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Pl TCH REDUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates to the formation of

W@ eovassadzct or devi ces. [0002] During sem condect/vog2007/010508

waf er processing, features of the sem conductor device
are defined in the wafer using well-known patterning
and etching processes. In these processes, a
photoresist (PR) material is deposited on the wafer
and then is exposed to light filtered by a reticle.
The reticle is generally a glass plate that is
patterned with exenpl REYCHeREDEBCHEOMNt ri es t hat bl ock
light from propagating through the reticle. [0003]

After passing tEQQ59ﬁ§kh§Nfﬁ5¥q?§%“ﬁb%?hﬁgﬁi contacts
t he surface of I ght

th h t hot ' .
I o, SRR RSB S

[b#02] A& ShiSdndRt@MWabr probedshigy, Eante0bf thoSkiissdductor device
photoresist materials, the exposed r

egi.on
afegfined, indhgywatsr Pﬁ@ge‘&‘é‘ek'aﬁwma hpe ag‘ %’I‘%P@Fesses In these
p?'ﬁéeggésaé PhotblBisy mxmﬁfegla[ %gieﬁsﬁte@rcﬁ] the Wh‘f&chnd then is exposed to

Tereafter the wa is etched to renove
light| éitblyeldﬁ?g' augtielei éﬂhefrﬁmhe ishgengradly glhﬁzﬁplaﬁeéhﬁds peffrgaed with

REPPRE Trultt gE0RC BBl B IR BlopaP ey bine riicle

[VM?.]ONﬁexgmexhgthmngh dfe elickepthe ight cantectk ievaurfadhef the

ot or.esi st .pat gve a cri.tical, dine
ten Sy aisu S RRETEcE HE ST PP PRaT o &1 e A qgresist
rﬁﬁ%h@laducﬁ RIQR @Web@lﬁp@l&ﬁﬁﬁeﬂm/e apovtdredfang photoresist material. In the
phot or esi st exposed Ionggr wavel engt h |i ght hg
qage g%poaﬂh\ef'owmr@aﬁt fﬁ? righs) thersppedi TegiPRB AL 16MeVed; and in the

dase ﬁ;{;%u@%gh FRRArRE PG ind BR-PRALACERHS brdRhioted.

e features (the width of the
’fhmafreest)ae vefeds alchedta teenoe thd ummlyfreameieeal fromnke areas that

hot or esi st t|c e f
Pargdvi Bl BLHlrelNGpiadl abd el aBldtie Ty ddtfred
feasdsqn tgf whfee. phot oresi st, or undercuttlng The
feature may al so be tapered, where the CD,of
IPBRELVaripet semerast ORGPt B HPRE T ISTPIRESIS: paterns have o
&h&*apaﬁ%rékﬂ (1), WRRhEnh{8e fiRalidiEot RREARIIES BRAVE. Due to
smaller wdth near the feature bottom Such tapering

pticahpropedies dm@dmvoqreww%l@w@sphowe@st] eXPRSYS} Rpelonger
N \pe\f% %?h V\g 5§ %‘l Hﬁxgoﬁﬂ@éllrﬁf i érﬁ%PH%Jstnge @'eé’tﬁfe@gtre
?1 ve e ng g

ar e el ng pursu ed
epticﬁdahemghtthe phcﬁﬂmsedatbam 18BaHmthe @H of lbgfg@u;ﬂq é@)@ width of

BRctvEs! bEaes B Chi e FRARE i e prict®sigeg dn A, the €D of

thB ARG RS S be hRies thankhe ConﬁﬂieQJhbﬂ)ramﬂ\du@}&o a'acetlng, erosion of the

featurewith a CD of 9 OO nm :L Q hotoresi s EB
M@rgé@t Wu&@eycﬁﬁpgl a ? eauérpﬁ@ay a e tapered, where the 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

may be formed, using 193 nm photoresist. This would be able to provide a feature
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phase shift reticles and other technol ogy, sub 90 nm

CD photoresist patterns may be forned. This woul d be
w@bdog/18334provi de a feature with a sub 90 nm CCeCT/0867/010508

The use of shorter wavel ength photoresists nay provi de

addi ti onal problens over photoresists using |onger

wavel engths. To obtain CD's close to the theoretica

limt the lithography apparatus should be nore

precise whi ch woul d require nore expensive

it 0 BB oL Lol o i B AR 1 dighi Usine
PHiagb skist fetitlgs andvaihet RaBHd10gYIRUDI90SIns CO pistoraist Partedns may be

I f d I tch dit . (0007] |
oea) TR Yean DUToBLs ayerute Wik A SHE P AT hD

{o@b@jﬂfrh@ QsObf SHRPRF %a9§¥h§tﬁ§>hoio§‘eéls‘is %§Ip%@»hh@ ali@tional problems

ncrease device density. nmenory devices nmay have
awer ghowyesists usihg lonegr wnvwhegtés t Tie obtaim P’ aetoag $o thegheoretical

Ildxgx\c}%gg fjlt angap er IGIQP 5 ﬁoul%rbel éarecx% Qwr}n(vﬁ \eJoulci r%gul(fe more

1 ces control array
&erasiat Ihyboglretphymgut;ﬁn dars Prabhity 195 nﬂ]ﬂlod(ﬁasstt gndolf57 nm

evices in the peri heral or J |on o]
Rieiprepigmgy At ’E‘%’ cgBviticaas hig ?fﬁio a‘g?vs’fe E&Rhotoreswts and
8P hffte e WYY Ol ddrp1d sPAERTH @\I)c[n@&gﬁ] To achieve the

foregoing and in accordance with the purpose of the

19082 It therpiadving ofcandpet froldyerer sush @¢ iuelth@ ofragtiqy efsmpmory
?%y%ﬁs?% :ll ﬁys%rabiest %&g%sg%gvxcp‘ d%ﬁé’i{f fS\.ﬁb’h% JE@:I)I cfervﬁk%g may have an

sacrl icral features I's provi d-over
atahor c_&yl_e'egloﬁomﬁem theel memdewatdys aer ]@cﬁted aed alpterlpheal or logic

sacrlfb0| at.ures, Eongr|s§§ﬁﬂ3% | east two cy(glesll it
GE'q ¥rd ‘F YRR BREY Se & ePEMPRAER ey atys 1t may
6O IabRSfoR tHe VIR bf S8RESITA Y pPRiphse aR fbgic fgi@lde lower

profile shaping phase. Parts of the sacrificial
%laﬂtﬂaﬁ @Féwtyﬁéﬁws%‘%%%a%h%fﬁ%eg%eml s are

emoved | eaving t keniR{RY Tk HEIRGENTIN I gaps

bet ween the confo ere parts of the

0408] Tocichievpdid forepethg zndein amrdarml with lthﬁe;blypomnf\ﬁbd present

Features are etch | [ uUsin e

SR A LRsElRE PRY8iBe St i e SR iR i DVt A sacrificia

%&&i’xh’d’cﬁl%yd:ﬂ'hvitm Gaceifichul |fa§t&1fes & sroeideledet At ondh ayiehe Cgafsmal
etween the conformal sij IIs wher e, art of the

wdevalis apdprprd dhn eyl feafues ORRITIL gt BB Fes of

&QQ\QQI] féﬁa@%ﬁtﬂ?&resmefrﬁﬁteﬁéﬂ %l@éoﬁpﬂsés'&Vs@dEWélpdé}Josxtxon phase
met hod for pr ovid ng features T n an etch ayer

prctw pidewall prafile ﬁhmmg phasgatfews aéthel sagificial Pantemed layer between
n%rmil lwall%% #e?r?o\)e l@arv éet%g %891" %aﬁg g\tv&llfg \l»vm{ %‘éps between

Wher el n e sacrificla rned layer eflnes
Hjt:rc@ylfd’regi sidewalds whbx@gdacts loé ghmcnfibnal pagireed lageromensfselectively

}err]neovseg.c rFjegttlu(r:elssaare gtchtc? %c%ylg)r'eriussing the conformal sidewalls as an
etch mask, wherein the features in the etch layer are etched through the gaps between
the conformal sidewalls where parts of the sacrificial patterned layer were selectively
removed.

[0009] In another manifestation of the invention a method for providing features in an
etch layer is provided. A sacrificial patterned layer with sacrificial features is
provided over an etch layer, wherein the sacrificial patterned layer defines an array
region and a logic region. The logic region of the sacrificial patterned layer is

covered, wherein parts of the sacrificial patterned layer defining the array region are
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covered, wherein parts of the sacrificial patterned
| ayer defining the array region areuncovered.

w@onw7aswel sidewalls are formed in the sacri fi PCHIUS2007/010508

features, conprising at |east two cycles of a sidewal
formati on process, wherein each cycle conprises a
si dewal | deposition phase conprising providing a
deposition gas, formng a plasma fromthe deposition
gas, and stopping the flow of the deposition gas and a

. | ! . : il Cdin .
BASURS OIBblnA KR HPRERE GO A8 BGaPE NG, Dhnfirising
Feastrimogeyales lofl arsidefwatinfotrhatiqy mbrtss, whagimepchaycleawehprises a
st.oppi the flow of the profi.,e shapi ng. gas. )
DAREGL AHepsiin Bh5P ComrSag Py Yiding s SHROPHioR &a%1 fapBine a plasma
BeiBe eFONioN BB, abid SBPEInk ShaflewssEItRe HepRition @IIRMAA sidewall

| eaving the conformal sidewalls w th gaps between the
RIOAHS Pliping PSR &P iging Peoidings Rfpfiledhaping gapidififerent than the
8 | YR IR tSrbeilSIBYRY- cal Ndl RSfipfing th
GBI s; R EpRaRR ) INEBYAICIRURG pal Ml Rélifing the flow
ohihe\peoftle. shEpiag gassUacevestdpeats dfithe basrdicél patigmed layengetween

t he. conformal, sidewalls, as _an ch. K, erejn.th .
P iPR AT e M Ey A o ViR R tlienel Hab fsvio
BeisiReR o eﬁ_tmﬁee:ﬁﬁfdimﬁﬁédidi&ivﬂﬁy\ﬁhéxﬁ patie lbétt&_aifabfliﬁ(‘)iﬁl pah&:rraed layer
sacrificjal pattern ayer were selectively re ed. .

Fe %quweémsméﬁd-nih? faga rgsr%?faﬁe SHEIH) eﬂ?ft%‘ﬁn_g er is
ARRALAIUSFhAlred S6MdRgd i Wi@Slak & @ihEtheRoh ¥l §i8ewalls as an
provi ded. A plasma processing chanber is provided. The

pichsraskpwbersysthedeatgriye thecbpplay ereare stobid thyenghntiel gaps between
gh%g:g%]?(g'{%l Qid@m? %Q&%ﬁs%tl&b&a&@ﬁ&ﬁ Eg&&ﬁéﬁ f%%ert frere selectively

suppor or 'supporting a substrate
tdmgoyldasna processi ng chanber enclosure, a pressure

tor for regulatin he pressure in th asna .
030128 gt i itaionr S b BvBAEST 8 Gerattt” By ofR R geatures in
AP EtcRNAYEr 4 PoVRIRIEIA pRsthh BrdledsiAB CIEASS Fﬂ@i@éaanrqﬁrpiasma
encl osure for sustalnlq%}a pl asma, gas inlet for

PIOSSTSé thehaghser cARPTifgen aash?ﬁ“@ﬂld’eeggigrﬁgpleﬁaﬁﬁé?cessing chamber
LQRHT BibstRd s@p@ﬁfg? gl#g%trtuﬁé)ﬁ sEBRatSithS, tgél?lafsﬁﬁ?é%cessing

the plasma proce mber” encl osure. A gas sou
¢tsanmberfenglogureon passuromeguilathr foneegyaatingnthe prestime igdlse plasma
source c rises .a sid || depgsitijo as.source

R R s N T S e
playen prereesiag chasbaaucbeurcabtlsataigingla played, gat efletfyr providing

as, source. A contrpoller is controllahly connected to .
St gl R e TATOP LSO BF @ GULC! Fpf gxhiusting gas
&6 the Pl AmLABRESsHEThainbb €A oRRE RIS §6§§0E isiAGIuid connection
conmput er readabl e nedia. The conputer readabl e nedia

wihhe sesindinie @ps Fanerenrapitsga sidpwalbiepopigion gas source, a
SiackAl pFft (Lé sHAinE g&ke%ﬁ@/_ﬁfsa ﬁé?aﬁéfér:géﬁasb | ggﬁ SBUE &ihd an etch

over an etch lay eréin the sacrificral patterne
laggeetchintigae sowrne.aArcantro e io gonmel lably ogrinecred 4o dhrg, gas source and

Q ter reqd%bl que for,.formng_confornal sidemallg
castoncelectrade € controller comprises at least one processor an
e sacrificial
computer readable media. The computer readable media comprises computer
readable code for forming a sacrificial patterned layer with sacrificial features over an
etch layer, wherein the sacrificial patterned layer defines an array region and a logic
region, computer readable code for forming conformal sidewalls in the sacrificial
features, which comprises at least two cycles of a sidewall formation process, wherein

each cycle comprises computer readable code for performing a sidewall deposition



features, which conprises at least two cycles of a
sidewal | formation process, wherein each cycle
w@eopnsxes conputer readabl e code for perform PQI/aES2007/010508

si dewal | depositionphase, cenprising conputer readable
code for providing a deposition gas. conputer readable
code for formng a plasma fromthe deposition gas, and
conmput er readabl e code for stopping the flow of the
deposition gas, and conputer readable code for

I dj 2 Si il I ng. bha C risin
B B8R e sElible oS M0 B B kAR ke) Figrpvier
gersiabliefdode doit fortning 4 plasde fiosi thealepgsision gasiant @omputer readable

readabl e code . f form a.plasma fromthe profjle
Sl g e tsdloy it e dPpovbionBr'e 204 GEmpyter Saggble sgde for
tohevifling\l e WwAIBpRIQd sHpinpl5HRAkE GobiFisi WBér e8I Se for
code for selectively renoving parts of the sacrificial

PETHENRAPPEIFeThape 88 A IESPRIh#mh helepesitipn 823, sawipuigr readable
th&e ?d?%ﬂﬁi’ﬁ%la ﬁb?\ﬁmt)}rﬁh@”pw}ilg 3R flgggﬁ‘f;‘ Ghd t:gtsllpg}ea feadable code

conformal sidewal | s where parts e ‘sacri
pert tteprieg theafjew ofidreepreflectinping| gas y comoweter, readuble codeLfoer

[ Le code for_etgching features in,the,etch | ayer
SRR £TR it Phar D £ At R et Bl ablEE pEbEen i i
shiewhtalaavas tha cohfonhicdiddveyiBrwiali gas Kdtederd the@agforinaBsidewalls
S betmﬂg the_coqfornal i dewal | s where parts_ of
PHETSBTS ¢ itg? saerificia! petierged Invsr Wrks electivelyyrmergd, and computer

r&IR¥RGodk $Sletding lF@aﬁ?‘re%mjth@tet@{ laf&alstBBe Qf)réfé)?rgia\ sidewalls as an

present invention w e described innore
stabgnaskn whiseein hediepiaresde sha ¢iph fayar o etdhedithnpagh idongaps detween

A S B ey RS e S e it

remevdd.on is illustrated by way of exanple, and not by

f.limtation, int figures of the acconpanying
AT oS o Smnlafed Hae B ERGRCen ol htsniad grore
gedill ilow et tetai RA Aebdd pioh O thd RERdor A inleohnfundtibh QMh the
chart, of _a process that may be used in an enbodi nent
fllawiseifigiessi i on. [0014] FIG's 2A-1 are schematic
cross- secti onahpafel PEE PSS NOOFESE Pk RARERSSed
according to a Tbodi ment o [Te 1 NVent i or
[0032] Thepresenbingeaiibdraislidastfataibofvag of tegmlk, 4rel mitibg way of
R P s COIRY oTHE Asep ™ PR A Buet b piheh ke reforence
plidetdl€iolg thiRemilaveathesand GOWRichFl G ' s 5A-B
illustrate a conputer system which is suitable for

(93P FéHt 1 e Hovsher@f parosrsethat mayhsouedimens embodiment of the
BVRS8GL. | nventi on.

[0014] FIG.'s 2A-I are schematic cross-sectional and top views of a stack processed

according to an embodiment of the invention.

[0015] FIG. 3 is a more detailed flow of a step of forming sidewalls.

[0016] FIG. 4 is a schematic view of a plasma processing chamber that may be used
in practicing the invention.

[0017] FIG.'s SA-B illustrate a computer system, which is suitable for implementing a
controller used in embodiments of the present invention.

[0018] FIG. 6 is a flow chart of another embodiment of the invention, which repeats

the process to further, reducing the CD.



10

15

20

25

30

[0018] FIG 6 is a flow chart of another enbodi nent of
the invention, which repeats the process to further,

w0 e@aasag2 t he CD.[0019] FIG's 7A-L are schemap¢T/US2007/010508

cross-sectional and top vie#s of a stack processed
according to the enbodi nent of FIG 6. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0020] The
present invention will now be described in detail with
reference to a few preferred enbodi nents thereof as

T[d)d]ly:‘]tp’léi €GALD at@haseREBRBY-sdiothiPMd Y vidws dthestack processed
ol | ow ng description, nunerous specific details are

gecorflimgtth thaerpp Fneﬂbof)ﬁ&bﬁde a thorough under st andi ng

of L NORFRASM D P10 bF 1k PRI EOREDINBODIMENTS
€ present

||omt1‘hmrpramm beveptiam tiild edwvbetdmc.mb@omiewl with r«:ﬁerence to a few
nstances

R TR teha s | ST L0688 ME RN e

IsB&WinRaRkstmpietat alinetdus@pélsfic HaaﬂQhrewéﬂﬁﬁ&Sﬁafrdéryto prov1de a
obscure the present invention. # 0021] TJq facilit
1

Oherongh an ORI OF the et TTVSTHeR A il DeapgRisEE Rowever, to one
sﬁmed'm)(hep%t Yagdné Pré@ntqm%'omy & plabcdd VRIS it @Bmedr all of

sacrificral 1ayer Tormed over "an et ch | ayer (step
10ebE spédific d@t&llss Irothenimstapess; WeHinowingwoesfss gteps and/or structures

acrifici aI |l a o

7 o} BB iep R, P e Tt Y b Mol S MRGE W proscnt
tlhv@t@nan'pl e, the substrate 204 is a silicon wafer,
the sacrificial |ayer 212 . hard sk teri al
JORATIEe Ersopramaeismngor: FLgtal I GHAr 4) BiProrse: et By be
qs8il §l SF Lib6diRne bf e inPifidna SicEfielal Blybk W’Poﬁ'hedTBVer an etch
forma hardmask for etching of a conductor materia

Jaysty (step $D4). [ 2P\ iA arpaase- szsmorraé vieyy by sapidicial ﬁ%ver 212 formed
sacr Ialgle Ilneflayetrﬁbgrwﬁ%}lggﬁ T OPQ?até QWoﬂrrﬂng 'a@tacg&{)() In this

F&r s e has a photoresi st materi al
Ianfdplles tlw(aﬂjstret,e 20dds awiicon svadier] 68 sanmiftiol layersd It is a hard mask

material. The substrate 204 i l.aced | pr-Qc

iRt Sispomzsorphes goep & and BB el afjsll ASR AT maceria,
RLEE 8§ SIPolCHINRBIch4RE) fdhata HRYmBsk fif@ethir 6fd Sonductor material
enbodi ment. The plasma processing chamber 400

(ﬁ@lﬁbﬂ%?%s confinenent rings 402, an upper el ectrode
j‘éﬁzﬂa& N 1%58%@%11%&9&(3 s%cﬂﬂélaﬁ%%rc(‘étef)]l@ﬁ) aRdh&#n in FIG.

as source 410 nprises a
K Biefeiepkys thel mmslgiabﬁl rscmﬁ am@owl:@m%mnlataﬂ@lh A ks praspple ethe mask

g‘gé @g&{"g g,ggége(’sﬁ ggatgzliaﬁ %%ﬁ SrsullRY 2&&%}&%8 n?g%lrédegﬁﬁlé chamber.

an etc gas source
S[OO2PPFIT MRS sshemhetc ¢idd/ dﬂh Prot@singtahlimber 480 thapmiap e used in

D S5 o RS SR o bR pgremen i

SAMPS Lh ApFerdiéticdeRO8] § IRNSEIdRBR: 408, d QRbuRkAID! Afltan exhaust

4§u8rﬁp 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 allow etching,
stripping, and other processes to be performed in the same chamber. Within plasma
processing chamber 400, the substrate 204 is positioned upon the lower electrode 408.
The lower electrode 408 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the like) for holding the substrate 204. The

reactor top 428 incorporates the upper electrode 404 disposed immediately opposite
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The | ower el ectrode 408 incorporates a suitable
substrate chucking nmechanism (e.g., electrostatic,

wore@hiasd4enl cl anping, or the |ike) for hol di ngP€h®S2007/010508

substrate 204. The reactor 6op 428 incorporates the
upper el ectrode 404 di sposed i medi ately oppositethe
| oner el ectrode 408. The upper el ectrode 404, | ower
el ectrode 408, and confinenment rings 402 define the
confined plasma volune 440. Gas is supplied to the

| e Ble a
tgg( anvl{legte g%%f)? Vqlhg ngelé dg 94 SIBWek BlettduN0R, iasid

he conftine 'asma vol unme through t he
o"oanﬁerﬂemmgsm (ﬁg&ﬁtﬁ@ Zheamhfqu elesmastolyoe ¢40y Gagds supplied to the
exhaust punp A first R 390568 ié

@ngped prRampy 0&‘6% BE BT SOHTE “per e%élg e fropp he cgnfined

;??&1‘?5‘%1813:% tBEEhd dénfiren@nefihgs 4G and mmmstep;brt by t}heexhaust
ower el ectrode 408. Chanber [ls 452 gurround Fctode404
ponp f%nérﬁrsr Rﬁgsguwsz%‘*ﬂﬁ@le%ﬁs Y GPREteg 48 P PR et

l\h gc ARE sSlBE h%g?@eléaﬁcalgz S dhnboied t fetloWer IGUEGR 4084

e sécond source 8 may conprise a 27
Cﬁmbersmltscfé%ﬂndroalng tm-lzorﬁmﬁmengw )2, ther YRPER ﬁ]tectrode 404, and

rin,egb ‘ngg%péie ﬁOﬁCﬁlgﬁ gk}js@%% ﬁ‘fl_am gtélg%rng hee S&lc6hE REMBurce 448

224 Rehptik®©R 29 NDHRlpolee goiabe yndiapadthmmeve@ BREpe.3yiffeeant
made by LAM Researc or at jon

t 1
cnbipationspet GRRPSGHL Bg&a&t@& £8 8{% SHE rproggrgfé In the case of
eanqdiseRRh (Yrp &Qﬁoﬁ Bmat FeQuerkgtdupabitiva (DFEY S&stdererz by

power Sour ces mke the second RF Mﬁr Sourﬁ
mma@smm Eorrsatigirof dremepipffalifomnid. YRh PpePe use fna

cLd t £2 MBIE pb
b eV s

&Rt Lp thesecdBD KFSpmmﬂspotcleaﬂBByconmnﬁ@Uloéae iwqrwéempde, and the

sour ces 444, 42 I

MR ot OREs EpSbU (B r B B FaRe R o e SRS R have s
%ag@fé v4980 '3$)O<MHble |Af—‘6(5r[ttdllel‘ ayels, c(%gghaﬁs csnmocl;@hto the RF

oxl de Oor organo sili cat e

5@1r9¢5|‘tﬂ§‘t,|4ég=eexz§'aé@r?¢'mié‘l‘2 &4 i 25061155 Thg DR SPHEm would
“'ta | Rlch®d 1435 suses silicon oxid
A o S g s

@Rtanp GH alx gathy& cal formof the conputer system O

cou e Cco

RO Sy S S PP ato Bl o

Ginpfetdnting arcﬁntranelr zazsswﬂlm babddietchtdefthe grespnt ipvention. FIG.

huge super conputer u sten1130 n

Pénshosys qm:o;zoss lwlyﬁfcgg%?th% gtieﬁays%% 66If %g\gﬁ q:he

q:%}nfﬁte]' §9§emq’ngf3umgn bﬁﬂ}@lcaﬁfﬂi}ma rafging frodilah nﬂgkted circuit, a
a

I'S a conputerrea medi um used t8 transfer

daatnaedt Greaicbord nd grisalhandpeld devies 0 1 PO FURST EOMEter:
t%t ssggékrgdﬁ)({m BhohlRek nsiRek @%i A diSPIEP UL G, aSHouERF 1306, a

0 system bus 13 is a wde variety of
HidisdbieelBs, Pkoylessdil b 5), an@zzn‘élaﬂesléu Disk 1314 is a computer-

readable medium used to transfer data to and from computer system 1300.

[0025] FIG. 5B is an example of'a block diagram for computer system 1300.

Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 1324. Memory 1324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer data
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referred to as central processing units, or CPUs) are
coupl ed to storage devices, including nenory 1324.

wORW0M1§344824 | ncl udes random access nenory ( RART/ESZH07/010508

read-only menory (ROVM). As s well known in the art,
ROM acts to transfer data and instructions

uni -directionally to the CPU and RAMis used typically
to transfer dataand instructions in a bi-directional
manner. Both of these types of nenories may include

BXB%FJC}Q@% 5%638{)16% ?(ctfgagpdﬂgn%{err eadabt ﬁeg@@bé‘s fesemobiesdmay

I's al so coupl ed
iRklug BeEtdienR bithe @ofﬁlﬁhltei-:ﬁé’azl;abletmgh@dp@@@ed@glm of\dixed disk

dat t i

it o delas Dha TR RIS AL o L2, LY s B hal|dhfa storage

c"a%é 4 1A B8y 6 GndiQASHiSS &F tRE 6GhpIEr-rekdnble aetia tlh@rilbpd( below.
I'S

pical |y a secondary storg
Fiaed ddkslla)26tr¢ﬁa/tbq usedlipRioFe PRSFT AAkr ?z"‘g *‘Srpé\% ty Bbichlly a
be AP0 dIdKkg kR4 SBweethah ary storage. It
WW??QWV? Eﬁﬂgégéggéﬂﬁ]n g@ propri at e casggﬂnbe
WACBS wramexédnmtsn@mfamtfoagmamdawﬂvnrf't><@5|d%%%ﬁf“% in

menory 1324. Renovabl Rfn
e R i

[ 9§02 63 o Rldb13dRKI13 12Insy talsiibledfdmh of any af thetopmpfuter-readable
I nput / out put devi ces, such as display 1304, keyboard

4, deserilrd brday, and speakers 1330. In general, an
r acL/C(bﬁf sz geaygoc&ug?éa 18 VRtyOd mpu@lﬁﬁp@h dploayssuch as display

m ce, keyboards, n1cro§3ones

1904 reploonsd 1B V@, rdo'sqgl 132, andrweaknne 43 3Q alnengtanginput/output

L t ’ 1 2y
e e i .

%ucﬁtsgﬁaﬂtl@@ﬂﬁb 298 SranSBhiet laé’rﬂ roplerg mla’cignythay peRer émm&g@:
to anot her conpute ecommuni cat ,

iy P3RS, YOI PR R o R e e dic EflBfor other
chtng[lﬂ‘e?sc PU §325 o BFRhA! 8Scdupidd tb%ofﬁ%ﬂcmlghter or

receirve information fromthe network ut
itelé@mmatihionations networkedsiRg REMATE ﬁ%ﬁf%ﬁrlgé 0 P‘f"g} etwork

t he bovedescr | dBL RSighfieEdibe 'irﬁBfrﬁatldefrbmdhe network,
er'rétr{? §°% m?’ﬁage pr egg%télflzve%tl on may execut e

R lnﬁ Edt difpeut ﬁautnxaaa t@ﬁlermyvv@keo thecarey obpeErngthe above-

such as the ern conju

e eton0n Lo aporh s SR f R bftstaldmention
dicRite BN HpERTPY DI22tdransyr @sente dvey emefvorrkfsueh wrethe

relfate to conputer storage

dow:pmt & corgnpRtiamevith a,rgﬁpieﬁ.géﬁﬁléq} éﬁ%rgﬁﬁgpg}o nof the processing.

g ﬁoﬂ']l adgftl#ﬁgn%anﬁ@lté/ & {h 0 PReseMTRVERIon filtheneiite t computer
i'ons e medi a and conputer code may be those

speegaplogucs svigne domputecordeblg @%Humdhatth?ée FOPBYEE §°<6‘~’f thereon
Llﬂbaﬁrﬁi%ﬁgéyéﬁ)/\gsg%oﬁ texo{%noﬁ %tglaié Q@E?Bs t’lPﬁ: rlt‘iédieg aM@tdmputer
CAR WA B be&ﬁf)ﬁe\l\ﬁfe&aﬂymmgﬁa@hﬂm @:mstyﬁct@@ fipruthe purnesers®f tae present
nx?\gclenatloln? gl t%%? may%e c?fr tle13 |ilmd well known and available to those having skill in
the computer software arts. Examples of computer-readable media include, but are not
limited to: magnetic media such as hard disks, floppy disks, and magnetic tape; optical
media such as CD-ROMs and holographic devices; magneto-optical media such as
floptical disks; and hardware devices that are specially configured to store and execute
program code, such as application-specific integrated circuits (ASICs), programmable

logic devices (PLDs) and ROM and RAM devices. Examples of computer code
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limted to: magnetic nedia such as hard di sks, floppy
di sks, and magnetic tape; optical nedia such as

wEBRMBA4aNd hol ographi ¢ devi ces; magnet o- opt | PEI/UR®AT/610508

such as floptical disks; an8l hardware devices that are
specially configured to store and execute program
code, such as application-specific integrated circuits
(ASI Cs), programmabl e | ogic devices (PLDs) and ROM and
RAM devi ces. Exanpl es of conputer codei nclude nachine

¢Q48de RHHINESo #F%sg;rrgﬂu&d%{:&géﬂera&gd Files §§%?inaing higher

cont ai ni ng hi ghér code e execute
doveb nodsr thasdmgxesutedben pomlpgteI usingpotisterpredalCbmputtireadable

axée%ala{’lxlnséo ﬁ% ??gg'}ﬁ Z%r co zratgég;r ( btyfl\a}:csoeméﬂ%r ga(%g‘g gngl embodied in

eafts edviengld desreinting e sefudnts bf Utiuotiond that ardleRecutable by a
executabl e by a processor. [0028] The nask is trimred
PEXEPS°112), as shown in FIG 2B, in that the

662;13 11tHeGRadk is ttthﬁmf@%teg g 2d %h(gvbh i P IG. 2-@ Sn tct{ﬁdt Mhd &fRetures of

justed such that the spacers to be
@aﬁa@é@m@lmma}dewmdneb eT1p¢ troe dineet lStaﬁBlSt!?éﬁupb (chapdm $paoers to be

’%ﬁ or eSI S ﬁﬁ* Qv?ll lgcrea mhg%egllggd r%‘cftxon S anx%)xingga reFlé)e for

PeEET fsES ey
mmma@mmmas@@anmbaeapaomm\m dml pabcas hmc;u&mm with a
2VHz 28 g_e Ois rovids 29] Sacglflc:la
PEEtrerd 4P BPd o 10Oy RrteATe REY it Lo eeacy pr P4 1000 scom of
lBYeproddded(step 116), as shown in FIG 2C. An exanple
of a remge for etching an anorphous carbon

40029 Sasrifiria) lpyey fepruges Hldsarg efshed inje éhfmacmﬁmpd) tayer 3UD(step

a C
836335 ARG Sha b BRITI e g M SRR s carbon
Bhrarlfm Aafer (prahdémpncssme pf édraTatyl yiObamta areptdvttd?eld etta

BB ra R P pB Doy 18 BB i o e anee

an gleesa@:ﬁﬁ&IBEfeam@ss@df&mﬁ hed a VERical Wanahily shasedms prdfile to
det er m ned the profile shaping phase and hence

PygyCRBltRe §If |t}gqﬁqb§eqtﬁaéﬂ@eer/ﬁn feppaee dSge the preffilg angle of the
Ef}%%& Qideysle Ll QHF@EIWS&&R:«E@K ge{enﬁlr{eﬁwl t%l% gg)fﬁp @H%{ g ase and

features seemtilted after renoval sacrific
haxycertyplpaﬂ)ssi}gmydamsdk 4 1gptrhe naqréimalefdat(m ‘apulﬁml)qrm make the

sho i n F t he
F0 e ShatrTrastls oot TR SATR oL SR GRS s
C{Uiﬁﬁhas&ﬁh tm@l rﬁfn@pedﬂ Gtd01 20), &Xgheem iaFhGNgDt Metfe mask may be
?referadb)tynd F‘ anﬁlercut th sacrificial materials
e, dyrine 96% &g sarpisi! .%Yea SREtres 8f ©iPY Bna phksequent
hShiA®Be {)Q@ﬁa a%%)&@%ﬁﬂﬁn% 1t prR&rhbly doal n@ﬁlxﬁ{ei‘@}t $he sacrificial
[ 0031] IS exa he mask pattern is for

ﬂ@ﬁ@ﬁ%‘gfoaménﬁrryabaﬁlﬁwe e¢hpved ig atwtssob»@amh@t is gonreagtive
d»@éfrd%&n% ﬁ&?fﬁ&ﬁ?m@te‘hﬁ&' on for | ogic devices, such as a

per1 pher al
[0031] In this example the mask pattern is for forming a memory array chip. In this

example, dotted line 218 divides a region for logic devices, such as a peripheral logic
device pattern 222 and the remaining chip for an array or cell region 224. In this
example, it is desirable to increase the density of the array or cell region, which
provides repeatable features, without necessarily increasing the density of the logic or
peripheral region. Therefore, in this example, the logic area is covered (step 124). An
I-line photoresist is used to create the cover 226. This type of cover can be a low

resolution cover. Preferably, the cover 226 has a sloping surface 228, instead of a
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device pattern 222 and the remaining chip for an array
or cell region 224. In this exanple, it is desirable

W o007ngHense the density of the array or cell PEDUSIV07/010508

whi ch provi des repeatable fe&atures, wthout
necessarily increasing the density of the logic or

peri pheral region. Therefore, in this exanple, the
logic area is covered (step 124). An I-line
photoresist is used to create the cover 226. This type

\?%rtigﬁvs theg%égﬁ g@ge‘a& LEAPhHSREbIE Q¥Rler ol £bt1&8eABIed in the

e cover sl'oping surface 228, instead of
aibseduenaprosesstaglengthd digeaddhiscoverhat an undesirabl e

8R0S0 LSRR bR o 85350

F%ﬁ.nm! FIG 3 hea freé étailédflolvahhiof she se;erf ???mg sigewalls in the
shown in FIG 2E. FIG3 is a. etail e ow chat t e
srerifisal e eb oo g SR f PRECENBE I cel 1 secrifica
I;ﬁ%g’g\%a Fcfhg}gr%e@ R fl\%%)ity §¥cyeRQWR aichclid Srocdss dohprisiiga sigewall

in sacrificial features conprises a

pépasitidnt phast (stscd @ apfl sidewsadll prefilsrshepiog phasfisie 34§ -a

' | 1. deposi ti.on e j "
BICGR Pee el T e AaRsh G Bt Bigpiion e
thapabidgwlcasttapagisiiopaphaher istonaiBidd)gasssesich as SiHy(CHs)z,
deposi tion gas conprising at |ea e of . Si H4 n
§t$le etognd SERE; %‘i‘?"r?gs“ﬁgéé e et 3’%@?%2?(&] MYy P?ef%iagiy’ the
ﬁgﬁoﬁ@n ruhtBer GRPSHEcS HehrRS ghie sudd as Ngon KF xenke. eNlore
More preferably, the deposition gas further_ conmprises

arafemblye thegleposison BanBurthey 6AMBFISSIEH 43t (st @f an oxidizing additive
grgf SLARIY &d‘i‘&vedé‘&%ﬂstog‘?\ngg% qiayhger conprises at
8aé &3 s [ it

toone an ox I ng additive and a reducing
JOlB4) i AreexBnisih ofis sd2waNRiepbidiion phadd (step G03Nproagdes a flow of 10

exanpl.e of | dewal | position S S 3 :
R g B
REBSGHeA ok 8§ t§ifperh@rOO207KDr The I¢vdnd Ris§ourte44 &Bprovides 400 Watts

mai ntai ned at a tenperature of 20 C. The secqond RE .
sbalfica s 923 N HEand SOMALS 6 dreqbionsY B yDBnS reeposition

%ﬂgseoth%'é%&étﬁ%rg %ﬁ?ﬁ EWdle, tife sz%SitiQH _rgia§‘9s 41 formed into a plasma,

epositio deposition gas is provided, the
aap olsirt the depesitiorsgasrianppedred i nto a plasma, and then

. o Bt . )
P GtlarRRr S Rrii R DR Shpin 88L it SRR, Yrapies
Qﬂﬁ"?r‘éhf fremant dfﬁdg(ﬁlzdrh@sdﬁﬁlgghtpirismﬁéﬁ%aangh%@ﬁ@{ﬁﬂbahd QVF3 and

at east one o an an bl , a . e .

i and by, Viororsiiskiy s RE R HGe kbt TR CORBISAsarier 8ss
%u&?ﬁg 18hn 88%enctl AN oASprafdMly Othe Y5 shafh € gas further comprises at

preferably, the profile shaping gas further conprises
tast ens of anexidizingadshitiv %%@feé’éleinﬁiaﬁélt’a’ﬁds%hraégﬁok tlagh2> or NHs.

a
306541 K854 250 i a0 80 s
IB)gepr(hy.iftiesing, hrahigerh{drire) céitaimingigas, suabrrsid0 sccm CFy. In
Ctgils%gciarr;)%)e, %%Qtisa ‘!hgiorr]lgy gaass;iroxslilégg dgrslné' 910e psrg%@ s%’a:q%ingl. 5\ pressure of
20 mTorr is provided to the chamber. The second RF source 448 provides 600 Watts
at a frequency of 27 MHz and 0 Watts a frequency of 2 MHz. During the profile
shaping phase the profile shaping gas is provided, the profile shaping gas is
transformed into a plasma, and then the profile shaping gas is stopped.

[0037] Preferably, the process is performed between 2 to 20 cycles. More preferably,

the process is performed between 3 to 10 cycles. The combination of deposition and
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this exanple, CF4 is the only gas provided during the
profile shaping. A pressure of 20 nmlTorr is provided to

wo b@7abmmmber. The second RF source 448 provi deBCH082007/010508

Watts at a frequency of 27 WHz and 0 Watts a frequency
of 2 MHz. During the profile shaping phase the profile
shaping gas is provided, the profile shaping gas is
transforned into a plasma, and then the profile
shaping gas is stopped. [0037] Preferably, the process

plr?]féle f or e ReLNE é) a?ﬁ'}r of %}Q:lgsoalfb\(i&\sl 85 the\BHBatLbevarhital sidewalls.

FLae8vY'S bet ween to 10 cycles. The

PG@tﬁtubﬂmtth@Veméalckmmlhs|am1s1é¢nd@1ﬂa)ﬁhm ﬁO@HA’mOﬁg tpkpgmake an angle

plurality | es, all for of

Ty %%e\%ﬁﬁﬂ’%"' bty oF s Sa“‘t‘f' ia f% yOrteattle. O el ls
6338 Jsmﬁée@él% Sthi BRlewhll aadse&meogpabe bémemkeesaanﬁamg layer features
et ween

0 90 with the bott |f|
tb @yecdtfceéﬂDM hétwqeocﬁ%%?%Prl\éPré‘rpéﬁioe&ab?}’ Hé g?‘b'@i/\ﬁ flgwgals ka@g g the
LWESA Gb Bk rbdited bl BRtWER0LTO%E The
%%%%ce %§y9%§ meéﬂggﬁgéq?&kg%e préferablg, the shrink

cgrlc[ieall/&lybls neaUsee e ditiopakdepositipe éndfos shapipg phasgp gy may have
r. features to be reduced by between 20-70% The
Qﬁ}%‘l qdéiéﬂc’“@y p%5%¥my have additional deposition and/ or

[[%699] PRIOHRST Ehe RIdeRRY depusition Ipecheasjdbd:SI nonh fdrnph depesition layer
0039] Preferably, the sidewall Lt

aoeg hw@zomqj ,sm’facqge ﬂggsf Pay ge @gg;gpp é{l"xsa g Wi ngg? ?ﬁesmaterlal to
%;H fsﬁﬁﬁfln% Y SadBli @%o@ﬁféﬂ"ﬂﬂabé bttty b@zl Ha®itgnguc deposited

teria 0 deposit rlng t he S|demalgﬂqep03|t|og B
phesie) rdudvet rfmm byrizenialiyriacrsfwuieder PERfilFaharpgPase: BY
[eryed A hZAl oRGohtABsRERE ll6ws f
R S P T
sapegidnt ﬂﬁnd\aﬂ/ ef thersaearificnl apert Alhesslorfing surfadeArd af ghe cover 226

subsequent renp the acrifi

Bl ogrgmbLT et emgo e Bk erS sRep e YSimatTAn he sloping
%r?&%@zfsf PRERSIY Aid $16}§i|n%tsﬁrf@cfeemits skiped \eds |thzfm$0-?eftqro the
on the sloping surface 228. Preferably, the sloping
borifetd @2geaty thanpRdirpradhe Ve&f2l80 from the hori zontal

m{] %‘i :l?;tgglrnct Pe?gd 581 Ef‘ R Lhes é"lgflta &qk reth&@40ktephg 2) so that gaps

e sacrificia ﬁ%er is renoved
630 ep fbaam Betvxtehathegapwﬂmvmre pRus AEtheaeiiaeal g were

sidewal | s where e O SAG ] y & tch
FERDVASy 25 g?vghma ?I% o%@hcg{tfrxée %’%:315’ cl eﬁfer Y@ﬁl es an etc
UG chih k&bélvel)abéﬁ{ovl’eﬂﬁélwcﬁﬁcam lskec fnatdlraﬂ w;ﬁmespect to the sidewalls

sel ectively renpve the sacr|f|C| a mat e
P86 pad the evEne2; Mt tian, SARFaYeh % SPGB Tk ¢ °k¥¥' thin the
% &kfﬁél&qa}férlgﬁclpﬁx\é?én&%ﬁ cohahdsthEramiifing b Qkﬁécttpleapheral areas.

e sacriticral layer such that enough covey | £400
rﬁa‘(rmamnpig reagpepthet is@blegerdoghisria thig cya@p emo‘ésggﬁ% |péessure 0

SEES200 sk B kP atgptilae bryRyieeaged eem or i
Qﬁ@Md&ES at a frequency of 27 MHz. 2000 seemof Ois
[0041] The logic area cover is removed (step 136), as shown in FIG. 2G. A recipe for
removing the logic area cover provides a pressure of 20 mTorr. 200 watts are
provided at 27 MHz. 200 sccm of Oz are provided. The cover can also be
alternatively removed in a wet process.
[0042] Etch features 250 are etched into the etch layer (step 140), using the sidewalls

230 and the previously covered parts of the sacrificial layer, which formed logic
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provi ded. [0041] The |logic area cover is renoved (step
136), as shown in FIG 2G A recipe for renoving the

WO o@ra3rmea cover provides a pressure of 20 niBCT/USRO0V010508

watts are provided at 27 M. 200 seemof O are

provi ded. The cover can also be alternatively renoved
in a wet process. [0042] Etch features 250 are etched
into the etch layer (step 140 wusing the sidewalls 230
and the previously covered parts of the sacrificial

cle q,? patteT(nscztizf Q%;zﬁie&cﬂl 991'812 dfs‘é'hﬁ@mﬂﬁt}:tlér NS, 228on\aKtidHkl etch

as’s A conventional etch
re€ipk fer étdﬁmgthﬂma@ctrh:elanhréloéos P$Q§1 | ayer 208 is used.

0043]. Th, [ d t h
71 rerdeopi i GF e AnE a\eEL BT o B! BF somoyed Gep
ﬁi@ asZshowhTh F1GRYI. PEhigatgel acebmdhshedan 8 sm:gle step @]pat removes
that renoves both the sjdewalls and sacri f|

both s G e 0 e HRLIRA P S Rt e PLTAVES et
10g v%k ﬂ%"ﬁééw?al!&gn ane st%?o%ﬂd wséchﬁcmwy& inCArthdrayepl Am

ano her ste hi s process i S renoves

eyt obasegrosmemmqusﬁhgsrwbmgérdea\@Hﬁ in abalpepn saptgining
HBr an Shorph

et (SBrehaE koS00 iR B bRAEA L CLat a 8 Rhorphous

EREYE 1dyer iR |aﬁ$)miiaﬁfm OR redri2tiofNplasor dfids, Hp.04 41 NH;.

Addi ti onal steps nmay, be dedt ete..th -

L Nate chaalecy 21! §t§]aﬁ NEYR TP \PS%CI&? oRp etfzggg{ﬁrm?ﬂon Bf semiconductor
ﬁﬁ?‘%ss provi des etched features with half the CD and

a the pitch of features forned usi ng{the

PI0SH Tbss proceragkoidesrichedcispimesstvish Bplt %@D;ﬂngggéfsthe pitch of
#ﬁ’é‘f{ gﬁoce 35 ltﬁg\'g%ntn% slln&%?es&ft b8 uBiak @ JBRGLRIMAI &kh process.

S|n ayer etch to halve the pitch,
Whid §opEse ullawe theswsefofal sirgrierphetorssist haskdad aisgdg etch layer etch to

f h I
B th Pt S AER OGP G GBI LT o igh Ep RERTE T

@?]gmél pakikon of a nmenory device where features have
sane CD but may or may not be evenl

\PRt6d s progesstalwrallovs rﬁﬂg@}pnoqﬂ%lplaﬁ pftgh Zlgg c¢ gar array portion of
A u aghnot nl
grrlre\%neagrfy cierﬁc% DG £ egglrggl Hawd the RahB Ctlf'g P96) BPfagnot Bgeeenly

nmenor evice, where features are
'Sf>5®glﬂnarwlmﬂd Cﬁh&dact@ amipipiht dstublingl ircddstad.awailweingaining CD

kB S-SR SR AL R
it AQGF ARNYhéFRIEnd pREW Kdudiien siedenal inspataat ¢ afid gore
gﬁggwﬁ%\%ﬁ%ggggg rﬁ gg\%vltc W%ﬁ%k g}e' egésle (?5 88 generation
pro
ﬁnﬁgérg&}pg@&%h_ and that all ows
[0047] The sidewalls are of a material that can be conformally deposited using gas
modulation (providing a deposition phase and a profile shaping phase) and that allows
selective removal of the sacrificial layer without removing the sidewalls and that also
allows selective etching of the etch layer with respect to the sidewalls and that allows
selective removal of the sidewalls without damaging the etch layer. Preferably, such
sidewalls are a silicon based material, which is preferably silicon. The use of gas
modulation to form the sidewalls allows the sidewalls to be formed at a temperature
less than 100° C, which reduces device damage and makes it possible to work with
photoresist materials to form a cover mask, sacrificial layer or even as the layer to be

patterned.
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sel ective renoval of the sacrificial layer w thout
renmoving the sidewalls and that also allows sel ective

wetohitsiy4nf the etch layer with respect to thePCT/US2007/010508

sidewal I s and that allows skl ective renoval of the
sidewal I s wi thout damaging the etch |ayer. Preferably,
such sidewalls are a silicon based material, which is
preferably silicon. The use of gas nodulation to form
the sidewalls allows the sidewalls to be forned at a
L(ﬁﬂi% IS & the S pt e HOBvEpiehirfdd drstii@entiauy 6€ omitted or

amage and makes It possible to work with photoresi st
hdrmed avithoud irfprasing ©IBwar/onirgEcasigthe pitch o Pthegystsps dp the

ev as_the..l [ : e i ; ill
BT RS s e SRR PR A B e bodifent
e¢ducBangarD whiloe utducacpiecswitly répeetrtd convéntionekbpropgssesh & or
pitch., Qther, steps .in th referred e di ment
P s oA R BT Ve Bl SR RS ke B wsed os
LedUEESal 13GerClih aidl A emBOdIERAL, R hadk idinbhplaespeedr thophotoresist
conventional processes. For exanple,tgn anot h

r

> r ,
emsbdlilmserd, fe RheEOTFRIviERes O MEMRAdtRe] S _@%afﬁefg}"ﬁ"ed in the
ﬁ%%r@s%m%%é&ﬁ' ThE bRtbtok Y& mask I BHCAE11A0} 282 QRS s refoved.

sk 1's not placed”over the photoresist mask. Instead,
tThe guiolagereis itlen ateield theoughithmsthaarios sidewabls.d i ibsemy fund that
formed in the phot.aresist A ' .
B (e R GEr GSOMEE oI cBRR ERL Bl rovios

lLRWEF rekSlts, A irRkabadistdaforrgh t he remai ni ng si dewal | s.
t has been found that the use,of@$as ar at

I e .
4804911 Py: Allpwingyibs ves/alroliFR G IR SHBRET L Whighymipgbe harder than
' rante6idifis 22014 MasefRE Bviestion allows fi

g%g%gg?eégm%ggig] %%géFFbafné %ﬁengge of ol der _lona Owscfa

gedertianiiowipgling r@ksies genepttiashphpigregaispiioddiov mckrEplptoresist
ener atign .phot or esj IS ].; i ngl e mask,

3505, SRR e 0 et eger o) €

Goose] BenRRIRibonphptierseqiatcs didcassedlabove eart e ripeated to further

phot or esi st nask, ich all.ows deeper etching of ,th .
guaerthe 1 apdipish OB Sk (FRtGHS CEtaBar trent” Exppié, Mt reducing
SIREBREE 6 HerHHSh deABRY & FAN therdsaRatiall ddopifdirmasrcan be
reduce the CDand pitch of the nask features even
rabecquently eseshiplpatiers a layer efgaeiihigat matepalsanddhe sepuence of
ofiginal fe - ' Y&RdRb k&dlting in
e SERUMIE d et ikl Lo Rl GGt hting in
s@aturds ofi ‘alof et @idivd] pitahd Thheegrgoemes befrefestad sugnirpere should it
sidgmalls and renoving sacrificial |ayer can be
r ugdt o resulting in features of of the origina
p{obsh} FIhes SROUSN CRariBY ali embediane df thednvemioa veliolkepeats the
it be desired. [0051] FIG, 6 is a flow ¢ aqt of an 4. FIG
eproesisie Aerthst rednsethi G Ry iTirst and sgropd sasticiiaysss gredegmed. FIG.
U9A il E%%E—s%&%%ﬁﬁvig%fq[%ubgﬂritg t708/hch 8§ ARNEhER6UET Whichlan etch
| ayers are torned. FIG e

layer 708 is disposed. A first sacrificial layer 712 and a second sacrificial layer 716

are formed over the etch layer (step 604), with an etch stop layer 714 disposed
between the first sacrificial layer 712 and the second sacrificial layer 716. The first
and second sacrificial layers 712, 716 are of hardmask materials such as amorphous
carbon. The etch stop layer 714 is made of an etch stop material such as SiO2, SiN,
SiC.

[0052] A sacrificial patterned layer is formed in the first sacrificial layer (step 608).

In this example a process, similar to the process described in the previous embodiment
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7A is a cross-sectional view of a substrate 704, such
as a wafer, over which an etch |ayer 708 is disposed.

wodornsi44sacrificial layer 712 and a second sarCT/UBm0ADN10508

| ayer 716 are formed over tHe etch layer (step 604),

with an etch stop layer 714 di sposed between the first

sacrificial layer 712 and the second sacrificial |ayer

716. The first and second sacrificial |ayers 712, 716

are of hardmask materials such as anorphous carbon

Thay be osedstodprhalyesaciifidial pattenial feranA @tiask 72008uch as a photoresist
J such as, SL.O2, Si.N, . Si C. 0 A sacrificial

TR R el oo bacliciod FoRe 7 £ T sk oD i e, as

|shpein i6 FIEP7B0)he flrbt ablifciakRyEd B 285 REHEE $S fordl FsdRificial

to the qrocess described in thengreV|ous enbodi ment may

HEEEEd e i i inbsasaibieial jaypaY 1 a6 seowedn FEyefC. Bhe photoresist
Rk 7%0;s r&HSOe_Cﬁﬁs %W }n;)F R’ 743, K%%geﬂn’gzsiﬁr ?cg §%r a logic area.

the first sacrificial |ayer 712.
t[POPHeDonfasmehsidgwalls B0@re TBmedhn shdrifidialSastutdsiofitiad sacrificial

I [ t.che o farm a. it clal tterned
el R E SR R . S B ARt e
FbfEned’'ty a Bapogifiat pioesissdontRBlng/ZPlutAity Gf@*&é’q ofBBsidh\Hm

in Fl.G 7ﬁ. A cover 726 is faorned over a |logic area.
B8AHOBBATG A2 Liystbpiod e dermie et med i n

0054 Pdisalf the BbddkagifRfiall b &G
layor 715 (step B13) fﬁgeg 8 SR ot o8t B KA patierned layer

@Fhsdeqtielysicamwat leavingeeaps (7He detyyeea the pasothalsigeved B0 (step
Y - alyl cycles, of a si I )
FABP Ll A 1ok ofle, UG £ 30 Pim T TIQEIE T ppus s removed,
@90bdyn RaFiIQ. B6. the first sacrificial layer that are
d th tterned | ayer are sel ective
T SR 0g 1 X M slrieB Reroneh sl Hep Bt 81 o the seeond
shalemahll 18yer FO8((slpB26) E% éﬁgﬁ7 F?n F IE? BRCBLLAGE Ble dRAYS nal

once was, as shown in The cover IS renove

silexaliad 39 grerpi different opsajal teear the secondGaenificiet leperd/08, the
. | 14. i
SRR Ra kG Ry BY Slectiy ARA NI p e cppformal
Belewalle 780e conformal sidewalls 730 are of a different
i-al th t he. d ificial | 708, th

st e copfarmal sicepalieie 78moyed (1 G e shopmindiiGngh A
wbidt is EspRAloventHe18gie ARfa0r AMBbcon dened donrdathl sIRVAAE 754 are
ghe conformal sidewalls are renoved (Stif 624), as

WO 1nfeathigs of the secerd wacrifisial lyapttan€i®)t e thipgkample, the
SecRRd st SIS bide{vallOP5 AL Lfigwal : isi
for rreqsl in featur esf of t Z se‘?ghgﬁ%d;g%?fd !eé?saﬁ%lrf g{?g?ss comprising
e plwpligxg)cyclen of hisklewrt wgpesitiomphase@orda@ sidstwadl profile shaping

ppformal sidewalls 754 are forned by a deposition

rocess conprising a plurality of cycles of a sidewall

(956 iPaite of feaseorahehcrifisiatl et thaparefekbesedha®kdlactively removed
leaving gaps 758 between the conformal sidewalls 754 (step 632) where the sacrificial
layer once was, as shown in FIG. 7J. The cover over the logic area is removed, as
shown in FIG. 7K. Etch features 762 are etched into the etch layer 708 (step 636), as
shown in FIG. 7L. Further processing such as the removal of the sidewalls 754 (step
640) may be performed.

[0058] Other embodiments using multiple sets of conformal sidewalls may be used.
For example, a single sacrificial layer may be used. A second set of sidewalls may be

formed on the sidewalls of the first set of sidewalls, where the second set of sidewalls
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phase. [0057] Parts of the second sacrificial |ayer
that are exposed are selectively renoved | eavi ng gaps

w(a 2@7hstaween t he conformal sidewalls 754 (stepP@GBR$2007/010508

where the sacrificial |ayerl4once was, as shown in FIG
7J. The cover over the logic area is renoved, as shown
in FIG 7K Etch features 762 are etched into the etch
| ayer 708 (step 636), as shown in FIG 7L. Further
proceSS|ng such as the renoval of the sidewalls 754

(@5% a2 diffrentayatbdalgbar therfiet. sef ot)ﬁs¢w€lﬂsb whlamwkhmtf&st set of
0 r nal vval l's

Egdéer\]\gil lg‘gér) bk Qél@ctﬁ&etlf rerﬁov%gl elg'ls raclag e | SCF%\'VE?Bet ﬁﬁ§1d5%(a]ls

yeesp] %hesadxwadnﬂmﬁlrﬂéntsmd evimdr hasssmﬂy eftholiahemd aQthrH@luple

the, fir set of sidewalls, where t
‘ge W&Sé%f“ RRST Y E%ifl%aéfngie Hﬁhpgéapémste@at@phaubsequem

ﬁﬂ&&ﬁlldﬂh@ sélIf EEEnewel it theSire@wad ltépatﬂ“?' s%hPQtl daQWSiet Bn.does not
first set of sidewalls to be selective renove c%ﬁ
FeRpEa lithgstapby seponhichaeduses §1ed'éwallr¢ctprepﬁﬁﬁsﬁ}f thédthography
hQwgs enbodi nent and ot her possi bl e embodi nents al | ow
multiple iterations to further reduce CD using a
J;@Q@l] éVhile Hug rra/phyms hmipeeﬁalekbrﬁid:ﬁﬁﬁ wigitofisb Rral preferied
bodrnﬂgggg W|th1 reV|§¥s i.teration, so that each
erat i on do¥s ot ef%t sy goditicatiergy ParRYtatersy andmarions
stﬂdmms etii®aleBthlivheth BN G HH A Rb
g ﬁ Hé0060 VWile this |nventF%E?Egiﬂﬁggﬁ&thShmﬂdaEObe
(&8 thajdlee Are mapk aligmatiNrevars ofrimpéemendingrthe distierds and
bR RuddsSrahd di | O
alﬂ?}v arious s Efeg%ﬂh? g‘t;eél tlgg u zltvl gﬁ%trﬁ%fgpes%tw@ g]ftl}éa}%tth?/\ﬁ)?lﬁwﬁng
tprendedplains be fnterprateda inoluding albfiwhl altesdtions JBodigk&ons,

n ernativ I npl ementi ng
PRl oy o e B3y c T autom i srom and scope
of the preseer imfvemtéor. nt ended t hat the fol |l owi ng appended
clains be interpreted as including all such
alterations, nodifications, pernutations, and various
substitute equivalents as fall within the true spirit
and scope of the present invention. T/ US2007/010508 15
CLAI M5 What is clainmed is: 1. A nethod for providing
features in an etch | ayer, conprising: formng a
sacrificial patterned layer with sacrificial features
over an etch layer; form ng conformal sidewalls in the
sacrificial features, conprising at |east
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two cycles of a sidewall formation process, wherein
each cycle conprises: a sidewall deposition phase; and
wa2edsssat | profil e shapi ng phase; sel ectivel yPeBIB2007IQ10508
parts of the sacrificial patsterned |ayer between
conformal sidewalls |eaving the conformal sidewalls
W th gaps between the conformal sidewalls where parts
of the sacrificial patterned |ayer were selectively
renoved; and etching features in the etch [ayer using
the conformal sidewalls as an etch mask, wherein the

features in the etch | ay@@LAMSet ched t hrough t he gaps
bet ween the conformal sidewalls where parts of the
Wwaae d flhisdedlispatterned | ayer were sel ectively renoved.
2. The nethod, as.recited in clai 1.t he
1si deviamethed fBEPEoVising %@eﬁwégﬁl&%%ﬁpgﬁsﬁ‘ "a
depoqrj,ll,g-gg 2988 fidiAr fHtRehed 1Ryt faceifictah écatiepoevariaoretch
gas; and topping the flow of the deposition gas. 3.
lakeg net hod, as recited in any of clainms 1-2, wherein
the sidewal | profils hNHe BASER 4 98RGeS Somprising at least
pr ov%ﬁ%‘&gﬁorﬁﬁgﬁﬂ %gé‘ﬁ%}lﬁg 9as different than the
rRHEROEES bDasigewall fammitiog ro@isasWEETEiInERFR RSl FOTPTIESS:

shapi ng gas;. .an t oppi ng .t he fl.ow of the profile

shapi ng gd%@dﬂwg*agxﬁgrﬁggFmgg&Pecited in any of

clai ms 1- 3, jubRagbofilbehdpmgrphages he sacrifici al
patterned | ayer, conprises: forpn sacyd fiGi

| ayerselpgtively iemayipg Pagy 8? fhef%FHgﬂﬁp%gﬁéﬁdgﬁ ?ﬁ%argje?r\!va% ¢

over t | foh Gindlind ENEHmaANGRIls g s @agisibeiveéenl the
(?EgFﬁ?ggd%%?%thghgggéific?gl_Iayer. 5. The net hod 85,1
JoRtdrtall sidawalty whereciasts of the sperifipial pptterperblayer Vere salgetvely

mask is phot oresi st mask, and wherein the formng
epevekd@ft i ci al patterned | ayer further conprises

t ri MiRRink FeatRRe 10ttt lagasksingthe Thaformahgdewalds as an etch
recited in any of clajns 1-5 wherei '
ek M AR BN RIS A ed shiieh B Hefieon
3&.@ %f,%%gf E3h5411SBhke PhEE bf BleahinGeiabpatietied layer were

e

atures into the sacrificial |ayer.
selectively removed.

2. The method, as recited in claim 1, wherein the sidewall deposition phase
comprises:
\ providing a deposition gas;
forming a plasma from the deposition gas; and

stopping the flow of the deposition gas.

3. The method, as recited in any of claims 1-2, wherein the sidewall profile
shaping phase comprises:
providing a profile shaping gas different than the deposition gas;
forming a plasma from the profile shaping gas; and
stopping the flow of the profile shaping gas.
4, The method, as recited in any of claims 1-3, wherein the forming the
sacrificial patterned layer, comprises:
forming a sacrificial layer over the etch layer;

forming a patterned mask over the sacrificial layer; and
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7. The nmethod, as recited in any of clains 1-6,
wherein the sacrificial patterned |ayer defines an

w@eooasm3xeyi on and a | ogic region, further conpPCHUR07/010508

covering the logic region of6t the sacrificial patterned
| ayer after formng the sacrificial patterned |ayer,
wherein the selectively renoving parts of the
sacrificial patterned |ayer renoves uncovered parts of
the sacrificial patterned |ayer. 8. The nethod, as

reci t §dnind sabMiBul featurdsliigy the eapificilngyetncovering the
| ogic region of the sacrificial patterned | ayer af

C y er ..
Sel ecThe slejhade ap véoitgd prarmsoigfaifsel -éa‘e'h?qelrb‘ihapaﬂemeé mask is
tterned | ayer. he, DRI hG it B6ht ePn MYy & furth
EEP ?t?rrsesfgigl,agg’ugrntdh‘grrler%;gﬁ%r| S| nlgg F@%ﬁ‘?ﬁ%‘ the s devalls

@fpriesBiinintigg per pietaksishwaskacri fi ci al patterned

| ayer,. 10. The nethod, as regited i.n : O '

028" Themsiod nt e Are LR G BRLlhedbRhitg he

&trifil e paRihed layesfur@iet tQdplisesaayovihgthaphsiofesOmask after

wherein the sidewal |s are vertical sidewalls. 12. The

etehing gacraficiplefeptuaes intp BayagiiQdlad¥fE | -1 1, wherein the
acri f ci Led Sinse BOWherktn thER@ciBéiAnd,

Z‘s reci ?é‘galﬂ?éﬁcﬁég)se%%dgﬁg{i%p%llz, .\Ahergi n the ?orr;j ng

parersatiayéi defales paktrey reion anded logioregidns Syther SPHAPHEING

first sacrificial |layer C i fJaCl .thand

e Ring i g e o F barr TR BRER ey br Aol mand

sReiticdl phatmbaysier,oMesreihhie efledivebyrenioving prirtsgpfahe sacgificial

stop | ayer over the second sacrjifici.al.layer: d
P@)tﬁqﬁl%fb?gvﬁefemorvgf ugcQyerad Rﬁ%ﬂ‘ﬁ“&?ﬁ“@ﬁ%&:‘ P%(‘ﬁe ee‘f‘g “t op
kayer Tk ohdthdd A rbatedgh RRSmMAFlrtiet @bmiphiginiyl urkbvering the logic
sacrificial layer; etching sacrificjial features into
rdporf of e seertfidinl patigrneddgyar after salergivelyreBtoe parts of the
sid Ill stti n arl] e;,acri ficial features of the first
ST AT Fayer” sel ectively renoving parts of the
Bi r st T™rRahéthod, Blretiteddn abgbfeleims he, fotifagcaaiprising removing
sidewal | s | eavi ng .t he confornmal.si.dewal | ' gaps

Hhs e PrArd RGN B P o PR i Pty s Tt

first sacrificial |layer where renoved; etching

{gaturss into the second sactlinchd ISk AL QLI B or

deposited silicon.
11. The method, as recited in any of claims 1-10, wherein the sidewalls are
vertical sidewalls.
12. The method, as recited in any of claims 1-11, wherein the sacrificial layer
is amorphous carbon. ‘
13. The method, as recited in any of claims 1-12, wherein the forming the
sacrificial patterned layer, comprises:
forming a first sacrificial layer, second sacrificial layer, and etch stop
stack, comprising:
forming the second sacrificial layer over the etch layer;
forming an etch stop layer over the second sacrificial layer; and
forming the first sacrificial layer over the etch stop layer;
forming a patterned mask over the first sacrificial layer;

etching sacrificial features into the first sacrificial layer;
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renovi ng the conformal sidewalls. 14. The nethod, as
recited in any of clains 1-13, wherein the formng

w@oeoni7os3et sidewal | s does not form a depositi OPCHISIVG7/010508

hori zontal surfaces. 15. A ¥ethod for providing
features in an etch layer, conprising: formng a
sacrificial patterned layer with sacrificial features
over an etch layer, wherein the sacrificial patterned
| ayer defines an array region and a | ogic region;

CoVer ifhyehihPeohRahE! §i8QNANs iafthé berigienil ifddtedenlof frtfirer ned
| ayer, wherein parts of the sacrificial patterned

Bﬂyﬁkﬁﬂémeﬁing the array region are uncovered; formng
conf Orsgf.glzti\%l)d%%ﬁg #)Qné BES 35 hbhidhl RO BEREen the
conprising at least "t{wo cycles of a sidewall formation
pofoessl, siddverlsileaviag thempoofaned sideveBs with gaps bofyeen the

deposi tij o S conpr i siNo; e Lt .
OB A Fra RS PRSP G o dpB0SL o,
st oppichfingRafureyines thehecsrimsiifitiahlagesto fand tlae sacrificial
sidewal | profile shaping phase, conprising: providing
Raiseraed lavesgAdi ng gas different than the deposition

gas; f.onLBLAE Re PFsHRalli@Wdilke profile shaping gas;
and stopping the flow of the profile shaping gas;
sel ectively renoving uncovered parts of the

crifi,cial t . r Ny C : :
I eud a8 hgbORE ik or MEHE RN L ARG forming
kehfveeal ditevabndaes mat feindededdsiiontrong Inerizontal fsutfhees.

J3cov ek i B PR e BN Birs SF =f RERIE o

pat t erpgfinkaV@Esifisalgitethallalealih escrifitidl feataies o vewgreetch

using the conformal sidewalls as an etch nask, mhgrﬁin

taperfwhareindle paerificial PpHerned Jayer deftncsaRIFERYIRBIBBGRY fRRelc
between the conformal sidewalls where parts of

t sacrificial patterned |ayer were selectivel¥ )

r enov edbverdig thEHegivetgion of s saedficiabpatiereddhlaiery H/herein parts of

Jiete B L 195 AR LR g ictmet kL
| ayer ;forming conformal sidewalls in the sacrificial features, comprising at least
two cycles of a sidewall formation process, wherein each cycle comprises:
a sidewall deposition phase, comprising:
providing a deposition gas;
forming a plasma from the deposition gas; and
stopping the flow of the deposition gas; and
a sidewall profile shaping phase, comprising:
providing a profile shaping gas different than the deposition
gas;
forming a plasma from the profile shaping gas; and
stopping the flow of the profile shaping gas;
selectively removing uncovered parts of the sacrificial patterned layer
between conformal sidewalls leaving the conformal sidewalls with gaps between
the conformal sidewalls where parts of the sacrificial patterned layer were
selectively removed;

uncovering the logic region of the sacrificial patterned layer; and
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form ng a photoresi st mask over the sacrificial |ayer;
trimm ng the photoresi st mask; etching sacrificial

wo e@yas®rg2 i nto the sacrificial layer; and renoRCTyS100z010508

phot oresi st mask. 17. An apgaratus for form ng

features in an etch layer, conprising: a plasma

processi ng chanber, conprising: a chanber wall form ng

a plasma processi ng chanber enclosure; a substrate
support for supporting a substrate within the plasm

pr ocesSFhge et in disetdslayer; usingthe sonfoemplsjdéwsltr asfanretch

f | Qi ' [ 0CesSSi n
R, IhEhh INERURS TH e S0 )8 HeRXRABRBNER Pie thos botween
phecendpralsidesyalisovhane ppitasithe paoifesaipagenid Mber were

%Q@Lg‘zﬁgggergggedsust aining a plasma; a gas inlet for
providing gas 'nto the plasnma processi ng chanber

di6c| oSTHeemetnd, 4 geitedintdigin | NIwWIRKAURE FhifRhelh O Micial
t he rp|$ ma processi ng chanber encl osure; a gas source
PAUPIOET (AYEHIFRBIIISET with the gas inlet, conprising: a
si devabim@ROsciieRl BYsr M?&eétc?]ﬁ%pewal | profile
shapi ng gas source; a“sacrificial Tayer renopval gas
sour c&ormaing agphoseresist mosk oer dis sagriffaiml byar;ce; and a

cont r gletingof LR ABLY caanect ed to the gas’ sour ce

and the at Feast one &€l ectir’ode, conprising: at |east
one pretahéss secrifiaiud fexips ins theadahtial m§s:i; and

conpri sin :cog‘]tguéer readabl e code for tormng a

sacri fr?’@f’g’lngﬁ PRYAESISFB?8E with sacrificial features
OVer 2t gpukath R forntg 8Ailrel e 2 BCh iYL c%meﬂ}iﬂs'h?]ge.r ned

| ayer defines an array region and a | ogic regiorm
conputdtlasienprasessingghantbst, cosmmising: conf or mal  si dewal | s

in the sacrj .6l whadh HhsS: Ising.at |east t .
cycles of a sidewall orrrlg1 iaor%gﬁ%é%g’%s,%l%%’ra&% rsléc\élﬁsure’
cycl e conpra sbstrate support for supporting a substrate within the plasma

processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
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 sidewall deposition gas source;
a sidewall profile shaping gas source;
a sacrificial layer removal gas source; and
an etch layer etching gas source; and
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and

computer readable media, comprising:
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conmput er readabl e code for performng a sidewal
deposition phase, conprising: conputer readabl e code

wo 007083v: di ng a deposition gas; conputer readati/@Swotdel10508

for formng a plasma from t®e deposition gas; and
comput er readabl e code for stopping the flow of the
deposition gas; and conputer readable code for
providing a sidewal | profile shaping phase,

conpri sing: conputer readable code for providing a

profile shapi ng gagufdt téREBlRIcotO B %hﬂlr@mstlﬁCﬂnpgmed
conputer readable code for form ng agg sma f.r.o
9

lpﬁmﬂewnﬁmaﬁ éea@ars: ogerancBFpliven WEEdR M cHle ptiemed
n
Fé%{pégf‘gs %rg%r;)_lf %’1091 ddBlo g[cotfegio% shapi ng gas; conputer

anl e ectl el y renoving parts of the
sacrificial pattcempetr k@d@blemﬁmﬁommmal sidewalls in

si de l, eav t he . confor . :
e S W‘;tﬁ%ﬁt}}ﬁﬁf angg a IT{I%wo Wkgrggé\@% % ?ltd\sédwgp f&ﬁ@aﬁlon
&%@éésﬂwﬁé@in Shlcoeleednlpixes: vver e sel ectively renoved;

d conputer readabl e code for etch|n§1featur the

etch | ayer u3|ngoﬂﬁ@“66ﬁ¥@PWﬁP € fofeRRrEIng2 § eg?gh
5 1t QL& Rt fgatures in the etch layer are
W%)E ﬁmthougﬁ ?ﬁsngaps bet ween t he confornm

SI dewal | s where part scopfiputéracadable §qdeifar prpyidig adgposition
asyer were sel ectively renoved.

computer readable code for forming a plasma from
the deposition gas; and
computer readable code for stopping the flow of the
deposition gas; and
computer readable code for providing a sidewall profile
shaping phase, comprising:
computer readable code for providing a profile
shaping gas different than the deposition gas;
computer readable code for forming a plasma from
the profile shaping gas; and
computer readable code for stopping the flow of the
profile shaping gas;
computer readable code for selectively removing parts of the
sacrificial patterned layer between conformal sidewalls leaving the conformal
sidewalls with gaps between the conformal sidewalls where parts of the sacrificial
patterned layer were selectively removed; and
computer readable code for etching features in the etch layer using
the conformal sidewalls as an etch mask, wherein the features in the etch layer are
etched through the gaps between the conformal sidewalls where parts of the

sacrificial patterned layer were selectively removed.



