WO 2007/ 041089 PCT/ US2006/ 037414 ORGANOVETALLI C COVPOUNDS AND
METHODS OF USE THERECF Field of the Invention [0001] This invention
rel ates to awogamuyedsal | i ¢ conpounds, a process for prodeEmGoos037414
organonetal | i ¢ conpounds, and a nethod for producing a filmor
coating from organonetal | ic precursor conpounds. Background of the

I nvention [0002] The sem conductor industry is currently considering
the use of thin filnms of various netals for a variety of

appl i cations. Many or ganon@B&ANSMEIHlle (LMBOUNTH eval uated as
potential precursors for the fg;@i@g gyt ?%B%. n films. A need
exists in the industry for develOprng new corpoun and for
exploring their potential as precursors for filmdepositions. The
industry noveremM .4 ng/ i cal vapor deposition (PVD) to cheni cal
vapor depositi Un—%é%%;ﬂ—amf’iat onm ¢ |ayer deposition (ALD) processes,
due to the inci#®3kd Mﬁm@tﬁbnlreli{tb:gtb@mgm&ﬂnﬁi@ﬂiﬂicbmpanma&cmﬁws?ﬁk| ty
inthin films, has .lead to .demand f.or suitabl recursors for
future seni cona{fgﬁ}?g ﬂlégtmé?nll%fdgf: c?%@%ﬁs’laﬁg?ﬁ’é’ of ‘ﬂ}g}fP 101 i ng
metal s such ascenippElontsRaheidiglitiseturtd® cbinbbundsub- mi cron features on

substrates during the manufacture of integrated circuits. However,
copper can diffuse into the structure of adjacent dielectric |ayers,

t her eby conprogiag_rggxgmurwtﬂerﬁlﬁgﬁbﬁy of the devices being forned.
Diffusion, as well as interlayer defects, such as |ayer

| : ; . .
del amination, H#Zbe phesenrcerriusior indeposis chmently coasidirive theyserof thin
l'iner layer, Ofpd; Mbﬁ@gbt‘gﬁ.ﬂ a @a?fegﬁof%%ﬁéa ons.uﬂﬂa%g/lo\f A9 IBhG" ! al
bef ore depositing the conducting netdl. e barrier-layer Is
deposi ted on t pemplaxkstiayé pagn eutlostedibs tabtiplpredutsers far thistfoinogion b these

nmetal that pre i I r..di ffusion and .m.nim zes chem c
reactions bgt We@ tﬁﬁrrllsd elgr2 %‘%dneg‘ys?%%é? Ilnalfs'g1 y ra%?{ad% LBERg DR e ?‘VP%]E@]% gl?adlt 8y

mat eri al s. Theetiloeng thai?gmteﬁtﬁal ampt\tgmdrpfwtﬁﬂm delfm?ﬁ%em@i[%%ggft %L Ca

t hat provi des adhesi or. the conducti.n ayer. Metals
such gs t ant al le%velﬂ?lg%‘ioﬁhﬁ’hytgﬁﬁlg‘?i”%‘?ep%@g} Mé%ﬁ?&wé(aw@awmm

nitrides are bglvp) sanabdrrewd: HofoslionALBNErobREds] ke HBlEhb@ASdI N
copper applications. , , ) .
demand for higher uniformity and conformality in thin films, has lead to a

demand for suitable precursors for future semiconductor materials.

[0003] In the indusiry, conducting metals such as copper are being used to fill
sub-micron features on substrates during the manufacture of integrated circuits.
However, copper can diffuse into the structure of adjacent dielectric layers,
thereby compromising the integrity of the devices being formed. Diffusion, as
well as interlayer defects, such as layer delamination, may be prevented by
depositing a barrier layer, a liner layer, or a combination of both, on the
underlying material before depositing the conducting metal. The barrier layer is
deposited on the underlying material and is often a nitride of a metal that prevents
interlayer diffusion and minimizes chemical reactions between underlying
materials and subsequently deposited materials. The liner layer is conventjonally
composed of a metal that provides adhesion for the conducting metal layer.
{0004} Metals such as tantalum, niobium, tungsten, and the respective metal

nitrides are being considered for liner and barrier materials in copper applications.



WO 2007/ 041089 PCT/ US2006/ 037414 -2 See, for exanmple, U S. Patent
Nos. 6,491,978 Bl and 6,379, 748 B1. Depending on the application, a
| i ner adhesworobaperse and/ or a di ffusion barrier |ayer nmcr/oQNsrsse: a
nmetal, such as tantalum niobium or tungsten, a netal nitride |ayer,
such as tantalumnitride, niobiumnitride |ayer, or tungsten nitride,
a netal and netal nitride stack, or other conbinations of diffusion

barrier materi ?gs Metal  and netal nitride |ayers have been
traditional |y d8pdSTPampisy UpyBateaihios 485978 Pbard/®?79, 74581 -t PensafiingvD
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| ayers by CVD techl a}]ﬂl&de &’ msp]?%’\? %ﬁhﬁiﬁf’ﬁgﬁ%%’?‘}e’# 5%81118’1‘35

substrate feat l]iTo@x&verTh@mﬁcﬁnaﬂ PVYD t'&(ﬂmﬂ:?@@&btnot AN B phRLidhg saidordRl al
I 0 ture t he gl sassoci ation

tride | hi
(r)]:‘ :)Ir g:no%;a ;IS Iobgeriﬁlﬁg’c‘fdﬁ%g’?@ Wf{il%oﬁdgi cesipf g‘rgéélﬁpef’ﬁ‘a’f“éﬁ@ﬁ?“@@ta?fs due

to the devel opmeiirefTHMROGNB)RYLSos in@reﬁéé%dﬁ@xﬁé%htﬁ%@%hnﬁp new
organonetal lic precursor conprising a netal ngonent and organic

conponent is i RISBA0ESHd denosision tsshpidaessr %‘gﬁléﬁﬂ& gatethty wipeide sodoratabs

to deposit the pREAe it HROMSH: PR, Substrate while the organic
portion of the precursor is exhausted fromthe chanmber. [0006] There

are few commrer ¢¥005] y averiefeatsdl to @Ogammtcmbkadmltpm&mms VD feohmquela ef
deposi tion of £ 5}% bi tungsten
precursors ﬁ%\% ﬂ% [ﬁltnd%"i %ﬁgr gl}% gl}@sla}{eﬁs g@ tﬁ%}gﬂlq gﬁ)ﬁ)
produce | ayer s pvdfvnct;:rgondyonthmwé cww&gee:;ﬁtsl&htra:e fewvetss Tk abiing wﬂ &dit s
such as carbon & ar | ess. n desi ragl e d| SI on
resi stance, | oW 1&’?%%%% Fléfﬁ ot i da?r}ﬁy eﬁsf'n‘& aﬁ?ﬁcémt‘P ?Pé‘i‘res
charact eri sti cdisadsttibtiearof orgins@BRIIGIS@Msotd s gMadd jaltdt i@h@@éﬂf %&E&Sﬂue
used to deposit rrﬁt al nitri fdg | ayers produce |ayers with
resistivity, atfy elgpanent of CVD techniques. In such techniques, an organometalhc
precursor comprlsmg a metal component and organic component is introduced
into a processing chamber and disassociates to deposit the metal component on a
substrate while the organic portion of the precursor is exhausted from the
chamber.
[0006] There are few commercially available organometallic precursors for
the deposition of metal layers, such as tantalum, niobium, and tungsten precursors
by CVD techniques. The precursors that are available produce layers which may
have unacceptable levels of contaminants such as carbon and oxygen, and have
less than desirable diffusion resistance, low thermal stability, and undesirable
layer characteristics. Further, in some cases, the available precursors used to
deposit metal nitride layers produce layers with high resistivity, and in some
cases, produce layers that are insulative.

[0007] Another proposed alternative to PVD processes is ALD processes.
ALD technology is considered superior to PVD technology in depositing thin



cases, produce layers that are insulative. [0007] Another proposed
alternative to PVD processes is ALD processes. ALD technology is
consi der ed wopeseiosd 0 PVD technol ogy in depositing thi pedisz006/037414
2007/ 041089 PCT/ US2006/ 037414 -3 films. However, the chall enge for
ALD technology is availability of suitahl:e precursors, ALD
deposition process involves a sequence of steps. The steps include
1) adsorption qf precursors aqn_the surface of substrate; 2) purging
off excess pr %&]g srg?w??i?ﬁééﬁ?@gmigﬁ foraal- B fiechaology is japailabity pigliable
reactants to reaghis¥ist AT TPEQOHISOProeks IBLER SR 0P Ueb A0 sARd 4)
purgi ng of f exgess r eact an,t% !0100%][]O Fgr ALD p?éc??:lessgs, It}‘ﬁe grsgc?ur sor
shoul d neet st ichgent adssepiion erpreewsors pi thosurfadsedf sutBtplepursgingohoul d
be able to forma g &l f i th hr,ough
phyei sor pti on GrShER ey Slol A e R ARl B o Bl 3Rl SR LS
Second, the adgmcimsor Qribe sutstrate simfackhnidd) pt@blgefBnoeghedctanpr event
premat ure deco iti i he surface to resul.t in hi.gh |nmpurit

|l evel s. Third, waie agis%(l)?‘g“g}dp rﬂ%qs%eéurﬁgp%eﬁlga?r& B@E ?@3‘&:%18%@1%%&%%1%@
interact with FescthamtisD pmcmmawemadmum@hmaﬁfonbla@er@@&hd@b]b@te
material on the surface at relatively low tenperature. [0009] . As
Wt h oD, °t ner S EHE (PORABER RIS remise Do e Gieteap e

precursors for cédwidiePesdontiofe MdsoffRl lectdy@hsuld b SR RSnb M 18 ptbnt
ni obi um and tungsten precursors by ALD techniques. ALD precursors

that are avai | BEFENMaJecompeationan die spsie tofesplbin igh Wepraits wuelanthiths:
1) | ow vapor p Phas i tal, and
3) high car bonﬁi%flagtk)l{rﬁ%dr%%lieg{ﬁe?l%l% he fi In(rﬁe eﬁ?%%%?ﬁ%%?@t# ggéec?aﬁtsﬁlére
remai ns a needl®ey & Bwgehedsiof drerisoirabbmpaend ondmdsurfer atelplicly loy t hei r
potential as C}é%ﬂ%né'-[) precursors for filmdepositions. There also
remai ns a need r a process for formng |iner and/or barrier |ayers
of netal or nmERGAP] derAsvaith C¥Dytitesy dralesv fanoneroiataacieblalolganometallic

precursors using CVD .a ALD t.echpi ques. | deall t.he |iner and/or
barrier |ayer sp%ggggligtf%rgg%ﬁjeems%ﬁlﬂ)8{]13%% Y§s 8 C?“eaé){%ﬂtal%‘n]ﬁlﬁﬁliuﬁlaﬁ? ,
have reduced | aygstet peibwkineby iAES tetlipqey edLDi fé@idoay Bkt AEDRIKIAmay

i mproved di ffusion resistance nd j nproved thermal stabilit
P flave one or more ofC foflov?’mg d{sa vantages: 1) low vapor pressure, Z)ywrong

phase of the deposited material, and 3) high carbon incorporation in the film.
[0016] Therefore, there remains a need for developing new compounds and
for exploring their potential as CVD and ALD precursors for film depositions.
There also remains a need for a process for forming liner and/or bartier layers of
metal or metal derivative materials from organometallic precursors using CVD
and ALD techniques. Ideally, the liner and/or barrier layers deposited are
substantially free of contaminants, have reduced layer resistivities, improved
interlayer adhesion, improved diffusion resistance, and improved thermal stability

over those produced with PVD processes.

Summary of the Invention

[0011] This invention relates to compounds having the formula
(Cp(R))yM(H),.y wherein M is a metal selected from tantalum (Ta), tungsten
(W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr), each R’



over those produced with PVD processes. Summary of the Invention
[0011] This invention relates to conpounds having the fornul a

(Cp(R).) yMyd)mowavderein Mis a nmetal selected from tant@alusmwieHais
tungsten (W, nolybdenum (M), niobium (Nb), vanadium (V) or
chromum (Cr), each R WD 2007/041089 PC_:'E/_USZOOG/ 037414 -4 is the
same or different and represents a hal ogen atom an acyl group having
from 1 to about_12 carbon atons, an al koxy group having from1l to

about 12 car boft e dtirerantaBdispedronHogRGIR. A HETsrdiy natfiom
about 12 car bom (LB 12 &b ddhs, 28Ry %@\@ Aifd @8%11 t%%b&ﬁqgtcar%&%
from1lto on at ons

carbon atons, an am ne group having fr about car bor

or a silyl gro&ipnkaan alpxieapry! swuabedng fomdde bortd? oabpn at@pas;?swékyld
substituted or i ienyl group or substituyte
or unsubstit ug{é&)gﬁ %{5@%‘%%3% g&%ﬁ‘%}ﬂa I%?){ngﬁtro %’pzfng%l(n TEERHP %ﬁ%l%i?mflﬁ‘&m 0
to 5, y is an abawt &@earbdir domd ot osilyl gang havingfibhe tvabende cafbodvbtoi8012]

This invention, rel at s.tp argan tt%%.l i‘f pre(g.urﬁors havi nl%; 1 hed

formula  (Cp( KD SRERISE) HREPER RS Pelopniatian saredr s i or

tant al um ( Ta) , nhsubgattedcycdfdfentatihylnde peevp( Me)an iﬂbg&iiﬁt@m ¢ N5,y iyapadi um
e

(VM) or chromum (Cr), each R__is the sang or different and
represents a hiat bﬁorﬁtlcﬁ’ni%ﬂﬁ”a’éﬁe Hep°Hving from 1 to about 12
8

carbon atoms, @019) | COXi iBFRHBN RAKENG of JaBBhdalli@ pARAMErs hviG B iR Brmula
atons, an al koxycarhonyl group having from1l to about 12 carbon

atons, an. al | &R y WAgicHyM i o metal sdecigsoiinm ttadum 69, ngate,  an
am ne group haw apait C I up
having from O E/\gﬁg%%%%%nggf B)’on at o ﬁ%f’)’ %{QI&’@ T %%@?P@%“gﬁér ’yea&{ R
unsubst it ut ed ®ykt e diffesent landjrepegsends a balsgenstdn,ahedyl@roup having from

araubet (o0 exeLORe L oP ALl SR HRon i PO RO PR
Thi s i nvent i onatosisanedkoxgeabgryd gess hiving foadus abgita2 @iﬁafgﬁ?glgﬂzs{%\nﬁn@g :
tant al um (Ta) , POUGRBLHERORUTS SRy B OBHERONB) ™ A1 BBEGH: RGPS FOBdei um
(V) or chrom umbdufr) carb@etbmor 4 Syl BRuS BFBnOfrodidf habent 23B%on atoms,
represents a ha‘lp? s? snubgtgtgt@d o? Qns%ggftltutgé c?y%?opentadienyl group or a substituted or
unsubstituted cyclopentadienyl-like group, x is an integer from 0 to 5, yis an
integer from 1 to 5, and z is the valence of M.
f0013]  This invention relates to a process for producing a compound having
the formula (Cp(R”),)yM(H),.y wherein M is a metal selected from tantalum (Ta),
tungsten (W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr),
each R’ is the same or different and represents a halogen atom, an acyl group
having from 1 to about 12 carbon atoms, an alkoxy group having from 1 to about
12 carbon atoms, an alkoxycarbonyl group having from 1 to about 12 carbon
atoms, an alkyl group having from 1 to about 12 carbon atoms, an amine group
having from 1 to about 12 carbon atoms or a silyl group having from 0 to about
12 carbon atoms, Cp is a substituted or unsubstituted cyclopentadienyl group or a
substituted or unsubstituted cyclopentadienyl-like group, x is an integer from 0 to

5,y is an integer from 1 to 5, and z is the valence of M, which PrOCESS COIMpIiSes

reacting a metal halide, a cyclopentadienyl salt and a reducing agent in the



having from 1l to about 12 carbon atonms, an al koxy group having from1l
to about 12 carbon atons, an all coxycarbonyl group having from1l to
about 12 cawlbaoo7/mt@ms, an allcyl group having from | tocxeivocha7414
carbon atons, an amne group having from1l to about 12 carbon atons
or a silyl group having fromO to about _s512 carbon atons, Cp is a
substituted or unsubsti tued cycl opent adi enyl group or a substituted
or unsubstituted %’ ?g%]t |enyI-I| %rou x .0s an integer fromO
to 5, vy is anPffif yert gndun hEP gHqneopgiionsufirient & PrRfiucEAh c h
process conpri Sﬁ&nnd‘d@@&r%hd’!ﬁn%df@ia@'anﬂ'?éab safll ﬁ%ﬁﬁéﬂ?ﬁ@%é&g&&ﬂ}ﬁteﬁﬁl t
and a reducing agent in the WO 2007/ 041089 PCT/ US2006/ 037414 -
presence of a f"Ylg‘s% baggmaieral i Me niprgase fagetdnd solverand nerdes resgtidr CI ent
to produce an %5&, and reacting said

i nternedi ate rggﬁlﬁ%ﬂrll%?rfaftﬁeeﬁ% icgﬁalg@%ﬁ@ﬂrﬂmt erial in the presence
of a second sollW¥H arldhivintertion eclates ore metbutifot porscisgif filoj w@ating a

roduce said c Thi ion relate or
Br oducing a fi ?%@8%{-3; t‘%e[rzlo %ﬁlngag()% i %lgﬁg SOOpoLr ﬁ%}agFgaB?IB‘étﬁ%lﬁEt allic
(pr ec(:ur )so;, N?ﬁil) @r@nghanﬂmmig_ dhd i_"omnular(@p([kl( }s@M(Ha,wvﬂgretflmM ifs@.ﬁm&llaelectt(ac_lr y,

R )X = er el IS al sel ect I alum ( Ta
t%gst en {V\) nﬁﬁﬁy%ﬁtgﬁ‘ﬂ}ﬁﬁ%%gsﬁilg@bﬁﬂ??%?m&&% lm@;’ ), gpnadium
chrom um (Cr), (€petchRmium (Uﬁ)? eSAIRE 1Othe@irhé 6F BffbreANBdHERERERASI03en
hal ogen at om an acy I %T having from 1l to about 12 carbon atons,

an al koxy grouf Hhéf}laﬂﬁ ‘Imgélogb]oﬁ’tab?‘?t 1247196R 2iemmsnan allgpiy group

al koxycar bonyl hgflﬁglﬁoﬂal\"tb@tgoift"lQréhr%onraf%nﬂbzﬁfﬁlk&%ca&@&m Qro‘% @1@%11 ﬁeml
allcyl group having from1 to about 12 carbon atons, % oup

having from 1 ttfbab&ﬁbh% catonAeRH A1 Alkghtrown haying fram 1ge @lmt fh.’év&rhgp atﬁmam
0 to aboul 12 GALhAR A6 ThyinPldn?1 fb 51 Lalliidhe UNSHBPLLLYER g

cycl opent adi enyl group stitute unsu
cycl opent adi enyiiom ¢ toeebogjrlgipgrbor afognsa fip e B@yeﬁ:rulﬂed omuBubgit@edy i s an

ai ar 1 m coatt g arERivaEr doGHHRRE & bk BP RO

met hod for progasp ng ea iwedes fioat @td 1) yds arpmea(gasimmgt@h,adjﬂa&hs thedklnce
met hod conpri si intr ducin n anonetallic precursor into
sai d processi nﬁpgf%g}l’%@?l’r F]&gé?lgﬁ%nﬁa 1§ P7PO8t8% ur sor  havi ng t he

[0015] This invention relates to a method for processing a substrate in a

processing chamber, said method comprising (i) infroducing an organometallic
precursor into said processing chamber, said organometallic precursor having the
formula (Cp(R")x)yM(H)..y wherein M is a metal selected from tantahum (Ta),
tungsten (W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr)

sach R’ is the same or different and represents a halogen atorn, an acyl group

7

having from 1 to about 12 carbon atoms, an alkoxy group having from 1 to about
12 carbon atoms, an alkoxycarbonyl group having from 1 to about 12 carbon
atoms, an alkyl group having from 1 to about 12 carbon atoms, an amine group
having from 1 to about 12 carbon atoms or a silyl group having from 0 to about
12 carbon atoms, Cp is a substituted or unsubstituted cyclopentadienyl group or a
substituted or unsubstituted cyclopentadienyl-like group, x is an integer from 0 to
5, v is an integer from 1 to 5, and z is the valence of M, (ii) heating said substrate

to a temperature of about 100°C to about 400°C, and (iii) disassociating said



formula (Cp(R )X)yMH)z_y wherein Mis a netal selected fromtantalum

(Ta), tungsten (W, nolybdenum (M), niobium (Nb), vanadium (V) or

chrom um ( Gyb,200m@3fe R 1S the sanme or different and repiaagntosodr414

hal ogen atom an acyl group having from1l to about 12 carbon atons,

an allcoxy group having from1l to about .12 carbon atons, an

al koxycar bonyl group having from| to about 12 carbon atons, an

al kyl group having from1l to about 12 carbon atons, an am ne group

havi ng from | toseaapweellieprecarsooty the prasenes of peoysing gasp derpvit ageefal om 0

to about 12 c : is a substituted or unsubstituted

cycl opent adi en%ﬁg%%tﬁ@%&sgggsubsti tuted or unsubstituted

cycl opent adi enyl -1i ke group, x is an integer fromO to 5, y is an

integer from1 . and. z i s %hh vatl.ence of M (ii) heating said

substrate to &it% g SHELFD0C to about 400C, and (iii)

di sassoci ati ng [e@icf WA 20044 2639, t(REThIBRE0GIAD3 Td ddanoBetallic precursor

organonetal | i ¢ precursor Lg tge presence of a pr.ocessing gas
G g%

to
deposit a met al®®mPYAdE cyR o PetabaseuEtspls - A RFRbIASHEHt t he

Invention [001Ghbae shéltisChi BetaPRAVIRC, WinStal AMMSRT] 4 NEhRkEsndI®C, on a
organonetal lic precursor conpounds capable of form ng netal - bbased

materials, e.gSibsiagdydechakgenachps CYRrapi dd-Iy yEhe wibstmde epataslerably brac,

Wnetal and WC,.; 3 : . t RANi.

SUch a5 VD and" Aae SpATA oA AR Lr A RIS ol HEGRALBNES, |

devi ce st ruct usesicpeductgpgevieastivsiisessuch as copper netal lization of

sem conduct or Lce r o) ; e 50r

conmpounds of t ?l}s‘ll”?:nvZlﬁll{ei%g%ﬁlﬁglé%a&M%%Drzllso{%gngoﬁ)lrgﬁya%@%%ngfe ht?roelf% :ﬁ‘gg)s ed

mat eri al | ayer she fermgationd mext]l dlased mohtFaClagas rd. @ Ta atpbasl, TaChiedrmikte

t hose conpounds__having .t he fornul a R.) X H) , in .Mis a

ot al sel ot od P ERAE doah SRR e ol ety sk oty

3@ ?]E)i um (Nb), d\mmlm' V| e(eié):teﬂ}r]ﬁ‘clﬁ;hfaﬁfﬂwlﬂﬂ(agh).ngs&ﬁQF[)Bnolinde{;]lhﬁl_ (SR)E ; or .
ifferent and represents a_hal ggen atom an_acyl_group having_from

to about 12 caPtRm nﬁ%ﬂaQW%ﬁ%&%yhram&%?@rwﬁlgR? fsdba spmepr 4Nt 12

carbon atons, afd rephdsGRXY GAlbBIMOm HOKP) Hev NS ide i 1 14 SHRPPULardch

carbon atons, an alkyl group )
atoms, an alkoxy group having from 1 to about 12 carbon atoms, an

alkoxycarbonyl group having from 1 to about 12 carbon atoms, an alkyl group
having from 1 to about 12 carbon atoms, an amine group having from 1 to about
12 carbon atoms or a silyl group having from 0 to about 12 carbon atoms, Cpis a
substituted or unsubstituted cyclopentadienyl group or a substituted or
unsubstituted cyclopentadienyl-like group, x is an integer from 0 to 5, yis an
integer from 1 to 5, and z is the valence of M.

[0018] This invention in part provides organometallic precursors and a
method of processing a substrate to form a metal layer and/or metal carbide layer
on the substrate by CVD or ALD of the organometallic precursor. The metal or
metal carbide layer is deposited on a heated substrate by thermal or plasma
enhanced disassociation of the organometallic precursor having the formula
(Cp(R7)x)yM(H)..y in the presence of a processing gas. The processing gas may

be an inert gas, such as helium and argon, and combinations thereof. The



having from1 to about 12 carbon atons, an am ne group having from1
to about 12 carbon atonms or a silyl group having fromO to about 12

carbon at onwp oPr/dssose Substituted or unsubstituted cyclmpan:adiosnyd
group or a substituted or unsubstituted cyclopentadienyl-Iike group,

X is an integer fromO to 5 y is an |nt7eger fromlto5, and z is
the valence of M [0018] This invention in part provides

organonetal lic precursors and a nethod of processing a substrate to
forma metal | &YEPOSERY Yrharspeassienesi la%elercadé@ deppgit medal submeinbeabify
CVD or ALD of therokgapaetal lic precursor. The netal or netal
carbide layer is deposited on a heated substrate by thennal or plasna
enhanced di sasd®¥i%ht i dier 8 argraoweilisamesuesbisiod tlps eventbonepresehted by He

formula (Cp( Rféﬁ&)&@@ ,il\%(g{r)%.y,%d péfp?eigrﬂ%%e %I%ag tc%e e%?p'%{eg? ggahmplgsf,‘%e

processing gas nay gas, suc
conbi nati ons t heatadoWhith eaﬂ/k@ @@%ﬂeﬂé&@%nﬁ'ﬁh@ﬁﬂ&ﬁﬁdxﬂaﬁ@ﬂib@muﬂvm

el carbi da AP AE e bR rOBAS e Ry 8 B DanBngt Bee
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cyclopentadienyl groups,
[0021] Mlustrative substituted cyclopentadienyl-like moieties include cyclo-
olefin e.g., cyclohexadienyl, cycloheptadienyl, cyclooctadienyl rings, heterocyclic
rings, aromatic rings, such as substituted benzenyl, and others, as known in the
art.
[0022] Permissible substituents of the substituted cyclopentadienyl and
cyclopentadienyl-like groups include halogen atoms, acyl groups having from 1 to
about 12 carbon atoms, alkoxy groups having from 1 to about 12 carbon atoms,
alkoxycarbonyl groups having from 1 to about 12 carbon atoms, alkyl groups
having from 1 to about 12 carbon atoms, amine groups having from 1 to about 12
carbon atoms or silyl groups having from 0 to about 12 carbon atoms.
{0023] Illustrative halogen atoms include, for example, fluorine, chlorine,
bromine and iodine. Preferred halogen atoms include chlorine and fluorine.
[0024] IHustrative acyl groups include, for example, formyl, acetyl, propionyl,
butyryl, isobutyryl, valeryl, 1-methylpropylcarbonyl, isovaleryl, pentylcarbonyt,
1-methylbutylcarbonyl, 2-metliylbutylcarbonyl, 3-methyibutylearbonyl, 1-



[00211 Illustrative substituted cyclopentadienyl-like noieties
include cyclo- olefin e.g., cyclohexadienyl, cycloheptadienyl,

cycl ooct adi ewyloorismggs, heterocyclic rings, aromatic ri NgSyUSSUGRZIASL
substituted benzenyl, and others, as known in the art. [0022]

Perm ssibl e substituents of the substitutged cycl opentadi enyl and
cycl opent adi enyl -1i ke groups include hal ogen atons, acyl groups

havi f 1t abouyt 12 rbon atqns, al kox roups having from|
to about 12 carBBPaRAsLomEPadiaprRiaRY) bk e sy Progerredom Eroms

about 12 car bonn@éd¥Bymyl ¢yl SEOMBSionlavi ng from 1 to about 12 carbon
atons, am ne groups having from1 to about 12 carbon atons or silyl
groups havi ng P& 0 tHusiéive alkoxapwsrindedsnior ekoape)méthoxysethaty, ve
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met hoxy, ethoxy, .n- pr.opox I SOpropoxy, n-butoxy, i sobutoxy,
sec- but oxy, te¥11‘°-1‘l:5ﬂﬁt ,Xypéh"t"w W&’FOPPKY-ne_t hyl but yl oxy,

2-met hyl but y| 0x00268- MatitaB Mk&zyséarb%ni@-gfyug?f&mh@ffﬁpéﬁa e hexyloxy,
1-nethy|penty|ox¥, 1- et hyl propyl oxy, Z-methyl pentyl oxy,

net hyl pent y| oxjRehexyerbaayvp elosyeasenyl popaisatbhyylbaenboysarbodd,
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al koxy groups tgriveutondearpenylosng, thetikeo ¥yefamet] ﬁk?gffa@ea?(r;ﬂ @lﬁ)'éh@}; include
B L LT e —
cycl opr opoxycarcpsepyrbpoxtycdarbanyt.ar bonyl , i sobut oxycar bonyl

sec- but oxycar b?(SMH] Tustrative alkyl groups include, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, hexyl, isohexyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-
ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-
methylpropyl, 1-ethyl-2-methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, and the like.
Preferred alkyl groups include methyl, ethyl, n-propyl, isopropyl and cyclopropyl.
[0028] Hlustrative amine groups include, for example, methylamine,
dimethylamine, ethylamirne, diethylamine, propylamine, dipropylamine,
isopropylamine, diisopropylamine, butylamine, dibutylamine, tert-butylamine,
di(tert-butyl)amine, ethylmethylamine, butylmethylamire, cyclohexylamine,
dicyclohexylamine, and the like. Preferred amine groups include dimethylamine,

diethylamine and diisopropylamine.



tert-butoxycarbonyl, and the like. Preferred all coxycarbonyl groups
i nclude nethoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

i sopr opoxycwbheiyhioand cycl opropoxycarbonyl. [0027] || |p¢stusasosersis
al kyl groups include, for exanple, nmethyl, ethyl, n-propyl,

i sopropyl, n-butyl, isobutyl, sec-butyl, ?tert butyI pentyl,

isopentyl, neopentyl tert-pentyl, 1-nethylbutyl, 2. met hyl but yl ,
1, 2- dinethylpr%ﬁé hex I |sohexyl 1- neth Ipentyl 2- nethylpentyL,
3- et hyl pent yI [0029) - dJ%FﬁV{%WWOﬂ@ ipelugg, f?éteﬁ%mﬁiats}ibd trimethylsilyl,
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ethylbutyl 2-ethylbutyl, 1,1,2- tlnet t1 met
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groups incl udemrgandnydtalhetah;aﬂmn nepp@mys Lepres@nwddgyche goaghutay cl opr opyl .
[0028] Illustrative am ne groups include, for exanple, nethylam ne,
di met hyl am ne, ethyl am ne, diethylam ne, propylam ne, dipropylam ne,
i sopropyl anline, diisopropylam ne, butyl sne, dibutyl am ne,
tert-butylamne, di(tert-butyl)amn t hyl met hyl ar ni ne,

but yl met hyl am ne, cycl ohexyl am ne, cycl ohexyl aniine, and the |ike.
Preferred am ne groups include di | am ne, . di et hyl am ne and

di i sopropyl am ne. WD 2007/ 041089 006/ 03y414 -9 [0029]
[llustrative silyl groups include, for edarpte,) >silyl,
trimethylsilyl, triethylsilyl, t met hylL&1 |yl ) net hyl ,
trisilylnmethyl, methylsilyl and t e. Préferred silyl groups
include silyl, trinmethylsilyl and t yl'silyl. [0030] In a
preferred enbodlnent this invention relates in part to

organonetal lic tantalun1conpounds represent®d by the formula RL D\
Ta D R R

pyl 1




Ta\ H RR R D~ RTa/ R R R2 WD 2007/041089 PCT/ US2006/ 037414 -10
[ 0031] wherein R1, R2 and each R are the sane or different and each

represent @ohadagere atom an acyl group having from 1 tggralaodsodzdia
carbon atons, an al koxy group having from1l to about 12 carbon

atons, an al koxycarbonyl group having f (5)mlto about 12 carbon

atoms, an al kyl group having from1 to about 12 carbon atons, an

am ne group-having from1l to about 12 carbon atoms or a silyl group
havi ng from O {Q93gboutw@?l%8r:%rﬁm@1?@hﬁ arp o3eine ot fifstanaerideach relpresent
organomet al | i ¢, g Syl ENGRAOR 10 L2 B ar§XETR Mo
bis(cyclopentaaieggﬁy?gﬁ1€{§%g%?giun]ﬁg © carbon & nl’azifxy
bi s(cycl opent adicspykyipafibwenio)abbrtdicebp atopm) amallarxycarbonyl group having

bi 5 cyel opent adriny bt RRn SR At tiiheraam deying fomcbo By ten <
bel i eved t hat mhe$pmﬂmﬁﬂegmmﬁhEﬁﬁgﬁu&aﬁbhﬂam?zgm@&p&oﬁ@ptQﬁh&gmup
cycl opent adi enyl .gr pups, rti,cularly the silicon containing
sﬁbst?tuent grﬁﬂﬁ%%gmgﬁﬁgﬁgﬁuﬁﬁépggq g"physi cal properties. It is

bel i eved that {due2pubsiiistdet orgéREREIlid DERASR RUEARIERIAAIKe, for
precursor volatility, decrease the tenperature required to

di sassoci at e tﬁ%mﬂﬁ%@§ﬁ§8k?m§ﬁamD%Mﬁbdfﬁgmﬁbi!ipg poi nt of the
organomet al| I Chisfal@hinsRbenyibitAOnEABAGBhahio} Ly Of the

organonetal I'i c preéecursor conpoun ensures a sufficiently high
concentrati on BE(Cyplepumtasimybtitialiytedtalum, vaporized fluid flowto the

proesS! 19 chaphabhl LGP EBRERLOR Al il yer  The | o oved

or ganonet al | i c[4983lcur $igr believed that the presence of the substituent groups on the
cyclopentadienyl groups, particularly the silicon containing substituent groups,
enhance preferred physical properties. It is believed that the substituent groups
increase organometallic precursor volatility, decrease the temperature required to
disassociate the precursor, and lower the boiling point of the organometallic
precursor. An increased volatility of the organometallic precursor compounds
ensures a sufficiently high concentration of precursor entrained in vaporized fluid
tflow to the processing chamber for effective deposition of a layer. The improved
volatility will also allow the use of vaporization of the organometallic precursor
by sublimation and delivery to a processing chamber without risk of premature
disassociation. Additionally, the presence of substituent cyclopentadienyl groups
may also provide sufficient solubility of the organometallic precursor for use in
liquid delivery systems.
[6034] It is believed that the organometallic precursors described herein have
functional groups which allow the formation of heat decomposable
organometallic compounds that are thermally stable at temperatures below about
150°C. and are capable of thermally disassociating at a temperature above about
150°C. The organometallic precursors are also capable of disassociation in a
plasma generated by supplying a power density at about 0.6 Watts/cm?® or greater,

or at about 200 Watts or greater for a 200 mum substrate, to a processing chamber.



by sublimation and delivery to a processing chanber w thout risk of
premature disassociation. Additionally, the presence of substituent
cycl opent adivenyd7@i@ups nay al so provide sufficient solpghidshaogoofiie
the organonetallic precursor for use in |iquid delivery systens.
[0034] It is believed that the organorre;ﬁ_lic precursors descri bed
herein have functional groups which allow the formation of heat
deconposabl e organonetal lic conpounds that are thermally stable at
t enper at ures béf®wl abolhe Ol‘a_as\e@?tgﬁwr@ﬂ@ozséﬂswbéd bereinesygbesjt metal and
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precursors are al so capabl e di sassociation”i'n a asnme gener at ed
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at about 200 L Of - . 20 uhstrate, to a processing
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precur sors desgprdcesthepes,euch ndydehepnand corabiastions thersvé€t al car bi de

| ayers dependi t he. processi n as co sition and the plasm

gas conpositi OE&}SBF t ﬁgls3’8@%"5&?‘%%"33?%%%5&?%* H’é)c°8§51n§rga?r§’f‘%h car bi de
layer is deposidi@ger, facliiigtedlceGRNGAIGhe EytRIpEntRIIGER SBIPY (UREESoBHERN as
argon, a reactant rocessi ng %as, such as hydrogen, and conbi nati ons
t her eof . [ 00362 ¢ ‘%relﬁ’eqem%’:& lﬁ%%bpﬁéa%fg@l Brs Eomdhepassyrbeessi ng
gas, such as lygh:Ame @qnétﬁ(b:cr ki ALABidE 836t diPfle WidshateN G he motal layer is

cycl opent adi enyl” groups to formvolatil'e gases, thereby rendbving the
cycl opent adi enpreferphly depasited Wehppisssupesefiargasd  depositing a metal or

met al carbi de | o] o I ' y
deposited in tkll@ég es%%%ég&%?ggﬁgﬁlfﬁg%%%@%%%rm ﬁrﬁgélgtgg?%g’le

regi me for depdsictibethpracursoyés asfiolhows. Bepredumspe hattes theichmdostiecissgibed i s
as follows. A pi

i . 1 d i bed . herein,
such as bis( cyc%%%g%’fca(rﬁ]f g%;g“{y%g%‘}q% 1%@9?@31){%%&%%%%%%‘%%%% ﬁ@s II§|as is
Ll ow rate | bolveon abont boanabout 500 eem and L ho. br gcecting
a ow rate ween .a an u S e,
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and about 500 sE&iBer bie AGR rate GOSN ERNboRS MmbAbARBOssidRNmRMecess, the
precursor and processi n%dlgas are introduced at a nolar ratio of

about 1:1. The *PFPeLEsE! Hehedrprtilen Piocetith RPFHEeprapd processing gas ave
introduced at a molar ratio of about 1:1. The processing chamber is maintained at
a pressure between about 100 mifliTorr and about 20 Torr. The processing
chamber 1s preferably maintained at a pressure between about 100 milliTorr and
about 250 milliTorr. Flow rates and pressure conditions may vary for different
makes, sizes, and models of the processing chambers used.
[0038] Thermal disassociation of the precursor involves heating the substrate
to a temperature sufficiently high to cause the hydrocarbon portion of the volatile
metal compound adjacent the substrate to disassociate to volatile hydrocarbons
which desorb from the substrate while leaving the metal on the substrate. The
exact temperature will depend upon the identity and chemical, thermal, and
stability characteristics of the organometallic precursor and processing gases used
under the deposition conditions. However, a temperature from about room
temperature to about 400°C. is contemplated for the thermal disassociation of the

precursor described herein.



a pressure between about 100 mIli Torr and about 20 Ton. The
processing chanber is preferably maintained at a pressure between
about 100 nwbl2odhawrosand about 250 milli Torr. Flow rat eecant2@cessur e
conditions may vary for different makes, sizes, and nodels of the
processi ng chanbers used. [0038] Thernal lp_i sassoci ation of the
precursor involves heating the substrate to a tenperature
sufficiently high to cause the hydrocarpbon portion of the volatile
met al conpound! (g’éf"]ac erfte theamal sisepsogiation 1§ PEﬁf%ré@é’fBE’if%dtbd hafinghs e
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on the substrate. The exact tenperature will depend upon the
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preferably per tafinete herhfaisangcibiien prstdast rate to a tenperature

bet ween about %Oog]ca g:about 4Q0C. ICS one enbodi nent of the thermal
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bet ween the precursor and the reacting gas on the substrate surface.
I n anot her enBiaspgEaiion qfrtlee RYeAvETor arbinpasegpactian il any reactedigssssat ur e

bel ow about 409@%@%&%931% Q%y&%ﬁﬂ@éub%;ﬁ@sﬁ%%@} d&&tﬁ&&r@éﬁboﬁﬂ%‘ol
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any reactant gases prése
power density tlmtolmbeﬁbgmtera@eﬁnep%trﬂs/cnﬂ and about 3.2 Watts/cny,

o ef or abl y uselWAF o D AR oL Prrinsel i 18 e SR Bl
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and deposition of the material on
plasma comprises a reactant processing gas, such as hydrogen, an inert gas, such
as argon, and combinations thereof. In the plasma-treatment process, power to
generate a plasma is either capacitively or inductively coupled into the chamber to
excite the processing gas into a plasma state to produce plasma specie, such as
ions, which may react with the deposited material. The plasma is generated by
supplying a power density between about 0.6 Watts/em® and about 3.2 Watts/em?,
or between about 200 and about 1000 Watts for a 200 min substrate, to the
processing chamber.
[6042] In one embodiment the plasma treatment comprises introducing a gas
at a rate between about 5 sccm and about 300 scem info a processing chamber and
generating a plasma by providing power density between about 0.6 Watts/om” and
about 3.2 Watts/cm®, or a power at between about 200 Watts and about 1000
Watts for a 200 mm substrate, maintaining the chamber pressure between about

50 milliTorr and about 20 Torr, and maintaining the substrate at a temperature of

between about 100°C and about 400°C. during the plasma process.



the substrate, the deposited material may be exposed to a plasma
treatment. The plasma conprises a reactant processing gas, such as

hydr ogen, amoizo@rkiogas, such as argon, and conbi nati onectrhae@ebs74lan
the plasma-treatnment process, power to generate a plasma is either

capacitively or inductively coupled intohe chanber to excite the

processing gas into a plasma state to produce plasnma specie, such as
ions, which may react V\,igh t he de@osited material. The plasma is

gener at ed by Bl yi Ngs Belbaai et glasya Beatertdowes the lavess waistiwts nz
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for a 200 nun substrate, to the processing chanb

enbodi ment t hetopihaies befries enreliner proppiips dbisibetievsd dludt mepoies am readtars
rate between a . ' rocessing..
chanber and g ng%’ g?ﬁllﬁ%%gh %@g%%g%imﬁeg?}?ﬁ% gﬁgﬁmglﬁhgceaﬁs?n[ lf/npﬁgfl%fgn
about 0.6 Wt t sodw® valadile aboertat®n thidtah sidiyRiesab framphyerbsaite baifaveen

about 200 Watt bout ,2000, Vatts for a 200 mm substr at

mont ai ning. t i BB B8P Pkt ok Aol pro-B A AT et ey
about 20 Ton-, spabids ﬁ‘an(;mﬁ%t BasBg stidheas 3tgbﬁ,tﬁzﬂhﬁ bahalbardttmslérab o vef
bet ween about 100C an oyt, 400C. during the plasma process. WO
2007/ 041089 Pﬁfﬁ@?ﬁ@éf%ﬁ%ﬁ@ owerdhg g iesistivincanddmpeyegleehise! ¢ he

pl asma treat megdndh@ietiys the layer's resistivity, renoves
contam nants, {Sngh as_carbon or excess h dr%gen, and densifies the
layer t'o enhalf@@*lbar Piasmadsamentsare pyplojsabnnod gerfarmeil forpedtiloadidet hat

speci es from rpagtaiice 1943880 t?ééﬁﬂen@ﬁla?)(; RKRL&IL (?egtﬁ% %ﬁhdy ohflf cgijtﬁles e

react with the carbon inpurities to p uce vo rocar bons
that can easi | pvered6t plasmaheatmentdoysmetal cartdde fapeds pafrdmed rihdglasme ged
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resistive constu&itque_nt s to lower the layers resistivity and inprove
o eetrical . ComigGl it 00f g RSB ALSLEILSqRne el 20 o
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treatment of the materials described herein are believed to have improved
diffusion resistance, improved interlayer adhesion, improved thetmal stability,
and improved interlayer bonding.
[0046] In an embodiment of this invention, a method for metallization of a
feature on a substrate is provided that comprises depositing a dielectric layer on
the substrate, eiching a pattern into the substrate, depositing a metal carbide layer
on the dielectric layer, and depositing a conductive metal layer on the metal
carbide layer. The substrate may be optionally exposed to reactive pre-clean
comprising a plasma of hydrogen and argon to remove oxide formations on the
substrate prior to deposition of the metal carbide layer. The conductive metal is
preferably copper and may be deposited by physical vapor deposition, chemical
vapor deposition, or electrochemical deposition. The metal layer and the metal

carbide layer are deposited by the thermal or plasma enhanced disassociation of

an organometallic precursor of this invention in the presence of a processing gas,



gases preferably conprise inert gases, such as argon and helium to
remove carbon. [0045] It is believed that depositing |layers fromthe
above i dentwbizedtieapeecur sors and exposi ng the | ayers to peTU33606/037414
deposition plasma process will produce a |layer with inproved
material properties. The deposition and/gf. treatnent of the
materials described herein are believed to have inproved diffusion

resi stance, inpraqv i nterlayer adhesion, .inproved thermal stability,
and i nproved {TBEGE‘?@Q&/’@(&]HSWH?&?}@SS%F Bt 20 omn e dapasded: tisrmetp) layer
invention, a i@ nfeed camidlidye? adn RRxHdsedio  SIBIM Sk Q.tb%élﬁ%ﬁtﬁ%}e? i's
provi ded that conprises depositing a dielectric |ayer on e

substrate, etcH?H?@manpattern into the substrate, depositing a metal

carbi de | ayer 71 he C%l}n%htg%%%élﬁ ?{éfgcge% scﬁé}ﬂesqﬁﬁqg%t 4 B}?ﬂsﬁn %&@glu‘gtﬂll Y€

nmetal |ayer on the nmet a
optional | y expedwdr weiting ket aretop fellomted iy a copprepréedilagr. aApdtyasnﬁI‘aﬁ

o deposi t1on” BRAHY beb R BuRhaich 3 BP0 RS BBty FHohb B Fel”"
preferably coppettiphnsiepyey tme:udemoﬁtbgretﬂoﬂ)éﬁh@ﬁ@ss IThaTaCagey ishaResdilchion,
chem cal vapoh%%leﬁposél ti on ec troche cal deposi ﬁ?l on. The netal

| ayer and the D E@S}O F’ aqier- (The HOREFREFD or

pl asma enhancethyel fﬁﬁtﬁ:ﬁﬁ@bﬁﬁ.hf@ﬂﬁn@ﬂayeﬁﬁd@ﬁa@%ﬂ@%ﬂﬁttéc@ BiSEMiS e Of
this invention in theﬁﬁr esence of a gr ocessing gas, {J/\O 007/ 041089
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Ton. Once de pO&éﬁo@lﬁon bﬁl@m’@ﬁ}saduﬂnéﬂferde Sunehnt U@pé@ﬁ@ﬂ s%idh RkgGe hﬁ'ff%{) 4C an

be exposed to a plasma prior to su sequent [ayer ‘deposition
Current copper 28npegpeipyshiodediesse Sieirainotfientaluaiip fh@sﬁlmn Resnrovilerf ong h a

copper wettin gm!o?é’s@téas% Sélﬁ%]jd?tl:%?%f%f 3 viR PREE 15§ BSahY ?%]Vu%gﬁ Rid AYer

of TaC gradually becomng tantalumri chei'n accordanca
i nventi on woul ﬁbmlecpﬂdae‘ferlmuftmmee steps in the current i nt egration

due o i ts amolgishe drm AP 8B et iar JROH S LI RRRE kit iFEn as

a wetting |ay e40(&ﬁldmﬁ’ﬁtymﬁ:hd eotrdsive belhrb@ts. Mgt il a@iorbR®is and are
superior barriers than TaN to copper diffusion. By tuning the deposition
parameters and post deposition treatment, the TaC barrier can have a tantalum
rich film deposited on top of it. This tantalum rich film acts as a wetting layer for
copper and may allow for direct copper plating on top of the Ta layer. b an
embodiment, the deposition parameters may be tuned to provide a layer in which
the composition varies across the thickness of the layer. For example, the layer
may be TaC rich at the silicon portion surface of the microchip, e.g., good barrier
properties, and Ta rich at the copper layer surface, e.g., good adhesive properties.
[0049] As also indicated above, this invention also relates in part to a process
for producing the organometallic compound represented by the formula
(Cp(R7))yM(H),.y wherein M is a metal selected from tantalum (Ta), tungsten
(W), molybdenum (Mo), niobium (Nb), vanadium (V) or chrominm (Cr), each R’
is the same or different and represents a halogen atom, an acyl group having from
1 to about 12 carbon atoms, an alkoxy group having from 1 to about 12 carbon

atoms, an alkoxycarbonyl group having from 1 to about 12 carbon atoms, an alkyl



tantalum This single layer could be deposited in one step by
mani pul ating the deposition paraneters during the deposition. A post

deposi ti on WheaiRiyso ey al so be enpl oyed to increase thgidbds@:;Qls
tantalumin the film Renoval of one or nobre steps in sem conductor

manuf acture will result in substantial savings to the sem conductor
manuf acturer. [00481 TaC filnms from Cp2T are deposited at
tenperatures [ower than 400C and formno corrosive byproducts. TaC
filnms are anor ggndadng famel toabperl2earboa piomsr an anian giPapheung Gppdrto
di ffusion. By i L L i [ nd deposi tion
treat ment, thegqga%%@ggérrg:&%rﬂgglg%}%% églaor&? %%ﬂgé ﬁrPnI% @P@Rgﬁiﬁﬁﬁaﬁg%%@ Ped
on top of it. Thiisasdsti@edrr nhwmbstititedradireniadieayiwedipiong shisy@ted @r

copper and may_al low for direct. c er plating.on t of the Ta
Taverr tnan ufbie brlonsa st SeRE ook Gt et oud sovindy <o
provi de a | ayeintéger WhinClhto 5, Al £RAMRORIdncOF MaWhRE pRCERTEmpHSes tcaKNESS
of the layer. For ﬁxlﬁgpl e, .the [ayer may be TaCrich at the silicon
portion sur f acB°E¥ hilffle: apyclopenipgdieny sgit an SemaE recRlin therspered s, and
Ta rich at thesgRpfednt hAY8Ldes Ham@onitibns sudRsht @)dﬂ?&'ﬁlc\é%n REORRELtLS -
[ 0049] As al so indicated above, this invention also relates 1 n part

to a process FBPUGH BaigEildrprsting grad emalipleceastimpuaivdal with ebewt ed
Chnt alum (Ta) - Teiraer ok PO s R oy o BBk fon SRR aai m
(V) or chrom usifficient to peashicaid prgandnetalboprearsrags. f Tleregmoaethilic
represents a h | Qroup having from 1.to about 12
car bon at os, SR Ra e ind S o BB B4R o5 eelbobt

atons, an al kogseatar, poefyiablyr3dUportymantsrganidrmaore prefealdp B0, ot Breagi.bon
atons, an al k 2007/ 041089 PCI/ US2006/ 037414  -15 group havin
from1l to abomo#\@ car DS SPB AR P, ‘ﬁg{ﬂm‘? °riargs ﬁ“(‘j‘%‘l?r&] cfo{lémge

about 12 car boft cal BerBorAiictad Sdihg/the giH gy RNdNAGoE 8FNE shrfe Qs And. -
carbon atons, Cp is a substituted or unsubstituted cycl pd{)eent adi enyl

group or a subBYPPPEEMSsIers BAGIR Sty be edanisdp siranfeaiureenyidelrimes ofr oup,
X s an integeproii @8 Phd Godess YrovRle@fdr i WREAESs & PEnbmkRIR r@cﬁgﬁof I's
the val ence of ' M which process conpriseS reacting a net aﬁ al1de, a
cycl opent adi engdmRINs Bsiee aipioeess Bihaty algesmipulsiionheanhesguivd @ubin amingle
vessel, and which route to the organometallic precursor compounds does not
require the isolation of an intermediate complex.
[0051] The metal halide compound starting material may be selected from a
wide variety of compounds known in the art. The invention herein most prefers
metals selected from tantalum (Ta), tungsten (W), molybdenum (Mo), niobium
(Nb), vanadium (V) or chromium (Cr). Ilustrative metal halide compounds
include, for example, tantalum pentachloride, niobium pentachloride, vanadium
pentachloride, tungsten hexachloride, molybdenum hexachloride, chiromium
hexachloride, and the like.
[0052] The concentration of the metal source compound starting material can
vary over a wide range, and need only be that minimum amount necessary to react
with the cyclopentadienyl salt and reducing agent to produce the intermediate
reaction material and to provide the given metal concentration desired to be

employed and which will furnish the basis for at least the amount of metal



first solvent and under reaction conditions sufficient to produce an
internediate reaction material, and reacting said internediate
reacti on nefenrno@lsmkd h a base material in the presence pafiiasae0omg
sol vent and under reaction conditions sufficient to produce said
organonetal lic precusrors. The organonetgllic compound yield
resulting fromthe process of this invention can be 40% or greater,
preferably 35% or greater, and nore preferably 30% or greater. [0050]
The process i sEFREFRIERr fieoyeanemetadisicopgoynsis Oféllﬁé"%lan—eh}ﬁeé@mbti on

since it can Rg,ds@REYehRckisksiitk &%oﬁ%ﬁ%uf‘e%&'eﬁré;oﬂgcg cgg,ggltugfft%gﬁg same

reagents and - proceSs paranmeters that can easi

manuf act ure a Wiathsial econgentiationgin dlefrengs. of fiven ghovtbrdllipotpdrdes td grout he
synt hesis of o - i [ I S._Using a _process
where all mani Eﬁ?g@ﬁ@@%ﬁ#gcﬁr gleeg%}ajirs ??q%%b%%gﬁﬁﬁﬂgmsl}l%sép%wﬁesssel , and
whi ch rout e tol[@d38] or ghrepetantddenpl el utaging oo g de daesedifidm a

require the isglation of. an internediate c | ex., [0051] The t al

hal i de conpoun&’"gﬁvilpﬁyrf’é- cm%qqdaﬁm%mggegg{@gft@&vL %Cﬁ?l%ﬂfﬂaﬁea salts
vari ety of conmpeu@dsckewicloperitdtitend) gotasdiig dytépetid@tecN@hRIN oSt
prefers netals selected fromtantalum (Ta), tungsten (W, nolybdenum
(Mb), ni obi um CYREPEItAdigRE AaBRPEGTReoRndthT Wi (Fhecesiypentadieuyt sedfistapians

metal hal i de CapRIMNEBrofdSlYs@umiQEIENAMILE and #REREUM pent achl or i de,
ni obi um pent achl ori de, vanadi um péntachl oride, tungsten

hexachl ori de, H#5¢bderfimeresenisation:f dhe, cyelapaadiany sébetictinsonpigds! camd
the Iike. [0052}. Ehe Wﬂ%?ﬁg’é?&dd@fge@gnﬁ Bgth%ﬁﬂﬁmﬁlgléﬁfbﬁi ﬁ%%gﬁg% ot
Iy r-a wae g nneeéony e{at

starting material can vary ove range, a

m ni num anmount wWiddksmeplsourecempoundeiariing heeiylehd penting pgamy to maditce and
reduci ng agent ; e | 1 i eact.i on teri nd to
provi de the gi \E}ltéﬁlt%en[%a %28%0? g?\fnr%af iﬁgﬁg(%g%e?arlb%epF %CE%%OH @%&zgggﬁegﬁs

whi ch wi || f ur ndagtiort thxtive,siysloparnadidnyl eftstartidrenastilrbne@htrafhalin WO -

compounds of tHESS PhUBRPaH | THITRRGT £ b iR 0h G R S tol
the reaction nibdulll & sufidiédt f&QbéE Broe@gpound starting nateri al
concentrations [AOES}t he Trh% rr]egd%ci%fg afgcgn(g gt]agi?l%%ate]ﬁa?gal ibgls)elzlgcté)dr frclng $ds‘avitdé)
about o4
variety of materials known in the art. Hlustrative reducing agents include sodium
bis(2-methoxyethoxy)aluminum dihydride (e.g., Red-Al® and Vitride reducing
agent maierials), sodium borohydride, lithium aluminum hydride, and the like.
The reducing agent material is preferably sodium bis(2-methoxyethoxy)aluminum
dihydride (e.g., Red-Al® reducing agent material), and the like.
[0056] The concentration of the reducing agent starting material can vary over
a wide range, and need only be that minimum amount necessary to react with the
metal source compound starting material and cyclopentadienyl salt starting
materia] to produce an intermediate reaction material. In general, depending on
the size of the first reaction mixture, reducing agent starting material
coneentrations in the range of from about 1 millimole or less to about 10,000
millimoles or greater, should be sufficient for most processes.
[0057] The first solvent employed in the method of this invention may be any

saturated and unsaturated hydrocarbons, aromatic hydrocarbons, aromatic



10,000 mllinoles or greater, should be sufficient for nost
processes. [0053] The cyclopentadienyl salt starting naterial maybe

sel ected fr@m.go7Mode variety of compounds known in the @¥dysaoe6037414
[llustrative cyc{ opent adi enyl salts include sodium cycl opentadi ene,

pot assi um cycl opent adi ene, |ithium cycl opent adi ene, nmagnesocene, and
the like. The cycl opentadi enyl salt starting material is preferably
sodi um cycl opent adi ene and the |ike. [0054] The concentration of the
cycl opent adi enj¢tersaydesstliylthalidesnzitybatéddlydomarbons pihemyigryahan, cﬂlaoasthfﬁge

and need only t m amount necess to react

met al source C%ﬁg%ﬂﬁ ooly J%ntlo esrﬁgffig 5 4 e al?%’&ﬁ’@f’ﬁ 1085%#“? roduce
an internediat q:nbémm\mﬁts omhBtured of dng ogmmroalthe dﬂ;@p@ﬁtﬁbrélgre@éiaﬂl?e si ze
of the first on m xture, ntadl salt starting

mat eri al conceﬂ’teﬁ‘iieh’ff‘@e}lﬁ“‘“tsh@d 'i’ﬁ thepes F‘b‘ﬂ@ﬁﬁ@ﬁﬁf"'@b%t?l’“ﬁ’wre or
less to about dhdiRRyEthidei AR Or @1{1xﬂfe@@l§e%ovf A oMtdich8 13- valhlaa&ws for
nost processes. [0055 Ther uci ng, a‘%gnt starting material may be

sel ected from Botwpdey adugrsely Wf‘éfererﬁﬁtﬂé atended seentietcanths egployed.
[1lustrat
ustrative rggialeddr &8 Sork Hﬁfe%?scﬁ%‘ts‘%ﬁﬁy be enaplﬂe{;l g deastad VT}% i de

bi s(2- met hoxyet hoxy) al um num di e.g.,
reduci ng agenfmpi of sadyesy emplopédismblorisiside tigenbikitimventivatndriond r:mly

hydride, and t E'@%}ld HKount ;E chﬁ%‘ %lﬁ'lgh%,gtﬁg %ﬁa t11e<3r eiipi’néﬂ%ﬁ:\}gl& %A\r%és idn

sodi um bi s(2- net hoxyet hox um nun
reduci ng agent mmstrer ﬁagmeraé,nhb mh@uitbk@lvebﬂﬁ&ﬁl]ang'élﬁ'om@hmﬂrﬁt}greactent)lfy of

the reducing a ent. star mat er.i.al vary ,ove ide r and
need only be t allgitupntlor?u% %ﬁ@&ﬁ?ﬂtr%’c"é%égrﬂ % éeactnR%F\f/\g}jiaqT tg&hﬁ
sour ce conpountasicarixtige sratiag nakerand cycl opent adi enyl salt starting

material to pr internedjate reaction nmaterial. In general,
dependi ng on fh(ri}gg]m z &eop g F?Ikstforrtg%laaf“&’ﬁ qﬁth&qyplgpent@@jwl ft agent

starting mat er ahpoua®BEERENGhS SRSt Wih ?h@@neﬁzﬁ@&ﬁc@@oﬂﬂo‘ﬂﬁ@i aPuct the :
mllimle or |ess tg about 10,000 mllinoles or greater,” should be

suffi cient for TESedigesestgrmaterigh 5T aytrmperatye, psewennd eontcs o, | n

e, meLIoD OF ) USR0S iAo AT

PCT/ US2006/ 037emp|loyed]hprem The reaction temperature may be the reflux temperature of any
of the aforementioned solvents, and more preferably between about -80°C to
about 150°C, and most preferably between about 20°C to about 120°C. Normally
the reaction is carried out under ambient pressure and the contact time may vary
from a matter of seconds or minutes to a few hours or greater. The reactants can
be added to the reaction mixture or combined in any order. The stir time
employed can range from about 0.1 to about 400 hours, preferably from about 1 to
75 hours, and more preferably from about 4 to 16 hours, for all steps.
[0059] The intermediate reaction material may be selected from a wide
variety of materials known in the art. Illustrative intermediate reaction materials
include bis(cyclopentadienyl)(dihydrido)tantalum(bis-(2-
methoxyethoxy)aluminate. The intermediate reaction materia) is preferably
bis(cyclopentadienyl)(dihydrido)tantalam(bis-(2-methoxyethoxy)aluminate, and
the like. The process of this invention does not require isolation of the

intermediate reaction material.



het er ocycl es, al kyl halides, silylated hydrocarbons, ethers,
pol yethers, thioethers, esters, thioesters, |actones, am des,

am nes, pol yyveasiossi |1 cone oils, other aprotic sol veni@yugRhosos7414
m xtures of one or nore of the above; nore preferably, diethylether,

pent anes, or di met hoxyet hanes; and nost §ef erably tol uene or

di met hoxyet hane (DVE) or m xtures thereo Any suitable sol vent which
does not unduly adversely interfere with the intended reaction can
be enpl oyed. ﬂgl%@hr esThsfconpratradtonraditlee idicfrhedizdiateagisinveatesal way vdyg over a

o the subj ect "acane i aR Ay BaghitEat o R Q¥EHeb ol Pt EibRECT
sol ubi | i ze t he bassanitenal tepuoporeding eﬂgmmmelnaélmrmqioum ofmiix frvesgtionl in
general, the am)unt ven om about 5 percent by

Mol gt up o aBBtEtlotpgRP Rt e el B e o @A e GRS
wei ght of the r¢aeaet mamril ochtbheasdiRih ihe gangBbefibdlabout[10R08hoBRA kR BN
conditions for the r%sﬁ Iﬁxgnoﬁefé t he cycé Ff gt adienyl salt conpound
and reduci ng aget 1 {05 Bregist auild Basybisient iy pedatnsessehe
intermediate r gm; on THRt,AL ﬁﬁtenﬁk’&iﬂr b%%eﬁeae@ﬁsﬁtatwl@e VR &P Stih &R
contact tinme, al so vari/ greatly and any suitabl e conbi nation of

u§

such condi ti ongﬂ%ﬁllfbtée agnp fél}’eWémﬁeﬂﬂh@ch%%{dﬂ@hhlfcbﬁ?pé%a?pt%ﬁ%umy
be the refl ux riat h and
L e e

preferably bet wdnxidbeud th2di€e.t o about 120C. Normally the reaction is

carried out unﬁ@r t nd. t he cotact time
fom ol o or ie2f T AR oRL BRI Aokl Ba GRS ark o VE: B YR, ana

reactants can nbmi caxﬂwlbdﬂmnnmhmumamunmmcma(p o eadd vithahbintethediateany
order. The sti m about 0.1 to aboqut 400
hours, prefer ab‘?ay 191} Igﬁiiegglc}ﬂiém%u‘f‘%ﬂe @PC 89@%9%0%@@?%‘?‘3%@& Pr om

about 4 to 16 hewid, ddpendiag bn SkeiRs of{h@@&}%}ld TAELdnhREAE Badd Bate@ACt | ON
material may be selected froma w de varletﬁﬁgf mat erials known in

the art. |11 ustPMERERoNEdhEERES PErom gbeyt d Anitigncle prless to eyt 48H00
bi s(cycl opent aﬁhﬁl‘ﬂi@lés(cﬁ'g?ﬁé@:?'sﬁ@ﬁl&%@%@ﬁbﬁ%ﬁblsm&% TOCesses.

nmet hoxyet hoxy) al un nate.” The internedi ate reactl on material is
preferably [0063] The second solvent employed in the method of this invention may be

bi s(cycl opent a%ﬁ%&l‘eg %%sbﬂ%éﬂg@ H{‘B&%ﬂ SrobRl &&8&%@&!&%&3@%

urinate, and the |1Kke. € proces 'S nven on aoes’ no

require isol at hefarogfcledhelkyl halides, silylated hydrocarbons, ethers, polyethers, thioethers,
esters, thioesters, lactones, amides, amines, polyamines, silicone oils, other
aprotic solvents, or mixtures of one or more of the above; more preferably,
diethylether, pentanes, or dimethoxyethanes; and most preferably toluene, hexane
or mixtures thereof. Any suitable solvent which does not unduly adversely
interfere with the intended reaction can be employed. Mixtures of one or more
different solvents may be employed if desired. The amount of solvent employed
is not critical to the subject invention and need only be that amount sufficient to
solubilize the reaction components in the reaction mixture. In general, the amount
of solvent may range from about 5 percent by weight up to about 99 percent by
weight or more based on the total weight of the reaction mixture startintg

materials.



internedi ate reaction material. W 2007/041089 PCT/ US2006/ 037414 -18
[ 00601 The concentration of the internedi ate reaction material can

vary over awowh@®4iognge, and need only be that m ni mum axaRb0s/037414
necessary to react with the base material to produce the

organonetal | ic conpounds of this i nventlﬁn In general, depending on
the size of the second reaction mxture, "I nternedi ate reaction
material concentrations in the range of fromabout 1 mllinole or
less to about [%64l000 Rﬁﬁqtuorlﬁmcb%ow onfheteetion of Hwuhgrhaligefdiitdnent f or

nDSt process esmateh?l%%ltthyﬂgsetﬁﬁ @551?0'6 ﬁ?%%[ggﬁfn%?ahl? rgglrsforr O &e wi de

variety of materia nown i n Ve base iratertal s
i ncl ude sodi umnhigmiooxsudle as ignma@gn@mesblydamkmmh&,ct mﬁytay&ﬂmmpgreﬂnd

he like. Th di yd h
ke, [o062] TRE S ARLH BerifeeBh St Rl RS on et 0 By Foviee o

W de range, angbactiveeenpmihtyrenrayt eathe rafik MaPepamyY BF aﬂ&ﬁ&ﬁ@ﬁbb&lﬁeﬁhér@@ﬂ
with the |nter diate _ reaction materi al toaoroduce t he

organonet al | i c® BibotiHdBosPreieRRlybstseR Ryt -407C igyehnet B0 Copsemeitng on
the size of th i e

concentr at i onsﬁe%?%%g%@%g%g?{%%ﬁ a O%t ibaé | : % it LgaofiguLls ogrried
about 10, 000 it Iuhdmnésenbpregwumrmthe s:imtnat tinb)may wrhfyi fmnemtnattar ofm)st

vent: on oy Ry A 38V KRS oRERHEY aite s aiE sRR RO o e

aromat i ¢ hydr ocastvamsixtuaes mtnbmedhnehlgr@dgfc ITes stu&iﬂse/ém}bla!,rdddﬁﬁ range
silylated hydrgcar ers th t hi oet hers esters

t hi oesters, | actBh %‘Q e}rﬁ{’& Qqut 4291%?3 F)%Ta@é’ G @boug | iq &g japd more
other aproti cpspiabentsm aBdSutﬂﬂtEStlsih@éirsOfBr AngeRr nore of the above;
nore preferabl di et hyl et her, pentanes, or dinethoxyethanes; and

most pr ef er abl E}lmﬁﬂl ueRder glisragiive percesrex hateay banse@ it PrepRaipg A t abl e
sol vent which gg %%1%111&&191&}:!0\’111@&%&@&% S¥ntidth@ldEhSse 1§c¥bsg&]§1 HAt eﬂgﬁd

reaction can be e M xtures of one or nore rent SO vent s

maybe enpl oyed6 5@5%5%2 @Hl U.ShBatemd\pplicasion Pobkication éTnpUS)Zé@WOl 7BDAL,

R AT R R

m xture. In g@n‘»&rr@ﬂcp ﬂ‘h@ogmmmﬁtalhc compounds of this 1nvent10n may also be prepared
by conventional processes such as described in Legzdins, P. et al. Iﬁorg. Synth.
1990, 28, 196 and references therein.
[0066] For organometallic compounds prepared by the method of this
invention, purification can occur through recrystatlization, more preferably
through exiraction of reaction residue (e.g., hexane) and chromatography, and
most preferably through sublimation and distillation.
[0067] Those skilled in the art will recognize that numerous changes may be
made fo the method described in detail herein, without departing in scope or spirit
from the present invention as more particularly defined in the claims below.
[0668] Examples of techniques that can be employed to characterize the
organometallic compounds formed by the synthetic methods described above
include, but are not limited to, analytical gas chromatography, nuclear maguetic

resonance, thermogravimetric analysis, inductively coupled plasma mass



of solvent may range from about 5 percent by weight up to about 99
percent by weight or nore based on the total weight of the reaction
m xt ure st awbif@oqis erials. WO 2007/ 041089 PCT/ US2006/ @3 tAKR%u0s03914
[ 0064] Reaction conditions for the reaction of the internediate
reaction material with the base materi to produce the

organonetal lic precursors of this inven |on such as tenperature,
pressure and contact tinme, may also vary greatly and any suitable
conbi nat i on of sapaEemeten diffarasl seaynitgcalorsheiyevarioe pessure Aleviscogset | on
tenperature may he the.reflux tenperature of any of the

af orenenti oned solvents, and nore preferably between about -80C to
about 150C, an{P0bkt Relativevadok prebetaspenciativutol 206, bf oansthetdIR0 C.

Normal l'y the reaction is carried yt under anbi e ressure and the
contact tine rr%(ifn%c’él PFFERYS dﬁgi(lpgtf ansre C%Eijcedﬂ??éuré?&{’?‘rﬁ“r?ﬂ?‘é%‘a‘fl@e@cf ew
hours or great a{a.lysﬂteohh&@@é janhs i6 de 92 RO uHOyabfCredsBRE hls®BarBext Ur €
or conbined in _an estlr time_enpl oyed can range from

about 0.1 to ab§ reﬂogr féTRRie by Prcustig|all spves ﬁoabfb%ieﬂ vegely sftgraina
and nore pref eikd of the &ﬁﬂp%@f?&étarélm%dﬂc@d tftptlﬂé 9essfiChd @l 1§srsﬁ’ﬂ3§s [0065]

O her alternative processes that may be used in prepar| ng the
or ganomet al | i cEBHFEASH80WR inthe &t nventi on i ncl ude t hose di scl osed | n

U S. Patent 735y :
US 2004/ 0127735@9@, gbgﬁ%ﬂﬂﬁyﬁlﬁf §g)‘%t"ﬁ%84€é%lt ﬁ%%&u"g}g ‘gfsf%‘%ﬁelc‘ﬂaef”k’% ch
i s i ncor por at e#ited faipmersying e&@mweiersﬁhécmxggmcﬁmlatmn@ ag orgaoometslliof
this inventi on, %ﬁ%cagﬁpcrag%gr e tgcyasu n Qtl trﬁal cesses such

i i egz ns. P, et art Fl %‘an

as descri bed |n nor g § 196 and
references t hetegiparatfr@Q66¢iefido derogmosntat piebmeomtbmww tmiﬁmlig £pafage by

t he nethod of thj i.nvention rificati,on can occur thr h
recrystal lizat ?18%? "ﬁ%@% o1 a’erpgfgq‘j@f a‘Fh?Q?ﬂﬁ%%&’FﬁﬁWﬁ@n A&’P%P’g%@?i on
resi due (e.g.,pleexssia) terabstlfe0aRbOBY pEhng,

t hrough subl i At | on and di Sthl | atjon, [0067] hose sk]EE]rI ed in the art
will recognize Teplaques (AR Ihe Ak Hed “&é?nb% ongeied Ingmayen, yatlhaolepat

described in dgiby eRewigIR hetidd@H kutdeRR! dribYPiHeP neeRP s Blowdh ildlart
A layered coating can be obtained by applying an organometallic compound
precursor, and heating and decomposing it, thereby forming a first layer, followed
by at least one other coating with the same or different precursors, and heating,
[0071] Organometallic compound precursors such as described above also can
be atomized and sprayed onto a substrate. Atomization and spraying means, such
as nozzles, nebulizers and others, that can be employed are known in the art.
[0072] This invention provides in part an organometallic precursor and a
method of forming a metal or metal carbide layer on a substrate by CVD or ALD
of the organometallic precursor. In one aspect of the invention, an organometallic
precursor of this invention is used to deposit a metal or metal carbide layer at
subatmospheric pressures. The method for depositing the metal or metal carbide
layer comprises introducing the precursor into a processing chamber, preferably
maintained at a pressure of less than about 20 Torr, and disassociating the
precursor in the presence of a processing gas to deposit a metal or metal carbide

layer. The precursor may be disassociated and deposited by a thermal or plasma-



fromthe present invention as nore particularly defined in the clains
bel ow. [0068] Exanples of techniques that can be enployed to

char act eri zeyot@nagzganonet al | i ¢ conpounds fornmed by the@yi:hRlosa14
nmet hods descri bed above include, but are not |limted to, analytical

gas chromat ography, nucl ear magnetic respnance, t her nogravi netric
anal ysis, inductively coupled plasma mass WO 2007/ 041089

PCT/ US2006/ 037414 -20 spectronetry, differential scanning
calorinetry, v&ﬁliﬂmffﬁr@g%eﬁ?-eﬂﬁfﬁeﬂ}?%@éxﬁwﬂ HRESIEe @ ptep pEexpPoi0s Bk

Rel at | ve vapor dBiAREADS 1o Qb S 1Y LG bltitn s JLAARARELGL ' ©

conmpound precursors descri ibOve can be measur e
t her mogr avi met epéredpgedhy yer'stresisiivityues known in the art. Equilibrium

vapor pressure o] ) ed, f.ar .exanpl e by evacuating all
gases froma si%%g vgggge?%egﬁ gjr%ai\r%ﬁm&shc’f ea{ﬁ%eﬁlgg%fanto B%H%ﬁ’ﬁnds are
i ntroduced to thepamsselkh andestitedpbess isrempls/ed EaS phew @Fodknawn in
the art. [0070]tecil'hle orggﬁgorret allic c r]rj?ound ,Hre%sors descri bed
herein are wel [*7¥4F¢E 8?”%?8‘6’&%%{81 AL S98HAEH NG EPEPAHY @BAE T ngs.
For instance, amphyghmeneigt bivgce [GOTRRH B ARLE GHISOEER HilkGnR@RPoRI O
a substrate and_ then heated to a tenperature sufficient to deconpose

the precursor, “PREMEBYSED A9 itjaucenBinyaper seosetes bydwribigrs least g otlen

metal or TaC 6Qahdh@aiap céhEomdRE idedl SomAPR! MoRdhi e o?%ﬁ%ﬂ{eﬁﬁfo i
the substrate can be by painting, spraying, dipplng or by other

t echni ques kno®pmPHingd REchiser, spidsidatgribetabiose, absn dae beenphyahine\eiren
with a heat ggﬂmggy electrically heating the substrate, or by other
means, as known in the art. A |ayered coating can be obtained by
appl yi ng an or {¥féhet #isinécgehpouadhis prvegtimmsio, related itheat foragneid for
deconposing it

4 Er&o J: a first.layer,. .f I(#o d, by at |east
one ot her coat Fng @\Aﬁ? ¥1% ’ecroga RGPS %Téﬁpé%et?hd&%@ﬁ e§\é\€esﬁtepa%d heat i ng.
[ 0071] . Or ganonétahipbsing airipast itk @reaoiealicconipoindsred e hbeBy ahavdng
al so can be at,9 ] zegl ﬁgd l;cs)}gr ad\éed ﬁnﬁo $ sybstrate. Atom zation and
sprayi ng neans, h°0eHEe ROhPYEE 2 R {56 IR0 0t her s, that can be
enpl oyed are kuomg] i nDebesiBé methb@QELdribEN hereintWEBE bQRMUPEOY] RS aitfln,
part an or ganomatgl l'ic precursor and a

powder or coating that includes a single metal or a film, powder or coating that

includes a single metal or metal carbide, e.g., Ta metal or TaC. Mixed films,

powders or coatings also can be deposited, for instance mixed metal/metal carbide

films.

[0076] Gas phase film deposition can be conducted to form film layers of a

desired thickness, for example, in the range of from about 1 nm to over 1 mm.

The precursors described herein are particularly useful for producing thin films,

e.g., films having a thickness in the range of from about 10 nm to about 100 nm.

Films of this invention, for instance, can be considered for fabricating metal

electrodes, in particular as n-chanuel metal electrodes in logic, as capacitor

electrodes for DRAM applications, and as dielectric materials.

[6677] The method also is suited for preparing layered films, wherein at least

two of the layers differ in phase or composition. Examples of layered film

include metal-insulator-semiconductor, and metal-insulator-metal.



met hod of formng a netal or netal carbide |ayer on a substrate by
CVvD or ALD of the organonetallic precursor. In one aspect of the

i nvention, & ed7@anesetal lic precursor of this inventigergsu8@8h10
deposit a netal or netal carbide |ayer at subatnospheric pressures.

The nethod for depositing the netal or al carbide |ayer conprises
i ntroduci ng the precursor into a processing chanber, preferably

mai nt ai ned at a ressure of less than about 20 Ton, and

di sassoci ati ng [998] prlaenpabediment e eatiani direttediopmgbebingngadest o

deposit a neta 5;%

di gassom at ed 2}163&(3 osit %ﬁq’gporﬁgﬁgﬁgagﬁet@a(g%ﬁ%@%?%%1089
PCT/ US2006| 037 dgssribepabogs rﬂaﬁweﬂw mheouiesly, pI[d:teclmd:aﬁgl orrhypramna hetivation,
conprise a ste Q er to a pl rocess
tomr)ermve cont erﬁ?%g%&%%ggﬁlfmasd%% & ?Pr ms% & Yeqted elaﬁeéi_r%afg%r' s
resistivity. [0@WBundns q:nnm‘caﬂwadl ﬂﬁbﬁfﬁtﬂhﬂw@ empetutd WERdib o caaife
organonetal lic

such as, descri bed s enpl oyed in gas
phase depositi geornﬁlgﬂ]ﬁ%mfe@m%?nqt&%woﬁ%ﬁgfggn ailppg t %E’Féact“r‘ ngs.
The conpound c#O7Vp  eTHalogxaEmaEI1R cEnPalR (RQMUFCR cﬁﬁ%&h‘ﬁlﬁ edPh can be
used toget her th one or, nore other precursors, for instance, with

vapor gener at e M BYCHEERTEPASHUMNLEITORS RECHIGEY. 1n Bielsh Argraic gheipisal vapor
conpound or WH@&OSR@HB&&&SS@WO@V&&% 2069 frgéﬂpérﬁfe%}r%dnﬁglefaﬁm) ound

precursor, such as described above, also can I'na given
process. [ 0074FomROYnAprasaiserd dasssibed ahave sari bausad lrtﬁ’timaﬂél@m,ab ateBss im

part to a net h%ﬁﬁ%sureo EReEd) 991?]& dfefé»ésﬂ]ongygfcteﬁsgg Ple & Wder qug% et hod

i ncludes the step o deconposi One. orga
conpound precu ﬂ@ployect Jkié‘xoew;dl plnemiu&i ivagpr dblbtfsltfonj amethodin wglch lthemﬁﬂae r,

as fu flier de e 0 osition nmeth ds SCl i

herein can be ge%% chlg E% %a&endlo ‘}V]Peﬁ%) SRR 4 53?61 %@n’f‘ﬁ‘ yapor

i ncl udes a si n@t@srﬁen,adteﬂnn@eﬁmhmchmmdﬁé S%Eﬁﬁ@ﬁtﬂeﬂ@ Hetg8. i ncludes a
singl e net al qoﬁg arbide, e tal or TaC, M xed fil ns,

powders or coa al'so Olcgiﬁmﬁ@a@g |88’§LP? Pracgrsorssiescaibed ahgve also can be

netal /metal catddddeplabmb BBphoto-assisted chemical vapor deposition processes, in which
the energy from a plasma or electromagnetic energy, respectively, is used to
activate the chemical vapor deposition precursor. The compounds also can be
employed in ion-beam, electron-beam assisted chemical vapor deposition
processes in which, respectively, an ion beam or electron beam is directed to the
substrate to supply energy for decomposing a chemical vapor deposition
precursor. Laser-assisted chemical vapor deposition processes, in which laser
light is directed to the substrate to affect photolytic reactions of the chemical
vapor deposition precursor, also can be used.
[0081] The method of the invention can be conducted in various chemical
vapor deposition reactors, such as, for instance, hot or cold-wall reactors, plasma-
assisted, beam-assisted or laser-assisted reactors, as known in the art.
[0082] Examples of substrates that can be coated employing the method of the
invention include solid substrates such as metal substrates, e. g., Al, Ni, Ti, Co, Pt,
metal silicides, e.g., TiSi,, CoSiy, NiSi,; semiconductor materials, e.g., Si, SiGe,

GaAs, InP, diamond, GaN, SiC; insulators, e.g., SiO,, SisNy, HfO;, TazOs, AlLOs,



[ 0076] Gas phase fil m deposition can be conducted to formfilmlayers
of a desired thickness, for exanple, in the range of fromabout 1 nm
to over 1 nmo2ofte@i@pecursors described herein are partieu/esbys/037414
useful for producing thin filnms, e.g., films having a thickness in
the range of fromabout 10 nmto about 169 nm Fil s of this
invention, for instance, can be considered for fabricating netal

| ectrodes, in.particular as n- nel neyal electrodes in logic, as
gapaci tor el ecbt%‘F%IBé{m%]rm %@3\%? m%i P Y Rrates tht ingluge spabinpticas of
materials. [ OOHE]‘EGLHIBE' Ieddigeh, #e ol svaBibste®tbd REmBA @ﬂ?gfaésngerﬁxﬁﬁégr ed
films, wherein Jleast two ofthelayers dlferlnpase or

conposi tion. E>P i$se theppposebpadymaeriopataal, ged olether coatings or film Iayers In

t al -i nsul at onrygefdCIdEL
D001 041089 PoT) TenCatEh ks fiﬁggeﬁf% %]Ié G aBldhs RhAL ﬂ“tem*‘%lhfacm

invention is dio% appessingef aleﬁmm@@mmatnts nbloﬂcbesmbbcﬁlmesm,eepsubitrate is

abover ther mal [P Sre ey ER e R RE R SRRy e it e O
above , ,

activation, tpesseipyofar mﬂgeraatmghmmmmmwbgﬁ bpﬂticﬁ.ny E@ﬂislljﬁsl??g?igﬁﬁaw g
vapor Senerat o) 1o SURGHIIA R ASL S AN B SEOST AL
deconpose and fkassmaia ﬂflat his Deind g, BURsREat B an ehBOdRend R method is

organonetal lic £9 recur,sors can be enployed in chem cal vapor
degom tion or, g Qspppibafi On?ﬁ“h%ﬁtﬁ[‘m%]rl@&fﬁf% TedREHCRENS gapor

deposi tion pr opa:s:sgﬁ;gk Fe¥Rstafod th% oidiflod dERbe bARLARE & deggﬁ%a film on, .
organonetal l'ic onpound precursors descri bed above e used in

at nospheri c, Qat\t/%’i‘qd sgbstiatps thad pcpide Seatires Suélhéﬁh‘fr@&hewb@m Ordmso& ti on
processes. The FEARRAURIG e 6o Reor 1R Q¥BH alsl zg}%e ﬁqﬁgxln 1o Q ﬁlel ﬁ%eg o d

deposition, a nethod in which the entire reac aTberT
as wel | as in #bVacomanyfronining ¢r progessingheni, ntalskmgptxﬁungchaﬂoﬂietsl on, a

e e ), ol o DSBS S e
in plasma or pnmlmdél%besn eldvaidsmmmaismgammdﬁﬂmlﬁct PRCRERERSELSsit | N
Fespectively. 182 b BReBeR sl it EndR e earey shop depbader s fow
precursor. Theofanpetpsso altfduédinifda CVD chamber. TaC films are grown on a
substrate with the aid of a hydrogen plasma. The ratio of tantalum to carbon can
be controlled by controlling the pulse duration of the hydrogen plasma.
[0085] Chemical vapor deposition films can be deposited to a desired
thickness. For example, films formed can be less than 1 micron thick, preferably
less than 500 nanometers and more preferably less than 200 nanometers thick.
Films that are less than 50 nanometers thick, for mstance, films that have a
thickness between about 0.1 and about 20 nanometers, also can be produced.
[0086] Organometallic compound precursors described above also can be
employed in the method of the invention to form films by ALD Processes or
atomic layer nucleation (ALN) techniques, during which a substrate is exposed to
alternate pulses of precursor, oxidizer and inert gas streams. Sequential layer

deposition techniques are described, for example, in U.S. Patent No. 6,287,965



enpl oyed in ion-beam el ectron-beam assisted chem cal vapor
deposition processes in which, respectively, an ion beamor el ectron
beam i s di rgotzedhoimss he substrate to supply energy for pdaaeapesstg a
chemi cal vapor deposition precursor. Laser-assisted chem cal vapor
depositi on processes, in which laser |[i is directed to the
substrate to affect photolytic reactions of the chem cal vapor

deposi tion preﬁg{sor al so_can be used. [0081] The nethod of the

i nvention can BIhS A Non6.943-2 Blu sl heslosues Oi/@ﬁbpatmm tion

reactors, suchiR8mpof@dd Heldt Q@fe?erelfﬂ:@tm %lrgﬂﬂlgg\ﬂ reactors, plasma-
assi sted, beam assisted or |aser-assiste tors, as knovvn in the

art. [0082] Ex 987 ks @pr@@bmﬂmm@r@mpy@msb@m@ase:qaoeaqoimepqgmehe

nmet hod of t he i strates
substrates, e. n{a{m % ﬂq“ l”%‘?" éé%%’ﬁ%‘{ fhs %5% afe %ref’“ré?rd’égm ‘2)16‘?% gep; gdy
CoSi 2, Ni Si 2 é)ecvmd;rmrda‘lmtemx togetter Wathsneriegag. In $ineraficfd, step@aA\be ad $Hort

T o0 oo PSR Bint: G n et B it wr B eAlZO?’

(BST); or on stesirasat gSsetrétaI sebieds BelgieesEhi Tiad di@AfnQf ondBct dadlbs as |
e fornmed on_gl ass, ceranics,

addition, fil or co i
pl astics, ther .;E,Teatg 5oi8 ?ﬁ?g% ‘?:n%r?é ‘é’rglaéF@nutésndr}@ﬁY@Ph%fﬁp@éﬁS{qVﬁlg%P@md

filmlayers. |hat@neffereeh @f&%&ﬂﬁ%@&@hﬁrﬁ |ﬁhﬂ§fb‘aﬁéeﬁ'c‘aﬁ'bé§féw a
substrate used in the nmanufacture g@gcesm ng of electronic

conponents. hi n@PH’éFersetH@dHﬂWé]Fﬂﬁsegal@d fenframy.s errpl oyed to support
a | ow resistiVvigoys) C0nQ‘Hﬁﬁﬂenﬁ&?ﬁ%luﬁestJlﬁ%thbc?fo? o u;)g%lrl]le{a{]%a eﬁ‘rdeggnge

of an oxidi zer at hlr[g nperature or an optl ransm tti hg=f
[ 0083] The netHWe@! of %P@aﬁiﬂ?ﬁéﬁm 08, @amrbféeamnmmmedsmwttdaﬁm tn a

filmon a sub flat

enbodi nent, t hgltgmet ﬁg%ﬁ@élegggoﬁ chgﬁg?ﬁ“"a@s&%d ?%{1%3?31?%8% VAP r at e
usedbl n vvazI er MWMMHIMpmcursmn@ﬁemwgm mcdm%ﬂ@me,vaﬁ&@ﬁﬂi&h&od
can be conduct oSit.a att erned.subsirates that

i ncl ude featur %gs e ﬁ’efggﬂ farlgﬁjc?%’égm %EI f\rﬁears 2 metgl g Hafrid Aeposifede
met hod of the omuheﬁmhs&mte,&hs mb@aﬁteaﬁyltmmreab@ﬂewﬁzed QtihesppRl §PS 1N

-

waf er manuf act u CeSSI ng, ? maski ng, etching and ot hers.
[0084] In an e % CHOR egmic,ql%,ﬁ Ton, a plasma assisted ALD
( PEALD) [0089] The method of the invention also can be conducted using supercritical

fluids. Examples of film deposition methods that use supercritical fluid that are
currently known in the art include chemical fluid deposition; supercritical fluid
transport-chemical deposition; supercritical fluid chemical deposition; and
supercritical immersion deposition.

10690} Chemical fluid deposition processes, for example, are well suited for
producing high purity films and for covering complex surfaces and filling of high-
aspect-ratio features. Chemical fluid deposition is described, for instance, in U.S.
Patent No. 5,789,027. The use of supercritical fluids to form films also is
described in U.S. Patent No. 6,541,278 B2. The disclosures of these two patents
are incorporated herein by reference in their entirety.

[0091]  Inan embodiment of the invention, a heated patterned substrate is
exposed to one or more organometallic compound precursors, in the presence of a

solvent, such as a near critical or supercritical fluid, e. g., near critical or



nmet hod has been devel oped for using the organonetallic precursors to
deposit TaC and tantalumrich filns. The solid precursor can be
subl i med un#erzoa#meio ow of an inert gas to introduce i tPaMisR0@E VLR
chanber. TaC filns are grown on a substrate with the aid of a
hydrogen plasma. The ratio of tantalumtg carbon can be controlled
by controlling the pul se duration of the hydrogen pl asma. [ 0085]
Chem cal vapor St filnms c eposi t to a desired

t hi ckness. For B?Q%%F é)(?zr Iﬁ@efca?eﬁgf@ag‘ B‘élv?”é ldtlﬁaFPvideﬁlaE?‘BIﬁSW ck,
preferably | essovkhBs3060 pane! ©fenck S0K Ra:65@radty | ess than
200 nanoneters thick. Filnms that are | ess than 50 nanoneters thick,
for instance, f999%% t F&e Preavisons deqsrprerdde fsae aimetal Alvoen the substipie.
about 20 nano I n c
compound pr oot L e et o Bt

met hod of the Matesiakis sefubibizdddrsrthe sdlnmnt ﬁyld/md)eqmlwmmé apry fratahs C

| ayer nucleatigpfALN) techniques, during which a substrate is
exposed to alternate pul ses of precursor, oxidizer and inert gas

st reans. SequefﬂOBa] | diy e exw@mmetdepmﬁnmqhﬁﬁeememmletede@ﬁ.réabtﬁﬂl, for
exanmple, in U 287, 965, WD 20 1089

baT] Uso006] 03 bt B nghes e o Gor EP%‘P%F?EGSN% %ﬁ?eszaf? hegfghto the

di scl osur es of diahtepaiants bﬁh&tmg FAC0InE B Ab@BerN RN @istinBy, by efRhesee i n

their entirety 008 For. _exa ., in one ALD cycle, a substrate is
exposed, in st PO Higrore meﬁ’j lcacﬁnﬂ’ﬁ‘élifdtcaﬁﬁﬂ’l%l}w“’rdn&ftexwe
carrying preCUBﬁ@ﬁplﬁﬁ@Q%su@h th QY dhaBBS: F%%wmm%oﬁ{p%ﬁﬁas | QRS

together with inert g general , each step canh as Short as
the equi pment §#1e b ﬁn%gh tC(@U@e Vﬁﬁpﬂflﬁﬁ%é’@ﬁé§91nmda§SItbwgapalscmltﬁets

process requi fh%%eét@d&bst%ﬁé’@frf’a!ceslfl secg sgs an Hﬁseﬂneta-{gl Bt 3kl 8 n of

one cycle can be as short as ml ong as m nu
The cycle is répeatedesovlesd oyeen Qrganculhaalhc;amnpcamg@ra‘cnrsm @nfb@Wsed

thi cker, o g, Ane findhBp RGO Bk Bude LMo RO N & R itr e ter

met hod for f or oigagpractaiiit pﬂecmmile,rmﬁt carger@ases breatleadas@r TaC, on a

substrate, e.g m croel i c devigce stri.ct from an
or ganonet al | i c[%’?gcur i‘b?s {tﬁa{; a?lr]?ﬁé‘ﬁetdﬂBﬁmdg%}P%IHL@‘i Potre arsthodiof theg
vapori zi ng invention, raw materials can be directed to a gas-blending manifold to produce

process gas that is supplied to a deposition reactor, where film growth is
conducted. Raw materials include, but are not limited to, carrier gases, reactive
gases, purge gases, precursor, etch/clean gases, and others. Precise control of the
process gas composition is accomplished using mass-flow controllers, valves,
pressure transducers, and other means, as known in the art. An exhaust manifold
can convey gas exiting the deposition reactor, as well as a bypass stream, to a
vacuum pump. An abatement system, downstream of the vacuum pump, can be
used to remove any hazardous materials from the exhaust gas. The deposition
system can be equipped with in-situ analysis system, including a residual gas
analyzer, which permits measurement of the process gas composition. A control
and data acquisition system can monitor the various process parameters (e.g.,

temperature, pressure, flow rate, eic.).



said organonetal lic precursor to forma vapor, and contacting the
vapor with the substrate to formsaid netal material thereon. After
Ta netal orwoabssiogeposited on the substrate, the subsicratseooemyraie
thereafter be nmetallized with copper or integrated with a
ferroelectric thin film [0089] The net of the invention also can
be conducted using supercritical fluids. Exanples of film deposi tion
nmet hods that use supercritical fluid that are currently known in the
art include chtéi¥glal flhepieapepeaiic compousd pescuispisidesdribed phogre can be

Lransport - chemg by 4eRHdubORim é&i&%&ﬁdéd@@ép &k&r&&h@g@g@fﬂ&m

deposition; and " supercriti ca I mrer si on osit

fluid deposr ti @ngipn@@ésgésie erxeéﬁamp&E&p caarbe d\mjsite@fmtlasiaﬁcemlxed
produci ng hi gh cov g ex surfaces and
filling of hi gﬁgﬂa%atr%lg% R R e AT S R A R
descri bed, f or oigastnaaib pllemu’sbrS MeBa il alfdcan Be I8P 206r exbiipld) 8¢ usthg
supercritical fluids to formfilns also,is described in U S Patent

No. 6,541, 278 B UHHSW VAR SY QMES sukces RECY o patents are

i ncor por at ed hpoeé)n bFﬂﬁl@fﬁﬁﬁﬁﬂ%ﬁ thdmétheds'de@itfobd Bér¥in a8 ddardReri8Bd by
enbodi ment of fhe. invention eated patterned substrate is exposed

to one or nor e GNHEHES FRYER I trh,e &brpoftangsy Betrandidiragtians Agepr esence of

a solvent, sughc@s &aY, I | e.g.,
near critical or GV\D@%@?/ ay%g%%b%@é%n%g%%%% B%J?&f%%ﬁ éll“%ufg’ecf critical

CR. In the ca%éIYrorecauning ekasirormicrosconid am@otpmdwlulaamwaknw indwsat. e
above about 10Q0iRsiig adlihefind SHBEHALMREER: Ao LG B8 InAROU 70 [0092]

The precursor Is deconpose orma mon the su
The reaction aklwngeml@r?at es organr c material fromthe precursor. The

organic mater 0 rlrz t he sol ent f asi |
removed away f O%b ]t he%n Mé% Ilrtgt ‘%BWICIOH %%OIea)?Bﬁfﬁ% ns ftswgemwaly
deposi tion proc@@son eﬁorﬁmrlsbm:ﬂqdasitmn@raeﬁam lf@rﬁlmaibaﬂéi@dnstﬂﬁat houses
one or nore substrateﬁ%mE The substrates are heated to the desired

t enper at ure by FEEFT FREMRATRS of tRi§ ZsRTON Tt Al ae W, Porsramelmes of
a furnace. Vagodysd, fidedfieanade! abldi€syaorpaund can be produced, for
exanpl e, . o -
P [0098] Various modifications and variations of this invention will be obvious
to a worker skilled in the art and it is to be understood that such modifications and

variations are to be included within the purview of this application and the spirit

and scope of the claims.

Example 1
[0099] The thin film deposition system used in this example is described in

detail in J. Atwood, D. C. Hoth, D. A. Moreno, C. A. Hoover, S. H. Meiere, D. M.
Thompson, G. B. Piotrowski, M. M. Litwin, I. Peck, Electrochemical Society
Proceedings 2003-08, (2003) 847. Cp,TaH; was sublimed at 90°C using 100
scom of argon in a flow cell vaporizer at 50 Torr. The precursor/argon mixture
was combined with additional argon to form the process gas mixture. Thin films
were generated using a pulsed process, consisting of 4 steps. The substrate
(typically 3 inch SiO, wafer) was exposed to the process gas mixture at 5 Torr

and from 350 to 450°C. Instep 1, the process gas mixture contained the precursor



by applying a vacuumto the chanber. For |ow boiling conpounds, the
chanber can be hot enough to cause vaporization of the conpound. As
t he vapor cwotewcwsioss he heated substrate surface, it decarpss®@s/ozmd
fornms a netal or netal carbide film As described above, an
organonetal | i ¢ conpound precursor can be-sed alone or in

combi nation with one or nore conponents, such as, for exanple, other
organonetal | ic precurs inert carrier gases or reactive gases.

[0094] In a sy Wﬁa?\ﬁéh?ﬁpﬁém&E’é’cfub%‘iraﬁr’faét?d}l%u? P1 HECIPT eRbaAR f5d
of the invent hg&mﬂe@\ﬁeﬁ&t st Gy g,q@ ch!o‘h@éB Qﬂwo@ BRgrsBl wadi ng
mani fold to produ rocess gas that is sup gde osition
reactor, wher emﬁfﬁmeéra@dﬁh‘? IP@tOTOYﬂﬁ dueged @lsmgeawom’ti”lev ptag@stﬂm@teu@é waput
are not limte €

ot ecur sor et GRPELL SRLRLES 1830 SReonfiE A5k heer AR AR e e
process gas cosrﬁo@tzatc e exsacio amixishethydsigagy anbarged, hmtheq:mamroelofer s,

val ves, press t sducers, ., and ot her ns, as kno in rt
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as well as a bycpﬂi%ﬁraﬁbﬂi EBéﬂNeélo2@and/mwmmwaﬂ1pcﬁmmﬁfﬁlﬁﬁhe&Y§t em
downstream of the vaii1 ng@u d to renove any hazardous

a
materials fronttHE Y Pr‘ﬂ@yla%%’ LUSPeds)s (e FRRT08 Bigs pagin
equi pped with pirgsd Hith ashy This pﬁM&i $Bbesk %é HbNEH il @R ddsi8dd (8@8ness
anal yzer, which permts neasurenent of the process gas conposition. A
control and d&t %Péléféﬁl%%ﬁné)ﬁ’a%?@%"élﬁﬁdean noni tor the various process
paraneters (ec%lll?g tenperature, pressure, flowrate, etc.).
2
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for exanpl e, byumisirpficyds. carrier gas, vapor or other sour ces of
oxygen. [0096] Filns fornmed by the nethods descri bed herein can be
characterized by techniques known i nEkheplaft, for instance, by X-ray
di ffraction, Auger

[0101] In order to prevent THF from reacting with the tantalum complex,

sodium cyclopentadiene (NaCp) was first synthesized via a THF free route. A
slight excess of freshly cracked cyclopentadiene dimer was reacted with sodium
bistrimethylsilylamide in ether.

Ether
NaN(TMS), + CpH »  NaCp + HN(TMS),

[0102] The solid product was purified by filtration and rinsing with ether. 1
equivalent of tantalum pentachloride (TaCls) was added to a solution of three
equivalents of NaCp and three equivalents of the reducing agent Vitride®
(commercially available from Sigma Aldrich) in dimethoxy ethane (DME). The
solution was heated to reflux for four hours and then the solvent was replaced

with toluene,

3 NaCp + 3 NaAlH»(OCH,CH,0CHs); +TaClg —E%; CpoTaH,AOCH,CH,OCH)



spectroscopy, X-ray photoel ectron em ssion spectroscopy, atom c force
m croscopy, scanning el ectron mcroscopy, and other techniques known
in the art.wBesi7akioysty and thermal stability of the filpE@aheaeosary
be neasured, by nethods known in the art. [0097] In addition to
their use in sem conductor applications @as chem cal vapor or atomic
| ayer deposition precursors for filmdepositions, the - -
organonetal | i ¢ conpounds of this invention nmay al so be useful, for
exanmpl e, as cHABY st Ihe tesetionavel copleddo é?i%landmn@teglamalmtgfdtshﬁabs
[0098] Variousy d r. n this Ve | be
obvious to a gggrri '“fsé%s M‘?Aggd@eﬂ ) 1%1%;%?10%”%@ s %qufv& %Ofﬂlr?(@?og{uﬂ%d

t hat such nodi hydretidessutamdnd Waes efuivabsitsarfevated. be i ncl uded within the
purview of this application and the spirit and scope of the clainmns.
Exanpl e 1 [ 009€h,THeAKDTH,CHIOTHSPORIG i MRS EepUsedoluane hj

is descrl bed |nb2degfzalt( in J £ Atakp)odé D C. HOEH%D Dl hWrrWe?\CF? %fﬂ)
Hoover, Bﬁ.gi B.- Thorrgfab B. Piotrowski,

Litwin, J. Pec 08 ocPpEREHRICHSS t 1??@%@9 to psflgE S igar @mﬂowsd to(c2eb 3)
847. qO2TaH3 Wt fetlon Bl wOEiSd Mo 99 2860k ﬁgluﬁirsgffﬁlte'td"rﬁgwfvé ow
cell vaporizer at 50 Ton. The precursor/ar on m xture was conbi ned
wi t h addi t i onafxcarsgemertagd thsrseivenewomesss wpder mafivced pressuThi Thefsolidwas
wer e gener at ed e

subst fate (yoosl s BhaR R eI L L ort iRy, ThE oo
gas mi xture at sdidTwas charactedized iy 380Rtin CeBHWe bbsestedp singld feak pt 8 fis's

057" CpoTars) e a8 R R Bl L DR T el

pr ecur sor and msgoncdsot tids peel bdblithtipe tdnosk R fotrhémeat (DO &l 1oy 1dP
seconds), the EO%}}I}V of ‘gr ursor was interrupted and the reactor was
purged using afogoHheTpY! f?ﬁﬁ?%% Hyrihsr puwificption is patnecessigy den thy depepition t ed
for 20 secondsmefd ibarisdebode ééﬁﬁ@bﬁéﬁba{ A ePPGANdBmatidie - Ssubstrate
was exposed to a mxture of hydrogen and argacn, in the presence of a
pl asma di scharge. The plasnma was generated using a capacitively
coupl ed RF



configuration. Between 20 and 160 Watts of forward power was applied to
generate the plasma. In step 4 (typically 20 seconds), the reactor was
again purged with argon. This pul sed process was repeated until the
desired thickness of Ta containing filmwas deposited. [0100] A silicon

di oxi de wafer was used as the substrate at 362C. A plasma enhanced ALD
(PEALD) process with timng of 1 012 0_/1 0/2 O seconds was repeated for
50 cycles to grow a tantalum containihg’filmthat neasured four nanoneters
by elipsonetry. Thicker filns can be grown by increasing the nunber of
cycles. Example 2 [0101] .In order to prevent THE fromreacting with the

t ant al um cgpreRtion glaimedit:cycl opent adi ene (NaCp) was first synthesized via
a THE free route. A slight excess of freshly cracked cycl opentadi ene di nmer
was reacted with sodium bistrinethylsilylamde in ether. Ether NaN(TMS)2
+ CpH . NaCp coniiN(iid/Bpeeserjteéd Bpthe Torenudol | d product was purified by
filtration and rinsing with ether. 1 equivalent of tantalum pentachloride
(Tad 5) was added to a solution of three equivalents of NaCp and three
equi val ents of the rgducing agent Vitrg,de(r)O (commercially available from

Sigma Al drich) z f met hoxy eth ). The solution was heated to
reflux for f ours and then vent was replaced wth toluene. 3
NaCp + 3 NaAl 2 Qd20CH3) 2 ubr Reflu Cp2TaH2Al ( OCH2CH2OCH3) 2
WO 2007/ 041089 PCY/,USXQ06/ 037414 8N\ [01031 The reaction was cooled to
0C and one equi vad

fol | owed by qui val ent of %0/50d

ent JoOf distilled, Tadegas%ed wat er was added. This is
\Hum hydr oxi de sol ution and three

equi val ents o er. Cp2TaH2A 2CH2OCH3) 2 +H20 + NaOH + 3 H20O Tol uene >

Cp2TaH3 1 hour X

R,

a,

wherein Ry, R; and each R are the same or different and each represent a halogen atom, |
an acyl group having from 1 to about 12 carbon atoms, an alkoxy group having from 1 to
about 12 carbon atoms, an alkoxycarbonyl group having from 1 to about 12 carbon
atoms, an alkyl group having from 1 to about 12 carbon atoms, an amine group having

from 1 to about 12 carbon atoms or a silyl group having from 0 to about 12 carbon atoms.

2. A compound selected from bis(cyclopentadienyl)(allyl)tantalum or

bis(cyclopentadienyl)(alkene)(hydrido)tantalum.

3. The compound of claim 1 wherein said halogen atom is selected from fluorine,

chlorine, bromine and iodine.



[0104] The reaction was then heated to reflux for an hour and allowed to
cool. The reaction mxture was filtered through a pad of nagnesium sul fate
to renove excess water and the solvent was renoved under reduced pressure.
The solid was washed two to three times with pentane to yield a slightly

- off white solid. The solid was characterized by NVR in C6D6. W observed a
single peak at 4.8 for the Cp resonalte and a triplet and a doublet at 1.6
and 2.9 for the hydride resonances. At this point, sublimtion can be
perfornmed at 100C and_10-2 ton- for Anther purjification. Further

puri fi cath b sannpypd abelaisy hwherely sadrey herpuR istselspted emnigamyleasstylpbed above as

A conpoult 1 2BE AUEN b RuftyE deTod sty ot fFL VAR 5 PR R TR
' Z! QR2 wipentgicarbRhyl, Rmedndbmﬁchbﬁﬁrkmbhgfmmrmw Btrthethglbttydmacboegls h

r epr esent al ogen, at an acyl group having from1 to about 12 carbon
at gm;, arJr'%ﬂ%??gé?rgﬁ[y?*%\‘}izﬁeghﬁp%m’@arg@?ylabout g12 carbon atons, an

al koxycar bonyl group having from1l to about 12 carbon atons, an al kyl

group havi ng from1l to about 12 carbon atons, an am ne group having froml
t o about 51Pheeammenndpbetsinpt whersin spid gkexyeromyis agedtedb i maheyout 12 car bon

at ons, 0 : ) ' [.en nt al um or

bi s(cycl %tphé’gYg‘dﬁ@ﬁwtsgﬁ‘{?gﬁ’é’f?h@‘é"?&dg?%%Fe&%&g‘g’g’dl‘%‘ée‘hgc’%?ﬁn%%‘ﬁ%&gf claim.l

wher ei n dahethylalgeay, Zinethyltsitdetye Simdahflbamiokl UQ2-dimsthylplobelokpe, brom ne and

i odi ne,

Hodine hexyloxy, 1-methylpentyloxy, 1-ethylpropyloxy, 2-methylpentyloxy, 3-methylpentyloxy,
4-methylpentyloxy, 1,2-dimethylbutyloxy, 1,3-dimethylbutyloxy, 2,3-dimethylbutyloxy,

1,1-dimethylbutyloxy, 2,2-dimethylbutyloxy, and 3,3-dimethylbutyloxy.

6. The compound of claim 1 wherein said alkoxycarbonyl group is selected from
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
cyclopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, and tert-

butoxycarbonyl.

7. The compound of claim 1 wherein said alkyl group is selected from methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, hexyl, isohexyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 1,3-
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-

- trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclopropylethyl,
and cyclobutylmethyl.

8. The compound of claim 1 wherein said amine group is selected from methylamine,
dimethylamine, ethylamine, diethylamine, propylamine, dipropylamine, isopropylamine,
diisopropylamine, butylamine, dibutylamine, tert-butylamine, di(tert-butyl)amine,

ethylmethylamine, butylmethylamine, cyclohexylamine, and dicyclohexylamine.



-30- 4. The conpound of claim1l wherein said acyl group is selected from
fornyl, acetyl, propionyl, butyryl, isobutyryl, valeryl,

1- net hyl propyl carbonyl, isoval eryl, pentylcarbonyl, 1-nethylbutylcarbonyl,
2- met hyl but yl car bonyl , 3-net hyl butyl carbonyl, 1-ethyl propyl carbonyl, and
2- et hyl propyl carbonyl . 5. The conpound of claim| wherein said al koxy group
is selected from net hoxy, ethoxy, n-3r-opoxy, isopropoxy, n-butoxy,

i sobut oxy, sec-butoxy, tert-butoxy, pentyloxy, 1-nethyl butyl oxy,
2-met hyl but yl oxy, 3-nethyl butyl oxy, 1,2-dinethyl propyloxy, hexyl oxy,

1- et hy| Behteydosppund ofealsipl bwbgryinsrid silol grewigispleeted fromysily 1rn1@t:thy€s/1dnént yl oxy,

ot nyl out ST S st BBy S ew i BB B 1 oy ™ T

3, 3-di net hyl butyl oxy. 6. The conpound of claim 1l wherein said

al koxycarbonyl group is selected from nethoxycarbonyl, ethoxycarbonyl,
propoxycar bonyl, isopropoxycarbonyl, cyclopropoxycarbonyl, butoxycarbonyl,
i sobut oxycar bonyl, sec-butoxycarbonyl, and tert- butoxycarbonyl. 7. The
conmpound of claim1 wherein said alkyl group is selected from nethyl,
ethyl, n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, neopentyl, tert-pentyl, 1-nethylbutyl, 2-nethylbutyl,
1, 2-di et hyl propyl, hexyl, isohexyl, 1- nethyl pentyl, 2-nmethyl pentyl,
3-net hyl pentyl, 1, 1-dinmethylbutyl, 2,2-dinmethylbutyl, 1,3- dinethylbutyl,
2, 3-di net hyl butyl, 3, 3-dinethyl butyl, 1-ethylbutyl, 2-ethylbutyl, 1,1, 2-
trimethyl propyl, 1,2,2-trinethylpropyl, 1-ethyl-I-nethylpropyl,

1-et hyl - 2-met hyl propyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycl opropyl net hyl, cycl opropyl ethyl, and cyclobutylmethyl. 8. The conpound
of claiml wherein said amne group is selected from net hyl am ne,

di net hyl am ne, ethyl am ne, diethylam ne, propylam ne, dipropylam ne,

i sopropyl am ne, diisopropylam ne, butyl am ne, dibutyl anm ne,
tert-butylamne, di(tert-butyl)am ne, ethylnethylam ne, butyl nmethyl am ne,
cycl ohexyl am ne, and di cycl ohexyl am ne. -31- 9. The conpound of claim1
wherein said silyl group is selected fromsilyl, trinmethylsilyl,
triethylsilyl, tris(trinmethylsilyl)methyl, trisilylmethyl, and nethylsilyl.





