REDUCTI ON OF FEATURE CRI TI CAL DI MENSI ONS BACKGROUND OF THE | NVENTI ON The
present invention relates to the formati on of sem conductor devices. During
sem conduct or waf er processing, features of the sem conductor device 5are
defined in the wafer using well-known patterning and etching processes. In
t hese processes, a photoresist (PR) material is deposited on the wafer and
then is exposed to light filtered by a reticle. The reticle is generally a
glass plate that is patterned with exenplary feature geonetries that block
light from propagating through the reticle. After passi ng through the
reticle, the |ight CO%EJ}U L OF FEAFPHRECRUICALBIMENSIONS pterjal . The
|'ight changes the chem cal ¢g @Rmf@%#@m@qml st material such
that a devel oper can renpbve a portion o pnotoresi st material. In the
case of positive pﬁhtmemtmvemnmiataﬂtg thetfhmlaempgé@ﬁmoe@u@tsle'ac@ renoved,

and in the case of _negative Si st _nmate gi ons
are renoved. TherekPP Sentlﬁoél %?r Wﬁ?rspmcte%shngdfeta %ref“; 8%\35@?& ﬁ%ﬁ?&lﬁvtc‘%

mat eri al 3 omatdefiase@ashd hats kharelligolapgesmipg mtdeﬂcttﬁig ﬂwceﬁdee Ipl:hat;eor eS| st
material, and thereby define the desi r?eﬁ feat ures |zg?réipg i ous

generati ons oPIYsRHED REYISTEsEr Rk AR ipdeegsiisl op dhai 6"8?158?6? esi st
i's exposed by 12ASuRd ty3hbiicld. Ol‘lfeafétlxdlé Ifs%hetdtrom e &t pREIRG is ﬂih&tefﬂvﬁnh s a

schematic cross-sectional view of l@é%/ over a substrate 104, with a
patterned 20plsstaplayiferur gyempetricsthat blpek liglht fam propaseting tappghetpe tﬁéwteayer) 110

over the |ayer 108 ﬁ]lpﬁ% 106 Thse oresi st
pattern has a cri ti{%%][pagl nsi hh%é%%wvﬁ]%}?&lﬁ;a geletshe v?n th 116 of the
smal | est fleat phetoRssmattial, Tholigk4Bmngen tbﬁhdteanmi:csltpoaltlmypf tbapha@Pefigir t he
broper 1 es. degURTEhtLB i RAVEI G A BROE araLrle R eBEER s Rna gt O
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A feature 120 may then be etched through the %gotoresist ‘?attern as shown
in FIG 1B. | @& 9ipesatinerkepigist pRETpSIRE Feexpesse roFWe AredPmeYd: feature) is

equal to the GReddferOfhe Wa%r fs%@éhb'&%rblﬂe%ﬁﬁe @tﬂﬁi‘cghgﬁi't&haﬂfﬂ&n theRrdRE @@t i ce, the
CD of the feature 116 may | arger than the hot oresi st 112 due

to facetihy, &roM ]gnbe@profcq%edrbﬁ@}edqh@@r@tst material, and thereby deiine the desired
features m the wafer.

Various generations of photoresist are known. Deep ulira violet (DUV)
photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A isa
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned

20 photoresist layer 112, over an ARL {Anti-reflective layer) 110 over the layer 108 to be
etched forming a stack 100. The photoresist pattern has a critical dimension (CD),
which may be the width 116 of the smallest feature. Presently, for 248 nm photoresist
a typical CD for the photoresist may be 230-250 nm using conventional processes.
Due to optical properties dependent on wavelength, photoresist exposed by longer

25  wavelength light has larger theoretical minimal critical dimensions.

A feature 120 may then be eiched through the photoresist paitern, as shown in
FIG. 1B. Ideally, the CD of the feature (the width of the feature) is equal to the CD
116 of the feature in the photoresist 112. In practice, the CD of the feature 116 may
be larger than the CD of the photoresist 112 due to faceting, erosion of the photoresist,

30 or undercutting. The feature may also be tapered, where the CD of the feature is at
least as great as the CD of the photoresist, but where the feature tapers to have a

smaller width near the feature bottom. Such tfapering may provide unreliable features.



300r undercutting. The feature may al so be tapered, where the CD of the
feature is at |east as great as the CD of the photoresist, but where the
feature tapers to have a snmaller width near the feature bottom Such
tapering may provide unreliable features. In order to provide
features with smaller CD, features forned using shorter wavel ength |ight
are being pursued. 193 nm photoresist is exposed by 193 nmlight. Using
phase shift reticles and other technol ogy, a 90-100 urn CD photoresi st
pattern may be forned, using 193 nm photoresist. This would be able to
provi de a feature'EmmthHﬁQEﬂQ&mQGSﬁmﬁSﬁﬁﬂﬂig?fﬁWﬂQﬁ@ﬂ@%@§H@ﬁh®§Wexposed by

phot or esi ot pArCiS RS & B0t hubBh imBRGRNREE LS DOkeSI. B Ot ire
with a sub 90U|sllng1 pl@@e shift reticles @ndistieraéchadiogy, a@OMOaﬂn&ﬁ@pﬁntqnh@ﬂcpamst S may

provi de additi onal | ens_over photare sts | onget | engt hs. To
obtain CD' s CP’G}éE ¢ fogm cﬁé‘S’Pﬁé %‘FP Apresih f[bﬁstw‘{ eh%@?“é(ﬁ’? r at us

shoul d be snDr §iR5 @G §)0- WHIed) WO PhHoRAtkISE & &gé@dﬁ%pﬂm%%ﬂ Utsiaggraphy
equi pnent . Presentlé 193 run hot oresi st and 157 nm phot or esi st may not

have sel ecti vPidseshifisetislogandeat ‘Ffd?Fé}E(PIOWBPQHQ%(HDQH@P@F%@E‘E%@S BAPsay nor e
easily defor”kolﬂﬁgr?“rﬁ @?ﬂiﬂb%ﬁlgt&ﬁ?%éwéaﬁwmhmﬁ)ﬁhﬁ@b@g of conductive

| ayers, such as int ormat | on menory devices, it is desirable to
i ncrease devi ce defis Utsyowmttmwavmenmthplsﬁmgstpe}a? orovideeeditisuhMoRymer THE
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pur pose of th narre ormn urelnalayer
is provided. Anphed oheshsly abpardiis shSuIﬂ(bBIfﬂmlepI\ZﬁEe mgzhlvaajahlrrequﬂeenqnhot or esi st

layer is patterned to form photoresist fe res. 20wt oreS|st
si dewal | s, \A/nE’Fpénft‘YFehtB%?fg;y&gWQ’imi‘te W%@a}hgw péilo'fof‘?slssp I@t}%{y di mensi on.

A conf or mal | BN RErclis RROShvedel@itRitich Benish Sielsmdet %a@é[eﬂgﬂﬁ)hﬂﬁ%sﬁfs%ﬂs'[
features to reduce the critical dimensions of the photoresist features

Features are éltaﬁﬁ@@ fagitsodafors ‘Ilféﬂ?@lasn%%fﬁéfrhéioﬁ ifigRs- | ayer features have a
second critical Héétaﬁ?g %oﬁeﬂlc{ﬁe L63S shdiAR i ﬂ@ féﬂﬂaﬁén Sfchdedz@l  di mensi on.

251 n anot her enbo Inent o e I nvention, a nethod formng a feature in
a layer i pr dw@edt is degptabledo axicste deatyedensgy Wﬁhqrr@dummhmg h@fomagd@ﬁ The

photoresist layer is patterne | th rpr‘PﬁE slqiofeatures with
phot oresi st sidewal ls, where s have a first critical

di mension. A | ayerTé schitepds fbmgoiﬂgfmd ih hecosdadennmith the pfupbivenf fleqisedsi st
features to r ﬁggﬁﬁmtahtgetﬁc{cf ‘1101 E mung a r1]1§rle 1Onnas la?el 13t }Slrowded A photoresist layer is
formed over the layer. The photoresist layer is patterned to form photoresist features

20 with photoresist sidewalls, where the photoresist features have a first criucal
dimension. A conformal layer is deposited over the sidewalls of the photoresist
features 1o reduce the critical dimensions of the photoresist features. Features are
etched into the layer, wherein the layer features have a second critical dimension,
which 1s less than the first critical dimension.

25 In another embodiment of the invention, a method for forming a feature in a
layer is provided. A photoresist layer is formed over the layer. The photoresist layer
is patterned to form photoresist features with photoresist sidewalis, where the
photoresist features have a first critical dimension. A layer is deposited over the
sidewalls of the photoresist features to reduce the critical dimensions of the

30  photoresist features. The depositing the layer over the sidewalls of the photoresist
feature, comprises, a first deposition with a first gas chemistry to form a first

deposition plasma, and a second deposition with a second gas chemistry to form a

second deposition plasma, wherein the first gas chemisiry is different than the second
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30phot oresi st features. The depositing the | ayer over the sidewalls of the
phot oresi st feature, conprises, a first deposition wwth a first gas

chem stry to forma first deposition plasma, and a second deposition with a
second gas chem stry to forma second deposition plasm, wherein the first
gas chem stry is different than the second gas chem stry. Features are
etched into the | ayer, wherein the |ayer features have a second critical

di mensi on, wherein the second critical dinension is not greater than 70% of
the fiist critical dinmension. In another enbodinent of the invention an
appar at us f or gdschemisigy. Fepazas areesthad inteihayaver, Wwhpreinghmlaydideafiagsdiave 8 support ed
by a substrate and _wherein e i - : i mask with
phot or esi st 65 nurcél\glﬁea\%id%l lenesllto i‘?’ﬂéet%%eisgcoggg@é‘%g%l%}&\&%?gg%gé%?%ﬁ%si ng
chanber, conpr0% esiha fiednaidat diwhdiof.or M ng a pl asna processi ng chanber

encl osure, a substrate support for. supporting a substrate within.the plasm
processi ng chanberméﬂ?:m‘gssg&’&m‘zimpc?fél%es’g%ém?lé 1REs S?%'rfg?nénggtﬁ ée? él”ﬁegmta hep
pressure isn tHgrPhRSER QRO RRGSIoNgd B asidetiate it WEdkie theaiyel @ asteraits

el ectrode for providing power to the plasnma processing ch‘fgger encl osure

for sustai ni ngPRetEPas mesk with pRotpgsighiedtyes Withd it Ay §BOVIdRE A PRETDI asma

pr ocessi N9 ChaRDELn® AELASGE AR Buiibt: ON! EehirkipIBARHRLARY cBated f O the
pl asma processi ng chanmber "'encl osure. A gas source in fluid connection with

the gas inl et emcinwpe] sebsteaid juppert fe poppiting p sgstaisoaibiethe plageerpepssing
15deposi tion gas,sour %%r%aa[];%es%@re%Gﬁﬂ?oqtforQ%éﬁl?lﬁg&}g%ﬁﬂg%g L,

controll ably ect & € gas “source east onhe el ectrode
conpri sesigat peasting tieneoaeksar, A kdstoanplattede fegdatidiag pedi o thfhe conput er
readabl e nedi g conpri ses gﬁg@ut er rea&%gl .code Ior prov]ingit ‘ﬁ at | east

t hree deposi t PBTERIEFEENG PhiPg o8 g SRaT T B R B 81871} &8 aeg ot or esi st nask
to form feat up@sidMgls RucSHe pRsA Iocotbih S ERmibiec pine] R @ghssutleet ur es,
conput er readable code for providing a flow of an etchant ggs fromthe

etchant gas sotiedinggat fun Piealives PrasesssichynRe spERY  ar't BF SEBHHRLIOn of the
at least thre oengF&ﬁrﬁlthQHS. S i8S omBALs § PR UL S 1o8 38ARIIR GaE&ntior et chi ng

features in t ayer, using the etchant gas wherein the features in the
| ayer havié a ddpiositloiCBis shiree, eotrputtelrantgsd eouresr Ao eanfiolerrgnimllablygemmeeisd ce

deposition CYElese Qoo ManSLASAl. RROGRASKLNR PRaRRRLAEREL Mask to

computer readable media. The computer readable media comprises 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

20  photoresist features, computer readable code for providing a flow of an eichant gas
from the etchant gas source to the plasma processing chamber after completion of the
at least three deposition cycles, and computer readable code for etching features in the
layer, using the etchant gas wherein the features in the layer have a third CD. The
computer code for providing at least three deposition cycles to form a sidewall

25  deposition on a photoresist mask to form features with a second CD within the
photoresist features comprises 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 first deposition gas
from the first deposition gas source to the plasma processing chamber enclosure,

30 computer readable code for providing a flow of a second deposition gas from the
second deposition gas source to the plasma processing chamber enclosure after the

flow of the first deposition gas is stopped, and computer readable code for stopping



phot oresi st features conprises conputer readable code for providing a flow
of a first deposition gas fromthe first deposition gas source to the

pl asma processi ng chanber encl osure, conputer readable code for stopping
the flow of the first deposition gas fromthe first deposition gas source
to the plasma processing chanber encl osure, 30conputer readable code for
providing a flow of a second deposition gas fromthe second deposition gas
source to the plasma processing chanmber enclosure after the flow of the
first deposition gas is stopped, and conputer readabl e code for_ stopping
the flow of t e flewedithy saend dprasisian gasiam Sinseerad SerosHan 88584t [°dHe gas sour ce
to the plasna i osure. I n anot her enbodi nent of
t he inventionpgﬁﬁgﬁﬁﬁﬁﬁgﬁg'ornlﬁaggﬁ%lurality of conductive lines is

provi ded. A conduchiauethéraydodivenipidadvanien a methed of foamng aslyrglgk of s 5f or ned,

where the mask defines a plurality o k 1in | p t ween
the mask |ine&™ E'Fgm?si{&g%ﬁé's%ﬁe%c{smﬁ%%y eélsva?%? ‘#3%628 %e?%i %Crﬁ%g?sﬁask

lines havg a wirltd) vaRre thavasksietdaswal pisalith o madidirraivith ayel spasesdeasn t ed over
the sidewalls of the mask. The conductive |layer is etched th':ou h t he mask

to form condubeinsk [eehen thegak sacedpipd Hidh e doBitR e dmesk fisdavsthere t he

conductive [ig 191%%\!@5%&\9@1@ andnfohfa 183PAGESEt Weeie baewaRRduet | ve |ine
have w dt hs, ere the wdths of the spaces between the conductive lines is
| ess than t hemasldtTis conductiee layes i eiphad Ssoughilp markteformeopiugtivalings and e
conductive lipes_is.ar r - ' bk a%éﬁ dihe These
and ot her featir %Ssbeg%a?%%e%g?%@% ﬁ&ﬁ’v‘%ﬂr??% 1@?} C(\g}mid}l%tngélhcfg% gg?be fuh rr%r e

detai | beloow bpactdtetvetet dielceddwigsclingdtavowidifs, whee ihewadhs ofthasmcdsn

conjunction wth the 15foll ow n i gures. BRIl EF, SCRI PTI THE. DRAW NGS
TheJ present %Wﬁ?q tg?lC?”g“?t}vag?ﬁgﬁieégtlﬁ%ﬁwﬁh? Ofet%%ﬁkes?acgrf&n %Vth erg;lfheway of

limtation, igidtheorfihgion@sctiof lihdes geaarthanye waitidrodweriys nasick. i n whi ch 1ike
reference nunerals refer to sinilar elenents and iﬁ V\hdiech' 630':' GS. 1A-B are
schematic cross- seEhaspas ot dptiresrolhegirerent iByRHewHThesletitihgd g™ %e pri or

art. FI Geta? bbiSwn Bk dBai@VRberphiob £lal eiftfon andPmQehBactionatittay be used
in an enbodi nrent of the 1 nvention.

15 following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

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
numerals refer to similar elements and in which:

20 FIGS. 1A-B are schematic cross-sectional views of a stack etched according to
the prior art.

FIG. 2 is a high level flow chart of a process that may be used in an
embodiment of the invention.

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

25 according to an embodiment of the invention.

FIG. 4 is 2 more detailed flow chart of the step of depositing a layer over
sidewalls of photoresist features to reduce CD.

FIG. § is a schematic view of a plasma processing chamber that may be used
in practicing the invention.

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

25according to an enbodi nent of the invention. FIG 4 is a nore
detailed flow chart of the step of depositing a |ayer over sidewalls of
phot oresi st features to reduce CD. FIG 5 is a schematic view of a

pl asma processi ng chanber that nmay be used in practicing the invention.
30FIG 6 is a schematic cross-sectional view of a deposition |ayer where
only a first deposition phase deposition is used for an entire deposition
| ayer. FIG 7 is a schematic cross-sectional view of a deposition

| ayer where only Elfe8 sedopdicaaiephetorssistatthgeask apiag 248 wn phafogsigld for an
entire depositiongl.ayer. Fl IS e 2f 48, RN Qeglkst et ch mask
usi ng 248 nm phoﬁ)lb‘eés{fssatt@Ele&c’%@dfg’%osgwﬁ(l) Ql\etlhéeltv%q%\? a gpepo%tieon | ayer that
has been deposghdt@esiaeehniddle phot or esi st etch nask. FIG 10 is a
cross-sectional view of a feature.in a photoresist nmask covered .w.th 5a
deposi tion | ayer .FI%' 16s aepegSectionel iew 9fadpghlp I 4 OBOﬁ%SﬁSI[%g}a&:sglogt% Ig(r%]méjmi chis
sui tabl e fsor LaploemBAldng a controller used in enbodiments of the present

i nvention. FIG 12 is a cross-sectional vjew ofé%feat rein a
phot or esi st mask fBGedl A iHestatemempHicpHEEsy Bhich {s sufgly for mpplementing

cross-sect i onal i 8w Qb LNEbaRldALSF R JhienRb@esi st mask covered with a
deposition |ayer. FIG 14 I1s a cross-sectional view of a feature

etched into the | a§iér IDislaowpssisectiohd tvinvesfiagates inupftpterpast fuagk fraed n t he

deposition | ayer er e deposition |layer and photoresist |ayer has been
stripped. 15F¥%%%a?§lﬁeﬁcg?rgmgtross-secti onal views of photoresigt masks for
produci ngigconduct i ¥ies. i 3 rescros@Gediodalngewt of thdizatpreiio theghbtoresist maskFb@3ed 16A- E
are schematic ¢ross-sectional views of a conductive |ayer processed
according to ¥Ah&AEERFUEATD! the invention. FIG 17 is a flow chart of an

etch step. FIG. 14 is a cross-sectional view of a feature etched into the layer below the
photoresist through the feature in the deposition layer, after the deposition layer and
photoresist layer has been stripped.
i5 FIGS. 15 A-C are cross-sectional views of photoresist masks for producing
conductive lines, according to the prior arf.
FIGS. 16A-E are schematic cross-sectional views of a conductive layer
processed according to an embodiment of the invention.
FIG. 17 is a flow chart of an etch step.
20 FIGS. 18A-D are schematic cross-sectional views of a conductive layer
processed according to an embodiment of the invention.
FIG. 19 is a schematic illustration of a device that may be used for practicing
the invention for etching conductive layers.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The present invention will now be described in detail with reference to a few

preferred embodiments thereof ag illustrated in the accompanying drawings. In the
following description, numerous specific details are sst 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
30 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.



20FI GS. 18A-D are schematic cross-sectional views of a conductive |ayer
processed according to an enbodi nent of the invention. FIG 19 is a
schematic illustration of a device that may be used for practicing the
invention for etching conductive |ayers. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS 25The present invention will now be described in
detail with reference to a few preferred enbodi nents thereof as illustrated
in the acconpanying drawings. In the follow ng description, nunerous
specific details are set forth in order to provide a thorough understanding
of the present i nvBmtineation prowided fepureapirhsmall ot 1/\@97@1&5101¥5(§CgheM§1@1 lled in

the art. thal LhgcRie e ihvehfueibyol [R% 00 wRh 2B G- MRt mpfR0r all of

30t hese speci f§€ i ns ances mMOWNn process steps
and/ or struct tlreq&oﬂoﬁsmtpfmtembxsmod&ﬁcmaﬂeﬁdrel n det a|I in order to not

unnecessarily obsgure_the present inpventiaqn. & nvent i on provi des
features with sma ¢ fagilifate rsﬁ?*%ﬁﬁéngls(a%fﬁh 18\\76%""5}3%{?%"5%8?@“3&

i nventi on §pr oyja8s uskdfiat shRinénk bf EPrSelthbal A aﬁeﬂn@@ﬁhdt&taﬁlsthﬁ@k@ of t he
phot oresi st pattern used to etch the feature. To facjlitate understanding,

FIG 2 is a hpgfided{sip 0b\FlEh 3 is srchempicsrsescctipnal VISHRS Ae9d8 i n an
embodi ment  of LNg; RSO QBstrae mtévﬁﬁ9@&@&%&&%&%&&&%@ i REavirded (step

204). FIG 3A'1s a schematic cross-sectional "view of a layer to be etched
308 over a sub#4, maerelmﬂﬁl(wowwaelpmrﬁ@%Wéueﬁﬂh@tmygsttstanhéw 32 with a

feature 314, 1 a 3 t g a
stack 300. Th8 1%};;]12%?151:%%5}{?1?3 dn%"s or Szlasé ?egmf)‘?'ny 8?1e5| gris Opggpﬁr@ﬁgﬁéﬂ%g

di mensi oni( CD)mdéMpa@tfbflﬂI&ymbﬁi bef 40 smmfs;ﬁosaaretfemrethesmlmfhr BIRGiOf the
smal | est possi bl e feature. ntI for 8 otoresist a typi cal

for the phot oPBYPIEFSRYP ‘E)"é% g esxﬁtsrp?y c?gﬂ]\?gﬁ%}ﬂ%‘?g w&g@gﬁ

| ayer is then gﬁgégggted over the sidewalls of the photoresist features to
reduced the CB (step 208 FIG 3B is a schematic cross-sectional view of
the 15patterned pAdbst sdhesidepesiid avep thgisidgwally of jasphototesise FBSTE&Y over t he

sideval I's of tfficed the D (step 208). FIG. 3B is a schematic cross-sectional view of the

15 patterned photoresist mask 312 with a layer 320 deposited over the sidewalls of the
feature 314. The deposited layer 320 forms a deposited layer feature 322 within the
photoresist feature 314, where the deposited layer feature 322 has a reduced CD 324
that is less than the CD 316 of the photoresist feature 314. Preferably, the reduced CD
324 of the deposited layer feature 322 is at least 30% less than the CD 316 of the

20 photoresist feature (i.e. not greater than 70% of the CD 316 of the photoresist feature).
More preferably, the reduced CD 324 of the deposited layer feature 322 is at least
40% less than the CD 316 of the photoresist feature (i.e. not greater than 60% of the
CD 316 of the photoresist feature). Most preferably, the reduced CD 324 of the
deposited layer feature 322 is at least 50% less than the CD 316 of the photoresist

25 feature (i.e. not greater than 50% of the CD 316 of the photoresist {eature). For
exampie, the deposited layer feature may have a reduced CD 316 that is 99% less than
the CD 316 of the photoresist feature. It is also desirable that the deposited layer
feature 322 has substantially vertical sidewalls 328, which are highly conformal as
shown. An example of a substantially vertical sidewall is a sidewall that from bottom

30 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
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- feature 314. The deposited |layer 320 forns a deposited | ayer feature 322
within the photoresist feature 314, where the deposited |ayer feature 322
has a reduced CD 324 that is less than the CD 316 of the photoresist
feature 314. Preferably, the reduced CD 324 of the deposited | ayer feature
322 is at least 30% | ess than the CD 316 of the 20photoresist feature (i.e
not greater than 70% of the CD 316 of the photoresist feature). More
preferably, the reduced CD 324 of the deposited |ayer feature 322 is at

| east 40% 1 ess than the CD 316 of the photoresist feature gi.e. not greater
t han 60% of t $idev@ls3Tapendd sndwfakbﬂ{@tomtésfas@tlﬂgéaltﬂmﬁel)) or rpad- Iqa ing gfemAlly, t he

reduced CD 324 of the de eat Le £ss than
the CD 316 of mﬂﬁgmlpeﬁs ttger(g 081{63%1@ urepr(o VH pnot téhﬁ:g‘%% hﬂé’%y of the
CD 316 of thedgasition esihskide %Ilwml)ckerﬁhnh tEe(mpspdu&Qn tbrhfhe H@trmsmfttmi | ayer
feature may have a.reduced CD 316 s 999 Ies e 316 of the
phot or esi st f BRtQrpsist f ?aE:“lPsMﬁ’resIBEfH’@égr%Polﬂéerf Usc‘tﬁ 3 F(%IBC? er feature
322 has sgbst@{gtérgglgt)fea\ﬁggtl cal sidewalls 328, which are highly conformal as
shown. An exanple of a substantially vertical sidewall is a sidewall that

from bottom 30t o E@wlmmtberaﬁc@ﬁgﬂ@ﬂ@flay@étwb@éﬁphs@@ﬁ&tbmg@&RP??PO@IF@ bot t om of
the feature. CONIQITRL ;) AENEI)S IR BofERRALL O dAYPInd RAlay DA be

substantial ly sane” t omt etopto ottomo the feature.
Non- conf or mal etshaiﬁaﬂal hsthrmyarhpib rth@feﬁiacaéBiZw@h@d inghdlpyea ¢ beoadbied §OF lgsmat i on,

whi ch id |
(from the T acSP R VBRhBrblje et e RPRT I el RESEE BRI . e
deposi tedgl aygk d@smw f@ymﬁessa ROk sibelpilager taakhe ED ofeotihd featutene

deposition on_the side wall is_thicker than the deposition t he bottom of
the phot or esi 3¢2 ¢fahg drpesitefitaver 370 fageny singedhy §9§’§EP§ﬂ’8§?PS§‘?EEé%Vebver t he

bot t om of thegapRoiHries tﬁczfn@l%rsﬁ&ﬁﬁer than thd €BBYE Bthapbt&BeA 3¢1,¢kedDi nto t he
| ayer to be etched 308 throug deposited | ayer features 322 %step 212) .

FI G 3C shows336 ¢fghe fertsress2 L@tmﬁas@rﬁo@p@tcbwqfiawrll@@Hﬁ@h@ﬂéﬁé‘@33} ®f In this
exanpl e, the pl%gjh&{ggé@oegﬁﬂggﬂ%ﬂ Bield fliod éa%sg,aggﬁahﬁg@mmé a CD 336,

whi ch is equa ep os a er ture 322. In
practi ce, 1510t ten G G361 e phdtereﬁlaabmféxeﬁazasﬂWamm fagtted ¢ Uread denfed, han t he

CD 324 of the_feat e d ay H(aﬁav since the CD
324 of the deﬂggﬁl @Pgé&]ayf’l tﬁ?u%g‘%ﬁ? e %%n}i?l}eééigﬂhy S {léer than the CD
316 of the pheh&asRsktskn addifion,tdTeceldd &B&amﬁoaﬁhgdé;ﬁ&lddrl@eﬁﬁﬁy tansd hfrcdtedrer to

be etched 308 is still srraller t han_t he iL (F)H {1 rqg&]hotoreSIst 312. |If
the CD 324 of °f Weedaphodrpeifestuydr thedyerip by clhedyHi is¢ls8 FEiPRIF OUBIMMmITe: he CD

of the phot or @sis3tion 8k tHelbokihB cHBRPBbLRG ! BYBFe. WaTerbig ehe20DaB6 bf@ad | oaf ed,

20 feature 332 etched in the layer to be etched 308 is at least 30% less than the CD 316 of
the photoresist feature. More preferably, the CD 336 of the feature 332 etched in the
layer to be etched 308 is at least 40% less than the CD 316 of the photoresist feature.
Most preferably, the CD 336 of the feature 332 etched in the layer to be etched 308 is
at least 50% less than the CD 316 of the photoresist featurs.

25 The photoresist and deposited layer may then be stripped (step 216). This may
be done as a single step or two separate steps with a separate deposited layer removal
step and photoresist strip step. Ashing may be used for the stripping process. FIG.
3D shows the stack 300 after the deposited layer and photoresist mask have been
removed. Additional formation steps may be performed (step 220). For example, a

30  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.



then the CD of the |ayer to be etched m ght not be smaller than the CD of
the photoresist. In addition, a faceted or bread-loafing deposited | ayer
may cause a faceted or irregularly shaped feature in the |ayer to be
etched. It is also desirable to mnim ze deposition on the bottom of the
photoresi st feature. Preferably, the CD 336 of the 20 feature 332 etched in
the layer to be etched 308 is at |east 30% | ess than the CD 316 of the
photoresist feature. Mre preferably, the CD 336 of the feature 332 etched
in the layer to be etched 308 is at |east 40%Iess than .t he CD 316 of the
phot oresi st f eat UfE: 4 Mssrorpdepidsddismchartpéthedennst iy evResidaliePe 332 et ched
0 the Laver bieetohet d0fusch b 9ae AelSIMERAD doheiBegfrol e
phot or esi st feature otoresist and deposited | ayer may then
stripped (stepd@ddly of ﬂImtcsemﬁeabeesct@ rreluersCla step ABY eongtriegs aofirstdspossiéquar at e
steps with a separate de osi.t.ed [ val step and photoresist strip
step. Ashi ng %‘3%@3{%33 ?Oggd?ﬂ?émg%(%aﬁ%%% process. FIG 3D shows the stack
300 after sthe dem}&tﬂnm:bﬂmsdecﬁmaﬂﬁhphotorem st mask have been renoved.

Addi ti onal formation steps may be perforned tep 22\# r ex rrple a
30contact 340 mayfhe# BENFRATGSIEY ‘Pfat%n?"é’éﬁ“g? 89{@@“ a

damascene st rQeh Wiiep&itidz@RChyTBYcHRE, SlcCghie fk glabhepeanrtias EhahlﬁJef or ned.
Addi ti onal processes nay be perforned after the contact is fornmed

FIG 4is a rr@%cm«rsweaﬁmx@m@maﬁ@ 67 UPPRS cleeirsisisPH adgwst clplpdesiOieval | s of
phot oresi st f C @}@p I e deposi t

| ayer over sn%g&%ﬂl c(flgét&loergdelézi:&ts esazt%grg[g“s3 qu ogoplgeﬁg@; Cﬁ%%lpﬁ 50

conpri sedfa fdw;&hudmmsmﬂmmﬁl%mﬂaseo@ﬁddawdltmngwomde ﬁlbﬁpdﬁxetgamumqase 408.
5Exanpl e of DiLglectric Etc mat i c V|e | asma
processi ng ch 7Y emRprishAjditRT! %@S?}g%e& Sﬁg}ascfgﬁgaglfnlglgﬁs * et chi ng,
and strippi ngpla@?ﬁ@pr@b@&@c&h@@%t 1hg sERanb e ﬁ@ema@mmpm@ mﬂ nement

rings 502, an upper el ectrode 504, a | ower electrogg ﬁg s source 510,
and an exhaus#legindp 585 olheppwerglectrads J08 dnosmRyTai e A Itales S'1”’iter ‘f'L‘B%Iepo& tion

gas source 51g.andis (8! CQB%&%H@%&h&}ﬂca%‘l&nﬁﬁlgr&Qheﬁﬂl&) fof AGld@shesOUr ce 510
may conprise additional "gas sources, such as an etch mge as _source 518.

Wthin plldsnasybsoaeded. igeeprsiosiap B8 ncometes hasinnat decyo dyperadi oned upon
the lover ele @&&nlgf&ﬁ%os?[@&e T B L80! NGALROIAL BRcA Sl Labl &

substrate chuckin ni sm ectrostatirc ni cal clanping, or
the |ike) forellacitcﬁla 1308, tahécdxﬁislabsttmgse:(ga‘rﬁ:hnéﬁhe cwm’alcd plaasmmmhsﬁ@ Gregor por at es

t he upper electr osed i dlat Q | ectrode
508. The uppe?“pgfgitto 6605@11}35% pﬁngbvevP % bgtt{a%%ag §1t0 s %:Soeﬁk?u%%%g%% rings
502 define t hgeconthcdthsph asme abugiahe @aﬁnmersuﬁgﬁ fmednd @ dxheuse paf bped

pl asma vol une by the gas sourc and 5:4{% exhau ed fromthe confined

pl asma vl uneller‘i’?d&)‘l&‘@tl"?“[“ﬁ’es@oﬁf e heiRUSe] Coé‘ﬁscé?gﬁa upB‘Efrt by

tth he exhaust ¢RI 584 A@eéohﬁﬁi’*‘sRﬁc@W&@la@ﬂéally%oﬁie@@&fdﬁ@lolwbér connected to
e upper

electrode 508. Chamber walls 552 surround the confinement rings 502, the upper
electrode 504, and the lower electrode 508. Both the first RF source 544 and the
second RF source 548 may comprise a 27 MHz power source and a 2 MHz power

25 source. Different combinations of connecting RF power to the electrode are possible.
In the case of Exelan HPT™, which is basically the same as an Exelan HP with a
Turbo Pump attached to the chamber, made by LAM Research Corporation™ of
Fremont, California, 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

30  comnected to the lower electrode, and the upper electrode is grounded. A conftroller
535 1s confrollably 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.
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el ectrode 504. A second RF source 548 is electrically connected to the

| oner el ectrode 508. Chanber walls 552 surround the confinenent rings 502,
t he upper el ectrode 504, and the | ower el ectrode 508. Both the first RE
source 544 and the second RE source 548 nmay conprise a 27 MHz power source
and a 2 MHz power 25source. Different conbinations of connecting RE power
to the electrode are possible. In the case of Exelan HPITm which is
basically the sane as an Exelan HP with a Turbo Punp attached to the
chanber, made by LAM Research CorporationTM of Frenont, California, which
may be used in a FiGebétsedd eifbdidstrtnd capfputdn eysiany &H0; which betitebider 27 MHz and
2 MHz power sources .nake t secaond power .. so 548 .30 nected to
the | ower el eﬁpﬁ%ﬁeélfm%ﬁao#‘ﬁgerﬁgﬁé‘ﬁedé%% ¢ gr\ﬁ?gfta%ﬁ%%gh{n%%h%hfﬁdl | er 535

i s controll abjy geRReat peksibl ghigcdRorBaiftieesmbdi; sysi, Cfxbassthepunp 520, and
t he gas source 510. The Exe] an HPT woul d _be used E,hen the | ayer to be
et ched 308 i sCORRFEFEEER may haygarany shystablras 1egiph TR p LrieFatyt GEit il i cat e

gl ass. 5o Fiinfeed Aot Fodnd 4 Bk hﬁﬁhaahgvi& @qmt&hgdsuﬁ%%ﬁgmﬁoo, which is

sui tabl e I npl enmenting a controller 535 used in enbodi nents of the
present i nvenCpwputerygem 1390 whiydes aonenitoo s¥i2bt disppy 5106 o houpingnt 396, £ he

comuter sySt & 4. GOHSEd e ATLSLoAY FLOMHIAREKS diiphy ST o2

forms ranging froman i'n circuit, rinted circ oard, and a
smal | handhel gtadi®ld realiup nied ta trimsde dsta peanddommpenngruter @atgpul ¥, syst em 1300

i ncludes a nonit 1 , a displ 304,. a haqusing .130 [ sk.drive 1308,
a keyboard 1310, Qéﬁd%gfﬁﬁﬂgémi@‘i@a %?%wzﬁ%%?qrgoggxgg%%}?%% Qdea‘lgtéaﬁﬁ%d nedi um
used to tipansisteatbas 1320anghwideantia oPiibeteais PRI 1312 @so dkBrdds an

exanpl e of a block diagram for, computer system 1300. Attached 10to system

bus 1320 i's atofs@eniiphPiogesHngpnits, B coppleriesiopree dpvigesoipelading o ref erred
to as central Sh N I S b 8 cBQUR aagm-slgyi ces,
m@ﬁqﬁ%@%ﬁ. Elvigl-h'abl 1832% 9{0111_@%4%)1«:1&1 £ Wy tFOn S (%AM

i ncl udi ng nmenory mory 1324 1 ncludes random access nenory and
read-only nmenmeyotRRM). As 15 welhshdwrkindiarari, ROM ectatotiransiondatecand t o transfer
data and insty I..QNns i-di t.] AN :@”‘Q J

typically to {nlrégé%&ésrung'g%rg{gffé%lﬁc}b;a{r%z(tﬂr%%r%| ons fr%ggt fH recdtn?fgﬁa 9manner.
Bot h of tlses eand/ipgsictifnsie rbr-diestiomy) manek.uBeth @i thesupealof mewprigshaay

ot e B R g i P

bi - di r ect i onat't® tron storage capacity
and may al so iz ibgieo adpleahi-thetieanpus ertrisaziabrevidedidditices dith bechgbel ow.

Fi xed di sk 1326 may be used . to store_ prograns, ta, and the like and is
typically a 29@@%&?&&&%&8@&%@6%@% %%%Wra?%gblﬁalﬁ%agF%E?EWE}W-i s sl over

than primary ghLg aggayéistmw Bl usBfioRRRE Sokate tat@ld héByd AAG wHELAIRMN I et ai ned

within fixed disk 1326 nmay, in appropriate cases, be incorporated in
st andar d Z0ashssnndgsy sipmgambdivr r(mlpg ag hhay@ dagk\that is slower than primary storage. It

will be appreciated that the information retained within fixed disk 1326 may, in
appropriate cases, be incorporated in standard fashion as virtual memory in memory
1324. Removable disk 1314 may take the form of any of the computer-readable
media described below.

25 - CPU 1322 is also coupled to a variety of input/output devices, such as display
1304, keyboard 1310, mouse 1312 and speakers 1330. In general, an input/output
device may be any of: video displays, track balls, mice, keyboards, microphones,
touch-sensitive displays, transducer card readers, magnetic or paper tape readers,
tablets, styluses, voice or handwriting recognizers, biometrics readers, or other

30 computers. CPU 1322 optionally may be coupled to another computer or
telecommunications neiwork 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-
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1324 Renovabl e di sk 1314 may take the form of any of the conputer-readable
medi a descri bed bel ow. 25CPU 1322 is also coupled to a variety of

i nput/ out put devi ces, such as display 1304, keyboard 1310, nouse 1312 and
speakers 1330. hi general, an input/output device may be any of: video

di spl ays, track balls, mce, keyboards, m crophones, touch-sensitive

di spl ays, transducer card readers, nmagnetic or paper tape readers, tablets,
styl uses, voice or handwiting recognizers, bionetrics readers, or other
30conputers. CPU 1322 optionally may be coupl ed to another conputer or

t el econununi cétscebal Methetoisesy Eimhyrmerevivetkod thodiegns of fipprespittipvestienh a
network inter [ 1 r pve
i nformation f%%ﬁ§¥%§&€2%&§&E§%%pﬁﬁ?gﬂ%&%ﬁ%ﬁﬁgg?ﬁ¥gP§§%p%%m§%ﬁ?ﬁe network in
t he course of Iigeméton nemignetiieweh o vgnote GRE ¢hidt Meatesrmphioa of thegsocessirgt her nor e,

met hod enbodi nment f.the present i.nventiaqn ute sol el on CPU
1322 or ey execul gD APRERRBIEt LA ES R A eteE P BERRot i on wi t h
a renote GPU bkiaadze phan@swah Bebihpatr-1eidablenddi@cBsSiaRgcorhiit@dedd théBon

enbodi ments of the present invention further relate to conputer 5 storage
products wi t h % FEBRFIRRTAToB SR IREIC B PhererHae The msdieard eudrher eon
for perform ngogahdytsn&e Tl dbdRl-8 TRINSE-RRATH tho oszp@ftg@gae&nand
conputer code may be those specially designed and constructe or the

pur poses of t hevephasemhey maxbe didhe kind welhleyowpeapd Beailebletdiiosd hadingekill ik nown
and avail abl e L ' | I . : anpl es
of conput er-rtta%ie A gt%ﬁesp Ia %@f@f&pl%&ﬁ%?%&%o aﬁ%@% f%‘lgl{aél &(;‘. ﬁﬁ%ﬁgﬁc

medi a suclD as lihaed tod imskisstic iledppycidistis] diskadflopag iskd, and apeietioppt; opticairedi a
such as CD- ROV .and hol i ¢ .devi ces; magnet o-opti cal di a such as
Lot foal —di SREARIE RATARGRE Hebeloatbih sPndRch seb iy HERTgtFod +o
store and exe(ﬂld%»ﬁ:apcﬂi%ﬁ A0 HaQBire EVidas St APHlctiay ¢RMzHREE fdrs add R at ed
circuits (ASICs), programmabl e | ogic devices (PLDs) and ROM and RAM

devi ces. Exanpl¥smfoEonphteprisien-werciaaaerime (2Yge), regermadleor oduced
by a conpi | er joanyidd ?iﬁ?ﬁh@i(ﬁﬂ/ﬂbﬂd Mﬁ‘ﬁéﬁée@.‘ﬁ?ﬂmn‘fafé@%fE&ﬂ}uté%@deexecm ed by
a conputer using an interpreter. Conputer readable nedia may also be

conput er Bodeinchda smechineepdsysuah expvpdiced batanniliey wad fleprbudiiedg higher carri er
wave and repr L I r i ) le by a
processor. 2og§ﬁ§Pd£§%ﬁ% gggﬁ%§gﬂgé”gﬂﬁ%ﬁgééngﬁ?$%ﬁ$dg@ﬁ%%%?&MQQane
exanpl e of a hiedstmayeodieconputpirade rd4Qhittd\byheoGhidEr depdgial trabndigliing a

chem stry of 250 seem Saséandar (% cubi c cent.l tcgrs per m nUtﬁé ﬁr and 50
sccm CHBF, at *§ PFe¥diirad B satng fSrP e SEITERBy MBS BT AY° & Yat val ve
of the turbo piygssé0 1000. The 27 MHz RE source provides 500 Watts of
power, while the 2 MHz RE 25source provides 100 Watts of power. The chanber
t enper at we i s mePieaseglegmay gse other deposition devices. :

One example of a first deposition phase 404 may be CH;F deposition using a

chemistry of 250 sccm {standard cubic centimeters per minute) Ar and 50 scem CH,F,
at a pressure of 60 mTorr, established by setting a Vat valve of the turbo pump to
1000. The 27 MHz RF source provides 500 Watls of power, while the 2 MHz RF
25  source provides 100 Watts of power. The chamber temperature is maintained at 20°
C. A heltum cooling pressure, to cool the substrate is 15 Torr.
One example of a second deposition phase 408 may be C.F¢/02/CO deposition
using a chemistry of 270 scem Ar, 12 scem CyFg, 8 scem O, and 100 scem CO, at a
pressure of 50 mTorz, established by setting a Vat valve of the turbo pump to 1000.
30 The 27 MHz RF source provides 1500 Watis 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.
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C. A heliumcooling pressure, to cool the substrate is 15 Ton. One

exanpl e of a second deposition phase 408 may be C4AF6/01/ CO deposition using
a chem stry of 270 scam Ar, 12 sccm CAF6, 8 sccm 02, and 100 sccm CO at a
pressure of 50 inTorr, established by setting a Vat valve of the turbo punp
to 1000. 30 The 27 MHz RE source provides 1500 Watts of power, while the 2
MHz RE source provides 480 Watts of power. The chanber tenperature is

mai ntai ned at 20 C. A helium cooling pressure, to cool the substrate is 15
Ton. FIG 6 is a schematic cross-sectional view of a deposition |ayer
620 where only t G4 isstsclepts toserciphabded epodivosition lagerggewhésonkin entire

deposition | ayer. 620. .The .deposit...on. | a 620 .1 S . hot or esi st
mask 612, ovefe it iWESlgTbPhaB%;‘gﬁpogh?%?él é{ﬁ(’%r PIREES eé‘gd)ﬁ%%g?ﬁ%}égaeof aTelllgsubst rate
604. The phot @yesidi 1ayR Sk Blemfeatons: aplib@adsist @adk @24ovet m ARLS1@xsempl e, the
first deposition forns a "bread-1|opafing" depositiaon | . The

br ead- | oaf | nglata et oA SPREF 3 wheHLE  APS DERPTEY £hh AEPS e |
deposi tiog 632 ,ngaf,; %@m LRPmekird B&obiRah Hifs 8 Atea-loRfifQEpdsBion M. Si dewal |
deposi ti oﬁ 63%14h213§115{ e go{)tt o_mr ofgptohle f eat ar e. eTherél:‘[g;r eI,) thi s, deposition
provi des a nofhatoedddpafils dspatitioal liyedissbapeteind bxa dhicks: 4epBdidepdsiioBoes not
vent ual |y pi ForEe o7 Foa B imure £ er 1 sRicpaBlicRual O MaLRLL T 00 7
| ayer, since bdi@nCahcafeitus Iﬂhe;i’aﬂ)_re:, s égposifibn providercn lmngiw:nfwgndatﬁewglldone.
onl y 1 he secoffPotBBbSIER SR SABJBLFeT Bh e e aa T A SRR e
deposi tiqp | aygdwalid OThheadlRaBeNashthAIB pind@YLsfr hdop, Shfchriradansebe a

phot oresi st mask 712, over an ARL 710, over a Ie%%/?er to bgc et ched 708, over

a substrate 70%d aThmages lavasinge thegportagtvillpog clogedplt andmgelehing panps, ) g
exanpl e, the first deposition forms a "faceting” deposition layer. The
faceting deposition layer is characterized by a thinner (or no) sidewall
deposi tion 732 neRE. ¥ fser schymatic crdse-sdctional viewoi g dgpasition kayer B0qdwen qnly
deposition 73§ near .the hott : sl : 7501
deposition al i S‘E)Gro 8‘\1/ Pﬂ)é)glggﬁ ngaﬁnle g%]r?%lgr&ﬁéﬁmésﬁé% red%%g&g{lﬁ%#r If? Sl¥hﬁe

si dewal | s|sneategokidori perare it foamddriver a pladetdist a7 0l 2o pverlae ARROHOr@'si 8t mask

712 may result. Such deposi tion,does.not_ provide t he, desir .
subst anti al | ylay&rip ﬁ‘éﬁt&@i ’%gv%ﬂe{ %S“Pﬁtéﬁ‘? 3@4651’??58%1? "t lﬁtem%sgﬁﬁ’é?%n%g? foepge
phot or esi st Mask H@Ys CauHR, HRWRE depdhios ehestal Hckingladpdsitioh layas KTher osi on.
The faceting of the mask will also result in

) c faceting,of the 25 hed
profile. In afaei dpesitiondaer isshuactered & 19T i ogt %%%WHPHSWS{%‘HB%? nal
stched prof il e iodb0r h8fhRLna i tRiERr LRBIPEboYEH! TSTHlcanliobirlomn graner al |y
translates into the etched material. Therefore in an_exanple of a

pr ef er r ed2Ce b Gedivme rifherdfore Hbisidanasiiton alse pravises p per-cendprsg sifoyrligeesiionos and
t he second de i t.Lon..phas ot anp! : d for 6
?ftﬁ%m?eiv‘;aé nedl glggtlg areTod s gl% 7?(% Effgg E}é@t&%mgi%gsf( e{nak

cycl es, where I'on pha i seconds and t’he
.second deposi tdsom Plvhseled@Bidnsioboiot pviiedionttsiredSubiardiatie patidal sidewallsul d have
a first deposition of the first deposjtio hase 404, an ..second
deposi tion of Tﬁlﬁ@“%t@éd’l’? e fepE Orf%}f’riﬁ‘ﬁ{%?gpl ,m?yhcé‘nﬁscalOgﬁriq:;w%ﬂglg%t%g?t i on of
the first depgsd fiQRasRRASRNAQhe fackthRdf thefnRidk Whll dispasilt indiretfig 4fhibe Second

deposition phase 408, which is repeated until there |s I fth
deposi ti off FrEhedprpileqIn dmortiad st O&C‘?)WSFWI%’s?if%CFtegt%ﬁl tﬁ'ﬁbﬁﬁ§ﬁhe%si ng 248

nm phot or esi s tproﬂle is also faceted, since the mask vertical profile generally translates into the

etched material.
Therefore in an example of & preferred embodiment of the invention, the first
deposition phase 404 and the second deposition phase 408 in the example above are
30 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,
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The photoresist etch nmask 804 has a plurality of photoresist features 808.
In this 5exanple, the photoresist features 808 have a CD 812 of 206 run. In
this exanple, the CD 812 is the dianeter of the photoresist feature.

FIG 9 is atop view of a deposition |ayer 904 that has been deposited over
t he photoresist etch mask using the above descri bed exanple. The deposition
| ayer 904 has plurality of features 908, |located within the plurality of
phot oresi st features. The 10 features 908 have a CD 912 that was neasured,
in this exanple, to be 115 um which is 56% of the CD 812 of the .

phot or esi st f 8t afeirthsigpesiiion of the sepng depasiiiop pbase 49 sihichds reagpiad wiht ure i s
44% | ess than,the f..t phot oresi st feature. In this exanple, the
CD is the di anﬂléeeengg?é%ﬁg 51211 ure. FIG 10 is a cross-sectional view of a
feature 1002 in aFghétor esiviiv afaghoibBe4t dScovskrédd vsing Pi8pmlplpdeiesiston | ayer
1008. As sho the feature 10 has suhst anti al | erti idewal | s 1010,
so that the x}h‘f Hhoé‘?reﬁlﬁgt#é%?#ﬁg 4 hag a?ﬁ’ﬁgﬁ%ﬂfﬁh&f‘ﬁl?}g{ ﬁeg&geg%gé'aﬁotﬁé the | ength
of the feaf ur exsHA2 the phofsskist fedtiresBDShRWETD @I §11206 Sind @iveid &ainglehihghl y
conformal, so that the layer has a uniformthickness fromthe top to the

bott om of t he GEER7 the dpgifasol the phaforgsishipaldesect i onal view of a feature

1202 in a photoreﬁﬂeﬁ.biwag vk of RpEBnUS N 0PN AGRs HUBh RBLBESLSthe | N this
exanpl e the photoresist feature has a CDof 250 urn A two phase deposition
is used to pr obétdwsist ethbpoasi wbiog theapere dosamibed ¢rampied dina derpsigion tayer P ot or esi st
mask 1204. The t ha e Lt,LO . j, f I t t he
previ ous ex an%flsep\.,igrﬁﬁ%&%gg’l“%%gg’cl?%agesd n;g g%r?lﬁlg Hgllrﬂi\ﬂ{ éﬁhgﬁgﬁsﬁg&? tggets 'u?§é125 1202
in the phoi or ésihsts 9MaSkvel20D XD VRL @ak Médstred, ial épposdatmplntolteyiés nh2@Bich The CD

of the feature in th position |ayer 1208 is, 140 The featu in the
deposition | a t’/i?@gefd’ a]éé%ﬂ’te(?h%tf’{eﬁ‘s'aé?%esro %%M ﬁéz %ﬁB‘E %@8@1{3& . FIG
14 i's a crossiSeckhanal 405 e Obn thefCIRE 1Y & tHAObtoRdsth Rt U0 tHi\ekatpyer 1408
bel ow t he phot oresi st through the feature in the deposition |ayer, after

the deposi ti ofd@lyérthadampiibtidheSrste | ayer has been stripped. 30The CD of
the feature 1404 kg; 146 NMihss-sectiondiNGevRbE &J.fe&tﬁretlgoz@erht]fhg{o(ﬁésﬁ@m!'aﬁgt iggsof etch

tinmes of the first deposition phase 404 and the secon eposi tion phase 408
provi de ahot heovesshwitiod depasitiemlager 180Hr dpshownathe &alirg 1008 hassubdtagighst antial |y

vertical and confgr lgl?)si g)f)i b et B x{i'dtﬁa%?‘ﬂﬁ%agﬂ-ggs"guﬁét&ﬁaﬁﬁhe g&ht%alo

deposi tion Ia;‘/ ORI SICKT e tOo protect the oresi st mas 0 I rcrease
et ch sel ecti vitig/lendth bithe fantd W02 par aidiioerthe pyawndiekideyatihs highlent i on t hat

Can 0, U500, | 0, R0k IR IEROELL o0 B BLER Bh PUTIS el YEL B, |
(such as CH3F/fQeurkati o or
20 FIG. 12 is a cross-sectional view of a feature 1202 in a photoresist mask 1204
formed using a 248 nm photoresist. In this example the photoresist feature has a CD
of 250 nm. A two phase deposition is used to provide a deposition layer over the
sidewalls of the photoresist mask 1204. The two phase deposition may use a different
recipe than the previous example. FIG. 13 is a cross-sectional view of the feature
25 1202 in the photoresist mask 1204 covered with a deposition layer 1208. The CD of
the feature in the deposition layer 1208 is 140 nm. The feature in the deposition layer
1208 is used to etch a layer below the photoresist. FIG. 14 is a cross-sectional view of
a feature 1404 eiched into the layer 1408 below the photoresist through the feature in
the deposition layer, after the deposition layer and photoresist layer has bsen stripped.
30  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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5C4F6/ 02 ratio). Other gas chem stries such as CH2F7 i nstead of CH3F or

G F8 instead of CAF6, etc. may be used. The ability to formfeatures with
smal ler critical dinmensions, wthout changing the photoresist, allows for
smal | er features w thout purchasing new |lithography equi pnent. In newer
generations of photoresist are used, the invention provides snmall 10CD s
for the newer generations of photoresist I n other enbodi nents, three
or nore different gas chem stri es may be used providing three or nore

di fferent deposition ases. npl e of Conductive Layer Etch 1In the
formation of eéwaeien gé'ﬂ‘ll?r ﬁ@sﬂblesteé’FPt%ﬂW%tPreé]éﬁ%s&% regie Hlnory 15devi ces

Rice Tlash megmlai! tohé d’gﬁédl g?@hﬁﬁk%éﬂ"@eﬁﬁ% ih&iibiinel GR®S fsfto t he

conductive |ines and/or cre he spaci ng between the
conductive I|mmﬁohﬁbGmmmﬁowmmékawwrmsﬁmgeﬁnwhﬁéﬁﬂvb@wﬂwmt@RphotoreS|st mask
for producing,c ve. i when spaci | s too cl ose
according to g??é’ Ilﬁ%l;pogppn?%%pﬁg %aﬁﬁsefn% tpgr ?gggWS uc%%éd% rgt?%v%ﬂf er a
battier |ayer cjréﬁz;@ TRy, DehepEachehis@éesuch AeCHa,Mihserad b&YHSF 4S0Fs BBtead
conductive | ayer 1508 such as a netal |ayer or a polysilicon layer is
formed. Over tHeFedsHdi@Y PyBflayer 1508 an antirefiective |ayer (ARL) 1510

such as a DARC |aYl%rabil§§( to%x@@%atu s RhBh RS cSiticdralendiods? whthodt QraRthgover t he
ARL 1510. In this exa phot oresi st mask 1512 forns |ine masks 1514

wi th phot or esﬁ@ﬁ)h@fe@ﬁléﬁuéﬂ%lfsf mlﬁre@atms ¥HBeW SuI5BIsiied VIR sraPE nasks 1514.
The presence (i eﬁrﬁ&[‘f pﬁ%%ﬁ%h?&n&n%%k ; ésgée%ré Bed AeARRRHoPYroPaeVingiing t 00

smal | of a spa ween I ne na since it is nore difficult to
renove rd9i du€Dfy forita nswad denspane of hoigestsby |init the density of the

conductive lines fhat e provided. F : secti onal
view of a photore iozlierﬁ”‘g‘g‘féﬁlfgﬁﬁgk”?e?rm Iegl%feﬁggaéggﬁgﬁ%}g iﬁgn'g%é used in
the prior artFio@xdatgtt&rmbrﬁn@;e@l«@d&ﬁﬂﬁﬁao&h@npﬁﬁhﬂ em 30created by too snall

spacing. The line masks 1514b in this_exanple are nmade thinner to allow
wi der spaces 152 ue and maintain the same pitch or

In the formation of conductive lines, such as metal connectors or memory

15 devices like flash memory, it is desirable to increase the thickness of the conductive
lines and/or decrease the CD of the spacing between the conductive lines. FIG. 15 A
is a cross-scctional view of a photoresist mask for producing conductive lines, when
spacing between the lines is too close according fo the prior art. Over a substrate
1504, such as a wafer a barzier layer 1506 may be placed. Over the barrier layer 1506

20 a conductive layer 1508 such as a metal layer or a polysilicon layer is formed. Over
the conductive layer 1508 an antireflective layer (ARL) 1510 such as a DARC layer is
formed. A photoresist mask 1512 is formed over the ARL 1510. In this example, the
photoresist mask 1512 forms line masks 1514 with photoresist residue 1518 formed in
spaces between the line masks 1514. The presence of the photorssist residue 1518 is

caused by providing too small of a space between the line masks 1514, since it is more

S
wh

difficult to remove residue from a small space. This may limit the density of the
conductive lines that may be provided.
FIG. 15B is another cross-sectional view of a photoresist mask 1512b for
producing conductive lines, used in the prior art fo attempt to overcome the problem
30  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 previcus 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
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density as the previous exanple. One of the drawbacks of this approach is
that thitnmer |line masks 1514b result in thinner |lines. The thinner |ines
may result in less reliability and poorer performance. The thinner |ines
may result in smaller transistor areas, which nmay cause a short channel
effect and ot her performance probl ens, such as short channel effect and
hi gh wordl i ne resistance (causing a slower speed)). FIG 15C is another
cross-sectional view of a photoresist nask 1512c for 5produci ng conductive
lines, used in the prior art to attenpt to overcome the problemcreated by
too smal | sparsliphjlityland pesrer papipinianat. i Breshinper lines e gPRsir emtlieataashiéer] i ne

masks 1514c h%t%& LR&n ﬁ‘%g%au\% 9&%@&1&&%@&3%%%\:&5 afoixﬁgﬂ%%rdbr\enﬁéqktﬁshexarm' €,

the spaces 15 prevent resist resi [1ne masks
1514c are al sas shod ehannél&ffactraed; I:nlgh wotdime piststzhed (sausmgrebsedsad))-t he density

f the Ii [ b d I I d
Conductive 11 nes B0 FRauCIHB St R oBLt hah “FRRBE SRR TR EEI ni ng w dor

line widtBs. produclifecorit@fivé B3] used BOBSrict RS atidinpl toavertotie ke ;h’lﬁolhtﬁed to
facilitate the under st andi ng of this embodinent. of .t he ﬁnveqtlon

patterned photistiedpsioo gaaksiasing: Byoaearplseys Pbigydesiyapig that § fing n}i’"“]%sc hemati c
Cr0SS-Sect | ongagy Uiy e (Rf saﬂ:tecvﬂﬁﬁi}ég Eﬂe\éﬁacqe? h%e rStrIo@ iPBis@kahsd ldQBcqver a

battier |layer 1606 over a substrate 1604, a patterned ghotoresist mask
1612 form ng t@zs’akarépmn@swmejmprwntmesmwdg@é}@émmb 1Aée epalsoidsr. over an

ARL 1610, over the ﬁg &%Hyﬁmk%%ﬁfméhgﬁmﬁﬂ¥Qﬁ%ﬁﬂﬁﬂ%ﬁkﬁ£? photoresist mask

has a space crl Fea 6 of the space,
and a |in@ CD, mhnmhwm&mmhepmwﬂhhuﬁﬁaﬁmﬂyphhﬁtnm@an¢h@sbgﬁmnderesentIy,
for 20248 nh hot oresi st__a typical ,CD for tgg S ce width CDis 0.16um
General |y, aRE PRVEED Hies Wofls mamiainipsg, ridgh i s made wi de enough to

provi de the f0|’W&THeQﬂgtﬂévélBﬁ)e%@E&vﬂlﬁiHG@@hﬂieﬂfsaﬁﬂoﬁclmﬁelﬂmjt phot or esi st
residue in the space, The dth. of the photoresist mask lines is thin

enough to pr ovRdsestanding o4 isssebodispist 9§/ﬂ1%ﬂlve8wauétﬁatﬁen?4 phebress MagkiSt onual
layer is then %@Eﬂé st@d>o@)Vq1ftetf@stﬁla%@ﬂ@latlé cets-tebﬁﬂﬂah\sqt%m&tdu&eet ures to

reduced the he space (step 208) 6B is a schematic
cr 0ss- seclsi onmym\/cpevvetulfxedtltﬁés p‘a‘ft‘-ftilé)ﬁlfli@dlﬂmfdﬁ@ﬁ e@r Stsuhfiﬁ%fk lgE >ithjat h a | ayer

1090 §oPoett © fulsh hSSLAENR R Rlnbl SR RCABHE il eROSl 10 | BV EY

1630 fornms a Hep05| er space |n t where the
deposi t ed | ayéfersbpiaeen, bﬁ&%nbta& BSl:BDwedt]needtdmtdtehay(eCEQOSJtGBeletcﬂrwit Ths | ess

(henLhe 0L 1016, Ot MEck SRS L8 AJCHS 108, LB ARRA|d G vt
than the w dt by:b628d efind 0B, Whisk id theREith b4 of BieehLk Bhdsy1614. hheie&ﬂjd(fﬁd wi dt h
1034 of tzfg)e dggé) 1?1;1t ggtole?t%teartyglgﬁ%% t:!b??hze s;)z?ce%&ldtlh%%st[s 021%'?1/1011| %Seneraliy, rh the width
1616 p
width of the space in the photoresist is made wide enough to provide the formation of
the space in the photoresist without photoresist residue in the space. The width of the
photoresist maslk lines is thin enough to provide an increase density of conductive
lines.
25 A conformal layer is then deposited over the sidewalls of the photoresist
features to reduced the width of the space (step 208). FIG. 16B is a schematic cross-
sectional view of the patterned photoresist mask 1612 with a tayer 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 deposiied layer space 1632 has a
30  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
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of the mask space 1620 (i.e. not greater than 80% of the wdth 1616 of the
mask space 1620). More preferably, the reduced width 1634 of the deposited
| ayer space 1632 is at |least 50% | ess than the width 1616 of the mask space
1620 (i.e. not greater than 50% of the width 1616 of the mask space 1620).
Most preferably, the reduced width 51616 of the deposited | ayer space 1632
is at least 70% | ess than the wdth 1634 of the mask space 1620 (i.e. not
greater than 30% of the width 1616 of the mask space 1620). It is also

desirabl e that the deposited |ayer forns suobst antiall g vertical sidewalls
1642, whi ch apldhhmgH spacedfES Hipaiot gicatshbah SO°ART Bk Apdh d O by ofdhesrapdesairei al | y

vertical Stdevgol MSredreitabiiht rdalah Jiatﬁ%?ﬁéﬁtﬂﬁ%gsifee&y@%% @ angl e of

bet ween 88 10to the bottom of fhe space. nf_ormal sidewal | s have a
deposi ti on | agtdeast 04t lebmibarsthb stidth 6 & dfyhd hekspave 16H] b metgredterghat he top to

Lhe oLt om of i he, SR3ER, 1T B ASENRL06 SRDCHERIIS, bevate gyl o @

to provide a % (o]
pr ef er r ed sembpalisraE e depdsited hérgaca 168Miducleisy 20% dgethan theevidbp 634 sithe | ayer

15is conformal in all directions (isotropic). .Thi esults.in the | ayer
over the ARL HgICPEES 1§e0 5ot 355?“3% Hﬁaﬁﬁ(goég’fﬁ%’r&l;tgﬁ}g%‘ﬁH‘EW§51‘55PEF§V\/aI I syof t he
mask The Condu?ztob.vmsla@befesiﬂa@fé&}lme&s Sikehod bid:Queiarkib®y deRasi ted | ayer

1630 (step 212). In this exanple, theoetchl ng step conprises at |east two
separ at e et cheidswadls 1642, wicharaldshiy cqifgmal 38 shayin. afR Y@ ybsissily on | ayer

etch i's used {08l chot iR, 2086RAPILAD BYST HI3PmkSkER OB onrldBesl6C i S

Cross-secti ona%‘lw ew o tI%e su%st rate a?t er t%gm eposi tedéﬁ ayer is
ani sot r ogiocal toy208withde: bofthwe of dhempaien §odpoaisidesallsders 2 fleposiBoslagerwladt | s 1642

around Lhe. ot el LSOO LU BBt & U520 Lo

Cr 0Ss- sect i onglocask Wa@bndudgveslas blchieabaf ib providea confodnsltldyeeinlaayete i s et ched
to formconductive 25lines 1646 with spaces 1650 forned therebetween. The
conductive |iAd&95ig%6 have a width 1648 and the spaces between the

conductive |ines paysyraembdithokfng f@SichReWRohdiciitdGayck Gkt dBb&icH BRRkY, the
w dth 1652 of the space 1650 between the conductive lines is at |east 20%

| ess t hantst heiswodformal G181 fectipns (Speric)ll b rpatinidhe ey ongidhe ARRASIC Mor e
preferably, t ! s n the conductive 30lines
is at |east Sg&e\llgggﬁstgts #g%%sglféeé gto ﬁﬁ%‘égdg%g otfﬁ%tlﬁ%gce 1620 between the mask
| i nes. Most pr ef eTtaoyductinelayird608 heHRe afhet HieowghdbedepeSGd ryenmksdh (sttre

conductive 1195 1y 2l 838t nd QUhibERs, LN UD 040 Hlucl g SP2CE 1620

illustrated in FIG. 17. An anisotropic deposition layer etch is used to etch the

20  deposited layer 1630 (step 1704). FIG. 16C is a cross-sectional view of the substrate
after the deposited layer is anisotropically etched. The remaining deposited layer
forms sidewalls 1642 around the mask lines 1614. An anisotropic conductive layer
eich is used to efch into the conductive layer 1608 (step 1708). FIG. 16D is a cross-
sectional view of the substrate after the conductive layer is etched to form conductive

25  lines 1646 with spaces 1650 formed therebetween. The conductive lines 1646 have a
width 1648 and the spaces between the conductive lines have a width 1652, as shown
in FIG. 16D. Preferably, the width 1652 of the space 1650 between the conductive
lines is at least 20% less than the width 1616 of the space 1620 between the mask
lines. More preferably, the width 1652 of the space 1650 between the conductive

30  linesis 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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The photoresist and deposited | ayer may then be stripped (step 216), This
may be done as a single step or two separate steps with a separate
deposited | ayer renoval step and photoresist strip step. Ashing nmay be used
for the stripping process. FIG 16B shows the stack 1600 after the
deposited | ayer and photoresi st mask have been 5renoved_ Additi onal
processes may be perfornmed (step 220). For exanple, the conductive |ines
may be fornmed to be part of a nmenory device. The resulting structure

provi des a hi gher_density. devj wi th small er spacing, and r conductive
lines. In this ex&Mpreoresis o drprited el oy %beéa?ma%w%lﬁ WH46 are
about equal t@chhR a‘é"a‘ﬁn@& sgeﬁ%gtv@:f schit@teSRPE RN 3@&)@1&&@&5@5&3@&9&‘%@&16%@ l'ine
10w dth to space wd rati os maybe provided by this enbodi ment

Preferably, tHspepadt ﬁ:k@tcmsmt Heipwient Askipg mawbeessl faritheestrinpingnsoaghdtfiGof t he
space between e wdth of
t he conducti végﬁﬁl&)“}s tpg%&{%gbgﬁelk%ﬁ/}@é#% hggconﬁ%dg(?ﬁ %%tn a?l?}léﬁfesbte%ot | ess
than 1:1, sAand r@:mea&d.nﬁddltlmaéﬁﬂb%b&smxegmlm@tﬁonﬂeﬁéﬂepﬂm) RBuchamt,itis may be
useful in providj t?vg %her Si t% r@ é devi ces, where the 15conductive
|l ayer is a pofYs uf’ oS may 3 FeiG R BRHBEPRESEY St the i nvention, the

mask |ines have arwd@hdkiddWiuciute ROAMs adilnt ddn&t)tdb@w%\ﬁihhm@lﬂertsﬁ&nfgpace FI G
18A is a cross- sectl onal view of a_conductive | ayer t% be etched 1808 over
a barrier |ayépd YE@GBCWW‘%II@%%‘?Fhé%%*alilsmthe\')ﬁl% 148 ot e conductsisdingt esi st

mask 1812 for piga BRisda Js(%]eﬁt% tﬂ@@iﬁths%ﬁ?oﬂﬁ@%a@e@qg% @@er](,%g@mﬁb@ﬁ&bet ween,

over an ARL 1810, over t conductive | ayer 1808 to be etched. The
phot or esi &t raddth raspage wabt@tl@&m@yhﬂamo‘ddqﬁénﬁn@nmb@)lentwﬁreémabhg therration dt h

1816 of the s sk lines
1814. Gener al {g?ﬁlg?vﬁ(gtﬁgf Bma %%gggiéﬁht%gce g%eg?élglglg l%fséstlgrrsg w de
enough to proﬂtldwhe:heheframmﬁmnmdﬁldflﬂg @pmavehndthmempme@bmbxsmemthout
ver the. si deroRFE 18P 'L 1S FBh 5L doiei AL P e PEATE B ¢ e ATt b of
the space (st epiod@By be M@l id SBvidthethi SRNEINBILY BebbgAsvis@CHhonte Vi ew of the
patterned £hotore3| st mask 1812 with a | ayer 1830 deposited over the

si dewal | slof PP@“%WaEB??POhﬁ@C%pom ted |l ayer 1830 forns a deposited

| ayer space 1832 i f.Bing: éﬁ!ﬁ)dﬁﬁ&%oﬁﬂa@ﬁ@emmeﬂi@n{aa@h&@we at»ei@th BN§ Space
1832 has a 30reduced width (CD) 1834 that is less than the width 1816 of

t he mask spacebouhequadithithé wiith ofibe Sr@p@sﬁlﬁetﬁx%émosiﬁ%%%ﬁwQi@pom ted | ayer
mask |ines wt of the
ok 11 nos tapiieldclise kbRt Rt e P b g ¢ ne
deposited | ayanth]aaﬁﬂer@sd Eptdddy maklt B12@Gingmaskdines $31dewith onasd spa¢eew of t he

bstr at ft duct | I t hed to.f t I
1846, i t r2Cpad iR BB ot irton At bt U Rg bOader) 8O FeeBhus have a

wi dth 1848 and"hte bm@ﬂaa@teﬁasiaaﬁé@@acdmcmmd@t@tdn\(enb ivifch ibhawed@ 18igléh 1852,
as shown in FIG 18C The photoresist and deposited | ayer may then be

stripped (stefezres, 2 @neﬁb‘%ﬂém ﬂ’fet’r‘é‘dtéltlég@"fl%@@aﬁ‘fltI{?F 1§$ie Geapadyt ed
l'ayer and phoftﬁy@%{h%f a{@sggcehﬁw& ;ﬁi%[bs{sﬁl'miéﬁg md%%bﬁghqaaiovm%%&%oﬂay be

performed (step 220). For exanple, the metal lines nmay be used for
el ectrically ebfmepice ngthvahqtgnggstd@mog@glotmeelst restdue in the space.
25 A conformal iayer is then deposited over the sidewalls of the photoresist

features to reduced the width of the space (step 208). FIG. 18B is a schematic cross-
sectional view of the patterned photoresist mask 1812 with a layer 1830 deposited
over the sidewalls of the mask 1812. The deposited layer 1830 forms a deposited
layer space 1832 within the mask space, where the deposited layer space 1832 has a
30 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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10The resulting structure provides w der conductive wires that are nore

cl osely spaced. hi this exanple, although the conductive netal |ines may
have the sane density as done previously, providing w der conductive |lines
with smaller spacing i nproves the performance of the conductive |ines, such
as by providing a reduced resistance. The inventions nmay provide a
conductive line wwdth that is nore than 15100% greater than the line width
of the original nask. Modre preferably, the conductive line width is nore
than 150% greater_than the line width of the original nask. In this

embodi nent, the dBFcePducHre SyapsOEmay b riged gy SFBOHGE lyPh$PP &idous.
Exanpl e Reci pglig{‘gﬁg r}gé%@ 185 REARE) i IEME Ehst-habadik BRakERMfQhs bot h

depositing an 20t he deposition layer and the conductive layer is
the 2300 Ver sysiad todum dopducling Ress d 84cwitiCenapesrl&e? émmn berebateeamntTheCal i f omi a.
FIG 19 is a schematic | rati f Vi 00 bot h
deposi ting an&’ @%ﬁﬁ%‘&eﬁ Lgég?}é‘beoas\fr@ﬁlo%% %})}'&é{ﬂ? %Hz%gs bﬁﬁgese %gneﬁ;ro g@gg\sf% l(r?l%fschanber
1900 conprsi seRaw@n widfuss?, \ae slaown it @dF.as8Cor coil) 1902, a gas distribution

plate (GDP) 1904, a substrate suppo 1908, a gas. so e 1 an
25exhaust punp 19545 P Wéesﬁégnds%ﬁ‘?sgté‘g %_@Tdm}ﬁh‘?l SﬂﬂpB&l %%ﬁr%i%{ %’Sﬁ% h the
gas di stri but kRysRhediR 1 190¢ a e theCRPRIES Rcrand pRASES It dhsHBSe S0 Ce 1912 and
an etch gas source 1916. The gas source 1910 nay conprise additional gas

sour ces, suchramrevad séédenabpieprsirg nw baepaamet biengaa). o rraplythairsiall asm
processing c hﬁ%%ﬁ%@e%?&eéﬁ&ﬁ? rc:é‘ﬁn%ctir%%:rib& deggid i oned upon the
908. e subst 0

substrate support ate 30support 1908 incorporates a
sui t abl e Mubst r at Bhechandtiigratyuemicpamiidamider gonduetivecrires $hah tre enorqelededini cal

clanmping, or the like) for holdin he substr 1604, The.r or top 1928
i ncor por at es ﬁpaﬁﬁdarqlﬁﬁ?’?f@?et’ ra]lﬂlé’ugnh %188%1&%8%}&1%&%11@ ngﬂ%ai)\(gﬂieﬁ’%%%r ansmi ssi on
of energy frofisheaddine pr&ichf)rovidiag tviider chelirttdse lindheitldimdllecdpatieg Wi ndow

1976, the substrate support 1908, and anodi zed al um num chanper. walls 1952
define the coHFRTAYE B RESHEAPGE 6 ‘?C‘t§§’§°tiv§?’§ﬁ*}ab?°ihé‘ﬁlg¥Brof’ﬁlg‘gc%ﬁ el pl asma

vol une by the;gassoureenvklichs3Ng phviddRusi@de fiiomatNeaconblcnes pl asm
vol unme t hrough an exhaust port by the exhaust Eu 1920. A first RF source

1944 is eldect AP@agropter bamtietiaa widh of fhe odgipdlmpras. MozavefaabRAh8our ce 1948 is
First RE sour SOUIEHE e alihiGnguaRbIgyR SrRRald pe il of B DB n e
second RF sounesk.1194i8s pnowdimied, the déngrisibn stensharainoddes andviste nftrsoaulanegps.
Example Recipe
In an example recipe, a device that may be used for both depositing and efching
20 the deposition layer and the conductive layer is the 2300 Versys™ made by LAM
Research Corporation™ of Fremont, California. FIG. 19 is a schematic illustration of
such a device 1900 used for both depositing and etching the deposition layer. The
plasma processing chamber 1900 comprises an inductive anterma (or coil} 1902, a gas
distribution plate (GDP) 1904, a substrate support 1908, a gas source 1910, and an
25 exhaust pump 1920. The gas source 1910 is in fluid connection with the gas
distribution plate 1904 and comprises a deposition gas source 1912 and an etch gas
source 1916. The gas source 1910 may comprise additional gas sources, such asa
second etching or deposition gas source. Within plasma processing chamber 1900,
the subsirate 1604 is positioned npon the substrate support 1908. The substrate
30  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 transmiission of

energy from the antenna 1902 into the chamber. The dielectric window 1976, the
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During the deposition of the deposition |ayer (step 208), a pressure of 10
mlorr 10is provided to the chanber. The first RF source 1944 provides 1000
Watts (TCP power) by the antenna 1902 through the dielectric wi ndow 1976
into the plasma vol une 1940. No bias power is provided to the substrate
hol der 1908. The deposition gas source 1912 provides a flow of 50 seem
SiCl4 and 100 sccm 02 for a 15 second deposition. This forns a 1, 000-2, 000
A thick layer of SiCdxOy. Such a filmmay be 15an oxide film which is
strong enough to resist ethi Durin

n ) g th ni sotropi.c etch of the
deposi tion Ia?@ﬁﬁ%téf@ﬁmﬁw)”g“&%‘%%dtﬁh@l&?m ﬁﬁﬁlbe”vahg?%'%\c;ﬁ% ®to the
chanber. The Edfrstd MBS LiIGRe. 1934 Ql?gl\{éd%%le@@{@ﬁﬂéﬁtp‘la%mb%ﬁﬂQbﬁﬂie%laé\a 1902 to
the plasma volune 1940. A bias of -175 volts is applied to the substrate

support to acewiresrlgt@apbisexhapsied foms thegonfined plasme vakume digoygiicin|ckbaysle et chi ng.
The 20etch ga jde . { sotropic
etch of the cg%rggg@]?\gggﬁ%é%gr E’?g%fgpﬁ{'#88{%‘%%%‘3%@?@%‘3?5@?&3%%ur et ches
a BT (br edkt httreuglajnetA fecomtRMourdert@idiselachicdlly conkRieinmihe selisthte2) , and an

or ovi detl 1 hr oL e i palio i 5P RE A bt ot SREata PR Vol s

i's 25applied hHZA AU Sind AlietscSdhp FOT dourkd 0844 Mrodaael stgnal with ©1% 56 BiHzhe
substrate to facilitate etching. The etch source provide 100 sccm of CF4
for about 10 SegUshcs. For the ME1 a 10 niforr pressure is provided. 800

Vatts are provi degyflyRbadolifisn ﬁ%@&b’ﬁésiﬂ&p@yér?stéﬂig)gg,la%%e 4PQ0nTh: bi as

of -90 volts is applied to the substrate support 08 to accelerate ions to
t he substlfat eistpyofidesltb ieahamipar.c Bhavst Riheoveqecli?44 provides B0 Watisd€CE00 scent of

Cl2, 100 seem. HBr N 4 . - he ME2 a 20
mlron- pressur O‘iv'c’ér) %’?@\Q/Fg%%%q%%&wg@gégﬁéécgﬁcosvlﬁgg‘gq?ﬁﬁr%ﬁgﬁe@ﬁ%na;ntenna 1902
t o t he chanberoli©0940A Mo Biss wiwer kPowidddtts tHesulgppieibotict WUEh&hsddpstitian e
support 1908 to accelerate.ions. to e su rat o facilitate etching. The
ot source. BRGVRS 1S EERRacps 0363 SR AHED Stttk Fet A,

endpoi nt  det e@tjodfoh STMS &fimk @ 136081000 Bethith @iyet &f SCQD,. thicBa@lhaybe For the
CE a 60 mlorr pressure is provided. 500 Watts are provided through the
ant enna 1602 epoxidelibnadidis suwe cngvehioxssighetiivgo volts is applied to the

cLchi ng. The. oL chSelt B e e D e Rt ™ 1% 2 scem
02 for about 80 osdeprrdisled to the chamber. The first RF source 1994 provides 500 Watts by
the antenna 1902 to the plasma volume 1940, A bias of -175 volts is applied to the
substrate support to accelerate positive ions to the substrate to facilitate etching. The
20 etch gas source 1916 provides 100 seccm of CFu.

The anisotropic etch of the conductive layer (step 1708) is accomplished using
four etches a BT (breakthrough) etch, an ME1 (main etch 1), ME2 (main etch 2), and
an OE (over etch). For the BT a 5 mTorr pressure is provided, 500 Watts are
provided through the antenna 1902 to the chamber 1900. A bias of -175 volts is

25  applied to the substrate support 1908 to accelerate ions fo the substrate to facilitate
etching. The etch source provide 100 sccm of CF, for about 10 seconds.

For the ME1 a 10 mTorr pressure is provided. 800 Walts are provided through
the 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

30 provide 100 scem of Clp, 100 scem HBr, and 5 scem Os for about 45 seconds.

For the ME2 a.20 mTorr pressure is provided. 400 Watts are provided through

the anienna 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
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O her enbodi ments may use a hardmask for the mask. In such enbodi nents, a
phot oresi st mask may be used to open a hardnmask. The deposition | ayer nmay
be pl aced over the hardmask to reduce the spacing. In the alternative, the
deposition 10l ayer may be placed over the photoresist before etching the
har dmask. Wil e this invention has been described in terns of several
preferred enbodi nents, there are alterations, pernutations, and vari ous
substitute equivalents, which fall within the scope of this invention. It
shoul d al so be noted that there are many alternative ways of inplenenting
the nethods aprdvidpp@scarues €3, 360 schm Hresmint sce Ganyarpafpsint defectiog i pedef or e

i nt ended thattotdgt%n%ﬁlelw v% %%toapﬂ;@ggd clains be interpreted as including all
such alterations, pernu?a&io s, and various substitute equivalents as fal
within the true Horti:tOBa6) sGoperafuré Bergpiddeit0 Watteat parvided Wratghi s ¢l ai med

is: 1. Anmethod for formn feature iin.a | r,..comprising. formng a
phot or esi st | é?teWégoénWég?aﬁfﬂ’ﬁ’?r 1505, A%bgt%f?iﬁivﬁgs il ]beﬁé: %‘F 8%135%?&' ayer to
form phot @r esi;ghort eaisUs 8Gelididiopotiny @sittke Bitdeak kehinghEhectth@uplot or esi st
features have a first critical dinension; ositing a conformnal

. dep
| ayer over t herogidelégiicrs obfer S spoin B g 2iscqro Qe fird8owt 80 p&8We the criti cal
di mensi ons of t h%tpa%ﬁ;ro&iﬁieﬁ{srﬁ sk B dmERTBY thé IAG. In such endboliindefifs, a

deposition with a first gas chemstry to forma first deposition plasna,
conpri sing: pplowirelistgrask fnhpbe ofed thepeh 2 hetdngepdbe depopitigakiyerfmyieng t he fi r st
deposition gas, into asha, .and st i.ng_t 1k deposi tion
gas; and Pm%5§8@§ﬁ§&E%B%¥ﬁ?F%H“ﬁﬁ?ﬁm%g%ecgﬁilgﬁ?ag g%ﬁ%%é%ﬁ%h forma
second deposi fav@nnyltapimed e tiriphototeeisf Hefat eighiag tledmidatasly is di fferent than
the second gas chem stry, conprjsing: . _..providin fl.ow,of a second
deposi tion gas dif{efes PYRKOR 3e°‘bF?rf%eﬁcra’gﬁﬁﬁeﬁso%lsﬁ‘%éﬁpf%?ﬁdng t he second

deposi tion gagmhdHiferds, PleASdrB altdiifbns, permutations, and various substitute equivalents,

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

many alternative ways of implementing the methods and apparatuses of the present
15 invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and various substitute equivalents as

fall within the true spirit and scope of the present invention.
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stopping the flow of the second deposition gas, so that the flow of the
first deposition gas and the flow of the second deposition gas alternates

i nstead of bei ng sinmultaneous; and etching features into the |ayer,
wherein the | ayer features have a second critical dinension, which is |ess
than the first critical dinension. 2. The nmethod, as recited in claim]1,
wherein the depositing the confornmal |ayer over the photoresist features
further &PRAié 88mmeddssi hird deposition with the first gas chem stry to form
a third deposition plasma; and a fourth deposition with the second gas
chem stry to forma fourth deposition plasma. 3. The nethod, as recited in

claim 2, wher g L& beal, 16l ;.S not greater than 70% of
1 & xﬁgtqu@fo? ESRh &fehﬁl-ké?l%ﬁ lgiep:%@ﬁ@,fmné. 0

the first critic dlrren5|_on. e net ho as recited in claim 3,
wher ei n t he dépuodingd phyptarbsistdayef oventlie laveyer over the sidewalls forns

substantially _vert.ical sidewa . T net h LeGi .1.n..claim4,
whoren the SRETGHRE e phpBRRt lafero R BRI Bdrur BBl Fid BBl
f eat ur e hdsreahéphoratsig fenires hdvh afirst4fticaindimemsiodhe nmet hod, as recited in

claim4, further conprisin trippi t he photoresist . k and deposited
Cont or mal || ay AFbon 08 Bogio g deset Pies Ak ifBelinor o Bhoesiattugs AENRaTIE o i n
claim 6, cHh&i BintknkibAs Sithd pHAtdIEsidt FanRBO tOhASist: mask and deposited confor mal
| ayer conprises ashi ng% t he photoresi st mask and deposited |layer. 8. The
net hod, as reci t ed3ifiistdepasiion withachust gps chamisentoderap firsh genosition plasgagdewal |
thi ckness, whepghnitfe conformal |ayer has substantially the same sidewal |
thickness froma top to a bottomof the feature. 9. The nethod, as recited
in claim3, wherein thepowyidiag afowlodiherfirstaepesitiongesial | t hi ckness and a

phot oresi st feature bot tfo%ﬁgh‘ifl%?s?ﬁévqg*@ﬁrg% i@#%@a&adml | thickness is
eat'ur ottomthi

greater than the photoresis ness.” 10. The met hod, as
recited in claiml, whes®eppinglie kecaofithe first dé¢positionlpaspmel on i s not greater
than 70% of the first critical di.npension. 1. .The thod, as,recjited in
Claim 1. wherein t ASCRCEREBORM A BFOEe BRI PORDRBeAlh BRSO esi o
and the feat upRishasSvier&PtRArstPas Mediisthyio @iffeddht Hah the sbéond Baechmiiftng, as
recited in claiml1, further conprising placing the layer in a plasna

processi ng cha¥perSiN&herein t he depositing the conformal |ayer and etching

features are performed ifyvidis Phew TRaBEREE IS BBior BA R EErent thah thd Ry MEL hod,
as recited in claim112, ‘further conprising stripping the conformal | ayer

and phot oresi st | aylgposi.tjomgas; single stripping step, while the layer is in
(e, 2 o e =410 S e Aol o Rt g piheshd 0 o 2 1
stopping the flow of the second deposition gas, so that the flow of the
first deposition gas and the flow of the second deposition gas alternates instead
of being simultaneous; and
etching features into the layer, wherein the layer features have a second critical

dimension, which is less than the first critical dimension.
2. The method, as recited in claim 1, wherein the depositing the conformal 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 plasma.

3. The method, as recited in claim 2, wherein the second critical dimension is not greater
than 70% of the first critical dimension.

4. The method, as recited in claim 3, wherein the depositing the conformal layer over the
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are alternated for at |least 6 cycles. 15 A nethod for formng a feature in
a layer, conprising: form ng a photoresist |ayer over the |ayer;

patterning the photoresist |ayer to form photoresist features with

phot oresi st sidewalls, where the photoresist features have a first critical
di mensi on; depositing a | ayer over the sidewalls of the photoresist
features to reduce the critical dinensions of the photoresist features,

wherein Eﬁ@wﬂﬁﬂﬂﬁﬁéﬁﬂgmﬁﬁﬁybﬁﬁ&ﬂs &hnd he sidewal I's of the photoresist

feature, conprises eposition with a first gas chemstry to
forma first dep05|t|on pl asma, conprising: providing a flow of the first

deposi ti@n gas; n flrst SRS into |.a
st oppi nggt he f eme o "%’ere Hgfd%fmp%s |eéé1{h§§h&g%ﬁlaﬂgyer% Bgn%{e%é%mngagnm

deposi ti phbtWeﬁlbt @dslwibﬁdregﬁSaCMtgtda;erﬂanlm fama second deposition plasnmg,
wherein the first gas chemstry is different than the second gas chem stry,

conpri si ng: providing a flow of a second deposition gas different

than thegfirstrheaReoldsQeci@a s clhif! 4Vifikhek BEmBEEE Wi & ph&BreSikSmasRt 0 a
pl asma; and sto ping the fl ow of the second eposition gas, so that

t he f|owa@c%dﬁtpﬁateriucpgﬁona@é@@rwbﬁsglakeSamu%grﬁéepr|ow of the second deposition
gas alternates instead of being simultaneous; and et ching features
into the layer, wherein the | ayer features have a second criti cal

di mensi o, whdheimstholessgenttod th Jaiirt ¢, oellerain the strippimgitle photoresist atask atdhan . 70% of

the first_critj i |.ai m 15,
wher ei n émg%%%n crﬂ?ﬁ%aﬁﬁgnﬁ%ggun %cgﬁﬁd%gaFgﬁk &Pﬁgﬁmﬁggfof the first
critical dinension 17. The met hod, as reC|ted |n claim15, wherein the
depositing th r .over .t he photoresist feat fur her ri ses:
ChPra deBosi ¢ bR Rtor asieeied uagh s iRt R Pan i B amER Bepos 1 on
pl asme; @fickness, wherein the conformal layer has substantially the same sidewall thickness from a

top to a bottom of the feature.

9. The method, as recited in claim 3, wherein the conformal layer has a sidewall
thickness and a photoresist feature bottom thickness, wherein the sidewall thickness is greater
than the photoresist feature bottom thickness.

10. The method, as recited in claim 1, wherein the second critical dimension is not greater

than 70% of the first critical dimension.

11. The method, as recited in claim 1, wherein the photoresist layer is formed from 248 nm

photoresist and the feature has a CD not greater than 140 nm.

12. The method, as recited in claim 1, further comprising placing the layer in a plasma
processing chamber, wherein the depositing the conformal layer and etching features are
performed in the plasma processing chamber.

13. The method, as recited in claim 12, further comprising stripping the conformal layer
and photoresist layer with a single stripping step, while the layer is in the plasma processing

chamber.

14. The method, as recited in claim 1, wherein the first deposition and second deposition
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a fourth deposition with the second gas chem stry to forma fourth
deposition plasma. 18. The nethod, as recited in claim17, wherein the
depositing the layer over the sidewalls forns substantially verti cal
sidewal I's. 19. The nethod, as recited in claim 15, further conprising

pl acing the layer in a plasma processi ng chanber, wherein the depositing
the layer over the sidewalls of the photoresist features and etching
features afbra@tegﬁ{eh%mqleabtrggygﬁspl asma processing chanber. 20. The nethod,
as recited in claim19, further conprising stripping the deposited |ayer
and photoresist layer with a single stripping step, while the layer is in

t he pl as pr ac i as recited in claiml5,
wherei n the fl%rlgltgﬁag%ég ];gi{ifeaﬁ]gseco%gﬁ g"%hg)gglpigon are alternated for at
| east 6 cycl esfonmﬁgap]ibtmmktdayenbvefrdtmm a plurality of conductive lines,

conprising: pla conduct i ye | ay.e Str ng
mask, whereinP f"ﬁ‘g“ﬁﬁz}}? Pg'@'fof‘?‘fé% ayerdp ﬁ q"to)f’r%slls E@qﬁeﬁ‘?ﬁb@wrﬁﬂ“ﬁg@'%aces
bet ween therd s Khdtdrodst featdies Bive atﬂmcﬁﬁsdidﬁm@m have a wi dth and wherein
the mask lines have a wi dth and have sidewal|ls; placi ng the substrate in a

pl asma pr oces SFPRSUEBAIBEF O SRTdavRYs o the phespresit feafyres typdicethpreriicflonal | s
of the MagKensial thhE RotSreStfEAhRs, vbhekdin THaAcpisAHITRPERG @98 RYsi@OATRSE

conpri si ng: i rst deposi tion with a first gas chemstry to forma
first de@@yhoquﬁlf@meomwi sing: providing a flow of ‘the first
deposition gas; forrg. i i

stopping the flow i Qleﬁékﬁ}%lt&@%pom I g%él%fétg??osfo ;d%gggoﬂr)]%ﬁgﬁﬂ%éﬁqi on with
a second gas chmpristhgy to forma second deposition

providing a flow of the first deposition gas;
forming the first deposition gas into a plasma; and
stopping the flow of the first deposition gas; and
a second deposition with a second gas chemistry to form a second deposition
plasma, wherein the first gas chemistry is different than the second gas chemistry,
comprising:
providing a flow of a second deposition gas different than the first
deposition gas;
forming the second deposition gas into a plasma; and
stopping the flow of the second deposition gas, so that the flow of the
first deposition gas and the flow of the second deposition gas alternates instead
of being simultaneous; 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.

16. The method, as recited in claim 15, wherein the second critical dimension is not

greater than 60% of the first critical dimension.
17. The method, as recited in claim 15, 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
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pl asma, wherein the first gas chemstry is different than the second gas
chem stry, conprising: providing a flow of a second deposition gas
different than the first deposition gas; form ng the second deposition gas
into a plasma; and stopping the flow of the second deposition gas, so
that the flow of the first deposition gas and the flow of the second
deposition gas alternates instead of being sinmultaneous; et ching the

conductive | ayebuitihdeogiion Wth fitsdcdnd gho EHBnGEA0Y Foriny £ fouktA Sptidn PRAHES
bet ween the conductive lines, while the substrate is in the plasna

processi ng chanber, wherein the conductive |lines have a width and the

spaces befgneenHehgothd dhetitedan blae 1N aMRrath tHeliepostii Rl RydiSe QEiEéwﬂlfs t he
spaces between_the conductive lines is less than the wdths of the mask

spaces, dpansgbyiatislly mertiglgidewalls t he conductive lines is greater than the
wi dths of the line masks. 23. The nethod, as recited in claim22, wherein
aratio of the widths of the mask lines to the widths of the nask spaces is
| ess t harl91: 1 Thednethel ad mcitedrimtiaon 0F, futter eomplisngplatingethe dayetinta pissnlai nes to

the w dt .1 he spaces bhet n t.he conductive lines..is.not. |l ess than 1:1.
b The. Iefisite GRS Rl i Rbotifis 8O HRE bt Fre et St brmesiiat e of

t he mask featmesaridetdHiegy fhtdics areqjerfofied e plMatgsodeSsihedtndbBan 1. 1 and
wherein a ratio of the widths of the conductive lines to the widths of the
spaces between the conductive lines is greater than 1:1. 25. The net hod,

as recited, i n THeahdhod2as EIRIIGH elaﬁlh@,\ﬂn%e%mﬁ{;ﬁéhkgestﬂ%ﬁﬁg ﬁl@%ﬁ[ﬁ%ﬁé@la re than
50% greater than the widths of the spaces between the conductive 11 nes.

26. The riBf pbetoresist layes with@ singlestapningstep, while herlayes isgntls pegmatneeriessing he
conformal.,laygr with a first etch recipe, wherein the etching of the
conductive layer uses a second etch recipe, which is different than the
first etch recipe. 27. A sem conductor device forned by the nethod of

claim22.,, 28 t hod,. as_recited.in.clai 2, further conprisi.n
strippi ng t he Tl At tEcited n gl et *?eéffnﬁi%ﬁ%‘lsg“’é‘tafl& SSPRLSPORHOT whi | ¢
t he substaredlerriatedifor 4thesyd @shes. processi ng chanber. 29. The net hod, as

recited in claim?22, wherein the first deposition and second deposition are
alternated for at |east 6 cycles.

22. A method of forming a plurality of conductive lines, comprising:
placing a conductive layer over a substrate;
forming a mask, wherein the mask defines a plurality of mask lines with mask spaces
between the mask lines, wherein the mask spaces have a width and wherein the mask lines
have a width and have sidewalls;
placing the substrate in a plasma processing chamber depositing a conformal layer
over the sidewalls of the mask, while the substrate is in the plasma processing chamber,
comprising: _
a first deposition with a first gas chemistry to form a first deposition plasma;
comprising:
providing a flow of the first deposition gas;
forming the first deposition gas into a plasma; and
stopping the flow of the first deposition gas; and
a second deposition with a second gas chemistry to form a second deposition
plasma, wherein the first gas chemistry is different than the second gas chemistry,
comprising:
providing a flow of a second deposition gas different than the first

deposition gas;
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forming the second deposition gas into a plasma; and
stopping the flow of the second deposition gas, so that the flow of the
first deposition gas and the flow of the second deposition gas alternates instead
of being simultaneous;
etching the conductive layer through the mask to form conductive lines and spaces
between the conductive lines, while the substrate is in the plasma processing chamber, 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.

23. The method, as recited in claim 22, 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.
24, The method, as recited in claim 22, 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 greater than 1:1.

25. The method, as recited in claim 22, wherein the widths of the mask spaces is more than

50% greater than the widths of the spaces between the conductive lines.

26. The method, as recited in claim 22, 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 recipe.

27, A semiconductor device formed by the method of claim 22.

28. The method, as recited in claim 22, further comprising stripping the conformal layer

and mask with a single stripping step, while the substrate is in the plasma processing chamber.

29, The method, as recited in claim 22, wherein the first deposition and second deposition

are alternated for at least 6 cycles.
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