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WO 200, 81142653PCT/ | B2008/ 052012 NEW COBALT

PRECURSORS FOR SEM CONDUCTOR APPLI CATI ONS 5Backgr ound

Field of the Invention This invention rel ates
“generally to the field of sem conductor fabrication.

More specifically, the invention rel ates <
Wozﬁ?sélé%ﬁﬁgors for the deposition of cobalt c%%?ﬁ%’ﬂ’gwn

films onto substrates. 10 Background of the Invention
Cobalt silicides are conpounds useful in the
electronics field, particularly regarding the

B CUBAL T PRECURSORS SR SEMEONDIETOR APPLICATIONS

i ncreasi ng as devi ce scal e-down progresses due to
their good 15 thermal and chemical stability, |ow
resistivity, wi de process wi ndow and the snall
lattice msmatch to ti®ackgrowed crystal l|attice,
vvhifch all ows the cobalt silicide to be grown

Fiel In¥entionsn i | con. ALD (Atom c Layer

De o ihéHiibn 2818ieS\denbiaNe i tha eMa @emiddpagdtbrd Rbicalibe.
particul.arly useful techniques for deposition of

Moreespgrifiealy. fhetinyenden relalgs ia newpressrserciohPerdeositoneher
B f-,? i & ch as physical vapor
ook e%@glgt fngnﬁl %@%@ ér%)tgﬁ%%g i ke sputtering, nolecular
beam epi taxy, and ion beaminplantation. CVD may al so

BacErotn8 S IR IRVaNiLAe flexibility in the design and
‘—ngrru%c{-m-i-rrg—o%el ectroni c devices, including the
potCatalt silicides keel verapolresnusene in e gecdmersifielgl, padiselsrly
oo EpR AR es ee SRR p0f Ht A e tin
cobglislielbks isliihla@HBi&g lrasctmvm@lmd&.—ddﬁfr_f preyesspeedue to their gﬁod
convent i onal cobalt organonetallic precursors, Cc
therGia 630 sayes! B bl 05 BERLND: M SrPETEHbRaN gind THE Sma
lattibé BagHAtch @0 HeEddn Cpitaahte (wrasRbIevEaRe obalt silicide to be
Co(C5H5) (C0) 2 and Co(C0) 3(NO have not denonstrated

groﬂatePE@ﬁ@deNySiEﬁ%‘p_erti es for use in forning
dew| eRAANRld Liayef PRBbS I B \AS ééhérﬁﬁal W Deposition) are
precursors such as Co(acac)2 and Co(acac)3 have | ow

pariicubasty ynedd sepheiiugadon iiep of metaliand npﬁtglﬁil?cide films as
con RSP 7l S R RS BB
(PVin) ghathduds ifelsjpattering roiedeasigrdsan epifaxyspetioaltegndur i ng
ka6 B KRR SR o cesn anc
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)3 (acac: acetylacelonato ligand),
C02{CO)s, Co(CsHs): (cobaltocene), Co(CsHs)(CO)z and Co(CO)(NO) have not
demonstrated satisfactory properties for use in forming device-quality cobalt
silicide films. Other precursors such as Co(acac),; and Co(acac); have low vapor
pressures and therefore réquire 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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2 lead to the evolution of the very harnful, toxic CO

nol ecul e. Phosphi necont ai ni ng nol ecul es are .

di squalified for the sane reason. O gani c phosphi nes

are very hazardous and PF3 being both toxic and m ght

| ead to undesired phosphorus contam nati on and
wohbegasdesee- | nduced et chi ng/ damage. Such chertCoadzso8/052012

5m ght therefore be subject to strict regul ations.

For instance, Co2(C0)8 is 2olatile and can produce

cobalt netal coatings without the addition of a

reduci ng agent, but is too thernally unstable to.be a

actical, CVD ti ,
o] Gahe B R S BORBOPET B HOFPIIG: CPBTAUE. even
coH!éﬁﬁrﬁ MBRYUIBE fe @iBqlAEEd f@ﬂtﬁ@@@rh@ rr@sohl ®®fdn&ﬁphosphmes

Co( 3(NO can-be subject to unac

arqm%maaﬁﬁdﬁa% R Pl being QP%WX&&&I%&@E@%@C# 1 yriesired :
phb@ﬁﬁ&r&é Sshi&PRalidn &Wﬂ&&%ﬁhd@déd' é%d;rﬁ’r%]/bawggé SM&"bhemlcals

position Is conducted at |ess_ than or with a

ml@iytdh@"gé:ﬁe be subjett tp slrict regutatione. ardiiricg. £OHCO)s is volatile
oS3 R 5 Bl 5 SRR AR, g g g
butis t@@tmrmallyardstableatmob&)apmlcakﬁff Rptatatsongiyng bse s,
cofEEd UFE et AR L eaf LR BiPg SEHAE 8T dhqer vacuum
or suiineatdtmosptiEré tLikevaserGa(CO)§(DI0) AsDbarsdbievio unacceptable
cof BB e SRR AR 58 R
laydRAQBE d&RAIBA r@bdhdubféd@ﬁﬂ@s&han Bb@(ﬂéﬁﬁ]ikﬂ@ Rgdrogen flow
precursor conpounds utilize pentadi

of Bs trrer DR SaTIBT ol GBS er EHEm s dsatiAtongne Ty Basged o
depdt@ kit SR bLI dueh filis cﬁﬁba%ﬁjeéﬂg SE0SRQEHd AR 6@9

e use I n a varlety of GDOSItIO rocesses, and f
cordalmwélon iptbierhe eyer sfendlydseosaris a@esga&‘s@c&ﬂuwgt mniral

f ilé%llwéﬁtqqosﬂh' thORBASIREL AT B codaR s&:%l@@ét?é‘t‘é%eﬁursors

orus comnpoun ndas. her aspects o

for i ChardsCeDdippbicgtiosst i ons wi |l | be descrl bed in nore
detai|l bel ow. In one enbodi nent, a method for

depositing a cobalt containing filmonto one or nore
substrate corrpri ses iBﬂebSim'magya cobalt precursor

t h 1 ai
e ParE At et RaTE teatig s cdt SO Riparn are
dedcabay harein3Qf ﬁ)fEr‘)aD the(cﬁééméed @@cﬁs@rooh@bandﬁﬂ@ﬁel s a-

pent adi enyl substituted or not, with an
pentadiend Ag @yi@lplgené@ll%rbﬁ &@mﬁmﬁ&e PL8Ht LRNETEgER thermal siaRiity.
Th@RRtHddR an8RotBEsiRGE A BBYSed irt@Pshon i eRpbSitiéh processes,

91% ff op erqt adi E / Cp)y I gand, substhﬁ% ut gd or Ffjlot
and/\ihﬁrcomposmons 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 Ry
where
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5i ndependently sel ected nunber t of R ligands in any

position on the cylclopentadienyl ligand; Ris a

I i gand i ndependently selected fromthe group

consi sting of an al kyl group having 1 to 4 carbon

atons, a hydrogen group, alkylani des, al koxi des,
wo@bdﬁbﬂz‘éésl yl am des, anmidinates, isonitrile, pamas2008/052012

10car bonyl, and where each R may be the same or

di fferent fron1another R 3R is a ligand

i.ndependently selected fromthe group consisting of

an al kyl group having 1 to 4 carbon atons with an

even nunber of it bonds, and where each R may, be the

sane or RiAR Brapentadien (BaHigpRGSuRSIUied 08 ngl, W"‘H@Bger
rangi ng Iﬁ&%ﬁEngehﬂ& deledEEHERBE YorR o a%d@ﬂija itidnlof tde

met hyl gro I's an | nteger ranglng rom0 to 1;
t is an manlt%mwlhmrr@is ng from010 5, preferably t =1,

and eac [ t
rangi ng Ihi?trgg i B%IY %%%Eﬁ@éﬂgnﬂ (8§ﬂ§na f st%g SQF {éraacﬁg:a% g B e0m
1 to 2. ifdepecdbally sghecterinsoberitof Riigandteipa@siy pesitioroon the

forma co t _copta nln filmon the substrates in

t he reac?© F%W @fﬁa&ﬁ%‘@d 9981 n anot her enbodi nent, a

first meR @ apgerundspendaty salectaziagim m@roe;acmngmng of an
| so introduced into the r

fluid ar ti on chamber.
The reaclibAUPTAYNGS O CaEPRRtPRYS 2 AYRPBERATOUD.

cont ai mawq/:érh.ubglsakcg(meﬂk;ﬂgmmaw Brliditdtes, isomithile OgHRN
contalnlng fluids, and en and nitrogen_contai ni ng

f1uids. caﬁprwb@adwmr%@@ms maydertbe sa08 qmtfiﬁer&rﬁérom

reacti oré nbid-¢h- and a cobalt containing filmis
~formed ont e substrate, at a 30tenperature between
about 100 imatigauDicdemengentbsiectedioraithe aupiconsisting of an

the- gencgh o/l 1 19 GIBBH A4AEHHRGH LIRT0AIRREPI2

bonds, and where each R may be the same or different from
" another R';

- yis an integer ranging from 0 to 7, preferably y = 2 and eachRis a

methyl group;

- x is an integer ranging from O to 1;

- t is an integer ranging from 0 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 infroduced 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 thé reaction fluid, and a cobalt oontaining 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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4 CoMaObNc vvhere Mis a netal or sem-netallic

el enent; Cois a cobalt atom 0 is’
an oxygen atom and Nis a nitrogen atom 50 5 a < 2;
O5b 5 2, preferably 0.5 5 b 5 1.5, and 0 5. ¢ 1
preferably 05 ¢c5 0.5. O her enbodi nents of the

woSkshieRts | nvention may include, wthout |i gciagloens012

one or nore of the followng features: 10-Min the
cobalt containing filmis ane of magnesium (M),
calcium (Ca), zinc (Zn), boron (B), alum num (Al),
-indium (In), scandium (Sc), yttrium (Y), |anthanum
the rare earth netals, silicon (Si), germanium
Cg“@éngctl n (Sn), titanium (T| ), zirconium (Zr),
haf pi, P @ (Hf), vanadium (V), niobium (Nb), and
tantalum (Ta); 15-the cobalt contain filmis forned
on the SMLT%@ nrwtt@ oasemi-meialisrelgnue; bet ween about 150 C
and_abo [
oG e o%aﬁt@?oorﬁllﬁg%]érﬁ%&){gleﬂ ag)éﬁ zangﬁ Ojnl égerpg’tam
OH ; anc{):maxqmes t her eof ; the reactl on fl ui d IS one

of N2, or aryl
20d"erivgr§9e¥ %é Elﬁgéo f"al radi cal s such as

.- NH 0 &N 1, @'@féra&‘ﬂlyoﬁrceﬁOBhereof the reaction
fl u{)ﬂye n‘gﬂgl the current mve:n{\I2 n may mcRJde W|nhouthm|tat|on

m X

one or more of the followmg features:

- M in the cobalt cbntaining film is one of magnesium (Mg), caicium
{Ca), zinc (Zn), boron (B), aluminum (Al), indium (In), scandium (Sc),

yitrium (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);

- ~ 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 Oy, O3, H0, HxO,, oxygen-containing
radicals such as O® and OH?*, and mixtures thereof;

- the'reaction fluid is one of Nz, NHs, hyd'razine and its alkyl or aryl
derivatives, nitrogen-containing radicals such as N°, NH*, NH;z*, énd
mixtures thereof;

. the reaction fiuid is one of NO, NO2, N;O, NzOs, N2O, 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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the pressure in the reaction chanber is between about
1 Pa and 25about 100 000 Pa, preferably .between about
25 Pa and about 1000 Pa; the first metal precursor
has a nelting point bel ow about .50 C, preferably

‘bel ow about 35 C, and nore preferably the nelting
wo@@jg)j126$3s such that the nmet al precursor i spCragoeatol2

roomtenperature (i. - 25 300; WO

2008/ 142653PCT/ | 82008/ 0520%2 5 the first metal _

precursor is selected fromsilicon contai ni ng met al

precursors, germani um containing precursors, alum num -

cont ai ni ng precursors, ni obium contajnin recurs

and- tanttHPUFﬁtEﬂ@'ﬂ%Wrﬁ%%%ﬁt%‘gg@“ S ‘fg‘?rﬁ%'f“”ﬂe'f' f"

precur sQfehfs&s! Wufn‘i BNt lpReARRrs, talndih il BRlaftfng
Si

disilane, and tr | ane, and m xtures thereof t he

first nmraturwrecmmb@rn GontajRing BresUrspiso ANGiiagEal R IcORAINNY

trigermy 55? D& di germane, and trigerrnane, and
m xture ereof the first nmetal precursor is

sel ect ecthé |F mmtertazi mmwcmllsumlm fran disdoxasehipisilamnaum
hydrlde

am daal 3 ,,, wherein x
ranges ¢ 6’? 5'5' %mﬁ%‘g%%{%@f@ i ndependently H
or a Cl- t@ﬂ%ﬁﬁ’@&ﬂ p¢d§t&lr§or iesdidreed frmmela_;ermjdommhed or :
cyclic, and xtures thereof; the first

pr ecur sdrIgTEYEMIBe dgeanm i KigBiPEs: alrg{rrﬁg?%e%thereof
Ta( NEt 2)ihe fishthela radghd NRRAREO&d M‘rﬁﬁrﬁhéthﬁ@l@mlrﬁikn R2

and R3 are 15i ndependently H or
ei t her |dimetyialuspigHeHyEr '@ﬁ 9@9@!”"‘3‘3% ’%ﬁei('e Xa‘f‘f%‘?{ﬁm

li gand %HQQ%’FOH' bft&&eﬁt Feléhawtak@aﬂaépeneeﬁﬂm@ WICSECe

t her eof Irst metal ‘precursor is selected from

Nb( NIV 2)cgirbaxbhisin, 2jther Iikigembranched Nmymze)rm mixtures thereof;

cach R, DI B e %E%%n%“ﬁﬁﬁ*ﬁeﬁg"“é?“%éﬂ

car bon cMNEtz)seamﬁé"a =INR11ﬁaltR Rbje aﬂ@l‘mm each By 0¥’ anddiicare

T NSOyl 7 200 Bty P Taar,trancnea o
cyclic and where the amino ligand can have different s‘ubstitue.nts,
‘and mixtures thereof;

- the first metal precursor is selected from Nb(NMGz)s, Nb(NEt,)4,
Nb{NEL)s, No(NMez):, Nb(NMeEt),, Nb(NMeEt)s, Nb(=NR*}NRR®);
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 Ry

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

pentadienyl ligand;
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In an enbodi ment, a precursor for depositing a cobalt

containing filmon one or nore substrates has the

general formula: 25(RyOP), (RtCP)z Co FR u where RyOP

is a pentadienyl (Op) ligand, substituted or not,

with an independently selected nunber y of R |igands
wo bhéhsadd¥ssposi tion on the pentadi enyl |igandpcTM2008/652012

20081142653PCT/ 1B2008/ 052012 6 RiCp is a

cyl cl opent adi enyl (Cp) |igand, substituted or not,

wi th an independently selected nunber t of R |igands

in any position on the cylclopentadienyl ligand; Ris

a ligand_ independently selected fromthe arou )
' consigst i AP 5 awclsa¢w£§¢'e@¥' Z{;B) 1?9&\'7'9@[3?{'}["@%?8&‘ B&h an
at ons, Qntﬁé&hegﬁﬂ/ R4 nihikerl tarRAigandsaih ke besiBon on the

al kyl sil'yl am des,” am di nates, isonitrile, and
car bony| gylciapentaeny! igae® R may be the sane or

different . fre : ' j ot
11 g% h8t4 @Eg@ﬁl&é{&%ﬁdﬁﬂg%@é&eﬁr&h gNhoup consisting of an

i ndepen m t he group consi sting of
an 10al kafyl groopmakiagitrig 4lcaronategishe AYHPSeRBIWHPH an

f wher: 1 t
shre or GoMrEPE R A e B R e, A
rangi ng darsomyl) ahd wherepeadheR alelyybe/the samarnd déeednt Roins a

met hyl groyp; 15-X is an integer ranging fromO to 1;
t is an Eﬂﬁ’ﬂ%@&r ranging fromO to 5, preferably t =1,

and. eactRR h figahdmisEndenssiected fomrheé gloageonsistingi oign
fromo ta?ky}é;rbig%aving 1 10 4 carbon atoms with an even number of '
* bonds, and where each R’ m'ay be the same or different from |
another R’; : -

- y is an integer ranging from 0 to 7, preferably y = 2 and each .R isa

methyl group;

- X is an integer ranging from 0 to 1;

- tis an integer ranging from O to 5; preferably t =1, and each Ris a

methyl group;

- Zis 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 from1l to 2. 20The foregoing
has outlined rather broadly the features and
techni cal advantages of the present invention in
order that the detail ed description of the invention
that follows may be better understood. Ad ' <
WO PPS8s and advant ages of the invention gﬁﬁhQQQOamlz
descri bed hereinafter that_formthe subject of the
clains of the invention. I{ should be appreci ated by
those skilled in the art that 25the conception and
t he speci.fic enbodi nents disclosed nay be readily

utilized as a basiotatior amdMommdnetatare desi gni ng ot her
tructures for ca in tot sane 0Ses ,0
pr &=&iAin [ERVERLS esed ook the Eq'ﬁgwméﬂeg 5 @adt?[?'ms%

refdrR@B8rtiskibl $R8krh RoinBBnaits. TiiddosuraBnteRdE vat iatknd to
constructions do not depart fromthe spirit and scope

diSfdﬂQUtSﬁé)el’[‘M%h@qr@(PPf@QtsstB@t ¢‘%@rt'%”?‘ﬁ‘et%”%tﬁﬁ%ﬂ'8€d cl ai ms.
Waﬂo%ﬁéég%éé@?%/n%gg%%g tﬁ\‘?ieﬁ% GRcIBMAg” and

ture Certain terns are used rou?hout t he
comrlslogvl arg used oy apopernendead faﬂaowrtddhw%:mu ¢ e interpreted fo

me?ﬁrle%lg&b@rb&?}ﬁ?fImﬁﬁpgnﬁﬁbﬁhe-{é}h&cgﬁﬁg’r@mh %'5 é"Ot

i ngui'sh 'between conponent's 't
intended a:ﬂmeblmtaltmm‘tanfmdmat ondiregt memiealfhﬂntioﬂhng rf a first

ol 38 18 Sebd BOeEUR R P Bel TReb A 4o
borEn er M‘(btﬁglhsd?ﬂhhlged‘v Bohdiarotiee firthtiboal yesups’ orrmohmjl ﬂga bonds
ut not Imte

may bg @py kgews §h‘?rﬁF@h%@stsacm@%w'tgwtﬁ@vt"h?ﬁ |Cﬂg"1"?'étcpn'8r

eEe&Fds%k gbemidgisdie @@@d. Thus, if a first nolecule
cou o a second nol ecul e, that conne =

t b
t hr JeppincBe terob @il 9roKPt efesE dhsatwat ; E’PWBTytﬂfﬂlgPS
co ‘t’éaﬁinﬁ%kl@ﬁsaf:&? Eﬁr‘b%ﬂ %'nfj g%eu‘dﬁén %Eorﬁ@ nﬂﬁ'the]”tﬁe koRdakiRYoup”

nown” chem ca s such as w thout
refard o Immar dmanahed adredyclic alsyligeoupst doemplasaafiligear alkyl groups

g e
etcc Ewarﬁ'pmm beanched aikels graumsboriudaitiord hmg@tmnalf blﬂr‘-vl

. i
Exali ALa oy e e s WA et S eBay ‘.ﬁﬁ%ar

cyoRIpkiityl g&mp@&:yblbbéwﬂgroupsmwt limtati on met hyI

O NP Sseche gln 6 SBravidtion, p‘XAe GIOURR 4 By tﬂYw group!

_ 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 (R,OP), (RiCp). Co R, 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:
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etc. Exanples of branched al kyl s groups incl ude
wWithout Iimtation, t-butyl. Exanples of cyclic alkyl
groups include without limtation, cycl opropyl

groups, cyclopentyl groups, cycl ohexyl groups, etc.
20As used herein, the abbreviation, "M, " refers to a

WO Y3 gr oup: the abbreviation, "Et," refBYSIERYsgzo2

et hyl group; the abbreviatjon, "Pr," refers to a
propyl group; and the abbreviation, "iPr," refers to
an isopropyl group. Description of Preferred
Enbodi nents 251 n an enbodi nent, a cobalt precursor of
t he af orementioned generalifor mul a (RyOP)x (Rt Cp),
Ru is used to formaggobglt containing film of the
af orenmenti oned gener al ka2 CoMuQuUNC.’
Accordi ng to one enbodi t, the Cp ligand nay have
the foll owi ng fornul a:R 3
2008/ 142653PCT/ | 1 B2008/ 052012 8 (1)

~Alternatively, the Cp |igand may be represent@d by
th%ﬁeﬁ{éﬂ%i & the Sptbrand n%gbﬁ%p@ﬁn@awth@ﬂﬁnﬂ%d@ﬂw R

ydr ogen group, i near oOr branched al kyl

R® gy eag)) indapendeptiy bt @dvgrasep areup. alddo%t deeayias ipncand aiky!

ool 1 BR800 ol L RS e Ao

amldmada grbepmtarbomgm anoerhizinations dmgreels be reay bathesame

or by iy P BARHET nfeHib ol e seBians pgude wihout

limitzgiop, rmemylcymwmumé etrgdcya!nﬂerutadﬁehamdpnmm/ictwmpeuthdiene

ond raineana TGt 1 AC PORHTEETRTTEoY. Aharogan ' i iha Co

ligaBd @HEWA in BrmUBS Vs biHybiogeh grduds(i.eloidubstitdd).gand may
alternatively be represented by the fornmula: OpR".

RI- R may each independently be a hydrogen group, a
haljogg 'érrgfoﬁlr'rper(t €thé Oﬂgan@rmaﬁé%/e)the plIsWmg4oinungar or
branched al kyl group, ‘an aI y am de group, an

al koxi de R' RRG

(2)

The Op ligand may alternatively be represented by the formula: OpR'™. R1~_ ’
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 alkylsitylamide group, an amidinate group, a carbonyl group, or
combinations thereof. R'7 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-dimethyi-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(i.e. unsubstituted).
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group, an al kyl silylam de group, an am di nate group,

a carbonyl group, or conbinations thereof. Rl-7 may

be the sane or different fromone another. 20Exanpl es

of Op ligands include without limtation,

1, 3- pent adi ene, 1, 4- pent adi ene, o
WO 20542659 | - 1, 3- pent adi ene, 3- et hyl - 1, 4- pent GHBEHE02012

2,4-dinethyl-l,S-pentadieng,

2,4-di methyl-1, 4- pent adi ene, 3-ethyl -1, 3-pent adi ene,

1, 5-bi strinmethoxysilyl-1,3- pentadi ene, and

1, 5-bi strinethoxysilyl-1, 4-pent adi ene, and

conRioRalehibpaindit fROdobalt pradursce asdy e cetxabinpohd having

least 5 of R in the Op Iigand shown in formula (2)
thempap@l RF@R8gen groups(i.e. unsubstituted). WO

2008/ 142653PCT/ | B2008/ 052012 9 I n one
enbodi ment the CobgfFJr ecur sor may be a cobalt
conpound having t raI formula: (3) In

this enbodi nent x egugKs zerg. That is, the cobalt
precursor conprises only t):(e cyl cl opent adi enyl

ligand, t R ligands, andcal R |igands. There may be
one R ligand, or two as shown above in (3). The Cp
may be substituted by a meth§l or an ethyl. In one
enbodi nent, the cobalt precursor is

Co( RCp) (et hyl ene) 2. In one enbodinment the
cobalt precursor may be a cobalt conpound havi ng t‘hg:
gerattas efmbodiient x efj04ld rero. That is), thetdobglt preisusoneemprises

| That is,. th balt .ps '
onig feyesidiabepsieaEianad U PertdRo dndiu ® figoR Tha My g Sne
R’ Igant I’] @awd%g sﬂibﬁh@b?zeyinu_er).onheyc;:mmy%e idbgﬁ:]thtd btzyrad tngthyl or
as snown apove. I n . e my., ne u a
an @by 008 OGN 1k OB Lo ERBRl RERCPREYEhSe:
Pr 66 bhe @mboBim& P LedbaRAPEN SBrityayehed 2obditconiiuhghaving

enbodi nent, the precursor may be cobalt diethyl ene
thetgieserz! ipr@biget hyl pent adi eny1). General ly, the
di scl osed cobalt precursors have a |ow nelting point.

In at | east one e i t, the cobalt precursor is
liquid at roomtenperatu (e.g. --250).
Specifically, enbodidggents of the precursors may have
mel ting points |ess \ R

C<

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,R.0p)(ethylene).. In another embodiment, the precursor may be cobalt
diethylene bis(2,4-dimethylpentadienyi).

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

~25°C). SpecificaHy‘,' embodiments of the precursors may have melting points less
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WO 2008/ 142653PCT/ |1 B2008/ 052012 10 t han about 50C, .
alternatively l'ess than about 40C, alternatively |ess
t han about 35C. Exanpl es of the disclosed
cobalt precursors include, without limtation

wo%%:%(;et hyl ene) 2, Co(MeCp) (et hyl ene)2,

©p) (et hyl ene) 2, 5CO(iPrCp)(et hyI ene) BCT/iB2008/052012
CoCp( propyl ene) 2, Co( I\/ECp)épropyl ene) 2,
Co( Et Cp) (propyl ene) 2, Co(iPrCp)(propyl ene)?2,
CoCp( 1- but ene) 2, Co( I\/bCp)(l but ene) 2, Co(EtCp)(1-
but ene) 2, Co(i Pr Cp) (2- butene) 2, CoCp(2-but ene) 2,

tha%ﬁ%@@%l@ﬂhﬁ%ﬁess@%ﬁbﬁ&)t(4@"@ UdiRARtRely less than about
(i PrCp) (2- butaene)2, CoCp(butadi ene) 2,

35°1DC_0( MeCp) (but adi ene) 2, Co( Et Cp) ( but adi ene) 2,

PRl PN 23 O,

CoCp(etividne), SotMelp)(athyene )22 Co(EtCp)(ethylene)2,

Wﬁwgadl 1, 3-ene) 2,
ohexadl 1, 3-di ene)2, Co(Et Cp)(cycl 0-

Cobsewbw&weﬁz @oﬁmerﬁ)(ﬁ@wveﬁeQoazbcstcb;@heméne)z,

xadi

dl ene , C&(y E{eﬁel% QF?@;%S&)%T -butene)2, Co(EtCp)(1

bUt%iéi Pr &I@@M C @ﬁﬁ%&%@%Z %?gﬁﬁ X%gg%g pa&% é)tu ;elng %ze) 2,

OBSCRELDY B¢ {POUREG R 2-fpenaip) ¢ @(bytaene@;etz
CO%&@{@@#&%&%&ﬂ;ﬁﬁiﬁgﬁtuﬁdéenngf% Co(lPGC)(butadlene)2
CoColcheiapjtadienapet 69(M¢¢Q/)(carclgbyﬂaéieg§52, Co(EtCp){cyclobutadiene)2,
CO@%%}_(%%L[ éﬁgn@%}%yﬁgw{/?éc %Qaﬁ f],é)%'ge)z Co(MeCp)(cyciohexadi-
1,3 @) hi G EtC pieybiph Beia;dh ),se:ber;d)ér@r)(ﬂjGC)(cyciohexad: 1,3-
dera%?é{;%&g 1{3}5&%}@1 LE%@' Sl C%:ﬁ@g)égﬁ cicﬁ-@(adl 1,4-diene)2,

yelohekag(1t4-4 @Eé)ﬂy CaliPsdp)ayeibiderie) 2-
dle@%%o@pgl mti%)gea?@g%l éc}éy%pggy%g)z%%@)(acetylene)z

oo@t%)(éc@ky@ﬁé b@:@@tt%bm Ibrh‘é)?' ene) 2,

di met pent adi eny I Iene 2, Co(2,4-

Co@ﬂqg})ﬁwg@ﬁb&daqﬁypw)gu@g ppétpgae hyls:lylacetylene)z
I et e e Y

Cof Mﬁ(@)@ﬂmdﬁhm’éﬂﬁweﬁﬁﬁm@a; @n( @fe &(Itr@'he_ikﬂswl)acf&vi@ﬁ@?z
@ﬁ% !'ngl%y ygsﬁ ?I:faeé mjt %f%? gédé@e hg rﬁ)efnfd;enyl (ethylene)2,
oo(czo« tienciteimmya g Keropy )Ry G2l 4 dirat gy 1-
B B8 SRR buenoz, Cota-
dm@@(yi’p@qtmimw butadiénd)g ) Go( ¥2dimetryipexadisyicy(idbutadiene)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,

Cothexadienyl)propylene)2, Co(hexadienyl)(1-butylene)2, Co(hexadienyi)(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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30but yl ene) 2, Co( hexadi enyl) (but adi ene) 2,
Co( hexadi enyl ) (cycl obut adi ene) 2,

" Co( hexadi enyl ) (cycl ohexa- 1, 3-di ene) 2,
Co( hexadi enyl ) (cycl ohexa- 1, 4-di ene)2, WO
2008/ 142653PCT/ | B2008/ 052012 11

WO 288812883 di enyl ) (acet yl ene) 2, PCT/IB2008/052012
Co( hexadi enyl) (trinethylsilylacetylene)2,
Co( hexadi enyl ) (bis(tri nmet h)7l silyl)acetyl ene)2, and
conbi nations thereof. In sone enbodi nents, the cobal t
containing filmof general fornula Col\/aObNI cis a

c;om@ké‘duéxﬁsbﬁééetﬁ@{e%}t cﬁda(h&w@fyg(tﬁnethmsnﬁaceq@en@md c =0,

wher e 5cobalt precursor is one f( C0) 2,
of .

CO@@Z@@)BX(WF@@O)('S"&@@G%W@2aﬁ'@xd ﬁ‘?@??’ﬂ?@stﬂl‘%ﬁ%

In f
o2 SRR AE e SRR SO B B

ColQsiVaiha perescabalty matalfilne whereyag & b= 8, angdrics Wmﬂbwl‘ﬁerf@ the

oot ey B B P LGS rE B s B PR
miﬁmesmeFecnggSi nments, the cobalt contai _n|t Plg film of
O e A R SRR B 2 SR oDl At

CoMa(Dch iDa Bobanskiddetioy firhevheebalto, Breis s and ts Gaad ofhere

e GRERLG el RS oI Bl RO TGRSR Elbb R

mixkirbétiregreneral fornmul a CoMaObNc is a cobalt
oxynitride containing dielectric filmwhere =

1. 4n gomemmbagiments, the golzalt GaripiniAg i Pl aeTet s
Coll; % Q'E:olbaﬁt rﬂﬁﬁe%nﬁ?ﬁ?@@%@tﬂc@?ﬁ%ﬁ@e@f g‘d‘ QLEW)and 0<c

m xt ur es t Her eof In sone e 0|rrents
< 015I;1 ene wbaret th@ sAbalt Pieagrsel is NB O GORBIGHD)xf GeataDx(CH-CtBu),

Co@m%tﬁ.’gsﬂj&g&alt alloy filmwhere 00 a <1, b =

and where the
In some embodiments, the cobalt containing film of general formula

CoM,OpN; is a cobalt oxynitride contairiing dielectric flmwhere a=0,1.5<b <25,
and 0 < ¢ < 0.5, and where the coball precursor is one of CoCp(CO)s,
Co2{CO)s(CH-CtBu), Co(RCp). and mixtures thereof.

In some embodiments, the cobalt containing film of general formula
CoM.OuN. is a cobalt alloy film where 0 <a < 1, b =0, and ¢ = 0, and where the
cobalt precursor is one of CoCp(CO),, Cox(CO)s(CH-CtBu), Co(RCp)2 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 timitation, conventional CVD, low pressure chemical vapor
deposition (LPCVD), atomic layer deposition (ALD}, pulsed chemical vapor
deposition (P-CVD), plasma enhanced atomic layer depesition (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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. Dl‘eﬁfw@o‘fsetﬁéﬁ%ﬁ“@ FRATRIEE 14Y&LS- b

cobalt precursor is-one of CoCp(Q0)2,

Co2(Q0)6(CH CtBu), Co(RCX2 and m xtures thereof, Mis
one of Si, Ge and/or Ta. The discl osed cobalt
conmpounds may be deposited using any deposition '

nmet hods known to those of skill in the art n}%lsz%ic’z

WO P3P abl e deposition 25net hods i ncl ude WT’FF&

[imtation, conventional D, | ow pressure cheni cal
vapor deposi tion (LPCVD), atom c |ayer deposition
(ALD), pul sed chem cal vapor deposition (P-CVD),
pl asma enhanced atom c | ayer deposition (PE-ALD), or
reaGRAtYrd8idr ofision gegsitionlsysiemsanaedtoneitions uftabis to cause the
precursor may  be mtroduce&]eia to a reaction cha

Crsbeirsaamey b e o
the 3EM¢toR I cRafbEEM} &w; aﬁhr@ﬂt éﬁp( N e, et &gt aee

pl ace such as wtho limtation, a cold-wall type
Dreﬁ@fé@'t #d prgvﬁ@g-tn%merttgfﬁ@lmewﬁm aiXEire i {Be Facor.

20081 TIBNe oot Egmpel intains one or mo re SR 1
whicl fresmetal typrsgir tfilromwil st dapesitasy eFhecaeditmeasubsiratemmey
I (0] t S.
ve iy STHPE BB RETEY FESn b dERF i B, bR
su;ﬂabwdbeinateh achele ithoblbhitatiog, sifconsabstrajes s(l:ea gubsiafes,

ol bl Bt 35 PRS0 R b

corbSieainglthereot iditioagly, eubﬁmmmmntgaun@t@ner rwblemietls
substrates on to which the net | ayers or. films will -

(e%é’leﬁ'@H%P@E@@'U”THEO%W@ 95 E0l5R . ates may be any

Suith @hleﬁqmbﬁéﬁtaé ﬁ}elthiﬂcbf'd@péﬁﬁﬂ]g?@ RekbHH i on a substrate may
manuf act uri ng %p es of suitable substrate
1$

furthw&qu@re"rsm:rﬁtmu@mg iarfirstapetahores P e FRaGHaR @%amber The
fi rstsr‘n {f BreS st :'h%f{ rﬁéﬂa ﬁr‘éEur’%bF Edrfi8ninY BRY htk& Dr semi-metal

I con OXy strates tungSten substrates,

elementl @od ufomafa@ulamtsmﬁh be QO OF I Metaapingr then esercapdd

!
meGETR) e, HIORLERCON prRBS: FBl SlchudeyrouPhatddtitig,
Ca eZTb(ﬁﬁlAlfIﬂmtSl @e nen, Ha,rolfif, de plivs iTaj ergrombirwitians therdéain Othea

e SFhEelar e bo MRS Fnd ROEREREST Tndniet it

preb@rsal may eonts BGiliconyner gemmedralm pirepartiadar, exarhplesohg

suBfie s oS Erom sl Boielors Ry BRotianes

~ disilane, trisilane, bis(tertiary-butylamino)silane: {(BTBAS), bis(diethylamino)silane

(BDEAS), digermyloxane, trigermylamine, digermane, and trigermane, or
combinations thereof. In addition, the first metal precursor may be an aminosiiane
having the formula: SiH(NR'R?)4«. The subscript, %, is an integer between 0 and
4, R' and R? may each independently be a hydrogen group or a C1-C6 alky!
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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. metal. For exanple, the first metal precursor nmay
include without limtation, My, Ca, Zn, B, A, In,
Si, G, Sn, Ti, Zr, H, V, Nb, Ta, or conbinations
thereof. O her exanples of netals incl ude rare earth
netal s and | ant hani des. The first netal §curs%}r By

WO XBWHAA silicon and/ or germanium In partF pos/0sz

- exanpl es of 20suitable fi r t nmetal precursors include
wi thout l[imtation, trisilélam’ne sil ane, disilane,
trisilane, bi s(tertl ary-butyl am no)si | ane (BTBAS),
bi s(di et hyl ar ni no) si | ane ( BDEAS), di gernyl oxane,

Addumr@.my Nié allinfitum&bgRe Medehe amdmtcraa@aenﬂmag tiogs formuia:

nations thereof. In addition, th
ARBR Sor The o % o 1998 G0N PB3 e Rordriiz: my
eacﬁ' i RbER) )/‘be 3 h%ﬂe éﬁi@@;@blopta CXCBicartdn dnaineetier linear,
bet ween 0 and }% may each |ndependently

brapeheg! enyyeliscried f@ﬁb agcfbbe We@ﬁn@sorzﬂ iiigrentdrasupn aePhRer
I rllz.@lp?’[th Qﬁ\ﬁ?&%eﬂ[ 5/ first RetaRlprédisdien ?%nﬁeﬂ@m%@a%r
or different fromon another. I n one ertbodi nent,
nioilimssounet selegiecromsioe glospopmp(ising Myls and Q@I@maﬁf@g
i . a | L LSt
ado&%{sa pre &hir hsf,wEtﬁ)é’yM%Neé}Qﬁrbglggﬁnﬁw Eam Q %ﬁére’i M @?&%’Iﬁ%s
eithef (ahitalt@ldr eiodiwmi ﬁunhfnermre:dam fantdiurd @ndfot hiobium source may

be ﬁrlglranmtlrg)teclyoorﬁ:;m lgrglrt{%ﬁ Igﬁ %‘@ rtr}l] fsourc%\%%{/%g W;g R)%Ia

, M(i’lﬂ@'ﬁ(l\lﬁz&@ﬁ3 RCTRY, BAAGS/rs28dch indephadentydrted hydrogdérEgroup

um num sour ce_may. be g aﬁn%‘ﬂoal a e having the
Oréf@hﬁﬁ kYl Arevp: EENP@"FQQ?%" e B"s@’r‘: X, is an

| NtegRIallyt PR Qle@Th@ radio dfthe firgs mét@ﬂpr’é’@ur@@ﬁto&ﬁ’@ Bobalt
|ndependently hy drogen group or a_ Cl- car bon

_pre@wfaorrfntr@qhtq&@ﬁntputm%@actl%} ey 'a0ge Trema%}P&Uh%Rp bich
abo% Hgs a?el?ﬁatw/%;g%rﬁ ss&msoﬁrterabent ﬂ@@tam%man%lp FRROAHRE

first netal precursor may be”a
1: 1ﬂ@abmtd|@£1and/ or ni obi um source selected fromthe

%{ ﬁﬁwgaﬁgwggnt%%%@%? gﬁérﬂ BM%{,. n g@@lﬁé‘iﬁ tSata
prelsﬂ&:e earfgingvirore @besehPa t@albdier 00 A0 dau aliernativietbirarmabout 10

PSR, A A MR DI SRR

add'tﬁih' e tbhRefRlirditin theMeadita chARBESh3y raRﬂg,e fiden albond 188°C

may each i ndependently be a gdrogen %
to about 500°C, alternatively from about120° to about 4 O°C alternatlvely 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, Hz, H20,
H,02, Np, NHs, hydrazine and its alkyl or aryl derivatives, diethylsilane,
trisitylamine, silane, disilane, phenylsilane and any molecule containing Si-H
bonds, dimethytalurﬁinum hydride, hydrogen-containing radicals such as H*, OH®,
N°®, NH*, NH,®, or combinations thereof.

Examples of suitable oxygen sources include without limitation, O, O3, H20,
H,O2, oxygen-containing radicals such as O° and OH*, and mixtures thereof.
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or a C1-C6 al kyl group, either linear, branched or
- cyclic. Generally, The weight ratio of the
first netal precursor to the cobalt precursor

i ntroduced into the reaction chanber may range from
about 100:1 to about 1:100, alternatively from about

WO 2pB/12¢5 about 1:50, alternatively from abbult/ BB

about 10:1. In sonme enbodinents, the reaction chanber
may be maintained at a pre'I sure rangi ng fromabout 1
Pa to about 100,000 Pa, alternatively from about 10
Pa to about 10,000 Pa, alternatively from about 25 Pa

t 0 PRAPIeslGRithlse nitﬂ@g@ﬁlebmo@@ include vieBEhetation, Ny, Nin
the reacti on chanber range from about 100C - 20 tl\P

hydsging andicalkyiar @nn ﬁ?i"(ﬁé’l"?s ﬂ‘vfmaeaﬁ@mamm)@ IS
NH439G", %HH%I%Fés\’[ﬁ%%ofrom about 150C to about 3500

Furthernore eposition of the nmetal film nm

t a@a}mm@eoﬁ suitalple opygandriegast saureasdeg ydenwithayt brmtatﬁ@ NO,
NO? 6}% 'N2B rll W Ao LG Berlig. @ fluid or a gas, may be

Y régeén SOufce, an oxygen source, a nitrogen

s ounsem emmbmilmalytg,eaﬁ inett gey m‘ayﬂmmmﬂucga ibta ths! resctiph

e s Emplie s TR SRER T ChyB P A k0T e A B O
corﬂmlm;g;?eﬂﬁrﬂg?raﬂ ves, diet hyI Si laﬁgeant risilylamne,
o S P B S a  R  gfcursor

prebur%@,q&ay §@ﬂﬁr@dﬁ¢étgsdq@§hmwa§ chLms)rmeﬂIdneod\isy (ablh
or conbi nati ons thereof. npl es of sui tabl e

CV@kaes'@w@@schaﬁ@ﬁu de qmet%teﬁd'm?feﬁ SRS /nd §oconsi3,
preE@r@ors"r@%?be BU¥ES Qecﬁ.@ﬁhé!%r"é‘ﬂn&l@éﬂe@@él? (888 VDR

m xtures thereof
thezmlpmmemgwmlesm@s;dm@ltﬂdizmg gas is ipfradyAeds of

it} it anB)dr sk Adtal
oo L T AFRBRB87 L7 ALyl it e
prenrursmorgey\ Lasbfur aifimenpericdldaoging fr@uc&:bousmn s, to mbeyt 1>,
on A S5 £ oo e HRORR g bout2
s. Ini anottadr ieatbobiithert NGB red\tﬂﬁn INAOSNd/dI0E jneairghsimhagt :aisebe
: Nt S n lner y
otk i g deaction chEbRAT UG O RIRGIn B PUBSE0fsPEE off
may RRE for GARRS périvel r‘ddging\/lfrbhmﬂodt Ditsbiabout Hes, a%rnam@ely

or conbi nations thereof n%gyn‘&%dl ma@g t he
fros gbav 0-p £ de abewr3 SAISTREVAY 3D TRtk FrRERPL 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.



5

10

15

20

25

30

10precursors may be introduced sequentially (as in
ALD) or sinultaneously (as in CVD) into the reaction
chanmber. In one enbodinent, the first and second
precursors may be pul sed sequentially or

si mul taneously (e.g. pulsed CVD) into the reaction
chanber while the oxidizinfor nitridizing gas is

i ntroduced continuously into the reaction chanber.
Each pul se of the cobalt and/or first netal

Whathpckguedosr 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 fromabout 0.5 s to

abauhethod - fol depdRANGES cayERAbNtERIAg filhen feews bomotd Ui d,
and/or the inert gas may al so be pulsed into the

subgigates comPEsiBGber . | n such enbodi nents, the pul se of

co5h, SSFyBlo Syt i S S

about OofBe sr norabobstraBe syharbindha achaligirgcirsoncarbpriges a
0.5 s to about VWi | e enbodi nents of this

i nventi BW"H%W %%‘E?rg %Wnﬂﬁd descri bed,

nodi fi cations ther G(R(,opﬁr(Rhgg)pedez’lpy one skilled in
the art without departing fromthe spirit or teaching

of thi sWhAKgEht i on. The enbodi ments descri bed herein

are exenpl ar kY. vy Idpadnl

o modi T eCne'a pefiiadfind (B ek, sMBShuteadriol Y an
possi bl e andndépéridentipseectydenupfberiyef iRnkgamds amany position

Accordingly the scope.of protection is not limted to
the enbodi et DeRIEAdiBRd THAPE 1 but i< only Iinited

by the cl ai ngowhsahcyiabpesadiehg (Spdiganef suMatitfedbahdt,
i nclude all equivalents of the subject matter of the
clains. - 15 wihanindepesdaally selectad pumberif i ligands in any

deposi ting %cfsﬁ’tnﬁl dn g@gﬁlﬁ% iéﬁﬂnié’dﬁdﬁ 0 one or | nor e

substrates conprising: roduci’'ng” a cobalt o
pr ecur sor -i MR s a ligand tridependanily selectsotfeninn threygronie consisting

Conpr i soa. a danRarak hafing a8 seRAIRS apywpgen
(RCP) x Co F€gtpub,eaugjdamm&f’aikaxiae@@Mymytaﬁydies( @midinates,

i gand, substituted or not vvithwﬁn independentl\éﬁ
sel ect ed nuns@iitrile and rarbogyia@ad MreEKAGHIR MaYe Hie same or

pent adi enyl di}QaRfrom another R; |

- R’is aligand independently selected from the group
consisﬁng of an alkyl group having 1 to 4 carbon atoms with
an even number of Tr bonds, and where each R’ may be the
same or different from another R’;

- yis an integer ranging from 0 to 7;

- xis an integer ranging from 0 to 1;

- tis an integer ranging from O to 5;

- zis an integer ranging from O to 1; and

- uis an integer ranging from 1to 2 ; and
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15- RRCp is a cylclopentadienyl (Cp) |igand,
substituted or not, with an i ndependently sel ected
nunber t of R ligands in any position on the
cyl cl opentadienyl ligand; R is a ligand
i ndependently selected fromthe group consisting of
an al kyl group having 1 to 4 carbon atons, a hydrogen
20group, al kyl am des, al koxi des, al kyl silyl am des,
am di nates, isonitrile and c&ebonyl, and where each R
may be the sane or different fromanother R R is a
I| and i ndependently selected fromthe group

i stintigdusingaa fiegt mtalg?r@upfsmmtm@exea ion champeR

ea h R%ﬁgd'}ﬁ)iy?ﬁégés}ac#lér%?&ﬁqde?? gﬁ r om an O%%

y i's anwhereigae reactighiyid isseidetedfram the(grcmpaomnsistmgef
ranging fromO to .1 S an inte n'ng.fromo
to 5 Jydrogencontainigdiids. PYRR P YR BRAGUIS. AIOGRR
I s an idynedfihg HaRg! A8d Bkyg@n]aﬁcpmﬂ'ogerﬁaﬁntalhﬁ@ fluids;

5b)|ntrodu0|n afirst ne recursor into the
recacu drae ercobalf pracussl withgha reactigsdluishand eact i on

g 'fBFn‘?mp Jb%ﬁ h&)ﬂgiﬁ@ﬁlﬁ%ﬁ thd Skl ta‘?% t{er‘?ﬁ%Pdt&’r’é
i'S se rom roup consi sti
hydr ogehetwoen abomtn‘g)()fa\nd 530 Cowylgmm ﬂwnmaﬂlcogtaﬂmmg tiler}
ni trogen containin i ds, and oxygen and nitrogen
Cont oF iasRe ot forinuld: Y9 )
COMaOch
Wherein

- Mis a metal or semi-metallic element;

- Cois a cobalt atom, O is an oxygen atom, and N is a nitrogen
atom;

- O=ga<2;

- 0=sb=2;and

- 0gcs1.
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10d)reacting the cobalt precursor with the reaction
fluid; and e)form ng a cobalt containing filmon the
substrate, at a tenperature between about 100 and 500
C, wherein the cobalt containing filmhas the genera
formul a: CoMaObNe 15Wherein Mis a netal or

sem -nmetallic elenent; Co is a cobalt atom 0 is an
oxygen atom and N is a niftrogen atom 0 5 a < 2;

20- 0 b 52; and Oc 1. 25 30 35 16 5 2. The nethod
of clainml, wherein Mis a netal or sem-netallic

el ement which conprises at | east one nenber sel ected

2. T rue inethadt sfughieanahetdimy i8fa mee be seémimeldlc elemkat which
zinc (Zn), boron C%?%tf al um num i ndi um

coméﬂwﬁ’até%aaﬁhen@mr@e?rseﬁ Ay tog, 9r¢%§mﬁ’mﬁ9@ﬁa{5‘?gewm
o BB £ o AT 5] T S
yttnuvraﬁé)dlammé(wm (hﬂ)oﬂbeumqeab’yh metads, silicon (Si), germanium (Ge), tin
(Sn), titanium (Ti), zirconium (Zr), hafnium (Hf), vanadium (V), niobium (Nb), and

tantalum (Ta).

3. The method of claim 1 or 2, wherein the cobalt containing film is formed on

the substraie at a temperature between about 150 C and about 350 C.

4. The method of any one of claims 1 to 3, wherein the reaction fiuid
comprises at least one member selected from the group consisting of: Hz, H20,
H203, N2, NH3, hydrazine
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tantalum (Ta). 3. The nethod of claim1l or 2,
wherein the cobalt containing filmis fornmed on the
substrate at a tenperature between about 150 C and
about 350 C. 15 4. The nethod of any one of clains 1
to 3, wherein the reactiongfluid conprises at |east
one nenber sel ected fron1the group consisting of: H2,
H20, H202, N2, NH3, hydrazine 20 25 30 17 and its

andfs ity B af dervafed bt iRuare, RisWishing Riane, disiang any

- phemabzw Y MbRcNE: @ntdihing BiH b&hd@ﬁhﬂétﬂyiumnﬂum hy nde,

hydri de, 5hydrogen-cont ai n| ngl radi cal s such as H,
hydqugenmnta\w_g ragiealgisuelupa &t QB T, NH", Ni1." and mitures

_ ther?{)f any one of clains 1 to 3, wherein the reaction

uid conprises at | east one nenber selected fromthe
group conS|st|ng of 02, -03, 10 H20, H202,

5. PR ARG B S S B SRR TS v el Pe arebton T s
comibns@s 3 lesdtarnel lﬂeﬁﬂb@r ESlaefetigront thd gloap BBRsiSETy 6t 05 e@?t

one_nenber sel ected fromthe group consj sting

H2ONd OnigxyosRyapaizinied sicals sud 4§/P" ard &Y, apd mvtafasvtbgreof-
nitrogen-containing radicals such as N, 15NH, NH2,
and m xtures thereof 7. The nethod of any one of

6. cl @hemethedoBanwbrees of claintee! teed ovlirarrinftheireadationiuids es

t | t nb | ected f th
comfiises eaR] OBe MRIADeREYCIRA FOMBIOoNE GANSISNg of 9N L
hydrtaﬁﬂé e@lt-its2ikyl 3r afideMRithves, Mfrogen.comtginy rabRiassuthtad N°|

wherein the pressure in the reaction chanber is
NH* b@Hméﬂ%’@e@wei theyeghd about 100 000 Pa. 9. The
met hod of claim 8, wherein the pressure in the
reaction chanber is 25 between about 25 Pa and about
7. 100® Peethod of any one of claims 1 to 3, wherein the reaction fluid

comprises at least one member selected from the group consisting of: NO, NO,
N2O, N2Os, N2O. and mixtures thereof.

8. The method of any one of claims 1 to 7, wherein the pressure in the

reaction chamber is between about 1 Pa and about 100 000 Pa.

9. The method of claim 8, wherein the pressure in the reaction chamber is

between about 25 Pa and about 1000 Pa. -

10.  The method of any one of claims 1 to 8, wherein the first metal precursor

comprises a metal precursor with a melting point below about 50 C.

11, The method of claim 10, 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 any one of clains 1 to 8, wherein
the first nmetal precursor conprises a netal precursor
with a nelting point bel ow about 50 C. 3011. The
-nethod of claim 10, wherein the first metal precursor

conprises a netal precursojgwith a melting point
bel ow about 35 C. 18 12. The net hod of claim 11,

12. whdihei methbe of clasn 1rtewabre|m the&frrstonetaumpculsescmms@ a
ecur sor id ro m t enper at ur e.
meBl SERE0ruIRDE i Al e GhPerAb e 1 ro 8. wier ei n

the first nmetal precursor conprises at |east one

metal precursor selected formthe group consisting of
13. si [hednetbedrhamy ere Abelaimpi sz Brwbrrein t@@lf FRd Mnefan precursor

con%?igéghweggl OQfeerﬁg{aE %F urfdrlég]e%{ga iﬁﬁmﬁ’é E cgﬂgisting of

rsors contai ning precurs
siliCbanbaﬂaumg:metapmdmgsqrs,egmnmrwn chfitaining,. pr?ébersms‘, fabotiolim

m 13, wherein the first netal rec co ses
conB G BECLEE RiRtuP OBIAUTE AR BRIy SORfarg
prec@&ssst i ng of disiloxane, trisilylamne, silane, '

disilane, trisilane, bis(tertiary-butylanino)silane.
(BTBAS), bi s(diethyl am no)silane (BDEAS),

14. 11 gﬁég@&h&%h@%ﬂ?ﬁ ﬁ‘é‘l%lg]r{ the 'f@ﬁﬁé Iné}%gurgbv\ﬁ%%?ﬁseshat least
onefmerabemﬁledted)fremuhecgrommnmsmmg czithsl:leamte tnsdylamnhmrsu_ane

dlsﬂ@pq: 3g§| dpf ; o lararl lgtéty%gfﬂgc% I o @%gbg) gje ertg%llar%)fr?oqgﬁane

(BDE}A@) %Ft@(‘élétmérﬁﬁnfozsn%ﬂé‘i?ﬁlbmmt Sedmbdlurek AhdredB,

wherein the first metal precursor conprises at |east
one nenber selected fromthe group consisting of

15. t r 'T théd W%%?%W h@lﬁr’@rﬂé’tm ﬁ@ur’sgﬁc:?rﬁﬁﬁse& at least

alane erern ranges
one merﬁﬂer é@ktmcdfrm the grmmrdetpmmimgtdf yhgdnnyloaam tﬁgﬁermyiamme
car bon ain, either Lipear nched or cyclic, and
digefipgteracd argie. 350 s Mefa of ol ai m 13
wherein the first metal precursor conprises at Ieast
one nenber selected fromthe group consisting

16. Ta(m/szatsod qfac(lmm Q,Mharsm\teﬁfw m%tﬁbprmrsmmqmmmatéeast '

on W car @#gl n, ﬁgtﬂ?’] ﬁtﬁg %ﬁ ﬂgmx%ﬁ 2;/C|al Cc

dlmeihyialmhemmnﬂ'dydndﬂnami amidoalane AIR' (NR R® )ax, wherein x ranges
from Oto 4; R', R? and R® are independently H or a C1-C6 carbon chain, either

linear, branched or cyclic, and mixtures thereof.

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

one member selected from the group consisting of Ta(NMez)s, Ta(NEts)s,
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 differént sUbstituents, 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 Nb(NMez)s, Nb(NEts),,
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m xtures thereof. 19 No(NEt-2)5, No(Nwe2)4,

No( NMeEt ) 4, Nb(NMeEt)5, Nb(=NR1l) (NR2R3) 3wherei n each
R1, R2 and R3 are independently Hor a Cl-C6 carbon
chain, either |inear, 5bra3§hed or cyclic and where
the am no ligand can have different substituents, and
m xtures thereof 10 15 20 25 30

Nb(NEtz)s, No(NMez)s. Nb(NMeEt), Nb(NMeEt)s, Nb(=NR*)(NR’R?); wherein each
R', R? and R® are independently H or a C1-C86 carbon chain, either linear,

branched or cyclic and where the amino ligand can have different substituents;

'and mixtures thereof.



