METHOD FOR PLASMA ETCHI NG PERFORVANCE ENHANCEMENT BACKGROUND OF THE

| NVENTION 1. Field of the Invention 5 [0001] The invention relates to a
nmet hod of obtaining a structure on a sem conductor wafer by etching

t hrough structures defined by an etch mask using a plasna. 2. Description
of the rel al egathoiPPOR pLASMAIPPOHISCOPERFATM ANCRIIHANCERRNDNS, 2
pl asma etcher 1s usually 10 used to transfer a photoresist mask pattern
into a circuit and line pattern of a desired thin filmand/or filnstack
(conductors or dielectric insulato 0 i wafer This is achieved by
etching away the fil ns (anﬁé@é@ﬁ%%@%% N phot or esi st
materials in the o @%ﬁ?fﬁﬁreﬁﬁoﬁ he mask pattern. This etching reaction is
initiated by the chemcally active species and electrically charged
particl és (@] gehiey dhechtion idatex ciot iangnaind| ot bbtainidg sz hengeire nom a
reactant m xture contained in a_ ,vacuum encl osur also referred,to.as a
react or chafReyBIcongusinT: Vafgh by ywiching threyeh %?J@“’é?%gefg’@é;ye%?t@ m3sK PiEs? t he
waf er nateril':\als%athrough an electric field created between the gas m xture
and the waf & mat eri al S, generating a directional renoval of the etching
material s al ong2t hBesdripdoh bDthe@élatelart on trajectory in a manner referred
to as anisotropi.c etching. 20 At the finish of the etchin guence, t he

1g . S
maski ng nat §1402] s alneserdpenduglop plasma; ¢iching applicaligns, a Plé%g RERERIS § ace a
replica,of the | r.al t | g nal s IRsK t .
Dur i ngqtohe 3§e&1ﬁ°ﬁ%£15%53 g@ Y E&% ﬁsét%rr%%{ﬁarrugﬁeg#@a?s? lﬂg{rﬁtég'ﬂ&sjggf Ipy er ooggddde%gﬁ%/ or
damaged in exgimagmdi@riiReckdtdmiuctoty anditlectricGandsqrsgohlaySi wafee Ghistihe
damage and erosion also may be transferred to the underleé{#n%é)%éers | eavi ng

such 25 unedievedbbe giehingravayi heopimsyfand fimsigeksy; ydsm AP nent
tc. [0003] The. obiegt] f i .t o] d
Feduct ng ¢ h@i e bifhed areal Bt e KaEl OB, BKine BETERE ity ces

pattern traggf elentically hdibve §Poolconadickdctimily (haigedrpusticleD(i04]) dememted by
dielectric etch, the aspect ratio (AR is defined as fhe ratio between the
30 featldre ewgiting gaelegtis disehaned Ml § repstagh BUFUIecqniatnedIn G pCing ARRSILE

phot or esi st ske. 904 oye i e i.C iJid it La de
barrier | ayg{g‘8 Qrf{?.n' eghtg glc/ﬁ élreccgéri %%%elfl'er‘&g%%%agggtﬁﬁ&es%ﬁe# O?g(%r?ﬁ%éd
features 9l@wad te wavemaewRl thicighahleectrinfibldgiicatdd between the gas mixture

and the wafer materials, generating a directional removal of the etching materials

along the direction of the ion trajectory in a manner referred io as anisotropic etching.
20 At the finish of the etching sequence, the masking materials are removed by stripping
it away, leaving in its place a teplica of the lateral pattern of the original intended
mask patterns. During the etching process, the mask materials are usually eroded
and/or damaged in exchange for the pattern transfer. Consequently, some of the
damage and erosion also may be transferred to the underlying layers leaving such
25 undesirable pattern distortions such as striation, CD enlargement, etc.
[0003] The objective of the etching methodology, therefore, includes reducing the
photoresist mask erosion to enhance the fidelity of the pattern transfer from the
photoresist mask patterns.
[0004] In a dielectric etch, the aspect ratio (AR) is defined as the ratio between the
30 feature depth (d) and width (w1) as shown in FIG. 9, which shows a photoresist mask
904 over a dielectric layer 908 over a silicon nitride barrier layer 910. The dielectric

layer 908 has been etched forming features 916, which have bowed sidewalls. In high
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aspect ratio (HAR) dielectric etch, where AR is greater than 10, one nust
nmeet many conpeting requirenents: [0005] Hi gh etch selectivity between the
dielectric layer and the nask |layer [0006] Vertically straight feature
profile 5 [0007] Control of the critical dinensions(CD) [0008] Higher etch

sel ecti Vi t yoit RRRABARPBIBER téh, WRrdARKisRédtar thart h9,corghnudt meshenagy ch
process, and prevent undesirable irregular deviations (striations) in.the

et ch prof icompetdng/eqnireménty: strai ght feature profile is necessary to

mai ntai n device yield.  ,There. ar everal .. ' vi ati ons
fromthe vépqqsgal I ﬁjlgg't‘?tﬁl? Eﬂi‘?‘%ﬁ?}%ﬁf%@enf% %l%gﬁgq%ie?g?&sa}egﬁ#ggm ng in the
upper - m ddl rti : Mofe dvBle> W in FIG  9); necking refers to
narr owi ng r{g%drbqt hevt@g%fag$ Ellt%ﬁgﬁ?%at urlgeI (v <wW in FIG 10); tapering

refers £0 1890w nGohwolasfdse triticabdimansions(Ge feature (W2 > w3); and
twisting refers to random devi.ati on of the position a i i at the
bot t om of t[R0#eat Higher sichi 5 CHV’@[&P‘?GSﬁé &P eﬁ%”ﬁc;ﬁet %ngﬁg{ﬁ%ﬁ ea ﬁ(ﬂg to

m sal i gnme t Gl ' SirdBiaf 8SviatldiR (BRiMtibgs)danhdiertB i s
shown as th%ée %@Btdr%g%%?@db%\%m%é%gg%%%g% asgglhown.1El CD CO_I’ltll_‘O|) has becone

i ncreasi nglptofilel t Acdrtieallyl siedightefesture prafidntis moeessasy dormairtairofedee isldres,
reduction or shrink of the CD fromthe_ val ues defh}r‘lmd . N th?ragﬁ?gro t be
achi eved durherramaraekcmecaniy) topprse dqyiations fiog), Yertcally &l not her

etch pgyformed usi - ¥ hiBERHoMiSSoft the Féuhie (RabUwEsn BRELE. | n
this e rrplbé’, 3 ﬁ%@%“ﬁgﬂ%@? lgr{?%u?%e?mla ferBatur e0 wiedth , before a bow ng
occurs f or m)ngedkife dfers etovatitowing nef00Opp Efff the tfeateevevb sew! iaddG 10khe

prior art to solve these problens. e,of th st ¢ Le in twisqgllemis
bow pr ot ectipparinggeferstodiaraing O WaEds: ‘EBP“‘E}P(S’? iﬂfegéﬁt&r/ﬁ &gﬁ ngt%%mn g
convent i onal.c el "o, d%giaﬂéli? log ﬁlgyﬁftioﬁi 9 Jdrlcnfiion at BRbdHeabEhe edtare25

passi vat e trﬁg‘r? gature sidewa ng plasma etch. However, this approach
is linmted orlife BR@reare iy bonamehipy leders totmisalignnzant| tq thgdaderlying peltfeen

bow protection and etch stop. As aspect ratio further .increa , S
convent¥ onadevipsshdbe hﬁglnﬁ&?@ﬁ%§8 18&38@&@_&%’%3 ‘%‘???h B’EW eg%" Bef F%uﬁg%%glrlé‘g#"i ons

i n si deval | BAssiyAll WedHERRIAIAN ol & feahfhling AavBuORAhriakplGRteed, T or
exanpl e: PrioVi I'ng passivation Additives duri ng an 30 etch step increases

‘the propensfihys, freduchioh wreshtiaktdf ahe @D ifrogn pheasatacsedefined| inabie maskgnughfanced

si dewal | passivation and bow protection. However, the etch chemstry 2
achieved during HAR etch.

[0009] FIG. 10 is a schematic view of another etch performed using conventional
20  techniques to form features 1016. In this example, a necking occurs to form a feature
width w4, before a bowing occurs forming a feature width w2.
[0010] Efforts have been made in the prior art to solve these problems. One of the
most challenging problem is bow protection, or to eliminate vertical profile bowing.
A common conventional method is to use polymerizing fluorocarbon chemistry to
25  passivate the feature sidewalls during plasma etch. However, this approach is limited
by the complex competing chemistries, and trade-offs between bow protection and
etch stop. As aspect ratio further increases, this conventional method has become
inadequate for bow protection. Variations in sidewall passivation (deposition) while
etching have been explored, for example: Providing passivation additives during an
30 etch step increases the propensity for polymerization during plasma etch, leading to

enhanced sidewall passivation and bow protection. However, the etch chemistry




beconmes even nore conplicated, and consequently nore susceptible to
trade-off |imtations such as etch stop. SUMVARY OF THE | NVENTI ON [ 0011]
To achi eve the foregoing and in accordance with the purpose of the present
S invention, a method for etching features in a dielectric |layer is
provided. Ap@Bsies Sverf RTEEoRfitatbilCanti %ﬁs“chﬁérﬁlg' AR sucPhit apt inyR-off
silicon-containing coating is fornmed on exposed surfaces of the mask. The
f eat ur es ar dimgtatioesisuchrasetph stdpe nask and protective silicon-containing
coating. [0012] In another . festati i tion a method of
etching features in a 10 drgw\,M\,].. HE @"TPQIE@Q;&NJE{@Ed A mask is forned

over a di el lrl{l c lqy thie\}:eelﬁt‘: %x‘égoiﬁé &nd BAddchlahde Sk BROA PR Jritge é{ﬂlgﬁngcg ][ ic

| ayer. A protective silicon-containrng coating 1s formed on side
t he par i al linywveatichedmetat foe stchiligefefitardss in esdieleetricdaysr e¢ ptoyvidedt chenhsk[iO013]

I n anot her ni festatiop of the inyention an apparatus for formn eat ures
15 in a di ef@8tediver Q}?éﬁelﬂf@ﬁé@@& MTBWCHV%}QR&BEOIB?IBWd-‘QBFIHSMS?PHg?FLOD _
Processing o¢HABRurfaEBE ¢ Mok, CHARDRANEY lrd BIcHENGnBubh AREIMAICGRSS! NG
chanber encf: ure, a substrate support faor supporting a Substrate wthin

t he pl asma praegissisiigonlvantaéiing esatingsur e, a pressure regul ator for
regul ating the i)ressure in the plasma processi ng chapber enclosure, at

| east one el®H2} odenraspthsr vanieriatigiookshe dpvenhen gmathed oletphBe &eadwiy b anber

encl osype [ Qo g5t fybl N0oAyMeAS Hamadk B38rindh Sl QUM 120 $BSurcstho L he

pl asma processi ng encl osure, a gas out or “exhausting gas
fromthe pl pamiallypreates dhtogthe deberic dagdr osArmoiestive silicelecontfiny@scoing de i s
in fluid cqgnnection with the gas inlet, where the_gas source conpri ?es a
si | i con- confamsArp sdepalls of dhe garially micheddnaiuess: oTh fopigh ares sRmplsteln
controller 'Et%hg(pntrol | ably 25 connected to the gas source and the at | east
one el ectrode and conprises at | east one processor and conputer readable
medi a. The (ooipyt erlnrapatheb hanifedationcstithe iiBeatio anppiiaeatus adamling Catieed or
formng a silicon containing coating on exposed surfaces _of the nask,
conpr i 3ﬁng Hoaptieleetrice laysb dispesde below gr wasidithgravided. i brlewin Rrefering
deposi tion 0 - SJ '];;acm:- Y . bl e
code for 3091?%?%# 'ng nﬁ%&‘%%l&conﬁg%@g‘)ﬁ#ﬁ aﬂ@%é‘za? I%{-ir()g%mélgg% %IeélE% ashm,
conput er r eadabitate aportl OF sagRESng b3gbsratd Withtnthe gdsmanprogessimgedhafnbem t he
pl asma on exposed surface of the _mask, and conputer readable code for

t er mi nat i ngSRARSUSE G/ PLEsREe remilaloy forgggwlatima thei pgssure in the plasma processing

chamber enclosure, at least one e¢lectrode for providing power to the plasma

20  processing chamber enclosure for sustaining a plasma, a gas_inlet for providing gas
into the plasma processing chamber enclosure, and a gas outlet for exhausting gas
from the plasma processing chamber enclosure is provided. A gas source is in fluid
connection with the gas inlet, where the gas source comprises a silicon-containing
deposition gas source and an etching gas source. A controller is controllably

25 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 forming a silicon containing coating on exposed surfaces
of the mask, comprising computer readable code for providing a silicon-containing
deposition gas from the silicon-containing gas source, computer readable code for

30  forming the silicon-containing deposition gas into a plasma, computer readable code
for depositing a silicon-containing layer from the plasma on exposed surface of the

mask, and computer readable code for terminating the providing the silicon-containing
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3 deposition gas fromthe silicon-containing gas source. The conputer
readabl e nedia further conprises conputer readable code for etching
features through the nask and protective silicon containing |ayer,

conpri sing conputer readable code for providing an etch gas fromthe etch

, ; . . i h t i .
s i GFEOT ke GAHIRE SEAE SoleRhid baT Bl N AR Bnd s o
readabl e ca@gehdr@onipeiced cahputer fchdatds ovdetfon @tdhirg: fhtesOthsodchaht gk ahdh gas

source. [0014] These_and other features of the present invention w.l| be
descri bed i Profestive siligoni qontaipingayen qomprisingasanapiterasadabla cesle fof prayading

i nvention a LR cony i | t e ow I Our
DESCRI PTI o\lggﬁl“{f’rﬁg Wﬁﬁcﬁ%%&]‘&?’n"e" ret‘l‘:s’er\r‘éid?‘ﬂ‘}%%{/ée"%éifgﬁf‘%‘é‘%}ﬁ%g@ﬁ%d by
way of exanphte,a plasmAokhidl evehys Gaturks Mitd dlid dllecirlt lah&, bhd)ubBputef rdalisble

acconpanying drawi ngs and in which |like reference nunerals refer to
simlar el esedk rigreningtingihe providing $ efuhgas fromythg efghggs spice. of an

i nventive e rocess. 1 00171 FIG .S 2A-FE .are.schemti ¢ vi.e of the
Format § on ool 4cor Tige bl ol febturks o1.hF e Bl GBS PilrestEin ot )
schemati ¢ Videwil9bheRwsinsthe Betalell deRyiphin b @t indeiACiddCinN@njul@tion MN@NhEON.
[00191 FIG'S 4A-B are schenmatic views of a conputer systemthat may be

used 20 i nfpllewingdigntgst he i nvention. [0020] FIG 5 is a flow chart of

anot her, enbodi nent of the, ' [ e x re schematic views
of the or mat i on of a femm_ﬁpﬁgﬁ@s [0022] FIG 7
is a nmore spepishi ¢ ThOpresdiatibvedtioR MPNRSHat8dBY Hrayeittex@inpld)@nd A6t bwapioifon.
[0023] FIG'S 8A-D are schematic views of the formation of a feature using
the invent ivdtagipociesthe fjavozagf the Gec@npanyingsdmwingsi anddnokkick dike irefiseancei ew

of a feature etched.in the,prjor _art,.usi,ng a process that causes bow ng.
30 [0025] Fpgne?ésgegeréoggﬂgaﬁglepgng%gggg& ‘onal view of another feature

etched in thep1epri OFICANLis HFIoRECIRrUTRA SNt bich PsRss. bow ng.
15 [0017] FIG.’S 2A-F are schematic views of the formation of a feature using the

inventive process. 7

[0018] FIG. 3 is a schematic view of a system that may be used in practicing the

invention.

[0019] FIG.’S 4A-B are schematic views of a computer system that may be used
20  in practicing the invention.

[0020] FIG. 5 is a flow chart of another embodiment of the invention.

[0021] FIG.’S 6A-D are schematic views of the formation of a feature using the

inventive process.

[0022] FIG. 7 is a more specific flow chart of another embodiment of the
25 invention.

[0023] FIG.’S 8A-D are schematic views of the formation of a feature using the

inventive process.

[0024] FIG. 9 is a schematic cross-sectional view of a feature etched in the prior

art using a process that causes bowing.
30 [0025] FIG. 10 is a schematic cross-sectional view of another feature etched in the

prior art using a process that causes bowing.




4 pE [0026] FIG 11 is a schematic cross-sectional view of a feature etched
using an enbodi nent of the invention. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0027] The present invention will now be described in
detail with reference to a 5 few preferred enbodi nents thereof as

il lustrated4 heﬂ?ﬁ: ' AW Q¢ : | | on,
nUIrer ous spg!:q}fs jc et aﬁl sﬁzra%/ é&’glé‘tq{‘?\o@?‘?‘ﬁ%?‘ﬁl‘%? fc}glre wtqgf %?%)E{/l eé?%letEl ﬁ%ﬁ&%ﬁ]

i
under st andi sgibodintdneopthe sevntibmvention. It will be apparent, however, to

one skilled in the art, that the present invention nay be practiced
wi t hout some or BETAJLED RESERIBHAN OF HAE REFE O s, wel
t

known proce epsmand/or structures 10 Gl det ai |

|2 g;} ;j_er toﬁﬁ)&?i unn eegrgiz?t Il?:eal; I(I:l};‘r“g %T%Egﬁg%cglﬁs?ﬁ%ﬂqﬁ% kfﬁ%ﬂ%ﬁoda?'he

I nv | gN PFAY petderré e bdiméhishtharebPls Alusithiad is & Idraweiags. In

cont ai ni ng | aygr i's deeposi ted St o] ael I of/v } rrprov.éd magk tﬁ?glgect rli %S_et ch

[S) (rale?Ct i \t; : tytlieﬁﬁoﬂp‘gﬂ}gr@@@rf@l@ommg@g@ Sp?%ﬁ@h. h@@?%ﬁ)?ré sgteforthdnordsr ¢ pravide %[ﬁ
erably, e Inventi on ovi des .hi e e [ e

Bt hing ot Hieatheh gl AEERIER gl W AP hatdel by B0 bRV, 3

ratio of a bafbaietest thiaht Padsuhtcinveitidh mey BabpeictibBWwithButlsondomaltibf i on
to vertically straight feature profile (sidewalls) and control of critical

gi nensi on ( &Bpe strciffcedetnils, In ¢then/instaness) well dagam| proease sipyl apd{pr structlay f r om
ottom.to t e an angl.e bet .88 90 with the. t 0
feat ur &8, [88‘?9?‘5&65%%5 t?%élc‘%i @5?615 1 Péigg rtQ/élgﬂuﬂléecﬁ%%gg?éésgﬁegéhvcf%fgsep i nner

mask patter pseh@n. | Mproved resol ution and prevents undesirable irregul ar
deviations (striations) in the etch profile. [0030] The inventive etch
process may [0§38] npl Breemventiarhpowistes \aar ¢ty svitho nendstrdtingesier wieee fadicont at e

Under oL and! i o Bt hE oy Gkl IRl Uy Gl o0
(step 104). ofd/& rddiceNBWRing R pkoER4 mVei GdHibaSpRERR. f QubRd piiferablll] ehectric
| ayer 208 to be etched which is over a silicon nitride barrier |ayer 210,
whi ch i1§ onireventiarb pravides . high etchusdeatixitiesite Ploacehe ¢iahiag miduieh aspech idia
(step 106). (HAR) features in a dielectric layer with a ratio of a feature depth to feature width
greater than 10:1, in addition to vertically straight feature profile (sidewalls) and
control of critical dimension (CD). Preferably, the vertical sidewalls are sidewalls
that from bottom to top make an angle between 88° to 90° with the bottom of the
20  features.
[0029] Higher selectivity preserves the mask to allow for thinner mask patterns for
improved resolution and prevents undesirable irregular deviations (striations) in the
etch profile.
[0030] The inventive etch process may be implemented through various
25  embodiments. To facilitate understanding, FIG. 1 is a high level flow chart that may
be used in some embodiments of the invention. A mask is provided on a layer to be
etched (step 104). FIG. 2A shows a mask 204, which has been formed on a dielectric
layer 208 to be etched which is over a silicon nitride barrier layer 210, which is on a
substrate, The substrate is placed in a process chamber (step 106).
30 [0031] FIG. 3 is a schematic view of a process chamber 300 that may be used in

the preferred embodiment of the invention. In this embodiment, the plasma

processing chamber 300 comprises confinement rings 302, an upper electrode 304, a
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30 [0031] FIG 3 is a schematic view of a process chanber 300 that nmay be
used in the preferred enbodi nent of the invention. In this enbodi nent, the
pl asma processi ng chanber 300 conprises confinenment rings 302, an upper

el ectrode 304, a 5 lower electrode 308, a gas source 310, and an exhaust

punp 320. T Bi bl S THRWAE Soutde3 1N
et chant gas P@Y)eg%zeé:ﬁ@%lg@%ﬁ%& gﬁglgggi3!tl ?’géﬁlglaan%g(gg@ég{d@ggggla @t%;at hin pl asma
processi ng ehaphss 3@ositioe gasbsircaBe2 vaf echRB8@as sourpndl4.ianden addironahe

| ower el ectrode 308%%h§l]i:ﬂ§v\ep{l§%e§rtore$sg§63 8 ig]?gédao gaﬁFgESWSﬁégﬁg{?hg
substrat e cBYCRIUERF 2 h hR&H r y I , or
the like) for iﬂm | Do S R R é"@g§r PP 1owe &14c83AE 308! iRBorpéfates a

i ncor por at eBOTHE™ upl%)er el ect rod% §84 |'spose(§) | mre(ﬁ%gt ely opposite the

| over elsect ggigidla3 fbstriiechudkipgrmediaaisio (teg. 3 0kectrostatie; nedchaticalddaBpidg, and
confinenment rings 302 define the confined plasma voluns §40. Gas is
suppl i ed t othenbkeydar haldingthessvlistiase (yaferh3Blyadha Erastos teR 338 Gn¢PYaIss e gas
inlet 343 and _is_,exh d,f t. ' r h e
cont 1 noment PTG EORY A" (AL B Do HIE N LR oo 89 e

exhaust punppgaOclb@fdte 304 aswetiteletroll©308hang|caafiRemem cisgsi B2 cetinbehe A
first RF source 344 is electrically connected to the u&ger el ect rode 304.

A second RFceufinedeplassargvelumg|3dfy (Gasas syprilsh e dhsepniiged pEspgNalurae BY €A% de
308. mb | 52 defi i '
cont i nafont S TS ka3 BERTRNARER MR e ool B volume |

308 are di spapesh thBRbAfikider rings 3REasdan exhaBddoartsy thb exlsmsopuniRB20.s6he ce
348 may conprise a 60 MHz power source, a 27 MHz power source, ;?Eﬁstahﬁ

power sour cexhaDst pamp AR0 domis haes olet 5or 186 PSR RIS S }f"’tro
P B 8 R gt

by LAM Resedf'th ornia may be used in a

preferred enhoqy ae&tically édM@ectedueitcilower dectaudier30B| ehadidor ivalls 362 defineab| y
connected to the first RF source 344, the second RF soqtir ce 3%3 t he
exhaustlSpunplasme englogure én whishithe ponfiflepentrngsciiRn e tipger Jectiode &8s on

dour oo 314, ek eRRPORGRY FPorely S e ARREFOEC, 59 6 B SRR IS

source 314, ‘4 va connected to the additional gas

source 316. s@fcd D48 @Ry dodprisc 34D PIHWpsies soasef 4 afMHe powsr sourcgend32,
314, 316 into the plasma processi ng_ encl osure. A s}g%verhead may b(?
connect ed t MingoyasseueDifiemnt yombigations of connecing fek PpwenLosihg Hlertrofe o

bl U a1 1y ofs FAEPE 7 e Tt SIS Jtofh Eho aRlccRRc B mpGoby EAMIRGBearch

20  Corporation™ of Fremont, California may be used in a preferred embodiment of the

invention. A controller 335 is controllably connected to the first RF source 344, the

second RF source 348, the exhaust pump 320, a first control valve 337 connected to

the deposition gas source 312, a second control valve 339 connected to the etchant gas

source 314, and a third control valve 341 connected to the additional gas source 316.

25 The gas inlet 343 provides gas from the gas sources 312, 314, 316 into the plasma

processing enclosure. A showerhead may be connected to the gas inlet 343. The gas

inlet 343 may be a single inlet for each gas source or a different inlet for each gas
source or a plurality of inlets for each gas source or other possible combinations.

[0032] FIG.’S 4A and 4B illustrate a computer system 400, which is suitable for

30  using as the controller 335. FIG. 4A shows one possible physical form of a computer

system that may be used for the controller 335. Of course, the computer system may

have many physical forms ranging from an integrated circuit, a printed circuit board,
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[00321 FIG 'S 4A and 4B illustrate a conmputer system 400, which is suitable
for 30 using as the controller 335. FIG 4A shows one possi bl e physi cal
formof a conputer systemthat nay be used for the controller 335 O
course, the conputer systemmy have nmany physical formnms ranging from an

I ntegrated Ghg GUidhall RaRiteld Séivégé'mgxg% ty E%{ Shper SomBfhel UPpurl Al e dogeyi ce

up to a huge super conputer. ter I ncl Itor 402, a
di spl ay 404 indudes usimngitet06)2, a disghky dOd ve hd@ing 40& ey iskrdilive4D8, adwrgbaardouse
412. Disk 414 is a conpufer-readable nediumused to tyansfer data éo and

k

from conput é10.3pdiampussoti2s Pigh 45t i egmper-ragablemsdivmussd tg BNk ddR agr am
for CO”p“te'icbéﬁ’c?fr&Wc% utei%&%ﬁ'l%. to systembus 420 is a wide variety of
a

subsystens. Processor |'so referred to as central processing

units, or CRe33]ar eFiChuB dsl anoexgingplagd & dlookesiagrair ¢bru chrnputse Bystym 4400,

Menory 424 includes random access nenor q&yRA;g\{p and mory (ROM.
ansy

d- onl

As is well MBeked 1o Yyrlempys 43800 & oade Y%ﬁ @Vst@a%-:%a?ﬂ%g%%(sﬁgg (&9 i ons
AT t _ . : t _

o T nees Lo fagd b s Qe bR b oS EPULY B Bolnled %0 AR BEvER) &

menori es mayhcludiggd utkencdnyi24 Ui Madogy 8434 éncdiides handumiauésss nictaeia (RA N dhd

descri bed below A fixed_ disk 426 is also coupled bi-directiopally to CPU
422: it provadeanlnaemornRPMiads is stelkagemndn ghecart. R QMacidy tansfsr datapadie any
of the gonp - | | | [ i be
ised t 4ot of BERCASRAR dfolifstafly 459 CRBCotPRADN Pusqd SPRafl B ydider s 7

storage nedhpdnifskuctiordsinga bidiedionk) mahadr. | Botl ofvhiesd bipes jof indAngriesStay age.
It will be appreciated that the information retained within fixed disk 426

may, in apptispideaany iakle typseof W@dpﬁmuéﬁréaadahlesmaﬁaé#eécribsémewoaé fixed Uﬁ|
' 2 e.di 4 . .\
Comput er - cJER1% 50 Solipied didufteacnalih TR BEE, i Afioy T udiBR B "

coupl ed to govaeicapacitgfandipait Alesl inuliidedayi cfahe comphitenseaddble phalia 4eribed

keyboard 410, nouse 412, and speakers 430. |In general, an |nput/output
devi ce lfay belownyFired dislyddo anaspbayused to stqee papgramsdata, andeihisolikgiand is

. h . ' o . ti
oo s PG S g RO Pk ERASRL , SRE G g €

recogni zer sstoBigoMelt Willshe eftesisted Qhatothé enfforpangi tedied GRilint ZZed pliskos2d | y
may be coupled to another conputer or telecommunications network using
net wor k i nt B18¥aleanpreprialy cases Reningomeralst [ standard fashion as virtual memory in

memory 424. Removable disk 414 may take the form of any of the computer-readable
20  media described below.
[0034] CPU 422 may be also coupled to a variety of input/output devices, such as
display 404, keyboard 410, mouse 412, and speakers 430. 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,
25  tablets, styluses, voice or handwriting recognizers, biometrics readers, or other
computers. CPU 422 optionally may be coupled to another computer or
telecommunications network using network interface 440. 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 422 or may execute over a network such as the Internet

in conjunction with a remote CPU that shares a portion of the processing.
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interface, it is contenplated that the CPU m ght receive informati on from
the network, or mght output information to the network in the course of
perform ng the above 30 described nethod steps. Furthernore, nethod

enbodi nents of the present invention nmay execute solely upon CPU 422 or

may execute a ne kS r | B | ' ,,{.h
renot e CPU that i sh afr?letgﬁgﬁ%g’r 'té %br? ﬁg?ér{fﬁ edfgp_%c g géssf:rrl]tg r‘]“‘%ﬁp% g@‘f hﬁ rga%fc?i tt (?‘o n,
enmbodi ment s cehphieesiprags erdductiweiti & oomputet-fadable hedamh that havgushutstcodage

products with a conputer-readahl e mediumthat have conputer_code _thereon
for per f or nthsseanafaropatoreing varoys HOTBPRERE-Weplepentad | apstiont e Thfe gredian Ard

t ) I
pur poses of Camprgr S BRY SRR Serug ERLiBRer i CoRORE] 15! B0 Ao TSE oun
and avaisl abkig presdnb dm@ntiBRVerlies Kialy|bei of thé &imclowpll kaowh bt \sRaitabdd tsthose
Exanpl es of conmputer-readable nmedia include, but are not limted to;
magnet i ¢ mebpwng skil i U compptek softwarspiis. dixarylesapl compypiteadable pasdia
tical di d ' ' T - Qnt L cal
ot & such HEARE Bee Bk e 0w ARAe AR SudU RTINS AR b |

configured hghétly RpanshtREEfItIR RIChAE TD-ROMs add Holagaphiptédedst agageci fic
integrated circuits (ASIGCs), proglr ammabl e | ogi ¢ devices (PLDs) and ROM and
f

RAM devi cesoptigkampliassush advrffnpties] dishs pnd| hagbvarg cpwices gk arg ppcialdy

pr oduc by a conpjl er d._fil cont ai Ri i . | ] e re
cecut ad by SRR G oG shie Prigih R et e U E kA Gnlclhed
al so be conpiéififs (AWIEs), pasiEainkiablE BYicadelices (RDDELAndIROM Sing RRAMBdSAcsed i n
a carrier wave and representing a sequence of instructions that are

execut abl e Byamples of sampnter codagrludesnaghing ¢ads, suahj asoprodesd v e@pi§fer 212
Is formed on sk .204, . a h f.N IS preferred
that “the. pr Orbde BN, Rk, FYBH Rods et e <ReEE By o Shomplter Sinll £L7
precursor gaferpfi@! | SomPust rchdablethalis ngi d1go bewoshpafer Rydé handmyitied thyl £

bel i eved that Si F4 provides both silicon, which is deposited for the

si | i codSconeempiter dpiactigealj grabqdigrein axgeerien wave aad represamtipg gy peymsnaso b
profile shapi .of the silic Layer prevents etch stop at the bottom
of the feat ﬁ?ﬁgcqoéls Iéaqgec%xeeal.n%lﬁbyiaspr%?eggoce}‘rred that the deposition be
asymretric p3bhat Ahgoresmuniiliedn-eaRasingi laferi 512 fsoforfaed phehenepk i2ak] ¥s nor e
on the masking material and feature sidewalls than on the 25 bottom of the

et ched di el shovyn in FEGt 2Bestep D84 ardt ifepreéasted; Hatrthe prectiye sthicerspntaining
,P Lgt SlCte: \elgt ﬁfilp(%rl ﬁ%mlléa&/ Esrinf,; lizsillic%nfp%cnu?s%r%gs tcgl%p}lglgg %fiF4t. h@/nﬁﬁ%ﬁﬁb&x@é bBE&?d‘ on

20 by theory, it is believed that SiF, provides both silicon, which is deposited for the

silicon-containing protective layer, and fluorine, which provides some profile shaping

of the silicon layer, and prevents etch stop at the bottom of the features to be etched.

It is preferred that the deposition be asymmetric so that the amount of deposition is

formed preferentially more on the masking material and feature sidewalls than on the

25 bottom of the etched dielectric features. As can be scen in FIG. 2B, a thicker

protective silicon layer 212 is formed on the top of the mask 204 than on the dielectric

surface on the bottom of the feature. Preferably, as shown in FIG. 2B, the fluorine

removes the silicon on the bottom of the feature. In the preferred embodiment, the

deposition is done in-situ in an etch chamber using a chemical vapor deposition

30 (CVD) process, which also deposits a thin protective layer on the sidewall of the

mask. Preferably, the deposition uses some ion energy to allow for selectivity of such




surface on the bottomof the feature. Preferably, as shown in FIG 2B, the
fluorine renoves the silicon on the bottomof the feature. In the
preferred enbodi nent, the deposition is done in-situ in an etch chanber
using a chem cal vapor deposition 30 (CVD) process, which al so deposits a

thin prot eCtdle%(?sitk(ﬂﬁ' SWhah tﬁeh(?erpg%/iﬂt@g@gahlgé\l/e#eaetheerfflﬁkof {ﬂ%?feﬁ%@éﬂu g%st 113? be

deposition uses sonme i on ene of selectivity

deposi tion. sidpeed.t he deposition is conpleted, the flow of the deposition
gas may be stoi)ped. [ 0037]. I n ot her enbodi nents, the processing conditions
may be chand®B7 o virther ¢rabedimentsothes PiogessipacPaditians may hgtGhangesk tor ey
silicon protechi r r 6% | E . |.r.ab a

t hi cker coa%l-%n%ﬁc\é{%eésﬁ%ﬁsﬁpgg%a Igﬁglg{m%rﬁgf {e}{ecsﬁlﬁ%g IPB%E?%?A gﬁai;&i %%Iﬁe@ éﬁ ng

proceeds de@pgrbe desiedlleto f@md iicket codimgeinChe Bilet/ill WE the @clih® Birfidtiichas

di stortion or bow ng by the subsequent etching. A variation of processing
condi ti ons theagtching\praeceds deepgrsin @dac &0 @Egiesti the dching spreueec frpyefusther con
| ayer and e ' t r .condj ti f "
deposi t1mng PROGHBESorBEE] b SubleaBae shafieh " 255 FOLRY-BIMs hdivions o

this resul t maytfrevideifof eHié.erSim@ ddpokitinf@he peditdiiyepiaskyer 4fd0&8hinparepl es
of deposition chemstries that may be used for CVD deposition of the
si | i con- consefamte gteps.che gracess ¢angiiongdgr davositing the praiRativeisicoagon@ingngy,

Si (CH3),4, SiH i. H2 i i Si.E4. and_ot her
or ganosli[bl i cOR gr((:jl(g’%% %ﬂ@%miszégﬁglgéi%%@% .im?]fféri%zg@tg?}éer?we%hg Ef’ﬂce hese
chem cal s 1§fp038ye aENahRELHf ddpositioh CBAmIsidsaAhf mAP beuSaL Ry CVBRefosktios F4

is the nost preferred precursor because it is nonflammble and readily
avai | abl e/ peedhntsiliaensontanng urolsetive dagn oniorbes dws . argnat elimiisd tgi Bitkon

fromSi F4 fqr 0Sigt4 a fd. ' S s hydrogen S
added in thgl(ggggm tsil%@gﬁ)%is r%g@@]@ﬁ;_, Sicéﬁlg‘@g%é’si ? lll@?hlljls“’a%%ﬁa? aendagrgl_%%{ of
hydr ogen H2oigantléiRdeonipmdatshéh aé SHO,PLH Fit it |p@&fzefr6& @Rati thedeNcHehficald

range of 0.5 -5, and the preferred range is 1.5 to 2.5.) Carbon-containing
precur 98r s havech halpgenito sHigosrratiz AL cwngmpisp than 4ddedilsos dhampst driemed m

conposi tion, For sk and_bo rotection, 4he d sition .nust .be . .cqnformal
over the. maieeatial P s BHARRREE o TeadD ayRRTPtesof 4T SBhrictRaGEp: ¢
stop, the dgR@stddrOmbIUSTo Beedsdhilioheflomr SiFl Toedesbsatont AefllkRideoatdngthe
features. In addition, the deposition nust be uniform 25 over the entire

waf er surf asush §0bpdpearhHreisoaddeddnpthetdeppsitien | pigsamasi sFan Sifmdenesiiion,
SR Congcﬁ:iqmltg %n‘lo%}é{e of l{y%;ogcn H, is needed. The ratio of H; to SiF; flow rates is in the
20 range of 0.5 -5, and the preferred range is 1.5 to 2.5.) Carbon-containing precursors
such as CH,; and/or CF, can also be added to change the film composition. For mask
and bow protection, the deposition must be conformal over the mask and feature
sidewalls. At the same time, to prevent etch stop, the deposition must be inhibited or
impeded at the bottom of the features. In addition, the deposition must be uniform
25 over the entire wafer surface.
[0039] The deposited protective layer is an amorphous silicon containing layer (or
polymorphous silicon) over the mask. The silicon protective layer is modified with
the presence of some F, C, and H components. The presence of F causes selective
activity on different material surfaces such that deposition occurs preferentially on
30  some but not the other surfaces. For example, deposition is more preferential on the
mask surfaces and on the sidewalls of the etched features than on the bottom of the

etched dielectric features. Preferential deposition on the mask surfaces results in mask
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pol ymor phous silicon) over the mask. The silicon protective |layer is
nodified with the presence of sone F, C, and H conponents. The presence of
F causes selective activity on different material surfaces such that
depos:tlog occurs preferentially on 30 some but not the other surfaces. For
exanpl e, de e I f £.al :
ot doval | s of SReeoR A ImPRAEs BieR SIEERHE PRGBS PR IRE RdpRaLw the
di el ectric fheaditHeasteattieaf @hibitsilaleral eppcing, i emco minieizem bwing ohdhesetelasdul t s
in mask 9 protection and inproves etch selectivity. Preferential
dfpﬁsl ti OE ﬁﬁlf%e sidewal | s of the etched features inhibits |ateral
et ching, he ni-_Z ] foott c :
deposi tion @?’%’ﬂe Si cic% ﬂggéé\flrlltg gfh(r%i sﬁ%&glr%:r@g@ﬁ%gﬁcﬁg{;ti::eqlﬁ%erg%%%]ggggﬁggtm 5
step i nst hegtgh Githp eRHESHECHM mtlichmyty invdldediifericht emarinattostof depdsitins gakes
deposition gases for different etching applications o i fferent .
mat ?rl al s, @@;@M@@%Qﬁ’ﬁh%ﬁoﬁﬁ‘?fﬂké@“ Ragriplscy ‘?r&f{\? g‘?l?ﬂsﬁ’é’nﬁr%'f‘g%st ive
coating around.the etchin . « ' tha,: ' ; [
possi bi'e. muf (HEPaFoREnah bRy SuireGlodth M | Abing 3RS, R e |7 1O
control | er 3R5iARYedties Qusidpepdskibid moliitepogasvatitching3équencas.| div axc@nplUshl 0
containing deposition gas fromthe deposition gas soyrc 12 into t
process chd‘ltmﬁt!epstl@,mm;}lléf 33t mavgeaupe thee BEH FORGRY Y%Ve 53?\}8 alloy ?rgcgfﬁ
preventing e in as .fromt t r rs ]
proces bc haﬁ%ﬁ?lmn%hgepcogmopoﬁse?I%Hgégé]?rdn}%ogﬁg% gnﬁag) téﬁlﬁe ‘%Eame%ﬁg ?ﬁ%dglgsl tegeby
the first apghnfRea0o, viklcaiusinehddtondddhtrandlve!3addrdna pstventimgetiiog gahe
controller may also be used to control the wafer area 15 pressure, hackside
|[_|801Cl (ifl :\Ig gt ﬁpmﬁm (rje:éthatlhﬁasbscﬁlf,ceoﬁl"t femsemeningthe Pra¢R§s &BWB‘?TS eﬁiee?ﬂ%rl‘)g%r es.

X e el ectr ayer |
form the a3 0Rs Bsoniel sl sifih bydhe BRE ah st AR Saty 1 ©
1; g f, L g g te . P g%nd(iﬁl% e%ﬁaust biu{ﬁbt?ﬁ?: The o%ndbl@érggi}r also behbedetociontral thie ovafertaréa

I gh aspect ratio contact HARC) oy da

t r ench 16t chpessvas,| bavksidedHepgooling| Pteawr@nﬁw( é@ﬁt‘)é}'btt e &gﬁ?ﬁggg@ a%%ﬁg%ﬁteﬁr
etch, cont afet et(ih via dielectric etch, dual -damascene via etch, dual
damascene t é‘??c?ﬁa‘éfteﬁ‘h, conductor gate etch, conductor deep trench etch,
conduct or s{@4ipw INGACthei BEbait Myee0d is avkbdihralmhske apski2tg, toFoshehabl y,
the etch uses a high 1on ener to provide a directional etch. The e%ch
may renove $&ofme @l628s ﬁh@”lprl@tfgét 2¢e Efqhing APRIKA GRS RY ‘P%lyé?h‘?lié“fe &8

shown. i . . )
Al ﬁInitteH E%o,peri %E(Sg(;[tll'l(\:/ %efl %¥c%r; aCficlectric contact etch (high aspect ratio contact

20 (HARC) or damascene), conductor trench etch (shallow or deep), self-aligned contact

etch, gate mask open etch, contact etch, via dielectric etch, dual-damascene via etch,
dual damascene trench etch, conductor gate etch, conductor deep trench etch,
conductor shallow trench isolation etch, and hardmask opening. Preferably, the etch
uses a high ion energy to provide a directional etch. The etch may remove some of
25  the protective silicon-containing layer 212, as shown. All of the protective layer on
some of the surfaces may be removed. In this example, the protective layer forming
the side wall on the mask 204 has been removed. Other parts of the protective silicon-
containing layer may only be partially removed. In this example, only part of the
protective silicon-containing layer 212 on the top surface of the mask 204 has been
30  removed. In other embodiments, other parts of the protective layer may be partially
etched way or completely etched away. To accomplish this step, the controller 335

may cause the first control valve 337 to stop the flow of the deposition gas from the
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sone of the surfaces may be renoved. In this exanple, the protective |ayer
formng the side wall on the mask 204 has been renpbved. Ot her parts of the
protective silicon- containing |ayer may only be partially renmoved. In this
exanple, only part of the protective silicon-containing |layer 212 on the
top surface 4 ey I i

ot her partsdgﬁosﬁtﬁgl ggr%%%é% |€’/ijl éyg}r?@ﬁgb%e%se partfgppy%giggﬁ%&%r%ﬁd
conpl etel y eukbadoavaylowlthe atcingbastromhths estham, gasheureritidobl fiow 336 theray
cause the first control valve 337 to stop ,the flow of thiﬁg:ﬁgosigi on gas

fromthe 10Taseportiambsh §he camtaller 333 mayphange ibe poyer sy dhe Bghandpi | e
causi ng the 9 I e i e t gas
source 314 F%C%ﬁﬁggvl:is\éﬁllg\é?ﬁgg’ %%%gggs&%%ér}tﬁ)leer E&%%gﬁ?r&%{l ertpglg’%) %%dly%%hange
the powar suggmmeddwy thehacting.s Thaeontrake i 4o Bousedets chddge hé8vafadarehange
the setting of the exhaust punp 320 to 5 accommpdate the etching. The
control | er mespsuE.sbacksidguessues, @Rd iFEIONH EeTpRETaiHres g Accpmpodatesthe piehing e
pressure, and various tenperatures to acconmpdate the etching process.

[ 0042] Aft eP ¥HE feature is at |east partially etched, a determination is

made on  wheg(ue] t OAREChenRErd & &pledst Qartiallyi &cligly abdetdtaneation i@ made oeci pe
or by taking a 10 neasurenent. |If nore etching is desired, then the

process cycmdethenik etch mersp(stenst 16Whelhds mey gddanedhan ssi Tl rPoasg 4 e

| 8 is d ' h kK h i [ | e,
ther oril ni Tsparaeny ol GeiE R afhod AR b probt bl ok o pEHALT) ©

protective siHctecaiaddaidil Shfon pfotbdtive 18fee 18 a0dipositddeonchaitack, :srshd8h impens
the first control valve 337 to provide deposition gas and closes the

second I f ont F&B. 2R herlﬁse)gﬁgol@,dhg tfﬁpaitliﬁé pRrtaf thy oldHuoteetéyy aperdigsomespart
3 . |
Geposi ti on. of Bsdap e et BLThs, TR IR ReP Seling EORMIR 357 chef e

(step 112), fipfiQuh@binehlve 3SEEPErovidRalpbsitidd Gas asd slosawthe Beddnd codfrol Valvé hi s
step, again the controller 335 closes the first control valve 337 to stop

the depdsit B3% tgawpathe floyeat thenetckisg @asr ddataosirolie 333 way 359 ¢hgngg PRr t he
fl ow of the etchin%}?g%s. T%ﬁ tcg{l]é réjlolsﬁiro 335 may al so change ot her

par anmet ers PAAREES Al 1 c?npng. fl0044] Preferably, this cycle or

| oop of proyigsng atkefepritd RAhELRREGRE bohedhebughithdimagk &iqpEl2)sproeidial £d

more than once. Preferably, this cycle is repeated nore than three tines.
Pref er abl y, dedpes fesjure @16.sasrshpwatind1@t 2E e &z this pigp, ageincibe contraller 330 <lasgsy pe

the first control valve 337 to stop the deposition gas and opens the second control

20  valve 339 to allow the flow of the etching gas. The controller 335 may also change
other parameters to accommodate the etching.
[0044] Preferably, this cycle or loop of providing alternating deposition and
etching steps is repeated more than once. Preferably, this cycle is repeated more than
three times. Preferably, this cycle is repeated at least five times. This cycle may be
25 repeated dozens of times. It may be desirable to repeat this cycle 100 times.
[0045] In other embodiments, an etch step may be added before step 108 for
depositing a silicon protective layer on the mask.
[0046] Preferably, the etching and the deposition of the protective layer are done
in the same chamber, but may be done in different chambers. Since the deposition
30  and etch are done in the same chamber, cycling between the deposition and etch may

be done quickly.
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25 repeated dozens of times. It may be desirable to repeat this cycle 100
tinmes. [0045] In other enbodinents, an etch step may be added before step
108 for depositing a silicon protective |ayer on the mask. [0046]
Preferably, the etching and the deposition of the protective |ayer are done

in the Sagelﬂgg‘ﬂnberl’refgﬁbg{fgﬂe BEasE QP Gn! digdtlié MeA&l Wl’:é‘i‘mﬁblﬁganﬁi ReRrikNE

depositio and et done in the same chanber, cyc I ng between the
deposi ti on dofikedtash phmtoresin, phiyraern or eltboyphotid c4rdod.7 [ndPgaiie matsiripls qah@lsvask i s

an organic material, wherein organic material is efj ned. as .a phot oy esi st,
pol ymer, orbeawssd 58 suaskc drsmples| gTpersanic materialmgsk fgﬁﬁlegﬂcg’l? Etﬁlangé%i" S
mask. Exa  9f. ] al £ b esl K £QUmAles!|#GhiteLalg it of ude
poly-sili %&%@fo%%{xs%eﬁcf oxl| d(;eilﬁéﬁgﬁg.gﬁExgnpl gls of %n%t erials fo? gta%ig

or gani c55 nmberiblahaskasky mjudenbiiide noblimited & thomeviengenetatioo af iphotorasest,
generation of photoresist, . such as, deep hot oresi st, 193 r.un

phot or esi stSuch5as, riaeph Vo mbefagesiste g3 B%Pgﬁ\’/tg%sbgf’, lg?btgani’lﬁ?ﬁ%ﬁeﬁﬁtesﬁgy and
X-ray photopesi st 1 | ] ' Asn-BIRERIBRIES
carbon. Th @?@§%1stg%n%;ag% ' gﬁtog%%%h%%&;%gé?yog%ﬁgﬁsé%ﬁdsn%{igi al s ar@gﬁ}desi gnhed
to cont ai n mAskat sicat & afofphoos darbosmuc Ahasoltiére gGetibou bf ehbtonekist (podymdereven

C-Ctrinpl bonds t ide the . i d hi tchi i St ly,
chem cal | rBRierals 519 Srsiaed & ERTIAG HSEIROA Ctabor e 55 At £+ oIS B an
requirggpa gﬂdg%\'eﬁcé-'d ?lriﬁlg Hohle E&%ﬁg&%\v@déﬁh@%gﬁf@ hide" REPAE resiarcs) ﬁ’éxhé’[f,' y |ow

I on energies, the older generat photoresi st Can show renarkably Tow
et chi ng r at ¢hehicdl hgergfeshionthe gachingrpast mixaureT HEhese hendy@netrang and ofquire a

photoresist, including 193 nmand 157 n does 15 not contain thes

Cinoat ur at ochish A aen HISEY 1 GOk Y AT EFD 3 FIHHETAGG 5. Srdigss e Older

| i t hogr aphy r e | Chcli diP et efchTieS

etching r eﬁéﬁgﬁge& O@g%‘og%?R‘é‘ﬁ’%@%@gﬁ}%ﬁ%}?‘ﬁ?%&ﬁt ect icvegc%ezlisti ng
on the phot @iaGiest Thelhkvdrggenbetioh ofiphgtopdsis cinchidenget €hinmgande B3 S nmn deesof  t he

P oh 1 85 boaaonifem EhesnaPEBENSS: Dail ronts e HYBHEREH PREJs FIRGFBYE R chi ng
resi stance -2 0 : ; '

bonbar anrent TeaBAS RRboBY WEveldlisf, ORAaY, 1o Bhbch REEEH Sl lorelif ccihe
bormbar dnent regisengy By HRPidingaGikdin-¢onb4mihg Iprotebiiee evdvimgi eretite, platoriesistsi t u

pl asma chem cal process is used to, enhance apd/or repair the mask, as well
as the vertdwg tg? ghing ehase. 1Bg Clrng ‘F%‘éﬁaﬁ?ee%f]&‘ﬁlﬂhf’%&t‘ﬂés much Tproved,

even at high ion bombardment energy. The high ion bombardment energies at which
20  the invention may improve etching resistance of the mask may be 50-2,000 eV. More
preferably, the ion bombardment energy may be 200-1,500 eV, Most preferably, the
ion bombardment energy is 500-1,000 eV.
[0048] In this embodiment, an in-situ plasma chemical process is used to enhance
and/or repair the mask, as well as the vertical sidewalls of etching features, during the
25  etching progression, In this embodiment, a plasma chemical deposition process is
initiated for a short duration before and/or after the wafer is exposed to an etching
plasma for a desired duration. The deposition process is chosen in such a way that a
thin film of silicon is formed on the mask pattern to protect the mask from later etch
erosion. This changes the surface composition of the mask pattern such that the mask
30  behaves like a pseudo hardmask, having certain beneficial etching characteristics of a

silicon hardmask.
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25 etching progression. In this enbodi nent, a plasnma chem cal deposition
process is initiated for a short duration before and/or after the wafer is
exposed to an etching plasnma for a desired duration. The deposition
process is chosen in such a way that a thin filmof silicon is fornmed on
the mask patternghQPERhISpokiien TRKCHEOM | ater etch erosion. This changes
the surface conposition of the mask patfern such that the mask 30 behaves
li ke a pseuf@d49hr dnBl€k,5 isavhigl lowl flawnchaene dnotler eatbotlinmapt of dreaiowentiost i cs

f il har d k. 2 Si | ) | t.i h |
oL o hrgh | DU BRieah & Rho G e B Rt b eite B et LR 3090 s
embodi ment , Fg%mgﬂaﬁéhghoemigt sl '69¥,L\9ﬁ€'h Bs Eeénﬂﬁfﬁ{/igﬁ&t; oh& Blichad Iagé; ep

504). FIG shows a photoresist mask 604, whic as been provided on a
di el ect 5i c bégds o @ACRd ovlideh ét oheda silivon mifrislechesrieralagen 6 b rwhich ris de a

barrier |ayer 610, ich,is on a substrate. The substra Is_placed in a
process chaf¥sfrast \i\-}Be §BB§t?atel'Fﬁap‘6F6‘£é%§ Pr(?ﬁ%?ﬁb‘g’f"mi?ﬁ??%@’ gﬁ@ pﬂ'gﬁé%‘éceé?]anber
300 shown i e Rt raﬁ&% BRRm i r 0 a
bow ng dept Eh%t%r 1?12 ebr? %8?‘,%3% S omrifrgalazl G 9_15@%%??3%1&11%%%@%&%8 t he
dept h wher echanbeng Featuassarattched te bewing depéi () iistee 88%)( es3hold arHG. 9.

conpleted for the desired feature/filmstack. Bow.ng, depth B) can, be
det er i ned, Bedingedenth () 1phe U whgrer TBng Q4T m%ereﬁhs@ ?w(fﬂa %@8%@@

(SEM . {hn e | tf@aﬁuf@ﬁ‘i f dt b 8ni@ 0.5
m mméber,%bgguﬁﬁgmggg?]ﬁ?%apgsgggen ent 1§1n St g' tyfgoe‘agg ?%ﬁlﬁ?ne(gl? gccér,l ?ehe

et ch dept h, dawdniatd,hfot ierEmpleabyl crdse rsedtivmesdanning glatéph hsicuacopyd@ividi fry on
different conditions. 15 [0050] A protective silicon-containing |ayer 618

i s deposi t efi§ §¥*§}3P15’1§9";V1%sd'§’&']@ﬁ\/\ﬁefq foupd tp tschetpgen R i BPehie JHEWBYH: nent |

the protectjve.sili i naq? | g dsﬂgﬁ | gas
conpri si ng é%{\%z{l% c{'&p &%&gé}é&?&?d I(;)ttrgorlrle%e?ﬁ{)em t lg}/ %}%‘%{52’?@ %ﬁga‘:’%&s. %HJB asma
deposits a pfidiheriforé®osiig dathoniy dependingl onydiffeiehBeonditioisscussed in the
previ ous enbodi nent, plasm paraneters may be adjusted so that the silicon

is 20 d81 ecl0058] y o pirspetivg Biroprrontaining layene B isrdoppeitedd8iRP Pdihhphghawie

t hi ckest | aye e rf . . | ess
sel ectivel y}/ndﬁelpﬁgs% |C£ 38 ﬂtl)én&tgﬁe?édse?'ﬁ%\fd\gfl ?Igth@F gftﬁéa*v-eggﬁ bc%?%{gg@rﬁér#’ Qﬁﬁl nner

| ayer over bﬂﬁicﬁﬁ%@\&abéﬁti@f gdsheni@Ridg SiF,. Theplagthanfarned freasthe siepexiting/el y
deposited on the bottomof the feature. As discussed above, it is believed
that the usgasefTls Plasmadeporits fFglectiyg siligen-pantainimngclagerf18o\@s dispussed in

the previous embodiment, plasma parameters may be adjusted so that the silicon is

20  selectively deposited on the top surface of the mask forming the thickest layer on the
top surface of the mask. The plasma may then be less selectively deposited on the
sidewalls of the feature, to form a thinner layer over the sidewalls of the feature. The
plasma is least selectively deposited on the bottom of the feature. As discussed above,
it is believed that the use of SiF4 and the proper plasma parameters allows for no

25  silicon deposition on the bottom of the feature 616, as shown. The etch of the feature
is then completed (step 516), as shown in FIG. SD. The mask is stripped (step 520).

Single Deposition Etch Cycle
[0051] FIG. 7 is a high level flow chart of another embodiment of the invention.
In this embodiment, a mask is provided on a layer to be etched (step 704). FIG. 8A

30 shows a mask 804, which has been provided on a dielectric layer 808 to be etched,

which is over a silicon nitride barrier layer 810, which is on a substrate. The substrate

is placed in a process chamber (step 706). The process chamber may be the process
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25 silicon deposition on the bottomof the feature 616, as shown. The etch
of the feature 1is then conpleted (step 516), as shown in FIG 5D. The nask
is stripped (step 520). Single Deposition Etch Cycle [0051] FIG 7 is a

hi gh | evel flow chart of another enbodinment of the invention. In this
enbodi nent, .a IhS vi d o} d @s {04 s1:06h G 8A
30 shows. & RSB0 RN SR8 oF 45BHEF shlhals oERERET AhBRfIRCHIRLE o
be etched, whttsihingSlaperes]8aissdepbsied (708, iadghban rinh G 8Per AB Hikcusshd din thes on a
substrate. The substrate { isS placed in a process chanber (step,.706). The
process chaptssiouseynbssiments,pplgsma paraneiprsmbay bsoediusiedusoi thatthe, sicesy is

anot her process. chanber.. A pratectiwve Sicli - - al /i.Ng: '
Geposi ted ( SRTveRRGY SrFHRNEE MutfeRs i Btp BARhAR Bl Tyel bl the

enbodi ment siopNluARBR P BlegiREcESIstTEBhelslasiell By elikrse lebatclédiiveli ddpositedi an
selectively deposited on the top surface of the mask form ng the thickest

| ayer on t htheSidegyalls of theomasks tq binses bayer over ke ideratis magh B | ess

sel ecti vel eposited o th i de I 3 . L.n
ayer over PHES gl Fecsvely AmEiE of B i SufReor b AP 1t I0R
deposited ogistii8ed MbveUitliabalidkd the tH 8iccoft SiFe ah@yies profér plaiha paankteebove,

it is believed that the use of SiF4 and the proper 1El)l asnma paraneters
al | ows for albowes forcom sdisposdeppgitionwnt the toppsustaes g€ dhe diclecriqlilace PB4 8s | ayer

808, ag.10 shown. . n,this. enqbodi nent re f r e

et chedipnt oam@- oIPe'fhé%temb(?H?néi%’r ,WhF‘;?e\ﬂ%gLF Sbr}ﬁgg# q‘t"ﬁ?"rg’\é %%géhleg ‘E"ﬁéé?%%t t om
of the nmaskgfeRRtrd ByerMHeChvtiotn of 1He feAbreSidthabetidih of iee Mast fature cwhialy és .
[0052] In this enbodinment, a single main etch nmay be used to conpletely

etch a f eathertep 8uace of 8 diglegtricdayene barrier |ayer 810, as shown in FIG

8C. The mask is, then .15 stri d (st 716 ) 0 [ L 100 53]
In this enb ?rlent ?Intth’é eﬂ?ﬁ?ﬂdﬂﬁ%ﬁv%ggﬁgﬁ)@ %[81?1 é"lyﬁ%n'yé@figgrghl Set%ggg:[hteg

protect therRskg)8eked PI2)%h dRVikierNawhigh 8, Rrshbea tih BIG. #Ivaht agslsis th054]
In conventional PECVD, thé substrate is placed on a grounded pedestal 20

and hedfed stoppe/tepl710lradshewvnligFKa$0C. The deposition plasma is sustained

by RF power | he top.el ectrode r by.using.j.nductivel e | asmas
(1CP). Suchwbgé]t'lverh‘i @'ﬁ%\lem%%%ﬁﬁoﬂ%ﬁ%&ﬁg%lg%op "?O@g%ﬁggt%g)%g%{%&r Zozct ive
ion etch (&@ectgﬂégﬁadkl, AStBr SHSRAI SroMdgrok:ctibe. wafer is placed on the RF
powered | ower electrode, and the top electrode is typically grounded or

driven by a sepaAdventigasquency.
[0054] In conventional PECVD, the substrate is placed on a grounded pedestal

20  and heated to several hundred degrees °C. The deposition plasma is sustained by RF
powering the top electrode, or by using inductively coupled plasmas (ICP). Such
conventional PECVD method is not applicable to common reactive ion etch (RIE)
type plasma etchers, where the wafer is placed on the RF powered lower electrode,
and the top electrode is typically grounded or driven by a separate frequency.

25 Furthermore, wafer electrode heating is commonly limited to well below 100° C due
to active device thermal budget and damage concerns. SiF; based PECVD suggests
that RIE mode plasma would not provide adequate deposition since the film is
continuously removed by simultaneous etching and sputtering. It has been
unexpectedly discovered that a robust film can be deposited at adequate rates with an

30  RIE mode plasma under optimal conditions. Furthermore, adding an optimal amount
of RF bias power (for example 2 MHz or another low frequency power, where low

frequency power is defined as less than 5 MHz) can improve the deposition
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25 Furthernore, wafer electrode heating is comonly limted to well bel ow
100 C due to active device thermal budget and damage concerns. SiF4 based
PECVD suggests that RIE node plasma woul d not provide adequat e deposition
since the filmis continuously renoved by sinultaneous etching and

sputt ering. yhifofhdity HRIEMm HBEXAEE! q‘iﬂe%gﬂn%?@‘ﬁ@ﬂ@ﬂo%@n% pPefERBYS- 1éodw eANn be
deposited at adequate rates with an pl asnma under opti mal

condi t i ons. nfene tpreferablye?- SQGdNngO&rerapd;thndﬂ ofipmyitding afioﬂFblbs a&serngpveay bé or
exanmple 2 M—Iz or t her |ow f uenc ower ere Io uenc oner is
Gof T hed as Peh TRENERT IR eishd o o REosreibdSTeF D a5 SHEPF Greln and
film robust emcuw@a&aﬁmzﬁlas%nw aﬂ@\eﬁfcohsorpatﬁéﬁwbw sgmjrc%guc\.%rs?ror gor e
preferably 5-500 W nmet hods of providing a Fow bias energy may be
used. The | hy@mask Ib}aere(suhledasrraycdne mlrnllee:hmbtsrhconl@gyxartndepcrf’casetshzhgcmn
oxide), a conductive |aye %Z%UIQ taI and siljcon or ot Ee of
seni conduct EPRAHCI0S taver aloRenReRR P& (lguf&wrgge o PRoge. e berksedia W5 1 i con
oxyni tride) etcEng ?e&.)chl ng a conductor |ayer, hal ogens, such as chlori ne,
fluorine, mne, may be used in the etching step. [0055] Another
advant age of{0056je eﬂhﬂﬂenmdﬁaatalge dfmineetmbodimpatsi isghatnelcle tadering tamdpetelg ar e
prevented. 10 [0056] It has al so been unexpectedly found that the addition
of H2 to a PPBPBEAISREVIMSer gas conprising SiF4 allows for control of the
deposi jpon Ss I n, it
i s desi Pabl Bf ({?’ﬁgt s%hgsogg b bpie co Eotﬁael f{)ﬁg% ﬁgﬁﬁ‘gégg@%?ﬁfﬁﬁga&‘sﬂé%g{‘{r’%

m xed w th kgepgRedinpricingtSiE, alows fgasontrd iofide deposition pnongssdecreases t he
ef ficiency of having a separate deposition gnd etch, 15 process.

resul t, thel@&dtrollnghe §Fﬁf€}1f%1i empedimgat @%@efmmwgolttlhéﬁﬁwme @a& sqrae of
depl eted befarg BrfAbRS b A9RAIH 3 alehoh MG APHR SARBHLIIE OF fre R ] © 10!

provided durin e etc I nert gases I nstead o ar gon may be

used as car sines s@as asxigrdeogabmtthe effﬁtﬁemyah"ihag1ngruis&1bamwsdépcmh1onﬁemdeataﬂpl e
of another inert gas would bhe helium neagn, 20 and/qr xenon. [0059] In a
preferdéd ePoseRsnes heupll hepeanjrotles shotgd dirasriths £95 flewago thahors &8 iiur i ng

the diel ect EI dﬁet?& ﬁgfo%'é‘%ﬁheq(ﬁlay (Bddgd "th &E%@o&@&%ﬁlﬁ%nﬂ%ﬂs id ﬁ)otqa\f&hged

t apering

durlng the etch.

[0058] Other inert gases instead of argon may be used as carrier gases during both

the etching and deposition. An example of another inert gas would be helium, neon,
20 and/or xenon.

[0059] In a preferred embodiment heavily polymerizing chemistry is not required

during the dielectric etch. Less polymerizing etch chemistry helps to avoid tapering

and etch stop.

[0060] In a preferred embodiment, typical HAR fluorocarbon etching chemistry
25  may be used without adding a separate heavily polymerizing component such as CH;F

or CHyF>.

TEST RESULTS
[0061] The following tests were performed:

Test 1. Blanket silicon wafer deposition and etch characterization

30 [0062] This test demonstrates the method of using SiF; to deposit silicon-
containing films on a bare silicon wafer. The following process conditions were used

in this example: wafer area pressure (WAP) 100 mTorr, 500 W of 60 MHz RF, 100
15




[0060] In a preferred embodi ment, typical HAR fluorocarbon etching

chem stry 25 may be used wi thout adding a separate heavily pol yneri zing
conponent such as CH3F or CH2F2. TEST RESULTS [0061] The follow ng tests
were perfornmed: Test 1. Blanket silicon wafer deposition and etch
characteri %@ém%ﬁ%b 9&9@1{2%%&,@1% desanns sk Ricn TOYreshadvefhykivey Si F4

to deposit silicon- containing filnms on a bare silicon wafer. The foI | ow ng

process coredhdtnodmstemmretum;éﬂ °G, nlppm eleetxasiepiempenaiire rl 08 Ka Yeekside heliymn
100 mflorr, 500 W r I&F -

RF. 100 1
feed gas d|p§?§3}”i§ d brﬂ” 500, the gL Ou%%r%\/\ogl é:4dnfjepg ? ?%glg eH1280erg€1‘2t% Iﬁ?%CESnOAE:
upper el ecty gBﬁf%@'ﬂﬁ{ Wae cHibbiérizeR S kSK A FBX ellipborRées STHi® te%ﬂpifﬁrlidesf or

both the |nner outer zones, and process tine 180 seconds. The
deposi t®d fa éllﬂ:amEtyeﬂWpamtlen iveithca yean tcless i &43-3 pobenesn depgpition aate

provi des 5aS|I|con | a 05|t onW| Jean. t

mean deposi®lit® ngy o%‘/" 43f31§ Oc}h]\’i]a% T lﬁ%’ f%lgr %svt@afglf 136413“%% over
the entire yafer B % @W) nnW(ij""]‘%)r al"l%ed@ﬁosilt@d FiliUvag lﬁen7§ﬁbjec'fd§tl%tcd6905| t ed
filmwas then subj cte to 60 seconds of ‘a typical HAR oxide etch process.

The et ched seedeils ofas tyhizal HAR chadactabr prosessby ThRectphed pEferevas passntter

th il
Fato of 57 charssipet byl K14 ESk nspaiier oyt nEE Taobeha 98y A-GRANE' O,
(20.8 pynf m ) 1E£\=:r6ha5%f}ﬂ€alpétc@¥até oBBH I’ﬁ'n)(l‘Al?l ﬁ% 3-sTed umforSyREIGSM of

t he dep05|t|on process wt RF bi as In this test, all the
process coruﬂetﬂmrmtlmweferm&aménmsmﬂn@EHgmo lnm/mwéﬁ’/o)t hat 200 Wof 2
MHz RF bi as povver was appl - at the sae tt B, Begt 15 provided a

silicon | aykist é¢elbOEIPALIENN Q) : S run, a nmean
deposi ti on [26&@ of 1 4%&%&”51[“&% @agss%o%uﬁms%ré%@bérﬁe af thos8%nORet 1t he
entire 8.

vmt’hara ge of 7.8% . The deposited film
was then subgcqatthattmmw s£2 Mids RdT bias pwclc@zas m&edm the samettipe.odaissiestThe

etched wafer was then re- characterized by th F5X e
new fi lim noyevideha giliced Jpyer qepasibpn Jyif @XW6?€§€FI§P‘|5§ of %ajr)\%%pe% [ G et gf :

46.4 nm mn f
44 aﬁbf Isi AMBFmILh Of FB%! Seraheen(R. 5
nm mn) w t ep@é’iﬁgﬁgrgﬂega?iﬁf) 2Bn 111,)’ 3 Si a'}'lhe ad1 '?I on 0of e2 M—Izn(li?F power

si gni i cantafet (7 axddvitioa arighef dﬁﬂasnt(?ﬁ%)u rﬁl‘lediem?zlged(f'ﬂ@/b\’as then subject
to 60 seconds of a typical HAR oxide etch process. The etched wafer was then re-
characterized by the KLA F5X ellipsometer with a new film model. Asa result, the
20 silicon layer has a mean etch rate of 46.4 nm/min, and 3-sigma uniformity of 7.5%
over the entire wafer (3.5 nm/min) with a range of 5.6 nm/min (12.0%). The addition
of 2 MHz RF power significantly improved both the deposition uniformity (46%
reduction in 3-sigma) and resistance to HAR oxide etch (23% reduction in etch rate).

Test 3. Deposition on a partially etched patterned wafer

25 [0064] In this test, the same deposition process as in Test 2 was applied for 120
seconds to a wafer that was already etched by 300 seconds of a typical HAR oxide
etch plasma. Cross section scanning electron microscopy (SEM) analysis results of
Example 3 are given in Table 1 below. For comparison, sample with 300 seconds of
etch only (Comparative Example 3a) are also analyzed and summarized in Table 1.

30  The data indicate a dramatic (44%) reduction of the top CD without any pinch-off or
bottom plugging. In fact, it was found unexpectedly the hole depth was extended by

152 nm in the course of the SiF; deposition process. This demonstrates that SiFs-
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reduction in 3-sigm) and resistance to HAR oxide etch (23% reduction in

etch rate).

i Test 3.

Deposition on a partially etched patterned wafer

25

[0064] In this test, the sane deposition process as in Test 2 was applied
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typical HAR, SR alp'e?l%étw%eﬁ{e'tlﬂﬂ &€ MUK theehBGE 1T Withb@S COPY

(SEM anal yS| s re

ﬁ;?&c@

Exanple 3 are given in Table 1 bel ow. For

conpar i son, causimpleechwitdfhindigh specirdso bbles.et ch only (Conparative Exanple 3a)
are al so analyzed and summari zed in Table 1. 30 The data indicate a

dramatic (44%

pl uggi ng.
{ 152 run

| pafiagt De}g&mﬁ‘@ﬁ 0€

In the cburse o

E*ﬁe S F eposi tion

reduction of the top CD without any pinch-off or bottom

glw&amgﬁrﬁgg{egv@alﬁ hol e depth was extended by

process. This denpnstrates

that Si F4

mask CDs w

Deposition
3: 3a: Sam
etch follo
section SE

16 based depositio
t hout causing et
of partially etche
ple with 300 Sanp
wed by 120 seconds
M Di stance betwee

N Cpmpaesive Exampleef f]
:h_stop i n high asg
Apat t er ned waf er
Q SEM%Q Feconds
?ﬂﬁg deposi ti or
N seoatls SITHARX ch f r

dbdaindeBBrethod to shrink the

%c ra%égag les. Table 1

Exanpl e Exanpl e
s@éon‘d@‘@fﬁﬂﬂﬂbe econds of HAR

(nm (cross 190 106
rfbllmeﬂ Bjt 020 $emymds {(r un)

(cross sec
[ 0065] In
seconds of

tion SEM 5 Test 4. Post-deposition
this test, the wafers from Test 3 wer&

th catTHAR oxi de etchh pr g
etch procesgggéri@mtj (érégrpl esj{were then processg

plasma to reppyesSENY mask layer, 10 and cross s
results (Exarml e A\ are m veh in Tahle 2 hel gw
Distance between efch 377

etch.of pat.terned wafers
%EE%‘I?@PSIEPEhed by 100

B8 to conplete the full
w th an oxygen ashi ng

ectioned for

225

SEM {The

front and stop layer
(nm) (cross section

SEM)

Test 4. Post-deposition etch of patterned wafers

[0065]
the same typical HAR oxide etch plasma to complete the full etch processes. The

In this test, the wafers from Test 3 were further etched by 100 seconds of

samples were then processed with an oxygen ashing plasma to remove the mask layer,
10  and cross sectioned for SEM. The results (Example 4) are given in Table 2 below.
For comparison, example 4a shows the results for a sample underwent 2-step etch
(300 seconds + 100 seconds) HAR etch without SiF4 deposition step. As shown in the
table, bowing is nearly completely eliminated in the second sample (etch-deposition-
etch). The oxygen ashing plasma removes the organic mask from both samples. In

15 contrast, the inorganic silicon-containing passivation layer survives the oxygen ashing
plasma, and is clearly visible in the SEM of the second sample. This is a direct
evidence that our SiF,; deposition process deposit a thin layer of silicon-containing
film conformally from the mask all the way deep down into the etched holes. The
silicon-based sidewall passivation film is more resistant to the undesirable lateral etch,
This example shows applying a SiFy

20  therefore minimizing bowing of the profile.

deposition after partial etch is an effective bow protection method.
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20

Table 3 also shows nore mask renmi ned after etch

sequence in a single recipe: 200 seconds of the typical HAR etch, 60 seconds of SiF,
deposition, and 200 seconds of the typical HAR ctch. The processed wafer was then
subjected to O, ashing plasma, and cross sectioned for SEM. The results are shown in
Table 3 below (Example 5). In the comparative example of 400 secoﬁds continuous
etch (Example 5a), the top CD was blown out to 148 nm due to severe striation.
Severe striation is a consequence of damage and distortion of the mask layer. In
contrast, top down SEM of Example 5 shows striation free circular opening of the
HAR holes after etch completion. Table 3 also shows more mask remained after etch
when SiF; deposition step is applied during etch. In addition to top striation,
comparative example 5a shows a necking (narrowing) CD (w4 in Figure 10) of 129
nm between the top and the bow depth (see Figure 10). In contrast, no necking is
observed in the sample in which the SiF; deposition was applied during etch. This
example shows that applying SiF4 deposition in between the HAR etch process can
not only reduce bow, but also protect the mask layer hence reduce striation, top CD

blown out, and necking.
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when Si F4 deposition step is applied during etch.
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Test 6. Pre-deposition for top CD shrink

[0067]

In this test, the wafer was first processed with 30 seconds of SiF4

deposition, followed by 400 seconds of the typical HAR oxide etch in a single recipe.

The rtesults are shown in Table 4 below. For comparison, data from direct etch

without SiF, pre-deposition (Comparative Example 5a) are also listed in Table 4. As

shown in the table, applying 30 seconds of SiF4 deposition prior to etch achieved 36

nm top CD reduction. Furthermore, there is more mask remained in the pre-etch SiFy

deposition treated sample.

layer during etch.
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10 depositi
the mask |

shrink Conparative Exanpl e Exanple 6: 5a Sanple with 30 seconds
wi t hout Si F4 of SiF4 deposition

on treated sanple.
ayer during etch.

This shows that Si F4 pre-deposition protects
15 19 4 Table 4 Pre-deposition for top CD

Sanpl e
pre-treatnent (400 followed by 400 seconds

seconds of ﬁwﬁeﬁtlﬁx@)deg&lﬁﬁﬁf&ft&ﬁ‘cmnﬂ? (nm (top down 168 132 SEM Mask
remai ning after 201 2 (nm (cross section SEM [0068] EIG 11 is a
schematic yi ew of features 111mparitee Eximyde oneExdmpleé: enbodi maﬁts of the
i nvention. |As shown, the featjures 1116 do not Iaovvl n but have
vertical pfofiles. [0069] \Wi{l°8 this invention ﬁé’é’“ %?FP’EFesd interns
of several |preferred enbodi rr@%g}i e alt rmut ati ons, and
substitutefequival ents, which kf %\Aﬁg)ﬁ ﬁp‘f he SC?LS"IEJ g%‘b%?hpg i nveption. It
shoul d al sp be noted that thempee-aeanmanidolal ter nhllowedmyl@Oeécohdsp ement i ng
t he nethod$ and apparatuses af the present 10 mve}é‘%l on. is therefore
i ntended t 1at the fol |l ow ng cl[§ HAR gtghhe |i o Breé‘i]bd as in¢cluding
all such a 1EL ms, and substitue equi varents as| fal |
within the P pi rq(ﬁ) an%rﬂ gcope of the present T nvention. 20 CLAIMS What
is clained SEM)l. A nethod for etching features in a dielectric |ayer
conpri si ng formng a mask gver t he_dJ..eJ.-ecI_r_l_cJ_sg-eJ;—s—f—eJ—m—ngfa
prot ect i ve| Mask cepainimgtadieni ng 28dati ng on exposed¥urfaces of the

etch (nm) (cross section

SEM)

10

[0068]

FIG. 11 is a schematic view of features 1116 etched using one of the

embodiments of the invention. As shown, the features 1116 do not have bowing, but

have vertical profiles.

[0069]

While this invention has been described in terms of several preferred

embodiments, there are alterations, permutations, and 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
invention. It is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and substitute equivalents as fall within

the true spirit and scope of the present invention.
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mask; and etching the features through the mask and protective
silicon-containing coating. 2. The nethod, as recited in claim1l, wherein
the features have bottons, wherein 10 the form ng a protective
silicon-containing coating does not deposit the silicon- containing coating
on the bottons of the features. 3. TggAmM$Sod, as recited in claiml,
wherein the formng the protective silicon- containing coating conprises:
provi di ng avimtdd deimeddascoati ng gas conprising at | east one of SiF4, SiH4,

15 Si (CH3)4, SiH S 2 S 1S Ao h
or galng)si I i)éon | é{)’%ﬁ{?ﬁc@r étfl;glg{%?%%%rﬁ% ﬁbﬁ&%@c&%&%ﬁ%ﬁ% iOLgOtgagri nto a

pl asma;  deposi tgAgnb HenAkeeCthE MRldid oer; coating from the plasme; and
stopping the protective coating gas. 20 4. The nethod, as recited it claim
3, wheriein the fomtiegtd peotessivei hcapaepntainingrqoatiag gnrorposed Wiacﬁ%t(ﬁoﬁ? as
recited in claim4, wherein the protective coating gas further conprises
H2. 6. The ™ask ., as recited in claimb5, wherein the etching the features

through the 25 gmsk, apd ﬂggﬂ}@ctﬂruﬁ}%}ﬁithé ciafske @nd apmotactve cali¢omerontadMpEi ses:
providing a etching gas that is CH3F and CH2F2 free, and formng a plasma
fromthe etcoltigas, which etches the features. 7. The nethod, as recited in

claim®6, further_co isin r.t.ial L.y .etghi j
dielectric? ayerTllcdnngtli‘B@vﬁsgfﬁ l%éldfl ﬁiabléflo?’éem *ég]? rt#eir.l%at %q%?%? g%?r?%gvﬁeg%n

silicop, coafi qgmnﬁ ad Hﬁotg&ﬁ‘m)gi,]ic@ﬁ.cbﬁﬁini@ coatingd doen fot dbpmrsisi thet diicdor ni ng
the protective si Fco coating and etching the feature are perforned
cyclical | y doatairihg bemisig onlthe bottares efsthe feptwes. The met hod, as recited in claim

3, wherein the deposi%ap@'&gg, %?g%éeﬁgﬁﬁﬁbw9019’9@@5‘{"3&5‘-‘?%@'5-9&“ a

bi as power bet web} B¢ as recited in claim,
wher ei n thecoB{a%hQEMir@ &hﬁ,}isggv\er conprises providing a | ow frequency RF

stanal providing a protective coating gas comprising at least one of SiFy, SiHa,
15 Si(CHs), SiH(CHs)s, SiHa(CHa), SiH3;(CHs), Si(C;Hs)s, or other organosilicon
compounds;
transforming the protective coating gas into a plasma;
depositing the protective silicon coating from the plasma; and
stopping the protective coating gas.
20 4. The method, as recited in claim 3, wherein the protective coating gas

comprises SiF4.
5. The method, as recited in claim 4, wherein the protective coating gas further

comprises Ha.
6. The method, as recited in claim 5, wherein the etching the features through the
25  mask and protective silicon-containing coating, comprises:
providing a etching gas that is CH3F and CH,F; free, and
forming a plasma from the etch gas, which etches the features.
7. The method, as recited in claim 6, further comprising partially etching the
features into the dielectric layer to a bowing depth before forming the protective
30  silicon coating.
8. The method, as recited in claim 6, wherein the forming the protective silicon

coating and etching the feature are performed cyclically for at least three cycles.
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5 11. The nethod, as recited in claim 10, wherein the features have
vertical profiles. 12. The nethod, as recited in claim1l, further
conprising partially etching the features into the dielectric layer to a
bow ng depth before formng the protective silicon coating. 13. The

met hod, as_peci t ¢l idetfibdi M focitdISGheliRint 3¢ WRSkin! theadepRLiGAR! e 'WbREIA 10
mask. 14. The nmethod, as recited in claiml, wherein the etching the

f eat ur es t heaatigh comprisesaabividing adriet povénbetwdeni Scand-¥0nWai ni ng coat i ng,
conprises: providing a, etching.gas, that i F.a CH2F2. free:. and
formng a pﬁ) sma%if‘? Jhsthe ﬁé%‘%asl,n ﬁﬁf%hg’egg%@én Eﬁ% red ]ﬁi‘geg%laslgo‘fgr. A
met hod of efghik : 160 fRqd Rl 80t §ibgall ayer, conprising: formng a
mask over a&g{ﬂgl egﬁ)ﬁ&iflgéer; pgrti gl Iy lglt?aéhi ng features into the

di el ect 5i ¢ hyer Thé arethiodgasrepitat inciaimel (; iwhergm thedmataren ihage votical pgofdas.
sidewal I s of the_partially etched features; and 20.conmpletely et.ching the
features. 162 Thébeggihed. aisreri iréﬂﬁ‘i“ﬁ LI rlggmmp%ipﬁﬂpﬁg %@P’E‘% é?‘fgy
etching fea - 1108 6% bOwheDaWithbeRR g thihRoftifod, as
recited in %ﬁ%ﬁ?ﬁ Eg(g C‘ﬁﬁ?%éel%bﬁné E?eretgtsaur esﬁﬁgvééﬁ botet ons, rm er eiqﬁmt he

form ng a psitic@céoadagsi | i con-contai ni ng coati ng does not deposit the 25
silicon-containi ng coating on the bqtto f the features. 18.. The rr.ef hod,
as recited 1% cl Abgnmethodstas Tegifed; NeClpigh i P@W{%%ﬁ BRI S 9 otgapic patena

cont ai q'bng &g@%i ng conprises: providing a protective coating gas conprising
at least one of SiF4, SiH4, Si(CH3)4, SiH(CH3)3, SiH2(CH3)2, SiH3(CHI3),

Si (C2H5) 4, ©4. ot Th¢ neelganasiccitabin cldith tonjpoeindbe etchingshofeatunes thtpmgh the
protective coating gas .intg a plasnp; 22 depositing the protective silicon

coating frofeshedpaiartye HHeon-SRHBINGFOriRE. SPBIPEESY ve coating gas. 19. The
met hod, as reci tglq)vid}%g Eicﬁlné%gs%ﬂs%ﬁgﬁ %gdtéﬁ%sﬂréé;aﬂdt he protective

coating conpriseS pro I ng Ias power ween 5 and 500 W
‘ forming a plasma from the etch gas, which etches the features.
15 15. A method of etching features in a dielectric layer, comprising:
forming a mask over a dielectric layer;
partially etching features into the dielectric layer;
forming a protective silicon-containing coating on sidewalls of the partially
etched features; and
20 completely etching the features.
16. The method, as recited in claim 15, wherein the partiaily etching features
etches the features to a bowing depth.
17.  The method, as recited in claim 16, wherein the features have bottoms,
wherein the forming a protective silicon-containing coating does not deposit the
25 silicon-containing coating on the bottoms of the features.
18. The method, as recited in claim 17, wherein the forming the protective silicon-
containing coating comprises:
providing a protective coating gas comprising at least one of SiFs, SiHs,
Si(CHs)s, SiH(CHj)s, SiHp(CHs);, SiH3(CH:), Si(C:Hs)s, or other organosilicon
30 compounds;

transforming the protective coating gas into a plasma;
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5 20. The nethod, as recited in claim19, wherein the providing a bias
power conprises providing a |low frequency RF signal. 21. The nethod, as
recited in claim20, wherein the features have vertical profiles. 22. The
met hod, as recited in claim15, wherein the mask is an organic materi al

mask. 10 23. Thge mith@dhe plotdctivt btidon Bodtingifrord the plismziandt he conpl et el 'y
etching the features, conprises: providing a etch gas, which is CH3F and
CH2F2 free; andstoppingithgpratosheserptmg@ast he et ch gas, which etches the

(I oo DEIBERSIE il TR ITHMEER B, bt e

di sposed b i a plasma processi ng chanber,

COMPI i S1 NGcodiin RAfHRRed ftblidhy Mhiag powdl lesweerts aeS0 Wo chanber encl osure; a
substrate support for supportl.ng a substrate within the pl asr‘rlw)a. processi ng
chanbes eng0osuffbe MBethadpaesenited ineglaimat % Whareinehs BOVIdPE AeP1BT 9% e in

the plasma prqcessing. chanb enc| re. .at | east one el ectrode for
provi di ng B%%B‘i‘se.tsé’r?‘ﬂgmglajg@eﬂ?%cgggyrs'nlgnalbhanber encl osure for sustaining

a plasm; 3;gas T'CI?Q nflihddhs RicA¥d # 618in026, Wikkréin thefepluasimve vatieslgirofileshanber
25 enclosure; and a gas outlet for exhausting gas fromthe plasnma

pr ocessi ng2zhantiée mehod,asueeiedangains b wherein e unaskds AR EL38H M ¢ he
gas inlet, conprising: a silicon-containing deposition gas source; and 30
an et chi ngn'gfé%- source; and a controller controllably connected to the gas

sourcggand,ihe gl £agldOns reGledCid QfEm C¢OMWhekimghe 23mpletélpamchigahe
processor; "and conputer readable media, conprising: conputer readabl e code

for form ngeaturss,|compnisesont ai ni ng
providing a etch gas, which is CH,F and CH,F; free; and
forming a plasma from the etch gas, which etches the features.
24.  An apparatus for forming features in a diclectric layer disposed below a mask,
15 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

processing chamber enclosure;

20 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;

a gas inlet for providing gas into the plasma processing chamber

25 enclosure; and

a gas outlet for exhausting gas from the plasma processing chamber
enclosure;
a gas source in fluid connection with the gas inlet, comprising:
a silicon-containing deposition gas source; and
30 an etching gas source; and
a controller controllably connected to the gas source and the at least one
electrode, comprising:
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coating on exposed surfaces of the mask, conprising: 5 conputer readable
code for providing a silicon- containing deposition gas fromthe
silicon-containing gas source; conputer readable code for formng the
silicon- containing deposition gas into a plasma: conputer readabl e code

for depositing a siligQpsstdfe pRBEALAILAG | ayer fromthe plasma on exposed
surface of the mask; and conputer readable code for term nating the

providing the sili coceroprttaicadable slegios¢amprisingis from t he

silicon-containing gas source; and uter reagable code.for etchin
features through the nask 8?f8p’ﬂf%tr8?:‘f"i%ip; cé’ﬁ?i%%n%mgai%is bcofla;(f%'?t?mmgg

conpri si ng: . 15,6 OMRYb&ed sEANRR bE HEQHRK mpigivd:di ng an etch gas from the
etch gas source; conputer readable code for formng the etch gas into a

pl asma, 5whi ch etches features i nomptthe diaddtdet code |fayeproviditg canpibicen-

readabl e code for term.nating. th roviding. .
gas source. ccg{tﬁnmggegosmon gasq:rom %wp Sll?congtlzon%]alm%g g%sh Seou?'ée(;:h 9as fromthe etch

computer readable code for forming the silicon-
containing deposition gas into a plasma:
computer readable code for depositing a silicon-
10  containing layer from the plasma on exposed surface of the mask; and
computer readable code for terminating the providing
the silicon-containing deposition gas from the silicon-containing gas source; and
computer readable code for etching features through the mask
and protective silicon containing layer, comprising:
15 computer readable code for providing an etch gas from

the etch gas source;

computer readable code for forming the etch gas into a

plasma, which etches features into the dielectric layer; and

computer readable code for terminating the providing

20 the etch gas from the etch gas source.
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