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WD 2007/ 027686 PCTI US2006/ 033703 PI TCH MULTI PLI CATI ON
SPACERS AND METHODS OF FORM NG THE SAME

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application is related to the follow ng: U S. Patent
WOBI7EBON  No. 10/ 934,778 to Abatchev et alPCH§204/033703
Septenber 2, 2004, entitled Method for Integrated

Circuit Fabrication Using Pitch Miltiplication; and

U. S. Patent Provisional Application No. 60/662,323 to
Tran et al., filed March 15, 2005, entitled Pitch

REFLECEMEL KIRLACATRONSPACERS ANBMETHOS FHHORMING THE
Feat ures. BACKGROUND OF TH AMENTI ON Field of the

I nvention [0002] This invention relates generally to
integrated circuit fabrication and, nore particularly,

t o maski ng [ (Wl Ay Related Art
[0003] As CRGSE & @%%A?@ ‘EJ‘?{;};‘%.A.T‘J B ng

dena r increased . portabiljty, uti ower , ..
oo 00 pac ) SBRcetnb e fo e Bfowns: By S Application
Kb, 101934 F78 & KoK PLOYRLYSEedHr Q‘Pﬂf%ﬁ&ﬁi‘ﬂe&iﬁ/{bﬁgﬂ fdBtegrated

sizes of the constituént features that form
CintwatgF abrieationi Using Pich dulfiplicgionrand Ull. Rivant Pecvisiomhl Application

[,nt ct Lines, ar stant | ei sed .t

N PO BELRE forrien & e Pt oS P Rl gl s
REaVT® MibfofitHoSraBhy F@ires. f Or exanpl e, in nmenory

circuits or devices such as dynam c random access

menories (DRAMs), flash nmenory, static random access
nMenori es (SRAI\/B)B R4 I ﬁtfi HEII:I@/EWB i.es, etc.

These nenory de#ées@éﬁc%—g—m i illions of
pdentical circuit elenents, known as nenory cells. A
Md menory cell, such as in conventional

DRAM [0b0R) Calhi¥ inFdfish $élate® kedeyillyatb Shteptatedl cift@Ht! fH%oatién and,
storage capacitor and an access Tyl el d effect

moeapartisularly, toEaskinggerbniuesel | i s an addressabl e

| ocation that can store one bit (binary digit) of data.

A bit can be witten to a cell through the transistor
Dagriefidh dfehd ReldtelWrsensi ng charge in the capacitor.

Some nenory technol ogi es enpl oy el enments that can act
as bd0f03 st Bp fgeonsemigneccofamanyy fagigry, drclpding demgad dor fcreased

BBl PRy Bl 1550557 5585 30 ERGELLRicLm IR bt irnit
are rontimsusip being nrade miore danse.t Thesizdsaf thacdnsiitabdt fEaturgs that form

R L R P O < S K.

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 (DRAMs), flash memory,
static random access memories (SRAMS), ferroelectric (FE) memories, etc. These
memory devices typically comprise millions of identical circuit 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 transistor 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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constitute a nmenory cell and the sizes of the

conducting lines that access the nenory cells, the

menory devices can be nade smaller. Additionally,

storage capacities can be increased by flttln% nor e

W@ pAo7/42768 | s on a given area in the nenory d&GILSE06/033703

[ 0005] The continual reduction in feature sizes pl aces
@ndsr sogyree anogvolaidennwmonies  ddenat e cdquirguesitehee dfar o edabr well (e.g.,

eat. r.exa hot ol i t hogr a is co nl
e TEsERANS! 15 EaREL by fiantang SERHETRI Ve ferRd Gefils that
CORGRI 2 Menitry CBll @A tREsikEESH the coriRetind Rfest e &&SIhdmemory
these features when the pattern includes repeating

fcdbt ﬂleelsem@'y denlcemmdgﬂsmada armﬁllﬂer sAddifipradly, steragheapacities can be
| stan ween an ide o I Nt two ne hboring
PTeRRS REMEER Aptp 8GR ol Bl pndalPmRe,®

space Obﬂt VWeqhe a&itﬁﬁﬂ%dﬁcﬁaﬁ i RStureWilies Plac&RACLSeErRlemands on
typlcally filled by a material, such as an insul ator.

tae tgchnigngs wsedplot formdhe fqaéxresvu Earestamplet hbotglithographyhie commonly
nd of wi dt

Uhe B e (iRl i B aambie et An8lonhdtfs BPARE, Rl 28ed to

[AedcEibd Eel figksf sFathbNeCfeatilRIEMRN , thél Yttdr® ifcheded répeatiniC featdfes, as in
optics and Ilght or radi ation wavel ength,

pmxsm l?ltchdgrda ned @Setiﬁrdlsng betieen t@a\zéerﬁlcalmmmtrmrtwpmetghbonng

ch
PEhR SO BRATLL GBI BUOLEY) LIOK BROLG JEERN Gl ey which
@paces m’eagﬂhallymwd&gha enategial) Bhchus anSm&ﬂat@bSIA@Qﬂ @suli pitch can be
continued feature size reduction. [ih 006] "Pitch
' mﬂ.aﬁ §re sym obihe yidthnof e featare 4nd of thejved the.snaseion gpe side of
I
t 1A %ideﬂ%gar%&s%ﬁlgp ?a%gdln% Bjron%?n %ﬁl}ﬁ%ﬁmg #:att%gglr A gr, due to factors

Ruidht ds[ipticednid Aighieit ﬂa@ﬁnmswwdldmgmt plic6lithogriplyue@migués ¢ach have a
and, described in U S. Patent . 5,328,810, issued to

mw @ttchy belowt whichng ipadicylas eh@gleﬁh@grawhlmm%lﬁlq:ug cannot reliably
er&‘af %t #fud) ﬁ{e%lﬁnﬁﬁ?\ ft@rf &' aﬁiflgﬁ)lhgl\é'ghghirc%&ﬁﬁ]ﬂg £ dnQbstacle to

|gure 1A, "a pattern I nes
ehatinoed feamey spdredadtioy. for nmed in a photoresist |ayer,

i chISWR ¢ 7 iedh ebRes St Sloppdcaen Konerpupd i cxtending
’ﬁh&w Sbli'xﬁ’es Sihgrrd%itfl@éﬂa}hétekﬂﬁ&ués 1 deéhér?%mﬂﬁﬁxﬂ q)ltél'i‘ A pitch

etch”(preferably ananisotropic etth) to the [ayer 20,
nhnatigivgtidnomethod is plwtathd lind Eigeres dA-haod desribdadin Uike Patent No.

Si st es 10 can be, st he. mandr
RO s SOaR Ll Tet & 1o T ol o of Bitich I indOigpfed hersin by
hetB&n Whgfel%}emeqo @QQ& qlas a%temaéf BtV isrblﬁkqwo%raphlcany
1C. A layer 50 of spacer maferial is subsequently

d@p@sllm e@h@tomswt lager, whivhiouprdiesig |ayers? Gsofourexpendeblgumaterieh, which

e i rial xten ng _or orl naII
PR abendifiyei 3 B oBhif im PR e Banh of LR taksterea
akiggt feretdho(pretéradly tdhe asibdifpioftchhao tenthyed szo4QheraBye formmg
spacer formation is acconplished by erforn1ng a spa

aepholders, or mgpdrelsy 49.o Thsphotorpsjst ligps H¢ eanoheagtipped an ﬂwgnandrels

\7@)%518 8%%‘859@8%3’%&%06 §§ 8@64/“ ] g‘:g'lg 8&&&9@5&%5}%&@%&@ thandréls 40,

as shown in Figure 1C. A layer 50 of spacer material is subsequently deposited over the

mandrels 40, as shown in Figure 1D. Spacers 60, i.e., the material extending or originally
formed extending from sidewalls of another material, are then formed on the sides of the
mandrels 40. The spacer formation is accomplished by performing a spacer etch, i.e., by

preferentially, directionally etching the spacer material from the horizontal surfaces 70
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and 80, as shown in Figure IE. The remaining mandrels
40 are then renoved, |leaving behind only the spacers
60, which together act as a mask for patternlng as

d 86F|gure | F. Thus, where a given pitch

gpew 632ﬁ Y included a pattern defining one feBtyP&04Re03
pac t he_sane h now.i ncl ude L{vvo feat ures daq

5 8 5B ) FIRUTE o hE Benainjig mpagrefs, A0 e ghen emgved, leaving

Eé?ﬁ"&ﬁ‘f)ﬁyQQe s%%ex@ a0 %lléh to %&ﬁeﬁé@lak @Sthaske@t ‘;‘Jﬁt@erﬁl‘néeas shown in
possible wth a photo i t hographi c technique is

BigheeckB. vEhus, where @agiean. pifcd @ociiouglyi induddden pratteohdéfming one feature

P R B K e o PO g P ViR e e
détBieIbyNee’, thE spadBs B0JCAShakutt, ! dnfdllest feature size possible with a
"nul tiplication." Thus, conventionally,

phatolithegraphic tecmiqusfis gflchtmelbslecaea@@h ain factor actually

convellPTBna: Wil B sitbafyhelv in 1esRpls 2Bp o s redpcton
t)itclp% @&ﬁ%ﬁt@drﬁﬂf GefeRtad t@ta§ hhiteh OUBSEIRP, "By rﬁ@r@ogé%erally, pitch

ferent parts o a surface at different rates.
énulnpll@tlon Re "Ehus,nccelvcrhtlomfallx, henultplittaedrs’ &) piichy beta hertahe factor

i dewal | s of the 4 vary rate oSS
Py v Shytrdogied M prenapy ff s TR bRiehlpf [Fitndtoey is
H{E}ﬁed%fhlﬁause | ocal dlfferences in etch rates. These
non-uniformties can then be transferred to the
spacel0808]0 f Brwill besppretieted thie sigh psoceﬁs@s Ml 1eMPNE éif§erent parts of

- unif f
8 Stk Gt BBt it TneERmlentne T PoRi084 HRAPER Amiy Hgh the
Hﬁ&ﬁélls%‘f%e%ﬁﬂrél@«f SIVALRErates Acto Ssubbiratd) Aué b Toyd |dﬁ?dréd(:es in

be conpatible with various process steps, e.g., the
temperaiassthat eant qapseclarcalydiffereraer & stch gates. \Mﬁh@h ngngnifomiities can

3B B LM el 0BG B8, 108

&ﬁfcﬁﬁiﬁe@m featit € pRferaéEinaNSdubah @3 ﬁsing/mé s;sausrs ﬁat tern
formati on and pattern transfer steps

t r ansi0899]i ngMeagaver, the mateniglpyeed|ty |f<ng1 *ihé;ma@th)els 4%shpu\drrypwally

ls 4
b Soraf B B Vot ST IPE < e Pl BTl for
whithe $uirabld eplestivel iStrapn etich {9 mmlﬁl@lé (tohgerfomh&he Géxp@sdh) @fd for
mat eri al s shoul d typicall not adver seI y. affect the

Thich saitablegy ecﬁrh%amw@pw $ argfavaijable; Qb‘t’qﬂ@ﬁﬁ patterg fprmptipn and

B bk R 0 Wb B BIRL w0  BREILRL 1y .t

oiatenial for ilel manalsdsﬂ(b canriumt fthemhbice pf latmtdle;m;ted hateeials, e. g spacer

limting proc sslatlt 00101 cordin ere is
mafcaigly, Frse thedenasuon gn ES@P% a*@ﬁ@ Bgfrtg@al%gwu{éfwcaﬂy

Héttagber@%ﬁff&lt WeahdraRls 4083 W 1%&19 8B isotropic etch, in addition to
PCT/ US2006/ 033703 SUMVARY OF THE | N\/ENTl ON'10010]

the odred reqyiremenss &r gappdiblodtchdsend depositddongteral syeam bohiti the choice
Bf 191\a/tlegzﬁg u;e(arin pitch multiplication, thereby limiting process latitude.

[0010]  Accordingly, there is a need for methods for extending the capabilities
of pitch multiplication.



sem conduct or processing. The nethod conpri ses

providing a tenporary feature over a substrate. The
tenporary feature conprises a first material. The first
material is reacted wth a chem cal species to forma
Wi 2007/M23686ur e conpri sing the product of the r &&E{USg96/033703
between the first material and the chem cal species.

Unreacted first HEWMQJRY@?IQ % Y sel ectively’

renoved. [0011) Accoruing to another —aspect of the
inventign, a,nethod . is provided for sem conductor .

pr ocgééﬁ’ig. Affor ﬁ%&ngéfﬂ?ﬁ gggleleY‘?ﬁt’ﬁ& % TR 1S!Rr§/“”6?d for
deBIRABIY proba&iRE 0 THE hetidar rigés ﬂrl_ﬁgﬂﬁ? %rt)‘,m?gt?a{;}r feture over a

across a regi on over a substrat enpo
phbstoath oThketemparasy fepies commtisbya SpshomgeriaboTiee Hifst tolaterial is reacted

T T o SR T 8 ST 4 A
DWER the BIW Ableliyl Fhd MBS eh&BRLIVEERies UNGRRYRIHCHrst material is

tenporary material is selectively renoved. The
sbbspedlyselestiwhoeemsetl t hr ough a mask pattern defined

by t lurality of spacers. [0 . According.tq. )
ot NV peAgcabfing HEmEars Ainebipt 180 ahon. § BUBPa Rigtided for
§eRficontieR PcARING I Bde HhethdAPERhpriNSs FEAiHE @S plufhli® of temporary

Integrated circuit. The nethod conprises
plateholderapformoed lof t@mpbrainngnaterial acmbs tayregfonr ewdrsg substrate.  The

PRI Or T g F o T
ShvértddNRRARME Batofial 1H¥8rm Hﬁtu‘iﬁftf of $abdr@ Bl ESth&ndtQiafforms a

l ayer of mandrel material under the'resist layer to
ploratityof maskrfedtirey. Uhcommediedetemponaryambteniadlis salentivelygemoved. The

bstrate. Th I h h i, dt )
SRR R ogeryd dpaen & pas G despedmiln alvaliy pLspecrras
A pl yoeda)ty Rf:co?ﬂ’iﬁg & snoftter hyebBst tRinvE&Rion! £MRIN0ATs $18Gided for

I
mandrel s w thout efching the mandrels after .
formingfasr ariaycpfiiepeating teatures iPhan intigeatech ciecuifet Wesemethiod comprises

acer.s i.s ss than t.he wi dt f the mandrels. The
RO EER e defiRe ' Uiaify ot et Testinet {7 FRRE obovef M iptstrate to
oS patfedn. t Phd AUt FARiray! dadly hdfe 4 FRERUbMEJIBAIMb8Ephically. The
[0013] According to yet another aspect of the

Patigemtsi wanslearedeto hb dpyes op mandrgb mhatemgl hoder fthe r¢sish dayento Agym a
n_i.nt egr at Ci.rcuyi C rise r owi di a.
AL ORGP gl pVet u? ShBfec T hfleR; 8B o

Qibstaii Bl ieghal it$a SVERB SF he dlesRY Rhtukdie ARG of spadefs ik RY@Ed on the
of material is isotropically etched to | eave exposed

lewel cdrthe mandrels withey eiphingnibe mandeplepfter toosferingdtbe paiterg.  The

AR AR g Y e s
bythe gpasere ik iganstomied to the puteirhtd ésiforrhhiee arps/lof paplehtitig features.

conprises a plurality of spaced mapdrels, which each .
have B0Bp | Ageardiggde V%ﬁiaﬂ@tﬁ?rtaém%af the Anviapsiors @ Peshotsg provided

Rehod R Q8RS P intet il @EFcuit® THIMEE A i éﬁ[’f}ﬁ%ﬁ' drel
nmat er I§§| overﬁgesme?aég{] cap Uf ay]ler . 'lﬂfl]e %al}ﬁsa Yy g 4 mancte
mnabregimatefdhe integrated circuit. A layer of material is deposited over the mandrel.

The layer of material is isotropically 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



integrated circuit further conprises spacers on sides

of each of the mandrel. The spacers conprise a

conmbi nation of the pre-spacer material and the nmandre
material. The pre- spacer nmaterial also extends between
WA WAB®$86g spacers. BRI EF DESCRI PTI ON OF THEPORNSIONEAS3703

-[0015] The invention will be better understood fromthe
Bafate) eﬁdla@asmﬁ'ﬂrpspawr materislheveiPiee kaohr @ liyeb o@herpartisllyafabiricated
fromthe app ed draw ngs, whicgh are

to
i PRTE S GRS SOTIPESSS HAGEr LSIFeR A ﬁ?ﬁwﬁ%wwk r Bierspacers
EQ@%@ e. 4 Qb E‘tldnAﬁf]tEe fees Eﬁ?%&ﬂfﬁ and HRSRaSBEl mAEAA: The pre-
Vi ews o a seque Ing patterns for
Spaced matedadntbockieuds batmm,nmghb«amgcspa@me with a prior
art pitch doubling nethod; [0017] Figure 2 is a
schematic cross-sectional side VI ew of a partially

formed integr 9@8@3 B FT BRA! g h

preferred enbo € |nven I on, ] Figure 3

N T T T

b Bﬂ:férﬁaﬂt BihB&dimenta aﬁhl Cﬁd?ﬂi Qﬁd gppehdededrawirps, VBl MeRtant to
with preferred embodinents of the invention; [0019]

Hiugtipte and n@t tg liggthermyvertioncandahesaiwt i onal si de vi ew of

thep f orne |nte ated |rcu f..FlLgure
after (tlgﬂ é: guﬁ?soldé@ﬁ dm?ﬁf 1)5naP31de z\a’\%c g gnggrence
Wf‘h’(hs]ﬂﬁgfpﬁﬁérﬁﬁ f&nﬂaﬁﬂﬂng&;@h@cﬁfze tihes, llmamdaﬁ&a witBQ2Bior art pitch

ur e is a schematic, cross- sectional side view of
dh lwarrmqt%qdl,y formed integrated ci rcwt of Figure 4

Al e A" Fd0d 16 b0 b PP aR BE GielPsts bEYAY formed

AeRectated Sirduit, m@c&ﬂ&ﬁée indthypréfay&d embodimékseitheinoentivht h
preferred enbodi nents of the invent i on; [0021) Flfgure 6

is a £Q£H§}mt iFégure r3o§sasSémeQiWaPl”OSﬁ-QfétlQﬂab\ﬁﬁde vigeof the partially
i 0 r circui t. of Fi.gur
epogﬁ ated {ngcjﬁgrofglglg% Sjrgger f‘uue ng rrfg ures 6]1 ﬁho%reérﬂt lg{ler in

ae&edﬁa&w&hwdfé?reareﬁfbeﬂm@ﬁhsmdhmﬁb@ of the invention;
[ 0022 I?ure 7 is a schematjc, cross-sectional side
vi ew $4010he Figure 4 isya sehampsig, pmswca@@ch seder wigvt opthe partially

[

B CipfboRi P H RS Bt N RV Slonl BORR! £1IRAGEK layer, in
acedatlenwith picfdiredregibodinrdtsftiedhventioy of the

invention:; -5 WD 2007/ 027686 PCT/ US2006/ 033703 10023]

Fi gur 8080 s Figen én’ét # ¢chermaties cest-sqctipral sidequiey efythsr partially
Rt S T SRABAEN L T Fd sk e
to a layer of mandrel material to form a pattern of mandrels in the temporary layer, in

accordance with preferred embodiments of the invention;

f0021]  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;



e hli

material, in accordance with preferred enbodi nents of
the invention; [0024] Figure 9 is a schemati c,
cross-sectional side view of the partially forned
integrated circuit of Figure 8 after renoving a hard
waglo7/bzagssr, in accordance with preferred enBEH{USIN6/E33703
of the invention; [00251 Figure 10 is a schematic,
Cr 0SS {(9a8] | owgurélsdﬁ yiseMenphtic] bospadctibgll | gde §iowBE the partially
integrated circuit of Figure 9 after selectively

i intgewndecituitdoinBigaice] aftgnsdedtiyely remoyiag omueasted pre-spacer

a&e!?lap rlia o{d%gceexg;ﬂg%a@% EmBbdif0s | of't\ﬁg MeRbon, | 00261

gure cross-sectional side view of
the pgooRdp! | Figdr®OMRda | soh@@itiaf efbss:sdcaumdl side Fie@ubL tHeD partially
after transferring a pattern fornmed by the spacers to
dormgd dntegraled ciaguato lﬁlmq’a Byﬁwgemn\@ng paerérr%as lgyen dt ¢ncerdance with
etfare%r frga%dfn? se&'%)cdiI ?&rt]ltoﬁ the invention; [00271

gure A hema tross-sectional side view of

t he pfoORBR! | Figh©roed d Bdhegand, aflosiisedtivntl Sifle Miedtibf thd partially
after renoving the spacers, in accordance with

@@E@r integraserh 6t uie ﬁf sFl@ﬁet9n @ﬁ_fsrn%mtnvelg{ re(r@wgl?m'p@ﬁmde mandrel
tltnsa i gccmfe ée ith Wte egr%%?}%g},% f{hei‘fnv\é: gvl\{ of the

ure 12 after
t r anstms] ng Pﬁgtﬁe Ratiker @chlemaﬁ@a:r@%&tmaﬂ geWidwd of @ik partially
underyling substrate, in accordance with preferred

dormnsd umfemt@d strouihef Higre A0 iaBer tfanefegingr ;gttm@ founqgddbyzhe spacers to
he c on [

AORRCRR Iy P ERRRRE MR a0 el i pREph e grdodiments of
akdihvédioa)] maski ng | ayers di sposed between the spacers
and the substrate, in accordance with preferred
enbodi®fBAl s dheurnd2iis\e pbiematic, | @oBopctionguside VW of dhe partially

r nal 0t

?@%rereeﬁﬁh#e%ate% a fcﬁa o?ﬁl;l%lﬁ' ' o%t E?&I}/ﬁé‘g ngl%t a#ptagerrgai a{c%rance with
tpfama‘deﬂboagnédmeoﬁm@leénmﬁttern into the additional
masKki E‘gﬁl ayers and an underyling substrate, in
accor 38k wikignreldfisra ahematip capsysaetional Slti%éﬂew of the partially
[ [
R OB UL bt | A it REARER h e pplin layer o
lafl uR@prAirptbubstrate) i aceérdﬁwg writh ;ﬁefazfréceermﬁdalirﬂmgoﬂhaﬁﬁemoﬁn
si des of the rmndr els gas phase reaction
accor {428k V\/lFthf@, %ﬁ"éﬁthce‘aoﬁ‘?rﬂ%@tﬂnﬁ’eﬁesww of héamaﬂy formed

e B BB @%%E@@%%%%%@%ﬁ between the

[spd28]and thepibdteate;, drhcesrddatbe Metht sefoifred dsbddivuennd ofithe 1riant£bn
maski n rocess mask ‘ﬁ‘atur es, such, as, spacers,
f or med00301 o FdgHse il5nisva sehematicy rﬁS%%Sa?PSﬂOPélafld‘F yievg 9f ﬁheagamally

rg%anfE;e%}atedD (:ﬁ"{,lﬁtr ap! ﬁg&lr& hg Mctﬁihg#eﬁ{rﬁe{hgrﬁgeraﬁaﬁre&e into the

mandrel s an trimetc
addmona] masking layers and an underyling substrate, in accordance with preferred

embodiments of the invention; and
[0031] Figure 16 is a schematic, cross-sectional side view of the partially
formed integrated circuit of Figure 5 after forming spacers on sides of the mandrels by a

gas phase reaction, in accordance with some preferred embodiments of the invention.



mandrel s i s not needed. The mandrels are preferably
reacted with at | east one other material or chem cal
species to formthe spacers, which conprise spacer
material that is a product of the reaction. A ca
VaPU02%86 of erabl y formed over the top, horipﬁﬁ&?“m”m
surface of the mandrels to inhibit reactions on_that
sur f adek 5D DESCRIPTION Q} X PREEERRED EMBODIMENIS -
sides of the mandrel s and convert mandr e

ztalke. A

the sideval |
mat er[f832]i nt In prpfared embadiments pf thejinventiane th aremaskieg process, mask
terial.is then prefera renpved...to, | eave attern
U Biob of shefch HeploBBRLDY prERBYR Ry < oty B el as o
MM dEd PYéféael! the sSdRa Qe fBinkdd at kthe@ides oPnbARElk aR®4 frid Bich 8f the

a directional etch that preferentially renoves spacer
mendsels a3 net neadedhorTheomandrels aver prefemblyrfaaeted rvetho et leasttame other

PR BB Pecinn S D Sh Bl P pit ety myRafftac s o
pogiest by theGescubst hadaf layeP3D2dferhbls fopRRdS Vet B8 t&), hoBAhEA lsurface
material into spacer naterial can be acconplished b

qf_athqz pt@gdl_p}sd@ 9@9@3 rga‘pt;imj_s lgpgjith@ ,suréaog._ Thgs(,| tugtq:agtip,ns preferag/ly occur
B4 ' 03 SRa PS4 SR B8] g oo
fnBterisTANGhieAdted fn@ndrel mBdriflSE ft}%rﬂrélgraﬂlyc&ﬂlfo%d]f% 1daveakfttern of

deposition over the mandrels) and the nandrels are

Presoanding epacers.wi Rraferably, thexgracers farerderaredavitlopt aespgeer etch, ie.,

form .an amnneal . .| er e inents, .the .
RifonP PO e 50l il et Rl o mateial from
hieRohtanfisfices. f Afer rdifovirPhe ehandbd @idtéal, e phfi@n ATbestmding
can be exposed to energy (e.g., light) or other agents

freces candgtuged it aspaskdoryhsegpently peocesspigsradmderiingsubstrate.

mat er i nt.g, anot her. mat.er.i by,..e.g. L vnerj zin
or il M Pne Aol MeShi ol DmeRialintp Rt Hblefill G be
ﬁ&bxﬁ?llishbd b 98Btk phsbessas, agkeaiisg, )é}g.,kbﬁﬁﬁti&ﬁ, riitfigatfdaasiBeidation and

are formed by converting part of the mandrels into
RYpweEizatien. eFpragxamply, jj layes of o featerish iy ormed en ey sides the mandrels

ec . . [ [
R RE TR SRBFEE G o BATES G KRBT B Fancs
a0 hadle e redchevithaghet lalyert bfematpAglesys et rperfofhiig hnOdimedle In other
sidewal | s of the mandrels. The extent of the spacer
themandrels cam he PHIOPEA OBE BHMITS SAsequsireacifatsdo dprm the
S } ' b o 1
Gor TPAGEIC0RAR dlrdPBA 9 onk Bl SOEINERD, light or othr apents
(elre aebdytsatid @onvesicthe expabed hiandrep efatepinlvintg anoth@ndatedial by, e.g.,
trimetch in a_typical pitch multiplication process.
RelyBeizde orsEesglisking ﬂieerqu@ééwewgﬁwﬁhm@éggm?ﬂ he
sel eGgh¢ of ' ' I
Co. mathll P ARGz, bllauie e BGS the fored B cbindidfipart of
thd diahdrels,inta spac sategibls h trim of the Tndd@reBGO AMGREG8Gy. The spacers are

CT1 US2006/ 033703 advant ously be avqgided. Lt wil]l
e ez Bt h R SR e b BT Qosrenbes s would be
RE98R iPihedpaRAS Rbre foHRdl 6PHBdideFalPSY HE nthRERE! BRI &tdd® of the
it, e.g., effectively reduces the aspect ratio of the

snoers dersnating resctiemeaninBuense hoth drethiokness of thetppageshandfthe spacing
t%%r%ﬂ&@%ésn. Q[Adgfri.nqggreously, the spacer separation can be similar to the separation

achieved after performing a mandrel trim etch in a typical pitch multiplication process.
Moreover, because a trim etch is not necessary, the selection of materials for the mandrel

is not limited to materials compatible with the trim etch. In addition, a spacer etch can



materials during application of etchants or other

material to any |ayers underlying the spacers.

Advant ageously, spacers formed according the preferred
enbodi nents can have a nore uniform square s

WE2RY P78 o spacer etch can be nmore aggressi VB gﬁ%?“?%fﬁ”‘r’
er ode underly| ng material to a greater extent than the
omigeouoly bormedet o i ssFeciaied Wl 2 gPaseioriele.gan round the top

SRR B, SO Pl BRLSHEBE oty O TR Ry e

ispe@ uahpui the |sfaac‘6ts| dnd € eAgRFRed al e@bvtexh atstrtthﬁoxlfbﬂ ekt Areother
not necessarily drawn to scale. OOSGL@nl tially, a
Halgrala daripg ap@l;ﬁ@ri@l of cichandy prther Matesiphicganyplayers dmderlymg the

LR A8t oRP S5lcRs Y oq o BHETE Y Ferch 0PI BN Sahave

OWwWs a CI‘O onal vi e

b Alo@tigteReh, 6duacdiihiapd Oiorddbed, @ spdver aeree@rweeﬂowﬁggfbsmm can
can be used to form any i nt e%pgt ed circuit, Q!%mare

prade nrderlzing ynatatiahtor aageaiersqxg,ena thegemeval f Wﬁ@Ct ptegd] in the
El%}&jggemgg&) atl ng patterns or arrays of electrical
evi ces a. ng nenory cell arrays for volatile and

non Viob3g]i | eReRIEALY Wil \HoGEBe B4l t@ ShdDRAes pWASRInC filed g@merals
progranmmabl e conductor (PCRAM, ROMor flash

W@%@ yike pags thrpeghomtanid vill bseppreriaied thap the Ifiguresyarg et necessarily
ﬁﬂa&ﬁ%gﬁ having logic or gate arrays. For exanple, the

ogl' c array can be a field programmable gate array
( FPGH0056}Vi NBiteallyd Seq@érdc@Yof falyBis lofinategial® isTRIMEY toddl lodyformation
and a periphery with supporting | ogics. Consequently,
ofspacant @gF aswirater cuit 100 can be, e.g., a nenory chip
or a es [ a I 0 C
and e@gg‘g de d?lﬁ\é%m?ysfillawgrip cro@g %ﬂgnzﬁ g@e%egx?gg C Ml@ﬂ){ formed

inbegrai@l Qirt Qi1 60.0rwhilgahe pﬁdférﬁéﬁ eI{x&Qﬁﬁ]znthhﬂﬂ beouset ntoefdrm any
reference to Figure 2, various nasking Iayers 120- 150
BegrglpdegiEsuE pihey gredxartwebﬂa evantageauslystnpliediorfepming deyjces having

RpAPRERLAL Sl AL YS! S aS AR Syl O
wal son-vdiatile maetmvldevlcéshﬁxch e PDRAME phée changeCRAM, Ilﬁ'egr&lInmabIe
|nsulat|n8 f|Im 0039] . The | ayers 120 150 wi || sg

gandretar (B sRr fflgsh rmr{afgrn inslrdimge NANIB stlgsht memory, or

I | t
ﬂ“%%fﬂi?ﬂ%ﬁ@‘f‘“ﬁ‘*@fgi‘ o s Bl o ey g e
gtahmabtaegatsbrryy (i?ﬂﬁﬁp)r hxma@a cmachniay cinsildr 06 attheno@ranaysnd a
attern . formn p ernt sferring ste
B FEPes g7%ea Sgqygnt yaﬁrs igtepaisuRuia 109 BRSs -8 2

38490173 HSELRAL Bk ey A btk o

FICLY oUs DOGH BBt haviags fegic ar qwate @ray. derived from the
ts ﬁleecltdogﬁl y %Iﬂ &%Ex'n?ed' rg e?erncél %OFltgl(J)rech %ar?olillgsrrtmrsﬁltng le:ll'y]éps 120-150

are preferably provided above a substrate 110. It will be appreciated that the substrate

160 can be a silicon wafer or any structure or layer of material overlying a wafer. For
example, the substrate 100 can comprise an insulating film.

[0039]  The layers 120-150 will be etched to form a mask for patterning 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 various pattern
forming and pattern transferring steps discussed herein. Because the layers between a

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

| ayers 130- 150 between the sel ectively definable |ayer

120 and the substrate 110 are preferably chosen so

that they can be selectively etched relative to other
exposed materials at various stages, as described
we200m02768 Wi | | be appreciated that a mat eri aPCT/4/52006/033703
considered selectively, or preferentially, etched when
trahsferst patternadegived fromithe sqhqmwly deﬁnablealayelr 32@ to thoeubstrge 110, the

Bt ioP] Shbrept Beereigtyely Aol o i 260 e fESate 110 are
peifEat19 Chevefl so (HAS ihe? e &rséﬁbﬂveﬁcﬂeﬁ 2816t 16 Bthef CkpobdiBaterials

ar eater than t or surrou_n mat eri al s. Because a
agwmou@fstagme a$ dmnbedllz@ovasdt willehel appregiate ¢hat alysaterial & congidered

st Ry abuStetetinty, Gehed Fleol}B bER e kG 0 RS g TonlyrBout 5

titfes gtréa&r | RofeFaBlyled @eagt%oﬁtaﬂ) tlaﬁesoghdt&eﬂm% pr%fé%ly dt Uda8Cablofit 20

sui tabl e other ‘'materials, chemstries / or "process
tioien giepaten aryd, anost pm&chblywrle@kdwpt 40 tnaps matcrrthﬁﬂ téattfpx/@rroundmg

bl oS0 BB S b B Bt B wer-

d@ﬁmgk&mﬁﬁoqa‘e oM iR tHaPtBstraf 1B 0@ Ll @eﬂap }edia®id 4t one or more of
enbodi nents, discussed further bel ow, add|t| onal

thea kalérs g20é§%rcsn barormﬁeda@mwsmuedve%wﬂahls qﬂ@ﬁyenatq.rﬁldﬁ &hemistries

@e substrat .110 to fo sk h q% i E)rmed
oDFrEPGH PO s, et PO bl o AR R f

VefweeR B/ 19004 82 afl £30 &NBhk Shibb&ieats SviRYeihk 3oRitioh Bﬁlancement
| ayer 150 can be omtted and the spacers 175 (Figure

pl@)ert@ar@f b@c}ueéweagreadm@k fmoother, gmbodirments rdiscussed further below,

0E Bl bR bRl IEE ity T Tl s oo

a MeskUHSVIRd lirh$rofedd ¥ich %electﬁzht[yh@l@ﬁv& td Hedsubstedtd llwn Op’uonally, if
anor phous carbon, dielectric antireflective coatings

apPIAFEate eich Fhasistries @ awilable,dhe 1@3{@;&5@ £31es) omlatﬁ@m&@a pRagers 175

t at | n
(Bl 3 bEEho LR A B Y b PR A Ry FAF BiBhuc il lgvening
midterialye Bit:ﬂﬂpraxy’iﬁﬁte:ﬁalﬁfoﬁ theGaH®IS thﬁ@ dispesded legein include silicon oxide,
appllcatlon [0040] In addition to selecting

stispn Biiden sICOR ABOTDRPYS qaghon; ¢ielectHs mgﬂqca%wtmgsr{@ARc silicon

AT RRIRAD, BNk b oh Mol (B ARCH, @ iathicn

camble spteotiedy etcloxddelativts adleast?. bbdf the othermaterials, degemtihg ppon the

when  transferring a pattern froman overlying |ayer to
applicghiefer | yi ng | ayer by sel ectively etching the

underdgap9 |1R%86; fh 3

CoelSU[3 JEE8GoTH S e gAY B P vy

thikkreksee rod lﬂgdn layerst 124k 150t are prefatblyhoseavdependineg upde compat1b111ty

ur se of attern transfer [004 The sel ecti veI y
il bR %eChegg}%gew PERSE PARSKHPS fEsap eihsrewar "fggRple, When
ttaA¥ering %att%' ﬁ'=‘d?n Bf 692K yﬂ%‘lé’ye? @J’hnflﬂﬁ&tl}hﬁg‘ lager ¥ s‘éﬁ@t&e@’ &thing

to shield mandrels 145 &@lgure 5) fromreéactive
theyendedying daygt, seateriadsiirora both, laRneare agxmveds@sm@dw@s Byeferably,
which.averlies a

o gte oo it e 8 B B AR 80N BBl P patem
traﬂsfer

[0041]  The selectively definable layer 120 preferably overlies a hard mask

layer 130, which preferably can function as a cap layer to shield mandrels 145 (Figure 5)
from reactive agents, as discussed below. The layer 130 overlies a mandrel layer 140,

which overlies a second hard mask, or etch stop, layer 150, which overlies the substrate
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WD 2007/ 027686 PCTI US2006/ 033703 110 to be processed
(e.g., etched) through a mask. The selectively
definable layer 120 is preferably photodefinable,
formed of a photoresist, including any
M@%“BW%?@ known in the art. For exanple, tRET/US2006/033703

phot oresi st can be any photoresi st conpatible with 157
ld fhto belpracessqd (243 atehed) thewsh amagky Ehe prledivelysienable 1898 120 is

ety P ahie e ool hETRpens h S e Rflorestt o

i HIRCAA OFbrRRaHple the PBSIoARHIE €anSHeSdn§ PhototddisBEGHhHdtBIL with 157 nm,
maskl ess | i thogra phy, or maskl ess photolithography,

103 b 248 B dr 865 tnr Wanslagh sygeas 193 @nywe!@ﬂengahnemtray@ pystems,
hot or

o~ fine FEATRYE o rmd RREOPRr ) 7 B2 B, RBleEpL St Bestron bean

lithdgraphiRh9bteine s 118 tadditieh,! Mkeess ﬁﬂlogﬁghy\ﬂ drin@R1ess phdtblethdgraphy,
sour ce, and krypton fluori de sensitive

cpi dreovsed | tot deﬁne e selsetivay eigﬁsqblg dﬁy@aﬂﬁa f §ramples wif tmefarred

b bri bR PR e RpoRIBBICOUE] i BhehGeib, ratt
sGftbld fomseemﬂm Ar}* jigHttsourBe, @nd kdyBdn fl‘&ﬁhdé‘ﬂ&FpE&Eﬂﬁ@ﬁh&&%slst

are preferably used with Ionger mavelenﬁ
i;5h phetpresibloggitabla for wsm&m;KrE glﬁ sagrcm mh@ty@www prﬁferably

PR SRASAREERRS pistis i EE ANy RL M YT ReBE I ., 109

mRat UFNSbid¥sifiaNPe iptdTedablly used tWAGD IGHEBY waSelhngth PhoteSithdgraphy
a nold or nmechanical force to pattern the resist.

sygeug] sutih s ntte pmasystess. t He atesr erphesknengy; ethe flaypr 120 and any
PRI AR A58 Pl A8 G 0 S Bl SRR i

lalgraphy, el £,BY wsidgrd 1ﬂ@ld ok fetiivical fottstis pittegn thekbedktment ,

the hard mask | ayer 130 conprises silicon nitride. The

mandil®42] ayéfihellz;@tengl for ¢he haw) askolayeid 130 peeferablyrqomprises an

x{u{l mc° tePiEl. C%Q%ﬁél%@ maﬂe 418 i a&ﬁh ﬁﬁ xﬁﬁétfah sifid i Bxibid and
uFn ers ectlv Vs rer

silitoe ﬁﬁlﬁm Inl’tﬁélﬂru@iratwém‘bmﬂﬂnentl the hbﬂl’rdasﬂtﬂﬁ&@r l13¢ @6mpradds silicon
and material underlying the spacer material. In the
niltnﬂ'as hemapdrehigyer 19ris pretfmblwéwéwf AreRatpria)that gan be converted

lo

2 AP e AR I, ol i SIcSERG YIaDE & B Blicted
mmlér.él fn(arerlh]h thedpatmnsk 11)765 IBGFmgimeteﬂdl)undﬁwmg)ﬂ)e tpeeer material. In

% ubstrate %ﬁ ere the layer 150 is used

I{mt 9 ’é‘?eé‘ﬁ thega E}s}?&l*%ﬁaélsfﬂtfont he layer 150 is

pr ef y f [

Pho. AR 2 g B dRAaR 5 (E'sEohhald 1o 13y 33D 3% Aldfrdty chosen
basad dirpon rtge nedterial wséd fdreths spadersal® (Fighre d 1pend dordthe tuenderlying

h k be sel | h
PR D (R R BRI S0 ST 674 b o1 e g0t laer

ltSB ei‘s pfe@&é’d’l? o m@ﬁalte@ﬁéﬂhatlﬁore&@tﬁntb@ tRe rﬂeﬁlféddﬁ‘oceﬁsﬁg {e.g.,
[icon nitri de or can be an oxid g 1 con

etshinge dorine, tomdlzmg,m) af e sehiveatti m@mo be @hg@cdammrtue mask
sk r.SeS [icon 4]. The
PRt e Wikl SRR RRE w3 bEa R Fimpield iy e, e

sb‘@lhﬂ (T rﬂﬁkh@d‘ﬁ 150 can be a nitride, e.g., silicon nitride, or can be an oxide, e.g.,

silicon oxide. In the illustrated embodiment, the second hard mask layer 150 comprises
silicon oxide.
[0044] The various layers discussed herein can be formed by various methods

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

-10 -



known in the art. For exanple, spin-on-coating
processes can be used to form -10 WO 2007/ 027686
PCT/ US2006/ 033703 phot odefi nabl e | ayers, BARC, and
spin-on dielectric oxide layers. Various vapor
ABPBbieh Processes, such as sputtering, chegt/8d06/033703
vapor deposition (CVD) and/ or atom c |ayer deposition
P finfAd 1RRrsUSBR ¢, OaﬁdJ [sPinVGR" HRIstrid s, ddd as/ers. Cmﬁg vapor
mandrel |ayers. In addition, sonme |ayers, e.qg
d@ysnoumcess@nsmb ag aal@@mg cleentienl ivapsr Idarosibap éeyD) End/or atomic
n tin |I|co |tr|dela
ARG S e e ePEDR o Vi B a5iRf B e e Bl e
Bf addit®on$ bbth€ Mijers, 2y £ thk4lQyes AA0 bem et fehdl@ltoUfok btiter layers. For
nrtrogen precursor to forma silicon nitride |ayer,
GHARE, crathes dhape deposiiing o §ilieam Kilridy dayer gysing siligon |ang eitrogen

%x%EurEcl?? e 2&@?@%@& lo¥ thE ‘Qﬂ'x*d&f ‘i’alyﬁ?i%’d Ghn Qé‘?uﬁ%éc{be%lg%v)a_ nitrogen

etter 'und in Vview o di scussi on
pfeOutSdr tbldanimng siticornmittide lalesiwlich ainaetve @l alhaydemask layer, or a cap
at of . s rs is ext rmed. [00461 Wth
Petreio e autss e oc uce anaaérrl &swﬂ &ﬁ%’Fﬁt‘%r“ﬂﬁe@B%@s‘”ﬁW of the
Bi:8REBEEelowr2, Which are delimted by features 124
formed of p otodeflnable material, is fornmed in the
phot 0[6945]nabHevm@ﬁemedamesm’ddestackeﬁ does, 1 PAtterarofispacers is next

hﬁ&ﬁ&d by, e.g., photolithography wth 248 nmor 193
ght, in which the layer 120 is exposed to

radi afobpfd) t hvemGRfefence & Fidul @néj F&ttb%ﬂ cORMRIRP§fhces [ irenches

remai ni ng phot odefi ned material fornms mask feat ures
$2% hwhigh améelnmtedbr'rfmgs 124rfesnetif phethdafimalhlp material, is formed in

n fter ber
s RPATERNE TR 1K, enfocltS) 2 R REToRR e g phopgitosrapty
witH 248 nﬁf o 1I3LEm 1ight, lilmvﬁfchhﬁesﬁyerqao i8bobed3@ radiatdn through a
|l ess, to formspacers having a pitch of about 100 nm or

redicle ang Sheprdeveipped.  Dhesrempining phatpdgfiped wateriplefopag papln fegfures
RRALRIES il 5&&@@%}4&@2 gsﬂo@f? dn cds& Q&:li]g\g oﬁ%ﬁ altSr bein eveloped

transferre l'ayer is tran
Advantagtarshbthe linag &Mrpﬂm tshfernedshavipgavidtmiof ataud p2@ nmtarﬂ¢ss or

Rt i 3 1ee, & R e s bbbt P B IRS) ot oh

may ajogpribe Withirafetefcd fo Fl%lﬁe Raghe patteRs Bfﬁmﬁémﬁ&mrés 124 and
sufficiently thin to be efched Ftr’roug wi t hout

trengbes 1 2hhis trapsfiereid g the furde maply laryhreli(r ardiseirpmsder is preferably

PO ORESH P BSOS G R,

by By colaﬁﬁ}nngplhs'rﬁl Slfﬂﬁfugﬁd ﬁw(lﬁdm@pi&ﬁétdli filay hidy Bé sulithbletibthe hard
formmandrels, o | acehol ders, 145.

magkn eyerr 130sis ﬁr‘@iclif’flﬁb tRyn é% @6 mqr% ngbswlﬂ@uaﬁndewﬁy widening
S e e Y nm. “The wi dthe of the
mandr 048] 14 5Wétheeforeaéestodiiguye S1ths pattern il thy plsitedefiasble yer 120
gn%eﬂl%grtd hn?asgflay hﬁo' 1|s rﬁ%&sfelrrz ﬁ 'to HieXnandrel layer 140 to form mandrels, or
temporary placeholders, 145. The transfer is preferably accomplished using an
anisotropic etch employing, e.g., HBr/HCl or CHCl3/Cly-containing plasma. The widths
of the mandrels 145 are preferably substantially similar to the widths of the lines 124, e.g.,
thé mandrels 145 preferably have a width of about 120 nm of less, or about 80 nm or less.
[0049]‘ With reference to Figure 6, pre-spacer material, i.e., material to be

reacted to form spacers, is deposited on the sidewalls of the mandrels 145. Preferably, the
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the mandrel s 145 preferably have a wi dth of about 120
nm of |ess, or about 80 nmor |ess. [00491 Wth
reference to figure 6, pre-spacer material, i.e.,
material to be reacted to formspacers, is de

osi ted
W200/276%6dewal | s of the mandrels 145. Pref er AHHAFS2404E33703
-11 WO 2007/ 027686 PCT/ US2006/ 033703 pre-spacer
miersRaceramatesalpisaplreket denpsiied avadayen 176yasy the 7pandsels 445. In the

. | s.145. t [ At odi men he., _.
IS b 8 e HEPHR SO 9581 170 i, e
depdsitignuéan Fh Sccoﬂlgﬂﬂﬁ:'d thyovarioad mie¢hodSs kA6 iiss figdargYincluding, e.g.,
vari ous nethods known in the art, including, e

@A and BLDrEha thickress o therlayen &7Q isypsvferably chesep tepRids| ss%?:ient
T P O R T

shiter MaRrialSITAGEHIh B hRhdels 137 Qis\disthssédieelomndr el s 145, as
di scussed bel ow. 100501 Wth reference to Figure 7, the

tit adPW pr eWithaeferentealpelfigwe J, Sredctiterivm prenspacer Bygr4lyOznd the
BRI 85 5 nt P S Bhoh orfoPRaBRR 113 SPimgosed of a

tRarpedisiRde inl the WuskratbE ebei@ehtatiedill bakpprb@ated At elesmandrels
145 are preferablé provided with a cap layer to focus
146 are praferabbnpronidet avithiachepdayes tooooustthe resgtify @ e siswallyof the

PRt L Db GRRaY e e e A ol YT Rttt g o

thdrGapTRPEH 16l freveAB thietoprob BietBarndeas 1 431 froRYbedigerasted, 'y preventing
contact between the titanium pre-spacer |ayer 170 and

qoplact; leghwesny thy ddansym tpie-speserdexsr <t 70 jand the fppotusiage of the mandrels

' he.c I e I Ly f s
B e IR R PGl BB RRp BB Ripgion on
ovaedttieh of Wbtopvéterthd efanrelsnols, WhethBasndtah& hhrdyask U3¢kri1S0 is

present. 100511 Preferably, the layer 170 and the
Wief6ffr el s 145 are subjected to ari el evat ed

) e f-alj .
i 11 QYR oprficety 3 APREFlo phEupOMEf e 12 2l ulRRED to o

dievatet canhpetatun, @gr,atneghnedl] RUtdusd Gelfaligind slidiaohaeaction. For
rapid thermal. processing (RTP) at a tenperature

P f

cxpgple. s pagpdy fabrisated ﬁﬂ%@g«a Bir%u,it H9oign bgspbjegediy r%pis*rthermal
. | 5

AR TR0 Wi o L STkl SR ARRAR, sy o5

a30°C, Her abears-D0 secands, o meaferably, afout 20-6@sdcondst N t he .
| ayer 170 that reacts with the silicon of the mandrels

145 (90524 arlewill Be pprccidtehibat he arientafdheitmetiangnddhe ppgunt of
tgé}ﬂl?rﬂlin thENHer 1‘?6‘&%?&8@ %1?1' e siﬁi@«ﬁf&i e nf 88t 1'4‘3@?@%%&?!3 the

e tenperature an ation o e anneal, ca
tempeatirthndajweatibnrod thepamedlh &hws, didhantagedisdy, rexetien adriditivns, such

di stance desired for the spacers 175. For_ example, the .
FebfieEPEraye andyf ‘&afmeofﬂai/ ety g6 el B ERRRE o e widt
dnlRr S8R BhI Bdladce AR foBfheNPAQEs | BS SFQT exafiple€ the mandrels 145

preferably, about 50 nmor |eéss.
and the layer 170 can 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

widths of the spacers 175, since the thickness of the layer 170 typically places a limit on

the maximum width of the spacers 175 formed by the reaction. For example, by

-12-



[0053] In other enbodi nents, the parts of the titanium

| ayer 170 at the sidewalls of the mandrels 145 are
preferably fully reacted. Advantageously, fully

reactin these parts allows for a |larger proce

W G0 7P%r t he anneal and good control over ?ﬁ@ﬁgwoﬂ?ﬁ@:’
of the spacers 175, since the thickness of the |ayer
dfmttng@% Fyery 179 ecrgiven widdhtthe durationeansdor temperaius @f the anneal

i o T3 bS48 B bR R e TR Bfs P15 of

tha&)h@dth sifietthe ameunt& nvitdah (e. & he didthf dOhe d3EF PTO typically limits
enperature of the anneal can be allowed to exceed the

f@nﬁrawthmftmp@ﬂrs 15&9@7‘19‘;1@1@“6%@@@3%0%? }ayls‘srpb?@er s 175
o o 8 S A b e 4 B

stlogtivelyarioved 7 leanarthéd @p&ca&IMSI i theh emé& bE ¢lid ﬁﬁn@%lsth@ The
| ayer 170. [0054] Wth reference to Figure 8, unreacted

Tem@veh FanRg arpcmplmb&g &y wey or iy etabes. e At Wetetah gasrhaveadvantages for

B el o RES it e sl )P lte®B, T MG Bl of o

sOitaVBRS etel @ha RN eﬂ&B\é@n@ﬂMﬂQl—EQeHZ(bzoﬁnd NEguge d’r@i@ﬁbliy, @feCkpacers
| ess damage to the structure of the spacers 175.

15 argptublithpgraphie, fie . 4hevehawe @ feritieal élrxmswet es wiﬁp,rth@u ipfelow the

rgsgg.{tllx){;%gl dgqﬁ W%ograﬁﬁ e{eglﬁu e use ﬁo% (?I%lel g té)e%éas %a%ern in
tBis Gase, mﬂndtohthdsgapu@tebl@h@wsaﬁo éﬁfé‘rﬁhhhtlhyﬁi\lbomt of the
og

phot ol i t raphi ¢ techni que use or form ng t he spacer
e

pat t ¢0085] i n Withi refesense  tot Figuigh®t iei silieep aitide qapclaergldod is
5
Et%&g/e o@BgY%derreﬂm{lp 3 thlgéﬁ?a(c igS cap Q 3'110\)41\1 &%)Olgeegc%rgﬂ?sﬁe& 1951ng

e siI'icon
a&R&@l@lﬁbx\/zﬁh/b!tdt@fTE\ge@sth&tph‘d@hbﬂc hcﬁ@ spacers 175. This
renmoval can be acconplished using a dry etch or a wet

et ch I0Oé6b Next.rig shown phibigyedpi v@lraa,ctqé mfm@@ Glatouakis selggtively
tlonfo gaur Stte]fiq rofU Je? a%:l ﬁ@ %175 %r br aJet et%he can be
ect f di

Ive enove ern Fee-stan

eﬁfp@c@@d $or]tﬁi§ releValO rArY\leienﬁﬂeﬁ'fﬁ wet etan cb@pnwmmmm ed HZO A
this renmoval . An npl ary wet etch conprises HF,

HNOB
harmegkdayen 150 g bmwdeéyweﬂyw the,pPasRS P H\ip deatect the substrate
qgga%g'ntg e{]gm}apﬁrggcggd: %{aﬁd%,y gnatén% Ry RE %{no%hew? B’Lﬁtbﬁerﬁ}itgnnonany

W unreac mandr el

refoviNg ehatdriah (ithe sabstiagn 1 100 NThlsy advaatigeously, it atedd 173 can be
the substrate 110, Thus,. advant ggpeously, t he spacers

formed hgying e pitely thabis rAwghlbalhthal of the phetqresist lingy, [Af 4pdisnaces 122
(s o AR89 bl OGS YA B RSEB v ot ot

pitole oiﬂb@ﬁtﬂ%&in&tsphdefﬂéﬁ havingagitch offabbutti 00 fnmadrdeds c2h)be formed.
spacers 175 havi a pitch of about 100 nmor |ess can

be f&¥0%2h. ib@’ﬁli}’e ppprwnpqed et Qﬁ‘fi‘f‘&%tsgﬁf:ef%}ﬂs yedanmed in the
stdiafhPBE e phahdrel’ 244, OMERGBadel 112 gl e bilfine of the
rel's 145, the spacers 175 generall l'ow t

ma;ﬂtqlmh%ca’ndt $e typically form a closed loop. It will be appreciated that where the
pitch multiplied pattern is used to form features such as conductive lines, additional
processing steps can be used to cut off or otherwise prevent transfer of the pattern at the
ends 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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mandrel s 145 and, so, typically forma closed |oop. It

w Il be appreciated that where the pitch nultiplied
pattern is used to formfeatures such as conductive

| ines, additional processing steps can be used to
WOR0G02E8er wi se prevent transfer of the pattqu%?POﬁkjoﬁgm
ends of these |oops, so that each |oop forns two

Jorps. vA guitable method o atiine ot e £ads of e OOE%lﬁ disglosed in U.S. Patent

iﬁ@feﬁﬁéﬂ ﬁg efb/ ’j 1971 %(%”81 &al. bﬁle{ii %ﬁgtﬂt% r ayeéxﬁ{egcfésc?osure of

Ive ma eri al over t

Whﬁhmhcdtporhtaabéréféreﬁ&r}mem protective mask around the
parts of the lines to be nmaintained, and then etching
away [0%8] un pWéﬂ]eféfeéQmC?) tor Figured 1 gin additien dgERotecting thfféUbStIIE 110

X]\QP% ag% g oy?lcé‘{ 9 %Qxﬁi/glg?’a grg (%pr%ﬁe?ﬂﬁ%%@ﬁ go%k%mproved etch

shlstivios Rthtive tdihe. suﬁ&fa@ﬂtl() #AnfabdsGrietedie Matterd OF Sphterd 125 isto be
Tran et al., filed August 31, 2004, the entire

trnséarisd de Besnbstie L. | As diseessprbibave dhahard anask daver150 is formed

PN cand R Ml TRy s ARG o sppuet PP oty

fr@’fﬁ&‘ﬁ%ﬂ to tHaQayean 80 BBHK ah aviSdtropRletdl; @feg raﬂha‘tdh @hntagise CHF;, CF,
roved etch selectivity relative to the substrate

9_11 Fs plasma sk thedined maskhlaygyd 60 ssrsuffisientp thomribwillse apprecigtaddbat a

f’j‘et ﬁ’aer r dsl%?olfst @go ) asc:%%sayt)l?sﬁ tl?eoqahgtal trag#%r Ptk iniﬁ%giu%&érc‘uttmg
¢ he | jobsogt r aNegt, eEIRed wREE la Ilhes(paehtleerﬁvseafto $RAGANTEe dfderlying

is preferably transferred to the layer 150 using an
W@@Gﬂlﬁbl C etch e.g., an etch containing CHF3, CF4

St 11 00afl 5o R g sp RSBy removegbpetore o

et Rtdiy thd éisasme mﬁoe dPreferabGE YNBfel tBmbeBalFHthehdtd mask layer 150
transfer with mniml undercuttin 0059] Next, the
sieriabo of

pierel goeds kich aslecmvmcelahw tocthe; tsebsiratenbl0, e.g., where the

SitFe 5 PR aol AR R Sufhmenel B8 Rng e ler £ dhe wasss 7S can

Bé rendive®befbiledhd pltetie taHekddb helslBstratd Ef(EI B spacerbdiidial can
the material of the hard mask Iaﬁ/er 150 offers good

be agromplithed jugingye.g.e p dlilntecdl ovet pleh.néydsnitegeonsly.tthe spacer removal

e R

S/hith thadtd RO favd) @o redth e subefrate 610 f&ﬁd Paihingibes the p0351b111ty of
transferred to the substrate 110. The spacer renoval
aligratiops inglhe @h‘iﬂm stsad by eellppsecorgleformatien of the ppacogst] 7@t especially
uge, t
OTAERRUS Vs AESesn Sy IR BEUE R B 1, e

Sp06ts ¢ 756k be r@noveﬁhdj fmghate Whieth oftiehamdtsitayust travel to
reach the substrate 110 and m nim zes the S‘OSSI bility

of al®P@Hat i Brith referenge tpligere i, tapatisan by the bpdapask leer 150 can
Q@ Ir%s%? 3@ tl%fsuB?cFateS Pltﬁfglﬁr}:gé %é,/S, an eeﬁﬂ%‘}'canlb}fﬁtlw 6f Eclh %electwe

spacers are very of narr ow. as s
fan the gwtcma](ﬂ) off the subgeted $0.1716 addutloh)eo ree:lhmgeﬂhetsmbstrate through
facilitate the,etch of the sybstra;

mas s in other embodiments, other types o processmg 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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[0061] Wth reference to Figure 13, the pattern in the
hard mask | ayer 150 can be transferred to the

substrate 110 using, e.g., an etch or conbi nation of
etches selective for the material (s) of the substra}§
W@QR0070%68di tion to etching the substrate thF&dgfy?006/033703

masks, in other enbodi nents, other types of_ processing
hetresn dite spaecrahbkandrhe subsiratp & #0.1Eer exampleam;@ﬂcﬁbw lgyes 160 can

- | bt i ng;. l.es O e r S e de_ . ..
At AR e SES 8" PRERS o ppigoion o
60RPR 303 k@MranQX bilafiled® Mardh 13,12005,i eptitledePiech REMROet] Patieinl Relative
reference to Figure 14, in_other enbodi ments

TosPhatolithaggaphut Seatures. hittarneys Ppeke Noi MIEBQN-ﬂﬁP&(Miom Ref. No.
A o081 Bl R SRR e LA TR

rmski[omssggt ewith| condiftudde rdfaemidto Fighrd\D420Ry 1927 630 preferably

PCT/ US2006/ 033703 between the spacers 175 and the
couIpEsesa matetial thatdras eredrpick selegtivalydelativntel the spasers11§6, hadayer

rQvi ded, .a iscussed. 4 n,co- di ng U..S. tent
185 B0 B nerelf 115 LSS RTAghE 18 RS pertty fpgfiact pporphous
dattof dwiah G advantagddbly résidtint e thaly beh chigsigeRs fdtati6Viag silicon
Rel ati ve To Photolithography Features, Attorney Docket

mueriglg BRIBNsBERRI I0M cron Ref. No. 2004- 1130. 00/ US),

t he ire disclosure of.. whi i s_incoyporated herei

by r S0 VAR RSP FigtE i s SN ER hE e 4Bty }7g con
beAranbefed AYIBE 12400140 &hRhakdnyserved 8P thie Peitnady AASET (B or f;&tﬁahﬁng
has good etch selectively relative to the spacers 175,

the) substrgter 1101 6 0 daardagepas!yrein ditledr semibpgingenityy ue to)the Bailability of

SHREBR ety afe R sEhRE pondrEiafin. F BRI i ARSCRer 150 an
BeNRBd 38 Erh@Ferithé pAtRRAP WoROthe il4yef 050 toTBeQhyer|150 laftert Reoval of the

substrate 110. [0064] Wth reference to Figure 15, the
spacerel7d, scthpttheimesk ushé tosisrnster the patiers imthe pamanameadkenerlayer 160

to,the |ayer ich th [Ves the .primacy mask..
RIS nd e irorg PR R PR R0 IPARP T BY g fteon
with iifable otep athtdRRL the hdtdemask 1hyee 160 d4d ideiflbetfyrn@dd of amorphous
extrene selectivity when etching anorphous carbon, a
g8Brer ned hard nask |ayer 150 can be used to transfer

t he rnfrq e | r 150 to the | [ 16/ er

oo iesS; " ThaBuh e BiEhats et Pk By e Rl Bybies o
HatRBiEE layeh 5@ Betviden the stiiGrater 1 10B4nd thBSiadets 1 2/ eln 36 cases,
has | ower and nore uniform aspect ratio features. In

aspasially syhsertherspacer, materiad bas gondtatdrselegiivity slativais the subsapte, the
i al r 5 i . .
B lokan bl Brol it ARRGH b Rerh 88 sB8hs 175 Sl Bl B B

Hahtmeskfayerdre no intervening layers, e.g., no hard mask

| ayer 150, between the substrate 110 and the spacers

175. 190664 ucHt ¢l b¢, appregiaied that the fpraration 19€ seisameccording to the
ﬂi‘@fgs ub@%dr %%Jmt ﬁrgg BferS hfRerdG! S&iahidbdsY FoPbRINE alRarddh trim etch is
not necessary and the spacer non-uniformities that can be caused by such a trim etch can

be eliminated. Instead, deposition of the pre-spacer layer 170 and the extent of a spacer
formation reaction, e.g., an anneal, 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 trim
etches is removed. Thus, processing flexibility can be increased. In addition, a

directional spacer etch is not necessary, allowing advantages with respect to forming
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substrate 110 can be processed through the pattern of
spacers 175 wi thout any intervening hard mask | ayers.
[0066] It will be appreciated that the formation of
spacers according to the preferred enbodi nents offers

\Qaq@ﬁ%%s@dvant ages. For exanple, a mandrel tgdiaRbdedss7os
not necessary and the spacer non-unifor iities that

i AT HRECSimSHE” Shpd EbERe T 6 PSR Frpge o

mxkﬁﬁthWma spacer formation reaction, e.g., an
anneal det erm ne both the spacer w dt h and t he spacer
spacilPOp7] nvor Wilera spaess strlids 4dvantagequsbhngtaiegessary in the preferred
odﬂﬁéﬁ%d in %(;}ge Er?;ﬂ%gmgﬁts '58539%& gicﬁ c&b@é %n#ﬁeeﬂyérol 70 of
or

orm mandrel's m as requ renen

srospettr Mbtetiblto \ﬂ)ﬁmsp*aédr feah@ts; fimet 1 prRAPUEH maldiiak on the sides of
tgr ocessi n&fl exibility can be increased. In additian,

¢ madrelnbgforegacing dhe Arerpages Materiod 486 the mandrelymalgrial. These

SUFTLBNER UL e 550 I DA rd el SR WO4R 17

whislp & sSIBﬁWe@&t&aBIedelta@veﬁb tHermatidrd nﬁmgmdtﬁderlymg materials.
under|lying |layers. [0067] Wile a spacer etch is

advarlf ousltywﬂﬂoﬁ s deeappraciptadnthat aviglecispusead with reference to
PR B Sain” R0 8" FARRGHEN She YSRAGE FSRARAD Diious

ayer re-spacer nm

ﬁl@dlﬁbi&i@ﬁ@ Bife o@ﬁb]ﬁ I €81 exfafiplee dajﬂfus RiliRideP ACAIditToALte titaakum Sificide
the sides of the mandrels before reacting the

epnde ysedcte omtl@rspwema rEe;amn@s peeiberanctals taeformmetatisdisides include
f%] er L, a% ragg n tIH% &Smﬁf}%&‘?e‘i' \Jf\%s%; Elega?se all B8 %e&!sﬁed over

forn1 e spacers

ﬁael Baddrelel dx‘ld efrtialed eor okt 4 MRethlo silibide.ma il rogther rmmgérﬂénts the
and underlying materials. [0068] It wll also

%ﬁm&élpapéalateﬁaks casypg Texergeds dips S¥amnip.tthe mandsels rl&% cange metallic
Bﬁ u%lf q a?ﬁggﬂs%@%sﬁ%@ 9\{& tﬁgegﬁzlmgﬂsgs %@?? ?atl si'ﬁcfdgeln addition, the

pasikelbl185 cho compasEpdnsorphoas icasn ahd itled des 170 (&tddioh‘lpﬁﬁb various
titaniumsilicide_ can be used to formthe spacers.

ethermateriloragivesrithamogphous earbes: foreramplsithe I@w%relg 0 can comprise
I

406 Syl B0 RIS BRI, BPE TP b Lol KRR form

amdtabsaiisidt.ed to forma netal silicide. In other

arran ements, the conbination of. mterials can

r everlg@ef] FoW‘@x'é’ﬁ?SF’é‘e AR df il A5 MG%GWQIVY}P'@ the
%ﬂgaﬁ%nsdflt % 1{;‘3’195 dé ﬁlu?tﬁ o0 dst & golfavﬁﬁtﬁtr&%trlrgﬁﬁgfgzﬁ é:ﬁ f 4(%pos1ted

orma ne tion
matal ]@p&meacfsewﬂhrﬂfepimndﬁls; drelmpacesntl Stdag bl dyrered byGadaus processes

npri se varl us other materials reactive with
%Pﬁ%‘rt[aﬁbt?éat%s GHYeeR 5Pl KAlIFRstantt lny SYsr crabRyitegys, the mandrels

£ bs eact%ﬂlvhﬁpep gds@ods HdTant fol 1608 s }?ﬁéx@' ﬂ@luﬁﬂ%@ﬁf{c@m Wa jare not

or the layer can conprise a ne
sibgidhesd efor example a silicidation of a silicon mandrel 145 can be accomphshed by

exposing the mandrels 145 to a gaseous metal reactant (e.g., TiCly, WFs, etc.), or a gas
phase silicidation of a metal mandrel 145 can be accomplished by exposing the mandrels
145 to a gaseou§ 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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[0069] Wth 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 netal layer reacts with the mandrels, the
?65@@%@“@?5 can be formed by various processe%cnﬁ$m@wnym3
t han reactions between solid state reactants. |In sone

distlovsririe bt S, Patont Nonhdi 525, thuentisadistlestreat whighvs inororated by
?eﬁ&?rﬁ:%shelt ﬁ‘g%ﬂgﬁ é)on é’ﬁe'&‘ téﬁi%gﬁer Pgljo@fnﬂ?%dstg gcer %ﬁlcegf 175.

are ICI I Cl

Thé coriveBionNEA dfeeéauadHSby: axpoblﬁe ae e@afF}r (shedglny or etﬂ@ﬂ sgene (e.g.,

the mandrel s 145 to a gaseous net reactant (e.

mtdysds). WisT thetspacers 155 aze fommed, thepatially fabricgigd miegrar-d gircuit 100
b% e@&%@gédl%égse%aa%opeeregﬁg g‘? C%ﬂ%g@dﬁby exposing the

aseou n"reactant (e.g.

s| H4) [ooto) adﬁﬂﬁitl@ﬂallysl\i'hﬂ@Oﬂi)voOiﬁadaﬁalSpﬁé afiscusRB d¥dve for ease of
formed by exp05|ng S|I|con mandrel s to an_oxi dant or

Wivstrationriad depcripipny it vl becappregigied th@faveﬁeu than sy aateriglgrean be
?éa&l:tec? O £t F d%mredS' | ' ok ezrt@x‘ia{l rég SK ai‘ t}grntx&f ?fq rgélctlon with gas

Xposihg siTicon i've ni
plim ir€@Stantsn Bieb'@ﬁdcﬁﬁ@ﬁﬁ ARKIRIS ,cah e reRtdIe), ¢. gl%nﬁlag desositing
carbon species, such as anorphous carbon, resist, or
eralitwdmlamp ol Presgpeqr anajerjals gver oge anathe apd) thepperforpemean anneal

by el oL bty Pl HeffSla o annca to rec

tHac RE&OKia! Be nindrel afatsranasl thed edpdsitind bedlod BoaAdRohAdayers of
to a polyner or cross-linked to form spacers 175. The

Bsripages msterighandyber ingyan caphodigyents; thy, additional
gﬂg%gtél)rsscg& .Pgtngfogu?%ire zﬁse %ase(,c{%ﬁ %acgan% %nyaﬁ'#eisrkplv@at & 1nt :ﬂﬁltlonal to

degoetihg iagers Of pretbphcet Bflteri@RN be pr ocessed as di scussed
above r;\ﬁar ding Figures 9-15. 100701 Additionally,
whi | el00RH raMorsoxrs whike dis cetehes deratigolsrabbr neperfermed in the

{f(%quéxgﬁérn; ?fe {h? Qnﬁ’l%? lgefm @{ch U bk hae%%n]nhedb? dgﬁ%decf?%t&gmgle the

han eri aI S ca react e

ghabresist Bpacem batsebjeabd t€.adirim Stdh/@yerf bdifg deord, and/or the
reaction with gas phase reactants. These additi onal
iRl 473 e b et aétl@cpt%y Sugh g rim et maygbecksgiyd it forg spacers
acer materials over one
ano%rhgk& @%ﬁgglr?%tgﬁ{)%r?n&ng an anneal and/or by
deposjoo72]g aAdditighailyl eeedap szyepl’:z&r Iepfoeaed aﬁéra’omahg the mandrels.
erformn ng)@an anneal to react hat [ayer wth

&ns ot thefrandrdsmay b@@%tpwﬂb ﬁgeﬁwnﬂlbf '@phed reactants,
di d th
Ba s ﬁﬁf‘ﬁégss SMEE B 18 imPaRa AR Sond Bleth e, "

addi tjoord]l NMRr&@veRhise spaterde fotined ditheat cpdae fitshe mandrels.
reactants as an alternative to or in additional to

Hepeiampleng meig) daver gan by eondqmally dw j oyfer thegpangyels and both the
@ a?x@‘éﬁ@s ofhi nﬁg&r@%s%ﬁf)gﬁg&e@r'?h tgp é}(ﬂ@@iﬂ them be removed,

ormed in ormat i on of t
eizG by ealretteonpledriy etalreat hyfﬁlhh@tlhe em;ptyi-'apaces dbatvwser thet rh&ndrels with a
gﬁ? Lortgé%l:%glfp’a i ﬁge?r&f;a(?trﬁ%; 1ca pohgh?ngat(} 1r'e§mrgv%ttﬁg t(gjlpf ]tpae}{s 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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mandrel s can be subjected to a trimetch. Such a trim
etch may be useful to form spacers that are
exceptionally close to together. [00721 Additionally,

the cap |ayer can be forned after form ng the mandrels.
MY 208%847fi6e, the tops of the mandrels may be peawsSsd6/033703
wth directionally applied reactants, e.g., in a

sabaaes $16ican lcamptise differdntmhaterialy ieqn, layears fofr diffeteat eagerials, or
I_atl\yer. [00731 Nbreover, the spacers are fornmed wthout
differey matgrals i different dateral egions of dhe @ibskRe-e, Toatrarsfeg)the pattern

e ' -
YB39 iSRS TRty St O B DEBIAGE) Sty
drpaich egemfﬂnigg,roambi_a asédltto guqcessivslgmmh ttéimafgh lthlre_selr diﬁmr?admateﬁals, if
e.g., .a directjonal dr tch il.ling the enpt
%sgg&}%@%@%%éﬁottm@icrﬁ&hm%@ﬁ% filren mptegalS ot r | al fm )

; : . . o
Pop. LsD9, A i BECOARCARY, 8%, Rphidkhe Bpdi B Enclllry or
dhefligties Asedpovdlylinpespa s midshard inavk layera g beetadhpdr Brioniecchses,

that other materials can_ be used for_the various other
the, yaddisiona] qmaskings layes 408 sEigurrerld) As preferply apieq, fog pperior etch

: [ t f t r '
Bty "Dl ool lpBBY, 05 w8ty 1Bt 1er ARG Rl lcBusy
offepn sxx@llehit rregigianide eto Swheattionsl @dlc bheatistpiss, edpeciillycihesedsed for
above. Moreover, the, -17 WD 2007/ 027686

eishmne sdievnEoniammeamaterals  Fausethe pomagrmaskipyer 460 gay ¢fEclivly be
: . . ALV B i

B L i 16 Bbing BBhSh @ bk, OF SEARBIAE R o foming hieh

sSpdestatiatenches transfer the pattern defined by the

spacers to such a substrate, a successign of different .
chenil®76] es, Alsp.ether mapks diseysset bereghenn Ster pard t dqrmp evarious
. 0.: - S fer .
B B RS B P Al 08 Bopnet s,
leddidp pdds dnbi epatts fof eadois ebevtrival dévdces,( ol 26 chpacivbdsl and| tedsistors,

be. appreci ated that, dependi ng upon the chemstry or )
R@ﬁ&qf)aglﬁ/rf?re@ﬂa%oﬂ,nd ¢ PAYRPT ZE1e% GigPigyhdit fthiedense repeating
t | i Li.enal

SRS BRI I, UNMEEASE B 08 B R e
widthe forogase b tilusteatiorcthe wiasks cabldiang) featupesphitiu sarczhidospacihgr Also,
t.he primary .nask | ayer 160 advant ageousl offers
Wil Rted et BhcH et Soh DBHE IYRa o SRe gt segers can
BeSIBRdP mut{iéaezwm tbvER and @b&0lidHeB b 4G CI813b Brfifa mask

I
materials. the primary mask | ayer 160 can

meftérecti vel y be used as a mask for etching through a

| ur g of, sybstrate | rs, or for formng high
Dpedd7) oo dhe pk s e v Oimed rdag ol Eerdaen 120
AR b irforé FhnRuERAEd Fof eiaﬁ;n@,w b&iten céﬂ‘ﬁ@ﬁﬁﬁ%ﬁﬁit&i infitiplied by

features, including, wthout ITmtation, conductive
usimgethe opasstst 1735 ae sjandielnidr ngequadisioasldpipdr ingltiplicatmni prasess in

V%‘llig}‘lc taédi&oarlal g&}éler%ea?’é formed azound the g;')atcgrrsslﬁ,n 916%1 "RE %}I:vaségrg s aré

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-contiguous and vertically separated. In
such cases, each of the individual levels to be patterned would constitute a substrate 110.

In addition, some of the preferred embodiments can be combined with other of the
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particularly for menory and | ogic arrays, or flat panel
di spl ays, in which dense repeating patterns are
desirable. As such, while illustrated as lines with

regul ar spacing and regular w dths for ease of
WMA0EY R8P on, the masks can have features wit FCT/HPR0438703
spacing. ,Also, while illustrated wth spacers forned
pistenred cRgPaesisepr Witthotienfasskingmesihans kpawn gpthe aftstodgn features
el ti | i dat ed
R e e A T
addi t j0879] t hacpertiimiglypit wilh&e ppirtaated by thoeelskiltedtihehe art that these
hot oresi st |ayer 120,  .can b re than doubl ed. Faqr
gséamoe,s ofhsg oplissiapsraddifions, anq H’:OTB}@FU%SPEW hmagf) (q the mpgthods
G S V .
%] fchifs, SRARRCabIE AR NPERS SRl (R SO L fRhton. AU
sphansdifieationd ardehdngss avenidtente] to(falt evithinlhe scdpead thienavention, as
spacers 175 are_ renoved, then spacers are forned
Qﬁ%@ﬁ&yﬂﬁém§ﬁ5@éﬁbﬂﬁhat were formerly around the
spacers 175, and so on. [0078] The preferred
enbodi ments can al so be enployed nmultiple tines
t hroughout an integrated circuit fabrication process to
formfeatures in a plurality vertical |evels, which
may be vertically contiguous or non-contiguous and
vertically separated. In such cases, each of the
i ndividual |evels to be patterned would constitute a
substrate 110. In addition, sone of the preferred
enbodi nents can be conbined with other of the 18 WO
2007/ 027686 PCTI US2006/ 033703 preferred enbodi nents,
or with other masking nmethods known in the art, to form
features on different areas of the sane substrate 110
or on different vertical |evels. 10079] Accordingly, it
will be appreciated by those skilled in the art that
these and various other om ssions, additions and
nodi fications may be nmade to the nethods and
structures described above w thout departing fromthe
scope of the invention. Al such nodifications and
changes are intended to fall within the scope of the
invention, as defined by the appended clainms. -19 W
CLAIM 1. A nethod for sem conductor processing,
conprising: formng a plurality of tenporary
pl acehol ders fornmed of tenporary material across a
region over a substrate, the tenporary pl acehol ders
separated by spaces; formng a cap |ayer overlying a
top surface of each of the tenporary
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pl acehol ders; converting some of the tenporary materia
into an other material to forma plurality of spacers,
the other material formng a plurality of mask

features, the cap layer inhibiting reactions at the

top surface; selectively renoving unconverted tenporary
material; and processing the substrate through a mask
pattern defined by the plurality of spacers. 2. The

met hod of Claim1l, wherein converting sone of the
tenporary material conprises selectively reacting
sidewal I s of the tenporary placeholders with a

chem cal species. 3. The nethod of Caim2, wherein
,géﬁ}vely reacting sidewalls of the tenporary

. | ders conprises perform ng an anneal, wherein

sel gctin ' [ & d [ : lecting a
Fember at Y e e P R & Lipon o
desired fitrgcal pHirdtnsbHnemdporaiye pimskoliest forerd éf tdihgorary
met hod of Claim2, wherein selectively reactin

si de@kgripkacadss @region @ivpo# aulstrpleathetionperasy pl@miw&]@é%separated by
reacting the sidewalls with a solid phase reactant by

bl atRETS> depositing a | ayer conprising the solid phase

react ant 4h a I .

of " af i E ROV S 0D SIER, oF cadhRiEe tafporary
mat glaceholdensypri ses reacting a portion of the |ayer
conprising the solid phase reactant, wwth the tenporar

mat er i al Cepverting spwme of demisriporany meteaiab i an gthey maisrin) fnigrm a
an r.enaj . g -2 T

o BT b Poprh O R b B iR kTRl 2 cop
a eye inhidigkbRtiohdarth kfade;conpri ses a netal

silicide. 7. The nethod of Claim6, wherein the netal

i s sel ecsedattivelymemondng toeqnvetehsmpoiany materialtandi um

tant al um_ haf ni n ickel. 8. The met aim ..

5™"her cboshe i ol Eofiin g Tk daappad e by B biltaity of

nan§k§&§.conprises exposing the sidewalls to a gas

phase reactant. 9. The nethod of Claim1l, wherein

fori ng The nethodloft @ladh 1.emheredr \conpirting hantterod the temporary

conprises: defining a pattern in a selectively i
maiggh] FREPESes SfFtivalE reastiag sidemaile of 4hg) teraporas Blapshellernwith 2
cheH‘ﬁI:&l%f)&iésrom the selectively definable |ayer to an

3. The method of Claim 2, wherein selectively reacting sidewalls of the
temporary placeholders 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 mask features.

4. The method of Claim 2, wherein selectively reacting sidewalls of the
temporary placeholders comprises reacting the sidewalls with a solid phase reactant by
blanket depositing a layer comprising the solid phase reactant on the temporary
placeholders.

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 layer.
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underlying layer forned of the tenporary material. 10.
The nmethod of Claim9, wherein defining the pattern
conprises perform ng photolithography. 11. The met hod
of Claim1l, wherein selectively renoving unconverted

tenporary materi.al. cq i ses.perform a wet etch. 12.
Thebmet hoke Betherl 3F A 4yiiessih thersa id BRgks feaciAnk sarapisss 8 metal
[ RN : . thod of Claim1l, wherein
an EBIHp fdvetial ciifises dheral MhlEE! DOK, O 8 T O hed

f or7.f abr Tkatieftehdasf OMig06.alvBerel tHelinktal GOREIEESd Hhm the group
providing a mandrel in a region of the integrated
congistingipf titanigey tesitalimghatniuay end oicketat eri al over the

e AR Bl U B R Bl S 8
i . t
RO A TBRE SRR EETy PR e spacers 1o

spager pahd efidthdd @M Clagn hBr WhemEK fdrddieg the ityS bf aértporary
15. The nmethod of C aim 14, wherein the |ayer o

plagrhiplslersadompmisgs: i ses a pre- spacer material, further
conpri Si reacting the pre- cer erial with the
randr el G GPIETR Fp LS S PG GRS RIS Rty
the pre- : ri i t :
spacer n@fﬂg?e?%?%gi E?tgerﬁi‘” thjgmt ﬁe g% ('l;l%ﬁﬁélgdﬁ%@lé‘ layer to an
| soliridefly@glldyer eraft g theltémpdtagy meichiad of G aim 17,

wherein the pre-spacer material is titaniumand the .
spater nBkermethod sof | Elginufh swhereindelefining thive netemofogprises

aim 14, further conprising preferentially renoving
perfj 1m%‘é1?691’é$@?®yative to the spacers. -21 18. The
et hpd ofhDRéthdd bof \WERLIN WhEeRPABIBESVERf Gemoving unconverted
sublithograhic features. 19. The nethod of d ai m 14,

temfpararymatecighpomises perd@pusg & iwegetghl ayer of additi onal
spager terial .0 i.des qf t.he spacers; . . -
ani Lot r obicmpiBgd of CHimGL visraia e PpoBmEIcHALsorusises rlicon.
mat e{ i al I 14 : ' :
el s pacoramelor €t | Mkeif BANAE Aflp SoHRlS Aolymer.
bet Ween Aheethotiifor ifsbrrbtispaceneprited tieaui€ comppisihger n of

free standing additional spacers. 20. An_ internediate
nmask patPreviingamapdrghing rseiopiof theintegrtedaircuit;

i nt egrat (?e%osi%iné %lfé};er of QIR PSS the mandrel;

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

transferring a spacer pattern formed by the spacers to an underlying hard
mask layer; and
transferring the spacer pattern from the hard mask layer to a substrate.

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.

21-



a plurality of spaced nmandrels forned of a mandrel
material; a cap |layer overlying a top surface of each
of the mandrels; a |ayer of pre-spacer materi al
overlying each cap | ayer; and spacers on sides of each
of the mandrels, wherein the spacers conprise a .

caghi nati emtiefd ¢iEas ¢4 Siagsh tlmadpadsdrabre%nﬂmhbgamrfmles
material, wherein the pre- spacer material extends
bd@meeﬂ‘hnme@mdmf(ﬂglmﬂ)ﬁden@rcﬁmpnmhg i ntermedi at e mask
pattern of O aim 20, wherein the cap er, conprises
si | i coneRiting pyaiafiadgHop! spacgematepia ‘?%Qd‘?srﬂf Ibse

mask p er I

conpr | Skl tebEl e G & BBl GEE maerie o g

Clagdiiflor4) spAesr & iddvia]s P AeShacess R4 | se a met aI

silicide. 24. The internediate nask- pattern of Claim

20, wheeledtivelyhensyageths spacers txtbvednt the gddipnad spe@ratodsave a
25. The i nter nedi atc? mask pattern of Cl aim 20, wherein

a Pifternf Gee stardipg pddigonal éEf’éeFSs | ess than about 80 nm

289. 109, PLARRHLEL 5o P50, pERRLT s

an a

circuit,28mprising:
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.
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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