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

WRPsra3e49%8ATI ON 5 Background of the | nventi on POI/E2005/031094
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 many factors, including denand

for L NC CAREATANIGR I ThER AP DR PRBRICATROR! Y

capacity and ‘energ | cCi ency I n em el ectroni cs
integrated ci rCLﬁJ$E\TCaPIaT‘éHMUhEHH-€IC)ME@Nng reduced in
size. To facilitate this size reduction, the sizes of
the constituent features, such as electrical devices

and inter connect | i nBadligrtiuhé of theverftionm t he 15
||a 2ar.at.ed circuits are also constantly being -
—a%creaseﬁ“—oﬁ]e trend of decreasing feature size is
evi delns invémion edaengeasralintorsngrtyd crougditratm andeayore perticularly, to
m %ﬁ% %%1 %nam c random access nenories (DRAMs), static
P S 4e%Ess menori es (SRAME), ferroelectric (FE)
nmenories, etc. To take one exanple, DRAM typically
p&Q trins 1ll.i,opns of identical circuit elenents,
Il's. Inits nost general form a 20
MENDAY « ebhseduepiec af | yango fiiose, sindbdihgvadeeland tfor dadreased portability,
devi.ces: a storage ca aC|tor and..an access
cogPYRE DY nBFEPET PR M ST P o bach Bl aopigp, iteamacd
cilcORS4rt @ﬁhtﬁlh(aislyaﬁﬁlg&éﬁfced tnsizebiTo fhdilitaianlys dizgiddpctionf the sizes of the
dat a. bit ca to a cell thr h th
comit degien il B HeUC Ry e SHTEOBR R Al g form e
inRbREkIcR6Ets hfcBolcb@stinell Beieparabact r ode side. By
decreasing the sizes of constit ug el ectr.i cal

devi Eles Teriof Srereaeib AT G i 85 e thafor SELBRIE PO frew's of

de3iod€ Suchfas td)RariiE FRIA¥mMORYESS @Serdbied (ISROAME), 3iati6) Garldb@SaR cess memories
features can be decreased. Additionally

i ferreddectitn(FBR mepPenstd Talpks pie ?Xﬁ@vlﬁnlggf\ﬁg RBicHlly comprises

mﬁl%rlssof' BdBicdl NEre i RRE¥NEE Mdw@Sas hBBorg QRlls. N lits I1B6k GEed) form, a
n feature sizes places ever greater denmands on

m@r@@ﬁ vl thpirallis eapsists 9f fwe glestrigal deveast 2 alorags pap@g@gﬁﬁpg an access field
%&?}lslsttop O m@:)ﬁofysceﬁ QIIDIA s 4B tockBorPBhtlcS RoleRBE Yt Binary digit)

as con uctlve [ines, on a substrate. The concept
ofofatapl A b cembe Weittersioc oo though thbérawséors@nﬁ soag by WO egree on the

Stcgr { 91%&1%116 Bt ﬁxe' refeflld réfegrrﬁ% %@ﬂ%&ﬁn?%v‘ﬁﬁg A onstituent

ntical point in tw nei ghboring ;yeatures hese
eléoeanau decearapd tﬂ;cmoeéllwltl}lg din¢s thetdadgyss Shrae ihegsizep of \)Uéfeﬁlemow devices

1ncor{)c?r it)en%l tl’lésg %a San WQ dgé?eal%de A&%@ﬂl}} ¥torafgle c!alﬁgmgé’ céh be increased

s an pitch can
bytﬁmngmmahmrytdfeﬁssmﬁlefnenhefdmmem of a feature and of

t he dt h,.of
nei gﬁ?ﬁ)eo(i’oflwala} ¥ 11}0[51]9 %uéuéosta%eg%iac or é}agé[ %E@ngst"gimques used
todftith the Génturesr Hol dxmlﬂfg mhmbemw hs cdmmﬁ;euaed to pattem features, such

pho |tho raph echpj gues
asrfP’E‘é:‘ﬁ i e‘rns% ORRiS %‘ffgfgte ? F%?ﬁfpi of cgltco B¢ 8%}02%&%&%%3 size of these
fetita@hnPighds defnedhs the Hisfﬁhbg/bet&ee\;i‘& 2R6DAGHGD two nelghbonng features.

TISER (RGP S GBI ToEHILPAPE G S Aeo B HY PE ax pially

filledayurrt&iaZ €uch as an insulator. As a result, pitch can be viewed as the sum of the w__ldth

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 photolithographic technique cannot reliably
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reduction. Pitch doubling is one nethod proposed for
extendi ng the capabilities of photolithographic
WOSLHI268%s beyond their mini mum pitch. Such a RfEWHR§05/031094
is illustrated in 5 Figures | A-1F and described in
U.S. Patent No. 5,328,810, issued to Lowey et at Wth
forRf fedi@es eThiR, fhk eiihituin/bitch RO h hotbinaeH BBy tedtmiduk ot 1ikf Gehture size
~to forma pattern of lines 10 in a photoresist |ayer
rdy&iofyi ng a | ayer 20 of an expendabl e material and a

subspfiat dodBlingSis S RN methol | PEpSsed Bfor tRenPRAbt @Kd) dababilities of
then transferred bé an _etch step (preferably

phielgbrerppiccirehnigueh 8eyoag éhenzeﬂmmemrﬁlwa Bichcb fsigds ilustated in

FlrefBAIRLRd déQribdd & PIRIRESS N 513288%0, 1i%suednio hﬁ)wrey et al. With
stripped and the mandrel's 40 can 10 be isotro

refgrense dp Yigup ﬁér ehesddithageply 5% seedie fope @matian @ﬁﬁefg il gt Ya photoresist

1B LSSy 4 yerdD cﬁlaﬁ\éﬁbeh@able’:ﬁlg&faq? arkda substhAY €. ﬁ@maam in Figure 1B,
material Is subse uently deposited over the mandrels

theatiern }gﬁ)@mmsﬁerre iy uAnectehstepgpesdeitly gnsoijopis) to thatleser a9 forming
pRIHSIA I hafls 89, "k PholoPds/XP fined 1b €A e Thd the mandrels 40 can

_ ) anhother ‘naterial, are then forned on the
be iswepiesfly teWbedm)rimreass fap0dipignog hetweer Agizkhorips mandrels 0t #feshown in
80sh
RS WO oL O AN B e, B
Figfre 1TheSpacerathiing matenidk extending ompréginais formedextentling from sidewalls of
1
aAo%fey 'rﬂl%mgleﬁgllg&g f?.\l'r}{edt {h trhr§1 IQJ?IIS,E 52%1@ ghagdm%ml4§tl) : ]g%%tgﬁ%gly eiching the
spAbarspatanhab fremaheglhomnntgil sucfhces 76 and B0 in 4 divdctiolad] sprceratehe pnshown in
def i one feat t
<k o N BRSSP s 0
whmh tapetietitt afs n'ask fos phiternibf @s shms}nl ipJligure hE uil“huss where a given pitch

i bl.e otolit ra t ech
élf“?r C’f‘F]v%fi );1 P&E%YP gg@rélag ongfe a?r% agcr P S sgace=p pﬁr3 % é?ea\%ne’gl qo| 1{101udes two
feattirdsend tve> pades defiried g teesphoersidl \Aesch result the smaiaspleeture size possible

reduction i h is conventionally
Wl‘tgﬁgﬁ?t%]&g‘f%ap&“ ‘@He 1S§8fn CKFF'FIP@“‘T%&?CF nore general |y,
pl t Ch ml'l%bbpfﬁ&hté@thaﬂﬂrhﬂe tHa glitch &, acﬁﬁ]h}VBﬂtrddQﬁahd g!xample above, this

| ication" |tc a certaj.n._factor actu
reiop VB &uf&wr‘gm? Y;IF{;EEX I8 il COUREBE, Ofrjgore “nextty, pitch

“HOAyRRtioroN Ahat gr %rﬁ@fl‘d@)ﬁéﬂy‘ SilghiRbiRd otacpttsn By aBegsn S'ﬁ:tor actually
t he I%égr 50 of_ space rlal typlca has a_Si

inwplvese e gy Rtk by fhp ?tefs 9 gonyentigagl FTE)‘X‘%?% HE tfein
the BiAf& 8 1S Fabivee malkRilRscdlly nhhe sﬁ@l@QﬁE&e@QO (see Figures
usual ly corresponds to_ that thickness 90,

1 aufblﬁ)ﬁ@d PWJ&?&M §zep PHG é%*&r?Sé“a@i?fi & ﬂ@fSp%fﬁﬁﬁOdﬁgally corresponds to
th‘éf %Jknes@ 90C Biekis douﬂ?ﬂ%&allﬁ(oﬁrb&ﬁese pabeY dEaliyree Wwlth. Circuits,

ferent” Ssizes. For exa random access nenory

| .hquenu piten eoujqyi featrtey oé@ffpr&nfrﬁl@ﬁ 1 BYFexPPIAARAOy RAEPSS IneIEY circuits
: t))g co%a'ixﬁéﬁ% of Hleﬁlgfér feﬁs G io?'g cn@ﬁfs HRREY -callkd &ﬁeﬁ%hery » Tn the

nory c s are typically connecte
almyp.db@ tiewneryl defle sreaymicallyreontrsted by icphduelve line agd in the periphery, the
t
BN Ht S 8L Yo 0 Bk VISIARE i o
sugh 4b danding g:atbaliwe\fhnmqut largea thabdbd eondeative hines. tIheaddition, periphery

_' elg&q&yﬁévllc\ég %ﬁﬁ? ﬁ%ns atbré bte lfﬁgea r?&gl iﬁ@&%ﬁlydew% s%ttﬁe' 391‘%1 Moreover,

evi ces suc ansi stors
eweh éiferipleead] fokbwésoes be formbdwith tlayamwtch@v te arra!&\tbenﬂfmﬁbﬂlty required

topd%ii{leﬁ 21%31?% vglfllqrgq ?Liarlly fpike %)?{T‘bl% Qsmr%gsm{?é %a&légg rﬁ&?ﬁ ﬁﬂbf ng Batterns are |

lhpitedctuitose ﬂmﬂ dan by foinoed dlyngribe. smmva[dme@attbmed,@mtcgemt singl e
mask, particularly if the patterns are 35 limted to
those that can be formed al ong the sidewal|s -of
patterned photoresist. 2 W 2006/ 026699
PCT/ US2005/ 031094 2'
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Sone proposed nmet hods for formng patterns at the
per i and at the array involve etching a pattern
Wpr?f’?ﬁf @yarray region of a substrate and into PCT/US2005/031094
peri phery of the substrate separately. Thus, a
pattern in the array is first forned and transferred

10 1 BEmS YRPbdeA bl At 19FEn r N thetd;kkaaheay@ﬁmrthe array involve
pattern in the perlphery is formed an eparatel

efchipg a petierpiatorthe Y regignp snlsiratsiapdinty perighesi pf the gjbstrate separately.

TR&C Q%t@en% HE he RGN Q0% sff BFMRPAE lRh FSrrddSh N8 dibkifL eadg one mask and
masks at different |ocations on a substrate, they

‘hleﬂ aiateat pRiiere freibe paBRtient iy feried apdrieparately eansterad tor féa aﬁihsgate using
OV er }%B‘pl BeaI e Hl&hOdS%ﬁhpﬁélﬁmJﬁg itk 'n’ﬁgcs%%ﬂl?rent locations

S an 1 nterconnect linhe, and yet a third
omyuhgﬁate ﬁb@fe@e Himitecin thejr ablity e formifoginreseibatraguircpaeiapping patterns,
sﬁ%t%g ky eﬁq B’cﬁi oéqlq d Eﬁ%gﬂcéfme&uﬁﬁb and Net d B3 Knask may be
d face eve reater cha enges with respect to
neeasskated fodiatitehit truseparate paviersiwil inferapuncets. Additiensly riaeh pipird mask
t
bl 2t i DAL RO SGOL B Fraal SQFALDBLY o EDRE fooures
defineéby them:aé'ctn@lltlbl}catwmtemnquhe f eat ures require
differe v |
conj gLnC 5116%(:1 ,etfml{ %R‘Hl 4&9%1%?%6?1{)%? IOt tu?ggi@%&l Sﬁ#%tr‘fh@nt sme?i especially
where Mtfemeélﬁqufdﬁmtg)wﬂnppmg paispecind efpetinky mrwg]p,nqtmn with pitch
et thod is provided for sem conductor processing.
m‘l‘ﬁ‘@ ¥Mod conprises providing a substrate having a

primary mask |ayer ov8uhyhnyef telisvestidist rate, a

t enpqr ar er over| t he rlrrar r

firstoe %‘P%? sqeg&/éﬁ e O\I}geﬂtlyl ng 0 tlg I%J)\gge% fo?qgm%onductor
pﬂoaasaﬁg 'Bhepnlii&h@d aﬁm;ﬁisesnabﬁéngl a issbsfrate il’radng nptitneyfmasls tayer overlying

hot oresi st | a Irst. pattern vi ng .feat ur.e .
R APt b IOHROTES Yo LrepVE e Rt Mgt By s SR biGoresict layer
ofedliyiig dhd t@mbnﬁt@ryzl@yeﬁ‘ em&lfoaﬁeysxsg patfgm 1s/f01$rﬁzd|&1m mclﬂhﬁttphbmsds'st layer. A
rmed abov eve

| ayer is subse f the .
fs] Paorn, JAUEG A TCE b R B BT B BEPROBSE R & formed in the
teﬁﬁbﬁﬁdlaydﬂ W‘&c&ﬁpﬂﬁﬂr&ﬁm 6166 kitlseduaMBY formdieabotd1@E level of the first
otoresist pattern and the first patterp are

P%tﬁelah% ert RotorRsish PaLieR} I fiopaad indhe seoppd PRAtoFesist JaxeL g The other
pHRAIrt St Patlehh &m}l@ﬁisﬂgefﬂm%ﬁaﬂsﬁzﬁﬁd to thé ﬁnrﬁé&?Sﬁa@l@I&?erl t8 form a mixed

processed th e mxed pattern in the prina

P%@kmlthf‘y@?mm}’t ﬂqyerbeﬂ@ﬁs\vs@retedﬁ arpeesped thyqygh %M?%Paém in the

pri GRERNLRE qpyﬂlfnﬂé %bﬁ)r@tlnat@d tha? Qhé%ﬁfdt@kzﬁl E&n&hﬁe any taterial or
processed 't hr ou%( primary masking | ayer. Accordi ng
o

meterizlh ivte@rocasspd u@h them@mamwlﬂma Kyeta et hod is
pr ovA%?dlﬁ to hRSHE: @P of it RYEALRda Gleitiod! & -provid for forming an

hod comprises providing a substrate and form ng an
mmmrtqdh@wﬁ cﬁrebmnthbéy@npr@e@ pravivéngs t’g‘sbSHaileeandAfomnrlg tan amorphous

ca%n%%? chlr ‘a')é%[lb f %Mﬁk fa?éar 1§ fo 9 Ay §rﬁ%rphous carbon

ayer. tenp rary orms over
lagérr & tetmamdmalm isefprumedarver the ﬁgtwm&mmd 4 sggand hagimask layer is

30 d Qve tenporary |layer. According to
fogﬁ% veeﬁgféem ar}Hfg%irhe i nvention, a nethod is provided

for Aemrchngwmmtomer adpadyrdf dixt ingentiofl,heemeriabé diprovidyt fog @emiconductor

faéxg%??%tggl? 1,'1%0? ?ﬂon??@tgtse%rfg%%%%g f Es% qUicE lg)}bé)llch %%ﬁﬁp?i@atﬁ)ﬂ%nd separately
fophiag @lsedohd gateephlyy piotdlithoigraphy Whh(mﬂ bitéhphaloplidatien. THeefirst and second

first and d_patt t d 1 "
St e AR D PR BT 6t SR R PR g ene s BpEiEer.
|-ay eAccofing\toCyat @notler taq:neyeﬁ taf atviretfonas medmd ¢ prokided for forming an

SO AN RN deds%ﬁ%w{t% ALt o o s

mask pattern in which a first part of the mask
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3 WO 2006/ 026699 PCT/ US2005/ 031094 pattern has a

first pitch and a second part of the mask pattern has
Qﬁﬁggpi tch. The first pitch is below a miBfiHlipR005/031094

pitch of a photolithographic technique for defining

the second pattern. The nethod al so conprises etching

LSk 519&@ &c&rﬁ%&%? Ifhegﬁz;sfc gﬁtfbm ﬁ&%%gdn@ 9)11;5}9 Thde first pitch

ano er aspect of the i'nvention, rovid
isfhgfowf mminimymaitsie ey ghotolithyemplie tecfﬂh@letﬁ@t ﬂa@@mg_ gerenulgpattern. The
oo b9 ¢ AnfRLL &l Y su s%ﬁ}é%%ﬁ i &Qﬁég%h&ﬁ‘f s in a layer
over a first . carbon ayer . ayer mask materi al
i s d ép@rsdmg@ appther aspact efthsinpdntivhe methesios proyided for forming a memory
first
20 0B AR e B 58 B s e
carbm)layear yi lapira€ slask wieeral &y depesited ovdrvwaifyees efithe edporary placeholders
allltf 18 %Ixen sgltegt?veéhr%mg?e%kfro@ﬂ%fzoﬁgl stuﬁ']géeg o3 n?e%oﬁfﬁ&nc%f The temporary
mask  nmaterl correspon fures in -an
pledbiders Gfre tseﬂe:tum;rmcxgxmﬂéwlwe td OhoAgegh tirtegaltto fym a pattern of mask
mﬁ{é&tﬂ cgltres%sg i alij(fr?sﬁnd Ialg xarre?}rgftnrlfzég i %‘tﬁlel%m%rqgrg deﬁ ! OVI ded
net hadeardingrio sm dnother a@e@t pof uireainvblycmm‘ anmnﬂimélls prowded for for

R e s RS e dPERe LRy R Do ngt e ARG o gppee s
Adpadepistieriied oh skipadRf ael mandpbady. STheAnanesk sttipyee rembved to form a

PR ARl A0S LI SPacEre AL By RLER L o

pitRrd i8 orfRfeh thefiaZkOaeal T ;&ﬂ&n%trﬁﬂ@&rredﬁ) tapamet®rizontal plane as the
Accordi ng to another aspect of the invention, a nethod
SRa&Hr ovi ded for manufacturing an integrated circuit.
The RBid@dy EOHRtheSAEedbOME divadion, Pibihad istprovaded for manufacturing an
spaced-apart _|ines of a mask rmterl a abov

inksgprdc cltcatt. \ihe msthof comerises Rtidinean Pl g ol PP e of 2 mask

mRRALIINER 5 tubsthitd) WieRlthd masqumatéraatstmﬁ&eﬂt%ﬁeﬁﬁof&éhgt NA®lurality of
phot odef i nabl e mat eri al above the substrate by

feeﬁtﬁs dF idefipgsy Bpainbotodeinglln naiis! ahgvs ©p Selrals p]%i’r F phptglitographic
u‘éh eryg! sﬂﬁéhlaﬁéﬁ Bes faR@ eI BFal %g%f &Rl Cat ehlitAedi an amorphous
am)r phous “carbon |ayer below the spaced-apart |ines.
camecndwigr hejov theamepefrgpardinsect of the invention, a method
IS PROMIEIR ?t{f QlottePhd J‘Egrf ﬁle'%tlorp ath&hdy & gr(fvﬁ‘i@ﬁ If&abBning a mask
an integrated circul The met hod conprisés providing
padtersl to fbiricaty a@ﬁltdgrafh@@lretﬁlt alhefigthod cpmptisepprozidingla pluppliy of lines of a
e f
fi 1%5{ ﬁlfi‘%( rﬂzgt@n% . 2?15 "ﬁégsdarp XC& Iate'd b?r r@{%ﬁﬁ?é}% ﬂﬁ%}?&& h gge fidp femporary
m8pad as Sblettmbrnetthw:é | Spaess tmiveeefi ithd Bokswire lﬁllad gathoneecond temporary
orar y, Iy [
mEt%"&gC tﬁvé onglt 21{1# gaq mygﬁalsig ?ﬁ&ﬁv&lg %RR&?{R OFS)giﬂh% h?ées A pattern is
thtmﬁnnéd)mrmayer nf aothaymaskmrﬁatmbheﬁmv thepbkalippo@itieaby $p&ictively etching
; urallty of lines by selectively etching through
hf‘ﬁ‘@ E‘ﬁg%aé% According to another aspect of the
i nv eﬁtdoﬁﬁng & fiodee apettsoffhoinveaidnf o prooedsris patvidad) farfabricating an

m% glglnﬁlél?t ?@3 G Io([ée;%st'l M%%&@gﬁngjg %a;clgligﬁrg)lﬁes %Stel?Jll‘gCovelaa grst and a

- set@@ efionfof a Ijaﬁtially &'hﬂriﬁatfetahﬂegea&&drduﬁt efy paiteenl iscforned in. thé\masking

attern.is f n _the
Feathpiiize BB ids G POt HE PRI PR B O frrosion i
81 foher fekd Sian r@utOiRIl £ migifiuml fehiareOsizd 6f an loftan pattion/tof the pattern
al f 3 m ni mum feature size of an other portion of the
CoFEsROBRIAS 1-8F FeeFRIPhg to the second region.

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

“;Jarti ally formed integrated circuit is provi ded The
f %‘ formed integrated circuit conprises BCHHPYBH031094

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

PCT/ US2005/ 031094 pitch-nmultiplied spacers on a |evel
pRMERhIVPING shil@rCRr1e%] bRY®g (HNArtoR A5eY. STHRAYR R Havd £Pitch of about

of about 00 nmor less. According to yet another
1gkpretlest the invention, a partially formed integrated

Ci I CUictorhifig tdPYQh&tRS - asp-E@teofRHer fnbvéio, £ QHHEK fhidlc@FhBIREA circuit is

circuit conprises a substrate and a primary mask |ayer
pyvisedr TR neghally dorsngsd dntomsated cirphis comprivas 3/SubsiEdte anghpgyrimary mask layer
o{réi’érgﬁqmogub%a@t ‘Bel Aimafl) SRS Qe N05:0% L Al fftent ﬁom photoresist.

material defining a fi rst pattern i s disposed in
Aamiskraatersl defning e sy g isalisppierer § i plene pygrlying the primary mask
QIOt ad %dt%hh?ol%%ﬁlahefgﬁfé Q's@cgmé piﬁgrﬁ ng d?s%@e@rﬂ d Second plane
|s os I'n a second plane " overlying the nmask
Omih/élglf@ masRBmiagfiaDescri pti on of the Draw ngs 10 The
invention wll be . the Detail ed
Description of t he%ﬁgﬁ&tﬁ&gﬁa&&eﬁi and fromthe
appe Ttie dnvention widlshe hettércimdensteodrEamtthe Beteiled Beserptionpddhe Preferred
st W brh 85 oppEREET A By, ARAL MNP BL o TGS ot o timit e
upettttonadnkilyvhbmrrrred conduct ive lines, fornmed in
accordanc rart
SCOOGAANSS A B LRL AU IS0 UL PPN
Iiﬁdsﬁﬁnmdemmofdaacepatha Iaiolryrtbmtmdbhngmmho;l deV| ce, in
acco danc pre erred enh
i nv e %A&% Bled engau% %sﬁ 8% P:rrﬁ ’topcarng S%dtegzgeéﬁ{s of a zﬂartlallj,r formed
nﬁhld@ demewnoﬁccbﬂdencaasﬁmpadféryedfembmhﬂnemnﬁhgurdenﬁon,e of

def | he eeja {Stg%rgpgrr?ahgn %s lgelfcggr%l e eﬁg%a%l}ie h}é/vcrrgxgd megry device

oBFigEE damecionhinp lipésah @ rsél&ﬁﬂwﬂﬂ’ﬂeﬁhabhﬂiﬁr if thé Aeay of the memory device,
[ nventr on;_ 20 Fi chemati c, cross-sectional

ur
IngeeRE W%W%Pref%gﬁ’é‘ﬁ?q“ﬁ?‘}t%/&t HEF M nory device of

Fi QuIRgyu Afsta@ichdMale trddg s@HaME §idd e WRE the[Pafially &5insd memory device
lines, _in accor dance Wi t h preferred enbodl nmen

ok ﬁguqen 3 atier 6‘ﬁ enp}ggﬁ:‘a%es chetween Rholossist il iges, accoréance with preferred

erRb BNt itheORRAntish; de vi ew of the partially forned
menory device of Figure 4 after etching through a

har d Fieed 1saysehematip, cigse-srctianat 8idowiew of fefhaptially formed memory device
iy IRB tehle trdagt ¥ird M&ﬁﬁje? B adobidHi@ wRihipPef@rred embodiments of
sc; emati c, cross secti onal de view of the partially
ﬂlfsm’vmnrrermry device of Fi gure 5 after transferring a
pat ! Riglreld 9Tsk ?nga@ URL %ﬁ&rﬂ élaeyraew%@tre pRAARP ERd memory dovice

| ayer, in accordance wth preferred enbodi nents of

oft Riguien® efied trﬁrisqu-rl@me)aﬂemsfrcan dhshplrateresist layer to a temporary layer, in

tially f d
o A AR B M Bl b D osTting & | ayer
of aFigpades arssheamtnalcrosr-rccmbmdeme ofithe tpaysia by glme@memory device
di ,
ofe gbo ! %eni% x gf)gd?r?gd anl\ﬁfé?t 6fo E stpEéeg %ﬁ?r?aéf: ?Jy Q(f' or ne%atvlltﬁ preferred

S sec ew o e par

' emhlrdnnqnts:té theaavention;

Figure 8 is a schematic, cross-sectional side view of the partially formed memory device
of Figure 7 after a spacer etch, in accordance with preferred ernbodiments 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 Jayer to leave a pattern of
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of Figure 7 after a spacer etch, in accordance vvith
referred enbodi nents of the invention; Figure 9 a
WORRMMN® cross-sectional side view of the pé’ﬂTWZP?/Smw%
formed nmenory device 35 of Figure 8 after renoving a
remai ning portion of the tenporary .layer to | eave a
st 8 theCleay of Nn2AH9/R20691 BSCTAS2 00B/HA3E A embodiments of the
_spacers in the array of t he menory device, in
yeE¥Pdance with preferred enbodi ments of the

I nVepphRNp ifd S4EBatkOcrbs-BetReNRMRAS: of thedRfitaB§ $rhel Blemory device
side view of the partially formed nenory device

f
ofFiguied® fienpraqunding ﬁhﬁrw&rqﬁ@whé rgeaklegnijpria) agd forming a hard mask
laﬁré‘xmaf{@@ %elé@.ﬁr@lf;' @éﬁn@l‘ﬂg ge'i'nb\fég tBe NRErdTBig Kaccordb@%eith preferred
and a selectively definable |ayer over the spacers, In
erfedipepsRidhainyntigief erred enbodi nents of the

| nvepil,ang iH Q:H&ﬁatﬂ:lcrbs% s@ctﬁ)?:h%{@tv{e% of@ﬁe%ﬁlaﬁﬁ ?Jrfn@&‘ 5hlemory device

side view of the partial ornmed nenory device
of-Figure el O1aften farmiingf » patieny lrathp atledivalyidelingide baerclatthy er:l}phery of the
SbNRREE 1] AYGHad Qwﬁtﬁﬁr &ﬁd%ﬁlﬁ{ﬁ{m&{ts Eﬂﬁn%m%ﬂi&‘aﬁy

evice, In accor ance Wt pre erred odi rrents of
t he Figumrigimmschdgatici rggﬂseetzt@natlelda viewitd thetpagially formed memory device

0 l;
O£, FEah00kng gl 8,65 JEDR LA LY LOLIRE s e
erhigqdirhentschf theskvehgrer , i n accordance with preferred

enbogdi nent,s. .of .t he. i nve e .
Sononiseds & Pk, PUETLA0RN o0 DR el rped peryory dovie
offlﬁgm‘ediz afterteysioang the patwfrn Foig lﬂ[eesel]:ﬁnafytcbﬁnabﬂealam‘rew thie sgue level as

attern from [ inabl.e | ayer to
T AR
pr ef Bigtire d 4 éndotlérmmio GoBisedtional isidy eletv ad e pErtglly éorthdd insmery device

o RRED RbirsP 307 At e b e 5B By o n
mmaﬂﬁﬁg Kard hadld1eyep gt h@hﬁﬁlyceaﬂﬂ) préfersipatedineal betha idventidag
arra underl¥ T hard. mask |

i nt .
o C MRS 154 SChOTHGH S0 BB GHF RER oL Bl formed mermory devie
ofl Fi}A@8 t1l4 Qfier rir@ kgl e ipsttedn SC MR PREplery S1dOHE sPRet balal in the array
si de vi ew of the partially formed ry aevr ce_ . 2Q of
togths on ATIMAY TPk 1Y R pRsOrdeRTS Wi ﬁ’%@i@r fpepyef the nvention;
per i ﬁEﬁ'E)IG hchdMatie PRGS Sedpiohdl 8K1P vieWw of bR pa#ifaBy formed memory device
together to a primary mask | ayer, in_accordance wth

ofp‘rlérre rp efte frasdarinn thie ReFiPeRe PRtiFUR ALY B SPsieq Bttern ¢ the upderlying

suﬁﬁﬁ?é'rﬁlta‘cgordaﬁlﬁgﬁrﬁh PREd0 BRAbodEh s MitEnRhtibhenpartial Iy
formed menory device of Figure 15 after transferri ng

t he PewrpHasy aphtlfBr areamirresierhspat siievsdt thepught & eping electron
nﬂéﬂﬂ&fgkybw gaﬁéﬂ@% het Bto bR g&g%@%ﬂ&g r@hr:& Pcrsﬁécﬁ%l?dof a partially

I ment the 1 nvention Ures 17A an

Q?Q

- foam@ regreoryileicsgioapivsn agpordaneawsth nrrfpmﬁgﬂrmt@dmrwi iy mvcntlon

el ectron me@éﬁ&gg @éuoﬁo%%‘? el tp%%%n{ pio the
array and the pert Ve a partially

for rhdtddrtaqmrwprddmmth fomingdifferedcize i@amselt\lm been found that pitch

e

intcompon lnpkeginds wf trimsfapring pegicadis f ot wtspaiemeanfiahbd wrdedying tsubstrate are
has .heen fqund t.hat 30 ubl i n an

osHER G e P Ry Sl e\ HEle W™ e il e

apﬁﬁbiﬂted,&‘to@rﬁvdr,rﬂmahd ¢tchah@mlso wear mmﬁmrspmt‘sh eltisit atfa slower rate. Thus,

ovarn%g ?{)@%&r%ﬁg ﬁg%ﬂ pg # é’a%f’f%%e spacers c?c’ag %(e:, %vro%'r a?vgzgr btyqﬁe etchant before the

\J

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

feature size, which, for example, increasingly leads to higher aspect ratios as the widths of these

._6-
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exposed to an etchant, which preferentially etches
&ﬂévghe substrate rmterlal It will be appreciated,

P99 hat the etchants al so wear away the REIAB%2085/031094
albeit at a slower rate. Thus, over the course of
transferring a pattern, the spacers can be worn away

U@%h&é']@ecﬁ:ﬁé‘eh %tcoﬂﬁﬁ&foﬁ ﬁﬁﬁmﬁﬁuﬁ@é Bpﬁxﬁdﬁcﬁr@nﬁﬁl@ﬁxés%f different feature

conplete. These difficulties are exacerbated by the
siggsethesetpaiiemn tensiis dimiatonsgpaks evn moes fficalt thgppplicatipmef pitch-doubling
&Mﬁ&' s to higher aspect ratios as
AT iRl siﬁ%@%@%&@% 2006/ 026699 _
PCT/ bsriosf texchfficultipe priferd gwbpdimens of the dyaptinmalowfor improved
pilehl el Gl fo G AhrnBEE WP efifbrchl B! AR O hhOiANkith pitch
ture sizes, pattern trans l'imtations
denbking. eliuerﬁrmh@se of e m@i;hmi, nhh@h&lpmaﬂcfamd Oiclodoubling are preferably used
i
ol st Bl THE SRl Bk R REOR] B8 Bloh gl of g chi, e,
the eyl ofie memonf chith elnj nseeertdi Piﬁsmbhmhﬂﬁqgraphm agangperfgrmed to form a

B Sy 300 B M L P B
oeerlfying slte phas pattefn. t]Bmh nimtslpwr pq:ullant amzldltludmgmdmayeramb then transferred
I tc

t aéltutn ?rﬁ/mgﬂ%‘ a%f masefqr% II%EF? r ?ll)jr c%t? be ere%hg’l%a&ﬁ{ed relative to

one
a0 @lerl@gE eubsodie.t lThe effricer, and. sgcond pmtmlsaaras &ymcmfanﬂ"emﬁi"rﬁmy the primary

A RIPR P SPOPHTR eEaba SR Tt et S difern
sigd fehili]ﬁ:s Csh:lnfe ofewiich artlvelopetht phigifymofiich Ré tirephmtolitiedeiaphic technique

REPRE TN ENIONY 5 e A X

uﬁ(reﬂﬁﬁggjbetaﬁe to an underlying pri rrary maski ng | ayer,
whi ch preferably can be preferent tch drelativ
to  MregHdo oGk Pesiape patien l&ﬁﬁ@aﬁﬁb&e%l?de Tagro¥silying the spacer

phRtd, eleNScoRti atidde Bar bRMEH el Psbef pARAL. RS Errd:smir Nverlappmg features of
masklng | ayer to the underlyin bstrg in asmtg

differspl sippRSUCh 26 t APARCHnG r g, raﬁ*iir%]@ § PafSe At PeEpYEy Wansistors, can

adve@hatb @y beSBARdOf Which are bel ow the mi ni mum pitch of

t he phot'ol i t hographi c_techni que 15 used for
pat t Betravly, theahrpey pakingdayant thafeyking Toeeiaisditegtly psrlies and, due

to%%@ﬁ@t{\)ﬂl}rl ¥ plifn@RSBEd 18 Peftint G ocddNASN, lWinNBn e Rabsirad fhrough the

Mor eover, ~because the second pattern is initially

primryeepsiing dasery d pexispley i thy primery speskioe laysatie @F?fera‘elﬁ gormed of a
m§t@ﬁaq qﬂat RALHE #(ﬂ)d }’e%ﬁ%@prefa{}'?e t%n%g?ﬁle RpdcLhGterifSand the substrate

result, over eatures of ferent sizes, such
matsnzdmvdh@tsrpargr patttres corrdfertinglyi hegrapsfmedyio ifeseithe dhg primary masking
Ia%[ ?1? 'bg‘ %cﬁéc%iv%lﬁ?é’fn oved aﬁ& ﬁwe%ﬂﬁ%ﬁloﬁt f?a%nfn E@glbstritc aéld when the

primary mas ayer 1st

' mh&y@usetl I&atetcdmgdmdub'sb@tee &d uhéshfan(ctemdmé cart ¢ffeetivdly be transferred to the

su?;s‘i‘ra‘teec t]bt}él tB %tf e}lcc%llﬁ{’gl I&eﬂgg L%ll:%ﬁ;dg}? xge?latuké’ topaeﬁ Bgﬁrryf ﬁlapclhgﬁ eﬁaudm g oxides,

rou
nitreisk |ancfg silmgma rthe Ipnimaey tmaskihgdayet Imepqafarfrmr forrraé kofntgarbon and, more

%agf ?{B@efer?bl y formed of a material that allows
prﬁ% Vet RRPLEF EEPTV ty relative to both the spacer
mat ek iwgll ba apbﬁﬁeecsuhbtsa mntmte@nrmmmseainy nsiterishat mstpdadethat are to
attern _can fectlvel tr r o it;.sp that .
i RRoef PR iy Ttk s AP e R g0t e sigle
matkiiz) ra ﬂﬁﬁﬁﬂjﬁcﬁ' Iliﬁrsvmﬂdim&t hatepialign lahe oB llttj'ﬁﬁ matvag reehs of different
whe mask i.s used r etchi.ng the substr.at
s pgp e ety Tt CeaPrBIT g oBtE S HRLR Painsators,
coh&lldtd?r@ orSdeBhinaade. thEdder. t Uiypléﬁly,ethe Qiulf)ﬁﬁte &inqiﬁllses structures or layers
sel ectivit atlve ari of materials
“IPWE?IQJ?W%‘)H@@ F’%‘ Fﬁr‘alét e‘&ﬁgatbé“? %ton, the primary
- masking |l ayer is preferably fornmed of carbon and, nore

-
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30 preferably, anorphous carbon. It will be

appreci ated that a substrate can conprise any nateri al
WOr200{26¢%al s that are to be processed thr oughPGTHBS2005/031094

primary masking | ayer. Thus, a substrate can include a

| ayer of a single material, a plurality of layers of

di ff BrantlsBBt ehprddisted Bal BHSferrR o AUSH SrIRRY iFRG 1dvEI0b ANScond level
of different materials or structures in them

tc.
invpleeselomping fatires indbe serendiqes! shatisensidly egrepond to featuies on the first

1ebdlS Fl)laéx%lﬁk:, BOpHR DEEE B the se@bndORP WiBLdnSARy FIMBWER path of lines on
hgifgl cally, the substrate conprises structures or
t

yeirlgvel iand ithratogttipnt Sratrep fpatinst op Hee parprdferelewilopereegpand to the
IOP%O\%IQ)F @i‘ﬁglraf fe@ﬁféé -on'tIYe MQ 1%@&’6@8 gige ngésqﬁa Qed OBRAN:s can vary

al so be appreciated that transterring a L
fromtthecfimt leved th the peoprd leyabvhoweyes. Foseemnls, depgrding ynps eiph ghemistries
LB 51 i EIE2 PG bRk HEA AL e vt
pasivanpdnebe ehlergpdioh dishinishetereldtive tihdhes peitsm op efhe (firghj Iptel, while still
rege?%efiﬁl%tﬂe)éa&é)in!it&\fv‘ﬁa gppath of lines on the first |evel

an

e lTocationof other features on the second |evel
wi | | Refarcneeswidinubw be niade & the dhguresn whercs Iifel mumeradairalgrdg like parts
nihe £ir I ) : i '
bl Ak ey P REES, BScolipREScRasigenil.
| eveWhilt twereerredranbodinzens| va]l fudmepithation inproy centett in which features
wem stries -and. condi tions, ' L al IV
o TR ylee e (Rl OO P Rl £ ek Fbd o or e
pédiatnt @re wanfelred enk antgede ds futined by phdd mubiipiitdtios and thahdas a pitch
attern on the first | ile,still .resenbli.
o VR P o R pre ooy B b BT ORGSR e oot
Innaddeiot, avtile ehdprefuirebembolditieaisivah bk ased tnforalasy indfgeatedt aireuit, they are

Ik arts throughout. .It w.l be appreciated at . .
oo B S sy Ao R R PO S HPRRE G CRg ! Sayep ncludie
lopid@r pite besysafd estbxie bieminsyotitild mérhdidl deyies istutas MRAM, ROM or flash

context in which features . of different sizes ar ) d
TP i1 AP AoV HF L PBIUD G e JRRIP $PTRG s PRI gt clectrodes

arRNRRHIc iR Tir®s irPBE hrrdf redib€of tRAEHIRY, WhilOcdA@eritivad] phetokebriphy can be
a_substrate is fornmed by pitch nul_tiplicfath'

t1on aBd tl?at ein
usid o Tarmp farach featmaseyughas agBtapi i G RPIRNEESS Qfihe qyps. Bxemplary mastng
st3Gt Bk boBUr A Siro AGRHM R i 58 ik @it i IESSELBY t he
substrate. In addition, while the preferred

enbobigweAfsshewna kP iewal ¢ BarHenikringier integtat eigout, or memory chip,
1({2)'(.; Cibhbral LGV 10! e “RAKTiEbrRLhded BYY PREAAPHEIN 1_@4’,21'136 ‘@eriphery.”

O formdevices having arrays of electrical devices,
It ivwﬂl;bqjmprﬁg%ateﬁ@@‘t,@ﬁgq' fa@:ma.goxhip rt}a%/lgtegqq‘@d\ggqnm §00ds epmplete, the array 102
wﬁ'rrlg %}’c@hﬁtﬂel &enl YuIREY 18D coiabiRSiRAMa HEMieh ddvRsd such as

I'n such” devices, pitch nul'tiplication can be .
irapsisigrs andfegpavitors. dResirabhamifcl nyhipljeation sk be uedete fomr fgpres in the

: . o . .
P55 4SR0S st
thbser m tharagey 102at Qeresytiosaicphotithographs trethem thap fpdtch multiplication, is
er.i. pherjes.of .t he. chi L0 in.
ty?]ﬁeéﬂ CugaJr fg Datiemn th%er flezg’uérte?, %acagg%ﬁ:ﬁé%e%{}%gﬁi%%&gfrg%ty (§ft1§£§ citclits located
inithd pesiphay a4 makdshsinEpiich meltiphdatjor difflis Aowdditiont symedewises in the
of,a partially fabricated inte t LLCHLT, . .
gy Rt inker, ARG il 16 PALRLEF AL 0y, malang pitch
miilsipBdaticrolesschd daritigedus plenicpinentdnal ghgiodithog@dhy fohaich devices.
"periphery."” Jt owill be reciated that, .after .
¢ Do ARG ienes, 65 it Ao p A e RirE 2ty PevitSiob L provied. A
subfigitaal 108y pifilledbtlbwtwipdbzditeys 120-168nTht yulpogell 80 el b pattemed to
conducting lines,and el e i C devi ces such _a
o ARG T CaTEr P60 BEL pf SHIE HiCR Sk for tho pattern, as
mul tiplication can be used to formfeatures in the )
.




10

15

20

25

30

35

array 102 as di scussed below. On the other hand, the
Berug 104 can have features larger than those in

#2668) 102. Conventional photolithography, HE/HEP05/031094
than pitch nmultiplication, is 30 typically used to
pattern these features, because the geonetric

dicsusRel @¥loty THe rh@Gialk 161 the WiyéiS ob@B@igetle sibsirdtd GBl(pﬁ'E bﬁﬂf&?{lﬂy chosen
104 makes ysing pitch nultiplication g!,ﬂffl cul

bageftiFRIToTPISIEFARISIVIT BT ARG PrOFETS (RENgn F%?&H?‘P‘Elts o the various

pdt@mIRFMEAL mbmﬁ traMeCerrling SR @idliad hareinS tBeodudt She layers between a
thereby making pitch nultiplication fss advant ageous

| e
topRgh SRV E eGP Ipres & Mt TRy Ao felonbln by aithogephic process,

an@ thd sk REAE 1¢ Bink®onFtb %ﬁﬁerza%att@mﬂﬁ‘l%@ﬁbrﬁ tﬁ@afe[@ﬂvely definable layer
integrated circuit 100 is provide substrate

12019 ﬂilessub?t@ﬁ HOAB Ve DR HUS S?l?ﬁtl@?lg di%b@éwer Fafland the substrate

1ﬁ)u5}§tﬂr§feﬁbl¥1&1o¥\4nl éo ha: BRY ek 'E@Cgefegtlvefjp EidhlOfclBYS to other exposed
features and the |ayers 120-160 will 'be etched to form

mpferigls Kugigg theiectqhat i &ilh be ggpreqlqged‘/\ﬁ)atz@ oBjenslsig gonsidered sclectively, or
rgﬁgﬁ%ogé{eg 3480k et ﬁ&l{&stﬁﬁ AV at1BR: SFBhiST tinfds %reﬁt@f preferably

ers overlying the substrate 110 are preferabl

abeWokletfmesigmested Tuppo e TRl et ad itgies eraterradcResPyfarapla deast about
4@&19&%?&%&99&5&&%13&&%%%8&@ for the various

pat t ormng and pattern transferring steps
di sciisthedliustated pmbRimenstbe stectively edeSndbla lapnl 24 overlies a first hard

m!is(ﬁ'_é{[:oe%hbﬁﬁ% Egérc}gﬁl%lgﬁ%fvlﬂgl@?é %ﬁ@%@ﬁaﬁe@ 940 m&&lrbverhes as second hard

i na graphi ¢ process
maghd ot bigh ssidps layert £01 mwhmvc:tluemn ronary ansk éqyelal%t\fﬂmhnoverhes the

u? alte Elg) t{ rb%{ﬂr&%%a&‘(e gﬁcét h\é®6¥hr hlté’]\/\lgggrlf”et Ak egsgé)oit e layers are

€'s € selectlive
prefiefablyathben|deyeading Bfonaookpstivdity withtthedteh chihBiries end process condltlons

degfrgxﬁggl%%l P osen S \%ﬁ]e%ttra}nqte Mmcan ﬁabt? %roeC 1’1 %r ng layer to an

er eX:)ose er a dur
uridedyitig éiyeh by Isblemv‘c]br dlxﬂur@the asidatyét; lyat natamts eﬁmmlbothslayers are

d d | f |
“eEH (P RETE AT o Tt PR e, ek huEh Sy B ot vor
avmylovéhe ?fufsatglethecmheI e;ably 10 abou: 10 tines gtr eat er,

nmor e_ pr ef era u reater , s
or o1 e A gradimenty e oA PRBNGF o) EPPIRANY PRigpen sbovt

10E Srlryb Illig VH EROAhE Cihd;;]}g pf‘ﬂ%lrﬁzﬂjf dbtweerd :Ibo%lhﬁ){ibdl ﬂlhl.ﬁﬁd’katm temporary layer 140 is
enbodi nent , e se | I haDl € er 12
DT, Wevesh b DR iy ik 20y e BRTGER Y, Do irD bl 00-200 mn

| thith] aiie QYRR hAQA rAask BIFROTSBIY pfe@é‘zﬂ:ﬂy E&Qeen%oﬁthl (03(Efith itk #ad, more

second hard nmask, or etch stop, layer 150, which

prefowbly; alzouh 205 ey ickaadk theapanary gusk fircie0 gy arefqrely byfaeen about

mbﬁoémﬁtﬂ&la&ﬁl 1ﬂigretp§ef&901$ rae&ﬁ:z@@éodﬁn ghick. et ched)
through a rras nesses of the layers are

pr ef Wptg t5efyreneeds &iguged éhﬁﬁek@h%bﬁpf@@b}b lavenl 20iis 9regﬁr%bﬁy formed of a
hIE)p)? esfal, qg:hﬁﬁ?é%tpﬁbt@l%sﬁm&]m% AL @S $rtC FRLLLEBRS the 9&&8&#&% be any

rern. For exanpl e, when transferrlng a pattern rom

phatvnwé pfbmaﬁglelva;heﬁ T omald7 umddB (o, 748 payer36pyim wavelength sytems,
r om%t Shibisod syREmdBOE &ﬁ’dnngeahﬁﬁﬁﬁgram %’,_;lg sS Examples of

ayers are rem)ve to sone egree
preﬂaeednmipmredlﬁyvetenals inghudé engerbflyoridei(4#F) e*mswgh phqiomhﬁt i.¢j,fphotoresist

r
sol o1 R 82 o8 o8 K (BNEL, SRR R, (L5 oBHEN phllorsit, e,
phe®eesist sxptablieet‘malhﬂewﬂ:eﬁ Kudelight boute. AQE E@tqwsusta & ptcfmtdb( used with
: u 0- t R Th
phfqg)?%_glo ?hf gsk% Eﬁ]géﬂ% ?&aﬁ%@ e%lg%ﬁ Wigel h Iill gtlg eg, %93 nm. KiF
phb@fesBGRra mefdnal:ctsk used ovithriomger pram‘l@gﬂmmtohﬁwmbnsmbm&t such as 248
100- 200,n eco k | ayer. [

DR EP Bl GBS RO eAa ok bty PRyl Eisc ko b formed

preferably, about 20-40 nmthick and the primary mask -

| ayer 160 is preferably bet vvegen about
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100- 1000 nmthick and, nore preferably, about 100=500

urn thick. Wth reference to Figure 2, the selectively
WRSPHRH%8 | ayer 120 is preferably fornmed of a PCT/US2005/031094

phot oresi st, including any photoresist known in the

art. For exanple, the photoresist can be any

oftREQNRS c&l beARPatd B @mwitrint Hithbgiafiy, ek’ By usifg a 981 d?fdechanical
248 nm or 365 nm wavel ength sytens, 30 193 nm

foggg e PR he re#ffer si on systens or, electron beam
|'i t hogy kel foy Shee il hﬁ&&ﬂ&keﬁye@flw R &E@bI @b rlses a silicon oxide

ohot oresi st material s include argon fl uori
(i%qapsflbr%orpﬁ shelgciia strefleayve cpHBEAAES: suck, s, il sitcon
Rrid¥, DR bh be bdrﬂéiﬁar%ﬁfﬁ%ge@@ Gorlbivih Ophttbdnkl BivirEpitches near the

KrF) sensitive photoresist, i phot or esi st
regqilpttogb]n@ltq OF auglgnt%ﬂ%qgragmkrtpchnirogﬁtbeg%? dkey ggnpenhance resolution by

? h%tréﬂe%ﬁﬁlsprﬁf\ﬁ'ﬂaﬂ% Yppt&@fedMtab light reflections can decrease the
phot of’i t hogr ap { systens utrlrzrng rel atively short
0.

progisien gy g Ldﬁ liitiogrgphy po3lefipg thRfizes 1 BRBEaR e SPgpngily, a bottom
n"ﬁrr@ﬂ&ﬁ% SoARk YBMK@? @8t Stbwn9RAE Exgig%\l |b@ REHANn addition to thle first hard

phot ol I t hography systens, Such rnn systens.
meskfiaver Effe donimohtight reflsetianayer 120 and any subsequent

resi e de fﬁé?f’é@llgge? 10§ 1sf ﬁﬁﬁﬁfhy foﬁnéﬁsza%%hggsG@d?&n whlch offers very

PCT/ US200 a resi'st that can be patterned
higly eﬁén@lﬂchﬁm redative tth dgﬁ; aptigrredehayd masy watetinks. a Meye dpreferably, the

mﬁ@?ﬁlﬂﬁg <I.)n is,a oﬁ'ﬁ 8% FﬁrcgrbBH a &1k e¥ trglf&gar@ﬁttg rhgﬁ’tl and which

|rst ayer 1 pre conprises
offers ﬁlrﬁhgrommomcments s p:bmo aligningnsdyy bﬂmgitr@sgqrg'@ tte imavelengths of light

usgr?ﬁ'(%r Cs%%f Ll%%}nelYteD?é) @1%1 Q%&g@@g for ar%t @x fji:%ﬂrs?é;&t cht%gn can be
foantlia . &ghahedd, DoMefssnem'mngl MthmsZSBdW%glﬂrﬁ%Oéhes near
the eso utthI %nst ask Iayer ﬂf t ?1' I %ﬁg rh%h{ng kt I%%Q'n S%ugreferably

becd hey can en ance’reso mnimz
colmpgibds archélb(emt amirsflective waakihg ﬂ%ﬁ@pfe@cla&nlmdn bh}’ﬁhmlde)ghslhcon oxide

Iec ions_can.decr a e the recrs on
iR PERERD S RRRERh ST rBOSE et AR BhCHhown) can atso
opfphdligralussd toacohpsitiiphm reﬂéﬂtﬂonsr efhie the\/tﬁstcanétthemgcc(nBAﬁﬁ) mask layers

18 S GRS RS S B et o STt e s
ma;ft&ﬁdi ﬁéﬂeh?ﬂﬂ' pro_EEkﬁmE @f@@&%ﬁﬁmhéﬁi_& h?]rﬂlﬁe?fof giffpreaf amh kiyistries utilized,
orne anor. us car oon, | 0 ers ve | .

as ioERIoEd PleY i F?/ the P Q%W‘iﬁ@ thy BRI GERS AT &E‘Er& preferably
folRdaRIT bbpholVREBoRERT RbRProferablh SransdfiBnpbudbtsh. carbon is a

form of transparent carbon that is highly .transp

to I'f g beprpregited that dhe winous layern érschﬁ%r hiteastn & fppred by various
mamszrs Rnédr GNARE bt f311 %St HoABERMIS Wrich@vapey @peitkitodEses, such

I ght 15 used for such alignnment. Depositijon
astfélélﬁr?ﬁlqu fleposifign §pth e aised f@hfogmtfht?ah%réawhﬂ%@ar bBisteeably. a low
texgﬁ n%t%%%%éﬂﬁ?ﬁ@gg{@f@%@%m@ss %brhs%§ '?(?Hepog_llh Pgtﬁﬁia?%k layclgs or any
otheayuateriaB0e g+ Fracerauaienis] MEgure ﬁher(en th_fy mask per d 6 wlicapthy mask layer
1 %‘”ﬂ-rhéc?c?f ?rro%h%{lseﬁﬁorohc S owrt%l!) rf‘tfn: Je d:fidh gf&e%%a%ntageously

I'con oxynltrl oXil

' prmenb:hbmw@wr physicabidisruption of ﬁle ramomhnmmhon laytl ect i ve

coat S
use g}g %%?%P&P&E ) JAR I)ueff:a?i%oiﬁisﬂ?f WO%E%&{% r%é{@eln dditin,
antorghose coheh heyerd qaasblc ﬂoaljmlr@ cHeBOcah rvdpar 5ippesitionbesitgor dgdtocarbon

co% ou%f i Shi ees'sgtsscﬁl' C%ang?unh@ % s?r GV GERu @t a{%@u@@?%mrs include

or ‘ease o
prcam{tbne cpmp}me,rprrzpane, fomtane) rbptvienef butkdicne mad ecetelyml. A suitable method for
chem stries utilized, as described below. Like the
tenporary |ayer 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
“@%ﬂWﬁE@ﬂWayers di scussed herein can be formed BgT/US2005/031094

various nethods known to those of skill in the art.

For exanple, various vapor deposition processes, such

f@fﬁmggw SHbpRdus VARRL HRPOS bistibeaan 8. Baest K8, §97IMINB1, issued to
har I ayers. Preferably, a low tenperature

Féﬁ*@ﬁ'iéé‘l’f Peyae 3.d8Bdsi ti on process is used to deposit

the hab diriBokse! ANRS Se@bd B Y¥ecor@hlte wilBhe plefhRd cBibBdiments and with
Qﬁracer material (Figure 7), over the mask |ayer 160,

epcs t9 RiguigtdR, Pl‘é’PéIi*UltBE@w&% if e popyrefdhenartatyripmsd dntegrated circuit

1§® e SePBrmea! CA'.' phifth §CORRIPILE Q&Q&%hiﬂl@ﬁy&f @@e&s&gm in Figure 3.
advant a?eous prevent chem cal or physical

The shatgsiciiaableolpyer Héo sarchetsbeiaed b ben Phejglthography, in which the layer 120
e f
ISSE%J&O%& chg F&g Lyl §Sr9t§:l§g]gﬂl BRn URGH o, ﬁ[’t@? Bca% developed the

e layers. In addition, anorphous
rmwmmph@weﬁeabﬂmmﬁ@ualbph@wgﬁﬁt dmthisy a@arcoa@p@@ linepA22, thh define
%Ja% 42 hydrocarbon conpound, or mxtures of such
rrpou'nds, as carbon precursors. Exenplary precursors
i ncl ddeh®H ribpye dbe wirktlspyfriks sppeespahend theiphoterssist lines 122 can be

P R 05 31 cTHE M, AR RIS e

phmmephdmss tak b’ﬁkne playeesst iliged Eicare peterably ticikd @atgemnt isotropic etch,
3 |ssue to Falrba I n June
=¥ o5 Gt il ey S8 Rl oo RESBRRE 051 1t BF e o e

I'r'st
etah nipreﬂamb]grselfee:ed e:dtheirmmehlnmﬂnm: Hﬁmlham a Widilr @frespendieg tothe desired

slﬁggj.?r zsfP S?rﬁéca %h rﬁ)mrérgfia? eg1 (I? gﬂﬁr%c?at%{q %@%Rﬁ% )élscusmlon %elow with

reppercf mrl-‘ﬁgﬁles W@a&dﬁmﬁgdoaslﬁ Ot addikicmrto hﬁtﬁmﬁ)@ﬁﬁe detek:timbdidines 124a that

LTI ORI T A

phd"ﬂod&ﬁhﬂa‘[b ke baywek ekBQan blﬁocﬁh(ﬂﬁ?eeghsto@ﬂfedﬁlbﬁuéﬂﬁereby improving the

t i tgﬁggl " Cll?-f? ﬁﬁg ﬁ\%slf?} ng ﬁ)g%/tg%o tlelﬂgml%ﬁ c} Eﬂaaﬁ%us constitute the

plalsshbmﬁle of Shndréls h;kunaviﬁaﬁe{spatte@ra@ kpas@s 179 @@gﬁmelmnn% ifdthed. In other
defjine spaces 124. 10 As shown in Figure 4

e oA isy FiesRRees b%*&f@%l thospaghid 2¢ fan ?ﬂf@ff@?f@%b&?@@qﬁ%w& bpes 124 1o

2 984kl Size, b dr@kBHpIE 1ditidSs3 ifaBha A0 Yk RitedVer % KRB £24 or the lines
t he spaces 122 can be w dened by etching the

13¢50 be ehemigally regeted todlarm FrateppldrEipe 3 fagger vl toriporeage gheir size.
pref ?ﬁ@@ﬂmﬁf%qgmﬂﬁbg)%h%défﬁﬁﬁlé %b@lﬁﬁ%}efera%%n%rréﬁ to a layer

sul fur oxide plasm, e.g., pl asima conpri si ng
149pof mpterig) dhahrcan Fhbsiand wik t}@fprmés cangdigigny Hr @p@ﬁﬂema@ml deposition,

IRELESARDwS O rd Badin efgigé'llg'r eghelr g éﬁ&ﬁlo@% Wi bddst, the material

correspondl ng tot pacin e Sp acers
formingdhef wmprendry Javervii4D lis prefezghbr @b:c‘mi suehf mit pzmebe selectlvely removed

-re%x%& Y5 FiheO 'MeﬁMlt gg“ teeﬁr?cfeﬁgmgq?f ek, IUCr (ﬁn&i’ %or e, fhe layer 140 is

ant age US N a Ion t ow ng [i ma .
preferdbiyn é@mt@@ amaphomr earoar r Breaust Hion pledertadr d@mj@fwsném‘ etching

b - toli | &
oS Sl OSBRI LAY SRR ARk Bk s
are cgeitnblef fot kighing raamr[ﬂ:lﬁds tdreometith |emq@t1mu|snlgcttm relative to a variety of
uni.f.or the 4. The resulti
a8 = ol Rl B 00 R Sed B Tl R SR B RS v 120
aﬂrl%arﬁdﬂﬂilesmt&nais \fdri th hard paslt Byer 18D i sqmaieefos edatfiple, DARCS, silicon -
)é[gi gur.gbdg% v\% be formed. In other enbodinents, the
oxifes CR Ry RBAH Y Re spaces 122 can be narrowed by
expa’nlmhi Pdtetnhia the phaodePdatiolayer B0 prteraily eansfared to the hard mask
Ia%)%ﬂlgg ag f&oa\/%? %nt f;",llgl.rl]r?! ner@'nti e{ré.n%%er cl:sapr}fefgrabgr a%coml}leﬁj olYSl%g an amsotmplc
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124 can be chemcally reacted to forma nmateri al

having a | arger volunme to increase their size. The
Wﬂazf’%&gzﬁﬁ%f the (nodified) photodefmable |ayer PCIU$2805/031094

preferably transferred to a |ayer 25 140 of materi al

that can withstand with the process conditions for

et D RGN as TR Q! rﬂlngdae@&%aa}bgﬂ lastthh, SEHASR A & (R¥krodid) ctch may also be
addition to having ﬁeat resi stance than

supﬁahip Hrthe hasd maplf-,@yqafalt?,@ 1§ g]ln Freterred) auqrﬂ@rq%rﬁg@pgreggcm cg?gl‘smes can

indi§: &5, Ofef erab! orgelbgct ed such that it can be
sel ectively reroved’ relative to the spacer materi al

and Th?epﬁiliﬁ@ersl them drangfpresd. tondie rfgpefarrblayes, 140pes |sa%rr in Figure 6,
pré%gtbilarrs ?ﬁ?é ARbYak Rk "B, @ﬁorap BRUS) (R Befadieand Ar.

chem stries for etching 30 phot or esi st
Aé\ras@gftoy@y,dbﬁ $Q-eomtninieg @@ﬁnfaucelaﬁt:h eﬁﬁwrﬂf ghegrrefgmiest {smperary layer 140

atca%ﬁg Lol thaf %ﬁ RS 2D &S é\{e{ega% 3 g{e elaﬁlgi'l h@bhRs tRrate that the hard

g anor phous carbon 'ent selectivit
mas| laYervléOt o @ichedr i &t spitoble Shtcentrining, plasmiaisddeseshed| mydsS. Patent

A?%%Q:atfo?lll\?oc t1 @/?%lo’yﬁrﬂ) %%glbcq% Stg r k‘ % Qﬁs‘?g £ rZ@g Bént?@a[&%rﬁfcﬁ%lmensmn

ui't abl e naterla
Ciramot] rtasmll Itayq:pr@i%’(ﬁed thet tigeSOfemntaningnplegma BRdneously etches the

h
teﬁ‘ﬁ?rfﬁg?&fyef {r?bltag‘g%p °a’ S ﬁoqg Fma%%dlyfe lrlla(ggnl ssgr lf :r abl y

t r anAd ghowe éh FigureTea hiaerd 7ﬁaﬁ$pacdr aperialigprefesablsmapeppsited over the

h%iglﬁsgq%yﬁr }J\??éhaglgtﬂ%;er t%rgﬁgrgrryjﬁysév\%{oeg@g r.ap! %régaggrpaﬁfpsl ﬂréijgledgly deposited by

c@ﬁﬁhl@&%ﬁnﬂﬁﬂ@ﬂ& at@hic I’layers deplositien. a’fheesipad&r mtemlgl @en be any material

fl car bon asma, .alth I.soL koD
cophf B G5 %58 B AAe PR 'R A BySr e 160. The
sphdtr hateR81gfr €618 1) dabbe dthl&ﬂ vqﬁﬂ@ﬁm steyh crhretaga 52) Smr beadeposited at a

o ey ARSRHPE StFh Gl PRI 0 g ) PP sty etobed

reRRAMY thé’]tcﬁbéﬂdfye!aﬁer 145a1£& @iyas@bindetlfih @ the demporary layer 140. Preferred
S02- cont ai n| ng §ﬂ$ g a plasma containing S02,
mejorigdgigelpge silicagp e&&%@)ﬂ ‘F‘%‘ oxidf% SOp- cont ai ni ng pl asna
can gf ehwaah FRroOR, Hhb @pa{é&ﬂ%ﬁd’r rigd id Bep erbdcied! tamﬁranibéﬂl&)plc eich to
at a rate greater than nor e pr.ef erabl

nmes
regipesatneser ik frop PREGORHHERTS 1PMAT the BH Ay Jorme R drbted circu

1002%8¢n ABQcH, S1s8 i{ﬁ(ﬁ@rgas aAspﬁ&Hr tRh! @n %erfd?ﬁécﬁhﬁﬂlﬁﬂ fiRéra&aitn plasma,
is describéd in U'S. Patent 1gllc

whicl g8 plsp advantpepeyaly iy ihe hard mask layqr d 40- Aﬁaﬁs@e gorphejts garbon layer
14804 bé g@ec@%l% héﬁ?&ve@'dé‘ﬁ Si PN, 38,-ERbl; u‘i% pladnta. Wikdre D&hows a patiern

appreci at ed Ke S02-contal ni ng asnma

of spaveristl 2h sBadiesthe ewprousiserbon eplp ol?keeﬁ,wﬂplwelﬁplnmoa fythe array of the
pa'éf‘aﬁg \f(ﬁ'ﬁ':.?& H)‘?eg?:g&fe c?x%?{} g&p#lﬁ bl:éya%on%lghed%ﬁd Siﬁ' %}llbé&ated embod:rnent

spacer terial is re erab g
the p»mh afetbmmacessj 1sdm&rthathé thehzhotorms knes dyé (Figwo 3& geigipply formed by

phaFo ogrt ¥v§l{ Ré-fﬁ% Eali]e% tHal e dggaé]é?st £fs og%berﬁl?y RIIGH ShARline of the

vapor posi t or "atom c
palttayl@r hmhep%omgsmﬂy ﬁﬂmdsmﬂnc ehotvckﬁmhlea]laym: a’0-be any

pat (R 23 PRE IR T i BoBo P R, FrrRR et o second

yi ng rimar aver
pasipradeformalt a2 theqleriphieef E04a ﬂlo;fonrﬂt}uscsaqmn&b pattep dm spamrai7p lare protected

00d, st ver.age . Lt
ool i ehlp e aHHE S92 iR HERPRR LR 1 Qo W g patcmming of
thé Bdord) pa(ttam dd eheSriphdriy \1 04,y Tl sphesths lﬁdrapnoweteﬂ d»ytfblmnlng a protective

te rar ayer d a |l ayer de
la¥eé :}:ﬁ@ Iog?ril}h? 513}@?1'3 ]lig al%e g@%cinéfayfayﬁ%?db IS aqr%/tje:ra geast as iall as the
spﬁdel'si CBNandi préfedBl ook sool-ﬂomm tidkdesl, mdt: mfw&b@mmbom 100-300 nm
th%-dzrg y %H’P%(h]gif%gﬁﬁ & nex efera]bﬁg f()ln%e& Q\?e? thseup%t%gtt:v%qayer 2@6‘ to aid in
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remove spacer material from horizontal surfaces 180 of
the partially fornmed integrated circuit 100. Such an
WQ(?@WP 1029$%0 known as a spacer etch, can be per fREEFBER05/031094
using a fluorocarbon pl asma, mhlch can al so
advant ageously etch the hard mask | ayer 130. Next, the
trafERITIMEOL Bate A RO tﬁeﬁﬂﬁfodeﬂrﬂa@leQ% B Behesbic¥®leMayer 200 Preferably,
renoved, USI q S2-cont ai ni ng plasma. Fig
thy haptmaskdayes 2 0 iibpst 80 padhick a1z SR PIClRFi bpeabout 50-60 nn
gador phous carbon etch. Thus, pitch nmultiplication in
the array of the artially fornmed integrated circuit

100 Kbs PEdesHve dayendd shrrafeeably, formed ploa jmaterigd thet dyj readily removed
t he@ﬁ%%«: to fhP a%rg Ghs. of‘orteﬁﬁnﬁg’ rStebtive hﬁjef- Zédﬁh b@fformed ofa

otoreS|st i nes 124 gure 3) originally formed

Pwore%oﬁléﬂ mas ol shsemel pr W thfemt phjeresistafied thifapsed He form the
p%mfeﬁﬁgmel@?erqa@ %Fl%krkéfz 5p IthQ:W 051!;1 s? ﬁﬁ%tslzrhpgr Q&fmﬁt material from than

tern or |lines 4or|g|na ornmed I n
ussi &e oo thordigtodefinapledayep 220 @muﬁewﬁ Mpore mefsrébldnféie petestive layer 200

lsoffom?edgﬁta%%?j%hggi Qzl{rgér? Uit deh e RIBLENKE %ﬁge?e&%%?ﬁ\ﬁ% relitive to the

secon ormed at the perip
sfagrsi tdhi s second pattern, the spacers 175 are

pr ot £ C#ﬂ?cg Sem?ﬁ(ﬂm@ﬂltgw | i egt%%ﬁ)‘ellﬁ(}%p%@ led %39 al%nal that can be

forne own 1 n or patterning
sedefctivetih etcb@cmmivqoai bath theatpatdre 1 fSearidpthe photd@dinablh dayer 220, the hard

m?sﬂcqg %{2 can b% ot edothlg é}{%g’l Pe L 81[ ﬁghp Byl 58@ ga%tﬂevfgnned of a bottom
ovVer 1 he spacers 1 B! POt Ect Tve aye
axﬂQ@ﬂec&vep b@fheg A RCpindl eintorasst tal e faﬁnetdhhreast@ spac EhesBARC The

sl 376 B St rGourniiey A bkardef el B ge marc

mamﬂ)mgmhmxﬁmrleﬁr@xﬁbdy for med over the protective

06/ 02 699
pcn @éﬁ%g%‘m@wé sz %ﬁ&ﬁ CRiops. dhA Rhgiodefmable layer
ZZB))hQ]E ]ﬁdﬁfaﬁl E’bﬁeﬁteﬁla& Qfsmg 20e tsﬂnflt ontﬂ[thgeﬁﬂﬂcV&glhlﬁ){Er us@@@o pattern the
Pre the r ayer I about 4
P*torﬂdeﬁnﬂgﬁolay &5@% \v’gﬁrf?ere% T bf acpRSHY £ %fH8a in the
pﬂottid@ﬂmabmh@epnm ewhild/Be payal 172QReftrablp hed £piahloy refsé!ﬁﬂ(ﬁﬁsmaﬂer than
of .a mater i s readi I renmoved . 5 sel ective

0 TP o ﬁf‘é@ﬁ%@fr@e phejolhegre R Rpiuey g pasten 240 prferably

" hdd r@bﬁ&t bﬁ/%sblaﬁﬁf e@R0 1630 gAfitek AP He GhinBnunP HREP rossesatuuon of the

same gr. a different photoresist fro
Phowmhoar@elac f%'h?l%% It wll bep*ﬂ’@feﬁ’é@ﬂ ithh Biedattery ¢p0 e Penphefy 104 can

bel st D4 16:%n Bndihg Pé’@ﬁ' £dRsiSBR, Real iliGcSRERs &F. 8 il k668 Eﬂpremated that,
material from used to form the photodefi nabl

whileyiHlpstrated lateyally; sepanated fropp the potteel7dbibe patiere 239 sae élﬁﬁ’ geerlap the

' palttéiﬁef’ﬂzoﬁms,' the fLQE %?gﬁféfren@ %@H@%ﬂ%@&ﬁ@?‘?’? aWﬁ'Z@?% ?tﬁ“%hé%@ paiterns

etched wth excellent selectivity relative to
indipaiesdhat they xverd wwtaﬂﬁfor@n@mdilfﬁ@mtstevae t he protect | ve

| ay efhe%ﬂg th$3h9 %ﬁgﬁl trQrste@reH% Blels ne %el}@lhaesq}g@bgﬁ%m 177 og spacers 175.

sel ectiver y etc ative to cers
Amshowrthdn ;ihgxmoﬂ@ﬁ ithallesl Imayle rlaﬁﬂalotlheselmwebly ma@kd Irelgtive to the

BB iARe 1 S hra b v BN APk RooubhE B ABCA ¥ BubBEfon lasmn

can b tom an I've coa
etC(hBAﬂ@naéwdy,aa p»hbtlmtragm)setch: amy biso e rsumbledﬁor ¢ettayd mhsddeyer 210 is

15
sehedpe g Ehe SRS G Roadlia B IR By 200 by st
anBARGiIc etthp thurb,srag evh lwithenSOu-doriathirg pba‘srmxascbhs\wn iifig@e il8. Because
b tt [ l[ith hi .
of Bt Re: 20 Slmishistle AteR 471 B tighPRes somprstt iy also
remate dlien prdteadvenyyérhz00sacmdpthe tspdcets HOG) thptebg 1daeihinthepacspacers 175

exggseg to pattern the
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phot odefinabl e | ayer 120. Thus, with reference to
ure 11, a pattern 230 is formed in the 20
wg PUYRSF9%abl e | ayer 220. While the pattern 177RCT/US2005/031094
preferably has a pitch or resolution smaller than the
m ni mum pitch or resolution of the photolithographic
t echwigiieferdnbe ioagdres 14 22305 Phe pfehR|1y7 aftBE3 (tarPites radferred down

resol yti on equal to or qreat han the m ni nu
top ey BRI RN BYery FO ‘ﬁﬁf& BT firﬂ%@ COPRiES taeaﬁwpalnuﬁmrfgt good etch
séMcribvinp o appeteirat edot hat vicbazeﬁat foeﬁllb\aZ:ﬂQ: ?aittehféel'?? and 230 to be
periphery 10?rEI can be used t andi n

SEPLFRSPUYh Fransiqrise &p e SRS HBC G ties e T 239 230 i a mixed

p@RA BChAlRhr}y Badk lay@b1odhi | € il ustrat ed laterally
separat ed fromthe pattern 177, the paq&ftern 230 ca

al so L8\epHgpiothispatisas 1 4f anch 3P, theyhaed magkdaysg 15Q gvertyimg the primary
rRé B 260 i RheERRe &i alrie hikd FoadDRlye?A0) isf Réfelab®SBisotropically

patterns indicates that they were originally forned
clchedg prefesihbnpsing & fuorocprhen piastar ﬁltgg]@twegr £ dsetropic etch may be used if

&ql%&%fcqa?grltﬁlstllgﬁnmﬂ evel as the pattern 177 of

spacers . shown in Figure 12, the hard mask
| ayeho povRy FeskelsyarykPyis dhenhasotrapigaliy eoheg, prsferabhp using a SO;-

cmﬁﬁ? Sfakakbiger &M%fm&%&ouﬂ? ?én%fv@%ey%ﬁéﬁid@ﬂlagﬁ layer 200 (Figure 15).

ani sotropic etch such as a | uor ocar | asma ‘et ch.
Appeted akrveatbe §O:-epnigining plasarhep pecplient éqieCﬁﬁWy fr ths aperphous carbon of

th%hbh lﬁlagkqﬁye} gy 1@%%186 fsacﬁé(hz{é@}‘nﬁgk B34 158, TRRPL 9{?51! &HoBtYmask can

attern n transferred to t
b Farmed it tle irimesy 1Rg0lasr WAop Haer effpgiivdy frensifas ﬂet eﬁsk pattern to the

B 15 LSl o HE GO0, B AP 3585 IRy
lagarelitD piforp thbpatismacesier id ¥@nifiets. pr evi ousl y been renoved,

this Hgt ﬁgb&{a %Qen%an&%q‘oﬁ‘ég ?hté’%%b"g’; ﬁésﬁ%fely foo! AY g&te%%g 77 and 230 can

ar oun e spacers eavi'ng thos
thir be trewgﬁﬂfeddo the 5Bbthal® PIOGEIG &GS PAT hiﬁ@l@%ﬁ%ﬂé@@md in Figure 16.

With reference to Fi.qures nd 15 . 1th at 7

b Befpral ety R ool BB by B B 18 e ffbecre 10

(d ga,yﬁﬁorﬂlﬁﬁs caﬂsnncdnd piliebresrasilicpn campounds sespectivdl e ﬁmlpattern transfer can
o0 the su

h | te 110 .
AR aEhepeP e eish hor R it S5, BRI 1ok R 3l or materals
cd¥Mprishigthd EbeeReI$ly Foranshgle, raeﬂudrscatﬁ'm esdiihsinpaitiag CFY). CHF; and/or

e ) 0 L 310, 0 S S Bt R v,
CH&Y, (GRS anki/of @Fﬂco%&@hmé ﬂ@sﬁh&faﬂ beaskd todatel silié@f oxide and a HRBr, Cl,,
overly g the prlrmlpia er 60|E\f]|rs&%4 he skilled
NFziSHe ped/ F ¥+ cppfainipg S’l’i'ﬁﬂ? Icé‘t‘}/ ‘?“Sf d° FER F1IETe A B On’t & sktle
arfifnS &l @Rl die¥minetseliffb ok @h@hidiley farSdthg sabstrate matenals such as

fl uorocarbon plasma. Alternatively, an isotrapi.c 3:;
cqndyetere. indeding $luminge, Fansionastels) %311?9‘3@1 m%talrfé&élﬁ ©F gample, an

allicim skBstbR&aRbd GBie uﬁagskﬂh&x@a%o%%hl s t hen
ani sotrogl cally etched, preferagﬁﬂ'}/ usi ng

|
cont Hivill g apresintied thaxmhenq theabsitafa i 10 &ﬁ’é@"ﬂ%ﬁ VY?ré Al Eerppignaterials,
B%Qés@ﬂ? bf Bielef dh@ﬁﬂﬁﬁeg (?)Qeférgﬁlg nyeetélﬁ)hennséﬁs rb@ﬁ 88uRB Y Riccessively

contal nin asma has éxcel | ent sel eCtIVIt

ettlothraugh ﬂ&smdﬂfibrentda}@w Bowillaiso be pepresiatediingt, @Pﬁglv@mgayseﬁ the chemistry
orltﬁlgnﬁsﬁjle'@tds tﬁeospa%?s %rﬂdgﬁlsﬁarh %@1{1 %é%so%%e Acte Anorphous

enoug ’can rne mask ayer
caflg@ Qfothe ane:aryemasétd@yev @0 homavesf elvameeowaéis Rifers exeetlpnt rgsistance to

co b&:ﬂ:ﬂ)ﬁ Séll@rc‘ b gfg&n sgaléfiblmﬂg tHoSd! Ylfeﬁt fmo '31?: 1mE sﬁﬁon-contamm materials.

emstries a aring the“primary nmas
Tilnayéte HréGarp etfiack éaWh &6( gart eﬁfwtlwlmbsfvecd s a qasp|fert eiching 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 Iayer
Vﬁb % %Ee patterns 177 and 230 can then be transferre
ULt rate 110 using the layer 160 as a rPé‘sliéUf"?QQS/%w%
illustrated in Figure 16. Gven the disparate
materials typically used for the primary mask | ayer
dckbRdaaterh Ne7 enibé pateh BB0GorRikd (b9 . cgnvenoral mh&gﬁp}@&ﬁlb @lmultaneously

oo B i B SHtee 4 oo SR BT S L sinel ok

stgpnventional etches appropriate for the naterlal or

materjals rising.the ubstrate r ex e, .
a1 | EiSRISE ATHEM IBHOY Hﬁﬁ?ﬁu }éﬂ#‘%@g o\jE%sY portion of

the GRbahiod REcud BBMRhEARighR v;ee.&ow tl‘i:H ﬁdﬁpﬁéd/ Iof @t ﬂte@xfatedemcult 100
a fluorocarbon etch conprisin

(Km0 s RO5A B 06 S T 6 el U Sl o materals tha

thS phtke @M 79%hd 2303 e eBhddBito. Plleondasilibbof tRE-GibaREd P10 cgféepend upon,
contai ning plasma etch can be used to etch silicaon

e.geldhiet plorical H’é"léfk fq Pedormse i 'SWH BalisvendidrddiEr Fhen%lbsﬁate 110

cotris @bl gl;;ﬁf; ﬁil}erch%m b1l Ecoh AbyePt MG, aS3O51dyat £10c and a silicon layer
mat eri al s, such conduct or's, including al um num

lltodan%ucbw@nawsmeet ofy lgiets cam &¢ i wageualy Wed i Hlésforlmélpn of, eg,

rExampl. e, an alum num substrate can be etched using a

fluorocarbon etch. It will be appreciated that where

t he Notoghat gheesiched S%fmwhréé ekegpBonglip fovgeder aughiess. In addition, the
B rfoﬁ% cf]l'}: ﬂé?l@ uﬂfforgﬁtgr f é%lg B h€ Iﬂﬁm @Ot fih $Seh pictored.

pre era mstries, tan be used

Astmtaemlv;eﬂhgse requbh arg m}gwgﬁ while glso &m@\eﬁkdqﬁ@%a@ snjooth lines in
ﬂﬁﬁ%éﬁh 1&%ﬁ§@ﬁﬂﬁﬁ%@£?ﬂ3that dependi ng upon the

ries used, the spacers 175 and
t he hawﬂlﬁas&mkaved mEOﬂnaﬁﬂm@met@ﬁe@ﬁmmmﬁW%h@ust0 the preferred

e CbardPn(l) D0 oﬁ'tcrs nu?re R viles lé? | en?%r e;gaga le I?J%Xﬁl‘ee multiple patterns, with

thvan ageously orters exce resrstanc
dlﬂenemesi:ta fostales, @bt he cimsotidater iop s, singpiei aiaﬂg/lajzdn (beﬁra}wtg transferred

f or ch| silicon conta TRUS, - o
o Y A B L DA Rl (efypetie T piondoubied
featurea akd features fathedbly didmvmmgiml @hotp]hﬂ:wsghphyyaméasﬁ)ulbrsbﬂaﬁtdezonnected to

| ayers, or for formn atlo Lre pche
cosRlER NOHORE: 1 DI B0 DR0RR: o S fokdlres can be
foltedd, WhA0 AhOS3dYne ddhiovihe ekcpptionelrand ﬁﬂéﬁcpe‘tmﬂl}t Toer Ipatetigr moughness.

- ..230 fo
A NN T T TR ——.

useof R iyérd disty laslt1 860. | BotBiingOthe khRess UDS tah@ berfokhihg rhiltiple anisotropic
S|ngle etch step. Flgures 17A and 17B_show t he

etphes (o frapsfersthe patfemsel77mng 5 tiom tenlsyl of i tgpipgyy layer 140 to the

pridhirl @Rk ®fyer Poot R théH KA k@REE 100 Iafe JeliBvedvibibeReficialiismooth the
1/B shows the peri phery of the |nt§?rated circuit 100

sugfapeguf e oty forming fhe A ang B30. sMigegoyer; e pigierged pmorphous

caPSondRh éhéﬁﬁﬁie@&lsﬂ@s%@ hdr&ih 26w ER WSS bBhid hhMAHhask 1), such as the layers
patterns 177 and 230 are etched into. The conpositio

19 andHE0cxsissivs tt e Saigh Btk vlelng amEBHOUS carbgn Inyerfesuch 2s the layers

_ léfbl ‘at TehCRL e %gé’ds S§n§ Qch}%@ta%e%ﬁﬂ? fhduddld Wmartdd ofl tﬂé"fd@ﬁtlt} &fMayers (e.g.,

17 18, trate conprises a Si 3N4 | ayer
plzpmeslst éaypx@) getlying dhe hazd maskilaysiss angd @vmducag/éqm@imn the ghemistries
o f

o3 ) A0 VLot e PP B BRBRTTN 1ok i e
fotm anéi mwfsrnaSkbipertthaltd guhseqeant hbdiraieiettheses exhi b| t

exce [ I itk

tr enighﬁlgg Qﬁ b b¥ agﬁ'@&&?{ﬁglag ?arylg@ %&c:letf)%g‘sg?ﬁjﬂ'é ﬁlﬁﬁtrattt:cpﬁmccss flow are
pasmblbo o ttwmplsymwh atultiphied pajtmmnnmﬂy firmedclpsedtleppacsinee the patterns

<A QHIF BB b SRR P At P Lt

FM NG We snoot
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15 the periphery, as illustrated in Figure 17B. It

i1l be appreciated that the formation of pattern
Wgczc?gqj?ﬁﬁﬁ?é to the preferred enbodinents offersPCTfUSZOOS/OMOM

nunmer ous advant ages. For exanpl e, because nultiple

patterns, with different size features, can be

isCRBS ﬂif foﬁﬁtcgﬁﬂxﬁﬁvealn&b n@bigiohdl @aiceml@tdpawpr&efaemsae ton@t off the
transferred to a bstrate, e att grns can
ends of 1 S@dgonsfsaﬁ%%ﬂ&fﬂ PHeFOS O ?&Hﬁ@ﬁg flines’

pitc hﬂs@owmllee@le 2O Bibh bEGe Aehuk BRbM rda@us‘sar nee@in lik)/chosen based upon
convent i onal photol|tﬂg%raphy can,easily be forne

considpratione @1 tefrh ehempstiss prwlssegexgltmna,s the, YAt hpgqmask layers are

pfcf&éﬂlye Sach FAnRA S hélBme O%EERL homBlthy/prifi@y Imakie Riers.e Adedifageously,
formed, while at the same tine achieving
ﬂ@%é@Eﬁﬁﬁﬁaﬂﬁﬁﬁ&ﬁﬁﬁgﬁﬁﬁﬁﬁéﬂpvﬁﬂﬁhlI|ne edge roughness.
Wi | &, Bffitidnl [Hetp@t@h BY tHeHRREN 1177 loark Be BRI BMEdodtN BdiGRample, the

|l ow I'i ne edge roughness is the result of the use of
patigen 144 g@rgbqﬁ.gtharnp;tcj}eguln]pi@ﬁrhyn@npﬁg sgﬁ:ﬁtsengunﬂﬁe gpagers 175, then

e?rﬁ:w @10 3G 7s ﬂﬁé@foﬁﬂlh% Qb QP hr%m%:ﬁth@ Eﬁ@ﬁ@ ﬂfa@w&rﬁ #ak8Y around the

patterns 177 and fromthe |evel

saearpedr . and yepn. 1&@e}ge§1p[aﬁ§émet§p¢ fpaﬁythqﬁgl[@hp@x}@hca@@ i, digeussed in
uid! %tehpNﬁ hseazﬁs%iﬁ Ly ‘ﬂ)@re%]eg 2B & RRli.aVetid @e %?éf&f-e‘d@n%hﬁlents can

snoot surfaces of the features form ng

aqyantagqon@y b7 Zpplied 1o Somed/prteoweraying ib@ﬂpp@hemﬂaﬂled “and conventionally
ultiplied
PRI 2620 R HERBI 7 8 39 Q30 e i

cdndynw differtBi0legrecs ﬁ@@?h melkiplidatien.t o t he depth t hat

unde r.nho o) .

0SNG, OB RUR RERET 88y M Rl iy o
layeroﬂlﬁOeﬁde%eath nhhssudncasése addilemal m%kdﬁyetsaqaarbs d(em)sged between the layers

ot oresi erl yi r e
éﬁh {62) LFS epmsln spa\étn Wﬁ] em s{ﬁ|bgs&£%%§_é aﬁlsadaﬁignal mask
labreovidyine ﬂ'ﬁ&krdl sk E@en/\l’ﬂolaﬁd ﬂ’ten ttiecsequnee ofi SD@S dhlslm‘ted'ug Figures 10-

16 5 G RH  suh e Ap T v b B mE PRV IR B overtying
plﬁtﬁocﬁﬂﬂdbﬁﬂa%r Qfld tddnsfeadhe atsermscd ithc mbﬁt:tathlOofThb hdditional mask layer

|l ystrated proce flow. ar 35 possible.
PSSR AT P 0 AP S RECPHRTY § PP s lver 150
alﬁi DSRAHOORSer HanGfrolidR e phiefmns177a4m 130r afed bbiig transferred to the
spacers that surround a mandrel. Consequently, where
aqdifiong RSk 14¥8T ¢ i pl i ed pattern -15 WD 2006/ 026699

PCT/ Wig0RBNIEIARBking! Shrngp@idthd Parfo@ MaslORGLS picReablly ﬁl@&lye etchmg an
addi ti onal processi ng steps, are preferablﬁ useg

uggleslyipg lavere prgeesging thigh theér@ﬁ!g layerg cqngyol PG aj;fcasr erlymg the

mhiQajiovdng dathicolRBoCRANMAEbEFrotdsh e Por Abdfle, d}\ﬁlbéésﬁné &8 involve ion
conposi tion of the various |layers discussed herein

miﬁnéeénnbaﬁ%ﬂomﬁl& deORSR Lo PRV PIGHPTTE. b Chronsi e Spesk kagers and onto

)ﬂﬁé ‘i’%ﬁs 19 9AGib, (%ﬁ@maékhﬁyéf@ caPBS uhtard Bty biob#fi& for chemical
are ef er abl ﬁ éach forned of the sane materia

a
ma‘ﬂ@nmlawéwhmi Slkcl\@y@f@e paefomrednce sragk layers dn agwfr for both
PRI SR s g&s?}d%?&“ 539 magm&émfgye@sy I'n

e attern can be nore
t hanAd@mtbhglm, 1tle1 bx a!npﬁlegated e thosa slefed iy thec i thet various other

spacetr

o Olg’lﬁglg ad@ﬁ}@%%ﬁ%&d&ﬁrﬁgf#%g nli% geoﬁnﬁﬁen@ ho %ﬁ*{oﬁs Qx%@étﬁﬁhﬁé@%escnbed

the spacers 1/5

. alfowc withgt gnmimgs&m thesebpe hiths paremsios. t‘\ﬁiawclvmo@ﬁtﬁa@pmnﬁyhanges are

[ d .t r ary
offofH05 L7 aRRESRISE Hh W o, asRn iy M o PR BT
in U. S. Patent No. 5,328,810 to Lomwey et at. In
addition, while the preferred enbodi nents can

advant ageously be applied to fornmed 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 multiplication. 15 :
Moreover, 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

deposAtrﬁeqlh 140 and 160. For
exanpl e, t"ﬁg&é\’g&%{&‘é‘ﬁg““ﬁ };&E&n& PSR be transferred

to anpfaldlémﬁlﬂowéﬂ;tratmyhercﬂn@mmw anblylapg dviadich die bubaasis, wherem a |
r qpence QL steps il ustr
tefpiary 2Rk %Qghgi]tgg 8}11135’6%% By neareltn g EHSBP@&ESESFI zayer overlies the

in Figures 1
jsapereiydayer7 and 230, to formthe new pattern in an

over | ki.ag; 20 heseAsLLNARl e Laver ang Lo transfer the

patterns e su 4@t i onal mask
| ayerfompjpgfz é}rabjaycmmmnmray tgére whatkint fBdlire MthP Eirst pattern are

&ak&c&aaehﬁregLﬁﬂsﬁ]oEo?esﬁg NEni0 the hard mask layer 150

protective ™Msurrounds t he patterns 177
and 2X8gnied 1 @Foridexhotgreslstamf :émvajletred)mtthef rseghdirhj onal

mask essin hr o h t he

var i ofh@%s?kﬁ}é eortaék@%# ar a?a ﬁ’e TRV ‘%‘i’h\? S an
underttagifergng thy ether thmmerss:attgn hlh:ﬂ!hejﬁht gsalftemrmehls phﬁhy@rn&sk layer to
f&% h&!@ﬁéﬁ%ﬁ#%%ﬁ%ﬂgﬂ C?%?%rs ggnder lying the mask

layers to an rication process. -For
ex anwroeeSSng dmestetratg thecugh lthe\mkede:aut@mln thamhﬁﬁ;t ahdkQfVer.

diff
2dl CY %tl‘gg FUf a11na? p\gl’?erém g:fce tsmg %@FW ﬁcgﬁquéeﬁe?’@sfemng the

t hrough the nmas ers and
mlxcdpaﬁtqﬁn@d- qut)%mtehm@hmﬁksi,lhsj,reues can be used as a stop or

barr I I
- 3CIVP gg{] mt’:fg[)% g??fé]rn‘frrg dwhe%?x? EO%H}_II}%% hﬁgyglegrsp pat%gl-ngaincil}f)%\fopm}g an other
photoresigy gatpern cg)glpppmd’pmng@eog‘bn béven ln’ag@ph)ayer S and et ching of

t he qf cR
4appr g%'fjglt% gg& Egdt[ sé%‘g1 ﬁﬁﬁl 5& 'ggt btore? IPt If‘r‘\%tglin @grﬁO‘B'H%g an other
photoresish phitsin camiriss pefisming dplptolibow ami ovitidhf havag owsveleaythlbRosen from
h ; t t descrlb above :
the group @@Qr@t ﬁgQ)f 15 nHleUn‘?qgrf / %%45 U oygoessx%m PR ﬁtgglﬁ?

hout deparfi he scope o % on.
5. S uc hTWthqddsft@Imstt &ﬁ?@tﬁmﬁhm@esaxﬂrtbe scpmtdelhdted:mﬁtday‘raﬂlcbmpnse the
same phot¥eliflinftdiie scope of the invention, as defined by the
appended clains. 35 -16 1. A net hod for sem conduct or
6-pr ochsgnaiizpd of &iﬁmﬂs whigreinpionwingl iha diret psitrns furme:ecompheerseedncmg a
width of tlﬁ hioFERE Hﬁﬁllﬁl Y b Le
pﬁ‘gor ar%m ayer aov eﬁ?ﬁé@ﬁ% %‘E@%&W %Slf 4 ‘Wf}t?‘ by isotropically
- etching thephatogssist- 3 first photoresist |ayer overlies the
7.1 eNBOE Aldholi BYEfa L 8Slosk he
first photor egll rsr,l%é qgl;gg?&hgfxrg{h%&g ?%#0 ré '?‘mtérfc oréllhﬁes Okphomres‘s‘
remaining s isp oA ephing phiereimfrarieg the ﬁsatauﬂresomﬁnsbhe first

pat te@ﬁﬂgﬁ‘fe@emrgd)%d/ M?&Qtﬁr&?%]tﬂﬁﬁeﬁt 1of t he phot oresi st

pattern; for & ayer above a-
| evEImETe snaecrs |0rls$depyatl$ ef ncmaxrisooimhegtealpoxmtyhlayer after etching the .

e PLESI g pattern in the second photoresist |ayer;
transferring the other photoresist pattern and the
fi r BYcioxmtialby rpmoging Hengariryrdaypr magkall @ipeve toothe fspaoarsa wherein the
spalddrX ffim R A8 Enénp the primary mask |ayer; and
- processi ng Substrate through the nixed pattern in
8. t heTEﬁrmﬁﬁi’%ﬂf@@m 1} wiyeein the temporary layer comprises amorphous carbon.
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2. The nethod of Claim1l, wherein processing the
substrate conprises transferring the mxed pattern to
the substrate by etching the substrate. 3. The nethod

phot o SI st pattern
Znal on b el GG WBvSh IR sPRadh Sk FitrpuPiet Sipphoggsarbon
Per f oftr mghed m‘o(‘r:lmom berrein hdd ogskalpiys difectlyl Bl @ehpeifary layer

d th ngﬁ% wherein formng a photoresist pattern and
e e ﬁ{nm%gk]aﬁe(‘)t her photoresist pattern conprise

Per f OTh‘cl nmghodled Calr 1) oderiphlye Mird Madkilgts chiapisd@ nfterial selected from
consi sting of 13.7

h..chosen fro r
e o VLIS D D038 L ol R BB RIS O o
12, ThBhenmtthat oD 1aGh dil mwlicrehiaé @htirefidevd bdasihe aREbNg a dleleétric

. n hot oresi st | ayer conprise the sane
anureﬂeégg? 5ist material. 6. The nethod of C aim 4,

I\E,her éﬁhﬁ rhettiodi dfgCl4imel, fhein thatdn@oRnf 4GérhRmprisked AVoh&E Snti-flective
coating. ' €dUcing a width of the photoresist, remaining after
& perform ng photolithography, to a deS| red width by
ldsot ﬂlhplrﬂfﬂiddz\(;f (Elh]ﬁhll.’i’J%vHe]f‘tﬁl pﬂa%&lﬂh&%jhﬁtb?esftl layleR Qi8R NQHtacts and
erein the first pattern follows an
overlics tgé?qgoﬁlél%oge‘fqvﬁé%a '8 photoresist remaining after

15 sot Mopmetabd yf (Htuﬁihll Wgerewﬁe:rs&lbm‘atf‘: 0 dmuli‘sglafohe first
yer through

att h|n t he. t enpar ar
D T e AR QR o RO Prrooint B RisGot, ARt RVAEe Bpes ofan
array'ofarrmmvmé t he tenpor ary |layer after etching the .
enpara y referenti.al |y renoving, tenporary
. f aye:r)Irh n%/g}oﬁao? Qlagp ;lt }"‘8%3‘{‘ & aP%‘ém‘é%g‘E SFhsT PRY¥REeSist pe n‘{‘)“ﬂ’eand the first
pattern tostheqeinsrf oask ke doinpfides Paélappifg . othdiephoBEdIROpaHermGvilth e first

pattern 1, wherein the tenporary |ayer conprises anorphous
' carbon -17 9. The nmethod of Caim8, wherein the

1%r i mAmyethoe Sér thayieya mmn&m faurRitp Etom&gﬁ&ﬂ R, cokBrising:

gr]ree]grrtgrlgﬁ)lgvgélrlglg (?T mtes % ar !T;t?)n{]s y’gartenagﬁael ﬁﬁ%r%pqréﬂ%q. 9}( a first
femasrkrylrm]@ml 11. The nethod of Caim 10, wherein the

The BT BB R PEBHE o111 con' i oxi de or an

ant i #lbfig Petes begweamabd lngs with @sdeald terth@wary hateriett hod of

d aigy the ntlref ve coating materi al
is a ggtge‘flel \(I:\Atpc?lfn it g Sreond efrip UKL erb%%?tolp %c ip\?g esihd
net rekdctoklyGhiliing th;ougln élreespacds e fbmrpq:raﬂ:fry ih ayleyer of another mask

m&Qnprises a bottomanti-flective coating. 14. The
method of Cl aim 13, wherein the second photoresist

' 19] ay éifhe dinetbat bfy Caomnt B8 tvehemid selevtieely | cechinizhthe pétt @ifporary material

oatlng 15. The method of Claiml, -
Compmes%ﬁﬁlh%gm Oél¥(§aﬁ Strate is an insulator. 16. The method

200f Qhamethdd pf @llam H, wheeinerbiap agodpheis satb&d doddpeised @fposias the first
n array of a menory device. 17.
material to%%ﬂg}dg% (ﬁm?ﬁ s a‘l??ﬁ"il wherein transferring the other
21phot Dreewdtisid of @l B, wihrekid Mlking & fRite between the lines comprises depositing

amorphous carbon,
22. ‘The method of Claim 19, wherein filling a space between the lines comprises depositing

an underlayer photoresist.
23, The method of Claim 22, wherein the underlayer resist is a krypton fluoride photoresist.
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pattern to the primary mask | ayer conprises
over | apping the other photoresist pattern with the
first pattern. 18. A nethod for formng a mask

pat t €ffe nefoaty @lﬁf'ﬂelﬁ%ﬁeﬁ =6 {:n?e (é‘?:ﬂlﬁéj the seeqn m%t?rira]slcomprises

conprising: providing a p ura nes
performingap efph paipg asulfur gexidy- we@mgapwsm ed by a fir st

penpo | t ir
P Epor o el ol Gpm 17, i Sl S afehe MRk O page comprices
performigjet + herd saasts richt @niptbma piyhlnatae rarratphousseiﬂmm fayee luging tac fulfingy dioxide-

Comam,ggﬁa%cond tenporary material to open the spaces; and
ectively etching through the spaces to forma

Bat t edhe inpihed ¢fiam 25¢ fughetchaprisitgsichingabenghathe sph&: to Téte openings
masubgﬁ%{etﬁggen?é‘athqlgﬂn%r#am %r ?I 0 selectively etching the
, first tenporary teri conprl ses et chi ng anorphous

£4r bohhe method loé Ghan Hisd W_dlércﬁl adhing1@roupt eeedpaceeto Cloind @penings in a

A0 r40 rise X S|ngthef|rst
substrat g?lgkg:ﬁ}ng@épe cx‘?ngﬁ%%nn iﬂén? g Y&ul fur di oxi de. 21.
2Iffhe nﬂéphr@ellbofbrf@dantnarﬁ@d mmhxmcempnsﬁngtl ing a space
bet weg, MZ;@B | ines conprises depositing anorphous
carbon The method of Caim 19, wherein filling a
spacet BlémmernaSkHeydr|omersnrcgoﬂrpraumteddpqmntamgaaslamyer formed of a
t. 23. The nethod of C aim 22,
d\)\’lﬁ%%{j%x% tefpd?ulﬁ%f%ﬁ%ygr resist is a krypton fluoride
phot drmask snaterial de§inipg a fifsh pativet ihedirg plabk averlyihd thewhietasi mask layer;
5§l ectively etching the second material conprises
perform ng an etch using a sul fur dioxide-containing
pl asr#ephoRéelinghle matetitl ddfiofig Cleadnthpa@em wheseeind plane overlymg the mask
Sedrtively etching through the space conprises
gerform ng a hard mask etch and then etching an
nor Eﬁ@d@ft@lﬂ}‘ Hermefl diptegratad icirgpita of Gldfinar 28| iveneicthe the mask material is

urroun 1Pt ria¥seltc m € ASC 25, furth
sumound G oA R embfivle INRVITS BBl ™ 25 T 01 her

ri si.ng etchi'ng rough the sp ace b
39 n alég B@‘fliﬂh’t @nmﬁldlé?egre@d lairguiteof; dﬁmnplrﬁ; wderear tho seldctiydy removable

material cgg]pnggg%mnggrggmd aim 26, wherein etching through
: ace toformopenings in a substrate conprises

3 * ‘or mT perallio pernicd gEtCETﬁe@Nﬂ"FWSGf &laim 30, awterein B8. unllerlayer resist

comprlsem&ﬁtﬁi ﬁ%ntl@fﬂmﬁg'eélsm egrated circuit, conprising: a
substr at e; Hplrlrmry mask | ayer overlyl ng the

3% ubs Thepastially Hermsei iptpgryicdreisditiof fideimf29r whetcioftheaselectively removable

material c&‘ﬁ ,ﬁ%g@},orgmﬁlgggrg&t from photoresist; a mask materi al
ining a first pattern in a first plane overlying

3t he breinvielly frmrd misgated cirewichf £1aph 88 odtetdimtb pemamimesk lyer is an
_amorphouggjrwﬁumr_a second pattern in.a second planhe overlying

t he mask
34. The partially formed integrated circuit of Claim 33, wherein a hard mask layer separates

the amorphous carbon layer and the mask material.

35. The partially formed integrated circuit of Claim 33, wherein the mask material comprises

a silicon-containing material.

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

nitride or silicon oxide.
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material. 29. The partially fornmed integrated circuit
of Claim28, wherein the nmask material is surrounded
by a materi al selectlvely renovabl e relative to the

2 ?Euﬁg gatr{ a@y fox%%% én-[ gda C!lltcl.lll??ttéélals L ﬁ%ﬁ\?lgltycgffh@f‘?g%%]?ké material

is a photegtielr i al conprlses an underlayer resist. 31. The
retr g‘?i{;]é ¥)ﬁljtzglﬁ?(m§o g tugt?grz?ttf cu'%lutr st ﬁ%a ] S?:e7cI ahef&ng/gq oﬂhotoresmt s a
photoresisk yompatiblephitt kuypisi ﬂtxondﬁZarnghﬁuqmﬂé ot 4571 ymfvawerath photoligthography
systems opfﬁ ra&raev%legltl:l?mtt: 'Ofs S alm 29, wherein the
Flvel FemovdpPesY ‘erial conprises anorphous

3%r bofhe &'B‘hall’ﬂfﬁm@dhﬁd&@hﬂcc}' clrait o cClaimt Z8) bR th € bubGidtitd ur@rlies the
m 28, wherein the primary mask | ayer is an
ous carbon layer. 34. The partially forned
40nt egrietpadially fened 1nl@§rat€ﬂ airdiit 38CIaith 28, @ihbrein thvasibktAR $dconductive.

Ar}gger tpga?tga?l ‘%5@,53 b {cmjg'of § %ﬁ,exlal?%%{l é}gpsg{)stérgte comprises a

plurality of lapans ¢f differ&it aiaterids, -vvher ein the mask materi al
conprises a silicon-containing material. 36. The
saaq3s¢ Partially formed integrated circuit of Caim35
oz1i907 wWherein the mask material is silicon nitride or
' silicon oxide. -19 37. The partially fornmed integrated
circuit of daim35, wherein the photodefinable
material is a photoresist. 38. The partially fornmed
integrated circuit of Caim37, wherein the
photoresist is a photoresist conpatible wth krypton
fluoride, argon fluoride or 157 nm wavel engt h
phot ol i gt hography systens or 193 nm wavel ength
i mrer si on systens. ‘39. The partially forned integrated
circuit of Caim28, wherein a substrate underlies the
‘primary nmask |ayer. 40. The partially forned
.integrated circuit of Claim 28, wherein the substrate
is conductive. 41. The partially fornmed integrated
circuit of Claim28, wherein the substrate conprises a
plurality of layers of different materials. 3444856
021907 . -20 '

'prxmary mas&}( I%a
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