REDUCTI ON OF ETCH MASK FEATURE CRI TI CAL DI MENSI ONS BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates to the formation of

sem conduwbanosiesézees. [ 0002] During senm conductor waf epPcprse®ssidsgs
features of the sem conductor device are defined in the wafer using
wel | - known patterning and etching processes. In these processes, a
phot or esi st ( PREDUCATON ORBETEFDMASK FA TUREVERETIGAL DIMENSSONSposed to
light filtered by a reticle. The reticle is generally a glass plate that is
patterned with exenplary feature geonetries that block Iight from

propagati ng through the re?k@lgcgbgﬁé]#ﬁfﬁﬁiméﬁimﬁhr ough the reticle,
the light contacts the sur T ial. The Iight
changes t he [0 caThepiepas irviedtiorDfeldidyao piofoah &$drSéf semlihtdadtosdsiceshat  a
devel oper can renove a portion of the photoresist material. In the case of
posi ti ved phd@Mi2si sPuriag semigprducton avagst poecessing deaswrss af e semispaducteind in t he
case of negati.ve phot.oresi st terials, the unexpoesed i.ons_ are renoved.
Thereafter, %F he® \E/l\lkl'?lefCfe)er?mfi smetﬁg Pivreggﬁ 8 ge‘Y%l\'/Kenoﬂ{l & Eﬁtﬁg’é?g Vfd;leggnrlrﬁ‘f BYOCEY r'dm t he
areas that aiee pockapgerphtatasi(PR) PitctinEs ABRIsAEEsh Sie WRkedidahen and t her eby
define the desired features in the wafer. [0004] Various generations of
phot or esi st cxpeseit tolight fibecegsd by a resiclgi diherety cptiallon elgpselateshatiposed by
248 nmlight.. To facilitate upderstanding,., Fl LA,is a schemptic
crose sect i BALTRe AfnsroAbRn RASISAANGR g Bl BB SRR ot ¢ er ned
phot or esgst thraMgh thkketiclover an ARL (Anti-reflective layer) 110 over the

| ayer 108 to be etched formng a stack 100. The photoresist pattern has a

critical di He003]on AGE) paseing throwglythp eetickre thei lighh camtacty thetshagemadithe st

feature. Presentl for. 248 n hotoresi st a.typical .CD for th hot or esi st
my be 230- 200t e Lor el RoRT:E s tbeBicel it Rt AresBaRer t o
dependent Oﬂlé@@‘mkﬁﬂ%.ﬁba&H‘/@F@E@éﬂﬂ&&ﬂ]@%@@ﬁ@‘ﬁohﬁf hﬁgﬂl@forw%{&é}gﬂ.h thi ght has
| arger theoretical mnimal critical dinmensions. [0005] A feature 120 may

t hen be et clizadcashpbpesitiverphophiotisi meat¢rils, taet axpesed ragioghaameaved, @d inghe
| deal ly,.the CD of the featur he, w,dth of the feature) is,equal to the
o 116 87 ¢ feserReat B RS pid SR e et Feai G ElnoBle "D of *the

feature 116 TiBafter, the wafer is etched to remove the underlying material from the areas that

are no longer protected by the photoresist material, and thereby define the desired
features in the wafer.
[0004] Various generations of photoresist are known. Deep ultra violet (DUV)

20  photoresist is exposed by 248 nm light. To facilitate understanding, FIG. 1A is a
schematic cross-sectional view of a layer 108 over a substrate 104, with a patterned
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

25  atypical CD for the photoresist may be 230-250 nm using conventional processes.
Due to optical properties dependent on wavelength, photoresist exposed by longer
wavelength light has larger theoretical minimal critical dimensions.

[0005] A feature 120 may then be etched through the photoresist pattern, as shown
in FIG. 1B. Ideally, the CD of the feature (the width of the feature) is equal to the CD

30 116 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,

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



be |l arger than the CD of the photoresist 112 due to faceting, erosion of
the photoresist, or undercutting. The feature may al so be tapered, where

t he CD ofwbheodmsdsure i s atleast as great as the CD of thepbasoisss st, but
where the feature tapers to have a smaller width near the feature bottom
Such tapering may provide unreliable features. [0006] In order to provide
features w tlhagaaptear asahe Clkefithe pbotbosivedutisharg thetfoatuiar tapay & levgteh | ght
are being purs .193 n Si st exposed by 193 nm t. Using
ohase short varkerad® Jed bPASHRE Bt iy UBSTE miero R B R iRy
pattern may [p@ogjor Meslorddst gg&o&ﬁé féymr@mxtgrsﬁaue%tcnTﬂaht%rééqyﬂn%dh%u?gbéh%n&p
provide a feature with a 0-100 nm 157 nm photoresist is exposed by
157 nm i ghtwa\tﬂéenggﬂ bgldsiee g purseadi 0@ smaplitatsieris eeptsadbpdy3 subdighd nm CD

phot oresi_st patte woul rovide a feature
N h s dohipese shabsar e fal Got Bl o0 re B Bt PEufe oy
provi de add'ﬁah@ﬂ@forﬂ"eﬂms 1983h pH&QFe@ffs?ST 15k SvoHRI BhblOfRAREvINEY lengt hs. To
obtain CD's close to the theoretical limt the |ithography apparatus shoul d

be nore precwskea GIhpdLH0 \mﬁhhnh riéduminr phatoesstex pgrsed/by 151 hmgrglphysmgw pnrent .
Presently 193 n ot oresi st and 157 n ot oresi st may. not have

sel ectiviti éﬁ*aa%slﬁﬁ gFHices ang ol t%éwp%@}ﬁwop%@? e%qteﬁeélsamteﬁﬁyn%bee easily
def or m undery, %@&nﬁn SURRIFONAE [ASvidl Q90Rke Wt G ctith e, Of - conduct i ve

| ayers, such as in t ormat i on o menory devi ces, It Is desirable to

i ncr ease 0devi00@7]dendiht yisewof shotitr wWavelengahphogorpesth ataypreade SIAAdRY OF THE

| NVENTI ON [0009 To achi eve the foregoing and in_accordance with th

purpose of tMEPISPESXRE PhairEHE gRing HmBEhur Bietisorhs angpin &t Brlose fonthan et ch

| ayer in an =) zﬁ?tﬁ Jal d UL Q' e| n the
etch mask hg&%@gﬁgﬁﬁﬁ%l@%&&&wﬁ s?@%?é,%ﬁggsthe eit\gﬁh

f eat ures haweqaird inbst expendivehthogiap@najuipmerts Prsetlydes. mﬂ\phgtofdslsahnd:ﬂli cal
di mensi on reductl on is perforned to, formdeposition |ayer features with a

second cri t i WBPhefoFgsi Mgy nohpaverrelestiyibesasihpgas ! H%é@Fleaé’Fleﬁg 1t ngteresifitirensi on.
Fach cyolse, SMRE RER AsAPRGSH LG gﬁb@ i cldfcoflgREALI [ nd a deposition | ayer

over the expos surfaces, Inc e vertical sidewalls, of the etch

nmask feat ur efg0e8jd amn eie(blmm@ @ﬁ‘@&&udt@e l8eohind aba@ﬂ]etfhﬂnai@moﬁlrrﬁananyl ayer
| eaving a sel ective deposition on the vertical sidewal|s. Features are
et ched i nt o dayEestitls degijable tojnereasesley e detsity Wiipat diminishing performance.

SUMMARY OF THE INVENTION

20 [0009] To achieve the foregoing and in accordance with the purpose of the present
invention a method for forming features in an etch layer in an etch stack with an etch
mask over the etch layer, wherein the etch mask has etch mask features with
sidewalls, where the etch mask features have a first critical dimension, is provided. A
cyclical critical dimension reduction is performed to form deposition layer features

25  with a second critical dimehsion, which is less than the first critical dimension. Each
cycle, comprises a depositing phase for depositing a deposition layer over the exposed
surfaces, including the vertical sidewalls, of the etch mask features and an etching
phaée for etching back the deposition layer leaving a selective deposition on the
vertical sidewalls. Features are etched into the etch layer, wherein the etch layer

30  features have a third critical dimension, which is less than the first critical dimension.
[0010] In another embodiment of the invention a method for forming a feature in

an etch layer is provided. An etch stack with an etch layer is placed into an etch



features have a third critical dinmension, which is less than the first
critical dimension. [0010] In another embodiment of the invention a nethod
for forniwg 2e0dmsdsure in an etch layer is provided. An etthissdaokssesth an
etch layer is placed into an etchchanber, wherein an etch nask with etch
mask features with sidewalls is over the etch |ayer, where the etch nmask
feat ures havehamber¥hergipjanietcly magk g et mapipfeatires il sidewel sy @Netsthaetchl
cyclical criti i i i j fornmed to .formdeposition |ayer
Foaturos w t RS SoElSR Sl AR PR3 RS ol R bl e aRti T st

critical di meyeddsarcyclitdl biiticdl ieméatstdh eha@tidelis pdefMes YEFRmCRPBS S Rydr
depositing phase for depositing a deposition |ayer over the sidewalls of

the etch nasfeafuEss Witlea seaead sritieal dinensiqmnadichfip lesethenithefitsaoktioahe depositi on
| ayer. Feat uy; o : i e | ayer within,the etch chanber,
whor el n e fifn8lof, ShASH: LOh Sndeller ®ER( o XSonflis Ol Dot iSRS

| ess than t héepositiap aclepbdital lagiéresiherideald.df tht BcanRisREEa@EbAG srent of the
invention, an apparatus for formng a features in an etch layer is
provi ded, wheFRINg RBasedyiestchias bagkibe denpsitipndaxsubEeateresargetchai ente thenaiclet ch

[ : | _ f hth a.first. CD. A
ol dema. pr oceelyny TR ey SRR e dn MRStorl OGRSt rafol ey

processi ng chiatensivon NGl Sl thén heBroaitiealkpBidn. f or supporting a
substrate within the plasna processi nq chanber encl osure, a pressure
th

regul at of9 f ol00LEgul dr prrherranindimentoé thernydnsiop) asappaptusdesoirmipgchanmber

encl osur e, trode for .proyidi ng. power t.q the plasnma
processi ng "Cj’f?g{#g%fihgﬁg 83%?%2%%?“98@9%%& ]ﬁﬁi 681555%9”6&%55’55“#%9&? apcyy
provi di ng gashér8tie dtélelapéiis @vd@é@@ﬁ&ﬁét@lﬂnﬁﬁl@%ﬁha@l@%a@&% Rithasecoasn
outlet for exhausting gas fromthe plasma processing chanber enclosure. A

gas source iRlasma progesgingshpmber eomprisesa ¢tanbyawall foreting Aplasmlarpmcbdleesing Sd .
controll ably nected to the s source and the at | east. one el ectrode an
conpri ses atcﬁgglggli e st 88@%%%% Sémﬁoq:g(ﬁﬁﬁ?@rrt”?ge%ﬂ%F teﬁbéﬂ}_l%ﬁ’&lﬂ%m@orrput er
r eadabl € 5mediracSIRP ChafSereABRBLE a ]51@@5@_?@%911‘3@9?orfré’éulﬂﬁ%vthéi}gfégs&?rn @k | east
five cycles a cyclical critical dinension reduction process to form :
deposi ti on |rigena preegssingshainbér eacloewera et ericcddctmierbgiroviding popat &r

readabl e coq

processing c %%%é’?lgrg%\f%ggi‘g‘gﬂ%f]ﬁefgﬁ?f ?etnfi‘?gg%]a?‘lql‘t@%gg’?qs}l\%eg ggscﬂl%g %‘g? t he
cyclical crigrbGialngdiag s i plAdeiislot&BinR tRHRES en@BsLE OMRY &K ol§adeP! € code
for etching features in the
exhausting gas from the plasma processing chamber enclosure. A gas source is in
20  fluid connection with the gas inlet. A controller is controllably connected to the gas
source and the at least one electrode and comprises at least one processor and
computer readable media. The computer readable media comprises computer
readable code for providing for at least five cycles a cyclical critical dimension
reduction process to form deposition layer features with a second critical dimension,
25  computer readable code for providing a flow of an etchant gas to the plasma
processing chamber after completion of the at least five cycles of the cyclical critical
dimension reduction process, and computer readable code for etching features in the
etch layer, using the etchant gas wherein the features in the layer have a third critical
dimension. The computer readable code for providing for at least five cycles a
30  cyclical critical dimension reduction process to form deposition layer features with a

second critical dimension, comprises computer readable code for providing a flow of a

deposition gas to the plasma processing chamber enclosure, computer readable code



etch layer, using the etchant gas wherein the features in the | ayer have a
third critical dinension. The conputer readable code for providing for at

| east fi weoyemss3a cyclical critical dinension reducti eoTwse@sss4sv® form
deposition |l ayer features with a second critical dinension, conprises
conput er readable code for providing a flow of a deposition gas to the

pl asnma proceﬁsist@pﬁthbépweqfah@@mogi;iongamtlotther plagad atvicessogddhmbest oppi ng t he
flow of the de osition t the oce S|n enclo ure,
Computer 1 ealiTEe SOBPHBT RuUF rdrORP RN Bt K Lot RLpes BaLo T ¢ he

pl asma procesgiRg prltathiey clRRbePSiH GuRf 4Rk tﬂer}f‘o\{/ bpﬂ‘{e@rsttd@?oglﬂl(grﬁéascﬁpos' tion
gas i s stopped, and conput er readabl e code for stopping flow of the

et ch phase gstsppasl, amrbccphWnHepiab&e@@erﬁ@ stdppirigethe dowl dshe etch podt 2ps thibse and
ot her fea{ure of the |nv ntion will be described in nore detail

bel ow i n theP é‘fléipfcé’BS% ‘3 ‘E?Iuret he invention and in conjunction wth
the fol| ow NpyfiQur efyes %ﬁ&haﬁ%@ﬂmp@&er E DRAMNAS LR Aea Then gt esent
invention is strated y way or exanple, by way of Iimtation,
in the figur d&taﬂ)belbh&n&b@dlﬂf’fﬁl&ﬁl)de&glp]lma\mf fgsinagndion andvivi odnjhrickien méthehence
nunerals refer to simlar elenents and in which: [0014] FIGS. IA-B are
schematic cr Bdlovdpefigwssl views of a stack etched according to the prior
art. [0015] FIG 2 is a high level flow chart of a process that nmay be used
in an enbodi ment of the invention. [0016] FIGS. 3A-D are schematic
cross-setdional views of BRIFIRDKSORIPFIODNIORCIIOE DRAWINGS enbodi nment of

the inventi on. 001(7# FIGS. 4A-F are schematic cross-sectional views of a
stack procest¥d3hccolhfi rgsenbinypntiopdplustraied pravay of exmRIf. adowi by wevef 5 s
a schematic I

practicing tKléEt:%ﬁgﬁéﬁglt }%n : | % %ﬁ?&@%}é@&@%%@ﬂ“ ISQ[?IQ “ga/}[m?glrlr%a%%féngilst em

whi ch i s sui halbelsrefer tonihglaeaemeatsand anihehl er used i n enbodi nents of the

present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0014] FIGS. 1A-B are schematic cross-sectional views of a stack etched

15  according to the prior art.
[0015] FIG. 2 is a high level flow chart of a process that may be used in an
embodiment of the invention.
[0016] FIGS. 3A-D are schematic cross-sectional views of a stack processed
according to an embodiment of the invention.

20  [0017] FIGS. 4A-F are schematic cross-sectional views of a stack processed
according to an example of the invention.
[0018] FIG. S is a schematic view of a plasma processing chamber that may be
used in practicing the invention.
[0019] FIGS. 6A-B illustrate a computer system, which is suitable for

25 implementing a controller used in embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] The present invention will now be described in detail with reference to a

few preferred embodiments thereof as illustrated in the accompanying drawings. In
30 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



[ 0020] The present invention will now be described in detail with reference
to a few preferred enbodi nents thereof as illustrated in the acconpanyi ng
dr awi ngs.wonrodsnssé3ol | owi ng descri pti on, nunerous speci f iPCTAdBR@sl0%4585 € Set
forth in order to provide a thorough understandi ng of the present

invention. It will be apparent, however, to one skilled in the art, that

t he present thaseespecifin demyls bl gherdhstaeds,wrdlhiowtwispoeesestepd dndddrtshaseraspeci fi c
details. In other jnstances, .well. kno rocess steps and/or structures
have not beel??vﬂé’gtzl’?eﬁl S‘frﬁ’eﬂért‘mg?tfnl i‘%orgprd@rnof Bm?'FG'FSSE’RWé)?’é%Lg%FI}eIWeS(?B%cure t he
present invegplbtfdn [0021] The invention provides features with small
critical dinensions (CD). Mre specifically, the invention provides a
features w tWOZO s tlhatinwngoh eewideldentirhewliDsohl checpaimersied (BBYK used to

etch the feature. [0022] To. facilitate understandi ng, FlIG is a high
ovel 11w HAT shoF ot s Eogor e bicat A G SPBGHF fohihoa1hg o
i nvention. Acpalfied ARRnRUGHWRSK foetdH @Y ird@de (st ep 204) . Exanpl es of such a

patterned etch mask are patterned photoresist nmasks and hard masks, such as
a silicon hajf2isk dio fanlicaouplatsdoay, b6 handigslevelFlos clddt ofs @osashemat i ¢

cross-sectional vi gw of .an etch | ayer_ 308 over a substrate 304. A patterned
etch mask 31PaVMEROGUIedAR AR emBedimeat of ABr inyEnligy. A PALlerpydsichk Adskeih | ayer

308, over a sHb&EY gstéf‘p %(?ﬁe E‘A’S&hﬁféz E%JEE al |a§hl%% )e;éggnasgg?e Vﬁ%ﬂleaas k has a

mask feature criti nsi o , ch ma t st part of the
wi dt h 31® of pHot@resprarhdsks tndphadindsks,fseelt asrasili¢dddAsdmaAkay ahagmiploust i cal

di mensi on reduction is perforned to reduced the CD (step 208). The cyclical
critical redifERqnitrdnatkeddCedfyps # sdsmatic prssectipal stepal ¥t ctgeuei 348y a

| ayer over t [ | -§y40f £ 3146 d then
et chi ng bac k(wt%ﬁe S es\é\%][sei ﬁlﬁoﬁé f’%ﬁ%‘?&?ﬁ%@g‘ggﬁbﬁ%@ %[e:%ge F’?' géo%\%g%)r’rétmc

Cross-sect i o3dl, ovérahe ekh 1dyer Pa8, besmedibetad30m Sskhicdhlfdrmk b Rtadk Bag.eThSeon
formed by the cyclical critical, dinension reduction, deposited over the

si dewal | s of Mfkehas @gpapkdeatyue crifigd diapoden (9. Waydrmalr the prideshpaépbliet i on
| ayer fq tur idﬁ%glé’%f gglggfé%tggﬁ@%ﬁ?wée 314, where the deposition |ayer
a

feature 322 has a reduce I'S less than the CD 316 of the nmask
feature 314.[0D28)24] APceliedlakitiyal dilensi@didacicals pedorafedtth ecddegbmictGmn | ayer
feature 322 (isfep%tOS). The cyclical critical reduction process comprises at least two steps of
depositing a layer over the sidewalls of the etch mask feature 314 (step 209) and then
etching back the deposition layer (step 210). FIG. 3B is a schematic cross-sectional
20 view of the patterned etch mask 312 with a layer 320, formed by the cyclical critical
dimension reduction, deposited over the sidewalls of the feature 314. The deposition
layer 320 forms a deposition layer feature 322 within the mask feature 314, where the
deposition layer feature 322 has a reduced CD 324 that is less than the CD 316 of the
mask feature 314.
25  [0024] Preferably, the reduced CD 324 of the deposition layer feature 322 is at
least 10% less than the CD 316 of the mask feature (i.e. not greater than 90% of the
CD 316 of the mask feature). More preferably, the reduced CD 324 of the deposition
layer feature 322 is at least 20% less than the CD 316 of the mask feature (i.e. not
greater than 80% of the CD 316 of the mask feature). Most preferably, the reduced
30  CD 324 of the deposition layer feature 322 is at least 30% less than the CD 316 of the

mask feature (i.e. not greater than 70% of the CD 316 of the mask feature). For

example, the deposition layer feature may have a reduced CD 316 that is 99% less



| east 10% | ess than the CD 316 of the mask feature (i.e. not greater than
90% of the CD 316 of the nmask feature). Mre preferably, the reduced CD 324
of the depoidmmssbayer feature 322 is at | east 20% | esecrhaposshessd 316 of
the mask feature (i.e. not greater than 80% of the CD 316 of the nask
feature). Mst preferably, the reduced CD 324 of the deposition |ayer

feat ure 322than tht CDedt 0f30¢/4miasls Eatunanlt ispdscGiRsBalge dfat thealepagkon l@é(@lur e (i.

not greater .t han_70% of .t he 316 f th tu For exa the

Goposi £ on FEaF 3Pe ke pibs Ry TRATE G PN o B o el OB R LR ¢ han ¢ he
CD 316 of the,wRsknf eﬁ%?fe%f a shbs!ta'ﬁqtﬁll?‘?eﬁ%ﬁ' SR8 ik Baldehvhg ude pes] botRm | ayer
feature 322 has substantially vertical sidewalls 328, which are highly

conf or mal a$o BllpommkesAn aeglamp betwetn 88°stu 96T avithitled lbc;ttcmeof thedtatgedewal | is a

si dewal | fro ttomto top makes an angl e n 88 t0.90 with

t he bott%m nfqrE q‘}%‘a’?\ﬁ?g ha{’f)ﬁFlSP(??&fO“sl?}SFé\R%tg’gs ﬁg’\%nﬁalg'etg%‘?”fl? dicknsSer t hat
has subst antggl {h)é t&]pﬁ) HaTBLd R of HRESFufeT NBALORLLAR) LiReh NG 199§' fem#pf the

feature. Non-confornmal sidewalls may forma faceting or a bread-I|oafing
formati on, \ddedhg pr mbredé—lmrd‘mgsfmbmmni which proredd n@asubsiadealbl YesticiTaper ed

d |1 f f b d- |
et ease. t hoaBEb; THted s BT aRARO b inedoR i ob PR ieidetvalls”
Elr’leI ﬁreaglo%/t gﬁ%ﬂ@{ﬂ?ﬁé&%hé §&Pdson idier @chﬁld%\bldé & pE(ISF GHfhg Fn@ﬁ@ plfslgposi tion

mask feature. More preferably, no layer is deposited
over t hé0 botlieodapofitiphenitirsddd wall wrthwk{:ﬂﬁ%]heldnpmtnm @mblodbpttemtcsf tiif t he
i nvention, none of th depo on I .S on p e sk. In
ot her enbodiHs t%aturﬁas/llorﬁﬁ’ret ?féf’ ?r ‘f)ﬂeqoéﬁfio‘feéﬁ o]?‘ortrté’&u %ﬁg? n’taﬁé top of
the etch mag g{ﬁ ue0026] Features are then etched into the layer to be etched
308 through the deposition |ayer features 322 (step 212). FIG 3C shows a
feature 332 [e02Shed hmometdmebddayarts b hthb énvehidie choB30 81 thbrdepdsnti;)nelxm}i:ben t he
feature 332 etched in th r to be etched 308 has which is
equal to théoreS t@?&wam%sge Iy ers?l?l?qsiﬁnfﬂ&w@thééleweé)Oeﬁggaml Isrfadisde, the

CD 336 egzt t&e?lft?gg @ftﬁg’gtcﬂﬂ}’ Fe slightly larger than the CD 324 of the

feature deposition layer 320. However, since the CD 324 of the
deposi tion I[eyxs) feEédﬂLﬁres &3 2hdrsetclieg ihthitbalayénto oetched 30 anougheh€D 316 of

the mask 312, the CD 336 of the feature 332 in the |ayer to be etched 308
is still s nﬂpp@pthrhlghertfﬁégu@322 (step 212). FIG. 3C shows a feature 332 etched into the
layer to be etched 308. In this example, the feature 332 etched in the layer to be
etched 308 has a CD 336, which is equal to the CD 324 of the deposition layer feature
20  322. In practice, the CD 336 of the feature 332 may be slightly larger than the CD 324
of the feature 322 of the deposition layer 320. However, since the CD 324 of the
deposition layer feature 322 is significantly smaller than the CD 316 of the mask 312,
the CD 336 of the feature 332 in the layer to be etched 308 is still smaller than the CD
316 of the mask 312. If the CD 324 of the deposition layer was only slightly smaller
25  than the CD of the mask, or if the deposition layer was faceted or bread loafed, then
the CD of the layer to be etched might not be smaller than the CD of the mask. In
addition, a faceted or bread-loafing deposition layer may cause a faceted or irregularly
sh_eped feature in the layer to be etched. It is also desirable to minimize deposition on
the bottom of the mask feature. Preferably, the CD 336 of the feature 332 etched in
30 the layer to be etched 308 is at least 30% less than the CD 316 of the mask 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 mask feature. Most preferably, the CD 336



316 of the mask 312. If the CD 324 of the deposition [ayer was only
slightly smaller than the CD of the mask, or if the deposition |ayer was
facet ed owohneadsdézoaf ed, then the CD of the |ayer to bepretrasessmiught not be
smal | er than the CD of the mask. In addition, a faceted or bread-|oafing

deposition la may cause a faceted or |rregul arly shaped feature in the
| ayer to be tthmﬁs@turer 3@C1aﬁdslt) tl@l%lgvfrla@bee@bedw(?ﬁ iIviaz kastPtsless ban e €he
bottom of t k f e ] feature 332
o ched in tndeays g B ChERAEantoebtRiantareius nelle (i RSED 216

of the mask zﬁeyt Thig mmeedd%atemgiemeptdﬁw }»%%§e@teF§ tanfaaspathe 332 et ched
in the layer to be etched 308 is at | east 40% | ess than the CD 316 of the

mask feat ur edeppsition fyerf iemealyhlsten and nepk3geoval istisp. Pehingmeay33used édrabe i n t he
| ayer to be

feature. STheTHRIRE Biacxe 531 10 SRS DR aHEg 00 HiF Mo kreNBo RS 9G) - Thi s

may be done rAgskehaSk BEdrEreflo®Bd. OAddiiBnal ER3aAbE s&beRRy Wb EErf@m&%R@ﬂéﬁ'QQO)
deposi tion | ayer renoval step and mask removal "step. hi ng may be ‘used for

the strippi diprpravplssa cEit@Et 330Onshidhe teHerstdhiokhd (0tuat.t €o ptdveiedeq!mttl ti on

| ayer and etch mask have been re al formtjon .ma

o or mmd ( SPER D6 HOrE, EEANA S B oMELRTOS AR SHuPct R . (ANTGE n t he
feature. To ppouidendy BURAABRIEENR SifdéclsUbfned trench may be et ched
before the contact 1S forned. Additional processes nay be performed after

t he contl@ct [0827]or mBahe t¢ GRAjur®nta vapor bhasaaibmsetunfmathva,tformqthmsﬁ adeposi tion
met hod, formation a nformal | .320, i s alwasdlfflc nce
deposi ti on rca_f@rtnﬁf/)%wra?é%ys platpbs QIR sidfs dspptifiem b iy ReAoRY Brpraho@ause of
the line of p%'rt%}lot*tﬁéﬂfdi‘ﬂe bQah @ JTahd Rk é}fsu%n 'Péa?ﬁ%tth na%laﬁB?a‘Bf‘eathaf

deposition l'ayer and in the extrene a pinc e profile top. Methods
used t o obt ahapeofitbe depositiondater pndini theextsameha amcbfotfﬂtertltﬁqtroﬁteeem oW' post

deposition, ftﬁ?en | ead to ot her undesi | e side-effec 15&9 %
advant age ofMEhads ¥irdie PUaINA Peraerti P‘I‘? €, JUGHAS-A B e ale PoBYY i on

profilejgan &%?oﬁﬁ@'{? o@i‘éh%a\ﬂ%Bllﬁﬁ‘hnd@%nréﬂ?@sﬁé‘l@ﬁ@&lk'e”t ani sotropic etch step.

Anot her advantage of the inventive process is that deposition |ayers may be
added and et[8628}ack OnesdVdnitayg of theantdntive geoss it iloin anay-eertical dapdsiduni ng each

cycle. Such a thin at er, can hel.p prevent delam natio WhICh an be
caused by { o lﬁg"aa Fén%vete%l@zyéte Suﬁset%@t ISOHORIE SN 5t uaf Yo cause

ot her probl %'a@ant}dé’é Gadk B’JVQHU\;C%O(%g; S tﬁ%ﬂlde]gcgs‘?t‘fcﬁtslﬁyers may be added and etch

back resulting in a thin deposition layer formed during each cycle. Such a thin later
20  can help to prevent delamination, which can be caused by forming a single thick layer.
A single thick film may also cause other problems. In addition the cyclical process
provides more control parameters, which allow for more tuning parameters, to provide
a better conformal deposition layer. Since the cyclic process will keep the bread-loaf
at a minimum throughout the CD reduction process, the CD gains at the bottom
25  portion of the deposition profile can keep growing.

Example of Dielectric Etch

[0029] In an example of the invention, a layer to be etched is a dielectric layer

408, which is placed over a substrate 404, as shown in FIG. 4A. An antireflective

layer (ARL) 410 is placed over the dielectric layer 408. A patterned photoresist mask
30 412 of 248 nm photoresist is placed over the ARL 410 (step 204). A photoresist mask

feature 414 is formed in the patterned photoresist mask 412. Presently, for 248 nm



provi des nore control paranmeters, which allow for nore tuning paraneters,
to provide a better confornal deposition |ayer. Since the cyclic process
wi || keepwbheodnrssad- | oaf at a m ni num t hr oughout the CDpredisedisomnssps ocess,
the CD gains at the bottom portion of the deposition profile can keep
growi ng. Exanple of Dielectric Etch [0029] In an exanple of the invention,
a layer to behotaredigicttdhsmaskdi twpisak €Ddoll thy photBsist m}zbh2p(é-2é® agedsioger a
substrate 404, a

t | 10
ot over meRinA0Brse Hs et Bed B4 G0 Bl 412 of
248 nm phot opgsest FEGP3 AGLLhOWSC ViB® ARlpIAM p(r@&e@sﬁngz%’e)lnbeﬁSQ@ﬂia@hﬁ?' st

mask feature 414 is formed in the patterned photoresist mask
Present |y, flerusedgonmeploonmgdaké €D redettionagikhing,tapdisewipingd Tflmrplasm phot or esi st

may be 230-250 n usin venti.onal pr es. e substra i | aced in
231 2o pr dRosS g LA eDD <Eeuer terBRETERE: (anaPPE R PR ol s
processing claaePaEctRIYS J082ad gasbuRe U6 efhdf@lexRAISE Sidih 820t RAtHEplagslbCct | on,
etching, and stripping. The plasma processing chanber 500 conprises

conf i nement mpmg@ns(olzambm S0P pthe sebstreterdddas postiongd lupore thedpwet ¢lexieods083. a gas

source 510, .an 520. W t.hi cess er 500,
The subst r at Bedoner SepauRoB B rafs f Al e Rl e Rl i e

el ectrode 50&&{6@%@%@&@&@ ewhfnaglﬁ1§é1t?1§é)rf&t1€omahgg{@ mstm%@b@m'ﬂﬁe (e.g.,

el ectrostatic, nechanical clanping, or ke) f hol di ng the substrate

304. ThdOr eactaor tpp&&it&upm@ttptim&@p@ etietwoa@@@lf dl@umcd ioohed BGAY dprEpts ed

i mredi ately osit el ectrode 5 The |.ect rode 504,

| oner el ect rggg OWBS ecgﬂge é@ﬁl??e‘ﬁ’é’ﬁf GIF&FP&%@@Q‘O&'@W dﬁgogoﬂﬁ ned pl asma
vol une. Gas do%ﬁﬁéiﬁ@ﬁt'rﬁ%stsm H@ﬁl@tﬂ@ﬁ:bﬂ%@d@lﬁmoﬁ%é’r@am stipjftiedds your ce 510
and is exhausted fromthe confined plasm vol une through the confinenent
rings 502 anwnéinedplagus volporetbyiyie gdmesoevché&@hnqbquxh&%d feorhithstonRaed our ce
544 is electrically connecte he u rlp dect r ode, 504.

cond RF
sour ce 548 .@a%liweml?me&lrrwgftglﬁﬁee IR 2otRdrangxhayst B%rébsﬁ Witber
wal I's 552 sunj.uissh t R .Ganf LNGIRMy it LRESiIcARPeonhBGeHRARE u@ﬂ)&%iécgggew and

t he Iovver el’‘ectrode 508. Both the first RF source 544 and the second RF
source 548 maype@adii sar@ B ibkiecpounty canueteetoahe lav eMdzogoief. sour ce.

Different c atio S connec in F power t eelec r od
possi bl e. aﬁ&) $£ surround tle CCgl ncmcnt rings 582 lﬂe upper e ectroge ?(546, 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 source. Different

20  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

25  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.
[0031] FIG.’S 6A and 6B illustrate a computer system 1300, which is suitable for

30 implementing a controller 535 used in embodiments of the present invention. FIG.
6A shows one possible physical form of the computer system. Of course, the

computer system may have many physical forms ranging from an integrated circuit, a



Exel an HPT(tnm), which is basically the same as an Exelan HP with a Turbo
Punp attached to the chanber, nade by LAM Research Corporation(tm of
Frenont, wWel2odemspé3a, whi ch may be used in a preferred erbodisomstiasbst he
invention, both the 27 Mz and 2 MHz power sources nake up the second RF
power source 548 connected to the | ower electrode, and the upper electrode
i s grounded. printedbeirquai Hoard, 884 aismald bandhsld deyiop upenBAUEe B COMPUtRE SoUr ces

544, 548, exhaust d the qQ The T woul d be
vaed whon treonRuePSERn B BRGe et b e iy LS80 U o
oxide or or gaRedsvd i TRt § keyRast 111003k a Mblae 13926Dianth168s h kbMmphteat e a
conmputer system 1300, which is suitable for i npl ementing a controller 535

used i n enboutidedte mechimtlltsede&Btﬁm datateand éom Fn@uiGAyshiows00ne possi bl e
physi cal _for th uter s e urse,.the conputer tem may
ave mang pHYUSEal A PR S Grh ek eGP b B G erabint e
circuit boargy,a0d t@sﬁ{@ﬁ budenghel %&lﬂ?\\’drfégr df%uB%sénﬁU%oo%%'M(s ‘P@Z@Géls%r

Comput er system 1300 “i ncl udes a nonitor 02, ‘a"display 1304, a housing
1306, a di skrethriedeo 28E8itrabploegdsimgruaitd, 3t @P Ush dreaconpled ¢o 4812 dEstés 1314 is a

conput erreadab) e. medi um transfer data to and fromco er system
1300. [ooslenﬁ“g;ngéEem%rYgﬁsg &ff-‘ﬁ? 6?5%‘“65“ desra AP AEHFS WW&%@ ae%tem
1300. At tachedsm T‘ﬁsl&m Rw)l?»@&swelﬁqwmn\ﬂ%Arﬁtnoquacﬁsqe%ﬁ&@n&ta and,

Processor(s) 1322 o'referred to as central processing units, or
are couplled instrstionage-deciicesly to tied RV mgd Ré\tMnyustazypdermmylﬂfBthta ncl udes

random access nmenor anpd rea onl is well known in
the art, RC]\ﬂ“éic‘f‘%“tC O’c“r‘é‘lr\%‘? iregiipng Hﬁ&“g gﬁg‘é%ﬂ‘éﬁ% O%csﬂ‘ﬁei‘%(tfqub‘??é’l ly to
the CPU and iRevYE ﬁn}!"ﬁffﬂbfeyotf'ﬂ?@édn Yout@-rE4 BBRTREiS AL RriBAbd1HR! %uﬁ;(édo({@k' n a
bi -di rectional manner. Both of ese types of nenories may include any

sui t abl e of 1326 iselypudepled bnadiedahenai’sfdo & PdEEXX2; h@dmbééscnddltmnﬁi degalstdiagk 1326

is also coupl ed bi-directiona U 1322; it provides, additiopal data
storage capat@Pe§ityAi W%ﬂ%lwdﬁem the RYmBLet-HadFRIS @rdeﬁ‘ég’GQt?FE’“ﬁedi a

described begouy 4f k?f@ﬁ’? ﬁfa?'ﬁe%g*&ﬁo e P9 kh%?sddétg a'?rfd%@hi?é&lgf@f‘ﬁnc lztaa’ and

the like and I1s typically a seconda ysoragememm(suc as a hard di sk)
that is sl owerotdaanstpragearedivst Guelges a hdrd dask) tliaelsa;pmeectlnzmt]ﬁdnarhatomgme It

i nfornati on reta| ned within fixed disk 1326 ma at e .cases, be
i ncor por at edVilhbesipRirsaater hasiie xomaatign reigied N@%}W%ﬁ ﬁﬁ?rd/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

20  media described below.
[0033] 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

25  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-

30  described method steps. Furthermore, method embodiments of the present invention
may execute solely upon CPU 1322 or may execute over a network such as the

Internet in conjunction with a remote CPU that shares a portion of the processing.



1324. Renovabl e disk 1314 may take the formof any of the conputer-readabl e
nmedi a descri bed bel ow. [0033] CPU 1322 is also coupled to a variety of

i nput / outwotoessezes, such as display 1304, keyboard 1320Q1/useas®44s842 and
speakers 1330. In general, an input/output device may be any of: video

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

di spl ays, trl@A34ucern edtiton, eadedspentegitht pesatt iipapeon fuather reémder s, tabl ets,
styl uses, voice or handvvriéi n hgcognl zers, bionmetri ca Faders or her
conput ers. COUPHEIPIUREE IAQY ‘1‘5‘” § CHRPHISTTFTAdaC!E st hat %Vc?rfﬁmpé’FeYGP ©

tel ecomuni %Eﬂe@ﬂfor’}ﬁ}fé@ﬁiﬁg%hﬂﬁk Mﬁﬁ’ﬁ@&'ﬂnip’fgn%nftép@peﬂﬁégs WelheBA&H @
network interface, it is contenplated that the CPU m ght receive

i nformati on donmmtetrrcedmetame khosespercleglrytdes:gnmanmqcvhsirumftd fontitegputpreenef wor k i n
t he cour 8‘; erformng the bovedescr gd me |h]od st eps. F rt her nore,

net hod erbo FreentdpvenHan i dasipay by ‘? ‘r‘?drﬁéﬁj odi AN avallaly i 585 cpu

1322 or may ©XaeukE] AVEE cEmPEEVRI KR k. @&axtnﬁﬁs bFE&ﬁﬂlﬁEr fe@d&ﬂé‘}n‘éﬂfét' on with
a renmote CPU that shares a portion of the processing.[0034] In addition,

enbodi nent s ioflutigyebup alesnanhmluadwmagnetﬁmmtdnersuwleasdtaed dioks dlwppy disks tand age
products with a co ter-r bl e .med ve copputer code thereon
for performMEEFEFit B‘ﬁg @‘FSP%‘T #ﬁ:ﬁé@a&%f%’ﬁ@ﬁg}) d%ﬁ@e?ré’ﬂﬁgéle'é’ﬁd

conputer co Mn@cﬁa%u'@lsa% fﬁa%%ﬁél%l'léklé ARHa oG te ﬁg\qcé‘sQ%tawﬁ&eE%u Or the
pur poses of the present invention, or they may be known

and availIOabI@nﬁguﬁebm@aokeaandmge&ke biogramn th, mmﬁm@hﬁpluaabmwoeﬁcamt@rat&xarrpl es
of conputer-readable nmedia in not limted magneti ¢ nedi a

such as har oplwgkﬁsﬁqswﬁ%rmwble ‘9%18 dtﬁ‘élg“;?g(ﬁ@sl @MO%WC%{\ #igtSsuch as
I
CD- ROVt and fg] é;%ésat&g:'oﬁ]p%?ewcg mcﬁagﬂﬁmﬂpkwe;wc}%g p@o(ﬁéd%b?ﬁ c&'npﬁéﬂ ca

di sks; and har evices that are specla C ured to stofe and
execut e progimdrileoamtaisiug highsr Rppl dodatliaoarespeaitéd by a Cﬂlﬁg.[talt wihgcdr cui t's
(ASI Cs), programmabl e | ogic devices (PLDs) and ROM and RAM devi es

Exanpl es of Bt#paeer Cengeter Fféﬂ%hi%m?é@ﬁvwl%wmwef{ cqde BRwRiEedbhY a

conpi | ery,s angd f i &Ha ot Al %B&dn%oﬂfbeéanll@rvﬁi g%gﬁzeérm%hnﬁ%as&@@ﬁ&t by a

conput er USI ng ‘an 1 nterpreter uter rea ' so be conput er
code transmiihstedtioys macmuécﬁutabdkalbﬁa giogedbr.enbodi ed in a carrier wave and
T S g e A s evhmples may st ther deviees 16 carty st the invenidh, 2 P 0¢eSSOr-
[0036] Next, the cyclical critical dimension reduction is performed to provide
deposition layer features with reduce the CD (step 208). In this example, the
20  deposition phase (step 209) comprises providing a deposition gas and generating a
plasma from the deposition gas to form a deposition layer. In this example, the
deposition gas comprises a polymer forming recipe. An example of such a polymer
forming recipe is a hydrocarbon gas such as, CH4 and C,H,, and a fluorocarbon gas,
such as CH3F, CH;F,, CHF3, C4F, and C4Fg. Another example of a polymer forming
25  recipe would be a fluorocarbon chemistry and a hydrogen containing gas, such as a
recipe of CF4and H,. Ina .preferred embodiment, CF4 and H, have a molar ratio
(CF4:Hy) in the range of 1:2 to 2:1. In this example, power is supplied at 400 watts at
2 MHz and 800 watts at 27 MHz. FIG. 4B is a schematic cross-sectional view of a
deposition layer 420 formed over the photoresist mask 412, by the deposition phase
30 (step 209). In this example, part of the deposition layer 420 is over the top surface of
the photoresist 412 and over parts of the exposed ARL 410 at the bottom of the mask

features, in addition to being over the sidewall of the photoresist 412.
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[ 0035 Ot her exanples may use other devices to carry out the invention.
[ 0036] Next, the cyclical critical dinmension reduction is perfornmed to
provi de depasididcsssol ayer features with reduce the CD (strep/udo@p/o44s0st hi s
exanpl e, the deposition phase (step 209) conprises providing a deposition
gas and generating a plasma fromthe deposition gas to forma deposition
layer. In tij0037¢xanPhestch pasdépeas? 10) comgesesquopidinges eszhp:dnlaserm ahdr m ng

reci pe. An exanple of such a polyner formn eci pe | drocar bon gas
such as, CHERSS lrtgzwetcfaa%ﬁssp@ﬁ%?@eaﬁhss%@%é e%ﬁﬁ&%efaﬁ é €2, CHF3,

CAF and 478X | 4, be a
fl uorocar b(c);?]lgc em st 426 Emplﬂ'ﬁ Sa%rggggyn@rﬁ?%%gge gésb%ﬁ% ggéz; geci pe of

CF4 and H2. 11lust1ater1;ﬂﬁéelepcmhcmmmsb (rsmpt?,O%?ﬁm thndtchiphhaev(step 21hD) @ucurarti o]
(CF4:H2) _in the range of 1: X In this exarrpl power f"ie Bp“ed at

400 watt3 atiffergpitingsg PS@G“\RB’@ fh§ eé&h is n ppisotrenigetchply %ﬂsar«xgeﬁ
cross-secti ggéﬁorx epS Qfﬂu@r(gﬁﬂ)%ﬁ 'c]ﬁéx ﬂtl&/asYtglﬁ a?@ﬁi foHIFEeg]CP@HEFZt hﬁh&hc’t or esi st

mask 412, b osit1on phase n this exanple, part of the
deposi ti on hdyieivedARM@hias CoMmey, ahdhebhmqy lsmdﬂabelncmlstehmnpihomm@ss stpplid¢@atand

over parts of the xp sed , ARL 410 gt t he mask features, in
addi tion tolp¥t ﬁg“t ztaﬁg8§$3@%§1t| 7&&%2?%#&5“ pieheMatiq FopuERE P he et ch
phase (step ; ng an
Cen phase aounF REBeRT IB{@ 20 ACAbE! o PRSI RRa-OR: SRR e Bl

deposi t 1on ldayesitict@yer Hae bednodiclipli asey §ashd ccldplidse (seapt 2 f0n.on thiseexdepesi t i on

gas. As illustrated, the de 05|t| phase (step and. t e et hase
(step 210) &agieh phasgi(yieret Whdhips remlf’l"%?%‘FQB‘ltﬁl‘)fztgﬁéiele%SEW“ %yeéﬁggﬁegrotropi c

etch. In th'ﬂ?et%ﬁ%ﬂ%ﬁéﬁﬁ didted@s 9B V&R of %%:&98&'&1%&%@%5”%1 such

as CF , CHF era I tives suc nd HZ ma
added. | n tBhewexanpl e, power is suppl ied at 0 watts at 2 MHz and 800 watts
at 27 MHz. FIG 4Cis a schematic cross-sectional view of the de 03| tion

| ayer 420 f(ﬁﬁ’m ovbrthistesample: e dspastaremRsa SiEPeA00) 1S TEPCATHCA FHEpRLIE O
l 210 hi |
ayer phase %%% Gg&ﬂ{g@%{eﬁﬁ sh%ec?hé:re ab Q@s%?l %}dzglbgogzﬁ ih %1 er,%gﬁwfe I's exanpl e,

t he etc and renoves e deposition

| ayer 420 O\éﬁfboameritpmeswpf)ﬁaen afcipeltan pRObLO heslifdd Adm tendcpe e thedlrtis of the
exposed ARL 410, as shown. [0038] In this exanple, the deposition phase

(step 209) ﬁgpqs@ml'@ge aFlgeéghlg atsphganatic cross- -sectional view of a deposition layer
420 formed over the photoresist mask 412, by the second deposition phase (step 208).

Again, part of the deposition layer 420 is over the top surface of the photoresist 412
20  and over parts of the exposed ARL 410, in addition to being over the sidewall of the
photoresist 412. The selective etching in this embodiment, allows the net deposition
on the sidewall to be thicker due to the remaining deposition on the sidewall after the
previous etch.
[0039] The etch phase (step 210) is repeated a second time. The same etch recipe
25  isused here as described above. The etch recipe can also be modified from the recipe
in the first deposition phase. FIG. 4E is a schematic cross-sectional view of the
deposition layer 420 formed over the photoresist mask 412, after part of the deposition
layer 420 has been etched away by the second etch phase (step 210). Again, the etch
phase (step 210) removes part of the deposition layer 420 over the top surface of the
30  photoresist 412 and over parts of the exposed ARL 410, as shown. As can be seen,
the remaining deposition layer over the sidewalls is thicker than the remaining

deposition layer over the sidewalls shown in FIG. 4C.
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The sane deposition recipe is used here as descri bed above. In alternative
enbodi nents, the deposition recipe can also be nodified fromthe recipe in
t he firstwoepesicséson phase. FIG 4D is a schematic crosecsastesnasoyi ew of
a deposition layer 420 fornmed over the photoresist mask 412, by the second
deposition phase (step 208). Again, part of the deposition |layer 420 is

over the top0Gid)f acthofycliba cpliodlalimsnsidn ptﬂ)Qesa(mlep)M) cpardpsatgheseligclexposed

ARL 410, in addition to bei ove |de of . the phot oresi,st, 412. The
sel ective efERIPRY tlm?staﬁpgss@%w&#ﬁéen%m ‘i?F%Wsa fiﬂ’ée‘ﬁ@tn rﬂ%‘%HQPH iSRS t he
si deval | tO ih' CKRE, t‘ﬂl:'%éélﬂ:af Qi L EERINLBE rARPOSH s'te‘i?s%@;‘nstéa été’&\’éﬁé '

after the p evi ous etch The etch phase (st epeated a
second ti nedleTénemsmyeriethdn ertmedpemg:shmddmhﬂc_rmthﬂledeémedlﬁﬁﬁ(sahn’zvlé) The etch
recipe c

e m)deledfromt r eci in the 03|t|o hase.
FIG 4E ? S iJhééF‘E (FRIMPEISES YQ¥IdEgAn; & ’agasx?ilgi?r&m% %etaféﬁfj"éﬁnf‘ Hli‘ﬁféﬁ% zplzo
formed over @%n&ﬂgt&é\xg fezatdlf}%gﬁt &difre ﬁ)%ﬁ@ﬁseﬁ%hh@? eq&%‘l@]%@?‘%‘téﬂ @{& | ayer

420 has bee et che second ‘etch phase (step 2 Agal t he
et ch phase (zst)eqhaxiﬂk(é)etcr}emmpe&sq:aiahtth@étclt bleaseleqmﬂt(i)@mtﬁeayepe412meover the top
surface of the photaresist 412 and over parts of the exposed ARL 410, as

sﬂownk Ashcélﬁpfﬁétlmse tsk 08 pral W Agbesaps i isidsHrablg Bat t@i%é}eljc“rrg Byt Is i s
thi cker 't a%ﬁ\&%ﬁh@%h{]b@%&?@lﬁ)&l &my&a lﬂye%gloﬁ\t&ruch&@g 2 Agogg&yén' n

FIG 4C.[00 e cyc ritical dinmension proce

repeat tbesef ayelcashanisigiyr dichivsthasligasdd hlyer waild be (thE; eakid,ed Neri ti cal
di mensi on reduction is reached. [0041] After the ¢ ical critical

di mensi on r &ddctl b retsesscug) view of dhigligleesic IQYI’?é“‘aélé‘lﬁé"cttl‘Flf%at‘FrS?‘é? hag t hen

etched usi n%eérh%cﬁédclg tﬂga‘élléﬁ%\fé{acga)geggmg e"ﬁh'c?@r%cgpd&%nﬁgn I%% e fe%r i Abch

conprises providing an et ormn plasma fromthe etch
gas. |n thi stohsdimd eheadicletttie tapi 468 cRmabed tbm ihe crisied diipendidreofthirgiedt ri c
| ayer etch (step 212) than the etch recipe used in the etch phase (step
210) or theph@@rﬁeﬁpﬁ‘sﬂf‘é’mﬂ%po& tion phase (step 209). This is because it

|s desi r§‘b' it t Bk ALEHLRGE [d ﬁm{ L%X%"v%é‘f’s‘?%; %&g?fn tﬁ C&%&lpr&”z{ St afde

cycllcal crl di mensi on re ion an etch

chem stry f(photemmt B@iptih esedi e h@ndvd the letayefasmulddmbeamfoﬁnwdnrst@a mdy N . FIG
4F is a cross sectional view of the dielectric |ayer 408, after the feature
452 has beemnlsetbegeformed (stepdi2f)-ectri c | ayer 408. The critical di mension of

the feature [&?425] Preferably, each deposition layer for each deposition phase is between 1 to

100 nm. More preferably, each deposition layer for each deposition phase is between

20 1 to 50 nm. Most preferably, each deposition layer for each deposition phase is
between 1 to 10 nm. As a result, each deposition layer would have a thickness
between the thickness of a typical bottom antireflective coating (BARC) to about a
quarter of the thickness of the reduction of CD, so that the desired reduction in CD
may be performed in two cycles. Preferably, the cyclical critical dimension reduction

25  is performed in at least two cycles. More preferably, the critical dimension reduction
is performed in at least five cycles.
[0044] The invention is useful for reducing CD for features that are either trenches
or holes.
[0045] In different embodiments of the inventions, the etch layer may be a

30 dielectric layer, such as a low-k dielectric layer of a metal containing layer. The etch
layer may also be a hardmask layer, such as amorphous carbon or a SiN layer that

serves as a hardmask for the later etching of a feature.
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etched into the dielectric layer 408 is smaller than the critical dinension
of original photoresist mask feature. [0042] The etch mask is then renoved
(step 216y0 2bov/dshiz® exanpl e a standard photoresi st stri pcrase@sed44505 r enove
the etch mask. Additional formation steps nmay al so be perfornmed (step 220).
[0043] Preferably, each deposition |ayer for each deposition phase is
between 1 t ¢00BP nnin diberenpiodfraeradbithe aaehtiae postemiperntlraytthefvarferaaképt
deposition phase is between 1 to 50 nm Most preferably, e ch deposj tion

| ayer for e&EW“G@ﬁ%§FWF6W“6%%@%3W§”Hé?%@éﬁmf$§H“TG“ﬂﬁF’ﬂ?' PEEEM Of each
deposition | v h LOARE ypi ca
bottom anti rﬂge%/ gé%%igﬂg%g(tf?%gle% P%g}gﬁg thgout ge‘% a?%?rlglﬁ?ﬁﬁﬁg%lﬁﬁ% ness of
t he reducti dronol0D,tosD BaMdré pretkashly atle teammﬂu@ris kept GDtheayngdeeof3Or@ or med
in tw cycles. Preferably, the cyclical c¢ritjcal nsi on duction is
performed i A0 2RV ¢edigst PV%“%R/‘X’I the tempsraturg s maignse mfﬁ Rrapgs ?f%@ﬂg W tensi on
reduction ig performed in at least five cycles. [0044] The invention is
useful for reducing CD for features that are either trenches or holes.

[ 0045] I n di[@d4 ent Smnbdréldepmedmiatérhxelsmmerhlﬂ(el@nﬁ prapeetisatdiiierbayferm neey be a
dielectric layer, such as a lowk dielectric¢ |ayer or a netal contalnlng
layer. The @heWRIesisyE1aleHNs. SXEsS Kpacqumy Eﬂ BPsited (RIS AP &R

car bon or gi)wrés?sx of %ﬁ%ﬁ Mﬂ%m%leadlglﬁ'\rtgﬁso?iﬂlé glﬂ{otcgrgﬁ?]lf@&tﬁfesehgt ur% of a

feature. [OOE n other e ments of the 1 nvent e tenper

the waf @0 i sh&dgposibiehand gﬂch@ﬁocbfsaﬁmdre dnntferpusclas, urie posiilbe pluod or esi st
materials to avoid distortion of phot oresi st mask features. Preferably,
the wafer t&NpEpNEapmuatioamt th%dqméltqdaﬁaérlalrb&ﬂfiméur@& @y tinapinghe (Y e
preferably, %%n{n? erature is kept in the range of 80 Cto -80 C. Most
preferably, g’gerature is maintained in the range of 40 Cto -40 C

[0047] Sinceotdsy depasictirid imWehesn BAs Heen BBsetibed akyndf sevapleprticasddi f f er ent
fromthe photoresist materials, excessive accunul ation of the deposited

material s oﬁrrtbgélrmnt% HeerpHstabemspas, peayEdticparAndaiasieuLHps L cAsNE AANE: or t i on
of the EEO]E Io\r}lé %lwfhai% eesséopeBgf tﬂOI n\genhon ﬂ Rglﬁd als%%e%%%d%ﬂﬁ%@rr QeSS in

nore tha | 'es OSSIbPe to avord
many alternative ways of unplementmg, the methods and apparatuses of the present

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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excessi ve accunul ati on of the deposited nmaterial buildup during any time in
the CD reduction process. [0048] Wiile this invention has been described in
terns of wewvesalss@nef erred enbodi nents, there are alter ®CiIras2005/044505

pernut ations, and various substitute equivalents, which fall within the
scope of this invention. It should also be noted that there are many
alternative ways of inplenenting the nethods and apparatuses of the present
invention. It is therefore intended tm foll ow ng appended cl ai ns be
interpreted as including all such alt s, pernutations, and various
substitute gpiMelRiheads fall within the true spirit and scope of the

pr esent |nve'rrt‘|‘0'n—CL‘KI"|VB'V\h t isclainmed is: 1. A nethod for formng
features inlan etAcimethaydor formmy fedtales st ackciniayér iannetahstavhiskitioareetch he et ch

| ayer, wherel n the etch mask has .etch sk features si dewal I s, where
the etch’ madlsk @xeripesichiayer q@rereﬂ%fhe&m ask haa.ewaﬁg@s@”ﬁeatw&wﬂtra sing

f |
perform ng ?ﬁ%%ﬁhé %@rleré:{hhte{c‘fl%?sﬁ 55%51%5 Hél/eraeﬁﬂs!%r?]tﬁ:als b Fhesgi'bﬁ‘ QeReaidd on layer

features wi a sécond critica I mensi on, whic than t he Tirst
critical dinensi cpanfominage|cycle:abtr1tmabdiimensionmafdusem toefodeplepoediticiglapdtase f or

deposi ting deposition | ayer, ov t he e surface i ncl d|ng t he
vertical si 2 ?‘théfsefcﬁ cgiticpl Rs“?‘éé(‘fﬁ‘ﬁ eséﬁ‘&f‘“éﬁ gtséﬁflﬂ %' phase for

et chi ng bacglu{lgﬁcglemﬁ}chﬂ %Rlcwgrcoﬁg\&gﬁg a sel ective deposition on the

vertical si etching features into the etch | ayer, wherein the
etch | ayer features hawepesitihd plthse fartdepasitirdy adeposioon layler overitle ¢xposed han t he
first crltlcal di nension. 2. The net hod, .as C in claiml, wherein the
cyclical crPtifess ‘H&H@W&itlﬁfﬂ"?’éﬁﬁé‘l‘jf’w&?ﬁ Qfg Ci Hésg‘dfF@Preétaq deast two cycl es.
3. The method, as recifetnidd Gadl B tchiMPabl theld2Bosi&H lag@ lefihg 4 cal
di nensi on reductl on is per?l%rﬁn%d {Rér Caltitlﬂlél gast ef I g% cycl ags ' éfhe met hod,

as recited iseleativg depogitian om the-\@rtioshgdewallst irel et chi ng phase does not etch
the etch layer. 5. The nethod, as recited in, any oﬁ clainms 1-4, vvhﬁrgln t he
perforning the etching features into the etch layer, wherein the etch layer features have a t

15  critical dimension, which is less than the first critical dimension.

2. The method, as recited in claim 1, wherein the cyclical critical dimension

reduction is performed for at least two cycles.

20 3. The method, as recited in claim 1, wherein the cyclical critical dimension

reduction is performed for at least five cycles.

4. The method, as recited in any of claims 1-3, wherein the etching phase does
not etch the etch layer.

25
5. The method, as recited in any of claims 1-4, wherein the performing the

critical dimension reduction forms substantially vertical deposition sidewalls.

6. The method, as recited in any of claims 1-5, wherein the second critical

30 dimension is less than 70% of the first critical dimension.

7. The method, as recited in any of claims 1-6, wherein the third critical
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critical dinmension reduction forns substantially vertical deposition
sidewalls. 6. The nethod, as recited in any of clains 1-5, wherein the
second crwoie@lossésnensi on is | ess than 70% of the first pcriusc@alosdomaensi on.
7. The nethod, as recited in any of clains 1-6, wherein the third
criticaldinension is less than 70% of the first critical dinension. 8. The
met hod, as wenérsaoh is hesarhyandf0%¢cbfthefirst caticaMdenaisioint he et ch mask is a

phot oresi st mask, further conprising stripping the photoresist mask and the
deposition layer. 9. The nethod, as recited in claim8 wherein the
stripping the phaiQLesh&i, amﬁe@ﬂldang%@@ﬁﬁﬁlé 9'7 LWA¥RIn HERRNISAR i@shi ng the
phot oresi st mask and depdsition layer. 10. Thé nethod, as recited in any of
clains 1-9, phbterasisnntakie fdﬂl;ms:nMpngmgIsamqaxnrgetboshmtexeplar mag artdrtee degusgioni on

| ayer on_bottons of the etch mask features and on a top surface of the etch
mask. 11° THYShethod, as recited in claim10, wherein the et chi ng phase at

| east partially renpoves the deposition |ayer on bottons of the etch mask
features. 12. The nmethod, as recited in any of clainms 8-1 1, wherein the
phot or esi st 9mask Ths nicherkds factged RiBainng, phieton ds mﬁp}ﬁm@ltltetpdaoemsﬁst Insapler
feature has a not reater t.han 140 nm 13. The d, as recited in any
of clains 1%@? fowi Iy ﬁ@mae%mm&&lm%w%%ﬁ ﬁmpéglonzmrt he
etching features |nto the etch chanber are done in the sanme etch chanber

14. The method, as recited in any of clainms 1-1 3, wherein the depositing
phase, @0chilog pHasencthod] at Feeited hing@f thRahat-©swhatem thhdepdsitimggihasder ar e
performed at separate tinmes, so that none of these praocesses are perforned
at the same ?WﬁﬁsPP@Ofﬁﬁékﬁ@$%@HMYQ§XW§@PF@@fﬂW‘ﬁﬁym6¥<@P%W%%mﬂOTQtORhereln

t he deposi ting ses: providing a depositing gas; and formng a
deposi ting pF mgqg?@%ﬁ??ﬁggéep05|tlng gas. 16. The nethod, as recited in any
of claims 1-15, wherein the etching phase, the etching process is

ani sotropic. 17. The nethod, as recited in any of clains 1-16, mherﬁln t he
et chi ng pl adfm  The method, as recited in claim 10, wherein the etching phase at east parfia

15  removes the deposition layer on bottoms of the etch mask features.

12. The method, as recited in any of claims 8-11, wherein the photoresist mask is

formed from 248 nm photoresist and the etch layer feature has a CD not greater than

140 nm.

20
13.  The method, as recited in any of claims 1-12, wherein the depositing phase,
etching phase, and the etching features into the etch chamber are done in the same
etch chamber.

25 14 The method, as recited in any of claims 1-13, wherein the depositing phase,

etching phase, and the etching features into the etch chamber are performed at

separate times, so that none of these processes are performed at the same time.

15.  The method, as recited in any of claims 1-14, wherein the depositing phase,
30  comprises:
providing a depositing gas; and

forming a depositing plasma from the depositing gas.
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contains at |east one of fluorocarbons and 2. 18. The nethod, as recited
in any of clainms 1-16, wherein the etching plasm contains at |east one

O CF and vwB.200%656Bhe net hod, as recited in any of clai mecthrsi@sowsesein the
depositing gas contains at |east one of a hydrocarbon and a fl uorocarbons.
20. The nethod, as recited in any of clainms 15-18, wherein the depositing
gas contains at |east both of CF4 and H2. 21. The nethod, as recited in

cIa|n120 rel 4 and H have a nolar rati CF4. in the rapge of 1:2
f0 2" 1. 22.16The THEFISSAPE 2SePGE] 1t RIS briScV B 16 Sehinggnes % he
etchlng phaggyi ﬁﬂ&§k§%§mnﬁﬁgﬂ .ding an etching phase gas, which is

different from epositing gas; and form ng an etching phase plasma from
the et chi nglphasé@hgasth@Bas Fegedigtangdf clagns &4t eberem tbé aichingd)aswher ei n t he

etching features into the ch | aye conpri ses providing an etching gas,
which is d|FP%?%ﬁPtFﬁ%ﬁnFﬁghBPPﬁpﬁ sﬁW&§gpgas and the depositing gas; and

formng an ggchi Age Rl ARIR af FRM4 nean?to@leiangs 948, wgé}cm-lm@clrcrﬁﬁ]@%snﬁs recited
in any of clains 1-23, wherein the depositing phase gas is a pol yner

form ng gascomﬁmsAtbeﬂKmenﬂGEh@miGQV|ce fornmed by the nmethod of any of

clains 1-24. 26. An appayatus,. f erf.o met .ho any of clains
1-24. 27. Alfet hﬁeﬂb"gﬁf%%ﬁ‘it}e‘&’% 5 £le ‘%9%&?\9‘%’1&%6‘?% f‘e&epos‘t‘%g gas
conpr i s n0: phiidd: RiuShE Br §hakkeltbifiadi flabcdByRl into an etch chamber,

wherein an etch mask with etc features with sidewalls is over the
et ch | ayer, 20her &htmeetiedd; bs rerskd inesaty wif elirthale 18, Wwharsin the deposiing gasrensi on;

performng for at | east two cl a cyclical critical dinension reduction
to forn1depGg??F%ﬁtFa?gpﬂ¥@%ﬁﬁﬁ@§%%ith a second critical dimension, which

I s |ess thapithe fil[.5hn&f bL fefbd ﬁil'dTﬁEﬂ(P ei@lﬁ BEDadd'8, Rhvh 1991%?%101 wher ei n
each cycle conprises: a depositing phasé or ep05|t|ng a deposition |ayer
over the si ¢eiaHh)sin the range of 1:2 to 2:1.
22.  The method, as recited in any of claims 1-21, wherein the etching phase,
15  comprises:

providing an etching phase gas, which is different from the depositing gas; and

forming an etching phase plasma from the etching phase gas.
23. The method, as recited in claim 22, wherein the etching features into the etch
20  layer, comprises
providing an etching gas, which is different than the etching phase gas and the
depositing gas; and

forming an etching plasma from the etching gas.

25 24. The method, as recited in any of claims 1-23, wherein the depositing phase gas

is a polymer forming gas.
25. A semiconductor device formed by the method of any of claims 1-24.
30 26. An apparatus for performing the method of any of claims 1-24.

27. A method for forming a feature in an etch layer, comprising:
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of the etch mask features; and an etching phase for etching back the
deposition layer; and etching features into the etch layer within the etch
chanber, wbeaneimsdshe etch | ayer features have a third crcriusadosdiamBnsi on,
which is less than the first critical dinmension. 28. An apparatus for
formng a features in an etch |ayer, wherein the layer is supported by a
substrate and whelasing dnheclestadk Walyen eick lgyovaiteah tyh amneterhwhasio anietdh mask
features with f.irst. CD, conprising: a pl.asma processing. chapber

conpri si ng: naasgp;gﬂbeéqh wark Pef‘g'?‘?ﬁ‘?‘l‘éh g{d‘b‘V‘Hgdﬁob‘?é‘g%%tgl? f‘?@%%’é’ﬁﬁe&g &i5BI osure: a
substrate SYpPRETathRE hsdPPONE N aPdiskRASHRat e Wi thin the plasma processing
chamber enclosure; a pressure regulator for regulating the pressure in the
pl asma processi ngedhaning foreat ddasstwossycles alcpasnl oiteabdiesnsiodeeduotioptoovi di ng
power to_th | asma. prqcessi ng chapber encl.osyre for sustai.ning a p]asm; a
gas inl et f%?ﬁbamﬂsawﬁ aygageaf%%vvtt ésfﬂoagﬁﬂ“ Lfé‘&@%%Sil%gw nibissS dReIBS ur 6.
and a 0as olflilibAlai SKARUR Liftn BR%dH AibbE WAL AR ELcRIOOE RS HBAs &N ADer

encl osure; a gas source 1n fluird connection with the gas inlet, a

control |l er controll abladepositiegplede t@ depesitgasa daposicion dadr dbie tiad sileadis one

el ectrode, c rising: at |east one processor; andconputer readable nedia,
conpri si ng: Ogg%pﬁﬁ‘f}b‘f“a kefgﬁl%fﬁsé?%de for providing for at least five cycles a

cyclical critical di nggsi®g USEor RRhNARER Tl RpbQfidn Beposhd i on | ayer
features with a secoggl cri t}g(rzlgrﬁ d% rrmns}P{(%n co]refprpssﬁrllg: 20Frput er readabl e
code fodOprovi di reching feanwesfinta thkegols idyeowitigashd acl beanteasnigergnoloedsh ng
chanber encl osure; . . . . C .

layer features have a third critical dimension, which is less than the first critical

dimension.

28. An apparatus for forming a features in an etch layer, wherein the layer is
15  supported by a substrate and wherein the etch layer is covered by an etch mask with
mask features with a first CD, comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;
a substrate support for supporting a substrate within the plasma
20 processing chamber enclosure;
a pressure regulator for regulating the pressure in the plasma
processing chamber enclosure;
at least one electrode for providing power to the plasma processing
chamber enclosure for sustaining a plasma;
25 a gas inlet for providing gas into the plasma processing chamber
enclosure; and
a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet,
30 a controller controllably connected to the gas source and the at least one
electrode, comprising:

at least one processor; and
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conput er readable code for stopping the flow of the deposition gas to the
pl asma processi ng chanber encl osure; conputer readable code for providing a
fl ow of awoebvesmepdzase gas to the plasma processi ng chanmper/mwspalkosisoe after
the flow of the first deposition gas is stopped; and conputer readabl e code
for stopping the flow of the etch phase gas to the plasma processing
chanber encl osure; andompnputeadableaddll eompdikend:or providing a flow of an

etchant gas to the plasma processin hanper after conpleti of the at
| east five cycles of the cﬁ@WPE@F“@8W§FE eiéfﬂ%W%#%%§¥éﬂﬁéﬁggﬁC%ﬁS%%ss; and

conputer r e%g@ma?cl@tﬁﬂﬁdifn%lsigh ol Rk ?1‘@0&%@@ fdrfh (ﬁéﬂ)@siﬁ%ﬁ Myk AN uresURiINg the
et chant gas Wwherein the features 1n the layer have a thi'rd critica
di mensi on. second critical dimension, comprising:
5 * computer readable code for providing a flow of a
deposition gas to the plasma processing chamber enclosure;
computer readable code for stopbing the flow of the
deposition gas to the plasma processing chamber enclosure;
computer readable code for providing a flow of an etch
10  phase gas to the plasma processing chamber enclosure after the flow of the first
deposition gas is stopped; and
computer readable code for stopping the flow of the
etch phase gas to the plasma processing chamber enclosure; and
computer readable code for providing a flow of an etchant gas to the
15  plasma processing chamber after completion of the at least five cycles of the cyclical
critical dimension reduction process; and
computer readable code for etching features in the etch layer, using the

etchant gas wherein the features in the layer have a third critical dimension.
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