SI DEWALL FORM NG PROCESSES BACKGROUNDCF THE | NVENTI ON [ 0001] The present
invention relates to the formati on of sem conductor devices. [0002] During
sem conduwoanivesBesa processing, features of the sem condgriuseordesé7ee are
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 |ight fiwwwén cle is generally a
glass plate that is patterned with exenplary feature geonetries that bl ock
| ight from propagating through the reticle. [0003] After passing through
the reticle, the |ight contacBackheosun Daderafvinm@oyphot or esi st materi al

The |ight chan es the chem cal conposition of the photoresist material such
that a devell8PEH calhe eesend inveptipn iedpieo thhorpRbebelesmicondueter deyices n t he
Case. of ﬁOSI iy ] OphBu?lng gertsncor}lr? C orrlwaafgr’ Sce%sﬁ% F%?astul%ts RF glle%nl%lc% 8 Gptg roved,

and int f negati OI’ES St mat er unexposed regi ons

are renoved.deSldWMARIESREd TiHRe IM&NH@W&D@%}n Pateaths eneetthiag bacegei.ng and
in accordance with the purpose of the present invention, a nethod for

fornming a fdhesgmeodepseart phatdresighyfBR) nwtrétal yudqgosatepaﬂtt@%f@r prbthenr Bsi st mask

| s descri bEde n‘PA eﬁltg Iil flt fliﬁ/erg({ Salt ge%m?el lThfeC%er:tnc]lg g 658'(2:1 3'{5 S% ass %1a$eqﬁ£tf1§) rmed. Each
sidewal I for e&ss Conpri 56 dep 6Stt e ayer on the

patterned phﬁttaﬁl@& lwsth esk] By feReiid gédﬂd%ﬁesrfﬁﬁttlﬂcﬁﬂkehg}ﬂ ﬁlohplalopﬁgaﬂﬁgl tions.
Each cycli cal ggosmlon I nvol ves at | east a depositing phase for
e

deposi tilRg gh ﬂwﬂtwﬂelayer over surfaces of the patterned phot or esi st

mask and a | e f rtic surfaces. in the
Goposit1on MU © ARPERSubIRSen iy 5 Boud b upth R LA o be &

br eakt hr oughngtdréidt Mat& il Thé MBAEheALD tﬁwch@atdaz ecsthﬁésuwctfaﬁ@ﬁha&etﬂae
protective l'ayer with respect to vertical surfaces of the protective |ayer.

Afterwards, miteridtsoéh 1ha§/aadewelvpet chgdmpge § gorioa of gt photorbastiogeraal crint i cal

di mensi on t hat ess.than the criti. i nrensjon. of the fe n the

bat t er ned pﬂﬁ% B of Bty i Ag et W Bttt b S Gh bR | on

an apparat Uscaﬁe%f Je‘gﬁtﬁ‘&e'}glo?orés%tn%&qdl@ tl?eﬂuﬂ%&ﬁ&eh@é’g%nsuﬂgﬁ‘e&ﬁdﬂeﬂg a patter ned

photoresi st nmask i § provid he apparatus conpri ses a pl asma processi ng
Oi ;

chanber. The plasm proce55|ng ¢ hva

[0004] To achieve the foregoing and in accordance with the purpose of the present
invention, a method for forming a feature in an etch layer underlying a patterned
photoresist mask is described. A plurality of sidewall forming processes are

20  performed. Each sidewall forming process comprises depositing a protective layer on
the patterned photoresist mask by performing multiple cyclical depositions. Each
cyclical deposition involves at least a depositing phase for depositing a deposition
layer over surfaces of the patterned photoresist mask and a profile shaping phase for
shaping vertical surfaces in the deposition layer. Each sidewall forming process

25  further comprises a breakthrough etch for selectively etching horizontal surfaces of the
protective layer with respect to vertical surfaces of the protective layer. Afterwards,
the etch layer is etched to form a feature having a critical dimension that is less than
the critical dimension of the features in the patterned photoresist mask.
[0005] In another embodiment of the invention, an apparatus for forming a feature

30  in an etch layer underlying a patterned photoresist mask is provided. The apparatus
comprises a plasma processing chamber. The plasma processing chamber includes a

chamber wall forming a plasma processing chamber enclosure, a substrate support for
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chanber wall form ng a plasma processi ng chanber enclosure, a substrate
support forsupporting a substrate within the plasma processi ng chanber

encl osur eyvoaoprvmssssur e regul ator for regul ati ng t he presearaseonvbeiel asna
processi ng chanber encl osure, one or nore el ectrodes for providing power to

t he plasma processi ng chanber enclosure for sustaining a plasm, a gas
inlet for prSBQP%rPﬂ@a@&%ﬂtrm%lﬂilﬂéhepwlasg%mﬁ?ﬁélélg§Fﬁ§b?{r?§ﬁlﬁé?ree%@ﬁ%§§£ﬁ e and a

as outlet f : ] i e osur e.
g 2 ul%b?df%éguggl e glre@s%é m{l%gmpfa{c% dnAghbER Blirc B

The pl asnma processing ¢ 'so 1 nc S a gas source In

connecti on wirtniore beecgedesifol @bvidigepogas tshd ptemagipres Ses clanttep osdlddung gas
source, a profile_ shaping gas saqurce, a breakthrough gas source and a
feature et cHPhY'SHAUNG & RIS, args IplebiRIPGEE €85 Ml QR RSB PEIES Rhc] udes a
controller t i t ). The
cont 1ol 18 1Ty RRRREhER b e e R BB 2 e
conput er r eathaiber ¢netbisareC T plsesa prooguing chiir@belaiocnclods o s spacé ar m ng a
plurality of sidewall form ng processes and conputer readable code for

per f or ni ng dHéd gpnnepigopwith e gay igdet. SihgaRaPOUIELFIARIECHR JERSEEG SATRANTRAL t er
code incl udes e I I {1 t eGl.] | ayer on
the patter neP SRe s EFACAR"y CRABn|Qlen SEE ] 08 (HeBLR Gl Bes. 3

deposi ti ons satfte C ThP placha herdadtechaaer 4166 ineaidtoh BbmteblRNthat ¥ &ohtdtted to
deposition. The latter code includes conputer readable code for a

deposi tilRg phagws sosiceaep i aleigde(s i ePrsssonfrgHen ipgladesapg or §191¢ BOSESSefs t he

pat t er ned pAGLOL G515t - BNk AR TR ERYARLE neate ki & Rlglle shaping
phase for shaping vertical - surfaces Tnrthe eposF¥|on nger. e conputer
readabl e codeadable doge f@rpeifogniage piralifyerRldenall if{[)fmi@% pocegvedd doaipiitdig
processes further conprises conputer readable code for selectively etching
hori zont al getdahtecede fortpgefopring eae pf Be|phyrality i sidewal rating progesses. cHie

surfaces of | fie 48003] LLOD, L AXET . iR COMBYLEL, HERORRLC. ed) 8 f ot et
conpri ses conputer rea a% e %O e 10r e‘ic Ing P e E%C ayér OoOfTo0orma

f eat ur e 15herRBines YadtofhRt mhlleby fatdmeng Nplulgitebtdycliel eepdiasond apdral | er
critical dinension than the critical dinension of the features of the

patt er ned prromputesireadalaside foppodgrnmhgsee exsticyidepesitiant thedsttasicoghe present
i nvention Ww. bel.ow i n .t he. det ai

description i %luge??&%felf?\?}gﬁ?ﬁg‘gﬁ%lgﬁga{ ﬁ)r g?ﬁ?‘%ﬁh&% pg‘rﬁls Of AR R el?&)%ﬂﬁnf i gures.
BRI EF DESCRI1RE: O (dnrfhtds JoaNePed photoresist mask and computer readable code for a
profile shaping phase for shaping vertical surfaces in the deposition layer. The
20  computer readable code for performing one of the plurality of sidewall forming
processes further comprises computer readable code for selectively etching horizontal
surfaces of the protective layer with respect to vertical surfaces of the deposition layer.
The computer readable media further comprises computer readable code for etching
the etch layer to form a feature therein, such that the feature in the etch layer has a
25  smaller critical dimension than the critical dimension of the features of the patterned
photoresist mask.
[0006] 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.

30 BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is illustrated by way of example, and not by way of

limitation, in the figures of the accompanying drawings and in which like reference
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[ 0007] The present invention is illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying drawi ngs and in which
| i ke ref ewornommssasnal s refer to simlar el enments and i npamiuskooojoSQd8] FI G
|A- IB are high level flow charts of processes that nmay be used in an
enbodi nent of the |nvent| on. [0009] FIGS. 2A-G are schematic

cross- sect | JRAICTY BREL GpimikAe ngrin ey | ayers processed according to
an enbodi ne th v [ . heratl

ol s pr o2l R E bR g REEROT chhr ot o RS Ay e Bt 7
[0011] FI GSen%dBnd:ﬂtloﬂ&teﬁﬁtze&ltlancorrput er system which is suitable for

i npl ementing a controller used in enbodi nents of the present invention.
DETAI LED DESOHTI ON@F 21E PREFERREDCEVBESHRENTS 0o somicprdugipieyaist
invention w nce to a few preferred
enbodi rreﬁts % erg}gﬁgfggesgi? Ird"?grtgtaél% n%%hﬁhéent\gcf:gﬂc% lﬁgefrI\l;?IIPﬁg drawi ngs. In the

fol | ow ng dgeet10]pt i BIG. 3y ABERSatRPES) bf & plehaipldeaigy dRmbbothahmhpber der to
provi de a thorough understanding of the present invention. It will be

appar ent, howed Bypragtigingn@e gkieptied in the art, that the present invention
may be pracmﬁfﬂknomﬂ?%ms%”ﬁu&rateaé borRl Erhs%e nggw it Sy iB8lA0r s+ | n other

I nst ances, rocess S eps a es ave not been

described in nltlnglac@ﬁt‘ﬂ&[erh@edhﬂtenﬂﬁﬂﬁﬁ&ﬁ§@ffthé Preo&ift Gifetibne present
i nvention. [0013] The invention involves depositi n%mdpr otective materi al
over a p&tterned photBEMImDEWPH@NOBFHﬁEPBEEERRBE BIOIEIMEN—TISI critical

di f t V] t th
o that - ar dOPs ¢ hanPeren gy il S pR AR oEnst T M R o

etch the fee}'ewp@efeﬁwé&b&ﬁaqtshmhetrm ak MY RBhic@Mn (RlRS AR diiginByi Indup of
protective material on |arge open areas of the patterned photoresist mask.

I f such bw ItU@fDHroaa@é@maptmr tainprous spdcdal detdlsaknes qripinalyiles pswede as
cracki ng, ki ng and/ or del nation.nmay .occ 001 To facilitate
inder st andi HoroRReertindise G Thn Pies Gl it it berpatogl oS et kafhcay be
used in3n ephedifRMarOthdt iR ﬁr&%ﬁﬂhb&ﬁron%%%éﬁﬁ&&@d RAGLAr ®3edr dli@rer and
etch layer are provided (step 102 is a schematic cross-sectional

vi ew of an ehesh shbepyies dQIS:. du@theawuinsw ael kRown pfogestt dtersred/op biotanesi st

mask 212 with nmas o . ,
have notlﬁ)een described in detail in order to not unnecessarily obscure the present

invention.
[0013] The invention involves depositing protective material over a patterned
20  photoresist mask to form features with small critical dimensions (CD). More
specifically, the invention provides features with CDs that are less than the CD of the
patterned photoresist mask used to etch the feature. Additionally, the invention helps
manage the buildup of protective material on large open areas of the patterned
photoresist mask. If such buildup reaches a certain critical thickness, problems such
25  ascracking, flaking and/or delamination may occur.
[0014] To facilitate understanding, FIG. 1A is a high level flow chart of a process
that may be used in an embodiment of the invention. A patterned photoresist layer
and etch layer are provided (step 102). FIG. 2A is a schematic cross-sectional view of
an etch layer 208 over a substrate 204. A patterned photoresist mask 212 with mask
30  features 214 is over the etch layer 208, which forms a stack 200. The mask features
214 have critical distance 207. An optional BARC or ARL (antireflective layer) may

be placed between the substrate and the photoresist mask.
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features 214 is over the etch |ayer 208, which forns a stack 200. The mask
features 214 have critical distance 207. An optional BARC or ARL

(antiref Iwotznwasbesyer) may be placed between the substr ace/maatobeio

phot oresi st mask.[0015] Multiple sidewall form ng processes are then

per f or med (stg& 1041\/} FIG IBis a_ high-level flow chart of a sidewall
form ng prod885l haMylgRle sidewal formHngprogeses areien RsFormgd (KPR oG- A

protecti ve | gygr, i, 50080 eflibst J‘Qdé\xzﬁ%?ohigé%l | BURE BB bE Bschibihn EaCh

cycle conprises at“least the two steps o Ing a layer over the

si dewal | s ofenithdimpédrivdfeshsdntivhs K freetliveelayst iddémkigl dslifp) a eyrticilpeoceshapi ng
the profile and vertical surfaces of the deposited |ayer (step 118). FIG
2B is a schdpaPiléde rrsh sude roynBrises pblaythe teo sienstod dredsithiect lsyasivet thgask 212

Wi th a protegt.l I r . whi r f .
protecti \?e Fsgc%g%é ﬁ? gf%frlgtplh §§)ers%s\£@{eaglgfe r%{ %é{@ %gqlxg)%h?l tﬁ%éhﬁﬁ%gt}%g@og}edewal S
217, hori zonindlveapensvafaedsofHddepositdar ayecitey €18)ayes. 1Bt dgchsmaizlerokd-hi n t he

mask features 214. Protective |layer features 222 have critical dinmension
209, which issctianal view of phpasterner phptogisint Asplo A1 20ith gfprotaehkverlavar de@s 214,

I 20 showd R hy ok Pl ohRe BV Sk b el Kaih oL PRy RiRkes
i | 1ustrated lhyer BRGinchiBles bidewhigs 217, Wt zoat£dpenhesi MBNnd psotdanallhyer217 and

hori zont al open areas 215 of protective |ayer 220 have thickened
subst antlal Ifgatuea d3? wathay the imask fefitwesndlde Podectiye dryver atieestii2thaue critggl not ed

earlier, if &ir*ﬁ%nsal@%%@'w%'h%” s RLEG APl B%Sion 367 of MhaSPERL AR, 215 was
al l owed to proceed unchecked, Vvarious problems nay arise. For éxanple, the

protective |[oyRs] 22@hemypoitRelof td phecandaps ihlleastulEpRiceaen aplG: 2CCt her
possi bl e problens include a |lifting of the protective layer and/or a

det eri or at i show# thetpéfegheftanradditionaleyeleemrthe tadlZq0 inetrat¢dioddCL 2Bodintheg
process al so,i ncl ude . br eakt hr et .wWhich i s per d after the
Ponp eti on JH R IAMLAR R 2 5hE Jut P Bat BT HITORE, 156)
The br egkt hrigugho@hed thityehedesbseeely] daking @Fiahl AktdheE REP M &creakk f aces of
the protective layer 220 with respect to vertical surfaces of the

protective |faytker. Asim@tedxprlics, i thecisewmtliagor poprotestiet lagerad20uin eperodreashdl 5st ack
200 il lustrated 1| n FItG 2C aftgr adbr eakt hrgfégﬁ et ch. TFe t hi c&ng%s of
protective I&ello¥ss q progegiingpecked HEORsRrO BHEtEnt PPy Hedifced. The
protective | ;ﬁbft@étix%ﬂ@y&b%%a@'c@e%\ﬁ,aﬂél& Al for rél@a%‘é@ﬁtamﬂ?a%tsb%ﬁeﬂﬂd@éiﬂﬁ' Iy

reduced. Open areas 215 havé been etched at a disproportionately
problems include a lifting of the protective layer and/or a deterioration of the

20  photoresist pattern.
[0017] The sidewall forming process also includes a breakthrough etch, which is
performed after the completion of the cyclical protective layer formation process (step
120). The breakthrough etch involves selectively etching horizontal surfaces of the
protective layer 220 with respect to vertical surfaces of the protective layer. FIG. 2D

25  is a schematic cross-sectional view of the stack 200 illustrated in FIG. 2C after a
breakthrough etch. The thickness of protective layer 220 in open areas 215 has been
substantially reduced. The protective layer 220 along sidewalls 217, however, has
been minimally reduced. Open areas 215 have been etched at a disproportionately
greater rate than the sidewalls 217. Accordingly, critical dimension 209 has not

30  decreased greatly. (It should be appreciated that the drawings in this application are
not to scale. The relative size of certain illustrated features may be exaggerated for

the purpose of clarity.)



greater rate than the sidewalls 217. Accordingly, critical dinmension 209
has not decreased greatly. (It should be appreciated that the drawings in
this applwoavioos3sae not to scale. The rel ative size of pcentsason/osdhast r at ed
features may be exaggerated for the purpose of clarity.)[0018] The degree
of etching of fg)en areas 215 may differ depending on the needs of a

particul ar dBBl8lcat T8adegree Soitelinaphboncasiias 210 RRYsiiéndensusigmonthe meeds y

partially r i
surface of ecﬁgﬁ%?ue&sllﬁgta 12{/&2& Ifesoln%atbo%léﬁ eI{ta%ebr eglith}ﬁ g?19(?)mc)ﬁé)ddoe d not
break thr ougrbmbh@ the piosetivy anblammat?cﬁzeﬁms adweigornteldiuefacd éfq)}totnredmes}&r
subst anti al !92/@ n certain applications this i s advant ageous, because it

n

prevents th ddat iy the brealydrough efeh does Ao bigaly thoaygh the RIR{eqavRiguer 220
al ternatisve b%'?HQéL' taes tﬂ1?En££&fA§aﬁ{191 hm%%ﬁlﬂP @ﬁ%%nssﬁ&%%a““ all'y all

pr ot ectlve | ayer |aI eas some open areas 215, thus
exposi ng a pﬂrvant@gboai bebeisel itpedeyiisnbe hiddeelyingda@r (€. CEI&:H laye@n208D8omr

phot oresi st |ayer 212.) Preferably, for conplete breakthrou h processes t he
br eakt hr ougtflamage Braliermasive embodimests; the birasgupeghonch oy eniubrtapdalpealt

the under yi et @ERhyernma fioht flefe & L 8 rg 3, Q9L A sin 'ewa
ne.under | V10| A AR ALY 50 BrR2kH it B4 ¢} @eﬂoe pevel

form ng process nay ornmed nera , at | east

two si dewal |pofrt@cFIfTibﬂtEe PERCE SRSy &g ReEH @08 df?ﬁ)to?eﬁlst Biyér 251czbematl c
cross-sectional view of stack 200 after the p ormance of a second

si dewal I10f orltipfsErbpy. derecosiplate bregkiheauigd droqesses f}ﬁ?cb(eﬂé@@%gh Fihghlp fpleghivet ect i ve

| ayer 220 o i dewal.l.s 217 | subst ial l th| ker whil e the growth of
protective qu?/heer(?efﬁﬁhon a ere‘ﬁl aFeesgeCtg?L@leélggr f 'hi mi zed. The use of

nul tiple sidepsd] farei 0ereAk@ERSEREH! msldéwnlfﬁmmgpﬁicamga;a&w of
protective |ayer feature 222 while at the sane tinme |limting the buildup of

protective Imyferm@@te@rﬂ%méﬂﬂ@r@a)s CiﬁllsraHBO@Q@i]St iafc edewnll forping pspegeseal |

f t ch h t 106
P E & PO paTorb RS FRS It R PETES b e Sy BNl skt SDERRGHEE TP (P
exanpl e,jst h%ef‘f%ﬁhé&fc@ of 34e®haRREwWaN f&infilg bRYEIs. Zlggorﬁﬁzﬁls@n @st&:kljoo yhich is

equal to the CD 209 of the protective |ayer feature 222. In practice, the
CD 2 11 of tHe. ?Eapmte@tlszc?hym%%bm ssdaivepthis I29!7 IISaﬂuQetantmﬂa(rthlph@ ¢ehilede of the
feature 222 of ) @gé)tectlve a%]S % However ,@Ence he CD
209 of the d&p¥ s tE? i PRYBY™ F1E% TP 55 WUl i HEAtF 9T sl 1 er
than the CD gZQpRfsidéMalRrbRAIAL Pedceises reduces critical distance 209 of protective layer

feature 222 while at the same time limiting the buildup of protective layer 220 on
20  open areas 215.
[0020] After multiple sidewall forming processes have been performed, the etch
layer is etched (step 106 of FIG. 1A.) FIG. 2F shows feature 224 etched into etch
layer 208. In this example, the feature 224 etched in etch layer 208 has a CD 211,
which is equal to the CD 209 of the protective layer feature 222. In practice, the CD
25 211 of the feature 224 may be slightly larger than the CD 209 of the feature 222 of the
deposited protective layer 220. However, since the CD 209 of the deposited
protective layer feature 222 is significantly smaller than the CD 207 of the photoresist
212, the CD 211 of the feature 224 in the etch layer 208 is still smaller than the CD
207 of the photoresist 212. Preferably, the CD 211 of the feature 224 of the etch layer
30 208 1is at least approximately 50% less than the CD 207 of the photoresist feature.
[0021] The photoresist and deposited protective layer may then be removed (step

108 of FIG. 1A). This may be done as a single step or two separate steps with a
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212, the CD 2 11 of the feature 224 in the etch layer 208 is still smaller
than the CD 207 of the photoresist 212. Preferably, the CD 2 11 of the
feature 220 20fo/3Bus4et ch | ayer 208 is at | east approxi marerys2@be@is t han
the CD 207 of the photoresist feature. [0021] The photoresist and deposited
protective | ayer may then be renoved (ééep 108 of FIG 1A). This may be
done as a siEARCHURCHE [pxes rerpay step and phptorgpistyemounlsiep Ashing e Pye | ayer
renmoval ste I r

removal proggggﬂngmgﬁﬁgg éﬁ%a%g é?i%%agog§géﬁg¥ﬁﬁﬁgpg$ @%?%Ge$ayer and
phot or esi st amdpkiotoaasest bﬁ@lﬂhai\&rh@\iﬁfhmd\ddl tAidditanaf formadoronestrepsberay be
performed. For exanple, a contact may then be formed in the feature. To

provide a dPSromerh slis ssampleys eQrptact n%\ayttP@hWOHﬁWB’et efctug bersrdda he
contact iss fQL® r he cont act
is fornme anp 60 ShhﬁﬂﬁJ%H%ﬁ§9§§§235?¥‘£§#§§%%9 ﬁ%%egg%gh?%OZZ] In an
exanpl e of t Additionad pidcesies mapat pafaacddplior deesntatt imtgtnedf 193 nm

phot oresi st overlying an etch | ayer 208 of a senlconductor waf er (step 102)
i's provided. In an al tf8¥He azalats = It BRI rAeShot or esi st mask

i s made of n1| e are
. & é}!aﬁﬁ)tlé)gtothgf ev%ht?é aép?géﬁlé,c?éh&t& eF’@?Jﬁ?Jk 21?3%?%

formed in t e tterned oreS|s sen

phot or esi st pmﬁifesastby&ﬂﬁﬂ%a@cﬁ wyeim @Twieﬁﬁ@ﬁida&tomyfebestaﬁﬁ}zl@nm usi ng
conventi onal processes e substrate is placed in a plasma processing
chanber .10[ oezayided. dn ag altgrngtive ¢rabrediment, the\pagerngd phetgwalsbmeeee $1adg oEhanber
400 t hat may %rﬁjlsn‘?r%erfs%ﬁl o@ésﬁ‘ bR oRsAr ML G ARG LAY EFo Al g e%h%h' Rentde
features i n I'S exanp P asm processing C n% I‘I Ses

confi nenent phloﬂﬁésls‘%(ﬁ?askam uBﬁeént@I REDNS6HE ﬁ%re@stlrﬂmra tgqbleﬂt@M@tHQB a gas
source 410, and an exhaust punp 420. The gas source 410 conprises a profile

shapi ng gas Phetaresest 413y, beSPol3pnes bsinggonyastioaliproseyes, The wbeake irdargd gas
source 411 and gwgge sour.ce npqmptchlng features in the etch layer 419, if
the features HeES Hg%%é“ ame process chanber. The gas source 410 nmay

conpri sqs5adqpg2znal FERS3 is QUERSSaticWidwbha Pla8SAprReQERSEHaRbe @RS m4P0, t he
substrate Zgﬁ fﬂ posi ti oned upon the Iomgr ngctrode 408. The Iome?p

el ectrode 408 usnrtfnrmﬁlaneﬁleaprsamct aBiCelageringd ﬁaﬁlmgdh@fﬁl@tmgs imglehanasphe( e. g. ,

| ect t at h | ' t he th bstrat
204, The realal Tbp e rhEbrRsT PBLorht e spamear R Sn ibeposea
i medi at el y oRp08é 164, aNEwkioNEdrok 808 088 s688e 4TMQnd an exhaust pump 420.

The gas source 410 comprises a profile shaping gas source 412, a polymerizing gas

20  source 418, a breakthrough gas source 411 and a gas source for etching features in the
etch layer 419, if the features are etched in the same process chamber. The gas source
410 may comprise additional gas sources. Within plasma processing chamber 400,
the substrate 204 is positioned upon the lower electrode 408. The lower electrode 408
incorporates a suitable substrate chucking mechanism (e.g., electrostatic, mechanical

25  clamping, or the like) for holding the substrate 204. The reactor top 428 incorporates
the upper electrode 404 disposed immediately opposite the lower electrode 408. The
upper electrode 404, lower electrode 408, and confinement rings 402 define the
confined plasma volume 440. Gas is supplied to the confined plasma volume 440 by
the gas source 410 and is exhausted from the confined plasma volume 440 through the

30  confinement rings 402 and an exhaust port by the exhaust pump 420. An RF source
448 is electrically connected to the lower electrode 408. The upper electrode 404 is

grounded. Chamber walls 452 surround the confinement rings 402, the upper
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upper el ectrode 404, |ower electrode 408, and confinenment rings 402 define
the confined plasnma volunme 440. Gas is supplied to the confined plasna
vol une 4M90hkyimdigsdgas source 410 and i s exhausted from rhe/usesbioseds pl asma
vol une 440 through the confinenent rings 402 and an exhaust port by the

exhaust punp 420. An RF source 448 is electrically connected to the |ower
el ectrode 40gectrpAptihged the lewer @a@romﬁﬁﬁsT ¢ Bdirmguige 46h A SPIREPT 822

surround th 8@@&&&9@% enEieE',geS%”a%M&ﬂ?&k@??&ﬁé@&ﬁ?&%ﬂﬁf‘z R sblige | over
T 4 npr e

el ectrode 408. e RF source 8 may c I Se one Oor nore sourc
frequenci es,and/og a GAMAz pdizerpouree. Difficree condviitioas &f ddrinePgRF poutrae ttend/ or
a 60MHz power source. Different conpbinations of cqonnecting RF power to the

el ectrode ar®@cqH9depisinesiibledn pder epbortimantst Wweh ag bayvinganRbispycapomiectsdur ce
connected t o] - : i Lch is
basi cal | ? tﬁ%ttﬁs}g“r%’gggg‘ét%ﬂ%g%s?‘f%&éﬁet#méggggf‘gﬁlggg%%11%}1}6%“’8@@%nbl v,
made by LAMMeseaY efithCorapial @k intodgtatibn afsemibéyyomide bEalAN ®Reséach whi ch may be
used in a preferred enbodi ment of the invention, all three of the 60MHz, 27
Mz, and 2 Nrepeistipe'ds' of faeencfaldfortikevhiph mae bresgloRarPrefsiipd embadmeshnect ed

to the | ower e , e I .

controller igg&?@&%gﬁﬁfgﬁpg%%@ﬁ%%§@2%¥ég?§§&£%gdg&ﬂgga?%ég§%g%ﬂgfﬁéust punp
420, and t hengasipshel REGohED sofr&O24H cdnhédPed thAhantvet Blectrbdts hndihe wppeonput er
system 1300, which is suitable for inplenenting a controller 435 used in

enbodi meft s ictiofe 49t serndedy ArongalierE3& is agmtofably comrecirddsithsl BE physi call
formof the s%ﬁfé@'ﬁ%rexﬂs&g% gzoc%ldrtﬁee ad Iagrc%grqauter system nmay have nmany
physi cal forns Tanging 1T 6m an |ﬁ{egra%e3 circult, a printed circuit board,

and a smal | [pezyihel BIGKVIACEdUB T1Ris@atb UGB MPURE Ky sCHIP BO® fwvhiSFORR U Mle f¥St em
1300 i ncludes a nonitor 1302, a display 1304, a housing 1306, a disk drive
1308, a keybowtainenging a canigolier B veediig pmbopinedatsiFithe present ewigpleer Fléadabl e
medi um used t0 .transfer ta, to d fr (of0) ter st 1300, [0025] FIG
28 is an exanriovprons Fratk Duidef i SR ERIRHET AT . i L ached to
system 0ys 13dfuted sputeth deyVaneé ladty Physiab R @%nﬂr&ﬁ%ﬁﬁ%%@)ed&@@it,(ﬁ' SO
referred to as central processing units, or CPUs) are coupled to storage
devi ces, i ndiringidrgirent o, asbasmalkhandpeld3iRyice np It @ d8ge updOFARRIEESS menory

(P a1 QAL TRREL oSSt 585 RO, LB AL,
typically t ik @nef B0sdakdboard 1310, and a mouse 1312, Disk 1314 is a computer-
readable medium used to transfer data to and from computer system 1300.
20  [0025] FIG. 4B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322 (also
referred to as central processing units, or CPUs) are coupled to storage devices,
including memory 1324. Memory 1324 includes random access memory (RAM) and
read-only memory (ROM). As is well known in the art, ROM acts to transfer data and
25  instructions uni-directionally to the CPU and RAM is used typically to transfer data
and instructions in a bi-directional manner. Both of these types of memories may
include any of the computer-readable media described below. A fixed disk 1326 is
also coupled bi-directionally to CPU 1322; it provides additional data storage capacity
and may also include any of the computer-readable media described below. Fixed
30  disk 1326 may be used to store programs, data, and the like and is typically a
secondary storage medium (such as a hard disk) that is slower than primary storage. It

will be appreciated that the information retained within fixed disk 1326 may, in
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and instructions in a bi-directional manner. Both of these types of

menori es may include any of the conputer-readabl e nedi a descri bed bel ow. A
fixed di swor8fd3Bs4al so coupl ed bi-directionally to CPUPL3AR200005¢M©VI des
addi tional data storage capacity and may al so i nclude any of the

conput er -readabl e nedi a descri bed bel ow. le d di sk 1326 may . be used to

store progr &BIOPHAELseinbE RRPPIAkES 18N dfgyiens  Krtunl s &t PeRBY age
medi um (suc i It will
e Y A R T Y

i nappropri atreediadesribdicbdloweor porated in standard fashion as virtual nenory
in menory 1324. Renpvabl e di sk 1314 may take the form of any of the

conput er - r ed88ile nbdUal 324t AlPp eor R t@v@ VaFGb’ZBC]mIGﬂ@uE’B?ée‘il%esaf’f%B 3 oupled to

a variet u rd 1310,
nouse 1312 dl?@gfejg%éfﬁg}%%@g%?erﬁo%sﬁggg% g %Jelﬁ%rg?; out ptﬁehﬁél\?glge may be any
of 1 video diispitaygut iedekmagabe sny oft: @Rleo Idisptag@,rtﬂﬁk bl hdpd) kegsards,

t ouch-sensitive dlsplays transducer card readers, magnhetic or paper tape

r eader s, t aﬁn@f@ hoggsy fQu§krsensytiieckspiys HaudRaer Fag rPasersgMigratis or BRRFFEANC cs
readers, anot her
conput er ? ch{%g{i (t)a%:ééﬁs?%nvg #e% %g@&um 1@@3%1 Zep@élolﬁ%t@%ﬂg%gegslgigo Wth

such a net thkerkﬁhmﬁﬁfe%?@.PU I32250p¢1@ﬂilgimhﬁb@cbdpmttotah@théﬂ%énﬁp@éitorr ecei ve
information fromthe network, or mght output information to the network in

t he courle dﬁleﬁéﬁmmﬁw@smﬁwﬁbe‘%a@gwrbéuerﬁ@p HéélO sWapssuckametyerkor e,

met hod enbOdl tn%gt Sltqg C(gnrfemgl ?%ﬂat tlllenﬁﬁ tml Hit ecé’i (():rlr% 10131%'0% éfle nBP orEPU
1322 or may 'BXecUt & 'over WOrK stich as the Thternet orn conj dRction with
a renote CPUrinhight cﬁfﬂ@ft@ﬂoﬁnmfnttb@lﬁh 1w bikein POeRS® TTPerfbARIAZ khd dboreldi ti on,
enbodi nents of the present invention further relate to conputer storage
products wi tdﬁtscalh@émltl@ stfrréa&aﬂh@rmﬁéwmmh«tdmﬁbwb\mém@ @ﬁﬁl@tpé?se@méerttwm eon

for performn varlou errented oeratlo ia and
computer _codinrtE TRBSTRL Y AP STRE rsle S L ST omra e sy he

pur posesg 50f lhi%@ne@ [Iﬁ&ﬁlﬁﬁnchﬂﬂ QUchi aQ’émofHCPleh’at REfePLpOtioh BEtHEIpistethd, known
and avail able to those having skill in the conputer software arts. Exanples

of fixed cortf0ddr - r bnathlition. melipdinients|af des, prbsent mventirox fultheri relagt to: magnet ic
uch as. OD- RERERa G Sipash e oo aue RagTar Beth baNive GPartReatEs
floptical digkson RN PeraimAng s erisle\corpater hableteRtedRPEaBbAY The media and
computer code may be those specially designed and constructed for the purposes of
20  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 fixed computer-readable
media include, but are not limited to: magnetic media such as hard disks, floppy disks,
and magnetic tape; optical media such as CD-ROMs and holographic devices;
magneto-optical media such as floptical disks; and hardware devices that are specially
25  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 include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
30  computer data signal embodied in a carrier wave and representing a sequence of
instructions that are executable by a processor.

[0028] Other examples may use other devices to carry out the invention.
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configured to store and execute program code, such as application- specific
integrated circuits (ASICs), programrable |ogic devices (PLDs) and ROM and
RAM devi cwe.2otiasqsies of conputer code include machi ne equaS2&8ob67a6
produced by a conpiler, and files containing higher |evel code that are
executed by a conputer using an interpreter. Cbnputer readabl e nedi a

al so be comgl0&H coblext mupénis sidewalbiPriRepi9Eessss WaPs %ﬁé?t%h%ml%&lq n a

carrier wav r t
xecut abl o by THERCEREA B SRCHLRRG oL A B Oe WL AL o 10
carry out thennﬂuanEManb&ﬁe@im&axtpmﬂuhmﬂmhq:$L@eﬂaﬂhséﬂmmﬂﬂgh@rocesses

are performed (step 104). In the first iterative sequence of a sidewall
form ng pr ocdéggﬂt%@@? ﬁ%%P EAPR cempHses PECEGIBE [ g PO R THERSi B LeeTitHig 2

prot ect | zggplp?%%a trSm RS 4O ERGn g%t%l%&&ﬁ éle%dsﬂlotfﬂhieremé n‘fgli'ee dfleposi tion

phase (s nprises providi gas an nerating a

pl asma fr omdebemd@fpgml cbh@lﬂs@&ﬁpdl@méloﬂom’lﬁlgdeﬁpﬁl Ah @Rarhply @f sudhr’a pdlymerexanpl e,
t he deposition gas conprises a polyner formng recipe. An exanple of such a
pol yner f or fPHBINE éeGiprelsadlydrasyiden &ay B6h agdsHeueHs aad Cdlyjand/oyp and C2H

and/ or a flugr ?g&;&%rggas% n SUER IQ%I%LJT%’ CH%’,'@%&,@@& th fome e Ia%{éﬁtée din

sone enbodi men |ar ga h a Ar

the pol ymer dnafiRiliagy %z@(éhﬂﬁas Nmiszmrax@mi iaclaflechinbé ydsﬁgmef ﬂfrﬂﬁﬂgleél@é.l pe
woul d be a fluorocarbon chem stry and a hydroqen cont al ni ng 8 such as a
reci pe df CAMtgigxppplemia P@éﬁ@fg foingAg gredpe woul bp a@m@wwon c %@}rym
profile shapln step 118 co SES DL OV o | as and
generating a ]B%”#FPe ]nlﬁﬁfsp as%%a &ﬁf#q%E% &h %e %Pg 0 shape
t he proflIe1ﬁ&3§bﬁxﬁep05|t|on | ayer. The proflle shaplng gas is different
fromthe deposition illustrated, the deposition phase (step 116)
and the profl0030]s haﬁﬁﬁgroélhea@élp(ngt(étpp 11@)60@@51&@8 Ia‘DVldlIfgf?eIPreﬁle shapieg 2a4 n thi s

exanpl e the profile.sha as. co arbon che such as
o At bR B 35 Sk 15 Beer b 2ARERE RSB be "l ec
or addeds | nprbfleSf EreBRbAtioP R Tt profRelsh&in@basQs Watdrént dlon?thHz and

300- 800 matpg at 60 or 27 N+Ewgghe ]?oflle@gﬁ%%lng gas i s then stopped.

[ 0031] Aft erdgapsigon gass ésoHustijesl, Enei d@pomomylmasc €¢p 116 aad therprefiletshaping

ng OJ; gg;;;’g d | pzxge;(ékﬁ &qgf %T%{lrrrgtddlf erentatlrglgss Lin this teQz?mp e%?esﬁrtohf% sh%?lﬁg Sas (step 116)

comprises a fluorocarbon chemistry, such as CF4, CHF;, and CH,F,. Other gases such
as COS, O,, N», and H> may be used or added. In this example, power is supplied at O

20  watts at 2 MHz and 300-800 watts at 60 or 27 MHz. The profile shaping gas is then
stopped.
[0031] Afterwards, a second cycle in the cyclical formation of the protective layer
is performed. As a result, the deposition phase (step 116) is repeated a second time.
The same deposition recipe is used here as described above. In alternative

25 embodiments, the deposition recipe can also be modified from the recipe in the first
deposition phase.
[0032] The profile shaping phase (step 118) is repeated a second time. The same
profile shaping recipe is used here as described above. The profile shaping recipe can
also be modified from the recipe in the first deposition phase.

30  [0033] The protective layer formation process (step 114) can repeat for a number
of cycles until the desired protective layer is formed. Preferably, in this example, the

number of cycles may be from 1 to 13 times. More preferably, the number of cycles is
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The sane deposition recipe is used here as descri bed above. In alternative
enbodi nents, the deposition recipe can also be nodified fromthe recipe in
t he firstwoeposi3dgizean phase. [0032] The profil e shapi ng phags2¢moeq1dl8) is
repeated a second tine. The sane profile shaping recipe is used here as

descri bed above. The il e shaping.reci an al so_be nodified fronrthe
recipe in t Hetofq times. sﬁ%gﬁrbér dhiclhisas el Sl?fryoaglﬁ]o%r*wepraﬁestﬂ@clﬁwérq ¢RPerdenby mat i on

process. (st & dhd dnARnf CRRA {Pkre e ATRRI: ALy WS h?&nis‘é%&é b hBSiddEshy 6

protective layer 1Is Pre era In thi's exa e nunper of
cycles may lhke prosettide tagerlde betwesn 5SMor © 30 efevidet prefetrhlﬂy,rmdiﬂsmﬂs of tleycl es is2
to 6 times. Preferably, thickness of sidewalls of the protective |ayer are
dependent od“@ﬁ@“@iﬁﬁ%éﬁbﬁ%@ﬂé%?ﬁﬁﬁlrequrrenents Preferably the

thi cknesges he %hg?ié\@tm?a[tgffe s &%ﬁgé%i @Eéé\%ﬁlf ﬂ%‘ﬁ{g eﬁ&&s?%&é@ﬁﬁﬁd@s hmto 30

nm Mbre pr er ny ctive are mto 25 nm
[ 0034] Thi s Hrédkstirougtestal (se® BDOYUEREBrealtthdugh dehabmpliessiprogdpigacess al so
i ncl udes a breakt hrough etch (step 120). The breakthrough etch conprises
provi ding a hﬁ%ﬁ&!{@h&%&?@ﬁnéagneéﬁwggaebréﬂﬁbrongh Blapma Alephihe BErakprensheeas fom t he

br eakt hr OUQ%E@&vel?FéE hSﬁ%dnYaﬁ'erf% B¢ Hl%rﬂr\%@%%' @fe&“'\xfl Cr%%pe%?{ toRJéf‘tchf otective

layer with res 0 vertical sur aces ‘o

illustrat ed,suffh@sbﬂfqa:l@rhre afdrC M s(iBu @Rt ektrsudt eteh (fsfdprl@m tl mes
fromthe deposition phase (step 116) and the profile shaping phase (step

118). 10t h.@%rmhélrf renf Hmigp érﬁmtﬁ?é@r@@ltmsphé%ﬂﬁﬁ@slé@ ndr aer%&%rrltr@mg
chem stry, IrPlﬁF @?egg%bllqt grexegr%sle%he brerlftﬁro asocov\é)tr{seSaﬁugroRHﬁ%r%gay be used

or added. omer I's supp ‘and

300- 800 wat tchemisti§0sueh aatﬂyH@theT sePkadh alse:(s@a(w N, HRISH] Say behsedloppped. The
br eakt hr ough gas is then stopped. [OOSSi Afterward, a second iterative
sequence of ad @dsindbmrcampbrmwrg ippuppl ali(lswp‘éﬂt@rhrﬁéﬂ andt30p-800 wafts aAs a

result, dep d profile. sh e are eac
Fepoat ed ot Wesrad WP CdRe APTF OPalletias PR PO, e BhE TR e S 35 e
performgd. Adsppeiional iterative sequences of the srdemall form ng process

may be perforned until the protective layer features assune their desired
di mensi ons. [0035] par Afetrveard, a)secamllt@rgtbm @gufm@e ehtte sgleghalldbimifg pracags ipr ocess

(e. g. t he dgfg% {:}g{é 83@'?% %%S{ﬁ‘%ﬂ ep051 {)r(l)];) ase ﬁgagé nI%fiRe S sare)m]g]qu pfhat he

cyclical
are each repeated at least twice and at least another breakthrough etch 120 is

performed. Additional iterative sequences of the sidewall forming process may be

20  performed until the protective layer features assume their desired dimensions. The
parameters of any substep in each sidewall forming process (e.g. the deposition phase
116 and the profile shaping phase 118 of the cyclical protective layer formation
process and the breakthrough etch 120) may vary depending on the needs of a
particular application. For example, the types of gas and power settings in any one

25  substep may differ or remain the same relative to any other substep. Typically, the
final breakthrough etch (step 120) clears the remaining protective layer 220 at the
bottom of features 222 prior to the subsequent underlayer etch step.
[0036] The etch layer is then etched (step 106.) Afterward, the protective layer
and photoresist mask is removed (step 108). Examples of a photoresist mask that

30  could remove the protective layer and photoresist mask would be a chemical strip or a
strip with a plasma formed from O, or N»/H,. Additional formation steps may also be

performed (step 120).
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process and the breakthrough etch 120) may vary depending on the needs of a
particul ar application. For exanple, the types of gas and power settings in
any one swbzvep3ssy differ or remain the sane rel ative POTAISY0OBE6
substep. Typically, the final breakthrough etch (step 120) clears the

remai ni ng prﬁ ective |layer 220 at the bottom of features 222 prior to the
subsequent URYEH| ay Brefapbly. cach gerqsgipndpyerfiey cacl Aenosifion phaseinbpweerAed (st ep
106.) Aftervard, r i : i ed (step
108)) Exanpledoapt QR4 AALEG LR URh BN AITH G ARt ShLRL EIPITC Toyer
and phot or ediesweatebX ninad 5chnb ehick. cMesa peatbrably; eqrhalepasigdi laperviiot bach pl asma
formed from Q2 or N2/H2, Additional formation steps nmay al so be perforned

(step 120). [dsogstioppiape isdistyeenda@r paphiskt Pisterablydpe fymadae f deposi ti on
h i s<bet 0, i i1ian |
Por each aedi et Bt Sl R e GBI, FIORE BRI 360 niRRASL B @8 LY !

each deposi tgro@ctivayeyerfioperfoatbd daPo®id dyelkksphase is between 1 to 5 nmthick.
Preferably, the formation of the protective layer is perfornmed for 1 to 13
cycl es. Nor 0938t er Batigula erabedimgpts iimyel ¢t dapritipg Breavetedtével layes onitep ofed f or med
for 2 to 6 cygl ] icul ar i | ve d -1 t he
protective lﬁé&g@%%ﬁﬁ(?t%%@%* ﬁgg%alﬁé g?ﬁrggg%ﬁ%tn g?f;ttg?é V%%{rgélk?hq ﬁlggeE{éVéeﬁ adi ment
of the inventbpicarbbeadd Bidesden\eattraier is of a carbon and hydrogen

material . [0039] Wiile this 1nvention has been described in terns of

sever al 10r efl803Hd eNfulsithisdpwentiph bascbegn deseiriped it teonsof sseemliprafarisds, and
various substitute equivalents, which fall within the sc of .thi
ventton. el g e P Rl eigiy REEE it taays o
i mpl enent | D%ﬁibl@fdlﬁbiﬂlﬂﬂ%h@wé?@m{sﬁhb@%npﬁt shbgldRIRIRHotddM@théeAre |t 1S
therefore intended that the follow ng appended clains be interpreted as

i ncl udi ng almanydiermative wayd engplereenting shd mwadodsaand apapiabies &fithe piesette

equi valents .as fall _within the true spjirit, and sco of .t he present

Cventi on. CUATEOHRAL oz ietidtinahe fonclihe SrRRTe i upitn Rs " ER R e 1 n
an et ch jsayek iRehaMs a1l Padht SleRednd PRERIESIR! alBslfiol Vi RARNEfUN LSt Sis
features, the photoresist features having a first critical dinension, the
met hod conprieldiwadpin ghe tfue spirih gndisqoipephihietpyesofit isvaigimal | f or mi ng processes,
each of the plurality of
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sidewal | form ng processes conprising: depositing a protective |ayer on the
patterned photoresist nmask by performng a plurality of cyclical
deposi ti one,20me3b43ef the plurality of cyclical depositi ®03/useemPNsEIlang: a
depositing phase for depositing a deposition | ayer over surfaces of the
patterned photoresist mask; and a profile shaplng phase incl udi ng shapi ng
vertical surfaces in the dep05|t|on I IMSand sel ectively etching

hori zont al E&qgg%ﬁgd&he protective Iayer with respect to vertical
surfaces of the deposition layer; and etching the etch layer to forma
feature therlein, Ahetiodabrfeeming 4 feetued mihanl emqkellayé'raveldvga gataaem@iqdloocrremtc al

di mensi on t hat is | ess than the first critical dinens The nethod, as

recited in dnakmayingpheiosssist f%@lf%ﬁ&ﬁhoﬁ%aslﬁﬁ%@eébﬁﬁ% §é§8t crifigahi ng a
deposi ti g en&&{q&g&eﬁﬂgcgﬁﬁﬁﬁ .|ng gas into a plasm; and stopping the

fl ow of fhe depositing gas met hod, as recited in claim2, wherein
the profile shapipegfophge porafityi cff&ﬁiewfall(fwmﬂgg prapeots, leactsbtape plgrgag of f or m ng
the profile shaping gas into a plasm; and stopping the flow of the profile
shapi ng gas.sidewall{aryipg pERFesses COBRItBY in claim 3, wherein the selectlve

etching of the hori Zoh’H glmﬁhg A ?n%‘?e%u@{; haé,@;ﬁr X gggpﬁﬁ%ltl&ﬁpﬂ&éﬁ%&stcrﬂ%y g

flow ng a breakthroug Into a asna and

st oppi ng t hepelfoamingfa glinalir cﬁ&&&liﬂabd@bs@@ﬁs 5acthit€th€rpIu|i’dlﬂy ofiSycliedli ted in
claim4, wherein the selective etching of the horizontal surfaces of the

prot ect ilfe |depesitionsEoMmsiERIZonpl et el y removing portions of the protective
| ayer overlying a hor'anta%da&{iﬁﬁﬁﬁﬁ&n%Pﬁ %R& aQEEoﬁ%%% Jﬁk%} mask. 6.

The nmethod, as recited in clarm erein ["'ective e of the
hori zontal surfhages tf patbeed pRbLELIsY Sraklayad corrprl ses parti aI I y removi ng

portions of the
a profile shaping phase including shaping vertical surfaces in
the deposition layer; and
15 selectively etching horizontal surfaces of the protective layer with
respect to vertical surfaces of the deposition layer; and
etching the etch layer to form a feature therein, the feature in the etch layer
having a second critical dimension that is less than the first critical dimension.
2. The method, as recited in claim 1, wherein the depositing phase comprises:
20 flowing a depositing gas;
forming the depositing gas into a plasma; and

stopping the flow of the depositing gas.

3. The method, as recited in claim 2, wherein the profile shaping phase
comprises:
25 flowing a profile shaping gas;

forming the profile shaping gas into a plasma; and
stopping the flow of the profile shaping gas.
4, The method, as recited in claim 3, wherein the selective etching of the
horizontal surfaces of the protective layer comprises:
30 flowing a breakthrough gas;
forming the breakthrough gas into a plasma; and

stopping the flow of the breakthrough gas.
12



protective | ayer overlying a horizontal surface of the patterned

phot oresi st mask. 7. The nethod, as recited in claim®6, wherein the

prot ect i weOl2a10813343as si dewal I|s with a thickness betweenPETruse@n@dsd@d nm 8.
The nethod, as recited in claim®6, wherein the second critical dinension is

at | east approximately 50% | ess than the first critical dinension. 9. The
met hod, as recit edleiMCtEPG A esIted b Rinh+ + Weerefa phrstelsetiye siehing et ficot ect i ve

| ayer forms ﬂ()o%%oﬁﬁpstu?ﬁfcésv t]!l@lyl%Fegﬁ% l'éa%}cc%‘}ntgﬁ—i@gs &ﬁﬂ@&%@%&ﬁb@%@aﬁﬁm bt mask.

10. The neth as recited in clarm I sing renoving protective
| ayer and phhb¢ progestist layaisdkverliihg aAorapparl afrfase dbthe patterhedplaotdresiktunaski n an
etch |l ayer below a patterned photoresist mas avi ngh!phot oresi st features,

. K h
the photored-st fEstNFtBRdRavseHgd i ¢lpins ¢ wherein dhy sedchensicbing of 8ifpri sing: a
pl asma procassi r 151,04 i I
P cess: By aRzaRsFIRAPRLor ORI R R bR ARl s B PR
substrat e wgrbiettielieyeploasi@ingn bogssitdlguthrndiglic gaehedphetoraiphasisur e
regul ator for requlating the pressure in the plasm Frocessi ng. chanber
e

encl osure; at | 1aefBod |26 EqCited & ¢lam prwharein ke RISt VE Byeras pldgyaks
processi ng %ﬁ@ﬁﬁclﬁ%}@ @ﬁwge%g%l S4Shaining a plasma; a gas inlet for
o the plasma p

providing gas iIn rocessi ng chanber encl osure; and a gas

outlet for exhaustlenfiethéd af i€xiied heclpings BhgeiacRsscog aftdabgimeasioh dsatr e; a
gas source in fluid connection with the gas inlet, conprising: a depositing
gas sourl®e; laasparirpxignasthy pd fedesgdbanste fiee CHtipH daReMiugh gas source; and a

feature eXohing onp 9N, By G8D) LBl ELoRANIR.LARLIESPDGHSELIR (ne oo
layer forms the protective layer on top of the patterned photoresist mask.
10. The method, as recited in claim 6, comprising removing the protective layer
and photoresist mask.

15 11. An apparatus for forming a feature in an etch layer below a patterned
photoresist mask having photoresist features, the photoresist features having a first
critical dimension, comprising:

a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;

20 a substrate support for supporting a substrate within the plasma
processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing

25  chamber enclosure for sustaining a plasma;

a gas inlet for providing gas into the plasma processing chamber
enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber
enclosure;

30 a gas source in fluid connection with the gas inlet, comprising:

a depositing gas source;

a profile shaping gas source;
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at | east one processor; and conputer readable nedia, conprising: conputer
readabl e code for performng a plurality of sidewall form ng processes;
conput er weadabi3gszaode for perform ng one of the plural iPCy/ustomiosenal

form ng processes, conprising: conputer readable code for depositing a
protective |ayer on the patterned photoresist mask by perform ng a
plurality of cyclical JUpEIHOPShE?s CBIELEr readabl e code for perforning
one of the plurality ofr.yf! dtSah g§§8§h£ions, conpri sing: conputer readable
code for a depositing a%ase for % positing a deposition | ayer over surfaces
of the patterned gduatrol@sioatroit@sK cormacted anfhaigas sovecdaldltee stldeast boy a profil e
shapi ng phase for shaping vertical surfaces in the deposition |ayer; and
conput er r eSHEHOLe.COBRTISIHE: sel ectivel y etching horizontal surfaces of the
protective |ayer with tical surfaces of the deposition |ayer;
and conpﬁter readablezggégﬁﬁ%gkg?gﬁﬁﬁ%ﬁthe etch layer to forma feature
therein, the feature idontpneredachble ayelia, baviprigng second critical di nension
that is less than the first critical dinension. 12. The apparatus, as
recited in claim1l, furth&PMPyiRsIsaspblgcodolopaedernisgaabirdity efgdewall f | owi ng
a depositin S er readable code for formng the depositing gas
into a plas%ggﬂ%ﬁﬁﬁ%%%%%ter readabl e code for stopping the flow of the
depositing gas. 13. The appanduts readsble@6dd &4 peifior@diag bhelds, thé plrirdlgy of
conprising: conputer readable code for flowng a profile shaping gas;

conput erlOr ezirkeniad feapiag PercesssF-(FORWIEHE: profil e shaping gas into a pl asmg;

and conputer readable code for st I t fl f . prof i .S i.ng
gas. 14. The apparatus, as recitéﬁgﬁﬁk% %ﬁ%@ﬁﬁ?&¥ﬁggﬁ%gﬁb ﬁﬁ%?%?ﬁgggg%nputer
readabl e codm tfl@EatfdrﬁBﬂ pidtaedistaddck Dy Pegbrngiag a pgﬁﬁrmgttoebyaﬁmad@bﬁtis@ge for

form ng the breakthrough gas into a plasm; an ,
computer readable code for performing one of the

plurality of cyclical depositions, comprising:
15 computer readable code for a depositing phase
for depositing a deposition layer over surfaces of the patterned photoresist mask; and
computer readable code for a profile shaping
phase for shaping vertical surfaces in the deposition layer; and
computer readable code for selectively etching
20  horizontal surfaces of the protective layer with respect to vertical surfaces of the
deposition layer; and
computer readable code for etching the etch layer to form a
feature therein, the feature in the etch layer having a second critical dimension that is
less than the first critical dimension.
25 12 The apparatus, as recited in claim 11, further comprising:
computer readable code for flowing a depositing gas;
computer readable code for forming the depositing gas into a plasma; and
computer readable code for stopping the flow of the depositing gas.
13. The apparatus, as recited in claim 12, further comprising:
30 computer readable code for flowing a profile shaping gas;
computer readable code for forming the profile shaping gas into a plasma; and

computer readable code for stopping the flow of the profile shaping gas.
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conput er readable code for stopping the flow of the breakthrough gas. 15.
The apparatus, as recited in claim 14, further conprising conputer readable
code for wbeonaisesti ve etching of the horizontal surfacestafS2abesquetective
| ayer with respect to the vertical surfaces of the deposition |ayer such

that portions of the protective |ayer over|ying a horizontal surface of the
patterned phidt or eIEPPHAER: 3riecited i riaing|ly. PERBNPISHE: The appar atus, as

recited in clai méﬁ’?“ﬁi‘%?%b%%@f‘#ﬁig(*@‘}gcé)%%ﬁfoﬁﬁgggﬁab' e code for the

sel ective etching orizontal surtaces o protective layer with
respect to verti campsiterreadelsle @bdd foe falapog theibosnkiayeth g dito alpddsnpponid ons of
the protective |layer overlying a horizontal surface of the patterned

phot or esi st mask QFWUSAFFdaPIE godetns slegping the e of Hisdreakthyougsgaseci ted in
claim 16 rei eqt ] l. Se, S - W | Ss
bet ween g m%and%mﬁ%%%i éé#ﬁé%gﬁgg?gr{lﬂg’, fug%lglreég%:lﬂtr%g%g %;'{hcq% é%r?r%a%@%v\her ein
the second ot farahe shlgueins e@hingsf die N@@shtabppfaoxd sfahepiptdnlive lagsiswithan t he
first critical dinension. 19. The apparatus, as recited in claim 16,

further conpPIRSFiig teovmsticad suifacse abthe depridtignopysrspch Wt RuBORYtteet i ve | ayer
f i T , ited i
AR S R e T T A

claim16, f uter rea I'e renmovi ng e
protective |@augletéfderpbador esi st mask. 2 1. The apparatus, as recited in
claim16, further conmprising a plurality of radio frequency (RF) sources

t hat ar dOel elét r i cHlclappaigtys] Bdedifedrn sliemdf. fupdengompiséng mpugrseadablgdes, t he

plurality of S ces._ . ncl udi 7. wer
source and a oggf%%g Spege\?(\:élrv Qgté:ﬁ?l e%? ﬂ%z‘% W@%ﬁ“&%g %gHé g%tercgig‘ig%agg{z ‘lzvfr%lﬁ)any of
claims 11 angspbe: tofvertichRdurodufited depositioniersucheddbltng ofthefppstedtvewi Nng a
profile shaping gas; conputer readable code for form ng the profile shaping
gas into a phyesescrhangia berguta suifecsdd theepatisaed phptosestsp plapig atetpartiallyw of t he

profile shapirrﬁgvecg;\s;ZS. The apparatus, as recited in any of clains 11-12

and 22, further conprising: conputer readable code for flow ng a
br eakt hrigughi 79as; THeQippataess, 4sq86ladalif chada of Whetirtié p@tddace Riyealdshr ough gas

into a plasma; and conputer readable code for stopping the flow of the
br eakt hr ougtidgagls with a thickness between 5 nm and 30 nm.
18. The apparatus, as recited in claim 16, wherein the second critical dimension is
at least approximately 50% less than the first critical dimension.
19. The apparatus, as recited in claim 16, further comprising computer readable
20  code for forming the protective layer on top of the patterned photoresist mask.
20. The apparatus, as recited in claim 16, further comprising computer readable
code for removing the protective layer and photoresist mask.
21. The apparatus, as recited in claim 16, further comprising a plurality of radio
frequency (RF) sources that are electrically coupled with one of the at least one
25  electrodes, the plurality of RF sources including a 27 MHz power source, a 2 MHz
power source and a 60 MHz power source.
22. The apparatus, as recited in any of claims 11 and 12, further comprising:
computer readable code for flowing a profile shaping gas;
computer readable code for forming the profile shaping gas into a plasma; and

30 computer readable code for stopping the flow of the profile shaping gas;
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24. The apparatus, as recited in any of clains 11-12 and 22-23, further
conpri sing conputer readable code for the selective etching of the

hor i zont avo=wrofisss of the protective |ayer wth respectcCraskéve/osemns i cal
surfaces of the deposition |ayer such that portions of the protective |ayer
overlying a horizontal surface of the 8§éterned hot or esi st mask are

conpl etely removede 2BarafeAsdpyisdn oy obdaimsd lr bgand? % fUe sSHPETNE| ai ns

11-12 and 22- 24, JO%@FEECB}?M%&fﬁ’?ﬂgﬁ’%%aﬁtﬁﬂﬁﬁ%'wde for the

sel ective etching ori zont es of the“protective layer with
respect to verti campsiterreadelsle @bdd foe falapog theibosnkiayeth g dito alpddsnpponid ons of
the protective |layer overlying a horizontal surface of the patterned

phot or esi st mask QFWUSAFFdaPIE godetns sleaping ghe e oh Hisdreakthyougseaseci ted in
any of clzai 11- - : LN rqt |V I I'ls
with a thi c@éss %éta%g%%a%’ %%e%%qggh%%mw ]Elihgf%lﬁip%r %%ﬁ‘gl,rth%ggrrn %:llglt‘la1 gﬁ in
any of cl ai n®mbhtel Zeadnble 28d2fr theheleetive ¢tbieing o€ tivdhotizorithlcalfacisrgsd on s at

| east approximately 50% | ess than the first critical dinension. 28. The
appar at us, d¥otegldvetlaverivithaiggpest todheyrtical pufaces qf thealepgsition gyersaeh fghpri si ng
cormputer eﬁa% 4 ofﬂ%eprr)@&tixteglr@%r%gleﬂﬂﬁ B%8{1?&&51‘%‘3&5@e\’o%rth98a&e?rped°f the
patterned photoresist ‘nask. . The p%ara us, as recited 1n any of clains

11-12 and 2Z%hdtbredidt ik arecmplétsiyrgmewstput er readabl e code for renoving the
protective | ayer and photoresist mask. 30. The apparatus, as recited in any
of claind 12512 &k appamatys. gsupeitserin 6 any phejaimspl lak annd 32-24. fpbero

frequency ( rc t ctri,cal .COUpl. | ne_ of at
| caat on el e EHaSBRphlP kool Bof ol Uaeled OB e e f P8 Sl power

source, a 2 Jdfhize powetiveRYEGE tlaRdpatt dvdvital P@REs SOME eeposition 1ae sti@t hod, as
recited in any of clains 1 and 2, wherein the profile shaping phase
conpri ses: fthewopépns op ehefnrplectsvedpyai@vedeng p dpriraidalisndaqeradfthe pateredi ng gas
into a pl asma; and stogg}en tia}ff fl owcpf the profile shaping gas.32. The

o

nmet hod, as rpeC|°treéscl.18tinhaSany 0 Yarms 12 and 31, wherein the selective

et ching jgf tige hOIHezatpEm{us,_sasrrE@t‘easn @hy bN@aiRisOtIeCt Ande2 )25, @FheEfTRel SEs:
fl owi ng a breakthrough gas;
protective layer has sidewalls with a thickness between 5 nm and 30 nm.
27. The apparatus, as recited in any of claims 11-12 and 22-26, wherein the second
critical dimension is at least approximately 50% less than the first critical dimension.
28. The apparatus, as recited in any of claims 11-12 and 22-27, further comprising
20  computer readable code for forming the protective layer on top of the patterned
photoresist mask.
29. The apparatus, as recited in any of claims 11-12 and 22-28, further comprising
computer readable code for removing the protective layer and photoresist mask.
30. The apparatus, as recited in any of claims 11-12 and 22-29, further comprising
25  aplurality of radio frequency (RF) sources that are electrically coupled with one of the
at least one electrodes, the plurality of RF sources including a 27 MHz power source,
a 2 MHz power source and a 60 MHz power source.
31. The method, as recited in any of claims 1 and 2, wherein the profile shaping
phase comprises:
30 flowing a profile shaping gas;
forming the profile shaping gas into a plasma; and

stopping the flow of the profile shaping gas.
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form ng the breakthrough gas into a plasma; and stopping the flow of the
br eakt hrough gas. 33. The nethod, as recited in any of clainms 1-2 and

31- 32, whwoepn/absisel ective etching of the horizontal earfiseces/osd71é he
protective |ayer conprises conpletely renoving portions of the protective

| ayer overlying a _horizontal surface of the patterned photoresi st mask. 34.

The nethod, Hs relietBenoth 2aMFIEE i Hheladms lamndanl. 3hereihlr srlict e
sel ectlve eldgdifiofthe hBS.dMell & 0RLabs &%@}&t@ﬁgegm Demprighect | ve | ayer

conprises parti y renoving portions rotecttve layer overlying a
hori zont al surf ad®wihg tibecapairdehriad, phot oresi st mask. 35. The nethod, as
recited in any of clains 1-2 and 31-34, wherein the protective |ayer has
sidewal I's with a fPHNERMREeHehiRughes iRtA BPlASBY 3Ath  36. The nethod, as

recited isn any Ongﬁéﬁﬁﬁﬁehb%*ﬁQHﬂ@%m§36?§9§5§i” the second critica

dinmension is at | appr oxi mat e eSs 'than the first critical

di mensi on. 3FB. Thehemréthodl,as asited i dgbficini@ny-204ndc3 1aB2rsvhikredn grRteREEAD,
wherein the depositing of the protective |ayer forns the protective |ayer
on top of t &g efdhe Berigmé sridages of thgProtedre 1ayss comprd complefdii ted in any

of clains 1'1}%@?21@@%%&%?1‘5 of 81@%'}6@&% 15&5“8%&59@ Qﬁor@fo?ﬁaq%ﬁlifélc% Jf T and

phot or esi st
patterned photoresist mask.

10  34. The method, as recited in any of claims 1-2 and 31-32, wherein the selective
etching of the horizontal surfaces of the protective layer comprises partially removing
portions of the protective layer overlying a horizontal surface of the patterned
photoresist mask.

35. The method, as recited in any of claims 1-2 and 31-34, wherein the protective

15  layer has sidewalls with a thickness between 5 nm and 30 nm.

36. The method, as recited in any of claims 1-2 and 31-35, wherein the second
critical dimension is at least approximately 50% less than the first critical dimension.
37. The method, as recited in any of claims 1-2 and 31-36, wherein the depositing
of the protective layer forms the protective layer on top of the patterned photoresist

20  mask.

38. The method, as recited in any of claims 1-2 and 31-37, comprising removing

the protective layer and photoresist mask.
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