Pl TCH REDUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] The present invention
relates to the formation of sem conductor devices. [0002] During

sem conduct or waf er processing, features of the sem conductor device 5are
defined in the wafer using well-known patterning and etching processes. In
t hese processes, a photoresist (PR) material is deposited on the wafer and
then is exposed to light filtered byla reticle. The reticle is generally a
glass plate that is patterned with exenplary feature geonetries that bl ock
i ght from propagating through the reticle. [00031 After passing through
the reticle, the light contacts the surface of the 10photoresist material.
The |Iight changes the chem cal conposition of the photoresist material such
that a devel oper can renove a pjpﬂaé#%ﬁ{j%@whotoresi st material. In the
case of positive photoresist nal ) posed regions are renoved,
and in the case of negative photor eist mat e\rfi I S, .the unexposed regions

are renoved. Thereafter, Hfe AN OF, B L@pve the underl yi ng
rotected by t.he photoresi st

material fromthe areas that are no éon er
material, WAMY HemspyuidaYsHen rRicedhy RERien I rERicPIuEoE dREFSr . [ 00041

Various geRasAtH@E: LihidRel@sesifst pradeBsikd) BfuresTdfehphaliasnasitst dgvadet erns have
a critical dinension (CD), which may be the vm'gth of the smillest feature.

Due t o Soptare d¢finsd dp Biet 1l g erdmovaPatierechy P g PRCEHES IR P°& posed by

| onger 20vyau&lseR s hdibafitt (PRPmbhRAGEE dégdeisdedd halvaftt Bidbn Braxbbealo

di nrensi ons. Features are etched_qihrough Ehe hot or esi st ﬁ%‘}lt ro. | deal |y,
the CD of kghbiiterse by agetish St hRireH e Srecira ety hatis gairct 88 he cD of
the feat urgeiipldPeaRifOlRbREiB hat bbcRligRtfi@e prophgatiePiinbugdhhke fetialeur € may be

| arger than the CD of the photoresist chlu to faceting, ergsion of the

phot or esi s00YrAligiessies Provgh thpratiqle Aha et FeRf2o 196 S CFSE ed, where the CD
of thep 25HoRdtitondi&iaRt ThERE. cittped thathasicdl kemphdindn dthee pivodresigsi st, but

where the feature tapers to have a smaller width near .the feature bottom
Such t aperﬁnﬁiﬁnﬂéydb%w geé'e@ﬁ?reqap éw%vefam%gﬁi%ggisn 1 materi ? f‘l tge

order 1o provi de
f eat ures Widsbospaaidveph&Rresisemntdrials, thoexpesedustings ahemieedymdah ¢rgt h | i ght

are being purS}[.Jed. _19§an hotoreigi ajt S _ex orseg %)%elle%%wn I i ght. 30Usi ng
phase shi f {25 8t FEPRE IR RN P TEENHG B4 651 00° Fin phot or esi st
patt er n mayndearfeqtiedafetisictfled B3empvpihe iodeiimgt matdil Srowothk drebethabl e t o
provide a fe
15  are

?ig L[gn%er protected by the photoresist material, and thereby define the desired
features in the wafer.
[0804] Various generations of photoresist are known. The photoresist patierns have a
critical dimension (CD), which may be the width of the smallest feature. Duec to
optical properties dependent on wavelength, photoresist exposed by longer

20  wavelength light has larger theoretical minimal critical dimensions. Features are
etched through the photoresist pattern. Ideally, the CD of the features (the width of
the features) is equal to the CD of the feature in the photoresist. In practice, the CD of
the feature may be larger than the CD of the photoresist due to faceting, erosion of the
photoresist, or undercutting. The feature may also be tapered, where the CD of the

25  feature is at least as great as the CD of the photoresist, but where the feature tapers to
have a smaller width near the feature bottom. Such tapering may provide unreliable
features.
[0005] In order to provide features with smaller CD, features formed using shorter
wavelength light are being pursued. 193 nm photoresist is exposed by 193 nm light.

30  Using phase shift reticles and other technology, a 90-100 nm CD photoresist pattern

may be formed, using 193 nm photoresist. This would be able to provide a feature




2 wwth a CD of 90-100 nm 157 nm photoresist is exposed by 157 nmu |ight.
Usi ng phase shift reticles and other technol ogy, sub 90 ri m CD phot oresi st
patterns nmay be formed. This would be able to provide a feature with a sub
90 am CD. 10006) The use of shorter wavel ength photoresists may provide
addi ti onal problens 5over photoresists using | onger wavel engths. To obtain
CD's close to the theoretical limt 2he | i t hography apparatus shoul d be
nore precise, which would require nore expensive |ithography equi pnent.
Presently 193 nm photoresi st and 157 nm photoresi st may not have
selectivities as high as | onger wavel ength photoresists and nay nore easily
def orm under plasnma etch conditions. 1010007) In the etching of conductive
| ayers, susithasCh nf 20re0d mhnmﬁ“!mnphbtormisbi_’swxwvdbﬂé,ﬂhmligbt désing able to
I ncrease def\él Cehlgtresc!lt andoHl te@l%rr?g Qx%‘ﬁoﬁ-ﬁéc ot@é’s@s’c J;'EX o5 cell
regi on wheP &F /e Nenory arra S are tbcated and ‘a perip era or’ l'ogi ¢ region
wher e | ogi forsted.i This v@lubi h@ladfetdptcmdmnﬁeatgte witlea sEn? yndlr.ays. Generally, it
may be des en5|t f | ogi c
oy on o MEBRLT Rralriiert RVl i GS bl el VuchtoRha R Bhs 0
region.s SU&MIB}{mﬁEstHE:sinIg\YEl\g"E# @vele&iaOGBIoﬁbtaacﬁDMoaehetﬂethlcnlg and in
accordance, W t ose resen v foor providing
features i HP%d tEeé l%lﬁg'%uhip PP prS %c\’/uﬁ%g?jmop ﬁrg%% %Cl 3{’]0 {E‘agir?%e dayer with
sacrifici aéxp‘eaawﬁmgnashypwcmmmd hvmtlam%nmtphbwy@rst al@blrﬁ7ornrml 20si dewal | s
are forned sacriticia £ycles of a
si dewal | #"fr%%rtefl?)tr{na noéfé]%‘ée s té\r%gesﬁgsglz %a%g%& wgg&rr% %s a %lgté\gnvxa N
deposi ti onn-qahme anily defoim enddr Iplagmekicheosdibgisng phase. Parts of the
sacri f ned, | I r g noved | eavi ng
S 2 logh?t RSB Y Lo BLIR RO BLAIH Sk ARURLL B ALBoLE VT | €2
parts of thevlseapmsfdeenraﬂe mab@mnédvntei@e@mtme‘i@hs@lnmr dﬂ’/\@%} n%’rf@m)%d
Features are etched in t atC | Tyl Siidgwal I's as an
et ch mask, e?reclen e rllf"erf:ur ese"l“fﬁl}%//t‘%\’f{eﬁsangI %t%?%l%paéée}pgt&lgh dlghr ough the
gaps bet \A/eeerglddmhare) hfgor deaicesird eloatd ® omh’@pléh‘pmrsmgr}tﬁﬂameﬁéﬁmﬁfllﬁ it Enaal
pat t er ned el 20991 1oh# 200t Rese 198G festati on
of the mvén ?Sérﬁ gfort?' d%%%%}g?%ér%c\?lgg@%gg?eéat %r es c)hn rgér} ©

15 than the density of devices in the array or cell region.

SUMMARY OF THE INVENTION

{0008] To achieve the foregoing and in accordance with the purpose of the present

invention a method for providing features in an etch layer is provided. A sacrificial
patterned layer with sacrificial features is provided over an etch layer. Conformal

20  sidewalls are formed in the sacrificial features, comprising at least two cycles of a
sidewall formation process, wherein each cycle comprises a sidewall deposition phase
and a sidewall pfofile shaping phase. Parts of the sacrificial patterned layer between
conformal sidewalls are removed leaving the conformal sidewalls with gaps between
the conformal sidewalls where parts of the sacrificial patterned layer were selectively

25  removed. Features are etched in the etch layer using the conformal sidewalls as an
etch mask, wherein the features in the etch layer are etched through the gaps between
the conformal sidewalls where parts of the sacrificial patterned layer were selectively
removed.
[0009] In another manifestation of the invention a method for providing features in an

30  etch layer is provided. A sacrificial patterned layer with sacrificial features is
provided over an etch Jayer, wherein the sacrificial patterned layer defines an array
region and a logic region. The logic region of the sacrificial patterned layer is

covered, wherein parts of the sacrificial patterned layer defining the array region are




30etch layer is provided. A sacrificial patterned |layer with sacrificial
features is provided over an etch | ayer, wherein the sacrificial patterned
| ayer defines an array region and a |logic region. The |logic region of the
sacrificial patterned |layer is covered, wherein parts of the sacrificial
patterned | ayer defining the array region are 3 uncovered. Conformnal
sidewal |s are formed in the sacrifidial features, conprising at |east two
cycles of a sidewall formation process, wherein each cycle conprises a

si dewal | deposition phase conprising providing a deposition gas, formng a
pl asma fromthe deposition gas, and stopping the flow of the deposition gas
and a sidewal |l 5profile shaping phase cqnprisiqg_providing a_profile

shapi ng gasn@ivefedr €atforalrsidanallsiap demer dhthgascrificéal Afatiges CPPBRHREE #r om t he
profil e shagpi : ' ; ' hapi ng gas.
Uncover ed %%%Bgo%?a%%%ﬁgﬁé%ﬁ@ﬁgﬁg?ﬁgg?%g%%%gé?gﬁggpgg%tggﬁ%%%nformm

si dewal | s aidewslbfierosition plascemyndng praviding adrpodber epntrmziddlei™es with gaps
between th - Si rinklaGlRlvapat t er ned
Cayer - Tovefeedl BbfHRlioh HE R LOpHREIE R drielerbbior Bt anta et 2
patterngd bpeofis sapingpbasearerising atayides aprefile bapide g differcetitesp hayer using
the conformal sid I . | ] e lfBwt he etch
| ayer are g%%ﬁ%%“?ﬁ%é%%ﬁﬂgﬁgﬂagéggggﬁﬁggﬁﬂ?ﬁ%ﬁ%%%%%?ﬁ%%ﬁgﬁggaalIs wher e
parts of t héthsgorfil slwipiig gaat Decaversdipayiee! the sasrifeiabpaticnef jayechilved® 15
[0010] ' 11 RNQHORTJIRAN! £8 LALLAEY HmdiiA UENhE OhdihRRRAkAlUSf O T orm ng

features in an &t ch ayer I's provided. A pldsma processing chanber is
provi ded. EThes hehacsmihpraofassl sidevediisvhere rogppf ths sacrificih apsEredaYf forning a

pl asma,;gr O%?i%cn%g?ﬁ%? p%?x?crveﬁ.n ORI GepiSDBhE 3cSirRIdPPRcinciQhyep14ppOr ting a

substrate wt pl asma proge55|ng chanber encl osure, a pressure
regul at or fiogoversgu Faatioeg arerriched énsthe eleh lgyer prangihe soRfoDtR) FERYE 453 chanber

encl osure, ofth ERSIAARG 1R RELELAPHE Sloh RRVArd RSCPMISIN R daebithaaim

processing c er enclosure for sustaining a plasm, gas inlet &Pr

provi di ng gessconfiramat fidevsilia srharegrape e5EF srridkishBEiernsAdBEE UFE SCRRY Y gas
outlet for gxhaysting gas fromthe plasma processing chanber enclosure. A
gas source Is in fluid connection with the gas inlet. The gas source

conpri 48s 4000l &yenathey apoifesation of de invutiernat aprEdysfeRI PSR TPE s hapi ng

gas sour Ce,, ichdkyet Iskﬁmaed.@sy fasth€ PRYAking BBari S Srovians P Ristn | ayer
et chi ng gas source. controller is controllably connected tg t he gas

sour ce and Pravessite thamber SIMPrisretdirBge WahE s g RIM S PGS b5t | east

one procesgaLoaRd SG&%&tsﬁFp&%@'amfp%nm?@ sabstrEREwRRIARMY GEsriaacasiitg medi a
conprises conputer readable code for formng a sacrificial patterned |ayer

Wi th sacri fhamkgr epgasuie @Pressaie regylator for regulating the pressure in the plasma

20  processing chamber enclosure, at least one electrode for providing power to the
plasma processing chamber enclosure for sustaining a plasma, gas inlet for providing
gas into the plasma processing chamber enclosure, and a gas outlet for exhausting gas
from the plasma processing chamber enclosure, A gas source is in fluid connection
with the gas inlet. The gas source comprises a sidewall deposition gas source, a

25  sidewall profile shaping gas source, a sacrificial layer removal gas source, and an etch
layer etching gas source. A controller is controllably connected to the gas source and
the at least one electrode. The controller comprises at least one processor and
computer readable media. The computer readable media comprises computer
readable code for forming a sacrificial patterned layer with sacrificial features over an

30  eich layer, wherein the sacrificial patterned layer defines an array region and a logic
region, computer readable code for forming conformal sidewalls in the sacrificial
features, which comprises at least two cycles of a sidewall formation process, wherein

each cycle comprises computer readable code for performing a sidewall deposition




30etch layer, wherein the sacrificial patterned |ayer defines an array
region and a logic region, conputer readable code for form ng confornal
sidewalls in the sacrificial features, which conprises at |east two cycles
of a sidewall formation process, wherein each cycle conprises conputer
readabl e code for performng a sidewall deposition 4 phase, conprising
conput er readabl e code for providingta deposition gas. conputer readable
code for formng a plasnma fromthe deposition gas, and conputer readable
code for stopping the flow of the deposition gas, and conputer readable
code for providing a sidewall profile shaping phase, conprising conputer
readabl e code for 5providing a profile shaping gas different than the
deposi ti on Bjass: cevnpsingrompactatideble gede oprovisking mdppasifbasmacdmprtet he
profile Shal@h(ﬁ\gle%ﬁe f&%ﬁ%ﬂfa@rﬁa ESQQﬁ@h&oaagﬁ ;sozméé 19 d36iel | ow of
the profile api ng gas, coO ter readable co or se trvely renoving
parts of -t heods fgrsidppuigahe ﬁa\vpéﬁnddpqset%rga%énd\e@npldmﬁ@ﬂﬂm cogg fewal | s

| eaving th r alsn I |demalls
10 where pif?geﬁﬁaﬁﬁg“éggﬁ%?%Eﬁgﬁkgmﬁﬁerng§%‘§§§@H&§§g%§§?§%§?¢3 y renoved,
and conput eproyidigainrefi léébmmf&ﬁasétf@hﬁmé‘lﬂflé@WegtlvmgitSh@Imw réadigble using t he
conformal s I &gﬁu{ tch | ayer
are etchedtiﬂggﬁb ﬁmﬁ% gﬁgg twee Of %on g]i“jm §§?&ﬂa%2§g§parts of
t he sacri fikersbppiag therflosmdod tb%/emﬁW@h@Iwg@mmtV reashbleedde 5100111 These
and other TRali & -ovidids SPAR add AN biRhoiibler BEnAERGIERaH | N nor e
detail belowin t etailed descriptio Invention and in

conj unct i orsigvais iqaémg@ﬂlel mfcwgnak sidpvads witBRREFbDFSGRhPIInENIEEsiferal BRAW NGS
[0012] I-'(-Ihe \W}é?§? S df@ﬂ@%t:hﬁ&al';ﬁtt&rhé&’l% ér%e.@gse@%t1‘0@¥ r%ox%éa.{galc%m @Q:g not by
way of 20limtation, 1In gures o he acconpanyi ng draw ngs and in
which Iike rﬁ@?ﬁé}eewé@fqﬁ@%rralfgatwe# irthe 601@ kap ygingdhe panfermab sidewallsgaian h:
100131 FI G gedy i gl

cmbodi ment. S TEAY ryamh o Raturlin egiRRg s Wn RO B U Bl b

cross- sect i Bhapnienmke! sidpveliseveroparty @f@@ﬁcrﬁ?%@%ﬂcdﬂg}@m #lgrgvely an
enbodi ment @fthe i nvention. 100151 FIG 3 is a nore detailed flow of a

step of fornln si dewal | s.
{0611] These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunction with the
following figures,
BRIEF DESCRIPTION OF THE DRAWINGS

{0012] The present invention is illusirated by Way of example, and not by way of

20  limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
[0013] FIG. 1 is a flow chart of a process that may be used in an embodiment of the
invention.
[6014] F1G.'s 2A-I are schematic cross-sectional and top views of a stack processed
25  according to an embodiment of the invention.
[0015] FIG. 3 is a more detailed flow of a step of forming sidewalls.
[6016] FIG. 4 is a schematic view of a plasma processing chamber that may be used
in practicing the invention.
[0017] FiG.'s 5A-B illustrate a computer system, which is suitable for implementing a
30 controller used in embodiments of the present invention.
[0018] FIG. 6 is a flow chart of another embodiment of the invention, which repeats
the process to further, reducing the CD.




[00161 FIG 4 is a schematic view of a plasnma processi ng chanber that may
be used in practicing the invention. [0017] FIG's 5A-B illustrate a
conput er system which is suitable for inplenmenting a 30controller used in
enbodi mnents of the present invention. 100181 FIG 6 is a flow chart of
anot her enbodi nent of the invention, which repeats the process to further,
reducing the CD. 5 [0019] FIG's 7A-L are schematic cross-sectional and
top views of a stack processed according to the enbodi nent of FIG 6.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS [ 00201 The present

I nvention wll now be described in detail with reference to a few5

preferred ere f S d | us gqdr awi ngs.
In the fol |l§§)a9ﬁgq§ N r(r)sbsusg&gc’%rgcagltd %‘gﬁagf ZI )s‘éec{tg forth in

order to prda&{drﬂlﬂgaoﬁll@@hmgimmﬂdﬁ‘lé;téﬂdl ng of the present |nvent|on It will
be apparent, however., bk a1 tf‘?&r’ﬁ&mﬂﬁ Béﬂgﬁ\,{ﬁqgent I nvention

may be practiced—w 51— detarfs. In other
i nstances, [egtd *flhla@mmrmae;ﬁsn sfdlems.v e désoribesitin dctaﬂu math rgfoteavetorrdewbeen

described in detail ip ord t unny ri gesent
i nventi on. FrefsBaq cmrRPHRERtT ¢ eéet gﬁiﬁﬁ&%ﬁ% ghe accorlg%{a&? %%lﬂs‘ﬁgé%‘]lqg\%g chart of a
process t habllémyg @escrigash, Inlamafbueefﬁmﬁ‘icrmrmﬁlseﬁe st:ih?erth mvedts toprovidsacri fi ci al

| ayer is formed over an etc | ayer (sste SSeSectional
view of a JAPPSh wdgrsianding r?SSPtrfg‘de ovﬁ%%ﬁéépaﬁt h%“%"%og’ Whi ch i s

over a subsdkilRten #e4ri Matiha greaerﬁhmhtnﬁ&ﬁay bapradticsd wfhmpﬂsemeph ellsfibst r at e

204 is a si|icon t acrificial . terial,
such as anﬁkﬁqéﬁ?vﬁca‘s%%}‘? q%ﬁ%m‘t REKTE Wﬁ”al&é%%fg%%sg 5%33? ag&glldsetfmcﬁzﬁs:ﬂrg
mat eri ajlo  SuaebnésheSh X ctbedSnMNewfiiic brdmay nbbumncaesbcaﬂrimweftber rrese®hi ng of a
conductor material such as Si. 20[0022] A mask 214 is formed over the
sacrificial™YEV8P (step 108), as shown in FIG

[0021] To facilitate understanding, FIG. 1 is a flow chart of a process that may be

used in an embodiment of the invention. A sacrificial layer is formed over an etch
layer (step 104). FIG. 2A is a cross-sectional view of a sacrificial layer 212 formed

15  over an etch layer 208, which is over a substrate 204 forming a stack 200. In this
example, the substrate 204 is a silicon wafer, the sacrificial layer 212 is a hard mask
material, such as amorphous carbon, and the etch layer 208 1s of a dielectric material,
such as 810, or SiN which may form a hardmask for etching of a conductor material
such as Si.

20 [0022] A mask214 is formed over the sacrificial layer (step 108), as shown in FIG.
2A. Preferably, the mask 214 is of a photoresist material. In this example, the mask
is a 193 nm photoresist material. The substrate 204 is placed in a processing chamber.
[0023] FIG. 4 is a schematic view of a processing chamber 400 that may be used in
this embodiment. The plasma processing chamber 400 comprises confinement rings

25 402, an upper clectrode 404, a lower electrode 408, a gas source 410, and an exhaust
pump 420. The gas source 410 comprises a shrink deposition gas source 412 and a
shrink profile gas source 416. The gas source may comprise additional gas sources
such as an etch gas source 418 and a stripping gas source 422 to allow etching,
stripping, and other processes to be performed in the same chamber. Within plasma

30  processing chamber 400, the substrate 204 is positioned upon the lower electrode 408.
The lower electrode 408 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the Iike) for holding the substrate 204. The

reactor top 428 incorporates the upper electrode 404 disposed immediately opposite




2A. Preferably, the mask 214 is of a photoresist material. In this exanple,
the mask i's a 193 nm photoresist material. The substrate 204 is placed in a
processi ng chanber. [0023] FIG 4 is a schematic view of a processing
chanmber 400 that may be used in this enbodi nent. The plasma processing
chanber 400 conprises confinenment rings 25402, an upper el ectrode 404, a

| ower el ectrode 408, a gas source 410, and an exhaust punp 420. The gas
source 410 conprises a shrink deposition gas source 412 and a shrink
profile gas source 416. The gas source nmay conprise additional gas sources
such as an etch gas source 418 and a stripping gas source 422 to all ow
etching, stripping, and other processes to be perforned in the sane
chamber. Wichbwerpleagod: 818, pite wppsichgiredttMeloviepeiectrade 48858Hr at e 204 i s

posi tioned upon the. |o Jeh@onhrewm ebaGE EgPEcd Qe
mcorporaté%‘1 ?ﬁﬁfﬁﬁf%ﬁéﬁ%§F§%‘gggﬁégﬁ?%g mechani sm (e.g | ectrostatic,
mechani cal cgifaBPpRgma omunﬂe@yumd@)s S$m¢6ﬁ&|@dn@e>thﬁbst%‘§f‘rﬂ%ﬁ°é’“ B The
reactor top 428 incorp g4§§5ﬁégk%xﬁgﬁﬁ bi% ﬁ@dmhmnﬁdlately
opposi t e k?ﬁ%VWBﬁﬁF 8P%c eco Eﬁgag#ﬁ per electrgdeggo4 %%

el ectroge ﬁgap4amdAdﬁﬂﬁuhﬁmamm4#mnggmmaﬂyG@ﬁﬁﬁ@dﬁw@eéﬁﬁﬁﬁﬁﬁﬂoﬁi ma vol ume
440. Gas is su 8 sk REAR MRIIMNE dibirbiesaas source 410
and i s exhdu$f I?f%ﬁ?%‘ggé%% Qﬁggﬁqugna vol ume t hrough the con nement
rings 402 gndmber velhads bupamtl tﬂwcmﬁeere@dm@}gﬁ‘t"f%ﬁﬁplpﬂ? Fleciods $& source
444 s electricall nnect @mQQQQQQ@mﬁQ4unﬁu&Qqud RF

sour ce 448“?6310‘5?%6&%/‘:?1'03%1"% %%H&]%cfﬁl&g{# l'ower el ectrode 408. Chanber
wal |'s 452 swyrcehtpﬂsdatmm{n‘pmmceranﬁgs?M@TZPOWES%‘&%P IRt r ode 404, and
the | over eI 1rode 40 s @i oéﬂﬁeamdhé@ﬁe53cond RF
sour.ce 44 "‘%%ﬁ°é %ﬂmcg%y%tgg%%kéﬁksojrce an§ égpmgr sour ce.

Di fferent Iﬁﬁﬂmesﬁah Consration's BrpElcedusnRFARGIHYE IP%C)(%‘&&?’ de are

possi bl e. Int e.sa REFAL 1 CORSHAL {vAidh SnaPwalusdr iaguency
CapaC|t|ve %ﬁlﬁ?0é£¥P %%iwlﬁesearch Corp %th%onTNIof Erennnt

Cal i f or ni a,prmmmmﬁlm@tméé@ mwnamprbé‘ﬁ'éh? LA RN Pgtvet $85%vent i on,
both the 27 M QW &&U&@@éorﬂ@&é‘dﬂénhéia&esaeﬁﬂﬂeﬂadpm\er sour ce
448 connect®Y® UB%%SECTHOV\erBe actr ode, and the_ 15 _upper el ectrolg% IS

groundad. luppetdietroémnisedimded. slnmemho%mﬁeﬁs e iF PWFRSPUFEVRYA Y F Equency up
to 300 Mz.. A contr §r&%ﬂ&f@|s| @@Arhfroﬂ%ly\e&hadteammhm sour ces
444, 448, éyﬁﬁﬁm¥u8%$gﬁa A the gas source 418 T § gF _;%thﬂ&mould be
used when tdﬁ&erS&’}/—@{ 44&)6191@&11@%1@3%4@9@4@335‘%0&08&1 Lhe L% SYSE as silicon
oxi de ororgang, ekl 21.6.0LARScn2PIRNRALTGE By&fviRnds BBeir buist ot e a
conputer s Ich i1s surtable for inplenenting a controller 435
used in enhﬂgumenkswqu$he present invention. FIG 5A shows one possible
physi ng% formﬁf {;hg S(AOJHA@Beﬁluwa?é £BmherGOHERE 306, henianiEpuitable Byst em may

have Si‘cal " fornms ran froman_ integrated cirtcuit
lm);lementlng a controller 35 gsed in embodiments gtr tﬁe present invention. F16.

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.

25  Computer system 1300 includes a monitor 1302, 2 display 1304, a housing 1306, a
disk drive 1308, a keyboard 1310, and a mouse 1312. Disk 1314 is a computer-
readabie medium used to transfer data to and from computer system 1300.

[0025] FIG. 5B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also

30 referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 1324. Memory 1324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and
instructions uni-directionally to the CPU and RAM is used typically to transfer daia




printed circuit board, and a small handhel d device up to a huge super
conputer. 25Conputer system 1300 includes a nonitor 1302, a display 1304, a
housi ng 1306, a disk drive 1308, a keyboard 1310, and a nouse 1312. Di sk
1314 is a conputer-readabl e mediumused to transfer data to and from
conmput er system 1300. 100251 FIG 5B is an exanple of a block diagramfor
conput er system 1300. Attached to system bus 1320 is a wi de variety of
subsystens. Processor(s) 1322 (also 30referred to as central processing
units, or CPUs) are coupled to storage devices, including nenory 1324.
Menory 1324 includes random access nenory (RAM and read-only nenory (ROM.
As is well known in the art, ROM acts to transfer data and instructions

uni - di r ect jfanaduhyid ik hei-GRtdtiand cRaned Sotiselthesgiyres of PRt 3A%f er data 7

and instructions in, g bi-directional ;ia\Hedia dBefibeddeldneasdixeynik of
menor i es n’ﬁ‘(jlufl‘?l%rfyﬁ%g\ﬂﬁ?f eic?%lﬁ'lugp%%dthe conput er-readabl e media descri bed

bel ow. A f j3@ds s toubBbiidireatiomollcouET & 35 Itpreedesiagitirrs) 88 SEt5°1322; it

provi des additiongl data .stora AGhVteARAdARY malis desdiidkdibdoany of the
conput er-r@aﬁﬁl@amialsodgggﬁ%’g&%%% opr SFi xed di sk 13268%%Pbe used to

store pg OgrREs disklaszs mante tied th st ragmans detpninddhs fhepnddy Y?st or age

medi um (such as a hard di.sk), t i A-gw t iR IR ST eage. Ittt wi | |
be appr eci %&CQ’EF‘%ﬁ?ragﬁgeﬁlﬁf%gsﬁcaaaltsgr?%rdztlai ned Wi thin fiﬁeg di sk 1326 may, in

appr opr i at @iicBsasrechesd theubporferraton retairedriisia fixed iy Pttual nmenory in

menory 1324. Renpvabl e. di sk : 24 Eishids af Ortinhety idehivey
conput er - r BRI} %esnﬁ%li“é:"‘&’ég%eﬁ’geg%“‘%el ow, 100261 CPU 1322 k‘% al so coupl ed
y

to a vari et y2nfRdnnpuableaiskpdt 4 deyitdeshe forpiet asy of BpomPHsgFaREy hoar d 1310,
nouse 1312, and, s %aggélg 1330. In general, an input/output device may be
any of 10 ms 1acﬁ‘3§'%1 EVAH tfack balls, m ce, keyboards, m crggh&nels,

t ouch- sensijég26p CEUSIRAYsalsd camisdie 2 vadar of PRURMRY dREERTeT R “0F P aber t ape
readers, 15 | et,s, u } qdyag. tihRendrAcagMbaénsputbi onetri cs
readers, o Eggﬁﬁboggsn{)%béégﬁseég%&%gg eggf&?o%lgl I y%grr?a be coypl ed to anot her
conput er ordetiet mapbemmi afatiden displeysaiingk h?élﬁaﬁﬁlc?ré‘ﬁ’%kﬂﬁéisi LR QRCE> 1340. Wth

hfor mat oIS E gt s S Bk EERNEH, hughBRS o Rpertid mhgni T ecel ve

15  tablets, styluses, voice or hr;mdwriting recognizers, biometrics readers, or other
computers. CPU 1322 optionally may be coupled to another computer or
telecommunications network using network interface 1340. With such a network
interface, it is contemplated that the CPU might receive information from the nekwork,
or might output information to the network in the course of performing the above-

20  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.
[0027] In addition, embodiments of the present invention further relate to computer
storage products with a computer-readable medium that have computer code thereon

25  for performing various computer-implemented operations. The media and computer
code may be those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those having skill in
the computer software arts, Examples of computer-readable media include, but are not
limited to: magnetic media such as hard disks, floppy _disks, and magnetic tape; optical

30 media such as CD-ROMSs and holographic devices; magneto-optical media such as
floptical disks; and hardware devices that are specially configured to store and execute
program code, such as application-specific integrated circuits (ASICs), programmable

logic devices (PLDs) and ROM and RAM devices. Examples of computer code




or mght output information to the network in the course of performng the
above- 20 descri bed nethod steps. Furthernore, nethod enbodi nents of the
present invention nay execute solely upon CPU 1322 or may execute over a
network such as the Internet in conjunction with a renote CPU that shares a
portion of the processing. [0027] In addition, enbodi nents of the present
invention further relate to conputer® storage products wth a
conput er -r eadabl e nmedi um t hat have conputer code thereon 25 for performng
vari ous conputer-inplenmented operations. The nmedia and conputer code may be
t hose specially designed and constructed for the purposes of the present

i nventi on, or they may be of the kind well known and avail able to those

havi ng ski Iipcipge ffli’Fé‘“t?c?ﬁ’ﬁ%ttSE‘Ph asaredisrebint synpilek.ang fdes contaipinghighar- r eadabl e
medi a i ncl gy chudtinaR XQtuttd B 4 &nfufr u@ag aemte@f@%&' @oﬁhmr ?e%dﬁﬁ‘é d disks,

fl oppy disks, and magnetic tape; optical medi a such and
hol ogr aphi dRCHA/FERIS0 ReEHRIHRTSRHG BRISINedi by aceatpules detp é’@?@lé‘@bodleé i®; and

har dwar e deMdages wab@hndresreSRERE agé@ﬁeﬁ&m&%&%n&%a%mreﬁe&%l%@p ute program
code, such as application-specific integrated circuits (ASI

pr ogr amiablMo9e8¥F-c devi ces (PLDs) and ROM and RAM devi ces. Exanples of

conput er cqgigs) &hem‘agmenmwa@p PPﬁeassﬁb&%‘nﬁlslcpﬁﬁdﬁf%ﬁﬁﬂﬂ-)’stﬁc{ﬁ%mﬂ er, and
files contalnln% hi gher |evel code that are executed by a conputer using an

i nt er pret erthe it Bpde Sish| Biedaa Enedgpdisied sy thelribadnecergtske transmitt ed

by a conputsgimddatiBeqheidhwit B Rb&LatinR: &sﬁérﬁds&ronw&xamxe BRpERENTI NG a
sequence of instructions that are executable by a 5Sprocessor. 100281 The

mask is triHAREEE S BFSH iEAp, Ola'%as%qﬁMFPrFshStFFrGP”%ss ysps 2 FPaPe @ ast ruct ures of
the masgk ampesHBeer 1Dy, - zo’éhﬁaﬁsw@rbha&: 2% Al bl e 2/ueh mh@gcchh@f Spacer s

to be forned subsequently will be placed at the désired position.
exanpl e reéﬁﬂ%WPBFl?rlnn1ng the mask is an 02-based photoresi st tr|m

process us q&m; Se&HRSa! MybPfeftuldd 206 8%dned Bfto HRAANS a1 14002 m%{e? are
provi ded at  a requenc%Fof 2MHz. 1000 sccm of O2 i s provided 00291

Sacrifi ci al' ! Pagethopadt HIG2G 14n srenls efogePn iy b ema@mophauarabeyer 212

(step 116) sacdFichd e frbviitsa préfsurcAT 16:080R! 800Tvals A8 prdPRILIQE s €t Chi ng an
anor phous %%rbon sacrificial layer provides a pressure of 40mforr, 300

watts are pEavinaLal AiMHEzq 504 semfoaragt 19con Rz areovided: i o prafa a1gie scem Sop

are provi dadthelmlmfamak@esaﬁeﬁe@bgihats B%ﬁﬁ&lrtbfshg’dt@' releR@A pRTIIPILET erably has
a vertical to sljg ﬁxbre entrant profile tod$revent t||t|ng of the
I

subsequent P?ﬁﬁ'@é‘r‘?‘fﬁ eabaravent spprosEEn BT ot ipsedha Rl eledfdhexposed si de

of the si dewgistd ﬁﬁ@@i&h&sﬂdéw&i%pﬁ&é}k RefdiPidel 8y BirbliR 6 piGsPhse and
hence typlﬁ%%ly sllg L@é apered, a tapered sacrificjal feature would
ot her wi se S tymicaly glightly tepengs- & frpersd speificinl deature aepld; qtheayiss make theerpval  of

the sazoi f i@hilihg kpater features seem tilted after removal of the sacrificial layer.

[0030] The mask is then removed (step 120), as shown in FIG. 2D. The mask may be
removed during the etching of the sacrificial layer features 216 or by a subsequent
ashing step using an oxygen ashing that preferably does not undercut the sacrificial
materials formed. It may also be removed is a wet solution that is non-reactive

25  towards the sacrificial materials.
[0031] In this example, the mask pattern is for forming a memory array chip. In this
example, dotted line 218 divides a region for logic devices, such as a peripheral logic
device pattern 222 and the remaining chip for an array or cell region 224. In this
example, it is desirable to increase the density of the array or cell region, which

30 provides repeatable features, without necessarily increasing the density of the logic or
peripheral region. Therefore, in this example, the logic area is covered (step 124). An
I-line photoresist is used to create the cover 226. This type of cover can be a low

resolution cover. Preferably, the cover 226 has a sloping surface 228, instead of a




100301 The mask is then renoved (step 120), as shown in FIG 2D. The mask
may be renoved during the etching of the sacrificial |ayer features 216 or
by a subsequent ashing step using an oxygen ashing that preferably does not
undercut the sacrificial materials forned. It may al so be renoved is a wet
solution that is non-reactive 25towards the sacrificial materials. [0031)
In this exanple, the mask pattern is for formng a nenory array chip. In
this exanple, dotted line 218 divides a region for |ogic devices, such as a
peri pheral |ogic device pattern 222 and the remaining chip for an array or
cell region 224. In this exanple, it is desirable to increase the density
of the array or cell region, which 30provi des repea @ % f tyres, W t hout
necessarlIymﬂnﬂﬁ@&memgﬂmwé&ﬂﬁﬁbﬁﬁy“BﬁﬁﬁﬁﬁePHﬁFE“@ﬁmb T 1°pHEr 817°F egi on.

Therefore, in, &J}h SRR Eono il d-08F iR, | S _cover ed (step 124). An I-line
photore5|sP I'S use to Ccreat

e the cover 226. This éyﬁ& ﬁover can be a
| ow resol ut[OUGm Suiperlls P0afefoampg in thy gacpggial feowgeshy A BSPRY EUr f ace 228,
i nstead of s % AR GalmSULLAE Riv bk Srigesaoobatingsidandishiabl @ spacer
can not be forme

I'n the subsequent processes gloqg *gv&ﬁ Ofﬁ&a S cover.
100321 Si desvaificil fB30wres(aiep d2He s|5h0\tﬂhtn e pi Pr Laing R ég’ P&tep*128), as
shown in Fg%m%%zcor@r&ﬁ% bzﬁraﬁdwcgcléﬁ&@ dyeﬁlc ﬁﬂoeayse&apﬁsmgamhmm ep of

form ng si 5sacrificial As shown in FIG
3, the for dipwitbindders (isp BH)aae sideyvel aqof?f‘eszlﬁ Psg ﬁ?ﬁ?ﬁ@é‘% a plurality of

cycl es of a3t denpdda) depasiepd &rbnmaase (step
304) and si Jﬁ%ibhﬁ%?@?qﬁg§39§ﬂP%%§%Eg%gh(Ste 30%% Ogéﬁag% erably, the

si dewal | depwsiisinpat Iptrages ¢iSHED @Q&)heﬁ§é§°%alﬂ@§§§ o Wi si ng at
| east 70° i lé%nd%me%&;@gsu& aSABL A, memgr gases zsrufébratﬁraslyHﬂ(e%) 2,

10S1Cl4 et c ZAd carrier gases such as He, Igmf

preferably, depfbﬁ@l@ﬁ;@@if‘tl‘iebwfms&? %F%rﬁéfrgaé’cfHﬁ‘? Fssaégorhortfgp?r? el 'gas, such as

i’ﬂ gon or X %4) @dQﬁcﬁft% 5 Forthb & @@ﬁatuea@trbr@maﬁ bxitierg iditbei ses at
east one X

I di ZI ng ditive_an ﬁgUCIng additive, such as 02, N2,
112, or FBmdP@@B&?gﬂﬁd%waﬁﬁﬂbmﬁ?bEhéH%QMH deposition phase (step 304)

provides a [Bbﬂﬂv /QI exlng-nple of a sidewall deposition phase (step 304) provides a flow of 10

15 scem SiHy, and 1000 sccm Ar. The pressure is set to 400 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 ¢ Watts a frequency of 2 MHz. During the deposition
phase the deposition gas is provided, the deposition gas is transformed into a plasma,
and then the deposition gas is stopped.

20  [0035] Preferably, the sidewall profile shaping stage uses a profile shaping gas
different from the deposition gas and comprising at Jeast one of CxFy and NF3 and
HBr, and Cly. More preferably, the profile shaping gas further comprises a carrier gas,
such as argon or xenon. More preferably, the profile shaping pas further comprises at
least one of an oxidizing additive and a reducing additive, such as O, Hz, N2, or NHs.

25  [0036] An example of the sidewall profile shaping phase (step 308) provides a
halogen (i.¢. fluorine, bromine, chlorine) containing gas, such as 100 sccm CFy. In
this example, CFj is the only gas provided during the profile shaping. A pressure of
20 mTorr is provided to the chamber. The second RF source 448 provides 600 Watts
at a frequency of 27 MHz and 0 Watts a frequency of 2 MHz. During the profile

30  shaping phase the profile shaping gas is provided, the profile shaping gas is
transformed into a plasma, and then the profile shaping gas is stopped.
[0037] Preferably, the process is performed between 2 to 20 cycles. More preferably,

the process is performed between 3 to 10 cycles. The combination of deposition and




15seem Sil k and 1000 sccm Ar. The pressure is set to 400 niforr. The
substrate is nmaintained at a tenperature of 20C. The second RE source 448
provi des 400 Watts at a frequency of 27 MHz and 0O Watts a frequency of 2
MHz. During the deposition phase the deposition gas is provided, the
deposition gas is transfornmed into a plasma, and then the dep05|t| on gas is
st opped. 20[0035] Preferably, the sillewall profile shaping stage uses a
profile shaping gas different fromthe deposition gas and conprising at

| east one of C'Ty and NF3 and HBr, and Cl2. Mre preferably, the profile
shaping gas further conprises a carrier gas, such as argon or xenon. Mbre
preferably, the profile shaping gas further conprises at | a}sggzn Q1€ of an
oxi di zi ng adﬂletshmnambra phadify oheycled ailevy Eor thefepmagiones verisd! SIEVasE NH3.
25000361 APrfBIP! e Rl Sl ARYR il e napkiog Dhas@allcainonsB08)

provi des a e gg’ flu orine, bromne, chlorine) containing gas, such
as 100 seebat@keh 88|°rlp $iveithethe frpiten Dﬂbﬂsi‘%‘f{cﬁélaﬁmfﬁa’ﬁﬁs provi ded during the
profile sh ’ ! cRiRY dadcifidingechambar . The
second RE @]@EQEP e%%i ?‘%"\L/Lir1 v9af11 %%SQV%Q Sgadgﬁjgﬁfrequen P@27 WVHz and O
Watts as frechesndycedby Betivelm 5—BQ%+ Adore peelprably; the slaps é{jﬁ)“/"g SEEE%%t he profile
shapi ng gas IS BV f R8uEa By béwkERPGFornatei nto a

pl asma, anfpaf:?l eﬁntﬂgga Tm!ﬁP %&Aﬁ%eg{ﬁ S stop{) 003 Pr eferabl y, the
process |Scymné1@ycﬁedlabdaawe@ﬁh@mbie%&%% %I‘aé % he process
is perfor m&*%l cfd"\'eonaigh gg 10 cycles. The conbl nat i on of dep05| tion and 10
profile sh8Pn urallt3/ of cycles allows cIhefolmatlon of
verti cal S(&lBﬂhPi&éﬁ:raﬂl’] ahesidbiall eph%tlwrpp%aﬁo‘“sﬁﬂaéwws BPRIG FERal | s t hat

fromb 88 WesmpAshet By Aflowink Rodb eakeoial ©m of t he
sacri fﬁ)él aﬁof’%h&r%p [5? a%@s i%}g%%iilpPr ef ergbl S ihe sidewal | s cause the space
bet ween théemcrdnflng:ihaISIdb‘a[y’éF‘erfOéléltoﬂPB%SﬂSbLttéh"Bé’yrhéﬂlﬁgé‘dc PE%Feen 5-90%
More preferabl v, S N8esRbinHorisbdaMplhes aausent Iﬂﬁ)fﬁ@ﬁ&@lﬂ@%ﬁ\ﬁe Byt he
sacrificial ayer features to be reduced by betvve% 21 he cyclical
cycle may Ipaax:enta@tht foomatiorefFokpesieen ]&Yﬁi/"&a}?ﬁ%?f?t FIPRER Y3 may  have

other addi t' Lonal. Pﬁ%%ﬁofjcﬁé)s%%ﬁfﬁk%ﬁabhé’sloﬁlhgsﬁfademﬁ bftﬂepm@r 22N process
does not fa&rma (ﬁlepoleon | ayer 10 al ong horlz??t al .surf his nmay be

acconplibs heﬂsﬁﬁcaa&htIYCﬁJQm@ fropmibe eied! t‘éPref’S“tdiéiﬁB@ orpRHPRG" TR ﬁ)g eval |
deposi tion phase, byl hap, By sibFkk M2 0bs apgei teslthan 80° from the

horizontal or greater than 20° from the vertical.

[0040] The uncovered part of the sacrificial layer is removed (step 132) so that gaps
240 are formed between the sidewalls where parts of the sacrificial layer were

20 | removed, as shown in FIG. 2F. The removal of the sacrificial layer requires an etch
that can selectively remove the sacrificial layer material with respect to the sidewalls
230 and the cover 226. In addition, the cover 226 should be much thicker than the
sacrificial layer such that enough covering still remaining to protect peripheral areas.
An example recipe that is able to do this in this example provides a pressure of 400

25  mTorr. 200 watts are provides at a frequency of 27 MHz. 2000 sccm of O, is
provided.
[0041] The logic area cover is removed {(step 136), as shown in FIG. 2G. A recipe for
removing the logic area cover provides a pressure of 20 mTorr. 200 watts are
provided at 27 MHz. 200 sccm of O3 are provided. The cover can also be

30  alternatively removed in a wet process.
[0042] Etch features 250 are etched into the etch layer (step 140), using the sidewalls

230 and the previously covered parts of the sacrificial layer, which formed logic




material renoved from horizontal surfaces during the profile shaping phase.
By preventing the fornmation of a deposition |ayer on a horizontal surface
al l ows for subsequent renoval of the sacrificial |ayer. The sl oping surface
228 of the cover 226 15is sufficiently sloped fromthe vertical to prevent
sidewal | formation on the sloping syrface 228. Preferably, the sl oping
surface 228 is sloped | ess than 80 ff om the horizontal or greater than 20
fromthe vertical. 100401 The uncovered part of the sacrificial |ayer is
removed (step 132) so that gaps 240 are fornmed between the sidewalls where
parts of the sacrificial |ayer were 20renoved, as shown in FIG 2F. The

renoval of the sacrificial |ayer requires, q;{f ef.ch thg;t, %ggalgghecti vel y
renove t hedsaesrnafters 322, laggeptchaRdh Ao P i @s%i'cf‘ F8Y¥he si'dewal | s 230 and

the cover Ee%ﬁ:efJ)&tﬁ'@%ﬁﬁLQﬁlecFrMaﬁ@E@KisZ@&i.Shoul d be nuch thicker than the
sacrificial T"ayer such that enough coverin

st.il]. remai nin r ot ect
per i pher al [0043hEhe Adeveniaapd BePEIPELYR%TS} gaCH%'F’éd eyt e ’ieﬁllogeolt ﬁte?hi s exanpl e
provi des 31%88%;%‘1{5%1}% FRDOT 25ni TRy be a2dplisticddn asimglerstpitheseragves f r equency
S

of 27 MHz. can of 02 is provided. [0041] The .l ogj r cover is
r enoveds ( sbeth headdewalls anthearriiial lryesn %§ W?réﬁfﬁg‘r?]bt}’g?%%%}?%g the | ogic

area cover ' - AR ESIHE 8tep ind e RH@Iflcial 206r mahbdbenne. povi ded at 27
MHz. 200 séegﬁné%ékﬁlg%I are provi deeg.anThe cover

[ can al so.be fernatively
removed i nesamwt ofthisoweesss Bogy esﬁiecsﬂ“bfi%@tsﬂﬂe@'é"nﬁg’(?}éarl%gegg gﬁ%’&]ﬁl{gﬂto the etch
| ayer (Steﬁia%é’ig)(ﬁ HEN s, BR) shdiRualEsihe 3R rifibil ke (puicb\s sushyrpbowser ed part s
of the sacrifici aP ‘ayer, \/\,?1

ich forped | ogi Vi atterns 222, as an
etch mask, caboshdmifiﬁlq“‘li@tmﬂlq.rreﬂ“&tﬁ’r‘?\?é?f‘f‘%oﬁﬁz’ %’%’ ?@gﬁ je for etching the
di el ectpi C b@&f I AAB hiSteps Gy bd GRARE Theomplerund fosmatitoh dfisenispediictus| y
covere sa(!rlf'm al layer are renoved (step 144), as shown in FIG 21. This
may be accalpkésshed in a single step that renoves

[0045] This process provides etched features with half the CD and half the pitch of
features formed using the same photoresist mask using a conventional etch process.
This process allows the use of a single photoresist mask and a single etch layer etch to

15  halve the pitch, while providing self alignment of the additional features to the
original features.
[0046] This process also allows reduction of CD and pitch in a cell or array portion of
a memory device where features have the same CD but may or may not be evenly
spaced and where CI) reduction and pitch doubling is desired, while maintaining CD

20  and pitch in the peripheral logic area of the memory device, where features are
irregular and where CD and pitch reduction are not as important and more
cumbersome and can be patterned in a low cost manner by the use of older generation
lithography method.
[0047] The sidewalls are of a material that can be conformally deposited using gas

25  modulation (providing a deposition phase and a profile shaping phase) and that allows
selective removal of the sacrificial layer without removing the sidewalls and that also
allows selective etching of the etch layer with respect to the sidewalls and that allows
selective removal of the sidewalls without damaging the etch layer. Preferably, such
sidewalls are a silicon based material, which is preferably silicon. The use of gas

30  modulation to form the sidewalls allows the sidewalls to be formed at a temperature
less than 100° C, which reduces device damage and makes it possible to work with

photoresist materials to form a cover mask, sacrificial layer or even as the layer to be

paiterned.




S5both the sidewalls and sacrificial layer in one step or in a plurality of
steps that renoves the sidewalls in one step and the sacrificial |ayer in
anot her step. An exanple of this process is renoves the Si-based sidewalls
in a hal ogen containing plasma (HBr, Cl2, NF3 etc) and renoves the
sacrificial |ayer (such as an anorphous carbon layer) in an oxidation or
reduction plasma of 02, H2, N2, or NH3. 10 100441 Additional steps may be
provided to conplete the formati on of sem conductor devices. 100451 This
process provides etched features with half the CD and half the pitch of
features formed using the sane photoresist nmask using a conventional etch

process. This process allows the use of a single rBhOt resi. td ngask and a
si ngl e et cHOP48} Somstafithe wers Fh B FROYGRES ‘t"‘t:‘f‘ﬁ’b%‘ﬁlf BRI GRY Yel f al i gnnent

of the addiéhlu‘?%ﬁ'wifh%ﬁtt i‘ri%x@%s%ﬁgocgf&ﬂg}@f ingicadhg fheaittit. eothef 86OGH thEhi s process

al so allows reduction o and pitch in a cell or arr dlﬁgr%&{stﬂf a
menory devimefemprbeabgdimentmesy teamitieher cbargsdasoyding gy {7 H6t°De evenly
spaced and r\g@%@gth%ﬁ %Jgrgmegﬂ@hmimﬁsmchaﬂ@:n'ti&nzﬂl@ﬁdcé:eds. i | e

mai nt ai ni ng 20and pitch in the peripheral

_ : I o%iﬁc. ar ealf of {he eoory
devi ce, SwhemempleainanethepprabadimeRy At i BYRFUGHSRIOBITSITh I28F P'8h °F BEUEE i on are
not as inpoy Lank.iangd ol EsuEn i ehsaIReRNEmasgishot fladdievactle photarekis cost
manner by the use of” ol der generation, '%gﬁ%&ﬁ%ﬂ%’ ne%lhod. 109431713&19:'_%
si dewal | s ameskeflnsieaduthe pheipresirbipaskd rpam fsratle gEioraH 1%y gas
25nmodul at i o}, ot REQY irini6s. artGieRIdsi0 hafliaske edlicbrarpy péitibe isskapvely phase) and

that allows selective renoval of the sacrificial |ay i t hout ,r.epoving the
si dewal | s aHe qtﬂvalpy%v|l%@s%1aq°%ﬁeﬂsth@é%€tei*’%a‘é‘c“éﬁicﬁaagﬁ- ﬁ%svge"'{e% °‘ﬂ“%§xhea‘5mwi th

respect;d 0 §DeseSieBichS saidicidd dyedeoWnich @lphototesat mastois alaced prokidesi dewal | s
wi t hout damagi ng the etch |ayer. Preferably, such sidewalls are a silicon
based mat er baiter regiplise pnd thergfoas BPsHPYe%ki | i con. The use of gas 30 nodul ation

to formt heboﬁh%eﬁ%ﬁ&wiaé hRWSe bHQd& demalidnspHomrhest fraiitiethapbe bartierthaer at ur e
0 C, i

| ess than 1 i ch Teduces devi ce, damage an kes it ' to work
with phot or W%gemtmpép@fﬁtswqaef‘n%“&wg E‘ﬁsq‘ ﬁ%‘?‘(‘?"u“é’i‘gﬁg”?%%rg or even

as the | ayefqhQioR8n wiggling. Older generation photoresists also allow a thicker photoresist
15  mask, which allows deeper etching of the sacrificial layer.
[0050] In one embodiment, the sequence discussed above can be repeated to further
reduce the CD and pitch of the mask features even more. For example, after reducing
the pitch of the original features to half, the resulting halved-pitch mask can be
subsequently used to patiern a layer of sacrificial materials and the sequence of
20  forming the sidewalls and removing sacrificial layer can be removed to resulting in
features of ¥ of the original pitch. The sequence may be repeated even more §hould it
be desired.
[0051] FIG. 6 is a flow chart of an embodiment of the invention which repeats the
process to further reduce the CD. First and sceond sacrificial layers are formed. FIG.
25  7A is a cross-sectional view of a substrate 704, such as a wafer, over which an etch
layer 708 is disposed. A first sacrificial layer 712 and a second sacrificial layer 716
are formed over the etch layer (step 604), with an etch stop layer 714 disposed
between the first sacrificial layer 712 and the second sacrificial layer 716. The first
and second sacrificial layers 712, 716 are of hardmask materials such as amorphous
30 carbon. The etch stop layer 714 is made of an etch stop material such as $i02, SiN,
SiC.
[0052] A sacrificial patterned layer is formed in the first sacrificial layer (step 608).

In this example a process, similar to the process described in the previous embodiment




patterned. 12 [0048] Sone of the steps in the above preferred enbodi nent
may be omtted or changed w thout increasing CD and/or increasing the
pitch. QG her steps in the preferred enbodi nrent nay be omtted or changed,
provi di ng an enbodi nent that still reduces the CD and/or reduces pitch with
respect to conventional processes. Eor 5exanple, in another enbodi ment of
the invention, a photoresist nask may be used as a sacrificial layer. In
such an enbodi nent, a mask is not placed over the photoresist mask

I nstead, the photoresist mask is trimed and then sidewalls are formed in

t he photoresist features. The photoresist mask-in the cell or array portion

i s renoved. mhiee etcaho kauehe g@ﬁbﬁ@&%ﬁh@&ﬁh@%ﬁk t?ﬂ? sﬁ%'aryhlag)ré‘slisgeM| |'s.
It has been fa#g that 10t he use qf a separate sacrificial l'ayer over which

a phot or esi BSgdemed oxprihe frshrasviiicia Elaﬁéﬁ%rm%%‘mkt?o igfémmpdresfore i s

preferred. SHOA91 FRY. 8.1 D 1St dabigridial 8ayef 710 ideicheeREhAL L QLR Or esi st
whi ch may be har r t ha B newer agneratlon photoresi sts and, by using a
si ngl e mas kpa“teH@ W\?’é’ﬁ‘tt oHshracERgiaklayer 1443 saavi HIF- §gdhe neptoresigter

gener at i%on pha W0ESicvidved| =S Ghéild RWIE. T g&%ﬁzeﬁmtlpfo?ﬁbébv&%fmgﬁk Hhi ch
al | ows deep@raf @hlng of the sacrifjicial |layer. 50] I'n one eﬁ%odlnent
the sequenclOFIsCereaRn! sivallsTal arreforagbinsasificil thwfthWGécﬁhe CD and

pi tch of theawhel ldyeay 1Y @&p §YBNad Wobm id PIG. €X2 Mk QonBihA mfe@qﬂﬂlr@g the pitch
of the original, features to hal f, the resulting hal ved-pltc mask can be

subsequent | YLy 1 deRoaitior processicaipprising a alueality PEgysles phe sidewals and t he

sequence Ofde}.’»@ﬁﬁd&ﬂ@ﬁ@eErﬁtﬁaﬁﬂéi@dd\ﬁirbﬁle%fﬂﬂm{geﬁﬂayé ng sacrificial |ayer can be

renoved t o r&i‘ﬂll; g I:‘_features of "A of the original pitch. The sequence
may be PepPet IE7eRT s fEstshwsifici! e e QGG HFpareaed By {1 ow

chart of amregmaﬁwar@m&m@&edtlmxd %ﬁﬁ@?tﬁ%tmqﬁe ERSRaP siINGaIR76@8S, T O

further req#§g L #rst and second sacrificial |ayers are forned. FIG
257A is a ct'0s¥” §r§élfei BETcigh falF grocavas sshrap dn Fish 7Fs bR caver is wapEed, over
whi ch an etBhdwyBrFI08Gi s di sposed. A first sacrificial layer 712 and a

second sacrificial |ayer 716 are fornmed over the etch layer (step 604),
with an et éhﬂéﬁ J%aqugyéﬁoﬁ@tﬁeg gueesh hettaReap laver Tidigto thasecpid ci al | ayer

712 andst h&a&ﬁmﬁﬂ%y&ﬁw& fsiepicab), hagim{d 61G. The Eéc'éﬁgc BOeb3gseRNd sacrificial
sk materials such as anprphous 30carbon. The

cton st op IFERIS T e oRagaren: ae SShe Sk ok o -
p ISHFERLT gdeieppt Aricahanihg seqond sacrisicial e 48, Bece, Si N
second sacnﬁmal layer 708 may be selectively etched with respect to the conformal
sidewalls 730.
[0056} The conformal sidewalls are removed (step 624), as shown in FIG. 71. A

20 cover is formed over the logic area. A second set of conformal sidewalls 754 are
formed in features of the second sacrificial layer (step 628). In this example, the
second set of conformal sidewalls 754 are formed by a deposition process comprising
a plurality of cycles of a sidewall deposition phase and a sidewall profile shaping
rhase.

25  [0057] Parts of the second sacrificial layer that are exposed are selectively removed
leaving gaps 758 between the conformal sidewalls 754 (step 632) where the sacrificial
layer once was, as shown in FIG. 7J. The cover over the logic area is removed, as
shown in FIG. 7K. Etch features 762 are etched into the etch layer 708 (step 636), as
shown in FIG. 7L. Further processing such as the removal of the sidewalls 754 (step

30 640) may be performed. '
[0058] Other embodiments using multiple sets of conformal sidewalls may be used,

For example, a single sacrificial layer may be used. A second set of sidewalls may be

formed on the sidewalls of the first set of sidewalls, where the second set of sidewalls




SIC. 10052] A sacrificial patterned layer is fornmed in the first
sacrificial layer (step 608). In this exanple a process, simlar to the
process described in the previous enbodinent 13 may be used to formthe
sacrificial patterned |ayer. A mask 720, such as a photoresist mask is
formed over the first sacrificial layer 712. The mask 720 is trimmed, as
shown in FIG 7B. The first sacrifiétal layer 712 is etched to forma
sacrificial patterned layer in the first sacrificial layer 712, as shown in
FIG 7C. The photoresist 5 mask 720 is renoved, as shown in FIG 7D. A
cover 726 is formed over a logic area. 100531 Confornmal sidewalls 730 are
formed in i f b . riflcial. patterned. | ayer. 712 (step
612), a5 shoae | e e MERHHERE B st SRSl PR BR e

deposi ti on SsEEste baotrtactivinenmvpd withirgspyctdé theysedond setfofaidsivdidanal |

deposi tion i I I hase., 10100541 Parts of
the first s[ gﬁﬁ ﬁhg:ag?éei %‘gor% t rg? R%?‘Ea]klje@ ps)%g%% Ha?)%gpn}egﬁanlﬂto H’é“%‘gf’ Ferned I ayer
are sel ect ilggatipng tonigvtber redupe Ghhusiaas sizelo libeewpby st eEahrshibienadnt Si dewal | s
730 (step ; LEi cl l. r Q was,.. as. shown in FIG 7F
The covgr ?%%g%%ﬁél%geiﬁg%ﬁeip ok uélé¥a§? n’l%gtﬁzgfa eléetr%t%oé'scpo'?%ﬁmar e etched

t hr ough t hée®iiet 18hegraphystap, Whith reviucestthereguicaipredSemof ihk lidicgkaphpyer 708
(step 620) pr@gsshown in FIG 7H Because the conformal sidewalls 730 are of
a different material than the second sacrificial |ayer 708, the second
sacri fi ci all096) &¥hikoBisriayentien besl bwen dssetieddn edred ofisdviral esertl to t he
conformal gj L _si.dewal | s are renpoved (step
624), as s%m@neln%f_é%%ﬁ% 9]%5%%)0(1:1 o’\t}g?ﬁ?gaft@%%ﬁmé%eop *t g POt area. A
second !8et SBYstigin el veints vdéshalhll svithbvthe s@pt of thidinientibealishesd efsobbe second
sacrifici alyolea¥®it tﬁé%n%?)ﬂte DS §X J:Igentitng?heang 0 38t of confor mal
sidewal | s 754 are forned by a deposition process”conprising a plurality of
cycl es of &PRAryusRaIf theapersitipomtipinall és therdfoge mitabdodibat fhe 6flidwengshapi ng phase.
25100571 Papihded clbids (GRS AL thiibihg i ka&lief08hs, AlcRifihgsed are

sel ectively renoved ] )
permutations, and various substitute equivalents as fall within the true spirit and scope

15 of'the present invention.




| eavi ng gaps 758 between the confoermal sidewalls 754 (step 632) where the
sacrificial layer once was, as shown in FIG 7J. The cover over the logic
area is renoved, as shown in FIG 7K. Etch features 762 are etched into the
etch layer 708 (step 636), as shown in FIG 7L. Further processing such as
the renoval of the sidewalls 754 (step 30 640) may be performed. [0058]

Ot her enbodi ments using nultiple setd3of conformal sidewalls nmay be used.
For exanple, a single sacrificial |layer may be used. A second set of
sidewal | s may be formed on the sidewalls of the first set of sidewalls,
where the second set of sidewalls cié%se of a different material than the
first set of sidewalls, which allo first set of sidewalls to be

sel ect i véihgt isetaimediisii t h respect to the second set of sidewalls. 100591 The
above enbodi nent and ot her possible enbodiments allow nmultiple iterations
to further reduce CD using a single |lithography step. Each subsequent 5
iteration A medRkiforprb6GaRg fthbs A RhaNyR Udnipi@ig! | on, so that each
iteration does not “require a |lithography stéep, which reduces the required
preci si on of foraingjatsh %mﬁq@n@tbz@.m%@@mclwﬁat@es AYS apgkddeYesn has been
described in . I 1 K rations,
nodi fi cati ons&%@?n@%ﬁ@éﬁ%@%n(ﬁ%gﬁ g%g%%gg%@ El&{’ 3’? gbg%gvagllﬁ?{s‘%(?Mi ch
fall w tductestofie selewgléeforfmatidn mrocass,eviteram cachticyslh ocomprissso be noted that there
are many alternative ways of inplenenting the nmethods and apparat uses of
the present ih¥ ?}*{4"04??0 lfeoqghaf%é?‘if ore intended that the follow ng appended
clai ms be i ntekiRewdIPProfite tHaind hAgk, dhlichSihaPesatht gidewhip poofiloBsliafvee@ial ons,
pernmut ati ons, and various substitute equivalents as fall within the true
spirit aefil¢ope 150f the present invention. 15

selectively removing parts of the sacrificial patterned layer between conformal

sidewalls leaving the conformal sidewalls with gaps between the conformal sidewalls
where parts of the sacrificial patterned layer were selectively removed; and

etching features in the etch layer using the conformal sidewalls as an etch mask,
wherein the features in the etch layer are etched through the gaps between the conformal

sidewalls where parts of the sacrificial patterned layer were selectively removed.

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

stopping the flow of the deposition gas.

3. The method, as recited in claim 2, wherein the sidewall profile shaping phase
comprises: 7 '

providing a profile shaping gas different than the deposition gas;

forming a plasma from the profile shaping gas; and

stopping the flow of the profile shaping gas.

4. The method, as recited in claim 3, wherein the forming the sacrificial patterned layer,
comprises:

forming a sacrificial layer over the etch layer;




CLAI M5 What is claimed is: 1.- A nethod for providing features in an etch

| ayer, conpri sing: formng a sacrificial patterned |ayer with
.sacrificial features over an etch layer; formng confornmal sidewalls in the
sacrificial features, conprising at |east two cycles of a sidewall
formati on process, wherein each cycle1 onprises: a sidewall deposition
phase; and a sidewall profile shaping‘ghase, whi ch shapes the sidewal l
profile to a vertical profile; selectively renoving parts of the
sacrificial patterned |ayer between conformal sidewalls |eaving the

conformal si depalinga pitlebhed 3REk BOSMBEScENGaaROmaRl sidewal | s where parts
of the sacrificial patterned |ayer were selectively renoved; and

et chi ng f eat uftBing sacrifisiab feappresipterthe sacrfciehieyeonf or el si dewal I's as an etch
mask, wherein the features in the etch | ayer are etched through the gaps
bet ween the conformal sidewalls where parts of the sacrificial patterned

| ayer webeTheethoidyas rgciteeininvodadm 4. whilnen ribet jratiened snaslke ¢s 4 photbresist miask, 1,

wherein th i dewal | . deposj tion.phase co i ses:. providjng a deposition
gas: f or ARSI e farming the RemAERborisTa BYE: IR SEBHSFHGRRER Pow of ¢ he
deposi ti ghotgfsist mask. The nethod, as recited in claim2, wherein the sidewall

profil e shapi ng phase conprises: providing a profile shaping gas different
than the deposition gas; formng a plasnma fromthe profile shaping gas; and

st oppi nggt j: j: . t cited in
claim 3, mﬁ%éllhﬁw?’ﬁgés r%%fer%mﬁgidtnh?’ ?&%ﬁ#lﬁlgi ai p tﬁ%ees;rg%%&ﬁaeer r,neg?)??{?r?i ses:
f or mi ng furthereanfprisestenicanrgy the phototehist maskiaflengtebing sacrificial features into the

sacrificial layer.

7. The method, as recited in claim 6, wherein the sacrificial patterned layer defines an
array region and a logic region, further comprising covering the logic region of the
sacrificial patterned layer after forming the sacrificial patterned layer, wherein the
selectively removing parts of the sacrificial patterned layer removes uncovered parts of '

the sacrificial patterned layer.
8. The method, as recited in claim 7, further comprising uncovering the logic region of
the sacrificial patterned layer after selectively removing parts of the sacrificial patterned

layer.

9. The method, as recited in claim 8, further comprising removing the sidewalls and

remaining parts of the sacrificial patterned layer.
10. The method, as recited in claim 9, wherein the sidewalls are of deposited silicon.

11. The method, as recited in claim 10, wherein the sidewalls have a substantially vertical

slope.

12. The method, as recited in claim 1, wherein the forming the patterned sacrificial layer

comprises:




16 formng a patterned mask over the sacrificial |ayer; and etching
sacrificial features into the sacrificial layer. 5. The nethod, as recited
in claim4, wherein the patterned mask is a photoresist mask, and wherein
the formng the sacrificial patterned |ayer further conprises trinmng the
phot oresi st mask. 6. The nmethod, as recited in claim5, wherein the
formng the sacrificial patterned Iaylér further conprises renoving the
phot oresi st mask after etching sacrificial features into the sacrificial

| ayer. 7. The nmethod, as recited in claim®6, wherein the sacrificial
pat t er ned 'ayﬁfmﬁgféﬂhﬁ&r : ?Jgé?&ﬂzefﬂﬁie&?ll ng- a logic.region, further
conprising covering the l'ogi ¢ region of the sacrificial patterned |ayer

af t er for m ngpatiemingaide iphbtorealst jamert te fomel a lpatjeened phivgoresist ndsk, whéremttheel vy
removin [ t f the sacri.fi.cial patterned. l.ayer reppves  uncovered parts
of "t he. SR aioor 2Rk i el et st 1R and SHREE M GRIGREE 2T 7
further sideomdlsatagrmedeyheiphgoicbiet ekl ¢ region of the sacrificial patterned
| ayer after selectively renoving parts of the sacrificial patterned | ayer.
9. The nethod, as recited in claim@8, further conprising renoving the

si deval | g3, arhd njcBRl Al AGiRP chi’3, WRErcRRRE dih he RAHRID Bkl Playerl 0. The
nmethod, as recited. 1n claim9, wherein the sidewalls are of depdsited

si | i con.conpxisesthe net hod, as recited in claim 10, wherein the sidewalls

have a substantially.vertical. s]ope. 12. The. hod, as_.recited in claim
1 ner ot o ol M sae kit P socoh sofi il Tapdy apd i b ededd, 5
form ng comphsingt esi st | ayer over the etch |ayer; patterning the
photoresi st |ayer to forma patterned photoresist mask, wherein the

patterned ph B?_”égiﬂ?tSWaF%ﬁqiﬂéaﬁéPY%’ﬁ%ﬂc%]éﬁ?q ficial layer and wherein
the confor m'foﬁﬁiﬂ%‘éﬁ'ekc‘ﬁ WPlab QT FRAHR RS MG sQ&lﬁic@de@eﬁtmﬁ%Jﬁﬁng%ﬁb firkhe
met hod, as recited in claim3, wherein the form ng the sacrificial
pat t er negctifigielayer owgntheetch stop layer;f orming a first sacrificial |ayer, second
sacrificial | [ t , (iﬁﬁP. p.ng: formng the second
sacrificial |§§’§Pg8$§€“§%‘g’q‘8‘tﬁ{:ﬁ’%@$gﬁ sac aﬁ'la%f'eﬂ

etching sacrificial features into the first sacrificial layer;

forming conformal sidewalls in the sacrificial features of the first sacrificial layer;
selectively removing parts of the first sacrificial layer between the conformal sidewalls
leaving the conformal sidewalls with gaps between the conformal sidewalls where parts
of the first sacrificial layer where removed;

etching features into the second sacrificial layer to form the sacrificial patterned

layer; and removing the conformal sidewalls.

14. The method, as recited in claim 1, wherein the forming the sacrificial patterned layer,
comprises:

forming a photoresisf mask over the sacrificial layer; and

trimming the photoresist mask, wherein the photoresist mask is the sacrificial, and

wherein the conformal sidewalls are formed on the photoresist mask.

15. The method, as recited in claim 1, wherein the sacrificial patterned layer defines an

array region and a logic region, further comprising:




formng an etch stop |ayer over the second sacrificial layer; and formng
the first sacrificial |ayer over the etch stop layer; formng a patterned
mask over the first sacrificial layer; etching sacrificial features into
the first sacrificial |ayer; form ng conformal sidewalls in the
sacrificial features of the first saq&ificial | ayer; selectively renoving
parts of the first sacrificial |ayer ‘Between the confornal sidewalls

| eaving the conformal sidewalls with gaps between the conformal sidewalls

where parts of the first sacrificial layer where removed; ~  etching
features i nt ocdvbngd QO NEicS spidd bEitRd shcifRfal tpAttéBEdNIARE HRE Torhlikg dhe
patterned | ayer; and renoving the confornmal "sidewall's. 14. The nethod, as

recited fagrififial patiernedn layes, whareint e nselegtivele remeying j parts) ofpthet sacriigial ayer
conpri ses. 1 BOLRALES éi{{% = 1 § LGl | ayer; and
trimm ngi t hefén%ggag{g gﬁe%éoiqst rrégiw er eﬁ@%ﬁ%ﬁ%ﬂ%@%&é fs?? &jl’rgiéq( is the
sacrificial, wedvesngribe logibaegionfadr thelsasifthéalepatternad dayeprafier] selectivety

phot or esi st _mask. . Th t hod S recited in claiml1, wherein the
sacri fi ci*BIOVPSHELES ﬂ%‘ge Fﬁgfgﬁ%%eﬁgﬁ@’ﬁr'ar ray region and a | ogic region,
further conprising: 18 covering the-logic region of the sacrificial
patterned |layer after forming the sacrificial patterned |ayer, wherein the

sel ect i v ThE gndngs seaitedsin slaimpe whersin the dorming eenfemmad gidewdlls does it e s
uncover eﬁrxﬂ%ﬁfeﬁosﬂ{]ontiﬂ&gg%' Mﬂlcsjupﬂawgatter ned | ayer; and uncovering the
t riti

logic region o e sa cial patterned |l ayer after selectively renoving
parts of the sacrificial patterned layer. 16. The nethod, as recited in

claiml1, erein,the form conf or si dewal |.s does not form a deposition
21 ong. ot AP bt reriice Rles T BBh 5 eh PRBESOEIAl ng 1 eat ur 65 i - an el ch
| ayer, conprifsinigg a sacrifidifl phttefhed 152€ Withi @ibaficimefchiarRad et ay efchVihjdr,
sacrificial features_qver an etch layer, wherein the sacrificial patterned
| ayer deVhsteis tha spprbgial, pytemedalasren defings cay agabregien mpdi silpgic 18860 di ng a
phot or es‘joﬁ;rpﬁgﬁéer; and form ng a photoresist mask fromthe photoresi st

| ayer, wherein the sacrificially patterned layer is the photoresist mask;
providing a photoresist layer; and

forming a photoresist mask from the photoresist layer, wherein the sacrificially
patterned layer is the photoresist mask;
covering the logic region of the sacrificial patterned layer, wherein parts of the
sacrificial patterned layer defining the array region are uncovered;
forming conformal sidewalls in the sacrificial features wherein the sidewall are on
" the photoresist mask, comprising at least two cycles of a sidewall formation process,
wherein each cyecle comprises:
a sidewall deposition phase, comprising:
providing a deposition gas;
forming a plasma from the deposition gas; and
stopping the flow of the deposition gas; and
a sidewall profile shaping phase, which shapes the sidewall profile to a
vertical profile, comprising:
providing a profile shaping gas different than the deposition gas;
forming a plasma from the profile shaping gas; and

stopping the flow of the profile shaping gas;




covering the logic region of the sacrificial patterned |ayer, wherein parts
of the sacrificial patterned |ayer defining the array regi on are uncovered;
form ng conformal sidewalls in the sacrificial features wherein the
sidewal | are on the photoresist mask, conprising at |east two cycles of a
sidewal | formation process, wherein each cycle conprises: a sidewall

deposi tion phase, conprising: providilhg a deposition gas; forming a plasm
fromthe deposition gas; and stopping the flow of the deposition gas; and

a sidewal |l profile shaping phase, which shapes the sidewall profile to a
vertical profj . 1 .Sing. el .ofd Q@&f? l rent
than the deposlgile??‘éezbog%éé‘%%rq%%&g %tgg)rggh rs %Jlnilﬁltcﬁ%a%pro %&I;lleag%ﬁg%}v%@gas; and
st oppi ngohfeemhbl sidewdlist leavipg e domfermab sidgwalds with p8ps betwesetheatonfogtgl r enovi ng

uncovered, parts.of the crificial patterned |ayer .between gonfornal

si dewal |stdg WH&WW@%%FSW‘@P@_%}H@%YWW%G %egeﬁgv EIREET 1 he conf or mal
si dewal | s WhenBoR#E ShbelcheyisR6f thE badkificiaPpdticpicdesiel;aper were sel ectively
renoved; uncovering the Fo ic region of the sacrificial patterned |ayer,

and et cifighing Eatmsds thaetehdaver eving tpconfosmalsidanalle 9n B et Makdenal | s
as an Etvgl%é%m% fe%ﬁl%s% [El%et 4& {a?é’rit %é \;S%Pﬁkhﬁﬁ}%?gﬁ% ng BUech i @hfdiad) t hrough

t he gaps ween e conforna ts of the sacrificial
pat t er nesitiewalie rwhee epas| ef tthey shorificéalopattmed 1Byer Twerematipuivelyagemensidt ed i n
claim17, wherein the formng the sacrificial patterned |ayer, further
conprises trinmmng the photoresist mask. 19. The nethod, as recited in

cl ai m 118, whehRidd! RereGialin tlth 13, wikketh ks fot:amghint daonfidial faapmsdkgenn angl e
between 88 to 90 wth the bottomof the sacrificial |ayer feature. 20. The
net hod, fashercempasestrimaning fie photpresistiask he conformal si dewal |'s are formed
at a tenperature |less than 100 C.

19. The method, as recited in claim 11, wherein the conformal sidewalls from bottom to

top make an angle between 88° to 90° with the bottom of the sacrificial layer feature.

20. The method, as recited in claim 1, wherein the conformal sidewalls are formed at a

temperature less than 100° C.




