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WD 2006/ 026699 PCT/ US2005/ 031094 METHOD FOR
| NTEGRATED CI RCUI T FABRI CATI ON USI NG PI TCH

WIAHG/4669CATI ON 5 Background of the Invention PGR/E$2905/031094
of the Invention This invention relates generally to
integrated circuit fabrication and, nore particularly,
to masking techniques. 10 Description of the Rel ated
Art As a consequence of rrany factors i ncl udi ng derrand

for incre
capacity W%ﬁg{riﬁ e CI ency I'n rm em e: ectAr oni cs

integrated circullSENGMTCHMURIDREICATIEIMg reduced in
size. To facilitate this size reduction, the sizes of
the constituent features, such as electrical devices

and interconnect | i néBavkgitund of thhatveftpmm t he 15
Fi Ei &gr ;t e%ﬁci rcuits are also constantly being
: e trend of decreasing feature size is
evi dFhiks mvfa@ttonexlaﬁp beerailp tonietepiated circudiuabrécation ardembeesrticularly, to
gch asha@%nam ¢ random access nenories (DRAMs), static
®ss menories (SRAMs), ferroelectric (FE)
nmenories, etc. To take one exanple, DRAM typically
conprises mlljons of identical circuit elenents,
2 Ils. Inits nost general form a 20

MENMDRAY £ &lohseliyepte Al a0 otcit, S indfudingOdedhan t fok Ciabreased portability, -
devi ces: a storage ca| acwj;or and_an access _fie

CRIFFULRE PPW%{ngi‘egftOEf cang FsT8Y BRBFIEngYs N Podeyy € iegggrg‘fs integrated

cir @R hie QBnitBlsyE BdingSie@icRd @Ngzedi Lo Lbiling Hisdizg lréd).lctl(ﬁlt the sizes of the
data. A bit can be witten to a cell throu

cqnstiHH serfironntich @aclasirical ARGy AR dRiGEOHIC ﬁ%e “g‘?%% 4y form the
iRdBRld Dt FOMd RBsthRfyVeRp aar@kact rode side. By

decreasing the sizes of constituent electrjcal
devi &b trandiof Hecresging et gizei i s¥ideHa for el {thERmOphgirouits or

?\hé?%u@lf ast af%@ﬁdﬁn{jgééb&%en?o%eé MSRARGY, %Edue Faddd8S&cess memories
atures ¢ pbe decreased. Additionally t or age

(BAMO! foresioctrin (B8 momreasi Toike PR PiRgDIR fogigplly comprises
ml(flﬁ!n#s of QAERickNGrcIR r@éré(en%eﬁl&ﬁls as TRRoGOMLS, nLIﬁl its" 6N Geheéd] form, a

eature si zes p aces ever greater denands on
memotyriel] igpdcally eohsistspofftep electnigal fdeuipest @ storage conagiigrng an access field
e@&?}%&s s{o? OEJC Qll;%fn \ll;)gc (flqmmdyeséﬁ%ﬁqo%ﬁorpﬁﬁttcgﬁ Fe%t: lﬂft ?ﬁnary digif)

I nes, on a substrate e con

. obdatpi A(bllt oamhe itters g tadl Hesigh tHodrandigorsindaeast byt deogies G.i@rge on the

SRS eat
elb@dtall dedcea radttlyqoccnﬂhﬁmgdeﬂ tted actmysssfprax; ithey sizds etf\ibe memory devices

in%&%@r%ieugqt thf sg S%Eﬁlr dag#h Idlcgcre sea O%\ch g(gna ly,ystor{ﬁe caﬁa@at{éﬁl ﬁﬂi be increased
bpEitivE ﬁio&dn@:iory bedls sntothefmentoey ddvideds of a feature and of
t he dth of ac ar at that feature,fr
o QBTG LD 1 Be s PR e ety ot iques used
to&ﬁﬁn H%e@f&ttur@:f Fﬁ@kﬁﬁﬂléhgl’phmﬂmb@‘ﬁ}giys Hs c&iﬂm@ﬂﬁ tsed to pattern features, such
phot ol i t hogr ap tec ues 35 ea L Ni N .
o RO LIRS, ST PR R e POl T BTAGKeah PY M5t A the size of these
fb@EdIN PALE]s AR tas FRl dishilky betlveddan 2QG¢L) 6808 two neighboring features.
PCT/ US2005/ 031094  form features. Thus, the mn Wr{lu

Tiioe SHUGF 5° BRISED FEHEHPYARIIEE BEHAGIEoE AR (v aro typically

fifl @RSy 1Bat8ia?, Buch as an insulator. 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

storagé tlélfe%cide Pfro hhel iseffg'grfce rk?e%trﬁ% él@&e @fys(ﬁe%{égﬁné) %e\'\ﬁgésg ecﬂ“ "constituent

to factors such as optics and light or radiation wavelength, however, photolithography techniques

-each have a minimum pitch below which a particular photolithographic technique cannot reliably
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reduction. Pitch doubling is one nethod proposed for
extending the capabilities of photolithographic
WO82668%s beyond their m ni num pitch. Such a RGEHH05/031094
is illustrated in 5 Figures IA-IF and described in
U.S. Patent No. 5,328,810, issued to Lowey et at Wth
£drhf \?ﬁt@l@g eTh, fr Gk ﬁ} l‘rﬁmcﬂ IE@E htb A AR tebtRiduk rc§1{ 1i§ 8€hture size
to forma pattern o I nes in a photoresist |ayer
regiyefronyi ng a l'ayer 20 of an expendabl e material and a
subsppgf € SRQWN o, BsedtBfor {HEnRALL BN daPabilities of
then‘i){t?}}and%glrl?ggsls i an gt 8E g“@ > pr%rfer an E apabilities o
pheiplibegrapbicciechniquet @ems} ethenzmlmmemnm@ %}tﬁbc@ msthadrig illustrated in
d | LREES NG 5428850, 1sue@No ASwrey er ol With
F%regaﬂki gﬁ% dt%'f% bér;g%ld??s 4 gg’n (%be |sSotro%@Smfye o
rezfercmab Flgunerlén plent@ithdgeplly stfart cecdiie fonmarpatian ghlies il a photoresist
rrandr Fi
R { el AR M Bl A ks oot . ROl in Figure 15,
t%Qqattaﬁ is rhamm-ansfendau tgwneetmtepsnmfen@y @Qisotiop®) fo thatlasrer 30, forming

oGFSHELTE G, BT Ml T 1) SO O B g 0 o
bs nsd&smcaﬂlytehﬁedtmﬂmeh&e tldedehiynm rbéfvmee nelg]aﬂohyg etendrela g0t freshown in

. f he.h f .
FRRRCR, TOLE! Sy G SPGB I BB, B i

FigEre ITheSpamion; iy nmbdnidl eltedihg oaoregmdﬂg ornedextetiing from sidewalls of

TR Rl ol GERRG: OLE BB ) Ly cshing te

spadétSmatdthe remah@hoteontl suefices f70RNE 8D jh 4 dicdctoket] spc@radidhe anshown in

definj ng one featur nd one, space, .t sape.w dth_now
Fleie {Hiois B0 AN (o B alede RS U HE sheces 60,
whith G eﬁmﬁ@c’c aé\iﬁ nislt ﬁﬁllbhﬂlternﬁlﬁlets 3]iﬂ|;ﬂrﬂ ﬁ&tlgt{]real? UTRus$ iwhere a given pitch
poss with a photo raphi c techpi
fosmerhy ’tﬂF %‘f Ridem s imnE onsfeqtireng praBacsiip gﬂd?ﬁatﬂgﬂi og/peludes two
fééﬁiréseanﬂ Fﬁ‘o Hlab & efisedas tbdphdbrd 6y, VAR debuld, B sewRd¥pledture size possible

above, this reduction in pitchis conventlonally

WF@ﬁ@P?t@]éth’%aBi%c tehiigme "Scf%?ﬂ"ieb(gle"mﬁ? nore general |y,

pi t Ch wifirpd a%bt@nht%@ttﬁa@ Rinle ﬂé%ﬁtclh $ acGRIY 8NVdOMahd ¥xample above, this
"mul tiplication” |tcé_ﬁc¥acertalnfactor act ual |

y
redpetionyie Pitele duednigntioprlypieferrd iy 2t pitgh Tdgedlige.” opygore generally, pitch

I‘ﬁﬁlﬁfﬁﬁﬁﬁ&p’n ahat & EhVRRENI SmbIghIRLAGE JF %ﬁt@ﬂl By 2BRRAH I tor actually
ayer of spacer material typically has a single
1mhlves¢n@wg1g91@3 Kitch by fiatylaetes Tl@sowml temmyinelegy ip @éﬂé@é&l@rﬁm

t he (Szlaﬁsc‘ s b 1@%%6;@?#%? fnﬁ%?ﬁl{% %th(/ 108 s&Bﬁ%E&e@sOQO (see Figures

usua corre ess 90, pit
1Beod llE)rag}dtbyqaumM sizqs o the dersuréscfatmpddy ﬂ@ﬁfspmwﬁooﬁ'éany corresponds to

ﬂz\gjc ﬂiléi?lees? N lﬂﬁﬂ? ’do&lﬁ&@e%ggal O{n’i}&t‘fbe? LY bEdh (fﬁ% \91dth Circuits,

nt” si‘zes random access
heweveyliofien erbplpy featutey of dl:ﬁfemnhmmr Hysexafupleprandom @f@bﬂssnw circuits

C circuits i.n the SO »
tyg}c?fg/gontat]% aIrays né Imen‘mogi ? ! aréle i %q:pﬁugg H 1?1'1@% %o—call{a&] ?%gher.y. In the
aieDR e imewery ¢alle areaﬂyrilpaliymotﬂmteﬂéjyl qohmcylve titve aBq) in the periphery, the

caonduct.i ve l.ines typicall tact andln ads
GRE e sed e ba bR Biiosk B HBSiIREE P@phprat features
st ak ddingPafhn twelenway bt larga mhdne:hé edngectivt ﬂnaes t]lneiddmon, periphery
.n addi.ti.on el ectri cal

duct i.ve |
0L 1o st Bopas Sprd e B PR BR e A Moreowr,
e®h Qﬂﬁe[*lpﬁeﬂil feltivbC@s be Iforhnb@wﬂh It}&)samé/bﬂtcem ﬁ{e, arrag\Wefléxfibility required

p heral features c formed w.th i-t.ch
b e ¥ B IOCH TP S SN ot Gor bR e Ratoms are
llﬁﬁtécﬁﬂéltﬁo%e Wat dan by Bired Alynd e sibevalle sSpdk@edisotgesistsi ngl e
mask, particularly if the patterns are. 35 limted to
those that can be forned al ong the sidewal|ls of
patterned photoresist. 2 W 2006/ 026699

PCT/ US2005/ 031094 5
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Sone proposed nmet hods for formng patterns at the
perl and at the array involve etching a pattern
‘Pﬁ %array region of a substrate and i nt o PCT/US2005/031094
perr phery of the substrate separately. Thus, a
pattern in the array is first fornmed and transferred

10 t REems PRpbleAl ML AF 8RN @3N thel (REPhAP @ﬁch@cr the array involve
pattern in the periphery is forned an eparate

eiching a paticrsito the ey regigysqfa sulstipls ,aﬁ@m{:p nsRshgeet th%g%sirate separately.
TRRS Q?%ﬁerﬁ W e TRLP QG <f RFRIRAE ah&terrddSth I Sibdifa8f &g one mask and

at different |ocations on a substrate, they are
then ahethet atiers frefhe patiphert iy fermed endreopamicli Bxskered toﬁéa fibsiate using
arhier lrr?dlel B&aPRhLE] BShods pz?céxﬁéhfs‘ﬁg At h‘BQ{S Redifferent locations
overlaps an I nterconnect li1he, and yet a third mask
omayulisiate thaems limdedd thar ability te formifoaturesethetraquire wxeriapping patterns,
t PLARRAGC %o el § RS Knaskc may b
sy {gdklpéa?cécleve gr egﬁg@b{:h rﬁlzi]&é}lr%Mlens(?ét\lrjvlﬁlttb re 6 aske may e
nmssktatacﬂ begfstiehit tapueeparate paitsrisivid mferepmreets Ai@)tld@ily,rﬁedl fpipird mask
{
wmgl% atg%eeg "%é&ér pcthhl?e éés ﬂ# E‘r&lt s gl?%?ﬁﬁr@es g? Qr!ldey 1f!o : 1:1;? 2%1% features
defirzé by ﬂxesmécma]hpl;catwmtew}mzqub,e f eat ures require
SIOLI e”&%gr" etﬁet‘rﬁ pa' 1}%9%1%’%‘ ﬁ-rt%@s ?f%&%}f%@%ﬁ}gﬂ)f éﬁffér@nt 3126?1 especially
v«hm ﬁ{&ﬂemed&qﬂmdlffd‘emgwtmppmg paﬂmoand efpetihldy mrwmnnqtmn with pitch
net hod is provided for sem conductor processing.
H’é’ PHRod conprises providing a substrate having a
primary mask | ayer ov&uhyiaryef tiellevestiast rate, a

| a
% Ie:rg rcar %1{1% F%S}Flg t%\slq%rgg,é# r}go\l}gﬂ ﬁrllnga n%%l'éo t 18 Iﬁgowd'e rfoiarggnu%onductor

ploddstibg. Ahdhethod Srﬁh;ﬁisembﬁdihgl a isgbstrate I}mdng mprtnha‘yfmasls tayer overlying
phot oresi st |a

f f
HGGRPFaLr P POMOT R IIPLR et o 1 BTORES At T S Pigoresis layer

oVl dhd rémb&er;aey&emﬂfowmslsk BMEEN 1s/-is‘01$1€bﬁﬁjil dreahatphmsasst layer. A
| ayer is subsequently {gr med abov | evel of the

firs pafiorn, BYOG AT UASCRSHRCD PR HEANTER o e oS Ry & formed in the

teﬁ%ﬁﬁ%dlaﬁr& tA %c&ﬁpﬂﬁﬂ)r@ﬁ@lagéﬁ§ lsSHsedu@itf fornldBienbeid1BE level of the first
otoresist pattern and the first. pattern are

ilternanke alhe Rhofdaish PrieE §F fREEsd ey recerd PRIRFPHSt g The otber

pIRASTESE Batkein Erhﬁth@ fii's r@é&aﬂs&)‘r@ﬂ to thé ﬁnﬁh&E}Sﬁal’sIaIa%rl 16 form a mixed
processedt roug e m xed attern in prinma

pafiggkinl thy @ﬁmarrtmrr ﬂqyerb eﬂ@psp}beerea«ﬁ erpcesied thffwg gﬁﬁgerfﬁ?@em in the
Plpﬁfrmoggfg%g Jhli%ﬁ-rg lm% ed'b% rebiatRd ﬂlag‘rihé'rﬁ.tb@t&dt@kﬁl E&n@e any material or

rimary masking |ayer or di ng

nmmﬁdnmbmoca@p@gwmhthememmaﬂqneﬂﬁyera met hod is
pr OV' gr?o‘iid1£ to faﬁdtﬁ@rnag &0 of pY ﬁ%r@foﬁ da Ghdithold! i -proVid for forming an

rnses |d|ngasu trate andformng an

'mmtqzm cltrsit. c’alnebmnthb@yempwe praviding & pybstratecand Aofrpipg an amorphous

' caggongn%r Yer?ﬁé sﬁbd&?ﬁtef ar (.0 ciﬁ%sk I gr i & o?ﬁ agpﬁgﬁ%lt'%}orphous carbon

npor ar aye over
laférr K teh-@bndl‘gdaj@r Ilsafpanedawdr @,e ot bwdmmrlmm 4 sgged hagimask layer is

d Qver tPie tenporary |ayer. According to

foﬁﬁ%‘{?rvg 355%” Y¥he invention, a nethod is provi ded
for Aemrdmgr cuarotiter adpadirofcin inventioiihe Mool deiprovidpdt o @smiconductor

iR afc et ol Bl B o Poc b ok i sepasatly
fopiBig @l seddna GEtERI VY photdiithiieraphy eithont piteipinlciplidaton. THeefirst and second

first d t d 1 "
i e GREU Bl BV ente AT Rebtah e syl
| ay eAccordiby ACPD aldthg akstcy 6f the ﬁlﬁzfehlﬁm asm:ﬂrotl is pfovidad for forming an

LTI NN AT Y R F, T P —

mask pattern in which a first part of the rrask

3
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-3 WD 2006/ 026699 PCT/ US2005/ 031094 pattern has a

first pitch and a second part of the mask pattern has
WO 200¢%746%i t ch. The first pitch is bel ow a nmiBfiT§a005/031094
pitch of a photolithographic technique for defining

the second pattern. The nethod al so conprises etching

pﬁteﬁyﬁ%tarfﬁgt&ei%? 51%#@{%&&&%&1%? Iﬁie Rtk ggt{r‘]rs& lﬁag %%E&gn@ %it&ﬁ? d’Ie'hg first pitch

anot er as e 1 nvent 1 ONn, 1 I S provi
isf iptow @mrimgmaiiceefor ghotobithdemplie tectieuerfor dediingdhmperepglattern. The
f.orm 0. af rs in a layer
BT u il S0 b SERMBL B BESARRARE D 200
i s déposilingth awother sspecf eftibsinyéntiphea meshgds proyided for forming a memory

.ac | de i ive r f.
o SRR o Pl R 386 N BB e v
carborpleyar W lapdr af eiasd waersal ar depssdted ovdr vaifaces efiths/ tethporary placeholders
relative to the ma nat er i al r . of
aifuhen kel ol nelTA T AR T E R TAAE, T emporary
phediohiarsafre tdietinelpoenovdé vilgitve 1k QhoAsesk oatagaltto fymat a pattern of mask
anaot.her aspect. of . the inventian nmet hod .. s _provi ded
P PEGPRRA AT B AR et SRR PEITTe The
nmet hade@oinprito Sps dnothed agpeet pf thealkrventioof ammpdio@lis provided for for

strips. A.spacer .is.faorned.on side | s of ea .
R R B i AR Lo F R o ROV R ot gt e
Adspadeistieriitd 0h siFPRAIB I aed Mandfe P, STheAndidsk sthipya€ ran®ved to forma

formed in a plane aboye t spacgrs and ttern is
DA B0 e HE R o gk T Botbrase; s Plpnd Hhope i egpicers and a
patRri B EorSRNE MOfadORedl TR Ffemas wrilifrred b thPRARMSrizontal plane as the
Accordi ng to another aspect of the invention, a nethod
SR2&%THr ovi ded for manufacturing an integrated circuit.

The BRIQEGHs &PMBhbSAPecP bOME HvBftiod, Phbihad istpyovided for manufacturing an
spaced- apart _lines of a mask , aterial above

inieppRiec Gecut e FRSTOOR SOmBIES RSV SHIEA Pl At FRAcesiepert e of & mask

mRRALCHEH $ bubstfatd WiER ! thd Malfmatd R lsUli @rert SrodtLfHoRR8hist. N Adblurality of
hot odefi nabl e materi al above the substrate

p ! | . by a . .
foghwensols i defiorst sphinbotpdeingllp rnaierial atve i adleyataphy @ AhpiqEidographic
teRRfiqden erHd! phbinbatt Bles BRI FiSraly f ToRIrtCAL 8Lt an amorphous

anof phous “carbon [ayer bel'ow the spaced-apart |ines.
coeardnxty hejov hesmasedrapardinsect of the invention, a nethod

I'S pfktgydr@iﬁg td Hothef 5§[& Q){_%le' m&lﬁﬁmp At h&hdY ik Prdvifel 166G 8bRning a mask

an integrated circurt. e net hod conprises providing
pattepl tofatiricety awintdgiatedssirofit. aThefpettend commiseprprogidingla phurpliy of lines of a

i .ge ISt [
fsh PR BAEAT TR B D Yorald'th o HETRAPAGY, SREEN, Bhe 0 Rmporary
mBpridess selettivebnettlied. | Spaess twmivecchithd Gueswire Hillad s@iboneecond temporary

t enpor.ary erial. The.s y. I [ .
G P o R ety e RS SRR op BRI s & patem i
thisd édmédinnEdyer of aothaymaskafiataiabbdier thepbkalitaoBineaby fpddctively etching

theh lurality of lines by selectively etching through
thiqyigh M5 5BES According to another aspect of the

I NVeAttdding & PoiRe aetiSofTho itivargtidnf o proceddris palvidad) fanfabricating an

.30 integrated circuit. The pracess conprises providin
infeeratel AT TORTRORSS CRFIRG RAOAATGE FFHS ay7A Xohely g st and o
sdcg ﬁgioﬁfofafmﬁiaiﬂg Zﬂiﬂry:atﬁdl Eifté@ité&éﬁrdurtt ef paticesl icfot@ed in. thé\ masking
pattern is rmed . in the maskj ayer. A m ni mim .
Lo Ay PR e 545 Y REEEGY Ot i PR P sRBR BBt eogion is
edudl 16r Tdsé San r®EktORAIT S midgiual fehfirekizd 65 8n ofiRN patiotitof the pattern
a mninmumfeature size of an other portion of the

a
COITEPROBANE G BF fseMREPHg to the second regi on.

According to another aspect of the invention, a partially formed integrated circuit is

provided. The partially formed integrated circuit comprises a carbon layer and a plurality of

-
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35 According to another aspect of the invention, a

partially fornmed integrated circuit is, provided. The
WER006/266% f ormed integrated circuit conprises RCTEES20¢1031094

| ayer and a plurality of -4 WD 2006/ 026699

PCT/ US2005/ 031094 pitch-nmultiplied spacers on a |evel

! & THD YR b £Hlich of about

NP ohiffrs IR (g b S BRRSE, THIBEaR ot Pl ofshou
léepeatlessf the invention, a partially formed integrated

circyi Y e sRardl el eI -Tol] it

cire %’} %or&%o&e? ano%eg aﬁ%gct elh{ée%b!ny a 6& ?f&r%gk t?%yer circuit is
plovided rleel magiatti éormatb st aeetiel c1r$hecqmmﬂﬁ@r6ys'lhmr@ dngd payimary mask layer
oxfﬁagl&?g %ﬁet Séﬂl;s%rgpa C}@F ‘naxgrl r];xgsg rlaS(nlt foI-n'i Qi[gef Eﬁg%t%ag Iﬁfsfé%ent ﬁom Rhotoreswt
Aamisk msdterial affmmg\/eeﬁ#sypa’mgnt 1hdlsptv5|edm'r 3 firshplane b@ylezmg tite primary mask

la hOt g.gelaalt?n(ﬁgléz&% éélg%i gd efgl 4 Isg (9 pgt%%? %j d%g&i%g i a! Second plane

over’ yirng
ov'@lgrﬁgltlwmasBma&ﬁalDeSCfl ption of the Drawi ngs 10 The
i nvention will be tt ungnr ol fromthe Det ai | ed

Description of the s and fromthe
appemge chveitini Wit be batidraldatieodiBantthe Dethildduiddscdygtenafidhe Preferred

t.tolim i on, dvvhre .Fi qur es -
EIER Bt R PRt GRER L, SPIBAT merhie i<l B not o it the
nﬁaﬁ{ohadnhyvh&efnrred conduct ive lines, forned in
accordance with a _prior art pitc oublin
Fi gUFERIe AASHE SfF SeHemagh sist-fections} g ¥ o piE; %B“%S pgnductive
1i8ds OB rmiddaNBecBfdarcelRathid ;ﬂ'lolrb{rtf)ﬁihﬂﬁdbhng&m{oﬁ device, in
accordance w.th ref erred enbod Irﬂ‘int S

| v oRIENEA SARTYHP @ SSIorsilG TP Torgpg S Staeiog ety formed

mehls d\éh@é/vnpiccbﬂasnce%ﬁmb%férkdfe&bmemmhymdamoﬁe of
Figare 2 after formng lines in a selectively

def i Higgres3 1sayselienatic corrss-aechiaral sife VIRK OF}EWPWH% {oreogd megpyy device
o 319'5 g%ﬁ&efoﬂiu'h hﬂésehfl g LLiEfivalostiapR Myer Afthd 4y of the memory device,
“invention, ure 4 is a schematic, cross-sectional
Mcgmdanp@wtbprefm p@bqqnamtﬁzoffﬂes@ﬂﬁ’ef@h%nor y device of

FI QUG Afb&End gaaqs %&J&gs%ea&d@ SDGLWRE the RAALAY B3inéd memory device

lines,” 1 n accordance wth preferred enbodinents of
of ﬁgurenif/ aafier andenfEiggipaees Shefween nheteeasit liges, in accordance with preferred

de view of the partially forned ‘

er%o‘aﬁﬁen?sd&&ﬁegg@éno?d Figure 4 after etching through a

har d Flmﬁkﬁ Is a)sehtemahm camse-orctiomt sidewieti of fhefpertiaby] formed memory device
SRR ATRA SRt i BTHGE e LM '8 B gpimens o
thfe(i)tvmcbngrermry deV| ce of Fi gure 5 after transferrl ng a

ng;te rgglief is 1 5"&}5’ ghgltéo%:g get% onal 51 e‘??weé? 1 E‘glgﬁni no?‘éﬂ{d Flemory device
of Biguleny afted &ﬁt;sfdﬁmm,laq)aﬁemsﬁcﬂn SIEEI’]@]{IMIBSIst layer to a temporary layer, in

|, sid f.th tially f d
iRy TGBArE s B i B SRR depost 1 ng a | ayer

of aFgPRCEE a REteaftid cross- Ebcmbmdiaﬂexe ofttielpapialty frmedimemory device
enbodi nent s (?ng t.he i S a sc [
5T o

t tic,
of PR Sots ofrapsiiese DTBWor PRE pRETD 1y SrORHGE vt prefemed
craBIiRhdht< T WheGBvention; :

Figure 8 is a schematic, cross-sectional side view of the partially formed memory device

of Figure 7 after a spacer efch, in accordance with preferred embodiments of the invention;
Figure 9 is a schematic, cross-sectional side view of the partially formed memory device

of Figure 8§ after removing a remaining portion of the temporary layer to leave a pattern of
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of Figure 7 after a spacer etch, in accordance wth
preferred enbodi nents of the invention; Figure 9 is a
WOMMROE%, cross-sectional side view of the pdiAT/EI2005/031094
formed nmenory device 35 of Figure 8 after renoving a
remai ni ng portion of the tenporary layer to | eave a
sﬁ@érﬁ @l 'ﬁieojrra t%on‘%()lgxg/ &3\29 9‘13 aggéagﬁz%ﬁ ]pg‘%l[@t%"’embodlments of the
spacers in ¥ he array e nenory devi ce,
H&@U@ﬂdance with preferred enmbodinents of the
i nve 0 Go devi
Si deﬂ n[’(} 1{ 3 Q%Eﬁ%%cf %1105;9 ﬁ@ tﬁ)?l%?lr% eneonfglg 3%%1 %rhf%‘?‘lemory evice
oFFiguied @teafsurewundmgrthMpqngmthe rs:pawelesmwruai agd forming a hard mask
la gr“gﬂc?bal Se0BL 8! Q«Jzﬁ l;ﬁg f{ n]),{%g tfle h%ﬁc%r accgrdhﬁ%e(;vlth preferred
nd a selectively I nabl e l'ayer over e spacers, In
elabmﬂameimﬁehamvdntlm,ef erred enbodi nents of t he
i nve 1 S
S| deﬁ n11 1%: 4 gzﬁ&%atilc %IJO ﬁ%%noﬁil g‘legv' of%eﬁﬁa ?%ﬁ'ﬂ%@?’lemory device
oFFguneelOlﬁteaﬁ%reung‘ mlpamtmg 1rathp atlesivalyi defindide Hotrent the pbryphery of the
ble | ayer, i 0
RO aRTer it S eapisa vl Bl sBt Pl e TR s o
t he Figmemzumsch&zﬁaﬁa, gus‘sesadtﬁnal&da visehud Mpamally formed memory device

T R ——

mﬂﬁ@dﬁﬂibﬂﬁ&ﬁhﬁﬂMﬁr in accordance with preferred

enbodj nents of .the. invention; ure 13 is. .
S o 05 o tstenis, t Groes ol gide TR sl rpedppory devioe
of Eigure o2 AT Dhysfeleivi @R pat®dm Ebl@lﬂie&elkan&fﬁ(&ﬁniﬂl@]ﬁﬁr% the B@ine level as
the pattern fromthe electléeI¥ O? i nabl e layer to

thFﬁEfm%féﬁJé agegirlapceyyith preferrpiemabodiments of the MYEREMEance wit h

pr ef pipied 4@ ubmRR! Sroffsedtidfalisiae ofel T e PattGuy Gortdd § hﬁmary device
schematic, cross- sectional side view of the part.i

of Bigvre d3 AeerecrmEdhs paterpin the pytiphery andipe éli‘aC%ftli?FFFIﬁdn %@m info an

ulRRLHYSE Rarll ThaliI8ydP Sih AR NceaNth ﬁréfenmammsto@ e ihveniidhe
array into an underlylng hard mask | ayer, in

accokbigaisdé isi chepatiss @pssaectiont) ue mistted ﬂ‘e?rpaftﬁély formed memory device

of R¥GBUUNer FhiBBng Bheipittén 3 BRMREbitery SAOMS -paet bARA i in, the array
side view of the partially formed nmenory device 20 o

togethey rtfea gy mapk leyanaperordanes wikeorpfarredsmpbodimanfeof the mventmn
peri }fﬁ m&%atﬁp&f}ﬁ c%%ﬁgl &idb vieaf driife fatla®y formed mﬁmory device

togetfier to a prinmary nask |ayer, in accordance wt
OﬁJFIE‘ﬂfe riseaftee trovsdérring the pekiphene pitteve rd the; spRGeg peiéern do ithe ypderlying

r?}é;%fdcgmd&{cggr?&lﬁz?e%&eﬁ;&bocﬁhgﬁs6’ PQénhBH'%nﬁart lally

ure 1 ter transferring
the Biguep Hé’hy apdit 178r mreandcrog'raﬂs,pas enievralt frapught o schening electron

nderlyi u 0 r ed .
RS o oo B 8 o oft, BE5°LHAAE Beolirl), BB BHHETof o paraly
fotidd rasrsorprideviceg fompérbin samrdaneveith prhﬁermbhn‘tmdmﬂnf kg invention.

electron nic 0 of . a tte t o the

array and the.ﬁ%ﬁg@ﬁ%&%M&pg@%g&%fﬁr%E%%O1 e¥srtlally

f or nRchdafEcn tcyprdEMnE &jith ffmmdhﬁ‘ﬁen't&[zﬁ Ifeiaﬂe:se itvliag been found that pitch

erred enbodi nen f |nvent|o

R IR P EHB O PP A BTHeTT R Ao, fn perticular
int cdmiof bheftivEls \OF tiinsFating potethisf Both et sdeeZsearfdetaé utideglyini tsubstrate are

has been found that pi.tch .30 doublin ni ques .can, .
CHIREA 101 P Sy AEREFPNG CEhRoRray, e PrIE erial T wil be
-ap@tbbﬁfcﬂ AMovevdrNihRithé btchintlalso welr SRR spi®id) @1bsit 6f a slower rate. Thus,

oq%%g I?:&&eyge;l nt%aa%g%rgngtragasafé% Q sptape?s c?an%% %vro?‘n aavggy ‘tt>y t%e etchant before the

pattern transfer. is complete. These difficulties are exacerbated by the trend towards decreasing

feature size, which, for example, increasingly leads to higher aspect ratios as the widths of these
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exposed to an etchant, which preferentially etches

away the substrate material. It will be appreciated,
Wﬁ’cﬁﬂ%ﬁl@ﬁ?”t hat the etchants al so wear away the RJ40¥6e5/031094
al beit at a slower rate. Thus, over the course of
transferring a pattern, the spacers can be worn away
t[gychg%qgec?eta@ afit o E]Lﬁ F‘Fdaﬁ'ﬁuﬂ% B?ﬁﬂadﬁcﬁ@qﬁlfu@ﬁnes'cﬁ“ d:fferent feature
conpl ete. These Iculties are exacerbated by t
sizesethdsetrotiern dende dinsaEinsgnake evep aroge difficult ﬂWﬂpnhpatlﬁlmf pltch -doubling

to high t rat
AT Gt PERF LB AERES ) (0 T Jhe0g  Poc 1108 88
PCT/ USZee5f 6B s0dKiculice potfesd debrdmsets of the dvmftiancllowfor improved
trgngférl gn%l %olretfl% q&mﬁﬁ&? %?'dﬁ%rgf}tr é&%t b % &h{l&&{oﬁn%th pitch

ea ure tern tran n1ta
dmﬂihag elnelrﬁrstqﬂmsedlf ﬂfelmmiiqi nlh@hﬂpgdapl@mnd (pnc}ocﬂoubhng are preferably used

tch-doubl ing -princ |
Aol sEe oy ooy BRab bttt e BlohE don of g b, e,
tteninag iofre missnony cliihie In nseeoid wnaseaphwvlithagraphys gagoperrmed to form a

at e transfer an he for,mati feoHl
oGP 55, R0 B o Bechife i P P b B e by i v
oﬁerfyiﬂgs:he pacs @aﬂfﬁ‘m t Beth et dpacdy ppteat a.‘ﬂdl thd@gomsighyterarad: then transferred

tc Qublin refer to,for
o e e Sl S BB ot e RO Eeg et o
a® ARdef19@E Qiibsahte! h&e Qpdcpr, and. sgcond phit@nsdre ayen afansfemeibony the primary

I n e hase hot ol it hography i.s agai . .
Hﬁgsvf%wf*éao dig s Lah ﬂp%'%g'ﬂf‘e?tﬂg TRu patRer Tpe e different
sioé féaﬂ:i?esc Eﬂnﬁbl%ﬁwﬁch altehféldi)&eﬂlb @xlﬂﬁlh‘yllrﬂﬁltdlhﬁ' ﬂ‘mﬂﬂm}htﬁﬂ'gk'@hlc technique
in a |layer ove spacer ern.

e B PaLiEER e A Se o s dims %ﬁﬁ‘i”f‘se i b Bbpeselihy defifemed o he

uhdeADE Sivs@ste, t 0 an underlying primary nasking Iayer
whi ch preferably can be preferentijally gtch?d rel

Lo ARTeniERo PRt dhetERRe am e S Sha TSELBYRVInE the spacer

pREH YR cMdSatiBatah bAGR W Pooek pAMBrA. NAs RrredR! Yverlapping features of
nasklng | ayer to the underlying substrate in a single

diffeeqyt sPRusSuCh aast eqdYCtg r litep ramrinlgnéng fRefe 9 Pegiphety Wansistors, can
adBh SRPRe.Pf Wwhich are bel ow the ninimum pitch of

t he %{wtol I t hographi c technique 15 used for
pat t Erefiiraidy, thea@nrméy revlinsdaven i thavesadkingdesee ihiakdigegHy pierlies and, due

td:%%&?eg{lﬁw gtnus LIy éc{ g: Bt DBrocddNAES | it On HeRSbi@leShrough the

reover cond .pattern |s Initially
plimapredasbingdayeay dn mavtisvlay the prifveryspaskéne Lyt is eqr?ferablﬁefomed of a

' m%%%gﬂgatpaﬁ%%g QO(P Qgh QBF&EILI@DI’éJSaBg? %D@JQI?F Fégactef“‘ H&ten’gisalﬁ thB substrate

over P eat nt sizes, such
marielp salthet spacgr Ipﬂinms cameffdctveti pryrpatigedto o tb#teth‘y primary masking

latﬁz,% :c'fg.é Irbg%? edc’cvaﬁaercr)vergma.?tgr ﬁaéegsgﬁgg%&ﬁé ?&F}é tﬁ? gurpégﬁtf’nagnd’ when the

- mhdyie usetih”at ettﬂmrgethdi dugosmae 50 thelshapuﬂt,enﬁn & cat offestivély be transferred to the
t Ly f . .
it Dl ol R PR et BhP e BT Bcing oices

nittedel i ang dilipRr thel Prirmeay trhaskih@riayet he ppférady ommgkofheprbon and, more
I 'i isﬁg&efer bly fornmed of a material that allows
P@%B@?@ BSEEPity relative to both the spacer
mat extivall b@ﬁﬁp&?@tedi _tHasf ﬁlaiemteaanrm;@ﬁseaééxy Iﬁa:nc_aﬂam at mgaaaie that are to
atter can ective trapsferr to i
PFQC%?* S RAREY 1 Tayes, Tus: & BBSER'T ?Féﬂl?"l'r“gerﬁ}ey“’a of a single
m@feﬁﬁr a Efuﬁﬁi@ﬁ& Taghry\bit differenthadtdHabya ldyer GUbREY WRiving r@ﬁls of different
when t mask 1s used for et ch| ?&t he Eégst rate

MEIERLS (R SITRRLETFR ith thep £l CHHSSERIPISER gt fro PR QHQup PR insulators,

cdrRudths, oS siMikadbls tHetésf. t Typibdllye eetub@ite @éfftises structures or layers
sel ect] Vi ty relative to a variety of materials,

u‘l’“ﬁ@?e%q‘)ﬂ@P%&?ﬁi@%mtegﬁfetdrcirﬁfé%be%a@cﬁe@on the primary

masking | ayer is preferably formed of carbon and, nore

.
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30 preferably, anorphous carbon. It will be
a:fre0|ated that a substrate can conprise any nmateri al
WO 20p92669%al s that are to be processed thr ougHGIHES2005/031094
primary masking | ayer. Thus, a substrate can include a
| ayer of a single material, a plurality of layers of

di ff ﬁfvﬁﬂtalsﬁ% Gpprdisted Mat PSR o AMEH SroRaY iR 16veab @ntcond level
of different materials or structures in the

etc
invpleescfopraing feaires indbe serndUgee! desfigensirdly coppwond to featues on the first
lekngs fli‘tnaéngnﬁl’e tﬁépeﬁﬁ’ BEtbiel B 1Be se@bndORED il PlnaRy fIMBW B path of lines on

Typically, the substrate conprises structures or
the cljrelr lgvel (Ang .thmtoewnf Sratpapanuey or Hee paipisy fexelewpllcpqresgpond to the

logﬁ-loﬂg)f fsﬁ’#ﬁ{a% fe@tu?ég onte NQ RADEARLE668% ﬁm@? st1§3 Q{%@s/ §3F084s can vary

wil | appreci ated that transterring

frptattheeﬁnﬁt lﬁV@m Tée acps leyabuemvers. Rone@oRl. <peading wpp Iy shemistrics
ad CLTREnd ?%f Ly LGS %Qﬂg% b&W&hn tﬁ@ ?éatuﬂ%%ﬁﬁhé Yhe transferred

corresponh eatures on the first [evel
paawanpampe tBhlergpfiitOh dphinisheseeelative tth ¢hes petisi onetb@ﬁrw lpyel, while still

e path of lines on the first |evel

K:mgﬁ?' Sg%gbw%%ﬁ%ﬁggther features on the second |evel

will Refareneeswﬂhnbw be nhade & the Fagureom wherew lie| rymeralsyrafirdg like parts

|

oRBablF L e T RS RO RE A sttt

| eveWhila diwqxreﬁerred:@nbodml \el fd]dp@pﬂ@hahgl mwm cemtgzﬁ in which features

tries .and. condi t| e Ak
égg'ca ?.SF dgekbaé? Mﬁd PEER e, }If ula%l %@é{lﬁé@??%\é%r s dsart of the
paieid & e eanrfded ank aulgeatte as fatinnd by spﬁteld mubipbitdtier and thahdas a pitch

attern on th ile.stil
o R P of B el B e BT PR AR e subsoce
In'eidRioh Qvﬁﬂ&&hﬁbr@fdfr&‘ﬁemhﬁﬂﬁﬁeatsrbah b esed tnforalasy inddfeeatedt areuit, they are
It wll .be a

like parts throu at. . .
g admingeotsy e it PR RROE ot ke ffcer, dncluding
lolfeer RhtehRkysQed esthe aftiinSvoldtild mémcsrgl depdas isouhitas MR AM, BOM or flash

context 1 n _which featur

meyeLYe dp $hish ge\gc{%é)gtp}a@@mp]ewﬁﬁ% Falnl %{tp gorgzz%/gﬁ %ggﬁ gate electrodes

arRiN B AR cHed irfes iPRE brrdf redibieof RAEHISY, Whﬂ@cdﬁ@eﬂhbﬂm phetbkiRekrihy can be
a substrate is forned by pitch nU|tIE|IC fi

used do form larges fepbresetishat KRt HsPEEPheEr Ghe . ertpléty masking
stamﬁ B CBMMGM%%&}J%#&%QIIJSQM&:@&QE&&E&IBQ the

substrate I n addition e the preferred
- ermboBighis AAsshewh 2 P (e gf £ gmpglllm{ahqaﬁ;tqdﬁgtggﬁtg@ gigeuit, or memory chip,

1(5‘3)| rxf bintrat % EY 13 e “BakM i€ MrRuhdedd ) U PREARRO S| 108 Rhd ‘§Rriphery.”

orm I ces aV|ng arrays of electrical devices
Itwsnld:bmpp:@mtddd@qt,@ﬁgw fabpetiometths wtearated waput j00ds gmplete, the array 102
te! § ! o4l éelvﬁ%b h
RS SR ey o et s B s
trmst!bri aondf @papitos, Jesirabin rmuch mﬂh@aﬂ@n@la@(bﬁ uerdcle fogn éfwalres in the
CLI I
nlgg as g}ég%gﬁ%cﬁ%ﬁogx{ rerﬂ? @Elr 1‘%}% thle B%%] l%ﬂﬁn Gf‘hl?s}eFi@atures larger than
thbser i tharagmy fo2at Goreisntlcmaﬂchhcmiﬂmmgy,t rtherthap mgtch muluphcatlon is
t)ABIﬁ%I ﬁli égasag?rg ]t}%eg reil'ezgtlértelg %acags AL ng@on%étrﬁac%hlgﬂ%ty &tlgéh? cﬁtﬂuts located
ini the peatphetyad4 makésthE ipijcir msltipFéagjon é1fﬁotults Howddition; epme/degiges in the

regl on
mhmpﬁwhb@ 1b&£k&1da1bgga&s pl&'ﬂhl cphh&h’ad)nai ﬂ@ltcﬂﬂimk@@hy foheuch devices.

5 | t reC|ated
f abr W %tre ﬁenaef q Figure \#@earpgf‘tgggg Iu%t 5' mrdulta{OtO% lprov1ded A
subbtexte | T009¥ pi&?deWbblwa\Mﬁblm&hjreys no- Iﬁﬂné[éxbyulmram |1m mﬂ bé paiterned to

conduct i i nes_and eI deyi
SOFIP YA G PR B8 E fsh B o st FHER e for the patton, as
mul tiplication can be used to forn1features in the
8-

RSy RS inbl 3ol b CHERES SHUAM lleby making pitch
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array 102, as discussed below. On the other hand, the
“;Jerl hery 104 can have features |arger than those in
0926837 102. Conventional photolithography, BGEKHE005/031094
than pitch nmultiplication, is 30 typically used to

pattern these features, because the geonetric

dBORRdeXIGY e thidgals 16 the Wybs vasaiLde sibBirdtb @1 et ippdf@hbly chosen
104 makes using pitch nultiplication d|ff| cult. In

b5 O PRSI 16 RSTRIFI H6 PIORSH SAREHIYN FeskpifFpgpts for the various

pAtRFHE RIrmBE ORB phtkes trgﬁk?erﬁﬁ)g[ SbRidcusad h&eSs Bt $he layers between a
tiplication | ess advantageo

thereb maki ng pitch g
toprast epELIeBRIe e 1815 1L &0 YIRS aisTeh vy AefupblR by aJithqggaphic process,

ad b sﬁ&&% 90§ %Eﬁ’onﬁbgiéﬁﬁerzﬁpatﬁnp@éﬁvb@ﬁbﬁi th§eREvely definable layer
mtegrate circuit 100 is provide A 4 35 substrate

12071y the bR DG dism boRrb s SFIBGEFL SeBbiegmer THkand the substrat
! t Osef @tivel 0 LRhMBIANS to oth d
1?@2}%&%{3&3%9{0#5' lgoaﬁigtr ) ?(2(%{”1}5‘33 X tw yge et ched 't go foo rermexpose
matenials klufing theheetqbat i e‘ﬂH‘ be @@premgecy@aizg@@}:eggleg ggnsidered selectively, or
pr) ﬁ%énggég 0ot ?l?éiﬂ efth ﬁﬁéﬁf’ % Rl QVs atBSt SRS ﬂrﬁés%refaféf preferably

rs overlyin strate 110 are preferabl
alwhb Hetimesgaestas, qro prefoalsi abewtalitisnrs greatenandcmestipefargbly aijleast about

46’{1@? eg?%te?ﬁﬁx‘?hﬂt%’ﬁsug ntg%ﬁ‘?e%ﬁ for the various
ormng an ern transferring steps
d| scirs the d1liseried nmstbmau,s@letShlectiVaWedegnﬁéq laern1 29 overlies a first hard
mss?P s gt%}bﬁ%gp 7 grljl\éﬁ,: #hm%-legdeﬂl%ma ?ﬁrﬁp%ﬁa% %&940 \%Hzﬁ'n)verhes % second hard

hi'C proces
nmm o reshsirps flayet €501 mmhumthesm promary amslt éaye:al@htwlecrhwoverhes the

v om t he I ect i.v e 1
st TR o et G fot L Futfl LR B EameleP ol s tavers ane
pﬁé&ﬁ'&bﬂl}aﬂ‘loﬁbnl dayeiing ﬁﬁoxmmmmiﬂﬁlrl]ts uhﬁitth«ad:teh chtﬂ:ﬁstrms @nd process condltlons
0 that t ective

rabl. osen an
d%?@?? at |°\r/é°’x'im&p Bt et E%g%%r@ r?a erl ar's OVEI)r{P’mg layer to an
ufideli/hg Elﬁ}%h by | selewtively &ehigg fieemidailying tdyard, rﬁatmtseﬁ'omlbaﬂs layers are

0] g 2ol i B HERGHY Btan A ot v

a&aﬁdvﬁﬁtﬁe%@@toﬂ!&wemefer ably 10 about 10 times greater,

nor e_pr ef er abl Qut 20 t eat.er
pr ef Iy the plipst:rao{?c%/ ?ragggneabmﬁr% c? a)éef Zg(? grp?%%glﬁ}ytbﬁ%\ieen about
16-96 m%%&l@éiﬁdin&g PR8I, Meiveeh Bbdub €0-30 hd HiclatBe temporary layer 140 is
enbodi nent, the sel ectlvel%g defi nabl e, |

p@fg@qbﬂy[ brgwgenf gbpwit 109-300 n ang, mg{edﬁefg %egqt\ggp@r abf%tol 00-200 nm

¢hfuR eﬁe%\é&ﬁlh h&R Bask HPBOT A ¥ pl“éﬁi‘%ly 4o 1 e fini tRiSk and, more
second hard nmask, or etch stop, |ayer 150, which

prefeeabhy, aBowy 2914[) REY ‘S}nqlfa'@;% ﬂpeagrgpaq @@sk ercH0G§ eraisraldy ppfaveen about
16'051 0oy Qﬁlttﬁi@f: ﬁldlﬁlgretp%f&@b@ r 68396204 £in thick. €t ched)

hr ou a mask knesses of the |a ers are

p r ef @h@m@ere@mtg d‘ngtmfe%)éh@j selrgtivghn Aefnablp dayen] 30; ip profrally formed of a
p BGefl Clﬁtf_lﬁ&i&égﬁnz %Fﬁ%s%o%%? BRSiriC G Lt the SSHFekiBEMn be any
or e

erein ntransferring a pattern from
plmhorm cbypatiylel wije 3.7 omais7 undEB) ym.Rg8inay e 3G§ynm wavelength sytems,

el @ ‘% v;é%h%‘ng ﬁﬁfsﬂﬂ Jy@t@my %g% céﬂn{] geén?}ﬁlg‘{e r %E %ﬁﬂh > Examples of

ar e rennve to sone
p:tfwem pmresmyrmtenals inphuait ergab fiporidei (AE)semsiftyh pb@tonepistt i.¢.tphotoresist

o4 VB 230 AN, SR DR (K19 g i,

plBiesdis smtaéfeeﬁmabdeymﬁea KeEthﬁksomte AEE Bliibtoresisthire Iprdcrdbly used with

p]{ngq*zg%q%éalp@er aggﬁé fﬁgén\i\g Gha a ve VA rsa%rP \w?’a%elfx%li I]lgﬁ e The193 nm. KiF

pHod@estdiarn prafdrntdk umddmﬂnion@r ma&élatﬂ'bj)lwtoliﬂmgv@hy] syEEmst such as 248

000 o TSy RS R S e o

preferably about 20-40 nm t hi ck and the primry mask
| ayer 160 is preferably bet vvegen about :
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100- 1000 nmthick and, nore preferably, about 100-500
nmthick. Wth reference to Figure 2, the seIectlveIX
WOANHEB$% | ayer 120 is preferably formed of a PCT/US2005/031094
phot oresi st, including any photoresist known in the
art. For exanple, the photoresist can be any
oPNRLIH B csl hORAUIRALd B Saniidprint Bthbgphy, 2. by usthg 4 B31duNmechanical
248 nm or 36 nn1mave|ength sytens, 30 193 nm
ﬂ%ﬁ#@P@W@ﬂﬁeﬁﬁﬁbrS|on systems or el ectron beam

lit hogy aRRligl foY $he MBst hE¥aRRkeayeef130 ﬁﬁﬁ'&ﬁ]&l&%mpnses a silicon oxide
(§hot oresist materials_ include arg

on fluori Cg (ArE)
Qs Fl%lp%orphdileé% gxitl-reiﬂecélve cBaH‘,glgo(ﬁ }é%ﬁk(“s)t sucd, 35 %ﬁ}hém? Hfh silicon
ok Bridd. 18t Hh be bérgéﬂlar@c&d’(raﬁl%gecﬁ@ Gorkbrih Ophtteink Biviglepitches near the

(KrF) sensitive photoresist, i phot or esi st
r@@luwbhemr Of ayBlotolithographier mcfmﬂcglﬁtbeg%? dley ggnpenhance resolution by

n{i}q"crul 7o eﬁ%,lﬁtréﬂe%{]@nspr 8f @fiPbl Yppte@MedVitlah light reflections can decrease the
thography systens ut| lizing relatively short

pho

pmwen ew@twimrh wtetolittosrgphy sepJefipmthe ikdges 36 2 prBeBr &iptigyadly, 2 botom
tl% %5&&%@1}4&@3 (o Shov régl? EinW@YE e RedNin addition to the first hard
| t hogr stens, such as 248 nmsystens. In

meakﬁe)rer &¥do dpniroh lghtﬂtﬂﬁ:ethnayer 120 and any subsequent

resi SRR Sbon, which off:

PCT/ %2%%%%1%8% 1Q6f1 : g‘reggésﬁll sl?m%ﬁ%]aat carﬁﬁ%gppat (%ne FV n 1ecd o v
hilghy q‘lxénnsr—lqct:qmt}{ mlativptﬂqo@p aptfyrredo heyd | miglc weterads.a Meregpreferably, the

ani ¢ r

GPREReFtn &y EF o BBl Ak 0k BBty iR 0alTR €1cRapa which
offiers IﬁlrthennanedEnts (f@] pm))tq a]gnh‘lentdpy bring trafispdrendtip jwavelengths of light

| usg? f?r sgﬁ-fx LGt ﬁ;tﬁll)fo ! Ioﬂq Can%grﬁ@l %Sl} @‘ﬂ% r:r!nl;s %./’r@ntrc'axc‘blan can be

foadky B alphotbitd, ﬁl)Meﬁssnan Th;n Sdtdtfem,ﬁ&ﬁa(wm 196-23hes near
t he resa o) mts Lithogr i '
bec a{}g éw{hngﬁ %rgtniqaé yreié SO? e sec 9 h%PJ] m%slé ?a?/@’”lﬂ)u&eferably

I on
cdohy@its 4 @itleafit hhefledtive vxbalting BAROP (e%:,l aammbntobtmﬂrldcp Atsilicon oxide

flect)ons decr ease th rec
B oD o L Ao e e ety BANGNBaC thown) can also
ofARhAIBNG ds¥d tedcdaRblt 1t redidtiions.e While mmsmtmmgacéﬁqﬁfa mask layers

1 qnq%tgtl%a gq.lw‘);ge f(é%l[ﬂfﬁlzlg E]tjf I %a@gg)ls, e%% ner?%%' qtr%fgrﬁ]tﬂy%ormeg of the same

mﬁt%ﬁil%@ﬂda@d’@f procB&inzQNR & ﬁﬁl)hﬂza]slﬁ huthB& of giffereat &b}a&iemsmes utilized,
f or med anor phous car bon, g’h offers ve

SRS SBIElSET T § o HPPPE AL BF SFERPCRR T 2 18 prctersbly

foﬂﬁ&@éﬂaﬁioﬁ)homaﬁmﬁaﬁd HorDpr¥ferablyetrandpméR bAbS. carbon is a
formof transparent carbon that is highly tranggg) en&
by various

t o | Itgritl bagpprogigtedthaisthe apreous (ayvens discrstpst REinst

(Ls%@évﬁ HWER s By Reho st LFR @W@ Rbridue véﬁeﬁﬁ/ &é@ﬁﬁbﬁﬁoé&‘sses such
t 15 used for such al LF?nrrent positi

ast d@nmah wepoT fdgposition rap peaspd éh faymy ﬂierbér&ameﬁkt leyess b Felezal a low

. tegﬁfraﬂ&u%ggﬁc? %g{'ﬂ%«%@hﬁ gro@ess %héﬁ r’c? rdgpc;yl? 'rﬂébt l?éﬁg 'rngisk 1aycl=,(rs or any

otheryreaterieB0 e.gt; Ispacswafenal HBigure ﬁa,soyet 34 élFaSlSL Boyerpha8s wherp rfbf mask layer

1%00 n%r{msec? 3f g’?%}ﬁ)lug GlibdeC S'Thgﬂ b b6 H&sﬂﬁfn &e ntageously
on OXynitri d(s a SI [’Con oxI

prevens cHenmahor phpsiced distuption of shepmarphenaearbornrlasier.ect | v e

coat ' e

use délf“g %% ng(}jcggsﬁ{ é@ uesg? Fboﬁ)?ﬁq%%&we % iraz?rp a%nd addition,
athtfrﬁhcﬁlecbmbdn Hayerh msﬂac feaped by ch@bicalmaipdsdepositiotbgsifig g riydrocarbon
cq%anrowé f g%%{]t% nafts%ch &nnj:ﬂogllrlcga S c]atl'b‘féll)f glgzg%r@(g ]g%e%r Prleé(ursors include
pﬁpﬂcﬁeppmpﬂenpmpamhmtmnhwiem badediérerand taceitlyde. A suitable method for

chem stries utilized, as described below Like the

tenporary layer 140, the primary mask | ayer 160 is

preferably
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formed of anorphous carbon and, nore preferably,

transparent carbon. 25 It will be appreciated that the
WPLHR66Payer s di scussed herein can be formed BGI7US2005/031094
various nethods known to those of skill in the art.

For exanple, various vapor deposition processes, such
fﬁ'ﬁ’lil’%h s Veé@fHeh 1 &l 8ds@ihegan s, vaed Ko §,973030Ne1, issued to

har layers. Preferably, a low tenperature
'F@ﬁ@#ﬁéﬁﬂ‘Vé%@@3d@B%S|t|on process is used to deposit

the RAL GrdBake! @YRS SeBbd BMbcor@inbe withBhE iRl Sd eﬁb&hments and with
spacer material (Figure 7), over the mask |ayer 160,

ramem-‘@ tq Figuiena R, pifeharligticano in e pupraldocorartiply fpsd stegrated circuit
1§¢ %meﬁu ‘F L §s%ﬂl%raaan%@gﬁi& %Jﬁ&ﬁy&ﬂ@@ efSBSwn in Figure 3.

?EOUS prevent chem si cal
Tﬂ:ﬁ: thtrple tappleoifryer HéO sandreplabeasedda ben Plllcagléhogmphy, in which the layer 120

158%3)% gnffol 80 F&e}glﬂgg €2 % nle %@n URedo e#eﬁ f gfp f)e!'ﬁ?g developed the

t1on, ous car bon
rdwan&pb@u&ﬁmbimmn’edalbyhmm&tﬁt @athla/@@@@rwﬁ@pé%llmﬁb h22, which define
éé 4@ hydrocarbon conpound, or mxtures of such

onpouhds, as carbon precursors. Exenplary precursors

i ncl Mehcﬁﬁx gyt dnibe wilthspf e, spaees p2thand the photeresist lines 122 can be

B TSRO 08 0P RSN G Y RS BERSY s

pmmﬂhdmss t3r bOlre pleweeesst ligsesdi@d caré pretbrably ticl®d lﬁaig@mhsotroplc etch,

ai.r.bappn et n
o8 a5 53 ok ey et cobRESHE SR N s P il e o e
emh ﬁd’préf&ab]@rse}ieﬁéd chthemmdﬂinl’@’ihﬁ laHHjhaMat\hudﬂfc@ﬁemndmg toothe desired

itch mul tipli t t
Slﬁgﬁg ! g%ﬁlﬁ‘y Sl}ag?fﬁéta %F rf't[’mlggﬁ%%e elr gqrj)r%c?atqgf] %B%rt}:“g )élscussmn Below with
re@percf DTiRdes 88 ) akdvanBgdosisly, o Mmmo ﬁltmpg]thb datehiioradflimes 124a that

er 12 sho ure 3..The efinab
i o RS R e o iR e e, patten the
phd’ﬂod&ﬁhafbl'b e 1bayiek ekBQan brfoofXHo S6kks bﬁﬁfeaﬁbﬁlztl(]ﬂereby improving the
through a reticle and then devel oped. A

f
SEEPBID HEde e 124-crTaF RIHGTB RETEANH, Tiispi 1t it e us constitute the

pﬁb%ﬁa@ 3} Sibndréls hﬂsunsmﬁ@ﬁ@paus@rw bpab@s 173 oﬁeg,suels%anuw Fdthed. In ofher
def i ne spaces 10 As shown in Figure

eipofIptsy fhesprees b%t&f@%l thospagsid 2% Fe BSHBTEMESPS Cronidasbg s 12410

2 Q8eB Size. AR SrRKBHIE C2dBitiHRS nfaRFa O ﬁéﬁﬁted':@kr % HAW 24 or the lines

t he spaces 122 can be wi dened by etching t
1%vop ¢ @lseirrsftally reseisd oferm FpeiepHdePes jasger I"?lﬁ@g tojiporeage gheir size.

pref gpably < ﬁf&%oﬂﬁh&)%h@i@défﬁlgﬁlé PRECL 2@t1§15}efera%l-j%n§§§rr&i to a layer

sul fur ‘oxi conprising
14fpof mppterdal dhatrcan Withstend mﬂu ﬂ@fpr@qfr@s Cc@ﬂ@hﬂﬁ @rﬁp@premaiﬁml deposition,

. d1§&4s§ﬁtb%ﬂ)wc‘oh{ Q@&m&h{oeﬁ eL- W& r@é&ﬁm@ "’Fﬂa Wtd}&stfbt the material

correspondi n eS|re 15 spaci n e spacers

. forminig dhef ’@mgg@,ry lagervii4l lis prefesabhyr @chml suchf g1m’c paq-ebe selectlvely removed

re

‘u—Q

I t gu e
LT O A Bk B SUCP T i, e 10
pnaferatblyn é&mﬂ&«sﬁ amm:howr eriwar r Brequse Hisn piaferradr eendgfigsnéy etching

t ech .
oI5 R U5 LD MRS AN P i
are Ggaikblef fot btehing mammbﬂds tahbnnemth Iemaﬂcntlsﬁgcﬂlm relative to a variety of

oLl 3 1 Sed B RS BB s

ardr 140R8afted1s nﬂﬁﬁﬁﬂs \fibri thh hard patlt Byer 160 isghadse t"(ﬁ etatfple, DARCs, silicon
}&%ggungﬁég m@ be formed. In other enbodinents, the
oXides SRS RBANHLEWe spaces 122 can be narrowed by

expa"nl»cﬂ Deteinhia the ﬁBﬁodbﬁﬂaHleolayar 0S5 petersbly érandfared to the hard mask

la}(%‘ af?hc?vgg %1{ ona!sn e f!m% er cl:sapnrefgrabfj cggﬁﬁlggedo mg an amsotropic
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124 can be chemcally reacted to forma materi al
having a | arger volunme to increase their size. The
WERRAWEP26YF t he (nodified) photodefinabl e | ayerPCFBS2085/031094
preferably transferred to a |ayer 25 140 of materi al
that can withstand with the process conditions for
etel 3&&{ asTH &¢ }Lﬂmgdaeﬁ&ﬁb(!akﬁﬁﬁ plashih SAHSSAG P&l (i%\%roﬂlé) etch may also be

Ition to havi ng |g er heat resistance than

Slpthbifi o e hard mash dayprat Brip din. Prsfered Juermenrberiiesmarsjely dgfsiries can
ml-]%ﬁ e B, @{: f eak) yrgelRct ed such that it can be

ectlve y réndved relative to the spacer materia
and ﬂ"heeperﬁmns ftiengranafpaed tqqﬁlen@tné@rae'bWe 1%@5|S&9@9 m Figure 6,

prl:%?abgs ysiE © $@%xta{n rg"gﬁsrg P Q,@égﬁla Ca R BRGaUseand Ar.
Chem St C I nNg 'IOt or esi st
Advaatrgeopslyctht BQ--entdining plainta cam pich awbwfghwref&ﬁﬁ e ergry layer 140
(0] | r
AR oRAE8 RSBy, B Y O W, ot e o
magd ‘am:rv e30t & atcwrl ét yuigble $Rrtconiaming, plasthra isd depggred| Wy ByS. Patent

A{aﬁlca ayer g %3%5%02&%%&5@%§f {?E'&SAL%Eﬁf?:?rZ%Bh Yen ? c@lsDunensmn

'e“materi al’s
Chﬂrodi nﬁskﬂll bryappr&c@a@ed et digke SOf-cmtaniagrplogma BAR@@neously etches the

686,98 0l n . The
teﬁ’g?liagr WCF Eﬁﬁ & 'PROTo e ePb%g(g m?q éjlazér 1%@0 i's pr ef erabl y
t r anas etow@dn Figutelve a hged] 76m$ hpacdral}amnams @refeasbly haxpdepopited over the

hsgé ﬁﬁé{elgyger A%& é%]ttﬁ%%fq%}; %I[yl Iiye{/%i(gf ?é%@gt&%@ ﬁrgﬂleagly deposited by

cl'BﬁdeaU%Q 8¢1008i16:9 8r ateﬁnbl’layes th:hbsmen aTﬁhcetpahar wsitaryl ean be any material

or gcar bon I as al t i.sotr.opic t
coRl)e &F S5 ik ek D Agaie 4 ORGPt eI R SR e B 160 The
spabdr @nate?faﬁlﬁ@fefﬁﬁr fi mrbe @afmm Waltagawa sep chveedge ) $b.r[ bedeposited at a

can include CF4 The
o e STOPPIceR ik die W@P?%%I%F%{HV‘W oD FH 5UFely etched

eSO thé te'ﬁlpﬁkh’i’ﬁla?er 14b apd nyﬂﬁ.ﬁab biYder§ing Ghetemporary layer 140. Preferred
S02- cont ai ni.n ér‘g‘f’%ﬁ pl asma cont ai ni ng 502,

mgiprigls gpelyde Slllm&’étﬁ‘fl%g‘éé 0’%% S02- cont ai ni ng pl asma

can gk Qﬁbvﬁﬁﬁlm?n@% R epRkelafér Bl i ¥R Qligéded ﬁ)ﬁranilséﬂoplc etch to
at a rate greater than 20 t|nes _and, nore lg,o(eferab

regope sREeet gpriad drom herizoptplesiigecs ltgﬂé’if thepRartink “W&s‘Rfegfated circuit
1doa>5315h }égtch Sdls%tl&!?@ﬁi as ﬁspib%rteehl (%n%%eﬁ&mea Iuahg 8 flRbra&dBon plasma,

escri ed in US. Patent F ication
whigh g@qaleMagqg@bbﬂ@ythg frargmask ayeraldo, A@)@’H‘s fhe ggmrpée@zparbon layer

_ 18Nk ok 8o ﬁr r%veﬁ'eﬂﬁ%;é goa 13@2-%11519% plattha. Wribhre @&hows a patiern

appr eci ate hat ntai ni ng plasma
ofsspmstst 176 éaftadftey the temlaepboustrarbon eﬁqbo?'laysypltchwﬂtlpb&@oaﬁrathe array of the

pzru'_ﬁ q&%&fh%e#&?& anc%]} d B@PAS%F,L@%% né?sﬁed A3, B iRed embodiment

spacer terial 1s preferabl

-thn@wh aiihe spaced mhaéf thathef thmhqﬂorm kin¢salPér(FiE8E Bamgmnléy formed by

por d or atom
pdtiagnar lidepidd |ot~1gmmlly fotraeddp ﬂm@hotn&flﬁenblalaycrdﬁobe any

gg: te gF’%l ir%a%e%%ﬁfpﬁ% q{/&‘l l'ﬁfgtgodra cﬁ%rg{ﬁ%%( c réfﬁ@é&s%ng%dﬁqeﬁts a second
paeade fornied sirthaperiphay 604 mmnﬂﬂﬂmmﬂﬂ@amw fpectranl 1o lare protected

<R R PR L RER M B s

tha @éboﬁd paei heths pér@héﬂy\/leh y Tat sjaeds ITSehralpmm:tttddayt floeming a protective

1%%?@3 {o}%th}e %&rﬂmi ?t%rg %{%#QQ ﬂsa?%%efagl east as 1all as the
spibelrs SN atl brcteR®dSy abut $00-5600ﬂi1n0]>ﬁb1deﬁd 1fe A&ferbiﬂyymbbm 100-300 nm

thg:]lﬂ g{)gqrg quatélt:] i&}%ﬁfﬁlgg mlax%%refera 7139 ftlnr?necti Q%r} tee%tti\?edlayer 280't0 aid in

pta)gog@i) rgfgggy | %N ﬁé é?precl-[ﬂgd BRAEE %pa@gﬁ T’H %énezlaﬁy ?diﬁtv%ﬁ@MtMne of the
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renmove spacer material from horizontal surfaces 180 of
t he artl ally fornmed integrated circuit 100. Suc
W 20P0/0260%0 known as a spacer etch, can be perfP&'Tﬁ'éﬁf“S/“?’m%
using a fluorocarbon pl asma, mhlch can al so
advant ageously etch the hard mask | ayer 130. Next, the

naﬁg&&rﬁlligéw fat@al Hen tﬂeqyaetodefiégge Ger 1o 16 @heambicotitk Yayer 200. Preferably,
renove usi .e.g a cont aj ni n
T AR i SFSCBABr o Sr PR Ao oot 5060
#ador phous carbon etch. Thus, pitch nmultiplication in
the array of the artlallyformsd | tegrat ﬂ?%:lrcutl q
100 Rhs PREwH e YENHId SHagicthly, formed ploa mpatqiel gt dyyreadily remove

sﬁt‘ﬂﬁ@ax PBitve to B @ﬁm@ér& &5 Ofor eRBnH r&eétﬁre st 200Nk b@&"onned of a

otoresist lines 124 F| ure originally forne

P’éﬁﬁomi}ﬁoﬁ’éq imep o HSh§Eme) or @i ‘lhf cTgRt EIEP&P est Ay théauset e “orm e

ﬁ&@&ﬁﬁﬁalé‘-lzl?erqgé‘ ?FI%LIIBF)/Z Sl chlh Sc Hdlshihd6r ep&lfﬁaﬁﬁt material from than
pattern or lines 124 originally formed in the

ujsGe fumtharvtodefingplsdaysp?y @csum@a Mpys pacferablyrifie pieigsive layer 200
isCforfRed B m%@ﬁ& SLAUN Yt dah®e %ﬁé@%ﬁ @x&ﬁaﬁ%ﬁamgv reRtive to the

second pattern 1s forned at the periphery 104. To
sfaoeteni thi s second pattern, the spacers 175 are

pr ot ﬁ{ﬁ&ﬁ‘g enﬁﬁ&h@ﬁ’@%&% Mbﬁctﬂ@ﬁéﬁf"fﬂﬁs k&ﬂﬁ@& o2 hateSial that can be

fornmed, as shown in Figure 10, l'ow for patterning
sabdctiveli @tcwbmhﬁmat bash lﬂlmawh‘eliﬁemdph% pyotadyfinabjy dayer 220, the hard

nﬁﬁéﬁferg 6%2& oRofry dOtf‘éFé;& Q;%B cﬁ% 1By 268 c%tﬂe\fﬁmed of a bottom

over e spacer protective ayer
aﬁﬂ&ﬂe@vp cedtieg Mcmndl acptetoresist tal be %andrtbre% @pa(@ theBARC. The

o0 93 L AR SO T Bl P e s

1ﬂchr¢mgsﬂ1ﬁ&1m1ﬁ1dmﬂoxpleefer ably fornmed over the

FFJ) E:_(l)_ ; %@2‘5‘6@ P’lﬁ)gé_/[ er 1%9 Stglﬁ)r%%ig %P?tﬁéth%%%’h%/pe fn %ﬁ c, e ;f}%%deﬁnable layer

2ph ¢t pdetavibbstelrey aring 2he tsamé Iphotphthd)gqihnwtechraqwr u@Co pattern the

Pt efin a}ﬁed}’ay%{zﬂ ﬂg{; {)ere%%%ﬁtﬁz 2 12 2B 44 ROrila in he

phdtbdeRinabld1gyed ROG. EWhile/ e batyeei I’Z(iﬂeﬂeﬁb]pﬂﬁﬁ aepxaihl oy refsohtrmd smaller than

thp é‘ngﬁnlgigé%at{r ﬁ%"‘“@’tﬂa’é gf {J?% %?‘gfo}/f;h %ﬁl?xgque V 5 I2¥0 preferably
hé%r Qﬁ)ﬁSﬁ |o¥ @esbﬁﬁ&{ e} 16 D gcutdr Ohd¥e the Ohinénurp |'1ﬁ]:bl® roe &bsﬁ)lutlon of the

be the sane gr,a differe hot or
itpalithagrete g & Al b PRPFSHERY e ﬂf’e@aﬁaﬁﬁb b6 peBery 104 can
e(IEée@Wﬁﬁn Zm@ihg pidai @ﬁlsﬁéﬂs RRaltilerce@iE:s . & wailfafsene @ﬁprecmted that,
material from tphan used to formthe photodefi nabl

wilsy Blustel foeradi separy St Bt bl PG 23 6B ep pyerlap the

pt@HPI7208mus Shel R R GifRfrer? TRERIQUSUARND Q177 2MAi 230 @'&W:h@b‘é patterns
etched wth excellent selectivity relative to t 10

indisafieethat thepgvers eriginaily dorwd viiffegnisiopher e t he prot ect ive

| aye ! f 1QhstErdiBb Yhd Blnelid\a aC@O phifern 177 of 175.
sel e?tufze%eifzgtogﬁ% rttg Satlve to boteh thae spgce?ns 170 SPacEEE

Aarlowh enpFigerod . i thediaed |meaplsrlapep 0210t ise sehestively reiadied | wglpiye to the
p@%c%eﬁ%legﬁyé}rﬂbt @gﬁ?alﬁgf T Lxﬁsotxroﬁ@ %@ﬁﬁé ¥ §luoR¥Sbon plasma

can or ne ttom antrt- | ective coatln
et@lBAm@mmlya a prred (isatepicy etch myméswh@rm@lwfqr dleet ayd mgely byer 210 is

e
aﬂ%ﬂﬁz)m etch,cducﬂd segp egdhl Wlﬁoan S@i-cauitdeing plasnox iafd@swnWFigéTel 3. Because
tt e SI n ' '
o oy B B LIPS S PP s, s o
repmwseiﬁm @dotemwel gpyeh 200s anvend Het sphéerh b dpdby leavidenibgeee Spacers 175
expose(a to pattern the
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phot odef i nabl e | ayer 120. Thus, with reference to
F| ure 11, a pattern 230 is forned in the 20
WUPSF4%bl e | ayer 220. Wiile the pattern 177RCT/US2005/031094
preferably has a pitch or resolution smaller than the
m ni mum pitch or resolution of the photolithographic
t echwigli@ferdnbetolakdre 1% 22305 phepeeat|1y7 altbdB0ardinks tadferred down
resolutlon equal to or qgreat han the m ni mu i tch
tQythey g Rtk Byert HY- IRGY B're?ﬁrfrl?ﬁ;g CIBRTES taeE’ﬁWPafJE?‘wfgt good eteh

sibdtivitP Qo ARPE@kirat adot Enai vichaeRat oeiiwl 3R pdttehiae177 and 230 to be
peri phery 104 can _be used tg form | andi
ct

SUTPUAREON D FETEA 40 T RPEr D 19U e PRtery P75 239 g @ mixed

pRRPE RChAresh} Radk layb16whi e illustrated laterally
separated fromthe pattern 177, the Ig{?lsiﬁtern 230 ¢

1 S0 TovBRHaTotRropatist 1147 A2, thorieid gekidanigs 45 pveriying the primary
okl L.65-Q8b is Rt BRs @1%?4’)3@6 fiakd fradidy2 390 isfRéfelabgSBisotropically

patterns indicates they were originally forned
efchedy prefesgbbnpsing zéggorocpﬂ@ng&a(sméf I4\1t21319t1w;e:l;y £, isqiropic etch may be used if

I{Crm&[cﬁa?gr is@ 1§x€ﬁn§e'1’§r7ﬁul evel as the pattern 177 of
spacers hown in Figure 12, the hard nask
| ayef'he poimpry @@akebwrv]eﬁoyls hehadsoirepigaliy @ched, pigterably using a SO
c&ﬁﬁﬁiﬁ? ?faktﬁa?%lﬁc @M%fm@t%geouﬁﬂ{( odiedva PheYpHRIaB8haBR layer 200 (Figure 15).
ani sotropi c et c such as a Tl uorocarbon plasnma ‘etch.
Apinpled platveatht §O:-eontpining plawnarhp proyllent edlectiuiy far the aprphous carbon of
[
OB Rkl 6 RS TP iR R10 50, TRBPLORE Ak cor
bp fotmed tin the nrm}eey n@golaygr Hop Haier effpaiivedit h’@mife@ thy agsk pattern to the
sittffle 350 B ELllobl) n T2 OB A AP LESIR S RDMRary mask

ecause har dnas

'laymglrﬂoyoafogpﬁlmﬁsma:msfsrlw@nmas previ ousl y been renoved,
- thisget, Chbc?th%een%ran t e é)@l%b@ r?zgsﬁ%fey I'?GOI fﬂX e%%ol"/? and 230 can

arou F &S gt ST eavrng thos spacer
thed be hﬁmqﬁ@&édo the 5BbtiAG POOSHQ2ECFEr PET ﬁi&%ﬁ@@&ﬂ@md m Figure 16.

Gg‘\;?‘é Iﬁfgﬂggpg{ﬂ nf{ciaﬁg%l?stt?@%% eurs?dl t4 r i dm]ﬂ?lg r{:ﬂqﬁ 1387?1{ ]Fr?gﬁaﬂ(‘? ﬂ]?e7ﬁbsirate 110

(d. Aysiiorfiakls catbunCdnd piliebre oradiliopn compauinds sespechimtle) tl‘alpattem transfer can

havi ood sel ecti.vi e sy rate 110 :
b%\ﬁ%?dﬂ?@ %‘58 Ys{E GORYRRODs, %Eéfst Qpﬁ%pnfg#oa %nfﬂ or materials
c8ifprissig I'Elié hfb@teawsiw Féraqxaingle) € dudrocaiion adhbairrrpatsmg ZCFG), CHFa and/or

¥ 55’%5%? el S nrd iy S eon gD TR ¢ R cobhiing P

CP&, LGP arld/of @Fgccﬂ&@mné bRasrhaca veaskd tooste siliédd oxide and a HBr, Cl,,
overlylngthe pri mar mask Iaé usl%GOl flrs

Nfﬂ%g Fléﬂffzgﬂ c‘?’ﬁémﬁ’ér s]zpﬁ§kch|c§1§, do te llllg?zbﬁ.téscﬁ t10n the skilled

i8S Odn' RIS ddttmirt ©lifisle eﬁh%&’ﬁi@@iey fotShiRg s’ﬁbstratc matenals, such as
fl uorocarbon plasma. Alternatively, an i sotro

conglyotprs, inglading slumingm, WensHiopawlals, arfdrangifiep metal s \Fté’F gxample, an

all it shBstchRSaR bl Eiéﬁeu vl & AbaSiboh&Rnl s th e n
ani sot I‘OEI call'y etched, prefer ablfllpUSI ng

cont &iwill bgaprirestaied theifivhers thewwbsiratnl 10 sAepSS W?ré rbligerepignaterials,
Qlﬂc%s%%gfof BaRleh: Jh@%ﬁg}eg 339 11}:1)19 ldfﬁetélﬁ)hemlsﬁi%s nah ¢ uéé@@cyﬁlccesswely

cont al ni ng as excel |l ent se’l eCtI Vit
eifly throvgh thesodiffersutdayses: Bowillofiso belsporpristehihgt, deps m&wp the chemistry

oga%nﬁﬁjlétds%@ e sp‘é%?s P@Qﬂ(‘}ﬂ? Barkl RYSE 1a§;§101 SO-I;Hé&sbe &cﬁeﬁ' Qﬁbnorphous

enou n the primary l ayer
cdBh obthb ammarsemasécdayev di6§, haweref @c}vamtmsomks raffgateai@qllﬁnttr@mstance to

cgr}grgntgog Sé{g'rc‘ b %réﬁngslg Cﬁé?m{% ﬂﬁ)gg Vidat fop 3 hlé‘l ts‘f’lﬁbon—contamnﬁ materials.

giongl 1L ol aring away the primary
Thay dire frfiOarp erhask dasteh 4 6p atn effwtmlmmft@pd ps acaspl fet etching through a

plurality of substrate layers, or for forming high aspect ratio trenches. In addition, the pitch
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Havi ng both been transferred to the primary mask | ayer

160, the patterns 177 and 230 can then be transferred
WOR0PG{E266%0t rat e 110 using the |ayer 160 as a nRSKUS2E5/031094

illustrated in Figure 16. G ven the disparate

materials typically used for the primary mask | ayer

d&ﬁ%d%@erﬁ hey sabdt Fﬁ:ﬁeﬁl ﬂ-ﬁqog&d(b? cHnvendHAl Hﬂﬁ@ﬁ'ﬁp}@%@ Qﬁlultaneously

l'icon or silicon conpounds respectlvel¥
bm@rts@zrﬁd £¢ tap sybsirate 4 1), op gach dnskmdupl leyer eufs,hon’g a single cich -
nventi onal etches appropriate for the mat eri al or

mat eri al s @1;30“ sing the substrate 110. For_ exanple
a f| bigrese 4f4 @MOW&?HF&UE@%WFH Kigrs 14 gl thegry portion of

th%q\?%%'gfra% ggrLEﬂon » C @”1gtaf‘e paediohe t}?etﬁéﬁ ﬁérg of Qe B{e%fakﬁ%lrcmt 100

conprisin
(lém¢so?f-1®4 P8 notedtahpvei thg sphshialad ?ftaam Hseany daver ?%m@ff% or materials that

th,lte%?snl 79)%1&! ?3@&[119 efdhddBhto. ﬁ%conﬁ;émg'g of thH leétpz&lé Olo &k ﬁepend upon,
SRt &l i ng asma etch can to etch silicon.
. gd et cloqctrwad tﬂev1s¢< itd bedormedt | Bwp wafigwrendyAyand eli’8s ﬁhen%lbstrate 110
o%é{r}sgsbél s gﬁl alglelc{]ﬁlg] g‘&)&kgﬁco%qﬁyeptlw BS 'iatyérl[ f10c and a silicon layer

such as uct or’s |ncI I hg um num
1t0danSuchi apnarrapgehest of heers ream de tadmtaggctualbf yspd i ghesforrpagion of, e.g.,
exa[(rnpl e, an alum num substrate can be etched using a
ﬂsuorocarbon etch. It wll be appreciated that where
t he Blofagbat alteeatélﬁﬂ) swiopr dxbid§ ckaptomliplovdedek epughtess. In addition, the

ccessi.on of dlffere
"B}cé ﬁo%ﬁ%)) &lPe arg'tvcsﬁm% G3S lesr}t o es e e g tlljlg '?03911&5 1[1&1 %ﬁch pictured.
Aﬁm@@mwﬁihyse redulth atehchiengld vitie siso dorfriey wdt—d&fmyéami snhcoth lines in

will .al so i at t hat, dependi ng upon the
the RErRhSYy r?S‘HB‘?"'U ‘érﬁllg 32%‘ used, the spacers 175 and

the hatdl %Si@pke%ja&rd b0 thayorhati@t of gatterAnoicpirdiug to the preferred
carbon of _t he rmrédvrmsk I er 160

CTORPAT 4 B0H3) YIRSFIer WO BIRRH CHE PRSPl REB Grliple patirs, it
dERRUESNL] RMSes, &k Be 6&%3&@&@0@9& sirpSpfeil alablylapdrdsorassetp transferred

for etchln S|I|con conta| terjals
ot TR FEERPRIRG oD GO Ve B A U s s, pildoubled
RS aﬁ@feat%fe@ lrbrBidd b E@iaRtional pRbtUkBbdriphy @fn defl)ﬁbé’ ﬂhﬁed connected to
| ayers,_or for form ng high aspect ratio tre

cagd @ther- oMorsorer: 3 gvident miAewes LowE1oBs gigeptionally SRl feaflres can be
fo%gd WRAOA5LO &R ne £AQ1bing @xd@ﬁt‘i&n@fd&d Lﬁ&p@tﬁ&ﬂj} ey pRtddgd Bughness.

0 formed by conventional |itho

a
Vilnapt e s theorpdt /o8HESP febeIch By e ccp seueess ip by result of the
uftlo i érQ qlﬁlb’ 043ko.! §¥rﬁ£ng0{he tsf?&eé uhs taﬁ@ﬁn@rﬂ;ﬂrﬁhg infltigle anisotropic

single step. Figures 17A and 17B Show t he
etples b tnamfersffm: wettm%lﬂmgiu%ﬁl@ fyopm thehlsv@l of ﬁbe tepqpgipry layer 140 to the

pr%g@«'in%@k ‘?zIytei1 6t %ﬁ pﬁ% ‘?ogﬁ'l@ts@% Gk "G ate g@@ved%'ﬂeﬁeﬂ%ﬁaﬂ rsﬁlooth the

ry of t e integrated circuit
surfbgyaf dles Ratti®) fommgwfdm pettemiyoh/d and ﬁéo sMtaover élemferéeérﬁmomhous

cara nt%q]éfl c %J.Q?%leg &éﬁ%g 'h!ef@'in aflbw %&Eé biaci‘nﬁ htﬁgﬂﬁaskﬁ%s such as the layers

erns are etched 1 nto. conpaosi t1on
131]‘ axtdhléo,smtaaw tt the tigEth dlsen uukdepping aumotphous arlpn, layepse such as the layers

tri.cal Vi C
B 8 B B GTE el DBk B s e
piioifﬁﬁﬁis_t aaypm? vmrll}nrrgglmllfg& erasklibPs a:al ﬁ‘uﬁ@ddtcay éfrrnam?l@gn thebhemistries
a.silicgn er
B B B S R B S B P SRR Y g e
folrh @It éﬁoﬁ@lﬁmaslkbtoemt}fsahd mfbeeqeént htﬂndtrscl etbixses exhi bit
. exce n | ow .ed nes [.n ad
C entitil ok p R Dok A ERameaPREpt bhyhald Brocess flow ar
posEible0 P61 $xympRy sikchatultigtied bﬂmﬁ@ﬁmﬁaﬂi}r [ortredh closecitloopsgsince the patterns
A van ggeousl t hese. resu re ac |’e e:de_ tﬂ@{)iltc%n?ullépchedpattem

SRACFTS Hiat Sumegnda R o SEAYTELY

CI
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- ey of thpsedeopsysarikat efch dappiferms o mdiyidup

15 the periphery, as illustrated in Figure 17B. It
Wl |l be appreciated that the formation of patterns
WOOKYO] to the preferred enbodi nents of f er PCT/US2005/031694
nunmer ous advant ages. For exanpl e, because nultiple
patterns, with different size features, can be _
1SRO8 Q] forlAlcrkRBvctintl NMaliRiohdl B%Geﬁﬁ? Ksteh @ YRS priteia By QisB BNt off the
transferred to a substrate, overlapping patterns can
]gp@-cmﬁwd lines. '

pitc ﬁ]squllleleﬁe g&nﬁo@i@ﬁ)ﬁ' bESe %%}%uﬁ ALY 8BS udsQ R&n BYchosen based upon

conventional phot'olithography can easily be fornmed
cosidatioreof tetrh dwokstiss eod, privespe gomslitiong.s thsy Yagient bprgmask layers are
| | 90k lite SR, rf2881aY&ES ARRMRtageously,
oS Htnff b b S KEREL: BVHE e SR raRTlabis AQRRtageously
swhee piringeraént agvidces peocprsiog edhglediw | i ne edge roughness.
Wi | - Liopit S . ' t le. th
Vv B A i BY kS0 17 ol G il ot S0,
pitieen Il &y eansbel ABthenplitch6OultiplEdriiynfyrning spiratseareunt e gppgers 175, then

erformn iple I r.Op]

oo 406 el A7 R oA B b Ak nE LRDES et RHBERY around the
spaearpthed 7§, andyeon. 140 exesplanemetped foa fiyrthenpikchinaupénlicai@m ingigeussed in
to.t trat 11 r l.iev I i1Cl .
TP T35 S B ST Shensco
apahthgondy bd dpplied 1@ I@med/patmseraying hethppiehenulgplied and conventionally

T N R ——

cdnaMed GifferkdQicgites dfpfich melkiplidatien.t 0 t he dept h t hat

under| yi ng anor phous carbop. | a uch as.the |aver
S0t M 305 B s BT 5 o R B B
1258 01H0 65 dR BB NBiSsubi) cds & addilfoibl yskAfiyelsaoanbe deposited between the layers

hot or esi st | ayers) overlyj hard mask | ayers .and
14 1 T e s~ s P ) B RO R P ionat mask
13?&90\;@@;% R Skird! AR NeMH0l 2@ Ben itescqRAT: 1 08ps dlustwtédig Figures 10-
hat the primary mask layers formthick enou%p masks Ivi
L¢ eaniernesiparnd 18 Whest e Rt st 1412d0-dp gL the ppw Rpfigm By i pverlying

pREoRRRIECI: G Gfd td i RinstéAiht PhkeertEnd il ©iBdtia@B100The Béditional mask layer
ilTustrated process flow ar ossjble. Fo

: e 35p ! ;

prsfeeabbl eomppisescHosienial i3t aade seleqtiapii stopgiclse ip thes s s layer 150
arfed 9?%59(ﬁ BSer Blah6frobite MEDLGNS17784 2307 /RE bBMg transferred to the

spacers that surround a mandrel. Consequently, where
addieonplimask laygn. t i pl i ed pattern -15 WO 2006/ 026699

PCTI LRg0. ing” fefeRatly MOSIve etohi

addigﬁéhﬁﬁﬁgﬁ%ggégﬁ%gmgégﬂ%ég¥gﬁ%§%?§?gﬁfbéuse to g%?w.ngan
unsfeflyingyereprosessing thhagh theaensk layes carriayoleeeh epléngpewesy pgerlying the

Vi . - ] Y e . 1 .

A e B BAASE LB S Mt 8 s o

ingosaion biifedoruguping, dapnsiine pawetcichite, eirchrosile e gask lagers and onto

o0 R 585 A 0 ek B DB Pl LGS i
madtanicslepofishing (GMER sk CVMRy@n de paduamlagetha shagk laysigd allew for both

rrangenent r.educes processi.n onpl i . In
P Zm%é’ﬁ,ﬁleﬁ?él? VR ﬁmf) &Pﬁe&ﬁhﬁt eerrﬁﬁ)nlgaé’e%:%n be nore
t hanAdaidihglgl, itFeill X cappleaiated Ity thost slaHed 17 Fhecart thg various other

further pitch [tipljed by formn acers_ar (ST
ooy sodess wldredRaligh iy R g BF ¥ A Hintd esorbed
aoRe Witheht IpReRipSirdh thd Bebpt bEths psrestion. tllaticlwepdififationssnd phanges are

.arqund the 10 spacers _the 175, S . An | ary

e SR L TR S i
in US. Patent No. 5,328,810 to Lowey et al. In .
addition, while the preferred enbodi nents can

advant ageously be applied to forned patterns having
both pitch nultiplied and conventionally
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phot ol i t hographically defined features, the patterns
177 and 230 can both be pitch multiplied or can have
di fferent degrees of pitch nultiplication. 15

Mor eover, nore than two patterns 177 and 230 can be
consolidated on the primary mask |ayer 160 if
desired. In such cases, additional mask |ayers can be
dep05|t ayers . 140 and 160. For

I
exanpl € Q} ﬁmﬁ }L\th‘t“@?(ﬁ@m’f’f TSRS S0 S e transferred ‘
to an aadmjdldmpaahbsme kwhekey @ rpridST sk Nlyet Bk g@ﬁk{m whercm a
I'E;KoralS(l)a %ndvet herh&t he sequgtce of steps illustrated
oG Seh Brerlyg ey Biask laysreuharen Brfﬁttéi?t’toteﬁ@ layer overlies the
pad:m}exrans!a?é’r and 230, to formthe new pattern in an

over | y| r%(x ;ﬁth odef i nabl e Iatyer and to transfer the
patter A2 QoS i the st phpteresigdyer:onal  mask

I ayer fqafrm{geer aBl yateenp rﬂxss@ﬁlp&aﬁﬂﬁy%F '»ﬂlcretnh ﬁetamfe@%f BE first patten are -
tIeec veIf Vg ed relative to the hard mask | ayer fgdj
dwe POLEEPRS e RhIPresift Rt 1 ounds the patterns 177

and 23ﬂ)nafnfgarsc<bﬁdl ﬂﬁ)tdrés&ﬂﬁﬁ@%@@a!&e]@?ﬁle Rl Ona'
whi | e "processing” through t

mask | ayer
vari. ou§)¥rﬁ5‘§ R™ P é’rhgto’ﬁ??létfpé hinyhe seeasd photeresst laye; an 25
under | lyarﬂ@rrixfgyﬁ othed PRYEREsHt Palten M@ b3 Firdt Bﬁte% Khel rgﬁlr?ffmask layer to

can involyve sugéetﬁé:tlng | ayers underlying the
| K58 ¢ @peg PR EERBUERS 2y cati on process. For

exanpl @oceRsiOReE SibshteqRBu N ME] pABrn i P hﬂﬂ&@;ﬂagﬂayer
| ffusj,on dg*ﬁia EC dep03|t| ng, or _wet etc
tnr ouéﬁ1 t HE PR ek Clagy dr whersig Ri?ﬂeii‘mgutﬁ%iétdbswtﬁgomw gansferring the
mixcd]balttcmddlht:lsﬂlﬁ.traté bectoigkhd aygng. can be used as a stop or
mechani cal polishing (CWP) or

ri or. ¢h cal

%P elr “t?é o E’%& Fhereindomgga Pm?%st pebter nlar fapming an other
phOtord&aIpiatterBE)ormerI ﬁdfrf(iilnﬁg elbtrdnbBanBGKerhiyer s and et ching of

theu erl%hog (ﬂéerf Accordingly, it will be

appr eci at'® Bl SKICTqe PrnRE thigholpresist paftern 2ndj fooming an other
photoresj$thgttern mmnﬁtsgeqmﬂbmﬁﬁgdplfotdhﬂﬁgﬁ]ﬂﬁ wRfliidHt Gadih P8 $raPBhefB&hosen from
thegrot{,\ﬁ??ﬁs:stl g%;hlg H 1/*1 gﬁ? st&ggct ures descri bed above

out g PPory MReBog1E 361 noneveienglivlishon. Al
duch ﬁhrdmétlhcabf Olfn §nehefdiRihg Bifst addethe bbRNGRELR: lcompnsc the

h n e, scope of the invention, as defined by
Samepmo}eglsr & aIlal ms. 35 -16 1. A method for seni conductor

@r oce’ﬁlm mgﬁhoct@ﬁt@]lainsﬂ Nghieredt ﬁ)Vrhi@{g g @sSpaRsh @ty chb?iE&'rEHucmg a

erlie e substrate, wherein
- width onh hgtrxge:s%’/gt Irfgn ér}m%%/fgﬂa f\é)gmflﬁ 81?0&11 h)f,rﬁ%:kdqszagﬂe\yidﬂl by Isotropically
_etchmgthhmoelmtsa first phot oresi st |layer overlies the
enpoy.ar Y n hot oresj st pattern in the
R R A e Sy T A P —

remaining h@ertx.seh’p;mc?ﬂhyy:tchmg aﬁhcrewhﬁfrﬁhglﬂlé Gt pHteS Bfnplidee first
ur es_ of the phot or esi st

patt eriv at,

pat t Zett'cﬂmgft fits ﬁodarﬁ?%'%r&%r hptﬁ hlogsiskleyarayer above a

| evelforoﬁng Ia@cérs rit sipadalle o remdi®y 67 MG AfpSaRlelayer aﬁer ctchmg the .
_ %Ir[ﬁi Sigrattern in the second photoresist™|aye _

trans ring the other photoresist pattern and the

fi r sprefratrtielin rénovingeteppdrirg TyyeM s terhPdefiive @ th@ QbR wherein the

tern in the prinary mask |ayer; and
%P%ggoggﬁlthegfeﬁ?@“%bstrate through the m xed pattern in

8t he [hé wethyd &K 1ay&érein the temporary layer comprises amorphous carbon.
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2. The nethod of Claim1l, wherein processing the
substrate conprises transferring the m xed pattern to
the substrate by etching the substrate. 3. The nethod
of aiml, wherein form ng a photoresist pattern
and/or form ng an other photoresist pattern conprise
perform ng el ectron beam | ithography. 4. The nethod of
Gaim1l, wherein formng a photoresist pattern and
form ng an other photoresist pattern conprise
perdf or mlhgmgthest of ICGlain 8 gviaphy thaprimary mgsktlayeagammpgises amorphous carbon.
vwavgl enghhmefasstiinNyhlRe lfOQHRK EORS 'dﬁ&dtl? Qv@fic t:l'lg teznporary layer
nm 157 nm_ 193 nm 248 nmor 365 nm wavel ength lig

and the priEyY RYHBE" of Cl ai m 4, wherein the first and the

seqond PhOhah®ISIt Blaith &Y, %e&mmwﬁaﬁﬁndsh myermﬂ@nse a material selected from
hot or esi st ter 6,. The net hod of aim4

the F@ﬁ‘sﬁ“‘?%?fﬁi fig- f‘hiémrdf‘i’%df "b%’(’t%ﬁﬁﬂ@u? orde Rt i ses
redaici nghametdbd bHClafm t heviphot deasti®tlective BBdtiigMthtafal Bra dielectric
amn_@ ! El%rm ng phot ol i t hography, to a desired wi dth by
SOt Y N etching the photoresist. 7. The nethod
of 18] ai ifheﬁmethmf@l:rimtlhwhériemshe tpapdreny heyeodompyises afpottom anti-flective
uﬂ tline of lines of photoresist remaining after
otropi cally etching, wherein formng the first
patlé er nThowpthpd efsClaim th inhgreitide sewapbpligredisjerer dirpedy gintacts and

overhaeha%@&@a&sme%&vecaa&ﬁg form ng spacers on sidewalls of
remai ns_of the tenporary | ayer after etching the -

t erffpor arhe Pefbrdrof Clata Lgvtierein Bhtubsiratss #pdii9g t enporary
| ayer mehehétRdd of €ladth il 3 vhbRintpRete SRR AR FhstrMB BBt LohdiRtive lines of an
s&acers formthe first pattern. 8. The nethod of Claim
armay ol afemotyidVithe t enporary | ayer conprises amor phous
c armo N. A meihdd Sor fokimingredaiophtterh tﬂablncme&;l inveiaeated cifcuithemprising:
'FIJ'LIenalT:E%/P] g}g Céfurah%é)l}?l V\:F]S oefs a 1rsﬁ1 l(i]i a%erka tﬁ)eohnes sep(e)lrated by a first
di teempﬂawlmt@fal,l e the tenporary | ayer and the pr| mary
mask | ayiv itk Mtholy hal 10, vherein the
hard mask | ayers conprise a material selected from
t he gr ofiling et Betvery therlingy withagseond femperghy iRk de or an
ant i r ef ReiilekRidhMd iHeBcol@lieBipbaty malefial t6 BfenTRYPREs; @fd

Caim1l, wherein the antireflective coating nmaterjal
is a di sy VE‘CH‘ﬁﬁfl}fP‘éﬁ‘hi TR FRAGES L8 ST dRpiican ateygr of another mask
mekhedalof C aim 1, wherein the terrpor ary layer

conpris ot t -flecti
?E od ‘gligs xaatg 5 Q(g?almwé1 Ly ehlt:ﬁelrtl B ec%zv%lg X h]ﬁ% P ﬁlg%teg}porary material
comprmeseetchp pmerphops cgpimact s and overlies the bottom
anté - 1 LRGPk o j
ahirei T ERRIRECHnEh whtein EORn RSN s el cppogin the e
-mate@iﬁt@dﬁ%malﬁsmalﬂméﬁléf“hdlp*léfeesm ng the substrate defines
congluct iiendida®s cRim &) whaélﬁ@i‘fh fa spacl BREN tﬂ%bs%mpﬁs%s depositing
A method for formng a mask pattern to fabricate an
amotphRus gAed circuit, conpri sing:

21. The method of Claim 18, wherein filling a space between the lines comprises depositing

an underlayer photoresist.

22, The method of Claim 21, wherein the underlayer resist is a krypton fluoride photoresist.
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providing a plurality of lines of a first mask
material, the lines separated by a first tenporary
material; selectively etching the first tenporary
material; filling spaces between the lines with a
second tenporary material; selectively etching the
second tenporary nmaterial to open the spaces; and
sel ectively etching through the spaces to forma

pattern in a layer of another mask material. 18. The
met®od dhe gediofef Plainyh mdiersinswlestively eiFyingthe bcAryl mpferial comprises

perfbridist anteﬁtﬁ'ﬂgﬁ%{ é(ﬂf[ﬁ&ﬁ&cﬁdefblontalﬁ %%fakxﬁeﬁ s etching anmorphous
car bon he net hod m 18, wherein etching

anmgt pho dée astheg ot @@HB § ?s"é‘?r"éﬁ |§@§‘ftW§1YteFFé‘ml’o’| thrgpgh the space comprises

perfoBhis b AbrdiPask cRhaSIthes @RthiginRghoSpHobitlEarbbindXyedl @sing @ sulfur dioxide-
The nethod of Claim 18, wherein filling a space

COMHQP' 8% he |ines conprises depositing anorphous

carZion. TBd meilhéroffibdidn Qd, fm‘fthef}cmpﬂi\sﬂlg gtehifippth@igh thd dphdengfodm openings
- e rises depositing an
1na§B%%§1%3%$§§ﬁ%¥%§gmmﬂc e method of d aim 21,

whéfei n Thh e}ethnd ef Chjre RS retert ciching th(pt}gbttbmsmbmrfp@eoz)enings ina
subsgagt:&ﬁﬁéés%mnng-tﬂ@ pgr’t)]n%?-mﬁl H&hH 9%&?& G aim 18, wherein

sel ectively etchin e secon erial conprises

perf-or mAriygttialy @F@ﬁ“@@ﬁﬁ@cﬁW§M9¥MW$@BOX|de cont ai ni ng

pl asma. ,2fhstraldde NMet hod of C aim 18, wherein

sel ectively et chi n t hrough t he space conpri ses

per f or nFrP(jmﬁ%'é‘f‘%‘ %%I?‘"érll%ﬁg e FUPYaLes Q’F&‘i‘l“ﬁ@’ sk layer formed of a

anmm&hﬂMﬁﬁmamhaﬁpMﬂyammu3|ng a sul fur dioxide-
furt

t 24
conpr | oP RG L RR et U P B 48 ol S e Mg sk tver
i naml substrate underneath t he anor phous carbon | ayer.

26. Th €, gﬁ{t ?no mgeﬁgﬂ %ﬁ?{f?ng zwg&rnﬁ ?ﬂ‘bﬁltlﬁ: Qée@&d%%@&%ﬁgng the mask

t he spac rmopenings in a strate conprise
foﬂﬁﬁﬁ@ the openings in an insulating layer. 27. A

pangi al Irye f)ﬁ[lﬁﬁ%dfdﬂﬁ&@gﬁe%‘i‘ﬁgd EikduFU rlC12i GO WhereBOhe nfdsk material is
substrate; a ayer overlylng t he

m““?@ﬁ@?VﬁF@&“%ﬁ@“ﬁV@%ﬁ?ﬁwﬁﬁgﬂmpﬁygﬁe PgkRREf o
maber i alrhéhpari8 Etined mgtapld @irOUiLFICIdii 28, WREn B EeRdctitdly removable
defining a first pattern in a first plane overlying
“m“?%goﬁT?ékﬂ %K "48¥kr:  and a phot odefinabl e materia
deB®.ni nhapstdinialt ihegrtddrigus o€ Chuim 2P anterar ¢rel upidadayer resist

8. The partially forned
com Jr%tgseeg?géf%n dﬁ@h&{éh@loreﬂ

I't of Claim27, wherein the mask
maBkr i alhd mrtialy fqroedidtegratpy cacuitt §HdimI28 setersit theyesfogtively removable

mateHATBMBIREEahhidbd 4fbohO the mask material.

32, The partially formed integrated circuit of Claim 27, wherein the primary mask layer is an
amorphous carbon layer. 7
' 33 The partially formed integrated circuit of Claim 32, wherein a hard mask layer separates
the amorphous carbon layer and the mask material.

34. The partially formed integrated circuit of Claim 32, wherein the mask material comprises a
silicon-containing material.

35. The partially formed integrated circuit of Claim 34, wherein the mask material is silicon

" nitride or silicon oxide.
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29. The partially fornmed integrated circuit of Caim

28, wherein the selectively renovable materi al

conprises an underlayer resist. 30. The partially

formed integrated circuit of Claim?29, wherein the

under| ayer resist conprises a krypton fluoride

phot oresist. 31. The partially forned integrated

circuit of Caim28, wherein the selectively renovable

mat eri al conprises anorphous carbon. 32. The parti al

forfed iThe pyrallydermefl intagratedsirad ofGlaim B4, witsesinghawholpdefinable material
maﬁﬁkﬂﬁﬁy mask | ayer is an anorphous carbon | ayer. 33.

he partjally fornmed integrated circuit of Caim 32,

whefei n 1&e Ifr%‘i“&“ﬁé%rﬁlefl aytegrated cupuif aEClajm 36 ke eiA dpsphotoresist is a
photﬁﬁbhbtﬁﬁmbﬁ}bﬁwﬂﬂldyﬂtﬁﬁﬂm& affish @abrde.or 397, nod WeveRafth pRItblethography

‘ n?gglnte d circuit of Caim32, wherein the
Syser’ilboﬁ Ifné?'f’ HPFEESYSEMY | j con- cont ai ni ng

mat3@r i alThe Botiallihernparittegrhtey citamit v dlaim LR griatedda mibsteuts inderlies the
pnﬁﬂ;éag 34 wherein the mask material is silicon

nPtride of silicon oxide. 19 36. The partially forned

i nBRgr affbelpagtially firmedintegiatgil pirQ@it of (Glair &1, wherpie the substrate is conductive.

phapod efl‘h@?&? 1zﬁly'}?ﬁr§:5 Hlﬁxlzgratééscn%uﬂ? Bpélgfn?ﬁ %erexﬁ zhe shbrate comprises a

partial l or Integrated circurt of daim3

PmﬂWﬁ@ﬁ@ﬂﬁmPﬁ@ﬂbﬁﬂﬁ%ﬁﬁ§kst is a photoresi st conpatlble

with krypton fluoride, argon fluoride or 157 nm

wavel engt h phot ol i gt hography systens or 193 rim

wavel engt h i mrersion systens. 38. The partially forned

integrated circuit of Claim?27, wherein a substrate

underlies the primary mask |ayer. 39. The partially

formed integrated circuit of Claim27, wherein the

substrate is conductive. 40. The partially forned

integrated circuit of Claim?27, wherein the substrate

conprises a plurality of layers of different

materials. -20
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