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DI MENSI ONS PRI ORI TY CLAI M This application clainms the
benefit of the filing date of United States Patent

Application Serial No. 31/606,613, filed Novenber 29,

2006, for "METHODS TO REDUCE THE CRI TI CAL DI MENSI ON OF
SEM CONDUCTOR DEVI CES AND PARTI ALLY FABRI CATED
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of sém conductor devices and, nore specifically, to

met hods for reducing the critical dinmension (CD) of

sem conduct or devi ces and tQ rtially fabricated

sem conduct or devi ces hﬁ#@é{lﬁlg critical
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feature sizes places ever-greater demands on

t EBANCaieRIMERGI@NSf'orm t he features, such as
phot ol i t hography. These features are typically defined
by openings in, and spaced from each other by, a

material, such as an i ng@@EMICAL FEamluct or. The

di stance between identical points in nei ghboritng, )

f eat urlBwbpdimesis of fhe@resent ipvenHan ek genejaliydo s tplication of
For_..i . [ LS. [ 13Shd B%ical
COARhERE B L B A A Ak, G oo AT IR Wi

r éigithtion pIDEHf demianduttorediyales sral tbipertmlimfablictthe semhidomiuctor
of a feature and of the wi dth of the space separating

t fvices BaYing B HicAlehgRBESng feature. The width of

the feature is also referred to as the CD or m ni num
feature size ("F') of the line. The CDis typically

the small est geonetrical B&&KGROUBELLh as the width of

? (r)]r Imr;g ngficﬁoﬁnc%g&%c&lltl N ’? g%‘%%%%sigéﬁohéggz%g i’tlvetelgéeti of zsntegration, or
t 8GRNE| A RhtursH&Ihidsn RO B4 bddchRaReRYof (RemaNsual Ratures and by
w dt h" of t he space adjacent to the feature is typicall

etpdaging thetskpargiian distericetblev e aeighloringHeatyics ep a ggmiconductor
substrate. The continual reduction in feature sizes places ever-greater demands on
techniques used to form the features, such as photolithography. These features are
typically defined by openings in, and spaced from each other by, a material, such as an
insulator or conductor. The distance between identical points in neighboring features is
referred to in the industry as “pitch.” For instance, the pitch is typically measured as the
center-to-center distance between the features. As a result, pitch is about equal to the sum
of the width of a feature and of the width of the space separating that feature from a
neighboring feature. The width of the feature is also referred to as the CD or minimum
feature size (“I") of the line. The CD is typically the smallest geometrical feature, such as
the width of an interconnect line, contact, or trench, that is formed during IC

manufacturing using a given technology, such as photolithography. Because the width of



the feature is typically two tinmes the feature size
(2F). Conventional 248 nm photolithography enables a
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formed. However, with the pressure to reduce feature
sizes and pitch, pitch doubling techniques have been
developed United States Patemnt- No. 5,328, 810
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SBOTE RIS REAISURE tihak the EharctsiRNCies have equal
depths, An expendable |a %er is formed on the

seni crvertsnakifyorn abaokhonpeint@rbleya nimPwHEneidipef from 100

hn%\ll d}%@%ﬂ%‘”}@%{foﬁéﬁ: n%g‘g‘?‘?egé‘g I‘Ptg %te Lﬁé &)@@@,Cﬁ%a &B%and pitch,

gﬁtrch idalbingaxiangadhecdbed dgelopbdyetitddStaeonPaeid. §,328,810
ep05|ted over the mandrel strips and etched.to form

sigsge methor o€ Prehdarging PP NHESS OIS ghiog furply preced
\Aﬁe SAL 1ﬁ§ RAE&hn&lcldrRebstriiee TR Rdh&les ﬁewe' eﬂﬁal%%ﬁth@t &hedhendable
iTe the stringer strips remain on the sem conduct tor
slujaesﬁsr fateed Jmélesemncng@mtm'tsubmtdamd @Hﬂtwneciaﬁ)rmlmmskpst lmving a

C es . havin W of FI2 in
qu#ﬁg %eﬁn@&ﬁgﬁt&ﬁepr ?1P%IDPH@6HWW3|VW&3H8dUCBd width of F/2.

g&%a’f@ @iﬂeﬂﬂﬁﬂe Qﬁﬁ&ﬁ“laﬂeﬁs@@ﬁ%ﬁh!ﬂy £pb¥ed.oveMEB nfindrel strips and
e
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States Patent No. 6,239,008 discloses a nethod of
phe semigersBicion gubsﬂatsh Stvledhs Bitchiig thyabou-AisatigRpd patent is actually
Slﬁﬂe%ogh%ﬂ%tr ?1 L}Jll%i’\ id R¥Eed td ethgl rﬁﬁﬁ?}! [/ Rgh Q(H%Img or “pitch
pROYOf EST St " struct ure an one adj ol ni ng spa
drﬁﬁ]ﬁ@ﬁéh’a@ﬁ,”xin ofine vahdd, omeRipitatent utpitthes areﬁaﬁlrfaﬂnﬁdvolves

'/ 2 x. The spaces between structures are.incr
tr@dw&fhe PHeh @k%a*séamb oijel? Epreptiona @ﬂgeﬁf f&‘ﬁsﬁefem
mat er i glitdd@Waks Blié %c bedo Hog msaese%taw&ﬁw @ﬁ)lﬂcﬂ dbfMing. A
sem conductor material layer. The photoresi st
sphotatsistéspatesed eno g @ntiueamkxeatméyeyer i $hddipusbiped! one
over the sem conquctor. materi al. r, structures. .Th
DT Ry R BY B AU VB SRS Mot HastSresi Sructures

sideyahlks tdf: & NBeSERes BALES QFuckBELe b ﬁicréa@ééﬁb % x. The exposed
structures. A second bl anket |ayer is deposited over

t pratiswmif dongodecsdugien apicas! ey afe aihed dorgtegstruchyses in the
s e?tﬁ%c{rgi}lgap rg}ate{‘l% iasy%?c%ﬁe pﬁ%ll&@t%trﬁc g‘%%l re fﬁ’t%(/f&) fA blalnléet layer is

paces econ

addpatield dkr S Bérhi@bndultor @fatdrﬁﬁia&muaﬁlrest hée BBthEdStIi@ler is etched to
fromwhich the sem conductor material |ayer structures

afosmsnesrs oprae siden dlsrd e S@fm%@éwpiamatleaﬁﬂéwe BHUFEYIGY- ed Second
anée@ RO ﬂ.?ﬁdaﬂe& D BRUGARAG A mALEHFIRF BRI, the spacers,

anar acers are renove
and the spaces, fornning a second set of structures in the spaces. The second blanket layer

is a material similar to, or the same as, the material from which the semiconductor
material layer structures are made. The semiconductor material layer structures, the
spacers, and the second set of structures are planarized. The spacers are removed. The
semiconductor material layer structures and the second set of structures and the spaces

therebetween have a dimension of % x.



sem conductor material |ayer structures and the second
set of structures and the spaces therebetween have a

WQRH8HeT28h of 1A Xx. United States Patent No. 6, BGBUIAQ7/085371
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di scl oses a nethod of pitch tripling. A photoresist

| ayer is patterned on a substrate. A layer is forned
over the pattern. The first layer is etched to expose
t he substrate.

f
pat t erAMteARIaEs @ﬁr&c\?‘h?f’e@ﬁ §¥;§ gisglﬁ%eg r“tr‘rﬁe ‘g{@étcg ﬁg}lmg A
Sﬂg%réﬁgt%ye?ﬁ%aﬁ%te@ bREdulsBieS A lb}Serﬁ@M@(ﬂeve?\tﬁé}iaﬁgm The first

l'ayer 1s f'ornmed over the first and second | ayers and
t}lagersmbshwcawxpashehet fubsthtd. a&:@'rconél%@@h éeimed ogipbs pattave The
substrate.
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I'ma ernvvl t hat

bfé%} tHe@b@eh 1a3&3s EtUlﬁbdFIh eksusk tﬂwgstam@ynd anatitie lhyerd. oFtrasecond
snmal |l er features than 248 {)m photolith grap Y.

Howkthis lavesararanpned-o Fesiist andepwith Ryes pFierpnith g pitch that

I ughness (LER) conpared to 248 nm
piﬁ%ﬁjgr%gg[ﬁjs%&nat erials. In addition, 248 nm phot oresi st

mat er i @snmapbostitopgehy ishak & %3nmmmaleo{eatuessitbin 248 nm

mat erjals. Therefore, ne exi.sts in the art for
PGB G BEA93 NI T SR Hae e egp R edge

f Big) 248
o B M B R T PO T RE Tpeert catron ™™

c phatbresistsmavietis ezleatrnsgep rani 188 nay phptpedivimatgiabut  and

di stingtl clalm h is, regarded a

pres enﬁ‘?%(%%talngﬁ gi ﬁ%m o 8131? tgﬁ 6‘%9{: UERTS prf’ﬁevsén P ipyreduce the
cah be PRGR: WRRH Iaym&ﬁxepmmeﬁ& fromthe fol | ow ng

descri ption of tt%e I nvention when read in conjunction

with the accorrpany| ng drawi ngs in which: FIG 1
illustrates an e | ayer, an
g‘?iipf‘fbrh ayerlﬁ@s

anti-reflective I ayer resi st ormed over
a tar gWhﬂe&h(@£pe@1m'1c@thiﬂfohtlaﬂés)w;ﬂaﬁmmsqiaﬁd:uiaml_ly@:@[mmgd)ut and

circuit device, FIG 2 illuystr tes an enbodi ment of
t Histipetlyj alaiming Bt Wiickfseeeadggast Rt Py Ftign dhgiepRgdiments of
C@us E}Iv&ﬁo% dah Y %ﬁ&@ﬁ%& PRCEIRAd ﬂ%%mheq&mﬁwgw%gc@e@@sme

| ayer ormed over f eat ures of FI G
invention when read in conjunction with the accompanymg drawmgs in which:

FIG. 1 illustrates an embodiment of an intermediate 1ayer,. an anti-reflective layer,
and a resist layer formed over a target layer on a partially fabricated integrated circuit
device;

FIG. 2 illustrates an embodiment of the resist layer of FIG. 1 patterned with a
desired CD;

FIG. 3 illustrates an embodiment of a first spacer layer formed over the features of
FIG. 2;

FIG. 4 illustrates an embodiment of first spacers formed from the first spacer layer
of FIG. 3;

FIG. 5 illustrates an embodiment of the partially fabricated integrated circuit

device of FIG. 4 after the features of FIG. 2 have been removed;



FIG 4 illustrates an enbodi nent of first spacers
formed fromthe first spacer layer of FIG 3; FIG 5
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integrated circuit device of FIG 4 after the features
of FIG 2 have been renoved; FIG 6 illustrates an
enbodi nent of the partially falbiricated integrated

circui evi,.c f FlG, 5 afte art.ion f -
it or bl Wofsehsipor Ll nE Pt p BT PR e greui
baencs NBIEd afibd fortiohsidf kieshicah&Bata myendddha@niredbetiv@ayer have
partially fabricated integrated circuit device of FIG

6 badntemovpd first spacers and the anti-reflective

| ayer %%% %lﬁgrpatésea%\[rg;%ﬁinﬂn%f € lanlnﬁlg)'; fa%kgﬁe@ﬁtegtrzﬁ%d circuit

enbodi nent a second spacer layer forned over

paeticabdf 1. ahifibciat ekt bcegrad dd aiirelldctiveyerdevebedsl rGnoved;

7: FIG_9 illustrates an. errbogli nment _ of tge p?rtial I%/ .
fabri caled® ilpEgFsanemhotined T yarrpedsraperpiNgr tagmgd oxgr the partially
r vi.ng ; ' [ spacer layer to form
sg%%’%‘%gé@g%%ﬂse?%?‘gd%%%i ?F%‘Wat es an enbodi nent of

t he pafi@Gad llypstabrincatedinat efihatpedialy fabuictted e gragedEircuit

FIG. 9 ter remainin ortio of the internedi.ate
s AV Bl RS URIET 0! B SFi iRt BLCTa i second
enhodisqent of the features of FIG 2 after the

featurés have been trinmmed; FIG 12 illustrates an

enbodi FéGt 1 Giflustratdsragtendpdioemnt phhe patiol yrisdirioated infdgeated circuit

feature FI.G 11; .FIG .13 id.lustrates, an enpbodi nent .
LRV PF L, S e B e P bR A PR G fmovea:
FI G 131GH Glludithtdsl dnusibodingsit anthe iReded @I rIGo! afthehe features have

partially fabricated integrated circuit device of FIG
1deaf renmedie features of FIG 11 have been renpved;

Fl G 15?1&3! 1fﬁlqlgt?att&3an%ﬂ)é)?)?§9&;t H?Qhrs?%pa%%ﬁ@%&%ﬁhg@r etque features

fabricated integrate urt devic

P@fEFIGNS ;of the internmedi ate | ayer and the
anti-reflective | ayer have been_renoved; FI 16

i |1 ust FaPes’ dNSEREGH “ﬁg’ﬁ@”’é‘?m Pﬁérsbgﬁraﬁra?we& Ao g gy spacer
[ gircuit device of FIG 15 after the first
sgéﬁgpgﬁgg the anti-reflective layer have been o
r enov e FIGF] Glludtvatéd dnusthodinesnt afithe phodi réabricatd mtemagohdircuit

S pcﬁz%ecg olf f}y(? rl 3fa Ennt%g fe%[t]urgshoef lﬂ&r ]i i gzli\!e)i)een removed;

FIG. 15 illustrates an embodiment of the partially fabricated integrated circuit
device of F1G. 14 after portions of the intermediate layer and the anti-reflective layer have
been removed;

FIG. 16 illustrates an embodiment of the partially fabricated integrated circuit
device of FIG. 15 after the first spacers and the anti-reflective layer have been removed;

FIG. 17 illustrates an embodiment of a second spacer layer formed on the partially
fabricated integrated circuit device of F1G. 16;

FIG. 18 illustrates an embodiment of the partially fabricated integrated circuit
device F1G. 17 after removing portions of the second spacer layer to form second spacers;
and

FIG. 19 illustrates an embodiment of the partially fabricated integrated circuit
device of FIG. 18 after the remaining portions of the intermediate layer have been

removed.



fabricated integrated circuit device of FIG 16; FIG
18 illustrates an enbodi nent of the partially

WO 2W8/0¢32%d i ntegrated circuit device FIG 17 BET/EP2007/085371
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renovi ng portions of the second spacer layer to form
second spacers: and FIG 19 illustrates an enbodi nent
of the partially fabricated intsegrated circuit device
of FIG 18 after the remaining portions of the
i nternedi ate | ayer have been renbved. MODES FOR
CARRYI NG QUT Tl EAVENTE SNREMReSbIaNtisE o vERg IORES ent
invention generally relate to fabricating
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one enbodi nent,; a nethod of ucing the CD of a
saﬁﬁ@nﬁdﬁ@ﬁ@ﬁmaeV|ce feature includes fornmng a target
Iayer, the t er : - W ! .
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I aﬁ@grapﬁicrtsdhnﬁmag eThen@ﬁD ef itelpattentngydic deegmnors b&ftiuer sgte of the
spacers) are fornmed adj.acent to remainin '

or ons_ of .
tﬁ%‘W%’%‘F Eichy rne MR RGO e TSRSk Bt Bl tsstil regions
S{ aSdre) HPARFIE] %B]gcénf‘{o%ﬂﬁﬁir%&%rﬁ&%%Ttﬂé@‘ééét%er The target

gl s ar'e forned remal ni ng portions of
i m}er ivedpaked betayeen thegea@p@hemdememde&w hlyennertidategigions are

i 0 second spacer are
SR e P RTE EE e I Ep iR vy Kead Ry graterial vertica
g{x‘éns\(%cbh@ Hack@Pire ARt Setaithedtherni@iBatCRyeHf virfkel regmns
ures formed on the target |a is a function_of
a&%ﬁé“@

t rﬁmemrmdeam@ysr itiqaheegiong gt 18p P phide desggpyformed on the
EF% Ij%yfeé-rh e ol'xllo qgheaﬁ%kgé’asé bk ﬁle!f%set 58%2 fs%%ﬁ‘ﬁge second spacers.

CIrCUIt evi ces descri rein

f or m a Tge Aptieide apd paasdy fabowtddinteprmnd dctindeviges descnbed herein do
integrated circuits. The renaLgder of the%Proce

I .
i 90k EEIitieRECE loMdioparguiarinng g GFts ®The Rfmainder of
IAgftFto rgke{gg QXW iR Kk tgﬁ%h(gg%tetﬂ BREn AP kiR A fkald y&ct:@r}awggabﬁ@ the

circuit devices necessary to understa
enhakibdyend parahilly hbriprtedmndgratala@nuitdaviassenedessayitp enderstand

herein., The terial.layers descr herein may be
Gt D T DABPL BB i fvchibed Terdi d

The material layers described herein may be formed by a suitable deposition
technique including, but not limited to, spin coating, blanket coating, chemical vapor
deposition (“CVD”), atomic layer deposition (“ALD”), plasma enhanced ALD, or
physical vapor deposition (“PVD”). Depending on the material to be used, the deposition
technique may be selected by a person of ordinary skill in the art.

Reference will now be made to the drawings, where like numerals refer to like
parts throughout. The drawings are not necessarily drawn to scale.

In one embodiment of the invention, features with a reduced CID and, as a result, a
reduced pitch, may be formed on the target layer. The CD of the features may be a factor

of three less than the CD of an initial pattern formed on an overlying layer, such as the



techni que including, but not [imted to, spin coating,
bl anket coating, chem cal vapor deposition ("CvD"),

WQRWH0e2kyer deposition ("ALD'), plasm enhanR@HUR0p5 /085371
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or physical vapor deposition ("PVD'). Depending on the
material to be used, the deposition technique may be
sel ected by a person of ordinay skill in the art.

Ref Rt /YY# ér{lbmeﬁ%f RG8e bAcH Q@ugfoﬁ%éﬂﬁﬁi is Wﬁﬁfr@teéi irke
nunerals refer to like parts throughout. The draw ngs
aFH}fﬁldt-lmecessarl ly drawn to scale. In one enbodi nent
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ovethleyargq Yy €10, BhechD ad thereatersh s“tay Ibay%iucedemiatwe to the CD of a

nt .of a tri i.tch
" PROD Rl % e el ke 7ol B PP felore i e
pad ithloy tHeabitineaisetkol rodiRgl At Beltatief iyt | 1deN4OR: f@ﬁﬁemwm a
include a target |ayer 110 . The features having the

r otterisdi theD's paypaihle with spyicpadyckr derics Rbtipdiong Fgetnstance, the target
er r
1 0T BP0, TR Ml

r @8ies bulkayestraleddvinBlangwer bﬁ&nﬁ&rﬁiﬁxcﬁ%ﬂﬁtemi urasisédsherein, the term

reduced, the pitch of the features is also reduce .
ThBulk ap et dyFbides nof qpy S G byt st Refsperiraitor (S0P

t { th t
Sy SPALL 0 SO 5 SRS st o
a sezambnmrwhxcfd}mtdasm shd ather, sesuaimdasion oporleennicnal biotechnology
SI i co strate or other bul k.subs N ate hagl ng%]l.a rid
rﬁsé a%émﬁ@%tg&??%ﬂmmp&a R ESHEPeisH, UEinee, or

t%dﬁm%bg@mbst rate" includes not only SI I | con '
waf ers,” but also silicon-on-insulator ("SA")
s ubstr émteisned@t‘t ia(f@rﬂQan@dmfhW@ z(bogcﬁte)targgtblqur at@ésThe

I t & etda %‘ﬁ ay rel(;% Im':tio v aosnc c?aef B s}§ %@e 1‘?‘1 Ig;tnt?lé features on

er Sem con toe

0 rth@ﬂaﬁgeﬁlébm| 10gYrheetiéed théahitﬁﬁma&aﬁlla\yeﬁ 020 @1@}7 ﬂqmm] h a desired
germanium gallium arsenide, galliumnitride,

i ﬁpmahmﬁh@ sﬁmﬁﬁa@i mpske erhedeteranaligtalpaer IImRERE f@@ﬂ%ﬁ%cﬁi material
ath%f? §eﬂ:%n$é}{/ ORhat %Sty %%cpspalg}g fdﬁ&%gﬁ%ﬁ%iﬁ%ﬁ%@%%t%ﬁte&

unction as a sacrificra orm
f edtuic és/iani 0Oh e\stxae@bttrelhag/mlateﬂﬂns “Sehetivelly (etchaiﬁs” whert the material

internediate |la 120 . ma epend on._a hei ght.
xR SR 116 At RO ot B Pt oA, e e gietial cxposed
gy t}*%esaxfng {Eﬁ(&héﬂhﬁﬁ%{ ardeRl e hé - 2 fhetial s 88 Eﬁﬁtrété( 8f ¥ least about 10

etchabl e relative to spacers forned on the partially

f atonds@atatat thantthy roamsuhmmai@meﬂ e M)@ameﬁ@cluslmlsﬁy For the

Rgf[ﬂgeli, (ir)]faqxamgﬁ: onliy, ﬁqe mterme g ?atyle:ly Fi(yma omled fr\c/)\'inq‘;etpanspr)]arent carbon
(TC), amorphous carbon (AC), or a spin-on material. The intermediate layer 120 may be
formed by conventional techniques, such as by CVD or by spin-coating.

An anti-reflective layer 130 may be formed above the intermediate layer 120.
Anti-reflective materials are known in the art and may include, but are not limited to,
inorganic materials, such as silicon dioxide or silicon oxynitride, which is a dielectric
antireflective coating (DARC), or organic materials, such as a silicon-containing, spin-on

hard mask. The anti-reflective laver 130 may be formed by conventional techniques.



exhibits an etch rate of at |east about 2 tines
greater than that of another material exposed to the
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etch rate of at |east about 10 times greater than that

of another material exposed to the sanme etch

chemi stry. For the sake of exafiple only, the

i nterngdj.a r C ; :
car borri (i) s Rdt e TYpEn | QATRR (QRNLGRRTRRE P, The ress
MR & i48lmayefoimédefiomdi 2B enl plyesredd navaridhesuloasedeep pitraviolet
conventi onal techni ques, such as by CYD or hy .

SEPRAY ¢ &4t PR@hoRFESitht +45 TR pleipieyist Magidals T@O"‘%EHV‘O%‘ in the art and,
f oy i haLie, ORE Dhdi@Rsist materials, such as a 193
SRR RENT 4SSN PIARERGLE. [ R MERois materialy sl s 193 um
i pledtoidest, iay bangednotorhi i resdt tager i40orgliicnalnmtleng sy be utilized
such as silicon dioxide or silicon oxynitride, which

o wanderilior Darriiginged T engos FRG riAeSpag 1aver 150. The
ogﬁﬁ@ﬂegﬁst%ﬁt%él%a%’be%éﬁ&i@§ b cSileh GO ROMighdd] HGh as by

spi n-on hard mask. The anti-reflective |ayer 130 ma '
bepifrepatig, byl metamned by epralentieuhmhquéthographisiteniniqgge rPhotoresists
140 formed on top of fhe anti.-refl ive | ayer. .

138 PR o PR et s il OB il b et fiine
pﬂ%&@ﬁi@@ arld paR&Binedhe pliiGBsigSnacrtig e ok disansb&d i@tdeaiMein. As
248 nm phot oresi st. 248 nm photoresist materials are
wilustritadinn I0n 2t hieatigr man B formed 87 ¢ eesishlagemnldf by developing and

descri bed . 21, al r e - ) i .St '
e T
t Gefanipl B\hepehBgh $45. | Biweksidtdfyer Adalintdydnat thetroinirmgn peiytable CD
be utilized to snooth sidewal | % o& t he resist |ayer .
1aghicyspicapingdbeeifsiidmatgming g Pheipibapraphy erhniges. Apffgnatively, the
p , ] . . .
Al B L Y HRBRA K A ARREOLLRER e e
C GYY, €T peintain, in ot oktiléyeo géGphy be usdhinicqubation with the first and

LSt B BT R G S5IT ESS I ce
deResk hiEnitdng, 15@3*3 HRIBhdA0ort Jiger REOHOK @S leld¥hicar defices.

are not discussed in detail herein. As illustrated in

FI G 2Thappaivneeftheryisbleyérddfegmainingradter deyesapinggnsiretching the

140 by devel opi ng .and .etchinNg..t;h ' I
R8T DA 55 T OB Bilkihr g gy hve
14hstdwayi 1 Pecrs ep arafleosibye Di¥aih pesiorkdisit mIibeals BStesd good LER, the

| ayer 140' may have the m ni mum printable CD
acidicwobinidhersisgaysid 49 apecalatbomiaizeliispgoy As such, when the first
phot ol i | j ' ' - if18Stedtical profil
e
t mhaHengait@inad hiey esistieyadddDrmay 1@De aMidthpatd2phaboat .hehere x is a

resi st |ayer 140 rmg be used i) combination with thg .

f idpgensigndhalde piigallp BY 6918 CPEP RO RO BTRRNIF Sl 4 P X 15 a

t bA¥E! 1eRftht 8&ist Riytr R0 Th
ng‘trngi%i&ririo?%% pth %t?jgfhio%gg?ﬁe?gﬁ%ﬁa?d ggra‘y acl;teher co%ogent S ©space
ofbewteen bdjacat potivhcethe st lppertlid0hwhizh is AenotesisinsitlG. 2 as B, may

| %}é\(]eer a \:!'vﬁgh ml: a rg%;{ gi Rg dgsfc%‘i fr:d ge?gxg,l ]ggiag%e%vqgere(}r%grirg\gerttngn width x.
As illustrated in FIG. 3, a first spacer layer 150 may be formed on top of the
anti-reflective layer 130 and on the sidewalls and top surface of the resist layer 140". The
first spacer laver 150 may be conformally deposited, such as by ALD. However, other
deposition technigues may be used as long as the first spacer layer 150 is substantially

conformally deposited at the desired thickness. The first spacer layer 150 may be formed



photoresi st material are shown in FIG 2. Sidewalls of
the resist layer 140' may have a substantially

WQ gogi0e73e8 profile. Since 248 nm phot oresi st naR€FPHI047/085371
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have a good LER, the sidewalls of the resist |ayer
140" may al so be relatively snooth. As such, when the
first spacers are fornmed on the sidemalls as

e T b e RO ATl PR st
Wet‘éﬁzhnl@feia@@e @f thaReklteNectiveI8Y@ 180 tBe ﬂltéfﬂrﬁ&l@&l 1@¥er | B@tantl $he target
printable by conventional litho raphlc t echni ques.

As
slavbr, 1 1>O iFor élefsakmﬁeemmglre ophe thsHotlobRech Byealbitymay be formed from an
SB%\@ e ua:sﬁ o&nj oxpo%t {)rear &tr{d%esurcgﬁ ! (Lﬁ%ﬁ{delﬁgjce I}erhotoresmt

acent portions o e T'es
1ﬂﬁterlall\ifiﬁeﬂ s 4 34gheN @h@‘dre@mt HeGidedals othe Pt hngmel 4@' may exhibit a
wi dt h of about_ Xx. i bed bel ow, B nma

oﬁufﬁalﬁn%bo\}éw LR ﬁhammfﬁswaqsg layey LR pay Reemp efhhﬁcﬂs {0 ge resist

a Y, f
an ?{ }rdg)fol lgjg{v?\\f/eg ﬁ%glté}ﬁg e@%ﬁn&%gay L ftiﬁ%g t(?lé]g&ﬁﬁ’t sz& lls o{) the resist
S lyvkans) béfotdt&pﬁs&&l@&e lhay epacddi@yer [TheThe ﬁ&‘tknsspaxf ére ﬁrst spacer

AL B eP Rba ééga{?bydﬁdfﬁfgﬁm?% uishiigy 5 {hog on the
a?ar% 'T'%faiafi d. g%pf ckdrdple SPAGEathRY 85 th%%%é@a}%"@?@ Qf@tté ﬁ:Ji\Jeya CD of

con osited at the desired thickness.
f bbatt x§p ﬁme‘.'rrstl S@y@r }aystol ﬁ@aya}b}@ dapesitedfat o thickngest @malab ahout x/3.

t hat C ubs ept  fabricat acts

and t hZ\s ?‘éméfé’fi él?:f %“‘ b I}O‘ﬁ?’&%‘gﬂﬁ%{qﬁsﬁ?ﬁf?\}@' 9 39 @W'é’y b8 remaved over
aRfpstehillegdd ¥8tal A¥RteslIOhe teligt 1hyt a0l atctantiayBéctid@ Qiyer 130,
and the target |ayer 110. For the sake of exanple only

h\énlfe ithrestirsisypaess ﬁaﬂeay.’é} m%mo% sehstamtally quﬁq:aé gurfaces of the resist
i de ugh _as a, si i

. qym& b?]()s 1(1}&? islilc éa t0§| slhﬂ(‘:féé)et ci,]f(ﬁ)l(é l%gPl IQ%esrqg»? aFnEi #ngﬁ%g? Hﬁ@g i-reflective
| Say@r 2ABmBYTHE BQIoesk SIHEY may h@ acboplietdddyahisbhepicali mthmg the first
| ayer 140" may exhibit a sufficiently Iom;LER qﬁ ?
f ispager laperclop; O&y@ﬁ firsyorst be %{b‘blplnéd iR syt i repyt fayer 140"
resi

B e P
beédyer &5 ehoskimplg, if the fritrspices paeerS0liajemed BOm aHibcon oxide, a

et o L TR (P e e 8 e o
f oRdEd %ﬂcé’ﬁ'@w{' 8Ly bayehedlkth 2 the (ERINRYAARhSHe (CF&Hﬂ]uoromethane

features on the target |layer 110 are to have a
ahj@hﬁF 3)x beqtherrv@nmnmgmai strhewtrfon wlastivd Beiching alsdicde pigict Ehe first
knes

FIS@ce OIF‘JPY g%vgqs ﬁst%;gn? ] %g; me 6fgmcplsqr%1!ﬂ| us&hbeﬁlc%wahgof the resist

I eARY @ﬂo OVRE fisuhstant bairhay thoe am@aq@bo@wqﬁae@sfsofrhb iest
resist |ayer 14 and the anti-reflective |ayer

30,
wWhphasTt }ﬁ@ fapy &nc@m@e‘w mpskyfer %@5@%@@%@1@%@i@kreﬂecﬂve layer 130

sub antj al | | surfaces of the resist |ayer
ﬁﬁw nk ue af\é&aayt%o%z%lsurface of the resist |ayer 140

and porA@ lﬂﬁﬁra&fd i PG e tieregftllget i| ¥& niaterselb3@vamtentosed relative to
ett&;ﬁggsnaggg Py Sgta?e% d%gglg}[r\gfla}lf Sa?tgrd etgegng rtllllesf?gstr s%gl:e%? li 'IS(}{ may remain
on the surface of the anti-reflective layer 130. The resist layer 140" may be removed from
between the first spacers 150', exposing underlying portions of the anti-reflective
layer 130. Voids created by removing the resist layer 140" may have a width about equal

10 x. The resist layer 140" may be selectively etched using a dry etch process with an



spacer |ayer 150, formng first spacers 150" adjoi ning
the sidewalls of the resist |layer 140'. The etchants

Worp88e723%®| ect ed dependi ng upon the material uBEHUPHO7/085371
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the first spacer |ayer 150. For exanple, if the first
spacer layer 150 is forned froma silicon oxide, a
fluorocarbon chemstry may be-8tilized to conduct the

etch.. | the sa tihe £ i S :
e Bl e B B HEPHE R g 128, B R SBlsowopic o
( Kkh)ain theivitticar goBlchdre {r@Hp3Jers ti0.0t her conventi ona

etchant for sel ectivel etchig% a silicon oxige.,The

first Ypdeavifusuipdi ﬁ-fmépcgs BYTHARS ofihgantisTledtive layer 130 and
vert: ' . b t ' I .
I R g B A S
erpflattivtedayet 330, Fheh 4s thete spaceihsbebsBh theaysiftimet | 4H, may e etched.
mask for supsequent etchin f the anti-reflective .

" AeracEndhaotig e mear A el drape b angd 6 the femadine

' ial[yéﬁsltz_r(}at'[@xg firfl spddrs 130" hefmeSdiSds A AR pr%@e@iing%eﬂging portions
sefectively renoved relative to the first spacers 150

. oBhateidrdivot telnyand PO’ aaflthy ineropdiaig lavehB2(.i Fhg angipesdleetive

150 rremai n on,.the su ce of the anti-reflective.
B et R SRt Tl LS50 B bR Bl A EFD Blnistry or
bﬁﬁ?;@@@tcﬁé@sépbf&ﬁﬁy. SIRREIR S $heldp@ refl@XPORlyBQ! 30NEE thed/inRgmediate
portions of the anti-reflective |ayer 130. Voids

c het B My haarsomplished by ceryegtionahigehniquey: Faagrammle wiere anti-
w_gt h. i St 40"

0 IR SO s Ueyh RUPEL Yy RN
anaxeebobasedstpl, asdms CHher dghowatetiohe (GH g 9ir ah atidyserch as
140'° may be highly anjsotropic to maipntain the . .

v BrdrpBaimipHf (TRDGNAY heuserr Gpongssbst-s Wiisp interkgsgiate lgyer 120 s

i i ek - . t

RSyl o, YRS ORIl 6, om0,
i hy@phediiatad hayde uiQD Othyr pesiblepbased chdihistriex pudelt O, and sulfur

partions of .the antireflective |ayer, 130, such, as .

P RbsiRaSeRt dhery Pty Felfb o B o feighpg the i
etghed 150N RaLELHR didh B Alinedigkiget ily@mla?}i@xfe shB&antially no
may then be transferred to the internmedi ate |ayer 120.

Thtedtionghe lepght of he 189'sparats lihct i on as a mask _
pr ot ect g, WOSEL Mo BRTELLRSRF 3Rt AL RTLGRIRr 130 may

| ayer e lntermedn a

apk kerﬁ&fea,a@;wnv%mb aermclidte Rpe 1Rbesbond ey thyat Bl 0. ajkerfirst

120 may be etched using a single etch chenmistry or may
bépaseisHAE adphg atigeflectize écﬁ«ieﬁb?q Ry bR sme e by copyeational etchants.

! #YE gxa?’n%g)% @%Ld%r%/&gaéélé ?_‘fd?rgrqci ﬁk Gt Eti\qtzfgyégggo%zg bei eet’ched by a

acconpl r's onventi onal techni qgues. r exanp
whet ercantthibeferdtiyte fluayescid 38ltersatheiyree firsopuerd 1 H0And the anti-

oxynitride, a plas etch_ jncluding a.fluorocarbo . .
c iehaclyy 1;’}‘}’“3@8%“%)%5'%@“6’?’@%&# ﬁ‘ﬁ‘c‘i}%‘ FREHE 9 Or—et‘)%, tﬂ%’fm““reﬂecm’e
a%g@pggy such as hydrobromc acid (HBr), nay be used,
anong ot hers. Wen internedi ate | ayer 120 is

As illustrated in FI1G. 8, a second spacer layer 160 may be formed on the

intermediate layer 120", The spacer layer 160 may be formed from the same material as
used in the first spacer layer 150. Thus, second spacer layer 160 may be formed using the
same process equipment utilized in forming the spacer layer 150. In this way, the amount
of equipment and the attendant maintenance may be reduced. In addition, by using the
same material, the costs of developing and depositing different materials are saved. The

second spacer layer 160 may be conformally deposited over the intermediate layer 120" at



formed fromtransparent carbon, a plasma etch

utilizing nitrogen (N ), oxygen (O), and hydrobromc
WQRRM0g/06Ra98 be used. Ot her possible plasma cheni BEF/IEH07/085371

i nclude O and sul fur dioxide (SO ). The etch of the

anti-reflective |ayer 130 may reduce the height of the

first spacers 150'. However, theé-etch of the

i nt.e ' . ant i n
TR, 0, TR ST P e
| kpacsit lagdrad0j gapFb&wedn néiplebdking portmpactths it&iedandlatdrd 20' may be

antj-reflective | a% 130" may be renoved, |eaving the

er
| AP AP AEEOYaY 820980 above target |ayer 110. The
first %@@ﬁ%ﬁég& S0F1RRO b RBn S the SRSl GayleRY 66 m]a? Be removed
may be renoved by conventional etchant's. For exanpl e,

5 t hefdninrsstordpaeers! 605 Bubaadtidlheoaroital itiestf Ve seayerspacer

130' be, et ched t etch with buffer. . .
D SRy BEEErg e RY o8 st e iR it Sl ygrigal portions of
13 seBft@l Hhder 8kt r&flhsﬁéme%l,If@%ﬁﬁ%&é%m@mp&%mrmm

y

by the etch chem stry used to etch the anti-reflective
| ayisotrdBottch Amyickbass artep sufacpofheintgmediaselgpnd 28 pddesecond

0 S P o 2 R ol 2R oo o

10 Meedeb@id PScdt$8Er 16D hbeb tentives paceivehayrel tetb@quekhassdiscussed
second spacer layer 160 may be forned using the sane

prebewssitetpipgshivTEmgYinRiPeEWNE AT e Arst sppcenl8ydaler | ayer
150. I n thi ] . ' t
at t endaic g i R bR EUBTDR mlle Johoveq by
ustlegivehestsang thislgdriralbtivet thehcessirl spheade @l el thg tapd layer 110.
depositing different materials are saved. The second
s ﬂpé@éwew?d@ﬁe eBE Iy HRY Sz ‘W"H&’ﬁéﬁgi e B RhS bY
I nt.er, '%?}I 20" th eSS RgMal o

15 x/u%}shgg%léon cc):re?rcl:gllec ff;‘ﬁggé‘g%‘ﬁoﬁgu h? ﬁg mat g?h;é%lla%efl?ﬁegxﬁewaﬂs of the
sacamd sppacelcl myehavkéGubgapsllpetmweamproklc gAbesécngd spacers 1607

porti.ons of the jnternmedi ate | ayer 0' may be reduce

P R Beac el BB AL S0ng R S FRPLE RORELEy Ganiance of
POLLEGNS BG. 11D@1sS eaRREes RRGHIal AMaT x d08c FRKPRYECIIDVAL the

to form second spacers 160'. Substantially horizont al

porigirehspact Bihisbvers oowtbepramitiongpé theregstiener be)'r dhwsy sepond

by an i-sptropi.c etch,. while  su Y r1i.cal
B B AP RO AR o
f QfigkNgydrNe0.s aboNEqeNapasis hePbe achie cdbiis@bt ORiadjaetitBecond
may expose a top surface of the internediate |ayer
12pacersTHY Sldx BHE I8 4e0nd snaers Ivlyasiasperarigingsk. B tpaget layer 110
t . . .

BBty R sk el ychaseont sl ppers senenals
camwentd'ofatget mghnilues, begstteiingd big s@d-eatioabtenhntifpies, which are not

respect to repoving portions of the first spacer |ayer
25 1glgscribed n detail herein.

20

To further reduce the CD of the features formed on the target layer, additional
spacer etch processes may be used. For instance, a third (or additional) spacers may be
formed over the second spacers 160" after removing the intermediate Jayer 120", The
additional spacers may have a thickness about equal to the CD of the features to be formed

30  on thetarget layer 110. The additional spacers may be deposited at a thickness that
corresponds to a fraction of x.
The target layer 110 may be utilized in semiconductor devices, such as dynamic

random access memories (DRAMs), static random access memories (SRAMs),



As illustrated in FIG 10, the internediate |ayer 120
may be renoved by selectively etching this |ayer

WO 2108067288 t 0 t he second spacers 160" and the tREHES2007/085371
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| ayer 110. The internediate | ayer 120" may be etched
by conventional techniques, such as by utilizing the
sane etch chenmistry used to et&h-the internedi ate
| S r{NDhGa RSP S5, B8 optUR%

> NAND.and : \ .
BB PRSI NRLSRIOT ARG, 1 Topos,such s
s patheffedd-HBA' tromystdra viet Bs) windtfhat-pinch Bioplhysx /Fdr axdnpiathdb@arget

separated fromope anot her, by a di stance of abqui x/3.
Frager b mpshe ¢ FRGE ETRTES ¢ h%_gffkﬁdtfj%{he%Wﬁ%ogﬁlaﬁ% trench
F e3ladibn (@VE brddles RBLLAD&IR O ININD FRAC &R DY

Y@?ﬁger 110 may
nei ghboring portions of the resist [ayer 140'. "Thus,
seohd aspabehse dB0t ldyay isndr albiquiysdiven tdyer td belpettennelt tnto gates for

of the resist |ayer 140 be farned on target |ayer

1 FErsioud “egUAF BTG Ry ieala e et Rlresten
adianpntor 8GRAAo 5P BRRISdLR QondBivaISAd Qo ket SEPRENt active arcas.
spacers 160" as a sacrificial mask, the target |ayer

1 Ioaddaydyetopatinseadend, etetongriangst fayent Uewateriel may e @Dosited on target
about .0f . the of the resist |ayetr, 140" . Target

s R Do R P e SRl hnal ¢ echni ques.

whi ch ame ofigle Bescididady bocdetiatd whieb@knactsl@epbadia@epon the
reduce the CD of the features forned on the target )

| spsrialsaged 1 the diffesonh baprs ene Hiegrercesss BeedrinJorpenggnsly emoving the
Far..i.nst ; [ r jfd -

¢ Do, 06 ianug Bl B anBitlc Pl R RIS pEsBPie,

i ate@nmeidh deaidghyet. ARG anyhhe hadet piooesaingspadescsibadybove, may

have a thickness about equal to the CD of the features X
t 815PEFBr E‘é%[“%‘ﬁs 9@%?5%“@ To¢eayes 10t ?mﬁf@li’m*‘l"?o‘hg‘swn doping,

S 1 t i o t - - N
e L L P S

méyr the saitd dficxedpliemnkenfiaendadt dehidgwiag bs pslito mamew, smooth, or
dynamn ¢ rand@rgng ccess nories (DRAMs), static random
a

TRRIOYE Hhe e f‘%%ﬂ%‘%&%er‘- ferroelectric menories

(FE), NoNRiiging iNGRoFE-asdriPRMPEILSS, a TISGhYPRAGRSSOh&erial, in
such as with field-effect transistors (FETs), and

f kambivatel wih &0 aygoresprces Rghprosesseh@aydegeed todpen smalp features
ry+gu I I

£ OF Rt B Dy TG FAh et P PR thet & 8pn hbg R

i sohahiingllgathisvable withNANDR 48 Inasphodevdiae 24T amgebidliegtaphy may be

110 may al so be a conductive active | ayer, such as a .

paFSAsPiPrEsh thegpdst 1T e pareer v wiktip hydinaiss gfdhis technique. As

L Ha0ghad %esremgiﬂf@?on]iéﬁé OF (ki Al RP nﬁ? h@vé‘r%%g% CDs than the

| ayer,”such as al"um num tungsten, titanium

c Oipert the atbes pab¢ ormed irabe Cogad gkt V). | Bynesnctbia fiest indhgpcond

di fferent a(];t ive greqs.
spacers as sacrilicial masks, the spacer etch processes may be conducted to form features
having CDs one-third or one-fourth of the CDs of the portions of the resist layer 140°. As
such, the CDs of the features may be smaller than those achievable using a more advanced
photolithography technique, such as 193 nm photolithography.

The above-described embodiments may be utilized to produce a reduced CD, or

pitch, of the features on the target layer 110 relative to the CD of etched portions of the
resist layer 140" For example, when resist laver 140", as illustrated in FIG. 2, 1s formed

using a 248 nm photoresist, X may be about 120 nm and B may be about 120 nm, for a

total pitch of about 240 nm. After patterning the resist layer 140 and conducting the



In addition to, or instead of, etching target |ayer
110, material maybe deposited on target |ayer 110

WO 2Q0B106i32¢ n voi ds between the second spacers 1BOI/USAAT/085371
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of the above acts may be conbined with other acts

dependi ng upon the materials used in the different

Iayers and the processes used-1h-form ng and renovi ng

t he rlals / e. . G

trera e iat P B AT S e AL TG B . may be
aghout Ad herand ﬂb{e @@tbmcefﬁdzf\i/éw rneighb@ter@éeﬁ@d spaderd BEL rabaiko equal
above, may al so occur. ' es of additiona

pﬁlweeg Pﬁ’g fargdptabitchof dﬁ% Ba ahtilokearntheyidghoitbprast laver 1407
Lt r y

a0 Bt B LRSI T 0% pioA Bl P, features

ekannd & wadth yf frafntcﬁbaiafm})mam gboet Shamgnayeye fbenadsiadhd target

narrOM/ snoot h, or inprove the profile of an exposed

| lyer 1108y utilizing the above-described method, a 248

run phg g%ﬁﬁéﬁﬁgf thBBEGR blhe rbdht %@p! ARUhOLha F@CWH 953 acent

more spacer etch processes, may be used to Form smal .
f eaﬂiiuneef tbo rdstselaytari@@’t alhdaghe thidki@ss ditike dmszmd@@amifayers additional

have s a f actlon of . t.h conventi onal

agive I i Bl SRR dor BET S SAHC PaTon ot

PR fabNOSEABN T FRMCRE HEXTY of MiAlkesithidie féLst ssz a factor of 4.
| ayer 140 at a resolution within the limts of this

t éotamitpdenenief ¢ hnasingtlapich rteﬁle:ﬂpe mﬂthﬂdrﬁgcwdmu t@ H pgsent mvention

R O M

Byn s ddghddiiBert irdlsivean thespeans @findenatashs a@bcbd;mentatiustrated in
masks, the %pacer etch processes ne% be conducted t
§

f 51aS £ ldat Udillsrsrinm g codedina! Thryedin IJRS- 1 d8r it 6#@ in that the
Suc‘%&%?ﬁ}%f &%}?@Ep %e%ﬁ%femt REis RS ﬁ&ném Wee&é‘ﬁacenﬁ%mons of the

feanﬂésrmy
t Iﬂmla@reﬂ‘ll 48X, albl sddiish e thickoescadithadgebsited spacer layers differ.
phot ol t echni qu

ph h 1
Dot of Fioar BBt St f e PRuAT S BDE Ay cerpisd circuit

betitd o7 RdstRedhPUUCE eRAcd R HACBE EAhinRl pBitldb Of ok r&s‘i‘s@ aner 140°
features on the target layer 110 relative to the

eﬁwewezdwpbh of st B4 uinbthe epdcstg heyean adgent ppdmnewhﬂip Ir@lst

B e e T e e S L

n @Plead'ﬂj 1BpiBYcBis 3PRuUtp. 1120 tHMakd OF exambpli cilly, Phd IQEistQﬁyer 140 may be
about 240 nm After patterning the resist |aye

amditeoediveh g peHerpeddbe reéletlﬁy?srléﬁ ésases Wi@thef \ﬁbtmt A a@é the spacing
B R RAELR O PE IS0, s B s

ance
S 8RN U4(3 pag & Iurliad ciched/ omtistneiqu abvaai)wu:tth 40abiom 3:4/4, rwlach

total pitch of about 80 nm Howev { the w dth of
r dagreasey g spacmgPetTRgy e potkiont Al e FHishiaxer Lidgle At Sx/4.
from abeyt; 30 ufMdsn AP rstsplcd Myed MtPmad BEFHELSE over the resist
layer 140’ and the anti-reflective layer 130. The first spacer layer 150 may be conformally
deposited at a thickness of about x/4. As previously described, the thickness of the first
spacer layer 150 may correspond to the CD of the features to be formed on the target
layer 110. The first spacer layer 150 may be deposited by ALD.
FIG. 13 illustrates the removal of the first spacer layer 150 from substantially

horizontal surfaces of the resist layer 140’ and the anti-reflective layer 130, such as by an

anisotropic etch. The first spacer material 150 may remain on substantially vertical



having a width of fromabout 10 nmto about 50 nm may
be fornmed in the target |ayer 110. By adjusting the

WORWBMHOBES t he resist |ayer 140', the spaci ng bRETEEW07/085371
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adj acent portions of the resist layer 140r. and the
t hi ckness of the deposited spacer |ayers, additional
reducti ons in CD or pitch may I3e achi eved. Enbodi nents

t&ﬁl a%% 0'&1 ¥eer%%,%lst i 12?(? o 0%%191@%‘%? firsfs g?érg 9?0’ of{h g’t’ gﬂa?&'i 150" may

- haRB @bk Rk @fabautquﬁdﬂwﬂhb epa&ldg@a:tvrf@dladjabm pﬁﬂioh@df the resist
according to the present invention is illustrated in

Ars, 149 magbe sdpesddnebatt Py 4s iy Hrillhgiatssithgt shegigyst layer 140" may
(o £ iy Byt R v

pbe r%ﬁl%%c? g%a%gl Sth@f' t ?réetrs'l tl 5o _?E é&aeﬁﬂ.% :jrhg%tﬁ'i«e h?hlgjreaere spacing

l Eﬁhtﬁb@%djab&nt]iﬁsi&pﬁée&w BS(]‘ mapbt BBOLEE AoddiFb@nts illlibteesdsitbdt @drtions of

in er alia,, i g?tsoth Wldth@f‘th%f

r@ga~@ﬂe¢tafyé%yeih%f% FadingpmplistEyer 0 8 s ONEE hige the firs
%ﬁé;‘f‘@? @5@% l%] ROLEJHOMS }JQF’UOtﬂE] 8 the Shftefled @l 1274030 dnfl the

addi t 1 on, t hi cknesses of the deposited spacer

| 'ﬂz]mlmsdldleﬂ ﬂ)@:r 12(Fibenchth the Ifiusg spaatisd S8ubst anproebley dutieg this etch.

sama t|a br catedi egr.at ed CII‘CIt dev

BT PRt sy it e ORI Frur R AP gpay be
pn%%dv@@ siez@ﬁngtth@ ift@fcalatd 13y@N 20'4R thdauRic@oMatichlagér 110. The
about 3x74 and the spaci ng between adj acent portions

o tueditesist 1Fysiy A0 Wha ol 54 (dsnes gpcen diacen

be . d ed as k
LB o R TR Lo B e Sk of

exanpl ei@nhyilustaes tesitgtedcay epackARyerap0 beayat fbendbsh portions of
such that portions of the resist_layer 140° have a
wihgtinermedigiolayend 28n dl herrecadapiieg 1y et b@éﬁasa‘aﬁ cedpally deposited,

ngc%agggAqTD Egt}ﬁa&e%toflag&ﬁ 440" is about x. The

por e resist layer 140' nay be further
et chedFI. 18rilmmatts that héwangallyi ldthowhl mivdarts o8 diedecantdi sphcer

 BSFE Lo aghe rpaoved 6RBBOR TeRpaut a0l 15 eyl 120" and
E@IIHOBJ] thé fa? et %@@Fﬁr() B etmdnfh %y&o@@ of&%@é’&n@\éﬁa’cei Rer 160

Si st ayer and the anti - refI ective |ayer :
Thmyﬁammsthesp@mé Bpacalgséléoi Siheraiprrixsliao el or QN ingy be fem@V@d as

osi t ckness of a t cl4. As eyl ous
adlereEl Ando: EhERRERsmrert 1B prf e A & aHy e may be
MR afdddd ﬁ&ﬁ@ﬂﬁc&ﬁ’ séddad Gacek 16ayfabiEiRD hbol Q/éf OrtH¥egacing
on'the tar | ayer 110. The firfst spacer |ayer

150
nhmen the p@ré gedopd Amgersﬁﬁ@ mayaenaple featpigs Bavipgane-fourth the CD
é%ses?;qytﬁrh leéh()f J fo c%{ th]@ g(l:t l%%p d o@%m the SF?;‘}‘S spacers 160

ori ZOﬂ SUI'

1%921 ki tﬂiéﬁtﬁr@ﬂlayerrleﬁInmibe\qﬁttblay@rfoﬂnﬁiﬁg f&tuﬂfs h‘midgythaﬁesired
ani sotropl c etch. The first spacer material 150 may
r @pedriple FedyciEY AMItER | y vertical surfaces of the resist

ngggr gﬁ% 6h1fs QLA Der thi [elirfRecAl&ioh>Fhen hECesddt la3kr 1407 as
illustrated in FIG. 11 has a width of about 90 nm (3x/4=90 nm} and a width B of about
150 nm (5x/4=150 nm), such as formed with a 248 nm photoresist, the resulting width of
the second spacers 160’ may be about 30 nm and the distance between adjacent second
spacers 160’ may also be equal about 30 nm. Thus, using embodiments of the quadruple

reduction, features having a CD about one-fourth of the CD of the resist layer 140" may be

formed.



have a thickness equal to about x/4 and the spacing
bet ween adj acent portions of the resist |ayer 140" nay

WH008/86fi3¢%d to about 3x/4. FIG 14 ill ustrat esP€HEB200HE8S371
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resist |ayer 140' nmay be renoved, l|eaving the first

spacers 150" on top of anti-reflective |layer 130. The
spaci ng between adjacent firstl4pacers 350 nay be

about [ f .
anti - r ahS g BielR o MR R A m B APR orgdyge features in
maydrgeti v e@jhaxsmgmgcr)rvéaoﬁﬁ arstthisg acarestolfi theddD af teskidth of the

As such, the ortl s of the a Iectlv Iaye
Lsor kair 16 Rhihn ati%@f"»@awa%m%ﬂ Bl RO PRANRY bformed in

S ARASR f;!:g& 1102 be mofﬁc%%% Bit D rhdGndi RIS 484 @Ha; ﬁnF &ch of the
1 ustrates t at the first spacers 150' and
afidatereeforeed nsneg trayelimdde of teynvsetions rﬁnr@dampleawqwghét theckness of

s s e s Pt A9 B 3t Bty Shosecca et b SED the s
aboie &ditre@Rimb e Gk %atrgfn g@ep etmgjﬂbagﬂeaﬁapkoﬂmeﬁons

of the Iinternedi ate | aye may be about 3x/4. FIG
17 i || udthraghedistingntiph a%@@@ﬂascgbqt@ﬁh refgrencelig Garigylabe

for . on, portions of t iate.

s gg@ﬁgn%eﬁgc&e nixvaeyé?n P Iﬁ%nte%teo thes s td scnbiﬁ?gmé%ci“ %gnt gat%er the
S WelenAsn RYinfMed onBtbyath B}b}fe}ﬁﬂ&}iﬁalﬁﬁ @BQHEnCXL/ldfk Wlﬁhﬁheﬂr&cope all
illustrates that substantially horizontal portlons of

t lsavizelenidctberise RiocesasrefeViGn. Ry YHENS Bifbisaate assepingly the
t f ernmedi ate | ayer 120' and
pgﬁ?%%gé%gplﬁﬁgﬁlgigi Q?Q%Er 110. The renai ni ng
portions of the second spacer |layer 160 may formthe
second spacers 160'. The internediate |ayer 120" may
be renoved, as illustrated in FIG 19. The second
spacers 160' may have a width of about x/4 and may be
separated from adj acent second spacers 160" by a

di stance of about x/4. The spaci ng between the

adj acent second spacers 160' nmay enabl e features
havi ng one-fourth the CD of the resist layer 140" to
be formed on the target layer 110. Using the second
spacers 160" as a mask, the target |layer 110 nmay be
patterned, form ng features having the desired
guadrupl e reduction in pitch. Using this enbodi nent of
t he quadrupl e reduction, when the resist |ayer 140" as
illustrated in FIG 11 has a wdth of about 90 ran
(3x/4=90 nm and a wdth B of about 150 nm (5x/4=l 50
nm, such as fornmed with a 248 nm photoresist, the
resulting width of the second spacers 160" may be
about 30 nm and the di stance between adjacent second
spacers 160" may al so be equal about 30 nm Thus,
usi ng enbodi nents of the quadruple



reduction, features having a CD about one-fourth of
the CD of the resist |layer 140' nmay be forned. Thus.

WR ISP Nt s of the present invention maybe utPET/HEWOT/EBS371
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produce features in a target |ayer 110 having a CD
about one-third or one-fourth the CD of the width of
the resist layer 140'. As such]5features having a CD

| ess than about 50 nm nay bQSﬂRﬁﬁsd in the target

| ayer 110. There is no lower Timt on the final CD,
and the final pitch, of the features fornmed using
enbodi nents of the invention. For exanple, since the

t hi ckn&¥t srclaimed §s v st and second spacer |ayers 150,
160 may be precisely controlled by ALD, the CDs of the
features formed in the target |ayer 110 may be

preci saly cantetiol et fordlingieaigtes bhiagargenlert.icomphiamgbeen
descr.i bed. wwth reference to qarticular enbodi nent s,

t AETipg AhicgRediatedaer PR Aidres 196t hese descri bed

erhah fgs BR4 R8Tt lah@QodRUBMbl OtheliStelnhdiketygnl y by
the ap ende& clains, Wwhich include within their scope
alformenuii (st ertof spectio @8 sidewellesigwstiond @b theaesist &nr:

systens that operate according.to the pri.nciples.o )
© KRR o SL e du e P s Rl kB PRUCd P BERS st of spacers
1 exposimtgasbRiof fRrifleRgedifatayegs on a target |ayer,
conprising: form ng an internmediate | ayer on a target

| dgrerng f sroRich Bet op aniceg onithe RETHES|of thel inlpapediyge yed
a?gﬁllgviﬁgﬁ)elp%};tg)%ggﬂh%thﬁFm ¢la 8{ Eﬁ}dng afi rst set Of_
spacers®on‘sidewal I's "of portions’of the resist |ayer;
eXpashy Gapoestih @xsosed péiend afithetardealpger. except for

portions nmasked by the first set of spacers; exposing
portions of the internediate |ayer; formng a second

set of ,spacefg n?é?l%c;m RARt Whered ol 'f@gtﬁregﬁpéngfed portions of

| ayer; renoving the portions of the |§terned|at

| alyetutgetlagerfoormpring fheainp tlesteitnree hposgd cporal lomssioh stolaber than
ta]réf{get. | ayer. .2. fége met hod 8{9 cl.aim, wherein formng

f di itice! {imeRsigheldle BRTHHGNR M eYHEYEar get | ayer

conprises formng the features having a critica

di rensi on smaller than the critical dinension of the

openi ngs i n Theengthad eficldimyle whegin fiivaingephoasomn aoksibtiayer
LSRR BT e BT L i Rl ARl Lok B fprocueing porions
digMeRstan 19fer Kavafda pivdugini@sippbf kons of the resi st

| ayer having a critical dinension of Xx.
4. The method of claim 3, wherein forming features in exposed portions of

the target laver comprises forming features having a critical dimension equal to about x/3.

5. The method of claim 1, wherein forming openings in a resist layer
comprises forming the openings having a critical dimension of 5x/4 and producing

portions of the resist layer having a critical dimension of 3x/4.

6. The method of claim 1, wherein forming features in exposed portions of

the target layer comprises forming features having a critical dimension equal to about x/4.



4. The nmethod of claim3, wherein formng features in
exposed portions of the target |ayer conprises formng

WO aWBH6R3S havi ng a critical dinmension equal toPGHEBR07/085371
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x/3. 5 . The nethod of claim11l, wherein formng
openings in a resist |layer conprises formng the
openi ngs having a critical disesmsion of 5x/4 and

produci,ng portions .of. 1he. resist layer Vi a .
et cdr ool Hener ey sl R eMEE Al Raroprs comries
Wﬁéif(ﬁi'tiﬁhﬁ faQp#den thafeial 411:88i ckits© XS fhap@rd dridiesl difnehidiéh of features
target [ayer conprises formng features having a

ctd g lanedpmibadareet logtal to about x/4.7. The nethod of
claim1l1l, wherein formng a first set of spacers

conprises depositing a spacer material at a thickness

about @gual The na&tiexidficah 1divineiesi formiaf: affeatser@spicershe forming a

formed on the target layer. 8 ._ The qethod of claiml

RSP Rt o6 FRACRRG CampTives dorarng e fupagiar spasiersip ha yogony! set of spacers
S?%RPQH&&ﬁoﬁQ&c§EﬁﬁSﬁﬁﬁﬁ wrises formng the first set

of spacers or the second set of spacers fromsilicon

oxide or silicon nitride. 9. The method of claim |,

wherein formn first . set of spacers ri ses .
cont o Nl |y 4B Sriiglait dpuBese hRane alFg gyl Spacers comprises
I eaRbhAlY RP6LiHANSsaberlifel 89V Stren@@iy. poktbns b theTBLA 0 er.

of claim’l, wherein exposing portions of the target
| ayer except for regions masked by the first set of

spacer §,.CO ise t ¢ching ,remainin ortions t he

Foar ot Payen s Etudh T ekt FERCRLPPOROL hBaR it Mecttaver
e%ﬁ&!{?ﬂﬂ)r WElesInyAsRE 1POht ifieN Set@ff spdiersicoin@riBadkdig leRMBlng portions
11. The nmethod of claim1, wherein exposing portions

obf theaesatt 14venberwerethp firss pehedpracers aag eching ypd¢rang portions of the

r%qg%&%gm%ﬁﬁijirst set of spacers. 12. The nethod of
clarmT, Tu Fher conprising formng an anti-reflective

| ayer between the resist |ayer and the at |east one
internedi ate layer. 13. The nethod of. claiml1, erein
form ndla filemaiad fo‘ﬂ%fﬁée&PETG%WP$1§%E0418¥1%ﬁfﬁEQaf least one
St j | idewal | s of
T R A R L e ™5 e et hod
of claim1, further conprising renoving remaining

portio of .the resjst. layer. hefore exposing the . X

Por t1 o of endiirydeiderurer S Rt meen grigrsfective layer
1 befibich R rc G QMBI BhdBe LERRY bAZinid@icliafcIhycset of

spacers before ‘exposing portions of the internediate

layer. 16. The method of claim 1. wherein formng a
second l%?t o[‘he%?&l?o%’(% c?a?nmr, WhERin forming a first set of spacers comprises

forming substantially vertical spacers on the sidewalls of remaining portions of the resist

layer.

14. The method of claim 1, further comprising removing remaining

portions of the resist layer before exposing the portions of the target layer.



form ng the second set of spacers fromthe sane
material as the first set of spacers. 17. The nethod

W R0080&728% 1, wherein forming features in exposkdl/US2007/085371
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portions of the target |ayer conprises formng the
features having a critical dinension about equal to a
t hi ckness of the first set of-gpacers. 18. The net hod

of cl ai g second. set of

corpr | 1551 AP D s ST S G ER e BB REShR setor
SkgiRWaIbKIAE cxpRBBL PLIRGnPOS the mmﬁ;atdxeydrnt er nedi at e

| ayer. 19. A'partially fabricated integrated circuit

device, conprising: a target |ayer; substantially

verti cgqy S¢ cftne eﬁlo%fof %ﬂutjn qt &/ﬁg‘gﬁy f%}n%n np %%ggond %%%tfes‘g%cﬁﬁdccmpnses

forrred n the ["ayer;

t &irgeig thay&ond tsd‘i%f smexe f®nheiismge ﬁanrﬁI s thé fisst tdnef spacers.
one- th| rd or onefourth of a mninmumw dth, the spacers
separated from nei ghboring spacers by a d| stance equal

to thew dt hyof, Hhg cge%ﬁréwh@re&% QB 1&fubds %B@%@ﬁ)%mons of

separ at ed from nei ghboring spacers by~vol ds an
S lﬂta:sm@ett hewdr leympasdsifoaling detitomss bivitheciitbdimedsiat about equal to

| ayer, i ni n spacers separated from
néﬁl@ﬁlﬁl’iﬁﬁ ﬁgt{‘%g%&%eﬁg Wit he substantially verti cal
sections of the internediate | ayer.
18.  The method of claim 1, wherein forming a second set of spacers comprises
forming substantially vertical spacers on sidewalls of remaining portions of the

intermediate layer.

19. A partially fabricated integrated circuit device, comprising:

a target layer;

substantially vertical sections of an intermediate layer located and formed on the target
layer; and

spacers formed on the target layer, the spacers having a width of either one-third or one-
fourth of @ minimum width, the spacers separated from neighboring spacers by a
distance equal to the width of the spacers, a portion of the spacers separated from
neighboring spacers by voids and the substantially vertical sections of the
intermediate layer, the remaining spacers separated from neighboring spacers by

the substantially vertical sections of the intermediate layer.



