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O her al kal ine earth nmetal sources, such as those including substituted or
unsubst i t ut®d &EF%%pent adi enyl |igands, 30 typically have poor volatility as
well as low thermal stability, leading to wundesirable pyrolysis on the
substrate surface. 1 WD 2007/002674 PCT/ US2006/ 024997 New sources and

met hods of incorporating high di elBAGKGR@USIDals are being sought for new

generations of int e_%]l[lat ed circuit devices. 5 SUWARY OF THE | NVENTI ON
e scaling down of integrated circuit devices has created a need to

incorporate high dielectric constant materials into capacitors and gates. The
15 search for new high dielectric constant materials and processes is becoming
more important as the minimum size for current technology is practically
constrained by the use of standard dielectric materials. Dielectric materials
containing alkaline earth metals can provide a significant advantage in
capacitance compared to conventional dielectric materials. For example, the
20  perovskite material SrTiO; has a disclosed bulk dielectric constant of up to 500.
Unfortunately, the successful integration of alkaline earth metals into
vapor deposition processes has proven to be difficult. For example, although
atomic layer deposition (ALD) of alkaline earth metal diketonates has been
disclosed, these metal diketonates have low volatility, which typically requires
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.



The present invention provides netal -containing conpounds (i.e., netal-
cont ai ni ng conpl exes) that include at |east one (3-dilcetimnate |igand, and
nmet hods of naking and using, and vapor deposition systens including the
sanme. The presently disclosed netal-containing conpounds have reduced
symmetry 10 conpared to known honol eptic conpl exes wit lo&al |igands.
The redJ@QaNE@%W%&ry may result fromthe unsynnetric]?¥§§%g§h%ﬁgﬁselves,
the coordination of different types of |igands, or both. Reduced symetry
may |lead to desirable properties (e.g., one or nore of higher vapor

pressure, |ower tin Qi nt d d.oner ld: a1 noint) . for use in
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met hod of f oryEinpGoaght ety gaahaomiofgntbgayed ciocuitdesichst rate (e.g., a

sem conductor substrate or substrate assenbly).- using a vapor deposition

process. The method can be useful in the manufacture of sem conductor
structures. The nethod includes: providing a substrate; providing a vapor
i ncluding at | east one conpound of the fornmula 20 (Formula 1): R2 Rt | N

\ R3 )Ml 5n-x N x R4 RS SHAVMARY ORJTHRBRENWARNTION| udi ng the at | east one
conpound of Forrmula | with the substrate (and typically directing the vapor
to the substrate) 6 PFsehiayepiemprovidsrmsiaheonpiniag eprmpepnds (ieodastalone surf ace

of the subst I cinFeni AUNOAHaSHUITR i Yead ork QLETRUASNAE 1R, f31 MUl & (For mul a

1) includes at |east one ymetrica di ketimnate [Qand, wherein Mis
sel ect ed from¢thedsgf owpingand using,rmgd vhpar depasitipn sgstemss wicludingGhosgmed netal , a
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10; xis froml to n; and each R, R2, R3, R4, and R5 is independently
hydr ogen or d‘ﬁdlﬁ:ﬁ% é)ﬁ’il@e?jﬁf Bay ,1'eSWt fiem the unsymmetric ligands themselves, the

coordination of different types of ligands, or both. Reduced symmetry may lead
to desirable properties (e.g., one or more of higher vapor pressure, lower melting
point, and lower sublimation point) for use in vapor deposition methods.

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

a substrate; providing a vapor including at least one compound of the formula
20  (Formula I): ‘

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 reduced symmetry

25  compound of the formula (Formula I) includes at least one unsymmetrical 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



the proviso that one or nore of the following apply: R is different than
R5, or R2 is different than R4. 5 I n another aspect, the present invention
provi des a nethod of formng a rnetal-containing |ayer on a substrate

(e.g., a se‘gbg@z@g&% r substrate or substrate assenbl y)P 'S?&mﬁmg%por

deposi tion he nmet hod can be useful 1in the manufacture 0
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di fferent symsj giresdnt flan @ keti m nate |igands, wherein: Mis selected from
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conbi nat i on$ t her eofln arndlegs agpect, thej preRepidnvration proanles aimsitiod dfifeyaieg 2 each Y i s

i ndependent |y utral .l j N . represent val en tate of the
metal; z is fr %?n&% Ctoggakblglé lggéc}ﬂmﬁ S,u b?@?e (g{?," aﬁ@%a@%@ﬁ%ﬁra&& R8, R9, and
R10 is i ndependebstiaje d3yiibdglaningra @pocdepagition procash; Thewtlethtl can tdused? = R4, R6
= R10, and R7 = R 3 2007&%0267 PCT/ U82006g1(1)249 7..1n d[a}?n'ot her, aspect,
the present inV FheiIB?P\‘/’\f%’B\??a_ TTHER Pqt%ro?’i‘i“&‘iui;ﬁsn g g irrdu _aﬁr?.\gdlg_g | east
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such conpounds, vapor “deposition systens including
(Formula IT):

and contacting the vapor including the at least one compound of Formula II 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 reduced symmetry

15 compound of the formula (Formula IT) includes two different symmetrical -
diketiminate ligands, wherein: M is selected from the group consisting of a
Group 2 metal, a Group 3 metal, a Lanthanide, and combinations thereof; each L
is independently an anionic ligand; each Y is independently a neutral ligand; n
represents the valence state of the metal; z is from 0 to 10; each R}, R? R% RY,

20 R’ R® R’ R® R’ and R is independently hydrogen or an organic group; and
R'=R’ R*=R*, R*=R", and R’ =R’.



such conmpounds, and net hods of meki ng such conpounds. Such netal 5

cont ai ni ng conpounds include those of the formula (Formula I): R2ZRL 1 r N
{ RB Mvzl-n-x \ N R4 R5 wherein: Mis selected fromthe group consisting of
a Goup 2 netal, a Goup 3 netal, a Lanthanide, and conbi nati ons thereof;
each L is i tly an anionic ligand; each Y is independentl|ly a

neut r al Iid’gﬁg&gﬁ&glgpresents the val ence 10 state of thé)(r'rs.‘sé?ofmi“g%s fromO
to 10; and xis froml to n; and each Rl, R2, R3, R4, and R5 is

i ndependently hydrogen or an organic group; with the proviso that one or

nore of the follow appl y: is different than R5, or is different
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wherein: M is selected from the group consisting of a Gr’oup 2 metal, a Group 3
metal, a Lanthanide, and combinations thereof; each L is independently an
anjonic ligand; each Y is independently a neutral ligand; n represents the valence
10  state of the metal; z is from 0 to 10; and x is from 1 to n; and each Rl, Rz, R3, R4,
and R is independently hydrogen or an ofganic group; with the proviso that one
or more of the following apply: R! is different than R®, or R? is different than R*.
The present invention also provides sources for unsymmetrical B-diketiminate
ligands, and methods of making same, which are useful for making metal-
15  containing compounds having at least one unsymmetrical B-diketiminate ligand.
In another aspect, the present invention provides metal-containing
compounds having two different symmetrical B-diketiminate ligands, precursor
compositions including such compounds, vapor deposition systems including
such compounds, and methods of making such compounds. Such metal-
20  containing compounds include those of the formula (Formula II):
R R>
Rll\%« R!
N—
R \
MY,L;»

N
~ RlO
R R’



wherein: Mis selected fromthe group consisting of a Goup 2 netal, a Goup
3 netal, a Lanthanide, and conbi nati ons thereof; each L is independently an
anionic ligand; each Y is independently a neutral ligand; n represents the
val ence st foXim metal; z is fromO to 10; each R1, R5, R6,
R7, %85 g/%% IS mdependently hydr ogen or an or QE%{UCS%S)F/BJE%.’ and R
= R5, R2 = R4, R6 = R10, and R7 = R9. Advantageously, the reduced symetry
nmet al - cont ai ni ng conpounds of the present invention include el enents of
asymmetry that e BE1. Q" of

hi gher vapor pr es?sért?]rne%i Sos\%lggtgghlgﬁnhggm%%? 1stt1n§%f§§ (813219 su%l(?rﬁgél?on poi nt)
for use in vapomet&pﬂmnlthamdenmdhodmmaﬁaﬁmthrtrEofp&s:hlﬁsm&pdldhﬂtﬂ}eam formul as

of the type: CMare. sed'to r resent nt adi enyl -group type |igands (e.g.,
G3- di ket i mi nat eaTganlIl §?° i}p&’éqegﬁéﬁpﬁwlé%%t %’ 8% t]i‘ey‘%?q%‘? are
coordinated to @tat@&if@iemaiﬁpzﬁfr&ﬁfo%lm’ééclpﬁl q@ORﬂRﬁqt%wtKY Rh&*naigal thr ough
one, two, three,  four and/or ~ five atons (| 711- . 11§ Ll fg. ,

and/ or' | 5- co%rdkndﬁﬂwp?ﬁg@@b)hydﬁ%eﬁ%wmwpBTOUPh@th'er'nR F G, B group is
used for the pupl Fm?ﬁ‘dﬁ ais invention to nean a hydrocarbon group that is
classified as an &liphatic group, 20 cyclic group, or conbination of

al i phatic and cycli cAgva:nnmoﬁséy,ghq reduhdedsymamﬁmtamckmhingrg(mpmpundlsrmf t he

context of the present .inventio ita Qrg ou :

net al - cont ai ni ng e@éﬁﬁ%ﬂﬂ&?%‘?“?ﬁ{d&erm?& t?ﬁﬁm?%q gt fﬁﬁq 0‘%’315"8’116 interfere
with the format pfb?emfes fe. STES1Rl or enoréler Hi g hapbs pRBsitaNOwedRAASE péia atdChni ques.
In the context of the present invention, the teen "aliphatic group” neans a
saturat ed 250 or layres seblimation prindfar ussin Hanen denogitiop arethodsbon group. This teen
is used to enc ass,al kyl, al kenyl, and allcynyl groups, for exanple. The
tern "al kyl group”™ neans a saturat ed | i near or branched nonoval ent

hydr ocar bon group i Aslusdiheggin, ffomudasanfplhetyperet hyl , et hyl, n-propyl,

i sopropyl, tert-butyl, anyl, hept y@d the like. The term "al kenyl group"

means an unsaturated, |inear or 30 {fanchgd nonoval ent hydr ocar bon group
with one or nore olefinically unsat ed groups (i.e., carbon-carbon
doubl e bonds), sttaRedt raprésenyperBadashgl- groﬂibeypbelrgmdsc”(b gymdlkeglmm means an

unsat ur at ed I i near_ or branched nonoval ent
igands) having delocalized electron density that are coordinated to a metal. The
ligands may be coordinated to the metal through one, two, three, four, and/or
five atoms (i.e., nl—, %, -, n*, and/or n’-coordination modes).
As used herein, the term "organic group” is used for the purpose of this

invention to mean a hydrocarbon group that is classified as an aliphatic group,

20  cyclic group, or combination of aliphatic and cyclic groups (e.g., alkaryl and
aralkyl groups). In the context of the present invention, suitable organic groups
for metal-containing compounds of this invention are those that do not interfere
with the formation of a metal oxide layer using vapor deposition techniques. In
the context of the present invention, the term "aliphatic group" means a saturated

25  or unsaturated linear or branched hydrocarbon group. This term is used to
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

30 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

5



5 WD 2007/ 002674 PCT/ US2006/ 024997 hydrocarbon group with one or nore
carbon-carbon triple bonds. The term "cyclic group” neans a closed ring
hydr ocarbon group that is classified as an ali cycl ic group, aromatic group,
or heterocyclic group. The term"alicyclic group” neans a cyclic

hydr ocar lwgrz k@ﬁrgépaw ng pr opert| es resenbl i ng those q’fCT%S%O%B *%; C groups.

The term group" or "aryl group nmeans a nono- ynucl ear
aromati ¢ hydrocarbon group. The term "heterocyclic group” rreans a cl osed
ring hydrocarbon in which one or nore of the atons in the ring is an

el ement ot het, bBARLSRERAN Wi ol or AL AN RNISNE pORA Uhe e ), AS. 2 means

of sinplifyi ussion an e recitati certarn 10 term nol ogy
used t hr oughoesclit lgtsipé pebnscadlosed ring hgdbearhen @gnptlm’ﬂisa;iaﬂsiﬁmbhseﬁy" are used
to differentigte bet ween chem cal EFmes t hat all.ow fof .substitution or

that maybe s@HStHie §T¥8: FAMEEHGOWD:OF BELCTRSY FHiSErew- AhedH™ 1 % ¥stitution or
may not Dbe ganpubshhd déRde thiu&rbdemauﬁ mlﬂgqfrapergésqmmw@gmgofo descri be

a chem cal Substituent,” the descri bed chemical material includes the
unsubst i t Gt edliprasiggrouns. The termt argmetinSwip horienp eraeR| Bicans® mpo-gr Sj . or F

atonms, for ex @ﬁg I a r S t her
conventi onal p%%{lgl %rupor{lm Cﬁb?lﬁgmpﬁ &h@ﬁegl é‘%}%&(cslﬁt%g%h% tn%r escri be a
chem cal conp&lmddﬁnghythsd:armamenwhmnﬂrrpoamormml‘sth@smmislinnéﬂrmlgémamal mat eri al
is intended t be | ded., For ex e, the a al kyl group” is
intended to i® ?F AL AP 6:8e ﬁﬁ%ﬁ L FEEGH §"§?ﬁ %?@d 20 hydrocar bon al kyl
substituents, suc .'As%sméﬁ% Byéunpﬁfy‘ihg the BisORYion ah@tHer8i#adbn oPRgtainhe |1 ke, but
al so al kyl substituents beari ng further substituents known in the art, such

as hydroX§, aeroanglosyausry fhsenshewhthis applicstiern tha teres "zequpénd fineiewy’ ani no,
carboxyl, et i kyl s,

ni troal kyI S, %rec%srggﬁdx?/lg eé?{ét? g%}%&&%a +c legtﬂ&]i?% @fﬁngt%?%O% t he ot her
hand, the phlﬂm a®be'sabskiptechaniddhast that db inoi soedlowdot sh:bsmtnttdmmi may wft only pure

open chai n saturat.e ocar,bo | kyl, suhstituent,s uch, as. thyI, et hyl ,
ropyt -t or ¢ D80 Siost (1S R A e Bt e ptdo oBipuBR ShdRiedt i g | s
used to ref erybsditni]Bices@ibed Ehdhiea|rhateriad ireRiHRO tHRGnQibstutedRbup dndat may
consist entirely of a metal, or ﬁpgfl' ncl ude other 30 el errents in addition

to a metdP. ThasizeoRp With ROnPEERdis G NS, Soris & atas, fercxamale, in the chain

as well as carbonyl groups or other conventional substituents. Where the term
"moiety" is used to describe a chemical compound or substituent, only an
unsubstituted chemical material is intended to be included. For example, the
phrase "alkyl group” is intended to include not only pure open chain saturated

20  hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, ters-butyl, and the
like, but also alkyl substituents bearing further substituents known in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino,
carboxyl, etc. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls,
carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc. On the other hand, the phrase

25  "alkyl moiety" is limited to the inclusion of only pure open chain saturated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, fert-butyl, and the
like.

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

30  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



but are not limted to, nmetals, netal-ligand conpl exes, netal salts,
organonetal | i ¢ conpounds, and conbi nations thereof. Typical netal-containing
6 WD 2007/ 002674 PCT/ US20061024997 | ayers include, but are not limted to,
metal s, metal oxides, nmetal silicates, and conbinations thereof. As used
herein, "a,wn @i he, " and "at | east one" are used i |y and
nmean one orWr?DZr%(;"Ot0 65%1 one. 5 As used herein, the tern cor}lggﬁsg(l%ﬂ)gﬁgpM| chis
synonynmous with "including"” or "containing,"” is inclusive, open-ended, and
does not exclude additional unrecited elenments or nethod steps. The terns
deposi tion pr qg}%ﬁs%nclﬁﬁ'«g bl.l‘y ﬁggét l%i?e%%b,tr'ngcgls,prﬁg{g’lfeo%(%des%%etglss?ﬁcateg,earng' nrefer to
a process in whi'ch a netal-contalning layer 1s forned on one or 10 nore
surfaces of a sulmbinativmes theegf., a doped pol ysilicon wafer) from vaporized

precursor comnpositign(s).including one qr re nmetal -containing conpounds.
Specifically, one o%ﬁﬁﬁ%%ﬁﬁﬁwggig ﬁfaﬁﬁﬁﬁﬁggﬁ 'UﬁﬁLm§F@e apori zed and
directed to andhtefch&ipRbghedmehd thetRendé tHARLEe.SUr faces of a substrate (e.g.,
sem conductor substrate or substrate assenbly) placed in a deposition
chanber. 153Typi cal 1A usedhkersinhibe tesmne compiisieg ewhicl iresyaomrals ¥édnt ai ni ng
conpounds for mu; ' DY LEAGEL NG COIMOosing) - ile, thin,

uni form netal -m(ggrrc]l?lg r?l n‘§5m§§%$’ g’ﬁ {lﬁsg‘%égﬁ%ha%{g?(g’)angfdg%hmgy% sdter ate. For the
pur poses of t hiadditiomal@entecer elethent ermethadgeys. deposi ti on process" is neant to

i nclude both chem c vapqr deposition, processes (éfi. ncl udi ng pul sed chem cal
vapor deposition Zoaliﬂ?féfé‘gsggﬁosﬁﬂ’ﬂp@f’ﬁfﬁi g"dl é@]é‘?redﬂﬁ 6téqntﬂr%‘f‘?3%rag€ es.

" Cheni cal vapomeft@PRedrid 8proctssVivhath a4sQal-atgling 19648 forfned 8n YAPQ!
deposition process wherein the desired |layer is deposited on the substrate

from vaporli0zednere setfaceboit asubbtrae coinrolapad Pelasiicamyalen dwnt wpogesses used)
within a depo '%hg . ef f g reaction
conponents. In cgﬁgr tﬁ#%&%hﬂg%#%ﬁ%ég%&@Bg%$%€£§§§§ﬁ§%@éﬁg%F@%s t he

subst anti al si rfipetifindysne argroreinddieoprninmgr @omovmisposvapouinsl aadd any reacti on

, "pul sed"..CVD,  alt tel th terials jnto the depositi
Chanber . but - dsuERbIS i saR el b BGol HEE R Gl LPehee frecur sor and

reaction gas stseRadBdudds suBstrate or substrate assembly) placed in a deposition chamber.

15  Typically, the substrate is heated. These metal-containing compounds form
(e.g., by reacting or decomposing) a non-volatile, thin, uniform, metal-
containing layer on the surface(s) of the substrate. For the purposes of this
invention, the term "vapor deposition process” is meant to include both chemical
vapor deposition processes (including pulsed chemical vapor deposition

20  processes) and atomic layer deposition processes.

"Chemical vapor deposition" (CVD) as used herein refers to a vapor
deposition process wherein the desired layer is deposited on the substrate from
vaporized metal-containing compounds (and any reaction gases used) within a
deposition chamber with no effort made to separate the reaction components. In

25  contrast to a "simple" CVD process that involves the substantial simultaneous
use of the precursor compositions and any reaction gases, "pulsed" CVD
alternately pulses these materials into the deposition chamber, but does not
rigorously avoid intermixing of the precursor and reaction gas streams, as is
typically done in atomic layer deposition or ALD (discussed in greater detail

30  below).

The term "atomic layer deposition” (ALD) as used herein refefs toa

vapor deposition process in which deposition cycles, preferably a plurality of



typically done in atom c | ayer deposition or ALD (discussed in greater

detail 30 below). The term"atom c | ayer deposition"” (ALD) as used herein
refers to a vapor deposition process in which deposition cycles, preferably
a plurality of 7 WD 2007/002674 PCT/ US2006/ 024997 consecutive deposition

cycl es, ted in a process chanber (i.e., a deposition chamber)
Tgpicallsigaﬁﬁpﬂggeach cycle the precursor is chenlsofggﬂm”pﬁmﬁpﬁ%p05|tlon
surface (e.g., a substrate assenbly surface of a previously deposited
under |l yi ng surface such as naterial froma previous ALD cycle), 5 formng a

nonol ayer or_sub- al does addi ti onal

pr ecur sor (|c°élsecu fipPg/lﬁ n°¥c ??gang%’c@g{edi;l?g °8¥85§$$%erw% necessary, a
reactant (e. @momampﬂhmﬂmgregpkﬁMycmﬁngemhby@aﬂgqs&mﬂaywshhﬁeqﬂeﬂtIy be

i nt roduced aﬁ@ he RygggﬁétCha er for qg g}convertin t he chem sor bed
precursor t olOfEPOLA} Eorrd SEPSIBHE BSHELYR PYEACE b PEHIME¥e. Typical Iy,
this reactanie bﬁt&%@é&lﬁn@imﬂa@e §déh b RhateH 8RR @BrMiddl AT ciggcur sor. Further,
purging steps may also be utilized during each cycle to renbve excess

pr ecur sor5 f riominge m@&ie@somhﬂmolaaﬁdh@irdoe$ ertocedilExeneswitheact ant and/ or
reaction byp e n of the

chem sor bed g(ra g}:oﬁl%ls or mgu:(&%ea?seﬁﬁ%ﬁ{xé%%@oa o’rl;‘lﬁl%¥E q%’)r/’éfn §§s§}8§ tion," as used
herein, is aﬂesaarmeagt atiddhdr pedcuirier @rreaﬁsrigas)dmslsgmwamlb%ehﬁrdd&balt ed terns
such as, "chenl Okﬂgé c | ayer dep05|t|on 1%@tomc | ayer epitaxy”
(ALE) (see Untg t PBEO«S & Torjse ooy Eriing sy SOf PECHISYY toBam epi t axy
(MBE), gas S&E«fr&fm%ﬁ&l o th@H%BHBEEﬁHcECTWEaHﬁBﬁ‘s &H&Eﬂt@@éa beiaey epitaxy
when performed wth alternating pul ses of ‘precursor conposi t| on(s),
reactlveﬂbasﬁﬂhﬂﬁewmwg@H@éhgmmeﬁEr&uﬁhﬁTm@@mgg@BSH@Eah@bQWWy@ded to the one
cycle chemc tion

mul ti-cycle %Lnﬂ\é%g‘g{ceﬂ geptgﬁ rﬁb %g&ygecg%grgﬁdé r%a}ﬁtﬁrg‘%s %1{}91 ay%#l/ hi ckness and
conposi tion lte;nosebieehs nasacttamgndl/ameact@nmyopﬂcducamﬂomtm piozésaghangletrr i ment al gas

phase reactl by sepa n of the reaction_ conponent, self-limting
nature of AL 6‘%;% é‘g"%ﬁt’r%f O}?eqd’é?fﬂgﬁoflﬁﬂm&r’gﬁ ataqua%erzs variety of
reactive Surcie%ﬁﬁﬁen P BChded BRiS WAl RGBS Mol ifcldd Q}ﬁ%@s%s de@pR@EARNi es, w th

better step coverage than is available with ot her "line of sight”
15 related terms such as, "chemical vapor atomic layer deposition”,

epitaxy” (ALE) (see U.S. Patent No. 5,256,244 to Ackerman), molecular beamn

atomic layer

epitaxy (MBE), gas source MBE, or organometallic MBE, and chemical beam
epitaxy when performed with alternating pulses of precursor composition(s),
reactive gas, and purge (e.g., inert carrier) gas.

20 As compared to the one cycle chemical vapor deposition (CVD) process,
the longer duration multi-cycle ALD process allows for improved control of
layer thickness and composition by self-limiting layer growth, and minimizing
detrimental gas phase reactions by separation of the reaction components. The
self-limiting nature of ALD provides a method of depositing a film on a wide

25  variety of reactive surfaces, including surfaces with irregular topographies, with
better step coverage than is available with CVD or other "line of sight"
deposition methods such as evaporation or physical vapor depositicn (PVD or

sputtering).



deposition nmethods such as evaporation or physical vapor deposition (PVD or
sputtering). 8 WD 2007/ 002674 PCT/ US2006/ 024997 BRI EF DESCRI PTI ON OF THE
FIGURES Figure 1 is a perspective view of a vapor deposition system suitable
for use i nﬁ%\?@ﬁ/@6 4f t he present invention. 5 DETAI LED _DESCRI PTI ON OF
CERTAI N EVB The present invention provides net aF’%’Hﬁ%"ﬁ?’?ﬁ“?{’j
conpounds (i.e., netal- containing conplexes) that include at |east one
(3-diketimnate |igand, and nethods of naking and using, and vapor

deposition systens incl ud Ws, the at |east
one O-diketimnate |i gan$fg§w‘t @?ﬁﬁ%@ld)ﬁ@ 1 on node. In sone
enbodi ments, the nmet@h; 690t 2L0% t-g@ﬂp@ d BenddiiRsehth Suisebexes (i.e.,
conpl exes in which th%urmat a?bi sﬁ%éun tg?oﬁ?lﬁﬂoﬁpedg tysg olf 1Ini gand) that

i ncl ude unsynmetse icaethpddpfiche presendinyentiogpands. I n ot her enbodi ments, the
met al - cont ai ni ng conpounds are heterol eptic conplexes (i.e., conplexes in
which the metal is bound to nore than one type of ligand) 15 including at

| east one (3 di keDETA#.ED DESTRIFION GRTER THVNEMBODIMBNESeLri C.
Thus, the presently disclosed netal -containing conpounds have reduced
symet ry conpar ed t dllierpoesentiovantiep piovideomptabx@sgaining lwompoures (i.e,ahetall i gands.

The reduced symefry may r.esu fr t uns ric |igand hensel ves,
the coordinati oft® %Eﬁ ‘f%‘é‘?@ﬁ?? {hﬁtplgg{%ef Qﬁ?a@ta%’é%%‘?m &W?{gﬁ?&%ﬁ%“td 20 symetry
may | ead to deshéBédsofRidkpgy dndeSin ,earﬁ-vap&ra@gwitidﬁcgwemé idthQine thy SR,
pressure, lower nelting point, and |ower sublimation point) for wse in vapor

deposi ti on met Hedeme smpplimsts; tho2blpast pestj-dissbogptrdimod carcenvpdiNDs
o THAT L oS TGN ot hidern Sl lbdalin R 1fd &%‘:c&fﬁ%tﬁnmogﬁﬁ%@' ning

conpounds i ncl udi ng 'east one unsymmetrica ket 'l and, and
precur sor conpdsntalepiis complexds (., seroplexasampbichdlse metrkis dpsmwd toosly. on8uch

compounds 1 ncl uds, a1 oMROHA%nAhad lyheiithh-dikefih2aMiginds) ‘In other

embodiments, the metal-containing compounds are heteroleptic complexes (i.e.,

complexes in which the metal is bound to more than one type of ligand)

15  including at least one B-diketiminate ligand, which can be symmetric or
unsymmetric. Thus, the presently disclosed metal-containing compounds have
reduced symmetry compared to known homoleptic complexes with symmetrical
ligands. The reduced symmetry may result from the unsymmetric ligands
themselves, the coordination of different types of ligands, or both. Reduced

20  symmetry may lead to desirable properties (e.g., one or more of higher vapor
pressure, lower melting point, and lower sublimation point) for use in vapor

deposition methods.



R2R 1 (N \ RB~xzLn-x x RARSMis 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
conbi nation thereof. Preferably Mis Ca, Sr, or 10 Ba. Each L is

i ndependently an anionic |ligand; each Y is independently a neutral ligand; n
represen ence state of the netal; z is from . xis from
1ton. Eg%%ﬂﬁyﬁék2, R3, R4, and R5 is independently E?@@%é@%“%ggan organi c
group (e.g., an alkyl group, and preferably, for exanple, an al kyl noiety);
with 15 the proviso that one or nore of the followng apply: R is

di fferent thegyRouehs BThsElELEF ONE UNBMIRATRICUICEIdAiT» enbodi nents, Ri,
R2, R3, R4, and R5 are each 1 ndependently hydrogen or an organic group
having | to 10 cdnboeecabodimeftemgtal-contaning compaunds inchidingat leastsamsr opyl , but yl ,

sec-butyl, tert-butyl In.certain i t R..= j. ) and R5 =
tert-butyl. YRRy %ﬁ#’gﬂgﬁt I&f%&ﬂf%?d’ggg%c‘%ﬁ /%an Igﬂtlgl%sel%%g{hﬁgﬁc n certain
embodi ment s, colRpousdstare Jiselvsad) Saxhomhpounds tohdedrompduridwihd farthulas t he
conmpound in V\hi%‘H R =R4 =methyl, R3 =H R = isopropyl, and R5 =
tent-butyl . EwEHa Depresent a wide variety of anionic |igands. Exenplary
anionic ligands (L) include halides, _al koxide groups, am de groups,

mer capti de groups, 25 cyanide, aRkyl {groups, am di nat e groups, guanidinate

groups, isoureate groups, f3-diketopnate \groups, (3-im noketonate groups,
I LLQﬂﬁkLNpg@pf. In certain enbodi nents, L
h ig\;
Q

O-di keti m nate groups, and| c £30)
is a O-diketimnate group \having turé that is the sanme as that of

the j 3-diketimnate |igand shown iy rmula |. In other certain
enbodi nents, L is a R-dilcetinnate gfup (e.g., 10 WO 2007/ 002674
PCT/ US2006/ 024997 symmetric or unsymetric) having a structure that is

different t r}s El%ar%upog mteg?(e(.g?.’,_ Cag, iSllS,%alj',nali (9%%18 3|ni1 ﬁrz(ej.gf EQ,W, ]iaS', aFOr milal.

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

10  Ba. 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. v |

Each R!, R, R?, R*, and R’ is independently hydrogen or an organic ‘

group (e.g., an allkyl group, and preferably, for example, an alkyl moiety); with

15  the proviso that one or more of the following apply: R! is different than R®, or R?
is different than R*. In certain embodiments, R!, R, R}, R*, and R® are each
independently hydrogen or an organic group having 1 to 10 carbon atoms (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl). In certain
embodiments, R' = isopropyl and R® = tert-butyl. In certain embodiments, R?

20  and/or R* are methyl. In certain embodiments, R? is H. Such an exemplary
compound of Formula I is the compound in which R* = R* = methyl, R*=H, R'
= isopropyl, and R’ = tert-butyl.

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

ligands (L) include halides, alkoxide groups, amide groups, mercaptide groups,

25  cyanide, alkyl groups, amidinate groups, guanidinate groups, isoureate groups,
pB-diketonate groups, f-iminoketonate groups, B-diketiminate groups, and
combinations thereof. In certain embodiments, L is a f-diketiminate group
having a structure that is the same as that of the p-diketiminate ligand shown in

Formula I. In other certain embodiments, L is a B-diketiminate group (e.g.,

10



Y represents an optional neutral ligand. Exenplary neutral |igands (Y)

i ncl ude carbonyl (CO, nitrosyl (NO, amonia (NH3), am nes (NR3), nitrogen
5 (N2), phosphines (PR3), alcohols (RCOH), water (H20), tetrahydrofuran, and
conbi nat i ons“)‘d@ﬁ@gdmv\her ein each R independently represents hydrogen or an
organi c group. The nunber of optional neutral |igands (Y)P¢EUSZEMYREMNt ed by
z, whichis fromO to 10, and preferably fromO to 3. Mre preferably, Y is
not present (i.e., z = 0). 10 In one enbodi nent, a metal -containing

d incl udj t t : (N -diket im nat ' d b
rmde, for oxanpPBdye STRRIRENES HAR RinsECbat Rt Rl BB R el o ng

an unsymet ri cadikétimidlht ¢ighnd ghatve in Fo:gael, sour ce, a netal source, optionally
a source for a neutral ligand Y, and a source_for an aniqnic Ii%and L,
whi ch can be the sane!®resgnts appetianal peypalligand cExpranlspreentral digands () ket i mi nat e

|1gand source. FyRicakbobyl o), AAITRY) Suicila B IRRHE! QNS Gftrdgen Decore

| i gand. An exenplary nethod includes conbini ng conponents ifhcluding: a

| i gand sour ce ofN2), peospbines (RRs),Régolrols ROH),)wat®R (R:OREtidhyddoRr®@s awst  a t aut oner
thereof; 20 a s e . f ni.oni.¢_1j gan . ri bed herein);
optionally a so%ﬁbgﬁtlp gérr thgl%ﬂétﬁhr%%ﬁm ?a‘lcgg‘ﬁﬂgqple?ée%l? r epé%%%tggg(?ﬁo eéldpqr?gr ein); and
a netal (M sousrgmicipep. Thonadhberofisptinblfneatraiigahds (YO ismepiegenteiitalz cont ai ni ng
conpound. Preferably, th nents are comhined in an organi ¢ sol vent
(e.g., hept ane,wﬁltﬁ]ili/fefﬁg?%é‘? T&cr}"ggtp srally fam Ut Blﬁﬂrﬁtg{i‘hg’e%ﬁp% ng or
stirring condi tjeqs: (i8Nd=ad)l owed to react 25 at a convenient tenperature

(e.g., roomtenperature or below, refluxing or above, or an internediate

t enperat ured0 for a |lawge Ambediments a metd-spmpining epmpeyhincluging ghleash png he

desi red product f a4 I t | Iqﬁ n inert

at nosphere (e. gl.m,sﬁélrglgeon%af,oé_%ﬂi}(;%ﬁ@g]afea@ﬁ@?#eb%su (%t gbgg? a g.’l:? eﬂgéeth% water. 11
WO 2007/ 002674 RaThtIs2Ee6mbid@Hcbmponents including an unsymunetrical B-diketiminate

ligand source, a metal source, optionally a source for a neutral ligand Y, and a

e

source for an anionic ligand L, which can be the same or different than the
15  unsymmetrical f-diketiminate ligand source. 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 IIT):
R ,R]
R ~—N
H

R R or a tautomer thereof;

20  asource 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

25  ataconvenient 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.

11



The netal (M source can be selected fromthe group consisting of a Goup Il
nmetal source, a Goup IIl nmetal source, a Lanthanide netal source, and
conbi nati ons thereof. Exenplary netal sources include, for exanple, a MII)
bi s(hexanet hyl di sil azane), a MI11) 5

bi s( hexamgbhydmosshd azane) bi s(tetrahydrofuran), or co r eof .

Each R, R2, R3, R4, and R5 is independently hydrogegq(ﬁéﬁgdé%ggfc group
(e.g., an al kyl group, and preferably, for exanple, an alkyl noiety), with
the proviso that one or nore of the following apply: Rl is different than
R5, or RZ2 is diffigrmeahl Myas@ul%éca:it&- ﬁt&temme@f@ﬁdéﬁﬁstﬁlgr&taal cont ai ni ng
compound of the fornmula (Fornula 1): R2 IWan c R4 R5
wherein M LGropp IRpetafsourqega Grepp IHaetRsouice, aa@%l@@é@eté@é%e adr epresent s
t he val ence [ mlto n. 15
Unsymmet ri caf%@ﬁaglloaéﬁe%%rf\gﬁ }E&Il’plmglﬂ aslgélggéésgn‘gg%elg re%}ggfé é}sor(1r j(;xarrpl e,

usi ng condenbia(&liemmaﬂesddnsﬂazam) d:M(II)axarrpI e, exenplary unsym"retrl cal G3-

diketirn'nte and .soqur de by a netho ng conbi ni ng
conponent 411?1 éh}gﬁl@ ’?ég% ‘%[ahg&iaﬁlﬁ%’l Whﬂ?%%?q@ ound of the

formul a ( For mil a MAch RRZR2, R3~RA- bhd %Md@ﬁend%ﬂtlﬂﬁydf@eﬁ%lﬁ ORARIGA

PCT/ US2006/ 024997 or a tautoner thereof: and an gent capabl e of activating

t he carbonyl 2GR (fo2 £ By alked ZEQupe and mrefsrablye c&ﬁi“ﬁ"éPle %’@fl%ﬁw #i8ns suffici ent
to provide athle'pm RAYE Sr Abrd dFend 115 n@ ag)ﬁ:l?.r RUlsifferent than R®, or R

is different than R*,
10 ~ The method provides a metal-containing compound of the formula
(Formula I):
R llll
=N
( R—( — MY, Ly«
=N
RY

wherein M, L, Y, Rl, RZ, R, R4, 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.

15 Unsymmetrical B-diketiminate ligand sources can be made, for example,
using condensation reactions. For example, exemplary unsymmetrical -
diketiminate ligand sources can be made by a method including combining
components including an amine of the formula R'NH,; a compound of the
formula (Formula V):

2

R
3 =0
R —2
H
\[——N/

Np5
4 R
20 R )

12




I11): R R

RBN H=N 4 55 RR or atautorer thereof. Preferably, the

conponents are conbined in an organic solvent (e.g., heptane, toluene, or

di et hyl ether),

typically under m xing or stirring conditions, and

al | owed

to react at a convenient tenperature (e.g., roomtenperature or bel ow,
refl uxi ng oky@bRYhesr an internmediate tenperature) for time to
forma 10 sufficient anmount of the desired product. Prengiﬁﬁgﬁa?%%”

conbi ned under an inert atnosphere (e.g., argon), typically
in the substantial absence of water. Each R, R2, R3, R4, and R5 is

conponents are

i ndependently hydrogen or an %%5%&&%%&%&%?fnéping 1 to 10 carbon atons
ut

(e.g., nethyl, '
with the pr OVI szm agblattcam’oée mﬁactmertmg(ﬂhe talnteonfybgrowmion geas i \yith Rie a'ma'nedi fferent

than R5, or

al so prOV|des

et hyl, propyl, 1sopropyl sec- 15 butyl, tert-

s R e oRm Pt ST Fire ety RGNkl o, R

i sopropyl and Rﬁnh tert-butyl. In certain enbodi nents, R2 and/or R4
methyl. In certain enbodinents,2R3 is Such an exenpl ary conpound
Formula 111 20 is the conpound iRNwhi chR = R4 =nmethyl, R3 =H R

i sopropyl,

and R = tert- but;ﬁ
Formula V include isoners in }
atom Typically, tautorners c

2007/ 002674
contenpl ate

R2 /

10

15

20

CT/ US2006/ 024997
tautomers of Fornula || |n8 B AU ®®xanpl e, ~ R

Nhers of conpounds of Formul a |

. be=K equilibriumw th one another.
cificpdl t he rese t invention
Preferably, the components are combined in an orgamc 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.

Each R!, R%, R?, R*, and R’ is independently hydrogen or an alkyl moiety
having 1 to 10 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, butyl, sec-
butyl, tert-butyl), with the proviso that one of more of the following apply: R!is
different than R®, or R? is different than R*. Accordingly, the present invention
also provides ligand sources of Formula III. In certain embodiments, R' =
isopropyl and R® = fers-butyl. In certain embodiments, R* and/or R* are methyl.
In certain embodiments, R? is H. Such an exemplary compound of Formula III
is the compound in which RZ=R%= methyl, R*=H,R'= isopropyl, and R’=
tert-butyl, |

Tautomers of compounds of Formula III and Formula V include isomers
in which a hydrogen atom is bonded to another atom. Typically, tautomers can

be in equilibrium with one another.

13

butyl),

i on
RI =

ar e

of

Il and

h a hydrogen atomis bonded to another
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R3~NHR3 N Ra RS RANRs Nand 5 Simlarly, the present invention
contenpl ates tautoners of Fornmula V including, for exanple, R R > OH R3
O HRA - N RRR4I - NI S and Suitable agents capable of activating a
carbonyl group for reaction with 10 an amne are well known to those of
skill in §B8.Albaednd include, for exanple, alkylatingag&ihsofesem! ary

al kyl ati ng agents I ncl ude triethyl oxoni um tetrafluoroborate élﬁE hy

sul fate, nitrosoureas, nustard gases (e.g.,1,1- thiobis(2- chloroethane)),
and conbi nati ons thereof. Addi ti onal netal -containing conpounds including at
| east one 15 unsympelfidy 'th(agré;bdi%veﬂﬁ&%oﬁtehﬂmaﬁaﬁe%f%ﬂﬁmafn@r exanpl e,
by Iigand exchange reactions between a netal-containing conpound i ncl udi ng
at | east one inclndiggnfertexemale, (i - di ketininate |igand and a netal -contai ni ng
conpound including at, |east one different (3- deetlnlnate |l i gand. Such an
exenplary mnethod in des ﬂbnblnlng coiignent K'i ncl udi ng a conpound of the
formula 20 (Fornula I R N RZ~1V¥AM x ~NY, R4 Rs 14 WO

2007/ 002674 PCT/ USZ 02499% and a und oﬁ the formula (Formula VI):

—N

4 RS 4 oS

R R and R R
5 Similarly, the present invention contemplates tautomers of Formula V
including, for example,
R R?
>—O0H rR3 ==
R3

r* R’ r* “R®

Suitable agents capable of activating a carbonyl group for reaction with
10 an amine are well known to those of skill in the art and include, for example,
alkylating agents. Exemplary alkylating agents include triethyloxonium
tetrafluoroborate, dimethyl sulfate, nitrosoureas, mustard gases (e.g., 1,1-
thiobis(2-chloroethane)), and combinations thereof.
Additional metal-containing compounds including at least one
15  unsymmetrical B-diketiminate ligand can be made, for example, by ligand
exchange reactions between a metal-containing compound including at least one
unsymmetrical B-diketiminate ligand and a metal-containing compound
including at least one different p-diketiminate ligand. Such an exemplary
method includes combining components including a compound of the formula
20 (Formula I):

14



R7 R M zI n-x N x R9 11110 under conditions sufficient to formthe

net al - cont ai ni ng conpound. Preferably, 5 the conponents are conbined in an
organi c solvent (e.g., heptane, toluene, or diethyl ether), typically under
m Xi Ng or StyHhi ditions, and allowed to react at a _convenient

t enper at ur e gzgﬁ{%ozﬁsg‘{;m tenperature or bel ow, refluxing SCVEBYHEYYr an
internedi ate tenperature) for a length of tinme to forma sufficient anpunt
of the desired product. Preferably, the conponents are conbi ned under 10 an

i nert atnosphere.(e.qg., a typigally in the substantial absence of

wat er. Each NﬁPSggoﬁPSﬂﬁﬂgqﬂ%ﬁg@ﬁhéﬁ%$g%ﬁb “metal, a Lanthanide, or a

conbi nation thereof; each L is indepgndegsly an anionic ligand; each Y is

i ndependently a neutral ligand; n rgg esgnts the val ence state of the netal;

zis fromO to 10; and xis frromlto NM\Each R RZ RB R4 RSR6 Rf, R R?,
and R Ois independently hyd(ogéﬁ aﬁ—a%gdanLg{oup; and the
(3-di ketimnate |igands shown Vi n For N I’*and Forrmul a VI have different

structures, with the proviso that o or lnpre of the following apply: Rl is
different than R5, R2 is different than ﬁd, R6 is different than R10, or R7

is different than R9. 20 The nethod can provide a netal -contai ni ng conpound
of the fornul a wdroeorditiany sutticipg teformphe meRl-cantainipg compourd- ProfengblRt 0 Ra RO

15 WO 2007/ Q02674 cg)rg({nléﬁ‘g g&@!o%f&?e%zn 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

10 aninert atmosphere (e.g., argon), typically in the substantial absence of water.

Each M is a Group 2 metal, a Group 3 metal, a Lanthanide, or a

combination thereof; each L is independently an anionic ligand; each Y is
independently a neutral ligand; n represents the valence state of the metal; z is
from 0 to 10; and x is from 1 to n.

15 Each R!, R%, R3, R* R®, R®, R7, R®, R®, and R!is independently
hydrogen or an organic group; and the B-diketiminate ligands shown in Formula
I and Formula VI have different structures, with the proviso that one or more of
the following apply: R! is different than R®, R? is different than R RSis
different than R'®, or R is different than R®.

20 The method can provide a metal-containing compound of the formula
(Formula II):

15



wherein M L, YV, R, R, R3, R R5, R6, R7, R, RO, RIO, n, and z are as
defined above, and the two (3-diketimnate |igands shown in Fornula Il have
different = structures. 5 HETEROLEPTI C COMPOUNDS W TH DI FFERENT SYMVETRI CAL
LI GANDS | n anot her enbodi nment, conpounds that are heteroleptic netal -

cont ai ni r{gg%@g}é&ggds including different symmetri cal (P%Tﬂ}sgbé)%}o%th e

| i gands, rsor conpositions including such conmpounds
di scl osed. Such 10 conpounds include a conpound of the fornula (Fornula I1):
R3 R R~ NR R5 N6-MzLn-2 1IrNR RR38 RO Mis a Goup 2 netal (e.g.,

Ca, Sr, Ba), 8.5 RE.RTRS RA)R &, ah@BbRARIGEENd 9., Pr,
Nd), or conbi na%loné t eréﬁ IQIf’glefl}argblRy PI\\/I | s’) Ca, § , or Ba. 1Each Lis

i ndependent | ybawe, ani thaiweo Bidietichinataligands showinie Epmarde Hiliaye diffegenheut r al

i gand; n represents t he val ence state of the nmetal; and z is fromO to 10.
Each R Rz RSUEAVES Re R7 Re R9 and RLO is inde endent! hydr ogen or an
organic group (e.g., an alkyl group, and preferably, for exanple, an alkyl

noiety); Rl = = Rl and R7 = nd e two [ 3-

di ket i ni nét eHEWPJHQWMHOWW&HPIWWW@mﬁgﬂﬁuct ures. In
certain 20 elfgg% nt, each R, R2, R3, R4, R5, R6, R7, R8, RO, and R10 is
i ndependent |y ydrogen or an organic group having 1 to 10 carbon atons
(e.g., nethyl, et hyhgothqpembpydiments opnppmis thotarg hetexobeptibmejdl; tert-butyl). In

certain enmbodi ment s =..len = R10O =.i1sopropyl. In
certain enbodPHBHRRE co ﬁipomﬁéq Inglpding %1%18768 W%Pgal :@S‘Pﬁ%ﬁ"@g?tﬁ hgin [i n
enbodunent s, aBd pRRarercoRpositiendinclGdiah swh cbfpounds, are disclosed. Such

10  compounds include a compound of the formula (Formula II):

R R2
RQFKN/RI
R \\

R\
/Q/ ~RY

R® R

M is a Group 2 metal (e.g., Ca, Sr, Ba), a Group 3 metal (e.g., Sc, Y, La), a
Lanthanide (e.g., Pr, Nd), or combinations thereof. Preferably M is Ca, Sr, or
Ba. Each L is independently an anionic ligand; each Y is independently a

15 neutral ligand; n represents the valence state of the metal; and z is from 0 to 10.

Each R, R? R3, R* R®, RS R”, R%, R®, and RV is independently

hydrogen or an organic group (e.g., an alkyl group, and preferably, for example,
an alkyl moiety); R' =R%, R?=R* R®=R!?, and R” = R%; and the two B-
diketiminate ligands shown in Formula II have different structures. In certain

20 embodiment, each RI, RZ, R? , R4, Rs, R6, R7, R8, R9, and R is independently
hydrogen or an organic group having 1 to 10 carbon atoms (e.g., methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, fert-butyl). In certain embodiments, R' = R®
= tert-butyl, and R® = R'" = isopropyl. In certain embodiments, R% R*, R,

and/or R’ are methyl. In certain embodiments, R* and/or R® are H. Such an

16



WO 20071002674 PCTI US2000/ 024997 exenpl ary conpound of Forrmula Il is the
conpound in which R2 = R4 = R7T = RO = nethyl, RB3 =R8 = H Rl=R5 =
tert-butyl, and R6 = R10 = isopropyl. L represents a wi de variety of
optional anionic ligands. Exenplary anionic |ligands (L) include halides,

al koxi de grou am de groups, nercaptide 5 groups, cyanlde al k groups,
ani di nate g dﬁﬁ@wmﬁﬁ@nldlnate groups, isoureate groups, ﬁ@‘ﬁﬁé?é gr oups,
(3-imnol cetonate groups, P-diketimnate groups, and conblnatlons t her eof .
In certain enbodinents, L is a P-diketimnate group having a structure that

is the sane as that.of one e _G3- timnate.liga _ghown_in Fornul a
1. I'n other cePtal %r%ﬁ%%ou% %E?mtcﬁ?ﬂlsat%fﬁoﬂp it “ﬂé@gﬁg—r%ubmo 1{9e. g.,
symmetri ¢ or unsyresi,/R’e) Rhadl, RG=R’st ferrdiut el Rdt= RS =dis<fp‘rquent t han eit her
of the 3-diketimnate |igands shown in Formula I1._Y represents an opti onal

neutral |igand. ExenfpFRFpenaaiidn varktyHiqstiqoal amPlﬁﬁilﬁ%ﬂélch?‘ # (cO,
nitrosyl (NO, ﬁﬁ&ﬁ@h@aﬂdytﬁ)lnclﬁd@ e NRide Blohp O dfite debips, mBRASPRI nes

(PR3), alcohols (ROH), water (H20), tetrahydrofuran and 15 corrbl nations
t her eof , whet ei groupss [PyRuifle d@fﬁbﬁéém epidinaty growvps; gudanycﬁnatgemum, isgnreatgr ganl c

ohi ch is T 2‘51”‘85%“ R R T S T T

present (i.e., rzon;b1ﬁ)e)t10nk themné lnrvbasih eRbOJin@nIEL & & [Mfkbﬁmmateggr@@mou nd
i ncl udi ng dlffe ent S trical P—dlket m nate |i.gands can be made, for
exanmpl e, by a Wﬂ&??ﬂ%?gmye Hﬁﬁﬁmﬁéﬁﬁ?ﬁ?ﬁﬁeG é%%ﬁﬁgmpﬂeﬁaﬁﬁﬁg at | east

two different sypwalihiFeahuldd; Iﬁibﬂﬁefée@@aﬂ%&&ohin%&dmwpfa%&nﬁﬁﬁt@gw al
source. Symmetrical J3-diketimnate |igand sources can be made as

described, tor @erfymaetitormEnsy@eiic) kaving a structrybaioadifierent dwn efier4995- 5002
(2004). 25 An e " ng conponents including: a
| i gand source O{}ﬁggg%; St murzl?fol(éi Hﬂl ﬁPF§HBB£'H1 RBN HN 4 5

Y represents an opt1ona1 neutral ligand. Exemplary neutral ligands (Y)

-

include carbonyl (CO), nitrosyl (NO), ammonia (NH;), amines (NR3), nitrogen
(N2), phosphines (PR3), alcohols (ROH), water (H,0), tetrahydrofuran, and
15  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 different
20 symmetrical B-diketiminate ligands can be made, for example, by a method that
includes combining components including at least two different symmetrical p-
diketiminate ligand sources and a metal source. Symmetrical B-diketiminate
ligand sources can be made as described, for example, in El-Kaderi et al.,
Organometallics, 23:4995-5002 (2004).
25 An exemplary method includes combining components including: a
ligand source of the formula (Formula III):
R R!
Ry =N
H

4 S5
R R%or a tautomer thereof;

17



R R or a tautoner thereof; 17 WO 2007/002674 PCT/ US2006/ 024997 a |igand
source of the formula (Formula IV): 7 R RBN HN9 10 RR or a.

taut omer thereof; and optionally 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 netal (M source 5 under congiti icient to
forn1the‘WBF%V@E%ﬁfaining conpound. Preferably, the cgﬁgﬁﬁgﬂﬁgiggi conbi ned
in an organic solvent (e.g., heptane, toluene, or diethyl ether), typically
under m xing or stirring conditions, and allowed to react at a convenient

tenperature (e.q.. roomdtd.enperature o | ow, refluxing or above, or an

i nt er medi at e(aﬁgg’?)%ﬁoélfﬁroéf;ﬂlefnﬁélfm‘gar%c%u[?Ig,s‘ tinme to forma sufficient 10
anount of the desired preduct. Rgteferably, the conponents are conbined under
an inert atnosphere (e.g., n), typically in the substantial absence of
water. The nmetal (M ei's aGoup Il netal source, a Goup Il netal
source, a Lanthani de nefy sour.ce, or a conbination thereof. Exenplary netal
sources include, for exa > "as Mol I) bi s(hexanet hyl di silazane), a M11) 15
bis(hexanethyldisiIazane?%is(tet abrydatbmeathgreofhrand onbi nat i ons t her eof .

Each R, R2, R3, R4, RS , R? and 0 LS .i ndependent hydr ogen
or an organi @pa?lb'iﬁéf acguIge ,%%éi’ﬁ aQiORg?ﬁf%%hé?'g-a%?eﬁ?&’Féﬁgﬁr& 0 Cz’(ﬁ’f“a]be"iarrpl e, an
al kyl noi et yk;solfce ForBneutrd 1igalméy égg, 7 RberitdtheRn)=arfd%h mab(M Y @uldegand

sources shown in Forrmula |1 and Fornula IV have different structures. 18

WO 2007/ 0626 Padecrnditonoefiviend dorformy e meteleoatainng prrerquad. Brefeebly- cont ai ni ng
conpound of ttltfbecofnﬂfo%ﬂtgare (cgﬁrofﬂéh % Aﬂ c)r'galﬁgsoﬁ?ent @ 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
10  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 is a Group II metal source, a Group III metal
source, a Lanthanide metal source, or a combination thereof. Exemplary metal
sources include, for example, a M(II) bis(hexamethyldisilazane), a M(II)
15  bis(hexamethyldisilazane)bis(tetrahydrofuran), or combinations thereof.
Each R', R?, R, R*, R’, R%, R", R}, R®, and R'° is independently
hydrogen or an organic group (e.g., an alkyl group, and preferably, for example,
an alkyl moiety); R'= RS, R?= R4, R6= Rw, and R’ = R’, and the ligand sources

shown in Formula III and Formula IV have different structures.

18




Rt RSl N 6 zLn-2 R-, NR/~~ 4 N~\Rto R$/~ 9 wherein M L, Y, R, R2,
5 n represents

R3, R4, R5, R6, R7, R8, RO, and R10 are as defined above,

the val ence of the netal, and z is fromO to 10. Specifically,

i nvention ¢ t tautoners of Fornula IV includin
R6 R7 6 R%W@‘Sifg%NH RO -N'Rto RO/ Rto and 10 |

enbodi nent, a netal -containing conpound i ncluding different

t he present

G QAT o R7

(3-diketimnate |igands can be nade, for exanple, by ligand exchange
reactions bet ween meTat methot @hmprogide @ mpdalvdatainig] detipogndlof the feemula

symetri cal Ice;ﬁﬁlnate | i gands. Such an exenplary nethod includes

conbi ni ng conpo | udi ng a conpound of the formul a
Il N R3C1 MyzLn-x Nx R4 Ri315 192
R

(Formula 1):

wherein M, L, Y, R!, R R? R*, R’ R® R7, R®, R®, and R' are as defined above,

5  nrepresents the valence of the metal, and z is from 0 to 10.

Specifically, the present invention contemplates tautomers of Formula IV

including, for example,

R7 /R R7 R6
>"" N - — N ’

R8 H RS 2 q
o/~ N T>_—N/
9 N

R R1® R R

10 In another embodiment, a metal-containing compound including different

symmetrical B-diketiminate ligands can be made, for example, by ligand

exchange reactions between metal-containing compounds including different

symmetrical B-diketiminate ligands. Such an exemplary method includes

combining components including a compound of the formula (Formula I):

15 5

19
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WO 2007/ 002674 PCT/ US2006/ 024997 and a conpound of the fornula (Fornmula
VI): 7R RlI ( N Rs ~ MzLn x N X R9 R 10 under conditions sufficient
to formthe netal -containing conmpound. Preferably, 5 the conponents are
conmbi ned in an organic solvent (e.g., heptane, toluene, or diethyl ether),
typical | X|ng or stirring conditions, and al ct at a
conveni eﬁY&?@%{gr ature (e.g.,,roomtenperature or bel (ll))\%)fﬁ]?gf‘o%%?% or
above, or an internmedi ate tenperature) for a length of tinme to forma
sufficient anount of the desired product. Preferably, the conponents are
conbi ned undami&&nmmmhdefﬂmdhmnﬂ@@%nHMQéIg argon), typically in the
substantial absence of water. Each Mis a Group 2 netal, a Goup 3 netal, a
Lant hani de, or a comnbination thergof;Reach L is |ndependently an anionic

ligand; each Y is independently a yeugral ligand; n represents the valence
state of the netal; z is omO t & 10; i;s froml to n. 15 Each R, RZ
RBR4, RSR R R R and FEOIS i n%en ﬁ/“"‘hydrogen or an organic
group; Rl = R5, R2 = = R10, = R9; and the (3-diketimnate

| i gands shown in For rruI a I and FoRmul aR’\% have different structures. The
met hod can provide a netal -containing conpound of the fornula 20 (Fornula

1) R3 R2 RhudichiditidRe shbrRiely lihme the BretdRontalikF @mpound. Preferably,

5  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

10  aninert atmosphere (e.g., argon), typically in the substantial absence of water.

Each M is a Group 2 metal, a Group 3 metal, a Lanthanide, or a
combination thereof; each L is independently an anionic ligand; each Y is
independently a neutral ligand; n represents the valence state of the metal; z is
from 0 to 10; and x is from 1 to n.

15 Each R', R%, R?, R*, R, RS, R7, R®, R?, and R'® is independently
hydrogen or an organic group; R!=R5, R?=R* RS =R', and R” =R’; and the
B-diketiminate ligands shown in Formula I and Formula VI have different
structures.

The method can provide a metal-containing compound of the formula
20 (Formula IT):

R} R?
R /\< Rl
N—
g \\
MY, an2

20




R RO 20 WD 2007/002674 PCT/ US2006/ 024997 wherein M L, Y, R, R2, R3 RRS
R6 R7 Re RO R10 n, and z are as defined above. OTHER METAL- CONTAI NI NG
COMPOUNDS 5 Precursor comnpositions that include a netal -containing conpound

that incl u%ﬁéf}’g’m{’%ﬁft one (3-diketimnate ligand can b%&ﬁ%&%ﬁ{é@&’l i

depositing ne ai ning layers using vapor deposition mnet

addi tion, such vapor deposition nethods can al so include precursor
conpositions that include one gor _nore different ngtal-containing conmpounds.
Such precursor odrepisM iloNsRGRT, BY RORYBAR RER cREm,s0d B et asfdefineskanpl e i n
an ALD process %EfUSSEd nore fully below, substantially sinultaneously

wWith or sequentia ey to, the precursor conpositions including

nmet al - cont ai ni ng conpounds with at | east one (3- diketimnate |ligand. The
metal s of such di -containing c unds can include, for
exanple, Ti, Taé@{[ﬁ]ﬁﬁ{f%T@.?&‘s&gAW %A&ﬂ(‘?@gd conbi nati ons 15 t hereof
Sui tabl e diffserent mphk@hrsePindioitidls GATROUAIS meRELYHBninERbmBY@RhA,
tetrakis titaniumisopropoxide, titaniumtetrachloride, trichlorotitanium

di al kyl anmi des, tieelpdgratleast pamp-dikietiminakeligand dasbe useful Sikidspesiting metal-

di al kyl am des, j Al um i [.conj L.ori talcis

t ant al um et hoxi cftgfl{agﬁﬁ X%%%Hﬁ%{%ﬁg}nggp? ﬁﬁ?ﬁ%ﬁmog%\%ﬁﬁgb%gg&y%% VETHODS
The net al - cont aidepositidnayethodsaan biso drehds ipteedisof atmpexitiond that iaclude enelost r at e
(e.g., a sem conduct&%trs%bs ate or substradltqe aslse.rrbl Qf " Semj. conduct or
substrate” or " <HYEAPETE! el pitgnng CoFRande SUFPTERIRM CPHPESINAT @ nduct or
25 substrat g0SUQR d@Fosited)difehiSRHRC RREKERSE il AYAL.DYProRsSEFBRIAIGE alllysubst rat e
having one or nore |ayers, structures, or regions formed thereon. "A base

semi conduct or  [bglpsy, splstantiplicumplanepesly wite ot sadugiiellp fo, $he preqisorat eri al on a
wafer or a sili Cc%?:gbﬂé{&{s inﬁﬁ&iﬂnggltet%ﬁc&ﬂaiﬂiﬂgtc&%g?ﬁﬁg Wil!h?ﬁlt)}ea&%?lg I[353‘5 silicon on
et str va

sapphire. Wen reference IS 0O a su e asse Y, I OUS process
steps may have bhletinpnaeligand] Fh8Metadedt stch differentmetdbfomening gompeynds unct i ons,
various struct ur&s in%iudfe,e f%} g{mensp’le, e}‘ri",dl“a, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations
15  thereof. Suitable different metal-containing compounds include, for example,
tetrakis titanium isopropoxide, titanium tetrachloride, trichlorotitanium
dialkylamides, tetrakis titanium dialkylamides, tetrakis hafnium dialkylamides,
trimethyl aluminum, zirconium (IV) chloride, pentakis tantalum ethoxide, and
combinations thereof.
20
VAPOR DEPOSITION METHODS
The metal-containing layer can be deposited, for example, on a substrate
(e.g., a semiconductor substrate or substrate assembly). "Semiconductor
substrate” or "substrate assembly" as used herein refer to a semiconductor
25  substrate such as a base semiconductor layer or a semiconductor substrate having
one or more layers, structures, or regions formed thereon. A base semiconductor
layer is typically the lowest layer of silicon material on a wafer or a silicon layer
deposited on another material, such as silicon on sapphire. When reference is
made to a substrate assembly, various process steps may have bleen previously

30  used to form or define regions, junctions, various structures or features, and

openings such as transistors, active areas, diffusions, implanted regions, vias,
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openi ngs such as transistors, active areas, diffusions, inplanted regions,
vias, 21 WD 2007/002674 PCT/ US2006/ 024997 contact openi ngs, hi gh aspect
rati o openi ngs, capacitor plates, barriers for capacitors, etc. "Layer," as
used herein, refers to any |ayer that can be formed on a substrate from one
or nore ‘gb%(p,yoggr,@ and/ or react ants accordi ng to the grgenesiocbison process
descri bed herein. The term"layer"” is neant to include |ayers specific to

t he sem conductor industry, such as, but-clearly not limted to, a barrier
| ayer, dielectric layer (i.e., a layer having a high dielectric constant),
and conductcpvtéctm@?@ngs,maﬁmcmahp ABInEs; ‘éapéﬁl%ﬁmu‘éawl‘ﬁ Withe term"fil nt
frequently Lég tb%] ét{ge sem conductor industry. The term"layer" is also
meant to 10 1 e Tayers found in technol ogy outside of sem conductor

t echnol ogy, such“hsyer(jcaauiadgsredmr@bmi;(sanyﬁéyer@lmmbae,fosmerhoﬂ ayers can be
formed di rectl%r& snff S 2LCal h.a %ub ttilat es other than
sem conduct SFOEGIs %P%‘%O r&?fretpﬁ%:?”fsor taﬂ%/ i”éﬁ?‘é?%sé%ﬁ‘?r fred directly on the

| owest sgmi qeﬁ&uwanro&ui a@,&%dafhefehﬁ T}féuaﬁi ‘l‘lajldi‘” isGhednh@Yin€lade lagerf Or med on any
of a variety of |ayers % sur f aces) in, for exanple, a patterned

waf er. The ISH%ﬁ%todhe ﬁmlﬁ‘ﬁl P@P’f’r’é‘é“sﬁ%(ys%h a?:r]i’uﬁ ﬁéar¥yo?9ﬁ1116ﬂteﬁé‘i & - cont ai ni ng
Films, such.ag [Hdu (Elf'eqjecffﬁ‘tl%/ i.dTel13er Sﬁh‘%hgr e?l dléI’@étﬁé c@d&{aﬂ SandTet al

nitri des etc, as wel as co |nat| ons t exanp a netal oxide
| ayer may i mohdmtavalas(cm@lhe telmsﬂwer” is Bmonpmnars with d?@ tbxay‘éiilm’fay i ncl ude two or
nore differ als a 20 m xed tal. oxi or,.a netal oxide
Layer may ogf Iuﬁe%él %%%%’8 dP?ltoroltnﬁ%sFy ' )r@f 5’{151 Eil"fy rtlﬁgﬁg}\meﬂt t8X| de | ayer
i ncl udes| ot Wandhidertayegs fhuhid &1 tectnologl ahiside oli senmiedaluctop rectigolb@y elichean be in the

formof alloys, solid solutions anol a tes Preferably, these have
di el ectric pPepes Ppégssﬁ%eﬁﬁl&lﬁs&}igﬁefﬁﬁ ’%ﬁ‘&?‘%ﬂ%‘iﬂtaropﬁ%%ﬂf it is a

dielectric |vﬂi/e§r9t%§ﬁrﬁﬂccﬁ'ﬁﬁs@uﬁs&a‘%bﬁﬁ?ﬁmﬁ@&nf&ndﬂé{o@ s@istBRdl fBhepr ' Ti OB,
CaTi @8, (Ba, Sr , Ta206, SrBi 2Ta2(9 ( SBT) H O3, Srzr O3, BaHf CB,

BazZr 08, ( Pb,!Balpxiyecsr be(@nn@hc}mﬂmn ﬂwﬂ«g\(«&smpm@mﬂrww@sr @ (PSNT), La203,

VGO Sur ori SR ok 0 e B o A B dt e B0 RO o etent

15 in, for example, a patterned wafer.

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

20 mixed metal oxide), or a metal oxide layer may opﬁonally be doped with other
metals.

If the metal oxide layer includes two or more different metals, the metal
oxide layer can be in the form of alloys, solid solutions, or nanolaminates.
Preferably, these have dielectric properties. The metal oxide layer (particularly

25 ifitis a dielectric layer) preferably includes one or more of BaTiOs, SrTiO3,
CaTiOs, (Ba,S1)TiOs, SrTayOs, StBizTayOy (SBT), StHIOs, StZrOs3, BaHfOs,
BaZrOs, (Pb,Ba)NbyOg, (S1,Ba)Nb,Og, Pb[(Sc,Nb)g575Tip425]03 (PSNT), Lay0s,
Y103, LaAlO;, YAIOs, Pry03, Ba(Li,Nb),405-PbTiOs, and Ba(0.6)Sr(0.4)TiO;-
MgO. Surprisingly, the metal oxide layer formed according to the present

30 invention is essentially free of carbon. Preferably metal-oxide layers formed by
the systems and methods of the present invention are essentially free of carbon,

hydrogen, halides, phosphorus, sulfur, nitrogen or compounds thereof. As used
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30 invention is essentially free of carbon. Preferably netal -oxide | ayers
formed by the systens and net hods of the present invention are essentially
free of carbon, hydrogen, halides, phosphorus, sulfur, nitrogen or
conpounds thereof. As used 22 WD 2007/002674 PCT/ US2006/ 024997 herei n,
“essential | o 1068002478 defined to nmean that the netal - conp@i/nsdehd2wer nay
include a small anount of the above inpurities. For exanple, for netal -oxide
| ayers, "essentially free" neans that the above inpurities are present in an
amount of less than 1 atom c percent, such that they have a mnor effect on
the 5 chemi cal lprapeessertiallyifeehisrdefagd tomesn that the meiplycontaning syenmay, g. |
crystal linity), nofde 84681 LhGiH: og{h@aﬁ&; 'iﬁlﬁuﬁtfies:[ 1S EdddPle YA thQMSoxide

met al - cont ai ni ng conpounds can be GSed Thovari ous cdr‘r%l nations, optionally
with one or norleyas,dassetiadiylineehinsansplzat thecbbes impufities ar€y@sentacasses), to form
a precursor conpositipen. .Advantageously, so f .the 10 netal - contai ni ng
conpounds di sclr%g%lﬁﬁ ﬁgllg%?’ltﬁancg%(’ CRFé%ea*KiSH‘%AE% tﬁﬂ}%’ﬁ? mlg?fcﬁf%& cE’otﬂ?/ent s.
"Precursor” sandcheplhi®@t pfopérties; igeRaidal Properéiss, pEfscal &rei (8.¢., c@fsBilinity}) o
conposition usable for formn ei ther alone or with other precursor

conposi tions (o‘?leqt’é‘é?éP@ﬁf’%1FS,° tHler on a substrate assenbly in a deposition
process. Further, o L Lob g A 4. | Is t the type and
anount of 15 precurgg?rﬂégglfa\?f%#a%@%e%%gﬁﬂdtsﬁg{g%ﬁ%gﬁ%eﬁﬁg | ayer which is
ultimately to bemiigatives] opsénady avithame or theposgiriosolpatc@sgiculitie fgyr ef err ed

precur sor conposi,ti ons f,.the present invention,are preferabl ,qui d at
Phe vapor i sat | oV Papseh SRt B E e EPLioRD A aPE ST Bt sE | quld at
room t enper g ur QetalFbshtdifiGg 0618 PFundO Hi9€1Giekiheren HYbelged inQAiL. D sithbutsol i ds at
roomtenperature _ 20 fpr eferably, they are |liquids at the vaporization
tenperature). TRAdingSof%pntst hargeuipas” and PrRcysoseAmnositiont psused hereiny ©iro pe

enpl oyed usi ng {NQWh IR wdBRAS! fol:ffhg, &i %Pﬂﬁé’&%aétﬁ'&l‘l@r Lour@s SOl ids they
may al so be suffici eﬁtly vgl at |qlélle1¥0 afg' %lﬁley bcan 1e vqp\é@i%uéq or sublined
fromthe solid etmpositions (g rdaniens), adgysr onle pubsirate essemblycihnidgnesitionl f t hey are

| ess vol atile sglids, e re.preferably.suffici I 5. soluble in an
organi ¢ sol ventprg?e%a'agﬁel{hﬁélos P %ﬁﬁ)@pﬁfl@%éﬂi&% ézleﬁﬂ%é[%:{%rg%?)gﬁ #B%U%t of!

t enper at ur es supBciri@tusédvel}]l dependos this eshténd of b Bgbr Whiph is wisithhiely,to belbbl i ng,

m cr odr opl et fo¥ mat | on techni ques,. etc. .
ormed using a vapor deposition process. The preferred precursor compositions

of the present invention are preferably liquid at the vaporization temperature
and, more preferably, are preferably liquid at room temperature.
The precursor compositions may be liquids or solids at room temperature
20  (preferably, they are liquids at the vaporization temperature). Typically, they are
liquids sufficiently volatile to be employed using known vapor deposition
techniques. However, as solids they may also be sufficiently volatile that they
can be vaporized or sublimed from the solid state using known vapor deposition
techniques. If they are less volatile solids, they are preferably sufficiently
25  soluble in an organic solvent or have melting points below their decomposition
temperatures such that they can be used in flash vaporization, bubbling,
microdroplet formation techniques, etc.
Herein, vaporized metal-containing compounds may be used either alone
or optionally with vaporized molecules of other metal-containing compounds or
30  optionally with vaporized solvent molecules or inert gas molecules, if used. As
used herein, "liquid" refers to a solution or a neat liquid (a liquid at room

temperature or a solid at room temperature that melts at an elevated
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Her ei n, vaporized netal -containi ng conpounds nmay be used either alone or

optionally with vaporized nol ecul es of other netal -containing conpounds or
30 optionally with vaporized sol vent nol ecul es or inert gas nolecules, if

used. As used herein, "liquid" refers to a solution or a neat liquid (a

l'i quid S\g %0(32@2 %errper ature or a solid at room tenpepaliksolhabo; el ts at an
el evated' 5607/ 002674 PCT/ US2006/ 024997 tenperature). As used herein,

"sol ution" does not require conplete solubility of the solid but may all ow
for sone undissolved solid, as long as there is a sufficient anmount of the

sol i d del i vemgpdrabye), s wred herein, Solulien't dieanot reqrarecapuniete pHulybityfadr chemi cal
vapor deposj,tion,processin | f sol t dilutiqn is used in 5 deposition,
t he total ea?f’h‘ég‘ﬁé’é??'t 2fﬂﬁt"viglff)’fiSo&w %n(‘)i}ls\%@ﬁ"f‘éjsvogl b?sqa%aesrtg%rgas 'Jimay al so be

consi der ed agfigiehtt@iduntélthé eslidgREveréd hiethe ogaic solvenniato-theegiorve gas, " as
used herein,_ is _any gas that is generall| nreactjve with the conponents it
comes in coH@"’é&f"r\ﬁgﬁfﬁ%ca}F\iﬂpm @Pﬁ%?fél?mPer?é‘Pé gfa?gb@n 1@"19?/51"‘%?8‘]& Py selected from

a group knchydimg, nhi {&&%Aaﬁo@n&w&mm JT%vaHrmvaﬂ&?éneﬂﬁfeM%a‘?f@iso%non’ any
an Such

ot her non-redctive gas, ‘mxtures thereof. i nert "gases are \
gener al | y us@dideredone imart ¢aprier gotir gi ng processes described according to the |
\

present inventi oy nd,i n,sone enbadi,nent s .also b sed to assist in
pr ecur sor vapor {hlgﬁ%sorof.n 6Ie§1/c§1r‘ﬁ:§a% heéstusgdrgéailggy R Bé{ ‘Tertain

enbodi nent s gederdlainpsaeti@nwith te compevhisdiicoisg i cortae wath. Fer e of t he

follow ng: ali pEat,i c hydrocar bogséﬁgr unsat ur at ed ha.dr ocar bons (C3-C20, and
pref erabl y EXAplg Iner gaspsare bpigatlh secteyt rom g groyp)inclydigg #itsogethy dr ocar bons

(C5- C200 angroph afeflAPhdonToryEtha) xenbR | aR9 81t fsh-reBiiflec 68 RE Rixtuis| Y1 at ed
hydr ocar bons 'such as al kyl il anes, ‘alkylsilicates, ethers, polyethers,

t hi oet her s, thestoér Sychiinert gases are generdllyased ki dnievo moropurgingprocssspounds 20
contaL 9 SQEHOLLERR 00 PNl MISCERSHR Pl EHUSReRl pPBLE, e, o,
that m xt ubessedfto usist abprecugsoanbpor iresspoft. t he netal - cont ai ni ng conmpounds wi | |
0l Leract ogshant Lueant Ly change, Lhelt pryclcal Rropertes. e
vapori zes apflefleRanhy SR mhctoba6 filRet Aatipiakic hydlotbdangousl y wi th, and
'n unsaturated hydrocarbons (C3-C20, and preferably C5-C10, cyclic, branched, or
linear), aromatic hydrocarbons (C5-C20, and preferably C5-C10), halogenated
hydrocarbons, silylated hydrocarbons such as alkylsilanes, alkylsilicates, ethers,
polyethers, thioethers, esters, lactones, nitriles, silicone oils, or compounds
20  containing combinations of any of the above or mixtures of one or more of the
above. The compounds are also generally compatible with each other, so that
mixtures of variable quantities of the metal-containing compounds will not
interact to significantly change their physical properties.
The precursor compositions of the present invention can, optionally, be
25  vaporized and deposited/chemisorbed substantially simultaneously with, and in
the presence of, one or more reaction gases. Alternatively, the metal-containing
layers may be formed by alternately introducing the precursor composition and
the reaction gas(es) during each deposition cycle. Such reaction gases may
typically include oxygen, water vapor, ozone, nitrogen oxides, sulfur oxides,
30  hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen telluride, hydrogen
peroxide, ammonia, organic amines, hydrazines (e.g., hydrazine,

methylhydrazine, symmetrical and unsymmetrical dimethylhydrazines), silanes,
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the presence of, one or nore reaction gases. Alternatively, the

netal -containing |ayers may be fornmed by alternately introducing the
precursor conposition and the reaction gas(es) during each deposition
cycle. Such reaction gases nmay typically include oxygen, water vapor,
ozone, nitr8RHWIBWHEs, sul fur oxides, 30 hydrogen, hydrgﬁyﬂg@ﬁ?ﬂpﬁsﬁg,

hydr ogen sel eni de, hydrogen telluride, hydrogen peroxide, ammonia, organic
am nes, hydrazines (e.g., hydrazine, nethylhydrazine, symetrical and
unsymet ri cal daigBinRy bdwie sl sy, disdrARNSEsma 4ir Vi rd AL (fIR8&h%ource),

PCT/ US2006/ 024997 di si | apnes and hi gher_sil anes, diborane, plasm, air,

bor azene (ni t r offEbeIsBRRAXEe (redugtapidralopbple-andany cerabiantion of thege gesed| Kot and any
conmbi nati on of . : - [ : es are
Cypi cally Used Pty pansonininf LR e (HAIGIEPR: HNDHARUCET

opti onal react i metalrasids layersd Praferathle optiormabterdivnghses uset ialthoformatidnafer s

i ncl ude oxi dj zi 3. o . and nitri i.de). Suitabl
ubstrat o nat er PRFLonRe IhEs and ik o B o b e LR TE e al <.

sem conducti ve @sgu@ri als, conductive netal -nitrides, conductive netals,

conductive netal oxides, etc. The substrate on which the inetal 10
containing |ayer is Pwiehedubsiraismsterialppithe pecasnt inywaiiet iseludeeandpetve or
substrate asse : i ' ' al: i re
cont el at od. - shar g hERAARA gL, SRR IR SRR Bhsg
sili con such asmetlsgcqnduciprednietblioxaley, etio B spbdtrasd di winioh theonadr yst al | i ne
silicon, et (for .this inventiaqgn opriate forns . of silicon are sinply
et erred ol Qe Fmed s rrs R et P o RSk oL AR v er

t et raet hyl ort hogdskiblgt @ wileORliet9sF sienicdiuboPMa@Hals Sre dohtethplatd, bithns! ayer of
Si2,, optionally doped, deposited by a%%g n on process), TiN, TaN, W Ru,
A, Cu, noble ntgramplgthorophosphesitipaie glagsd BERE)\silipaD suehsds, @8ntain a | ayer
that includes plLai ok b1k dd j ekl ASRL 4

Fut heni am oxi der o el e, o e e e, 11 e
20 tant al um ni t appdegriateafotras ofsilsdoniacosimpliytrefeded tosas! "sidioon"dli fox exdepleaihum num

|1 ide.. ql ..etc, i SLi Q- be:- devel oped
Taterial s ultd Mg EsiGhcrr” FindhHridl GRoR saRmmithdon
access menory ( RRAMthindgxt 6880, Sdplibh4lly RPED depusaed by Fefi by ptBAMTINeVI ces,

and ferroelectric .
TaN, W, Ru, Al, Cu, noble metals, etc. A substrate assembly may also contain a

layer that includes platinum, iridium, iridium oxide, rhodium, ruthenijum,
ruthenium oxide, strontium ruthenate, lanthanum nickelate, titanium nitride,

20 tantalum nitride, tantalum-silicon-nitride, silicon dioxide, aluminum, gallium
arsenide, glass, etc., and other existing or to-be-developed materials used in
semiconductor constructions, such as dynamic random access memory (DRAM)

~ devices, static random access memory (SRAM) devices, and ferroelectric
memory (FERAM) devices, for example.

25 For substrates including semiconductor substrates or substrate
assemblies, 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 the layers
(i.e., surfaces) as in a patterned wafer, for example.

Substrates other than semiconductor substrates or substrate assemblies

30  can also be used in methods of the present invention. Any substrate that may
advantageously form a metal-containing layer thereon, such as a metal oxide

layer, may be used, such substrates including, for example, fibers, wires, etc.
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menory (FERAM) devices, for exanple. 25 For substrates including

sem conduct or substrates or substrate assenblies, the |ayers can be forned
directly on the | owest seniconductor surface of the substrate, or they can
be formed on any of a variety of the layers (i.e., surfaces) as in a
patterned wafer, for exanple. Substrates other than ] r substrates
or subsTORL /Y24 ies 30 can al so be used in net hgg’g&%ﬁﬁ?%;sﬁresent
invention. Any substrate that may advantageously form a netal -cont ai ni ng

| ayer thereon, such as a netal oxide |layer, may be used, such substrates

i ncludi ng, for exangfbeed dapbsition protdse for tiet reseninviiioR 007 V40267 4

PCTI TTS2006/ 024997 A pr er;ded deposi ti on process for the _present invention
is a vapor SP9HEPRPIONCSSr JEBYIEPQRIEN PrAcESHsS Ata SRoRIY AYeWddn e general Iy

favored in (AfcoRIRBLERRMUSEIRE tb BRYSIEY @pHili9 té BEcHY PERsE Iﬁglﬂ?bi lity to

qui ckly provide highly conformal "Iayers even wi'thin deep contacts and ot her
openi ngs. 5confiermpt Byens suen widhip dsént ¢ontests@ad other erepshzed in the presence of

an inert. carri as | esired. Addition V- i rrier gas can be
used in 5pur gi ng rﬁ%urgoﬁ%glﬁp%ﬂtfﬁmﬁrc‘ cf%%%a%f lgjllésfl éﬁ%%g)de%g{;%ﬁa% 1%112 i nert
carrier gascarSertpapifaizbiked. Quilitionallyian énedf cartidr pagem, behved rpurgingon, etc. In
the context of the present inventi inert carri erm%as IS one that does

n, .a
not interf e¥&PSARERA A PIPOB?%QIF%IHSCSE’CIPW% ¢ Wett PRmEhESAF WPHGLY 80%r . Whet her

done in the,nhEReReRrd3En delitf! droGikfcl 8k tH@R8ntekt JTMe prbdtt invalhi zation is
preferably done in the absence of oxygen to avoi d oxygen contam nation of

the |ayer (@& igert caxiergasiisaneathatgloes synntedert grththé formelomieidhe setabr  oxi dat i on

of precyrsor_in_. , o] i . ition

chanber 10 - teonidule ey Xhe RS B 1R ol ek sk 08 (BB 00 ¢ on
Cont 1 nUoUs, * nt form ot Bl cont sl nd |avers onto Sem asnductor substr at es
Using eit h’e?ont%}%iﬁ%%@éﬁ%ﬁt/‘?réﬁgpwgé _,Of_lsijiﬁ%%ﬂ oY SHECBFOMSCET pr ecur sor '
conposi t i ONgxidktn of PRRUIEEH théoFSRRS hlid:ab chib@HRShe ABFbsRLI Onal | y conbi ned
with one or nore 20 reaction gases and directed to and/or contacted with the

substrate t ehambeh a  net al -containing layer on the substrate. It will be
readi| yi@pparent Cﬁé}niggﬁzaﬁ&' cieings(%tion (CVD) and atomic layer deposition (ALD)

are two vapor deposition processes often employed to form thin, continuous,
uniform, metal-containing layers onto semiconductor substrates. Using either
vapor deposition process, typically one or more precursor compositions are
vaporized in a deposition chamber and optionally combined with one or more

20  reaction gases and directed to and/or contacted with the substrate to form a
metal-containing layer on the substrate. It will be readily apparent to one skilled
in the art that the vapor deposition process may be enhanced by employing
various related techniques such as plasma assistance, photo assistance, laser
assistance, as well as other techniques.

25 Chemical vapor deposition (CVD) has been extensively used for the
preparation of metal-containing layers, such as dielectric layers, in
semiconductor processing because of its ability to provide conformal and high
quality dielectric layers at relatively fast processing times. Typically, the desired
precursor compositions are vaporized and then introduced into a deposition

30  chamber containing a heated substrate with optional reaction gases and/or inert
carrier gases in a single deposition cycle. In a typical CVD process, vaporized

precursors are contacted with reaction gas(es) at the substrate surface to form a
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in the art that the vapor deposition process may be enhanced by enpl oyi ng
various related techni ques such as plasma assi stance, photo assistance,

| aser assistance, as well as other techniques. 25 Chem cal vapor deposition
(CVD) has b ively used for the preparation of NI NQ

| ayers, sucﬁ”?(g@%ngog?%ctri c layers, in sem conductor pr oggg@lkznog@%g%guse of
its ability to provide conformal and high quality dielectric |ayers at
relatively fast processing tines. Typically, the desired precursor

conposi tions ar aysapgy, idma:u@mnyérble’nhé stiiglodeposicion bydle B atlewedtotdoatinid0 chamber
contai ning a heat ed S bst [O? qtl opal reactl on gases and/or inert
carrier gases i HotH g &350t ¢ lexpesechipreds typi cal CVD process,

vapori zed pr ecur Sof 9yt }nﬁ%ﬁ@s ganrnla% g%g%&&%%ﬁ&ﬁﬂpoéﬁlo¥lb§1 substrate
surface to forma 26 2007 002674 PCT/ 024997 layer (e.g.,
dielectric | ayewapon’zatemsqhngbersd@p@msppemated:ﬁmnéhq progdsk oleatber whersimttheiue  unti |
the desired hi Gkness, ol-ddi: LAYEL. hdy BEHLYEd o IYD] £al G, Pr Ocesses
general |y enpl oy ppt‘secu Ig 05|St| or% iy pporl Zat B tWanbers that are
se]E)ar at edI from gdsrﬁpqsttnmeafe tiylbiaﬂbqﬂadbg(ﬁimﬁblder Heatde o8 tchiperutgeiaf ace orI |
wafer is |ocate exampl e i qui d precursor conpositions are typically
pl aced in bubbl @’l‘hé"fé};ﬁ’ YiBGHER 2R thﬁ"f‘%é‘f%ﬂ‘ﬂ&ére&’t‘rsmvﬂ?m?ﬁﬂ fipRis t J'('y‘?i‘pori ze, and
the vaporized | bahpd:tdd BEM S0% c&ﬂ@@@a%'p%ésﬁ% dver &Q%bel&ﬁcﬁ‘@l%@@éﬂtﬁ@h@&idan i nert
carrier gas passing over the bubbler or through iquid " precursor
conposi tion. Therepapereompogitiphehevappts a@mﬂmghemt}gawhlagﬁé lingta the 10

deposi tion a ( her ei n.
Many technlggureﬁgg Oglbgﬁﬁg&%%g%/ﬂec{ég%%&]‘ %a?)/ lg{ﬁreocrzllsgel?rf/“t'ecsgflt?ceﬁJ t@%@g %?atr)l ess. For
exanple, the atmhmqussfhapasB@urd%wlolwdrr@p&bftsemraoﬁtfcﬂmlappfobad For éxagplteposi ti on
chanber can be precis controll ed, by the tenperature, of Iq}‘lhe reservoir

contai ni ng the raEE’BF‘% rpr%‘ﬁsﬁég‘?ffll"&?ﬁloéﬁﬁnwﬂ?% the depasition shapRercatb ar r i er
gas bubbl ed thrgy ciRély c&%rd?ﬁﬁ%?q'hé)t\éﬁbeﬁaﬁ?e SERREINGYbir cohthidib @@ CVD process
may be carried out in a chem cal vapor deposition reactor, such as a
deposi tion chanb@ﬁura%ﬂonmbﬁlélom ARrEpy ﬂlhélowvrcefde inedtengitipn ey vblst toagh arr om
Genus, Inc. {£Su eposi tion chanber avail able under the trade
desi gnati on éf gg%%ﬁ#‘%{)% élg Mat erial s, Inc.

A typical CVD process may be carried out in a chemical vapor

deposition reactor, such as a deposition chamber available under the trade
designation of 7000 from Genus, Inc. (Sunnyvale, CA), a deposition chamber
available under the trade designation of 5000 from Applied Materials, Inc.

20  (Santa Clara, CA), or a deposition chamber available under the trade designation
of Prism from Novelus, Inc. (San Jose, CA). However, any deposition chamber
suitable for performing CVD may be used.

Several modifications of the CVD process and chambers are possible, for
example, using atmospheric pressure chemical vapor deposition, low pressure

25  chemical vapor deposition (LPCVD), plasma enhanced chemical vapor
deposition (PECVD), hot wall or cold wall reactors or any other chemical vapor
deposition technique. Furthermore, pulsed CVD can be used, which is similar to
ALD (discussed in greater detail below) but does not rigorously avoid
intermixing of precursor and reactant gas streams. Also, for pulsed CVD, the

30  deposition thickness is dependent on the exposure time, as opposed to ALD,

which is self-limiting (discussed in more detail below).
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20 (Santa Cd ara, CA) or a deposi tion chanber avail able under the trade
designation of Prismfrom Novelus, Inc. (San Jose, CA). However, any
deposition chanber suitable for perform ng CVD may be used. Several
nodi fications of the CVD process and chanbers are possible, for exarrpl e,
usi ng at nospheric pressure chem cal vapor deposition, |ow pressure
cheni cal woapmmozmeposi tion (LPCVD), plasma enhanced cHEHERPO6PT dep05| tion
(PECVD), hot wall or cold wall reactors or any other chem cal vapor
deposition technique. Furthernore, pul sed CVD can be used, which is simlar
to ALD (discuss reat | 0 r.ously avoid
i nterm xi ng of p%j'@m’ glg?l Feggrcﬁfghtthb Fpolé tlog%?%egg ém@%’?e% 8I sed CVD, the
30 depositi Qﬁbﬁ%@&lﬁ&ﬁepﬁsdﬁeﬁﬁadmhs @multhwomma&wleydﬂdamsnm opposed to
ALD, which is self-limting (discussed in nore deltall bel owg 27 WO
20071002674 (AEP) BEspew6AOSmB BPCeSARY SIABERPRH J1 DTG 457 ERIABAOYS OYehe vapor
deposi tion pregagR.RRILMedt bﬂ&vi‘d@@foﬂ%ﬁﬁ@@'éd Shitrbl RIEe 88e] tHM@BEsi On TS a
mul ti-cycle atomic | ayer deposition (ALD) process. Such a process is
advant agéousmdumfmmtom%drepasim&ﬁwag@wsh@mc lagerThyppiovsliess, in that it
provi des for Q tr of d uniformty to
t he deposi té)(liu W@\‘/eﬁ?%"%glgfl cg%% el;: rsglgm?na 1‘@%‘?“‘%%%0\/?@?%‘33%@ plurality of
deposi tion ayeheof dEpesitie 4 Flm of & vy vasittyrof reattivil Srfaces\indeding fommet hod of

depositing a filmon_a w de varlet of reactjye surfaces |n | udi ng, for
exanpl e, surkazel, Wfaﬁesl"r“ﬁb‘ﬁﬁfg‘él?r © %E}?hé?hwgg%e%rtsﬁpﬁ@(etr%ge &P coverage
than is avalhpleyith U‘I/If%éQtﬁ’ér "Hﬁeb@ffméﬂt" db%oﬁﬁor?fn@ﬂ% @gposi tion met hods
(e.g., 10 evaporation and physical vapor deposition, i.e., PVD or

sput t er i18g) .evEnaratingrand phydirab vepos depasitioppieed 1y oesmﬁsxeng)h@uﬁhqral -cont ai ni ng
conpounds to i e which tends to
decr ease de(ﬁﬂalgg{ocg%ses {‘Y%}cfi %égb%%@? %%?al cgﬁg& I%’}IQ }é@g?oc?sq% ?JH;V?%xarrpl e, typical
CVD pr ocesseplatiiegtionfant reaeamehperatir&s, WAmhItemﬂatd daere3es cﬂ@radﬁbon afl/ 168, 160
(entitled " ATOM C LAYER 15 P I TI ST%?R,@ND MET NCLUDI NG METAL
BETA- DI KETIHRf NERESBERSRBE 10, IgE kg S’JM%‘C HERESSeR °fy, in an ALD

process each hfgel @Rl Appliditbs Sgnaﬂw e b1 40/(cAM R reATOMIEa  eERUDSt I at e,
typically at deposition tenperatures of at |east

25C,
15 DEPOSITION SYSTEMS AND METHODS INCLUDING METAL BETA-
DIKETIMINATE COMPOUNDS", filed June 28, 2005.

Generally, in an ALD process each reactant is pulsed sequentially onto a

suitable substrate, typically at deposition temperatures of at least 25°C, 7
preferably at least 150°C, and more preferably at least 200°C. Typical ALD

20  deposition temperatures are no greater than 400°C, preferably no greater than
350°C, and even more preferably no greater than 250°C. These temperatures are
generally lower than those presently used in CVD processes, which typically
include deposition temperatures at the substrate surface of at least 150°C,
preferably at least 200°C, and more preferably at least 250°C. Typical CVD

25  deposition temperatures are no greater than 600°C, preferably no greater than
500°C, and even more preferably no greater than 400°C.

Under such conditions the film growth by ALD is typically self-limiting

(i.e., when the reactive sites on a surface are used up in an ALD process, the
deposition generally stops), insuring not only excellent conformality but also

30 good large area uniformity plus simple and accurate composition and thickness
control. Due to alternate dosing of the precursor compositions and/or reaction

gases, detrimental vapor-phase reactions are inherently eliminated, in contrast to
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preferably at |east 150C, and nore preferably at |east 200C. Typical ALD 20
deposition tenperatures are no greater than 400C, preferably no greater than
350C, and even m)re preferably no greater than 250C. These tenperatures are
general ly | %% ? those presently used in CVD processggyyébo6bnsdarpi cal ly
i ncl ude deposition tTenperatures at the substrate surface of at |east 150C,

preferably at |east 200C, and nore preferably at |east 250C. Typical CVD 25
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uniformty plus_sinple and accurate conposition and thickness control. Due
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detrinental yapor-ph d contrast to
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b1 g adsor pt | on CRBHEY Grses Bcal ol SR eI BAPERY EVHCRL r ength 1 0

ordi nary chem cabndsbTnéshenfibbeeticspioaty mﬁ@i@@oﬂayat Gradhk yutfsehta a
nonol ayer on the substrate surface. (See "The Condensed Chenc

|
Di ctionary", 108%Ia8& €5°6r n Thg Gondenspdifsherical Biconany\y 8h edifiom) Teé”r‘i%‘gbibQ Van
Nostrand RenghotrCaicy, DEWSNEN vaRlodrBiinold The N&CUBiISSs AbsAD i based

on the principle o formati'on of a saturate
The technique of ALD is based on the principle of the formation of a saturated

monolayer of reactive precursor molecules by chemisorption. In ALD one or
more appropriate precursor compositions or reaction gases are alternately
introduced (e.g., pulsed) into a deposition chamber and chemisorbed onto the

20  surfaces of a substrate. Each sequential introduction of a reactive compound
(e.g., one or more precursor compositions and one or more reaction gases) is
typically separated by an inert carrier gas purge. Each precursor composition co-
reaction adds a new atomic layer to previously deposited layers to form a
cumulative solid layer. The cycle is repeated to gradually form the desired layer

25  thickness. It should be understood that ALD can alternately utilize one precursor
composition, which is chemisorbed, and one reaction gas, which reacts with the
chemisorbed species.

Practically, chemisorption might not occur on all portions of the

deposition surface (e.g., previously deposited ALD material). Nevertheless,

30  such imperfect monolayer is still considered a monolayer in the context of the
present invention. In many applications, merely a substantially saturated

monolayer may be suitable. A substantially saturated monolayer is one that will
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nonol ayer of reactive precursor nol ecules by chem sorption. In ALD one or
nore appropriate precursor conpositions or reaction gases are alternately
i ntroduced (e.g., pulsed) into a deposition chanber and chem sorbed onto the
20 surfaces of a substrate. Each sequential introduction of a reactive
conpound (e.g., one or nore precursor conpositions and one or nore reaction
gases) iwo Zypiopak|y separated by an inert carrier gaRCHUYY®O2UEh precursor
conposition co- reaction adds a new atom c |ayer to previously deposited
| ayers to forma cunulative solid |ayer. The cycle is repeated to gradually

f he desij.r.ed hi gk » :
Al or nat el y Sor1d BGHRste bk TERT O el rs R S B RE UARERb, o 200

one reacti omn@as propities reacts with the chem sorbed species. Practically,
chem sorption m ght&@?ﬁ%ﬁ ccur on aJl portions of. osi.tion surface

f.the de
(e.g., previous|y* ALBPrAgess ivg ?qegpyslr-lg\g\,lg}tng}%gggt?Po BBSEuch i nper f ect
monol ayer i Sopgfhkdal sﬁé@i@?!&qer eq nfetIRBALANES colpolihtascRBEfel hefeird) A8 Present

invention. I'n many "applications, nmerely a substantially saturated nonol ayer
may be sui t astenplshshersisemtipmbf the spacies antodhawivsliraigePpaciesdneantrpeet will 29 WO

ey Doz S R BRRSR AR iy iR e B BRRBASLIEEL ARGV &7 O | €20 "

mat eri al and/*or properties. typi cal
process i nclwideRsetfx 16%ically Bichiemisot@ionsetesk krtkeoft the Hgdrids of Spepleei cal speci es

A (e.g., a netal -containing conmpound as descrj bed_ herei to 5 acconplish
cheni sor pt i of dplag ysrﬁ%‘&"ég%lﬁn?@n 'é‘%%ﬁ?ﬁ?tsf“ pee: d@ﬁ_%r@fl%arsh)yAthEan react either
wi th the subgthabftRHAGES BonoMyehthali8 eh#smbBy CACA6H Pethifalamckbut not  with

itself. Typically in cherisorpti’on, one or nore of the |igands of Species A
i s di splHkedrthe ertire exnasedinginp substiatebe sgbelaysybeing gempesed offipesiest i cal Iy, the

chem sorptiop far d ifor or nol ecul e thick
10 on the en‘?’ilF%ag 8%@%%@%?%!11&E@E’S‘{W?rg#eq,sa@ﬁ%é%ﬁ%ﬁ%%é? bei ng conposed of
Speci es A, dubsantafly fetheploadedsubstigansdsfaced. Pratibaty, duendsorposmbynet ed

Cherm aor pt | R HDIOrIGE S HeGHPSTFS PR ESoteh hBSEHBPRIPET Never t hel ess.
such a partigfl yiReelosY & bd Smofdlhyer ithe 85REARH tHePriBntEAnvEIBBhARET 1N the
context of the present invention. In
many applications, merely a substantially saturated monolayer may be suitable.
In one aspect, a substantially saturated monolayer is one that will still yield a
deposited monolayer 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,
20 The first species (e.g., substantially all non-chemisorbed molecules of
Species A) as well as displaced ligands are purged from over the substrate and a
second chemical species, Species B (e.g., a different metal-containing compound
or reactant gas) is provided to react with the monolayer of Species A. Species B
typically displaces the remaining ligands from the Species A monolayer and
25  thereby is chemisorbed and forms a second monolayer. This second monolayer
displays a surface which is reactive only to Species A. Non-chemisorbed
Species B, as well as displaced ligands and other byproducts of the reaction are
then purged and the steps are repeated with exposure of the Species B monolayer
to vaporized Species A. Optionally, the second species can react with the first
30  species, but not chemisorb additional material thereto. That is, the second
species can cleave some portion of the chemisorbed first species, altering such

monolayer without forming another monolayer thereon, but leaving reactive sites
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15 many applications, nerely a substantially saturated nonol ayer may be
suitable. [In one aspect, a substantially saturated nonol ayer is one that
will still yield a deposited nonol ayer or | ess of material exhibiting the

desired qualj nd/.or roperties. In another aspect, a i
3ot fu ety ohe’t pect, axsusiibieh! v

saturated noh s one that is self-limted to further reaction with
precursor. 20 The first species (e.g., substantially all non-chem sorbed
nol ecul es of Species A) as well as displaced |igands are purged from over
t he substrat e agvhilablef@cofithtioh@fiteRtquemattayespaa othsr BLDgro@sses,a di f f er ent
met al - cont ai ni n ,con'gound or reactant g,gﬁ) is,provided to react wth the

I

monol ayer of SpHEidSBeGAes GFHAE BRY B SYAERTS chertisohied fueagied) T8%%Ng | i gands

fromthe Speci eﬁ;sﬁisrﬂ_éﬁl&lb@éf r tﬁé‘ﬂrs’?éldtsgﬁfn@@}fedie%, e MesRubedn@nd hor s a
second nonol ayer. This second nonol ayer displays a surface ichis

reactive only t eacBpeitddasedspesipnreatiawith drepneholasgepriodeces immediatsly prigs di spl aced
| i gands and gt her. SAQE t e i re h ( t he steps
are repeat edg)vvi F%ltﬁégé@%ﬁgﬁ'o?gt{l%neaﬁgpdé%| g&sno%%ﬁ%%so@%hér?%r{g %%S\g)%%ggi%gned Speci es
A. Optionally, inidsetiendospractem gaifdesdmdt W th the first 30 species, but

not chem sorb additiognal materjal _thereto. That is, the secon speci es can
cl eave some portion “Stﬂ]@“é?l%#&sgrpﬁé’ ef"it}%esft]t-’ﬂé%é%%?vﬁh? 8911n’r?g°’csuch

rrpnol ayer wit hOHﬁcl&%s”ld?%ﬂ%ﬂféhbﬁ{d m%yﬁfmétm%oﬁﬁﬂlin%)ﬂ%rg Sﬁ‘\iisﬁl_ﬂtrﬁt‘éﬁﬁ ive
sites 30 WD 2007/ 002674 PCT/ US2006/ 024997 "avail able Tor fornati on of

subsequent nonoFelexesple dengsitiag thin Rypns o€ metabsontaininglspmgowsids ia@dirdity nor e may
be successiygly ) . ] ribed for
the first azg sgggﬁgs i’g‘é‘%?eegé ,(n?c\fl{ne % ﬁcﬂﬁ%@%@@&ﬁ%%%&mtﬂﬁﬁnﬁic e%‘slsl{rglt roduced
speci es reacts partibulbthpadvaniabeopne when the peedrsbnmpoaitiohys ¢irdctd tothet 0 i ts

i ntroduction. tional | t he second species (or .third or subseguent) can
include at | eas.ubﬁﬁ ela]é%él{q\@ﬁ 5 eq“?org e.roédl?r%%ﬁ‘ﬁ’iY %upggr ‘BEIBEIBg a&fﬁtpr ovi des
the ability to pRPfeatRnidASEPRhEOI he dhBinfbiTRE Spect’ BRDS dubStihte, aRdl
uniformty of netal-containjing |ayers on a substrate. For exanple,

deposi ting t hi neveayeers peferaply ayheraymthin aypleds weoppesliatdeasiongepl ural ity 10 of
par L cularl " advant anSBie renet oo Qe insHiet KRG | on' i< di rected 1o the
substrat e and abé¢msgidnichernhemptismoiito tiyesstote, mqyrievdvabiaridtyiof thdmiquac| udi ng at
| east 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
20  chemisorbed species. Examples of carrier gases, as discussed above, may include
Ny, Ar, He, etc. Additionally, purging may instead include contacting the
substrate and/or monolayer with any substance that allows chemisorption by-
products to desorb and reduces the concentration of a contacting species
preparatory to introducing another species. The contacting species may be
25  reduced to some suitable concentration or partial pressure known to those skilled
in the art based on the specifications for the product of a particular deposition
process. ALD is often described as a self-limiting process, in that a finite
number of sites exist on a substrate to which the first species may form chemical
bonds. The second species might only react with the surface created from the
30  chemisorption of the first species and thus, may also be self-limiting. Once all

of the finite number of sites on a substrate are bonded with a first species, the

first species will not bond to other of the first species already bonded with the

31



one reaction gas that reacts with the chem sorbed species on the substrate,
and even nore preferably wherein this cycle is repeated at | east once. 15
Pur gi ng of excess vapor of each species follow ng deposition/chernisorption
onto a substrate may involve a variety of techniques including, but not
limted to, contacting the substrate and/or nonolayer with an inert carrier
gas andWOr200fRq7# ng pressure to bel ow the deposiﬂ(mﬁﬁﬁgg@ﬂwgﬁpa reduce the
concentration of a species contacting the substrate and/ or 20 chem sorbed
speci es. Exanples of carrier gases, as discussed above, may include N2, Ar,

He, etc. A 'Etmaqmﬁvgggfo%ga%mﬂodsm gathriddGh 49D LREAGEHG the substrate

and/ or nonol ayer wt substance that allows cheni'sorption by- products
to desorb avmhdingdud esndehsLbowtebflimitingre.@f maredthetpatsed By speci es  preparatory

to introducjn nat h species. The contacti.ng.s i may be 25 reduced to
some sui t abtEORBREe T RS B s s s ST Bt ose ski | led in
the art basg@endiyet hien 1HRE6Y Staclahd OMNsSspkeies, fidify Dyatmekd tianpaet i cul ar

deposition process. ALD Is often described as a self-limting process, in
that a fi ni#em ofielrspledhicki t es exi st on a substrate to which the first

species may for %hfemrfa@ameﬁﬁa%icaﬂgqhé%mmﬁpg&%ﬁgfamggecgﬂby react with

the surface created fromthe 30 chem sorption o Irst species and thus,
may al so bepreairsor|(i.axisetang.sp&ies daifing chemisormiofiofithedirshpmésarsonéingd t es on a
substrate ar n ' fi ies..the first, species wll not bond
to ot her oﬁn ?ﬁ%ﬁf i%r?s n‘é‘léxii)tggftgg Séﬁ%bgg%?&rﬁgrﬁalghpbvﬁ ¥ ﬁsepﬁécc%%ln&%o ?(?071002674
PCT/ US2006/ 02488 asdiths preftrenceslofubivss witlp briiresssigib idihe aas can be varied in
ALD to onpte such bandi ng and reﬂde{)]gALD not self-limting, e.g., nore

li ke pul'sediESHBMaton ) 0 HYTAAS tfhet | SRR LSRR PreeusEEdes f or ni ng

ot her than QBgsss BEHARIOAY Sdlecddd B abhiBRe Y sstsPaliINGsdbe 8f BPSGLES, formng a
| ayer nore than one 5 atom or nol ecul e thick. The described nethod indicates

t he "subst aiftfdiorabsence” of the second precursor (i.e., second species)
Suri 19, chem <0 PG H1°N LG5k, LA AAGE < MRS, oo, et o
pr ef er encesaretordnosé inntht Aemsidion @hymisdej dakh tyrld depositihg a &erdQhidet er m nati on can
be madel Sa S égtalt-po%tg'n%llge {a?lgrl @s&%lllgsts ﬂ'l%];‘l o%g Cm%ggla erreéﬁc { Sa)trthc(;jl grccl)wth
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
20  the precursor composition(s) as a monolayer onto the substrate surfaces, purging
the deposition chamber, then introducing to the chemisorbed precursor
composition(s) reaction gases and/or other precursor composition(s) in a
plurality of deposition cycles until the desired thickness of the metal-containing
layer is achieved. Preferred thicknesses of the metal-containing layers of the
25  present invention are at least 1 angstrom (&), more preferably at least 5 &, and
more preferably at least 10 A. Additionally, preferred film thicknesses are
typically no greater than 500 A, more preferably no greater than 400 A, and
more preferably no greater than 300 A.
The pulse duration of precursor composition(s) and inert carrier gas(es) is
30  generally of a duration sufficient to saturate the substrate surface. Typically, the

pulse duration is at least 0.1, preferably at least 0.2 second, and more preferably
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process conditions selected to achieve the substantial absence of the second
precursor. Thus, during the ALD process, nunerous consecutive deposition
cycles are conducted in the deposition chanber, each cycle depositing a
very thin 15 nmetal -containing layer (usually |ess than ogg such
that the grWRAO792%% on average is 0.2 to 3.0 Angstrons p£&9@§@?§§{ until a
| ayer of the desired thickness is built up on the substrate of interest.
The | ayer deposition is acconplished by alternately introducing (i.e., by
pul sing) precurgnast ©OBREE. { PrefefBd pultd durbiivs de@sbiallPAo ghambgen 0Nt ai ning a
substrate, chem sorbing 20 the precursor conposition(s) as a nonol ayer onto
the substrate §ﬁﬁ¥5@é@;PBﬁ?@Wﬁﬁogﬁﬁg*&@ﬁé§ﬁgm§ﬁ_chanber, then introducing to
the chem sorbed preqlsaberidd #Pe bidibRlrhiy BRERIRMARS eSANIPL Of her
precursor conposition(s)"in a plurality of deposition cycles until the

desi red t hi cknagsdopfinatily ohemicklly duiteni Ahngy Aldymay advaatdgeenskthe Pref erred

t hi cknesses ©of the nefal-containin a S hg .25, pr nt invention are
at least 1 éﬁgs°P§W¥?&§P“W@E%N%F%?@?%E¥§ﬁ% ?ﬁg%s u%n&€£éﬁ§fp%%§%t ?eferably
at |east 10 A sAdsidid @eidklayure plagbemarthiicd i tdiaesSeicihtdy [dwi cal |y no
greater than 500 A nore preferably no greater than 400 A, . an nor e
preferably no dpatesyniaghondpbetyeerthe chapiserbef g comPRYERND gbf the

conposi tion(s) @ael}iRgElbstaE sinfice RS IoSRevenBdecdRpB@RGT & thy pREurgordur ation
sufficient to saturaté the substrate surface. Typically, ?he pul se duration
is at |east 0. lconpositien(gh| Thedemperaiute, on theotheohahd, st beonEiqendy ighisby 32 WO
2007/ 00267 CT, 0] 499 t le S..secqnd. .Pr rr lse
durati ons glrog ggeV rgle%rz%log%ng%téo%gozfeﬂé‘?%rﬁéu{%z%018130Sétzoél gsﬁ'd g,yplgarlll tgl? gﬁ)gtrr%g Sy no
greater than 3 leptandsmpératutoifaftcasQ5°C,préfbblyrae tkast 1567C, layid idoes mal |y dri ven

CVD, ALD is predompantly c ically driven. Thys, ALD may advant ageously
be 5 conductedIHFGWWBH“I%WE%QE€L% IQ¥UF %“ﬁﬁ&ﬁeﬁﬁkﬁtﬁﬁﬁﬁﬁ TRIHE O D process,
the substrate iefnanat W&C?r¥fe%lm gbabnash Moo@, IRRGEptERLISHbT i ciently
low to maintain intact bonds betvieen the chem sorbed précursor

conposi ti on(s) @pdenthen 230fdevwhigh.reg disoussed abowe, dugdngrpdly dowertteanpr event

deconposi ti f r QS| . ; t he

decompos (181 AfrbhSRLARUERRY voch ARARLI OB GR)cessBlorh &RE H WikiesBF
precursor composition is chemisorbed at this temperature. Surface reaction of

the second species or precursor composition can occur at substantially the same
temperature as chemisorption of the first precursor or, optionally but less
preferably, at a substantially different temperature. Clearly, some small variation

20  in temperature, as judged by those of ordinary skill, can occur but still be
considered substantially the same temperature by providing a reaction rate
statistically the same as would occur at the temperature of the first precursor
chemisorption. Alternatively, chemisorption and subsequent reactions could
instead occur at substantially exactly the same temperature.

25 For a typical vapor deposition process, the pressure inside the deposition
chamber is at least 10°® torr (1.3 x 10 Pa), preferably at least 107 torr (1.3 x 107
Pa), and more preferably at least 10" torr (1.3 x 10 Pa). Further, deposition
pressures are typically no greater than 10 torr (1.3 x 10° Pa), preferably no
greater than 1 torr (1.3 x 10* Pa), and more preferably no greater than 10”" torr

30 (13 Pa). Typically, the deposition chamber is purged with an inert carrier gas

after the vaporized precursor composition(s) have been introduced into the
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10 avor@“€t6éndensati on of the precursor conposition(s). Typically the
substrate is kept at a tenperature of at I|east 25C, preferably at | east
150C, and nore preferably at |east 200C. Typically the substrate is kept at
a tenperature of no greater than 400C, preferably no greater than 300C, and
nore preferably no greater than 250C, which, as discussed above, is

gener al yp 2o@vwete74 han 15 tenperatures presently used RG/ERPIA9TVD
processes. Thus, the first species or precursor conposition is chem sorbed
at this tenperature. Surface reaction of the second species or precursor

conposi tion,can occur at bstantial L.y the same _tenperature as

cheni sorpti%‘ﬁmg?r %rfqaftgg%ﬂregﬁh?% Qs Ctafrbeﬁgﬁ/?%gma‘nla ¢ preferably, at
a subst ant ijakbdacel #{te ERNapbeEA PRIt CconPosiBbh(Y) dsiFrac®}de. vari ation 20 in
tenperature, as judged by those of ordinary skill, can gccur but still be

consi dered subs{lRgEeastyiyy offeoreator cappRsition fan sigpifisaely iaflgpca theeact i on rat e
statistical I ‘ he first
e

precursor, er nat m sor pti on and” subsequent
reacti ors aeattiste comsduaddnayaeact insthe gasydisergenetatiyg partiatlatys, dessage

tenperature. 25 For a typical vapor depositi progess,. .t he pressure inside
the deposi tHFRVERA 'é‘}d)égge%zﬂlrf?c g’ﬁocgtﬁﬁgﬁofﬁﬁpr?si@%}iﬁd@gﬁg " preferably at
| east 10" 7 gy dovérdgedorotiddwine yRMing AdtthuiiiiR dep&ditiralHoy afleast @@t 10"6 torr
(1.3 x 10-4 Pa). Further, deposition gressures are tggi cal |§ no greater

3 ¥

than 10 t ortRaspn, ahighly geactiyy compoundmight e prpsidgred ok suitehleforCY by r (1.3 x 102
Pa) . and Moyl tene Bl tadh Sl PR v ark shiftildr A9 frdalids. Typically,
t he dep05|t|on cnanper I% purge W t an tnert carrier as a?ter t he
vapor i Ziéd iz esarsple, it thafios iptacors¢sip shaplasheactiviewithoiasednd nt o the 33 WO

2007/ 002674 _PCT/ US2Q06/ 024997 hanber .and/.or r.eact f.or ch cycle. The
i nert carripé?cuészgg’lsa %gor%bdﬂe%gﬁnsoic%rgpo%% %ﬁ@ggéb%ﬁ%tﬁg? ﬁog c%/\glg’ori zed precursor
conposi t i onfhpughthésneubbicdnsed ¢ ALDT e tHeeAD icwihtbst, @ncenphighiil$Or conposi ti on

can significantly influence the process paraneters in ALD. Under typical
CVD pr ocessTRbHERIdgEckiRg RofAfignts apcuse F@@Og’é‘%éﬁlh@%? thessct in the gas

phase genergtiqgy BRfalt! GHERIB hilD 98- PhalfreaBi R HEREY hOReRdesi 1 ed
surfaces, producing poor films, and/or yield ng poor "step coverage or

ot her wi e lit8¢ di mesudl noneaind wod eiptds thel AD chgextat | east such reason, a
highly reactive gaunoUNG A0 oR heGRPR AeLE iRt n St iR00G, beT CVD.

optionally performed in situ in the deposition chamber in a reducing, inert,
plasma, or oxidizing attnosphere. Preferably, the annealing temperature is at
least 400°C, more preferably at least 600°C. The annealing temperature is

20  preferably no greater than 1000°C, more preferably no greater than 750°C, and
even more preferably no greater than 700°C.

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

25  of no greater than 60 minutes, and more preferably for a time period of no
greater than 10 minutes.

Oné skilled in the art will recognize that such temperatures and time
periods may vary. For example, furnace anneals and rapid thermal annealing
may be used, and further, such anneals may be performed in one or more

30  annealing steps.
As stated above, the use of the compounds and methods of forming films

of the present invention are beneficial for a wide variety of thin film applications
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However, sone conpounds not suitable for CVD are superior ALD precursors. 10
For example, if the first precursor is gas phase reactive with the second
precursor, such a conbi nati on of conmpounds m ght not be suitable for CVD,

al t hough they could be used in ALD. In the CVD context, ight al so
exi st regartf! H§"&42%¥%¥ki ng coefficients and surface nnbilF?@?ggéa%%%an to
those skilled in the ail, when using highly gas-phase reactive precursors,
however, 15 little or no such concern would exist in the ALD context. After

| ayer fornati on semidoheucstisuciates, pagituRARERst BgnP hiphSSesiaymberialopt i onal |y
performed in situ in the depasition ?h nber _in a reducinq, inert, plasm,
or oxidi zi ng af¥sgpmBlecsuchapplicationsynclydegatehdsttieipndcapretiassid 45s at | east
400C, nore pre i GRS s 20
preferably no l(riléeg? (Lél?{s’ ?%%J#Q%géog?,%lg%@gif g@ gﬁgﬁh{}g R%) gr e’asfarec}féédte%e?alﬁ 750C, and
even nore pref@gisrywvmd/-gelhaeka cdlhanltiriggered] iecydimndeedl cogaiogretaakedn i s

preferably perforned.for ti riod o t . least 0.5 mnute, nore
preferably orcaé’_afqﬁ’ﬁ@’ ?jge‘?“%]o?f ﬁ;%d gfeci E%%Elsg%%ﬁ‘(lﬁ e. Additionally, the
anneal i ng oper at i OnAis§st@h el catbeynsB@tof R OB vhSYr depdsitioa pRedebsesl 25 of no
greater than 60.m nutes, and nore preferably for a tinme period of no

greater than 1@heicak wpor dypesitinn oy asemiclaendengsitiop) of the pesrghinyentioat such
t enper at ures i : i10 : anneal s and
e R B SR Mlts” Lo FRP e RS

rapid thermal annealing™ may anneal s may be
performed in oetamber by e wBBhanaeain mgy be epsted Asing tebepuemd¥end t he use of the
conpounds d hods of. foemng filns_ of e present invention are

benat 1 ci al 1 or PR{EdinDah QP Bihort mfEestRr o RSP Bt ST 687 002674
PCT1U52006/ 0249®#trate Bsse@bli &) BRYpotiabnealif UBdnbiee $0. Aajohstentinaflinal t hose using
high dielectric materials._ For _exanple, such applications_include gate

di el ectrics an@uPsihEs issstablishes fofsubsiatends whish can vary dgeandinglondhg e g. . doubl e

i dewal | 11 encirocaPaedd ahbliratS|AGKP L Al tor ERuble, H BlUbcuiare! |, delta

cell, nulti-fihgered, or cylindrical contalner stacke 5 capacitors), as
wel | as field rhistanee heatend 8 on ahicievbstrate. 16As mpyntedn Oteer koewn imethadseaf t o

performvapor (engs il AhstAlOSE A8 e utilized.

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

20  asmneeded. Also, a purge gas 74, which is often the same as the inert carrier gas
68, may be supplied along line 76 as needed. As shown, a series of valves 80-85

are opened and closed as required.

The following examples are offered to further illustrate various specific
25 embodiments and techniques of the present invention. It should be understood,
however, that many variations and modifications understood by those of
ordinary skill in the art may be made while remaining within the scope of the
present invention. Therefore, the scope of the invention is not intended to be
limited by the following example. Unless specified otherwise, all percentages

30  shown in the examples are percentages by weight.
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(chem cal vapor deposition or atom c |layer deposition) of the present
invention is shown in Figure 1. The systemincludes an encl osed vapor
deposition chanber 10, in which a vacuum may be created using turbo punp 12
and 10 backing punp 14. One or nore substrates 16 (e.g., sem conductor
substrates or substrate assenblies) are positioned ig-GHdIRAR40b0. A
constanfwﬁﬁwﬁwg6T4tenperature is established for substrate 16, which can
vary depending on the process used. Substrate 16 nay be heated, for
exanple, by an electrical resistance heater 18 on which substrate 16 is
nmount ed. Ot her known net hods of 1EXe®IBIESthe substrate may al so be
utilized. In this process, precursor compositions as described herein, 60
and/ or 61, are stored in vessels 62. The precursor conposition(s) are

vapori zed a rately fed ng li.nes 64 and to t deposition
chanber 10 [}%%@%E%O 53@5@9@?@@#.%@%@0@5? ?iiégrangg‘gwéégb %0” &tion gas 70
maybe suppl i BHwih @ leitanl2R°20is0sroppiedte R'A meyR apdRYeHyas 74, which is

often the sane as the inert carrier %s 68, may be supplied along line 76
as needed. ALisQRIARH- (Yotertchuinbigning)-2apamps2-g0"85  are opened and cl osed as

required. The fobhpyhﬁgh§4qu&&%mqﬁggQgggﬁﬁ%dggl{yiéggf illustrate various
f The [

t
specific 25 enbodi nents” and techni ques o present invention. It should
be under st oddgthylesewvmrtetrafluatobpetg(OvZamélh ehdb Asméirddethy ditlfer vader ergonunder st ood

by those of _ ordinar i1l ..,n the.art. ma de.while remaining wthin
Che. scope orargene dnCitedivaliten G R ARl BPeE PR Reis e B P rvent | on
i's not i ntergbedshds BEN-ikdpbpEd-dind-Beehehl2ome(g.2exa e R. chbdpe &fio Speci i ed
otherwi se, all percentages 30 shown in the exanples are ;grcent ages by

wei ght . 1035 tgadeik 7d Phesrsolision (61 6 Sdedgirormiad i mStTEKRVBOE 1: Synt hesi s
and Char act epigati AoffioR ofb AR GerpBUtyt EmPleROL YY) Zd 41, Wi th R =
tert-butyl; Rél:lsopropyl; R2 = R="nethyl; and R3 =H 5

N-i sopr opy! -didsleremethiane whs eliangsyl-idto eerpddition fenmichand atidedipghe thagtion L Schl enk
1k s charge Voot odlap RGO ARG [AfugigPor oL e (92 o)
funnel . 250 weudindthe Fdsoltiagwtiimneraagesolid was washed with two 100 mL
15  aliquots of cold ethyl acetate while the flask was placed in an ice-bath. After
decanting off each ethyl acetate wash, the yellow solid residue was added to a
mixture of 500 mL benzene and 500 mL water containing 8.0 g sodium
hydroxide (0.2 mol). The mixture was stirred for three minutes, then the organic
phase was separated. The aqueous phase was extracted three times, each with
20 100 mL diethyl ether portions. All the organic phases were combined, dried
over sodium sulfate and concentrated on a rotary evaporator. The crude product
was then distilled through a 20 cm glass-bead packed column and short path still
head. The desired product was collected in 96% pure form at 34-42 °C, 40
mTorr (5.3 Pa) pressure. The only impurity observed by gas chromatography-
25  mass spectrometry (GCMS) was N-isopropyl-(4-isopropylimino)-2-penten-2-
amine. The amount of N-isopropyl-(4-isopropylimino)-2-penten-2-amine
formed may be limited by limiting the reaction time (e.g., 30 minutes after
addition of the tert-butyl amine). Allowing the reaction to stir overnight may
result in the formation of more N-isopropyl-(4-isopropylimino)-2-penten-2-

30 amine,
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28.2 granms of N-isopropyl -4-am no-3-penten-2-one (0.2 nol) were charged into
10 the addition funnel and this solution was added dropw se, then stirred
for 30 mnutes. A solution of 21 nL tert-butyl amne (0.2 nol) and 25 nL

di chl oronet hane was charged into the addition funnel and added to the

reacti on spdudoroes7avhi ch was then stirred overni ght. VECIUSPWEO0HEYe t hen
renmoved in vacuo and the resulting yell ow orange solid was washed with two
100 nL 15 aliquots of cold ethyl acetate while the flask was placed in an

ice-bath. Afte i ch ethyl acetate the eIIowsoIid
resi due was adh&ﬁﬁﬁa g?&tgfffse‘"%f tﬁt‘aﬂ%’h%ﬁ e%ﬁﬂo@@‘(‘i’ & Caprponpd

cont ai ni ng 8. 0,8rsagid My He: £0 R0k busylt ke Avsef,sﬂ_ar% f; s pgid rred for
three m nutes, then the or gani c phase was separ at ed e aqueous phase was

extracted t hr eaetivhde = Hak i Aotk z 200: 1600muﬂdble(ﬂ\h§8bpfepﬂe(l4-ffﬁ§ft| ons. Al the

organi ¢ phases Je1e over sodium sul fate and concentrated on
arotary evapopé\@[ﬁ”&?g?eggg ec%ngp was then distilled through a 20 cm

gl ass- bead packed chiwdmyb@ﬂ;hﬂhxml,Spﬁl'eﬂmﬂztsklv&asch:&geﬂwiih@?»deg'gbéd product was
collected in 96% uref rmat. 34-42 C, 40 The only
i npurity obser V%?iﬂ AL QIS&ZWS(W%MQSI 8 M)

N-i sopropy! - (4tdl§é?1lér%p§él:d>rm SPenR TR B théroe@ Wit ®. SOB%W%ﬁfopyl 4-

of N-i sopropyl - (4-iso K@lmno) 2-penten-2-am ne formed my be limted by

limting the réxtbyiph -peeten-2-angi0e (A0rome’s and 1 @G mLdelgens. ohedigandhe _
tert-butyl am g@hﬂorﬂvla{%ngcgto tﬁg on?ﬁ}n s%ﬂmog 'e:c]lqlage(\g i)t%)'_dggh%eniﬁ%}_ﬁr esul t In

the formati on nor e 30 am ne.

36 WD 200714 002@&%@@&%@6@6&4&&?%&%&& 60 hoBysn tWislstiles wead then
Characterization of a Metal -containing r% o{ of Formula I, with M= Sr
(n=2); R = [@reeput jacuoRBhecmdeprogisa bright sellow solid aysgpprgeibintoar  x = 2.

and z = 0:: St KU 6P iR ask Bbx %@rsﬂﬂﬁﬁﬁtéﬂwarsea&ﬁched to a vacuum manifold in a
butylirnino)-2pent en- 2- arf nat o) . dry box, a 500 rnL Schlenk flask was

charged with 1§urgqlgocg1 efacuaied @d@as@hﬁn 100 mTorr (13 Pa) and heated to 115°C. A
Y
tert-butyl ilf n@)s. 2o pieid)e Bl &nanil mﬁlaly'éﬁ chlotiale)l farCh,HQAN, I St, aB3en Fourkhe | i gand

18.5%. 'H nuclear magnetic resonance (NMR) (C¢Ds, 25°C, ) 4.234 (s, 2H, B-

CH), 3.586 (septet, J=6.0 Hz, 2H, CH{CHz);), 1.989 (s, 6H, a-C-CHj3 (isopropyl

side)), 1.907 (s, 6H, a-C-CHj (tert-butyl side)), 1.305 (s, 18H, C(CHs)s3), 1.200

(d, J=6.0 Hz, 12H, CH(CHs),); *C{'H} (C¢Ds, 25°C, 8) 161.19 (s, 0-C-CHj

20  (isopropyl side)), 160.44 (s, a-C-CHj (tert-butyl side)), 88.33 (s, -CH), 54.07
(s, C(CHs)3), 49.86 (s, CH(CHs),)), 32.44 (s, C(CH3)3), 26.50 (s, CH(CHz)y),
24.84 (s, 0~-C-CHj (tert-butyl side)), 22.09 (s, a~-C-CHj (isopropyl side)).

EXAMPLE 3: Synthesis and C’haracterization of a Metal-containing Compound
25  of Formula IT, with M = Sr (n = 2); R’ = R’ = tert-butyl; R® = R = isopropyl;
R=R'=R =R =methyl: B =R*=H; and z = 0: Strontium (N-isopropyl-
(4-isopropylimino)-2-penten-2-aminato) (N-tert-butyl-(4-tert-butylimino)-2-
penten-2-aminato).
In a dry box, a 500 mL Schlenk flask was charged with 5.526 g of
30  strontium bis(hexamethyldisilazane) (10 mmol) and 100 mL toluene. A solution
0f2.104 g N-tert-butyl-(4-tert-butylimino)-2-penten-2-amine (10 mmol,

prepared according to literature) in 20 mL toluene was added to the reaction
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solution was added to the strontium solution, imediately producing a bright
10 yell ow reaction solution, which was stirred for 60 hours. Volatiles were
then renoved in vacuo. The crude product, a bright yellow solid, was
charged into a sublimator in dry box. The sublimtor was attached to a
vacuum mani fold in a funme hood, evacuated to less th (13 Pa)
and heat eWOZBV9%74 A total of 8.204 g of off-whi teaﬂ(:brlé‘g%g‘fﬁl%]%%ol id was
sublinmed in three batches 15 (68.5% yield). Elenental Analysis calcul ated
for C24HA6NASr: Sr, 18.3% Found 18.5% 'H nuclear nagnetic resonance (NWR)

(C6D6i 25C, Slagh. PRéreb&iondblutibs wabtlirredFoOBhdusL A Sdlutich6f 03332g N2H,
CH(CH3)2), 1.989 (s, 6H, a-CCH3 (isopropyl si de%ﬂ), 1.907 (s, 6H, a-C CH3
(tert-butyl ssape9pyl-(4isepwpykminpirpertersydEne (1P nppol, plegared agropdipg .  12H,

CH(CH3) 2); t3CL! ; . ' | side)),
160, 40 (3. a0 HACiplheng psceci ooty b gl oy = )
C(CHB) 3),  49.sBlutips wabHefisBira) In addRtiond! AishousS( GHBItEYs wa réfiovesl in CH( CHB) 2) ,
24.84 (s, a-CCH3 (tert-bytyl si .22.09 (s, a-C ' | side)).
EXAVPLE 5.5 STREHESI STy S8 bR YAIRgie ghe BeavBich SEOmelst o hBCompound 25
of Formula "Flgx\@.zg g}b.58 §[1nc(F1£ ﬁe%hblirﬁtor‘wﬁ%ﬁ%lg%dtdn%a)é{l m Bl =

W
i sopropyl; = et hxl; R3 = = H and z = 0: Strontium
(N-i sopr opyl -inahood and heated. At around 80 °C, the pot residue appeared to begin to melt

4-i | i i na) - 2penten-2-ar ni - _(Ardert- i ni no) - 2-
bon & on 5" i e AL TAER-oRh TREhEI Mg Gllbe b b Bd Blakt RHY 00N
5.526 g of 3Chestingntht botat hi 3 (b exasenfyt (isSi Paz2:865 ¢OL8 yeitod yersind 100 nl

t ol uene. solution, of 2.104 .
N-t ent - butly | -g¥ptalitng bys a?lpﬂ%lmt ﬁﬂy sofidywasrecovered droppthe tpldrfinger (59 par ed

according to 'él@l)?r[%%bfs%)biilﬁo A NVMIR ih@éQnEat WaSsuBFfied nlaRriahGnkRAGE on 37 WO
2007/ 002674 PCT/'US2006/ 024997 fl ask. The reaction solution was stared for

18 hours. A ol:lfineiptues ofithgtitle gorppound with Strontium bis(N-isopropyl-(4-
i sopropyl - (4-: I 1hng).- 2 - 2- .HE # Cm |, epared accordi ng
to literatur é%o%l?ﬁ{yggxwfy?%fq'%tg%gpa\%ﬂ/aé&@a%ggwtoo é% cact i’mcl)ﬁ’E f‘F%gﬁ. The
reacti on soltutyldminseE-ptiten2 sinitate)d Tas nackdial alonedntalds HOBr&ativéahad i | es were
renoved in 5 vacuo to afford a.red-brown solid, i ch was arged into a
subl i mat oF | rPfiq_c‘Efr‘"S?bu" _‘ﬁ"fﬁg’?ml&}m@?@@%'?@@h%% TGRS ’Ets evacuat ed
on a vacuum naaiifl@tdnpduild arelte T8k e HIRBAR de DR 2 RE08ID B s Q1 Ipeapot resi due
appeared to begl ntonelt

3.586 (septet, J=6.0 Hz, 2H, CH(CHs),), 1.990 (s, 6H, a-C-CHj (tert-butyl)),

1.865 (s, 6H, 0-C-CHj (isopropyl)), 1.325 (s, 18H, C(CHs)s), 1.172 (d, J=6.0 Hz,

12H, CH(CHs),); “C{'H} (C4Ds, 25°C, 8) 160.95 (s, a-C-CHj (isopropyl)),

20 160.79 (s, a-C-CHj (tert-butyl)), 90.05 (s, B-CH (tert-butyl)), 86.51 (s, p-CH

(isopropyl)), 53.99 (s, C(CHzs)s), 49.93 (s, CH(CHa),)), 32.81 (s, C(CH3)3), 25.06

(s, CH(CHs),), 24.83 (s, a-C-CHj (tert-butyl)), 22.05 (s, a-C-CHj3 (isopropyl)).

Elemental Analysis calculated for C;;4H45N4St Sr, 18.3%. Found 17.5%.

25 EXAMPLE 4. Alternate Synthesis of the Metal-containing Compound Prepared
and Characterized in Example 3 by Ligand Exchange Reactions Between Metal-
containing Compounds Including Different Symmetrical f-Diketiminate Ligands.

A 50 mL schlenk flask was charged with 0.50 g of bis(N-zert-butyl-(4-
tert-butylimino)-2-penten-2-aminato)strontium (1 mmol), 0.45 g of bis(N-

30  isopropyl-(4-isopropylimino)-2-penten-2-aminato)strontium (1 mmol), and 20
mL toluene. The resulting solution was refluxed for 24 hours, then volatiles

were removed in vacuo. A sample of the resulting yellow solid was submitted
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and bunp. A yellow brown condensate was collected on the cold finger while
heating the pot at 112 C at 115 mforr (15.3 Pa). 2.856 g of a yellow serni
10 crystalline but somewhat oily solid was recovered fromthe cold-finger
(59.7% vyield). Analysis by proton NVR indicates that t terial
consi sts ofWOaZO‘I”Oﬂz(’ﬂXm xture of the title conpound withh%(‘ﬁg%ltobm%ﬁm

bi s(N-i sopropyl -(4- isopropyl imno)-2-penten-2-amnato) and Strontium
bis(N-tert-butyl-(4-tert- butylimno)-2-penten-2-anmnato). The material also

contains a 0.3 fb?in%tdn‘ﬂ@l\/l‘k%‘a@sﬁ%n@fthe results indicated approximately a 1:1:1
N-tert-butyl-(4-tert- buté}lmno -2-penten-2-am ne. The chemcal shifts for

the title conponidirepEbia@N-fepthue(4- teﬁt{bummll(@@a@nt@% 3) 4.218 (s, 2H,

3.586 6H, C CH3
? t Sr? ‘butyl)), (“S“f%gfﬁ“f’fs}t}‘g%& h%‘-isél’]&%%(%%r o ‘5}‘3)9% ‘é%%z 18H, C(CH3) 3)
1.172 (d, J=6. Ch1ﬂcﬂﬂato)sﬂr8ﬂﬂimmg-@d§io%)jl (4 @@{roﬂllrl(mPerE&GZ-aSMnal@m-gét-( s,
a- G- CH3 (isopraopyl)), 20 g (s, a-CCH3 ﬁtert butyl)), 90.05 (s, (3CH
(tert-butyl)), @é’lfﬁ'ff@'buw m@q) AhestsPropingte)stentiyy, \(ﬂé apgreximptely 2 49. 93 (s,
CH(CH3) 2)), 32.8% 1D %QNS)e?ﬁ 499t-b& hn%ﬂ§- HRheeh:2- 483 (s, a-C CH3

(tert-butyl)), 22.05 (s, a-C |sopro El'enment al Anal ysi s
cal cul ated for C,:4H46N48r Sr, 183% Found 17.5% 25 EXAMPLE 4: Alternate

Synt hesi s of the Met -con und, Pr epar and, Characterized in
Exanpl e 3 by Li gand L‘% ‘%écggsﬂ’fe&ngaﬁé{a%érﬂ?ﬁ%@?g?wn&mﬁ i ng Conpounds
I ncluding Diff Qﬁfbﬂkatﬁﬁéfﬁi@édrliei?@ﬁ ate3nddrfoRited By fb@ér&ldellﬂ afad%nnﬁty%& ifttacichl enk
flask was charged with 0.50 g of bis(N-tert- but{l-

tert-butyli¥ novyerzlrp%mi’éailyzn%qxa%) PR Radifiea lgnwﬁ@ﬂt;raﬁgnszlts thys of bi s(N 30
I sopropyl - (4-1 sgoL g kthb%lq 5@5&911%@%@‘@& g)tﬁé aﬁ{’g ihﬁ.({‘d frdm and 20
SO or our

nmL tol uene. The resutln on was refluxe t en vol atil es
were renoved i ntheswmpe an&slmatm:ﬂt]as afvettie. rleﬁmhtdlheglnﬁe’sﬂood\/t}mbthlmnwaﬂ;losubm tted

38 WO 20071002674 PCI/ 6/ 0249 an and t he
resul ts indi cat’SHHBP E%ZWE’FQP@ %Tltfd gy e)%ﬁ‘ﬂﬁ(‘?ét%? ErBSinbs Baa
bi s(N-t ent - but ydxafrics @éttfoRtihatkining @at srcRRRABFlePand embodiments are presented

am nat o) stronti um bi s(N-i sopropyl - (4-isopropylim no)-2-penten-2-

ani nat o) st r@nhWﬂW)ﬁP | epplsoply with £ GmmﬂFhWYRﬂ}lefﬁWéﬁpbelﬁmt%t o) (N-tert
5 butyI (4-terts to)strontium wth approxi mately
a 0.3 ratio of rgtldgl?l% % arﬁe?é}nt%se?loﬁogﬁtyl i m no) - 2- pent en- 2- am ne.
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The conpl ete disclosures of the patents, patent docunents, and publications
cited herein are incorporated by reference in their entirety as if each 10
were individually incorporated. Various nodifications and alterations to
this invention will becone apparent to those skilled in the art w thout
departing fwemorbérgrsscope and spirit of this invention. pCt/ustsbdodre
understood that this invention is not intended to be unduly limted by the
illustrative enbodi ments and exanples set forth herein and that such
exanpl es and enbodi nents are presented 15 by way of exanple only with the
scope of the i NVkahisdrimiedisended to be linited only by the clains set forth
herein as follows. 39 WO 2007/ 002674 PCTI US20061 024997 What is clained is:
1. Anethod of formng a netal -containing |ayer on a substrate, the nethod
conpri sing: prdviddinatodoSishaingatestalproatsihdigya onapubstds] e méthgl at | east one
conmpound of the fornula (Formula I): RR R | ~N R3 MyzLn-x N/x R4 R
wherein: Mis ¥BPEt&d fromthe group consisting of a Goup 2 netal, a
Goup 3 netal, a Lapihaiddesubaile; conbi nations thereof; each L is

i ndependently an anionic Tigand; "~ each Y is independently a neutral |igand,
n represents the vabP®inga waper eymprisingnbieast;one gompoind@ftie foonwle; xis from|

to n; and (Formula I):

wherein:

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

each L is independently an anionic ligand;

each Y is independently a neutral ligand,;

n represents the valence state of the metal;

z is from 0 to 10;

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 one or more of the following apply:
R! is different than R’, or R? is different than R*;
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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each R, R2, R3, R4, and R5 is independently hydrogen or an organic group;
with the proviso that one or nore of the following apply: Rl is different
than R5, or R2 is different than R4; and contacting the vapor conprising

the at |east one conmpound of Formula I wth the substr a
netal-contéWﬂFﬂﬁmﬁﬁggr on at |east one surface of the g%ﬁ@%&?@@ﬁgging a
vapor deposition process. 2. The nethod of claim1l wherein each R, R2, R3,
R4, and R5 is independently hydrogen or an organic group having 1 to 10

carbon atons. 40 TYO2804/20R6 4 ifeldi/RR2A0 Qﬁ@@%ﬁdR3=t;hgug@thod of claim?2
wherein Rl= isopropyl; and RS = tert-butyl. 47 The nethod of claim 2 wherein

RR = R4 = nethyl; and R3 = H 5. The nethod of claim4 wherein RL =
i sopropyl ; and 4R§"hzn§eﬁ{ot ’ot?UltaXﬁzx&erJrﬁ]ﬁ2= @anetﬁ%- daj{{m__h wherein at | east
ed F Fom fi [ a ha )

one L is selecte hé "grodp consisting 0O i de€, an al koxi de group,
an am de group, a nercaptide group, cyanide, an al kyl group, an am dinate

group, a guani dinate graqup,, an isoureate,  group, 3-di ket onate group, a
G3- i mi noket onage betfg}od&@(ﬂ@lraﬂwé}er% Prét:éS"@F%g,an‘?gélﬁt‘?fé‘gﬂﬁyﬁati ons t hereof.
7. The nethod of claim6 wherein the at |east one L is a (3-diketimnate
group having a structure that is the same as that of the G3-diketimnate

| i gand shown i 1§ ThHemrethiod of clagn 1 Trhereieetieast ofe loisselerted floar he grauhe at | east

one Lisa (3-di J: u ving a structu th i.S..different than
that of the 0 EorutrRBhEpdie' ROl 3h atide g H ¥l b8y o
cl ai m 8 wher ei ryiride, at alkglagbum AR aniditat@g®yprieduanidindte glolggth tlotehte group. 10.
The met hod of cl ai mﬁ vi/nerei n the %t_ lleast one L is aq uynsyn netric [ 3-
di ket i mi nate giERT: @ k-fiketnate gEouny A Pominaksionsts egver BR-dIGiMatesodhe v i s
sel ected from the . GhSHRIonS Hesdogt i Ng of a carbonyl, a nitrosyl, anmmonia, an
am ne, nitrogen, a phosphi ne,

7. The method of claim 6 wherein the at least one L is a B-diketiminate group

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

Formula I,

8. The method of claim 6 wherein the at least one L is a B-diketiminate group
having a structure that is different than that of the B-diketiminate ligand shown

in Formula I.

9. The method of claim 8 wherein the at least one L is a symmetric B-

diketiminate group.

10. The method of claim 8 wherein the at least one L is an unsymmetric p-

diketiminate group.
11. 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.
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an al cohol, water, tetrahydrofuran, and conbi nations thereof. 41 WO
2007/ 002674 PCT/ US2006/ 024997 12. A method of manufacturing a sem conductor
structure, the method conprising: providing a senm conductor substrate or

substrate assenbly; providing a vapor conprising at |east. one c ound of

t he fornulgW)FPHWﬁﬁVa 1) R2 R N1\ R3CJ M zLn-x PéTnﬁﬂﬁﬁgﬁgaherein: M
is selected fromthe group consisting of a Goup 2 netal, a Goup 3 netal,

a Lant hani de, and conbinations thereof; each L is independently an anionic

l'igand; each Yi rﬁ&%ﬂ?ﬁﬂﬁ%ﬁ?gQ%grﬁfc)a(hclidglc?@%turenthé%ﬁﬁ)ﬁent s the val ence

state of the nmetal; z is from rom1l to n; and each R, R2,
R3, R4, and R5comprsmgependent|y hydrogen or an organic group; wth the
provi so that one or_nore of the follow apply:. 'R is.different than R5,
or R2 is different ?rﬁﬁlﬁhnﬁéﬁsemé??&d‘é‘it?ré&ﬁ%& ?[)rﬁggs\?&f)eoﬁsse{%’rlrbri sing the at |east
one conpound of For pagkididg d @pot EenERIHGOTELH GhE Eoripdiml Bt femaalbst rat e
assenbly to forma netal-containing |ayer on at | east one surface of the

seni conduct or §iM&tledi'e or substrate assenbl y using a vapor deposition
process. 13. The nmethod of claim 12 gurtﬁpr conprising providing a vapor

conprising at R |
N
( R—(——-M¥.L,,
N X
R4 |

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 is from 0 to 10;

x is from 1 to n; and

each RL, R?, R®, RY, and R® is independently hydrogen or
an organic group;

with the proviso that one or more of the following apply:
R! is different than R®, or R* is different than R*;
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.

13. The method of claim 12 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and directing the
vapor comptrising the at least one metal-containing compound different than

Formula I to the semiconductor substrate or substrate assembly.
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| east one netal -contai ning conpound different than Fonnula I, and directing
the vapor conprising the at | east one netal -containing conpound different
than Formula Ito the sem conductor substrate or substrate assembly. 42 WO
2007/ 002674 PCT/ US2006/ 024997 14. The nethod of cl ai mg,g wgﬂg 21399t,he met al
of the at MAMW/HRE et al - containing conpound differenf<t rrrul al is
selected fromthe group consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, My, A,
and conbi nations thereof. 15. The nethod of claim 12 further conprising
providing at | east one reaction gas. 16. The nmethod of claim 12 wherein the
vapor deposition process is a chem cal vapor deposition process. 17. The
met hod of cl ai h¥.1Pheshethed of dlaim 1ﬁa‘f§b¢reldé1pﬁmﬁtﬂi orihpatdessteneimetan atomic | ayer

deposi ti o pr o6esanAOURLLA NG A BlUEAl i f sHERORRugughes. 18 A et hod

of formng a ne ni ng yer Bn 58U conpri si ng:

provi di ng a subaistseihgof Tir Ta,iRl] H 72, R bt MpoAprand cogbiattidme alsgreadne conmpound of
the formula (Formula Il): RB3 Rz R4 NR RS~-N 6 MyzLn-2 R7~( , NWRto Rs
wherein: Mis selected fromthe group consisting of a Goup 2 netal, a

G oup 3 netal, 18 tRLBAN Qﬁelalﬁ{lﬁ ﬁl?tﬁélmoﬂ@h‘sﬁig ProvitBh A leasEtdtedetivs

i ndependently an anionic |igand,
gas.

16. The method of claim 12 wherein the vapor deposition process is a chemical

vapor deposition process.

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

layer deposition process comprising a plurality of deposition cycles.

18. 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 II):

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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WO 2007/ 002674 PCT1U320061024997 each Y is independently a neutral |igand;
n represents the valence state of the netal; zisfromOtolO;, each R, R2,

R3, R4, R5, R6, R7, Rs, R9, and R10 is independently hydrogen or an organic
group; RlL = R5, R = R4, R6 = RIO, and R7 = R9; and the two (3-diketim nate
| i gands sh@wobfook@umul a 11 have different structures;pemds2oomedti ng the
vapor conprising the at |east one conpound of Fornmula Il wth the substrate
to forma netal -containing |ayer on at | east one surface of the substrate
usi ng a vapor deposition process. 19. The nethod of claim 18 wherein each
R3, R2, R3, R4, R5, R6, R7, R8chRdsindependeily ajnsuiraldigpedident |y hydrogen or an

organi ¢ group haV| ng Ito 10 t d of claim19
wherein RL = RS = tent-butyl Wﬁﬁ%ﬁ%ﬁégtlso ropy‘{gp 21. The net hod of

claim 19 wherein R2 = R4 = RZisfiB& O=tortet hyI and R3 = RB = H 22. The

met hod of claim 21 wherein RL = 5 lerk- Iy i sopropyl. 44
WD 2007/ 002674 PCTI US2006/ 024‘9@17555\3 IE Rofﬁrrgmﬁ“éé?tu Bing a

sem conductor structure, the nethggie gr%mygyd@ggen%gﬂb@aﬁqg gioupeMm conduct or
substrate or substrate assenbly; 5prow di Qg 3, vag) qQnprising at |east one

compound of the formula (ForknR,RIER RR gard 6 , L"-2
the two B-diketiminate ligands shown in Formula IT have

different structures; and
contacting the vapor comprising the at least one compound of Formula II
with the substrate to form a metal-containing layer on at least one surface of the

substrate using a vapor deposition process.

19. The method of claim 18 wherein each R!, R%, R®, R*, R>, R® R7, R®, R®, and

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

20. The method of claim 19 wherein R! = R = sert-butyl; and RS =R =
isopropyl.

21. The method of claim 19 wherein R?> = R* = R” = R’ = methyl; and R®*=R% =
H.

22. The method of claim 21 wherein R! = R’ = tert-butyl; and R = R0 =
isopropyl.
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R-, \r 7 8 JN-Rio0 RRs'= RO wherein: Mis selected fromthe group
consisting of a Goup 2 netal, a Goup 3 netal, a Lanthanide, and
conbi nati ons thereof; each L is independently an anionic ligand; each Y is

|ndependent a neutral ligand; n represents the vale t he

met al ; %XQV@W¥6*to 10; each Rl R2, R3 R4, RS R6, ?Eggﬁég&ﬁm&% R1O is
independently hydr ogen or an organic group; Rl=R5, RR = R4, R6 = R10, and
R =R9; and the two P-dilcetimnate |igands shown in Formula Il have

different struygt Wrﬁ&ho@&ﬁn&ﬂxff&%ﬂd%% deffco@RAr seRoMre Bletbiidae at | east one
- conpound of Formula Il to the sem conductor substrate or substrate assenbly

to formda met &Dmﬁ!@ﬁﬂal ning layer on at |east one surface of 'Ejhe o
o ocess, 45 w0 2007 GbDuhs BT USbERaBAER outiRl e BTRCY OF e i m 23

further conpri si ngppiviing Agpod coraprising iqast e kgmadund «Falsd foanda

netal -containing c ound different than Formula Il, and directing the
vapor conpri si t least one netal -containing conpound di fferent than
Formula Il to the sem conductor substrate or substrate assenmbly. 25. The

Rfhe at |east one metal - containing
el ected fromthe group consisting of
Ti, Ta, Bi, H, zr, Pb, No, My A ahy_ caibinations thereof. 26. The method
of claim 23 further conprising prvidi at | east one reaction gas. 27. The
met hod of claim 23 wherein ther¥apor \deposition process is a chenical

MYan-Z

met hod of claim 24 wherein the ne of

conpound different than FornulLa |1

wherein:

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

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

each R, R%, R, R*, R*, RS, R7, R, R®, and R is
independently hydrogen or an organic group;

R'=R’, R*=R% R°=R", and R’ =R’; and

the two B-diketiminate ligands shown in Formula II have
different structures; and

directing the vapor comprising the at least one compound of Formula II
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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vapor deposition process. 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 the formula (Fornula I):
RR Rl 1 (N  R3CMW.L-x Nx R R wherein: Mis selected fromthe
group consiGhdonsn2efs @ Goup 2 netal, a Goup 3 netal, perisnvdenasce, and
conbi nations thereof; each L is independently an anionic ligand; each Y is
i ndependently a neutral ligand; n represents the valence state of the
metal; zis fronDto 10; x is froml| to n; and 46 WO 2007/ 002674

PCTI US2006/ 022497he maibpd o claimp?3 frgherramprisiae ROVIdng & He9E AOIBPHISINE 26y dr ogen or

an organic gr ; vi, ng}ﬁi ng apply:
R is di ffere%?ﬁoﬁaﬂe%‘})wﬁaﬁjﬁgc Bgﬁj{b?&égge%ﬁ@tﬁ%a ?aqflféti%lf&&ng% ound of

cl ai m 29 wher eapor e@mjmsﬁhgthREﬁ;lempnMaahmitefRSngsomprdmﬂelrfoheﬁtlthanhydr ogen or an
organic group havi n to 10 c rbon atons. npound of cl aim 30
wherein Rl F%Bﬁl%g)}? theéﬁ‘?}m% uct(lréPthtrﬂ'iﬁtOWUbStr%tf assfﬂ’é?corrpound of claim30
wherein R2 = R4 = net hyI and R3 = H 33. The conpound of claim 32 wherein
R = isopropyl; and R5 = tert-but 34. The conpound of claim 29 wherein M
i s selected fedrdiacthpdofrleion Wgﬁ:rﬁg theghetalof thy at 1ggat ongrmetalonbi nat i ons

thereof. containing compound different than Formula II 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.

27. The method of claim 23 wherein the vapor deposition process is a chemical

vapor deposition process.

28. The method of claim 23 wherein the vapor deposition process is an atomic

layer deposition process comprising a plurality of deposition cycles.

29. A compound of the formula (Formula I):

R: R
|
N
( R ( MY, L, .
N X
RY s

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 ton; and
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‘he“Conpound of claim29 wherein at least one L is selected fromthe

grbup consisting of a halide, an al koxi de group, an am de group, a

mer capti de group, cyanide, an al kyl group,

guani di nate group, an isoureate group, a

(3-1 m nokefnas-osyPup, a (3-diketimnate group,
36. The conpound of claim 35 wherein the at

0- di ket onat e group,

an am di nate group,

a

and gaignedsioens? t her eof .
| east one L is a G3-di ketimnate

group having a structure that is the same as that of the (3-diketimnate
ligand shown in Forrmula |I. 37. The conpﬁ

least one L is a f3-diketini watheR’, BF,dpR
"Tgilc 0Qlwnin Formula |I. 47 WD

than that of the (3-diketimnate 51119%
2007/ 002674 PCT/ 1JS2006/ 024997 38.

The conpound of claim29 wherein
consi sting of a carbonyl, a nitrosyl,

anmoni a, an am ne,

und of claim35 wherein the at
avd Rgisdandspendently bydrpgan ars di f f er ent

onpbund of claim 37 wherein the at
| east one Lisa symetric f3- wiihkht priovisatiat grecdtmmordf thé iellavanpapiyd of cl ai m
37 wherein the at least one L is gﬁigggégmaﬁﬁé?;ﬁkzdlk timna

PER 15 dLkEereny than

nitrogen, a

e group. 40.
t he group

phosphi ne, an al cohol, water, tetrahydrofuran, %gd conbi pations thereof.

41. A method o¥0. fikicagpaunreefalaimdStvaicndimeach Fapll

, R ped Reishod

conpri sing

) 2R RO SRR ek FTBRWPOARES B bR P O e

for an anionic ligand L; optionally a source for a neutral

metal (M sour

ce; . . .
31, The compound of claim 30 wherein R! = isopropyl; and R = tert-butyl.

32. The compound of claim 30 wherein R* = R* = methyl; and R* = H.

33. The compound of claim 32 wherein R! = isopropyl; and R’ = tert-butyl.

ligand Y; and a

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

of Ca, Sr, Ba, and combinations thereof.

35. The compound of claim 29 wherein at least one L is selected from the group

consisting of a halide, an alkoxide group, an amide group, a mercaptide group,

cyanide, an alkyl group, an amidinate group, a guanidinate group, an isoureate

group, a B-diketonate group, a B-iminoketonate group, a p-diketiminate group,

and combinations thereof,

36. The compound of claim 35 wherein the at least one L is a B-diketiminate

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

shown in Formula 1.

37. The compound of claim 35 wherein the at least one L is a P-diketiminate

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

shown in Formula 1.
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wherein each R, R2, R3, R4, and R5 is independently hydrogen or an organic
group, with the proviso that one or nore of the following apply: R 1is
different than R5, or R2 is different than R4; and wherein the netal (M
source is selected fromthe group consisting of a Goup 2 netal source, a

G oup 3 nelwa weAWiae, a Lant hani de netal source, and CcuOTUS26661024987 t her eof ,
under conditions sufficient to provide a netal -containing conpound of the

formula (Formula 1): 2 Rl I N 3 R MZIn X N/" RA Rs 48 WO 20071002674
PCT/ US20061024997 wherein R3, R4, and R5 are as defi ned

above, n repr e%geﬁlfl@Cﬁﬁéowcﬁﬁ@éﬂ%aﬂ@re@ﬂhﬁﬁﬂeﬁsﬁﬁ?Llsza$3§m¥1?t8ﬁ430 to 10, and x

is from1lto J thod of claim41l wherein the netal (M source
1 t
conprises a l\/( <3&1%Ba ?ﬁ) g:met hyl di si |l azane), a MI1)

bi s(I rexanet hyl di sil azane) bi s(t et rahydr of uran), or conbi nations thereof. 43.

G S Ba, ankt: CURSPRBENGHS LHECT e oa ret RBL A HuRvRgee - 0

met al - cont ai ni ARetEOARO AP, t he met hod conprising conbining conponents
conprising: a conpound of the formula (Formula I): R2Z Rl N3 R WZL"-x N
Ra R5

40. 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.

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

a ligand source of the formula (Formula IIT):

or a tautomer 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 one or more of the following apply: R’ is
different than R®, or R? is different than R*; 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):

Rl

2
|
N
< R’ @—szn_x
N X
4 l
R R’
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and a corrpoun“d of t'he f or mul aw(“i':'or rruyl a Vl):

wher ei n:
Goup 3 netal, a Lanthanide, and
i ndependently an anionic |igand;

each n repwesRtid@dslne val ence stat

49 WD 2007/ 002674 PCT/ US2006/ 024997

R4, R5, R6, R7, R8, R9, and R10 is
group; and the J3-di ketimnate Ii

have different strudhaeindd, lniYt R (RfeRp RovangR

fol | ow ng appl;

different t han&ffﬁéﬁts t;léﬁ@gﬁce%%?%]#feﬂtrl%%?t

to provide a netal -
R

cont ai ni ng conpound of

R7 R6 R8 MYzl n-x

combi nati ons thereof; each L is

each Y is independently a neutral
e of the netal;
each x is from1l to n;

in Fornmul a |
ta@aes dsfisedrboydrie of t he

Cais B 0% Bl

gands shown

bis(hexamethyldisilazane), a M(II)

bis(hexamethyldisilazane)bis(tetrahydrofuran), or combinations thereof.

43. The method of claim 41 wherein M is selected from the group consisting of

Ca, Sr, Ba, and combinations thereof.

44. A method of making a metal-containing compound, the method comprising

combining components comprising:

a compound of the formula (Formula I):

N
MY,Ly«
N X
s
R ; and

a compound of the formula (Formula VI):
RY 1'16
g N
R (——} MY, Ly
N X
R9 Illl 0

each M is selected from the group consisting of a Group 2

wherein;

metal, a Group 3 metal, a Lanthanide, and

combinations thereof;

each L is

independently an anionic ligand,

each Y is independently a neutral ligand,

each n represents the valence state of the metal;

each z is from 0 to 10;

49

N x R~
each Mis selected fromthe group consisting of a Goup 2 netal,

ol R4, R6

tlons "sufficient
the formula (Formula I1):

RSN~ EZL r)l:hze métﬂol\(!l of claim 41 wherein the metal (M) source comprises a M(II)

Rto

| i gand,;

eachrerusodoroeam® to 10;
each R,

a

R2, R3,
i ndependent |y hydrogen or an organic

and Fornul a VI

is

R3 N,



RI~{"NRio R8 RO wherein M Y, L, R7T 2, RB R4, RS R6 R7 RB R9, RL0O n, and z
are as defined above. 50 WO 2007/002674 PCT/ US2006/ 024997 45. A precursor
conposition for a vapor deposition process, the conposition conprising at

| east one conpound of the formula (Formula 1): R R I N C R3 CxMvzlnx N
X R R4 5 woheRbdd7y Mis selected fromthe group consi sidrigaboseé oup 2
netal, a Goup 3 netal, a Lanthanide, and conbinations thereof; each L is

i ndependently an anionic ligand; each Y is independently a neutral |igand;
n represents the val ence state of the netal; =z is fromO to 10; x is from1l
to n; and each R, R2, R3, RdachansfiR8 liteni ndependently hydrogen or an

CsTai tferent than RS, or Re FEi rReRart Ri i Boahkedtpound of the
formula (Formula I1): R3 R2 R4 iindependently hydrogen or an organic group; and
the -diketiminate ligands shown in Formula I and
Formula VI have different structures;
with the proviso that one or more of the following apply:
R!is different than R>, R? is different than R”, R¢
is different than R'°, or R7 is different than R;

under conditions sufficient to provide a metal-containing compound of

the formula (Formula II):

R R
Rr? .
ar
O \
MY, L

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

above.
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NCR RS N6 Myzr -2 /(N R7~\ NNRto Rg 9 51 WD 20071002674

PCTI US2006/ 024997 wherein: Mis selected fromthe group consisting of a
Goup 2 netal, a Goup 3 netal, a Lanthanide, and conbinations thereof,
each L is independently an anionic ligand; each Y is iﬁ&ggengently a

neutral [WQaWFY26H represents the val ence state of th&C

q()? 1P¥7strom

0t0l0; each R RZ R3 R4, RS R6 R7 R8 RO and R10is independently hydrogen or
an organic group; R =R5, R2 = R4, R6 = R10, and R7 = R9; and the two

R-di ket i nays i gaase: ShAWAIdh (5O AithRsdosflBN Sroodl e EaBbotisict ur es. 47.

The conpound of

alm 46 ereln ea R7, R8, RO,

and R10 is i nospeasigestti¢ast tnechoogemdeof thamfoomglafFamgtaoll)p having 1 to 10 carbon

atons. 48. The conpound of claim 47 vvhe[ei n RL = RS =tert-butyl; and R6
R10 = isopropyl. 49. The conpoungiof B

aim47 wherein R = R4 = R7T = RO

methyl; and R3 = RO = H 50. The c und of claim49 wherein RL = RS =

tert-butyl; and R6 = R10 = [isgpro 51. l\}?;(lcorrpound of claim46 wherein
Mis selected fromthe group consi Lng Jo J-*Sr, Ba, and conbi nations
t her eof . . l
R 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;

x is from 1 ton; and

each R, RZ R} R* and R®is independently hydrogen or
an organic group;

with the proviso that one or more of the following apply:
R! is different than R’, or R? is different than R*,

46. A compound of the formula (Formula II):
3

R 22
R? |
[~ N\4-R

N

R
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52. A nethod of nmaking a netal -containing conmpound, the nethod conprising
~conbi ni ng conponents conprising: 52 WD 2007/ 002674 PCTI US2006/ 024997 a
| i gand source of the fornula (Fornmula I11): R Rk R3 N H=N R4 Rs or a

tautonmer thereof; a ligand source of the fornula (Fornula IV): R6 R8 =N
H N RO ' RO u07/8026Hut omer thereof:; optionally a sour CBCT/H?M%OZ&?Wom c
ligand L; optionally a source for a neutral ligand Y; and a netal (M

source; wherein each R R2, RBRA RSR6 R7, R, R, and R10 is
i ndependently hydrogen og an organic group; R = R5 R2 = R4, R6 = R10, and
R7 = R9; and the |igand 8tfces shown in Fornula Il and Formula IV have
different structures; and V\A‘mﬁ@sdrectelaqrdﬁﬂqaIgrc(didbcoﬁﬁstfnge)fiaﬁrsqiEct ed fromthe
group consisting of a Goup 2 netal source, ﬁ n&t source, a
Lant hani de netal source, and conﬁ?%@t"i@??élpt?’ﬁ’é‘?t%l& La’&? #ade. @hdi t i ons
sufficient to provide a netal - contgjBifAgonsGRaRFUNd of the fornmula (Formula
1) RBRR RR R5 N1

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

each R', R4 R%, R* R°, R, R”, R, R®, and R" is
independently hydrogen or an organic group;

R'=R’, R?=R*% R®=R", and R” = R’; and

the two PB-diketiminate ligands shown in Formula II have

different structures.

47. The compound of claim 46 wherein each RL R R RY R, Ré R7,R% R’
and R'? is independently hydrogen or an organic group having 1 to 10 carbon

atoms.

48. The compound of claim 47 wherein R! = R® = ter-butyl; and RE=R'0 =
isopropyl.

49. The compound of claim 47 wherein R? = R =R’ = R? = methyl; and R =
R®=H.

50. The compound of claim 49 wherein R' = R’ = tert-butyl; and R° =R’ =

isopropyl.

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

of Ca, Sr, Ba, and combinations thereof.

52. A method of making a metal-containing compound, the method comprising

combining components comprising:
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MYYLi"2 R7 r 8 NRlo R$ RO wherein M Y, L, R, R2, R3, R4, R5, R6, R7,

R8, R9, and R10 are as defined above, n represents the valence state of the
netal, and z is fromO to 10. 53 WD 2007/002674 PCT/ US2006/ 024997 53. A
met hod of naking a netal -contai ning conmpound, the netho IS4

conbi ni ng é%ﬁﬁ%ﬁ@ﬁ?%’conprising: a compound of the forn&Fg gbﬁﬁﬁg 1): R 2
RRN ( RBCG MY'Lh-x Nx RA RS and a conpound of the formula (Formula
VI): R R N ( R8 MYZLh-x Nx RO R1L wherein: each Mis selected fromthe
group consisting of a@ghfdddRred of MR BImulA(FetAR 18):met al , a Lant hani de, and
conmbi nati ons thereof; each L is independently an anionic ligand; each Y is
i ndependently a neutral Ii d; e®'h n represents the val ence state of the
netal; each z is fromOypso —ach R RZ R3 R4 RS R6 R7T RS RO and R10 is

i ndependent|y hydrogen or or gani ¢ group;

or a tautomer thereof,

a ligand source of the formula (Formula IV):

RY h:s
R8 =N

H —

R’ RY or a tautomer 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*, R®, R®, R7, R®, R®, and R" is independently
hydrogen or an organic group; R' =R’ R*=R?, R®=R", and R” =R’ and the
ligand sources shown in Formula III and Formula IV have different structures;
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 II):

R R
Rr? ,
~er
g \

wherein M, Y, L, R', R% R R* R® R®, R7, R®, R’, and R'® are as

defined above, n represents the valence state of the metal, and z is from 0 to 10.
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R =R5, R =R4, RE =R , and R7 = R9; and the (3-diketimnate |igands
shown in Fornula | and Fornmula VI have different structures; tinder
conditions sufficient to provide a netal -containing conpound of the formula
(Formul a lev %ﬁﬂmﬁEéOO7/002674 PCT/ US2006/ 024997 R3 R RR N R5- N'\
MyzLn-2 R7~\" RES RO wherein M Y, L, R~ RZ R3, R4 RECRAISHOHHN R (),
n, and z are as defined above, and the two P-di ketimnate |igands shown in
Formula Il have different structures. 54. A precursor conposition for a
vapor deposition process, the conposition conprising at |east one conpound
of the formula (Formula I1): RBRR RA'N RL N1 R MzLn-2 1INR7- R'o R

R9 wherein: Ms3s s5ek@64 6mAKREh e S5RHRINGBMpSind) theQhetBodIoaiRishg Metal , a
Goup 3 netal, a Lanthanide, and conbinations thereof;
combining components comprising:
a compound of the formula (Formula I):

1

R 1,1
3 N
( R G—%—Nmrﬂkx
N X
4
R

s
R ; and

a compound of the formula (Formula VI):
6

R, R
N
( RS H MY, L, «
N X
R’ 1’{10

wherein:

each 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;

each n represents the valence state of the metal;

each z is from 0 to 10;

eachR', R, R, R%, R%, RS, R7, R, R?, and R is
independently hydrogen or an organic group;

R'=R’ R?=R* R =R" and R’ = R9; and

the B-diketiminate ligands shown in Formula I and
Formula VI have different structures;

under conditions sufficient to provide a metal-containing compound of

the formula (Formula II):
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each L is independently an anionic ligand; each Y is independently a
neutral ligand; n represents the valence state of the netal; zisfrom
ot0l0; 55 each RLRR RB R4 RSR6 R R, RO, and R10 is independently

hydr ogen or c group; RL = R5, RR = R4, R6 = R10, and R7 =

the two p- dwér}twﬁq%%g te I'igands shown in Formula || have %ﬁ?”f%?@ﬁ’tzww
structures. 55. A ligand source of the Fornmula (11l): 2 RLRBRN HR4 RS
or a tautoner thereof, wherein each R, R2, R3, R4, and R5 is independently
hydrogen or an alkyl noiety having ,1 to 10 carbon atons, with the proviso
that one of nore of the follow ng pIy RL is d|fferent than R5, or R2 is
different than R4, and wherein er -butyl and R5 = isopropyl. 56. A

| i gand source of the Fornula (F IR N HRa Rs or a tautoner

t hereof, wherein each R, R2, R3, adﬂ &% i s independently hydrogen or an
al kyl noiety having | to 10 cagpghla\ons with the proviso that one of nore
of the followng apply: RL is iffer than R5, or R2 is different than
R4, and wherein R2 = R4 = nethy and 2L H. 57. The ligand source of
claimb56 wherein R = tert- buty 5 = isopropyl. 58. A method of naking

a (3-diketimnate |Iigand sourcg//2%>=4€ od conpr|5|ng

wherein M, Y, L, R', R%, R R R, RS, R", RS RO, Rlo, n, and z are as defined

above, and the two p-diketiminate ligands shown in Formula II have different

structures.

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

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

R3 R2

R :
ne
N

wherein:

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

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;
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conbi ni ng conponents conprising: an amne of the fornmula RINH2; a conpound
of the fornula (Formula V): 56 RZ-O RBN,H R4 Rs or a tautoner
thereof; and an al kyl ati ng agent, under conditions sufficient to provi de a
i gand source of the forrmula (Formula Il11): RZ RL R3 N R RS or a tautoner
t hereof, wherein each R, R2, R3, R4, and R5 is independently hydrogen or an
al kyl moiety having 1 to 10 carbon atons, with the proviso that one of nore
of the following apply: R is different than R5, or R2 is different than

R4, and wherein R = tert-butyl and R5 | sppr.o0
each R¥ Si 3 , R’ R6 P% lgyandR is independently

hydrogen Or an organic group;
R'=R’, R?=R%, R°=R", and R"=R’; and
the two B-diketiminate ligands shown in Formula II have different

structures.

55. Aligand source of the Formula (II0):
R R!
rRL_ ~—N
H
—N
R RS
or a tautomer thereof,
wherein each R!, R?, R?, R?, and R’ is independently hydrogen or an alkyl moiety having
1 to 10 carbon atoms, with the proviso that one of more of the following apply: R'is
different than R’, or R? is different than R, and wherein R' = terr-butyl and R® =

isopropyl.

56. A ligand source of the Formula (III):
R R!
R =N
H
=—N
R '’ or a tautomer thereof,
wherein each R', R%, R®, R?, and R’ is independently hydrogen or an alkyl moiety having
1 to 10 carbon atoms, with the proviso that one of more of the following apply: R'is

different than R®, or R? is different than R*, and wherein R> = R* = methyl, and R* = H.
57. The ligand source of claim 56 wherein R' = fert-butyl and R’ = isopropyl.

58. A method of making a B-diketiminate ligand source, the method comprising
combining components comprising:
an amine of the formula R'NH,;

a compound of the formula (Formula V):
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or a tautomer thereof;, and
an alkylating agent, under conditions sufficient to provide a ligand source of the

formula (Formula III):

, or a tautomer thereof,

wherein each R', R?, R, R*, and R’ is independently hydrogen or an alkyl moiety
having 1 to 10 carbon atoms, with the proviso that one of more of the following apply:
R!is different than R®, or R* is different than R*, and wherein R' = tert-butyl and R’ =
isopropyl.
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