SELF- ALI GNED PI TCH REDUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention relates to the formati on of sem conductor devices. 5[0002] During
sem conduct or wafer processing, features of the sem conductor device are
defined in the wafer using well-known patterning and etching processes. In
t hese processes, a photorgsist r': EI I degosited on the wafer and
then i s exposed to |ight .EE[‘E‘%A]J&%'H?&'? % eticle is generally a
glass plate that is patterned with exenplary feature geonetries that
bl ock Iight from propagating 10t hrough the reticle. [0003] After passing
through the reticle, the BABEGROMNGOF THHEINVENZIONOf the phot oresi st

mat eri al . ig C the c c - sit'on,of t he phot or esi st
mat eri al SIQ@I{' ha?h%{3 %gé\}g?%ﬁ%nr%oeéega ?setﬁ?{'/eeﬁ)gn ciijéﬁmﬁf’n‘f‘}?@r GRBEST esi st
materi &l . [0002he CRAwEngeraBiiidoeyTRPreTeINsS feafBELSR) SmilddQugsPosed

regi ons arg removed, -and in the 15case of negative photoresist materials,
the unexpoSecs &g defrcddn e e usg waldmeunmetteringendalchingipsocetsehidd t 0

renove the L0 L: . eas th are no. | onger protected
by the phot orgsi éétég%h% rltae!?jgtla(%l’%j %%%"flelg?/&%é’fﬁeﬁleont %W&%éﬁ%%mf atures in the
waf er [ 000epvsed tolighyfieedby oresiclel Thhtiokesidiray @ gida@WBre tI1gs Phot or esi st
patterns 20have .a. ritic?l g&%rrension (CD), which may be the width of the
smal | est fRAIFTREE Wi e lappicplusn sepmatsiar fabkloclelight diomm propreating:| engt h,

phot ongsi stroRsRanedidly. | onger wavel ength light has larger theoretical
mnimal critical dinmensions. Features are etched through the photoresist

pattern. 11683} y, Afieepasping through theaticle,abe fighheonbelt theafirfidserfigat ures) is
ractice, the CD of

28t he 1 cattpierid mplePL BRI oo B aboied] fnasmionpeb bt o T acet | ng,
er osi on ofmdtérenl BRI RAISIeHElop@ Lat RERVE B bbhibg of HRShHEAL be

t apered, where the CD of t.h% feature ifs) at Iot_aas? as gfﬁl’fa]g?@ggl' %QQCD of the
phot or esi §#5¢ B psifirephotempustisigrissethe speased regidnaves ramevrd) el invhedt h near t he
f eat b _ i iLde reliable features. 30[0005]In
or delrjlrﬁfo g%%&?ﬁ% ?i gg? %‘?glggl\%\nﬂgﬁgg%sél Bgfrﬁe%ﬂsg({lréegl[oﬂ? FETFBPEY using shorter
wavel engt héregfir, the afeingelpd temadye 18 IndértyinhakendSiost the sreaxpased by 193

nit light, Usin hase ift reticles and other technol ogy, a 90-100 nit CD
phot or esi & ”]861?‘?5'@? W°§“FFE$’H$£WHOFP§?§,’”H’§?%L Porbthereby Hefinsrtbadasiredhi s woul d be

abl e t o pfeatiréian thefveature with a CD of 90-100 inn. 157 nm photoresist is
exposed by 157 nmlight. Using phase shift reticles and other technol ogy,
sub 90 nni08PiphotVarieny ganerstionsenl photareyistee kwrwre dThe Hhowreaistipaitehe abl e t o
provide t UL i -4ym 5[ 0006] The use, of _shorter wavel ength
phot g? es ?I;Satﬂrgg ﬁgg}g%\rﬁg%%}l K nzggi),%%haxpgpbe t&w M&L o? fhe smallest feature. Due

to optical properties dependent on wavelength, photoresist exposed by longer

wavelength light has larger theoretical minimal critical dimensions. Features are
etched through the photoresist pattem. 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
25  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
bave a smaller width near the feature bottom. Such tapering may provide unreliable
features.
30  [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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probl ens over photoresists using | onger wavel engths. To obtain CD s cl ose
to the theoretical Iimt the |ithography apparatus should be nore precise,
whi ch woul d require nore expensive |ithography equi pnent. Presently 193 nm
phot oresi st and 157 nm phot oresi st may not have selectivities as high as

| onger wavel ength photoresi sts 10and nmay nore easily deform under plasma
etch condi t%ﬁg?fméﬂﬂ% o8 amephotaremist.o T hig grraildche able o aymiids 2 fatnde as in t he

formati on of,. 2V , 1kd ] irable to,increas eyice density.
SUMVARY OF WWW@[ 6%‘%%#1%8&%%3@\9/8%%31 f%ﬁe?eg%l ﬁéﬂta & accor dance
with the puspesshifteticts and ememechﬂomg?,rmbeonﬁlm hedraisPydtdinagndyqRt ures in a
etch layer |s provided. A sacrificial |ayer is forned over the etch | ayer.

A pat t er nedorBek This vevpldds ablgde promide g featire witharsub 80am CA set of sacrificial

| ayer feat IS R r L Cl r..A first set of etch
| ayer fgat Hpg@]i S gftl%‘%gg)fignt ot gele%c r#{og(%esr%t% ‘Jﬁ%ﬁrﬁﬁl‘ﬁﬁg&é%”#i ficial layer.
The f eat ur gsoldém@0¢ten phbtbresistsseing ddnget wiveleayht., TeabtdinaSD3Rbst hethset of

sacrificial, layer features are filled with a filler material. The

sacrifici althqoé%}/’é?l lnait F@dﬁ@%ﬁpﬁg&m’ﬁﬁw shaplddeapore peecise. whish Weitldr i al r enai n
exposed aboygid niht LaR8siof i , [ en the
exposed par@fq;z11 of theﬁ%i SI1I e?ﬁ%@ﬁ%u%pﬁ%}éﬁé r%%ﬁg;g%a%g?ﬁgtﬁg%ﬁaﬂgﬁ%ﬁea
formerly oomuyliotesisy mayeosbaveistlodivities haligh as lohgerevavelchgth phatorsisitave Wi dt hs.
The widths of the spaces bet ween, the parts.of the filler material are
shr unk P t fP mg%?’io’ﬁ%agﬁ}ﬂ%% b&?‘?ﬂf“? ?}E‘? C%%gg’génd set of etch layer
features i moBtKchedn inleRhitiorebidholifyBerd, BRAUANN RGO SIMLR b SbABUR! |
deposition. The filler material and shrink sidewall deposition’are renoved.
[ 000911 n affideart ivdasifabla tainaeasofevidvalensitvent i on, a nmet hod provi di ng
features in a etch layer is provided. A sacrificial |layer is formed over
the etch layer. A patterned 30 nask is fornmed over the sacrificial |ayer.
A set of sacrificial |ayer SUMNARESOF SHE RIVENTIOND t he sacrificial |ayer.
The sacrificial |ayer feajures are shrunk by form ng a shrjink deposition,
conpr |1§| ndjoéé’ﬁll eaji1 aﬂﬂ@"a&b"cfoé‘?g"iﬂﬂé‘?éW%W@WM&B%P?@@@TW‘? nk

deposi ti onyRRAsE s mdtoAbr&ALRE rAGRASH b S1cRNayel B9 ihG o saycﬂﬁc-aﬁﬁ&éﬁﬁd ci al

| ayer features to shrink the sacrificial |ayer features and1 a shrink

profil e sHeomiadpvphihs etchiaies hA phitgsesl mish isitoposd oveothegacrifiveal $aydewal | s of t he

sacrificial, l.ayer tures. A.first.set, of ch.layer features is etched
into the g?tc%fas%a ﬁé;fra?%’ OGERE ﬁseetcsq?‘riiuﬁﬂhﬁ@ﬁ%ﬁcﬁqéﬁg‘rﬁgﬁgﬁ?tioﬁﬁfscgdeposi tion
i s renpvethyedfeetufesad ettiesl info thd@c layatthroeth Bt sekiGbial Ryar The&auresorand t he
set of sacrificial_ layer features are filled with a filler _material. The

sacri4d ci Hie fratyst ofi el Iayardcabycs ag thesigt obaprfacigrlayen fatrgsags ikl with al  remi n
exposed abeyigr Agshill AHE sRhirhP AN EN, o MEDEILITRAEES niigiaPCt Veen the

¢
exposed parts of the filler matéerial, where spaces are Inh an area
f or ner | y cocumpégpdsddyabbhea satace bf ibe atch layye whemshiespacas atdtetg@ades 10 have

‘wi dths. The wi dt hs t spac. etween the parts of the filler material

are shrun?‘W?‘fPagsgﬁﬁerﬁzggfnaéﬁgf Wgﬁrg\[ﬁesﬁp?‘feéﬁfepmfl@?rﬁow Y RFPIi ng t he

Wi dt hs of by ihe s&RiFCRS I MhEGRSheépab&atibe MIELS MHeWIdBY 6f @e spMeey €i n each

shrink cycle conprises a shrink cfepom tion tghase, which fornms deposits on
&

si dewdl | sbegweanribe paris| of thaviiics magarial & shimplith kehdnudiéavadlnipesition: ik profile
shapi ng pAaSH sel¥¥ <k lﬁg?é?‘ RERurb'E AERPRLS O BrcR fhyer 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 pattermned
30  maskis formed over the sacrificial layer. A set of sacrificial layer features is etched

into the sacrificial layer. The sacrificial layer features are simmk by forming a shrink

deposition, comprising at least one cycle, wherein each cycle comprises a shrink
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15 the sidewalls of the filler material. A second:set of etch |ayer
features is etched into the etch layer through the shrink sidewall
deposition. The filler material and shrink sidewall deposition are renoved.
[ 00101l n anot her manifestation of the invention, an apparatus for formng
features in_a etch |ayer over which a sacrificial |ayer under a patterned
mask has be¥ROBRINSE Witehhfosys denesitsmnsidesatls pf the sarsifivip! tdyanfbetures wonpr i si ng

a chanber vkl fQrm . r i ng _chanber encl osyre, a substrate

support for sup{ohgrsgglrir%lg lgﬁ%%eﬁ%gm%?@e %@W%F%é’a’é@i shepPeg hanber

encl osure, the dupesifod on tegidesialls of the sdceGribbihjed Ganlrde RRKSH 7 elch 1dyBe Pl asma

processi ng .chanber nglos%e, at | east one electrode for providing power to
siched i thsate

the pl asma SHBELS hdayer Baengh thegthrink dergsitiong Thephrinkma, 25a gas
inlet for PEMEHILIGred@RelN | I i apber encl osyre, and a
gas outl et f%br exhaust | ﬁ% gg%fe%%@ﬁ]g%pﬁggﬁﬁgﬁ%% gg%i g~ C gﬁ}?égﬁfsoglcl osur e
i s provi desacrificighysduatues are flledivdtheofillve atatepial. WissathBeigdsyet 3! et and
conprises a sactificial I&yfﬁr ﬁtcharnt source, a etch layer etchant source,
a shrink dEBY ’iSBﬁh‘gdgéﬂ_% ¢ Bllerpaferial symainexpgsaskaboye agensicagf Bastcbour ce. A
contr ol | erlaganihiebinaphicsiaf EARIAIEAPbRALRE 0 £l AAUALCLANduENC at | east
one el ectrode and conprises at |east one processor and cohputer readable
medi a. Thespeeaspif ranraseedathalnsdipicdnpe sasdfcieblaput wherematiadpaeescode f or

et chi S LEJ: e al r, features into the sacrijfigial |ayer w thout
otoh 09 ¢ HEve i RNl s bRl BE g4 dhe BliE mathiH e

sacri fi ci abningyeth £ gainrstiewail dBpaitackhdréif tdl shlialiag o8 WRMAlEwdeposi ti on,
conputer readabl e code for etching a first set of etch features into the
et ch | ayersPRIP ERTBPFCH &t lsagt pre shuinkicy¢layeeredn epshushuinkiesiséestomipsings aconput er
readabl e gpga. ik ] ; tid Gl @ i || . deposition,
wherein the fe%@gilggﬂg}rﬁég@gﬁ 1212503%%9 %I{})Isglﬁséﬁﬁ% ﬁ§§wfqﬂé? er teﬁgltqgri al ,

conput er rherdatbt spacediand oshrink poofilnghaping phasewiitic slaped g deposiidnbhat parts of

the fjdler. materjal .remain e ed aboyve syrface of the etch |ayer,

wher e#én s PRIV, O’E)@Fﬁfgﬁmf‘ﬁggg)&)%‘é‘ﬁi Sﬁhﬁ?fte%‘%o‘f‘y? RAtpres jsefchpdingy i al |
conput er ERatdihfr @adesH @6 sEiHK sidewall dupdditidn. The hh@nﬁ%ﬁasm@%ﬁﬁen parts of
the filler material with a shrink deposition, conprising 10at [ east one
cycl e, whafer#l dopesitiey eredemeyask i ses conput er readabl e code for providing a
shrink de i 0 gasnd" . LNk ition gas.sqQurce, .conputer

r eadabl e @fg%?a] fo?ﬂ geneérrzgti???;}ri]ftag{%:l pmz’aflgﬁrfgn r?lggr%ita%gp%ﬂg?l Eorgg%{e?%%‘ggas,
conput er  ineadetthgerovaewhioh a siwifipiahydrhvadahrgattbmee pask histregptsceiiom t he |
shri I% deposi,tj op gas source, Wut er readabl e code faor providing a shrink

pr of i“Fe 8‘6‘#?&; ‘S& ERRC AN S ?’WWSF@%@%WQE‘?W@H&&%‘J%W& conput er
readabl e gage: §ro¢esaaH ekt Sndosteds %s&éteaﬂé}phﬁ 5 Wulp &ﬁpggfsﬁﬂsﬁatéhap' ng gas,
and conput er readabl e codé for stopping the shrink profil'e shaping gas from
t he shri rikitin eiplasmappiasgng ehandsuenssugrripresnpuegulatoe fd atguliiopde f or

"‘ hi : f i S | h h | h.th hri nk
Geposi 11 areEg ke BuePAbHRRe bt HEASHE tt B e A 5 ot hoo for

provi di ngréwédibgpese20itlie plasned whcdssiyeshawibbherdRBFTOY sUsREliR @agha peri pher al
regi on, where a density of features in the msm)rgeregi on1s at [east twce

Ly
a defsit y 88% P AR diding an it e PlsBR BToCcsssige 6hamBerspelppednd Fgrsst  and
second s i fel Gl : : I nory
ot tor noq e dy Bt BESEEh e (SR ot ing B BLE AR ol Y
patt er ned graskurps o/l sofreatiam esh the gas inlenardconggiseda sabrificiallhysget of
sacrifici |l ayer 25 features is etched.into.the first sacrificial |ayer
and t he 5@%&3{%&% A Sf B AYEF G{CE%F?W%EP@@‘H&PWW@{ 8aSSPUISE: 2832 ri ficial | ayer
f eat ur essmﬁ;kipﬂoﬁlé@h@g)gaé sb@8¢. O coftAterédRtofinly e ohhdchdd (58 2§ sacrifici al
i

| ayer features are ed with filler material”. The first sacrificial |ayer
i s P@novexircesnd theaat lgnsk ene elfctrodeandichinpriserat lendt ahe pewaisor adposed above a
surface gJ tu@e% s%(F: nd sd;'l;lcr' feicci a{ltel ayer \/\hd?rei n spaces are between the
exposed pél}l:fs Sfadgiic pedlg. omputer 1e € media comprises computer

readable code for etching sacrificial layer features into the sacrificial layer without
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30material, where the spaces are in an area formerly occupied by the first
sacrificial layer, wherein the spaces have widths. The w dths of the spaces
between the parts of the filler material are shrunk with a shrink sidewall
deposition where the shrink sidewall deposition provides a deposition over
the menory region. A second set of sacrificial |ayer features is etched
into the s&Ebing Baeteh fayes eqmpusraradeble sodmior sheinking thsastifigigbleyerdeposi ti on,
where the . i.fJ €l I . feat ur in the nenory
Fegi on and Aoy K b g ERRE e e i AR Bl 8|2, T

5si dewal | dghipgiatfirstisepdfetchefeammes intdthpetchiiner troyphttiiecyateficiaayeri s f or med
over the nenory region and peripheral region, where feﬂtﬁres are provi ded

over the pafpyHbieposifiansmputrhiraddloende dademeyias te sp il&/¢Bt ched t hr ough
t he peki ph : HBSK hethanel 1 .f+he second
sacrif Fci aﬁ&%&;}g@épﬁﬁf@ﬁg&r perip eer al r %S%@%W?ﬁgy gréﬁ %{ﬁg? g@%@%@%@’ned mask

i S renpvedcormatrueaiablarcedetor hmubving the tdvafielaydr sspehat Yafts ofithe filersecond

sacrificial layer. [0012]1n. anot he i festation of. the inventjon, a

et hod | or PRIEGHERAY TESE ARLE AP eeR e ol Bror P HERHAS PG and
peri pher al y,E eghRB pAMRITencIHe Ribbdrid], Cbmp@iat rehRBlc! dadé AR sHBBRYwidggi on is at
| east twice a density of features in the peripheral region is provided.

Fi rst and ofdbospdcesderwdehpary of thy EHer materif glitheghovledepopifiontoomprsipgr . 15 A
menory. patterned mask i.s f.orned over the sacrifici | a wher.e the
menor %/IO pat¥d i‘?aﬁteoéle ﬁﬁ@ﬁ vegRin 8%%‘ C?"glgtcﬁ%égs%@%r?plﬁ%r%%dé{ﬂreé; Sl}i%[r;drgﬁoﬁ déi%ges not
provi de f eahtnR SepdéRionighefrparthPiieitldeRBionpas dubdel Sdmpmeér reddablacsdd i ci al
layer features is etched into the first sacrificial |layer and the second
sacrifi ci 4Pr geagrating apkspa figa the slyinkdeposifongzas, GompEicareafilaRlesodeddt ures is in

t he nmenory, leqgi hﬁgﬁ . of f ;ﬁn-n]& o bfidrGd er

20f eat ure)sétog?gfggﬁﬁ e vtc\lﬁel%cﬁﬁlfogﬁa%a?ﬁnrg{l%rl a %%’dr%gno?l?gﬁgs%gdé%é?%l'%%al | ayer is
renmoved, serndhblatografot prowfdingveshiink ipesfilersitaping ghs fremdhasheinjy psadile above a
surface of the second sacrificial. |layer, wherein aces are between the
exposied paPAPLOLSas tSWEG‘F’iCPinBPteWP‘Z@IlCa‘io?ée ST RS aspggséléas YRGS area
formerly f‘cﬁy@&&gm@ga&,mﬁd bhhSitters@&dableicoli@for kioyging thehifist profite spaces have
w dths. The widths of the spaces between the parts of the filler materi al
25ar e shr eiraping gap famsthe shioksireleliahapingagss sPurt o Andwrsrriterreadableicde si dewal |
depositio /j de AN D Qi Lh the

shri nki ng@({r%éc%g 3 6% %Fﬁ%%dgggé@yg%%@?ﬁgmg@%he@% tmg%ﬁ%%k cycl es,
wher ei n efiph1F hr il knatler Ineantfesidnsdsheainsdntionke dehod fur porvigihm&etureahi ch f or ms

deposits on sidewalls_of the filler terjal.to shrink the.spaces and a
Shri AR pr Brn SRS P AU PR iRk iaR 8T p ORNUR B0t ne

si dewal | sgfrdshs iel théBbry 1L &1 is 3k lead 15126 @8R bf RhtusdGh kd gekipherdlayer
features is etched into the second sacrificial |ayer through the shrink

si dewal | waipngs piovided whistt end sreondensrificisldayast arg fumiefl ogerdhe elaly layerf eat ures are
only in the nenory,.reg ' : [ I ' The filler

mat eri al W@WP%tl}[(engigfdg%gﬁ?%gg%%g{{e?iﬂ%&nm?l%?ﬁ;éﬁgé%l\eiﬁwiﬁgg% Pigﬁler al patterned
mask is fgreRddewek pioveiemiamiss ovegnenogndgiper A dersal oftsegrifivin] lapkrer e f eat ur es

are provided over the peripheral region and where features are not provided
overgﬁ he feHseys siehgrdnio S‘sﬁ?&%ﬁﬁalg%}’ﬁ i”?‘{}gf’ 8COR VQF%F’EI ]_g%’?h‘ﬁlﬁf‘r‘f hrough t he
operi pherigl sRgLh 8 DRAAERPHycrtORIEL 1 if ARLMIRRY Reford reiffhslofiie ddie second

sacrificia yer 1nt peri pheral region. The peripheral patterned nask
i s renovegt offseaifinddayar Eanrehedfiiled with ideranatérial. aViey fifst sasrifitiel lexsc ond

sacrificial layer. J]0013]In, apot her nifestation.of the.invention, a
net hod f df reﬁ‘i‘%%/?&@f’ tP@%%?ﬁla%Hﬁ?f%ﬁga?ﬁ?’%wsﬁnﬁbﬁvﬁamf’)‘f €gi on and a
per i pher ab.dr@GhQiFciaMEEL wheRiNiat sk 28f bokPERahs 6@ sddpaiief RNy region is at

| east twice a density of features in the peripheral L
30 material, where the spaces are in an area formerly occupied by the first sacrificial

—_
Y

layer, wherein the spaces have widths. The widths of the spaces between the paris of
the filler material are shrunk with a shrink sidewall deposition where the shrink
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region is provided. Firrst and second sacrificial ltayers are formed over the
etch layer. A nenory patterned mask is fornmed over the sacrificial |ayer,
where the nmenory patterned mask provides features over nenory regi on and
does not provide features over the peripheral region. The features are

etched into.the fjrst.sacrificial l.ayer. The 15features, etched . into the
Firot saor (gl depS it IRpde Fmsiin s HrmaREY dREgL A FOHDC ATt 1 1 st set

of sacrifi %E@ﬁﬁdiﬁﬂ@}?g FRRLAY @ Sched i%w&&ms?%%ﬁ?ﬂ%wﬂﬂo@%é $irkical 1 ayer

t hrough t he shrink osition. Features of irst set of sacrificial

| ayer f eat sidswaldepdsitidngwhere the se¢dnidert ofsecificil layghisatinies gte apdicinithe ci al | ayer
is renoved, so that parts of.the.filler. materi.al remain osed above a
sur f ace. of RO ERGI0 it Peberal Bpioha Bt Bl AR AT R e een ( he
exposed pakidewall dégtRitionlakfemabdderA Qén%ph\éflﬁ?ﬁtefdbﬂ SRR EEBrBéEoveR RN ar ea
formerly occupied by the first sacrificial |ayer, wherein the_ spaces have

w dt hs. ThEORIOHY PGS ang pert &gife CRLHEs §E Pt f PP terial

ot ang periplsead vihets featyr & ovpethe peripherafg
are shrunk_ i j . i L] i i.dewal |
Geposi 11 on sl The3Bio B badlb B CERAR htcith HESIfohal AREmB Bl P
shri nki ng wherei fathees afe dithed apatescandpadrifiem! dEye2ihlteastiphaval ishionnk cycl es,
wher ei n each shrink.cycle conprises %prink depqsi tion phase, which forns
deposi ts ofbsPU@RaR] Rattsmed s ISP Vet FFIEEP aRecPiater TR D ¥es, and a

shri nkgpr ofiyl,enShaphdGeR@8ayephi ch shapes the deposition on the sidewalls
of the filler material. A second set of sacrificial |layer features is

et ched i nt[@012le sé&condhes apniféstation lof thaymventitn, eugdihader poviding fatireaal |
deposi tion, vvhf t he .second set .of 30sacrifi.cial |ayer features are only

n the mortBA SRR ViRA Roroy reaRe e i eRRis A e e R 19T Y or at or i &l

and shri nkegha8Walbe ndRRA$ tdpidds &16ast BIBY £8ensify PEfcbhR hithepatipiefned mask is
formed over the mem)r(i/ regi on and peripheral region, where features are

provi ded aegen iswoyded. phiest and seeqyidsacrifiriel Wyersars aeer heeetelbleyssr ovi ded

over e regi : if 1 Gi t hrough t he
peri p#;r a[ﬁéﬁé% gﬁ%ﬁ%iﬁgﬁ%%@@% 3%3?0% g@%?ﬁ%ﬁ?ﬁg}ﬁ? e second
sacri fi ci ahtttrayemasinprohdeqpestuph evalmensyy orgionTdnd does nqiiperade feaititeer ned mask

is removed. Features are,etched 5into the etch_ l.ayer. f t he. second
sacrifici &4 98‘?".‘1’%["6’8195}%@5 Shifd obiaferc! ﬂ%fﬁ’g&ﬁlste{?g%’%%%ﬁt i nvention
will be desgrshgridl lydPi t88cbdd PelRMAl e Rehcaeind ith® dotdg Saurifiefal ON of the
invention and in conjunction with the follow ng figures. 10BRIEF

DESCRI PTI @iefeatiE iDRAN NeSon|egies) Terrpt elsenfitst pr eheactficirklaydr| ustrat ed by
way eX%’lBlrg a8 A d Hisn %Ym%%ﬁ% Q‘E}&Eécﬁ@iniﬂ ﬁg@ﬂ?r&cﬂ% &9 t@t the
I'n which er to simlar

accorfpanyi ng draw ngs an chITKe reference nunerals re
el enent s partk offthafilerhmatérd0 i Epoled dove 4 hurface hiithe sefond sgrificss t hat may

be used in an enbodi nent of 15the inventian. t[S}L(F) 71FIG.'s 2A-L are
schemat i plaé’?rogv SCECPRTTATC ]%Fﬁ‘ﬁee%]be Pavkd raFts of : gizjgﬁ ’BPtSE%]s‘é’ﬁ‘_Efechor ding to
‘an enbodi gppts Hf if HearbDERbAScudiOPIPIE EEt sariftid 1478, ShdRiAkbed flow of a
step of shrinking features. )
spaces have widths. The widths of the spaces between the parts of the filler material
25 are shrunk 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
30  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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[0019]FIG 4 is a schematic view of a plasma processi ng chanber that may be
20used in practicing the invention. [0020]FIG's 5A-B illustrate a conputer
system which is suitable for inplenenting a controller used in enbodi nents
of the present invention. [0021]FIG 6 is a flow chart of another

mbodi nent of the | i 0022] F1.G, .5 ZA-0 herat |
Cr 095 sect PORRHETS REo A lgs MgHer e i A BRSO R G S S an
enbodi ment g%}g%:%ﬁg Pét?éfﬁé& Hn@¥k-is FRREBbFE @e'ﬁe%ﬁ%geﬁéﬁaﬁ%ﬁﬁ%é 1Ge@@d,ti al top

view of a ocessed according to an er | ment “of the invention.
DETAI LED DEB&RIfEiFuehaemprdtiicdRREFERPEDIENBORIoNENT S heg0bgoza premet pr esent

I nvention wl|. now be described in detail wth reference.t.0 f preferred
enbodi ment BF a¥§r tﬁgqemoﬁ’sﬁc?ﬁ{l‘egh? W?Dﬁfesa%% ol %?ﬁ’ﬂsne&%ﬁcrl gh\f\?‘%stﬁ éNI n the
f ol I owisng gﬁﬂﬁ&ﬁpfﬁtﬁb‘i‘nedr}ﬂﬁﬁ,fwh&ciﬁ BR6irés e eteied i tBE eobmd sabAfididl layer or der to
provi de a t horough understandi ng of the present invention. It will be

appar ent , chepaipherabraginn. Sbepprherahpatfsencdmpask isgsmoyete FseBESHE i nvent i on
may be pra&é\%ﬁ FIEYQ\%%% Doyt §r0fpé§n9{es ond 9 {ﬁgﬁfﬁy&ped fic details. In other

I nst ances, nown process steps and/ or structures have not been

descri bed jpo13iet aid aiothed hek@ifesiion of the imentss amdiyodibs providitgfeatprees ent
Sinvention. [00251To facilitate understanding, FIG 1 is a fl otyv chart of a
process t Ha@1mlﬁ@fﬁﬁ@&mﬁn%prﬁé’ﬁflp¥ﬂf trF%mi‘n’N)t@FFt‘}‘Eﬁ’?.Sﬂon sacrifici al
ayer 19 LR P8 mdndll aRAIL hiiodsPAAKe  abueily JOure e Bigitral |
cross-Sectronal "'view o acriticial layer 212 fornmed over a dielectric

| ayer 208,regibn idproeided. eFirsh asddestndasaeriftin] 14versrrnfpraed oers kaczdd layen t hi s
10exanpl e, the substrate 204 is siljicon wafer. An,etch | ayer 210 is
di sposed H:HREOR PP i‘scﬁogwadl %ﬁ%ﬁ’eﬁicf%%hagiaﬁ W ﬁer%?ecé%%g r 208. In
this exa”?aﬁem@chﬁlaﬁ@ SldvRIORatuA OVerdddinds$ répion #ddocoOie pefvide fatimes de and
silicon carbide. In other exanples, the etch stop |ayer %110 maﬁ,hbe of ot her
mat eri al s.ovatthe gerinheral remion. Aherfeanpes 478 eighedoiiadhe et sacpfipial laygicithg s
organgsilicate dlass. . | | | shidag Ll iedosttBY EThd S

15si Ifszonf%%raﬁacgergs%jfohe?h}e&n%aggﬁ%ﬂ%yg?ﬁg sacrv‘?i |cé| a |g%,°§r I's one of SiC,
Si N, Si OCfirdtl sekageserBiciTlayti featurka i etdhied iffa theSecorgdsderSicd laykbtheougkner al | y,

the sacrificial_ layer,is_any materi.al that . ) ctivel tched or
Foroved v trisk JeRasies. EREET Pl g hattar e vl B AL AR RIEL | Goo) A rask
214 is fornpOsiRY GlatdRe PRCELT dabhfdiallA¥es réaéea, 308 )t pans osthewlei n 20FI G 2B.

Preferably, the mask 214 is of a photoresist materjial. Sacrificial |ayer
material remain exposed above a surface of the second sacrificial layer, wherein

20  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 sidewall deposition provides a deposition
over the memory region, wherein the shrinking the widths of the spaces comprises at

95  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. A second set of sacrificial layer features is etched into the second
sacrificial layer through the shrink sidewall deposition, where the second set of

30  sacrificial layer features are only in the mmemory 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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features 216 are etched into the sacrificial |ayer 212 (step 112), as shown
in FIG 2C. The etch stop layer 210 allows the etching of the sacrificial

| ayer features 216 into the sacrificial |ayer 212, w thout etching the
dielectric layer 208. After etching the features 216 into the sacrificial
llayer 212, a shrink process is used to shrink widths of 25the features 216
in the sacrfﬂﬁﬂll@ﬁ aile prexided evepthp periphersl regiovaed whicrsi fadltUIeayEmospnomtﬂbd si dewal | s

218, as shown in_FI a sch i.C vi.e ocessi ng
chanber 400 PHAF TR Eelenbd B stpifireitabiRURvE AR chmie e feristpRlorm

processi ng pehaifbinadk) WheRIeERS areRitheMRIEME sédond SackiPidial By Eerliﬂﬂﬁr el ectrode
404, a Iomer el ectrode 408, a gas source 30410, and an exhaust punp 420.

The gas sonedrhens gesiempFheqwapheral patterredorapikds iwe@aﬁe@@m@e eighedl and a
Shr'nkSprOB#&%KQ@&M%%%E&EJé%gmm&Pﬁwﬁggmﬁﬁﬁﬁce may conpri se additional gas
sources such as an chgas source a stripping gas source 422 to
al | ow et ch{oug4] st ritiess s otiesd eabkdseIf thd presRaSiSenition el pe Bésofibaidn inforé he sane
chanber . VVthl pl asma processi ng. chanber 400, the substrate 204 is

posi t 1 onedeEbReIDHR fiedstarled deerigion o i mHoHoR sbin cemBBeiosTEtbe
|ncorporat§§ ahl e substrate chucki ng mechanism (e.g., electrostatic,
nmechani cal ﬁ%%ﬂ% or the like) for holding 5the substrate 204. The
reactor top 428 i ncor por at es the upper el ectrode 404 di sposed i mmedi ately

opposi.te the | ower ele The 404, | ower el ectrode
408, éhd confinenent ri (@tglp;r € ;t.e uuﬁ FHe asma volune. Gas is

suppl i ed t@oidje Cané hregsht RivBRIDR iy DhubtiReddy WALfIRE: aﬁuﬁﬁ%o‘ﬂﬂpwﬁjﬂgfis
exhausted fromthe confined plasma vol ume through the confinenent rings 402

and an exHuui¢atiopointthe)figures ¢fdheschernpanyingripavings and in whish likE reforgnese 444 i's
electricall {rode 404. A second RF source 448
is electri’C ysf:eg%&fggﬁagx% I%?I#P%%(’)l\l}&’ﬁ "ectrode 408. Chanber walls 452
surround t[mﬂﬁqonfm}n}anﬁmﬂbwm@mé&&a;roédaethumeybeﬁsedﬁﬁm%emnﬁ the | ower
el ectrode 408. Both the first RE source 444 and the second RF source 448
may pBﬁprﬂ§€ﬂ ¥emipny L, power source and a 2 MHz power 15 source. Different
combi nat { g5 797 AENESAINge Rl eaﬁb%aﬁéﬁq%%%s%rss@aés' ble. In the
case of Lam Research Corporation's Frequency Capacitive (DFC) System
made by memséamtdl@mmmaibp@mﬁmmhmm, Cal i fornia, which may be
used in a err nbodi t he.i nventi.on th the 27 MHz and 2 Mz
power souf @ég lg'g glﬁwoﬁg%ﬂﬁ;%y’ﬁgﬁw 8% tL3:r8§1nect ed to the |ower
el ect r odejopang tfItIGZz@;m@ﬁer@dtﬁ@idwmpl@snw;ﬁﬁmgﬂgcﬁdmuemﬁfmeﬁb@dl nments, the
RF power source may have a _frequency up to 300 MHz. A controller 435 is
cont r281 | aniey in preseeng thetieveplien RE sour ces 444, 448, exhaust punp 420, and

the gas s 4 LTS VY | ayer to be
et ched 20@6?@(2 %? :ﬂ?“ c laye C%H@G%ﬁg s’l“i’bﬁ%gﬁ@@%g(ftéagr organo silicate
gl ass. 25&}11&8@1’&111@@ cSnﬁé\lmmdeJBembdadmbntabéﬂnapo@aqiuhhmu@yst em 1300, which is

suitable for X
[0021] FIG. 6 is a flow chart of another embodiment of the invention.

-

[0022] FIG.'s 7A-0 are schematic cross-sectional and top views of a stack
25  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.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 [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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i npl enenting a controller 435 used in enbodi ments of the present invention.
FIG 5A shows one possible physical formof the conputer system O course,
t he conputer system may have many physical fornms ranging froman integrated
circuit, a printed circuit board, and a small handhel d device up to a huge
super conputer. 30Conmputer system 1300 includes a nonitor 1302, a display

1304, a hougbhtgd 3itrstardillgsds (Y preRnilidP8uioR WV EFpalat howdd, @ diRUSe 1312.

Disk 1314 is _a conputer-readable nediumused to transfer data to and from
conput er s\skiltedhid §e0rt, tHab e pyeertingBidsmanbecpraghisee withowt sbine okaltipfagr am f or

t 1300 At t t t b 13 i i d i et f
coboyst ems espgheltoterait PRS0 nhEt SIFRNE pfoPeQ s o ShtilasS g
units, or GRUshotdken Caubeidnidetat isrdgao AEMiBEGessarilEbiscirs thopesienty 1324.

Menory 1324 includes random access nenory (RAM and 5read-only nenory
(ROM) . 3As i&VoREe1 known in the art, ROM acts to transfer data and

instructio i - dy 1 . . | I y to
transfer dg‘?o azls nddil‘d;ligfE @E@?%&%s@ﬁm&%ﬁ%%@%?ﬁ%ﬂf bfa ﬁgegs {hé@{ngﬁ))% t hese
types of masadrihas efbydineat ofttRe ARyntion) Kadateficdl idfreiscorpadt@er 4 gladabte nedi a
descri bed below. A fi XEI% disk 1326 is al so cgupl ed bi-directionally to CPU
1322; it plye EER 198t onans yepss-sseimaliacy ot apacEificipl kawer kA ormedo i ncl ude

any of the,conni&lad ﬁ@&g)@s?wﬁ@ms%v&eélm@ﬁgzgﬁfo%n 2 kR 200 Sk, 326 may be

used to store prograns, data, and the i1 ke and 1s typically a secondary
st or adé neckiamnlg, shechibstsata2trhisd sdicekvafehahn esh stoperer 2 Hbis dppossdr y st or age.

It will b reciated that t i nf.or mati.on ined within fixed di sk 1326
ey n achBR G BBl Ry 1S and el b 208 B SR ettt BrestdtSe i Tt
Nenory in gk 216 1384easRenaoraligidélinfksilicdh4aibile. Uaket SambREmef any of
t he conputer-readabl e nedi a descri bed bel ow. {0030] CPU 1322 is al so coupled

to a vari ei§h $6p lapgnAlOcuarnof gther walgrials Ehe digleglris fayvey 2083924 lokky boar d 1310,
nouse 1312, I - A LNpat L oud i ce may be
T R S

t ouchi%ensilidovexiles i athsr ertivitachictbe sararidial lppates ane ofiORINCSIOC, phper t ape
readers, tabl I . yoi.ce handwiting, recognizers, hionetrics
readers, ﬁpﬁféﬁc?ﬁpﬂ’%@?@’ ¥%§Ba&‘g$ﬁo§??r8ﬁ§qqr§1ynﬁﬁ?s_%"ﬁtz‘:’{?{ij%?'%t “to anot her
conput er Qhy hidkPBPMALRLEBS MGV LidRIdlor ¥sihve d REtYREdect DRy fIBge 1340. Wth
such a network interface, it is contenplated that the CPU m ght receive

i nf or mat i oreifriabcsandedbelabr k, 250r mi ght output information to the network

in the co of perf ) - Co . Furthernore,
ot hod ool o REELLRT Mol BHINE sac ABSE e (lF I 00 s TGP T NELT)
1322 7y NRYG.€2E CRitfrable theamaski 210 idofatbioasist hateriat. eBaosficieldayeon) unction with

a renote CPU that shares a portiqp.of th ocessing.. [ 003 ddi tion,
enbodi menfehBs ztlﬁém’p?té]%%iﬂptqtﬁ?/%’ﬁflﬁﬁﬁ IFXYFEF?Q{SJ‘BP&IS@}@‘Q £ ﬂé r storage
products whi bR s6R TREE #10 HRARIR QoM s0akciRAY Gor FORRM Ak i t her eon

‘for performng various conputer-inplenmented operations. The nedia and

conput er ssdécinblpyde 12hwikow pisking teyilestiiglaper 288d Adsnetchingthed for t he
purposes %thures 216 into the sacrificial layer 212, a shrinl process is used to shrink widths of

25  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 elecirode 404, a lower electrode 408, a gas source
30 410, 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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t he present invention, or they may be of the kind;well known and avail abl e
to those having skill in the conputer software arts. Exanpl es of
conput er -readabl e nmedi a include, but are not |limted to: magnetic nedia
such as hard disks, floppy disks, and nagnetic tape; optical nedia such as
CD- ROVs and hol ographi ¢ devi ces; nmagneto- 5optical nedia such as floptical
di sks; and Hismdgieiisg. geippEdsandriker prasesspetoibelpeyfomendfin ghersene chanshesr e and

execut e progs ) a j i QN i-fi.c integrated, circuits
(51 Gy . pr SR eSSt rulRRL A o B R o opose Br 0 coc.
Exanpl es ofloweigetete 408) ETHe 16¥WeiCsiedfBEIM IREInERPGrates bl 6itadfe sbAQMCcEd by a
conpiler, and files containing hi gh_er | evel code that are executed by a

conput er uShAgkisgmegiapice(pLe ekretro edyanicalodpmnies, we thedikabfpr holdiaghe
conmput C hit @HI i I di-gd..in carrier
wave a?(vj r g%ereséltgg?\dt%? %%4' aﬁggg%ééoﬁééé?o I %D;I?ér}%%ﬁho m: gﬁ%ﬁﬁ%ggf?eedoggdé dtabl e by a
processor . ihfe3iRieH podte the hwep electtele 308 .eThé iypear elbatrdde @b4,tibveerst ep of

shrinking the w difhs of the features i.n the sacrificial |ayer (step 116).

As shown iﬁgﬁ‘ff‘g‘? 49%‘ M&O%ﬁ?‘?n??&lfﬁﬁgﬁ‘{ﬁ?g diﬁ%’%l?ﬁ?@eéa pyelmg. Magisal ity of

cycles of gu&Yied icthPh i efalaga [Ny [ td N’@fﬁz step 304)

and profil eﬁsi)%api ng pﬁgg‘g Estep‘f%%%)@gy?loi 3%%#%6?@92%P3é8‘?1ﬁe S I’Inélk ]

d fe posi t hgnﬂp[ﬁgsénngﬁ@égla%h%naémm ﬂd@pm&t_leune?hnw s4f02 @ng Ia::m sxhggslil gbrt bg ?]s: t one

of a i pation a rac i nation o a or y or

Sy ab i DR ek 200 2o reF BR e R PEttar B8 onterded § oo

20ni t r ogengledifod®Xh4EA secdd RFaolice U4 AR ricdlf cbedied tofthe IRy Kr, Xe etc.

More generally, the deposition gas conprises at |east one of hydrocarbon,
‘é(-!%ciblﬁp

f 1 uor ocar bAeriiode d0% earber wabe g confaemeniyings 40hdhenpesi t i on gas
further conpyi I SRR preferably,
the depositi oﬁagggétaﬁ%é&%gﬁﬁses a'%%f}g%]g;ﬁ%é%g %ﬁﬁgﬁ%% 1o ng additive
and a reduecong Ritigintdevid§ maychmasis227 Mz powelNkdBirce2imi G3MHApogwanpl e of a
shrink. deposi ti hase .(step 304 rovides a flow of 150 scam CH3F, 75
scor ni 2, SBWﬁe‘f%&e%E‘g‘fﬁnﬂs{‘m?ﬁ 018?‘%‘5%9% t POYEL tottge JeCAfs AT PosRRC s ubst r at e
i's maint aimpe dte & laBMR@EALN CerpRtatidls Bual ttﬁﬁ@ﬁ)@ﬂaaalﬁvéw@%fﬁéﬁl provi des
S

400 Watts at a frequency of 27 MHz and O Wafts ‘a frequency of 2 RHz. During
t he deposimddeky &egaaechdemparptiondt ofBesmiost, Sebifrdiadvhiehmayibpessiin on gas is

t ransf or ' %@ﬁ . he it s 1S sStopped.

[ 0035] Pr g? g?%f%#é& gﬂéﬁgpﬁﬁm%%#%}bggﬁgﬁ ng s aaég%{}gg%pgw%rsg iCFSZ shapi ng
gas di f f enmke up thersetdnd Rfgpesr thwoce gasoamdicdaoieilskvaglatoi€asd thene of CFy
and NF3 and 11 C. HyFz. re_preferagbly, th rofil e shapi ng gas further
conp! 'Osesuﬁ’e_éﬁlrﬁﬂi" 1§88 I\%GCIR‘PQ era‘?‘%%? tsxﬁ“r‘i%ﬂzo PNGT SOBFeraY BHFY, the
profile shapichgy G2 FoUMIBLEr ACBARSIICE 855 ﬁtcoﬁmhg%ﬁné&ed%aﬂfemdl zing additive
and a reducing ‘additive, such as 02, H2, or NH3. [0036] An exanple of the
shrink presfurdes 4¢h#dBryhpistpeny 26 pndog gapsaywicdds. AhePECysiem(Wwowd f1 uori ne,
“brom ne, LR i ni suc 100 scem CE4. I n.this exanple,
cra 1 ot nEt R REL ue TP D0s Bl B "SR s Heom oS ur e o 20
mrorr i s q@gand digdtdgasshe chanmber. The second RP source 448 provides 600
Watts at a frequency of 27 M¥z and 0 Watts a fre%uenc_y of 2 MHz. During the
prof #fe sHiffing Bltaseod Al P diusiratc aamphigr yalem S0B whiclisguitaiielopr of i | e
shapi ng Yfhpléntenting a controller 435 used in embodiments of the 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.

30 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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10transfornmed into a plasma, and then the profile shaping gas is stopped.

[ 0037] Preferably, the process is perforned for between 2 to 20 cycles. Mire
preferably, the process is perforned between 3 to 10 cycles. The

conbi nati on of deposition and profile shaping over a plurality of cycles
allows for the formation of vertical sidewalls for the shrink. Preferably,

t he verti cHl028] de3G| 3B srap exhuiplgail p dlack diaglsf foo nothpternystem 136p. nake an

| e bet 88.t0 90 with.th t f.t ificial feature.
[0038] Pr ot BIARIED 1 PR i 1120 Bl v RlE or blSnEE Srasphie) Biaec) o) ©
| ayer feat tpf@fedtie abentreldeadsiny uiie] MHBHJ@??&%JFME@M@E&Q& @svddky, the shrink

sidewal | s cause the widths of the sacrificial layer features to be reduced
by bet weeninsigmgmenpay 2304, JYlpmeary I3yt msludayrandere a¢ngen memaE (Rddbosidt i on

and or s ShagLRaser, B OURY AN EPLIRE AOH 4| RO U7l 0RIS n anot e

enbodi nent’, made eatures’i otoresi st mask

bef or e t hanstartiohd ei-diredtyelly logsheCPUadd RAM suabd sypivalgto trdnefeetigthi ng of the
sacrificial | ayer and the dielectric |layer nay be done in_a single step or
i n separ at®@dd5EReinns 1 o Budelgra) mrgnern god; ofdhdse Hpes QBNCHPESEBL r es are t hen

etched i ntgo e disGBEd 5 the éﬁﬂe@fte%gﬁiaﬁﬁrﬁém&&ﬁ)eg@%%g{f%ﬁ&@@'ﬁk‘ﬁ es in the

sacrificial layer and pattern mask 214 the (ste , as shown in FIG
2E. A con\Jaaé isorsnl codpled bediréctionsiiytio CPULIKRE; it poouit Idktiqwt daa stexhgerask and

shri sidewal | is strippe ste 24 s sh i n.30FI F. . The renoval
of 1Y e pRn RS B Gk P G pn RS R i e ot ep
process. RikedwitkNG260HRAG B GsdiBY st 316 Senfd Udakd) and Mk $iks hiiPis tyﬂl&@lé%] The .
features are then filled with a filler material 224 (step 128), as shown in

FIG 2G pasondary sterpgeaiedivm (Susheasts harddisidethatis dewerghan promsnrstoragat Bri al , such
as phot or G} g %Pr?gé’c‘f'aﬁé’&%aﬂﬁé‘ Ruro ARG %&é%&’&%ﬁﬁﬁg% gis gﬁbeﬁ%# yior i nat ed
rphous c n ramond-Ti on. [Nt he

hydr ocar bons, ar pon, and e car
speci f i cafpppspriutocasdsaberiicorpaniadih etasdaed fAshion andrtdalan@ndylin kemoegy bon ar e

polyner-like materiagl wth | ess hydrogen {han _regul ar pol r. Generally,
Phe 151 | et 50 turare fil 1814 82 4k Bisdoae of 80kt TEPORpR e iBP bk oy Si 2. Mot e
gener al | yyediR@edchibdEheiprt eri al may be described as any conbination of C H,

F and an inpurity of Si or other inpurities. In this enbodinent, the filler
mat eri al 0838 polCPHei324ds alsd edupfedtore slatisfy of inpuipyipubdeviess, wekps n 10on, PECVD

(pl asma- ed??p?a?fﬁ%ﬁl@e%%a%& |13i/(53,l Ooruséj Flpl%,sﬁci s%ggkersalgg().l‘ﬁicéé%el(ai% pressure
input/output device may be any of: video displays, track balls, mice, keyboards,

20  microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape
readers, tablets, styluses, voice or handwriting recognizers, biometrics readers, or
other computers. CPU 1322 optionally may be coupled to another computer or
telecommunications nefwork using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the network,

25 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

30 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
10




cheni cal vapor deposition) process. [0043] The filler material 224 is

pl anari zed (step 132) as shown in FIG 2H The pl anari zati on may be
performed by processes such as chem cal nechani cal polishing (CVWP) or
etching back. In this enbodinment, the planarization is used to expose the

15sacrifi cial |t [ H@Q Ld ycli cal
process of Iﬂ%&’ﬁ%%.ﬁﬁ%?ﬁ%&%ﬁﬁ&g%iﬁAﬁgbeg‘ﬁg%e@?%ﬁ g%&l’}ge @%{j@ﬁﬂﬁt? t?%sg features
with a fil hevingreitiiin sle combataesoifimare s expisoitchepsacteadabld media ayer in a
single step. Qther processes may be used to replace steps 128 and 132 with

a singl e sifspidepitarsant imaed toc plagnetic ediapeh a3 kard digkssy, SaPRYEss: A86) | as
shown in F ] 4. Lh :] i @Doﬁ- i - al .0 expose

t he sacri f#f%%%%lt?}égpt%%gﬁgr{l?%%a?or tggﬁ%g%bggfagﬁidﬁgb%&% ité:i al |ayer.
A sel e6t i veptisalchegin oudiss flopijcabdiskss eut! hapdwat deticosdhay aresspecigit he sacrifi ci al
| ayer without. reqoving the filJler material .224. A processing chanber 400,
no” chown 1 SPBEREd10 Mg B sie P OO iob 2 SECator popp S o
hydr ogen fdixgitd Q%I@Eﬂ:gr o6 dYictsPEBRaddR ORHRY R ANM@edicéd con oxi de
sacrificial |ayer. [6 46) As a result of the renoval of the sacrificial

| ayer, parixemplcsiaicompiiprgodeinciide macking cedet el agpoduced vy asgmpdere of t he
dielectric_l,ayer 208. e,spaces J.ar nLired bet n the parts of the
filler nataénrii%éffs Gfﬁ%%?thélﬁgcog 31\27%”1? %)e{gcé%e(rafb &% u{éﬁgs%% el ectric |ayer

208, wher gnteipeeten aCatpuler Feadiitle nfddiahtayall®delcompitet yodeeatgnieied by at he
sacrificial layer. The spaces_ 217 have widths "W ", as shown |n FIG 21. To
renove t h&ORgREer fata signaliembadiodin :eRmer aYe dRGIFPIcHtNG R SeueRseiadr i al 224 or

di el ectri ¢4 ayel208 are &B&: aﬁ,@&g#%ﬁ%@goﬂ ayer nust be a material that may be

f
removed wi thout renoving the fi'll'er material 224 or the dielectric |ayer
208. [004T790BRE spdCes ivemuealatailbdlpe charbof thestep dBdhridRiag dreevidiswik (st ep

140) , hown in FLG 21..by form i nk_si | s 228 he sid
val | s of BRQHsBELe swrtpial e L0285 Bl T adfe SHTPRAS 232w
reduggd Weddhiss cotfprises': glfaﬁfyrﬂf@gcléma%béﬂdﬁso@a@@wasmg?a?sﬁﬂbp form reduced

spaces nmay be perforne pl acing the substrate in a processing chanber.
| n addi t i éapositine phesei(sikp P40 eesrrofilpshamngphase {stept388).cycl i cal process, as

q bed . _ . .
07 0043] FUE o5 PrfabF Rt e deh S Rhtb SR el B583Ron e |
di el ect ri enipistig & 0dist due oifi g borhbieationdifi €Fd asdpHe esa denhirsionofi R radiK

i dewal | s__228 in FIG, 2K A i.onal .etch i f t chi
he di el o¥t 1 H 4y Ertbgomif & QYT SOUBPROGFHTT BHDRRPREPRE: and ohrink
si deygl | Bfoddaeof M;Jfg@ﬁ, 2NBERFbrAdasdlsBol AT 8F, NS RaPXd 48) Mase shiwlyi f FIG 2L

with features 220 of a first set of features and features
the deposition gas comprises at least one of hydrocarbon, fluorocarbon, and

hydrofluorocarbon. More preferably, the deposition gas further comprises a carrier
gas, such as argon or xenon. More preferably, the deposition gas further comprises at
least one of an oxidizing additive and a reducing additive, such as Oy, H, or NHa.

25 [0034] An example of a shrink deposition phase (step 304) provides a flow of 150
sccm CH;F, 75 scem Ny, and 100 scem 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

30 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 C,F, and NF; and
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15236 of a second set of features. [0050] The t abl e bel ow provi des vari ous
conbi nations of sacrificial layer materials and filler materials. Duo is a
hydrocarbon material with silicon. The organic polynmer nay be anorphous
carbon, photoresist, or bottomantireflective coating (BARC). The

conmbi nations allow the sacrificial |layer to be selectively 20renoved with

respect t oC{HNE,.f Morepreforitey, itiad profild shtipgilgegat fiirthet egraprisesa cagrien gahiesncla pl asma
etch or wet strip and the filler material to, be selectively reppved with
respect t oaStAEOTHRTSIeBER.r Morg RIGETRbIYs fhs grofie %@%ﬁﬁ@‘&%ﬁmﬂr‘%@g at t strip.
-SI-ECOrSI fici a&ne%%kﬂiﬁﬁé Lidve Rl 8k fig additive, such 3G R NGT,Pol yner,  SOG or
[0036]  An example of the shrink profile shaping phase (step 308) provides a
5  halogen (i.e. fluorine, bromine, chlorine) cortaining gas, such as 100 sccm CFy. In
this example, CF, is the only gas provided during the profile shaping. A pressure of
20 mTorr is provided to the chamber. The second RF sour(.:e 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
10 transformed into a plasma, and then the profile shaping gas is stopped.
[0037] Preferably, the process is performed for between 2 to 20 cycles. More
preferably, the process is performed between 3 to 10 cycles. The combination of
deposition and profile shaping over a plurality of cycles allows for the formation of
vertical sidewalls for the shrink. Preferably, the vertical sidewalls are sidewalls that
15  from bottom to top make an angle between 88° to 90° with the bottom of the
sacrificial layer feature.
[0038] Preferably, the shrink sidewalls cause widths of the sacrificial layer
features to be reduced by between 5-80%. More preferably, the shrink sidewalls cause
the widths of the sacrificial layer features to be reduced by between 5-50%. The
20 cyclical cycle may have additional deposition and/or shaping pbases or may have
other additional phases.
[0039] In another embodiment, the shrink may be made of features in the
photoresist mask before the sacrificial layer is stched. In such a case, the etching of
the sacrificial layer and the dielectric layer may be done in a single step or in separate
25  steps.
[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

30  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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[0042)  The features are then filled with a filler material 224 (step 128), as shown
in FIG. 2G. 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,Cy, HyC/F,, and H,C,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
on, PECVD (plasma-enhanced chemical vapor deposition), and LPCVD (low pressure
chemical vapor deposition) process.

[0043] The filler material 224 is planarized (step 132) as shown in FIG. 2H. The
planarization may be performed by processes such as chemical mechanical polishing
(CMP) or etching back. In this embodiment, the planarization is used to expose the
sacrificial layer 212. '

[0044] In an altemnative embodiment, a cyclical process of deposition and shaping
phases may be used to fill the features with a filler material, planarize, and expose the
sacrificial layer in a single step. Other processes may be used to replace steps 128 and
132 with a single step.

[0045] The sacrificial Iayer is removed (step 136), as shown in FIG. 2I. The
planarization of the filler material 224 to expose the sacrificial layer 212 allows for
the removal of the sacrificial layer. A selective etch process may be used to
selectively remove the sacrificial layer without removing the filler material 224. A
processing chamber 400, as shown in FIG. 4, may be used to accdmph'sh this. In this
example, a hydrogen fluoride (HF) wet etch (dip) is used to remove the silicon oxide
sacrificial layer.

[0046] As a result of the removal of the sacrificial layer, parts of the filler material
224 extend above the surface of the dieleciric layer 208, where spaces 217 are formed
between the parts of the filler material 224 that extend above the surface of the
diclectric layer 208, where the spaces 217 are in the area formerly occupied by the
sacrificial layer. The spaces 217 have widihs "w1", as shown in FIG. 2I. To remove

the sacrificial layer without removing the filler material 224 or dielectric layer 208,
13
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the sacrificial layer must be a material that may be removed without removing the
filler material 224 or the dielectric Iayer 208. '

[0047)  The spaces between the polymer material 224 are shrunk (step 140), as
shown in FIG. 27, by forming shrink sidewalls 228 on the sides walls of the exposed
filler material 224 to form reduced spaces 232 with reduced widths "w2". The
forming the shrink sidewalls 228 to form reduced spaces 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

Pprocess.

[0048]
208 through the reduced spaces between the shrink sidewalls 228, as shown in FIG.

Features 236 of a second set of features are eiched into the dielectric layer

2K. A conventional etch recipe for etching the dielectric layer 208 is used.

[0049] The filler material and shn'n-k sidewall of the filler material are removed
(step 148) as shown if FIG. 2L with features 220 of a first set of features and features
236 of a second set of features.

[0050] The table below provides various combinations of sacrificial layer
materials and filler materials. Duo is a hydrocarbon material with silicon. The
organic polymer may be amotrphous carbon, photoresist, or bottom antireflective
coating (BARC). The combinations allow the sacrificial layer to be selectively
removed with respect to the filler material and dielectric layer using either.a plasma

etch or wet strip and the filler material to be selectively removed with respect to the

dielectric layer using an oxidizing, reducing, or wet strip.

14
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Sacrificial
materials Filler materials
SiN Organic Polymer, SOG or TEQOS
a~Si Organic Polymer '
TEOS Organic Polymer
Duo Organic Polymer
SiC Organic Polymer
a-Si Duo
TiN Organic Polymer, SOG, or TEOS
TalN Organic Polymer, SOG, or TEOS

[0051]  SOG is spin-on-glass.
[0052] In this example, an O plasma strip 1s used to remove the polymer filier

material.

Line And Peripheral Layout Exémgle:

[0053] To facilitate understanding, FIG. 6 is a flow chart of another embodiment
of the invention that uses three hardmask layers and provides a memory cell line
pattern and a peripheral region pattern. Sacrificial layers are formed over an etch layer
(step 604). FIG. 7A. is a cross-sectional view of a first sacrificial layer 710, a second
sacrificial layer 712, and a third sacrificial layer 714 formed over an etch layer 708,
which is over a substrate 704 forming a stack 700. In this exarmple, the substrate 704
is a silicon wafer. An etch stop layer 716 is disposed between the third sacrificial
layer 714 and etch layer 708. In this example, the etch stop layer 716 is at least 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 SiQ, the second sacrificial layer is SIN,
and the third sacrificial layer is either SiC or S10. 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, 8iOC, 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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TaNOr gani ¢ Pol yner, SOG or TEGCS [0051] SOG i s

spi n-on-glass. [0052]1n this exanple, an 02 plasma strip is used to renobve
the polyner filler material. 5Line And Peripheral Layout Exanple: [0053]To
facilitate understanding, FIG 6 is a flow chart of another enbodi nent of

the invention that uses three hardmask | ayers and prqvides a penpry cell
line patt ePHhechivelystohed prEPRHd V@g;e@hecbg:tap@p?pt Igé@rapfliaﬁﬁfmg W@P@T are fornmed
over an etfiélf:lliﬁéﬁq{e wsltep 604). FIG 7Ais a cross-sectional view of a first

sacrificial layer 710, a second 10Osacrificial layer 712, and a third
sacri fici ajoob4lyer Afthémbryrpatiened/ maskaTi8ds finmbdyenr the(@st saprifidialilayenVdr  a

bstrate 704 ' . 700. I n. thi le,. t bstrate 704 i
i1 con aelPep SORh TRHER TR SE01 ) drefpils, BogphLe dbarRBer e d
sacrificiad 8¥§ka Zojp“vi@vogfgéfﬁ&rth@ytﬁd 713@%11% hg;_sfrstie ShR¥AFHeqnaskrgg et ch stop

k
layer 716 is at least one a nitride an ilicon carbide. In other
exanpl es, daveethetfiust saarifisial ayer 7101 § hawipckh @ 0oforms a memory region 804 and a

peripheral region 808, defined by a divide 812. The peripheral region 808 is
completely masked by the memory patterned mask 718, so that features will be efched

in the memory region but not in the peripheral region.

10 [0055] Sacrificial layer features 719 are etched into the first sacrificial layer 710
(step 612), as shown in FIG. 7C. Afier etching the features 719 into the first
sacrificial layer 710, a shrink process is used to shrink widths of the features 719 in
the first sacrificial layer 710 by forming sacrificial layer shrink sidewalls 720, as
shown in FIG. 7D (step 616).

15 [0056] Features 738 are then etched through the shrink sidewalls 720 into the
second sacrificial layer 712, as shown in FIG. 7E (step 620). The mask and shrink
sidewalls are removed, such as by stripping, as shown in FIG. 7F (step 624). FIG. B
is a top view of part of the stack 700, shown in FIG. 7F. In this embodiment, the first
sacrificial layer 710 in the peripheral region 808 has not been etched, due to the

20 complete masking of the peripheral region 808.

[0057) In an alternative embodiment, the memory pattern mask may be used fo
etch features into the first sacrificial layer and second sacrificial layer, without an
intermediate shrink step.

[0058]  The features are then filled with a filler material 722 {step 628), as shown

25 in FIG. 7G. In this embodiment the filler material is a polymer material, such as
photoresist, hydrocarbons, doped hydrocarbons, such as filuorinated 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 matenials may be described as

30 H,Cy, HiCyF,, and H,C,S1,. 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

16




150t her materials. The etch layer 708 is a lowk: dielectric, such as
organosilicate glass. In this enbodinent, the first sacrificial |ayer is
SiO the second sacrificial layer is SIN, and the third sacrificial |ayer
is either SiCor SiO It is desirable to have the second sacrificial |ayer
different fromthe first and third sacrificial layer to allow selective

et chi ng ang PRIV alladsel swheneddimdestvapandepasition); zod BEEVENBOUPHREFE, t he
sacrificial 20l ayers are conbinations of SiC, SiN, SiOC, H doped SiOC, TiN,
Tal ¢, Ti,cheanicativaposdepasitigd) PIREF® general |y, the sacrificial |ayer is any
combi nat i f ' i by sedvehiedfIGr 7Gebyed wit h
respect t@ag% aggﬁfh}lgﬂy%%tg?%rzgy%éﬁg%i Iﬁ(ﬁgﬁr‘g?e_ri al, descrihed bel ow.

[ 0054] A rgamirigatia hey hesbrioassd Hlgosssdsshehes chypicalimeshayipal polishing i ¢ al

| ayer 710 (step 608), as own | n_.Fl 7B. Pr.eferab 718 is of a

phot of esi (& féﬁqhﬁqg.bagﬁlé%éﬂm}ugdlg’ef‘ Sle\PﬂaéW%aftl%np%r %*J%]ﬁgggsattﬁgck 700 and

Subst rat &.,shouiigc: B0, 'Meked kb @f8Ac bipakiortie s@RT0jshout i Bifbr 710, The
or

stack 70 ns a nmenory region 3804 and a peripheral region 808, defined by
a divide BL2. The peripheral region 808 is conpletely nasked by the nenory

patterne k 718, so that fe S, W.J: Li y region
but not ﬂﬂ{’?‘ﬁe péﬁ@&itg?g?vere%ﬁogﬁéﬁﬁﬁﬁgﬁ %ggt%lg? ?g%glblﬁlogegdr ﬁ?gg{g ures 719
are et cheghaidtyttResdd to H1 thefahitdsovid a filgrenatctibD acpleprigs 234 exp9sshown i n
FIG 7C "After etching the features 719 into the f(iilrst sack fsi&'?al | ayer
710, 1@ shhé sekrificieClewss in &single gtepo OUME PRIESHITRRELDHOY P EEE TUFES“719 in the
first sacri Iﬁh 'w?tlh IS_%?r 10 by formng sacrificial |ayer shrink sidewalls
720, as saﬂ‘g VARG (step 616). 15[0056] Features 738 are then etched
through tibesighr i Tike frschamifidial 132071 hisoernéned (seceivd asgeyw indflgh Hayer 712, as

shown in FIG 7E (step 620), T k_and i,nk_si F e fenoved,
such as B5d &G Phi Wy P %H%W?ﬁ}?%?@#ﬁafgzetﬁe@fg&@r8§a§8®1§ a top view
g;cff‘][itcg?iay& b0 SitA& o8O renNOME the'fifst Scrififial Thyer V0. SA ectbaiidiersblt , the first

I layer 710 in the peripheral region. g% hgghn t been etched, due
to tise 2Qemmep macbammskiongleotivahempye ﬂtﬂ’ﬁﬁfﬁtéﬁcrfé&? ey .o'ﬁﬁﬁ’%(?‘]“% an
al ternatiyve_.enbodi h IKT@U&B[ WiBS erdrey 2o tesesd tho et ch
features tl?er@ger er%ﬁ‘i&. ijsna%cr}l I cﬁaéfg‘?éé%géﬂ%and second gacr_i ficial layer,
wi t hout  an.dnfiieh FRdi ratids Shiipdk adiyémged 0058 THE) Wetatidr @ip) gy wed fon fi 11 ed
with a filler material (722 ( t_ﬁq 628), as shown 25in FIG 7G In this
enbodi nermevedhe sifigamroxidesasiiigallayey nol yner material, such as photoresi st
hydrocar E(ﬂﬂﬁ do BN EL of S BrsBciifidiginiyeay 1y phydofitbafibens,
anor phou ca} bonj?segrr?‘ctimg(lg am)r?d-l i koe carbon. In_the spegi'#i(i cation and cl ai s,
amorphoumataiab@le extmhddbeveshelsutface of tielsaak Z0 WhHSIePREASS | e ial with
| ess hydrogen than regul [o]0) r I 06 shielck F tH¥mteKi al s may be
descri be 3‘%{’5‘33%%1%?@&;5, oi%ﬁ%m%%@fﬁe%& %{ztazldl\%?‘éé geﬁerecl:l 'y, the filler
mat er i al 7o@yyRe: e ssckdEd sasinahy aes fdvmedy banpiof betheHjrstsagmiEpian i mpurity of

Si or other inpurities. In this enbodinment, th i Lal is a
pol yrer  trree? i0alThe spares7yhage BT o PR l%gﬁ 7 o B kit

first sacrificial layer without removing the filler material 722 or second sacrificial

25 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. SE, by forming shrink sidewalls 734 on the sides walls of the
exposed filler material 722 to form reduced spaces 736 with reduced widths "w2".

30  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
maultistep cyclical process, as described above with regard to the previous shrink
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on, PECVD (pl asma- enhanced chem cal vapor deposition), and LPCVD (| ow
pressure chem cal vapor deposition) process. [0059] The filler material 722
is planarized (step 632) as shown in FIG 7G The pl anari zati on may be
performed by processes such as chem cal nechani cal polishing 5(CwW) or
etching back. In this enbodi ment, the planarization is_used t% Sxpose t he
sacrifi ci dmrosess.eFhensg of ppgltistp shynlgprogessssueinasthe pracess show@ H3aék 700,
shown in E an. ' ' . L diC@tjg process of
deposi ti onahlg}lva%&%%?%ggd Mp%%éheag&rlrg{fq eﬁ%‘gggmtﬂggﬁﬁ??g?%h%m?g ur es? with a
filler matadiselectdrdepbadaf palgmard textpasa ot featams il ddnsé abaslinyler in a
single step. Oxher processes nay be used fo, repl ace . steps,.628 and 632 with
a singl e JRBROTY Lo §oh s W@Pﬁgfaﬁff"?qs? oy degd gi} IGYLHSIER WB??S\P@QT&%SN ep 636),
as shawn g, Bk - E0&idy 303akd diikd RipBral fagiohigbker materi al
722 tg\l\gxgg%@tﬁ?etﬁﬁ@g?mgéa%%l icial | yer 710 al ﬁc})l\xs rfaorglt he r'enoval of the
first sacwililechebotioayef feati®s ofthe aleawty regionthehlitiispr preéssblyay be used to

selectively renove the first sacrif.i.cial |ayer_wt t renpvi the filler
o |l sty ek oo Rles i TeoRped More R e o

acconpl i sho b cylles hi¥iperBaddl e, a hydrogen fluoride (hrF) wet etch (dip)
is used to renové the silicon oxide sacrificial |ayer. [0062] As a result of

t he renovil06df t HisaturesSH0 ofe sdopnd sehpf feaipeas araiched ante dhegbecade fil | er
20materi al_722. exte Qv he f f t spaces 732
are f rrreﬁf‘cﬂﬁfl\ﬁgfé 't %q%glrl sth%fedﬁ ﬁ%isﬁlgﬁ%l(%rep %@é%%ﬁ%%gp{%g?%itend above

t he surf aggs.@fF. t he stack 700, where the spaces 732 are in the area fornerly
occupied by the first sacrificial layer 710. The spaces 732 have widths "w

" as sholf§65h Filhe fier matgripland sarinkdemall of the-fler materia) arg ZgpaveRi t hout
renovi ng [ leﬁ}?a SRER Il ks ot 22l AYSHurdsl 2, t he
first sacé%?i%?gﬁg%? ObIr(ru%ﬁ%F e a ngjt?geﬁﬁgtl% ?ﬁzﬁf %asigbe rem§ved w t hout
renovi ng drddedtintes 840 obd scoml se¥@2egnres.he second sacrificial [ayer 712.

0063] Th bet ) t fil ial 722 t 640),
Showhs | n BPES1" 7T ARAPERE PAEm ik 168 i grevven e SPRR IR PP PIHBR t he b1 des
val I's of §B&mexXPRS S, dnd/HI6! sHBiahis@inbé@hch pb@tEtdl patisethadparses 736 with
reduced w dths "w2". 30The shrinking of the spaces between the filler
mat eri al masjs B eptireoemeny regiopPie priornea pellsen Foapding AT deViiedB 8%si ng chanber .
' dditi hri . . ,

n add '%thérglere th}[%lSpéé égﬁgﬁgﬁaﬁ% WA 12 ofBkd @ﬁﬁ)eﬁﬁl deC@dn REOCESS, as

descri bed above previous s
features will be etched into the peripheral region through the penipheral pattern mask.

20 [0067] Peripheral features are etched into the second sacrificial layer 712 in the
peripheral region (step 656), as showﬁ in FIG. 81. Because the memory region is
masked in this embodiment, the memory region is not eiched so that features are not
etched into the memory region through the peripheral mask. The mask is stripped
(step 660), as shown in FIG. 7M and FIG. 8J.

25 [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

30  may be provided.

[0070]  In this example, the third sacrificial layer 714 and an cich stop layer 716
are provided to protect the etch layer 708 during the forming of the mask features. In
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process. The use of a nmultistep shrink process, such as the process shown
in FIG 3, allows for deposition of material on the isolated regions of the
peri pheral region 808 and sel ective renoval of polyner at the bottom of the
features in dense areas in the nenory region 804. This sel ective process
provided by the nultistep cyclical process 5Sdeposition. thus provides a

pol ymer c@ther prgodapnisyaich ag WP@%@F’F%E]&PGI?%{)%EGW%‘? ﬂW‘TF‘io@Bt he bott om of
features P Lyl blitd dafrifialRb e S5AB ohe BaTiaRRF T L On,

Pr ef er abl g%mf{{‘}%ﬂe S %dm%g%hé)ﬁﬁ ’cf/cl es arelper)?cgr med. ?\/bre p?%fser ably, 3-
20 shri nknpfayebebe agedeper f ormed. [ 0064] Features 740 of a second set of

features are etched into the second 10sacrificial. | ayer 712.th gh t he
reduced sfFAl ( stleptlhsagpbodimentnSigRs FRY pPREEdPF aﬁﬁhmﬁ? epyEay F%ﬂ&%ﬁﬂ'he filler

mat er izal 9@@@@&;%@5@%@@&%@%lﬁyﬂ@m bRkifislaBlav@myyad (step 648)

as shown i with features 738 of a first set of
f eat ur es amittelleitthy dsirg0Do$ reachsd oithdbesmaskof f eat ures, 15[ 0066] A peri pher al

tt k 728 i f d o) th k 7Q0. t ep. i FI G
AR P R Rl - P T e bR e LS
entire neg éécfeﬁﬂbg%tscﬁ%the%&@fdgﬁnahpﬂﬁé@Jaﬂlﬁfe(;)fheanérﬁmr&gioﬂwi ce in the

peri pheral “region so that nho features will be etched in the nenory
section bisstufesdbatmaay beiuplto beicetsdeaer asihopaipbomsbicgighe MEth 3dd8i08Al t hr ough ™ t he

eri pheral pattern nmask. 20[0067] Pegi t +.nto the
gecoﬁg sé&?ﬁﬁ%ﬁ’rgfesls?ygsﬁngf%m?’gnq J%%ﬁ%? §F°% r%%gg%g%%%ggg%t? as shown
in FIG 8 iRecausairhferemmiiy thedpnety dffeammsk efthe perifhicsl esgbmdi ment, the
‘menory region is not etched so that features ri t e che into the nmenory
r egi on tﬂgazﬁdh t RBispspqepriapdfcsridrd feppges g bTE e L] (‘8¢ BF%660), as
shown in FlL tur?e!;vko%?[%d:ﬁ%igg F%%%@@&%ﬁé%é%%%ﬁg 23bBvealiche dich bamkishe second

sacrificial Tayer ifi

acrificra ayer (step 664), as shown in
FIG 7N Tieeproces aiows thease eftaciieie photoresistenaskite kpleaibe pittle valile| ayer 714 into

the etch | ayer 708 (step 668), hawn.in_ Fl |
[086% AdFOV g SR ,%gé&%ﬁ‘}e&@%ﬁ‘ﬂ%ﬁ#ﬂ%ﬂPgﬁa@%@% 61Jnsg’%{m%gﬁ‘tolucti ve

mat eri al 3QuRYe€ provided. [00701In this exanple, the third sacrificial
| ayer 714 and an etch stop |layer 716 are provided to p{)ot ect .the etch | ayer
708 duri fg0he f Seme athestepdia thrableve migfanied smbpdimegt Hay oAl fent s, such as

the et o rayan e G Y CRLIEE, BB s O 8 e ayer may

acri ayer “and/ or the bather |ayer may not

be needegyreftRQVdhbstinkiteiaydrtoaditedrtchangst,dus wirkch stHireduees the Cddi t i onal
steps may be added 5For ,exan%lée, shrink?]after etching features into only
t he 30 r stnd/arraipegsipilch Wah &5PRLP PEVEIPE RISt he desired CD is reached

with the 1 SRS 8RS plREQY i Fiepeat i usthgl AAaBioHANRRkPict ch in the
peri pheré@igi o%%gﬁéégﬁfbé' 5 ’deIr)lsity pi ?%h in tglhe menory reugi%é)n, hi this
as

a hi gher
exanpl e, firtter neiwoe CLr agirahichths pitetat Earas example.fespeeid mpskipdn ke dense as

the peri pheral ol £k Ok o ddi i onal

[0076) In this example, the etch layer may be a dielectric etch layer, a conductive

25 °  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

30 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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10maski ng processes, using the invention, the nenory region may have a
feature density at least three tinmes greater than the density of features
of the peripheral region. [0073] This process provides etched features with
half the CD and half the pitch of features forned using the sane ‘

phot oresi st mask using a conventional etch process. This process allows the
use of a pemakteiRROLAN RSS! subBiite bOuiPALME ad AR WAtHiChe tiBishiAt ARPYBY di N an
automatic alignnment between the first set of features and the second set of
f eat ur es. of BoPagssatinvattionhe steps in the above preferred enbodi ment may be

omtted or changed wi thout increasing CD and/or increasing the pitch.
QO her steps in the preferred enbodi nent nay be omtted or changed, but
which still reduces the CD 20and/or reduces pitch with respect to

conventional processes. [0075]1In other enbodi nents, the process is repeated
usi ng additional masks to further reduce CD and reduce the pitch. For an
exanpl e, a second mask may be used for another half pitch reduction.
[0076] In this exanple, the etch layer may be a dielectric etch |ayer, a
conductive 25etch layer, or a sem conductor etch layer. [0077]Wiile this

i nvention has been described in terns of several preferred enbodi nents,
there are alterations, nodifications, pernutations, and various substitute
equi val ents, which fall within the scope of this invention. It should al so
be noted that there are many alternative ways of inplenenting the nethods
and 30apparatuses of the present invention. It is therefore intended that
the foll owi ng appended clains be interpreted as including all such
alterations, nodifications, pernutations, and various substitute

equi valents as fall within the true spirit and scope of the present
invention. CLAIMS What is clainmed is: 1. A nethod, conprising: formng a
sacrificial |layer over an etch |ayer;
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5form ng a patterned nmask over the sacrificial |layer; etching a set of

~sacrificial layer features into the sacrificial |ayer; shrinking the
sacrificial |ayer features by formng a shrink deposition before etching
the first set of etch |layer features; etching a first set of

etch layer features into the etch Iager t hrough the 10sacrificial |ayer;
filling the features of the first s tch |l ayer features and the set of
sacrificia §¥ﬁﬂmf%§gures with a filler material; renoving the sacrificial
| ayer, so t At parF% of the filler material remain exposed above a
surface of 1t he atml®hbdyemprivigr ei n spaces are between the exposed 1l5parts
of the filler material, mﬁere the spaces are in an area fornerly occupi ed
by the sacri fi cfamingysserifigidmeir overtre sgulers; have wi dt hs; shrinki ng
the widths of the spaces between th art.s of, the filler material with a
shrinkgsidemalIE&&Mﬁﬁ?ﬁ%ﬂ?anumﬁovmﬁhgﬁwgﬁﬁﬂI%&Xa second set of etch |ayer
features into taehiﬁgﬁ@etlcﬁf;é@dﬂﬂcmWehﬁ%sa%it%saaﬁﬁ&iﬂqwéd deposi tion; and

removing the filler material and Shrink sidewall deposition. 2. The

met hod, as reci sheuhking th¢ sacrfidial fayertfeasvres byrforingigayshriskeepesgiianhzeterar i nk

deposition_af.ter etchi t first set of etch |layer features. 25 3. The

met hod, asﬂﬁgeﬁPﬁﬁﬁﬁﬁegﬁaﬂaf@yﬁdﬁ%WEﬁn the removing the shrink deposition

is before fill laaliﬁgslﬁfrsﬁaéttbrf%&hqiye} hﬁtu.frwi%ﬁottﬁ@'étfcﬁ}iz}y@ﬁ&de@)fﬁé features and
e

the set of sacrificral layer feat'ures wt ill"er material. 304. The
met hod) assacefeinkldyérn any one of the preceding clains, further conprising

planarizing the._filler. material.. 5 T thod, as recited i.n any. one of
the preceding cii %ﬁ?a%ﬂ@?@?h&PﬁE“S@H%%ﬁgﬁﬁﬁﬂgﬁ%mﬁﬁﬂl be %(gﬁﬁxg%ﬁges
conprises @lerlfEAsks MG a1l Hare¥e! € Wherein each shrink cycle conprises:
a shrink deposition phase, which fornms deposits on sidewalls of the filler
material to shriemevingehspacksal lapd, Sahstparskf hedilich mathabiengimphase, whi ch
shapes t heex%gge?isalb'g){fé) a? suo acfe Q thselegc%\,i%lfelr,swlggrein spaces are between the exposed
15 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;
etching a second set of etch layer features into the etch layer through the shrink
20 sidewall deposition; and

removing the filler material and shrink sidewall deposition.

2. The method, as recited in claim 1, further compnising removing the shrink

deposition after etching the first set of etch layer features.

25
3. The method, as recited in claim 2, 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.

30 4. The method, as recited in any one of the preceding claims, further comprising

planarizing the filler material.

5. The method, as recited in any one of the preceding claims, wherein the
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the filler material. 6. The nethod, as recited in claim5, wherein the
shrink deposition phase conprises: 10providing a deposition gas; formng a
pl asma fromthe deposition gas; and stopping the flow of the deposition
gas. 7. The nethod, as recited in any of clains 5-6, wherein the shrink
profile shaping 15phase conprises: providing a profile shaping gas

di fferent tharkipshegagdsof hespepas comprised Agesst pragiimkcyedm Yiacipeash | e

shapi ng gas;. . t oppi .the flow of the profile shaping gas. 208. The
nmet hod, as%pé@?g’ecf (fnﬂé{r;:jg}s‘of clainms 7, wherein the deposition gas conprises

at | east one of aahfElagRaitiee Phask] WBER Eafld@Bposs dn kiiewelld efahefinebon and t he
profile shaping gas conprises at |east one of C'Fy, NF3, and CxHyFz. O.
The met hod maggial scshrialf thaspaess; 81 cl ai ns 2-9, wherein the shrinking the
25sacrificial |ayger features .conprises. at, | east one.shri erein
each shrink cycfléﬁ%lgﬁ%ﬁphgee%‘?pmgp ase’awilﬁ?iﬂhal?gsdeﬁc()ismsllt%’ﬁl Oﬁlﬁaes‘géi?ig‘!v |lsc forms
deposits omeshife mpdriap of the sacrificial layer to shrink the sacrificial

| ayer features; and a shrink profile shaping phase, which shapes
t he deposition on the sidewalls of 30the sacrificial |ayer features. 10.

The net hod6 as @ﬁ%ﬁ’? C(i)gl %&%‘%}E‘%ﬁ%%ﬁ%ﬁi‘g’ﬁ‘%@t % shri eﬁgsﬂiz(po%iatsé on phase

conprises: " pro 6 t he

deposi ti oncgagrisedNd stopping the flow of the deposition gas. 511.The
method, as recited in any of clains 10, wherein the shrink profile shaping
phase 10onpr i sespropiding ddepysdiopgati | e shaping gas, which is different than
t he deposition %%%ingfé)élggl{l]gﬁgm%ggepn%sfﬁgggag;ggdprof| | e shaping gas; and

stopping the flow of the deposition gas.

7. The method, as recited in any of claims 5-6, wherein the shrink profile shaping
15 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.

20 8. The method, as recited in any of claims 7, wherein the deposition gas
comprises at least one of a hydrocarbon, fluorocarbon, and hydrofluorocarbon and the

profile shaping gas comprises at least one of C,Fy, NF3, and C,H,F,.

9, The method, as recited in any of claims 2-9, wherein the shrinking the
25 sacrificial layer features comprises at least one shrink cycle, wherein 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

30 the sacrificial layer features.

10.  The method, as recited in claim 9, wherein the shrink deposition phase

comprises:
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stopping the flow of the profile shaping gas. 10 12. The nethod, as recited
in claiml1ll, wherein the deposition gas conprises at |east one of a

hydr ocar bon, fluorocarbon, and hydrofl uorocarbon and the profil e shaping
gas conprises at |least one of C ,F3" NF3, and C TlyF,. 1513. The net hod, as

recited in any one of the preceding clains, further conprising filling the
features with aPEOHHUZ® HGROSHRDERHal . 14. The method, as recited in any
one of the precedin i ri.si.Aag providing an etch stop

| ayer between t%%hgﬁ%gkg#gggPLﬁ%%g%&gﬁgﬁgﬁéa@@ch | ayer. 20 15. The met hod,

as recited in apyppng teffldwer pedepditig gkai ms, wherein the etch layer is
over a dielectric layer with a nenory region and a peripheral region and

wherein the first set of etch |layer features and second set of etch |ayer

the per phbral 7 BGoRreaa el Gre) e TPng Tocyhe S RSBl &g

formng a peiseRb@pAtespatterned mask over the menory region and peripheral
region, where features are provided over the peripheral region;
et ching the et chrovilmeg a pigfibaghiaping gasp ehighie difergrd thasrthe denvaision gakier ei n

features are etgched inHo th§ etﬁh I?%E@ﬁLn t he B@ripheral regi on;

30r enovi ng the [FEPTISHEAT0HEPRLRGRETH PIOg &8> 8t'¢Chi ng features into the

di el ectric | ayegofgingitciRves e bRYEE shapfie ghfie Method, as recited in claim
15, wherein the nenory patterned nask does 23 not provide features over

t he péPipheral region and wherein the peripheral patterned mask does not
provi de fegfures ove he nmemory region,, and wherei.n the etching the first
Set of sachi-f ol Mgl rineg iR AL Hroa thasepatifion B8 FHFARE Ber | pher al
regi on. S1i,thGe GBS ARflocador], fGblo8stbbl AR%y@bGSBLABod hdihe R filwher ei n the
etching a first set of sacrificial |ayer ?eatures into the sacrificial

| ayer and shiapingtgehcdnapyreses atdloasp pselsC Fetldh, agd CHef.eat ures into the

sacrificial layer; shrinking the features etched into the sacrificial |ayer
with a shrink deposition; and 10etching the first set of sacrificial |ayer

featujges ipfo tRe RLEHI |RY&:tel M QNP ehe preceding claims, further comprising

filling the features with a conductive material.

14.  The method, as recited in any one of the preceding claims, further comprising
providing an etch stop layer between the sacrificial layer and the etch layer.
20
15.  The method, as recited in any one of the preceding claims, wherein the etch
layer is over a dielectric layer with a memory region and a peripheral region and
wherein the first set of etch layer features and second set of etch layer features are
formed over the memory region of the dielectric layer and not the peripheral region of
25  the dielectric layer, and further comprising:
forming a peripheral patterned mask over the memory region and peripheral
region, where features are provided over the peripheral region;
etching the etch layer through the peripheral patterned mask, wherein features
are etched into the etch layer in the peripheral region;
30 removing the peripheral patterned mask; and

etching features into the dielectric layer from the etch layer.

[6.  The method, as recited in claim 15, wherein the memory patterned mask does
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shrink deposition. 18. The method, as recited in claim17, further
conprising renoving the shrink deposition after etching the first set of
sacrificial |ayer features. 15 19. The nmethod, as recited in claim 18,
wherein the renoving the shrink deposition is before filling the first set

of sacrificial layer features with the filler material., 2020. The pet hod, as
recited i n"ghproyide deakimagoves ihegeriphgalaiegion gad wheisivige pehgrd 824  he
dielectric t A r T l.ses: > hi rs into a
mask Iayerr%ﬁggégﬂnﬁﬁgggkgﬁﬁPg%gp?%g%ﬁwg?ghlgghfégfﬂ%%ggpﬁ%%&?ﬁ%nﬁielectric
| ayer t hr odigét skt saaicidl dyper fealRb3lobs s Echdbstuet ar thd ewiigierdl oegimd by t he

nmet hod of any one of the preceding clains. 22. A nethod providing features
in a etch layer, conprising: formng a sacrificial |ayer over the etch

| ayer; 30fQ@rm n t.e : i 4 clLal . hing a
set ofSgac??fic???nﬁg§gr&ﬁgg%%ﬁégnfﬁf%m 2532251@#%F§ﬁh4%%@?%aéﬁﬁﬁﬁﬁing t he
sacri fici abfbRyi€tiafl Radrueasredntd eHosaitifidal Shifel kd e prBildjeqrompeisgt | Si ng at

| east one cycle, wherein each cycle conprises: a shrink
deposi ti on phaseétchipgitehichivrarantgdbosiciiciaagitdewal | s of the sacrifici al

| ayer features t,0.shrink.the sacrificial_ I [ es, e a
shrink profile g an%imr?gtﬂﬁ E?fsé{?s e\#}l}eg Hn@ﬁgepseaggﬁﬁgl 182%%‘??&% Sohnn%g%e?%sétlosnl’dewal | s
of the sacphdicial |ayer features; 5etching a first set of etch |ayer
features into the etch | ayer through the shrink deposition; renoving the
shrinkOdeposi t i eighing the firsf et pf sagrifipial Ipretfenterss o thigstohilayer thyepghghe et ch

| ayer feature nd.the set of sacrificial |ayer features with a filler

mat eri al ; %HF%ﬁ%@ N3t he sacrificial | ayer, so that parts of the filler
materi al remai n exposed above a surface of the etch | ayer, wherein spaces
are between the exposed parts of the filler material, where the spaces are
in an ar eal$.oi nEh¢ metodiasiredtedyn thim § achitheraoniprisiagsemovipg theishrinke spaces
have wi dthg; .. hri pki t he. wi dt hs.of the spaces between the parts
of 'the f117aesiigr afprging s S sARtistl i FOBBar t on wherei i the

shrinkgng the widths of the spaces conprises
19. The method, as recited in claim 18, wherein the removing the shrink
deposition is before filling the first set of sacrificial layer features with the filler

material.

20 20.  The method, as recited in any of claims 15-19, wherein the etching features
into the dielectric layer through the etch layer, comprises:
etching feathers into a mask layer through the etch layer; and

etching features into the dielectric layer through the mask layer.

25 21. A semiconductor device formed by the method of any one of the preceding
claims.
22. A method providing features in a etch layer, comprising:

forming a sacrificial layer over the etch layer;

30 forming a patterned mask over the sacrificial layer;
etching a set of sacrificial layer features into the sacrificial layer;
shrinking the sacrificial layer features by forming a shrink deposition,

comprising at least one cycle, wherein each cycle comprises:
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at | east one shrink cycle, wherein each shrink cycle conprises:
a shrink deposition phase, which forns deposits on sidewalls of the filler

material to shrink the spaces; and a shrink profile
shapi ng phase, which shapes the deposition on the 20sidewalls of the filler
mat eri al ; etching a second set of etch layer features into the etch

| ayer through the sh@ cHEWHPT PRSP OEHER B derpsitearbyfieinalisd ths | | er
mat eri al a@ﬂxﬁﬂkgg§9%%9%&@kés ﬁﬁﬁ@%&kﬁﬁdagﬁﬁ%gégpﬁﬁaﬂﬁatUS for form ng

features in a'€ ayer over a sacri ayer under a patterned
mask has been pl aceda se@iirbSleRBapide phads ehith Hep&she geppbaivhef, theonpri si ng:
a chanber wall form ng a _plasma processing chanber enclosure; a substrate
support f ofidsuiplforfithngpcatieiablayqr dgadurgit hi n t he pl asma 30pr ocessi ng chamber

encl osyre; a pressure ul for qr | at I i e plasm
proces?ing changgﬁngﬁgﬁﬁgﬁfg%gzla(%g?ﬁggﬁghgﬁgg#ggagr&%ﬁﬂ%ﬁ%%gﬁﬁgg power to
the pl asmadggrpResi ng chanber enclosure for sustaining a plasm; a gas
inlet for providing gas into the plasma processing chanber enclosure; and a

gas outlet for mamwingtheghrgksicpesdenhe pl asma processi ng chanber
sencl osure: 2 S S04 €510 FI MRS B A e 8807,
source; a ﬁ@ﬁﬂ@&uggggghﬁmggng@§m§ource; and 10a shrink profile shaping gas
SOt Celb 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
15 a shrink sidewail deposition, wherein the shrinking the widths of the spaces comprises
at least one shrink cycle, 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
20 sidewalls of the filler material;
etching a second set of etch layer features into the etch layer through the shrink
sidewall deposition; and

removing the filler material and shrink sidewall deposition.

25 23.  An apparatus for forming features in a etch layer over which a sacrificial layer
under a patterned mask has been placed, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
30  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
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a controller controllably connected to the gas source and the at | east one

el ectrode, conprising: at |east one processor; and conputer readable nedia

conpri sing: 15conputer readable code for etching sacrificial |ayer features
into the sacrificial layer without etching the etch |ayer,

conput er readable code for shrinking the sacrificial |ayer features with a

sacri fi ci alchpmberenglog@rden sugfewgng a Plawa; conput er readabl e code for etching a

first set of etch fe%&%éﬁﬁm%ghgg%d&@%mghﬁpﬂkﬁmﬁgw%ﬁ§%$gg%§%§%épcrificial

| ayer sidewal| deposit l'e code for
renmovi ng t hacleaaejdndci al | ayer sidewall deposition, wherein the features
are subsequently filled with a filler material; conputer readahle code for
renovi ng the sacrifi @igap opis) & exbapsiinggasdinm thegrasneprpsassing chagibsti al remai n
expose% ab%ﬁaogFgurface of the etch | ayer, 25wherein spaces are between the
exposed par of the filler material; conput er readabl e

code for shrinkiangs wheitdia miid td@eaRacash hewerlet bipsispg; the filler

material with a shrink deposition, conprising at |east one cycle, wherein
each cycle conpri sesa sacrificial layer etchant source; _conputer readabl e code
for providing a shrlnkggqg%gogbtlon as fromthe shrink deposition gas

source; conputer r eadabi'e™co4é 5Pmﬁé%erating a plasma fromthe shrink

deposi tion gas; conpukRfink @pdalbe g&oderckodndst oppi ng the shrink deposition
gas fromthe shrink deposition gas source; conput er
readablle code for pré@ﬁ@ﬂﬂ@ﬂﬁl epink sgirsoficke shapi ng gas fromthe shrink

profile shapi ng _gas urc ich is different fromithe shrink deposition
gas; 5conputer f g%@&@%& C%rgrf?él\%ﬁé’ rcoﬁréeﬁg’gé? }i}ﬁggag S?)"}l es&rlrnwsi1 tp ¥ %t%e%sﬁ e"Shri nk
profile shap:R@ledasmprisk:conput er readabl e code for stopping the shrink

profile shaping gas fromthe shrink profile shaping gas source; and
at least one processor; and

computer readable media comprising:
15 7 computer readable code for etching sacrificial layer features
into the sacrificial layer without etching the etch layer,
computer readable code for shrinking the sacrificial layer
features with a sacrificial layer sidewall deposition;
computer readable code for etching a first set of etch features
20 into the etch layer through the sacrificial layer sidewall deposition;
computer readable code for removing the sacrificial layer
sidewall deposition, wherein the features are subsequently filled with a filler material,;
computer readable code for removing the sacrificial layer, so
that parts of the filler material remain exposed above a surface of the etch layer,
25  wherein spaces are between the exposed parts of the filler material;
computer readabie code for shrinking widths of the spaces
between parts of the filler material with a shrink deposition, comprising at least one
cycle, wherein each cycle comprises:
computer readable code for providing a shrink
30  deposition gas from the shrink deposition gas source;
computer readable code for generating a plasma from
the shrink deposition gas;

computer readable code for stopping the shrink
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conput er readable code for etching a second set of etch features 10into the
etch layer through the shrink deposition. 24. A nethod for providing
features in an etch layer with a nmenory region and a peripheral region,
where a density of features in the nenory region is at |least twice a
density of features in the peripheral region, conprising: 15formng first
and second 9gpRstion gap Fpom ta;éh@%&@%ltl%g@tseww;ayer; formng a nenory

patterned mask over the sacrifjgi tegrga/%glgc\g/@gfogp}mdig?ggﬂ%%a Efr ned nmask

provi des features over nenory regi on an oes not pro ures over the

peri pheral shghOgys from the shrinleprofileyhaping isfissdousef whith sadiffefencirah thayer
features into the first sacrificial |ayer and 20t he second sacrifi ci al
| ayer, whes@inkweppsitien geet of sacrificial |ayer features are in the nenory

regi on;s filling features of tnggc{nl&}iaeﬁt%.tre cﬁ%le%%dé?)?r%%%r&%r%aeéﬁs)ﬁgﬁé atures

with fi'ller material; renovi I'rst sacri , SO that parts

of the fil It}grshﬁﬁkpfoiﬁqaégﬂagmgigas;aﬁ@osed above a surface of the second
sacrificial |ayer, whereln spaces are between 25t he exposed parts of the

filler material, where the spaewsepuigracidablgsods g soppingthsshoak pREE by t he

first sacrificial l.aye wher el p, t he .spaces _have w dt hs; shri nki ng
the wi dt hs e ges S5H b sHk aHle NP BB AFeour® dd™ [ 'er naterial with a
shrink sidewal | depositi ogififéecddaBlesdié fiff efchi@walctordepost didiofeapravi des a
deposition over the menory region, wherein the shrinking the wi dths of the

spaced 030c oniptheséch [ayer hogugh thashratk depksitign| es, wherein each shrink cycle
conpri ses: a shrink deposition phase, which fornms deposits on
sidewal s of the filler material to shrink the spaces; and a shrink profile

shapi ng phase, whi&hoShapaNidipe rdarasihlah @fthAivel Weth ashelwgltgodtnd hie filler
material; etching a second set of sacrificial |ayer features into the
second sacpériiheiahtegicay whetchirdsogity eftfeatsiss imtke sicevardsiabdp asictit dwicedher e t he

second set .of . sacrifici.al, layer features are.only in the nmenory region and
not in thedPsHy Bﬁ%ﬁtélfesﬂlé&eﬁ?qp%?rﬁleﬁﬁ%oﬂgcomgsﬁgr ler material and shrink

si dewgk| deposi td@hg first and sEQUnUIsRE N esjeRNRkAIhcRAMIGJREd mask over the
menory region and peripheral region, where features are provided over the

peripheral regi formengd: mberw Hageanad emsiapeer bt sapri bupldaxbrovesre theemeBaDT y
(LA — TR TR N R S
layer in ther Hﬁerﬂeﬁﬂﬁérﬁll reéi%ﬁj on,
etching a first set of sacrificial layer features into the first sacrificial layer and
20  the second sacrificial layer, where the first set of sacrificial layer features are in the
memory region;
filling features of the first set of sacrificial layer features with filler material;
removing the first sacrificial layer, so that parts of the filler material remain
exposed above a surface of the second sacrificial layer, wherein spaces are between
25  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
30 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
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removi ng the peripheral patterned mask; and etching features into the etch
| ayer fromthe second sacrificial layer. 25. The nethod, as recited in
claim 24, wherein the shrink deposition phase 15conprises: providing a
deposition gas; formng a plasma fromthe deposition gas; and

stopping the flgw of the depaosition gas, and wherein the shrink profile
shapi ng phé§%m@8ﬁﬁ@h§§§ﬂ”2@§F@V|d|ng a profile shaping gas different than
the deposition f f nd

St oppi ng the 1 oanie ieEbtePoRaAT B ILAT AR e DR i o F R EeP T g

f eat ures i mhradglethe bhlﬁlﬂ%&ﬂﬁ%ﬂtd’bpaslﬁﬁmrd 108 bednd B of sabifietal pllyerr aI regi on,
where a denS|ty of features in the nenory region is at |least twice a

densi ty of fageure onlyrinthienpepiygagpaprnd efitpthe neoppielsegigns forning first and

second sacrifici [ h tch [ founlng a nmenory
patter r?ed mask ognO‘J“?%% ziél%r Eeég %ISEH%IF g&gm%l},%epo 1(E,*mn’\s\rmry patter ned mask

provi des feat ur @fnfved pmmefaYpﬁtméaﬁn@sk%vma mvorprepiindmdipeapkirgls 300ver
t he peripheral region; etching the features into the first sacrificial

| ayer; regigh mihake fﬁ@mlteﬁ erefpsaidedeaves themsapheraloregie and wheredemnies pesi al | ayer
with a shrl&yrg %fo M memory ¢ etching the first set of sacrificial
| ayer f eat UP €Y RTQ THe SBED g%S?lflClal | ayer through the shrink

deposi tion; fil EtblﬁgFftlﬂ%eU‘ﬁrﬁiSsaQﬁﬁ&Eﬁa)fdr'ﬂﬁbu@ﬁﬂhe?fmﬁ%ﬁaﬂ :pfltit&h@i mhayer features
with filler materia renmoving the first sacrificial layer, so that parts

of thaOf i | wherehplicatieslare @dmdnntsék@m@m @bnﬁelalalawnm thewerpherbleregiotiond
sacrificial Iayer wher ei n 5§esﬂar mee t he exposed parts of the
filler materiall ?Hg“§% BEHAP aﬂn rea fornmerly occupi ed by the

first sacrifici &l:hﬂ'l@fﬁ%’fureéf\ﬂﬂﬁﬂﬁb @tch'T'z?ye?ﬁ@ﬁﬁﬁe E@&Sﬁd WcptiB®l layer. ~ shrinking
the widths of the spaces between the parts of the filler naterlal with a

shrink sidewall deposition where the shrink sidewall deposition provides a

25.  The method, as recited in claim 24, wherein the shrink deposition phase
15 comprises:
providing a deposition gas;
forming a plasma from the deposition gas; and
stopping the flow of the deposition gas, and wherein the shrink profile shaping
phase comprises:
20 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.

26. A method for providing features in an etch layer with a memory region and a
25  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
patterned mask provides features over memory region and does not provide features
30 over the peripheral region;
etching the features into the first sacrificial layer;
shrinking the features etched into the first sacrificial layer with a shrink

deposition;
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10deposition over the nenory region, wherein the shrinking the w dths of
the spaces conprises at |east two shrink cycles, wherein each shrink cycle
conpri ses: a shrink deposition phase, which forns deposits on
sidewalls of the filler material to shrink the spaces; and

hri nk fil hapi h whi ch sh i ti h
T5ai deval | 5 of EIRBTENG G HaD GH4eB A pEr g SS S0 B deet ORISR IP ci a
| ayer feat%ﬁ%@?{@éQEEQﬁkigﬁﬁﬁg sacrificial |ayer through the shrink
I on, ere the

si dewal | depo second set of sacrificial |layer features are

only in the nmengilhgfegues ofithd Mistsed ot shditfigt lasphnalesrvadi Hier matennlj ng t he
filler material and shrink sidewall deposition; 20fornin% a perLEheraI

patterned mask &vedvingide herrsryificediavar s happartsg drcafilior ggtepl 1 e features
are pravi d%)g%o(rgéc? %%otéf?% ﬁ?ﬁﬁéepo%ﬁeagecér{e%??ﬁ%(a@ﬂaw,%ﬁer&%ﬁg'gaweg ?ﬁe?iﬁagTé%ﬁt provi ded

over the ng € secon cri ayer

t hrough t heyeRRbbgRehat oPRE FifleN@aelES Wherohld Gatesleainuhascaiboenalyched into the
second sacrificial layer in the peripheral region;, 25renoving the
peri pher al opaaptedrbydie fress secrifipigl leyerhwhereinehe srases have 3¢t et ch | ayer from

the second sacr !sﬁﬂrﬁénagl th&la M dihs of the spaces between the parts of the filler material with
a shrink sidewall deposition where the shrink sidewall deposition provides a

10 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
15 sidewalls of the filler material;
etching a second set of sacrificial layer features 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;
removing the filler material and shrink sidewall deposition;

20 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;

25 removing the peripheral patterned mask; and

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