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I nvention [0002] This invention relates generally to integrated

circuit fabrication and, nore particul 8ME to nasking techni ques.
Description of the Related Art [0003] As a consequence of nmany
factors, including denmand far |ncreased oortablllt ¢o -utlng power ,
menory capacity and eneREpSHiEFRRENGE T i F B APE
continuously being made nore dense The Si zes of the constl t uent
features that fopﬁpﬂhe Thisegppdicetipncisrielated $o the @HO“@&&J Bi Baﬂentdépplb‘a@n
and i ntercogpne 8 a
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access neno | ash static random access nmenories

( SRAMS) ﬁPog?@W )“t EI foflor 188 Bi"1%912: 1570 entithest Yitehe Redused Pattemns
t ypi cal | y CREBVSE Pkl Y reglgntical circuit elements, known as
nmenory cells. A capacitor- ased menory cell, such as in conventional
DRAM typically consists of two el ectrical deV| ces: a storage
capacitor and an access fie 51 (fﬂg R j menory cell is
an addressabl e | ocation tha digit) of

data. A bItFi% |tten to a cell through the transistor and can

be read by *sensrng—*cﬂ%ll%)'@ in the capacitor. Sonme nenory technol.ogies

enpl oy el enents fghed} carThRChvagioBqblhited BLOLBOR BRI oRchiCHEMEdBR and,
g., dendritic pepory enploying silver-doped chal cogeni de gl ass)

(e.
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Description of the Related Axt

[0003] As a consequence of many facto-rs, including demand for increaséd
portability, computing power, memory capacity and energy efficiency, integrated circuits
are contimuously being made more dense. The sizes of the constituent features that form
the integrated circuits, e.g., electrical devices and interconnect lines, are constantly being
decreased to facilitate this scaling.

\ [0004] The trend of decreasing feature size is evident, for example, in memory
circuits or devices such as dynamic random access memories (DRAMSs), flash memory,
static random access mermories (SRAMS), ferroelectric (FE) memories, ete. These
memory devices typically comprise millions of identical circmit elements, known as
memory cells. A capacitor-based memory cell, such as in conventional DRAM, typically
consists of two electrical devices: a storage capacitor and an access field effect transistor.
Each memory cell is an addressable location that can store one bit (binary digit) of data.
A bit can be written to a cell through the fransistor and can be read by sensing charge in
the capacitor. Some memory technologies employ elements that can act as both a storage

device and a switch {e.g., dendritic memory employing silver-doped chalcogenide glass)
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and sonme nonvol atile nenories do not require switches for each cell
(e.g., magnetoresistive RAM. In general, by decreasing the sizes of
the el ect NeBabo7iexkses that constitute a menory cel |l arrtTvUseomsiaees of
the conducting lines that access the nenory cells, the nmenory devices

can be madengnBihe nordRtild QRd@hddes 86 Oﬁageemea@wubm ¢aN daeh cell (eg,
increased by fitting nore menory cells on a given area in the menory

devi ces.  magnetorpsigBye RhdDe dnteerrid) by easerasing Hiej sizep eétlmeée@?%@evgﬂeaé%
ever or eal &l 4BN0R.A0! i LACheiple £5r g@?&anﬁg b4 B ERALUEE hanfody
exanpl e, pho ol'i hogra phy 1's connnn use tern Teatures, suc
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sizes of these f t%lres when t he g ttern, i nclude epeat i,ng features,
as in arraygmqslf"f&ﬁ 108 RGTE FSERORS “ﬁﬁ@“ﬁg%’f’%ﬂ?ﬁnb%f’ TS ACEENt i cal

point in two neigdyapr i %J&ﬁhma?&du&%%%@féaaﬁé Hﬁ@%la’%:'é@e%&‘%te@@f bdmands on
defi ned by spaces bet ween adj acent features, which E)aces are

typical l'y fint kelnibyesausndtie forai thesfagitrens Fan example, ahetolithegraghy ésemmonly

pitch can be he su _
width of t h‘é'm‘ika% Bty Foshid®s, S foopifebl Bhi: gfhseg%’g“?%%‘ HeSilduPhe b8 to
from a nei gtb@itente s8¢ of ﬂ:esé'kwé’sf whduﬂxetphttémmhdnéessmpéamg feqtmrfss; $s in

and l'ight or radiation wavelength, photolithograp %1 t echni eh
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i 11 ustr at edihe Fednin® deRSatibi- thit ﬁﬁtdred@@ﬁ lai efghbbiingd XeBimrd2a Hewtvdpdue to factors
5,328,810, issued to Lowey et al., the entire_ disclosure of which is

i ncor por at egrchés eptirsighd Pléhté?fé?ﬁéﬁlonwatvﬁleﬁl%}l’é#’@ OZEFPRY HiFfeiqyeR sach have a
pattern of | SpAPYL Qhioh Ko ko & iddnd &h%ﬁbﬁ%lﬁiﬂ
| ayer, whi chﬁtglégrrn gga %&Pﬁyer E Z@Senﬁﬁﬁ%ﬁrrat eri % whi ch i ny
turn overli ﬁmna‘ezsmbsstﬂmsethﬁmunmmmf aphetoligbograpige tqchmqmlﬁ e phstaole to
t hen transferred an e preferably an ani sotropic etch) to
the layer 287" tipy eéffgw%fsb"rcﬁf%gﬁ ‘acehol ders, or mandrels, 40. The
photoresi st |inegodé] carpibd dwublidiTed “pifdh lﬁﬂﬁplﬁﬁ&ﬂdﬁ’Eﬂs&bnéﬂmﬁ&ﬂ foextending
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spacers 60. resul t. he .spmal | est f 0SS le with
hot ol  t hog it be RaERiter et l pEtese/BF oithBes el Tade T s g
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pitch is conventional referred to as pitch "doubling,' nor e
general |y, Fangigls %a&%swp@aﬁgaw D. ThRpacers éfnkerfhe B Xfeﬂdmg or onginally

St CatBilg o ahg HorPYaly AR 0 Ghdind Ak 81 3L th lfé(nﬂeﬁ‘b?il t4E§ides of the
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preferentially, directionally etching the spacer material from the horizontal surfaces 70

.



[ 0010} According to one aspect of the invention, a nmethod is provided
for sem conductor processing. The method conprises providing a
tenporary fealngnzessgr a substrate. The tenporary feat ur eceaspns&smza
first material. The first material is reacted with a chem cal species
to forma nagksd eatsibRnGe Fidurs i Bg ThbeensitiidGhantdfeld HE afectbal repibvbd Bk
the first materjal and the chem cal species. Unreacted first materi al
i s subsequeheigd sulyche ispaqess é%m@latogﬁ%eqiqt&é@owa% T{RSERBSh & Shown n
aspect of t i N : i i !

o bcessi ng. TR HEL RAY o FRNGFphoh EAU AP chat § AR DERERL ne eature
pl acehol der snd arerspelcep fhet samp ovidihynoweinendea| twa deabges ndriwgisprreswath the spaces

substrate. nporary placehg| ders ar arat ed.by spaces. .$0

of the t empBeErg Hheen e LR or ar e OR Al BRF Bssii Fip 4
a pluralityphtolftReE8siSe tethqR B effeditigdegtkask@r M5 a plurality of mask
features. Unconverted tenporary material is selectively renoved. The

substrate is prol888ed Whilaihh plicthissrtupit kalyed indie eraprpinaboye this reduction
plurality o C . 0 cQr di nge« t her
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f eat ures i n“multiphiétionZt eThus| commehtionblly, fmtibiphcation’Dof péish by a certain factor
| ithographically defining a plurali t¥ O‘Iﬂ rf%si st features. in a r_e@iﬂst .
| ayer over é"t%%/s‘fj?’%]tv%s FElPgE e PHSR ¥ et feRfeT dheSony EheRR SErRRRIREY 18
have a w dt hydefdmagd, by lithographically. The pattern is transferred

to a layer of mandrel material under the resist layer to forma
plurality of mani#068ls oft will wappregiated thafstobpoeressgs may Timeoveetierantparts of

each have a_ wi dth tantially equal,t Wi di.h j :
Foaturas. A% grochf ERoRanat ofu MeRpis el oo lhe Vipofe*dGlnay cton the
mandr el s W §ifedllseif € mandrble 40andidhs ratdsta@foss 4 sutshee rduego idedl differences in
pattern. The di stance between the spacers is |ess than the vm'gth,,of

t he nmandr el Empepsrgnibabesp gaws fcal & e‘feﬁ%es_sibé%@rréteﬁ-s TheserRonamifognitigs can
the substrapg, §,0 ARG RS %ﬁ}fergtfﬁo E‘cﬁ'ngl@;@%h ek @AHE 5, tultlgx(ljatglg, 16RO 3bn-

According to yet another aspect invention, a neth
provi ded nmetdifatmfitoos if faniresatakteyedin the subgiratt 80 ughg Bwispace®id. net hod

conprises providj a drel In a region of the.integrat Cl it

A layer of mater ‘Oﬁgmi s ?}'8%‘fef’etge Wﬁ‘glls H@e%rfmfhe Tﬁ%’%"ﬁ%@@?"“’éﬁ%“’my
mat eri al i Shé s@hpAMIE dithYvaeloth BebotR skepa Ve ¢ XROSREIAP aretypically jvatrials for
sides of the nmandrel. [0014] According to another aspect of the

nvent i on, | EACPR BRAE it RIPHS SBPS VRIAbIR Gty D Y BRaTystch) and for
fabri cated \vﬂ%cﬁ%ﬁéb%’s&éc&%&'e fgat&\kgc{&&le%f& av bl RS Kol i GOHRTNbS &R

a plurality of spaced nmandr ch each have a cap layer overlying
its top WpEREY HeTES8RETEIgSR00 64083708 patterfsafren ovetlpingresyft). In tum, the

pre-spacer naterjal .overljes each.c | gyer. e partially fabricate
P Ceorat ed Erecal r pih e aE afgrt bl B e Fibtle malerdl e S
mandr el . ThegafeHaR SdiScedBEBEioSRioR cOiikind T thdlafi-dbhRitel ateHals 6hould typically
material and the mandrel material. The pre-spacer material also

ext ends bet weiedverssly pfestithemansieladd. Thiemmirgpsotry thy fsoNopie etohpn addition to
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appended dr afwinsigsals whsddh pétclerndiplitation, thedebs timéing paovdssiotitude |imt the

i nvention, and rein: [0016] Fiqures 1A-1FE are, schenatic,
cross-secti onal WT@]@E viwhﬂgg@a%?éﬁﬁ&f%& for metho sr}or extending the capabilities
of pitch muitiplication.




of masking patterns for form ng conductive |lines, in accordance with
a prior art pitch doubling nmethod; [0017]Figure 2 is a schematic

cross- sect {y@hyihde view of a partially formed integr agEuuSADIGNAI73
in accordance with preferred enbodi nents of the invention;

[0018] Figure 3 is a schematic cross-sectional side view of the-
partially formed integrated SiMMARY QF THEINYENTIONar f or ni ng
features in a photoresist |ayer, in accordance with preferred

enbodi nent s of {30} nvérwepging To0REoRsErey W dhal inventions @Hastes ds provided for

cross-secti L&) | e of e | [ TR6Ld C%’.g b Gt
of Figure 3$81§?P %drﬁmfeéf 3&0%%&%%%9%9%5%2%%3&5%% ay«g,m@%{ ac oPFa arnce e
wi th pref erstlestramiteitempdrarydattieaoinpyiss ta fire m{t&fR O [THe dirstendenad isreacted
schematic, c¢ross-sectional side view oflfﬂ t he ?ﬁ:ﬁrti a

I f .
i nt egr at ed V8t & Ghemigy SpF@Eﬁ@ ¢ sl fealiyesr ¢ Hrwjlgéh%&ﬁc{&gﬁgﬁf}*%m%@

hard mask hayekn e kP Yol MRNHeCtheiReAT ipdbied O TBfAR ] MR Qfafbriaf is
mantels in the tenporary layer, in accordanCe with preferred

enbodi ment subdequangdy peleivelyoemoy@021] Figure 6 is a schemati c,
secti | . o Al _ et o
of Frure 5. ar {81 fep iitotiing pRPet e it pR e SHEROE R o ifel o

accor dance émidandictdh efrbedsignb othdTeidid clondphiges fwaitly @rplufaliy28] fegpuaraey
7 is a schematjc, cross-sectional side. view of the partial I% framf,g
i nt egr at ed RicFqlfers Jormmdyaf dergpormemeledalc pTPY § HESIPRYWHST G SPfjizate.  The

pr e- spacer ' i e h& orsrv thdlerdal i
accor dance t\%ﬁﬁtﬁ'%?%??lggﬁgﬁod %1%{% Gségosﬁjgé:eﬁe %ﬁh’f%n%ﬁy ) e
2007/ 0276864004082 016 0 380 B afedioRB | foingaploralityi of spacstsh Sihgtoitleer material forms a
cross-sectiqnal. si.de vi.ew of the partially forned.in . | LG Ui
of Figure ﬁﬁ%’r"@@ﬁ%&%@ﬁ' ybP@ﬁgﬁcﬂd%%@&? AT rlsesgeg%égéelﬁgerrn%{%gi gf‘?
i N accor dangBstitd 18 pRycedsed nedugidedilnmnts definddty thopRndinper spacers.

[0012]  According to another aspect of the invention, a method is provided for

forming an array of repeating features in an integrated circuit. The method comprises
lithographically defining a plurality of resist features in a resist layer over a substrate to,
form a pattern. The resist features each have a width defined by lithographically. The
pattern is transferred to a layer of mandrel material under the resist layer to form a
plurality of mandrels on a level over the substrate. The mandrels each have a width
stbstantially equal to a width of the resist features. A plurality of spacers is formed on the
level of the mandrels without etching the mandrels after transferring the pattern. The
distance between the spacers is less than the width of the mandrels. The pattern defined
by the spacers is transferred to the subsirate to form the array of repeating features.

10013] According to yet another aspect of the invention, a method is provided
method for fabricating an integrated cirenit. The method comprises providing & mandrel
in a region of the integrated circuit. A layer of materjal is deposited over the mandrel.
The layer of material is isofropically etched to leave exposed spacers at the sides of the
mandrel.

~{0014] According to another aspect of the invention, an intermediate mask
pattern overlying a partially fabricated integrated circuit is provided. The mask pattern

comprises a plurality of spaced mandrels, which each have a cap layer overlying its top



[0024] Figure 9 is a schematic, cross-sectional side view of the
partially formed integrated circuit of Figure 8 after renoving a hard
mask | ayer, wionoageossdance with preferred enbodi nents of ehews2o06/033703

i nvention; [0025]Figure 10 is a schematic, cross-sectional side view
of the partighly T,a?ia%xdofe@%%gmﬁ BllteFinl Sudittes RhcHéapUsRr.9 THE berially fabricated
sel ectively renoving“unreacted mandrel material, in accordance with
preferred eidiegtate®oirsuibfurthbecampriees spesers p0eids] ofegely of the magdigl. The spacers
schematic, cross-sectional, si Vi e t he .par i - . o
i ntegrated EPPEEI%? B?m%in 'n og@eﬂ? rag%rrn@al%g?%%fl?r%é g%]ﬁ%rtg{%?%n o TP
by the spacgpselQamriiiond Xemls bawedn neighboling gpgcdrhie spacers, in
accordance wth preferred enbodi nents of the invention; 100271Fi gure
12 is a schematic, cross-sectional side view of the partially fornmed

integrated circuit of Fi gynfpdbmici@briNeY g bRawpagers, in
accordance wth preferred™n rments o € 1nvention; [0028]Fi gure

13 is a schemati 0SSmSect | ey ' £l Dabbixd Hesesso
i ntegrated ci rcuﬁ?m%? Fisrdﬁrlé\t'éfgg%hﬂzlrbgg ?t\elléﬁ?\f‘y‘éér}%"?%ﬁ?‘ﬁg pattern inﬁ?hen
masl dng | ayef the Pasfertdid Bimpblingnsudmst frah ethe iappanded dobawings, wibidh are meant to
preferred enbodi nents of _the_ invention 0029] Figure 14 is a

schematic, diwgatesas ppiraimibihginvFplicp. grd ‘ﬁh?fﬁ‘F£i ally formed integrated
circuit having hzmﬁsz W%ﬁ%m@%ﬁ%curé spektid]REdsh BabtibAY QIds vikiviDer dquence
bet ween the spacer nd the substrate, in accordance with preferred,
enbodi nent s offnaskiagiyatiemns ifonforming confuwiye fines, jurascordance withse pagm it @iteh
Cross-secti ?ilnaél. Si derpv'_ew of the partially formed integrated circuit
of Figure 14°8Pt%&™ ¥ F%nsferring the spacer pattern into the

addi tional maski ngoi7yersgaed iaa soRaedtylokosg satibsdl sides/jew of apadinkin fromed
with preferred enbodi nents of the | nventig_n; ' and LO?%L]‘H ure 16 is
a schemati c integratsd cet i AwPrdanavith BRfeErd ERROPRFRE g VEPHEY
integrated ci rcug{,m%f(jll Fig P i@fat eheh MRS SRR Ssi@N vidwlRF thE phifiglly
mandrel s by a gas phase réaction, 1 n accordance with sone preferred

enbodi nent s fafnddhatdgmtahtirenit of PiETA 2 EBeDRSCRIPTaDEsOR T HEoPRERERREDIn

EMBODI MENTS accordance with preferred embodiments of the invention;

[0019]  Figure 4 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 3 afier etching through a hard mask layer, in
accordance with preferred embodiments of the invention;

{0020] Figore 5 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 4 after transferring a pattern from the hard mask layer
to a layer of mandrel matesial to form a pattern of mandrels in the temporary layer, in
accordance with preferred embodiments of the invention;

[0021] Figure 6 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 5, after depositing a layer of a pre-spacer material, in
accordance with preferred embodiments of the invention; )

[0022} Figure 7 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 6 after reacting the layer of the pre-spacer material to

form spacers on the mandrel sidewalls, in accordance with preferred embodiments of the

invention;



[0032] I n preferred enbodi nents of the invention, in a masking

process, mask features, such as spacers, are formed by -a reaction

w th a tenpwbanyokeaté ure, such as a mandrel . Preferably,pdings26ems2035
are forned at the sides of mandrels and a trimetch of the nmandrels

is not needed. T ndr - r \ ¢ s I

ot her materi al 0:1 ﬁ?:zr%m' c%fgﬁsggeg? gsﬂtlg&?gér’ rﬁrésﬁgeést%g%l\éérlg? V\%‘i’ (?Ea[ﬁé pQHﬁlly
conpri se spaenedvintegrited cirprit of Figue 7oafier tseloftivehe ramevirty vareackedc pye-spacer

2T 1S P SRR O U e b 202 O e

mandrels to T'n reacti ons & reactions

preferably occur [e624] he Biggleso Gf at ibediBir@bS-satdnslOfHIE Mievk € the partially
sidewal | mangrel nmaterial intg spacer. material. Unreacted nandrel

material is P iplegratadaiicyit peRigyisd afiepremexipg adaphmask layesfin accordance with
free- st andi Ng.RREEEHBodibbRE GﬁﬁPlirNenﬁdﬁe spacers are formed without a
spacer etch, i.e., wthout performng’a directional etch that
preferentially rdfRs sPiguerliit erstlmaticomokmsectiant aldesvew asfethe partially

Spacers can B FHHACA el FoPiEuisn dthsb AEIFGI GG crating Sapaced mandeel
under | yi ng suiftéridlafa@ccordance (W28 Pekerfdd@ntRBYRNLE FThahvaBbgr el materi al

into spacer materjal can_be acconplished by various processes,
including, e.g., [BY%6dat i BEurenik is o schemptics Fiobwesedberiabnidandew of the partially

pol yneri zat i E%&r@l . r rial . [ n_the
sirdes the rrafrﬁg?ee ls{e e.g., cgr;; Oggiﬁg%ﬁr%a%rgadg%ﬁ%aﬁ%&ﬁ egq %}%ﬁ‘g;{egy © Spacers to
deposi tion oakard ek fwyed nedeslyinarte spreempindicadrdanat evitmgefetrod e@d6dimahits bf
t hat | ayer OtL matecial by, e.g., performng an anneal. In other
enbodi nent s, °F FH%r el s can be exposed to one or nore gaseous
reactants to for "[Déii’ﬁﬁ Spaigt 1Ries Is@lemaak, Exlaé‘s-élé@ﬁ&{aﬁsﬁlecﬂéwtlﬁ tﬁé@;@ﬁﬁﬂy
to energy (e, g., light) or other agents (e.g., catalysts) to convert
t he exposed fnamest titepnated cireit phFigueenbl hier nemowini dhe byacers, ip accordance with
pol ymeri zin =41 nki h psed sidewal | s of the mandrel
mat eri al . %rgfe?g%%iﬁo%g\%%p%ébn&g Y, ~because the spacers are forned
by converting par[0028] t Heignmntd & & sthidntatis,pexesy-sefBdral isille, vigwtdfl tit Qartially
the mandrel s iSQj{LOt necessary,. The spacers gre ftgrmad extending into
the mandr el sONRS wfegtaded uept BEF%T&el-?&%s"s%@se&@a gpatieni hetaskinglaysrdo
case i f the SRAGEHEnYEILErAOITEbRAniGESHIRNEN knBlailbRs BRALSlestor Ne
extent of the spg[?:’er for mat'i on.Peacti orﬁan i nfl uer%cel‘?(ts)g?ﬂl ?Iﬁ}gﬁnm
t hi ckness of the 8§28 er sFigvrg 1 sphemiting crobresestimtaheidaview of a partially formed
Advant ageous €. : ration be simlar to the
separ ati on a%%!gr éiglegcf lr%ﬁ?g&%é@?@ra %saﬁg a%dcgrdaaﬁ%?}%f megking lgeé%alfﬂosﬁd bSyeethe
pi tch nul ti ppkeeat dsrdnhsubsieds, in Mroslaver witbgeRus€ eabidinghie be theiiSvendén;
necessary, the s%g:ﬁﬁio of materials for the mandrel is not |imted
b

nip mterials co | FIgRENY Ke? sSPhemabiec oss-yctendl sidsnview offie qartially
etch can adyadPAROHSLY 8wt Hede 14 ﬁé'ﬁ&%ﬁ%ﬁ cl i
spacer etch can rouf%l t he tolp edgg%eof g srpa?:er. @ﬁe %%a&%g?%\%?%éﬁtobge
undesi r abl e alditional wagking dfykemscandy et yndeding subshigeaspeatordaats ovithf prefeered
spacers and/ Qr, encour s. an .uneven distribution of etchants or other
materi al s du%br?gméeﬁ%ﬁﬁ?fg%lln%n S Elé’tec"chants or other material to any

| ayers underlyi nqoe31g sprigeiesi6 AdY IBHAGEOUSbYs-seSHRRE slel QENRSF the partially
according the preferred enbodi nents_can have a nore uniform square

shape. Mor ed9Bred Riegpigdesiraait of Figyre bafterdpuniag gpasesiopsiden @f fermendodeby a
nder | yin i : : ted
ot i a1 P BB et FE ool e PR R otthe HOGARSY

made to the Figures, wherein like nunerals refer to |ike parts
throughout. It will be appreciated that the Figures are not
necessarily drawn to scale. [00363Initially, a sequence of |ayers of
materials is fornmed to allow formati on of spacers over a substrate.




transfer a pattern derived fromthe selectively definable |ayer 120
to the substrate 110, the | ayers 130-150 between the selectively
defi nabl e | syemoA@f6sand t he substrate 110 are pref erabl yechosmos/ss7o3
that they can be selectively etched relative to other exposed

materi al s at vari DESTAILBDESESERIPIERK ICREMR BRIESWR RIFD BIMBIODIMENTS
appreciated that a material is considered selectively, or

preferentially, moshied WerfiRad epttebinfeats@ ey inbdidion 18 aghdsRing pfocads, mask
| east about 5 tinmes greater, preferably at |east about 10 trimes

greater, nof@tETSe FEa Spagers, ae dermed diia zeactionuith @rt@ap@myaﬁq@uren@@ as a
fer abl
preferably, nﬁhdrlaﬁ%Efe%&ﬂhe@%aﬁérﬁ?a§&fn§@%ﬁ% L@/ Olnd TGRS dHhe

mat eri al s. Because a Qo er yi ng the
substrat e 1a@ndrslstio nat hewdede| Thel afehdreld qoaptaferalsly treadbal fvith rak deabinotehather

substrate 110 ciated that one,or nore of t ers
0 160, carTBrighan oAl SRR i e 3 RO MOl T BP e A e T % o
cheni st ri espRAtQF tHY REQRS. Q@B&b Iay@rﬁ% feablhp Rbkmed Bber | 1@iz8al surface
anti reflectl ve coating can formed between the | ayers 20 and 130

in sone enbekih W?%@rléhiﬁ)ﬁée%%ﬂ Qnihéﬁﬁuéﬁ%n’&m‘eﬁﬁ rmcbp@rnrﬁfé@bb‘foccur
such a | aYeEt HeCsi {(I ng aﬂdﬁfshgd 9&'% éﬁ%’e 'rﬁ%cﬁ H&ﬁ lg%r %Iéicer

bel ow, additi onal ayers can ween ayer
and t he subshtesitie t]Iﬁﬁad:ted nehireh nvapesil isahemgrefarrfﬂﬂpvemb\eﬂctb lsa@k eCpatteint of

relatlvetothesbstratelo. tionall ate etch

cheni st ri esTEFE? ’éft;%ﬁ gjﬁ’é‘*i% efﬁﬁ)‘/’@‘a bfgg'g‘?ﬁog’t‘%ﬂu toth BPACHeSteh, Le,
spacers 175uAifnd tﬂeﬁfoﬁﬂihg%au&%oﬁﬁeacm&a@pﬁ&%um r@maves sPalet ﬁfa&ntah&om
substrate without any intervening naterials. enplary materials

t he var i oushqrigpatek s@iases s Sdter iepeying ﬂwmmelgnam@nmaaem @‘ﬁwmﬂdmg
tride sili
Coat | ngs ( pARE s HESERBH 2l B0 et O St bl el FBE b ¢ o1

antireflective c[OBiS]ngsThBAB@)/erszeﬁCdif m‘andxfei eintahbh i s@icachawelay can be

etched relative |l egst 2 or 3 of the other nmaterials, depending
Cbon. the: aptoPEEREA Y B0 RSN DrBHE S EuPuarPhg e o AT RaLon ahd

materials fgdhiaMah FUS eiaﬁﬂ;ﬁé S 1a9éa%f alRAtEH1 §S ?cﬁﬁle@fonttﬂ@mh@sytﬁé Fandrels
120- 150 are preferably choseri d ﬁen ing upon conpatibility wt

etch cheni stg .y mnpma@e@slfm bleiksh depgsition ioberdhé mﬂmls) ﬂvﬁrthe mandrels

exanpl e, wh f e over | ayer t.0 .an

onaerl vi ng. 8 s3dBls rElk oith ThaP BECEEmhiEA 87 O Chorkiithe &Y ffnch” Bbtner
mﬁt erials }‘a&mbndhmﬁ’ns Itmlﬁﬂaﬁdrarse:aﬁ drexRded © dh@rlil?,nﬁlﬁ?gga:,eousFi.‘Eaﬁi’t:mtsaﬂaIﬂmr;1 the
t he upper | ayer i i ck_enou sotatltsnot over the
o ooP e o pilatah o el g s prsseb R BUTLIGE dBH b Ger agpais
120 prefer zéelgy &ﬁs{s&sy 8 Bt ﬁaer@@lsseh qya%rei%%teﬂm:ﬁb aﬁétﬁf:reﬁqﬁtlahéf] Bakg,

function a ayer to shield mandrels 5 (Figure 5) from
reactive agmhmenzag @l%@gd@émgﬁh‘# @Wﬂseﬁhélewaﬁmf themandrehitedala nandr el

| ayer 140, mhlc rli r or. et.ch er
150w oh over INEHT: AR BRERY, 0o BE R rRenpied 8 e Rpge of
110 to be pth@ﬁﬁﬁ&eﬁ 1410 .sPacer iacdtial h tﬁrhb@ﬂ@hn@df%i&nofﬁlf&eﬁﬁﬁleﬂhémbﬁs are
defi nabl e Igyer 120 is pre%erably photodeflnable e.g., forned of a

phot or esi st formHeERNoME Wi hpApTEelsIngdt this 6% maém@c'%ﬁrfogeth@fﬂleweﬂﬁée
the phot or ggi éaseqme%a&?yw%%ﬂﬁ bisthe & Qéme%ﬁeréf eh;tcn@%?thc

urn, 248 nit or 365 nit wavel engt systens, r-mwave
i Mer si on sipstee rﬁmnaem r@maoru bay im@ngice both ke Surknéssd rthechpag:rsﬂ&dﬁhm mpacing

i 11 on. | ERYEUE | ARGyl Maioe SSBR oP BEr DG,y e coppeain

used to defacnﬁvédlm&qjeﬂahhmgl ymeedreingibl ach ay e pithi aﬂﬂﬁ;ﬂﬁatm‘n Process.
preferred photoresist materials include ar I uor| de (ArF

sensi tive pHetBY@shespuse;a Em elgh i rot aaesrrys g?letsalspféoxf ofrmejsalyfor pheapansrgt
L ght sour Gg popiiddiekd Pk Rk]sWokdpdfb1b i) ms 8RS 'ehdh Gn RR8HBh 65 kraber dichoan




10044] The various | ayers discussed herein can be formed by various
met hods known in the art. For exanple, spin-on-coating processes can
be used t o Jy@rHa70¥sg 007/ 027656PCT/ US2006/ 033703 phot odefdreshimss7os

| ayers, BARC, and spin-on dielectric oxide |ayers. Various vapor
deposition SR e, Fh d

(CVvD) and/ O?Jx%ﬁt%%&%ﬁyﬁ;hﬁrg g%om tl%ﬁn‘g% Daq cantcﬁgp a\gggﬁ }%oﬁpg)rﬂr%& Iﬂ%nto?
vari ous bar etigemska spager. afochnenodiet camy@nmemrabliamt,t ¢.gn effedively| ra@w;ﬁss’fhe

e.g., the layer 140, can be re oformot er.

exampl e r atHER AL (SR 10 ok careireg e PR e R EbE ot Bients ooty
and ni t r ogepaRELEE WSk SpplidiEod 0P efHE(ta6E oftler ifaterial td axgnlalyaryerndéx%g:ma
be nitrided using a nltrogen precursor  to forma sj Ilﬁgon nitrid

| ayer, whi cipages ddvydasesusly, KERcarsriaaned) aggading dhe prefegpd Fapadimepts ci"hga"e
subsequent | a cHGenS, v

of the di sc%ggolr %ﬁh&géﬂ‘ﬂldvgv?m é{ %ﬁé’ 0%/\%0#&’ ? %P%g%&tgﬁ desir edl;eg%ga%{:ésglv biféan
| ayers, a paiotienmdestyingpraets td = geebet em‘tm: thed the rehded Wi vireretédmeatada ie the

Figure 3, a p rn_c i Sing spaces or trenches 122, which are
delinmted bgfﬂ%%’gﬁ&p‘@g&g%&tﬁ ormed of photodefinable material, is

formed in the phajogsgef i mRbk&ct a%Amok28e nldae tb rtﬁé‘@‘fg@@es}%efeﬁﬂ like numerais
formed by, e.g. hotollthograph with 248 ml or 193 run light, in

whi ch the | ssfertoliie vests dipughent. t § willdicoppwaiaten et dhe Kigpies iakg ot apeepsarily
t hen devel og gv The remal ni ng phot odef ned material fornms mask
features suCH Ad° e “illustrated |ines 124 (shown in cross-section
only) after bei ngmee]vel edalily, Advaehagddnstsyof nidkeials in égmtd 4o gldow fremation
fornmed having w dths of about 120 nmor |ess, or about 80 rimor

| ess, to foRESEAGHE LYY asHOSTRE- a pitch of about 100 m or | ess.

[0047] Wth refeyRRse t G;firgWr Sudhs hNGoRALURKA Siflc PAGY 4RI fitially formed
features 124 and trenches 122 is transferred to the hard mask | ayer

130. This tmaa@ﬁieﬁ qlmnprl@ﬂer Xﬂﬂfllly the quelpired wagodisienly wR h‘?ﬂ@%ﬂt F%EF@ any
etch, such as tch i

NF3- cont ai nlrﬁ @5%“133? iﬁgdﬂ%’%%ﬁ g{(clfp hgt§ c ewce%havmg
suitable if réﬂé@tu@;ﬁa@teﬁﬁ%k aﬂr@&ée:lfellaaﬁcalsle&uésf includiniglyerhdry nem amge fort volrtide
t hrough wi t hout undesirably denl ng.s n.the tran red
pattern. [OGBBPOPRaHS @P’é‘ﬁ%’e Ve SRR g&%ﬁiﬁ\ﬁeﬂﬁﬁ f’]t%q"ﬁ ﬁ{fﬁ{dh@mgrmmable
phot odef i nal&bﬁdx{cﬂ%e PCEs \NH oD &orN A8 i%ﬁltsql AMBGIABONAND HRES i, or
to the mandre aye ‘o form mandrel s, ‘or tenporary placehol ders

145. The tramgretedmsmptSéﬁEmaMgm ercErtnprayshBer (xemp ﬁw 1@31? SBEY Ei e 2 field

h I |
\?\: gt hgrrgf O%’@2%%%@?&@4%’%#@%#@%3%%%&%%% tia y 5| m ar&l}?yo&md :

the wi dt hs dferipley hitheappotdng Ieggs Cohequaniiel the mtég:&eéb ciedier Bl gan hayves. a2
wi dt h of about 120  nm of | ess, about

[0049] Wt h rBIBIYRHER O & PEYSGEROE Chp‘fa@ l%ggé’lrolthﬁa\%@ﬁ aigpy apd gmbedigd memgp

to be react & ;b ooyl edix%mthénﬁkei% cloed ga8 afrbe Si dewal |'s of -the
mandr el s 145 gferlabe'%ﬁ, a?er magterl gjla i's bl anket

deposited as a |a[9@8]17oW@th coh@uﬁré e Rghee tmzﬁr,gunr R Yarous paglsing dayerg 120-150

enbodi ment, the pace [ t,.for il iBe substrat
titani um THE® 8&%%%? {iton" 652%8 e%%B%SRIg |lslheoi ﬁ\@gr#}g% 3 r?ét atJ ® Rhown
in the art, jgacdaddHengsili€rOwafer Gi\/ﬁh}amilct%l"d)ar I'Ej?ﬁ df mhatéertal @serlyifig ttveafer. For
| ayer 170 is preferablg/ chaosen to provide suffigcient material to form

spacers 175 {EMgle thepybsgate 08 capeqmuise ap pepatng f-r eacti on of the
pre-spacer nmat e“[ﬁbsglﬂo Yhd Ryd98 26856581 Do bched 36 fithS & URSR doPphieMing the

substrate 110, as discussed below. Materials for the layers 120-150 are preferably chosen

based upon consideration of the chemistry and process conditions for the vatious pattern
forming and pattem transferring steps discussed bersin. Because the layers between a

topmost selectively definable layer 120 and the substrate 110 preferably function to

-8-



[0050]Wth reference to Figure 7, the titanium pre-spacer |ayer 170
and the mandrels 145 are next reacted with one another to form
spacers 175wocnpnsed of a titaniumsilicide in the il ugtt@smisossros
enbodiment. It will be appreciated that the mandrels 145 are

preferably pusrdedttehntderited fom! fyRleclitly 8itableNef SRS ROsBRAEL10. the
sidewal |l s o the_lfg%r%ﬁrel s 145. In the illustrated enbodi nent, the

hard nask |&Y&F rtupemihy seleedvels definablealsyeralddr andothrwbtrie  He are
f th 10445 g . i _
top of the pRRdLS) shobdPsd MAMBEIRAD588G aﬁ@x&i E%ﬁi"%?ﬁ SRS B Hhateriats

between the titanium pre-spacer layer 1/ surfa
mandr el s 148 vappusosthgss, enmdesdiiedritelow. t lavild p abmyented that b enagsiphbis absdidéred

formed, e.qg, osidion.on ar .reaction.of the top of the ndyel s

145, whet her oSV i Sneied MERE T ot 5 elat efesal i 2 ek about

[ 0051] Pr ef etimty geattd prdf@xiay of Bast aBshtt10 emieR ek ,Slnéiéfi)ré}&l%b]? lalbieﬁgttags’uttz@
gne

an el evated,tenperature, e.g., an anneal, to cause a self-align
si i cidati ofP§SeHeals R, most neslemblycat leaplabpielr40i tindsyerdatep thao dliab for surrounding

(R P o a Perbtr RereaibalE BB RO R NGy W REERPVERg:
680C, for alefined patiothssebofitmed huthat sprstrite i 2 liywildteapire@ e Bas@G@nHGIE of
vt or "t AR PREAE B, bl 7 SRl b St s
the mandr el sd/b# procBsslcohaities 4@ vkl RRERGHAE %%rﬁf@le&ﬂfe%ﬁtﬂ@téﬁfé bk Bmed

anneal . Thus, advantageously, reaction conditions, such as
t enper at ur eeliren dg lyers 28 fang 430 imsnse smbogimenés whire thecusaletvermihmyement

upon the w -at | j.st desibred for .the sp r

175 For eYAmarabYrbenSata Lo ilel e WEpRinelg ehdSed PRk Tam
until the ségitiped nusking lkgboutn BOadiel Btwkashe tier 1P0LA theefiatakiv0 to form
about 50 nm or .l ess. [iOOSP{)%ng%;hq?r .enbodi ments, the parts of the
titani uml aaya’raSkl%V% PROVET FERafoSrBr Vidp b subsrafs P Optionally, if
pref erably sbplobyaté 6RE tREnisANY AREIARBISSHY layb J0¥ah B26HiHRE aBJ? %%F&g{stl%

allows for a Iar}g]gr process wi ndow for thé anneal and good contr
over the wiligne B candegisat ey 8 miark to, dgmaentiemehe nbsirnte yethofit nyenieaspring

170 typical [ (1 i i.dt h t.he cers 17
ormed by Cars Eismidy Sl 00 i RS THR B herifan iR od g
a given wi ditiepn nitedeg siliaon, amogitbocartonnpieletio natieflediie camngalD ART, siRon
allowed to eﬁc?.ed t he, ratié)n and/ or terrpeéature needed to form
spacers 175°BFIFHRPXYRITER): 2R Hreane ferom ateliegve coatings{PARD) (each phwhich
wi dth) of tchebd @leefively Brchatrelaald i at lefBt & dr § BEHE bAME Ratefiall 'a@pe?g%g%?& the
175, particularly in the direction of the |ayer 170. 4
Wth refer SARE2EM Fi gure 8, unreacted titaniumin the layer 170 is

selectively re to 75 .at th i des._ of the

mandrel s 145. TEe rg]ermvﬂf;llI%Pél‘fg:lﬁﬁ Eogsezéégﬁo%ﬁ)@rén{%e rﬁﬁteﬂg? %OJSE%YVOBf Q‘%@.ﬂ%

wet etch cahcknasses advhe lagess1200150r ad pedierably theseandepbedity dpsrRoempAbilie
le.of a suitable etch is a wet

structure of.,the acers 175. An exa 0 | §

etch conpr i“gﬁhntge ﬁ%g &F—’ﬁ’@?ﬂ‘é“nﬂl fres gondicms despsibgd bemsi. sFerceaamley when
are subl i t heastaRhi & paiter-frork REYvAIRUR 18yeF1d dd GRkA] ' i ;
Wi dth that Tebel o resol Ut on ekl thléﬂ}‘p%?%llﬂugt%‘?loegtr“g%?tﬁhmg
t echni que Hsemdpidying taves. mepterinds oya deth lavers @e memoved thseme deppce. thaferably,

photolitho i i attern the layer, 120. [0055]Wth
ref erence %q%?éﬁlra g&gp %E%S%‘ﬁ%ﬁg%ﬁ%ﬁ ﬁt‘? p%tew%rgﬁvqag)?é?r e goyr SFIRS pattern
sel ecti vel ywamsderoved rel ative to the spacers 175. This renoval can be
~acconpl i shed us'trag a dry etch or a wet etch, e.g., using hot
phosphori ¢ aci di®%*1k 0o tively, detinphle layerrl Zupisierdbly onertiae & durd mask
nmandr el natsged B0, Wwhicheleetd R -
free-standieﬁg spacer s%lg%%dbgi%or We%{%gei%1 %ﬁpe%%:%%%igﬁé%%%%gﬁ 50@1%? g)
renoval . AfoBxEagivarageniss asedistussed stavs e SheibyeHNIB oenifesHR randrehRget 140,

which overlies a second hard mask, or efch stop, layer 150, which overlies the substrate

-0.



| oops. A suitable nethod for cutting off the ends of the |loops is
disclosed in U S. Patent Application No. 10/931,771 to Trait et al.,

filed Augus{yoddedad, the entire disclosure of which i spdigmtmesated
be reference herein. [0058] Wth reference to Figure 11, in addition

to protectifg tﬂé‘;%?&é&%r(@.g, Lkfled) Uhitbiigh PmafacEle seRODVAY defidablehayer 120isk
| ayer 150 pre%oer y all'ows for “inproved etch selectivity relative to
the subst r ateferdtpphdtedefinsile, ahefomedal pahofepsistoncladingany phatgresist K8WEe
transferred o the. substrat ' it TS,
| ayer 150 i“%th&F‘rTg:&r nganéél?’it@%%ﬁo%e%g‘ [ﬁh%tg @??ﬁtﬁgﬁgﬁ%ﬁ glr}rl%?iili ment .
The patt er ng®hmSPECEh r 3§Sninsvpickhgthajptoms, i ¥hsmheraveltngth inmersicFems0

[ [ [ h, e.q., h i ni E .
ol aor 1§ arme iRl ey R 53 i Bl it ot S (k™

appr eci at e%tﬁ[%?ﬂﬁ:hf@. S\é)ﬁgmg_t Gh JABYioR! BaskREs G kabley, ¥€ ¢RuER]chs phdtélithography,
pattern transfer w m ni mal undercuttln%. t

> 50059] Ne>§ , ghe ar
mask | ayer cib®ecased do defind fhe gedactiesin defieabim el Phg Expepiehiob PIYETe

[0060] It will. be, eci at ed. t hat : £ :of 8 D\BEkoresist
bef ore or ﬁ?@?“@?@‘%&ﬁ%fﬂ%@%%@?‘? gltngnﬁ@%%g é?g F?/'t?;%hw%se ’:‘bﬁe mesjls
mat eri al  ofgyfthiffe fdatsh WiElls kn Way Hpht kbficghhdkypgo diosde{Raby bansitive phojoresisi,
relative to the material_ of the substrate 110, ej.g., wher

spacers 175.cambotgessishuvigals foruse it %iﬁéﬁﬁ’gl?t PHESH éfg phﬁ@ﬁ%sgy%?&fge&bly
the spacers 175: L izii3GelRaYdle Eibrt abdlangi tghteegt 093
t he substra‘%sgggqtgaﬂfflﬂgmg a }éf%%&n%ﬁftlz{é{gne.be a%corrrpl iashegnlg\%i ng.
e.qg., a dilnhe KF yhdtomsisis. arddwaferdblyented | yith donges yuvelen tglitiography
reduces the aspect rati f _the.epac 0 ' 0GOSSIY ahd
conduct ed, ¥5EMS: §f o?f?g%‘%ﬁﬁﬂﬁy%?gﬁan sét%s%{%&g\%]ﬁp’t g{er-feégch the a_ny
substrate 1dBsansht Fbsitk TyeRScan!te foanal & d febiyt thit intierttienied by magygnprint
pattern caused by col |l apse or dg{ ormatiQn ?f t.he a%arsi 75,

especi al | y lihegrephyhes shwesrsa mpkl orpechafisy! {9559 10 24 H&ow. Thus,
as shown in Fig 1, ISy théShabd thaliE 14RATBE dorbRrdbBC béihirisese an
the etch of thewgﬁ%%tra?ﬁgnﬁgﬁ%g]f%th reference to_Fﬁ%ure 13, the d
pattern in ibgahiambteisbk Bxayplay Soteials ipduds, aritoat Hiatiep, sgon oxide an

substrate 110 usi.ng, ‘e.g.,...an_et.ch,or. ' ' I8
for the mat @gf'%?i ’PE‘%&OE" g’ﬁéugﬁ.%lga[dr b%dﬁegﬂtﬁ}err}?ag%gﬁslﬂag@ % gﬁg%%gﬁ)?i h%q{l he
substrat e t Qo rHEBSKRirel 1aven il he s getentiiyninhs] o4 aterial et cagfbe converted

processing through the mask in the |ayer 150 ar |.so _possi bl

Non- | i mit i niptex spaseranatanalovhish %PBE@%@&P#?EW@&@“?@H%F@% t@rﬁﬁe mareacted
di ffusion dopi ag mhibdh- IR1RRH 1 HERAThddrRMundbxlyihatth@spacer material. Tn
nitridati on%léé}gl.m%%%%‘ztﬁ%ﬁ%ef e%nce to Figure 14, in other

enbodi nent s thedBptraicd kinpoditvent thermeanslyd srepegipls 31i00%-s difficult to etch

or where prol ong(ﬁﬁﬂﬁr Ocﬁﬁ%é{]ﬁ?ﬁzrf@&ghé&g‘ﬁﬁg%ﬁ ]g,ﬂjiﬁ@%pﬁﬂﬁ‘%bgfchosen

mor e addi ti onal rve sking material can be forned
bet ween t he psRAGRLS e Mokt el Suihbt spdcers 16, (Fiawre éXnapd &r tn underlying

additional layer 160 can be provided, as discyssed,in co-pendi

Pat ent Pr ovissbsiatgll1RpYicsathedayend 0 0se62 824K 8 %ﬁeéﬁbsﬁ-ﬁ%ﬁlp 1gtlh géf;@er

Mar ch 15, 2§9§ g ﬁjgfér%ﬂ&f%lﬁiehc& RaouscednRalst g&istentRel Ak idedireloprocessing (e.g.,
eat ur es,

Phot ol i t hography Attorney Docket No. M CRON. 316PR (I\élhcd;on .
Ref. No. 20Qchik38orifY, USidizingestonof fhe subsisteodrie hercopdreifr fhgough the mask

i ncorporated herejn reference.. . ' t{ AU le. th
ref erence t d'@‘nfii“@‘hk% Sc%fhv?elﬁeet% é?latfﬁeotopt{fl%&ggéﬁ?{?g E%ﬁl’fg&r] 1512'5 %gr e al
t1 ggt hgst ﬂocggﬁgq@tlds(ﬁéfgga%e% eky cﬁsﬁbgt?i hl}i_tﬁlel ié)g.t hﬁc?mm' oﬂae?,betan@xiday@g.,
an e mandrel s Figure 9). The |ayer i.S er .
forned of arsBiopphouidecdn M}lu%ﬁwm@dM£%%B£ﬁVd FE%?‘?P%?H? 9‘# éo iy

etch chem Stsriﬁc%ﬁo;{f&%. removing silicon materials in the substrate 110.

[0044]  The various layers discussed herein can be formed by various methods

known in the art. For examnple, spin-on-coating processes can be used to form

~10-



10064]Wth reference to Figure 15, the pattern defined by the spacers
175 can be transferred to the | ayer 160, which then serves as the

primary mask 160 for patterning the substrate 110. Advant a%?ousl , In
ot her enbodWRHPE12ffe to the availability of extrene sdl(IC{RAPLI3703

when etchin rphous. car bgn tterned hard mask | ayer 150 can be
used to tr a%E%g&fBﬁ@Bp]ﬂ?%r ﬁ%rfﬁ‘ghﬁlq‘ﬁ?e‘?gw oBideniaYsray e Vatigy vapor
af ter renmovakpiftiohheocsRas 8ich &%%uﬁ&ﬁ&tdh%imﬁgg&%oﬁﬁﬁp@‘gﬂ n@?&% bifhic

the pattern ,to the prinmary masking _|ayer 160 ower an
uni f or m aspéRYET §epesiton ek £8n be vsed toErmevariow lrehnesk, cap enjamicd laysrs.

with suitab T ' o itself he
formed of a%?ﬁ%ﬁ% Sg%%g%}‘r?g’ ?gdégﬁ%é[;gﬂfd’% EJF?% %}f?g%rﬁrfgt}wrt %@?‘%‘ Eﬁ'y
be no i nt er vxamiply tadlyesron alepositingo a heilliebnnaklidel fayer udibg, sileh wasin nibgen

substrate 1 t cers . L0 such es, .especially where
t he spacer é%?%rgflg}%l E’Eatggégrgﬁ ee‘gfcy:ﬁlessélfcé’gﬁ?}(/ei‘ f@a B 2F Eldl.eg Usfhg a mitrogen
substrate, preusaristfoat @ silikon annddiayd/ Wheh sadsdr RUdd RRsPALECEN 8

spacers 175, wi t%ogt aﬁé i nterve(gi ng hard mask |ayers. [00661It wl |
be appr eci al?¥d Phi ThrERredsredonandsd fes willhedisten wgeisiood fre view of the
preferred epbadsioppéisw®f fers nunerous advantages. For exanple, a -
mandrel trimetch is not necessary and the spacer non-uniformties
that can be causi@®84dy sbering forriethacdastied stackbef leyersyiarpttent. ofl spsteesaid next
deposi tion gfthe pre-spacer |layer 170 and the extent of a spacer
formation reaction, e.g., an anneal, determ ne both the spacer width
and the spacer slfé46lng. Withrefevers tb&anss, a petdocaiphisib® sh@ts or trenches

per f or med, ange of. nmaterials that,can be us to formpmandrel s,
may be ex pa%%ga‘?‘mg‘g“? gﬂﬁ?‘_ﬁgﬁéﬁf?@ﬁ)_ 4(:‘08%%'[ ‘?ftPthP‘i"_g le pratsrainis forRekin
is renoved. thEplistod¢inabledSien (20, | 'Ehel thinkhds 22 3t ReEfOLAGY l%é‘é.?ﬁ phbtBlithography
addition, a ;:H“%gctl onal spacer etch is not necessary, all ow ng

advant ages Witk 43 88hercio3 yn fightithhich she vy 12935 gknoicdipraediation tirqugh
shaped shoulefigt Sn@ Mknt QvBbPddM Th@%%ﬂﬁ@g?&gdeﬁﬂ%ﬁxla%ﬁglgfohﬁy fila geatures

[0067] Whil e a spacer etch Ts advantageously not necessary In
preferred efwsda@s fomilbstrpted diseee 124 (Ginye e wress-sectigpaoky aBecbeingdetpipped.

erformed o - rj. te fo acer.

Pont ur oo ratisfetdily b Hhef1aPLE aPAGRL IRIE 8, bE b Sf TR B letpar s
bef or e r eacdbonigfQrine opless; syfane spacet datiag a pitdh dfheouriThize lor . er i al .
These spacer fe S then be reacted with the mandrel nateri al
to for mpt he spaigf‘@?l?g%}aﬁ%ﬁn?ﬂt@ FS@’F%%i ﬁ‘@@?@%?&’%@“?@?a’éﬁﬁlgﬁa@d
the mandr eltreigkesr 122 isafghsBAGE Ith Ythe hafBirRSH 8lysr 130. Thid 8RA8L ik torikbbly

al so be appreciated that, while discussed with reference to
parti cul ar 35FUeRIsRedEring AmisaRepinachral & anptebmsing|a GRss €B¢Br CF/0y, SFe

enbodi ment , o, W&, 1 i lihdneak j . j

Ui ci do | 1T AcaIeEHE LR It R0 P R ARRSH) A bRl G BB Ghic IERL RS

spacers. BExaashllagr dB0ds meficienihathin tobé etcheditraish svithoidesdebinably dédening

tantal um Qﬁgé@gﬂf%?%&gsfé}}eg:ﬁ{teml n the exanpl e above, these netals can
e

be deposited over e fran Sand annealed to forma netal suicide.
| n other arrang¢steis] s, Whe refasidenaFigire §fthapiRtd @like SafodeenatyRy&ado

For exanple, .th ndr.e| s .can he tallic and a silicon layer is
deposi ted G %‘eﬁ}?ﬁﬂ’&ﬂﬁiﬂ@ﬁffi@ 5 it o bamaiet e 140ro dar wREES Ohe
mandr el s 14§ng@ayC oRRrs2NR5PhORS Gahdan i@rﬁ%fgr%g}; Lﬁ%&ﬁpﬁ&?«%gﬁs&%&;

conprise varjous other naterials reactive Wt phous™ca :
exanpl e, t BispERRaG etelr employingongs HEsHG! or EFHC1Y Bl feontringig filesore. CBiebiidiés

spacers 17 # ﬁ%ﬁ%ﬁ- hse |..t.q farm.a I

car bi de. [%Sg%]wﬁjtﬁﬁe IJr e er%é{(%fe&at%w%%%ah ?nﬁlla‘{%\t/t\n&ﬂm Ogliph@frheng?g%gag"
t hat whi | e thehparfdoslsids pefechblttee s padike 0Batbdbl 20ami b less] drabed Sdsinacdaki d
state reaction '@gﬁic%@]d osited_netal |ayer react,%withthe
mandrel s, the SL deh s 17! CHREBE Pof IR by PToRacH Ralshide bes SLiGiEh it be

reacted to form spacers, is deposited on the sidewalls of the mandrels 145. Preferably, the
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[0070] Additionally, while two materials are di scussed above for ease
of illustration and description, it will be appreciated that nore

than two @;du%zs,dﬁan be reacted to forma desired spagefyiRbEéssab,
e.g., Qn% by a reaction with gas phase reactants. These

addi ti ona g?@&ﬁ&raﬂﬁteﬁ91”13%411{14‘3?8&;%9@3%3 & 18er 1701081 0 HERARH 1AA0 1o the
mul tiple | ayer's of pre-spacer materials over one another and then
per form ng iawsttawﬂeaiboémmm rthdagredmywmawng thatSpmgl the lawelr?(los titanium, The

pr e- spacer r| al , n .anneal act that

Phe nandr el AR ISPy oo B orPl St B0 PR, mofhlet B & Mgt iGriuibb. s
layers of [eDsp@@agD. "Hhehickhesaatthgier misqfﬁkramy@nos%ﬂ e plovide oAl
enbodi nents, the additional materials can be .introduced as ,gaseous

reactants dBatei 40 tf@whamﬁcv@ 7§ (Biguren’)aefctie idevitsd wigthyalys Sractifg of Rreps-
of pre-spag Eﬁcemtaf% :%éh%«?r@@‘{% ras Wk £e EéléGuetCheS are
preferably hot per orrre Int ormation o mandrels, a trim
etch can be per fitdSted i Wittesfereack toFE:gmeﬂali;:d mamtlﬂnq;»rphpﬁcar kawrsl?()l mylethe

can be subjecte a tr| al ter be| el o ed, / or

randr el o caPebis i et bt vgecled Pith Phe Ghote Brban Bt poRd of
useful to fgihng Qﬁﬁ%&%nttﬁéﬁll@fr&e@éﬁ'@ﬁnh@:ﬁalﬁ Wﬂ? b@ rE&atb@ﬂr@E Eﬁrmandrels
100721Addi tional Iy, the cap |ayer can formed af formng the

mandrel s. FdP aexpinfsrably piosided gthefcap ﬂu@ehﬁw’@p@ the myﬂqmeoq @a@tdéwallﬁ ofithe
di recti onal r

ol ant at | GndPEP s o 8 ARk Sa ofbdtingisnuR EOBERRat T30 Blotbilbl s
formed wit hbmba;ﬁlagaptol;amt ﬂmrtolh b theansdiedlls 145:ﬁbmebeénng3feef;tedg wyepratenting

| ayer can be conforrnally, deposited over t ndr Is h the
top and o1 OBk DSPHE B i gt 565 U (] B FWaTRBE Db Jeaee
can them bej45emPY¥BEs erfbddimedty, e b'ls%:@xtéaﬁ%'seﬁb&éfel??&ﬁe@%?}’b}&éplobﬁiGn on
the enpty spaces between the mandrel's wit mat er 1 al

per f or m ng @Hesstienof tee tomrofcthe mpstiielshi4ag whetherorovet the dandopagiaeye 13Ads
then removipg the filler material. [0074]As with the spacers, it wll
al so be appreciated that other materials can be used for the various

ot her layers andqogstits PRhefecdbdyaie heeeciTd akd eﬁeema]hﬂrgis lalyaratsh*@e::ted t0 an

mat eri al s t hat be used offer t opri etc ectivit :
relative td ?‘ﬁ@ga BYAIAS “valin HPE e%%@?ﬂ a i ﬁ 1¢§ t’é’&trﬁ%@"é‘[ dier

steps, as dixgg) CIVE P%Pcfh‘ﬂ? FalyRBERAVRE at’éﬁ' @ircuf¥3 00 can be subjected to rapid thermal
2007/ 027686PCML82006/ 033703 substra e 110 can conprise different
materi al s, Iooepssing &8 EPk aboh tgnpdraltenet aoue S58IB80°Cormelef iraferally, about 650-
materials i f To transfer
the pattern &gdﬁl‘: ffmeg %g{sFﬁ%&g}%gsé@?géé}gf%rsagc‘fhg%%g%geﬁg&?ﬁ& a succession
of different chqmmrl el wﬂ])ﬂaefaﬁgirezkiﬁtyd drayﬂleteﬁhnt:dﬂ'ﬁhb sdatti@sgndotaa ateunt of
used to sucge35|vely etc

hths ffer nt nmaterials, if
single chenftafiiy iR e Gyerdab it et YO B cHioa bt e gpHpiof relited to e

gﬁg % r Is'?lrf/ Ot%ﬁgéé&ﬂ'é andd &dratﬁJnS&r m@mﬁ@ar %@tﬁdaﬁtkg%busiﬁ%%aaﬁ REndRAR, &R

as the temperature and duration of the anneal, can be selected depending upon the width

and/or separation distance desired for the spacers 175. For exampie, the mandrels 145
and the layer 170 ocan be reacted until the separation is about 80 nm or less or, more
preferably, about 50 nm or less.

[0053] In other embodiments, the parts of the titanium layer 170 at the
sidewalls of the mandrels 145 are preferably fully reacted, Advantageously, fully reacting
these parts allows for a larger process window for the anneal and good control over the
widihs of the spacers 175, since the thickness of the layer 170 typically places a lmit on

the maximum width of the spacers 175 formed by the reaction. For example, by
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chem stries used, overlying spacers and hard mask | ayers maybe
etched. In sone cases, the additional masking |ayer 160 (Figure 14)

i s preferablw Jdeafzdser superior etch selectivity. Using papaghedisszos
carbon for the primary nmask | ayer 160 advantageously offers excellent

resi stance #gosiany eftiaenal o ] WL i al e
osiany entlapalyonb 6hgioheniant e graftienie téx?{%%%x%r?afsf%e%neal

for etching silicon-containing materials. Thus, pr
| ayer 160 céav teratlewed Jepxcepd thesdiatios and/mntsmpersture hediied go fmompadersal 75 of

plurality I or i ng. A spect_,.ratio. . .
renches. [ o701 R BeE ATy oot By BTt R B iy i
vari ous i ntihggetwldofthe spadersf 198} pariaarlyis thedirgiondfthmierhzel t ati on,
conductive int eg&&n‘ﬂect ..nes, landing pads and parts_ of various ]
el ectrical devi 4] s uc Vs reEeRBRRS oY BTSNy iveastsdstiteriym jmtlei levar ak70yis

for menory afileddirsindVedaSicafld el Fhodhd aﬂﬁlépéi@éés?f glt@rﬁg@{éﬁdﬁ% g&.{s%e

repeating patterns are desirable. such, le 11Tu ‘i nes
with regul diemepdcamle aerdmpdishedaby wetdirhiy sichese als evebbtoh Ichn Baveakivamaged e

masks can r i th variabl e spacin Al so, Lle
illustrate WIL?CF %%g%ggg‘?éwﬁ‘so%ﬁ@&e 5?1%3?’ %‘T“ﬁ@‘F%° &;eﬁgacqrﬁ\%’gﬁ.héﬁn example of 2
enbodi ment sspitsijaeiehds aanethfcl QrARBHRELDY H,0p/a8d W1, /O abréf&%tﬁ#,sm@%cers
consol i dat el?{ on a,single |evel to forma mask pattern. [0077]1n

addi tion, the 357 MoHheeraphie, pai they Ravegr yrtigalj dimenmom, ke, ovidh, Bt isdplow the
120 can be @R:8i I : e e n.be further
Bi tch mul tipli g EQ‘?%S P_?‘ﬂ’é’h_g% 3@?2@9@%%%&%%%@@% spacer DA
convent i onéhisgisecthe phdtelifhb prakic dechpigorwsd td petted thé lagadi20i onal spacers

are forned arou e ers. 175, then the acers 175 are renoved,.
t hen spacers ar E&@Sﬁ] magl‘%gt olfﬁ?fe‘f%etos OB < t'i‘gtgﬁ%@Femfrfﬂer@ﬁﬂ \aver ddthds
the spacer selkdtbelyarghosel futivi 80 12]spiRrsr7e e Mhft SR oMicHE BL §cc‘6ﬁ’x?l_i§4e§ Bsihs

enpl oyed nultiple tines throughout an integrated circuit fabrication
process t o Y Hch 8bt Weedch, §.2» Ysinghat phogphpscesidal | evel s, which nmay be

vertically conti S on- s n rtical separated. .|
such cases, each oﬂ t hgﬁ?ﬂn’dﬁ@ V@gﬁgkﬁﬁ%\% @’ ﬁlggﬁ% p@?’%‘%&ﬂ"&%&%&ﬁ %?930?“’3?3’
consti t ut e remgwsiorfate 4 patterhnofaftel-starding saces df75¢ hBrpoe et eRles can be

enbodi nent s. can conbined with other of th ref erred_enbodi nents,
o wi t ot maprhed e HeRRGe. A SRePRIY Sist el coRpgs Ry WGy arbHoon A

di fferent aneasaiiafchese 8@ bs yRsideatuBde eisT176T B oG ihd
| evel s. [00791Accordingly, i tgvm' Il be a%%rggg? g%hgdsby ’thg)tsr% SI?H ﬁg%ﬁten

the art thdf0@ndde ey virerded rsmdest makrel itwbs, roadued Motsutavmintentionally
modi ficati g -gpgf ods and structures described

above wit hoﬁ;ﬁo‘i%g?t{%flng trhtg%utij%%tésrgfodﬁ:eﬁi%fs’ g %vea% ‘aﬁg%uﬁﬁ'f %‘?‘? SPRF§S Zﬁ%ﬁaﬂ be
modi fi cat i dwsedhavichapyds that & aghdnbidtihtiofiied phosdredistine ©256@0GadE 122
the invent I(ﬁgﬁregf oggiyaﬂj? 901’191%(1 tb?f%hgfgﬁt%ggrgﬁay?l\%lgfgthe Iﬁt%éétl\ﬁnes 124 had a

pitch of about 200 nm, spacers 175 having a pitch of about 100 nm or less can be formed.

[0057)] It will be appreciated that because the spacers 175 are formed in the
sidewalls of the mandrels 145, the spacers 175 generally follow the outline of the
mandrels 145 and, so, typically form a closed Iodp. It will be appreciated that where the
pitch mu]tip]ied pattern. is used fo form features such as conductive lines, additional
processing steps can be used to cut off or otherwise prevent transfer of the pattern at the
onds of these loops, so that each loop forms two individual, non-connected lines. This
can be accomplished, for example, by depositing a layer of a protective material over the
loops, patterning the protective layer to form a protective mask around the parts of the
lines to be maintained, and then etching away the unprotected parts, e.g., the ends, of the
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1. A nethod for sem conductor processing, conprising: formng a
plurality of mandrels forned of a tenporary material across a region

over a subsfhahfmide mandrels separated by spaces; for gdgusdodsaisios
| ayer overlying a top surface of each of the mandrels;

converting {%bgsevx@'sln%abgm&ﬂsd bR o B LA R nd BB A I
to forma plurali spacers, t ot material” formng a
plurality oﬁpplwakorf Ea,t 1/esd 78 do bf‘ednr@ atlj filed Aepist B 200 hthereatierdizlosure of

formng the .inhibiting reactions at the top
sur f ace; Wﬁ}é’ iS/8 ?@tﬁgg?@% E’rted tenporary material; and
processi ng the spobsgr at Wlfh%ﬁk&@e & P‘{E&E 103 te8iBosl & p@%&tﬂgﬂfeaﬂmate 110
plurality of spacers. . The method of aiml, wherein

converting Sumg ﬂ)ﬁpﬁcﬁemm@mioﬂ@rl}ﬂrdmtﬁélf jeer bxhprefosably glbver furvwpgoved etch
reacting si %%%Lﬂgﬁ% e%w& \?ae]thg%{hgsccr%{ Sy 14! Hba %%f@ fﬁ@haﬁ&? glf Vga'c? £S 17? is )l

The net hod o er el ec’t [ ve reac

mandrel s cotuisfesed t@érefsubsnattgl Tan aaﬂaa:hssed/\ﬂmwaltm Ba&H @fisk ﬂ*@er ex(cik ifermed
conditions c ri ses sel a.te ratur t|on

anneal baseElP% Yolnn ‘%i“‘?f'e’§‘| "e&‘@ ‘?Eﬁlgg‘g ﬁ‘t? '?{e‘étpﬁ&%@bly

4. The met heshs%e@t@wﬁyem@@ﬁﬁhgaﬁﬁﬂuwﬁomeeétaa @gacahle&gl &'n%ﬁ@é bﬁﬁpfcm

the mandrel s conprises reactin he sidewal s wth a solid pha
react ant byobCda tobﬁmdeﬁ(ﬂm han‘dmlﬂéc layperd 60 tﬁ@ﬂ:fﬁm%tﬂh hinHewdbbg apppﬂm!;eé that a
reactant on_t

m4. . wh
Conver t| ng. EhEtTaY pee amssiossoneisbife g fon B b fRELGlhe
portion of the |@psy] coNpxt, HieTgud hﬁsﬁ@dy&ﬂlﬂh@ﬁba’ﬂ@ttmﬁaﬁwﬂtm& biliderlying
tenporary nateri al and further conprising preferent ially renmoving an
unr eact ed r &fpair#ediC.of the | ayer. . The nethod of O aim 4,
wherein the soli asepr cg;\é]&cp%g{gg a] 75204
mat eri al conpri s@s @ me%tavllﬁ?iq)i 3 i {hﬁteﬁw%1%:}5}3%}‘I§hieﬁ;‘I met h%%%@h&@g?f%e >
wher ei n t heafwetetdhirigghe aibeicate d1§. r Dreferdbdy, giborephewaterisk ofribe bérd riasla biyemt 30
t ant al um ha i u a ickel . . 8. The hod, of im 2, )
wherein sel 8¢ ?rfs\gg}’@ e&ﬂé@?‘i’tﬁ'&yﬁ]ﬁ%ﬁaﬂ e 6‘?31?1}?&3%‘" e Y, e.g' where the

spacers 175 are not needed to supplemental the hard mask layer 150, the spacers 175 can

be removed before the pattem is transferred to the substrate 110. The spacer removal can
be accomplished vsing, e.g., a dilute HF wet etch. Advantageously, the spacer removal
reduces the aspect ratio of the spaces through which processing is conducted, e.g., through
which etchants must travel to reach the substrate 110 and minimizes the possibility of

_ alterations in the pattern caused by collapse or deformation of the spacers 175, especially
where the spacers 175 are very tall and/or narrow. Thus, as shown in Figare 11, the
spacers 175 can be removed to facilitate the etch of the substrate.

{0061} With reference to Figure 13, the patiern in the hard mask layer 150 can
be transferred to the substrate 110 using, e.g., an etch or combination of etches selective
for the material(s) of the substrate 110. In addition to etching the substrate through
masks, in other embodiments, other types of processing through the mask in the layer 150
are also possible. Non-limiting examples of other processes include implantation,
diffusion doping, lift-off patterned deposition, oxidation, nitridation, etc.

[0062)  With reference to Figure 14, in other embodiments, especially where
the substrate 110 is difficult to etch or where prolonged processing through the mask is

desired, one or more additional intervening layers of masking material can be formed
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mandrel s conprises exposing the sidewalls to a gas phase reactant.
9. The nethod of Caim1l, wherein formng the plurality of mandrels

conprises: wo2008fh&kNg a pattern in a selectively defi npggt@sdoddi®E703
over a substrate; and transferring the pattern fromthe sel ectively

definabl e | Bat®ted Medpacersdens| il Bg dBMake {10 Ry he LarReEAN
materi al . ) 8 ialaThe met hod of C aﬁm 9, wﬁern? eag ?Fﬁgn éﬁferlﬁcrcan

pattern con]Eﬁ |P§‘é‘§d‘1¢er¢30ﬂ1$¢wge% h@t@l—ﬂmﬂ&@grﬁ;ﬁhyl’atent Provisiotd). A‘ﬁpbcalmai Hdal
of Caiml, M@@Jﬁs%sﬁ gl lev% Rl MS{EH‘&;Q%@(%“ Stiled rIIifﬁﬁj Rfﬁ%}c?&ré’a%%?p Rlative

mat eri al conpri $es perform ng
Claiml, whéo @hﬁohﬂlﬁgﬁaﬁfﬂ)ﬁﬁa&l’r@s, M&Jﬁfeyéﬂocﬁétfmcﬁ | SR ONI31 6PR - (Micron Ref. b%.

h d th t I a
ol yrer . 2004113, B0sabnein GiclpaBt PedErnG ERsmotsbRaE 8y erisare
comprising: provigts)o awmndelubd Bkt 49 Rlukhfy fbeaiat gsh referzbly

circuit; conformally depositing a layer of maferi a over
i sot ropi cal ¢oRpEisghi ngltetxhbﬂiaail@rgcmﬂ ehit selectively reldivave thexqposeed 1 AY) dleclager

o 2012, o RO i s ) e TR s AR R B b
pattern fromiongwhithds ABEdatdsaNRly feSistantS BSdnl @@ chemistries for removing silicon
muaterials in the substrate 110.

[0064] With reference to Figure 15, the pattern defined by the spacers 175 can
be transferred to the layer 160, which then serves as the primary mask 160 for paiteming
the substrate 110. Advantageously, in other embodiments, due to the availability of
extreme selectivity when etching amorphous carbon, a patterned hard mask layer 150 can
be used to transfer the patiern from the layer 150 to the layer 160 after removal of the
spacers 175, so that the mask used to transfer the pattern to the primary masking layer 160
has lower and more uniform aspect ratio features. In other embodiments, in conjunction
with suitable other materjals, the hard mask layer 150 can itself be formed of amorphous
carbon.

[0065] In yet other embodiments, there may be no intervening layers, e.g., no
hard mask layer 150, between the substrate 110 and the spacers 175. In such cases,
especially where the spacer material has good etch selectivity relative to the substrate, the
substrate 110 can be processed through the pattern of spacers 175 without any intervening
hard mask layers. ‘ \

[0066} It will be appreciated that the formation of spacers according to the
preferred embodiments offers numerous advantages. For example, a mandrel trim etch is
not necessary and the spacer nop-uniformities that can be caused by such a trim eich can
be eliminated. Iustead, deposition of the pre-spacer layer 170 and the extent of a spacer
formation reaction, e.g., an amneal, determine both the spacer width and the spacer
spacing. Moreover, because a trim etch is not performed, the range of materials that can
be used to form mandrels may be expanded, as requirements for compatibility with trima
efches is removed. Thus, processing flexibility can be increased. In addition, a

directional spacer etch is not necessary, allowing advantages with respect to forming

-15-



15. The method of Caim 14, wherein the |layer of material conprises a
pre-spacer material, further conprising reacting the pre-spacer

materi al Wb bR fEendrel before isotropically etching, pehfiseiodnszros
reacting the pre-spacer naterial with the mandrel -forns a spacer

material regh&kankst 'thh%gs.h\eﬂtﬁ ARPUdp0d heRMERPLERNL Yinfilieiida0 ¢ £
16. The met hod of Clg?m 17, grgien atphe pre- spacer rralglgiril a |smage °
titani um anehdethgnglagerer material is titaniumsilicide. 17. The

met hod of C aim.14,.fur r conprisin referentiall r enovi th
Tandr el o rel at | VA0 ¢ e qcapeer cen i aBlSEEEGRlY Frbetr SRy S relpes
wher ei n t heestRAGEESs, ¢ Sorsé! RirddoBRsrta i spadee afch c&S be performed b thellager 170 of
nmet hod of C aim 14, further conprising: depositing a | ayer of

addi t i onal -EFpaRseEr waearl ta forgnspsradeatses, fovmed ghprerspaces matestel 9p teeatidsy of
etching t hethleg%% ng b Iltﬁb&ﬁlglﬂlé gﬁ&s@aceﬁa‘%&{a@'anéﬁ %d ﬁfaﬁﬁléﬂ%&ﬁgﬂaﬁme
spacers on sidewall's of the spacers; “and sel ectively renovi ng

t he spacer sspaedrviesmet ban dadiltel romadd witln terrsartdos] Iteaterdal do fatnt drerspaders {2

standi ng addj tj onal, spacers. . .2Q. An .internediate sk patt.ern
over |yl b avih e aFieT e pisbleattenve G s rd FRAA e SHERTeE R

plurality of spagesh)manfreiis ake HEeehpRiciafedMaL NEhildTBisiska with efdence to
| ayer overlying a top surface of each of the mandrels; a |ayer of

pre- spacer patiaydraprasessingy istegs eandh matepialsarerthe aiffysirated endpdionsps  yarious

si des of eagha.of nmandr.el s [ el : Wi .S6..Aa:
conbi nat i on%g?h%f:= ?h&é’g%? Iée-%cg‘gé{gﬂg‘r Fr?g?’gaﬁlﬁa%? vangmti ﬁ%@%ﬁﬁ%@%@éﬁ%ﬂm silicide
wher ei n t hecgarteSahwabrmrticehhats. Buamplis obehwaretaln e fipondtagilspks archudes

21. The internedi ate mask pattern of C ajm 20, wherein the cap Layer '
conpri ses stREan heies %ﬂ%?l?fc_@ﬁh%?’&a@?ic?e@bf"_’% these me Conrhe deﬁosﬁé over
i nt er medi at g, NRekirfet 4@ BnRhie® @ WrdOa MOEY SiliBidehe 1B hrrmPBMEALS She

silicon.

combination of materials can be reversed. For example, the man&rels 145 can be metallic
and a silicon layer is deposited over the mandrels to form a metal silicide. In addition, the
mandrels 145 can comprise amorphous carbon and the layer 170 can comptise various
other materials reactive with amorphous carbon. For example, the layer 170 can comprise
silicon to form silicon carbide spacers 175, or the layer 170 can comprise a metal to form
a metal carbide.

[0069]  With reference to Figure 16, it will be appreciated that while the
formation of the spacers 175 is illustrated as a solid state reaction in which a deposited
metal layer reacts with the mandrels, the spacers 175 can be formed by various processes
other than reactions between solid state reactants. In some embodiments, the mandrels
145 can be reacted with a gaseous reactant to form spacers, including spacers that are not
silicides. For example, a silicidation of a silicon mandrel 145 can be accomplished by
exposing the mandrels 145 to a gaseous metal reactant (e.g., TiCly, WFs, etc.), or a gas
phase silicidation of a metal mandret 145 can be accomplished by exposing the mandrels
145 t0 a gaseoué silicon reactant (e.g., SiHs). In addition, silicon oxide spacers can be
formed by exposing silicon mandrels to an oxidant or, where the cap layer is a suitable
material other than silicon nitride, silicon nitride can be formed by exposing silicon
mandrels to a reactive nitrogen species. In other embodiments, the mandrels 145 can be a

carbon species, such as amorphous carbon, resist, or carbon-doped materials (e.g., as
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23. The intermedi ate mask pattern of O aim 20, wherein the spacers
conprise a netal suicide. 24. The internedi ate mask pattern of

C ai m 20, wiyergitm2tdse spacers are sublithographic feat urgesruszousmnizios
25. The internmedi ate mask pattern of Caim 20, wherein a width of the

top surfacedis€ode@ss Uluta ol 6305883, the entire didflosuFd of iwhicBSBEbRbAted by
mask pattern of C aim25, wherein the spacers are separated by |ess
t han about ¥derenee herginwhiclp ipqonvertedsto spolymer or cross-linked to form Spacers 175.

‘The conversion can be caused by exposure to energy (e.g., light) or other agents {e.g.,
catalysts). After the spacers 175 are formed, the partially fabricated integrated cirenit 100
can be processed as discussed above regarding Figures 9-15.

[0070]  Additionally, while two materials are discussed above for ease of
illustration and description, it will be appreciated that more than two materials can be
reacted to form a desired spacer material, e.g., SiIO,N, formed by a reaction with gas
phase reactants. These additional materials can be reacted by, e.g., forming depositing
multiple layers of pre-spacer materials over one another and then performing an anneal
and/or by depositing a single layer of pre-spacer material, performing an anneal to react
that layer with the mandrel material and then depositing one or more additional layers of
pre-spacer material and then performing an anneal. In other embodiments, the additional
materials can be introduced as gaseous reactants as an altemative o or in additional to
depositing layers of pre-spacer material.

[0071]  Moreover, while trim etches are preferably not performed in the
formation of the mandrels, a trim etch can be performed if desired. For example, the
photoresist Jayer can be subjected to & trim etch after being developed, and/or the
mandrels can be subjected to a trim efch, Such a trim etch may be useful to form spacers
that are exceptionally close to together. )

[0072]  Additionally, the cap layer can be formed after forming the mandrels.
For example, the tops of the mandrels may be reacted with directionally applied reactants,
e.g., in a process similar to ion implantation, to form the cap layer.

[0073] Moreover, the spacers are formed without a cap layer for the mandrels.
For example, a metal layer can be conformally deposited over the mandrels and both the
top and sides of the mandrels can be reacted. The reacted top parts can them be removed,
e.g., by a directional dry etch or by filling the empty spaces between the mandrels with a
filler material, performing chemical mechanical polishing to remove the top parts and
then removing the filler material.

[0074] As with the spacers, it will also be appreciated that other materials can
be used for the various other layers and parts discussed herein. Preferably, any other
materials that may be used offer the appropriate etch selectivity relative to the materials

that are exposed during the selective etch steps, as discussed above. Moreover, the
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substrate 110 can comprise different materials, e.g., layers of different materials, or
different materials in different lateral regions of the substrate. To transfer the pattern
defined by the spacers to such a substrate, a suceession of different chemistries, preferably
dry-etch chemistries, can be used to successivel'y etch through these different materials, if
a single chemistry is not sufficient to efch all the different materials.

[0075] It will also be appreciated that, depending upon the chemistry or
chemistries used, overlying spacers and hard mask layers maybe etched. In some cases,
the additional masking layer 160 (Figure 14) is preferably used for superior etch
selectivity. Using amorphous carbon for the primary mask layer 160 advantageously
offers excellent Tesistance t0 comventional etch chemistries, especially those used for
etching sﬂwon—contammg materials. Thus, the primary mask layer 160 can effectively be
used as a mask for etching through a plurality of substrate layers, or for forming high
aspect ratio trenches.

{0076] Also, the masks discussed herein can be used to form various
integrated circuit features, including, without limitation, conductive interconnect lines,
landing pads and parts of various electrical devices, such as capacitors and transistors,
particularly for memory and logic arrays, or flat panel displays, in which dense repeating
patterns are desirable. As such, while illustrated as lines with regular spacing and regular
widths for ease of illustration, the masks can have features with variable spacing, Also,
while illustrated with spacers formed on a single level, in other embodiments, spacers can
be formed on multiple vertical levels and consolidated on a single level to form a mask
pattern.

[0077]  In addition, the pitch of the patfern formed in the photoresist layer 120
can be more than doubled. For example, the pattern can be further ptich multiplied by
using the spacers 175 as mandrels for a conventional pitch multiplication process m
which additional spacers are formed around the spacers 175, then the spacers 175 are
removed, then spacers are formed around the spacers that were formerly around the
spacers 175, and so on.

{0078] The preferred embodiments can also be employed multiple times
throughout an integrated circuit fabrication process to form features in a plurality vertical
levels, which may be vertically contiguous or non-contignous and vertically separated. In
such cases, each of the individual levels to be patiemned would constitnte a substrate 110.

In addition, some of the preferred embodiments can be combined with other of the
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preferred embodiments, or with other masking methods known in the art, to form features
on different areas of the same substrate 110 or on different vertical levels.

[0079} Accordingly, it will be appreciated by those skilled in the art that these
and varicus other omissions, additions and modifications may be made to the methods
and structures described above without departing from the scope of the invention. All
such modifications and changes are intended to fall within the scope of the invention, as

defined by the appended claims.
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WE CLAIM:

1. A method for semiconductor processing, comprising:

forming a plurality of mandrels formed of a temporary material across a
region over a substrate, the mandrels separated by spaces;

forming a cap layer overlying a top surface of each of the mandrels;

converting sidewalls of the temporary material into an other material to
form a plurality of spacers, the other material forming a plurality of mask features
and being different from the material forming the cap layer, the cap layer
inhibiting reactions at the top surface;

selectively removing unconverted temporary material; and

processing the substrate through a mask pattern defined by the plurality of

Spacers.

2., The method of Claim 1, wherein converting some of the temporary

material comprises selectively reacting sidewalls of the mandrels with a chemical species.

3. The method of Claim 2, wherein selectively reacting sidewalls of the
mandrels comprises performing an anneal, wherein selecting reaction conditions
comprises selecting a temperature and duration for the anneal based upon a desired

critical dimension of the maslc features,

4, The method of Claim 2, wherein selectively reacting sidewalls of the
mandrels comprises reacting the sidewalls with a solid phase reactant by blanket

depositing a layer comprising the solid phase reactant on the mandrels.

5. The method of Claim 4, wherein converting some of the temporary
material comprises reacting a portion of the layer comprising the solid phase reactant
with the temporary material and further comprising preferentially removing an unreacted

remainder of the [ayer.
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6. The method of Claim 4, wherein the solid phase reactant comprises a

metal and the other material comprises a metal silicide.

7. The method of Claim 6, wherein the metal is selected from the group

consisting of titanium, tantalum, hafnium, and nickel.

g. The method of Claim 2, wherein selectively reacting sidewalls of the

mandrels comprises exposing the sidewalls to a gas phase reactant.

9. The method of Claim 1, wherein forming the plurality of mandrels

comprises:
defining a pattern in a selectively definable layer over a substrate; and

transferring the pattern from the selectively definable layer to an

undérlying layer formed of the temporary material.

10,  The method of Claim 9, wherein defining the pattern comprises

performing photolithography.

11, The method of Claim 1, wherein selectively removing unconverted

temporary material comprises performing a wet etch.
12, The methed of Claim 1, wherein the temporary material comprises silicon.
I3.  The method of Claim 1, wherein the other material comprises a polymer.

14, A method for fabricating an integrated circuit, comprising:

providing a mandrel in a region of the integrated circuit;

conformally depositing a layer of material over the mandrel;

isotropically etching the layer of material to leave exposed spacers at sides
of the mandrel,

etching a spacer pattern formed by the spacers to an underlying hard mask
layer; and T

transferring the spacer pattern from the hard mask layer to a substrate.
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15.  The method of Claim 14, wherein the layer of material comprises a pre-
spacer material, further comprising reacting the pre-spacer material with the mandrel
before isotropically etching, wherein reacting the pre-spacer material with the mandrel

forms a spacer material resistant to the etch used for isotropically etching.

16.  The method of Claim 17, wherein the pre-spacer material is titanium and

the spacer material is titanium silicide.

17.  The method of Claim 14, further comprising preferentially removing the

mandrels relative to the spacers.
18.  The method of Claim 14, wherein the spacers are sublithograhic features.

19.  The method of Claim 14, further comprising:
depositing a layer of additional spacer material on sides of the spacers;
anisotropically etching the layer of additional spacer material to form
additional spacers on sidewalls of the spacers; and
selectively removing the spacers between the additional spacers to leave a

pattern of free standing additional spacers.

20,  An intermediate mask pattern overlying a partially fabricated integrated
circuit, comprising:

a plurality of spaced mandrels formed of a mandrel material;

a cap layer overlying a top surface of each of the mandrels;

a layer of pre-spacer material overlying each cap layer; and

spacers on sides of each of the mandrels, wherein the spacers comprise a
combination of the pre-spacer material and the mandrel material, wherein the pre-
spacer material extends between neighboring spacers.
21.  The intermediate mask pattern of Claim 20, wherein the cap layer

comprises silicon oxide or silicon nitride.
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22.  The intermediate mask pattern of Claim 20, wherein the mandrel

comprises silicon.

23.  The intermediate mask pattern of Claim 20, wherein the spacers comprise

a metal silicide.

24.  The intermediate mask pattern of Claim 20, wherein the spacers are

sublithographic features,

25.  The intermediate mask pattern of Claim 20, wherein a width of the top

surface is less than about 80 nm.

26,  The intermediate mask pattern of Claim 25, wherein the spacers are

separated by less than about 50 nm.
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