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DEPQCSI Wuwlmmﬂ ERS FROM NO~' ~ElI L | ~RECI JI t SORS BACKGROUND OF THE

| NVENTI the Invention The present invention relates to “&9 AUE 2002
met al | i zat i«ggeopr ocess for manufacturing sem conductor devices. Mre
particularly, the invention relates tq a nmethod for depositing netal and
nmetal nitride |ayers by chem cal vapor deposition of a precursor.
Background of the Related Art Reliably producing sub-half mcron and

snal | er {CREMICAL VA®OR DEPOSETION OFBARRIDBSFROM NONELNERE CIHRSORS on of
very large scale integration (~'LSI) and ultra | arge scale integration
(ULSI) integrated circuits. However, as the fringes of circuit technol ogy
are pr eBACKGRAUND OFKHEJNYENIOMNNs of interconnects in VLSl and LJLSI

t echnol Eg'v_d Eﬂﬁ EI accﬁd addi ti onal dermands on processing capabilities. The
mul til ¥ t features that lie at the heart of this technol ogy
require car efpd pBdRCRS&IOE réddted to AindASIRLE on HAdde ﬁeﬁwf@&m@%i@émie&adﬁc&ﬁ,

| i nes, cont'acts, and-other features. Reliable formation of 1hese features

i s ver yddvigesr iNere nagiculadyMbs|invenidon elags 9ue pethod fatidepgsiting reetak amliowttadf f or t
to increasg.circuit densit nd.guald t f individual substrates and die.
As ci rcﬂﬁ'{d%d@'ﬁ’éﬁ }f‘%%mil%i‘{a érs%pg?ﬁbé]?/éa&%ﬁcgmgf’ vias, contacts and ot her

features, as well as the dielectric materials between them decrease to
| ess than one mcron dinensions, i. e., 0.25 ~mor |ess, whereas the
t hi ckneBackgroundoofthe Related Art| ayers remains substantially constant, with the
result that : i f f r L3 . I } i.vi ded
by i it h 1 A EEBAREEcHR b a1 Eroh Aid SRR Eurel 1o G of HE ey REhEBloates | 17
filli ngfos ke MExt gemerationUdftverye hrgahesle ititbgratapULSly ahd oltexaredcdle integrddion
particularly where it exceeds 10:1. Therefore, there is a great anpunt of
ongoi pd%&lﬁmegb@é?dr@rcmti PeyeaEs PRETESE ‘?ﬁfﬁ“f"&ihteﬁf“°{?§}’ grermpreed: Plerpbpe
sub- M cipRKdGRT 4N BRQANARINMNOS AAPELST feaﬁﬂo%;ylrlﬁemea 2Bt AdefnatHE nas

I

al um num copper, and tungsten, are used to sub-mcron features on
subst r apreeessing icappbilliies. mahig Zudtijevel dntercaneagt feateretithatulic ot thpviesadr of ghisni num
and cop, i | [ : 4C j AGe, I ctricC S
B

t ungst emdsutlidr d¢asurts. dReliableSotniesinn dEtheseafohterea diressy ompdriant to\the-VIR:SEand ULSI9 AUG

of | nt HELEEBL e tR AR Tt HERTORP P T AR QL PR PO A TRgtes

patterngd galbstrate, diffusion and | ess than desirabl e adhesi on may be
prevented by depositing a liner layer and/or a barrier layer in a feature
bef or e deposAs direyitidiesitees enueass. tip wdthglof vizgreontaeis ad piher feeturdssas welbas theer

| ayer i i hesy tg the
undior 1 yielShE lafplale toURA TR, Bherbhsl B e bt n B BSnclABfe, 3, 2P @, 1
of t en alesyi whirdes the tisckniessoof the dicliectsic tdyetshramaime s@lstantiallyhconstapts withahe atsulthe

under | vi ng, el ety al. r pma nberkayer, ! HalAn A GeUldR! Rass! Ottt
traditional deposition processes have difficulty filling sub-micron structures where the aspect
ratio exceed 4:1, and parti.cularly where it exceeds 10:1. Therefore, there is a great amount of
ongoing effort being directed at the formation of void-free films for sub-micron features having
high aspect ratios.
Conducting metals such as aluminum, copper, and tungsten, are used to fill sub-micron
features on substrates during the manufacture of integrated circuits. However, aluminum and

copper can diffuse into the structure of adjacent dielectric layers which may form a conductive

path and cause device failure. Although, tungsten suffers from less than desirable adhesion to
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Wth the recent progress in sub-quarter-mcron copper interconnect

t echnol ogy, tantalum niobiumand the respective nitrides have beco‘r§ AUG 2002
popul ar barrier materials in addition to titaniumand titaniumnitri

Dependi ng on the application, a diffusion barner |ayer nay conprise a

tantal um or niobiumlayer, a tantalumpnitride or niobiumnitride |layer, a
tantalum tantalurn nitride or niobiun niobiumnitride stack or other

conmbi nations of diffusion barrier materials. Tantalum niobium and the

respect i veadikeent metak andriiclerancelaysypiviaieh myy paeh thedpanatioof ipterlpyey sefeetls, srahor

e R et T
sui ted atdqaesl&a by HelFe e el Gy TR os@ B 188r itForebdrrieneydd oh hqsatwrﬁe?&%s of

hi gh au?ﬁp ratio vial and ot eatures. The ability to deposit conformal
t ant al uiepasiting thstrionducting mtal nFﬁr cgnd@mptakatﬂw bmfré@btemseagef@yblw lsemposed of

oo oD R e SR GRS 2 e 5

t echni oe $iner By y¢ bﬂérﬁac hifid3ls %ﬂxcanmﬁﬂﬁaﬁf (ﬂiﬂehﬁkdl hhidhRd rp&ﬁéct @@&SurldRrlying
i ntroduced into the chanber and caused to deconpose, allow ng the netal

por t i orméatasaldem m&prhm@sfﬁtswa apq Fhentica) Tepctions WHB SthsequEnthideposited niaterielst e, and
th f bl
Gurrentry. DR et ples B HerLill SARURLE b Ao b 0By TARTRRL.

Howev erniobithi 49 tﬁten@lsdchedm&idem Bave batdm}mperar bamendatbnﬂmm grnPnhab kiyarde e
| ess than desjrabl e. coyera cron f %&#é‘??’ for d on a substrate

whi ch c3d ttaaiym witids (DeRspf |°<9nf§f' APR ’r?é“%l& & WAY CHBRESHPe
devi ce bl Br nEwlﬁrB%yeraa Wﬁﬁﬂﬂﬂrﬁx%cf 'ér”ﬁlgﬁﬁﬁxshﬁﬁ&”l g&nqstahﬁhﬂ@g%l(
material on the surfaces of the chamber, which may subséquent| e or
del anninittde camioltzmmgblampramdecﬁt@k or it reombiriationst ¢fed1€ihamb éamePamattcruue

Fi e ohEPBVE R eR o TaRR P b R ot vay b e et R Ay, ot

t he presgaiitién MBVDY hﬁﬂeoyeﬁh@ﬁwal onabor ae;foerﬁ/oxcQcmcue@irﬁqﬂe@ualnleﬁbmotsﬁrml um
'~ U AUG 20D2 3_and niobjum precursors, acid the precursors_ that are

avai | abIresspiesd Eevever niaditioan! R¥Detechmimues pleamtevslbuited for peaidingrrerfamals uch

as car %Qeﬁ@gorpﬁ%%ﬂmn& DR Yr B 08 Righ AehebtRid VihdUnd ofteSfesthieyi t Y and
produci ng frl having | ow diffusion resistance, |low thermal stability, and

ot her undesi Tmbelltf’ I depesiteoatrael tentilens andhaigbivmofitats IIWMEhmthpatmhammby such
as for taIu uality
22" b BB AR, Dk PEnddfhoSheb 5 b AL Gl
nitri danatale(bugaﬁw shaﬁlbﬂnv@foﬁoﬁapesntdnl M=OCVAY) &cknitpeghl )'in r 8h Stethtquaed ani N

sone cases, may..be insulative cal | S resul t inabi]ity to
control °r§?‘§P§i‘e&*} 11? RECYSon &2F 6%’@“8&‘}/“?%1. ot Hé,ﬁ%argﬁer ﬁ&&‘tsﬁﬁ?ép éﬁ“’f"ﬁ@sef pilpnving
deposi t@d nidtAPdrivh ﬁ%ﬁﬁflfos&rposﬁ\ﬁ fH1RQaytr (Of ALEMGOBH Bt subfifai SR Shd BrgiRical

filnms, such as tantalum the filin becones increasingly resistive, and in
the casgortén @f tthe pedcursehbeing ¢ahausted from Hhey hhambqrog@wrmm ¥HIVINj fethniques

or opor 1{pistt GHER 4 o0 O E MR AR ol MeBURES L0 bt hgRperic

of the @waitloablgendrally dhveriess tthiandéesiritee wosarage bEaah in}cmiemmrés measui ating
Ta3N5 phase. Furthernore, there are ng current satisfactor

t echni civbsraie #hishean leadrte veiglogRaiivaiin F}Wgsuhﬁfaéer feafpees %ﬁé%sﬁ’i Q?WIG%%HWEM ch
can be pdded ah ofie é'fiﬂﬁfde?@sﬁt‘idne{en&%e& @«Jnsmafenam{ 91\4%u1q'?10fe£ W$ 'tl%nchanixber,

resi stance, emical resistance, thernmal stabil ity or enhance interlayer
adhesi owhlcmnmypmbdtclqemtlw' ftake de@danmaﬂagnﬂ becmelrapariice pmbhmﬂhmshm@amher ent

C,\/Dllnr/brrler deposj ti ntec ni s i,s that, often urln trate
ot Oces o PRARTE enpRtPE R, bR ARSIt HEHE et Bt ieBTEs ety

chanberﬁma@g/légg tm%gﬁfgglellﬂteggﬁ%dﬁegmgepomt bot h t he netal and met al
nitride filnms. The transfer of substrates between processi ng chanbers and
syst ens i ncr.édditienablyoadhespragent finre, therd exiiets oplysd feyy coulbnsareialieattafiae garpaitmahi | e
exposing the films to contam nation. Therefore, there remains a need for
formng liner/barrier layers of materials from organonetallic precursors
with the liner/barrier |ayers having good interlayer adhesion, higher
resistance to diffusion, and greater thermal stability than those produced
wWith prior processes. It would be desirable for the precursors to be
deposited in ~ a process by either thermal deconposition or by plasnma
enhanced deconposition to selectively produce netal and/or netal nitride
films that are substantially free of contam nants and have low film
resistivities. It would be further desirable if both netal and netal
n|tr|de fllns could be dep05|ted |n S|tu u5|ng the sanme precursor.
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wherein: Cp is a cycl opentadi enyl functional group, Mis a netal e
fromthe group consisting of tantalum vanadi um niobium and haf ﬁrﬁﬁ@d&i’z

an organi c group, preferably having at |east one carbon-silicon bond, nis
an integer fromO to 5, x is an integer froml to 4, and y is the val ence
of M The organic group preferably cogprises an alkylsilyl functional
group, and nost preferably conprises at |east three carbon-silicon bonds.
The al kyl silyl group may further include at |east one silicon-oxygen bond.
| n anot her argk pbiumo prechrgotsn giwh theoprecuagero thgh aumevadlable cprpduse ufilswr thef hahe

hetal nerRol et soatRats R Shbn S B fhn iy b dugs ¢
I Nt r odugkiBeity"dQ SRRRIBETIRL hhein® IRE BIEHSHn kdstinge, msmmhmatﬁh@m% other

mai nt ai ned at a pressure of |ess than about 20 Torr, exposi ng th
or ganonwtdgsitable ﬁh@@bﬂ@@@n&tlés a Agiditionellyl, mepny spyecuzses, d@dbﬁp(fgn tagtaﬂxtm films,

tall I Th | L
e S Rl R e R R e
furtherpeaspri ses exposing the filmto a plasma to renove contam nants,

densify the film and reduce the films resistivity. In an preferred
enmbodi ment , Eheravaidable nitride ppwprspisiofign praducg|films that éﬁ@ﬁ!@@ﬂy tadistive endpimewssi ng

gas conprisin n,: reo i,s. treated

N th s e BracRaRahiye FEAET % o B FORF SRk B Rah T R Ot BBt

Anot herclefRes Etm&uré bf)thb e depd3itedfrerd Ith'&}:&ecﬁrdﬁiﬁt Ao theafitrolen@shiehtigcr@ases in

nmetal /metal nitrid i'~ 9 AUG 2002 511 ner/barrl er . layer. The nethod
conpr i s@gtahéﬂm%lsw%gs Senadym the fjfer besgmes ireesesigsly eviHe, éFd i engasertfamiced
deconp I I f

o e i e L AANITER. Ablob oA by SR skl R4 SorbBLID PP -
met al nwith suj:enblabe@nenpsomtawssuﬂeu BN tthe T@{sansulaal}agphtsy ﬂxhpardeﬂammsytoifon of

an orgaponet. i.C recu or_of rating
react an 65%‘%{5‘;&&’?*91 F Bbeéﬁrs%rF ?ﬂﬁ%ﬁupa?“ %W%@atl%%m%as&%mﬁﬁ’l ic
pr ecur s@e& 48 Yo bﬁn’dﬁt&ﬂu@ﬂﬁoﬂyhlﬂddiﬂm%chmlms%dl}ﬁéd&réo@fdf&kpbmﬁfgjnﬁ&%rﬁhs
nitride |layers which may further occur sequentjally in the same processing

chanber suchyag gfipe, Whishyean b addsd e ks hiwerdiaries mgtasialirte mpreyy dif8istosiresistanes, al

si i ci dg efficalRsRlandd, HemBR s&'bhﬁy &eenhgacma&layaeadﬁ&%ﬁ' on of a silicon

contai ning reactant gas, such as silane, td0 the processing or reactant
gases Wnen d@m)nvpnbéﬂrmgvmhwéemﬂwmarlgmﬂbalﬁcr s@mv% usmatmenhlﬂ@ liben®efriert he
filin, C iSti yer d

11 ¢ oEPSHER feBplale PRe T BaRr i b PREERE it®SPupisR D PRuobed 1o
a non- niubk@dte B&wﬁhﬁ@fﬁ&es’aﬁ@ dhbbére aad/omdyisteind €n loddee 1to ([dapuditreitlakheSinkiat @Ad
nitride |ayer) H@be exposed to either a nitrating,or non-nitrati ng pl asma

fol | owi WEtali@FEes (iles. Bor Uaniaseh subgrates Psiwesth RISFRIMSgChasstnand gustsms
carbon ﬂblteage@%r&e'sﬁﬁg tﬂﬁYarﬁedét?&%Ftsﬁgstme 6 REpHNGniIS @x PR HHePARKL 11ON

pl asma treatment. In another aspect of the invention, a feature is forned
on a summgldny depositing a dielectric layer on the substrate, etching a

pattern int OTI% r(e‘“:\f§,3|reb e&’é %Er%amg%pg?s t%’oqrr]gfo%nn tlﬁler/l:%?xr lsg'@rst hF I%?#bs [ &4 & by

t he decorrpos ah “or ganone ursor o

(Cp(R) " preMrb¥netalli ptedersgis emthnthe lmér/lanﬁﬁromﬁsshwgqggmd 1d&ﬂ@§drtddﬁ@1c&1 Rl
nitride layer on the substrate by the deconposition of an organonetallic

precur s’(’?ﬁlstﬁflcet R @lifffigsiqmy pad greﬁmymw@blwyltmth@ew igpt with Prigr progesses- nkj
react an dycyLv e ride
| ayer. nce 8%;%%%2‘43%1; trtlfééq%et aﬁgﬁgatlbetrbbl %p%{é"? er abl gfoégggoégdeﬁ%} Fhefidi

non- ni t dabmpgsipbrasney plasharethahcedidecantesitiay ér salyivéle pexinos edtal andot hestala

nitratin_, non-nitrating. pl asma,.follawi ng the for i on, of. t he_net

ot demRagrpTS i ate bttt Far of oS B pue Foy B FSisgviske UohyEopper
and ”HYb@?urﬁﬁPQ%ﬂaﬁl@ 1@50@%&!11%'(1 MRt A6 ARk th@d, becd'éﬁﬁ?,lfcﬁlm %QQ%rsmg the
deposition, or electrochem cal deposition, preferably electroplating or

el ect robmprd@qmm sequentially il the Aagae PrOCKBsiBE giRNTBEr. DESCR PTI ON OF THE DRAW NGS
So that the manner in which the above recited features, advantages and obj
ects of the present invention are attained and can be understood in detail,
a nore particular description of the invention, briefly summari zed above,
may be had by reference to the enbodi nents thereof



which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical enbodi nents of this
invention and are therefore not to be considered limting of its SWeAqsqm)z
the invention may admit to other equally effective enbodi ments. Figure IS
a cross sectional view of an intercongect in a dielectric |ayer
illustrating a netallization technique for formng such interconnect by the
invention; Figure 2 is a schematic of a liquid delivery system ~ Figure 3
is a partially sectioned view of a precursor vaporization apparatus show ng
a vaporgumaMARYRb Y THE (REENTION apors into the deposition chanber; Figure 4
is a. schematic view of a carrier gas delivery systemfor transporting

a- prccuTSOr Tmat ipvendlonf gepemally viapodész for ano organtepesallic ipperutsoardodrg nfetlgnd ef 5 i s

herat i, -sect i onal .vi f D ch i tabl e for. perforni
he. VBPIBBE T e LB auTF Sp e B REhEng o GETA CRanBEesBR Gl Be 6 s
a si nplgrfinpheRIIRCHeElira R SRR Mt PRsOirar RIGN bk 26 Ak ané%rﬁugzdﬂlgﬁ% of a
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conput er program of the present ‘i nventi on. DETAI LED DESCRI PTI
PREFERRERnENMBOONMENT tiEtmalindesempenablg erganametellio pragidershayimgdhe fomoniat al | i ¢

precursor and a net hod of Wals substrate at sub-at nospheric
pressures bel ow about 20 ngpgﬁggﬁljf}grﬁﬂng a netal or netal nitride

| i ner/ barri ejhetemyer in a nmetallization stack on the substrate by chem cal
vapor deposition (CVD) of the organonetallic precursor. The organonetallic
precur sor h&:Pp is Reyelopantadienyldypeionihauemp. x i s provi ded for the deposition of
a nmetal or t.al nLLTl fa tal . pteida. il ma.s d sited
on a heat edrﬁgd gt@%‘%{e&g‘e&teg hééér&mlﬂygrroqgIcgésﬁ%&éﬁgﬁfléaé@hﬁgégﬁb‘%%iI{I%)%ﬁmbgg ?he

or ganomafidhthj ¢ precursor having the foiznula (Cp(R),~xMdy_x in the presence
of a procesrsﬁijn gas. . Deconposi tion is dgfi ned h rei@igas the transformation
of a conmpourtiSiERCERHBIFETAIP: RSy, Bafingdeast "F’r'?éa‘%%'é e hepdyas may be an
inert gas, sughnasedrehbso@nd argon, and/or a reactant 1 g A3 G 2002 7
gas selected fromthe group of hydrogen, nitrogen, ammonia, silane, and
conbi nat i ons is e inseger fromdrie 4 #d conposition of the processing gas may

deposit net ﬁ)sisﬂg%felnc&%tfmi de, netal carbon nitride, and netal silicon
nitride filns. "Preférably, a plasna conprises the processing gases and an

inert Ji= sgadic asowqr greferably eomptisds anakyieilyd| fundtionaldgrotp,| srel Ayt hefdsypsi t ed

O B BRSEHES RSP B 800 TR SRR i G

met al | iaalkiiRBn-oxyded leh@anonet al | i ¢ precursor may deconpose by heating the
substrate to a tenperature above the deconposition tenperature of the
or ganonet al IIncayithsusspert BEtthedavensont anoorgangmstallino resuC, ofathe featdaabl y

decompaSBlay ey s 208 pRERAC s St By b S Re T o AR TR 1000

Wat t s, amaoshpriepesaindsy , Tieboethod 50mpiddes sntrddncieg the organometallic precursor into a
processing chamber maintained at a pressure of less than about 20 Torr, exposing the
organometallic precursor to a processing gas, and decomposing the organometallic precursor to
deposit a film. The organometallic precursor may be deposited by a thermal or plasma-enhanced
process. The method further comprises exposing the film to a plasma to remove contaminants,
densify the film, and reduce the film’s resistivity. In an preferred embodiment, a metal film
comprising tantalum is deposited in a processing gas comprising argon, hydrogen, and
combinations thereof, and is treated with a the plasma comprising argon, hydrogen, and
combinations thereof.

Another aspect of the invention provides a method of depositing' a metal/metal nitride



deposited, the netal or netal nitride filmmay then ~e exposed to a plasm

to renobve contam nants and reduce filmresistivity. In the above precursor
formula, Mrepresents the netal to be deposited, preferably a netal. ‘['SE‘SWGGZBUZ
whi ch can be deposited according to this invention are hafniumand t

G oup VB netals of vanadium tantalumg acid niobium Y is the valence of

the nmetal M of the precursor, Wth a valence of 4 for hafnium and a

val ence of |5 for the G oup VB netals. According to the invention, Cp is a

cycl ope nt almeé(hgmef [aner. hﬂm Wehecheongpaises dapositipgra ety desigs by exher # themsaleon | gand
ith t Pr ef |
W (??afs nkn clvcli dedof %Eﬂgﬂ Jf %%%%?ﬂet%ll?@gecgﬁs&y&t eof%%\?lg &@g(%})n)@olﬁ;’ ps are

used t precursor, e prec ’a| ns two
cycl op&ﬁlé @ﬁusar@y,l ofgar PteRSssing rgaﬁ heclk ubafgohwrem/dec}geh oaiﬁnmadmaﬂyﬁm{dzr Rykdis
(Cp(RN)x, x is the nunber of cycl opentadi enyl grouPs form nq% ands wlth
t he metdgposied R the raetglulsxqr by therfecomrngition o pa efgaperesidliopreppypar

the CyggB@ﬁ'} Iﬂﬁ'y eqyly nga’t%gct%]}t 2s h{&%h PR chorSa%ﬁ&dxé YREL). 979HPS a1p

di spos Tlng e su group I's organi c ‘group, preferably

havi ng oaganbm&nllwptecxﬁafrbmysuelusedaforbmwdepoemdnwﬂbcﬂh theynetell dintl imgdigll hiyrigeont ai n
at | east one_silicon-oxygen bond. The nunber of substituent groups on the
cycl ope#teauvkish may fgherspitssainddllygy the sanerPrAwAtRg Chmben Altampativebotis ng a
ligand g %Bm%&ﬂm LksoPlna &rg oQ{t &GS Qlicidebi ARG %i%ﬁ%'lthhpﬁﬁﬁ'%y ﬁ?erdd\é%n
functi ol groups are exenpl-ary organi c conpoun aving at feast on

car bon-ofid sitem d:mmdnm@|redntanagasbeucmdssn1hanuttedha)prot:dfsemgym:Ireqnmnt gdsesn\yhenr i ngs

of the precursor, Preferr hydr ocar bon su are | sj |yl groups,
or of or ABFEEe BOHRDH 15 ARy GRAR By EstRE! PO Ghd dpbice e

hydr ocgedyivits lt'lkb%btwﬁ?ér (EHdaHAS sﬂfcﬂieQQje&f@dh@En&/BﬁrH@fﬂa @El@én'ﬂé 1@9,r@fe%w c ~
functi onal gr oups, fox 19 AUG 2002 s ‘exanple, nethyl and ethyl. The nost

pr ef er resposadl [t ylmnrryvatgwgmlﬁmaaané th¢ mgtal @smlelayer (sed metad isiligpn (I!GHQC $ryep) )
di met h as)} hg lex%éscéHS%o eﬁ%ellﬂ_e) mtita ﬂrgg%trhlyoln- rXt ng( é}lﬂi%l %lﬂ(w%g &Bg ﬁc()) I 8\1 i ons

t hereo st roup furt fer en orra enyl

subst i tddpdysﬁt&xgojﬁlmshﬁn&aﬂﬁg @xhﬂmpﬁﬂﬁlammwnrﬂdb fidmspinhdy beh&psmtddd@nfoce:gmﬁ@ ni ng
substituents to | rovi de hlagher volatility. Other suitable substituents of

the cychopshicpasiny PlasPAYeTMEMtude the fl uorinated derivatives of the

al l cyl, al kgn¥hethQ aspbdti FFARe HRBKRANNE TeatSdlls tbrrd@ WnSa silistrhte thyedeplobitimgn
contai ni ng substituent groups, a fil mcan be deposited containing silicon,
but pr aiddecit Jayeronsthe isekiratsoviehingms neftope inte thei substigies depesifing @ metplalager an ysed
'to ens t Yo AL inGan

it 1 g P G Bt acBirb iRl oo BT Rl Blebde SE R MR Ron R0 NEE,

cycl opemttmlpteagdce gf cupScespiag tgas; Wepoditingt fenegdllhittide lgenbaithe mubstratesdy tthent

I groups r ovi r enhanci referr S t|e such as
Pror Do aebamastion e PR O Bir ot e Rrau Rl nb e cbhsatreninore
| t enper afitRs resRmt LRRAE BEpokifitg BQohdurEve it Saybort He rétaneR N dri Once

precursor than unsubstituted cycl opentadi enyl functional groups. ,
Pr ef er rdépositeddhe Bistad lapyeris predarplily pxHosefktotanon-Téaing ipkrsma ged mﬁémxtgé@ @ﬁp@r whi ch

al | ow are
t her rraltrﬁba& E%)a}g?otééggb gfthepgfﬁéttr%r gs be?%\}/?vrgﬁ%tfg %n%h@%lntg ; ?&9‘1!{1&% ecorrpose
W t h t hectaleposletlayen onfthafm:tcal laytr. aTheeamenative mectdl nmpreﬁdnahly ciyie ahd) madobd
1000C. referredéﬁ{ec rsors ?re al so hi ui.ds at éCDC .or belﬁu/fo eff]cient
handl i H§PFSER uPY ety Sisple VAR o AEROPIAT: CRTICHle MEPLy SFRONEOR:o OF cHEFHACREMERhor
deposi tdeﬁ&xt?d?laﬁxté%r%ly a%!:@ctma\tﬁgxr ueé%otléa@aépo@lhwﬂecorrpom tion tenperatures of
the precursors” allow for econom cal operation of processing chanbers at
tenperatures fromabout 1 SOC to about 1000C, but preferably between about
| 00C to about 4SO0C, and nost preferably between about 250C to about 450C,
with few, if any, requirenents for special high tenperature resistant

equi pnent. The presence of substituent groups on the cycl opentadi enyl rings
also allows a greater tenperature difference between the nelting point and
t he deconposition tenperature of the precursor in conparison to
unsubstituted cyclopentadi enyl rings. A large tenperature difference
between the nelting point and deconposition tenperature of the precursors
all ow the vaporization of the liquid precursors into a carrier gas sheam at
conveni ent operating tenperatures of the liquid delivery system preferably
from about 60C t~ about 100C, without the risk of premature deconposition.
Additionally, the precursors preferably have high vapor ~ S auc zooz 9
pressures of at least 0.1 Torr at 100C so as to ensure sufficient

entrai nment of the precursor in vaporized fluid flowto the processing
chanber. The high volatility of the precursor conpounds ensures a
suff|0|ently hlgh concentratlon of _precursor |n earner gas for effectlve
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19 aus z002 ><a and conbi nations thereof, but nost preferably argon, is
used in the post deposition plasma process. Preferably, for netal cqrgaqug 2002
nitride filns, plasma treatnments are not performed since the plasm
treatment nmay renove the desired carbon content of the film If a plasm
treatnment for a carbon nitride filmig perforned, the plasma gases
preferably conprise inert gases, such as argon-and helium The deposition
and plasma treatnent of the deposited filmnmay be perforned in the sane or
di f f er ent BREGIHPES CREREFIQNEPE AHEBRAMINGSi chi onetiy of the filnms are al so
affected by _the post-depasitiqn_plasma treatnment. The pl asna conposition
can al so af £8 atttﬁ% W&d@é@@bﬁ?éﬁ?vﬁec{tﬁﬁ%ﬁ%ﬁs ial\@atas?ﬁ #dpgbiecis o dhe
addi ng ,pd : i | it t al ALtk j .S e. By
ot o R e g B e, R BAL0e eEipudil

ni tri dés taentmns bridfly somtarzed ethvePnag radad batrefdenooto the emhddimehs thedeof ar e

pr eferg~ly used for.filns that are sensitive to nitrogen content, such as
tantal Jﬁﬂlﬂ{aﬁ?? g‘ét,mt’?‘i)l-nr#ﬁ?%e?ge%tdha_é”‘f’ﬁ' mMs resistivity and prevent formation
of high ni tmgmecméd?nbwwaﬁ,%aﬁue\égpm_e@ B e M1REratt 33N YpidA IR N Sents

inmpurities and reduce resistivity by mnimzing the nitrogen content 1n

met al  of this dwefiidmand e thexsfone nob bpbe eehsideredoimitipg rof dte scapedfoanheé mventigms may
be used for t%ntﬁll um nhtr'gc(ta. Ni %r(ﬁgﬂi&g pl asmas are preferably used bn
Films ALY QHCRPIHEYEHEGHNC PRBCEFFIY does not have detri ment al
consequencegiduge | (€ afdrdsalsSctiRhPPREW i0BSn ifldEddnAEt i a iRt MaPért illuslPating! 475
Unlike tantalum niobiumnitride films of different stoichionetries are
conducmetajlifatippdechaigunior faging wethintgseonned by thedgyerdipliect on the fil ns
properties. N i . rably anmoni a and/ or nitrogen
and may incfy eé%{Shaggh%g@g?g%gﬁﬁggﬁ%%%gggﬁ Nitrating plasmas can further
nitrate fil Figard 8 ipaqairttdly segionbd vieadofre palcursdt vapdazaioai appantonishowingt a
reduces sheet resisti vi.t%/ of the fli lLm and increases filmdensification. It

i s bel VERASHFSE FRPIYEISEYF NEPOrHBOr P ArPeRYOP 58 ™ i eat i ng the deposited film
wi Il producejgard & ism mh&zhathme\wedcsmﬁeeFésadenpérgmszﬁ&hQ&.uaﬁsﬁb h$La Ofcchit®r
metal s of the invention, such as tantalum and niobium which have greater
di f f usimpteriabpmtaavaparizen ip higpesiton thambsti stability than prior art

mat eri al s, i j ST i i 1 b o i d
baar i or 11 ATy £ SBBLUTLORC MR B 4 CVEP ool ol 6 g R

r esi st itheeC¥Drispoditirerprecesss ofithepresenttimventiametsudker;car bon and oxygen, fromthe

filmto lower the .filns resistivity and inprave .electrical conductivity.
The. bl asrma. BIESEBE® fi PPLFL, S Reh iebirRt Vi Mecharer gl Sa) Srvsigrocth b s,
t her ebyompReOpop@m dfahdfpant ineehtioh) M s di f fusi on resistance. Additionally,
it is further believed that the post deposition E ~ 9 AUU 2Q02 11 plasm
will densi:Fy material disposed at the bottom of substrate features in
pr ef er gjees RVad DER@PITON SROSEE PRl ' 'dﬁ%mwhe feature. This

he

ﬁﬁl@REb@?\%
forms a nore conductive filmat the bottomq t eature, at the contact
poi nt bet we@he thivefitemegeneraBy ptoyides an organtewétalbc piehensorand b metlgiddd\paddessinger e

th.e feature typi,cally caontacts i.nsul ator ernials.. The posi tion .Process
The | noaHRIIBs F Y- R pEbboutmaty Bt 2oty dpRiind F P BERistal Bede

Pr 0Ces $inbiPhab@dr Mhyer e b M etdTRiatlbn Biabk bl ErelbEt¢ by chaiica vasds depbsifortQVDSLi ve
netal layer. In an_integrated liner/barrier nmetallization schene of the

i nvent bHe oxgarpmatallicapreqursos Thegrgpnparatallicipiseurerdas B formubac(GpéR).).Yiboris
AepoSi iR DIl £EORAHS: { 100 bl RPAlmdLARAIThE Hoedlr AL PHARROTELAL! T C
precursor having t ormul a according to the invention in e présence of
a procdspsasiied gas.a Aearel ahbstiater ibgethefmilher nmidsala ealyantdie deaeposition dobythe€VD
techni que from the decoppositign of nmetal lic precursor having the
f or mul QT&REEBERIKRPTEYTOR V.Wﬁ/@'ﬁ??lawlﬁ ﬁﬂ?&ﬁg sé’h%@ pggsenge of a processing gis: at i ng
react a?ﬁe.c&’?:?osﬂfbﬁ dBRAR! nérgvels tRr ehsraariod g mt)ﬁg()ﬁ’{ﬁt fhio nk" &d%nore
barner/l1ner stack is deposited iromthe sane precursor, in the sanme

pr oc es substpncésa Fhe procpasinighges magdeandeqpogast acthlaayeliv and rgowxpdoed réatamt

post deposition plasma prior to subsequent nmaterial depositions to enhance
the effectiveness of the barrier/liner schene by renoving inpurities and
densifying the filin. The plasma may use nitrating or non-nitrating gases,
but preferably non-nitrating gases are used for nmetal filnms and nitrogen
content sensitive netal nitride films, such as tantalumnitride. The
conductive nmetal deposited is preferably copper and may be deposited by
physi cal vapor deposition, chem cal vapor deposition, or electrochem cal
deposition, preferably by an el ectroplating or electrol ess deposition
process. Wile other netals, preferably vanadi um niobium and hafnium may
be used with this process, the invention wll be detailed below wth

Y - v T T - M | o



12 fbrmed and which can be heated to a tenpexature above the deconposition
tenperatures of the precursor conpounds. Thus, the substrate can&ﬁs FU§ ng
ceramic material such as glass, thernmal oxides, or quartz, or a a u

as iron, nickel, titanium tungsten, copper, or alum num The substrate
nust be a solid at the deconposition {enperature of the precursor. The
substrate nmay al so conprise patterned wafers including those having

dielectric layers such as silicon and netal |ayers.such as alum num and can
incl ude a B felestedr oM ABF ISR GOY BifEREen o RIORSH: G 8% 0] SombpEtions

mat er i Naen hé; t : : a . i ng or
ot + on ereol{¥fird (16 CRPLLIECh SF RS SBGE (AR WBIGRI AT bRl Biide Tl 10 D)
ot her nmttadnspitraledamiometabbifismesifride fiimac Wraforablypaypdasnd cobnpsisesciae proeessing on
tenperature i s l.ower than the nelting or softening point of the desired

subst r s#a8eARdtangaert g Fuckpyieen. 1 emgtakandanetel e §ms gy b Japgsited &Rt an
exenpl | i S he i i il i ayer
Tio, o BhFTe PPt sedleghillyth s tpibblc B AR AR o) Bt shfime 2

f eat ur einla Ic6nduoting dhnetad, preferiidy rcapper| me@llizdtmn..f ot orgendri@allis fremursed rhyy
depositjng and._etching, a dielectric |ayer .114 on, the substrate 112 to form
the_ desterBapie i inye o ateEaf & ¢lebpg et i s LG SR AR AR or
line. T&gammﬁé breSurb@YREwekA 4b6@N 00T EndtBniBERE, HdSreetablyChehBl about |
deposited over a silicon wafer or an inter-level dielectri¢ layer, and is

f or med 2H08C apdaebawh 4&FCy Thgorgermmeatallieprequsar maysicormepase dy wirikingpr plesdaintes

ci ot tpovencielrsed e 2 Ao Tolurcob 26 B aufuhi” SRUR ) wall BFLTC,

114 canddp@sifidC fed matdl foramigtatlingige tfilinC ny Cther BbeOfxpPSdt &F Bi Plgsnil @S @EMokIOWN
in the art, preferably reactive ion etching techniques. The liner |layer 118
of the $oaspnEEAnddedyisp LN ESHUVBm t he or ganometal |ic precursor confornally
on the diel egthi GhbRYitcutddt BRIV FrebdrBOMhe ANLaB! b dQfositdd® pfddtiyea 116.
The liner |ayer 118 |I%p? oves adhesi onsrlgetnweeﬁ t he substﬁ)fgtle of cg‘?}ewgc%ri c

| ayer IhdtabhMetdlhwhivhlserbe depokijeddepading ¢elthtsonvkntioh arg hatiarh ahdifherGroR2p VBThe

ol aome BHF g HEmBrBREEh oo GTERAR o i Y vElsh &k bo e v AT T RERRETor

pr ocesswilg agaknéetoff 0fof hifmfuniiBbhala viaRY&S of F0F tHelGrotNWBanetals) iAtesrdingyerthe t he
deposition rate is preferably from about 30 an Stronscaléé% to_about. 50 A per
mi nut e, IMKERIENACP & apydloprrtadicRyldisdeaing ths gsngis (Prmplank indsfores ¢ digapd ut
100 |~ {hh Gle mdE MBI PAREAIRPOSIELPD 204 4t02@loﬁé'n%‘i€n§péroh§§/£l: \i8&1 3&BHhNge t he
substrate to a tenperature sufficiently high to cause the hydrocarbon

port i orpre¢ursdie anydmanst preferablnl theoprpoused cdiamacient cyclppentadienyl greupsodn the

substrate t e . [l y CAL } I i he
Subst r st pieH SPBERRIAD SR, CBRouh et BBk dRbe R gRa Rkl BRI

r eact anfor@ig lphhdywitiathg hesdl v, Reip@subistiarnt @bwp rphicihh ene ecasrdsididgens of t he
precursor is accelerated hy the presence of reactan{ species.  The exact
terrpgarga?‘ﬁtcé"lwel‘#adtféﬂéﬁ’@ﬂ? aris g'ﬁé‘ ér.rﬂfis’t“%f“&‘ﬁat O di‘SiPB%dP“tﬂPFg‘i‘%l , and
stability meaimérm%r&gmamf‘gaﬁkIg&&pppﬁw@pﬁa@@am&@%ﬁé cB8o:9853128n Used
.under the deposition conditions. However, a tenperature from about room

t enper abande an® whbehumay eddiGonallycomtaimpt eagdone guilicohexygrar banld. dbe omupadst toif on  of

the precuyrsor of the inyent supstr i a a rature
bet weereBoge dopte s BEREORRaIeAS) BHer bRl s e utibeB b R WL
450C, afifiminpsd lighhe wéthaht yhetul beteaattitsor SilincAdGilloxansS@dived fiBBBsHaE gfoups
conpl ete reaction between the precursor and the reactingbgas on_ the

subst r af® gmplEe orgagic SPRBHCE AREmE el leurb e ptehanrliroaf bandeWhich ceans §F
power t I ! i ach L4 nduct i

Coup! e ATRARL R MRS AR @ b0 El0R0R BiLiHE) f Bhob R G BRY:

i ons anglet f1RylkilyA egrovipis C prefeshll thavingafrgieplosd 8 Hydrovardp] tlistigehis proaps. wiére
power is provided to the processing gases at about 20Q to about 1000 WAtts,
Wit h abbﬂfm%‘m VAP SHEICHDEIOUPT F SeaRT ASfeEen coplaingifatrsatic Sinstanal grqups, for

mai nt ai ned between about 100 m | li Torr and about 20 Torr during the plasna
enhanced deposition process. The plasma enhanced deconposition of the
precursor allows for an increased deposition rate, particularly in
conbination with a reactant gas, at a | ower substrate tenperature as the
energy to enabl e deconposition of the precursor is supplied externally by a
power supply. For a plasma enhanced deposition process, the tenperature of
the substrate is preferably between about 100C to about 450C, and nost
preferably between about 2SO0C to about 450C. The organonetal | ic precursor
for a tantalumfilmis introduced into the chanber at a flow rate of

bet ween about 5 and about 50 sccm while the processing chanber is
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The chanber pressure for the plasma treatnent of the filmis between about

50 mlliTol-r to about 10 Torr. The substrate tenperature during thﬁ pgﬁgn?ﬂuz
step is preferably about the same tenperature range as for the prec 93
deconposition tenperature range, preferably from about 100C to about 450C
and nost preferably 250C to about 4508 Power to generate a plasma is ~'s
auc zoo2 15 then either capacitively or inductively coupled into the

chanber to exclte tgﬁ &Iﬁias g(a),ﬁ]es into excited neutrals and the |ike which
react wit HF*ERBleddpaRlt e Fty ot FRos's pis<erest dkyisihd  proves ares siylo(§idled. t o

the pr L: Sqraty a t ud:11 000 211 b 750, Wt t s
st | prararanf, (CHCTRh. RipedAdt | Q@R b SR, g%
pr ef er abmpinatiogaiadofo Thasubstithalt group iniayi fdghdr Tackide, aliw et elkenyl sattinientl o

integers representing, the different phases of tantalumnitride filns, such
as TaN thiganra nsiorentadisnyt s oV iR ths, sHicpn SopeEning, suhstituenis tpaproyideohizhsi ti on

of a ( ) X j LOR:. SUG .

(st PRGN er plepE e inls b BBl lien sl i Holude the fuotisied, o)
on t he detinativet ay dr iy, alkdng), toasiliadn nomaihihg debdtiarenise Withathe rsilitdf comiindrggTpr i se
a tantal um carbon ni giﬂjde or tantal umsjligon nitride film_The barrier

| ayer PHestinenpgroBRs # S G by depositen COMBRING SHicAY DivkPgfersbly, rsiliosn copfaming, ent

di f fusi : A : ; QUL ate
112 o Fotrhiads il Uk TE Liiurd SUticsSHich ) ) B AR s BR ) 0
by decasitiposnitidafilofs. a t ant al um precursor of the invention, such as

((SI(CH3)3) CSH4) zTaH3 t he presence of nitrat]j react ant gas, .such as
armonin. 0 FOAHEARE AL TRFNRE o oh anot lgeaa Eoutpuliipgy fi.
sane PrsAfkbh seitainmeeiRtinfedl grbtiR, S161IAs ifdr eARaring Hedfbrréd hysBA1Proftntks Rt R bs
nitride layers. The nitrating reactant gas are preferably nitrogen,

anmoni ancreasingdge PresHgons ¥elaiEn, decrassing dhbilerampesiion rawewiurensad loverding abl y
amoni

composi t SATERTRGRS e oRb RSl b b ARG B Ly RRERER PR nal | 1
sane clpaodper Puefeleed secnrdons haye compesitigns dhatdonteinrfenctosall growg which akéwerthe

substrate throughpyt ,and m njmal contam nation. . The orgaponetall|

or ecur JOPAGR S SR SROTPHITDI BEESPTHALS CIAAGHR AP | 1F o BETRAIGh SE %5t a
f1 ow r atfp R4t HaReN a0 Us0°C, BodthaRilly &RosE648 willheheDdposifich R nhankes
pressure is maintained at a pressure between about 100 mlliTorr to about

10 Tor tempsrasarerfzam ghoah be'C1oebawt 19000 GoPrefererd sutsorser #69 liguids 3t 1CAMNe ofost
pref er gy, ahotticitmChaiitidd FObwent brdcBoP GHHT RRer§ 290hs 6 BRkliVA R0t O the
chanber as a gas, the precursor can be dissolved in"a solvent, such as
hexane depositionagiomibersd Relatividy ilgwe rternel dbeompositie tempayatuyes exfuths qrrecudsirs ver ed
to the chanber as a vaporj.zed.fluid. a,nplar tio of 1.1 of. pr r.sor and
Sol veneipg 8 sr&Pairey MRERIAT R st me brARRAE of trleel phof oAt ARG 71
t he pr eBeRI00EC; bidirtfeblydfetiden a8@RADVIT PRLPHEIOISOSS and thoshigrefepdbPOBitveon Of
the precursor. For a vapolzzed precursor, the flow rates to the chanber are

si mi | arbowgd0ithie BbashAIETC, SHbSEYy ¥ 2o aprins st fof 5P §eit dighy tsmppanatie resistant
mlli T%iq?fiip{n%n@bOUt 1 Ton. 19 AU6 2002 16 The nitrating reactant gases,
such as ‘nitrogen and ammonia are introduced into the chanber at a flowrate

of between gheptresbncamd sabsgititent @®ups omtheAcyrbdpantadianyl aingé alsplallofvs pr gxeates or
and nits sting r.eactan as i,s preferably used,, however, the nplar ;ratio
may vartVn%eé‘E:tB‘%dihﬁ%mP%e E’ﬁ Gt 8&@ ﬁlﬁ‘é p@&ﬁcﬁ“ﬁi tﬁﬁ dS?OrPWéﬁlagptSW?xi&&ﬁe Sfdbess
and t her&omBPmi donariedn tb ABsuBEOE1E $9élop NIRRT eS| 1A Dasasmpadtiie @ffefdi@e i Nert

gases argon and helium can also be present in the processing chamnber

dur i ng bebyreri thieomelting painy and edesgmppgition Hempyatiyee of phe pereeyreass crlloay ke al
nitrid i Ry, i -QV, i r por.at:i ilLcon i he film.to form
2 et ai2eiAERof el TR iRelr 16RY BOLAKL ot hkR0ur BhR bt chLh

conj unatrpdratuies lof thetlfqaid duivesasyttams pefsssty dam ABppH°C ta abBital00sT, IvWidlesut
nitride layer, including tantalumsilicon nitride (TaSLh&dand ni obi um

si | i conthtrigk phBremBey Agcomspsitien. helditionpbsiths Brscrsors meslerablythane highs vapor
determ nes the amount of nitrogen included in the deposited film control

of the conposition and anount of reactant gases can produce nitrogen fee
metal filns or particular phases of netal nitride and netal silicon nitride
films. The reactant gas conposition for the nmetal nitride |ayer determ nes
the films characteristics and properties. For conducting netal filns, as
the nitrogen content increases, the filmbecones increasingly resistive,
and in the case of tantalumnitride, a high nitrogen content wl|
eventually transition a conducting phase to a Ta3N5 insul ati ng phase. As
such, the nitrogen content of the reactant can be controlled to determ ne
the amount of nitration in the deposited filin. Preferably, inert gases,

o " o Y o




"~ 9 AUG 20p2 17 processing chanber pressure of about 50 mlliTorr to about

10 Torr with the plasna power is provided to the plasma gases at about 200

to about 1000 Watts, with about 750 Watts nost preferably used. In g?rgerquG 2002
the effectiveness of the plasma treatnent depends on the thickness o

untreated filmand plasma conditions. ¢Nth a fixed plasma power and

treatnent tinme, the thinner the deposited film the nore effective the
treatment. The post- dep03|t|on§8Iasna treatnment_ has the further benefit of

reduci ng t BiepwFes afablegst 0 lakarion 4 0QPGr soreg teensueriv Tl entepsinmentoltbp prrcuisen s

t hereby. el j m.nati ot waf er effe g nore stable
e oo inckbili e g, IR e CGhaEL, e TRUDLALAIO%F dbcREP) ©
120, premn@oabby efpRes sufﬁ&eﬂgfpl(ﬁgh tcesteptiatioRCofOpEdurRF ih aweler $ddfdr ffectite t he

i nterconnect structure 116and sinultaneously cover the entire field xegion

bet wee ndmfla@e af a fnetal geriginmg dimaHighen wola Bitn well alloyethmsmf:wpezanomhé the

conduct paaBBLA) HSLic GO TS B B R

el ect ro&sasm @fx@@xﬁS@ddﬁT&iﬁllﬁ&HﬁpﬂeﬁéﬁGé oﬁbﬂb@mexttwycnpmmk:@t gﬂﬂpé’rﬁk@-'pm\ﬁﬂ@h as
copper, FI|| t he feature 116 fornned in the substrate w thout form ng

voi ds o~°r“ lﬁérsoéigbléﬁ’l qfi A PIGCUBON 91 ise in diquidodelivsiya Bysiems; e Wafllrf?‘-‘érhqua@/er
119 fuqﬁL JAR &?%n seed | ayer for deposition of the conducting netal |ayer
by an e g ng process to reduce processing steps for the

metal | izati omnmhelp&cummecm@pmeﬁn isagetected 20 metaly rhatal detpids,i hetal daybonhyitideal
vapor dep05|t|on (PVD), ized nmetal plas ( ) PVD, ., CVD, )

el ect r 51at mgel dlicon; Wmdés@“rﬁ@ﬁlﬁétetqe@ﬁs‘tcévar%&r JAMGW”%’“%V dterinednBin

met hOdscdnﬂoflf‘ﬁE BE tproRe phd EonGRBMBE dnANBE plARY g°as rtt)e;fpe&e&t yord@te%bsﬁﬂopy

el ectropl ating technlques The feature lf be further processed by

pl anar i prbergs.t hen@t@lqd‘ﬂpm derenitesfin theepressped dfi theemmqsmm gasaprieferadly npruitwtinpl y by
chemi cal han I r t| Cess

por t1 o O sts; BB okt (il 5B 0GRS, BOCHARRE R TR o
from t hgefeapd @fnbbbmatt bﬂdteumeenlueﬂ,vmlgneaalfﬁlhi is qEpasied is m}nef pueeenw: folf aegqms ed

upper surfaces of conductlv tures such the via 16 t

ski | | edDFFoEeR; ARG FOMbIRplPRL t ?V\le maﬁdetﬁéf-‘f 808 ne\i"dalt B‘“Hf’?d%t’?stéﬁ'é

met al adtzgoﬂfetxéih thd brlebéhe @ﬁ?ﬁﬁx‘aﬁhg) PeaPaRICRS SREfeWBE hitratifd 4Bl RG sblerelFRd:S
nature of the processes for perfornmance of the invention with respect to
tine, pnesm: mmm@eggenwébmommmblmnemeﬁmraéd sitepederjurtiveng t he
use of .yari n [LOGE r c -
o au’c ot Mg RhQRAREF ea Myl b Rhontt EREE s i
into t h&pﬁs‘lﬁd&ﬁ mmeahemw silaye e ilhﬁdfe deriviine pioc[beﬂmg/@’s)pr&yﬁé atab silides

precur sor, va er S) Jang re or of the |nv tion
may be %4 If“ﬁ ds1 ‘t"n né%‘is Jﬁﬁ 'ggéetzﬁtl ’g e% Bﬁﬁt%rby negety %&ed
to the RrOGESHidHoGhamReN plléb’uré’oﬂWﬂwlﬁa%%tld‘éﬁisﬁlo%}fﬁﬁtﬂ{&tt Faghd, TR pi-@feh@d

state, the precursor is delivered to the processing chanber b a precursor

vapor i Zeetalsyfor daposifinar e tprialvingiading diefnpwray infethe Haraep 183 mt?é? ghomchgp| i ne
t he pr n I Y eVt

i th 1 G, arahh, BUERRTh NI Beflt b Bl Dol rhBlel (Gl P LER LIRS
sol ventnitriies bf ths réspaaive neetaloct ane, to reduce the V|5005|ty of the l'i quid
precursor. cursor, is thgHl ﬁtore oule or stora ont ai ner

d e
P e sy st AFFHE, CACE BLEPdHS RrRBTet b8 675y BT E=hat i S 0g F o
pr oces shogiht sqwsﬂnp@ t}eﬁwétc@ﬁantmarﬁy PRYYdeRE T KI e ARl erfidfoc WSS RHIERSY €
into the anpoul e cortaining the precursor | ow nmeter regul ates the
| i qui d prerseiiess oFhe plosmaged tomosuugwmr preéerddn theeproeesdingiséseonsed tangepdsit the 1000
ng/ mn, ot he anDu ded for t iti,on ess...After
(ow nefifhs PHERE TRiRE Y PoiPfERER s Ha’ BRatiPes: b AR FE S b e
vapor i Znﬁtdeﬁfteleomfxﬁwééhysehmweeﬁmd sidH 8 BRtalide hitri@a WHesS n@RsitGHise dMasmauch
as heliumor argon, for delivery to the processing chanber, preferably a
CVD Tx ZTeetradndsrinerusad.aGenstally, for sratalppil ineate] valride fidins agrlasgmrafzrgina hadrogen,
California. The liquid delivery systemvaporizer is often heated between
about 50C to about 120C to facilitate the vaporization process. Figure 2 is
a schematic view showing a liquid delivery system 200 of the invention. The
| iquid delivery systemgenerally includes a |iquid precursor nodule 202, a
sol vent nodul e 204 and a vaporizer nodul e 206. In one enbodi nent, the
l'iquid precursor nodul e 202 includes two pressurized anpoul es 208, 210 and
aliquid delivery line 212 connected to each anpoul e. Val ves are di sposed
along the length of the liquid delivery lines to control flow of |iquid
fromthe anpoules to a m xing port and then into the vaporizer and to
prevent. coIIectlon of _precursor mnthln the systentmhlch can negatlvely



The delivery line 212 is connected from each anmpoule to the vaporizer 254.

A first valve is disposed on the outlet of the anpoule to control fﬁlhﬁﬁ&é
of the liquid to the delivery line 212. The valve is preferably a r NE
val ve connecting the bypass line 218 and the liquid delivery line 212. The
bypass line 218 in turn is connected t0 a second cold trap 252 and an
exhaust mani fold (not shown). A high pressure gauge 224 and a liquid flow
controller (LFC) 226 are di sposed downstream :froma val ve 228 introducing

t he sol verind apuibinkigons theyeofgh moFhprefeRbhcagen, 9 vsedah itheepopt dépositien Ipilapniad t o

th 1 Xi t,.2 bet. the li i d del i [i .
AT ow STt b b, TABeRL B TR S it B B TS aStor dnts
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determ ned. The |1 quid precursor delivery lines 212 deliver li1qu

pr ecur dar scarbrinonitride finxs perfqmoed, tREplasmpsgasespreferabiy ¢oneprise peri geses, 2b¢h asA

sol vent delivyery li 34 .al so delivers a solyent into.the |{quid deljvery
e agweardSler.ohis derosifer fi Wi nmuiest SHBE Arnpates ity bopetamed no
sol venty, #.8a Mt ¥E£8 rafeeh dalhbMered into the vaporizer. At the vaporizer 254, a
carrier gas line 236 delivers a carrier gas into the delivery line to carry
the |iquid Fhepmpsdies and dtoidheomedtyvadrthe ifime atehasos affestadzby tiRGrostdemasitiont he
capillary tube or zl.e. 1n_addj.tion, ncentric carrier .gas.lin 38
dol 1 veresmadefpfa "I Gma SRR B0 SROFE ek Bortios Hndempileday
even a famedy fdFer Bddied nitioged ¢ the flel indeeRMging thhenctAnekidei Mg’ s phiaces: The
delivery line fron1the,n1xing port and into the vaporizer is preferably
nmade ofcontrefing theagorppesitiey of 1 %\R/laé’@éfﬂals’c‘ihérﬂhaiﬁ of thecmpigh nitgdes, cams alpef beon
PTFE, S L i . i i :

el i vers il e RRHI R okl Kl e pHARUYARLERE RAE A 2o ipdilFeyp

i ncl udesirager contenrsacle ar tgetaloine nimge) Ub esirsmize | the film’s hesidtivipyi shdp peeueas or

anpoul es. Preferably, there are sol vent .a ul.es. 240, 242 and two
oot o Totn oo RseABEosR, Tete PREsH Ui B e e tmiotggurader i

del i Vekedid reaREMEADE mdiREAN S BE Sitake borged ibmetdl XREdeAfInd e plisHatgnipRkéd O . .
can deliver the sanme precursor to%ether or .alternatively. The liquid

precur %PY(HWQ@W_&?%?&&H%BS% orienalsmgEsE/ scul ptured bottomto draw
the liquid Wﬂmgr fHsdhal &e%p&eragygégd%nsfﬁmg Dieret ddBed AifUEh iTBYe fithls dies gt ect ed
at very low [ eve 5 and (2) be drawn out of the anmpoul@ even at |ow [evels.
Thi s i $upaddtimentalrdopsdqrenses torthe fibm’d @adperiigs,iutinas inffobiu® r2GWE fAMseWpbksi ve
liquid ich are preferabl wasted,. In additio t he oul es incl ude
an ul ¢ Retnengbtat b B CRBRRN o pioh R s el 6B PritinsRbul e
even atcohtenV Ha@ ¥ @dss effect bhdlie SlaRtprépeaies. PHOSREDlRGaFRYeshee fefrIP dmnf¥hia
optional coldtrap 250 iis_disposed in the conduit _connecting the exhaust

punp t GN/PT pigoBRLENG HaY MEBSSiothep aiFaCRT 23 EXAReseA MHFating Blatpas,ean Birthep ¢ he
punp. At EANAb bYovid SHERRAS SRlFnf P25 Zrivind ~ the
first ?@ﬁﬁéﬁgggbgﬁﬁ"is @%nnec%@g ?o(gﬂﬁypégg |iﬁ§9§?§%f§§%??%% Y ﬁgﬁ?ggr.

The byddmsnd invecagekSilmignsificatived cold trap 252 allow the systemto operate

i i i by. al.) qui ng delj very of i, z&d i al
thereto dur ot atnied P Getornd Pt ehe st fty B BRRGA 555 V0 EkBtoma,

t he syshigrwifBynpeeredinikiieal ropedies. | IR y3e ef the Siutals biihe dBlehti®, shditasMap@hing ed
material to_ the processing chanber for deposition or to the exhaust system
t hr ougI#nd nippiyas Viishbave Ereates duifisipaesiftreng 3¢ Dighsr thepptl ssabifity thapaey art

enabl eg, SLAR, ik iRl sAd EialERARIHE WINBEES mBSL BalliBis orfiHRE " At oS
by providing consistent deposi-tion processing conditions through

opt i m zepésitivnathd pianina permessodll oémaeeaesisipye cousétucnts, cheessitanhinpute v darbon
filtration of the depasition material . be acconpl.isr~cd b rovigding a
ol d 0 A et n A S fadCHen B s dre i S50 ABRSURTEo O FhE col d
uni t of it [£TaLVAT r rdd hedl

conden 43 z]i%s?%r‘fﬁ gdne g%t Jérx{liel Pgl gdlp éli ggt@rlggﬁ% El?? z;f:l g T}Bﬁrﬂ\l'ee %g%rml%n(ige!tf&t)gr’ ?&/e?%ﬁg?ﬂ@gwlp § %\97 al of
unr eactdeposited Gim’s ali ffusaguoresityndeadkildigommlly eirpefuather eliavaivtbat the pdstgiepdsitionn
tenperature of the deposition precursor, thereby depositing the precursor
material on the unit. Figure 3 shows a precursor vaporizer system where a
vapori zer 310 is provided to heat and vaporize or sublinme the precursor.
The vaporizer 310 generally conprises a netal cylinder of stainless steel

or alum num A heated pressure gauge (not shown) is located in the
vaporizer to nonitor the pressure of the vaporizer to insure that a
continuous feed of particulate solid or liquid precursor is provided to the
vapori zer 310. The pressure gauge is preferably heated so that materi al

w [l not deposit or deconpose on the gauge and render the gauge inoperable.
One enbodi ment of a vaporization chanber or vapoilzer 310 is shown heating
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The pressure in vaporizer 310 may be maintai ned at atnospheric pressure,

but For the chem cal vapor deposition process, the pressure is prqf%r%mnz
mai nt ai ned fromabout 30 mlIliTorr to about 10 Torr, or any sui t abl

pressure used by the CVD processing chanber for deposition of the

precursor. The increase in total presgure up to 10 Torr increases the
deposition rate of the precursor and allows better control of the anpunt of

precursor that is proyided.to. the deposition _chanber. The earper gas can be
any inert Rjagna Yi’r”e‘?eé‘ﬁl Pateral dispasegrat ﬁi“'}@ﬁ?méﬁdu &t fRAtwes apRiFreaacg Ker The

t emmper dhditita s KAROK BR sidthllus BB SREEA! A Wolddl Nk BEHABUAUBLY HfIRCT | Ded
pressure ranges, W usual 'y vary froma m ninmum tenperature bel ow whi ch

t he mattertoml ofidhe Ifeatnt, atahorcomat paint beterepr dffsreneleavelywf ted dévace, deposi tHeon, up
to a maxj rrumtgrrpera ure bel ?wthe tenperature at which the vaporized

mat er i &tdeyjells W %Tééli‘Fp"fﬁ%‘Bfet&ilc W EopHs BEY AT HAEEES e, The substituent groups
on the precursor have a strong influence on the boiling point and
deconposition tenperature of the precursor, which provides for operatinb

t enper &herBepdsttonrRabtesst t he deconposition tenperatures of the individual

recursors. i.le the operatin enperature of the vaporizer will _ var
gccolrjdi ng tg\ﬂgh’é"%?rémagl%ef%édﬁg ab\é?ggquirélé} ﬁ??{é?a’fr{fﬁﬂéogltﬁ}"g’r?‘gs,\gp@eﬁogﬂé%l y
mai nt aim&&&&m&we%&nﬁ&%@m%raéowﬁauo%ag%etqﬁ\lrhﬁi. ?ﬁ%ﬁ%ﬂs te@ RO AEGL for

the vaporizer- 310 is shown in Figure 4 wherein a thernostatic oven 306
heat s thetallizationi scheme 06 thehingentionna aietad layepis eowderplally depesited bord zhenizald

505 susRP AL oRLBEICYET erhBiobs Hemh BB AR DRG0 4T Rt BeboreBlierPRbien ne
NoN- vap@vingahe PS8Rl s@brding foh@e VaRatioZ Y thd Ieseldacofto pliceRthgCak! | £meals and
vapori zed precursor are then passed to_fhe processi ngj chanmber by a rough

punp 334ridp ofethe meta)ymapithen dopstitednne)V I S57piguS R HreafsrRpBPEtipR 1Ol t he
vapor i it it e he s avi ng
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cal cul aitedingyeastant gmomithgmetablaymss of carrier gas sent to the vaporizer 310

fromthe mass of eri | eavii ng .t he Maporizer, 310. .Referring to Fiqure 5,
a schematic E?fgrsagggté% Hegkgft%\f/l?lg\l/eg ! é"r/ﬁﬁeiqtsaaﬁ%les RSt ?s?ﬁhthf’ S?Yg?)@?ﬁf‘brrs i ng

t he pr qganseamefprbdessihg)\CRithbedNFiuthes,Neioh . defbitediyeodan tfe bfipsédvent poys- ar e
preferably carried out in a processi _ng chanber that has been programred to
pr oc es Seposiignsplasiht PR WPFrgPsRt metesiab feposEansCorsnbpeFiis effectivenpseuat 42 t he
CVD Tx ; Beheity ANRMRDIGUAGMIRIC A Yin IMaARP! tied Il

I nc., 6% Salglﬁ?glr ?j&alglg,@Cal [ fé%nilng). The CVD 'Is'x_ mgcﬁarrbler IS sﬁiiysrg%lng% g?e t he
deposi titpatingfor monauitipime reeses) but proferelely monmitrsting gasep axecwped dor metak ilmpamkence
of a react ant s bt bt r aye

either Thet h“é)rg%’%ﬁ legémg\?gqgﬁhgkietﬁ%aﬁ%ng%%@ehc%%%g%nﬁkﬁﬁ r gigzkgeeséogﬁ\l‘%lvé r%?tg?‘/er red
enbodi rdepésited it pecfgnilg esppan gnd madynbe depoaitadulsy phigsivial ebbr diepbditidn, ichémiocal

shower head 440, provi des for .the introduct.i f th recursor and of the
 oact P At e ROl GebHen: Rty BV Ay e oHas OF Slegroless
shover hgadkifich B in United States ratent Application No. 09/207, 780,
entitled "Dual” Channel Gas Distribution Plate", filed on Decenber 9, 1998,
whi ch i s assVigiteothermetolsnprafesablyl yaredivam diobives rrpd hainn, reanebaudsg widt tience.

Tn the th | .or heat . it Lt I 1i
or ccur 5 gneab g vif B RSt RRE e 1 RIS g B bRPE OO e

shower hpRe ad¥Bardtr sehihe  Pladbihedi feRaces betwicew tinthahl tndl OB einkdais Waillbe fotadout
10 Torr while the pedestal 432 holds the substrate 436 at an el evated

t enper &6 BeeEsHBOEhe REalRdd5FHEPRI on tenperature of the organonetal lic
precur sor of. 3 ) |y fr 3 bout
1500 The r i Btest b0 £, of el BERLRAL, Yo Pho hobier a0k, 58
mani f olsdbstratd iea prlooeseing lkbanbet4 Tht culstretelwsedkfor tteadeedmpositént prycaboatebe bé
substrate for filmdeposition, Thereby, a tal andl or netal nitride |ayer
i s conf@uTategalEBBsY t erometalic @y erEihise an g‘g‘ﬁﬁﬁ M & t ppefpllic dilm qaebheat
deconposition process is a thermal process not usually relying upon plasm
excitation of the precursor gas. If a plasma is desired during the
deposition process or as a post deposition plasma treatnent to renove
impurities and density the film sufficient voltage and power is applied by
the RF soLU~ce 494 to cause the process gas in the processing region 456
bet ween t he showerhead 440 and the pedestal 432 to discharge and to forma
pl asma. The CVD chanber 430 includes a pedestal 432 supporting a substrate
436 on a supporting surface 434 to be deposited by CVD with a |ayer of
material, such as a TaN | ayer of ~~ 9 ~U. G 200Z 23 the invention. Liit
pins 438 are sltdable wttun the pedestal 432 but are tcept iron calling




The process gas jets fxomthe holes 442 in the showerhead 440 into the
processing space or zone 456 between the showerhead 440 and pedest §1§ MU 2002
so as to react at the surface of the substrate 436. The process gas
byproducts subsequently flow radially outwardly with respect to a central
axis 500 across the edge of the substhate 436, and across a peripheral
centering right 502 which is disposed’in an annul ar | edge S04 recessed in

t he upper periphery of a pedestal 432. 19 AUG QU02 24 Then into an

annul ar puftphed) achehine cantietiegted toou tediparptiré ebayp pier dqoempeiion ehpthairpedest al
432 whep pedestal 432 (s.in the processing position..The punpi ng channel

460 1 5 1B RrRCES R CTHROGHH ThiS Dot PITGHectn e R GO Al GOciE Blgsia TRl g

pl enum 414, anﬂ%av' (A GRCHORLRR, hidRel SHRURL 1o DI IB AR v e, 480
to a vacu-m pu 5 %8(%%1 The Srcestrlf\o?f elcgl choke afoer?uré Q%I% ’co‘r?)e(‘lgtﬁ}é@{lgl'ﬁg%crl y
uni f or reupstesss et teeraowtid at the dedonposifien endpieesturp ofipie pgecaisan nthe 4fGtratEheay
process _gas and its reaction products flow fromthe center of the

S hower HESKORRESS BRSSPSR g L) 6V1%g‘\é\i(°ﬁ“é‘°|baé’ﬂsp‘ﬁ@f % Bcarmadyegibt al
432 an%;béf?@ Budth O Wi atch S4LinBREE fatgreﬁeééﬁuﬁ&ﬂm% IRVD Y ixﬁ@ﬁ@&ﬁécts”’@ . The
gas then flows circunferentially in the punping chanhel 460 to the exhaust
aper t unarid7simatediatsh eWherhthe dgdired sobsivateaerstubgttade surfadq Basa andlting ex bafisting/ ent

480 to th 482, . B f ot tricti.on, 462 t fl
rorose ARt RAIEE AP o TuE Aucn BURVRE chle M pRERHL SRR PndiiF o BT g1 A
shown idladsésydredursot B6mpREY Evid D ddcbmbbatiGh RHDefatid® thylod €2 thiat RRO brietidd) or

i nsul at1ng annul ar chanper insert 508 conposed of a insulating chamber ring
510 andoéennppoinhpidhedesied subgtragmpsbeisadhe bot t om of the punpi ng channel

'he. punpi no oREhAdH £ bbT ek hRnit o SR mBRE mBp PRt BE So88L,

i nsi de themeventicly @avihg hHmep laypi H1R, chbarried 12460119 ahd rcomdhctiyyg tnieeali 19p¢r@1 20 ri ng

464, whjch .is.made of eramic or. other electrically.insulating mterial
whi e (B0t 48 StrsS o P PR o o attal 0 T TRd 18 ALTBEFS BUdIaTonE The
CVD r eaghiQichia QfelebiridUsyRr D1 £ 80 tHubdaral 1200 iffint M0 dBRFRSspd DK B feafifde

pl asma enhanced. |n the thermal node, an el ectrical power source 490
suppl i eld pBiklas g Fyis, condagt.drepch opling eFhesdiglegitic {ayer Yl4rapbe o pee-peted died¢ctds2 t o
t her eb 4 - : e d
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| n t he ynidasying evtisaate 4 42 moaterdante Rithgirectivies ednvemtioneldy d4vn i thasged flayn a

switch 496 to. the tal lic, showerhead 440, which us acts as,an. el ectrode.
The ShoWERhGEae PYEE LUeAHEs FIRRHT QP s PR Fo8r This SRR fniha QISTERe « he
mai n - chaydher 4baelybe dizhdaywith enyAitilcaic étsidh@boppattdrlitg 48doesd ¥Rbwilih hé Qrtred of
an electrically non-conductive ceramc. The pedestal 432 is connected to a
bi asi ngrefeekbyricadtys iocidinede@@iaWft h t he RF source 494 so that RF power is
split betwe th I 3 S f.i. ek age
and power igﬁgpgﬁrggﬁwl? ﬁgq}ﬁ#%c?gg%ehﬂg%ggg&cgﬁ%etﬁ?ﬁ)égag@%lgteaglgceggegél@r?}t he
pr oces sionfprmeldy on tkebdielbatinisyer 11deand hovthe Aeerdandarllaod thehfeatpreedElt dhedBRrt 0

di scharge d.to forma.pl asma. m,Cr opr 0Gessor .con | ler. 499 is ovi ded
to nnnilg%‘?ralggdmpmi@s %ei’sgﬁ%%‘}e%ﬁ%gﬁb[s{% t ﬁbe?eﬁﬁ—‘ﬁc}g efltlgg aB‘fgbeesé‘ 3%“88&4‘ or ned
in the qpasercoAdtting hectgangr abby THel litst n3ked1 & hapletrably 9epdsited By éiederdes
an L-shaped insulating ceramc ring 510 resting on the inside | edge 470 of
t he naithemsishriseomprsilipnagroplasipe gnkascet deeraePssiian indltantalem preaersehiie| the 512
restin n_ i nNsj J 5, =S i f._om
the podaraft shbPIERymEREr R Mkl RS bl MR 190, 3RAEE kb
chanberrate ngiraferblyt henmbbuexd argetraes (Akrostopt S01A prramplues, vaish daswl ilped by

Robertson_et al . i . S. Paten . 5, 585 incorporated herein by
refer en‘é}é’kf’??éi’éﬁf?ﬁbqh‘#@mtfaﬂﬁ 55_?1%@“%03&1?%%& ferably made of a metal, such
as al um num-iand,edeb&RsbEiteg of 'tl?eaxblje&hréb?"i@oqi\l'e\é MRS RO bRl té‘QQ&%BEﬁ%n-EPD of

the L-shaped ceramc ring 510 and to a | esser extent above the supporting

sur f acesdfidennly liple tpedesthahydd2arbdrhgortiom of theewlaiiltmets]l cetmiuhnd adprent the bot h
thermally and electrically connected to the lid rim 466, effectively

form ng an extension of it, and because of its renote |ocation does not
easily affect the plasma in the processing region 456. Any netal depositing
on the lid liner 516 will not further affect the plasma as |long as the
metal does not extend over the isolator ring 464. In any case, the lid
liner 516 is easily renoved by neans of a fastener (not shown) when it
beconmes excessively coated. The centering ring 502 perforns two functions.
It acts to precisely center the substrate 436 on the pedestal 432, the
substrate 436 having been transferred into the chanber and onto the
pedestal 432 by a robot bl ade (not shown) noving through the slit valve
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1 ~ AU G2Q@2 2Gidentified by predefined set nunbers. Process sel ector
subroutine 542 zdentzties (z) the desired process chanber in a

znul ti-chanber system and (ii) the desired set of process par anelld AUG 2002
needed to operate the process chanber for perform ng the desired process.
The process paraneters for perform ngy@ specific pxocess relate to process
condi tions such as, for exanple, process gas conposition and fl ow xates,

t enper at ur r IvIs a

chanber donpsPAERS Wedtmdth? 3 TERRE Kb b0 GHAT oHlenb RO RYBG31e FBY

reci pe.lediity hameEtoarthe ameteaté i Bk dagitiohef & e@btﬁ@t A ellen aag:eﬁiexuldpbhxﬁbﬁl eaté

| i ght pen/ CRT nonitor interface (not shown) process _sequences subroutine
543 corgsditbe deqommpgsidion o e Hrecrursawewrlﬁrgte@m tb?j@i?'éqnﬁ? efiregptantespscienhadber and
set of o u 2 d for
control %gg%lgera g@g p%fl%{]l%ﬂ &‘?gdﬁg{“g’r"g@?@ﬁ%ﬁa%%ﬁ“ﬁ %ﬁb’ﬁ&ééé(g g?can

ent er pPhOCREMoIRtallit Wrtwrsdr and RoeREss wbanhed Mmotbahs,depositiorl S6Hdifians. ent er
mul ti pl e process set nunbers and process chanber nunbers, so the sequences

subr outiereewsn 3 spwertwe fiog hoptwametemperatieg ©cabeut W@‘&@s@@twlwb fageber ed
sequen n ram.code
to per ?tg?rrngr ﬁéec%gr&lgls%oﬁ P?t%@?f&&@&r%% rtl?eléime?xﬁgﬁ 0?%ers§t§8tlgn& ;ﬂgzﬁgd 3 :Pteﬁ)l era%g
chanbertetienddber IG0AE td ibomhesmdd,aﬂbtefablweanébﬂlangnase‘m to(abbut ﬂet@rammnnm what
processes_are being carri eg éy in the charrber§ bei ng used, and (iii)
execut i FEFETRY #EIPREisrE A8 BASEY IOt FoRH'7'F f“;?%?n BetRpesC e STeE b er
and typgdQhe REQAGRSSs bR tRQubMatd sea@Ut . Conventional nethods of nonitozing
the process chanbers can be used, such as polling. Wen scheduling which
process is tbr@awﬂn@@md G\ dsmﬂmczfsths DIRCHISOT, pewe4R mmat:eea glesingried to
take in nsi der at i o f [ chanmbet . bei ng
used i n1ij 7 i cg%"ﬁ% i r 1H§ucd\é§§ g%@l%dﬁgg)e@g %@%ﬁb %clpgxr?g( “ 10 551'%%5%585 age

pr ocesssxcRéd héifral @8 anaftheeme&wmhtrmuhﬁra depedit ﬁm 6ﬁﬂda mbﬁmstThd)]Bm%Ms ot her
xel evant factor a system programer desires to include for determ m&g

schedul I?ijd?ﬁ toothppressssing gases YSheid 708 do abait 400G Mstts yathyehast iy O Matign
pxoces gﬂgﬁﬁseﬁn(i“hg [R5RSS pRRlurd RHMiRNAES BetlveerIHoR01 JoImBBT &Y St b6isht BEXT .

sequen es outine 543 causes execution of the process set by passing the
part i cuTar duingtds glasr@ta epianesfedepositiqnprocess HEetrdasmaenizayeed dasbmpatitioreo 54 A- C

whi ch cont r .ol K n Iy

ot her Cl?{g%'sor%n? %ér %(9%9&? %bbﬂgo& f%? C)i%‘Jlt Pu p)pm c@ﬁ%‘g{l %9:{1%. rgacP ZEB?

acc I ng r0Cess se erm ne

sequencssa Savbsrosibitrete SéBperfmeeast the caegyeincenabls uhbdm;idsmbn E‘dBthdqhedeﬂdieﬂ
whi ch process chggﬁer and process_ set corrbbgatl on is to be exe(fut ed
next, tHEPREhGEFERLY shroBtYHeSBRY: ¢ 95k P ’é‘&u“’c‘ﬁhﬁ)‘??e@)f H%tmn PFoc&Es Ghsoo2

27 procRaPedtle Y HESubitd REpRALIDIF B eeR 2BERSF0SE ito RALABIPRCS 2h@ hb&
cnamer managex subroutines 544A-C which control multiple processi ng tasks

i n di ffeerblpbdweesabont?ifee s ettt ¥Gg to the process set deternnined by
the sequenc I_)ég‘gﬂ e [ i ne
544A conpri Sihs og?%é%ﬁg%géa%%{?%oant ro |%]é’} %\)B?&raggégétg quglggheg%ga H}\;I\A‘;Vt hi n
t he desgtd bewem@neamu t5a adake kb8 GO0 Ecch, guiltie e ﬂ'xbeesmhgrdhmmbfmisag&rferably
subroutine S44 al so controls exe ut| of, . arl ous cl sanber, .conponent

subr out PABEIRA g BgPrﬁFﬁ“’éeog ]g Q%n 8’6n't°r ﬁ}?oub%gp a‘P?lBﬁm@f 2B Manber
conponeplfr by @tsa%?swﬁo)rnﬁwréﬂ Gthe bfe@u@@ﬂ QBAAR e RERCEIIS0IRE chaatRPRL Q?an
chanber” conponent subroutines are substrate positioning subroutine

proces sthg@secmsnt eagl besdibrobigt iith e s@uBt apg E@@m@l @Dmlwelty tg {it Gambae Sliphaticeat er
control uti.ne ma_caontrol se having

or di narg}' dé?ﬁaf o1 %as?ésl%é‘é??s gﬁcﬁlag?’ecaggﬁn é ()Ctt"“rl'ue 'flr c?tr ‘L’raﬂ ?f’gglc% tl?'lgfursm

subr out h3@sliveéd Rethe Pedcesiing dilepied diyndigamd Ma&rymya@rﬁs msplamsdieaeu@aed @ be
performed in chanber 430 (shown in Figure @% I n operation, chanber manager
subr out fheshsyle a5 &|veperizgd ldsén@émrr@@ drl'k nrgcufﬂeéal]@r@é\@étsls@o#pr@hbmsed
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simlar to that used by sequences subroutine 543 in schedullng mhlch
process chanber and process set to execute. Typically, chanber manager
subrouti ne 544A includes steps of nonitoring the various chanber
conponent s, determ ning which conponents need to be operated based on the
process paraneters for the process set to be executed, and causing
execution of a chanber conponent subroutine responsive to the nonitoring
and determ ning steps. Hypothetical Exanples: The follow ng hypot hetical
exanples illustrate the best node contenplated by the invention. The
foll owi ng hypot heti cal exanples illustrate deposition of netal and netal
n|tr|de fllns by precursors of the i nvention. The exanples may be perforned
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1 ~ AU G 2002 28 Tantal um Precursor Fornmation: Precursors of the invention
generally have the formula (Cp(R)~)xMHY_x, for which preferred preqtgsmg,znuz
such as (SI (CH3)3) CSHa) zTaH3, can be formed when Cp is cycl opent adi enyl,
-(CSH4), Ris trinmethylsilyl, Si(CH3}3, nis one, x is tw, Mis tantalum

y is 5 and y-x is 3. Tantalum Fi | m Ogposition: Thermal Deconposition: A
tantalum (Ta) filin is deposited at a chanber pressure of 150 mlli Torr and

§ grrg;gf ”Eﬁrg‘,:’{s@ﬁé“o fé%%m“ eac, g;“ ;tﬁegp%ggs%g ng{‘ S*v‘aﬁc!ﬁ%% ér%&?rsérf‘t e s Laes B
bi s(tripethvhith bl veybdeR RESH: 33L& Dt 58 Edchy PR chimb e PrdMaE ?&%go%%on t 25

sccm Argon, Ar, at 100 sccm A subsequent plasna treatnent at anper
pr essurmefefablySformiabduit TOF millilerhto7bOutW Trfrr.hi gh frequency power (13 MHz) is
applied to the showerhead.for, cqnt agb&n?nt I enov r e deposited

| f h
Cant al um | aylBPeSTRB EFE RS o T He foncte ik hevegy R 5 and
( (Sl ( CHLH) S04z Tdhithe fdw Pt (]BFBfé}iabgf( beihFetaitdisdd % pratrkOR aAdh SNt ) 1

trihydrotantal um Hydrogen, HZ, "at 25 sccm Argon, Ar, at 125 sccm Tantal um
Fi | m D-afgireduanor iand répctapbgasnbeweyer, Heeaxplan ratiGanas varp acepading dontifeTpiocessing i s

deposi ted ?.t a hz(goer. pressur e {1 150 m | Iii[ rr_and tenperature of 400C
from r &AgHI9R Of hE PG BrpToses e, “PIRe S Yign of e PREUegr| Lfieprocetsing Bases
((Si ( CH33fe)bB B Tigd Bon-Airatdy 558 TN o8 afdoh MBidFIEES bid/dotinARRNthe’bE MY ah

tri hydrotantal um Argon, Ar, at 100 sccm
alternative embodiment, the metal film can be deposited in the presence of a non-reactant gas,

such as argon.

Non-conducting contaminants, such as carbon anél oxygen impurities, in the deposited
tantalum liner layer 118 may produce a film with high film resistivities and poor barrier
properties. Therefore, a post-deposition plasma treatment is preferably performed to remove
impurities, densify the film, and decrease the liner layer’s resistivity. The plasma may have the
same composition as the processing gas during deposition. For the metal liner layer 118, a non-
nitrating plasma gas is used, preferably of the same composition as the processing gas and any
inert gases in the chamber. For tantalum deposition, the plasma gas is argon, hydrogen, and
combinations fhereof. In an alternative embodiment, an argon plasma is used, preferably
subsequent to depositing a metal film in an argon gas. The preferred carrier gas of the vaporized
tantalum precursor is argon. Hydrogen species in the plasma react with the carbon impurities to
produce volatile hydrocarbons that can easily desorb from the substrate surface and can be
purged from the processing zone énd processing chamber. The plasma further bombards the
oxygen contained in the film to break oxygen bonds and produce oxygen radicals which also
desorb from the film. By using an in situ plasma of the same composition as the reactant and
carrier gases, no new production steps are required for the metallization process and a higher
substrate throughput is achieved.

The chamber pressure for the plasma treatment of the film is between about 50 milliTorr
to about 10 Torr. The substrate temperature during the plasma step is preferably about the same
temperature range as for the precursor decomposition temperature range, preferably from about

100°C to about 450°C, and most preferably 250°C to about 450°C. Power to generate a plasma is



19 AUG 2002 29 A subsequent plasma treatnment at a chanber pressure of 150
mlliTorr with 750 Wof high frequency power ( 13 MHz) is applied tpgt AHG 2002
shower head for contam nant renoval fi oxn the deposited tantalum | ayer, the
pl asma gases flow into the reactor as follows: ((S~(CH3)3)CSH4)ZTaH3, at O
sccm bi s(trinethylsilylcyclopentadienyd) trihydrotantalum Argon, Ar, at 125
sccm Tantalum Filin Deposition: Vaporized Precursor froma Li4uid Delivery

System A tantalum (Ta) filmjs deposited by a vaporized precursor with a
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from vaporized precursors and reacti ve gases Weue OW I Nt 0t e PeAact or as

f ol | owgs pofvfied €arithe Prdctedihigdhedsdt atadut 260 B@BORL 1000 Watts, with about 750 Watts most
bi s(trinet hyl si Ia/l cycl opent adi enyl ) tri hydrotantal um Hexane, at 25 sccm
Hydr og@cferadly wed.25" sccm Argon, Ar, at 100 sccm A subsequent pl asna

treatnent at h T ' i frequen
pover (13 efil B Slenf EABE bR tober P by ool oF el BOMRREY o
t he degusiN coht@hilabdy bygegers kpratamgahgdisesnf proves ofttantilig digidetimsas
follows: ((SIi(CH3)3)CSHa)zTaH,, at 0 sd:rn .

bi s(t riSHEt Ry 53 yAngy Tatpe floa dioaformylly deprpied bXnths| theamad dsrempasition §€@m
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f ol | owglepdsitall pibidth W Fdnatihg estal ddye? @@@%&vm\lt diffusion from the conducting metal

bi s(trinmethylsilylcyclopentadienyl) trihydrotantal um Hydrogen, HZ, at 25

sccm Ad#ysn, 12Arto the undalydngc pybstrate 112 or dielectric layer 114. The barrter layer 119 is
preferably deposited by decomposition of a tantalum precursor of the invention, such as
((Si(CH,),)C;H,),TaH, in the presence of a nitrating reactant gas, such as ammonia, to form a
tantalum nitride barrier layer 119.. Preferably, the same precursor is used for the deposition of
both the metal and metal nitride layers. The nitrating reactant gas are preferably nitrogen,
ammonia, nitrogen and hydrogen, and combinations thereof, most preferably ammonia. The
same precursor deposited with different processing gas compositions allows for metal and metal
nitride depositions to occur in the same chamber under similar processing conditions resulting in
faster substrate throughput and minimal contamination.

The organometallic precursor for a tantalum nitride film is introduced into the chamber at

a flow rate of between about 5 and about 50 scem. The processing chamber pressure is
maintained at a pressure between about 100 milliTorr to about 10 Torr, preferably about 100
milliTorr to about 250 milliTorr, and most preferably about 150 milliTorr. If the precursor
cannot be delivered to the chamber as a gas, the precursor can be dissolved in a solvent, such as
hexane, and vaporized for delivery to the chamber. For precursors delivered to the chamber as a
vaporized fluid, a molar ratio of 1:1 of precursor and solvent is preferably used, however, the
molar ratio may vary according to the processing condition of the deposition process and the

composition of the precursor. For a vaporized precursor, the flow rates to the chamber are

similar, but the chamber pressure would preferably be from about 100 milliTorr to about 1 Torr.



A subsequent plasnma treatnment at a chanber pressure of 150 mlliTorr with

750 Wof high frequency power (13 WHz) is applied to the showerhead f%r Ug 2
contam nant renoval fromthe deposited tantalum |l ayer, the plasm g(;\'s sA 02
flowinto the reactor as follows: ((Si (CH3)3)CSHq)ZTaH3, at 0 sccm

bi s(trimethylsilylcyclopentadienyl) tjhydrotantal um Hydrogen, H2, at 25

sccm Argon, Ar, at 125 sccm Tantalum Carbon Nitride FilmDeposition: A

tantal um carbon nitride (TaCl~ filmis deposited at a chanber pressure of
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Deposition b~Arnnonra: A tantalumnitride ggal\l) filmis deposited at a
chanber Pioeessivgreongition 34§ the denovisien raergss andteompesigin aDGE preowrsoreadlonve

Lch flow i the. react f ol ows: | ((CH3)3) CSHa) ZTaH3.. at 40
Saam bl SorAr Py PR 07 hE I aaltd P B IR SR R R R RSl 2

40 sccmpdeivettiringtiepaditi®l sccm A subsequent plasma treai nzent at a chanber
pressure of 150 m | Fi Tonr with 750 Wof high frequency power (13 M—lz% S
appl i ed to thds Sabevee tbadhs arieopronaitisnnf 2riastehriftiderfm may beeipersoyasdby

tantal u RYAT | as A S, fol | ows:
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tri hydr ehaadtagdas in dmpmetion witiditratihg Castantrpakidican 83pobiea nietal $i3idos Aidtde Thead al um
Silicon Ntride FilmDeposition: Atantalumnitfride (TaSINL. filmis
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from r eaghidodRion s e rtfttamb gdsl q@MhREOhE BRoHRRE Ritbg@Sind 1040 Rhe deposited film,

((Si (CH3)3)CSH4) zTaH3, at 25 sccm bis(trinmethylsilylcyclopentadienyl)

t ri hydresnanet eof therronpossiparand ppnounttof 2Rcianicaase; chm producginifogen tire Bueta dilmaog on,

Ar, at }Za?tiaﬁgxnﬁhascs of metal nitride and metal silicon nitride films.

The reactant gas composition for the metal nitride layer determines the film’s
characteristics and properties. For conducting metal films, as the nitrogen content increases, the
film becomes increasingly resistive, and in the case of tantalum nitride, a high nitrogen content
will eventually transition a conducting phase to a Ta;N; insulating phase. As such, the nitrogen
content of the reactant can be controlled to determine the amount of nitration in the deposited
film. Preferably, inert gases, such as the carrier gases argon and helium, are used to tune the
conditions by selecting precursors that favor more or less nitrogen as desired.

" The tantalum nitride barrier layer 119 may be further exposed to a plasma to remove
contaminants, densify the film, and reduce the resistivity of the film. The plasma reduces the
barrier layer’s 119 conductive resistivity by the removal of non-conducting contaminants, such
as carbon and oxygen, from the deposited film as carbon reacts with hydrogen and is removed as
volatile hydrocarbons and oxygen is displaced and desorbed from the film by nitrogen or
hydrogen. Removal of the contaminants will also provide for a denser film with fewer layering
defects and improved barrier properties. Preferably, a plasma gas of the same composition as the
reactant and carrier gases is used so no new processing steps are performed and a higher substrate
throughput can be achieved. For nitrogen sensitive films, such as the tantalum nitride layer 119,

| a hydrogen or hydrogen and argon plasma is preferably used. The plasma is performed at a



A subsequent plasnma treatnment at a chanber pressure of 150 mlliTorr with
750 Wof high frequency power (13 WHz) is applied to the showerhe'pg m]g 2002
contam nant renoval fromthe 19 AUG ZppZ 32 deposited tantalum silicon

n~t nde | ayer, the plasna gases flowinto the reactor as foll ows:
((Si(CH3)3)CsH4) zTaH, at O seem bi S(Hi met hyl si | yl cycl opent adi enyl)
trihydrotantalum Nitrogen, NZ, at O seem Silane, SiH4, at 0 seem Argon, Ar,

at 150 seem N obiumN tride Filin Qsition: A ni.obiu itride (No3N4
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enbodi B, of the invention may be devi sed without departing fromthe
basi ¢ scope thereof, and the scope thereof is determ ned by the clains that
follow w ReGermngdazioeFigure 1, a conducting metal layer 120, preferably copper, is deposited

on the barrier layer 119 to fill the interconnect structure 116and simultaneously cover the entire
field region between adjacent features such as interconnéct 116 with copper. The conducting
metal Jayer 120 may comprise a seed layer of a conducting metal for a subsequent deposition of a
metal layer by a electrdp]ating or electroless process. The seed layer allows for a conducting
metal, such as copper, to fill the feature 116 formed in the substrate without forming voids or
other deposition discontinuities. Preferably, the barrier layer 119 functions as an seed layer for
deposition of the conducting metal layer by an electroplating process to reduce processing steps
for the metallization scheme. The copper layer 120 can be deposited by physical vapor
deposition (PVD), ionized metal plasma (IMP) PVD, CVD, electroplating, electroless deposition,
evaporation, or any other known methods in the art, but the copper layer 120 is preferably
deposited by electroplating techniques. The feature 116 may be further processed by
planarizing the top portion of the metallized film stack 100, preferably by chemical mechanical
polishing (CMP). During the planarization process, portions of the copper layer 118 and the
dielectric layer 114 are removed from the top of the structure leaving a fully planar surface with
exposed upper surfaces of conductive features such as the via 116 therein.

A skilled practitioner in the art will understand the need to modify the metal and metal
nitride deposition processes while retaining the basic nature of the processes for performance of
the invention with respect to time, pressure, flow rates, plasma power, and temperature and

regarding the use of variable equipment, processes, and desired film characteristics.



33 WHAT IS CLAIMED I S: 1. A nmethod for processing a substrate, conprising:

a. depositing a netal filin on the substrate by the decorrposition.‘oé @G %002
first organQretallic precursor in the presence of a processing gas,“Ythen D.
depositing a netal nitride filin on the netal filmby the deconposition of

a second organonetal lic precursor inqghe presence of a nitrating reactant
gas, wherein the first and second organonetal lic precursors have the

f ol ~nul a: Opi_ R)n) x~y. X~ wherein: Cp is.a cyclopentadi enyl functional

group, -~ P& al selected fromthe group consisting of tantalum
a4 MMM . o _ . ' . iy ¢
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met hod ddivedyatsterh, or \Whrédisor viporiogrgasten. Tioogadvagetalic preasior @f€he invention
carbon-siljcon bond. 3, The nethod of claim2, wherein the organic group
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sanme organonetal lic precursor. 5. The method of claim1l1l, wherein the netal

ni t ri deSuplimgthiePre@p9si t ed at a pressure of less thali about 20 Torr. 19
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dissolved in an aliphatic hydrocarbon solvent, such as hexane or octane, to reduce the viscosity

of the liquid precursor. The precursor, is then stored in an ampoule or storage container in the
system until a pressurized inert gas forces the precursor into a processing liquid path such as by
supplying the inert gas under pressure into the ampoule containing the precursor. A flow meter
regulates the liquid precursor flow and the flow rate can be varied from 1 mg/min to 1000
mg/min, or any other amount needed for the deposition process. After flowing past the liquid
flow meter, the precursor liquid is vaporized in a vaporizer and preferably injected into an inert
carrier gas stream, such as helium or argon, for delivery to the procéssing chamber, preferably a
CVD TxZ™ chamber available from Applied Materials of Santa Clara, California. The liquid
delivery system vaporizer is often heated between about 50°C to about 120°C to facilitate the
vaporization process.

Figure 2 is a schematic view showing a liquid delivery system 200 of the invention. The
liquid delivery system generally includes a liquid precursor module 202, a solvent module 204
and a vaporizer module 206. In one embodiment, the liquid precursor module 202 includes two
pressurized ampoules 208, 210 and a liquid delivery line 212 connected to each ampoule. Valves
are disposed along the length of the liquid delivery lines to control flow of liquid from the
ampoules to a mixing port and then into the vaporizer and to prevent collection of precursor
within the system which can negatively affect process stabilization and/or repeatability.

The ampoules are designed to deliver the liquid precursors at high pressure, e.g., up to
500 psi, without having to rely on high pressure pumps, i.e., no high cycle mechanical pump with
rubbing parts exposed to precursors. To provide the pressure, an inert gas such as argon is

charged into the ampoules at a pressure of about 90 psi through line 220. A liquid outlet line 222



7. The nethod of claim1, wherein the netal filmand the netal nitride film
are deposited at a pressure of |ess than about 20 Torr. 8. The rretlrﬁjm
claiml1, wherein the netal filmis conposed of a material selected BIRM?
group consi sting of vanadium tantalum niobium hafriium vanadium
silicide, tantalumsilicide, niobiumgjlicide, hafniumsilicide, ~ and

conbi nations thereof. 9. The nethod of claim1, Wnerei n the nmetal nitride

filmis conposed ,of teri ct ed romthe con
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254 through the capillary tube or nozzle. In addition, a concentric carrier gas line 238 delivers a

carrier gas around the nozzle or injection tip to ensure that even a small amount of liquid is
delivered to the vaporizing surfaces. The delivery line from the mixing port and into the
vaporizer is preferably made of a material having a low coefficient of friction, such as Teflon
PTFE, and does not hang up in the line. This feature assists in the delivery of small volumes of
liguid precursor.

The solvent module 204 includes one or more chargeable ampoules similar to the liquid
precursor ampoules. Preferably, there are two solvent ampoules 240, 242 and two liquid
precursor ampoules 208, 210. The liquid precursor ampoules can deliver two separate precursors
which can be mixed at the mixing port or can deliver the same precursor together or alternatively.

The liquid precursor ampoules are designed with a slotted/sculptured bottom to draw the
liquid downwardly in the ampoule so that the liquid may (1) be detected at very low levels and

(2) be drawn out of the ampoule even at low levels. This is particularly important in dealing with



15. The nmethod of claim 11, wherein the organonetallic precursor deconposes
by heating the substrate to a tenperature above the decorrpositiqrq Auslzgnz
tenperature of the organolnetallic precursor. 16. The nethod of claim I5,
wherein the tenperature of the substrate is between about 100C and about
450C. 19 AUG 2002 36 17. The methodypf claim 11, wherein the

organonetal | i ¢ precursor deconposes by generating a plasma at a power of

bet ween about 200.watts,.and about , 100 Jatts. . The nethaod of . claim 11,
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precursor in the presence of_a nitrating reactant gas at a pressure of |ess
t han atsisfepgndmplpagma processing. By this method, the system may continually vaporize precursors
but deliver the vaporized material to the processing chamber for deposition or to the exhaust
system through a bypass line. The continual flow of the vaporized precursor enables
stabilization of the deposition process over a number of substrates by providing consistent
deposition processing conditions through optimization and maintenance of the vaporization
process.

Improved filtration of the deposition material may be accomplished by providing a cold
trap 252 comprising a cold unit and a hot unit (not shown). The cold unit of the cold trap
provides for removal of particulate material by condensation on the cold trap surface. The hot
unit provides for removal of unreacted precursor vapor by having a temperature above the
degradation temperature of the deposition precursor, thereby depositing the precursor material on
the unit.

Figure 3 shows a precursor vaporizer system, where a vaporizer 310 is provided to heat
and vaporize or sublime the precursor. The vaporizer 310 generally comprises a metal cylinder
of stainless steel or aluminum. A heated pressure gauge (not shown) is located in the vaporizer
to monitor the pressure of the vaporizer to insure that a continuous feed of particulate solid or
liquid precursor is provided to the vaporizer 310. The pressure gauge is preferably heated so that
material will not deposit or decompose on the gauge and render the gauge inoperable.

One embodiment of a vaporization chamber or vaporizer 310 is shown heating the
starting material to vaporize or sublime a liquid or solid precursor material before introducing it

into the deposition chamber or blending it with another precursor. A gas inlet port 316 permits

the flow of a non-reactive gas into vaporizer 310. A gate valve 320 separates the vaporizer 310



wherein the first and second organonletallic precursors have the fornul a:
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to about 10 Torr, or any suitable pressure used by the CVD processing chamber for deposition of
the precursor. The increase in total pressure up to 10 Torr increases the deposition rate of the
precursor and allows better control of the amount of precursor that is provided to the deposition
chamber. The carrier gas can be any inert gas, preferably helium or argon, and most preferably
argon.

The temperature of vaporizer 310, when operated within the previously described
pressure ranges, will usually vary from a minimum temioerature below which the material will
not vaporize, at the pressure required for depositioh, up to a maximum temperature below the
temperature at which the vaporized material will decompose, at the operative pressure. The
substituent groups on the precursor have a strong influence on the boiling point and
decomposition temperature of the precursor, which provides for operaling temperature that
reflect the decomposition temperatures of the individual precursors. While the operating
temperature of the vaporizer will vary according to the material to be vaporized, the temperature
is preferably maintained between about 50°C and about 200°C.

An alternative embodiment for the vaporizer 310 is shown in Figure 4 wherein a
thermostatic oven 306 heats the vaporizer 310 which contains, for example, non-vaporized and
vaporized precursor. The carrier gas is passed through a flow controller 302 such as a metering
pump or a needle valve and is bubbled through the non-vaporized precursor in the vaporizer 310.
The combined carrier gas and vaporized precursor are then passed to the processing chamber by

a rough pump 350. A mass flow meter (not shown) can be placed anywhere between the

vaporizer 310 and the deposition chamber to measure the total mass leaving the vaporizer 310.
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for depositing a metal and/or metal nitride layer by either the thermal or plasma enhanced
decomposition process.

In a preferred embodiment of the processing chaﬁnber, a dual manifold distributor, or
showerhead 440, provides for the introduction of the precursor and of the reactant gases to the
processing zone. An exemplary dual manifold showerhead is shown in United States Patent
Application No. 09/207,780, entitled “Dual Channel Gas Distribution Plate”, filed on December
9, 1998, which is assigned to common assignee and incorporated herein by reference.

In the thermal or heat decomposition deposition process, an organometallic precursor gas
of the invention, is injected into the chamber through the showerhead 440 at a preferable pressure
from about 100 milliTorr to about 10 Torr while the pedestal 432 holds the substrate 436 at an
elevated temperature above the decomposition temperature of the organometallic precursor of
about 100°C to about 450°C, preferably from about 250°C to about 450°C. The reactant gas is
introduced into the system through a second manifold in the shower head 440 to a volume
located directly above the substrate for film deposition. Thereby, a metal and/or metal nitride
layer is conformally deposited on the substrate 436 in 2 CVD process. The heat decomposition
process is a thermal process not usually relying upon plasma excitation of the precursor gas. Ifa
plasma is desired during the deposition process or as a post deposition plasma treatment to
remove impurities and densify the film, sufficient voltage and power is applied by the RF source
494 to cause the process gas in the processing region 456 between the showerhead 440 and the
pedestal 432 to discharge and to form a plasma.

The CVD chamber 430 includes a pedestal 432 supporting a substrate 436 on a
supporting surface 434 to be deposited by CVD with a layer of material, such as a TaN layer of
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ver'tié;lpy’ mb@%lﬁe’ lifting ?mg%%J and ‘ﬁ;lcl@s 'caAﬁf ‘t];e lifted above the surface 434 of the pedestal
432. The surface 434 has a smaller diameter than that of the substrate 436 resting thereon. With
pedestal 432 in a lower loading position (slightly lower than a slit valve identified as “506”
below), a robot blade (not shown) in cooperation with the 1ift pins 438 and the lifting ring 439
transfers the substrate 436 in and out of the chamber 430 through the slit valve 506, which can be
vacuum-sealed to prevent the flow of gas into or out of the chamber through slit valve 506. Lift
pins 438 raise an inserted substrate 436 off the robot blade and allowing the blade to retract from
the chamber, and then the pedestal 432 rises to transfer the substrate 436 from the lift pins 438
onto the supporting surface 434 of the pedestal 432. A‘suitable robotics transfer assembly is
described in commonly-assigned U.S. Patent No. 4,951,601, issued to Maydan, the complete
disclosure of which is incorporated herein by reference.

The process gas is injected into the reactor 430 through a central gas inlet 530 in a gas-
feed cover plate 446 which houses a coaxially disposed gas delivery conduit 532. The conduit
532 channels a second gas into the processing region 454, v&"hich is received at a lower end of the
conduit 532, and delivers a gas to the second gas pathway (not shown), which includes the
second set of horizontal channels. The central bore 530 and the outer perimeter of the conduit
532 define a gas delivery passage 534, such as an annulus, which delivers a gas above the
perforated blocker plate 452 to a first disk-shaped space or region 448 and from thence through
passageways 450 in a baffle plate (or a gas blocker plate) 452 to a second disk-shaped space or
region 454 in back of the showerhead 440. The showerhead 440 includes a large number of
holes or passageways 442 for jetting the process gases into a processing region or zone 456.
More specifically, process gas passes from the space or void 454, through the passageways 442
and into the processing space or zone 456 and towards the substrate 436.

The process gas jets from the holes 442 in the showerhead 440 into the processing space
or zone 456 between the showerhead 440 and pedestal 432 so as to react at the surface of the
substrate 436. The process gas byproducts subsequently flow radially outwardly with respect to
a central axis 500 across the edge of the substrate 436, and across a peripheral centering right 502

which is disposed in an annular ledge 504 recessed in the upper periphery of a pedestal 432.
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the circumferential pumping channel 460. The process gas and its reaction byproducts flow from

the center of the showerhead 440 across the substrate 436 and the periphery of the pedestal 432
and then through the choke aperture 462 to the pumping channel 460. The gas then flows
circumferentially in the pumping channel 460 to the exhaust aperture 474 and then through the
exhaust plenum 476 and the exhaust vent 480 to the vacuum pump 482. Because of the
restriction 462 the gas flow across the substrate 436 is nearly uniform in the azimuthal direction.

As shown in Figure 5, the ledge 470 in the chamber body 472 supports an insulating
annular chamber insert 508 composed of a insulating chamber ring 510 and a band shield 512,
which forms the bottom of the pumping channel 460. The chamber lid rim 466 forms the top and
part of the outside wall of the pumping channel 460 along with the part of the chamber body 472.
The inside upper edge of the pumping channel 460 is formed by the isolator ring 464, which is
made of a ceramic or other electrically insulating material which insulates the metallic
showerhead 40 from the chamber body 472.

The CVD reactor 430 of Figure 5 can be operated in two modes, thermal and plasma-
enhanced. In the thermal mode, an electrical power source 490 supplies power to a resistive
heater 492 at the top of the pedestal 432 to thereby heat the pedestal 432 and thus the substrate
436 to an elevated temperature sufficient to thermally activate the CVD deposition reaction. In
the plasma-enhanced mode, an RF electrical source 494 is passed by a switch 496 to the metallic
showerhead 440, which thus acts as an electrode. The showerhead 440 is electrically insulated
from the lid rim 466 and the main chamber body 472 by the annular isolator ring 464, typically
formed of an electrically non-conductive ceramic. The pedestal 432 is connected to a biasing
element 498 associated with the RF source 494 so that RF power is split between the showerhead
440 and the pedestal 432. Sufficient voltage and power is applied by the RF source 494 1o cause
the process gas in the processing region 456 between the showerhead 440 and the pedestal 432 to

discharge and to form a plasma. A microprocessor controller 499 is provided to monitor and
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case, the lid liner 516 is easily removed by means of a fastener (not shown) when it becomes
excessively coated.

The centering ring 502 performs two functions. It acts to precisely center the substrate
436 on the pedestal 432, the substrate 436 having been transferred into the chamber and onto the
pedestal 432 by a robot blade (not shown) moving through the slit valve 506. This function
blends with a retaining function in which the peripheral centering ring 502 acts as a retaining ring
to told the substrate 536 within its opening. Additionally, the centering ring 502 acts as a
thermal blanket for the portion of the pedestal 432 exposed outside of the substrate 436.
Specifically, its thermal characteristics are designed in view of the intended process so that the
centering ring 502 thermally floats relative to the heated pedestal 432 and remains relatively cool
compared to the substrate 436 and signiﬁcantly cooler than the underlying pedestal 432, and thus
little material is deposited on it during thermal CVD processing.

Figure 6 shows an illustrative block diagram of the hierarchical control structure of the
computer program 541 of the microprocessor controller 499. A user enters a process set number
and process chamber number into a process selector subroutine 542 in response to menus or
screens displayed on the CRT monitor by using the light pen interface. The process sets are

predetermined sets of process parameters necessary to carry out specified processes, and are



101y #10% & ()-'y #109& ()-" y #10%[& ()-''y #10% % 9%& ()- !y #109%& ()-°
y #10% " & ()~ SE(((((((-uV4 11yg#10% ()- ys10%& ()-' 10% ()-3 10py AQRo
1000! y&#10%008& () - y&#10%. ()--R 1111112~ @ 2002
11 y3&109& ()-fs109& ()-',109& ()-4 10 10 10y! z#109%& ()-:!yg#LO%WNE () -
252203 334dE~_@ 1! yf #109%&' () - F 109%' ()ygf 109%& () - f #109& () - f S#109%& () - ,

109&' () - 40444) 555dE~ @ 1! yS109&' ()- 10%& ()- 10%&' ()- FS109%& ()- &

1008 () SO0 SRR e ALY AN (LA B aa0E 0
105F+#19§€§e& brocass %ﬁ’a%;@ée@ hr éllﬁﬂ%nﬁérsyﬁgﬂ? ﬁﬂ){ﬁ-}’ﬁi}. Wsslied 34 of ffﬁe@g@s $afahieters
Py#10%CC& () -y#10% & () -! f#10%44& ()-hf#10% & ()-h! f#10% & () - yEzE{ EEEHVMO
QQE7 10ndeded #9 O%Rtafe) thel prpeeyRehamber for IBvRITINg/ the 18¥iRed( process 0FRE (Process 0
10 OOOO%%%@% for performing a specific process relate to process conditions such as, for example,

process gas composition and flow rates, temperature, pressure, plasma conditions such as RF

power levels, and chamber dome temperature, and are provided to the user in the form of a

recipe. The parameters specified by the recipe are entered utilizing a light pen/CRT monitor

interface (not shown).

A process sequencer subroutine 543 comprises program code for accepting the identified
process chamber and set of process parameters from the process selector subroutine 542, and for
controlling operation of the various process chambers. 'Multiple users can enter process set
numbers and process chamber numbers, or a user can enter multiple process set numbers and
process chamber numbers, so the sequencer subroutine 543 operates to schedule the selected
processes in the desired sequence. Preferably the sequencer subroutine 543 includes a program
code to perform the steps of (i) monitoring the operation of the process chambers to determine if
the chambers are being used, (ii) determining what processes are being carried out in the
chambers being used, and (iii) executing the desired process based on availability of a process
chamber and type of process to be carried out. Conventional methods of monitoring the process
chambers can be used, such as polling. When scheduling which process is to be executed, the
sequencer subroutine 543 can be designed to take into consideration the present condition of the
process chamber being used in comparison with the desired process conditions for a selected
process, or the “age” of each particular user entered request, or any other relevant factor a system
programmer desires to include for determining scheduling priorities.

After sequencer subroutine 543 determines which process chamber and process set
combination is going to be executed next, sequencer subroutine 543 causes execution of the
process set by passing the particular process set parameters to a chamber manager subroutine
544A-C, which controls multiple processing tasks in CVD chamber 430 and possibly other
chambers (not shown) according to tile process set determined by sequencer subroutine 543.

Once the sequencer subroutine 543 determines which process chamber and process set

combination is going to be executed next, the sequencer subroutine 543 causes execution of the
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process set by passing lhe particular process S€l paramelers 10 the chamber manager
subroutines 544A-C which control multiple processing tasks in different process chambers
according to the process set determined by the sequencer subroutine 543. For example, the
chamber manager subroutine 544A comprises program code for controlling CVD process
operations, within the described process chamber 430 of Figure 5.

The chamber manager subroutine 544 also controls execution of various chamber
component subroutines or program code modules, which control operation of the chamber
components necessary to carry out the selected process set. Examples of chamber component
subroutines are substrate positioning subroutine 545, process gas control subroutine 546,
pressure control subroutine 547, heater control subroutine 548, and plasma control subroutine
549, Those having ordinary skill in the art will recognize that other chamber control subroutines
can be included depending on what processes are desired to be performed in chamber 430
(shown in Figure 5). In operation, chamber manager subroutine 544 A selectively schedules or
calls the process component subroutines in accordance with the particular process set being
executed. Scheduling by chamber manager subroutine 544A. is performed in a manner similar to
that used by sequencer subroutine 543 in scheduling which process chamber and process set to
execute. Typically, chamber manager subroutine 544A includes steps of monitoring the various
chamber components, determining which components need to be operated based on the process
parameters for the process set to be executed, and causing execution of a chamber component

subroutine responsive to the monitoring and determining steps.

Hypothetical Examples:
The following hypothetical examples illustrate the best mode contemplated by the

invention. The following hypothetical examples illustrate deposition of metal and metal nitride
films by precursors of the invention. The examples may be performed in a chemical vapor
deposition chamber, and in particular, a "CENTURA TxZ" system capable of both thermal
decomposition and plasma enhanced chemical vapor deposition processes as described above,

and sold by Applied Materials, Inc., Santa Clara, California.
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preferred precursors, such as (S1(CH3)3)C5H4)2T3.H3, can be formed when Cp is cyclopentadienyl,

-(C;H,), R is trimethylsilyl, Si(CH,),, n is one, x is two, M is tantalum, y is 5, and y-x is 3.

Tantalum Film Deposition: Thermal Decomposition:

A tantalum (Ta) film is deposited at a chamber pressure of 150 milliTorr and temperature

of 400°C from reactive gases which flow into the reactor as follows:

((Si(CH,),)C,H,),TaH,, at 25 scem
bis(trimethylsilylcyclopentadienyl) trihydrotahtalum '
Hydrogen, H,, at 25 sccm
Argon, Ar, at 100 scem.

A subsequent plasma treatment at a chamber pressure of 150 milliTorr with 750 W of
high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum layer, the p]asm'a gases flow into the reactor as follows:

((Si(CH,),)C;H,),TaH,, at 0 sccm
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Hydrogen, H,, at 25 scem

Argon, Ar, at 125 scem.

Tantalum Film Deposition in the Absence of Reactant Gases:

A tantalum (Ta) film is deposited at a chamber pressure of 150 milliTorr and temperature

of 400°C from reactive gases which flow into the reactor as follows:

((Si(CH,),)CH,),TaH,, at 25 scem
bis(trimethylsilylcyclopentadienyl) trihydrotantalum
Argon, Ar, at 100 scem.
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high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum Jayer, the plasma gases flow into the reactor as follows:

((Si(CH,),)CH,),TaH,, at 0 scem

bis(trimethylsilylcyclopentadienyl) trihydrotantalum
Argon, Ar, at 125 scem.

Tantalum Film Deposition: Vaporized Precursor from a Liquid Delivery System:
A tantalum (Ta) film is deposited by a vaporizcc\l precursor with a 1:1 molar ratio of

(C;H,),TaH,, bis(cyclopentadienyl) trihydrotantalum to hexane solvent at a chamber pressure of
1 Torr and at a temperature of 400°C from vaporized precursors and reactive gases which flow

into the reactor as follows:

((Si(CH,);)CsH,),TaH,, at 25 scem
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Hexane, at 25 scem

Hydrogen, H,, at 25 scem

Argon, Ar, at 100 sccm,

A subsequent plasma treatment at a chamber pressure of 1 Torr with 750 W of high
frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum layer, the plasma gases flow into the reactor as follows:

((8i(CH,),)CsH,),TaH,, at 0 scom
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Hexane, at 0 sccm

Hydrogen, H,, at 0 sccm

Argon, Ar, at 125 scem.



11 S#10% : & ()- 110% & ()-& 10% & ()-F 10 10 10! @ z#10%& ()- @ z#109& (&-
2(x3}[<14! 10:,z#10% & ()-! z#10%& ()- " z#10% & ()- ! Fz#10% & ()- 19 AUG 2002
Fz#10% & ()- ! SH109& ()- fgE4! 10:!z#10%t& ()- !z#10%t& ()- !z#10%t& ()-
f10% & ()-s' 10% & ()-F 10: 10:\ rS4! 1f10% & ()-s' 10% & ()-F

30

Tantalum Film Deposition: Plasma Enhanced Decomposition:

A tantalum (Ta) film containing silicon is deposited at a chamber pressure of 150
milliTorr, temperature of 400°C, and a plasma power of 750 W of high frequency power (13

MHz) from reactive gases which flow into the reactor as follows:

((Si(CH,),)C,H)),TaH,, at 25 scem
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Hydrogen, H,, at 25 scem

Argon, Ar, at 100 scem.

\

A subsequent plasma treatment at a chamber pressure of 150 milliTorr with 750 W of
high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum layer, the plasma gases flow into the reactor as follows:

((Si(CH,),)C,H,),TaH,, at 0 sccm
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Hydrogen, H,, at 25 scem

Argon, Ar, at 125 sccm.

Tantalum Carbon Nitride Film Deposition:

A tantalum carbon nitride (TaCN) film is deposited at a chamber pressure of 150

milliTorr and temperature of 400°C from reactive gases which flow into the reactor as follows:

((Si(CH,),)C.H,),TaH,, at . 25 sccm
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Ammonia, NH,, at 25 scem

Argon, Ar, at 100 sccm.
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temperature of 400°C from reactive gases which flow into the reactor as follows:

((Si(CH,);)C;H,),TaH,, at 40 sccm
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Ammonia, NH,, at 40 scem

Helium, He, at 50 scem.

A subsequent plasma treatment at a chamber pressure of 150 milliTorr with 750 W of
high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum nitride layer, the plasma gases flow into the reactor as follows:

((Si(CH,),)C;H,),TaH,, at 0 sccm
bis(trimethylsilylcyclopentadienyl) trihydrotantalum

Ammonia, NH,, at 0 sccm

Helium, He, at 130 scem.

Tantalum Silicon Nitride Film Deposition:
A tantalum nitride (TaSiN) film is deposited at a chamber pressure of 150 milliTorr and

temperature of 400°C from reactive gases which flow into the reactor as follows:

((Si(CH,),)C;H,),TaH,, at 25 sccm
bis(n'imethylsilylcyc]obentadienyl) trihydrotantalum

Nitrogen, N,, at 25 sccm

Silane, SiH,, at 25 sccm

Argon, Ar, at 75 sccm.

A subsequent plasma treatment at a chamber pressure of 150 milliTorr with 750 W of

high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the
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((Si(CH,),)C,H,),TaH,, at 0 sccm
bis(trimethylsilylcyclopentadieny]) trihydrotantalum

Nitrogen, N,, at | 0 scem

Silane, SiH,, at 0 sccm

Argon, Ar, at 150 sccm.

Niobium Nitride Film Deposition:
A niobium nitride (Nb,N,) film is deposited at a chamber pressure of 150 milliTorr and

temperature of 400°C from reactive gases which flow into Yhe reactor as follows:

((Si(CH,),)C;H,),NbH,, at 40 scem
bis(trimethylsilylcyclopentadienyl) trihydroniobium

Ammonia, NH,, at 40 scem

Helium, He, at 50 sccm.

A subsequent plasma treatment at a chamber pressure of 150 milliTorr with 750 W of
high frequency power (13 MHz) is applied to the showerhead for contaminant removal from the

deposited tantalum nitride layer, the plasma gases flow into the reactor as follows:

((Si(CH,),)CsH,),NbH,, at 40 sccm
bis(trimethylsilylcyclopentadienyl) trihydroniobium

Ammonia, NH,, at‘ ' 40 scecm

Helium, He, at 90 scem.

While the foregoing is directed to the preferred embodiment of the present invention,
other and further embodiments of the invention may be devised without departing from the basic

scope thereof, and the scope thereof is determined by the claims that follow.
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organometallic precursor in the presence of a processing gas; then
b. depositing a metal nitride film on the metal film by the decomposition of a second
organometallic precursor in the presence of a nitrating reactant gas, wherein the first and second
organometallic precursors have the formula:
(CPR),)MH,,
wherein:
Cp is.a cyclopentadienyl functional group, \
M is a metal selected ﬂolm the group consisting of tantalum, vanadium, niobium, and
hafhium,
R is an organic group,
n is an integer from 0 to 5,
X is an integer from 1 to 4, and

y is the valence of M.
2. The method of claim 1, wherein the organic group has at least one carbon-silicon bond.
3. The method of claim 2, wherein the organic group comprises an alkyl silyl group having
between 0 and 3 hydrocarbyl substituents selected from the group consisting of silyl, methylsilyl,

dimethylsilyl, trimethylsilyl, and combinations thereof.

4, The method of claim 1, wherein the first and second organometallic precursors are the

same organometallic precursor.

5. The method of claim 1, wherein the metal nitride film 1s deposited at a pressure of less

than about 20 Torr.
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6. The method of claim 1, wherein the metal film and the metal nitride film are deposited

sequentially in the same chamber.

7. ' The method of claim 1, wherein the metal film and the metal nitride film are deposited at

a pressure of less than about 20 Torr.

8. The method of claim 1, wherein the metal film is composed of a material selected from
the group consisting of vanadium, tantalum, niobium, hafnium, vanadium silicide, tantalum

silicide, niobium  silicide, hafnium  silicide, y and combinations thereof.

9. The method of claim 1, wherein the metal nitride film is composed of a material selected
from the group consisting of tantalum nitride, tantalum carbon nitride, tantalum silicon nitride,
vanadium nitride, vanadimun carbon nitride, vanadium silicon nitride, niobium nitride, niobium
carbon nitride, niobium silicon nitride, hafnium nitride, hafnium carbon nitride, hafnium silicon

nitride, and combinations thereof. '

10. The method of claim 1, further comprising exposing the metal film to a first plasma and

exposing the metal nitride film to a second plasma.

11. A method for processing a substrate, comprising:
a. introducing a organometallic precursor into a processing chamber maintained at a
pressure of less than about 20 Torr, the organometallic precursor having the formula:
(Cp(R),),MH
wherein:
Cp is a cyclopentadieny] functional group,

M is a metal selected from the group consisting of tantalum, vanadium, niobium, and

hafhium,
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R is an organic compound,
n is an integer from 0 to 5, and

X 1s an integer from 1 to 4, and

y is the valence of M;
b. exposing the organometallic precursor to a processing gas; and
c. decomposing the organometallic precursor to deposit a film.

12.  The method of claim 11, wherein the deposited film is a material selected from the group
consisting of tantalum, tantalum nitride, tantalum carbide, tantalum silicon nitride, vanadium,
vanadium nitride, vanadium carbide, vanadium silicon nitride, niobium, niobium nitride,
niobium carbide, niobium silicon nitride, hafnium, hafnium nitride, hafnivm carbide, hafnium

silicon nitride, and combinations thereof,
13. The method of claim 11, wherein the organic group has at least one carbon-silicon bond.

14, The method of claim 11, wherein the organic group comprises an alkyl silyl group is a
hydrocarbon having at least one carbon-silicon bond and between O and 3 hydrocarbyl
substituents selected from the group consisting of silyl, methylsilyl, dimethylsilyl, trimethylsilyl,

and combinations thereof.

15. The method of claim 11, wherein the organometallic precursor decomposes by heating
the substrate to a temperature above the decomposition temperature of the organometallic

precursor.

16. The method of claim 15, wherein the temperature of the substrate is between about 100°C

and about 450°C.
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17.  The method of claim 11, wherein the organometallic precursor decomposes by generating
aplasma at a power of between about 200 watts and about 1000 Watts.
18.  The method of claim 11, further comprising;

d. exposing the film to a plasma.

19.  The method of claim 18, wherein the film comprises tantalum, the processing gas is
selected from the group consisting of argon, hydrogen, and combinations thereof, and the plasma
comprises a gas selected from the group consisting of argon, hydrogen, and combinations

thereof.

20.  The method of claim 18 wherein the film comprises tantalum, the processing gas

comprises argon, and the plasma comprises argon.

21. A method for forming a feature on a substrate comprising:

depositing a dielectric layer on the substrate;

etching an aperture within the dielectric layer;

depositing a metal layer conformally on the dielectric layer by decomposing a first
organometallic precursor in the presence of a processing gas;

depositing a metal nitride layer conformally on the metal layer by decomposing a second
organometallic precursor in the presence of a nitrating reactant gas at a pressure of less than

about 20 Torr,

wherein the first and second organometallic precursors have the formula:
(Cp(R),)MH,..,
wherein:

Cp is a cyclopentadienyl functional group,
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M is a metal selected from the group consisting of tantalum, vanadium, niobium,
and hafnium,
R is an organic group,
nis an integer from O to 5,
x 1s an integer from 1 to 4, and
y is the valence of M; and

depositing a conductive metal layer on the metal nitride layer.
22. The method of claim 21, wherein the organic group has at least one carbon-silicon bond.

23.  Themethod of claim 21, wherein the organic group comprises an alkyl silyl group having
between 0 and 3 hydrocarbyl substituents selected from the group consisting of silyl, methylsilyl,
dimethylsilyl, trimethylsilyl, and combinations thereof.

24, The method of claim 21, wherein the first and second organometallic precursors are the

same organometallic precursor.

25. The method of claim 21, wherein the metal film and the metal nitride film are deposited

sequentially in the same chamber.

26. The method of claim 21, wherein the metal film is composed of a material selected from
the group consisting of vanadium, tantalum, niobium, hafnium, vanadium, tantalum, niobium,
hafnium, vanadium silicide, tantalum silicide, niobium silicide, hafnium silicide, and

combinations thereof, and combinations thereof.

27.  The method of claim 21, wherein the metal nitride film is composed of a material selected
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from the group consisting of tantalum nitride, tantalum carbon nitride, tantalum silicon nitride,
vanadium nitride, vanadium carbon nitride, vanadium silicon nitride, niobium nitride, niobium
carbon nitride, nicbium silicon nitride, hafnium nitride, hafnium carbon nitride, hafnium silicon

nitride, and combinations thereof.

28. The method of claim 21, further comprising exposing the metal film to a first plasma, the
first plasma comprises gases selected from the group conmsisting of argon, hydrogen, and
combinations thereof.

\
29. The method of claim 21, further comprising exposing the metal nitride film to a second
plasma, the second plasma comprises gases selected from the group consisting of argon,

hydrogen, nitrogen, ammonia, and combinations thereof.

30. The method of claim 21, wherein the conducting metal layer is copper.
31. The method of claim 21, wherein the conducting metal layer is deposited by
electroplating.

32. An organometallic precursof of the formula:
(CP(R),),MH, .,

wherein:

Cp is a cyclopentadienyl functional group,

M 1is a metal selected from the group consisting of tantalum, vanadium, niobium, and
hafnium,

R is an organic group having at least one carbon-silicon bond,

nis an integer from 0 to 5,

x is an integer from 1 to 4, and
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33.  The organometallic precursor of claim 32, wherein the organic group is an alkyl silyl

group having between 0 and 3 hydrocarbyl substituents.

34, The organometallic precursor of claim 33, wherein the alkyl silyl group is selected from

the group consisting of silyl, methylsilyl, dimethylsilyl, trimethylsilyl, and combinations thereof.

35.  The organometallic precursor of claim 34, wherein n is one, x is 2, and R is

trimethylsilyl.

36. The organometallic precursor of claim 33, wherein the alkyl silyl group further comprises

at least one silicon-oxygen bond.



