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SELF- ALI GNED PI TCH REDUCTI ON BACKGROUND OF THE
I NVENTI ON [ 0001] The present invention relates to the

wo evommb44om of sem conductor devices. [0002] DupCTgS2006/044708

sem conductor wafer processing, features of the

sem conduct or I e fined fer using
wel | - known pat Ml@ i w,_ v@ﬁéﬂ In these
processes, a photoresist (PR) material is deposited on

the wafer and then is exposed to light filtered by a

reticle. The reﬁﬁﬂéﬁwlatethat
tter,ned w ature geonetries_that

L‘f"gﬁ?ﬁ PP nﬁ?ﬁ f%éo ﬁtﬁ‘ HOReIon 0 seraicppfystor devices.

[00088] /']Eﬁﬁlﬁ{g é%ﬁﬁ&inﬂgctbp&zgfég Brotcgs%uf#ge Fdafilr&s oflthE sér+19 uctor

contacts the surface of the photoresist nmate

11¢Vg¢ﬁ arg Haﬁmlsmtthﬁawaf@emm@tweﬂdmpwa ipeiteningfant keching processes. In

glo oresi st teria devel oper can renove

PP S 0f PEHG SR aurai e ﬁlaqd o} he prder oag ahepris
L. S
R OBy e, T el IO SRRy
priteencidarigh exdueplanydxghas gdometgie tiait Broek hgnmaﬂ propagating
%ﬁ‘ﬁ’r@f% ter, the wafer is etched to renove the
FI§lfat erial fromthe areas that are no | onger

poasEect ngtetf agéﬁ?g t@ﬂfﬁgﬁ GSieflle ntﬁ%: ﬁ ghtac!o]‘nta%&ql}% gﬁface ¥ the

defi'ne the eS|re at ures
Maotdrosist rgﬁ:ﬁnalat’[’hﬁ mgh‘ocfhapmttm elsanﬁtalabﬁlpkﬂﬁwﬂ of th %Ilsotoreswt

]%ﬁljotores pgﬁ er ns have a critical dinension
Al sHg ltfé loRed oA BMAVE @ PoRiE efdhe peejprgsist mﬂi@ealt dn the
t .t
O PERS NG 68 RS Bl o Y BT e Pergayec and in the
daae gEmeghtieopledtoesibt mhteiidlgl the ihdxpedd rébidB Sk e Goved.

eat res are _etched through the photoresist pattern.
cAtey, the wateer %?heeﬁerffrwahegnc? ysgahetetialdfon the areas that

%ﬁgﬁ)or@g gltO%%?egluoﬁJ % &&% 1%Dmg5r £1h§1%({1§1 eﬁ%ﬁﬁﬁ%e tﬁ?ﬁfﬁe%?d
ﬂeangﬁenntltmamﬁbhe CD of the phot oresi st due to faceting,

Sr‘g‘ﬁl on of t he photoresist, or undercutting. The
IPR041ur e VissgungsTabions arhouesisities knawre BB pifotarhest patterns

asg; eat as t he
BN AN B i oo
ts miﬁhd:ﬂ fprofeetids dapaidehts \ﬁ@@‘léﬂl"gﬁl BH&ﬂb&!@lst SHfled %p
provi de unreliable features. [ 0005] I'n order

‘*p%V@lﬁna@l lighd hay laseenihepresiaelmismadpritibdatimersorfso rﬁe:etnires are
il Qm%ﬂgt{ B, photoresist pattern. Ideally, the CD of the features (the width of

the features) is equal to the CD of the feature in the photoresist. In practice, the CD of
the feature may be larger than the CD of the photoresist due to faceting, erosion of the
photoresist, or undercutting. The feature may also be tapered, where the CD of the
feature is at least as great as the CD of the photoresist, but where the feature tapers to
have a smaller width near the feature bottom. Such tapering may provide unreliable
features.

[0005] In order to provide features with smaller CD, features formed using shorter
wavelength light are being pursued. 193 nm photoresist is exposed by 193 nm light.
Using phase shift reticles and other technology, a 90-100 nm CD photoresist pattern
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wavel ength |ight are being pursued. 193 nm phot oresi st

is exposed by 193 nmlight. Using phase shift reticles
w@ar@7o643e9 t echnol ogy, a 90-100 nm CD phot or esSPGT/US2006/044708

patternmay be formed, using 193 run photoresist. This

I
R i e L S e
WsthrgCIplhdSe-190 |nfnt 1 %5t 1hr6 pRStoRRRt gtelxp@seﬂea@hﬁa ln@ghehts um;mg

90 nm CD ghotoresn st patterns nmay be formed. This
woase ghifiere @P%altdootb@ot@ﬁ:@@l%yf BhAman (1t Phojorseist miternmngy be

ko%%g] gﬁggvd&ﬁg bgf Pl%l? 810(1' {devﬁ\égtlu%r\gtﬂl? BHISJ 58 5{6113 Bt S may

DFOVId I Ona ens over oreS|s S u3|ng

[oDogEr ViEenealse @gﬁlﬁtﬁ'ter Havelbhgh ﬁh@@fe&sﬁ‘s' B8epioQideRBditional
theoretical Iimt the |ithography apparatus shoul d be

pesbéengsy et skotohistsisingubeer sgueleresthbrBo eliplrSPiseclose to the

ith P 93 h t
ek R R BPEEP L RS Sbova DS Pl B VR e
Rig@ile aford @xmélvwﬂﬁig%my BqEpRbRt eetsehay 208 nBhofRESst and 157
easi |y deform under plasma etch condi t| ons. [0007] hi

nhephetastdisignayfnad bavussldotiitieagehigh as leneragayaienghephotoresists
desirable to

F%‘{:’Prggglg’?é’?%g%ﬁlggng’é%ﬁ“ﬁ% pﬁ%ﬁ&ﬁ‘f‘tﬁé Y- | NVENTI ON

Emeﬁ] Tia tl@&é’[bl@iﬁg ot BndLeRABN satflad iR t@&%@ﬁ&@@f WeiBry
he pur pose of resent i nventi on a net

peueasdit mgddsaalla rtcemcraasadee'wrdehayyer is provi ded A
sacrificial layer is fornmed over the etch layer. A
patterned mask is forned over the sacrificial layer. A
set of sacrificiaguhaeRY eptiireaNveNgioRed i nto the
sacrificial layer. ATirst set of etch Tayer features
@081 chélb aahiayetthefoetgomg anen atdordugh Mtﬂlethspmpoia afitbd present

a The f eat ur. the. first set. of e
PRkl e B i e Ratingsiond SR ISAF e SypRaiingt giegcig) e is
fdrhl-g Qv thg' et%hflé}lek eA pﬂEﬁEﬁEﬂ Rlask IE%I’H%&P&\}B; 'tﬂé' s%!:nf{léﬁﬂ%tyer A

i's renoved arts of the filler materi a
s@wﬁszwn@mmd) mndr &Iatwa iaetshed mtnethe{sadriﬁemﬂa;yler | Ayfarst,set of etch

e Er DR ity B ﬁﬁgyeggjg@gggﬁg; ed part s of AN%ares of
}f%rfﬁ?trsleb’ op&ﬂg ggtdfeg’tﬁf]ets g4 Eﬁ%@ﬂ %f' ﬁ fIL.IQ%e R feAAEE Bieilled with

t he spaces spaces

b éfl leeiantetihle deasnﬁélalt lager i delrevedymd ehidt phrtaoeths fillenkaterial
wth a shr| nk side depos;j EI on. A second set of

é@tr%n PeRpsFd ROy FrWE a?%oféb%ﬁtéla YR YheFran sRacks pgypepveen the

099(9 ks éﬁ@ﬁil&lﬁ ﬁbﬁ% r %ﬁ&és'a?@m afed folnln@fly occup1ed
teri an rlnﬂ Si F osition are reno
b9 @@Shcrifivialiagenewhereini thegiaads ione ofidthh eThawidthd @ﬁthe 8paces

met hod _providing features in a etch Ia%gr IS, provi ded.

}a@%@% fheiparts of thayfdler materigh s ghugnk withreshamkisidespd depgsition. A
PRLLEEASY etch layer features is etched into the etch layer through the shrink

sidewall deposition. The filler material and shrink sidewall deposition are removed.
[0009] In another manifestation of the invention, a method providing features in a
etch layer is provided. A sacrificial layer is formed over the etch layer. A patterned
mask is formed over the sacrificial layer. A set of sacrificial layer features is etched
into the sacrificial layer. The sacrificial layer features are shrunk by forming a shrink

deposition, comprising at least one cycle, wherein each cycle comprises a shrink
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mask is fornmed over the sacrificial layer. A set of
sacrificial layer features is etched into the

waawwiob44e9 al | ayer. The sacrificial |ayer featPCBEESENE044708
shrunk by forning a shrink deposition, conprising at
LSRR P AL Sh AR of SRS o

stirhiwid $asrififial lagelsfa@mrefsuaﬁd alshﬂlrﬂiylﬁ’bﬁfeeﬁhhphhg?phb@ SMIdh¥kapes
the sacrificial_ |ayer features and a shrink profile

WHHSEe SWﬁW@HS %tliﬁ) sagrifigial HepolSaturesn Jofirst h@ of etch layer

st Lendl Bl gy lemteny

ldepypeitioh E’Eh@ﬂ@hed hEhéfbﬁtu@é@ oFeOBist 40 Bf etdh Ery8hfcatiifes and the set of
deposition is renoved. The features of the first set

%?PllﬁﬁléHaYQI)f@%tuEé axa iilées! vaitlyia fiHer m@tten@lf Tsl;)@@amﬁ@aldayer is
teri

1%%%6& ?1%# f t%ef 11#65%(;85 regléuq eﬁ(gps q)? 0¥e 8fsmffﬁ0§ ol}%he etch

faidr| @herﬁﬁt sfpﬁd:e%'aré Bévictn B%¥RRS®Ld gﬁl@s\/@f tBe ﬁMElf Aeeriaf \Jh'%% the
etch layer, wherein spaces are between the exposed

Waﬁquar@fn anrpsed farmerly pequeiaddly, thewesriéiciehlayep adetsimthe spaces

[ ocecupi ed the,sacrif] )
e i, RECTidks BFREBRS: e R DN ol e B et ae
SP@gesith @tsmaasmévaalpaéﬂoﬁm@ﬁ Whgeihithd @irinkBicaht a)idi@s 8f the
shrunk with a shrink sidewall deposition, wherein the

ssmwsmm@@wm lwstj@nﬁssh@rrﬂc chde.spferas e@Qhﬁbmk@s@latcomeasﬁs a

h h Kk
S AR € g el o Se R PP B ARG AR o
shirigRWed dpac@fantiRenfihk bﬁfﬁl@a@fﬂgﬁihal}é’ whith é?l'épésnﬁe EE‘ﬁﬁﬁﬁ)n on

and a shrink profile shaping phase, which shapes t
the pdsivelloef the fitlpemgiedelvah Is@oodl setloé efch [l4yer fantires lsal:c.hed\mto

AR b Pl GhG Aol TPk itar i BFoer ighnd Fhins

Jiddw R8I dopBiigbh ade rBMEv&d)r i nk sidewal | deposition are
renmoved. [0010] In another manifestation of the

08 &Nt i &manculrrcranpqueattww othe froentiory ah epparatas forrfosmiat cftatures

|l ayer, over whi sac i.ficial er und attern
R B Gt A 0T bade? AR e hinesk B esh ppced s

SORABET A PERER rSbdibing cf 1&%@?,%01’12@{31 faoerﬂyrf?)%r Falll @I%H?% 2

processi ng chanber encl osure, ubstrate support
Segmpoprocesging chubbéreatpswict hsubstrdte sygpasinfar puppoetss) ngibstrate

r .encl osure, ssure reqgul ator- for_ reqgul atin
I B SR DR Sing SRR BRI P leB CL Pt e Eegiafor 1ot regulating
{80 GIQSHE {a th@blésﬁﬁ?go&eﬁng&%wep 9&1&@ e, Bf f%ytét%!n@ RBVE for

to the plasma processing mber encl dsure
musitinigrongr & fhe péavma pm@asang choetbef emclcpsuwfaﬂlsngalg&% a plasma,

into th | as proces chanber ~encl osure, and a
S ”i’.aIEE OéB &Hﬁ‘% RPTER § ﬁ@ a@%‘é Pché?ﬁu%&@amb&é grplosure, and a gas
R APt £ R PO KL 8ol e

Agasr $cfurcce| 1a Ifluf diyemection with the gas inlet and comprises a sacrificial layer
etchant source, a etch layer etchant source, a shrink deposition gas source, and a
shrink profile shaping gas source. A controller controllably is connected to the gas
source and the at least one electrode and comprises at least one processor and
computer readable media. The computer readable media comprises computer

readable code for etching sacrificial layer features into the sacrificial layer without
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etchant source, a etch |ayer etchant source, a shrink
deposition gas source, and a shrink profile shaping

w@am7eeupze. A controller controllably is conneCct/e@s2e044708

the gas source and the at | east one el ectrode and
SOIRE AR oA RS RIS R0, A IR el

feaaelablieh £ @ﬁgﬁﬁm 1a@émdid®gallsdh<pbs1ﬁm¢ Io@hlpluﬁby %adﬁ‘@l&tcbdeﬁor
into the sacrificial |ayer mnthoutetchln%m%he etch

¢talylég 2 fisgwplaletchy fealyes (tato dapieich byersthrqugh thrysacrEcial layer
o %16%0%1'&18}6; ?r{puﬁe?%al{fal?%tc\g%lé foga %ﬁéé gﬂg déa@#ﬁéiglyl%er

ﬁﬂ&mlﬂ&ep@sihbﬁ sth&éeh thd fe@tu@& dreatbgégenily filed hethei filter material,
| ayer throu? the sacrificial |ayer sidewall

@tevpmertrpmb eceontp frarmesimg At o Beiel Inper, scethaiparty of fles filler

]Flé%{ ]ﬁ{ rgglag} %‘Pg%%ig él\’gggﬁ{ﬁ% oFf%gS Itc\t:/g @Néra%gllr ‘fﬂ gba%@s are between

RteRpoRH pakOHIUEL Eillef Radaibl, Bompeter fefdabl st BPsHri®ing widths
sacrificial layer, so t hat parts of the filler

ofithe spagkes b@wmmpagsspxﬁl@@jﬁ&@on@e@al U agwingfdeppwtion, sAmprising

L o SR P RBECER SH HE U P RS sPAL 13 o

§ Qﬁﬂlrﬂ&l Bsitibsl Ei&sfr&ﬁ tﬁé@ﬂﬁﬂ[@l‘éﬁ&ﬂlﬂﬁi PR ePuRa dotaRitertrBRiable code

I'ler rraterl al with a shrink deposition, conprising
ﬁ:ir gewsmngﬁ@lam@ frem thi ehaikndepasition ges, eompwpr tegé@le code for

b de f
805 Fleshah a%hepisR e o Mratit Ao Rig bt e pampute
fefaa%;& 8de BARRREn£L88 o SRABARAE B PorRkidsdMinkRéfile
the shrink deposition gas, conputer readable code for

stappry gag souree, shmpnter daetpddﬂ todatoy genefatiomatesnghirpmidhe shrink

de S|t|on as our ce, ter r abl.e
Hhe 218 fm QRS sy Fop O Eoer e Jampine R ek brofil
g %:é %ﬁpﬂh@ ghﬂﬁ@ AW G m%%ﬁpé&ﬁée hERERRp @eCREGHIOkode
erating a asna fron1t i nk profile shaping

@a&tchmgh smmﬂjstee pf fegtuiesh® thodish flayer thrmm thgshrink deposition.
ri nk profi esha n as .fromthe shrj rofi

Bl o T St P s a T AR s I tiPG apiaT ZgoTigine features

ﬁ'{]aﬁhét la %%QIEQ thepfRhry Pé‘gé(lfrtﬁl othr;?e?lgh&tapre%ﬁ% %@1’% d @¥8iky of

roug rink dep anot her
faaniréseiatthd memooyf regiw i$ aMvlemt iwiag a demtlyhxﬁ(ﬂeammas pr the ipeiipigpral

f eat t d
Lo aratldedo GG dSa S otRal EYProReyaaR gl B I Shplave.
ngﬁ&fryr aL2R4 sl@ﬁs fofRASd ot Mifsalr ﬂ%glsﬁ'}fréf ?Eelfe ﬁﬁ%ﬁl%

erip er region Is prOV| secon
paoa’méd magk prbayer fatares dver meshopmegionhé Bischetlofiyarifical layer
menory, patt i s_formnmed er the sacrjf.icial

Feafraes is eI gle@ﬁtoﬁayn%%ﬁlt leresand HgsRCdoprridgal layer, where
f

LS 7, TR BT, S o o i

s@@ifsddrifical] 1dyayfeatuasscire filed eith fidlesmateritl. Cllad ﬂﬂsawenﬁmal layer

\'gqrglrn%ved, so that parts of the filler material remain exposed above a surface of the
second sacrificial layer, wherein spaces are between the exposed parts of the filler
material, where the spaces are in an area formerly occupied by the first sacrificial
layer, wherein the spaces have widths. The widths of the spaces between the parts of

the filler material are shrunk with a shrink sidewall deposition where the shrink
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the first set of sacrificial layer features is in the
menory region. Features of the first set of

wa awwiob44e9 al | ayer features are filled wth fiPCBEUS2006/044708

material. The first sacrificial layer is renoved, so
NIE it bl 8510 el | os&d Ahoye
d ! f
S PREb S0 ARt B ek Bl B B SR RS RAE
spafies] laye fbatneearetdhed iets plosedopbsades ficihl kahe thidukk the shrink
materjal, where the spaces are in_an area fornmerl

BN EposiiorEhere theseeond spt olspgmifiqialylayer sghapeing offyein the

R T e
Sdwakdepositiva bie re@pasi. tA peripiieed] @atitracd haslnksbresbdter the

deposition provides a deposition over the nenory i

RegPoHesianad gpraphsel regon adierq feafuags arapvided Qe (s ppdpheral
ed| by Gi :

e R RE RS M A B Bt BB bR el e

WwhEEinf fegtuids atettetled fiMatihy &somt saceifibil lapertihehdpariphyral region.

region and not in the peripheral region. The filler

et eripherabpeftestadi maskds traveyier. HePwiss precicherdnte s o layer

phiRheLala paLengdmask [ s formed over the memory

regi on and peripher regi on, where features are

[eoeY] dedn aN@hertrhéhiRshiiGNef Ak e aiion) a niétBod &L @Achiding features
sacrificial layer is etched thr o_ugég t he peripheral
ipantetenlererveigka memeneiegionaat @rssphgral regienetherapslepHly of

econd sacrificial. layer | .he_peri.ph eqi T
B P ara TR kb B Phioh Ml NP B Ll SR iR S8 B perlihra
REhas pidvided! FaseindRedaahcdficmibies setomtbdsaer ilkictdhdbyer,
| ayer. [0012] In another manifestation of the

Ampenelyeaitemedmration fowredprvey theisagrifiedtlavcasvhaie Hie raerapry

| ayer with a region and_a peri | regi on,
ot S gt Bl a R S gl B g
bRAsHe SeMpheralre@RAS A Hrsbbet b iRl layet REURRNHE PloRE®Into the
region is provided. First and second sacrificial o
fimy eacsifigiab lafyer and dhosespnd reriéitighlayety whereAherEirab pgf of sacrificial
patterned.mask is formed over, the_.sactificial l.aye

Rk B2t iHidhiBs PopaDt gy TRAIes of B et shyaskBe by
fRAREYark BAEO Wit THleARaRIAPt THY ¥ dherifigial Mi@Ss ResvellN® that
peripheral region. A first set of sacrificial |ayer

pattafitesiille natetnd derhainexpored fbewta sutee of i sbcandpagrificial

dt d ificj | wh the fjr. t
Byers afreiy Toce Fayar epLlE srREXR parhol e ThRr Rh gt the
§RBEUE S A ab RoribfI$ Bgciﬁl%’iefdi‘lfyl th@Gifdt EcgifRial 1%L Wwherein the

features are filled w er material. The first '
spmces Have ivdfithk.ayke widthy efitbe sphcesloetwhert thp parttsobihe fibler material

filler material remain exposed above a surface.of the

FB Bk 7 Tk atocral dEPOSia e dinduRkai gl deagsifion

éﬂ%@icﬁé B%%g&’sirﬁﬁ{ dver afe Iﬁé}ﬁorfy'r&%i@ﬁ, WRL&h 118 shritRBie8hd Redths of the
paces are In an area formmerly occupied by the first

saced ddngpraskes htdyast {wovdieméicyclehevherein each shrink cycle comprises a

shrink deposition phase, which forms deposits on sidewalls of the filler material to

shrink the spaces and a shrink profile shaping phase, which shapes the deposition on

the sidewalls of the filler material. A second set of sacrificial layer features is etched

into the second sacrificial layer through the shrink sidewall deposition, where the

second set of sacrificial layer features are only in the memory region and not in the
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spaces have wi dths. The wi dths of the spaces between
the parts of the filler material are shrunk with a

W@ boo7/0k4499 dewal | depositi on where the shrink sPdEwe1006/044708

deposition provides a deposition over the nmenory
R R e S S

@ﬂﬂphﬁiﬂ Pattrfedaaaaris ﬁﬁ}ﬁledl osé‘rrthmkleﬂﬁppmgtdmdm&ﬁgberal region,
whi ch fornms deposits on sidewalls of the filler

whgre feasres arerovided qvsethspsarleralygsian gnd whrrefestyes are not
shanpi h. sh t 0
e A e R

eaipheral atednddansdk, aakirfestuies aft cibted ihfotthe bdtend eapifidial layer
sacrificial layer thr oug!tﬁr the shrink sidewall
laéb@squmh@rﬁl reghetr el herperipberaliptismed gpask apyepiaved af eaturge are

tur and not in
%tﬁ%gérrﬂ?);t eP %P?&(%lﬁé% tfléIIT‘{: Jrﬁcylﬁ(:ﬁg g’?rl al and shrink

pogsval I derasd hiffesafien 6£HP UBEntidh, Qﬂﬁétﬁbk@f@prowdmg features
patterned mask is forned over the nenory regl on and

ip e emhelamr widgt mqmom@g@nfaéétame@nh@alereglmw e agigpyity of

%?tg{ﬁo alli) gﬁéﬁhgﬁggﬁg );ears ey I1c(r:)eﬁa fd%%tgyfr geg?u&es A%e peripheral
@afhiif povaded Mﬁaﬂd%e&in@@@@hﬂ&ﬂ(}@!@ﬂs arb €orpesdi geethaletch layer.
patterned mask, wherein features are etched into the

émwy@aﬁﬁnnﬁd gieslt islfarpead qver tssagrifidigiayes) Wlﬁ%@ fhsrmenyprey

4 !

BB Tk PSP el By Ep TR B end SR e Breti R fegpes
J)\ﬁé.‘x‘ e pdrPBdid] rdgfona bk F&kuBRMe feRhed int6 MheOfirst f@rificial layer. The
i nvention, a nmeéthod for providing features in an etch

featpess anihtet] uatortbmﬁlrsysalce@melrﬂamrdlr@slgemk pitbrzshriple gf:pmltlon The

f . feat
BERT ofsicei JaRerr e Flsriplole FEORE e Bl ofbueh
heh@fk HSHRIRYI FestureEbf Bl RREEHTARGI SRR if6dtates are filled
| ayers are forned over the etch layer. A nenor

y
pith fidleneadtomab KT hsfikoamficieMayertihrengeedi oi thatalarts af ée filler

V\,here the nmenor attern rovj des.f.eat ures, over

Bl ePai BrrosRseE Sotce Bt Bt B baE T uEr Yy Vpagt
ﬁ)%&ésocﬂ'@ batwebf Het os-ga%aft@@f t‘HE %ﬁ]eﬁﬁﬁte@f‘a? Retdrd ik Q}g&k@@ are in an
first sacrificial Iayer features etched into the

drea Sumwdyroctupedby the yiest samé'lcsﬁ fayek whierdin ghesipe¢asthave widths.

i 0 Thef t t of cial .layer )
PEER Hrbe e Spnebrcr nvte ne s SR G Rlerp g il with o
%Ig{nﬁ}%?&&dﬂed B§1J[16H<WH&‘@% AR side®all lﬂ%ﬁ@sﬂ‘?&n ﬁrlaeldfaé b 8&position

sacr| icial lTayer features are
bwdrltler mambeyr ieglon, Whereihi thsshrmitmg the wdtlhs b’étghe rspzms compnses at

enmoved, .so that parts of th | er materlal mai.n
%ﬂﬁé@@&ha%wl%? ol i vele ot Fii posion

}elﬁa)eég Fwhith 86:8ise &%]% R sﬁf’e@aﬁ@ﬁf"fﬁ@ RilePRafXRPR SR iR lcSspRees,

['er mate where t € Spaces are In an area
frat a’rﬂﬁ‘ir&t moﬁlﬂ:rsihe;dng)phatsb,@v}ﬁlbhi sltapsaﬂmldfepcsﬂatd)n brathersjdewalls of
wherei n the_spaces have w tl
the filler material. A second set of sacrificial layer features is etched into the second
sacrificial layer through the shrink sidewall deposition, where the second set of
sacrificial layer features are only in the memory region and not in the peripheral
region. The filler material and shrink sidewall deposition are removed. A peripheral

patterned mask is formed over the memory region and peripheral region, where
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The wi dths of the spaces between the parts of the
filler material are shrunk with a shrink sidewall

waleads44pdn where the shrink sidewal |l depositiBOT/US2006/044708

provides a deposition over the nenory region, wherein

ki net
feteaa g%sr%r{a/\g}gsvﬁc%d %r %Me ﬁgpﬁle\?\% réé?r}] %ﬁ&ga‘f?{f&%k ’fﬁeesrtoﬂ)rowded
6RdITlid BesoRy 12Bionn krhé eaad bhmificid &ser isdihet tlﬁlaﬁgl’sthe peripheral
deposits on sidewalls of the filler material_ to shrink

pHeragdanesk, whaginicatrds ke giehsdiipte thesgsong spidiseal laygy igrihe
B ha}ﬁl%ral F‘&?o deﬁ?gﬂné pﬁg taf)]gafttenq%d% E\{\@lleﬁqvgg %Qz}%mfe% atle Gliched

sec Ssacriticla ayer ures

in%o ﬂfe@ttﬂxdayditfﬂ)rﬁ e ss@cﬁﬂrsdcrﬁaﬁamliyeel al layer through
the shrink sidewall deposition, where the second set

Bi01dhcr iFhiegs and ¢th9refﬁatﬂ@apﬁﬂ1@§r%$ﬁ@t igrenfionvillthe desgriheg in more

RERL PRGNS st ot BERHY B A if Byl e

RelohRiefigirepat t erned mask is forned over the nenory
regi on and peripheral region, wherefeatures are

provi ded over the perlpheral reglon and where features
are not provi = 2. second
sacrificial | &ayet L
RSN NechePrsdent ﬁﬁk}@i{tﬁ)hris flﬁ@ﬁ&té&Ey Wa? o@%ﬁ:ﬁﬁﬂe | Gt bﬁway of
second sacrificial layer in the peripheral region.
pmitaipdre mathepi?awmcrféhb mmpmmnm‘wcgs apd an Wih@;h lkegeference

etchep :% %tm_?lﬁ ay 4 frg. the second sacrificial
FEYEe.s 'Fob 1Y %?@ﬂgﬂﬁ Ot Hel™fdat ures of the present
[mwept | G kd 2 ewdesE bt bﬁfd)ceg@ AR aydd @kl ulpsﬂ Sbddiment of

he detail ed description of the invéntion and in
thenpvemgibion with the following figures. BRIEF

FRTT | 10 2 s 5wty GraLatbP a3k by

eREd lecglrcflﬁ‘é tPAh erh%dﬁrﬁ@nt olr gierifver@ont Ne acconpanyi ng
rawi ngs and in which Iike reference nunerals refer to

gloa8] ar MGedent moandetailed oo a fi@DdbJrikEg fkatissa fI ow
chart of roce s that., may. be used in an enbodi
[Wibhe HiCehis oit e{n@%mewm @Plasmpprpeessipg . ﬁ@h"éttg% may be
Jdhop views of a stack processed
g%%g§ ?ﬁg&?g%%%ng i ment of the invention. [0018]
[020] 3 iMGds fArR 11ﬁBt1ale|a&dmfphteV\/sysfena, weliiel isofuitabie iferki ng
features. [0019] FIG 4 is a schematic view of a
W@%Wﬁntﬁ?go%%%ﬁo I 354 ibaipbediments gy theeprgssatyinygntion.

EHO@?} Ic 'Pﬂ@} Bhse a hg\\{’%ﬂaﬂt 8P another embodiment of the invention.

[0022] FIG.'s 7A-O are schematic cross-sectional and top views of a stack

processed according to an embodiment of the invention.
[0023] FIG.'s 8A-K are schematic partial top view of a stack processed according

to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
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[0020] FIG's S5A-B illustrate a conputer system which
is suitable for inplenenting a controller used in

wentwods4rent s of the present invention. [0021] PCTRASHI06/644708

a flow chart of another enbodi nent of the i nvent i on

%h%p(%i\?gll unhe%tf’alﬁdlzlé o?tl ?es%ﬁlriﬁ glo% R a%?)‘éf‘egp 2i‘mw% er, to one

tac processe accor

ﬁ{maﬂinrtﬁélﬁrt Qflattth@pl*eﬁéiﬁ fivieBtion fn@@B@braEh&d WitBevt KoRE Br all of
schemati c par tial top view of a stack processed
thesoingriflg deBilanneotherdnsiatpes.orell Iﬁ@WlTiRI@?ﬁsﬁ t¢Ps DIl shmptures

elncags be-(liﬂ?deﬁR FIF 5 %@D[o Tl unne gé?raltlgéhpere%eﬁt

pr esen? i nvention w NOW b eSCr |

metgience to a few preferred enbodl mants ther eof as
illustrated in the acconpanyi ng drawi ngs hi the

(92Sbu iy Wi prdessianinsrEtGURisspY PRt ot pioess i may e

rov

B in 8 b dhf Sk SrBhOoH, & sitRiR R, aRhed SR Mbteotric
hgweep 1040 mae 238Kk blcffsksebtioha vaéw of b Badrifiche 12@%19§F[‘fonned

i nvention may be practiced w thout sone or all
oYregalidpatae tayer A, avhich ihpvetarsubstiate 2%&@@mg/\k$taclkmmn this
es, hay

/ t
BT et PR ERH & ¢ SR AR BIR s 2l iy goposed
PRSEH Rckh@iMiAIfRE 21 MeNibRRic[18R2208. TR thatkhinpRt fie etch
understanding, FIG 1 is a flow chart of a process

sthaﬂaymaff,d(ble afilsest dng oA néridodidwhtongfartifie Inmikertaxamples the

P Bl 155 215 b R pURLIEEHRE " Tl el s sy S lowk
@féﬁiﬂrfc' ﬁicﬂlas loRy@bsiRdae EREITEH 19Y %fnb@d&ﬁe%'t ekd §dcﬁﬁl:ﬁyfa5/er is
which I's over a stbstrate 204 f ormng a stack

a@@én ¢x1d¢ mmthermrm0d1m¢rtuseths gbsifrcztl day20% dns od SsC,| 3iNpHiOC, H

. I 1 di d t
et E B e 75 S F o SR RaTler S HT e Ter s
Eﬁ}} ﬁat%ﬁ@ﬂﬁﬁte}na}l heseblctiel§tRRed 8YRMALO Wit r@épel:tec@sﬂﬁe fMigg

a nitride and silicon carbide. In other exanples,
trtamruat dbscsibepbtlawer 210 may be of other materi al s. The

ielectric la O8| a |lowk. dielectric, ch as .
loSshos i4 sk 20 isdoame ity e Saiiia ik (ot HED R SSwm in
F}gg rﬂg 'P’irlaékabll YR m'a§1< ?14' £6PR R&‘tbf&%sbﬁna@ﬁ'ﬁ?rSa§r1gc1al layer

ment s t e sacriticla ayer I's one of |
SiaDEes H6dopedhd 06 th?ElsM;nfE&N;layEr 217TatepSil2), andh@noi FIG. 2C.

Hhecapouees o aovas cihimen ts s%éﬁ@'eﬁ&%’% B o the
g0 g e A S (e
1a8)es HS istoche sacnificial layer 212, a shrink process is used to shrink widths of
the features 216 in the sacrificial layer 212 by forming sacrificial layer shrink
sidewalls 218, as shown in FIG. 2D.

[0027] FIG. 4 is a schematic view of a processing chamber 400 that may be used
to form the shrink sidewalls. The plasma processing chamber 400 comprises
confinement rings 402, an upper electrode 404, a lower electrode 408, a gas source
410, and an exhaust pump 420. The gas source 410 comprises a shrink deposition gas

source 412 and a shrink profile gas source 416. The gas source may comprise

additional gas sources such as an etch gas source 418 and a stripping gas source 422 to
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FIG 2B. Preferably, the mask 214 is of a photoresist
material. Sacrificial |ayer features 216 are etched

WO pa0a/064309 sacrificial |ayer 212 (step 112), asPChUSzv06/044708

FIG 2C The etch stop layer 210 allows the etching of
s I ]
S R ibe, Y Bt BRREER e Aled Bt spme phamber
Waishen pla68a prkesimgathamibegd G0h ehefsebittuteB04Lis Gositibned Wwdn the
sacrifici al Iaggrﬂle, a shrink process is used to
V]

Lomyer gleciipdpt49s- peeriedepiigie 40D mgoiparaitsa Sufablerspbstegte

LAk R L BSR hElBhylP aaflly it o iain
thehebdtatec204l Ele@EactorPbPLESBicoordiaTheppth Glcthade ABYydihdsed
used to formthe shrink sidewalls. The p

|
prisedigtslympretitethe lowryclectnags $@esThsompprtrarade HPfggwer
4 | .
él@&rod% Qog,pal%grlc&ﬁhlgeﬁr%énggﬁés fh d?%nggﬁnegé%giggﬁ %Lag%gavéﬂl%e. %Gas is

as source xhaus

spplie®toAhO cadimea ipSmadyobitid PKthd @R SdulrécA 00aEl iS exiaiSted from
412 and a shrink profile q(I:|as source 416. The gas
1

dewerinadmjassuriolime thuaesh the senfingment ingscg aaden exbaughport by

sat RS AR s B SRRl SheEBL e pare

plesitodenmd. \nsethifl RREBueh andRelecWidatly BoileB®HRo the lower
processi ng chanber 400, the substrate 204 is

pleeirade 8 d Chpoher wills| Oreshrreiet the earelinzognt Thgs 4G wére upper

Lectr 4 i ncor porat es i.L abl st rat
SEfde201%, hdind RER BRERSEOAR, THtih BRGp PR 04 g he
§dcanPRAGour0s 44d@ial ck@prifed 2N MH povdrReusy hsd h atH2 %6\%1‘
The reactor top 428 incorporates the upper electrode

grouced Dififey st dombiresdions ef spnopgivgiREpavwrs th dwealeastode ereqepssible.

03. Th I de 404, | I de 4 d
frolfe v oL KPR st b Hadione Ry M BgnFr S B By rCF Svtem,
MAHSPRLAGRR cdefirch URPRhb@HoA ™ iAo CARMRA APHIBL HRAL BEBsed in
by the gas source 410 and is exhausted fromthe

e orefdrredgnpiod smant 06 thgrpvantipoiith thee 70dHziané BeYitzmpomgs sources

40 t t b h h 20. A

e b fe etral Bomirobisr heb Pl o RhToebd g e
Hﬁme EleBk&Teli§ andlr - mA RS eRBEdiRfentOHe e AdhPer sSurce may have a
el'ectrically connected to the | ower el ectrode 408.

Ehquebey umial 309 MB2. fucandiehdr 439ais contfallablyepnnedtedy tHORF

th | ectrode 40 the | | ect 408.
RO PR 445 Sl PGt 20 A b tone Do st would
Bé Ssel®heh ML Q0 Be SELAMEZOPRYETISAHE B8 e Bk as%ilMdA oxide or

power source.” Different combinations of connecting RF
prgaes siticate plessel ect rode are possible. In the case of

3736 SR iy B SR CTBRR e v
8RS tingG@ohir8fi g A5 4Bl fNen iRty §8fe pResent invention. FIG.
5A shows one possible physical form of the computer system. Of course, the
computer system may have many physical forms ranging from an integrated circuit, a
printed circuit board, and a small handheld device up to a huge super computer.
Computer system 1300 includes a monitor 1302, a display 1304, a housing 1306, a
disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a computer-

readable medium used to transfer data to and from computer system 1300.
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a preferred enbodi nent of the invention, both the 27
WMHz and 2 MHz power sources make up the second RF

w@owene=our ce 448 connected to the | ower el ectrories20a61a44708

t he upper electrode is grounded. In other enbodinents

RF our regqu o]
(02T RS P Gl Mo BB 5P S Bt S0 3090
Ritagreates @%teﬁﬂlﬂus 14348 is @Wﬁdﬂ&:ﬁ“éﬁkuﬂ%@ter@n d’r&cﬂ:@sc@@$ 1322 (also
source 410. The DFC System woul d be used when th

tefgyend to @s pratial praersinggmits, o (Fld) eest qqupleﬂéq/étpragg lgléwca%

SRRV SRR 15 bR e PR escsaR ot D an

=Hi-ball Berh&fy (ROBIE RIVs v 1enosBi T8 4rE R GADacHS® drah@fer data and
enbodi nents of the present invention. FIG 5A shows

oplEuiosS umr@reshgrmlldav thiede ) ohd KM dowssd itaricallydo dignsfer data
t t t
SRR b T o RS B el o

@khas bhy 8RR, of dttbopuidlkadidnRdhedisl deRMbsEL3IBwW! A Bxed disk
huge super conputer. Conputer system 1300 includes a

ha5iis elso taaed l-difeshprally i 0P U &322 tigir @‘gdqs@@laltlo@abcﬂaék storage

d rd 13 d
Syt AP p RSP RE Sl B sBPuf: FRUE: B RS Rika betow.
EiRb@ disR 1amlmfay BELSQANB YiRE p@gﬁm&tﬁ Ofhd[tROERE arfd @typ'i&ny 2

is an exanpl e of a block diagram for conputer system
segaglarystomghegdium cysh am bard didp that & S@Wﬁrd@nmnnwysmage It

SRR e L8RS SlhbiondrPusfuftug BELRF codt Gy,
SIpPE R0 G8Y, Egﬁmcofﬂéﬁté’cﬂinr@aﬂﬁﬁf@fa%ﬁl?’ %mh{arfﬁémoga%emory

includes random access nmenory (RAM and read-only

o Ren{cdRae disksl 3il 4 nveyl thkektheiprni of dniye f dret conROK4rareadabieo

tr%n fer d@%%& and instructions uni-directionally to
Tibf Wtis used typically to transfer data and

400§6]r uctdp@n$3dons a1sh '0091515@ & & Ry mﬂﬁﬁyoutﬁ@td@w@@s hase

ypes of nenories may include any suitab
chspipjam@él- ke;a’o@altdl B lﬁemioased]e’id@r mtnhs;beai@ml/%OAIﬁ gmmﬂaldms k

132& so coupl ed bj.- t| onal | CPU ]1;%( it
BPY ‘H@g Yar B RarrYe é[l @’Scfé?fi‘aaﬁ? T31SEp 03511%0
f £
llnﬂf%wﬁe@&}ﬁcﬁ seﬁsﬁ‘t@v&&i%@ﬁ% fraﬁs%ﬁgé h& ARE-a ggagﬁ&ﬁd per tape

F'xed di sk 132 Yy be use to stor rogra
ctadas, tatriets tdhdudes keiand haﬁd‘tvgmng edcbgnizers, émmetacg/readers or

hora e nedi ﬁi,? ch as g har% I sk). that is sl ower
PRELOPAYRES- )5:%’ Ztrbg‘é’uofﬂﬁ Whay og&° AnqtheE AR Y e
‘de[éfcgﬁlﬂﬁﬁlicgﬂoﬂsq{eﬂ*f&ﬁ%sm UibWodd n?ft%f%&' 153&01%?[1 5%% a nidiwork
appropri ate cases, | ncor porated in standard fashion
mserface,titia |com§empfayedl thaﬁthm‘DHU thid recBeamfalrh gioai fsdm H3ldetwork,
may. take the form of any of the conputer-readable

or might output information to the network in the course of performing the above-
described method steps. Furthermore, method embodiments of the present invention
may execute solely upon CPU 1322 or may execute over a network such as the
Internet in conjunction with a remote CPU that shares a portion of the processing.
[0031] In addition, embodiments of the present invention further relate to
computer storage products with a computer-readable medium that have computer code

thereon for performing various computer-implemented operations. The media and

computer code may be those specially designed and constructed for the purposes of
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medi a descri bed bel ow. [0030] CPU 1322 is al so coupl ed
to a variety of input/output devices, such as display

wadeoeddeyboard 1310, nouse 1312, and speaker sPABBS2006/044708

general, an input/output device may be any of: video
e ?R%géﬁt%nvéxh%ﬁ korgﬁégprﬁ%gg §fthe KEH0A! B T QRIHIED those

sensitive ransducer car

Hesfypedkii it irothe papPtitet suFavare ade Exampallogbompatyteddsite media
voi ce or handwriting recognizers, bionmetrics readers,

igeluge.rhait agegiph dimited to: amgneRomedistsieinas hayd gy, Blope disks and

S5 RRESR PS8, LOLSSROTRL 3 LR mognct

dpicer hadie sudt asi foptiosltdiske] atdathrdhat devicesGRM ait ghicially
receive information fromthe network, or m ght output
qonfigriedit stere 81 FreCHR PIRSFAM Fods, Bechos @pplicaiipnsaediy Mteggated

Jl%%lt@?&gﬁ?szsjﬁéérgﬁ%a L esg g d%%/l%gs g,'ﬁéﬁ]%}%{% gad manges

|nve execu

Bangllys offmpokly c&&?ﬁﬁcmﬂe RYhRY% @68, SudVRpréduted W klkompiler,
such as the Internet in conjunction wwth a renote CP

aMftles praitaiing higher |eypl cofle thaé arsrayeeied biga cq?reglg@q uswg an
1%96?% e{eQnCOSanBpeg enﬁz%l medbatérq%yr %éoﬁ gef'e (25%1{ c\F/{rec%tcle ansmltted %y a

to C er stora

CRPErRTatd @g&a &h@oﬂ@@iﬂ%&ﬂ&wi‘ﬁ%&d@@;ﬂ:@%ﬁﬁ% & @€tfaence of

thereon for perform ng various conputer-i enment ed
igprEdions At Wﬁéeml%bﬁaﬁﬁl%l@%pmer code may be those

P55, AGEE e S5 B e R o

t\h@l”éatd%Qi&ﬁhé @actnamu 138 (@tebq 161088 st INEFISKS | the kiidkgs the
conmput er software arts. Exanpl es of conputer-readable

igeltiies comprigered plbialityaefecynlss of & aydlisdreasss ermgpresinga shathka

ch 18 di sk
SRR PR s S e PR R RO B ¢ dev ces:
pgagﬂet ogpéfefaBly, RGhANS a@ﬂbs%nfﬂh@&t (s&phog) sksa d@;%imon gas

war e deV|ces that are specially conf’igured
enrsinga lexsbonet e apqou@mrwmou od€F, sutH, asa combmatlon of CH;F and

G s br oo eSS el vt s e
HEUEELSr oFYRAPIRTaRTer SR YA 2sAR hrl RE/ T KBRS MO, generally,

code, such as produced by a conpil ‘and fil
the dt:ppsmqm@ah |cgmpnsds avkbstondef hjwkbcab(m, ébuemsnaﬂ)dnb@nda

co ter an i e ut e eadabl e nedi a
RGPt ipiaeabBe Herlenarien & (Byhg SOgRpar canter
SRl Richiag Qf@on erRogned bR p?ef@x%ﬁf d§tiH8hs further comprises at

Fepresenting a sequence of in fructtons that are
lext ont a‘bhreoh;hzmgpaddﬂn'ssmd a r¢diRB1R) adBitiBe, Sich 8s &, iy, ©r NH;.

[&ﬁé{?}l ' &g f!:x%%p e ofr a shrnﬂ{tdlggos?tgo%pph%fse sl‘tqerpI 3%55 BI%VEdlég a flow of 150
sccm CH3F, 75 scem Nj, and 100 sccm Ar. The pressure is set to 80 mTorr. The
substrate is maintained at a temperature of 20° C. The second RF source 448 provides
400 Watts at a frequency of 27 MHz and 0 Watts a frequency of 2 MHz. During the
deposition phase the deposition gas is provided, the deposition gas is transformed into
a plasma, and then the deposition gas is stopped.

[0035] Preferably, the shrink profile shaping stage uses a profile shaping gas

different from the deposition gas and comprising at least one of CF, and NF; and
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the features in the sacrificial |layer (step 116). As

shown in FIG 3, the shrinking the features conprises
wa2phosabdty of cycles of a cyclic process conpei/Bsrg6/644708

shrink deposition phase (step 304) and profile shaping

r Il :

Gne: (RhEProldy, P BORls BBV e BBl oariergas, such

STPsri 61 Xeghod!l Maaptef@isly ahe profiddtliapais @8 figtheCbdmpriskstdleast

or a conbi nation of CH3F and N2_or CxFy or CxHyFz with

e hangxidingeafditize ard npdueiag eddive saeh asOnylr BigH;-

RloSE29° g, Sl 1Y B8 A SRFH Shp B3GR SUEH 38D el

Kr, re-gen ep gas
KA6%N (5.6 Sfhadrine SRS i) €hlofind)ehRbAADH oY, sidhlie1003ERRTF,. In
and hydrof | uorocarbon. Mre preferably, the deposition

Wissexramnplh £1F 1 dothg onbyegns aravatedidsing dlee profitershapingr dapressiire of

AER PNt SRR T ntrog: i BERR] B RhetEies MOLES o wars
it juBBcy26Iti 7 ¥R, an8 WCW a@Sa Fequehidy 002 MY D the pfoYile

exanpl e of a shrink deposition phase (step 304 _
Phrapingddeseth Poviile fhapBw goe ésnroHIRd, tisprodidanlmpingaa8is100

Ar . .Th i 0 .morr.. Th
ElbE Pl 003 SR A iR R IR s sfMBt . e

ﬁ)@g@f; d RrcRebE ehedstBedls Q}’deﬂ%ﬁné{p@)r Yéiutesn atio 20 i @6 etere
of 27 Mz and 0 Watts a frequency of 2 MHz. Dufing the

prefualilyitbe prrisessas péréorthep bsivteen 3 tgds cyedlopr B apathinatios of
8% oh 58 e GhaeiiednEt BRI Pk PR Sl it of

sdHitdsidRballs k& (Rh@Rinkg PRlf@aBly S SeAichl Qidv R1sSRARHABalls that
gas different fromthe deposition gas and conpri si ng

fiom| tettom torfep ofakCaFyngiabietNed 8$1dE2PY Fith thbagtom of the
ref.eraply, .the profile shaping gas further conprises
e

&% uch as argon or xenon. More

gfogﬁ]er al Yerdoe R ik SideRalN QQsOafathusf RS LactiPRRe 568
t l'east one of an oxidizing additive and a reducing

fedhirdsi to .é),e redichd hg bém/,eerh-lg-,SO%. Mo, prEody, t]ﬁ]slﬂi)ﬂkm_tﬂewaﬂﬂ cause
A of faeSacu icigh [ oGO s re e Y Ay e e A

SaPISHE 8, 0SSR s Shal Ty v

pherssiditeonal p2BesiTorr i s provided to the chanber. The

second RF source 448 proyides 600 Watts at _a frequency
W038h g Bperemyndiacy, e sbirdniagy Be madgpL feafies IR he

gl{o%ﬂeg' dﬁQ@%éX’&re Crififiel lB%é?fié LEnsDaR s 8¢/ the etching of
rovi ded, e profile shaping gas is transtornmed into

the ghaiioial 1ayed ahdihie didiectiie fed reaysba@inegn gamglsstsp opipedparate
[0037] Preferably, the process is perforned for

HeRSveen 2 to 20 cycles. Mre

[0040] Features 220 of a first set of features are then etched into the dielectric
layer 208 through the shrunken features in the sacrificial layer and patterned mask 214
the (step 120), as shown in FIG 2E. A conventional dielectric etch is used.

[0041] The patterned mask and shrink sidewall is stripped (step 124), as shown in
FIG 2F. The removal of the mask and shrink sidewall may be a single step or multiple

step process. An ashing process may be used during this step.
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preferably, the process is perfornmed between 3 to 10
cycles. The conbi nation of deposition and profile

wa bapioagoover a plurality of cycles all ows forPthes2006/044708

formati on of vertical sidewalls for the shrink.

f(fOQ?fLabILh)é feﬁtﬁlees\é?er thblﬁﬁ leCF\k/RﬁWlle rent@t\f/e\glgﬁﬁ%g&?ég %8 Eg%]%own

ottomt e an ang

IEGh oGt amilas embsdlﬁ&ﬁt' ihk ifi ¢1Ieﬁ1|naieﬁylas afpediridranatb@038kh as
Preferably, the shrink sidewalls cause w dths of the

BlQtpTesils Mropfap@ms ﬂ@mddwé@carb%% Sv@b%cfbwrwteé@w@éarbons

Pr he
R R U T P o e
ylolpabeeinbdr ﬁﬁP/@laﬁﬁbﬁﬂ Hb’(@éalrlﬁ(ﬁi aré y&slyﬁle[’f&n‘ke han&ial w1th less
addi ti onal deposition and/or shgglng phases or

hyfyecesither re&a pplypsr geresdly, the @g}naﬁﬂa&mﬂhb@ described as
ﬁl”@ogff(gs}p S%n gg?(% :l\@é)(re erggl R le?&n tg allure elcféscr{%ed as

of o re acrl |C|a

@iwqunﬁutloslt&’ic &, Fos’ antiBuelyGTiSn or Sfhet iﬁmﬁﬂfeg l 1‘11 tBisal
| ayer and the dielectric ayer may be done in a single

gm lmenﬁ, ﬁlesfélﬂfa maateriad issprolyperonaprifdarediy atdeashpneof a spin

I a es ;are then tched i\nt o

b EEs P g Rt R B B ek BT Loy ressue
&H&ll@ﬁ%ﬁ)éﬂd@p@éltlbl@éﬁb%@@d patterned mask 214 the (step
120 as shown in FIG 2E. A conventional dielectric

i's H@édler ETG@@’FIP]l 2%his be%laﬁﬁd{éwpdégkafamwﬁnif%@ 2H. The
d t
TR i B BB SRer G b R TR Pl g byishine

VY 6r &itIERg BhckTUh tthip bAbSdifRN HRGASSarizA o2 ENIsB@to expose the
process may be used during this step.[0042] The

Waﬁguabbyar?emt hen filled with a filler material 224

1 t hj di.me
(RSP, | ik sl S ingt: o mclicshavtsFitp FIQRuHOR 41d shaping
gﬁh@é@&@%@ hisedty HORAFHARS wilOR ﬁ@elhﬂlgfeﬁﬁﬁ'ppa%ﬁﬁze 2HE Bx R3¢ the

| uori nat ed hydrocarbons, anorphous carbon,
sticefroiabilayérkis acargdosiehi Othisepropessés manbé oseddn aierddtcal steps 128 and
rﬁEous arbon and di anond-1i ke carbon are
gg?v PSSt erial with | ess hydrogen than regul ar

[elgyrer Th@%ﬁ@r‘iﬁdlﬁlﬂaﬁ meﬁlbbé@(ste@@&é:aglsﬁmwg?gl PR 21. The

descri bed as
plenerzatiby pf thheﬁlfer Inlageariah2d4etoieaposwlye kreritiemt taymetll 2adlosusyfor

nblna of C F and urity of Si. or qther
f %}P?‘f% isa’t’li]wﬁ%ﬂelﬁﬁéd% ’qun%@h PIOCPSMABERERSEANo i s

%a%%é@s%m?@% 6B bl paboanentl sl »
prodessAEVRafibevd Oy esshoma in FIG. 4, may be used to accomplish this. In this
example, a hydrogen fluoride (HF) wet etch (dip) is used to remove the silicon oxide
sacrificial layer.

[0046] As aresult of the removal of the sacrificial layer, parts of the filler material
224 extend above the surface of the dielectric layer 208, where spaces 217 are formed
between the parts of the filler material 224 that extend above the surface of the
dielectric layer 208, where the spaces 217 are in the area formerly occupied by the

sacrificial layer. The spaces 217 have widths "w1", as shown in FIG. 2I. To remove

the sacrificial layer without removing the filler material 224 or dielectric layer 208,
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chem cal vapor deposition) process. [0043] The filler
material 224 is planarized (step 132) as shown in FIG

WQ@RH07/069p| anari zati on may be performed by proORPEEESR06/044708

such as chem cal mechanical polishing (CI\/P) or etching
i Sibagdl t
t@?( %&&;@kﬁ 221 ygracrl i ca{ligl?tfng de?érﬂ n%{f i ?%ﬁhb& %ﬁ%%ng‘{’he
Alldrennaidl 284 embediiciedttic la@relcz/(lsl i cal process of
deposition and shapi ng phases may be used to fill the

0847 1ur eérhwswe&bme% nerpaiyERar apateril 244 presbrunkr{(gtep,l 4B as
f
§h'8§/g§1§§£d§ PAN b?%orlnf%%%hr{& s?deé&)lag%gf% i ﬁl% sit% IW;{II& o{ \I)lf exposed
ﬂ]lérﬁ'naleﬁdl agheo ﬁir@ﬂedllidéaé ceér b wab lmcfulced alidthayer". iThe
renmoved (step. 136), own in FIG 21. The
foraigthy dmnéfrﬂ@rwadlﬁ 828 9 fOém reditced praceYAy be pé@f@@geéi hyrdacing
o
RS e i el el 1R shE L Resmpe
MERdteh Qy&fﬂaﬁpﬂob@/ﬁ! ¥ deStribed ab@\&: Wik FdghtClogthe bRy Rfus shrink
W thout renoving the filler material 224. A processing
I@ﬁ@ﬁ%er 400, as shown in FIG 4, rray be used to
hi. thi s exanpl hy flu

@ et SRpi 2000 e S R R S e

?ﬁ‘ﬂ[d fetide@lsphc¥ ®Etwebh BeGhriAl s@e‘ﬁ/@ﬁéJJ?ZS @b shd¥d in FIG.
rem)va of the sacrificial layer, parts of the filler

Hat Ardoaventipnaksteleragipgforciching thewlisleatdc kiyer 28 is used.

BhFoEen R 1B Pl and SRR oRBPER B B TRt Sl e remorves
@thand) 2mentiNeIG WLf Wik feafurdd 120 el St det 6 feddieds 288eatures

where the spaces 217 are in the area fornmerly occupied
136 afhesesarshset pEfeaturdsayer . The spaces 217 have WI dt hs

' as sh in FIG. 21. To re ve.t he .sac
o5 R N bR oGPy RO oL RAS gt et
1%&‘:%151% taﬁdi %llEﬁ&ﬁﬁfen%@S uass 8 ﬁ?drb&lr%r@ﬂnaieﬁ%?&qtﬂ%ﬁico& €TRe
material that may be renoved w thout renoving the

drighniie polyatee miaglbe 28righrous harbdi, ellhetcmms{t dr&w@pm@ﬁueﬂectwe

Q47 ces etween th terial re
g e {RE e S b Ra SR Rty I b torGrsaféri Y
I%H{olv%wﬁhqgéﬁ@!:tl t8 tRe2Bl@Mdien shagRieeald lﬁy&fush%%uﬁétp@ﬁl@gna
filler material 224 to formreduced spaces W th
cteldoceel siipl ek the wdter mﬁhaela]‘ torbeispigetivedy stanaviel vaildesysict © the

28 to form.reduce aces may be perfornmed by placing
éﬁ]éc@ﬁﬁ%}fei? Hflégﬁﬁoé%&‘ é‘%‘i‘?ﬁé CHhEHSEIP-i  addition, the
shrink process may be a nmultistep cyclical process, as
descri bed above with regard to the previous shrink

ﬁllegt%c layer
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process. [0048] Features 236 of a second set of
features are etched into the dielectric |ayer 208

wo booglogtaos he reduced spaces between the shri nkPCT/US2006/044708

sidewal I s 228, as shown in FIG 2K. A conventi onal
etch recipe for etching the dielectric layer 208 is
used. [0049] The filler material and shrink sidewall

of ¢Reftiall erf material are renoved (step 148) as shown
if FIG 2L with features 220 of a first set |of
feamﬂlif@@lsand features 2§élebmat9ﬂ§l§cond set of| features.

laYaYsla¥|

of oM Ticial | ayBr et ey e SO TFPrer it orials.

DUo 1 ggp hydrocarbon nahghdigboWnid silicon. |The
organi ¢ pol ymer may be anorphous carbon, phqtoresist,

or b@EOSmM antireflecti \@rgmuail’olyme(r BARC). The

conbinationstallowthe sacrificial—tavrer—t be
A"AARE~Al LA 1L T IJ

o1 O ray i l.U

sel ecP¥el y ftermoved wi t@éﬁléégébffnelro the filller

et er L and dir et eTt T FQ{J&%?SFP@%C?Q either g plasm

etch or wet s:trlgandt material tg be

sel eci-svel y rem)ved with respect to the diellectric

Stri pT{N)051] SOG Psgasy fﬁlwnergSQgs or THE2] 1n this

exan an—C2—ptasne: h
pol yﬁﬁj\’f. [l er p mat &r i al Ol@ﬁregg% Oﬁ’gﬁb&er al eLélygut

e:sd®¢ n_}gg AclilTitate understanding, FIG 6 is
Tl ow chart of another enbodi nent of the invention
{0042] usds thiheeanpiarainsiainay srip iawmdd po tnideshapotymer filler
cel I,4i ne pattern and a peripheral region pattern.
¥t ci al | ayers are formed over an etch layer (step

ﬁﬂl@ﬁqﬁéﬁgpgﬁ Léw_zo%t E;(Qﬁgresectl onal view of a first
acrifrcl second sacrificial layer 712,
{50053]3 t Hiar ﬂcmazcte uﬁdemstaﬁduhg)l?é@ & i flow okalt of/&otlen epbodiment

er 708, which i.s over. a substrate 704 formn .
o eirogon it v §h1”€§<1a%F61“éSk s afibeicr s Pt ogl line

gét%érﬁ sl %fvﬁeﬁ{hﬁlrd;l\ge Eat%hp pSJ’c iEfal fa 1717%9_ ﬁtﬁe ﬂngﬁg@ %@& an etch layer

et ween I'Cia aer tch layer
6 604). FIG. SJAepsamnbﬁ settfenabtietw cﬁ’ta(ﬂ.’rsﬂ sayeficidlllaydrs/ 181 a second
| east one of a nitride and silicon carbide. In ot

é%&ﬁliﬁﬁ}aé kyer He. é@%ﬂgﬁdo%acm%%rlamé’ 1ﬁ£<gm1§é QYT #t Feh Tay@r 708,
r
15 gbecf a sEQ&ra?% %h Jf”o%ﬁ{ assﬁ\ha 0 In ¢ n%g)éﬁﬁr}gl: ecﬁé El!hb%trate 704

as organosilica

is d ﬁIlCCﬁlaﬂﬁblf i & aﬂchlsamelaydrglﬁlsqlsgdsai Baweadt}mahml fdceifiadal
layer is SiN, and the third sacrificial |ayer

kyeh &4 aydeteylagr @08, dn this @f@mpﬂeameee’f%stﬁ]awe% Fﬂe6 @é&@ﬁﬂ one of

a nitride and silicon carbide. In other examples, the etch stop layer 716 may be of
other materials. The etch layer 708 is a low-k dielectric, such as organosilicate glass.
In this embodiment, the first sacrificial layer is SiO, the second sacrificial layer is SiN,
and the third sacrificial layer is either SiC or SiO. It is desirable to have the second
sacrificial layer different from the first and third sacrificial layer to allow selective
etching and removal between adjacent layers. In other embodiments, the sacrificial
layers are combinations of SiC, SiN, SiOC, H doped SiOC; TiN, TaN, Ti, Ta, Si, and

Si0,. More generally, the sacrificial layer is any combination of material that may be
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sacrificial layer different fromthe first and third
sacrificial layer to allow sel ective etching and

wo eowowed49het ween adj acent | ayers. |In other enbpdi/ne0D6044708
the sacrificial layers are conbinations of SiC, SiN

i OC, . H doped Si Ti. TaN, Ti, Ta,, Si, a L2, .
s%e%ve@yeﬁgw IF ﬁmﬁg allbrerpact o dItePelAyers %41@16%1%% material,
deurRatihen of material that may besel ectively etched
or renoved with respect to adjacent |ayers and the
[6034] i ngA nmensoriy ahtterdebmasih el isdbroved vOOH4]firg saemiprigl layer 710

patterned. mask Is fo over the first . .
(&R PO 25 %PWPé@éfé?Po lﬁ@feg%qwédbﬁ mﬂﬁlﬁmﬁ aphoteregist pgterial
e d ot .
eI R ONBL R Ll u ARRGAL B B
oveibiht fiadt eacsifioial tayet T, Hskstatkd 00\fems dumemiorystegion 804 and a

PeGHGH T60an S daTpEI b arale P g1 K PRBIe-BGPERBGURY
A8 BB REe ek 0% i e
iff eatreresrywedibn be ret ohihd periphdrd ragionr y regi on but not
DGR Ur cSacrifaihaereened TR TRlednioshe Bt St javer 710
(jsét?% ﬁ?%?;}sto%léél%lgg F%‘@C%@teﬁé{@ﬁﬂ% H% fg&t@es 7% iﬁ% H%rﬁrs‘i

at ures Into Irst sacrificla
sh@yfedial TdRr 7 80, alshiinlk pricesds 8sddgo sk waltlsdhofith featuotedEl 9 in

of the features 719 in the first sacrificial | r. 710
thy firshsasrifigiaklayer 710 by dprmigg spcrifyial egflag&aﬂl@%%?o,a?é

TN p R = tep 616). [0056] Features 738 are
PRI b SISk

the shrink sidewalls 720 into the

[6639)nd Baured 735 at thedytthed Hrougsthe bk sidewals 72DEnto the
(step 620). The mask and shrink sidewalls are renp

sgepai sagrifisyaldasier ppd9g shewsn Bhidn 7Erstep &20)7 Fhednask a@égggﬁk
r B i i . .
L e T e g T

ik aY®y vidwkQf part bhide BREK PhersdbwhegFIk B08n hids embbdinear the first
etched, due to the conpl ete maski ng of the peripheral

spergficddl 1868710 jnobs pyriphieral megion 89hbasinpé besadelicdedie totthe

Menor t.t ern. mask .na. <) to etch features into
Ctoﬁlg)??t%{@?ﬂg%gﬁlh? Pgril%}fer%larg%ﬁggﬁg second sacrificial
[08ygr, W ddinadike bbedIFRAL AEmSMbiyHateirtPasl B8P B usddeo
features are then filled with a filler material 722

etelt leptusadto theslishenarificial layes andeecand seevificial devsai widhaut an
pRPeE ST ocar bons, doped hydr ocar bons,  such as
[0058)" | nahetbaltyslr 26 BlcRANRA with a filler material 722 (step 628), as shown
in FIG. 7G. In this embodiment the filler material is a polymer material, such as
photoresist, hydrocarbons, doped hydrocarbons, such as fluorinated hydrocarbons,
amorphous carbon, and diamond-like carbon. In the specification and claims,
amorphous carbon and diamond-like carbon are polymer-like material with less
hydrogen than regular polymer. Generally, the filler materials may be described as
H,C,, HyC,F,, and HyC,Si,. More generally, the filler material may be described as
any combination of C, H, F and an impurity of Si or other impurities. In this

embodiment, the filler material is a polymer material formed by at least one of a spin
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anor phous carbon, and di anond-1i ke carbon hi the
specification and cl ai ns, anorphous carbon and

walc@moadsd | ke carbon are pol yner-1|i ke materi al P@I/UB2006/044708
| ess hydrogen than regul ar polymer. Generally, the

fil terials be.descri bed as , F
o FE D W%eﬁ@ﬂgﬁ%ﬁewca? KBPGidepesy lwﬁ?@ﬁi%@ 6@%)‘108%8{%QSM6
[ : thation of C, H F and an
C@ﬁngggrlivtgéﬁggﬁ%@ﬁ%{?%%ﬁ impuri ties hi this
[088Ddi MEetlillet matefial 729 ismidnerizel (siep 6a2pad Shawn inkl@r 7G| The
formed by at | east one of a spinon, ,PECV . -
DlephizSHED By 2R SRR ORP oS OR BT e Ry
i $hadriz81dn RIAEE®Sexpose th
R R e L S R e S
s BpiadByatdn FIG. F G a (6. vidhef pirhotihe statk 600, shgwpen FIG.
erfornmed by processes such as chem cal nechanica
7§olishing (CWP) or etching back. In this enbodi nent,
pl LA LA drSodeSadnit kitibf laAdl shapi
R
plA30s mehdwnsddrto FliGhe TéaturpOOBAR filler anateaiat avdzenarige and expose
enbodi nent, a cycljcal process of de sitign anp 628
thetrapilfigjaldmyes a2 HRglCtiePy SYBCTRIOGSPIS NP USaY SR ARF FiPH
fi [ qater | nd pl anari ze and expose the
a@%é?f?ﬁgﬁgﬁﬁ*%#ef in a single step. O her processes
[00®Y] be Treseftst Qo fghiaagerst 6 psreaRS cd (dert@d) vastshown $i AlfE.&/H
step. [0061] The first sacrificial layer 710 is o
and sy . (Eheplasmigytionef thp Sl mAteppld227p oxpepe dhditsgpgcrificial
The i i fd - Ll d2 ¥POSE
7 ) AR bl o Byt GRS R7 1028 ScRcRioBER
pRicetdBay bd sded S@slédiivelyatmbay tie fitdiGaciicallaet widoet emoving
process may be used to selectively rennvgvéhe first
|

theaEieronaseridl 722y An oighihamber b ot iy vHe Hiy f.dnasnhg e de

722, t h 4 i .
sfap ) GhcBBREREpls <Ry B 00 e BrTHEL ofty (TBYisHRed o
réth &R the 8ilicHdx B baceifehl () i s used to renove the

silicon oxide sacrificial |ayer. [QOGZL As a result_ of
[00f2] r by alresut of Hie reinpxal of deg first sackificieblpuer 7 Pgparfspfithe filler

f t Ll terial -722.ext
o3 kb i i B B 558 BORYRrL N TR e

HRAVdes R pdrReritd filfs niméedi7ab thi2 xtehdiabo tiendrilbo vt heck
surface of the stack 700, where the spaces 732 are.in

TORewhere shef sprensiTBY avcieuthe aga yrmenly opsupsed Rinthe frstepgificial
810 Pt PRIGTR AR PRSPt i R0
ﬂéi'gtf: ér&?l:cfjiﬁ%?lglﬁ%‘f WAGohh@niovideahe MBbEhbRlAI/22 RkecRdqndificial
layer 712, the first sacrificial layer 710 must be a material that may be removed
without removing the filler material 722 or the second sacrificial layer 712.

[0063] The spaces between the filler material 722 are shrunk (step 640), as shown
in FIG. 71 and FIG. 8E, by forming shrink sidewalls 734 on the sides walls of the
exposed filler material 722 to form reduced spaces 736 with reduced widths "w2".
The shrinking of the spaces between the filler material may be performed by placing

the substrate in a processing chamber. In addition, the shrink process may be a

multistep cyclical process, as described above with regard to the previous shrink
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| ayer 712, the first sacrificial layer 710 nust be a
material that may be renoved w t hout renoving the

wo Rooee44pmt eri al 722 or the second sacrifi ci al PCBYS2006/044708
712. [0063] The spaces between the filler material 722

are s nk te shpid h wn
S e Py S e
aBéwi he d%%&‘i’t?cﬁfjotf rhatb1®d] oRBh&IsbRted 48 oﬁsOoff tBE Peripteid eeglon 808
spaces 736 with reduced wi dths "w2". The slirinking, of
abhselsyiive esmive wEpolympeatithe bettonmraf theifegturgain drase areas in the
A DA PR (Ao

d%sﬁtio%t tﬁﬁ’s 369 de§ @boRhRE S&%ﬂng%ZQ ﬁﬁeﬁﬂﬂb@ﬁeri}h@ﬁa@ ropidrh808,
regard he previ ous shrinkprocess e use of a

wmlletthsbcﬁp)ns bf feakurgsrod tesmemeniegias hﬁhbﬂlﬁroéi oederaBlyditn i n

Fl G, 0 ti.on f mat e t

dpg%pt}ﬁne ﬁ?%&l\%%h at %flsq E‘ﬁ fEJr éj]re pex Il’lgﬁd Sggmlg ﬁrgferably, 3-

2@%hﬁﬁ$b%ﬁ%§£§&%ﬁ%nﬁga polyner at the bottom of the
features in dense areas in the nenory region 804. This

[604 ct i F/@tlprem%@ssf goyeovidissti obfeatuines aneibtehest iapp hy spqondl

skBtarameht 17 bpa bhirufd bt BoED Mt K501 a1
éleatures of the nenory region has little or
preferably no deposition. Preferably, at |east two

[8065]nk TheliBer raaterup:leanﬁ shmmldsidéwalbofthe fileramhigrialzare pgnoved

(@60 6D SEo0R 119G DRI TG SECHEEIHS PRaT S kg of uures

J t he reduced space (ste
B ol AR e L1 e sppec (ot er

[boddler raicgiphab] panidrsinnskk28sik deweldlover tht kack i700 &tep 652), as

material are renpved (step 64 as shown if FI
Shtin ) B1G 96 40Oy He 08 B rmEodmeRs PPl gatigp mask 725

Dt‘%&%g‘{ eeitl Aut %ﬁ Fl%ﬁ 8640 ngffoﬂni§§£fégn gl 186 Jr%@%\a‘é @Sthe

attern mask 728 is formed over
ﬂehph@hﬁ%gloﬁ@@&(@ttﬁﬂ 1ﬁ%atureasmﬂ fh)e\m;hem irRh&metoryg Eld:tlléh@ut

8H. hi this enbodi nent, ﬁerl pher al %lern gl )

fratytes Vil be giehpd wiorvareyirhagi l5Bo8 CPEH phfiérm mask
I

88510 PERE s P e SR R %?%rﬁle%bﬂﬁ% SERCEER

peeiphéanrepioh (5@ b56)eas shioksin ih@1@! &Ih @kcaust thet temory reglon is
peripheral region through the peripheral patte

paBed 0 M¢rwf@alapntf By ATEORISHbETH S PG RaES i not
f
35 b sl relpd gt UE RERLANREY, TR KIS} FRped

(step 586K @f shdwit i FGe MbDalid FIt 8.t he menory region is not

et ched so that features are not
[0068] Features are etched from the second sacrificial layer to the third sacrificial

layer (step 664), as shown in FIG. 7N. Features are then etched from the third
sacrificial layer 714 into the etch layer 708 (step 668), as shown in FIG. 70 and FIG.
SK. ‘

[0069] Additional steps, such as filling the features with a conductive material
may be provided.

[0070] In this example, the third sacrificial layer 714 and an etch stop layer 716
are provided to protect the etch layer 708 during the forming of the mask features. In
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etched into the nenory region through the periphera

mask. The mask is stripped (step 660), as shown in
wo-b@7/06dband FI G 81 [0068] Features are etcheBCT/U8IM06/044708

t he second sacrifici al Iayer to the third sacrificial

olgE a0 BeR sy Rshee Mot Mo edist weslBlo PETlsth 8220,

setcﬁ?icﬁatl eRel AWethe £QR 14y%F, @ik tﬁﬁﬁ)sacrﬁ&nﬁ ha ahdlofth&barfr &ayer
FI'G 8K"™ [0069] Addi’t i’onal steps, such as filling the

nfagaptbeseadedh a conductive naterial may be provided.

0070 h | h al_|
66731 o %ﬁﬁ%{emoév%%tae s oo Ao B A B Yep o gded
%P@xa‘?ﬁ | shAYe Eftgr%h%g feR@irds hl@tofo(ﬁ[}mhe GirQfsadriridTagfer may be

eatu hi ot her enbodi nents, such as when there is a
ohityl, s;fethedtsmdt@D bgbmedlwuﬂhéh%mﬁﬂd sacrl ficial |ayer
and the etch | ayer, sacr.i

tﬁ h al I.al%/er1 and/ Nia
(94721 bar Fhig prcrcs%erowéeﬁ b 15 ﬂ“és@éta “t %?iﬁlp FlseHar
h%@g @%&g@? E)ﬁch 6P ﬁleF{‘R)\{y fé%‘lotnt g 1185 e RHRH1E 1RO BlenirE RyidHRAs

or exanple rink after etching features
féanires tat ynay be up ite Sticsaxdednbé ad the pbla}ytwralmome%th agddgibnal
if the desired. CD is reachgg with the mask L f4§ densit
ke proReEkss, YHNANE Y R, 9 BERORgEN IYIRYE f [Tge density

aﬁ%ﬁéot Ef);}%ré 2‘%‘}‘% %gé % tlt?aﬁth@déﬁsﬂjj‘ &f fe‘QﬁEés' It Phdriihetal rdgieh.

i's exanple, the nenory region has
[6@73] ur eThis ip&tcenmpromdey@chad featiies V\aﬂl lodfithe Casartdhimlf the pitch

peri pheral region. Wth_additional maskin %?
ofi&gakiyes Framied YaIRg thsrrame pBotoRTRSE Pacleyrian i 3 4%&9%3 &ioh process.
eatur
S n%roi;ess %ﬁ&?r l}lr%é g% % Qﬁ%ﬁ?ﬂ[)ﬁ?esﬁ gfag e ‘&{ lgzg\:?%fgletpheﬂ W&
pIdWiging faﬁ@ﬁﬁnﬂb@%gﬂﬁ&t%&ﬁ&d t]iﬁeeﬁxtstmeﬂ! of fdatuneshaldfthe h@oﬂﬂ)set

and half the pitch of features forned using the sane
opiestweesi st mask using a conventional etch process.

[@ﬁ pr gcess é ﬁ{ Is?ep 11# ﬁ:ﬁ aH§\ﬁ }*Is)lfefe?reﬁ' lo&mPJ'l@ %%'o?ﬁltted or

roviding an autonmati c
oﬁhﬁ@ﬁ%’fﬁou@ ﬁic&‘@&ﬁigtd]}aﬁd/ dSIShCIﬁﬁngfhefpﬁah uOdsr aregs tﬂ'ﬁhe
second set of features. [0074] Some of the _steps i

préferrad oméoqbi@mémm be emﬁtfdl orehingeey b SVHeTH %ttller&d%qes the CD

PR R T B TR S R 8 sioat ety be
[@U’yé]t ed1,htheheSREm ek tthé!\bﬂo@&sfii tdpkate@giagadditiendlihasks to

/'or reduces pitch With respect to conventi onal
@rthcrerséw,CD and reduce the pitch. For an example, a second mask may be used

for another half pitch reduction.

[0076] In this example, the etch layer may be a dielectric etch layer, a conductive
etch layer, or a semiconductor etch layer.

[0077] While this invention has been described in terms of several preferred
embodiments, there are alterations, modifications, permutations, and various
substitute equivalents, which fall within the scope of this invention. It should also be
noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. It is therefore intended that the following

appended claims be interpreted as including all such alterations, modifications,
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[0075] In other enbodi nents, the process is repeated
usi ng additional masks to further reduce CD and reduce
WO b@7pb44eh. For an exanpl e, a second nask may PET/USEU6/044708

for another half pitch reduction. [0076] In this
exanpl e, the etch |ayer may be a dielectric etch
pefrylaHonsy apdrains isvistibite quigglents apfallaviglanitiootmeuspitrand scope
C r. [Q077] While this invention has been
Of?%?@?%%%ﬁ“@ﬁ&?%rns of several preferred enbodi nents,
there are alterations, nodifications, pernutations,
and various substitute equivalents, which fall within
the scope of this invention. It should al so be noted
that there are many alternative ways of inplenenting
the net hods and apparatuses of the present invention.
It is therefore intended that the foll ow ng appended
clainms be interpreted as including all such
alterations, nodifications, pernmutations, and vari ous
substitute equivalents as fall within the true spirit
and scope of the present invention. CLAIMS What is
claimed is: 1. A nmethod, conprising: formng a
sacrificial layer over an etch layer; formng a
patterned mask over the sacrificial |layer; etching a
set of sacrificial layer features into the sacrificia
| ayer; etching a first set of etch layer features into
the etch layer through the sacrificial layer; filling
the features of the first set of etch |ayer features
and the set of sacrificial |layer features with a
filler material; renoving the sacrificial |ayer, so
that parts of the filler material remain exposed above
a surface of the etch layer, wherein spaces are
bet ween the exposed parts of the filler material,
where the spaces are in an area fornerly occupi ed by
the sacrificial |layer, wherein the spaces have w dths;
shrinking the widths of the spaces between the parts
of the filler material with a shrink sidewall
deposition; etching a second set of etch |ayer
features into the etch layer through the shrink
si dewal | deposition; and
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removing the filler material and shrink sidewal
deposition. 2. The nethod, as recited in claim1,
wo oozloers9conpri si ng shrinking the sacrificial PeyEs2006/044708
features by form ng a shrink deposition before etching
the first set of etch |layer features. 3. The nethod,
as recited in claim 2, fd@&ﬂ@ﬂﬁconprising renovi ng the
[ . sition after etching the first set of etch
a§§?5%9§$3§e5. 4. The method, as recited in claim3,
1wher @i methbe, doafpeidingg t he shrink deposition is before
filling the features of the first set of etch |ayer
f eat frredn;mepctifisiabbyergives e eich lasiesl | ayer features
withethe filler teri wa ThE . hod, as recited in
any gor{ren Ot 5?%%%6;@8%% iO%ISr %]?g?r%rg}%f%‘j%}f%r conpri si ng
pl angichiticnGet Bsatdifidignayseninad int®the Eh&iRiNSkr; as
recited in any one of the preceding clans, wherein the
shri pliehing atfiret sgh eff dieh leyertfprturep ante shadietplayerdbroagh theast
m%ﬁx.%f%l@# cycle, wherein each shrink cycle
coﬁf}l &sa shrink deposition phase, which forns
deposiiry tBe feahAeVHhSiRE sdt BE efch1dyRF foaRkeY dndlthd st ShEdcRikicial
the spaces; and a shrink profile shaping phase, which
layprafsemrastvative piei matemalon the sidewal s of the filler
material. 7., The.nethod, as recited.in . claim.6g, .
Wher BB mERNTE oS o Tl Bie Sne Bt Rl remain
eRfoR¥d Sbd1@ adutleRastithd &Bh UA6E, wWiefdh Bshcas 4tk B8iWRech FiRyBxhbsed
eposi tion gas; and stopping the flow of the
patpdshe fiber matsrialgwharh ¢henprabrsdire ersary ared fosbeily oeqwpiegfby the
cl.ai 6-7, .wherein the, shri profil e shapi ng phase
sEREPE e BT B et B REShapi ng gao di 11 or ent
t hangihkistee width®bf $8%pack® bekwesn teflaAs BRtHeMM hideerial with
profil e shaping gas; and stopping the flow of the
a plofl $1devedibgrpositigaess. 9. The nethod, as recited in any

o T el b RRP S 8 4RSS B e i

siaygaIPhEARIIREALRON and the
removing the filler material and shrink sidewall deposition.

2. The method, as recited in claim 1, further comprising shrinking the sacrificial
layer features by forming a shrink deposition before etching the first set of etch layer
features.
3. The method, as recited in claim 2, further comprising removing the shrink
deposition after etching the first set of etch layer features.
4. The method, as recited in claim 3, wherein the removing the shrink deposition
is before filling the features of the first set of etch layer features and the set of
sacrificial layer features with the filler material.
5. The method, as recited in any one of the preceding clams, further comprising
planarizing the filler material.
6. The method, as recited in any one of the preceding clams, wherein the
shrinking the widths of the spaces comprises at least one shrink cycle, wherein each

shrink cycle comprises:
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profil e shaping gas conprises at |east one of CxFy,

NF3, and CxHyF . 10. The nethod, as recited in any of
wa@b@ne4429 9, wherein the shrinking the sacrifiBCBUS2006/044708

| ayer features conprises at | east one shrink cycle,

wherei n . each shrink cycle conprises: a shrink

depod SiBrdspRsitien phsecwhich forsispesisg siteweils efidiel fHlest
m {éﬁaﬁﬁ,%}im{%&aslga ﬁ%’)r/ﬁdkt o shrink the sacrificial |ayer
shtin

eatures; an profil e shapi ng phase, which
shapeshiifieprdfpahibping phawe, hieh Shapewilel depoditiden the sidewalls of
sacrificial layer features. 11. The nethod, as recited
thedilier giafatied, wherein the shrink deposition phase
conp o Ar Qv o’ Py
7'pI as?rlﬁéﬁjr%%hr%et %elje E%g% i%{al o%?gdgé%eﬂgtrl? g gg?%l{)%lrpgo]éﬁt% R gh?sleow
cafprides: deposition gas. 12. The nmethod, as recited in
any of clainms 11, wherein the shrink profile shaping
phasBroyshpg ¢ deesitign@es:di ng a profil e shaping gas,

whi ch,_| | £ t . deposj t.i on gas;formng a

pl as %aﬁ?%#%aﬁéggﬁ)%ﬁftﬁgge@gglﬁﬁ% g’gaéﬁsj; and stopping the

f | owsteppihf eheicad bf Be Sbpgithg @8s. 13. The nethod, as

recited in claim12, erein the deposition gas _
8.conphhemsthed, Isggeiieddnanypl daimedr-dcuhasen the shigkaeelilsshaping

.0f | uor ocarbon and the profile shaping gas
p%g%ﬁ%gléés)esat | east one of CxFy, NF3, and CxHyFz. 14.

The p®ivIEh 2 g filediabiRd daf diftyer ARNGhe &iy@sﬂﬁbﬁ ¢géi ng
clams, further conprising filling the features with a

cond{feriinga plasres fram, thg profifhehapingiass;, ands recited in any

one qf t.he.precedi cl further conprising
prov?gp%ﬁgg% %%:fQEBEﬂﬁg§&PW%§%ken the sacrificial
9.I ayerTh@nethobeasataitedliryey of difimsi¥) RN AR, depSsiti®t gdsed
in any one of the precedin% cl ans, wherein the etch
cqngyreses psleasy ene af afiugirecarbang uaxpeprbap.tand diydeodiyosocadgiend the

a eripheral .region, and [p th i rst set of
p R Aot Sl L B e NP g e Ty o
10.eat PhemerioR, 4saEdRA iRUEY of A1SnEEND Wher&d iR siRfnkiddehe

di el ectric layer and not the peripheral region of the

sagtiﬁpigblaﬁrdedxtay:e compngesfal lepsieome ships ¢ysiaagherein each shrink cycle
comprises:

a shrink deposition phase, which forms deposits on sidewalls of the sacrificial
layer to shrink the sacrificial layer features; and

a shrink profile shaping phase, which shapes the deposition on the sidewalls of
the sacrificial layer features.
11, The method, as recited in claim 10, wherein the shrink deposition phase
comprises:

providing a deposition gas;

forming a plasma from the deposition gas; and

stopping the flow of the deposition gas.
12.  The method, as recited in any of claims 11, wherein the shrink profile shaping
phase comprises:

providing a profile shaping gas, which is different than the deposition gas;
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form ng a peripheral patterned mask over the nenory

regi on and peripheral region, where features are
w@e@viossdo over the peripheral region; etching POEUSL006/044708

| ayer through the peripheral patterned mask, wherein

featuyres are etched into the etch layer in the

per | FHBIRE a plagnafomrtherpraiigshapmgges; asder al  pat t er ned

mask; i.n eat into the dielectric |ayer
fron%t?ﬁ@g%ﬁ%:eh %gfe ?pi#ﬁg%]ﬁaé)mngegaﬁod, as recited in

1% ai Thd etholiedsabeitddhie cRBAURYwhakinehd 86hIRRA SA98SmPAles at
provi de features over the peripheral region and

legone ioh a hdropashorp Hlaprdcaphant adivdraftuokocddms andtthgprofiiede
t 3 ' , [ th
st S s b Ba T BR B RN R O [ eat ur es

14loesThometba uslrediedif sny bnd Hah®BlcbfIIS @'mnrs,eﬁﬂrtﬁgr-?co%%)rising

The method, as recited in any of clains 16 or ,
filhme tes features vathcheanguetive materislet of sacrificial |ayer

14 yer bbb asoe iR hi b foos BEF LS o comprising

proagling drcdtetl stbR)ges b&\k}éérmﬁi:] Bsbrfee {88t s@8e elch8R, i Nt O

the sacrificial layer with a shrink deposition; and

16t chTiynethedfasredited én amyf onsaafithd preceding elymms, Weatinrtbsetch
int.o the et.ch.l er through the.shrink deposition. 19.
lad i pbdh? Bétedut B! vk a ek Spand e p BT ekt wichy

whEsBMh& grst B o Bich m&{éﬁ Rﬁﬁir%é 21 s@é&rﬁrszeggaf:é@r%}[‘&y&}}gat{dlfers gge

set of sacrificial layer features. . e fret hod,

forraed eeat thenmemaiyregion oftferdélacttin dayeeamlmat ghe prziphbral rdgion of
thdggﬁ)siti on is b fgre filling the first set of

& TR "fu’évg‘i;t FEAWEE B th the filler material.

21.  Fhaginyet fagheaBydi@alcothsl RyaNny | R

wher ei nldtgﬁie&g?c%i E% feaet uress< iVnt oeﬁ]eggé?gﬁ%%% g{/leérral
regignowhére f¢ndures h prawydad oveotiprpespberaletgionng f eat her s

BAEHE TR VAN N L
art B¥BEA infPthe AtcBaiN S ANBE GLAPL A8vESEn S Or med by the nethod
of any one of the precedihg clans.” 23. A nethod
pr ovetionggfteaparipbsral patteratdohaskayet , conpri si ng:
for r@té}ﬁng"" fe%%%si i}cltioqcilg ldieke%yrﬁzrla}?e\f rong t % e?cthclgygr?yer !
17. The method, as recited in claim 16, wherein the memory patterned mask does
not provide features over the peripheral region and wherein the peripheral patterned
mask does not provide features over the memory region, and wherein the etching the
first set of sacrificial layer features does not etch features in the peripheral region.
18. The method, as recited in any of claims 16 or 17, wherein the etching a first set
of sacrificial layer features into the sacrificial layer and the etch layer, comprises:
etching the features into the sacrificial layer;
shrinking the features etched into the sacrificial layer with a shrink deposition;
and
etching the first set of sacrificial layer features into the etch layer through the
shrink deposition. '

19.  The method, as recited in claim 18, further comprising removing the shrink
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form ng a patterned mask over the sacrificial layer;
etching a set of sacrificial layer features into the
waaariobide? al | ayer; shrinking the sacrificial Pey®s2006/044708
features by form ng a shrink deposition, conprising at
| east one cycle, wherein each cycle conprises: a
d@i@gﬂﬁﬁh lalﬂam&f iﬁgh the firbtasseof sabiifidialfloyargeaiap®si t s on
sidewal | s of the sacrificial |ayer features.to,shrink
20-he Themrtiod; a8refifsidp Claélat@r ‘éfb?l)élé’&he Een%%"r‘%tbeﬁ%ﬁ‘ le
shapi n e sha Mci ifddt@s Qthtthefill
d%fic’a 1\5\)/3% @Q@%ﬁlﬁf@@’g@?}l flggﬁa&#ﬁ?glﬁﬁ?ﬁat ur ess; et chiln?;;r a
nhatdrigl. set of etch |layer features into the etch |ayer

t hrough the shrink deposition; [ N A

28ep o§g¢ mehods 39 1eEiRY 1?%63’19 I%llg’g?seg g‘? \éslfl}%ge“fl ir&%s‘%%lgg %(eg%ures
.etch J. r. feat . rificial |

e G g | RBL R 2 et BB o RpRall  The |
sacr gfchinbdtathay &ito adask fefer thavigh thé etth&ayer; lahér

mat eri al remai n_ exposed above a surg}i?gﬁe of. the etch

Izﬁyeftzcililnﬁéﬁééﬂl‘ﬁs §7f§‘a&f@sdiﬁlﬁ‘§nbé%y\ﬁfe@ﬁo‘% SIS hart s of
e filler i al: ' '
2or i aRTREL AN 1B o) IR HARGPS AhRuRIAR Hicaing
Ctahg,spages have \r/]vidt hs; shrinking the widths of the
spaces between the parts of the filler material with a
2§_h(rj i r&kmgihdé\ﬁmwldlaﬁ BRAGHTES B ctolhBY®h FORINE RSy i nki ng t he
wi dths _of the ' east one shrink
cycl ?%?é?cﬁﬁigzgagﬁa gﬁ?ﬁ@%@% 1?),?:Il(’:)rrpri ses:a shrink
depogiiniifga phdsBed Mhtichver diowctdf@aiseyes; on si dewal | s of
the filler material to shrink the spaces, .and a shrink
prof el sty el e HEBEEbENT on on

e s wal |,s of .t h i1l iak [ ; d
s gﬁl&li#ﬁzi%@t%al% i B Pl e R B

RSk ahlcagtione wadlk, wigpeisichélndycleamthprseovi ng t he

fil Inergr?at eri al WZ'I%d_s,hri nk sliof_jyewal I péeposi tigo. . 24, iAH
appar at us afshrink depasiepnf rhase méuch; lqrgs denopits %é‘:ae%{éésro the

whi.ch sacrificjal .layer un mask has
%@%ﬁli}ﬁ@@ & ,atlggsntrgrshgpﬁél}e Saacrﬁﬁcgélr%gy ég ?%até‘gﬁgﬁ‘gg chanber,
CONpri si NG shrink profile shaping phase, which shapes the deposition on the

sidewalls of the sacrificial layer features;

etching a first set of etch layer features into the etch layer through the shrink
deposition;

removing the shrink deposition;

filling the features of the first set of etch layer features and the set of sacrificial
layer features with a filler material;

removing the sacrificial layer, so that parts of the filler material remain
exposed above a surface of the etch layer, wherein spaces are between the exposed
parts of the filler material, where the spaces are in an area formerly occupied by the
sacrificial layer, wherein the spaces have widths;

shrinking the widths of the spaces between the parts of the filler material with
a shrink sidewall deposition, wherein the shrinking the widths of the spaces comprises

at least one shrink cycle, wherein each shrink cycle comprises:
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a chanber wall form ng a plasma processing chanber
encl osure; a substrate support for supporting a

waabssade within the plasna processi ng chanbePCT/US2006/044708
encl osure; a pressure regulator for regulating the
pressure in the plasma processing chanber enc|osure;
at | east osteinkl deposiveiepliase, whicl farmsglepesiis ontsisleizds of the

| asma  processi chanmber, encl osure for sustaining a
ﬁﬁﬂ%ﬁﬁﬁlalé" §1§§ﬁﬁ fﬁ?éﬁaC?%Pnﬁr oviding gas into the plasma
processi anﬁhﬂ:"ﬁf}Sﬁle%ﬁ%iﬁé Pl Whidh 8h4RS t}wﬂéﬁeiiﬁél@ bn the
as

exhausting g romthe plasna processi ng chanber
sigewhlosdfites fidergasgersdurce in fluid connection with the

gas injet, comprising; a sacrificial, | ayer et :
sour@@?mﬁaé?%ﬁ@ﬁﬁvgﬂgﬁ¥%ﬁﬁﬁ%nggﬁPg%ﬁméﬁﬁhkyﬁﬁﬁﬁﬁghﬂwShmnk
siﬁ%&?h%ﬁogﬁiogaaﬁldsour ce; and a shrink profile shaping

gas source; a controller controllably connected to the
gas souddeg tadilehmatial asisdhriokeideiveld deprsetionconpri si ng:

at | east one processor; and.co er readabl.e Q. .
24 onp AnsiPRFAIS dpRoiaram e fealties e g@ﬁ APpPVR twgﬂ‘fth% UReeRial ayer

rif Gl bRbBstbe sacrificial |ayer
uﬁ?%ﬁ&%hgégéﬁkgéﬁ%ﬂggg gﬁgﬁgﬁg%,gb%puter readabl e code
for shldsplaipigeebdieg slanitict, congirisingyer features with a
sacrificial_ layer sjdewall c{e osi ti on, c%glggt el closure:
readabl e @ésh@m Frvadt oRnHg aplp PARTOSET G K f&alires
into the tSﬁQSt]!El?é’S%ﬁp&llE ?&%ﬁ?pérﬁﬁg §§§t§§t1fa’tec\k/ﬁ‘111in:cﬂ@é’ﬁlﬁsma
, computer

si dewal | depositio readabl e code for
pEERsd¢hahtber amtasufd; ci al | ayer sidewal | deposition

e e ot ur oo £ SuSasabent L L LS e,
Aed PP B e oo above a surface of the etch
| ayer, at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma,;
a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising;
a sacrificial layer etchant source;
a etch layer etchant source;
a shrink deposition gas source; and
a shrink profile shaping gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media comprising:
computer readable code for etching sacrificial layer features

into the sacrificial layer without etching the etch layer,
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wherei n spaces are between the exposed parts of the

filler material; conputer readable code for shrinking
wownarissded t he spaces between parts of the fil PE€r/uUS2006/044708

material with a shrink deposition, conprising at |east

one cycle, wherein each cycle co I ses: comput.er

readabl e code cfmmpuparmvaddb%gwée @Tn‘ﬁﬁkklaéﬁt%ﬂaﬁm@ﬂalgl%er

fromthe shrj_nk os' ti as, sour ce; computer
feplapgsapitipa %&gcﬁbﬁyg" 4?3 Bfasma from the shrink

deposi tion gas;, YE&lableaRda phestaRsiea figst s&todprhfeatures
the shrink deposition gas fromthe shrink deposition

ingahesadlrlagr oongiuthe saardmidbdyer sideteali depopitioni di ng a
shrink profile shapin fromthe shri
shapi ng gas sotfIeRIe; ?‘%ﬁﬁ’l R :}gPrer?]@ﬁngtﬂe ?%%flﬁ&a

s1g§\9$1§ h%ﬁé@?loga@h r&ﬂqﬁ . Ifeﬁﬁlréseﬁg ﬁ%s@qﬁéﬁﬂ? filled wa@nefilddr lnﬁ@erlal

rom profile shaping gas; and
c onput er readablrepuwadeadabie stdefpi mgoving tbwacm‘écvi lspen, g0

tiobpischT B e GRBUI A rem A ABPE GB0E 1 S ERY SRR g laver
W, E&?f%ﬁ%?% ar® E%%&Ethgg %('J'sreﬁsf)aﬁﬁ‘ bothe 'fﬁle?frﬁférﬂaﬁy er

sition. 25. A method for

provi di ng feat umﬁﬁutelnreadnbéet mﬂafayﬂmﬂmgrmdﬂm%b%ﬁpaces
regi on and a peri pheral

beteeen pags offhe HHermasHg vylgbg n}ksg\'h Ps1$18%l,sctontp\ﬂsg1é 2 least one
c%cgﬁ,;vlvﬁéfmg aélf férc%ﬁi ;rllgeg he peripheral region,

rst and second sacrificial

| ayers over the etchomgymrreaﬂaiﬂﬁwrgafarmmlyg@ahm& ned
mask over the sacrificial.layer, where the

deperitiorpzes fierh g shaakd ?ﬂoé%oa@%s FUMEGr es over menory

region and does not Bﬁlﬁﬁieg?eaﬁ?ﬁg U5 &SfoP ¥&lerdth@ a plasma from
peripheral region; etching a rst set of sacrificial

tﬁ@ﬁm{fﬁgg,gﬁ@sgasnt o the first sacr ificial layer and
the second sacrificial |ayer, ﬁh‘éhe fi rst S 15‘%]:
sacrificial |ayer féﬁﬂlli’ﬂ%f‘%i’fiébf?ﬁo th gﬁf
d%'gésltlﬁ?rggf % }F”ﬁhflgk hgﬁot tlcﬁl _s§@&rcé’,f sacri f icial layer

computer read,able code for providing a shrink profile
shaping gas from the shrink profile shaping gas source, which is different from the
shrink deposition gas;

computer readable code for generating a plasma from
the shrink profile shaping gas; and

computer readable code for stopping the shrink profile
shaping gas from the shrink profile shaping gas source; and

computer readable code for etching a second set of etch features
into the etch layer through the shrink deposition.
25. A method for providing features in an etch layer with a memory region and a
peripheral region, where a density of features in the memory region is at least twice a
density of features in the peripheral region, comprising:
forming first and second sacrificial layers over the etch layer;

forming a memory patterned mask over the sacrificial layer, where the memory
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removing the first sacrificial |ayer, so that parts of
the filler material remain exposed above a surface of
wo b@7sesiond sacrificial |ayer, wherein spaces BCEUS2006/044708
bet ween the exposed parts of the filler material,
where the spaces are in an area fornerly occupiedég
pdtteenetlimask psenddést fegings overyaemonytregien gngd ﬁ@ﬂswé%%’ldr? %tures
w dt hs; shrinking the widths of the spaces between the
OYSAtRSPSIPRERLGE M or material with a shrink sidewal |

deposifin07 HAKEo G w1 1Afer Siaevainko demmishidivial layer and
provi des~a deposition over the menory region, wherei
thHelecosidrsaarkficigl loyve, whe¢ ths foft sehef sspafeis! levarpeatass agrn the

| east two shrink cycles, wherein each shrink cycle
mEBIPPY 1°88¥L a shrink deposition phase, which forns

depogihs Ritutk g?ﬂﬁlﬂ@t_ of oftBerifidikll 18yerTedtees ahthtfles hratenial;
the spaces; and a shrink profile shaping phase, which,
shapesndities thegostistérdivia daycheso shal owes pEthefilllenmaterip] mamn
material; etchin second set. sacrifici al

CXROSELRRAY S IBAE ’fﬁ%&i‘iﬂ&f St el b 87 S itk 2 R

thsel'g(k) IB%%Idijl agt?W?{He fﬁﬁ? RSO RvheYd i@ @ﬁ:) 4036 aeah an dreadbmedly

sac ayer features are only in the nenory
ot@@icdrbyethe firs sadrifictdh baype mihetedn te spaggs dave Widi ng t he
filler material. and _shrink sidewal| deposi.ti : . .
for _rrishfgfﬂ%n%@rei"ﬂﬁ af t“ﬁé??‘é’? i?%tdveﬁﬁgke %a\lfpr0§%}heeﬁg% rrrnoalrtfi/rlal with
a'sf9hP %d@\ggﬂ ﬁ@ﬂo‘sﬁi%ﬁ Ffterd RO sk WS A1 E§REMOE Privides a
provided over the peripheral region and where features
dapasitivat over chei edoryvegion, vehenantireshrislyingrihe widthy ofghe praces
second sacrificial |ayer through, the peripheral .
CREPTIETS Ak PaFERIe, Sl%lé%i)f% VS %§hz§£%“1€?y<9#g%"%¥%58&t he
second sagrifi e LN wihh 1BBhé BRRER of 88EWlls of the
r enovi ng fdh%‘;%g?%;p Slet%ﬁﬁ%%ft elr ned rras%(ﬁ;% an%l et chi ng
fliRatiateeial io¥heink e heds; dmlyer from t he second

sacrificial l|ayer. 26. The nethgﬁé S retglted N f:olneﬁl@

25, wher eiashiink PEHl? HRPHEIESHS Res o fgposiion
LR ylemalon o, Lorving 8 p e from
depositdtingna gasnd sndf whelieiahlaybrefesturdsnitogho$dchrd sssipriaglayer
t %ﬁgﬁ ﬂ;?ﬁlrﬁpigliq g%g‘fvh]i Elgggﬁg%)gtg Wgﬂ%algé%elcgn Qe% %k Sn%dR layer
features are only in the memory region and not in the peripheral region;
removing the filler material and shrink sidewall deposition;
forming a peripheral patterned mask over the memory region and peripheral
region, where features are provided over the peripheral region and where features are
not provided over the memory region;
etching the second sacrificial layer through the peripheral patterned mask,
wherein features are etched into the second sacrificial layer in the peripheral region;
removing the peripheral patterned mask; and
etching features into the etch layer from the second sacrificial layer.
26.  The method, as recited in claim 25, wherein the shrink deposition phase
comprises:

providing a deposition gas;
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formng a plasma fromthe profile shapi ng gas; and

stopping the flow of the profile shaping gas. 27. A
woretho6i4bor provi ding features in an etch | ayePCWB10061044708

menory region and a peripheral region, where a density

of features in the nenory region is at |least twice a

densidryimefa pleshafrem the defvsitivardapifadal regi on,

conprisi.ng: form first.and secaond sacyificial .

| ay eFEPRIVE iherffy t B depgsEan ga5, 4y ﬁ‘gheéelﬁi%?h? p‘g’tr?%lre Saapme
ﬂ%{%orﬁﬁﬁg sfhe sacrificial layer, where the menory
ppa terhed mask provi des features over nenory region

and, gestinigh parieibeiaas difSzegion bhdeppatprital
gran, . I ng [ | irs

sacr fermdRgd Plag é!frf)_ms’ilFFPFPj{lﬁéhaPH@ gaé’a%ndi_r es etched into
the Eﬂoéﬁiﬁnﬁ?l?ecﬂé\{"o?{ll%ltpr%f?¥§ﬁap%% $hsd shrink deposition;

etchin e first se sacriticial |ayer features

277 nt 0 Athethsé candosiding feitaieain dragielr laytirwitly h meneors Fegieikand a
deposition; filling features aof the first set. of .
perheral regien Whejer densyy aF ety o MFRPTESEiofis pt least twice a
r eoVvi . fii : ks abmbaYigs. so that parts of
d?lgsgt?fo #?ﬁ%éérgsrer%lttgé?é\rllﬁ]r%gdrrlrg%&iéxprgged %bove a surface of

t he seeongdfisaand fdcondbactifiviet layokevei the sishdasrar e

bet ween the exposed parts of the filler terial

wher &T0HBS 8 FreEwEY BRG] f&%ﬁ‘f%vsaﬁlﬁéﬁﬁﬁw BN E g thymemory
the Lk I.§ kS R e BRGRSviB ¥ tures
Pt 1?@;“%1@?%%%5%@% %%?{%m\obggﬁfghg sn pacgs bg)t@vve}en t he
oRarths p&fiptehs rédibd;er material with a shrink sidewall

deposition where the shrink sjdewal| deposition

pr ov ictsdinghel &s8u s DEthe fiest S?q{gﬂ’l‘%ﬁ?yrﬁ& regi on, wherein
the shri.nki oW i {SRAEES 1A Wi BESs ik
| east’ m\/%h%ﬁ%fgﬁ%ﬁ%eygﬁég?m%tel%gﬁi each %h?ﬁk 1cycl e

de drses: a shrink deposition phase, which forns
BRI ArS

deposits on sidewal|s of the filler materi al éo %Iﬁ.ri.nlf

the strhsnssthe fing sat of sperHICIY layer f%@?ﬁalﬁ?onfge SFroud saciiow] layer
hapes. t he osi.tion on the sidewalls of the filler

tﬁ?g?gf?ﬁlgls?nglgg%oﬁg&%’second set of sacrificial |layer

f eat ylBSg feRtRed dfahs BB08H of seriffitiat iagkr featyerstshittofiér maferial;

shrink sidewal| depaosition, where the second set.of .
sacr ittneviag thefjist sscufieial xcraiethahinayisioy ﬂ%ﬁd‘gﬂ?’félﬁ%?f%q remaim

e&%gsiea%ngr/]eda Qu(i‘tfacie e {ﬂ%%e@o%rclisgaﬁfcﬂl 15}%9,i Whbrein spaces are between
the exposed parts of the filler material, where the spaces are in an area formerly
occupied by the first sacrificial layer, wherein the spaces have widths;
shrinking the widths of the spaces between the parts of the filler material with

a shrink sidewall deposition where the shrink sidewall deposition provides a
deposition over the memory region, wherein the shrinking the widths of the spaces
comprises at least two shrink cycles, wherein each shrink cycle comprises:

a shrink deposition phase, which forms deposits on sidewalls of the
filler material to shrink the spaces; and

a shrink profile shaping phase, which shapes the deposition on the
sidewalls of the filler material;

etching a second set of sacrificial layer features into the second sacrificial layer
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removing the filler material and shrink sidewal
deposition; formng a peripheral patterned mask over
wob@7mempsy region and peripheral region, wherBCT/US2006/044708
features are provided over the peripheral region and
where features are not provided over the menory
th{cﬁ@h @b sh@l“(rr]]k |§id|&g/atl lilepsediban evhereche fécond betlofyagrifickal daygh
e peripheral patterned mask, .wherei.n, features are
feemqs@ﬁe oY 61 PR SRRBACESAER IP‘?tdlivl\/gF AHPRY] e Re
peri pher al an, [ . [ atterned
i e b 1A e e b SRR Btk Ron 2 O
the fe@ant saphbhl pateimddayask over the memory region and peripheral

5 region, where features are provided over the peripheral region and where features are
not provided over the memory region;
etching the second sacrificial layer through the peripheral patterned mask,
wherein features are etched into the second sacrificial layer in the peripheral region;
removing the peripheral patterned mask; and

10 etching features into the etch layer from the second sacrificial layer.
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