BETA- DI KETI M NATE LI GAND SOURCES AND METAL- S CONTAI NI NG COVPOUNDS THERECF,
AND SYSTEMS AND METHODS | NCLUDI NG SAME This application clainms
priority to WOTHREBnt Application Serial No. 11/169, 08ST/UYSp0eeR43%ne 28,
2005, which is incorporated herein by reference in its 10entirety. BACKGROUND
The scaling down of integrated circuit devices has created a need to

i ncorporate high dielectric constant nmaterials into capacitors and gates. The
15search for new high dielectric constant materials and processes is becom ng
nore inportant as the mninmum size for current technology is practically
constrai ned by the use of standard dielectric materials. D electric materials

contai ni ng al kal IBETAaDINETEVENA TEILIGANDISOURCES ANTRAMEZAYant age in
capaci tance conpared to conventional dielectric materials. For exanple, the

20per ovski t & ENTAINNG BOMBOUNIDSTIHERED®E) AND SNYSTEMS ANBt ant of up to
500. Unfortunately, the successful integration of alkaline earth netals
into vapor deposition pr oceMBEHGRS MHE{ WeANEF i cult. For exanpl e,

al t hough atomi c | ayer deposition (ALT)) of alkaline earth netal diketonates
has been discl osed, these netal diketonates have |ow volatility, which

typi cal ly requires P8¢ imlicdtioeylabes gissptoiéd. Paterd AgalidatosSdriatNb. f or use in a

liquid injecti e |ont l.ow vol a |I|t t.hese .net al

di ket onat es ge(‘ril)g/r %Wb% ﬁ?ggléunﬁ?gdi ga‘g?]lcgfs 1§°°W?t%¢1hefeéﬂ qu?{ﬁncﬁllﬁﬁs substrate

t enper at ur ¢ aadiratyr ong oxi di zers to grow a film which is often contam nated
wi th carbon. O her alkaline earth nmetal sources, such as those including

substituted or unsubstituted cycl opentadienyl |igands, 30typically have poor
volatility as well as |ow thermal pA@RidroyNbeadi ng to undesirabl e pyrolysis
on the substrate surface. New sources and net hods of incorporating high

di el ectric materi al Beardingdpwy ofmtagivted @rcuih devigre hav atatainsned td nt egr at ed
circuit deviceg, HM%% esent ion provides

met al - cont ai ni ng I?orrpo nﬁfmconw@%t%é%ﬁ{b Gaﬁ Orsan%ﬁp[%xe% t hat include at
| east one 13- dsdwhlfmmartmﬂdlgiacvtdq ccamtdntmathmn]salﬂfprmkgemgbamimugl ng, and vapor
having at | eastoRb P B8t b AR R R bR PR ar e, T such
certain lkl’]OWB cesiadinadldryttiad usenﬁstamhiphhald&nc taeridls- Dﬂeﬁbcdickﬂettbrﬁﬂlsngt e ligand has
bot h i ¢ ogen SPBHER: Sxde PR alyshenopt: RABITEAOHIEE B ganomet al 11 co,
23: 4995 5002 (%@Glt)ancer@ﬁlpaié&Ecﬁfb&wd:ﬂﬁi\bﬁdﬂtdh@éttrw@a\/cbﬂi@@ e EimO Ml ni ng conpounds
(i.e., nmetal-contajni ng cg%ggs%ﬁr%ncgl uggng | east one _|3-di ketim nate
Ilgand whi'th CARVSHES BUGat| A Gparses Bk dislegtric copgang pf pioe 08+

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
25  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,

30  typically have poor volatility as well as low thermal stability, leading to

undesirable pyrolysis on the substrate surface.



15 hi gher vapor pressure, lower nelting point, and | ower sublimtion point)
for use in vapor deposition nethods. In certain enbodi nents, the present
i nvention pr¥%Y2YW&8024Bt al - cont ai ni ng conpounds havi ng at PCAASR00g/PI996
13-diketimnate ligand with at | east one fluorine-containing organic group as
a substituent. In other certain enbodi nents, the 20 present invention provides

nmetal containing c ounds havi t | east one pdi.ketjm nate,ligand with at
| east one al i phati TUp R Jn%ﬁ%gtoﬁnﬁ%?rag%]@lgﬁgﬁﬁtc ¢ %?absraé%t er degrees of
freedom t han thengoRugiespaRegegersions bf integrited dirctib@evidds.ket i m nat e | i gands of

certain netal -contai ning conpounds known in the art. In one aspect, the
present invention provides a nethod of formng a 25netal -containing |ayer on a

substrate (e.g., a sem conduaRIARYPOF PHE DNVENIEIONt e assenbly) using a
vapor deposition process. The nmethod can be useful in the manufacture of

sem conductXdr st r uckhempesent Tiventmtphoddésmodtal dhestainprgoeingbungls &i.es wintals at e;

provi di ng a vapor..i.ncl udin l east one conmpaund of. the formula (Fonnula 1):
VO 20071101267‘%5%’1‘71%%’67’%?3%8“%6é‘{néasé?)‘hn@@#‘?%%‘nﬁ?glg%nadp%?‘f?nc| udi ng the at
| east one conpaehodsaff nkakinguahdudingpvaiidvdphedpuliton gtemé anthdingghesindey directi ng

t he vapor to the substrate) .to folio met al - cont ai ni I r on at |east one
Surtace of ¢ neCSiBbERar B wiobt e eSS SRR Tl 1) | pol udes
at | east one Prdik®td iitheire Thisganditainieswer medl-t@taahe cdngtbuhdthetBhe gr oup
consi sti ng, of ou al, a Goyp.3 netal,_ a.Lanthani de, and conbi nations
t hereof: eHth ‘ilk‘%mf‘?%aﬁgg’ﬁé‘é%??@o%yﬁ S"ﬁﬁfﬂb‘ﬁ]i“&o? Lﬁaﬁﬁfog@h@?fnﬁfoféer i'ndependently a
neutral |igandsutyl stepinRERRBHSothh@rossh B0EE. SéQfR eimAld) El1-RBlel ¢tak, is fromO to
10; x is from1l to n and R5 is&éo i ndependent |y

X la_nd each RI2 R2, R3, R4, a
hydrogen or anP@aganeeligh d8ipo%m 1102 (HY4hr s meseriHayenten prayides Befal-of the R
groups is a flyptines éMioahddi(Ng, REFIRNGifEEORaplexes) inclidin@i Wabi®neaspect , the
present inventiaon Prpw es a nethod of formng a netal -containing |ayer on a
substrate (e. gh-dikgtimiaiedigan pthish caybrye datiBbisPrenspist (a8 L1595 BREA YY) using a
vapor depofq ti 19Bhd? VRS %?essu}_é] ol mﬁﬁilg(f)@ﬂlt,téﬁd weE: Wblimation point) for use

in vapor deposition methods.

In certain embodiments, the present invention provides metal-containing
compounds having at least one B-diketiminate ligand with at least one fluorine-
containing organic group as a substituent. In other certain embodiments, the

20  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 B-
diketiminate ligands of certain metal-containing compounds known in the art.

In one aspect, the present invention provides a method of forming a

25  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):



15 in the manufacture of sem conductor structures. The nethod incl udes:
providing a substrate; providing a vapor including at |east one conpound of

t he foi nmul a WES¥H92473) ) : 20 and contacting the vapor PCAAISHYIRI*Phe at | east
one conpound of Forrmula | with the substrate (and typically directing the
vapor to the substrate) to forma netal -containing |layer on at |east one
surface of the substrate, The conpound of the formula (Formula I) includes at

| east one 13-di ketim nate |igand, erefn Mis selected fromthe group
consisting of a Goup 2 netal, a Go tal, a WO

200711012673PCT/ US2006/ 02499§ L@l Rgy. gonbi nations thereof; each L is
i ndependently an anionic |igand; ea VSN ndzependent ly a neutral ligand; n
represents the val ence state of thesetal; z is fromO to 10; x is from1l to

n; and each R, R2, R3, R4, and R5Ni s iR\dependentl,y hydrogen or an aliphatic
group (preferably an aliphatic noiety) 5 having Ito 5 carbon atons, with the
provi so that adndicentattingties wpoRRclu@gg thgatilerd opescomnesneeiFosaplad e fr om t he

group consi sti f el o b he sy lo fosE g sletliy! . 1 sobutyl,
n- pentyl, 2- petrﬂgys/ ,Str% E%%{ﬁ“%%ﬁ“ﬁ%@%ﬁﬁ%} ,e S3mat%'yylo- 8- butyl, isopentyl,
tert-pentyl, andtaregplepdryh atleastanotunfece efdpewbstrath ellsreempenndiofient i on provi des
a met hod of_ fogrm 10met al - co I Qi | . (e.g., a

sem conductsor %%@?pgnémfogﬁi 1§1ﬁ%1§?spag 33322%%%%’1%% l%sﬁgq@tg%g{rﬁdéposi tion
process. The neidoed fioanthberous ednsistingoft d@ronp A ufetadt aeup B medakiaconduct or

oL e T TERL e oY L0 8 SHOSLIGh BRGNS Y @ vapor

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, RZ, R®, R4, and R® is

10  independently hydrogen or an organic group with the proviso that at least one of
the R groups is a fluorine-containing organic group.

In another 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

15  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):

20  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



and contacting the vapor including the at | east one conpound of Fornula | with
the substrate %and télpi cally directing the vapor to the substrate) to forma
met al - cont aiWPAY PRYGr on at | east one surface of the sPEIHPBHE249%e conpound
of the 20 formula (Formula 1) includes at |east one |3-diketimnmnate |igand,
V\/n;ar?aln |V|LIS sel egted fromthe group consisting of a Goup 2 netal, a Goup 3
met a a Lant e, an r | endentl a

ani oni ¢ Ilgan(r}?an aifle; 911?%0 r@e%@%]‘ %{%3 TEQC%LB ndeg(léﬁ g’d (%mﬁdr}:lgc?gpr esentg tﬂe

val ence state 1cg‘and ha:hméisahdepmdesﬂfanmlﬁl lngand,,(h; renresegltSfthQ)Vﬁlqle@ gtatg.ofand each RI,

R2, R3, R4, an ndent | y r 17 b rou
(preferably arf %ﬂnie"ﬁ éfﬁ{g “Pr@cti%?@)x lﬁgf@fnr} fop n%g%q%:gﬁ akd%gélhw%t% t hg provi so
E) Pa:] aﬁ 0I east n1ﬁd§%fﬂ{enﬁ1hﬁﬁ‘%ge$5r hﬁalﬁ»hmﬁzli @byp @ﬁfe&dﬂgdn almmhd; meiegh oup consi sting
o pontyt 5 penee] s SEhey Homs. il POVISB TRy 1 SRR o BUUYTS i sopentyl
ﬁg’?a} ert- Fe nt Ya{ moikly s@l@&é&‘ﬁbm&l&p@ﬁﬁp conbietidyr cﬁ"&fhm ntpwmmmdpmmr avi des

cont ai nin

co ounds_ havi ng at Ieas m e ligand,
precursor co 1 se %tyblﬁoh‘é%(ﬂm?@tyéadﬁmé[ %1?8&?( 'm‘?}ﬁég b‘ﬁga%a ti gn syst ens
i ncl udi ng such, caRDOMRASIKoRAEL B Bads, afd WBkdnRg. such corrpounds Such

met al - cont ai ni ng conpounds i ncl ude t ose of the for rru}a (fF0| niula 1)
R R31 N N AWyzi - n—h}kaIRﬂ}leIi@%'@’feé’?‘?ﬁentMVe%“%’éF‘éY%@@dlnf“?t M EHE RS p conS| sting

of a & oup; @ rrx‘ﬁtaf@l’-con@un%@'d?er%n 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):

15 ;

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
20 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
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; x is from 1 to n; and each R!, R?, R, R4, and R’ is
25  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,



10 nmetal, a Lanthanide, and conbi nations thereof; each L is independently an
anionic ligand; each Y is independently a neutral ligand; n represents the

val ence st at¥08t7PR8netal; z is fromO to 10; and x is PCAGIRRI0p/B24M6 and each
R, R, R3, R4, and R5 is independently hydrogen or an organic group with the
proviso that at |least one of the R groups is a fluorine-containing organic
group. The presen 15|n r I 1di keti m nate

| i gands havi ngls%l ‘#Xl’dio?enr?’e’[&t%e%ﬁilﬁﬁ&rﬁ ﬂﬁ ﬁ'ﬁg% ?g&f (régﬁ%lfl}qézn%éynet hods of maki ng
sane, whi ch arigopesasf,uhd fearpentgki ng netal cont ai ni ng conpounds havi ng at | east
onel3-di keti mnate |igand havi fluorine-c ic group. In

anot her aspect, the® 8 ‘%ﬁﬂmﬁnﬁgHF?%ﬁl$ﬁ%%$leg“%%té%ﬁggﬁ%%| i ng 20conpounds
having certai nco&n?podhdseltahﬁglaﬂledseodel fgdiketaminpie igandsprecwrempaspdsitems i ncl udi ng such
conpounds, vappr gﬁ position systens |nclud|n suc%ﬂ&_ng(%nds and net hods of
maki ng suchk §mh§@€W“W§fé@gg6ﬁF§ﬂﬁpﬁ§ 48°%cl ude those of the
formula (For Wéo?nﬂo)mdszﬁld MthddB oRmbking RBh%EmpM@dQMhM@BﬁB@MgUSZOOW 024996
wherein: Mis selected fromthe %@h Pg of a Goup 2 nmetal, a Goup 3
netal, a Lanth%ﬁmﬁ@nSéW&“@éWﬁPﬁﬁ%F%ﬁgmﬁﬁﬁP Jeach L is |ndependently an
anionic ligand; each Y is |ndependegtly a neutral ligand; n represents the

val ence state of the netal; z is f Rto 10; each R, R2, R3, R4, and R5 is

i ndependently 5 hydrogen or an aliph N‘ roup (preferably an aliphatic
z mLLh—ahewwgqxlso that at | east one of R2,
® gfoup consisting of ethyl, n-propyl,

noi ety) having 1 to 5 carbon|at &

R3, and R4 is a noiety sel ect\ed fro

i sopropyl, n-butyl, sec- butyl, iseb tylls n-pentyl, 2-pentyl, 3-pentyl,

2-nethy|-|-buty|, 3-nethy|-2-buty|, i sopentyl, tert-pentyl, and neopentyl.
wherein: M is selected from the group consisting of a Group 2 metal, a Group 3

10  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; and 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. The present

15  invention also provides sources for B-diketiminate ligands having a fluorine-
containing aliphatic group, and methods of making same, which are useful for
making metal-containing compounds having at least one B-diketiminate ligand
having a fluorine-containing organic group.

In another aspect, the present invention provides metal-containing

20  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):

25



10I'n anot her aspect, the present invention provides netal-containing conpounds
havi ng certain | 3-di ketimnate |igands, precursor conpositions including such
conpounds, WER8¥74€HTsi ti on systems including such conpdAds20%¢Pd*¥et hods of
maki ng such conpounds. Such netal - contai ni ng conpounds include those of the
formula (Forrmula I): 15 wherein: Mis selected fromthe group consisting of

a Goup 2 netal, a Gou tal., a Lanthani de, ' ' t hereof ; each
Lis |ndependéﬂ?VVL§%m§%F%ﬁ mPﬂGﬁﬁ@%’%ﬁ%ﬁﬂ¢ﬂﬁé(%§§%%§h %E?%gag§neutral
legindiqzn ngprnee‘saﬁm ,FHISaéxtHI%gidfé,adneIaglﬁbiaaﬁinaﬂerenf; ebdiel mehddpendentilsarf rom 0 to 10; each
.1, , , R4, an 1S 1IN endent | rogen or_an, ali ic grou
(preferably agugpichigand;ga lﬁtl’@‘%%gﬁjgl\?’i‘tﬁ'ga %e“%ﬂégag(;rnﬁswesa? tg‘rﬁi’rhse,‘%\?\ne%{c tﬂe plroovi S0
that at |east ;R ke Metal; aRF:dRDO k102 AR B2, RE) BC etk Tis ombepdnderglyoup consi sti ng
of n-propyl, n-butyl, see-butyl, isob%%ﬁj, - %nt l., %I ent.yl.,
3-pentyl, 35_rre_thb{9110891%‘t}‘€1ﬂ113hﬁ“§éﬁéﬁﬁWFf,er oanta@Pﬁqlﬁégﬁ‘W). aﬁ%ﬁ\g\;égt ageously, the
met al - cont ai NiHg.; HIRAUPAS e brdv V6 K BIBRE oriedFRA R Bndtis hawtetglesi r abl e

properties (e.g., one or nore of higher vapor pressure, lower neltin oi nt
and | ower sublseleeted Bpmpld groyp ¢0@ﬁlswfieWYbar}6?PY§éw§‘iP€4’ Bﬁuﬁé\’?gﬁ‘()‘ds. V\% P ’

200711012673PGl1 5201 978080 ADRhiRILIANS, AneUgebSr SintihfloriBiias of the

type: are used to represent pentadi enyl’-group type ligands (e.qg.
P- di ket i mi nat @sopentyl, fert-pentyl, and neopentyl. Ptyp 9 (e.g.,

10 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):

R% lll
N
( R3 @—szn_x
N X
rR* 1'1

5
15 >

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
20 state of the metal; z is from O to 10; each R, RL R?, R4, and R° is independently
hydrogen or an aliphatic group (preferably an aliphatic moiety) having 1to5
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.
25 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.



5l i gands) having del ocalized electron density that are coordinated to a netal .
The ligands may be coordinated to the netal through one, two, three, four,
and/ or five MPeME %73, 114 |, and/or if-coordination nmod&djUS2860348%d her ei n,
the term"organic group” is used for the purpose of this invention to nean a
hydr ocarbon group that is classified as an aliphatic group, 10cyclic group, or
conbi nation of_aljphatic and cyclic groups (e.g., alkaryl and aral kyl groups).
In the contexé)gﬂ 0% present invention, suitabl e organi ¢ groups for

met al - cont ai ni ng Cﬂﬁmaﬂmdﬁmmﬂbﬁmmacﬁﬂmeﬂmion are those that do not interfere
with the formation of a netal oxidiziéyer usi ng vapor deposition techniques.
In the context of the present invgntiong the term"aliphatic group” neans a
saturated 15 or unsaturated |inear branched hydrocarbon group. This termis

used to encomassedlidutpresal iﬁ@ﬁadhenyﬁgldulﬁﬂyiﬁyhgdndgf@lmdikétﬁmnﬁﬁarfp| e. The term

"al kyl grou means. a saturate i hea ranched noval ent drocarbon
group incl wdi r]@anqrsbpa@%#g}cghzea@leﬁ@?n ‘568 Wgat e toél&ﬂ)e}%p? tert-butyl,
anyl, heptyl, 18agstds tel dS6rdinkRA té BieMcta kHeeuphl ongftaapthredpidns amhiomnsat ur at ed,

linear or 20 branched nonpval ent bydrocagbon gr oup ¥gth one or nore
ol efinically Uiisatamsdi-edngr Bugdh- @|>@ﬁk”@aF%3 @%FHB ¥bubl e bonds), such as a

vinyl group. The teihse cﬂkéféﬁﬂ,ydxe%ﬁ cali® @08y aRusaFad the hrpeke of tiear or branched
nonoval ent hydrocarbon group with one or nore carbon- carbon triple bonds. The

term"cyclic gnWWEWJWEaﬁﬁadD@F§§@@PE@H@ﬂﬁyﬁﬁBﬁ%ﬁ%ﬁﬁaﬁﬁgﬂﬁ tERPPi s classified
as an 2sal M:yoéglcﬁc %e nBr C(qﬁlgﬁyc;ohq)f b afdlcyDIRS 8b@RYEL] lkafPiid. The term

“alicyclic gr s a cyclic hy rocarbon group haV|ng properties
resenbling t hosékyifgﬂaips)p Hatheccogtieniiaishe presenttiayepiion spifpkls e OHBPSor " ar y!

group® means afoPB”t%lr co%aulﬁﬂé X&H}?Auﬁ@g of¥hiS ffR/EﬁtR)nQYéjﬁlQ&QﬁQ‘aB nf iféRereThe term

“heterocyclic ‘group osed ring hydrocarbon in which one or nore of
the atoms in thigh therﬁcgmasonmf Bethleoredetlayst horg vapahdepasibemteemiqyes. 1 t r ogen,

ORYOET, Ul 41 S o AR a0 B B bR b drogumshamand (he
"group" ands"n@nﬁuwhawwmh@ﬁﬁv&ﬁmiﬁﬁﬁﬁﬁﬂmﬂwszmﬂ@/Gbﬁggﬁlmlmmim
encompass alkyl, alkenyl, and alkynyl groups, for example. The term "alkyl
group” means a saturated linear or branched monovalent hydrocarbon group
including, for example, methyl, ethyl, n-propyl, isopropyl, tert-butyl, amyl,
heptyl, and the like. The term "alkenyl group" means an unsaturated, linear or
20  branched monovalent hydrocarbon group with one or more olefinically
unsaturated groups (i.e., carbon-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
25 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
30  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



are used to differentiate between chem cal species that allow for substitution
or that may be substituted and those that do not so allow for substitution or
may not be S¥O3WH8EPPBut ed. Thus, when the term "group" PSETHSEYN ' Yescribe a
chem cal substituent, the described chemi cal material includes the

unsubsti tuted group and 5 that group with nonperoxidic O, N, S Si, or F
atons, for exa I I AbRSy t her

conventi onal n%ésteﬁ égﬁ?renu t\ge%hCh@@ CLﬂrTs? éClé:s”adrkl&%ﬁé{‘}‘/éﬁg[usse ttfo&ggscrl be a

chenmi cal corrpqumdna@rbesumgmtetdwadthos@ﬂiaydcarmt acnslumsfor subsiéigtiehermaaiotmat erial i s

i ntended to be include a ar LR is intended to
i ncl ude not orf&°SYRsEN gﬁ ﬁ‘ nggﬁﬂph 8%h§HPoc§%%ggca fﬁ substituents,
such as net hylsub@iniet, themc&@i)bbd cHeﬁ’ﬁéa-l Iimteyﬂa], inelndbs tiennsitisttutddgrow ad  al kyl
substituents bearing further sy bstituyepts known in t art as hydr oxy,
al koxy, aI%§I§BFﬁHW?W”%H§PH§@H (%ﬁé% 8 h%amﬂ§1¢%FXJﬁaﬂ:mihea%%gxyl etc.
Thus, "alkyl ofsGiHlas bé}sd)ﬂwgmpg Hethed E:Mﬁt;onh]adubait\kmtss Whrt theadriy | s,
carboxyalkyls hydr oxyal kyl s, sul f oal k e, ot her hand, the phrase

15" al kyl noi et {oigty’ i P*ﬁdtt‘éées% ¢ hehepy fﬁ?ﬁﬂ‘fn‘gf’r s(%‘hhftﬁyu%’ﬁroé‘ YdBen chain sat urat ed

hydrocarbon al JulbhsaHRStchéHRA Bater$dl ¢ inRBAIARS Byimlueédayﬂo;r epdralylthe t ert - butyl, and
the Iike. As used herein, "netal-containing" sedtg@refer toamaterlal

typically phaase SaHed EFRIPO IS 1tEnRFdP 1110{114590%?&9’ REHLRLEFASHPBIY of a metal, or
may i ncl udg, Ot}E}gﬂocg%oﬁhlﬁﬁ%%éﬂﬁéﬁtsa%htab Rl emymto@yl (eRyRit@pdnded al - cont ai ni ng

conmpounds i ncl ut are not limted metals, netal-|i igand conpl exes,
metal salts, ohlgahéﬁbpalml ebetEppbLRIEne @ﬁhercsamﬂwaﬁkaﬂ‘gn%@ 84 Typi cal .
et al - cont ai ni ag LayRF! bR Rklond!, 8158k ddifl bdo Lo MM, s, et al oxi des,
nmetal silicates, fbi nati ons t hef éof 25As used herein, "a, " "an," "the,"

and "at | east mnlmxy]aﬁte Eh@d"almlgr%méng@dm %ﬁh%ﬁ@uﬁ%élﬁl%lﬁ@lsdﬁtr%l%s :than one.

As used her e| n, the [ ShSHRQ IUAD 4B "including" or
"containing," |sb0|X alf(ﬁ |rﬁ\}/'g1%9 r%§e Oeal tg oes not excl ud}%addl ti onal

unrecited ebentity mofetytes }mmdettttoepﬁsmc]@&mﬁhef quéy prge VpRFHBINSPIItYr ocess” and
vapor deposi t {%{‘? g{}%ﬁ% gl sfu%stltuedgs s@c%rag bilyE eﬁlgl i)fblp?ageggﬁg?ls aldthhi ch a

nmet al - cont ai ni one or a substrate (e.g.,
a doped pol ysilikeon wafer) from vapori zed

As used herein, "metal-containing" is used to refer to a material, typically
a compound or a layer, that may consist entirely of a metal, or may include other
20  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.
25 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.
30 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 (¢.g., a doped polysilicon wafer) from vaporized



WO 200711012673PCT1US2006/ 024996 precursor conposition(s) including one or
nore mnetal -cont ai ni ng conpounds. Specifically, one or nore netal -containing
conpounds arVﬁo\?%?%?ziﬁ%ed and directed to and/ or cont act e®CMUSHOYNREIr nore
surfaces of a substrate (e.g., sem conductor substrate or substrate assenbly)
pl aced in a deposition chanber. 5 Typically, the substrate is heated. These

net al - cont ai ni ng conpounds for. . 0., by reacting.or ing) a

non- vol ati | e, PTeRFEOT CBWPP%?%(SFI&‘%&%BWP&%W enréletl"]fé%?gpmonrlgﬁg sgcr%;’ ace(s) of the
substrate. FOgpddiaRyildResLHoRimdtilicdniaiig donpoyndshee taponmed wapor deposi tion
process" is meant to include bgth chem cal vr%%or tge%gs,ti ii@n processes

(i ncl udi ng puPBesieddh @pd/ergonipgisd V1B OpS &% PPET T H e EEEEY Hitd at omi ¢ | ayer
deposi tion processeictor SBSHHER suV AR assedPigldconin o dSyBitiaschumbet. herein refers
to a vapor deposition process wherein the ;gesi red Ia%/er i.s.deposited on the

substrate $rofypiapbs thesubsirateas heatsht AherRemRpidl CARBIRESOMRATIS AR eact i on gases
used) wi thin g doppshli-n; GhamBaIndYRnnelEld 0id ulsle, keuseparat e the reaction
S|

conmponent s. 5contrast to a " | e CVD process that jnvolves the
substanti al sionthinmgdugsonibe seface(@roffheribpieds KB Hsa¥moes ™hd any reaction

gases, "puls e?};ve%/(% ﬁlettﬁ{nn@aﬁsllﬁgﬁﬁéltﬁﬁ r$cBES & HBheh iR feitatichbheateposi tion

chanber, but does not rigoro avol d interm xi ng of the precursor and
reaction gas stpeadnmsites preetsyplinsiiding pidsee chepigal 3R dpRYFEP deposi tion or ALD
(di scussed,in_greater i W orobBged €rm "atom ¢ | ayer deposition”
(ALD) as ﬂgedp erert a?lggtélr%édf‘%e?gp@gplor p(rzloepogsltti on process in which deposition
cycl es, preferably"@hgphical abpor yemphitionh€8gMt dsweeddeposicfirdte a¥@Ples, are conduct ed
in a process chanber (i.e. .. a.d 1] THPLGRIAY frofUr i Ng each
cycle the pred$¥ fonipiocgﬁe%eé%? g‘%@%%fi 2&591521%%"3.{"%‘? on SULI(’%?éCQ Ce.g., a
substrate asse@mpbrizes ticfaheantsining cpnpuinduGhy agergadion gebesngtd) Wighing sur f ace such

as material from a. previous ALD | e form I b- nonol ayer
that does not 9RASHIP\P ?Tag%tm 'ntor?%égéril dlégon%epa%{régeﬁéeﬁrf égoﬁrg 96 ?%g(.;n,e&g' sﬁgl f-limting

reacti on) .15Thepg@dst @ra "sinfplé'alas pascyss tiamt irnabkatit sitstagtisl samdtahequs pr ecur sor  or
reacti on gas) may tﬂsilubse‘ﬂruentl be intcioduceg 30 ig\t.o 1§et&e pcess chamber for
use in conver t5HG PHEEEHETCCBPRRY I ARL HPLEF P 556 HESired material on the

deposi ti on surgfiaggtelyhyies MedeymatérilSintoeae tigpotitibs claapab bet dwks fatr t her reaction
with the precursor. Further, _p,urgi ng stelps may al.so be utilized WO

2007110 12673PG¥PU§2@@6’7’@2‘39@3XH@ f the precursor and Teaction gas Streams, as 15

typically done in atomic layer deposition or ALD (discussed in greater detail
20  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

25  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

30  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



during each cycle to renove excess precursor fromthe process chanber and/or
renove excess reactant and/or reaction byproducts fromthe process chanber
after conver®PdW78926the cheni sorbed precursor. Further, RS2t oni ¢ | ayer
deposition,” as used herein, is also neant to include processes designated by
;5 rel at epltterms ,SAE(I:E)h as, "chem cal vapor atomi c |ayer deposition”, "atomc
ayer epitaxy"” see U . S. Patent No , nhol ecul ar
beam epi t axy é“}%é?a(’%é’é&esté?ﬁ?%(ével\%ﬁss rrec%?%rg??gén@? iﬁ%figg%k/@%&g%még%hem cal beam
epi t axy when pefdvelR®gs Whithntahd/er eadtion typodwesirah themeeesssbeambanposi ti on(s),

reactive gas, and purge ., _l.nert carrier S 0As« to the one
cycl e cheni caPitgr£68 er%@béfg%??ml?&?ﬂ)pr‘fﬂ%% s @?rh@e%%rﬁzgﬁggg%gggon nul ti-cycle
éléPf plr pfn_ef_s a'd{e&éﬁioflpras \%%ﬂﬁtéﬂ?j iscati@ht ofindlaieerodebies kavimnstedbyl conposition by
-1 in ayer gr inimzj i i
separat i on 5019 fétl?%d Feé“g%%oqcbﬁ@é'g}f%ﬁlﬂ?r?é%@? étl‘i’n cggeitrirdl-eﬁ%es tofqli"r‘;gt%%é\ t%?%eo; eiﬁi)l ons by
provides a melhed,ofAdeNes! ¥ SNBatént Nol sRsena thiAdRerkan R inokicylatieaeact i ve
surfaces, including surfaces with irregul ar Eo aphies,. with better step
COVﬁI‘ gge t han epitaxadiBERLEas s eMBBDP g EBORSHE h‘ﬁﬁﬁé’ %‘p cg?r@‘ﬁgﬁbe?f@posi tion
met hods such as, GvapEh akifGheAkyil%einedls phaRob! FHeqeml timpositidi9),or sputtering).
20BRI EF DESCRI E]ﬁ?(g\l G:%THE FGI CvilJRES .gﬁlgi gur eﬁl IS alglfebr spgdcg%’i ve \F/)i ew of g)
vapor deposi t|rm¢t1wsqsmdwraedbgemﬁ6faf@§’é &h et hods of the present invention.
Figure 2 ig a gr fapms%@}ng%r@?{oetﬁggﬁe_aéyﬂgQhé?ﬁicg%f)&%p&_ﬁticﬁlr(emE.”TO(CXSSQXi S) Vvs.
nel ting point (C y-axis or various netal -contal ni ng conpounds havi ng at
f25I east one 13h<gl|okﬁr|dmat1am Elultl-gah:d%]@vmoéwsiaﬂ‘l“ﬁ%fof HPREVSOrEASE ng el ting poi nt
or increasin eqr 3 - Qf e ified by a
et hod descr | BB B EEes g s R e B e (2008) . “and
ES fulrth}ar hde_s.ietrinlmthl gaerléiasnre%ﬂ@y@pﬂ@tﬁ@mﬁh@d@ﬁé@amr@w@ﬁ-ﬁ% conpound of
ormul a avi hg.zero re f fr. rel n. M = 7 , R = RS = 30
tert-butyl, R_feﬂ hﬁgéng,r%a?%gpfi@ péé\yllf;?e%%q@lﬁomgr?gﬁd%ﬁ%S.ﬁfﬁ%&ﬁ%tv%%ga epresents a
met al - cont @ nivagety@fpautiid saffadesrinaiiding sunfvdsrgthoindagirdeny gobhies sethom ( 2

|:sopr opyl's), Vgg}tetgreslte% c'b)/lve:ragser thgrp is ?wazll)able Bx!ith:C\ifﬁ 2P E)t%grwling &f QQQ‘F ee of freedom, RS

deposition methods such as evaporation or physical vapor deposition (PVD or

sputtering).

20 BRIEF DESCRIPTION OF THE FIGURES
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
25  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), RI=R’=
30 tert-butyl, R2 = 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



WO 200711012673PCT1US2006/ 024996 tert-butyl, R2 = R4 = nmethyl, R3 = H x = 2,
and z = 0. SDi PK represents a netal -containing conpound of Fornula | having 4
degrees of fW@EHWIMXZ i sopropyls), wherein M= Sr (n = PLIUS208§0249965 oy opyl

(each isopropyl having 1 degree of freedom, R2 = R4 = nmethyl, R3 = H x = 2,
and z = 0. SDsBK 5 represents a netal -containi ng conpound of For mul a | having

12 degrees of free 0 4S€ec is erei = R5 =

sec- butyl (eaé‘?’f’E‘E g%)t% ?}Fﬂgﬂ 3dléyé\rl\,{é}‘éé%%LPﬂr ?K#Bres z R4 = methyl, R3
= x = 2, and zeklQontdiiRgrembougl qc-f@bﬂmmi Dhav&@s@ég(wﬂeﬂ%ﬂom§4 di scl osed herein
in Exarrpl e 2. . The nmelting. paoin 127- C (87-89C) have
been 10di scl oé@@rqpﬁls)éf""hﬁ%‘gl}/ﬂ ért(nél G an TR B%H%?l%é&pg@mg%ooz (2004) .
The nel ting pqidabret 6f frHAbMY, W:(gﬁemeﬂi §R3Amnlx|=c29,tanmn—$erSmBKl\lo 11/ 169, 082,
entitled "UNSY TRI CAL LI GAND. SOURCES, RFDU%’“AP SYNM%;EI%E - CONTAI NI NG
COVPOUNDS, SANERISSSTERS RNO N PGS PR IOF R &V 4ier éreﬁ% e 28, 2005) was
measured as 10Qcqfh (A2 PR, LvﬁQreEﬁE@ﬁRBPHQi R~ GERTA DENBADLENTS

Certain netal - cont al ni ng conpounds havgn i ; one 13-diketjmnate |igand
are known in thistyl baving 3 degsess bt Eeqdoay) nRkn co ta i #Y “olpounds, the

13-diketim ”atﬁl Eﬁ&ﬂ{éﬂnoﬂﬁ‘%ﬂs@%@ J48Q§b§&h&1&%&h§re&r1n BRidplBD! TRgen at oms, or
20 tert-butyl st1tuents on bo nltr@gen atons. See, for exanple, EI-Kaderl

et al., Og@un@h@ﬂmmstTSQtﬂlééleWQcX CRIPK e8P Fa e hvent i on provi des
met al 'CO”t@)'B”:]d‘§1o%QJHB%%§FA ke £ or %aﬁmm%ptﬁu@wgomamx@ﬁa i ncl uding at

| east one etimnate and, can have desirable er operties (e.qg.,

one or nore Ofmdﬂhmnt\faqﬁﬂ’ll’ﬁﬂé@g&ﬂés AmvliettionsetiplNp- A b11A2.08% refitledwer
bl t h t
subl i mati on pq% @éﬁ%ﬁ?i&?ﬁgﬁgﬂg}{g&@%%EU@EWM%?TRJ e presen

i nvention al so usi ng such netal -containi ng
conpounds, andVZaZaDFCONPARTING AOMRAENDS, AP SHAFMHhANDIMETHOP S ne aspect, the

present | nventy on B! S0TELRN 1603130k  BhsoUBaUESIdang at | east one

p- di ket i m nat eas one uor| ne- contal ni ng organi ¢ group
as a substiguent. Such netal -containing conmpounds including at | east one

or e cont o 360 ol S SRR RSy e
Certain metal-containing compounds having at least one B-diketiminate
ligand are known in the art. In such certain known metal-containing compounds,
the p-diketiminate ligand has isopropyl substituents on both nitrogen atoms, or
20  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 B-diketiminate ligand, which can have desirable properties (e.g., one or
more of higher vapor pressure, lower melting point, and lower sublimation point)
25  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-
30 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-

11



WO 200711012673PCT1US2006/ 024996 cont ai ni ng organi ¢ group. Metal-containing
conpounds havi ng higher volatility can be advantageous in deposition nethods
(e.g., CvD aWA2RH2673 n anot her aspect, the present inv@&TWGAHPINdes net al
cont ai ni ng conpounds having at |east one 13-di ketimnate ligand with at |east
one aliphatic 5group (preferably an aliphatic noiety) having 1 to 5 carbon

atonms as a substituent, wherei e..al.iphati i Legifgf 0 have
greater degr eé’gmﬁlfunﬁroé%aﬂ%?rﬁr?uﬁar%%tﬂeco%{oa?r?%s%)gﬁ)&g%&g&gﬂ%g P %ﬁul e ntaq;ﬁn};

t hel3- di ket i Mdaabeadvagagdss @fdepesitioni methets 4¢.5.cOMDaindidd)conpounds known in the
art (i.e., conpounds of For m#g | wherein. R2 :.C§4 :ta'i”&%?é’ihih R3 =H and = R5 =
i sopropyl or Rl = Rsanpgheraspgght Bmet}?rﬁ?.mv@ﬁb%pﬁ(@? i €6ntai ni ng conpounds havi ng
at |east one I3mp@ideehivid@tias! dng@ndkainiihataligdndadth adleestoubsliplatient havi ng
greater degrees of freedomthan. the cg&ée?ﬁndﬁ n squtslatS%ent in certain known
met al - cont Ai niFEYPPCBIFHBIMYE ARRFD S AR Gt %83083051%3 dnd/ or subl i mati on

poi nts than t hgyG@lchiwhelMANOaIPRLEA croapisabiBitatotampgemesicgides af - cont ai ni ng
conpounds 15having | ower nelti n% poi nt's, | ower dsub,l i.ngt j.on o%' nts, or both,
can be advant dirsdes thop theeeEesropdAS MEsHEY it the §-dikEgpraly, aﬂﬂ%?. For exanpl e,

netal - contai r@eﬂ&nM—Qbﬁﬁﬁﬁin@%&n@&;ﬂd@l@ﬁfwﬂﬁﬁ'tﬁé HY1.pOtdHsouadsofpar ti cul arly
useful for nolten precursor, coppositions, becayse {he vap rﬁgggiﬁgure of nolten
materials is tHopnoalmhetsingher Rt fiasethybdt of add} 6gbusSeIPPY et Ert al s at the
same tenpefatur g, grlj @u@ﬂgie{a'rl{gghtaimg cStpERAREn ARt Rlast\oRBBL | Zi Ng DI ten
precursor conpositions (and thus the rates of vaporization from and heat
transfer to sutketoonobgani orig)at baﬁ.%hS#Q@Hmthﬂﬁwﬂﬁ?tefmeﬁ?%i ctabl e rates.
Final ly, molteg eﬁ&ﬁ%rfﬁﬁ)er oﬁggfgﬁﬁfn QRGN bR F@ol k- BnRfitLce for

undesi rabl e par?l eres™i'n Phe epoSition process. Thus, for a given class of
precur sor conpasippinglssan hayk fererfoolting mitthind/ar lyehlinatigs goiptsdhan the ovi de adequat e
vapor pressure for deposition. at.| g 1 had,nrhadol ten forns,
under repr oducihre k@%‘ﬁ fntela&oﬁ%%tgglﬁlé%%ﬁé?%rgg@?é&%l{%%gpr oﬂ(})&ci ng problematic
particles in theiglecessltidgposastovesyisoddinmiot pintsher bedlt adn-kront ai ni ng conpounds

are honol eptic conplexes (i.e., C | exes [ t i Ss..bound to only
one type of 3@4"?’%&?8)15 ?ﬁéﬁosﬁ}?&%%g%i i E{é?ia#@‘%ﬁb X P?rg%ﬁ%lgi,e’ %%Eagh can be
symretric or ugsyaTet Edngpouhds lating fovesrnctlingeotngs are hetiendarbt usetwhfai ni ng conpounds

?r; re e hte L Slr,] ol ept rlngltecnopr;rgclu%)(()re gongl;o'si%'ohs, %gcggéeetéee \?aplo£1 pr\é’shslm%hof wo?teﬁr%}a@riafss bound to

is typically higher than that of analogous solid materials at the same temperature.
20  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
25  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
30 ligand) that include B-diketiminate ligands, which can be symmetric or
unsymmetric. In other embodiments, the metal-containing compounds are

heteroleptic complexes (i.., complexes in which the metal is bound to more than

12



WD 200711012673PCT/ US2006/ 024996 one type of ligand) including at |east one
P-di ketimnate |igand, which can be symmetric or unsymetric. See, for

exanmpl e, U. O 9Bt i on Serial No. 11/169,082 (entit| FETUSRSYINEPRI CAL

LI GAND SOURCES, REDUCED SYMVETRY METAL- CONTAI NI NG COMPOUNDS, AND SYSTEMS AND 5
METHODS | NCLUDI NG SAME"), filed June 28, 2005. In sone enbodi nents, the

P-di ketimnate |igang.ca the i nhat.i QQEM,DQJNDS MIH AT
LEAST ONE FLUGRS @él &%&N@“@f&ﬁ?@e%uﬂl&?teﬂg?@o g’?ﬁ%ct net al - cont ai ni ng
conpounds i nclspeiRgicak uhSasiet@eSek- fo;dethpleerSaA@plhaagamﬂeﬂwang at | east one

compounds, ar a1 arepretaateub HBRRIGRE SN sORRERR AL PREFH g ot cast

I'nc ud| ng at | east

one fluorine- WM@MM@N@AWM@@@WGNNDS ANDIEISTEMSAND ty t han
correspondi ng netal -containin 15 w élgo%u a fI uari.ne-contai ni ng

or gani ¢ gr dup MEEHQPSIdELAHN /%M I oﬁlr?agu% FST Yy can be
advant ageous iy}, (AR QiglHRI HR0S il @eg .-cooea&tmdndaem Such compounds i ncl ude
a conpound of t ormula (Formul a O: 20 wherein Mis a Goup 2 netal (e.g.,
Ca, Sr, Ba), a Goup 3 netal (e.g., Sc, Y, La), a Lanthanide (e.g., Pr, Nd),

or a_conbinatiqh z\gﬁb‘ E?L@QWOME'}SLI@MA@ CONTAMNG\@R@ANKEf erably Mis
Sr. Each L is m%iopen WRF/ an anionic ligand; each Y is independently a
neutral |igand7R@UPepresents the valence state of the 25metal; z is fromO to
10; and x jis from gﬁ | P]ggmgdg%l 1dhe ANGstRRe Bs | ndependent |y
hydr ogen olrO an or gérrl“fgeaﬁpect me(tal -cbthid3eo I gr ocu logr |?1 cht ai n enbodi nent s,
an al kyl i etdfjetimindtéligdng hpmmg/atécﬁst mtﬂuatmft-m&tlmo&efgﬁmg P 04 a

fluorine-containin an t w12, R3, R4, and
P..5 are each H'HYE éﬁ%ﬁfh > tlo“%nglggﬂg“ %&3%8%’@8’%‘??&1%&11%33%&1 8006/ 024996

containing compounds including at least one fluorine-containing organic group

-

can provide higher volatility than corresponding metal-containing compounds

15  without a fluorine-containing organic group. Metal-containing compounds
having higher volatility can be advantageous in deposition methods (e.g., CVD
and ALD).

Such compounds include a compound of the formula (Formula I):

R R
N
( R ( MY, Lo
N X
RY RS

20
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,
Sr, 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
25  metal; z is from 0 to 10; and x is from 1 to n.
Each R}, R% R*, RY, 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

13



an organic group having 1 to 10 carbon atonms (e.g., nethyl, ethyl, propyl,

i sopropyl, butyl, sec-butyl, tert-butyl), and preferably hydrogen or an

ali phatic gr9p'%4%Hg 1 to 5 carbon atons. In certain S¥BOERREPHES R3 = H and
at least one of R, R2, 124, and R5 is a fluorine-containing organic group.
5The fluorine-containing organic group may be a partially fluorinated group

(i.e., sonme, but not all he d by fluorine) or
a fully fluor |aﬂ8’fg€fﬁlcéf‘8’l¥?ﬁla(1f‘git° 1£Xaﬁerf?°3%sr ?%éaﬁﬁ%tﬁﬁ\%%ﬁ’?al | of the

hydr ogens havesBgpyl, b@ﬂg}l s&cehtiayreftiouot) m&l)preﬂembbzéryﬂmgnn etmmcadiphmlnt s, the

fl uori ne-cont ai ni ng ganl C rouF is a uor}) otntlgl ﬂlléatgpatl C group,
and pref er abl \gror® hﬁ"lflg 40 P FEDEDHHPES- n%nr‘fﬁnﬂP WS’&E)’ ﬁl

flcgggF ge C?:ﬂtz %ggtéglgl aP &H'Z:“'é&rgggzl{gﬁ ﬂh&ﬁietﬂdﬁgalmclgﬁgame@oﬁi CF3 (g;g)cgs

- CH2CH2CH26F3, Gi@ﬁﬂ@ﬂmntw@a(mlﬂ%@%éﬁé% bea Eﬁ‘%’éﬁ Epy L C(CF3) 3,
and the Iike. ;Irod@% fﬁﬂ{eeﬁﬁ%t )| Mﬁ@h%ﬁrb%&'&Ma\beearﬂtegmbédHyfgmnds) .orExenpl ary
anionic 15lig g include halid

koxi ? roups,
mer capt i de gr aufp8y wamed@m%(k%alﬁ gfo&m‘ﬂ‘i"]i‘fgl?%l Bftbﬁﬁigm%fa ni di nat e
groups, i sour %%@be%?%{}?&ed% ﬂ%ﬁ% %%Eﬁalﬂ&ﬂg&ﬁmeﬁ@whaﬂmiﬁei onat e

groups, | 3-di keti m nate groups, conbi nati ons t hereof . ;}fal n
enbodi nent s, I_conislnalgk&gc’mld(gmmms@élueﬂmmﬁﬂma&ﬁlﬁ&la%c &rPPRA@P‘iuPré is the same

as that of, the ﬁuongg ?gﬁtlﬂgﬁ{(g @%Jgte Sl @a‘ﬁ@ﬂh&hr%%oﬁﬁﬁﬁﬂﬁ@k}hgrduﬁs other certain

enbodi m::nt]sO ., symmetric or unsymmetric)
having a str uohﬂu«te tCHF, + GHId, f@FeréMzCFhaﬂFzﬂﬁat-CHﬁC He&'3f §F2li2kEvi mi nate |i gand

h F d. Ex |
heutral 11 gandS TG NG H ERRS SE R B AR BRSOkt OB, gy
am nes (NR3), mH(CEge:IFzQEz,)(mxcmp(hfﬁs@mb,n@@f(s)?ml)dtl@hkt‘er s (ROR), alcohols

(ROH), water (H20), tetrahydrof uran, .an £@dnic Wherein each R
i ndependent |y repr S BR{ET H'fa‘ﬁeﬁv%r}et%%fdag?%% %gr %%mﬂ%ﬁyfe nunber of opt i onal

neutral |i gsand1$gaﬁdfs)(m i&chﬂplheliﬁﬁl,taﬁdxﬂy gmupwhingde greurfsy menc@otide goOps,and pr ef er abl y

fromO to 3. Mire pr r abl i s not present (I Ol n one

enmbodi nent, a W@’EHQF a@%’ﬁg’é’uﬂ 1%%8@8 FHE %m&ier%m? 5 ]Tséué%atté)%mu [ 3-di ketininate
l'i gand havi ng @bikkeast gﬂﬂ@s fBLlﬁ@r[dkBtenawgrbamen@eﬁn@mm gogrspand as a substi t uent
can be made, for exanple, a et oolﬁ)phat

200711012673PCPP3?@S?®‘9]65/@9W gn £ PbTHe En‘?nrtﬁc d%l? ﬁgﬁﬁ%ﬁm@ﬁ%? m nat e |igand
source havi ng @ivide@AsluctdRBhat is the same as that of the B-diketiminate ligand shown in

20 Formulal 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 (NHz), amines (NR3), nitrogen

25  (Ny), phosphines (PR;), ethers (ROR), alcohols (ROH), water (H.0),
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 0 to
3. More preferably, Y is not present (i.e., z=0).

30 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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fluorine-containing organic group as a substituent, a netal source, optionally
a source for a neutral ligand Y, and a source for an anionic ligand L, which
can be the SHABYGPO23 ferent than the P-diketimnate |i F&AdS3WePHE&%nhavi ng at

| east one 5fluorine-containing organic group as a substituent. Typically, a
!lg?ng sour (r:ﬂg_ can be deprotonated to becone a |igand. An exenpl ary net hod
i ncl udes conbi ni ng conponent s, i.ncl-udi ng: ' : the fornul a
(Formula I'll) CORP n@@mﬁ?%ﬁ d H%!@glﬁ{égltgﬁ@rgokl %g?l g%lﬁggtgga%é&{fo depr ot onat ed

conj ugat e bas gluefind&inalinispongheix gtoop neofubgtuent, a metal seursoptiesdly aa source for an

anionic ligand L (e.g., .as,.de i bed herein); | Y. @ e for a

neut r al Iigando‘_vc‘fg’?g?,e“ h%@ég’ia ‘gas%‘é‘%e%‘h%ﬂ;a“g"g#@@ﬁé?a?”ﬁ‘f 8?ngt%)éur ce under
conditio Ps sufihd ﬁhn%_l& d{fgfé_rdhomah tHee-dikdtialinaehgaid nourge leavinpod hedst oRe ef er abl y, t he
conponents are conbined .in an or ani ¢ solvent (e..0., heptane, toluene, o
15di et hyl &t héRpring-Go5tanipg gregrig SFOUREX T MSypey | 1?%8%@%%% trons, and all (r:)wed

to react at a GRBYE&H-RBatddabBEERicH IR af®. 9., room tenperature or bel ow,
refluxing or above, or an internmediate tepperature) for a length of tine to

foon a sufficient AFCHARPIGNY PeBoOGBE ISR mPRRESIPARiNe & he conponent s

are conbi ned q{éqﬁ‘({so@&eio@ﬁfetfoﬁ{d?@@ﬂﬂﬁlﬁlﬁ)e- g., argon), typically in the
substanti al absence of water. 20The et al (M source can be selected fromthe

group consisting of a Goup Il tal Bource, a Group IlIl netal source, a

Lant hani de netal source, andgTonbimations thereof. A w de variety of suitable
nmetal sources would be appar to one of skill. Such netal sources can
optionally include at |east One twal ligand Y as defined herein above.

Exenpl ary metal sources includg! for 25exa lide (i.e., a MII
conpound havi ng at | east one halide @!aﬁton%rh{(e}eb}, opg ( , M)

10  deprotonated conjugate base or metal complex thereof (e.g., a tin complex); a
source for an anionic ligand L (e.g., as described herein); optionally a source for
a neutral ligand Y (e.g., as described herein); and a metal (M) source under
conditions sufficient to form the metal-containing compound. Preferably, the
components are combined in an organic solvent (e.g., heptane, toluene, or

15  diethyl ether), typically under mixing or stirring conditions, and allowed to react
at a convenient temperature (e.g., room temperature or below, refluxing or
above, or an intermediate temperature) for a length of time to form a sufficient
amount of the desired product. Preferably, the components are combined under
an inert atmosphere (e.g., argon), typically in the substantial absence of water.

20 The metal (M) source can be selected from the group consisting of a
Group II metal source, a Group Il 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

25  example, a M(IT) halide (i.e., a M(II) 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(IT) 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

15



ligand), a M

1) pseudohalide (i.e., a MO conpound having at | east

pseudohal ide |igand), a MDD anide (i.e., a MIIl) conpound having at
ami de |i gand¥0@00g00263 M 1) bi s(hexanet hyl di si |l azane) aﬁﬁﬁﬁﬁﬂﬂﬂgﬁﬁ

bi s( hexanet hy

| di sil azane)-bi s(tetrahydrofuran)), a MO0) for use in

one
| east one

a netal WO

20070012673PCT/U82006/024996 exchange reaction with a I3-di ketimnate netal

lg%{e(ﬁ‘,(grrﬁ Qe GTRDAH R5R plrepgéd%cgtm e i a)‘(ﬁl R2, R3, R4,

conplex (e.qg.
and R5 is |nd

O en or an organi c

in certain enbgdmﬁﬁﬁ@&tMﬁaialkyl noiety), with the 5prOV|so t hat at

fl uori_ne-cpntaisnin gan u di t R3 = H
one. oftaRl - - oG HesorteRiRy gt ALARIE T P0Gt o
TheupRlzhad apyiosbeles, @ rkialembodinants amgllqbnmmty)dwxﬂf thehe fornul a

R group is a
and at | east
group.
(Formula 1):
are as define

MYzLn x NIX | 5 10 wh R3,
Pratien et ah least SPe R GHIUW 1t 5&'&1@&8@%%%%‘% gff’h% Mhet a|R4

aIkyI group or,

| east one

and 12,5
Zis fron10

to 10, and X ighihQbdditients, R’SOM 6@ &t 16A odeBbf ' ki, RfianaRreid 4 fymrids- havi ng at

| east one flu

10

15

20

ori ne- contalnlng
containing organic group.

The method provides a metal-containing compound of the formula

(Formula I):

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.

Sources for B-diketiminate ligands having at least one fluorine-containing
aliphatic group as a substituent can be made, for example, using condensation
reactions. For example, exemplary B-diketiminate ligand sources having at least
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
Rt 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):
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ali phatic group as a substituent can be nmade, for exanple, using condensation
15reactions. For exanple, exenplaryp-di ketimnate |igand sources having at

| east one fIWBRIAELEDNt ai ni ng al i phatic group can be mad&TBP2W/AEY0d

i ncl udi ng conmbi ning an am ne of the fonnula RINH2 with a conmpound of the
formula (Formula IV): 4r- 5, or a tautorrer t hereof, 20in the presence of an

agent capabl e of activating thez carbopyl group for reaction with the am ne,
under conditions sufficient toX OVI d a | i gand source of the fnmula (Formula
I11): WD 200711012673PCT/ US2Q06/T2%996 = - N '5 or a tautoner thereof

Preferably, the conponents apge~Sonbi ned in an organic solvent (e.g., heptane,
tol uene, or diethyl ether), typ af Ny ynder m xi ng or stirring conditions, and
allowed to react at a conveni eRf{ tenp r@tum@t&@rglereofoomtenper ature or bel ow,
5 refluxing or above, or an internedi atg t enper at ur e) {e a Iength of time to
forma suffi ciPeeferablypiascomponeris AgseMpPEg B Bygnic e P4 e conponent s

are conbi ned it etheP! FPRANBER I(Iﬁxﬁh At )condﬂY@isC@Hl y in the
subst anti al agggﬁ{cee ! vvgeeref5 %I% Be RO, F%?;Or R4, %an R5 -1 s i ndependently

hydr ogen or amllaWﬁCbt@ewaCé atlmnmrﬁn( @m@efamﬁ%@et%ﬂmo@ttmem“ﬁlg 88A9Wsi sopr opy! |
butyl, sec- bUt Xilluxn]igecgr a'bgl\%t, X e)n’ 1nt\é4rﬁe!alate temperature) for a length of time to form a

sufficient amount of the desired product. Preferably, the components are
combined under an inert atmosphere (e.g., argon), typically in the substantial
absence of water.
Each R}, R%, R®, R?, and R’ is independently hydrogen or an aliphatic
10  group (e.g., methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl), with
the proviso that at least one of the R groups is a fluorine-containing aliphatic
group. In certain embodiments, R3 =H and at least one of R}, R, R, and R’ is a
fluorine-containing aliphatic group. Accordingly, the present invention also
provides ligand sources of Formula IIL
15 Tautomers of compounds of Formula 11l 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,

>—N - =N
R> R3 I
4 — N\ 5 g 5
4 >
20 R R and R R

Similarly, the present invention contemplates tautomers of Formula IV

including, for example,
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the proviso that at |east one of the R groups is a fluorine-containing
aliphatic group. In certain enbodinents, R3 = H and at | east one of R, R2,
R4, and R5 i¥OAPRHTi ne- cont ai ni ng al i phatl c group. Ac®&AdiSHYPA249%he present

i nvention al so provides |ligand sources of Forrmula Il1l. 15Tautoners of
conmpounds of Formula 111 and Fornmula IV include isonmers in which a hydrogen
atomis bonded to another atom Typically, tautonmers can be in equilibrium

wi t h one anot her. Specifically, t

tautomers of Fornula Il el udi ng, f

present invention npl at es t aut onef; f Forrmula IV including, for exanple,

WD 200711012673PCT/ US2006#D24996 1’tl\atgl e activating agents capable

of activating a carboRyl groBp fqpgr eactR on with an amine are well known to

those of skill in the art and include, for 5 exanple, alkylating agents and

Lewis acids (e.g., TiCl4). Exenplary al kyl ating agents include triet hyI oxoni um

t et raf | uor obor at e, Stitshbe hjivatinglaentecappble pHaHiMEES caFigRYlFYPses (e. g.

L 1-thi obt s(2-6Dkigk 0fh ARG Inkar gl RV ok OBSIdING g0k diddiddenal

nmet al - cont ai ni ng conp oun I nc 'east one 13- diketim nate |igand

havi ng at ISeaswiample Eflksdatmgragelﬁbmddwmlwldﬁr(gaﬂirtplgr Suprelasy aBelatioe made, for

exanpl e, by I| conpound

i ncl udi ng at mgfr(lll(edigﬂneg &%ﬁ%&ntg?ﬁﬂgﬁ%\gﬁ?ﬁ gggga%ﬁglglg%dﬁg%g’

fl uori ne-cont anmntai@gmegezrg 1, thoakis(2 alnidroathnm))alamtmmlamaﬁpmjh@mfpound i ncl udi ng

at | east one differgent etim nat | ary nmet hod

i ncl udes conbi ni ng %cgihﬁ’gﬁem?téﬁ con{“ml}ﬁ%{f@%?&%‘?ﬁ : '?t P](;r mula (Fornula 1):
diketiminate ligand having at least one fluorine-containing organic group can be

oresent invention contenpl ates
e, Simlarly, the

10  made, for example, by ligand exchange reactions between a metal-containing
compound including at least one B-diketiminate ligand having at least one
fluorine-contajning organic group, 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):

{_ym

15 ;
and a compound of the formula (Formula V):

R 1116
N
< RS @MYZLH_X
N X
R’ 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
20  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.
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15 MYJ-11-. and a conpound of the formula (Formula V): R6 INNX I in under
conditions sufficient to formthe netal -containing conpound. Each Mis a G oup
2 netal, a QF@&Y78"%Ptal, a Lanthanide, or a 20 combi natiCOVSENEPEHS, each L is
i ndependently an anionic |igand; each Y is independently a neutral |igand; n

represents the valence state of the netal; z is fromO to 10; and x is from1

to V\D20071101267%5%19%%%%‘0%4%%E§8 9;%}%1

R5, R6, R7, R8, R9, I 5 ’ndepéendent ﬁgfgﬁen S?ﬂ%%yorganic group, with
the proviso t hgtirogén dreastganivesrépgwih fheipsovasofthaiet leass onoRigedupiing or gani ¢ gr oup;

and the O-dikefimnate. l.igands shown i.n For.noul a nd F l.a V have different
structures. 5 ﬂﬁ%?ﬁ&ﬁﬂ@gwgﬁﬁ8§ﬁﬁgfﬁdﬂ¥¥§@£§%ﬁfgfﬁg%§s%%ﬁ%%ﬁnd of the fornula
Formula I and Formula V have different structures.
5 The method can provide a metal-containing compound of the formula

(Formula II):

wherein M, L, Y, R}, R?, R, R4, R’, RS, R7, RS, R’, R'" n, and z are as defined
above.
10
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 B-diketiminate ligand with at least one aliphatic
15 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’
20 = 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

25  degrees of freedom, rotations about non-hydrogen single bonds (including the
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(Formula I'l): MyzLn-2 / '-R1I0 \ 9 wherein M L, Y,R3, R4, R5, R6, R7, RS,
RO, - to, x n, and z are as defined above. 10 COMPOUNDS W TH AT LEAST ONE
SUBSTI TUENT WRAREI2EREATER DEGREES OF FREEDOM | n anot hePCA45gl6/024¢%e pr esent
i nvention provides netal containing conpounds having at |east one

p-di ketimnate ligand wth at |east one aliphatic 15 group (preferably an

al i phatic noi et haying,. 1 to 5. .carhbon i wherein the
al i phatic gro&ﬁ¥%¥mﬁ'P@%@@ﬁaf@”ﬁ%Wgaﬁﬁé%%gggggéwgggq%$£$%§gggﬁkihan t he

corr espondi Ng tpud&ai ddlertatdsn thétkyl Rralipleeduntiite dtfeldlakigandsingte twad thet n

met al - cont ai ni ng conpound nown in the a L. €. . Formul a
wherein R = F@%&mw&s ﬁﬁ"{'g‘ﬁg goyp argund ‘%13‘{2}%{5%3’ 1§48 ?53%5?&%% ﬂ%f = R5 20 =
tell-butyl). SeRitidzQha¥dimRhegy Hightadeimvemual infldiganonestal packisg. 23: 4995- 5002

(2004). One schene for, quantifying degrees.of freedomof a substituent
of a ligand ofA shifpbeabPancabern Aimidfg o8 RpPatY guftﬂé@?{elﬁis‘g‘%sﬂgl%t by Li et al. in

| nor gani ¢ Chendoati ¥s arftfidiiéRa ddddof 2, bekist Bhaatisaeremmbor counting the 25

degrees of freedom rotations about non-h droggn si.ngle_ b nda (i ncluding the
interconvert at typical temperatures encountered in deposition methods. "The

above scheme was used to quantify degrees of freedom for some exemplary

substituents, and the results are given in Table 1.

0 TABLE 1: Total Degrees of Freedom Quantified for Exemplary Substituents
Substituent C-C Bond Chiral Degrees of
Rotations Carbons Freedom

-H 0 0 0
-CHj3 (methyl) 0 0 0
-CH,CH3 (ethyl) 1 0 1
-CH,CH,CHj (n-propyl) 2 0 2
-CH(CHj3), (isopropyl) 1 0 1
-CH,CH,CH,CH3 (n-butyl) 3 0 3
-CH(CH3)(CH,CH3) (sec-butyl) 2 1 3
-CH,CH(CH3), (isobutyl) 2 0 2
-C(CH,); (tert-butyl) 0 0 0
-CH,CH,CH,CH,CH3 (n-pentyl) 4 0 4
-CH(CH3)(CH,CH,CHz) (2-pentyl) 3 1 4
-CH(CH,CHs), (3-pentyl) 3 0 3
-CH,CH(CH3)(CH2CH3) 3 1 4
(2-methyl-1-butyl)

-CH(CH3)(CH(CHz3)2) 3 2 1 3
(3-methyl-2-butyl)

-CH,CH,CH(CHz), (isopentyl) 3 0 3
-C(CH3)2(CH,CHj3) (fert-pentyl) 2 0 2
-CH,C(CH3s)3 (neopentyl) 1 0 1
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WO 200711012673PCT1US2006/ 024996 singl e bond attaching a substituent to a

| i gand) are counted. However, a single bond that only rotates a nethyl group
around its WPNF'RRs, or a single bond that only rotatt€d/U200ePH2%ut yI group
around its 3-fold axis, are ignored, because the resulting changes in energy
m ght not have nuch influence on crystal packing. 5A chiral carbon atom (i.e
a carbon atom having four different substituents) counts as an additional
degree of freedom because enantioners cannot interconvert at typical

t enper at ur es eﬁMnVedeediﬁednwﬁmd§®nquamifymgrdegtses of ireedabyoefer whtidwat was used to

quantify degree reedo sonme _exe Iar ndethe results
are given in T%%légaﬁé m%’g’?‘?lfﬂgdc%mﬁom%sfog )%%12) %&% tgfjents

(SUbSL i :\/;ant C GkBohdh&Raet aztll pseciaty thatloteametiods faegmmtafymgdegreeedbm HO OO -CH3
met hy

5  freedom of a substituent of a ligand of a metal-containing compound could also
be used as desired.

Such metal-containing compounds having at least one B-diketiminate
ligand with at least one substituent having greater degrees of freedom than the
corresponding substituent in certain known metal-containing compounds can

10  have lower melting points and/or sublimation points than certain known metal-
containing compounds with at least one pB-diketiminate ligand. Metal-containing
compounds having lower melting points, lower sublimation points, or both, can
be advantageous in deposition methods (e.g., CVD and ALD). For example,
metal-containing compounds having lower melting points are particularly useful

15  for molten precursor compositions, because the vapor pressure of molten
materials is typically higher than that of analogous solid materials at the same
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

20  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.

25 In one aspect, the present invention provides metal-containing
compounds having at least one B-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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0 00 -CH2C1-13 (ethyl) 1 0 1 -CH2C1-12CH3 (n-propyl) 7 0 2 -CH(CH3) 2
(isopropyl) 1 0 1 -C1-12CH2CH2CH3 (n-butyl) 3 0 3
WO 2007/002673 PCT/US2006/024996
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20
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R2
3
< R %C: MY, Ly«
X
R4

wherein M is a Group 2 metal (e.g., Ca, Sr, Ba), a Group 3 metal (e.g., Sc, Y,

w—z | z—=®

5

2

La), a Lanthanide (e.g., Pr, Nd), or a combination thereof. Preferably M is Ca,
Sr, 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.

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. 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*= methyl; and R® =
H) in the metal-containing compounds disclosed in El-Kaderi et al.,
Organometallics, 23:4995-5002 (2004).

In another embodiment, each R!, R% R3, 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 zert-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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cyanide, alkyl groups, amidinate groups, guanidinate groups, isoureate groups,
B-diketonate groups, B-iminoketonate groups, p-diketiminate groups, and
combinations thereof. In certain embodiments, L is a B-diketiminate 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 -
diketiminate ligand shown in Formula I.

Y represents an optional neutral ligand. Exemplary neutral ligands (Y)
include carbonyl (CO), nitrosyl (NO), ammonia (NH3), amines (NR3), nitrogen
(N,), phosphines (PR3), ethers (ROR), alcohols (ROH), water (H,O),
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 0 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 with at least one substituent having greater degrees of
freedom than the corresponding substituent in certain known metal-containing
compounds can be made, for example, by a method that includes combining
components including a B-diketiminate ligand source with at least one
substituent having greater degrees of freedom 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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CH3)2) (3 -nethyl-2-butyl) 2 1 3 -CH2CH2CH(CH3) 2 (i sopent
é%% ) (CH3) 2 (1 sopenty

926(3': ert - pent y| ) PCT/US2006/024996

R* , a tautomer thereof, or a
deprotonated conjugate base or metal complex thereof; a source for an anionic
ligand L (e.g., as described herein); optionally a source for a neutral ligand Y
(e.g., as described herein); and a metal (M) source under conditions sufficient to
form the metal-containing compound. Preferably, the components are combined
in an organic solvent (e.g., heptane, toluene, or diethyl ether), typically under
mixing or stirring conditions, and allowed to react at a convenient temperature
(e.g., room temperature or below, refluxing or above, or an intermediate
temperature) for a length of time to form a sufficient 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(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 -diketiminate metal complex (e.g., a tin complex), or
combinations thereof.

In one embodiment, each R}, R2, 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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2 02 -CH2C(CH3)3 (neopentyl) 1 0 1 The above described nethod for
quantifying degrees of freedom of a substituent of a |ligand of a
netal-contaﬂﬁ?%@”@%ﬁﬁbund is one exenpl ary approach. On@CEfUSSWPPI4996n t he art
wi || appreciate that other nethods for quantifying degrees of 5freedomof a
substituent of a ligand of a metal-containing conpound could al so be used as
desired. Such tal-co il u hayi Re: ne
P-di ketim nate Iigaﬁ§m§#?%m§%%kggggmgﬁgﬁguggfgf%é%? ﬁg%rﬁg%%bggter degrees of
freedom t han t hedogenreapaekghiatiggoub $¢.¢.1 anslityl igroup er, tiatertaknaxubodinedndd, - cont ai ni ng

conpounds can 10 ve | ower . i oi nts and/or_ subl.j o) oi hts than
certain known %F@P’-%%lﬁttygﬁﬁn}%f %’o%%ﬁ&gor% Wﬂﬁlg}e %Véssotth% ﬁ%iei%-og? ﬁtgti n nat e
| i gand. Met al - @dnbh@Rhisagnaappdemndsiriia diepgodpaoadistiglof kpgopytinisyl, | ower

subl i mati on _poi nts, .or both, can be advantagegus i e it t hods (e.g.,
CVD and ALD). ﬁﬁ?mﬁ%dWHWQP’ﬁﬁ?ﬁﬁzgﬂﬂng'Pﬂﬁgcgﬁﬁggﬂ&%uﬁis*WﬁﬁV"gzr mel ti ng
poi nts are par hu§Uli@béntylusafei-pdiior nol ten precursor conpositions, because
the vapor pressure of nmolten materials is typically h%gh r tgﬁn t hat of
anal ogous sol i d mat &h§ Bpodproyides amrRl-taighEpa eQmRevnd PY AU, t he surface
area of vapori zr&guiht en precursor conpositions (and thus the rates of
vapori zation from and heat transfer to such conpositions) can change at
regul ar and predictable rates. Finaf y, Riol ten 20precursor conpositions are
typically not a source for undesirabl\e ﬁirticles in the deposition process.
re

cl ass can provi de adequate vapor—pre
t han non-nolten forns, under teprodug conditions, and preferably w thout
produci ng problematic particles in rhe process. 25l n one aspect, the present
i nvention provides netal -containing ’

10  wherein M, L, Y, R}, R%, R®, R*, and R? are as defined above, n represents the

Thus, for a given class of prfecursor 0 iﬁiggs, nmolten fornms within that
R u 0 position at | ower tenperatures

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

Sources for B-diketiminate ligands having at least one substituent having
greater degrees of freedom than the corresponding substituent in certain known
metal-containing compounds can be made, for example, using condensation

15  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 \ H
AN
r* R
20 , 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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conpounds having at | east one O-diketimnate ligand with at | east one
substituent having greater degrees of freedomthan the correspondi ng
substituent WH20&P82473n known net al - cont ai ni ng conpounds PCSISABHPBUNdS

i nclude a conpound of the fornmula (Fornmula 1): wherein Mis a Goup 2 netal
(e.g., Ca, Sr, Ba), a Goup 3 netal (e.g., Sc, Y, La), a Lanthanide (e.g., Pr,
Nd), or a conbination thereof Pnef eraﬁ;rly Mis Ca, 5Sr, or Ba. More preferably,
Mis Sr. Each L is independentl'y\an antonic |igand; each Y is independently a
neutral ligand; n represents ral®nce state of the nmetal; z is fromoO to
10; and x is from1 to n. In enbodi nent, each Rl, R2, R3, R4, and R5 is

i ndependent|y hydrogen or an ali, N¢ group (e.g., an aI kyl group or, in
certain enbodi nents, 10an al kyIR noi etﬁ &ad/ﬂaﬁtgmérmlae& carbon atons, with the
provi so that at | east one of and, R4 is a noj ety sej@ect ed from the
group consi sti R %ﬁ‘bliétﬂl*fwompﬁn%t%%frPomli”%?fbflﬁbwganﬁ SHyeRfie-esheidGt yl , i sobutyl,
n-pentyl, 2-pepfiyde, o?di%ﬁﬂlt é’ther) ayﬂ'{&ﬁl@)ﬁhd&m@l‘ﬂ ¥} stirdng®ndtlongaRat yl , i sopentyl,
tert- pentyl, and neopent yl the noieties listed in the above group al |
have hi gher quaMandut@tpa@t@@ﬁé@gfe@tﬁntftseré%weiseerqgm tepgerpRre 9t elodin t he
correspondi gg ?éffﬁ%ﬁl%%}'%% o@%mtgﬂledlgﬁttéﬁé%ezat@l@}jﬁ% lengtlfgftl'n{é th Am a

nmet al - cont al ni ng conpounds di scl osed Kaderi et "al., Organotnetallics,

23: 4995- 5002 ( 20Gdipnt amount of e depisednsedusiifoefersbly the sapoRIts /2. R3, R4, and R5
i s independentl.y u . group or, in
certain enbodi mn@ég{%%qg?rﬁ%n%%h%%&/% ﬁ%@@n%p(cgtlgmgh%g}bg%ﬁy%t ons, Wt h t he
provi so that atbderastfwatee of RL and R5 is a m)l ety selected fromthe group

consisting of n-pro yI t 2- pentyl,
3-pentyl, 2-nethyl- ]% u]?‘b?é{%h atscﬁ%lblg X gtﬂljg%llgg?#%y?&a nd tert- pent yI
Not abl y t hao mh@drbmdraﬁhlﬂﬂlatmgmhp(m,cmaﬂgi gngppp at, lin ¢eatain dmibgkisrentyuant i fi ed

d f f d I t.h th t t R1
degrees of 11 SISyl ol TRy ARSI PtBe L et

di scl osed in ER? Kédarle o a ailoicty lageeddroat grotup por%%hd@@ﬁetﬁﬂ%pl(oﬁﬂ(M) | L
can represent a wid pty of anionic |i r ic ligands (L)
i ncl ude hal i de$°PEP 0‘5’0 'd %/ %%1 SO ?“%angperﬁgxcgpl} ek %merh ?ri'

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

15 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-

20  butyl, isopentyl, and tert-pentyl.

Tautomers of compounds of Formula III 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

25  including, for example,

R? /Rl R2 /Rl
No — N
SO o
A :N\ s >—N\ S
R R R R



cyani de, al kyl groups, am di nate groups, g-uanidinate groups, isoureate
groups, p-di ketonate groups, p-im noketonate groups, P-diketim nate groups,
and conbi natWBAYPREPeof . I n certain enbodi ments, L is XPLPWePIMonat e group
having a structure that is the sane as that of the P-diketimnate |igand shown

in 5Fornmula |. In other certain enbodinents, L is a P-diketimnate group
(e.g., symmetric or unsynunetric) having a structure that is different than
that of the pdiketirninate |igand shown in Forrmula I. Y represents an

optional neutral | iSgaiialy, Bheemplariyventat cakeniplgentagofyfs of RedmwmibelVear bonyl (CO),
nitrosyl (NO,. alengiﬁnifa NH3), am nes (NR3), nitrogen 10(N2), phosphines (PR3),
ethers (ROR), ZFtofsI 8”(;@6&%63 wat er (H20), teh-ahydrofuran, and comnbi nations

t hereof, wherein eachgR i ndependently r esents hydrogen or an organi c group.
The nunber of optional ol Iigand%g(Y) isorepresented by z, which is from
0 to 10, and prefe%bl fromO to 3. referably, Y is not present (i.e.,
z = 0). 15l n one enbodi a netal-c akni ug conpound including at |east
one P-diketimnate |i d wth at | east subgtituent having greater degrees
of freedom than the correspondi nga®lubstituent in certain known

met al - cont a¥ ni ng conpounds can be nmade, for exanple, by a nethod that includes
conbi ni ng conponentg...i I J i ggﬁﬂ, wth at | east
one 20substituent h%b"%‘%%ﬁ’é‘g‘?%%e %g?ﬂé‘gg" Og?&?;rag%%%m t gﬁ&tdgﬁe:ﬁ)éor respondi ng
substituent i nresa@onaiith akromire arewall koot withisagf delhpobe e andinglsdaiforsour ce,

optionally a source f.or neut r i Y, ni oni c |igand
L, which can b%xafrﬁ)ge’ Esdg?:rl%@%agg%nfg% Jédr}éér}]‘%gﬁﬁgsn(etgﬁgq @%%@?M%}g%ﬁ%md source

with at | east ompetssachskittieieyloxdnan regrafuceatiosate, dégetbdsulffte,foiteesderast han t he
corresponding substituent 25 00 certain kno t cont ai.ni conpounds.
Typical ly, Ilg I Pﬁ%ﬁf& %3 (%% gé’ﬁhlB%S §§1r05?66r?gvﬁc?g§8 %lg%grlr)élggﬂéh%gand. An
exenpl ary met hod i neddittes] eeabeditaigng conpmnadsigclidiag atdeasgonesh-1 i gand sour ce of
the formula (Fgrnul f.d|

1!gc)1nd ha%g zHeast one substituent having greater degrees of
freedom than the corresponding substituent in certain known metal-containing
compounds can be made, for example, by ligand exchange reactions between a

15  metal-containing compound including at least one B-diketiminate ligand having
at least one substituent having 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

20  compound of the formula (Formula I):

2 R!

R\
N
R’ MY, Ly
[
R4

I
RS

and a compound of the formula (Formula V):
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=N R5, a tautoner thereof, or a deprotonated conjugate base or netal conplex
thereof; a source for an anionic ligand L (e.g., as described herein);
optional |y aV2a8Wre®%t3or a neutral ligand Y (e.g., as ded&A{UsdloPeP%in); and a
metal (M source under conditions sufficient to 5 fortn the netal -containing
compound. Preferably, the components are conbined in an organic solvent (e.g.,
hept ane, toluene, or diethyl ether), typscally under mXxing or stirring
conditions, and allowed to react atR\a c@nvenient tenperature (e.g., room
tenperature or below, refluxing or abovs, \or an internedi ate tenperature) for
a length of tine to forma sfffiRé' MefLthe desired 10 product.
Preferably, the conponents ane conbi Numder an inert atnosphere (e.g.,
argon), typically in the substanti g‘{? abgence of water. The netal (M
source can be selected fromthe group cBnsi st ng of a Goup Il nmetal source, a
Group Il met a{gncﬁpwnﬁzg”onésdfﬁafeﬁ%ﬁgﬁ tﬂ&%@tlall-(gﬂrbﬁrﬁﬂ%ccﬁ'ﬂ%uﬁ@nb' nations thereof A
W de variety o Surtable netal sources wou pbe 15apparent to one of skill.
Such metal sources can djch MhiglalGroumZ ingthb aﬁronmégﬁtagméan@lamidalorﬁi gand Y as
defined herein ave. | ; I:NG : anple, a M11)
halide (i.e., %‘%‘%tl?ﬁ?bon%%g’uengy Hgé‘ﬁ%’eg%ﬂflggé?ﬂlgﬁéﬁgﬁﬁdi %f‘gﬁﬁﬁéand), a MII)
pseudohal i d& ( independantlylaink)iral digpel; ndephereitn theatlehesatite ofithe pselidahal i de |i gand),
a MIl) amde (i.e, - M,l.1) .conpound having at | east one 20am de |i gand,
e.g., a MII) g‘?@?%%)@?%@ﬁ%}%&f’% 8%ane) and/or a II%

bi s( hexanet hyl di si | lazdasenbbdimehtetacaRY R ORURAM) RER'MOR’ faod RiSie i n a net al

exchange reaction wt P-di keti m.nate netal co X (e.qg... a.tin conplex),
or conbi nat i oné‘l%le?f’é‘fle\é’g’?'%y?lﬁ?g%%r aé‘%@hﬁit‘lﬁ%‘iu}’%%%c?”%ﬁ P Ogéh ‘B and 5 a Ris
i ndependent | y 2&abdideagan akil @bied)) hphad 1 ® Deapbid sf@nyg withalre @bkyd theggr oup or, in
certain enmbodi nents, an_al ky iety).having .1 t carbgn atons, with the
proviso thal aftlfashe Ogﬁe’ Bf k@,%g&%ﬁ&s qul‘%tyég?fg‘?de%}ng@gé%?ed fromthe
group Clonsi28ti e&slgfm%@ﬂkm;a, ﬁlflpﬂ@gﬂPMbpﬁol%yﬁ,gplﬁLgﬂ}’lel.c-blilgb,liﬁthtyll,Sﬁpknz btyutzyl , isobut y: ,
n-pentyl, 2-pentyl, 3-pentyl, 2-nethyl-1- bu , . o- et -2-butyl|, 1sopentyl,
tert-pentyl, aﬁﬁltﬂe%ﬁ%fﬁi’ly?‘meﬂ’ryﬁ'lWﬂﬁé@?@ﬁ%{i%ﬁ]&W?e“@é\c%”ﬁf?tyﬁé‘?‘q R3, -4, K and
P..5 is indepepggail aly et PABIRHRin AN @hiddhdtvh Gn Bérattmk (&dForma@nval kyl group or,
in certain enbodinents, an alkyl noiety) having 1 to 5 carbon atons, with the

proviso that abayeghifrenssEuGteRl and R5 is a noiety selected fromthe group
consi sting9f n-propyhethBr Bodtment, each R, R?, R, RY, R%, 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®, 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-
20  1-butyl, 3-methyl-2-butyl, isopentyl, and fert-pentyl; and the p-diketiminate
ligands shown in Formula I and Formula V have different structures.
The method can provide a metal-containing compound of the formula

(Formula II):
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5sec-butyl, isobutyl, n-pentyl, 2-pentyl, 3-pentyl, 2-nethyl-I-butyl,
3-nethyl -2- butyl, isopentyl, and tert-pentyl. The net hod provides a

met al - cont aiW? AYEBAPound of the fornula (Fornmula |):  PCI/US2006/024p86 Ro R3 10
wherein M L, yR4, and R5 are as defined above, n represents the val ence state
of the metal, z is fromO to 10, and x is from1 to n. Sour ces for

13-di keti mnate ligands having at l.east one substituent having greater degrees
of freedomthan the correspondi ng Bubstigfuent in certain known

met al - cont ai ni ng conpounds can 4be for exanple, using condensation
15reacti ons. For exanple, exeﬂ% ~di kgtli m nate |igand sources having at

| east one substituent having greater deHrees of freedomthan the correspondi ng
substituent in certain known mgt’al - cant ai ni ng conpounds can be nade by a

met hod i ncl udi ng conbi ning an am ne Q¥rytihe formula RINFI2 with a conpound of
the formula (Formula IV): R2 -@£B5 R4 20, or a tautomer thereof, in the
presence of an agent capable of ac¢tiyating the carbonyl group for reaction

N\RIO

wherein M, L, Y, Rl, Rz, R3 RY R’ R6, R7, RS, Rg, RIO, n, and z are as defined

above.

5  OTHER METAL-CONTAINING COMPOUNDS
Precursor compositions that include a metal-containing compound that

includes at least one B-diketiminate ligand can be useful for depositing metal-
containing layers using vapor deposition methods. In addition, such vapor
deposition methods can also include precursor compositions that include one or

10  more different metal-containing compounds. Such precursor compositions can
be deposited/chemisorbed, for example in an ALD process discussed more fully
below, substantially simultaneously with or sequentially to, the precursor
compositions including metal-containing compounds with at least one -
diketiminate ligand. The metals of such different metal-containing compounds

15  caninclude, 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

20  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

25  substrate" or "substrate assembly" as used herein refer to a semiconductor
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with the am ne, under conditions sufficient to provide a |igand source of the
formula (Formula Il11): R2 R3 >=N =N R5, or a tautoner thereof. Preferably,

t he conpone¥Q2¥ 8% Bnbi ned in an organic sol vent (e.g. PCREPREANR249%0] uene, or
di ethyl ether), typically under m xing or stirring conditions, and allowed to
react at a convenient tenperature (e.g., roomtenperature or below, 5

fl bov, t d
Forma Suffi ci R arBhE BPR RHEeRr B SRR St Black B e ROBRIND o TE 1

are conbi ned us@er nvfe lapes,istratimes phegené Erged tfaregnn)és,ba‘sq/wm@hdgctorn t he

subst anti al absence of one.e ch Rl R4, and R5
i s i ndependent} aQ}eri?)yHVGﬁ\ﬂﬁgio%qsﬂa lgﬁlg%&nilaqﬁrbatrlglﬁ W(ager Oramﬁgdnl group or,
in certain enmb@pbsRAlbs anétherahdtytial, rgmheisyi)hoaam segyphird. dNBemafebfmne ﬂt oms with the
provi so that at |east one of ﬁg&‘ sel ect ed fromthe
group consit i RaledP asphipte ags bby’?noufglé’ﬁ?séﬁ{ﬂ’smﬁynﬁ %en%r@@o%ﬁ'tyl i sobutyl ,
n-pentyl, 2-pemedto foﬁnB@ﬂéfﬁiemeéoﬂ%‘%hiwionﬁ-Valbd\ﬂs)étruct@reﬁBﬁfBMﬁreZ-abdlty| i sopentyl,
tert- pentyl and neopentyl. 15l n anot her enbodi menﬁ each RI,. R2, R3, R4, and
RS is i ndepend‘él?ﬂﬂnﬂs WE@EH@WS&FS SASIF 3 h ARSI JTR a{‘E@déGg‘mﬁn“%ﬁ kyI group or,

in certain emboglivesy eﬁmgérhl%?ﬂ Aéyéctﬁab%aﬂngaadépmoﬁpms BaGREEN atoms, with the
proviso that at |east one is a noiety selected fromthe group

consi sting of ¢RPReOEYELC. n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl,

3-pentyl, ggmethyl -4La9é+t°wsus§rﬁ5?&1hyéfe&o aghweylthatea%oae%ﬁﬁeh,onand tert-pentyl.
Tautorrers of conpounds of Formula Ill and Formula IV include isoners in which

a hydrogen at osmbsigathfamietic POMAITEEEISORIABHPT pppieanqegrdingdathsner s can be in

equi libriumw b s t i nvention
cant enpl at es.t e SHE, SR Bcribed ey, TR LhieP S et Qe RGR

Simlarly, t hesmmés@mthelsmenmdugﬁor mdm’t@nwda@%@ut dearloymet kmi¢d tFor nul a |V

including, for baerr)%grrmye% dielectric layer (i.e., a layer having a high dielectric constant), and

15  conductive layer. The term “layer” is synonymous with the term “film”
frequently used in the semiconductor industry. The term “layer” is also meant to
include layers found in technology outside of semiconductor technology, such as
coatings on glass. For example, such layers can be formed directly on fibers,
wires, etc., which are substrates other than semiconductor substrates. Further,

20  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

25  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

30 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, SrTiOs,
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5 Sui tabl e activating agents capable of activating a carbonyl group for
reaction with an amine are well known to those of skill in the art and

i ncl ude, forWVez¥#BI%€73 al kyl ati ng agents and Lewi s aci ds PCA/UF2006/43499%p4) |

Exenpl ary al kyl ati ng agents include triethyloxoniumtetrall uoroborate,

di met hyl sulfate, nitrosoureas, 10nustard gases (e.g.,

1, 1-t hi obi s(2 5 Fnat i e nal

net al - cont ai ni hflg?@o 3@% ﬁ%ﬁ%?’%%@%@’o%ﬁ%ghép ceﬂtalhrgléﬁat e ligand
havi ng at d! easBade, @u/Ba)Nt.0e(Br, Aa)Nibs(s, @b[é&ft,lgb)o s€hs246; SNI)dedom t han t he
correspondi ng ounds can be
made, for exarr%lz(g3 iﬂéﬁf gﬁ:lw(g:" g?@ﬁ%@éﬁ{g%l ons %C{%Zbggsn@éﬁ? -cont ai ni ng
conpound i ncl uNigay Salprisaas, t&nﬁetﬁodidleéﬁyeﬂfome@adco@mgdo hﬂ\plresgltat I east one
substituent havin r.eat er, i

d mth e cor d| ng
subst i t uent > i nYETORIHER 5 Hes oo 851 g’ieﬁr %‘BB)E}H%I?W% tal -
cont ai ni ng Corrﬂ@lswdemmiduﬂétms@fthb@ﬁesm Q{i}entﬁbnfafr@és@ﬂﬁlapy ﬂbé(ﬁtcamoﬂ,at e |igand.

Such an exenpl ary net hod incl udes canbi ni ng conponents_in a 20 conpound
of the formulab X‘ﬁ%%el‘?uhméldfﬁ)vp osphofiy SYIEJHERRTRAT g‘?“?%@‘tisf%?rﬁ%tjr uIi"gdr nula V): P llig

Rs G NWYzi - 11- %8Rl "ekRntially free" is defined to mean that the metal-containing layer may

include a small amount of the above impurities. For example, for metal-oxide

10  layers, "essentially free" means that the above impurities are present in an
amount of less than 1 atomic percent, such that they have a minor effect on the
chemical properties, mechanical properties, physical form (e.g., crystallinity), or
electrical properties of the film.

Various metal-containing compounds can be used in various

15  combinations, optionally with one or more organic solvents (particularly for
CVD processes), to form a precursor composition. Advantageously, some of the
metal-containing compounds disclosed herein can be used in ALD without
adding solvents. "Precursor” and "precursor composition" as used herein, refer
to a composition usable for forming, either alone or with other precursor

20  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

25  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

30  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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under conditions sufficient to formthe netal -containing conpound. Each Mis a

Goup 2 netal, a Goup 3 netal, a Lanthanide, or a conbination thereof, each L
i s i ndependePPYP7ERBni onic |igand; each Y is 5 i ndepend&RtUSy0e/034&4t r al

l'igand; n represents the valence state of the netal; z is fromO to 10; and x
is from1l to n. I n one enbodi ment, each R, R2, R3, R4, R5, R6, R7, RS,

R9, and Rl is jndependentl drogen_or,.a | j f.CQr (e.g., an alkyl
group or, in c&fP -awr%s%%%ﬁtgﬁ?ysgaggﬁu%e]d@ as%oviagﬁz)a{l%na\g}ﬂﬁogﬁ% to 5 carbon atons,
with the provis@rédiegletformaitioh eabtiqesestof R2, R3, R4, R7, R8, and RI is a

noi ety selected fromthe grqQup consisting of ethyl - praop i sapropyl,
n-butyl, sec-butyl ,H?IE’SbYﬁ%?F?E%ﬁ@%%T?PW{m -COBRAY ﬁ%%ﬁgﬁeﬁﬁ¢§_a@ehyl -2-butyl,

i sopentyl, terrda@bhally wishehpbeaneiisthles ansthérheetR-dhisinigdonptendsiogands shown in
Formula | and Formul a V have djfferent structures. 11?@ anot her, enbodi nent ,
each R, R Reptiopally with vaggrizegsolvent medecules,on ineyt gasmplsaitie HASHE 14° hydr ogen or

an aliphatic grQHRBekS:, GiquidReRisky h s@hi@Hbr@meati Ruiiqh lighid aeFb@di ments, an al kyl
noiety) having 1 to 5 carbon atons, with the proviso that at |east one of R,

R5, R6, and Rl teimsf’e@%%%%Pl'éét@é’tfléﬁnﬁf@??ﬁetﬂl*?énﬁilté&tp?‘n&@ﬁ’@tieéti ng of n-propyl,
n-butyl, sec- bt ylrnlS0Nt¥la hddeiR @XMion" doR&idt YhuirBedgMty éolu@htﬁ%ff hyl -
201-butyl, 3-nethyl-2-butyl, isopentyl, and tert-pentyl; and the

P- di ket i ni nat etheisgléchols nyallawifer sPae wodiasolved selid-at leng &8 emaiAe di f f er ent
structures The e tuﬁqh j ¢ SAhALR H8v&erpound of the
formul a (Fg) inﬂ]lfgm%}): h ereé@ﬁd%lﬂr&eﬁ%y%&@é%ﬁ R3, Ra, R%E,Fpg.%, R7, Rs R9,
RD), n, and z phase fis clehicrledpabiop®itios pOTEEREVETRIe@RNFAPNISNSECAVPOUNDS
Precursor conpgsi t.. i . LD hat i ncl udes
b & I T S R SR L e

cont ai ni ng | ayesnsidasidng avwepoarrgegssi ti on net hods. I n addition, such vapor

deposi ti on nethods gan, al so i ncl ud regursar i ti .hat include one or
10 nore different ng[{l%ﬁ[ E€ofit é’iorﬁ"lrenaﬁ l‘éeg%?%oésn%gfih%%ﬁ%%bgg%ﬁg%tﬁpconposi tions can
be deposit esl/ charisigrinedctifearittekaoqph@nints ArobOnppoed sethdiFecussed nore ful ly

cComposi i ons | REFURR-ATT I COREA A Rt Bpoumae B et Ragky “one
pdi keti nmi nat e higg@n@liudngeolBrahten, abn@uialy dhdhen-esttivedagland orittaieni ng conpounds
thereof. Such inert gases are generally used in one or more purging processes
described according to the present invention, and in some embodiments may also
20  beused 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), halogenated
25  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
30 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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15 can include, for exanple, Ti, Ta, Bi, H, Zr, Pb, Nb, My, A, and

conbi nations thereof Suitable different netal -containing conpounds i ncl ude,
for exanpl e, WPAWARPS titani um i sopropoxide, titanium tg’ﬂré@l‘ﬂoﬁ?%“%,
trichlorotitani umdi al kyl am des, tetrakis titaniumdial kyl am des, tetrakis
haf ni um di al kyl am' des tri met hyl ahuni num zirconium (1V) chloride, pentakis
t ant al um et hoxji conbi nations t VAR THODS

The net al - cont Fﬁfeﬁﬁlc?g 8?6 VAR EHEE B e ?%Patlvelgﬁle lfletg%séo-ll; ams%/E bstrate
(e.g., a sem Clapduthobe Satnsd bﬁﬁl&nﬁtelﬁimhsducmghapﬁatrkﬂry))mpbﬁmmandnduct or
25substrate” or "substra ?e)dgssenb y" as. use .efer to a sem conduct or

her
WO 2007110126 78PEepetiss 789 R0 JARASHQP &Y ﬁcﬁucgsfeaﬁ 'BHEEBM conduct or 1 ayer
or a sem condughRkllFiAbIREE Giyer) MMieh JapgdR @z0tie, Adfogerl @@ Ssulfst dxidesur es, or regions

fornmed thereon. A base semc uctor |ayer pi the | owest | ayer of
silicon mater i BAreEendyEmees s Lgﬁgea ssqr%eeaﬂem&?ivé%gﬁbfgw - %Wt her materi al |
such as sili C%r&ade%%a{a)hfaeorg%@ﬁnﬁl@; By @RLRes (5. g5h§ﬂiﬁlﬁné0 a substrate assenbly,
vari ous process step have been previously used to formor define regions,

junctions, varmghsl h§@fﬁ%}€?= gyegeEeal fpad ppgyanets dﬁﬁ@ﬂw&@Z@Eﬁ?*ﬁﬂé@st ransi stors,

active areas, @iiifbsiRNSghet ﬁﬁh&nﬁlﬁgraﬁ@@la%§:aan@rﬁzenG@ﬁ&@ééh sORe)i ngs, high
aspect ratio openings, capaC| tor plateés, barriers for capacitors, etc.

10" Layer, " as e thenoxids (refestanidsaleholin gnd apyspmpingtionefihdse 24567 i on a
substrate {4 om,on 1@5}()?3{1 Lo 51ﬁ91?§§l95e§ a 19511{1%@@?@%6%@@&%Wn®fn9 to the

deposi tion proces descri be el n erm”layer"” i's meant to include
| ayers speci f i metaboxiflelagersri B@ﬁmb@tmlonaim%@rygasmbd iaghe fgpatinedr | y not

limted to, a Qaff] bt L 1998l EL8EH Iga?egg%gg oklee orord, hifthfiichavi ng a hi gh

di el ectric constan con e’term "layer" is synonynous
W|th the f el | aoXifi¢)l ni' frequently used in the sem conductor industry. The term

| ayer is also meag) 1ta{)1% subs?ra ugneatelnaai’é tf ?ne ?éé@lgt 1thLmt,1§r§ fﬁgﬂhg &}ﬁd@éﬂt\;@ de of

sem conduct or technolf coa s on or exanp , such layers
can be forned ﬁblafeﬁeltsIsymmonducbeafmatemls e:snduetme meﬂahmtrtﬂearc@@umsst rates ot her than

sem conduc_t or Sugft {:oafltéiﬁ%]fvg EPX@%%OUEE‘% ?ubatY%% 3n %vfhﬁhgm mé:t)alrmd directly on the

| owest seni contl can be fornmed on any of
a variety of | aefising €ayeris famed ﬂ@@&éraﬂs alsammbﬁdtucexammtrﬁf: oas@att'etteerned waf er .
The | ayers or int eformo gfllms such

filns f
as reduced met %F:S%mb Pf'e?\a‘fql%% ?ri%ya‘?fggmlcﬂ’é ugfor L”r‘?’r‘éotngefnpg % F etc, as well

for example, borophosphosilicate glass (BPSG), silicon such as, e.g.,

20  conductively doped polysilicon, monocrystalline silicon, 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 SiO,, optionally doped, deposited by a spin on process), TiN,
TaN, W, Ru, Al, Cu, noble metals, etc. A substrate assembly may also contain a

25  layer that includes platinum, iridium, iridium oxide, thodium, 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)

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

memory (FERAM) devices, for example.
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25as conbi nations thereof. For exanple, a netal oxide layer may include a
single netal, the netal oxide |layer may include two or nore different netals
(i.e., it isVA2REE3ret al oxide), or a nmetal oxide | ay@CTHEYPHBnal |y be
doped with other netals. If the netal oxide |layer includes two or nore

di fferent rretals the netal 30oxide |ayer can be in the formof alloys, solid

sol uti ons, nano f er abl tric properties. The
netal OXi de Iayer %ﬁ’é?“g?t@tﬁ & %ﬁl%sefntwoiylguctetl rgrl%loﬁlaséér) preferably

i ncl udes one Qgsemdlies, @fc 1Baki @Bbe ﬁhﬁb&ﬂuecﬂ@aﬁl@&pwé%@gﬁm}nﬂum Sr Ta206,

SrBi 2Ta909 (SBT), Sr Hf 03, SrzrQ aZr 03.. (Ph, Ba (Sr, Ba) Nb206,
Pb[ (Sc, N13) 0 57Haee®f Efs*rb?@ate%r\%y Caﬁgﬁg%*“ 5@6%“3’ ‘?_faaAfEi%ty @%&%ﬁ%r 203,

Ba(Li, Nb) / 403- P8 iR cespitdn B @IS 4fe, fb)f&mple MO Sur prl SI ngly, the netal

oxi de layer formed according to the pr esent i nven easentl ally free of

carbon. Préf er abl y Syetiafes gibpban sgpaccndpgony BStWStOﬁ%u § ? and met hods of the

present i nventd,pBis8b&uLd $eMkbihads of the }ﬁ%eﬁﬂc inf&tibRNAnYBEegEMat thal | des,
phosphorus, sulfur, nitrogen or conpounds ther eof As used herd% "essentially
cl ude

free" is def rré’dV@ItSag*?e@ﬁﬂW foFra @ metrd-crspiginedeysr BoFoRgUFYPermefElP a smal |

armount of the 19%9\%‘ Méd %L'lc%%ubsl’[:ﬁfes SRR o€ for bRIMPIB tidbrs Oxirébeetd O ayer s,
"essentially free" ans that the above inpurities are present in an anount of

| ess than 1 atomc Ppenef,e@n@ denositipn plegess {1l prasrat HVeHABE ©f@P¥ct on the cheni cal
properti €Sy E8HPfavoc isthal [ inity), or
pr Opgg{ﬂll&l ro ﬁ\ge{p%f ﬁeﬁvosﬂgyﬁﬂo&%ges fé—’%&n Pfavo

el ectri caI Varl ous cont ai ni }Tig corrpounds can be
used in vari ommi@mdmrnmusfoﬂéue to e roprehd sapeltility to eclgy piey ani ¢ sol vents

(particularly (]:0%%051“1 N s[%%f?%tﬁ)ﬁde%(gccfn%cma%dB{h%ﬁ%if)eaﬁgsconpos' tion.

Advant ageousl y; ntaining co di scl osed herein can be
used in ALD w t houtThageicngosoimpesitisns caPberaposioed' mélmrespn@cﬂﬁlﬂ%meﬁcorrpom tion"

as used herein, refer..to.a,composi A 6l r alone or
with other pre@HesF lféﬁsérﬁ%osn??%r}%ly’(a% IH‘%E%C err%? 53“% ayerp ogﬁl&g substrate
assenbly i a depaeshi ADD ppeeeddscuskadritehey), Tonamegknirienghsiintypisalyaone wi | |

Lgﬁ?gm ng t galt %rgfgere\tﬂﬁ‘)grﬂgﬁggh ﬁg&u%?gef/co[ 0 uercsoo%)r(tﬁ% Lﬁ%gﬁl& 1g‘?vapor Ogef:)ggl tion
process. The pighet coteftaeBwns aiat d@spoisinteiforesyith the formation of the metal-

containing layer. Whether done in the presence of a inert carrier gas or not, the

vaporization is preferably done in the absence of oxygen to avoid oxygen

20  contamination of the layer (e.g., oxidation of silicon to form 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,

25  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

30  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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of the present invention are preferably liquid at the vaporization tenperature
25 and, nore preferably, are preferably liquid at roomtenperature. The
precur sor cdﬁ%é@V@?%ﬁ% may be liquids or solids at roomPCaHF&N0EPIIPI
(preferably, they are liquids at the vaporization tenperature). Typically,
they are liquids sufficiently volatile to be enployed usi ng known vapor

deposi tion techniques.. wever S } t : doergufficiently

vol atil e that the35§ﬁ“%€§qﬁﬁg§§g%9?§ggb ?mgﬁﬁ%?%gﬁvgbéﬁithe solid state using
known vapor dgppahtidn@T nieetoitaiumg lasiefs, turbys diclsctriedyesiohatil e solids, they are

preferably sufficiently soluble in an.or i | hame lting points
bel ow t hei r d%?ﬁi’ég?t?'Rfﬂces?%eé?lﬁfﬁfg%atg@t ttloc?%g]tdg? e?/&{:a}in beglgged in flash

vapori zat i on, qhapplitiegric Hy6s @tk ey fisopweadsiiogtites iptpals, thedesired Her ei n,
vapori zed netal - contai ni ng conpounds .may . be. used either . or optionally
with vapor? zereﬁﬁP‘Eéﬂmé%S“b?“SB‘Eehvé‘PoriL@flé?gﬂ%ﬂfl’goﬁ?cﬁgm&%grg%%%\lgggor 5optional |y

Wi th vapori zeg, 5Q)c6iaifiRE & EéH@SsuBdtratd Wit ogidfalredcaugaes andfor uwgd. As used
herein, "liquid® refers to a solution or_a neat

i.quid (a_ljgui.d at room
t enper at ur e oFarsersgssesdn Asingls SRPAEIPREY IEu e RISH Ci%[??’é?c%s%’ Vﬁh&g’ﬁ%gv at ed

tenperature). As USedNEAGEDD with MablidrOfis(eshaf theRGstrate quiiface te fomplaet e sol ubi ity
of the solid But may all ow for sone undjssol ved solid 0 as there is a

, |
10 suffi ci ent leyroierst, diflectrirdayss). i hegieladspedfi By yelRé aélroﬁ'ﬁﬁfocco ent into the

vapor phasg f%pﬁﬁﬁgﬁ'ésﬁ@dth}’cﬁﬁ&é oB@ROSkL ks @thige@cessi ng. 1f solvent dilution is
used in deposition, the total nolar "concentration of sol yent. vapor generated

may al so be consi d@yeidel &/ apiopesses seaerrll eympjasPreeyrips FOmBAFEIONY N v non_ react i ve

gas, " as used hereln,, Jhﬁmﬁ%wﬂﬂ@érc Eﬂﬁhtédsﬁo%%@)%caés!omarﬁmmfdrmevvi th the
conponents it s i contact w thH. For exangln inert gases are typically

e1 .
sel ect ed fromdapcg;ttmupuﬁfmIoumftrgisrii)qatqﬂg§ﬁ¥67@?“@ l,iqlﬁ‘éplie&‘_%ﬁorneon, krypt on, xenon,
any other non 1 Cacliue e ILK N BB1CHNGH BBl Sy aliatp@iiredases are

general ly usedCPROBRESS urging processes described according to the
present i mgentyiaeh thaynchpbtizes anethe ryodizertlinued pragursor senpwitioe iUEEY t o assist in

precursor vapaor transport. Solvent i Nigdign enbodi ment s
of the pr esenttrain?ﬂ?g[ﬁig%?f“ﬁﬁ C%rgero%%p%{g%%g?éﬁgu%bﬁ%p? %ﬁog\%’l ﬁ%ﬁal i phatic

hydr ocar bons gjredundatdniabieidn Nyl oparshontber G&pCRGuehadaplirefte bl y C5- C10,

cyclic, branched, or linear),.aromatic hydr preferably
C5- C10), hal oglsRaY Ry C?@ﬁg?irf%fcdﬁ%sé ,alsaﬁrig) 5@%&%3‘%@3&@%%% sl\gi%ﬁ’ as

al kyl si | anes, giHusi hdve Btslevabfarts prepistly edtiei this rhdesetfresammpst er s,

| actones, nitriles, silicone oils, . or conpou c I inations of any
of the abodfe dhe AR PEEFG%’FS%ﬁ%mB?Slt}?(S‘rt@n%rtfﬂ{eg’%}é%g‘{lﬁég{l%ée}ﬂrcn%%pn%hnds are al so

general |y conpatjii&yNohRolea® thS fadberatie difthd repdrxditontingfs thar | abl e quantities

of the metal -containing conpounds w ]| not . .
precursor cmgpositirgg and by the flow or} an inert carrier gas bubbled through or

passed over the reservoir.
A typical CVD process may be carried out in a chemical vapor
25  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
30 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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30interact to significantly change their physical properties. The
precursor conpositions of the present invention can, optionally, be vaporized
and dep05|tég$é%@ﬁT§6ﬁbed substantially sinultaneously WAS2HNR4P% t he
presence of, one or nore reaction gases. Alternatively, the netal -containing
| ayers may be formed by alternately introducing the precursor conposition and

the reaction Qﬁéﬁl@a)vaﬁ&rdleﬁ&nmqm@epywsma@m@yl@éde}helﬁwmap@actl on gases may
typically include oxy vapor, Qzone, nitrogen oxides, sulfur oxides,

5 hydrogen, hyersiien (éIEFFVDH dot W%}H@fd@%wébqeé%?ré &r anyyfhes glaiead VRRFEi de, hydr ogen
per oxi de, ammpl Qi RhGa e, ARETord YHEAZEVBSak Be Gsed, WHEK R%InMEyr to

met hyl hydrazi ne, symetrical and unsymTet rical dimethyl hydrazines), silanes,
di sil anes and Milytiescussed mrasenter ditot belae) by|dastaot riggreusipayoa ene (ni t r ogen

sour ce). o1 baeMBARELABCLIedusl R0y o SAL SsBNg: ARkaeqTimRt on of t hese

gases. For "10exa en-contal ni iig sources are pi cal 'y used for the
deposi tion of dﬂmsaioncblmpldessi1a9@esdenPoleﬁleﬁmser6(§lptei @ﬁrra?I)OSIeééLUALBn gases used in

the formati Onw%chmséi‘ 111}1%% %ﬁd%%%ﬁ%d?n&ﬁ&@éﬁ?b@f& i zing gases (e.g., oxygen,

ozone, and nitric oxid e substrate materials of the present
i nvention include Adtanhumalygendﬁﬁﬁtaéﬂt}i,aieyapcseiepmeQqemmm;ednral s, conductive

met al . nitri deﬁ}%e[rg%ﬂ(g% ﬁ)% Ig}\éﬁalr%gﬁtqlggs}eghgnoﬂ aUCtlI1 -C lgretomlc l?yerg Sl‘[lg The substrate

on whi ch the far ne Yy a seni conduct or
substrat e 10r $MDhB) pdiessaSscrarycesss ailhatageduis ehyoamf:ulsxead]vmagduummer materials are

I d f I h h PSG I
Cuch ab, e g, * o0 BRAGE: PR G RO e BOw HORGGr JSELTIRE o1 [ con, etc.

(for this InV%ﬁ(ﬂ uﬂmrmacpwmpﬂe@tsﬁedflaym Qfdlslbdzthﬁmsre@by?pﬁ)lvfmig)a referred to as
"silicon"), for exaggle in the f E a silicon

tetraet hyI or t REERity @@Oﬁlﬁ@tﬂﬁ"leéxr selfglgpifing pargse EEILIB prgvides@ ¢ i | ayer of

Si 02, opti onalghyhddair@eposHRpaFilhed a%d@vaﬁﬁtyrbf%hcmmeﬁaas inchiddhe, T@N, W Ru, Al,
Cu, nobl e net al s, etc. A substrate assenbly Mntgé’FaI so contain a 25l ayer t hat

i ncl udes pPat ienarRie; STfages Hithiw oA FAPGRTapRSS, tignstep GR¥RERge (AR 1% ut heni um

oxi de, strontiymabidRanals.or baet hﬁeumlgmeh@o@ﬁn@m ndeitb@dleym ni tride, tantal um
nitride, tantalumsilicon-nitride, silicon dioxide, alumnum gallium

ar seni de, gl agyapogtion andpleysiseleporadepetitiongl-or P Y opggeing) opetherat eri al s used in

sem conduct or }ﬁ%gltorcé%%és't%%ﬂy%ﬂﬁ&e%ﬂ%ﬂ%&nﬁ@%ﬁiﬁbﬁﬁﬁ%@%w@?mry (DRAM 30
devi ces, static random access nenory (SRAM devices, and ferroel ectric nmenory

(FERAM) devi ceslatifigation padsheion temperatures, which tends to decrease degradation of

20  the precursor as compared to, for example, typical CVD processes. See, 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

25  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

30 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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WO 200711012673PCT1US2006/ 024996 For substrates including sem conduct or
substrates or substrate assenblies, the |ayers can be forned directly on the
| onest semi BRAAWENHF3surface of the substrate, or they CAHUWEBHME on any of
a variety of the layers (i.e., surfaces) as in a patterned wafer, for exanple.
5Substrates other than sem conductor substrates or substrate assenblies can

al so be used | ReRididsnRlakLaRLESRR: IBYBAFCOBLIARYy SHASHEAL that may

advant ageousl y foor m a metal -contai ning [ayer thereon, s a netal oxide
| ayer, may be G8€§, aadevisn suppepreterably norgrbatetiteen 400YE- exanpl e, fibers, wires,

oL, A Preferred depaskihaaReR: K0 gl B SPBL hANALIANNIFy 2 varnor

10deposi tion process. Vapor deposition ocesses are generally vored in the
sem conduct or  i(rdbudtenyhedgective sitdsen psenfas sregmpdily inianyA Lt pgaéss khey provi de hi ghly
conformal | ayer T t and her. openi ngs, The precursor
Conposi t i ong Cgﬁpogl‘éﬁgg%%h%&%@ﬁﬂ}sﬁg n?)gé@ gyéceg?&téjﬂnff)ﬂ’gﬁltty@gra{sf’er gas if
desired. Addi t igoshlatgg arcanmmiforerity pdasrsidysle agbscaate dompusteh dnd tigekngésng 15 steps in

an ALD process | scHssed. bel .. The inert carrier.gas i s typically one or
nore of nitr oggén%oﬁ'eﬁﬁ%{f%altﬁ?nﬁtge\rqg?os%% %%.eth‘f Wef%§°r€8lm°%%%tl“g’8ﬁn‘i/ﬁé"e%’ﬁ8%ent i nventi on,
an inert carri gssegastrineentheagohahasd eastions breiifiicpdileeBmniatdd, nkentfarwat i on of the

nmet al - cont ai ni er. et her dagne in the presence of a inert carrier gas or
not, the vapor ?l%a¢\?%ﬁrchs\é\3$%fseﬁagbqa§u&¥n@nfl q%ﬁéo‘%gmtﬁerV@@n to avoid
oxygen 20cant gaﬁdnatr‘em:ﬁgmgagehe(s?ayelﬂcaﬁﬁkm al, axliogb@{ bIOSYTS, a%ﬂ Butieny to form
silicon dioxi or_.oxidation o recursor _in the vapor phase prior to entry
into the depos&ﬂnc}:ﬁln@l?gr%@in}C.L PSRy iﬁ“tr?félﬁ%%a ?r@ﬁ%b@:‘@@}e and atonic |ayer
deposi tion ( ALDpttes, @(toWa04.8p0(19d@posi tion processes often enployed to form

t hin, continuous, 25unifor nmet al -containing | ayers onto sem conduct or
substrates. Using efHdfd ro%Fébﬁéliuti‘?sc?ﬁP‘iﬁ‘WéélétmﬁWhe@lm%}’ one or nore

precursor Cconpeghdibidyibe eV NG, 28dxipld WIRRARIbE ORnENEUREE and optional Iy
conbined with one or nore reaction gases and directed to and/or contacted with

the substrate EoFHeH i sccpmplish.chempaPhemeyf thaspericoenteite subieter dbe. 1t will be
readi |y appar e%nt"gqeﬁﬁ&rﬁkin" h&&ked herein refers to the chemical adsorption of

vaporized reactive metal-containing compounds on the surface of a substrate.
The adsorbed species are typically irreversibly bound to the substrate surface as
a result of relatively strong binding forces characterized by high adsorption

20 energies (e.g., >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 (198 D).
The technique of ALD is based on the principle of the formation of a saturated

25  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

30  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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30 in the art that the vapor deposition process may be enhanced by enpl oying
various related techni ques such as plasma assi stance, photo assistance, |aser
assi st ance, %Q2e0126%s ot her techni ques. WD 2007110126 PSPEPIOSHHS/ 024996
Chem cal vapor deposition (VD) has been extensively used for the preparation
of nmetal -containing |ayers, such as dielectric layers, in sem conductor
processing becaysgeqf i §ulﬂlB!e LihdeYstb S tﬂﬁt%‘ﬂlﬁgancaﬂ%gﬂﬁgqjtil' an{llr?c{ﬁrsgyal Ity
dielectric layers at relatively tast processing tinmes. Typlca , the desired
5 precursor corpogésitioonwhigh & ohepeibeéddnd ek tehution igat, Mhibheeadtsiwithdha deposi ti on
chanber cont ai ’lilé}l%sc?rbéhe@&ﬁgs substrate with optional reaction gases and/or
inert carrier gases In single deposition cycle. In a typical CVD process,
vapori zed precur sor Bragtiellgchtrastpdomintight neactiron alj @sitiesy ofahe t he substrate

surface to forma layer .(e.qg., dielectric, | T in deposition cycle
is all oned fo ?8‘?1 Sihﬁﬁéuri%ﬁﬁ%% PIERRYS e eipP%'ﬁd%ﬂ:&‘ﬁtgggioﬁe@ﬁh‘gf’sﬁyer i s achi eved.
Typi cal CVD pr cegdssesrigemendahyey isasifl| coysidefeicin Sl ayenifipisdonte® N thar vapori zati on

chanmbers that are separated fromthe process chanber. erein the deposition
surface or waf é’FeS?'gl VS 4R mERY apnlig %,mqr?ﬁ?jﬂisﬁ’sﬁf‘é?:lws@wat%nposi tions are

typically placegnbRydublieisitdnd Aedkratidlg sautdpeimlayeds she thit wihi ch t hey
vapori ze, and the vapori zed |liquid precursor conposition is then transported
by an inert caﬁ?ﬁélﬁﬁgﬁaéﬁp%@émgola%ror terrerfabiab sxhahiting the depired ALY qui d
precursor gonpagd/bi @bpertide vapors are then swept through a gas line to the
deposition chanber for depositing a | ayer on substrate surface(s) therein.
Many techni ques havé thdeah AddvepessetclugesxpesingAnyinisiglupyrate thiadiryiy ocess. For

exanpl e, 20 t henamBHRbecRl AD(CGS WRQkl-SRRRAH bohRBuld ARSRALLELLLR) hhe deposition
chanber can be precisely controlled by the tenperature of the reservoir

cont ai ni ng t he 2proEwlifisehemisermbioniof therpeeird o thehabstragay wrcianAichieieactcar ri er gas
bubbl ed thr O!Jgtéitﬁl{r m@ﬁ_ﬁl&eﬁbgf/a%surri}a@e SrSA SHRLiks B’fﬁés&megﬂlalo fuhbpcess may be

carried out in a chem cal vapor 25deposition reactor, such as a deposition
chanber avadp| abiits iigeldeFypidadly i ehgmiertiograeioomorsf of Ig0eahdsorhiSEegiessA | nc
(Sunnyval e, CA), i ! g‘? L n r.ade designation of
5000 from Appl }%(ng&%? g??ge%gt%lgr?@& @glﬁt% gﬁgatg?g‘?“&#&’éé&gu%é%osi ti on chanber
avai | abl e underch¢nhieorptiedierntesingmasyeothatf uiforsily éreamonNovablgsyle thimk. ( San Jose,

CA). However, siiion. ch i | e, f.or performing.CVvD may be
used. Se\%))g)r(haelck%%%(f :‘xﬁsg&;%nff%aﬁg}?o %&atg ’&}ég%%q%ebgeé%%wg%’é’ ST (g]égecrless are
possi bl e, for e&x&asphey,digpsicadligindo Sipbiked worps, essuraeedaewiayed is vapor depositi on,

o presouss, STl GRRP Bab b By LB IRRE T Lo o2
vapor deposi ti oocut eshipatiens dfiict substrins. Nevpithelas] st wiatinl Rdnuiaed is Whi ch is
Z.i/g: Llal’ to ALDS&I?!JI?CI%%"S%O%%?O lbg a ';)gc?l%}%rr indt Ezg'(l)nltexl%glL t%\év%)regeli!l inqr(e)r?tlson.n% rigorously
many applications, merely a substantially saturated monolayer may be suitable.
In one aspect, a substantially saturated monolayer is one that will still yield a
25  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
30  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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5 interm xing of precursor and reactant gas streans. Al so, for pulsed CVD, the
deposition thickness is dependent on the exposure tinme, as opposed to ALD,
which is selWOPYHN% Ry (di scussed in nore detail bel ow) PCAUSEONEMPel y, and
preferably, the vapor deposition process enployed in the nmethods of the
present invention is a nulti-cycle atomc |ayer deposition 10 (ALD) process.
Such a processedeh ) I . ﬁ“ﬁﬁ CVD process,
in that it provi degq%‘/%l?ﬁl?sgn%? g(%ddfoggﬁ?fég?%gg%l%lygﬂfli%g t %%ﬁlggs and
unifornity to fiplagepusiechirhipseaciies euly tadinstiesAr Nonichgreisdrbed provi di ng a
plurality of d i.td ; =4 L | { ALD provides a
nmet hod of depog’?ﬁ%ﬁg gQ}Nia?% Cg%laé:%]m %%ﬂ%/gr}dl %{B};tbg]?'g crl%gscﬁﬂ\%eer%écﬁ@#g%egs i ncl udi ng,
for 15exanpl e, thenpiegedsandihe stensrarengpdatad withpogpaphofibe Swicteh Boedrotayerst ep cover age
than is avatl a - (o) Lo ld ne of sight” deposij.tjo thods (e.g.,
evapor at i o(rjl15 angJ %ﬁ%%e?asgv%sﬁ%r&é%’g%% ’tt%eosﬁfoﬁd.sg?ges 38& V%‘%‘Lﬂl? g’fsgﬁg) . Further,
ALD processes spgpies,diul yot elgpaised tditionet mhtedanhaetoi Tigt Bohpesoets t o | ower

vol atilizati ong aerg%s Eaenac%aivgglo tenper ac;tf?lzr)e . Whi chft¥nds. to1 decr ease degradation
of 20 the prectSor “hs CERPAIARY TS, Ol chgmiamied firsf goseies; AlteA8 SYFhcesses. See,
for exanpl e, UmSnoldyspwithaitif@mifgeamothler iNonoldykt iefeon Gt (cavihg tdagidle'sOM C LAYER
DEPGCSI TI ON SYST%A%ID I\/ET(EICD% I{)\ICL UDI NG VETAL BETADLKETI M NATE COVPOUNDS") ,
filed June 28,°% o TQEdy AT OF supSTauGRt WOpPRYess J8 other ARDIESHSShE i s pul sed
sequenti al 1y otiid specZsdtiinbRhS) 1RLHsdeEd ey el (W Bictdd§ RBhlrkN t enper at ur es
of at |east 25C, 4)ref e.%a(&% at. | east 150C, and nore preferably at |east 200C
Typi cal ALD dePSstitdeisiveeiohbe it padsesen! wecigy @ith dhe unHerstandiogthapr ef er abl y no

greater than 3&QEintAAdeed\LpaticiRéets Wil BE ABhMa TP pAHERH ShmbfiaR;2RRE. These
tenperatures are generally |ower than those presently used i'n CVD processes,

whi ch typi cal | i SORRIVEEHE QpHeally; b sscenpenesien os dimor spseayn caat e sur f ace of

at |east 150C, inpraé er1adt sheabacliGingd iPfQ%eq. and nore preferably at |east 250C
Typi cal CVD deposition tenperatures are no greater than 600C, preferably no

great er thé% 500C, HAW Bees ofdLD ppddertaniliigo roetedhe ednial of00C. Under
such condi ti ongidisf dobdFb @ vty B fofidn, !c)jﬁnéﬁ(lpdoﬁﬁ“h%_%%rg orl & gﬂb&freﬁ% (i.e., when
the reactive sites on a surface are used up in an process, e 5deposition
general |y st opB9r,expmplgrdengsitingtthio fyprsef cwtdleontaipipgfoompainidtiya biutaliay so good | ar ge
ar ea uni Tor m ty HLus,SL AR EnaRdeAERULALE) SATRASE AR ANL! hygkness control
Due to alternate’dosing of the precursor conposifions and/ or reaction gases,
detrinental vapmticubhlbiedvingaetusorien drepréaurer enmpogitieh isndirete@th, thé n contrast to
the CVD prggesgplbal addalGREL fo%ﬂerﬁﬁ&rbdergo%?{ofepelf'é%&]ys futBler i irllgo o leoefst the

precur sors
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
25 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
Nz, Ar, He, etc. Additionally, purging may instead include contacting the
30  substrate and/or monolayer with any substance that allows chemisorption by-
producis to desorb and reduces the concentration of a contacting species

preparatory to introducing another species. The contacting species may be
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10 and/or reaction gases. (See Vehkamaki et al, "G owh of SrTiO3 and BaTi O3
Thin Filnms by Atom c Layer Deposition," Electrochem cal and Solid-State
Letters, 2(1092%34028G6 (1999)). A typi cal ALD pr od&ddSpRePHMes exposi ng
a substrate (which may optionally be pretreated with, for exanple, water

and/ or ozone) to a first 15chem cal to acconplish chem sorption of the species

onto the subst idleed t386mE Qitablc CORBMEMOR bi Shial desHRERLNE! sk Sfifls to the
chem cal adsorption of vapaorized reactive netal-contal ning conpounds on the

surface of a stbdfpEPased phihespeciispiensdpidbe pwdnetef o ppticuid depositiaaver si bl y bound
to the substrapgcsydrface as a result of relatively strong binding forces
characterized by high adsorption 20energies (e.g., >30 kcal /noP, conparable in
strength to ordi narngﬁéﬁﬁ@@eS%ﬁ@@.a seHdingitegiooessad thmpe Gnigsmimybet cal |y form a
monol ayer o t BesisYBSiAtSusHLT - . .Condensed Chenjcal Dictionary”,
10th edition, revised by & ,G“ﬁé&}nééﬁ%gﬁ&%ﬁspg leegodnﬁyﬁ%ghﬁ%%ﬁl - Rei nhol d Co.,
New York, 225 Thogeynd spTies migbtumlypeectofithAhdsurfachassel Hiomtthee princi pl e of the
fmmation of a gaf I reactive precursor | ecul es by

cheni sor pti on. Inlﬂ%?%%gn%ﬁg@ %k%}%%«%ﬁ,% yeali?ﬁ?@ﬁ]?@wu% %Pﬁi ons or
reaction gasesofthefiaite mmwt ef sjtes ot « oBhstcacart ®omgded withl asfaet)spedidsptha deposi ti on
chanber and chep J 0N the surface f a substrate. Each sequenti al

i ntroduction oﬁf%%(r%ég%?’lﬂf\zneottg%nrf%88ﬁ1§1 ‘(@ﬁ%ﬁfS?ﬁaﬁ@e%ﬁl r‘?r@Y@“ﬂP‘%WU]F &r conpositions
and one or 19mr sibstere tHowevgagesdss tandAfdng yui tealatiyd BepaD af §emby sah | nert carrier

gas purge. Eac recursor, c osition co-reaction adds a new atomic |layer to
previ ousl y dep%osl {ig it Z5nder n?toglﬁfr%?’ﬁnﬂ%ﬁigaﬁqy%mé"(ﬂ‘ilﬁd CHer. The cycle is
repeated to gradwadihglyfArDuntahelsdesdoidss adyedies fothiak B@SSthad dneShoul d be

under stood that ALD can alter n%%el y utilize one precursor conposition, which
i s chem sor bed™ XA bR FRAVY JFNGLE 2 sRsiceHormiag e davgs weretha osheni sor bed
speci es. Practatedlok yholeehiemisor pti on m ght not occur on all portions of die
5depositi o][1 Surfacgﬁ‘}g}iégﬁ%ﬂ CPre i ously deposited ALD material). Neverthel ess,

such i npertect non wetheq indigpfes ter atpstantipb Absiersed of thasached cont ext of t he

present i nvent prafbrok 1.dTRBnARRkIGRIHAR ShenflRiloh JF (RHRSLADLLG liYcesat ur at ed
e nol ay

nonol ayer may be s,%i table. A substantrally saturat l'ayer 1's one that
will still yiePdeyieahaapiefiphsreniarecyrsor might bé piesent Picadrdiag i thiet i ng t he

desired quall thhohRARHART hPPRRAEEESS those with rdidd, Gl iPapr0ceSs Tncl udes
exposing an initial substrate to a first chemc species A (e.g., a

met al - cont ai ni drasrpon e b&@adégﬁttpiﬂhfédlerﬁéi@eeinmunt of saomd ppdcinsdr amdeni sor pti on of
the speci es) onfrfcck@naiBaL feflRd toRBRYEfe AuiBRthEASce of the second

precursor.

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

25 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

30  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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either with the substrate surface or with Species B (described bel ow) but not
15w th itself. Typically in chem sorption, one or nore of the |igands of
Species A iswﬁﬂ@ﬁ'g%?é'é"’d by reactive groups on the substr 2C&/ISYOp/EIR06
Theoretically, the chem sorption forns a nonolayer that is uniformly one atom
or nol ecule thick on the entire exposed initial substrate, the nonol ayer being

conposed of Spegie ' S I: Sl i ] : ds, a saturated
nonol ayer is 28%&%2? éaﬁ?l?‘%eg'l frf@%oé(ri%{é S%Qieﬁedl %%E@??dggééﬂggfra %%8% ractically,
cheni sor pti on peyenhotvedonure ateaat 1 angstrdni Gh)s mofe frbferablybes lansttSel, aNdver t hel ess,

such a partial nonol S stil nder st.ood t o a.nonol ayer in the context
of the present Woﬁ%ﬁ@%{?’. at ?%Str%gn% §%‘S§?%§ ’ip6%%?e£€1%wngﬁesgﬁﬁ8§ antially

sat ur at ed nonokwayaly nayreber than 5@A enork prefereblpapechter thas WtsA pamitti al | y sat ur at ed
nonol ayer | a one t ha{eﬁg |1 still. yi %b(}ya 25deposi t ed nonol ayer or | ess of

mat eri al exHi bMTHY® yd@sgr?aé?fﬂﬁﬂ)ﬁ/'zﬁ and/ or properties. In another aspect,
a substantially sat et diRioh aygecursor 0btapdshvh(s) Sndiabd cdried dages)i furt her
reaction with pr ec?r sgr. . Tge, first species ée. g.f subst airti ally all

non- cheni sor bed*HHINY Ot duraien sticient & sejurajs thgsppsingle sgfags dopigalts B8nds are
purged from ovefisé NBatfalShiredsE0. aNHeferabi3 At ReG ONthecdiRMikidhors pRE DIy Speci es B
(e.g., adifferent netal -containing conpound or reactant gas) is provided to

react with the?2hgbP-ayeionds Prsfaied galsoduraipns pregeperpinicgpatyf thfnsh| aces t he

remai ni ng |1bga@g>§nésrMﬂr@f@ra@@%@ig?&te%tﬁﬁﬁ@%le&%@& and WD
200711012673PCT1US2006/ 024996 t hereby is chem sorbed and forms a second
monol ayer. This seclrf@mpaiwpayte pedepinaydy hospplly sgizemhVEnALR i eacti ve only to

Speci es A. Non: j i B; i | i gands and ot her
F&B@rﬁ]n%&[;b&@mﬁﬁﬁ? Hﬁieﬁl Thls A\@ fnaf‘?%ﬂhﬁ?éo@ﬁ? GG

byproducts of the reaction are’t purged an e steps’are repeated with
exposure of t heogpeled elsnBhiowe teryearattiesthom pyD. Adetirgibe AED procegpthiconal |y, t he

second speci es s&o%{}altﬁge?ﬁ%ersa%% Hm& 'B@n{ainéﬁﬁedsapg?éﬁj%rauﬁé‘Fufﬁ&%ntféQSWtéor b addi tional

mat eri al thereto. ) e”second specl es can cleave me portion of the
chemi sor bed5f i mzintapeticebondabeteeemitye shenhisarpiigirenpesor winpvsitionfoanditingg anot her
nonol ayer ther t leaving r IV i vai |l abl.e f formati on of
subsequent m)n%ﬁ%’)%?%.Sul?Sﬁgtgtsﬁlg?ceﬁﬁ%{oﬁrgvg é‘l’s&seé%él?scz’as%ioél%tqﬁkferpé&gl?psglgi es or nore nay
be successi vel yowpmwition). 0Bt temperniescdethy othedhandy ged b ssfficiastlydegictoi bed for the

1t 20, secon RS Sttt AEUEIEL 309 P07 e, Rl sgouced speci s

kept at a temperature of at least 25°C, preferably at least 150°C, and more

20  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

25  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

30 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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its introduction. tionally, the second species (or third or subsequent)
Egn ?nclude at | east gﬁe reaction gas if desired._lSThustthe usa %f ALD
provi des theVaBI %7 o i nprove the control of thicknesCTEEMIHEI40n, and
uniformty of netal-containing layers on a substrate. For exanple, depositing
thin layers of netal-containing conpound in a plurality of cycles provides a
more accurate contrEha@ﬁﬁuﬂNM@EHqukkﬂpkﬁa@kﬁ@ﬁ§$uﬁhh§dé&eﬁa%%ﬁ%glarly

Ppro : q
when .t he precursor osjtion is directed to t )substrate an

21 oved t o chemrai ehEREShe B AR 5l i) mesteme f ot der oy @ 4 ot one

reacti on gas t Ra arrdeﬁ@rbﬁréﬂriﬁlyEheasﬁm%ﬁﬂl.b%QOS%ﬁ'lﬁﬁthgﬁ?dé Sigybstrate, and ;

even nore pref erabl% wherein this cycle is repeated at Ieast once. Purging o

3. . .
ess vapor of “EHE a’éﬁﬁ%@?ﬁé}gn&a@a&ﬁmfw& 10 torr (1eferp 6&'1 ). ameferablyingor pti on onto a
:\)lj(l;st rate nhy prxet e Btovidn 136¢ BOZ(P’fa), tal?(?ﬂ[?fe%?&?rg@li'g@%te‘d%% Hen IB'UEorrnOt limted to,

[ [ d/ or
contacting the bstrate and/or nonol ayer "w _Pnert “carrier gas an _
| oweri ng gr essggg) 8- ol By thedepatiers¢heinber ippergedivish troinee darcier gdee concentrati on

i (N aTet - i : i es. Exanpl es of
of a species comahiafdizbdBreeOstbALS: AN by ANEMSREPRY SPRS! s Exal
carri eP gases, as_di ggtglézsegreabove(:, _ SS} |g{3}ﬂu‘§e Efgl,n ﬁrl}cea& g"tec. Add: tionall %/h
purgi ng may i nSeBRE quder traeted Brraditdyply. Thein80 catibsdas/ates amdfi@benonol ayer Wi

any substance iliaduod |4 HETSRERLLSD JBLOUG S L0, desorp and reduces the

i i her
concentratjon of a _contacting species preparato i ng anot
speci es. TH: cont ackherpctyitifagremysobenmptiad ChliIRGABPGTILS2R6/ 024996

ki lTed in therare RAAGERNEED” LBLAhEl cRBhirofss BORERF GV of s par (1 cul ar
Gopos! 01, po0S: D E ) ac o pe gntngbis o mpammgoces, |1 e
1?0]; 'anLgmnggP 1%1?%2{63) o%eu%dgsneg surfaces, producing poor ﬁims, and/or yielding poor
step coverage or otherwise yielding non-uniform deposition. For at least such
15 reason, a highly reactive compound might be considered not suitable for CVD.
However, some compounds not suitable for CVD are superior ALD precursors.
For example, if the first precursor is gas phase reactive with the second
precursor, such a combination of compounds might not be suitable for CVD,
although they could be used in ALD. In the CVD context, concern might also
20 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,
25  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

30  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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The second species mght only react with the surface created fromthe

chenai sorption of the first species and thus, nay also be self-limting. Once
all of the fWARPY'RAFber of sites on a substrate are boR§ddSHOP/PAYf | r st
species, the first species will not bond to other of the first species already
bonded with the 10 substrate. However, pr ocess condi tions can be varied in ALD
to pronote such. bondin LD not g., nore i ke

pul sed CVD. Ac%%rf cﬁrﬁaéﬁ’rghankgﬁm&es - & lgorer?cofﬁrpag sfora témée{%‘%}g)g f O mi ng ot her than
one nonol ayer gieatar than'H djnugs.acki ng of a speci es, form ng a | ayer nore than

one atom or nol ecul 5The .descri.be ndi cat t he "substanti al
absence" of the sec@?ﬁftﬁﬂfeéélhigﬁ?W(ﬂ?reéogm%etg?)tr‘?ac%tﬁlgg‘f%%esﬁ (ﬁslﬁa cheni sor pti on
of the first pparidssay vaynBe dxtsbgNfufdacamineaganiipidaierblensetiagd precursor

m ght be present. Acc rdlr%mﬁlto t he kn wled e a d t(ﬁg references of those with
ordinary ski | | MR DE HedeAn o SYLr ARk §B° ™S the tol erable
amount of secopdheRiRGWpsOr and 20 pr ocess condl ti ons sel ected to achieve the
substanti al absence of the second precursor. hus, during._the ALD

process, nunerous congEedtiove hapssf espmegunds %nddi‘l%th‘?ﬁr?(ﬁ e ISt he

deposi tion chagpgg pre@@&@ﬁv&%ﬁh@m‘iﬁﬂ%aﬁ lf(ﬁgl \ﬁdyeir}ét}téﬁtﬁnﬂﬁﬁl%bplﬁﬁfi&@ ning |ayer
(usually Il ess than one nonol ayer suc at the 25rate on average is 0.2

to 3.0 Angstr oﬁ’sseﬁleqoné%ﬁ&réffuc‘ﬂﬁﬁ% 41Tt18111ﬁf39)§/@f>5%%Sl%&’éghdb%li??“é‘amﬁ‘ﬁﬂékness is built

up on the gybsgy Qm gu@ﬁaf ﬁéattronéf ﬁ%mh@gﬁé JHERERL bidRpdchoRGEAMR! | shed by
alternately intro 3 y pul sing) precursor corrp03| tion(s) into the

9
deposi ti on chanbesr celdmtralcmcpié (ags dertle sidevalidrranh eppeion, Saskeduedeur sor
composi 11 0n(S) (&2 Ao RRRLAY 8L1aQ8 IndiiSirBURE & i R BGEiRer RALEI NG 30 the

deposition cha en introducing tothe chem sorbed precursor
conposi ti on(s) capesitirs)ons vgiﬁ@@ﬁeldm&kctrtramlbterdqyrceeur sor conposition(s) in a

plurality of deposiji f the
met al - cont ai ni ng IéS%SteIfggl%ac |b§\g£e(§“0ﬁ3 Ter r é‘e%ﬁ %&yg%gsegf t he
net al - cont ab ni (‘c@eﬂna:y]exraporofepd;sht&mpnemt lalycn.c@pd)sﬁmm) aftbe altesetneas/bntmnangst rom (A,

nor e preferabl refer . 10 A. Additionally,
preferred fil rri/ tsﬁ?‘gﬁﬁlgilguég 12?%6 ?yStefnclgf Pges {6 emr %Sg erpoff ﬁg %18 A, nore
preferably no diisiteeto, ﬁﬂ'lﬁ]‘ﬂlcl!ﬂﬁ)ﬂaoﬁumaﬂdf& drextel Lprngftmbabdnyp hoagt eat er t han 300 A

gencral ly of alHEABR GukPE o BRE 1o ekbd i Ehic-elier SR dce. o |

Typical |y, thesm{raea@aﬁaieisme pésitained @8GiamBerll0. Py efnemabloynial | east 0.2 second,
and nore preferabl cond. Pref erredypc{.épen durations are

general |y A8 gfe@g{e I¢ ﬁ&ﬁa&glshed i%r Su strate 16, which can var ing on the

process 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,

25  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

30  are opened and closed as required.
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10seconds, and preferably no greater than 3 seconds. In conparison to the
predom nantly thermally driven CVD, ALD is predom nantly chem cally driven.
Thus, ALD 03W/aR6Bgeousl y be conducted at nuch | ower PCEHIEN0&PHP4¥s t han CVD.
During the ALD process, the substrate tenperature nmay be naintained at a
tenperature sufficiently lowto 15 maintain intact bonds between the

Chem sor bed P ecur sdhe SATIAR AR AAtkeA DERHAdShlHLAG.SHRShAe surface and
to prevent deconposition o recursor conposition enperature, on
the other handembodimebts asdlfebhmqtembftinemegdmttmemmu dt sbowld basaierstondof t he

precur sor conp ) al | he rat.e is atc a tenperature of
at | east 25C, gl?“g e aé%man?/ Y/Em&mfls%/ﬂjg dlﬁ&?g}rlrsnurnger djé\é&lé’?ea(bl y at |east 200C
Typi cal |y t he sulisdry sitift in the ke play &t nadé whﬂereataun@ mthmdlegbmtoéthet han 400C,

f bl t th f bl th 250C,
\a/:necﬁraasydl sc re%ﬁ%‘%‘i}%ﬂ ﬁ’&‘eg‘éﬁgli* ﬁcf’?/e‘?ef&ﬁ?ee i %5’ e?’&?‘ﬁ‘ipﬁ’f prggently used

in typical CVDlipfiea®$ stesolloits exdntpbe. fldless sﬁd@ﬁiﬁd%&eﬁhs@hﬂ@b&fc&ﬁd{ge@OWOSI tionis
cliem sorbed at_this h ture. Surfa e reaction of 25 the second species or
precursor conpS&it B %g?%“@ 8 A1° PRTCRABS CYMT S| y the sane tenperature as

chem sorption of the first precursor or, optionally but |ess preferably, at a
substantially different tenperature. Cearly, sone small variation in

tenperature, as judged by those of ordinary skill, can occur but still be
consi dered jgubstantially the sane t¢pg IEE € by providing a reaction rate 30
statlstlcally the sane as woul d occur at the tenperature of the first

precursor chem sorption. Alternatively, chem sorption and subsequent reactions

coul d instead anti al exactly the sa ature. WO
0071101267 2PCTICRIBEE 5 SHOkAR e Kt A AT RS e P or weess, ¢ he
pressure insi delndwzﬂéﬁméhtivdarbu%aﬁbeﬁ#Sqeﬁztyl lopa®t =H0-Bsdcaun(I43 x 10-6 Pa),

preferably at | east 110 ?ﬂtﬁg x 10-5 Pa), and nore preferably at |east
10-6 torr (1.3 TGV E pIy*P 7f‘?@’f””edeposml on pressures are typically no

greater thag 10 tonA&ﬂovsn EryhOBSaﬂénkﬂﬂsﬁﬁﬂécﬁ‘bltﬂadﬂﬂmﬁﬁﬁﬂiﬁlQrﬁs &Haagédl ton- (1.3 x
no greater than 10-1 ton Typically, the

102 Pa), and nor, pr efe 13
deposi ti on chaBerlY @59}‘%@6%“%3{%‘1%4‘1 AR L Eormethanss ‘?W’Ihe vapori zed

precur sor conpmwas(tﬁénéwg%db@tﬁnosﬁiU&@lmﬁéilnanea@netdﬁam@ﬁﬁber and/ or reacted
for each cycle. The inert carrier gas/ gases can al so be introduced with the

vapori zed precdicdbronghpssvhirbies)henadieddraptine toyths wlutipghie Sehlers vity of a

precursor conpagil iR cRNingisOtidd \‘r}ésﬂhéﬁ’stin%ﬁ Iféi@@%uﬁsh?hé)ﬁcﬁt‘%&%%hgﬁr ameters in
ALD. Under typical CVD process conditions, a reacti ve conpound nay

react in tRE gdermsHaseng b sesiqnipesphantscpaitted ansl exéfé%@%‘ffﬁlil 217950pﬁ1errat urely on
undesired surfageRns Bf‘(QQHﬁ'eﬁ% grﬁ%rcgfﬂb ZE org%ﬁfé/f&[:tléﬂs%le PfaR9gr step coverage

or otherw se yield ng non-uni eposition. For at |east such
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

25  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

30  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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15 reason, a highly reactive conmpound m ght be considered not suitable for
CVvD. However, sone conpounds not suitable for CVD are superior ALD precursors.
For exanpl e, WPRVOTHEST3 r st precursor is gas phase reacti PETHSEWNAHEsecond
precursor, such a conbi nati on of compounds m ght not be suitable for CVD,
al t hough they could be used in ALD. In the CVD context, concern mght also 20

SN T euard otuBl B ROsRABR S WS S AN WA b Syafatlionn Lo Lhose

skilled in the ar en using hig as- phase reactive precursdrs, however,
little or no sewhthemadéngpsokaidndvasxhemtstitred fond0 Alirtesot otation of 202 mAf t er | ayer

formation on the.substr at an, anneal i rocess may .be qgptignally performnmed
insituint hesecfebpl)l%lg i nimgrﬁ% %Oﬁ%%w%%ﬁﬁnﬂaggglgrﬁ)&mﬁ& e?”ﬁ%? a,rgegéntf)ﬂ’fs ma, or
oxi di zi ng at nosqiittmefindel eddeaddbd 1o, thé feect@nraatiom grhicanps tiahutiged S at | east 400C,

nore preferably at. |e 600C. The annealing tenperatyre i referably no
greater tha léff(ﬁ’&,ghtt‘rg’?oiat TR IFVH}?BG‘S’I’Zé’ﬁg@ra erfe%fﬂ)‘@, yeﬁﬂg °§¥en nor e
preferably no glrlatsrvasiedrvidO6IGnL aliquot of cold dihy aastie athilo ghedREK Rbd ON i S

preferably perforned for a ti eriod of at 30least 0.5 minute, nore
preferably for plécﬁ’i‘r@“ et I\gﬁesoﬁﬁ pregipdgte TaﬁPlPﬁﬁ’E"égd}A?Miﬂfﬂﬁ 8 F3fhett he anneal i ng

operation is ppat @ﬂtﬁ@érﬁd@%b&ﬂﬁ Btale@ o @ssol Ve ABRF dehtingfofnBe @h@at er than 60
m nutes, and nore preferably for_a tinme period of no greater than 10 m nutes.

One skil | ed i n29eHée Wash, pacend bnlysthybacetpin wash oS pldsmtedivith Wentid ti me peri ods

may vary. for exaPlRmbidtdRasksannadlspditt (R daddeamkufeabily 5 may be
used, and further, such anneals maé be perfornmed in one or nore annealing
BUngs

st eps. As bavancend apo e, Watpreon @ peodiwnppdagde dhamabt Abkls of formi ng
films of the pLRsERLyl AR PR HinteNehl hinthe 51%5ni@¥)w;g§7ﬁ§é§céht§€e}i of thin fihn

applications in sem conductor structures, particula _ usi ng high

di el ectric mat &h¢ adusous phasegrasextpptiddourdimeds, awplpitb 409 ovisli¢thidlethge gat e
dielectrics ang.,§ I ! I Puk .g., double

si dewal | trencﬁO cg%ggﬁlhft%% gsg%hllg? g%ﬁésé‘gg%g%gﬁ%dgm I){/:éri}g(\?vrl, 331%“2 {n% delta cell,
mul ti - fi ngéb edcongentgddiondyrpiesy eveportiar. iBre ostdepkaicioapdbdnt dstdled as wel | as field
effect transis hCeS,1. A C , erf orm vapor

deposi tion pr o%:hg(gusggg\é?%%c%%ﬁb%%ﬁ%g%&%ﬂ}ggp%g i ?%ﬁaggtﬂgg%ﬁi ELT ayer deposition)
of the present désnvéprbilon wias calleoten in XP9% pure Eorth. at TOE3%Y 80 erfioi(td Bades an encl osed
vapor depositign chamber 10, in.which a vacuu be created using turbo punp
12 and backi ng”ptinp- ﬁ.ea aéénépunn%rweasgﬁtﬁg?l?%%gs%%x%’gﬁlﬁﬁtﬁg lﬁr?’conduct or
substrat es or suhsity eiservad sesNlse@by)tyld-emposi-péneenetoned chanber 10. A const ant
nom nal 10 henperature is established for substrate 16, which can vary

dependi ng 3 the process used. Substrate 16 may be heated, for exanple, by an
el ectrical resEXNMRIE hes\ndiesit nd Ohaatehizasioh ot & Bleful-ténthisingd@onipeshd O her known

met hods of heag} ﬁo%nmel, izzli‘llg) j/} L ?5’;[ 21 35}/ R§-|=51?s :b ?ec- tuiZy|Z;i 1%233 R = methyl; R =
H;x=2;andz = 0: Strontium bis(N-sec-butyl-(4-sec-butylimino)-2-penten-2-
aminato).

25 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

30  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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In this process, precursor conpositions as described herein, 60 and/or 61,
2bare stored in vessels 62. The precursor conposition(s) are vaporized and
separately fO2H781%§73 i nes 64 and 66 to the deposition A&AHSENABHYsing, for
exanple, an inert carrier gas 68. A reaction gas 70 may be supplied along Iine
72 as needed. Also, a purge gas 74, which is often the same as the inert

carrier gas 68 gﬂg{ ’@gﬁii ‘?lgédiez%pgrla%ngvas at] a%hgﬁto%éra%ﬁgﬁr%m{ﬁ‘%ﬁ ?ﬁé@l oa series of

val ves 80-85 0sed asdrequire W ng
exanpl'es are OfuftEé’rﬁﬂhlblOlnﬁUdfeﬁhemeBdﬂ[dnﬁttatlaﬁmth@s‘tﬂhl% Apadivewmenbodi nent s and

techni ques of the pr |on however t hat

many variati on¥ Bl?gofﬁ@etﬁt’ﬁl P@QYVFSO esguﬁnééz eﬁ@%udé g“?pﬁoﬁosage%%ﬁgtﬁ? Phary skill in the

?’L t n?y be mﬁd@)ll%bd:ﬁ6?%@M$gsohﬁﬁﬁedﬁh1klﬁ&t$1@npeaedfjeltgaﬁdpﬁcmsc_&se\ntdl Bven:1 i on.
erefore, the scope 0 i nve n not inte t Juted by the

fol | owi ng ekanfsrend resshgsda ﬂ\?é a?t?%’ﬁ‘??)‘idrfg? Wioé ot wap Blsﬁg@@goggéédswfﬁom in the

exanpl es are pgRIIGERHuADeEhePYooaE BiRks” té &EMW@ES&:@%M%QWG}&&@M& s and

Characterization of a Li Pand Source of Fonnula ILl, wth R = RS = sec-butyl;

R2 = R4 = met hglyeol freyest thpicondensipg ¢sfilpte from besoping fog VSFYidPd 2- pent en- 2- ani ne.
15An oven- dr y élo%gn%ctﬁé atkpail. aﬁ{% Jou&ét&ﬂ;rmdchfoﬁﬁeh 4 yaRwi unmal onasolghar ged with

101 nmL of sec-butylam ne and hl or onet hane. The additi on funnel was
t hen char ged V\PHOhCQQiglgn’é 58$ gﬂqefféﬁﬁtﬁﬁ@ﬁoﬁé’ﬁéﬁé Elseeptel epabisor onet hane, whi ch

vere then gldeddipRhse, HONGEss bl euldiclde Selthepbinl bskitedhe resul ting

solution was then stirre hours. The aqueous phase 10 forned during the
reaction was tpreductepadestradnedriebesd-féi€t ed with 2x50 L portions of diet hyl

gther. The combinedyopami GudldaPiihbRAS NEAANMR) QUi ARG sodi um sul fat e

and concentrated on a rotary evaporat or e concentrate was then distilled at
66C, 0.7 Torr (vQBtH@@)qsertchef tius tliaktewpaenwidras ¢f thagornenomod (tees i quid. 108.4 g

oy ers of et fonf ot Ehft ey GRS TRALL THIOARARODE Ao TROSHT OTEL T4 6 (ST NE)

anal ysi s of t h& ST 1oPAT 8™ n a compoun an ‘apparent purity of
99. 9% havi mg aJ+mse. 4sfpaeﬁto Emmwnsﬂﬁnl—m jiibo) N-CH(CHs)(CH2CH3)) 1.873

N-sec- butyl - MJSFQ Egg) ?50@‘?}1%}?9—{15%45%9'1@1‘ Schl enk flask was

charged with 3 oni"um rafl'uorobonte (0.2 nol) under argon
at nosphere anch(d:}tI;)@tfﬁ@Hgb);hzﬂnl ariwids # ests fuerlmeding, B00J=r6l1 5e6.4dHe ¥-or oret hane

1R R00e0 o ¥ BB 4. L £ GEL R S R BN e (0.2 o
were charged i oHecH)ERAH;)) @970-0.897 (d 4 sets overlapping, 12H, J=6.2 Hz, N-

20 CH(CH;)(CH,CHs)). PC 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(CH;)(CH,CHs));
33.61, 33.56, 32.13, 32.04 (N-CH(CH;)(CH,CHs)); 23.86, 23.78, 23.67 (a-C-
CHa); 22.47, 22.39 (N-CH(CH3)(CH,CHa)); 11.63, 11.33, 10.81, 10.75 (N-
CH(CH3)(CH,CHa)).

25 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.,

30  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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funnel and this solution was added dropwi se to the solution in the Schl enk
flask, and the resulting solution was then stirred for 30 m nutes. A solution
of 20.2 nlL SW@2MH0873ani ne (0.2 nol) and 30 nL di chl or oPETARARNELSchar ged
into the addition funnel and added to the reaction solution, which was then
stirred 5 overnight. Volatiles were then renoved in vacuo and the resulting
yel l ow oi ly solyj s pashed, W o . I 1 acetate while
the flask was Mllgrg\gg iﬁ%%ggl%{%ﬁ&gﬁ%o’%s%#egygﬁ%%ﬁ%@?%? %ﬁ&ﬁﬁty Bbserved due to
thi s wash; rat Hemtifigd.tforgixample, iorligble Ipr oduct appeared to dissolve. After
decanting off the ethyl acetate wash, a second 60 niL ethyl acetate wash was
attenpted with identical 10 results. Conbi ned washes and crude product were
added to a m xture bhe &0plait dibdormenef trepatdB, pardnt dwtigients,amtiai ni ng 8. 0 g sodi um
hydr oxi de (9.2 . Th i xture.was stirred.for three mnutes and then the
organi c phage H@hégﬁgfg?g%#ﬂ%ﬁgnﬁﬁﬂ%ﬁﬂgigﬁﬁg%mﬁﬁghﬁ?f?ﬁ%&%ﬁs &8 tines, each
with 100 nlL di eteteihdietihaly iparpdratad. Validus ihdifbganiatd ghagrss wahe conmbi ned,
dried over sodiun1su|tﬂ%e and 1SCoqc§§}r§%ﬁg.o a rotary evaporator. The crude
product was t h8N T PERPIHPBIGH 14 thoee '3 8¢ s g HopLIR@HNE §PWm and short

path still heathe sidre adé spifiest tis ofe@ionnasshe@l be Gh&ektdda (AU BRERIhOr m at

60-63C, 80 mrorr glo Pa res %r .. The apparent purity was determ ned by

GC/ MS, where t K™ mtespd? Ieiuf@l %ﬁ 4, By thgaldustrative embodiments and

N- sec- but yhi6 4- ainiies3etrBll Béteid a8 that Ah EXMYRSEN emBYHIBERS bR pAlated
Characterizati on of P Met al - cont ai ni ng Conmpound of Formula [, with MSr (7 =
2): = R5 = secPhifyptexpople oply withibe goqpe ofthednventiqp intepdedgp e imited: St ront i um

bi s(N- sec- but ybal§ 4y SRC1dME ¥t FdAMRciLaPSNLEH- 2- am nato). 25In a dry box, a 500
mL Schl enk flask was charged with 7.765g of strontium

bi s(hexanet hyl di sil azane) (19 nunol) and 50 nL tol uene. A second Schl enk flask
was charged with 8,000 g of N-sec-butyl-(4-sec-butylimno)-2- penten-2-anm ne
(38 Mol ) and 50 nL toluene. The ligand solution was added to the strontium
solution, imedi ately producing an anber-col ored reaction 30 sol ution which
was stirred for 18 hours. Volatiles were then renoved in vacuo. The crude
product, a brown liquid, was charged into a 50 naL round-bottom Schl enk fl ask
fitted with short path still head and Schl enk receiver flask in the WD
200711012673PCT1US2006/ 024996 dry box. The distillation apparatus was attached
to a vacuumline and evacuated further, which induced sone solidification in
the still pot. At full vacuum heating of the still pot was begun. A clear
liquid (approximately 0.5 g) was collected at 60C, GC/MS confirmed this
material to be the ligand precursor. A 5second receiver flask was attached and
the product was distilled at 145-160C at
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full vacuum The "cooling lines" to the still head were filled wth 90C

et hyl ene glycol to prevent the condensing distillate frombecom ng too viscous
and cl oggi ngVPRY78%6TY path. The col |l ected product for mEGTASYEPPHRS sl ightly
oily solid upon cooling. 6.585 g were coll ect ed for 71.6%vyield. El ement al

anal ysis 10cal cul ated for C26HSON4Sr: Sr, . 3% Found 16.6% Melting point of
distilled pro\g,:dt was eca(iiet ermned to be 44 48C 1H and 13C
nucl ear magne g if E8hhante (NMR) results were consistent with the presence of

four diastereonmeric forns of the conpound (two enantioneric pa| rs and two neso

T O S ey 1, 0 o

(m 8H, J=1. deonkpridink? N— CH(CHS)(CHZCllS)) 1.253-1.220 (d, 4 sets
over |l appi ng, 6H, J=6. % Hz, NCH(CH3) (CH2CH3)), 1.188-1.162 (d, 4 sets
over| appi ng, 6H, J®8¥ B2 @ SY trﬁf NCH( CH3) (CH2CH3) ), 0.970-0.897 (d, 4 sets
overl apping, 12H l56ddghza dg-coaggrm@ma@mﬂz@bamundm@emlﬂmm, 8): 161. 294,
161. 226 (u-C-CH3); 94. 8% 86 96, 86.89, 86.70 (13-Cli); 56.19, 56.00, 52.67,
52.58 (N CH( GRym@RPoH3) ) 33.61, 33.56, 32.13, 32.04 (N- CH(CH3)(CH2CH3)):
23.86, 23.78, 23.67 (a-C CH3); 22R247’ g22.39 (N-CH(CHB) (CH2CH3) ) ; 11.63,

I

11.33, 10.81,
N
( R <EE——}—NBQLM
N X
RY

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;

7z is from 0 to 10;

x is from 1 to n; and

each RL, 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®, R*, and R’ is independently

hydrogen or an organic group having 1 to 10 carbon atoms.
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10.75 (N CH(CH3) (CH2CH3)). 25As illustrated in Figure 2, the

nmet al - cont ai ni ng conPound having the fornmula (Fornula |) where Rl= R5=
sec-butyl (VY88 3of freedom for see-butyl as quanti FPCEFS2406P24%anpl e, in
Table 1) has a |lower nelting point (44-48C) conpared to disclosed nelting
points for the correspondi ng netal -containing conmpounds having the formul a

(Formula 1) (see, El-Kaden et al., . 30 anonetal.lic 23: 4995-5002 (2004))
where Rl= R5=3's F%?S%ﬂad O((%§17ﬁ-“ éd}’heimﬂ%tg‘%agtemﬁf P F‘%}%?ﬁ%cﬁﬁr?%?ne’l%%uﬁr opyl as
quantified, fQlon@XAERIFE halide, Takikexidd gro@)an anmde eeoub24 merchidetganib; but yl

(127-129C;, 0 degrees of freedom for tert-butggl ,gs gquantifi.ed, for exanple, in
Tabl e 1). The wawpnepalkyl gorpsirwddige SHEP: 3 EHEEate SR 5FHent s, and

Spubl i cations gited phgteidieddbuy, AamRRkabefe Mup effpdiRAGRInkB gidip] I entirety as
if each were individually incorporated. Various nodifications and alterations
to this inventdndgompinptitssdsieofapparent to those skilled in the art without
departing fromthe scope and spirit of this invention. It should be understood
that this invention is not intended to be unduly linmted by the illustrative
enbodi nent s antl Tie nesthedifetpindt wiiasin thelableast anehi a brdkednpnteerdi®pl es and

embodi ment s arlﬁa&{é{g%ﬁsﬁ‘ﬂ%‘cﬁ% D i VBY Séﬁllfu’:i a&’ﬁﬁa@fﬁe Gl l'ﬁ/e_tim'iﬁéﬂe fiheds&ppemof the

i nvention inte e limted on the clains set forth herein as
foll ows. WatFarmukllai med is: 1. A nethod of form ng a netal -containing |ayer
on a substrate, the method conprising: providing a substrate;

5. The method of claim 3 wherein the at least one L is a B-diketiminate group

having a structure that is different than that of the p-diketiminate ligand shown

in Formula L.

6. The method of claim 1 wherein 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.

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 Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;
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provi ding a vapor conprising at |east one conpound of the fornmula (Formula 1):
wherein: Mis selected fromthe group consisting of a Goup 2 netal, a Goup 3
metal , a LantVRaW78€673and conbi nations thereof; each L i POTAGENeMI&Nt Iy an
anionic ligand; each Y is independently a neutral ligand; n represents the

val ence state of the netal; z is fromO to 10; x is fromlto n; and each R,

R2, R3, R4, and R5 is independﬁg,tilﬁayr&?%%ggl%%gaX%lrltrzﬁgig%cgani C group with the

proviso that at |east one of ¥ rine-containing organic
group; and contacting thgpwapas the ompideStargfitiemett]; | east one conpound of
Formula | with the substrate to forma netal-containing |layer on at |east one
surface of the substrate usi%ﬁ@%gﬁfbfo;depositi on process. 2. The nethod of
claim1 wherein each R, R2,xR3yondio@nddR5 is independently hydrogen or an
organi c group having I to 10 carbon, at d,of claim1l wherein

ons. 3.. The t.h
at least one L is selected fPashRi+&> r=&qsf?1‘é&§éﬁ@g?ﬂ?ﬁgcgfIYEYﬁ‘fﬁﬁncf’é, an al koxi de

group, an amde group, a nercaptigergn@RoufyANind@rovisd thdtlyleashb@p, an
am di nate group, a guanidinate group, an isoureate group, a P-diketonate

group, a P-ininoketonate group, aoffhelR gErpHsadlierip eARFINEA A8 Rbi nat i ons
thereof. 4. The nethod of claimg whergin the at least one L is a

f3-di ketiminate group having a stfucture that is the sane _as that of the
P- di keti mi nat e | i gatigctitgdhnvapar Gorprising 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.

8. The method of claim 7 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.

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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5. The method of claim3 wherein the at least one L is a P-diketimnate group
having a structure that is different than that of the P-di ketimnate |igand
shown in For'W@R¥7P026735. The met hod of claim 1 wherein atPOTdE3H06/BR0Y g
selected fromthe group consisting of a carbonyl, a nitrosyl, amnia, an

am ne, nitrogen, a phosphine, an al cohol, water, tetrahydrofuran, and

conbi nati ons therne i 1 cfor structure,

t he net hod corlr%'r ﬁs@%%gd Oﬁoﬁ%giggﬁeﬁ%{@%}eﬁﬁgg%ﬁ@unc %?Stgag&}%ggggo%r substrate
assenbl y; provompriging vapor conprising at | east one conpound of the fornula
(Formula I'): RI 1 N 1\4Yz n.x 15 wherein: Mis selected fromthe group
consisting of a C?Bﬁﬁl 5%%?§$?m% G oup 3 netal, a Lanthanide, and conbi nations
t hereof; each L i spionili@pendpatdoynpaisingai lesst ond dogmodnd ofeleforifulas | ndependently a
neutral ligand; n [ resents the val ence state of the nmetal; z is fromO to
10; x is from1"™ ™) and each R, R2, R3, R4, and R5 is independently
hydrogen or an organic group wth the qgoviso that at |east one of the R

groups is a fluorine-containing organic; group; and directing the vapor
conprising the at | east one conpoun ormula Ito the sem conduct or
substrate or substrate assed?lﬂk L; cont ai ni ng
N X
RY R

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 valende state of the metal;

z is from O 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%, R® , and R*is sec-butyl.
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| ayer on at | east one surface of the sem conductor substrate or substrate
assenbly using a vapor deposition process. 8. The nethod of claim7 further
conpri sing ﬁ?’g\?‘?"a’i‘)?’?@”a vapor conprising at |east one netPATASHRIE4Mng conpound
different than Formula I, and directing the vapor conprising the at |east one
met al - cont ai ni ng conmpound di fferent than Fornula | to the sem conduct or
substrate or substrate assenbly. 9. The nethod of claim8 wherein the netal
of the at |east one netal -containing conpound different than Formula | is
sel ect ed fromitheé metbogpotoasifatiring aoémitondufiar stBicfuréifhe ethodPb, Nb, My, A, and
conbi nati ons tcggrﬁgng, 10. The method of claim7 further conprising providing
at | east one reacti on gas 11. The nmethod of claim7 wherein the vapor
deposi ti on process piwidnghsmicatiuvoapobstdepo sulisirote aplembBss. 12. The net hod of
claim7 wherein the vapor deBosi tion péoc SsS IS an (?tfogw: Ia%gr deposition
process conpri si ng PRV AT4PPYCOPriFEg 85 RSt 8he e’ruouad of thTompllia og of for mi ng
a net al - cont ai(Poriigld Byer on a substrate, the nmethod conprising: providing a
substrat e; provi ding a vapor conprising at |east one conpound of the
formula (Fornmula I): wherein: Mits | ected fromthe group consisting of a
Goup 2 netal, a Goup 3 netal, a L ni de, and conbi nati ons thereof; each L
i's independently an anionic [i d; '&V?Yilgdependent ly a neutral |igand;
n represents the val ende state rﬁt | ;7 znx
l5

R4 R

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;

eachR', R%L 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, 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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zis fromO to 10; each R, R2, R3, R4, and R5 is independently hydrogen or an
aliphatic group having 1 to 5 carbon atons, with the proviso that at |east one
of R2, 123, WRAVRA%NE a noiety sel ected fromthe group FESALSSOPPYIBE et hyl,

n- propyl, isopropyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl,
3-pentyl, 2-nethyl-1- butyl, 3-nmethyl-2-butyl, isopentyl, tert-pentyl, and
neopentyl; and contacting the vapor conprising the at |east one conpound
of Formula | with the substrate to fonn a nmetal -containing |layer on at | east
one surface of 16 Hehesudtisidrftclrimd b figthar coagoising@posding omagor owemsingdtt. The net hod

of claim 13 wherein at, ] east .one of . nd-R4 i ecrbut 15. A net hod
of nanufacturiﬁ@g8?%@@?%%“@%%?%?m§$W€%?ﬁé%?'$W%F%E z%%%%%%%§@¥1%%: providing a
seni conduct or gdpbséchgirBingthesal baiktrab emetd-s@ndihing compoundrdiffdretit igna vapor
conprising at | east one conpound of .the fornul Formula 1): wherein: Mis
sel ected from F‘H@ugj‘rléﬂﬁ“e@@ﬁngf’g ety Swgﬁe@%’?érage %Fé?rﬁﬁ?" a Goup 3 netal, a

Lant hani de, and conbi nations thereof; each L is independently an anionic

| i gand; each Y is independently a neutral || d; .n represents the val ence
state of the nktafhemet ‘éiqfrc}%‘?“d6t"@erf6‘,t{"‘°e5’8ﬁi %]at{ﬂe gijcas ,elﬁﬁfﬁ' and R5 is

i ndependent | y Eﬁﬁ%ﬁﬂ%&rﬁﬁouﬁ@dﬁf&dﬁhﬁﬁﬂ%tﬁfu@ﬂﬁs Bedotdlgokn HR ghovpar bon atoms, with
the proviso that at Teast one of and R4 is_a noiety selected fromthe

R2, R3
group consi st i eRESEEngRTFRH Ta, Bl.gHofy Pb. N &g dyand combpatiqns thezolhyt yi | i sobut yl
n-pentyl, 2-pentyl, 3-pentyl, 2-nethyl-1- butyl, 3-nethyl-2-butyl, isopentyl,
tert-pentyLand neopentyl; and directing the vapor conprising the at |east
one conpound of8 FBremdtodiofictpimHé faher exsmrtisiaroddipg pirlsaskonsrreastipdt r at e assenbl y
to forma netagécontaining | ayer on at | east one surface of the sem conductor
substrate or stbstrate assenbly using a vapor deposition process.

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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16. The method of claim 15 further conprising providing a vapor conprising at

| east one netal -containing conpound different than Fornula I, and directing

t he vapor coMpeiePg’t he at | east one netal -containi ng FSAFEEREOHPIMf er ent t han
Forrmula Ito the sem conductor substrate or substrate assenbly. 17. The met hod
of claim 16 wherein the netal of the at |east one netal - containing conpound
different than Foinula I is selected fromthe group consisting of Ti, Ta, Bi,
Hf, Zr, Pb, Nb, My, Al WheFfdP‘combi nati ons thereof 18. The method of claim 15
further conprising providi ngjatsele@as fro@Nke gro@ctdnsistigasf.a Gré8p 2 The net hod of

claim 15 wherein the vapor deposition process s a che vapor deposition
process. 20. The nethod of clai Pt a\ﬁ%@?ﬁé?’ ﬁle‘ta‘L I(?&%S’?lg%i %)SI tion process is

an atom c |ayer deposition procesgsyGiiiht flergf;a plurality of deposition
cycles. 21. A nethod of form ng a netal -contai ning Igyer on a substrate, the
met hod conpri sing: provi di ngad lsishadepgrdently an anigicNgaiing a vapor conprising at

| east one conpound of the f%m%l(lgéb@ﬁ@éhgyg)leumym@h@ n:. Mis selected from
the group consisting of a Goup 2 netal netal, a Lanthani de, and

conbi nati ons thereof; each Inrﬁlse-'ien@éb@f%@ﬁ% $t§/teégﬂ1§ﬁ‘i%1 c ligand; each Y is

i ndependently a neutral lig esents the valence state of the netal; z
is fromO to 10; each R, R%’]Q%ﬁd&i% a R independently
hydrogen or an aliphatic gr waqzhlha\Rl Ry, R taodB tsandspendsetbhy IR A t he provi so

that at |east one of Rl and R5 '%n%ﬁlfb%uﬁﬁé\g f{&s‘éa&)&?ntalftﬁnsgr oup consi sting

of npropyl, n-butyl, sec-butyl, iso ent dy
3-pentyl, 3-nmet hyl-2- butyl, |sopsmhyth¢pmwdothemt|b@ﬁtt0}$0f n@P R%isacont act i ng the

vapor conprising the at | east one cQ W LRelhe substrate to
forma netal -containing |ayer on &t 4 rTIse)égles %oiﬁ%mgl%rg?w acOhf1 n%e substrate using a

vapor deposition process. propyl, n-butyl, sec-butyl, isobutyl, n-pentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and ferz-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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22. The nmethod of claim 21 wherein at |east one of Rl and R5 is sec-butyl. 23.
A met hod manufacturing a sem conductor structure, the nethod conpri sing:

provi di ng a ¥@A%8REWct or substrate or substrate asseanPﬁT/USZO“/‘%?%vi ding a
vapor conprising at |east one conmpound of the forrmula (Formula 1): wher ei n:
Mis selected fromthe group consisting of a Goup 2 netal, a Goup 3 netal, a
Lant hani de, and conbi nations thereof; each L is independently an anionic
ligand; each Y is indep®id&fitly a neutral ligand; n represents the val ence
state of the metal; z is fromi9sdi&teiGioneaelgrddd,com@stingRaf a Bdupand R5 is

i ndependent|y hydrogen or an aliphatic _groyp havi 1 tp 5 .carbon atonms, with
the proviso that at | east one of mpgfalahy 9 Lig’ir‘ée’ta’ ?Tﬁ%ﬁ]?ag?uge‘fngct ed fromthe group

consi sting of npropyl, n-butyl, s@biHativsthdrssgbutyl, n-pentyl, 2- pentyl,
3-pentyl, 2-nethyl-I-butyl, 3-nethyl-2butyl, i s,op,ent%l , and tert-pentyl; and
directing the vapor conpri si%ghLginderepderdly apaoughig@idnd of Fornula Ito the

sem conduct or substrate or s&%viggﬁeﬁ&g%%&@amggﬂa;a net al - cont ai ni ng | ayer
on at |east one surface of the sem conductor substrate or substrate assenbly

usi ng a vapor deposition proeeepeesentothe vaigecettaridhcnetal ai m 23 furt her
conprising providing a vapor, L b & fig at | east one netal - contai ni ng conpound
different than Fornula |, and di rect I P[:g ,2the vapor conprising the at |east one
net al - cont ai ni ng conpound di fackRe®’, Rhdn, ¢t imdencadenshydpgadiduct or

substrate or substrate assenbly. 2 : i erein the netal
y &%hpﬁie%ggﬁ%gﬁglpgg 165 2ol

of the at |l east one netal-containing conpt erent than Epr mula | is
sel ected fromthe group consi sti ngitlothe Provispahat Bj leasHpne AR aphR” 148, My, A, and

conb nations et cof 26, "Tng et A LA LGLQAGRTAL <L 10 brovi o
deposition process is a chemn cal prapdsn-bigplosictbugh, iprbotydgspentyl, 2-
pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-2-
butyl, isopentyl, and zert-pentyl; 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.

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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28. The nethod of claim 23 wherein the vapor deposition process is an atomc

| ayer deposition Process conprising a plurality of deposition cycles. 29. A
conpound of WRYWEX2A{H a (Fornmula I): R 1 N 15 wher ei n: PUT{S28ePE%0ed from t he
group consisting of a Goup 2 netal, a Goup 3 netal, a Lanthani de, and

conmbi nations thereof; each L is independently an anionic |igand; each Y is

i ndependently a neutral ligand;, n represents.the.val ence state gf the netal; z
is fromo to 1 Tgleinée{a?oidcﬂ% g 3 pher lﬁ&ﬁee‘éagﬂr o OSIERR Preeess 1153,0&%%1 gRS is

i ndependent | y {ayelr Rgedtie pragesPr gani ¢ group with the proviso that at |east one
of the Rgroups is a fluorine-containing organic group. 30. The conpound of
claim?29 wherein each RI, R2, R3, R4, and Rs is independently hydrogen or an
organi ¢ group JERviiHagnekhdddf :Rink 85 BagemttidRapor &bosiihiepreaRpeuneioadic cl ai m 29
wherein Mis selected fromthe group consisting of Ca, Sr, Ba, and

conbi nati ons tlaer deifositiog procyyigompivpet MBI AR BN EFei n at | east one L is
sel ected fromthe group consisting of a halide, an al koxi de group, an am de
group, a mercaptide group, cyanide, an al kyl group, an am dinate group, a
guani di nat e gruph cempdusd of bafemyledBermua BL di ket onat e group, a p-im noket onate
group, a P-diketimnate group, and Sonbinations thereof. 33. The conpound of
claim 32 wherein the at | east one Risa %P—diketininate group having a
structure that is the sane az that obh_tKe,f3-diketiininate |igand shown in

Formula 1. 34. The conpound|of g jm.the at least one L is a
P-di keti m nate group having struct that is different than that of the
P-di keti m nate |igand shown in Forlﬂa a {I{5

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;

| 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% R* 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.

56



35. The conpound of claim29 wherein at least one Y is selected fromthe group
consisting of a carbonyl, a nitrosyl, ammnia, an am ne, nitrogen, a
phosphi ne, aKOAEBRET3, water, tetrahydrofuran, and combiPGAtUSHNGIHMEr eof 36. A
nmet hod of making a netal - containing compound, the nethod conprising conbining
conponents conprising: a ligand source of the fornmula (Fornula I11): RZR 3

)=N =N R5, a tautoner thereof, o depr qt opat ed. conj ugat e .base or netal
conpl ex thereé?ijﬁgF@%HP@QP a r%@“?gﬁﬂgﬁpﬁﬁﬁb ﬁqekﬁggﬂﬂﬂf¥¥g%¥ionally a
source for a newdiab of 4 BAE, & all@kdicarst®! @ anil) goapirarsrcaptide gratygr ei n each R,
R2, R3, R4, and R5 s independent|y hydrogen or,.an organic group with the

provi so that avarideast alsHeEreHp, phamidgleapye: ¢ SUadRAHEPRR 28 SATSHRI ng or gani ¢

group; and oy, YEQN&IAalREoUFEL ﬁ-limﬁiMetcﬁﬁwgif@gi, § psEiteBiatiee frogu t he group
consisting of "a G oup 2 netal source, a G oup nmetal source, a Lanthanide
met al source,?aﬁdﬁdumﬁkm&ﬂﬁﬁﬁﬁ t hereof, under conditions sufficient to provide
a netal -containing conpound of the fornmula (Fornmula I): RL N)x R3 i7?2T |
5Mvzi,n-x R

33. The compound of claim 32 wherein the at least one L is a -diketiminate

group having a structure that is the same as that of the B-diketiminate ligand

shown in Formula I.

34, The compound of claim 32 wherein the at least one L is a B-diketiminate
group having a structure that is different than that of the B-diketiminate li gand

shown in Formula I.

35. The compound of claim 29 wherein 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):
R3 R
H
Iy 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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wherein M L, Y, R, R2, R3, R4, and R5 are as defined above, n represents the
val ence state of the netal, z is fromO to 10, and x is from1l to n. 37. The
met hod of cl%PA’368"%erein the netal (M source conpris@STASMOGY22% M1 1)
halide, a MIIl) pseudohalide, a MII) anmide, or conbinations thereof 38. The
met hod of claim 36 wherein Mis selected fromthe group consisting of Ca, Sr,

Ba, and conbi nati ons t her eof rs vapor
deposi ti on processWVheEg t}tedﬁ?}?)ls(g/ﬁ SB‘r’fcg ftg‘?%&mgl%@%% gﬁfs‘lt()%%%&en%rc’f%pouﬁd of the
formul a (For mggyd 2 fetal so\M&@raeGﬂ?bup MrmesalS@irea;hednthmd\a métel sgroemndonsi sting of a

Goup 2 netal, a Goup 3 netal ant ha and. conbi nat th f;
i s i ndependentepsabiaionn hstFob Wﬁ%éﬁ%&tl@éé IVIGP%tO.Pﬁo(Yé%eaﬁa"" (iol %1n§%u$ ; :IO | i S:(r:lg, .

n represents tct}%}g&glh%ml%fé{@lae(pgﬁnam .metal; z is from0 to 10; x is from1l
to n; and each , and RS is independently hydrogen or an organic
group_vmth die proviso that at |eag} om@ of the Rgroups is a

fluorine-containing organic group. MO.! A conpound of the formula (Formula |):

|

R2RL R3N Mz L"_ R4 k 5 N
- R < — MY, Lo

N

4

R 1{5

H

wherein M, L, Y, R}, R, RS, 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.

37. The method of claim 36 wherein the metal (M) source comprises a M(0), a

M(II) halide, a M(II) 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):

R R
N
< R® ( MY, Ly
I
RY RS

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 18 from 0 to 10;
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N x wherein: Mis selected fromthe group consisting of a Goup 2 netal, a

G oup 3 netal, a Lanthanide, and conbi nations thereof; each L is independently
an ani oni ¢ IWQaNd902%6%ch Y is i ndependently a neutral |i F&AFS2NPEMoesents the
val ence state of the netal; z is fromO to 10; x is from1l to n; and each Rl
R2, R3, R4, and R5 is independently hydrogen or an aliphatic group having 1 to
5 carbon atons, with the prov%gﬁv&ﬁqtnagmfeast one of R2, R3, and R4 is a

noi ety selected fromthe gro&p consi 8ting of et hyl, n-propyl, isopropyl,
n-butyl, sec-butyl, isobutyl cadrBleRt’, R2apeRt ilindeBendantyHydrogemet hyl - 1- butyl ,
3-nethyl -2-butyl, isopentyl, tert-pentyl, and.neopent.yl . The conpound of
claim40 wherein Mis selected fr °§F883m£§ﬁ rgp%ﬁ@ﬂgéﬁ@gpngr, Ba, and
conbi nati ons t her eof 42. A et hetkheR drelisiga udiBbabnigigigaiginity conpound, the
met hod conpri sing conbi ni ng conponents conprising: a |igand source of the
formula (Formula Il11): R =N Rs, 88%autoner thereof, or a deprotonated

conj ugate base or netal conplex thereof; optionally a source for an anionic

i gand L;
40. A compound of the formula (Formula I):

R]

ot

5

mA—Z | Z2—

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 18 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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optionally a source for a neutral ligand Y; and a netal (M source;

wherein each R, R2, R3, R4, and R5 is independently hydrogen or an aliphatic
group havi ng}V‘IZ?Oé/OQ%"’ar bon atons, with the proviso that PAT/USEREP24¥Ke of R2,
R3, and R4 is a noiety sel ected fromthe group consisting of ethyl, n- propyl,
i sopropyl, n-butyl, sec-butyl, isobutyl, n- pentyl 2 pentyl, 3- pentyl,

2- et hyl - 1 bu}d | metl%%[or}%(naé(w’gbméfe!l-’coﬁt%?lﬁl?lf}%' %)unéi n%ﬁ}%ﬁeo%l;%%%g neopent yl )

and wherer'n he e source’1s consi sting of
a G oup 2 net atomsltihg epmporents kpmrisines: al sour ce, a Lant hani de netal source, and

conbi nati ons thereof,. der c ff nt to provide a

net al - cont ai ni ng co%%%ﬁao‘gfe?fﬁggf ﬂﬁﬁ‘fx ﬂ&ﬁh& al): 9R wherein M L, Y, R,
R2, R3, R4, and R5 are as gefinedgbhbove, n represents the valence state of the
metal, z is fromO to 10,3 and_xy\fs from1l to n. 43. The nethod of claim 42
wherein the nmetal (M s corrprisesaN(O) a MIl) halide, a MH)
pseudohalide, a MII) a e, conbi nati ons t hereof 44. The nmethod of claim
42 wherein Mis selected ff{ tHeR:group consisting of Ca, Sr, Ba, and

conbi nations thereof. 45.CA preclr sor adaHpBei thereef, ergrdearojenstsd deposi ti on

process, the conpositi Oncoj% gkfgleggm@\;d&oﬁggé}%tgggoiconpound of the fornula
ec

(Forrrula l): R2Ri wher el I's se rom the group consisting of a
Goup 2 netal, a G%}@ll@lmoatcefﬂananmhl&rhlg@@hand conbi nati ons thereof; each L

i s independently an pqlry Soh}cg@é}cgrﬁg@ﬁqu Ifd§ Jopdependently a neutral | | gand;
0 a

nrepresentsthev ence satate Z1s fromO to 10;
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?, 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; 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):

2

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 O 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(II) amide, or combinations thereof.
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x is froml to n; and each RI, R2, R3, R4, and R5 is independently hydrogen or
an aliphatic grou having 1 to 5 carbon atons, with the proviso that at |east
one of R2, 42R% is a noiety selected fromthe grofSTASHY8HPYg of et hyl,
n- propyl , |sopropyl n- butyl, sec-butyl, isobutyl, n-pentyl, 2-pentyl,
3-pentyl, 2-nethy|-1- butyl, 3-nethyl-2-butyl, isopentyl, tert-pentyl, and
neopent yl . Whanei[‘hlethb&oB&ilﬁMQﬁdhdcreﬁ@Mishﬂe@é@ﬁi@n@lw’giblﬁidoﬁgstﬁfgo@ G oup 2
netal, a C}oupéﬁ gp% nt hani de, _.and conbi nations thereof; each L is

i ndependent |y 6&?@°@#@3‘Hms§§3WfY i s independently a neutral |igand: n
represents the valence state of the netal; z is fromO to 10; x is from1l to
n; and each R, le, R3, R4, and R is |ndependently hydr ogen _or an aliphatic
group having 1 45 0 APrecyEsEhFPTAROSHign %ama}pqrﬁ@p%%twmgqyeﬁshép CIPPSEREt one of R and

R5 is a noi etyc&ﬁb&%gﬁgléaEtCH?ﬂetcbﬁp&In‘a‘éPth%%ﬁiuH('Fﬂﬂnﬂé 2)l tpropyl, n-butyl,
sec-butyl, isobutyl, n-pentyl, 2- pentyl, 3-pentyl, met hyl - 1-butyl,

3-net hyl- 2 butyl , |sopentyl and tgxt- géntyl 47. The conpound of claim 46
wherein Mis selected from the group consi sting of Ca, Sr, Ba, and

conbi nati ons thereof 48. A hoq of g a netal contalning conmpound, the
met hod conpri sing conbi ni ng ne S co a ligand source of the

formula (Forrmula I11):

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;

x is 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, fert-pentyl, and

neopentyl.
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, a tautoner thereof, or a deprotonated conjugate base or netal conplex
thereof; optionally a source for an anionic ligand L; optionally a source for
a neutral |iVYaR”RYW26Bnd a nmetal (M source; wher ei FCAABHRI2490 R3, R4,
and R5 is independently 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 consistin utyl, sec-butyl, isobutyl, n-pentyl,
2-pentyl, 3-pefieyf o P%ﬁﬁg‘fherfl IBW?{/)&JOH%&?T& hyl-2- butyl, isopentyl, and
tert-pentyl and wherein the netal,i(M source is selected fromthe group
consi sting of a Goup 2 netal sour d® a|Goup 3 netal source, a Lanthanide
netal source, and conbi nati o%s there Nurder conditions sufficient to provide

a metal - cont ai ni ng conpound ¢f ®i or Maripgul a 1): 2RI MY, L", wherein M

L, ¥, R, R, R3, R4, and R5\are as Nnetl above, n represents the val ence
state of the netal, z is fromO to gladxisfromlto n. 49. The nethod
of claim48 wherein the netal (M sourc conprises a M0), a MII) halide, a

M 1) pseudohalide, a MwHeein de, or conbinations thereof. 50. The nethod of
claim48 wherein Mis sel ect from %P{e oup consi sti r}g (%f C‘?l Sr, Ba, and
conbi nati ons t her eof . Fseelgpied From \[ﬁ)@ TR $O5RSRE 012 SIAWRF  deposi ti on
process, the conpositi on corrpr i Si ABtadla Gre@S3 menE adenpanide aod t he fornul a
(Formula 1): 2 Rl o
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;
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 terz-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):
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wherein: Mis selected fromthe group consisting of a Goup 2 netal, a Goup 3
nmetal, a Lanthani de, and conbinations thereof; each L is independently an

ani oni ¢ | i gahB200@8¥R73Y i s independently a neutral |igan®CTHASPOHPHEEENtS the

val ence state of the netal; z is fromO to 10; x is from1l to n; and each R",
R 2, R 3,114, and R5 is independently hydrogen or an aliphatic group having I
to .5 carbon atoms, with the proviso that at |east one of R' and R5 is a

noi ety selected fromthe Broup ¢Bnsisting of npropyl, n-butyl, sec-butyl,

i sobutyl, n-pentyl, 2- yenty=N3-pentyl, 2-methyl-1-butyl, 3-nethyl-2- butyl,

i sopentyl, and tert-pen 52. A ligand source of the Formula (111): R2 R

R 5, wherein each R, 122, —R4 and R5 is independently hydrogen or an al kyl

group with the proviso thrt” at IRast o i
fl uori ne-contai ning al kyl group. ,Qﬁu&ﬁwfﬂEmEEQFQH%EOwﬁméa

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?, R3, 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! 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 zers-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):

—_

R? R
N
( R? ( MY, L,
N X
RY

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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53. A nethod of mmking a P-diketiruinate |igand source, the nethod
conpri sing conbi ni ng conponents conprising: an amne of the formula
RIN112; a conpound of the formula (Formula IV): RR.R3\ 5 RAR, or a

taut omer thereof; and -+ an activating agent, upder conditions
sufficient to provide a ligand source of the fornula (Formula I11):
Rl R2 125, owoaret@erdner thereof wher ei n eaclrcRuszedshodess 123, | e

and 115 is independently hydrogen or an al kyl

group with the proviso

that at | east one of the R groups is a fluorine-containing al kyl

roup. - . .
9 P 51. A precursor composition for a vapor deposition process, the composition

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

RI

Rz
}
N
( Rs‘%c: MYan-x
N ;x
r* I

R

w

wherein:

M is gelected from the proup consisting of a2 Group 2

metal, & 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;

zis from G to 10;

x is from I to n; and

each R}, R*, R, RY, and R’ is independently hydrogen or

an aliphatic group having ! to § 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 rerr-pentyl.

52. A ligand source of the Formula ()
R: R
R3 =
H
S N\
r* Rr®

1

wherein each R', R%, R®, R* and R’ is independently hydrogen or an
alkyl group with the proviso that at least one of the R groups is a fiuorine-

containing alkyl group.
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53. A method of making a $-diketiminate ligand source, the method comprising
combining cornponents comprising:
an amine of the formula R'NH;;

a cornpound of the formula (Formula IV):

R2
& =0
Ny
¥ R
R

, ot a tautomer thereof, and

an activating agent, under conditions sufficient to provide a ligand source

of the formula (Formula III):
r2 &
RL_ =N
H
e N, 5
R R , or a tautomer thereof,

wherein each R', R, R®, R* and R® is independently hydrogen or an
alkyl group with the proviso that at least one of the R groups is a fluorine-

containing alkyl group.
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