WO 2010/ 065251PCT/ US2009/ 063999 METHODS OF FABRI CATI NG SUBSTRATES
TECHNI CAL FI ELD 5Enbodi nents di scl osed herein pertain to nethods of
fabricating substrates, for exanple as may be used in the fabrication

of integrata6iofestsi ry. BACKGROUND | ntegrated circuipSrigd8o0/c63999
typically formed on a sem conductor substrate such 10 as a silicon

waf er or other semc t rs of various
materials which are g@#ﬁgéggnﬁgﬁj %%EQNQ?E%?%% I nsul ating
are utilized to formthe integrated circuits. By way of exanple, the
various materials are doped, ion inplanted, deposited, etched, grown,
etc. using various processes. A continuing goal in sem conductor
processi MBECHNDCAGEIELD to 15 strive to reduce the size of

i ndi vigdual el 0 onen t her eby. enabl i n | ] er, and denser
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sem condumbetratupfirlexbaiplé s pAtRl isedag tiad Fabricatieh of RElePEREd circuitry.
deposition of a pattemabl e masking | ayer conmmonly known as

phot oresi st. Such nmaterials can be processed to nodify 20 their

sol ubi | i tFAOKGRIOEND sol vents, and are thereby readily usable to
formpatterns _on a substrate. For anpl e, portiaons of a photoresi st
| ayer can be éwﬁagaéaéj FHCRIs A1 fé'pgﬁlilw GTned QU ghSeFHEPRdHFoT Fibatrate such

radi a0 onsRAdiliebR Widler &Obthes b&ﬁhc@ﬁd@ct%sﬂﬁa%mﬁ et glaﬁerar Qayhaege the
solvent solubility of the exposed regions versus {he unexposed
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for exanple by etching or ion inplanting, to ef desired
pr océ§5| sbies ta reduse ey vige of anflivduat ek@hﬁomsqqm@mt@hbmby angbking t ain

- smaller and denser integrated circuitry.

One technique for patterning and processing semiconductor substrates is
photolithography. Such includes deposition of a patternable masking layer
commonly known as photoresist. Such materials can be processed to modify

20  their solubility in certain solvents, and are thereby readily usable to form
patterns on a substrate. For example, portions of a photoresist layer can be
exposed to actinic energy through openings in a radiation-patterning tool, such
as a mask or reticle, to change the solvent solubility of the exposed regions
versus the unexposed regions compared to the solubility in the as-deposited

25  state. Thereafter, the exposed or unexposed regions can be removed, depending
on the type of photoresist, thereby leaving a masking patiern of the photoresist
on the substrate. Adjacent areas of the underlying substrate next to the masked
portions can be processed, for example by etching or ion implanting, to effect
the desired processing of the substrate adjacent the masking material. In certain

30 instances, multiple different layers of photoresist and/or a combination of
photoresists with non-radiation sensitive masking materials are utilized.

The continual reduction in feature sizes places ever greater demands on
the techniques used to form the features, For example, photolithography is

commonly used to form patterned features, such as conductive lines. A concept
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30 instances, nultiple different |ayers of photoresist and/or a
conmbi nation of photoresists with non-radiation sensitive masking
materials are utilized. The continual reduction in feature sizes

pl aces everygl.eakfhsdemnds on the techni ques used to

features. For ex?rrpffej, photol i t hography is commonly uslte‘g[rll?%&{a@‘rﬁrgn”
patterned features, such as_ conductive lines. A _concept copmonly
ef err od FFREAY JeEaFod {7 TRt dRnS WeddP STitreigiswes Agfin frntires
f eat ur es ihRoBPNCUBGLWIER sPhdel iSPREES iy THE dict ehotead] Big@ nal MRl ®ifthed
Pitch may be defined as the distance between an identical point in

two nei gifiSIRF AFIPReS RETWEeB AN AdeiisabPPivg I AVP dctehibariges feataresRi 4 i ne

Cross segbpeling @R Yn aNGlatelitNthe! &8s Tk iBUMiR rdydtnl1Rfind R hediiig
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phot ol i t hagraRRY L6 IS SuliE R o b BN AYE1 8GN AR &L RELAY Whi ch
a particul ar photolithographic technique cannot reliably form
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phot of 1 ey S PROSHH G AAE W RmpiCednBOH B ST Raturesy TBES: § gne
pr oposed mHaimpa Biteh efe phaiokighagrephisgatiiniqué issanofbspande ¢ comtdmpreaphi c
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than tha 1 ni i.t ho, | r i ze. The
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DRAW NGSfrom the substratel i s a di agrammati c sectional view of a
;Sﬁ 5 Z%? ?E)ﬁ- ' n 19519%%?1%11 it@cl%(i\’é:u%r\gﬁgl%epi%htﬂ a%?ua?lrgfbl?aq\ife@ ghcl?fre&u%%on in

pitch is conventionally referred to as pitch “doubling”. More generally, “pitch
multiplication” encompasses increase in pitch of two or more times and also of
fractional values other than integers. Thus, conventionally, “multiplication” of
pitch by a certain factor actually invelves reducing the pitch by that factor.
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Fig. 2 is aviewof the Fig. 1 substrate at a processing step prior
to that of 5Fig. 1. Fig. 3is aviewof the Fig. 1 substrate at
a processing step subsequent to that shown by Fig. 1. Fig. 41is
a view of tvwe 201006528 substrate at a processing step sulgAGIRNH63HD
that shown by Fig. 3. 10Fig. 5is a viewof the Fig. 4 substrate at a
processi %ﬁmw?kqgwm%sby Fig. 4. Fig. 6 is a

vi ew of t i ng step subsequent to that

shown by Fig. Bbg. 1 is a diagrammiatig seqtigrml aiew efaghubstreteHhgro@ssibst rat e -

at a procf hown by Fig. 6.

Fig. 8 |s%%8{l/#g\?v§%ﬁﬁi %%Q%?%Hﬁgés%%% ’{Jé%eftoaa processi ng step
subsequent toFigal ishgimw by tlfE Big. 7 substrate aFagproessiigestep prionfo thae of

Fi g. g g_bstiate at a processing step subsequent to that shown by

Fi g. 10 is a view of the Fig. 9 substrate at a processing
step subs equefﬁ‘hg tDisthatevshdrire Hig. Fisgbstlate at a proddsginglstep sultdequent to

di agrarm?él c.sect] o al view of another substrate in process in
accor dand® ViV RRY EMiolli ment of the i nventi on. Fig. 12 is
a view of theFrg.of isld viwoss rietRigad sabqirae as siphgccShitg s$ehaaguqEnt2s to
t hat showg by Fig. él. Fig. 13 is a viewof the Fig. 12
subst r at é"&PWR B E&&idg step subsequent to that shown by Fig. 12.
Fig. 104 is a Fﬁ@vﬁ Qfa tieey &f the Hig. 5 ulisdtraat at atprécaREReass S\bsed Bt to
subsequent t%ﬁt hab ? by Fig. 13. 30Fig. 15 is a view of the Fig.
14 subst rtePRWIPRFEE dising step subsequent

Fig. 6 is a view of the Fig. 5 substrate at a processing step subsequent to
that shown by Fig. 5,
Fig. 7 is a view of the Fig. 6 substrate at a processing step subsequent to
15  that shown by Fig. 6.

Fig. 8 is a view of the Fig. 7 substrate at a processing step subsequent to
that shown by Fig. 7.
Fig. 9 is a view of the Fig. 8 substrate at a processing step subsequent to
that shown by Fig. 8.
20 Fig. 10 is a view of the Fig. 9 substrate at a processing step subsequent to
that shown by Fig. 9.
Fig. 11 is a diagrammatic sectional view of another substrate in process in
accordance with an embodiment of the invention.
Fig. 12 is a view of the Fig. 11 substrate at a processing step subsequent
25  to that shown by Fig. 11.
Fig. 13 is a view of the Fig. 12 substrate at a processing step subsequent
to that shown by Fig. 12.
Fig. 14 is a view of the Fig. 13 substrate at a processing step subsequent
to that shown by Fig. 13.
30 Fig. 15 is a view of the Fig. 14 substrate at a processing step subsequent
to that shown by Fig. 14.
Fig. 16 is a view of the Fig. 15 substrate at a processing step subsequent

to that shown by Fig. 15.



to that shown by Fig. 14. Fig. 16 is a view of the Fig. 15
substrate at a processing step subsequent to that shown by Fig. 15.

WO 2010/ 065251PCT/ US2009/ 063999 Fig. 17 is a diagranmatic
sectional wyewiobesagiot her substrate in process in accopEaRemoMisbdd an
enbodi nent of the i nvention. Fig. 18 is a view of the Fig. 17

su_bst rate at rloices as{i%g %tu%gtl?gg%ﬁqlg n 8f%h&hers W’?rapé/m pr%cess in

S5Fig. 19 is a ew of proceSS| ng 's
subsequemcomanhawiﬂhmmmbydﬁn@t of8he mventloEl g. 20 is a view of the

f o 19 SU0St LA L RUOSFIZIE, PL SRR S P ocint Jib SileaRY

grzocesm ngth;ate!fhotmmtis;eﬁigriﬂ 10 to that shown by Fi g. 20. . o Fig. t
is.a view e .a rocessin e ubsequen

2o hED Chowntig 1B Bipn or REHELA Sl RLORRER A SiBR BRI

vi ew of mmmdi&howb@tr?@.a&n process in accordance with an enbodi nent
ew of the 23 substrate at a

BI ocessi ﬂéegi Efﬁ é&égﬁ terton 4 i | L ARt 2 51%02%51ng step supjeguent | g
a vi ew ofo tie shbon @Apfgubst rate at a processing step subsequent to
Substrate at ys%gaééé's‘riﬁg fitbp Fé%rb%ﬂew]@matéz% A ocREing ﬁ%%%ugéﬁqbpétS
25. 10 to Hidshévinitsy Rigvbew of the Fig. 26 substrate at a processing
step subsequent to that, shown by Fig. 26.
Fig. 22 is a view of the Fig. 21 substrate at a processing step subsequent
to that shown by Fig. 21.
Fig. 23 is a diagrammatic sectional view of another substrate in process in
accordance with an embodiment of the invention.
16 Fig. 24 is a view of the Fig. 23 substrate at a processing step subsequent
~ " 'to that shown by Fig. 23. ' T
Fig. 25 is a view of the Fig. 24 substrate at a processing step subsequent
to that shown by Fig. 24.
Fig. 26 is a view of the Fig. 25 substrate at a processing step subsequent
20  to that shown by Fig. 25.
Fig. 27 is a view of the Fig. 26 substrate at a processing step subsequent
to that shown by Fig. 26.
Fig. 28 is a view of the Fig. 27 substrate at a processing step subsequent
to that shown by Fig. 27.
25 Fig. 29 is a view of the Fig. 28 substrate at a processing step subsequent
to that shown by Fig. 28.
Tig. 30 is a view of the Fig. 29 substrate at a processing step subsequent
to that shown by Fig. 29.
Fig. 31 is a view of the Fig. 30 substrate at a processing step subsequent
30 to that shown by Fig. 30.
Fig. 32 is a diagrammatic sectional view of another substrate in process in
accordance with an embodiment of the invention.
Fig. 33 is a view of the Fig. 32 substrate at a processing step subsequent

to that shown by Fig. 32.



Fig. 28 is a view of the Fig. 27 substrate at a processing step
subsequent to that shown by Fig. 27. 25Fig. 29 is a view of the Fig.
28 substrate at a processing step subsequent to that shown by Fig.

28. Fve.2018@6328 a2 view of the Fig. 29 substrate aﬁcmgﬁ@g@ﬁ@l ng
step subsequent to that shown by Fig. 29. 3l is a

Unat. Shown by kg7 3ot viok 3F ki 35 §§t§§t'a.r‘§arpaﬁ§ﬁ?ﬁ?§%‘é essare ew

of anot heto thabsiiavat By IFigpshcess in accordance with an enbodi nent of
the i nvention 32 substrate at a

f the Fig.
processing st &ie s%jso’sse%]ugeﬁ’f ?5}'3%‘%[ \gg%\é\/{ﬂﬁrﬁ% agi"‘d’l.rg sing step Subsﬁﬂ‘djemm

is a VI eWoahathﬁwEibyFﬁQ 3hat shown by Fig. 33. Fig. 35is a

Vi ew the Fi t hat sh 34. 5Fi 36 js a view of the
fo B that s by By 3 OH e, 55 Supgfica 3t p dractario e piSetet 1o
t hat showa tbyt fioGvn BH Fig.\V¥3.2010/ 065251PCT/ US2009/ 063999 DETAI LED
DESCRI PTI ON I\/PLE EVMBODI VENTS ome enbodi ments qf et hods
of fabricating l%fEX%A st m“éogwea&oﬁéaﬁwrw £ha PRRESSHRE FE§RT bspgient
exanpl e B theyw dHoR&h b}leegr:ﬁi ed circuitry, are described initially with
reference to Figs. 1-10. Referring to Fig. 1, a substrate, for



5 exanpl e a sem conductor substrate, is indicated generally with
reference nuneral 10. In the context of this docunent, the term
"sem conductor substrate" or "sem conductive substrate" is defined to

mean any cowsbpueiis2@n conpri sing sem conductive mat erig@pyd2i®loskdéong,
but not limted to, bulk sem conductive materials such as a

sem condyghinys onpri si ng
ot her matwe ' e gyers (either
aI one or i n a§sﬁrd)émb®dmmnmmfsmagm«i's leabmcmmlged s)hstritae:ntz&mnrdance

bstrat f rti truct udi
e e b DL S Bu it R UOBL AP U SRR o Rl
10 i s depnitiatly witheefepeicei todrignt B D alReterridy tolFigd 1) a snhlisltmé gby 15 be

processed thr h a.na attern forne reover 12 may be
oo Eno dE T B e RO AR SUBTEHE ot AR icBE RPTALISY i 18

di f f er enthumeg@INPMSIH IR GHATIH R QM INBVIBE SermSPeEidohdctér Hiddirdfees
14 have begn forgtg over subs rate 12, Any suitable material is

cont enpl &F eSFTRFIRFRY 8t Sﬁa%déﬂsﬁgewo H’&ﬁn RBMGGEHERL IO ¢PTppSing

cont ext @émidUndudaes iitirial, dedEds, B& nAf1BARed ©, Yask bahRbakudiveect i on
as opposed tqQ vertjcally or of her w se. Spaced first features 14 may

be pat t ePHAETHSISHEN 2B Samjcndustive gvader gﬁétthef 8lope o1 dy @ptrmelfistanner

Wi t h1photemiptRag skl qpaidle mﬁeregn)uahageﬂmgﬁ@m@;naémq rs (either
positive, negatjive or dual-tone resist resulti lr:}rgnt:from Si ng e or

mul t i - paetonerPn intassgplies sompiisige aibaxanisriels) Fdneer "sihstiate tiefors
features té—énﬁlépﬁlﬁtﬁl@rsmgtlmé RRYud3Rg, LIRR HAk GHA 1ddeRC FHEGh BEAALVEN ONE
exanpl e, spaced firsf features 14 nay be in the formof el ongated
li nes, fé?b%?ﬁpﬁﬁcfﬁﬁﬁlah@"?)aralIeI one another over at |east sone
portion of theysiipgs rl@ﬁ?d@ﬁm\’&%s%&?ﬂpr‘&ﬁ%%téﬁalali FB1GOMIL Mltﬁi’l‘ﬁt@ﬂpt
shown Further in one enbodi nent, spaced first features 14 may
resull® fbemrarsssed dranshes arashgatiermiamme doheroyer Mataripldg. mep pe
oexanpte; hEthe@oxf&ecE}‘ &6;§h§ﬁl9§éﬁ<ﬁ$sefér0e>é}n}ﬁe REAGASH Wi fP a1 0
that of Fig. 1. I's shown as conpri sing spaceg mask features 16,
for ex anﬁw@peﬁmsmrggwgs apdfesilavarpg Spaeshiirsaifeauess, 1 dohavediesndormed of
phot or esj, g, sd’l‘:@&h{w@eﬂﬂsﬁ sﬁﬁﬁbﬁ%&@n‘&l’% co%lﬂé}ﬁ{:fa?éde ahd wikiRe,” €P€ati ng
pattern of a pit it bc equal reater than, WO
2010/ 065hgqumﬁmmrehgggeermus4 daghe n@mteﬁh@f fhinaement, “spaced”
phot oh i t AAGHABNhE 1S dHABn Us U plbi A é&ﬁé&ﬂ,ﬁ&eo&%mgef %Fﬂ’a'c&??’?&
Regardl ess, spaced features 16 Fi ave been | atera
trimed festyred d&en@héf: ﬂoatrtewééfprméd \hvdmbr@xmlqgr@mwéomed@wé@nﬂde
const r uck, Such
may b codngr o hgngS L B0 HRlCAGE, SRR Fhol kS LARHEPEostdhe
appr oxi nagsstivecqquiialyore ragist mwﬂtldeﬁm@m alnlgbrpgr mﬂltwatiedl htholgrdrdend ur es
16. Al't \ tend to
ot ch’ gr cor P e araf! FubhEs B ART R RnS IR el e O Bl Sy P e
16 t2an fecbmauhalesesprcbélow. tlopme wamlcsaapebwﬂ flcé.’cefmtsltem Esmapde in
condit ! ofie RN R%1REHed hEE (P ULahBieShblnd SALRE SR SRS JVpR T he

t ops

least some portion of the substrate as would be viewed in a top-down view (not
shown).
Further in one embodiment, spaced first features 14 may result from
30 lateral etching/trimming of wider features. For example, Fig. 2 depicts
substrate 10 at a processing step prior to that of Fig. 1. Such is shown as
comprising spaced mask features 16, for example comprising, consisting
essentially of, or consisting of photoresist, having been fabricated over substrate

12 in a repeating pattern of a pitch “P”. Pitch P may be cqual to, greater than,
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10 spaced mask features 16 than fromthe |lateral sides. For exanple,

t he construction depicted by Fig. 1 can be derived by plasm etching
the substrate of Fig. 2 within an inductively coupl ed reactor.
Exanpl e etching paraneters which will achieve essentially isotropic
et chi ng wherwonmb/esisal of spaced mask features 16 i s ptuatsosesdzsd

and/ or other organic- 15 conprising material are pressure from about

2mrorr to &Q@é&tmé@m@:mmm% {dt 1ok RPRR T8 dItfor WM e uGateor about
110C, source power_ from about 150 wat t o about 500 watts, and_bias

vol tage atis ﬁ%@’écaf%nRQﬁﬁr‘é‘&iﬁaFPaccﬁd aﬁabtfeazsf%ﬁt% Pigy? haverhepn lateigiy ng

gas is a qaihi&etd ieBud theikZedpeoiivalitiihs 2&1@:@@&& e eabaple cbafsesmmand
02 from about | Gscemto about 50€&m Wher e rr%q%ﬁll al ace

of sp
mask f eat B §48-16 VEHRFOMEREL e} FRACET disstdpaturssld ‘?%Yolfer%% Eﬁﬁeg)wet ch
mask f gat uhesotidhidbicd WwikE ré &resahaetialhpdrdd@&NemB) equaflg rfr@ﬂ@@ﬁdéso

about 3 nan rreter per, se n examp l.e etch is
essenti al 2§ t%th‘? Fppeed BF%‘&%@?“rfsaJtérﬁﬁe‘é’FaTﬁﬁ Bt ??feaﬁgpfé’(?éﬁlq’?ﬁsk
features widy beogsedIwlidsh tand %6 el gasated Mbwerial frymempmadl ﬁﬂe:ﬁ:@!mbaﬂ to

only a singl per face thereof 5 re | ateral hi ng
"2 Yeai redh BREAIPIBH FOmBF CFOAPES (P P ER LoD SR
ranges i ncaﬁmhldymhy\behz)se&wpﬂﬁﬂnd e@citall gieath weheeral s tle foponf about
500 velft S SPBR RGBS A P COPh A TP AU to about 25 vol ts.
substrate t er‘r;:iscrraebcum@la)fthd caoirabiout d€iicted ballogt 1 4406, detib2ddoyd/ o’r

L T O AREE o e RRRS PR APk AORREAT PRl abou
120sccm Examplletetdayg peragieeiérs echichwill e¢ldewt ensentiablychotrepip eivhinge
greater &rﬁ{? %atfefﬁﬂ}i‘ Jb%cé@ﬁ;aﬁI féaﬂﬁeﬂ@?seﬁhdm%&sf SR Qfed an\iﬁ_t:{j ?hm

t he sides exanple'to eit achi eve e el evati on an
r educt¥ oncompriting ﬂ’éﬂlf%f\‘ﬁdtﬂ%ﬁf@ﬁﬁﬁﬁ figng ebput 2 Hooﬁf?fmq'ﬁ@ngﬁramﬂbémm

parameter ik aed oM Y ubi €Rieib Rt @bowcatseuﬂca pbliver HBftdvoat 15b agti on -
as opposed to the | at er al, di rectl on include pressure from abou

2nTorr t otoaaheut >9® M rand i e liaes 24 195 dharprduiabie fbau pouelisobe,
source pgmhhap‘w emha{gog&s 1&5@0%‘&1’{&510118)%11?ﬁtonﬁﬁc}:%;\t\/at}%@/%m toi aﬂ}%gﬁl 0:c ]f age at
gr eat er an or qu t ol t n or O
oo about 00560n ahe K8} B o ToRbbeni ARG oDt o Palsial of eats

about 2(20sgesk feihﬁeﬁxamhpn&sgﬂmtoleamd sﬁclewﬁbdbtmpmbsllyi eqnh(maskhe

r espect I Vf? {uﬁgt gég'\tsa a%e ? om a u?g Ia&%pnaéﬁ) \]R/eli Tecgnéon a%bolu‘tal.’}at I've onc

anot her 16l s s e equal” Spaci ng
t her ebet wemnmeBus pen secnod., Widleesreh anresgupleedci B qsmentiails isnirapihier

enbodi nent

r%ater lateral etching of the spaced mask features will occur as two sides are
laterally exposed as compared to only a single upper surface thereof.

25 If even more lateral etching is desired in comparison to vertical etching,
example parameter ranges in an inductively coupled reactor include pressure
from about 2mTorr to about 20mTorz, source power from about 150 watts to
about 500 watts, bias voltage at less than or equal to about 25 volts, substrate
temperature of from about 0°C to about 110°C, Cl; and/or HBr flow from about

30 20scem to about 100scem, O flow from about 5scem to about 20scem, and CFy
flow from about 80sccm to about 120scem.

It may be desired that the stated etching provide greater removal from the
top of the spaced mask features than from the sides, for example to either

achieve equal elevation and width reduction or more ¢levation than width
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Referring to Fig. 3, a material 18 has been deposited as part of
substrate 10, and from which aniiotropically etched spacers will be
formed. Such may be etchably different fromthe material of spaced
first features 14, and nmay be conductive, sem conductive or

i nsul ative, wochwdidy any conbi nation thereof. 15ExanptRssofdelvsie
silicon dioxide, silicon nitride, organic antireflective coatings,

| norgani ¢ RBhédd], | P b A0 Bhiaffors BA Khle/ifiOfteate) LAR T Ryd | TaNT UM

nitride, including any conbination t rlng o Fig. 4,
mat eri al 19rHed BEEHOBAF sBPYSSRite Hie Ipteral clivsgtion incdedn ppessenesta@d on

si dewal | s gfusPages tfa'a'béﬁt 3R Q&n%élranggﬁ%ixﬁéﬂdu Bot E% it 180°E, paced

first features 14 (not shown) have been renoved from su strate 10 to
f or m spac SQUEERINEFT TEuR gPey Iafiveaitsde mpe st Ostritse binsJoltagel greatbor

exanpl & tihgn BRéRTal & aBfut 20868Hs,fd1 $ha /e Bl Esw %HPQAHM bﬂ&gm to.
phot or esi ségpand({ or ot her ob\?%(m c materjal, 02 plasma etching wl

renove matf@Pial008achy 3 Beflgwdion shew Wsogn trabputdleesa. t he rem)val

of 25 materi al Tﬂéeﬁiyplemgmﬁ A2 ShsdHinenB. de mﬁaﬁ%E&cﬁOe FM s as
negligi bl e such remval shown in Fig form spaced second

features S9YINgcgLe aa?mai ‘H hekeladive @féﬂﬁﬁhér Bh%’@dieﬁﬁfﬂd SFR%Y ei n
first feakewiRs, idwaliaseqgual dpjcinpakadbdiivem. c8edh RHoRGRMevEY, rédirelil I St

f eat ur, and.second features 20 are not equaIIy spaced from
each égj aiféh’g 8%&%53?883 %atures. Alternate 30 enbodi nents are

(1: Znt errplbat ed. Iﬁ:farrm@mjglgf a,rmlmbgeri\ﬁay% tfs Beearaklpesxwaﬂ aé patt dfSfubbieat ur eSd
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removed from substrate 10 to form spaced second features which comprise
spacers 20. Where, for example, the material of spaced first features 14
comprised photoresist and/or other organic material, O, plasma etching will
remnove material 14 from between spacers 20. Regardless, the removal of

25 material 14 may or may not etch some of spacers 20, with negligible such
removal being shown in Fig. 5 to form spaced second features 20. Figs. 1 and 4
depict one example embodiment wherein first features 14 are equally spaced
from each adjacent of the first features (Fig. 1), and second features 20 are not
equally spaced from each adjacent of the second features. Alternate

30 embodiments are contemplated. For example and by way of example only, first
features 14 may be equally spaced from each adjacent of the first features and
second features 20 may be equally spaced from each adjacent of the second

features. For purposes of the continuing discussion, Fig. 5 depicts respective
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For exanple, the deposition tThicknes teri
conbi nat ‘bﬁtc‘hpﬂ Huging the @mmsmeémmqﬂmettbe peugdusdioriof Fig. 8.mpact s t he
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regardl CooinpriH $paBkd Ao mERAGES0 3850k over first material 22. Third

features 32 are spaced from second features 20. Any suitable substantially

anisotropic etching chemistry and conditions can be selected by the artisan for
producing the Fig. 9 construction. Fig. 9 depicts one example embodiment

30  where a mask pattern 35 has been formed over substrate 12 and which comprises
spaced second features 20 and spaced third features 32, Such also depicts an
example embodiment wherein pairs 21 of immediately adjacent spaced second

features 20 alternate with individual of spaced third features 32.



15 features 20 and/or spaced third features 32 may be further
laterally trinmed after formng the Fig. 9 construction. Further by
way of exanple, spaded second features 20 of Figs. 4 and/or Fig. 5
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11

examples. Fig. 10 depicts one example with such processing wherein mask
pattern 35 has been used as an etch mask while etching into material 12 of
substrate 10.

25 Additional embodiments are next described with reference to Figs. 11-16.
Fig. 11 depicts an alternate embodiment substrate fragment 10a corresponding in
processing sequence to that of Fig. 6. Like numerals from the first described
embodiments have been utilized where appropriate, with construction
differences being indicated with the suffix “a” or witn different numerals.

30  While the suffix “a” indicates different construction, example material for such
constructions is the same as used in the above embodiments for the same
numerals without the suffix “a”. In Fig. 11, first material 22a has been

deposited much thinner than that depicted by deposition of material 22 in Fig. 6

10



t hrough the naask pattern 35a of Fig. 14 which conprises spaced:-
second features 20 and spaced third features 32a, for exanple by
etching, ion inplanting, and/or other processes as descri bed above.
In Fig. 14, Wauddsxhird features 32a in nmask pattern BSRUSO®/0BBY Of
the sane size/ shape. 20Fi g. 15 depicts additional processing of
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eat ures,,Regard| e e.sec eatures nay of my not. be
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mat er i al othet ervedsaver dascebbd abevi. DORROI U] bded thisd femhR%I3RL.inl N ONe

10 enbodinent ., ..the,second f res are,of a conposition which
differ enlfnafsgé’bﬁ'%t ?%O?retrhoé "f%%gfa’iﬁﬁlzfé%‘@ﬂﬂ rratrrgrlslal !s | IIf\ one

enboRd ment , eWigr Y5 alebiits hddislonheplodeRing of armvack {00 phausshsidsat e
o0 P B e BT i BB B OB SRl R e L L,
of exanpBza aﬂeloﬂieyatclﬁmg.oflfﬁsdﬁ)pt&m 22T . pnbndbieahbodpe@iaftepai r's
21 of i n}]%ldnllgg ?heythird features, all of only some of the third features may be removed
to form the mask pattern prior to processing substrate material there-below. For
25  example, Fig. 15 depicts lateral trimming the third features 32a which are
received between the furthest spaced of second features 20 which has also
resulted in complete removal of third features 32a which were received between
closest pairs 21 of adjacent second features 20.
Referring to Fig. 16, substrate 10a has been processed through mask
30  pattern 35aa. The example processing depicted in Fig. 16 is that of ion
implantation, forming implanted regions 36.
An embodiment of the invention encompasses a method of fabricating a
substrate which includes forming first and second spaced features over a

substrate. For example, features 32a in Fig. 14 may be considered as spaced
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is received over features 32a during the act of etching. In one embodiment, no

etch mask is received anywhere over the substrate during such etching.

After the removing of every other first feature from the substrate, the
30  substrate is processed through a mask pattern comprising the pairs of
immediately adjacent second features which aliernate with individual of the
remaining of the first features, By way of example only, Fig. 16 depicts such

example processing with respect to a mask pattern 35aa.
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of the deposition of the alterable material. Further, the altering
may be self-limting in the case of a limting reagent or equilibrium
conditions, or kinetically arrested if reactants are in excess.
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of the deposition of the alterable material. Further, the altering may be self-
limiting in the case of a limiting reagent or equilibrium conditions, or
kinetically arrested if reactants are in excess. Alterable material 40 may have a
planar outermost surface or a non-planar outermost surface, with an example
25  planar outermost surface 42 being depicted in Fig. 17. Alterable material 40
may or may not be homogenous.

Material 40 may be similar to a class of materials available from Clariant
International, Ltd. as so-called “AZ R” materials, such as the materials
desiénated as AZ R200™, AZ R500™ and AZ R600™. The “AZ R” materials

30 contain organic compositions which cross-link upon exposure to acid released
from chemically-amplified resist. Accordingly for example, such materials
constitute an example alterable material where material of spaced second
features 20 comprises chemically-amplified resist. More specifically, an “AZ

R” material may be coated across photoresist, and subsequently the resist may
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rel eased frommaterial 20 over which material 40 |lies when the
substrate i s baked. However, unlike "AZ R' materials, material 40 may
al so contain one or 20 nore conponents dispersed in the organic
conposition which are provided to chemically change material 40
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material GFeddiEReEEnRlke o PR a Bipriadh srrie R0 may 2bsg coptajibpy or
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photoresist in embodiments where material of features 20 may be selectively
removed relative to material 40). Components which may be dispersed in an
organic composition of a material 40 may include one or more of titanium,

25 carbon, fluorine, bromine, silicon and germanium. Any carbon dispersed in the
organic composition may be part of a carbide compound so it is chemically
different from bulk carbon of the organic composition. Any fluorine and/or
bromine may be, for example, comprised of hydrofluoric acid and hydrobromic
acid. In some embodiments, the components dispersed in an organic

30 composition of a material 40 include one or more inorganic components, such
as, for example, silicon, germanium, metals (for instance, titanium, tungsten,
platinum, etc.) and/or metal-containing compounds (for instance, metal nitride,
metal silicide, ete.). The component of material 40 that is similar to “AZ R”

materials may be referred to as an “AZ R”-type composition. Accordingly, in
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15 material 44 has been fornmed el evationally over spaced second
features 20. Altered material 44 may or may not be honpbgenous.
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Qnent
it 11 ved Tieragte BT obperia B i ot W ABR S BT b a1 40 to
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differ emth&tqﬁpgﬁisg'lﬂﬁnﬁé §P¥eads from spaced features 20 may be adjusted by

modifying one or both of bake time and bake temperature.
25 As an additional example where spaced features 20 comprise silicon, an
example alterable material 40 is a refractory metal, such as titanium, to result in
a reaction ultimately to form the altered material to comprise a metal silicide.
Such by way of example only is shown and described in U.S. Patent Application
Publication No. US2007/0042030. Additional alterable materials depending at
30 least in part upon the composition of the spaced second features are also of
course contemplated, and whether existing or yet-to-be developed.
Referring to Fig. 19, and in one embodiment, un-reacted distal portions of
material 40 (not shown) which were not aliered to form material 44 have been

removed, for example by etching, selectively relative to altered material 44.
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that of altered material 44 and fromthat of spaced second features

20. Referring to Fig. 21, only a portion of second material 24b
has been rem)ved to expose altered material 44 and form spaced second
mat eri al 30b rring to Fig. 22, altered naterial 44 (not shown)
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al terabl e 40 after material 44 of Fig. 21 has been renoved.
Addi ti onaf engogérrents are next described with reference to Figs.
23-31 with residetringtodligudise admal JhaagaEMb ﬂﬂdaeehldleeosmma} sitdreom

Loe aﬁ)s)vema&rf!ﬂ?%r{vi}ﬁ@e%{-}aoﬂg{gﬁg} ??degéeﬁﬁ es %el ng "%fﬁ’ﬁ‘d"c?&lpé‘a%wntfw’? he

appropriate, W th constructi
tha pf glternd materialdidt and foem Ahas-oN\hided sebmrdsiehfiros 26" | ndi-cat es

di ff erent conaterfe@mgqa,mgxmhey %Sﬁfo'nadfsfec?&ldsﬂﬁt}énﬁpf&t a%céeeﬁ’”s s |

t he sane as usgdint e above enbodi ne NUNEer
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16c 10 have bemermgrfedn@m a&eﬂeatnﬁaa&eax%(né\ﬂslﬁiv&rerxﬁ*a*b@m{f@t%ﬁéd al,_40c
Referring to Fig.

G AN T R ,
after 8¢ &prafAithirddeasynes B2b have
been formed which comprise spaced second material 30b. Third features 32b
are spaced from second features 20. Fig. 22 depicts a mask pattern 35b which is
used to process substrate 12 there-through, for example by etching and/or ion
implanting and/or other processing, whether existing or yet-to-be developed.

25 Alternate embodiments to that depicted by Figs. 19-21 are also
contemplated. For example, material 40 of Fig. 18 might be processed such that
only a portion thereof is removed to expose altered material 44 and form spaced
alterable material as opposed to deposition of material 24b and removing a
portion thereof. For example, material 40 of Fig. 18 could be removed to

30  directly produce the construction of Fig. 21 wherein material 24b is substituted
by material 40. After forming such spaced alterable material, altered material
44 would be etched from between the spaced alterable material and third
features would be formed which comprise the spaced alterable material, with the

third features being spaced from the second features. For example, the
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fromspaced first features 16c to formaltered naterial 44c on

si dewal I s of spaced first features 16c. As described above, such
altering may occur during 15 deposition of alterable material 4Qc
and/ or af t eV@¥Y#eilon of deposition of alterable mat @cirak20886300b N
one enbodi ment, no altering ocour-s until after conpletion of

deposi ti OBondtriationr GH i¢. DRkehidbe f&ﬁaedf@ﬁer@?ﬁalmeﬁa?§gg % §|ﬁ{slt1¥1ft%§ by
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been renoved from substrate 10c. Referrin
mat eri al ‘g‘ 1RERCPp AR A s&ﬁﬁ@ﬁerféiﬁl’é%tl1>9°etld%edum@raﬂafmns dmoato:bvsepaced

feat ures 28¢ribed embodiREh® rHa.'ngJeT:l? ukili ?]Qed %@{esgéjb(fgﬁnfafer %v%th]c t?oari[sgrr etﬁoril' 6c

not shown) have been renoved fromthe subs eaving a
E)art of s‘é‘%@ﬁﬁ’@ﬁé’@% F’é‘a‘tﬁi%wimemfﬂmf‘chommtbrdlﬁeremltmanmdalﬁnterl al

44 fiBE T, 7723 erial

degom t edwél\lj%rtﬁg ng:fgx ge@é‘a%at%%gﬁfﬁerré%{%ésgg&ﬁ% WW § Elag 1a§§n%such

di f f er entC§HPEEPRS Brihe sametasatsedfin mmessmdmﬁﬁhnfeﬂatfbrg& ke aggdhas
I Q.23 ri 0 a sec

ot or ol Do GHEBE 18 Ak 8% e lRREID TS 40 shachin 55 iEhgieen 10

secon® ndaeeibsen favmeskpver safbss@welz:hAhaﬂterﬂble:mmsaltzw@mafsﬂﬁﬁht hat of

first mat oé“:’-‘ @39?%}%@4?%5@ é)slééaaced second features 20c.

Referring a portion of second material 24c has been
renmoved to expe@ @rmgrtQtFlgaﬂeralmralﬁﬂcnaaﬂafwmaﬂmgdl&@&pﬂ@thfﬁﬁﬁﬁﬁbfi'

30c. mf?&ﬁ@ég%zé;st features 16¢ to form altered material 44¢ on sidewalls of
spaced first features 16¢. As descriEed above, such altering may occur during
15 deposition of alterable material 40¢ and/or after completion of deposition of
alterable material 40c: In one embodiment; no altering océurs witil after
completion of deposition of alterable material 40c, for example essentially as
depicted in the processing of the substrate of Fig. 23 to that of Fig. 24.
Referring to Fig. 25, those portions of the alterable material 40c (not
20  shown) which were not altered have been removed from substrate 10c.
. Referring to Fig. 26, altered material 44¢ has been anisotropically etched
to form second spaced features 20c.

Referring to Fig. 27, spaced first features 16¢ (not shown) have been

removed from the substrate leaving at least part of second spaced features 20¢
25  which comprise altered material 44c.

Referring to Fig. 28, a first material 22¢ has been deposited over spaced
second features 20¢, and which is of some different composition from that of
spaced second features 20c and has a non-planar outermost surface 23c.

Referring to Fig. 29, a second material 24¢ has been deposiled over first

30 material 22¢, with second material 24c being of some different composition
from that of first material 22¢ and from that of spaced second features 20c.

Referring to Fig. 30, only a portion of sccond material 24¢ has been

removed to expose first material 22¢ and form spaced second material 30c.
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PCT/ US2009/ 063999 Referring to Fig. 31, first material 22c has
been etched from between spaced second nmaterial 30c, and spaced third
features 32c_have been forned which conprise spaced second nateri al
24c. Third f¥9EUPES2H2c are spaced from second featurea:caﬂ;sgoga}b@mg
Figs. 23-31 enbodi nent shows a starting pitch Qin 5 Fig. 23 and
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Fig. 23 B%déblﬁéﬁi dé&reateauowasmg witheegice toREebstaRlte WALERAYRE] ; in
formed ovgé psrac&dsfsh and h was altered wt
material from spacgc? ?ﬁnsc%%? %ur esﬁq%ec ‘i%eﬁ\g&’%?]é‘ e a8pveKiesgried

mat eri al eMkodimenisdwexg begn @tlhgp@aéaré Hpﬁ;ﬁbpﬁ&&t wigScokRfucipaced first

f eat yges giferefavendg omt “sl,;bstr e, and spaced second
features 20d were I OE?T% qﬂl °§tW’%SdH‘fﬁtréﬁlfe‘éPWéﬂrlal 44,

e s Ve gﬁ‘aqlg ﬂndilcans Hlﬁereﬁiﬂ coﬁstﬂmi@ﬂﬁeﬁdrﬁlﬂéaﬂt@ngpﬁ?r ggﬂn 60

has beenc§ iR QY nd ures |t| on an
attributes of sg)cogfjﬂgblot&gfé; Ssce(a el t}’ F’O%e‘ﬁ g lE’l"F‘(—E"t?s hasampat

descr i beBuBsERle witheut éhquélbl“d”naterl al 40 and depending at |east in

part on conpogifsk second.features_20d. 30Referring to
Fig. 33 second alﬁl?ge?(;agrgo% ﬂ]er?rglce%;én%ﬁ’gﬂlfée@ #/thas @gcwgredh wherein

material 40¢ of Fig. 23 may be considered as first alterable material which was
formed over spaced first features 16c, and which was altered with material from
spaced first features 16¢ to form a first altered material 44c on sidewalls of
spaced first features 16c. Spaced first features 16c have been removed from the
substrate and spaced second features 20d were formed which comprise first

25 altered material 44, which is designated as 44d in Fig. 32. A second alterabie
material 60 has been formed over spaced second features 20d. Composition and
attributes of second alterable material 60 are the same as that described above
for alterable material 40 and depending at least in part on composition of spaced
second features 20d.

30 Referring to Fig. 33, second alterable materia] 60 has been altered with
first altered material 44d from spaced second features/first altered material 20d
to form second altered material 62 on sidewalls of spaced second features 20d.

Composition and attributes of second altered material 62 are the same as that
described above for altered material 44.
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first altered material 44d from spaced second features/first altered
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spaced froneRes IakFSe Sbbis BBYH Bt Esa i Kt S4Bt e foa
trinmmng 3&&y occur relative to the spaced second features and the
partaen ssd chabrfo b ¥ ARG Tl utherd St aho B Betham o
f eat ur es e dtfherobgltwedr sfacediiisitd atagerialt 30d, ahd $PadedaRird @8atures 32d
exarpl ¢ Savibetd MRt i OB onRPisk tarect i Batrigl BEY: b e e by
TaCer i ol B0 ol ELa 35 aht Do pt ecessat such that - only & oy t1on
Bt P LB o 6 el ot il

22dA and L g&gisggoﬁ% P%&&jgﬂ - herepof. For e ae I g e terial c60p§)f ig.
- 33 -coutd @e rerpved to drf 8@??9 B? &ngérdtfﬁ@gg?fn%%%??%hwéfdﬁ g~ 36
wher ei n swistratamabtinlile @beivub sldviatibasliPynwaawTdn akt Ritakh 8 sHRhAKkal
60. Then secorad alte mat.e is etched frombetween the

TQCCS8E or € ! eq [ I %)l 6[,?3?
spaced sBESHECar tUr RBIP Rt SFTAtbedibo¥faced third features are fornmed
whi ch conpri skltewate spaesdns ecthad dapicesdaly Bidshber3i7ak alfo0do A PRI &,
where second alterabl e

e AP0l Rl B P RS 2 2
that only a portion thereof is removed to expose second altered material 62 and
form spaced second alterable material as opposed to deposition of material 24d
and removing a portion thereof. For example, material 60 of Fig, 33 could be
removed to directly produce the construction of Fig. 36 wherein material 24d is

25 substituted by second alterable material 60. Then, second altered material 62 is
etched from between the spaced second alterable material and spaced third
features are formed which comprise such spaced second alterable material. For
example, the construction of Fig. 37 may be created where second alterable

material is substituted for third material 244.
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WD 2010/ 065251PCTI US2009/ 063999 CLAI MEs: 1. A nmethod of
fabricating a substrate, conprising: formng spaced first features
over a subsbnratmss2st form ng ani sotropically et chred/ispacss®oon
sidewal I s of the spaced first 5features; renovi ng the spaced
first feat hg.;_fromthe substrate and form ng spaced second features
whi ch cg%#l "the spacers; depositing a first material over
t he spaced second features which is of sone different conposition
fromthat of It he gpmedbdef faididatimigur ashsttae damptisib@: mat eri al havi ng
a non-pl anar _out er nost ﬁLfrfEfe' dgg%gs"t' ng a second materi al
over the firSP™M&RasFd HREIREUSI PR ASPPE 2 ai ng of some different
conposi ti on Fsamrgh@iisefropirallyidisied @bt fdn sfdbwdlnf dhetspated hiest

spaced second features, the second material having a planar outernost
sur fAcefea8r¢ssnpving only a portion of the second naterial to expose

the first mag bélnga&%aipggga H@@&%ﬁ%ﬁqmnm@ﬁtﬁkateecﬁai%%hg%vgﬁaaeae

first material; ‘ ormng the spaced second nateri
et chi ngsedmd feagoresavkichadonfiprasn thetspeeerst he spaced second nmateri al

and form ng aced third features whj,ch conprise spaced s

mter ol rocarogBbe By aRhEl By RO iR R AR GRS e o

spaced ko dififeregicesipdsidburfesn tAndof the spapedcessidifatinessthesfirsat e

through a ngs attern conprising the spaced second features and the
g ek Enarutgp

spaced FHitFHaF By gdsnon-planar putqymostsupi34eof claim 1 wherein the

spaced first gbgaditingS SQUFRLIBLPRPLOELEIcSirst 3RakeTRE thBBOGh PhadrddIm 1
wherein formng the spaced first features corrtgrlses form ng spaced

mask feheingeef sonE slilarany dompasition, from shatraf thedingp aaderizleand frem thags
to reduge tﬁ@gﬁicerdes%lﬁ‘c?ﬁaif\égtu%sqttﬂé second material having a planar outermost
surface;
15 , removing only a portion of the second material to expose the first
material and form spaced second material received over the first material,;
after forming the spaced second material, etching the first material from
between the spaced sccond material and forming spaced third features which
comprise spaced second material received over first material, the third features
20 being spaced from the second features; and
processing the substrate through a mask pattern comprising the spaced

second features and the spaced third features.

2. The method of claim 1 wherein the spaced first features comprise
photoresist.
25 3. The method of claim 1 wherein forming the spaced first features

comprises forming spaced mask features followed by laterally trimming the

spaced mask features to reduce their respective widths.

4. The method of claim 3 wherein the mask pattern has pitch of about

one third that of the spaced mask features.

30 5. The method of claim 1 wherein the mask pattern has pitch of about

one fourth that of the spaced first features.
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4. The nethod of claim3 wherein the mask pattern has pitch of about
one third that of the spaced nmask features. 305. The nethod of claim1
wher ei n t womamkeat t ern has pitch of about one fourt h pdrats:eboésoe
spaced first features. WO 2010/ 065251PCT/ US2009/ 063999 6. The
met hod of claiml 11Sd N i,n . IS
pairs of i rm%ldi at é@?@%fhz)é‘e%%é‘?@&%’éﬁ@%ﬁ%@?ﬁﬁ @{S@th?lé%ggﬁ ernate
Wi t h i ndiowiipdtiiad paifs b emapadadlyt hdjndedtegpuedsecond features whidch Blternate
met hod of. cl.aim, 0 isin r.m t he mask pattern to 5 have one
of the Wﬁ?h@#’é’é&??ﬁé@hﬁt%g#gﬁa?%ﬁuﬁﬁj acent of the second
features. 8. The method of claim1l wherein the first features
are equal |y gpacedhkrasiedcsf ddjmdessmpfisingefobntiisg tHemtank @aiteantb t he

second features are not equally spaced fro ach adj acent of .the
second faxegiecot the third fediiges paiverdt fisd <rodipestth tﬁﬁé?@?fﬁl feeusepy st

material is deposited to 10 conpletely fill space between cl osest

pairs of twogi Medipatgtthodddfosieh 10khERen i8S pingt feBflrbs @f equally spaked
The nethod of claim8 wherein the first material .is deposited to | ess

than corpieearch adiaqens pidbe Bissincatires caukihepigopnd deatiipes aneraticqvelly
ad] acent,,gl.d Hoxs 80Nl BAtE Ethe kB11a FogupBLhod of claim 1 wherein
the firsP features are equal 'y space rom each adjacent of the first
features, and the second features are equally spaced from each

adj acent of he sdderacthedtafralsim 8 whereip therhisstiaatesial 6 depesitpdito

co i Si I am i : i &5 &

et o ng B Blet il oddc BB WileRe Bk UF 8 tlpo BRIt B ACEDT I
deposi t isagoridh€edturest material to a mninumthickness which is |ess
than that of the second material and | ess than maxi nrumw dth of the
spaced Seconqof eaﬂ%ensléthod of claim 8 wherein the first material is deposited to

less than completely fill space between closest pairs of two immediately

adjacent of the second features.

15 11. The method of claim 1 wherein the first features are equally spaced
from each adjacent of the first features, and the second features are equally

spaced from each adjacent of the second features.

12.  The method of claim ! comprising laterally trimming width of the

third features after the etching of the first material.

20 13. The method of claim 1 comprising depositing the first material to a
minimum thickness which is less than that of the second material and less than

maximum width of the spaced second features.

14. The method of ¢laim 1 comprising after forming the third features,

removing all of only some of the third features prior to the processing.
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14. The nethod of claim1 conprising after formng the third features,
removing all of only sonme of the third features prior to the

pr ocessi ngwo 202030/ 065251PCT/ US2009/ 063999 1PCTASEw0lesd990f
fabricating a substrate, conpri sing: formng first and second
spaced featungs oye features having

el evati onal | ygout érﬁr}gg%ﬁjggﬁ%ﬁs&t nltghfs%l%sg (tﬁ ?Oglﬁgﬁi“fn%h conposition
from el evat i 6oahing Hrstendosconégpares! featidee ovec andbstpaicethd Eastiapesed 5

the first ,and second,spaced, features aI t er nat W t ne ,anot her;
oot e R R e P R B s et b s B Re B  o
pairs ofcompasectﬁ@i éloyn @l atnkllyenndthdRatpions oMheReddidEpated fohiies,
i ndi vi dual remai ning of the first features; and after the

r emovi n§le Bﬁkf@gds%er@nfir@aga%%wf@ 3ltraating avihere gaethern 10
conpri sing t hey,RRineSe Ryl fipdeab Y2 eirAaR The wﬁame fBAAE RS PR LD of

alternate with i ndividual of the remalining first features.
16. Theimptedoetelyf adjazent & onddicatures Méusleettnmaﬁ@mlth eliwidaial of

honogengéjrﬁa m fthii’iﬁt F“E%ﬁ“rgeﬁb?%%dm claim 15 wherein the renoving

conprises e ch of claim 17 wherein no etch mask
is received @ﬁtef tl&nyemévitmgepfocreshmfgembwmpstrduerthmgme nedskhpdigern

he net hod of, claim 15 whey.ei first f ures c ri
sec%‘r{d RBTOEIISHE F%“c@?%&%\?@?ﬁ ?XP Rt %ﬁﬁgg‘%ﬂ%‘f’ﬁ 1""?‘:‘ Irs’fﬁ'iné‘F‘? al .
20. Thewiad oty Rhuat baith? 1mih £ of thieirsecangicteat ur es are of a 20
conposition which is different Tromthat of the first and second

mat eri al s. . ) .
16. The method of claim 15 wherein the second features are

homogenous.

17. The method of claim 15 wherein the removing comprises etching.

15 18. The method of claim 17 wherein no etch mask is received over any

of the first features during the etching.

19. The method of claim 15 wherein the first features comprise a

second material received over a different composition first material.

20. The method of claim 19 wherein the second features are of a

20 composition which is different from that of the first and second materials.
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WD 2010/ 065251PCT/ US2009/ 063999 21. A nethod of
fabricating a substrate, conpri sing: formng first and second
spaced feavore®/oeszsr a substrate, the first spaced featrgrTas200096309

el evational ly outernost regions which are different in conposition
from el evatignal |y out.er reagions of. the second .spaced features, 5
the first angTSec%‘nﬁeEslboacgghfbéé Elll’ngsa %'lﬂfsélfaﬁ%t(fo r\}\fI?’ "one anot her;

| ateral |y et ¢hinminet fiestfandsecand spacahftatmicevival 8 sabsieate] vied firstalpatede
to the second features tp renove every ot her Lin}St fdﬁgf%ure.fromthe
subst r af P HHE B PR RSP ALY GHierBARl TSy sy MCHATE | ¢ dfur es and

for m ng cpRIYositAin fﬂm@i@aﬁb_}ﬁaﬁ?icﬁﬁ%osﬁ%% G foFahss S0k Sdeedl fegiunad,
wi th_individual of the remaining of the 10first features; and
aft P t Hee fiasicaral sgcoadotvaned feptoressdiargating vatlbene arethelir ough a nask

't h . of Lo . ) . :
oo SO, RSP R el RS O bt
f eat ur esecond features to22moveevert hdcrdirst fedtmre2firowhdreesubstratebnd tarask

is received over,any 150f. th i rst f.eatures ring the etching,.

3. Trersibits i n Mhriasin e ot (s Bl pafs froaBegacely
second mBfREhBledoR@elcudc®valicld allefiAE e¥ith GITPRIIAL bORhd kb hiniig oF kiad |,
the secqond features being of a conposition which is different from

t hal9 of firsfeteptyrgs; anll second materials. WO _ _

2010/ 065251 P L USZOR9L Q) ehing, roc%ﬁinﬁh@%@?ﬁaﬁf‘th‘}&%}i §3haskOpAtern
substrate, conprising. formng spaced first features over a

subst r acemprising tifeopairngf anisoliztefy sdiacynicteshed fopaces whigh siteraatd | s
i3l of GRL eBsini B STONL R d Ag paced first features

of the w&cqﬂl{l
fromthe substrate an ormng spaced ‘secon eatures which conprise
t he spacers;

22.  The method of claim 21 wherein no etch mask is received over any

15 of the first features during the etching.

23.  The method of claim 21 wherein the first features comprise a
second material received over a different composition first material, the second
features being of a composition which is different from that of the first and

second materials.
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depositing an alterable material over the spaced second features and
altering the alterable material with material fromthe spaced second
f eat ures twohornmsakt ered material on sidewalls of the Puaasdoseeosd
features; 10depositing a second naterial over the altered material,
t he second erial i sone. di fferent conposition fromthat of
the alter edrrarr%t er?‘a?]%gl}logp?fganqrﬁ%g]tngoﬁs Sgratst%’a%oe S&C6nhd features;
renovi ng onl Yomningr 4paend dirst fratses @vedr aesdudkirate;t 0 expose the altered
materi al and _.form spaced secqnd terial; 15affer for g the aced
Second nat er fAmINg BHS OGP IAL 4L EILeRARelT PRGBSt eawepFl Iefaced
second wadigrdsal and form ng spaced third features which conprise the
spaced second material, the third features being spaced fromthe
second feat uFeBovingdthe spaced first fpagres S1ag thesubiimie raddorning gpacgd
mask pa IS t %”ﬁ,@ c cond features and the spaced
third f%gﬁjﬂﬁegegmek%&ggé}) esaerrgltgh%%c%f%’cl ai m 24 wherein the

al teri ng occdepodtingreg zlégablet matercd]l dviee thd spridl econd deatates and

26. The t.hod, of ,cl aim 24 wherej.n the.alteri occurs afte

comol ot PURTE (R e GefyEit shap Pttt e apar  Fetasipates to
met hod @érrg ladlere 2 athesledm site wall fsesfi the spaced Sedomidi feafifrbgr conpl eti on
of e deposition . of the alterable material. 28. The nethod of claim

24 Wherein t AgPAItiBRInEFCanddRaleriapayer Hif Yferefdnateripl.dngsPeORhitAirad]
adj acenbeRACH Qimét RGLERGARIRREANh FRt WA fle PR d RRtdlid eI Rffrom
material while leaving portions of the alterable material distal the
spaced Smtgddbadrhesd seeondusaturesied. WO 20101065251PCT/ US2009/ 063999
29. The neth - Cl al b Si i . i I rii ONS

avay sel coti argvind S EPpERIRY! e -he bl SRR B Yo e

deposi t nrageroti dhbfeec spacadateepndimaterial;  30. A net hod of fabricating
a s%)st rate, i

onpri sings; . . .
aﬁeltrpormmgq}le spaced second material, etching the altered material

which comprise the spaced second material, the third features being spaced from
the second features; and
processing the substrate through a mask pattern comprising the spaced

20 second features and the spaced third features.

25. The method of claim 24 wherein the altering occurs during

deposition of the alterable material.

26. The method of claim 24 wherein the altering occurs after

completion of the deposition of the alterable material.

25 27. The method of claim 24 wherein no altering occurs until after

completion of the deposition of the alterable material.

28. The method of claim 24 wherein the altering alters a portion of the
alterable material adjacent each of the spaced second features to form the
altered material while leaving portions of the alterable material distal the spaced

30 second features unaltered.
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5form ng spaced first features over a substrate; form ng

ani sotropically etched spacers on sidewalls of the spaced first

f eat ures; wo 2010/06®8DVi Nng the spaced first features fromrcrhs2enbsbyat e
and form ng spaced second features which conprise the spacers;
10depositing,an a r ) j V. : : res
and alteri ngzghl ylﬁshgrrlggdo dm‘“qé#‘?grga cﬁ%eprtrlr%ﬁgfeﬁgl?&%tﬁg%?n%?le ?%fo rom

t he spaeedysedectivdigatiatne toaht alterad meatadalngter iatheodepoistavipbt cheof

t he spaced second.features and | eave alterable material elevationally
over anae‘b‘@%‘\{iﬂ’@ﬁerﬂﬂe altered material; 15after the altering, removing
only a portion of the alterable material to expose the altered

mat eri al and3Dor maspaced] af fabrhatiagrpdetsivalke, comprisiakt er form ng the
spaced alterable material, e%chi ng the altered naterial from between

the Spaced afPERu Pacae dIFhicaliss PIFRRTYPEPAEd third features which
conprise therspagRtaRbsespRhAy TR saﬂacefsh&a TsfHeWa.lfse@f_tﬂ'ﬂées?aQ@d fidst
spaced 20 fromthe second features; and processi ng the
subst r afeatusough a nask pattern conprising the spaced second

features and Lkd- fe -

20101 065251 P RIRORF gl HirtERRHIES fronf{Phe spbstrate apdforming sposd
subst r asegorcbffatuisis nghicharompdsesthacspe cérst st f eat ures over a

subgtrat e; ...depositing, an alterable material over, the s ed
FirR Teat ur GSPORitnBIATGH I A0 LB (AL AET Shshar e aiecRig Fesres 41 1 r om
t he spagr@rihbldiflyfseafelbthe! £tdr@b I8 @hiceiaddvivh MbteFihPlroNtel gRwal | s of
the spaced flrst features; after_the al terlgﬁgﬁh@rermw ng the

spaced Feeand feafuigsds formralicned menplaem sideoralts: pparbacwddond
feat ur e gl G P TRVE S8tk DI 3hAREiGH %ﬁBhi‘ily over and HABROS! IHAtded
first material over the spaced second features ichis of 10 sone
di f f er emtatedabositi on fromthat of the spaced second features, the

fi rﬁ;} mat eri g‘ftep?}\l@_Eﬁgeﬁng,oﬁéhpéxgﬂg%n?y%%ro%gﬁ 0%#[1; %‘ft%i‘able material to

expose the altered material and form spaced alterable material; .
after forming the spaced alterable material, etching the altered material
from between the spaced alterable material and forming spaced third features
which comprise the spaced alterable material, the third features being spaced
20 from the second features; and
processing the substrate through a mask pattern comprising the spaced

second features and the spaced third features.
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depositing a second material over the first material, the second

mat eri al being of sone different conposition fromthat of the first
mat eri al awmd20merszshat of the spaced second features; Poraseapneoon! y
a portion of the second material to expose the first material and

f orm spaced con b ak et oat i . spaced second
material, et ?ﬁi'ng% E%H%Sdr g%fangf%artfr%fésé%{%p%g @\A%Qhﬁghn?spaced second
mat eri al and foonmggpapddadt fertnksfeatr urabsiatch conpri se” spaced
second material, the third features being, spaced. f.romthe 20 segond
Features.  andepbsiti T algranie e taSdt dng SPRFGL B erates Bad FPHRe
conpr i sithg alteeatipasedria b eafiimheaidlrfesSmand shheed piaseatuies € foat urtesed
32. The nethod of .claim 31 wherein the depositing of the second

mat ePi alm3t§Figk opradeseldnal Mg eracsd first feabwees; pl anar out ernost pri or
any 25 renovi :SE6C ; i

20101065251 PO 00 HaE 60 0 PREhkIbaedblet fratuyes fiom the substrgte
subst r atead foompng spaeed fesomildgatspecwtiidh eanpfieathe eBermdematerial;
substrate; depositing a first alterable nmaterial over the spaced
first features and altering the first alterable material with

mat eri al fromepbsitdas Gdstf makkial @attitiessjacdfsecond featiral wrichds of

material on sidewalls of the spaced first features, after. the

al t &P n@Pmreefi’S%rﬁ@f ?%pgﬁ&@@ﬁ%@@t Pé%&f@#‘%ﬁ?%éﬂ%ﬂ{f@t Faft Ersing

for m ng nsRafad ha PR UInbRYIM Ao MBI Hs1GRRIkse the first altered

materi al; depositing a second alterable material over the spaced

second feat udeBositigg a second material over the first material, the second material
being of some different composition from that of the first material and from that
of the spaced second features;

15 removing only a portion of the second material to expose the first

material and form spaced second material,
after forming the spaced second material, etching the first material from
between the spaced second material and forming spaced third features which
comprise spaced second material, the third features being spaced from the
20 second features; and
processing the substrate through a mask pattern comprising the spaced

second features and the spaced third features.

32. The method of claim 31 wherein the depositing of the second
material forms the second material to have a planar outermost prior any

25 removing of the second material.
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10altering the second alterable material wth first altered materi al
fromthe spaced second features to formsecond altered material on
si dewal | s wb 20hv@m6mpaced second features; depositing a thurus2emebendal

over the second altered material, the third mat eri al bei ng of
some differe co Lt 1 t S |.tered 15
mat eri al andg?fon1 ﬁ%?kg?g{ﬁgﬁgkgggﬁlg&?%%ﬁeﬁggﬁﬁgg@g' renovi ng

only a porti dorming $pmcellifimdt feterdsalver @ ssbposte;t he second al t ered

material and formspaced third terial:; after.formng th
apaced t hy rd dFEPUHFR S Tricalbergb Bt Sleclbingen tecoreefdinel Tt e

bet ween alteingpe kst Aitethbrantitbah] ¥l thefefaldraRaBedpaddd HrsdFeatures to
features which conprijse spaced third material, the tﬂi rd features

bei ng spaedinst siriatematrlor vaewrls of dheispaced fipt dealdistsig t he
substrate thppug t@h@aff@ﬁhgﬁ?&ﬁ@v‘iﬂgﬁgg{ggé&dﬂﬂr&%aﬁﬁ?ﬁiﬁ%r@ 8608 strate

features and the spaced Ird fe 34. The ne of claim 33
wher ei nahfdospace spawdored ohddeatuess Rhiahorgmpuse prrofiostediesed aradetinle
second alterable material conprises one or nore inorgani c conponents
di spersed in an organi c conposition that is cross-1linkable upon
exposure to depésitinges sédonidhdtdiablermaderial oret te: spaeddesendfichtures and

features includes acid, and . the altering.the second alterabl
mat iaF’“EHHﬁrt?‘SéQC%‘? Pn‘tﬁbaq’é? &?&@ﬁl%@ﬂv@%ﬁ@ﬁeﬁfgm&mﬂi O%ﬁﬁégﬁf%n

upon expestiErdafuldi@odottl deBohd@1RBLIREE A orf §iBWaNg sTRAE’PasRICONd
f eat ur es. 35. The nethod of claim 34 wherein the one or nore

i nor gansecauhiratesess i ncl udes silicon. WO

2010/ 065 251P@é&§§iﬁ%§c{ 8889 2 terial overdfe J&ﬁd@%&%ﬁ Jgéte%l?,;ﬁrﬂe‘?tﬂird

wherein the one o re 1norganic conponents inclu
material being of some different composition from that of the second altered

15  material and from that of the spaced second features;
T removing only a portion of the third material to expose the second altered
material and form spaced third material;
after forming the spaced third material, etching the second altered
material from between the spaced third material and forming spaced third
20 features which comprise spaced third material, the third features being spaced
from the second features; and '
processing the substrate through a mask pattern comprising the spaced

second features and the spaced third features.

34. The method of claim 33 wherein the spaced second features
25 comprise photoresist and the second alterable material comprises one or more
inorganic components dispersed in an organic composition that is cross-linkable
upon exposure to acid, wherein the material from the spaced second features
includes acid, and the altering the second alterable material comprises forming
cross-links within the organic composition upon exposure to the acid in the

30 material from the spaced second features.

35. The method of claim 34 wherein the one or more inorganic

components includes silicon.
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37. A nethod of fabricating a substrate, conprising: form ng spaced
first features over a substrate; 5depositing a first alterable

mat eri al owveromhes2spaced first features and al tering theTiUSE®EY/063999
alterable material with material fromthe spaced first features to
formfirst akiere ial j . 5] :
f eat ures; e qﬂggﬁgg{%oﬁeog{l? gfrl:%%\s@icl)%l%t“ﬁféhéf ?I’r?estﬁ pgf%grlg%fgéhrlr%t erial,
r enovi ngotipensptcedlidassmefadat ures fromthe substrate and forning
spaced second features which conprise 10the first altered material;
depositing a,second e [ rt d second
features andgzlte% ‘ﬁlgk%"n‘{ épg%r?e%téﬁlgtzﬁ%u%\é%é%d&%%g%% e material with
first alteredomaingrspalced fst fdaeuiepaned assmbeotrdtef eat ures to form second
altered material .on sidewal|s of the spaced second features and | eave
Second al t er ABPesiHaEdt [Tt Wi EgBIei BARFIRY Y8 BirerPasha 1Het bernresrnd
second altBuedhEEIRE kREiable materidf W&th hBR Al Ry MBe 8padJ¥efiBR FOARres to
alterabl e material, renoving only a portion of the second alterable
mat er i afoxp fughaleradvaatesiad i sifewpHy ofdhe spagedaitst fertrespaced second
alterabl e materl &l . - f ' c /| :

i or il ot Ehrhe's R2PUER SEIREERS, A aRARRL R Ao Rk ahE Shfocd frs
spaced $egorng abmethebdubsmateand foamio gl spaved gespacidtudes mhithaburpese
whi ﬁ@ c r’g)@i e gﬁ%}afc{ed Ses nd alterable material, the third features
bei s@éc & CEAR*EERGnd features; and processing the
substrat e t hgepeditiagmsdcopdtdleidbleanpiciiil dgct e spreddcs66dichtures and
features, and th? spaced_third 25

features. ! .
altering only some of the sccong atlterable material with first altered material
from the spaced second features to form second altered material on sidewalls of
the spaced second features and leave second alterable material elevationally

15  over and between the second altered material;

after the altering of the second alterable material, removing only a portion
of the second alterable material to expose the second altered material and form
spaced second alterable material;

after forming the spaced second alterable material, etching the second

20 - altered material from between the spaced second alterable material and forming
spaced third features which comprise spaced second alterable material, the third
features being spaced from the second features; and

processing the substrate through a mask pattern comprising the spaced

second features and the spaced third features.

25

28



