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Field of the Invention [0001] The invention relates to

the fabrication of integrated circuits, nore

speci f i TWOILAYER RILNCEOR NEXTISERERATION DAMABCENE
| ayers on a substrate, and to the structures forned

by t HRARRIERAPPLIGATION Wi GRRBOXIDATION RESISTANGE

to a process for depositing barrier |ayers on a

substrate, and to the structures fornmed by the

barrier layers. Description of the Related Art [0002]
BAGKGROWUND @F THE INVENTI®GNr i es have dramatical |y

decreased in size since such devices were first

Jntroduced several decades ago. Since then,
F'Pm 88?'5‘% E’H’%ﬁ%l ts have generally fol |l owed the two
year/hal f-size rule (often called More's Law), which
[06@RNS TRAAL idveatiBH TRAatelT t¢lethieC esbrididbnWot | infddra®@ Rircuits, more

chi p doubl es eve‘ré% two years. Today's fabrication
spsicifivedy de @ pransisadby depositing ridicleelvicdeyetsagin rigsulosteden and to the

SR d 0T 5, ISR MR eBhReE o 2 procss

fogelepetitingsbariieP 0dferd orf wr slisstratedung tbhessi#ectafes formed by the
devices on integrated circuits, It has becone

bajEeelBy8FS) to use conductive materials having | ow
resistivity and to use insulators having | ow

i ol ' dielectric constants of | ess
DSk Shsbhor RERGRLEARC, o PTLT

so reduce the capacitive coupling
bet ween adj acent netal lines. Such low k materials
[0002¢ | udSemicondimborodgiae bjetmeiziesshaed dogmaticallyedecr@iased in size

AR AT BB At B 8 S rn
infegPategadidits ARHRS §8MEallf SGIdWRE thd 8RO a%ﬁlf—“s?%dr@é'@ﬁen called

material having a’low resistivity is copper a
Maoreisy kaw),wmihich neans that theenumbenef deviegsthat wilhfii areafahip doubles

e B B B Tl oBLPRRRUPEGs plsfolRBRp RS g3 evices having
0.88p®Mand WELR00ABAAS fagturé TéiE208AG0BMaPow's plants soon will be

producing devices having even smaller geometries.

[0003] To further reduce the size of devices on integrated circuits, it has become
necessary to use conductive materials having low resistivity and to use insulators
having low dielectric constants (dielectric constants of less than 4.0) to also reduce
the capacitive coupling between adjacent metal lines. Such low k materials include
silicon oxycarbide deposited by a' chemical vapor deposition process and silicon
carbide, both of which may be used as dielectric materials in fabricating damascene
features.

[0004] One conductive material having a low resistivity is copper and its alloys,
which have become the materials of choice for sub-quarter-micron interconnect

technology because copper has a lower resistivity than aluminum, (1.7 pQ-cm
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conpared to 3.1 pQcmfor alumnum, a higher current

and higher carrying capacity. These characteristics
wW@e@4i083962 t ant for supporting the higher currePtT/US2003/031559

densities experienced at high [evels of integration

and i ncreased device speed. Further, copper has a

caiesteines nah F@QﬂcfderﬁﬂmﬁGﬁ)' 2 %ng’déral%hﬁehtn ghdnhigdMeY carrying

pure state. [0005] One difficulty Tn using copper In
Ce@@mty&oniﬂbemrChmaﬂ?teestlQSs atewampodpp’erfon supplorfhhgcilh\let higher current

h and achi eve g HRLe Et chi,n
fios” Bradiqticatant i aks o bfeataian, cBds Borede device speed.
Fdrﬂfaﬂ BEppEY BAS @NHE6d &hé\ﬂ%lbﬁﬁﬂuhﬁﬁﬁ/ hRans svkaiiahlacihod Sighly pure
Therefore, new nethods of nanufacturi ng i nterconnects
stalgvi ng copper containing mterials and | ow k
dielectric materials are being devel oped. [0006] One

[oqﬂr?ﬂ hodgjr dlﬁ‘ffbruﬁgr]ﬁ L}éﬁ{é ES% ralﬂdsé}‘ﬂfcb {;tg devices Is that copper is

erconnec scene or

diffieulbdd. etch ame amwmmcanp‘.renfwehpdttemne Eichlﬁgr@pper using traditional
di el ec rlc materials, such as the low k dielectric

depositionfgteh Pﬁ?‘@%@ﬁé@" ioé'@'%'ﬂt?fﬁf)@@qs hag iesa less mﬁnﬁsatlsfactory
THeMEOYE! ﬁé\?/aflne{HHo%r Gfoﬁf%\‘ﬁﬁfa%tu rﬁ}% m&e?@oﬁﬁec@nﬁa\m%:céﬂﬁé@Icontalnlng

I nt er connects, uctlve mater
matwlalmnd:hqmpbldlejecttlalmmtagalsmrerhemgsde\wmbeﬂ.her
mat eri als, such as barrier | ayer materials used to

ven d|ff of. co| tann teri,als into
oL SuPrB iatiog Mo, e Lertipal ang, hOaar iSicannRe is by a
dédi@s.ceﬁbcbﬁduﬂa@érﬂégcen@me@msﬁn GRE RRIM&Eha Mkthdd, one or more

materials and excess barrier |ayer material ext er nal

diglgctriggmatesialsd spabtasrthe lewdhdiglectic maéerialsl aresieposided and pattern

GRS 8 41 TR 057 A E AN B groomnct,

e.§9 linest eCoayectivéi fratesrizg sifchc as dopper @oRRiting ahéterlékéCfand other
as copper, which can result in the formation of

m@‘l@&ﬁ{& ch!fu.atSs bafrierd@ype enpigripls aisefula meev@itedifiugignk of copper
co‘#n'té?bﬁ?.t Ha‘ferig?é o s rﬂ.ﬁgﬁo@%ﬁ?&&tﬁke& then inlaid into the
ox1 dat’i on di r

ectrlc arr| ayer
etcligce pattdirs pd’mydehﬁssetmpﬂeln&:ommpmg mtaralalandnekcess barrier layer

surr undi n erial to pre
makerip G SRGH i ae Sichedt GRlfar osiah a5 Bnabie el pRING wibstrate, i then
rehXgf materials, such as silicon nitride, often have
Igh dielectric constants of 7 or greater. The
conmbi nation of such a high k dielectric material wth
[069dT r ouHdweyer,oawk k dliellestricr mteﬂﬂl%raraldtenepunws anch susceptible to

lnt%'(lgi/gc%iﬁfuglo%g% ?Q(.ﬂﬁ{llc gnaa{erlal g{lcﬁ ggnco%%glr rv%ﬁllch can result in the
formation of short-circuits and device failure. Furthermore, low k dielectric materials
are often susceptible to oxidation. A dielectric barrier layer material is often
disposed between the copper material and surrounding the low k material to prevent
interlayer diffusion. However, traditional dielectric barrier layer materials, such as
silicon nitride, often have high dielectric constants of 7 or greater. The combination
of such a high k dielectric material with surrounding low k dielectric materials results

in dielectric stacks having a higher than desired dielectric constant.



WD 2004/ 033752 PCT/ US2003/ 031559 [0008] Therefore,

there renmains a need for an inproved process for
waele@ensl7sng dielectric barrier |ayer materi al BCT$1903/031559

| ow di el ectric constants and good resistance to

oxi dation for damascene applications. SUMVARY CF THE

[0d0BYENTT RBtlf 60 UherbSieetdifs @&f né&E@ fbMHR NEpPOV R BRIC¥SS Yor depositing
provide a nethod for depositing a barrier |ayer

d'ﬂﬁ@'i“ﬁgbaéﬂ%lﬁyér aaderials gvitoleut disteckiicicansfapts| arykgood resistance to
oREBATBE dbRBSBANE bBplicABAE! - | one aspect, the

nventi1on provi d for processing a substrate
i ncl udi ng depositing a silicon carbide barrier |ayer
on the substrate by introducing a processing gas

oL S r i con conpound into a processing
S@@%§&Qﬁ'@5 &‘QEQ‘&M ganosi | i con conpound has the
formula Si Ha(CH3) b(C6H5)c, wherein a is 0to 3, bis
[oddef © 3AsP&sts Cofl thd |ﬁ\%rﬂ10na§&1ér§ﬂ§t¢r89|dbh5 %ﬁfcﬁﬁ%l‘qaeposmng a

gas to deposit the barrier |ayer, whereint
barwehayﬁaélawnm allewt dislectrisneonstant asd a bap Iayernaidjacent the barrier

roups attached to silicon atons,
afin ] P RRRd R dHPenRl AEVees, S ptiodchr Biacessid 8 substrate
lnéla&’ I8 deposingosl eflicol carisies Yagriér 189856h Me SABsHA B ﬁ\troducmg a
conprising an oxygen-free organosilicon conpound i'nto

pr@%%ﬂﬁb@é&@ﬁ@f@m@@wrgamﬂ“qo@ammngummmtgea:Qrm:essmg chamber,

wl‘@r@fﬁeﬁﬁﬁ' &gaﬂgﬁlgg%ﬁ“rc]%ﬁohgd ﬁﬁ% X 3 fg ﬁﬁ@:é%;@ﬂ%@; ll)-kgs wherein a
is Qlibsﬁ Eb’ﬂSI Gitd B, andhienyto 4 am@%admb&ﬁbqﬂob@séihé g&8Mo deposit the
anot her aspect, a _nethod provi ded

oAb S
AfRRT ”@ys oWBetein dhe hitieniaver has aoqj'ﬁ@céré‘p@nﬁaﬁb legs than 4 and
coﬁ’cahhscgﬂeﬁﬂr@‘oﬁﬁf%arch@& tbas)ﬂﬁ.ronogtom%e rﬁﬂ‘é{) ré?é glicop carbide

I ntroduc Fst processing

caa Iaiyestoroﬂgarhmndan dayerdwrpmmctuomg @1 aecquﬁeeeMQ gas mixture
er, wher ei the fi rst or ganosi Illﬁ ?1 npound has
CO{T}Pé'Sf'IQr ADI YO8N Hresdiaen ccompeyrg intg the procgssing shamber,

andsreclify $he 3eokd 'p?oées‘s%g“??]@'ﬁ‘ﬁxfu?é%'c{%)o%ﬁethe silicon carbide cap

processing gas to deposit barrier
layetie whereinethd silison hearbidedicap dayer hascmtﬁtmﬁallgf nd) ephenyl groups

03|t|ng a silicon carbide cap | ayer on
att%ﬁ@g%gcw'&g gf&g} r by introducing a second processing
gas m xture conprising a second organosilicon

[00aoyTPOURd ah@theﬁgaépb‘ébtf & mdthod WXpravided %H@réceé!!?ﬁd & Nsubstrate

X 1s 1to is0to3, and zis Oto 3 intot
'n%lﬂqj%éiﬁpﬁg'“@ﬁaﬁ]ﬁ@ﬁon &Atbide hatrierdayereon e substrate by introducing a

flré%rg@%%%lﬂg gas Mithiy SohhrlfRPY Hird"GrgindsiRBnC85Rband into a

processing chamber, wherein the first organosilicon compound has the formula
SiHa(CH3)s(CeHs)e, wherein ais 0 to 3, bis 0 to 3, and ¢ is 1 to 4, and reacting the
processing gas to deposit the barrier layer, wherein the barrier layer has a dielectric

constant of less than 4, and depositing a silicon carbide cap layer on the barrier
layer by introducing a second processing gas mixture comprising a second
organosilicon compound having the formula SiHy(CHs),(C2Hs),, wherein x is 1 to 3, y
is 0 to 3, and z is 0 to 3 into the processing chamber, and reacting the second
processing gas mixture to deposit the silicon carbide cap layer.



3 WD 2004/ 033752 PCT/ US2003/ 031559 BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0011] So that the manner in which the
w@bovesxspects of the invention are attai ned BEMUSAN3/031559
be understood in detail, a nore particular description
of the invention, briefly sunmarized above, may be
BRIEF DESCRIPTHONOFTHER DRAWINGE:Nt s  thereof which are
illustrated in the appended drawi ngs. [0012] It is to

be notgd, gg\#ﬁver, that the appended draw ngs ] _
[0911] yst Pt A NG Meappeedd Vel dhgeabevefasprrts phibstingention are

Legt r he ASi Lt ing e
BRI Ehd CAh 00 L iRfbiobd, NCABRATETAER PhRldlfaedrption of the
inveniah| priefly eunjnvar_imn!bah:bh'wa_emmés,z bg cmsl %y Fefgrarseltol the@mbodiments
cross,sectiapal_view showi ng a dual  danascene
th%rfapﬁwm??]eared@ll‘ﬁ;ﬁ\{%ﬁ?ﬁbﬁ‘g FRRENeHAAVIGS ayer and a | ow
k dielectric |ayer described herein; and [0014]
[OOWEEUT &% igAo2bk aidtel! ABWEVEE [ thalPdhe VAHIEhdeR O t;r’llusgrate only
enbodi ment of a dual damascene deposition sequence o
typieal ambegiments of thia Bivertien antl \are Heereforéenat ttabei copsidered limiting

e | tion, reference shoul d._be, made t.o
of s 888he or oV Bl hiliadi f GRS 3Rl Sre e Gitied Bnts.
OF THE PREFERRED EMBODI MENT [ 0016] Aspects of the
[oo18) ent Figareddsisr & posdecctional &leav showirj Bo@salad¥mascene structure
recursors for depositing a silicon carbide barrier
COF’W@P“%%’H& bariigrlaverand 8 low kdisleckictlayanrescsbed berein; and
carbide barrier layer may al so i nclude hydrogen and
[001RY berigaradopiiih r@’@f@%"se&‘z ED s RA6REhg one gmbodiment of a
phosphofus, or conbi nations ereof, to | ove Titm
dupl deveasterse dEporitibrssequanteadthe dwegtiorr al |y i ncl udes
| ess than about 15 atomic percent (atomc % or |ess
a such as.oxygen, nitrogen, . boragn,
[°°31I‘1‘os pgﬁﬁféfu%}eryg%ﬁ%qciﬁggf ?ﬁ%?gcﬂ? ?h? gygnfiomyeference should be
makld fodths emsulgi@etBméd Hescriptipar 1s deposited by reacting
a processing gas including an organosilicon conpound
having the fornmula Si Ha(CH3) b(COH5)c, wherein ais O

preferably |ess than about 3.5. A dopant- cbnt ai ni ng
[oomg]t er i Adpectsiohthesinventipendd<t?ibedereindefer to methods and precursors

for depositing a silicon carbide barrier layer having a low dielectric constant. The
silicon carbide barrier layer may also include hydrogen and may be doped with
oxygen, nitrogen, boron, phosphorus, or combinations thereof, to improve film
properties. Doped silicon carbide generally includes less than about 15 atomic
percent (atomic %) or less of a dopant, such as oxygen, nitrogen, boron,

phosphorus, or combinations thereof.

[0017] The silicon carbide barrier layer is deposited by reacting a processing gas
including an organosilicon compound having the formula SiHa(CHa),(CsHs)c, wherein
ais0to3,bis0to3, and cis 1to 4, in a plasma to form a dielectric layer
comprising carbon-silicon bonds and a dielectric constant less than 4, preferably
less than about 3.5. A dopant-containing material, such as oxygen (Oy) or a
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WD 2004/ 033752 PCT/ US2003/ 031559 sil oxane conpound

for oxygen doping, or borane (BH3) for boron doping,
worew4@s¥6s2 be present during the deposition prRCEES2003/031559

[0018] It was unexpectedly and surprisingly discovered

that depositing silicon carbide materials with an

mloxm@@h’ipo@ﬁﬂ f@ﬂﬁ%ﬁrﬂdbﬁmgn@r bB%rfeo(BFI'J)éfor boron doplng, may also
Si Ha( CH3 OGH% whereinais Ot

beprgsent @urlngtbe epgstion nrﬁéeSE’proceSS| ng par amaters
descri bed herein, produced a silicon carbide film

0 BLAEAE O ol 8k oo st
carbiter | mptarials f fwithi oanr esigahasitieco®f cminmdunbpoﬁfwmgatm% formula
S A S A G e Tl o
préééé%ﬁid“bb?dd"lé‘t%?s gégﬁ@ed ﬁ@fe?n grd&%éﬁe&‘sﬁ‘éoﬁec%?@gs ﬁIFn having a

has been observe enyl’ groups 1 NCrease
digleetoisiqopstent tofi destethasi 4 Mthdlrrquemd barrigrtiayérapropttt@iseBlich as an

RN ARalsie redsBneBhal ot Tofechtaishans sieon carbide fim
prouiceld b@%obrﬁﬁéﬂcﬁﬂly'éibé‘ﬂéﬁleaélﬁ i i gﬁ’é‘éijr?&lsa%ﬁe as tbllmethylsuane

dielectric |ayers, the arrler are prefe
(TM&dos iThisd imdjnexpectedi beeaitse i hagdr%ncobpenvedn‘@at phenyl groups

1€, BT o 8 DBcs cEEREPadt R B
mtehalyeratbmuéloﬁ rediSioh8e of i @é;ﬂﬁ’l@&'dlélé@ﬁlc%%ﬁépdﬁl é’rﬁSlements in

barrier layer materials generally include
Whi‘i?} the baaierfayers areglepasited Iadjmme@cﬁlcﬁayersa tbeehayner layers

o s S, BRI Hieon. oner
cafftmnmana [8jdregehB)vhicBadblca dblecRicnager bﬁl&sttﬁaﬁ atiQ)l.ﬁtSﬂr such as'

cis |l to 4, and atb+c Is equal .

lesﬁ%&W@@PQUEg suitable precursors derived fron1th|s
formul a include di phenyl sil ane, dinethyl phenyl sil ane,

[00@'9]I0he%%?éﬁﬂo%‘ﬂic@ﬂ%on%dsgg%@d’ 'f@‘ baﬂ%{ I?g& materials generally

conbi nat i ons t her eof
includerthesstaictuiee nost preferred organosili con conpounds

for deposition

wherein R is a phenyl group, and R, R2, and R® are groups containing H, C, and/or
Si. The organosilicon compound includes the formula SiHa(CH3)y(CsHs)e, Wherein a
is0to3,bis0to3,and cis 1to 4, and a+b+c is equal to 4. Examples of suitable
precursors derived from this formula include diphenyisilane, dimethylphenylsilane,
diphenylmethylisilane, phenylmethylsilane, and combinations thereof. Preferably, b
is 1to 3 and cis 1 to 3. The most preferred organosilicon compounds for deposition
as barrier layer materials include organosilicon compounds having the formula
SiHa(CH3),(CeHs)e, wherein ais 1 or 2, bis 1 or 2, and c is 1 or 2. Examples of
preferred precursors include dimethylphenylsilane and diphenylmethylisilane. The
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as barrier layer materials include organosilicon
conpounds having the fornmula Si Ha(CH3)b(C6HS) c,
wob@resItsa is 1 or 2, bis | or 2, and ¢ is 1 PCT/BS2003/031559
Exanpl es of preferred precursors include
di met hyl phenyl sil ane and di phenyl net hyl si | ane. The 5
pro€eddNg Has ITm2ale TheIas @3/iRer 228, sﬁ@é@éﬁg{dﬁ&&%%éﬁﬁh (He), neon
so include an inert gas, such as argon (Ar), helium
('\@e&%n% ), pikiggen {Mplo Ang xembinatiansgbareof2) , * and
combi nations thereof. [0020] The processing gas nmay
t hefrpkn n 3 [ . CALQ
0 pe " SuEl ABsBTRAS iy RS MafecoB B deving sho-si
bansiing graipsy-ssich asrmfga@osjlmapﬁ,com?ﬂu@s, Sﬂé)hﬂ:_itﬂmﬁst rrxlaving Si-N-Si
npounds, and conhi nations thereof, for doping e )
ocRIRE RS i 55 SHarieEo nRPURISI A e BRALERS HRreor, for doping
[ r t i hAr@an c or c .
e e, e Atehe O BrgRien o inroqitE Tespectively.
Alylgitanss preaussorpr euch ser Sintbylsildres (TS mayoalsodbd yised with the

' fil . ies. [0021],. P ur sors . .
orG A HE kb DB el b el rvRgesived fim
prbpamdied. oxygen that can reduce the dielectric constant

of the filmas well as reduce the current |eakage of
Exanpl es of suitable sil oxane precursors
$

[oqtzﬂﬁ leérnq]p% qre Wi fffxangsbomds _p@ygiq)suip(_)rn caeridz rfilms with bonded
r a
oxjo kLB BREL LG SBIENP T U S R, e oo the

cugenpteakdge of b filn. Exandplds df%tjltaﬂ@tsmbkdhéi{)i'é@@@@rs incIHde cyclic
rogen, suc

TNVNDSQ) . [[0022] Co ds havi ng bonded nitr
COQPQUH%he[f%fi | _ﬁJzadHeﬂeggﬁg%fﬁn&iqtrarggwylcwplptﬁtéasslﬁéane (TMCTS) or
ey PletasiPRar®e (HRICTSR L APl sy o5 1135
tetransethyidisioxane (TMEXS@).i phat i ¢ conpounds, such as
hexanet hyl di si | azane and di vi nyl tetranet hyl di silizane,

I | i ounds,.. such a . :
0023, ey e BB B e ira885 s Bhea it thecsiapage compounds,
camiyipfave therharensehilist 45 R8N 98MedBSS e cftfent leakage of the films.
phosphorous to reduce the dielectric constant of the

Exgeides ©ésuiabler stizanarpracersors incudes alipbatimcontpounds, such as
heQagRRRdI LN LN Yk aiTuliS a5 2T as ifiGompounds,

sudh 46 hexBimetiphoydistrisitdane. boron  doping of the |ow k
silicon carbide | ayer may be performed by introducing

[oog?t]]OSphli'hnee barrier layer may further be doped with oxygen, boron, or
phosphorous to reduce the dielectric constant of the deposited material. An atomic
ratio of dopant to organosilicon compound in the processing gas is about 1:5 or
greater, such as between about 1:5 and about 1:100. Phosphorus and/or boron
doping of the low k silicon carbide layer may be performed by introducing phosphine
(PH3) or borane (BHj;), or borane derivatives thereof, such as diborane (B2Hg), into
the chamber during the deposition process.

[0024] Oxygen doping may occur by optionally including an oxygen-containing

gas, for example, oxygen (O2), ozone (Os), nitrous oxide (N20), carbon monoxide

(CO), carbon dioxide (COy), or combinations thereof. A siloxane compound may
6



(PH3) or borane (BH3), or borane derivatives thereof,

such as di borane (B2H6), into the chanber during the
wa@epessa7son process. [0024] Oxygen dopi ng nay BPCDUS2003/031559

optionally including an oxygen-containing gas, for

exanpl e, oxygen (02), ozone (03), nitrous oxide (N20),

al S IbROs DK ItHE préé@)smg @é?%r dkdri8opi ﬁdef th@rdeposned material.
conbi nati ons t her eof i | oxane ‘compoun

Nigrogan odping m@r/qgsgow orstlcswyamsbudtr@ asemrogenmmta;nmg gas for

T T I R T ——

thereof.udi ng a nitrogen-containing gas, for exanple,
amoni a (NH3), nitrogen (N2), a silazane conpound, or
conbi nati.gns ere 0025] A silicon carbide
100251 ri e g t @ aéf o'é’i\/?’éﬂ‘qmb@rf@pmﬁ@dllﬁé?ﬂe ginbodiment by

SUpBRRIY' 819, GrcPbEREsT! tofBBURETROKA as> UitheiRisiiang, tg a plasma

to a rocessing 'c
prétessingitbambenatia ﬂm/mmatellﬂemuelehl apautsiOmilligranistonguter(thgm) and

a8 50, ROpE toRlcR Bl Guprbing 2cBoartcetia gl Beisobeiagn about 10
scBHPRhY | 'a'b@uﬁQOD@%bbn%%ﬁpBFylr@ Hh GNerk % %geﬁeé ﬂS\gWa?@BHﬁNéIen about 1

sccm and about 10000 sccm “mai nt ai strat
sceenpad aboué 1@@Omnahnamtalnmgam$ubbtmhe Boqg@rature between about

OB b ogP e R S ethstor e o vt gt By Torr and an

RREpewer bbBStwant st .04 %aﬁlcmd?gbmwoo%&t%mw

prow ded at a high frequency such as between
and 14 _MHz_ and/or at a | ow frequency such as between
[0026h KkHEh@ A PoveT C@sze wﬂéﬂqt@d pbadhig diequenpy suclias between 13

Mﬁg@ro“:ﬂgthgh%a NafA9bly fl cgz"?&éh‘:%g@eg@@?@e@bt k¢ and 1000

kszou'lfhéZ(RF I-ﬂmwmdcan ][he guno‘ﬂdedi &&é‘ﬁlﬂtjﬁhslple(ﬁr\/\ﬁf}%h@hpdtjratlon cycles

0% and about 300/0 the t ut cle

WHETRIO0E: Bvelsis Gt e Pted lnvelsiiarioyeloetiess i abow,200 Hz and
t I

thé3h, Sl ol Hetwebh BHSRE 19, 3hl ABRLESOTRHT R, tote) duty gycle. The

précessingrgas sm@;stbeaméroducédmmato theechepasbeli by ra bas @istribytor, the gas

o RBA A POE S RAABTDRUSE SR ety RS8R rom m

sub&f&eOsurfatie. p?hé(g”dg Gigtrttf‘u?orpﬁﬁgeéeggésl%ﬁé& 'b%%ﬁe@r‘? '®blit 300 mils
is a DxZ(err) chem cal vapor deposition

andcrhesit 8DRIMIS Gwring el derfasiiionAppress

[0027] A suitable reactor for performing the processes described herein is a
DxZ™ chemical vapor deposition chamber commercially available from Applied
Materials, Inc., Santa Clara, California. An example of a CVD reactor that may be
used with the processes herein is described in U.S. Patent 5,000,113, entitled A
Thermal CVD/PECVD Reactor and Use for Thermal Chemical Vapor Deposition of
Silicon Dioxide and In-situ Multi-step Planarized Process, issued to Wang et al. and

assigned to Applied Materials, Inc., the assignee of the present invention.

[0028] The above process parameters provide a deposition rate for the silicon
carbide layer in the range of about 50 A/min to about 20,000 A/min, such as a range
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Materials, Inc., Santa Clara, California. An exanple

of a CVD reactor that nay be wused with the processes
wheqeiss755 described in U S Patent 5,000, 113, P€nuUs10b&aB1559

A Thermal CVD/ PECVD Reactor and Use for Thernal

Chem cal Vapor Deposition of Silicon D oxide and

betwesh tabolvtit 00 -A5trep aﬂumutm@oPAmﬁSWhehsmw&néme%}ga 200 mm
and assigned to Applied Materials, Inc.

("H'Lme&fééueﬂr@tﬁén tar@%%Qﬁlthmof@mb@rnave[lkabtesjromw/épalm/Matenals Inc.,
Sé?{t?‘%ﬁé;% @%r,ﬁgﬁ ers provide a deposition rate for the
Sl |

i con e layer in the range of about 50 A/mn
to about 20,000 A/min, such as a range 7 WO

[0G29D4/ oeammwsm@wrﬁaﬂsmeon catbide baaimqayéro@ed&smdm process
on a

e e D B g 100
ch%\;‘rf!jéraliﬂtﬁxfdcﬁt@ 'ﬁféﬁbﬂnegt Wo%t'ﬁiop s into %ﬁgt&o%%ﬁg chamber,

forni a exanpl e of a preferre
geperalingea Db‘z\’sm%rn il"@ypmcele@ng ichaotbep by cpdying Q(‘JDLWJ@IS of RF power,

mdfEATENSH A% A ALRRERA 4 105 AL SRR B chamber

pr@él;w@ aTtOéKbL&C@mdrmt@ déb@sﬁrap%ﬁﬁéh r&r@ﬂénbﬁfrler I% er. The spacing
enerating a plasma in the processing c {/
be thegg@@dlsﬁmt@r and the pdhairate sudaee waﬁ|4@ miile A silicon carbide

e T N e

silican lwadsid® darricrayeryethibitbiea 8RAAAE coRsthesNaldif 39435
di stributor and the substrate surface was 450 m | A

silicop,carbide rr| er can be deposited at

[0030), ¢ QHH ﬁ%%"ﬁ'%y e Toreq esliconTirarbidpobatiar layer deposition
prédés'séé’ninél%e' %o@ﬁgfngeﬂm%tggl?h@ﬂgﬂﬁee%t lfejdslﬁlof(% "th§/min into a

constant of about rexanp
pregessingr ebamber, ciatrodacing deelivan rat eabduy2000deparsi Int®tthe processing

chBirBRE Gt i B-Piasy 18 1hS destsie, CARSE By Appbing 100, 200, or
300Wt'ét€§3|éﬁRF9p6Wéﬂ %ﬁ%lﬁfanﬂﬁﬁ%e %QBQtrét% %&r&tu‘rég%t about 350°C, and

processi ng genérating a
maiptedieg thﬁgcmhbrepr%yuempﬂ ghang 61'0@rr t@ﬂ@posﬁ a s%tﬁibnvwrbﬁie barrier

o, B8 ing T ) B8t s Bl RGeS 48 ves co0

milebde Gegayitedt silictspeaiiide b?drtléﬁ@yeﬁsa@h%ﬁeﬁadléle%t c%nstants of
The sFam ng between the gas distributor an

abgu%@&?é abgyt$86e was 650 nil. The deposited silicon
carbide barrier |layers exhibited dielectric constants

[0081]  24Ytbwid* dehBsiiBR Uhedefosited dielectric material, i.e., the deposited
silicon carbide barrier layer, may be annealed at a temperature between about
100°C and about 450°C for between about 1 minute and about 60 minutes,
preferably at about 30 minutes, to reduce the moisture content and increase the
solidity and hardness of the dielectric material, if desired. The anneal is preferably
performed before the deposition of the next layer which prevents shrinkage or
deformation of the dielectric layer. Inert gases, such as argon and helium, may be
added to the annealing atmosphere.



[0031] Followi ng deposition, the deposited dielectric
material, i.e., the deposited silicon carbide barrier
WO 200e/03376my be anneal ed at a tenperature betweRCT/HRHO3/031559
100C and about 450C for between about 1 m nute and
about 60 mnutes, preferably at about 30 m nutes, to
[0032guce Theedeposited eilieont &itbiden Batrl@?rlé?éte nﬁéye beS 9ids%é Mreated to
and hardness of the dielectric materi al desir
refiivesspeaminanty osathemise cleapitbe mxposed @uefat:e@f the SIllcon carbide

SR SyEhed Rty WA LA S 088 voamens
maydie asrfarrged |aﬁﬂeh@1mamhanﬁyem&setﬁd@lﬁiéﬁd§,1ttth@ silicon and carbon

anneal in her 8 WO 2004/ 033752
G069 @225 3R frepfeerkioeliavedsio insreve film stability by

foﬁﬁf? é'eprB?éd'tlklé rlagé‘ty Bf a”ﬁ@hgf d%'n@ étre?ig ?@aﬁ (ﬂpe é@g%éfed silicon

confam nants or otherw s ean expose
carbidegnateciah The kmlaﬁna Itmtmemirls Galsd belwkwet@uﬁmrove film adhesion to
f ereo The ma treat nent
srRBaaat el ol delSiy SHlicaposerbid masetiipsabalioved to be

mbie r&distiveo o Qﬂ%nﬁéélb%bctléﬁé‘t UK F@’Hﬁ@ ac}XIde-ré“%()hen exposed to
plasma treatnent is bellevedtomprove m st a

Owgen;ftbamthg uatreatadesilicarecarhigermaterial.hi gher density
material than the untreated silicon carbide materi aI

[oo-ggﬁ P! "Pﬁ Iésﬁﬁ%&é&%@@ghfg%@%pg ‘ﬁjl ée% ptchilé(%lﬂg[@%ﬁeyt gas including

heﬁum cargonanboldexef@drﬂrkr@btdns obeddn@bf AgtiéKs BeereBRT& which helium is
sistive to chemical reactions, such as form'ng

pr% '§8s ANAIT 2¥pEYERT RS tieluging hyergenh @mmenieataad combinations
thér‘ebf,cte @%&ésgﬁgnﬂeﬁﬁb&] - ThOfsi pggﬁr‘%gé&ﬁggfﬁ%ﬁﬁ@éduwd into

gener al I nc es providing an ( _
thenegroq;aasing gbambeeat,a foworate bepween abdut GOOLEEE | HHS about 3000
t here of whi c heliumis preferred, and/or a

SchG ABY SENBLRISE Ratn A ProGERSING FHGAIRET. and

combi nations thereof, to a processing chanber. The

[003BET t DS p%srﬁ@qﬁéi/% @éﬁer‘a@ed e SStve My ns@ﬁ@a&ging between

processi ng 20 mber  at a f rat e “bet'ween abou
abeyt803r1/cmoand 2boot 3.QdN/nm2awd1|@em aaFepoweplleaermf between about

0034 The
10,0 BA SRR DR UL Poh B ) PRl saborer fvel of
abBuD 300V watls 30 aakiictn Tarid¥ Ghterighbfhal DR nith ate. The RF
| evel of between about 10 Wand about 1000 Wfor a

Poweh cath ke, BEQvidad at prhigh frgsiugncysugh @@M@@Mewem Hz and 14 MHz
angg)glétt ali8l ﬁ?{;é\%gyo%@\ %@bb&?&#%&’ kglez c} %68 kH2" 'Phe RF power

nm sub
can be provided continuously or in short duration cycles wherein the power is on at

the stated levels for cycles less than about 200 Hz and the on cycles total between
about 10% and about 30% of the total duty cycle.

[0035] The processing chamber is preferably maintained at a chamber pressure
of between about 1 Torr and about 12 Torr, for example about 3 Torr. The substrate
is preferably maintained at a temperature between about 200°C and about 450°C
during the plasma treatment. A substrate temperature of about the same
temperature of the silicon carbide deposition process, for example about 290°C,
may be used during the plasma treatment. The plasma treatment may be performed
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power can be provided at a high frequency such as

between 13 MHz and 14 MHz and/or at a | ow frequency
WGeaehozssbet ween 100 kHz and 1000 kHz. The RF POmE82003/031559

can be provided continuously or in short duration

cycles wherein the power is on at the stated | evels
be‘tween)abloeszls‘é%nﬁﬁaﬁd@b@ut1@@@eb8nd’sﬂ%fﬂ“§ PeL!;n‘Fé/ §ﬁ'nent between

bet ween about 10% and about 30% of 't he t

atmytta OSReads [angaaouttd saconds Siralgrabimsed. iEhe processing gas may

[ ' t C pressure of ., .
oDURRRBA oAb i ol o BRI HDRY" i asigpputor may be
pasitmmedbetaeen abotit 2003hilasrd absubn 206 hik ﬁ‘oﬁ‘ﬁh@ts%bgﬁgte surface.

t t e petween about 200C and about
T*Iafbgg%&e Oera i B?@@&t’fweﬁ@l betwegn stbosit éOOelmt‘elaadLat@ut 800 mils

enperature of the silicon carbide
dﬂ@gi@?ﬁ%ﬂmﬁ%%@gngfor exanpl e about 290C, nmay be
used during the plasnma treatnment. The plasna treatnment
[0038)/ beHQlMSIVer,n’édShcmld/\(b@O@&écDSB%Ihé’G‘éébﬁé’tﬁl&/p@%rﬁéﬁrs may be

BSEUESE R o SRR PO b e R o atr
suBQtrét@CfﬂZ@léB Sichf Y 300 thﬁ%ﬁﬁstré_t@,@ Qi(l?éﬁérﬁgt A gﬁ@g{m@ Erggtment for

i ntroduced i nto the chanber a gas
a gihiconypedr ¢ashearcomtgining filpoisi M%ﬁédﬂl&ﬂﬂ)s&bm hlk&uPath Application

Seqfi!ﬁ'l Sr\é(gg@%ﬁ%?%zgitz%ﬁlﬂggl SPIfgrsﬁﬁs [é%gﬁélg %Ret Slcj;rg{) esion and to
MiBiboizeiOxidatish ab@drb@@-@omélﬁmgq_tﬁye'ﬁg” iR BhaRmR 18,1999, which is
However, it should be noted t

mcpég?;@gq?cr j;gr%gr% r,egcm;g the exierti noteicoonsiptent avith tHeaedlscIosure
anH'%%d%%ﬁ%héqgﬁéﬁ@ﬂ%&ﬂ%@ﬁg@ nd for different

substrate 'sizes, su ates. An exa[rpl e
of a plasma treatnent for a silicon and carbon

[008@Nt a|'Fh\md)efrrmmlayseréuar@@lreféraﬁyOdsaﬁbsllt@dUa&acBﬁt %b Iayers and
09/ 336,525, entitled, "Pla

°p€$’g%lty e ‘P"d“tEﬁ{?lﬁ%{%C YRIE; 6PMRHaINgoSiligPmi Axyaen, and carbon, a
dicf¥dtfgcbastant oﬁ%’s@%an@%ﬁb@f Al é\&:H— fdsy thah éb%‘f.’: 3" WS djacent or

18, 1999, which i ncor orated erei n by re ef ence
nealabym@le@mcekaw«aﬁaoiormeomm ﬁteebmrrmr tayer meatdriakctiesotibed herein have

d bed h
@ Al R JARE " A erbo eidabe, idenigan edams, preforably

bembaﬁabtbutﬁénﬂ ABRIUS 3@réiomﬂpbér‘é6ﬁ{ b)(cluéiﬂgqg%‘i’égen gtoms. As used
dielectric | ayers conprising ['1con

hereinp.npRarby” diglestdedayars sefastadiclastric tayers theat asbsaparated from the
bartiéf Taytts |55 Snt |nf%'?veé}ﬁr?§' as Ia)T 1 L Hd; Seent or nearby dielectric layer

may be deposited by oxidizing an organosiliane compound in a plasma enhanced

)

chemical vapor deposition technique. For example, a suitable adjacent or nearby
dielectric material may be deposited by reacting trimethylsilane and oxygen in a
plasma enhanced chemical vapor deposition technique, with the plasma formed
under conditions including a high frequency RF power density from about 0.16
W/cm? to about 0.48 W/cm?.

[0038] Examples of methods and uses for the adjacent or nearby dielectric layers
comprising silicon, oxygen, and carbon, having a dielectric constant of less than
about 3 are more further described in United States Patent No. 6,054,379, issued
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nearby dielectric layers for use with the barrier

| ayer material described herein have a carbon content
w®@Rooaksars2 1 at om ¢ percent excl udi ng hydrogen BECDDS2003/031559

preferably between about 5 and about 30 atomc

per cent excl udi ng hydrogen atons. As used herein,

Maﬂearmdo [AsiterCStat6s Paisit Nd. & 287,000 %@u&PSEBfenHE’éfref 1§ 2001, and
at are sgjparated fromthe barrier | ayers

U“'Fﬂde SlatgsnFatey Neyeb, 3031583ad§%!%11t0rbr0¢teaerbyl6 2001, which are

di
nch BORARA 5 (e TR BROBUL A o B SRS g isciosur
andaglaimgdgssibeddvertimchni que. For exanple, a suitable

adjacent or nearby dielectric material nmay be
trimethyl silane and oxygen in

OGBh e ﬂ%ﬁeéﬁta?ﬂé vall I, 9pB9sitneh adiacesh a semveTglayer described
heWe'hh }/h?eé’ét E@Qsm% ﬁ&é he "{nq a%guéﬂ}@eiﬁgfré‘@ 8rganosilicon

hi gh frequencCy R power Sty
cowmmdrm)a plasamoia fcﬁ)m48 s\l\bonﬁ:arl{ndéaﬁab |Byamplresn@Embodiment, the

OGEYETIES GaHnPRERar, ComnbUsR 'amciormalRSub G Gl ehorein x

is 3 @ 8] §G§10 o BORdaRtis of id §Sand Ray+z3b u%b@r@ FheCoxygen-free
further described in United Stateg Paten

organgsilicong, corpguad  IDay\Dd tm)oanosarkslzilaa@/ USI26103/a83 15B¢hylsilane,

Byl g tisiEe 2B BBt HIAGy SriEfeiabbaithn oxvgen-ree
ordénosilicdB3cdrBound &I BinethyR&mde ThESsili@s darbie €Bp Qé%r may also

|n orporated by reference herein to the extent not
inclyde)RdiOgeBNt with the disclosure and clainms descri bed
herein. [0039] An adjacent cap |ayer is deposited

[ooﬁ%acelﬂtarﬁ)thé‘f éh\‘%dhﬁé( ] tr%eﬁﬁq)epleﬁee %?é%g&ll%nrt?oa}ﬁﬁéur% may be

rocessing gas I nc ng a
a plnegwlmsntalmng orgamp@lmm comgophdts Mehe phé@ylmo@tahingwganosmcon
arblge cap er In gne enbodi nent he xygen-free

CogIRgHA sMay & Wll@g gcpf@pplélpcﬂnjhgt is used to deposit a silicon
ca@ldﬁb%r%%@ ﬁ/hldmt%%edd} lége uo“e]pto%ltéﬂ Y—lfinv\?e\%rttﬂe%amer layer

zis 0 and x+y+
diqp@@ﬁedre@ngopgme@smgl condMonwohtnaﬂ afkvyv tm‘memyl groups to remain

att?%;#%é%ﬁﬁ@q’naﬂ %q%?ﬁ s &\é@sjﬂ‘%ffgahﬁe aypp ef gﬁ'yon tqaEbide cap

lay@x Yig ede dsﬁ@d @if Ebs<ifg coRaRPHBIsich that substantially no phenyl
Bﬁfl met hF{/I si | ane. Q‘fllﬂ'g 'ﬁ)gc]on carbi de cap | ayer nay y pheny

greypsaare; atigchgd te |Stlncggaﬁom[smmtha depositedtdeagrlagebodi ment |
t he oxygen-free organosilicon conpound may be

[0041] A silicon carbide cap layer may be deposited in one embodiment by
supplying an oxygen-free organosilicon compound, such as trimethylsilane, to a
plasma processing chamber at a flow rate between about 50 sccm and about 800
sccm, supplying an oxygen-free carrier gas, such as helium, argon, nitrogen, or
ammonia at a flow rate between about 50 sccm and about 2000 sccm, maintaining a
substrate temperature between about 250°C and about 450°C, maintaining a
chamber pressure between about 3 Torr and about 15 Torr, and a RF power of
between about 0.02 watts/cm? and about 5 watts/cm?, or between about 200 watts
and about 800 watts.
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a phenyl - cont ai ni ng organosilicon conmpound. The
phenyl - cont ai ni ng organosilicon conpound nmay be an
w@e@ansssl i con conpound that is used to deposiPCHUS2003/031559
silicon carbide barrier |ayer on which the cap |ayer
i s deposited. However, the barrier layer 1is deposited
[om] ng Phe R Poveraindbé ippividédat aahleWréI{i%?ﬁc SUcA between 13
e

remain attached to silicon atons in eposi t
MHarandeMl Mirer andfpe at ial lovofieguensydeucaps batweeni 00 kHz and 1000

PO 5008 BECRS SIB0Re Ol D035 o Wor craton cyces

wfmrblmtm pdWweBis on tah ¢hel efzded Iwélﬂm dyRIERY leshk Qﬂérﬂabéut 200 Hz and
silicon c rblde caB | ayer nmmy be deposited in
I

the NGRS 0 tgh betwiesh| 3hawy 195 aRY Rheut 3986 @f(ym]tﬁall dlﬁmycle The
pré QSR as%&gﬁlﬁtlrdd%w%tﬁ' h%n@h%ﬁpﬁggxpé%ut istgjbutor, the gas

processing c I'ow rat e
dl&iubuﬁo&mniayabeﬂosﬂtbﬂedshatwees @apply 200 nails axxy aeouf 1200 mils from the

arrjer gas C um argon, njtrogen, or )
subsirate surdece, W’S\/\Qﬁ‘%{jgrﬂ%{t%g}?ya%@P%@“@gd?ﬁt‘é{ﬁ@n@@6&9@ 300 mils
andQfKA GO0 IR i Geribsitfiaidcate,  enperatur e

bet ween about 250C and out ‘mai nt ai ning a

chanber pressure betvveen about 3 Torr and about 15
[oo#sl r, &he capreygioney befdeppsitee ém thehsamehainbvartin svhictPthe barrier

i Ty . o1 EoBledio Y55 BB AR Hrpivusdaad Froducer®

CHA&] FhnslaBle ﬁmrAppliedONﬂ"eﬁélsdelﬁcat santf @ara Callfornla An
frequency_such bet ween 13 Mz 14 MHz and/ or

exgmpdeof @eE’q@@W@W Z GhAmber fsedoacsibeton WSz RatentiNoos, 8I55|1681 which
i ded continuously or in short
s y&?ﬁ%n c@créggrér@%eh%g?ﬁ the power is on at the stated
| evel s for cycles | ess than about 200 Hz and the on
[ooayLc | lesEheﬂaabquurms ﬁdwametér@%rawde@dépoélﬂ% pdtetfbethe cap layer
otal dut rocessj

in 15 Fanels etiebait o MBinafrahouyi ipAini, sherommiemerted on a 200

migaubsttbfd i PubGESTISY chAmBge! LI oned bet ween about 200
mls and about 1200 romthe substrate surface.
The gas distributor may be positioned between about

[0036l0 i AR examplaneiua Mefermed silicon icagpiddeapelaysi tdeposition process

505 e B TR P 3 o205 S Bpb chamoer

intfotlueiry aehedi aeabout! 860 &8pm RYSthé %ré@é%‘irhd %ﬂahﬁ)e? generatmg a
Producer(r) Chanber, avail able from Appli

plagmarin 2ihe, Progessingaahambparky. apalyiricoebout 4;QG) watts of RF power,
maintaining the substrate temperature at about 350°C, maintaining the chamber

pressure at about 12 Torr to deposit a silicon carbide cap layer. The spacing
between the gas distributor and the substrate surface is about 400 mil. A silicon
carbide cap layer may be deposited at about 370 A/min by this process and have a
dielectric constant of about 4.2.

[0046] The deposited silicon carbide cap layer may be plasma treated, as
described with respect to the deposited silicon carbide barrier layer.
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exanpl e of a Producer(r) Chanber is described in U S
Pat ent No. 5,855,681, which 1is incorporated by
WO 2G0e/083162 herein. [0044] The above process parPENES®NI031559
provide a deposition rate for the cap layer in the
range of about 100 A/min to about 1000 A/min, when “
l e e S
[od():dr?g rrbg‘rmb[ %HBB?%Aeﬁﬂg géﬁlﬁé@%ébffg{eré}egﬁmg %lgd(:)dm carbide layers
adjaceritdewdagiclenpric layeppale pmvidedteilustratecthedegention, the particular

i trodu trime l.silane, at. ut 3203 m.intQ. a
erpPRuBte shBuhisbuld Wortie M55 BT AN scine s GB1YeBsH.
sccminto the processi ng charrber generating a plasna
DépositiontsDs ButispLajersa DyiaP DaAste RS cARR Wat t s
of RF power,  marntaining the substrate tTenperature at
about 350C, mmintaining the chanber _pressure at about
[0048] Tor ANt %%@lésqfta Qamalsrs%% straetire &0cthgt isafpsmedyging the silicon
ake
caiﬁi?%a@gt%r%?g éfgﬁe%ﬂf adl /3'555 r*é‘r’tl er?%%@%@@ @gﬂﬁfjfe § € A silicon
canhlxdekiﬁardepm'et ed isyendually dé'pﬂsﬁédmelnlgythéfprSCLHI'SOfsea@cordmg to the
ectric_constant of about

PSSR RIS B (55 BIRBU A PUTAG0 Hijingls (ardhye! diftusion

o9t SABRTHESHIS KLt SRS RSt st

MBCTHWEPISe Ineiall feBturep FOioThed e aatitlediricenaterideScr i bed
herein for depositing silicon carbide Iayers adjacent

048flene PolltsTRIEOR S BR et Taold Fefehertindshosibd drbfhe siicon
cd@@dé&%inépldybmm AELe ﬂ@ﬁﬁéc@?sdrﬁ@iésﬁﬁﬁ@d 'h@?eln for depositing silicon

Deposition of a Barrier Laver for a Dual Damascene
cagpidgceap dayers4s)A Airstedligigatic dayer dansoowrising siliconr exygen, and

' . i. . Sh L . id |
e B ST DB D AR ST b 11 o
etéh stdps(drisecond dardsrdgydripi 4ot éll%&fcékﬁldesmﬁfmi%l 8t byidized organo
sited using the precursors according to th
SiIgnB Jaterds then dppatedhen dh T diniecsisareais Jherelsh step 14 may
f b t
mg%%ggﬁ'gﬁ%@; rblhg‘éfg{oast’é#‘tléé dH%%(?é]ted ‘ﬁto‘P@etﬂe @Sﬁé‘gﬁ@éﬁ Brecursors

described merﬂa)orcampmdtzedrmfgahofsﬂanelllayeﬂ Alternativaly) the etch stop 14
ectr C materia ) 0049 A first sllcon car bi

m@ég’q qy m@?”l%on@%ﬂ'@ﬂa?' igony cade éﬁaf@ﬁ'a hehg Ptc@oﬁtop 14 is then
pa‘ﬁ%’rr'?b%e@e%rd&heltﬁéf% ge g%%f'ﬂ?eFrﬁ@chhﬁé&%%‘?chntacts/was 16.

described herein f S|t|ng sil1con

[0050] A second dielectric layer 18 is then deposited over the patterned etch
stop. A photoresist is then deposited and patterned by conventional means known
in the art to define the contacts/via 16. A single etch process is then performed to
define the contact/vias 16 down to the etch stop and to etch the unprotected
dielectric exposed by the patterned etch stop to define the contacts/vias 16. One or
more conductive materials 20 such as copper are then deposited to fill the formed

contacts/vias 16.

[0051] A preferred dual damascene structure fabricated in accordance with the

invention including a silicon carbide barrier layer and a silicon carbide cap layer

deposited by the processes described herein is sequentially depicted schematically
13



carbide cap layers. A first dielectric layer 12,

conprising silicon, oxygen, and carbon, as descri bed
wheqeiss755 deposited on the silicon carbide capCT/aym®n3/031559

11. An etch stop (or second barrier layer) 14 of a

silicon carbide material or oxidized organo silane
in |F?tﬁ‘és |2$\-2I':I9Wh%pé7r%' dr86s Qécﬂ(ﬂ%l K/le'i/rﬁé ordé %hS%étb%dVﬁfi@efhe steps of

he etch stop 14 may include a silicon carbid

th¢ﬁﬁ%§ﬂﬁanp@ébﬁﬁedéﬁﬂﬁobnrthe organosi | i con precursors

descri bed herein or an oxidized organo silane | ayer.

ern t t n|t : .

odtgl o Ar S inddFu B, &sRal Saré oafudl B 26 dgposited on

thé ssulbstrate patifaden feImhthd tovgaedsinvont Ti’e@lﬂ@ﬁwgﬁs@ﬁbé@eherem for
i nt rconnects [ contacts/vias_16. 0050] A second
degpgitipgtsilicon Erdelbarr@rﬂ%@r%emﬁssrl@@n @aﬁhld@ tgrrier layer 110 may

begﬁ%b&ﬁ Wth ©kGden Sh&Bn, ﬁ hi oﬁlg@’i.lgs'o?tc |ﬁ£‘t%h ﬂﬁ%ébig fﬁ'he silicon

patterne y conve nmeans’ known
cathidedfarrier tayer ddﬁtraayside\/dapdﬁtedﬁbysunitgicwoﬁtg: hrpﬁeﬂg&ﬂane at about
erforrred toQ d e the érlr‘ffr!t actﬁvi as 16 down

5opd’ngﬂ'§rné ’qu heiRJpCesRINg 8 @ g tIREOYYRING heliyaat about 500 scecm into
th@"&‘o@ééérhg eraABSd $¥nér‘3ﬁn§aétcﬁl%1§ﬁ% %Clﬂesg g%@rng chamber by

define the contactslvias e or nore
appiying i180swatls of F &necgy porindaiainghthe delpsiste ddmperdture at about

26l BRIt oL S L L B0 Hibon carice
laydBVqTHe SliicdreaBRicn@ateriil td @é}fbéit@ﬂtét%obﬂﬂ 50@ Wr‘nﬂ%’ S{/ this process.
and a silicon carbide cap |ayer deposited b

y t
Therdrposied silisoncaride lyesihasi sdiskagtiimeonstant ou‘eqbout 8dt.
schematically 13 WD 2004/ 033752 PCT/ US2003/ 031559 i n

oy %, B e T1EE LSRRI o B fagler 110
Thiehsilieam cafiids 2hp Asysrhaan bendepasited dsitabgid Rﬁr@@en doped silicon

arbi de barrier layer 110 is deposited on
Cagtllﬁ%tl?@?%s% dY'T?‘a&'?ee fSPYFRe 19E fbV@%bémnifB@ﬁd p%@hli’fwtéd during the

de§8§i%h NSECHES. e'F‘rﬁ]e‘Péblydﬂ%) arg? ! CIQ %e@%%f?érﬁjeoly the,processes

arrier layers 1ico arrr
desarybedadaeolaﬂpe‘dr wepbsiting gilitonbearbide paw dafers ufmmaar gas mixture that
conbi nati ons t%ereof Th silicon arbi.de barrier
compfises ﬂ](pwn &R958P8 BO’E)\(]OF‘\PPPBa@@idH@ reacted to form a plasma.

di phenyl sil ane at about 500 ng/mn into the
[ooﬂﬂpceﬁhélgrlrébﬁ&'ﬁﬂf de bBFrféP‘l’éVér”lQ Ohéﬂd e o I%?@P‘i 1 5%5y be plasma

sccminto processi ng chamber, generating a
tregted n@tlprajterggrtnga%waﬁlbrdrngowehum (He), argon (Ar), neon (Ne), and

combinations thereof, and/or a reducing gas including hydrogen, ammonia, and
combinations thereof. The plasma treatment may be performed in situ with the
deposition of the barrier layer and the cap layer. Such a plasma treatment is
believed to clean contaminants from the exposed surface of the silicon carbide
materials and may be used to stabilize the layers, such that they become less
reactive with moisture and/or oxygen under atmospheric condition as well as the

adhesion of layers formed thereover.

[0055] The plasma process includes a processing gas of helium or a reducing
gas, such as hydrogen, at a power level of between about 200 watts and about 800
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appl yi ng 100 watts of RF energy, naintaining the

substrate tenperature at about 290C, maintaining the
Web@nig7spressure at about 3 Torr to deposit aPGI/UB9051031559

carbide layer. The silicon carbide material is

deposited at about 1500 A/mn by this process. The

watepdsi betivesn about 6aé@¢d1ﬁjs| aneratii 60 detbRdd IVfblca 200 millimeter
onstant of about 3.4. [0053] A cap |layer 111
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fonscm«an:m.)lef aboutr @@@ﬁCrrfam wimethylpheplylsitana! ediridgr kmd dehstive clean
deposition process. Preferably, the cap layer 111 is
%%?smed by the processes described herein for
depositing silicon carbi de cap |l ayers froma gas
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trnﬂ']xéfh)ﬁﬁeépgb d a"’}ﬁngﬂet ! Sfa% gtj)vh 0?),(@?) Ichﬁ{jH%@@Q, é:{q%ghg%g on the

sidchef ehé , stantlirer to béefé%‘?lbaﬂadg a\r 'é‘)‘(thFjIé‘ bf Y 46R98Rlectric constant
amoni a, and conbi nati ons thereof | asnma

matedak fahtman Pepésask as cinrindetlayes |dlaleﬂtrtd1rrﬁherlal IS Black Diamond™

SRR BB TN Rpola o8l I SARSHAL b, Catome

Alteormtmeslw aﬁhtbs fnfst odiieldtrice Xanas e mayU bfsac BoMiprise eot%k I |6wn k dielectric
car.bi de | s and be used to stabilize t
matgligl-such s%fc% gtDOM@@f Betariel inchading paadens er wI@w k spin-on glass

B g MRS LB SRR P

[ 0055]_The plasma process includes a processing gas of
[005¢] i unThe fisstrdidiecirrglaygasl,12s maly Mnhlyelrtmwt;ld é)grtaa%%soma process
r level of between about, 20 tts and about
indjH hsF 133 1S5S RenaHe 8 1ySE00qn e PONeplauRbeR between
ababpbo %@t@étaﬁd%m@ %b%btt@%rs%m&% 56 utﬁ%%%gonds and about 60
mllinmeter substrate. The processing cC
Seﬁ%dﬁ Kﬁrl’@ealo%ml%lm@wssub@rab@ é\'bemroees?sﬁg)chamber iesmintained at a

d t
préiind arft 2% LBt AP Satle Bl AMBPL b Trosise pisssure and
terdpemitingl gfhies ik ldhélé@trlcq’éydrﬁg 2tchﬁ*lrifgetﬂétrleéﬁ@tl\ﬁa| &éan Process

process. [0056] The first dielectric |ayer
is de 03|ted on

looéfgi:)e{ L@%PLQdI e”be t@';krlGSZér? h‘;r i&ﬁlf krejeimstan ané, which may be a silicon
caidR AR X RNRen HEpBsRSd on the first dielectric layer to a thickness of about
200 to about 1000 A. The low k etch stop 114 may be deposited from the same
precursors and by the same process as the silicon carbide barrier layer 110. The
low k etch stop 114 may be plasma treated as described herein for the silicon
carbide barrier layer 110. The low k etch stop 114 is then pattern etched to define
the contact/via openings 116 and to expose first dielectric layer 112 in the areas
where the contacts/vias are to be formed as shown in Figure 2C. Preferably, the low
k etch stop 114 is pattern etched using conventional photolithography and etch
processes using fluorine, carbon, and oxygen ions. A nitrogen-free silicon carbide.

or silicon oxide cap layer 115 between about 100 A and about 500 A thick, such as
15



trinmethylsilane, to a thickness of about 5,000 to
about 15,000 A, depending on the size of the

W@ 20033162 t 0 be fabricated. An exanple of a |POI/US2003/031559
dielectric constant material that may be used as an
interlayer dielectric material is Black D anond TM

beftwbgn coBUEBOIAbhY doai abl & %égweﬂd%ds%dw fild &kh st :stop 114 prior

., of Santa Clara, Californ ternatively
tOfde@ﬁlﬂﬂQé[J@b@rr materigjer Armtroge&ﬁeecaﬂmom@rbtdeemap Iawek1 15 may be
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m‘;‘f‘iﬁ?“’?‘é’é’é‘;i“g (0057 @?fﬁséﬁ@%?@%ﬂ"i‘%“é%‘{”ﬂﬁs@’@yer 112 may

t hen pl asma process including helium
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bet ween out secon S an

diglectrimilayereiBenf silidost mafcarbidéés depusieditos eivkabes of Sbout 5,000 to
at a substrate

BB A% shanBuf Fidire E)gsﬁhposec&n@s@nere@mwyer 118 may be
plAseid Gcated ﬁltﬁ’fhehﬂﬁ‘\ &* & $édd&ﬁ‘% @%ﬁ L&Rsés}’ ﬁg r%il.)%ndéf 3 'b%wer level of

the reactive clean process wn = n
beppeen aBoubHAOR veattshasd @@oﬂlwomt&hfmd;etheea abduit CI@Wseconds and

d f t
LS ST 8] 50 BT e Sirnctanbor
mailﬁ@ﬁhe‘ési athﬁl fprééwré cﬁta‘bbuﬁQQ Pl'o1=|16r [BRY é’t%’%ﬁb&t‘?&eftémﬁerature of

precursors an same process as
abgpt i4§@rp ©drlpssidlusingrther rqagiim C!EHDI pRioess| ovhé masrha treatment is

d d h f
oo 81 I e 1% B SR HB" uis SE S 6o S1618 Afroquonty
deposifedlhéterialg.hen pattern etched to define the

contact/via openlngs 116 and to expose first
dielegtrlc er 112 in the areas where the

10088t adpsAyialeraR e EMROUiBPRp R Mragasiios rsiligaguearbids or silicon
oxideeéf (nbDEndPHY Rgtivﬁ%é?{‘ﬁﬁéﬁ)cp (%(; anad @@?rﬁoeﬂctnlcﬂ may be

usi ng conventi onal ogr ap
dep@@t%issessemndgdi‘elleujm i@yerc &t ® qrior &0 ddepositey addBion& materials,

sufh 55 PRORreREE nRteridiBo i 21003t alemaiveergmsimenhiacicon carbide
ca;zl %ri‘lg%t éKé)vM? rgggﬁe(&g)&&eg %WE’?@%Q??@%S % B0 the same
pracesh ast e &llqorppathwe tb@erlayelt i hQ druthehseccrmi dreledtﬂc layer 118

pridh BRI A Ffuci iBuGR. St BB RETS: malegias. -

depositing cap layers froma gas mxture conprising
[0061] OXxYyphetoresistangtunias iR ¢9thetPd@sBHdd on the second dielectric layer

118 (or cap layer) and patterned preferably using conventional photolithography
processes to define the interconnect lines 120 as shown in Figure 2E. The
photoresist material 122 comprises a material conventionally known in the art,
preferably a high activation energy photoresist, such as UV-5, commercially
available from Shipley Company Inc., of Marlborough, Massachusetts. The
interconnects and contacts/vias are then etched using reactive ion etching or other
anisotropic etching techniques to define the metallization structure (i.e., the

interconnect and contact/via) as shown in Figure 2F. Any photoresist or other
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[0059] After low k etch stop 114, and the cap | ayer

115, if present, have been etched to pattern the
weonwtas’s? vi as and the photoresi st has been r ePr@OIES003031559

second dielectric layer 118 of silicon oxycarbide is

deposited to a thickness of about 5,000 to about

matriabuisédat pattem ithe Fétghr stopDI 1A hehes eepNfyEF 61 BL L6 the second
be plasma treated with heliumor a

d‘?'&éﬁﬂ@.'%e /isdprpved Using ap exyden stipgaather suitableprocess.

bet ween about 600 watts and about 800 watts for

[odw{)meemh@m%tbuéén %ﬁﬂgﬁlréﬁtheﬁb@%eg‘% 5 %Qﬂég{;tﬂfe Raterial such

[imeter su s rate processing ¢
aaml.umlmme@oapea tpngstenrer cémabination® @hdreof. Preseatly Medirend is to
about 450C or |ess
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“SSTﬁanrﬁ%lrJ?%g ﬁlﬁt g&'éﬁéra@émﬁg sieds theHewgpaistivty of copper (1.7 Q-

ok CEFTRBN 15 LAY 4 R £ D9 S v 20, o

suitabler baatisr Iai)@%(m lsncrarasatbhﬂmtmtmjeﬂ%bm@t %Bbsnéﬂ conformally in
en-free silicon carbide or silicon oxid ap

the aﬂ}%tﬁﬁ'gﬂtﬁ?n SRR tBe@r\ﬁé‘@ﬁt SBRREI MUy ahoandtcamsuaoonmng silicon
anbrdielBBY; Qﬁate‘?ﬁpo?hé% sh ot ﬁgpqgg Ijgg?é&sn’tegcu{{ﬁ ggltpﬁer chemical

prior to ep03|t|n
vapaiodepesiiicn, pimsmal atapor bepesifior t dlectraplbtngadi M@Rblnatlons thereof

to T Bt Rt e B the SFBeed s e Stk copper or
ottt MRetdl! AWESSurhitel Tke Hdr geq Eé}gq &‘?‘erﬁ@%f 'n‘?écﬂa?'n’l’cearl pcihing, as

on the second dlelec aye
sh@wpds Figuig 2itidi t i onal rrat erials, such_ as phot or esi st
" materials. [0061] A photoresist material 122 is then

Lted on the second dielectric layer 118 (or cap
Exgﬁﬁﬂ§§ and patterned preferably using conventiona
phot ol i t hography processes to define the interconnect

[00B3]nes (lrmnasmsdmvwbmmlﬁtwU@s@rﬁaedﬂh%relﬁh%%Qfé Eed as barrier
mat eri al nprises a material conventionally
layers ORea 4D str 31%# Susiags| gnd, amalyredct immeoaxmnplegw silicon carbide

t 20 l ] avea
baﬁtégmﬂﬁs*le?)pa%ege %n%gﬁﬁowc dlpﬂg% %@% A8 & compared to a

silieers s eathidket barrieFhdilmi rftem c ennesrivendonalc C&iﬁ(ﬁiht Séatbe precursor,
en etched using reactive ion etching or other

"”%‘?&'89? |c et ching techni ques to define the
netallization structure (i.e., the interconnect and

o her 1t Yo oone a0 IS PeclGRreNfdes pbbsited by
intrgdueing gliphanysilaneres témethyisilape Bt 4potih500 amy/ vy &ito I processing
ché?ﬁbélhemﬁsaﬁ&ﬂg helium at about 500 sccm into the processing chamber,
generating a plasma in the processing chamber by applying 100 watts of RF energy,
maintaining the substrate temperature at about 290°C, maintaining the chamber
pressure at about 3 Torr to deposit a silicon carbide layer. The heater spacing was

about 450 mils from the substrate surface.

[0065] The deposited films were examined and analyzed for dielectric constant
and barrier layer diffusion. The diphenylsilane silicon carbide film had a measured
dielectric constant of about 3.4 and the trimethylsilane silicon carbide film had a

measured dielectric constant of about 4.3.
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dielectric layer 118 is renoved using an oxygen strip
or other suitable process. [0062] The netallization

W@ R004o83IFE IS then formed with a conductive naR€r/U81003/031559
such as al um num copper, tungsten or conbi nations
thereof. Presently, the trend is to use copper to
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ilicon carhide precursor, trimethylsilane. [0064]

angd]qq AioPrefiuce F%tﬁéif@ﬁ@b@!dﬁ 4étheursi | ane precur sor s

wer e deposited by introducing diphenylsilane or

t i i , -
o, e Y S0 R MiS T leh e U cgpest a sor
caguidenbantier tedyer fyointeducigg dha@phenylmﬂ%%lalnaﬁtaal@c%tﬁsm mg/min
watts o

inthy iy rBCSRRG oGHRTREty BURGNETg andITarBerahout 508 scom into the
a6t Mt G059 o Do [P PSS potin
10§pmﬁtmgf REsean!ﬂuma#ﬁ@mmg thefsubstratestesnperatiae et about 290°C for a

i fi8ae dspeslted Al MaalGics e CRalBRE PRSI gy about 3 Tor to
defoéit 4SsMBon TagbidbNAgEY | Fhbataterl 5h&&Rg Qﬁé@'ag@utf gb?hrﬂ?@ from the

a neasured dielectric constant of about 3.
subsiratetsyffasel ane silicon carbide filmhad a msasured
dielectric constant of about 4.3. 17

[0068] The deposited films were examined and analyzed for dielectric constant
and barrier layer diffusion. The diphenylmethyisilane silicon carbide film had a
measured dielectric constant of about 3.6 compared to about 4.3 for trimethylsilane
deposited silicon carbide films. Comparison of the films indicated that the
diphenylmethylsilane silicon carbide had a leakage current of about 3™ amps/cm?
at 1 MV/em and about 4e”® amps/cm? at 2 MV/cm and had a 50% failure rate after
about 10 hours while the trimethylsilane silicon carbide film had a leakage current of
about 1e"%° amps/cm? at 1 MV/cm and about 1e® amps/cm? at 2 MV/cm and had a
50% failure rate after about 4.4 hours.
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WD 2004/ 033752 PCT/ US2003/ 031559 [0066] The barrier
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strate tenperature 'a
abdupheipluss ivhile thke frirmethgtbilané siliconicatisidelfire Hddea (akaBercurrent of
deposit a sili,con carbide

! t about Torr to i
abPif 35 SHpHaE: 8t 1 UG Gnacabosk gt aBoSiem aAtr2 biw/emeand had a
SO%Pa?IhF@Feﬁe%ﬁefr%B%utIL%Q?gﬂrrs.The deposited filns were

exam ned and anal yze dielectric constant and

barrier | g}/er di ffusion. The di phenyl net hyl sil ane
[0031] i cohhisadaindadicatas & aignificant sana edexbedted timprovement in barrier

8BRS | SR YieiBptic” BERSGRT 100 Melrhdiiehel drsalkyl substituted
dirﬁ@gﬁ!ﬁilbﬁ@@oﬁfpduhﬂsﬁﬁ komphaAshE & Sehildbfd bhhRr IIaeyaer rocesses.

enyl net hyl sil ane silicon carbide had a kage
current of about 3e-9 anps/cn2 at 1 MV/ cm and about
10073 8 JAplsy was alpo colfeie tanepmaareatBoprararties of ithe darrier layers

3 .10..h0 il et il .
GoH 1R SR LRI, 40BN Y, Bl A pyery anc cap
layer$ desoriséd M2rein. 1AMYAGkY daybrabastdebositéd anTs Feo8udsr® Thamber
W/ crr] and Pad a , . .
using a plasma from a flow of dimethylphenylsilane between about 100 mg/min and
about 300 mg/min, a flow of helium between about 500 sccm and about 2000 sccm,
a spacing between about 350 mils and about 600 mils, and a RF power between
about 200 watts and about 500 watts. The barrier layer had a dielectric constant k
of 3.4 and a leakage current at 1 MV/cm of 2e™ amps/cm?. A silicon carbide cap
layer was deposited using a Producer® Chamber using a plasma from a flow of
trimethylsilane at 320 sccm, a flow of helium at 800 sccm, a 400 mil spacing, a
pressure of 12 Torr, and a RF power of 400 watts. The silicon carbide cap layer had
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50% failure rate after about 4.4 hours.
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[0074]

Two sets of values are shown for each type of deposited layer, as data

was collected from layers deposited in each of the two processing regions of a
Producer® Chamber. The thickness of the oxidized layer after the oxygen plasma
treatment was significantly larger for barrier layers without cap layers than barrier
layers with cap layers, as shown in Table 1. Thus, it is believed that the cap layers
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of 3.4 and a | eakage current at 1 M/ cm of 2e-9

anps/cn2. A silicon carbide cap |ayer was deposited
w@2i0an3xsPr oducer (r) Chamber using a pl asma freer/asiobpes1559

of trinmethylsilane at 320 sccm a flow of helium at

800 sccm a 400 m | spacing, a pressure of 12 Torr,
desniibedrrereioweducé thEDamoant,s.e. the deiplth, T o xRN ST tR@Barrier layers
d%ﬁ%ﬁr ad . 19 WD 2004/ 033752 PCT/ US2003/ 031559 a

g0NE®INconst ant k of 4.2 and a | eakage current at
1 W/cmof 3.5e-9 anps/cnR2. The conbination, i.e.,

[0015¢ St ¥¢kile Pl fORYIIR isi RfedteY &) %n%g%r&éé‘agm‘g%%@tgﬂf ?@%present

.a dielectric constant k of 3.4
Ingentionypthen aswd faeher ambedinents of thes invehtiors kb Betibed without

2 r. Ak ap.layer .did not have a

AR A frob B A el Befset R i ssaieuneragys dalesmined by the

claio®nshichtfelldvar ri er | ayers, cap |ayers, and conbi ned
stack of barrier |layers and cap |ayers described
herein were treated with an oxygen (02) plasma to
nmeasure the oxidation of the layers. The results are
shown in Table 1. Table 1. Layer Thickness Dielectric
Thi ckness Thi ckness Dielectric (A) constant k of
oxi di zed of non- constant k before 02 |ayer after
oxi di zed after 02 2 treatnent tOreatnent Oyer after
treatment 2 (A) treatnent (A) 1000 1134 4.18 108 936
4.132 cap layer 1001 4.24 117 810 4.285 3000 3558
102 3390 cap layer 2930 116 2714 barrier layer 1104
3.433 101 936 3.452 + - 50 A 1028 3.417 122 873 3.536
cap layer barrier layer 1181 3.428 99 1045 3.554 + -
100 A 1096 3.486 108 961 3.583
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cap layer 1000 1035 3.429 340 558 barrier |layer 1120
3.438 392 614 [0074] Two sets of values are shown for
we@2wh/0837pr of deposited |ayer, as data was coPCBHUSB®O3/031559
fromlayers deposited in each of the two processing
regions of a Producer(r) Chanber. The thickness of

Wh=t is Cldiniedlid:ayer after the oxygen plasnma treatnent
was significantly larger for barrier |ayers wthout

cap layers than barrier |ayers with cap |ayers, as
sho in Table 1. Thus, it is believed that the cap
1 ay\ggén&?eg% @9@%?%@%?@@@?%@6@3%559 descri bed
her edépdsafhics sﬁlﬁ@n%ﬁ?biﬂb’t?drriér I'ayéﬂgg %P(%d;h ir%? Jirst processing gas

oxi dation of the barrier layers cri
mpd@resgonppiisieg @ineorgenesiticorny compdiing dnteca proqeseingr chetinber, wherein

AT e
b V8 0108, ardepad t1ite o4, fareMddengané ‘firé%%@e%%?lgg? gs‘ég\m?(g.ﬂ'e to deposit

the scope thereof is determ ned by the
thearger layer, wiheretmiresbamsier fyer bez0a giedsatss Tonskaat léss than 4 and

' ISr. \ Qcessi ng a substrate,
°°cq$%%rg?’§?hg'zgré%B@éﬁ??'ﬂ%)éjS‘; %['?cﬁa “&%P&%de barrier |ayer
by i dépositingi angilieoth caride cap eer@jaRmt tHe BhHTe? layer before or after
conpri sing an _orglan03| licon conmpound into a processing
deqiosThig: ,’fh%h*éff‘félﬁh ayple Rt dareduding oh senapeumiosRasinegas mixture
@ whe 0 is
ochpIG o BRidertnge SRLAMGSIIAI b Pofind in I Brocelsind chamber,

angr semedingribe geeont) procesding depaaixturettbeddisusiti #le $iRotR carbide cap
I V\/nere'ifn thihbar.ri er I%yq?é has a diel ectric constant
AYRls WReYSIN Ihe, flicopRRBIIRs GaRelRYEr diasupubstantialiyenot phenyl groups
atfchb8 99 siik8RBtoAgd depositing a silicon carbide cap

| ayer adjacent the barrier |ayer before or after

depositing the barrier |ayer by introducing a second

ro Ssin s,mxture , co i Sing an_oxygen-free
2'grga eshﬁ%g%ﬂot:g(?ﬂaudeh%egﬁh?eP ) §P_y ggnasitian compound of
thersbcondqirobgsding ERCAMEu R P&tggﬁéﬂhglsﬂéﬁe,%ﬁ& Yhé dekond processing

deposit the silicon carbide
gas mixture further comprises helium.

3. The method of claim 1, wherein the silicon carbide cap layer is deposited
under plasma conditions comprising a high frequency RF power density from about
- 0.02 W/cm? to about 5 W/cm?.

4. The method of claim 1, wherein the oxygen-free organosilicon compound of
the second processing gas mixture is flowed into the chamber at a flow rate of
between about 50 sccm and about 800 sccm.

5. The method of claim 1, wherein the second processing gas mixture further

comprises an oxygen-free gas selected from the group of argon, helium, nitrogen,

and ammonia.
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| ayer, wherein the silicon carbide cap | ayer has
substantially no phenyl groups attached to silicon
w@r@a®33722 The method of claim 1, wherein the PCT/US2003/031559
oxygen-free organosilicon conmpound of the second
processing gas mxture is trinethylsilane, and the

6.secdiie pnethedsiofigclaimas 5iwhercin fthet brygePMeEl $88 of the second
aiml, wherein the silicon

lium 3. The nethod of cl
PraassiL o8S EIRGYR 1* flowa ot heuehamber ahadigwrats of batween about
50csyeeh bh@BBoGPPBN0 §kétg. @ hi gh frequency RF power
density fromabout 0.02 WcnR to about 5 Wcn2. 4.
The nethod of claim1, wherein the oxygen-free

7 S SRR B, She R IS e of e e
proedssen geto uhixbiies compisdsaipierffletffdiana; &iﬁ%tla/allghenylsilane,

, thool of claim1, wherein the sécond processing
dinfepy|silane.orapsmbingtions theseofan oxygen-free gas sel ect ed
fromthe group of argon, helium nitrogen, and
ammoni a. 22 WD 2004/ 033752 PCT/ US2003/ 031559 6. The

8. et fibe nfetiedchion Sainnher wh@réinethexmerbrtab@&iﬂ@%%% nikre further

. second rocessing gas mxture is flowed I nto e

'nciquﬁ?o@r dgﬁ’a@ FPHROhaRte Selecinst fieeh the agroups50f sncaxygei-containing
2 i - | i , erein the

ORI e a6 cbnialfig FEoritufy, & BefbiooBlEifoggambound, a

pheaspharue-cootgiming esngiquinen ghdebmbisationgehereof.

di met hyl phenyl si | ane, di phenyl sil ane, or conbi nations
thereof. 8. The method of claim 1, wherein the first

9. Protpg ' r ' L dYH- i o o
conponzg%mgg ?’Z %ﬁi ?’r\gnwéﬁ'i '&g{ 8)@65%{‘ U%ﬁam%éj 8B&Bbund is selected
frogxifigegronp of akygeny ozooepa sildxare, mintraonesinaivrsineresy.
conpound, a boron-containi ng conpound, a
phosphor us- cont ai ni ng conpound, and conbi nati ons

101 heThefmetAod Bheldiatd) Qﬂué}éin%@'rﬂﬁr&geﬁﬂ-@&ﬁt%;d?n%@&w ound is selected
ox;r/]gen-cont ai ni ng conpound is sel'ected romt 8 group

frogy thg,argem Of Bitipgen gass aNinenis, a sitezaneyindatanainations thereof.
t hereof. 10. The nethod of claim8, wherein the
nitrogen-containing conpound is selected fromthe

11.gr olipe ahethodr of &aigRd, BRI ahe Firsi PPEERBIn@YBs mixture further
conbi nati.ons thereof.
comprises an Inert gas selected from the group of argon, helium, neon, xenon, or

krypton, and combinations thereof.

12.  The method of claim 1, wherein the barrier layer comprises less than about

15 atomic percent of oxygen.
13.  The method of claim 1, wherein a is 1 or 2,bis1or2,andcis1or?2.

14. A method for processing a substrate, comprising:

depositing a silicon carbide barrier layer on the substrate by introducing a first
processing gas mixture comprising a first organosilicon compound into a processing
chamber, wherein the first organosilicon compound has the formula

SiHa(CH3)n(CeHs)c, wherein ais 0 to 3, bis 0 to 3, and ¢ is 1 to 4, and reacting the
23



11. The method of claim1l, wherein the first

processing gas m xture further conprises an inert gas
w@edoensss from t he group of argon, helium neoPCT/KE29051031559

or krypton, and conbi nations thereof. 12. The net hod

of claim1l, wherein the barrier |layer conprises |ess

prbhessna?g)gas to Uepabivithe béﬂ*re@%yeroﬁvh@@{ﬂ% béﬁlerTé‘;‘?er has a dielectric
aim1l, wherein ais or 2, b .

cog,s;igrgof Sft ang;ands. A net hod for processi ng a
S ubsfdnakRingC2 Gidon Q&blcge? Iéey(% gﬁ%g’kﬂ%ﬁ& ?/%P@yr ipfroducing a

barrier |ayer on the su
sqmndepmcegsnggsgasxmwrtere:cwmprfsmg; # ddcohll organosilicon compound

PR oG T S{C e bl 1RBFeTE S JuB.ai © Ko, and z s 0 to 3
lnfboih@u @ce%lﬁg(@\ﬁ?\@érc@j@ gWﬂgftﬁ | ngopﬁegrosz*%séﬁg gas® mixture to

C 1S

de@o@mﬂ@@v@mw Parbidesean &yes1559 processing gas to
deposit the barrier layer, wherein the barrier |ayer
has a dielectric constant of |ess than 4; and

15depadiet methcd 6f b|bﬁﬁm4cmrglﬁnt§é%écaxafo ganéélﬁcd?ﬁ&lt;ﬁ@&und of the

| ayer by |ntrodu0|n? seco processi gas
Se%%rﬂr@ﬁ?@ﬁ@'@ gasoni erglariﬂmdth)dalaneorqmﬂmm sbeoridgrddessing gas

[ wherein x is 1 to 3, yis O
ml&ﬁ?@@r@%%%ﬁéﬁl nto the processi ng chanber,

and reacting the second processing gas mxture to
depg_ﬁlt the silicon car b| de cap layer. 15. The net hod
i meted ghelednni4.nehergi the siligan awirbide ovapc tayeo i deposited

”“%" E"égﬂ"ﬁs oo EcprnEd AR YRR pop density from about

OGﬂWf/cm td aboute WonPr i ses hel ium 16. The method of
claim 14, wherein the silicon carbide cap layer is
deposited wunder plasma conditions conprising a high

17f r eqHENRYHBE &@c‘,’}ﬁl"m 48NGhkY %l% gﬁ%”fs@B?Ha or %{P&%ﬁg&}{ﬁﬁ%@d of the

about 5 WcnR The craim
se@msbp@cesgnagmsl nno«bmrecne rfbwm!oﬁntﬂ tHeheharabeoalda flow rate of between

r i n as m reis flowed into the chanber at a
ab?ﬁ’tgﬁgéclt"%%&a ag)&"\fvéb SCfbut 50 sccm and about 800
sccm 18. The nethod of claim 14, wherein the second

pr OCGSSI n% gas m xture further
he method of claim 14, wherein the second processing gas mixture further

comprises an oxygen-free gas selected from the group of argon, helium, nitrogen,
and ammonia.

19.  The method of claim 18, wherein the oxygen-free gas of the second
processing gas mixture is flowed into the chamber at a flow rate of between about
50 sccm and about 2000 sccm.

20. The method of claim 14, wherein the first organosilicon compound of the first

processing gas mixture comprises diphenylmethylsilane, dimethylphenylsilane,
diphenylsilane, or combinations thereof.
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conprises an oxygen-free gas selected fromthe group

of argon, helium nitrogen, and ammonia. 19. The
woreaohosB76f cl ai m 18, wherein the oxygen-free gBST/U820031€31559

second processing gas mxture is flowed into the

chanber at a flow rate of between about 50 sccm and

21ab0l]ihe23mlhs@@ﬁclé’iﬁ1 14hevheréinodaefing lthb rf]fr§t4 o385 \gas mixture
the. first aan05|l|con conpound of " the g
COH?Q{@@ST GRFURd sthei tistrargepesiicose somipouedyofrthenfirsti parvessing gas

RITE A @“e%%ﬁo%érﬁa'gr%%@%bﬁgz%ﬁ%taé 758 1Bg GToig of oxygen,
0zpae ha gilefans, anch chfbimnditionsi thereadict i ng the first

processing gas mxture conprises reacting the first
organosi |l i con conpound of the first processing gas

22m Xﬂ‘hee nYéthBd aBf Oéfé(rgr?”Z’FOWh%'ré]hngném g%ﬁa é\arﬁﬁtg compound is

romt etgroup of oxygen, o0zone, a Si
lestast fhami thegrowe pkoxygear ozdhe, arellddathepbind lcaibirdtions thereof.

mherern t he oxygen-containing conpound is selected

fromthe group of oxygen, ozone, a siloxane, and

23conheatnetis] ohellgiaf 142% :
CYvh rein the first pr ocessqerfgﬁgg}snet ﬁ%gtﬁfpgg%ﬁhﬂ%a% mixture further
in Suaegoﬁafﬁoﬁgmpoﬁamﬁaaﬁlentmbéioecttbel groam dha glt@gendontaining

o) a boron- contalnlng
oo BB i RO Rl coR BBt moeBbrRentainwg compound, and
combrriartrnas rtlme‘reof her eof . 24. The nmethod of claim 23,

wherein the nitrogen-containing conmpound is selected
fromthe group of nitrogen gas, ammoni a, a sil azane,

24.an dTﬁé’ ”r’?ﬂeﬂ%c% WS clali €58 Oty hn%g'&a-é[h?n &F ngn-fcghqirlygg mcgr?rpound is

wherein the tirst processi

selededriramsthengioupr of gitrogesl gad, esminonia té‘%llgﬁér’r’é’ &d combinations
the on, helium neon, xenon, or krypton, and
i nations thereof. 26. The nethod of claim 14,

vvher ein the barrier layer conprises |ess than about
15 atom c percent of oxygen. 27. The nmethod of claim

25.14, Thehénethadeof slaimot4 2whbrens theofirs? prédsbsing gab Pixtdre further
ngénse-gh?n éljg od of cla (r}] further conprising
eposi EE e?eé%‘ftﬁj VQYBJB? AR 1ok argon, helrum neon, xenon, or

krypton, and combrnatrons thereof.

26. The method of claim 14, wherein the barrier layer comprises less than about
15 atomic percent of oxygen.

27.  The method of claim 14, wherein ais 1 or 2,bis1or2,andcis 1 or?2.

28.  The method of claim 14, further comprising depositing a dielectric layer on the
cap layer, wherein the dielectric layer has a dielectric constant less than about 4.

29. The method of claim 28, wherein the dielectric layer has a carbon content
between about 5 and about 30 atomic percent excluding hydrogen atoms.
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cap layer, wherein the dielectric |ayer has a

dielectric constant |ess than about 4. 29. The nethod
w@Rooghzd7m 28, wherein the dielectric | ayer hasp@r/vszobyos1s559

content between about 5 and about 30 atom c percent

excl udi ng hydrogen atons. 25 WD 2004/ 033752

3PCT/ U2 AR ABSHBIAINR 29, M}%réiﬁtthé@lé}éctﬁb%y@r@ de%? t&d By oxidizing
t he dlelectrlc | ayer is deposited by oxi'dizing

ar, OxRAnsiliangn er srganresiissane oxameowithiio i dlasma pmhmmed chemical
Vaﬁgpﬁgﬁgg IGH%@%.V""F’N deposition technique. 31. The

od o clai wherein the dielectric layer is
deposited by reacting trimethylsilane and oxygen in a
vapor deposition techni

| a chenj cal
p S'{F}%enﬁ‘?g?%gepelﬁ"m% r\Hf@Iemvth@r@elﬁctrﬁéamrelrsectﬂmsged by reacting
d
*f'““@“ﬁ"S"'aﬁ?eéﬁgﬁ?W%&“Bﬂﬁér RS T Gel, B RETTdrS: "deposition
(qumzeto about 0.48 WcnR2. 26

32. The method of claim 31, wherein the dielectric layer is deposited under

plasma conditions comprising a high frequency RF power density from about 0.16
W/cm? to about 0.48 W/cm?.
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