WO 2004/ 033752 PCT/ US2003/ 031559 TWO LAYER FI LM FOR NEXT GENERATI ON
DAMASCENE BARRI ER APPLI CATI ON W TH GOOD OXI DATI ON RESI STANCE BACKGROUND OF
THE | NVENTION Field of the Invention [0001] The invention relates to the
fabrication of integrated circuits, nore specifically to a process for
depositing dielectric layers on a substrate, and to the structures forned
by the dielectric layer. The invention further relates to a process for
depositing barrier layers on a substrate, and to the ‘structures fornmed by
the barrier MaymosossBescription of the Related Art [000FcTR8M0oEskact or
devi ce geonetries have dramatically decreased in size since such devices

were first introduced several decades ago. Since then, integrated circuits
have generally foll owﬂwotl_m\tmFM_MFUF@NEX$IGEI\1ENA?ldwbhm§@ENEd Moor e’ s
Law), which neans that_ the nunb devices that will fit on a chip doubles

every two years. TOW%‘E&ﬁpr&ATdQNp‘th E‘?QQQ%DATW RESISANGRg devi ces
having 0.35m and even 0.18m feature sizes, and tonorrow s plants soon w ||
be producing devices having even snaller geonetries. [ 0003] To further
reduce the size of deV|ces on integrated circuits, it has becone necessary
to use conductk GREUND QF THE INYBNTIONesi stivity and to use insulators
having | ow dielectric constants (dielectric constants of less than 4.0) to
al so reduce tIEﬁIcFBPﬂﬁ'I WSigPupl i ng between adj acent netal lines: Such |ow
k materials include I con oxycar bi de deposited by a' chemical vapor
deposi tion process and silicon carbide, both of which nmay be used as

di el ectric natipdal s The finyerntiont rd@eﬁldnaﬂmerﬁabncam lﬂfemteg[‘ﬂeﬁ)zlL]lrcG}hsa more

conducti ve mat i n ,

o v o tddiealld BdhiBog@af B8Rt ditlobile FARRS bp &"Sdlriten ahd 48 the
i nterconnect staadureb dgyndieinathediciegirie tayens The linventiorr Elsthelt feldtésy/tot & process
al um num - (1. 7fo?0cfe%81$itlrllg \égrnze?'qg{/e(u)'g’ ?6?15% sﬁgr(ra gzgr(l)(f, /tc()) %he structures formed by the

barrier layers.

Description of the Related Art

[0002] Semiconductor device geometries have dramatically decreased in size
since such devices were first introduced several decades ago. Since then,
integrated circuits have generally followed the two year/half-size rule (often called
Moore's Law), which means that the number of devices that will fit on a chip doubles
every two years. Today's fabrication plants are routinely producing devices having
0.35pm and even 0.18um feature sizes, and tomomow'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 fo 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



,.-..\‘

compared to 3.1 pO-cmfor alumnum, a higher current and hi gher carrying
capacity. These characteristics are inportant for supporting the higher
current densities experienced at high levels of integration and increased
devi ce speed. Further, copper has a good thermal conductivity and is
available in a highly pure state. (0005] One difficulty in using copper in
sem conduct or devices is that copper is difficult to etch and achieve a
preci se pattern. Etching copper using traditional 'deposition/etch processes
for form ng iWDetOIEcts has been | ess than sati sfact or pCT/uT@reiser e, new
met hods of manufacturing interconnects having copper containing materials
and low k dielectric materials are being devel oped. [0006] One nethod for

form ng verti campaied {eoBi®z@ui-ah font SuedaRrects highebyoudrentlaiias Aigher @arrfHg!
danmascene nethod. I n the damascene nethod, one or nore dielectric

materials, subAPaEdy+ hEhesewcharasterigics are impodantfa, suppertingphei higherapdamenit t er n
etched to T or Bbhdifes Bkidrifibed B PAACRABE! &1 infaclation’ bAT in L dA0BLAG SBbed. .

i nterconnects, e.g., 11nes. nductive materials, such as copper C At i ni ng
mat eri al s, anffudhére copprnttesi algepd $hermab sonmuctivigr ahdijee avaimblerinad bighkeplireo
prevent diffu La?n of copper containing materials into the surrounding |ow k
dielectric, a ¥hen inlaid into the etched pattern. Any excess copper
containing materials and excess barrier layer naterial external to the

et ched patt er mooguchCae diffictitheinfusitglcadpst ire ssmizshdudter, déviceshie thatroeppseld.
[ 0007] Howeve

re.. . QW k dielectri.c materi.als gre often porous and susceptible
to interl ayetdifE‘?L?tf @s?@h Hd @6‘?1‘31‘(?0?! W@c'ﬁ%t@ﬁﬁ%ﬂ-s,é@uﬁﬁ CQBPRoied ,%raﬂ)rcﬁ'PBﬂ can
result in thedehasificH/éten Pﬁfce§§é%rfbr formkgiintercdRAedls hhs Bebiidsy tioan SatistRaIyOr €,
low k dielectric materials are often susceptible to oxidation. A dielectric

barrier |ayer Thgiaoreanewgnethedn of masy@sing dptgeconnests havipgesopaat epntainingnd
surroundi ng t Bgadh g Encﬁfgygﬂ Jljiglrec R RAENSS bre b@é&&é\?@{ edli fTusion. However,

traditional dielectric ayer nateria such as silicon nitride,
often have high dielectric constants of 7 or greater. The conbination of
such a hi gh k [¢fo8] ectQnec medhast ifofl foRning aitigad gl hgrizasial kinterednagetsiis by a

material s res‘Haﬁ'r?aS{:'éﬁézg} 88 Db dsc8h S HERIRY I et &H28he Aol Sie" &more

di el ectric constan
dielectric materials, such as the low k dielectric materials, are deposited and pattern

.etched fo form the vertical interconnects, e.g., vias, and horizontal interconnects,
e.g., lines. Conductive materials, such as copper containing materials, and other
materials, such as barrier layer materials used to prevent diffusion of copper
containing materials into the surrounding low k dielectric, are then inlaid into the
etched pattern. Any excess copper containing materials and excess barrier layer
material external to the etched pattern, such as on the field of the substrate, is then

removed.

[0007] However, low k dielectric materials are often porous and susceptible to
interlayer diffusion of conductive materials, such as copper, which 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 Kk dielectric materials results
in dielectric stacks having a higher than desired dielectric constant.
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WD 2004/ 033752 PCT/ US2003/ 031559 [00081 Therefore, there remains a need for
an i nproved process for depositing dielectric barrier layer materials with
| ow di el ectric constants and good resistance to oxidation for damascene
applications. SUMVARY OF THE | NVENTI ON [ 0009] Aspects of the invention
generally provide a nmethod for depositing a barrier layer having a | ow

«dielectric constant and a cap | ayer adjacent the barrier layer. In one

aspect, the invention provides a nethod for processing a substrate

i ncl udi ng demasiobd/sgrsa silicon carbide barrier |ayer onpchasswbetissat e by
I ntroduci ng a processing gas conprising an organosilicon conpound into a
processi ng chanber, wherein the organosilicon. conpound has the formla

Si Ha( CH3) b( Cabispp, \fmr@‘om here Seflaine adnedd fo8 20 infpréuedaftdcdssi Br depdsithg and
reacting the roces s to deposit the barrier |ayer, wherein the
barrier |ayer ‘Fiﬁ%t”%\ arr Fgad’ﬁF F@t%@%s‘t"ﬁhlpwl @%‘gdﬂﬁé’ﬁnﬁiaﬁtﬁ@nd&@ﬁﬂd@ﬁ%taf)%'@yI

groups attac"tﬁ%&ﬁéﬂ@n?dr'ddﬁ%c%ﬁé’ﬁ%hc gdepositing a silicon carbide cap
| ayer on the barrier layer by intro u0| ng a second processing gas m xture

conpri sing an oxygen-free organosilicon conmpound into the processing
chanber, and reacting the second processing gas mixture to deposit the

silicon carbi ol the silicon carbide cap |ayer has
substanti al | S6u ¥ E INVERFIdN ched to silicon atons. [0010] In another
aspect, a nethod is provided for processing a substrate including

deposi ting a 6009] corfspectsi ab theainvieation ggraralyn ptowiesabwﬂ‘mefdnydapnsltm@lm:l ng a

f t d int
2 b ocess: ngafgnater At 8 RHHALANT SRt i Bl RRIRTY Ad SRR BB AR
for rrulja Si Hal@@ﬁ)hlln(@fd—léﬁ;mect Vvéhe rieventian lpmv(tie%ca meﬁlhbdbﬁ)r(brbaesamg@duﬁﬁaﬁe | to
4, and reacting the ess it the barrier, |ayer erein
the barrier | le('-:' mﬂé’?BSS'ﬁn%PeSg%Pﬁear 5% g‘?{t ayRr nolbe s[uhaiﬁatg bvszaoct&@&ss@ ting
a silicon car picgessiPga¥shpiiing B oRfhbsifdon dorSSundyiniod pRIZEEING cRariS&oNd
processing gas nixture conprising a second organosilicon compound havi ng

the formuia SWPP@@—@?;R"@Q‘?‘E')@O" FR@peynd has e forals Sifla(CHah(§sto)cawherath 2 i's 0
to 3 into thejsny RCRISIIiCHNHRIY is P, raﬁa%écﬁiﬂgttﬁé prste8dlfly gRS RS 8Spdsitangas
mxture to deggrille; Ia;[ygre \frtlwlrgﬁo&ect?a‘rrﬁérdlgygraﬁas a dlelectrlc constant less than 4 and
contains phenyl groups attached to silicon atoms, and depositing a silicon carbide
cap layer on the barrier layer by infroducing a second processing gas mixture
comprising an oxygen-free organosilicon compound into the processing chamber,
and reacting the second processing gas mixture to deposit the silicon carbide cap
layer, wherein the silicon carbide cap layer has substantiaily no phenyl groups

attached to silicon atoms.

[0010] In another aspect, a method is provided for processing a substrate
including 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(CHa)n{CeHs)e, Wherein ais 0 to 3, b is 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 SiH,(CHa),(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 WO 2004/ 033752 PCT/ US2003/ 031559 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011]
So that the manner in which the above aspects of the invention are attained
and can be understood in detail, a nore particular description of the
invention, briefly summarized above, may be had by reference to the

enbodi nents thereof which are illustrated in the appended draw ngs. [0012]
1t is to be noted, however, that the appended drawings illustrate only

typi cal enbodi nents of this invention and are therefore not to be considered
limting of wiols0seeoBee, for the invention may admit to echaseswaisby
effective enbodi nents. [0013] Figure 1 is a cross sectional view show ng a
dual damascene structure conprising a low k barrier |layer and a | ow k
dielectric | EF @ESCRIPFTUIONOFETHE DRAWINGS014] Figures 2A-2H are cross
sectional views show ng one enbodi nent of a dual damascene deposition

sequence of the inventijon. [0015] For a further understanding of aspect of
the inventi ofP0lef e%@nh@tsthélﬂ“@’ N ubjeh ttEBe tag@"%r%sﬂ?ﬁ@ fethgi inygntion are
descr i pti on. REHSYLFR BERCR RRLERG THBoEREEERBRDENRARE WellnieR16] upspect s
of the invention described herein refer to nmethods and precursors for
deposi ting a iRvMentienbrigy sHawasized pbeve, masr behed by referense de drecembpdimentsst ant .
The silicon ' X I ' e hydrogen and may be
doped with 5§§ré§ﬂnmﬁt??f%lgggﬁrak%%l)@é%@%%{g%ﬁgkél}gihé%r conbi nati ons thereof, to
inprove film properties. Doped silicon carbide generally includes |less than
about 15 at ori9M2] pericisnto batrnoied bowaver,| theb thyf apperwiedndrawingshillasirade yompéyn,

Car b de bar r tae SHERRRESH BN infEp ARk P Mgl Bt o 0B sy RE i g
an organosi | igfits scape forrthe irventich mbg almit ubthaeSedinfiCeiddiveehiodimaierein - a

iIs 0Oto 3, bisOto3, andcis | to 4, in a plasma to forma dielectric
| ayer conpri

4 ot of or bl OO s HR Bloh oo B Nien Bofinfidieg T eRar SvORRAF oo

~ oxygen (02) aonprising a low k barrier layer and a low k dielectric layer described herein; and

[0014] Figures 2A-2H are cross sectional views showing one embodiment of a
dual damascene deposition sequence of the invention.

[0015] For a further understanding of aspect of the invention, reference should be
made to the ensuing detailed description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016] Aspects of the invention described herein refer 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, phosphaorus, 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(CHz)o(CsHs)e, wherein
ais0to3, bis0to3, and ¢cis 1 to 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 (O,) or a

4



4 WD 2004/ 033752 PCT/ US2003/ 031559 sil oxane conpound for oxygen doping, or
borane (B1-13) for boron doping, may also be present during the deposition
process. [0018] It was unexpectedly and surprisingly discovered that
depositing silicon carbide materials with an organosilicon conpound having
the formula SiHa(CH3)b(C6H5)c, wherein ais Oto 3, bis O0Oto 3 andcis 1
.to 4, under the processing paraneters described herein, produced a silicon
carbide filmhaving a dielectric constant of less than 4 with inproved
barrier | ayewgpnopsstzes, such as an interlayer diffusiP6RUSBEIEIGENCe of
about 100% greater than silicon carbide film produced by comercially
avai |l abl e al kyl sil ane precursors, such as trinethylsilane (TM5). This is

unexpect ed besiaxme ddmpoaad hereoxygbis dopiad, dhisdrand €Bi) (G 198108 doping) wag alsbhe
porosity of the deposited dielectric material, thereby reducing the (

interlayer difSrRIESH dHiRg e depasition PiRESSeposi ted diel ectric material . In

enbodi nents in which the barrier |ayers are deposited adjacent dielectric

layers, the Qaggj er i @uerdhexpéQedy eingr ARbNsIARP Qkddoosreadihac 88fositing! 8fddni C
| ayers conpri Si ng silicon, oxygen, carbon, and hydrogen, which have a
di el ectric | &AEhidef matadals harihabdut organssitiepnas compaund hhavingothte 3formo@19)

The organosi |l 4; d far r 1 £k e ri en
i ncl ude the sst]ﬁg@tl-ﬁg@?w‘]"sﬁm %gé?ﬁj aR% O\%ﬁe{){, etﬁ]s P%at}ssé’agﬁgn'%/ﬁ Sor gﬂﬁsﬂgﬂnﬁﬁéR ,
R2, and R3 armocgssingsparemeteirsidescrided Qereindprodugid aHieoo ragehids filn deving @avpound
i ncl udes the f.ormul a Si.Ha( b o .wherein a is 0t bis 0to 3
and ¢ is 1 toé'%?&ﬁﬁé:o%é;g&coﬂﬂ%set&i‘%gﬁs‘%@ @pré&%ﬁ?rgg tgyersgﬁoggrﬁ}é% Suﬁﬁé‘&ﬂnso.rs
g_er ihvedI f roLn i]nha!rllayérOl:ﬁlffu!rs]ian i ’:“k“’ﬁ"e? d:iaflphlecmﬂ wdgxengrﬁgﬁéf rm_ﬁﬂilYé.ilimbﬁnUérBi;cdbafﬂm
i phenyl net hyl si |l ane, enyl net i |.ane,  and conbi nati ons thereof.
Preferably, bproij%‘:eﬂ_ ?bg@“ﬁ%ﬁé@yi%’?ﬁam% a@gy{ H‘E?é’PrSBF%fSQP'? & tB’F‘S&W'@Q‘?Wﬁ con
conpounds for(THENOSIThisOR umspBated | Ricalify 8 haR Rkh adsehaal thae pRERANRSNPd CON
conpounds havi ng ‘the fornula Si Ha(CH3) béCQHS)C_, wherein ais | or 2, bis |
or 2, and c ilgcreasg the pg@s,ww efs ther deposited dielectric material, thereby reducing the
' interlayer diffusion resistance of the deposited dielectric material. in embodiments in

which the barrier layers are deposited adjacent dielectric layers, the barrier layers

are preferably deposited adjacent dielectric layers comprising silicon, oxygen,

carbon, and hydrogen, which have a dielectric layer of less than about 4, such as

less than about 3.

[0019] The organosilicon compounds used for barrier layer materials generally
include the structure:

wherein R is a pheny! group, and R, R®, and R® are groups containing H, C, and/for
Si. The organosilicon compound includes the formula SiHx(CHa)p(CeHs)e, wherein a
is0to3,bis0to 3, and cis 1104, and atb+c is equal to 4. Examples of suitable
precursors derived from this formula include diphenylsilane, dimethylphenyisilane,
diphenylmethylsilane, phenylmethylsilane, and combinations thereof. Preferably, b
is 1to 3 and ¢is 1 to 3. The most preferred organosilicon compounds for deposition
as barrier layer materials include organosilicon compounds having the formula
SiHa(CHa)s{Csts)e, wherein ais 1 or 2, bis 1 or 2, and cis 1 or 2. Examples of
preferred precursors include dimethylphenylsilane and diphenyimethylisilane. The
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preferred precursors include dinethyl phenyl silane and di phenyl net hyl si | ane.
The 5 WD 2004/ 033752 PCT/ US2003/ 031559 processing gas may al so include an
i nert gas, such as argon (Ar), helium (He), neon (Ne), xenon (Xe), nitrogen
(N2), and conbi nations thereof. [0020 The processing gas may further include
conpounds having Si-OSi bondi ng groups, such as organosil oxane conpounds,
.conpounds having Si-N-Si  bonding groups, such as silazane conpounds, and
conbi nati ons thereof, for doping the deposited silicon carbide nateri al

W th oxygen anfhoiydss@gen respectively. Al Kkylsilane preearase®3oasssh as
trinethylsilane (TM5), may al so be used with the organosilicon precursors
descri bed herein to nodify or change desired film properties. [0021]

Precursors Wwiprbcassing genfoaissinpludeiafenst bas @0cls as argéfﬁ N)I ﬁanumne)bﬁ@&ed
oxygen t hat can reduce the dielectric constant of the filmas well as reduce

the current (Nearggen oXe) ntrogen (N2). Bod sembinalenss thefea! e 5| | oxane precursors

I ncl ude cyclic conpounds, for exanple,

1,3,5, 7-tetr gaghhy! cod P %ﬁﬁ%\%%arﬂ@a}( TOARED) inBlide compounds havm%cit-O-Si

oct anet hyl cycl ot etrasi | oxane ( and al i phatic conpounds

1,1,3,3- tet rkandingygioups. gichnzs prgangsn)oxaue)@gmpommcn@nd@undahagmt:o'ﬁudw:
nitrogen su of
i1 e as wel 1oo4emedtobe sikh BF BRafie FBREGRe, oFE RoBRA® tifedtToE85gR
sui t abl e si | ithandepgositedr sitoos cmbidedamteriw pumat |&ygawmnd|aro@uckes@ectwely

hexanet hyl di sj | azane and di vi nyl tetrane hldls an S as ¢
conpounds, s’é)lkﬁ eh@fﬁ%@?ﬁy?% P%ttrl"f‘@ﬁﬁ"w\é 71"{*%9@ W%@O% P?‘?—ffwl'té)ﬁh? may
further be dopg Qnd!ﬂtchno?mfborsb(ﬂe@@nbéﬂr heﬁ&wsnh% bP dHRMUECdédIRd film

di el ectric constant of the deposited material. An omc ratio of dopant to

or ganosi | i conP/@BafliBsnd 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 sili Coﬂgﬁﬁi bi derdcadfs Wsﬂ&aﬁ@fbfoﬁﬂ%?bvﬁ% s.rﬁcrnocsassnamrabmmdiﬁed( PH3)
or borane (B or borane derivatives thereof, such as diborane (B2Ho6),

~into the cha%@ﬁndhaii aen reducadhe slielparic spagartsof the film as well as reduce the’

(‘ current leakage of the film. Examples of suitable siloxane precursors include cyclic
compounds, for example, 1,3,5,7-tetramethylcyclotetrasiloxane (TMCTS) or
octamethylcyclotetrasiloxane (OMCTS), and aliphatic compounds, such as 1,1,3,3-
tetramethyldisiloxane (TMDSQO).

[0022] Compounds having bonded nitrogen, such as in the silazane compounds,
can improve the hardness of films as well as reduce the current leakage of the films.
Examples of suitable silizane precursors includes aliphatic compounds, such as
hexamethyldisilazane and divinyltétramethyldisilizane, as well as cyclic compounds,

such as hexamethylcyclotrisilazane.

[0023] The barrer 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 infroducing phosphine
(PH3;) or borane (BH3), or borane derivatives thereof, such as diborane (BzHg), into
the chamber during the deposition process.

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

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

(CO), carbon dioxide (CO2), or combinations thereof. A siloxane compound may
6



[ 0024] Oxygen doping may occur by optionally including an oxygen-cont ai ni ng
gas, for exanple, oxygen (02), ozone (03), nitrous oxide (N20O, carbon
nonoxi de (CO), carbon dioxide (C02), or conbinations thereof. A siloxane
conpound may 6 WD 20041033752 PCT/ US20031031559 al so be used with the
processi ng gas for oxygen doping of the deposited material. N trogen doping
may occur by optionally including a nitrogen-containing gas, for exanple,
ammoni a (NH3), nitrogen (N2), a silazane conpound, or conbinations thereof.
[ 0025] A sil iwomogedstszde barrier | ayer may be deposited pgrenesesiadi ment by
suppl ying an organosilicon conpound, such as di phenylsilane, to a plasma
processi ng chanber at a flow rate between about 10 mlligranms/ mnute (ngm

and about 1588 HBMseRtithoRa! dricasding! gdsar SxydRR M tofatnéldég@éi?éd%%hﬁﬁen

about 10 sccm and about 2000 seem “supplying an inert gas a flowrate
bet ween about Nitrogse giepingdma sigeurt by cptigrallih ingtading 8 nitregea-contagtinages, for

t enperat ure b%@"ﬁﬁ : nd. t 0C...omintaining a ch r_.pressure
bel ow about 5 o?’r ng‘ﬁ‘g’ }E‘n%&i@' ﬁg@@rgHoq\gge% %ée%ngb p%&&B Og\aq%ﬁ?%%@ngnd
about 1500 wathesdon?. [0026] The RF power can be provided at a high
frequency such as between 13 Mz and 14 Mz and/or at a |ow frequency such

bet 10 d.1000 kHz. The RF h i ded ti |
or i Short dPRNT oncyiPR SartiiE naftht iser Hiicbe @Poredhhions SRusamenEhEl s ¥
for cycles |esspiyien @bwiga@ictlr esrtpountie swahcys! @éiphémisthndetaesnpialipyt 10%

and about 30% of the total duty_ cycle. The rocessi ng ,gas may be 1 ntroduced
into the chanB@ceW%C%'@ab% t%/ﬂcw%ﬁi?,bef"l‘ﬁ,ﬁ utapgf"i"igmm%m'mﬁ@ {rpgm) and

posi ti oned behmm%b%%m?gﬁtiéﬂﬂi? apelyRE o Hopa Ot fiswirb@bédh@en Sithat Hat €
surface. The gas distributor may be positioned between about 300 mls and
about 800 mi | 8cqand @bowe2Qfninem, isyRPIpinG @adaert ges 2 2 flawsiate bpiweenaahoubd f or

performng th ' E1 '
deposi tion chgcrﬁé%ﬁg%%ﬁgtr cla %/&g@arﬁﬁgﬁlh@df ?oﬁbﬁgﬁ%ﬁg%ﬁéﬁeﬁ @P%Pl%m
Santa O ara, Q4 iahdabout 50AFC enainfriringé charav® presatre belpietbonb§ObEorraaddnwi t h

Ct he processes Rtll-‘epro%\i/err] o.% Bet\qv%gﬁ %Bg&q).bé]wgﬁgc‘:mPgﬁc? Qlt)ou? 19;88 w%%tg’/cme.nt 'thed A

[0026] The RF power can be provided at a high frequency such as between 13
MHz and 14 MHz and/or at a low frequency such as between 100 kHz and 1000
kHz. The RF power 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 tfotal duty cycle. The
processing gas may be introduced into the chamber by a gas distributor, the gas
distributor may be positioned between about 200 mils and about 1200 mils from the
substrate surface. The gas distributor may be positioned between about 300 mils
and about 800 mils during the deposition process.

o027 A suitable reactor for performing the processes described herein is a
(h- 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 Depaosition of
Silicon Dioxide and In-situ Multi-step Planarized Process, issued to Wang ef 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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Thermal CVD/ PECVD Reactor and Use for Thernmal Chem cal Vapor Deposition of
Silicon Dioxide and In-situ Miulti-step Planarized Process, issued to Wang et
al. and assigned to Applied Materials, Inc., the assignee of the present
i nvention. [0026] The above process paraneters provide a deposition rate for
the silicon carbide layer in the range of about 50 Almn to about 20, 000

A/mn, such as a range 7 WD 2004/ 033752 PCT/ US2003/ 031559 bet ween about

100 AV min and about 3000‘A/m n, when inplenented oh a 200 mMm (mllineter)

substrate i nyg#RReEEL 1 on chanber avail abl e from Appl i egdchirisanseisse | nc.,
Santa Clara, California. [00291 An exanple of a preferred silicon carbide

barrier |ayer deposition process includes introducing dinethylphenylsilane

at about 500 haeshabollt 908 APl Seeasul 3006 RARBE Wwheh MR oﬁ%lﬁd@%ﬁ]

about 1000 sccminto the processing chanber, gener at| ng a asrra In
processi ng cl@itifesten pubgipaty img depostien @@f@ﬁerﬂﬂal!ﬁﬂﬁefrpm lkmallad Materiags, e,

substrate te ut 350C, nmintaining the chamber pressure at
about 6 Torrrq%%agtélgf)agcﬁ@?@lgl i con carbide barrier layer. The spacing

bet ween the gas distributor and the substrate surface was 450 ml. A silicon
carbide | ayelwzalar r Aarexamplédef d@p&ierireédiliemn edrbide hEGQEY [4yaridepbsitierhpmocpsocess.

The dep05|ted l.con, carbi.de b nrie ted a dielectric constant
of “about 3. 4 nylss iR B endpias et soh dluih (T BRGRroRSeic

| ayer deposi tchambeprioeeiaily halimide abut q@oolmmmatthulmb@émln@l tidifbert
about 100 ng/mn into r00ﬁ55| ng char% I nt roduci rég hel i um at about
2000 sccm i nt%”?%n%ﬁ@iﬁ& OrepRseing chambenby ApPIYing 289 watts of Rifcpower,
processi ng chagh@iniy trPBlbdrate 1EHperafife é?raboﬁp@»swt%aﬁftauﬁﬁ RRMhamber

mai nt ai ni ng the substrate tenperature at about 350C, and rral ntai ning the
chamber pr essﬁiﬁ%ﬁuéﬁ ahpbodt @ Tor fo deperitpa silicon cgrhide darrisarayade D spaging

| ayer. The s e was
65% mil. The ep05| ?g;?@ '?H(gjg%lg%@rtﬂé%%%g#% ggr ;{“feﬁs‘z@ﬁ %ﬁlc‘én%ﬁ?t{@&ct ric
constants of laydsdatrieB caa tlea:l@belt&d 3t sithut €5p0 A2 Byolhioopionsssd efresdepasited t he

deposi o0 L o heafule sl BApSRARER By s o o barrier

[0030] Other examples of preferred silicon carbide barrier layer deposition
processes include introducing dimethylphenylsilane at about 100 mg/min into a
processing chamber, introducing helium at about 2000 scem into the processing
chamber, generating a plasma in the processing chamber by applying 100, 200, or
300 watts of RF power, maintaining the substrate temperature at about 350°C, and
maintaining the chamber pressure at about 6 Torr to deposit a silicon carbide barrier
layer. The spacing between the gas distributor and the substrate surface was 650
mil. The deposited silicon carbide barrier layers exhibited dielectric constants of
about 3.42 to about 3.96.

{0031] Following deposition, the deposited 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.
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100C and about 450C for between about 1 m nute and about 60 m nutes,
preferably at about 30 mnutes, to reduce the noisture content and increase
the solidity and hardness of the dielectric material, if desired. The
anneal is preferably performed before the deposition of the next |ayer

whi ch prevents, shrinkage or deformation of the dielectric |layer. Inert

.gases, such as argon and helium may be added to the annealing atnosphere.

8 WD 2004/ 033752 PCT/ US2003/ 031559 [0032] The deposited silicon carbide
barri er | ayewomngu®Espl asma treated to renpve contam nEATASHAIGIRRr Wi se

cl ean the exposed surface of the silicon carbide |ayer prior to subsequent
deposition of materials thereon. The plasma treatnent may be perforned in
t he sanme charimse] usddhet (bepnsiiedsisﬁlicbhecastbitié damianidyeanzynbe mhemrm hieated to

. Th b £ 1m stabi|
For mi ng & pr deB0Es JarPRy B ahiniie. PEHER PP aiiars blhR Ren SHEEL: od

silicon carhage griet & isabseqlibgt aémntmfe:ﬂéﬂ@ﬁalb th&redhs OThe biaWR0tréAmeAPr ove
filmadhesion to subsequent | ayers. The higher density siljicon carbide

material is DERY SeeRpriogmed in dke Samesehamings used dacdanesit the slicpomad e as
form ng oxi d Wﬁ%%wﬁa@d TH plams%atrﬁaﬂﬁf tb'&ﬁe\}é’?jt {5 Sp?&éHH S@aBi @%P' de

mat eri al . [00 asma treatnent generally 1 nclude rovi di ng I nert
gas i ncl udi ndorrhiagiaupoteatiye iayatexfra hmleoﬂﬁnmyymﬁtﬂual (Hvart:thebumta&atemsmcmer eof ,

of which hell ef e i.n i . n,
ammoni a, and Cgﬂ]ﬂ‘gl naE{[?‘grl ﬁ'ﬁ%ﬂgars %%@a{t@@gﬁ??%@ebs%g ‘%%S@Hran%er _fﬁr%@@“?ﬁgr?fo gas
gr r educi Bg ga&)sequarnntiaymhécé"g\el hityieer dé}ﬁltprsmcasssarlgd@hmmw |albelae\ifekiaw tl?éitﬁ

et ween about 500 sc¢ nd .about 3000 cC ener a asma | n the
processi ng ch@RfFefes! '6%351]0“?%0%r&@ﬁ&’"ﬁaﬁ“@baagﬂgﬂgge@“% H’geg 6%n3| ty
rangi ng betwe&@ eRAEN tHe Uhre(edRlicon @adiUhafdridl, W Cn2, which is a RF power
| evel of betweeén about 10 Wand about 1000 Wfor a 200 nmm substrat e.

Pref erably, at a po | evel about f for, a siljcan car

mmtert al on alBBY" e, PSP RBEAR Ganel A PIRUCROCA HER b HEMAGH
frequency sucheimg, RRENESHEoh3 xMiEn, aitgbtdd, dEomBREHGNG tAbredf, SVIWHIEIS HERIAMYs such
as between 100 kHz and '1000' kHz. The ledpower

preferred, and/or a reducing gas including hydrogen, ammonia, and combinations
thereof, to a processing chamber. The inert gas or reducing gas is introduced into
the processing chamber at a flow rate between about 500 sccm and about 3000
sccm, and generates a plasma in the processing chamber.

[0034] The plasma may be generated using a power density ranging between
about 0.03 W/cm? and about 3.2 W/cm?, which is a RF power level of between about
10 W and about 1000 W for a 200 mm substrate. Preferably, at a power level of
about 100 watfs for a silicon carbide material on a 200 mm subsfrate. The RF
power can be provided at a high frequency such as between 13 MHz and 14 MHz
and/or at a low frequency such as between 100 kHz and 1000 kHz. The RF power
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 freatment. A substrate temperature of about the same
temperature of the silicon carbide deposition process, for example about 280°C,
may be used during the plasma treatment. The plasma treatment may be performed

9



can be provided continuously or in short duration cycles wherein the power
Is on at the stated |levels for cycles | ess than about 200 Hz and the on
cycles total between about 10% and about 30% of the total duty cycle.

[ 00351 The processing chanber is preferably nmaintained at a chanber pressure
of between about | Torr and about 12 Torr, for exanple about 3 Torr. The
-substrate is preferably maintained at a terrperature bet ween about 200C and
about 450C during the plasna treatnment. A substrate tenperature of about
the sane tewpenatsi’ez of the silicon carbi de depositionPETEEW8EIFHBr exanpl e
about 290C, may be used during the plasma treatnent. The plasnma treat nent
may be performed 9 WO 2004/033752 PCT/ US2003/ 031559 between about 2
seconds and é)l&hu&eﬂlﬁl@uk@«semmis anidtaboat phassrants, emmrmpl&ashettmm‘ientai@MenlS

seconds and a out 0 se r ef use The processin as may
i ntroduced i 5\5013 @L%ecﬂ ds preferpBly usgﬁenggr %§gf‘9l9§§6?ayrray be

posi tioned bejewmﬁaquum?% ehérﬁban@y abgay dikaRitdn ke HhOMtMRGURRY R e

surface. The gas distributor 2&) positi oned betweel about 300 m|s and
about 800 ni IP9SItiaRRd hRfwers avPHs mﬂaaamlreh@ut 1260 395 fremdhesubstratessiafaca. be
noted that the.r ‘,atgga s e pl asm
processes in vaerﬁﬁgt@ 40 P,ﬁ{ B@% Egﬁe?\g?eem Jt strgstgﬁi%g%@,éo?u@ﬁé as
300 nmm subst r@riagtheﬁmaanammnem‘t a pI asma treat rrent for a silicon and

car bon cont aining filmis further disclosed in U S. Patent Application

Seri al a . En h n and
to Mnim zegtégéélgat I on ES%PCQ %%u!dcghfrzdl}%? ﬁgﬁLgﬂg%@E&\% ggﬁﬁﬁat%gn@%gb 1999,
whi ch i s i naoogifiedhte getiemeitine lpj,esmaf ﬁnoeemstm \Idneuemanbersoand Ifmodlﬁement
with the discl and_ cl ai the inv on descrl rein.
[0037[ The bt PREFE s ® sipegy SUch 25 ”%ﬁ’oe %@Wﬁ &ﬁ‘?’@&‘l’i é l?@”@afbe F Fand
optional ly, adssie@nhndicatRmt édrtaihiay &ine |§¢1mhrer alsa@séd Im ng Pétéugﬁaphc@ﬂéh
carbon, a d|€§I ectric_constant of %ﬁ?than about such |l ess th an about

3. The adj aceRtnabMNo. RE33R,52h cpnitied, 'aspa treajrpgnt uté’e quetmeﬁ&"r?@q 9 ayer
materi al desouinkEs BB Carodn LOFEMMPOSORS 185 AP 18, 005! AnRrigen!

- excl udi ng hydrogen atons, preferab
incorporated herein by reference to the extent not inconsistent with the disclosure

and claimed aspects of the invention described herein.

[0037] The barrier layers are preferably deposited adjacent cap layers and
optionally, adjacent dielectric layers comprising silicon, oxygen, and carbon, a
dielectric constant of less than about 4, such as less than about 3. The adjacent or
nearby dielectric layers for use with the barrier layer material described herein have
a carbon content of about 1 atomic percent excluding hydrogen atoms, preferably
between about 5 and about 30 atomic percent excluding hydrogen atoms. As used
herein, “nearby” dielectric layers refer to dielectric layers that are separated from the
barrier layers by an intervening cap layer. The adjacent or nearby dielectric layer
may be deposited by oxidizing an organosiliane compound in a plasma enhanced
chemical va.por 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/fem®.

[0038] Examples of methods and uses for the adjacent or nearby dielectric layers
comprising sificon, 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
10
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bet ween about 5 and about 30 atom c percent excl uding hydrogen atons. As
used herein, "nearby" dielectric |layers refer to dielectric |ayers that are
separated fromthe barrier layers by an intervening cap |ayer. The adjacent
or nearby dielectric |ayer may be deposited by oxidizing an organosiliane
conpound in a plasma enhanced chem cal vapor deposition technique. For
exanmpl e, a suitable adjacent or nearby dielectric material may be deposited
by reacting trinethylsilane and oxygen in a plasma enhanced chenical vapor
deposi tion tewbniguesssani th the plasma formed under condptiossosiceskadi ng a
hi gh frequency RF power density fromabout 0.16 Wcn2 to about 0.48 WcnR.

[ 00381 Exanpl es of nethods and uses for the adjacent or nearby dielectric

layers conpr May2g, 2000, Uiited SKatee Pateatilo 0BIREI090, ediioh Beptdthifdraat po®, GaASt ant
of less than L about 3 are nore further descri bed in United States Patent No.

6, 054, 379, i sShied Statend 2160l Np3 373935/ sepebInoPesser Why20), wiido, areni t ed
States Pat ent in@@rpo%t@@?g%g%fedcéﬁggin%Hﬁé’rétlfe%é%t in\%ﬁr?%ﬁeﬁﬂgith WY Gigdostiat es

Patent No. 6,303,523, sued on t ober 16, are I ncofporated by
ref erence her ehthclaing thescokedhereinot i nconsi stent with the disclosure and
claims described herein. [00391 An adjacent cap |layer is deposited adjacent

a barrier lay escpl.b rei e ' rQcessi n S | udi ng an
oxygen-free oﬁ{ggﬂosi P‘hc%tﬂac%gr?%gﬂﬁggri % %Sggdn%dgge?to?nt?%{gg'?%yg%ﬁ%%%{%ﬁade
cap | ayer. | nherin dnboeactingt 2 plroeessingy gras- fincheling gan asiybdefroe cogpaosiitonas
the formula Si H (CH3)y(C2HS) ., ereinx is.1to3 yis 0t ,and z is O
to 3, and x+y$9mﬁ’guré%éaq pl@g%&to%}@ 6)?9‘6%’?19?'%’@% C@r'@%ﬁfcé?l%@&?’%ﬁéwn@emy
be an al kyl si bayfen-feaecbrgafosidonydothdcane has Aheerilss SIHATSH, ) CIH WhbRdih ane,
or tetranethylsilane. Prefer abrlﬁ’g-the oxygen-free organosi|icon compound is
[

trimethyl silaffel e Ysi®1Q Kor. 8 Bild Pap gl &ty Hids aaugbto #ncihedexyarerisgen.
[00401 In anothefosiieadi BBMbourid ey an- %ﬁ e%@rs% SidychONaL ORMGaHEY De

a phenyl -containi ng organosilicon conpound. The enyl -cont al ni ng
or ganosi | i con diregihylsilang. wirpethusianco rayatatiamethylsitanso njtefedabinathei exygsadreeo
deposit a siligtihosilicon compound is trimethylsitane. The silicon carbide cap layer may also

include nitrogen.

[0040] In another embodiment, the oxygen-free organosilicon compound may be
a phenyl-containing organosilicon compound. The phenyl-containing organosilicon
compound may be an organosilicon éompound that is used to deposit a silicon
carbide barrier layer on which the cap layer is deposited. However, the barrier layer
is deposited using processing conditions that allow phenyl groups to remain
attached to silicon atoms in the deposited barrier layer. The silicon carbide cap
layer is deposited using processing conditions such that substantially no phenyl
groups are attached to silicon atoms in the deposited cap layer.

[0041] A silicon carbide cap layer may be deposited in one embodiment by
supplying an oxygen-free organosilicon compound, such as trimethyisilane, to a
plasma processing chamber at a flow rate between about 50 scecm and about 800
scem, supplying an oxygen-free carrier gas, such as helium, argon, nitrogen, or
ammonia at a flow rate between about 50 sccm and about 2000 scem, maintaining a
subsfrate 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.

11
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carbide barrier layer on which the cap layer is deposited. However, the
barrier layer is deposited using processing conditions that allow phenyl
groups to remain attached to silicon atons in the deposited barrier |ayer.
The silicon carbide cap |ayer is deposited using processing conditions such
that substantially no phenyl groups are attached to silicon atons in the

-deposited cap |layer. [0041] A silicon carbide cap |ayer may be deposited in

one enbodi nent by suppl ying an oxygen-free organosilicon conpound, such as
trimethyl sil ssoeo040337@2 pl asma processi ng chanber at a fIPEWUSANFIHESWeen
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 aboybo42000 ThedREF powiencan bengovddeds aba thight ﬁed@ﬁﬁ?@@émaﬁbbﬁ&é&ﬂ% about

250C and aboyt 450 nt ai chanber pressure between about Torr
and about 15 Qg @n ar‘irTIa ‘Q‘Efv\%ra&wfrﬁ%'f% Ecﬁﬁtb@WGQ”\i\Bth@/Zcﬁ*ﬁéj 30RP about

5 watts/cng, beteer t LiSlad Al
004! 033782 Pag LESonT oara &9%0\2@1[&) Th %ét' ddy B0 %B&fdé”\ﬂ AortBloles | gh

frequency suckhessiniibe Rewar iB3on Eaahatetiheweiszfoamtlw lests thar @lwnﬂ 28§ Utmand such
as between 1 fi usly
or in short ura'tﬁ‘zc 3?]1@% t%tgpgemmgﬁraggﬁeltcﬁl:aﬁg%r UP%{gr??gféﬁ]él%ga@e% I.gi\?/éél S
for cycl es | guscddsig gadsom’eayzm)lnhlmdmad :ntdltheoushan)tcﬁrdfy 4 gualdistituterctheabasit 10%
and about 30%.0f. the to The cessi e |nt oduced
Mo the. charbigrbu)r mag b8 nestiohed hbhEen Meu 2A6 s 2nf ApdiC 2Ry TRysom the

posi ti oned befpeatcadiPldte. Zﬂﬁlef@éssdlétﬁdut@bﬂ%{y Be? PBsifidried hat@aen ESoutSw@SEnﬂ@t e
surface. The gas distributor posi ti oned between about 300 mls and

about 800 ni | a8ndighquh§Ol H@SGHB%{@W%F’%E%‘?S?{ -0043] The cap | ayer may be
deposited in the sanme chanber in which the barrier layer is deposited. In

one enbodi Menjgeqsf Ne TRPcAFMGEr tndy ﬁ@l@l@ébét@d ih thefsdPh@ daRbdrTin wh@ﬂ&ﬁ@%mer
avail able from Applied Materials, In Santa Clara, California._An arrple

of a Producer@y§" ieiirpeited: s’r’d@i%ﬁmﬁé‘é!meﬁt the capdavantis Fiéposﬁeé%ad%ﬂ? u
i's incorporat gfafler el2l&HSCHAR" RbRlied Materials, Inc., Santa Clara, California. An

example of a Producer® Chamber is described in U.S. Patent No. 5,855,681, which
is incorporated by reference herein.

[0044] The above process parameters provide a deposition rate for the cap layer
in the range of about 100 A/min fo about 1000 A/min, when impiemented on a 200
mm substrate in a deposition chamber.

[0045] An example of a preferred silicon carbide cap layer deposition process
includes introducing trimethylsilane at about 320 sccm into a processing chamber,
introducing helium at about 800 sccm into the processing chamber, generating a
plasma in the processing chamber by applying about 400 watts of RFF 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 sificon carbide cap layer may be plasma treated, as
described with respect to the deposited silicon carbide barrier layer.

N
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[ 00441 The above process paraneters provide a deposition rate for the cap

| ayer in the range of about 100 Am n to about 1000 A/ m n, when inplenented
on a 200 nmm substrate in a deposition chanber. [0045] An exanple of a
preferred silicon carbide cap |ayer deposition process includes introducing
trimethyl silane at about 320 sccminto a processing chanber, introducing
-hel i um at about 800 sccminto the processing chanber, generating a plasm
in the processing chanber by applying about 400 watts of RF power,

mai nt ai ni ng twe@wistnat e tenperature at about 350C, mairdm@isengssiye chamber
pressure at about 12 Torr to deposit a silicon carbide cap |ayer. The
spaci ng between the gas distributor and the substrate surface is about 400
ml. A silicofposrgar biis efdRdinine d8%ibbe HeeAShHE aép&ﬁtmgbgﬁﬁon%?bl?é fwbr@’
this process and have a dielectric constant of about

deposit ed si | fdaeent dow katieleclfic laygsraramyovidedodivairate hatieentios, thd@@dlculaed

2004/ 033752 PEtPORDGOEEER R Fo SRS IAT KBRS WRITenidh Norcin ror

depositing silicon carbide I ayers adj acent low k dielectric |ayers are
provi ded to i DenesitionefiaBaririgy bays 2l PpantascaehaStruetdredi nent shown
shoul d not be used to limt the scope of the invention. Deposition of a

Barrier Laver [ga[src? t

damascene str [lCt L]II‘ e gﬂaéxﬁm? g%nrrggdé e&% #FU%P{';Q%%&A%foq%%gqjgﬁ'gg&ﬁ%1'8?" al

descri bed her eanblcbsnateha!rdesenbechlym‘eml as aihamenlaryeﬁegstrcmvnlm Fgwe! 1, cArsilicear bi de

barrier |ayer ral |y . 0S| t he recursors accord

the processe& gedfs%g a¥1eér1§i’ﬁ9 ?]ertaf%g &F&HF'@%&P%@SP@ RACPYH {ogﬁe

inter-level dpfdcesiesrdeshabateitsreinon thellssbgtﬁtes@ﬁbe&@eﬁ@mhw-i&%mﬁm&ueﬁ

material. The substrate surface r’g%eﬂc n‘r) se netal features formed in a
ng pyRsSAUSHYY;

di el ectri c maP&Mesn the spbyivads a deposited matpsiak ahe gy{sltratplsqrg'jce

general |y depgag tceﬁweetnmaﬁééwe@ryfoﬁﬁécbinclaed@e&fnb%atéﬁa{%r 10 using the
precursors descrlbed herein for depositing silicon carbide cap Iayers A

first dielectric |ay sin lic oxygen, .and_ carbon,
- described her 899 s g‘e?fés F'ﬂ"&i‘n&‘fhldﬁ ap; 43V‘?:"or§':1 i eenerally: depasifpd onthe’ SC{H’O“

carbide barrier layer 10 using the precursors described herein for depositing silicon

carbide cap layers. A first dielectric layer 12, comprising silicon, oxygen, and
carbon, as described herein is deposited on the silicon carbide cap layer 11. An
etch stop (or second barrier layer) 14 of a silicon carbide material or oxidized organo
silane layer is then deposited on the first dielectric layer 12. The etch stop 14 may
include a silicon carbide material deposited from the organosilicon precursors
described herein or an oxidized organo silane layer. Alternatively, the etch stop 14
may be a nitrogen containing silicon carbide material. The etch stop 14 is then
pattern etched to define the openings of the interconnects or contactsivias 16.

i

[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 contactsivias 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
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etch stop (or second barrier layer) 14 of a silicon carbide material or
oxi di zed organo silane layer is then deposited on the first dielectric

| ayer 12. The etch stop 14 may include a silicon carbide material deposited
fromthe organosilicon precursors described herein or an oxidi zed organo
silane layer. Alternatively, the etch stop 14 nay be a nitrogen contai ning

.silicon carbide material. The etch stop 14 is then pattern etched to define

t he openings of the interconnects or contacts/vias 16. [0050] A second

di el ectric | swoer004®3158 t hen deposited over the patternedCeiUstnos/ensgyy. A
photoresist is then deposited and patterned by conventional neans known in
the art to define the contacts/via 16. A single etch process is then

perforned toin BRfurdye2A261, ahithane cxse SedfondPviews of h Bebstiztd hatingtiRnslepPort ch
t he unpr ot ect ed di el ectric exposed by the patterned etch stop to define the
cont act s/ vi adha Bveein periomygd ekefituct i ve material's 20 such as copper are

then deposited to fill the formed contacts/vias 16. [0051] A preferred dual

danmascene st gisb reA@Q{d\mﬁ%ur@ mcwuéan%grmué%rh@aelayémmﬁld%oéﬁé@ww ng a
silicon carblde arrier layer and a silicon carbide cap |ayer deposited by

the processedhelestsirpied sHérad irony Be qereatesiicop Eesispesd destriedt hewin yior 13 WO
2004/ 033752 |
Thovs of o scsbosiid St canile BarioMiérs. e oot bl ok BB 196 haES|

[ 0052] As shd:mdopedzmghr@xygé’n lworenlpfmsphomsbodeorhbmatsms theyasf. 1THe Biticon
deposited on

b f f I
descri bed hercértﬁ'g? Z’%ff‘seiﬁgg@iﬁﬁf{agﬁ?%883'&%6 3! g'agﬁfﬁ':lsl écgpﬁﬁﬁl%ur#%%é' F1icon
car bi de barrisgo marsin nm&%mcemmmmem mﬂaommammbmt@boupmmw de O

conbi nati ons thereof The silicon carbide barr| er layer 110 may

deposi t ed by PRt PIOEERING HAPREHYILISERG &t Plapgt in ﬁ@opﬁ%ﬁflﬂglmamwebv

processing Ché’gfﬁ?ﬁﬁ 100 W RRUSH 19 é?\%l‘dyuméﬁtaﬁ%%e%sﬁ%%hﬁb%tm’ehﬁ about
processing chanbe gener at i névimmasma in the processing C
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silicon carbi I con carblide material 1s depo at about
1500 A/min byTlumdquﬂltedemson carbide layer has a dielectric constant of about34

10053] A cap layer 111 of silicon carbide is deposited on the barrier layer 110.
The silicon carbide cap layer may be deposited in sifu by a nitrogen doped silicon
carbide process with the source of nitrogen minimized or eliminated during the
deposition process. Preferably, the cap layer 111 is deposited by the processes
described herein for depositing silicon carbide cap layers from a gas mixture that
comprises an oxygen-free organosilicon compound and is reacted to form a plasma.

[0054] The silicon carbide barrier layer 110 and the cap layer 111 may be plasma
treated with an inert gas including helium (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 sifu 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 andfor 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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The deposited silicon carbide | ayer has a dielectric constant of about 3.4.
[ 0053] A cap layer 111 of silicon carbide is deposited on the barrier |ayer
110. The silicon carbide cap | ayer may be deposited in situ by a nitrogen
doped silicon carbide process with the source of nitrogen mnimzed or
elimnated during the deposition process. Preferably, the cap layer 111 is
-deposited by the processes described herein for depositing silicon carbide
cap layers froma gas mixture that conprises an oxygen-free organosilicon
conpound and w@2no¢easted to forma plasma. [0054] The siBGTAGHI008/8F1BI%de
barrier layer 110 and the cap layer 111 nay be plasma treated with an inert
gas including helium (He), argon (Ar), neon (Ne), and conbinations thereof,
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less reacti vIOrwWPRTRS; 04t 35006/ B digriRdirhanisiang nduige the reastie t flean as
wel | as the kesd on of layers formed thereover. [00551 The plasma process
I ncl udes a processing gas of heliumor a reducing gas, such as hydrogen, at
a power |evel of between about 200 watts and about 800 14 WO 2004/033752
PCT/ US2003/ 031830  whee first dielesticleyat 148 sfiinterlayecdinlgstrigmeptara is damsietomds
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trimethylsila to _a thjcknes f ahou 000, to,about . 1 0 ependi ng
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-material is Black, Dianond TM o . .
material such as a low k polymer material including parylene or a low k spin-on glass

such as un-doped silicon glass (USG) or fluorine-doped silicon glass (FSG).

[0057] The first dielectric layer 112 may then be treated by a plasma process
including helium or a reducing gas, such as hydrogen, at a power level of between
about 200 watts and about 800 watts for between about 5 seconds and about 60
seconds for a 200 millimeter substrate. The processing chamber is maintained at a
pressure and at a substrate temperature of about the deposition pressure and
temperature of the first dielectric layer 112 during the reactive clean process.

[0058] As shown in Figure 2B, the low k etch stop 114, which may be a silicon
carbide material, is then deposited 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 battier layer 110. The
low k etch stop 114 may be plasma treated as described herein for the silicon
carbide barrier layer 110. The low Kk stch 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
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filmcomercially available fromApplied Materials, Inc., of Santa C ara,
California. Alternatively, the first dielectric |ayer nay al so conprise
other low k dielectric material such as a |ow k polynmer material including
paryl ene or a low k spin-on glass such as un-doped silicon glass (USG or
fluorine-doped silicon glass (FSG. [0057] The first dielectric layer 112
may then be treated by a plasma process including heliumor a reducing gas,
such as hydrogen, at a power |evel of between about 200 watts and about 800
watts for betweenyabeut 5 seconds and about 60 seconds HQUSac0208153% | | i met er
substrate. The processing chanber is maintained at a pressure and at a
substrate tenperature of about the deposition pressure and tenperature of

the first di ehsiabehn abd)IerA bad a@unﬂmmﬂay Bé@\%ﬁdﬁe@'&ﬁhe@t&?%@?ﬂh%@?l As
shown in Figure 213, the low k etch stop 1 icon
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about 5, 000 t%elieved to reduce the reactivity of the surface of the layer 118 to subsequently
deposited materials.

[0060] In an alternative embodiment, a nitrogen-free silicon carbide or silicon
oxide cap layer (not shown) between about 100 A and about 500 A thick may be
deposited on second dielectric layer 118 prior to depositing additional materials,
such as photoresist materials. In a further alternative embodiment, a silicon carbide
cap layer (not shown) may be deposited from the same precursors and by the same
process as the silicon carbide barrier layer 110 on the second dielectric layer 118

prior to depositing additional materials, such as photoresist materials.

[0061] A photoresist material 122 is then deposited 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 %E. 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 (ie., the
interconnect and contact/via) as shown in Figure 2F. Any photoresist or other
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about 15,000 A as shown in Figure 2D. The second dielectric |ayer 118 may be
pl asma treated with heliumor a reducing gas, such as hydrogen, at a power

| evel of between about 600 watts and about 800 watts for between about 15
seconds and about 60 seconds for a 200 mllineter substrate. The processing
chanber is nmaintained at a pressure of about 20 Torr or less and at a
substrate tenperature of about 450C or less during the reactive clean
process. The plasma treatnent is believed to reduce the reactivity of the
surface of tReob@yed37s218 to subsequently deposited nat erdTalsg003pHSHB0 | n an
alternative enbodi ment, a nitrogen-free silicon carbide or silicon oxide
cap | ayer (not shown) between about 100 A and about 500 A thick nay be
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or other anisotropic etching tec ues to define the netalli zat
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asal um num CBRREIOE dhE il S CamTRaR s PRl meBhatEalPyRhid. 2 end

is to shown in Figure 2H.
Examples

[0063] Organosilicon compounds described herein were deposited as barrier
layers on a substrate surface and analyzed. In one example, a silicon carbide
barrier film was deposited from a diphenylsilane compound and compared to a
silicon carbide barrier film from a conventiona! silicon carbide precursor,
trimethylsilane.

[0064] Both diphenylsilane and ftrimethylsilane precursors were deposited by
infroducing diphenylsitane or trimethylsilane at about 500 mg/min into the processing
chamber, introducing 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.

[0o65]  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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use copper to formthe smaller features due to the low resistivity of copper
(1.7 pn- cmconpared to 3.1 pO-cmfor alumnum. Preferably, as shown in
Figure 2G a suitable barrier layer 124 such as tantalumnitride is first
deposited conformally in the netallization pattern to prevent copper
mgration into the surrounding silicon and/or dielectric material.
Thereafter, copper 126 is deposited using either chem cal vapor deposition,
physi cal vapor deposition, electroplating, or conbinations thereof to form
t he conduct i wep sb4eseistire. Once the structure has been finkdweuk20ibhs@opper or
other netal, the surface is planarized using chem cal mechanical polishing,
as shown in Figure 2H Exanples [0063] Organosilicon conpounds descri bed

herein were de@epi t EThedsarh@riay@ propetiey werenested BY 3 Bias Fempefaane t@dvhich
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di phenyl si | ang7%6 whileneaguriid akaga cepenitfosa0davipeni heakage auvenpinstessss ng

qonerating o S Sk8aRE, 4t Moy RhetEy THEM IsihBor POl a0 bl 3 R
energy, mai nh@psting thbeasidydayartie consigredita havatailadowhe’d $0% ofMhindericas ng

t he chanber ressure at about 3 Torr . to deposit a silicon carhide, |layer.
The heater spﬁé?ianéﬁéﬁe%wpew fRnditions e iee Wap Meastieddtg indieate bFUéGS]

The deposi t edeffédiiiBnesRrfer i Bbpested Timanatoragstidodr ofdihe! ik lihdiced hanthe and
barrier layer diffusion. The diphenylsilane silicon carbid | m hagd a

. ) oof |
measured di efipbenylalane sdicancagiidepad@ lsakeamenand of abpgt kg1 ssmaseME Al fl con
carbide film ' i1 G8 f o
2004/ 033752 P@%@%@z%@’j é'fdo%%&é‘? 18} SRSl Y “é@@ﬁ”%’%“ﬁ%i‘%? 583 elure
tested by a Brais affemqimub? @rimurszwhile thie tomethptsdape sificrmeatbids fino hadl adeakage
_damascene dev'cﬁﬁenl‘fso'f %%ohth?e@bé)rxgslgrﬁsg{ ! Wcﬁ!' .J.\Hacgt?out 1e® amps/cm? at 2 MVicm

and had a 50% failure rate after about 4.4 hours.

[0067] In a further example, diphenylmethylsilane was used to deposit a silicon
carbide barrier layer by introducing the diphenyimethylsilane at about 500 mg/min
into the processing chamber, introducing 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 for a
diphenylsilane deposited film, 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.

[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 trimethyisilane
deposited silicon carbide films. Comparison of the fims indicated that the
diphenylmethylsilane silicon carbide had a leakage current of about 3e® amps/cm?
at 1 MV/cm 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 16™ amps/cm? at 1 MV/cm and about 1e® amps/cm? at 2 MV/em and had a
50% failure rate after about 4.4 hours.
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C

carbide filnms and subjecting the deposited filns to a substrate tenperature
of about 275C while neasuring | eakage current for a device. Leakage current
increases w th degrading barrier layer properties. Wen | eakage current
reaches about 10"3 anps/cnR, the barrier layer is considered to have

fail ed. When 50% of the devices failed under these processing conditions,
the tine was neasured to indicate barrier effectiveness for the deposited
films. Conparison of the filns indicated that the diphenylsilane silicon

carbi de had gd sak@ggzcurrent of about 1le-09 anps/cn? atpdryyimgasi¥®l ts/cm
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spaci ng was >a:(iﬁ'ﬁut 450 mls fromthe _substrate surface. [00681 The deﬁosMed
films were ex$fROSEQ %Wna?ﬁép‘ﬁﬁéﬂyﬁfrorﬂlﬂ Bealet ppacintWwas ahout 45 milsrfrerethe ayer

di f fusi on. Thﬁ:b@tr&@%’&%‘fh&%ﬁ hyl silane silicon carbide filmhad a neasured

di el ectric constant o out 3.6 conpared to about 4.3 for trinmethylsilane
deposited silicon carbide filnms. Conparison of the filns indicated that the
di pheny! met hyl&70] anelkg Hepesited £inms were gyamined andganalyreddat disleciisoeanstant 9

anps/ cn2 - at Jn MYLeHEY a@@}%ﬁe"ﬁeaﬂ?ﬁtﬁsﬂ%&&ls 4\% B iR it 33 2

failure rate after abo ours wh i | ane S|I|con car bi de
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dimethylphenylsilane silicon carbide had a leakage current of about 1e® ampsicm?
at 1 MV/ecm and about 2e® amps/cm? at 2 MV/em and had a 50% failure rate after
about 11 hours while the trimethylsilane silicon carbide film had a leakage current of
about 1€ ampsfcm? at 1 MV/em and about 1e® amps/cm? at 2 MV/cm and had a
50% failure rate after about 4.4 hours.

[0671] This data indicates a significant and unexpected improvement in barrier
layer properties and dielectric constant for diphenylsilane or alkyl substituted

diphenyisilane compounds in comparison to available barrier layer processes.

[0072) Data was also collected to compare the properties of the barrier layers
described herein with the properties of a combination of the barrier layers and cap
layers described hersin. A barrier layer was deposited in a Producer® Chamber
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 MVicm of 2e”® amps/em?. A silicon carbide cap
layer was deposited using a Producer® Chamber using a plasma from a flow of
trimethylsilahe 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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(A) treatment
(A)

~ 1000 A 1134  4.18 108 936 4132

cap layer 1001 4.24 117 810 4.285

~ 3000 A 3558 102 3390

cap layer 2930 116 2714

barrier layer | 1104 3.433 101 936 3.452

+ ~ 50 Alqo28 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

cap layer

~ 1000 A|1035 3.429 340 558

barrier layer | 1120 3.438 392 614

{0074]

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

was collected from layers deposited in each of the fwo 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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pressure of 12 Torr, and a RF power of 400 watts. The silicon carbide cap

|l ayer had 19 I i WD 2004/033752 PCT/ US2003/ 031559 a dielectric constant k
of 4.2 and a | eakage current at 1 MM/ cm of 3.5e-9 anps/cn2, The
conbination, i.e., the stack, of the barrier |ayer and the cap |ayer had a

dielectric constant k of 3.43 and a | eakage current at 1 MW/ cm of 2e-9
.anps/cnR2. Thus, the stack of the barrier |ayer and the cap |ayer did not
have a significantly higher k than the barrier |ayer alone. [0073] The
barrier Iayer‘g &EBasleﬁyer s, and conbi ned stack of barri epchepernssasd cap

| ayers descri 8(:71 erein were treated with an oxygen (02) plasnma to neasure
the oxidation of the layers. The results are shown in Table 1. Table 1.
Layer Thi ckneggasiinalidetdin fedlioh HeansudtD] & khesRpl, 8f §644tldh ofthd BarriePRFERNT K
of oxidized of non- constant k |ayer after oxidized before 02 after 02
treat ment Orefeawibedihgian. 02 treatnent t (A) treatment (A) 1000 1134 4.18
108 936 4.132 cap layer 1001 4.24 117 810 4.285 - 3000 3558 102 3390 cap

| ayer 2930 11 14 T ; a4 : s 1028

5417 122 873 W 83 ok e rhough EXEcRlopreftiadtifoctifaieof e yegedt 107

100 A 1096 3. 48&nfi0g Btk ahdI@ther embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is determined by the

claims which follow.
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cap layer 1000 1035 3.429-340 558 barrier |layer 1120 3.438 392 j 614 [0074]
Two sets of values are shown for each type of deposited |ayer, as data was
collected fromlayers deposited in each of the two processing regions of a
Producer (r) Chamber. The thickness of the oxidized |ayer after the oxygen
plasma treatnment was significantly larger for barrier layers wthout cap

| ayers t r ol l:ayers with cap |ayers, as shown in Table 1. Thus, it
i s beli e@gﬁafﬁa{:'aﬁ‘e&dc'gp [ayers 20 WD 2004/ 033752 PCT/ US2003/ 031559

descri bed herein reduce the anount, i.e., the depth, of oxidation of the
barrier layers described herein. [0075] While the foregoing is directed to

pr ef err ed, enb@dmetirsdsfor prodessinges sobsirateyedrhpdsingot her and furt her
enbodi ments of the, invention may be devised wi thout departing fromthe

basi ¢ scope t {epPeskingady siliceons Copidenbamisr ilayedeDyr iRtFRANGNRG tdeflirst| ai s

whi ch foll ks Clai s 1. : f SSi a
substrat gr g%éosr?@rqz iqér%%g‘g%gs ic{s%gg@i?%c%@agg%ﬂ?%’e %%rpﬁéﬁe)ﬁl @&/&e?a by

i nt rodugI iprocessing shamheq_cwbeie#g tt)amrgiamslli@mogmpbshdg'nasalthe)fcgﬁnwai i cgnh
conpound j Nt rqcessj ng, chanper erein t or ganosi | i con conpound has
t he fornﬁ'lga(wﬁﬂﬁgﬁﬁéyﬁ'(’@' %,lsnaﬁgﬁemsgtpg,@n c9‘§?‘ i?‘?vsa’ﬁ‘ Regctindand ¢ is |
to 4, an ' bLE St | ' [ e barrier
| ayer, mﬁ%égﬁﬁf{pﬁtgbes%g@r Pgé @5@%&@?@8&:@3%?&%?3&% ﬁﬁg‘lﬁ‘eistﬁ han 4 and
cont ai ns bardenibyer bapa dielethichmmhstantdess than 4andwontains ghengidroupsa silicon

carbide cap ] ayer adjacent the barrier |ayer before or after depositing the
barrier I%@LG%Pﬁﬂ RATHAN second processing gas i xture conprising an

oxygen-free OLaaRAR%hY ! OflcG? LBANAE chplifydiidjacent the barrier layer before
or after depositing the barrier layer by introducing a second processing gas
mixture comprising an oxygen-free organosilicon compound into the
processing chamber, and reacting the second processing gas mixture to
deposit the silicon carbide cap layer, wherein the silicon carbide cap layer has
substantially no phenyl groups attached to silicon atoms.

2. The method of:claim 1, wherein the f'oxygen-free organosilicon
compound of the second processing gas mixture is trimethylsilane, and the
second processing 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/em?,

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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processi ng chanber, and reacting the second processing gas mxture to
deposit the silicon carbide cap |ayer, wherein the silicon carbide cap |ayer
has substantially no phenyl groups attached to silicon atons. 2. The nethod
of claim1, wherein the oxygen free organosilicon conpound of the second
processing gas mxture is:trinethylsilane, and the second processing gas

m xture further conprises helium 3. The nethod of claim1, wherein the
silicon c&rbi dEheapethageef claim fbspuberein the dxygendreeagas rafi theosacondnpr i si ng a

high fre : lensd mgabout 0.02 WenP to apput 5 WcenR. 4.
The met hﬁsgég%ﬁﬁiﬁgﬁ[ﬁ%%'gﬁl?wlﬁi(ngamﬁﬁ??@g8'# Gaﬁ%girﬁ‘%cﬁﬁge%?ﬂound of

t he seconghbqut@oeascehnandabolt 2000 §cdrp. 1 owed into the chanber at a flowrate
of between about 50 sccm and about 800 sccm .5. The nmethod of claim1,

wherein the second processing gas mixture further conprises an oxygen-free

gas selected f iR:0f | i ST T n,. a la. 22 |
0 the merhod T meodBPUltcd 1. ARn g Brusfisilbohi it GRTER,
processi nyogessing xt ur gass f| eniRtlirént 0 chmprigagber diphonylmethyriienef bet ween
about 50 sccm and about -2000 sccm 7. The nethod of ‘claim 1, "wherein the

or ganosi | dimeihyiphenylsilanes diphenylsilane, gscombhinationsgheraafxt ure conpri ses

di phenyl net hyl sil ane, di net hyl phenyl si | ane, di phenyl silane, or conbi nations
thereof. 8. The method of claim1l, wherein the first processing gas m xture

further gncl Uﬂ?énﬁetl%d)afl&laﬁﬁW%@?&in&ﬁb%&ﬁﬁb&éﬁiﬁag Bas Fhiktie Hirtigr oxygen-

contai ni ng conpound, a nitrogen-contai ni n% conmpoun a boron-contai ni ng
conpound,inglugas sphdepantc sempanent selegiedniromartiec gmhimanfi ans oxpgereof . 9. The

The or ousPafidheatBEhfitca’ AbcbaHERARR BT, 8, b iRy = "

compound, a phosphorus-containing compound, and combinations thereof.

9. The method of claim 8, wherein the oxygen-containing compound is
selected from the group of oxygen, ozone, a siloxane, and combinations
thereof.

f
10. The method of claim 8, wherein the nitrogen-containing compound is
selected from the group of nitrogen gas, ammonia, a silazane, and
combinations thereof.

11.  The method of claim 1, wherein the first processing gas mixture further
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, whereinais 1or2,bis 1or2, andcis 1 or 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
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I 10. The nethod of claim8, wherein the nitrogen-containing conpound is
selected fromthe group of nitrogen gas, ammonia, a silazane, and

conmbi nations thereof. 11. The nmethod of claim1, wherein the first
processing gas mxture further conprises an inert gas selected fromthe
group of argon, helium nebn, xenon, or krypton, and conbi nations thereof.
12. The nmethod of claim1l, .wherein the barrier |ayer conprises |ess than

about 15 aoanua $Ha(£elﬂi)b(@si-l9)ay@narelﬂ% is Thi® aes isamiteos, @rh@bﬁsito\ﬂﬁ%hﬁl naisl
or 2,;bis 1 or and ¢ is 1 or 2. 14. A nmethod for ﬁrocessm

subst r at e, "@6HFE “itﬁ’ PEECERSRSL 083 19 depositithe hardemlayer, paheredn th@@@me&sr t he
subst rate g Q% Hﬁggggﬁﬁié&ﬂc cﬁnéﬂah%fl@rsg?ﬁasr?h Jas m xture conprising a first
c

or ganosi | i con conp processi ng chanber, wherein the first
organosi licon ocwnmstm@ élamcmﬂnearb?@e tap nnélemoﬁlthhwmé@-@ introdaeingi n a is O
to 3, ti isO0Oto 3 and cis 1to 4, an reacting the processing gas to

deposit tH ﬁ%ﬁ‘QﬂderP"P‘é?ﬁ'"Q weas eNMiXture eRIPPIIERg IaayE@POﬁds organasilisenr i c

. t ant i | th
a1 o 1 SphBRnd hBnd e RnilER S CER o B, SABrERLPI G 3Evag S, o7 "
second or gia,rmd kusonto $@ﬂﬁw3ﬂzh9\eqngl e, frmds he prodiessingtEnamibér Eanz,

wherein x is to 3, iIsOto, 3, and z is to 3 and x+y+z is equal to 4,
into the dﬁéemthﬁgsm%@pceaﬁag Qaédﬂt’qtqu tPr@P@éE@i‘\%l 55’5@6@@3?'14@ CQES m xt ure
to dep03|t & S|I|con carbide cap layer. 15. The nethod offclaim 14,
wherein the Second organosilicon conpound of the second processing gas

m xture is trimethylsilane, and the second processing gas m xture further

conprises helium 16. The jyrethod of claim 14, wherein the silicon carbide
cap layer 1% dHipmeateed gheaimpl 4 maereimthe sependconganpsilisen SORPYYNEr equency

RE pover  gGefinl W bh @ Brabotind-di% Wiktife 9 @RRthyISiaNe"%nd the second

processing gas mixture further comprises helium,

16. The method of claim 14, wherein the silicon carbide cap layer is
deposited under plasima conditions comprising a high frequency RF power
density from about 0.02 W/cm? to about 5 Wicm?.

17.  The method of claim 14, wherein the second organosilicon compound
of the second processing -gas mixture is flowed into the chamber at a flow rate
of between about 50 scem and about 800 scem.;

18.  The method of.claim 14, wherein the sécond 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 scern and about 2000 scom.

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

the first proéessirig gas mixture comprises diphenylmethylsilane,
dimethyiphenylsilane, diphenylsilane, or combinations thereof.
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17. The method of claim 14, wherein the second organosilicon conpound of
the second processing gas mxture is flowed iinto the chanber at a flow rate
of between about 50 scorn:.and about 800 seem; 18. The nethod of claim 14,
wherein the second processing gas mxture further conprises an oxygen-free
gas selected fromthe group of argon, helium nitrogen, and ammoni a. 19.

Th th f ' 8 ' h -fr, f th d
pr gcren:si ﬁ 1'Sasﬂh$;ﬁ%%'8di %1%[33@2&51 ﬁ‘f@%ﬁgp@r@ﬁge %Zﬁr%é prpgggsqleaé)?ga@f _bet ween
about 50 shemearniiRes RARAngCHB Ml p?ii}ﬁm%mt:sﬁ*dc&ﬁgsbﬁd "Rl the WEr €1 1 the

first organosilicon conmpound. the first processing gas m xture conprises
di phenyl nRROGSSSING Jas, midureewithl am exygsmnicantaining moempdunid selectedr frommbi nat i ons

t her eof . T met hod of . _claim14.  wherein.reggcting the first
processi nléé&ﬁ‘éﬂp ﬁ?ﬁﬁﬂ%‘-&&%ﬁ gggom@pqé:omnqmq@tat Bf&¥nosi | i con conpound
of the first processing gas mxture with an joxygen-cont ai ni ng conpound

selected from_the group of oxygen, ozone, a 'siloxane, and comnbi nations
t hereof . 22. Thhe rmaethed of daim irtldvhethin éhen firste processingr gas smixturegas

m xt ure Il ncl udes a.dopant ¢ nent .selected fromthe group of a

ni t rogen-ﬁJg‘b%Pﬁ%@egs @ofﬁ?&?r‘ﬁ&?ﬁ'ﬁ’%gpggg@&ﬁﬁ“éf’ﬁﬁﬁ"%ﬁ%ﬂﬂ]? 'Hﬁ'ﬁa%'é‘phor us-
cont ai ni NEbrGiAMRL NEompBangoNd hiRled of he 1 aim 22,
wherein the nit rogenr-ngonrt1 ai ni n[;w(g%ﬁ%oﬂfndgqflg Qggl?%&n-e&d fﬁﬁnﬁeﬁw%up of

ni t rogen epMainngeompound, sindacombinationss thecedfi nat i ons t hereof. 24. The net hod

of claim 14, wherein the first processing gas m xture further conprises an
inert gas selected fromthe group of argon, helium neon, xenon, or

krypton, z@d CPHE mtthé@ oS cldi® 2B whein Wni%paﬁ%oﬂiaiﬁhgiéarééuuﬁM"%rei n_the
5 h 1 0

barrier layer conprises IeSs than about 15 atfom c percént oxygen. 26.

The net hotelested| &om 1the \greupi nf anitregenogag, gmirenia,om Zilazane.c and | or 2.
combinations thereof.

24. The method of claim 14, wherein the first processing gas mixture
further comprises an inert gas selected from the group of argon, helium, neon,
xenon, or krypton, and combinations thereof.

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

26.  The method of claim 14, whereinais 1or2;bis10r2,andcis 1 or 2.

27. The method of claim 14, further comprising depositing a dielectric layer
on the cap layer, wherein the dielectric iayer has a dielectric constant less
than about 4. ! 1

28. The method of claim 27, wherein the dielectric layer has a carbon
content between about 5 and about 30 atomic percent excluding hydrogen

atomns.

29.  The method of claim 28, wherein the dielectric layer is deposited by
oxidizing an organosiiane or organosiloxane.compound in a plasma enhanced
chemical vapor deposition technique. :
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27. The nethod of claim 14, further conprising depositing a dielectric |ayer
on the cap layer, wherein the dielectric |ayer has a dielectric constant

| ess than about 4. 28. The method of claim27, wherein the dielectric |ayer
has a carbon content between about 5 and about 30 atom c percent excluding
hydrogen atons. 29. The nethod of claim 28, wherein the dielectric layer is
deposited by oxidizing an organosil ane or organosil oxane conpound in a

pl asma enhanced chem cal vapor deposition technique. 25 30, The nethod of
claim?29, wherein the dielectric layer is deposited by reacting

tri met hyl 0] anFhandethodosh claim 29| whsmire thaisldctribaayaals depsyiteddsposi tion
technique. 31. The nethod of claim 30, wherein the dielectric layer is

deposi t edreardieg trimeibyisilans andi @ageoli Ai BiAsKaachhancet ehesita) VRPOpower
density fHQHbQﬁBHEechQﬂcfu%.WC”Q to about 0A8 WcnR. 26

31. The method of claim 30, 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 Wicm? |
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