PATENT APPLI CATI ON Attorney Docket No. APPML091550 METHOD FOR

REMOVI NG MASKI NG MATERI ALS W TH REDUCED LOW K DI ELECTRI C MATERI AL
DAMAGE BACKGROUND OF THE | NVENTION Field of the Invention pool The
present invention generally relates to the fabrication of integrated
circuits and, nore particularly, to a nethod for renoving maski ng
materials fromdielectric materials having a | ow dielectric constant
(hereinafter, lowk materials) during the fabrication of integrated
circuits. Descr tr Rel ated Art 1004 Integrated circuits
have evolved in ﬁfgg Fﬁjﬁ{ E%&dn‘?o@%sbhat can include mllions of
conponents (e.g., transistors, capacitors and resistors) on a single

chip. The evol utlon of chlmmﬁmnmbvm@msmﬁ@mﬁémm%ter

circuitry and greater @fAREDUSED LOW-K BIELECTRICIMATERIAL BAMAGE
circuit density necessitate a reduction in the dinmensions of the

integrated circ t he di nensi ons of the

I ntegrated ci rcﬁﬁhmﬁlﬁé W&Ué@d (e.g., sub-mcron

di mensi ons), thelems&ﬂ‘ﬂ’rdlavb@tau:sed to fabricate such conponents have a
greater inpact gn electrlcal er f or mance 0 e.n rafed _ .
circuit. For ex@m}i heoQrepe; ve 'PPyg%faﬂY rP'ﬁIeérE)oHWetat%g"%@Pg‘.’f, integrated
copper and al untirouity apd ovibateparticudartyl tova mathbs fireleywReingt Mesiimnmatefiak Sfrom

on integrated c rconnects are.el ectricall .

i sol ated from eggﬁw{)fg ?‘gpij Eﬁv'ﬁ#s% fj'r%% {}Hﬁtceopf'gp{e(Weé?]af{eﬁe%w%f’??@@'s)
bet ween adj acenﬁurmttlaxéfabmaiionoﬁmmgtatechmmbm t he thickness of the
insulating material has sub-mcron dinmensions, capacitive coupling

may occur bet weBasaribtonefihg Relatedtbnnect s, thereby causing cross talk
andfor T esistang %zfaamgsa?éac@réuﬁgha%'mwaaq nBeEAbD otibs BER'@h! incluce
performance of the'integrated circuit der to reduce capacitive
coupl i ng bet weefiliE £f pMPPREN (6igat tEaNsisiNS Capaciiormand iegistors) finsa giaglg.chip.
di el ectric Consfﬁ’@é\ﬁaldtﬁﬁ%f Ehl?rBe@Bﬁé'EmﬂmQél[y%@u#gs'flalétélearcu{trg%ﬂ]greater circuit

Unfortunately, |owk materials are not eas process usin
conventi onal = f aB#Nsiat Teh de@ands épfedreaten Claﬁ%tﬁtt fensita recessitele maéwqt!am gn the

are suscepti bl egirensignparandintdgidePtirtiiBompseptsSi Ng, such as plasma
processing used to strip masking materials (Le., photoresist |ayers)

after I af \iﬁt ur e[oblB§ U&eﬂheeﬂm&mbrisrﬁf(!h@ritégnatbd RET ¢o’ﬁhpdnamerare F@:ruced (e.q.,
exanp e, en USI sma to .reno resi st
o e it et SEEASRD B TRare Ot RERY o BBRtAIR SHE pompaients have

surface of the greater lmpact on the electrical performance of the integrated circuit. For example,

low resistivity metal interconnects (e.g., copper and aluminum} provide conductive
paths between the components on integrated circuits. The metal interconnects are
electrically isolated from each other by an insulating material. When the distance
between adjacent metal interconnects and/for the thickness of the insulating material
has sub-micron dimensions, capacitive coupling may occur between the metal
interconnects, thereby causing cross talk and/or resistance-capacitance (RC) delay
and degrading the overall performance of the integrated circuit. In order to reduce
capacitive coupling between adjacent metal interconnects, low-k materials (e.g.,
dielectric constants less than about 4.0) are utilized.

[0oo4] Unfortunately, low-k materials are not easy to process using conventional
fabrication techniques. In particular, low-k materials are susceptible to damage
during plasma processing, such as plasma processing used to strip masking
materials (i.e., photoresist layers) after a feature has been etched into a low-k
material layer. For example, when using an oxygen plasma to remove photoresist,
the oxygen reacts with and removes carbon and/or hydrogen near the surface of the
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PATENT APPLI CATI ON Attorney Docket No. APPML0915SG exposed | ow k
materials, thereby damaging the lowk material. The alteration of the
low-k material results in a lowk shift, wherein the dielectric
constant of the material is changed. [0005]In addition, this damge
generally leads to further additional processing problens. For
exanple, in a subsequent wet etch step to renove residue, such as a
hydrofluoric acid (HF) dip, the damaged |l owk material is undesirably
renoved as well. In fabrication processes such as form ng

i nt erconnect st PAENTIABBLIGATIGN chi ng ot her features into the | owk
materials, this® @ﬁﬁé@@*ﬁ“&éﬁlvﬁpﬁ%eknomn as sidewal | pull-back. Were

| ess susceptlbl reaJ resent. such as .a c i | ayer.
that nmay be di SFSJOA over "Pﬁeé'afoweke%ﬁ&@a‘??'aﬂ gﬁe l?ﬁ'ek Wﬁﬁﬁglnin‘%&aﬁ{!@&}o’b?f the
t he sidewal | pr bk matefriat fesultsxip asled-K shifé, kvhewdire theadielégtricrcorgptapabf thefmaterial

the interconnecf, feaidy e leads to difficulty in subsequent conductive
mat eri al deposition Stéps required to conplete the interconnect

feature, potentjslsy |k #t?ohngué 83199%@ 8Sﬁ§'a| galegh‘é % (?uﬂf{eli]eadﬁﬂf)ﬁaﬂ "Rb&Ssing

circuit containi ng t he ective I nterconnect Struct
Therefore, a neBWbERISstFOr p¥amMRe I B15HBIASHENMEh 8ih Gteprie nervovegesidukisteh as a

materials from h%ﬂﬂoﬂ@taﬁﬁ'@iﬁ dlpsma@a 16K Jn%%ﬁﬁ{r i dggﬁgy removed as

Met hods for rem)wnq masking materials froma substrate havin
exposed | ow k rrﬁ!?lér.@f%brqueprﬁF?ﬁSﬁﬁi ey s defade interesnpeetedirustyresaeiestching

of the | owk mabger &latReéLinks Hel MRk MateRhB; thisciRBs ANRREIER RhowR as sidewall
nmet hod for rermwl[]lgchaalgkﬁr mat eri al s froma substrate incl udes

provi ding a subBY $PSEFYBRPHPIP (YRS g9 RIPSSTRICA afdskaPREY layer

material to be warmegde &xmnr@et b lﬁ”ﬁﬂ-&(h‘\ﬁ&nﬁﬂt ekl \@cln-lirﬁ’foﬁmfy' éfSthe sidewall
plasrraforrredfro a.reducin | rst

and exposing th& sqit'}?ge’ﬁ?ﬁ?%r IP‘é(T mgteaalgwa& %féh%&%?%ﬁc%f?ﬁﬂﬁ”j?ﬁds to
oxi di zi gg chgm ﬂlffrcyl!ty‘ mrsubsa]eemn:(dnwmtme)dlamfnaltddmesntlﬂ'rhﬂeﬁd @QsiretRy chbeplete the
repeated as desire in reve

ot onal 1y ot IS BERre, S EREAE TRiingln EEMERRT SRS e tesratgg crouit
chem stry. EOOOs¢nthiningthet defectieerintetcanmntt, stractoet hod for renoving a

maski ng material froma substrate within a process chanber i ncl udes
(a) providing altesbst Trerefoigaai nepderyels ddr kovimkravad enéthdd chmemaving masking

maski ng materi a‘naieq f%‘?rorn?l W@rﬂateﬁ%% perform ng one of: (bl) exposing
t he maski ng mat eri a rst asma fornmed froma reducing

chem stry for aghwiw C{gRTa@rFlﬁ.qi?- mvéﬂﬂgN or (b2) exposing the masking
material to a secon asma formed froman oxidizing chemstry for a
second period of00e7W nel\/let{'u@gs for removing masking materials from a substrate having exposed

low-k materials while minimizing damage to exposed surfaces of the low-k material
are provided herein. In one embodiment, a method for removing masking materials
from a substrate includes providing a substrate having exposed low-k materials and
a masking material to be removed; exposing the masking material to a first plasma
formed from a reducing chemistry for a first period of time; and exposing the masking
material to a second plasma formed from an oxidizing chemistry for a second period
of time. The steps may be repeated as desired and may be performed in reverse
order. Optionally, at least one diluent gas may be added to the oxidizing chemistry.

[0008] In another embodiment, a method for removing a masking material from a
substrate within a process chamber includes (a) providing a substrate having
exposed low-k materials and a masking material to be removed; (b} performing one
of: (b1) exposing the masking material to a first plasma formed from a reducing
chemistry for a first period of time; or (b2) exposing the masking material to a second
plasma formed from an oxidizing chemistry for a second period of time; (c)

55270_1 2



PATENT APPLI CATI ON Attorney Docket No. APPML0915SG perform ng the
step of (bl) or (b2) that was not performed in step (b); and (d)
repeating the step initially perfornmed in step (b). BRI EF DESCRI PTI ON
OF THE DRAW NGS [0009] So that the manner in which the above recited
features of the present invention are attained and can be understood
In detail, a nore particular description of the invention, briefly
summari zed above, may be had by reference to the enbodi nents thereof
which are illustrated in the appended drawings. pm It is to be

not ed, however, nded drawings illustrate only typical
enbodi ment s of ﬁ%&&%ﬂ'&%ﬂ?&g\gm%%%re therefore not to be considered
limting of its scope, for the invention may admt to other equally

effecti ve enmbodpermiiing he0stdd oFiggyr& (bapefi eias rﬁat&%ﬂi@ﬁﬁé‘@irﬁ%teﬁ?{br!%d ()
steps for renoving Fln : t(ﬁl‘la|s di,s gsed over |l ow-k materials
according to onreepg%‘gé ?‘rﬁt%f’qﬁlfa YHE”?W@HF?B% escri bed herein; 100121
Fi gures 2A-2B aﬁﬂléﬁﬂégf.ﬁﬁﬁﬁﬁbﬂw T}\-ﬂs WIR!G% substrate during

a dua

different stages 0 danmascene I nterconnect processi ng sequence
i n accordance wioft9] orfip habddice meannenin whishsthejabove irenitedt fealuresapfdthe present

[0013] Figure 3 in?cle@iorﬁmcar;@ggéiﬁé\d .o?gefn?’g mde%t%QEﬁéﬁﬂégh@p% R{ierﬁ&ﬁérq{escription

that illustrativelyr use ractice portio
i nvention. [0014f theoirvaetian; thieBy svoeasizethdibave, meerhe bal byetefergnes: to the

nuner al s have bgaRodimshs u}(&ca)@cgfﬁn@sa% BL&ratdPin 4RSS HRANS dideigs cal

el enents that are connpbn e figures.
[0010] It is to be noted, however, that the appended drawings illustrate only typical

embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.

(0011] Figure 1 depicts a sequence of method steps for removing masking
materials disposed over low-k materials according to one embodiment of the
invention described herein;

[0012] Figures 2A-2B are cross-sectional views of a substrate during different
stages of a dual damascene interconnect processing sequence in accordance with
one embodiment of the subject invention; and

{0013] Figure 3 is a schematic diagram of a process (etch) reactor that illustratively
may be used to practice portions of the invention.

[0014] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures.

DETAILED DESCRIPTION
j0015] Embodiments of the present invention relate to methods of processing low-k
materials and, in particular, to removing masking materials from substrates having

exposed low-k dielectric materials.

fo016] Figure 1 depicts a method 100 of method steps that may be used to remove
masking materials from a low-k material according to one embodiment of the
invention. Figures 2A-B are cross-sectional views of an interconnect feature during
different stages of a dual damascene interconnect fabrication sequence. To best
understand the invention, the reader should refer simultaneously to Figure 1 and
Figures 2A-B.
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DETAI LED DESCRI PTI ON [ 0015] Enbodi nents of the present invention
relate to nethods of processing lowk materials and, in particular,
to renoving masking materials from substrates havi ng exposed | ow k
dielectric materials. [00161 Figure 1 depicts a nmethod 100 of net hod
steps that may be used to renove masking materials froma | owk
material according to one enbodi nent of the invention. Figures 2A-B
are cross-sectional views of an interconnect feature during different
stages of a dual damascene interconnect fabrication sequence. To best

under st and t he AQT\'?E %@T@&#E%gr shoul d refer simultaneously to

Figure 1 and Figules™% APPLI CATI ON Attorney Docket No.

APPMLO915SG [ 004 T*’f%g”@él{ﬂﬁ&' 1%9%%%8%& E%ﬁuﬁeﬂr@é% ék‘lib‘”sirgtfgzoo is provided

substrate 200 i s provi
maski ng mat eri a'n%fngxntﬁad low-& mateb@ls r@%m maFking Jualetals 282 Abat agyto be

be any substratg@megsgh #ﬁe%uﬁéﬂa‘t&%ﬂQﬁaypB@%ﬁ%%ﬁﬁétPa‘P@%ﬁOJs é‘éﬁiéérf af gwer

and typically conprises a sug ort la aving at |east one
material | ayer SYPCIEHRRESHIsEREANd tYH'éa'|Yd3\WmP“ﬁ%t%$LiP&’P”r\%‘?f Bes aavmg at least

car bon- doped di gleleiviid ﬁaﬁﬂblﬂé Izoawmédaﬁeréa{ bﬂﬁb BaRehateribl & b@él&ﬁaon-
(S10CQ), organi c oI yners gsuc yi m de, yl ene), and t ke

[Oow] A featured ecweﬁgt“ 'I“F'éﬁélh sm %H?VBP" QORﬂdas'ﬂ%‘ or@et%ﬁ?%:qrgamc

etched or ot herwﬁ-@ergq)guasﬁ@slpetypma@q,awe?( awateriikal | ayer 202, thereby
exposing portions of the lowk material [ayer, such as S|dewalls 216.

Ahmalskl nE | ayer[o@@B irs féam‘rﬁedJcﬂ'le'as;]a treﬂhepczsQtaaﬂlcmmzlwaaam]?rmﬁ@)canwerched or
the | owk mater| 2, t t he feature i.nto

the | ow k mat o PEpiR BimStB Seitfl ol ofe 2 ety SxBRkG Pakibiof the
phot or esi st or bwHematerigblayer, Hwkamgldauallsrmal ,A snasking dayer gadiic formed (e.g.,

I ) ti i I

P ki er ol ebogiec st BRRAAEY (3ol el dller 07 36 iR eing e
cappi ng | ayer 2Bétuminta theplowdematerial Femrc@b‘ |Thesma$kd1§blamh 208 miay gemprise a
that help the Oﬁﬁo@&ﬁélétldpoﬁgpgfg%n%éskhg n'iengna'u %%%a%‘aﬁlbgsbly%% ptichsty,

contenpl ated that the subs
addi ti onal mat edicappingjayes 28R dnayhbe dfseawir wnownéewtkrrantewlalgy%tr&m prior to

trenches may beg T’fﬁ!’ﬁgﬁﬁe th sl&ﬂbqago‘golbsﬁﬁéﬁédﬁrlg Iﬁ@@bsgﬁé L‘npﬁgegﬂmﬁm f"d'ns

at step 104 the nas ayer asma for

froma reduci nga@%@ﬁdmrfwnsmhelemﬁ:ow tﬂwgrter»ye"ﬂmww material 202. It is

passivation, or.qdniiEted Qﬁ‘é%%é TshQéIra@@%OO e cfb?rﬁﬁlbé’ %ﬁﬁe%ht%%dﬂﬁ&nd@@néienal
ni trogen-contai ning gas or_a hydrogen-cont ai ni ng

embodi ment, t helapIg AnddhatdRatyes @Bmhﬁ%é@sgmdﬁ@ag*ﬂewy 818 farmﬁs*nméhe low-k
(NH3), hydr ogenmgldéh lay@tbane (CH4), nitrogen (N2), and conbinations
thereof. The reducing chem stry utilized in the first plasma deposits

a pol ymer upon fobe) sinketyalt sepofodtiembeiaid ger 20868 elposed @t £aist plgsthin drmed
cherm ot ry advantaBeR ey I SR o S8 JBH GRS ALFma A e syl o
a relatively snphlymamispositiod gaho\Witte pasivabian gadansoie & mttegmsmdammg gas or a
chem st r eo. 1 MBI GRS Bt T ran iR o echat et bk, gorgprisgs
chanmber pressur easinotdef mamymizof{NH)ohydibgan (H),nifiethane dCHRO itra@e0 (N2), and
mrorr by provi dk&gbiﬁﬁ%ng %?e%é’?.at'ljhg%cgﬁﬂge&)emistry utilized in the first plasma deposits a
polymer upon the sidewalls of the feature, thereby protecting the sidewalls from
damage due to the strip process. The reducing chemistry advantageously has a
large operational window and produces a relafively small amount of low-k material
damage to exposed surfaces, such as sidewalls 216, in comparison to other strip

chemistries.

[0020) In one embodiment, the first plasma is formed at a chamber pressure in the
range of from about 2 mTorr to about 300 mTorr by providing the passivation gas(es)
at a total gas flow rate of from about 100 sccm to 1,000 sccm and providing power in
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at atotal gas flowrate of fromabout 100 sccmto 1,000 sccm and
provi di ng power in PATENT APPLI CATI ON Attorney Docket No. AP PM
1091530 the range of from about 50 to about 500 Watts. The maski ng

| ayer 208 is exposed to the first plasma for a period of tine between
about 10 and about 1,000 seconds. In one enbodi nent, the process
tenperature i s maintained between about 0-60 degrees Cel sius. [0co]
After step 104, the nethod 100 proceeds to step 106, where the
maski ng | ayer 208 is exposed to a second plasma forned from an
oxi di zi ng cheni SATENT ARPLCATION| zi ng chemistry conprises an

oxygen- cont ai ni A ALk No-4hF gﬁﬁ% @ ment, the oxygen-cont ai ni ng gas

| d

i oxi de(oc2) . IEaiSerdigr f%%%"‘ Bhous 5 ROl B Rl Ry 8 Pposos
oxi di zi ng chemi &t thg ficsk plabmaderca perigyl efdime bawean atmulha()antilaghmm ®Q0r sgeonds.
rate and better ,nC&P%Qbe‘?I%eEP F.Q:Briiég/c%gﬁ@%ﬁ’é’r%les‘{s %Hﬂta?ﬁe*&elt':et%&?%f}ut 0-60

maski ng materia an t eré uc emsiry o

step 104. In addegreemCelsiHe oxi di zi ng chemistry of the second pl asma

is highly reactive with carbon and h%/dr o%en di sposed near the exposed
surfaces of thelP#h- IATIeastaR 14, the @ethod 100 nsogeeds fo stepiilE. wherg thegasking

the carbon and/ %&eW:@@Qﬁbde@ﬁ@‘é%ecBﬁ@ﬁl‘a&rﬂ@f&?ﬁ@@ﬁh%ﬁh SV bkidieRg Rbmish The
lowk materials i m zed due to the pol ynmer deposition upaon those

surfaces during®¥digpg fbﬁm‘sfrbG?@P”?er? Fhevgrtrsentaaig g9ast dp opgenlpdiment, the

perfornmed at a da,@arhxebntpmgsgasecémegmneau oaatmloxygbrﬁ;mg)oaarﬁaﬁ @hdhoxide
t ween about 10 and abqut

100 niforr and f ration of be

seconds. In one?cte%cfﬂﬂ?‘?@ni“ '%éﬁgﬁ)né”% MRRer i (kf2 |9§g°°;5‘?%'&altpﬂ%dh‘?5ﬁ°f The
gxt Ir err;s | ow Kk (tEleﬁ)zmglcaénﬁrstry bcihwdeebmcﬁbmrﬁsi%\gs tarRaY I:cugfh@ slgqyia&gar&?d better

ielectric cons abo p i s.perforne .

chanber pressurgaF%#'hB'eg’ reRl ch?lgr&élg‘ af"i %%%r?fﬁ?wgt’%? '“ﬂomﬁg‘?&'ﬁ's thap the
| ess than or eqrmlucihg; dnbmﬂtryZofmﬁer first folasma dfustepi 104. ofin keldives,n theb oxitiizing
10 and about 30 The I ress vironnent, mai.nt ai a

col | 1si on-freo. SRR OF dud iFecpt oEsFRCH Bgfiy t=BBEE Min TG AP Pitpgen
in the plasna i dgispesed :hemnglm ekbxmedthefapéeae%eshwat matemnat kayes 202. \Mwmvever,

charged particl g5, ?1%58?\/1\2%‘% arBB'ﬁ“aﬁc'ﬁQrsﬁ dﬁg%n%'rq Val WO, tﬁ%%g%(gr?g%lurfaces of

potential of the p and cone 1n con act

feature, the chawegewl-kpaateﬂaﬂs esmingneed dueatorths polp@at Hgpasdiopendi thesasurfases
the substrate ( G'n ﬁtﬂ)ﬂﬁl sotropic etch condition) and have little
chance to col li i other particles in the sheath. As such, the

etched verti cal o%kz‘i'eWﬁHné e?f{b%dfr\%?rstébemé i&'b@ﬂfé?ﬁﬂed%ih%ﬁgmgéfr &Q@sfu&eﬁss than

particles. Under such process conditions, random attack chem cal |y
active particl edr saual fie aprprimetaly 49Qavien ansk for ﬁ@W@ﬁ’PLﬁfé’ enyRlayk A0 and

reduced. A |ow %86@'30@93"60Md%w BOheAbBBodiBemR it Riterhetndd [?ﬁgﬁb”bract:ced on
APPLI CATI ON Attorney Docket No. APPML0915SG advant ageous t her

reduce si dewal | em@%(ﬁq%dﬁlqﬁyq atef@la e gt Pabiriagfeving & ﬂl@lectnc constant

chanmber. In one bsmm,bnﬁm sfepe oa@sspérroﬂwe@& 4 Bieanfber ﬁte%btﬁlﬁ of eSO equal
in the process chanber s between about

ebod ment .t ot 8 SRS T AG GHEFERR PEeRBLLS F0h2 FH b T At wpn of
200 sccm  The P®eReeh laB@litlwfbnﬁ@bbhlﬁmrs@ﬁm q haldoﬂﬁreémye ah\ﬂmnb\ent maintains
mnimzed to susta!:l E’ |I di zi ng @ haV| ng atéﬁ% ?‘ K :nt is
neutral density 29upiondreg PIasgR <4 atg‘o i me‘?’h The }%ﬁt heRiasga
power input to wnhehddgebihanitise plessa sheath tigkness).mifthehycha@ed ‘patticles are drawn
to the substrate under the electrical potential of the plasma sheath and come into
contact with etched feature, the charged particles come in almost nearly
perpendicular o the substrate (ie., an anisotropic etch condition) and have little
chance to collide with other particles in the sheath. As such, the etched vertical
sidewalls are under very minimal attack by charged particles. Under such process
conditions, random attack by chemically active particles on the vertical sidewall of

the feature is further reduced. A low total gas flow may also be maintained to
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[0023] Optionally, the second plasma of step 106 may further conprise
one or nore inert diluent gas(es). The diluent gas nmay be added to
the oxidizing chemstry in a diluent gas to oxidizing chemstry ratio
of between about 1:1 and 5:1. In one enbodinment, the inert dil uent
gas conprises at |east one of helium (He), argon (Ar), and xenon
(Xe). The addition of the inert diluent gas to the oxidizing
chem stry of the second plasna advant ageously dilutes the atom c
oxygen density in the as thereby reduci ng danage to the exposed
| ow k naterlalspm'fh'eA é#& i%%e inert diluent gas further

e arﬁﬁe

advant ageous| y Apey PE conponents to the pI asma t her eby

increasing the S&\%h @Ex?sypifurth e R allI"EIﬁr‘hE?%g?hrhm ﬁtp 83@91the

pr event i ng cap over a con 1 ON er elrn e Cca
beyond the si demﬁmbq@r ¢ﬂeeermochm@t1 tbmnsmgfﬁhaloxowgtcoemsww theagcess

in the respecti I
| ayer). 14302418%@5‘?5%?% él{osuE i‘g m%WskcﬂHIﬁodgaerﬁb@ngeﬁtggtafgﬁ)seﬂow in the

as i ndi cated byCREEHF Ieﬁﬁ@awapprorﬁeatﬁléﬁepiswnn Toe power ﬁ@nhecat%hewgocess

may continue U”E:Ihdmﬁéﬁ?nag@él& B8 nhiAMred 20 BubRinCAHBiGikiRY IafsﬁféDIYéW-rg an the ion
O herw se, thenﬁ&‘/} hod ends and further processing o

substrate 200 Eeﬁﬁ Aerslty ShatdhpBe deve aF 2BP5iRIE i rbﬁn%ﬁmbpelmee&éwpﬁé power

an integrated cinpGUbthe {HaBBe} isAddshvarodppirdiemarel 200 wdke. descri bed above
utilizes a plasma formed froma reducing chem stry (step 104)

foll owed by a picazpa Gmtionaly, ftrreasemdqxasﬂmaz bhgteph‘mm Shy Yur(ter epmpAse ohe or

h I d.th
[Tove LS. bl BRI BTSSR Bl e i s SPACTRIL Rl BBy
100 is to be peinfadisit gas o sxidizing ahemlfm rdtmvofrigtvesgpoabedt dvard 5:1. In one

terials that
Chem stry of st EpoadReh, iETer el descifiSes HOG B SRS G argon, o
t he pol ymner - depoeti xénep (Xedd dbergdiibreni the rnﬁrtdﬂuam @ps bdke aydizing chémistry of the
t Al 't t | £
the PATEﬁI[I'niPIP%?Jg“ATI%H&e £ %Jrgﬁteal éf’k % B%E@JEHQWSE ﬂf%g’%ma
may advant ageou¥leyelyegusing damn@eetp tne)exnoeemw q@iQﬂaISy Themsigéion [eé the inert
masking mat eri alfenPdhs ! AtMNCaRERRLEIRI 28ks LGP uomss.rameqp co%enémé h9%he

100 is practiced i n an ENABLER process reactor, conmer é
avai | abl e from Rigprrethershy drgreasing he, etely rate of thecsapping lwr.ao riwhan pegsent)

other suitable Qﬁ@ﬁ@%&tfnﬁ%ﬁb Qerhfhd3a c%nam&s théreiﬁ & Q%ﬁléﬂex@ér@grb%%r%fthe
one suitable process (etch) reactor 302 illustratively

used to practi c&dpyRltpTEHe obihedanekimAiRiAl Fj'oﬁ"lto dﬁFFée’&eéI'I‘ 'ihéé%ﬁP@Pt"{?(?ZCWS of

general |y be us@f 1a§-kanRéfiLssd Me caPAYeS. of the CENTURA sem conduct or
waf er processing system avail able from Applied Materials, Inc. of

Santa Cl ara, Caldofa [@ﬁ)délsté'ﬂila% aachopleld? sgendahby beoemateesasandlcated by

hanmber 310 ,and
Vacuam veseel - sORRIEEaBePEn oo pebfinal e rolen RPN cathell B fiasons
punp 336. The playeedss dhaopletedl eriavet he@thenyigw, itbe snethab n0 entdy @nt ddyher
1) 330, I d my
Coram c |1 ner SSPCESHE 1 AraLenfs 45 rr by e Ao Buridhloh 1, for
shower head 332 arampgle, amptegrammmumde 328 The shower head 332 is

nmount ed on the upper el ectrode 328 and nmay ri se several gas
di stribution zomgﬂsufc\,lmoualathevraemoéOgége@be@ﬁ oe wilizs 7 eldsmg fgrmed from a

reaction vol une gfychg ecrféhﬁé’fﬁre(sté%lqw)t fo?l@ﬁ&! fgyca fd lé%\Md HMried e éIrIOB%EIIzmg
el ectrode 328 is cou

P ver fre uenqy VHF%\%@&UI‘ ce
t hrough an i npedherBEY fsé?FéIQﬁ)ﬁ%Fe ‘@R tqyresishorergaRie m gd@,frpptemplated
mat chi ng st ub) . ifdiene\dtEpsSRaY BLpS?mbs irgetsrsabidgr. cmmhmpetrfufeodemomgoo is

up to 3,000 Watts at tu ablef e of. above out 1

The Support peddabaipedarebiat pebdra 207 bivnd eiReted Rtk syl Fi o8 ore

retaining a subskhrgfve ta@@mabélfromematommngtdmerrwmifrsaapemsomemh@mﬁmd 100
may advantageously utilize the polymer-depositing reducing chemistry of step 104

as the first step. Alternatively, where the low-k materials are more robust, then the
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stainless steel, and the like) and coupled to an electrical ground
term nal 334 of the PATENT APPLI CATI ON Attorney Docket No
APPML0915SG reactor 302. The ceramc liner 331 facilitates in-situ

cl eaning of the process chanber 310. [0030] The process gas(es) are
supplied froma gas panel 338 to the process chanber 310 through the
shower head 332. The pressure of a gas m xture 350 in the process
chanber 310 may be controlled using the gas panel 338 and/or the
throttle valve 327. The gas mi xture 350 may be ignited into a plasm
351 in the reacPAGNTOBPUGIN the chanber 310 by applying power from
the VHF source é@%wy?%ﬁ%TTA?@Wﬁﬁﬁﬁﬁure of the substrate 300 is

controlled by sta re of. trostatic chuck
326 and flow ng aﬁ-ﬁgl Srﬁﬂ? ?vaaga@ %gu&avthss&eﬁ ié: 4§‘°fen't“50|§¥1?m°ve the
channel s t hat amesKing meteriblg. t he back side of the substrate 300 and
grooves (not shown) in a surface of the electrostatic chuck 326. The
hel i um gas f aci [0P26ht 8 cieuembestimenteeft the riavestien, thetragtbed t10@ is pheticed & an

300 and el ectro @ I
substrate 300 rrgi/mbeeﬁra? ttttpcglsérgtg% ctopsé&gg%?%@ P@Eﬁ@ frog?aPE@d Méﬁﬁals Inc, of

range from 10 t 82M80CHEye@iiorta) S yather guitapie vtmﬁeszureaqtett e Fd@nt3r gepigs a
the process chagiiRmadd Qizgfanti8psHd aﬁ@be%y@ssta&)qemtar%dzqhaﬁﬂ%tmubﬁay

one of any form of general - purpose conputer processor that can
used in an i nduB¢ HF& t°§é@‘t“F?1@° igfs %fd'f'ﬂ W&?WtPHgTU%PtCBuga%‘Hé%@F%’ %ﬁara"v be

sub- processors. yddieadBIIbdbssig nmléuéfethe CENIRIRA® S@flcoHBucRA wafr préRssing
CPU 344 may be o ée of abl e ?/ uch as random
access nenory (Fﬁ%m aY%'Q 'e(g’ﬁf"yn‘ Mate(ﬂ%\/‘“c qflséﬁﬁﬁaas alfhar g di sk,

or any other fo glta e ocal Qr renpte. p
circuits 346 ar @rgggu retagctrh%%%’ M’ £8NPUSES 81 PTOREPSt ﬁlea@?‘% g{sots@f‘d 8
in a conventi onacbntnmﬂmrr@to Titeeshamber 610 fssa high lvadeunt aedve) swﬂecr with controlled
supplies, clock / Ryt r try and subs s d
therl 1 ke, [ooss A€ YehGean il \BEND Bl P28 et BabL RURLBET m € e
menory 342 as acgopriseara coodictivee b80y! . (w'a'll)e33§bfat Vidrassemblyi 318, 30 vafeaysupport
al so be stored te n t. 1S .
renotely | ocat eg&ﬂ:{ om ﬁ%ﬁﬁ \7\%?{'5% %‘?%8 ﬁggfﬁgﬁgﬁﬁb'ﬁ???ﬁé"%@@ c:?hrﬁz_nses @
Some or all of smwvmmadoﬁ@repﬁm \aper hiectodesidgt Thevahowedwaddp2 & woursed on

f d h
ot tare and cxLEuLBe erata ey «EhirgReril o A BB S0 dun tnt

an application $yEERees eancls aurplied ta & igactiay valume of ttyepétaamehat%taw:@clﬂc
i npl ement ation, gQf rags 2 BRI IRTM 3§9f|§ \eai;ﬁeoﬁﬂﬂa h%tﬁﬂ@ﬁqreqﬁéﬁcy (VHF)

software routine 304, when executed by t causes
reactor 302 to Be¥ERHBpNELEE s Irapedanes ﬁﬁé%féﬁ'te"l %‘(ﬂeiﬁ gorf qmmwvelength

APPLI CATI ON matching stub). The VHF source 318 is generally capable of producing up to 3,000
Watts at a tunable frequency of above about 100 MH=z.

[0028] The support pedestal 316 comprises an electrostatic chuck 326 for retaining
a substrate 300. In operation, the substrate 300 is placed on the support pedestal
(i.e., cathode) 316. The electrostatic chuck 326 is controlled using a DC power
supply 320. The support pedestal 316 through a matching network 324 is coupled to
a bias source 322, The bias source 322 is generally capable of producing up to
5,000 W of radio-frequency (RF) power {i.e., cathode bias power) at a tunable
frequency of about 50 kHz to 13.6 MHz. Optionally, the source 322 may be a source
of DC or pulsed DC power.

10029] The chamber wall 330 is generally formed from a metai (e.g., aluminum (Al},
stainless steel, and the like) and coupled to an electrical ground terminat 334 of the
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Attorney Docket No. APPML0O915SG and is generally stored in the nenory
342. The software routine 304 may al so be stored and/or executed by a
second CPU (not shown) that is renotely |ocated fromthe hardware
bei ng controlled by the CPU 344. Nom The software routine 304 is
executed after the substrate 300 is positioned on the pedestal 316.
The software routine 304, when executed by the CPU 344, transforns

t he general purpose conputer into a specific purpose conputer
(controller) 340 that controls the chanber operation such that the

et ching process phs-\ReREOENRSy Al t hough the process of the present
invention is di agiisseekafoDGiridodisgy emented as a software routine,
sone of the nethod steps that are disclosed therein may be perforned

in hardware as wvelctora302y THeecsraflonitie? SPINFchitdtey in-A6 8kehing tdfethe process
I nventi on may b%heimqpér%qsnt ed in software as executed upon a conputer
system in hardware as an application specific integrated circuit or

th t f h | | ' | f t
and har tuar o, [ CBAET" e BRGEEE B0 Ot QlppaCRAR! TR63 BAnd 3l 8" Siocess
ot her organic m‘ib%m%@ i@t terauah dhef shmvieshead 5% athe nibsduee of aigas niixtgre 350 in
damage 0 exposqfb hRMkds GRieh A chay BE AUNAAELA NEME! Re gé{sjtp{;ﬁgggsdst Btwior the

enbodi nents of the nethod are descri‘bed above as DBel ng _
connecti on wi t htitrpide Mavaei2 onTherf gae mixtlre dafvRayehR igaited intuipeplaima B&1 in the

contenpl at ed t hadadifievdiihd 8fthd @RamBer 38 bg?abbuyfasgom deP:‘i‘fP\%QFHIit)é"bu‘Péeté‘ls.

any other IC device or structure fabrication process where it Is

desired to renpymsfphoT@nsshiite SthOtdbeiraer300m &nﬁ&%ﬁ{m&]tmzzﬁfgitﬁé ferdpefitiire
e

a substrate havi exposed. . | ow terials. [0036] [ e
Forege ng s df PLOREEBS G, GRiohaAE erofIoHRE HIINANHE] SRR graessoHe 348
and further enbadd therdhanedls tHaeaiefoendd IBthaBicksdesl eMhe edbsiate 800 and grooves

e by e ol bR i o A Rl A L g oces o
maski ng mat er i alunfororheat Sabsér iateean thhisnbsiraty BokEasd elbetrdaeitic chuck 326. Using
conpri si ng: ( rovi di ng S trate having an_exposed, featu

formed in a | ayéFCho?%?ercoﬁg@ertﬁ%lsg'ggtﬁadga@l}o%yl g?n@aw @ré%'d t @ ontrGiled

maski ng nat er i alterogerdtererie aoaegk from 10 to §00)degraposletwipst he | ayer of
masking material to a first plasma formed froma reducing chemstry
for a first peril®elof Te ifapditate canipd 9if tthea presesaehranbier Sil8asaddssrikefd atinye, the

exposed feat ur egoniroller 340 may be one of any form of general-purpose computer processor that
can be used in an industrial setting for controiling various chambers and sub-
processors. The memory, or computer-readable medium, 342 of the CPU 344 may
be one or more of readily available memory such as random access memory (RAM),
read only memory (ROM), floppy disk, hard disk, or any other form of digital storage,
local or remote. The support circuits 346 are coupled to the CPU 344 for supporting
the processor in a conventionali manner. These circuits include cache, power
supplies, clock circuits, input/output circuitry and subsystems, and the like.

(00331 The inventive method 100 is generally stored in the memory 342 as a
software routine 304. The software routine 304 may also be stored and/or executed
by a second CPU (not shown) that is remotely located from the hardware being
controlled by the CPU 344. Some or all of the method steps of the present invention
may also be performed in hardware. As such, the invention may be implemented in
software and executed using a computer system, in hardware as, e.g., an application
specific integrated circuit or other type of hardware implementation, or as a
combination of software and hardware. The software routine 304, when executed by
the CPU 344, causes the reactor 302 to perform processes of the present invention
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(c) exposing the layer of masking material to a second plasma forned
froman oxidizing chem stry for a second period of tinme to partially
renove the | ayer of masking material; (d) perform ng steps (b)
and (c) sequentially; and (e) repeating steps (b) and (c) in
the same order as initially perfornmed until the |ayer of masking
material is renoved. 2. The nmethod of claim 1, wherein the reducing
chem stry conprises at | east one of ammonia (NH3), hydrogen (H2),
nmet hane (CH4), and nitrogen (N2). 3. The nethod of claim 2, wherein
the flowrate o n L cfi chem stry is approxi mately 100-1000
sccm 4. The net ﬂ&eﬁ&cﬁ f‘gj,. Ngmw\é%%&ei n the processing chanber is

mai ntai ned at a pressure o etween approximately 2 mlorr to 300

mrorr. 5.The nehhol @he@h@srdd inWhe Friintbry B2 T PRI GHMELE RATTHE 130X may also be
conprises ammoni a gj H}%) : .
stored and/or executed by a second CPU (not shown) that is remotely located from

the hardware being controlled by the CPU 344.

[0034] The software routine 304 is executed after the substrate 300 is positioned
on the pedestal 316. The software routine 304, when executed by the CPU 344,
transforms the general purpose computer into a specific purpose computer
(controller) 340 that controls the chamber operation such that the etching process is

performed. Although the process of the present invention is discussed as being
implemented as a software routine, some of the method steps that are disclosed
therein may be performed in hardware as well as by the software controller. As

such, the invention may be implemented in software as executed upon a computer

system, in hardware as an application specific integrated circuit or other type of

hardware implementation, or a combination of sofiware and hardware.

(0035] Thus, a method for removing photoresist and other organic masking

materials from a substrate while minimizing damage to exposed low-k materials is

provided herein. Although the embodiments of the method are described above as

being utilized in connection with the formation of a dual damascene structure, it is

contemplated that the method 100 may be utilized in connection with any other IC

device or structure fabrication process where it is desired to remove photoresist or

other organic masking materials from a substrate having exposed low-k materials.

[oo3s] While the foregoing is directed to embodiments of the present invention,

other and further embodiments of the invention may be devised without departing

from the basic scope thereof, and the scope thereof is set forth by the following

claims.
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6. The nmethod of claim 1, wherein the oxidizing chem stry conprises at
| east one of oxygen (02), carbon nonoxide (CO, carbon dioxide (C2),
and water vapor (H20). 7. The nethod of claim®6, wherein the flow
rate of the oxidizing chemstry is between approximately 10- 500
sccm 8. The nmethod of claim®6, wherein the flowrate of the
oxidizing chemstry is |less than approximately 200 sccm 9. The
nmet hod of claim 6, wherein the processing chanber is nmaintained at a
pressure of |less than or equal to approximately 100 mforr. 10. The
nmet hod of claim6, wherein the processing chanber is nmaintained at a
pressure of |ess than or equal to approximately 10 nifon-. 11. The
nmet hod of claim6, wherein the processing chanber is naintained at a
pressure of |less than or equal to approximately 2 mlorr. 12. The
met hod of claim®6, wherein the oxi dgghigs chem stry conprises oxygen
(02). 13. The nethod of claim1, wherein the second plasma further
conprises at |east one diluent gas. 14. The nethod of claim 13,
wherei n the atAhe#sld foiremNihg\€ AfasiapmaRil flofessubktrdte asthin @peoceks hel i um
(Fe). ar goRffL) corfiiimsenon ().
(a) providing a substrate having an exposed feature formed in a [ayer of low-k
materials and an overlying layer of masking material to be removed;
(b}  exposing the layer of masking material to a first plasma formed from a
reducing chemistry for a first period of time to deposit a polymer on sidewalls of the
exposed feature;
(c) exposing the layer of masking material to a second plasma formed from
an oxidizing chemistry for a second period of fime to partially remove the layer of
masking material;
(d)  performing steps (b) and {c) sequentially; and
(e}  repeating steps (b} and (c) in the same order as initially performed until

ihe layer of masking material is removed.

2. The method of claim 1, wherein the reducing chemistry comprises at least one of
ammonia (NH3), hydrogen (H3), methane (CHa), and nitrogen {(N2).

3. The method of claim 2, wherein the flow rate of the reducing chemisiry is
approximately 100-1000 scem.

4, The method of claim 2, wherein the processing chamber is maintained at a
pressure of between approximately 2 mTorr to 300 mTorr.

5. The method of claim 1, wherein the reducing chemistry comprises ammonia
(NHa).
6. The method of claim 1, wherein the oxidizing chemistry comprises at least one of

oxygen {O3), carbon monoxide (CO), carbon dioxide (CO,), and water vapor (H20).
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15. The method of claim 13, wherein the diluent gas is provided in a
ratio of diluent gas to oxidizing chem stry of between about 1:1 and
5:1. 16. The nethod of claim1, wherein step (b) occurs prior to
step (c¢). 17. The nethod of claim1, wherein step (c) occurs prior
to step (b). 18. The nethod of claim1l, wherein the first period of
time is between about 10 - 1,000 seconds. 19.The nethod of claim1,
wherein the second period of tinme is between about 10 - 300 seconds.
20. A nmethod for renoving a masking material froma substrate within

a process chanber, conprising: (a) providing a substrate
havi ng an exposed feature fornmed in a layer of lowk materials and an
overlying layer of masking material to be renoved, (b)

performng one of: (bl ) exposing the |layer of masking material to a
first plagme FQemRihod of claim 6, wherein the flow rate of the oxidizing chemistry is

between approximately 10 — 500 sccm.

8. The method of claim 6, wherein the flow rate of the oxidizing chemistry is less
than approximately 200 scom.

8. The method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 100 mTorr.

10. The method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 10 mTorr.

11.  The method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 2 mTorr.

12.  The method of claim 8, wherein the oxidizing chemistry comprises oxygen (O5).

13.  The method of claim 1, wherein the second plasma further comprises at least

one diluent gas.

14.  The method of claim 13, wherein the at least one diluent gas comprises at least

one of helium (He), argon {Ar), and xenon (Xe).

15. The method of claim 13, wherein the diluent gas is provided in a ratio of diluent

gas to oxidizing chemistry of between about 1:1 and 5:1.
16. The method of claim 1, wherein step (b} occurs prior to step (c).
17.  The method of claim 1, wherein step (¢) occurs prior to step (b).

18.  The method of claim 1, wherein the first period of time is between about 10 -

1,000 seconds.
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froma reducing chemstry for a first period of tine to deposit a
pol ynmer on sidewalls of the exposed feature; or (b2) exposing
the layer of masking material to a second plasma fornmed from an
oxidizing chem stry for a second period of tine to partially renove
t he maski ng | ayer; (c) performng the step of (bl) or (b2)
that was not perforned in step (b); and (d) repeating the step
initially performed in step (b). 21. The nethod of claim 20, wherein
the reducing chem stry conprises at | east one of anmonia (NH3),
hydrogen (H2), nmethane (CH4), and nitrogen (N2). 22.The nethod of
claim 20, wherein the oxidizing chemstry conprises at |east one of
oxygen (02), carbon nonoxide (CO, carbon dioxide (CO2), and water
vapor (H20). 23.The nmethod of claim 20, wherein the second pl asna
further conprises at |east one diluent gas conprising at |east one of
helium (He), argon (Ar), and xenon (Xe). 24. The nethod of claim1,
wherein t H& rem?@%ﬁo%ﬁéiﬁ'@ﬂr‘yh%@iﬁﬁﬁ@E@W'ﬁ‘éﬁféwwyiwei%ab%éo'
nmet hod of 3gb8édend$d), Wwherein the reducing chem stry conprises nethane
(CH4).
20. A method for removing a masking material from a subsirate within a process
chamber, comprising:
(a) providing a substrate having an exposed feature formed in a layer of low-k
materials and an overlying layer of masking material to be removed;
{b}  performing one of:
(b1} exposing the layer of masking material to a first plasma formed
from a reducing chemistry for a first period of time to deposit a polymer on
sidewalls of the exposed feature; or
(b2} exposing the layer of masking material to a second plasma formed
from an oxidizing chemistry for a second period of time to partially remove the
masking layer;
(¢}  performing the step of (b1) or (b2) that was not performed in step (b); and

(dY  repeating the step initially performed in step (b).

21.  The method of claim 20, whetrein the reducing chemistry comprises at least one
of ammonia (NHz), hydrogen (Hz), methane (CHy), and nitrogen (Nz).

22. The method of claim 20, wherein the oxidizing chemistry comprises at least one
of oxygen (O2), carbon monoxide (CQ), carbon dioxide (CO»), and water vapor (HzO).

23.  The method of claim 20, wherein the second plasma further comprises at least

one diluent gas comprising at least one of helium (He), argon {(Ar), and xenon (Xe).

24. The method of claim 1, wherein the reducing chemistry comprises methane
(CHa).

25. The method of claim 20, wherein the reducing chemistry comprises methane
(CHa).
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