the aspect ratio of mask -16 WO
waQe/a23239 PCT/ US2007/ 018395 feat ures bef or eCT/US2007/018395
processi ng through the mask etching the substrate 110.
For exanple, where the spacers 185 conprise a silicon
oxide (e.g., Si02) and the first mandrels 140a
conprise anorphous silicon, spacer renoval can be
performed using a wet or dry etch. Dependi ng upon the
sel ected renoval chem stry, spacer/mandrel renoval can
be perforned after etching of the hard nmask [ayer 130
but before etching the transfer |ayer 120. The
features beford pedcssseg thyeughethe gpdskedishing thepubsirate | 4. Yer exampie where the
n 0 0]
spacers 163 EoiBRE, BTEUELTTRIE, CBYT00a1 bt B rst b oM, gomprise
amomhoMII@Oapacserequvgl aan be persemednesingaa wet nr Ql%etiﬂs Depending upon

303 LN
the selecigh FOROTL il BactlBRhAR Fortdidy bt bRl LBEgSMg of the
hard mask ayteh é 36 bt befatecetdififg the gansferia@ril@0a Weheararels can be selectively
t 9R-pl WY IyF U|t100follovv|ng
removed | IR @ et B LB A 126 136, "Sect on t aken
[0arshg INIemE, VRA- nfbﬂeﬁkcme foi ﬁtgueeslw andi 128, withhignes 120a and 130a
Ll ustr nb e
serving aﬁgsrk‘la? eé'rrl ﬁg A3 rt]rgl éfleg'f: t(%l i< ssulljagtl;] gie :{?Qqﬁﬁm 4 @a?te% 190 of
lines 191 \m]tlefnatmi »aqﬂps;mesabxendertchast 192 imgbe sdl&@atemdy) Fégure d@BesI a schematic,
and t 20 S T, a L.
top-plan i 8 ﬂwbmk z?f%clil]' < rcél%lpgéo nglﬁ? % s erfnrté eS¥el55| ngu%nﬁﬁ ifla cross-
section taktn hiong limhd@Ast24 obhBigack B3B.t %llnfan érd illhistofted ¢rabodiment lines 120a
and 130a§s|lélll'bvisé2a(r§ ﬁ m%sﬁ/_}ir Péﬁé %(;rgrr{ggjeret tfﬁf s&b@gat’%l'igé,gbwélf &?%E'E{eéf?x{%ﬁ that lines
130a ma$ |beoreoaet aind rlhatshmsemﬂa mma}seltye agsthd mhasks eThc:n)iauehyl% can be
etch, th st [ patt e
transferretdhté)q{xcr %luﬁag ulsm e%%gné Fl# 91?%8 b u%g tor% 6{ e%%genai){)%g sLthtrate As
an examﬁle()an( thleD);uhBtteﬂe aomphsasosnlmm ean aisofropisr ets:hr kon, a BCL/Cl; or
fluorocar, 8%[ E?reng e cir]'{, rr]lgwe glllj g t DS %ﬁ@%e@ﬁg&ﬁ %ge gu%sir‘gtr '1‘166{{{?0%%& I?t?e pattern
formed iashe tra:gsfeg Iayer 120c hif ¢a mﬁ»stratserdmmrmm%}ﬂb)sow@efg sificon wafer, a
con n a
ﬂuorocaréu%g eaarlﬁlg ﬁtjﬁ%mgsc%eml tR(/r%‘a\% : e%lvtégf&%@argas]cég fecgﬁ}af S: eIf the substrate
compnseb Ianmstal I2ela aszmig 1M,aa whlpripe-bagxdop esinal maygbecﬁsemto afbrm conductive

N t t . .
lines. Llé' G F ace’ oJf 350 E %ué %N‘E%'f% eﬁﬁ‘fgg SfW'%W con ?ﬁ Gligmative, lines
120a andr 80e mexyde xtemoﬁecgumeg me&ncalrmedhanesl pdishiag C/OD) tbatrsbxps at the top

I lines 195 at the ends of the array. Loop
Surfaceolgﬁhfﬁ%lg%ggg[{g% are the product of spacer deposition at
16058 naWithnahstinfed teéerpmmedodliginie @8, tholirgest 9dtare] lQDiljngled by loop

end ]mes ﬁ)% a% I't]lliel é}) S%F tl{e %1 rLQ)%ﬁsﬁ‘% lﬁ.eg F@s %@Qﬁc{jp [em(?%f %ggc'?r Eiaaeosmon at

X an 1 on
terminal \maﬂé oﬁshwmamﬁrchhhgs) Npteothat dwgng tH@es}lrhkLm'ttrlat etbcess on the upper

mandrelﬁ %Clgpn%r bcanﬁl%?scs@ﬁmk(qg Btcﬁth )g??]& 9% r%gtlo \éggsnwgﬁf %U{e%%%neyl), producing

or "a nenory re muc
the illustcdepesredntric sphesir dodet(h’é cd!lhraﬁn wl‘h:e @ﬁmgém&a forshowmory farray, the

lines areI n\gcrgx 1oggearl cprﬁ&%@ to%?u% Q 4n e xgg{smn% sﬂg&k ? gndividual lines

ornme enove
are desiréd rarﬂepaiatel magk and etch step (not shown) is performed to remove the terminal loop

ends of either the spacer patterns (Figures 10 or 11) or the resultant lines 191 in the substrate

110. For example, a mask may be applied to protect lines 191 (leaving the terminal ends and
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ends of either the spacer patterns (Figures 10 or 11)
or the resultant lines 191 in the substrate 110. For
woxarsphe239a mask may be applied to protect |ineerA81007/018395
(leaving the term nal ends and -17 WD 2008/ 027239
PCT/ US2007/ 018395 |ines 195 uncovered) and an etching
chem stry is used to renove |ines 195. The protective
mask s subsequently renoved to give the pattern 190
of lines 191 illustrated in Figure 12C.
Al ternatively, for a damascene process, a protective
mask can bl ock the ends of the spacer patterns
(Figure 10 or 1 1) prior to transfer into | ower |ayers
lines 195 (F¢qygrady and apetching chethistysy usgdiogenotolinesgiidnt The pretective mask
r e. UGhH{ Vil _
s subsediBhPlbncrlh B, whPRfe el ado o AREVIbL “PukiGPln Figure 120
Alternativelph stor at éaniasoem Prepess, Si pletisp awask mrmck ¢ sedpof the spacer
patterns ( glteel d (l}el l& %’%9 an{rgt%fe%ltngt% lﬂl)&/er%gygerjs r\g' %ﬁ'\%g 2 z’altglp §2 N?ggrl %)
IOHsmur eCEo:)xsecfu@htlyzvvangltwm dHQ d)ih@nsspa@il ng:g‘abomdmplvc dews) pitch-
. ciate h t .
multxphe{) g efaéﬁorl Ofo[a sat%]ﬁnéé& %VYRE su@s‘terﬁ%pﬂlbqi r{%haegn%lg%f’%ﬁ%:g?%/rmatmn step.
Where th/earmteg:mtadntchguiat ED anclodsst on@mpmthfnlt Per sslpadrings“d”apdbngo pitch
pLt.ch p ied .featwures nes)
multlphczﬁlon ueb %reen) fotrllgévé Pl‘Ch hte sBacm% n% o rll‘l(ﬁgsc éﬂ‘ }%gé be
[OD&I]medIt ovill hee lappxesiateﬁlgﬂxat moaa}em il 90nef danbaodf)hnnay have at the

penphery vanous tmeé%ra%% rﬁn%lt c% %m%?fostplgﬁ d?n%?}%a{dﬁ%%da}l%gl p1tc9 multiplied

nanong rom e a
features (ephdthenenin siubisequeanh peoctSingnagpsh mt&pamwts inay e dormaidantthe lines
101 20 and 50 nm fromone another. In some enbodi nents,

’ t he spacing between the Ilines may be selected to

[0882) d éheat reind:ﬂidiradsmr therlipeb d b Wwaery bchgpacedbetwep®@B&jt 50 and 100
ranomer () A PHRC TR | I Bl S5 2 5 pRERR soce
between ﬁb‘cﬁlc 28and an rhne fm&ednet amoftlmr Ml asras embediheatsy thesspading between the
lines maysbe s&eeteé% ‘v01d (2 ect%ca?%ktlor %bgt\}\%ergﬁeéik}% an insul ator

[qosjs]ch rhile ﬂid px@cb:sﬁ iHustfangt mrFlngrefs Gut2 hﬁ@b@@smﬁ td lferm lines, it
will be aw%ggﬁteg Q‘hat ghe It:nfrolg%%lﬂ]cgrsi\kﬂte%ﬁeb to to ﬁlanﬁg{nagcenﬁa?ag?rggl ?9C{1 &case, the
substratermk)tqaplbecat trmnlaltx;r (@ gf ,a%0g)y axm‘ SIBICES ﬂm)MI}xclElatrophtcrmmumphed by a

ods form.n rn of -
factor of cfomr\]ré representi e) locat1?ns & {re nt%ﬁ {% bds gormeg g{x% }nséfat%i )\?/hlch can be
ﬁlledthmalcbndhe:tldes:muMd 100851 Wt h reference to Figure
13A, in an enbodinment, a pattern of features 210 is
formed in a photodefinable |ayer 201 di sposed over a

Pitch mulpiplicatiant by @facgﬁ' sixg | ayers, which include, from t op
[60§4£0|t ;honeqﬂr)o his otf e%hcgis@rr rmﬁ'ékg p %}x?;%? %8? srkg: nteFf spaces)

pitch-muligpiied bﬁ&kfaétalyefsu?%ll dadisaussetbstrate 206. As in t he

[O%%g]\” o%itg &:rence t(g %igure 134, in an embodiment, a pattern of features 210 is
formed in a photodefinable layer 201 disposed over a plurality of masking layers, which include,
from top to bottom, a first hard mask layer 202, a second hard mask layer 203, a third hard mask
layer 204, a fourth hard mask layer 205 and a substrate 206. As in the previous embodiments,
the substrate can include a top semiconductor layer or portion of a wafer to be patterned or

doped, a conductive layer to be patterned or an insulator to be patterned to form, e.g., damascene
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the substrate can include a top sem conductor |ayer or
portion of a wafer to be patterned or doped, a
woaosuetisve | ayer to be patterned or an insul abpor/useoo®18395
patterned to form e.g., damascene -18 WD 2008/ 027239
PCT/ US2007/ 018395 features. In the illustrated
enbodi nent, the features are lines oriented
perpendi cularly with respect to the plane of the
page. Wiile the illustrated enbodi nent conprises
first, second, third and fourth hard mask | ayers
202-205, it wll be appreciated that other hard mask
and tenporary |ayers may be provided, such as
features. abidtltei Blvatratied tearbodineny; étecfcamr@spaﬂealyreqssorlelstaqrpmdlcularly with

respect to\th lap\g R R &1 %Dat\ﬁﬂlé g\@tﬂlﬂ&;a[g?pémggdn%%o f Safd esI.reQ&d, third

ntion ma t'o pattern a conduct!ve
and fourtl@ éaagi mashi laygrs|202i205cirwillAle, appteciiBedcthalothefThadd nedsks. a)'ld temporary

layers mag\f)% révide€ gh%o%davilﬁgit%rnamteg/er}l Ltg{lg} gwq é: tive |ines,

&m conduc or an , SiQ2)
[008€) a Iseni bo mdpn@txatedvvhﬁtemet}mdﬁ of amdaalmstotsmi theatvengen may be

used to p?a %nu cong xrv%flg lr’ eﬂéﬁf&ﬁﬁiﬂs%l R\I;]e\?\%at tﬁr q‘aﬁf eg) over a

res irst, "Eech
semicondhbmor dvdfer t fms’kcd)rayietlse 2®2s, 2204emstbn@cmrswm@l' eoream inswfator (e.g.,
seri es ,of sel Elf\é tches with reference to

8i0z) Oveﬁa ﬁ?’écofggfw’iw efl r s{mhar c?scengk af %r 202 is
IOiOSM r Oerthllrd:f;trentef tonfigdre TR, the (phtlte‘rg of iewnrss 210 is transferred to the

ec v Cc0 r|S| the first
first, secclz] c! (i Ith1 %&@grs@flﬁg@ turso | Csne) ecicf‘h or a senes of selective
etches. aleke r\exﬂh prafeteeuca tof Figemt lﬁ(é,stlﬁlﬁrst ﬂnatm mafsk rlsyerrmndlsmst«mpncally

trimmed s er1s fe cé-x %c e'r\rlxexttr% se F%tlve‘g F er gl ggr?qln(x?l 12%/ 3} érs% hard mask
layer 2022 TThei isottapansttie fd‘rﬁd analteteed ;ﬁlﬂem’kﬁ faand:s 2o kn theyest 203 mask layer
R N e AN T e p————
211 is trahbfierrdd h&thé seEsid Haa/ srasiR Biger 263 idihgiat awit@cbpid(or Kirgetishal) etching
chemistry sgﬁct%Xtt rthE G%Qega?fc%rg{%npgg}ggtg?ﬁbgg %glaﬁ gquTlgeEaSrF{/ Zpit ashlz?lrugtrated in
Figure 13D.c skt (welh adfbreacd ® Figeres e3Wnitle dinst Hahd nthsk daydr 283 s isotropically
and seleel 45 TG U e FE BRIt ool (B PROOVEE 1 BREi7 U eiadhbe.

[0088] skiWhidel Rigbres alBBMIBE appdeciibdéde withth eeSpettctb a particular etch
sequence,lg-%u ifq%%gaéﬁlsa?h“é Qpﬁgercrlala%/ %{}her e%c tsgauernggst t{f{ﬁt cargn qrElHe & WG structure
of Figure3[2 i pl i cati on process define first, second and third

relg 212-214 .in the f
RE" P75 65 Bt ek B s PP R b o s second
and thirdtrivendsels emzamm thieifirst, s®oad ehd thdodt lewndl mpar Bllyhle|20t2€20t4h35pectlvely

In one erPf)cgdS {nﬁnqp ﬂ%;%eelcbm? t C% r%1asdt {ngnﬁg ! fstg] %en%gﬁ le‘i¥ &/ %ré:? 6nsanfh&l], at least
for the maﬁ)rttjfl of theindergdts. I\&kﬂ-sﬂé.dér amnderda Ilsodrftﬁqmaﬂal de}boﬁtedhedthé Gnandrels

R e T
in FxgureaS;Fa N@Skwltbxlmmeﬂdrpbﬂmmg seivinghs 4 he:sk,l“mpds'edlp&mons 217 of the
mandrels%é 51%& e}rar 13150 gﬁ!’RS‘Ot fé{ﬁ% to Pﬁ'enté%r}% ertn%'l%%rfrﬁngs Bﬁlcthtegrnqultiplied by
a factor of six relative to the lines formed in the photodefinable layer 201 (see Figure 13A), as
shown in Figure 13G. In other words, in the space where photolithography had defined one line

and one space (Figure 13A), six lines and six spaces are now defined (Figure 13G).
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a factor of six relative to the lines fornmed in the

phot odefi nabl e | ayer 201 (see Figure 13A), as shown
wonodsiguse 13G. I n other words, in the space wWReTa/$2007/018395

phot ol i t hography had defined one Iine and one space

(Figure 13A), six lines and six spaces are now defi ned

(Figure 13G. -19 WD 2008/ 027239 PCT/ US2007/ 018395

100901 Next, with reference to Figure 13H, the pattern

of lines 216 is transferred to the fourth hard mask

| ayer 205 using an etching chem stry selective for the

material conprising the fourth hard mask | ayer 205.

The fourth hard mask | ayer (or transfer |ayer) 205 w |
[oD9Gjer vaNeat vaith nefedenfoto Bigosetlgrthe patt¢raraf linea@d 6 as tragsferred to

b 06. h . ' .of . .
the fourt}{ ﬂag'd %ﬁ%é\%}{%&?gg { }n%nuaglltqet 1rgéNn ﬁl)éesr{%rsirgts%gén%;fgg g}s’elslir)lgt’%ngl comprising

the fourth'tidrd inslt layer 2@9. €T foneth hdajinag lagel(br adnsfirdalyer) 205 will serve as a

st os Sy pPTn P o ALOEPREELINE %1 ) LG o e
substrate f @ebwpth ahe Shdsk | (e.@C caxidiaione witridatianotdietriarbdebingntself-aligned
e invention, wherein a photoresist doubles as

opnost mandrel. 10092] Wth reference to Figure

[0041] - Figaed 1allillharaed proteagfat @omaig fatures3pifch-multiplied by a

conprises, frompottomto,to, bstrate 31 a .
factor Oftsf%ﬁgfagforfiwgrw§g(?}m E1 Iep@f;&%&ng oﬁglg?( 1r1vg9té?n, jg&rem & photoresist
doubles a3 @oOpmbstrrdaigelk | ayer 340, a third hard nask |ayer

and,.a | ayer of .a phot odefi nabl e terjal,L 360., The .
109331, o1 S itp LGEEendy, o PSR G0 Fariny TBiRed sl Firduie 300
comprise@,aﬁbdrﬁ IbBttbmlaﬁ 3651 dubstrdre 3168,ubshirsédraayt I(3»20,| aplﬁlrst gardfmask layer 330,
subsequent ocessi,ng steps,, mangdrel s. w e. forne
a second; lﬁxrq? %Egag%of%& awdt ar§tlﬂ%in]§?ﬁfr gjOS aﬁlch a, lgyegrofg%(gilotogeﬁnable
material BED.NA HeOtF R ter dbyet }ﬁmltvﬁ)ldeéﬂvﬁahl the rfﬁiaeﬁﬂa’slr(].foi-lpu\ﬁtﬁrtranaﬁr to the

i.n Figures 13A-13H, .l ayer 360 ] ard. nas .
substrate 330 ¢ P hEe Bty ipyinenioH, PRttt heTp PRk inTatesy 7405200, with
the mandeels ﬁhm}@d_eﬁd) m;gbigefohay@ of @\@btqdieﬂgaﬂlilir&iterﬁﬁﬂ Ho83 ks in Figures

t ti nyed referepnce to ure ., the. trate )
1341383 layor S0 R e gPR e st b e B it i Samprises a
photodefidfable lmfrafzcrl}an@eayaawoér ned or doped, a conductive .
er to.be atterned or . ins or o be_pattern
GEF o i g EEEn oliebolh, ol L AT mide o o
semicondnﬁﬁfﬂzyéﬁﬁﬁ p’mtjlorﬁef faowm_ed t®be @ﬁ;t@ﬁlh@ﬁ)ﬁrdeﬁécgta eaidactivad layer to be

ncl udi an toresist material kno int rt, .
RN R R T T R e
360 may 3Fonmedel/alygigtdresipt maatial, hchmier sy diddorasiswasteligrigblvn in the
e I SRS ST S8R, LS 028 P waveings opic

scanners] 19hagr aphdlengly SinafeBsio 608<dis, Mxaematidtrandblet Eterhd@including 13.7
rs. 320

| aye - 360..qverl ying the substrate 310 may be
nm SySteEﬁzvagéﬁreﬁtégréaealﬁ?)gﬂ’ogfﬁ%fcosgﬁtgmstm of the chenistry and
{gn9at es sTiaondidriaii Sorf e Tabers\30L360Sopatyied fhe babistiaRg310 may be
chosen bg{]egtu%gg fcggr/sg@%{lt%gg&g%rﬁ Ic 1sé g%gd %{'o%gsussc%%gitggg ?olrQhe ‘IIE%_FOQIS pattern-

forming and pattem-transferring steps discussed herein. Each of the layers 320-360 may be

silicidatiq%lf,] 8ttct

chosen so that it can be selectively etched relative to other exposed materials of the steps
discussed below. Because a goal of the layers 320-360 overlying the substrate 310 is to allow well-
defined patterns to be formed in the substrate 310, it will be appreciated that one or more of the

layers 320-360 can be substituted if suitable materials, chemistries and/or process conditions are
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chosen so that it can be selectively etched relative
to other exposed nmaterials of the steps discussed
woebdwe27Because a goal of the | ayers 320-360 overiugRong/018395

the substrate 310 is to allow well- defined patterns

to be fornmed in the substrate 310, it will be

appreci ated that one or nore of the |ayers 320-360

can be substituted if suitable materials, chem stries

and/ or process conditions are -20 WO 2008/027239

PCT/ US2007/ 018395 wused. Additionally, it will be

appreci ated that additional nmasking |ayers can be

added over the substrate 310 to form a nask havi ng
used. Additinmelindt exild fhespipresiatadi thyt additerial masloing hayesuenst bpeaadded over the
substrate %ﬁl](ptonfggl;’f( g nngﬁ%k h@\qq% ﬁlﬁlﬁrg@léc} élg% gélgﬁmnggelgé\%qo%eoﬁbhﬂg %0, such as
additionalphenedeiietrhittep lapas.eAp alh eletmyler wBb layen§oboried aba phdtodefinable

r f C
material, F ?RCSS(ﬁlél%g'bQ fc?r'i]rbe(& c?‘%kﬁg !1 armnr &ngrggl?grilf{l 9 ézgr{(])p&{bus é:arbon layer
340 may Béiﬁ)mu:yl dﬁarrfoqrhmsj sibitoi8i 139¢4; 3 38ndlayt l&/ﬁlﬂnﬁ@ﬁf Bii,; dnd layer 320 may
be forme(gjl g% ?e sa{m {x? oﬁcesﬁ(a fé(g(ﬁgﬁlﬁ-rh\%ll g}')p%:@]cga eglgeatrtnu o tcxmrghmations and
permutatiofis nhheuenallsfoxfeach efithie lafers Bz0- Bé\(ymregoogs’&ﬁ)leSGO ar e
951 ref

oBEE" 2Fup PG B bl BAR5E )58 R RN ppspaces or

trenches 3(#, &ﬂmqi:r are delimited byl fdyurbe a6 emdd Gﬁplﬁcﬁodﬂ'ﬁhabﬁ: material, is formed

in the phgﬂo R lga%l %l %6 tﬁ%ﬁr%doﬁ B3 é%’%e n_nlgézl, {t‘%é-gr%g V\r'motfltlére in-process

mtegrated ofpeypt a0 W‘ollmvmg fbxlmmtlon qﬂ'theqmstem ICeor mtaqﬂmtndreﬁualﬂe layer 360.
. fol l ow.n f p er n 0

Figure lS%lgtaoca%%sl sec e %“32 n%gle)e isérﬁgﬁi‘r o Figure, IE% ’llhe trencehes 375 may be

formed bgr ags p&etcﬂmlmgrapakerm@ 2)43311*:1 oe 196 A1 Bght oin Whighitke pb&odefinable

he tre
layer 360 1?1 SXROSE ora?rgg ﬂn thr g,l]z a rﬁxg nﬁqher%/deizglggﬁ% Hayé:ﬁ 960 may be formed
ofa matewh] thht lidsen kg Qhﬁr@dﬁfmteahhrelaybayﬂr wab Oespsctex pasiedlat Ohemistries used

diation through a.retic d then devel oped.  Layer
(see belolyFo'eRRal RATHR Ry RhfiafigeiPRa e SaS (GEn AR system can
be used ﬁircrhe rlﬂtlﬂratdﬁiaprobesﬁar B wiill achiesipgCiudlp fipar fdatutt &fzes. In one

stries used S bel o n eral, a.lqwer oy
embodlmFxét g%yﬁ{ %%(Elsptﬁg %c} ?lf ?12%%’ gghg;\l\%gl }tnetllhg E‘]nggrgredf@oamem, the pitch is
designatedypst‘®r can be used for the illustrated processes,
i1d .achi nmuch finer re Si
08850 lticuteo B aPYs A Kbt il B Agn gt Bages e Hefpm, witn

their paraﬂlhblengllhsl at leadt 610 temdsabieimandths, trhere pydicdllyi & leade HI0gaeLtheir widths.
While parz}i%fl E?ron gx%qgjgxlr yng ghmrae tE](S_),VﬁGVQ@I chg:eﬁsgg c! ggpp ﬁ{ axillescnptlon of
Figures ngtﬁs(daacrlbe«as)elom thatdee libwesi canwindiuds ,bends er trys qmrticplarly to
facilitate %hnta&gsﬁ“hg'(}gat&x{pg%% r%lo']s% Lise ﬁorr}%n{un\%drf;gu?% aar{rjﬁ/a lgfL iness 8 .g., for use

orrt ["éng
in memorfyrctmmctehe descrr ption of Fl gur es 23A— 23C (descri bed

' I d d
RS0 I D NG R BGES 90, B s, o

par ar | y aci
photodefimmole lapgefifD ik m:ranéferrad g theegiabad aﬂi ﬂm;dsha}ﬁ rhask@syere 3@0 and 350,

.devi ces. cnyo % Wth reference
creating I._mesu?lz(? %ncp 3%@ 15, Tﬁm%gb st %oné%ﬁgecf jsing an al’llSOtI‘OpIC (or
directional) etch selective to the material of layers 340 and 350. In one embodiment, the pattern
transfer comprises using a first etching chemistry selective to the material of layer 350 followed

by an etching chemistry selective to the material of layer 340. In another embodiment, a single
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phot odefi nabl e layer 360 is transferred to the second
and third hard mask | ayers 340 and 350, creating
woi2oma2340a and 350a. This transfer nmay be acceaplussived1s39s

using an anisotropic (or directional) etch selective

to the material of layers 340 and 350. In one

enbodi nent, the pattern transfer conprises using a

first etching chenmistry selective to the nmaterial of

| ayer 350 followed by an etching chem stry selective

to the material of layer 340. In another enbodi nent, a

single -21 WD 2008/027239 PCT/ US2007/ 018395 etching

chem stry may be used to etch layers 340 and 350. As
etching clanmistxpnplyeie used tpatchdayers B4hshdBS0.may dnecxatplanphd pieEh transfer

v sSSP SRR 0o O SLEA B v b B s

to etch 1ay!ax} B0.T &t etd: Bhiswakdentbodinmat ethe hetahing blesniistry ylodoest igtificantly

remove tl?sflglgl?{e];il gcﬁltm]i:u}{m?% ?a@lg%( Sa(ss,?glgtgggf EH eﬁlllaxl(s"t?r%g{ egxlgggmlaeﬂy S%ts as an etch

stop. Asehichlterstioye, paseantrabsfar may ibeegccpmplished dsizgns fspotterastclbée.g., Ar
, C ' put

s Q5EARLL A5 95038 35 SLET Vol it SLHRLE o s o

etch layesy@ t eri ng woul d be tined so as to not et ch I ayer

[O%ggj' Sggg%lefgyeglge {s %n%{:);%”ﬁe h{ﬁgs fé(g 3]563 ate ﬁ‘ﬁgc oY is s?tropically

are tri
and seleomvellyuengnng kelativeetat bndsi ?m@a e@doayearﬁiwl tay@nnaia@s 360¢ @ndn350b By

choosmg eﬁ%sgh? gnc'lbl%ngor? %?E%natg’ als ? rQ%sE)Q%Bg'z%BL éseg%gurfslgg and an

t7'on 6 ayers a an
appropna‘& gim ehdbistrana transltltapfrpmpﬂlgmeé Gtmlﬁrgwh arhi c@tllbjt achi eved in one trim

step, as 1f hs:‘tllggl { Il?rf:ﬂ{erso (Eli Ay 55 6ar§: %r FI u@ élz,l a{?g}gé%ég% plasmas

ep, as | Us OrEt
could be3nbdl. ar Bltanagivly,, tP@ZﬂEerentOﬁhHB‘el onat@ 2SR/ memnagm can be

isotropiceﬁg'tj%l?]i sgf%ngée;iQ énélfréﬁr nat e‘é*%ng:lydggt gse ngr'n“tﬁ)geg im op| Q%t% arrive at the
structure @fiflighed Ectively trimmed to different degrees i n

[(g;dgtl pll\T L1 giiéfife eR'%eE 1\%uliae%r 3 & g ?b ! ha% rsSa}t_er anefglgly formed

on sidewalmjof}ﬁancﬁqﬂaﬁeﬁesamiﬁ%laﬂd|3’66¢neous| y for med on

u@g}’?ﬁ #’S B¢ rl'rglfrg:g rtE: P;lé 340%8 anfjdy? 59§b %g gag’c%? maténazlr qg]conformally

e

blanket dmbﬁradaéonf@nmnyf ovaredxpysedbdiafaket oﬂ Gp:omtd:gated cmrkmt rwm yncluding
xpoe sunfaggs RhLcuit ,

ovr 35 A AL BB 0520 LRGP Y B oy e

th1cknesmdamirsx13ﬁMy e@%@tfmrtbsﬁ?ﬁ[)w.ldthaﬁ spa@&)?:iﬁm;o brafoemad (Figure 19),

taking mt()(f agcg)gxgle any gggngt%g lge ggstﬁcz 3&81@91%& oc%Bf dgg %emeql% garocessmg
steps, su«ﬂtasows;iacanqtc}chlamgmdre] renchvae n’ﬁnaiagertﬂﬂtmamye funnud egieof an oxide

(e.g., Slé(fl’ %dﬁgﬁ% or nb\rllcgceo%cs?rh{t]gii a er@\% éxba%ena cgmb];na% a\g{ed a%gve More
generallyo ftheaspao kiger i&ﬂ lglay b8i s@EptM@lﬁ eBhalhie @él)mm tcsthblharmmask layer 330

oxy,ni,t mat eri al conbi nati on noted above.
andthe"ﬂfﬁ%ééelsgié&;]aégs é:'spacer | ayer 380 may be

[GBgCt i Weilhye&tcﬁhabb Eigued HR, itheesplcertliner B8O ¢ swasicteddy en anisotropic
(or direcég’t?al) etch to remove spacer material from horizontal surfaces of the partially formed
integrafed circuit 300. The elching chemistry may be selective to the material of the spacer layer
380. Such a directional etch, also known as a spacer etch, can be performed using, e.g., RIE

employing a CF4, CHF; and/or NF;-containing plasma for the material combination selected.
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and the mandrels 340a, 350b and 360c. [01031 Wth
reference to Figure 19, the spacer layer 380 is
weubjsaetmsd to an ani sotropic (or directional) perais2d00/018395
renove spacer material from horizontal surfaces of the
partially formed integrated circuit 300. The etching
chem stry may be selective to the nmaterial of the
spacer |l ayer 380. Such a directional etch, also known
as a spacer etch, can be perfornmed using, e.g., R E
enpl oying a CF4, CHF3 and/or NF3--containing plasm
for the material conbination selected. -22 WO
2008/ 027239 PCT/ US2007/ 018395 - [0104] W<th conti nued
[010:t] er eMGth tontiriugd refenemee tip Fighngt Hs vbf: widthsspfather pagys 385 are

denoted b ~denog.e d;ghé’)éf g'l:ebfirs %%n\%eﬂé RR0Lhrel te'dflii “&an@ke\lv@ths of the

3402’ are denot e w dt second
second mamsinels 858b 3% Glencted bMéHéitaed ﬂbﬁ/W'id'FhS @ﬁﬂie tﬂhed Wm@ﬂrhb 36Pc preedenoted

by “I". &Aﬁé[ﬁ% %n‘g{ lS‘FBQQ‘i"l @étgmqi othg aa){ t{)tweeﬁh?ea AC fdrmed in the

det er m ne t SCi NG bet ween T eat ur es
substrate B0O.Teth bne tehﬁodmdnst TRt masll‘i)a 1dsn tbare oerequali toe(H-1)/2.F"In another

embodlm%ﬁ%‘gp’e | egsl %{lmoorr eg ﬁjé g-loIPXSH'lln) an!)tﬂﬁxa%}%%ﬁf\f:?t “F” may be

approximatal ysé¢quial toa(rlbl)Vm r “E‘miaayi baeelested BY agty obin eysprl mxlsmeewwths In

ual, to (H1)/ yb“elect
one cmsof i R L i B 8 SRS GEL ST, bl o e
differencedbdtiveerefide ab@t‘lme(ea H). a‘li’d malf'be(dppeaxim@ely) equgl to “F.” The spacer
width “F?Pi%r' g%(termitng ytm Ip.rcgc%sstlrl?g cogld {ogz);( e‘:: %e pggo\ﬁﬁ%g lthi{égae%g,d etching
chemistry, BtchinghBngpaedio fomn d’(ehsprérs |385 det erm ned by the
cessin onditi.o . osited es
[0@& hi ngt wghgﬁ]-ag?rrec):/l’a{gétt{& It%a l?ca%ei‘ns b 1y %tﬂs ?#nh %ﬁtures shown in
Flgure 1% palt eonitrdBthe Joodtdmp antl widths b€ tlmppiasic ifethards tuftabattllyeformed (see
of .the fe

d h ' i
rowes 23504 PR L B LB 5P R M e
[ofi @6t ULQ&XFLLW1HTM&EMeftO Pigdey 5B21, diipgfﬁdq&rﬁglfgjfdhéﬂ))mdrels 340a,
the u I I rat e
3500 and B L. BorRomR o 290 <0061 Rexe ~Ohe R FelEru Bopgrs 289) ore

selectivelfirgmbesd iDtedle frexprasian peickis@sS. oThd ﬁewm«ifgtpmcé‘dwﬁ define a
340

st S80S0 B o, B TR 300, 2 e i e
substrate B eNOThél ilhpirhted ¢@bbdiarat BMHrD@—@pﬁ@EbﬁthB P5tterii 300 of lines extendmg
A T R T OF  DENT T T——
to at leadtGoreeof ﬂfenhylers 040#360 st Iasplnamey 81 Belediine etk:hmgtdhamm’dnes As an
example, %ﬁggkeg&??rgﬂ%‘% laay %?zscose usgxif;g %rhhgog fr/l%]ﬁ%)to etch mandrels
350b andrs&0dy fellswadpy bleHﬂrmEdalammg etdh, Igandrda 3é®ac hi ng

wg@g{ﬂgst r Sel fjarrcgfe {ooFlgPre 5 \a e Pz\glltgené %9{)1 gpac L&"i8 transferred to
layers 320hari 330 ItEtSs foﬁm:r@nlmesmml and 330, p%atteer [ransrfan&fnebe aeppmplished
sequentiqk[)llgr](g%g?%}%r éé@goqlg Idgwgrolg er (L)‘%/nAr/ y é‘?‘{ﬁ%e%ﬁf' s?lectwe to each
layer, or istim@ta@Rowshy dsiaf sha3dbae et[cﬁik@?c}hehbstty omk tphysiedl G{B}m’mﬁe etch). As an
example,i: lbfg l[lfgyeer 2}30 tip efog]%(f %rfnsg’ﬁr?, %f ﬂ%Bgr(fee-tr:g’ntgi%intgr % a%Ingr rsuc% as, eg.,
CHF;/O,/He or C4Fs/CO/Ar plasma, can be used. As another example, if layer 330 is formed of
AlLO; or HfO,, a BCli-containing plasma may be used. The transfer layer 320 may be

subsequently etched using a directional etch that may be selective to the material comprising
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| ayers 320 and 330, thus forming Iines 320a and 330a.
Pattern transfer can be acconplished sequentially
woOi2o0m/02743ayer 330 fol | owed by | ayer 320) usi ngpram/us2007/018395
etching chem stry selective to each |ayer, or
simul t aneously using the sanme etching chem stry or a
physi cal (sputter etch). As an exanple, if layer 330
is formed of Si3N4, a fluorine-containing plasm, such
as, e.g., CHF3/02/He or C4F8/ CO Ar plasna, can be
used. As another exanple, if layer 330 is forned of
A1203 or Hf 02, a BCl 3-containing plasma may be used.
The transfer layer 320 nay be subsequently etched
layer 320us s gumacxdinmdetif daedr 320cih formead aBPARC 8 |amarphqist Griygge a sulfur-

contammgﬁfﬁ 7 %%26%6%/% gpe%gépg?a/oéﬁas Og&%‘! %%Zéignpl e, if layer

[030%) i s Afsormetlated 1BAF@Scnuea¢mfrphﬁoE$ut€§r%rﬁ0 24, thel ppeers 385 and
remamm%g&ttl%hy P?Ep%gf gﬁté sg‘#ﬁﬁ ritdrets, 940a % Qa lb@%ov&iﬁ% reduce

ustrated in the sequehce
the aspecEirgtir © n2Qk tfeatRfes prive teqacenssindg8.carniching g mpbstrate) through the

mask. F%g%%hroﬁgﬁe Q}sf/hetrclﬁ']?hé ctersagéjs %S&SH%WW@:’&J §x%é0@§%o$oz), the first

fenove reduce e aspect rat .
mandrelsBdOk cbm@tlsn' aimoqphoos smloorparubmsssﬁﬂgxd(rearglr@ls St56hicogpptisreamorphous
carbon, sgz%%? tre[n%g\?% ggug] b nﬁ%%gé‘ﬂ%d lelrmSlé (\)xﬁet g{x; Idg}(%{zﬂ Sich ?%g), far\tg?{:ebuffercd
oxide etchld‘rSit dryregidnghg a?ﬂl@mnc@msndl iesmempAp m@temdtnvc,oﬂne apakers 385 and

S nelr r ro L hor I
manarto 1 35 930 U L AR SR FRERRat porsing
(CMP). G’Ihe ardsoabk beyer éBQj mayasevm asparf éteh etbp lerridetoeprotecbthegpattern 390

e 1.d
within thglrt%é ?ftﬁ:r Paly\e;re Eﬂ?h ege &?8@% lg@ e@%@%ovés hgﬁxéstryé s%acer/mandrel
removal 8&0benmeyfdp@ed eaftwe:mbm nf) tisphardomask ldyer 33Adows Hesrfiore adtching the
transfer 1%er'336' Cf%l AN dre%” ﬂﬁbe %%!?Lellﬂ}'é (%f %lzﬂﬁz%lfo ltl?e%/lﬁ;%d R3% layer 330

erve-as an etc prote
andtrgnsﬁaﬂﬁmﬁzmgo within the transfer Iayer 320. Dependi ng
t el ect noya e c r
U300, el VB! BT YA 2L e 298 SEATIR Shon and 300
serving amiﬂakla)thdf pﬁﬁﬁ‘ntﬂ%) isefansferred OMIhBQSLfohEatetM@rtsffenn laggaghern 390 of

lines 391 a te{rhaIedﬁwRP Q da{c%ﬁ %T &anhggé%f %{ Vbeskrgter’aelraoﬁggv.él{eﬁléggis \é%chematic,

r anster
top-plan [vﬁl:’lz@@i[ ﬂNe»nltqgrmd Imrpmt épe rﬁaﬂ@wlog latjennetsar@RA aadch &PBate mask and

etch stepV\egtremove gg‘ﬁl?fnag r ans?‘g?ﬁ%e V(I(sﬁegbégg t ;ﬁ%ﬁ g%g is a cross-section
taken aldmgrlmeazmﬂemrf Big0reci2B. | Winb iBghe dlustntedt ebodiment lmes 320a and

330a ser&egaces nk 1Io 1ra§1%{?er t(;] tl'f hs%b§t¥£’t§t3r1?t ? \;c'}l:l‘Lobe e%‘ga txgtad that lines

Fs"& sch an vi ew o
330amaybcwn¢ve:é@®dftlmitllmm h:g)apaa}tmcasrthmmaek and a separat e

[@ﬁtsagglitheéoqﬁl é(f ge r%n{:ele ggd\rlé%u% [ f@& azlnd% ;Q'c{tte}xh ‘?ransfcr can be

. (see ATs a cross-secti
accomplishécbwsing amgnikotnepi© 2wh 224, o BOH/GlmbasaeBstcifithe smhstrtathéo be etch is

a semicc)irrglgtléifgé gv?%eg %{ t%gér%glqwr‘gﬁtst selg gzefsﬁ%@g L s%urbgffgt% ?i’l&rt‘ﬁxleotuﬁﬁ tRe pattern
formed imithd transfeapapree 320t Bihes az@a dnidrid9a nBE 0w swbseduenthesaacively removed.
As an al?erlquadvt%?iinés! 85a g’r?cp @3@%5\? %'é%%m@%e& Ugng%%gmical mechanical polishing
(CMP).

{0111} A subsequent mask and etch step is performed to remove terminal ends of the

lines 391. That is, a mask is applied to protect lines 391 (leaving the terminal ends uncovered)
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[0110] Wth continued reference to Figures 22A and
22B, pattern transfer can be acconplished using an
weanisakrspi ¢ etch, e.g., a BCl3/Cl2 pl asma et chCrfuskdve/ 018395

substrate to be etch is a sem conductor wafer or a

conductor, to selectively etch the substrate 310

through the pattern fornmed in the transfer |ayer 320.

Li nes 320a and 330a may be subsequently sel ectively

renmoved. As an alternative, |ines 320a and 330a may

be renoved using chem cal nechanical polishing (CW).

[0111] A subsequent mask and etch step is perforned to

renove termnal ends of the lines 391. That is, a. '
and an efvhilg Fheraispliiedused tor sveete HentssmBsd qndaayiThy RrAlctive mask is

ro.nal_.ends_.uncaye 200 2; i ;

subseauerp il P8yl PO TR ChERn, 88 o b G0 cigeucd i Figure 228

an etching chemstry is used
Alternativebrfvren ddmeastererproedss,anprotectiie maslocarchlogle theganKds pEthe spacer loops
. S equent ol 0 of lines
(e FignnE BTG daed SR} Bidh ke PRRRE BVED, (o e
[0tiEXTas c @hes, pr pettss , ofalimmsopitabtinubtiptied loycadadipo ek sixheelative to the

pattern fogn?lg% i fthett Bl? tgtpe%Sf;lel 1?9%53 60( (%gg Fi:%ugéj h $Jé?l Z\t%lg@ﬁr%gt\?\g rintegrr:xted circuit

ndant “di scussion)” prior to ttans ) _ o
300 includlasy@resmad@dll &t Fleupacaopatitchrper spadinggl” prior to pitch multiplication

. it - i.pl | . | Xeoxk-© i . .
e Fign R Py RHCSRL T ARG e Bhactle E PAIINGa R igg 301 ana s
spaces or fregehres 395A) . Where the integrated circuit 300
L hgl udes on dr 0
1089 3 o EBREIaRl, P Bafl So RS el dEREREBE hous 20 nd 100
nanometetss m) fFiwint ewe rpofiet.c Hnnarotlhqyl ¢édiment Itlee Sipec BAY may be spaced

0 ise [ ines 391 d;.s] r ]
v GR0P5 35057, S IR0 Ly ARG S e e
lines mayHeaekdtddat weed ckbuical GOriargbe@0en thahioret ers (nm) from

[Oggﬁsggg?ggﬁ ?%fg%epxcg Q)of?igsrre % Qﬁjj'dm qg%'qhut;r‘rx]lr&%oglr% %?1 é‘égrggng% contacts

ween abou and-
to lines fannéd @sing lemtzdiveeresiod dieteodssis iflhgrasghcilihg ibedtwémihsagnence is an

example %%?Q%g%cg?%{wga%log%]os ﬁltlTeS?ﬂtTg i‘l%}l?ll{)ﬁeCf !%}fe%tfgétgraéf f%ugirhtg.{\}%ggr, the skilled

I nes. erence to
artisan wiBdppPRGite thas tgypemciplaitaghe hercbp mafy atswi tegised it wonsontagts to lines
for

. l i ne d ing. di ments of nethods is
pltCh'mu]it'Ip’}ﬁiPY ﬁtf%;g(.’r r?lex’i%ﬁ%gge?cr' ated sequence is an exanple
[0afi 5 ontRgire f23ATEt Rowhéroatid, itnpplapi view ofihtpantialbdfdmned integrated
o ctor .of .four: h r, . Sk LI t] o d oitch-
cireuit 4(21(%6%'?0 g ﬁ%%ndf%%@é?i%]g i p ésklthgu'gl%?dr ér&qu@grfég%/ é‘a?ltes 6 Pre
multiplied éines €Thd pitdhennitipbed Bodssadfan hbmegch pivltghieditatingt (eg, pynductive
. factor.of .Six ight .. etc ' i N
ines, corfantEFE ot 155 e Bl ir oo AT BE bR £ ! o in Figures
6A and 6B edfaadets 415 peeric MOGirels a0, hbioh ag dedindted| by 4n@eadd0. The
i AR QoL ) UG B, 5 poofor s o
shown) andn-spbstedte #RP (deplhigote 286).uTbs sflstgte, comymidat & icyrductive layer (e.g.,
. l.i nes, t a6t SOl he .l ' k 0 Fi
i bl 52 SANGSLE 1Ry U RSBl st G 830ce g
23C). The integrated circuit 400 comprises loops or bends 430 at the terminal ends of the
mandrels 410 and 415.
It will be understood from the above description that the vertically stacked mandrels 410,
415 as initially patterned (e.g;, by photolithography) had the same wid’gh. However, after

differential shrinking or trimming, the upper mandrel 415 is made more narrow than the lower

-25-



6A and 6B. Mandrels 415 overlie mandrels 410, which
are delimted by spaces 420. The nmandrels overlie a
woaoa/oresh | ayer 422 (seen through the spaces #20)S2@7/018395

transfer layer (not shown) and a substrate 425 (see

Fi gure 23C). The substrate conprises a conductive

| ayer (e.g., Si, polysilicon, Al, W W5 % Ti, TiN,

etc.) overlying a sem conductor wafer 425 (see Figure

23C). The integrated circuit 400 conprises |oops or

bends 430 at the termnal ends of the mandrels 410

and 415. It will be understood fromthe above

description that the vertically stacked nandrels 410
mandrel 405 Acordinglyatheyinjiial paitare was ehgsen Wijh pAGeE tasbigrsapbHyuch that
the trim El%gcstsh@o E@lﬂ%&es%@ﬁ*@@r n%theeﬁ fr&iﬁ ftﬁggeeﬂéﬁﬁber sections 416,

nki or “trinm ng, upper mandrel 415 I s nade
leaving sevtipes oflowewnidrdrel @ widwat any 28eriying 0pigyropgrizg. Furthermore, the
remainin PWepﬁfaglgyl Q%%qgéudg@%%@glyd'\;ger W 5p\éce Bgﬁveen the lines of
attern was osen "W th narrower sections
lower masdxeh41t(}natthlsmerower reqtion dd 6 s Townykle pdjagent eyindess @rﬁéhown in each

narrower sga%rn H%]qrxethefﬁl%%]{ t %ng @%L{g A eF&.Z%& 'vﬂﬁsbeA' %ﬁpre)c/xated from the

["éavi ng secti ons W t hou
subsequemvfegurgs, rmgtlumpeﬁaammsohfethe nﬁmmwtxetvrirtgee and tvade mandaws imgthe section

416 fac111ta(%e efecﬁ% cr:oexlne?%gn IPP ﬁit %?\ltfﬁfeatt&}ﬁxle}é (Wn & 1%41 “ﬂﬂ%’*ﬁl chf features

space ower
such as ccnmatdtsower section 416. Two such adj acent WI ndows are
sho in _each ar.r [ c 6 t .
R pn oFRE sr R SR b0 9 DB rllle N o, i tnes. Aftr
trimmingf the mpphenalmntiS@QUEHIaxrﬂs ivgdereban inghd atrigesfcban.uPesvibfbetappreciated
rrover S d t C
from the fsné Cleﬂuet ﬁ} S ca r\é\nggxﬁrhe\glcgl Sglﬁﬁ g]}clger %@h&% %f’PQre séé(ged farther
apart, alsé mtluatag iepanammlmtncddxsnmetctlpdl péﬁiefpﬁahmléspllﬁ%s;dogs asing non-pitch-
- act s r I . . o
multlphecr?3 gc-‘ta e?snsué:lrl ea%' ﬁ}é %ctgo lrls,?a% ggﬁl?ﬁsgx%ﬁdﬁgzthékﬁﬁgr 1f§" Eht widths in wide
section 417,i marawy sedtioa iﬂ;ﬁpmd irderdred]atel i tippsrdefirgngite fineshanthierarray, the
initial pattt 8 it g% v%&%%&?dthé?ﬂ‘é\ﬁéss%g%%rtﬁg crxt?e% g& ?a%ht&%%f@c r!}%] connection

bdeqUient res, orned In such w
among feamo&snolbs ddﬂﬂectab}etlspiadtwllfsamel’ser apart, also

[Oflilﬁcl I t\ﬁft{x nc%letse%g@ %ur%l &;&%}s &qu[}g %\jnn-l%'at%ﬁoﬁgﬁmally blanket

S uSI ng* non-
depos:tmg apaagr emtesmzd: bvasthcom@cﬁls4l OI' hmds‘llfaﬁblkmmdﬁ@t 7 dirediopgl spacer etch

iffe hs: i
(preferen r@ Y 8%/2\:/ S ?onzon %egmggtg Sfet!Pgre Egnatgte cérgf‘é ssp%é ¢ laxer% to form a
spacer pattlam I Theepadans ¢heammeprpsentddey thivkblazk lipat te thc gdges Qlﬂtéas mandrels

410, 41 5f1 %% d’i’F alﬂl a‘%exaét&nag ntl eoegg%%f‘o% d g@ch that th%y %o not etch

tate rlca Connectlo eatures
the hard dsﬁk hae'dr B32.t E@ttsd dewes 1423 gasignale lqo@gggrﬁ) at\Whiph cofductie éines 426

(sce Fi gubf? 5925 {%59 Wi 8@ 3B (BPRENeRtidad Rt gp old %?&k@é’ (o V&En%é%  Yabrication).

eposrti I Nng spacer over
Mask featdi@s 4Ad (Whi&hfmigmm&eﬁyech bmar@oanatm@nnt@p aeask aftec jgonductive lines

426 of Féézﬁgégéeﬂg' Haé’ e§e?v'H nglo'é fidids g}‘@dndsﬁa%g%s(ssé’é b&lG@) that will be

et CO spacer ayer form a pace
formed followemgnpat®ie t@pa”@e g tHS tordustive hayes ervedyingythe hqubktrate 425. The

ﬂlustrategl a@%&/g sﬂa%%s Ofh 4 Q?osgd@xgswgfer LOR R deeéﬁace noted above, such that

conventional photolithography can accurately place the blocking or cutting mask.
f0117] Next, with reference to Figure 23C, the spacer pattern is transferred to the

conductive layer overlying the substrate 425, and portions of the lines underlying the arrows
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410, 415 in Figure 23B. The trim and spacer etches may
be perfornmed such that they do not etch the hard mask
woaymr2432. Dotted arrows 423 desi gnate | ocati 8as/UaR007/018395
whi ch conductive lines 426 (see Figure 23C) will be
cut (for conventional etching) or blocked (for
damascene fabrication). Mask features 440 (which
m ght be defined by a separate contact mask after
conductive lines 426 of Figure 23C are defined) serve
as | ocations of bond pads 460 (see below) that will be
fanned followi ng pattern transfer to the conductive
| ayer overlying the substrate 425. The illustrated
shown in Figuoe\83B lraprema)2g te f@%lSPMEdM@@PCWﬂmé%f Thsdgiegrated circuit
of Figure . %t(,eﬂ;rﬁﬁ? ¥&m ﬁé’e%t'bc}nlaax%% teEt%‘l‘?éhw%]QE&hb&l@ﬂE&pw the lines
An accur at er pl ace |ng or ting mask
426. (0117] Next , vvlth reference to Fi gure 23C, the spacer
[0? ét er le‘e ttﬁeall% @Jncgdllﬁlgtéétgg %'%H & 2"3%& Clhas been used to
overlying the substrate and t1ons the I'i nes
conventionaldie etcl nnlgduchee Enespugvill- @&p\ﬂ@cm&hwﬁﬁ %}UCHC@ may be used to etch
CT. 00 B Y &
ronches eSS vy IHRR W o n B o SREF oE SPREflabdhing (o
silicon) suhstratsnt of Figure 23C further conprises bond pads 460
[0E8§]_]181R%5 é’ KU lgﬂ%&e E%aglﬂjle? ﬁfg\g l?eg{l 1111;95&5&@ lJ’l s&ﬁé em%%grments, it
will be RPrecRBE It rhxeemtqhswlmmledcmwm (@aallkdieg o:IadS) may be formed
alongside S%pc%ur(ﬁhftlpﬁeél f%a? usegn }Q%xln% tc%gesaé"{?xé ﬁﬁ{;} }X‘ﬁ.l?\ oﬁll&gafﬁ%tggegnrgay overlap
pitch- mu}hphedjfwiyr@r lines in an i nsul ating (e.g., Si02) or
co ti ( | S d
10F70% < e rher Bnfodimeftl o R Boan P T Rafing B hRbrmred circuit s
provided.i ﬁ‘}sonethedr‘mouhpnm provudtng wﬂrst nandaglpr\ec iaatubstratéyaghe first mandrel
having a rf'%} \B dtt}(f n%rg{u%kr{g 4 SLC??‘E‘E&'%E r%leSL%St’aa @@ﬂ{)ﬂ&? etgéqi?z)ﬁ H%drel, the
second rrmnahnel ha\sega sn@mdpmﬂt}hsmmlldrlthﬁn ihd fi‘rﬁa»tndﬂesspmyrswe simaitaneously
formed of} n%&%va%l tfJ Lrﬂl Ifﬁ’gt %]edat o§§ %n%lil'%g 3‘ A-rI];higgs't poﬂ{o%lg f the mandrels are
selectivelyi removéd retatwprtO\thidadlcer'Ehe foet hopaco rppttersei@ﬁpﬁd)by dlnmgoaaers, and
ndr e rate, the first mandrel
the spaceﬁgattsemmat 1s§err68¥og}e%u§ a?lé'pr oviding a second nmandr el
[03Rbkt aritxlaabtlhyr avbedimigst, fai methodrierdrselg, tigrbd magdisbtd form a pattern

. drek.. | 0 t rs
o e A0SR 4 S0 05 S oo
comprises pravinding mrters. efietiacked oraddrednoves Ia§ub$ﬁtat¢ edste par, |emisofbthe n tiers

compﬁsirgg;g g@@gﬂ{ygéfsel rﬁ%teéﬁgs&gisvs%wtawmg egaqalreﬁf 'ugfohe! gn&ﬂe,t Rherein the

a spacer pattern
distance dplvcsn sadjeaaerdt rrtahére@p ac&er paist greater ghany ﬁws'ﬂletanefd beveeneadjacent

mandrelssaltJ Iﬂgxt A qt 9;2111% rinfﬂta%@gﬁ Eorﬁ‘[ga %Ql'sf@%lls @‘% {iE qureflg r
I'ng S I'i nes

tle orma attern ] )
[qamzbh ] stullpamcéhierbwlapdlmcn@ra partlalnhy &rowd iotegratigdreinenibf1C”) is

provide:d.i Sl"h@&ﬂi&ﬂﬁfjfonggc? I@%B&%fjises a first mandrel over a substrate, the first mandrel

having a first width (A), and a second mandrel over the first mandrel, the second mandrel having

a second width (B), wherein A > B. The partially-formed IC further comprises spacers on

sidewalls of the mandrels, the spacers having a spacer width (C), wherein C < ————(A — B) .

~27 -



conprises providing n tiers of stacked mandrels over a
substrate, where n > 2, each of the n tiers
woanizismg a plurality of el ongated mandrel s PCT/US2007/018395
substantially parallel to one another, wherein the
di stance between adjacent mandrels at tier nis
greater than the distance between adjacent nmandrels
at tier n-1. Spacers are sinultaneously fornmed on
sidewal I s of the mandrels. [01221 In still another
enbodi nent, a partially-forned integrated circuit
("IC") is provided. The partially-formed |IC conprises
a first mandrel over a substrate, the first nmandre
Infrarothey cmbbdiment, @i meskifgiprocemdingludec defthingawriédn @ver two or more
T d | SPC .
stacked ﬁ\}mlﬁg.t r}*t{(ega’n%\l}ﬂ?s:g&%sf%b% @?&i’i}ﬁa tv&B‘;Er} an}? )Q/éyé{agnglaﬁﬁ Cﬁ?rﬂé‘&’slons of
elements fruattlbast ax opiparifdesars pedveed re(bamveg'o ddomtt BlnpHf thikdwo or more stacked

films to p él?ge ?\k@ 8r< In?ge @Q@%‘agﬁa@%éU\%dg\dagﬁg%ﬁs%gtf&r{e@dn sidewalls of the

stacked nR@AFlIS2007/ 018395 | n anot her enbodi nent, a maski ng
[Og?gceszt’ \g/hrgtl: ggﬁr%mgt%fdlb h8sc ?EE )%rtper ! eraat Y 108{ R{T%{ glﬂlSSlOl’lS

cke ernis ans
additionsamd nlmdaicsatlanskmayﬂaclnmie tOtiremsthods araf stn@hemetiﬁsmbﬂzﬂ abbve without
departmgf ?x‘?%t ﬂfen Fﬁog)%egf tﬁé ThdhBoh. ediﬁlé %&gﬁ?;@%? ow hnvw\ﬁ%txon though

tWo Or nore stac U le
describedoin the centsktackadaysarfdimek $sucBi aﬂewahémm'gaarays) ahaeprﬁcmr meliplication

techniqu«:%gtagé%hqeh\’@lﬂhswg t?;at)? hagéfé&gi:élﬁﬁog%nv%?xg{yhof L:g{]n%%c% FotM eJ(%lmple the

reclate
techniques drught dewirn ean bmiagpligh®, optaddeleiments (agd drffchchom @tatmgs), MEMS
e h d n ruct res descri
structures ex%e H%ESO % egoel{rrl P 81 ?r %prﬁqicﬁ eorgc eféctncgld %qr?nectlons to the pitch

multiplied ifieagirts Bmot Fayuirest.arveh éurtl&m dxmpltﬂymgtthé appltcanmm NThd methghs taught
herein arl(éI %%%Lgo‘fr )Jg%hdté fea%{}% %mes % w%n%ﬁ%ﬁgﬁnggle 51§es( Bif Havaesapplication
even wharecptiviat) tﬂselutlanl g}sl'mothemlen o mnolrdler Inravmp}wp lesscrabemd ghodolithography
systems, ;@garrtlhgmy%g,rlte i(v:vﬁﬁ]ég )ég erstgg& ha%( %\HF%C 81 tuitc]sg g ch‘ 62 e%%xgxscan be extended
to greatex( mrgbqrs df foandret le&alsgarai ¢angﬁ) c;orrNéElhﬁ wﬂh nmhiques empldgimg multiple
S dem’g.ter§e etc h sone_of se ons .
pacer denosition; sieps, 618% t B Pracesses catnhg FS?R 2 d f tp cb Hhéea to achieve more
complex heiddrns. e &ll sichohodificatione dnd elanpef ard inendsd ng Falf withh thhacope of
. i I O he nethod taught herein are useful for

the”“@ngggéﬁg@hn 4%¥ﬁ£ea8p%F%§ lSé'befowphotodeflnable si zes,

but have application even where opti cal resolutlon IS

not limting, in order to enploy | ess expensive

phot ol i t hography systens. Furthernore, it wll be

understood that the techni ques described herein can be

extended to greater nunbers .of mandrel |evels, and

can be conbined with techni ques enpl oying nultiple

spacer deposition steps, and the processes can be

repeated nultiple tines to achieve nore conplex

patterns. All such nodifications and changes are

intended to fall within the scope of the invention,

as defined by the appended cl ai ns.
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-28 WD 2008/ 027239 PCT/ US2007/018395 WE CLAIM 1. A
nmet hod for fabricating an integrated circuit,

woaeopriezidng: providing a first mandrel over a PCT/US2007/018395
substrate, the first mandrel having a first wdth;
providing a second mandrel substantially over the
first mandrel, the second nmandrel having a second
width smaller than the first w dth; sinmultaneously
form ng spacers on sidewalls of the first and second
mandrels; selectively renoving at |east portions of
the mandrels relative to the spacers to forma spacer
pattern defined by the spacers; and processing the

WE CLABMbstrate through a nmask defined by the spacer

att 0_.processin

1D o PR o RErERNIE, Rleall B LRl Cern Lo
t he mobidinga fxst ®andraloviee g lsubstate, eafing @andralhaying a first width;

rbvc'ld&% ys@@&foe E}Hnﬁ%ltﬁgsﬁg opé}I Rl Arst Qnﬁ)dnlzlovfﬁé second

ayer and renoving the “spacers prior
mpTdncld@smggi sedondTWwislthemalisd tefn @k SirsnvB@dtbwher ei n t he
subs r I eSddl drels:
oy e Rl iR Shc AN cid b B PR e B el
t r enchegvely reMheingett Headt ppri@naiaintde mendrels relative tgghe spacers to

[ ..pes with connecting
fbﬁ% s$£ g%mgﬁgéﬁﬁgﬁhgﬁgggﬁgﬂf?ﬁgr conpri ses bl ocki ng
t he pmoqzssiegdlse pbtogte tlwougly @vrsls defineddy thihepacet fatidmof
d ai r oyi ' I
2'subs ra éa'm?oﬁfpgllaglésyp‘%%?gl H'S"C%%?{eég% s e? chl' Yngr E)%/E? nsfer the
spacer patierndn thectubstratg.. The net hod of Claim 6, V\,her ein the
3.Spa r r
| Conﬁgllc;: B%g %o(%‘pég:% i,sfﬁﬁ o%g;?}g ?r%) Ci‘% S}?ﬁ'{l ';tﬁe (s)pacer gattem to a
lower hard emasitilagpr tamrérdnmyplgemdqumrsmnqrao pprosawsi ng. 8. The :
4, et h’?fé? Qlte l’gc}abgggalm\l\?ov Pe:ﬁ’rtﬁﬁ's%g%té gglﬁgxq%%n% upper interlevel
dielectncéaotee Rod pg)cmn@ thealugh thet taskf ﬁorrss demamsgerd trer@hesThe net hod
Of ndr . .
Gpﬁlés gg&bd‘ﬁ'?%ﬁg g%‘q&}’éu‘? kﬁkgsr?épe% @{L%ggﬁ?%reg%n%tetdhlmes with
connectmgehmctndso anti ethe | methodefadhet comQrISéEhblonbihE otie ool enidm prior to
wherei n sinmultaneously form ng the spacers provides
he spacers with a third wwdth that is smaller than
6.t he The stethwiddehClair, 3, Titereiet prodidofz Gk dirsh handsblepedrthe substrate

comprisc¥ {)x%\(fﬁcﬁ‘hg 86 RERRAGVERRELHuckeMPr I ses using

7. The method of Claim 6, wherein the spacer pattern comprises elongated lines with

processing;

connecting loop ends, and the method further comprises removing the loop ends prior to
processing.

8. The method of Claim 1, wherein providing the second mandre! comprises
providing the second mandrel extending parallel to the first mandrel.

9. The method of Claim 1, wherein providing the second mandrel comprises
providing the second mandrel centered with respect to the first mandrel.

10. The method of Claim 1, wherein simultaneously forming the spacers provides the
spacers with a third width that is smaller than the first width.

11. Tﬁe method of Claim 1, wherein providing the second mandrel comprises using

photolithography with a resolution limit greater than about 200 nm.
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photol i thography with a resolution I[imt greater than
about 200 nm -29 WD 2008/ 027239 PCT/ US2007/ 018395
wh200sihe3oet hod of Claim 1, further conprisi ngPCT/US2007/018395
providing a third mandrel on the second mandrel, the
third mandrel having a third width. 13. The nethod of
Claim 12, wherein providing the third mandre
conprises providing the third mandrel having the
third wdth smaller than the second width. 14. The
met hod of C aim 13, wherein providing the third
mandrel conprises providing the third mandrel
centered with respect to the second nandrel. 15. The

1%vet hbee srethadapfriClamyhe fisther semppsingatrgvidingogithigd mandrel on the
second mEIFRY th%aﬁlrammewawﬁgm,pmm% the first mandrel. 16.
he method of Caimi, wherein selectively renoving
13CorrpT1Pﬁsé§eth%<h\an6}13§)@r tizoneherein priowiding ghe rihirdr wiendrel comprises
providingthé aﬁltd ma&%mvﬂ&atﬁsmrmd& éﬂé# i the s@lonk Wik cond

mandr el . erein form ng
14packhes r@@h?ﬁi i csfe§1abmar1 ﬁetwmnspnomgﬂg ghacthird nmerdrel [comprises
providingMe Bfd AGRSelentdhBs SHRS, 9@&% t&ecoimARiBod of daim
wherein sinultaneously formng spacers conprises
lfpr ovilel meectherh@ér Slabmv .nyharein delecliedy retramingr cegpades tremoving
portions (;}t{gyﬁrs@}p‘mg@,llf times the first wwdth mnus one half
times the second width. 19. A nethod for using tiered
1qrandFiag wethedfod Glaim pavherein sekcctlwqheserm\tlc& compiisepli¢agihg portions
of the ﬁrs}ﬂhanérei aﬁEchy ‘t%flo»g @pe@:le&% tﬁ@ %d Qi;f# 'g‘f' RO sec%ﬂm{alnafepg
roviding n'tiers of stacked mandrels over
ubs’{heap"@thqﬂh@ﬁv elaim7l, whesein Hophing [epagers ppmpgses blanket depositing
spacer ma&tm h%mgcég oqltws%'bg&afe of elongated mandrels
substantially parallel to one another for a majority
1%f  t et métkerhof sClawn el ewhemmn dinsilgnggusty dprmring rspaceye comprises
. ly t
prov1d1.n % Sg%ﬁ%é‘\'ﬂbgt V@ghﬂ"'}gﬁ?}e %xt' %l Eﬂ oup o{x M%l’nﬁk the ihrgt width minus
one half tygnessthe seqohd nwidthe d| stance bet vveen adj acent rrandr els

t ot -1, k I [ S [
5] qenart Bod bbb T o s he N R P mpyipiica by
a factor ofide ploing ope dim@tism pompraging:of st acked mandrel s
con‘p [ that are 4n
e }li;:ljt()%gl?) ;9&19}’5 sﬁ% E@gﬁﬁiﬁjeﬁs c?;e{ :é es?ﬁsﬁrfﬁie., vsgwfre lf%ei, each of the n
txmp@cgnwg @Ipéurﬁhil/@f dmeated mapdels slibsgntialty parallafo one another for
I
a ﬁ&a?ﬁh? gg {;fgngﬁ b é vhcks ém%gigrr?%gér%\é ggo\%gei 5%}1% g?raﬁgl tg nfindrels at
tigrj &, Mchjereirp ghe ?Iiﬁéann%tbhb‘cbeofadﬂ}icamrnnmdrefsuatt h@rn is greater than the
ISQARY BethBlh RELRAL kUL HERDY Pl | east portions  of
the mandrel s relative to the spacers to forma spacer
pat t Emyltargouplyforwying lypacsisametidewalls of the mandrels.

20. The method of Claim 19, wherein providing » tiers of stacked mandrels comprises

providing mandrels at tier n that are in direct contact with mandrels at tier n-1.

21. The method of Claim 19, wherein providing » tiers of stacked mandrels comprises
providing mandrels at tier » that are substantially centered over mandrels at tier n-1.

22. The method of Claim 19, further comprising selectively removing at least portions
of the mandrels relative to the spacers to form a spacer pattern defined by the spacers. .

23, The method of Claim 22, further comprising transferring the spacer pattern to the

substrate to form the pattern of lines pitch-multiplied by a factor of 2n.
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23, The nethod of Caim 22, further conprising
transferring the spacer pattern to the substrate to
woaomsespattern of lines pitch-multiplied byprarfiaeiocnis3os
of 2n. -30 WD 2008/ 027239 PCT/ US2007/ 018395 24. The
met hod of Claim 23, wherein transferring the spacer
pattern to the substrate conprises formng the pattern
of lines that defines trenches. 25. The nethod of
Caim19, wherein providing n tiers of stacked
mandrel s conprises providing mandrels that define
lines. 26. The nethod of Caim 19, wherein providing n
tiers of stacked nmandrels conprises providing
24i ndiMhieowethodnaf @lams2 atwhdrgn transfeaingthe spaser pagermithdie substrate
comprises'cﬁa%%'gqg@{a?tmﬁf ﬁrllé titdt dehifils tperfcilies.2.7' The method of
alm-19, “further conprising providing one or nore
25har drheerséthod ef/€lagn B8t whenint provislingst fiers of stackedhpandrels comprises
providingm%;eﬁg that g&ine-mrs.mat hod of Caim19, further
conprising providing a transfer |ayer between the
26s ubstireanethatidf Chént@ndhedem pr2gidingvetiens ofi stdckefd iradrets comprises
P as . - Al r ver
providing A0S0 Sl B Bt Mharbre LB B en 38 BRI ATRB R S -1
27rran_dﬂ®l memérofa?lsiaml @oﬁm_:lmt compeifieg .préddinghemenst ot lofrd mask
layers betgeéﬂ me?s%bst%ee&}%ﬂe R{agélle?ing ntiers of st ac_ke_d
mandrel’s over e substrate conprises providing n
28 i er’Bheoimethpd i ddaima b8y Rirtheov@anpasisg ipsividing at thadsfer layer between
Lse interlevel dielectric |layer over the
the SUbStrgtgrﬁrméclt)%d'ﬁ%@g?ls\/vaf er. 31. A partially-forned integrated
2%i r cThea meth@) of €daipr 1% iwlgreia providing matiets eff stavlesd mandrels over the
: -1 1rs I in first.width (A,
substrate SHASAIES bvidihE s Hels e HRRES RpdB e 2iorbisPlgt et
30s ecort meihdd of i 28y vehegeio gmolvidingtrhti€rB)of stavkwel mamdréls»ver the
, S . S| I of ndr el t .
substrate S@%rg@ﬂ?ess lﬁfg\%‘?’% ig le?ggagg \ré\ﬁ\cl:\g(es H]a]('léf)lg’FS g‘\?ﬁ%gﬁr glllb%.tr?fegﬁ?tAcqmpnses an
interlevel Bjel&iri@ RiyerTiner fwrseindddnguétor weferl! C of Cl ai m 31, wherein

t he el ...l hal | -over the first
andr ooy e b AR e LT o1

wherafirst @_landel o84 a Emttpa:r thicafiist mfaodneb Uavif offir @idth (4), and a
seg’ghd M‘(ggﬁrgi Qveg tﬁé‘ﬁ}st%ancﬁ"el, the second mandrel having a second width (B),
wherein 4 > B; and

spacers on sidewalls of the mandrels, the spacers having a spacer width (C),

wherein C < (;4;2‘_3_) .

32. The partially-formed IC of Claim 31, wherein the second mandrel is substantially

over the first mandrel.

33, The partially-formed IC of Claim 31, wherein C < . B).

34.  The partially-formed IC of Claim 33, wherein C =~ (i;—B) .

35. The partially-formed IC of Claim 31, wherein the second mandrel is centered with

respect to the first mandrel.
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35. The partially-fornmed IC of Caim 31, wherein the
second mandrel is centered with respect to the first
woromroer239- 31 WO 2008/ 027239 PCT/ US2007/ 018395PCB@IS200M@18395
partially-formed 1C of Caim31, further conprising a
third mandrel over the second mandrel, the third
mandrel having a third width, wherein the third width
is less than the second width. 37. The
partially-formed 1C of Claim 36, wherein the third
mandrel is centered with respect to the second
mandrel. 38. The partially-forned IC of O aim 31,
wherein the first and second mandrels are parall el
3G.i nekhe E;gtlalﬁ}hgorg)gﬂtlpaqﬂqlam@ heftrther q@mprisiign Bird mandrel over the
second mMFEL L b HAREANSVHE! (1 G@Wer&ﬁtt]t:ee{lﬂrd witlth isB& than the
partla y-formed | aim 39, whereint espace
second wigift.t ern conprises features of a control gate stack '
37f Or P alfl Eo%ﬁe@@(;fy(llaﬂﬂ' 36T@«ﬁe£ﬂf {h'eQH ? nfla%ﬁpé'wS L‘ tered w1th
wherein 't spacer patterh conprises features o
respect tOItbgiSQs?Oad rapdrel2. The partially-forned | C 39, wherein
he f o
Star h a'yﬁ&aﬁ%{lalﬂlhﬁg&gge?tlﬁg%aaﬁ?ﬁe gﬁl%:%lixggh {\;\ﬁg rag@@éc%ﬁd mandrels are
parallel lisgsacer pattern conprises features of a nenory array.
34 ﬁbﬁpzﬂa{ﬁ y-flrhéd fl@ro?%(ﬂal}n% 13%he}®i]dr?{h% PaddICaSRRGE, acer pattern.
patte rises features of a c random acces
4(heno1?1}ﬁ PeraNy-faened dC afb Clamnd8k “ﬂvgrfpn obesypacer pattern comprises
[ er two or nore
foatures oggggﬁﬂé %}% st@fo??%}fﬁlg?%%%g e?'hogypattern into the two
4lor nbrepatigdxderniad) K 391 whereimtpe dipresmshaties ofmptissadeateres of a
logic arra9f @t least an upper filmrelative to a lower film of
he two or nore stacked filns to produce two or nore
4%t ackedpartiaty-éormmedalfdl 39.owhemin die dpaedr| pastprc egraprines features of a
gatearra}sl dewal | s of the stacked mandrels. 46. The process of
ai m 45, wherein defining the pattern conprises
43phot1:‘>111¢ pm@gﬂﬁmedzllﬁ 3Thehgrenctis spefer Glattiern démpnisdee fedtures of a
defining the pattern conprises formng narrow
seCtions with a width selected such that the upper
44.i | nThe patiny-dormad ¥haé%.nwherein tiecprommspaaencomprises features of a

dynamic random access memory (DRAM) device.

memory

45. A masking process, comprising:

defining a pattern over two or more stacked films;

transferring the pattern into the two or more stacked films;

reducing dimensions of elements of at least an upper film relative to a lower film
of the two or more stacked films to produce two or more stacked mandrels; and

forming sidewall spacers on sidewalls of the stacked mandrels.

46. The process of Claim 45, wherein defining the patten comprises
photolithography.
47. The process of Claim 45, wherein defining the pattern comprises forming narrow

sections with a width selected such that the upper film is removed in the narrow sections when -
reducing dimensions, while the upper film remains as a mandrel in other sections of the pattern

after reducing dimensions.
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reduci ng di nensions, while the upper filmremains as a
mandrel in other sections of the pattern after

woeodsonngo di mensi ons. -32 WO 2008/ 027239 PCT/US2007/018395
PCT/ US2007/ 018395 48. The process of O aim45,
wherein defining the pattern conprises formng w de
sections with a wwdth selected to separate the
sidewal | spacers fornmed in the wi de sections, such
t hat photolithography can define contact to features
defined by the sidewall spacers in the wide sections,
whi | e photolithography cannot separately contact
features defined by the SI dewal | acers in other

4% o ct Tl prasesst ¢eClain tar hermn dvﬁ@nsrtg@; paterpfcompaisey fming wide

sections \Wﬁ? 5%1chds%fécﬂ:'drig sEﬁﬁat@ Md SHESHP Efparcéé FSr A i thY V)Méj&:t&ﬁons such

lines along the pattern to facilitate el ectrical
that Pho'f@ﬁh?&r eplisoprnadaimng coekeiodsatyedsi debied Py tthesidevelbsracers in the wide

sections, chef)ﬁ’oto%o -5 By RaPES S QFate@ HoMiadd fea‘M}% %bﬂné’ffo&nl'h@gsndewall

pattern fises ineluding a  w ndow between
spacers ma@}?a‘t@ﬁtlo@éﬁ'maﬁem the lower filmin a w ndow

46 eCtTRNpRkeds 85 NwhGrein : .
£C YRR gt 35Thcyl AE05AERBRARAGANL yorvins vias
of lines flgng Hbe Vﬂaﬁﬁwﬁo Sasiliteigneleetrignli vennectiore paong i fortupks defined by the
sidewall s},g@grgrs formed on the mandrel defined by the | ower

filmin other sections of the pattern. 51. The
5G:r ocEbs pufced af MlE®m 4hwheiem dening rtblowatieot ¢agpprises including a

window GQWREA %Sj%célﬁl s%gﬁgltxts o tﬁggéﬁ‘@cp ﬁ[rm lhtd. ngn({?@} Séc%lon of thﬁ pattern to

separ ation of acers su I cient to enable non-p
increase wata‘tlpmféospamtfmeé qnoa frecadosl adefiged brdabe ﬂxywetrhfélm in the window

section retAtRe’b §epa'r§t?bn of spacers formed on the mandrel defined by the lower film in other
sections of the pattern.

51. The process of Claim 50, wherein the window section comprises adjacent
windows permitting lateral separation of spacers sufficient to enable non-pitch multiplied

contacts to features defined by the spacers.

-33.-



