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[ 0001] The m@gﬁmgventl on rel ates generally to integrgtpesfobidiidss
fabrication nore specifically to sinplified processes ? or

form ng pitch doubled integrated circuit features. BACKGROUND OF THE
| NVENTI ON [ 0002] I ntegrated circuits are continuously being nade

smal l er as demand for portability, conputing power, nmenory capacity
and energy efficiency in nodern electronics grows. Therefore, the
size of the integrated circuit constituent features, such as

el ectrical devices and interconnect line widths, is also decreasing
continuously. The trend of decreasing feature size is evident in
menory circuits or devices such as dynam ¢ random access nenory
("DRAM'"), flash menorySIMPONIERIRITCHBOUBLING PROCESS #QOWCCESS
menory ("SRAM'), ferroelectric ("FE') nmenory, logic gate arrays and
so forth. [ 0003] . For exanple, DRAMtypically conprises
mllions of identical circuit elenents, known as nenory cells. A
typical nmenory cell consists oflElg @?é"tﬁErli\bELNHQN ces: a storage
capaci tor and es i f nsi i
an addressabl e ggg |o§h%h§{rgscé§ﬁ gﬁgpgéﬁngé' Pfﬁ%%VW(ErDEX?&? éd dirouit
data. A bifebdgaiione and mose spacificabnisr simplified uomtzﬂ;gﬁs tfrpreformmpmrodoubled
and read byispagdErctil2eS@rey) the reference el ectrode of the storage
capacitor. By decreasing the sizes of these constituent electrical

devi ces and the conducting W\Q@R(HHNQ QEtRBMYENTAEM the sizes of

the menory devi@eeaz] NCHiBGéd BEcURERE onBhlisushABeih kXS SmBfor as demand
decreased. . I n Slaﬁlglkar fashj on, the storage capacities of these

devi ces. cal?" RETARIIRG £OTPY IS PRWeTn S1GTBPE GARRGI SBEI anergn eticianey e fRdpm

dFv i ces. I electrom[:@@@éwsAS' i'@l‘éfbi‘ﬁéﬂhé&&%éﬂ)f&heﬁht@@l‘hté@&ﬁét}it chastitexaTohieres,

el ectrica erasa _pr.ogr anabl_e on

type of ne#r%cf That eﬁ?t '8?1y8{98§|e?y a@fiaggﬁrcgﬂag‘?tnﬁ'?%g%'&ﬁ%d '$ rRIEe Oé%easmg

i nst ead of camtmub;atlg afhea trehdmf d/éectgqmrcgafeaftd:ras&izmm:yermnpneme@ @ircuits or

menory arr i ngl I n I

mem)rg ceI é’wnclzén%s‘?%g 28 F’gﬁ%?’%g réé gm %g? e&%@%ﬁg@&ﬁt ﬂ%%bdﬁ?@my

of hol di ngntan\(ﬁﬁatﬂgenefﬁbey dstatic |ranaomezannta§ssoee1110r)s (RRAWIT, Hedodlgcttibg“FE”)
| oat t Th |

presence Ofq gﬁﬁ?pﬁ?:cﬁaté gaﬂﬂﬁtohg {1 oating gate. e cells are

usual | y groupe nto sectio erase bl ocks."” The nenory cells
of a flash menol0@0&i r affonexampls, dARAM tpicallyedmiprises millingRof identical circuit

ar chi t ect Uél%n{érﬂs MHowh §§%rﬁ8|@ééﬂlscef& lt%ﬁléalqh{raﬁ'ﬁw Felpebﬂi&g J‘f%@ det?éétncal

Ilne) or a "NAND" architecture( S are cou
into "strifgycesa gerage canacHor ﬁa@ 3éa‘t9ﬁeﬁ%f¢|d|9§fe§btﬁam%%l0r n&iaﬁlemqrvormell

a bit Ii ne.saérdaﬁmusém I@@éuomhan@aﬂ Q@r@bh@blrgagth?g;(#bnte m;f czéct?lr Img%.f |e§,n be

access). ﬁ r’re é@m e‘ﬁ‘ hin an erase
pr ogr amred“gHeR PG BIPUANGi RPSHe' pNd AR EY FRneingrgharge on the
char ge canréfererrﬁmedréd@mftthe étbfa?vyel B@pﬂﬂtbe lBy Qiebl'é%@sihgeﬂ%@lzes of these
oper ati on, e oat i.n g ecmem)rx ! {hthe erase bl ock
are erase dc?rﬁs gu egecétnS%I %\EI?%,' nd the cond ctmg ines 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 memory cells into the memory devices.
[0004] 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 memory array, which includes a large number of



[ 0005] As is evident fromthe exanples provided here, nmenory devices
typical |y waclhega7harge patterns or arrays of el ectri capcfeydifpiied
conductors that are used to interconnect the electrical devices. The
"pitch" of such a pattern is defined as the distance between an
identical point in two neighboring features in the pattern. These
features are typically defined by openings in, and are spaced apart
fromeach other by, a material such as an insulator or conductor.
Thus, pitch can be understood as the sumof the width of a feature"
and the width of the space separati ng that feature from a nei ghbori ng

feature. B\RbﬁﬁrﬁMRYT% %&?\/ ﬂﬂlude a ffloat B%?gbte' ?Ie[@%ﬁe(ét transistor

enbodi nent of the present i nven rca

sem conductabie ¢f fvldipar |C§'é‘59€bat'f|lﬂ ﬁﬁﬁ’g Iraa mesnoryf cedhist debsmsted by the
material tgrekends ar Bbslér@dé 6Wct?$rggﬁzl}ﬂfh‘élf§}atl ?Pga't@t e det gl]@[rsu?lly grouped

conpri ses F ng_an aq&ﬁ yer “deposition techni qué to

oxi de mat ePfHFEHRNS @dp?[ﬁsﬁ blogkst Thenmesrary celie ofet fash marrtormearray are

conpri ses gpicay Eaﬂﬁh@édi Imtoeé ehtm aleRiteuth @RI Bhch h?éﬂw@ﬁ%ﬁg directly

hori zont al surf bi BF ﬂwarther conp rrses etchin

phot or esi st° urPéGf QI i e'e)c‘t Ny taﬁc'r"ées?ﬁ‘ér& iy whtqt'emem% Chig ara gpupled

t her eby f aintd Ngiriage! of kils,yswdh Qbfatdéacﬂp@élﬁf@ coup!etd mdlrectﬁ)p@tpa bitrllne and
a_me ormng a

anot her e present ent
menory de%@glrg%ﬁﬁp %@9%8 [Sﬁ?%?%fs{r NG faF ageaTd) el gedv%moaf cells within
substrate.aT b&aseahldclelcanareeemtrmeay ecbgbymm@p:beﬁda mﬁbnﬂbésrefbyt&rargm the

substrate. u [ osr n er ?
over the n%-%ﬁgr%t ng(c?vEe"lﬁé} e&gg%%sérﬁgpor @1 ﬁ’oéft %ﬁsbtyr%ﬁagmlk erase
usi ng an a@Rrsradon, alyleereuleplbﬂoaiutmgabcrrnarr@meceltmtdnuxhtaeataae biockerp @raded in a
l'ess than §RQUiopEPAfon. The method further conprises anisotropically
etching the spacer material from (a) exposed horizontal surfaces of
the plurality dPO@Bhdré&pdsmyidqH)frandhe gxesuteppravided hefe,tremory devices

subst rat e.y ﬁﬁé%ﬁcm@%tg@ patferh§ bt a{ ggeaéﬁura&neg aff\géré ?ﬁi&‘ gdrrtr%\é@ré ﬁ‘uaq are

the plurali of mandr el [ n anot
the pr eserHSqdn\?er@irﬁﬁ’Pneﬁtm RlagtigR! devinehg The “pileepfaush apeiterntis defined

conpri ses 4O mﬁaﬂc@be&ﬁééﬁ 5n¢ﬁed’fﬁ§$c§hﬁn‘iﬂo%e@{ﬂ$n %tb?éé% thd PSttern.
mandr el s r| gotose itive materi al d urt her

conpr i sesQ@ér%&s t”ﬁa arshricaly defiaed By °B§Nﬁ‘§sé!h aandoaﬁecsnaswuapaﬂ from each
deposi ti onotheﬁhm cplematbhial sR@pehs B Shdiddtof BrEESNAURoM! UTiRld, tMit®f can be

mandr el s. od further conpri s api sqtropi cal 'y etching the
spacer mat‘é'r eégg?ﬁgoﬂ?rt ?r%ﬂt r@%r"\”é@'e ﬁ 2ptpbs Mepth of the space
phot osensrsapaeatrrmmmﬁatur“érfeommrlmdhtﬁmtrtgtfeett.@@.rrpri ses renoving

exposed photosensitive material after anisotropically etching the

spacer material, thereby |eaving a pattern of spacers on the hard

mask | ayer. The nethod furBRéF SUiMVABYOE M MNVENTDNhe pattern of
spacers to the hghgh & t u (of es_etchin

the pattern of [spa@ers%rao'ﬁ/%mbﬁgﬁ&ﬁaéﬁqpé élteg%ht RUQ&F%'OO@]H\ Eh & for
anot her erfgbacatingt aoﬁewrﬁpég?én@e\rl@ﬁ/mmﬁesapatﬁrhtmd ef layat efrettatoresist
circuit fahgical | t&%r%?@bhﬁ’ﬁﬁy W3ih ntﬁ Hf'ﬂgrrﬁ% dﬁﬁﬁ@{:bp%néé’s yging an

define a plurality of el gngate nman s over
mandrel s cHRAPYNG Byep derptitpR dechnigue écr dapositraa qmenmtartﬂ%tqm the plurality of

conpri ses rt.anmertg ThBahéPbE fOfthEPEGRAPpAseY QMQ@trérh Gﬁﬁh%e Bifie material
pattern of acers aﬁgnﬁ”tCh that 1s_smaller mum

resol vabl e’cr t BfPase HRb SHHBRES tEE?rrfFahr@d weﬁatqréﬁrﬂﬁ%f etching the
spacers i spHotoreeist hizetisrsaedtielypite Fdspect theRMlideE hiatéial SRRy Solfing a
deposi ted SI ng%@@ om c |l ayer deposition technique at a tenpératur

| ess than PRAFPEDT1 n anot her enbodi ment of the present

i nvention, a met hod for fabricating a sem conductor device conprises
patterning a | ayer of photoresist material to forma plurality of
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[ 0011] I n anot her enbodi nent of the present invention, a nmethod of
form ng a wenmoyicagi ce conprises formng a plurality opctvagmesdisszs
over a.substrate in an array region of the nenory device. The
mandrel s optionally conprise a photoresist material. The nandrels are
separated by exposed portions the substrate. The nethod further
conprises depositing a spacer material over the mandrels, over the
exposed portions of the substrate, and over a peripheral region of
the nenory device. The nethod further conprises depositing a
peripheral mask. over the spacer material in the peripheral region of

h d h [
et ohing e spalet®hat o afeier, $ristlimGRRE, 6 A3 FC MERVEE, Sipethga o
materi al iforming a ememoimgldwde crommriseisc fdrmingl enaplusalitf of hmamdreds edver a

in the arreubgtﬁaéggrrh Qné#&s QF% ggqs}f fddPoP UbSSL SoBas bR P SIHRAR e

mask in the I'en
present i nmﬂwd) rtrwrm@mm@esfderp@srhmg@ amaqentrmjeaalmemthemandrels and over

conprises T'Et%eiﬁa EJ&HBF\& 'otfythefsdgéﬂgfeeh nQ"arfaltinid I%%Mﬁm’ &cAflique

array reg IOﬂ S conprise a I‘ESIS'[ mat er

met hod f ur EpRGUChBE Pstéﬁm&é?iééﬁ' tasagham aaszwdtﬂfhﬁ eFhaimaiped furthergompyises
regi on andaﬁréafm@icaw ERhHPIhg §SARR rﬁmhamﬁq%m&pw&l ﬁbﬁﬁdﬁtéuegjr%es of

The oxi de vers t | u of mandrels. The

further co%' @é@tm?nmﬁa ?ﬁaé’tqtje{ba tﬁ? %WBF%‘F@?F%Q“%‘E&W&P"%@? t feacer
oxi de mat emaiaelbnall’ls Hﬁﬁeﬁﬁﬂﬁ@@n&ﬁaﬂ'@ﬂl smwai@fefﬂﬁdrs]mténtwftrhlgﬁdr@wfmr | ses
ani sotropically i ng the oxide e om hori zont al, surfaces

in the array regl\%@ﬁ? TH2 #R9tH8Y GFQH%?"EBMF'?SB?SPB NeRoRx Fo Sisghod of
phot or esi sformitg mhaintdgratedt diecultr cavipr w formir at pieraiey op hedralrels &g @rhard
after anisotr ql cal I% etchlgn t he oxi ma%

te
2007/ 11771 s °°mpf'P6&L%’} ey P o odn gty further
the pr esent:omviem deposnﬁnmtdpmbeofnataﬁaﬁgrs&tgeah etcrmnunayéramposmmnaechnlque -

el ongat o mingerEeb iR RBYS RGP Mrdfo bt of et shintertomerisos
array regi antsoﬂ?bpncaﬁmdetehmgc@h@rsmen praderéal eBont hmizeniaal surfelves, thereby
met hod fur %Pﬁéﬁ,lﬁﬁgg&{ct%%ﬁs& & Fﬁe{}g:@ Pl fethod 1 PEH@F é&*ﬂ%ﬁ’n&\}}f‘q exposed

plurality o attern o acers ave
that is smeRhpiesepsitive amﬂieﬂahﬁqﬁﬁer eaguﬁmm!@ﬂmq’f@fmn@fthﬁ hepader Hagﬁea!ph ithereby

t echni que. B RpeREM 6f @pd‘c%"r%ﬁ t!fné ﬁﬁ}cﬁﬁlagﬁé 'Iz%%r NEherhathotifalhérScomprises
deposited at a tenperature | ess than about 0014] I n_anot her

enbodi nent tr@f’sielﬁ@’%ﬂé%é}?ﬁef'h\%rﬁﬂaéﬁrs o tm th?‘!%ﬁ‘ A W@H i e grethed further

circuit CO&Bﬁ'ﬂp‘Bl@és @tcﬁﬁr@%aéeﬂterﬁ e spaddrs abhytheaiig thagx 1egsrat ed
circuit further r“nl?cggla er 05|t|ondov

substrate. The KAEHal 1 “pinhe Shecaresentr 'oeo@pf"egegd of

a plurali tmté@rawm@;ﬁ'bwt @alm&:dtlbatccﬂﬁﬁlsfesr ﬂﬁdgdﬂ rmegiapmweécrﬁwtmehw define a
mask | ayer arti.all I n_an

agion of . PHERT e Rite dhanirar, ol acBie SRR IRYSL T Do Rpfiefy Goprise o

formed int @gomresist:m"atenal fOine: hrmethodrfpnhsre&)mpnmkfwmmmaspatm tof apbyers

cirout, waby i Y BiHarkier Pl Harleh? It ebbls Hag, 0 1tk Pl yen @

| ayer. BRI BFnDESCREPTIVaNeqmtchHE meNW\um}Sph@dgemrﬂneﬁplﬁrwpeh@omfmacers Is

of the integrl efof &¢ kS ARLHLNT P BLERSN 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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circuit fabrication techniques disclosed herein are illustrated in

t he acconp@myiorgiigfiew ngs, which are for illustrative pHEPOSRGTARY.
and which are not necessarily drawn to scale. The draw ngs conprise

the following figures, in which Iike nunerals 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 1Bis a
schemati c cross-sectional view of the substrate of Figure 1A after
perform ng an anisotropic etch process that transfers the mask
pattern into a tenporary layer. [0018]Figure ICis a schematic

cross- sect ¢dfipfised 8ub&itihd dnSYRaL "Akeraf gﬁ%ﬁ%&epléﬁgrﬁj BF\'imfn%y 0% 0§ 4

mask |ines, and perforning an isotropic > i _ -
2007/ 117714499 BSQB'WPb o, F@@l@ﬁ&ogdpéhqmmpaseﬁ:a@ﬁatrqsmcally etching the

cr oss- sect bxadé!matesidl fbri Bﬁﬁaéé@ﬁhbﬁi&tﬂf sd:ri‘a%é%ﬁnillﬁet dide }rgpg'ggion. "The

iting a,s er materi over . mandrels |left ete
deposit gmethdpda ?ur{her compr%es forming a pattern of photoresist materrrl};l over the oxide

aver. material in the device peripheral region. The method further comprises selectively
etching photoresist material from the device array region and from the device
peripheral region.

[0011] In another embodiment of the present invention, a method of
forming a memory device comprises forming a plurality of mandrels over a substrate
in an array region of the memory device. The mandrels optionally comprise a
photoresist material. The mandrels are separated by exposed portions the
substrate. The method further comprises depositing a spacer material over the
mandrels, over the exposed portions of the substrate, and over a peripheral region
of the memory device. The method further comprises depositing a peripheral mask.
over the spacer material in the peripheral region of the memory device. The method
further comprises anisotropically efching the spacer material from exposed
horizontal surfaces. Spacer material is left remaining (a) on vertical sidewalls of the
mandrels in the array region, and (b) between the substrate and the peripheral mask
in the peripheral region.

[0012} In another embodiment of the present invention, a method of
forming an integrated circuit comprises forming a plurality of. mandrels on a hard
mask layer in an array region. The mandrels comprise a photoresist material. The
methed 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.




[ 0020] Fi gure '.1E is a schematic cross-sectional view of the substrate
of Figure waoafdigfisperformng a directional spacer etcBet@slofRnes2s

pitch-multiplied features or spacers. [0021] - Figure IFis a
schematic cross-sectional view of the substrate of Figure 1E after
removi ng the mandrel s. [0022] Figure 2A is a schematic

cross-sectional view of an exanple partially formed integrated
circuit. [0023]Figure 25 is a schematic top view of the partially
formed integrated circuit of Figure 2A. [0024]Figure 3Ais a
schemati c cross-sectional view of the exanple partially forned

integrated circuit of Figure 2A after f ' | i in an.
region in a phd®®Hsi Jp RGBT ?fﬁgggmngiﬂr?e%p@s%zﬁ Islgyla ol (r:éa %’na%thod of
‘["Og‘é"fo Fit gﬁtreg?ét%dj alidorit frapA@stionné@apased using calithogfagdfiig teehrBfue to define a

bart i al | y RmHECoN doRgRa aanSier: Ve o aFd o8 YTl MRS ElsepHgeray

trimetch.region. The mandrels comprise a photoresist material. The method further
comprises forming a paitern of spacers around the plurality of elongate mandrels.
The pattern of spacers have a pitch that is smaller than a minimum resclvable pitch
' of the lithographic technique. The spacers are formed from an oxide material that is
deposited at a temperature less than about 100°C.

[0014] In another embodiment of the présent invention, a partially formed
integrated circuit comprises a substrate. The partially formed integrated clrcuit
further comptises a hard mask layer positioned over the substrate. The partially
formed integrated circuit further comprises a plurality of spacer loops that are
formed directly over the hard mask layer, and that are at least partially positioned in
an array region of the partially formed integrated circuit. The partially formed
integrated circuit further comprises a mask at least partially defined in a peripheral
region of the partially formed integrated circuit, wherein the mask is also directly
formed over the hard mask layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Exemplary embodimenis 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.

[00147] 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.

-5-




[0027]Figure 4B is a schematic top view of the partially forned

I Nt egr at edwqj Jogrib7@f Figure 4A. [0028] Figure 5A is a sehploufolisas
cross-sectional view of the exanple partially formed integrated

circuit of Figure 4A after blanket depositing a | ow tenperature
spacer material over photoresist mandrels. [0029]Figure 5B is a
schematic top view of the partially fornmed integrated circuit of
Figure 5A. [0030]Figure 6A is a schenmatic cross-sectional view of the
exanple partially forned integrated circuit of F|gure 5A after
defining features in the peripheral region. WO

2007/ 117718PCT/ @gﬁgfﬂ/ ngl.ﬁ%gld Ogé.J;Cli:\eﬁ'lLértlg 0:;@!:)55-3&;(‘33{10naﬁ"(\anrerzﬁ\}vt -!.) the sitl%\{ve of

of the partiall
Figure 1C after blanket depositing a spacer material over mandrels left in the

temporary layer.

[6020] Figure 1E is a sc_hematic cross-sectional view of the substrate of
Figure 1D ‘after performing a directional épacer etch to leave pitch-multiplied
features or spacers. '

[0021] ) Figure 1F is a schematic cross-sectional view of the substrate of
Figure 1E after removing the mandrels. ' .

[0022] Figure 2A is a schematic cross-sectional view of an exarﬁple
partially formed integrated circuit. .

[0023] Figure 2B is a schematic top view of the partially formed integrated
circuit of Figure 2A.

[0024] Figure 3A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 2A after forming lines in an array region
in a photoresist layer.

[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 exampie
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 afier 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 SA.

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




circuit of Figure 6A, wherein a periphery photoresist |ayer is

bl anket deggsiphffi7pger substantially the entire periphe |
[0032] Figure 6Ci1s a schematic top view of the partiall gé#%r?‘%gﬁqm

integrated circuit of Figure 6A, wherein a periphery photoresist

layer is patterned to define periphery features. [0033]Figure 6D is a
schematic top view of the partially formed integrated circuit of

Figure GA, wherein a periphery photoresist |ayer partially overl aps
the | ow tenperature spacer material. [0034]Figure 7A is a schematic
cross-sectional view of the exanple partially formed integrated

circuit of Figure 6A after performng an ani sotroplc ‘etch of the | ow

t enper at ure spd8031lat Eiguse SB[ lseashEmaticdon migvs obthecpritially ormsg ‘@}P%Wted

of the par(}]i’éﬂﬁtld{’ Hi F@@A'ﬂﬁ@ﬁ@b%r&hé%ﬁot&es@t%&fe@ i Blanlk@pé&ld@it@urcﬂer

8A is a schematic ross 'sectional view of the exanpl e partial |l
formed i nteupsiantiallsthe antiregreriphgraléegigiaf t er renoving exposed

photoresi st mat@phd] - Figure 6C is a schematic top view of the partially formed integrated
circuit of Figure 6A, wherein a periphery photoresist layer is patterned to define
periphery féatures.

[0033] Figure 6D is a schematic. top view of the partiaily formed integrated
circuit of Figure BA, wherein a periphery photoresist layer partially overlaps the low
temperature spacer material.

~ {0034] Figure 7A is a schematic cross-sectional view of the example
partially formed integrated circuit of Figure 6A after performing an anisotropic etch of
the low temperature spacer material. '

[0035] Figure 7B is a schematic top view of the partially formed Integrated
circuit of Figure 7A.

[0036] Figure 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 infegrated
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 info 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 commoﬁly used fo pattern device features, such as conductive
lines, on a substrate. The concept of pitch can be used ta describe the size of these
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[0037] Figure 8B is a schematic top view of the partially forned

I nt egr at edwzrog,yhtmgf Figure 8A. [0038]Figure 9Ais a s
cross-sectional view of the exanple partially fornmed i ntﬁgg/?g%ﬂgﬁouszs

circuit of Figure 8A after transferring the pattern of spacers into
underlying hard mask |layers. [0039]Figure 93 is a schematic top view
of the partially formed integrated circuit of Figure 9A. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0040] As the size of the electrical

devi ces and the conductors that conprise a nenory device are nade
smal ler and snaller, ever greater demands are placed on the

t echni ques used to formthese features. Fqr.exa hot ol h

i s commnl Toatysesy LN AP tntikaliAsterE ?‘\‘-?Zk a? S'th §ﬁgﬁd@E° W&%Wq}h@gﬁgﬁe‘ym

lt Ih ges @ﬁhﬁédr@bﬁ ta&rm:mmﬁwe &imiRiniwh piteh Betow seitH featiess cahrot be
stze Qformeg ?'e.?llabY\O % 8;,/’[% %1?51%%1? %0(%7/ 8%3’(%ﬁi?mgraphic technique can limit

feature size reduction.

[0041] One technique proposed for extending the capabilities of
photolithographic techniques beyond their minimum pitch is the “pitch doubling”
technique. This technique is illustrated in Figures 1A-1F, and is described in U.S.
Patent 5,328,810 (issued 12 July 1994), the entire disclosure of which is
incorporated herein by reference. With reference to Figure 1A, photolithography is
first used to form a pattern of lines 10 in a photoresist layer overlying a layer of a
temporary or expendable material 20 and a substrate 30. Common wavelengths
which are used in performiﬁg the photolithography include, but are not limited to,
157 nm, 183 nm, 248 nm or 365 nm. Before performing subsequent processing
steps, the lines 10 are optionally shrunk using an isotropic etch. As shown in Figure
1B, the pattern is then transferred by an etch step, such as an anisofropic etch step,
to the layer of expendable material 20, thereby forming placeholders or mandrels
40, The photoresist lines 10 can be stripped and the mandrels 40 can be
isotropically etched to increase the distance between neighboring mandrels 40, as
shown in Figure 1C. A layer of spacer material 50 is subsequently deposited over
the mandrels 40, as shown in Figure 1D. Spacers 60 are then formed on the sides
of the mandrels 40 by preferentially etching the spacer material from the horizontal
sun‘aceé in a directional spacer eich, as shown in Figure 1E. The remaining
mandrels 40 are then removed, leaving behind only the spacers 60, which together
act as a mask for patterning, as shown in Figure 1F. Thus, where a given patiern
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. ”

[0042] 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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features. Due to optical factors such as |ight or radiation

wavel engt hywgyeMefig Phot ol i t hography techni ques have apgi/giswRipiEch
bel ow whi ch features cannot be forned reliably. Thus, the m ni num
pitch of a photolithographic technique can limt feature size
reduction. [0041] One techni que proposed for extending the
capabilities of photolithographic techni ques beyond their m ni num
pitch is the "pitch doubling"” technique. This technique is
illustrated in Figures.1A-1F, and is described in U S. Patent .
5,328,810 (issued 12 July 1994), the entire disclosure of which is

photol 1t nog ShnyPiPHIST: SRSty Phiahss®EBoftrbesndiSy ofe pymber of

phot or esi sfedterger inoeegivghneegion @f eheoulzstiadeior be ydaublek pendadyk egenerally,

Cerial o ' _ S ., .
i er 1o 20alen, “Hist g4 8 SRR B ek Dy
nm 193 nneertaig faaiosrcBadlyrinvolBes oaducingr ther pitahgby tat dqatont Theoeeweitignal
teps. therlis . . . et ron,

shown i n FieaiSiac) i pfaRiRe) kel ! e obfin Fiihid Taych'dr ol on, 3o
such as anolfsherdgiinebla taetyedize con brenady evern smelipendhus.dhederars Jitch

20, ther ebhtﬁtﬁﬁi%ﬁ%”%&ﬁ%&&%&li%” el eﬂh% &ch%éﬁeﬁélﬁﬁﬁﬁﬁééll%fess of the

lines 10 can be stripp and the mandrels 40 can be i sotropically

et ched to PHEYERSEUTRE tae SPAFRIdONRIHERIORRIGRISHMRIAYEhandr el s 40, ~ as

3 hown It ndFi gur e[obd3] A ISues pPbpcERAGABIHGES ¢6i Ry bSteTHE HIe e périphery and
eposited Qv

r the ndrel s 40, as sho in Figure 1D. Spacers 60 ar
t hen forned! ﬁﬁ‘ ﬁﬁ@vﬁcﬁe@womewaw & YoF Wq‘ﬂf’e?eé’taéﬂ?i carpgn éﬂﬁ?-n%"r
t he spacer ﬁmﬁrei, ﬁi ohé entch heethed, themhanidralgrisaaas define Jﬁh?e:ctbbma}e formed
spacer etc as shown .in Figqure_l1E. .The remai ni manpdrel s, 40. are
han T enpydhaR PR G sk A o AT piteh SpkElTe: BhE BRREN bR Taggsses
as a nask oz ppdbtreed thg, aresy phibenn isrirdrisfpiresl tFa Idlhes carbberlayer. givinda this

pattern ar f f e opne I ¥
S atn 7 PRseds ool By 35RuRCof Tielef 3085°0F PP RERAL TS nd St anc

f eat ur es apdripheryspgies, we diehi loedtdmperphuce roxiddo miadeadl toadéfing the spacer
wi dt h 3F, a.pl I t : L Zerh:
possi ble wilr<aeRhbE dnfiuisls sENEIBHER b hE STBIEhol SEU Byah 2 Srvie
by using t Rdvpitageously alions the Hap gerrbo] Jever Whitiee opiittedh, thergley wnplfying
reduced usipf{?ﬂclﬂgﬁg techni ques, this reduction in pitchis ‘
conventionally referred to as "pitch doubling”, or nore generally,
"pitch nul tipli (440" InTiACcsoIdaNER C Aide thaederegaitgni §ieditigr| @Rdt Heproved
nunber of ft&fﬂrﬁtiué% iHbve Hedhn ddvelipRl 9ér tBemnBbHittAt @oliBicbe féauRisedn a
or nore generally, multiplied. Thus, using the conventi onal

t er m nol ogy“,em'ﬁ"ﬁ,u"ldf-icmrioéé’?tfaa'f?te%ﬁr‘ai"fc‘@Y“ﬁf’y a certain factor actually

i nvol ves reduci pgndsie Rhtcdnany eitRidirhésibOthe fEREUreqQsaLRIMh t€ MR transferred to a
Lpon each- SEhSFEIS: R Benabr B, B mRURUrs LA B AL parer b P iue
Thus, the tseddor prdoebsimgl the dubsarbteonAdeitionallyl tehaidoerhbodigientetat beaised
b Bt 0es 5, SEREEALLY o EARS, Fotaile bl P UBREBln KOS ipRE IS e
form ng pathemoy devicée spehigsh&RAMNphase changs memaofy EP MM yrogeammeble
i nvol ve us r r '

ot hod, ¢ neohagYE raFRTAESSE OO RICRAY, (AT TN ;g ¥ CRONFD, flach
upper car bonemaiyer . inAgyelr dsiviosss. ditgbl mptifphgatiopeisi phaklg igaferer. nfongexample,
Processes ot GhigtelectiteBhaXRRLLRNINSS i HRSRAY RLID of theWlices.

carbon | ayer. this process does allow features 0l erent
si zes to bEwtvmady sanvertong mhptalitapgrepipe@t Pe cembiird ing gadicular sgapence

tenper at ur yigxide ARéhbaliondd Ehpfifed PRCE PEAMNINGORRAINRIULOS diRDRERusly
to be formed fromthe existing photoresist |ayer. This advantageously
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substrate has a pitch below the m ni num pitch of the

phot ol i t hogiaRbM/f741§Chni que used for processing the SUbﬁéfﬁﬁﬁm7ouﬁw
Additionally, certain enbodinents can be used to form arrays

features, including logic or gate arrays and volatile and
non-volatile menory devi ces such as DRAM phase change nenory
("PCM), programuabl e conductor random access nenory ("PCRAM'), read
only nmenory ("ROM'), fl-ash nenory. In such devices, pitch
multiplicati'on is usable to form for exanple, transistor gate

el ectrodes and conductive lines in the array region of the devices.

onr 1 cul ar PSSR B PR Beb dREKE UG0S, ey P dog iprescin gnd

t echni que tomsglamentane otethly oxmeosesmcdmrugm (femus"ewmfsulm ftﬁé perfpheral

circuits, t nd ment i de

sem' glonZUC &2 %E\ké%%bgbrgcﬁf I% h§e}1epléJ |?°p (5 %Icapa%%/gn”??%? qrﬂ%r'ammable

devi ces. Feateearmp[ EPGATR l”lla@rgngca aomqrrexaalnmbrao fai rekthquy egagranabé eeriphery
t F

gapgr ?LL%’(‘UM 9iffo n%ﬁ&?i& RuRe" ;txgr,rﬁzr@;ﬂ@sregs% w‘e{gyrse&rﬁgbﬁamng

in the cou?é@e@f’r&f%ﬁ?%aﬁ lﬂgst@tﬁermthp fmeencéaee rieasqr@reﬂdre@eim n the

figures and arepqbg§’i 55lirB8" $A Nand 28  illystrd QRABLNJFh K %?o%%l vef'g'Ba”? top

illustrate scherratr C cross-sectiona VI ews, respec
an exanpl eVig¥s; reanegtiveprofan eéﬁmnleer@r&alkyda igadeq mtegr@tedsglmwtam(h such as

nmenory devpGRemongdeficéB FiblitéSHs Al Rkratdiihal B indGatat &pctﬁt' { (Ydjbémﬂaﬁ&s a

conprises a cer‘tral array region 102 that is surrounded

by a
per i pher al “PRRIGHTAO LGP Wr thapds gwpewdest By & periphaiak wdlqmdod. It will be
i nt egrat ed aﬁpfeﬁ:iﬂtéd 104, 'aﬂei\E el intedrathbd érhﬁltafdoai% faBaEABa 18R Hrdy region 102
typically b &enSﬁ ted con rgr} g i nes and el ectrr cal
devi ces su DI §¥’§| '%?Ba"&'m & 8 dResnang; sipstrcalidgyiceg such
Ee used t oaf; (;ransfs&a'sh wrﬁscapsahchﬂ@gs .apita rﬁlﬁil;bl;?atl&l?%an&&e dsi‘g gewﬂq featliuies in
erein. t he ofher nd, t eri pheral region optional l'y
can incl ud AET%%S(JFE&O'?T&% %Soar"s?li’%sfpgﬁﬁ'ﬂd/ or larger than those in the
array regi on 10{04Zpnv & thenathephata| the pegpbetay regioh Hed dpluanalm d¢arhinciude
mul tiplica p e r h nore_conpl i cat.ed
tfthes, Prar8CESblicaudd Sh O RAGEF lab 5355 0 Thk Wi 28950 102

and/ or | arger €s es 0

logic cir c&ionrv?ntldl’r-\?é R}]‘@tﬂ‘rﬂmgreplmormtlanthgn afitch heullipligation| isctypicaily used to
| ocated in td
eat o0, | NphiSPOESBIREA ohBIGNed Mol G 4B LGS LPL i
the regul ar'a@wsﬂyt)?ﬁpéhilgltbrzlrewtnayTbeeeemqu eprapipity: i tBetlogip ciredits located
mul ti plicaid g péﬁﬂHe‘i‘élQ@éﬂoW‘lOtﬁﬁ%ﬁegﬁiﬁhﬁeﬁtch rﬂnﬁif?ﬁrd&%f)h Eﬁﬁ&ﬂ{ rnrtﬁ%' r8gion of

104 may rea$|re | ar ger  geonetries el ectrical constral nt
t hereby na %@“ﬁ@‘"@é@fi ﬁiﬁW'I APPcdn; Qﬂﬂtraébsthadeawﬁlageedypeﬁhﬂf arrav patterns is

convent i ongbndlisietd plesromaRibicitn, SN@rﬂtté’@ﬂ‘yC&%ne R viediif ttﬁﬁ‘péﬁbheral region
possi bl e dif.ferences jn relative scale rel ative posjtians,

nd
t he number bf‘ 'E‘@Vlrr?ﬁélrﬁlla@gﬁrsf?ﬁ%"ﬁtﬁﬁsm EPr elgrticaliconstraints, lthe{e,t;g maklng
i nt egr at ed pitcit eniltiplitafion dess adyaritigedliethatnduedentiotia . pHoEbliﬁﬁﬂdepHﬁ;EerSsuch

wh di f,f t te t
Feat ures | HeVREea) R SREREN QoG dikRutiai SlihE) sl 1B relgfive Phitions
peri pheral and ¢he mubGidercampdrip henalkegicthsr 1049 apd acaysiegipnsf 102 tier integrated

regi on. Tkl /S / 04 il ]ustrat

hat the parene 107 41 AP, CGHBE ehipafinehity “hob PlbfinianS SRl hEReen
106 havi ngprdeassing teahaiques kré agearakdy ubed te tborirheaduresrin tlhenaaay region 102
exanple e i fran f d '
matori al sacn e porarefal dafon 1841k perbAUE! 2ol I baT % fhasked curing
mat eri al , @mﬁsﬁ@%ﬁth@rﬁﬂphe‘@@o@ar bon material, a polymer material,

or a spin on dielectric material. In a preferred enbodi nent, the

first hard nask | ayer 108 conprises a form of anorphous carbon that
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[ 0050] An array photoresist layer 111, also referred to herein as.a
mandrel | ay®fo0d8741 fgr med over the second hard mask | ayep. %gzoo%l‘?szs
array photoreS|st ayer 111 preferably conprises photosensitive
material, such as a photoresist material that is conpatible. with 157
nm 193 nm 248 nmor 365 nm wavel ength systens, 193 ri m wavel ength
i mrersi on systens, extreme ultraviolet systens such as 13.7 nm

wavel ength systens, or electron beamlithographic systens. Exanples
of preferred photoresist materials include argon fluoride sensitive

photoresist (that is, photoresist suitable for use vvlth an argon

(that "is, phot RO4EFS) FRfe S Mlplarer 84 B, 0 St B ARGEITRR Srygh oo

source). Amgbtde‘slamlbaﬂ@t@ AO6 daebigst ﬁrsaherqorme‘sletaajst yoasfe:dnerd tHershert &t an

sove o1 o AR AR ey SHGD 0 L g oo

| onger V\avsllmtgnhrlmcﬁlb:tqrt oxideaphgn :wgarummateualh sash M&am Ameayielusncarhon

t d f t,..t
DY ey A o ol L AULEE A b
nano- i npr i AMbpdinkeryr tehfirst bach maskigyarsitfgcemprises aforn méarrmnplmats carbon
force to pgik s hig lﬁlﬁ t%%%gﬁﬁ' @l dfﬁtﬁ'fd #at é‘f@ﬁ:‘fbhﬂelg ﬁr"o%mehréer(or photo

materials for the first ha ayer 108 e seco har d
| ayer 110, aligiimeMyapeing tf?rTl?PéF% ‘fetha wikelengtos f digbhesechfas suel aianment.

the cheni sm&handmtdtfed%ﬂse&&&nmhé rmaat@ma%heayéanoeuaoﬁﬁtéoer n
form ng and transfer steps disclosed herein. For instance, in an

exanpl e enbodi nkA9] ¢ h&Y PPUgnal segond dierd sk leyer 1RdS JeBRRY avaF dhe first

mask | ayer hdiiOmagRdayd1e1@8.r ayhed BetaHaeh st m'a@h(@éyelfl‘lhcﬁéféfél%fy B&mprises an
seIect|veI etched

mat or i al 1 DORGAUE Mt SERBbIe DR B e paropRaRERERKIaYA 10 include
et ched") V\blédmﬁ hitrigd C;blolglayetailme $ilficn, wRtediedctrics agtlreaeetl‘vet tamtinghEDARC™),

for a nelghb For exa biLeCe ai n _enbodi

et actvorgh B IR HER, st GBS, RRFERY fet M Rl the
about 2 ti amsorgt leardemaslatayleed30 cab@etseléhtntrel:yﬁct@gdewtﬂeresmct tcemsisequently-
about 20 t re | e 0 S t t

For ' nei HERSY R Hidter rlfteRble. POSD o 20BARE fhr ARt TR B a0 Bt 110
added i f sgamattﬂmamumrimmdeanwgspucHemfemmlngspatﬁinerhqwmmsm near the

condi tions d%rl’?g-ltt(é%eqme‘tls of Oai%%ﬁ:lhtlﬂcteb@ apihik Sﬂecﬂﬁ’iﬁge magk } &lilall()‘% 1Dﬁ\ﬂ%‘. can

second har S arra ot or esi st

be formed aehw%@%%uttqrbhy Hedeciag éehtstga@ﬁctwsS HYE ¢ mre,aﬁatg g precision with

sputteri ngwhfd?ﬁﬁh&@hth‘éé%hy%@éﬁd%e( ec@é@ af a Pattaif ml'ﬁe's@l‘.@ﬁd hard mask
deposi tion, For npl e | ow t enper at ure %)rocess (less than

about 550daYPé§é‘0t'ﬁa’r'i”'§ﬁgd'E‘ em?}tfe'msmsewawetre&’se hﬁa@oﬁlﬁs“z@@)mB can be
advant ageouﬁﬂdrsatwa%sycmm@@ée@w/sobsé&mﬁuyaiepdsﬁéwet;a@a? rﬁéteﬁals in still
armrphous car bon | aye ﬂt us |3gauaeful 3 oSi t P 8
material s BUSP SIRCRYMEnts e REORE e dPBth vey 0 8 eRiagedywih £, ganic
h?r d naskhlrsameasn hotirefladtive cosiirig (“AREI‘ mbsmraedagewbmgtnehﬁrsg ﬁéﬂi’;a‘trla@R layer
o} anor p car.pbon La ed_anor phou rbon | ayers,
*5 provi dod08 APB RS b IS o S Sy SRR R RRISHRS R | P
Pat ent Appl i cat [qublAmWapphaﬁeﬁlmdfé}mu |alsbl refdrast] %d?ehram ynandrel
2005 The tent a tion

) 9{538 oV e Qecotng ﬁarg%g i eﬁ 'lﬁél e axp ﬁgtoreﬁ%éfyer

publi cati on I'ncor porate rein.

The thi ckné§$eryefﬁrablbrecdmpesemahdtoammtay@teﬂalssucﬁnassaqmmbrlealsti material
mask | ayer @SSt Y, S
dependi ng uﬁ%ﬂs chﬁﬂ:e{tfﬁgel IWt[-' a‘V57plf| ﬁ"t t(:)| t?g "é %h@ﬁt%ﬁqié&aﬁﬁaeﬁgﬂ s‘;}Etems
condi tions’ Bmmlmteurmmwéwnemme ew%?'ﬁ diteaviatet eyatanerauah as 13.7
through a paskvilel hﬁfsté’fﬁé bl allectSC Bed “@u%ﬂrép’lﬁé‘%@%fern’séﬁ'g Examples of

pattern froman overlying |layer to an underlyi ng l"ayer "by sel ect |ver
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[ 0055] As illustrated in Figures 3A and 38, a pattern is defined in

the array phplgfastgt |ayer 111 that conprises trenchespdgdcigtdiiiked
by lines 124. In sone enbodinents this pattern can be found anywhere

on the substrate; defining the pattern in the array region nerely
represents a particular enbodiment with particul ar advantages. The
trenches 122 can be fornmed by, for exanple, photolithography wth 248
nmor 193 nmlight, in which the array photoresist layer 111 is

exposed to radiation through a reticle and then devel oped. After

bei ng devel oped, the remaini ng phot odefi nabl e material, which is

Phot oresi st _i.n the il ust rms mask . f eatures. s

ne the 1 | RS rplareSsh B REale B Bivpp fiatRie iR RS et i,
| i t hogr aphphotoresisisiditable fonaselwitthag raagdry fluaridedligit soerae) eshdt loypltehifiueride
the lines 0 . I '

the sum of “Pring BIRORRRHEE s PhgtolEsECantabld b usB Wt 2oyl fiftod fbne
trench 122sorge).edugen tfh@l'idB riﬁ'lté@@ﬁ@t&)ﬂref erafarably teedredthushhertert wavelength
pattern of .ﬁcgﬁﬁj 93! BR Wk 5yRGrd. WrySBA uorid
the I'im ts h ?ﬁeé%@nﬁé : |égt2]eg(:3hﬁ?' ue\;etqjésll'ég;}ﬂ 3’9 atter r?l& voride
array phot ah@tskr%ﬁlstﬁarerp@@xab F&seéwkhamger wevelragH P'ﬂﬁ@bfhaawhuﬁyﬁ@ms
248 nm | i gbfich teﬂ.e 2QBt ﬁFh Q@aJei&dth NQRtekdd | | I%r eh&difidd YerHSédiﬁ%Rt aﬂféUTarray

80 nm and about 150 nd is noré preferably between about
and about Eb@toﬁ?ﬁ‘Stﬂﬁ‘Mg" 116 ‘é‘?f”@&%ﬁ?p?epf&%r@alsﬁéﬁﬁtef‘ﬁ'e”ﬁ‘t%ﬁ‘ P R’Wé’med by
M ni mum pi heRoShptiRElitRbGiaphiy ! SQIT 89 by GistrRCH Phdld @ra thechénical force to pattern

subsequent | y-forned. pitch I'tiplied spacer pattern advantageously
has a pi tcﬁ%@l%f%ﬁ% ”Pﬁ‘tﬁfgrhm pitch of the photolithographic

technique. In atu&mgatlmeg@iﬁa@ldltnenhatenb&cmnstaeth@t rlwr(glmaglf I@,rGrOTOB the

for position an t r size nc m t.s of
bhot b1 t hogPat Beriernk i 2! Bh fas et proREssirtiaeth Sul A fosthgised
having | ar @arthbeaﬁemetrslmthes pedteas cdditions foo tmeedaueuserptauem farntide and

205 ns Sl 35k, o A PR b 68 e

| ines 124, hagl foash lapel fiD8dther eeximeshdr@2magk dayendi 10, euhd| theegrray photoresist -
The |ines %‘ér fi eéﬁfé‘é&g ﬁ%%&ﬁlg[ fcnad%.p??éém%eém Bﬂ\er As used
1 se ta e e

"shrink" eat ures es I nc ches using a

oxygen- cont&rginng mstedalds cgnaiﬁe@ “selsotiyaip piapedr (951" asterengialis @Fb@gﬂ”m@men
pl asma, or yq, ERI PdsNer maﬁ%ﬁgtenl.ih &nﬁ%ﬁ‘é}tthgﬁ tﬁéteroetacheigﬁbaﬁﬁg AN, For

sel ected so that the wd fied |ines 3
subst ant | alEXgMelfsdn cegairhemiedinerts.ch leﬂjWﬁ'@tQMé'é@P'e material has an etch rate

subsequent kyatfig Rshspiabolt Q%@&eﬁa@t i 188st dtYut POHNES eeﬂeraant least about
exanpl e enbodi nent the width of the |1 es 124 is.re rom

about 80 nrRCatigesrygRterogr fh IeasthabAte grﬁé‘t‘?frﬁ?"gﬁdt doh a?"(‘)e' Yoring

and in anOtrﬁaﬁénQﬂ‘DOﬁH Rodifiéd cembddimerts rcﬁﬁenceayetrs) fret weldad aifosuitabl rother
and about vani g eousc% t he w dt h-,r.educi n%ﬁf ch all ows the

A
nodi fied | .'ﬁ%t?”i'fnc ?’B' WRROCERRGT SRR Ane ‘e be possible
using the phot Q0052]ogr'arpéufmttlmrhnnqsleIag,@edOBotrﬁe)rs&cmdiw Hard eisask¥yer 110,

Addi ti onal | he i
snoot hed ed%' sh ‘%goevsﬁ)sﬁ e|1t‘lnlaf]or m%g "I'%"ﬁa n%‘ésl}?"mh'tq%sses such
124" . Wi | east ‘amnﬂ:m toatinly, (ﬁpuﬁﬁsmg)rmmﬁlcalhammbpedioh|(P@5§Dfl)2m'r atemicheyer

etched bel %bgﬁo eS,Q._l Ui {a k%ﬁ tQ,fn rtg(ttg\y ﬁ%ﬁ&%ﬁg@dﬂr ﬁ-uacrin about 550°C,

t echni que, I'S etch does
trenches 14@ss #mnh aheutnﬁaowe@r evméewﬁran ghaut AQ0TE) didyeatageonsly iedyces

I denti cal 3’,‘%%%]' Qnélgleg)i\yfsﬁgf gLs‘?éptfo‘?{Tgf 5 LS carbon_laybQ0a] 1% is

illustrate gures nket aer of “TOwW t efpeér at ur e
spacer mat efsein fQQéeIP%SIUHp@%maéQI ighsy even aeeNpiing ae@rphqusscarbgn layes sieh as

exanpl e emqgdifqenhard Hf‘aékoiél &FABE! ahHHﬁoﬁQaﬁ?Jrrr%bﬁrﬂe@hrdmé RO TBIhSR of

a |l ayer of oxide materi al dep05|ted using an atom c | ayer deposition
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[0059] I n an exanpl e enmbodi nent, the |ow tenperature spacer mat eri al

126 i s dep@g Loeshirfisan ALD process using Si2a6, H20 andy )ﬁ?ﬂmm 5
precursors. In such enbodi nents the spacer nmaterial 126 |€’§ p(§S|1 R

to a thickness that is between about 20 nm and about 65 nmin one
enbodi ment, between about 25 nm and about 60 nmin anot her

enbodi ment, and between about 30 nm and about 55 nmin anot her

enbodi nent. I n one enbodi nent, the spacer material thickness is

bet ween about 30 nm and about 40 nm and in another enbodi nent, the
spacer material thickness is between about 43 nm and about 55 nm The
spacer mat ghbadh bih t; er c cle and
about 4 A erﬁ%:yéiﬁg&? n O‘ri]’é(;yerré‘ lﬁglhﬁinget}o nﬁ‘&%ﬁégé R lﬁ‘é ISePoprevidgd in
anot her enbetti Patant S-PﬁﬁélﬁPA@SHBﬂ@sdum %@Da)ranﬁl Y& PatdA Adgplioatiin Biblication
periphery QM!QO@%?@ (ﬂlﬁ:)f%ﬁe&%& Fébr‘aQN Qﬁ'@é)l yTﬁig %gtet ng:lo@hlehgf this patent

peripheral region | east "a port array
regi on 1023n&Paient aBB@?tIOPrPUé?"?ﬁ\QﬁTHS m&mmﬁm’ted b Ir¢fesemcat tml‘emn

Fi gure 6B, theaﬂ'@@?’s!’ﬂﬁme"ﬁf‘ﬂ eﬁé&fé thsx&r,t ﬂa’rﬁ rh%giaagt%sdﬁg%chﬁﬂ hard

over substanti eri pheral reg
al ternati v@%hﬁ%ﬁrném anq |iha taffﬁ%YeHh(PtﬁrqsiSj daxeer6tj1 @ne ajssr chosary depending

phot or esi s drﬂ%ﬁfmﬁé&tllt? Wigh ttﬁé néﬂ:ht eh%ﬁfstr% %ﬁﬂ' b¥s fc?cfﬂdﬂfo‘ﬁ? dlsFIosed

Exanpl e pe rpher features include ransi stors
inter conneé? &n. aRgr %@“levh%et&hw@rfernaeiwt%ﬁhr@pgoea sl f reswther material,

i |1 ustr at esudhnadivgienarpidferting aﬁﬁttdi’ﬁlﬁbbh @tﬁ'@b@tﬂ% fyel RYSK uﬂlagﬂylﬁg Iayer by
deposi ted over tp i?%or&(?g} end%g | ow te at ure cer material
126 and t heS'PFPE S Nt <N b e (R er .fﬂ%ts" °mttPF§'r‘ é%xﬁrm%% Kemgyed to
the tips 1&thealfegtdre Wods, fthedtplpen@eﬂ%referhﬂyf%ﬁﬁmhdﬂ@ﬂhlck|stt51tlﬁa'ttlﬁd not
in Figure u Yy vant ageous r formn masce

struct uresgﬁng%aés?g\% rﬁsla% f?%gr Ei GITRF SfehesPri™) g%?)% ren'Bsa'B\Féﬁamp!e
t he | ow t etipbedimard, theasecontahand mask 22y&r fridnispefagakbip dretiveemabout 10 nm
during subg&s Egﬁtﬁéﬁwmc@rﬁﬂeﬁ%gm prefer B%%?&%eltglbélgtt nﬁi?ﬁ% &RO%wa

nmodi fi ed enbo I ment e gecond nasKi
i's omttednmltblcbonduct ed at an earlier stage or is conducted at a

later stage. Thippsh av?ﬁetlhl?ckﬁgé‘f%? tﬁ%ta?fagaﬂhol&%sﬁﬁ)%%?dltﬂ d%tli' 1820 jhe

peripheral region 1 arrangene
phot or esi svavglgagthigfdighs L@éﬁd@lptaé@m the away ahetmatslﬁwrom st épan rexample

whi ch the %b@&tnﬁ&mt\ﬂﬁ&%&rﬁbﬁb%rllgfhﬂs y e&qucb%'r(to?m ljtétoﬁﬁjn(&?rallpa the, gryay

enmbodi nent s he nmask used tern t oreS|s
i s confi guphrlossistdayey 1%%9@%@&0@@@@@9 qzsm»{ @Dnnmrarwl ahmttsothymthnck

in the peramhes Aloré ggéferatifbetidierp aBSQCEFRS nfrEakd 801 ek O e ﬁélght can
bei ng dep05| ted di rectl%?rf H'b‘%he second hard mask layer 110 in th

peri pher al Y48 epsndpg U wayvglengily ef kﬂéﬁ%&déﬁe{@éﬁermﬂt@t)hatorq% layer.
[0062] As | Bbemisealras arn Sibgaqasntfonndd i dtfay pHotbRITRATAISH19 15 PA6Hain

s L e T

i nt egr at edintggritwiend 166. asﬁachraiio ef the, linesso benfonmeds sincs 1AL @pa@iralhes may

can be per 0, npl e a HBr/ Cf 2- cont ai ni ng pl asna.
Thus, pi tc%a%uEF?iopﬁkca |igoen(E fgﬁﬁ.‘been acconplished to form spacers 130.

In the illust ra&0§§5]anbéél iifestnated eFigutestBAoand 38, apmtierrs isl@&fines in the array

Sty ol IR ot 1 ARV e
phot or esi s?mppﬁléteriﬁlthﬁaﬂa%erﬁl ¢&h b@ffoabduanyzmren on Hsasebsiratgodefiningdhe
a pitch of pafsHlin #0aR8y PegibR FierblyTepsbhid 4 pafticARP YnbdifBht W@l pardiilar

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
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be fornmed. Because the spacers 130 are fornmed on the sidewalls of the
nodi fied |woemolid41is t he spacers 130 generally foll ow tbergsiobides:ef
the pattern of nodified lines 124" in the first or array .photoresist
| ayer 111, and thus typically forma closed loop as illustrated in
Figure 7B. However, in general, the configuration of the spacers 130
depends on the absence or presence and pattern of the second

phot oresi st | ayer 128 (see di scussion of Figures 6A through 6D and
vari ations, above). [0063] As illustrated in Figures 8A and 8B
t he remai ni ng exposed photoresist material is selectively etched from

the parti ajddatfonr 'iﬁ’r@ulbﬁt ﬁgféﬂcf‘éj é}ior QH({-JI? d’&%lor?EB' S Aﬁ% YlGs tc{e%ﬁfo:pﬁat the

or array photoreS|st ayer , Secon
phot or esi sfeAPBE; P OI‘Z@efmﬁW% ﬂéﬁﬁﬁﬂlq!s Whlchhelsfmmrealﬁt ofn the illustrated

freest andi BRbBAMEHLS 1drdts TRASHK IeAdrdey sUEH“efé b tnm’sf&%pfos 1ihég 124TN8n other
peri phery f%r%gaar es .are now defined by any remalnin ow tenperature

spacer mat Imesys. FRasiess Khegrrnny °"r’§§$'8ﬁ3319t1010 ggraphy&agralgg be used
phot or esi sto defierthé lihes 324sed as a mandrel to formthe spacers 130.

The phot or esi st ri i S eI ctl vely renoved using an organic
strip process. [BSgF ib B?rf‘%?‘i"?/r@s"qeﬁc‘]%'é effyal to the sum of the width

o?%ggn co ?OTaa fihad 2dl Meabitﬂﬁ:rnloﬁ uq{elgﬁﬂ)oﬁﬁgai@hh uiangr. c?%dude"lhe dlme{lSIgnS
direct 1y off TEREIER Rorle® B0 RIS Baf 1hes i and ¥ haa etz timbtin g be

i s sel ecti @keby ne&c el hfmhsnmfoﬂieyphhbllmbgaphrcegachmqhe%séd td\@attern the amray

phot or 51 spaafiist avet 1 . A, o RRASITD R8O FRBI° 245 Pap i ane
peri pher al Pitdygpihelitwgs 123 isqwetbrblylyéaemem'eqbwtw(depnsmd mbouiDf50 nm, and is
phot or esi SFnoP@tp‘?éf'eF'ébly( Be Qerp%rbbgpgpaﬂm 59 Q850 fz H} hd % E:FQB gxample

wherein the gerlp era ot or esi st ayer Is omt
|l ayer 110 p¥bedigiyddhe rpltphdSere mnenum piteh f thegahotohllmgraphlc technique and

[0064] Aftge éd&eﬁﬁ@ﬂﬁﬁﬁ)’?ﬁl’e szt%ﬁ ﬁrﬁh%i?’%ﬁ{e? BRE a?‘h@gi{o%@ itch
processing st eps can. be con ucte suc i ep "and ak

in situ et ROt die MU, SRt A B\%@é@@"ﬁ'@%@@ﬁ% t@ghneeeuséa phermative
transfer tbmbﬂdﬁﬁéh’t@ Bé o RRC e mkh nacsﬁierﬁﬁrfd@hﬁiewrﬁaharfeﬁtéﬁ@ sﬂ&etypmauy

Dyer 110 msidater d fhel Bl o1 pelingaasie xshnSbecae: aaprpgdha e dees
9A and 9B 124 asd fatredt iwvimptdrgsmfeaturs pes) such3fs debinigdoiradlideelrbisSh the
hard mask E%ﬁ'ﬁinﬁl%gd Tc?Iz%lﬁ’lf"lﬁ’ssecon,g%{pard mask | ayer 110. The second

hard -17- ally etched fromthe structure
illustrated in Ilﬂﬂgta'] es AQAllLaainhtéth Aigusespid bed ABC dre trdaﬁtfhdeazz are preferably

transferre bst of t
under | yi ngg’ aeE'E? by]& qgg%%‘wéggﬁ?%tﬁ)u{%%EQ%QQ?QX"E emodrfred lines
processed {(24ichThs lings d8gi arg, preferdblyi etghechiusingda zsmlg)plmetcbdbéshrlmé‘l these

d
153 IS8, B s B O g

substrate 298 aCeMefAfgdapmay HreplasmMeear payBWO,/Ns pidsms The extent
i nsul ati ngof akekicH @ F@%”Eﬂﬁ%ie@?&oﬁ&e'tﬁ&t tHE wicdth dg?h@l moBXiEH Siregr 1246 is

conventional, netal li zat| on. T0065] Certain of the ques di sc

hefei n advaRSiARIY| §A47]al dhenheesitichepreRg obetwesnt é@%ﬁﬂ&@ﬂﬂﬁfﬁaﬁdemm

?f tspacer saw?b@%amm user e&amlam tth@ﬂﬁéxdrﬁ;y{@@'nbcﬂdlﬁh%ﬁwt 'ﬂ% W‘tﬁh%ﬁ‘rtﬁé! lines
eat ures as, a C nla nd rp ous silicon

Spect 11 cal 198 M fFangehyt Belieen gt & amosrd BBABLCA oo binegn Bhout 35

the array pinoarat asost 70 ayeraridlih a:sotde;sehba@ndndmrtm E\udthh@ reduced to between

phot osens:,\%b lﬁ '%héﬁcog SIZ sﬂ%t‘se i, al |tsel dgh-f‘%if{{ql tc% allowsthe

mandr el s AL
t echni que. mﬁhrfedahim\ﬂagewsde/ nekmwenahm Wduiad rodieehwlise Pat psdible using the -
addi tional nmasking |ayers to define mandrels. Such techni ques
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enbodi ments of the present invention, it should be understood that
this di scl woumweritg7iel | ustrative only and is not |imtingcpisiobBsoiiszs
present invention. It should be appreciated that the specific
configurations and operations disclosed can differ fromthose -18-
descri bed above, and that the nethods described herein can be used in
contexts other than integrated circuit fabrication. -19- WE CLAI M

1. A nmethod for fabricating a sem conductor device, the nethod
conpri si ng:

photélithographic technique used to form the lines 124. Additionally, the etch can
provide the modified lines 124' with smoothed edges, thus improving the uniformity
of the modified lines 124'. While the critical dimensions of the modified lines 124
c¢an be etched below the resolution limits of the phoiolithographic technique, this
etch does not aiter the pitch of the modified trenches 122' and the modified lines
124', since the distance between identical points in these features remains the
same.

[0058] As illustrated in Figures 5A and 5B, a blanket layer of low
temperature spacer material 126 is deposited over the modified lines 124". In an
example embodiment, the low temperature spacer.material 126 comprises a layer of,
oxide material deposited using an atomic layer deposition (*ALD") technique.
Generally, photoresist materials are not as tolerant of high temperatures as
inorganic or carbon materials. Therefore, forming the spacers from a low
temperature oxide material advantageously allows a separate mandrel layer
deposition, pattern and transfer to be eliminated, with the patterned array
photoresist layer 111 serving the same function. The low temperature spacer -
material is deposited at less than about 200°C .in one embodiment, at less than
about 100°C in another embodiment, at less than about 80°C in another
embodiment, and at less than about 75°C in another embodiment.

[0059] In an example embodiment, the low temperature spacer material
126 is deposited in an ALD process using Si.Cls, M0 and CsHsN precursors. In
such embodiments the spacer material 126 is deposited 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 ahout §5
nm in another embodiment. In one embadiment, 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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patterning a | ayer of photoresist material to forma plurality of
phot or esi swwomundrietis over a hard mask | ayer; usi BOTAB200%/011528

| ayer deposition technique to deposit an oxide material onto the
plurality of mandrels; deposi ti ng anot her |ayer of photoresist
material on the bl anket deposited oxide material; patterning the

ot her | ayer of photoresist material; ani sotropically etching
the oxide material preferentially from exposed horizontal surfaces,
wherei n ani sotropically etching defines oxide spacers. and forns
patterned oxide naterial under the patterned other |ayer of

phot or esi sp¢ Mﬂé@}eglé}?qo2 is Jeft ot Ning Fé?@rr?@%hﬁfo%ﬁbéﬁﬁ. MRLFatedli \in Figure

selectlvelé respect to the oxl de na erla eavl ng
oxi de spacEPBs t'%ﬁlﬂef'l%'%effdd%h%@rﬁéﬁtmrﬂ?& ls&}@mkettr@maﬁad @ugksmtagtanhally the

and ehfi rér}?’ériiﬂl"ei'é]g'g?fgﬁ ‘R'% t ﬁf&‘n theﬁlﬁﬁﬁ@é%bﬁaﬁnéﬂe lllgéfrétgﬂ qﬁglgure 6C,

oxi de mater.i al | ayer .

1, wher ei nthehPesRhaY IPE'PEQV?%!Fi ‘%Y%eﬁ%llﬁeﬂaflﬁ:mﬁ@ fé) ﬁ'ﬁ@@%r%ﬁ@@f deflees.
fromthe gEﬁmp@Bé V\giﬁé@gfe@fur&; AftIGde mlﬁd‘%e\%kﬁ%smtors loca- mi'&‘r@onnects
N o B el P oL, B B 1 S05eh, By e
devi ce per pptisicrly pl&gbm‘mst RYer 128 is deposiied over the looped ends of the low
temperature spacer material 126 and the tips 124" of the modified lines 124,
thereby blocking the tips 124" of the madified lines 124'. The embodiment illustrated
in Figure 6D is particularly advahtageous for forming damascene structures because
this configuration prevents the looped ends over the low temperature spacer
material 126 from being operational during subseqguent etching processes.
' [oo61] In yet another modified embodiment, the second masking step of
Figures 6A through 6D is omitted, is conducted at an earlier stage, or is conducted .
at a later stage. This leaves the spacer malerial 126 exposed in the peripheral
region 104. For example, In one arrangement, the periphery photoresist layer 128 is
deposited in the same deposition step in which the array photoresist layer 111 is
deposited. In such embodiments, the mask used to pattern the array photoresist
layer 111 is configured so as to leave a photoresist pattern or blanket layer in the
peripheral region 104. This process resulis in photoresist being deposited directly
on the second hard mask layer 110 in the peripheral region 104, without the
intervening spacer material 126.

[0062] As illustrated in Figures 7A and 7B, the low temperature spacer
material 126 is then subjected o an anisofropic 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/Clz-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
phetoresist 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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4. The nethod of Claim3, wherein patterning the other |ayer of
phot or esi stvomberirals conpri ses form ng maski ng feat ur espoiyusierehesisce
peri pheral region. 5The nmethod of Claim 1, further conprising
isotropically etching the plurality of mandrels to forma plurality
of nodified nandrels before depositing the oxide nmaterial . 6.
The method of Claim5, wherein isotropically etching the plurality of
mandr.el s conpri ses using an oxygen-containing plasma selected from
the group consisting of a S02/02/ N2/ Ar plasma, a Cf2/02/ He plasm,
and a HBr/ 02/ N2 pl asna. 7. The nethod of Caimb5, wherein the

dified h
3 The” et Badare ?%“‘aswvbﬁée?é’?ﬁé'@a{5tbe?%f’*ﬁ"§m§ﬁe‘”ﬂ@5d@@9“% af oo e
conpri ses H3¢hd2Aalle isepeere 190 Q@GQF@MH?"OW he OUﬂQ‘e %ﬁ“%ﬁﬁ@'@ @ff modified

Claimi1, whﬁé@nm'aﬂItﬁ@lrmnr@}dyypt%tsmsm aewée 1941 88d 'i‘m]se%bﬁ,laﬂf%’fﬁf b $fssed
usmgaHBip/Cchntalnln, The e

wher ei n t h&PWBx A3 sirated d% ?@%5&' t'é%w%‘fera in geperal: the oatiguration o the
about 100Cspacers 13(11:{ep7£hﬂsfmi hed sdsebcai o presehieseany tﬂéﬁeﬂ%'&ethe second

material i %thop gsﬁstt ﬁaye 12% Ese%pg{s%bgstlgnloeisélgma%nﬁﬁb roug%n %D and variations,
above).

[0063] As illustrated in Figures 8A and 8B, the remaining exposed
photoresist material is selectively etched from the partially formed integrated circuit
100. This includes the first or array photeresist layer 111, as well as any second or
periphery photoresist material 128. This results in the formation of freestanding
spacers 130 separated by modified trenches 122'. The periphery features are now
defined by any remaining low temperature spacer material 126 In the peripheral
region 104, Thus, the array photoresist layer 111 is used as a mandrel to form the
spacers 130. The photoresist material is selectively removed using an organic strip
process. Preferred eich chemistries include an oxygen-containing plasma etch,
such as an etch using SO.. In embodiments wherein the peripheral photoresist
layer 128 is deposited directly on the second hard mask layer 110, the photoresist
material is selectively etched from only the array region 102 of the integrated circuit
100. Alternatively, in such embodiments the photoresist material is etched from
both the array region 102 and the peripheral region 104, followed by a subsequent
deposition of photoresist material in the peripheral region 104. In embodiments
wherein 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 sifu 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 SB.
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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12. The method of Caim1, wherein the |ayer of photoresi st nat eri al
i s patterne®mverizassilicon oxynitride layer that is postrivsfedoaysr

a carbon | ayer. 13. The nmethod of Claim1l, wherein the
plurality of mandrels have a hei ght between about 50 nm and about 300
nm 14. The method of Caiml1, wherein the |ayer of

photoresi st material conprises a material selected fromthe group
consi sting of argon fluoride photoresist and krypton fluoride
phot or esi st . 15. A nmethod of formng a nenory device, the
met hod conpri si ng: formng a plurality of nmandrels over a

har dmas kdl am,laymdfmrm_ 'aiﬁan@fvéﬁ{he@weérgathé tata@hm% Tlusﬁrﬁ%mrﬁbﬁﬂe% 9A and
t exposed, .portions 0 e substrate; -21- )

Gopos it ng o SRRS BAHBRL £pl el chd Masklirad TS’ i nsastyingn sulstysse clPS by
portions oktdhirg sﬂhﬁértatcterlyﬁimgubﬁrétboﬂﬂl& I?u%rs_nd.ennsi &aidrﬂihléd?;bbnbméﬂgise
conduct o2 PlochrbenaLR 57 gl Ao RE g, .or SRR ool
ani sot r opi tablgh e pathgrnt definepan ¢he mgmimhéésk?ayénajoa?gwsﬁdqe seconddhard
hori zont al f - th | LLy.of mandre a t, Xpose:
pgﬁltizons opﬁé&e%ggﬁsﬁoat e,S‘sIto h‘g{lggbbe Sy My sé'%%\%%? ﬁg? e?%"al'"‘ﬁ%‘ﬁ%i?f?ﬁ'ﬁ”s‘y
on verti cadepositeflalayersofsucheap insutatingylapérsnien dtasieasscand rpetializatied or metal
spacer mat ga%adog?%ﬁ\%woﬁglrt garllﬁiacﬁibﬁ.r ned photoresist |ayer. 16.

The net hod , i conprising renmoving the plurality of
mandrel s, t her e@P8SkaviGritain phthetechoiquegatisdisseshtiensin advaddgepmheenable

material payd fdrBR@En e JilkR Solbidd FaBern of spacers without the use of additional
layers to define the array features, such as a top carbon layer and an amorphous
silicon layer. Specifically, by forming low temperature oxide spacers directly on the
array photoresist layer 111 as disclosed herein, the photosensitive or photoresist
material itself can be used to define mandrels which are used in a subsequent pitch
multiplication technique. This advantageously eliminates the need to pattern
additional masking layers to define mandrels. Such techniques advantageously
allow process steps assoclated with such additional masking layers to be eliminated,
such as additional dry develop steﬁs and hard mask etch steps. Furthermore, such
techniques also advantageously allow the periphery photoresist layer 128 to be
defined using the same low temperature spacer material that is used to form the
spacers in the array region. Certain of the embodiments disclosed herein also
advantageously allow a hard mask material—as compared to a more vulnerable
photoresist material-—to be used to block and define features in the peripheral
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
illustrative only and is not limiting of the present invention. It should be appreciated
that thé specific configurations and operations disclosed can differ from those
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17. The method of C aim 16, wherein the spacers conprising the
patt er n of weyzae®ti3718nd patterned spacer material have aror@sivoné11525
about 50 nmor |ess. 18. The nethod of C aim 16, wherein the
spacer material is deposited to a thickness x over the mandrels, and
wherein the spacers conprising the pattern of spacers and patterned

spacer material have a width x. 19. The nethod of C aim 16,
further conprising transferring the pattern of spacers and patterned
spacer material into an anorphous carbon hard mask. 20. A

met hod of forming an integrated circuit, the method conprising:

form ng a pladpbliabode, gﬁa%s% fhePhefhdd Gedthibkd! 8 édh BB WBHAN contexts
region of the integrated circuit, wherein the mandrel.s conprise a
phot osensi ¢theethastibiaanated circuit faf¥jggtipn.i ng a spacer material using an
atom c | ayer deposition technique, wherein the spacer material covers
the plurality of mandrels and extends over a peripheral region of the
integrated circuit; formng a pattern of photosensitive
material on the spacer material in the peripheral region;
subsequent|ly ani sotropically etching the spacer materi al
preferentially fromhorizontal surfaces, thereby exposing the ,
mandrel s and transferring the -22- pattern in the photosensitive
material to the spacer material to form patterned spacer nateri al
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removi ng the exposed mandrel s and the photosensitive nmaterial after
ani sotropically etching the spacer material, thereby |eaving a
pattern of spacers and patterned spacer material on the hard nmask

| ayer; transferring the pattern of spacers and patterned
spacer material to the hard mask | ayer; and etching the
pattern of spacers and patterned spacer material fromthe hard mask

| ayer. 21. The nmethod of C aim 20, wherein the hard mask | ayer
conpri ses carbon. 22. The nmethod of Caim 20, further

conpri si ng: removi ng exposed photosensitive material fromthe

peri pheral region after anisotropically etching the spacer materi al .
23. The nethod of O aim 20, wherein the hard mask | ayer conprises
carbon and further conprising a second hard rmask | ayer on the hard
mask | ayer conprising carbon, the second hard nask | ayer conprising a
materi al o@t eglagel: from the group consisting of silicon, silicon
nitride and SsilTicon oxynitride. 24. The nethod of C ai m 20,
wherein the hatd neAkmelped for f@yicationed oemricandietarcsgdiget othe method

substr at € somuarising: 25. The nethod of O aim 20, wherein the spacer
material 'S epog'l ted at a tenperature | ess than about 100C.
26. The met hod of Gbatteming, af layeneof qhmporesishgnatesial dpi éarhi ya eplofalityy of
the plurality grf\otg%ns(ljsrt%e?n rglfsoorv%rg ar irr%ais%a&er};e spacer material .
using an atomic layer deposition technique to deposit an oxide
material onto the plurality of mandrels;
depositing another layer of photoresist material on the blanket
deposited oxide material;
patterning the other layer of photoresist material;
anisotropically etching the oxide material preferentially from exposed
horizontal surfaces, wherein anisotropically etching defines oxide spacers
and forms patterned oxide material under the patterned other layer of
photoresist material; and
etching the photoresist material selectively with respect to the oxide
material, thereby leaving the oxide spacers and the patterned material over
the hard mask layer; and
transferring the pattern of spacers and the patterned oxide material to
the hard mask layer.
2. The method of Claim 1, wherein the oxide material is deposited using
a precursor selected from the group consisting of SizCés, H.O and CsHsN.
3. The method of Claim 1, wherein:
the plurality of mandrels are formed in a device array region; and

the oxide material is also deposited over a device peripheral region.
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27. A nmethod of integrated circuit fabrication, the nethod

conpri si ng: using a lithographic technique to define a
plurality of elongate nmandrels over a hard nask | ayer, wherein the
mandrel s conprise a photoresist material; and form ng a pattern of
spacers around the mandrels, wherein: the pattern of spacers

has a pitch that i t han ey it ch t
p hat i sTidBhkf{od 'b?‘hC?auW & ”Nﬂbfe?ﬁoﬂ)é(t?é?hﬁ)gp'tlﬁ%%ﬂ%rflrggenq of

| it hographi c technique, -23- e pattern of spacers ['s

t he oxi depheipegsisil matehial pampeisaes dorneipgcvasking featpoas iretheudevige gperipheral
atom c Iayeg}rr:ao deposition technique at a tenperature | ess than about
100C, and en'spacers are defined by an etch sinultaneously with

transferring as5pat tEieg nsthol aofs€Rand1 phurther esinsirisirty &otopicallaaithing the
plurality of mandrels to form a plurality of modified mandrels before depositing the
oxide material.

6. The method of Claim 5, wherein isotropically etching the plurality of
mandrels comprises using an oxygen-containing plasma selected from the group

‘ consisting of a SO/O2/No/Ar plasma, a Cl/Oz/He plasma, and a HBr/Ox/N; plasma.

7. The method of Claim 5, wherein the modified mandrels have a width
between about 35 nm and about 70 nm.

8. The method of Claim 1, wherein patterning the layer of photoresist
comprises using nano-imprint lithography.

9. The method of Claim 1, wherein anisotropically etching the oxide
material comprises using a HBr/Cfz-containing plasma.

10. The method of Claim 1, wherein the oxide material is deposited at a
temperature less than about 100°C.

11.  The method of Claim 1, wherein the oxide material is deposited at a
temperature less than about 80°C.

12. The method of Claim 1, wherein the layer of photoresist material is
patterned over a silicon oxynitride layer that is positioned over a carbon layer.

13.  The method of Claim 1, wherein the plurality of mandrels have a height
between about 50 nm and about 300 nm.

14. The method of Claim 1, wherein the layer of photoresist material
comprises a material selected from the group consisting of argon fluoride
photoresist and krypton fluoride photoresist.

15. A method of forming a memory device, the method comprising:

forming a plurality of mandrels over a hardmask layer, the hardmask
layer over a substrate, the mandrels separated by exposed portions of the
substrate;
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mat eri al underlying the second photoresist |ayer. 28. The
met hod of Cl aim 27, wherein the pattern of spacers is deposited at a

tenperature | ess than about 80C. 29. The nethod of C aim 27,
wherein the pattern of spacers is deposited at a tenperature |ess
t han about 30C. 30. The nethod of Caim 27, further conprising

transferring the padép%"sﬁm fa \%Eé‘@eﬁ'rrﬁaie'iﬂapo@é]etha%éin&F@Fskaﬁcf%@ér the exposed

31. The nethod of Caim3 erein transferring the pattern o
spacers into tpwtiogs dofiretb® pulysirate unsingr aportemice davex pdepesjtien ptéchmlcme

of a substrate @Eta%&ee{ n‘ﬁfc?{% | sd(hg[q oh?‘}’(ﬁfc 32. The

met hod of O ai ™M Srer ern o sSpacers’'conprises a
pattern of spacer |degesitihar ned apaﬂdmd[rtghez mphdioeésist layer or83theThgpacer
met hod of d ai mé?, wherein the hard mask | ayer conprises a nateri al
sel ected from®A cﬂﬁﬁ{consi sting of silicon, silicon nitride and

silicon oxynitride. anlsotroplcé-’rlﬁ etaﬁlﬁ?'ﬂﬁé Bﬁé’cé?fmﬁeﬁbmré’rﬁ (ayBRp&ed hdtizontal

hard mask | ayer conprises a dielectric antireflective coating
35. The net hodswfaoersaofnirwplmlévafnmn@reﬂfaraadn@ékthﬁa@moseénmm@@% ohrihe

ohorei b the. nab SotBl: ¥ers8baRHg spager mdferial AEmARHNE fn Nerfidfl seail of

wherein the har a sem corduct or b
37. The net hodthef pEIral“ltyn af7 matdrels mntheatiernddmapacdrayeteriad todenihg the
over a sem Cond%etr%d pHg{S(}résaiételaeenrd an anor phous carbon | ayer.

16. The method of Claim 15, further comprising removing the plurality of
mandrels, thereby leaving a pattern of spacers and patterned spacer material
positioned over the substrate.

17. The method of Claim 18, wherein the spacers comprising the pattern
of spacers and patterned spacer material have a width of about 50 nm or less.

18. The method of Claim 16, wherein the spacer material is deposited to a
thickness x over the mandrels, and wherein the spacers comprising the pattern of
spacers and patterned spacer material have a width x.

19. The method of Claim 16, further comprising transferring the pattern of
spacers and paiterned spacer material into an amorphous carbon hard mask.

20. A method of forming an integrated circuit, the method comprising:

forming a plurality of mandrels on a hard mask layer in an array region
of the integrated circuit, wherein the mandrels comprise a photosensitive |
material;

depositing a spacer material using an atomic layer deposition
technique, wherein the spacer material covers the plurality of mandrels and
extends over a peripheral region of the integrated circuit;

forming a pattern of photosensitive material on the spacer material in
the peripheral region;

subsequently anisotropically etching the spacer material preferentially

from horizontal surfaces, thereby exposing the mandrels and transferring the
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38. The nethod of C aim 27, wherein the mandrel s have a hei ght

bet ween about 50 nm and about 300 nm -24- 39. The net hod of
Claim 27, wherein the mandrel s have a hei ght between about 200 nm and
about 250 nm 40. The nmethod of daim 27, wherein the mandrel s

conprise a material selected fromthe group consisting of anorphous

carbon, argon dﬁétté?ﬁ'lrﬁﬁmeogﬁ’ét%@t%lﬁie m@féﬁa‘ﬁfd’me%afcbk'ﬁ{dt%l l%'%rﬁ{ B&ttethed

41. The nethod of Caim wherein the pattern of spacers has a
pi tch between sfigser Mederai and about 120 nm 42. The net hod of

daim27, wher e' L AR HeExdiRRadmBhaRls 8% WRE BroRRUhsifve Al:ER after

about 100 nm
anlsotroplcally etching the spacer material, thereby leaving a pattern of

spacers and patterned spacer material on the hard mask layer;

transferring the pattern of spacers and patterned spacer material to
the hard mask layer; and

etching the pattern of spacers and patterned spacer material from the
hard mask layer.

21. The method of Claim 20, wherein the hard mask layer comprises
carbon.

22. The method of Claim 20, further comprising:

removing exposed photosensitive material from the peripheral region
after anisotropically etching the spacer material.

23. The method of Claim 20, wherein the hard mask layer comprises
carbon and further comprising a second hard mask layer on the hard mask layer
comprising carbon, the second hard mask layer comprising a material selected from
the group consisting of silicon, silicon nitride and silicon oxynitride.

24. The method of Claim 20, wherein the hard mask layer is positioned
over a semiconductor substrate.

25. The method of Claim 20, wherein the spacer material is deposited at a
temperature less than about 100°C.

26. The method of Claim 20, further comprising isotropically etching the
plurality of mandrels before depositing the spacer material.

27. A method of integrated circuit fabrication, the method comprising:

using a lithographic technique to define a plurality of elongate

mandrels over a hard mask layer, wherein the mandrels comprise a

photoresist material; and

forming a pattern of spacers around the mandrels, wherein:
the pattern of spacers has a pitch that is smaller than a

minimum resolvable pitch of the lithographic technique,

23-




the pattern of spacers is formed from the oxide material,

the pattern of spacers is deposited using an atomic layer
deposition technique at a temperature less than about 100°C; and

the spacers are defined by an etch simultaneously with
transferring a pattern from a second photoresist layer to spacer
material underlying the second photoresist layer.

28. The method of Claim 27, wherein the pattern of spacers is deposited
at a temperature less than about 80°C.

29. The method of Claim 27, wherein the pattern of spacers is deposited
at a temperature less than about 30°C.

30. The method of Claim 27, further comprising transferring the pattern of
spacers into the hard mask layer.

31. The method of Claim 30, 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.

32. The method of Claim 27, wherein the pattern of spacers comprises a
pattern of spacer loops formed around the mandrels.

33. The method of Claim 27, wherein the hard mask layer comprises a
material selected from the group consisting of silicon, silicon nitride and silicon
oXynitride. _

34. The method of Claim 27, wherein the hard mask layer comprises a
dielectric antireflective coating.

35. The method of Claim 27, wherein the hard mask layer comprises an
organic antireflective coating.

36. The method of Claim 27, wherein the hard mask layer is formed over a
semiconductor subsfrate.

37. The method of Claim 27, wherein the hard mask layer is formed over a
semiconductor substrate and an amorphous carbon layer.

38. The method of Claim 27, wherein the mandrels have a height between
about 50 nm and about 300 nm.
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39. The method of Claim 27, wherein the mandrels have a height between
about 200 nm and about 250 nm.

40. The method of Claim 27, wherein the mandrels comprise a material
selected from the group consisting of amorphous carbon, argon fluoride photoresist,
and krypton fluoride photoresist.

41. The method of Claim 27, wherein the pattern of spacers has a pitch
between about 70 nm and about 120 nm.

42. The method of Claim 27, wherein the patterns has a pitch between

about 80 nm and about 100 nm.

5.




