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NEW COBALT PRECURSCORS FOR SEM CONDUCTOR APPLI CATI ONS
Background Field of the Invention This invention

wo 2l0atiessyeneral ly to the field of sem conductPE€T/IB2008/052012
fabrication. Mre specifically, the invention rel ates
to new precursors for the deposition of cobalt
containing filns onto substrates. Background of the
I nvention Cobalt suicides are conpounds useful in the
el NEW COBALT PRECURSORS FGR ISEMIONDUGTORAPPLICATIONS
manuf acture of integrated circuits and
m cro-electronics. Interest in cobalt suicides is
i ncreasi ng as devi ce scal e-down progresses due to
their good thernmal and chemi cal stability, |ow
resistivity, w de procesBauakgroundnd the small lattice

m to the silicon crystal lattice, which allows
—@@%M—CF 0 € ide to be grown epitaxially on silicon.
ALD Q'ﬁfsqm&ﬁtieﬁ)’r@fat@@@ﬁérbllff& th@ﬁ%ldﬂ%érﬂ&@ﬁﬂ@&br MaRestion.

Deposition) are particularly useful techniques for
Mg specificallyothenipventicnelates & newipseelasdrs| fasthesdeposition of

d t th ds of d t h
ol R B PR Pvy et hods 11 ke
sputtering, nolecular beam epitaxy, and ion beam
| antation. CVD nay al so be used to provide
%E&&Hﬂ@&ﬂm_ﬂ_ﬂh&ﬁtjey gn and manufacturing of
el ecbro%gh%ll%fovépcaer% cdrﬁl%dﬁﬂgfrl%etﬁm% ‘Pr?é &2 r?hlcgcflefoe gylé?ﬁcularly

the n rocessing phases require
r@ﬁdmgctherrm@hufactuﬁé_@f mitshrédda @fcunerar@ualdmﬁieaécsrdmmca Interest in

been hanper ed the | ack of suitable ecur sor
Celpatpeilirides '3:6‘Pr%%éﬂ?ﬂ)ﬁ% dexish\RERtG-aawn pé&ﬂf&fsﬁes due to their good

R B SRl Y DB es R by Wb RGeS gy apd the small

Iatkix(mhﬁmatcb ctoh*afh siticem ejystalddtGbevy i)l oasdh Expbalt 3(itde to be
ﬁ% I rated satisfactory properties for use
g[qs{vrf PRI d%r\‘/? I80Ryal ity cobalt suicide films. Cther

pr ec Al BOfAFomHENa RS SEHAGRIN) a%da(WDQ@f}ﬁéﬁﬂéél Vaptt\Sepddiion) are

vapor pressures and therefore require dq
paéwp@r@tuaeégl technigoeri tas depesition dfinpetal and metal silicide films as

compared to other methods of deposition such as physical vapor deposition
(PVD) methods like sputtering, molecular beam epitaxy, and ion beam
implantation. CVD may also be used to provide flexibility in the design and
manufacturing of electronic devices, including the potential to reduce the number
of processing phases required to provide a desired product.

ALD and CVD of various metals have been hampered by the lack of
suitable precursor compounds. For example, conventional cobalt organometallic
precursors, such as Co(acac),, Co(acac)s (acac: acetylacetonato ligand),
Co(CO)s, Co(CsHs), (cobaltocene), Co(CsHs5)(CO), and Co(CO);(NO) have not
demonstrated satisfactory properties for use in forming device-quality cobalt
silicide films. Other precursors such as Co(acac)z and Co(acac)s have low vapor
pressures and therefore require high temperatures to produce a vapor flow
sufficient to support CVD or ALD. Carbonyl-containing molecules might be

subject to decomposition, especially during light or heat exposure, which may
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sufficient to support CVD or ALD. Carbonyl -cont ai ni ng
nol ecul es m ght be subject to deconposition,
weepeasmbd y during |ight or heat exposure, whiREI/1B2008/052012

mayl ead to the evolution of the very harnful, toxic CO
nol ecul e. Phosphi necont ai ni ng2 nol ecul es are

disqualified for the sane reason. O gani c phosphi nes

are very hazardous and PF3 being both toxic and m ght

t o undesi red phosphorus contam nati on and

61 PR VPR S e BT a e Gk Mcletate daiasafiingt

oL P g R o Ind SHETRORIS O prcspnines
areeverly hazardmgsarvd Pke IbEIl‘tg‘IthbddXIt:lamd mfghaleremﬁtoam@s_lred
oRETrul bl B8 ek oL et 4 Bl

gt tHEfIEmRASE Eulﬁ]ﬁc%rétﬂ& r%bgraﬁgﬁs Ifdrqﬂst‘éﬂeércﬁf”(wmﬂ/olatlle

an i nert atnosphere. Likewise, Co(CO 3(NO can
asdisps groducaicakalemetdlcoatiogs withoat theradgitidn ofka be;dumgjagent

. h I b
it SaRe gt alseiitip i Be S ectiodewDdr Spiradt GhyRS sis6 te
c@ﬂ‘n etitd skiel iﬁé@bﬂ@%'aiﬁdﬂ @é’c@rfngggméntd"u@lﬂg%@@ragbaé@éﬁ dnder vacuum
ic centinmeters (see bal t ocene may be used to

Oﬂéﬁdﬁﬁff atoesphere; lLIKGWISEuQ%Q@hs(NQ)rﬁ?n%S%@e@U@J wacceptable
céﬁtéﬁ{l Ooq‘[) \?/ﬂﬂ cg%noé(%@ggygi ! eztﬁ%?%ulgg%%%llt S8 cob¥f Bilicide

dgen I'suse

Ia@@mmea ridppsitibarie cendsdted me bsfthan 360°C v alith & h'ydraiglea flow
cobalt precursors for ALD and CVD applications. Brie

oiesndig BEY REATSARR GU BICE BLerS (6rCBbpGoPeltageTie BapReused to
d%? Foseéggfnﬁis' BLAE GRS ¢AEHe %Ebfé'cf‘to éé\/e%gl%étﬂc%ﬂ aﬂg@%xygen

precursor conmpounds utilize penta
contiaoiiogiént prbbésTgs, évemaniden hgdtdyendsibiakd asa ratucewsagent.

(her ol Stbil e The el and Gorposi | ons, Iy e

S RMPahE IS dppvcatishser al advantages such as thermal
stability at roomtenperatures, and the absence of

t oxi ¢ phosphorus corrpounds O her aspects of the

nmet hods and conposi ti o Iﬁ be descri bed in nore

detail below. In one e malY et hod for

depopidihdts aw@gke@lﬁsdﬁgrttraiewo@munbld BN SDONRAIRING il rATTe

substrate conprises introduci ng a cobalt precursor
desgribes hasaivt ilageneral, the disclosed precursor compounds utilize
pentadienyl or cylclopentadienyl ligands to the cobalt to increase thermal stability.
The methods and compositions may be used in a variety of deposition processes,
and the compositions have several advantages such as thermal stability at room
temperatures, and the absence of toxic phosphorus compounds. Other aspects of
the methods and compositions will be described in more detail below.

In one embodiment, a method for depositing a cobalt containing film onto
one or more substrate comprises introducing a cobalt precursor into a reaction
chamber containing one or more substrate. The cobalt precursor has the general
formula:

(RyOP)x (RCp). Co R’y

where
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chanber contai ning one or nore substrate. The cobalt
precursor has the general fornmula: whereRyOP is a

w@emsadlosnyl (Op) |igand, substituted or not, RET/IB2a68/052012

i ndependently sel ected nunber y of R Iligands in any
position on the pentadienyl I$gand; RtCp is a

cyl cl opentadi enyl (Cp) ligand, substituted or not,
with an independently sel ected nunber t of R |igands

in any position on the cylclopentadien ligand; R is
21 gand FoaEeAdBRPYeatiB6) Band SHPEHEIEs ot with an

g?gfria st n&ogﬁ)gﬁgenrﬂy‘yéle&éﬁHEnfb%)‘n!yggsth%ﬂo‘é |ﬁ%"ng%smon on the

al kyl si | ypantadesy! ligandi; nat es, isonitrile, and

car bonyl d. where each R .the s . Qr .

di t1or ent RGO %ﬁxﬂfslﬂeﬁnﬁd@@”W%O@gnaﬁéaﬂﬂonﬁﬂﬁ%gﬁaehw\/h an
sel ected fyJRpehdént éév@cté@ﬁﬁhﬁiérlﬂef aneg@ﬂdéhrkahy abgﬁ@n on the

having 1 to 4 carbon atons wth an evén nunb
bonds, andylmbeeetaelartyl WRanthy be the sane or di fferent

fromanot anln r fromO to

or of b abi {15 edgantjafedilideRty Sl tar i soriisting of an
i nt eger falkgi @@upf‘r@tﬂﬂr@ 1® 4caﬁbdnsatéﬁ1$| th@ﬂﬁtigefnagr@wg
fromO to 5, preterabl . and each' Ris

group; z al:ky@mldﬁ% éﬂ)@xﬂ%ﬁn@ih’wa/'ﬁmwf@ﬁ teonidinatasd IS@I‘]|I’[§Pé and

'3t hen aEpRNfl 80 R bt Ry BB RS oRORE fom

t he subst padteer R0 t he reacti on chanber. In another

enbodi nent, a first netal precursor, and at |east aqne

reaction R is aligand independently selected from the group consisting of an
alkyl group having 1 to 4 carbon atoms with an even number of T
bonds, and where each R’ may be the same or different from
another R’;

- y is an integer ranging from O to 7, preferably y = 2 and each R is a

methyl group;

- x is an integer ranging from O to 1;

- t is an integer ranging from O to 5, preferably t =1, and each R is a

methyl group;

- z is an integer ranging from 0 to 1; and

- u is an integer ranging from 1 to 2.

The cobalt precursor is then deposited to form a cobalt containing film on the
substrates in the reaction chamber.

In another embodiment, a first metal precursor, and at least one reaction
fluid are also introduced into the reaction chamber. The reaction fluid is selected
from hydrogen containing fluids, oxygen containing fluids, nitrogen containing
fluids, and oxygen and nitrogen containing fluids. The cobalt precursor is reacted
with the reaction fluid, and a cobalt containing film is formed on the substrate, at a
temperature between about 100 and 500 C. The cobalt containing film has the

general formula:
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fluid are also introduced into the reacti on chanber.
The reaction fluid is selected from hydrogen

w@omsasxnshg flui ds, oxygen containing fluids, PCT/IB20e81052012

contai ning fluids, and oxygen and nitrogen containing
fluids. The cobalt precursor 4s reacted with the
reaction fluid, and a cobalt containing filmis forned
on the substrate, at a tenperature between about 100
and 500 C. The cobalt containing filmhas the genera

CoblfsNa: where Mis a metal or semi-netallic el enment ;

Co i gn@rfobalt atom Ois an oxygen atom and Nis a
nitrogen atom - 0 <a <2, 0<b <2 preferably 0.5
<b <1 5M iara:lrn@taatocsernlmq:lalda‘termbdzm 0 <c <O0.5.

O her enbaqdi.nment f the current inv I on ,

el e, ROURGRODAT A E: i anauaBh Aaneatd Rk nitogen atorn;
fol | owi ngpfegtur.es: - Min the cobalt containing film

is one of magnesium (M), calcium (Ca), zinc (Zn),

bor on (B) 0 <db &rd, poefe(atlly 0.5 vdd nl.pla)d scandi um (Sc),

yttrium ( | & tha um (La rare earth netal s,
silicon (é')% ﬂﬂﬂ?r'&bc%fé‘?sn (Sn), titanium (Ti),

zir cwﬂhérrerﬁ&sa.melﬁea‘ of tHBcurfeht invaRBsh kil (iYdludé)l withdiMimitation,
(Nb), and tantalum (Ta); - the cobalt Contain filmis

one orEwre @ thesfolawiarigakires: a t enperature between about

150 C d - I

50 Cotr Rl sSER ol VA AP EBaf o i BB bl i
and OH#, @Dal), mn&t(Zn):&otdsre(B)obtunmhemr(@a)ctndmnnf(lnn gtanglium (Sc),
one of N2, NH3, drazine and its al ky

derivati vé@”urﬁﬂw d@l?sthaewm(hah% rarﬁcﬁaé@l ’ge"s?'tﬁ} iligen (i),
e SR (U7 G0 U AT e i i
vanadium (V), niobium (Nb), and tantalum (Ta);

- the cobalt contain film is formed on the substrate at a temperature
between about 150 C and about 350 C

- the reaction fluid is one of O,, O3, H2O, H,O,, oxygen-containing
radicals such as O® and OH®, and mixtures thereof;

- the reaction fluid is one of N2, NHs, hydrazine and its alkyl or aryl
derivatives, nitrogen-containing radicals such as N°*, NH®, NH.°®, and
mixtures thereof;

- the reaction fluid is one of NO, NO2, N2O, N2Os, NoO4 and mixtures
thereof;

- the pressure in the reaction chamber is between about 1 Pa and
about 100 000 Pa, preferably between about 25 Pa and about 1000
Pa;

- the first metal precursor has a melting point below about 50 C,
preferably below about 35 C, and more preferably the melting point is
such that the metal precursor is liquid at room temperature (i.e. ~ 25
C);
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thereof; the pressure in the reaction chanber is
bet ween about 1 Pa and about 100 000 Pa, preferably

wheirgeesshbout 25 Pa and about 1000 Pa; the fiPGI/IB2O0SHIS2012

precursor has a nelting point bel ow about 50 C,
preferably bel ow about 35 C, @and nore preferably the
nmelting point is such that the netal precursor is
liquid at roomtenperature (i.e. ~ 25 C);the first
nmetal precursor is selected fromsilicon containing

met al pr eE18 U8t D161Q) OreRAseIS Seleckchirerg sHicep fogiiging metal

al um num L D] - Ay Ao\ a) Nt ap s
or ecur sor £ CRD T e SapErinils BRct e, BBt ontaining
first metptecorsrs)sobiunscaebiatigepretumors]iasidl tart@hen containing
thsilylamne, disilane, and thsilane, and m xtures

t hereof ; PHEUIYSt netal precursor is selected from

di ger ny| oyNrst ikl Prédlr8on i8QelcdtdtefroMmnesiioxBAe, trisilylamine,
trigermane, and m xtures thereof; the first netal

pr ecur sor disgarg|anct tesilanep and inistungs tienedfhum

di t hyl 1 drid d 1 dpal Al
S ) e T el rclFsor e Se Bl Bofifigéiitorans. ang
R3 are i ngrpendrRiihy, dgé&imanSindbrigatiaie, aRainmixtpes tireof;

|'i near, branched or cyclic, and m xtures thereof; the
first metHe fypengtal oréqusserds selested irem tiekpvalgmaum,

cach Re. oSy 2 nihle ANTHR ISP AR cNREE R Twherei

carbon chgiranges frévar Oltd #eR? , Rbamd R ede tidependéntyeddr a C1-C6
where the am no |igand can have different

substi t ueﬁ?@?nﬁ@i%%f‘ﬁrr near nreeefed pheyqlicy endipixiyres thereof,

R 55 RS B R RS P BN

1) ( NR2R3) Fa(NEt,)s, and Ta(=NR')(NR?R®); wherein each R', R? and R® are
independently H or a C1-C6 carbon chain, either linear, branched or
cyclic and where the amino ligand can have different substituents,
and mixtures thereof;

- the first metal precursor is selected from Nb(NMez)s, Nb(NEt2)4,
Nb(NEt2)s, Nb(NMez)s No(NMeEt),, Nb(NMeEt)s, Nb(=NR")(NR?R®)3
wherein each R', R? and R® are independently H or a C1-C6 carbon
chain, either linear, branched or cyclic and where the amino ligand
can have different substituents, and mixtures thereof

In an embodiment, a precursor for depositing a cobalt containing film on one

or more substrates has the general formula:

(RyOP) (RCp), Co R’y
where
- RyOP is a pentadienyl (Op) ligand, substituted or not, with an
independently selected number y of R ligands in any position on the

pentadienyl ligand;



wherein each Rl, R2 and R3 are independently Hor a

Cl-C6 carbon chain, either linear, branched or cyclic
Warwsakpsse the am no |igand can have differ entPCT/1B2008/052012

substituents, and m xtures thereof In an enbodi nent, a

precursor for depositing a cobalt containing filmon

one or nore substrates has the general fornula:

(RyYOP)x (RtCp)z Co R u where RyOP is a pent adi enyl

(Op) ligand, substituted or not, with an i ndependentl

sel ected Rdriisra 9y6k>pmiaidgeawagcmdlgaﬁ9 srstitytesh op oL Math an
t adi
P e © o HidepeAaaTlyScieied ninfier ¢ PRARRAS fikhy pédilion on the

sel ect ed nylmbpenladqﬁnyﬂlgarghnds in any position on the

cyl cl open adl an Ris a ndependent |
Ul ectod Kb hedgndTasaty Selelsoromandorp g of an
having 1 'éFR ng%ﬂb%ﬁhr@tpf@l cérHBhdétS%naWy@H%en group,
al kyl am des al koxi des, al kyl'silylam des dihat es,

i soni t hl eplkytacides, kabkqmdesaﬂd(ymwemlmranmdmteswomlrtele and
sane or different fr\@{?p anot h

e pendohepnEapad vHErE BaR H oy o8 1ne 3ot aP#RErent rom

al kyl grogpothe¥Rg 1 to 4 carbon atons with an even
nunber of p bonds, and where each R may be the sane
or differBnis3 Hgﬁﬁdalﬂgﬁh@?dwﬂy %eleqt,ecaﬁonhth@@ouw gagisiNg of an

from o EOQ&MS &ggﬁgﬁ{ﬁt@e e1r¥r S n%d:?tgﬂn%%fﬁ L3 feeﬁr%mﬂer of

group; I's an

I nt eger r ponds)Gnidreiiere degh®R may‘t‘beltf&?é)bambdrd]ﬁereahﬁbm
each Ris a methyl group; z is an integer ranging from
0 to 1; adgother

- y is an integer ranging from O to 7, preferably y = 2 and each R is a

methyl group;

- x is an integer ranging from O to 1;

- t is an integer ranging from O to 5, preferably t =1, and each R is a

methyl group;

- z is an integer ranging from 0 to 1; and

- u is an integer ranging from 1 to 2.

The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the
invention that follows may be better understood. Additional features and
advantages of the invention will be described hereinafter that form the subject of
the claims of the invention. It should be appreciated by those skilled in the art that
the conception and the specific embodiments disclosed may be readily utilized as a
basis for modifying or designing other structures for carrying out the same
purposes of the present invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims.
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uis an integer ranging from1 to 2 . The foregoing

has outlined rather broadly the features and technical
waeoansages of the present invention in order PEEIB20682052012

detail ed description of the invention that foll ows nay

be better understood. Additional features and

advant ages of the invention wll be described
herei nafter that formthe subject of the clainms of the
invention. It should be appreciated by those skilled

in the art that thdelgHeancbNomanalakirgpecific
embogy| mt%rrﬁ's??é 9§@%FHF§ ip@utrtﬁ@%lllo% % ‘ﬂoﬁ%na (Slaims to

baS|s other S
refar toypartcuar syslh@mmnrmqmntmsms dchﬂnenpdessanot mtend to
j nvent | realized skill ed

|t I d b by )
dIshiGish DBt S aHRNe B IRl a1 BAIE PU At GETE: ot

depayd therfemvin o%aurssbn%@ |ﬁ ¢RP8lafhs [the térrr‘rYse“‘iﬁéIQd]inésand
set forth in the appended clai ns. Notati on and

“‘adon@isingitare eisedin an mpeefernﬂedrfasmeemrtdﬂ’rmla@houtd hehimterpreted to

foIIovmn n ai to refer

s MRS S & noP i B B 80 Mhe 3 bl 5 ceaunie is
mtéwcmpltotrﬁeglm SithérgaH mhnrb@ttd\ﬁﬁr@c@@rﬁ@ﬂmnb@nd hahusliif 4 aFst
in name but not function. In the follow ng discussion

mlﬁpule]cwme§ I seconthEaiequle thateanierke meyde througdh a direct
oo B iR RH DBt Horkilid By i e orbS of Bop ! ‘Te bonas

ers S erpreted

mayrbe atly keown chemidas bondhsudreasiwitboudineitation, covalehte ihic,
is intended to mean either an indirect or direct

elerlirpialis. HBPlg-dinelasetCi f a first nolecul e couples to a
secopd LE%B FrLiR; theBfm Gglggleq%ggﬁnre'@% t& %3“?&% gﬂ?né’honal groups

di rect or through rect bond via
ctbmtauﬂmgnemlusgveiy eartmn drwhdgdrogee akomsls Foelen meateymK‘aMQroup

rSTa D N EPb TS St Pe Oyl gURAStRss &-xeuniaes st MRyt groups
iRl WithdUtendit@fion " aktey gﬂfu%PethWér%UEst&oﬁﬁ%‘b@é@,%utyl groups,
functional groups contalni ng exclusively carbon and

ety doagepieaod heanchad ehots grton@surmhude withglut lignitation, +Hedtyt s

e es vl SRR UpS nef B fiaBor; Brioap Y S,
cy@bpentyIIroups, cy@l’oh)ékylQgr@lkllﬂ%5 et@f opyl groups, butyl
groups, etc. | es of branched al kyls grou

i ncl Aéélsﬂﬂth%@ﬂ, Hhﬁrﬁbbé@‘{l@?pn [Meiitrgfers to a methyfogroup, the

abbreviation, “Et,” refers to an ethyl group; the abbreviation, “Pr,” refers to a propyl

group; and the abbreviation, “iPr,” refers to an isopropyl group.

Description of Preferred Embodiments
In an embodiment, a cobalt precursor of the aforementioned general
formula (RyOP)x (RCp). Co R’y is used to form a cobalt containing film of the
aforementioned general formula CoMaOpN¢.
According to one embodiment, the Cp ligand may have the following

formula:



10

15

20

25

Exanpl es of cyclic al kyl groups include w thout
limtation, cyclopropyl groups, cyclopentyl groups,

W@ y®B0o¥®R3y| groups, etc. As used herein, the PCT/IB2008/052012

abbreviation, "M, " refers to a nethyl group; the
abbreviation, "Et," refers todan ethyl group; the
abbreviation, "Pr," refers to a propyl group; and the
abbreviation, "iPr," refers to an isopropyl group.
Description of Preferred Enbodi nents In an enbodi nent,
a cobalt precursor of the_ afBrenentioned general
formula (RYOP)x (RtCp)z RQ Ru is used to forma

cobalt containing film of aRor enent i oned gener al
formul a CoMaGbNc ACCOI‘dI 3?ne enbodi nent, the Cp
i gand may have the foll OWI ngRTformula: ( 1)

Alternatively, the Cp ligand nay be represented by,.the

formula : CoRL 5 . R1- R5 nmay each independently tﬁe)
hydrﬂ\ﬁéﬁhaﬁﬂ@lgpthe@&ﬁgéﬁ’d Mavwre@reéan@éuzb ﬂw@folﬁmbla CpR™. R'-

roup, an al kyl am de group, an al koxi de gr
Ralf’m@)yl gacrynndap@@degﬁkym a hydrogiedignet eg%ufﬂ Ilraearartbmmhed alkyl

AP R b T b RRE oo B oo Bl o

airmcﬂﬁ@@SgrbO@ aldgrbohyhgratp) omdrﬁtblhgt‘bns thereof. R may be the same
nmet hyl cycl opent adi ene,_ eth yclopentadlen

of @'BBFQ?MHOET}/@P% geAtheni Exampigsoisttabledep daandsigekige witheut
Ilr"ﬁ ta |&?%%tﬂg§y888€r%8%% ?ﬁ% c&@l%ébﬂég%egﬁsog%yﬁfﬁbentad|ene
audlsubfbuna?tnhedr)erebﬁ larat éeds dnem bodimenOat leagaddf Rlyin the Cp

iganEsian (oeymale s areBuioas) Slourse 4 arsPatiedRy 7

R1- R7 may each independently be a hydrogen group, a
hal ogen group {e.g. d, Br, etc.), a C1-C4 linear or
br anthenl emoniimgmtotne. Oamgahdatmayﬂnm tpedalinwiag fainkoai de
group, an al kylsilylam de grpup,_an am di nate group, a
car bonyl group, or conbi natfonsRidhereof. RL 7 may be
the sane or different fromRgne ot her. Exanples of O
| i gands i nclude without Ii @ on, 1, 3-pentadi ene,
4- pent adi ene, R’ R’

4
R

(2)

The Op ligand may alternatively be represented by the formula: OpR'". R'-
R” may each independently be a hydrogen group, a halogen group (e.g. Cl, Br,
etc.), a C1-C4 linear or branched alkyl group, an alkylamide group, an alkoxide
group, an alkylsilylamide group, an amidinate group, a carbonyl group, or
combinations thereof. R'”’ may be the same or different from one another.
Examples of Op ligands include without limitation, 1,3-pentadiene, 1,4-pentadiene,
3-methyl-1,3-pentadiene, 3-methyl-1,4-pentadiene, 2,4-dimethyl-1,3-pentadiene,
2,4-dimethyl-1,4-pentadiene, 3-ethyl-1,3-pentadiene, 1,5-bistrimethoxysilyl-1,3-
pentadiene, and 1,5-bistrimethoxysilyl-1,4-pentadiene, and combinations thereof.
In at least one embodiment, at least 5 of R'" in the Op ligand shown in formula (2)

are hydrogen groups(/.e. unsubstituted).



3-nmethyl -1 , 3-pentadi ene, 3-nethyl-1 ,4-pentadiene,
2,4-dinmethyl -1 , 3-pentadi ene, 2,4-dinethyl -

WQ 200pa#eadli ene, 3-ethyl -1 , 3-pent adi ene, PCT/IB2008/052012
1,5-bistrinmethoxysilyl-1 ,3- pentadiene, and
1, 5- bi st hnet hoxysilyl -1 , 4- pent adi ene, and
conbi nations thereof. In at |east one enbodi nent, at
least 5 of RL 7 in the Op Iigand shown in fornula (2)

are hydrogen groups(/.e, unsubstituted).ln on
enbol] %?W&%@Héh? CBP@'& QF%'fSQFé’S}GBbEeé‘ Qﬁ?@ﬁlqompound having
i,ng the general fornmula: (3) In this

ﬂ%ﬁ%%ﬁ#ﬁ@? %aequals zero. That is, the cobalt

precursor conprises only the cylclopentadlenyl l'i gand,

t RIligands, and u R Rnds. There may be one R

ligand, or two as .\%" in (3). The Cp may be
substituted by a net hy'&mX an eﬁhyl In one

enbodi nent, the cobalt pre ugzbr IS

Co(RCp)(etherne)Z. I n one gebodi nent the cobal t

precursor may be a cobalt coﬁbound havi ng the genera
formula: (4) In this enbodi nentRz equal s zero. That

is, the cobalt precursor conprises only the open

pentadi enyl ligand, y RIligands and u R |igands.

There may be only one R ligand, or two as shown above(®)
in ( T, t

et ny S R B 7 i S Wl soR Bomprises
00151(“26 sylRpDentastienyl gend: t R gandst aed uditigandertheremeay be one

r e cobhal t .di

RO, B I PuE Ry, TETiBmay be suhalidiesncampthy or
af BRIt PRS BRI ERY thePcd A pretiiisBEisROb(RCp)| élhﬂbne)
| east one enbodi nent, the cobalt precursor is é
at r boene @mbv@dan@mtéh@ €olalt precugsoyr mayee |aqub@It|09mpound having

f the precursors may have nelting points
tneeg@és)%qan %I%t 5Q0C, alternatively | ess than about
400C, alter natively Igss than about 350C. Exanpl es of

t he di scl osed cobal t ors include, wthout
limtation CoCp(ethyle 2, \Co( MeCp) (et hyl ene) 2,
Co( Et Cp) (et hyl ene) 2, _LPr Cp) (et hyl ene) 2,

o
N\

R

(4)

In this embodiment z equals zero. That is, the cobalt precursor comprises
only the open pentadienyl ligand, y R ligands and u R’ ligands. There may be only
one R’ ligand, or two as shown above in (4). The Op may be substituted by a
methyl or an ethyl. In one embodiment, the cobalt precursor is
Co(2,4,R20p)(ethylene).. In another embodiment, the precursor may be cobalt
diethylene bis(2,4-dimethylpentadienyl).

Generally, the disclosed cobalt precursors have a low melting point. In at
least one embodiment, the cobalt precursor is liquid at room temperature (e.g.

~25°C). Specifically, embodiments of the precursors may have melting points less
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CoCp(propyl ene)2, Co(MeCp) (propyl ene) 2,
Co( Et Cp) (propyl ene) 2, Co(iPrCp)(propylene)2, CoCp(l
WO baosa#ey®P, Co(MeCp) (I -butene)2, Co(EtCp) (| burE&rEs20@8/052012

Co(i PrCp) (2-butene)2, CoCp(2-butene)?2,

Co(MeCp) (2- but ene) 2, Co( Et Cp)102- but ene) 2,

Co(i PrCp) (2- but aene) 2, CoCp( but adi ene) 2,

Co( MeCp) (but adi ene) 2, Co( Et Cp) (but adi ene) 2,

Co(i Pr(Cp) gbut adi ene) 2 cl obut adi enezj ,
tf@@(amqéﬁpc@caltﬂﬁoatﬁcﬁlsebé;iiham% eutEs) Ce pleroptivelniessdhan about
3%| Pr Cp) (cycl obut adi ene) 2, CoCp(cycl ohexadi -1

'ene) 2, Co( MeCp) (cycl ohexadi - 1, 3-di ene) 2,

Co( EESmprascdiane H@éﬁfé'edjcobart@r@&%@rs include, without limitation
CO(IPGC)( cl ohexadi - - diene)?2

Cobpietbylene MMeﬁp)Qﬁtféyi@r)@)Z Co(NEONethyenrRexadi -
Et | oh di-1,4-d 2,
C@ng%ﬁ@y hegggjl(ql/c 2 e>élaelne)z Coc:o((eggzetyl ene) 2,
|©a@§2 ﬁcﬁ(M% g(;ﬁ@;ﬁﬁér@))z( @@ﬁiw;ﬁ(fmd@/lene 2

i PrCp) (acet eneql’ trimethyl si|ylacetyl ene)?2

C%l K@m&@rﬂpﬁl@@? ®(|1atwé@@/¢)8n@?ﬂ\/|e p)(1-butene)2) CO(EtCIO)(1

b@%&ﬁk—"%@m@%ﬁﬁ g?g;@?tﬂﬁene )2, Co(MeCp)(2-butene)2,
C6(Em(;i)(2sbmtbne)21hﬁcrﬁlﬂr§zlb (2dmitydrez)@) (Zon(butadlene)Z
COMERERPLtRT q%eéﬂ{ﬁyt@%‘@u%@%ﬁ&%@@cmwutammeﬂ

c‘é@féﬂé f%[?l{té’({] ﬁ&% em'% 2 gélgtsﬁ‘awlgﬁ%%%o(Eth)(cyclobutadiene)z,
COGPECp,xgyommgdlgee)Zadio@mcMm@WI &3e925)2, Co(MeCp)(cyclohexadi-

1t R Ry BRI qeaadr | s S tie! CREFL PIgehpradi-1.3-

diéne®t fdseyaehemdin ébkéhé %Cp)&cyclohexadl 1,4-diene)2,

Cgﬂ% "4-di met hyl pent adl eny ) (cycl obut adi engz
t@mcwclﬁéeh@dIp%ﬂmeéaﬁw%@ﬁn)my@mexadl #i ene) 2,

d%ﬁaﬁzéégg%&%‘;q‘@% yﬁgﬂﬂg% (%E&%Fén%‘)‘f’@o(%t@é)(%e%?l%%é)z,

CGQPF@&R&@W%MZ mwmvlmethylbagﬂ@éetgene)zz

(hexadi en i met acetyl ene

CONRGRATIERY e ERE) CatbiHRETIRY P hateaigTeRe) 2.
c@ﬁfﬁéﬂfg r@éiM%oz exég@{eé%“ %%J%u t(gg t@ﬁm’é@lsﬁ%béét%ene)z
Co@{ieEpy(threethly)s(yincétylentiitliGo(E}Cp)(bis(trimethylsilyl)acetylene)2,
COU PR LR Rl b 8 Siang)2, Eolo A Giiétnylpentadienyi)ethylene)2,
cegz(,dio%gi@ﬁ@ﬁé@éﬁﬂn@mﬂy}éf@?t%@kﬁbF#n thylpentadienyl)(1-

hexa nyl ) (tri hyl’si | yl acet yli ene
buly(m&cﬁ?@(ﬂw ﬁmtbr(lpenmewl)(ﬁ bytyjesneg2 ﬁ@(ﬂe‘b 2, and

dite {/IB%B |eny Eb rtaec(j) lene)2, Co(2,4-dimethylpentadienyl)(cyclobutadiene)2,

Co(2,4-dimethylpentadienyl)(cyclohexa-1,3-diene)2, Co(2,4-
dimethylpentadienyl)(cyclohexa-1,4-diene)2, Co(hexadienyl)(acetylene)2,
Co(hexadienyl)(trimethylsilylacetylene)2,
Co(hexadienyl)(bis(trimethylsilyl)acetylene)2, Co(hexadienyl)(ethylene)2,
Co(hexadienyl)(propylene)2, Co(hexadienyl)(1-butylene)2, Co(hexadienyl)(2-
butylene)2, Co(hexadienyl)(butadiene)2, Co(hexadienyl)(cyclobutadiene)2,
Co(hexadienyl)(cyclohexa-1,3-diene)2, Co(hexadienyl)(cyclohexa-1,4-diene)2,
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In sone enbodi nents, the cobalt containing film of

general fornmula CoM CbNc is a pure cobalt netal film
wob@se4ms= 0, b = 0, and ¢ = 0, and where the PODEB2008/052012

precursor is one of CoCp(CO 2, Co2(CO) 6(CH CtBu),

Co(RCp) 2 and m xtures theredfi. In some enbodi nents,

the cobalt containing filmof general formula CoM QbNc

is a cobalt oxide alloy filmwhere a = O O b < 2

and ¢ = O and where the cobalt precursor is on

Colftexedisny Q(GW%WB@@@Q&GQWW)@ﬂ’(”RﬁMS”Y'a&ﬁB”Qﬁ%)?ures

O eEBleny bR EIRIN TR Bno - Snd RPN RS retebl
cont & somg et dimenise tid cobakiwmeaining fibn df genaral émrchuﬂk
i s, one

CoNRERASR SR BTl e e oS S e
céﬂS‘éﬂf Srelcurdop |§&ﬁ@0ﬁ@’8@ﬁ£@©c%mﬁo (‘;Sflc@)g@hﬂith%(ﬁ rZE‘Qnd

['m of general formnu cobal t ‘oxyni t hde
rrwdut%lther&y)fdlelectrlcfilmvvherea:O 1.5 < b < 2.5,
and C((:r‘e%) ‘%ﬁoa@%ﬁ@g@%{ et ablraf]@tg(f YeRlal SRS

COMEDINE R 4 BEbAOdxidé BlIGPRTIEN ARiBesh FEM it bt<h2 mbéll-to and where
containing filmof general fornmula CoM Cb

theosralt REECWOF S| %W&@@B%&QZ(O@)G(C@ Céﬁu) 630£R©|0)2 and

"@%Qﬁ%é he cobalt precursor is one O CoCp(CO 2,
ﬁ CtBu), Co(RCp) 2 and m xtures thereof, M

i s ofresarhe 8mbddimeantd] the dobalfldontalhinglfiveest geabedl formula
conEgunds may be dep03|ted usi ng any depositiagn

Bs isicn6abpalt rtq?o%@t%'f"r@kci“ﬁ'lecﬁrﬁf Reviafre a Elahpl @and 0 <c
<o AR ABRoRat PSR PP SO Rt Goupr-coou

Ooﬂﬁ@p)zcwmmtlures tiere6D), atom c | ayer deposition

(ALD), se cemca vapor, depasiti,on (P-CVD),

bl as ebis the et SEESENGITTR < SereRbjomye
c%ﬂm‘@bmats' @Bébélh&fﬁﬁtﬁde lBn@ihifgaRie RO Film dhkle 8t= 0, 15<b<25,
precursor may be introduced into a reaction chanmbe

angé ¥ esd. boand:waatﬁemermbatt@ramrsemlsIom@mféSQﬁp(Qﬁ)aber

Co2(CO)s(CH-CtBu), Co(RCp)2 and mixtures thereof.

In some embodiments, the cobalt containing film of general formula
CoM,OpNc is a cobalt alloy film where 0 <a<1,b =0, and ¢ = 0, and where the
cobalt precursor is one of CoCp(CQO),, Co,(CO)s(CH-CtBu), Co(RCp). and
mixtures thereof, M is one of Si, Ge and/or Ta.

The disclosed cobalt compounds may be deposited using any deposition
methods known to those of skill in the art. Examples of suitable deposition
methods include without limitation, conventional CVD, low pressure chemical vapor
deposition (LPCVD), atomic layer deposition (ALD), pulsed chemical vapor
deposition (P-CVD), plasma enhanced atomic layer deposition (PE-ALD), or
combinations thereof. In an embodiment, a first precursor may be introduced into
a reaction chamber. The reaction chamber may be any enclosure or chamber
within a device in which deposition methods take place such as without limitation, a
cold-wall type reactor, a hot-wall type reactor, a single-wafer reactor, a multi-wafer
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within a device in which deposition nethods take pl ace

such as without Iimtation, a cold-wall type reactor
w@2008t142683 | type reactor, a single-wafer reactPCT/IB008/052012

mul ti-waferreactor, or other types of deposition

systens under conditions suitiable to cause the

precursors to react and formthe |ayers. The first

precursor may be introduced into the reaction chanber

y bubbling an inert gas

rqeﬁ“éorppéemle'é boegad dﬁP@%‘ ig ﬁﬁSt?ﬁ@ LI'W&HCO@Q%'OW §§'ta)b|e to cause the
p%c%%&ré% r%? n%HH ‘Forrr’r? htéqlﬁ ER2CHY firs (FrRRLALY %‘r}aa{ lélgrnct)rrod{.rged into

reaction c er con & RE one Or ROFeE Sy
thehiealtiori ehamabeart by byletlggoain fnrertrgsasrﬁelg Nbe Hee po,satt & éhto The

one or nore s ates nma E%t suita Ies strate
DR AP EERBAIBE e Aa PREH TP Or dReFEdS:
sui t eih@raliybHe rebeford &%ngér é&ﬁtﬁ‘r%bnh'dﬁrﬁ&‘é‘ Kibstrates on to

silicon substrates, silica substrates, silicon nitride
\A@Lﬂb\stheametel lagertsi Qrdrimewll hetdepasiten bEhe ateor maragsibsiates may
substr

nmbi { { { I
0§ YL b BB s BHFRORR b sRELetsi maateb B s Frimples of
shita1é Bub3tralas irRflidevitidLadimizxion, SRdah subeyrakss, diied substrates,
an enbodi ment, a nethod of deposrtr ng a cobal't filmon

stcapiidesEbsiwjes wiicRBOXY Glifide SEDSRAIPBIUBYHEN SUPBIrates, or

cﬁ@@aﬁ'{atréﬁg it Aﬁggﬁrf?%rrﬁg %Lgt?s?ﬁaltég‘c&rﬂﬁﬂégﬁé fu H%?er{ bl ﬁoble metals

recur sor precu r<co

(@ygyplatitiah, odllasiem; rlhietlmlm el goelhmayaselused.par ti cul ar | t
may be one or nore netals other than a G oup 11 netal

For ExamgMmbodiment; amnaethpd 04 depegiting §(9°bﬁji§y'|m QB1 eibstrate may
e bmet b e B 2 et enipbint U esbpor Eppaper. e
firesx rsrrqudal’em’euﬁrsuemly’éaei aroieralqoreanreoeemmtlarnnrg ahys meptal or semi-metal

eleartomnd faashCaer ke TR ofe obmrs aiftal Otish 2uCkue 11
m%‘t'élt ‘ﬁir%xfarrfﬁ & Fiddk n%tgl%réé@rrsér linglaasinithBut [imitation, Mg,

limtation, thsil ylam ne, silane, disilane, thsilane,
Gai, €0t Br Al, am, ySIbGEySarrT ingy, shlﬂ, Hnélb( Eaaprs;qmbrnatrons thereof. Other

bl Sétjel et gﬁ?tﬂfg @Léékﬂa@ﬁ%%gﬁg%ﬁa m@m@ésa mIa'he first metal
p%@’%dﬂ&ﬁé@ﬁéntbh%rl%@fn arldlogéhridrauim. timeafticullr, &indbles of

precursor may be an ami nosil ane having the for mul a;

switapte first rostal precurspes igglidenyiout kmitaton drisitvtasgiae, silane,
dgﬁ%ff@ Rsifndn Brsﬁertra%L bﬂ%r@oﬁég? B Tehey e&?@‘?egﬁylla% iPsilane

ydrogen group or’ a gr oup,
(EBIDEASr),,d@emm,ﬂd»eﬂweotrrgemiylacnrna;ldrgednﬁi’e ramyl thigeitnhenes @me

cgrrnb?nlatu]or% thereof In addition, the first metal precursor may be an aminosilane
having the formula: SiHy(NR'R?)4.. The subscript, x, is an integer between 0 and
4. R' and R? may each independently be a hydrogen group or a C1-C6 alkyl
group, either linear, branched or cyclic. R' and R? may be the same or different
from on another. In one embodiment, the first metal precursor is
tris(diethylamino)silane (TriDMAS).

In another embodiment, the first metal precursor may be an aluminum
source. Examples of suitable aluminum sources include without limitation,

trimethylaluminum, dimethylaluminum hydride, or combinations thereof.
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fromon another. In one enbodinent, the first netal

precursor is ths(diethylam no)silane (ThDVAS). In
warwshe&osenbodi ment, the first netal precursorPCEIB2ES/052012

an al um num source. Exanples of suitable al um num

sources include without |imtlation, thmethylal um num

di met hyl al um num hydri de, or conbi nati ons

thereof . Additionally, the al um num source may be an

am doal ane having the fornula: Al Rlc(NR2R3) 3-x . The

Addisispakypithe ﬁ'umlaur@rsquaﬁ@%g’@e/ ke IhABideRIaRE haMing e fospyla:

AR IRCEERE TRESRRAABE 8 qiF nfogbt HoRRBBrdr e RYI, Fafd R” may
eacfdlnaiepeademtlyﬁm & ihydsmgyen gmupl iof BeC &6 ¢arbam chalaneitrhmrrlmear,
I n th nbo t f t
DAICHER o CHp P 5 S0 G BereBL oM o GPTES
gr OUFh SIORE! éﬂnBBdM@rﬁ t%@chrﬁ%ét% Reelirasr %9tbét§tantalum and/or
M NMe2)5, M NEt2)4, MNEt2)S, or conbinations thereof.

nigibilEp seemetsslmtedm fom @letgtbupncomplmsmlgl M@is a@hgr caregsponding

alithioss A A MBI &P S BB ok Tadfet Mirsprasgts

efther thetalih r nibrdR. PutthBATEIe3 thd¥antdidm @itfloifobRyh §&%Be may
|ndependentl be a hYdro gen group or a C 1-C6 al kyl

gre@@wn@rctqﬁ@almngﬁé@ha urbaaﬁ&ﬁ@@wmcs}o@ma:hamm%fqrmula
f
VOB TN RO PRt Y Sacah FendtioRath 18e hirblEy aroue

onayC 1-aBgskyf Igmsnmkeﬁ:thér Ilt%r,lbrtaﬂcr@éwut C}ICI@OO
alternatively fromabout 50:1 to about

21 t cERRETAIY Y WGRIRGBLR OTine e HARUPTERSIOT o the Sl
P o R e OB ) B TR 5B s o

abayt all 0@ral@rnateely frororab@nb60:110 deout 6:50h aliernaty €9 roRaabout

1allterna 1Esely from about 25 Pa to about 1000 Pa. In
Adi9i 239 The tenperature within the reaction chanber

nay Trﬁétﬂﬁefern%o%@Hfs HORGcton éﬁé’rﬂbeﬁ%?%e mglntalned ata

alternatively from about 12CQ0C to about
pmsseren@nlgm yorhrapous b dia toldwat 106,000d7%, ak@cmﬂvely from about 10

570 Rao E clRRETLH Ardanbies Br e abol LBt poHf
a&&ﬁ@ﬁ A8 témpbehturdh\iin iR rdiRtidn IcheiheP el 19Age fiRY aBSut 100°C
a hydrogen source, an oxygen source, a ni'trogen

tsaow 006C, alternatlvely from about 120°C to about 450°C, alternatively from
about 150°C to about 350°C. Furthermore, the deposition of the metal film may
take place in the presence of a reaction fluid. The reaction fluid, which may be a
fluid or a gas, may be a hydrogen source, an oxygen source, a nitrogen source, or
an oxygen/nitrogen source.

Examples of suitable hydrogen sources include without limitation, Ha, H2O,
H20,, N2, NH3, hydrazine and its alkyl or aryl derivatives, diethylsilane,
trisilylamine, silane, disilane, phenylsilane and any molecule containing Si-H
bonds, dimethylaluminum hydride, hydrogen-containing radicals such as H®*, OH®,
N°, NH*, NH,*, or combinations thereof.

Examples of suitable oxygen sources include without limitation, O, O3, H2O,

H.0,, oxygen-containing radicals such as O*® and OH?®, and mixtures thereof.
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an oxygen/nitrogen source. Exanples of suitable

hydr ogen sources include without Iimtation, H2, H2O
WOR2608/14423 NH3, hydrazine and its al kyl or aryPCT/IB2008/052012

derivatives, diethylsilane, trisilylamne, silane,

di sil ane, phenylsilane and any nol ecul e contai ni ng

Si - H bonds, dinethyl al um num hydri de,

hydr ogen- cont ai ni ng radi cal s such as Hi, OH#, N#, NH#,

NH2 #, or conbinations thereof. | es of sujtable

oxyggﬁa%msc@§ul'tﬁe|9ﬁ@°9@Q POHIEC? ir}ﬁ“{ Wighoutdipnitaggn, Nz, NH3,

WA L OAOST RN, TR BB hesagPacn oo

Nt *t Nb’génas«bmlxieees theteode w t hout [imtation, N2, NH3,
hydr azi ne an

¢ 1 B eI i srBnE ety ® ISR S iy imtation N
NELANJOX NJOE NI L BRO nixtEreppsorof  sui tabl e

oxygen/ ni trogen sources I nclude without limtation NO
NC2, |ﬂ\memmdlmem$ anameit gasmayease intredecdd |n|tmtrwoneactuon

enb nts,, an.in be |n uced

ofBE. CRirmaleB by M dodRoBie oDt fRERERT Kl g 8 or
(:Wnbm&tibnétﬁ'@ré@ﬁl on, He, Ar, Ne, or conbinations
thereof. In sone enbodi ments, the cobalt precursor and

t he N sane epikadipeatsutroeolaitaraeisps angihetrst metaldqueedsor

OREPHES by e (Dol B, iRy T - BREOHS! Snf RBpLALH Bs in
CMD)sihtoathd re@ctmobr@mmr 3@ bEe Bybdampnt, seslfisegoe eéccahd y

or sinultaneously {e ed CVD) into the reactio

PRACARTES Mt PR Pised é"?ﬂH?'}tl'%'{zj %rsmw{ane&uﬂyr{g Qg&é“ﬁeg CVD) into

t@‘?ﬁegﬁfg@a@?@tﬁ’g ﬁytlalgﬁgl |rst %gﬁ precursor

comtinuoassly ihtorthe reamt@nrxmamtobrr d‘ﬂg}hr@lsﬁe ohthelmobalt @n@lrdirst metal
to about 10

It t bout 0
ity S e st for @ e Paripd Eelaing Taneasdt aut e To aBolt TS,
aREPEhGEly ABRPSHART.3 sith %bb@ﬁ@%' Qlfbrﬁbw&y frBRTABBUtI0S s to about 2

inert gas may al so be pulsed into the Teaction
scliraabether embodivheninthedieastiorsfluidhangiar the inert gasmayaslso be

pulsed into the reaction chamber. In such embodiments, the pulse of each gas
may last for a time period ranging from about 0.01 s to about 10 s, alternatively
from about 0.3 s to about 3 s, alternatively from about 0.5 s to about 2 s.

While embodiments of this invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from
the spirit or teaching of this invention. The embodiments described herein are
exemplary only and not limiting. Many variations and modifications of the
composition and method are possible and within the scope of the invention.
Accordingly the scope of protection is not limited to the embodiments described
herein, but is only limited by the claims which follow, the scope of which shall
include all equivalents of the subject matter of the claims.
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may last for a tinme period ranging fromabout 0.01 s
to about 10 s, alternatively fromabout 0.3 s to about

w@2@g/1#deser nati vel y from about 0.5 s to about PCHIB2008/052012

VWi | e enbodi nents of this invention have been shown
and descri bed, nodifications 16hereof can be nmade by
one skilled in the art w thout departing fromthe
spirit or teaching of this invention. The enbodi nents
descri bed herein are exenplary only and not |imting.
yS ¢latmed iSons and nodi fications of the conposition

and nethod are possible and within the scope of the

i nvention. Accordingly the scope of protection is not
11 i m Aadethodtfoedepdsitdighe oolsaltlesrainirepfilhreor toond ot mose

only limted by the clains which follow, the scope of
Syl bi

CIAAMPIPRBI ude al | equival ents of the subject
matt gy of ifylRuendi IS retbdrsbt ﬁt&ﬁ?e?étion%ha%lﬁ@*d&%ining one

for depositing a“cobalt containing filmon to one or
nmor e subsoOr enoes sgbstrate swhereiradhel cabaiqueturgoncaopases a
precursor into a reacti hanmber contai ni ng one or

nore subsfPEPRUN @Y'@prﬁﬁ%ﬁ%%%alt precursor conprises

a conmpound havi ng the(ROMUIRC o8N - RYOP is a
pent adi enyl (Op) Iiga(nof, suE)st ip?\{(?ed or not, with an
i ndependeEfeile| ect ed nunber y of R ligands in any

position on th ' L . . :
cyl cl opent adi eﬁ*\y‘ﬁﬁ%%%q%éé{%@'q% gg?qﬁsggsfétﬁtegiogr’ not, with an
wi th an i ndepemdiepthyernsts sstéatdd number ytof® ligdridsdarey position
in any position on the cylclopentadienyl ligand; - R

is a ligand i n@efBenedienybiganded from the group
. t f H Y .
croms: 2 hydr ofaal 512 YSERERRAVD iRpd, SaERRea or ot wit

atons, a hydrogé

al kyl si | yl am des jndepetideatyeselectedmunbérd odiligaandsamahy
and where each R{THX bq—[j t he Farre or di T.ferdent from
anot her R position on the cylclopentadienyl ligand;

- Ris aligand independently selected from the group consisting
of an alkyl group having 1 to 4 carbon atoms, a hydrogen
group, alkylamides, alkoxides, alkylsilylamides, amidinates,
isonitrile and carbonyl, and where each R may be the same or
different from another R;

- R’is aligand independently selected from the group
consisting of an alkyl group having 1 to 4 carbon atoms with
an even number of 1T bonds, and where each R’ may be the
same or different from another R’;

- yis an integer ranging from O to 7;

- X Iis an integer ranging from 0 to 1;

- tis an integer ranging from O to 5;

- zis an integer ranging from 0 to 1; and

u is an integer ranging from 1 to 2 ; and
b) depositing the cobalt precursor to form a cobalt containing film on

one or more substrates.
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- R is a ligand independently selected fromthe group
consisting of an al kyl group having 1 to 4 carbon
W@e@ag42663 h an even nunber of p bonds, and whePE&I/EBR068/052012

R may be the sanme or different fromanother R; - vy
Is an integer ranging fromQ1é 7; - x is an integer

ranging fromO to 1; - t is an integer ranging fromoO
to 5 - zis an integer ranging fromO to 1; and - u

IS aninte% ranging from1l to 2 ; and b) depositing
2t he dbsanetnpd otaledn!. fusthescrmpristgal t containing fil m

U Rl ot H%Hﬁcﬁg%sﬁr"sf‘h%?% %reJJF@or”ﬁfJ‘tﬁ r@%ct?nderf%r‘liﬁn]rber,

furt conpri si ducrn

precbyj sor mtnmduchbeatﬂmtbnemeacttwmb‘hnd indg thenteactor chgmakr,

| east one reaction fluid_into t cti.on chanber

wher ei .t WBCTRIR {16 machiph e S selsctad Bomithe gratncoisistipg of

consi sti ngydbg BM%ﬁ%ﬂnﬁﬂmd%' ak@;nf&dﬁtaﬁm w&ewtrogen

cont ai ni ng f|UIdS ni trogen containi ng f|UIdS,
oxygen andomtatmraggﬁtmds cANcdOxHgey anmmlque@pomteanmg ﬂlgjldshe

bal h th f
for nFhg” afesuaR ind borall dreelSer Wifdne riectoniliv e, o
a tegper al’d#rﬁh@ﬁ*c%ﬁl‘ﬂ c@rbt@ﬁm%ﬂl@n an %&Q@oéﬁratwraeﬂemaéwture

cobalt containin m has t eneral fornmul a:
wher ei n - bgiweenaa L?%{fépocﬂndsﬁé}ﬁ Cnwhargin thes¢ehiptigontainigg film has

o Fopen LRI, 95 A G R 1%,
1. CoMaOpNc
wherein
- M s a metal or semi-metallic element;
- Cois a cobalt atom, O is an oxygen atom, and N is a nitrogen
atom;
- O<a<2?;
- 0<b<2; and

- 0= c<1.

3. The method of claim 2, wherein M is a metal or semi-metallic element which
comprises at least one member selected from the group consisting of: magnesium
(Mg), calcium (Ca), zinc (Zn), boron (B), aluminum (Al), indium (In), scandium (Sc),
yttrium (Y), lanthanum (La), the rare earth metals, silicon (Si), germanium (Ge), tin
(Sn), titanium (Ti), zirconium (Zr), hafnium (Hf), vanadium (V), niobium (Nb), and
tantalum (Ta).

4. The method of claim 2, wherein the cobalt containing film is formed on the
substrate at a temperature between about 150 C and about 350 C.

5. The method of claim 2, wherein the reaction fluid comprises at least one
member selected from the group consisting of: Hz, H20, H202, N2, NH3, hydrazine
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3. The nethod of claim2, wherein Mis a netal or
sem -netallic elenent which conprises at | east one

woremwnae4268&| ected fromthe group consisting of : PCT/IB2008/052012

magnesi um (M), calcium (Ca), zinc (Zn), boron (B),
alum num (Al'), indium(In), gandium (Sc), yttrium
(Y), lanthanum (La), the rare earth netals, silicon
(Si), gerrrani um (Ge), tin (Sn), titanium (Ti),

zirconium (Zr), hafn Hf ), vanadi um (V), niaobi um

a@@lﬂ? allyhar @'é(htjﬁ'l'\(ﬁﬂV(3$-a§'et Isilanedrigbiamincopilaneadisilane,

t .
PRl S PllectPOb At GL Do, AiERyADidin hyaride
hadrogenetahing radi balsrw’chms Y, GHl9iNh, RIH WNek&iamd mextures
reaqc):#i on fluid conprises at | east one nenber sel ected
the group consisting of: H2, H20 H2Q2, N2, NH3,
hydrazi neand its al kyl or aryl derivatives,
di ethyl silane, trisilylamne, silane, disilane,
6phenyheinethed ahdlaimy?, mbleeginitiee teactian fuisgcanprisdscatdeast one

di nﬁet h I aI U num hy%kﬁ&n% ogﬁ%&nﬁnrﬁﬁuﬂ% radlé:éarll_s

coManrmey rad?calér BECHTES odnafolt adrd Aixtuvestieéreof.he
reaction fluid conprises at | east one menber sel ected

fromthe group consisting of: O, O3, H2O0 HQ2,

oxyg [ I

70XV ORRE AL ALILRLIaNBY, Sflehei WHL AiOh BRA B oM tcast one

memeberesetddted frohuthe gronp cossistirag of: oAk, NH@ hyelréﬁme and its alkyl

sel ected fromthe group consisting of: of NH3,

Oh%ﬁ‘ dorivRiiveRdNifrpgeCRYRINIRg gaqwalaéw%s |N/e§”" NH,*, and
ntai ning radicals such as N#, NH#, NH2 #,

np%:h%gﬁgﬁggs t hereof. 8. The nethod of cIa|n12

wherein the reactlon fluid conprises at |east one

SH S TR e
r’r@‘mb“ér%e'@c?ed oRY tﬁb@rb'&‘&c@ﬁﬁ&%ﬁ &f: N@tm@z,lrgzgy &@]; N2O4 and

chanmber 1s between "about Pa and about
mixtures thereof.

9. The method of claim 2, wherein the pressure in the reaction chamber is
between about 1 Pa and about 100 000 Pa.

10.  The method of claim 8, wherein the pressure in the reaction chamber is
between about 25 Pa and about 1000 Pa.

11.  The method of claim 2, wherein the first metal precursor comprises a metal

precursor with a melting point below about 50 C.

12. The method of claim 11, wherein the first metal precursor comprises a metal
precursor with a melting point below about 35 C.
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10. The nmethod of claim@8, wherein the pressure in the
reacti on chanber is between about 25 Pa and about 1000
w@2008142655The met hod of claim 2, wherein the fiPCI/IBOOSAIS2012
precursor conprises a netal precursor with a nelting
poi nt bel ow about 50 C. 12. The nethod of claim 11,
wherein the first netal precursor conprises a netal
precursor with a nmelting point bel ow about 35 C. 13 .

The net hod of claim 11, wherein the first netal
13r echihg snethedsf cigis 14, WEEEgIN phe st taliHeeyrspsCcompiises a metal

p cu?é&'ﬂlrﬁ ﬁﬁg%fqlf(@ﬁsqjéﬂoo tenliitaftRe hod of claim 2,

ereln netal precursor conprises at |east
one metal precursor sel ect ed formthe group consi sting
met al er mani um

icon C aj ni
1@ont SNRTRGNGS O GPUBS WheTaln e e BT, PRy Bt Beitispsat least
ol TSRS SEREI I BRSO Ru AT AR WIS CLAAg meta

precur sors. The net hod m 137 wherein
pfeouﬁormermqmem msmnln@@mowwsaalurmraﬂn oontarmreg‘@eecursors

lected frromthe ou i,sting,of.disiloxane,
BRI BB PeestiS, Snd BAEM hufhinftee PRI
bi s(tertiary-butylam no)silane (BTBAS),
bi s(di et hyl am no) si | ane ( BDEAS),
16hs ( dhetrsthagdiohelpén |1§nwh@nem>m$§lrst aredalireeursescomprises at least

bR ot Vot 5B Bt LA MBS pene

dfsilare ttl‘lﬁle@reo bl@(t@ﬁ@y-@btmmb)sdleger(BYBA&)ﬂQs(d|ethylam|no)srlane
mane,_ and trigernmane, and m xtures

(@ﬁ%gﬁ%ftﬂs(ﬁethyﬂﬁ@'rr@ﬂ‘ﬁﬂ? JriD\ABInang, migheesiherent fir st

nmetal precursor conprises at | east one nmenber sel ected
fromthe group consisting of thnethylal um num
16i mefThgIna¢thod ofiotaing di3i, deerein mheafrrisd mﬁtaﬂrpee@dr@dxr comprises at least

X( NR2 rein x ranges fr. to 4; Rl, R2 and .
Fé %r,%%gv‘@zr QPoHP£0ps'S g?'SSH“}S'Ré%e tEg¢Hylamine,
dlﬁsﬂ%he @rﬁcﬁ!’r‘@%ﬁ‘rﬁaﬁé S¥EixGuredNfefdoxt ures thereof. 18.

e et ho claim 13, wherein the first netal
precursor conprises at |east one nmenber selected from

u onsi st ing.,of Ta(.N 28 NEL
Fa nenayBeRER oY Soriia” rEReBLS YhmeteireGhShr sampyises at least
oﬁé@né?ﬁbé*ééléété@@r@ﬁﬁjm@érbup consisting of trimethylaluminum,
dimethylaluminum hydride, and amidoalane AIR',(NR?R?)sx wherein x ranges from
0to 4; R', R? and R® are independently H or a C1-C6 carbon chain, either linear,

branched or cyclic, and mixtures thereof.

18.  The method of claim 13, wherein the first metal precursor comprises at least
one member selected from the group consisting of Ta(NMey)s, Ta(NEty)4,
Ta(NEt,)s, and Ta(=NR")(NR?R®); wherein each R', R? and R® are independently
H or a C1-C6 carbon chain, either linear, branched or cyclic and where the amino

ligand can have different substituents, and mixtures thereof.

19.  The method of claim 13, wherein the first metal precursor comprises at least

one member selected from the group consisting of Nb(NMez)s, Nb(NEt2)4,
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H or a Cl-C6 carbon chain, either linear, branched or
cyclic and where the amno |igand can have different

weustizeskent s, and m xtures thereof. 19 . The PET/MBrdosHf52012

claim 13, wherein the first nmetal precursor conprises

at | east one nenber sel ected1®romthe group consisting

of Nb(NMe2)5, Nb(NEt2)4, Nbo(NEt2)S, No(Nwe2)4 ,

Nb(NI\/EEt)4 , No( NMeEt )5, Nb(= NRl)(NR2R3) 3wherei n each
are independent

R1, |

N@KPAEF@) élib(NMezlﬂh%(We AaN@HEUP/eEF)ScWhNRdW\%é?‘@h@Vﬁ@ each
f

RS EOR R0 2 L LR S hear

btdmhedtmalcyclprmdmhenre therqnmneelgaad che &ave differeridostituents, and

sel ected fromthe group consisting of:
b“fﬁsetF RiA%ne) 2, Co( MeCp) (et hyl ene) 2,

Co(Et Cp) (et hyl ene) 2, Co(i PrCp)(ethylene)2,
CoCp(propyl ene)2, Co(MeCp) (propyl ene) 2,
2@0( Efl op Niethop pf elaen A, \Mb@(elprtf&)):()tpﬂlbpmlcemr 2ompuisps bt least one

e R
|Pr§%)g( Zé?ﬁtgggd@tcwé Eﬁ?ﬂt adi ene) %&thylene)Z
Cg@(plc@repy@bai?a&}cé D) (oo et Qafﬁt@péﬁmwleneﬂ
CERPIERIPRLYIENaR Tedy LBReRY EoRILERT Mlfserz) GalGigRI-
bm@eﬁ C?((FO’SB@D(Q%U@%)?F(;@E?&%:@QM ey 2, Ob@AeChh Y 2-butene)2,
e ) o R S A O A
Cé@%%?@@% e o L RS G G
CoCpityeint)2adiGoé)2t CollVeCo)(cheshaindEne, d.’Bcaz(Eda(m)(cyclobutadlene)Z,

C&E"é@ﬁ*@cﬁlﬁ?& gﬁé ZCoépé@f:{%iqex%gij 9?1(:0 o I\%e(e,p)%yélohexadl-

1@0&bﬁé U@Eﬁiﬁ’) SRR %exg@lopéidlé Qh(ﬁbﬁPFO’é)?@%TdHe&ﬁéﬁ?B
2

t hnet hyl’si | yl acet yl ene)

d@@(eb_& @g(@p(ﬁn@olﬁgxaﬁl-ﬂﬁ aae)%r C@ﬁMp@p)(cyclohexadl 1,4-diene)2,

c&%@%@hhm g Si'%;fe')gcg{)@g@ngéblohexadi 14-
diepeleCp (mléﬁé)ﬁl bbklﬂ@ R('a@é@)e%e)Z Co(EtCp)(acetylene)2,

bis(th silyl)acetyl ene

o TS e A e ey B,
C@Y%Cﬁ)(ﬂ? @R%} ge n(%tgfgﬁng% l@,c{(ﬁ@ piglfle K el)%ﬂsllylacetylene)Z
CopP2C g)(dinmethyigilweautddhe)2y CoCh(bis(trimethylsilyl)acetylene)2,
Co(MeCp)(trimethylsilylacetylene)2, Co(EtCp)(bis(trimethylsilyl)acetylene)2,
Co(iPrCp)(bis(trimethylsilyl)acetylene)2, Co(2,4-dimethylpentadienyl)(ethylene)2,
Co(2,4-dimethylpentadienyl)(propylene)2, Co(2,4-dimethylpentadienyl)(1-
butylene)2, Co(2,4-dimethylpentadienyl)(2-butylene)2, Co(2,4-
dimethylpentadienyl)(butadiene)2, Co(2,4-dimethylpentadienyl)(cyclobutadiene)2,
Co(2,4-dimethylpentadienyl)(cyclohexa-1,3-diene)2, Co(2,4-
dimethylpentadienyl)(cyclohexa-1,4-diene)2, Co(hexadienyl)(acetylene)2,
Co(hexadienyl)(trimethylsilylacetylene)2,
Co(hexadienyl)(bis(trimethylsilyl)acetylene)2, Co(hexadienyl)(ethylene)2,



butyl ene) 2, Co( 2, 4-di nmet hyl pent adi enyl ) (2- but yl ene) 2,
Co( 2, 4- di net hyl pent adi enyl ) (but adi ene) 2,

W@(08/142683 et hyl pent adi enyl ) (cycl obut adi ene) 2, PCT/1B2008/052012
Co( 2, 4-di met hyl pent adi enyl ) (cycl ohexa-1 , 3-di ene) 2,
Co( 2, 4- dinet hyl pent adi enyl ) 20ycl ohexa-1 , 4-di ene) 2,
Co( hexadi enyl ) (acetyl ene) 2,
Co( hexadi enyl ) (t hrret hyl si | yl acet yI ene) 2,

Co( hexadi enyl ) (bi s(trinethyl sil gacety ene
NERTORTPPYIBTRIZ Eiol) Y kRIBITe e oprasiens) 2

oI A I RSN doenc.

d)@a)dmyla)(tmcbo(nreyaﬂommmr@c)(hexad|enyl)(cyclohexa 1,4-diene)2,

5@{ hexadlyg%e&'%@ EQQ}J@deE@yg t@g@}@lsnylacetylene)Z

nggéi%ﬁféﬁyﬂ é)cr(rﬁél%/bé'llﬁ e lene)2, and mlxtug_es thereof.

hexadi’e (t rimet yl acety ene)
Co( hexadi enyl )(bis(tri rret hyl si |l yl )acetyl ene) 2, and
m xt ures thereof.



