MULTI PLE MASK PROCESS W TH ETCH MASK STACK BACKGROUND OF THE | NVENTI ON

[ 0001] The present invention relates to the formati on of sem conductor
devices. 5 [0002] During sem conductor wafer processing, features of the
sem conductor device are defined in the wafer using well-known patterning
and etching processes. In these processes, a photoresist (PR) material is
deposited on the wafer and then is exposed to light filtered by a reticle.
The reticle is generally a glass plate that is patterned with exenplary
feature geonetri eMULIIPIE 0CASKIPIROCESO WITNDPAGA MAGIIOTARKOUgh t he
reticle. [0003] After passing through the reticle, the Iight contacts the
surface of the photoresist material. The |ight changes the chem cal

conmposi tion of the photorggseRicrOBN® bt ey Ra&to/ devel oper can renove a
portion of the photoresist nateriral, Tn the casé of positive photoresist
mat eri al s, {1981lexpdseprerayingedionrdalpsivphermativg of perpipendudisr ¢exiwes.of negati ve
phot or esi st ri 1ol i > I ved. eafter, the
waf er i§ et !:(ﬁg(%]et oﬂrugﬂﬁ%%/egﬁ? %gﬁﬁﬁrﬁggﬁﬁrﬁ%sﬁﬁgﬁug Sﬁrqgcnsﬁ Cé};@ir%{eogs that are
no | onger pistectediyd nhee phist ofiesval-kimatgsatialningand cichiep ehyedet lme t he

desired fegtures in the wafer 0004) . Vari ous, gener ations.of. phot or esi st
are known. %5%66’18?‘35?6& E\H%Bﬁoéetslst @&)/)‘m“?é“ﬁ %Sf%ds‘?%tﬁlc i‘"é‘%eéf%‘b‘g@%mby 248 nm
light. To faglokéd Blighimedensiansidld. Tifel6icldA deserdly Sahe pRtd t8atGd 0SS- sect i onal
view of a layer 108 over a substrate 104, with a patterned  photoresist-

| ayer 112, Bitiemedrvithrmerpplatifeater geansives thahpdock lighr@y aiopediing ayer 108 to be
et ched {fyor m t.ack 100. The photoresist pattern has a critical

di mensilgn %&gﬂt%@g G'may be the width 116 of the snmallest feature. Due to
optical prof®8] es AZfsr plepenthentgh dire rabdelieltenigehh corpdutt the s fast olskposed by

| onger wavel ength |iaght s .| er theoretical mniml. critical
di mensi ons. pl[“ﬁ%@%ft ‘?15‘5?)3}64%%%1&%? uﬂ%cg’ﬁmbcél?%ql@r?élgo ﬂ}f%ﬁﬁiﬁm‘?‘ﬁ%ﬁphot or esi st
pattern, aspshghsuch Mhafd davelbBer chlfaldvy a pbitien CBhehhétbesiteaitie (he w dth of
t he featureé IS e(}ual tothe CD 116 of the .feature in the photoresist

3

1.12. In pr §EpEe! ppHEvaboBrestshuatedale dPeoPrsdiag osorpemesrhand Pl the CD
of the hot 9£s§%E'gégfa&%hg%?esﬁpnﬁﬁﬁ§lts,' O &pASH LS afembhat oresi st, — or

undercutting. T eature may al so be tapered, where the CD of the feature
is at 1 Thereafter, the wafer is etched to remove the underlying material {rom the areas that

are no longer protected by the photoresist material, and thereby define the desired
features in the wafer,
[0604] Various generations of photoresist are known. Deep ulira violet (DUV)

20 photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A isa
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
photoresist layer 112, over an ARL (Anii-reflective layer) 110 over the layer 108 to be
etched forming a stack 100. The photoresist pattern: has a critical dimension (CD),
which may be the width 116 of the smallest feature. Due to optical properties

25 dependent on wavelength, photoresist exposed by longer wavelength light has larger
theorctical minimal critical dimensions.

[0005] A feature 120 may then be etched through the photoresist pattern, as shown

in FIG. 1B. Ideally, the CD of the feature {the width of the feature) is equal to the CD

116 of the feature in the photoresist 112, In practice, the CD of the feature 116 may
30 be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,

or undercuiting. The feature may also be tapered, where the CD of the feature is at



| east as great as the CD of the photoresist, but where the feature tapers
to have a smaller wdth near the feature bottom Such tapering may provide
unreliable features. [0006] In order to provide features with snaller CD,
features fornmed using shorter wavelength |ight are being pursued. 193 run
photoresist is exposed by 193 run light. 5 Using phase shift reticles and
ot her technol ogy, a 90-100 run CD photoresist pattern maybe formed, using
193 urn photoresist. This would be able to provide a feature wth a CD of
90- 100 nm Eﬁwammﬁﬁhﬂﬂnﬁﬂéb%mcpMﬁ@xﬁﬂsﬂdﬂbwﬁlﬁﬂ%mumtﬁmqhbhmwﬁing phase
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10 [0007] T[k)encgse m‘mamds plamdmmah@nﬁﬂﬂnmmr@i oDefhiates fommyd piavidaaaddi ti onal
probl ens over photaoresists using er mavelengths To obtain CD s close

to the thé%@@fW%@ﬂ@ﬁFﬁFPmﬂ%@”ﬁW@hé %Eﬁymﬁﬁéﬁ&%fﬂ§m§ﬂbﬂﬁaﬂﬂﬁﬁﬁbre preci se,
whi ch waul dUblﬁl?ﬂ&‘HSé 911ﬂ?étﬁ e@&%&ﬁér\{@c}ﬂ@l%%&? ganhy 111%% gﬁ%&%mtgﬁﬁéﬁ ntly 193

urn photoresis i nn phot oresi st may not el ectivities as high
as | onger wa%elbfeﬁ@gntﬂ phog 6¥3egn ghatoreSsta dtisvennldled abiimtp raveleadsiting under

pI asma EtCh 1%5100[111 qge\“ honnes Tt?shéxngseggggﬁ}g#ﬁélln\/%sm yers, $UCh as

in the fornaklon nenory esir i ncredse devi ce
density wi tfias shdit ratinics bmcnghqaearcmmm@rme 90 nx000 @]mtEJ}eﬁst Rherhsmay be

cross-sectignal . view of tterne hotores st er _for producing
conducti ve FH%%'ﬂﬁﬁgﬂmgS%%ﬁﬁﬁ”%@ﬁ&%gﬁﬂﬁﬁﬁwﬂ ﬁé@’ﬁ%“?gg cl ose according to
20 thepri opogyt - @«f@&sc%f§1&6?L%1t&ﬁie?engt%hot%ﬁ%ﬁts@ﬁayqn&@Jeeiddﬁqol@aﬁr rier layer 206
may be placed. © Over the barrier |ayer 206 a dielectric |layer 208 such as a

met al | ayerprebleoms peinppioresisn usipglpagerivevelgngy . Tassn Ches dosslteteri c | ayer
208 an ant'tﬁ]ggigt?c% 11Y1ﬁtl1eai¥tﬁ(§gzéﬁla}zpa%& s ShHT be Ator 19@‘&%&@}{?08@ formed. A

patterned photoresi st a er or ne over In this
exanpl e thec@tatmemre@dp@lmb bthegiagity dqumﬁsamzJlﬁ%eh@y@Bamw\pldxtchcmmmw 25 as the
line width "L", as shown. The ces 222 have a w "S" homn The
bt toh'| enguimebiSRaS AR isltes BRE S 45 h o Relr eSSt R fhe space
W dt h R5L+Sind@Say @@ mork badil§ ufRs blaakh eich eoid@eisee the pitch length. [0010]
One way of redu0|ngwf|tch with is by reducing space width, FIG 2B is a

b

cross-sect i l@RBH vi Buiheptchingat woadyréiye phgsoresisin hedpapatipp pt BpBeyci ng
conduct1ve @hicd0 ik BLAGHEIFinbleRyibd A5y WIRM BAAGLAGL PEINRARC Ne [T nes 1

too close according t e prior a substrate 204, such as a
waf er a barftDest | ayB:. 2206anmys tmetupiab_weﬁ_of a patterned photoresist layer for
producing conductive lines, when spacing between the lines is too close according 1o
20 the prior art. Over a substrate 204, such as a wafer a barrier layer 206 may be placed.
Over the barrier layer 206 a dielectric layer 208 such as a metal layer or a polysilicon
layer is formed. Over the dielectric layer 208 an antireflective layer (ARL) 210 such
ag a DARC layer is formed. A patterned photoresist layer 212a is formed over the
ARL 210. In this example the patierned photoresist lines 214a have a width defined
25 as the line width "L", as shown. The spaces 222 have a width "S", as shown. The
pitch length "P" is defined as the st of the line width and the space width P=L+S, as
shown. It is desirable to reduce the pitch length.
10010] One way of reducing pitch with is by reducing space width. FIG. 2B isa
cross-sectional view of a patterned photoresist layer for producing conductive or
30 dielectric trench lines, when spacing between the lines is too close according to the
prior art, Over a substrate 204, such as a wafer a barrier layer 206 may be placed.

Over the barrier layer 206 a conductive or dieleciric layer 208 such as a metal layer, a

o



Over the barrier layer 206 a conductive or dielectric layer 208 such as a
netal layer, a 9 polysilicon layer, or a dielectric layer is fornmed. Over
the layer 208 an antireflective |layer (ARL) 210 such as a DARC |l ayer is
formed. A patterned photoresist layer 212 is formed over the ARL 210. In
this exanple, the patterned photoresist |ayer 212b forns patterned |lines
214b with photoresist residue 218 forned in spaces between the 5 patterned
| ines 214b. The presence of the photoresist residue 218 is caused by
providi ng teyssifteh layaf ova sipiacc b@taMe&nnedteOmtltedamaOS imagrelitdbye since it
is nore difficult to renove residue froma,s | yIim't t he
density of ¥ A%h%@c‘*@%%ﬂpﬁgé EYRAL fﬁﬁ&?dbé‘%ﬂ %@5501 5 G: THE

I NVENTI ON 10 ¢f,004 Lde T RBN0DEY Emtihe of H£Y GlenBttaned piibiaesd te@atmeb with the

pur pose of the present invention a nethod for form ng etch features in an
etch | ayer fowvespatenghiingsstldb i\’\@ih@b@tWFléfeéﬁldLﬁr?1§tf@ﬁlcf3rﬂ§$&m%@tsQE‘R"BPlb‘Ihﬁed by at

| east one | aye ten etllﬁ tIs lg@dll%v ebf%ccpqotoL (Vj?fcmd@ta £18r1§5au@&ﬁJ§ is formed over
the etch ma¥ ack erei n I st efines a plurality of spaces
with widt hSpmAdﬁugd@Mﬂhctu dfa;spmoelbsmteer ire ghatoyiead lnlhe21f4br ghceribis Kol wherei n t he

sidewal | | ay duces the wi.dt hs of the aces n first mask.
A first set 12{-[011]{ {ETIIONE TSIV (IR F i SPASEs 5 A il 1{&1@‘391{@99/?%2(?&“ mask

stack t hr oughdtfife listogwahdy degy®idedwher ei n the features of the first set of
features have widths that are snal })er t han t he wi dths of the spaces
SUREMAROL OXIHE INNENITON

defined by the first mask. ayer are renoved. An
addi ti onal ur e..st , £ a3 Kl agdi tional
mask oS@r t@gﬂétchlﬁﬁgﬁedcﬁl ée(?%h"\?\%‘gg 1(gdlgtl(\atg %&dgﬁ%?}?}%ﬁaﬁuﬂfo ' 1? ines a

plurality oflav&pmnemtanhddlioWOdhmg,etchdwamrqmgnan shchéayat ¢vef ay@ﬁ“%@/er t he
ddi t I in t i dewal | / f th
Lo et ey VRl DRk LBVl G Sty oL

spaces defi H& second set of features at

| east parti alby A fifsPmbdkds eirgbd o®s Kie e&:lhalé:dsk Eﬂacﬁlowgérezhhlez fiastd"ﬂmhldbﬁﬂcayer
wherein the features have w dt hs that esrram nth w dt hs of the
spaces def i Ay effeacey Hithimodas f?’r’é‘éi?(wa REE A ?%%V‘Jt 18 ’ﬁs&%‘“ and si dewal | .

| ayer. 4 pl #Ml efnttMe Qhevt & 35%E?e§111ée§ 1RLGRGE of Mk GpdeBedinedibyl @Y afst tbglough t he
first set o eatures and the second set of features in the etch nask

stack. [ oommtmemfdeanms imaivh ol tcattinorisdy itthBreickiamsk sackalipaghtd f or
formng f eats; %y\éa 1§¥CéTV§¢’]e§61F g}c r{ieec‘g 1€ oil e BsP SL't gielgatuég hf\le%ndt@&lﬁt b ack fornmed

by at | east
smaller than the widths of the spaces defined by the first mask. The mask and

sidewall layer are removed. An additional feature step is performed, COMPrISINgE

20 forming an additional mask over the etch mask stack, wherein the additional mask
defines a plurality of spaces with widths, forming a sidewall layer over the additional
mask, wherein the sidewall layer reduces the widths of the spaces defined by the
additional mask, etching a sccond sel of features at least partially info the etch mask
stack through the sidewall layer, wherein the features have widths that ave smaller

25 than the widths of the spaces defined by the additional mask, and removing the mask
and sidewall layer. A plurality of features is etched into the etch layer through the
first set of features and the second set of features in the etch masik stack.
[0012] T another manifestation of the invention a method for forming features in
an otch layer is provided. An etch mask stack formed by at least one layer is formed

30 over the etch Jayer. A first mask is formed over the etch mask stack wherein the first
mask defines a plurality of spaces with widths and wherein the plurality of spaces

have a critical dimension and a pitch. A sidewall layer is formed over the first mask



30 over the etch layer. Afirst mask is forned over the etch mask stack
wherein the first mask defines a plurality of spaces with w dths and
wherein the plurality of spaces have a critical dinension and a pitch. A
sidewal | layer is formed over the first mask 3 wherein the sidewall |ayer
reduces the widths of the spaces defined by the first mask. A first set of
features is etched. partially into the etch nask stack through the sidewall
| ayer with a first etch chem stry, wherein the features have wi dths and a
critical ditveansine @zde%dﬂﬁl’a?él Redudes ttleaztcuﬂse)mectpms aefmedby Hedstt 1568 | ess t han
the widths of the 5 spaces in the first mas cal_di.mensi on of

the feat ur&sfissseapl feegees 1sgtehefl padally iodhe peh E“r‘?q %‘a&gelﬁaﬁ“’ HePeRads t he

spaces in tl(la:'i)% {Fﬁriilﬂ@t%ﬁ RO eelch hb.Rt&Mal @Y RIENsia8d 2 BOlicabt ched. The
mask and si vva [ayer are renoved. An additional feature step is

per f or med abmmrswsu werbiortim faguenviddis peicbisadt Spdkes dvaiha WdthepeRemask st ack
V\Iher el n t he fl? ﬁ{%gﬂ}éﬁa@fﬂ% ﬂgcegl tl@%sdll'gcrgl()'ﬂ ? ‘{ tfgat 9.[:35'6]% Hﬁﬁgs? SMH&S\M dt hS and

wherein thepgﬁﬁpt aces have a I mension and a pitch,
formng a Sth&iﬁt%abﬂmchayﬁmmmedif th@acaddint if ma'las}crasﬂwhwmmﬂelemlﬂmr i dewal |

| ayer reduces the wi dths of t aces defi ned t he d|t | mask,

et chi ng add?oﬂ Plehest he gpsl ¢ S&Emﬂﬁ HEVATE FREVE eAléfl%qlumg]taIa@ UIrrassclg 1éalt hrough t he
si dewal | mné@'b%fnﬁhﬂnﬁ h@mﬁ%qintdﬂﬁmaﬂxal fiRat see HhelRavenask dhbiswianmedna criti cal
di nensi on wherein t of the additional features are at .|east 50%

| ess than tthea@gxmwldmk d@finqsﬁeﬂ@el&&ééma?ﬁbtvﬁ@ Bl eROWAP IR THAEY he
criti C%b ns'eé)l[?avggt cﬁp(%x] ﬂﬂ%n&ﬂoﬁ Qﬁda .EG% ULES alsRie@bll l@%\reﬁge@ | ess than
the criti cacf I mensi € spaces e aam

tional k and wherein
t he feat ur esidandaladdk,tvilensh thi':eait:waléktyhav@mas thi wedthai ﬂ(lmspﬂ@s defiedast  50%

| than th h t h of th
Spaces 1 n DR SHRR R AT G uncrans. pRio TR RO TRREE" T ned

and renovi nﬂhcﬁlﬁleth@@ﬁlSwa@la@éldwﬁdnG@wm aldditl@){ﬁrfeatu&epﬁmmadmltheyazﬂfa didiedlures is
etched into the etch | ayer throu%ﬁgthe first set g@#&j ﬁ
addi ti onal ¢1éﬂa@mlle§f11@ﬁnltth‘éwzé‘tﬂéswf 1@%@%@%?%@0% %Béiz 98t O Yeneni stry

di fferegt fwrvfamsto?&e shé’c%é ﬁ%ﬁﬁgﬁd Gheai 1§T\s'k¥md fRQL8EA Eﬂ%@loﬁlﬁﬂﬂﬁhﬁt@ﬂioﬁﬁeat ures of

the present inventio describ in nore detail below.in the
det ai | ed defeamicpis avipagif50thlessithuehe pxmwammcnanozt@ﬁmmqs@lhﬂwa%’ﬂ@rr@é 25

fol | owtng fi %Lf(lalnaguthpgtnl':fg EE % &) m};[ fl(%}{mnal ﬁ]«;ﬂlt:n Pﬁ‘% aglu%bl;m@x@%ﬂ 410 Present

i nvention i ¥
50% less than the pitch of the qucea. in the fnst mask and the pitch of ihc spaces in

the additional mask and wherein the etch layer is not efched, and removing the mask
20 and sidewall layer. A plurality of features is etched into the etch layer through the

first set of features and additional features of the etch mask stack using a second elch

chemisiry different from the first etch chemistry.

[0013]) These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunciion with the
25 following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is itlustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which fike reference
numerals refer to similar elements and in which:
30 [0015] FIGS. 1A-B are schematic cross-sectional views of a stack eiched

according to the prior art.



limtation, in the figures of the acconpanying drawi ngs and in which |ike
reference nunerals refer to simlar elenents and in which: 30 [0015] FIGS.
| A-B are schenmatic cross-sectional views of a stack etched according to
the prior art. 4 [0016] FIGS. 2A-B are schematic cross-sectional views of
patterned photoresist |ayers formed according to the prior art. [001.7]
FIG 3 is a high level flow chart of a process that may be used in an
enbodi ment of the invention. 5 [0018] FIGS. 4A-J are schematic
Cross-sectionad] vi BM@S. of-Falk seienhtid ayersepiomekbdsedof pataocdpioiprtsist an

enbodi nent of the icﬂvention. _[00,19% FIG 5 is a nore detailed flow chart of
a step of f@YH: g ehEcedpedo R85 into the etch mask step. [0020] FIG
6 is a flowyghart PLTG.%%anhigﬂ}e@elsﬂof’ie&@h'ofE%M}%éss%‘e@ﬁw?b@ﬁéeﬁ%{ﬁ}ﬁd 10
photoresist layer. [0021] FIG 7 is a nore detailed flow chart of a step of
form ng t hecralhdirngnopalhe inverdionr es into the etch mask step. [0022] FIGS. 8A-F

are schenat| I 0SSy, i-onal ,.vi ews of an. ! ccordi ng
Fo anot e Lobgar meist o ehe ot S At B e PR S Chemmt 1 o
Cr 0ss- sect i apaldingitewscmafodanergbEe iayationpr ocessed accordi ng to anot her
enbodi nent of the jnvention. TAl LED DESCRI PTI ON Ok THE PREFERRED

EvBODI MENTS Y0} H024F1GFRés pige ‘{aﬂF%b%‘ﬁtﬂ%h‘% F9P GO § %@EFRFCBg i n det ai |
with referengant GcRmadOufew preferred embodi ments thereof as illustrated in
the acconpanying drawings. In the follow ng description, numerous specific
details arel084] f oFich 6iina Bedehart of fprmeog deidavall ey esugvalitet st andi ng of the
present i nv ion. 1t wll be apparent, however, to one skilled in the
art, tﬁgt t g)%ﬁggéssléaﬁtl'i nvention nay be practiced w thout sonme or all of

t hese speci foizl]det Hid. 9.is 4 moatdeailed fistvahaest a sl df fonommthprébessl st eps and/ or

structures )125 have qot CE{een described in detail in order to not
unnecessar i 19EELER L 4REBFES-nt i nvention. [0025] In order to provi de

features W fggzgnmal o Bhlcab sGHohBiRs oRSsetdah] HEHNG adRich layer processed

according to another embodiment of the invention.
15 [0023] FIGS. 9A-F are schematic cross-sectional views of an efch layer processed

according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] The present invention will now be described in detaii with reference to a
20 few preferred embodiments thercof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, {o one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process steps and/or structures
25  have not been described in detail in order to not unnecessarily obsoure the present
mvention.
{0025) In order to provide features with small critical dimensions (CD) using an
older technology photoresist process, a next generation photoresist mask process has
been developed that uses a multiple masking and etching process.
30 [0026] To facilitate understanding of the next generation mask process, FIG. 3 is a
high level flow chart of a process that may be used in an embodiment of the invention.

An etch mask stack is formed over an etch layer (step 304). FIG. 4A 1s a cross-



ol der technol ogy photoresi st process, a next generation photoresist mask
process has been devel oped that uses a nultiple masking and etching
process. 30 [0026] To facilitate understanding of the next generation mask
process, FIG 3 is a high. level flow chart of a process that may be used
in an enbodi ment of the invention. An etch mask stack is formed over an
etch layer (step 304). FIG 4A is a cross 5 sectional view of a substrate
404, such as a wafer, over which a barrier |layer 406 is placed. Over the

barrier | aygdtioAf&icanoft abstkayan, ﬁﬁﬂaé‘&lwlﬂf@ﬁsva valgctdaietiiadayeed(@lis | ayer or a
ponS|I|conIa er or a dielectric |ayer f or med. er, the ﬁ]ﬁchlayer 408

the etch - P khedporigr daveipt Qe ot rlfé/e‘e Brropmald wnduivyigia e one or
more |ayer g, gg%{ygﬁgg A la@l L$h afeRALY rlcf%'zgl @T&nﬂe@ e0vEandReL ity aod e cRhch mask

stack (step Is a nore detailed flow chart of the step of
f ornmi ng t hendsk siatk 4 et lfme@dl Tlhasteheasiststapk frsKay BE @}§.0r MOFq IP¥¥s. pat t er ned

phot or esi st er 4] for ver (step 504).
In this’exd Préﬁa]i m@gﬁﬁﬁcérahegg dlﬂ{ﬁh %‘glgn %aCEw&ﬁf?ﬁnlgd as the line
width "1r",is agmosdwiled Tid® chRA6EEe ékaioﬂmlmlhgtmrfamcfe«e\smmoltaeymh aske a wi dth

"Si,", as 10 shown. The pitch length "Pr 0 ter t oresi st
| ayer is défqpn@dﬁlé§3?ﬁqﬁ@e§ E%@?m‘@?is{ﬂw&l Tt]izriéf%na{! ﬁv%ﬁlg’p THE ﬁi‘(%l %%dt h

P}, =Lu+Sp, @g §<§tﬁwﬁh tlnshf‘(%ﬁpw 1@1& Bﬁteﬁ{eﬁ Linsletianai e with tibrnct @sob liht on of the
| i t hographi c }f ues used formthe patterned photoresist layer. It

i s desi r ablvweidthd'Ly' édw@wmhdhpsnae% 428 gy th Phtospigided Pavegy dethi'$e's 8 ned  over
e b e B R bR S| Ao od EME B DR D er s 2RRAU melfz b 1o 2

nore 15 det’ orm a si | ayer over the
patterned pifaicafiesiigih maayl&rspactemumdadﬁeglspa{ Stoem. 508, widihb ek uses gas
nodul ation. In thi ?ssgenbo nment

th
patterned phSFBIEd fhcllﬁ"i?é‘l'moil(?fP@(’J‘ﬁ’@émfg %1 Iﬁu(‘ésd]ﬁ?({jto\?%épplpe gege[igg\ég;om '? i on

phase 604 andicRcsht Qlfybll Qt % Redianeg tcpﬂaﬁc% tﬁgﬁtchTmtldepaseWalumel pfaseeduses a
first gas chemstry to forma §§asrra whi ch _deposi SF%hS i.dewal | |ayer over

20 the si dewastIhs P@iienthqievh}gamsesi o 1%%tlﬁrtg%f}gt(sqc%9%§ Si53BPI9 e shapi ng
phase tq(ré)S ucﬁ;?g?}eﬁ‘ ﬂo@%ﬁ?rn R ﬁ@?ﬁﬁ? &&e’ﬁéil ol Ef @Jc? e pfa{t&Hadtﬂh&of dsfsBlay@as

chem s shapes the profile of the deposition to
form subst antédkct gZDv(euep 563 whicllewa khsmodudi2g] Irh embpdimsnia thederarag i ¢

412 wi th a O dder v dper Geb bubert e e Rt SR aPP Y The ri st 25
patterned pheiRkes] &podiByehasclblat Bl d@yalld shapiynephd2@08.ofinslcpossicdewal | | ayer
feature 424phasc uses a first gas chemistry to form a plasma, which deposits a sidewall layer over
20  the sidewalls of the patterned photoresist layer. The profile shaping phase 608 uses a
second gas chemistry different from the first gas chemistry to form a plasma, which
shapes the profile of the deposition to form substantially vertical sidewalls.
[0028] FIG. 4B is a schematic cross-sectional view of the patterned first patterned
photoresist fayer 412 with a sidewalf layer 420 deposited over the sidewalls of the first
25  patterned photoresist layer. The sidewall layer 420 forms a sidewall layer feature 424
within the patterned photoresist layer spaces, where the sidewall layer feature 424 has
a reduced space CD that is less than the space CD of the first patterned photoresist
Jayer. Preferably, the reduced space CD of the deposited first patterned photoresist
layer is at least 50% less than the space CD of the first patierned photoresist layer
30 feature. Itis also desirable that the sidewall layer has substantially vertical sidewalls
428, which are highly conformal as shown. An example of a substantially vertical

sidewall is a sidewall that from bottom to top makes an angle of between 88° to 90°



wi thin the patterned photoresist |ayer spaces, where the sidewall |ayer
feature 424 has a reduced space CD that is |ess than the space CD of the
first patterned photoresist |layer. Preferably, the reduced space CD of the
deposited first patterned photoresist layer is at |east 50% 1| ess than the
space CD of the first patterned photoresist |layer 30 feature. It is also
desirable that the sidewall |ayer has substantially vertical sidewalls

428, which are highly conformal as shown. An exanple of a substantially

vertical 5&«1@%\%@5&ttdn§oﬁh§fe@@&@'(tontfchﬁztal Fdmibpivkanipaitionpay@rdeshaan angl e of
bet ween 88 to th the bottom of the featurﬁ gbnfoHﬁa sidewal | s
have a depombﬁmﬁﬁﬂy%@é@nqWa$ﬂ%ﬁ§0m§ﬁb@?§h@F§Pm?nP Be &4 tkness fromthe

top to the g%%%ot@ﬁ]s dle};v% m%ﬁﬁ%{H %aceN%m aqv‘?&ﬂchBe{fﬁllg S GeWR I ScHTRYvilOr m a

faceting or a whi ch provide non-substantially
verti cal S|Idaﬁwabdtamamammaﬂmémmmmrhme(dfsmd@maﬂh@Offaf@elfacﬁigigff@mmmﬂon) 5 or

bread- | gafin i.de I ncrease e provi de a
poor et chi®g” aﬁﬁﬁﬁﬁéﬁ@%ﬂﬁﬂﬁﬁagﬁg¥ePﬁ&- %gfﬁ* Ig?ﬂ §%gsmlon on
the side walidniSpatibibd figforbianayh errefeposi meaepo@mn beumtdemzosf the first

patterned photoresist layer feature. Mre refer hé? no | ayer is
deposi t ed dﬁ@kmﬂh@Hb®§%@ﬁﬁ@ﬁ0%ﬁ@bP¢$%?f%%ﬁﬁ%P%@Hm GRESHEt | ayer

feature. 2 : feRLMES, ﬁﬂi@b&tﬂﬁ@ ehe hedpdRiRadt he et ch
stack mask %ggﬁ ﬁ%gﬁaﬁM£?%%%§Faﬂim P ayeresﬁaces ?gtép 515) IFIGi 4C shows

a first setpMﬁméﬁakumsbmwﬁz et ched |nto the etch stack mask 410. In this

exanpl g, @p# r St sEt sgtfoég% tlgs{aggglﬁn gtched 1&%%& p?h &t%ﬁ 1%%19 Ql(mﬁ ﬁt ack 410

has a e space ep 05|te | ayer
feature. | nth@*é@@\%iplﬁym tsﬂﬁeﬂ@tcpfsm)h&ﬁ@eﬂl thoes adifist bétef fdansts 4§ét}t0b¢d f eatures

15 432 may be slightly larger than e deposi t ed
| ayer 420. mFU%%V@QSmﬁﬁ%%%4ﬂﬂehﬁﬁﬁﬁfmﬁﬂé1@%%ﬁ%$%%@?%5V%§$%%gFuPé i's

significantpy eﬁﬂ?rldhﬁﬁaékhg@ htaé"ECDQQd@;f whidg 1&@?;9&1% geispdce4iof thhe CD of the
features in the etc st ack is stil smal | er than the CD of the

phot or esi st depdgted|ifyet featu@D I@fnaﬂh‘@ @éﬁ&@ftﬂéfdfeﬁ%?épf hasrHartyt fglrght |y
smal | er, .t hap, g,% bcghglflﬂ ! h%elp@g]i 8k ?Eﬂeéfté%c B[ttuie ofttltbed ﬁ@&l@§ ifygdiobayer was

facete&SOr he etc k “stack not be
smal | er thaRowber,GRcethetdi®of (hhat sl ster fdanueazddlgmfmmﬂyanfaa@éh@ﬁh@r

T oo Sbor st DY P R S BBl b0 S Ry e
deposi tion gRuitheabatt @M ofie phfoRh a0 esitsd Cheatidrieposttad ktkrsvaexalypl e, the
CD of the slightly smaller than the CD of the photoresist, or if the deposited layer was faceted or
20 bread loafed, then the CD of the etch mask stack not be smaller than the CD of the
photoresist. In addition, a faceted or bread-loafing deposited layer niay cause a faccted
or irregularly shaped feature in the layer to be etched. It is also desirable to minimize
deposition on the botiom of the photoresist feature. In this example, the CD of the
features etched in the layer to be etched 408 is at least 50% less than the CD of the
25 photoresist feature. In addifion, in this example, the features 432 are etched partially
through the etch mask stack 410. In other embodiments the features 432 may be
etched completely through the etch mask stack 410.
[0030] The patterned photoresist layer and deposited layer are then stripped (step
516). This may be done as a single step or two separale steps with a separate
30 deposited layer removal step and photoresist sirip step. Ashing may be used for the
stripping process. F1G. 4D shows fhe substrate 400 after the deposited layer and

photoresist layer have been removed.



features etched in the layer to be etched 408 is at |east 50% 1| ess than the
CD of the 25 photoresist feature. In addition, in this exanple, the
features 432 are etched partially through the etch nmask stack 410. In

ot her enbodi nents the features 432 may be etched conpletely through the
etch mask stack 410. [0030] The patterned photoresist |ayer and deposited

| ayer are then stripped (step 516). This naybe done as a single step or
two separate steps with a separate 30 deposited |ayer renoval step and

phot or esi stip@h i p A&t £RiticA8RidAgnARYtatiefeuineds foomed (seep 336X |R§q3| hg aprocess. FI G
4D shows the substrate 400 after th§¥pep05|t hotore5|st | ayer

have been ﬁ%@@éledﬁo[v"(f@@i]ﬁ'ﬂﬁ stgpaf Itllee"(dgﬁloﬂﬁg)é?@t'ﬁ?sda?t Pe&tlre is forned

(step 316) AlSt@ncd RAR oF8HAb RG] hawsehamtmel othenséapmedk form ng
the additi 51}14;1 gfe% resnei nto tO etpetc ° @{V k step. A akfter ned additi onal

phot or esi ststaklayed (st@{lZOfﬂ)s Tho pattedned\additiphe Pb@iélﬁﬂﬁfd@d@l A9 aeld by Wstep 704) .

Th t d | her, tch
e Balf o ned AL DIk RIBLPLRBLS) shkBh A0 U ARG pa pame pi et
over the adﬁ}bltth@ﬁk&imdanaitﬁaaémedpfmﬁﬁtmmsm réayethe (B eddos). fThe CD (step

708). The sidewall |ayer may be forned usin he 853, as form ng
the si dewalsidepal}dgyer IB‘\Wé%e f?’f’i‘@df‘iswgtthep‘-ﬁ{“?é’i%éﬁ%ﬁhoé’f%’rmggeg? %W FIG 4F is

a schemati g tﬂ§§1s§gﬁfel;ﬁ9§hotgﬂe§i¥‘{ ISD%t tiee 4a6d dehanai cpat ts@l[lﬁﬁd viahot or esi st
| ayer 442 with a si | ayer deposited 10 over the Si de%/\fl | s of the

addi ti onal qcfalueteeldmedalpht@mde%m@wﬂsaw@ 44212f1thw@6§’?1é®@145 deRRPEF 450 forms a
S| de‘“’ab('t)] 'a&(re the t‘”1%ofﬁéew@lElgkanﬁégb%heﬂgﬁth%{éa el or B fdewhyer — space,

wher e e 170 ayer ure are uced space CD that is |ess
than the spag es@:ianai a tilevaddyd fanat 4paviisn ﬂwamomtml@mr@usi laéfijler

Preferably, the reduced f th i de a t. at | east
50% | ess t FRAC% WECE ’é?éékt‘fﬂl?@“ﬁ’e‘t[%@mée ?6?%&'3 al1§ pea?\éﬁgg tgﬁé%%rgsé{s@}st | ayer
feature. |ty g3l 8D Hasiuabbeal Eleetmetdrmomaampdl P&Y@ablﬁ&ﬁb ﬂaémcd

substantially vertical sidewalls, which_ are hi th con &%anﬁ} C{mwn An
exanpl e of SpacesQﬂﬂ@tW’\’iaHﬂqy&?l Gepcis A1 et SOAMET RS 1% B S 0% 503 1 1 omm

bot t om {0 t %ﬁﬁotﬁ‘@%&@%lgefm{g;e bek wes @es%%blte %a@@w‘é}dcﬁa\haﬂl hecbatthem of the

f eat ur é: osition on the ide wall is thicker than the
deposi ti on smrastmlnmllb@mlmm&wamewbﬁqberiegﬂ:swlﬁ@a@lﬁﬂého%r%n et ef er abl vy,

Foat Ut os arbSRGHAA PROGTCHE SR it ekl B PARRETETE TP HER, Lecond
of between 88° {o 90° with the bottom of the feature. Preferably, the deposition on the
side wall is thicker than the deposition on the bottom of the photoresist {feature. More

20 preferably, no layer is deposited over the bottom of the photoresist feature.
[8032] Features are etched into the etch mask stack (step 712) foxming a second
set of etch features 452 between the first set of etch features 432, as shown in FIG,
4G. The patterned photoresist layer and deposited layer are then stripped (step 710),
as shown in FIG. 45, The additional cteh mask feature formation (step 310) is

25 compieted.
[0633] A checl is made to see if any additional features are to be formed (step
320). In this example, only two sets of features are formed, so the process goes to the
step of etching features into the cteh layer (step 324). This s accomplished by using
the etch mask stack 410 as an etch mask.

30 [0034] The etch mask stack 410 is then used as an etch mask to eteh the eteh layer
408, using the etch stack mask 410 as an etch mask (step 324), as shown in FIG. 41,

Preferably, this process uses a different etch chemistry than the etch chemistry used to



set of etch features 452 between the first set of etch features 432, as
shown in FIG 4G The patterned photoresist |ayer and deposited |ayer are
then stripped (step 716), as shown in FIIG 4H The additional etch mask
feature formation (step 316) is 25 conpleted. [0033] A check is made to see
if any additional features are to be forned (step 320). In this exanple,
only two sets of features are forned, so the process goes to the step of
etching features into the etch layer (step 324). This is acconplished by
usi ng the.ghehnrask usd ddlstAlL8as Rndétich praakbly 3@ be84pisThe et ch nmask
stack 410 is then used as an etch nmask tq_eéchgghe ethéhﬁyer 408, using
the etch stdediveskchasibe aigh lperd0g witkdeieyide B csbapck maskdifun in FIG 41

Pr ef er abl yiﬂ%dé*gi S PRGRRTMPRRA: dicf, fereRl (&4,ehss hemoshny Fidhan. the etch

chem stry eatures Iin the etch stack mask. In addition,
pr ef er abl y ohheneidimeehibearish mysk sekecteinputd duing estehing StaPiehdgd- 408 with

respect_to _the etch stack nmask 410. [0035] The. etc _ aGk. i s then
renoved (sthéﬁméi%)ﬂ?b%‘émﬁ o\%ﬂcﬁchmf—‘%@l‘[m%jgl nno]\;c(glrlllgd Se%‘%g?één%%t? the etch mask
stack is repmvgd: MileRdcdidpteray ebhdag 10k linbevidh ofiht eyletayer iSshownamdt-her

enbodi ment, the etch mask stack is r ved in a separate. ste ter the

et ch | ayer Thaspasesndth ghibe &8s ”éf@?r?éﬁﬁgyfahé“‘ Shl?%%aﬁl&%d e%lfchﬁ?'une&é ‘ch layer is
shown as Lry. e Wi gt 5,98 pLhe o epd WS akson [fABeBtchola@ysest i s shown as
Sc. The pi tﬂ(“‘:%fe%-tte]ﬁeét%%%g‘%n the fleat%?grsfi srshO\?m as_ﬂ;r, wherérg’é’:L--Sc. For
conpar i son lageapidrheshopireioHasvisith Ly, aykphosirest sipeme sh§O8rES: 40> ¥F ne wi dth

L, and phot or esi st ing Sr. fromF AR, AP ;mdl G 4 for
conpar i“gon %W%llﬁgfgf@%?}l%m%@ ecééuu%f%&ﬁiprfigéa\%ldtﬂ Ll\,ﬁlp%a{flnd'1 feature space
Wi dth Sf. I@athlissacembedispentnis sheodimags the bbgthié theivitchfor dic featerct Bat ures Pr
is half the length of the pitch of the patterned photoresi N r Pp,
since the Iif h‘éf&aﬁé(ﬁlﬁth W dicadish of @Sﬁ‘ﬁeé%ec{lﬁm{%csﬁ a}’g?))f” Sﬁ ﬁgﬂeﬁlé “\;/}m& th of the
patterned BhaLQnLesinshs 1, aVENr deitc 18RAvidhhe tfaatimel Spasesisageti Sndi s hal f of
the space in the patterned photoresist | ayer Sﬁ_h? Thers?i ore-Efs this process

is abl e to ths&atwospreskidigS:dt gl Bawon gl WSS e ut i on, by

reduci ng pi %rr]ef!n%ntgtsh vodek1E il Bt e 180 L8R MR (MR dan Balfs, while using
t he sa phot or esti STt ography process, 1n this exanple the first set of
etch feat uresutidnphy tehecifd pish Ipgtt naeditiphnd rawd widt byhel, VEileied to the

ts ﬁge Sgﬁg;g tgélﬁz?age? %)H)trgﬁ%ﬁ@qgg@ﬁgﬁg%xgﬁgfl,nttﬂg efa%%)%]t%e s6h s@br8tcRafgat ures from
from the first patterned photoresist layer is etched to the same depth or about the same
depth as the second set of etch features from the second patterned photoresist layer, as
20 shown. By providing alternating features 462 ctched from the first etch maslk stack
features and features 466 from the second eteh mask stack features the reduces pitch is
provided.
Single Layer Btch Mask Stack

{0030} Tn one embodiment of the invention, the etch mask stack is a single layer.

25 In this embodiment, the single layer is & strip resistant layer. The strip resistant Jayer
is preferably at least one of amorphous carbon and a strip resistant polymer. More
preferably, the strip resistant layer is amorphous carbon. In the specification and
claims, amorphous carbon is defined as a halogen frec polymer. Strip resistant
polymers or other materials used for the single layer of the etch mask stack should be

30 sufficiently different than (he photoresist o that the photoresist may be patterned and
stripped using wet or dry process without removing the single layer. In one

embodiment, the material forming the single fayer is resistant fo an 0Xygon stripping



20 shown. By providing alternating features 462 etched fromthe first etch
mask stack features and features 466 fromthe second etch mask stack
features the reduces pitch is provided. Single Layer Etch bl ade Stack

[ 0036] In one enbodi nent of the invention, the etch mask stack is a single
|l ayer. 25 In this enbodinent, the single layer is a strip resistant |ayer.
The strip resistant layer is preferably at | east one of anorphous carbon
and a strip resistant polymer. Mre preferably, the strip resistant |ayer

i s anor phoygaGakRen sl iteh8oSREGI. ﬁh@iﬁﬁh@@ﬁl&dﬁtﬁmeﬁzl @k BBgledayeriphous carbon is
defined as a hal ogen free polymer. Strip stant polyners of ot her

material s ugye@arftmhxdmeglcwgwemwwﬁ Ololfquﬂqﬁéls i8RRSO SthRRCSho d be 30
suffici ent l@ﬁaﬁ% {n%o%ﬂltx%{[t nﬁ‘@s;ﬁhgl ?&L% @L%'e§tsucﬁpastblg}%fsm%|@ﬁ/ RmaLeH ®si st may be

patterned a ry process W t hout renoving the
si ngl e | ayehat t}ha'mmgﬁelayenbmdnsmm strippieg pecess¢salln theakngivehbe sibglgl e | ayer is

resistant Lo an oxyden oLioR 10 9 ANBL.AR WISLLREH B o Dot oresi st

cont ai ni ng GRS HflchmgUlitkichls edethe diige Rhatnonesil &trespmm e:slsym olgﬁn anot her
enbodi nent, the single |ayer is har dened, such .as b {adlatlon SO

usj n
that the si qfi’@iﬂélllll%}ﬂéimEi%ucr%lI@t%Whtf% ashtyfhioﬁﬁ} ﬁ’fjp B’rOB*}c/séQ]sJéé&IS Pt o

resistant to° strlp rocess use does not need hardening. hi such a
case, the single layer material is re5|stant to hydrogen containing
plasnasgsuch as H2 or NH3 f ad ﬂX%T%QEQh%&%MQ&Bﬁ cess or is resistant to
oxygen ‘cont ai ni ng pl asmas f process. 10 Miultiple
Layer Etch (gasK Stacdeoli@PSodifierandihberetivnode rehimagt sttdreompugnt i on, the
etch mask stack conprises two layers, FIG 8Ais |onal vi ew of

an etch masiodtwek Kt & g rpsseq VEWEMQ¥GH§HH‘%“Eé@%ﬁﬁﬁﬁﬁé %11 is placed

over an et cfygl Ay 8308 1ay@VEIN i@pBAIvE anl cBhEhy-BOER, o®M@LaBicslAbatavat e 804. A
phot oresi st mask 814 is placed over the second Iayer 811. A 15 sjdewal |

| ayer 820 iavephadistialoges. Hdotoreronekitds isrlard svadiicraddyct 8duds D First
mask featurg cf_lwa;ﬁ%a r§2(9% rl% %!1%%1 ﬁ%o?pﬁ&gm's‘ln@‘tsolﬁ ﬁcgﬁic\%@ﬁ@t@%du@é/@b 84d: using a

first etch diment, the first mask features
do not r eacllilaéldléatfmcﬁ 832 a1l3 ayenllBdhed ago §leowrnd layer 811 usmg a first etch
chemistry, so that in this embodiment, the first mask features do not reach the first
layer 810, as shown.
[0038] The photoresist mask 814 and sidewall layer 820 are removed and a
- 20 second photoresist mask 842 is formed over the second layer 811, as shown in FIG.
8B. A sidewall layer 850 is formed over the second photoresist mask 842 to reduce
CD. Second mask features 852 are partially etched into the second layer 811, so that
in this cmbodiment, the second mask features do not reach the furst layer 8§10, as
shown. This ctching may use the first etch chemistry, since the sccond layer 811 is
25 being etched in both etches,
[0039]  The photoresist mask and sidewall layer are removed from over the second
layer 811, as shown in FIG. 8C. A second etch chemistry uses the second layer 811 as
an elch mask for etching the first layer 810 of the etch mask stack, as shown in FIG.
" 8D. Since this etch selectively clches the first layer 810 with respect to the second
30 layer 811, preferably, the second etch chemistry is different from the first eteh
chemistry. In one cmbodiment, the first layer 810 is etched only partially through. In

another embodiment, the first layer 810 is etched completely through, as shown.
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[ 0038] The photoresist mask 814 and sidewal |l |ayer 820 are renoved and a 20
second photoresi st mask 842 is fornmed over the second |ayer 811, as shown
in FIG 8B. A sidewall layer 850 is forned over the second photoresi st
mask 842 to reduce CD. Second mask features 852 are partially etched into
t he second | ayer 811, so that in this enbodinent, the second mask features
do not reach the first layer S 10, as shown. This etching may use the
first etch chem stry, since the second |layer 811 is 25 being etched in

bot h et chegggdpP039: odd@niRIaRE S QB4 ShoriBsYer ANensiedeiihis dndhpeimant, ¢her enoved
from over the second |ayer 811, as shown in FIG 8C. A second etch

chemi stry wsesd{dye is seigpidovedypeforga thirdstch sheraiptents Haido pish U lEUsy the fir st
| ayer 810 Oftg%tlgeﬁctcﬁa 1%3%1«@?89 ?1% AGKn Fﬁg 8655h‘%‘,(\9ﬁla15!y,"_thézﬂmd%€3h oRbRie®y fshi s etch

selectlvely I 'ayer respect to the second 30 | ayer
811, pref er(ﬁitﬁéwm foheths scombltelt aﬂhnndmermlmeruw dteh ldyer £6% srieletlem dWedf i rst et ch
chem stry. one e partially
t hrough? | ﬁ“ﬂ’a}ﬁﬁ’t‘aﬁéi’ @%%g?yﬁb%]ioh&ﬂﬁe e“f%]l %S?( aﬁ&laﬁ%éf%aﬁl&%?% %lcconpl etely

t hr ough, a%ta%ia WMhed HOm[tPOARLI Y sonenEmbedbieayer 3t haeselmqmbnﬂ:ayer is

removed. In this enbodinment, the second |ayer is not ngvecg efore a
third etch rehevadstsspows midEdsk ogweher gebofiapl fieseeqiddeyet i B | ayer 80s,

as shown 1 Nl i Sk RLERAARNMng 1B8ichitk bAnELERIGBEM Shddierl s di TTer ent

fromthe secon mstry, Since the etch er 808 is selectively
etched 5 wdzﬁbodmetbbthtibs filelafar Bse addafesccarblapt 8 hareaerevefdennsthack. The

remai n| g etcg ﬁ%@&fﬁ%ﬁ?}?kgggrmd fromthe first layer 810 and the second

Iayer 1 &t enoved, as shown in FIG 8F. In another

enbodi nent , [obdg SeI(ﬁQ‘iﬁlﬁieﬂnab’ﬁﬁlel&lthc%coh(hﬁyel@ﬁé:hctsmfsekstlsib ackeciise meskpved duri ng
t he etchlng of the etch layer. | n anot Ieflrst | ayer

810 and t hew@%wslad?@?"tgﬂmélf @”W%‘?/Stﬁ’t%ﬁgﬁt ﬁ‘@lpto e 89&%\%]%1%9 of the etch
| ayer 808. e[o%qlé%Llcitrkeﬁ&ﬁtﬁ)n%mﬁﬂin@%%k Theugesoreitansk s81 drodgtsshas a strip
whi ¢

protective mas ts as a protective nmask during the photoresist
strip of thexfgastatibrayasierning orsk 46 fomadangen @i edendiBRInHHN Pat t er ni ng nask.
The strip ectlve 1mask 811 protects the next generation patterning mask
810 fr&?n da‘?‘}%? ASHEPRRS the stripping of the 15 photoresi st masks. [00421

Al t hough a mggl e hRyeRIgh atshicle Ipyeptiep piaetimaskskrayy prods the deheddedi red goal

in some embodiments, control of the etch uniformity can be an issue. Unless
uniformity of the strip protective mask is good, it is possible that some fealures may
breach through and expose the first layer of the efch mask stack to the strip process,
20 which can damage the first layer. To avoid this problem, a double layer strip
protective mask may be used. FIG. 9A is a cross-sectional view of a substrate 904
below a bairier layer 906, below an etch layer 908, below an etch stack mask
comprising a first fayer 910, a second layer 911, and a third layer 913. A photoresist
mask 914 has been formed above the third layer 913. A sidewall layer 920 is formed
25 on the sidewalls of the photoresist mask 914, An eich process using a first etch
chemistry is used to etch through the third layer 913 to the second layer 911, The
second layer 911 is used as an etch stop layer, as shown in FIG 9B. Therefore the first
etch cliemistry selectively etches the third layer with respect to the second layer. By
providing an etch stop layer, the first layer 910 of the etch mask stack is protected
30 from exposure during the stripping process. In this example, the third layer 913 acls

as a strip protective masl.
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in sone enbodi nents, control of the etch uniformty can be an issue. Unless
uniformty of the strip protective mask is good, it is possible that sone
features may breach through and expose the first |ayer of the etch mask
stack to the strip process, 20 which can damage the first |ayer. To avoid
this problem a double layer strip protective mask maybe used. FIG 9A is
a cross-sectional view of a substrate 904 below a barrier |ayer 906, bel ow
an etch |l ayer 908, below an etch stack mask conprising a first |ayer 910,

a second | W@@E 91Y; he%ﬂ&o%sﬁtﬁhés‘ﬂ ol ayed si@hdl lz?_yef)bll)l Q¢ egiostd amesk 914 has been

f ornned above the third Iaé 913. A sidewal 28 s forg?d 25 on the
si dewal | s stconfehqspissigneask 842 ivderkied paer th\‘?\théfiéfﬁ’c'pﬁ/ Ss€IGEeE 1 r st et ch

chem stry 'Issfo‘%ﬁ%ﬂ?Jei)th%tng%R& {m&gggmk@m, #%ﬁ% rRAIC oreheyseeond | ayer

911. The secon S used as in etch stop |ayer, as shown in FIG
9B. Theref@mﬂumheﬁheﬂmﬁlaet@ﬁhﬂhemmﬁﬂoﬂM§EMGUmﬂ%@lQUeP@ﬁ&ﬁwﬂ%%0®h|rd | ayer

wth re pec e, second B oviding an etch stop |layer, the
first yeFlgﬁﬁuﬁ? PR @ 8eEH ﬁ%gi&?Pgéﬁgﬁs protected 30 from exposure during

the st r i ppi [O@4PT Ocﬁl%ﬁahotbfbsf[shh&k@ﬂr@ﬁm B stdbealt hyérdﬁb ayeen®kd. acts as a
strip protectlve mask. 11 [0043 Thedphotor SISt mask 91 @nd si dewal |

| ayer 920 apendsebebemisnudieresiesnfiedheclnesrapmsdRe g s r s e ¥ d over the
third |layer, hegs'leg?(ndgﬁéa'l gf“l\"\@ 1, I ?{0 tgégmd'i of ORRALOWE In F10E 9Be QOomed

phot or esi st The exposed portions of the
third Iayemuﬁkﬁmam&yehsﬁkmcmmihmﬁmEbwh9s®QbmbaWbHBQQ%Mku§¢ﬁ§3the first etch
5 chem stry to for econd S| t t oresi st
mask 94% arfd ﬂ@“@ nVﬂt@?eﬁ 6@8 éﬁg1?%%%%%§%ﬂﬁngéﬁ%ﬁ§&§gg Hchemstry
di fferent fohemsthenfinbatr eiialikdent Bt hywentonuse thitdetdehentshyél y etch the
second layer 911 with respect to the third | ayer 913, as shown in FIG 9D.
Athird eﬁhﬁﬁéﬁéWFsﬁ?V?@“H%@Hmﬁﬁﬁﬁﬂch the first layer 910 of the etch mask

stack. In Séo e DA IRt chOhish D8 WlsBY RNMdL0BatwhButd tk edh @lyehooshemi stry s
t he same as t second etch chem str I n anot her enbodi nent of the

i nvention, thvegh ﬂ]crfmstéftyelrﬁl@wéﬁieﬂqwl‘lﬁl stagly.fop gosiein et He Mecond et ch
chem S(Ejé, 1% nccl i Jd%ﬁér{t& ‘?%&Hl ecmpﬁ}tl&% i%&lff‘?ﬁ%ﬁﬂh&rpthgﬁﬁﬁ d@atures into the

etch | roug |rs ayer e etch mask stack, as
shown in FI $BemPEy 16 fidvh@e 26h pyef @8re te eriBodelrenbed wigh feenect th tlat @t ¢ hemi st r y
's differ enltayctl g%] '%}?eeetéhhl{msﬂ stﬂtck ps then stripped, as shown in FIG. 9F. In ene
embodiment the third layer 913 and possibly the second layer 911 of the eich mask
stack are removed before the etch iayer 908 is etched.
20 [0046] In this triple layer etch mask stack, many combinations of material can be
used. In one embodiment, the strip protective mask 913 is Si0O; and the etch stop
mask 911 is at least one of SiC, SixNz, SIOC, SION, Ta, TaN, Ti, TiN or any other
material that can be etch selectively with respect to S10,. In another embodiment, the
sirip protective mask 913 is SiC and the etch stop mask 911 is at Jeast one of S10,
25 SipN3, S10C, SiON, Ta, TaN, Ti, and TiN. In another embodiment the strip protective
mask 913 is Si;N and the etch stop mask 611 is at least one of SiO;, SiC, SiOC,
SiON, Ta, TaN, Ti, and TiN. In another embodiment the strip protective mask 913 is
SiON and the eich stop mask 911 is at least one of Si0s, SIC, SiOC, Si2Ny, Ta, TaN,
Ti, and TiN. I another embodiment the strip protective mask 913 is Si0C and the
30 etch stop mask 911 is at least one of Si0;, SiC, SiON, SipNs, Ta, TaN, Ti, and TiN.
Tn another embodiment the strip protective mask 913 is at least one of TiN, Ta, TaN,

and Ti and the etch stop mask 911 is at least one of Si0,, SiC, SiON, and SiN3. Most



chem stry to allow the etch layer 908 to be selectively etched with respect
to the first |layer 910. The etch mask stack is then stripped, as shown in
FIG 9F. In one enbodinent the third |ayer 913 and possibly the second

| ayer 911 of the etch mask stack are renoved before the etch |layer 908 is
etched. 20 [0046] In this triple layer etch mask stack, many conbi nations
of material can be wused. In one enbodinent, the strip protective mask 913
is SI2 and the etch stop nask 911 is at |east one of SiC, Si2N3, SiCC,
SiON, Ta, Tad¥erallly,hd: gt{\? Pot@tiye @hdneas SIOYRdieteiSab, i vaty redutanb daredgeh sel ecti vel y
W th respect to Si O2 n anot her enbodi nent, the strip protective mask 913
is SiC and dﬂlhegepwo@%lﬁﬁ“ﬁ’ﬂ%?@c@il is at |east one of SiQ2, 25 Si2N3, Si OC,
Si ON, Ta, Ti, t %8 Blord theh Slor'se® optioli ect i ve

mask 913 ila@gl\B %tﬁ Bgmel%e@ﬁog}%ﬁﬁﬁn@g& ‘%l is at | east one of Si02, SiC,
Si CC, s| OvpasTatackT&MNureti ForamanifieNhrep raetan&tﬁemécm’é {aRBiEs PHeIEF p

t t] X f
2 Lot oo TR o D SRR AL RS Sl oot one o

St ” p pr Ot %%BM1¥1%xm 1@ Q&Bsctssof &o@]ﬁﬂ@iacﬁﬂaﬁm&@maybhuéseﬂ@pthm@lk f@mreis at
| east one of S O2 C, SIiON S i anot her

enmbodi ment leypat %&SP%PHC]bFI’é't‘éB’@? pur f%ﬁ'\fhbc @ﬁ%h? ai‘ﬂlel @Ssguogﬁ’elmn%msﬁ N, Ta, TaN,

and Ti and il ¢84cOBedBIKS Shdent A 'Ecah&ﬁﬁ{un%ﬁ1@[50SBS:BledSE@ua@I o\, and
Si 2N3. Mos tlﬁg%ﬁsee]gor ef ebrcabcy, t he Stnl‘l B@pr otective mask_is since Si 2

is very res’i QO%bycﬂfﬁﬁﬂgﬂaﬂ@@M Repadapladiapiided ’é"%‘?d%Ct“rOPﬁfB‘Faé‘B%gélw[i0047] Qt her
enbodi of the inventio " abwo.rsets faet ch mask
st ack E@ j?le%ensl%s Uiy |t1§[%§}/§%%ée‘d§1§ng? i(rl)]L Orggﬁﬁ nggek stack features may be
used 5 so julgised he feature Iayout has a pitch that is one third of the

pitch of each reticle. oth a our sk st ack
feat ures melfOHH us&fdﬂlg‘%} ﬂtlﬁh‘é B0 R g’t@@emlpjic’t(?lﬂ% %%C%alsp:gt cﬁ is one
fourth of tt@@le@hﬁs@ &Ess‘%‘l"i’iﬁlé‘ T&;dt&{ 1ﬂqslc$%h1dﬁubdﬂ fRSds shift foc éiserat ar e

described in U S t ent plication Number 11/ 050,985 filed Fe%r uary 3,

2005, by Jeiﬁlfomwﬂt/mﬂl@labﬁ Rérnggaisadic eﬁ{tingqsléameéa%f% LAY Feat ur e
Griti ng 10311'8' gﬂﬁd BHEIBH?h%l%O4 é?éﬁoﬂ\@aﬁgﬁmm}ﬁ@étﬁﬁbmé itme ecpefadt ed by

ref er ende fOr" hout the etch mask stack, different
phot or esi st stmatrediced danoe tithé erlehyer thaolay be aused by BBESE MRIFESE! The etch
mask stack reduces pr. 0Ccess sthl f.t for different

deposttions and multiple strippmgs.

10049] While this invention has been described in terms of several preferred

embodiments, there are alterations, penmnutations, and various substitute equivalents,

20 which fall within the scope of this invention. It should also be noted that there are

many alternative ways of implementing the methods and apparaluses of the present

invention. Tt is therefore intended that the following appended claims be interpreted

as including all such altcrations, permutations, and various substitute equivalents as

fall within the true spirit and scope of the present invention.

25
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photoresist materials and different tools. The nultinmask process causes a
| ayer to be 15 subjected to nultiple photoresist depositions and nmultiple
strippings. The etch nmask stack reduces danage to the etch |ayer that may
be caused by multiple photoresist depositions and nultiple strippings.
[0049] While this invention has been described in teens of several
preferred enbodinents, there are altefatpmns, pernutations, and various
substitute equivalents, 20 which falT WtHhin the scope of this invention.
It shoul d aMslathe chimedlist hat there are many alternative ways of

i npl ementing the nethods and appat ses.of th resent . inpyvention. It is
t her ef ore igtend@ﬂ“fwgg%Pag“?%gPgﬁﬁﬁéu%ﬁﬁéﬁagﬁﬁgﬁgﬁ§§HEQHF%¥§$preted as

i ncluding akbmp&Ghg:al terations, pernutations, and various substitute

equi valents as fall within the true spirit and scope of the present

i nventidn. 25 13f@ming/: cigihatask stagl Girmed by ¢t icast one Hpehor i cielblafng et ch
features in an eté&nﬁh Q%{%Fbt %y%f; O@(ﬂl%ﬁp&t(}{l ?ﬁa@k StdglﬁwBEllCﬁng 'ﬁlé I]ﬁE@R %ﬁﬁ’eqazp etch
mask stack forne by S "eaE One ayer over the etch layer; formng a
f:rstlnask puedlitt e spicehwithsKdist anka Weepatln the first nmask defines a
plurality of spaces with w dths and first pitch; form si dewal | [ ayer
over the first nmi@RiMaepdeyal Fﬂ%/%?\fféaéﬂ 11L”'SF %P?g Wﬁ@‘&%ﬁ%sm?ﬁémymlﬁ USE the
spaces def ' ﬂf‘cdwitBMlStM1u atds cﬁ;‘ﬁ%gd 13}916@?1%&15@:; a first set of features at

| east partially into the etch mask stack through the sidewall [ayer,

wher ei N0t he feat wrobmgof fishet b fegturssatt i@kt fahalrios thavehwiagk keick Hapugr e

smal ler than the widths of the spaces define y  t.he first nmask,, wherein
The f or m ng i Srtidvar e Pagei Bg Bangreoi iy DR v ot PEes IR e tuo
cycles, wher@hfic@aaNtheXalds of BRREAGE SefidRl 1By tht Fisdt ne@ROShdrtiaNhPRasMmaM th a
first gas chemstry to forma deposition plasma to forma deposition over
t he si dewal kideohllfdyer pyardhe fssrasiaermptisss of ehws teh apH g WHRESECANMCE second
gas chenistré%to shape the profile of the deposition over the sidewalls of

the first maiskP"Wierein the first gas

15 a first deposition phase with a first gas chemistry to form a deposition
plasma to form a deposition over the sidewalls of the first mask; and
a profile shaping phase with a second gas chemistry to shape the
profile of the deposition over the sidewalls of the first mask, wherein the first gas
chemistry is different than the second gas chemistry;
20 removing the mask and sidewall layer;,
performing an additional {feature step, comprising:
forming an additional mask over the etch mask stack, wherein the
additional mask defines a plurality of spaces with widths;
forming a sidewall layer over the additional mask, wherein the
25 sidewall layer reduces the widths of the spaces defined by the additional mask;
ctching a second set of features at least partially into the etch mask
stack through the sidewall layer, wherein the features have widths that are smaller
than the widths of the spaces defined by the additional mask, wherein the features
have a second pitch smaller than the first piteh; and
30 removing the mask and sidewall layer; and
ctching a plurality of features into the eteh layer through the first set of

features and the second set of features in the etch mask stack.

14



chem stry is different than the second gas chem stry; 20 renoving the mask
and sidewall layer; performng an additional feature step, conprising:
form ng an additional mask over the etch nask stack, wherein the

additional mask defines a plurality of spaces with widths; formng a
sidewal | | ayer over the additional mask, wherein the 25 sidewall |ayer
reduces thepw dt g, ﬂfetﬁd@iedsleé@ﬁ&ﬁmdﬁﬂmnle@vlﬁVmﬁ he adoihhdonak Bpkises £t ching a
second set of features af |east partlally into the etch mask stack through
t he si dewal btripaggstaniigr of a mateiaf gat isrrestehesidaniite shippiigdbarethe figsanaskr  t han
the wi dths of 1he S gces defined by the additional mask, wherein the

f eat ur es héW%'gbg%élﬁﬁagitch smaller than the first pitch; and 30 removing
the mask and sidewall layer; and etching a plurality offeatures into the
etch layer through the first set of features and the second set of
features in3the gthé metfnsik astesisr! InThpin 2, FHE ¢ oHip BSISREEIY SRR m 1,
wherein the, gt f a

mat eri al thaEC&ROﬁgggm?%§§§”8{$$§B& §h?%%?ﬁ3bﬁh ﬁﬁﬁﬁﬁﬁpégg?%hﬁ% and the
second maskpobnidr nibeiaitet hod, as recited in claim2, wherein the strip

resi stant |ayer conprises at |east one of an anorphous carbon, a
hydrocarbon, a hydro fl uoro carbon, and polyner material. 4. The nethod,
as recited iyn cl giymydey, WL Rifled 1r"1ecl£hciﬂI WIRSE N Bl AGHE fud sﬁ@d’k fulifeiconpri ses a
strip protection layer over the strip resistant layer. 5. The nethod, as
recitedOin chapnmﬁzuMMem®MNUDMGu@t@hAMus%ngvavknﬁun@her conprises an etch
stop |l ayer between the strip protection |ayer and the strip resistant

| ayer. 15 6. The method, as recited in any of clainms 1-5, further

conpri si ng repeat{hagéi hﬁ! a8@dittd @nddinf £atibr@n shcefclpatieasik onbe: 7. The

nmet hod, as recited in any of clains 1- 6, wherein the formng a sidewall 20
| ayer over thpasidianiciatomiask icsvem heasip Nopecteydpicr 486 HisyStdp fgistant
layer.
15
6. The method, as recited in any of claims 1-5, further comprising repeating the

additional feature step at least once.

7. The method, as recited in any of claims 1-6, wherein the forming a sidewall
20 tayer over the additional mask 1s at least onc cycle, comprising:
a deposition phase with a third gas chemistry to form a deposition
plasma to form a deposition over the sidewalls of the additional mask; and
a profile shaping phase with a fourth gas chemistry to shape the profile
of the deposition over the sidewalls of the additional mask, wherein the third gas

25 chemistry is different than the fourth gas chemistry.

8. The method, as recited in claim 7, wherein the forming the sidewall layers

over the additional mask is performed for at Jeast two cycles

30 9. The method, as recited in any of claims 1-8, wherein the forming the sidewatl

tayer forms substantially vertical sidewalls.

10. The method, as recited in any of claims 1-9, wherein the first mask and

[5



a deposition phase with a third gas chemstry to forma deposition plasm
to forma deposition over the sidewalls of the additional mask; and a
profile shaping phase with a fourth gas chem stry to shape the profile of
t he deposition over the sidewalls of the additional mask, wherein the third
gas 25 chem stry is different than the fourth gas chemstry. 8. The nethod,
as recited iadigbadifhabk aWgioRrBsi§thBaskOramt Rehetdig tikl setRallllaJcay @ Sornpder t he
addi tional mask is perforned for at |east two cycles. 30 9. The nethod, as
recited in &y opolyligr mgteriaB, wherein the forming the sidewall |ayer forms
substantially vertical sidewalls. 10. The nethod, as recited in any of
clains 1-9, wherein the first mask and 15 additional mask are photoresi st
masks, and wher eiMhetihfehsl dewalitd ihaygros chias | dometercfiribenanpahytenmaxit eri al .
11, The method, as recited in any of clainms 1-10, wherein the renoving the
mask 5 °and 284 geRuMY lavgyermpsshrihersthg ghrkgnd Hdewdlsydnd si dewal | | ayer.
12. The nmethod, as recited in any of clains I-1 1, wherein the w dt hs of
the features of the first set of features are at |east 50% I ess than

wi dt hs of the. spdhesnctidef inedittyintang ofictagths held kwhd@inltBe widtbs nethhod, as
recited in any of ais 1-12 wherein the ces in.the fjrst mask have a
pitch | engt FO4HES GBE 6T st Trastitur e gl RS ﬁwa‘f‘fé%ﬁom&?éPﬂ%ave a
pitch | engt Refif@tny $edtsih@aRt 50% 1 ess than the pitch length of the spaces
defined by the first mask. 15 14. The nethod, as recited in any of clains
1-13, wWerein the etching the first set of features does not etch the etch
| ayer. 15. e hod recited in any.of ,clains 1-14, further .conprising
Femovi ng i oS 20 8r i e’ SEUEER 1 PRABH SonkReli At Bl HEE Dy The
met hod of amasPhaed @piteh 1dngkh and Sherofn MetBOGcE Qinfe@immilRgtidhdagdtn@se hn an etch

| ayer, conprising: 25 formng an etch mask stack fornmed by at_|east one
| ayer over PHeh ogh th@y@,ﬂ; least 50% less than the pitch length of the spacés defined by the

first maslk.

15
14.  The method, as recited in any of claims 1-13, wherein the ctching the first set
of features does not etch the etch layer.
15.  The methed, as recited in any of claims 1-14, further comprising removing the
20 etch mask stack.
16. A semiconductor device formed by the method of any of claims 1-15.
17. A method for forming features inn an etch layer, comprising:
25 forming an etch mask stack formed by at least one tayer over the etch layer;

forming a first mask over the etch mask stack wherein the first mask defines a
plurality of spaces with widths and wherein the plurality of spaces have a critical
dimension and a pitehy;

forming a sidewall layer over the first mask wherein the sidewall layer reduces

30 the widths of the spaces defined by the first mask, wherein the forming a sidewall
fayer over the first mask comprises at least two cycles, wherein each cycle comprises:
a first deposition phase with a first gas chemistry to form a deposition

plasma to form a deposition over the sidewalls of the first mask; and

16



formng a first mask over the etch mask stack wherein the first mask
defines a plurality of spaces with wi dths and wherein the plurality of
spaces have a critical dinmension and a pitch; formng a sidewall |ayer
over the first mask wherein the sidewall |ayer reduces 30 the w dths of

t he spaces defined by the first mask, wherein the formng a sidewall |ayer

over the first mask c Bapflg DIRRS lvith W eCHd 83 ch¥hRESHDsIBBEMLYCI e
conprises: a first deggggﬁli%gnm%hga%egﬁm tlh1 acfilrs%%Sells cﬁgm' Sst?y %o forma

deposi tion ppifde nhthedepaimneode fesidawals o the firkienakdehealelnsthofirgtiyes fi r st
mask; and 161 a P{'Of'ichﬁf—-s—hfﬁi nﬂ' hased[ wi\t‘gAa.‘?_e,cond gas chem stry to shape
the profil &BFEEHE YEFEET PPBACGVET 4 HE “SFHEWRI | s of the first mask,
wherein the firstilag a GREMW 6f fkuh& HArdAET8RLNLE BRA nthk seeE el dase

chem stry; etchi n? afirst set of features partially into the etch nask

st ack t KBr oughlewnlé laysr witHavib! et¢haghemisiing hardin fhsticatpieh hetrewiddtsrapd anher ei n
the features._. W dths and.a, critical. . dimn I Jhereain . : re
wathe are stiryautShls rBES s R hs Tl iR s b TEARLA AR TS,
mask and t hehcCdphtdsaakhedimBnsikamdahc tdical emtdnt@s df sheafeathiea ss at30% 50%ss t han
the critical dinension of the spaces in the first mask and wherein the etch
| ayer is notesailendbe criipat dimsppiag of He sRaeR AW fepigage and varesin thesde or ni ng
an addi tiongl,.f eatVEensiep, conprising: formng an additional nmask over the
etch mask stggL ‘\?\ig)erte}ln’the addi tional mask defines a plurality of spaces
with wildt hs and whesengiltcheashlaud aldetvyll dfyer;spaces have a critical dinmension
and a pitch; 15 form ng a sicﬂewall | ayer over the additional mask, wherein

the sidewall | ap&iforupseradiaahii e SEP tHE 'S es defined by the

addi tional mask; et Cff'(@lﬂﬁﬂ?ﬁ‘l‘iﬂﬂdi@&ﬁlli nf-8RbW8Be Bk hiiagk ki¥clt Aherchih@eet ch stack
mask through the sidewall Tayer, wherein the additional features have

wi dt hs and ad@tiprdl gzdsk defimesrsilonlitwiepadas wikewidtit4nd voferdingheaduiadinoeial
features ar eTe}:t_g gevqst gl%(y? Iﬁen%ls itnrl]a{}]d t hﬁcl .20 widths of the spaces in the
addi ti onal RASK® ARG THEErPHIREAP" AP hBRST6n of the additional features is at
| east 58% | ess than thanGhg bseidladiaRnsi@nhoidditgabpadesviierit B addi tional
mask and wherein the features and additional features have a pitch which is
at | east sidewall layer reduces the widths of the spaces defined by the additional mask;
etching additional features partially into the etch stack mask through
the sidewall layer, wherein the additional features have widths and a critical
dimension, wherein the widths of the additional features are at least S0% less than the
20 widths of the spaces in the additional mask and the critical dimension of the additional
features is at least 50% less than the critical dimension of the spaces in the additional
mask and wherein the features and additional features have a pitch which is at feast
50% less than the pitch of the spaces in the first mask and the pitch of the spaces n
the additional mask and wherein the etch layer is not etched; and
25 removing the mask and sidewall layer; and
etching a plurality of features into the etch layer through the first set of
features and additional features of the etch mask stack using a second etch chemistry

different from the first etch chemistry.

30 18. The method, as recited in claim 17, wherein the forming a sidewall fayer over
the additional mask comprises at least two cycles, wherein each cycle comprises:
a deposition phase with a third gas chemisiry to form a deposition

plasma to form a deposition over the sidewalls of the additional mask; and

17



50% | ess than the pitch of the spaces in the first nmask and the pitch of
the spaces in the additional mask and wherein the etch |ayer is not

etched; and 25 renoving the mask and sidewal |l layer; and etching a
plurality of features into the etch layer through the first set of

features and additional features of the etch mask stack using a second etch
chemstry different funeamkRBafihg }f?ﬂias@ﬁz\ﬁt‘h L0aFh $he henéindB.shifeheptdme, as
recited in claim17, wherein the form ng a sidewall |ayer over the

addi ti onal a8k deoaphieseser she didestlsohtheadditenal wads eharcaabl eyt s
conprises: a deposition phase with a third.gas chemstry to forma

deposi tion L%Vggﬁﬁ1%%%Ebpgﬁgn&5b83¥??3%dgvggwfhe sidewal | s of the

addi tional mask; and 17 a profile shaping phase with a fourth gas chem stry
to shape the profile of the deposition over_the sidewalls of the

addi ti omal rlsk, WEerdhal, ahectter gy 4 claghre by 48y yhereindpe fis 8196k tan t he
fourth gas 1Stk YonalD, T et:-he [ eci PN, of clains 17-18,
wherein the%Pﬁggﬁkﬁégggﬂipghggﬁ&Hg%gggggﬂﬁ%%ﬁqgﬁﬁgaﬁg?ggﬁnfLe si dewal |

| ayer is of a polymer material. 20. The nethod, as recited in any of clains

17-19, wherein t etch sk stack c ris sfrip resistant |ayer of a
mat eri al t hgp- [ sqﬁ‘ﬁﬂ’@ﬂi’ ?%’E%H'E‘Plﬁ’cfmé’to& ?:waqgilﬁawﬁcr% t[‘%tCF s S‘ﬁglgk and
the second @&%bri%_@x RS Pd’s‘f’s&an?f?l%f A 1Hthfi§1WHé(ﬂiE'Qnoﬁ-é‘ﬁesﬁiaﬁhtossit:%ghnw fask. 21.
The method, as recited in any of claims 17-20, wherein the additional mask
fills il saild fuisrspsisetd thé sdcend uraels and Bird2r coThiismg teowyireshe eichtstedki n any
of clains 1-15Y wherein the additional mask fills in said first set of
features. 1898

21. The method, as recited in any of claims 17-20, wherein the additional mask
fills in said first set of features.

15
22. The method, as recited in any of claims 1-15, wherein the additional mask fills

in said first set of features.



