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MASK MATERI AL CONVERSI ON Background of the Invention
Field of the Invention This invention relates
w@eomen287hy to integrated circuit fabricati on apd/URINE029984
particularly, to masking techni ques. Description of
the Related Art As a consequence of many factors,
i ncl udi ng demand for increased portability, conputing
power, nenory capacity and energy efficiency in nodern
el ectronics, integMASRMATERIAL SONVERSION nuousl y
bei ng reduced in size. To facilitate this size
reduction, the sizes of the constituent features, such
as el ectrical devi cePagkmoyndiobthe lygalion | j ne wi dt hs,
that formthe integrated circuits are also constantly
being decreased. The trend of decreasing feature size
I3 ntiod or exanple, in nenory circuits or devices
SUCh T8 iSRAM S1afed Qéiﬁfyn? @&ﬁ%graféﬁ RREdiE8b RN, m&% Rhiti€ularly, to
random access nenories ferroelectric (F
fedwiquet c. To take one exanple DRAM typlcally
conprises mllions of identical circuit elenents,
known as nenory cells. In its nost general form a
Degariptign ofdhg Rels, V-nﬂlly consi sts of two electrlcw
devi G&Sa c%n%qgérl%g 'fgc%rs,aﬂlqm ga@e(fr?aﬁﬁ ¥ eiklgreas (il ortability,
ef fect transi'stor. ac nenory ce i's an addressabl &
COHRIAINE PeWeh aheneen cataoite anrh endogit el‘(ﬁbnema/r i obdsirt kelegfronics, integrated
cﬁié%ﬁt@ aure%ogi!nguoﬁgg;I bgg%ygrgﬁcteh ?rps&eo Tao ﬁgl itate tﬂ{s %tﬁg ttjedq.lg?on the sizes of the
ransi sto
ceisetutntofﬁtetulfes omctlha@ ﬂ@hmab dc:\eceelaedtmtontenrsptdhne Bydths, that form the
S| size f t|t nt el ectrical devices
Hgﬁ%£? %WQ%% O%ES]FPl)H%hara%%gess them the sizes
of t fee rend roy ddfarvaismgsfezitmeomzpons &twdalg fMe&mpbaWMo@aﬁrcuits or
dlevrll%ers :sggshgg &4 ?HA? %l.}lénOéIP naclgslesytlhreem T1ES Wﬂsﬁpc rel}sﬁ’l r%a.ﬂ:c 53 ylemorles
(SRAME)e Eerrodleétric O )i metadrick,ethucTd ﬂuke o &@aibler DRAM eﬁncally comprises
aces. ey reater demands on techni gues used t or
RS B, e S BGH UrSy Gh Bt R RoG Rpr) ogrnos? geeal form, &
nemaTodl typicetlgh chmsighadit teo Rt giaileeiSes: 5 Gidfhgasapacitd uﬁd by Bccess field

ubstrat The, co t of pitch can
el i B R R el S R oy e si5m g it (ainary digi
ofledth. NahiB&n the erdteﬁ taneal thﬁiu‘@@&fé tRfsisteledmidirel byPsehdiig ¢hlarge on the

two n 0 tures. e features are typical

sigEes ﬁﬁeag%@@ é %FF%ée‘#cHBi? catidnt %fyeiﬂﬁfe%%g e oércenstlmen‘f
cleytibal aeliyesf dnki' tB@j c@iﬂu@hn@‘ﬂin@é’ that accédd Ghend ShBizdsNFuh@b®kory devices
or conductor, As a result, pitch.can be viewed as the

incORRPI3ng fhese feaitgs eAn by deergised- o Aditong Y. stpeasi;caragitiss canrhs increased

? BR&E ndePaEAdrl 08 1stiNB thefR@tody &vickom a nei ghbori ng
eature. Due to factors such as optics and Iight or

radi 0% eTIREA ETRAERNAD fHHBIR VEE PIASHOTEN geaiegieapds on techniques used
td REH MHBSreEALH RANURe, %hmoﬂihﬂ%l%}ﬁ' it EdhRghPWewhRd 5&&% features such

particul arphotol it hographic ni que cannot reliably
a§ eAnAytize Hngseen ayygeirate. e ﬁp@pmﬁpﬁq}qqgh beypsed to describe the size of these

fRRRL:0 lP'ltEﬁ@%ﬁﬂJ&' & S0 H&w&éﬁ% ligdRtilal B@lﬁi ko ﬁélg@oorlng features.
reduction "Pitch doubling” is one nethod propose

Tasee ppdiray are Hiepiesdly adsfingd: byespagds between adjacent features, which are typically

filled by a material, such as an insulator or conductor. As a result, pitch can be viewed as the
sum of the width of a feature and of the width of the space separating that feature from a
neighboring feature. Due to factors such as optics and light or radiation wavelength, however,

photolithography techniques each have a minimum pitch below which a particular
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phot ol i t hogr aphi ¢ techni ques beyond their m ni num

pitch Such a nethod is illustrated in Figures 1A-1F
wa@naedesses i bed in U.S. Patent No 5, 328,810, i SBCUPUS1005/029984

Lomwey et al Wth reference to Figure IA

BB GB s b S B RSB s o

plﬁlftolﬂ]ibg@)pbﬁ netahilpe: daatient fedturagide @dsdtibst rat e 30 As shown

in Fi the pattern is then transferred
ot o SHD ppitear by anrent GERESd B ¢ HETH e e, Gapabiiies of
plﬁcﬁdslﬁhd’ggapbicateﬁiﬂﬁjuéheb@,on@ Fchdf[’&mdﬁ@hﬁs ,piték). St aphehed &Sillslﬁtrated in

| i nes be stri d t he rels 40 can .
Fieigt 1Dl B Jgtl D9 PR ees TRl seuiide Borapenat Wi
rof@brb ROFigig 1 ApHdtotiti®edPhy i8 Sirsh WD fofin Epgwhecﬂfﬁeﬁld Y ®hotoresist

50 of material_is subsequentl|ly deposited over

layerRYFRYIRe alyer29 of A Gendibleiiria! 19 agybtiaies’ls e*s SPO%H in Figure 1B,

tHBJaRérh & theX tr@RetrRE b9 an QidhGkdPAble¥erdvdy £¥ﬁ§)tr6f$1ts)9ﬁdth@ %y&f monnmg
sidewal | s of another material, are then fornmed on th

plepealdersormpadiclsndfl efhe phatopssisigines &9 %h@aﬁmwe%e@ﬁhwa%@s 40 can

bS RBE&icalRRAA tof ihQBAst AR HaRwe 'BEt@Jeerﬁh’ﬁﬁé}ﬁSﬁ% 1?1911@51@ 4@ Qs shown in
in a directional spacer etch, as shown gure

Freps WCordylayehep oferprderall & swbsegicatly Henosites ayoiciie n}aé%rvlﬁ .4@ as shown in
Fx%ﬁlly 124 9[%'&?5 %6‘ €eS Hﬁfcﬁﬁl%x@gdmm &%ﬂaﬂ? el eﬁ&lﬁln%sfroﬁpsldewallb of

et ch atternln under | ayers, as shown
anotherimgigrial, pre t}[qﬁlu@mi% e gideg efcthe ma@c&ﬁs #6 bmrquxentlally etching the
sﬂa@&lrﬁg&gl ﬁ‘orﬂfi!ﬂet lﬁﬁl{%orgﬁfshﬁécgg 70 B §(ﬁi@1tal"cfn%c%gl @Q@er RACK shown in
he sane now | ncl udes two features and
ng@cléis B@fﬂemeMInbynqnﬁ@ISSﬂ&a@e then ggmovad, 1aavmshﬁ=htnd opb/ethe spacers 60,
| .
DR ada e BERR BBt dpoma sioya g iew 1P
Thlts whtl’ﬁ ajmveamicle firaeedyl inchided svpitieen tdfming Qnsrfeattse and one space, the
t I [
sa%?e \Vﬁ{h rﬁmgél%a%%\t/\{é({]n e%tg%g ‘sz%f/‘t(ﬂr%e fg??@ dlS;Whe? dia@&%%é R0a result, the
sn‘udbetljbattrrg sive wossiblawvith ag:@nt@h@bgryphlqjm}mmue is effectlvely decreased.
[ L ahat ks v
g £yl }1 be %%)]%)tgaate% E‘nafg'lgv%n'(l:%fhg y&cgl %%r agl:l’]yﬁharl\%;eg {9 FheaeC ?.m%lF Iabove this
reldmtmh\mesntc}edmnmtlbﬁaﬁy peihnd:’d tmyastﬂl’ah “fladliog,” Bh enore generally, pitch

BRI R0 e Brogn S b Spta DR qEHEL D £0Gin ot scualy
involnésrednc g fiesiclo by thEt_d’actéze aihe b@&eﬁt@hﬂ&ﬁm&tﬁ)ﬂdgg iga@ined herein.

spacers 60,. the critic di neps
corr Shogis FHee b Sl Frhe St Pt ipgion. Jpr feanres
fdhﬁed ﬁsﬁ%ﬁ&fe&padmstdﬂ; fthe ¢rﬁ1chly¢im61&hdélytyﬂe¢l@ heepolidoid tAe width of the
thic ures I D. an ay
SPRATS, ﬁém&"g;f’%t %61’31" St Caly W??}E)n%e@e? ntaul%"ﬁuacﬂ’ffgg%gs 90 (see
FR0res QDFa@l& AENAE 6@ 1h@r 5he Thes itheRlydriotis Gpically TRASH @Na thickness 90
The allt and unjformty of the spacers 60 directly
CHFP mﬁ fef ﬁﬁeé}r?‘f‘ifmﬁ?l ‘{‘?H@‘Sﬁoﬂt egrated circuits

p art mé dméhﬁjz%u Reforith RE tRWhEdkfsaQlirdA 1y UFieBiOhs BeuliBPSHARS Sitegrated
Where the desired spacers 60 are relatively

Cwu&% P@Bﬁlﬁ’a?eé’&e‘% 8 R sURsEAGrY) w$ingohe sRECHE 28 Ranaskadkhere the desired

spRERR 60tk B1diNEy SRAE 85:8pRl toNAVeNRlrelsi 40 HRA%r REE Bhace separating the
observed that the resu tlngés pacers 60 and the etch

SHREEK 0Pl Ping Rasdien Wéseg\ﬁ bt hs gespling weaserspRfornd the etch mask

rediltid &httﬁé spé@afs%o REPhavd PbbQfmiFbrln¥isy. 'T‘ﬂlstﬂéf)ﬂ'hmféﬁﬂlt}p ﬁi"ﬁl% can cause
poo efi ned and non-uniformféatures to be formed m

:
PRk dgﬁlwgtapéﬂ@-um@n’a feaggeq tp be formedingby ubsieie. py & pWa e glectrical
pé}fonhmc@ QF @ﬁtsgtqated Eidbith SorkdRl @?qml fApdhe ﬁy;b 5¢ GaS1eARY tRCintegrated

degraded or Integrated circuits may be
MUWUSE%Wéimw&@kdlngly, there is a need for nethods of
form ng etch masks having highly uniform

-
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and wel | -defined patterns, especially mconjunction

Wi th spacers fornmed in pitch nultiplication. Sunmary
wo@Roobhes7d:ivent i on Accordi ng to one aspect of tPEI/US2005/029984

invention, a nethod is provided for fabricating an

ISBEJE {a:rcz Q%CIt{lel‘g s d n%eggcr)rlrrrgétﬁ cg r?% g%&{mgeg% Bgﬁﬁéh%@h@hly uniform
atday@l-dedineopatteras, emsﬂallyrmtoenjmdtloa with epeers fgsedvni pitah fooltiplication.

a pattern. The mask material is oxidized and the

pattern is subsequently transferred to the substrate.

According to another gspmet obtheliventicavention, a

. ded f f t ed
The’ Bl ™ i e S e rtiog o el oh Pebsh & fHgetne en
inpdgratal difcyit.oThemmstkod tongBised RoHBBKa bl&Mﬁz[te avexd ani cﬁ@rlﬁng mask layer.

ubstrate The. nmask I|nes C se a._pre sor rmt
TR PTRBSSIPas GPAL £ RO By Gt R THe sk mterie

1scﬂlitﬁiiﬁe6 a::ld e f)ﬂl@ﬁilbd %séqh&tprt@ﬁsﬁr;ﬁdﬂrto ﬂ‘Btsﬁt&lﬁhtet 0 L orma

chem Ca ouna occu a lar vol une than.the .

pr ecéF“socS‘i‘m n:{)é?‘?tléﬂf asIE 81‘E g? nlgv@é“"gr?o?%?ss as yB‘éOé’t‘ﬂ fh"t fgming an

inkdpyRaH difellit. PhePrREATEM Rﬁse@fn@Vidﬁﬁ@@ phi@dn EHigHsHG alurality of mask lines
i nt esg(: ated cjrcuit, rocess conpri ses providing a

R PRSky AN OVRRY IS RSy IRF RHglings SOBRTSE aPaccurppfompfgiag) The mask
HhRYRE FRIPIO S @Ssird RYiH WyS HemR11E Péotifihe Phrécbrsor material to form a
chem cally reacted to forman etch stop naterial. The
cheati¢ad pHNIOHNG PreuRYIGIR lprggraioluny taanraeRieiECr Jaietianst er r ed
to a!&céb?&lﬁ% by bfind: a4t oﬁ%%dénﬂgn L0 p¥Blss A9 BERRIed for forming an
aspect of the invention, a nmethod of sem conduct or

intgerdedscdionily The REPQSH COBRITISCTREOVifiE forptierapthnpskday eppstlyiae  gubstrate.

THe &H&Slﬁjﬁeﬂ:ﬁn fed §gﬂé&[r§ﬂr Yook EWLiOY B chéRiRally 1eacaldds F4:A1 £ etch stop
ot odefi na | ayer overlies the tenporary

mla@yelr Thapgitgmt ip the mask fagerriesibpaqueriie tionderend é¢ alhlaﬁlaréymalyeqr
and E@o@(ﬁfl r}%P aﬁog]qe} F eét%mr tlé)nax %{etﬂog o%? nm:cﬂlductor processing
pluralty ace ers in the ténporary l[ayer

isppranidet [Thy errethgﬂ oopauses prestiding al subsiratbe pésﬁetne@ramleyert dverlies the

s@;ls#a{t? lalll& le%t cR:If ﬁe@o%] de&e&%ﬁgg—?gentt%%?&%gr ?%'f erA fns1s formed in the

em)ved rom aces.
Plpit@cbﬁmbﬂajle}@ aad wansfeired to theteylpmemdm tqr @Irratalphealttb of leceholders in

P, ria C d :
SEREE ", APCE oD Tl 2 RPN R iy o
placeheldeis 0 n",l“hea spacerc esrials ispsebaciividyl rérmveﬂ cfrcnm hgrizoniad rmrfgces The

r.ocess caomprises formn r
pl%,%\fxﬁﬁf:rs naé% gctlve ?]movefl trfﬂ% \iectg ttlg% gpac agr aihhée %gaceﬁ material is
eytpaﬂ@et@aieesﬁep@xeat ed from one anot her by an open space

and the ce be n_nei.ghbori ng.mask

o OGRS PR e G P APyt Do Eforife a memory
dévivee NtThe I'proc&s nhipoisksi rping\va glechlifyobf Rk hﬁﬁdbl}cipﬁch multiplication.

cessm The nme C rises _formn | ural,

NieBIHEDR TR SEy BRI PR FRLET B eh AP oeifeany e open space
bétRb@Irieithbdrik Malglidcd & daRsked.i Nnes is expanded to a

ﬁgf 'e?x?gﬂrX“ Re Fogﬁetb %@@8}? %/sg%qtt Igﬁt%s %nlgf?erﬁlgg Bﬁgl ql,ildt% 8P1aa ec? }olg (saermiconductor
piloBassin.i Ohe Mbthdd QRnpRiedst femibiN el SRusdligOst thasl Mhdshyy pieh aiult@dcauon A

Description of the Pref er red Enbodinments and fromth

volppe R SWteHrLiRFHES theumptnling ds mpaptedttd 2 Jepifrsk Widihebsa Fepverting the
mARkallt® ad bthdrtmatdB1.
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i nvention, and wherein: Figures 1A-1F are schematic,

cross-sectional side views of mask lines, forned in
wa@ewenekinte with a prior art pitch nultiplicatPOnUS2005/029984

method; Figure 2 is a schematic, cross-sectional side

view of a partially fonned menmory device, in
accordance wth pr@@gﬁ%—%g’gmn I8 t he

I Nvemhd @Réntibh Gl Be Betted uAdeSstdvANMBIN the MetAiss Deaeibti@nal the Preferred

de view of the partially for dnem)r
Eﬁ&m@t%@ffwgﬂhr ar?pﬁmsrg it YHOR=H Y- 0 dFiippg! not o timit
inb@yies, andlw}l@s@or dance wth preferred enbodi nents of the
|nvent| on; 1Tqure 4 is. a scherratl CrQss- s€ct| onal

i cer R 1O L At FRPRTS P EIE FERONS B, Bk GRes. formed in

accbrghlc8 with @fpti6ia rﬁé}hﬂﬁﬁiuﬁﬂ)h@dﬁ@ﬁ asthbe@t ween phot or esi st
lines, in accordance with preferred enbodi nents of the

i nveRigRsY, is pisghmetic orags-geckiensb s View of ppedially fgrmeghgpmory device,
inSbSRdafitEN tbrefehEd aﬁrourn@én{smfﬁem%gudﬁenvr y device of

Figure 6 after etching throu a hard mask Iaty in

accoFiguisces fisehsmplice PEOFS-wall Yiehpktheparipfly formed memory device
of pgﬁﬂt b Ofer E‘blg’ L 1iRes £ @ ﬁﬁtbe&ﬁhéb% 1860SiH - 26&HARD a/lllth preferred

view of the partially formed nenory device of

erphogimpeats®f ffetiwfentiqnansferring a pattern fromthe

phot PER I55E 2 308 Qﬁ! Gro@s%rud YEISiL0 oPn srmgryafwnédaye%rmy device

in ac dance W t ref erre enbodi nent s of
ofi Euenqﬁ @ﬁer Fidgoing spaqes batweeth @hetpresist Giess & weltdm@ma\mth preferred

@o‘aﬁm\ﬁ{sg%g mJthe partially formed menory device of
ure ter eb05| ting a bl anket | ayer of a spacer .
mat eFigale,5 is p sehematia aresesepiianal pdecfier pitlic parbdli fnmpadgnegfory device
e .

oftfj?égsg\ég% { Ircgﬁl ﬂﬁn%g g%\%%eﬂ\}v&% ?ay?r?lgl a'pggc;rar !tial%c ith ?rgferrrrgcé embodiments of
theervertiondevi ce of Figure 7 after a spacer et ch, in

Iaﬁ\(jg%dan%els \é\ﬁscghgmgtqcefcr%gs s%gtlo%ﬁl s%% WB@P% Ear{i@@cfgrlmoeg gilemory device
ofsiigiae Giafiey MSfehmg papatiéra Ifﬂo;n th@phmdesnm mnd hardlewsicleyend to a temporary
la':i gig ec 8d atle 1th T fﬁrrgde odlme ts o% Cl ven rmvabl e material,

1P 4RSI GATCE Wt Sr et s of the

i nv thTgm@ 17;is Fchammetic]l Gross:‘.seencsxelrwteanevc Qf the pﬂﬁallyefoﬁme(dnﬁflmory device

L.d f th d f .
oS855 s R LTSRS s ot
ethiftyl@hichis dfﬂleamraridlance with preferred enbodi nents of

th t 11
cr 0sEREEA T BAFmEREooT o B Y ARt PaPHPeg memory device

of BEmE Yy afﬂ@\ﬁls{é@eﬁftchﬁr@dé(ﬁd&% afth ﬁffefehetﬂf&)ibd’dgndntbebf the invention;
phot or esi st and tenporar ccor,

. in nce
pr ef BEPEd 1B A P@S%ﬁfx’f%éayﬁl Y PIHC BY rﬂf WI&@I%?W device
ofSERARBRI fier WeMBScoar! wanal re‘frlo‘iiﬁ)lé/ |n%‘fér@f 1h h@c&dﬁﬁcb adritty preferred
formed nenory device of Fi gure 11 after enl argi ng the

ergbpdipgnts of e BY ed Wi dt h, | n accordance with
pr ef giuf,edo bQHé Ao} (ﬁos@-fsecttlhﬁal k1Y i8¥100the partially formed memory device

of Figure 9 after etching the photoresist and hard mask layers, in accordance with preferred

embodiments of the invention;
Figure 11 is a schematic, cross-sectional side view of the partially formed memory device
of Figure 10 after removing the photoresist and temporary layers, in accordance with preferred

embodiments of the invention;
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Figure 13 is a schematic, cross-sectional side view of
the partially fornmed nenory device of Figure 12 after
WO e@es28InF i ng t he spacer pattern to an under| yP@myUkzmn029984

mask | ayer, in accordance with preferred enbodi nents

of t ion: Fi 1S

Cr oS El%uﬂe :gn sécglgrg?tgécgg{sgsv&%?ﬂ?ﬁg Vi%%/?)? %tplmqfl‘a]fly formegd memory device
ofrﬁrgureylljeaﬁtcrc enlaginki theispacé:3 tafa écsmeds rvudﬂhngn B‘tfp@rc@wcmth preferred
eringoda %OWCEV% tnh preferred enbodi nents of the

AV ERTY on; % 15 is a schematic, cross-sectional

Si deFiginew3of a sdhemamr troalsbotiohad side d1ewmmre3padiew foemaf memory device

oFE Y Sy A B R R s, scin

wiith pefdried Bmbddigetteoftke ingendorlgchemat i ¢, cross-secti onal

side_view of the partially formed nengry deyvice o .
P guPPAGE 1 SapBRr g sesiae i ieR oLl SpaI Brp memory device
oP FRUR! IR dft@Meadiing Nhe spatert, Na dcovtemte onith fre@red edBodierals of the
scherratl C, cross-sectional side view of the partially
EHRRd menory device of Figure 16 after expanding

Spacefgtse 1i58s zﬂ&ﬂi&ﬁﬁi&n&&s%d‘tfﬂnﬂ o1 efeﬁvfb(ﬂ t}erpbﬂldnmmed @émory device
t he |nvent|on gure 18 js a schema

oL gwe | Sa8Es SnKI0 TSR ER B WH&C"HEP?? i prefegpdgpbodiments of the
ifveRny device of Figure 17 after etching through a

hard _mask |ayer, in accordance with preferred

enboHigHENE4s BICheRic ossmestignal sidp gﬁrv@f ity pptially formed memory device

oBEREERS hifer £, paRE! QBRI daft ARtV crhitdRinRalstolr 8lelidvention;
formed nenory device of Figure 18 after transferring

t he Eigaedr iphtchapsior gosstsectiona st sisw of thearitiqlly foaped memeyy device

oPEEHE 90RGE e)@a‘ﬁﬁﬁng 515%@&5 E@QC&HQQQ iR RleSerRh elnBSdiments of the invention;
i nvent| on; gure i's a schemati C, Cross- secti onal

si deFigie34sa @qh@mﬁ@r erpstsESfiopa sive dieRreiheypagiielly foamest memory device
oﬁclgbga 87 Graf d@lingdaRAS 1 hRg nﬁﬂ&hf& KitacdofdhGile \91fth FreRREE Efbodiments

ial, in accordance wt her preferred
offhbawntient s of the invention: Fi gure 2 1is a

sche f'eCI’Q il §ma?tﬁcérb§ r%’é_étloﬁél %%5 g{e%f 91‘[6 pta}%ﬁu? ?o%écﬁln%]r){ory device

formed nmenory ev ce u after arging t
obFigmkd8 afteyeansfering thespaec @afttdnm tkihe géditional meskingdayeean accordance

gﬁf&}e gﬁlbgc{n%glgg%fe[geﬁ%agﬁ nments of the invention; and

emat'l ¢, ¢ross-sectional side view of
t h e Ppantei2dlid g/scﬂlcmatedcrmrsmtybnd evle gewoll tliélpgmaﬁy Prieduitraery device
th n S
of %kggrw dg %%ter gepto?lﬁ%% %%Slankat ]fgl%r (%4 Oa ep%é@ dm&%r 1°in ?cc?rﬁlance with other
tefmteﬂbmbcrdam@ﬂﬂdtheadvdﬁa&cn ption of the Pr ef erred

that t PO gual i of .
e R N e R e R R
oﬁEigfmaeri!Bdftef ayledpigahe Blpalee tayerab ar deakedathidkioss, e advonignce with other

f.or m.spacers. Because spacers are
p’ie&ﬁﬁeégaf)?f{lfqg}lﬁr%fgheolﬂi’e%? ‘#ie vertically extending parts
of DbFralkeR it aydematif apacedtiondsEde vizly cﬁﬂerpaﬂlanpﬂjﬁdnﬁi(memory device

o5 SPRRE A 15, E9R AT byl DSl 4 v ot

pRAgrel Babdy&itca ihddhapaeent , of the spacers for med from

Detailed Description of the Preferred Embodiments

It has been found that the poor quality of some spacer patterns is due to difficulties
depositing conformal layers of spacer material and/or etching this material to form spacers.

Because spacers are typically formed out of the vertically extending parts of blanket layers of

-5
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the layers. It will be appreciated that the nore
conformal a layer is, the nore closely it replicates

wao b@ostsIpe of the surface on which it is deposPCEUS2005029984
critical dinmensions continue to decrease, however, the

spﬁ%eo ér}aéeinafe‘%veﬁ ﬁcﬂﬁglte{( ag‘lg@ i%g%%phy, tﬁ:g Pgnr}?rér%f)lta/r({%ﬁe\l\%aers will affect the

uﬂlfmﬁm@e gigf, ehet widpnctke heiglitsl EI&Bthﬂp]ﬁ}@lC@]] msehynt} dght hmcerb\‘]ormed from

redu e dt h f the
P D PR B Biciedoe® BRTPHCPES o1 HG BAF £ vt Feptates
thb@}tabebihﬁe a@ae@@swlaaldlt&mepmdeil yi ng Iayer are exposed

an etch whi ch preferenti hes awa
£ opabs S Ear Dt SO e SR teaho ks e F ol Bod ke spaces, o
o@!ﬂﬁlﬁs b&e/eﬁﬂﬁﬁﬂfl ; s co@’mbﬁlt% indfeas®. This \i%r?farﬂ}edLﬁ 10 fﬁlb d&sire @vgdek features
ritica i mensi.ons decrea the vertica
mgte 05 g1y dpesthst by gesuping el s OF £He) SRFSP DEHSE QPW"E‘% I Saaiton, n
cdﬁ@ﬁ&n%&h&ié%@%@feﬁ@g Pftie@®, r%h’ﬁﬂh@ goabat efieard ﬁtﬂeﬂjﬂﬁg? BF& are exposed
are conpletely worn awaﬁcYS et chants. Accor di_ng

togFbdPRt; zthbﬂorq#?r@wayy EBRISGPTRAINS syl Bptedla ddF J ehants, nowever,

alERYv ek ladhy @f@%pﬁ&rs' A6seAS d@hey rad.f ThgUbven a8l bigidaNdiR@fidionts Ql.ecrease
i ncr easl%g%]t limted diffusion of precursor gases int
Spefr

the yertiselt the sRaceismysh &crigih ale’ 19ek Rakd oA BRI | transer to be

coﬁkﬁleﬁeodae?&y&e Qﬁhc@@ﬁ&%ﬁpﬂeﬁﬁzﬁﬁ% gyl By AaREs | T it ed
during the course of deposition, "as sidewalls fill

i n wiederdinm depqsitioa pf b}ghly £ondoraBl layeny afjgRicer el §7Ry increasingly
dlhtb%lt atﬁ@ e harf ﬁtlhé}@asf?l Iyl ted REESioR %F WRERsdk Bfes it bbBom portions

For this reason, ativel thin ayers are nore

ofethe |swayeSaqueélm@|dte$s depodiffhsen besames aprgasingdy yorehlinpifed during the
ccluﬁs\éedﬁ% dde@? sitfhn! gss IHliéwa(?lg #P04" ﬁ)osrﬂ) & %ltelrltaly tl%t‘ebgf%ﬁﬁeﬁr Ylﬁ:&'e)ésmg the
osite ayers, e uniformty of spacers
ashent madigs ¥ bmspdee betaper the eléﬂwﬁtﬂé Hprsthislseaserp oglatively thin layers are more
| t, f.0 Ti
%ﬁl)d Bﬁd l%ﬂabliil ldg%osﬁe?ﬂ fhgn lﬁgg ﬁﬂglif grtsl I:Agta} %eag{ gig%%? Q&ﬁonna ity of
re@@p@y thlcrkatepefste@)fayge,rtbe wpRosity @faspacatsigrmed rfiom flhh Eayenvounte also be
c())ofr etchant that penetrates to the bottons of those
psp'aces. Consequently, when etching l|aterally extending
parth acdﬂltrbin,austt ay etrrnayfbesigifﬁcldt formpteewrsad totreactighd prtoms of high aspect
raluiﬁ g}%a\éclfs € a ype?tz rﬁg s of s?nqg%) g s%%f Nsd'B 1rru? gl}eﬁénglgﬁyof etchant that penetrates
toctAdlsdtioths bhmoﬁecnpﬁmt i Oonsefucsyawbemsetdiang lagralip bXtemiung par’ts of the layer
%cge?%%féfl\é\f: t8 Elile%%e %Qﬁﬁggg%%%en%o%rsg??are tglgglg?ae'\é\ﬂn esugbly remain at
the dyiRdnSs ddftheSpgaeds, dmtigy thaFemamdae§ praeek Iaaezntgj:mttrnc‘nIsun‘ﬁax:esr with widths

SRR RN e PR i e SR R B of pacer

mpleBsll MmekeREide@bnted! Over tHtayvidthelbitBe @aaarmr“ffcan mty of

featyres forned u sk ttern. he_ preferred
errboé‘fiY?é‘Wﬁgomch%re%H%‘ge Py G BFSpEE g oo 6 more precie control

oVERHUEY kddthst Al wiitimity Selidanhe foﬁﬁédé‘ aﬁleg:l atiBasR fA8&h! €Bl the preferred
size or critical dipension by equen

ergbRdfmests. Bigingiak PR FRAMRAIKD ﬁé‘i?ai‘eéﬁaht%?tsca{‘ Htéﬁﬁeﬂﬁf%é%@ a desired

sibd®ort iR HRAGSI0A By RrseeRGEent oée@§ KEASE okiABioM. dIH%Sma@f( pattern is then
mask features to a desired w dth.. The now enl ar

ed
sypigsied ft Hel FFRYISIOR Preqies o ReTepst Hhe v dthe phmaskolsttss I ¢ fosigsd width

THOARE-Lhr ?Qi Ilnﬁ)s\k%atuﬁess cHASBS ﬂ'éel[sgd £ fobrh a \PWhttdrn BEan underlying layer. As

appreci ate hat a "feature" refers to any vol ume or
u%?éélﬁtiengtfvaHrbéapmﬁC@e%@m i Tapturepreders to #y yoRieOr|oggRERg foFmed in a
Iﬂaﬁn&lheeg Slﬂgsrﬁarsﬁta@er AR ﬁl\f)lstf% gﬁcf’&(;ﬁ% @iscrete boundaries.

boundarfi es. Pr ef er abi y, the pattern Subjected to the

enl argenment process is a pattern of spacers
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formed by pitch nmultiplication. The spacers preferably
conprise silicon, e g, polysilicon or anorphous
W@ 2006028105The enl ar gement process can be any prRPCEES2005/029984
t hat causes the spacers to expand Were the spacers
conp ns I
irgrieieg%)‘? he hey g% on O ec)t(ﬁ%:tostlhg ggl?%%%gﬁf%g{%%‘s ?{ nga‘éfem of spacers
fom«:d:lby Mbaf}emumphcahhle %aSpECSrsajrﬁ’emklyd:DmgﬂseunhQOh t.pepolysilicon or

[ grow n desi r,ed
it St Tt Erae oSl Th B ot s PREHREL b ppacers
expacter [Whetg thay@icas dopbtienailiton, thdexpapaaepscearpriferably comprises
trimed to a desired critical dinension after be
YT S RoBnSTon b SIRFRGH N8 ‘BiSBre Cyiged unti they
gid@Sb b eldsivetl difthafAfer glohvityg tarte Jeafdﬁe;ddthathe bpanere cad se/@ed to pattern
of spacer i al can. be deposited. de ng, . "
OB PRt o B BT IR CocBbbs SURRL(P fsized critial
digRsdisredietbdiiid &@lizedi Mensi on, the confornably of the
| ayers is | ess dependent upon the i of th

depoéfi‘[’%nfﬂﬂeogﬁw BY SEovdng ﬂ)a SB:ilcg@etgsa g%mg& %EII ter {he% are formed, a

thﬂﬁl@lc RS& o é’ﬂ)d&WIlﬁéﬁ{rlaf Qb1 ge &@éaerey QAbpRitigy \Eifng payeﬁsaihan would
dinension is widened. In addition, as noted aboye

othrass rbej 18 ayitrgj fon p dgsived gridiep] dimensioly the cqnigrmalisy @ﬁfhet 1ﬁ>ées is less
dép%nc@htcllpéh & [mtaRBdstortie deP&itloRAHE/HEABIM Sprédes® As a result, the process
particul ar semi conductor process to be performed
Wi dyHomHee spacsks qfe. gyen ciiehdimgosiqipidsiest i on, dopi ng,
oxi dat JdARioneiLCnoted@ABdvR AN dpa&d i@ fypldRil e RAhSI Rf a E)glﬁcular height that is
under | yi ng substrate that are to be exposed to the
dlp‘iﬁ@é dB Part fyr the xggriicments 94 @ehasticalap seisprdartoy pfOG?SﬁEtﬂ begperformed
‘th 't}&miasg é’%@lﬁﬁ% %ﬁaﬁtﬁfont&%n%emdéﬁbn Qlc. )Sa%ﬂ%amcular materials of
erial during subsequent etching of an underlying
the apderlying welrstratg ot steyo bhexpetsd ¢ bparoesss Ferskeraple. ppepeswre typically
cpiﬂé(hto aalge HR I‘Jayac% t/fok Eﬂe(‘réu)%l Mo}’n@ gnate?ra dlfr%lngs%%L%Ht etching of
e resu Ing t er spacers are less likely’to b .
areyrsiddnglaper- Mmtatgmualszf erusngpatdretypigaltyearoyp heth dateralivorng vertically
erlyl t I o)
Rk ARtay Y e, (S (ARE ARG QPP LT 1008 Oty when
trtrefegm’rg b specpaprdter 1;0 m@dm klers Aq1e¢ dhtauefaﬁlebeltlhleb%ghf of the
spalc?ea% r%or‘fnlg? b{) g { }gacgr e‘ichleﬁg dg\%}f(]_le%opn thé ﬁé:i%ﬂt N3 nglfldrélgglg %{%ﬁ(ﬁe}glr’ ssheight can
beh éé¢sg htharofthet heighathet e\tosldc an rbmlmedadﬂ (ﬂw spdckre weqeemtt later enlarged.

chibusl B SRR TR, Pl Copgr e e
béthaanstmamahdrahhe mlsalredieabslndreb@ rfudired ehding the rrequivemendts forghe spacer
1 W%@@ﬁ bﬁ be % (F0|ated t hat
Fefl? 618?108 OP & %Hrbcr?imflg |1?r°89<ﬁ &8t e particularly
_SUI t BViR baspmpased thﬁ’ﬂ&ﬁd‘ohailtﬁdéscuhd RAisén Hxdeyatd pticuthl suitable as

part.to the vai labilit sel ective e ) .
e Pl et eI TATOD o T B or e Bt s Filsetips pigh chemisties
reldbigd thoH VgietyRlf athss madie Slc&lﬂfﬂlg Sietdls; Ofld&QRAE &ﬂlﬁﬂﬂﬂcg)ntalmng substrates.
substrat es. Advant.ag e t he conversi gn of

AéYanfa@wslgpﬁeeanﬁflan §\§ft PG SReFH TR F SHSOD, roéfd@rﬂﬂeas preferred

crBFOA AT IS iB¥entiblEtoib ALY iRk tddGnth @aﬂiﬂl§ Fllo)iesb ASNE tegﬁmany for pitch
i nt o vapous, process flows, especi al itch

mﬁﬁwaﬁw»c‘atth%lh negghien U ESCREEHA g’jﬂtFroths seseEn Py | Ip afjdtigp, partial

cdNEsiBh QE @R ol kiers tH sAdH bki@d stilP am&wsaéeleemva&ﬁ bi¥thiffics that will
silicon spacers to silicon oxide stil] al

atigek.e iaFarber BRskapueRad Pithes aitasking gither Slb%“l“é’é}@e Oéregldual gilicon.
car bRErRRSKwITBLAP 8L il ROHE FBhkAC KhABinSikhRinesild 1680 like parts

oxi de or residual silicon.
throughout. It will be appreciated that Figures 2-22 are not necessarily drawn to scale.
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Reference will now be made to the Figures, wherein

like nunerals refer to like parts throughout. It wll
wheooapps7exi at ed that Figures 2-22 are not neceBGHDUB1095/029984

drawn to scale.lt will be also appreC|ated that whi |l e

the pr rred enmbo 1ca
cont B8 PhefhPBRe Ry Dl deer B SRl g g@eaton in
anyicogeftfin ttvhﬁh litekyWedleddabloads fnSres@nisd didelof It}fegndiVlﬂm larts constituting a

ttern r those parts are fo art |
A B GO BB ORI RO ALY RECE PP the mask
p@t@t&c&ﬁ@rtﬁﬁrdﬁﬁ@rsbﬁénﬁddt §hpirdil tnhlfplicad@dnl. OThus,Tthe Ditch hﬁltlphed features

pj t mul tipl tures preferahly have a pitch, .
prséra@& ) E?E]ﬁ’("ptﬁ‘t Y gh ﬁﬁ &eahf’totﬁ@ﬁ%ﬁm Jechnique used for
pdit@fiip tHe! BantF €6l ude@o RAthtiRY pastds. t@dAaG] alls theSRéferr&@l embodiments

formthe spacers. In _addition, while the preferred
cegrhs s hierfprn aRHniseralsd GcYily they arn RIFFLIaHY agdyaataggpusly applied to form
d&iceS Hiving drRQY oPEIEtRAT Bdveded, aﬁdmuegdmguetoaga@ 4%h @PRbIE’ and non-

to formdevices having arrays of el ectrical devices,
vqlafie memery devefs sudra E§gé’1 FMM s laghaepwrat i | e and non

vol antlhereféFe'ﬁQJ Y FBMeCES Sy %m@%ﬂega@/lcﬁﬁulf h(ﬁﬁﬁ provtded A

memory. Wth reference to Figure 2, &aqrtlall
sqbﬁttséfgtb& ewreweéthetommopsmatk&a laeses 18- bsTltealﬂerSl %1%9 t5§ will be
etp{ @V[b q&% Q%a@ly\/fdf&yaﬁ&ﬁ @Wcsslﬂbﬁglté ?M%Sfo%ﬁ?gargoﬁg feaﬂ?@s as discussed
ayers 120-150 wi'l be etched to forma mask
bglewt er ni ng t he substrate 110 to formvari ous features
as dft%ﬂso%eﬂ) R)@ i t?étghém éubsttgfe” ‘%919 lﬁ?dd@t eﬂyérnﬁta M@e material, a
"substrate" ean inc ' ayer of a single material
plaraityntddyiets\of differenymntsriald, adiyef erlevers hesing regiing of alfﬂeayerﬂatenals or
sth{ctuke%yr? rtt?énp %%I egeer%t%hgfs %&t Hét&cfe%‘éﬁ%ncfﬂ@{o% Ergblﬁto&r conductors or
structures’in em etc. ese nateri can I ncl ude
ccmélmaﬁ:lomﬁdtlhcl'cofr §or iexesupll @ ther whstetsrdn cooprsse doped polysilicon, an electrical
on EX t
dEVICIgJ%CtI are& ; Sldagg %9£ hfb!l:g%l %ﬂglplé etél%l %na#lagltn[lﬁ O? C%@I‘ 1ayer ora
ccmﬂimamen ai’[ewf ) hssu |tht;3| wesk fetrturas distuased | talper canght@hﬂ)agor@spond to the
adung m or e e c
ot lsfoinenh gt ToRHE AL RS ofrch B SfpreBineBe AT 1A, 1n oter
ertlbddéadnksy thmnhssestp eadbd m inhéatadesil thedoqatierc efreask fefures can correspond
; ctﬁnguc 1vetf ea urz or such as interconnects, in the
°Jtb 80319?1 Smbodi ments, the substrate can be
an i MhdHnaterisls drdhd hgerk QE(B(5(DdWeﬂfrmgrﬂ&ksubmteuﬂ@Sam:pneferably chosen

correspond. to. t he_desired cation of.insul.ator
Sl BBl RE S5 S B e Byl B o 85 e fomng
arfll l@sﬁd%@ttﬁnéi&&ngrﬁep@rﬁﬁoﬁﬁsaﬁ)l})erdi‘thosBen:alh}ﬁst-hd lajEen between a topmost

AR B b Bl e PRSI Aty R RS R RSO0 A8 om e
pttcttaﬁﬁﬁaeter g 130 epthedustussiad helsis betﬁ%éraths @hbtb@eﬁnable layer 120
ers between a to rmst phot odef i nabl e ¥e é
o ST LG el D MIe S aR MBHincat PArieale %Eté‘%fgf pifye to otber
ﬂﬁﬁéd\’rﬁﬁerfa[so M %iN&e RPRERARS thit @ RlaCerihiaY 8dnsillded $eectii®y, or preferentially,
substrate 110, the | ayers between the photodef

efphggarhen thg eighErty eiha B P L & Tepiroaa ﬁmeesr@t’f%tbtfﬁ eeﬁ@aéw‘f 10 times

gftet @ ot 18BN atRBt RBIRS th@xl tHarﬁBét R durfthdihg Metetids.
ot her exposed materjals. It be_ appreci aied that a

mat ef e Uustraeshanbodinegt ét@%etpﬂtfw‘gle legp 1&9@%} igsyt fig) agd mask, or
et@ﬁ %][? qa})é’p?ﬂ) Ivﬁt%h §¥&Heshalifpdr Ry 1 Bal0 "Rt dvdtliek 8 s@bnd hard mask, or

| east about times greater, pfeferably about 10 tine

cigh alap.dayen ity wbtcb oprbitsehamybsiraieid  to mattme% edr éwatet@hmg through the

B?dm}@ﬁgk sgiy rounding materials. In the
F §i ratse %ﬁbodl ment, the photodefinable [ayer 120

overlles a first hard rrask or
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etch stop, layer 130, which overlies a tenporary |ayer
140, which overlies a second hard mask, or etch stop
WO 20061028780, whi ch overlies the substrate 110 tPRPCD®ES2005/029984
patterned e.g., by etching through the second hard
mask h def r £12
or ef gleea q%:g mI ?ag? gﬁ% iSoP Ig?eé%ll 5 t’['0 : nc Bhétéresw),} including any
pHoo st (kﬁd)vsd nklh.WFt i Hor tekeenpdy, tthe prororesisagod b: artyhphotoresmt compatible

Wﬁﬁq% r es J;an?rn %x&@e@%&#gﬁhsl&)g}ﬂqgl ave%g%g rJil}g,glersmn S}Zstems or
eled@or Ibeamg Eﬁtehmmi’aﬁ'ip[m oﬁptsteﬁatsptmmredm adateainls reante m;gsﬁ én®ide (ArF)

of preferred at or esi st eri cl ude
S} RPN (I BB RSP VR Bifob B GBI 141F GOUFeS and keypiom
flEdRiak RS bﬁl@lttSMpHo&bésﬁst fier phis@esit biitadld féruse it b B tiphteeyrce. ArF
(S ypron HLugnt o (F) SepitiNe BUOLErSBLat, ey st

wERWhER - 1ight, F2. g0 ok Qe S Ksit Phtbresiflé @feep’rafbltablyuﬁ&d whith tibhger wavelength
photol i t hography systems utilizing relatively short

]éhoé’f?@]fliftsﬂs‘ie’@ﬁtsu"heasﬁ"'g nREEERH  Kr F photoresi sts are

p r ef efaRdid ?&Qhe%r&thmatd%ﬁ [ay&ﬁl\?éﬁ eG4ty comprises an 1norgamc material,
phot ol i t hogr aphy systens, such as 248 nm systens.

oADMY PRt Gneges Bl eidha §XOpayiicon 8p % thelﬁtc_ttlgapg»-reﬂecnve

cRARPIDAERS), aRh hsﬂ@&g@lﬂlrfch L &] 6;@411&1&” G @RS @NREAEYembodiment, the first
materials include silicon oxide silicon or a

hagd elaglelerdrcl 3@t 3 dielsetrie enti- tﬁéle@tystcpag@g @A&@ Thy emperarygdayer 140 is
péfel‘dbgpﬁrrﬁé@& a%ﬁdr;%}ﬁgp c2Eoh 'W‘hfch %@fersl Vst ﬁ%h klch YSIL& R Relative to the

ment irst hard | ayer is a
pigfeaed bard |n@,ﬁ518ﬁﬁe‘—‘1¢1éf Mot prvf@rabbrathp EorhARCprborrfiga form of amorphous
ce& £tai§ glyt%n]géaé’ t kLB %];1@ %thoffeﬁrﬂﬁger QfnpRVDRARROH S lignment.
car ers very high etch selectivity
Dpl@lsmpn tmhmcpues e fpmelflgett highly frangpateaisderhonicer bafoynd jyph.glelmbold, D.
I tek bon is a form of

l\d%[sgfeghjgltjms%élgr %ﬁ%g ?’g@ﬁ?gﬁ y transparent to |ight

and Bhdacse tbé pefesredl lghthSnea fiop clobiegreateresist addoi tgiepdlpitetch significant

s n r
wSSREOR! Lk Ml Sg bt BB 4 Aot (1SRG Bhomhous
caﬂmtm wiithéxcetient @%uv(lwgglayveltge 208y oBemaphewrasisempicadle theddrd mask
1ag$®gb,sﬁe%eﬁ§ |ﬁ]:§)gn:1 a% LGI:H S, pr%{er ngsélgt%ttrate%l RS 19%&9'15@ %\'ldy 140. As noted
atlvee atis €irs herd wiski legr 48@ pmfaaﬂlgabbmpﬁses sifitahoxide, silicon or a DARC,
r us carbon with. e ent eIeC|V|ty rel ative

Wﬁlgg 8£U’§rpreef?r§nt y ﬁ%??vﬁ%fsf g?{e R 3113 the hard

mask a&kﬁflonlaﬁmgSBARCﬁ efdr fitteofirss Ukl matle ﬂayall' 430 can be particularly

referab arates .t he I ers Oad 1
ooy REOF R praRHAER Pay b G BruF Pl o PR hograptic
teCl@qlel STEe BIAIRICS Oan @xhdles r&blutieD By QlinianiEMRGghtwiefledtiofg which can

be preferential v relative not phous .
Szabh e bR gl Pt "E@?lﬁho Strdsfing (46 S99 S1° e Optionslly,
a H&% dryefleckidOcdatiy (BARTH({dt Shilva) bah aeanttageaUs alidifion to the first

Qrm.ng patterns h?w ng. pi.tches near the resol ution
hflrii tﬁaﬁléla}ﬂr 130 i?t?ﬁ"t‘t&l EHEGESSc t echni que. The DARCs can

enhangesde@RIHakt R 1B%r [E(niréfbléblﬂgzotnbﬁsm} a rdféﬁécﬁﬁ:talnﬁ’@ﬁlectwe coating
whi ch can decrease the precision wth

(IpMREbfeig Hogheoprpyriide e ﬂ@m@a@égﬂdaf(f\éoﬁattleﬁﬂﬁﬁon a bottom
Pl HNRE t:aatmga(mtct)qmt%mwﬂ) &l bRRhd e @o&lth BehtloBARE eflections. In

(not shown) can si'mlarly be used in addition to the
the iljustratpdyprabodiagat, theysesond httd gslelgypr A6 cqningiges AlOs.
ref | gCIdafiR to S-El'bgtmcg% Bidgridie it ARS bor RWBFiouk 2 R BE BlidBt¥es of the

conprises a dielectric anti-reflective coating
layers 120-150 are preferably chosen depending upon compatibility with the etch chemistries and
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(DARC) (e.g., a silicon oxynitride), silicon or

al um num oxide (Al2Q8) . In addition, a bottom
W@ nio6/028503 ecti ve coating (BARC) (not shown) caPCT/US2005/029984
optlonally be used to control Ilght reflections. In

St 1 he .seco h k.| a
pr?_%f:és 008 1IQ{1 r%egggem oraeé%lp?lle ovi,/]he{to atgse ¢ e?% 9 H?ﬂ? A o 4T S overlying
lagp a6 @p YUnaérﬁft@lawrlt@l slebiivelst brehing theowrslerlyye ia$¢r trfaeerials from both
hlcknesse a 20- 150 ar.e
I AR SRS (6o, O BT P Mo Pl e Gppueh so tat s

ndt hem estag/loeatmud)pfsesﬂﬁe;pmnﬁrahsfems descri bed herein.

For ex e, e ransf er attern from.a
over Ty PmBre et g G PP To TG A B S GOy Ryyeen sbout
I(E)trﬁxh hritichbbite3 00 MELihlcy lafid) mody/freferabBi eastwaénSabsmqrso ket 4ad about 250 nm
renoved tqQ sone. degr ee.

rs_ar
thtcgy 3he fist GrEmeraBry 1R IR ERBNGR e Yot 14 g5 e 00 i
a0 Bre RN By Edetwddf a6 [ S8 @hd 4036t TWBthethitk! TAO&HBbraryl 1Ayer 140 is
the illustrated embodi nent, the phot odef mabl e_ | 1y
prefyeshl ysbefresr abats 110 B taRe abpubBRALA™ Hoiek it HINEF by Spyveen ebout

100t BaGko@ndo nXakiek. PriRfsefoadhatd nhgt QS@E%%ferﬂtﬁ@ b&Ween about 10
and about 250 ran thick. The first hard mask_ | ayer 130

n gndyberieY0 ) tick nduenore RIBfBTEPly 1t RS PRI SBBR GGG hick

thi cf vRige aﬂﬁ‘éc@at&f t%ﬁtetﬁ@@elrﬁéus RetrveRAsAAU einl San¥ BMd by various
about 300 nmt hi ck. oraré | ayer 140 is
f

mpthedsdmash ip these we ’élﬁ]@tﬁﬂ feoewmp ‘@TQB%WOIEQWO%WWWC@WS such
asactﬁgrmcmosraﬁorpcfeﬁgs@l{(ﬁb!:% 'be REIINB 8B nAROY hlaéplgye’i]sm %ﬁﬁj LoABRMhe processes

200 nmt he’ second hard nmask | ayer
caprbe fusedalb Ifgrmbedtojpdelnablgdapers1 dn additinmdaragrphqus serbwmaww eda be formed

oo 1 1SR Sy 0 s,
carlzoperesuprs c Gsenamlark eregiirsore mnlu@epmmrlmdprbmatrpms butane, butylene,

btﬂgcflchg %d M% el R stlllt]a%ise‘%ntgﬂodsfl&l }ol—mﬁlé] aﬁlg@hﬁfstcarbgﬁfagﬁs tassdescrlbed in

i'OUS “Vapor eposition”processes
UcShEmrttalo @a'tﬁdﬁodﬁpesml tooreirbuare! bk ouded 3t H0Bor m har d

mask l a¥'e§t h s%pe Qtﬂ d%ogtalc&)g a% ﬁstﬁes I%?EE]I‘CQ & lﬂ%cﬁgleﬁtg and with
N S R POy

form ?1 i'nabl e
reﬁeaasdoe)to ngqresr’ﬁl lc amatbaen <chspfmed 1depnndnidmpmtalh rrmhnpbcratlon
depo %dr ol rbon co

of Sg\)étﬁ% F%co‘eu d@gu £, & pajierl CBIFI TiS1 rgss Qges og(trerrlréqeg Y55 Zelimited by
phpteiefiablersaterint featiees P20 Yorenae in the pi'@wdeflnqbtedmn &20. The trenches 122

cq%,g{eﬁn = ’eglig e%lglij%%otﬁgﬂbtm ag ,ﬁln S}V&%@gli)ealc eetr FI‘&(Y lé re)Sq)osedS to ra.da 391011 through a
relels Caihli klﬁ(ﬁh téveldp&l. PRetee meindalevdoped,3the aﬁmﬁhmg i hetodefitable material,

el Bl Gy Bhica Sfhodtines 3 ge%ﬁ’FeéfSB?lt b TR 24 (hown

inms.mchbgmﬁfz)erence to Figures 3- 1 1, a pattern of

spacers is farned by p [ ti .

r ef etréen}l‘@%t"g theireHEe é‘nes Clgé‘tqéj A 5013 ig]ﬁﬁ E‘e%fﬂt?rmdth of a
litd ERCARSthd 2Adtd Qlfiamidi@boridie phet pef Ta le'llﬁnﬂé"&h@ Ehﬁdal dimensions of

f eat ur es 124 is fornmed_ in the ghot odef i nab|

fegipeps fqymed upipg HiRattgmort liges 174 ap FR?‘E‘E? th% pﬁg‘h is p%/e?errably at or near

thl M8 lof thB PAGtRAYgraphit t¥dhhighe 42€ td Pivieh tﬂ@ﬁthoﬁe%@ﬁ:ﬂ%@r 120, Thus,
radi ation th rou% a reticle and then devel oped. After

thg @Ft%m@ébeeqtélﬁpetamlr{l% pitchradiths; Hl;t@tobﬁlegré]e}gq teﬁlgjéqtl@ and the spacer pattern

d1§8%1"s§ﬁ' 8liowPbat Qﬁ%’ta%&oubl hhe Ll bt habed ﬂemﬁttrmﬁﬁtpmh of the
forns features such he illustrated |ines 124

Plt%ﬂwaiphlcéftcb@guesectl on only). The pitch of the
resubtifgel i %gu}g% pd sp%QéC?ZSZ ga%zoﬁtﬁnﬁﬂ“@é v&l@ente@ &ySdithing the

of the wdth of line 124 and the wd
it lndsriga i fere mabtied Foaces HZaPscklineh G4 (T phgtoresistTincs 124 are

di nensi ons of
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features fornmed using this pattern of |ines 124 and
spaces 122, the pitch is preferably at or near the
wo povb02870F t he phot ol it hographi c techni que useRCT/US2005/029984
pattern the photodeflnable | ayer 120. Thus, the pitch
the n1n| h of. the ol i hi ¢
EBIRRY e cuird R RS SGh P o SOAL R BRGRP UE « plasma
coadmamg 80 ysiyanh v e TBe itdnC bf theétdWstpi-aeerablm satecmdpb ttehthe fvidths of

the ol i tec ure.4
thf: ﬁ%ac étsan g@g]‘égﬁ qg%{ At ﬁglf %H%gf Wlu%l etﬂ gl‘é@ gesare(i: ép%cmé between the
latehﬁ)r@léwtsﬁdceﬁ) g vlllll Ngs apptésiatédo fioor merrmdmslﬁd of (ligess 8-10 below.
22a an nes 4a.  The toresist |jnes
Ad e earay bt seRF TR TR S PEBHPUST RS aE O prsiblggvit using
tha pﬁ@tblﬁtﬁégr%odtec@h@@ Bed @.1@ttern hdopiRSITBIDIEDIEYES i10¢) smddmon the

xtent of the etch is refe
ctgfop Srnatih 5 CHHRSET TR ENts 1P s I AR e PEEPToB S G lnprei24e
|'i neshelgdkdrnaih @he s fasay bl@dtd)déﬁﬁﬂﬂ@iayérom) he palegdble tansferred to the
spaci ng betvveenthelater fornmed s asvvl

teRpBREARE &b for e IS B s /P GTRES LT . Thos,
th&duaN-AY QQ}&?'MO i Iﬁke‘fer@&lﬁ Hordlell OfSa tBRrikli hes callzdfﬂhslta@ld bBe process

narrower than woul d be possible with usin
coppigiors for ﬁb@g@ra@hﬁeealt depoifiu disersesd Relppalt fgﬁf ?fﬁ@dlments where the
déﬂbﬁﬁ&fj@ff épgé)e@ln%térﬁy & CO"l‘(%JQ‘ElbIé Rviadl bhQBdetihdife BEN1WAMe temporary
sSmoot h t he edges of lines 124a, thus inproving the
layeyi 140 car payorpifted pngstae Fnap@gnaiezubcanﬁﬁ deppatiededireefly, o i photo-defined
fe&ﬂﬁg h §4 &%e rﬂg@ﬁ&ﬂﬁﬁ){oﬁ&ﬁkg féa@y& 2428 tlﬁeéah@fo@&ﬁfaﬁl@ |la¥/er 120 itself.

transferred to the tenporary |ayer to al
depobi theoflugifated fmbedimanto Hbfad@b@t é¢ hepinerhigher (Iepggesistance than

pgo}ores}_sl? Yfe métgfal hﬁ-}m@&ﬁé%ﬁ&ﬁ g&%O'@pr@faﬁtfbﬁ/rs@f&%d §.0% MRt can be

a materia can r 0cess
setrotivhly fepresed whatispacthe nuteriek foa thegpprssi 115 dHigues S¢ ardstg underlying

. t
JEELEY T N G TR, ORI SSRRAL il oo
I ay eFhel pOternt inethe @hq!twfﬁlngblfb tayer 120418 pa:éwalhiﬁ {53t trapeferredntg the hard

masr1]< {asé%gféj i ngﬁ Qe ur%ﬁl@ 1:2 4 l%?sp?%léf‘eﬁgsd ?#e?eg%tlgl XCC%%piigh%d using an

rpd'a)dnbpld efch,rsech dseatich esngl2ferafrboh plaphs eltiteth o wbl (gotray@ retch may
12 n Str nbod ad
%ﬁév§%) ﬁﬁgﬁ Vnieé§ﬁq@§f§§ance]?hd%%§ o gﬁﬁgwsg&g %Enaewh
cWﬁﬁsmmsabhﬁe[WhmgfghﬁyHgﬁwmﬁHHy Iayer 140 is preferably

sele ted such e s %
rel a PR ]t“hté ﬁ%‘ft‘écief E%T"f g?'er 1%8 é) %a Sfr“?eglot() Ege Frpgrary layer
1R) aasidwhlie Fignﬁbe(f Ipyefagblgzmhg slS@pcdnﬁzyﬁhg ihEﬁlna A, raqtlmtha containing

bav t he er 14 eferably .formed of anor us
sBatliad A TP o R T Br R RABES oAy Pon Dot drefored
tepip6hBl 1aek YAT dthgite gfeﬁﬁlstﬁﬁf I(Hdnds @nd, i@ rdyse@rabBs Kredteryteam 40 times the

130, as own in Figure Thi s fer |s refera
ra&c@ah% Pgraéeﬁshée}m@l SN é&a#%%?@wonm HEeE 2 dedbribed in
Uest tcHS WPBlicatidd Mol w@nbm ¢11 A5Mhey @l LNOKIGN Auguwet3l, 2004 entitled

(i.sotropic) etch be suitable if ghe hard ma

Critigpé rDipgpsipny Gogiral. Ig’r%‘\ue Ps cprerigst oBalr Bisn SBr 8@??&“1%% Sma can
siERIASlsly @h the féh%@ﬁrﬁ&fer 148553, aloréBveandipiotodiskinablRgayer 120. The

pattern’in the otodeflnable | ayer 120 1 s then

eyl s 1D gt theggssholdeys <|>rar96élfir6184wh ¥ick A gaifFry pf spacers 175
angygﬁmﬁbe@ﬁgégrably using a SO2- contalnlng pl asma,
a plasma containing SQ2, 2 and
Adv aNPﬁg@éb@wnym Figiae Badaxenhfoalipaser rmt@rm reefprably blgnket deposited
GRS Ry Kler E)H)%se‘a SBifrRks, %Iﬁﬁfg@ﬁg}ﬁf&’mgﬁyz@@r ﬂS‘bOthéthar@ a8t 50 and the

greater t han tIrTES and, nore %re erab y reater
siti¢veatls gfithe tempgragh]@yer 140. Optlonally, the hard mask layer 130 can be removed before
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rate that the hard mask layer 130 is etched. A

sui tabl e S2-containing plasma is described in U S
w@aioen287#ppl i cati on No. 10/ 931, 772 of Abat chevP@r/US1005/029984

filed August 31, 2004 entitled Critical D nension

Con r ol recra ed that the
degapt %MW %3 FE B rpeah o %@HJ&‘I"‘V”&P}% ofthget as a mask for
tri@ Fp@iead YatleRyte rthellﬂﬁelaﬁ@g albsieutd EIMD¥Ethbh@hPRRE eﬁeinoma;hb@ssmg of

I er 120. Th resul ti I|ne 24% constltute
rﬂa Him Sfibes tBiovshele et e R © SPAGE PR Breferably 1) can be
d@@aearﬁt}ﬂgo%d(s%p%wag%) 2\Vedd bd@epbQfciRE a thigpekaturd ToSPAME with the
in Fig %r 170 of spacer material is

tegPareRt g‘%?r 14%; éh Bt PERgSeih o FRIEY yis glaensioRs @dgh) can be
seldttil ¢ eRhed RtV Iode kg ohay nyEaﬁiO dndyRY 13PundeRSink @[edtemporary

mask 150 and the sidewalls of the tenporary

| a
lagest §4Q rpdlEY Deing ¢ndargndy Prafaged mafgiaals inglyde aﬂyralécorl@ﬁ%@earphous silicon.

Peefa%rqql@ Q%éﬂ:ﬂaﬁlg déﬂb%téd% 8 khidihBss of BEwSRASEN 20BLLBAbowk 80 nm and,
be any material that can act as a mask for

mopeamefeabyi AguaZGamiterbeut 80 prme Ripfarablyy thagten gpetasatigabout 80 % or
gr%;tgp anermérgaref&éﬂrgeawuw) %@ gehdepw processing of

under I'ying structures through the mask being forned.

The Spakewm ndiigpial. He cpaseralshsy:179)s tam subgeciid go ¢h waigotropic etch to
re\ﬁqow 1%}1 RQdnSLER ﬁ%ﬁi\/ﬁ[)?g&al Lta&ﬁq 8Pt %Hﬁﬁiaﬁ? Gorfifea Qnte ated circuit
ature co ti e Wt e tenporary [ ayer

1@3) %tevh ab @tChurquﬂleronra@ eepareyetrly cem bepgémmcct usdmgrﬁBls!Cbpissma The
et@ip gan%%cl&cﬁq pl?lg 1@&?!131?0{1%3 lcn}(d n@%ﬁ%ﬁﬁg a[sgl f“a Eh%mtl%f“component, eg.,a

npor ary r un y|n
retaerrp aommetyh (R such4B aaflh,diBibadhnSuchka ratgle dan By pdrformet for example,

#%teg ﬁ%ﬁvﬁ Tbg%{w qﬁ)wf?n | %utJ ?(P Qcal%r@l Qirg)agj% OéJ ZIOOtS ccmCI%}’ at about 7-60

ayefr i's pre era epor
mdbrr lpetsweewitlaidout 3024 09GM top ad)man tandgbontm0ad €6 W imitoen power

pr ef jt; aﬁ’a Y tna éE}(blO uetr 1 %) (1P %}I{Rresgﬁt? d 5?)9 ter1]n§0fa§? E&&QQB aMe next removed

t he ep cov era
todeat dca Isthx;dm@pmts 196 (Pigae 1g)r &bmse thASpaebte\ms may beé @mraed because

SRR VB 0t WS AR . el e
lffﬁoma)ZBmfoahecBWCf aglegoubd Qhodpatdiel 15ab Ihblalrhayntﬁlﬁ fteedtructural integrity of

nte 00. . Such etc
s Gt Yaf e o et e i T PG e B PR by,
thetlgfer aaf cbmpﬂlgdd haopdiyts iviiizh ca® P ABgRRitedmda I@lﬁlﬁ-foﬁ rpaddeys. In other

efhiTeREn 40 B QoA SEsal @ B° PRIk R pgae et
cleaiktide apedvhidbie the 14yerfs 18X a1 48, may e wn@e&M1MH%&@on of the layer

fl ow ng about 0-50 seem O 2 and about 0-200 seem HBr
1% about 7-60 nilorr pressure with about 300-1000 Wtop

povetyidndfeAleito 1 @5@ W }Hﬁlﬁtrﬁh@k R¥ET30, IR RALG 8B SKrtion of the
| ayer 130 %If sti present and the tenporary %@%@
spfafoﬁlé fagetlgn is reém% doreganplg\hy Pignadzation nigplsged s s for etching
thl‘i efsF130UnE lléinchﬁ@ %Q%estetp%hs BEe %glﬁg @??H%%.SIQ@ uﬁtlﬂrﬂqe layer 130
because the hard mask | ayer 130 may for med
(lhe{ree?)r 1arerr§r/?ﬁ qng thep ysipg an @p@leétrasto Ve Hleéméarr Jayer 140 along with

2 lraara%rmglﬁ&rwf {8 sfRL-FRdayRY €55 afik REAHIHLNEGSP Wm Figure 11.
mai ntain the structural integrity of the

Alprasioey, twenawdhq lgyeaj 180 jimthe fiesh parf ot the otpl flea 18yer8 3 0-and 155 can be
subftdted BScHRRR ﬁﬂm%ﬂmﬁhg?&gaﬁ Preferably, the layer 155

conpri ses photoresis I'ch can be deposited in a
spm Shuspe pafessof fregstediner speaetsodp efermed. égeferrmeusrrhe for etching

thgtq%%?sr ﬁélolazlﬁ 35 Qm,slﬁjc{efz{ leﬁp to!(%ﬁf: giagﬁ% g&ﬁ ayers i%gﬁs% ?1%216 is more

_ mstries are avall
repdily diched entbardebtuppiclyand dejsorgipicalin tioh mdteialsagush as silicon nitrides or
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155. Wth reference to Figure 10, the hard mask | ayer
130, along with a top portion of the space-fill |ayer
WA 2®6/02850F5 enoved, for exanpl e, by plananzati onPCT/US2005/029984
Preferred chenistries for etching the layers 130 and
si IC Cer(f F], are tlyplia\.)l U(Sgl Fotr gpgacg)s Iirlggor;ngefré{gll\r}])g %ﬁghﬁ%prlt%gp@mensmn
oﬂﬁeqgaﬁmrﬁﬁsmﬁm&ﬂ&ﬁhﬁh@qnmwewhbeuﬁﬁﬁm@ﬂmmymbayéi 140,

e it b PR het Phibs S0Pl 1 A ilse prbbGent, te

pifiht @rthatpav@b ¥75 {sOorobghip Ul thaeof dy @hotd38istl lihek hl@4 {Higpst 3) originally

of  t e etc t 130 an 95 ¢C
f §‘E}Bﬁ{ B phio tﬂ&"g&"ﬁ’ Yri @QT"“W@% i SEFH 6% é%"rl‘}%ga plﬁfﬁr&f about 100 nm or
lepAtdneban fophed. r @ewtinnd h@ec@ﬂ&ﬁﬁbeﬁi&eltﬁe faedred75 are formed on the
si fg)gafllg F?fti%g 6%&3&‘?3 ﬁlfl%?rl ! ﬁlarfes?)%q%gl gtgqhegaﬁllngl? rwsthg' 019[111’16 c()jf the pattern

ofEMant ageed sldurighlly oahed if tH¥PheoddRdblt Jayaticbed, either
i sotropically and ansotropically, than natgpals such
as sNPHcB? FiranA phese obrsihpdsasrrrding tndbe prefraed mpodiments, the spacers

115y4é @rﬂirFéﬂ 0910 e R}Vl@tﬁsa&%éi)on& > tBONRir&IdRRdA mﬂﬁén@mst. $t€eatures that
critical dinmension of the spacers 175 is adjuste

argfi¢ b faped Gghe Bbstetic bl Prefeiahln Hy anlreecasalce rl%?owkshed by reacting
thII'EHaccerspi 75CH £k b iRl @apb@Ha (t}aa‘-ﬂog’ %@&hpﬂfﬁg Qﬁ@é ssaed - ;n 1R illustrated
| ustrated enbodi nent, the pit t he spacers
erzﬂrshm@t haYith F}gﬁcrrarfrmreﬁaﬁrf sgicon. Hae SHatsenes ipsecess; Felsrablyqcomprises
oXi&tigH BPthgl‘paeér's Ol RAl be/a pﬁ)%ﬂ%q Ry e @ﬁfc@s '1?5‘%‘9&/@99&/ bemg oxidized, as
Ad vantageousgy spacers 175 havi ng fltc of “about
shppyo ipHigere 12esldie giap obde spcere d 752 \t/ﬂlwram ependingpipet fhg tesignt to which
thg F]gaté:azg l@f A xﬁiﬁgd Sﬂﬁg QhSdulRn @ﬁ@ ngPJerB? qle%ﬂﬁg% is g referably chosen

eat ures or |1 nes € Spacers
so] that @ensercarSI y75fr@¢qh<fwd¢t8hed oudth 9%he ok Ctmen@apf therspasfers 175 can be

acfcﬁrg]%l%égrf ; na ldxﬂfﬁonléé g%fog)k@QJl It}}/el aﬁn’co gfaglgléug @hghilﬁ ox1dat1<%n oxidation
usigt dxygsn radicady ofi m@;nlaoett hia q@reeﬁmr>¢®demrﬁ®c$pmmt1§5 cerhlge enlarged by

SRRy AR R e o Mot s 75 i

ddseaiwudéls 9% batbedometlo be forned in t he subst r at e 110.
rPreZ]:: Irvﬁglbt\éha rec1§te§ rha? ﬁ%ssn?cré%s 17% rﬁ%lgl %gerfgvmbeg n%éqaterlal that can be
exphihdey, mduarmynibgnaiﬂlyrdep@spab and fon Wlhh:h suitdbltsétclatMmtrles are available.
enbodi havi or.
P TRTE B o bL B SR B b TOF Rt ot 608 salipfg sy gidaton o
nitrldeti@p@cierss Tid.tor HilN]. Oterngxameles af matetidiainclude taaahme (vehich can be

on bei.ng .oxidi.ze s shown in F ure. 12.
cxpfated oy BRSPS TSR ¢° K7 Saenilie Ry B Hg S tmesten
(vitheh cax besdpaidad vinbtiatioh er ﬁﬁﬂl@@d’r&? I&Eq taigete ¥kidé &@thgsten nitride).
ree of. the

Thus he_ dyration _.and
pr ef %rrérm%w B GiER o %eteﬁgfg%wﬁe %ﬁaéeélrsgart!lreaﬁ%%r?mal75 are enlarged
todg stidmd subksehthill9 Sequdln®d @i @Riréd Brifdal tdiBerSdACSET He 1fzétu1e§;nsuch as
be acconglrshed bﬁp oxi dati on process known in
infgrqonngeiie VoKd; LiRGS: PH&PFRaltansieiod 53 Wso i, £28 &P%Wcﬂ%masgrwdmes Sohich will
bepEEIREd Mmakk &BtEIOT10RLRAS IR padrh forkiBd BY 1 spRER APsaTBRE Sxample, the
the spacers 175 can be enl arged by berng nitrided by
SPAFRYS 1 RroeE R io5Hizse dR & LEeateh Givest AXtEthedeRpidingTHNgE Whgther the desired
crRRAL BhthsRhs §r9%ﬁl§ rs'ﬁgh’fl} RRmBAVLPGardeS) %—@ﬂer%ﬂttﬁbsdlgéns%ﬁg of the non-
be formed. It be appreci ated 't he spacers 175
oxdieedp epapese nid- ofThélﬁfor‘?ﬁftse rqoaditipnsgtsughngs Fraiona glerawcal reactivity,

teﬁ'l alife, EON{O AR % a@iﬁ&@%}hé&%&ﬂi@ﬁe@&fs\B&EeP&p%&&am €
ch chem stries are avail abl
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For exanple, the spacers 175 can be forned using
titanium and can be enl arged by oxidation or

WRas02EI03 on to form Ti Q2 or Ti N2. O her exanpP@BUS$005/029984
materials include tantalum (which can be expanded by

oxi dat or nitridatio form
X e B PR ety 28 g R 15 A et D bl S Fpnepsgparating
thbye @Xded;a]WISOIPréféra}Bly,tthd: ﬁi)]z:’itdr@ g7|5t e fo(ri]niﬁﬁnbdl mg,&t:@?t ﬁxhltldem}fowmg In
un en nif e Pref era t he ext t he . o
o e P! PRt LR Vst a8 Bl Bhe hgion by wrimming
the@ﬁaaérleﬁat@gawmﬁtlbotﬁm@&toam| ally equal to the desired
suc

critjc i mension 0O f eat ur
1t ol Bl b e D el mabte et 175 syt pay s vspd gigecty as o
he@d m@ks pREENEEEh S TRSGB R 110€ Prefbulg howket, tﬁ)cﬁpattern of the spacers
atterned in the substrate 110 using

BritrEeRsEef i@ 08 G BPY upderlying-igyersy %fawbwgfer gﬁ@r §$55<§%1Ff§mty to the

suiagtﬁx@e Pl@nthéﬁ?th@ %hAderg @d5d. OWakh GEBRRES to High €35 tBXbBin, rnade out by the
dependi ng upon whet her the desired critical dimens

spa?eés b7r§F‘;?a%Pfi asfeyredio thppesond dised matk layer y o4 r stesbly Hﬁﬁecond hard

mhdRQaydi 19RNSEEOIT uSihe b BEL AN AiZad spacers 175. Thus,
process conditions, such as duration, chemn cal

r eacVithi teference i digrairld, thet wacers @Sz s eRtiqgnally dRi peved before
pitBRir Bt GO IR0 Phe &ﬂ@&@ N76XRANG Ahdvid \&éﬂh% at\ﬁet etch process.
appreci ated that growmh of the spacers 175 w al so
Adariegeousiiebys prreingethaspacergl hobe asprstatio af7the mask overlying the
sulggtf%ftee[ﬁ‘)b%s Xedut:&f" t&?&?%‘iﬁwﬂqg %tc‘ﬁguﬁs Qﬁi&' ﬁﬂo&@ﬁﬁjg Eﬂérrﬁ'&%% Nhore easily
hi's narrow ng tion, the critical
re@nhnfiaﬁ sibsato fand; ve, ppacvanesthy ?@alamlnofavjartmt eidevesfls or othpvise clearly
d%ﬁ@a@lﬂ " 1ekik 4 he spacers 175a, e.g., with an
Fsotr p@c}oe eh é;??& Q? al so be appreciated that the
spackrahet 78w@otiments ebsv dwwiey Higireid &derd pddatermplymagk laydnali6fl can be
t
B 1o R Sl BRI 00 L PR Biiedd e incyds for enample,
mil§iple Aagesst whrcb dequire onéipdy sutrmsevmctdms Ity pzrt@rﬂ abey ® thhpefiability of
Cht%{ﬁl sglets Elga{t tsa?lavggx};e hie?eg i %}%;r%él gl?’oefgagl}ot I'11%uss ?akt)r t [ atlja(r%lé/e %(\)3 many silicon-
cdn’m&nrpgaiubm'ate mEehéal ) the ak'l@fltlbrhaé Irmﬂalaﬁirsla’l Wefemhlykfezmed of amorphous
t.r ansf erred to the second hard nmask | ayer 150.
referably the second hard mask | ayer 150 is etched
usi nigwéll BC3feCib2d taathmatepd diktusstd thove ehg beﬁmﬁed o fhingspacers 175a

o e BERERL AR L Bt R R BBl S s

fotrasiD VA s}uﬁunrng Fgune 1 7,eh€ Bpapsrd ¢2S Sre tﬁﬁwa@h@geom leyg,, dajdation, to a

T enpvi rs 5a, .the .aspect. _ratio. of_ the
CeERAIE T R e Bl e o ofe o ok P to the
seadﬂdqwrm@a@d lefrante paéf&elmy REQE emwgh pheith CALLS a$ ShoWRAi Figure 18.
easi reach the subs

Thegpatigtn; i fhegrtrapeleysdoig) t ?%déw @a%rlamr Hé?w\? r%EIE/éDa(ranysotroplcally

etélfd the additBaeisk ¢8eP] @ A boRh Qlclﬁétﬁrb N9 PleferaMih&le amsotroplc etch is
enbodi nents, as shown in _Fig an_addi tional mask

CORYETs PHOSiEE fhepaddijiqnpl magk %aaferggﬂ & @ Sreoneinne pgsma. In other

erfRUERNR, $ whﬁtsaa%Fﬁ&at%a that B §hacaY PBL HAL RS eBeRA BRI Bing the layer
for exa | ayers, which require nultiple

15098 befersi mgtﬂ@r?ékstrta@ %&ta@ é&swsseé@éowedwthﬁésps%q Figwpe M ty

of chendusidateeiot Bathed vk q,v\sc\-sg&yﬂécﬁigﬁ Gl MRLMBTRVAIHD 288 150 and the
anor phous carbon relative to many siliconcontai ning

spages t o atedetng spiap seatirsee. & dnsisoFra Papaeitoks ngdips intarg@mnpags. Where
thP 5@SsRL2 RN Y SRS Pdrs BBEFRRAUSAEMID Auccession of different chemistries,

preferably dry-etch chemistries, can be used to successively etch through the different layers. It
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It will be appreciated that the steps di scussed above
may be applied to form spacers 175a overlying the
waewsnesonml mask | ayer 160. Wth reference to FCQUSM05/029984
a pattern of spacers 175 is formed. As shown in

16,
w@ lgeuz{p%re%llz‘%?g%}fag rﬁis Seeq 1%(5%18%1; ?l? %&nwttré{t%g c}?e)l(rps&%rn S us%dsgry ¢ gpacers 175a and

tha lhardemaskgepasd san bé)fetcﬁemla(}&ﬁ&p% aaﬂb&n oi ﬂ’ne additonal mask layer 160,
transferred t e hard mask

T aPo PGSO G B I CID e et Bl BN Toh S Hesstsy: cspecialy

thobeQube @ fol &Chﬂi@%ﬁﬁlaﬁ -tédtdinih@ mhiBQ4ls.t A&id}&fl@‘li, ekk idditioRMl mask layer 160

ti.o mas ayer prefer bly

e AP ARy set BT B e R clob o pverH s f e . o for

forBing HMashébt rht@Uuiréncld, Teeddeitiofd] Ymask NeyeAN60S Gdnl 1@RE Ge removed for
etch is conprises exposing the additional mask | ayer

foriger rreses i@ MesHt4PRilhY plasma. In other embodi nents,

it witldinhe ppReieeH akdntahRlof tﬂaestép@@e@ﬁsedlﬂe'ﬁelﬂayanb@mng a pattern
renmoved before etching the | ayer 150 or before_etchj

frome fhlsys! & @ seepnd leyel tayodves Sawinelgwes i B sgegag el tpa generally
cd%te%@ tél-igeam;lél@ @n SO RES. t&%xaapletth@ﬁatt@ f RRRGE 83 Q6kond level will

rou% the mask | ayers 160 and 150 and the spacers
getl?@ﬁy fQlogethe mathyefr linse on ftheafiist kegel amdghe lacptnseisatiy features on the
seRaRREld QhS cBRAb ﬂortﬁeefo@ﬁf(‘)ﬂ%@tsr?mlay%ﬁ@estdﬁetht@ lf‘iﬂ'%th{v@lt €The precise
110 conprises layers of different materials,
shaprscaad sizeh ob fealtirdsf aap ety Eore thesfirst tegel tp e eqcattﬂ fgvel, however. For
ey@ %Ieeti&ﬁn&ﬁg bt Eﬂcﬁ%hen%&ﬂesb%du&%@mbﬁ’s Stﬁécéiﬁ‘eisdf Wl Bfel%v%hspacmgs
rough the different [ayers. be appreciate
qu@ﬁn thafspioresl tqt@ungptbmtrﬁtnh@rredrﬂ@m@tcmybmnl%a@mr §tm1n1élsed relative to the
er 10
e
pitiares stlbOnsitraektodr thesdvapatages tislyitiaiphtrs. beoetrdskfrming spacers
al{)t%isdl xﬁésﬁﬁ%ﬁm{s%ar?%}{g&gé é’&?@n etch chem stri es,
or éetching silicon-containing

rrat eftivall be aphcecdtdi thgl firmatibreofaddiatts esvatdinges khd myleredlgibodiments
o earg] Pt?rggrf?&st ald\xéel aygeubs fg(gmp al?eé:a?{lgg Iﬁnnn% <t3r](§: re]t{renlgo I'yﬁélg’lg%Ignformally
d@sp‘&d than ahwkar tayﬁﬂdh@]syerél' hfespaddmhtemt Eﬁommh;lkh tmws ard &@med can be

t )
it P4 b Bt SRR L LI LR ol g fovers v
m}iﬂn@eﬂ ueifigmites |M0Ir6b)te&t the redative tHliél&ES(ffe]:ide_: hagera re{dactefk dfernspect ratios of
rom.a | [ V 0 a.secon V nv, Ves or m
B Ped MR e e e S Mttt B Mo PR kD fere casily
pdn@trﬂft@&tthH estomvf theerehéhes ind| g lfacilftamg eeapilecstch. he pat h

n.the sec | eve eneral ly follow,the
pat hitGHT FsH88 ABreeriE! PP G oy foalapaarans Hesspieg Papdiments ar
pétibRl FbeadathhRSthe pitther tﬁeaﬁws I Bv&! 1794 tdn eandre gaRacutldd. Further
t he Io atlon o&%5|ntla tures on. the first

I el .
pltqlfén%t ptiog cah mecompiighed gmatg ddiio égaceraﬁr%f tYre FRagsts 175 or

1158 8théd fefovih@ Rl spicerstiNg of emaNer RViing sﬁh@%\dﬁﬁnd i@ kpacers that were
exanpl e, dependin on etch chemstries and

Rty FPHdhe s 4 Bt Uhdnd & 9t i e cxmlarngethpd fapder pitch
mhﬁ?hcfaﬁ@ﬂ WrasussQr AU Phide Nd. 3334, eroiedoRalesn can be
arged or dimnished relative to the pattern on the
fir st sddition, vapius @thst ippiterpse Semprteainet fsafurea pé different gizes, can be

oveRat & Bormed NifacedtN® WeARRESE 1189 RAUYHI N Ho? Shinble, an additional
considered to be the sane pattern as the initia

phvsadeBrable lpyer earherfamned oveshifigribe Ppeseel’s oal 6larmad theg patterned to form
tht: %ﬁfeyﬁﬁém%a@d&ﬂﬂgg@r ﬁ%n@ﬁfcﬁ?ﬁ fernsl dre WistibseRSn US. Patent Application
appreci ated that formation o contacts accordi ng t
the preferred enbodi nents offers nunerous advantages
For exanpl e, because thinner |layers are nore easily
conformal |y
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deposited than thicker |ayers, the | ayers of spacer
material from which spacers are fornmed can be
waelepos2d7esl with i nproved conformality. As a reBCl/US2005/029984
spacers can be forned fron1these Iayers with inproved
IWHERLES Sl ki VD RS
Alwgmhenthhr@hsanket I ayer of spacer material, ther eby
all oy ng etc to nore ene e to.
pot ¢ Sl R b e Bl 3 B % RELER 1 b gPifvideh, in other
em‘mﬂﬁﬁdfntsebﬁ]ly somné thHelspﬁieSOl 75 enag[Heroxiiiat.e ot Batnplbaﬁdrm,lﬁaabers 175
lmgfi? w)softhe Huﬂr&e%eﬁmmnmnsarl hich
HoR% PRSI EEI™ SXAINe Y LRROSIHNE @R BRITTHRS & puRETwe fqusr dfor whic
sélethige ététﬂchbﬁﬂsﬂ%@ eretahﬂnbﬁ))aﬂdm%ﬂ oxfdididg¥&pospd pabers.

mul t | atio n be acconplished by form
addi Sfﬂl% p%@@%g‘gall?ﬁ?nﬁ‘ A T C‘i“?’%“?f? aydyghe extent of the
cériveifioh EproYdss) Jthe NBxi8ARE €615 sdbbequekit tHéaRcal t &v@RerkiOf MrB&ss may not
spacers. arouq% t he s]sacers that were fornmerly around
SR SARaree {Rs1zg 5B ePoc 415, dh qucbisatn he ALPE s ficLipyf herein can
né@Ethdss bohpplied thenvit the Rpdttlstizphd £ ahica S wHich GipsiBedlective etch
in US Patent No., 5,328 810 to Lowey et al. In
ChEUIHGSHC aYaiaPlousABISHEY tsafuFrHen PrRSPSSRaR tashtaggously convert the
spa€@t Ut fbeirfd@r 88 3 ABIquenP Bl StefY €Fbrad:dmPle, E%a@? Arecursor
adj acent to the spacers 175 or 175a. For exanpl e,
maEel 28 kgl copRBteddera siligsneor Egel oxdm obaitidsy Fiéeh can advantageously
POV bddthlsBBct SRR Fuftodnlig! ol } lazéé gﬁ&%&t@ﬁﬁs pat t er ned
formthe other patterns for formng such
pat t Sfithsrefgrenceljte ciigwey 29ﬂ2,uwsere Pb@ ehaceifpplSi et prdarhsl, it will be
aﬁb@éc%@bh ﬂYJ heQ %ac-gfsalr'}’S oF th@llayelf HOGCQn ﬁﬁgﬂﬁgedi% E gpgyéidatlon at any point

entitled for I ncreasi ng ot o-
affsdgpasigion Nﬁﬂh@o?@éw mgteriplbang] Yefarpy dormpcibe fred- ﬂ@nch@wsmeers 175. For
Q¥ 264 dofosfi ’
BB A b NONR et of Wbl Tk 940 Blgune 20) the cntie lance
lageei 1dP zerdbe Fpendesieaspheyn md?mlrs Qh@eﬁosn a7 Bpesdedbmket layer 170a. As
ndttd taﬁcﬁfteeﬁlef gx%Fﬂs%l &?éésg Ny Xdl E)Q?Sbegsl &)%dl%ng Eea t.,t Glatidl Y chemical
a protectlve ayer or I C ective e
regHiyity. sttmpeagurgy @c aviapfefddbdy) claweh suble thatshe dbilankestgayex pms eghands to a
. h
d%g% gﬁ1§%1ﬁ%/sgcr:c?rldcgﬂondl g gegd)e?nrge:g]lpgﬂt*cgl? glgegsgl?]rgg tﬁa%ln 1nto account any
hq;vizonimmltage dwoxigdbd $L¢qu0¢’nt Spd@&eitp]ne rthue, hﬁ’rextpaismn process may leave

e on I S Rot. appr i ab i.ncrease
SEPBEELY B PATEES TR RO ATRACYY PRCY PR eledEipe mandres
lﬂllbsaté dse derieee th leaanthn dieestahihe sacde 125p| Acﬁdnth@ously, because the

co ers 175 t ial f whi ch hi ghl
STRRILLT 9 BERR (AU Srad oot piast 81 6 GaReeighma nor
ndb@sma/r@rﬁlldmhe phadess 124 cadvarstchg® asish YanCaidoabpic tdeh, eg., using a
75 to a better etch stop for subsequent etch
ﬂ%‘{%%cﬁ NP3 exanpl e, a mask precursor material can be

converdied einBodim&itd, itl@eaPacers 18Tcal bOXipaiale® hfidtithd épd@ar etch and before
eously rrovi de good etch selectjvity

o0 i %??Bﬁfa\d\rﬁégtr R PaceRf ISt ggur%tcaéweaﬁf?@andeﬁ)t rAdvantigeously,

bdegifse e @1@10&1@ 175 Qe QEowélt &2 growhRiEeRallyNR SPRGRE HirddtRn2 ks type of
enl a it will be appreciated that the spacers 175

ergHATD Py b distanoecheivese indiyidiabeairs ogsgeers b&ﬁ Bk B constant

while @0iRAhO YisahdeQIetveR @R doh@iuedf sphftes SPAS f@?&c%fs' 1@'5 As noted
and before formng the free-st ané)l ng spacers

ahoye Hoeverathe éﬁ%@%ﬁ@ ingyefablapicrmedagfier fomieg e épacers 175 as

Rt dih AdtrudiiR (tg AR gt@ﬁmg Itk gk i@ bl anket |ayer 170
can be expand as shown in Figure 2 1 to form an

expanded bl anket | ayer 170a. As
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not ed above, the expansion process, including process
conditions {e.qg., duration, chemcal reactivity,

wWao egopeesIdre, etc.), is preferably chosen suchpeTias200$629984
bl anket Iayer 170 expands to a desired thickness

corr g%g k?%]é oce fsW%d%?cl) %ﬁ%} 1ousC al I rrr%%%efgra%lﬁ 11‘ff‘vollve93tch1ng an

Into rzo rrn age urln
rﬁlalbﬁﬁgqlawl préqeadiey thetighhthe Iiaslslaydrsh&n emfphra Smhjmtlpg g@s snderlying the

eave the |la artia ed. As .
~ERob o e gt ich i sl r R, Pitrpgican mvohe
dobddd cafdatidd) &ﬁtrfdeliﬁhveﬂ depositidg veateigs ftireeshs tienehiaglg layers and onto

spac 175a. Advant ageously, because the spacers 175a
@“P%agﬁ%r than the spacers 175, a protective
Spacgcdotdingly, aiy ewill &b afpreqgitéde b9)thesayskilRt inehe ssahat azﬁﬂous other

O%i%]gwgaggdgt%ﬁg @é ﬁ‘gd 1%:?‘[}08% Pg&;?g%ﬁigg(:) g‘gnraethcra(ﬁ a&? ! o tures described

ab%U@thdﬁE Bdpasting ABmMSRAEBHSof kifdin fefloh A ¥R rﬁd)aﬂicaidne tnd dh@nges are
pacer etch and before etching the nmandrels é , the

m?ﬁ%“@é? &llpyithig the pqope of tb%’rn@enél%éﬁ defimed by, the gergpded claims.
Advant ageously, because the spacers 175 are al | oned t o
grow laterally in only one direction, this type of
expansi on all ows the di stance between individual pairs
of spacers 175 to be maintai ned constant, while
reduci ng the di stance between the constituent spacers
of a pair of spacers 175. As noted above, however, the
expansion step is preferably perfornmed after formng
the spacers 175 as freestanding structures, to
facilitate etching of the layer 170. Al so, while
"processi ng" through the various mask | ayers
preferably involve etching an underlying |ayer,
processi ng through the mask | ayers can invol ve
subj ecting layers underlying the mask | ayers to any
sem conductor fabrication process. For exanple,
processi ng can invol ve doping, oxidation, nitridation
or depositing materials through the mask | ayers and
onto underlying layers. Accordingly, it will be
appreci ated by those skilled in the art that various
ot her om ssions, additions and nodifications may be
made to the nethods and structures descri bed above
wi t hout departing fromthe scope of the invention. Al
such nodi fications and changes are intended to fal
within the scope of the invention, as defined by the
appended clains. WE CLAIM 1. A nethod for fabricating
an integrated circuit, conprising: providing a
substrate having an overlying mask | ayer, the mask
| ayer conprising mask material and openi ngs, the mask
mat eri al and openings formng a pattern; oxidizing the
mask material; and transferring the pattern to the
substrate after oxidizing the mask material. 2. The
method of Claim1l, wherein transferring the oxidized
mask pattern conprises etching the sem conduct or
substrate through the openings in the mask | ayer. 3.
The nmethod of Caim1l, wherein the mask | ayer
conprises polysilicon or anorphous silicon.
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4. The nmethod of Caim3, wherein oxidizing the mask

| ayer conprises formng silicon oxide. 5. The nethod
w@RooGloz8705 3, wherein oxidi zing the nmask | ayer POIPR1098629984

partially oxidizing the mask |layer. 6. The nethod of

Claim1, wherein oxidizing the mask | ayer conpri ses

enlarging the mask material to a desired width

corrggpohdiMg to a desired critical di rrensi on of a

f eat re | rated cir net hod of

Goaih 6, Mt G I e pickic SRENEFOn i o a

wi dt h of PARTiR!d sibstiaitariag amn evtlying MmakinRydrnthe glagd laghr comprising
circuit he roces of Claim1l, wherein the )

subs Pl @até%ﬁr'\rﬁ saings, e agk W’firladrﬂn‘i Wamss ’gFmBr‘%F‘P%tFeé‘ht

mat eri al s oxiQizinEhie dk Ragrigf add ai m 8, wherein

transferri ng t he tgattern to the sem conduc

subst r at e TEGHPHISEE PRI tsyreﬁgbsgafa.a#rférxmmgefg%wask material.

chempstr yTﬁ@rm&raﬁhopfcmﬁerpw&@m i¥nsBrrih@YRY SxiddBd &R pattern
method of Claim 1, wherein the substrate i s _an
COTPRISPAIDHNS theysemigerdueior REITHE thegugh fe pRCniRgs R e Frask layer.
transf er r TRg nidRdP&t ERMHA 1L Gullehsn SIRNBANGYEL B8mprises polysﬂlcon or
substrate defines conductive |ines of an array of
ARYRPAYS SYEY ce. 12. The nethod of Claim 1, wherein
providi NgTRe §1SE o8 R OTRIHeRES ofi@LiNE Mgk ﬁaﬁR%;'%e? rcamﬁrflses forming
spacers by pitch multiplication, wherein the nmas
sifigeidgl conprises the spacers. 13. A process for
formyng afnd p@gs JF %galrﬁ'3r Glkrein &Qcﬁﬂﬁé SHeNdask RAs2Y 'c&hﬁ&e@pamally
pattern co Ising a plurality of mask lines in a nmask
OXIéI?J@EﬂWEED’ﬁg a substrate, the mask |ines conprising
a prgeurs 4 bALiai RN B OW A ADEHI B |l DD 1bAsed ent
desi ?ed (ﬂé ﬁ‘@%_\? cﬁer?rlcalw rgieacti‘lng tg%pr élgursor%) ses enlarging
theenask materitlgo f devined widie mr@apondmﬁﬁw Argirest @iyl digengion of a feature in
than the precursor naterial.14. The

tﬂs&%%gétga/(g#&%ea im13, wherein growi ng the mask |ines

conpf?. sesTbenfethmeﬁgllvarntdqerhmlm twi ddsitddomiticdl Sdimdiseon is a width of

the plurality of nmask

ﬁud&&%@ ?nt@r%on%c% dlg]t}ge mte%imi%ﬁ glr{\]l%tl plication. 16. The

procéss ofTh€lpaicess 1)3 Clarmerwhenem ke substiatel compsses @ ppralgeof layers of
df?ileren%: chnajr7 The process of O aim13, wherein an

rHous carbon is disposed between the nask | ayer
and phe slhbstetbd of C&imBh @/hf:remclmsfemfhg @heapattedi3io the semiconductor

further conprising tr nsfer th t har d
SRS TP pap R <R R PR e Sy e
af t eto.gr oﬂrhdngethdsmomfnll whasm tﬂe&ubﬂiﬁ& ipgmiagedsorof C ai m
18, \M]er ell“ﬂe t?logl af 81a1rrrnH ?5 whe e?nr trgn%g%ﬂgstge pe?rlemn%o tHe semiconductor

substrate defines conductive lines of an array of a memory device.

12. The method of Claim 1, wherein providing a substrate comprises forming a
pattern of spacers by pitch multiplication, wherein the mask material comprises the spacers.
13. A process for forming an integrated circuit, comprising:
providing a pattern comprising a plurality of mask lines in a mask layer
overlying a substrate, the mask lines comprising a precursor material; and
growing the mask lines to a desired width by chemically reacting the precursor
material to form a chemical compound occupying a larger volume than the precursor

material.
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oxi de. 20. The process of Caim19, wherein
transferring the pattern to a hard nmask | ayer

w@empneses etching the hard mask | ayer w th BOIGr/G3005/029984
pl asma. 21. The process of Caim 18, further

conprj sing, sel ectiyvel) vi ng t he sk er : .
ol ot ve P Rerenat G U Ny Bty B R ok B lcomprjce peformine
a patrha bXiditona hard mask |ayer. 22. The process of Caim

18, rth conpri si.h ansferring the pattern ta an .

i Honat e oxeeh a6 bRy b AR it Pkl iRk b Suffe b e
mubplisibst rate after transferring the pattern to a hard

mask_| aye 23. The process of Caim.22, wherein the

addi 11 onalheeigiest Shidmddnisharan e aoF i SemB AP BHO™ 24,

The pr.ocesge procdst af OMik313, WhereRi an akddgphe@sdaridd indisiosed between the

corresponds to a critical dinension of conductive
mpgkaer po5l thesyoslraied in the substrate. 25. A process for

fornmigg amnd plocgs At €thiiBCHirther @RIFRELS trdgkferPiiOite Patdgn @ a hard
patterned mask | ayer overlying a substrate, the nmask
magkayer YR e Meskdayst el dhaybstiteredet sipving ek -

reacto Ng the pRIces WrsQhim 88, Sitieftin R F04 Maf0 1846 BorSirRBs aluminum
material; and subsequently transferring the pattern in
oxife mask |ayer to an underlying layer. 26. The process

of Gh@i m 28, HWBAE 6F BlakReT) wikkdiy u%@fﬁﬁér hE Pa®th & H85d Fnask layer
vol une of the precursor material. 27. The process of
c@npisen dingthehad madteer wih BElomlere ng conpri ses

perf o.M Ngy, JOFE%E Hpélaﬂf(igﬁ&ﬂhmomgﬁsing-r gk?ecg{fe@fﬁﬁl%vﬁlé the mask layer
d aim 25, erein the patterned nmask | ayer conprises a
refdtive tol the hard masieleyer piterdrgnsfaringtic pajtepi to @hard mask layer.

mul t hpl i cgf i 9 06e8S, of ' fertM3CHE | Ritern ¢

t he %‘?ecu?&%?’goﬁgt%e?fi gpﬁ? gg’se ect eénﬁso%nﬁtr eeg?%up 'ﬂa o o an
additeplsthaskidayef betwiendlrhard inedeidygngndtthasubibteatn afigt] transferring the pattern
t ten. The process of Caim?29, wherein the etch
tosatu%génﬁgs?}é%yggl conprises an oxide or a nitride. 31. The
proceds offh€lmewsLs5f Wlhigr €2n vémreandhep ddiforghrhely fager comprises
algli sgguss%grbgetween the mask | ayer and the substrate and
WA sulbsequent ly transferring conprises

t r angd.er r IThg ptdeess pditGlamnl 3, ovheted haviepied wsidibamolresponds to a critical

layer. 32. .The process of C ai 5, Wherein

dﬂ%ﬁ%’? CrOP‘?wLﬁEY%%CFJgﬁ%?WGQ g tﬁ %gllbgtrr?%er'phous carbon | ayer
conpef.ses Apesdesy foi fogmiag SORAteptaged RAct, chprddig: A et hod

of sem conducior processin onprisjing: providing a

subst r at e PWet%i?nP ef‘l?ﬁ‘pg‘%gr %y%%?dy&%e?l ?“i’%“a?%e%e mask layer
S ubs toéaprisirthrécursor material;

chemically reacting the precursor material to form an etch stop material; and

subsequently transferring the pattern in the mask layer to an underlying layer.

26. The process of Claim 25, wherein chemically converting enlarges a volume of
the precursor material.
27. The process of Claim 26, wherein chemically converting comprises performing a

thermal oxidation.

28. The process of Claim 25, wherein the patterned mask layer comprises a plurality
of mask lines formed by pitch multiplication.

29. The process of Claim 25, wherein the precursor material is selected from the

group consisting of silicon, titanium, tantalum and tungsten.
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phot odef i nabl e | ayer overlies the tenporary | ayer;
formng a pattern in the photodefinable |ayer;

W e@es2ssns i ng the pattern to the tenporary | ayRCT/U82005/029984
forma plurality of placehol ders in the tenporary

| ayer; depositing a_bl anket er of spacer materi al
over3% he Hiedreaesssf Gampy) a\‘,’]éfﬁﬁ’f‘ %‘gsﬁo& rapigrial, gqrprises an oxide or a

nikABOVIi ng the spacer material from horizontal surfaces
sel ectively renovi ng the pl acehol ders relatlve to

spacdr matherregess of all%‘)?éaWB‘?fﬁﬁ 2P AEOPRASSRTD H&tséiﬁﬁpgfedtbstween the

makd8Rt beHh | s@BstraBnd WiRreYESubQGu&ily GaifBiids co e€lrBnsferring the
sel ectively renovi ngﬁt he pl acehol ders fornms a pattern

paﬁﬁmﬁ@@éa@@hwwgrb% ®rs and wherein expanding the

spacgy NefiRl hdbest Bf @@ﬁﬁloﬁmeﬁfnt @z[nsﬁﬁlir%‘:tthb V@l to the amorphous
renmovi ng the placehol ders. 35. The nethod of C aim 33,

cayites dayeromppsaIdPHe it Sradasma ﬂ*ﬁ]ﬂ erial is perforned
bef ofe SeA%tﬂo&%%%nﬁc%ﬁm&o@ rotc&%ngge&sﬁm terial from

hori zontal surfaces. i e net ai m 33,
wher ei n expedii r?gSLtbFiEatﬁs ryﬁ@@m frérenoray layer pmﬂﬁ%rth%él‘lbstfafe and a

af t eého?o%leﬁ&% eM§yeY oveHie eq 1; Peﬁ'yﬁp cer material from

horizontal surfaces an ore’ sé ectlvely renovi ng
t he pl acefwhmelaavatt@l?mtﬁmotvécﬁtablle@fyem ai m 33, wherein

e TP b L p B 553, A BRSOt

Iayemtb@mppwraleslayphotor esist. 39. The nethod of daim

38, wherejn f.0
| ayer c orrp 0%l e p egrfkgtrlﬁfuf Bﬁ%ﬁcei‘ Q)latte % ggggféﬁ,éﬁtfailg%?bﬁceholders
subseque nxelleptweky)tenmpmg &He Ispacet odieriag fromdopiratad slefacesabl e

: gz 2: se palleg Wesyn’f%ﬁjg) 91?1% Eﬁ%ﬁ [qelﬁelam’e% ﬁ’f’ S%a%erhfgatgmﬁ%
phot odef I a@bﬂldang ﬁymacertﬂﬁhterﬁll'te ammmsiz@f d ai m 40,

wh h orar | di
uner £, LB B9, Sl O RRTRELER Bpi et oms

pa\ﬂbmf@ freetsb@diely @paersrand wadtelnr @;bhr&iﬁtgl t#e spaoat inftgrial is performed after
ﬁff i ses sili c% oijiym tride. 43. The nethod of Caim :
selpgtivehyrepaying DePREOWSISy) r enovi ng the pl acehol ders

CONpP33. SeSThed@psd bf ORind 38,1 Wheedin l&i}iaﬁdlhglthemp%er ambrial is performed
GEOHI L SRIESTy MLl SHLLEnCOUELY. et ching Lhe

subsggfiuentheyymshsdlbt 8RERYS) Whepdit bkpagdih €nel dphdel imaterial is performed
en??elra tsglgcltl%lelyargrgoxgntl]get}}eesggc%rr ?nra enLla oenrl ‘horizontal surfaces and before selectively
removing the placeholders.

37. The method of Claim 33, wherein the temporary layer comprises amorphous
carbon.

38. The method of Claim 37, wherein the photodefinable layer comprises
photoresist.

39. The method of Claim 38, wherein forming a pattern in the photodefinable layer
comprises performing photolithography and subsequently isotropically etching the
photodefinable layer.

40. The method of Claim 38, wherein a hard mask layer separates the temporary
layer and the photodefinable layer.

41. The method of Claim 40, wherein the hard mask layer comprises a dielectric

antireflective coating.
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44. The nethod of C aim43, wherein depositing a

filler material conprises depositing photoresist. 45.
wab@eoet7bod of C ai m 44, wherein depositing phPCDUER0S029984

conprises performng a spin-on process. 46. The net hod

of C.aim43, erei n simultaneously etching.the fil.ler .
e cH ol TR ST REERD O WHRETT SRSt g omrises
siBeoodidiigidpl asma etch. 47. The nmethod of C aim 43,

wher el n subsequent | i.mul taneously etching the filler

mat et al %Weﬁ@gt%tﬁﬁiaﬂrﬁr‘f/l’l whetyn ¢ }‘Fﬁ?YeEye§ WAL Rgcehdders
cotdpris®: pl asma etch. 48. The nethod of C aim 33, wherein
deposi ti ng a bl anket |ayer of spacer material =

conpr i sesIPeptg & ﬁ]EF@ matefia\ avpr a9¢ awund the spasyy el al

vapor dep@sifidrefusly’tiohinbhiBe MRk hatriffanSHRInEAdA sk Myer &ld
expandi ng the spacer material conprises formn

silicon obersuently simpliangerily gjghing thefillenpmaigial AR tepporary layer.

sel egd i verye LRMY HICIAE SPAGREiBIBsditdy § @8 material comprises
hori zontal surfaces conprises anisotropically etching

deppsting photopsist ayer . 51. The method of C ai m 50, wherein

ani Sy ro Pjﬂﬂ‘eﬂhétbfqd%‘di&i&% Qﬁeréh ld%a_s%@ﬁ% %ﬂcﬁ&reﬁ@ @9{5{%1%%§perfomﬁng a
etching the silicon [ayer with HBr/ pl asma. 52. A
spyrererreesf.or form ng a menory device, conpri sing:

for mfd’]lg aTlRel Métﬁ(&d;l\i]fyﬂﬁin X@?%exjﬁ%r&ﬁﬁulg}{eo%l& %f&_hing the filler material and

mul tiplication, wherein nei ghboring mas I Nnés are
the bpyd matleldyd conproneraioningr ChyHaplaopesiclspace; and
narr ng C ' [ :
el SOridifRRA: GRACE, RELURSRORA R AAIRE brhing the fler
mhier@ sndbapnipsanpleyey sihpreeypesiornainprpBoplesngictdbcon. 54,
The Jl)&r Oceﬁe Iggthc% 631J 1?1‘?33, el Qﬁ%r{go%l?&{e% E?erocﬁ%ﬂacer material
space ‘conpri ses reacting’the nmas i'mes 1o Torma
cathipf fasrdeprsitmb e fdyead! sdioopoguebemerl abdralgposon. The process
of im er ei.Nwr.eacs i t.he nmask lin co i.Ses. .
oxpor no i Bt AEE B GRS, Rl SRR b ShebORRIEL A Gmprises
foarhingkiticon &ide. wherei n reacting the mask |ines conprises

conpletely oxidizi th sk. li.nes.57. The process of.
& an 52, Tt e o s TR G HRER Pem i B B om
hdromtEdulfycet tomprigslanisotimicallpeteling thel etiboni lmgr.| ayer . 58.

The process of  .Clai.m.57 erein the underlying l.ayer.
corrp?li'ses BenieRd 4 n@g%éﬁfwégfem%sog?%& séégf'“%’(:lﬁﬁi ?’r{mn layer
coptprisspfeahiig fhet silROS6 fagérdviithOHBIE, pladriaer n t o t he anor phous
carb?n Iaxer cor}&:ﬁ ses transferring the gattern to a

har d>fmas k™ PRFES IEAB T RHmETRAN SFET FHEPTERE

forming a plurality of mask lines by pitch multiplication, wherein neighboring
mask lines are separated from one another by an open space; and
narrowing the open space between neighboring mask lines.
53. The process of Claim 52, wherein the mask lines comprise polysilicon or
amorphous silicon.
54. The process of Claim 52, wherein narrowing the open space comprises reacting
the mask lines to form a different chemical compound or alloy.
55. The process of Claim 54, wherein reacting the mask lines comprises expanding
the mask lines by oxidation.
56. The process of Claim 55, wherein reacting the mask lines comprises completely

oxidizing the mask lines.
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pattern fromthe hard mask | ayer to the anorphous
carbon | ayer. 60. The process of C aimb59, wherein
WO e@es2sInF i ng the pattern to a hard mask | ayerPCT/US2005/029984
conpri ses etching the hard mask | ayer with a BC13/Cl12
pl aspmn. The

r anbher  Tirgoirel BatEr. RO eHE T PR ROl B gy fagmed by the

mﬁdkemadmﬁﬁhﬁud:ﬂylﬁ@[ab&n Iayer conpri ses exposing the

am)r ous ar bon | S nt ai ni n | a
P od” Bt Pear co i 5 SR e YR R Spgises amorphous
caﬁwﬁm ng a plurality of mask |lines by pitch

][no“r :ﬁlﬁﬁlgl f 'ﬁlé@l grggqgs |o%J err)lijl d %E]@% %%{ﬁyegﬁ?r@? ! e@%teergltolthe amorphous
caBtRRVI8Yek lcBEpride trﬁmfe@rﬁﬂgaﬂhe to@ttedi tOh Med MRk Qkijefbnd B trifi@erring the

nmet hod of C aim 62, wherein expandi ng a vol une of
pasigindraaihe hee mepglaydh & thaaRorPhovs sTBYhBY T s es expanding a

bl anget | ayeesro®bs SPAGRI 59TBIHR eirPbrardFiddAnd PEHIG Phard mask layer
plurality of nmask lines pitch nultiplication. 64. The

compriRsgtehme drediard mok laypey gl HBebimlasag: forning a

plurgy i t yrRdf pBRedbEERim 96, rw@rém RendihEn e Hedm |fr'?a}h‘3!he @hrd mask
t he spacer material; expanding the spacer materi al

oy o dhecHaTBhaN® catherh aaeT COMPFIBRs X PSSt e FmeTpheYS certop dapier to SO
1-he, kgt layer of spacer material after expanding

co en?plg%er material, wherein the spacers formthe mask
I i ne€Z. 65A mRHed futshroigonsiictor pIPeRSEE, cowsisaign f or ni ng a
plurality £ urality
of mandr efogr];‘m g Ekélé%ﬁtg?%m%ﬁﬂp{)l@§ﬁgi&@1 ec?ﬁ%l? ]QCL
spacer matwridilg a etlon of thtsricz ormiak thamisciass toa desingd width by

Spac%n%exfu {iﬁkhﬂr‘%ng't@?xg&hexj §la Of spacer material,

wherein t spacers mask |ines; expandlng t he
spacé nra’f@r mahochcﬁft @rine6Z; hvhqqmmpamima abolsme bhmesrialguning the

maslljcl anfeegy Eﬁ(éaendglr nk;lz;n% lé)lgegr %Ppp\é,%s{xlgnag?ﬁl 5{9‘%? rf(?ljm%égGa plurality of

cer er expan
ma'sikémmahhbdmh{ph@ltmnm 62, vvher ei n expanding a voI ume of

rmte or m nes col rlses expandi ng a
patt oi- @%roé%gafll{llrg§ WheffenhGc’mﬂntq %I i cation.67. The

nmet hod of foﬂnmgmpﬁﬁa,hmbfen@ﬂnlsconver ti ng the material to
form ng t oy PRUREG e RSB TOTbr G o m o2,
wher ei n ca(puﬁfntg thesabeg niweeiiel el to an other materi al
Cor | Sos phe ) RenTR 6L L0 a0, Loy aK e o e
exp Oﬁlbtﬁﬁalaﬁemﬁzﬁfdlng itiGsphody Bhtedi4), wherein the spacers form the mask lines.
65. The method of Claim 63, wherein forming a plurality of mask lines comprises:
forming a plurality of mandrels;
depositing the blanket layer of the spacer material;
etching horizontal surfaces to form spacers from the blanket layer of spacer
material, wherein the spacers form the mask lines;
expanding the spacer material after etching horizontal surfaces; and
subsequently preferentially removing the mandrels relative to the spacer material
after expanding.
66. The method of Claim 62, wherein expanding a volume of material forming the

mask lines comprises expanding a pattern of spacers after pitch multiplication.
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reactants through openi ngs between the mask |ines. 70.
The nethod of C aim 69, wherein the reactants are

wer@whard7es 71. The nethod of C aim 70, wherei N"PERPIDDFIRIISS
an underlying | ayer conprises etching anorphous

carbgn. 72. Th od aim 70, wherein exposin .
an uhder | @%@eﬁ%ﬁé 818%‘%%%‘?@%61%?%%1&% ec%%gffﬁ? %Ot%er material
copipBisdsioaidezingABe mdthigal fRhpdhohasliabsm 62, further

r

conprising tripmmng the sk lines aft expandi n .

vol Ui of TheRERpbpr ?lamrﬁggwfterf‘én IR0 FisgTatorst] g other material
cd@@}ri@&_dllitﬁﬁing}ﬁinmte@i& foiri]iﬁﬁg e !ﬂ?a_bmlﬁheﬁb‘l;g I iTEeS °°L“°8 i se

polysiiicon or_ anor ous _Ssi 1 con. e netho o1 .

d ai 62, Thinerthed of ﬁ@ﬂﬂ &2 PEGn PSS eép%lnigt%nc%defﬁymg fayer to
refltdR WBicRbh §fenmubuedeh MR nhddk Biggonnect lines in an

integrated circuit. ,
. 0. The method of Claim 69, wherein the reactants are etchants.

71. The method of Claim 70, wherein exposing an underlying layer comprises
etching amorphous carbon.

72. The method of Claim 70, wherein exposing an underlying layer comprises
etching a conductive substrate.

73, The method of Claim 62, further comprising trimming the mask lines after
expanding a volume of material forming the mask lines.

74. The method of Claim 62, wherein the mask lines comprise polysilicon or
amorphous silicon.

75. The method of Claim 62, wherein the desired width is a critical dimension of

conductive interconnect lines in an integrated circuit.
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