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various materials which are either semiconducting, conducting or insulating are

utilized to form the integrated circuits. By way of example, the various
materials are doped, ion implanted, deposited, etched, grown, etc. using various
processes. A continuing goal in semiconductor processing is to continue to

15  strive to reduce the size of individual electronic components thereby enabling
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 pattern 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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25 state. Thereafter, the exposed or unexposed regions can be renoved,
dependi ng on the type of photoresist, thereby | eaving a masking pattern of
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20Usi ng such t.echni que where pitch .i.s actual hal ved,, such, reduction in
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and al so of fractional values other than integers. Thus, conventionally,

"mul ti pramabecubsthtgpitch by a certain factor actually invol ves reducing

t th pitch b%éirqgtsu%ﬁcttegflhiq%% where pitch is actually halved, such reduction 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 involves reducing the pitch by that factor.
25



WO 2010/ 065251PCT/ US2009/ 063999 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a diagranmatic sectional view of a substrate in process in
accor dancwowntonesasienbodi ment of the invention. Fig. 2 iPsETAISZ008M639D9 t he
Fig. 1 substrate at a processing step prior to that of 5Fig. 1 Fi g.

3is a (ﬁ §8ﬁlﬁllq0 (ﬁ{uf ﬁi&@&Nﬁgﬂocessi ng step subsequent to that
shown Mg%——irg—ﬁ—m—ew—o : : f f the Fig. 3 substrate at a
processi ng stigp Isishsaipgammatié Badtishawichy oFagubdtralOf grodessdna vi ew of
the Fig. 4 substrate at a pr.ocessi Eg@step subsequent to that shown by Fig.

4. accopggcepwits an g dmenkof the in¥ertipRi rate at a processing step
subsequent tlﬂlgg r2‘31ts ast)f@%' o@ih@l@a g'substra e at agrogésgsi&% steﬁ)aﬁriéhgé\%ﬂ ty&gieg

Fig. 6 substrate at a processing step subsequent to

6. 5 Fig.Fig. 8 is a viewof the Fig. 7 substrate at a processing step
subsequent to that shown hy Fig. 7. Fig. 9is a viewof the Fig. 8
substrate at'ig grlé&e¥§%@l%§béﬁgug§éaﬁféﬁfe %a%ﬁa?e%wt%wﬂqsgﬂusm YOFi g.
10 is apyi swowRh 8 ﬁéé:'i g.- 9 substrate at a processing step subsequent to
that shown by Fig. 9 Fig. 11 is a diagrammatic sectional view of
anot her subdftigatleisinvpwoddshe igasd cobdanteaiw tpmoaessemg stipnewrtisegiiehheo

I nvent itﬁgf shown by Fig. 3.
10 Fig. 5 is a view of the Fig. 4 substrate at a processing step subsequent to
that shown by Fig. 4.
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.



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 viewof the Fig. 12
subst r at ewet20m/@sBEessi ng step subsequent to that shownPoy/uS2@Y/08299

Fig. 14 is a view of the Fig. 13 substrate at a processing step subsequent
to that sho by-Fi.g. ;13. 30Fi.g. 15.is,a.viewof the Fig. 14. substrate at a
pr oceesi ng. dUBp p SRR PG st UGBy By hodif sEbSrat i PRSI 2

Vi ew ofactbRidnicg. with &ubsibodigeat ofl thE deRSRIdY St ep subsequent to that shown
by Fig. 15. WD 2010/ 065251PCT/ US2009/ 063999 Fig. 17 is_ a

di agr anmmat i &'i8edBilsmaricyy efvths Fagmol hepbslapiet atat Brogessieied subsagedittdance
wth a i t : i nventi on. Fig. 18 is a view of the Fig. 17
substrg?gﬂgt?%&g?(}?;e)i;lséﬂg'step subsequent to that shown by Fig. 17. 5Fig.
19 $s a vi ewigf 19He aFvgw b8 tiselbsgr B8 substratepator pasiengigd sepsuilbsequent to

t hat sho by Fig. 18, Fig. 20 is a view of the Fig. 19 substrate at
a procé%\é\?ﬁtgs@‘@ﬁ th‘Yugé%’eq]J%nt to that shown by Fig. 19. Fig. 21
I's a view ofp;heoRk g vQ B1SL 72§ 1 861 Bs RERCASS bR 3L ARy SKBSEANERLeO tO

t hat shown b)}ki:?g.l 20‘./ Fngé 22 }lssa Vi ew gg&t heﬁ% g. B21 su@s‘%rate at
a proceésshagslsiep tgubsegent to that shown by Fig. 21. Fig. 23 is a

i agramat ¢ segll gnal 4 ool panohfer, subet o Lo B oeses 4 Benordance
subgt r b enhat S@o\pﬁqpyepg_ng).st ep subsequent
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.
15 Fig. 24 is a view of the Fig. 23 substrate at a processing step subsequent
to that shown by Fig. 23.
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.
Fig. 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.



to that shown by Fig. 23. Fig. 25 is a viewof the Fig. 24 substrate

at a processing step subsequent to that shown by Fig. 24. Fig.
26 is a wewonfoesise Fi g. 25 substrate at a processing strep/isabwacgsent 20 to
t hat shown by Fig. 25. Fig 27 is a view of the Fig. 26 substrate at

a processi ng.st subse uel t t own. by, Fig. 26. Fig. 2 is a
i of & he it 3055 R RASY PRnt i3 s BByt Srlpe&iing st torRdt ' hown
by Flgtoaﬁatgﬁgwglnzgjgs3a V|em10f t he Flg 28 substrate at a processing
step subsequent to that shown b ig. 30 is a view of the
Fig. 29 subsfigaBé igta ¥iqw eddhsilig. %géﬁbgtmgeeah@rﬂrowsm&ﬁt%%meﬂyeﬁg 29.
Fig. 3 e-Fig. 30 substrate at a processing step subsequent
30 to &Réﬁasﬁﬂb&wﬁg§gﬁ% 3£ Fig. 32 is a diagrammatic sectional view
of &not her SEhlgSBBaltS@. vmvprodqﬁs§1gn3 acubsdancet wiprbcassignbrg stehseqabnt he

i nvention, is a viewof the Fig. 32 substrate at a processing
step sGBé@&Eéh?WP&”fﬁag %ﬁomn by Fig. 32. Fig. 34 is a view of the
Fig. 33 sub t t t i ) w of
the Fig. 34 iporrars Mk B pRIREC B alcst o procsssiiylcukh O

t he Fi go tBat shbethriag EFigt36.0 t hat shown by Fig. 35. Fig. 37 is a view
of the Fig. 36 substrate at to that shown by Fig. 36.



WD 2010/ 065251PCT/ US2009/ 063999 DETAI LED DESCRI PTI ON OF EXAMPLE EMBCDI MENTS
Sonme enbodi nents of nethods of fabricating a substrate in accordance with
t he i nverwoanio/desrsiexanpl e in form ng integrated circui Pcyusasos/os@ser i bed
initially with reference to Figs. 1-10. Referring to Fig. 1, a substrate,

for 5 Wli]ﬁ)ﬁ? i FP i rN 4 ,e P'E'SE' ,uj L Rf 3‘:‘; ly with
referem—m—%ﬁ. e—COoNt e 0 goctTent, e term

"sem conductSeimé ehfidgdint9bf ns@hbdenduabiicetifghlsiutadttiteiif adebidwatet 0 Mean
any construction conprising sem _conductive material, including, but not

i ni t edVithy the i verdion.donfxemrle irdoeming dntegentedcisc widi. @spdgetiibed waf er
(eithek; I :eelnm i 0 ISl C eon), and
sem COIEIH Sica?%gqﬁ%a%éefr??%f aygfés' ?e??ﬂg{ré%fﬂgﬁgqgﬁghﬁrgégséllr?g*rlﬁg%qggnpri si ng
ot er erbmplalasyemitivadueton Sidusbet e aisahdicited gehoradiy watippefickémg: st r uct ur e,

including, but not limted to,. the sem conductive substrates describe
above. nSHlstrtafépeOItI’Oﬂiesc%gﬁ?‘EPgah‘ésd(}%‘ﬁ‘b?fitsi?l?’th“i*Fﬁ’c e??larcqﬂziwﬁ?rcwwmted

ul ti ”%?'"Xel%?c&?%ﬁtﬁ?@%@s‘%rétl%“ Q9B e MBS kn P hRY TRt Y nESBpMS ng |
Material 12 may be honbgenous or non-honopgenous; for exanple conprising
mul ti peemdé¢didudinte omtposl, tinohidiegi busnandhdted toydndk sSpriceddfictis¢ f eat ures

14 have been,fornmed over substrate 1 Any, suitable material..is
Sont orEnleaals S GG a AL ke Y Ter (RS eloR oA cont ext of

the desHiPiing 'iRaF athteAQILfRESod )Y ahldesdndfc8halicdiE 8chiesial A8y ARACHAL: t O
vertically or otherw se. Spaced first features 14 may be patterned/forned
by anyabxissor higasseypblies gobwrianglashetmademals). viihehteshot sitisttader agleirc
patterning.usin haot or esi st . et.her. positi.ve ive or dual -tone

Posi ot 1 B SRR TLRTNRS NSGPE eRCER LI s REIhRoseabiiftnls

exanpl gubstuitelatescaipaderbdvie, st features 14 may be formed by any 25

techni que descri bed below. In one exanple, spaced first features 14 nay be

in the for mSofbsiagndAtisdanieled ast rmprisig matemal hg vaich wil udamaielst her

oV at. .| i.0 u - i i a

toﬁff do??vﬁ p\el%?jg\%vs S(Se(r%lg?l rgﬁ%/n &a%rptaﬂ%rrﬁ:fgﬁ%%gttgﬁ%gg}épﬁen ?lepagcl?él\ﬁg ?]rﬂs}i features
14 may hoesigenoiusam Beh-dioet @geretushifogékamphd agmefkisin gl etu it gt wiiffererftor
exanple, Fig. .2 depjcts substrate 10 at .a.processin tep priof to that of
Fig. 1COBMRRITQNIRBINSANCBMPIEPn Regad gaaurj%%?ﬂi@svel%‘%enr TMSfanpl e
conpri giBPsubaRSieSTd NA B SEM bR h¥tefal i9rcoﬁ@é}ﬁb§e{tbﬂlgal?cfl vAllgher esi st, having
been fabricated over subistrate 12 in a repeating pattern of a pitch "P".

Pi t ch Romegdmeusqurahon-honye gatoars. tlmathe context of this document, “spaced”

20 refers to the lateral direction as opposed to vertically or otherwise. Spaced first

features 14 may be patterned/formed by any existing or yet-to-be-developed
manner, with photolithographic patterning using photoresist (whether positive,
negative or dual-tone resist resulting from single or multi-pattern lithography)
being an example. Further, spaced first features 14 may be formed by any

25 technique described below. In one example, spaced first features 14 may be in
the form of elongated lines, for example running parallel one another over at
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 equal to, greater than,

6



WO 2010/ 065251PCT/ US2009/ 063999 or | ess than the m ni mum photolithographic
resolution with which substrate 10 is fabricated. Regardl ess, spaced nask

f eat ur es WO 20fo/d65251 2 have been laterally trinmred to readaTraskévgios3999
respective widths to produce the exanple construction of Fig. 1 which
conpri Sg ced first.feat S.1: C b ot ropi c
etch wh' gﬁgér)ghrmv%hse e g?lﬁa H%%Srlééf)%%%% '{fgé’ol}gﬁloéoxpﬂgn%kﬁ%h b csfélgaq%r% t ops

of spadedabHskicleaRugs11dss, sphiad Aaiskl geatmerm$bf res. lehdve(bleéhtlamsll;my be
used which tends to etch greater material fromthe lateral sides of spaced
mask fdEtuped togedhgn theisFespretiespedthsie prggiice Ahe sxammds FonsHuRTIOR! | es

and co i,0 te t t he
fops o 10Epacul o, SpmpT s BaCaY FRE RO F SR fly B Gllescd BT, .
t heb const isbatopa ectﬁpmhehi rbyoleg mdteciah aperabeim atety bguqdllﬁfrranethe hsiidhes t he
substrate of Fi thin_an indyctivel upl ed reactor | e etching
par arretaé‘rds %l@%%cFﬁn%E?ﬁ EeAtuesss ﬁ?n MF‘F%‘%%BI Flgmest é‘teéﬁlnﬁgc%%gEQHFrat eri al
of spaggg, 'E%stksefde@PW}ff?enjd@ to%etBh 9&1%?'rﬁ&te?ﬁql/f%mQBQQEte‘?ﬁgé‘ﬂeg “ofkpaced
conprising material are pressure Trom about 2mrorr to about 50mTorr,

subst r abask Egperast U6 ehzim ﬁrnrabbeltreﬂﬁcnn’%ﬂlmmt Alte@atelp cbempsinis #rdom about
150 watts to about nd .bias voltage at |ess_.than or equ

about SSMGEPES Ty B awpior BELAFRYS astyTS ehen BlasiRb st (s 1Y B about
208gCmy Qc@@%%sklﬁf&%ﬁfe@ B eh A2ronoRh @bautall GB6EM to about 50sccm  Where

mat eri al of spaced 20 nask features 16 conprises fnrc\ot oresist, such wll

i sot ropi cal Iliprett)(ﬁinnbslthfi cansirestios @lplgteriah}eFig ohcandetdoivehbronet ers per
second to abouyt, 3 nal I ¢h ,an exa his
cssent e bR hene T Bie PEIFiE e AP taint R i S 52 SR S et ur es

Wil o@timpke &\0Birsd ?@ﬁalﬁé&ri atraeR Y1 @m@secésaem@@lmjaamdom @bhihg single
upper surface thereo 251 f even nore lateral etching is desired in

conpar ivlgret s atesiali %fafﬁp%cteémlﬁ@k featapgn o p&ﬁ’éﬁt‘?r@ﬁlsﬂé‘ﬁéé‘%r PHICHPTRARSCE | vel y
|
coypl ed. e a%%rétﬁl%%‘ﬂﬁ §§ﬁr% ﬂBﬁg%%@@P%t g fJ aEQuf‘?@fﬁtTo%p"%[l%rs{r’at ource

power fro o about |as vol tage at’ T ess than or
equal ttempeouturd Froval ztlmutsﬂj’l(iStd abeut ehfaT atauree cpfovﬂfefroﬁmabmbnmﬂ)rsm @vaatsout
110C, C12 and/or HBr ro f rom about 0 20sccmto bou %% fl ow
fr om aBBRPOHE UM Vattapay b%%&% g%ﬁ&l TRAPAP KA $HE 8 Pabout

120500r8xa le et&hdﬁ%’aé’f‘s Q%%hfb‘?ﬂattlbﬁltoft@}f%_ SR £5b Gl LAVReh B QBbG@ gr eat er
r enoval mthe top of the spaced nask features than fromthe sides, for

exanpl elOtO(scemtzlrmd (acfirtbey ebegublscehevanbont 4Asicam dtWheeelortenal of spaval

el Egat Imaslg PeaQures gcomprlses photoresist, such will isotropically etch mask
features 16 at a rate from about 0.2 nanometers per second to about 3
nanometers per second. While such an example etch is essentially isotropic,
greater 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 20mTorr, 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 20sccm to about 100scem, O, flow from about Sscem to about 20sccm, and CFy
flow from about 80sccm to about 120sccm.

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 elevation than width

7



WO 2010/ 065251PCT/ US2009/ 063999 reducti on. The exanpl e paraneters for
achieving greater etch rate in the vertical direction as opposed to the

| at eral dwoeetommsincl udes pressure from about 2nlorr t®@czhrsAE0IDEIYIOY I,
tenperature from about OC to about 100C, source power from about 150 watts

to abmtJ c(:)t(?oH\'atIthse]’_@p&?ﬁ%ev\}g%}a%gee[e tf '§ tgw %%r@%'?ero tcﬁ%g{% 11% thé about 200

volts, and/ or roma scCcm abou sccm and 02 fl ow

from akeuticdl0siceenid e ashpposedaoate lateral direcruanpt kides g essurarfdod
enbodi nent s deﬁl) ct the respective features _as havi na @q[ual shapes and
C

wi dt hs abeREEM/ECTE e ahedtt P Torry ke peisitetcetiogr 8kgus graboxs WL as equal
spaci ng hLR&s ﬁg%te\“’?ﬁ&? ABHR 1'5%) &‘zgits tB%"hﬁ)\ﬁ‘%%’ooﬂ%QH 1&%&@[‘ QleOt her

enbodi nment s. erring , a materi a p05| ted as
pard oftha;mbsteqaiaétd@boanaot)r\m‘rtsg\mmhndesHB‘rdﬂ)owaﬂrbm elbmltt Spsaceat sowi | | be

formed. . Such be etc |ffe ent fromthe material of spaced first

f eat ur kot 1003 %:crﬁawﬁéiﬁﬁﬁug‘an@@ ouphPresa e abedt G0SERRyl at i ve, incl uding
any conbi natI'H%neMiﬁ?Fé)Fl sLOEXRAD! &RbbaGhade & rﬂlbtcf?{é f%'s é&ﬁ'@e &4tk CORs
nitride, organic an |ref ective coatings, Inorganic an |ref ective

coat i n@avupg)bgsiil sleapes dnd and s redative ani: wnmthdrrundme deypbtedi expsany

conbi nati on thergﬁi. 1Referrlgg :b Lg. ‘é gaterl a 18 has been

ani sot PEPTRA 13 & LAL §IrD! FRAGHNE JACEPENSEE Sicldidlqts MBP ¥ phdsd st
feqd ur 8 A4 oRORR R bO@inkéntkl 9. 5, spaced first features 14 (not shown)
have been renoved from substrate 10 to form spaced second features which

conpri se sp&xfesring toWigr 8, afmategiednid as been dapesited apfaspef sebdtratst

et chi ng Car FERGYAT L ERCBFSTRbEy B Sbulin Ly baTRHS6 " it dle P R0

removaktefablp diefeeen@frodf thieh0EridByf Bpicerl fikstsfearurek mpaﬁarlﬁa?%e with
negl i gi bl e such renpval being shown in Fig. 5 to form spaced second

f eat ur §90dBCtiEE gsemicocAivai T@tsul%éVf‘e%aﬁbldénéWd‘P%h%nW dieneet.r st
B T e S
of t heiﬁc,%xtg(amdc hedtreflestivélcbetings epolysilicon, titanium or titanium nitride,
including any combination thereof.
Referring to Fig. 4, material 18 has been anisotropically etched to form
spacers 20 on sidewalls of spaced first features 14.

20 Referring to Fig. 5, spaced first features 14 (not shown) have been
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
remove 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



30 enbodi ments are contenpl ated. For exanple and by way of exanple only,
first features 14 may be equally spaced from each adjacent of the first

f eat ures wodomaesrsd features 20 may be equal |y spaced fromusaai/ossdpacent of
t he second features. For purposes of the continuing discussion, Fig. 5

depi ot 3. feaRsalive VR.201000852HPETILSE0051063099. oL osest gl 5, 21 of tuo

i medi at e jacent or secon ures avi ng specti

bet weencepehtivtarpafec Betaden &ch s ofai pgirt2d. Fig. 6, a first material 22 has
been deposited over spaced second features 20, and nay be of sone different
conposi t i on R¢EHinade 1. ©, spfistdnatesiohd 2 ban beens doposited evemspazdmmy or

may not . I alssed : S ri bed
above. PoroadIERARROER: abu IR, Be i Hih € R b RElG Lt AMLB S DACRSTT oy
mat &r i apa2@d kasord ficatupésadbr MateeialX nayr framay2dot Bntohagcheeas. deposi t ed

to co etely fill space between_closest pairs 21 of two i mediately
ad ac?ﬁxa@?p eRGHT 14 s anghEle ay of theve ?%%qudzawsge. for sppcsedGR® Mt erial 24

has beegp,depesist efl, W@F%é.iégﬁlb'mtiﬁrehﬁl i?s?vm%@idf@zoﬁa MR ndpianak ent

conposition fromthat of " first material 22 and fromthat of spaced second

f eat ur esit@GnoSenuhacaBB candha2dechnslepopitadan coum eletelyt fidwphacde2deeBuch
may, for exanple,.result fromthe inherent deposijfion of terial 24 in a
1§ qui d-cil?ﬁqS?mHﬁe%{ OﬁWPrwaéﬁaglth? ACER Bﬂég%)rn‘ilgeaﬁ’d’feé nformal |ayers
f ofpowed by reoreRrifgrtb M. POkl 2BoRaGka Rt iAW hPABKed H@}f')@ﬁfted B¥arpir§t second
materials 24 include photoresi st and ot her polﬁlrrer s, for exanple

T

pol yst ymatseial 231, wdt syt inttrhediffbremnd camalp potipgi firomathet offinst nztepial 28y or

. f ' ' I | f d
ot or | Ao ORLE A s SH bl Ped i 80 SeoPle i AR 0 SRl m

r egi onsueérmeacadsecond Swhemhag! foilex86pley @8s10Y EforhithstinA@dedti al 22. Any
sui tabl e etching technique and conditions can be selected by the artisan.
Some ofdepasdiqmpf matgpipl df ined/ liggid-Hel g, aufioy depesijivtet onadgrt o

pr oguc e r ' fi1El : [ -} Lyl terial 22
haggbegrrllé%t %(%g%‘?{nrag?ng%%{gv@gr? Ei%*a'éié © g%%oorrﬁ&r%gstlghg%lf %§(§ft%l£1}ta§ ggc ed third
f eat ur eBe@dfhdseampbensdcmidenavdriadk loimeiude phpanediss andnathenpetymkrs30

recel vid, guoh L vel et 2l 82 g Leal s, 52 g spaceq [ o sepon:
condi tinggssop%pa}bgoggkqgrggggyogshe artisan for
Referring to Fig. 8, only a portion of second material 24 has been
20 removed to expose first material 22 and form regions of spaced second material
30 received over first material 22. Any suitable etching technique and
conditions can be selected by the artisan. Some of material 22 may or may not
be etched during the processing to produce the construction of Fig. 8.
Referring to Fig. 9, first material 22 has been etched from between spaced
25 second material 30 and spaced third features 32 have been formed which
comprise spaced second material 30 received 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.



producing the Fig. 9 construction. Fig. 9 depicts one exanpl e enbodi nent 30
where a mask pattern 35 has been forned over substrate 12 and which

conpri seswepamadssecond features 20 and spaced third feaCuwnss00886398uch al so
depi cts an exanpl e enbodi nent wherein pairs 21 of immedi ately adj acent
spaced secoqqlfeatures 20 al t er nat uaI f

di.v hi
o ool go e RSYE Blods BB RS stbilsBos Stnply SRRSO ih M Aen,

may be ne@itiplidaeihn Hvoriclexeaxpbe mdyons€bellstibilitha gpapicia. nmd:garﬂlld:ga&h@mgml ch
may or may not be sub-1lithographic. Regardless, the Figs. 1-9 enbodi nents

depi ct Infsmbedimans Sspie gasopaksin Ag @één% bam b%emﬁfv/rén%ld B9 hawewhi ch i s
t hi t f.

o7 <ot urAH AR LLBRE R O el AR o PG poRRRlo BBtk

nonsi nfegetred 1 adhi Emgalz r Adyciegoag oif rplfahgﬁadubﬂ%n (@nclaxﬁhneg \tmoaemtmgéﬂ of

course be jn |lar part . determ ned on the degr e of any lateral trinmng
that mAjASIAR rsgugf;s%w %é%stdrgsoff’é?eré&léﬁ’p}”é 1 GouRF Il?a ltnhlér%‘hB%]Etr ate of

Fl o 2 detamihatoPindiferch of iy RHRINAL R, ttﬁ'attn% 5KA8SR A splaggdeposi ted

| ayers to produce t es 10 t ces res. For
exanpl deatuhes dﬁpassqatmlmlm mhfcxrknagsthefsubatreta afFi@ 1 firdm ghaBof Hig.ohbimat i on

with the t.chin ﬁ?lckjetofp[_léyce Flal 4 i actﬁlthew th of spaced
second “P IBFEQ 1thghielngss of thy depospet Lpyers e Riedese 1B tFries Alderi al
224N %h&@bﬁé&al%tv%nt fedeh RIsM m&seMFleﬂQhé%%enmiﬁﬂﬁegnégawﬁﬁ%ﬁﬂ and
third features 32. Further and regardless, soime or all of spaced second 15

f eat ur 8 MOFendy by cepddrationivrigh tb@temlesg 3chmy1ubé0fmptine¢ Higt érinipagts

e 00 SRR BB o P B, SR B VR g™

tri medirst materidN@2 MASK g REida@Nt a0 TP #iNgs bPLcifp et es8GROOnd da4tires and
the spaced third features is used to process the substrate received

el evat 28 (hirddeetuses a4 Anntheouehregadlonds ROp&t vedlh ofspekepseeerdi ng may
copgt | tfgét%ré‘wp%[ &bt an&efd W5k e ﬁr&eéff'&?f fgli?tgﬁ@k ’.ral {Inﬁh%' ng

and/or “Ton I nplanting being specitic exanple one exanpl e
w t h sufterfoeméss ithg Filed eionstrastkiopatiathe3by hz@esj bﬁeﬁam@ed, gmcad etch mask

while etching into 2 of substrate 10. di t.i onal enbodi ments
are ne%?c%l%‘%%??tﬂé%ﬁ aﬁtoﬁj #Ll@ﬁe%é‘r‘i’éléo% 513?| ?aylé %teréﬂg t“@fnﬂ‘épl cts an
al ternate enpodinRpt, a%fé*%ﬁtcro%ﬁném%uner a%@& seObh&TPPRIENInk Qh@rgﬁgé@' ng

sequence to that of Fig . s fromthe tirst descri
enbodi mbndsfehaues beaaedutto Iprze@bsvmerselbauplt@pﬂ:ammd eW\tdtlcumibt thereitmlow

di)%é]er fces bel g tcglthe suffix "a" h different numerals.
i %Pa's Jlnc\rﬁ‘é qucfeé?]é]r&m@éfncsoﬂsﬁé'\t{\ﬁ oY 8%52‘&%0%?%nal
for sugd. H@@é&é’l@?éd@@@hﬁﬁlukh%ﬁﬁmh%&g\dﬁﬁﬁoﬂ font epRARevE weThgdipeenie for the
sane nunerals wthout the suffix " In Fig. 11, first material 22a has

been depesiples mighl® Kiepiets ongaxample wWithi Bicddpispessipesvherminghasiat eri al 22

in Fi gpa"?tern 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

(13 ”

differences being indicated with the suffix or with 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
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WD 2010/ 065251PCT/ US2009/ 063999 to |l ess than conpletely fill space between
cl osest pairs 21 of two i medi ately adj acent of second features 20.
Ref er r i ngwoaofoiigs2si2, second material 24a has been for nedTa@me609/053994
material 22a. Figs. 11 and 12 depict one enbodi nent wherein first material

22a 5 has_been deposited t.o a nmni mumthickness.T which is. |ess.than that
of secB%zesr’?af?‘élPi %(Fmﬁlftgﬁ'dhﬁess%acteh%a Wr?ﬁ?i%ﬂ?ﬁ iPH T %?Ogg‘évé)el rélee(a%)aﬁ I%Ifeatures
20. adjad3at ®frseBOnl Fefiu@es 28, only a portion of second material 24a has
been renopved to expose first material 22a and form spaced second materi al

30a recei veRadoringjte Jtigmi2eseeindmaterigRdd e hps hgerdorngd opgr figst st

mat er i . di 5 ial.: and
thira Dpsead 428, JAE0 ShERRL UBEIRTraHLoURRER BACRIN AR Bt e
mat®ri abs JRanrdgrisved tovemihimam tEtkenéal T22wichThilesk fleat thaeof32aoad e
spaced from second features 20. Accordingly, Fig. 14 depicts_an exanple
mask pataterigl §§aaf}f]alﬁsﬁdﬂéﬂén%¥milﬁpr‘ﬁlcﬁ€ gfu%%eéfé"?%‘é F?fté‘deﬁ?jgbet ween each

of 2dL acent lreSaRONg B3l ! 651,70 noPHBANI AR oA HTBrhA ACERSEE L hr ough

the mask patter a of “Fi conprises spac second features 20
and spae@dvtlitodkxpeatimss n3arial A2 aevainfilren byaetdcssavgnd mareriaipd @nt i ng,

and/ or ot her prog&sses as .dﬁigri bed above. In Fig. 14, spaced third

f eat ur £8cei¥gd Oy SHA LSt RAFERAh238a are not of the same sizel/ shape. 20Fig. 15

depp cts addigdrengh %qqg.sthgir&fmﬁk@sélrﬁaeh;%e&@ewmpﬁ%nﬁbm&rpattern
35aa. Such may be %orrre by laterally trimnmng width of third features 32a

af ter shecet stiamyl ofatéiiakB0mandrthald Saedffeptures B2a haveopeerefoakdrent aft er
formng .,t.he third features, all of only.sonme.of the third feat s may be
r enoved High s iiRe SRASH Reede mae e Y08 kit o iy Tab b S A er

t her e- HglipWfedtQfe 232X atPkPacdd frond Becl®id €dutet 20 alA ddoiraTAgty, Fhe 14hi rd
features 32a which are received between the furthest spaced of second

f eat ur dePIGs Wi YRR EAsk patieun 308 haviesmueceiothisdricaibres 3inreerivedt ur es
228 MBS SR g AR S ORGE R0, S l P0 BRTR BEEONey_
t hr oughhragh SRpaktkpatRdAd.5 aTheF X drpivhi¢h oomgeiseg spapedtsedond fédtgreslo i s
that Of20i a?nnd isga-{)cleacln%heilgé (f)'enétu];gsr %Q,gfoirnegcla%glgqbyr S cih(l)rrllg, i%%. implanting, and/or
other processes as described above. In Fig. 14, spaced third features 32a in
mask pattern 35a are not of the same size/shape.
20 Fig. 15 depicts additional processing of substrate 10a to produce a mask
pattern 35aa. Such may be formed by laterally trimming width of third features
32a after the etching of first material 22a of Fig. 14. In one embodiment after
forming the third 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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An enbodi nent of the invention enconpasses a nmethod of fabricating a
substrate which includes formng first and second spaced features over a
subst r at ewoRoro/ezEnpl e, features 32a in Fig. 14 may be eomdaisdeweessas spaced
WO 2010/ 065251PCT/ US2009/ 063999 first features, and features 20 in Fig. 14
may

b ' d d d f . The fi f h
ol Cvat fBRGT 19160y &P oBR g1 3G bis-ch i B pPAFshr S b SBRGEERtEd f rom

el evat ifemalréy. QhkefiMShatedifonsref hhive ekacoiaasivacedrineat bégsns Tigichi r st
and second spaced features alternate with one another. 5 By way of exanple

only, Prgdiffarepdpgnceampogition omselayetiosalliriterapatepipeahribs sgoendr e
consi d%ﬁggeﬁeitg;?sté aj%%%tf Sﬁts‘ég‘ﬁﬁd %qu%??@aetqréseg Y ESe %\Rtmgeca%%aer eg'

as second space ures.” Regardless, e second features nay or nmay no
be homigenaysof txampée enbodiigent ddphetsfsuchta € erdtuctdor ovipre spaaedecond
material received over a different conposition first material. ln one 10
enbodi ABHlrey Rda dae seasideaedpsd1st ép%edﬁ%wéﬁﬁc{ SRR taRtreesd ¢ pEY ent

fromt ?B'hsleefr&fi"%sfsje'égﬁd%@%g;élgg%Qré@t ﬁrg%gt(gess, the sk@oRA%e£TRE h%lal every

other first feature Isr rom-t strate and pairs o ately
adj acemtaysaoobd Heembgersuar & Doe matbvdinodntatheefinst feamrtch comtpvselaal of

remaining of the first features. By way of exanple 15 only, Fig. 15 depicts
ch aRCERbbMHERE! TR R PSR L TEEBY P FRBAI T [y LaAtaH  LERBRa

feqdur esnZRligldR! B SeMdd rdatdied fealr PEohPRINO NN AL fiSAHERHtI28m | N ONe
enbodi nent, the renoving conprises etching. For exanple, the processing in

producithat af thebbirstaared seoindamagémals. in Fig. 15 may occur by laterally
etching the Ifi rst a ddseco d matert#]ali se%efti vely rel ?:vae io second 20
features 20 PPTRRBPQIRIEP) RSP RFh BrSticai e S S5 A IbLNS at e 10a.
Such hagbadrae aedpead of Bhmeafate BNMadjacEat Scomiafdat @ s3de, fokmedeltidhor m ng
pairs 21 of immediately adjacent second features 20 which alternate with

i ndi vi altgrnaie vid indiaidviah @ sempaningr eistheplrstdgatires r iBss waydocexdmplons can

be,sel the art | i u chi i t.h )
abg)\g;e- %glggﬁi:%\e/c} Sege rrﬁ?gegl?{hnggreo u(%:(ﬁﬁgerﬁ's%g&s %@? t %?Ae&ﬂgl\‘r&lg?g.latil}? romt hat
of Fi gad?adegitngcbiud fexanps €9.altarnatewerhbiodii nieiulal Wi eem dfinin gexfifipitardshe act

of rempving is by etching, no etch mask is received over features 32a
duri ng 3¥8e Eeenermhadimegt. the sHeoWmBoAHBrHESS AlehdRgh hptgxamplesths ved

anywher ?ﬂ%’%@??% 21? p?HHﬁEiB??sQH&M‘tQ SO LUWAIn AL €5 hhe Jcepyyng of

every eat ur romthe substrate, the 30substrate |s” processed
t hr oughatzralhy lket@aingethe Gotpmidsiecgntineataials sefecitivetylirakative tadjeroadt second

fe r whi ¢ lternate with indiwvi | of ,th i, ni t first
t o2 ur CRatlB Ao e e Ot sy et At STt e et Dre FIOLAE ng
W th r%wﬁﬁédd&dawlf@&komérﬁ@imn%%ﬁeatu\f‘& 304 0{He8Bp ¥BEhiES30R9/68099

Addi tional enbodi nents of nethods of fabricating a substrate are next
descr i hednediately efdinesntiesaecongifgaturey 29owhichhaltesyse witl indiyudealr ef de
fr agrrerr]tem]a?r%'ng of features 32a. Chemistries and conditions can be selected by the
artisan to achieve such etching, with the above-described examples in producing
25 the substrate of Fig. 1 from that of Fig. 2 being but examples. In one
embodiment where for example the act of removing is by etching, no etch mask
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 alternate 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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Li ke nunerals with respect to the above-descri bed enbodi nents are utilized
where appropriate, with differences in construction being indicated with

t he 5suf fwe 20tw/oesrsiwi th different nunerals. Wile the setCiius200/v639pgi cat es
different construction, exanple material for such constructions is the sanme
as used int above enbodi nents for .the nunerals w thout the suffix
T H g, 17 G SRR e REe R B or A et Rr BT HATE  above,
and Whele8t#bad withaeadtlecsab &ik 3l 1’}‘LQZh@&hh%g?eé@(d@@u_ﬁk’t@ﬁtesﬁ@gﬁféﬁ qoend
features 20. Alterable 10materiral 40 interacts selectively or uniformy
with cérkainnmerads Vel regndet hhitke aboveslossribadiom e diaeents Are aitidisvied mat eri al
40 may He. casl r8§h%t§‘ \Bgt%'&%férsggdins&‘&‘is%&t{&?Eeﬁ%‘a{%‘éata wRYRL and may
be conformal “ar "non-<cont ornal - St1hg Vvia spin-casting, ai p- casting,

dr op- caaffiRg‘b 0sr 8iifh dHfereat auaxaan. ewhilhehabd@habbe inddcatdsadiffdrkht be
altered with material fromthe spaced second 15 features to formaltered
mat er | &ONSHUEHABWAKPRIPAF MAHErigh ek sucibeonyreieny stherramasarsed indheri al
may fma’B‘o%P%ﬁ@@&ﬂH?ﬁté f‘d?‘%ﬂe depas ﬁﬁlQFthf%ittl}i'@ufﬁhtee{] 1S grat %‘F%ap or be
subsequent 'y ‘activated, Tor exanple via thernal, photonic, el®ctronic,

i oni ¢ (depidtadiltegnatd prdrasehgctoethias tof \igh r @ andelrit shovy, aval whiere&xaampl es only.
Accordingly, the alterjing y occur during depositi and/or 20 after
deposi @#T@ﬁ@?herfnarfrél%ln%@&a en fpemardiaterigase SPEORAEPHUESS 8f- AopiBiS on of
t h¢9de&?a_?ﬂe}fa@ra_oof‘mm%t@kél%eableﬁy BRURS foRhnly Fith REEtaih bﬁa@k%ﬁ With o@%c}b.e
self-limting in the case of a’limting reagent or equilibriumconditions,
or ki net fomhs ynadntefied Aftarshletmatsidrd) mayebe esst. omot ® pabipatteenad i al 40
may have | anar out ernost surface or .a non: pl anar outernpst surface, with
on exanpr BBy TRl ExAPIt s hoSEDStier 208 o DR M api RO NP 17

Al teralgt g1t €fd §)indasthk, Aip E%tiAG! dPEpRABRAENEH Similar, arbRi@K AAks40 may be
simlar to a class of materials available fromdariant International, Ltd.
as so- daid algerakle Rratgpiabmyidl be aligrdd wdith hatemalefriom shelepicpthsedrals AZ

R20QTM R500TM and. AZ . R600TM, The " AZ R terials 30 ¢ in_organic
coBosI T RORET RpTent B TRAR o ob s bl (R aag R P Eabdae Aobes

cheni catHeyalaemdd fia€stisleiast forACGmth NG vs 1§ Qip odX@Epd Btio s uhtheetlesraBles
constitute an exanple alterable material where nmaterial of S{)a(;ed second
f eat ur &datepiadopi PE Su8semestbapeijvaleds for exampls yia thasmalsphetaieal |y, an

resi ot ey PO ST, QRLIRTENREDAES) BREhOYREL bR Y PAN ST, Y ur o o
from akaampleOGniy Alcotrdih20¢ the alidring enacodedr dumihpelepesitédn andmrt he

al terabl.e terial tqQ formchenical cross-l.inks wthin, regions of .the
al £@r aBifter Qﬁité?n-p38>8%‘?‘§g9ﬁ1€n?’é%in§t 3.‘“%?%i°&ﬁ§r%¥mt1hé?t%ﬁtcé?mpalff“aaj acent

the regrshe depokiticn 3ehBELilNRIMNARLENET FEHRL YRe hRePiniehapWd Qs of

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
designated 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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5 material that are not sufficiently proximate the resist. The material may
then be exposed to conditions which selectively renove the non-hardened
porti ons wel2atwoss2sto t he hardened portions. Such renovalPCraR2038/063999
acconplished utilizing, for exanple, 10% i sopropyl al cohol i n dei oni zed

wat er uti.on narkete M b nt ter nat| onal ,
Ltd. Plbgckéag%égah?lt?lin? ﬁ@tu{%ggffpmé)%%@g a?l%glgqe @\5 8 ¢854 der ed
exanpl gs,afthBEeAS ihRean yttb@fbl&ﬁ’f@teﬁ@m&foﬂmtdmgha@hyro%s51h§1r;£ehhﬁnChem cal
Shri nk) processes. A challenge with the "AZ R' materials is that they can

be si mreaionsnofligie alﬁer@@ﬂmmt@rléhpr@mm@dh@sfpgltsttHsztftlptls ehyheamaterial cult to

sel ect iy derdtiilRY Bpﬂgﬁﬁ@sééle%t%@iy P{%éiteﬂeﬁ%%fja‘%{\?ed '?do qﬁ‘o‘ﬁ& Kgl s, In

one errbo ment, era simlar

mat §r i alhﬁteti’mltthﬁt alret noBYyu il raxihalel the rkistdaitid akterddlg@anlycthen be
conposition which is altered (for jnstance, fornms cross-1links) upon
exposurcEPPsedhe condydens hish éﬁlf‘ééw(ellbFemﬁé’FéHEémnaE?%enreél ROJEIOAST r om

mat o1 | 1A NI B TR A R S IERAORN G UBSITADE AR BakSth,

However, ‘unli mat'erials, materi ntal n one or 20
nor e cdwenemﬁeﬁie%urss@dopyﬂ dleehot gademmmxbwtérma/\mmmoarmapkmdded to

chem cally, ¢ Bk, 40 rel tlve t.o na of features 20 (for
exanpl &S ;ﬁ%ﬁ@%ﬁ% M&rwgﬁ gt%me%n%&é gl}rc’&ﬁs&reéa%flé@gz ®may be
seh§Ct i yel o1 RIMYEH] S ﬁlea;dn\f@nﬁl@s Bndbd %thp@em@mgo@m@smﬁoae

di sbursed in an organic conposition of a material 40 may include one or

mor e ofErthanariment [2%hegmalpby, A §distedi bye Chienorah8hrigk) iproeessed. ger mani um  Any

carbon di sbuyrsed..in the ni (o] iti,on e _part carbid
compound so A enueBrgArER S "o RerBarer S s Stahar e THER GRpLEh
conposiihic@a pdNiviohl ﬂég;mmr@m{ Qat bf ﬁfﬂgﬂ‘@e aesri s td 961ceKIEP} Pem60EPr i sed of
hydr of | uori c acid and hydrobrom c aci In sone_enbodi nents, the conponents

di sbur phetoresist relafare to BordenedosAZi Rh muFteriakmt & Ak cpnbodioenie abarabde nor e
in anj ¢ U Ol A 8X als (for
S SRy e TR TP 2

COWDOU@ﬁﬁll(afr@’r idestieAr ergarit abmpdsﬁudﬂ wliiehak adtéred d€or BisCance, ToAmsonponent
of material 40 that is simlar to "AZ R" materials nay be referred to as an
"AZ R'SEYPElidgm s8rni GPOSAER R apﬁgarynorfhSHWQWOif@esttfpew 39009/ 063999

sone enpRdiBRH Sm Abl&iAR ¢ o Wng}ll 4&eﬂ%¥4@%&s°9&1:g%%%%uﬁo9tﬂa?é’?s one or

nmor e i norgani ¢ conponents di sbursed in an organic -type conposition.
Hovveverbakaﬂt dilableseratdikal‘ AZDRITay atomis matmzﬂe40 tnhegynalsogamniteimmoue ot her

"AZ R'- ecorrp tio for exanple as expl ai,ned bel ow. eferrln

03B, o ks calBOE Al B i o AR B Lo st AU E GRE AT P dRuce

l nter - dinkhiehny cqifangétlﬁate@iaq A0randvé Qo Rk D6k AT fé@ﬁﬁ@@l z@egefl@xaﬁl@w es 20.
Sone substance of naterial 20 alters material 40 to formaltered nateri al

44 pr oyihosoressyaoesnbedonents sahencem aggialefctnagiregl 30 mayebasekecsiyedy mat er i al
![ z ]? gfaﬁgrln%v%fd rbe a|1tr1]96 ?(l) tm(.aa{t%irjlawﬂ)5‘| @tn?}r)br%ntfsrvg thhr(rala§lpt)aecgfjsb%(raé:eocfl {jn 51? atures
organic composition of a material 40 may include one or more of titanium,
25 carbon, fluorine, bromine, silicon and germanium. Any carbon disbursed 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 disbursed 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, etc.). 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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10 altered material on sidewalls of the spaced second features, for exanple
as shown in Fig. 18. In one enbodinent, the altering alters a portion of

t he al t ermbl2eiomas=ni al 40 adj acent each of spaced secon#cirambtamms3sd® t o
formaltered material 44 while |leaving portions of the alterable materi al

distal from spaced second features.ynaltered. Fig., 18 al sQ depicts an
erboai FRME WREPETHeRRy antean 62 MafdiIZP hiihhs cBhdieeh RelRur heterondry
over spaeR@AnseeoithdRalsideshudfed M harRdanRt eAVaR” 4¢4psRYndyosiEynnot be
honogenous. In sone enbodi nents, nmaterjal of spaced second features

20 conpraweser aéteralie patarmli4Q ewpypeonorissiather v otgandeBadaiber thasm such

phot or esi >l i I () f er] 40 is acid. The acid may
be causé(??ov\@’é)%gﬁé)%%ggoeﬁ’ Pg%&%ﬁrﬁlgg%raggﬁg?atl%h?ae&?%g sem conduct or
subStrate 1®efatriagtterifigr dBusebgtatatl (kehss babwytbjkRdéd td kenditichs whiksh

cross-links with "AZ R'-type conposition of material 40. The anount of
cr oss- CAHRS H&,er'éidﬁét%ﬁél af #afpraly %@@n@rﬂeo PFYEgate rﬂPiaﬁEf? SpFRHILeatIEF spaced

feat ur o 200 FRY R AMCSE Rtk AP0 ik OchR082PHONE e o RBIKS fipfim ik bake

tenperature. 25As an additional exanp ere space eatures 20 conpri se

si | i coproam atcasppicedalecondfeaturas 80i oA cd@rdisgly, tled nHetadrly metealal isuch as

titani um %I%gﬁgult in a reaction ultimtel formthe. altered materi al
a

y to
to conSPP tine dteredqwithapaterig) irar U wasqfiseconf yfepiren SaotRd
desgri Qedréd r&ét@ria?@heﬁﬂe%%idf%h%%@aﬁ’é‘@'sgf@%% I@ébtupes_, Y52QQZMPIS9Q30.

Addi tional alterable nmaterials dependi ng . east in part upon the
conposishowm iof Fighel & phe odesunbodinierndt thesltaringadltws gf pediasef tont enpl at ed,
and whet her, .exi stin et -t 0-be devel oped. Referring to Fjig.,19,
2nd 1 naeeinBatr Y alficehleath BF $Par il L i o ched
shown) nydtefi]l yarwhnetical il pektichst Of M@iteabdd nfthetiay aifigefroneIpyest for
exanpl e by etching, selectively relative to altered material 44. WD

2010/ 065e%1PETI tugX0BD2 Ie3go oF i klaplse dapdeissany pabogdia cabidiarpiohaltessd be
: i san. ' iti ' 40, 44 and
sejgct %Qat%rz% Flg }\ijmz{s: fﬁéé}P f&?&%&‘gi%t%%ﬁf%f@&%‘eﬁ%e%nﬁ%g{dréé §p an

12. " Foi e respect to the € conpositrons reterred to
above, Adusedriaaterddl 4vayn deopacynpdt B@dmdddniozisng i sopropyl al cohol and/ or
SOLUTI ON CTM as di scussed 5 above. \WWere material 40 nay conprise

addi tional éBrivgHeRMPIBYHSRatenialplsracrd segpRd deriyast L0 somRURS
CONPONRRL S ; 8RY S iYieH!;ﬂ?cﬂof’é’é@%tagﬁd_ttﬁg sp%faaus%@ﬂ $RDH PRStoREsigrbgiial 40

are renove ernat el such Itional conponents nmay be renoved wth
sol ventimpahtsctherad e ol en @cdial 4Onial accdnidrentid. mEprbe cetsadae,bd f sil i con

digxide is uti.lized as a.c nent of 10 terial, 40, rofluoric acid may
Do | FelRa iR hret BT SR e S el Sipslinee H A 41 T nl a0t o
ensur ?térh?'&réth?e Sif lak ¢OANt Ak (1@096_. t"_hl@e Rent Alrney sﬁs@qghpmvmﬁ“jamved in
addition to the "AZ R'-type conposition of the non-altered regions.

Ref er r tye commiogition ofgnatetthl ik e helanpamtiefscipserinkdpas pnddhedestante er ed
that the cross-linking spreads 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. US2007/0049030. 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 altered to form material 44 have been

removed, for example by etching, selectively relative to altered material 44.
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15 material 44, with second material 24b being of some different
conposition fromthat of altered material 44 and fromthat of spaced second
f eat ur es ®0.2010/06525Ref erring to Fig. 21, only a portion eCTascandcivas eri al
24b has been renoved to expose altered material 44 and f orm spaced second

ot or | 30 SRR PRLO% A0 < Bl wlL AR eI Bhe AhilachoshonR) has

been eté]h rom etween Sp ac se ond I'TB. er| ace ird

f eat ur epod2éopusitheeof hﬁftaﬁdlsw 44 aadprd.sBos paam@lsaﬁﬂmaememb ahe 30b.
Third features 32b are spaced from second features 20. Flg 22 depicts a
mask pattlern @mﬁmm@ﬁ%%ﬁs@cfetra goorkese, suplpaxyal mahBee- t hrough, for

exanpl ¢ PXm%tl&WeH%t@”ﬂgg\llsbg%edMgﬁ{‘bﬁgm%‘i” n%@f}ﬁ@N r&mmh&%sswet her

eX|st|ng or et-to ternate e ments to that deplcted
by %i gaboi8- ZWharemadtsrlatéﬁtmaplcahmhsd:a)ddﬂmmﬂllcempmteem disti@sed ifiag. 18

m ght b qQcessed such. that o a portion thereof js renoved to expose
al teredAni RerPate 4OMRRQiti R ﬁ%ga%ﬁﬁp NeREBRE SHQPBF Fise Zvapps g nes-

deposi Taﬂ&?e@freg%tn%rdﬁha?&@alwafeef%{b@gd 2 ADPL iyt BEEIEhditfal €Xanpl e,
material 40 of "Fig. 18 could be renoved to 30di reci y produce the

const r wom pmeofts By b2 Tewlveredi withetody ¢als WHishi Jsensmrsthet adedidmal mat eri al  40.
After form ng such spaced alter.able terial,. . It(?red material, 44 woul d be
ot ched PRI B Yo dioF (RS RS Ac bt BEPB diBr ey WiflasT 3¢ CHPPARPRLALr o5 vioul d
beqfor iestevhil 4o, ¢QUR6F186richR 18 RREE BealtiIgzableridBl R Rlal oM thB ddheattbferdi

features being spaced fromthe second features. For exanple, the
2010/ 068281RCT W8OI/ %mgrgsumtshaﬂ dhe isdicat drixgde 2d theulan- blertast rred

wh b i d f
o Cert AP T Yenfo Vo T SHATIN 18 G X7 RAGHe RS BIBE s s o o

next deswfededginsh refer ence to Figs. 23-31 with respect to a substrate
fragment 10c. Like nunerals fromthe above- 5 described embodi nents have

been util i zdteiERang tagdpeopPs a@%ond/maﬁe@ah%{*b@@§|®ﬁnd¢¢HCé#f@ﬁcé\serﬁérqxs
' nﬁjfacagﬁﬂe\f\fath o f %tﬁgggbﬁd fatefh) %B%eqhéfo?rs%%e QFEL lt%oxﬁ%mﬁoh@?oﬁm fix

cates rent construction l'e materia
const r uh4t oﬁaltesed herts@dak4aandsedm thatt d s@laomé seobhod ife®ntrss 20r t he sane

nuneral s w t .the ffi "c". Referring to Fi 23, aced first
features 16 fi ri{ggdo é&nﬁopﬁbaadwérlog 1geond '%ét A@rlszﬁ% éﬁ%ﬁ?@nm erial

40c hagehRRRJIABPAsIdseth10Mel BRPRERY 44 £5d fORARTPLESd %ééoncﬁﬁfa‘%éflhﬂgoBO Fig.
24, alterable material 40c has been altered with materi al
Referring to Fig. 22, altered material 44 (not shown) has been etched

20 from between spaced second material 30b and spaced third features 32b 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 16¢c to formaltered material 44c on sidewalls of
spaced first features 16c. As described above, such altering may occur

duri ng 15wvdepowicsison of alterable material 40c and/ or afPcersse@opbmbd on of
deposition of alterable material 40c. In one enbodiment, no altering occurs

nti | EEuERPRLS 0D 2 < SFROSL KO0 PLBlLT Bl MRS £0 2L Lpbyoxamml €

essent|a y as e IC he pI’OCGSSI n tra 3to

that ofspkted aﬂéralﬂeflﬁﬁfdrﬂ?g 4(0aftegmadbrial Msﬁ“ pgr Riloiss Béed ftﬁna{fédir abl e
mat eri al 40c énot 20 shown) which were not altered have been_remved from
substrate 1@kdditional R@f@@lm@ltﬁ drengxt describpeopdth mifessneq tuliigshas-dken

ani sot [apj (f‘éé]%:é(:t%)q;%sttpatg rﬁ@ﬁ? B S&%E@%&E@r}aﬁ%ﬁ%ﬁ%e abpve-

Referring to S ace rst eatures own) Rave been
rendvedetedbed temlscuhsierrﬁs élalveaaﬂenglta]hzécba&ter@apprmnsm ovith spasedcfieat ur es

20c 25 ch conpr.i se lter terial. 44c,, ., Referring to Fig. 28, a
first ﬁlﬁfy@m%ﬂesg‘%naag the sWithy of §béf&1é]al|3é1'éf§6% Waelles 20c. and
whi ch iygnht tﬁe%fﬁle‘fc@r aratlcaem@ﬁuérﬁwns%cmat e%xgﬁaqéql@ﬂe§a¢@8psﬁa@t ures

20c and has a non-pl anar outernost surface ring to Fig ,
second coasenictibn24s thaisaineess dapmlosi thedaloner emboslnmsﬁtsrrﬁaretheadanﬁﬂc WI th

second nater c.b f sq di.ff.erent _conpositio r hat first
ot o | BTSe AT RE RIS o SR ek rEgEanE e dbe PREC D AT R P o F g,
30100n|h)évé1 HRht foR h Qf o§@tcslﬂ§ttfmé qni, aAn?a‘}ferHBﬁa RAGSTiZENPY 8ds beegXxpose first
material 22c and form@gaced second material 30c. WO

2010/ 088283t /OYS2BP9tObgsbicaturesRf@rring to Fig. 31, first material 22c
has been et f.ro t aged secon terla 30 nd . pac d t.hird
FyihB e kor dea RATIR AR DR ple Beprcalerel RiBOPRE

features 32 npri se

Third ffaathrpaaeaztrsalfeatapamdcftdsQm@aam}adfrﬂaﬁewaem@%n sidevdllgsf 23-31
enbodi nent shows a starting pitch Qin_ 5 Fig. 23 and a resultant pitch in

Fig. 38Patchhigst Rateresotoq Aarfasaridgdratiozse é]clcla)ﬁlt&}‘lngcxnﬁé(roq,ﬁﬂrtq%Fn&atl on.
[ nﬂ% hdld oQQﬂ) 8%%&%5&11;1136}85{ gfhﬁl"«%“éﬁc}/m 2$ak i lgﬁ%naf}fgeéc?ﬁﬂhh sependi ng

|ck ess eposited materi al's an any atera rimmng of the
f ormed alteaabjleeﬁatd%maﬁr(m e&is onEiegn b&dincayi nbsalamm(armhﬂ uratskafpat t ern 35c

conpri si ng S aced. second features 20c and third features 32c 10
t hr ougROHHRIEH B s i?Péﬂ’tSé“T? “b’ébﬁer padedaly otr%re%?‘él‘ﬁﬂ lg egsenfdaldy iaged

above. gepicted in the processing of the substrate of Flg. 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 44c 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 20c

25 which comprise altered material 44c.

Referring to Fig. 28, a first material 22c has been deposited over spaced
second features 20c, 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 24c has been deposited 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 second material 24¢ has been

removed to expose first material 22¢ and form spaced second material 30c.
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Addi tional enbodi nents are next described wth reference to Figs. 32-37.
Fig. 32 depicts alternate processing with respect to a substrate fragnent
10d i n t wopnmowsmsiing sequence of Fig. 28. Like numeral #crruspoowioes999
above-descri bed enbodi nents have been utilized where appropriate, with
constructio di.fferences ,bei ng indi.c dwth the suffix 7d: or with

i frerent noveradbe Yuites San g S0meRahe 5 pib beh STl bodnoYtuRER et i on,

exanpl gpaet@stednd afateriah 300nstd Ypitaanthir§ feNRrsABRc A vyIREni foried above
enbodi nents for the same_nunerals wi thout the suffix "d". Referri nfq to Fig.
e

32, th&ViHcdcdsprige spassdsecasl paterdal dteurlhée fprtrend 20 ammteises fraoe of
Fig. 2 hder - fd Hst,al I Lel YRS d over
spaced%F?@s{Cflq?%%?gfggg'lg%eag}éf' 7 i%:ﬁemtﬂlg%&g eer{r{gS %v%\*sﬁsyrmﬁtlggi al %Hrgpaced
first fRigt DBesdlfecequltdmrpieh fi Fig. 3l bEned-foatrer baIQ ddcimpgsi Gewat bs of
spaced first features 16c. Spaced first featyres 16¢ have been renoved from
the sulfst @E@réﬁaﬂgﬁ)‘aﬁ%ﬁ%é@s IP§£W%GESH¥%F@HPEWQH%PHH%Wi se

first i gl 44 phi i j 4 ' ' 1v A
Cecond " FEATFABRORID, oof frickBbeTof B Bep R LIS AT Dally Sarcllly |
20d. Conposing ofi thedoanhtd ifbatuess. oRegecdieds,alf tge Bdblepintst &x eabmGle anaskt he

sanme as that described. above for alterable terial 40 and endi ng_at
anat | PRUGER OGBSI Potees sespRddg abues e wi srae bR BiRETe 7hg to
Fi g0 3?ehro§1%d3tpﬂﬁhi@$ k8baRhe MLely Bb pPcdasdbesnedihpless weidtihdd abord tered

mat eri al from spaced second features/first altered material 20d to form
second al t erdedid ietnad e bePinomts adenakt desdribghpath sefeverntef wabigse$2294.
Conposit.iog,and.attri butes of second.altered materjal 62.are th anme as
Chat _adaer PharPiRB /U R BREEp s R Sp i (subSrale i Behen? S odtH
2010/ OQEQ@JcB’stHﬁ%?@ggA&W&EFF@fZEXI Lige hanfdrls 86m unahbevedeseaned

ia

alterable mater (not shown) has been renoved fromthe substrate
sel ect iovtgdimgrds ingethycacetdigehmthere aprseriiate, veith cREsEEEIAR to Fig. 35, a

thigd i 4 SAG . jjal 62. Third
rnailféri airill?1£ Igglédﬁ!eg 20oe'f nggrﬁrgp%??? fgﬁén cgl\r{rgéxsi ?i %Eq?'?g?ndlft%%&o@égg%gd altered
mat er i aVho2 tasdufffiaid haidicites daffe tegamoistriceiny re@andfld .material Ref euch ng to

Fig. 36, only a portion of third material 24d_has been_renoved to expose
second CAPFEMEHORAISIRAFABS afnies sdonihepaloaus EmbOAREDEY foi thggrme

numerals without the suffix “d”.
Referring to Fig. 32, the processing of Figs. 23-27 has occurred wherein

20 material 40c of Fig. 23 may be considered as first alterable material which was
formed over spaced first features 16¢, and which was altered with material from
spaced first features 16¢ to form a first altered material 44c on sidewalls of
spaced first features 16¢. Spaced first features 16¢ 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 alterable
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 material 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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10Referring to Fig. 37, second altered material 62 (not shown) has been

et ched from between spaced third material 30d, and spaced third features
32d have weenioimwsised whi ch conprise spaced third materi acTa8d00sDkipd
features 32d are spaced from second features 20d. Additional |ateral and/or

spaced- tni v das a8 Y fBp sl Qb RS RRRe AR RENO0 BRI BORaTE” "

pat t er had It caapidwdd1Gosparedubaeectdeaivelose Rty ardlsspankalttfiar d features
32d t hrough whi ch substrate material 12 received elevationally inward of

mask p#ateFal$3d can be processed, for exanple as described above.

Al ternate pn i t t hat el A - I I | at ed.
20 For exanp eg,%ﬁéielggﬁ & ?gf‘ ggﬁgdn%lsgerr?%llf%gﬁﬁ %éFg}ogéeﬁioéﬁtr%%g&gggcessed
such t hateredinyataripd6Ri. ohhirden eedidl  4deivovesbrhe dikfeoset s@aaposhtrint foead

material 62 . and form spaced second alterable material as opposed to
deposi ¢ %tnofo$et‘r%1de?ﬁ%wedz@at%fhﬁ &eﬁﬁ ifﬁ%mat?‘ﬁéroﬂciSBﬁc? sped feafpresc 2l e,

mat eri al 60 i: .c,oql-d - i
Const ruct { onarprifls IR0 oy RATRGH SOyt RREAAPISIIES SM < ocond
al t er abbmovetidoi adpB@. sethad,al eecd miatak tad 6@dambf@ami abab&d ilsirétncdtedial r om

bet vveer}' t he spaced second alterable material and spaced third features are
f or med /i ch conpri se such spaced second alterable nmaterial. For exanple,

t heo constr U‘Két@ﬂriﬁé tEiIQ .37, F8YoPaRERY ) gﬁgpﬁ%ﬁhbﬁ'é@l%'e@n mat eri al
is substituted for thi rg material 24d. WO 2010/ 065251PCT/ US2009/ 063999

CLAI Msetched from batweemesdaedd flabd inzateiiad 38dsahdtspated tisdfeasirag32flor ni ng

d,fi f b g f ' ' i I
ot ched e iesh SMeiuRITH oSt RRCRE abine paterigichfl S RANABERL Y

the Spaﬁés\ﬁiéd@frofrﬂ‘abbléﬁ& featared DedsUbdditidngl adrdloiid/pg vepasad second
features i ch conprise the spacers; depositing a first nmateri al

over t HEMIPHEMAYeROH Tedative 62 thihppacqdssegonsbipatuesfandethe sraegddhiidon from
tngf]é pl()faf%%t?ﬂ?% slsj Fg%%%g@%gé}i‘fﬁc gaft HESE s AR xhAPIE i BL L 2% s DA b} iding
spaced second features 20d and spaced third features 32d through which
substrate material 12 received elevationally inward of mask pattern 35d can be
processed, for example as described above.
Alternate processing to that depicted by Figs. 34-37 is also contemplated.
20 For example, second alterable material 60 of Fig. 33 might be processed such
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 24d.
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depositing a second material over the first material, the second materi al
being of sone different conposition fromthat of the first material and
from t hatwof2otomesspaced second features, the second nat ecirals200a063999 a

pl anar out ernost surface; 15renoving only a portion of the second materi al
to exp eAhQ[%.fi rst material and form spaced second material received over
the fi erial; after form ng the spaced second material, etching
the first material from between the spaced second material and form ng
spaced third.featAhesheli chfabeivatingea Splesiestesecmpdisingeri al recei ved over
first material, the third features 20 being spaced fromthe second
features: an@rming spageskEisst tegtyues Os)’lﬁ"lljs'itsr‘ﬁ’(sératt%r ough a mask pattern

conpri sing

2 e et nod B e R L E TR0 YRR IAPRARS dr IhESohEeh e

phod or ésdtatres;253. The met hod of cI aim1 wherein formng the spaced first

features conprises formng mask features followe y lLaterall
triming théCEPRXRY ths SR Pesh it ke of e a%et%@rﬁémstrraé%agg fg\r/@% apieed 4. The
met hod FWq;@] n has pitch of about one third

t hat oFQé%lgd g%zggi;e rras@ll:‘agggﬁ% es. 305. Tﬁsre met hod of claim 1 wherein the

mask patt er depasitpig efimst nadtoritl omer flouspdredhstcont fichturep axleiathfis rodt
features. 2010/ 065251PCT/.US2009/ 063999 t hgd af cI aim1l
conpri $PRG %ﬁ%ﬁﬁ&?ﬂ@%@%ﬂ 55&%&% P %a%ﬁweéesepcmdsg&fuﬁ il G
adi@cema@ﬁamqvﬁﬁgg%nf EPeIﬂ&'i%%ch&it firt&lenat e with individual Of the
spaced third features. . The nethod of claim 1 conprisin

f orm ng t he depskitpx esecaond nsathamé ogne thy firklematénal, thaseresd butaah each

of ad] %%angt o?fso}nheedl eCr(c)arnl%i CB%%[O%Et?gn from that of the first material and from that

of the spaced second features, the 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 second 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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8. The method of claim1l wherein the first features are equally spaced from
each adjacent of the first features, and the second features are not

equal |y sweceth/dss3m each adj acent of the second feat ur e®CT/US2009/083999 he

met hod of claim8 wherein the first material is deposited to 10conpletely

fill I A f | ' I | d
teaturoe . - aon¢ rne BBy Tor s A R p b RRE B g, o7

deposi tceehirdsd paFstdfammboedpitelyeddfjatend sippadachehdaenturbosdtth pdiersatef t wo
i mredi ately adj acent of the second features. 1511. The nethod of claim1
wher ei Wighandividpak abthg sracedethatsd fgatyrespaced from each adj acent of the
first features, and the second features are equally spaced from each

adj acent of - he sggo tﬁgétolfrcq%m 11_2c5§h§ri@ﬁ{g19&!m9ifngcﬂh%i fadic SAPREL $6 NG
laterally trinmng wdth of the thir eatures after the etching of the
first maverdrad of Al thifhdeaetdotefeal aaah &f edjgeensioighcdeposid fengutdse fir st
material to a mnimumthickness which is less than that of the second

material and, | ess.t han [ w dt h. of .t aced second features. 14. The
ot hod of 1l m ITROAGNGRY Gt VERRREEoL A A TeRr ey Shisthg ol
of onl y¥rsaeucf adiiBehthbf thd BdtUfe@urieE ] Mid tiRe 58I REREAIsEke ndRqually

2010/ 065251PCT/ US2009/ 063999 15. A nethod of fabricating a substrate,

conpr i spaged from daghradigedntraf thgmpconddeatwpaced features over a substrate,
the first spaced features having el evationally outernost regi ons which are

di fferent in comppgibiQRok @TIEkEHheNAL! e S LIRS AT S9UEPSsitda 1 second

spaced f eat ures,
10 completely fill space between closest pairs of two immediately adjacent of the

second features.

10. The method 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 1 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 i1s less than that of the second material and less than

maximum width of the spaced second features.

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

removing all of only some of the third features prior to the processing.
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5 the first and second spaced features alternating with one another;
renmovi ng every other first feature fromthe substrate and form ng pairs of
i medi at evp 2atymsmnt second features which alternate w thTiusdeogiocisad of
remai ning of the first features; and after the renoving, processing the
substrate tRhrough, | h irs of imediately
adj acent segggd feg%él}rﬁég (;v)\fha%atg lcaf]t%%r hat trg go}n ﬁ%al of the remaining
of the fi rStfofIﬁa’ﬁgJIfﬁSt and secod® spddeal fﬁthﬂﬁ @(Feer @hb@tﬂeﬁey\/ﬂﬁd’ eirsx $geedecond
features are honpgen 17. The met hod of claim15 wherein the

r enovi ﬁ@a%%hiﬂ‘%\é@ %keaﬁrlﬁgallzmtéemﬁesmgﬁ@as sthigh grendiffey@idridi n no et ch
mask | I t f

1o, e RarRoHER PR R OGP Gt b BRI BL B LR Rl cifres
mat&r i ahe feseanédecoved spackd featerds dloeymasintg withf onwesanothices i al .

20. The nethod of claim19 erfrEI t he second features if'ilre of a

conposi ti on 'RMCYINE EVATY PERYNTS feRiurAdf o theruibsialg an Jog@é%@a}fatcén al s.
WO 201%%§éﬁ§€é?ﬂdy%é}{%9s/e%§8%‘éatures whlgﬂ al R riBte"Qetnoh di A ¢ 81 g a
substrate, conptising formng first and second spaceg' features over

a substrmatiemnghﬁ fherﬁrstsfpauedsw‘aai ures having el evational | y out er nost

whi diff t t f I t t t
ragi ons of PRI IBEGRIM S RBoB TRt Re SHetf P QB OBkl Saced

f eqg ur @§nﬁir‘iﬁh?&hh i éhlrﬁﬂ@d@mwamadeﬁt Qeednd feItGRINGhidie aftbFSdte and
second materials selectively relative to the second features to renove
every &tiHeindividpalf efather eerhpiommg € thebyst seasurasd to reduce wi dth of

remai ning of the first features and formng pairs of imedi ately adjacent

second feat yiges W ofheths #oFRI B S hOFN AU RLcOla FORuFEMBINI NG of the

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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10first features; and after the laterally etching, processing the
substrate through a nask pattern conprising the pairs of imediately

adj acent wecondeimat ures which alternate wi th indivi dualpcofustéve/osm@omi ni ng
of the first features. 22. The method of claim21 wherein no etch mask is

recei ved over, any, 150f th Lrst features during the etching. 23.

The: method. ot o1 2 AR polii: (hRehess FUER A, SPRRg f oe o second

material regeimess Gier add detdRd ephcadrptidsl Oferfd EebsthBeethakirst fimceacond

features bei ng of a conmposition which is different fromthat of the first
é

and sededi@rembaying elevayionabyoywesnsPeRiUs2odorheseddfferent ing4. A net hod
AR e DEILT > ‘. f
or ta %bgrﬁ:g%sqgoﬂ f?b’x?li%l%?%gongﬁgggdtéhﬂgs {%ﬁ@%g@?@&&%&d Egécede tg\'g\ﬁ,arl%ﬁgo‘é]?r

a substr ani t ropi ca spacers n si
t hes spakedirkt asd skeandispaceSfearavesngtémmatisganeth dne stofheaf ures fromthe

substrate and form n%lp,spaced_second features which conprise the spacers;

nmp )

deposi ting ARteapt¥ AP i@ lieeiTsAianghsacondenaisaEes sskeigly saltativestoahg

al t er | 9gc{P rBlAFEAR FoBLEThaly WhkdH fRLGEhAlre 1 O o IRAGE ai8G8N
features to formaltered material on sidewalls of the spaced second

f eat ur esdudddeddsdf rewgamisgodinthentatserfeaturey end tthemédg eanéad aofeinemiediatetyhe
second terial bei of so ditferent conpgqsi.tio romthat .of th

I t or edUHRAEBH SSFORMAASH oS 'fhajtef%tes\ﬁggéaag‘@éaﬂ 0% thg tgraaining of the
repeVvi pg PRl MufePHd on of the second material to expose the altered

material and form spaced second material; 15after form ng the spaced second
mat eri al, etftertyetlhterallyeteblingatpeoiedsing the substrate through a mask pattern

comprising the pairs of immediately adjacent second features which alternate

with individual of the remaining of the first features.

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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from between the spaced second material and form ng spaced third features
whi ch conprise the spaced second material, the third features being spaced
from t he wecondesmat ur es; and processi ng t hepsuhsteoanessvphr ough a
mask pattern conprising the spaced 20second features and the spaced third

features. 25. The d. of. cl al 4 wherein.the altering occurs
during deposzl4ti ohégfett%ﬁgn(gfltgg’?hcﬁlﬁlélgn%tsg?ﬁ%ﬁlt.e’ COMPTISIBE: The net hod of claim
24 wherein tfhemahd ephdt Oigsiufedtddek @veganplgiiaae; of the deposition of the
alterable material. 2527. The method of claim?24 wherein no altering occurs

until after feoRpreenbwtEIPicndy ¢éplind spaneryonttidewptlsrofiyhe spaced ifist 28. The
met hod ¢0f;,,clai m 24 wherein the altering alters a portion of the

alterable mat’eri al adj acent each of the spaced second features to formthe
al t®red nat eemalvinfithe sheead figstpfeatu@lsrom theeswdistiatabhed fiovinenig 3packdst al

t he spaced igsecond features unaltered. WD 2010/ 065251PCT/ US2009/ 063999
29. Thécrhbertyres WAL SeNHYMS 1hei SRFc&8FShi ng the distal portions away

sel ectively g i I rd-al L iting of the
second mat erc%eglb.%hy&eaﬁ%%%&%ﬁn%gﬁﬁgalor@%ggr%iS gtE%:che{:aQ%% §%t(rag?§e):§h{l:orrpri si ng:
5f or m nitesimgce 4ltemblé emttariek wotlemagesabftomatles spaced §aromdnfpatures to

ani sotroopi cagl ly etched spacers sidewal I s of the spaced first features;
r enovi iﬁ@‘prf‘ﬁgtesr%g@éateffﬁls‘{)n ?‘gﬁf"’@ﬁ) soé%nﬁﬁaﬁédﬁﬁg?gaffgt_uéﬁﬁ form ng spaced
sepend feat WepssMHER COBRA IngMetAE 0YRATRE alteAQNRRDSIAI, NHe RBcShA S AR}RI
materi al over the spaced second features and altering only sonme of the

al t er abengraf epived differtgntrgperpositién dromibat phtleraBenshhateasuaed framf or m
alter eglF qa(#:{l al on ssi dewglot%s (}f S_t he spaced second features and | eave
al t er abid Hets TRACCH WP A S over and between the altered material ;
removing only a portion of the second material to expose the altered
material and form spaced second material;
15 after forming the spaced second material, etching the altered material
from between the spaced second material and forming spaced third features
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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15after the altering, renoving only a portion of the alterable material to
expose the altered material and form spaced alterable material; after
form ng twe epassrkial terable material, etching the alteret/usatsnsabs from
bet ween the spaced alterable material and form ng spaced third features

whi ch conpri t spa alsterabl,g material, the third.features being
spaced 20 frzg)% t E@les%cegﬁgd ga?%lp?ag;% @h Srlsmg %trcgé%%éill%glsttﬁgp%{}b%%sr ate

t hr oughwayn®gkciatlyerdlatioono ithe Atk &® nspadel psieeaddht eRpesRen@bd thdhre spaced

third features. WD 2010/ 065251PCT/ US2009/ 063999 31. A nethod of
fabri caesoRd Maigpddr ate, conprising: forming spaced first features over a
substrat e; depositing an alterable material over the spaced first

features andgpl t ef ingnbi& fbelAkS el Mé’tle, iw'g;er&arﬁqhgri al fromthe spaced

first features to formaltered Smaterial on s s-of the spaced first
feabures; formafg epatdibfiabt femtmgs acvemavsutgtiadte; spaced first features from

the substrate and form ng .spaced second features iC onprise the altered
mterial . | fonming aBiRGhinbiTs creNG Shkess il SigouRlsi Capatcddtisha

featur gsaipbgeh is of 10sone different conposition fromthat of the spaced
second features, the first material having a non-planar outernost surface;
deposi ti ng acwwoong thatspated foviefeatimesfirpmt theesudrsitmits anddosmingdpastdr i al

bei ng of so(?nta c{iffer nt cogﬁﬁsit'on fromthat of the first material and
from t NEFORY TEHETEHYDdG SQEEN S Wt TRASETS 15r enoving only a portion of the

segpnd nat erdepbsitth ¥R rhbR hiatsiial over the spaced second features and
altering only some of the alterable material with material from the spaced
second features to form altered material on sidewalls of the spaced second
features and leave alterable material elevationally over and between the altered
material;
15 after the altering, removing only a portion of the alterable 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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material and form spaced second materi al ; after formng the spaced
second material, etching the first material from between the spaced second
mat eri al woadofoarssismg spaced third features which conpri seTasameds®eeond
material, the third features being spaced fromthe 20 second features; and

processi ng tﬂg sugzﬁét%lto% (gpfa%gg{}ﬁ%rgggghb%)tz%lgtteercgmcpcyi‘g)lri sing the spaced
[ €

second featurés an € space atures. 18" 32, The method of

cl ai m 31 whebeming Rpadep bt ioaguass dhe sedonthtopterial forns the second
material to have a planar outernost prior _any 25 renoving of the second
material . \ASPPSIORHEHAE PElIUTAHDIR bevuYidie spaced a3t foatysehapd gitering

fabri cahi g2 SHORLIAL A wHRATRAL S 1o kOfY 9383589 hifsts [SRLME SFcpYEr 2
d g I e i rst

substrate; depositing a first alterable nmaterial over the spac
f eabur esatench] alrt @denglishef fher gtacaltfersalfestuned;erial with nmaterial fromthe

spaced first features to 5formfirst altered terial .on sidewalls of the
spaced fi rstafff‘éatﬁl&raﬁgfzrmga remayingriher@aged e -atpEsiol oAy thheu RYEEed first

feat ur ggqf ﬂ‘o@ﬁ’iih?%p%’c‘l?& se@bRd F0&uk & WHigh %9&&9?&@&1‘&0&%%?%9{&&1"‘“ ch _
conprise the first altered material; depositing a second alterable materi al

over the spaced second features and 1lOaltering the second alterable
R AR b T I e R R ST
10 some different composition from that of the spaced second features, the first
material having a non-planar outermost surface,;
depositing 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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depositing a third material over the second altered material, the third

mat eri al being of sone different conposition fromthat of the second

al tered Myomatoarssmh and fromthat of the spaced second PeatUsL@®/063999
removing only a portion of the third material to expose the second altered
material an or orm ng the spaced
third mater?’al g%&ﬁggt%@aﬁ%@%’ E%?Jé‘l?setdm’e 08% ag?%om bet ween the spaced

third naterlfafmaﬂfg:lsf)@xferd figstsfpacedstdierd ftbsteatur es whi ch conpri se spaced
third material, the third features being spaced fromthe second features;

and prispesing adist §|ll‘l§§%t?1§tléa‘teﬁ¥36dﬁﬁréhﬁﬁkc%fﬂé‘r feaderesrand ng t he
spaced élit% mﬁgdtﬂeeﬂ} rAferabth H&‘%eﬁ&’la&z?@l ﬁlﬁtér@'alf %P{l?ess e?t%d A8 fARLed Of
claim reln t e spaced second tures phot oresi st and the

second fairh e e ladtemrad mataha(t«mmdswallsnﬁ the smsar:ed |frrst gmmoest;orrponent S

di spersed in_an organi ¢ conposi.tiopn that ss-1inkabl e upgn exposure to
aci d, wher eiAtSH g r?jeéffigalfng’rcbvr’rflgﬁge%a&%‘iﬁg UESSA ARt S HEITRE aci d,

and thanalffoff-ﬁhﬁ% shpiBe 3 SEOBEH ARFADLRIIRE SHiRlscOREPMiSt 4Fichod HdtBrial;

cross-links wt t he organi ¢ conposition upon exposure to the aci’d in the
30 material fromthe spaced second features. _ 35. The net hod of claim
28 o oD 208 LSRRI OEN OO nchudes hlleane Y
ongQ or améfi%g' HY GR0din€l L1BERAONE RaSetiACWEES rd18red material frof 1RtSpLeaf
fabricating a substrate, conprising:
second features to form second altered material on sidewalls of the spaced
second features;
depositing a third material over the second altered material, the third
material being of some different composition from that of the second altered
15 material and from that of the spaced second features;
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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form ng spaced first features over a substrate; 5depositing a first
alterable material over the spaced first features and altering the first
al t er abl evomvswviesdsiwvi th material fromthe spaced first Peatusec@/063999 or m
first altered material on sidewalls of the spaced first features;

after the alteri of 1 ficrst. alt,erabl e terial, removing the spaced
first feat ur3e6§ fpghn% Fheéﬂgﬂﬁ)sftcrﬁéltng 3§n‘8ﬁ 5‘?%&%& Osnﬁa%felal%%é%%r&%fn Gt ures whi ch
conpr i senmlfdent§ insludak hes@d materi al ; depositing a second alterable
mat eri al over the spaced second features and altering only sonme of the
second alterable material with first altered material fromthe spaced
second feat drles t/ MHhrdRiclhbgicatingr 2auhtirale; SPdHISP8ewal | s of the spaced

second f eat : . I rial elevationally 15 over
%E@lxz%gg%g@dé ﬁritf%%@@re@ SR aPl fosTRiLE

and between t materi al ; after the altering of the
second al t erdzlplositineg erfiissit ,altcemtlei mateoidlyovaerpbe tspacedfirthfeasensnahdl t er abl e

material to expose the second al.tered material and form spaced. second
a1t or aBlET TR B TSt elfaraply Bneigl THe SHLCsH NeGors SAGSaBI S TRAVEFT 8
et chi ngoff&ri 8 GoRGe & On At R 84 ﬂaa%ualofftmer@plae&mﬁ@t thausnaced second

alterable material and form ng spaced third features which conprise spaced
second al t erdisirehputltaring of the firki aldefabd¢ mrassribbinegn spagetiefspened Hassecond

o g o R PP e B SRR B oo
10  the first altered material;
depositing a second alterable material over the spaced second features and
altering only some of the second alterable 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.
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