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anot her exanple, flash nenory (for e
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ells include a floating gate field

deﬂcgﬁ5¥ §? QyAge capacitor and an access field effect transistor. Each memory cell
is an addressable location that can store one binary digit (“bit”) of data. A bit can be
written to a memory cell through the transistor and read by sensing charge on the
reference electrode of the storage capacitor. By decreasing the sizes of these
constituent electrical devices and the conducting lines that interconnect them, the
sizes of the memory devices incorporating memory cells can likewise be decreased.
In similar fashion, the storage capacities of these devices can be increased by fitting
more memaory cells into the memory devices.

f0004] As another example, flash memory (for example, electrically
erasable programmable read only memory or “EEPROM”) is a type of memory that
is typically erased and reprogrammed in blocks instead of one byte at a time. A

typical flash memory comprises a memor)} array, which includes a large number of



capabl e of holding a charge. The data in a nenory cel

is determ ned by the presence or absence of charge on
woheo7fiizasi ng gate. The cells are usually grouped/usaoa/011525

sections called "erase blocks.” The nenory cells of a

flash nenory array are typically arranged into a "NOR'

architecture (in which each nenory cell is directly

coupled to a bit line) or a "NAND' architecture (in

whi ch nenory cells are coupled into "strings" of
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BRIEF SUMMARY OF THE INVENTION

[0006] In one embodiment of the present invention, a method for
fabricating a semiconductor device comprises patterning a layer of photoresist
material to form a plurality of mandrels. The method further comprises using an h
atomic layer deposition technique to deposit an oxide material onto the plurality of
mandrels. The method further comprises anisotropically etching the oxide material
from exposed horizontal surfaces. The method further comprises etching the
photoresist material selectively with respect to the oxide material, thereby forming a
plurality of oxide spacers.
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formng a menory device conprises formng a plurality
of mandrels over a substrate. The mandrels are

weoeepariatasl by exposed portions of the substrat eCT/TiSe007/011525
nmet hod further conprises depositing a spacer materi al
over the mandrels and over the exposed portions of the
substrate using an atom c | ayer deposition technique
conducted at a tenperature | ess than about 1000C. The
met hod further conprises anisotropically etching the
spacer material from (a) exposed horizontal surfaces
of the plurality of mandrels and (b) the exposed
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ogr aphi ¢ techni pattern” of spacers
transfrsinot arenx ioél Sheaets talthe Thardpaesksriayer sTpiwc grgthod further

conSpriRAStchRg tHéldwteﬁmo%sg&&s'f@fﬁ&h@ﬁegg sﬂg%eé

t echni gue at a tenperature less than a
[ 0018009} ahbtangithenissabedimendfoft e mrés%milt invendinti eén method of

int%g?@t%ﬁogrcflﬁ’tr fabrication comprises using a lithographic technique to define a
plurality of elongate mandrels over a hard mask layer. The mandrels comprise a
photoresist material. The method further comprises forming a pattern of spacers
around the mandrels. The pattern of spacers has a pitch that is smaller than a
minimum resolvable pitch of the lithographic technique. The pattern of spacers is
formed from an oxide material. The pattern of spacers is deposited using an atomic
layer deposition technique at a temperature less than about 100°C.

[0010] In another embodiment of the present invention, a method for
fabricating a semiconductor device comprises patterning a layer of photoresist
material to form a plurality of mandrels in a device array region. The method further
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fabricating a sem conductor device conprises

patterning a | ayer of photoresist material to forma
wolkowralirtly of mandrels in a device array regi oRCT/IIS2007/011525

met hod furtherconprises depositing an oxide nateri al

over the plurality of mandrels and over a device

peri pheral region. The nmethod further conprises

ani sotropically etching the oxide material from

exposed horizontal surfaces in the device array

region. The method further conprises formng a pattern

of photoresist material over the oxide material in the
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enbo present invention,
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method further comprises depositing an oxide material over the array region and
over a peripheral region that surrounds the array region. The oxide material covers
the plurality of mandrels. The method further comprises forming a pattern of
photoresist material over the oxide material in the peripheral region. The method
further comprises anisotropically etching the oxide material from horizontal surfaces
in the array region. The method further comprises removing exposed photoresist
material from the array region and the peripheral region after anisotropically etching
the oxide material.



in the array region. The nethod further conprises

renmovi ng exposed photoresist material fromthe array
woegi7an7asd t he peri pheral region after ani sot popiusadorg11525

etching the oxide material.[0013] In another

enbodi nent of the present invention, a nmethod of

integrated circuit fabrication conprises using a

I ithographic technique to define a plurality of

el ongate mandrel s over a hard mask l[ayer in an

integrated circuit array region. The mandrels conpri se

a photoresist material. The nethod further conpri ses

forn1n%ga pattern of spacers around the plural
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intégrrs{f%&tcwcanecméhé@é ly SI?% Y éﬁraa:rﬁgf)}: 'fcgr'g%f i mtegrated circuit
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and ch &
ot hyE s8hEP brgd SAEralet S erRFF e ik s s dirocty
fonmumdaoadalsthlermbrdanesk fdyer.parts. [0016] Figure 1A is a
schematic cross-sectional view of a substrate having a
plurality of mask lines fornmed thereon. [0017] Figure
1B i s a schemBRIEFdPESERIBIHIONMAF THEWRAWMINGS

SUbib{)‘%]e ofExempIary embodiments of the integrated circuits and integrated
circuit fabrication techniques disclosed herein are illustrated in the accompanying
drawings, which are for illustrative purposes only, and which are not necessarily
drawn to scale. The drawings comprise the following figures, in which like numerals
indicate like parts.

[0016] Figure 1A is a schematic cross-sectional view of a substrate having
a plurality of mask lines formed thereon.

[0017] Figure 1B is a schematic cross-sectional view of the substrate of
Figure 1A after performing an anisotropic etch process that transfers the mask
pattern into a temporary layer.

[0018] Figure 1C is a schematic cross-sectional view of the substrate of
Figure 1B after removing the mask lines and performing an isotropic “shrink” etch.
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Figure 1A after perform ng an ani sotropic etch process

that transfers the mask pattern into a tenporary
wOayeri17118018] Figure 1C is a schenatic cross- BETHISLNAM11525

view of the substrate of Figure 1B after renoving the

mask |ines and perform ng an isotropic "shrink"

etch.[0019] Figure 1D is a schenmatic cross-sectional

view of the substrate of Figure 1C after bl anket

depositing a spacer material over mandrels left in the

tenporary layer. [0020] Figure 1E is a schematic

Cr 0SS- sectional view of the substrate of Figure 1D

rf .direcgtional s acer etc
ot SO PITBA if f EH PG, cRBRCE B3l y et gL substrate of
Figurea 1€c hitentblanketodspssiting Caﬁfdpa‘teewnaferbha)v%ubﬁbhdﬁ% left in the

N of [Fﬁrglllre 1E after renoving the mandrels. [0022]
elpipg @'t s a schematic cross-sectional view of an

exar[pd)mpar Figtré VIH @f BEScHamM& afcé-sddtionhal viehWOBRRle substrate of
schemati c to€OV| ew of the partially

2
FWT mgg) i%eégPﬁ’ff@'a“'é‘gr audireg rﬁ'gﬁ?%c‘?Aet‘[rDGQMGaF‘?gQF@‘ multiplied

feréSoPsSad@gnt i ¢ cross-sectional view of the exanple
parti al I]y formed integrated circuit of Figure 2A after
i

f or iPAEY i nBlgwre Hnisapr eshanedficoArass-seqinbebyiewi ef the substrate of

Flé@ﬁéefE aft@p?e%ofhgl!ﬁgn?’ﬁldrélsa schematic top view of the
ormed”integrated circuit of Figure 3A

[ooi@?zﬁy guFiguia 24 & &ecisehemalic ceress-ssstionanglew iawan example

paeﬁa;iyhgr,ﬁéamlegré}gatdr%ﬁy formed integrated circuit of
Figure 3A after performng a trimetch. [0027] Figure

4B i[9023kchEignre @B ispp srlematic Lo visw of tid partisihnfatmed integrated

circOlk 89FRjurd o rcuit of Figure 4A. [0028] Figure 5Ais a
schemat’i ¢ cross-sectional view of the exanple

par {0824}y f bigweel 3Atl§gaas@¢9mah©mr08$}fseémqna1 evigw af ttbe example
paWuﬁ&kﬁhnatggﬁgtggg%tgg cﬁréjug;’é‘t ﬁ%%g%u%?ersfeﬂ% tselrnI gy array region
in §diﬁme§l§tia)@rw ew of the partially formed i nt egr at ed

[0025] Figure 3B is a schematic top view of the partially formed integrated
circuit of Figure 3A.

[0026] Figure 4A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 3A after performing a trim etch.

[0027] Figure 4B is a schematic top view of the partially formed integrated
circuit of Figure 4A.

[0028] Figure 5A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 4A after blanket depositing a low
temperature spacer material over photoresist mandrels.

[0029] Figure 5B is a schematic top view of the partially formed integrated
circuit of Figure 5A.

[0030] Figure 6A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 5A after defining features in the
peripheral region.



circuit of Figure 5A. [0030] Figure 6A is a schematic
cross-sectional view of the exanple partially forned
wonvegnatied circuit of Figure 5A after defi ni ngCT/US2007/011525
features in the peripheral region.[0031] Figure 6B is
a schematic top view of the partially forned
integrated circuit of Figure 6A, wherein a periphery
phot oresi st |ayer is blanket deposited over
substantially the entire peripheral region. [0032]
Figure 6Cis a schematic top view of the partially
formed integrated circuit of Figure 6A, wherein a
peri phery photoresist [ayer is patterned to define

per [O%]y fEigure 6B, is[sdmmatigiarevigy pidthg rastialhaiorged integrated
cw{":llfﬁg 8}’ ie:?%ﬁ'&QfGA heh&did babdp D'Le‘?\ﬁ %ﬁgtdrag%g fa%le?‘i"s pidrket Hepébsited over

_ wherei n a peri phery photoresi'st |ayer
supstantially meoe@trrlemlpthleeallrewonerrper ature spacer
[ .
cr oiﬁbﬁe]c ti Ig%%?el \E/iae%%scﬂﬁgbtzg( gogflgwgfh% ;Hrtlalgy formgd integrated
circuit edr Bigade G4, cwhereii aFpgripeeryAphdtosesiple ldyer n$ rptignned to define

peﬁgbg&{e%mrﬁﬁetch of the | ow tenperature spacer

035] Figure 7B is a schematic top view of
t he [pas3]| al Figufe 6fkis a sthematie tbre viewudt thef paﬂlgw formgd integrated

oS EFEGBR Hefin ) AR o035 388K s Movs e 1w
terﬁggmtare?épaxfdregaieuabw ng exposed phot oresi st material.
B
par 19834, ERMES 15, BoPoe@iBhefc fBsteBlichal Uy of the example

pariflg8bried Limteg%edszlmuﬁ@lﬁé‘ngﬂre GAcafisspaaimiogan anigetropic etch of
of the exanple partially formed integrated circuit of
th?_ﬁcam%ngg\ragﬁe ?‘?Efcfeé tgi[?{ng the pattern of spacers
I nt qounslpr | FIgMBeI’Yﬁ it asskematietsp viedD3PiheFpardiakly 8Bmex integrated
E?th top view of the partially forned
C'ﬁCHtté’ QWG A-rcuit of Figure 9A. DETAI LED DESCRI PTI ON

OF Tbb36]NVENHURR 8A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 7A after removing exposed photoresist
material.

[0037] Figure 8B is a schematic top view of the partially formed integrated
circuit of Figure 8A.

[0038] Figure 9A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 8A after transferring the pattern of
spacers into underlying hard mask layers.

[0039] Figure 9B is a schematic top view of the partially formed integrated
circuit of Figure 9A.

DETAILED DESCRIPTION OF THE INVENTION
[0040] As the size of the electrical devices and the conductors that
comprise a memory device are made smaller and smaller, ever greater demands
are placed on the techniques used to form these features. For example,
photolithography is commorily used to pattern device features, such as conductive
lines, on a substrate. The concept of pitch can be used to describe the size of these
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[0040] As the size of the electrical devices and the

conductors that conprise a nenory device are nmade
woenmi7iier7iand smal |l er, ever greater demands ar epPprasem7/011525

on the techni ques used to formthese features. For

exanpl e, photolithography is commonly used to pattern

devi ce features, such as conductive |lines, on a

substrate. The concept of pitch can be used to

descri be the size of thesefeatures. Due to optical

factors such as light or radiation wavel ength,

however, photolithography techni ques have a m ni me

pltch bel ow whi ch features cannot. be formed rel
fediyiss. (S AP (ARIGH) SRR SRl S5nB0 P FSUPURR gavelsndin, however,
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forpiest GRbhOOF gy BouB ALY BUCH 2] BriathBRPOFARYI R AIaue oan limit

feéihltélgizé$ealh‘l§|orpl tch doubling" technique. Th| s
technique is illustrated in Figures 1A-1

desf994Hd i Ane. dechnigeat moegse@mor(u%t@@emgz t;hﬂ ycapab'"t'es of
phéﬁ)?iﬂ‘}org % ﬁlce;Edhh?qL@ss%?iNc? qhefr MiHIRlN E)IﬂCHC@':r By apish doubling”

erence eference to ure
teqhmiqus.i thﬁwu%la ilustratgddn Figurasr hival -a@'f'@l*% dggcribed in U.S.

Paltéﬁless 395 a9 Oa RBALST g?le%trjngt a’15‘559”4)0Vt13|[:3| Ve adl%ébb%[xré)fo’ra which is

nporary or penda erial” 20 and a substrate
lncmponamrmrmam rafgremsenhVith raferensedoifrigwsr 16y Rhaiglithography is

w5 S BB AT eSS v o
tempbmmexmrmﬁét&mrq@tesuaba@ antha sibritate Br @Ommo% wavelengths
a‘?é‘al.gég\é ?EEHHBI’I‘HI% n&eaﬂhc‘ﬁt%ﬁﬁ{o ) ffrﬁﬁhdeAsblﬁhﬁ%étnhmnted to,

I gure attenlst en t erred Dy an etch
153t em, ‘@BchmaSZ%Bn ngnios a6 pivs &eiﬁresp@ﬁorm@gt $iebsegyent processing

st%s %ﬁﬂﬁgé‘qwar’g% Hn%'lly wﬁﬂ%ﬁ&%g 26 ME sich.. As sh%vn in Figure

ers or ndr otoresi st |ines
1B; dine Ipattetn ipihed tearsTemed baradr elch sdepc%m:fb@s an anisotropic etch step,

to tﬁgtlég 8@5&%@%&&? dm%%rfa? 90° Qﬁ&etbpefoﬁhﬁ‘[?aﬁl%%eh@fd@?se Br mandrels

as shown
40 ayiéheoph@q@a@mt tineer 10 050 bes %mm |the degpdralet0 can be

|scgﬁﬁ5|céll}eﬁf<‘5ﬂg Ltrglnnégr%%’set g 9%’?1 é'_ﬂt/vﬁghﬁwaeﬁ@; cﬁ%ﬁfag\drels 40, as
shpmef ier Bigural1G; &t leliengf Sh@C@pﬁl@éﬁFﬂa‘mﬁ%ﬁ subseayenth é!eposned over

thg%érﬁ)rg saiJEO S3l Eﬁz‘{\gﬁ I{]_I%l SurdifECl s 0Rddrs ?@a%‘:érthghcfgrméﬁ on the sides

he’r emal ni ng man are
ofrtbmeiddrellsaé()lb}gpltﬁéenam@iaum eichimg thepspacer weterighifiom the horizontal

sub%%gghﬁﬁr Eaaff_ﬁ@ﬁo r%)r%%efroétcﬂata%egﬂét)\Wﬂ il EIRIEE! NThe remaining

Irven
mandrels 40 are then removed, leavmg behlnd only the spacers 60, which together

act as a mask for patterning, as shown in Figure 1F. Thus, where a given pattern
area formerly defined one feature and one space (each having a width F, for a pitch
of 2F), the same pattern area now includes two features and two spaces, as defined
by spacers 60 (each having a width 3F, for a pitch of F). Consequently, the smallest
feature size possible with a photolithographic technique is effectively decreased by
using the pitch doubling technique.

[p042] While pitch is actually reduced using these techniques, this
reduction in pitch is conventionally referred to as “pitch doubling”, or more generally,
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area fornerly defined one feature and one space (each

having a wwdth F, for a pitch of 2F), the sane pattern
wanre/momsi ncl udes two features and two spacesPCadgiS2007/011525

defi ned by spacers 60 (each having a width \F, for a

pitch of F). Consequently, the smallest feature size

possi ble with a photolithographic technique is

effectively decreased by using the pitch doubling

techni que. [0042] While pitch is actually reduced

usi ng these techniques, this reduction in pitch IS

conventional ly referred to as "pitch doubling", or

R SRR A LS ERb i SEB8 el A fumbor of

fegtures megl gnenf reigien S(hfbﬂ‘te’ aubstratebeo dekdcﬂxbledJ,r ofrtrhere generally,

EBRAL i T o eToMonet S By SRR of it by

cefrain dactac agtldlly involoby eéducﬁdgltthégbltbheo)ptﬁaﬂfabuﬂ heHie conventional
The convegtl onal zrm nol o ﬁ s ret a|

teﬂgp"lgfqu I8y retgingdngetain-t i By donipg, ouliiple; layer u%pers upon each

othag hhétm"habt&ﬁaa@@fel Qﬂ@c@nftﬁih‘lﬂd@ é\t]éiﬁsf%@ﬂef)eTﬁﬁgethe terms “pitch
tch multi g i cation

e fer
ma@ﬁ'am%tf% A W‘nﬁoutﬂ@s‘é 7o to e YRR IgRrTar %) fegardless of the
nurebér ol irags the sb@cértfa‘ﬂﬁénm pkddBRs i$ Bmpigpser formation

roc 043] So proposed net hods for
Por PRG3ha: SEFHS Propastsd etosoley TaanG PRt dge Beriphery and
ln&hﬁﬂﬁiﬂéy ofley hf@nbﬂ)\/@év @eblﬁ@oIOé Ust0of BheIRiparfal &Bon layers. For
For exa in one such nethod, the mandrels
ewﬁ@et 1 QR SHEN E;S%Ee? ihegpandsels psesniey defing sPagpeloops are formed
inCGAT Dppet a¥Mon BAVBES Aﬂtetrcditcﬂctlﬂﬂbmg a”r@p@ﬁbh@r@eﬁyﬂermng processes
pat t Qiﬁgf’g Brocesses are. perfarne array pattern

PP ST BallENIs Earsieres 49@ Tows $rboRi gver. While this ‘

prBEeSS sfocioafiow! Féé&hfe%abﬁrcﬁﬁel%fnt dé;lﬁé@rtgnbesfcﬁ’ﬁfed % RBe array and
forned in the arra and perip i ons, use of

e
pqr@n%ﬁﬁg'ioﬁﬁun“éeo‘k 8eloMa P%'Iat‘ﬂr@ Gé’gfen@ai‘?féa‘stﬁa@@fﬂne the spacer

lobSORAoHNY PHEndrBRIkE| 1S t8rrR&d frAb e thd ré?(‘i'gtfnp pﬁ&fo?&élgg layer. This
£Ihotore3| st layer. This advant ageous

op
2NRgIequshe @IIPWSh the PPt @%rbOPh@ry@b¢05¥>ﬁppwﬂ%¢wg thereby simplifying
prBHQetsi.i on. [0044] In accordance with the foregoing,
S|an|f|ed and i nproved techni ques have been devel oped
for POAMH ng i ?Eﬁorﬂ’é‘ﬂﬁﬁed‘”ﬁbam doregping s evinpdifigdcepd improved

teBhinigDE8 Ihat€d bebhC WelvefHEUC For [ﬂﬂm%l Pit&e" 8iiMed features in a
enpbodi nents, the feature pattern to be transferred to
segniconductor or integrated circuit device.

[0045] In certain embodiments, the feature pattern to be transferred to a
substrate has a pitch below the minimum pitch of the photolithographic technique
used for processing the substrate. Additionally, certain embodiments can be used
to form arrays of features, including logic or gate arrays and volatile and non-volatile
memory devices such as DRAM, phase change memory (“PCM”), programmable
conductor random access memory (‘PCRAM”), read only memory (“ROM”), flash
memory. In such devices, pitch multiplication is usabie to form, for example,
transistor gate electrodes and conductive lines in the array region of the devices.
Optionally, conventional photolithography can be combined in a particular sequence

with the aforementioned simplified pitch doubling technique to simultaneously
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substrate has a pitch below the m ninmum pitch of the

phot ol i t hographi ¢ techni que used for processing the
weubstmatie. Additionally, certain enbodi nents eamusen07/011525

used to formarrays of features, including |ogic or

gate arrays and volatile and non-volatile nenory

devi ces such as DRAM phase change nenory ("PCM),

progr ammabl e conduct or random access nenory (" PCRAM'),

read only nmenory ("ROM'), flash nmenory. In such

devices, pitch nultiplication is usable to form for

exanpl e, transistor gate el ectrodes and conductive

orRkAE2 1 el B ESNLR 20 B BB GBS Al bornects and
carapleiveanitary s:m:{ab rwe:iemstekmtdmdmor gramuosrnpedrcitgplin f thed peripheral
Bl SRR SEQF Bl B THbl E8y Eehh 55T E programmane
gdtecalfay (IFPU) hevirg ardre analyesimilaaty an‘ﬁbﬂior@ﬁh@ and a penphery
WP RO R A e ot Sisekht B35 B8 Sl of febricating
a mmndmy deviceehid ll]ﬂ@tgaitam‘rﬁlﬂh@flg@’fe% @d @ deddrbda)ndirain. ng

phe
o ¢ HOBBhor FIdhyEP o e 2 NS taEs crreaR gic Gekiarctionsl and top
v@hgmspécﬁ\fwy Cdﬂérﬁéx%pfea@éﬁtl‘éy fétglcgtéﬂaﬁ@édrg@&y ngfiﬂla‘i 60, such as
are descri bed he

5 I[‘%f%ﬁé']ty r a? gg‘? Iegzl gwea%%q%%%tgg thatthe intagratad eircuit 100 comprises a

cmm%f@,ctegmahoanmaws\ah@mdea P8 Pdriteral @‘glé\ﬂ 104. It will be
exanpl e, parti fabricated int egr ated circuit
apefated ﬁ% flf‘elﬂt%@atefii gligwit 3B0; I$|f@§m¢%teésth%a¢ray region 102

will h?plb@l'l)e@éaie@@ew p&ptithtelORith Qﬂﬁﬂhéﬁﬁg AnéLBhEdIe@FiEAYdevices such
n 102 that is surrounded @il' peri pheral region

as fanSipiorg;and $RPAGNGFR ciFAICBIMUR catign GAN (B uped égfatne deatures in

thé iareiyi regid?0102 dsdisbGsdeRtherelte array region 102 will
typi{gsl Ii/ be densely Bopul ated with conducting |ines
r

and i O thgeRtinee §aBd chererinhanal reginrs 18 @ptionally can include
feSRPEE | MBFS - cd?hbﬁﬁht@&” érhd%? andéPntW tREs&ISiRd (f) erdémreglon 102.

features in the array , as di scusse

Cemsaripneh pPﬂ@"qugéapwerr %”'th@aﬁe?'tcﬁhé?l&‘llpllcégpﬁn isp typically used to
pabieirh AR8sé YndreNcdrplidkigd farbs %g@f&t%gp%kﬁﬁ%g& of which include

and/or |larger than those in the array region
VapgHY d¥R$oPREIPOISHIEN: hbbe @mwetwapﬁmplwarpfﬁhe degic circuits located

in i bbﬂbhé@a‘l k‘éﬁlon'ﬁ)ﬁ%ﬁké@h%lﬁg%&% ﬁn@lltfbﬂ&éﬁéﬁ‘dff‘{ﬁﬁﬁn this region of

more conplicated and/or |argér features, exa

thérnterratge cierity 20908 Q%@ olhel eguarcenic ltwmw oftarsay patterns is
co@@gHﬁbrtbCplt(o‘:I'slrl‘iEiuI‘ﬁiSIlc‘éa\’uo(r’lf A@&nbﬁ’éﬂl;ﬁ SBH&CHé\;IEﬁé AffeSskrigheral region

peri pheral region makes “usi ng p
1%mqypr$<asaf% @TQSHQGO&FFW'% rAyenite alegiligal eenstraints, thereby making

pitch multiplication less advantageous than conventional photolithography for such
devices. In addition to possible differences in relative scale, the relative positions,
and the number of peripheral regions 104 and array regions 102 in the integrated
circuit 100 can vary in other embodiments. In embodiments wherein different
processing techniques are separately used to form features in the array region 102
and the peripheral region 104, the peripheral region 104 can be masked during
processing of the array region.
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the integrated circuit 100. In contrast, the regular
grid typical of array patterns is conducive to pitch
waoubdziptiigati on. Additionally, some devi ces i nPCIAIS2007/011525

peri pheral region 104 may require |arger geonetries

due to electrical constraints, thereby making pitch

mul tiplication | ess advant ageous t han conventi ona

phot ol i t hography for such devices. In addition to
possible differences in relative scale, the relative
positions, and the nunber of peripheral regions 104

and array regions 102 in the integrated circuit 100

can [ﬁé&ﬂl' ”ngd?érzﬁﬂm%% frat the %ﬁ?a‘i%aﬁ&gﬁhﬁ géagtle? sirauit 100

di ffleren cessi ng tec ni ques are se
inglades ﬁ@,thﬁtrese ita6thaying a diystrhegd omasiOyand08 Hermed thereover. In an

' h | 104 .
o5 018 P50 PG o S BBp A e suen
silisogunitrid, silidams oxideesr shadrgahiz Wﬂdtémaﬂ] bycii @sn@d amorphous carbon
kB8 RO oS 510500 R R Bl prors
enebadiplent ethieofiistbatd niduk myésuoamm & ®yreh of @horphous carbon

si

o SETESIHE B0l TSR FLL LR otk S SRt for e
aliganemh byebeing dtanspapsittotihe Walveldrigths OF lightsPéed 3t such alignment.
RSB o8 PG LSRR RR oS,
arrgr[phoa]s ??hbﬁﬂtldﬁm:]sdcﬁ)nbl Iy miasRN& emtr)] |t§;<3fohh§@tover the first
t ro ot Q
haggli g tﬁ%%?ﬁy%éy & PaSREhPEr Maek RyeRavD BrRjeIRbIp cOmPrises an

mdmgghtc m:élorEmbleah\emimtfor the €8difid WA sk Iayer 110 include
t he IJ rst,. hard nmask |ayer 108 is omt

S"'[°864@}r % Q%ﬁ.‘%ﬁt& lingeRUGRN. 1R 3 diRlek 'Pa%l%trfefl%“’escoatmg ("DARC?),

suﬁhrﬁédsmc/@ﬂ nbh%ﬁ@cﬁrﬂo@&ﬁﬂd@ﬂslPréfé‘x‘@tBlyl(Iﬁe ha€erf CE@Wiprising the
harg er %apref eraql %qcon‘prl ses an i norganic

Seqgh ﬂ35$ 'ﬁ'kf?'é Canibg seleehvelatehgd mth Fran@chisrubsequently-

delpa}é&éd bpacenehatdrasl | Usebf IDARE. foP Fhy Gek8hd! Hdr@mask layer 110

i con, dielectric antiref|ective coating

Ca(‘ E ?'Cua@haggagﬁasﬁesﬂ for dRrmaing @@Heaaalmatvmgj@'tches near the

reslafien ahits dfhe Eﬁﬂbﬁﬂltrﬂi%rﬁﬁﬁ’ﬁr terinhthddle FEGRIGLUIA da DARC can
be sel ectively etched with respect

eng RS A BRI DB O taertiont, dLa) 50T eBsinc Hagbrecision with
wm@hbmltmmaﬁapm HeFird ﬂ%slsdd};@é/@f ald&tiah Pfe second hard mask

)}é ﬁpg”l a@ét?‘/ cf‘dvaﬁtgg)gjﬁﬁgﬁ@;v%%?;ﬁlq gh%glr al‘tlatlrgrrr’r]\Sasllg?gJerg108 can be

etqgHuat Qéllebhwi]laﬂ’m Eeddﬁ@h&b GUEseddbrﬂ@r(?érfdggtléﬂ st[%c'aﬁﬁ%t%ﬁﬂls In still
on us
Offs%gggggphﬁggﬁgttﬁg@p\épgﬁqﬁlrfnggsk layer 1r ‘EeO lSe ?erl)lacgd with an organic

spin on antireflective coating ("“ARC”) positioned between the first hard mask layer
108 and the subsequently described overlying array photoresist layer.

[0050] An array photoresist layer 111, also reférred to herein as a mandrel
layer, is formed over the second hard mask layer 110. The array photoresist layer
111 preferably comprises photosensitive material, such as a photoresist material
that is compatible with 157 nm, 193 nm, 248 nm or 365 nm wavelength systems,
193 nm wavelength immersion systems, extreme ultraviolet systems such as 13.7
nm wavelength systems, or electron beam lithographic systems. Examples of
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whi ch photolithography can define the edges of a

pattern. The second hard mask |ayer 110 is omtted in
wenhodiimasat s wherein the first hard nask | ayer PCD@Se@m/011525

be etched selectively wth respect to subsequently

deposited spacer materials. In still other

enbodi nents, the second hard mask | ayer 110 is

replaced with an organic spin on antireflective

coating ("ARC') positioned between the first hard mask

| ayer 108 and the subsequently described overlying.

array phot oresi st |ayer. [0050] An array photoresist

.S ferr as .a

et plgrosSesC pirle Bt el le OFR kBRaB P RIY® RpddRdsist chat i,
phatsr@gigp [sattablesios MSbaMdﬁ aihlérgph dhueridbllight @oprde) emd krypton fluoride

< RAB PRt P BB - Bleg e 8 537 e
sounce)l AbGom fiuoeidel pﬁftgbiesis;s taeémreﬂéiablynus@d/ eviknghdrter wavelength
on

o TSR, S0 STt Sy Y o o
pHdt(bl’@xsg;tsipi’e (préﬁesélﬂyrmseaxwmp Ilm@fm\féléﬁgtﬁcbmeﬁmwﬁd;ﬁy systems

i ncl ude ar on fluori d senS|t .ve photoreS|
siffnge 248 torvesi corsteliee o &th eRbSHiG, the amay
prfdtmlsﬂaayerghu1smpﬂs)e§®dpkbwﬁés3st Hat@:rmdmasemi beV;sattemed by
otore éi gaoresmt sujtable for us
e SadRPRY. i8S Ve Sumel) oF & BsRRARiFel fogee to pattern
thetmbm;gsissmatar@l preferabl y used with shorter
wavel en hotolltho raph stenms, such as 193 nm
wavelpﬁﬁg SeseERl 19g g &%, d°1 dhe Jist bredireask dgyer 108, the

sd@bﬁfﬂq{aﬁ'rﬁasﬁ %(i/ewlﬂb bABARE awRNA NGRSt layer 111 are chosen based
phot ol |thogra|cr)\% systenms, such as 248 nm wavel ength

oy {he SheMIStRY ndoier PERFSSALRRIIARS farhibieayargus pattern forming and

tranfwé'oassssi.saay@d héﬂéncqrmrshgsﬁca Phah Ah@ppe efml!)&dlhﬂa'nt the first
hat can be Eat terned by nano- @rlnt | ithogra

nagel dpase I3Mer s9tgthg srtidoharg HAVeR1PoPRE ¢ ?‘6 array photoresist

layst e %ém%a@hoﬁ@rs@ﬁéc&t\/e@b%e@ with Ofdabbct Fo GRS @iher As used
the materials for the first hard mask |ayer 108

t
el AAPRIST ! FCRnaidarer “Beotiuoly PO PhipTBTRselialy Siched) when

the a6k rafel fat @hat hosteRaPRS§dater e l@lﬁ?%ﬁbrﬂe@ﬁlﬁbﬁﬂ&matenal For
process conditions for the various pattern formn

o Bialer B U STPSHMBNLY F e apinoRLBL T ABe fBaleTEh ias An etch rate

thaxigna! l@a@tr@%htr@ﬂhestd}éaférr &t 1chat dboms¥o k;ﬁié%r %r%gger bbfeast about
second hard mask | ayer 110, and the array or esi st

2Q fnss gieptereat IHe%Sé ahqu 4¢ serss greated tkm Hhak &fed tneighboring
maRriRRCN 19t ARKIfiS eiSeHiRRingd Nothar MBY&rs! @ke | 8dded if suitable other

consi dered "sel ectively etched" (or” "preferentially
mateciRtsy chefigiies and/or processes conditions are used.

[0052] The first hard mask layer 108, the second hard mask layer 110,
and the array photoresist layer 111 can be formed using deposition processes such
as spin-on coating, sputtering, chemical vapor deposition (“CVD"), or atomic layer
deposition. For example, a low temperature CVD process (less than about 550°C,
less than about 450°C, or even less than about 400°C) advantageously reduces
chemical and/or physical disruption of an amorphous carbon layer, and thus is
useful for deposition of materials over an existing amorphous carbon layer, such as

the first hard mask layer 108. Additional information regarding the formation of
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the etch rate for that material is greater than that

for a neighboring material. For exanple, in certain
wenhodiimasat s, a "sel ectively etchabl e" materi aPChnas2@m011525

etch rate that is at |east about 2 times greater, at

| east about 10 tinmes greater, at |east about 20 tines

greater, or at |east about 40 tinmes greater than that

for a neighboring material. In nodified enbodi ments

ot her |l ayers are added if suitable other material s,

chem stries and/or processes conditions are used.

[0052] The first hard mask |ayer 108, the second hard

%%‘ﬁoh@yc%rrbaﬁ@a e@gdlngmal Sed Emo(}éss%éggﬁ)%e%gers is provided in

can for ned on proc
U.Sp P@.t@pi @533103@ (Iwwt%dum@ 200Bkand &l.Sv Rptent dalisation Publication

Far
2SOl 9 801 IR of e ot
andepaienhapplidation pLblicalitn srherebn ldceg?oﬁaln@mh bgb@@rel‘ﬂ@h&)em
hem cal or si ca
T STy R T I
maﬁeiayerf bto, dwp@ﬁhelwmwbhméslsﬁlaﬁ/eﬁvﬂﬁ are %cﬁ"chﬁgen dependmg

B EBRSTI 9 S ARk ol el o ciociosos

hefe)nnﬂfmroexm‘haimN\'J’waétcm&fdJénnb@)‘léf Enrob@ﬁ laughaBf FoRRfiher material,
rovided in U S Patent

suéﬁ%?%@%% tr%i%rggqjgtag %y%rﬂ?% Ié%ﬁg)an&v&r Ming lapgk logn underlying layer by
selgutivelya¢tchimgPilble! Usdériyong 2ORb/ Qﬁﬁ&ﬁﬂ@ fidHMdts m&\}’er@”are removed to
<o PR3 ] Lo SR oy i G Sofebdy ek o tat s no

commenepow\airada\bgyrcﬁfeerm@cmh&bebﬂ thé fk%@rn'{tg%wsfter In an example
ayer

orRRE RS Sl S TaGh8 L B sesin spout 10

anbagterut UOLnay thick, smdciBasere prieRGyBeWth SBHRA & Bl bhY about 30
the etch chem stries and process conditions

”"m@% ‘'osed herein. For exanple, when etching a materi al

t hr po@Bvla MBS tRickAeSs b th&Tdredy Bhoto?é@lgt %Erev\'hlelpi depends on the
ttern froman overlying |ayer

waly R ok 4B a5 ) Pliest f14, Brvay eI & o et 7 g example

enitﬁmhentmilﬁireiﬁ' 248 e IRPE hs |u§%§rt% ﬁéﬁofﬁmltﬁegégm the array
Thus, | ayer refera

Phgfﬂg??'é @é/tery‘ 1t1hisctp<re§$réﬁlw h@twqep ag o0 mmgqnét 2PPgutyRth nm thick,

anaviayn@meprdfér%\b%@béﬂ%éﬁ abb8t PG ndh Rinkl 2415 hid thl&i’i‘ 6\"’I‘us height can
t, the second hard mask | ayer 110

| nbodi
vaig deRering Uper e wakBIsRofooh hinessbipalieming Rheleresist layer.
Beaadse fine®aee pubsedaditly BAHBE SR tidakhy bhofbhedRE IARPYY 1, in certain

em%odtmenps t%e height of the array photoresist layer 111 is limited by the structural
integrity and the aspect ratio of the lines to be formed, since tall spacer lines may
collapse or otherwise deform.

[0055] As illustrated in Figures 3A and 3B, a pattern is defined in the array
photoresist layer 111 that comprises trenches 122 delimited by lines 124. In some
embodiments this pattern can be found anywhere on the substrate; defining the
pattern in the array region merely represents a particular embodiment with particular
advantages. The trenches 122 can be formed by, for example, photolithography
with 248 nm or 193 nm light, in which the array photoresist layer 111 is exposed to

-13-



[0054] The thickness of the array photoresist |ayer

111 depends on the wavel ength of |ight used to pattern
woheo7anvay photoresi st |ayer 111. In an exanpl CT/US2007/011525

enbodi ment wherein 248 nmlight is used to perform

photol i thography, the array photoresist layer 111 is

preferably between about 50 nm and about 300 nmt hi ck,

and is nore preferably between about 200 nm and 250 nm

thick. This height can vary dependi ng upon the

wavel ength of |ight used to pattern the photoresi st

| ayer. Because |ines are subsequently fornmed in the

raé{?rt@ﬁemhaﬁeﬁ' dtidi@YShd é%x%popgv&%t |an rg%jqr{@]tgeveloped, the

ht = of t e array SI's y€
refriaiingd niyot@dﬁlrmblactmamhal ntvdgceht \is am\otdresaspmt the illustrated

t f d jnce, tal acer
Rl T RN e —
embodigtards,adaskless ljinogsardy, anth2Kless Wtb&thﬁgfeﬁal’ﬂ&farﬂﬁldo be used

[ otoresi st layer 111 that conprises
totd:éghgﬁléé‘ ﬁ% ggl imted by lines 124. In sone

enb a0 Heht sThla|mtcpactftteerresmnn@ﬁnégulzd i8regae i tsiiMeof the width
or 3 52 S ) U o Ao BB S ot 5231 ¥ rbd%he cimnsions
of @aamremfmmealdmng tgige patithe of Iene hes ahdAreathdae1 40 ftﬁ@%ltch can be
at bé/r’ X?%ﬁbf ot El Lgﬁ p}j@r %ﬁat%otggéglgﬁgﬁé%g]} (t)é P}«_a?qegn the array
pmxtpesnsd Iamaﬁ‘l At nzm &xdarapeh fér babtdntfﬁ)@agh;t RBThg 248 nm light, the
P S BT P s 24 I APy HBR oo GO BoRd aPaut 480 nm, and is

mmﬂel psfecbdd betvibesh mbout 900K MBahd Hbdue ataw 8. Stl"mlsa% an example
trat e enbodi nen

h
e Rinest The BHEG 5 B isRisel Bitopopiolisgraphy teghnique and
thalsebsémenil@dot‘med afiichemultilibd Qgécérzﬂattérgoéﬂanﬂtfedysﬁfnas a pitch

theresultln 0o the sumo

be%"‘ét‘t’? g ’Wﬁ‘e%ﬂf é’fﬁdgﬁen %tﬂﬂﬁowpéi%épgwemang In alternative

embcmlmbnﬂs’ZZ)ec'ﬁnxseemécmdrbm of ﬁﬁBSlf@ﬂ%tz)gftloﬁg&?&”féétures size typically
and trenche

m%gé:%as? g%bgg (ml tghg{ollmogf:%pgﬂgts taehnpigye iare #ppraached, the lines

1Zplwedbrmhogia&pig lerg@ot’@auqa%uze%e@ubﬁ RBACHA, thPedlidc¥rrors in the

reS| st er 111. exarrpl e, for
pogﬁgﬁ' ﬁr\dh%@?sa% edg]eﬁ 48 nmlight, the pitch of the

i NEIOEA4 i As pmtreteabwﬁgateefm g@ams 138 gréﬁtcﬁgg 1%%% dpreferably
e M R TTRAC RS COTOR L s
12#'s The limesi mma@etmbf@ébwf@cﬁé@tu%ﬁﬁd BOgbREPicCetch to “shrink” these
featglghm 8t %alae etches include etches using an oxygen-containing plasma, such
as a SO./02/N2/Ar plasma, a C/Oy/He plasma, or a HBr/O2/N, plasma. The extent
of the etch is preferably selected so that the width of the modified lines 124’ is
substantially equal to the desired spacing between subsequently-formed pitch
doubled features. For example, in an example embodiment the width of the lines
124 is reduced from between about 80 nm and about 120 nm to between about 35
nm and about 70 nm, and in another embodiment the width is reduced to between
about 40 nm and about 50 nm. Advantageously, the width-reducing etch allows the
" modified lines 124’ to be narrower than would otherwise be possible using the

-14-



t he subsequently-formed pitch nultiplied spacer

pattern advantageously has a pitch bel ow the m ni num
woizbawhi1ofist he photol it hographic techni que. |n PCT/US2007/011525

alternative enbodi nents, because the margin of error

for position and feature size typically increases as

the limts of a photolithographic technique are

approached, the lines 124 are formed having | arger

feature sizes, such as 200 nm to reduce errors in the

positions and sizes of the |lines 124. [0057] As

illustrated in Figures 4A and 4B, the trenches 122 are

referably.w dened by etchiing the lines 124, . to fqar
S SRRk e UsSa 10 Tl e drer: fads  ffitbrialy the stch can
prbi/i@!@stﬁé%odifléﬂprr@‘sﬂ Zwlwitreémgemetsjaﬂgeﬁ tiﬁegt.ma?\n%gstw uniformity
snrl n t he e etches._IL.nclu .
ofePeBRUEE iped o4y cBmeaRe SRR Ieians Sf e siodfiag tines 124
catl 68/ é{ahéﬂ tfél@mhe %s@ldhﬂo@t‘rHﬁs pifamaag?habntl@ou&pfrm/téawmque, this
otBh s notaitar T pieh o e snoniiiag tancbes 2 and e mbdified lines
121bsiraet it istassebetReéhaderEdd] SsbisRRaM ﬂgegeew@carbs remains the

subsequent | y-formed pitch doubl ed features. For

S¥N@nple, in an exanpl e enmbodi ment the width of the
i ne[?oﬁﬁ | ;s aRisERAed riaMFRAiragesAabadt 580 Q”b%ﬂet layer of low
u

abo nmto between about 35 nm and about ,
tegiperatyre fperer matstal hefids depogited 9VRE t"r‘%d‘ﬂ@‘@fﬁ‘ﬂ d'nes 124", In an

e%%%@@ﬁmerﬁQh@%@r@nM%régﬁﬁéﬁr rﬁgt@féﬁ qg@@éﬁ‘ldﬁses a layer of

t he wi dt h-reduci ng etch | ows the nodified |ines 12
oxide p@ateia oderotitesh Usg Eotatemis Javee dseesitisne rﬁ%ﬂwg technique.

GEbherigt Hdt&%rsapma@erﬁaqgha+é4uﬁ>tU§§dtd|@rahpr6mtmjhltb ratures as
124. Additionally, the etch can provide the nodifi

inpygaic 191 cafpem Ryaterialed etyrsiorenerming db?ngpft’%%fs from a low
teHFBéerd?‘éthi@E %e%ﬁ'éd@%tédéb@%tﬂ%lows%' faﬁ?{e mandrel layer

critical dinensions of lines 12 can
depasitian. pPRERM NG e‘genﬁfﬁr oW |tpern @lgn@ﬁt%ewﬂh the pattemed array

pI'RH@Fé?sllétt EQGF alplh' %ehﬁﬁé‘r’[hguﬁmbhf@cﬁéﬁh d%s Idwtteﬁipb%ture spacer -
he pitch’of ied trenches 122' and

AR 11 daRRRed PE495 dhab ciait S Cart enpcembediment, at less than

ab(ﬂﬁnt'lb@at RPT BhSthieR Enmj%%ﬁuﬁgﬁtt Uéﬁ‘sleﬁgwﬁfia"hs ANRtSBOBC in  another
[ 0058] illustrated in gures d 5B, a bl anket

ema%nmetﬂt podvat lepsdhan @beus padein ﬁa@f@ner gmbpzimest.
depogiosef O\I'rﬁ”ant Qf(‘aﬁ'i?@ EhrbditBae thédow !e‘%ﬁé?aﬁi?@r%laecer material

enbodi nment , enperature spacer nateri al

128 ifpFpResited Irhj?@rA'e@ RIRPees Haingr Palladinéd ianddCedsthprepursors. In
sOBhbddvehtd eResdddcen rhatkll 1 JdeefhdieBdSited to a thickness that is

between about 20 nm and about 65 nm in one embodiment, between about 25 nm
and about 60 nm in another embodiment, and between about 30 nm and about 55
nm in another embodiment. In one embodiment, the spacer material thickness is
between about 30 nm and about 40 nm, and in another embodiment, the spacer
material thickness is between about 43 nm and about 55 nm. The spacer material
deposition rate is between about 1 A per cycle and about 4 A per cycle in one
embodiment, and is about 2 A per cycle in another embodiment.

[0060] As illustrated in Figures 6A through 6D, a periphery photoresist
layer 128 is optionally deposited in the peripheral region 104, while at least a portion
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General ly, photoresist materials are not as tol erant

of high tenperatures as inorganic or carbon materials.
woheafioneg, form ng the spacers froma | ow t enperalsS20&/011525

oxi de material advantageously allows a separate

mandrel |ayer deposition, pattern and transfer to be

elimnated, with the patterned array photoresist |ayer

111 serving the sane function. The | ow tenperature

spacer material is deposited at |ess than about 200 C

i n one enbodi nent, at |ess than about 100C i n anot her

enbodi nent, at |ess than about SOOC i n anot her

oo WSt LB RSl Bty m i

6R eunpepelmherysmunmesrmneyeram&% blemkéeplesbtsw@b loveaBubstantially the

@ SRR e ol o ¥ AaalPrimive R beSiR . Misliies 1§ Fioure ec.

the hpekiplesry bhatoreSsbetay@eﬂ28bt£utpta2%gﬁéﬁ aedgeﬁﬁ@t?@r&m features.
u nm and abou

el Ao R el oAl R 1388 Ao ane 3R e micrconnects,
arababé 15&. nnni anamtrheltereabwllémnbdnrﬂehtonmse@mdnﬁemgure 6D, the

spager, ckne et wee a
perifeld ol talhy {45 M ienastefl o SELpf the Tow
tenmpiceatusd épmo@kmaseariat ’cmmn thad Qipls 424ﬂmfa4g@ a’mmﬁecﬁflmes 124",
sitian ra et

neIGoRRR 5 LR 18, Rl i BRR gy B 59 mBpdment ilustrated

in didparei G g pa?mdlarls' étb;@As nltag%zo&srfel‘ fwyﬁh%dama%ﬁéggetructures because
enbodi.nent.. [ 006 i ustrated i n Figures
R EATRton L PENsh NG [okBets sors: Ovar, 316 Joy temperature spacer
mahmillao n2é rfrlpnd epigy (b;@éfatlﬁnél][tﬁjrﬁ'@f supsegaknt @@hm%;();i&éesses
: [ east ortionof the array region iS
ot (08B, °fih vaf sP@ing TBRVBRAGRIT hediments e sPatns Masking step of
Fl&jlurgisbl’ 6A Bffouyheees ophigey, BhirIuetddSht baVeiiek28abs, or is conducted
nket de goswed over subst antially the entire

atp?e? RiGheHager efisrieaves the spRCES MeatREel oéﬁmﬁﬁeﬂntthe peripheral
re?iohuﬂléf aF@ﬂekaﬂnElteM 8n8 GrrandRniét] Wﬁ%éﬁrﬂ‘l@% Phetdr8dist layer 128 is

128 is patterned, to defjne peri eat ur es.
qePkHip dn JBpi STas AgROSIANestePntY Whioh Wiedprgy phadoresist layer 111 is
deposned stiar sucH efdodimbatss B aRhsk ustd tbheatldrk@hel dtray photoresist
ano”]ﬁés al t rnative enbodi ment, illustrated in Figure

st GRpfgiEn SRS BrigeTS @ Phglaresistopaterneioliptiset laver in the

epipkerilneglaroned. erls mbcsdierd iy tig HHtGledlse b'iam’g??@é ited directl
pamph 9 FPbe r4" gfl the nodified e recty

° rrghee S%%@%’Zg?'g F’B%%e ré;;/‘?rhéwi s the peripheral eragien 104y without the
intehgeind 8facerimatsdragdenent il ustrat ed

[0062] As illustrated in Figures 7A and 7B, the low temperature spacer
material 126 is then subjected to an anisotropic etch to remove spacer material from
horizontal surfaces of the partially formed integrated circuit 100. Such an etch, also
known as a spacer etch, can be performed using, for example a HBr/Cl-containing
plasma. Thus, pitch multiplication has been accomplished to form spacers 130. In
the illustrated embodiment, the pitch of the spacers 130 is roughly half that of the
photoresist lines 124 and trenches 122 (see Figures 3A and 3B) originally formed by
photolithography. Where the photoresist lines 124 had a pitch of about 200 nm,
spacers 130 having a pitch of about 100 nm or less (for a width of about 50 nm) can
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in Figure 6D is particularly advantageous for form ng

damascene structures because this configuration
wonrewvantast he | ooped ends over the | ow tenper aPdraS2007/011525

spacer material 126 from bei ng operational during

subsequent etching processes. [0061] In yet another

nodi fi ed enbodi nent, the second maski ng step of

Fi gures 6A through 6D is omtted, is conducted at an

earlier stage, or is conducted at a |later stage. This

| eaves the spacer material 126 exposed in the

peri pheral region 104. For exanple, in one

oG R b SRS YaBIPASCTLE o YT B o mocites

lirgsr 494'pline spasest 183@\gametadlly falode fras bu&whe ovhtisuphttern of modified

the nask used t. att array.

Iln%’hrgofécj)r esi s% fis yoérarﬂlph%m&%sd% 'gﬁ?’ gﬁﬂo s %W&y form a closed
Ioppo@s;nl&sstmtecpaht Eigorer7Bl aHkelevegyier genetamethmrdonﬂgm@tion of the
04. Thi,s gss results in hotor IS g

ER5C 10 SepF bSO ORETARSGHRL R0 RsR T Apkien 1 the second
phdtotéwtpleyenthBa [sereedisvnsdion, oviFidures GAlethrcmgﬁ BBNiahg variations,

a material 126. [0062] As illustrated in Figures
ab/c& ghd 7B, the |l ow tenperature spacer material 126 is

t hen[osab] eciaed mm@recanins Figi@RsC 8R! Chdt BH, IR ErepitAfing exposed

t hori zont rf f the partially
ol L FR BN ot oGl o eorted v
10mOm;samcmld§§ahéffwﬁ&{brr@ﬁﬁhb@r@ﬁéf l@&%'_ﬁm WSQQWeIIféTH any second or
%’ﬁ e a cont ai_ni n us,

%Iﬂr@é‘frﬁﬁﬁt Haatehab 28 c r‘?’b‘# RS 'Po”?%?‘?ﬁ'%ﬁ’é‘e% freestanding

sp’la%@rs hBotdepatatedsiy ﬁkﬁﬁi‘léﬂ’fﬁ@ﬁbﬁ@\{lﬁzﬂ hen®ipkfiphefy feBfures are now
ce[)s 130 is rou II\%& hal f that of the photoresi st
dginegS by Apva el tepperaige Fﬁp@@feegn%t&riaha‘?ésr the peripheral

regrdrgnmwl |T§hu%0tl’@drrby mb%r‘élsls‘t h‘é&@"ralﬂh)fs ¥Ry &s bhRandrel to form the

a pitch of about 200 nm

‘%ﬁ&&%ﬂgaiéﬁd‘%ﬁe?%&%‘d“?ﬁf'%ﬂs SBIEGHVelnaomeVES Usingsan organic strip
rbf:@és a Picibedf etdhOsherhidtiy irfchike afnobﬁ?é’en géﬁt%%ﬁﬁg td18sma etch,

acers 130 are f rrred on the sidewatl s of

d??laé?j SGThES NS 202 ¢ Hi esphrdineMs whesnisr mq 9eflglpq>r@\l,\,photore315t

Iairékem’&ltié deposited Hﬁe@@ bﬁrtﬁecﬁ‘ecﬁﬁa'ﬁéré%bém%yelzﬂo e photoresist
irst or array photoresist layer 111, and th

m?gﬁsia&éﬂ plecihraly stchessiEam ey the a"lam@sm &R oh “FfF gﬁe@rated circuit

1003 AfraaeVely.l ih 9681 edhboditrtd thé PHoBd ARkt Thaldi@l is etched from
gacers 130 depends on the absence or presence and

tthedray e d8¢d Hiroperriagrat redigrer Odpfolioyead by a subsequent
débo%ﬁlldﬁrﬁ bPphotorekBt MestePal M itRe PrrPRerdl dredid A0UONEH embodiments
wr?er%\i/ne)the peripheral photoresist layer is omitted, the hard mask layer 110 is
exppsed in the peripheral array region 104.

[0064] After the freestanding spacers 130 are formed, subsequent
processing steps can be conducted, such as a dry develop step and an in situ etch
step. The subsequent processing steps can be used to transfer the pattern of
spacers 130 and periphery features to the underlying first hard mask layer 108
and/or the second hard mask layer 110, as illustrated in Figures 9A and 9B.
Specifically, Figures 9A and 9B illustrate the pattern of spacers 130 defined in the
first hard mask layer 108 and the second hard mask layer 110. The second hard
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[0063] As illustrated in Figures 8A and 8B, the

remai ni ng exposed photoresist material is selectively
wetaitad7fisom t he partially forned integrated cPCTMSL007/011525

100. This includes the first or array photoresist

layer 1 11, as well as any second or periphery

phot oresi st material 128. This results in the

formati on of freestandi ng spacers 130 separated by

nodi fied trenches 122'. The periphery features are now

defined by any remaining | ow tenperature spacer

material 126 in the peripheral region 104. Thus, the

mﬁ&lﬁ e MAlPIEStRInd lgk?érhélduroh?‘ tHE Eflu rnc-f-g {Ilngﬁgfe‘ﬂ irf Bigures 9A and

form’the spacers he phot oresi s
9B.e| &bisi pattgrry @ﬁﬂv@@nuben@a@fewegamt@ the rungeplyge ssbstrate 106 by

etERiREC6f ?ﬁe%rﬂérﬁmﬁg"sﬁbgrgt% 18! uqq'hea%tructure can also gbe otherwise

oxygen- cont al ni et ch,
prg@ssach (sutjocdasrent SdQMT@Q eiowidiziag, peitiiglzangal op lsetentieslys tdepositing)

th h%i@at'lehgc?e[?@dt |ﬁ ? Of[rgtgiﬁér%é %%§%h$)éqsl"eﬁg1gn@/%rr ?he second hard
mgelk dayervéﬂy) et Ahedolfedolneomhy théeswatvstente r €06 ocanlGAclafie previously
oAU BHER Shef SRR A EIPEaFE Sonh ool bgpon. or et
layersHor h@\\éﬁﬂt@yuaha@taihzeﬂtm and the peri pheral regi on

104, t d

phot[gpgéj st mar{%r ?’E?Hé)ﬁg?c‘?@&b%% SBSHE?PEP%%SI”OF\C‘YM&%%“S'V enable
thenfoodatiemted avpitchi dodbiied ertigeh exfad pgriens twlemustthéayw of additional
ol LAY SIS BORTRES et amorsous
Slﬁqoeldsyandspgcrtlpald;e ry oBMiray W temperatsrebsddei@phcers directly on the

T L b LR T R T A——

mpt%l@éﬁtsélﬁgaslbepssamm defines ethnidee!s varish ere Ubed bt fRibdequent pitch

30 and features to t
AR et o T s iR BiES: fhe spesshdo pattern
ad@htlahatraskslklagelayéﬂsOto ais:fmbl nahtipdled SlncﬁthUhﬁaueé a&ﬂﬂantageously
9A.a 9B | tra

|
o3 G e 0 R S G g oo
suchyeer adtﬂlﬂonaaiid;iryl’tﬁave&nnﬂképbaafrdi mkmbéy@tcﬁlé@psﬂﬁlrthermore such

tef00Es M RN EnidRbabednew R hPaShyk ShaosistRer 128 to be
defiaeti ausing dhe tdamne hewtteansiature dpaoto rﬂiéterlalln’dﬁlt iyiused to form the
oo BB 46 9o B SES IR BUBELAESE reron i

ad(vsntage@snslyyawmplangw,ar@)melslzmgt,enal—t—ascbompj@wedom a more vulnerable

B e ST LM R N —

region 104 without requiring the use of a separate hard mask layer.

SCOPE OF THE INVENTION
[0066] While the foregoing detailed description discloses several
embodiments of the present invention, it should be understdod that this disclosure is
ilNustrative only and is not limiting of the present invention. It should be appreciated
that the specific configurations and operations disclosed can différ from those
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mask [ ayer 110. As noted herein, the substrate 106 can

i ncl ude previously deposited |ayers, such as
wonswriatiisg | ayers for danascene netal | i zati onPCOUS2007/011525

netal |ayers for conventional netallization. [0065]

Certain of the techniques disclosed herein

advant ageously enable the formation of a pitch doubl ed

pattern of spacers w thout the use of additiona

| ayers to define the array features, such as a top

carbon | ayer and an anor phous silicon |ayer.

Specifically, by formng | ow tenperature oxi de spacers

directly on the arr phot oresj st .l ayer 111 as .
degpubrbabevRe B NG e FRRIDGLeRIESPHDEY HerdRgalt beiuged in contexts
ot bhahtegr ek fcircan fasridigied. t o define mandrel s whi ch

are used In a subsequent pitch nmultiplication

techni que. Thi s advantageously elimnates the need to

pattern additional masking |layers to define nandrels.

Such techni ques advant ageously all ow process steps

associated with such additional masking |ayers to be

el i m nated, such as additional dry devel op steps and

hard mask etch steps. Furthernore, such techni ques

al so advant ageously all ow the periphery photoresi st

| ayer 128 to be defined using the sane | ow tenperature

spacer material that is used to formthe spacers in

the array regi.on. Certain of the enbodi nents di scl osed

herei n al so advant ageously allow a hard mask

materi al -as conpared to a nore vul nerabl e phot oresi st

material-to be used to bl ock and define features in

t he peripheral region 104 without requiring the use of

a separate.hard mask | ayer. SCOPE OF THE | NVENTI ON

[ 0066] Wile the foregoing detail ed description

di scl oses several enbodi ments of the present

invention, it should be understood that this

disclosure is illustrative only and is not limting of

the present invention. It should be appreciated that

the specific configurations and operations discl osed

can differ fromthosedescri bed above, and that the

met hods descri bed herein can be used in contexts other

than integrated circuit fabrication.WE CLAIM 1. A

nmet hod for fabricating a sem conduct or device, the

nmet hod conprising: patterning a |ayer of photoresist

material to forma plurality of
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mandrel s; using an atom c | ayer deposition technique

to deposit an oxide material onto the plurality of
woandrietag ani sotropically etching the oxi de nRCemiS2107/011525

from exposed horizontal surfaces; and etching the

photoresi st material selectively with respect to the

oxide material, thereby formng a plurality of oxide

spacers. 2. The nethod of Claim1l, wherein the oxide

material is deposited using a precursor selected from

the group consisting of Si2C 6, H20 and C5H5N. 3. The

met hod of Caim1l, wherein: the plurality gf nangrels

med in a device array region; and the oxide

y%%%%%#@% is al so deposited over a device periphera

regibn. 4A Tethedt fod fabriGhitingn 8 sefindriveictarordavicsl, nthe  method

Wing- @ pattern of photoresist material over the
cc{)rﬁé@géﬂgfateri al in the device peripheral region. 5. The

met hod of palieaining4 a, laper ef nphotohesigt trhateplabttor ésinst a plurality of
mat e&]gﬁhrqu_l ectively further conprises etching _

phot oresist” material fromthe device peripheral region

sel ect i velising 6an Tamiet faydr ofiegdsiiion liechniguberto deposit an oxide

conpLiLsi isotropically etching the plurality of
rrancf?‘gfes"%tgfgn?ooh% pﬁur Eﬁlt)féﬁ ri“t"'{)gE)‘?ﬂg’rmdi fied mandrel s
bef or e deqrusotropigaliyhetehing ethaiogidealmatériall ioneéxpmadeal horizontal

d ai ein isotropically etching the plurality
of nglpr%rdglsy\gﬁénpri ses using an oxygen-containing
pl asma sedtebingdthler photohesistr msperdainsdlettivaty afitharssEecOl the oxide

N 2R, Sy BT B B 12 2,
mand?.el s Tae enathod dif [Clhizt we emerdinuthe Axidenmeandriabie Wepbited using
= Blafeor iipdh DO, e GLT s 9 o R RIS
l'i t ibgr aphye &ethdhef Qidifmot], wher@irai m 1, wherein -
32: f}gt ;oﬁﬁgﬁ’@’@@;@?{'{‘%ﬁﬂ@%’o X dl_%egalltl %rcligxllicef: gr aQ'ré’Si%n; and
the oxide material is also deposited over a device peripheral region.

4, The method of Claim 3, further comprising forming a pattern of
photoresist material over the oxide material in the device peripheral region.

5. The method of Claim 4, wherein etching the photoresist material
selectively further comprises etching photoresist material from the device peripheral
region selectively.

6. The method of Claim 1, further comprising isotropically etching the
plurality of mandrels.to form a plurality of modified mandrels before depositing the
oxide material.

7. The method of Claim 6, wherein isotropically etching the plurality of
mandrels comprises using an oxygen-containing plasma selected from the group
consisting of a SO2/Oy/Ny/Ar plasma, a Cl/O,/He plasma, and a HBr/O./N, plasma.

8. The method of Claim 6, wherein the modified mandrels have a width
between about 35 nm and about 70 nm.

9. The method of Claim 1, wherein patterning the layer of photoresist
comprises using nano-imprint lithography.
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11. The nmethod of Claim1, wherein the oxide nmaterial

is deposited at a tenperature | ess than about 1000C.
wa20077ihe7iget hod of Claim 1, wherein the oxi de parmS2@/io11525

is deposited at a tenperature |less than about 80 C

13. The nmethod of Caim1, wherein the |ayer of

phot oresi st material is patterned over a hard mask

| ayer. 14. The method of Claim1l, wherein the |ayer of

photoresi st material is patterned over a silicon

oxynitride |layer that is positioned over a carbon

| ayer. 15. The nethod of Caim1l, wherein the

.plurglity. of na drel ave ht bet weern. a out, 50- .
nm aid abblf 850 1@'3"‘%@ ?‘?&ﬁ%%‘& 8f"ser r&Ptﬁaﬁy btchifg the oxide
malesibecomiphiees a;eug @Ha@rmx&@bﬁwnmﬁgmmaal conprises a

mat er.i al elect fro nsistjn f. .. )

ror Phous T Ao ST L opReHein S sxide) thaterigl ds deposited at a
temmmneiéssahad@bphmnooesl st. 17 A net hod of formng

.a menpry devi t ho i n ormng a

plurdtity "?tha r1d’a ?'"éf? gxtc{en rg|dgposited at a
tes&mtate@bdsmhewmdwwtl ons of the substrate;

dep a spacer eri er. the ndr nd . N
overthhe T RBRSHt Bl 3t wheibio,6: [RIRE utiOigsist material is
pateam@ok/ayamad@n@dmby@rtechnl que conducted at a

Lo At S rrabeh Sl HRsei e Bee 25 RSBl material is
pattrhé® @t/at a%urcba@@nmtdé hae;ea thatas pbsntuehemdr alcarigorliayer.

I( ggvﬁ:g %E%PE}%?HE‘?Q '"} Ifﬁtt‘g(%ﬂ{gs; Sé(y‘é‘% {?y egmandb dis have a height

bestivdenalbout 80-rirh@ndl abclti3op mh. mandrel s. 18. The net hod
of C|a|m17 wherein the substrate includes a

mask & r 1§ yMeths of He'2dBateWhicieiar the layes, Ofl'tﬁ’@ro"ores'St material

cormpid of nﬁtérhén ddlecledr HaaT tﬁ@rq}bugl é&wé‘ﬁmb\”oﬂ%rhbl?hous carbon,
mandrel s, thereb eavin attern o

luralit
arBgH PO RBPITSRH AFLKYPRE DI BRESrSHt The: met hod
of grai mAMmethbeRifdrning =SPRERIT deQre! tisd ﬁ@tlﬁdi‘tﬁcompnsmg:

pattern forming a plurality of mandrels over a substrate, the mandrels
separated by exposed portions of the substrate;
depositing a spacer material over the mandrels and over the exposed
portions of the substrate using an atomic layer deposition technique
conducted at a temperature less than about 100°C; and
anisotropically etching the spacer material from (a) exposed horizontal
surfaces of the plurality of mandrels and (b) the exposed portions of the
substrate, thereby leaving spacer material remaining on vertical sidewalls of
the plurality of mandrels.
18. The method of Claim 17, wherein the substrate includes a hard mask
directly under the spacer material.
19. The method of Claim 17, further comprising removing the plurality of
mandrels, thereby leaving a pattern of spacers positioned over the substrate.
20. The method of Claim 19, wherein the spacers comprising the pattern
of spacers have a width of about 50 nm or less.
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of spacers have a width of about 50 nmor less.2 1.

The nmethod of Claim 19, wherein the spacer material is
wdeposiltasl to a thickness x over the mandrel s, PanaS2007/011525

wherei n the spacers conprising the pattern of spacers

conprising the pattern of spacers have a width x. 22.

The nmethod of Caim 19, further conprising

transferring the pattern of spacers into an anorphous

carbon hard mask. 23. A nethod of form ng an

integrated circuit, the nmethod conprising: formng a .

plurality of mandrels on a hard mask | ayer, wherein

t he ndr [ ' t It ecial: . .
s P Pha B A 1 QBB il SgBBL Kl acposied 0o
thidkpess ti overt thehmiagdesis waed evhereinethepspacersetoenprading the pattern of

I l i of .mandrels: anisptropicall
G4 g eRePodhs ebel of FBRSOrBRveat 1BhYAr ur f dces,
t herzhy eKpesnetjop oftClamndio; fwtherad¢amprding tems¥errigg the pattern of
egg}ose phot osensi tive maherd' al ?fter ani sotropical ly
SRACERT ME° PRALBRIRHS FRroR BArd MAsKepy | eaving a pattern
of spmcerA methbldef l‘ﬁ@:fmingwkh hint?ratedkéill‘cﬂﬁwfr% l‘riel(tjm)d bﬁr_nprising:
attern of spacers to the har S ayer: and etchin .
? he patt e{Oﬁmg?g ?pQBJé?'étyf‘?fomWé&%a?'a f?'r)a{‘?&dlrﬁﬁék ﬁaﬁf: erein the
The mehbals ebmiprisem PRbtosbssitvéinidierifiar d mask | ayer
conprises, carbon. 25. The nmethod of C aim 23, wherein:

the mandr@FROSHNG 3 FRACE MACER} aySiPggidn alPMikelayer deposition

| Nt elgeRbigdecivhetdih théBpatdranawiag EoVdrs@hé Plurbfity of mandrels;
deposi ted_aqve arr rate

r (a), th region of the inte d
circuit a?lréfs‘(’tlfﬁé' gib’eﬁ?‘ﬁﬂ%ﬁ’ 3Fer5é%c§ﬁ rgpterigt framp diprizeatpl surfaces,
Ci r cthietebyt &gpqairid phéetoakbnsiage eintetalr oundi ng the array
region. 26. The nethod o[_l Cl ai m 25, fur_the‘[t . . .
conpri si nr&mqv(queﬁao%ecba 9té]s§n.8wv$m@t§§lg a ﬁ gRisotropically etching
nat etheadpapeemaiteeiak tA6RIbyBROIGSS pattetM®f RPRCBRLHAlhe hard mask
region before anisotropically etching; and
layer;
transferring the pattern of spacers to the hard mask layer; and
etching the pattern of spacers from the hard mask layer.
24. The method of Claim 23, wherein the hard mask layer comprises
carbon.
25. The method of Claim 23, wherein:
the mandrels are formed in an array region of the integrated circuit;
and
the spacer material is deposited over (a) the array region of the
integrated circuit and (b) a peripheral region of the integrated circuit, the
peripheral region surrounding the array region.
26. The method of Claim 25, further comprising:
forming a pattern of photosensitive material over the spacer material in
the peripheral region before anisotropically etching; and
removing exposed photosensitive material from the peripheral region
after anisotropically etching the spacer material.
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renovi ng exposed photosensitive material fromthe

peri pheral region after anisotropically etching the
wepewan7mat eri al . 27. The nethod of C aim 23, wReTRIS2007/011525

the hard mask | ayer conprises carbon and a nateria

selected fromthe group consisting of silicon, silicon

nitride and silicon oxynitride. 28. The nethod of

Claim 23, wherein the hard nask |ayer is positioned

over a sem conductor substrate. 29. The net hod of

G aim 23, wherein the spacer material is deposited at

a tenperature less than about 100 C. 30. The method of

ol a2 oyTier BB BE e o MLRR, fiF bt s feyeiScomprises
carbberar a Baferial setddied fmim ithé egoap abnsistiagi &f silicon, silicon nitride

fabrication he nmet hod conprising: using a
a cf?'ﬁ%%’? %)ﬁmgiechnl que to define a plurality of

el ormt e Tiaen dnethe dowie CleAmh2B8 0 winesdin| tageiardwhreiski layéris positioned
hot oresist material; and formng

nmandr e gn‘g
°V§r@a?ef'3|£r‘?n f é’ﬁ&t’@?g % ound the mandrels, wherein: the
pat t2g.n ofhe pastaos didlaian PBI ehetdintthe Spsﬁéﬂ nateridh @d@posited at a

m ni mum r esol vabl e of the |ithographic
tef"eocer'i%%ﬁ% £S% @nﬁzﬂq}g"hBD spacers is ?or Ered from an
oXi CZ0. rTHt'Eh‘ié ahethaddott tDOalmaBBeftIrtthfr crapaAsiag| isotﬁopically etching the
Si S|n at omi er _deposi tion techni que
IR ot RniIn ettt ino e sPoB0 e e%8. he. et nod
of @ai mA mMethoberfaentegtdied mbtlﬂabrﬂfan&naﬂ@r ®etifod comprising:
deposited at a t erature ss than a 80C. 3?.
The et hotee e SITRRESANE L pedfiions g sfine, 2 grurdlity of elongate

spaceasdies de@@SId ashrat neagken@esrat wherdiesthd haan@efitcomprise a
4. The net gd of aim3 1, further conprising

.30 C.
tran%'?‘gpf‘? PRErELAW n of spacers into the hard mask

| ayer. 35orhirgy apaieth of spdcirgaddundiey @iafdrels, wherein:
transferring the pa tern of sgacers i nto_the hard

mask
| ayer further €&nPpA t?@% UxpBRFSg B3poft Pih dhal is smaller than a
subst r at emididium resolvable pitch of the lithographic technique,

the pattern of spacers is formed from an oxide material, and
the pattern of spacers is deposited using an atomic layer
deposition technique at a temperature less than about 100°C.

32. The method of Claim 31, wherein the pattern of spacers is deposited
at a temperature less than about 80°C.

33. The method of Claim 31, wherein the pattern of spacers is deposited
at a temperature less than about 30°C.

34. The method of Claim 31, further comprising transferring the pattern of
spacers into the hard mask layer.

35. The method of Claim 34, wherein transferring the pattern of spacers
into the hard mask layer further comprises exposing a portion of a substrate that
underlies the hard mask layer.

36. The method of Claim 31, wherein the pattern of spacers comprises a
pattern of spacer loops formed around the mandrels.
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underlies the hard mask [ ayer. 36. The nethod of C aim

3 1, wherein the pattern of spacers conprises a
weoabi7anmief spacer | oops forned around the nan#CelUS2@7/011525

The nmethod of O aim 31, wherein the hard mask | ayer

conprises a material selected fromthe group

consisting of silicon, silicon nitride and silicon

oxynitride. 38. The nmethod of daim3 1, wherein the

hard mask | ayer conprises a dielectric antireflective

coating. 39. The nmethod of Cdaim3 1, wherein the hard

mask | ayer conprises an organic antireflective

coating. O Th t ,of al m3 1 rein the hard .
a3 S, e e i 3Ts Binsesindhe: BET [k By thmprises a

méateribh &glgdtd rerh Harighdp Jcon‘éﬁ&nh@'@f tileohakllicoBshitride and silicon
| ayer is fornmed over a sem conduct or substrate and an

OXyBFYRous carbon I ayer. 42. The method of G aim3 1,

whergd n thge yewoal 6f TR 31heir@héinbgenasri akaikt 1256r @Bmprises a
and about 300 nm 43. The nethod of Caim3 1, wherein

diglestricepnfiraflectivecoatingei ght between about 200 nm and
abouig 250TReNmdithod TdrecEhhef, Wheldirithe hatd MASK &iyerddenprises an

mandrel s conprise a material selected fromthe group
organis atiraledveAARtiflous carbon, argon fluoride

phot g esi Ble nitHol oY RIS Bh U\Qhéﬂ#n BROhafEL Rtk layer-is Tchﬂ‘ued overa’
nethod of Caim3 1, wherein the pattern of spacers

Se{RicoRdUFioE RUBBeen about 70 nm and about 120 nm 46.

The st hothofnh&hek @f@lam’Y‘@@r\%hBréuh‘ %é’ﬁéF@ﬁ%%khé*?eras formed over a
pitch between about 80 nm and about
semiconductor substrate and an amorphous carbon layer

42. The method of Claim 31, wherein the mandrels have a height between
about 50 nm and about 300 nm.

43. The method of Claim 31, wherein the mandrels have a height between
about 200 nm and about 250 nm.

44. The method of Claim 31, wherein the mandrels comprise a material
selected from the group consisting of amorphous carbon, argon fluoride photoresist,
and krypton fluoride photoresist.

45. The method of Claim 31, wherein the pattern of spacers has a pitch
between about 70 nm and about 120 nm.

46. The method of Claim 31, wherein the patterns has a pitch between
about 80 nm and about 100 nm.
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