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Field of the Invention [0002] This invention relates

generally to integrated circuit fabrication and, nore

par ti cul arCROSERBEEKENGE B0 RHEHLNIFED ADPSICAPIONR of

the Related Art [0003] As a consequence of many
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decreased to facilitate this scallng [0004] The trend

R #tivielor Besilitgp grapduy lieatusisze is evi dent, for exanple, in
menory circuits or devices such as dynarric random
access nenories (DRAMs), flash nenory, static random

access menor i esphSRAMRDUNISOFRIEGRVEN IR < menori es,

etc. These menory devices typically conprise mllions
Fi fddfm{/&ﬁ‘io circuit elenments, known as nenory cells.
ased nenory cell, such as in conventi onal

DRANDO062}pi C &hisyin@ertionStetatéxf géﬂ&ﬁill@ t@Cihtdg€Atd dRMIIE Efric@tion and,
storage_ capacitor and an access field effect
mese AL cyiaply,; topapkingdgeyques | 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
Déscapsirsdfohe Boldtedasyt be read by sensing charge in the
capacitor. Some nenory technol ogi es enpl oy el ements
t hatl0BH achsas corsenuance iodragy Eeiprs englding dsmandhfor increased
| | ver
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ar& obntin@aukly Be1ﬁgllnﬁdﬂ|a&ﬁoﬁecﬂen@adhdl§ids dfehéconstituent features that form
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access e Mmenory ’

[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)

-1-



cells, the nmenory devices can be nmade snall er.

Addi tionally, storage capacities can be increased by
woi20d7imgsseore nenory cells on a given area i n PO®US2006/033703

menory devi ces. [0005] The continual reduction in

ahéatome sometaté agRmoeie! dgr a&t eqHRMBRARKEN fh€each cell (g,
techni ques used to formthe features. For exanpl e,

AESeierssisHug RAYY Inszensraloy dectessis tlee pizest fithe Bleattiaaledeyices that
' i.nes, T conc . of .pitch can be

oGBS BERIAC R Fod W Gues B ROEERbnR irRa Rl ate e memory

cpidd, ttles Metd€y HelGSest RRARIMAE SifAlek! @iditRshall %xﬁ% ?zi;pélgi]ties can be

Pitch is defined as the distance between an
ingseased brifitting mere gidveory solls @pa gives areT e the rheatnyrdesica. e
typi defj ned. .by .spaces between .adj gcent features,
whi cﬁeds"léicegf e conpintel ERiEGoR i feéwrﬁ‘oi)Z%# a8 ey e ercalgredgmands on
tiRStedilpiBUlsed @6 fod§ tife feafdst . P& .WK
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usgsetospriicm atuoese seéidas odndutiévef kratsurEhesamaemtdfmgtchvah be used to
feature froma nei ghboring feature. However, due to .
ApEEbEe SR oR IS Ardret thon i patim agges tsmeating features, as in
ai@yse| PRAL 4, ddihell Ok th& AR AR Yol e &R PP AY fwd neighboring
m ni mum pitch bel ow which a particul ar
feshoes| Thase deatyphs erettgiballygdedinedbp opacee betalekyy afljacdit features, which
features.. T?u ige m ni mum pitch of a .
TG Bt YRiSY yaﬁHF ¥ écRPhle ST 2marbistlaiore Ava result, pitch can be
- vRORHIBYERIsun® BF WeSwRIZ 61 § SIRGE 1AM of HROIR of fh%%ﬁac n one side of
doubling” or "pitch multiplication™ is ohe net oa Fof
thexfeetneh sepatatieg deqydbathict frem oficightotiakifedtogr abivever, due to factors

t echni gues beyond thejr minjmumpjtch, A pitch
S |¥i°ﬁﬁ?§:jﬁ%‘¥blbéi‘?r?éf lop V4|1 gl@(éah‘ihﬁgrrag@wé%mﬂws epeh have a
J1S. . ~ e .
o APSEE Y s Sl Mt R e PR i
farmcieatpres ailbus, i mimmbyn pieherf ephetolitioghaphas teslen@e it én obstacle to

Fi | A tt foli 10 i
C%hgﬁ%f#?ﬁ%@%ég%ﬁﬂ%ﬁﬂyoforhggsin alghotoresist | ayer
whi CE)O_@KF” '“@ﬁcﬁ‘dl}l‘ﬁﬂﬁl‘g’ ép “ﬁgchqﬁulﬁgﬁ%ggﬂzlg%%ﬁl:o%%r extending

whi ¢ in turn overlie substrat
thei guateliti®, of hleotplithbgmphic dedineuet bapafdetherdnliSite §ifth. A pitch

ehc? %g{eferaHLg. n_anisotropic etch) to the |ayer 20,
mpftiphic n.flalﬁmo. d bﬁlg&r@f?& 1aé}1ggre%!lAan}]ap@ idgscripgd imRES. Patent No.
5,3%9,8 00, 850&d to LGSy LPuC ARk ?ﬁﬁé gfsblBBﬁg o?%icﬁﬂ? H{eliﬁﬂa%ﬁééherein by

can be isotropicall’y etc to 1ncrease
reflireitcancWithetefwrercentei Kilgtier 1 Aga manetn edfslinks, 1081 shuesithdgraphically
fFi re 1C. A layer 5 .%L spacer material is i )
OBt kBt sisE o MR RN IS a2 ABendablegngpal, which
inl R b@sHi& 4 BubspRACSH S AGSOshobvnein’FiFHx% f@,gﬁé}'g?{terﬁxﬁ% S Phsferred
om si’de S0

or originally formed extending f
usarptane etchraeeicadbly ame antsetropior etels) om thbelagerd@9, aherebye forming
ormation i s acconplished b

plg%ﬂgg%%s ﬂéglénirggcéfaiﬁé Hflotpr_eél_st’ lings 16k @ndieayiipned|apd t1}1/e mandrels
S ALty O 6 G Ry AR
ashewn eniigvre §Cnet dayet 50 40smacer mberialr i mubeduertgalépogied 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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behind only the spacers 60, which together act as a

mask for patterning, as shown in Figure |IF. Thus,
woher®2asgi ven pitch previously included a pat PETmS2006/033703

defining one feature and one space, the sane wi dth now

and "8y, Ul §Bowiven P@@wms BRdeiamispanadelsMd bretthen sgeeed, leaving
def i ned by, g., the spacers 60. As a_result, the

bebivg 8% the @mogfse&g,vzl@c]pégg)qﬂmr achas g mask for patterning, as shown in
Flglbr O’l% '%] év?xghl C%ltvglg RC]QBI%V{O%S flflaﬁaédvfb%tegﬁ %Eﬁﬁﬁg %ne feature

an@@@@bﬁ:eaﬂl@\éﬁmetvhﬂ& ﬂo@sﬂiﬂl@lﬂd@@twmfeﬁtutr@smndi’zwo spaces, w1th the spaces
conventlonally referred to as pitch "doubling,"

defined bgener, dhe ypacgist @h Asua resplti thetsnepllest fepiyse size Possible with a

SRl e sl s B PR L e piten by chat

fact [@\’)07]TheWEHth‘FABtpit@l’i‘i%J ach@NI§ HARleAGY theSexaipdd 4RfFe, this reduction
herein. T70008] It be appreci ated that etch

inppitahe s e@wayon@méerw@f foe a@ witclp aidpebliosfg, a o5 umpe @ergrally, pitch

di.f.ferent .rates. For ime f. the
“rlHoieaen 0" Hap: epRimTin: cowinicaler™ b Dah dpbnceergin factor
acﬁlallyaihyblqgs FbuEHe ARE (ﬁt%h abyS HRs tEAse, THY @ohPerktR8@ terminology is
differences in tenperaturés that can cause | ocal
retiifcddreemees in etch rates. These non-uniformties can

t hen t ransf rredtoth spacers 60 forned on
T PR BRI i RRAES PipeRoruEY Bns lSient parts of
a GBI B FiRAL t%t@@delneialﬁ?blé Uhs tiateRc30k we 'n%d%él'@élo may etch the

spacers 60. [0009] Moreover, the materials used
siflewaiistolfi ¢henmmmativelk 140 40vafinglrates ypossed supstoae, chwﬁatlcrdal ¢ifferences in

th -
(P PEREHFY PoGrbriar bR i bishddite 106ToRTT g ormities can
' thgl?] gé F@Héf% %nhé §%a@¥1§'6b&}9}r§eci PRI d My hite uﬁt‘hhﬁb@t A4 to non-

abl e sel ecti ve anlsotroplc et chés
urafoemiticaiih daheed mattesnad iothe sphittags 30 fongréieispaces.

patterntranfer st for tra ferr|
pat t OPRY 7 r rSﬂ’/‘éfi’ﬁl ‘5? Fi‘&&?r@gﬁ e tpfory, Qﬁﬁ{) Should typically
be1I Qémézﬁ 14784 'ﬂr\%‘ﬁ)us r&:@@s ;L,tbﬁg L. gt h&e (iﬂé%éﬁﬁs Qfe typically materials for
ep05| ted erial s, spacer material s,
whiich cesutifabledeprative llstol’ropmrmidt lsom&llﬁldﬁ (tchperform the trim etch) and for
| ater posited material s should ically not
whigh é}’"é%ﬁ?/ 4t SE AT PEORIG TPEY TE At pROF %f{ﬁ‘}sé’ﬁgﬁ‘i“ fgymation and
t | n h
v, VSRR, 13 g AC 48 g g, i o e
matetiel foaltiss memdrels idfichn finet thh@imlee of latetdeposited g edals, re.g., spacer
pitch nmultjplicatjon, there mtin r pcess. .
AP RS POJUSIRECEP PR Pt B s Gediaa g should typically
| hep ke ddi
n%ﬁ?«?}g«fly fgfa}?clztg}’rf]é 1%%% I\%QAE 4@0: h%ﬁg@?f@gﬁtr %@‘iso%}g& tch, in addition to
théother deqmgemmrs rfer @spadblecftchehend ds/;msttubm,ateaahecdmddmt ¢he choice

RESEEH P e SR e A

[0010]  Accordingly, there is a need for methods for extending the capabilities

of pitch multiplication.



substrate. The tenporary feature conprises a first
material. The first material is reacted with a

wohemioeadse speci es to form a mask feature conprPerTg2M06833703
product of the reaction between the first material and

the chem cal spec;j [Ye ted first material is
subsequent |y sel @MK&%@MMMCW ding to

anot her aspect of the invention, a method is provided

for WAL ond\rsertingivens sknegt of e irsiehideh, comptliodeis prov1ded for

lit | | d f
AR PR e PO A P SR 0L 150 21 Bl over
subgipgt.r ahe telf[ﬁtﬁaﬁyeﬁﬁl@fsa&ﬁnﬂ?{ﬁﬁ: £ IR4tdBLSHAT TIRERY ﬁﬁt%ﬂalkm reacted
tﬁaces Sonme of the tenporary material 1s converte
wi

taochepien! Ispeciematoefaral a tusk deatura gompriainigt the pfodsphofthe. reaction
other. mat eri al lurality of sk f ures
o vs vty et o o Spfaical spedoce Toessred chil duiterial s
subb@qu mg,sgdl@heelﬁe@()%aessed t hrough a mask pattern

defined by the plurality of spacers. [0012] According
to alf8lHer dgpexiingfo another aspeott dfcthe isvemid) adnéthod is provided for

r.ovi.ded for faorm an p |ngf atures_in
o BB P e oSBT T porary
plhéchbRIgFsaRM ! by t&88 ;{)érﬁlz‘ynﬁma?erﬁ Lé%ﬁJsbtagS%mﬁ ERebla substrate The

features in a resist layer over a su ate to form
temmaey placFnddere sirs tsepazaied r’o@'ssmaaesh iSawe of Wiedtempdedry nﬁﬁenal is

Lit.hographical | rn i s transf rredto a
cqn %&},d 18?ogqpa<ﬁgl?re1patﬁé§lé :}%qrrp tyéqhty Hgsgaégrlsst’f £ 35})@; material forms a
plfn%hf? &€ Rhak Rhiutes. WndTRAGHR! BmPora @r fgﬁ%ﬁgl ﬁ fectiMy removed. The

substrate. The mandrels each
subs.tbm amro@elsw émwh d ask pmttelmlﬂaﬁhed he thegaiuatityf (Fapatess .
pl |ty acers s formed on the | evel of the
dﬁ@ﬂ) I@t‘@fﬁnﬂﬁ‘e{ pwertet dhe inyentiqne @ method is provided for
e
f"‘;‘%%%ﬁ“s*“?iy”gf @%t‘ﬁ%*e? £ il PAGHARE el MIRR thlfind comprises
lithegragrienllyeddfmeg bylurday &;ﬁ aﬁsest feamret a0 $Esivt @yr b@eﬁ &1 Substrate to
substrate iﬂgaformthe arr repeating featur

fofrp G124/t c S P vyt fep e Hidj defiggd by lithographically. The
pattBMERE iRl ferfedRY quyér Qﬂdrgleﬁ G AfladiOfhe FRQE &gléljn%g form a

an 1 ntegrat ed circult. Corrprl Ses provi
plerahiynell mlandnelsaon egicws cD/fer thve substreigr allesl nzandels éach/ave a width

sup il oS MR hRRF U]y R EHB0oh Parsaisdormed on the
le @I RESBY nSRAER Svihbut &@hlﬁ g%i)dl?] Tbeaf@%%emﬂggﬁgeﬂaﬁem, The

Accordi ng to anot her asp e I nvention
d1$tmoelh¢emeatthe Mkrspaﬂetse Ithandhe wigthred the mandieBl 1The pattern defined

bri cat ed |n d circuit s prOV|ded The mask
by S HEPHS CofPTEd ta B st i o7 Shstin Grasmsnions eatues.

V\'h' C[b()ﬁﬁc h ﬁ@é’&dfi’igqa Brei! &hoBler 9%’1?&'6{ gt t:ﬂg lﬁ\;eﬁtll)lﬁ pfﬁ{ét%@& % provided

A |l ayer of pre-spacer material” overlieés eac
méthgdfor fatrecapiag ti athtbgrafed lircaiat @te inntlegr @ingdises pmvidmg a mandrel

further c ri ses acers i) S|fdes of each of the
in Adagepof t tg%'gt@grc cuit. A layer of material 1s 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



conprise a conbination of the pre-spacer material and
the mandrel material. The prespacer material also
wext@Endxsbet ween nei ghboring spacers. BRI EF DEBCRIUBTI0@bB3703
~ OF THE DRAW NGS [ 0015] The invention will be better
rqt eRf Thb@artially fabricated
Sugf?gge%r%g&énﬁg ér%ﬁrt gggeﬁig ?%g%&f%hgggg%ded drgvvl ng}s/ b
inwlgtekl @r@itnfaghér dompirisésuspcat enaives nﬁteathpfl therendigh The spacers

i nvention, and wherein: [0016 Fj
cogRpisAret FQDIBRIEYSOISIHE (e Ce”slﬂ]& mgﬂ%glgﬁlg}?ggl of e pre-

I
R ‘2@#%‘%0?@5319%‘3{1%?. g et hod:

[0017] Figure 2 is a schenatlc cross-sectional si de
wewofapartlall , in

accordance wi BRIEF & RIBTION O THE y
i nventi on; [0018] F| gure 3 is a schematic

cr osH48Et | Aitelinsinten wibhkedfettethendsateddafipy the Pstgled Description
te e It of Fi ure2afte f ur es
of ecPiBed B SiaBLed PHECLE Mkl QRO SR B meant o
111% R0 EARAS S0 Blnil M8 idvRHES, 1288 iwheREH:O] FI gure 4 is a
ematic, cross-sectional side view of the partially
f or mEDI6Nt edtigtred] A+1Fcare Bclwﬁnancgupas -gohpna ﬁldétVéfPWSn@f a sequence
t hrough a har sk. |l ayer ccor.dance,w
ol PEpidpE éyatt%rﬁﬁ%%r ng qndpﬁtévei ﬁ{}%smlrix SFFOT‘E%]B% (ﬁlﬂ')':a émor art pitch
duHIS ?%ﬁ? matic, cross-sectional side view of the
t

par ormed integrated circuit of Figure 4 after
tr anﬁi(ﬁﬂ] i NFigurpatit @rschémain ¢rh$ featichalraislk Vll@g/ ef atportially formed

| f dr el t | tt

inyeevelF e i peoRBRsoT it okt St le divention
pr ef %dl%g fﬁ?g%”?‘l& S UndP@ic! ﬁﬁ%ﬁécﬁ&lal [s@&zl'le“F 'cﬁ Uth€ partially
6 is a schemati C, Cross- sectional side view of

fopaetl i iateloyatddo citmdt DﬁF@rﬂﬂe&ﬁ&II foouing GhtuFRsgar @ p@ptoamsé rlayer, in
depositing a | ayer of a pacer .material, in

AACEHNIBN? Wﬁ %edp%‘?%%lm 58 d?YFé’HP% of the
' nveiéds g L gl?l%]‘l i glug&eﬁiapé Rro3&-B&MBhAICside view of the partially

Ccros de view of the partially fornmed
fdried ginddgealed i diicuit tofoFighrg Br eftér afching tleawghi mgharfiemask layer, in
| ayer of .the pre-spacer material to form spacers on

agqeedangp with Prefrrednbediments oF the 1pYEREEN W t h pref erred
errboia ts § gg\ fhe i rhvgéﬁeirr%ﬁc[ QRR3kedrogMl" §d8 Visw of the partially

sche s-sectional side view of the partially
fcfrﬁfeﬂﬁﬂtegmtdﬂgﬁﬂ:hﬂ @f Figueeiit taftef trifiserrieg 7 pafi¢rerfrom the hard mask layer

sel ectively renoving unyeacted e-=s
toq & daiyed o deangel Hn% %ép Aegn é‘rﬁ%@&r@f] fr@ngqe{st math empdrarynlayer in
ac&)\f(?e{ﬁtcé Vith 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;



[0024] Figure 9 is a schematic, cross-sectional side
view of the partially fornmed integrated circuit of
weigrre7deaf t er renoving a hard mask | ayer, i nPCT/US2006/033703
. accordance with preferred enbodi nents of the

i nve bo29); FHsOulr
cr osg gect | on%%rrés |8dieS %Isgl\}véagatic? h@%&?gf%{ %Idfe Vlew of the partially
fhimesly rdegrated i cirouit tofofighiegUiradted saliettivels eélﬁ@\tmg einYeacted pre-spacer

R sde §$ﬁ§%%t8w@éaﬁﬁgﬁ$ erbpigTrats W@%ﬁ%&%ﬂﬁéggg]
Fi gurngoalg} i SF@}Jor 2° |sChenfftRRS %r@s@%%&tﬁ)[ﬂ d\?leé(lI e%’él%f partially

the partially integratéd circul

ferfmegl integratst @rcuitog Fizupas hﬁen“reﬁmwﬂigdl Hayd Iﬂaﬁc ElpélCﬁf &cbfance with
in

| ayer. _underlyi ng the spacers,
péiéq%?(g%{ﬂnﬁ%{(we’ﬂtﬁ Oﬁﬂ’gfl’éﬁn@éhe?f‘oodl megt s of the
Lo, OB U0 St BoSERBIRIY Sk piot e parialy

fmmtedgnﬂd:gﬂieﬁl diccuitt ofo FidurgWr aftdd sﬁ%&tﬁfel}f eEBYVIRG Jrﬁ‘@acted mandrel
ac i n_accordance with preferred enbodi nents of

n% &1 rﬁ} éﬁ%qr@fﬂm Podrgsferedeipbodiments of thedheemiionc,

oLy R |F Gy YRl q Do il e P hopartially

fpatedéntegiatedt dicuires F (?ihga 1@&@& te@sRA ISk *med b the spacers to
subst rate, in accordance with preferred enbodi rren%’

athed mvle }ﬁyﬁbﬁnqm thgispagees, im a¢®rd,an§@ athetreterred embodlments of

t ctional side view of a partially forned
}%ﬁ?z%lﬁgtﬁed circuit having hard a nask and additi onal

mask{0027| ay eFigudi BPOS 8 thcREhMRE Nrd N SRARE sl Mwt Sethe pamally
substrate, in accordance with preferred enbodi nents of

farpredi lﬁﬁﬁgmtqdoﬁlrcwtog@‘ﬁ]gupq d lradten Berheviag slchepaatiscin accordance with
plefére eﬁ?)%gl Looal ofst ggel%v\éaew of the partially forned

i ntegra Clrcui lcfﬂjre 14 after transferrlng t he

spacfi02ppt t efigurk N30ist RescRElHATd QRGYs-sBERInhNGidk A% &Y So o partially
an underyling substrate, in accordance with preferre

fosme dftpgrated caruit pEFignrects: dftsn trapgferrin@ Gl patteiginrthe ifaskiag layer to

PRI P i RiePEGPAT R iirttidsBiocRpens ot e dpyeation
f or nj00Q9E Pagesisie 0 isd S@Smafic, (RRs BN SddW @ o¥3%artially formed

phase reaction, in accordance Wi th sone pre er e
nisgrsed AsREshaying e h maskiend nd@&dwl InfeSkiDE SGRH Rk aNebetween the

sp-gg% g@%ﬁgﬁg Nﬁgajclch\%gﬂﬁ \%ﬁogg e : efd%ééxgg etibe §nvent10n

mask{oD8elt Ur €$gurs Ushisas sSIRAGRICS crddb %eétﬁﬁﬂegdgxné%v f t}]e partially
reaction with a temporary feature, such as a nandr

fopped ema@rayad gireuits phdgure atde aftor tredsfatinghthe sipdles pdttern into the
T A S T NN T —
eriﬂﬁ:ﬁﬁﬁlelﬁ@ ef @h@¥ention; 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.



material or chem cal species to formthe spacers,

whi ch conprise spacer material that is a product of
woOherreasti on. A cap | ayer is preferably fornmedCcowseoos/033703

the top, horizontal surface of the mandrels to inhibit

r eact DBTAIORDIYES CRIPTI@NeOF THIESPR EFER R EBCEMBTGDIMENTS
preferably occur at the sides of the mandrels and

convigpi2jt he s hrleuald! erﬁ%@gﬁﬁits HRhe rn')\%htlbﬁ‘t ﬁ aIRB& g process, mask
materi al”. Unreacted mandrel material is
fegmms,eﬁiwbl é},s specav,edte formddelay e reacpian tvatina Oémporary feature, such as a

e Bl Eh L PE R i TR o Fheies o PRBOE RMAGTI sigh of the
méahdéls §6 tn'op Retdeft Cind H%df%[segl%rﬁ@fe'rﬁl# YedcFOWRE . at Q%E one other

material from horizontal surfaces. Arter renpvin
matena roglchematoal spekies thbrmahé epacesf whicheosipaise spagelsmateﬁalsthat isa

used jn a mask for s bsequentl processi ng. an
PO P therfgacdions th 5%113ﬁy?rc}9®sq erehly TRBRAEPST S ioP; hriivgpiel surface

of TR flahdeld '[Btlﬂhl%ﬁq”gfcrtloﬂ?t)l? R km G, bﬁm@,cfg‘lg qpelc'tltcfﬁke&eﬁ%ably occur
varl ous processes nc di ng, e.g., oxidation
atnthé rsu&éat ofo the siahdelsdatd eonvend theokidewall 2a4ridodl. mEl@flal 1nt0 spacer

exa g.er of a material is forned on the sid
matfda ma ’él'ieé‘Ft§ mangrel npferipd i Grepinigfesmbboramsvised tOblreawaspattem of

fn%a%ge ?@a?g%éer P}%&taﬁfgt ﬂ‘[ e%}ﬁ):er@rhqe {)‘r?r% ?fﬂ%@%ts% gg{?c,er etch, i.e.,

witeruf @Ierfbﬂgmgm dinegmhalhétclo e rprefielend ke férSovek RPacer material from
mandrel s can be exposed to one or nore _gaseous
horiggriphpiréacey M%fﬁlﬁév@ﬁaﬂé% mandred maggrial other pedierpapiifreg-standing
sp%@e?s pa?l A (Isl; ﬁ‘fja 915 l%'seél?eing%/ ﬁrclcegsm%anoﬁnd%hgﬁ s@lgs%
g., cat sts o conv e ex
mat g003d] | ntl’he adval/&reionef efidndkel bmateﬁag intoP §pa¢EE mhatéritd can be
or Cross- Ilnklng t he exposed sidewal | s of the mandre
acpplishgd by [anaus| pragrsasst WgBYIng ¢ Ixtdation nitidaipm sticidation and
d r n I 0
gﬁa‘?%r];z?lﬁ% i g?%’ a}?ﬁ?ﬁﬁﬁg 4 1a§]9ro$@z§ a?ena‘ Z& % ?S% r%? sﬁgs the mandrels
(e bygRebyminghecaaant dlaake (fepbﬂm@h Mr&l‘ﬂéﬂhﬁgdﬂem and B mandrels
mandrel s and, thus, can be nmade cl oser together than

argtide t deach avihh et 1gver 196 Tgtericd by, Regr P BIRE ®happel. Tn other
PSRBT e U, A8  fom e

sphdee nxpatdf or tiedmbitizels pag ibRgexpbsideletnte®n(e.g., light) or other agents
Advant ageously, the spacer separation can be simlar

(ego Gﬁﬁévsg% pacabysh hecrpeseamardrel matrinb inte dgothermateriel by, eg.,

Po S DR P L UL VAN IR0 Bi0A

sel g00349n oAdumitggeondly, Berhiust e HRuAEls Qe fcﬁ‘ﬁi@@‘bﬂ dofivdreiflg part of
to materials conpatible with the trimetch. In
the;andrels ﬁntogp%fﬁaér@ﬁer@i EHrigpefihe mepdiglsa b apinasessaryoi The gpacers are
cer et
foxlr%ed xlténdg'%glglgp i %a%;dgeg% él?ﬁﬁg@t%&fbo urlrf]lgf? agse? ?C{kg][’h%}’l Hl%ll would be

thalogde st thebipeceds wiete fopmed on elid sidéwaBl of the Mﬁﬁeli hehe extent of the
aspect ratio of thenﬂﬁacers and/ or encour ages an
spRfse rmatips feachion Fyhindlucraediodnthe thickegss off theatpapgraprd the spacing

théi{ége't\{&)genapﬁd'v&g%ﬁ%ﬂslgf tl{%t %ﬁ@é}t s%p%faué?ﬁ Qgﬁ ALY Sﬂﬁra{o bR separation

any layéers un
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



spacers. Advant ageously, spacers fornmed according the
preferred enbodi nents can have a nore uniform square
weheap®27dsbr eover, a spacer etch can be nore aggCess2006/033703
and can erode underlying naterial to a greater extent
adngﬂg%éoﬁﬁgr&%ﬁiedoﬁt WAn %Cié)gﬁécf@écﬁﬂl'aﬁh sbéfbel'f @@h can round the top
preterred enbodi nents. Reference will now be
edgedef b gpadee Budu rcemdmgir@nd:muﬂdekleablm aeitak.g., reéﬂeetnveﬂy) reduces the

S R RIIO o byt  SERT TG b i

mz&t@hélF Hubik ? REGYER rH?eet&{an{saé/ﬁBt%elofnaf@faﬁ rﬁd ahy 1dyerd Qﬁd'é?l?mg the
W FOPhation of spacers over a substrate.

speeagr Aanrﬁatgmssl;a, spaass fopmed iacmading itlteprefeened @fnbadlments can have

~partially formed integrated circuit 100.. Wile the
a BOET WHFH, SHH5ERIPIBRt MUSAVBe? FRASET ¢ieD £3t By Hove aggtssive and can

erbz%{/ gﬁft'eggﬁg At E S R |g1te§f%¥ elieft MEh {Heg%ﬂ{lé%f unreacted material in the

usl'y app to formng devices having
prefefreatinbgdiphtser ns or arrays of electrical devices,
i ncludi ng nenpry cel] arrays for volatile

non-88ti | gefﬁé‘?ﬁ‘}PW%ﬂeV‘P‘ﬁ@ Bgeh t%\@?)wespl’i‘g‘seéei’é Hik gamerals
reﬁ@% 1@(@ %ﬁgmgéﬁuﬁmﬁg\%ﬁ SN thRAM Bloufeb %?éqlaot necessarily

| nennry, or |n egrate
m@wnauxh& havi ng Ioglc or gate arrays. For exanple, the
logic array can be a field progranmable gate arra

(FPdAP3®Hayi Hgtially 8 sequsneagf Bye phmatcaials ﬁi‘?’f@’ﬁ&i t‘aﬁﬁ%\y formation

[ mnth supporting | ogics. Consequently,
Of?ﬁgcl g?g{h%ér%m rcuit 100 can be, e.g., a nenory chip

or op3TCeS Fure W kEdWL aANcrloBesddelend) oible wlév@gifCa aiteally formed
and enbedded nenory, or any other integrated circuit
mt@gxﬁ% cacmbdpe oWInlegﬁr@eprﬁi[qn&Q er{lbftﬂslafntwqaﬁ o iseh e dorm any

m{egra%erde o} C%lt a?tléﬂ%fY}aé%\gigtsa g%%b) :{b?)hte olﬁoé“m]l‘%odév?%ﬁ having

rep@uag @ﬁ@@h@bﬁﬁmtyb af clebgicslulesiceatigclidilg ammde céll sirysdonvolatile
waf er or any structure or |ayer of material overlying
ang m\éfrlatﬂﬁdﬁefé%nf}w&% heh gubNAM, @hatsochease &y Pragrammable

BB PERIR, OB, LR ARl UEIAHE 450, W o, o

mtk@ﬂtteda&rcﬂiﬁ ﬁwﬁﬁg thghebiogite MadyBl iFak sxdraple the 1d gy &fisy can be a field
120- 150 are preferabk% chosen based upon consi derati on

Pf@ﬂaﬂwb&wéﬁi? ey (BRdAphavisg s ednditey sHBilardp a memory array and a
peaf%s éltf%égﬁﬁ]xﬁﬁg%% n@o%ﬂﬂ&ﬁﬁaﬂ{erh{egﬁt e%if Sfc‘lﬁt%o chfi g:?, eg.,a

ssed rei ecause t ers ween a

mé&abBCdhiipy 64 ¥ prdeésstgbihéchl cat)deﬁclﬂ&(bcalﬂ d 1édie assabsidr éiﬁlﬁ:dﬂléd)memory,
preferably function totransfer a pattern derived from
ortapy odher Edegryted girerat hayig elogiyaa gpPTRY- t he substrate

110, [I%)Ea)%ﬁ l axgie (irglglug'(? gcfg %B&@&)%l%&% 2 % 1?%&3' r\ﬁggl{}fng layers 120-150

defi e | ayer e subs
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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preferably chosen so that they can be selectively
etched relative to other exposed materials at various
woebteagasiesas described below. It will be apprecparas2006/033703
that a material is considered selectively, or
trqpsfef e petiérnaletiyed fomhibelseMgivelylifiadilb 14yvat £20 @rthé Rbstrate 110, the

nat?régl i.s at | east ahout 5 tines greater, preferably
layers 1384 50 ssuieens thet sehastively elefiapble dayes 190efmar tiis| subatrate 110 are

- . ferably, at .
€88 SRR s TS i Bl R G g
at vatieus sihges, Bedausiteddbddonl TORill Beadpe@isd #20a hrferial as considered

overlying the substrate 110 is to allow wel |l define
selgeltebh 195 Prefensetiailyy ereleedi whanhthe etohissterfat thatl m@terint isat ldast about 5

: eql that .o re of the layers 120-150

ik ARG R Bl of RousFierTh BReT st oy Y 3 16 about 20

tintBtpedated|and, Bb& PrefrabSatandt HouPHOGRRS oFARH dnQRs 8 Qirrounding
used. For exanple, an artireflective Coating can be

mateiake Besarskacaral ofcghe lily@fﬁ 420-260 ayailylr@0he sutstyare 110 is to allow well-
i ere.the resol utj.on. enhancenent

T O TR P T T —

theellyadi 1PONLSY, cAll 6 UmHRd drdubhatitel aF QWiabBd gl ﬁﬁ?ériglsé chemistries

maski ng | ayers can be added between the |ayer 15
ang/pe progeRstaeadiionsl @retuged. oFon exampd ah amtire§etivercouit etche formed
I i Vit | ati .to the substrate 110. Optionally,
befiftef it fonf 108 B IO it e ErbEgTishE St Mispiesoloiiocnlihoement
propaie of2cle anabg AFidetifd. a{hdoﬂlgxe eﬁgéﬁﬁfeﬁts,lgé%l.&gécﬂfb?@ler below,

10) can be used as a nmask to, e.g., pattern
addjtieral maslengiaynswan Aegdded tbetween itreglayatiSp iaad the sExernpd HiOyto form
erjals.for the vyarious.|layers discussed herein . i
o R BB iPlayid G aee iy BURE fa RSB ob. " Optionally, if
apBOPi R cE@hROTRs afdl £hRbld it 1B 156Th 6L bGic82ah i acers 175
(DARC, silicon rich silicon oxynitride), ang or gan
(Fipgret|Oncamberused et aimask doat. & ngsitdrBARCybseate hwithoutwiyc intervening

oS AP S by B it
silia@Phitri, kiliBon, [ fHout BarBSdididIid MiteALaTL @&ting%%DARC, silicon

. appropriate materials for 'the various layers,
rich piliehessitside) andergheiy dotorh 20tikBectaraoptiefsd BARG), each of which

osen,-dependi 0 tihil, ith the etch .
con R L E R B R ) b bl spating upon the
apphestigxanpl e, when transferring a pattern from an

overlying layer to an underlying |ayer by selectively

et cHI048] t hdnaddition yo pejedting @pproprttermattsal§ farthdodrdvus layers, the
eraphly, the

ol o R R S L0 bt it
witBWBY e &hetnliri &OM S Frotéss tBRdiRBAS géé&ﬁBé@P&feﬁLi l;/ 6088 ple, when

The selectively definable |ayer 120 prefera
trans{earing e patierhdran amokerlyiyelayd30 an whiolying By ertghielectiasly etching
functi-on, as a cap.layer, to shield mandrels 145 (Fi gure
the BT 18 Frf e BB Dl Se BB b Same driseq ferably,
the LipPerdupdrlit @ficla et 8 lthdtay R ot 4drm away over the course of the pattern

transfer.

[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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whi ch overlies a second hard mask, or etch stop, |ayer
150, which overlies the substratellO0 to be processed
weaog27etched) through a nmask. The sel ecti vel pCT/US2006/033703
definable layer 120 is preferably photodefi nabl e,
11080%e pré@Esid e @f, cichRhpthestesiashaski. MThasbicegivelmdefinable layer 120 is

phot or esi st known in the art. For exanple, the
prefsmbﬂ}opmto@qﬁn@blﬁ, be-» éweérf&ta&}@éqrﬁﬁlstcm%naow RhjofgFesis known

in i 27 SRR, rr0ieShid 8 DS Y SRAR opLBIE i hA37 o,

1935 21%Bnrh ioR 8k sl ‘ﬂhf‘ﬂaﬂé?@n%tm SRS I enginhw Sxetdn@tiBinmersion systems,
el ectron beam |'it hographic systems. In_addition,

extreaskilggwiolet tsmigmagshyludmg R Kime EvElea eI SysisEE Apifjectron beam
iR e, TS P B bUBhY A SbATAL BubHomapty,

eria

can' Bgldég@ 18" @Ghel 1HeOLdIERIvEWT HafirBBIes 1dyer € 2pDhotERE®Plestof preferred
e., photoresist suitable for use with an ArF |ight

phcﬁ«mesxetemaandls kmgflpd@ arg‘omﬂjhmdé ((&@)Fgeng@ﬁg iphptpeesist, i.e., photoresist

su1{%£§t 8{ g%s?lt"%tgbﬁll? @éF 1 B\ﬁtg%tﬁ%%te %1:;1337% glrgll‘el p{lgr%:% r% t}ye&)gg remst,
ie. ‘“{h hidloRBat s%tlaﬁlféqef am\oltﬁ Y S tsbllu’cél AGF Eﬁb@iésm yte preferably

wavel ength light, e.g., 193 nm Kr hot or esi sts
useﬂr\elt}pphétehﬁlbggaph}s eyistmm htl]lzm@ efrlatwm plzmgwnvelength light, e.g., 193

o8 WIS, SYSLE, SUE, 1248 A SURLET Riosrnhy

systé, Sach ?éeﬁ@S AP sPGeh@r MBM oﬁfer %nﬂﬁ)ﬂhrﬁénté hﬁie Rger D0 and any
patferned by nano-inprint |ithography, g., by using

su‘tﬂeq@hdrssrst imehsanndsl fofroed ef amemtth@rwltm@aﬁtémeé tby mano-imprint

0042] Th t | t 13
ﬂ’%’ﬁ@ﬂ’é%“ébq y Yg%h‘teé%‘g’@ﬁ gr%n?%g glrfgﬁcgﬁ’&?%ﬁteréﬁle rg(len'pl ary
and N ?j s Ifigl HQ iaMEbD @it hérﬂ”ﬂnﬁ@(t 1985 150 | gréRmbBXce@prises an

con nitri e In the illustrated enbodi nent,
mdrg’eﬁ!nd‘l ﬁfadarnahs Exkapbry m@empmhsles withputcomitaien; isdlieon Tpide and

Sﬂg&ﬁ}gﬁ}r@%l A gélil{,sgla{eécgp e er ap %g&)g{cﬂﬁg?lg{ay% 5 %rm %ses silicon
nithig. nTﬁ% Hgﬁ]ﬁreg i T ﬁx%fe%ﬁlﬂl Ydrined o Anbi¢Eal Bat Ehﬁl be converted

unreac material, the hard mask |ayer 130
intaacpaes efdtalal, Lmhﬁeh Iuytlmg offees Zpdeith sfésmmtmelatlw tp{lae unreacted

|1 d
i) b G e et {0 o Baespaaort.
thd lﬂxg{aftor tl?w&mm&f Bleal g heseh hasednupon the material

use e spacers 175 (Figure 11) and for the
und¢e04gi ng Bhubsinteainkfot 1Be satbed datdhmaskalpyer ll%blsl psefgepbly chosen
a mask

t tch th bstr at
bafﬁdelp@na@pfngtsfelﬁlggsegf 1%5 tﬁg%@{q@gﬁlﬁ g[f"lgyrg ﬂe) o 5(9 u%derlymg
subdifit i 0B% MRl RE ‘f‘%@f P80 {susBd as §hfdlk @ etcH IR §lﬂbstrate 110, the layer

ox1 di Zi ng, etc. the substrate 110 to be conduct ed
150 Hs qmgfbrablyefomasdk ofindmeteriabthat & wesisiantty the d¢sirgd processing (e.g.,

o o S B8 LIS R AT e st
nd ORI WP%%???S?&%S%%WSG&F‘E%iEg%hggﬂZ’iaé“ple e
semmakcamaﬁk b5 5onganiteesnitride, 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
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silicon oxide. [0044] The various |ayers discussed

herein can be fornmed by various nmethods known in the
wanov7/0Bwise exanpl e, spi n-on-coating processes CRATME2006/033703

used to fornphot odefi nable | ayers, BARC, and spin-on
photicelefintie dayers, dBAREY €4l shiarorD el ¥@RO N oxiED ¢Blets. ONVarious vapor

praocesses, such as sputtering, chem cal vapor
degepitien progessesovish astaRtering Shmricalapept dengsition (6N ) AnDior atomic

sused i i k. cap and ndr.e

lafERPEINGEALTS, LR K8 4P FntlolRfe iR AP QoIGe! tayers.
Incadition, sene l8drs) @.¢f, oheafdRar0] ayebe redkid ©XRER! Rher layers. For

rather than depositing a silicon nitride |ayer using
exampiee gathghdhan tdepesatingy e silicen rritriden daye pisingr sidicen ofnd nitrogen

| 1] I C e.nitrided using. i t.rogen,

prichEchy obF U SR of ther AIST 1t 148 P B PRRr BN Ritrogen

présarsog t@form HailidomBiKdd Biyer, wiEh BarCaPyvd &Y £ halddhadkByer, or a cap
subsequent |y produced mandrel (as will be better

laygh drthe selseienily ovpdsred mandiek tasswillore brasteowpderftoo b view of the

. I d a desired stack of layers, a pattern of
dlggg%%%}?%é%ﬁﬁext formed. [0046] Wth reference to

Fi gyo@53, aHpahf 6 cd0AMBE R NGackPACBFer a hARRE BESpaRR is next
whi ch are delingted by features 124 orneg of P 15 nex
fo@?ﬁ@todefi nable material, is forned in the

pho inaR)l.e | ayer 120.. The trenches 122 can be
for :[[@(gfﬁ@y’ a.g)_lt& r’ef%wg}p%ﬁﬁwr%pﬁya‘v&rp HFOBPEISING, Hhacesoay trenches
122 Ukhikch ghd deli&rﬁteﬂ?ﬁr%atﬁﬁ@ 10 8Y&En b2t ﬂllﬁtoﬁéﬁ?dl%?éjmhféﬁ% Is formed in

radi ation thro a reticle and then devel ope

the pipiedeifingblp layeo 624 | Pecitrenches 122 cdroberformed ky,feat phaslithography

i A
ret7dY aimd ﬂ@ﬁ%bl&ﬂ]toe(i hehé r888inkeAptAticiBed AR IT@lWé)%qﬂlask features

wi dths of about 120 nmor |ess, or about 80 nm
sugheas the Blupigated dipexd24 (Bwmin argss-sationfondy)oafter hgdeveloped.

| , 047 it h f to Fi 4. th
5 B9 Lot F SIS0t e e e o, o
abdu# 8O maNs 184! RfokR sﬁi&%rshﬁﬂlﬂlg%{%hloqg%uﬂ@@ nm' &Y 18ss.

transfer is preferably acconplished using an
ani §¥d7bpi Weh etferenoeto Biguard,ghe battesi 0§ photGesist Gatiré®]24 and
CF4/ SF6 or NE3- contai ni ng,pl] as al t hough wet
fre Cihg%tqr% 3 p]isct_)ranéfeﬁd _nrﬁyt%ﬁl @2‘6‘1 H'Eg%‘uiaé’ﬁrgﬁéo'i £ Thip é“ﬁ‘é%ﬂ ifrgpgglerably
accomipBEhei3RingSanSaiobepR LY shdh R &%t&%s%gtcféﬁ ,tdmﬂfzg BF./0,, SFs
W t hout undesirably w deni ng spaces In e transférre
or NHi-eentpiningdasgla, vithdugh efwetdrsoopio) $iclyurag akp Hehwmitable if the hard

tern,in t hot adef i nabl e | ayer 120 and the hard . .
el B30 1BoRaR PRk di etbe Hmetmaiiare g ayePhy aitening
spat@ thahdtrimpafedlpaitedl tenporary placehol ders, 145. The

transfer is preferably acconplished using an

[0048] With reference to Figure 5, the pattern in the photodefinable layer 120
and the hard mask layer 130 is transferred to the mandrel layer 140 to form mandrels, or
temporary placeholders, 145. The transfer is preferably accomplished using an
anisotropic etch employing, e.g., HBr/HCI or CHCI3/Cly-containing plasma. The widths
of the mandrels 145 are preferably substantially similar to the widths of the lines 124, e.g.,
the 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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ani sotropic etch enploying, e.g., HBr/HO or
CHO 3/ d 2-contai ning plasma. The wi dths of the

woanirelac 145 are preferably substantially si nmPCauSkae/033703
the widths of the lines 124, e.g., the mandrels 145

prpwsphicer aldtyridlay elankei dégosiéd abaulayd2@70Bh Ohe lERrel®1145. In the
about 80 nmor |ess. [0049] Wth reference to Figure

1llgstr%%er§b%@|enhﬁted?rp—gpace; m@tenahﬁlaéfqms thealab;@; Yi®as tidadhium. The

de#amggﬁ 3 %%Saecr éhg%;sélregg& ant nPth%cEs Ir Geval, -S?’g? flpgluglng, g,

c*tzsbmkieune P&ithieknas oﬂtlﬂedél}%i’r 124 % ﬂ@fetr:hﬁy BRdYeh € ﬁmm’fé sufﬁment
In the illustrated enbodi ment, the pre-spacer nateri

matREY tPotors Reers dyé (Figne 7)sof theadsisired Witid afep oeictivn m)f the pre-

ous,.net h known in the
P Qé’e? n%?e%? ZW@ME @an&?év%4§ha}§ dAﬁ_cﬁsseaﬁj?Slot“hl ckness of
t he jbesmr 10 %f%ﬁéeetbﬂtikﬂrecﬁQﬁ@ﬂtatnﬁmﬁ’ﬁ’éléﬁi@er la\7ler 170 and the
sufficient material to formspacers 175 gure
marggels d ¢ razel naiktrdactsfl tveith veacnotbar of forhe S}}mrcesp%ercomposed of a
170 vv| h the els di scusse

B g AD PR SPRiGeRl, Rl SPpTecHEd ek e mmdrels
148r@e BREG 61y |ppyBledl i andp tle@%r ﬂﬁf&)‘éﬁﬂh% rétBiodoh the §1§iewal ds of the

reacted wth one another to form spacers 175, conp
mzmdr%is i#3-aht the ilusteitaicenbodithentj tHeusird ataeld]@ﬂ:bhm prefﬁrably acts as

TSI R e e
cohR8ChétRBeP thel fianihf Ei’éaépla&:rqg% A hle/Onﬁﬂdﬂl@ | t§ Jsflu?%cgl S thB8nandrels

illustrated enbodi nent rd mask
14§r &t eﬁhabtlyb@bmnfasthe hap bagr dm;bersepawatplyetbﬂmd telye Hyajepodition on

or aBHAR TG JBAT MHSaTeA P i BPEnepar ovt Mhayhsrd wgk dever 130 is

prdsBx. t op surface of the mandrels 145. In ot her

enbodi ments, the cap | ayer can be separately fornmed,

e. g [005139 deb@@rablp,nthoriayﬂr Yaatd dre mbndelk 145D aef sdbfﬁtted to an
| tgt slt45 whet her og not theh agmaskla yer 130 ‘
clevatef LEORAALUTS, g i Bpasabrigfayse ¢ selialigned giiidatien fqsetion. For

exz!ifﬁﬂ@r B ahiflyAGEH S BeLRAed Br&?} lgjloleééa%tl%dsubﬁggﬁ &8‘%‘61 ‘thermal

e.g., an annéal, to causSe a sel ati‘on
pracessing GRTPFot aetxmppﬂamre tofieabpair 65@1480@"@ a’ﬂbnecp\tteﬁailably, about 650-

68 R DO BEBSEI R CRePp Hiray, SIBGA MO P28 about
550 (ﬁgQF MR Ra11 Bk %E)ﬁx"e@i}ﬁ{eﬁ thf?lQBéJExtgétoof tgg gegctl&p End @Y nount of

seconds, nore preferab about seconds
tlte[nmmzq thetlaywrl lI70b@tam§:tsew1thtﬂ&d51h¢mi oft the nextieid 145 1strblated to the
reatlonadthe unt |ta|um|nthelayer 170
e R P e St B Y B GFaEaEn Sondtons, such
as fiRlt f d Q
V2488t W1e LTRSS e 0 it
and/emgaparation ehﬁmj:ediﬂ:smd fon thd spdmersaWrSeaFor eample the mandrels 145

o BT L TP R s il A G0 P L
prefRalY elbdudsPom 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
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and the layer 170 can be reacted until the separation

is about 80 nmor less or, nore preferably, about 50
womarztess. [ 0053] In other enbodi ments, the parts26/033703

the titaniumlayer 170 at the sidewalls of the

depasitinethe 1as 1g0aopr %ﬁ/@{ hdtl, thilduyatiofagbiRe tem erature of the anneal
Advant ageousl y, fully reacting these parts ?
cap beglgwed f exised thel chiraliprt @d/qrﬁémama@a(t negvgd g«»cﬁmrm Spacers 175 of

0 t he t he.sp IS
o0 oY B Sl s R G p R ARGy Bav Doy timiss
thé Brewiiasf i Bpavest 1750 arhlaﬁa RORE dirdotonl@hEdydY 7hhe
reacti on. For exanpl e, epositing the | ayer 170 to a

gi vdpodl dt hWithh eef@mn@ct iQ) E‘IMBO rany @n’wdr@dhnnmm of thehéayer 170 is

d d/
5¢ Ctr]\S%Ef‘r ?nﬁ? nté’e{fé %Q%F?ﬁs(g@gc@r@‘ : atfl %aﬁgwrgl%hl% The
refbHl @ath BE a8eMBshed bIRIEbF By diéhed: A LRE ?t‘% b ha acfvlaﬁtages for

| ayer 170 t |caIIy imts the gromh of the space
redursd cpsis tand dbwdlaynagn toHbe dimelutel @ﬁ]t}mf spabes [18§ e rAﬂ.ZaQample of a

o L S8 LT ST e e
175 RECRIbSithbgrapalc, §. Qet@yqﬁ% g n{l% d%%&l % flﬂrdﬁhﬂ?}?at AS below the

renmoval can be acconpli or dr
respiittiog thigpit gﬁﬁler}ﬁmmhﬂm@a]ﬁlagt@shrﬁque Ilsed dorefdrmdgttBe spader pattern, in

| t t f th 175. An
tig F e PBFIoL OgioPi EBteeH vpe ' RAErmabe EDRBY | 51 ng
H2G, O(HSP anﬂfltlﬂwgéf‘enger &b ef‘lgﬁjey9 e s %ﬁeﬁlﬁ*ld&7§§rlgyer 130 1s

subllthograp ic, 1.e have a criti cal
selectiyely neindivbd relitate t Shebqiaoems tihe Thsakmbidreah Ibmat:ccﬁfplish@i using

hot litho hic techniq ﬂsed for formng the
‘%b Pr %ﬁ’te?eet R ] ]%Pté’g%sé’ ofiqacifhot ol i t hogr aphi ¢
teclrmggpe u§ed, ALsH3RM ﬁrlﬂ%\fr l%@éctédzlglarédrglolgggepyiyg Irgelectively

reference to Figure 9, |con nitride cap

. reni@@di o Beineg tpattetny of drpyrddingl phéare 1176. tDey PPaAL&r &ches can be
175. ;{g ?1 rermvg} E\an be acco | i shed usi né a dry etch

empfoygd Jes this; repoval. gAn qxemplrn ge %Bs?ﬁﬁl@ﬂﬁ%s Ei ENQs0mgd20. A

hafdehsk Igfersl%@"(\ﬁn 'é)g t}ﬁ)xq &Furilcﬁﬂzﬁﬁgrt{?@g]{ga%grs%@d{ t;%rotect thf: substrate

mat er | is sel ively renpo orm a ba
Il(ﬂ raeé tetalogi ngreapad ensndtalSmatriyl o beedemelehesithoan uliitentionally
r this renoval. An exenplary wet etch

ed f
re“&%ﬁ?ﬁ ; falecial n HS\BBSEHE 100 Thasnadvanipgsusisafhs spasersclgd can be
t
T e
(Figare3¢ origimaile dometityuphotilithdgeathyo i&hérnye the photorgist lines 124 had a

AR BT o S s o
rougaky; halif wibak a%él)'etcﬁ?edpﬁlxgtt ?«fcﬁﬁ% Sthe! sg&ge‘f‘s 124 28 rmed in the

spaces 122 (Figure origina
sidgimadtsobf ﬁlkmg’[wpfeys Mhette tiuweers hDISO gaﬁ?drﬂly |fd>lnﬁ$ tA24uhB’ of the

mag@;gbtmg @gﬁn%? g)lf'lptwailérsfoggﬁ eg i(;qsi’ae élz %vﬂq %\élaggregla eldttge?t v%ere 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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[0057] It will be appreciated that because the spacers

175 are fornmed in the sidewalls of the mandrels 145,
woOher7apasers 175 generally follow the outline 8ETISE006/033703

mandrel s 145 and, so, typically forma closed |oop. It

loupd. | A bgitadpmetiodtfedcithad ofBs endsh thé f0oPs BMikiRCI8E U.S. Patent
attern is used to form features such as conducti ve

patie
Apnlisason Nadl@/p aﬁm’l tor Bee gt diled dpgus 34, BeO4 dlexdertive distlosure of
Wﬁ%ﬁﬁggggﬁgg&ﬁﬁéggg%%%gﬁt transfer of the pattern at

the “ends ?ego_that each loop forms two
i ndipgosBlal , Wigre&QBNRA Fibouré MESin alBitidn 38 Brd¥ecting the substrate 110
acconpl i shed, for exanple, by depositing a | ayér o? a
dupingteespaceeremmvel; ithd hadanaskhley¢robisprefrastile ribwg fohimproved etch
rot.ective |ayer fo a protective mask around the. .
seffE 51a5R 4 MiRrub e 0. Phes st Bimatenat St g s to be
traidR¥red REMHENBLAERST f8l DR diSous&edbovd, NBe BRAMSpaskTayer 150 is formed
t hel oops. A suitable nmethod for cutting of? t he” ends
of silicoh evxiideoipgthe slhwitreet osgwdimentl. TheRmitemt offypptérs 475 dpreferably
No. 10/931, 771 Tran et . al, filed August 31, 2004,
trRErTER {9 P 16 450 a8 SpreningininicieTy orbteh Gintiuing CHEs, CF,
'SFepIRRaSe MeSidid ol be W 89 fifin Lif il
Orf% g%dition f%ﬁproﬁgggﬁﬁé 5&5sgg%g%rgggnfggﬁggggﬁgé%medﬂuna
we piohanayr astoheabsed thacchaplisintislpattayerandfeOwith edieimadi loydercutting,
al | for jnmproved etch selectivity relative to the i
cubdfPsdlc’ 1¥E%e the bard anailava tNecqpae wied t9rpaiipacibe gnderlying
subdipid 1t 0 be transferred to the substrate 110. As
di scussed above, the hard mask | ayer 150 is fornmed of
si | i[@@60]oxi Hewillnbd hygpredidted tiiattied spaebedi 75edHn. belfegoved before or
ﬁgatte,rn of%%ggcers 175 is preferably transferred to
afiepgiching dhe spbpfraie it hY Breferableovheapithe Brigal of the hardmaskdgyer 150
£ Jand 3 : f S
O AR STy TSRGTE 1 B EATE: i b ARUCTLE JED B the
spadest 18 ave moehatedray supphmedne] tiselthrd mask ¢to@pl $&hhd racers 175 can
pattern transfer with m nimal undercutting. [0059]
beygppved: hedorg thepatieakis| tppaterred tp thesubsirate BY- t Bhegwpedsapmoval can
t ks bst 4 06 '
e AR P RAEAEHE Nor 80 SR bbbl e gpgesy gomoval
redycesatht @speet @tib nf tHehipast bisbugt whichQrodessifigisabhguctsd)eles through
t.qg ngteri al of the hard mask | ayer 150 offers good _ .
whieh ichants gust, fravel e reachy e substrale kR ard grinisrizesie possibility of
1184084 At s ! i
oHBAOEAT A bl PRS0} D SRR IR 6feR0Y . il
wiepater 9adéts 1@anrdeeryerati vad/dafaaosy. t MaugadsthoWwniid Figure 11, the
tr anﬁ err gd to t He §ubst rate 110, The spacer renoval
SPIEE Ia c4R LB PN SHER farditplg theeteh of the gubsale- HE wet et ch.
Adv eougl.y., d
rat TBPEr el ol AR R CTM ol AEHARE ph 0T ARIRRE 150 can
be tansfartd th the sgbstratent Hugdingylel € haretich antsmbingtion bAwEhest Rlective
reach th ubs ratg 110 and minjmzes the possibilit

foro thePelgRaS st pupEtp Alber i EkEIIpgtchie BpsebBrate through
maEd, 3 OBk Ao fimbRE, FRAGEES of B?oce&?@geﬂcﬂléhy[he 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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where the spacers 175 are very tall and/or narrow

Thus, as shown in Figure 11, the spacers 175 can be
woeomnethsso facilitate the etch of the substraPer/Us2006/033703

[0061] Wth reference to Figure 13, the pattern in the

beheded) thespackRYTE ahbthecabstpge U1 ANFHLEL 8IS AntadBitional layer 160 can
substrate 110 using, e.g., an etch or combi nation o

bee pEqyideds edsegispupsed ap qonpenditze .Sy (Pg)enbfPranelogaﬂbgAmpacamn No.

e LTS R T M-
Td hmbnghogra@ynp@mm Atldendyameskel 53R MK:I@(')N@IBPRS(Mkﬁm Ref. No.

Non-limting exanpfes of ot her processes include

ZOPﬁﬂﬂ%%(MSamhe entire distlopurd o whégh ik mcprmtsttecbmremrhyedference

R e N KT
cofPHeSH @HaYeriM‘ 8{a€ hidEocRudist Eél&&lv@ﬂ;prela%vg ik Eﬂecélﬂaéer{% g zS,i tge layer

etch or where prol onged processing through
160 il ﬁ]e@maomlsdﬁﬂfﬁr&lr@ﬂ)jl Thohabr 16t Brpreforably foayed of aforphous

Ki t dbet th 175
coll R PRER TR e es @Dl iy Bih pheman e, oh moving sitcon
lnaéﬁﬁgﬁmﬁgsagﬂmgqlﬁfOV|ded, as discussed in co-pending

U. S. Patent Provisional Application No. 60/662,323 to

Tr af0@&i4] al , Wiihl referddee chFibre D)6l pattetr ddfdd Byttdspacers 175 can
To Phot ol i t hogr aphy

d d I
beySEtlG ’?fs%% St&qu nsé@a SRR TIeRGEr Ry RN PEpERMagk dpB for patterning
0 Usg) . |
g, 1 A00 el B0 US) ol Sl A RO Gy of

exigeme Sﬁa@muyeﬁmardmg m&pbmwaﬂ#bn blpettd:mycbharﬂiiiﬂask 1aye1 150 can
t hat has good etc

bl
beBisp 4 Frously PEPATTaele 1o Bvenhub i theayer 148 2ty epmad of he
spARR ltﬂesd@%jt'hg ln?asllﬁ%d(tg Q4 f@r Rk pa r%ﬁ 1 B nn%a(?’? n{a§kmg layer 160

preferably f or med annrp ous
hasbbween taa@ euus byifores a&g)betn'atld) cﬂeammas,l ki Gihercéiﬁbncﬁlhémte Sinfodhjunction
enpv silicon ter n the substrate 110.
Ao fyes i s el e 180 canyiselizhe fopmed of amorphous
Cmggﬁlned by the spacers 175 can be transferred to the
| ayer 160, which then serves as the primary nmask 160
for [Qﬂﬁﬁ] er ninngt bvther substimans, thifk mAyivanbd ageniesing, layds, e.g., no

th th |abilit f t
hadeat PR G e DSty aﬁé‘}'gl B 5B 1 35t e el cascs,
espagiafly Wheke thl@)f]t%cellxﬁgteﬁ@lmz}g obg enls ekﬁﬁgﬁgfgévg E?ethe substrate, the

pattern fromthe | ayer to t aye
SuhSHmBVldD cefi bt pevcepead drsughifthe psiterh bﬁkpatchte Imasktheaeshyti@tervening
h t.ran er the pattern to the primary masking | ayer 160
arf mask Jers- and’ nor e uni form aspect ratio features hi

ot hejoeg POt REA R 4 é}p f{éq gfég?ﬁeogvd%ﬂg{alan I%?Sé%?kbeéc%&)ﬂﬁﬁg to the

materials, the har
prefaredeuntoklimerss pfies sunardusndviddiis] Foneydipltahasindrel trim etch is
enbodi nents, there may Pe no intervening |layers, e.g.
notn'%ecessary 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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hard mask | ayer 150, between the substrate 110 and the
spacers 175. In such cases, especially where the
weperan7asat eri al has good etch selectivity rel aCTAUS2006/033703
the substrate, the substrate 110 can be processed
sphétrOUDMS At R§hticall SRPEET hodlfersWMahfOl n&l¥nizing damage to
i ntervening hard mask | ayers. [0066] It will be
undppyiegiayewsd that the formati on of spacers according to

e B ARSI TR RO P
entBYAiBEAE Th s%@'aﬂﬁhé&féﬁsﬂ h@BadePich ©aR bR eFBHREoPHhed 170 of

atrimetch can be elimnated. Instead, deposition o
pre-Hpacer watspiabter fotm ppacel fotuagsd farhned e penspacér matepacen the sides of

the RRAGISLE BpTord G iyt e sBBE B R aPRGnS NPl dpeteial. These
spRQS FeBred chh ienthbE Reakid %gl ﬁ’l%rrflél{d?ﬁdmatghgl {o2fd8h tgée spacers 175,

materials that can be used to form nmandrel s nay
wleglpanedeldctiady etebabile whaive $o themandng atdtdridl ahd/ underllyingrrhaterials.
etc .S remoyed, Thus, processing flexibility can be
i ncngg@éd. ﬁnwélgc?i]s@i %,ap%reﬁll??egc lﬁbn‘ﬁ{‘ﬂ% Gircuysed twikh jreference to
e ow t j P . .
pARLIATBRRSS. S W ImataAs, BO3; MBS Rafodifian, gvarious
medificdtonsare pusgibley Kbtarmgeplepvarivde silicideg it addition td D@Mdhn silicide
ile spacer etch is advantageously not necessary .in
cap 8%?@9@3%&1%%%%-%%16% of heraneils Ap fumenetal silicides include
tartRREE ﬁlaﬁ‘ﬁ&ﬁ, aﬁﬂ%&&ﬂﬁﬁi e IRHHR %bM;Ee, ftﬂe@¥ Hetatd Qe%nol;e de osi%ed over
pre-$pacer material to ornw%pacer eat ures, orned o
the rmearsipele eandmatesaled| to dormi he nsitalesiliofdet hdn nathelr @atrangements, the
before reacting the pre-spacer material and the i
COH’EH%?PQP O?rﬁlaéﬁqagﬂ canpRdeeTrshadier cxasrlethe mandrelsnidy gga be metallic
i . i t . .
onf SR 1T 1 SPGB Ol AL o o R IR RP B Bhtion, the
mangrels é45 rah epmplisaadotphdey tarborg anditler lageis17( 6468 mprise various
wi ||l also be appreciated that, while discussed with

othez mat epgfivsarith enP@hoys GEkons oy exaaple, tha lpvenl ) gag comprise
. o e . el i
silldbn'tf Skl sEd iilo GARES 175 e mE R LY FBELHARE b ¥l to form
a maeteli daitnde.t o titani um sui ci de can be used to formthe
spacers. Exanpl es of other netals toq_form netal )
ot AV i Bl eeTerseata, miguaflR dihvilhre ApriR@nted |thatt while the
| t .0 . it . Lt .
FofF AR of (B fRors VS IRRAcE S/ scD, SRR 2BUCHBE 1 Wit Beposited
mailleyer acacangaimird mandréle, the sfircaat li76rcanbe adngsd B/ \‘E?)aribam processes
be reversed. For exanple, the mandrels 145 can be
othek gy 1eactiang batvegepi OB sfasg Eacieaisy i comesemipimenthethe mandrels
: [ N,
1457888 DE Fclel] 1A TRl Bt 6 i B LD ool that are not
siliciadeer FbY @xaaplecanjiicidation af iackil$cont Mendralt 45 tal Be accomplished by

reactive w th anorphous carbon. For example, the |ayer
exHelsglgC@ﬁ remqr:]? dé> t(’)3 a gaseous metal reactant (e.g.rjpTiCh, WFg, etc’), or a gas

phase silicidation of a metal mandrel 145 can be accomplished by exposing the mandrels
145t0 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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silicon to formsilicon carbide spacers 175, or the

| ayer 170 can conprise a netal to forma netal
woaodriodesse [ 0069] Wth reference to Figure 16, PCTMiSRI06/033703

be appreciated that while the formation of the spacers
didcISsetd 9n IU.$. Ut era N 65581 568 55 pthiecbnsiteadieclogme bff euhidhnis iddogiorated by

a deposited netal |ayer reacts with the gandrels t he

reéegs%é rgreipsviigh iHEOPEHABE BPOREIS o0& s tRkEl fopReapacers 175.
i BRI SR RRAERD SObA L R Bl RPEL ALY of 3

caERO U fte det paterd 075 aeforspac trepartiatiyl folstioagedsiprgeteal circuit 100
that are not suicides. For exanple, a silicidation of
can beiprecesyed gp Asprssed amve apeapling Fedresi9 Shed by exposi ng

t he @B?ﬂvzel iél%lélo)naﬁ)%rwgﬁg %\’/HS nféhglls rga&; g&{ééed( gb(g/e’ for ease of

Ti a gas pases

il 1Bt Aon NERAAISbripkibR, GaRilDBe app&aiaieuahadrnbse thwaszbngatteﬂﬁs can be
mandrel s 145 to a gaseous silicon reactant

re@itedi yo forim adiesiredppacst matﬂml HE- d§1%&c@ﬂ§e‘é &M seeaction with gas

fornmed, b Silic ndr oxi dant .or
PG FcEE: cOor aj@rora SRGHTE ant B Tt B Yt Byl goposiing
m8itipl € RPerd ioff ﬁir@@pac&‘ Tiafe@ilsndvief bﬂ@ aﬁ(ﬁﬁexb@ldf DeABR{Bning an anneal
exposi hg sil'icon mandrels to a reactive nitrogen

arglprdivedephsitiog lesinghertnyet nfemesspaqeh anatertdy rdrformag ampnnsal to react

th&taﬁksr bo‘gﬁb%& ‘,ﬂﬁ@ H]l%%lgala%dgh ggilsjl g g)rgg gln I%)reba(gﬁtléna? aners of
preabEatt nMoriab ard fhed Perfofnifg @Rtahh&] Al 6theSethBodinel] B additional

i s"incorporated by reference herein) which is
mesrivlerdae detintredysed yagaseons egaotsts| dsrivedltarantiveri o g @ddigional to
e conversion catfmege caused by exposure to

deé’ﬁé‘?‘%?a(ygrsgf PIg-3RgAEH™ ther agents (e.g.,
cat ajoy3is) - M¥k&Ver! RBIBPRGE! Sichbé Sardl SrefRstlp Chott].‘i&formed in the

partially fabricated integrated circuit 100 can
fopmett@s sf theanantirelsus $ea @tdw@ begaarfdmfgl i dpsired §mlsxample the

oIt (o7 bt P biscli kS B At B8 Pr BB RRPHE Bor e

m\ﬁhcllrkls R&n BORGKEE Btk trhRbIcADRACK R aimtcidh By 86 'u§éf§l t@&ﬁrm spacers
be reacted t0 forma desired spacer material, e.g.,

that @ Kyceptommdly chyse 4o togathei.on wi t h gas phase react ant s.

Thes di ti,onal ials,can b g acted_.b e.

For it kiep deRAmanIEE 28 LSFRgE e B angh rpk te mandrels
FMX%PR:' ﬁleQMI?sr ofQhE nﬁﬂ@x‘et&%ﬁaﬁﬁ@r&:ﬁ&@@ wﬂtﬁrﬁ&ﬁﬁbﬂwyﬁﬁphed reactants,

anneal and/or by depositing a single layer of

e.pr, 8 spracess simsilag it &in, impdantasion; tegorm tlaﬂmeéayer 0 react
t he, mandr el teri,a

that | th th
degogmg ¥ e’ 3"{!1 %Yer,n%\p SPACHTE; &S ed |Wé918}1 a S?pe%y%r fgbgag épandrels
FORLGHIpR, a&}H&alt 1868 AR bl QoRToRdaBN dGRR& ovérMh@ifARdrels and both the

errbodl ments, the additional naterials can be
toprind otlles eﬂthasnagpdmm teggadtetht Bheazacied toptrarts e th@mt lee removed,

o BT PP e AP RGPS Bt with
fiREChgleAR YeABmiRE chefi®Rl rddhdi&l 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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formation of the mandrels, a trimetch can be

perfornmed if desired. For exanple, the photoresi st
woayEr2oan be subjected to a trimetch after becn®s2006/033703

devel oped, and/or the mandrels can be subjected to a

subkirhiB) BloChan SWieprice GitfeRretitftenialy, be., Llsﬁrmloftdaffémnfrmatenals or
spacers that are exceptionally close to to

diffefHDT PYatethds i dﬁﬁvmny lateysb Tegipns| oy e whsiIale f H%foeéfﬂls gpattern

i I S I e

afélﬁ%lﬁne@ cgn be Lifedao @ﬁ&@@ﬁﬁel? etth |t1abuglothewd1fferent materials, if
antation, to formthe ca [0073] Moreover,

a sﬂngle &pmmrwss poteuffisiens tb etrh hl(bthe daﬁ“ergpt métylé?le or the
man

For . t :
ConfFsi 1 auflotid ¢ aosrenb Bl drefaie, Bro e sty or
chdnABRY se?l' g@ér ;ﬁ‘ g §36erIBNRE nBldSmeRNaRes hrgbleatchedhdn some cases,
reacte ts can them be renoved, e.g b

thed hdditiomnab nmhskuhg/ lgtec hL 66r (lﬁgmfsu 149 rﬁgpmf@rahlapvs,ﬁdsgac gaperior etch

bet ween_ the nan rels th iller rrae
selﬁféwftgf rﬁjﬁ&g fﬂr t&f agﬁrgﬁn ?%errleér(r)o advam?geously

of{%lgpe?ﬁ‘]@ﬂ%&g r@ﬁgt é%e{(‘) L&RRMIGA hd Elielrrhﬁ’cheMSﬁéchﬂly those used for

t e spacers, it will also be
etoﬁmgrselmoatoedtaiﬂm matehials. ﬂﬂnuaﬂhapgxn@mnbﬂc laxes d 6P sen effectively be

various other di- scussed her ef
s o1 SO B6)imbr Rk BTt Of ARG, e Sl Jpps hieh
aﬂgg ﬁﬁg Eﬁa{hate etch selectivity relative to the
Ia at are exposed during the selective etch

stem$n6as dABcpsbfdnakmwhsumhﬂebwen;<mhe@ub§ﬁ¢d@eﬁ1¥0‘@ﬂ0us
can conprise dlffere

intggrated r @reitit rfﬁ@tg;;eﬁ,amgl ﬁ{og’? Lxmltaﬁ,gx? e?qng}lgtwe 1n?erconnect lines,
lax}%EJ%g{ na{ntd 16" vatiad Qﬂ‘ﬁtn%gl dhBesUBRh! At ®padi®drs and transistors,

e pattern defined by the spacers to such a
paﬁubsatlya‘blememogumlelsg]ccanraw ootiffef eaeh disphwysiiis tyhiels dense repeating
greferably dry-etch tr|e
pa

aot eS| ebt iy FBg s T Arup h e car sPhojpg and regular
Wl#‘&ls % féeﬁg lof fREHicH e fn%sl&%n%(lé e aBd with v%h@lﬂe abhcing. Also,

erent materials. [0 It will also
widR{llegtadddewitli bysscers cfeqnmd&msm@g meveh an gﬁ?@nﬁgbqa@m@nts spacers can

chem stries _ used,. overl r.s,and hard
be| fayaeds ongypliple ypiticaljleve! % ag% ﬁ%gsc?ﬁg%tgd O RS |1?V|eg ﬁoaform a mask
pagg%klng | ayer 160 (Figure 14) is preferably used for
superior etch selectivity. Using anorphous carbon for
t he [po77Tar yhmﬁmdnay&mrplﬂomfmmteagﬁwsaw dfefadyotoresist layer 120

excel |l ent resist nce to c nt| nal
can ipapeRIh ARNET (SSHOT I B ERPPOFE o OB O g ptied by
A i gl \
o 5 R, S M gk gon s
wigkh! raaﬂlltlbyaloépasenbater frmed ayamd, the rSpﬁ@tS 167, rthery ﬂlﬁ gitpcers 175 are

aspect _ratio trenc 007 N
rego¥ed; they SPAEE ?."recg [ ] %psﬁlﬁ 3‘&%‘8?{5 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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integrated circuit features, including, wthout
limtation, conductive interconnect |ines, |anding
woadw/ande parts of various el ectrical devices, PEUAIS2@5/033703
capacitors and transistors, particularly for nmenory
prafeeled egibodiatenhay 81 with ofleamaglang methicglp Ikawn in thewnt, tthform features
dense repeating patt%rns a{e desi :@ble U%F, whi | e
ony q1ffigeent FeatPlARe sameRbNAln | Fogamdit 1&9&&}’?}80 Sequl ar
Wi dt dior t :
fea tlEl S] %%%&dﬂfgl I Je»k@ Igeaﬁﬂﬁ)%ha}&%cgg}: {H\%;# ?kéﬁ@(ﬂﬂ%@! Grt that these
and| Vaiphg atied omitddorsp additiensf ardneddidicattorsi gy de Inmdelto then methods
ot her enbodi nents, spacers can _be fornmed on nultip

angle§tRicREpS d@g@b@ ahioere ooyt deraridng SAmathsi ssppeof Wépwrﬁion All
sutcﬁrn{g {5% ?\2& El éges a[r? g tZA%eh o ?ﬂg 'let%l ﬂ‘rthe sQ@peg#tﬁg hrR}%:reltlon, as

otoresi s ayer
mﬂ@e@byhﬁnm@auﬁhQﬂmnEor exanple the pattern can be
further pitch multiplied by using the spacers 175 as
mandrel s for a conventional pitch nmultiplication
process in which additional spacers are forned around
the spacers 175, then the spacers 175 are renoved,
then spacers are fornmed around the spacers that were
formerly around the spacers 175, and so on. [0078] The
preferred enbodi nents can al so be enployed nultiple
ti mes throughout an integrated circuit fabrication
process to formfeatures in a plurality vertica
| evel s; which may be vertically contiguous or
non-conti guous and vertically separated. In such
cases, each of the individual levels to be patterned
woul d constitute a substrate 110. In addition, sone of
the preferred enbodi mrents can be conbined with other
of thepreferred enbodi nents, or with other nmasking
nmet hods known in the art, to formfeatures on
different areas of the sane substrate 110 or on
different vertical levels. [0079] Accordingly, it wll
be appreciated by those skilled in the art that these
and various other om ssions, additions and
nodi ficati ons may be made 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
i nvention, as defined by the appended cl ai ns. WE CLAI M
1. A nethod for sem conductor processing, conprising:
formng a plurality of tenporary placehol ders forned
of tenporary material across a region over a
substrate, the tenporary placehol ders separated by
spaces; converting sonme of the tenporary material into
an other material to forma
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plurality of spacers, the other material formng a
plurality of mask features; selectively renoving

wanewreessed tenporary material; and processi ngCThs2006/033703
substrate through a mask pattern defined by the

W OLAINit y of spacers. 2. The nethod of daiml1,
wherein converting sone of the tenporary nmateri al

conpki sesA swsttlad: for eqnyicordhustor prpcsisiignadmpriging:t he

t enpor ary; pl acehol ders. w a _cheni cal ecies. 3. .The

met hod offo%ng‘%maZP \I;%ié( e?ftn ?egg?o&ryi gféf’?}m?(geéitfgﬂﬁedg of " temporary
si demaktis #Rfosk EQe%[Bﬂ dv&! SsubSRE | the %1M&Mkr$lé&hé!d&§ Reparated by
| ayer over a top horizontal surface of the mandrels,

wher®peeSt he cap layer inhibits reactions on the top
hori zontal surface. 4..The nethod of. .G aim3, wherein

the cap IRYEHiEBiTRe SELEIERPErYdas Ryl Epsidarigal o form a
A ai gudlityTepaders, 8R! ARdrinYfénal Faathd DELSAHS WRllas: Rbtkhie

tenporary placehol ders conprises selecting reaction
condi t i orssletovely smviingputchavesied devapdraryoastedalypoh a

desired critical  di sion of .the sk feagtures. 6. X

The. ot haUOSsPSoE HieriuBstah i Sreh L BRdos sat Jeims iy i plurality of

si deyadedks of the tenporary placehol ders conprises

perform ng an anneal, wherein selecting reaction

cond}-t i onkhec orethoids e Gaibedt i wigereint eonpertadgus@mand the temporary

urgtion for the. apneal, . based on. the desired .

Bl ol SRR oSSBT he GeapRteD) Plighaldars with o
cheRi@f§je¥RlY reacting sidewal l's of the tenporary

pl acehol ders conprises exposing the sidewalls to a

sol id phdde methotlamt CRimThewhetehodelodtivElyarenciing whiewailsn of the

e sing the sidewal Is conprises a bl anket depositjon
Rl P efS SR LR Ao P o1t Bitaler AU, SRR o the igndrels,
wBRSiR ot Q@b 16cRinRitfhs rlm%ﬁg & gﬂg% opgflx(ﬁ{%%al depgsi tion

conpri ses a chem cal vapor p0 tion. 10. The met hod
of @ ai mihe mdteokoiClae 3pvherkiatthelegpdaydricompiossa nisile.

aherei n QB VIFERA TbHmoR. BREeoNIBRRED FidEund aidevals of th

terﬁg&ﬁfyi ﬁ&&hf)ﬁ@ﬁtéoﬁ%rﬁe@@iécitiﬂg rééﬁ:ﬁ&lﬂ ol R &Hs fﬁpf@f:tiir?% t'ﬂ? sidewalls
t ht al .

e solid phase reactant w e tenporary nater
bagedl upthe desitddodtitichl dihnansiod 4f the uask d&atwespr i si ng

F;;f&er ent'Iihgl 1|n¥th5)g n(?fvijpagmag, \lilzﬂer:rgl%(:tse gctlrvg y Irere]lgt%g gifdegvgl?s of the
temporary placeholders comprises performing an anneal, wherein selecting reaction
conditions comprises selecting a temperature and duration for the anneal based upon the
desired critical dimension.

7. The method of Claim 2, wherein selectively reacting sidewalls of the
temporary placeholders comprises exposing the sidewalls to a solid phase reactant.

8. The method of Claim 7, wherein exposing the sidewalls comprises a
blanket deposition of a layer comprising the solid phase reactant.

9. The method of Claim 8, wherein the blanket deposition comprises a
chemical vapor deposition.

10.  The method of Claim 8, wherein the blanket deposition comprises an

atomic layer deposition.
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13. The nmethod of Caim7, wherein the solid phase
reactant conprises a netal and the other materi al
woaogressse a netal suicide. 14. The nethod of €C&iused8/033703

wherein the metal is selected fromthe group
consi kit i nglhef methodnpfirGlaiar®, alvbereinhednvierting  soide ngfckg! temporary
ein se| ectivel

15 .Tlhe met hod (g.f daim 2, ntg,hglgl y .
TPUSIR REPESPIRING 2RO MO AR YT OnyBisHe the solidphase rgctant with
thé‘lfénﬁj'o@lﬁy)@{alt&ia].o a gas phase reactant. 16. The nethod

of Claim 15, wherein the gas phase reactant is a

ni t r dgenc diteanethod of gdeined 1, fitthel bemprsihg BretbreQlidiyntemoving an
15 gﬂer ei.n ”},ﬁ egs hase reactant is an

USRS _ 68‘}1?139% &9 ﬁléfgi es. 18. The nethod of daim 1,

wher gisn f o Rghder (E’llah’ﬁz Pérgrlmngché ?cgglﬁ{hgéé/n reactant comprises a metal

I
pl acehol ders conprises: de a
agd (thecatherghaterdid fcomptibes o mytel sikisiés. a substrate; and

transferri the pattern fromthe sel ectjvel
def i n4bl e Tﬁ’%y@ﬁﬁ@% Ogrﬁjl%iﬂblé?’l yhergin ﬁg@éﬂetﬂb_wr&ec@d frhm the group
Cbﬁﬁﬁﬁfg"-ﬁfﬁtﬁff'ﬁrﬁ,rth&%wgﬁ%g{n;ﬁh?, Jmthgd; of O aim 18,

wher ei'n def 1 ni'ng ern conpri'ses performng
phot dbi t hdheapbiiod 2. Clilie 2rewhadinofelédtiabin &letindh Sid6HAlls of the

defining the pattern conprises perform ng
Mg ?‘%’Rﬁ%ﬁ?ﬂ’g@s@g ithe sidevpllsdaa gps phasoractant. wavel engt h

li ghtjg 21: ' erein transferring.

the patt errrggcr:hgﬁpm?(% gg? lzéaﬁemr %?%m}%mat ° i PP ORE {if‘h‘?‘ Bitrogen-
c@@amipspeeitdiod of Claim 1, wherein selectively

rermv'bng unconverted tenporary material conprises

per f /m ngti§ Tewodof (Claipg 15 Tivbeneny thedzas fpha@seaieactant is an oxygen-

Cm%ﬁ{grg LOg spacers extend in spaced, generally
par al | el relation to one another at |east between

fi rsi8andTheanethod pacEtiml Bnaserid Eheing RE MGARKCBE dmporary
f?g th(gq spacers. 24. The nethod of Claim1l, wherei'n the
PREFIATS CRIBRIFSES|  conpri ses silicon. 25. The nethod of

Caimi1l, -] mierd al .conprises a

pol Iy ner . Zg%gﬁ%gpﬁ%gj ?{f? g?? %ler%l?adtelﬁﬂ@bq%ﬁ%rn‘fvgﬁ P Splstpate; and
circuit, temkriisg e paeythdfiog ahebRicAlellNddiBH AUyer to an
of the integrated circuit; depositing a |ayer of

mat eFRAEYB\RRYer Framed 9d et tempergry material.

19.  The method of Claim 18, wherein defining the pattern comprises
performing photolithography.

20. The method of Claim 19, wherein defining the pattern comprises
performing photolithography utilizing 193 nm or 248 nm wavelength light.

21.  The method of Claim 1, wherein transferring the pattern comprises
performing an anisotropic etch.

22.  The method of Claim 1, wherein selectively removing unconverted
temporary material comprises performing a wet etch.

23.  The method of Claim 1, wherein the spacers extend in spaced, generally
parallel relation to one another at least between first and second spaced planes extending
perpendicular to the spacers.

24.  The method of Claim 1, wherein the mandrel material comprises silicon.

25.  The method of Claim 1, wherein the other material comprises a polymer.
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isotropically etching the ayer of material to |eave

exposed spacers at sides of the mandrel. 27. The
wortdtad7est Cl ai m 26, wherein the |ayer of matePCalUS2006/033703

conprises a prespacer material. 28. The nethod of

A aixe. 27, Amstliddefor f201ipating andniegRcdd d@uit ®nipiRimgpacer
material with the mandrel before isotropically
et chi ng, m@éagr@mwé@hmgr@%lpﬂbesrﬁ@gzr@ﬁedﬁm\etf,i al wth

t he nmandr Iogi%gg els&e}g%nﬂ%tv ﬁéﬂang’&i nt to the

etch use opica e met hod of

d ai m 26, isypiciln etcﬁﬁigrtﬁel@a;l bﬁ/m@ﬁeﬁml 18 JedvB@x @s\é@EFéHels at sides
mat eri al conprises performng an etch with

and ithemandel. The met hod of CI aim 29, wherein the

pre acef, I d t he
et o al e THERN R CIEm o dunSa B 18Rl RBETHI comarings a pre-
spg&;rﬁawrtamer conprising preferentially renoving the

mandrels relative to the spacers. 32. The net hod of

d ai%% 26, Theharedtiod ohéllsipa%r dugher suhprisiipgeahing the pre-spacer
urt her .
iR LR e Brandiel PRI RO gieihar OGS vhifkin egingothe pre-spacer

maAtehAr with R Haf&S] TPl FRRECHSaternd - rediBBniTRS AL (Qf:h used for
Caim 33, further conprising anisotropically etching

1sqtmp1qagygtchmg addi ti onal spacer material to form

addi ace si d of the spacers

The Zk'e g’ @30 i ?r{)gjialmf ?r%ﬂﬁgfer‘?%rfﬁ?tf@?l%@ys%@é‘gl {he| laver of
ma{téﬁm\ébﬁl@nﬁé%%eﬁf@ﬁﬁﬁfg an BRUWRAIHID q{ﬁgdénh hgplg spacers to

| eave a pattern of free standing additi onal spacers.

36. 38n i rihermettiodiv e Crrask2 % athicarim theverelspaceg neateyil i3 tilahinm and

abricated.i.nteqgrate rcuit, conprising: a plurality
the%%?fé’é@ﬁ“ﬂ%ma&ugl Sfﬂg?lﬁ@d of a mandrel material; a cap

| ayen. ovatleyhétfiod of eMidid AGANGT ¢ [&hSving th
a layer of pre-spacer material ov@%}glr%fgpeac remndving the

malléyféx?felﬁwdt@tk@@pm@rson si des of each of the mandr eI s,
onbi nati on of

\glrw:r pac té[?‘e ﬁi#@qqe 1 % eﬁedﬁ ciPacEt aeisup! ﬂh%@‘ﬁé ifgptures.
o Sty Sy SOOI o o
adc}u';gn@spaqehmatmpl dragides of the spacers.
34.  The method of Claim 33, further comprising anisotropically etching the
layer of additional spacer material to form additional spacers on sidewalls of the spacers.
35.  The method of Claim 34, further comprising selectively removing the
spacers between the additional spacers to leave a pattern of free standing additional
spacers.
36.  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.
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conprises silicon oxide or silicon nitride. 38. The
internmedi ate mask pattern of Cl aim 36, wherein the
wornretesconpri ses silicon. 39. The internedi apeTnsst06/033703
pattern of Cl aim 36, wherein the spacers conprise a
met a37.sui Theldntedfedihembskt patredi of &Clams|3Gpavhaein dfe cap layer
Caim39, wherein the netal of the netal suicide is
cogppprises alicon oe pesiisWUPITdEnsi sting of tantal um
haf niim SR8 ickliEdiarenasid Nfauleh SrTRalin SeTEsHorGAl RS Mnandrel
of ai m 36, erein the spacers are subl’i thographic
cdrg@ises Eiicoft2. The intermedi ate nask pattern of Caim
36, wherein a wdth of the top surface is | ess than .
2 bouE9-1 20 Therintarmedinkrempsit BAUEBHP R iHeAK "RSETTa i SBFCers comprise
nﬁﬁ%k wherein the wwdth is I ess than about 80 nm
e ht er medi at e mask pattern of C aim 42, wherein
t he spaceTBe af@nRePRES Bhddabyrn & &ainhaf, aloeih tBOmeatal of the metal
45. The internediate mask pattern of Claim 44, %ei n
sitipide sqrebastesl faome theepermeaishye piciantalumy hafpyn: anggueis-

41. The intermediate mask pattern of Claim 36, wherein the spacers are

a gl

sublithographic features.
42.  The intermediate mask pattern of Claim 36, wherein a width of the top

surface is less than about 120 nm.

43.  The intermediate mask pattern of Claim 42, wherein the width is less than
about 80 nm.
44.  The intermediate mask pattern of Claim 42, wherein the spacers are

separated by less than about 80 nm.
45.  The intermediate mask pattern of Claim 44, wherein the spacers are

separated by less than about 50 nm.
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