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BETA- DI KETI M NATE LI GAND SOURCES AND METALCONTAI NI NG
COMPOUNDS THERECOF3AND SYSTEMS AND METHODS | NCLUDI NG

Application Serial No. 11/169,065, filed June 28,

2005, which is incorporated herein by reference in its
entirety. BACKGROUND The scal ing down of integrated
circuit devices has created a need to incorporate high
di el ectric constant materials into capacitors and
gates. The search for new high dielectric constant

mat erial s _and processes is beconin nor e |ggartant as

t he BIE’EJAWMKsE MN»ArEErILKﬁANEo‘HB RGES ANDAEE BAIL-y
ﬁé?é&ﬁﬁ,ﬁned the use of standard dielectric
C&MP@LH%D& TEIIEREEN aANID g’SSéS'UZ ENIReAND
earth netal s can advantage in
capaci t ance com(iﬁgcﬁﬂé%bﬁﬁg M&ct ric
materials. For exanple, the perovskite material SrTi O3
has a di scl osed bul k dielectric constant of up to 500.
Unf or t mmafapﬂ)l)batlblh ElaBHEFEGSH Wb U.StRgma hpphcion &elial Woe
earth netals into vapor depasition processes has
p%H@r@%O%%M Jype ?Bc%do 63 e RRpoBstedharpis by eteraer én its
| aygErydeposition (ALD) of alkaline earth netal
d| ket gnat es has been discl osed, these netal
di ketonates have low volatility, which typically

requires that they be Aaé; ved in orgam c solvent for
USEIna|IQUIdInJECB P addition to | ow

vol at i i t et on ner al | hav
poor rJgac Cah @ {BTF %1265%8{15 CW‘H@‘&‘W&C@ %ﬁg?t?i? Qeedeto
tmﬂmbmmgs dﬁ[&dztﬁd ERRGNONAZR S0l %Qﬁt@ﬂ a%dfgalce@] The
which is often contam nated with car

aferEnh; frencyaigh digleciric senstans @ateg@mnésar@m ig bm:pummg] g
SHORL ok QinasHha) Sl B9 6¥E ARERLRGL Ko onds

typi ca ave poor Vo as vve et nal
staabirdined/by the adé ofystimalard dlelectnc materials. Dielectric materials

containing alkaline earth metals can provide a significant advantage in
capacitance compared to conventional dielectric materials. For example, the
perovskite material SrTiO; has a disclosed bulk dielectric constant of up to 500.
Unfortunately, the successful integration of alkaline earth metals into
vapor deposition processes has proven to be difficult. For example, although
atomic layer deposition (ALD) of alkaline earth metal diketonates has been
disclosed, these metal diketonates have low volatility, which typically requires
that they be dissolved in organic solvent for use in a liquid injection system. In
addition to low volatility, these metal diketonates generally have poor reactivity,
often requiring high substrate temperatures and strong oxidizers to grow a film,
which is often contaminated with carbon. Other alkaline earth metal sources,
such as those including substituted or unsubstituted cyclopentadienyl ligands,
typically have poor volatility as well as low thermal stability, leading to

undesirable pyrolysis on the substrate surface.
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undesirabl e pyrolysis on the substrate surface. New
sources and net hods of incorporating high dielectric

woraioendzrs are bei ng sought for new gener ati onBCD1S2006/024996

integrated circuit devices. SUWARY OF THE | NVENTI ON

The present invention provides netal -containing

conpounds (i.e., netal containing conplexes) that

i ncl ud¥ewmtolreassind amsthdatsaif kigdoirpriratirgshilch daetiricmedterials are

t hods of . maki ng and usi.ng, and vapor, deposition

EeipuEhitnfOr Bl SR arons 3&@%@%&63 SFRUIRAPAR S ont ai n ng

conpounds having at | east one b-di ketimnate |igand

are known in the art. In such certain known

met al - cont ai niSIgMMWRWNOE TiHhe INVENEION nat e |i gand

has isopropyl substituents on both nitrogen atons, or

t er t buthd presepsinventontpsovidehosial-aontripinerromponeds (Geemetal-

for, ex e. . E ri et al .., N Qe [k
SRR ByBpler) 50 Fll'as Rasron AR RTRNAlS 580, g
BéRb DG raAlh @ gh R uidl Safior depositi! SkteaRAhidndihg the same.
conpl exes) including at | east one b-diketimnate _.
|¢f§£¥mm COMaRH JopoUatshavang & leashprg f-distimanate lizande
i.gh N r I - el t i |t a
e TR 7 Bl 0o AR RES A et QMR oDl L
dikeigninbieiigard hadsopropy] cebdtidmantsorbloath mentegsn atohes, or fert-

resent inventio rovi des metal - cont ai ni ojrpounds
g s s g Bt ReT s 2" P M THeBe! o
| @RS oRBRIL s UDT- 4 9U8CU0 D004 TAE RS 187NN Pfovides metal-
substituent. In other certain enbodi nents, the present
| qontaining noppowidd éise. rmaetal-cadainiaigronlaxenpoendis g ableasigne

least one b-, diketimnate |j.gand w.th | east one

TrifaRn g Soh calhal Founle Bl (b of G Stor
g{i%@érezﬁp&qgém&, Riwel iRBdQMMdiMamnd 16y aubl @m0 dhofid) for use
substituent in the b- diketimnate |igands of certain
nBtvaporcdspestion Agthedfmpounds known in the art. In one

aspect . i i i . | ..
FaPertiy SREREFREDAL (R LR, BLUhAER AL liging
acosgrouadniniigat leasbater htiketmirsubEgardtveitiastid easbbyg flusineg
aco\rll‘%%%gg (cj)? a(r)nScI gtr(l)lgpnaspar S% gt?t%éntﬂi& OH;%tr Qgrgair(l: g&bgtﬁm%ﬁtesf tll!xle

present invention provides metal containing compounds having at least one B~

diketiminate ligand with at least one aliphatic group as a substituent selected to
have greater degrees of freedom than the corresponding substituent in the -
diketiminate ligands of certain metal-containing compounds known in the art.

In one aspect, the present invention provides a method of forming a
metal-containing layer on a substrate (e.g., a semiconductor substrate or
substrate assembly) using a vapor deposition process. The method can be useful
in the manufacture of semiconductor structures. The method includes: providing
a substrate; providing a vapor including at least one compound of the formula

(Formula I):
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in the manufacture of sem conductor structures. The
nmet hod i ncludes: providing a substrate; providing a

(Formula I):and contacting the vapor including the at
| east one conpound of Forrmula | with the substrate
(and typically directing the vapor to the substrate)
to forma netalcontain?pg | @yer on at | east one
surface of the substra The conpound of the fornula
(Formula 1) inclpdes, at 8t \one b-diketim nate

| i gand, wherein @;ik? e b Ahe group

consi sting of a oup 2 al /*a Goup 3 netal, a
Lant hani de, and conbinﬁg onggthereof; each L.is

I ndependently an anionic |igand; each ¥ is

i ndependently a neutral |igand; n represents_the

\eal spglectingihe veporrindudiag fhe at Jeastone mmyupg of hormula Ewith
from,1 : s , ' _
Ak (P, SRiGAfE Slkelthe dvapiSie M suBBIRo fim g metal
Rio@kiEng tdyat ormbt lesstshe antacodf theeubtgre UPe ¢onmund of the
fl uori ne-cont ai.ni ng organic %g(ﬁ)gg I n anot Her asiﬁ t.é
tirEmye sEemuls iadpdest fraghangdsdiketipiatsaignd s whete S\ﬁé
qngﬂﬁ | i {8 d Erdhp.3 MBetal,

sr%%é{ggn uc?{g%g%ogﬁgglgggfgg%gﬁ ii:][tlt%e ’assfe ly) e.Ssiang a
Viggthianitepasd ¢ciromngios descofTershiieishotbpeadenty angaionic i n

t.he nu ture of ,sem conductor .structures. T
Tenin g b SY aeE e Ladhart P EHE B fihge sre of
Vi@ie HetdlNE1sUEiA @ t810] £RFror@Meo 6o4MIC40H ROfRY, RE, RYandiRAis
(Formula I'): and contacting the vapor including the at

| inderenderdl yduidpeasn@r 8h orgsniparauR Withle prewise i at lgast one of
(;and typicall i rect ! to the substrate)

B Rl R ek M PRBrEY | e2et “one

sur f acik gabtteh esprul serpgésent ihentivampovides ofmethoé of Grrmihga
(Formula I) includes gt Ie?st one b-dj ketim nate

| mglaheontHABEd AYFT N ASUBHTA e F FEHPUHRICYF Sestrate or

COMSHratb 8ition BrddeQUPIHR A8 can be useful
a@%ﬁ%h&gg?iygﬁlgﬁ%%%ﬁ)ﬁraﬁgnslo? %%er eof; each L |easn ° uée_

| indhpmadeitiuye afscancandiigot stgahues. sBemathpd includes: providing

i ndependent | y,.a neutral .I|j.gand; represent,s .t.h
R Ea gy i MFior Mot Y el oh ERIES R B i orrguta
f (refhdlatlp n; and each R1, R2, R3, R4, and RS is

and contacting the vapor including the at least one compound of Formula I with
the substrate (and typically directing the vapor to the substrate) to form a metal-
containing layer on at least one surface of the substrate. The compound of the
formula (Formula I) includes at least one B-diketiminate ligand, wherein M is

selected from the group consisting of a Group 2 metal, a Group 3 metal, a

| east one conpound of the POF/DI81086/024996
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i ndependent|y hydrogen or an aliphatic group
(preferably an aliphatic noiety) having 1 to 5 carbon

and R4 is a noiety selected fromthe group consisting
of ethyl, 7-propyl, isopropyl, nbutyl, see-butyl,

i sobutyl, n-pentyl, 2-pentyl, 3- pentyl 2- et hyl - |
Hwt‘rmhl,de Ba:ndrcetﬂ’u’yriah@nbtheydof daslo panindependenthem ghionignd

E i é’XI%EF%E%&%S %ﬁﬁghgmﬁgpgﬁm%§@%%ﬁﬂXﬁﬂ£#QRmeof

Q ReRHbSE FBhE0 (&1(gmsaro§{emd:@raau@taaf11$aﬁgx<% a{‘* aerS is
strate assenbly) using a vapor depaositigon process,

'ﬁh@anehdM hyém g ouaredlighatio grone (PrgFrItYY a0 @Bpl’&tlc moiety)

tu 4.
B}a é cgr Hbaiérg%tx%ﬁf&le 85&/3?0%&12&93%&82@% ne 05 and R is
|aerﬁ§1"ety%fécféﬂ"fﬁﬁhlﬂ¢ @bugp hﬁlsfsﬁhgfbf ah{Farropd, 1k§)propyidn-
contacting the vapor includi t he a Iea pe
duoeadubi, isRlrivl a-pentd, 2hpaakd. & BB%W Arae ?lglng' utyl, 3-

t substrate) to
1%8%@%5%%§a' §%@§P%?ESEW§€§$&3%&§? ‘east one surface
of t han stibther apect, fﬁb@reﬁsemqmmxﬂionfprcwh@sfaonﬂmbé Of fooming
i hcl udes | east one dlket|n1n

A BraR RS (i 66 p SHORRUTE e SPOEALERL PERRAS %t a
n%&t@aégﬁhﬁll uﬁn@’a%ﬁoﬁdeﬁgilﬁbn pRCcbANTIHS Ahdiitod @lﬁd)e useful
I nations hereof each L is independentl
am.tlnermanufacgmduf seabionugter stmgapesn ddetmsihed e %uprowdmg

Pt e B e o ghR S T pond DT
R%onﬁmarﬁnd RS is independently hydrogen or an
al i phatic group (preferably an aliphatic noiety)

having 1 to 5 carbon at@nms, Rlith the proviso that at
| east one of Rl and R5'15 a lnpbiety selected fromthe

gr oup conS|st|ng%of gﬁpr N vy -butyl,
nryf%t?hﬁéﬂmyl, 3-pentyl,
P-Butyl, isopentyl, and

sec- butyl, i sobut

2-nmethyl -1 -buty 3- net

fert-pentyl. In anothergasp , the present invention
provi des netal -containing c ounds havi ng at | east
one b-di ketim nate |igand, precursor conpositions

and contacting the vapor including the at least one compound of Formula [ with
the substrate (and typically directing the vapor to the substrate) to form a metal-
containing layer on at least one surface of the substrate. The compound of the
formula (Formula I) includes at least one p-diketiminate ligand, wherein M is
selected from the group consisting of a Group 2 metal, a Group 3 metal, a
Lanthanide, and combinations thereof; each L is independently an anionic
ligand; each Y is independently a neutral ligand; n represents the valence state of
the metal; z is from O to 10; x is from 1 to n; and each RL R% R?, R*, and R is
independently hydrogen or an aliphatic group (preferably an aliphatic moiety)
having 1 to 5 carbon atoms, with the proviso that at least one of R'andR’isa

moiety selected from the group consisting of n-propyl, n-butyl, sec-butyl,

| east one of R2T/URB6/024996
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those of the formula (Formula I): wherein: Mis

sel ected fromthe group consisting of a Goup 2 netal,
a Goup 3 netal, a Lanthanide, and conbi nati ons
tibebeydf n-pestgh 24pentyl, i Snpkaidn dencthyl- ahutah Bonetbyl-2-§uhd;
gach Y.is .inde ently a neutral ligand; n represents
Pt é@”QPgﬁgﬁof the netal; z is fromO0 to 10; and
X 1's fiQfbthet Kpbot, A PrasinthatioDroides idtal-@mthifingi S

i ndependent |y Eydrogen or an _organic group with the
prooyposnds teingzat 14astene [ofikebminailigangy BGpEsqrcogpositions

f.l uori ne-gont ai ni n [.C.: :

B g S UL

| ioasgedads)and Agthads bimekingcact esmporpdal Syhahétel-gmaiping
and net hods of making sanme, which are useful for
reoameyndeingude hesaphita fomsip il adyi ng at | east one

b-di ketimnate |igand h vingga fl uori ne-contai ni ng
|

organi c group. In anot aspect, the present
i nvention provides netal - @ga{ning conpounds havi ng
certain b-diketifmngte |#Qands

§E§ ursor conpositions
i ncl udi ng such cprpounds) of, depdsi'ti on systens

i ncl uding such conpounds,/ and nethods of making such
conpounds. Such net al - &nt airri ng conpounds i ncl ude
those of the fornula_ (Formnula J%:wh [

swherine Y rsglortef &ogt B ST RBHRIngisting © t éor{@?g/"a%tsaé QIR
alﬁgap %ﬁ;aﬁtﬂgﬁ{g‘@ andacohﬁtgﬁeﬁﬁ)ﬂk Qferel:c?f,néilcﬁ QRERRpERRELY an

theréof; each L is independently an anionic |igand;
eadbniY ligend; eatdpe idiedepopdentheaneutal ligapand remeseaisribe galence

the valence state of the nmetal;.z is from0 1102 3 p4
c3lEi ORI TR p: e 0 10 P 48 SRR B TRy dRoden R
OfinPR’ Rlihdpaideftl@hPsB géiPbeiesabhiy gerupabittpihatprevismihat )
having 1 to 5 carbon atons, wth the proviso that at

| rasitononéthefR HoupRis a fpdinR-qostaining preelic Lt t e BpssHt

SR BB RSt PRt By b 0P Hithne

Scqftithinlg alighdiRtdayilp, lnd Bethdds oB nkiniyyshma; Which laye useful for
making metal-containing compounds having at least one p-diketiminate ligand
having a fluorine-containing organic group.

In another aspect, the present invention provides metal-containing
compounds having certain B-diketiminate ligands, precursor compositions
including such compounds, vapor deposition systems including such
compounds, and methods of making such compounds. Such metal-containing

compounds include those of the formula (Formula I):
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I sopentyl, r -pentyl, and neopentyl. In another
aspect, the present invention provides

b-di keti m nate |igands, precursor conpositions

i ncl udi ng such conmpounds, vapor deposition systens

i ncl udi ng such conmpounds, and net hods of maki ng such
GOBRAY N s sefirotdd fivah alhe gromp admsistige ©b Asrave2 matal] udeoup 3

h f the f la (F l): in: Mi
et benthide oG Comaprarecter? ratil indnstiidy pg, oy
?ﬁﬁi@lf&l’l#ﬁaﬁd;@%ﬂy ?zrlcfleﬁﬂfd%ﬁﬂy d @ eutBd] digaRdrhi fRpick&iSthe valence

ereor, e€ac

ependently a ni oni ¢ |igand
sattuiYhe metahdeip drodedtd w;a:ade&{,rl?azl, RF,i R;Aaﬁ@ﬂ R%Sr@‘%ﬂ?é%@frwlé’

he val ence state of the al; z s fro :
e R A e T A s
QLrbBh aflh P Radhithe S0P tiRheleasak vf RA, R, kbRt isca moiest y)
having 1 to 5 carbon atons, with the proviso {hat at

selasied fom b gRiopnedsimBg of ethylor-erapy diapEenyd P f¢e

roup consi st i f Dz pro - L4 b bR
BB Sy oo Sy, PR S T
ipeityl, 13+-peiithY lin@néupeydyl. i sopentyl, and r -pentyl.
Advant ageously, the netalicontainiqg co unds.of the
pr esedt anpfhenispest thaAreseR} AN vFaLPR B deﬁlr%n% FOPENPe. g. |
N ?ﬁnc{m{ @’ngl\%pthi‘ﬂ%{iﬂc&ﬁﬁﬁfate%ﬁ%‘,rp?ecuk&%dimﬁ@éiﬂié@g
pol & , and | rs I 'mation point) for use in vapor
degoding sodh comtpondds, Pefarmieppsitien systenssadclhdingispch

formulas of . th . are used to repres e
serbaBGnghd BrGeEe bypetn gt SRR roantnige
| doBRMsds Navtethodebonalkiarth @loeeuran density that are
coordinated to a netal. The l|igands may be coordi nated
to the netal through oﬁf’ twd, three, four, and/or
five atons (i.e., hl-, -, 1h3-, h4-, and/or

i ncoordi nation ncdesg. herein, the term

"organic group" {s pi¥gaese of this
invention to neakl a hydr
classified as an alipha#fc

Nodn group that is
%soup,

>

wherein: M is selected from the group consisting of a Group 2 metal, a Group 3
metal, a Lanthanide, and combinations thereof; each L is independently an
anionic ligand; each Y is independently a neutral ligand; n represents the valence
state of the metal; z is from 0 to 10; each R, R% R’ R*, and R’ is independently
hydrogen or an aliphatic group (preferably an aliphatic moiety) having 1 to 5
carbon atoms, with the proviso that at least one of R! and R’ is a moiety selected
from the group consisting of n-propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-butyl, isopentyl, and tert-pentyl.
Advantageously, the metal-containing compounds of the present
invention can have desirable properties (e.g., one or more of higher vapor
pressure, lower melting point, and lower sublimation point) for use in vapor

deposition methods.

PCT/US2006/024996
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cyclic group, or conbination of aliphatic and cyclic
groups (e.g., alkaryl and aral kyl groups). In the

groups for netal-containing conpounds of this
invention are those that do not interfere with the
formation of a netal oxide |ayer using vapor
drfiasioh on techni ques. In the context of the present

invention, fhe term”ali C group" nmeans a
saturﬁﬁéﬁe%ﬁmﬁﬁb @HF%Féﬁ%#ﬁﬁB%r or branched

hydr ocar bon group. Thi rmis used to enconpass
al kyl , al kenyl , and kyrytMgr oups, for exanple. The
term "al kyl group” nea saturated |inear or

larcuret exirapoesentaieatididnyH goon rcmdlggn@m@ 8 :rﬁ-ﬂlk@tlm}flatﬁf or

LB G5 St 5Bl OBE Ok e

TRbKRINA Sé&:&b‘i’dmﬁﬁ@'ﬁ@ iR stAISBicuER bae, twhb] thedy, f(mT and/or
branche&lnonovaleng hydrocarhon group with one or nore

dlvefatinasailey niRgAL.0Y afed aggl/ 1L SCOPifdléatloncf&?@ﬁ% car bon
double bon S " g
? %&fe.m Yo ag &g‘éﬁl@ﬁ‘ ! %Jgsedl | nea?)ﬁf;ﬁose of this

"al ky means an “uns ate

bﬁ@dﬂﬁbﬁ@b ARy aléntarbyd gmp i s gassiffedwistan adlphatwrgrmlp e
car bon- car bon trlple bo

|
rﬁyalrxfssgraum FSOTDIFAGNIY P%‘ﬁ 253&%50{1 i ! g @yl nd
%ﬁfl (ﬁ%b@% 2, 8 cBhte &{thé:}lgﬁﬁéﬁ't' Blveﬁﬁmtﬂté?olg biddRic gPbups

Ye group. T e term "alicycli'c group” means a
cfyr:imetal hymiamutg dmmpcglndmf thisinvegtion eysethpseatbaty tﬁlifgf e

o eyt B e ey Rrer nap eePBRER

hy e E QLR MhOsRsHRt inkBEdiE EHB tehet £IpAaNE fiotp YinRbik'a ma&d
a closed ring hydrocarbon in which one or nore of the

atromsatimatedanent mgblalsck@ﬁ hgdroparhen gtomer ThEHIRIB &7 WsH to
, f
bt GRS ShvaS b, 18 Rudpl IR BRI

C%‘Blﬁ@" rﬁedn@ rafﬁhﬂ@ilt@@ Yinéts @6 biahcloadghontvatdni Bydppdrbaagioop,
the ternms "group"” and "noiety"are. use

dinelpdingnior ﬁii@npﬂ@t eyl @H)é(h"c%FPP%ﬁePré’QY{ FeatOuE S or
SHBRH T AdlthOIKOr THORm TR oFH hdall &l uADubloa SEhckhal

1t so a may not be so

shibsdhietl mcexdvalEmjsydermnt dreurt withohgpomote ¢lsfiniselly t o

dlfrf’sgtﬁllra?gd gro%{)]se {n 1.€. calbon—carbon double bonds), such as a vinyl group.
The term "alkynyl group" means an unsaturated, linear or branched monovalent
hydrocarbon group with one or more carbon-carbon triple bonds. The term
"cyclic group" means a closed ring hydrocarbon group that is classified as an
alicyclic group, aromatic group, or heterocyclic group. The term "alicyclic
group" means a cyclic hydrocarbon group having properties resembling those of
aliphatic groups. The term "aromatic group" or "aryl group" means a mono- or
polynuclear aromatic hydrocarbon group. The term "heterocyclic group" means
a closed ring hydrocarbon in which one or more of the atoms in the ring is an
element other than carbon (e.g., nitrogen, oxygen, sulfur, etc.).

As a means of simplifying the discussion and the recitation of certain

terminology used throughout this application, the terms "group" and "moiety"

7
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substituent, t he descri bed chem cal material includes
the unsubstituted group and that group with

the chain as well as carbonyl groups or other
conventional substituents. Were the term"noiety" is
used to describe a chem cal conpound or substituent,

and ysed o differdmsintethetwecnctheniicd rspems dhat allostox FHbsHigEen pp

be i ncl ude F t.h '
it BT s CHBe sk SpC R el ool Bt
hhedb QERRAL. at ik wheRsid ththen aup'slu eBed® dmtrmel a c]r&hh(ydl

[, r butyl, and the i but alsoa{lﬁ

gubﬁl‘%‘ﬂﬂn&ém desoubed ﬂg:rrflgaltnpfpgenaj, inshydes thennsubstituigd grouprnad
3{1&8&011%‘?;15]%‘%0& e?(i QX% 0 A KO%Y o H ah&h? UYhi %ple qﬁ‘ k1RO Rin

am’nd, ’carb
" vkl as Gh DAY grﬁﬁlbsudﬁﬁh@tobﬁf/er@bmlmabsthmmml wues the term
nitroal kyl s, carbogxyal kyls, hydrox

| k
Smaiess] wwsgd togdeecriieg (niGlEPARHL Sﬂlﬁ%tsfﬂ?ﬂt a%8Y ) ky|
s&t;s¥1tut LBl daﬁ Labd ténﬂ@%l Hﬁlﬁé’iﬂcl‘&ﬁe(? Nkt dRefPle) BRN

chain sa ur a rocar substi tuents, such
ashraset"hikyl gretibtyis 1ntpndmﬂytb lndlmietndb onl)yl purappent dhein sakmateds

used h re559@§@§WP§m§935%ﬁGE%gh%fa% ?g%Q&Ptrﬁgﬁﬁdeﬁd?he

béttals%fhtlkﬁ elistRfierfs BaRkiak firfer FEMAthRAIsUGSwatinele art,
e ements inaddition to a netal. Typica

neich ks byiroey, mlhmgyc@hﬂeuﬂml,ummgaa atons, eyappenifigy amino,

limte ta met al.

SRS sl e AU e kg el BRL S HBRelR Bltoaliyls,
t éh%cﬁ@falkrﬁwﬁ)y&@iyam@ﬂ@suﬁﬁﬂkﬁs ité)gOh dycesther matlytie phizae
are not [imted to, netals, neta] oxides,  netal

siallksd snoéesy” larmm&slrraltheamcbﬁ@ntqﬁ aplygyure gRen cham abyeater

“alk 10 s&4but dth
dé?cc ang GQL Stl méan ho%sgrﬂiérlyno%e fwcg)r%lyone ° 1311 de

th@ln_ the tern1"conpr|3|ng," mhleh IS synonynnus

\(/)Mptea ellﬁg gl%fd%&n gn C 2 n agé(lg!g‘u% élseci to repe(r: toug m\é?enal typically
a compound or a layer, that may consist entirely of a metal, or may include other
elements in addition to a metal. Typical metal-containing compounds include,
but are not limited to, metals, metal-ligand complexes, metal salts,
organometallic compounds, and combinations thereof. Typical metal-containing
layers include, but are not limited to, metals, metal oxides, metal silicates, and
combinations thereof.

As used herein, "a," "an," "the," and "at least one" are used
interchangeably and mean one or more than one.

As used herein, the term "comprising," which is synonymous with
"including" or "containing," is inclusive, open-ended, and does not exclude
additional unrecited elements or method steps.

The terms "deposition process" and "vapor deposition process" as used
herein refer to a process in which a metal-containing layer is formed on one or

more surfaces of a substrate (e.g., a doped polysilicon wafer) from vaporized
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addi tional unrecited elenments or nethod steps. The
terns "deposition process” and "vapor deposition

wEe@ceexs'’3 as used herein refer to a process i nPEINUSIN0E024996

netal -containing layer is forned on one or nore
surfaces of a substrate (e.g., a doped polysilicon
waf er) from vapori zedprecursor conposition(s)

hie6lr6k ddenpRRRion(s) imtelingbed eranoteanethlrgpntzonpg goripounds.

pecifically, one or nore netal-containi ng conpounds
Spasienyor pmc TR AT OIS SRR B GBRYRETE G h

glgeecté)d to' FR for %B'ﬁtgﬁg@ Withfond of Hﬁﬁ’bé L@tRed 6F Hsubstrate (e.

m conductor substrate or substrate assenbly) pﬁéced
sdmiaomtpas istbstratecdranberate peinbly) placed e dappsitioachamier.

e
{i#ef % ﬁgggtﬁﬂ';% & ®eAhBbI NG ARYESlatde, thigusiishigesds) of

e. For the purposes of this inventi?n, t he
tertaningdpyer odéposirfacels) pf e sulstrates Tios diapwrpesehel thife
bot h.chem cal ,vapor, deposit] o ' i :
OBt S Al 0L et B bR B REE Ina e cmical
lv@ﬁ’cﬁrde?@d@@&i HrobRs @ (QeBRBes pulséhammded] vipgraleposition
deposition" (CVD) as used herein refers to a vapor
grgsesses)i avd aaic LT ARRASEIN RIACESHSsi red | ayer i s
deposi, b f4 e fhfers t
netal-@gg?ggk%ggrg%ﬁ%%%%dgjygggggﬁgq%eactigﬁ %ggggm
dsgskition irbéess avherepotietdesinedclhperbe depaisitéd erothefsployirateviioe
to separate the reaction conponents. In contra Rw¢hn%
vgpOfiFica ALRIISOPIAFHRE SOPPAMNCE KK FS A SABS IR A
ﬁ%gablitﬁcﬁf EaHH et b a8 RARGH S8 rate BiEIREdionWasnpdRehtaNIh
reaction gases, "pulsed' CVD alternately pul ses_these

raheast & & "simpls" CVD deysess thatgnvelemibe substanialgpealtpraous

ri gorously avoid intermxin . reG "

st P C e rmiR ot Ay PschOF GO HISAN CIB |
|aﬁ¥1%%te@ﬁ$ﬂ§éstth&€ n@fterfllDinfslitealepsaton thagtbeatbet dokstrat |
bel ow).” The term"aton c | ayer deposition" (ALD) as
wigetbusbr asioid médrevgng of Ble\pagrgFsoy éﬁ&qat:‘il%gaﬁrs EHES S

Vt\diji)igardlyd&%%sﬂ.l SRR ?&9811 &&dosi@i%ﬁfo? ) ¥di@uBled iR tdater @btail
below).

The term "atomic layer deposition" (ALD) as used herein refers to a
vapor deposition process in which deposition cycles, preferably a plurality of
consecutive deposition cycles, are conducted in a process chamber (i.e., a
deposition chamber). Typically, during each cycle the precursor is chemisorbed
to a deposition surface (e.g., a substrate assembly surface or a previously
deposited underlying surface such as material from a previous ALD cycle),
forming a monolayer or sub-monolayer that does not readily react with
additional precursor (i.e., a self-limiting reaction). Thereafter, if necessary, a
reactant (e.g., another precursor or reaction gas) may subsequently be introduced
into the process chamber for use in converting the chemisorbed precursor to the
desired material on the deposition surface. Typically, this reactant is capable of

further reaction with the precursor. Further, purging steps may also be utilized
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consecutive deposition cycles, are conducted in a
process chanber (i.e., a deposition chanber).

wagproadery, during each cycle the precursor i SPCT/US2006/024996

chem sorbed to a deposition surface (e.g., a substrate
assenbly surface or a previously deposited underlying
surface such as material froma previous ALD cycle),
feiny eugh aycionoray®e aacess precomsepfiayethe prrsessdbembapand/or

readily react with additional ecursor, (i.e.
KRNI g A Py om P BPE B TOTF ooy dRyrber
Eﬁ%%ﬁ%rsi% % the GRS edYrBEHETO Futher] #RGEINOTatG@AL) lay@y
subsequently be introduced into the process chanber

flegositiom, | as uwsehienetn, isplsdpeart éminsBids @Epgspes desigtateddy he

desired material, ,on.the deposiiti a LY ,
(el feameruri of Bt e SRRt ey SRR R Tt
9%1%@# $81 F) Flee S Pat@it Ngl. BE 5628 $0 Arleralan) niidecular beam
utilizedduring each cycle to renoye excess recgggor

epitemyt (YEBIP), geesnsresiBibe pr eiganpetrliisdtete MGa% AEaR ¢

and/ or_.react]

Sy S A R S S

Eéali:tih@gas, hieplige (e. 3. atrerticarreaygas. deposition,” as used
erein, is also npant to, includ rocesses desi.qpated

by 1 elARcomRIER 1638 YEle HERAGH XaporSPaVIaR SrD) RS e

bd Ration BN Mhr&dkd Alhys fof ¢&@eortkoBof

ﬁ@%%@&%%@?@ﬁ%@%@ﬁ%%%,%ﬂgﬁ%rb%mﬁ

epiet thigknehBiRd copgmsiionbyscliBmiting layey sisoitaad misinyams

nd, chenmi cal , beam epi taxy when perf.or |

L
[ERGThiUBe AA®re ANALDWr&Ad4ses Bethoil BE Hépcsitingiefiln gas widks
conpared to the one cycl e chem cal vapor, deposition .
(VaNBly of reastivs sunfires,|inplgding aurtases Wﬁthr%{‘r’?g‘ilarct?g‘i’% apljigs. with

rocess allo for. i : i t-hirckness
GO Saier R s Bl S ol LRI
iepbdiiiad AGHbEL sidiERteabpogationpirapleysicabedriondspdsition (PVD or
separation of the reaction conponents. The
SePiteringy t i ng nature of ALD provides a nmethod of
depositing a filmon a wide variety of reactive
surfaces, including surfaces with irregul ar

t opogr aphi €BRIFFt DS R B TEDBpOToVEIR GEGIARRS s

avai |l able with CVvD or other "line of sight" .
Figure 1 is a perspective view of a vapor deposition system suitable for

use in methods of the present invention.

Figure 2 is a graphical representation of degrees of freedom (x-axis) vs.
melting point (°C; y-axis) for various metal-containing compounds having at
least one B-diketiminate ligand, which illustrates decreasing melting point for
increasing degrees of freedom. Degrees of freedom were quantified by a method
described by Li et al. in Inorganic Chemistry, 44:1728-1735 (2005), and as
further described herein. SDtBK represents a metal-containing compound of
Formula I having zero degrees of freedom, wherein M = Sr (n = 2), R!=R°=
tert-butyl, R? = R* = methyl, R> = H, x = 2, and z = 0. SDiPtBK represents a
metal-containing compound of Formula I having 2 degrees of freedom (2

isopropyls), wherein M = Sr (n = 2), R! = isopropyl (1 degree of freedom), R®=

10
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deposition nmethods such as evaporation or physica
vapor deposition (PVD or sputtering). BRI EF

vi ew of a vapor deposition systemsuitable for use in
met hods of the present invention. Figure 2 is a
graphi cal representation of degrees of freedom
fors-Butly’s R>wsR* melethyigR o i[rhtx < 2@ndy-afi §pﬂflé repregents s

meén%éﬁ%%%?@?q 598 Fomnled By ing4toat S SR bm (4,
B%OE)SS ,g)?ﬁe?émf & $ﬂ‘ﬁr£®SRhg Kfegfsg@@pﬁf (eftd’kﬂ@@&ﬁﬂpyl having

_ ree om vver e eﬂiuant i f met hod
delegret béfrebdont), REE Bl = mi yﬂdbr-gblni’(c %ﬁ@ﬁﬁﬁ@ ySDsBK

44:1728-1735

a5 RPhisP R LR Gl Popesein

%%émﬁﬂl@ .l‘echﬁi%l@ﬂ %ﬁ@? @l@terse@? =0, meaaamecmm eeaoh M=
= Tert-nu

hy
)bu’@l haxidg 2 dﬁlg:femﬁrﬁdoﬁﬁpResé%tSIT’&t%t%l gtﬁt 2t r?Pﬂé b
nd of b f
C[iln‘gx} itb% ]%3111’[ €\,ﬁ gﬂsﬁld qvqul\é @?1(9%15‘&%5@ ﬁéreﬂlf_lnllié)%gﬁ)gé&l( "h(lel
Mﬁl@gepcﬁﬁtsffbleﬁd&ﬁ (1ﬂ51zq°ep tadSDIHK (§289° GRhave besnhy | |

R3 d
e lboiconoatoor 6 TS A T
eq{xr%ﬁm tgfoﬁ' SEREAR éS%F I3.8PA EﬂYéaﬁbn S@ﬁﬁr]?% n1M69,08, éntitted
I'Sopro each 1 sopr havi n degree
OUNSREMEFRIGRRL LIG{AN&S@WRCE& R&EIPECED:S‘QMI\EEERX = 0.

RO BN BB DR, o S5 i i wons

W@L@JE‘N@ 3 AME("TilEd Rdne 2B, 20 2 Ta$ Bleality bs (@ASIC.
secbutyl having 3 degrees of reedom) , R2 = R4 =

geDtShyI 4R_3 - H x 2, and z = 0. The nelting point for
SO Aty DD DTA N R s
g;aﬁ% H?\ﬁ%%ag%gg%mi%%g 55%%%16? q%}s@oﬁ% P-t@:ﬂ;egminate
AQanll afeddnoSm 1F2ttEfKa1(cs fesuch) c@“tam\bpdmn atqtadﬁsog@mlgg couapounds,
1tlllé %%?ke%?n%nat% Tltgané ﬁas isopropyl substituents on both nitrogen atoms, or
tert-butyl substituents on both nitrogen atoms. See, for example, El-Kaderi et
al., Organometallics, 23:4995-5002 (2004). The present invention provides
metal-containing compounds (i.e., metal-containing complexes) including at
least one p-diketiminate ligand, which can have desirable properties (e.g., one or
more of higher vapor pressure, lower melting point, and lower sublimation point)
for use in vapor deposition methods. The present invention also provides
methods of making and using such metal-containing compounds, and vapor
deposition systems including the same.
In one aspect, the present invention provides metal-containing

compounds having at least one p-diketiminate ligand with at least one fluorine-
containing organic group as a substituent. Such metal-containing compounds

including at least one fluorine-containing organic group can provide higher

volatility than corresponding metal-containing compounds without a fluorine-
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"UNSYMVETRI CAL LI GAND SOURCES, REDUCED SYMVETRY
IVETAL- CONTAI NI NG COMPQOUNDS, AND SYSTEMS AND METHODS

109. 5C. DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS
Certain netal - contai ning conpounds havi ng at | east one
b-di ketimnate |igand are known in the art. In such
eeiithiiiy depanin groepaMdalrtaitaining comppandsdeyingtégher volatility

b-dj keti m nate .ligand. has is opy, ubst, nts on
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bot h il aﬁd%ﬂ@rrbsgéc@,&ﬁe pre86nt ifRINtiEX gfmli@s nfdtal KadRidingt

al ., ganonetal I'i cs, 23:4995-5002 (2004). The present

icompntidshapingw est anetbadiketominaterligigd sotss lrgkons aliphatic

nmet al - cqnt ai ni n | ex i neludi

TR Ry eGSR G B S P

RUSRRNENE, BPher&n the alpheti® frolip iesehictdd tgheave ympier degrees of

pressure, lower nelting point, and | ower sublinmafi ofn
0

disiedom thasrthe serrespondips sulptipisst in tha Pribleghigyiaate figands

present .i.nventi. ' t ' d

Geftig MR AL oT B A ML AE T I oS BB e

?ﬁ)@xﬁﬁiatlivﬂ{bréiyﬂz%rTRA'  medthylj RY=trhend &te- R nisopwpabpelt = R’
e present invention provides t.al - cont ai ni

CO e Rk rﬁﬁta]fﬁ?m}t@&g’tg GHPOP ll?é(fr}gfﬁth%ltsgérpl jand

Véin&é%%ﬁhatle %g&ﬁd Rk aﬁie%lé’crdn@%ﬁl%@itt@énﬂhzﬁﬂng)g@:ﬁ%@i Be@EQUT as

a substituént. Such netal-containing conpounds

i fresklonli thay tht chmesponding shibstidednh o cesiatnainevmgnetalygenteining

group can provide higher volatility .t : '
e E BT e R o it Yo oS BRR A0
f deHQmi B GAh @A RMGRBInG o GidRU PethBionkaisiap ampbmgls
conmpounds having higher volatility can be advantageous

i mvehgdowet inelingwohde doyer yblimation Beiats Ao, A0 BRot her
aspect . the ent | t.LQn j

RSk  B R USRI MR E PRk exampie, et
becatdighg Bbmpsrds hgaing lowérmelting paiats aoe parﬁbmpﬂatuiswful for

5,045 Lor o0l a1 SISt B o B0k BB
9 %C&hﬁ/ R8P BlaRdnh & D rRAAYIB g MisEB1i8 MR LA ShH$ame temperature.
In addition, the surface area of vaporizing molten precursor compositions (and
thus the rates of vaporization from and heat transfer to such compositions) can
change at regular and predictable rates. Finally, molten precursor compositions
are typically not a source for undesirable particles in the deposition process.
Thus, for a given class of precursor compositions, molten forms within that class
can provide adequate vapor pressure for deposition at lower temperatures than
non-molten forms, under reproducible conditions, and preferably without
producing problematic particles in the process.

In some embodiments, the metal-containing compounds are homoleptic
complexes (i.e., complexes in which the metal is bound to only one type of
ligand) that include B-diketiminate ligands, which can be symmetric or
unsymmetric. In other embodiments, the metal-containing compounds are

heteroleptic complexes (i.e., complexes in which the metal is bound to more than
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wherein M is a Group 2 metal (e.g., Ca, St, Ba), a Group 3 metal (e.g., Sc, Y,
La), a Lanthanide (e.g., Pr, Nd), or a combination thereof. Preferably M is Ca,
S, or Ba. More preferably M is Sr. Each L is independently an anionic ligand;
each Y is independently a neutral ligand; n represents the valence state of the
metal; z is from 0 to 10; and x is from 1 to n.

Each R}, R?, R%, R*, and R’ is independently hydrogen or an organic
group (e.g., an alkyl group or, in certain embodiments, an alkyl moiety), with the
proviso that at least one R group is a fluorine-containing organic group. In

certain embodiments, R!, R?, R, R* and R? are each independently hydrogen or
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can be symmetric or unsymetric. See, for exanple,
U S. Application Serial No. 11/169,082 (entitled
"UNSYMVETRI CAL LI GAND SOURCES, REDUCED SYMVETRY

I s OO O

| y I n : o .
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falf:ﬂd)}’ ﬂF_emmjcd gionD iige- o RRIAPQIo GrApnERHCh %%9% H]@?Wﬁﬁ’ﬂ@’ils
0 ility. than gor ' - taL /i
Xlaﬁaﬁ?fﬁggg]\%ﬁ%ﬂguﬁuoa n%? E%%%ﬁg&c%ﬁﬁéog}uﬁgﬁg’ %}% Egig%?%e_ gr oup.
%ﬁ@%ﬁﬂgmtgand i{di gi@iCio Ao gidscbmuinmg dliphhec groop anid prefprably
can be advantageous in de it t hods. (.e. CVD
abnsormad sbapae<E s R 6
.0 A~ {-Fer. 1og, ) |, L, ¢
PR FHR PTG, O, MARLEL N MR PO TRty
aCHROHHROF g -C(@F3)2, FEE(CRel), -Gt CalLEEhEF natFofA A et Bof .

ek CEISE labpeRaarcr Bhoam Ghoe R ke oath v s

i ndepen Yes@nt AL @lariét%r gaBgonie Haapdse e litpanionic
val ence state of the netal; z is fromO to 10; and X
ilgzahdofh) in¢lodehal dgs hikRkideprougRgamige SrayRs, msrqagtide groups,
i ndepen

SHSREDTEILLL T4 P PR SSOUR o
MREREhateVirbips pemploiionste ighaips Ai-diketistinae groRpgraodip i s
acofrrllblilr?a[tilorr]lg :c}feggc}f.a iIrT Icen air? g1%€on .ir%egtrs,o Ilf I?s a ,3-ndiketiminate group
having a structure that is the same as that of the B-diketiminate ligand shown in
Formula I. In other certain embodiments, L is a B-diketiminate group (e.g.,
symmetric or unsymmetric) having a structure that is different than that of the B-
diketiminate ligand shown in Formula I.

Y represents an optional neutral ligand. Exemplary neutral ligands (Y)
include carbonyl (CO), nitrosyl (NO), ammonia (NH;), amines (NR3), nitrogen
(N), phosphines (PR3), ethers (ROR), alcohols (ROH), water (H20),
tetrahydrofuran, and combinations thereof, wherein each R independently
represents hydrogen or an organic group. The number of optional neutral
ligands (Y) is represented by z, which is from 0 to 10, and preferably from O to
3. More preferably, Y is not present (i.e., z = 0).

In one embodiment, a metal-containing compound including at least one

B-diketiminate ligand having at least one fluorine-containing organic group as a

substituent can be made, for example, by a method that includes combining
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amount of the desired product. Preferably, the components are combined under

an inert atmosphere (e.g., argon), typically in the substantial absence of water.
The metal (M) source can be selected from the group consisting of a
Group II metal source, a Group III metal source, a Lanthanide metal source, and
combinations thereof. A wide variety of suitable metal sources would be
apparent to one of skill. Such metal sources can optionally include at least one
neutral ligand Y as defined herein above. Exemplary metal sources include, for
example, a M(II) halide (i.e., a M(IT) compound having at least one halide
ligand), a M(IT) pseudohalide (i.e., a M(II) compound having at least one
pseudohalide ligand), a M(II) amide (i.e., a M(II) compound having at least one
amide ligand, e.g., a M(II) bis(hexamethyldisilazane) and/or a M(1I)
bis(hexamethyldisilazane)-bis(tetrahydrofuran)), a M(0) for use in a metal
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t et rahydrof uran, and conbi nati ons thereof, wherein
each R i ndependently represents hydrogen or an organic

represented by z, which is fromO to 10, and
preferably fron10 to 3. Mre preferably, Y is not
present (i.e., z = 0). In one enbodinent, a

rRtladnge eaatadmivith acﬁedrisommmatermbuahqmgplax (4-@as tin gp@plex), or
b-di ket.im nate.ligand having at |east one
fPFbHaHELYBREf ni ng or gani ¢ group as a substituent can

be mage,, ROFRERATA, ﬁndhﬁﬁnﬁ@ﬁéﬁ@éhﬂ régalodde srganic
conbi ni ngcompdnent s i ncl udi ng b-di keti mi nate |} gand

spourc(e. hami atigy] groupeasin esreinf nuhdimente. ol mfgetal}  JeiH the
Jov e Bicst 1950 ta B 4o ig LAY RS Bl AR K, ©

RISl Babotfadk, R “Wia6h acRastlRe LR SR’ amddi fif elﬂtﬂnnne—
than the b-diketiminate |i gand source havi ng at | east
cwataitingeigaRIC@eHPai ni ng organi ¢ group as a

subst i T

depr otr}c;)h%a é%o{% %&ggd%%) ft%n%){al é|Olgly ga"i’rgﬂg %\n&ldg Xe np@?f/)?onnt?tu%}ao
i(Fetgle$): conbi ni ng conponents including: a |igand
source of the formula (Formula I11): , a tautomner

t hereof, or a deprotongt?ed chnj ugat e base or netal
conpl ex thereof (e.g., a\tin conplex); a source for an
ani onic |igand Lg(e.g scri bed herein);

optionally a souycet™ neu aMY and Y (e.g., as
descri bed herein); and a (I\/p source under
condi tions sufficient tgd forI t he netal - cont ai ni ng
compound. Preferably, the conponents are conbined in

an_or [ At g ept ane I ' I
SPREFT M bt ot R B er e Tty 20 Perulet P BRG naSes PR B
aPflerb s@nesk th@rrfeﬁﬂiczi is @onR0 €O NV, QAL &k ffoanperat ur e
(e.qg., roomtenperature or bel ow, refluxing or above,

or an $owressifedb-diketimipgie ila@qﬂsél)avms@ EaWéWﬁt OFjpe-CpRAning

L B3 EOliRLati
R S R S
afcaBERee Fer &antple, eaérgpla)ry B-dylq@iiorhdty lipand sveres baviagef kahst
absence of water.

one fluorine-containing aliphatic group can be made by a method including

combining an amine of the formula R'NH, with a compound of the formula

(Formula IV):
2

R
3 =0
/—— N5
R* R
, or a tautomer thereof,
in the presence of an agent capable of activating the carbonyl group for reaction

with the amine, under conditions sufficient to provide a ligand source of the

formula (Formula III):

16



The netal (M source can be selected fromthe group

consisting of a Goup Il netal source, a Goup |11l
woreioalosaur ce, a Lant hani de netal source, and PCT/US2006/024996

conbi nations thereof. A wide variety of suitable netal

sources woul d be apparent to one of skill. Such netal

sources can optionally |ncI ude at | east one neutr al

ligand Y as defin her ei R' above. Exenpl ary net al

sources include,sforsexgiple, a MI1) halide (i.e., a

MI1) conmpound Ra g at least one halide ligand), a

M 11) pseudohal iHe (N_ e , a MIIl) conpound havi ng at

| east one pseudohalide Tirgand), a M) anmide (i. a
M11) conpound having at a@ta@n@nmn‘tlw@edfi gand, e g ,
a MI1Il) his(hexaneth Id| zane) and/ o
Breitibla R TNST? BRSBTS A PRLT GRSl bt Repgane,
Mlg)%‘k fdfé | bflesd, t?ﬁ%ﬁhﬁﬁﬁé@ﬁﬁﬁmﬁg%@@ﬁhﬁfg dohdifons, and
etimn te mét conplex (e.g., atin conplex or

aﬂmeahm ieoctsat & lvemespfent @amraﬁure (R, TPeIn temapergihee el ow,

5 5? 15%8%{}3%r0qyagrﬁl%g do ate @e@n %ﬁl%g%?lgc{lghlﬁh %F E%e to 8tm a
RS am‘&hﬁﬂbﬂtﬁ@dd@fr@& pﬁﬁubm Strefatabllyg alsd cdﬁm&)nﬁmg BOUP i S

a fluorine-containing organic grou cert ai
satybinedamdsr arRgert apnogRlera(c-Be AHONY ﬁ@l%%[h.‘m th %Stl-a\’&tlal

a R fl uorinecontaining organic group. The
ﬁgg‘:ﬁcgop@?\’o%des a metal -cont ai ni ng conpound of the

f or mulBach RIr Ry IRd, ]R‘) andvRé nsamdepd,ndmﬂMydmgenm an REphatiq

and R5 are ned above, res V.a

10 St ot BROTHERH) Prapyl s s 16 ety Bif
ttﬂe OV%%LH‘I%GC@ 12 @ onB o8 iHeat bifupaiea ﬂh&ﬁiéd&)n%ﬁhg ghlﬁiatw
I'east one fluorine-contagining aliphatic %nouzo as 5.
%nmli i Inurertincarbodenendsi R #Hmnd%h}?pﬁé)ne l9§ and R’isa

ndensatjon r ons.
R oI SR Ates, res Rl e B¢ e‘a@{e}‘%oneam
flrb@HENBamARbaicH @g:oainum@n c gr oup can be nade by a

et hod i ncl udi ng conbi ni ng an _am ne_of t {/ rirué
15 RINH wiFautomers ohponpings of Rermpuls pipgd Formula 1V fnchidesomers

in which a hydrogen atom is bonded to another atom. Typically, tautomers can

be in equilibrium with one another.

Specifically, the present invention contemplates tautomers of Formula 111

including, for example,

20 and

Similarly, the present invention contemplates tautomers of Formula IV

including, for example,

17
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(Formula IV): , or a tautonmer thereof, in the presence
of an agent capable of activating the carbonyl group

sufficient to provide a |ligand source of the fornmula
(Formula I'll):, or a tautomer thereof. Preferably, the
conponents are conbined in an organic solvent (e.g.,
hept ane, rtol uene, or diethylRether), typically under

m xi ng or I rgjgng condi ti@ns, Sand al l owed to react at
a conygni tenperature (1% roomtenperature or
bel ow, " re u_xilgg or above, ot apn_Lhternedi ate

t enper at uy ¥ _a length o y'me sforma sufficient

fod
anount oR the deBi redmﬁroduc]t{. Preferably, the
conponents are conbi ned under an inert atnosphere

(e.g., argon), typically in the substantial absence of
vt or ‘SUREBR oyt A5AEs CaReblel doRERtng 3 HEBPEHERN 1
qgadcﬁgﬁ G n a%‘in@l f&{)@}f ktﬁ)\&q{ RBUR LS kil FBhOY an(ffitn@])ﬁhe, for
BEOPYT . sopropy . butyl sec-%utyl, tert-buty), wth
teRemplepylicsiatih P agendt arlddastis acids (2.1 HE1R. dixempkry slkylating

Qg%%é ;ir%gﬁ%o Sgt%%{]olgg%u%!q%ggf?&cirélgg‘%t%g%@e%tpyl %l?fa{t%?trﬁgpreas,
1470 ghsbs 36.%! , YA G ORhRE GG e R, hith@rhin&{opu fhereof.
ccordingly, "the present invention also provides
| i gandAdbiiom saetel-cBotemingcampounts inchbrgatdeasteigdbunds

of, Forrmula 111. and Eaornula hV. inc i ' '
T R B R A e T Rl
L RO TR R aBple, @ﬁli'gz{hd&ﬁkihdﬂgb rédttiomd bdiweaea arai-berntaining
Specifically, the present invention cgontenpl ates
teautnered chidimmatreishong ﬁ-dm@eweﬂt%g,gaqd&ravgsgaa%a& one
imdarly, .t ! ' ' ; i
s solapfifEoRRERER . RERHCRN SSRALERPL ARG including
ex apl encSliffeht B ddetinvaité hgardg Sukk ao apetbpleryofiethod includes

activating a carbonyl . group for
combining cgmponents incl}(ldln% a co?npound of the formula (Formula I):

R% 1}1
N
< R3 < MY, Ly
N X
RY RS

and a compound of the formula (Formula V):

R9 llllo
under conditions sufficient to form the metal-containing compound.
Each M is a Group 2 metal, a Group 3 metal, a Lanthanide, or a
combination thereof; each L is independently an anionic ligand; each Y is
independently a neutral ligand; n represents the valence state of the metal; z is

from 0 to 10; and x is from 1 to n.

18
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reaction with an amne are well known to those of
skill in the art and include, for exanple, alkylating

wagenveeand Lewis acids (e.g., Tid4) . Exenpl B€HUS2006/024996
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al kyl ati ng agents include triethyl oxoni um

tetrafl uoroborate, dinethyl sulfate, nitrosoureas,

must ard gases (e.g., |,]-t higob' s(2-ghl oroet hane)), and
conbi Bath RhR? RAROR’, BB/ tR oRal anddt alsisdeneafientlyg

onpounds includi ng at.|east one.b- gdiketim,n .

P gaath sran gt eramatib e wrogior ok ElsREaPRR O i ¢
$FuBHRe-E& 2B R B Enic gfmp exAINmb B-diltinhin granigasdcahang én
reactions between a netfal - contai ni ng conpound
Foohuldil agd orovdadt haiealifergntictciiesat e | i gand havi ng at

| east .one fl uprine-cqntaini j
ot al T8 Ry BRR 0 A e AlAnCp Bl B rfhla
drédfnemnmy: b-diketimnate Iigand. Such an exenpl ary
met hod i ncl udes conbi ni ng conponents including a
conmpound of the fornuR; (Fo?Eula I): and a conpound of
the formula (Formula V)\: n-x under conditions
sufficient to for h | - cgnt ai ni ng conmpound. Each
Mis a Goup 2 netal,\fla C}qup4§ nmetal , a Lant hani de,
or a conbi nation thﬁrﬁoﬂg each L is independently an
ani oni c |i gand; edkh VY | i ndependently a neutra
ligand;, n represents t he M¥dlence state of the netal; z
'f

is fromO to 10; dhel from1l to n.Each Rl, R2, RS,
R4, R5, R6, R7, RS, and R10 is independently
hydrogen or an ofi groMp, with the proviso that at
| east one R group is orithe- cont ai ni ng organic
group; and the b-di imyate |igands shown in Fornul a
| and Fornmula V have different structures. The net hod
can provide a metal ; cgntaiRi GO und of . the farpula
(PN, T Y- R ke B oM B 1 R s g e el
Rfov&8: R9, R1O , n, and z are as defined above.

COMPOUNDS WITH AT LEAST ONE SUBSTITUENT HAVING GREATER
DEGREES OF FREEDOM

In another aspect, the present invention provides metal containing
compounds having at least one p-diketiminate ligand with at least one aliphatic
group (preferably an aliphatic moiety) having 1 to 5 carbon atoms as a
substituent, wherein the aliphatic group is selected to have greater degrees of
freedom than the corresponding substituent in the B-diketiminate ligands of
certain metal-containing compounds known in the art (i.e., compounds of
Formula I wherein R? = R* = methyl; R® = H; and R' = R’ = isopropyl or R!=R’
= tert-butyl). See, for example, El-Kaderi et al., Organometallics, 23:4995-5002
(2004).

One scheme for quantifying degrees of freedom of a substituent of a
ligand of a metal-containing compound has been disclosed by Li et al. in
Inorganic Chemistry, 44:1728-1735 (2005). In this scheme for counting the

degrees of freedom, rotations about non-hydrogen single bonds (including the
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COMPOUNDS W THATLEASTONESUBSTI TUENTHAVI NG GREATER
DEGREES OFFREEDOM | n anot her aspect, the present

WO paoeioleah provi des netal contai ni ng conpoundsPEEVE2906/024996

at | east one b-diketimnate ligand with at | east one
al i phatic group (preferably an aliphatic noiety)
having 1 to 5 carbon atons as a substituent, wherein
tshgletondhahitings sulptihentel ligand) 4o chavied. gH@‘H?\é‘?f, a single

e
ofa‘f%na.t BkHRd g‘f&[ﬂ’%ﬁl@@ﬁi‘m&m ak {3, dlBegrdiéd, becaise the

oun Forrmula I wherein R2 = R4 nethyl; R3
aemiﬂtR:g cha@s m B]SQJQY opght not h|ve muqhg,tnﬂu@r@pton ml)paclgg%

for e Kaderi, et  al

MBS or b oS u Shome T SR BReen
Q:%gﬁ@ 8§ aPhdditiRdassred opfrsadost, beciwst erehtiametsgambtof a
nmet al - cont ai ni ng conpound has been d| scl osed b%/ds | ﬂ?e

dhterdonvérhairigeindl deraperatuses speountered igdeppsitiop

hene f
P R L R i S A e i
tapgithais aﬂ@ﬂﬁrastxﬂta@im glger&nﬂ]?dhﬁ&lt uent to a |igand)

are counted. However, a single bond that only rotates

a met hyl rou aroundltSSfoId a sin
kiEﬁnBLEﬁat% egr@@%@f@@eﬁd%f&uamﬁ% tJOhE& lggyré géltu,elats

MSubshiderstxi s, are ignored, becdiéeba #U r elskirdl ngDeg'”eeS of

changes in energy m ght not |h Il ce d
crystal packing. A chiral c rg%oﬁag% i@.‘a;el.%?lg carebe n

afpm having four different substigtuent s) apunt § as @n

additi onal degree of freedom becauseienantioners
c@}hc(tneﬂryﬂ)er convert at typical té)frper dt ur &5 0

oot

en ef Hr—deposittion et hod fig abqye sthemg
v@mzeﬁgl)quantify degr ees| of ?lreedcmfg)r/ solre

sdgvhiuents, and the resultls ar@® given ih
Tabl e}%CY{%XMJE ﬁiA) Total De rees of Qgi,gdgm yanti-fied
f@H(BIth(hmplsopsl)bst i t uent sThe above ddscribed et hob

Fer—auantifyin rees—of —freedgnof @ sypstiyuent; of
aq}f{%%ﬁ%?%(’ﬁ@ll -cont ai ni hg co%’npound ig(pone

EXGTRIA)(CHBRPLPRE A bufgle Of 2 1 3
-CH,CH(CHj3), (isobutyl) 2 0 2
-C(CH,); (tert-butyl) 0 0 0
-CH,CH,CH,CH,CH3 (n-pentyl) 4 0 4
~CH(CH;)(CH,CH,CHz) (2-pentyl) 3 1 4
-CH(CH,CHj3), (3-pentyl) 3 0 3
-CH,CH(CH;)(CH,CHa) 3 1 4
(2-methyl-1-butyl)

~CH(CH3)(CH(CH3)2) . 2 1 3
(3-methyl-2-butyl)

-CH,CH,CH(CH3), (isopentyl) 3 0 3
-C(CH3),(CH,CHz) (tert-pentyl) 2 0 2
-CH,C(CHs3)3 (neopentyl) 1 0 1
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skill in the art will appreciate that other nethods
for quantifying degrees of freedom of a substituent of

used as desired. Such netal - containing conmpounds
havi ng at | east one b-di ketimnate |igand with at

| east one substituent having greater degrees of
freedom t han the correspondi ng substituent in certain

B el BB Pl SOPRRATE B 80 RS EER st
kYoM B bR h ‘ﬁ%‘?&l%ﬁ!aﬁﬁng? scsmpcsmﬁsS Bhd Exedipldrgagproacte One of

b-di kKeti m nate |igand, Metal-containing conpounds
hedill ivgthe evterillmppreRiaty the ather, methodsrfos q:lﬂﬂntlfbﬂng BPEBR At s,

oiieegiom %%Bst?ﬁe&ﬁ %;fgﬂé%l?@ggf‘ Pal @8&8@&1@ ry%gh% gﬂgd also

cyipedasidesnayi ng [ ower nelting points are particularly
useful for nolten precursor conp05| ons gdfguse t he

vapor Prddadiplecoptainpg cempaardshaging af aft;PélF SHIRing eer
tlli]%gxd%ﬁf at‘?éasf&%l &ﬁﬁerﬁ%abﬂg@éa%r'(ﬁgée%f - ER108AMED the

erature tion surfaceé area of
vepmespaiding subktiteentpu eertais knowo mptaiconoming emopavinds cathe

rates of v orlza fro heat transfer .to _su

e daFrrbanE paatsudios S e R e P uBtEda-

r &ﬁl@ﬁmng'(zﬂﬁb binds R & NedRt 66 NetiSRRIOREdndO Metdl €ontaining
typicall'y not a source for undesirable particles in

t brenplepds havieglopicowliing rihuts, lopver subligiatien peiniss or beth, can

eSO RRRI BN gL T LD sk

| @oRi-ch@apaigadotpeanddtarvinolowebehgfpoims arepattieilarly useful
reprodu0|ble conditions, and preferably with
AR GrsEEBT qugl%ﬂarwcew&t 1§ HeROK @r%ﬁ%e @g@oltﬁlﬁ one

aﬁjtg{?eﬁtals it Efglo%fl g&@ggr {n3y ?xgatt 'oﬁ Bnd2b R\ g@l?d matenals at the same

con oun aving at [east one
btedlipeedtim baidditiorg drcsunfatdamh of eqslrlzmgenslwmsmbttunmt
havi ng.

CHPRE gﬁ‘g t ert ‘gﬂg £ ?%etg%o Vi}fphlglg 1o (th Eﬂ%aﬁt transfer to such
n@(‘ilﬁﬂ)os?tﬁﬁts}"‘éaﬂi A8 SOPEHE Sind P&t S PAN GEnAIRE hiddien a

precursor compositions are typically not a source for undesirable particles in the
deposition process. Thus, for a given class of precursor compositions, molten
forms within that class can provide adequate vapor pressure for deposition at
lower temperatures than non-molten forms, under reproducible conditions, and
preferably without producing problematic particles in the process.

In one aspect, the present invention provides metal-containing
compounds having at least one -diketiminate ligand with at least one
substituent having greater degrees of freedom than the corresponding substituent
in certain known metal-containing compounds. Such compounds include a

compound of the formula (Formula I):
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Goup 2 netal (e.g., Ca, Sr, Ba), a Goup 3 netal
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conbi nation thereof. Preferably Mis Ca, Sr5or Ba.
More preferably, Mis Sr. Each L is independently an
anionic ligand; each Y is independently a neutral
ligand; n represents thﬁz valghce state of the netal; z
is fromO to 10; and x is, from1l to n. In one

enbodi ment, each /R1, ,R2, ;N and R5 is ‘
fé i tlcx group (€.g., an
[ i ments, an al kyl

|ndependently hy rogé
al kyl group or, i\n certai
nRgatoms with the provi so
and Ris g noiety

noi ety) havingltoSc

that at | east one of

sel ect ed fromthe gr oup COI’]SI sting of et hyl , n-propyl,
| m&8e E¥dup 3 BEAL
?%5{??5 PS§ pen bmé C(ngmd% Sf Bsd?bﬂu élpmat hylégzg ut)X
i $ap earﬁaylthantde (¢.gp Bntl\]/d), om@bmlanﬁmmthereof\lcﬁraﬁqubly Meis Ca,

Otk Efr Medagaebso b o e dr Le: Booberdsnt o ~Bid eped
E)@z‘idheig ROREERAdSHRSE hdub@NE SandRR répréénfs ey Mlce stiélofBe=

in the netal-containing conpounds di scl osed in
Emekddeisifrom 040 10; andgandiont htd hcs, 23: 4995- 5002

(2004) 014 nt,3 ga
and RSI?!%@? n%peng%h C%q%ngro%éﬁ o?dgﬁl%ﬁ%p‘%ﬁtﬁl C group

( @y@ogerddr 4l dﬁx{)hatgf @dd’ﬂp 0d.g., i alk@r graipog Iﬁfﬂ@ﬁtdilie BﬂhBodlﬁIénts
al kyl noiety) hav to 5 carbon atons,

preoikybmeiesy) h&t’lnlgelat§t5 SOOI, Vélﬂath%’f?‘ésoathﬁb?té?aft one of

; ;RIZ%S':, ?/ﬁd ﬁg %EQ r& 9?5"(6 8 ocfg(;;}f/l :tl*?é ?nge QSnSFS’uB% QR htfyl n-propyl,

3igoerupyl, n-lﬁbtyie&dzryﬁutjrl }sbbnnty] - @ntyé,tﬂayd:rﬂ;jduﬁ-yjemyl 2—methy1 1-

S TR e DAL

f hRRARINIER 9n theﬁﬁm%%r%hp bhalvd ﬁl@h&Q{uﬁﬁﬁm s of freedom

substituents = isopropyl; ‘or,

t &£ Begly 1) thatl e qrstesponsiong %mbsﬁltngnts: (Rrpoﬂn a*sm@thﬁle pesRY=
( %Cﬁ h}éanqe A con%alr% ng' co%gu%d%rﬁ?scﬁ)lsle& B 1%§d 1‘1935311 5002

Organometallics, 23:4995-5002 (2004).

In another embodiment, each R}, R%, R?, R?, and R’ is independently
hydrogen or an aliphatic group (e.g., an alkyl group or, in certain embodiments,
an alkyl moiety) having 1 to 5 carbon atoms, with the proviso that at least one of
R' and R’ is a moiety selected from the group consisting of n-propyl, n-butyl,
sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl. Notably the moieties listed in the above group
all have higher quantified degrees of freedom (e.g., Table 1) than the
corresponding substituents (R' = R> = isopropyl; or R' = R’ = tert-butyl) in the
metal-containing compounds disclosed in El-Kaderi et al., Organometallics,
23:4995-5002 (2004).

L can represent a wide variety of anionic ligands. Exemplary anionic

ligands (L) include halides, alkoxide groups, amide groups, mercaptide groups,
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L can represent a wide variety of anionic |igands.
Exenpl ary anionic |igands (L) include halides,

groups, cyani de, al kyl groups, am di nate groups,
guani di nat e groups, isoureate groups, b-diketonate
groups, b-im noketonate groups, b-diketimnate groups,
acghnideyrblicplogrowpss amitiraie Eroups, seniditiate @b iseurrels Sroups

AU ot PR Bl . P e WhBhn g

FedAbihatidns thdrBofO A @értaﬁﬁ eﬁlab@mmounm ﬁtcsketimmsteagroup
b- dlket|n1natez3rou ., Sy MELric or uns ymetric)

hbaninga straatyng dhai isthe ﬁ%me a% that «Pﬁtbe Brﬂlkqtmﬁaﬁe Hl&fm% phavein

Foxmulig E | ﬂi' &ﬁ‘ér ce{'t!al% ﬂ?ooﬁﬁg Saan]]S ia&éﬁ%@e nate %ou]gl (e.g.,

represents an optional neutr

n @ydﬁﬂnamCldl gamlsméﬁﬁ):) hadhglal etnmmbmm lis diﬂ@@lt thiah thoes if the p-
ammoni a NR3) ni trogen (N2),

pﬁ%ﬁﬁi‘fﬁ’é‘f‘sh%apﬁéljlow’é%@?@‘ﬁ al cohol s (ROH), wat er

(H2O), yig feﬁ%&dl oﬂ{foﬁﬁl &%1 ﬁgaﬁl:e 'E%Eﬂn?ﬁ?%haﬁfa?%ands Y)

wherein € ependent |y Tepresents hydrogen or an
oighniecadooyin COJheitrosy{NO) odmmphiadNals), rateumrsa(NRai) guaimelzsn

( IS represented. b and
P atngs GRS SstsaRaubh alins g Qi dEoxt

PER@BMrofura and orbPhtior tRAGE Wl’i@f&ﬁ@i&h R thdependently

netal-contalnlng conpound |nclud|ng at | east one

bafirkoents bt duaten P goergamic erpn Theawmbsnef enitosel nawat
VI r}gég 51 %artn]grre d beyielsj éﬁ{lcﬁ {s%o%)p]té ha rhnh%{?]eferably from O to

In cer

nBI More@fﬁfémbﬂlyw 1§ﬁﬂmamis(1@;arz =b@). made, for exanple,
by a nethod that |ncludes conbi ning co n qﬁs
i ncl udithgneemRasimeert rnvialcopiapingcammad glpdng et leayope

Eedll?éfﬁ%hbtg gﬁd RN i Eﬂza&ro‘ﬁ@ts&;stl%ﬂ{ Eﬁ@né)éregﬂé?@é@&st&an
t he correspondi ng substituent 1 n certain

méteedone ﬂmha]nmmr@spmmmgmﬁbsutuantmbaitam kuowa memeptqootaahhg(
a source for. an gand Y, g g a so Ir.c é

S APBRPS PRI, & e hBOL uie TEMART ponBinfie

t BaRpbhgtandhlpkia- &ﬁ%@miﬂa@ﬂ@n& Qb8 vidhiah 1kt dikast
one substltuent havi ng greater degrees of freedom than

t h@bs@men’e]gqymgjgrn@tels@mqqstqﬁ &igedom than the corresponding substituent

in certain known metal-containing compounds, a metal source, optionally a
source for a neutral ligand Y, and a source for an anionic ligand L, which can be
the same or different than the B-diketiminate ligand source with at least one
substituent having greater degrees of freedom than the corresponding substituent
in certain known metal-containing compounds. Typically, a ligand source can
be deprotonated to become a ligand.

An exemplary method includes combining components including: a

ligand source of the formula (Formula III):
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in certain known netal-containing conpounds.
Typically, a ligand source can be deprotonated to

whewone623 | i gand. An exenpl ary net hod i ncl udesPCT/US2006/024996
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conbi ni ng conponents including: a |ligand source of the
formula (Formula I'll):, a tautoner thereof, or a
depr ot onat ed conj ugate base or netal conplex thereof;
a source for an aniRanic Iighnd L (e.g., as described
herein); optionaldy avsonice for a neutral ligand Y
(e.g., as describe erein); and a netal (M source

under condi ti ons I5uf (cignt to formthe
nmet al - cont ai ni ng c%% oun >RPreferany, t he conponents
are conbi ned i n anorgani ¢ sol vemtaufamey. therpefponme,

t gl uene r diethyl ether), typically.under m Xing.Qqr

s eaionyed bord heiise Ok A e by ey 480 e iy th Midtic

C ﬁgémm; &f‘% dseRp@THRH Wefif)e oftionall9 A¥LEREBE Addikal Bfand Y
efow, refluxing or above, or an internediate .

t Empesadeseriipd hovein); pushgymietad (M) serrce Bndes cpmditiony suiflagiento

aﬁPrHlnthe %{etatl-lggntglﬁl?ﬂ r@o?nelg)ru%g.l‘l ﬂefeﬁﬁﬁrf ﬁ{eacBl on Iﬁﬁ are combined

conponénts are combined under-an rhert a nosphere

( & %h orgatigoslyent (¥ pi, hapthiye, tdluédep osdibiilyhetherd) typiosiéyoeden

water. The netal (M source can be selected fromthe

gFBXpE ebsfuTiag popslitiensgars igyvadto geachpt aeniv e entiempeajyre

I t i

B oo SRBURR. oPpliBR RALRE dTRbRs, oM e

s cpeesunapior d 1oetiappament farm osefickntsondunt oBhelestetda

sources .C ti,onally include at |east one neutra
e vasBBt RaarRbnens e na ey 8 Seflarh Bhere
Sl %.Cﬁ%oﬁ)ﬂﬁlpyﬁﬁ if B sayanmlaabandd dfiwatbal ide (i.e., a
N?f § conpound KaV|ng at | east one halide ligand), a
M11) phemstshaV) deurcs can be selagtad) foms dheperawe consisting ohe

| east Qne ' i i [

VTP BaRBIRICR AT SR A gl ou M Bt 1 oo ot
acdbinhtidrisshdrexfaretigd ehrkty aizaaitedle amddl cbuedyblild be

bi s(hexamnet hyl di_si | azane) - bi s(tetrahydrofuran)),  a
MeRyargre o eisedfiskilh SHebapetaheoMEnTy eatt arttone lrwﬁ{d)ﬁ ajleast one

b5, dik LA 0LE dBBI R heSQHRbE%. (Hrethplard nlétdl SERTBY EXdude For
example, a M(II) halide (i.e., a M(II) compound having at least one halide
ligand), a M(II) pseudohalide (i.e., a M(II) compound having at least one
pseudohalide ligand), a M(II) amide (i.e., a M(II) compound having at least one
amide ligand, e.g., a M(II) bis(hexamethyldisilazane) and/or a M(II)
bis(hexamethyldisilazane)-bis(tetrahydrofuran)), a M(0) for use in a metal
exchange reaction with a B-diketiminate metal complex (e.g., a tin complex), or
combinations thereof.

In one embodiment, each R!, R?, R?, R* and R’ is independently
hydrogen or an aliphatic group (e.g., an alkyl group or, in certain embodiments,
an alkyl moiety) having 1 to 5 carbon atoms, with the proviso that at least one of
R?, R, and R* is a moiety selected from the group consisting of ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, fert-pentyl, and neopentyl.
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conbi nations thereof. I n one enmbodi nent, each Rl, R2,
R3, R4, and R5 is independently hydrogen or an

wa@bdophers7x group (e.g., an al kyl group or, in PEF/USI006/024996
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enbodi nents, an al kyl noiety) having 1 to 5 carbon
atons, with the proviso that at |east one of R2, R3,
and R4 is a noiety selected fromthe group conS|st| ng

of et hy anqﬂaqyreo@gbkil,mmowb BYIR%, B Rt yhd RS escindenpeoptently
t
SR o1 A PR SRR §§ B2 3Y Bl 5F b S spin cmbodiments

fan taﬂpfgﬁﬁlbielty) 1RARE eNERPER YN 4tBmaNekBle pRoASSHHAE At least 86810f
R4 and R5 is |ndependently hydrogen or an

alRi p;hé& & @mw@’ ieéecged from the gryaup gomqém@rof niopdy vyl

LRy - B0 by By i

| $)u@11 rmjpeﬁtyy] 31ﬁﬂe@»t.gelnt§zr om t he group conS| sting of
7-propyl, r-butyl, sec-butyl, isobutyl, enty
2- pent lhe n@Il}pél,ﬁrwldeQa m@tql,ypnqalmlwog;mpougd ﬁ@?hc?yﬁongula
mlgl&égfnu ﬁppentyl and r -pentyl. The nethod provides a

al -contai ning conpound of the formula (Fornmula I):
wherein M L, Y, Rl, R2. 7R3, gR4, and RS are as defined
above, n represents the“wal emce state of the netal, z
is fromO to 10,ecnd x is)Nm1 to n. Sources for

<.

b- di keti m nate li{ga Ma&gkt , one substituent
havi ng greater degrees of gedom t han t he

correspondi ng substit ueﬂ\ inleertain known

nmet al - cont ai ni ng conpounds cBn be made, for exanple,

usi ng condensat| o reagtl ons. For exanpl e, exenpl ary
leemm Mrila Xt ') R é?ndRs aod Be@rm\deﬁgembqvea@ tepgerents the

sub aPEg“%\éﬁ% él?qu tlgel%r %fdsx f [ el\e[g%rn t han t he

certdarn novvn

rret aI - (S@ﬁﬁcask fdir@%lﬁ&l@ﬁﬂf&ﬁgaﬁdﬁlhmgmd&sb&neﬂsdﬂi&ﬁﬂil@ﬁt having
i ncl udi ng conbi ning an am ne of the forpula RINH2 with

a BB daEgeor! fifr?éomothm fhe coprssnenliae syystitueng jn gertain known
t %ﬁ%ﬁtﬁrpﬁé g&ﬁpounds can be made, for example, using condensation

reactions. For example, exemplary B-diketiminate ligand sources having at least
one substituent having greater degrees of freedom than the corresponding
substituent in certain known metal-containing compounds can be made by a
method including combining an amine of the formula R'NH, with a compound

of the formula (Formula IV):
R2
3 —0
R Q H
N
, or a tautomer thereof,
in the presence of an agent capable of activating the carbonyl group for reaction

with the amine, under conditions sufficient to provide a ligand source of the

formula (Formula III):
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in the presence of an agent capable of activating the
carbonyl group for reaction with the am ne, under

w@onvdioodeans sufficient to provide a |igand souPCEUST006/024996

10

15

20

25

the formula (Formula I11):, or a tautomer thereof.
Preferably, the conponents are conbined in an organic
sol vent (e.qg. heptane tol uene, or diethyl ether),
typically under m RZng or Bllrrlng condi tions, and
wlmmdtoremtata%qwauantamaaune(eg”
roomtenperature’o eIomL refl uxing or above, or an

i nternedi ate tenpErature), for a length of time to form
a sufficient anount4 eRdeS|red product .
Preferably, the corponents aroe adortmecticerfier an i nert

BEERRAS e bipdonenfy e RbinbS ot Foerbetil soliEplE g RBis®
RéblucaB dorla@eth}‘il éﬂﬂﬁlf @ﬁﬁgﬁfj’tdnﬂeﬁ&‘lﬁﬁ@@ 8NstRfing@ Bordlitiphabhd

group ( an a group or, in certain

eaﬂbvfmdrte m@a@t a%cmawnmme@ryyurﬁm .NEOm {eBPSTatEe 96 Relow,
a][:]egln‘%{dlg O§ EO ! hlglé 1’1 11’1 el 3 O {apeatte t‘Lﬁ‘ Qﬁ]&l ﬁ%ne B?form a

VIS grou conS|st|ng

Ofufatidyd am&In‘t pf ﬂlﬁﬂemredslﬂpdm.yl)refﬁalbiyt thee compondits yie,

i sobut yl , pentyl, pentyl , 3-p%ntyl, ) )
20¢mb1n9¢ umclsm@y nnertaawmﬁre éwwr} » g3l iy fhe substantial
%Tﬂkéémfand neopentyl. I n another enbodi nment,
eac R3, R4, and R5 IS |ndependently hydrogen

or an &l mrmrmmbadngemwnché{ gR?, I&nR%;IaIngl[R gs mdppandentin

C ain enbo nts, an alk havi
R B RS Rb R P (o o] Vet B B el EmbOgRents
aaﬁi a1B§1 #ndiel)) IHM%%M 568 @efRthtéhOWithBe PrRU &@ﬂ@clléatst Bk of
t prop% utyl, sec- butyl I sobutyl, Fentyl

2Rp,eRn; ¢ihd R 3ispenoigty, setectasitfhyn thelzrpup gonsistingef ﬁshly Jgpropyl,

i SRRy B oL kbt TR S el 2 et 1
| OB BSmEtRyMIbatyldsspetydgen-phinand neopwhed. t o anot her

atom Typi call tautoners can be in e ui i brium wi
one an g%/ E@ﬁher e%xbodlment each R(P L Rg R, a R!S 1S mdependentfy

hydrogen or an aliphatic group (e.g., an alkyl group or, in certain embodiments,
an alkyl moiety) having 1 to 5 carbon atoms, with the proviso that at least one of
R! and R’ is a moiety selected from the group consisting of n-propyl, n-butyl,
sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl.

Tautomers of compounds of Formula IIT and Formula IV include isomers
in which a hydrogen atom is bonded to another atom. Typically, tautomers can
be in equilibrium with one another.

Specifically, the present invention contemplates tautomers of Formula III

including, for example,

R2 ) 1 R2 /Rl

3 >‘N\ 5 — N
R ——< R H
. :N\ s A >f—N\ S
R R R



wexampbdw7Ssi mlarly, the present invention contROPUS106024996

10

15

Specifically, the present invention contenpl ates
tautoners of Forrmula I11 including, for

tautoners of Formula IV including, for exanple,

Sui tabl e activating agents capable of activating a
carbonyl group for reaction with an am ne are wel |
known to those of skill in the art and include, for
exanpl ,.alky ating .agents and Le

T Q aySitn ¢ RS 1R ftien 88%8@8% PRt Mitnuta v
lhagg@%nggﬂmmaktetrafluoroborate di ret hyl sulfate,
nltrosoureas nustard gases (e g.,

I |-thloﬁls(2 chIoroethane))R.and conbi nat i ons

t her eof . oenal netal-%pntakﬂi@g conpounds

' | east one b imnate |igand having

freedom h the,sorrespondi ng/substjtuent in certain
known ne I-contglnlngl onpouhds can be nade, for
exanple by |'i gand exchange reactions betmeen a

net al - ound i.ncl udi.n

bl kb D A i AR H AP TiDe of S SEHGFE & PN i e

hRyiie wiEeat Shindess .8 kabwh ieeRedbt it Me art and include, for
correspondi ng substituent in certain known

n@taaiplfc ohvkitingngents apdLivis, aciul de-a- fitla). dorrmanlpyragkylating

nﬁ% ane H%llent?tegzy Q%gnudn e%%ﬁhor%ﬁ&gﬁéé% ﬁétﬁgl sulf?‘he 1&1trosoureas
i mabtmeg,es@qeg;nmeﬁmmwham) udil ogmbinatiomotiadonf
the formula (Formula 1): and a coéﬁgund of the fqormula

( For muf\@ditin tﬂ-@@%@‘ég ceppayads dpduding £t lepeRee Po
f
Z&ﬁ%gr{h{&{?l?teg}?%ﬁ% B%\‘ﬁgé a féb{i Qn€ HMRAURM: n&Ae gr%l’ﬂeﬁ A& EsUHP

a Lant hani de,
Cﬁ%ﬁioﬂalﬂlhmﬂletdoenemﬁndlmubstﬁuerﬁ i nﬁamehni@ml tr;ptaé-rq;ontammg

anionic |i ach Y is i pendent|ly a neutr

e he o Bedate SABBlLPLREENC TR R Br e

| Siefal OMtBniR cl)glpoﬁﬁg 1ﬁ§:hhc§ Féﬁtqgésﬂ- oh®p-RiketithiR41€ ligand having

enbodi nent, each R1, , RS, R6, R7 R8, RO,

agtdedRl Ong glbstltuent havmg greater degrees of freedom than the corresponding
substituent in certain known metal-containing compounds, and a metal-
containing compound including at least one different B-diketiminate ligand.

Such an exemplary method includes combining components including a

compound of the formula (Formula I):

RY RS

and a compound of the formula (Formula V):
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i ndependently hydrogen or an aliphatic group (e.g., an
al kyl group or, in certain enbodi nents, an al kyl

woreienys7having 1 to 5 carbon atons, with the PCDUSD06/024996
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that at least one of R2, R3, R4, R7, R8, and RO is a
noi ety selected fromthe group consisting of ethyl,
n- propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
n-pentyl, 2- pentyl, Sjg@ntyfi 2-met hyl - 1-butyl,
3-nethyl -2-butyl, isopentiyl,l tert-pentyl, and
neopentyl; and tEe b di kernt mate |igands shown in

Formula | and Fof nmulRa datx structures. In
anot her enbodi ment, each NRZ, R3, R4, R5, R6, R7,

R8, R9, and R10 is ind ndngly hydr ogen or an

al i phatic group (e.g., an al’kyl group or, in certain

emhrd hm@%@stsam@&ﬁxé £OYRI 8L }ﬂetaﬁ%l%hﬁgﬁﬂg témboul bon

atons, W he proviso that at |east one of Rl, R5,

R6, and R10Each M isei@oyp & ahatdt @rdupchimetsd agraniipnide, or a

cons,i.sting,of 7?-pr | .. n-hutyl 2c-.b [ L. Jtyl,
STy iontsSisef ot C8Yipunpneht ap FGRO kg e PR Y
31'11@'%3%}21&11&32& Rl 1ighrs) ReBirdentsXnél vilefide @B bY the racal; & e
b-di'keti mnate |igands shown in Fornmula |I and Fornul a

VirpranfetodiOf ped it fremrlufiéttur es. The net hod can provide a

met al - gont.ai N i 3he4 for puIl E 10
) - wnBr RS BRI B, HR I R, R W R i
R\defRbdentlynhydaogenzoramenlipBatibedrometb. apavalkyl group or, in certain
OTHERMETAL- CONTAI NI NG / N Precursor c ositio

t FEPOIFEP ISR %{kﬁevaue_tya SAvaEn its_g)g CERARBOUAE® (TICR (oF REY ot
abt |bRPShe ONE REdRK U {F nal R°hd HaRkE 8ot #ERItHE gfddb
deposi ti ng métal containing |ayers using vapor

depwsisting ofietirgl, haatspylj isaptdpyl oibutydueh-bupososporipentyh 2-

RS 588 S Rab L PRIy SORRZH) RO

CRETRAIYH Sind BER-dMcBEIA SO o SRINRRSA IIORGEAN] el Formula V
deposi ted/ chem sorbed, for exanple in an ALD process

dhasekSagniwuetvred. | y bel ow, substantially

simul t ANGOWS) Xmblolifn G, AEARETHA B8], RO, RY BE, Y, ROURGK s
independently hydrogen or an aliphatic group (e.g., an alkyl group or, in certain
embodiments, an alkyl moiety) having 1 to 5 carbon atoms, with the proviso that
at least one of R!, R®, RS, and R'? is a moiety selected from the group consisting
of n-propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-
1-butyl, 3-methyl-2-butyl, isopentyl, and fert-pentyl; and the B-diketiminate
ligands shown in Formula I and Formula V have different structures.

The method can provide a metal-containing compound of the formula

(Formula IT):
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conposi tions including netal -containing conpounds wth
at | east one b- diketimnate ligand. The netals of

W@ eoh/oedefd er ent net al - cont ai ni ng conpounds canPCTUF200€024996
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for exanple, Ti, Ta, Bi, H, Zr, Pb, No, My, A, and
conbi nations thereof. Suitable different

nmet al - cont ai ni ng conpounds i nclude, for exanple,
tetrakis titani umisopgpoxide, titanium
tetrachloride, trichlorbptit Riunldialkylanides,
tetrakis titaniu Lal i des, tetrakis hafnium

di al kyl am des, trinetRyl a FRum zirconium (1V)
chloride, pentakis tangalum ethoxi de, and conbi nati ons
t her eof . VAPOR DEP®SITI O&NETH(DS The nmet al - cont ai ni ng

| ayer can be deposited, fMY.Bxanple, on a substrate
(e.g., a senicondu@ﬁqr supstrate or substrate
assenbl y). "Sem condugtor substrate" or "substrate
assenbl y" as used,h in rqﬁgrl 0 a

sem conduct or substr at al a base sem conduct or

| ayer or a sem condug¢/or substrate having one or nore
| ayers, structures, or redtons formed thereon. A base
sem conductor layer is typically the’] owest |ayer of
sivheeomMyds ¥; Ra) RoR’aRilf eR’, 8, &', &) Rdom, dndyreare as defined
deposi ted on another material, such as silicon on
sggﬁﬁire. When reference is made to a substrate
assenbly, various process steps may have been

previously used to formor define regions, junctions,
VQTM@@TMCQE\Q@INfN@WMP@W%d openi ngs such as

tr a_nsi ﬂ*e%{nssbr @&5}85/3%10%{3%&% ’inc%cfefauﬁ.hﬁﬂgontgiméa&ﬁrggund that
regi ons, vias, contact openings, high aspect ratio
ofpeNideg st leadpac Ptdiketiphiahte $igafhedn ey wefud forakepasiiih@mstal-
etc. "lLayer," as used herein, refers to any |ayer that
o SPHBIEAYAHUSRE 3ARTISEP A PSR gty wich Vapor

ggg@gftﬁ)ﬂrﬁetﬁ@&g &h aﬁ%ﬁlﬁ&a&%@gaﬁg&f Qinidst@nt B8t include one or

I'tion process descri erein. The term"l ayer"”
i snonedififerdnd metadtaod@iding evrsp@mdsi Sich precurker compositions can

PR PG cenisPP P P ite inchruh B e oSy ity S mare fully
| 8¥18%, Bsianbary BinitadéRkEGhith 6r $QB&itRANY ko, tBOPrecursor

compositions including metal-containing compounds with at least one -

diketiminate ligand. The metals of such different metal-containing compounds
can include, for example, Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations
thereof. Suitable different metal-containing compounds include, for example,
tetrakis titanium isopropoxide, titanium tetrachloride, trichlorotitanium
dialkylamides, tetrakis titanium dialkylamides, tetrakis hafnium dialkylamides,
trimethyl aluminum, zirconium (IV) chloride, pentakis tantalum ethoxide, and

combinations thereof.

VAPOR DEPOSITION METHODS
The metal-containing layer can be deposited, for example, on a substrate
(e.g., a semiconductor substrate or substrate assembly). "Semiconductor

substrate” or "substrate assembly" as used herein refer to a semiconductor
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conductive |layer. The term"layer"” is synonynous wth
the term"film frequently used in the sem conductor

| ayers found in technol ogy outside of sem conductor
technol ogy, such as coatings on glass. For exanple,
such |l ayers can be fornmed directly on fibers, wres,
etbstratevbichiasartess smlsit:maiue@r tayleeor a sramicemdvictoy wulsttatsrhaving

substrate Furth t he grs cal be msd dire X
Seh e et SRR oy dhr AEeRPny Aot sepiogidictor
qayérl?ﬁﬁfp&%ﬂytﬂ@e fo¥/eBEIgy @R f Sili¥oPMmateriaBbh & twaf&@for laaiRos layer
(e.g., surfaces) as in, for exanple, a patterned

v@ﬂoemtedﬂmeam&yee nateyial fshelnes slécomean sephine Wihor Feferengens

35351 86BERE, i 4, B SRR Bty

Watkdl t@forfistiiefiat képicns} ﬁét&ﬁlfs Vdf@ﬁ.ls siradtiles or &aﬁﬁéﬁ hnd
oxi de layer may inclu a si ngl e netal, the netal

?guea@gs syay aSrFa%nsxsm,@afévq aRpRsofli Esions.dmplastehiesions. aias,
t
| é%/l?act ﬂ%%mjé%f ?1 gﬁ] é}?}?&%’c {)ﬁ‘e% g%pegé%%%%acﬂ() af@g ‘@ah-?% irge
tcta@aclnﬁiraleltqcoxi de : ayerdi ncl udes two or m)re differ ent
rretasterreta oxi.de er can b the. f f
al | oys,aYghi @ B?ﬂ%’ﬂ%ﬁfl@ t0 ﬁaﬁzﬁyﬁﬁﬁﬁégaé’sbeeflgpg%cg?lgﬁl Y,
L RBSBatD B0 %@&ﬁﬁ@)ﬂ’e'p?ecﬂ[ s%Psea[nth(ﬁ‘SreacTzhﬁs ARbAlIn@w He
l'ayer (particularly’if it is a dielectric |ayer)

piapbeitiab ﬂ)yoqesﬁ:diq;d@lgedmlmr Th@tegndleg@tﬁ isgneant fo include layers

Sr Ti. cgn o %% P]%lTaaSZ B ﬁ@@%&&d@%ﬂ

(ﬁ@&@hw @ﬁlec{:ﬂl{ 1@1}3&5@\@) aOla@Eﬁlﬁvﬂlgfla?ﬁﬂgEﬂle(l&‘ﬁhﬂ' s&isadOBand
Y2Q3, La @3, Pr208, Ba(LiSNb). 174(13 PbTi O3 and
ngr@uet;@rlememﬂhe@m Tlger” SEyBeREReHs With thedermet M oxi de
BTGB B OSElch R Sy
| iy Rils lafy@fmdndbyn ﬁehlmmcelmdamﬁbermtdnddstoofechmﬂo gy, such as

A B b R CSRETL L E5s] RSl o,

CQKF@? updsy dltnbﬁ‘ hROub s‘cﬁﬁes*tﬁﬁ& thel &iflcond@e®e Mitishhley. Fhfer,
is défined to nmean that the netal-containing | ayer may
the layers can be formed directly on the lowest semiconductor surface of the
substrate, or they can be formed on any of a variety of layers (e.g., surfaces) as
in, for example, a patterned wafer.

The layers or films formed may be in the form of metal-containing films,
such as reduced metals, metal silicates, metal oxides, metal nitrides, etc, as well
as combinations thereof. For example, a metal oxide layer may include a single
metal, the metal oxide layer may include two or more different metals (i.e.,itis a
mixed metal oxide), or a metal oxide layer may optionally be doped with other
metals.

If the metal oxide layer includes two or more different metals, the metal
oxide layer can be in the form of alloys, solid solutions, or nanolaminates.

Preferably, these have dielectric properties. The metal oxide layer (particularly

if it is a dielectric layer) preferably includes one or more of BaTiOs, StTiOs,
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include a small anmount of the above inpurities. For
exanpl e, for netal -oxide |ayers, "essentially free"
i PCEES2006/024996
amount of less than 1 atom c percent, such that they
have a m nor effect on the chem cal properties,
nmechani cal properties, physical form(e.g.

CEyEiCa) (BaS)Ti0s, SrTasDe SrBi, EaOo S BERrIrHES;, $HZ10se BAHGh,

Var i Qus - cqnt ai i 0 .b '
Vs OBl S B Perart e Brsloh TEBND Law0s
OV PN GASO), WeRlCs, PHOY IBLL], Hb) ¥Ol-PbTRYDaRd BE@HERD 4) Ti0;-
forma precursor conposition. Advantageously, sone of

t MgOreYwiprigingly atheinial caiqsd eyt doignasaceeidingte ties preseih be

B EulPosemeliiots SR PR Pl PR IS at oy

Cﬂhﬁ@?ﬁéﬂib efd tedelde of thie pkesent iﬁt(gcntibhtak’eésséﬂtﬂﬂg fiee oficarbon,
ot her precursor conpositjons (or reactants), a |ayer
obydio g Belides PhoselzamY. Uk, BItiOgRR 8T FATBRPUBHS oot ASused

hes ’ Il ' M JoYaTatib -
FHGH s AR Bl BBt ubL gt poRl it s e
t Imelude ntseral] amfiovamt bathe mbawe intpurisiesi| Fomextuample, fay nhatal-oxide
formed, usi ng_a_vapor d iti,on process. The preferred
platss ST GEF PGS (B 19 APOP BUB S B REP Gl Tk
PLab&tRhds kUl Holc fdEny, 206N tHadiHed hat MRSk E e
nore preferably, are preferably liquid at room

t ehepecaltpuerertichmephanient ppedisfridwisichlolosm fag., Beystallguiygcor
or, salids at. .roomt erature (preferably, they are

I Flafﬁﬂagl pé?l?e(rﬂ%s #J%%flﬁg'at ion tenperature). Typically,

t hey awaribhdine@s-conthihing @hipoyndodantticlised i weioaspl oyed
usi ng known vapor deposition technjques. However, ?s
sermbigationsy opfgpally sathinne on e PeasRicys ol (P cylary for
tBY% ﬁ@@egggs)vﬁ%frh égﬁie fsop U&h@&@?ﬁor{.f&&%n eSRY, Lol @frehe
usi ng- known “vapor position techniques. IT they are

| el ¢cohtainid@canpiuds distleyeddiegeiprced be atsdyin S ncthewt | vy

| ubl e i [ t h ) ti [
et g FHERS QIaEHBOR, b R G STPES SRR ‘ER B petr
Cafl BSnptsi@shd Whabled8hoARQY! bifidth laRfhe 0P WD Jthkd precursor

m crodropl et formation techni ques, etc.
compositions (or reactants), a layer on a substrate assembly in a deposition
process. Further, one skilled in the art will recognize that the type and amount of
precursor used will depend on the content of a layer which is ultimately to be
formed using a vapor deposition process. The preferred precursor compositions
of the present invention are preferably liquid at the vaporization temperature
and, more preferably, are preferably liquid at room temperature.

The precursor compositions may be liquids or solids at room temperature
(preferably, they are liquids at the vaporization temperature). Typically, they are
liquids sufficiently volatile to be employed using known vapor deposition
techniques. However, as solids they may also be sufficiently volatile that they
can be vaporized or sublimed from the solid state using known vapor deposition

techniques. If they are less volatile solids, they are preferably sufficiently

soluble in an organic solvent or have melting points below their decomposition
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optionally with vaporized sol vent nol ecul es or inert
gas nol ecules, if used. As used herein, "liquid"
refers to a solution or a neat liquid (a liquid at
rieppeiaanpesiechuha tisy @ndelisetl mtflash gapdrérafien,dtubbkng, hat
nelts_at, an el evated tenperature). As used herein,
isredrpBist fymaton iEhRigess F1& conpl ete sol ubility of the

sol i d H%ﬁrﬂ%ﬁp@iée@%é‘cﬁ coRR¥RnS BsthB&@IaY achy R dsécla offfer alone

[
long as there is a sufficient amount of the soli
ded aptienaldly wythtviaportred awrilecudes| of efter imretal-cont@iniap evmpiiasla or

for. chem cal vapor, depositijo rocessing. |l f, saolvent
OQHt{QpQ]&I] wi V&Bgﬁzqdﬁoiﬁ}égfg@ﬂ%@ﬁg OL STt @33 glloler%{egfrlk U As
CORE BBt RigidO tefERiY 8 BEIUMBROF 2 SeM tigaidad ligeid aksem be
considered as a inert carrier gas. "lnert gas" or

" foperaduretor asokich gt roomdempergture thet melts at apglogted t hat i s
eneral | y, URr eact| W 1 he tS i E
OEAPLEIY) L3 SR o2 BETRENEDR b CRTER L o
stk e6li@uf heyldow faupmienadissilngl sulids agleng asithgomis a

hel ium neon, Kkrypton, xenon, any other non:regctive.

G TCIgCARFIRE G B S0 A fbverecdhie e opgie phwat inig fhe vapo
g@{b%é ?(%J %@Hﬁ&l‘fl v%ﬁbr ggﬁosﬂf%ﬂg}ﬁgesﬁﬂ INP I RLPERRFTRSs used in
descri bed according to t present 1 nvention, and in
sdepesitivhpitie etat mohmyomksirativa afselyettovapss geerated may also be
precuysor vapor transport. Solvents that are suitable

f ASHEFedAS T DR SHITEASs of the present invention may

be oner@kriPRECorOhoh Aeactifd LAWM Rdise@hélitald dhy gas that is
hydrocar bons or unsaturated hydrocarbons (C3-C20, and
peefeeribhinyeatsiverith thy edmponepisahediess, in gpnipgtyeisl.) For

aromat.i ¢_hydr ocar hon ' r -C10),
e n ey ShOS M IPRal G CRR 1 RE A ALRne &)
agrgoh Jdliahl, aB&s krtéey, [xehoi, aay ether abbedastivegdsy atdaixsyres
thioethers, esters, |actones, nitriles, silicone oils,

ofheEagip SUFHINCE eI BRRCEBRISAAI FIFOTSROTERYTEHRE PiRGesses
aﬁ@s\éﬁbgd aé@oMiHé ?osthgioreg&ﬁ iﬁ’\;enﬁgﬁ,eanﬁfin t88e embodiments may also

be used to assist in precursor vapor transport.

Solvents that are suitable for certain embodiments of the present
invention may be one or more of the following: aliphatic hydrocarbons or
unsaturated hydrocarbons (C3-C20, and preferably C5-C10, cyclic, branched, or
linear), aromatic hydrocarbons (C5-C20, and preferably C5-C10), halo genated
hydrocarbons, silylated hydrocarbons such as alkylsilanes, alkylsilicates, ethers,
polyethers, thioethers, esters, lactones, nitriles, silicone oils, or compounds
containing combinations of any of the above or mixtures of one or more of the
above. The compounds are also generally compatible with each other, so that
mixtures of variable quantities of the metal-containing compounds will not
interact to significantly change their physical properties.

The precursor compositions of the present invention can, optionally, be

vaporized and deposited/chemisorbed substantially simultaneously with, and in
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above. The conpounds are al so generally conpati bl e
wi th each other, so that m xtures of variable

interact to significantly change their physica
properties. The precursor conpositions of the present

i nvention can, optionally, be vaporized and
dﬁ@p&iséxﬁﬂ/oﬂt&ﬁicsmdmenbasuﬂdns gasm i Altbynagieiul thanetalrsbytaining
with, i nt he presen one nore reacti
ks K e Dt prnag e i e dhs BRFRTAG SOResioRag
Qe FQLAEY %ﬁ’s)(eszgﬁﬁﬁg‘@z{c@d)é d)é?ﬁdrp&%fé NShch8a bR GHes Hay
conposition and the reac I on gas(es) during each
ctgploslily 1rmh1dcymygzn ®ateh vale?arccozoam njirogen ergest Wﬁmmdys

SRR R HEE o el OB a1 B P B Ro & P
SRk SRS Qe 8¢ @hinds, 1Yaraziveiog el’iycﬁﬁmﬁegl de

ammoni a, organi ¢ am nes, hydra2|nes (e.qg ydr azi ne,

meethylhiygezing; emmelyinsend u@@)ﬂﬂl@ﬁ@loah@wﬁﬁﬂwdé%am%) silanes,
UiEhRY arﬁ‘&’ﬁgﬁéﬂ QGRs: ?l%llaag epﬁasn%, sl waéen@g&ﬁu{agggg#me),

bot azene

S@ﬂf(ﬁﬁilon@ﬁﬂé)(iédmgz(aldehcﬂi add (ahganbl)abnﬂhmobf)ﬂhsse gunek. For
any conbi nati on of these gases. For

RGN CEHEHT FADHINIEE STUESS P éVPtl‘gﬁ!a]le’a?F f&%f‘e%eppahtwfl RE
dgpashiiae fs Betilab %;{#ﬁngﬂﬁg&ﬁm Be&freabl e %l‘iﬂa@i@ﬁlof

reactlon g es use I n formation of netal-oxid

| ayel-sxida tdyedendridoxdimn preses(c(®. GRygem0ygen and mﬁme :
and 6[éltrl c oxide). Suitable substrate materials of the
p‘l”%@ i nvention include conductive material s,

sem coggiubld ABstidE Blatcdafs ofGRE PGt Vv eRBb@mchide b fk@stive
conductive netals, conductive netal oxides, etc. The

smb‘@tlﬁ]at geng pondleriave mpterinst condvetive metakgniftdess conduetiiemed
lgl rﬁ?{:&{da g ive et%FBE‘g&é’J‘ QH:C t’1‘?{6: sﬁﬁlgisatté’ gﬁ ?h&'h tﬁ%‘fﬁ%&ﬁ at e

vari ety of "'sem conduc

a@@tﬁ@mgem ﬁiﬁﬁne&iﬂ q)hefa&bf}oaf segiaomivetor substrate or substrate
bor ophosph03| licate glass (BPSG, si 1 i con suc

easgetnblyo el Hads \AEIRY GE@Eropersyet atepAls e 13?*&31 Juqh as
S olr egé}ﬂgoi?ﬁdg?%ﬂ%ﬁﬁosflwa% 15‘5%?31"8@'3’51@&91%9% h@kg forms

mply referred t0 as 't con™y, for
eamﬂpbtmvalyl doped polysilicon, monocrystalline SthOl‘l etc (for this invention,

appropriate forms of silicon are simply referred to as "silicon"), for example in
the form of a silicon wafer, tetraethylorthosilicate (TEOS) oxide, spin on glass
(i.e., a thin layer of Si0,, optionally doped, deposited by a spin on process), TiN,
TaN, W, Ru, Al, Cu, noble metals, etc. A substrate assembly may also contain a
layer that includes platinum, iridium, iridium oxide, rhodium, ruthenium,
ruthenium oxide, strontium ruthenate, lanthanum nickelate, titanium nitride,
tantalum nitride, tantalum-silicon-nitride, silicon dioxide, aluminum, gallium
arsenide, glass, etc., and other existing or to-be-developed materials used in
semiconductor constructions, such as dynamic random access memory (DRAM)

devices, static random access memory (SRAM) devices, and ferroelectric

memory (FERAM) devices, for example.
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the formof a silicon wafer, tetraethylorthosilicate
(TEGCS) oxide, spin on glass (i.e., a thin layer of

process), TiN, TaN, W Ru, A, Cu, noble netals, etc.
A substrate assenmbly may also contain a |ayer that

i ncludes platinum iridium iridiumoxide, rhodium

r ut hermou Bubstruﬁehemlualmg)eeindeqndsmm sehstrates ot hibstiate,

| ant h kel
ApierThEs. Thelvsie G 66 forsh SERHY tbedrvest SRR idle
MY he Qibktratd rﬁrefﬁe%ﬁ&‘n% folth@bén arft 6f a vaaiae, @ﬂthelayers

exi sting or to-be-devel oped material’s used in
s aofades) hoin T patstmadovifon gor @Qaml%s dynami ¢ random

R L e e T

CEERAWbe 988 188 8ethéRIofeMSpiREent Eﬁul’enﬁd;kb SAﬁ}’aEL&ﬁ;traﬂ@cthaj dayg
senm conduct or substrates or substrate assenblie t.he

lady®ntageonsly fiernt o metad-canteining &ayemt £1660,| YR 83 a metal oxide
ﬁ%@ﬁ%ﬁn\gﬁ Cltés%rd Sl#{lf SR 1h 6 1?1%’, bt Fay q{be}@ QoreS . bE

vari ety 4
sur f aCfE@}ef@ﬁed dbpasfﬁaﬂi pﬂfceﬂcfomﬁfe@reseﬁtanvmt@rrpd; @ vapor

Substrates other t sem conduct or b t
Sigbatition Brogesse Mﬂp%%PegHO% PEQFOERES a%%sf%?ﬁ%h %‘1??2 m&]?e

Eﬁu&fnﬁﬁ@@f n]kiﬁéfgﬁdqu “theﬁ%%cecsg Q%%aﬂ)ﬂﬁt? t¢ hakkIFBY¥ovide highly

vant ageous orm a -contai ning | ayer thereon,
swvaforanl hyes te&dan wnhmeiebpy@ntactﬁalyd b@elummggu ch
subst rﬁ% es includin

¢
A pref 9@80%%89W8%H0%%§e§ apglpz‘:idl’} %reggnf E8f arPir

' d&Yx@é}tgtaQ'ff deSir&. VARRHoHBROS frlefbafied (g@§6an béaped in purgmg
deposition processes are generally favored in th

ssberisgo ad ddildprocerddiseysserlieelow).t hlee el cagier gayls kSYHl?étuy one

e

CATTRBS chirieR Bastia Bnd thay dgsmioz aderifere tith the &smaten of thametal-
inert carrier gas if desired. Addi %l onal I%ﬁeran ner.t

cepntdining daysr-c Wmether g@gdn the BEFgIcRG §f1]é3§§0 £3s oy ppt, the
p\ya %ﬁ% o(an &T@fﬁﬁgggﬁé e abi¥ict BESLyLREd hR)id BRFoehS
| ca e or ni trogen, Helium ar gon, etc.

I cfbnitehﬁnﬁtﬁxm abthe bifyet (vez. prxadaion af| mh@nn tapform silicon dioxide or
oxidation of precursor in the vapor phase prior to entry into the deposition
chamber).

Chemical vapor deposition (CVD) and atomic layer deposition (ALD)
are two vapor deposition processes often employed to form thin, continuous,
uniform, metal-containing layers onto semiconductor substrates. Using either
vapor deposition process, typically one or more precursor compositions are
vaporized in a deposition chamber and optionally combined with one or more
reaction gases and directed to and/or contacted with the substrate to form a
metal-containing layer on the substrate. It will be readily apparent to one skilled
in the art that the vapor deposition process may be enhanced by employing

various related techniques such as plasma assistance, photo assistance, laser

assistance, as well as other techniques.
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an inert carrier gas is one that does not interfere

with the formation of the netal containing |ayer.
wob@rhexs7sione in the presence of a inert carriBCT/Us0€024996

not, the vaporization is preferably done in the

absence of oxygen to avoid oxygen contam nation of the

| ayer (e.g., oxidation of silicon to form silicf:on

di 0xi Okemicaloripoaddpositioh (FVEY lnas beeni extenfielyaised Igrbg e

prior to entry into. the deposit.l .- Chem cal
apnticrpRr e o S bin OISR, 1 Fon
g(eﬁh@nd%t%r giféfeeééﬁfgqfec%%ms iaBitptoogesidesonbtmal and high
e

nployed to formthin, continuous, unifaorm,

qretiay diclentrini lnyengat ralaively ditt oresspiembwat t byPiclys fhegegied

Usi ng either. vapor deposi.t.i . E MR iane
et S e R S e
Sepask bhaminkhaiaredansstent ivithalptiyna oedotioe gases tid/oniaedr
nmore reaction giases and directed to mor cont act e%
vdrtitr gases imusngle depasiongpkica Ipadyical PRICRS VaRPEF4
the substrat - ' feitsutfacOeorm a
BIEYPRY ai}gn nliaeCtégr\%vmf k%ltc Hﬁg%@%&?’mggﬁ%ﬁ tion process
By (g, adiblacieie dhyley). driplsmgladepoaitioo wscle g allaaypd to continue

techni ques .such as asma_assi st ance, photo

uaidlithe graved th115]§§ﬁs g’lshﬁ i%yﬁﬁ F’ea,‘:h’fg ®Gel 1 as ot her

techn Wﬁﬁﬁl @Urgégrséésséé Abratl@RAPIdy @BcréoYiopnipasitibesin
extensrvely used for the preparation of .
Nepaalzatomtlantiengfhhtare separaed Froasthe pecasstghrmbpiyhsrein the
sem conduct or processin e of 1 Il to
R B TEATOr R Cand g Tod ey R BReY ey o
Rbmp6liabiset ¥pi@asy pRiced s Bibitders antBeatdlpiadainbyraturé et
desired precursor conpositions are vaporized.and ﬁhen
ivritichodhay mebarive.cangd tHe perarized HIBIH4RErar Sog GAPRPRIS4hen
heat ed bstr. L ' ' ngé tbuid
R e e e o A v
toYEuesdk cEMPoti@r €Biss vapapomre fed sprepcihr@ighs gap dne to the
contacted wi.th reacti on s(es t the substr

dapesacen shombsr i depasjane £ of eruge i A BTt Mapy

St%cﬁl%%gleg ﬁB%S’d deh QBveSddgo ipPeciel o¥Rtkol hiCmotdssUBotienaniple,
the 'desired thickness of 'the l'ayer is achieved,
the amount of precursor composition transported to the deposition chamber can

be precisely controlled by the temperature of the reservoir containing the
precursor composition and by the flow of an inert carrier gas bubbled through or
passed over the reservoir.

A typical CVD process may be carried out in a chemical vapor
deposition reactor, such as a deposition chamber available under the trade
designation of 7000 from Genus, Inc. (Sunnyvale, CA), a deposition chamber
available under the trade designation of 5000 from Applied Materials, Inc.
(Santa Clara, CA), or a deposition chamber available under the trade designation
of Prism from Novelus, Inc. (San Jose, CA). However, any deposition chamber
suitable for performing CVD may be used.

Several modifications of the CVD process and chambers are possible, for

example, using atmospheric pressure chemical vapor deposition, low pressure
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Typi cal CVD processes generally enpl oy precursor
conpositions in vaporization chanbers that are

waepanateexl from t he process chanber wherei n t hBCT/US2006/024996

deposition surface or wafer is |ocated. For exanple,
l'iquid precursor conpositions are typically placed in

bubb d heat ¢ b Choy
ohegoies Eépggwogﬁeg Pebioy Pttt Bl vapor ©
gg&ﬂﬂﬁ)'nt PREV evgalf %u k PRal 8Ehchs Qf‘aﬂmﬁér cﬁ@i‘h[daﬁ{/apor

passi ng over [er or through the l'iquid
pemsitiondechmoqueo Futthenmordtparlsgd §OV13 cam be u*aanbwiam similar to

t h I Lth it h f.
D3R essplBF it el ERL RO T HESOR e
MadhikBehriptliasoh AR e vetarediks, fof ekt YD, the
control "this process. For exanpl e, t he anount of

pemsitionchickoesd aﬁ;dqpp@dﬁnt pa therrppate tige preonpeprssioti Ion,

eC|s Y the tenperature
3’?‘ ‘{Eﬁ%s?lii’é(fl{?%‘% ?‘5“8%%6 Plr?ggéﬁg %glgc Tsor conmposition
and bwitehertifbignaf praferdbigthe ol Ide;isosg:ﬁﬁq Iﬁbldiﬂss adployed in

thro@gh or assed over the reservolr. ])é pi cal
8 mfyf pBresent Apvegtion is Wulél-aﬁ?&ﬁtelamc &ﬁcﬂeposﬁlon

TP B M A D e
EEVIB proaess, irf Bani puatidss fGAmpravaiepasit ofomomivaetd thickness

TRt S aHnder i LI de ool natl o of S090, L1 o

gﬁﬂﬁﬁ&%‘t‘ﬁ%d&ﬂﬁﬁ%ﬁk@vﬁh& adt- ﬁnﬂt‘i}%eﬁat&ﬂé%f I asgrovides a

esi ghation of Prismfrom Novelus, Inc. (San Jose,
m)hodmﬁﬂ@pemtmgm filrd @p@sztdﬁ ornn@ryi@iﬁb@ptlsww@wemﬁl@ﬁmg, for

EEGh R B B B S e

@mmaleﬁwnhl@moﬁbtms'nherorfelgaf"e&?umo@hﬁfnodate yapor
deposition, | ow pressurecheni ca or depaqsition

evaovion o abvacainapicdspostienicalt i g6 FouepBSk iusher
5B B A P
pUlaﬁhdatMndaBadaen teseysbratudes clhick tmdmtd dtecrd:ase Aédpadation of
&ﬁ%%g&?gﬁ%s 1‘986’% 3tt§ r’foé:i gzga?rllplle k%yeﬂlgé'i’)c&ﬂ processes gee for
example, U.S. Application Serial No. 11/168,160 (entitled " ATOMIC LAYER
DEPOSITION SYSTEMS AND METHODS INCLUDING METAL BETA-
DIKETIMINATE COMPOUNDS"), filed June 28, 2005.

Generally, in an ALD process each reactant is pulsed sequentially onto a
suitable substrate, typically at deposition temperatures of at least 25°C,
preferably at least 150°C, and more preferably at least 200°C. Typical ALD
deposition temperatures are no greater than 400°C, preferably no greater than
350°C, and even more preferably no greater than 250°C. These temperatures are
generally lower than those presently used in CVD processes, which typically

include deposition temperatures at the substrate surface of at least 150°C,

preferably at least 200°C, and more preferably at least 250°C. Typical CVD
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i nterm xing of precursor and reactant gas streamns.
Al so, for pulsed CVD, the deposition thickness is

which is self-limting (discussed in nore detail

bel ow). Alternatively, and preferably, the vapor
deposition process enployed in the nethods of the
prerasHion; tapasrafuses 9re ng SrAgter ithaeRO0ECaprefrrably ag areater than

depesi L@ @v&ﬂh@e Ef%‘f‘a%i‘f?o g}%ﬁ% QeESS is

advantageous, T n parti ageous over a CVD
p roceséy] ndelnsuch gbnditiops the ifitte grdvoth HynRLD\ie éypieily self-ligditing
mc Ie t hi ckness an& uniformty to the deposited
¥

™ F‘é‘ © feaafl‘éff BEE OP & SPHpT e B§ﬁdp%% % gD grocess, the
pHéﬁ@itithgeﬁéraﬂ? BRLL h{%ﬁnﬁ%’m&%ﬂ J){b%gérﬁlcgnf h%ﬁt;/'%gt also

nature of ALD provides a eposi ti ng
oo Wgﬁear%mmétrmﬂ(yfplmmmple\ﬁad sucdrate esmiposition andythidkasss

t.h i ul ar topo hies, with
STy Dwd b fERe Jotine abfue BresBiser ARRESARO oitoreraction
ok, detﬂrﬁ@ltﬂfva‘{abﬂbﬁgse @'@I@Q&hstdr@ihlﬁf“énﬂ?@ﬁnﬁﬁat&i in contrast to
evaporation and physi cal vapor deposi fion PVD

thescb\GPﬂéweﬁwat Faiedrout ay @Iﬁm@@&gﬁeseawm @%ﬂhb precursors

veRER e IR R (S8 Vi GRTTRAN LB T e Biice

t @hmelhhmlsﬁAdﬁgfcaId\&éﬂ Dé]Tdect:lvohh GEIBcftﬁibhéﬁQfalS asd S(?lfﬂoﬁtﬁ%d
to, fo ica D processes ee, for
eﬁ%’ﬁtﬁﬁ r@(?@a@i Mlgg%»l on Serial No. 11/168, 160

tit . u@gg
(en I M (e ot iyt ol @i%@%ﬁ%)

f olbtemall}a he pQ@l;eawd@ﬁth Goresnmbley yaten aadYoAbdonpy woest each
act.ant ul d se uenti al onto a s

i e oD RE P SRADRRR BL I Bt fefhi i SiPeets  The

| RAA cRSiisoptieh'eiAklel hatein RASS 101tREBkemRALIB G on of

preferably at |east 2000C. Typical ALD deposition

t Bipesized maéfsveaﬁetaheorgalé@g@pnmhamdwnh@sur@c@foémbw atro

g g%&@ég%:@%ﬁﬁgﬁgs e t@qgallsvlgu reésslﬁle éﬁ eﬁl ﬁ‘gs%aga%l]rf%ee is

t heasult bﬁﬂatmel%safmﬂg)bmtﬁ@@fdrébs @i&a@ﬂeﬁ@&ﬁﬁﬁﬁgb%é&ﬁlon

t grﬁ:rgles Jeyg >30 kcal/mol), comparable in strength to ordinary chemical
bonds. The chemisorbed species typically form a monolayer on the substrate
surface. (See "The Condensed Chemical Dictionary", 10th edition, revised by G.
G. Hawley, published by Van Nostrand Reinhold Co., New York, 225 (1981)).
The technique of ALD is based on the principle of the formation of a saturated
monolayer of reactive precursor molecules by chemisorption. In ALD one or
more appropriate precursor compositions or reaction gases are alternately
introduced (e.g., pulsed) into a deposition chamber and chemisorbed onto the
surfaces of a substrate. Each sequential introduction of a reactive compound
(e.g., one or more precursor compositions and one or more reaction gases) is
typically separated by an inert carrier gas purge. Each precursor composition co-
reaction adds a new atomic layer to previously deposited layers to form a

cumulative solid layer. The cycle is repeated to gradually form the desired layer
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CvDdeposition tenperatures are no greater than 600C,
preferably no greater than 500C, and even nore

preferably no greater than 400C. Under such _conditions
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|nc /udes %%c\%om ng a substrate (which may optionally be
for exanple, water and/or ozone) to a
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bonds. The chem sorbed species typically forma
mohwhiagmetion foririse mobdayeatiot sumifacmly ¢®etorh Pnenolecule thick
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based on_t he principle of the formation of a saturated
substantially formed on the substrate surface. Prac‘ucally, chemisorption may not

occur on all portions of the substrate. Nevertheless, such a partial monolayer is
still understood to be a monolayer in the context of the present invention. In
many applications, merely a substantially saturated monolayer may be suitable.
In one aspect, a substantially saturated monolayer is one that will still yield a
deposited monoiélyer or less of material exhibiting the desired quality and/or
properties. In another aspect, a substantially saturated monolayer is one that is
self-limited to further reaction with precursor.

The first species (e.g., substantially all non-chemisorbed molecules of
Species A) as well as displaced ligands are purged from over the substrate and a
second chemical species, Species B (e.g., a different metal-containing compound
or reactant gas) is provided to react with the monolayer of Species A. Species B

typically displaces the remaining ligands from the Species A monolayer and
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alternately introduced (e.g., pulsed) into a
deposi ti on chanber and chem sorbed onto the surfaces

of a_substrate, Each sequential introduction of a
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(described below) but not with itself. Typically in
clfrarexa@pls: flenesitivg éhin dayery of métat-tatdiniggredeipoindSipecileslity
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on the entire exposed initial substrate, the nonol ayer
bSélPﬁt@ﬁtE .@L@@d&p C@E@ép@sthereon, preferably further including at least

one reaction gas that reacts with the chemisorbed species on the substrate, and
even more preferably wherein this cycle is repeated at least once.

Purging of excess vapor of each species following
deposition/chemisorption onto a substrate may involve a variety of techniques
including, but not limited to, contacting the substrate and/or monolayer with an
inert carrier gas and/or lowering pressure to below the deposition pressure to
reduce the concentration of a species contacting the substrate and/or
chemisorbed species. Examples of carrier gases, as discussed above, may include
N3, Ar, He, ete. Additionally, purging may instead include contacting the
substrate and/or monolayer with any substance that allows chemisorption by-
products to desorb and reduces the concentration of a contacting species

preparatory to introducing another species. The contacting species may be
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occur on all portions of the substrate. Neverthel ess,
such a partial nonol ayer is still understood to be a
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Thus, during the ALD process, numerous consecutive deposition cycles
are conducted in the deposition chamber, each cycle depositing a very thin
metal-containing layer (usually less than one monolayer such that the growth
rate on average is 0.2 to 3.0 Angstroms per cycle), until a layer of the desired
thickness is built up on the substrate of interest. The layer deposition is
accomplished by alternately introducing (i.e., by pulsing) precursor
composition(s) into the deposition chamber containing a substrate, chemisorbing
the precursor composition(s) as a monolayer onto the substrate surfaces, purging
the deposition chamber, then introducing to the chemisorbed precursor
composition(s) reaction gases and/or other precursor composition(s) in a

plurality of deposition cycles until the desired thickness of the metal-containing
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asompssiidn(d)i Mheitergperainoce o8 thd othétianhd ambstrvetseffiviemibtlgrhigif to
st on substrate to whic ci es

Ay SR BT ARt PR boRLana < paar el e e TRy

r Rgftlat MeukpetdtBreDitat RAG 2BPE SR V1P M LA 150°C, and more
preferably at least 200°C. Typically the substrate is kept at a temperature of no
greater than 400°C, preferably no greater than 300°C, and more preferably no
greater than 250°C, which, as discussed above, is generally lower than
temperatures presently used in typical CVD processes. Thus, the first species or
precursor composition is chemisorbed at this temperature. Surface reaction of
the second species or precursor composition can occur at substantially the same
temperature as chemisorption of the first precursor or, optionally but less
preferably, at a substantially different temperature. Clearly, some small variation
in temperature, as judged by those of ordinary skill, can occur but still be
considered substantially the same temperature by providing a reaction rate
statistically the same as would occur at the temperature of the first precursor
chemisorption. Alternatively, chemisorption and subsequent reactions could

instead occur at substantially exactly the same temperature.
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'_FJ

exist regarding sticking coefficients and surface mobility, as known to those
skilled in the art, when using highly gas-phase reactive precursors, however,
little or no such concern would exist in the ALD context.

After layer formation on the substrate, an annealing process may be
optionally performed in situ in the deposition chamber in a reducing, inert,
plasma, or oxidizing atmosphere. Preferably, the annealing temperature is at
least 400°C, more preferably at least 600°C. The annealing temperature is
preferably no greater than 1000°C, more preferably no greater than 750°C, and
even more preferably no greater than 700°C.

The annealing operation is preferably performed for a time period of at
least 0.5 minute, more preferably for a time period of at least 1 minute.

Additionally, the annealing operation is preferably performed for a time period
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plurality of deposition cycles until the desired
t hi ckness of the netal -containinglayer is achieved.
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nore preferably at least 5 A, and nore preferably at
| east 10 A. Additionally, preferred filmthicknesses
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tenperature of at least 25C preferably at |east 150C,
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tenperature. Surface reaction of the second species or
pteaqeraae icengbdishad fonswwstrasdduwhath @olystyadeperdihg on Hee
ngn%ess used. Substrate 16 may be heated, for example, by an electrical
resistance heater 18 on which substrate 16 is mounted. Other known methods of
heating the substrate may also be utilized.

In this process, precursor compositions as described herein, 60 and/or 61,
are stored in vessels 62. The precursor composition(s) are vaporized and
separately fed along lines 64 and 66 to the deposition chamber 10 using, for
example, an inert carrier gas 68. A reaction gas 70 may be supplied along line 72
as needed. Also, a purge gas 74, which is often the same as the inert carrier gas

68, may be supplied along line 76 as needed. As shown, a series of valves 80-85

are opened and closed as required.
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Typically, the deposition chanber is purged with an
inert carrier gas after the vaporized precursor
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anhydrous sodium sulfate and concentrated on a rotary evaporator. The
concentrate was then distilled at 66°C, 0.7 Torr (93 Pa); the distillate was a clear
colorless liquid. 108.4 g were collected for 70% yield. Gas
chromatographic/mass spectrometric (GC/MS) analysis of the distillate indicated
a compound with an apparent purity of 99.9% having a mass spectrum
consistent with N-sec-butyl-4-amino-3-penten-2-one.

An oven-dry 500-mL Schlenk flask was charged with 38.0 g of
triehyloxonium tetrafluoroborate (0.2 mol) under argon atmosphere and fitted
with an addition funnel. 200 mL of dichloromethane was added to form a clear

colorless solution. A 60 mL portion of dichloromethane and 31.05 grams of N-

sec-butyl-4-amino-3-penten-2-one (0.2 mol) were charged into the addition
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| a of.. oxi di.zi n nosphere,. ., Pref erab .he
O HAEEE rordlind Bl s PSR L3 TG b or 202 mr
psefttabinin@l0.2 ar3) arf0RGGL, didheorameaht Mas ERABET RAtdHhe
[ gd(gr eferably no greater than 1000C, nore preferably
n

FERanCl e RAFTDGTe Ay st b s
0558158 0995 o AANRRL DL ARSISRL BB, ke s it

pre or me e perio
maidtvess washed phidfedrmablajiqiicrof aoldietieyl pesthtedvidfe thé flhskasis
1 mnute. Additionally, the annealing operation is

pPlasr BN jogsRAth o NepliF grecipiiafengadisPge dunly Yisewtss rather
! flofAfle BN RS ucPRfhlRN B0 BISEIIFELARNY dddanthd SR R0

of no greater than I0 mnutes. One s rt
widetate wegy niszepndHét mEedty] hemgie mathumas agemipted methpderitiodls
na ary. JFor,ex | e, fyrnace anneal d rapid

ool Copibiae Pag Ay pudh emaieaR Al g mElug of 500 mL
apRLBA S0 0RBL REHErUoRREhih 18 ONEsounMBY & oRWREBLINAEY). The
steps. As stated above, the use of the conpounds and

neHBgSvaststified Aprifreeimingtes fnd hen pheeramic phassrivassapanted.
b [, Cl Lde . variety of thin, fihhmy .
o0 Eb RSt s SRS PlreE b iDM P a0 Mhictrat it
t hersiend) sAlih thabrginidiphises tvieteCcomitiiggd, dtisd ov@rsodixaigulfte and
such appljcations I nclude gate dielectrics_and. .
cepsetiadedon y EHAYSVEPH AR Eh¢ pryde prosiyelivasther distillel |
dayhl ' A ' I

(e LA PRl e P RIGh RS MnorFhARKR HERL Fre
cydsiradipicciatbt wandadliented ist % edrecfapact 601639C, 8@smWedr (1(aRa)

R Y

impurity observed was N-sec-butyl-4-amino-3-penten-2-one.

EXAMPLE 2: Synthesis and Characterization of a Metal-containing Compound
of Formula I, with M= Sr(n=2); R =R’ = sec-butyl; R° = R* = methyl; R* =
H;x=2;and z = 0: Strontium bis(N-sec-butyl-(4-sec-butylimino)-2-penten-2-
aminato).

In a dry box, a 500 mL Schlenk flask was charged with 7.765g of
strontium bis(hexamethyldisilazane) (19 mmol) and 50 mL toluene. A second
Schlenk flask was charged with 8.000 g of N-sec-butyl-(4-sec-butylimino)-2-
penten-2-amine (38 mmol) and 50 mL toluene. The ligand solution was added
to the strontium solution, immediately producing an amber-colored reaction
solution which was stirred for 18 hours. Volatiles were then removed in vacuo.
The crude product, a brown liquid, was charged into a 50 mL round-bottom

Schlenk flask fitted with short path still head and Schlenk receiver flask in the
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wayBremerncl udes an encl osed vapor deposition BOEDR®NG6/024996
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(chem cal vapor deposition or atom c | ayer deposition)
of the present invention is shown in Figure 1. The

10, in which a vacuum nay be created using turbo punp
12 and backing punp 14. One or nore substrates 16

(e.qg., sem conductor substrates or substrate

edig Bokhl ThsJistl giqpepptiabsarhsi attaciedrtb e vagum Ane end eeagpated

I t
TR whish e v o bR B sslctor* HERY! Pt
%fé@éﬁ Gt Be 4611 pRYWREL AL %d@leatrq%uﬁp@%uoﬁxmmgm was
ectrical resi st ance heater on ch substrate 16

i ®llngteh ateﬁﬂ)°cnﬁﬂé1»48muﬁnncﬁbthmagteml thdathqliganderecursor. A
SRS i aleh B R chl B o bRy A sl CE B 1 0o a

6thl1 vabging t PRECkooliny Ba&L1t6 tlﬁfstlll'ﬂ’[b@d pregcfill &bwith 90°C ethylene
conposition %%are vaporjzed and separately fed al png
| 2ed tmron cangensing dispale {ognbeChBEI00 MiscauT fyl

f i
P g 8 1SR g SRS A
papogeogise. 1585 inehe d:(ﬂleofeﬂefmr Th&sadete. HEentdngaliangysis

S A s ARG A0S i B

wd@t%QQe@ﬁnfn%@%Bgdél-ﬂ@@f0| | owi ng exanpl es are

ered further illustrate various specific
errbodl Yemtds @ka@mmm@gemamméNMlé)s@ﬁmlw eewonggient
ver

h { t
i R ens § ORG: diraei-crag oy ol SRR Rl 7' o
Sé'dahhoméh& hrsait tHBYn&e fomeky. MNMRr(e:mag 130):ng 199 ¢ ﬂmm
the sco e of the present invention. Therefore

Fle e CiH) SRA0G, HEL fih 3 Nn%’écﬁa(%ﬂﬂmt lefi'3
adl ‘151?1 1014 Q94 16 @RS (LILASE-13pFEd filed. ot her wi se,

percéntages s eXanpl’es are percent ages

bg HNEHY T H, CDANRLISS - EX20/RL B sits oSyrdpipaed, SHadre6.15-6.45 Hz, N-

RN 81 Bl Db B UES R0 BT g .

NeEREEDUEMLCHES), 0.970-0.897 (d, 4 sets overlapping, 12H, J=6.2 Hz, N-
CH(CH;)(CH,CH3)). C NMR (CgDs, 8): 161.294, 161.226 (a-C-CHs); 94.80,
86.96, 86.89, 86.70 (B-CH); 56.19, 56.00, 52.67, 52.58 (N-CH(CH3)(CH,CHs));
33.61, 33.56, 32.13, 32.04 (N-CH(CH;)(CH,CH3)); 23.86, 23.78, 23.67 (a-C-
CHs); 22.47, 22.39 (N-CH(CH3)(CH,CHs)); 11.63, 11.33, 10.81, 10.75 (N-
CH(CH;)(CH,CHa3)).

As illustrated in Figure 2, the metal-containing compound having the
formula (Formula I) where R! =R’ = sec-butyl (3 degrees of freedom for sec-
butyl as quantified, for example, in Table 1) has a lower melting point (44-48°C)
compared to disclosed melting points for the corresponding metal-containing
compounds having the formula (Formula I) (see, El-Kaderi et al.,
Organometallics, 23:4995-5002 (2004)) where R! =R’ = isopropyl (87-89°C; 1
degree of freedom for isopropyl as quantified, for example, in Table 1); and
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sec-butylimno)-2-penten-2-am ne. An oven-dry 1-L
Schlenk flask fitted wth addition funnel was charged

wowRah/0a®13 m. of sec-butyl am ne and 200 nL PCT/US2006/024996

10

di chl oronet hane. The addition funnel was then charged
with 103 nL of 2, 4-pentanedi one and 400 nL
di chl or ometshane whi ch were then added dropw se to t he

s hgee B RA =tevé-bsih Bk 129°6s R degtiees offeaedbinrfyr ety
ours. The aqueous phase
Mﬁg%gﬁ®£gh&§ﬂ%1$gg§%]§h was then separated and
ext racted with 2x50 nL portions of diethyl ether. The

conblneg organi c_fractions were dried over anhydrous
Sodi umiBePPEpstefierl e theRasents patent decaments, and

]| 6
o BARATR citod BESCEPHE T ANT R LD b e aqif o
I rqvqm 1dd1vm1134 1rg:/omﬂed:thnMﬁﬂo<ﬂ1ﬁbathﬁ%aMI\j15 )elt&atlfiﬁsto this f
romat o i c/ mass spectro anal ysis o
C SR P B R 2R 26 These SRSty horiv o h gphirisaa fom
Piheistdpeind2PirA ¥t AAY IR8n@od T8 ShRARERE ﬁﬁH@rs‘i&Qﬂha{r @még#ﬁntﬁ

N- 5ec-but yl - 4- anmi no- 3- pent en- 2- one. oven
S@moé Hite eééfkb@\msiucbﬁhmyedl bwthdnlm&reﬂlvg eufbod1ments and

tetra orate er ar
%gxgeregpoan ef T 2 % Flhc SRS fl% ﬁlggﬁ%‘ S BPHPr ghted
Olby dJIaSZ ok examipae bﬁawmmead@i@oﬁt@e fReich ialeBaéd meqiﬂqﬁ&ﬁ
solution. A 60 fs)agortlon of di chl oronet hane and 31. 05

gPalirbydhe dpimescet fuihyheren apdfalleva- pent en- 2- one (0.2 ol )
were charged into the additionfunnel and this solution
was added dropwi se to the solution in the Schl enk
flask, and the resulting solution was then stirred for
30 mnutes. A solution of 20.2 nL sec-butyl amne (0.2
nmol ) and 30 nL di chl or onmet hane was charged into the
addi tion funnel and added to the reaction solution,

whi ch was then stirred overnight. Volatiles were then
renoved in vacuo and the resulting yellow oily solid
was washed with 60 nL aliquot of cold ethyl acetate
while the flask was placed in an ice-bath. No solid
preci pitate was observed due to this wash; rather
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part of the crude product appeared to dissolve. After

decanting off the ethyl acetate wash, a second 60 ni
werdwhomcet at e wash was attenpted with identi ceCT/US2006/024996

results. Conbi ned washes and crude product were added

to a mxture of 500 nL benzene and 500 nL water

containing 8 0 g sodium hydroxide (0.2 nol). The
Whaitisickimedissti rred for three mnutes and then the

organi ¢ phase was separated. The aqueous phase was

extracted four tinmes, each with 100 nL diethyl ether

1POK toh SRS of%hﬂdf@% BEERAIaipigdSRer VR heubsird, tiednettiod ed

over sodium sul fate and concentrated on a rotary
@vgpsmet or . The crude product was then distilled

throu]grh %Iizo cuglsg%lgss-bead packed col unm and short

pat h BPVIHP§%0 " e desired product was col | ected in
>99% R RIif D4 taRk c6BpHANCat 1885t nilo compadre)thpfossylar e.

The apparent purity was determ ned by GO M5, where the
@eryuladpurity observed was

N-sec- butyl - 4- am no- 3- pent en- 2-one.  EXAMPLE 2 :

Synt hesi s and Charact &k zatelf]on of a Metal -containing
Conpound of Fornmula I, w =Sr (n
sec-butyl; R2 =R4 R3metfyl; YL RS
Strontium N. /%
bi s(N-sec-butyl - (4-sec~putyl|im no)-2-penten-2-
aminato). In a dry box® a 5RO nL Schl enk flask was
charged with 7.765g of strontium ’

bi s( hexametW¢fit'si | azane) (19 mmol ) and 50 ni tol uene.
A second Schl enly d akidtaons BRY @66h vorshitifi 600 Gyows 2
N-sec- butyl - (4-sec-butylimno)-2- penten-2-am ne, (38
mrol ) and 50 niL t ol ueral, FFeoun Hastrl.oolanthaiicaaed added

to the strontium sol ution, .i l.ately producing an
anber-col ored reacti 8ﬂm§giabl?ﬁq%ﬁ%gﬁlﬁﬁl{r’ch was stirred for

18 hours. Vol at ich@SI. Weihe@efdagenttyeamargshic igmsicuo. The
crude product, a brown |iquid, was charged into a 50
nL round- bot t omesahY dhindepengrniy ?*fl%‘&irﬁlgf‘iﬂdshort pat h
still head and %Cﬁaél%g&t{ﬁg%réﬁae§t5@%lft1aeranstap,dry box.
The distillation apparatus was attached to a vacuum
i ne and evacuatzd fiour ® betQ; whi ch i nduced sone

solidification in the still pot. At full vacuum
x is from 1 to n; an

2); R1L = R5 =
2; and z = 0;

each R!, R?, R, R* and R’ is independently hydrogen or
an organic group with the proviso that at least one
of the R groups is a fluorine-containing organic
group; and
contacting the vapor comprising the at least one compound of Formula I
with the substrate to form a metal-containing layer on at least one surface of the

substrate using a vapor deposition process.

2. The method of claim 1 wherein each R!, R% R% RY, and R’ is independently

hydrogen or an organic group having 1 to 10 carbon atoms.
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heating of the still pot was begun. A clear liquid

(approximately 0.5 g) was collected at 600C, GO M
weonfioezsexl this material to be the |igand precPeBU$2006024996

second receiver flask was attached and the product was

distilled at 145-1600C at full vacuum The "cooling

lines" to the still head were filled with 9C0C

8t MyHean@hed yEelhint 0 wHegsf Bt leidiene Driglsgisitedyfrdinsthe proape

from becom ng too viscous and cl ogging the stil.l path.

TRBsigEg @@H@gudsf Bl kexif G ETRER) 28 ‘«%3? SHPs F&ﬁ%apyd%gwp’

S i. i . r ok P é)
3P e B RPN B afiiBline Bl P b RIREL PR gt
Siroupl 7 f3dketboatn grdifp, 6 Poinditditetangtepgydw, adf-difietmidakegroup,
prodgl%gb_ was d ter?‘i ned to be 44-48C. 1H and 13C

€ CeRPIREGRL Tt esonance (NVR) results were

consi stent with the presence of four diastereomneric
forms of the conpound (two enantioneric pairs and two
rfesthefroetied of dAinhBRV{(eg8DEhe a Jeast anello s § dikHmigate grpup

S il o B0 g B i
kRB81a(m 8H J=I. 4, 6.4 Hz, NCH( CH3)(CH2CH3)),

1.253-1.220 (d, 4 sets overlapping, 6H J=6.15-6.45
Hz, NCH( CH3)(CH2CH3)), 1.188-1.162 (d, 4 sets

AR i 045 LS T RO U

NG(neCHIYUcEIR EHB ) 9) dif b INMRIHaC60Ge PediketirhBibledfztnd shown
161. 226, (a-C-CH3): 94.80, 86.96, 86.89, 86.70 (b-CH);
58 Fponulad. 00, 52.67, 52.58 (N CH(CH 3) (CH2CH3) ) ;
33.61, 33.56, 32.13, 32.04 (N CH(CH3)(CH2CH3)): 23. 86,
23.78, 23.67 (a-CCH3); 22.47, 22.39 (N CH(CH

3. (Ok2@EIRD) of Elbire 3, whceiB 3} leag o@e Y HGelpsted Moy the group

AR S Mo ARt A riagad oy ek abosplyne:

| 3 MHOE ViRkers tdihydR@gal whil ofhBindegtie@ercof. freedom for
ecbutyl as quantified, for exanple, in Table 1) has a

| ower melting point (44-480C)
7. A method of manufacturing a semiconductor structure, the method

comprising:
providing a semiconductor substrate or substrate assembly;

providing a vapor comprising at least one compound of the formula

(Formula I):

wherein:
M is selected from the group consisting of a Grouio 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;
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conpared to disclosed nelting points for the
correspondi ng netal -cont ai ni ng conpounds havi ng the
wo eoomab7y Formul a 1) (see, El-Kaderi et al., PCT/US2006/024996
Organonetal lics, 23:4995-5002 (2004)) where RL = RS =
i sopropyl (87-890C;, 1 degree of freedom for isopropyl
as quantified, for exanple, in Table 1); andwhere Rl =
R5 = tert-butyl ¢adl2Y-id 2@icpefiledttyn @esiraflighn&gedom f or
tert-butyl as quantified, for exanple, in Table 1).
The conpl ete di %WGBEEG?@§{}&V‘1{%€ E:tén@éﬁtﬂg‘?mﬁ "ent
docunents, and szilglfﬁio‘h?bit@T@ cited herein are
i ncorporated by reference i'n their entirety as if each
wer e i ndi vi dual Iyisifrmodponaamsld. Vari ous nodifications

and alterations to this, igventionsw.l |l bego a [

to those skill eoeaf:]ﬁkt’hé ’Btﬁnﬁ‘ﬁgufs 183?%6}1??@1%3@2%6?1%
scope and spirit of th sehhl¥effubGRith the psdvasd thaba least one
understood that this invention is not intended to be

unduly |imted by theofitht Bsarewunsiiy e flaptineiPorianngerganic
exanpl es set forth herein aﬁd t hat such exanpl es and
enbodi nents are preseg{f)lé%f %ly way of exanple only with
the scoprgting tHehapbyemirisdiy the keleae dné compolridof Redmat Iyto
by the clains set forth herein as fol|ows. Wiat is. .
cu)ﬁa seraigondyictor substiptq prowbeFate asemAly 19 fre ameé%rﬁoaﬁ%lﬂ@

| AYE 0001 AsCHRILFALEof thE SeRbMRRtr QTR SiSubREAY hdbmBly
a “SUBS T at e, providing a vapor conprising at |east one
cesipoAgbop lepds@tiohqproedsa (Formula 1): wherein: Mis

sel ected fromthe group consisting of a Goup 2 netal,
a Goup 3 netal, a Lanthani de, and conbi nations

t @.e’gﬁeofnéth%_@%@ chith & fuRHERSRFRRINGYHré dRRi20RbET bdrBpiiiig at
each Y is 1 ndependently a neutral |igand; o
least one metal-containing compound different than Formula I, and directing the

vapor comprising the at least one metal-containing compound different than

Formula I to the semiconductor substrate or substrate assembly.

9. The method of claim 8 wherein the metal of the at least one metal-containing
compound different than Formula I is selected from the group consisting of Ti,

Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof.

10. The method of claim 7 further comprising providing at least one reaction

gas.

11. The method of claim 7 wherein the vapor deposition process is a chemical

vapor deposition process.

12. The method of claim 7 wherein the vapor deposition process is an atomic

layer deposition process comprising a plurality of deposition cycles.
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n represents the val ence state of the netal; each R1,
R2, R3, R4, and R5 is independently hydrogen or an
woer@anixw7yroup with the proviso that at | east PCEUS$006/024996
the R groups is a fluorine-containing organic group;
and contacting the vapor conprising the at |east one
conpound of Formula | with the substrate to forma
hdt &l metbad af firming ametal-oontaininglager areesubsirftedhe ofetttode
subst.r.at e using a vapor deposition process. 2. The
04"Sf claim 1 wherein each Rl, R2, R3, R4, and R5

I s i ndepRenderkhbsthdr ogen or an organic group having 1
to 10 carbon atons.3. The nethod of claim1l wherein at
| east PerVeding p §apew|ceamsidingras astanegooperedabths fomylaf a
ﬂ%ﬁhﬁf I)an al koxi de group, an am de group, a

rcapg%l'de group, cyanide, an al kyl group, an
am di nate group, a guapj di ngte group, an i soureate
group, a b-di ketonate oupy a b-im noketonate group,

a b-di keti m nate group, conbi nati ons thereof. 4.
I eLe.L_n;Lh@ygLn_)l( east one L is a
' a/structure that is the

The nethod of cllai m®
b-di keti m nate group ha
same as that of the b-di etilgn' nate |igand shown in
Formula |I. 5. The nethod ofRclaim3 wherein the at
| east one L is a b-diketininate group having a
structure that is different than that of the
b-di ketimnate.ligand shown in Formula |I. 6. The
met hod of H"&IH'1 wherein at |east one Y is selected
fromthe group ePRSeRlctdddidth iR G8HPEMIsting ofh I8y D
ammoni a, an am ne, nitrogen, a phosphi ne, "an al cohol,
wat er , tetrahydrofurmﬁtalam@f@mgm iolpanthdnideeand 7. A
nmet hod of rranufacturicglglblanaﬁgrrlrsit%grrégfjctor structure, the
nmet hod conpri si ng: ?

each L is independently an anionic ligand;

each Y is independently a neutral ligand;
n represents the valende state of the metal;
z is from 0 to 10;
each R!, R%, R? R*, and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R?, R®, and R?
is a moiety selected from the group consisting of
ethyl, n~propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and
neopentyl; and
contacting the vapor comprising the at least one compound of Formula I
with the substrate to form a metal-containing layer on at least one surface of the

substrate using a vapor deposition process.

14. The method of claim 13 wherein at least one of R*, R3, and R*is sec-butyl.
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provi ding a sem conductor substrate or substrate

assenbly; providing a vapor conprising at |east one
w@eoovpoewsdd of the forrmula (Formula 1): wherei n: PGA/1US2006/024996

sel ected fromthe group consisting of a Goup 2 netal,

a Goup 3 netal, a Lanthanide, and conbi nations

thereof; each L is independently an anionic |igand;

each Y is independently a neutral |igand; n represents

ggeﬁyalﬁpéffstat %ngggmgg%%gnﬁod%ﬁgﬁﬁgﬁ%??kﬁ§é?ggen

@fm@ﬂsmggam C group Wi th the proviso that at |east one
of the R groups is a fluorine-containing organic
gr oup Pre nelarSéquﬁéuthewb@tbaée Ot:wbﬁifatguaﬁ@ntb%e at | east
one c I

subst ?)g@%'ﬂ aqfa (gfc{oa ri%ln att? a%th&}e c%%ﬂ&)%ﬁﬂﬁi U IR Formula
(®iraldchnt ai n| ng Iayer on at Ieast one surface of the
sem conduct or substrate or substrate assenbly using a
vapor deposition procegs. 8R! The nethod of claim?7
further conprising provi |n]gI a vapor conprising at

| east one netal -ontai ni onypound di fferent than
z&0Rpri sing the at
ofrpound di fferent than

Formula |, and diréeg
| east one netal -containi
Formula | to the sem cpfiduct,or substrate or substrate
assenbly. 9. The nmethod of ¢Claim8 wherei,n the netal
of the at |east one netal -containing conpound
different than Fornula | is selected fromthe group
consi sti ng yferdih, Ta, Bi, Hf, Zr, Pb, Nbo, My, A, and
conbi nati ons t her eof.

M is selected from the group consisting of a Group 2

metal, a Group 3 metal, a Lanthanide, and
combinations thereof;
each L is independently an anionic ligand,
each Y is independently a neutral ligand,
n represents the valence state of the metal,;
z is from 0 to 10;
each R', R%, R®, R, and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R%, R, and R*
is a moiety selected from the group consisting of
ethyl, n-propyl, isopropyl, r-butyl, sec-butyl,
isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, fert-pentyl, and
neopentyl; and
directing the vapor comprising the at least one compound of Formula I to
the semiconductor substrate or substrate assembly to form a metal-containing
layer on at least one surface of the semiconductor substrate or substrate assembly

using a vapor deposition process.
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10. The nmethod of claim 7 further conprising providing

at |l east one reaction gas. 11. The nethod of claim?7
wob@reoas7: he vapor deposition process i s a chePrdTEE2006/024996

vapor deposition process. 12. The nethod of claim?7

wherei n the vapor deposition process is an atom c

| ayer deposition process conprising a plurality of

deposition cycles.13. A nethod of form ng a

T SRR B SR BB o RondP e o

CIRASR bh& hidth] @bniafRSd coHif a0 ARGEE thin Phelol, il dlrectmg the
(Formula [): wherein: Mis selected from the grou

copst gtm}rrgsllaﬁ thg agtegsippng masaldontaining sepppaundedifprengthan
nt h n IS

A0 e S CSRTRRSAAAE S GRLc o GaRI-

i ndependently a neutral I|gand n represents the

val ence state of th s fromQ to 10; ?ch

Ry7. Fge method RﬁCIagﬁdG P@efeén f‘hﬁ’d’é‘?ﬁélrﬂféh? phlegs) BP‘E)EP@ or an
aéanJ‘l%g %ﬁ&%)gﬁ‘rﬂi ﬁlﬁe bk dADthhn ﬁs@@lﬁ@ﬁ?&%&émm 44 Edldup he

proviso-t ast one of R2, R3, and R4 is a
naineisting ef ‘B TedBf, HinY.t, Bb, Yb.og, Abnsd stinhinatibnsthemgdf,

7t - propyl, isopropyl, -butyl, sec-butyl, isobutyl,
n-pentyl, 2-pentyl, 3-pentyl, 2-nethyl- 1- butyl,
3rdret ke @od BF ¥laim 118 TR ¥bmpfisinp @¥wding @last one reaction

gas.

19. The method of claim 15 wherein the vapor deposition process is a chemical

vapor deposition process.

20. The method of claim 15 wherein the vapor deposition process is an atomic

layer deposition process comprising a plurality of deposition cycles.

21. A method of forming a metal-containing layer on a substrate, the method
comprising:

providing a substrate;

providing a vapor comprising at least one compound of the formula

(Formula I):
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neopentyl; and contacting the vapor conprising the at
| east one conpound of Fornmula | with the substrate to

w0 ooomoeeenet al - cont ai ni ng | ayer on at | east 0onePGUUSH0€024996
of the substrate using a vapor deposition process. 14.
The method of claim13 wherein at |east one of R2, R3,
and R4 is sec-butyl.15. A nmethod of manufacturing a
sem conduc{Réreft r uct ure, the nmethod conpri si ng
provi ding a seniconductor substrate or, substr

assenbly: provi M §elgcigd Som b @runsoRgisips ¢ %1 fOUé’nQe
conpound of the formyl.g; (a]:@fqtﬁgbamét)al AMBfiRhde, Md S

sel ected fromthe group consisting of a Group 2 netal,
a Goup 3 netal, a Lamhbianfics themmof; conbi nati ons

t hereof; each L I ndepend an. anipni ¢. | i gand;

teﬂch YI iS | ndep%ar?g‘eln’csllﬁ)geé’eﬂg‘??&lﬁ'yzﬁl ap}o&é%]gganﬁ‘ regr esent s
e val ence stateyof id iRty Zndusraf i@Md® to 10;

each R1, R2, R3, ,1 y eﬂ% |sy| n%lepgnéently hydr ogen

or an aliphati cngemaqﬁntsethc rgjencerstate of tepHalat ons, with
the proviso that and R4 is a

t..one of R2, R3,
noi ety sel ect edzfﬁ’%ﬂ’?ﬁﬂg ¥ oup consisting of ethyl,

n-propyl, isopregy R1 R2ORA, Yd4 arfdee™ 1bl1hide|pendeﬁﬂphy(§fdogen or
-pentyl, 2-pentyl, ent 2- et hyl -I but yl
3-net hyl - 2-butyl, | s@péhplgﬁtlc g@%ﬁha"ﬁé&] {5 Caghep atoms,

neopentyl; and with the proviso that at least one of Rl'andR’isa
moiety selected from the group consisting of n-
propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl; and
contacting the vapor comprising the at least one compound of Formula I
with the substrate to form a metal-containing layer on at least one surface of the

substrate using a vapor deposition process.
22. The method of claim 21 wherein at least one of R! and R’ is sec-butyl.

23. A method manufacturing a semiconductor structure, the method comprising:
providing a semiconductor substrate or substrate assembly;

providing a vapor comprising at least one compound of the formula

(Formula I):
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directing the vapor conprising the at |east one

conpound of Fornmula | to the sem conductor substrate
wWo@erogisry at e assenbly to form a netal - cont ai NPCYUSAY&024996

on at | east one surface of the sem conductor substrate

or substrate assenbly using a vapor deposition

process. 16. The nethod of claim 15 further conprising

provi di ng ayvheagor conprising at | east one

nmet al - cont ai ni ngq _conpound_di fferent than. Forn'gjt,‘a I

and directing t ¥ i%sgiRstedBomihe oyp cApsisting of 344108 &

met al - contai ni ng conppund o dbies Gltkall MamtaGiadlad ! to
t he sem conductor substrate or substrate assenbly. 17.

The net hod of cl ai m Wembietienntheheinet al of the at

| east one netal cont ai.ni C und di fferent than
Formula | is seleéa?gds 1‘“:&%?{?@%@85@%%01&18%&% ing of Ti,
Ta, Bi, H, zr, e%&ﬂbind%?enﬁhﬂyamﬁu@amhﬁmtlons o
thereof. 18. The nethod of claim 15 further conprising

provi di ng at | eastepissents thectalenge state. oftlee me9E net hod of

claim 15 wherein it %eo va%alio,deposi tion process is a
chemi cal vapor c?eﬁosml on” process. 20. The nethod of

cl ai m 15 wher ei reathR' VR &P, Rt pas RF isindgrendasly Hysrapen or
atom c | ayer deposition _process conprisi ngh aplurality
of deposition cycl es.aneiphaliGEoHBhaynef dp RicAgpoy atoms,

met al - cont ai ni ng | ay&g;Ppe r?ﬁ@é&ﬁa@&ﬁeas& gﬁe PERNBRI RS is a

conprising: providing a substrate; providing a vapor
conprising at |east aneietosghmtaidiah thehgohpconsisting of #-

(Formula I):wherein: Mis selected,.fromthe.grou
consisting of a & ou@fgpﬁe?-iqu‘,?ﬁ,ase@bgﬁf 1§Ofmg¥la)l.’t—,pe yl, 2-
Lant hani de, and conbinatjlonpekthEnantthyeaslityl, 3-methyl-2-
i ndependent|y an anionic |igand,
butyl, isopentyl, and tert-pentyl; and
directing the vapor comprising the at least one compound of Formula [ to
the semiconductor substrate or substrate assembly to form a metal-containing

Jayer on at least one surface of the semiconductor substrate or substrate assembly

using a vapor deposition process.

24. The method of claim 23 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and directing the
vapor comprising the at least one metal-containing compound different than

Formula I to the semiconductor substrate or substrate assembly.

25. The method of claim 24 wherein the metal of the at least one metal-
containing compound different than Formula I is selected from the group
consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof.

26. The method of claim 23 further comprising providing at least one reaction

gas.
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each Y is independently a neutral l|igand; n represents
the val ence state of the netal; z is fromO to 10;
we@2oh/oib73 R2, R3, R4, and R5 is independent|y PyHUSHE61024996
or an aliphatic group having 1 to 5 carbon atons, wth
the proviso that at |east one of RL and R5 is a noiety
sel ected fromthe group consisting of npropyl,
- ieyhethe®6f Qsiby23 whaehuhy vapar-depoditidn prdeespésd gHemical
3-pentyl, 2-methyl-1 -butyl, 3-nethylsbutyl,
ﬂ@ﬁ@éﬁﬁ?ﬂhoaﬁﬂxﬁ$ pentyl ; and contacting the vapor
conprising the at | east one conpound of Fornmula | with
the substrate to forma netal -containing |ayer on at
| 28astheanethsdiof deien 25 whereirsthb szapm@pqstlmgp@casaywrn atomic
deposi ti on process. 22.. The tho claim
ARE? deposiion BIRSES GADHing D ps dgp%sétbonbﬂf F 23. A
met hod nmanufacturing a sen1conductor structure, the
met hod conprising: providing a senm conductor substrate
@9. sAibsimpatml efsbefismyla (Feonildilig a vapor conprising at
| east one conpound of the formula (Formula I): wherein:
Mis selected fromtheRgrou conS|st|ng of a Goup 2
netal, a Goup 3 netal, thani de, and conbi nati ons
t hereof; each L és E?de dent ani oni c |igand;
each Y is indepehde y neutral” r¥gand; n represents
t he val ence state of the neﬂ% each R1, R2, R3, R4,
and R5 is |ndependentlﬁf ydqégen or

2>

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from O to 10;

x is from 1 to n; and

each R', R%, R, R* and R’ is independently hydrogen or
an organic group with the proviso that at least one

of the R groups is a fluorine-containing organic

group.

30. The compound of claim 29 wherein each R', R?, R* RY, and R’ is

independently hydrogen or an organic group having 1 to 10 carbon atoms.

31. The compound of claim 29 wherein M is selected from the group consisting

of Ca, Sr, Ba, and combinations thereof.
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an aliphatic group having 1 to 5 carbon atons, wth

the proviso that at |east one of RL and R5 is a noiety
wa@ el f rom t he group consi sting of npropyl PCT/US2006/024996

n- butyl, sec-butyl, isobutyl, wpentyl, 2- pentyl,

3-pentyl, 2-nethyl-1 -butyl, 3-nethyl-2- butyl,

i sopentyl, and r -pentyl; and directing the vapor

8ONPhé §d)rﬁ§odﬂﬂi&)f&ﬂa1hleﬁ\krhéiaﬁ a€ tapained. Bselotediom ihetgmup
t he sem conductor substrate or su éﬁtrate assemnb] y

torsintingvb e drlide oAkl Srayis A0 GRIGH ST B METRPt r&f%llpe
Of antuE]e an G0 ggﬁ%ggo& ﬁ%?é él% oéuaEiMé Bilofip; azﬁﬁ@émééfe

|ng a va I on 24. Thé nethod of
@l‘o’iipl‘rh BAikdiside groﬁnpmpﬁ-iimlm)getpnm |gcbupga f-dikgsminate group,
conprising at_ | east one netal -containing conmpound
and paplinationsdheredt nul a 1, and directing the vapor
conprising the at | east one netal -containing conpound
different than Fornula | to the sem conductor = |
$abghe aompomndsmﬁxﬂairrawwhgsmtbe yt leas onThds aBrdikriingpate

cl a| tal of

e e R R R e T e

%ﬁ5ﬁgh§ﬁb§ﬁ@%qthe group consisting of Ti, Ta, Bi, Hf,
Pb, No, My, Al, and conbinations thereof. 26. The

met hod of cI aim 23 further conprising providing at

lﬁ%gsfiﬂ %Q%%ﬁrg ArLt Qi ?fw?lgrem-rtﬂ@ AREAe €fis ﬁgad&?;tﬁ&nate

vapor deposition process IS a chem cal
6RO haH @05 éthictute i dediffereBBthail et v thkedadibétiminaiertigagd
wher ei n_t he vapor deposition process is an atomc
I3h9€}“1115®‘6‘§}ﬂon process conprising a plurality of
deposition cycles. 29. A conpound of the formula
(Formula I'): wherein: Mis selected fromthe grou
conslitstconpoohd af Grinup9 Yherein at least one Y is selected from the group

consisting of a carbonyl, a nitrosyl, ammonia, an amine, nitrogen, a phosphine,

an alcohol, water, tetrahydrofuran, and combinations thereof.

36. A method of making a metal-containing compound, the method comprising
combining components comprising:

a ligand source of the formula (Formula III):

H
R* R’
, a tautomer thereof, or a deprotonated

conjugate base or metal complex thereof;
optionally a source for an anionic ligand L;
optionally a source for a neutral ligand Y; and
a metal (M) source;
wherein each R', R?, R, R, and R®is independently hydrogen or an

organic group with the proviso that at least one of the R groups is a fluorine-

containing organic group; and
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nmetal, a Goup 3 netal, a Lanthanide, and conbi nati ons
thereof; each L is independently an anionic |igand;
weawhn/oxers i ndependently a neutral |igand; n rEQrESHNe/624996
the valence state of the nmetal; z is fromO to 10; x
is from1l to n; and each Rl, R2, R3, R, and R5 is
i ndependent|ly hydrogen or an organic group with the
provi §@ciehifthe atetd €8 tsonmne indeldcheel R tlougeup sommisting of a
fl uori ne-containi ng organi c grou 30. .The ound of
Eireipd Dotahp@res, f ERER 3 P&?talﬁ?}lf%sg Lﬁ&ﬁ”ﬁ%edmﬁ%? ?@mc@ and
|.ndepen - 193 SUPmBRAY-cHGaihir
B oot B b B o o1
MWimpogs EehetrhubriFoheulgipbup consi sting of Ca, Sr, Ba,
and conbi nati ons thereof.32. The conmpound of claim 29

wherein at | east one Lrts sRlected fromthe group
consi sting of a halide, \an al koxi de group, an am de

group, a nercapt/i de sgroyp;~ cyani an al kyl group, an
am di nate group,\ a‘goamydi na xgﬁ%@b}* an isoureate
group, a b-di ketonate gr N b-i m noket onat e group,
a b-di keti mi nate groupr? andf{ﬁ:orrbi nations thereof. 33.

The conpound of claim 32 wherein the at l-east one L is

a b-di keti.m pat 104D J3aykn 5 C ]%;@%'sthe
sane é‘g‘ef%nwgf%’%%?%-’&{Lkgt’ia%d%aﬁég%&geg%gdé ov\,hhi n
RO AthA the valdfbe stai€oCORPRIIGZ Of fraxh @iton] 8 2andheisdiom { fen.
at” | east one L is a b-diketimnate group having a

structure that is different than that of the
bediket | i nase Ll Oandn S e hittdr ok Ub @ cé comprises a M(0), a
M(1I) halide, a M(IL) pseudohalide, a M(II) amide, or combinations thereof.

38. The method of claim 36 wherein M is selected from the group consisting of

Ca, Sr, Ba, and combinations thereof.

39. A precursor composition for a vapor deposition process, the composition

comprising at least one compound of the formula (Formula I):

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand,

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;
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35. The conpound of claim 29 wherein at least one Y is
sel ected fromthe group consisting of a carbonyl, a
WORMrO8673 amoni a, an am ne, nitrogen, a phospti/ng00€024996
al cohol , water, tetrahydrofuran, and conbi nations
thereof. 36. A nethod of making a netal -containing
conpound, the nethod conprising conbining conponents
conprising: a |iganffomolutoog anfl t he fornula (Formul a
[11): , a tautomer _ thereaf; _ar [ of onat e
conj ugat e base of? aﬁ{ g%n& e%%tlﬂﬁlgg@%Pe@ﬁFﬁgﬁhﬁ4rP§e%or
source for an anioni Cah bEARR drouPRith PNAbbYisE 15D EE 168t one
for a neutral ligand Y; and a netal (M source; )
wherein each Rl, R2, RB8theRugroansiisRElucsineredpisanneprgagic
hydrogen or an organic_group with the proviso that at
| east one of the R gr 5{3%3' is a fluorinecontaining
organi ¢ group; andwherein the netal (M source is
sel ected fromthe group consisting of a Goup 2 netal
st Aecompoupd apths fornds (Bumydel): a Lant hani de net al
source, and conbi nations_thergof, under conditions
sufficient to provide aRfret at~- cont ai ni ng conpound of

the formula (Formula 1): eiln M L, Y, Rl, R2, RS,
R4, and R5 are a$ degfii neg a ovg, 1}r)[yr presents the
val ence state of \thé net y,g rémod to 10, and x

is from1l to n. 37. The thod of claim 36 wherein the
metal (M source conpriBes aRM O, a M11) halide, a
M11) pseudohalide, a MI1l) am de, or conbinations

t hereof . 38WIeHé&et hod of claim 36 wherein Mis

sel ected fromthgy grsg}éggaqfﬁ) flée';%guﬁéong@tin bf a %?ou;?‘ﬁ‘d

conbi nati ons thereof rsor conposition for
a vapor deposition procedss Grdyp Toephs landanclemud si ng
at | east one corrpoundcgrfnbltngtelorflsot gruelog (Formula I):
each L is independently an anionic ligand;
each Y is independently a neutral ligand;
n represents the valence state of the metal;
z is from 0 to 10;
x is from 1 to n; and
each Rl, R2, R3, R4, and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R? R® and R*
is a moiety selected from the group consisting of
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and

neopentyl.

41. The compound of claim 40 wherein M is selected from the group consisting

of Ca, Sr, Ba, and combinations thereof.
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wherein: Mis selected fromthe group consisting of a
Goup 2 netal, a Goup 3 netal, a Lanthanide, and

W@ eoebiooeatrs ons t hereof; each L is independent!| yP@ErUS2006/024996
anionic ligand; each Y is independently a neutral
ligand; n represents the valence state of the netal; z
is fromO to 10;each Rl, R2, R3, R4, and R5 is
| #tlepenebod biymhlidg e gestaleontaning gempeungl thepnathedcanygising
provi.spo that at |east .one of the R groups is a

fF?IBli’lPW@C@HH’PEf’IH?ﬁ%mB‘?sd%l c group. 40. A conpound of

the fop nuhdl dmpleBitie fohﬂumgpgﬁma mY.i s selected from
the group consisting of oup 2 netal, a Goup 3

netal, a Lant i de, Rhd conbi nati ons thereof each L
IS i ndepend ntly :&nNéni onic ligand; each Y is
independent?}\g neutral ligand; n represents the

val ence statie¢ o rretal Xx is from1l to n; and each

R1, R2, R3, fﬁj and 51 S mdependently hydrogen or an
al i phatic grodp having 1 toa8utamérdheraofomsa deprotonathé
provi so that at |east d R4 is a

noi ety sel e EYUHEHY BRe Oﬁgle 88%‘%%?@?@? ';ng of ethyl,
N- pr opyhtiodafOArse@et foraddWhitnic keedayt yl ,

optionally a source for a neutral ligand Y’; and

a metal (M) source;

wherein each R!, R%, R®, R*, and R’ is independently hydrogen or an
aliphatic group having 1 to 5 carbon atoms, with the proviso that at least one of
R?, R3, and R* is a moiety selected from the group consisting of ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and neopentyl; and

wherein the metal (M) source is selected from the group consisting of a
Group 2 metal source, a Group 3 metal source, a Lanthanide metal source, and
combinations thereof, under conditions sufficient to provide a metal-containing

compound of the formula (Formula I):

l
RS

wherein M, L, Y, R', R% R, R*, and R® are as defined above, n

represents the valence state of the metal, z is from 0 to 10, and x is from 1 to n.

43. The method of claim 42 wherein the metal (M) source comprises a M(0), a
M(II) halide, a M(II) pseudohalide, a M(IT) amide, or combinations thereof.

60



i sobutyl, n-pentyl, 2-pentyl, 3-pentyl,
2-nmet hyl -1 butyl, 3-nethyl-2-butyl, isopentyl, r
WO p@nogle73 and neopentyl. 4 1. The conpound of PCHUS04€024996
wherein Mis selected fromthe group consisting of Ca,
Sr, Ba, and conbinations thereof.42. A nethod of

e e REG s & T oA S S 08D cpitipe of
s 4! e Baf add@nihsidng thdrérmul a 111): , a tautomer

thereof, or a deprotonated conjugate base or netal
conpl ex thereof; optionally a source for an anionic

| i,ga , ti ] s sour r...a neutral, | ] .Y,
ot A S B B R DR R i
aneinfRsing af 188k paes dempduohdufdiopenurFammahiphat i ¢ group
having 1 to 5 carbon atons, with the proviso that at

| east one of R2, R3, ang?R4 RS a noiety selected from

t he group consisting of hyl, n-propyl, isopropyl,

n-butyl, sec-butyl, isob N -pentyl, 2-pentyl,
i@e ﬁ?ﬂ’%{ﬂw\’zéﬂbut o
eopentyl; and wherein the

3-pentyl, 2-nethyl -k
i sopentyl, tert-pentyl, a

metal (M source is selg tederon1the group consi sting
of a Goup 2 netal source, a Goup 3 netal source, a
Lant hani de mksdin:source, and conbi nations thereof,
under conditions _sufficient tq provide a .

met al - cont ai ni ng M &nisEEHd M theereet FRASHIPEOF Ardiramn 3 .
MyzLn-x wherein M L, m\étalRalercE%e Iﬁéeal,%“nanﬂ%id%? Rf € as
defi ned above, n represents t val ence state oOf the
nmetal, z is fromO tocé@pinatchsthérsof;rom 1 to n. 43.

Ig ﬁ'p ms; ggd aO]IC\/( Col) %Ia L4128 i\ﬁdc?eeprerelagnﬂtyha% arrrl?otn?clz liéawd; source

each Y is independently a neutral ligand,

n represents the valence state of the metal;

z is from 0 to 10;

x 1s from 1 to n; and

eachR', R, R® R* and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R% R, and R*
is a moiety selected from the group consisting of
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and

neopentyl.
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MI1) halide, a MIIl) pseudohalide, a MI1) am de, or

conbi nations thereof.44. The method of claim42
wob@reiw7M i s sel ected fromthe group consi stiPQI/o8200024996

Sr, Ba, and conbinations thereof. 45. A precursor

conposition for a vapor deposition process, the

conposition conprising at |east one conpound of the

f o.Ml cBmpbeid i the Formud@oginala IM i s sel ected from the

group consisting of a Goup 2 netal, a Goup 3 netal,

a Lant hani de, and conbL@htiqh% thereof; each L is

i ndependently an anionic\ igand; each Y is

i ndependently a peut ral dy n represents the
15 IsMYdmxl to n; and each
ependent |y hydrogen or an

val ence state of |t h&
Rl, R2, R3, R4, and R5 is

al i phatic group having g#to carbon atons, with the
proviso that at |east one of 'R2, R3, and R4 is a

noi ety sel eghedid:rom the group consi sting of ethyl,
72-propyl, isopropyl, n-hutyl, sec-butyl, ispbutyl,
r-pentyl, 2-pent!is sglegisddipm the chenngpnsisting ?&rguf’z
3- et hyl - 2- but yl, isogﬁg{y ; It mBeN LM antidAe. and
neopentyl . 46. A conpoun lb G?%@ fgrnﬁlaa?FornSigll):
wherein: Mis sel ect edohbmatitdsghgeolyip consi sting of a

G 2 netal , 3.netal ., a Lant hani de, and
Conby nat | one. 1 hePEB Rateheray BRHABHERy an

ani oni ¢ Iigand; eachY isindependently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

x is from 1 to n; and

each R', R% R?, R4, and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R'andR’isa
moiety selected from the group consisting of n-
propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl.

47. The compound of claim 46 wherein M is selected from the group consisting

of Ca, Sr, Ba, and combinations thereof.
48. A method of making a metal-containing compound, the method comprising

combining components comprising:

a ligand source of the formula (Formula III):

62



each Y is independently a neutral l|igand; n represents
the val ence state of the netal; z is fromO to 10; X

w0 g00f70a873L to n; and each Rl, R2, R3, R, and R5I/US2006/024996
i ndependent|y hydrogen or an aliphatic group having 1
to 5 carbon atons, with the proviso that at |east one
of RL and R5 is a noiety selected fromthe group
consi sting ofRanr opygR! rc-butyl, .sec-butyl, isobutyl,

rc-pentyl, 2- ntyl, 3-pentyl, 2-nethyl- 1-butyl,
3- et hyl sb Tsopentyl, and tert-pentyl. 47. The
conpound off i m46 wherein Mis selected fromthe

group consisti, N\ng, Sr, Ba, and conbinations

thereof. 48. BA'net hoB of nakivemer tHEkaf, o 9t bnagd
conpound, the nethod conprising conbi ning conponents
conpri si ngromugdtebasg of suptd cosmlexberst mul a (For nul a
), t aut omer_ _t.her eof . .ot pr ot onat ed conj ugate
base 8?61??@@&& 8835‘?8&%rxanta%fé?nég¥l,gﬁbp ionally a source for

an anigRbllyiagatete for ophit@higind ¥, mdur ce for a neutral
ligand Y; and a netal (M source; wherein each Rl, R2,
R3, RamepdMRsoIge; ndependent |y hydrogen or an

al i ph@&ﬂe@g {e&ﬂﬁvhﬁ’?f}ﬁﬁgﬁ, 40 1 i§ ﬂ{degéhg@h@ﬁﬁydr%édbﬂ 4e

provi so at fedst 'one of Rl and R5 I's a noiety
slpleaicagody inmirtgetogd carborc ansisswith ghegirovisp thapgt least one of

SR TR ko] SR B G o
I 50B&RT YdobuBNG-p&hyL; PRANYA,:3-Séilyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and fert-pentyl; and

wherein the metal (M) source is selected from the group consisting of a
Group 2 metal source, a Group 3 metal source, a Lanthanide metal source, and
combinations thereof, under conditions sufficient to provide a metal-containing

compound of the formula (Formula I):

I
RS

wherein M, L, Y, R, R%, R, R* and R’ are as defined above, n

represents the valence state of the metal, z is from 0 to 10, and x is from 1 to n.

49. The method of claim 48 wherein the metal (M) source comprises a M(0), a

M(II) halide, a M(II) pseudohalide, a M(II) amide, or combinations thereof.

50. The method of claim 48 wherein M is selected from the group consisting of

Ca, Sr, Ba, and combinations thereof.
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wherein the metal (M source is selected fromthe
group consisting of a Goup 2 netal source, a Goup 3
woreioalosaur ce, a Lant hani de netal source, and PCT/US2006/024996
conbi nati ons thereof, under conditions sufficient to
provi de a netal - contai ning conpound of the fornula
(Formula 1): wherein M L, Y, Rl, R2, R3, R4, and RS
31 e Agsreclgbdrnpthpakitive form vappr éspesttion thecess Henmensiios
of the metal, z is fromQ to.10, d xis froml to n.
BGTIDTIHEE AHieRt ane FOEPA F A fERBI PO TR al (M
source conprises a I\/(O)2 a f\{[ll) halide, a MII)
pseudohal ide, a MII) R 'de,l or conbi nations thereof.
wherein Mis selected from
t he group consi gti of n. B& yand conbinations
thereof .5 1. A precurso sitién"for a vapor
deposition process, the,Lonposition conprising at
| east one conmpound of Rhe fRPmula (Fornula I):
wherein: Mis selected fromthe group tonsisting of a
Group 2 metVdlereiy: Group 3 metal, a Lanthanide, and
combi nati ons ¢ nejreolcicofalirh thalolf eRRASIBRIIEY ABup 2
anionic ligand; each Y is I ndependently a neutral
| i gand; n represents méig, v frewcd nstals eLofthathde, gad al ; 2
is fromO to 10; x is from.l t and each Rl, R2,

R3, R4, and R5 is ind@ Hlfgﬂ??@‘eﬂfé?&rogen or an

al i phatic group dayi Rgindcpdndontbidanomt Gigead;W th the
proviso that at |east one of RL and RS is a noiety
sel ected from t ecly¥dapndenensiestly agewral digaeghy| |

n-butyl, sec-buty Jepreisg'n%) HlWatencs BEM o he Retal;

z 1s from O to 10;

50. The nmethod of claim

x is from 1 to n; and

each R', R%, R, R* and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R'andR’isa
moiety selected from the group consisting of #-
propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl.

52. A ligand source of the Formula (IIT):
R3 R
R3 — N ’
H
r* ‘RS
wherein each R}, R%, R®, R*, and R’ is independently hydrogen or an
aliphatic group with the proviso that at least one of the R groups is a fluorine-

containing aliphatic group.
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pentyl, 3-pentyl, 2-nethyl-1 -butyl, 3-nethyl-2-
butyl, isopentyl, and terf-pentyl. 52. A ligand source
w@boohesFormul a (111): wherein each Rl, R2, R3PCRUS20861024996
R5 i s independently hydrogen or an aliphatic group
with the proviso that at | east one of the R groups is
a fluorinecontaining aliphatic group.53. A nethod of
gk agtiddofandend apriitetiningaigasbiouees, theracthed pygprising
conpri sing conbi ni ng, conponents conprising: an am ne
qoMbiNBE FOHRRAPAFAIFE S’ conpound of the formul a
(For myl 80 ¥ the Bfm@aRANEQTEr thereof; and an
activating agent, under conditions sufficient to
pr ovi demapdindarthestoungle (BérmheIYsr nul a (Formula 111):
, or a tautoner thereof, wherein each Rl, R2, R3, R4,
and R5 is indBRendently hydrogen or an aliphatic group
with the proviso=td@t at |east one of the R groups is
a fluorinegd ni ng ﬁl i phatic group. 54. A ligand
source of the [ﬂqha (I'11): or a tautomer thereof,
wherein each R1,, , g8, R4, and R5 is independently

hydrogen or anZRaliphatic ﬁg@@uﬁmﬂ@réoﬂ@né car bon
atons, with the proviso t

at at | east one of RZ%CFG
and Rén activatinpagtny, wdkrendiiops sificisat prigopide 8erat Fgce
of . et hyl - pro _isopropyl, n-butyl, sec-butyl,
pEihp dRrypyula &OE%’HF D: 2 pentyl, 3-pentyl |
2-met hyl -1 butpd , 3- nglu hyl - 2-butyl, isopentyl, r
-pentyl, and negpentyl. 55. A method of neking a

b- di keti m e A1 gand source, the nethod conprising
conbi ni ng ga ents conprising:an am ne of the
formul a RINH2;, =N_

R R , or a tautomer thereof,

wherein each R}, R, R?, R* and R’ is independently hydrogen or an
aliphatic group with the proviso that at least one of the R groups is a fluorine-

containing aliphatic group.

54. A ligand source of the Formula (I1I):
R R'
R3 —N’
H
4 ‘RS
R or a tautomer thereof,
wherein each R', R, R?, R* and R’ is independently hydrogen or an
aliphatic group having 1 to 5 carbon atoms, with the proviso that at least one of
R% R’, and R* is a moiety selected from the group consisting of ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-

butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and neopentyl.

55. A method of making a p-diketiminate ligand source, the method comprising

combining components comprising:
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a conpound of the formula (Fornula IV): , or a

tautoner thereof; and an activating agent, under
w@onvdioodeans sufficient to provide a |igand souPCEUST006/024996

the formula (Formula I11): , or a tautomer thereof,

wherein each Rl, R2, R3, R4, and R5 is independently

hydr ogen or an aI | phatl c_group having 1 to 5 carbon

at ons, armmimetolﬁdlqofomumd{lt\]}&t at | east one of R2, R3,

and R4 is a ele dfro he group consisting
of et h%/F?mPQ‘gﬂ?]tPgﬁ E’r(gﬁwulaﬁ]fnutyl, sec-butyl,

i sobutyl, -peni{yl 2 pentyl, 3-pentyl,

2-met hyl -1 buty 3- et hyl - 2. butyl, isopentyl, r

- pentyl, and3neo Q1. 56. A ligand source of the
Formula (H R a tauponer t hereof, wherein each R1,
R2, R3, R, and 'N i ndependent|y hydrogen or an
al i phatic group aV|ngR51t05c:arbon atons, with the

provi so that at 't east one pcﬁrd%hu‘@mbrﬂ'ferecsf anchoi ety

sel ected fromthe gro co Si sti ropyl ,.

n- but yin 2¥atRg pgAnT | {iong S%gﬁ Tt% 1§9E@ﬁﬁ9ﬂgﬁnd source
oPtﬁQtféﬂnulaz FHF&H}QH! -butyl 3- met hy| sbutyl,

i sopentyl, an ter" pentyl 57. A method of neking a

b- di keti mi nat ®2 i gandRéour ce, the nmethod conpri sing
conbi ni ng cgspongnt § conpri sing: an ami ne of the

formula R1 : corrpound of the formula (Formula 1V):

, or a tautdker Le and an activating agent,

under conditi gia P | ent to provide a |ligand source
of the fornul (FormJ a ||19>ratautomqralmrmfer t her eof ,

\é\cg: gbgzhe%fnh%ﬁﬁi'R ,Fﬁz’ 15? , and ang 1n§ pen ent[]ydl‘i:' pdergge%notrla

aliphatic group having 1 to 5 carbon atoms, with the proviso that at least one of

R% R, and R* is a moiety selected from the group consisting of ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, tert-pentyl, and neopentyl.

56. A ligand source of the Formula (III):

R? R

H

R ® or a tautomer thereof,

wherein each R', R?, R®, R4, and R’ is independently hydrogen or an
aliphatic group having 1 to 5 carbon atoms, with the proviso that at least one of
R! and R’ is a moiety selected from the group consisting of n-propyl, n-butyl,
sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-

butyl, isopentyl, and fert-pentyl.

57. A method of making a B-diketiminate ligand source, the method comprising

combining components comprising:
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al kyl group having 1 to 5 carbon atons, with the
proviso that at |least one of RL and R5 is a noiety

wa@ etz f rom t he group consisting of / -propRCT/US2006/024996
"-butyl, secbutyl, isobutyl, n-pentyl, 2-pentyl,
3-pentyl, 2-nethyl-1-butyl, 3-nethyl-2-butyl,
i sopentyl, and tert-pentyl. 58. A vapor deposition
systernanam[iltdcsﬁthgformuébeﬁg‘éﬁii;i on chanber having a

bstrat i ti th [ n; t | t |
Compr | SrEBaE] BEBE T ioBonRAa he Tormira

(Formula I): erein: Mis selected fromthe group
consi sting of oup 2 netal, a Goup 3 netal, a

Lant hani de, and nati ons thereof; each L is

i ndependent IR/ anioniir ligand;each Y is

i ndependently a n Ng/l ligand; n represents the

val ence state ofR4he nefal; z is fromO to 10; each
Rl, R2, R3, R4, 'and R5 is i, odepanaeetithgrebffdndgen or an
organic_group with the proviso that.at |east. one o
Che’R Gr BEAGRAE skt itk fioMidhe oI o9 GRvIde g feafipsovree
SO th AL (KRR H)en system conprising: a deposition
chanber having a substrate positioned therein; and at

| east one ves con‘erilsi ng at | east one conpound of
the formul a &’'1): wherein: Mis selected from
the group coI_rI1 1.8ting of a Goup 2

, or a tautomer thereof,

wherein each R*, R%, R%, R*, and R’ is independently hydrogen or an
alkyl group having 1 to 5 carbon atoms, with the proviso that at least one of R
and R® is a moiety selected from the group consisting of n-propyl, n-butyl, sec-
butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-butyl,
isopentyl, and tert-pentyl.

58. A vapor deposition system comprising:
a deposition chamber having a substrate positioned therein; and
at least one vessel comprising at least one compound of the formula

(Formula I):

R% 1]1
N
< R3 ( MY, L.
N X
RY 4

wherein:
M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;
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nmetal, a Goup 3 netal, a Lanthanide, and conbi nati ons
thereof; each L is independently an anionic |igand;
weawhn/oxers i ndependently a neutral |igand; n rEQrESHNe/624996
the val ence state of the netal; each Rl, R2, R3, R4,
and R5 is independently hydrogen or an aliphatic group
having 1 to 5 carb at o iLth the vi sp that at
| east one of R2, eﬁ%&éf‘]ﬁ@&“’lwgm@%?% @?1%1? cted from
the group consi stiRpresdntEhbYhlente R40RY the th&@Rr o0py!
n-butyl, sec-butyl,i1sobutyl, n-pentyl, 2-pentyl,
3-pentyl, 2-nethyisfivm§to 13- et hyl - 2- but yl |
i sopentyl, fert- &eirs‘tﬁ)&nlﬂﬂg aggopentyl . 60. A vapor
deposi tion systemconmpri sirng: a deposition chanber
havi ng a subst r ateaclpRSiR? RH&d, idiER Bisnndepeadeatly hedsigen or
one vessel conprising at |east one, coppound of the
fornula (Fornmula 1): WREFEE SIRPP ylééggélfoé(tﬁofth%rﬁ fegg one

group consi sting of aoﬁ&@éﬁ?gtgasagﬂu il%%aél,ﬁahﬁng?}g%hic

a Lant hani de, and conbi nati er eof;

i ndependently an ani orgreup. i gand; each Y is

i ndependently a neutral ligand; n represents the
val ence state of the nmetal; z is fromO to 10; each

RE9. R2vapB3depdtiticAnNgsteR dofnpriRfgpendent |y hydrogen or
a deposition chamber having a substrate positioned therein; and
at least one vessel comprising at least one compound of the formula
(Formula I):

1

z—x

>x MY, Ly«

ge

~—Z

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z 1s from 0 to 10;

each R!, R, R®, R* and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R?, R?, and R*
is a moiety selected from the group consisting of

ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
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an aliphatic group having 1 to 5 carbon atons, wth
the proviso that at |east one of RL and R5 is a noiety
wa@ el f rom t he group consi sting of npropyl PCT/US2006/024996
n- butyl, sec-butyl, isobutyl, -pentyl, 2- pentyl,
3-pentyl, 2-nethyl- 1-butyl, 3-nethylsbutyl,
i sopentyl, and r -pentyl.
isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-
butyl, 3-methyl-2-butyl, isopentyl, fert-pentyl, and

neopentyl.

60. A vapor deposition system comprising:
a deposition chamber having a substrate positioned therein; and
at least one vessel comprising at least one compound of the formula

(Formula I):

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

each R!, R% R®, R*, and R’ is independently hydrogen or
an aliphatic group having 1 to 5 carbon atoms,
with the proviso that at least one of R'andR’is a
moiety selected from the group consisting of #-
propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and tert-pentyl.
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