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FIGS 3A—D are schematic cross-sectional views of a stack processed

according to an embodiment of the invention.
FIG. 4 is a more detailed flow chart of the step of depositing a layer over
sidewalls of photoresist features to reduce CD.
FIG. 5 is a schematic view of a plasma processing chamber that may be used
in practicing the invention.
FIG. 6 is a schematic cross-sectional view of a deposition layer where only a
first deposition phase deposition is used for an entire deposition layer.
FIG. 7 is a schematic cross-sectional view of a deposition layer where only the

second deposition phase deposition is used for an entire deposition layer.
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PREFERRED EMBODI MENTS 25 The present invention wil|
no%nﬁéﬁﬁ@ééﬁeﬁ@é@rflwgd‘éf@iHrlO\‘i\/F“fth reference to a few

prefer rﬁ@}se 'f’@g% %@Eﬁerﬁ#ﬁr&(ﬂs&s io;nkll \Hé‘&/g Gt df&’oﬂdﬁct”@ayer
acconpanyi ng draw ngs. In the ol 'ow ng descri ption,
nupetass] spediifg to adeirotisndan ef thetinveatiéth i n order to

provi de_a thorqugh_understandi ng of the present
i nvent i B 17ds flpy chart gppaptehtiePhowever, to one

ski | | edgidw the_ . A ' B
ot ol 1R B ke schdtftic Qs RieliRaRE yicAY 8P bR Afer
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i n or def1G d9nbe sihsmetie dlskatiqn iaddeyice thas@aybsdis
the invention for etching conductive layers.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to 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
have not been described in detail in order to not unnecessarily obscure the present

invention.
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sige\w b5 bwe pﬁotdﬁﬁﬁfebﬂuﬁm It Ryado deBiadbléreiat the deposited layer

substantially the sane thickness
feature 322 has substantially vertical sidewalls 328, which are highly conformal as

ot

shown. An example of a substantially vertical sidewall is a sidewall that from bottom
to top makes an angle of between 88° to 90° with the bottom of the feature.
Conformal sidewalls have a deposition layer that has substantially the same thickness
from the top to the bottom of the feature. Non-conformal sidewalls may form a

faceting or a bread-loafing formation, which provide non-substantially vertical

6



fromthe top to the bottomof the feature.
Non-conformal sidewalls nmay forma faceting or a

wonresd2éoaf i ng formati on, which provide PCT/US2004/024853
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Rsehaer %%%dﬁq@mﬁfsﬂ o redflEbiraig) & Reolydond Sacwais

m%ﬁ(eR}_ N&leaR%he 8 Zért@ﬁ allldi]yﬂ%(/ld@@ RBHRRIAY 'n%k apR@&RADbly, the
et chi ng mask. e er ably, deposition on the side

walepoditsort dmi thleerdetwmhs tlieked dpmsthct d@msmnn ohéhddmtttooneiohe

glh 1_é)lrrJhot ?r eS| s eat ecr%m,l\/bre 1% %rﬁ%?e&%@?&elb%%omoﬁhe

f eabih&sis ygres are then etched into the layer to be
e?p?hed §68 ﬂﬁrrough the deposited |ayer features 322

( st ep FR4f2jes aFd (Ben 8Chsthmiustha ldyentouresct@®a 368 threwghi the deposited

the layer to b tch 308. Int e

t SRt Res T Gisa g ?heﬁdiﬁegéa?bws b S S3 Rl g v to be

CI%’:&%@ POg‘hhﬁ'&é &aﬁgléathetfgatﬁﬂ%%S%cﬁg& irPhhe I8r Q%Cé'iéﬂeﬁ 408 has a
| ayer feature 32 practice, 10 the CD 336 of

f 2D 3B €, Bldzh maaguh)ldo $H1e: @Bt3|2§t off ﬂregbpomed hayteh éeatdbe 3234 Iofpractlce

the feature 322 of _the

t I 2
t e T GineBane: 311 Benbb gl fuet in hf O SACEA5 Feature
P2 le dpBYiAMaRIBb SOl BAR, S D B difloposited layer
| afysuret 220 e sighitioadt]y3Mhlies that ithd CR3Ab o€ thetpﬁnatomslm 3Ch the CD

316 of the photoresist 31 he CD
ML O e oA arﬁﬁvci%%@sv simglerhaliing G 316 of
t

rAREPBRsRLOIL NP ReXD 39% of fre HOFCAERRSLE P Y Slent Smailer

behat the €D o1 b phoiotesize os mfthe depostiedlaydrevaSHacted d‘ré)read loafed,
photoresist. In addition, a facet gd or__bread- | fi g

Gdpraihedd phgsiaralp benidisd et Basmalertids Caf 9yt

o BBRE il & BEcleBULreh I LERAeq et Bab o faceted

phatige@sardt sHaped feawre Hrird lalyahb Ve etched. ADi3@6 ddsirbile tMinimize

feature 332 etched in the layer to be etched 30 %

];h@s(ﬁg 36 of the

| edeppsitionen dedottRare ttheep@@rsw fgaturey Feetsrbhy
g@&&i{ %132%%%(19@ ﬁfeei{l}?e? k/be éttiged%ﬁf:'g 485336%6% 1&%@1& [the CD 316 of

er to etc east

40%e besisresiafeatupe IQDre?gir@fem‘Dl}t ke QD GBO0E mei’éatﬁleéiBQ re&:hed in the
I\/bst referabl%j the CD of the feature 332 etch

| e beyfehed Yo ableand s then DaCh Aol Bophriegat oature.
st pl}gfexgcf;?l célé 3%8%{ ng(}f;ﬁﬁ@%'ﬁtetcfh &%g (ieay%{’tomeetc ed 308 is

or'esi posi ayer nay strippe

(Séte@stzﬂ(ﬁ/% 1es'§lmae thagD 116 ddreptrsorasistiferghre. step or two
separate steps with a separate de 03|ted | ayer renoval
step ab nm@qr@ﬁie@nésieeqsr%lag@réaayt hbagripsd (s @l This may

he Strd Fl
3ot 4B a8 bR B B RSy e S B B fo B er removal
hast&p Qﬂqjhotdreﬂﬂ\é& sté) dA gHigmaby bensedifboihe Strppmgaycde FIG.
perfornmed (st 0 For exanple, a 30 contact 340
rm3P§ raelg ARQa @fthm@eppeéﬁddaﬁéer amg Photerpsigemaskdigye been

dar%ran%(\:fg@. Additional formation steps may be performed (step 220). For example, a

contact 340 may then be formed in the feature. To provide a dual damascene
structure, a trench may be etched before the contact is formed. Additional processes

may be performed after the contact is formed.



structure, a trench may be etched before the contact
is fornmed. Additional processes nay be perforned
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PCT/ US2004/ 024853 FIG 4 is a nore detailed fl ow

oot o ao &t ARG Rkey BORLsET b SRR il W sigruats of

e e tresdt tfeatirBetodepaeiGD k@Y 208.0Methe emboénRht, $headeposit layer over
photoresi st features to reduce CD step 208 conprises a

f isidevadis pbBhatpisaist foritiees i BguemdDtepldS rampEsRsst fisbgeposition

phase . D Exa e of. Diele ic Etch FIG 5 is a
séﬁ%%zf&gar\?iaeﬁﬁc%&%p Bsfl{é%%haﬁ? g@:%ssi ng chanber 500 t hat
may beaxaufesofDieledeRastl i ng the | ayer, etching, and
strippling. The plasma processing chanber 500

conpr iHesS donschamainvieviolglBoR, Pregestipp elangics 600 Babmay be

504 | ower...el ectrode, 508, as. Ssour c 0] .

o g B B EL e 1AL Bt e ing i S DeroB i Rpamber
105 09T isbdnaasm SR WSS 567, An aPFerd] &6608 804 apesétditrode 508,
gas source 516. The gas source 510 may conpri se

adugasisowst S§dsind eneslkast murthS2s e ga6 6PHreyyS Yhepryyises @ first

518. W.t hi I ' nb 500, -

> ifeerlivhBnRicE 313 afd RERER0 AihoRtBRERF sviie St e sgmgource
5080 nffiecdndWRE a8iB6ALI QHEscrRGs] MNER AP atififig daSdbuiRP18. Within
substrate chucking mechanism (e. el ectrostati c,

med frame erabessing whamiggr 560, thé ellhstrkteﬁ%ﬁ o pasisiagied gpathie jewer

substrat 0] The reactor..top 528 incor. at th .
o8t S0, D lontss e ook BroRiaars stol RIS ycking
| %haﬁisﬁf(ﬁg%@ eechBfaticl AR cHARG! cRIpEid 6fiReRE) fok B¥RIng the
el ectrode g, and confi nement rings 502 define the

c cnubétrasel 3. abmareedspiiop S2&soiporat plppesy etegtredre504 disposed

fi I I th 1 i
R R A S A B
CafddidaBB08, dnliRESARMentAAgPID2&AAY Ble dRRfihedMadtfha ¥d18me. Gas is
exhaust punp 520. A first RF source 544 is

el selpplid:cbmlthqacmfmiaé plasma voluntedihpers sovtcedil P edéissahausted from

558 ea SRS B b6 RGeS 3P S e por
COoft ERemBuntl S5 R Gt REQuRBAL is ﬁk&ﬁ&ﬂ%‘iﬁnﬁ%d Bk upper
the | ower ‘el ectrode 508. Both the first RF source 544

andedtiode 58¢.c Ardcd®RE Ribsmuees BSs alrytricalippednsected @rhaigwer

d a2 . Diff
P troae BB Chmag it oA SRl Fo o i Tofesap P g wpper
af&ed%ﬁlé 5Bl emd tﬁé‘lo%?el@&ﬁﬁie%b&@%%@ tIHrE]’sT ;ﬁﬂ s%\afme@waﬁd the

basically the sane as an Exelan H urbo Punp

at deaaiERIF sourth 84 & mayrbenpriseady MylzipavieReswes atd a 2 MHz power
Cor porationTM of . Frenont, Cal.ifarnia, which be :
LS DY PR bl BRI RE DB R F IR R EIoGHOde g PRssivle
t h& 1R cd¥Eior BRE o plTEM RENER isSACEBPIHERKRe Har BEclSEAPRA 2

RF power source 548 30 connected to the | ower

el Babo Gdep =tacheite thepmhembed, ewtie by &AM Rgseamhdeatporation™ of

cont rol | o . . . . .
remont, %ahforma, which may be used in a preferred embodiment of the invention,

both the 27 MHz and 2 MHz power sources make up the second RF power source 548
connected to the lower electrode, and the upper electrode is grounded. A controller
535 is controllably connected to the RF sources 544, 548, exhaust pump 520, and the
gas source 510. The Exelan HPT would be used when the layer to be etched 308 is a

dielectric layer, such as silicon oxide or organo silicate glass.

&



535 is controllably connected to the RF sources 544,
548, exhaust punp 520, and the gas source 510. The
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308 is a dielectric Iayer such as silicon oxide or
or ganq icate WO 2005/ 02490
PCT/ Uﬁé{)ﬁﬂéé@ég 187 ﬁ@tfaév’ % QORIRHef SYTEM Ll]@PBas‘{"i“&]E i syitable for
H@%ntlﬁ% %tcgﬁrt‘rdllfég 93 }Mydqn efn%o& habirend ﬁEsent invention. FIG.
enment | contro lme I n enbodi nents of
tHﬂﬁpﬂm&emhepn&ﬂﬂépmnuthﬁnofﬂknmnqhmmsyﬁﬂa ﬁﬁ@ew@behe

physical form of the conputer stem cours
c ST aFYe RAVED R RS iR T PR cirouit, 2

; r mt@dmcﬂft%gaﬁt ﬁg 48 G dndh@d AePet H% &l ﬁﬁgecs‘dt)ér Bathr.

a smal | "hand evice up to a huge supe

C aDqatipeer systanm(Dt) giclsdes emonidd 030 aldispésy 18 0dpmihdusimg 1306, a
1302, a di sg 1304, a hoHsi ng 1306 ]g %:3@ .drive
1308 drivadBPBonkarPeadd 3 1Qrmd 2 Tvse d 3 1% 10isk pp L isporpanpuger-

2 OB REduhEAIPR) EniRAMTIUSRONA b ARSE iR S0d O

romconputer system I's ‘an exanpl e
of a HIGe leinmreamnthofcadjmktcﬁagrsmsfblemrﬂ;ﬁm sys#emdshed Attached

10 to systembus 1320 is Wi de vari ty of g %S ?ns.
Prig @%@% er§)132.|.(§122 V(lﬁ? §%flert1éf’ éﬂ"’ten?so Ceé@r’if bJ ? 2 (also referred
Pra%s %gﬂt&g Hfﬁ%s&ﬁfﬁﬁ lits %Dl@Us? %ge 40%9#%5 %j stB é LNi8&Cin gluding

devi CES, 24 incfu

r &ﬁdﬁUiyal@QeS Mdﬂiﬁﬁ‘pﬂ&%{ BAMiesaﬂadddirﬁ adee@min}amorge(MM) and read-only
i.s well known in the ar

t( %@@r@@é\lh Ant welljgrompdpitmat, mMcﬁcwée f%ﬁfaq qafa gl
angstﬁFHoﬁ‘sn\gl 1%91(?11&2?%{& 1% Qlllc{ istds@d Fcﬁ%?;tﬁ%@aér%ﬁer data

I nst ructions iIn eCtI ona mann

t hegldndtitpasnih artridettemalmynner.nBbthoe they typas bﬁimlemonés may
the conputer-readabl e nmedi a descri bed_bel o

di igrludq gpesuitgbly 0§ Hhecomprisa readable mesdia @ﬁ%‘étlﬂ?eg bF%PVCP@ §Hed disk

3153%’6 LL, Els So pII%iStﬁ (%%gféé]ﬂaﬂg?é CE 1?3%%18 Euggl?dreé ggtﬂgpﬁamﬂata storage

ne@pam@eﬁl@rmzt;alsobmbme anﬂﬁtﬁﬂccdh@kerlr&%btﬂﬁedle desceitied below.
store grarrs data, and the |ike_ and |styp|call

>OFised gk $36 meppapwdie aﬁom@reg@arﬁ dada, g Hhedf kg 2 yis BRicelly 2

r I
UL RPN AR tpth Koy . 1
di wHi rétated thht thanmsmmuoatl €ai0ad asthirbéxddrtiskr B26ahad in
in standard fashion as virtual mepory in nmenory 1324.

Re?mﬁ’mlaée efisei ba Bearpejed law@rlﬂhré fﬂ%\l?ﬁ RSFVIRYA} M gh memory
po T ea‘()jl gil t 137% %a .t Stﬁé fl}l 8¥‘[Ehe%?mgﬁéér—}§a%c?tble
IS I npu evi

0 a varie ces
sqg@ha@egh@gagmow13o4 keyboard 1310, npuse 1312 and
speakers 1330. In general, an |nPut/out put device

be anyCB 1392 mbsomogpledy@a VenighE RT BRPYUtpyiderices, such as #d isplay

O T A T .
r e@sldeSmay badlyRIrsvided BkpIaRS tradkobLR, @ice lasyBlvdris, nfigrophones,

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

or might output information to the network in the course of performing the above-

9



30 conputers. CPU 1322 optionally may be coupled to
anot her conputer or telecomunications network using

waebosonkoid nt erf ace 1340. Wth such a network PCT/US2004/024853
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interface, it is contenplated that the CPU m ght

i ve i nf tion f th twork, .. i ght _out.put ..
| SR R S FERTBIoKS e Rt a1 (8 PresFiypation
t NRay ARV G e %01\4? L%)QQ T2 H90% R o061 R 24RBRBork such as the

descri bed nethod steps. Furthéernore, nethod _
erfhedicrentsywictivhwithrasmnte GRY &t slomes aoytiex elcthe grocessing.

sol el CPU 1322 t k
Such 48 HPREOFFrRGR o B PRACE IR0V et R | cepputer
thadra &&cts'"\]gvﬁﬁ b icb@Bulf-rdl81P HRARSS ’[hi'cﬁghavelcerr@qf&‘ tbdthereon

enbo nts of the present 1nvention further relate to

c doppérforming tavioas eorppwebtigementéd apecaippst Bre-media aid eomputer

nmedi.um t hat, have ¢ ter code therean or perforimn
v B TEY 08 HAsE Peciaty ﬁ%ﬂ?ﬁ@%&ﬁeg chor i e of Taqresent
CORPHBH, orGRAEMmRYe HENME Qﬁrﬁ%eﬁﬂf@ﬁ{wﬁﬂednﬁ 98I RdheRGaving skill in

constructed for the purposes o pr esent

i niendhputer suftwahesrtsrByarbplenbf ¢anepuitdrrdadablel médiomelgladbut are not
avai | apl e to those_ havjng, skill i t he conputer . o

o e mEaioEalp Sk S s Srery SRUSETE et ope; optial
| | L i edies; AREINES ot Hedia such
s%ﬁd{gg‘ ﬁﬁlgiré 32[3?{3@95??1%06% dl?lggg‘?l@eashd gn%kgne?ilc taplea;SuC o
opfloptiahl distelaral Isudwara seGesRIMmrasptcially ogriaguinédcto store and execute

devi ces; magneto-optical nedi.a.such as. floptjigal
di@Rgr,amam&ewg@am@lawnc@gc@ﬁ teigpid gjperiisdASyCS). programmable
cont. RANE Bevi 0880
P RS (PR PR ONERERAN vl Ol A Qe o8
priagindemathiee codegsiwhde praiased BLDsympiled, 2RO esnadnRAdihg higher
devi ces. Exanpl es of conputer code 15 include, machi ne

cog¥e! cede thabae SresUiRddy AnPrpUiss e aR mterpEpist (auputer readable
contah i i ittedd@ly AlofpRid CtagibrY efibodied i
cgﬂ%ﬁ% giragl%glar% rlg{ﬁlpiujtr(let‘? gg%ertg@g]?{l Coq#putoenpt%l r eadab%{a erbodiet
medéarierayavel aaa répeeseotipuii ssquemdef insemstints tted atp/exacutable by a
conmput er data signal enbodied in a carrier wave and

r dFPESENt i ng a sequence of instructions that are

execut : .exanpl es may use

ot her %@%Iges%poﬁ ng£w Eégﬁg?%gg%%l{llgg%f a first

deposi Onoexapipdsef At deppsitien Ghizk 40¢ peyibei @k Fudspogjtion using a
chem stry of 250 sccm (standard cubic centi ng}e%% é)er

mi Fhermastrygt 22A doesp (andardopdee cengmelersyres SURyte) OF agho0 scom CHF,

g B9 AL R ol
of 1(@owdhe 20N He RFh@ueMrizvilis 26 Waits dgopregwidkeshd 901Hz RF

Watts of power. The chanber tenperature is maintained o
at soppe reovigesd|0; Watte ot avsg Fheslispher tempegaigie 1§ paintained at 20

trate | . : d
ool Tyl diohie bsce D EpSBIRRBL i TEESCT s o
usi ng @nebemipsé 6§ kcord Geppsition phase LD gHe CLFHO, &G deposition

02, .and 100 sccm CO at. a
using a chemistry of 270 scem Ar, 12 sccm C4Fg, 8 scem O, and 100 scem CO, at a

pressure of 50 mTorr, established by setting a Vat valve of the turbo pump to 1000.
The 27 MHz RF source provides 1500 Watts of power, while the 2 MHz RF source
provides 480 Watts of power. The chamber temperature is maintained at 20° C. A

helium cooling pressure, to cool the substrate is 15 Torr.

10



pressure of 50 inTorr, established by setting a Vat
val ve of the turbo punp to 1000. 30 The 27 Mz RF

weawsme4gou ovi des 1500 Watts of power, whil e t heCR/usk4/024853
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RF source provides 480 Watts of power. The chamber
tenperature i s _maintai ned at hel.] 00
pr essdi ié 0 {5 %Bﬁtpatﬂ%‘éro%%?&%?“ﬁfﬁleWsﬁ%bd Orﬂféfer\%o Where only
2 [

it &%Q)%ltf %h@%%gé%l@%%%ed fot Gh ex@tu‘e%e 620 \;\A[’iée r1620. The

Cross-se onal” vie eposi tion Iaye
ondepoditien fayersi20de frasied bver qyiheseedie pusk il AroviesausBd. 6‘1@; over a

an entire deposition Ia er 620. .The osSitio er

6205 §0 %I%tﬁ%i PV a3 A % Thibplog BT s 2 PR feature
3

L e L

I Il Hetirsadeboafiind éepomlman fldyests cﬁerpotsmladdjy  thicksr sidewall deposition

"bread-| oafing" deposition_ | ayer. d- | oafi
degdieas tha tqpa@,fé]ae featuge, apdsg thinies (o neg,s1 exyﬂf@ sition 6?8 near the

B HERBR 1 P B2 0Be ke bR, B & ety

batepositiol. $ivh af @@bmﬁ&n da'dselbef)mwﬂ,e thehdalrel«b puisstantialhy vertical
provi des a non-conformal sidewall oSi ti Such a

detsavalls onhelbrsad henfing ey caterdvmeclge 9&# Brfop, et pepgapgot be
v %s% géatlal 1(‘)0%1?1{1? % gd?/%‘% lshé%h}%ﬁn@ﬁt%ﬂ‘d QB9 FEMR R Sz@éhllﬁ’g can be

plnc cannot be used as a
naﬁkmng | ayer, since the contact will be closed off

SERLY LRI NS ML AT
e

| a3epbsiti @ 1dysr TZD)rlﬁﬁSimE\ieWeraa nﬂ{wctremﬁshak mmeYiﬂARiVHIO over a
an ARL 710, over a layer to be etched 708, over

suB¥ertabe eteberd 708, @V‘Tzﬂ?oqﬂv‘b?téf’é"r Q. rhaphptoresss sk 713 forms a feature
f eat 4 , i <
P us] el OB ARy 5 b BRI bR o

depegir cﬁpodlt&)‘fﬁlfayérﬁs cliadcagized by e(ﬂhlbtjerélot 1) i a{l elepositjon 732
si dewal | €05| tion 732 near_ the t of the feai3
arieeanthetior Rithe Sraenand a dugkss sidpwal ¢%>Sﬁ@ar73§ Agan ?{D%ffﬁm of the

Off 51; %er&g}eu{h?s y&gﬁﬁlg A& grotvﬁé g%%ﬁ %5 Forf ﬁ{l%pal]hdeposﬂmn

pI‘OVI es d non:con eposli |on

si enedidevane aeartthe tdpige ﬁ)b&hihpﬁcéthigmmfo?i@hﬁ pHogoré#&t nadsk 712 may
t he photoresist mask 712 may. result. Such

der,@@aﬁt t$®h adlspesifion dess gt previdedhedesired w@@ﬁgﬂlbwqrml gidewalls.
t ﬁ{é 8?t81|g eg \Aet/acolﬁé oI oL i) OP— tli]l pB&%?ets Fl%aﬁ! m‘ét{f] gz?;]ucs Jr%tc(ﬁfselectwny

cause
a nﬂldf A tm AR o0 ST Héffaceflh of MeeiidsReviDfalsh h&uﬂt&ﬁ Ifad&tlhg of the

also result in faceting % the 25 etched profile, In
al etolsad mwﬁlec é@@l@osbﬂb@asm enefptbi mask fsHaeatedy thenrthe finglstehed

I
P S35 GpocPla” gk P PR PRI o T Ak RBLTRRE e
meételiddahateriiler efore in an exanple of a preferred
enbodi nent of the invention, the first
Therefore in an example of a preferred embodiment of the invention, the first
deposition phase 404 and the second deposition phase 408 in the example above are
alternated for 6 cycles, where the first deposition phase 404 is for 2 seconds and the
second depositioﬁ phase 408 is for 25 seconds. Such a deposition would have a first

deposition of the first deposition phase 404, and then a second deposition of the

second deposition phase 408, then a third deposition of the first deposition phase 404,

11



deposi tion phase 404 and the second deposition phase
408 in the exanple above are 30 alternated for 6

woyalsgg4oomhere the first deposition phase 404 PeTfUS2002/024853
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seconds and the second deposition phase 408 is for 25

second ch a.deposition ul have
%ustﬁ%srosetw@ e te-RupbEPERen Phtes 205.aueh ingpetsgtpotil
at é;g épto%ﬁ’i n0f the second deposition phase
en at |rd eposition of the first deposition
P h ase F4(G48 islalto\@ieR00Bd W&ﬁésistl%@fﬁ/rh&(ﬁ@élﬁ:@m%s nnt plentorgsist.

oL oL on oL eFegont SeheeL 10 PIeCE
d%? b %4 hg!og%sm% féaﬁlr@shéd%ﬂla\’/e Q‘@nglﬁomtrﬁﬁ ef s *h@Ble, the

|ng otoresist. The photoresi st
etGﬂh 8mm§<th86zhn’rm oﬁt}mlp]nbairesw f@lturphot or eS| st features

nave 41609 ‘ssiazt%a?vﬁ%o”% Mevopfof et S7Eigines B iRnRglbyer oo

' ﬁ)hub?esﬁjét aHrh Jsk glﬂ?e FHOL QERAbSS exdaBRI MEhe feb@,lugn la§er 904
a‘top view o sition [ayer 904 that has been
d éﬁ@ plutrlity Of/&raturdfse)%plmoated wsthit the phalitpeKphrsonesyst fhgures. The

bove descri exanpl e. The deposition | ayer 904

ha

p|f9¢talleﬁ 98 B@V@r%@?&lééhm\es MiCaREPLAn Hif iAo be 115 1, which
pl L D, ABsited
Py SE TR PRl S MRS, so TOR ORI, Esie
bdaykt feantte isMU %6 fess Hmn T DI8 12 fod tHepHo dewdt fed’we In th1s example
phot or esi st featueég o .that the CD 912 of the
deépeSDigdhe digggter pidhe (§3 s 44% | ess than the CD 812
of  t hegahes Ar b Rk 1004
s tna G M ESbSscpfERY LEw ofa i, 10030 BrotolRe i
Croossred edthi a)at@losn‘mm?tayexf 1008f edatshipen,1Be Feature 4002 has substantially

phot oresi st mask 15 cover&d with. a et%osl

| a@@gcaigggwa }-‘isloéﬂoiﬁrfhattth"ewfdé]épﬁ ng Tagiys is, ntlal}y {Be' same along
S al I 10,

B IAIB llfE 50 SBEP na
t hntengl, Ro dat tl’feeafee ah enifddfXhicknesa didint thenop tohthe betyen of the
on the sidewalls is highly conformal, so that the
| #9&Erehas a uni f or m t hi ckness fromthe top to the
bot t omﬁb tlE?s ér%?st éé(:ﬁ‘ nat Qi §Pa f%gt&}zeslzﬁz in a photoresist mask 1204
cross- sectionar v or e Featyre 1202 in a

phetEEadisd a mhmibiia‘ébresﬁsn r hetlistescaangleath @ giBotonesist feature has a CD
photoresist. In this exanple the phatoresist feature
h@ZéOwI Aitwopbasefieposiiis prukle pa@ﬁéea feRosition lpyceavar ghe

Pr oyl \Y;

0 NS zlg |0£ ﬁmep korésg% Rla@l%/_%O ﬂ{e ha§ @e WQH)IZ n &m‘é@a@ different

USI@Cl@e tHahftee prRtious egdnfife.t P lB h@a WoesﬁsentiSna& )Vﬁd'mbﬁhe feature
FIG 13 is a cross-sectional view of the feature

12@;@2um therhorivetismeask 4 £0heasiercizpith  derosignipyen 1%08 °Ihe CD of
1% i a%ﬁrg gn {hgil}ig{)osﬁ)ga}/elj H?ggg 191f0 1’1.13{11 h’?lf‘l ?éé 1%.' th@ %1%#6@1’(1011 layer

demlﬁ L9 th @jelira lage? B&obs&hﬂﬁl@cdoﬁe@sﬁtmb} a4 isay@ossetiomal view of

the photoresist. FIG 14 cross-sectional view of
a feature 1404 etched into the layer 1408 below the photoresist through the feature in

=

the deposition layer, after the deposition layer and photoresist layer has been stripped.
The CD of the feature 1404 is 140 nm.

The ability to control the ratio of etch times of the first deposition phase 404 and
the second deposition phase 408 provide another control variable. A proper ratio will

provide substantially vertical and conformal sidewalls as illustrated in FIG. 3B. Such
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a feature 1404 etched into the |ayer 1408 bel ow the
phot oresi st through the feature in the deposition

woOaywsro4miit er t he deposition |ayer and phot or eBCSMUS2004/024853
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| ayer has been stripped. 30 The CD of the feature

1404 is,.14 m The otro 1 0 of

o FtiopRES Byt s SO FBdp piatass Rt ek K bl

S %EEE‘S‘W%E ROSEL dRBoPhASRetER %rch@éﬂ Biﬁthé IRlchesn @endan®e used to
variabl é. A proper ratio wll provide substantially
vevohiralahe desitionfpoofited arsi niewter bEcyedesi fofal depasitiog tlme,

| G WO 2005/ 024904 P 04/
délﬁBgﬁtloFlﬂa@ePWé‘}n% tgnea‘iaga» &3 chenpigt %FC%’P é‘icgt é:% #0; rati8 or
PROFOTE $hiR)). ORI g‘é?cﬂeﬁﬁ&ﬁ@@ﬁmﬁtﬁﬁ: @Hzﬁzeingt%ﬁd ¥f CM-F 8 OFF instead
cont fol paramet ers provided by the invention that can
bef5E¢ etoomagdmntus@l the deposition profiles are:
nunber__ of , total deposi
Copoc TP IkE o eimiaGes Pl Safie sl Bioensions, mimpupchaneing
( StH n‘?h(ﬁ&e@s'p E18s for k@11 & featueéd Zoth 6% Juddtasihe ngl mﬁlﬁo Hashy

stries such as CH2F2 i nstead of CH3F or
i rm;lummbnt ol 1@4e6 geretationsraf/wtarsst. ardThesd athie unvatlmmplfomdw small

features vv| th smal | i cal .di nensions, w thout
h(g[ﬁ ifAgt eglﬁ\gerpgﬁgplgﬁggq %‘Jtpthoﬁﬂr‘i’s for smaller features
Wit houh R Eﬁﬁé&ﬁﬁnﬁeﬁﬂrée' dr RRGE affft¥ent %Qél'élféﬁﬁﬂﬁes By be used

newer generations of photoresist are used
i previtlingrihyee ov indesdiffiomht dep@siGbh phises. t he nevver
gener M'e ist._|In other enbodi nents,
t hr ee £ t&?iti—"é,’ég—éabm stries may be used
Provi dj, g HRh&G&HSr BRARLHIE & Gt HeReaichhRiRHasSRsmory
Exanpl e of Conductive Layer Efch In the formation of
c atedtices likeflhshmaemoryyuit s desirahde &l inceasegbe trickness afélmeonductive
15.devices like fl sir
" ites 5% deortons thetae ol bR Sparinetsiiicie o GO s I 15 A
dqg 5%?0%@ sEé?r%nﬁ%% ofgghﬁgﬁglsMaQ@FoY‘ﬁﬁﬁu&lﬁg c&ﬁi‘l@ﬁ% Y&, when
lines. cross-sectional view of
phepheing bBMeemﬂEane. Ois tpo oldscaaegrdimggititbe prer arf. r@@,r a\shlestrate
spaci ng between the lines is too close accordi to
t hoOfhy $Ush agAtva ier s { S0grmay faplaceds (& :fhe Wit ayer 1506
I
f‘%ﬁldk%ee l%?éb‘%ﬁi%%?%‘&e TEEF ShapEY Sl by, Over
| ajte comtucvelalyrsisoB anantirafletive $ayeo(ARM) 1500ench 4dweDARC layer is

conductive |ayer 1508 an antir flec R ARL

1 5ipmed ok PhgiokestsAmesk by amefl g fice A%-[pf'%ﬁo 1 4 brample, the
f

mc?rg% tlﬁ%k 13 Eﬂ?&m‘g\fﬁé nfddfs ﬁﬁl g%?&ot&@s*t%ﬁdue 1518 formed in

ot oresi st nas orns |ine masks
15pdcasi Hehxz@h@h@hmmsiks Nnés4.dliee hbddBicé oﬂﬁte @ha)tnres'spmsidse 1518 is
between the |ine masks 1514. The pr nce o{%{
phdteRddy e viding tag emalk 9ga Fp&cghetwga% UinyneoH is more

S nahjicu?cfto ?e fl?l? 657 S%ﬁ s#)ﬁ&? o Ilfﬁﬁy ﬂ[ﬁl}tAthe ﬁ%rf%ﬁ? of the

i s nore t0 renpve fesi roma sma
sp@fmauctﬂa:llﬁleﬁramt hiagrbé pidvéledensi ty of the

FIG. 15B is another cross-sectional view of a photoresist mask 1512b for

producing conductive lines, used in the prior art to attempt to overcome the problem
created by too small spacing. The line masks 1514b in this example are made thinner
to allow wider spaces 1520 to prevent resist residue and maintain the same pitch or
density as the previous example. One of the drawbacks of this approach is that

thinner line masks 1514b result in thinner lines. The thinner lines may result in less

13



conductive lines that may be provided. FIG 15B is
anot her cross-sectional view of a photoresist nmask

wa3a®m24904 produci ng conductive lines, used i RCTHS2004/024853
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prior art to attenpt to overcone the problem 30

created by too small [ .The ne masks.1514b in .

¢ PRabiNiy e BoerrEP i IR g oD i h 1 FRdy thnsistor
?‘tg%ht Whikh giefﬁrétaué'eeaséh%ﬁ cﬁﬁﬁie%@ec@ﬂl@d @iﬁéﬂ'ﬁe@foﬁnﬁﬁt% p?@ﬁf@ms such

sity as the previous exanple. One of the
dmawhmmkhmmmlﬁhmBmﬂMpgDamhﬂmsr@ﬁﬂﬂme(mMﬁngaSRWWESMEQBS
1514b S hi nner 1i.ne |nner lin
resul tPrg ﬁ‘feé?m? I FOSSHGEP 2@6"40 %ﬁﬂﬁgjég%y for
n?rb(ﬂpsll L% dohadiifle 9§ %Eecpi?lrtﬁ@g 0 aﬁgﬁpﬁh'o@%&ﬂe'tﬁ@ﬁmblem
y res in smal lér transistor areas, which may

C amwedabssﬂ@o rstnaﬁ hpauied. Iafsbme tapplivdtiotsh @ris f.b@rrhbile ttlgat ¢lee line masks

bl ens, as. short chann ect and hi
wordrs Ravet %ﬁagleeaw@éh TG SPacgs 5565% o%?e g &é&&@ﬁﬁu the spaces
m@gh%@%&&é\%{de {ogﬁ‘éve?l?fetsisf’ﬁ@ lay¥ | R m@sk@ SELTY ﬁ%'aﬁ% wider.

for roduci ng conductive |ines, used
t hies prdsolt, the pit¢hois indrenspd artdothe densty wﬁtheﬂmeprsohbamed

RS i e e e A S

s p%%@%g Beifin ARASARI AR Lim £ Gfic fint WidneXanpl e, the

0 prevent resist residue,
t he IKﬂ&lngsksdlﬁmﬁssﬂm&m&héﬁGm@d@ﬂbeuﬁdt@ﬁmﬂﬁ@kﬁhethe
pitch is jncreased, and the gen3|t of the Iin

Coegsssedintad thy cmbodsit ShPerR e ATovh e s U Gyask is
p|&8§1q eif%)% VBId.118&Sis Q¥>c e IcRfs-sSRBRAINGWP B F K‘@@I{Huctlve

i‘nes nt alning w Ine widths. The high
| edegdr tpboeebal H08wver mbirties 1a2€1‘\/ill6[)6 ober aﬁlbstratt@1604 Wltha
facilitate the, understanding of this

t HRatiergd RhptoFesishmaslt { @l faEmigr sk é@?ss%éelgg ih igask spices 1620
prtﬂ&eﬂ&@e%}f‘ %O@L 1%:1 0V11:16tﬁ c§n<ﬁlc§i99fé 1'6‘@)8 to be etghed The

cross-secti’onal Vi ew of ’a conductive ayer
et sHoestesi6iGBast \has a spdoacrities] dimymion 600, whaeh issths Mbd;thrléﬂé of the

1604, with a patterned photoresist nmask 1612 I n
eRCe, FRGa L16eR, WHYHS Hheswidilh 200! flepimasky H@Féég{ wRiEsently, for
o t% 86%1"1' pﬁﬁbre]sgﬂlg yg?c‘é?bﬁﬁ?th%%ﬂ%&é%lﬁ YECHWE ﬁ6&1§0§}ef'19raﬁﬁ the

resi st mask space critic

di wRHiS bothe (sﬁé@): in Wleiptibtoresist isemideditide thcifphad prdvide mp &menation of
and a line CD, which is the width 1626 of the mas
| thwpape {1 thephatosssist yithpwiphotpresiss residhein SicoPass: s?heandth of the

ty I

ti
AR RIR R S R bRl e ot congye
I Slingsde mnde enough to provide the fornatlon of t he
space in the photoresist wthout ﬁ@ttore3|s i due

in theA§9@°@@nalmeerw them degroskigrbovep Histsilcae]ls p Wﬁ@ Oﬁoreﬁé%
AR, AR BBYIR, el QBB e St Bhchematc o

depRbia disverthé patteshadepidtdresiimdsk eépmwttn nésjes 1630 deposited
over the sidewalls of the mask 1612. The deposited layer 1630 forms a deposited
layer space 1632 within the mask space, where the deposited layer space 1632 has a
reduced width (CD) 1634 that is less than the width 1616 of the mask space. In
addition, the deposited layer 1630 forms deposited layer mask lines with a width 1638
that is greater than the width 1626 of the mask lines 1614, Preferably, the reduced
width 1634 of the deposited layer space 1632 is at least 20% less than the width 1616

14



features to reduced the width of the space (step 208).
FIG 16B is a schematic cross- sectional view of the

woavdsaeed phot oresi st nask 1612 with a | ayer BEBMS2004/024853
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deposited over the sidewalls of the mask 1612. The

dep03|ted | ayer 1630 forms a deposited r. sp
1673 shemask achO29d & nop greater W%E@Q/%ﬁéh?j@ﬁjé% %@ ﬁa f§9€}ask space

| glgg@} mile t;ﬂ'@ﬁera% d}? r@%@&gg&zlmg%gﬁl ()Eﬁ)x)g gg’sl%te{l Ii‘%’er Ypace 1632 is

addidakiosny, thettde mswidﬂd 1 61&ycffrthé|.ﬁ3ﬂ( s‘pacerrmmi)e(pamott gctater than
Ia r mask lines with a th 1638 that js

Yo phide wiidihn 616 zéﬂ@fm%kép%ﬁﬁsl@@)i rdgst ys%zrablgya {ie réduced width
P f
" Pl sy AL 8 R

16ﬁ£>sklsﬁac\éﬁ 620054, 034 9@4dte PG BISZQT4HOREBE 861 60dt thhmasiasace

space 1620 (i.e, not greater .than 80% of the w dth
161ﬁé%flt isrdsodesicalelp Hhap thexispepited faypriopng sehstmtiplly yertical

i g ‘%' egf 'ij]]s 4 aéj%’ %}é%? frel Esghilyﬂgon‘??rﬂ{eﬁ \E}\% &%Wﬂa%e)&pﬁﬁﬁ oﬂ@ﬁ%ﬁtantlally

S pagtical SidOw4ll ise, sidetallgh&atadi bbiian to P Ynakies tud engjlb df between 88°
1616 of the mask space 162%?. Nbst(gﬂfferab
r Qe withiter brtiom grithe gpacen oaf@yagll sigsyvallg fpaye %é%?@émfe é%fer that

' t ] 0. k
ST L LR A S0 A e
1646ce2k fdrheonasdtive paeeetcl 620)e tolprovide atadfored layabinea single

that the deposited layer forns substantially vertica
sidPaRitiPE 1642, which are highly conformal as shown.

An ex r [

si dewa aIthei 1?11%{ @g%ﬁ%@&@{ﬂgﬂt %r e%/c n%ea nc%o 12124‘[%1%1 a8 iéé %#p%si@lon layer

beik weforBa id all Hﬁe&(bnﬂ(isbtrdﬁ@ s resnlefin tedagap aoer the ARL 1610
Conformal sidewalls have E osition layer that has

sdbé’ﬂleaihﬁliltaﬂslt}}dck h%thgéfny@r @mﬂv@w 4lls plthe skt op to the
botto of t L C
G RRAER; 100 oy BEAGERnt-Rkn BRI EHIYR: 1630 Gstep

| ayer

si g eIn ﬂi%%itﬁhl'pld) the dtdhiidh@ePédhRiseest lea‘sbﬁ)@b s”@ﬁtatef @ﬁhes as
etching a conductive |ayer, the deposition |aye

| sillsgratest wdiIGi H7.afn agisplenit dﬁ@sxtiogéweb pick ys usvé ite etch e

I t t RL. 10
T A G S
C O4Te €l d6PodiRMQAyet BOMiSHRWpiRelleétehad The frélﬂ&hmfgft&f)osned layer
deposited ' | ayer 1630 (step 212). In this exa

et ohing gxdswébs dAprawdshemaslelings 161k é@@msamn@@@rhi@étwe layer

oyt gt eShinkhivesou bve e B R LR FIG PRIIT, B gross

( sdeBRRordal Qb offth&subkfbiciaficBtht LOSRERCTal@NabtckédEn fm bhigluctive
substrate after the deposited |ayer Is

anlizastl64p indthl Spsﬁeétléﬁéﬁbrmﬂh ¢herebeiyasnn dhe eprsbictieqilinggl6aAo have a

for 164

LT Ph AR R aite s vav e e bOGpERR s 2T ¢ R 4. os shown
| NI €610 OREfS bl Eethe M eth 156981 s spite 1 688 betwebtheldBductive
is a cross- sectional view of the substrate after the

colighsds atleast 2§ briessghan thpaddth d 61 @ehthe epagad 62¢ between the mask
lines. More preferably, the width 1652 of the space 1650 between the conductive

lines is at least 50% less than the width 1616 of the space 1620 between the mask
lines. Most preferably, the width 1652 of the space 1650 between the conductive lines
is at least 70% less than the width 1616 of the space 1620 between the mask lines,
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25 lines 1646 with spaces 1650 forned therebetween.
The conductive lines 1646 have a w dth 1648 and the

wepesdz4doet ween t he conductive |ines have a w #CIVUSE®2/024853
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as shown in FIG 16D. Preferably, the width 1652 of
t he space 1650, bet ween the conductive lines is

et Tho b eiosist Nl GapRE o xR Mg e e SRPAaRsiER 2 Fhis may

14057 a4 {EnESlep of UG SpatRE SR RS Sitate Bl removl
i &‘ste@tanﬂ@)asﬁor&(b?/mﬂr@ssﬁept ImmﬂghﬁayMedIshd 16 1he sifipping pspasce FIG.
1620 between t es.. Most preferably

}NI 1¢Ershows ﬂleﬁ%kﬁéog sﬁ%réhq depgisibes e Ang ﬁbotemﬁﬁb@?g%ave been
o3l o fTBloe e REE P pRATATuih 300) 8 Bisiplly ™

PGoh4IR2I00 4ih 248 Be fofimed phied muries ashemory dbefpesi t ed | ayer
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step. hi'ng may be use or e stripplng process.

Fl1G46 adécdboaheinal folike ﬁfidih:dd GBQ(M tladf dpacest1660d Qﬂm icomdhctive line
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Adimdth t@ﬁgpceﬁy@gb@g@ssmﬁﬁye POV by s empg{l@}jang zlﬁ)eferqbéy the ratio
%’ﬁ?e \?idﬂg hF’che %agg 'ﬁﬁé lcovt?le Hﬂﬁ@tﬁ%f thcee B0 dnb® 1BRs is less than

structure

p r101/ Ivet@se ﬁlehatgd‘saff t@kewmtﬁ yf tde\mmmcmd l‘lneSlmihé qracsbawmgthe
and wi der conductive lines. In this exanple,
wi confctive Jge iF nat fess gisdubend 6ven mess prafg Yaasfeatafb%m 1:1. Such

ggrgeé C@Q}(/f)gﬁsleﬁﬂéqu& Bisov}cgl?%lu%flertd%ﬁs@ﬂﬁ&‘é?ﬂﬂtﬁg%esd Qiaes o e,
provietese et i spaydiiadinment . Pr eferably, the rat| o of
the wi dth of the mask line to the width of the space

bet V\ﬁé—ﬁ apelbRr ermb@smmﬁ of ékggmyqrsian, the maskHaeschaypa Wit is
t t
b eatb\%te egutaﬂtghth éu &1\% égﬁlc:éngY(?s gﬁ% c?ogs@%ﬁt%}ﬁg%fw of a

evRndnaHve wee{oels@&bhedgrse&b%r dthafer layer 1 U bver hatﬂbmte 1804
may be useful in providin gher density ne

d ewitle e pattexhed 1@110tt¢res1§t5na,slsrlg b fqrméug mpey lines 1814, 1y with mask spaces

PSR SR et aR0Eh 255 FFP PR cSlobifh bRERPS fbe cchea

t henapdtdtedt hdii@ hsPassace Chiffal EAensond CTY) OFBich &Ctht endth 1816 of
view of a conductive |layer to be etched 1808 over a

bathc seace) ayi@rhr@w@ which 1Sethe wikih L 82@ofitbemask [inesnl & 4. Generally,

ter hotoreS| 812 formn

' Wl%gtq]: HetROSH ee%hr@?feﬁféébmtaﬁer ) %\/\/{e}gﬁ% ﬂéegﬁg ffis formation
A%f th8dfhce AVEE h@t%rééﬁf‘@itﬁéﬁt‘t)ﬁoﬂoﬂéé%ﬁ rebf8 i thelkPacet C hed
The photoreS|sF has a space critical dinmension

(CD), Avepuformal lem; 1whgn fheppsitel ayfer thetsidesigtis ef thgphotgresist

l'ipe CD, whic s t.h dth 18

R SRR b v By 2] NP L Rt o
PhQLRERS vk d)fsthé’@ﬁ@:rﬂﬂdqﬁﬁoﬁﬁ@é@ hakle 1RTDWitH e 1ijRe 1830 deposited
formation of the space in the photoresist w thout

p horteo thessidawalle of theanask 18ha Thadeposited layer 1830 forms a deposited

layer space 1832 within the mask space, where the deposited layer space 1832 has a

reduced width (CD) 1834 that is less than the width 1816 of the mask space. In

addition, the deposited layer 1830 forms deposited layer mask lines with a width 1838
that is greater than the width 1826 of the mask lines 1814.
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25 A conformal layer is then deposited over the
sidewal I s of the photoresist features to reduced the

woiaish2eh4t he space (step 208). FIG 18B i s a BChAISEIOH/024853
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cross- sectional view of the patterned photoresist
mask 1812 with a | ayer 1830 deposited r the
o1 devdliF SoBfuctHe R 0g g P R U6L# B8 drgrUfd lagerg) 830 (step
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provi dxatmptORetipd i ve |ine width that is nmore than 15
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rdpige & ‘éﬁe@ Forrhgth geposiiag GebBShnEGhe 4@@9@?101&}wer The
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used for both de 03|t|ng and etching the deposition
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1908rced 998 THOYACR AR 1010 813¢ camprise additional gas sources, such as a
second etching or deposition gas source. Within plasma processing chamber 1900,
the substrate 1604 is positioned upon the substrate support 1908. The substrate
‘support 1908 incorporates a suitable substrate chucking mechanism (e.g., electrostatic,
mechanical clamping, or the like) for holding the substrate 1604. The reactor top
1928 incorporates a quartz dielectric window 1976, which allows the transmission of

energy from the antenna 1902 into the chamber. The dielectric window 1976, the
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25 exhaust punp 1920. The gas source 1910 is in fluid
connection with the gas distribution plate 1904 and

woanpree®s a deposition gas source 1912 and anPerais2@as24853
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source 1916. The gas source 1910 may conprise

addj ti onal urces,..such as a .second et chi,ng.or
by SirrgldoBdand Boariatn iR haRRD talL g até me
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I @RC hbn}0 1Q48d RPGEIREN MER cecBAlY Zorfticele@€d feGubstrate
wi ndow 1976, which allows the transm ssion of energ

f rsopparh€9Cihtlehia e1:9qsle,ithe Grst RE sohmal 844 prowilesip @ig@@ltw)t/lm a13.56
W 1976, the, 17 WD, 2005/ 024904 PCT/ US2004/ 0248
SR Ry e Tt RA TR LS g Vilet RO, ‘R d S ME2

wed d $cA852 define the confined plasma volune. Gas is
supplied to the confined plasnma volune by the gas
sour cDurdthadepadsiios i thestepdsifiomlay et {step 808 aprespirashb0 mTorr

val une.t hrough an. e rt b e _exha

T G5 5rovided ) U uahogh, e e 28 b Wi SRS g Ry o
t Qyorydr 16y B LARAR 1SRRI 1RBiS U E FinklddB1978 into the glasma
el'ectrically connected to the substrate support 1908.

| rvalirns 184G dd bias phwerfis peividd te ther swbstizdetolderchi08 e $he deposition
signal w a 13.56 _MHz frequency, a t he second RF
ot cente b Dpbvigen Can e gh T i s ore 15 Second

f f&geﬁ 6 TR EhRS & NEEEROG AlthRR 18fer bPSICIEROSbh 8%lm may be
| ayér (step 208), a pressure of 10 mrorr = 20 is

pramvixidfiing whieh shanieenoughé fesisstthiRE. sour ce 1944

provi des.1000 Watts (T ower) . by the ant 1902

t hr ougﬁ%urp}get%a PRIPIEPIS @%ﬁ@{s%@ﬁﬁ IS i PR e miessure of 5
Vng‘FHR 151§r%91 egl‘?o R gg%tﬁgé’f’e Frhk $irR RIVIARE 1994 bRRides 500 Watts by
su hol der "1908. Th

strat 0 The deposition gas source 1912
prthe bokesnaal FOR dovtief plisthasetimSil B abohs b001 BcwatisGRapmireddo the

3- ﬁquggt%a:’)tg%@pggﬁg %I: t .e?%@gsr%‘rié‘?pcigg%{(r)fstp? ﬁqlﬁ%gt%gé fa%g?t%tﬁ etching. The
OxlilPedd diflce W01 6hro1c5160RGREAYEN L0 resi st ethi ng.

During the anisotropic etch of the deposition |ayer
( st ep ThHehisoaropicesdinfeheodonBuctivedayer (sseppl 708) tedcdmoplished using

chanber. The first RF source 1994 provid WAt t

bylouE fighestih ﬁ%eiﬁﬁ@zug e?q%lealb}vﬁ%gln@%%g%hﬁ MR (A gfeg), and
Of yf éﬁ%o%’e‘? letch ) Isoracff@h*l“ectcg ﬁl?ofrﬁy?essﬁ‘ﬂé k?sc‘élro@fd@d.s SRP W dits b
accelerate poSitive 1ons to the substrate to

f agblideatieowthcthe ageniBN®02 20 thetohimbas] 990U ACtEasl@FL675 volts is

provides 100 sccm of CF4. The anisotropic etch of the.,
cotplied 1/ be pulgpbiptesyprast 1OASED apcelergie itsite éfr?esag%tw BSiitate

Ui Y52 BT, O MGl Ry Sl ol
For t HeorBie ME3 aflomTonpessute és providedvialkWattdb @ pravitied through
art%e antenna 1902 to the chamber 1900. A bias of -90 volts is applied to the substrate
support 1908 to accelerate ions to the substrate to facilitate etching. The etch source
provide 100 sccm of Cl,, 100 scem HBr, and 5 scem O, for about 45 seconds.
For the ME2 a 20 mTorr pressure is provided. 400 Watts are provided through
the antenna 1902 to the chamber 1900. A bias of -170 volts is applied to the substrate

support 1908 to accelerate ions to the substrate to facilitate etching. The etch source

18



provi ded through the antenna 1902 to the chanber 1900.
A bias of -175 volts is 25 applied to the substrate

weuppor4901908 to accel erate ions to the substr BCE/US2004/024853

10

15

facilitate etching. The etch source provide 100 sccm

of CE4 for abo 10 seconds. For the ME1l a 10 .mlorr .. .
prigedde 20 peenpyp kza@&ﬁcg@%{kﬁa@%& sl O 18@%?%%%&?@?1011 is used
t : hanber 1900. A bias of -90
vgﬁﬁg%ﬁﬁ&ggb ?gﬁm%gﬂ%E§E§Ubstrate support 1908 to

accel goatle OBaH0tmTdhpresssisipadeded F0AWhitt @t provided through

etching. The etch source 0 pr.ovi 00 sccm.of Cl12,
10be sriems 1982 to HsehamberciRopo A ks %fggh‘%l Vol 18 apRjiddO %}Eo%“bstmte

t %ﬁgﬁ%ﬁ %19(% Sﬁt(ra & ge%érﬁte%ﬁsstﬁ W EsulbstrRE BVaifithte élt%nnbgh§ et®h 8ource

pro u the antenna 1902 to the chamber
19006vid&267 scenodf Hé, 103 vadnt 8 Brsard@pdcemd)4 for tiwert 80lsedonds. e

support 1908 to accelerate iqgns to the substrate to ..
f act | iQhekeTehedfinsls maHeset boRat Bs hefaihps e o Rgiments, a

P i ,
o R s R P e oy dO g My pe
deglaetioner thi dardimasls toopdtdeithe giacing. Hothetaltern@ivey tifOdeposition

mlorr pressure _is provjded. 500 Vﬂ%%g are gfovided
t Hpw Ry berpdacs oxerihe plgorepist hatere cichsdhe Rgdmasia bi as

of -21 O\Vﬁﬁle hﬁs in%rel"i]tﬁﬂll HaE %eé@deﬁ&%eﬁqg $dGE sev% at g&?ﬁﬁd

1908 to accelerate 1ons to the substrate to ¥a Il1tate

et glibddgmenthiehat ale dierations, peavitabon2 fahdsaciouofubkittutel@ivalents,
sccm HBr, and 2 sccm Q2 for about go seconds. é%wer
enwigh fthvihinge seope af isareniens &rshowd el nofed taichere are

L

I on e ced over t
handemidk. Tids fedfoe ihfeadgipast thgfollowingwpahdedrotanis be interpreted
the deposition 10 |layer may be placed over the )
phastiaglading ell peghorlierationsnsgutaonsar AR S SWRAIUES qyieplents as
i nyent.i,on ri [ : f sever al

or R R SRR SR 6ot AR e fRerlon ™0
permut ati ons, and various substitute equival ents,

which fall within the scope of this invention. It

shoul d al so be noted that there are many alternative
ways of inplenenting the nmethods and apparat uses of

the present 15 invention. It is therefore intended

that the foll ow ng appended clains be interpreted as
including all such alterations, pernutations, and

vari ous substitute equivalents as fall within the

true spirit and scope of the present invention. 19 WO
2005/ 024904 PCT/ US2004/ 024853 CLAIMS What is clained

is: 1. Anethod for formng a feature in a |ayer,
conpri si ng:

19



form ng a photoresist |ayer over the layer; 5
patterning the photoresist [ayer to form photoresist

woeaisien4w t h phot oresi st sidewal | s, where t RET/US2004/024853
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phot oresi st features have a first critical dinension;
depositing a conformal Iayemht he sidewal | s of the
phot oresi st features to re e critical

diyRASs OBsn&f ist he photoresist features; and etching
features 1nto the layer, wherein the |layer features
hdve a eetwnd for formomg a fedtredinmdmsi,oomprlsingh i s | ess

than the first critical dinepsion. 2. The nethod, as
reci t edoyHng Iaéﬁhﬂjioie,“mpre(?vﬁr H’ﬁéaﬁ:&posi ting the _
confor g%lttellnﬁy%?? Eg%%_@fesﬁhﬁyecr'tg ENR privt@bsibtiBatie B?ﬂh%bﬁ)tresist

featur con a first deposition wth a first

g assdeshiinj velteary tHeghbtresish fdaturst have pdittarivnalplimennon; and

15 a second deposition with a _second .gas.chem stry .t

form a SeedHEs %I%‘ﬁ’&cglff?qq dyer %‘feé&}‘fa?‘?w%@ Q?Hwt@g{oﬁsr‘%lfea?ures to
9834 A& SHifgk e%iﬁqe%it)ﬁﬁmﬁé bdiansiN@amREOME gas

chem stry. 3. e net hod, gs recited in claim?2,

wher ei retétiieg fheosi ihiorthe tayer, whereor tha layenfeeturesdawe a s¢pond critical
phot oresi st features f r%her .comprises: a third
deBmsngiony Whish 1 lessdban; tﬁ% lrsé%“‘??ﬂ&weé’ﬂoi}' to forma

¢ .hjt.r d dApASLhbAOMs rafted iPATE 1,%@11&1%%631%?9@ dohfftmal layer
wi'th the second gas chemstry to forma fourth
depesilcisttewalll afiim phdtorekisefeatrdspchmiasses:ieci ted in claim

3, wherein the second criti caln di mensi.on is not .. ,
gr eat er? fitshderpedion fithriotinst gaschemisfry ¢ forgy %‘éﬁ%&?ﬂﬁ’?luﬁg plasma;
5.0 he met hod, as recited in claim4, wherein the
depositing the conformal |ayer over the sidewalls

forns sudsb@hddpakitipn wethtd seadndsiad elahistry tbforhesenmidndrgpsition
as recited in_claimb5, wherein_the pH%E resi st er .

| a
i splpsmaradergiy e Ipaigapphamsipiselifferentd §e4004 245 EnRysy-
a n r 4 :
e
phetepfirhstoresddd femmsks Amtedaempgsisted conformal | ayer
with a single stripping step. 8 The rre)g?hod, ag s
reci t eck thiyddenpsition Witk g*}eeﬁrﬁt gap eharpisiry i fogmealird deposition
phé:a%gae%h&t mask and deposited conformal |ayer
conpri ses ashing the photoresi st mask and deposited
| ayer . 2fuid 2P WD theReJIndSA0 Oz B todforf a fditmth deposition
nmet hod, as recited in claim4, wherein the confornal
| affa¥mhas a sidewal | thickness, wherein the confornal

| ayer hﬁ?e 1%&%8&,%%3{6!13{1& Izllaﬁn §,a\9§er§iinQEé/‘@écbn& Bl P8Riension is not

greater than 70% of the first critical dimension.

5. The method, as recited in claim 4, wherein the depositing the conformal layer
over the sidewalls forms substantially vertical sidewalls.

6. The method, as recited in claim 5, wherein the photoresist layer is formed from
248 nm photoresist and the feature has a CD not greater than 140 nm.

7. The method, as recited in claim 5, further comprising stripping the photoresist
mask and deposited conformal layer with a single stripping step.

8. The method, as recited in claim 7, wherein the stripping the photoresist mask
and deposited conformal layer comprises ashing the photoresist mask and deposited

layer.
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froma top to a bottomof the feature. 10. The net hod,
as recited in claim4, wherein the conformal |ayer has

wa 8i5cewmml| 5 thickness and a photoresi st feaPdTaS2004/024853
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bott om t hi ckness, wherein the sidewall thickness is
greater than the photoresist feature botfomthickness.

1P. Thd h(?él[iqﬁhmi, a@.éeC}I@cH.ntcé@I.ni 4 vhergimihe co } 1ayerihas a sidewall
P T O 6 DR o

r €drh 8op 10 aBoaiom Jf thevatueé.n t he photoresist layer is
formed from 10 248 run photoresist and %legﬁ{ eat g{qe )
hd9. a dberaether: eatcsited warleimab Whergin e cop leysdge ¢ sidewall

d “?Hiicglgers%ngl%g gh&ér‘g%i@?fe%} ‘{iﬁoﬂf thﬁ!kﬂiagp Whereththe édgg%ﬂr}l@lﬁcémess is

f of urein a layer, cohprising:

a cpdérahasths phbtayeeist fedgire bdtonl dyekmesspat t er ni ng t he
phot or esi st a%er to form photoresist features
q

ith . .
P Hdt or ediegpethqd; ag rqyg%iq ggi%ézylgrqlﬁ glepq%qrglrcgg;cgl}%pensmn 1s not
}c gg%% errgf}%? ?Q{’/ﬁ o%tﬁeg{rg\% rll(firchltc#ifntgﬁsi&{. mensi on, depositing a

e Sl de S0 e photoresist features
t o 2r edupi théBod, Gk kdcite@in dhirensiignsn tie gHosorpdigtiree i fotmed from
features, wherein the depositing the |ayer over the

si 28w photaresishandihe fegiuae hagta @Egloag@?teé AfeEs: g
first d it it h acf] Ryee f
(S RRgRlcbh ot ieR ruhef by IR e 1O T DT

Wit a 5eesndl Baforehend fhfuye e hprneoan@sagnd
deposition plasma, wherein the first gas chemstry is
di f f er efarmingarphotreesis domtovgashe laydni stry; and et ching

e

erern thé

S eGRNEhIs Whdr€ e hotTRENsdt Fohnirss RiVle adfirSRdrRical didRnsi®Yp of
the first <critical dinension. 15. The nethod, as

reci t edlepasitihai kayeaoventhersidewailp of Sepbatoresist faagues to reduce the

dinension is n reat er. than 60% of. e.fir.

cr AL e gh PR S AR e P E bbb o aver over
clde Bﬂdé&allé/‘ﬁﬁh@?lﬁbtbﬂéﬁsﬁ@mfd, topridebe | ayer over the

30 photoresist features further conprises: a third

deposi ti on i fitst depesition swithgelirstgrsiehemisiry tte famy gzt deposition
third deﬁgsiti on plasma; and a fourth deposition with
t AU BRY gas chenistry to forma fourth deposition

21 WO 2005/ 0243040 f4pbkitior Qe L2d&RBeasRh@hi¥dy to form a second
deposition plasma, wherein the first gas chemistry is different than the second gas
chemistry; and

etching features into the layer, wherein the layer features have a second critical
dimension, wherein the second critical dimension is not greater than 70% of the first
critical dimension.
15. The method, as recited in claim 14, wherein the second critical dimension is
not greater than 60% of the first critical dimension.
16.  The method, as recited in claim 14, wherein the depositing the layer over the
photoresist features further comprises:

a third deposition with the first gas chemistry to form a third deposition
plasma; and

a fourth deposition with the second gas chemistry to form a fourth deposition

21



17. The method, as recited in claim16, wherein the
depositing the | ayer over the sidewalls forns

weoeubwstiasmoial | y vertical sidewalls. 18. An appararmws2§0a/024853
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formng a feature in a layer, wherein the layer is
supported by 5 a substrate and wherein the layer is
cA& by a phot oresi st mask with photoresi st

f eat ur i ' - riiStng;
5% b blof by B EPIBE A b g o e e
a sideasiiie fphecaBsimplle vanbelrsi@nellosure; a substrate
sglpgort for supporting a substrate within, the

1

f pl asma
r oc SpRTERTehRR B e feotus & 2 Rygr whagindhe Hyer g suprorted by
fo ' Jre | g i .
LRSI B8 bIEDLSPRNCS 0 Fy R O30 IR i
preatuths Rgthaofiet CDocdhgriggh@sma processi ng  chanber
encl osure for sustaining a plasma; 15 a gas inlet for
provi di hejageaspiopessingkBapP Y scRNMEHEEssi ng chanber

encl osur e; %&laﬁlbg%aﬂ g‘#an%ge% BlasifiX Pﬁ)%égsilﬁgzhgﬁﬁelf dnld{Bsure;

t he plasna processin encfosure;” a gas source
in fluid comnnedbirneswipolt fosipgasing alsebstracowiliin Shewglasi2d
a first deposition gas source; a second deposition gas
soupewssing geambgy caeleREeit gas source; a controller

control |l ably C
east one o BERHRGE bl bRl IR bR hflafhe
Prir6essiap chanskreadpsirer readabl e nedia, conprising:
conmput er readabl e code for providing at |east three .
deposition @yeaseanetedeofrgfedos PESVEdRE PP WP dag RlpHRa Bipcessing

ph ' 3 res with a second CD,
Wi %%%gf%n?oﬁﬁ%t or §eu§ Faglﬁﬁ%gfdg‘%gt, conprising: 30
conput er r eagghliglecdproviling paaMhidi thgplasthd prycedsirgg dhamber

deposition'gas fromthe first deposition gas source to
t aclisasheidr ocessi ng chamber encl osure; conput er

readabl e code_for g%%ﬁg%%gg@%egag bW AL pfagl%a pggceyé%g chamber

2005/ 024904 PEFY

enclosure;
a gas source in fluid connection with the gas inlet, comprising
a first deposition gas source;
a second deposition gas source; and
an etchant gas source;
a controller controllably connected to the gas source and the at least one
electrode, comprising:
at least one processor; and
computer readable media, comprising:
computer readable code for providing at least three deposition
cycles to form a sidewall deposition on a photoresist mask to form features with a
second CD, within the photoresist features, comprising:
computer readable code for providing a flow of a first
deposition gas from the first deposition gas source to the plasma processing chamber
enclosure;

computer readable code for stopping the flow of the

22



first deposition gas fromthe first deposition gas
source to the plasma processing chanber encl osure;

woanpueend r eadabl e code for providing a fl ow oPC&#US2004/024853
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second deposition gas fromthe second deposition gas
s%¥rc to .the %asnﬁﬁpro essi.ng 5 champer eqclosure )
af frst depReitip g3 6pm thetist %’95188%8%% YOUEY tgAhe Rlasma REppRSHINg
ar@lam%gmgggmr eadabl e code for stopping the flow of
the secon eposition gas fromthe second deposition

gas source to the pl asmwapntacesisblagodefoaptveiding a flow of a second
encl osyre; conputer reqaﬁ({*labl_e code for tgrovi ding a fl.ow

of dERASIHPR Bamiforg Aae seeend qepRyififR ot OHERTO lePlamirhracasyne

t ' : ' f, . tihe

o B L e B R R e ol

readabl e code for etchioaguteatadaels code fonetobpinerthe fisw ofjthe
the etchant, gas wherein the features in the | aypjr have .

a YeReidiappsitien saspem dbsyserond deposiion ges souEreitn the RijsRamyocessing
wh | cond CDis less than 70% 15 of the
fi%ﬁ{b%b,&goﬁ wherein the third CDis |ess than 70% of

the first CD. 20.cohlimitaapgaiablcusde fos preddihgd fiow «flaniemhant gas
18, wherein the sidewal| deposition is highl¥ :

c ofipi8 thegichapd gassonisero thegasmsyHiPTR§SIAS phamier pfter completion of the
(of0) | [ ri.s4 ng: placing a conductive

I a{/{g%%%{%er% daebgﬁﬁgr%‘?}%!% a form ng a nmask, wherein the

mask defines a pldohgutdryesibblersde for eRaing fedturemsikthe layer, using
spaces between the mask |ines, wherein the mask spaces

hailie ciehopt@en wasginghe featyes Wehe lgenhave adirhgPe a wi dt h

ang, haveg, sj l's,;. g it . 0
D PR g O A 05T RLohBERYRfn T0
| ayfathe fibst Qg And Waersasthe tidrd ODIis Besithaa 70Y%eoltha Bt @D

25 spaces between the conductive |ines, wherein the

cottiuct TheanpriEs, puipeite inickm Ienghereinghe pidewall derogidion is highly
thﬁmﬁgﬁgyctive | ine have wi dths, wherein the w dths of
th [oF

Spaces between the conductive lines is |ess than
t hel.w dihsethdd dhermiag e Spakgf candheheligdsncompresivg: dt hs
of the conductive lines is greater than the w dths of
t he | i ridagiag ksonduptivrlagerpvenssubsiatey ecited in claim

21, E g 88t 5y s TR el vt

1: shagdxtbeenehdimaslt RildsOwhéreiniBe MWiaglt ¢pac@fhakvbe width and wherein the
conductive lines to the widths of the spaces between

t haagkolings devsewidth ead have sidswalless t han 1:1. 23 WO

2005/ Ozée%%éitiﬁgcycyn 01(‘)r1(1)f111/1ecl)yzeér %\5’631‘ the sidewalls of the mask;

etching the conductive layer through the mask to form conductive lines and
spaces between the conductive lines, wherein the conductive lines have a width and
the spaces between the conductive line have widths, wherein the widths of the spaces
between the conductive lines is less than the widths of the mask spaces, and wherein
the widths of the conductive lines is greater than the widths of the line masks.
22, The method, as recited in claim 21, wherein a ratio of the widths of the mask
lines to the widths of the mask spaces is less than 1:1 and wherein a ratio of the
widths of the conductive lines to the widths of the spaces between the conductive lines

is not less than 1:1.
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23. The nethod, as recited in claim?21, wherein a

ratio of the widths of the mask I|ines to the w dths
wohodsiesgvask spaces is |ess than 1:1 and wher ePOTAIS2004/024853

ratio of the widths of the conductive lines to the

\é\nﬁgta? 2 O I"Téf’ﬁ“ ar%gﬁ’ Lo c%%wﬁgc vk d]gl 1%,) Ié)g ﬁ}el v%gﬁﬁé of ti® mask
ChakdModite witiRY &f e hiask Mﬁagésh@ 163k tHaﬁq Mﬂ(wﬁeﬁéiﬁ%&”aﬂl@ of the

nore than 50% greater than the wi dths of the sgaces

betidibe nf theeonduvtive tinssdo thaneiiths afshe spaeesrhstwrsa theeonductive lines
I eci ted | n I aiml, further conprising etching the

c ShP6RIAH a}yer with a first etch reci pe, wherein the

ebghi n Q‘hg It}l:lkﬁl GORAHET inBrimBMEWhERASthS wiBS Bfithe @8R spaces is
reci pe, Which i's different than the first etch

C lgort Sany50%d Bre2ir than shermidtndd tteospachs betveeen dhangoadpstivefiames.

nFQtSh od T%fe n%ﬂ%in as recnec? in claim 1, further comprising etching the conformal
layer with a first etch recipe, wherein the etching of the conductive layer uses a second
etch recipe, which is different than the first etch chemistry.

26. A semiconductor device formed by the method of claim 21.
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