H GH MOLECULAR WEI GHT ALKYL- ALLYL COBALTTRI CARBONYL COVPLEXES AND USE
THERECOF FOR PREPARI NG DI ELECTRI C THI N FI LM5 CROSS- REFERENCE TO RELATED
APPLI CATIVNS0{1000kB Thi s patent clains the benefit of U 8cTmsesiosissnal
application Serial No. 61/232,219, filed on 7 August 2009 and U.S.

provi si onal application Serial No. 61/301,390, filed on 4 February 2010.
The di scl osure of each recited U. S. provisional application is incorporated
by reference inits entirety. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to hiGHMOIEGULAMR BRIGHRWL-KRYLYALEMal tri car bonyl
conpl exes and MeIOBAETIRICATBONYL ONIPEEXES AND'USH THEREGR€ORal Vvapor

deposition (CVD) or atom pRrEPAFING PRELECORIATHINSIIgSssuch conpl exes.
BACKGROUND OF THE | NVENTI ON [ 0003] Vari ous organonetallic precursors are

used to form hi gh- heke i i |\ A hety of techniques
have been used for @ﬁg@ﬁ%@ﬁ@;@?b@;@ﬁﬁr@ﬁw %P%éggbﬁﬁcl ude reactive
sput t eri [0901] on-Tass ipstesd cl@pOshd ibensfitsefl 198! pdeBasiat iapplicaGyl, Seziatl MJ.D, al so
known as atom c |ayer epitaxy. The CVD and ALD processes are bei ng\1I

i ncr easi APY-tediid phel Audrst 11989 atirarl!-ag @0 BriogtodPRIGAYYS i Seridharo-
control, 6n5@ﬂ3?q,lfﬁéd’8hf4oﬁéﬂrﬁ¥y 29969 /R R sufd oﬁQ&h’l‘éei@é&dU.ss.' SNifibgAnt 1y,
they give excell'ent confornmal“step coverage on highly non-pl anar

m cr oel egipliomiarsis devipeatgd byredfeiess. in[iB@adteGVD (al so referred to as

nmet al organi ¢ CVvD or MOCVD) | C ] wher eby precursors are
used to forma thin filmon @EE‘QDSFE@%N‘PE%;?(S@pl cal CVD process, the
Precur sofpo2f € PaeSeHe LNl indetiRStERIR (Wahesh) Mblebidr awkQW: PRRSEMIE OF
anbi ent pressure reaction chanber. The precursors react and/ or deconpose on
t he substabattacaberfyhcemplexas and) neethdds f fir¢pariof didpast tled flasdni dlemisdl atil e
by-products are re b as flow.throu reacti.on chanber. The
Gopbst TR PRSI ¥ A s ey bRl AL BT R R SRERY deponds on
coordi nati on of nmany par 8MteGROSIND GBSTHENMPS/ENTR®EY pressure, gas flow
volumes and uniformty, chem cal depletion effects and tinme, [0005]ALD is a
known net0983] f orVariees depwometadhic precursors fiel weed tor fare highey didlgotiie ithig,
sequenti gl ni que, fil. . i r | t hat
can-provigs! SRS M YGRS Ml P BT e YA By SOl Al
of mat er Thdss ipelodd chackivay sputehg, Siof-asaied dspidtdhat@sedtep@ititinn VD, and
conpositions.ln ALD, the precursors are separated during the reaction. The
first prebby 60 kovyhasatPnyedryar idltatnstiat @V Er dflidiliy PRy 1358 BF 18N t he
substr at b SheP . . ion
chanber . ﬁlﬁre?g}c{%lﬁgggg gscur g%%légﬁlet e‘%ﬁ%ggsggfdg%o\?er t eltg)gglsﬁnéﬁog%é%}gﬁ%act S

wi t h t heufifarstitypgegiucanon] of dopinggnd seadomndtlyyohel giyeexafllehi ¢anfovedt stehe

first-forned m)ngll.égﬁer of filmon the substrate surface. This cycle is

r epeat ed“6"efF &4 Y POT-RIAGRT LS ORI CRHES EOMGIEFY | | m growth i s

sel f-1i njgped] andBS@R.ORIGHUl &F &8s MEASbIRAR: CHTERL I MOCWIH] ¢ M drpasdit i ons
that can be controlled at the nanoneter-thickness scale. [0006] Dielectric
thin fil pocésawdesebyarecarsprodfrejuspbiot farm agpipl filonen @ aehstratge in agymeai61\&d2hnol ogy
and fabrjcation of sem conductar, devi cez). Etx %ez o&].sucp aﬁfl ications
ncl ude BRGRST Bt BEEHUR®  RuST S ELR SRAITRGS S EhARBLT Bricsr Bt oh

coat i ngsampibet preddié Weictioh edhan®eeanTHegp@b@assrsCRadt N@ivor BiREPIRAhbIhe
coatings, dielectric capacitor |layers and gate dielectric insulating filns
in FETs {ubseite-sprtpes ereqting g thinpfijm Qfa@&ﬁ@ﬁliegrmé‘leéélt r Yekadile gEtpeodicBcdEodes,

adhesi Veregdofvg&lf)k%gs Eg&/rtbl%rugh mqela&fo%%% .Cfl{ecc&gé)%ﬁhed%lﬁjk t?]lf’c L& cta{ybgl films
are al so used in“m croel ectroni cs applications, such as e high-

di el ect r ditfiani ce cbmxrol dyssaidecit rdepeiady accesslimeivnrf mbRAaraappés cath ass and
the ferroelectric perovskites used in jnfra-red detectors and non-volatile
f erroel eCTPERMHENRIGHUEe €% SONeYRIMPES AL IFI AN Fhemirdl deptption shieccdédease in
the size;Qf mcroelectronics conponents has increased the need for the use
of such dielectric thin filnms. [0007] D ckson R, et al. report cobalt

conpl exe0D8F usdLD s MIBVEN snethipdafer RECep 3ty COHGOFiBhs. [t(8a GFiveGn ( CO) 3]
and [ (3-C3H5Me2) Co( Q0).3]. Pol.yhedr.on. A 15(,13):2237-2245 (1996). .

[ 0008] HUEEHSEIAS, UHHLF g‘ﬁ%\a&%@ﬁyﬁcg?lﬂb%Pﬁsego‘ﬂ%lls‘fg%%nﬁ??‘é%‘g.ﬂ?%c‘%a& RREKFE Scand.
18(7):1581-1585 (1964).



[ 0009] Pankayat sel van R. and N chol as, K. report cobalt conpl exes. J.
Organonet. Chem 384:361-380. [0010] Current precursors for use in CVD and
ALD do nowoppowildest he requi red performance to i npl enenPCnan2@ooessses for
fabrication of next generation devices, such as sem conductors. For
exanpl e, inproved thermal stability, higher volatility, reduced vapor
pressures, increased deposition rates and a high permttivity are needed.
SUMVARY OF THE | NVENTI ON [ 0011] I n one enbodi nent, an organonetallic

precur soatomdy fagsipfomaingedniros tiidi dépursi-cdoaformnmbliiafilms sf praeriatiegovidad py) R

(x) C,Cse- 0 co (Formula I} wherein RL is G - C8ﬁ§!k yl; R2 is

C3- C8- al R@Furs%sl%‘lt%eﬁuBsmeesoP DArYRg qpmpesifions. o 14 DindEnRecY¥sditfrent , an
Or 9aNOMBL Al R HE WAS et R rmqgwre&rm iShAUE S tﬁe‘%ugﬁfﬂé"{iﬁd{lmhg a

provi ded erein RI is C3-C8-alkyl;” R 1s C8-al kyl; x 1s ;
is zero mDndlaye{rO@iL:ﬁl}d nul&nateheﬂnendwdssrmmmcted ipetcodr fiprpufipedi g o the

bal t t filmb ti d. Th
et nod CORBRTSUEMIS nd seorbabe Tt ghattiest ouamEafoRar it Rd Wikt ure to
Formul a fhewhair bdurddt, fM6iMs2a 8dcBnd RERBRFEEHH filyn GFerBe ﬁkfkéfl)rméﬁ méndAfyp, 1 or

2, and y is zero or 1; wherein both x and y can not be zero sinultaneously.
[ 00 14] & hfefllre rso dengubstate wefeerdi Niiiparele dulrapeatedplecesatsfa thia efndeodiedent s

sunmari z above be e dent rom,t he det |Ied escrij ption. that
fol | ows. Déégaf‘ll]ﬂ?l R f‘Bﬁ‘AW I\@ ‘fad&‘? Cel T8Ny A i e al

represe nﬁlﬁfdrﬁlrue«pf)sﬁ&& thhtan s |co@tﬁrcaledrﬁ$tlfel rain&imadey- ﬂnaane@lsaicale

dy

[0006] Dielectric thin films have a variety of important applications, such as
nanotechnology and fabrication of semiconductor devices. Examples of such applications
include high-refractive index optical coatings, corrosion-protection coatings,
photocatalytic self-cleaning glass coatings, biocompatible coatings, dielectric capacitor
layers and gate dielectric insulating films in FETs (Field-Effect Transistor), capacitor
electrodes, gate electrodes, adhesive diffusion barriers and integrated circuits. Dielectric
thin films are also used in microelectronics applications, such as the high-x dielectric
oxide for dynamic random access memory (DRAM) applications and the ferroelectric
perovskites used in infra-red detectors and non-volatile ferroelectric random access
memories (NV-FeRAMs). The continual decrease in the size of microelectronics
components has increased the need for the use of such dielectric thin films.

[0007] Dickson R., et al. report cobalt complexes for use in MOCVD such as [(n’-
C;3H5)Co(CO)5], [(n3—C3H4Me)C0(CO)3] and [(nS-C3H5M62)CO(CO)3]. Polyhedron.
15(13):2237-2245 (1996).

[0008] Husebye S. and Jonassen H. report cobalt complexes. Acta Chem. Scand.
18(7):1581-1585 (1964).

[0009] Pankayatselvan R. and Nicholas, K. report cobalt complexes. J. Organomet.
Chem. 384:361-380.

[0010] Current precursors for use in CVD and ALD do not provide the required
performance to implement new processes for fabrication of next generation devices, such
as semiconductors. For example, improved thermal stability, higher volatility, reduced

vapor pressures, increased deposition rates and a high permittivity are needed.



denonstrating % wei ght | oss vs. tenperature of (t-butyl)allylCo(Q0)S3.
[0016]Fig. 2 is a graphical representation of TGA data denonstrating %

wei ght | o8e 2081/017@Rper at ure of (neopentyl)all ylCo(CO) 3. PLOABZ(1Bi0ge308 i s a
graphi cal representation of pulsed CVD growh per cycle (Angstrons/cycle)
vs. tenperature using (neopentyl)allylCo(C0)3. [0018]Fig. 4 is a graphical
representation of pulsed CVD grow h per cycle (Angstrons/cycle) vs.
tenperature using (t-butyl)allylCo(C0)3. WD 2011/017068PCT/ US2010/ 043300
[0019]Fig. 5 is a graphi caSUMMARYeQF SHHOINVENTIONkness ( Angstromns) vs.
nunber o cl es using (neopentyl)allylCo(C0)3 and Me2NNH2 in ALD grow h
with a J?Biﬁ at dn PQ%@P%HWE - 8 O @ﬁeﬁagg‘mf@r@r cgrrpspoRdigE dphruchire o

r epr esent@id @0 Rfordii&kness (Angstrons) vs. nunber of cycles using
(t-butyl)allylCo(CO)3 and Me2NNH2 in ALD growh with a substrate
tenperature of 150C. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0021] I n vari ous
aspects of the invention, substitut ed-aRIZ(%)I organonetal lic precursors,

nmet hods of naking such precursors and t hods of using such precursors to
formthin netal -containing fi I&hx> uch/ s\but not limted to, netal,

netal -oxide or netal-nitride films, @€ ipro¢i ded. [0022] The methods of the
invention are used to create or grow ai”-containing thin filnms which

di splay high dielectric constanté_ grgl’estric thin filmas used herein
refers to a thin filmhaving a h g‘h‘%er 'ttic\rrin?. [ 0023] As used herein, the
term"high-ic dielectric" refers to a npietpal, such as a netal -containing
film with a higher dielectric constant (x) when conpared to silicon

di oxi de (which has a dielectric condfamulad, about 3.7). Typically, a high-K
dielectric filmis used in sem conductor manufacturing processes to repl ace
a silicon dioxide gate dielectric. A high-K dielectric filmnmay be referred
to as_hayhagindk" RICOHC, Ak GAREINT COHKYE \gsto! NG Hisgligatnic film is used as
a gate material and has at |east a higher dielectric constant than silicon
di oxi de. [0082b4] As anefber anetrodiments dneorgarametalif aracysopeqrraspeNdig " | s

synonyno | ielectric constant. (). 2 S, YIS erein, .t term

" precur s%?upmrréroeﬁ%r uga falﬁ P g?vgl aerg?)‘r"f@?rg M g(lcls %%ggéaﬁlfl‘@’,sRclg%f%Za KWar & ?g{) nmpound
whi ch i s2.degasis z&@d oorl. del i vered to a substrate to forma thin filmby a
vapor de[rf)(())%]ti on process such as CVD aor. ALD.

In another embodiment, a method for forming a cobalt-containing thin film by
a vapor deposition process is provided. The method comprises using at least one
precursor corresponding in structure to Formula I wherein R' and R are independently
C,-Cs-alkyl; x is zero, 1 or 2; and y is zero or 1; wherein both x and y can not be zero
simultaneously.
[0014] Other embodiments, including particular aspects of the embodiments
summarized above, will be evident from the detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a graphical representation of TGA (thermal gravimetric analysis) data
demonstrating % weight loss vs. temperature of (t-butyl)allylCo(CO)s.
[0016] Fig. 2 is a graphical representation of TGA data demonstrating % weight loss
vs. temperature of (neopentyl)allylCo(CO)s.
[0017] Fig. 3 is a graphical representation of pulsed CVD growth per cycle
(Angstroms/cycle) vs. temperature using (neopentyl)allylCo(CO)s.
[0018] Fig. 4 is a graphical representation of pulsed CVD growth per cycle
(Angstroms/cycle) vs. temperature using (t-butyl)allylCo(CO)s.



[ 0026] As used herein, the term"vapor deposition process" is used to refer
to any type of vapor deposition technique such as CVD or ALD. In various
enbodi mrerwe 20f/aih@si nventi on, CVD nay take the form of ecmusaeiomsbo CVD,
liquid injection CVD or photo-assisted CVD. In other enbodi nents, ALD may
take the formof conventional ALD, liquid injection ALD, photo-assisted ALD
or plasnm-assisted ALD. WD 2011/ 017068PCT/ US2010/ 043300 [ 0027] The
substituted-allyl organonetallic precursors of the invention represent
subst ant j08l9Y i rﬁ:ng OS/ﬁda gophial rqresentatien pf ehiclaless yAn@ﬁdrrm}nsmbmiﬂﬂiantoéd
precursor, ally )3... T ubsti t ut r allylCo(QQ)3, and
even thecwéetShwnga Oa?rmélt)ﬂl}ﬁc%@%?ﬁ .apﬁtl\éaf\ﬁﬁ’ﬁ 1@3\ )g@vbthewh SotWsnte
extremel y.yalalklg14pe are not well suited for CVD processes or for
controlled thin layer deposition in sem conductor applications. For

exanpl e, [00R28ksoFigt6 & a graphicat repugrentation af dsckrrat (Angpioas) ng mimbydricf

the vaporeiictens 4L PRicogss. Sy, RRYENT § A4S cambimaiot frailent ors

have foupghpeR@irebh@sover e bul ky substitut ed- aI I yl precursors actually reduce
vapor pressure and thus are easier to handle. [0028] Further, the new
precursors have a di DleehER BESCRIPTIONKAIFCHHEIINGENFION commn sol vents to
be used ei M SYR hesi s hi S¢ PRLM. nor e i par at.i

maki ng | daz:i’zltl er toarll(')s%sl aatsgeé[ e %r@curlg%eP %P (of SélPs 1the8 aﬁ nonf 6]%] The

t ar get edpideest ! inefoleoPrbkind kesh pireturkhiesad m@l@aﬂssﬁr@mgfs@éh preaipbe tabout
90C to about 200C, are lower than for other 1E)recursors Access to

| owt enp%matt lrnemﬁtab@;@%@nwg fifarewich At By atiliHtcddei Betah el dids ergetelrcui try
does not lﬁﬁ X}JE) and such a high thermal budget. [0030] To date the

al |yl an?:l1 St h ustltuted allyl cobalt derivatives yield nmetal film

| ayers V\[1]0a2|] cor‘Ithalmethsldfplm mveistidnl 22e hesdeb cofatecar frow metelecqpariaing oitin - For
exanpl e eater tha hout . 3% carbon i ncorporati S consi de

i mperm s { @hl‘?l‘rﬁiés&)gary igh d1efFC8??eC°é1FFBBH| %ﬁ’t%ﬁfc‘trﬁetﬁ}?eéﬂi‘i‘bas ?S(S‘Fi%ﬁreén refers

cobal t - cQN @idiRgnhivihda hid hg;e%ﬁtﬁlv@bout 3% or | ess carbon incorporation.

Car bon incorporation should be avoided as it reduces the conductivity of
the fil ni0923] deg’rsau@sl ldaeeuncélegenm éh@ﬂcélelmmdﬁomferbeo agmbtetiald shsh theor y,

e ommociedt-SoRhBRE ik e FiahrL e Ers BEO B VE o EParkd S ekl oty

radi cal sdigRide RehrMMade QiclddltiOYdnstadbeMout BFRC TypiRalPy, A\Hi e \eed1¥ctSE FBRY
met al - carbon bonds, |eading to inpermssibly high I'evel s of carbon

i ncor por &t ¥6A. inTeranigonshaior mm@eﬁwwgﬂg ofocestes e gaplee gr lipan udmastf—'egat@hi S

d d h
gg\rﬁﬂia c\i/llg "’?%} C}?Hgﬁf i %5 eg‘frl I nseélo}fgrgﬂfe%%g%%]sr ESI taq& 1%%6 pngﬂ gnt age of

the i nstahén pHeedivles@icStilai & tidedt astdngyteaﬁaelhalqauddhaat atrle@matlﬁgmrcaéludstﬁc whi ch
is beneficial for handljng WO 2011/ 017068PCT/ US2010/ 043300
[ 0032] Th@r@%manﬁwcanﬂiomﬁ embodi ment, an al kyl -substituted allyl

cobal t”frdbéii ONnyds g@fﬁ&%ﬁ?tﬂ% el “PAGRRT %u 1§1t}p’r 19&9%§r?o£9%1&rcﬂé@&%t allic

precurso respon S In structure to For
(X)..... cansta@t (x)C ... Z. ... .. cC," ,C'cOo C| co
[0025] As used herein, the term “precursor” refers to an organometallic molecule,

complex and/or compound which is deposited or delivered to a substrate to form a thin
film by a vapor deposition process such as CVD or ALD.

[0026] As used herein, the term “vapor deposition process” is used to refer to any
type of vapor deposition technique such as CVD or ALD. In various embodiments of the
invention, CVD may take the form of conventional CVD, liquid injection CVD or photo-
assisted CVD. In other embodiments, ALD may take the form of conventional ALD,

liquid injection ALD, photo-assisted ALD or plasma-assisted ALD.



co (Formula 1), wherein RL and R2 are independently C2-C8-al kyl; x is zero,
1 or 2, and y is zero or 1; wherein both x and y can not be zero

si mul t anew0201/01f@833] 1t shoul d be noted that the precuPsos2@b/ 083360

i nvention, represented by the depiction above, have a resonating doubl e
bond in the allyl portion and the allyl portion is [C3H5] which is in
if-coordination with the cobalt center. Both of these features are
represented by the dashed bonds. Wen the allyl portion is substituted by
one R gr@ip7] t hanhr gj‘o@lﬂt}ntel‘deqﬂyhaﬁgarﬁ)memlhcylﬁrcﬁcu@@h‘ ofj ehe tiovdneioo nepfeRERHA ] |
when substltute with two R groups it becongg R1R2C%£$%there Rl and R2
are the SRVENGHINGIMPEPEAL SOW 8kt ke FPreYigBaY | UsPHe URBIPRH S| PrOCUSaT-one or
i n conbi th f 8F satqu ed..h on
chain ofQ%ﬁ?g@g%%utT%p%ggg%%ﬁg{gﬁéi%ﬁBF 5§ﬁk@§§% ﬁggéa%h?wnﬁgﬂﬁ?%ﬁged to,

met hyl , élmwhy,l sphapyted BytGd(COeprachysolrexyl @Xttwwﬂyylvomntb ond wte ndheehl kyl
ht - ch b d- chai tend t
grote oy, B BLTURMLEIN0 o braREhE o pyy kL 5 I gndRa e

used her @ﬁcatﬁ@pYFoﬁgﬁﬂﬁm@S@%s&PQh all; @ft&p){h raNdtates Oth Y Gdég acm?%ﬂ]&&hlc
enconpasses n-butyl, sec-butyl, iso- but cftert but yl urt as used

herein, hydsogansfarmethyl greupsydoesmpt havees @ Qféecétoh)ﬂle magmfuderadftee sapay

|sopropyl and . ! s 1o tert-bu nd "Np" refers to pent . It
shoul d al'§&"be ﬁg edi t hﬁureism%lyi rllltcor%?‘/lc1t 5 Te IROfS havgﬁou dhthflt t%r %Organd not

di met hyl bulkﬁ@a&]tﬂme@a&yleprb@dsmla&tualﬂir@mde Rapc&rlﬁes!sﬁféeﬂﬁﬂdﬁﬁlfakeyeﬁer% al kyl ,
particularly C2- C8-alkyl. [0036]In another particular enbodi nent, Rl and
R2 are i é‘endently C3-Cr7-al kyl, and even nore particularly C4-C7-al kyl .

[0037] 1 ”[dgrﬂg]py”%%&e The 113% %P&:lupsro ol apﬁﬂ%é&g 8{0“5{1{%% ch Rhgndfer R2

may be n- I SO- propyl or cyc opr opyl er enbodi nent, R1
and/ or RDdmmobubdlyents Rlbangkddn thir syayhedi. ﬁrmmpq&hutsaanelmaf&&mnu ssparbtidry| or

tert-butyl . In a part.icul enbodi nent, Rl and/or R2 is tert-butyl.
[0039] | 3o Heras Etscan A ke Prmuraw&PdFrYF%zgll? BUYntyl . RL and/or R2 may be

neopent VEOOQ'S')%" )Thestgnrg@ﬂeg RiepShgb D Rehpeturks S5rREEEWrecurbr@ BAELdnEHE @hout
enbodi nent R2 i s neopentyl [ 0040] I n “anot her enbodi nent,

and/ or I@O°Cst0haboylt 20(]_)"0041161 lqwea{rtbarhémf @hdyoptecmmirs. RlccaﬂdvookowR@mpsrdu@pt yl.
0042] 1 t he t 0043
he. var | BBFRSEmEa 9t EEhan sade’ Tou e Biemr bRyt Tve to Siikund’ °! ™

such a high thermal budget.

[0030] To date the allyl and methyl-substituted allyl cobalt derivatives yield metal
film layers which contain an impermissible level of carbon incorporation. For example
greater than about 3% carbon incorporation is considered impermissible. Therefore, in
one embodiment, the method forms a cobalt-containing thin film with about 3% or less
carbon incorporation. Carbon incorporation should be avoided as it reduces the
conductivity of the film and degrades device performance. Without being bound by
theory, the inventors propose that the bulky groups substituted on the allyl may
decompose via a different mechanism which does not result in as many methyl radicals
on the surface. Methyl radicals react to provide very strong metal-carbon bonds, leading
to impermissibly high levels of carbon incorporation. The cleaner “leaving” of the
organic groups reduces this unwanted reaction and should therefore reduce resistance and
improve conductivity of the final films formed.

[0031] Further, another advantage of the instant precursors are that they are liquid at

room temperature, which is beneficial for handling.



particular R substituents are attached to the appropriate carbon. [0044]1n
one enbodi nent, the precursor corresponds in structure to Formula | wherein
Rl is G -wB-2altklq68R2 is C3-C8-al kyl; x is zero, 1 or 2pCarn$2010i0$3300

[ 0045] For exanpl e, such precursors include but are not |imted to: WO
2011/017068PCT/ US2010/ 043300 HC\ ¢ s, ...... -- oc CsCo t-butyl 1, ,, -
....... co co C HC

[0032] Therefore, in a first embodiment, an alkyl-substituted allyl cobalttricarbonyl
organometallic precursor is provided. The organometallic precursor corresponds in

structure to Formula I:
2
R

R!
®
\c/ ==C

I 4
|,
AN

’,

Co
o=c"" | >c=o

=0

(Formula I),
wherein
R' and R? are independently C,-Cs-alkyl;
X is zero, 1 or 2; and
y is zero or 1;
wherein both x and y can not be zero simultaneously.
[0033] It should be noted that the precursors of the invention, represented by the
depiction above, have a resonating double bond in the allyl portion and the allyl portion is
[CsHs] which is in n3—coordination with the cobalt center. Both of these features are
represented by the dashed bonds. When the allyl portion is substituted by one R group,
the R group replaces an allylic hydrogen to become [RC3H4], when substituted with two
R groups it becomes [R1R2C3H3] where R! and R? are the same or different, and so forth.
[0034] The term “‘alkyl” (alone or in combination with another term(s)) refers to a
saturated hydrocarbon chain of 1 to about 8 carbon atoms in length, such as, but not
limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl and octyl. The alkyl group
may be straight-chain or branched-chain. “Alkyl” is intended to embrace all structural
isomeric forms of an alkyl group. For example, as used herein, propyl encompasses both
n-propyl and iso-propyl; butyl encompasses n-butyl, sec-butyl, iso-butyl and tert-butyl.
Further, as used herein, “Me” refers to methyl, “Et” refers to ethyl, “iPr” refers to iso-
propyl and “tBu” refers to tert-butyl and “Np” refers to neopentyl. It should also be
noted that C, is intended to refer to an ethyl group and not dimethyl.
[0035] In one embodiment, R' and R* are independently C;-Cs-alkyl, particularly C,-



.,..- oc Cneopentyl sc6 1 - .,- -....,.. C =0 CO , ,
WO 2011/017068 PCT/US2010/043300

Cs-alkyl.

[0036] In another particular embodiment, R! and R? are independently C;-Cy-alkyl,
and even more particularly C4-C5-alkyl.

[0037] In one embodiment, R" and/or R* is propyl. Therefore, R! and/or R may be

n-propyl, iso-propyl or cyclopropyl.

[0038] In another embodiment, R' and/or R* is butyl. R' and/or R* may be n-butyl,

sec-butyl, iso-butyl or tert-butyl. In a particular embodiment, R! and/or R* is tert-butyl.
[0039] R! and/or R? may be

neopentyl (“Np”), straight-chained, or iso-pentyl. In a particular embodiment, R! and/or

In another embodiment, R' and/or R* is pentyl.

R” is neopentyl.

[0040] In another embodiment, R! and/or R? is hexyl.

[0041] In another embodiment, R! and/or R? is heptyl.

[0042] In another embodiment, R! and/or R? is octyl.

[0043] As used herein, the variables, x and y, are used to represent how many
particular R substituents are attached to the appropriate carbon.

[0044] In one embodiment, the precursor corresponds in structure to Formula I
wherein

R' is C-Cg-alkyl;
R? is C3-Cg-alkyl;

X is zero, 1 or 2; and

yis 1.
[0045] For example, such precursors include but are not limited to:
t-butyl neopentyl
\Ca?mc \Caqmc
ch/ \\\ i ,” H3C/ \‘\‘ i 'r/
0 >Co
OEC/| Ne=o OEC/‘ Nc=o
C=0 , (=0
*note there are not 5 bonds on the | *note there are not 5 bonds on the
terminal carbon here terminal carbon here




H3CG-CH2 \ ;&- 0=CCt- butyl 1 C=0 CO and H3C-CH2 \CC ,"./.
neopentyl 1 Co ..... ,... C=0 CO
WO 2011/017068 PCT/US2010/043300
t-butyl neopentyl
H;C | H,C,
\cf T¥=c \c/ C\c
8. \(I:O’
0= /‘ Ne= OEC/‘ SNe=o
(=0 (=0
t-butyl neopentyl
H3C_CH2 H3C_CH2
CF 1 TC C C\c
SC. \éo’
0= /‘ SNe= OEC/‘ Se=o
=0 and C=0
[0046] In one embodiment, the precursor corresponds in structure to Formula I
wherein

R' is C3-Cg-alkyl;
R is C-Cg-alkyl;

X is zero, 1 or 2; and

yis 1.
[0047] In one embodiment, if x is zero, 1 or 2, than y is 1. In this embodiment, the
organometallic precursor corresponds in structure to Formula Ia:
RZ
R!
x)
\c4 TTc
\\ I ,’
~CO
o=c" | Se=o
C=o0

wherein

(Formula Ia),

R' and R? are independently C,-Cs-alkyl; and

X is zero, 1 or 2.

[0048] In a particular embodiment, x is zero.
[0049] In another particular embodiment, x is 1.
[0050] In another particular embodiment, x is 2.



[ 0046] I n one enbodi nent,

the precursor corresponds in structure to Fornul a

| wherein RL is C3-C8-alkyl; R2is C-C8-alkyl; x is zero, 1 or 2; andy is
1. [0047]wo 20nev1e0e®odi ment, if x is zero, 1 or 2, than YCirasS2o10ios330h

enmbodi nent ,

the organonetal lic precursor corresponds in structure to

is

Formula la: R2 R1(x1 ) Css,,Css,, > Oo cc o (Fornula la), wherein RL and
R2 are independently C2-C8-alkyl; and x is zero, 1 or 2. [0048]In a
particul ar enbodi ment, x is zero. [0049]In another particul ar enbodi
is 1. [O@®6]]1 n dnohéembpdiniancf &ris eedopthanenis, o« 2.5 TRus, iNDis embodiment,

2011/ 017068PCT/ US2010/ 043300 0051%In one enbadi ne
€ Of$ARE MG P IEHSOHPTROR

is 1 or

wherein

t, if is zero,
$ 1n structure to ormupa Ib: y

R!
(x) C

’,
’
'

/TO\

0=—=C C=—=0
CcC=—0
(Formula Ib),

R' is C,-Cg-alkyl; and

xis 1 or2.

[0052]
[0053]
[0054]

[0055]

In a particular embodiment, x is 1.
In another particular embodiment, x is 2.

Examples of such precursors of Formula Ia or Ib include without limitation:

‘i-bu‘[yl Teopentyl
cF e cF 0
. : 6/ \‘\(%6’/
OEC/| Se=o OEC/| e=o
=0 , C=0 ,
t-butyl neopentyl
cf‘?>7C cffgﬁﬁc
OEC/TO\CEO OEC/TO\CEO
C=0 and cC=0

It should be noted that in some embodiments, the center metal can be different

from cobalt. For example, the center metal can be Fe, Ru, Ni, Mn, Rh, W, Ta or Ir.

These precursors may be used in CVD or ALD methods, such as those mentioned herein,

to form their respective metal thin films. For example, these organometallic precursors

have the following formula:

ment ,

t han x

X



the organonetal lic precursor corresponds in structure to Formula Ib: RIN
................ 0?"._  (Formula Ib), wherein RL is C2-C8-al kyl; and
X is 1 orWon{Mﬁmpl n a particular enbodiment, x is 1. [POOABEPRI10/083300 her
particul ar enbodinent, x is 2. [0054] Exanpl es of such precursors of Fornul a

Ia or Ib include without limtation: t-butyl 1neopentyl C1 ---:-: CC
_ C’) -, Co- -.-Cc -,,, OEEECEO CEECO coc=0 t-butyl neopentyl \
-C. Co)COOCIlC—OOCIC-O
R2
»

R!
(x)\ /C\C

~
~

o—c"

Pad
’,
'

\_O

i
1
M

C==0 ,

wherein M can be any useable metal, for example, Fe, Ru, Ni, Mn, Rh, W, Ta or Ir; and
Rl, Rz, x and y are as defined herein.
[0056] In another embodiment, a method to make precursors corresponding in
structure to the following formula, R-allyl,M(CO)y.x, is provided, wherein x =1 or 2 and
y=2,3 or4; and R is a substituent such as alkyl, alkenyl, alkynyl or alkoxy. The method
comprises:

(a) combining M»(CO)y) + Na/K in Me,O at less than -25°C to yield M(CO)y’;

(b) combining M(CO),” + R-allylyR* (R’= CI', Br', F" or other appropriate halide)
at less than -25°C to yield R-allyl,M(CO)y.x in solution;

(c) heating R-allyl,M(CO)y. in solution to remove solvent; and

(d) distilling off final product, R-allylyM(CO)y.x.
[0057] In one embodiment, cobalt is used as the metal (“M”). However, the method
may be applied to other metals as well, such as Fe, Ru, Ta, Ni, Mn, Rh, W or Ir.
[0058] For example R-allylCo(CO); may be prepared. The method comprises:

(a) combining Co,(CO)s + Na/K in Me,O at less than -25°C to yield Co(CO)4
(Na*/K")

(b) combining Co(CO);, (Na'/K") + R-allylR* (R’= CI, Br, F or other
appropriate halide) at less than -25°C to yield R-allylCo(CO); in solution;

(c) heating R-allylCo(CO); in solution to remove solvent; and

(d) distilling off final product R-allylCo(CO);
[0059] The present method is distinguished from the multi-step process used to form
the unsubstituted-allyl cobalt precursor, such as

Co,(CO)g + Na/K alloy in THF = Co(CO),” (Na*/K") + removal of THF - Add large
amounts of Et;O at < 0°C + R-allylR* 2 R-allylCo(CO); + K'R*/Na" R* + CO,

which can cause a product and solvent separation problem. In contrast, the present
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1 C=0 andc =0 [0055]1t should be noted that in sone enbodi nents, the center
netal can be different fromcobalt. For exanple, the center netal can be
Fe, Ru, NwO2Myo1Re8 W Ta or Jr. These precursors nmay beCuasdoion43vD or ALD
met hods, such as those nentioned herein, to formtheir respective netal
thin filnms. For exanple, these organonetallic precursors have the foll ow ng
formula: R2 (y RI1 (x) ", 1\47" occo C=0 wherein M can be any
useabl e netal, for exanple, Fe, Ru, Ni, Mh, Rh, W Ta or Jr; and Rl, R2, x
and y armetoddidciasedishesiaipte, op® Pbbilcheticanwhick allewb deli eetat coraroiref khaderito make
precursors carresponding in structure to the follow ng formul a,

R-al |yl M¥&fe§. s provi ded, wherein x =1 or 2 andy =2, 3 or 4 and Ris a
SUbSt! tuﬁi@BO]Suchn a&%oﬁ’ilef<¥h1_’boé’ilrﬂ%%mél me@b& Y brfin aa{ M—-coﬁﬁﬁliﬁ?tﬁm% a

conpri ses: (a) combining M(CO (2) + Na/l% In Me20 at less than -25C

t o yi el dvadfoCO§Bsition process {stprodderbi BhengepEOpmprisesRsalgl a léaRaoreRaecwasor Br-, F

th ‘iate halide) at .l than - 25C ield Rallyl"MCO i
Q01 ut 1 ancoRRbSRER S S e bt T eeRy iR Bttt on 1o 1 omove sel vent -
and [006¢) digtal Jakticduthr @hfbobiiniedt, e QeeGEsor Rrad!HeYdlssMve@liy aX app@padkI n one

enbodi ment, cobalt is used as the netal ("M'). However, the nethod may be
appl i ed hyslrotahlean peaming spdvenb| |Appsetiateabydrecarben satsentiiinclyde, bRharewasr  Jr .

0058] Foy. le,.R-allyl 3 b d.. Th t hod i :
Sl AL S R R, 1S, PGB Fpn S S SPIPELESS
(Na/ K+) hydrocartidnk, aefitisnbhgndCaidRyldne; (ANphitic) amd &rodik leyheRa s(faas arglynl,-, F or

ot her appropri ate halide) at less than -25C to yield R-allylCo(C0)3 in
sol ut i onfriglyme and cptragymp ngERergpley rEorenipsiate, agipney selyents dn¢ladopvwite@itvent ;

and lim{tgt)lmg io§fyﬂn’1ﬁ1@ 9nd N,Nfciiﬁgi!hyﬁroggéﬁémiﬁé a Iy 378?1(&9) Re precursor may

be dissolved in toluene to yield a 0.05 to 1M solution.

[0062] In one embodiment, the vapor deposition process is chemical vapor
deposition.
[0063] In another embodiment, the vapor deposition process is atomic layer
deposition.

[0064] The ALD and CVD methods of the invention encompass various types of
ALD and CVD processes such as, but not limited to, conventional processes, liquid
injection processes, photo-assisted processes and plasma-assisted processes.
[0065] In one embodiment, conventional CVD is used to form a metal-containing
thin film using at least one precursor according to the Formulas disclosed herein. For
conventional CVD processes, see for example Smith, Donald (1995). Thin-Film
Deposition: Principles and Practice. McGraw-Hill.
[0066] In another embodiment, liquid injection CVD is used to form a metal-
containing thin film using at least one precursor according to the Formulas disclosed
herein.
[0067] Examples of liquid injection CVD growth conditions include, but are not
limited to:

(1) Substrate temperature: 100 - 600°C on Si(100)

(2) Evaporator temperature: 100 - 200°C

(3) Reactor pressure: 1 — 100 mbar
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[ 0059] The present nethod is distinguished fromthe nmulti-step process used
to formthe unsubstituted-allyl cobalt precursor, such as Co2(C0)8 + Na/K
al l oy i n WoRoGa(1@Bg4- (Na/ K+) + renoval of THF Add | ar gecCarmseoms433hHo Et 20 at
< 0C+ RallylRa RallylCo(C0)3 + KRa/ Na+ Ra CO which can cause a product
and sol vent separation problem In contrast, the present nethod disclosed
is a sinple, one pot reaction which allows for better control of sol vent
guantities. [0060]1n another enbodi ment a nmethod of formng a

met al - cont ai ni ng4f Sbively talue@por aeodsint nentipiedcdsse | S provi ded. The net hod
conprises using at |east one precursor corresponding in structure to any of
t he Fornul as diégﬁ§§@HOHEW%FHgMF6@82%rﬁlghﬁarticular enbodi nent, the
precursor may besfipgsQioneste! b 250 aRMOPri ate hydrocarbon or am ne sol vent.
Appropriate hydrocarbon solvents include, but are not limted to, aliphatic
hydr ocar bons, ~ s(éh Aagoridgxanse: Wopt@Aenaminionane; aromati c hydrocar bons,

such as toluene and xylene; aliphatic and._cyclic ethers, such as diglyne,
triglyme and tet@agﬁxyy/é@. H@%éﬂﬁ'l(g's?@crﬁplﬁ}lbpri ate am ne sol vents include,
wi t hout |im tationHyardokh ABWNEea0d 20h it hyl dodecyl am ne. For exanpl e,

the precursor may be dissolved in toluene to yield a 0.05 to 1M sol uti on.
[0062] I n one entiddi Rentime: he 3Papor deposition process is chemical vapor

deposi ti 0063] Ln_.anot her .enbodient., .th or. de ition process is
atonc | 008 dapis BBl P BBUETR AR B Rl R0 Tt bRE PAOERES on
enconpassontahing Usint fiReSisidly ALBhsE e GYEUPSD CREGE M eStaCthe ASarmidlifs diSdlodetim t ed
to, conventional processes, liquid injection processes, photo-assisted

processe@“@ﬁd pl asma- assi sted processes. [0065]1n one enbodi nent,

convent @ﬁéb] CVIp, i 3 dl5fg g&bfa&’lh{éhﬁ, a&AN A B N9 oLy B Tl yﬁtagl_at

| east one precursor according to the Fornulas disclosed herein: For

convent | cmadini@yDhipr file sseg, atslesst fone pexa@inilr eacSonding, toDdn af admul8 dhjcloseli n- Fi | m
Deposi tion:, P%;ncigles aqd P act'qg..htﬁ?q¥ﬁ i1l. [0066]1n another

embodi meltrein) ifpgicah yeRfiara!iagf oo sFS e dign'u-1P BFeRess hst Kt eXuBRcalAPi#g t hin
filmusi ggv@at | 2asbhRNenhetovss 960-a¢6earding to the Formul as di scl osed
herein. [0067] Exanples of fiquid injection CVD growth conditions include,
but are [970] i niln exhother qnihodBubrEt digual tirgepenatdule:is 10€d -to 60OT ©MmSal-100)

containing thin film using at least one precursor according to the Formulas disclosed

herein, wherein at least one liquid precursor is delivered to the reaction chamber by direct
liquid injection as opposed to vapor draw by a bubbler. For liquid injection ALD
process see, for example, Potter R. J., et. al. Chem. Vap. Deposition. 2005. 11(3):159.

[0071] Examples of liquid injection ALD growth conditions include, but are not
limited to:

(1) Substrate temperature: 50-300°C

(2) Evaporator temperature: 100 - 200°C

(3) Reactor pressure: 1 - 100 Smbar

(4) Solvent: toluene, or any solvent mentioned above

(5) Solution concentration: 0.05 - 0.2 M

(6) Injection rate: about 2.5ul pulse'1 (4 pulses cycle'l)

(7) Inert gas flow rate: 100 - 300 cm’ min”

(8) Reactive gas flow rate: 0 - 200 cm’ min™

(9) Pulse sequence (sec.) (precursor/purge/reactive gas/purge): will vary

according to chamber size.
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(2) Evaporator tenperature: 100 - 200C (3) Reactor pressure: 1 - 100 nbar
(4) Solvent: toluene, or any solvent nentioned above (5) Solution

concentr awpan11/@7@8 - 0.2 M (6) Injection rate: 10 - 50PCEB1s2610/0§33p0 Ar gon
flowrate: 100 - 300 cnB mn-1 (8) Oxygen flowrate: 0 - 200 cnB mn-1 (9)
Hydrogen flow rate: 0 - 200 cnB mn-1 (10) Run tine: 5 - 30 mn [0068]In
anot her enbodi nent, photo-assisted CVDis used to forma netal- containing
thin filmusing at | east one precursor according to the Formul as discl osed
herein. [0069] 1 nl@ Nuntbeeof @rbadiwik by awoondarytto dpsitedAllD thickiesd to form a

net al - nin thlnfl| sing at | east on recursor ccordln tothe
For mul asﬁﬁsﬁsl oggda é}}eél?\m ]Fle’&torﬁ@rcﬂ AEkad P]Pi]jle%trif1 Al-ALD
Process sf{fainil fn%rthﬁ?(ﬁfmlu@m Cﬁ‘%&@ o%e r‘#g&curﬁ)tr ac@(l)ldlr% toPﬁ%SForEItﬂ@ip dlé](ggs@d

100: 13121-1313 0070]I'n anot her enbodi nment urd injection ALD i s used

t o f orm beramt drlor phcnmrasmted A@H riopeskéd sae Ufer cvgmaile I[éssPatcrrté\I QASEUr40r
accordin the Fornul a cl osed herei.n ei.n at t one liguid
precur soﬂ"’%@] de %il g{-“f t%ntfoﬁis FHad1 81" %?Fﬂﬁ%ef*iby lﬁlutseé%tto 159t g ri“?"ltjagcti on
as Opposadmhﬂmgaﬁm fifHh inl %yatale&«ﬂbﬁalsqﬁecu@fr dctidind {onihectdrdilAldkdseaess
see, for exanple, Potter - | . Chem Vap. Deposition. 2005.

11(3): 15196r61E10071] Exanples of liquid injection ALD growth conditions
Loc! ude, T2 SH0RL ! Bl Qs e RS BB TS Fund Y30 LY

Evapor at nper at’'ure: eactor essure: ar (4)
Sol vent : hdreihugileed Cifv @By BRthoERtmAEDEilaRed] @payer (@jeobol UPdrtifularly, the

concentration: 0.05 -. 0.2 M(6) Injection rate: about 2.50 pulse-1 (4
pul ses cRiEFEsary are liquid at ambient temperatures with high vapor pressure allowing for
consistent transport of the vapor to the process chamber.
[0075] In one embodiment, the precursors corresponding to the Formulas disclosed
herein are delivered to the substrate in pulses alternating with pulses of an oxygen source,

such as a reactive oxygen species. Examples of such oxygen source include, without

limitation, H,O, O, and/or ozone.

[0076] In one embodiment a cobalt-containing thin film is formed.
[0077] In another embodiment, a cobalt-oxide thin film is formed.
[0078] In another embodiment, a cobalt-nitride thin film is formed.

[0079] In another embodiment, two or more precursors corresponding in structure to
the Formulas disclosed herein may be used to form a thin film.

[0080] In another embodiment a “mixed” metal thin film is formed. This method
comprises using at least one “co-precursor” to form a “mixed” metal film. As used
herein, a mixed-metal film contains at least two different metals.

[0081] In a particular embodiment, a cobalt precursor corresponding in structure to
the Formulas disclosed herein may be used in CVD or ALD with at least one Ta, Si, Fe,
Ru, Ni, Mn, Rh, W, Ir precursor to form a mixed-metal film, such as a cobalt-tantalum
film, a cobalt-silicon film, a cobalt-iron film, efc.

[0082] In one embodiment, a thin film comprising cobalt and silicon is formed.
[0083] In a particular embodiment a mixed-metal oxide thin film is formed, such as a
cobalt-silicon oxide thin film.

[0084] In a particular embodiment a mixed-metal nitride thin film is formed, such as
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(7) Inert gas flowrate: 100 - 300 cnB mn-1 (8) Reactive gas flowrate: O
- 200 cnB mn-1 (9) Pul se sequence (sec.) (precursor/purge/reactive

gas/ pur gewO 20itd17068ry accordi ng to chanber size. (10) Rarhseolof43s9e! es:
will vary according to desired filmthickness. [0072]1n anot her enbodi nent,
phot o-assisted ALD is used to forma netal- containing thin filmusing at

| east one precursor according to the Formul as discl osed herein. For

phot o- assi sted ALD processes see, for exanple, U S. Patent No. 4,581, 249.

[ 0073] I na estaithslicoamiide nentfilmpl asnma- assi sted ALD is used to forma netal -
cont ai ni in filmusing at |east gne _precursor, according to the Formnul as
di scl oseﬂ’%ﬁéf ei ?lels?talﬁﬁérg, Hh st gjein cg| by ¢ ther @& UFaYr SN RBTHING t o
the For myAspslidaed RSRE FaRHEIR dHElokdZ feinNiddBES ReAm) BOMScIMingtfon! WAL d,
solid, or gageous. Particularly, the precursors are liquid at anbient

t enper at eo-msctant h Exagiplesagiosuchreossartantalincdwlenuf are modsnisidetot hydrapsport of
t he vapo 0 the, process chanber. [007R]1n one.enbodi nent, the precyrsors
cor r eeporlies SRS £a7 e abr a8t o Cedhn BpgIea o B iy el v g

subst r at Bydriifd bsR%ie HilhfE, RAbANEG My IBmPUIaBiBS tiRfecAN OXygen source, such as a
reacti ve oxygen species. Exanpl es of such oxygen source include, w thout

| i mitati®986H20,In0p pantigrler cotbedianent.00 7o Eactatesushbsdhydsaging or an alkyl-
cobal t-cont ai ni thinfilmis forned. [0077]11n another enbadi nent, a
conal t- oupB ek Pih it bR Rau s Bt donsl ek TR R o

cobal t - nihkrFelgudRi disélbsed h&einor e .exh@PIEIIN, N-drRty#ydedvired (IDBIHz), teto or
nore precursors corresponding in structure to the Formul as di scl osed herein
may be uBEdlhyerazige dng/ot HisHang Ay be BEder RFOFRYIHEr enbodi nent a " ni xed"
metal thy i1 my i . ' ' .

o pr eciPBT] A ¥t B uefeR AL ORarRTRY I BaL SR e AEnENTS eta
film contwipos thin fimast Fowexdanplee renpreomt @k saccdrdd@liol the aF qpanutas cdibdesed
enbodi ment,. a copal t  precursor corresponding in structure to the Fornulas
di scl ose rﬁérfé?%gﬁ&?l‘ﬁéeﬁﬁg)édieP?ﬁl‘WDtoo UDATHER YN %t Lwe%%_thr@ﬁé asiligpn. Fe,
Ru, N, McofBxid¥ sditol BEHES Ahtdifinf SR dm Mhikee:; Bhatr, frithiuSU GlarBem @
cobalt-tantalumfilm a cobalt-silicon film a cobalt-iron film etc.

[ 0082] | nnitnnde, Bmigetdin, rapdttungatenmitnidéi | m conpri sing cobalt and silicon is

;glr, rrrrgg, é)@gﬁ]z ]als q%%ngaern%‘ti)o%lilrlngrgt, %n?%%%ho nlls 1%681 £or %i)}r)ﬁ?ga?llons())s(lilc%eag iyr?an];iicl mis

random access memory (DRAM) and complementary metal oxide semi-conductor
(CMOS) for memory and logic applications on, for example, silicon chips.
[0089] Fundamental differences exist between the thermally-driven CVD process and
the reactivity-driven ALD process. The requirements for precursor properties to achieve
optimum performance vary greatly. In CVD a clean thermal decomposition of the
precursor to deposit the required species onto the substrate is critical. However, in ALD
such a thermal decomposition is to be avoided at all costs. In ALD the reaction between
the input reagents must be rapid and result in the target material formation on the
substrate. However, in CVD any such reaction between species is detrimental due to
their gas phase mixing before reaching the substrate to generate particles. In general it is
accepted that a good CVD source will be a poorer ALD source and vice versa and
therefore it is surprising that the substituted-allyl precursors of this invention perform
well in both ALD and CVD processes albeit under different process conditions.

[0090] The substituted-allyl precursors offer access to different temperature windows

for deposition processes when compared to conventional precursors. This makes
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cobalt-silicon oxide thin film [0084]1n a particul ar enbodi nent a

m xed-nmetal nitride thin filmis fornmed, such as a cobalt-silicon nitride
thin fil mvo[2008870&8di el ectric filmcan al so be forned bycrius2av/obisast one
precursor corresponding to the Formul as di scl osed herein, independently or
in conbination with a co-reactant. Exanples of such co-reactants include,
but are not limted to, hydrogen, hydrogen plasma, oxygen, air, water,
H202, ammoni a, hydrazi ne, al kyl -substituted hydrazi ne, borane, silane,
ozone or maryingostbihest kubstitunel-dofl . prEA0863 withaothar metdl| @urcesiopedn nenhorea
co-reactant, such as hydrazine or, an al kyl - substituted hydrazine is used to
forma fPRRPHS{IAY Vdten] AiEPGR O sleBiiy KHtary oF (s isHHdY ﬁgwsomt P OPAMHASH as

di scl oseghgrei n. For exanple, N, N-dinethylhydrazine (DVHz),

tertbutyl hydrazine and/or trisilane may be used as a co-reactant. [0087] A
vari ety of substrates can be used EXAMI.HESet hods of the present invention

to suppo in_fil For exanple, the precursors according t.0.the

For mul actWoLL] odbly Fbieatift Sy Rsar: 9tral FENEaERochd B 09 UG E: es
such as, diRelbsud®in ddydyed to, silicon, silicon oxide, silicon nitride,
tantalum tantalumnitride, copper, ruthenium titaniumnitride, tungsten
and t ung082l ni tGangentiqneDg8ynthesohe pepasotds newse, En® mas ho@liest. usedRewr
applicatjigns.such as.dynam ¢ rando ces mor .. ( DRAM ,.and _conmpl epent ary
woral - oxraerai el B ol B PRI T R P R BB Ton, 1
exanpl e, sdvdnit.ColferadtiveSol eRO8H WhivndasRNhakbrigls hfeah 6RGORbEX f&texhfipWEEHFT he
thermal | y-driven CVD process and the reactivity-driven ALD process. The
require ﬁf@yﬂ@furﬁ%@p@o@r%bﬁﬁérfqre9§akou&cwdevéuﬁm HushgBicrb VABAEE vary
greatly. lR.£VD a clean thermal deconposition of the precursor to deposit
the required species onto the substrate is critical. However, in ALD such a
t her mal 0888 po ok tl@nurissbdtioutbd peeaisoe dll giCoal ) ¢ BHlFscanhot bahilded hessleatt i on

bet ween the i nput reagents nmust be rapjd and result in the target material
format | o?FCaﬁsetlﬁ_EaSs%@?lfaétV@la%m_ F,Pr$4vcw%9 shiAegE Re FRaEron Thetién
speci es kg efrldidRRt@bs G Ot 1R re8@SioRNASLartl HeRG REEPLES BRGHLAE t he

a
substrate to generate particles. In general it is accepted that a good CVD
sour ce wdlhtilbesolvepodMed Altirstbar ddQurid nringeize esobantnduithmests odwingt the s

surprising.that the substi.tuted-allyl.precursors.of this invention perform
ool T i o Boeh omhaie Mol leu EouR s BRICRHRE) Stipe ePlafolif e ALY

condi t i oggvenk A8RBYAIhe THebsdiel Wolfhoahdsy bf RAGCIALSRIcH Aider tHRCE/S Detwken
different tenperature w ndows for deposition processes when conpared to

convent i vriatilitps solsgr 1F mird Ge pradusts torke senamiedf Thaiefore stibgleisplyeeidagl |yl

brecur Sofs, wiitl, gf el JELAL SUFER. ORSN.LOIL s, mni pul ation when
attenpting to deposi ernary or quaternary aFloys I'n an optim zed fashion.

EXAMPLES (009P 1] Ex@nipie 1awiTgo 6vepfitoessab gm&l Qo(nPlrerebudflaltd) (GO ofl0 not
limt this 3|sclosure In any way. [0092] Conventional synthesis processes
use Et20Ca fopemtty WG eri al s/ i nternedi ates are not very soluble in

Et 20 and thus need | arge annggﬁ1>of solvent. Alternative solvents in which
these materials are nore sol ubl'e, for exanple THPe(let r ahydr of ur an) - Me20,
are better for scale up and peduction in chem dal vol unes needed. [0093] For
t he unsubstituted precuraqf?iéFj®1Cb(CD)3, EHEﬁbaQ@ot be used as sol vent

N < -
td
~ 7 ~ob.

OEC/TO\CEO OEC/TO\CEO
=0 C=0
[0095] Step 1
[0096] Na[Co(CO)4)/K[Co(CO)4]
[0097] A solution of Co2(CO)g (44.6g, 0.142 mols) in THF (ca 600 ml) was added
drop-wise over two hours to a suspension of NaK (16ml of 22/78) in THF (ca 150 ml)

cooled to 0°C. The solution was stirred for ca 1 hour, filtered through a small plug of
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because it has a simlar volatility to the product and so cannot be
separated. Two steps allow efficient use of THF in the first reduction step
and t hen WO 20sl/ne@Baced by a nore vol atile sol vent Me20Pcatuseo1otozsno Et 20 to
m nim ze sol vent requirenents during the product formation step while still
allowing facile isolation of pure conpounds due to easy solvent renoval.
The novel conpounds of this invention widen the gap between volatilities
enabling THF and the products to be separated. Therefore a single solvent
can be usgitk faod tht [soberpsenadiledwinngicaonoVkd vene pplet yqbioac eslak ssoptapesed.

[ 0094] Exanple 1 - Two step, pr s to prepare Co 3-tert-but lall 1 CO 3 or
Co( n3- neYvesugPidy ﬂ?f\ig) ?ngh&@tgﬁf?(iF%@H’ﬁ?éfﬁtaﬁltmg"sg,Of' %0 OEEECOOEEECCEEEO COCO
[ 0095] St g)ggg [Ogg(gu\la[ Co(C0) 4]/ K[ Co(C0)4] [0097] A solution of Co2(C0)8
(44.6q9, 0. 4]2 mols) in THF (ca 600 m ) was added drop-w se over two hours
to a sus[@98gj on @ﬁ(nN&Kt-bﬂ@MlW)f(CQm 78) in THF (ca 150 m ) cooled to OC. The
sol ution vva&nstirred for ca 1 hqur, filtered through a.spall plu

. f
Colite aMiiONe JUCOURR)I Gifoaed. Eamphdin Sehd wairdsphed iy Ma:0ubedTom)
i sol at ed; \wag, RUBSRAUGH ii%oigé ARV ANEo&E cARENLR. TEAMR1A bidRies of
THF. [0098] Step 2 [0099] Co(re-tert-butylallyl)(CO)3 [0010 [ Co(CO) 4]
(26.29, O-LRBwoEhiAamisteiyliutiasnedi?Ssiyl U8cl b, 0429 nfds) waGmdded to tef | ask

cooled with.dry.ice d fitted with a -50C condenser,. Tert-butyl allyl

br o de. (HHSTOMEE Ny 1S siis Sl hg PR e OG5 TgetqnmIHE AESE o) o)
was addeg@af® wilestrBias tdvemidht X tTHeCnow RIBrIdFM/Hr&®n GRIR IO BadVASpeE&pRMEduand t he
reaction mxture allowed to warmwi th stifling overnight. The now

dar k- r edyisibtean Thie xiVlar@ veadallowedeoi boit affeoyarsteverak hpius . anfihée MaDOraptlse al | owed
to boil off er..several -h S the ol ly resi extracte it h.pent ane
(2 soney AR BERR GUENOmE Ml Byl SR WEe TR - B B0 20
W th pentvased Wthxpedting 2 x[20h101] Most of the pentane was renoved on a water
punp vacuum and the thick liquid transferred into a 250m. flask.

Di sti | | at00&ALlup Most o th@ pantyngy wag xeweyeshAn gavaten guy Yasyom 3 the thick

el | ow by i i : S | f i at
Lo b9 iU e SRk e LSS, (%R0 B S0REANE 4 Tk LERT ABem\ ) o
(C6D6) 1HW.2¢ (648%7) ¢fsy yQldw/biBu)n, frdctiob sfasting2dd, 79F8nand a cédd,(majoR Hactidaym) |
13C{ 1H) .3% tBu), 34.0 (s, CtBu), 46.8 (s, G2), 113.8 (s, C), 204.0
(s, br, & @Hglr% Balc: % = 50.0, 9% = 5.5, %0 = 24.5 [00104]

Co(i 3- neppe quﬁ%@%&%@%@?@%lh1I§bg‘sognq3®) 4] (22.8g, 0.109 nol) fromstep

1 was di ssolved In ina flask cooled with dry ice and fitted
W t h a 'BE@II]O”MRQGCG%@GI’Q&T &S,l%ﬂ, tB[lbrﬂI@i% (S, 2H, Hanti), 2.74 (S, 2H, Hsyn),

(2-brono =4, 4-dl I -1- 50, 123 l.s dded

dr op- wi sgﬁg {yhﬁ%?’ ?seg%fwia%%%@@%?)64678;?%%’5&@08&%@)’@@2 O‘f%@\?ﬂé’ﬂg dry-ice
cool i ng waslytieraned@adotone i eacd iogpno wixgture al lowed to warmwith stirring
overni ght. The now 3glar k-red/ orange m xture had a precipitate just visible.
The Me20[08d84]al 1@ganeepentylallifC@er several hours and the product was
extracte i th 5 , filtered throygh a |1 plu f celite
and the _&qw]of qﬁﬁ@@@ﬁ’ﬁ gr)r%)e%gi’ gﬁ%éﬁolﬁh‘)@ Weht L?’Vabéﬁﬁd(ﬁ‘@ ) ( _ @H}]rat erial
was di stjyld gghkUsord vt @iylicddrifdd Wit ASHE cMdBRlef Xebpepvyihildsishipiegan to

distil at 50C (about 3ml, 4.1g) then the tenperature rose to 72C. This
mat er i al Gaaremesictioddetidimethylpent-1-ene (23.5g, 0.123 mols) was added drop-wise to the

reaction mixture which was cooled to -78°C. The dry-ice cooling was removed and the
reaction mixture allowed to warm with stirring overnight. The now dark-red/orange
mixture had a precipitate just visible. The Me,O was allowed to boil off over several
hours and the product was extracted with pentane (4 x 50ml), filtered through a small
plug of celite and the bulk of the pentane removed on a water pump (13 mmHg). The
material was distilled using an oil bath at 3-4mm Hg. A pale yellow liquid began to distil

at 50°C (about 3ml, 4.1g) then the temperature rose to 72°C. This material was collected
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separately as a dark orange-red liquid (16.4g, 59% . [00106] IR (hexane)
2062m 1996s cm 1 [00107] NMR (C6D6) 1H ; 0.76 (s, 9H, ti3u), 1.70 (s,
2.77(s, 2Mp 2blymy06813C11HL 29.3 (s, tl3u), 32.1 (s, C BerI/usedioA4338) C),
203.8 (s, br, CO Analysis Calc: % = 51.98 [00108] Exanple 2 - Single step
process to prepare Co(re-neopentylallyl)(C0)3 t-butyl sssO,- 0 CO neopentyl
,c 00, ¢ co [00109] Co(re-tert-butylallyl)(C0)3 using THF as sol vent
[00110] A solution of Co2(C0)8 (22.3g, 0.071 nols) in THF (ca 600 m) is
added dr apamicdeaoyeirktonmohaed Bqiid (86.4g1596#)si on of NaK (8ml of 22/78) in THF

(ca 150 ooled to OC and t styrred for ca 1 hour. Tert-butylallyl
bromi de wghﬁonﬁﬁébﬁiﬂ@ %)%gnﬂil Hytbut-1-ene, 22.1g, 18.4 nl, 0.125 nols)
s addedgdo@oﬂhe_wmcmm) :mt(v.v@ (@Yo, BRE @R ({ hey, rEag! 187 @ %ﬂuggnﬁgﬁ e ed

overnight at this tenperature. The reaction mxture is allowed t
prior to2THB, 2Enbval, UGHE 2R3 (uBand2esi dBe).ext F acOtBull 42 peatane

broduct K1 beFec By B FV APBR drieste e el podRaar 210
Co(i 3-t efgo1 gt yllﬁlat;r@é Qmﬁﬁlgl@é@% gM’c?e% @&gbyﬁobglfg%%%lpﬁilﬂﬁcégg Qp of
Co2(C0)8 (22.3g, O. molrs) i n ca IS adde Top-W S€ over

two hour €otip-meopestybal)Of00f NaK (8ml of 22/78) in Me20 (ca 150 m) cool ed
to -30C and then stirred for %a,WIZ hours. Tert-butylallyl brom de

(2- brononet hyl- 3, 3-di net hyl hut?l - ene, 22. 1g, pdntyrl ;0. 125 nols) is added
to the reaction mxture at -130C and the whole|is stirred overnight at this
tenperature. The cooling @{Eﬁefcrem)ved an ,gdfe\_lv§20 is allowed to boil
off and the residue extracted.with pentane ?’erxﬁ(} . After filtering the
pentane is renoved under vaelfm and the producitosgl | ected by distillation
at 85-87C@7 nmrHy. [O08FERY Co(refmedpent YFAAy1|) (COFFUsi ng’ THFE as sol vent
[00114] A solution of Co2(Q0)y8<£@g2.3g, 0.071 S)y,in THF (ca 600 M) is
added drop-w se over two hours to a suspension o_f_RlaK (8mL of 22/78) in THF
(ca 150 [80)0%oo!Guint-croBuatallyi}€D)stsing FHF as sobeent hour . Neopentyl al | yl

brom de -bromomet hy1- 4, 4-di net hyl pent- 1-ene. ( 9qg, 125 pol s i,s added
to the ré’ﬁ&f lon /hi® lt“%/}P‘é Ogtcolgg(gﬁa& :3€h§'07é&€?1§)0H1 ﬁ‘gﬁ gﬁ"e&lot F“?)r égqa%\‘?gr ni ght
at this SI%BR)%E@BU&etonH&hﬁ €6 L QRen o LH MK 3@l bevedsy i YAENCRIISOmHo THF
removal under vacuum and residue extraction with pentane (4 x 50nl). After

filteringpddietopéitt ambthies stigad¥edcaihdenr. vaoubriydallyl bhanide ddibeementthget ed by

distillation a 2 -4 [LQOL115] r e- neo tylallyl) (CO 3 using Me20
s sol vert HBB TRk D6 1t Torl St s { A1 905508 T e a0 ( oo
600 nl) 3ecagdiade daefoMnSauRrk@irel \WOeMOUME 5t thiy t@rnﬁék%ﬁ@é’!_si“ﬁkﬂre@&idﬂarﬁix&m of
22/ 78) in Me20 (ca 150 ml) cooled to -30C and then stirred for ca 2 hours.
Neopent yisatllopedpiporrige prigr toldHD rpewpl vader- wickpmhyidoestdup exffact{op3wgl, 0. 125
nols) is e\ Ay ] - t | S irred
over ni grpeisieitk il REEH AR TRy M oty Bier Al p Rl 20 1
al | oned t@lebetbydlidtiliatich 4t8s5-§Esi@emedtd.act ed with pentane (4 x 50ml).
After filtering the,pentane is renoved under vacuum and the product

col | ect e®OBY11di Lai-ari-butykallytCays usiney16:00m5p]vent g. 1 represents TGA data
for (t-brgoYidal 1Y 1GRESOLF ConCO)s (22,38, 0.071 mols) in MesO (ca 600 ml) is added

drop-wise over two hours to a suspension of NaK (8ml of 22/78) in Me,O (ca 150 ml)
cooled to -30°C and then stirred for ca 2 hours. Tert-butylallyl bromide (2-bromomethyl-
3,3-dimethylbut-1-ene, 22.1g, 18.4 ml, 0.125 mols) is added to the reaction mixture at -
30°C and the whole is stirred overnight at this temperature. The cooling is then removed
and the Me,O is allowed to boil off and the residue extracted with pentane (4x50ml).
After filtering the pentane is removed under vacuum and the product collected by
distillation at 85-87°C@17 mmHg.

[00113] Co(ns-neopentylallyl)(CO)3 using THF as solvent
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[00118] Fig. 2 represents TGA data for (Np)allylCo(C0)3 [00119] Exanple 3-
CVD study [00120] Conventional, pulsed CVD experinments were carried out

usi ng a hwoeenmdeossool fitted with bubbling / vapor draRCpriscun®e33od nl et
system During the CVD experinments targeting pure netal, nitrogen gas was
enpl oyed as carrier/purge gas. Filns were deposited on Hterm nated silicon
or thermal silicon oxide using neat sanples of either (1)
(t-butyl)allylCo(C0)3 or (2) (Np)allylCo(C0)3, each depicted below t-butyl
neopent y[00C14]C- ACs&u)ibn QECHC@RG2RGE1AD) 1 Fasls CMDTHH (g §¢0dp)a) isyddded CO) 3 as

o Ecur SORORNIEFS M WO fad IS oRIKNhe (ITUBRGAEL I AUEIbGUATED
tenper at e Ofo FeOnPEn I0REYS! €81 Woih NedbediymRiyMpLNAL 32 1RGN &Rethyl-
co-reagent/reactant. CVD G owmh Conditions usi'ng " (Np)allylCo(CO)3 “Ampoul e
t enper at 44 alidbByRPebisteat £3TEddr2atmole ($3dde8 0Ctarndtmn rgasur® as ORC NAd
Tenper att I;:ereggtiolﬁi Hl%?tu}eo stclzrrr]g'c{q%%rnight at this temperature. The reaction mixture is
allowed to warm prior to THF removal under vacuum and residue extraction with
pentane (4 x 50ml). After filtering the pentane is removed under vacuum and the product
collected by distillation at 72°C@3-4mmHg
[00115] Co(n3-ne0pentylallyl)(CO)3 using Me;O as solvent
[00116] A solution of Co,(CO)s (22.3g, 0.071 mols) in Me,O (ca 600 ml) is added
drop-wise over two hours to a suspension of NaK (8ml of 22/78) in Me,O (ca 150 ml)
cooled to -30°C and then stirred for ca 2 hours. Neopentylallyl bromide (2-
bromomethyl-4,4-dimethylpent-1-ene (23.9g, 0.125 mols) is added to the reaction
mixture at -30°C and the whole is stirred overnight at this temperature. The cooling is
then removed and the Me,O is allowed to boil off and the residue extracted with pentane
(4 x 50ml). After filtering the pentane is removed under vacuum and the product
collected by distillation at 72°C@3-4mmHg
[00117] Fig. 1 represents TGA data for (t-butyl)allylCo(CO)s;.
[00118] Fig. 2 represents TGA data for (Np)allylCo(CO);
[00119] Example 3 - CVD study

[00120] Conventional, pulsed CVD experiments were carried out using a home-made

tool fitted with bubbling / vapor draw precursor inlet system. During the CVD
experiments targeting pure metal, nitrogen gas was employed as carrier/purge gas. Films
were deposited on H-terminated silicon or thermal silicon oxide using neat samples of

either (1) (t-butyl)allylCo(CO)s or (2) (Np)allylCo(CO)s, each depicted below:

t-butyl neopentyl
/C\ l
C\: i ~,¢C C4 : k]c
\\ 1 ,f’ \\\\ : ,”
~Co Co
o=c"" | Ne=0 o=c" ’ Ne=o
C=0 C=0

[00121] For CVD using (Np)allylCo(CO)s as a precursor source (45°C), a vapor draw
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60C Purge gas 10 SCCM N2 Base pressure during run 100 ntorr
Fig. 3 displays thernal

0. 5s pul

se every 20s [00122]

Pul se sequence
deconposi tion of

(Np) al | yMZo(2@0)y@ 7068t h respect to tenperature (grow h pePCEUSR@0/043300

(Angstro

nms/ Cycle)) vs.

substrate tenperature).
(t-butyl)allylCo(C0)3 as a precursor source (35C

[ 00123] For CVD using
bubbl i ng delivery nethod

was used. Runs were done with a substrate tenperature of 150C and 500

cycles with N, N-di net hyl hydrazi ne as co-reagent/reactant.

CVD G owt h

Condi t i opiscwrsomdeliveryomieshpdl waslGSed CRuts werpaivhe widnpeulsstareete8iperabubsifr at e

Tenper at
45C Purg

BEhehyst8ermine B8 feus

m N2 Tenperature of Lines to chanber

C
ﬁ}y@ra&mei 35 §Opgpgent/reactant.

CVD Growth Conditions using
(Np)allylCo(CO)3
Ampoule temperature 45°C
Substrate Temperature(s) 150°C
Carrier gas 0 sccm No
Temperature of Lines to chamber 60°C
Purge gas 10 sccm Ny
Base pressure during run 100 mtorr
Pulse sequence 0.5s pulse every 20s

[00122]

Fig. 3 displays thermal decomposition of (Np)allylCo(CO); with respect to

temperature (growth per cycle (Angstroms/Cycle)) vs. substrate temperature).

[00123]

For CVD using (t-butyl)allylCo(CO)s as a precursor source (35°C), bubbling

delivery method was used. Runs were done with a substrate temperature of 150°C and

500 cycles with N,N-dimethylhydrazine as co-reagent/reactant.

CVD Growth Conditions using
(t-butyDallylCo(CO)3
Ampoule temperature 35°C
Substrate Temperature(s) 150°C
Carrier gas 0 sccm No
Temperature of Lines to chamber 45°C
Purge gas 10 sccm N,
Base pressure during run 100 mtorr
Pulse sequence 0.5s pulse every 20s

[00124]

Fig. 4 displays thermal decomposition of (t-butyl)allylCo(CO); with respect to

temperature (growth per cycle (Angstroms/Cycle)) vs. substrate temperature).

[00125]
[00126]

Example 4 — ALD study

Conventional ALD experiments were carried out using a home-made tool

fitted with bubbling / vapor draw precursor inlet system. A vapor draw precursor

delivery method was used for each precursor. The ALD experiments targeted pure metal,

and nitrogen gas was employed as carrier/purge gas and was employed in the alternating

pulse cycle.

Each precursor was used at 50°C. Runs were done with a substrate

temperature of 150°C with N,N-dimethylhydrazine as co-reagent/reactant. Films were



100 nmtorr Pul se sequence 0.5s pul se every 20s [00124] Fig. 4 displays
thermal deconposition of (t-butyl)allylCo(C0)3 with respect to tenperature
(grow h pEo20umal1r068 Angst rons/ Cycl e)) vs. substrate tenpecatuse@)/043300125]
Exanmpl e 4- ALD study [00126] Conventional ALD experinments were carried out
using a honme-nmade tool fitted with bubbling / vapor draw precursor inlet
system A vapor draw precursor delivery nmethod was used for each precursor.
The ALD experinments targeted pure netal, and nitrogen gas was enpl oyed as
carri er/ gapogicedyas Harethninasd esipdoayerdhérmmal kticah oeideatsinggnqaukaepley of eithdeach

precursor, _was use t C. S re with a substrate tenperature of
50w 41 ARG apae e B e BBty Bita e | e mer o
deposited on H-term nated silbeen or thermnal sinl i con oxi de usi ng neat
sanpl es of either (1) (t-butyl)allylCo(C0)3 or |€%’)e Np) al | y1Co( C0) 3, each
depi cted bel ow t-butyl ?Ke:gp ayl C ,CCC AD Gowh Conditions
Substrate tenperature 15 \:Ntilrft),e(ﬁ of cycl echtf “FPO0 Pul se sequence (sec.)
[ Co precursor]/purge/[corea)gég’t]/purge/-- 0. 2\%’%6 / 10 sec N2 purge / 0.2
sec DVHz / 10 sec N2 puege” | >

| c=o0 o=c" | Sc=o
C=0 CcC=—0
[00127] Growth conditions were the same for each precursor.
ALD Growth Conditions
Substrate temperature 150°C
Number of cycles 300-1000

Pulse sequence (sec.)
[Co precursor]/purge/[coreagent]/purge/-- 0.2 sec/ 10 sec N, purge /0.2
sec DMHz / 10 sec N, purge

[00128] Fig. 5 is a graphical representation of thickness (Angstroms) vs. number of
cycles using (Np)allylCo(CO)s.

[00129] Fig. 6 is a graphical representation of thickness (Angstroms) vs. number of
cycles using (t-butyl)allylCo(CO)s.

[00130] It is now discovered that the new precursors, (Np)allylCo(CO); and (t-
butyl)allylCo(CO)s;, have a higher thermal stability than the unsubstituted,
(allyl)Co(CO)s;, which allows for ALD processes that are not attainable with
(allyl)Co(CO)s due to its low thermal decomposition temperature.

[00131] (Np)allylCo(CO); and (t-butyl)allylCo(CQ); are thermally stable up to 150°C
with no CVD observed at this temperature. Unlike the unsubstituted precursor,
(ally)Co(CO)3, (Np)allylCo(CO)s and (t-butyl)allylCo(CO)s have shown ALD behavior
at a temperature below the CVD window. When used in combination with hydrazines,
such as N,N-dimethylhydrazine or t-butylhydrazine, ALD growth of cobalt film is
observed at substrate temperatures of 150°C.  Therefore, bulky-substituted allyl
precursors, such as (Np)allylCo(CO)s and (t-butyl)allylCo(CO)s, are clearly much better
suited to deposition of high quality films using ALD. The ability to perform ALD below
the CVD window with (Np)allylCo(CO); and (t-butyl)allylCo(CO)3, but not with the
unsubstitued or small-alkyl substituted precursors, is surprising.

[00132] All patents and publications cited herein are incorporated by reference into
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[00128] Fig. 5 is a graphical representation of thickness (Angstrons) vs.
nunber of cycles using (Np)allylCo(C0)3. [00129] Fig. 6 is a graphical

r epr esentwioi2on/afoe8hi ckness (Angstrons) vs. nunber of cPCras2u9i0m3300
(t-butyl)allylCo(C0)3. [00130] It is now discovered that the new
precursors, (Np)allylCo(C0)3 and (tbutyl)allylCo(C0)3, have a higher

thermal stability than the unsubstituted, (allyl)Co(C0)3, which allows for
ALD processes that are not attainable with (allyl)Co(C0)3 due to its | ow

t her mal dhécappfiosticniinmheiesmpiestat ure. [00131] (Np)all y1Co(C0)3 and
(t-butyl)all|yl C0)3 are therpally stable up to 150C wi th _no CVD ohserved
at this @ﬁ%ﬁr aCﬁ&’PeWOYEBﬁI F‘P{Bprtlsr‘?[erfl MFFP'E ﬁfl‘ggcwlé‘%%‘?go%r? t 1| PEYREG(EED) 3,
(Np) al 1 yiL Rk 3@RAnah eyl @l | y1Co(C0) 3 have shown ALD behavior at a
tenperature bel’'ow the CVD w ndow. When used in conbination with hydrazines,
such as N, N-di net hyl hydrazi ne or t-butyl hydrazine, ALD growth of cobalt
filmis observed at substrate tenperatures of 150C. Therefore,

bul ky-substituted allyl precursors, such as (Np)allylCo(C0)3 and
(t-butyl)allylCo(C0)3, are clearly much better suited to deposition of high
quality films using ALD. The ability to perform ALD bel ow t he CVD w ndow
with (Np)allylCo(C0)3 and (t-butyl)allylCo(C0)3, but not with the
unsubstitued or small-al kyl substituted precursors, is surprising. [00132]
Al'l patents and publications cited herein are incorporated by reference
into this application in their entirety. [00133] The words "conprise",
"conprises", and "conprising"” are to be interpreted inclusively rather than
exclusively. WHAT IS CLAIMED IS: 1. A nethod for formng a
cobalt-containing thin filmby a vapor deposition process, the nethod
conprising using at | east one precursor corresponding in structure to
Formula I: R2(y) RL (x)cc '"c(") CEECEO ¢ (Fornmula 1), wherein RL and R2 are
i ndependently C2-C8-alkyl; x is zero, 1 or 2; and y is zero or 1; wherein
both x and y can not be zero sinultaneously. 2. The nethod of Claim1,
wherein the at | east one precursor corresponds in structure to Fornula |a:
R2
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Rl (x) Cs,Csss C)O00 CO (Fornmula la), wherein RL and R2 are

| ndependently C2-C8-al kyl; and x is zero, 1 or 2. 3. The nethod of Caim1l,
wher ei n twe 2at1/d1em®s8t one precursor corresponds in structarastaoBessnul a | b:
Rl (x).***? ' 00, ocloco co (Formula Ib), wherein RL is independently
C2-C8-alkyl; and x is 1 or 2. 4. The nmethod of Claim1l1, whereiny is 1 and
x is 1. 5. The nethod of daiml, whereiny is 1 and x is 2.

WHAT IS CLAIMED IS:

1. A method for forming a cobalt-containing thin film by a vapor deposition process, the

method comprising using at least one precursor corresponding in structure to Formula I:

2
R
R
)
\c/ P C
6’
OEC/| Se=o
=0
(Formula I),

wherein

R' and R? are independently C,-Cs-alkyl;
X is zero, 1 or 2; and

y is zero or 1;

wherein both x and y can not be zero simultaneously.

2. The method of Claim 1, wherein the at least one precursor corresponds in structure to

Formula Ia:
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(Formula Ia),
wherein

R' and R? are independently C,-Cs-alkyl; and

X is zero, 1 or 2.

3. The method of Claim 1, wherein the at least one precursor corresponds in structure to

Formula Ib:
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6. The nethod of Claim2, wherein the at | east one precursor is selected
fromthe group consisting of: O and neopentyl CC "-- oc co 7. The

nmet hod ofwa@l2aimi3e8wherei n the at | east one precursor i #CyaiSeames3dor om t he
group consisting of: t-butyl neopentyl ,0 Oc sC(sC( candc 0=CC=0 - 8. The
met hod of Claim1l, wherein the vapor deposition process is chem cal vapor

deposi tion. 9. The nethod of Caim8, wherein the chem cal vapor
deposition is liquid injection chem cal vapor deposition. 10. The nethod
of Claim1l, wherein the vapoR1 oS tlgn process is atom c | ayer
deposition. 11. The nethod of d ~~wperein the atomc |ayer

deposition is liquid injection at om\s I ayér deposition. 12. The nmethod of
Claim 10, wherein the atom c | ayer d/pﬁu\l on is pulsed injection atomc
| ayer deposition. o0=—=C C=—=0

=0
(Formula Ib),
wherein
R'is independently C,-Cg-alkyl; and

x1is 1 or2.
4. The method of Claim 1, wherein yis 1 and x is 1.
5. The method of Claim 1, wherein yis 1 and x is 2.

6. The method of Claim 2, wherein the at least one precursor is selected from the group

consisting of:

i butyl neopentyl
_~C— C
C\' T 2C c/ T=c
3 e
O_C/’ Nc=o OEC/| Ne=o
C=0 and cC=0

7. The method of Claim 3, wherein the at least one precursor is selected from the group

consisting of:

t-butyl neopentyl
Cf i §C Cf i %C
N, I(’)’ \\‘(l:(’;
OEC/‘ Ne=o o:c/| Ne=o
=0 and =0

8. The method of Claim 1, wherein the vapor deposition process is chemical vapor

deposition.

23



13. The nmethod of Caim1l, wherein the at | east one precursor is delivered
to a substrate in pulses alternating with pul ses of an oxygen source to
forma newel2ooxildessfi |m 14, The nethod of O aim 13, wreraispomioessoxygen
source is selected fromthe group consisting of H20, 02 and ozone. 15. The
met hod of Claim 13, further conprising using at |east one co-precursor
having a netal selected fromthe group consisting of Ta, Si, Fe, Ru, N,

Mh, Rh, Wand Jr to forma m xed-netal oxide film 16. The nmethod of C aim
15, wherein the m xed-netal oxide filmconprises cobalt and silicon. 17.
The net hod_of C aim further canprising usi at . | east qgne appropriate
co-react 'n?h%glﬁ@@fi@é%?mé,wﬂwg? BiFhe ¥%R°ﬁ§g18ﬁ51t’rﬂ?d? g RS ogen

pl asma, QXKIEvafdidep@h& . amoni a, hydrazine, alkyl-substituted
hydrazi ne, borane, silane, ozone and a conbi nation thereof. 18. The

met hod of Claim 10, further conprising using an al kyl -substituted hydrazi ne
as a co- tant -t m a cobalt-contaiping.thin film 19 The nethod of
& o m 181 0whiscdriof AL Ok SRR e oed Rpus Hbert e RS RITy I hydr asi ne.
20. The ggfokigdnof Caim 1, wherein the at |east one precursor is delivered
to a substrate selected fromthe group consisting of silicon, silicon
oxide, silicon nitride, tantalum tantalumnitride, copper, ruthenium

1t 1340 el SPERTRg, BBELERET S0e ML il TRIIRY, 1, O 55

The met hadmid laGaiepbsitiomherein the nmethod is used for a DRAM or CMOS
application. 23. An organonetallic precursor corresponding in structure to
Formula I: R2 (y) Rl (x) C ,Cse- 0 CO(Formula I), wherein RL is

G -C8-al ﬁll Thﬁ%etih§d G’?’C%ﬁlailol,(%éreﬁl fh§ aforli@ 1ay%r Qépogi;tioﬁ@sdpl}isé.dsinjjection

atomic layer deposition.

13. The method of Claim 1, wherein the at least one precursor is delivered to a substrate

in pulses alternating with pulses of an oxygen source to form a metal oxide film.

14. The method of Claim 13, wherein the oxygen source is selected from the group

consisting of H,O, O, and ozone.

15. The method of Claim 13, further comprising using at least one co-precursor having a
metal selected from the group consisting of Ta, Si, Fe, Ru, Ni, Mn, Rh, W and Ir to form

a mixed-metal oxide film.

16. The method of Claim 15, wherein the mixed-metal oxide film comprises cobalt and

silicon.

17. The method of Claim 1, further comprising using at least one appropriate co-reactant
selected from the group consisting of hydrogen, hydrogen plasma, oxygen, air, water,
ammonia, hydrazine, alkyl-substituted hydrazine, borane, silane, ozone and a

combination thereof.
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24. The precursor of Claim 23, wherein the precursor is t-butyl neopentyl
C, ,C sc6,co coco or 25. An organonetallic precursor corresponding in
struct urewocoHdnmeBa 1: R2 (y) Rl (x) C,,c OEECEO ' cO cP(CFarspuioma433pg
wherein RL is C3-C8-alkyl; R2is C-C8-alkyl; xis 1 or 2; andy is zero or
1. 26. The precursor of Claim25, wherein the precursor is t-butyl neopentyl
\ .-G, C -l

18. The method of Claim 10, further comprising using an alkyl-substituted hydrazine as

a co-reactant to form a cobalt-containing thin film.

19. The method of Claim 18, wherein the alkyl-substituted hydrazine is N,N-
dimethylhydrazine.

20. The method of Claim 1, wherein the at least one precursor is delivered to a substrate
selected from the group consisting of silicon, silicon oxide, silicon nitride, tantalum,

tantalum nitride, copper, ruthenium, titanium nitride, tungsten, and tungsten nitride.

21. The method of Claim 1, wherein the thin film formed comprises a cobalt-nitride thin

film.

22. The method of Claim 1, wherein the method is used for a DRAM or CMOS

application.

23. An organometallic precursor corresponding in structure to Formula I:
2
R

R!
(x) C

|
~

.
So Lo
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OEC/| Sc=o
C=o0

(Formula I),

wherein

R' is C-Cg-alkyl;
R? is C3-Cg-alkyl;

X is zero, 1 or 2; and

yis 1.
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24. The precursor of Claim 23, wherein the precursor is

t-butyl neopentyl
C\\/ i ~~,¢C C4 : k]c
\\ l,f’ \\\\ : ,”
~Co Co
o=c" | “c=o OEC/’ Ne=o
C=—0 or CcC=0

25. An organometallic precursor corresponding in structure to Formula I:

2
R
Rl
(X)\C 4(; NC
o
o=c" | Se=o
C=0
(Formula I),

wherein

R' is C3-Cg-alkyl;
R is C;-Cs-alkyl;
xis 1 or 2; and

y is zero or 1.

26. The precursor of Claim 25, wherein the precursor is

t-butyl neopentyl
C C
Cf i %/C Cf i %/C
Co. \‘é(’)’
OEC/‘ Ne=0 o= | Sc=o
C=— or =0
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