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Premat urje, gas phase reactions are_desirably avoided, and it rally 1s 20
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potenti gl ly useful netals do not form conpgunds which are well suited
for CVD| &) 3RaKPsSONE source reagents arefgalids 25 which are anenable to
subl i mat{i on ToY99as- phastudk i9H@RRLSH | Nt oy he With thee¥hdridn§1 3akceporst NE

subl i matf{i on tenperature may be very cl ose o deconposi tion

t enper at or g pegin to deconpose in the
lines | egﬁf‘r&?&@%ﬁb b? %ﬁiﬁég&gﬁﬁ nen becones difficult to
control [the st@i(@hi onetry of the deposited|{filns. 30 )

Accordir there.j copt iL,nyi n arch, in the art for inproved

source r?&é@“&%@%&%@%&%ﬁ%‘gﬁmm e to vaporization to
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(54) Title: METAL COMPLEX SOURCE REAGENTS FOR CHEMICAL VAPOR DEPOSITION
(87) Abstract

A metalorganic_ complex of the formula MAyX, wherein M is a y-valent metal; A is a monodentate or multidentate organic ligand
coordinated to M which allows complexing of MAy with X; y is an integer having a value of 2, 3 or 4 each of the A ligands may be
the same or different; and X is a monodentate or multidentate ligand coordinated to M and containing one or more atoms independently
sclected from the group consisting of atoms of the elements C, N, H, S, O and F, The metal M may be selected from the group consisting of
Cu, B_a, Sr, La, Nd, Ce, Pr, Sm, Eu, Th, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Bi, T1, Y, Pb, Ni, Pd, Pt, Al, Ga, In, Ag, Au, Co, Rh, Ir, Fe, Ru,
Sn,. Li, Na, K, Rb., Cs, Ca, Mg, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W. A may be selected from the group consisting of B-diketonates and
their sulfur and nitrogen analogs, B-ketoesters and their sulfur and nitrogen analogs, cyclopentadienyls, alkyls, perfluoroalkyls, alkoxides,
perg:ixorg]alkoxldes, and Schiff bases. X may for example comprise a ligand such as tetraglyme, tetrahydrofuran, bipyridine, crown ether,
or thioether.




formthe source conponent vapor for CVD processes, for applications

such as the formation of diffusion barriers, conductors, dielectrics, 35
protective coatings, phosphors, electrolum nescent structures,
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ferroelectrics, giant magnetoresistive filnms, corrosion-resistant fil ns,
and m xed netal filns. In the l-c[hem' cal vapor deposition of
mul ti conponent material 5 systens, multrple source reagents are

delivered to the CVD reactor. A particul arly advant ageous w&
del i vering mul ti (MEEAL COMPLEXISOURCE REAGENTSFOR CHEMECALI qui d
source reagents or liquid soluti OV R DEPOSITTON €agents and then flash

vaporize the m xture and deliver t resulting vapor to the reactor.
It i3 possible in this situation for the 10 reagents to undergo reactions,
either in the liquid phase before vapori zation or in the gas phase
after vaporization. If these reacti orBESCRIPION/ert a source reagent to an
i nsol’ubl e or qlon vol atile product, or to a material of different

chem cal or physj cgl Eroaertles then the el enents contai ned in that
product wl|l not & ¥ rate and the 15 stoichionetry of the
deposited filmwll be i ncorrect Exanpl es of this problem
(wherein Et is ethyl;y 'tk | prygpy hd S
t et ramet hyl hepta edi onat | nénl?udle ﬂﬂm ge?;i:ﬁ &ldt@& tB Itheﬁﬂgh& 1)
during depositio eqsamm {e P?&@PF\?F 1@1%9‘?!”“ ﬁ@d( I}‘E es Z‘P’Pﬁh&?}'ﬂ

and Ti (O Pr)¥0 sousefal ireabemical vapgadepesitiom (G¥D) grogesses; fre £OrmeationTiof

reagents resul t egdidl g{sna{ LtRtesZr (O Pr)4 (and perhaps other products
of which Zr(G Pr)lerr] 1s a nmononer), which had very low volatility and 25

whi ch condensed in the gas manifold or vapori zer;

Description of the Related Art

15 CVD requires source reagents which are sufficiently volatile to
permit their gas phase transport into the decomposition reactor. The
source reagent must decompose in the CVD reactor to deposit only the
desired element(s) at the desired growth temperature on the substrate.
Premature gas phase reactions are desirably avoided, and it generally is

20 desired to controllably deliver source reagents into the CVD reactor to
effect correspondingly close control of stoichiometry.

Many potentially useful metals do not form compounds which

- are well suited for CVD. Although some source reagents are solids

25 which are amenable to sublimation for gas-phase transport into the

CVD reactor, the sublimation temperature may be very close to

decomposition temperature. Accordingly, the reagent may begin to

decompose in the lines leading to the CVD reactor, and it then becomes
difficult to control the stoichiometry of the deposited films.

30
Accordingly, there is a continuing search in the art for improved
. source reagent compositions which are amenable to vaporization to
form the source component vapor for CVD processes, for applications
. such as the formation of diffusion barriers, conductors, dielectrics,

35 protective coatings, phosphors, electroluminescent structures,



(i1) when solutions of Ba(thd)2 and Ti (G Pr)4 were m xed prior to
vapori zation, an insoluble precipitate was fornmed, presunably

Ba(G Pr)[err]; and 30 (iii) when solutions of Pb(thd)2 and
Ti(QPr)4 vvere m'xed in butyl acetate, the reagents reacted to form
conpounds of d@m physi cal properties, such as Pb(rarArsefesssd and
Tl(OPr)[err](th)[err] 35 Anot her specific exanple illustrating
this problem is the preparation of filns of strontium bismuth

tantal ate and strontium WD 96/ 40690

PCT/ US96/ 09434 bi snut h ni obate ( SrBi %ﬂmr] Ta[err]Jerr] and

SrBi [ err] Np[ er r [f{Sfreeledtrichy giavib magnetoresistiveofilms, cornpsiomrresistandr fibmbectri c
random access HY inBed sl Mais. conmonly used strontium source
reagents are [err]-di ketonate conpl exes such as Sr(thd)2. When a

solution is heated containing the follow ng source 5 reagents for
deposi tion of SrBi[ ein the[dvenfiGlevagor deposition of mglticompgnent] material

Ta(CEt) [err] 5 angstemsBrluthple sviee Qbégeﬁtb—meﬂ‘éﬂvered to thd vshetideal | gands

of the tantalu cha nds of the trontl um
reagent, | eadi ngpagggﬁﬁéyﬁgyﬂﬁ{]a%ﬁ?\us vy OQ%Q{W?F&& W"gk}g © SPPSHOEFER™T Koxi de
speci es that have acsurasedy mix meat jliguid rgurce reagents oanliguidosplutions nof he

vapori zation zongurdd feapemts sl meﬁfvﬂagh vaporiké @h€ xﬁﬁaﬂfyﬂfaadaaanr&oméied

separately in buhbl a X .eac cC in the
gas phase; the rggulﬁig pod'l* gh 5%5@?1 CIFIS.LBOSS‘?:% gaghlflsé? gﬂ @} t he
film stoi chil&rretr'esgents to undergo | yeaglipnsa; eitheystinndles  liguidh Rhagwafgrq:an be
avoi ded by usi ngvaporizatio iy itathel gagplse aftef bﬁpﬂﬂkz&ié‘n t Qf iRdse tehbtadiis

exchange a degengnghs a squrct 8fgeh b bh ifisolubtl B o oISt BRRY o'y 1o
matenal of different chemical or physical properties, then the elements

contained in that product will not reach the substrate and the
15 stoichiometry of the deposited film will be incorrect.

Examples of this problem (wherein Et is ethyl; tBu is tert-butyl;
iPr is isopropyl; and thd is tetramethylheptanedionate) include the
following:

20

(i) during deposition of PbZrxTij.x03, using (Et)4Pb, Zr(OtBu)4,
and Ti(OiPr)4 source reagents, ligand exchange between the Zr and Ti
reagents resulted in formation of Zr(OiPr)4 (and perhaps other products
of which Zr(OiPr)4 is a monomer), which had very low volatility and

25  which condensed in the gas manifold or vaporizer;

(ii) when solutions of Ba(thd) and Ti(OiPr)4 were mixed prior to
vaporization, an insoluble precipitate was formed, presumably

Ba(OiPr)2; and
30
(iii) when solutions of Pb(thd)2 and Ti(OiPr)4 were mixed in
butyl acetate, the reagents reacted to form compounds of differing
physical properties, such as Pb(OiPr)2 and Ti(OQiPr)2(thd)s.
35 Another specific example illustrating this problem is the

preparation of films of strontium bismuth tantalate and strontium
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20 ligand). Examples of this approach include the wuse of
tetraethylorthosilicate, triethylborate and triethylphosphite for
deposition of borophosphosilicate glasses (J. Electrochem Soc., 1987,
134(2), 430). In rrany I nst ances, however, this nethod for avoiding the
‘problemis Noty,® | e because the appropriate conpound doescTngS96/89434
exist, is too uns a e or involatile to be used for CVD, or otherw se has
di sadvant ageous physicochemical material properties. For exanple, for.

deposition of PbZrxTi[err]Oerr], a reagenB systemwith identical |igands
S probl emati c because while Pb(thd)2 and Zr(thd)4 are stable and
vol atil e, 'I}iu(smhldh Aickaes (SrBi2 FapOnt arahBrBi2bpOp Bby €VEX foremse] ipn noN-

sensitive. Simlard B Buy| e e and
volatile, Pb(C B lfé‘e ?rfoevi@cthc r}hé& F%Césuns{'%ﬁeg lt‘ﬁ‘{e Holéra ﬁf}ﬂ;‘é requi red
for wol atilizatiweged strontium Somh@agmtég%ﬁen g %W%CWI%F&ﬁ@hcéﬁntered
in the circunst afxthd)2. Whier # sbheioneisaheated rooatainingethie followringistentcé n a
l'iquid sol utign ?éageﬁ@%f’ég%&%&?m Sx‘B%TﬁU}S noi eties which react with

' ound 't ' '

| i gands of the sou o produce undesirable Iigand

exchange reaction by- products WO 96/ 40690
PCT/ US96/ 09434 Sr(thd)2; Ta(OEt)s5; and Bi(Ph)3 wherein Zh=phenylnhi ch
di splay different physical properties and are involatile or i nsol ubl e.

Accordingly, it is an object of the present invention to provide 5
i mproved netal sther ethoxistegligandsoph she tanfalnmoreagrat exghange withothe thd

correspondi ngp mhgérﬁisarbt WRé abtrontig®@s ehgerityDleatige sr@e&he formation of O her
obj ects and advan

from the ensui ng B?%%S 82%?%9‘2%‘&“ ﬁ%&ﬁ%gﬂf{xg ?!r'ét ¥e § rbdiidoY volatilit§PRe &Mt

SUMVARY OF THE | FeatnernOfecompose in the vaperigatien n@oruenvéﬂtqra#ngeéyse ig: L2
relates to a net ghegé Jfdapents are provided separately in bubblers, similar ligand

exchange reactions occur in the gas phase; the resulting solids constrict
15 the gas lines or alter the film stoichiometry.

In certain instances, such problems can be avoided by using
identical ligands on the metals to make ligand exchange a degenerate
reaction (i.e., where the exchanging ligand is identical to the original

20 ligand). Examples of this approach include the use of
tetraethylorthosilicate, triethylborate and triethylphosphite for
deposition of borophosphosilicate glasses (J. Electrochem. Soc., 1987,
134(2), 430). In many instances, however, this method for avoiding the
problem is not possible because the appropriate compound does not

25 exist, is too unstable or involatile to be used for CVD, or otherwise has
disadvantageous physicochemical material properties. For example, for
deposition of PbZrxTi1-xO3, a reagent system with identical ligands is
problematic because while Pb(thd)2 and Zr(thd)4 are stable and volatile,
Ti(thd)4 does not exist and Ti(thd)3 is extremely air sensitive. Similarly,

30 while Ti(OtBu)4 and Zr(OtBu)4 are stable and volatile, Pb(OtBu)2 is

thermally unstable at temperatures required for volatilization.

The foregoing problems are also encountered in the circumstance

where the metal source reagent is provided in a liquid solution and the

) 35 solvent contains moieties which react with ligands of the source reagent
compound to produce undesirable ligand exchange reaction by-products



conpl ex of the formula: 15 MA[err] X

wher ei n: Mis a y-valent netal; 20 A is a nonodentate or
mul ti dentate organic |igand coordinated to Mwhich all ows

conpl exing of MA[err] with X; y is an integer having a val ue of
2, 3 or 4 wooeosen €ach of the A ligands may be the sanmepotusvsiobgaent ;
and X'1s a nonodentate or nultidentate |igand coordinated to M
25 and contai ning one or nore. atons i ndependently sel ected from

the group consisting of atons of the elemeffts C, N, H .S, Oand F. In
such conmpl ex, Mmay for exanple be selected fromthe group consi sting

of Cu, Ba, Sr, Lwhidid,di€playPdiffeBent physich] pBopeifies yd &, ifivolatile ©m Vb,
Lu, Bi, T, Y, PsobiblePd. Pt., Al Ga, In, Ag, Au, Co, Rh, Ir, Fe, Ru,

Sn, Li, Na, K Rb, GCs, Ca, My, Ti, Zr, H, V, No, Ta, C, M, and W The
ligand A may be selected fromthe group consisting of [err]-diketonates and
their sul fur and nitré&gmudiaght dgis ah ebjdck of dbe tpresenbidnivention toupfawidend

ni trogen anals)gsﬂnﬁﬂﬁﬂe@p t81dis6eS readl V'c%mﬁb%ft‘fdn'dofd}ah{%Wcﬁ oBitoRX loges,

\F;\g gl(sfggggl)kom dcoﬂes%%%dmg mezals aS et gx%les waeé\?ﬂ%roces(s)es éCI'I'?(l:JSgg/eog 434

S (i) 2,2,6, 6-tet ramet hyl - 3, 5- hept anedi onat e;

<1' 3)1 21’21’31’35hS f Pleaﬁ{érwaj Gt R Io@@?é f’maen’aon will be mbtd fally (iv)
epta 0 I e oct anedi iV

cycl opent adi eny! 2P E e hdinthe Wum&l&?d%‘é’ie %Gafﬁ}msm no) bis

( 3- pent ene- 21Q)ne) (vi) pentanet hyI cycl opent adi enyl and

ot her substituted sSU OFTHRINY (vii)

2, 4- pent anedi onat e; and

The present invention generally relates to a metalorganic
complex of the formula:

15
MA, X
wherein:
M is a y-valent metal;
20 A is a monodentate or multidentate organic ligand

coordinated to M which allows complexing of MA with X;
¥ is an integer having a value of 2, 3 or 4
each of the A ligands may be the same or different; and
X is a monodentate or multidentate ligand coordinated to M
25 and containing one or more atoms independently selected from
the group consisting of atoms of the elements C, N, H, S, O and F.

In such complex, M may for example be selected from the group

consisting of Cu, Ba, Sr, La, Nd, Ce, Pr, Sm, Eu, Th, Gd, Tb, Dy, Ho, Er,
30 Tm, Yb, Ly, Bi, T, Y, Pb, Ni, Pd, Pt, AL, Ga, In, Ag, Au, Co, Rh, Ir, Fe, Ru,

Sn, Li, Na, K, Rb, Cs, Ca, Mg, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W. The

ligand A may be selected from the group consisting of #-diketonates and

their sulfur and nitrogen analogs, $-ketoesters and their sulfur and

nitrogen analogs, cyclopentadienyls, alkyls, perfluoroalkyls, alkoxides,
35 perfluoroalkoxides, and Schiff bases. Specific examples of A include:



(viii) 1,1,1-trifluoro-2, 4-pentanedi onate. 10 The Iigand X in such

conpl exes nmay, for exanple, be selected fromthe group consisting of:
(1) oxyhydrocarbyl |igands; 15 (ii) nitrogenous oxyhydrocar byl
| i gands; (iii) fluorooxyhydrocarbyl Iigands; and
(1v) thi ooxyhywioosmedey! | i gands. - Specific classes of pdigdbebasq
speci es include: 20 (a) am nes and pol yam nes; (b)
bi pyri di nes; (c) Vligands .of the forrmula: [err]
wherein Gis -O, -S, or -NR-, wherein Ri% H or _
hydrocar byl ; (d) crown ethers; 30 (e) t hi oet hers; and
(f) ligands of the f 5”“'@26 am th 1-3,5-heptanedionate; .
R(C(R[err])[err]C(R[ert Y[ et Cﬁ rr err P! wherein: 35
VO 96/ 40690 )] fi ‘i\ oro- /4-pentanedionate;
PCT/ US96/ 09434 (111) 1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octénedionate;
Rlerr] = H nethyl, ivet hyclopematienylt . cyanato,
per f1yoroet hyl, (v)  4,4'-(ethane-1,2-diyldiimino) bi ,

/& - - y. ino) bis (3-pentene-2-one);

(vi) pentamethylcyclopentadienyl and other substituted
cyclopentadienyls;

(vii) 2,4-pentanedionate; and
(viii) 1,1,1-trifluoro-2,4-pentanedionate.
10
The ligand X in such complexes may, for example, be selected from the
group consisting of:

()  oxyhydrocarbyl ligands;

15 (i) nitrogenous oxyhydrocarbyl ligands;
(iii) fluorooxyhydrocarbyl ligands; and
(iv) thiooxyhydrocarbyl ligands.

Specific classes of X ligand species include:
20

(@) amines and polyamines;
(b) bipyridines;
(0 ligands of the formula:

25 <G>

wherein G is -O-, -S-, or -NR-, wherein R is H or

hydrocarbyl;
{d crown ethers;
30 {e) thioethers; and
() ligands of the formula:
R*(C(R!),C(R?),0),R°
wherein:

356



perfluoro-n-propyl, or vinyl; 'R[err] = H F, or a
sterically acceptable hydrocarbyl 5

substi tuent; Rlerr] = H F, or a sterically
accept abl e hydrocar byl substi tuent;
n= 2, 3,4, woeldoesd and 10 each Rl err], Rpernsssosssal
R[err] may be the sane as or different from t he ot her
Rlerr], Rerr], and R err], respectively. Exanpl es of such ligand X
i ncl ude t et ragl yme, tet rahydr of ur an, % pydri di ne, and 18-crown-6
ethers. 15 I'n the foregoing netal organi c conpl exes MA[err] X, A
IS an organic i gand whi ggf s Hoor,ﬂétﬁyt,l Vethyl, nvpﬁ-b ﬂ to,

conpl exi ng of MA[err the ligand X, an vvhlchform;t

sub-conpl ex MA[ err] %3»8{{#"(f\'/‘lowlhrf which is stable, e.g., under standard
tenperature and pressure (STP) 20 R?eﬂmlprlbﬁ%ol?h er vind; degrees Centi gr ade,
1 at nosphere pressure) and t hris= HFﬁays&emanjrefd Eh‘tilé)hydr 1abl e STP

sub- conpl ex [err]. I'n asﬁ@gheuglgtemflc aspect, the ligand X
may have theformula: 25

R[ err] (C(Rlerr])[err] (R err]) [RF#] &l{%or pRiesically acceptable hydrogabybi n:

methyl, ethyl, n-propyl, cysilsdtituent; per f 1 uoroet hyl,
perfluoro n- propyl or vinyl; 30 2 3 4 5, or6: and Rlerr] = H F, or a
sterically accept abl e hydr ocarbyl <279 '
substi tuent; Rlerr] = H F, or a sterically

accept abl e rly)dr ocar byl each R’ R', and R? may be the same as or diffefamlpSrotnuient ;
n= 2, 3, 4, 5 o0r Gpeand 35 gper R, R, and R?, respectively.

Examples of such ligand X include tetraglyme, tetrahydrofuran,
bipydridine, and 18-crown-6 ethers.
15
In the foregoing metalorganic complexes MA X, A is an organic
ligand which is coordinative to M, which allows complexing of MA,
with the ligand X, and which forms the sub-complex MA, with M
which is stable, e.g., under standard temperature and pressure (STP)
20 conditions (i.e., 25 degrees Centigrade, 1 atmosphere pressure), and thus
may be referred to as a “stable STP sub-complex MA,.”

In a more speciﬁc aspect, the ligand X may have the formula:

25 R*(C(R),(R*),0),R®
| wherein:
R°= H, methyl, ethyl, n-propyl, cyanato,
perfluoroethyl,
perfluoro-n-propyl, or vinyl;
30 R'= H,F, or asterically acceptable hydrocarbyl
substituent;
R?= H,F, or a sterically acceptable hydrocarbyl
substituent;

n= 23,45 0or6; and
35 '
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each R err], Rerr], and R err] may be the sane as or different fromthe
ot her Rlerr], Rerr], and R[err], respectively. In
a further speq,h? geopect, the ligand X may have the fornul apcrnisesre9sss
R[err]O(C(R[err err]C[err])[err]O)[err]R[err] wher ei n:

each Rerr], Rerr], and Rerr] is selected i ndependently, and.

Rlerr] = H, CH[err], or Jerr]JHerr]; 10 7 Rlerr] and R err] Hor F.
In the netal organic corrpl exes descri bed above, each of t he i gands A
may be a constituent g R10{nPRE tingly
attached to Mthereb¥<a @ ter ;tc?verﬂgﬁe 1 gan X an reeﬁt rﬁqﬁéegglgaone of
the ligands A may be Aad; ‘u’@ﬁl’e 'y of a single group which is
-coordinatingly attached to Mthereby. In use, for the
formation of netal o f

nmet al or gani ¢ _conpl exgsg‘ﬁ"%ﬁe |e§§lecndts gﬁt g{abyﬁ%andxﬁéﬁg%f%@%dfoﬁﬁéa sol vent
or suspendi nﬁ agent for the conplex(es), to t hereby forma netal

sour ce reagent sol ut ﬂ?d@(@@&‘r}gﬁ(l%’)@j,l%"he met al or gani ¢ conpl ex(es) and
the solvent or suspeggldigiggent. Such net al source reagent |iquid
solution may then be v 0 ource vapor, and
the metal source vap qhgyl{) ’t‘gﬁ% bsc%/"éféft%f‘}f‘ege?@en uB§ rate in a CVD
reactor, to deposit RieHeCH]},or&tgi ning filmon the substrate.
TABLE | 3030 Metal RoynaeRzRepOgH (S) Sol vent Medi um

Ba(t hd) 2(tetragl yne) 85-98% butyl acetate and 1-15%tetraglyne
Sr(thd)[err](tetraglyne) Ti(Q Pr)2(thd)2 35

In the metalorganic complexes described above, each of the
ligands A may be a constituent moiety of a single group which is
coordinatingly attached to M thereby. Alternatively, the ligand X and at

15 least one of the ligands A may be a constituent moiety of a single group
which is coordinatingly attached to M thereby.

In use, for the formation of metal or metal oxide films on a

substrate, the metalorganic complexes of the invention may be

20 employed in a solvent or suspending agent for the complex(es), to
thereby form a metal source reagent solution comprising the
metalorganic complex(es) and the solvent or suspending agent. Such
metal source reagent liquid solution may then be volatilized to yield a
metal source vapor, and the metal source vapor may be contacted with a

25 substrate in a CVD reactor, to deposit the metal-containing film on the

substrate.
TABLE]
30 Metal Source Reagent(s) Solvent Medium
Ba(thd)a(tetraglyme) 85-98% butyl acetate and 1-15% tetraglyme
Sr(thd)2(tetraglyme)
Ti(OiPr)2(thd)

36
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8 Ca(thd)2(tetragl yne)

Sr(thd)2(tetragl ynme)

Ir(thd)[err]

La(thd)[err]

(MeO) 3P=0  10woNgfabdobr ) 4t hd
10- 35% sopr opanol

Pb(thd)[err]
La(thd)[err]
t et rahydr of ur an

80-98%t et rahydro
Ti (G Pr)2(thd)2
err|

Zr (thd) [

Ti (G Pr)[err] (t K thaha(etraglyme)

butyl acetate
t et rahydr of ur an

Ta(Q Pt)[err](thd)
acetate 3@r(@agded ein n is 1 or
t et rahydr of ugan gaNgtRd)30% t et r agl yne

but yl

10

156

20

25

30

356

sr(thajzéﬁg(ﬁ?hﬁ)@ 25 Sr(thd)2(tet
|
2-20 % tetragl

La(thd)3
(MeO)3P=0

Nb(OiPr)athd

Pb(thd)2
La(thd)3
Ti(OiPr)2(thd)2

Pb(thd)2
Zr(thd)4
Ti(OiPr)2(thd)2

Rufacac)3
or Ru(thd)3

Sr(thd)z(tetraglyme)
BiPh3
Ta(OiPr)4(thd)

[O=Ti(thd)2]n
whereinnis 1 or 2

Zr(thd)4
Y(thd)3

[O=Zx(thd)2]n

whereinnis1or2

Ir(acac) 3

' . PCT/ US96/ 0
75-95% i sopropanol with 5-25%tetragl
butyl acetate

t et rahydr of ur an
45- 88% t et r ahy ecafuspeopass
2-20%tetragl ynme
éuran and 2-20%tetraglyne -1
Pblthd)[err] 45-
10- 35% i sopr opanol 20
2- 20595 Yecisopugippanel with 5-25% {etcaglyme
ragl yme) 45- 88%
10- 35% i sopr opanol
lym&* [C=Ti(thd)[err]][er
2 butyl acefat¢ t hd) 4
Y(thd)3

tetrahydrofuran

45-88% tetrahydrofuran
10-35%isopropanol
2-20% tetraglyme

80-98% tetrahydrofuran and 2-20% tetraglyme

45-88% tetrahydrofuran
10-35% isopropanol
2-20 % tetraglyme
butyl acetate

45-88% tetrahydrofuran
10-35% isopropanol

2-20 % tetraglyme

butyl acetate
80-98% tetrahydrofuran and 2-20% tetraglyme

butyl acetate
or butyl acetate/tetraglyme

9434
ymnme
5 or

5
88%

r]

80-98%



35 [O=Zr(thd)[err]][err]
or butyl acetate/tetraglyne
PCT/ US96/ 09434

Cu(shfac) 2

Sr (shf ac) [ er r | wo 96/40690

Sr(sthd)[err]

Sr(sthd)2 85-99% butyl acetate and 1-15%tetrathiocycl odecane. .10
Ca(sthd) 2 85-99% butyl acet &te and 1-15%tetr agl yne
Sr(sthd)2 Ga(sthd) 3 Ce(sthd)4 15 Ca(sthd)2
85-99% butyl acetate and 1-15%tetraglyne Ga(sthd) 3 Ce(sthd) 4
Ca(sthd) 2 Cu@bfaadpo but yl acet899% butyl-atetitd aid dibjaettagianrcane 20
Sr(sthd)2 Ga(sthd) 3 Ce(sthd) 4 Cu(shfac)2
45-88% t et r ahydr of uranacet ate 25 10- 35%
i sopr o(|)o anol y gr(éhfgaz 85-99% butyl acetate angd 141p%telaglyme ’
. 53
Sr(sthd)z 85-99% butyl acetate and 1-15% tetraglyme
Sx(sthd)2 85-99% butyl acetate and 1-15% tetrathiocyclodecane
10 Ca(sthd)z 85-99% butyl acetate and 1-15% tetraglyme
Sr(sthd),
Ga(sthd)3
Ce(sthd)4
15 Ca(sthd)> 85-99% butyl acetate and 1-15% tetraglyme
Ga(sthd)3
Ce(sthd)4
Ca(sthd)2 85-99% butyl acetate and 1;15% tetrathiocyclodecane
20 Sr(sthd)z
Ga(sthd)3
Ce(sthd)4
Cu(shfac)2 45-88% tetrahydrofuranacetate
25 10-35% isopropanol
2-20 % tetraglyme
Sr(thd)p 85-99% butyl acetate and 1-15% tetraglyme
30 | Sr(thd)p 85-99% butyl acetate and 1-15% tetrathiocyclodecane
Ti(hfac)3 85-99% butyl acetate and 1-15% tetraglyme
Ti(hfac)3 butyl acetate
’ 35 .
Mo(hfac)3 butyl acetate

butyl acetate
WD 96/ 40690
. 9

85-99% butyl acetate and 1-15%tetraglyne
85-99% butyl acetate and 1-15% t et r ag&yiGo6/09434
85-99% butyl acetate and 1-15%tetraglyne

wherein nis 1 or

2



Sr(thd)2 85-99% butyl acetate and 1-15%tetraglyme 30

Sr(thd)[err] 85-99% butyl acetate and 1-15%tetrathi ocycl odecane

Ti (hfac) 3 85-99% butyl acetate and 1-15%tetraglyne

Ti (hfac) 3 butyl acetate 35 Mo(hfac)[err]

butyl acetatewgogaogen VWO 96/ 40690 PCT/US96/09434

PCT/ US96/ 09434 10 Mo(t hd) 3
butyl acetate 5 wherein when the solvent nmedium contains nultiple

sol vent ~conponents, the percentages s’d’ecified are percentages by

wei ght, based on the weight of the total solvent nmedium and with the °
t ot al percentage of all solvent conponents being 100% 10 A
further aspect OMo(thd)si nvention rel at eButybasethteur - based conpl exes

having utility for formng a netal sulfide filmon a substrate,
conprising sul fur-containing nmetal source reagent conpounds in a
sol vent nedium in which the sulfur-containing netal source reagent

ImIinU(s:??glt %egﬂ ts Wﬁ@ggﬁh&ﬁ Ithgaaavdﬁfl ¥rie@Barn! O&ﬂtbﬁtgs%\&&ﬁﬂe mediveAt 15
apper t ai ni ng sol¢ %r Si‘e glﬁgcegtqgegapeqdﬁec{rg{ﬂ Berﬁg'?tﬂ sdéy g%t based

TABLE 1 | N@malthswa@lt Cofvgbenttal solvent mediungo| anghtwithdithen togal
Cu(shfac) 2 percentage ofSdll §AVeR damhpariedtsb&dngndo%. 15% tetragl yne
10 A further aspect of the invention relates to sulfur-based

complexes having utility for forming a metal sulfide film on a substrate,
comprising sulfur-containing metal source reagent compounds in a
solvent medium, in which the sulfur-containing metal source reagent
may complex with a suitable ligand deriving from the solvent medium.

15 Ilustrative sulfur-containing metal source compounds and
appertaining solvent media, are set out in Table II below.

TABLE II
Metal Source Compound Solvent Medium
20 Cu(shfac)2 85-99% butyl acetate and 1-15% tetraglyme
Sr(shfac)2 85-99% butyl acetate and 1-15% tetraglyme
Sr(sthd)2 85-99% butyl acetate and 1-15% tetraglyme
25
Sr(sthd)2z 85-99% butyl acetate and 1-15% tetrathiocyclodecane
Ca(sthd)2 85-99% butyl acetate and 1-15% tetraglyme
Sr(sthd)z
30 Ga(sthd)3
Ce(sthd)4
Ca(sthd), 85-99% buty! acetate and 1-15% tetraglyme
Ga(sthd)3

35 Ce(sthd)4



Sr(shfac)2 85-99% butyl acetate and 1-15%tetraglyne

Sr(sthd)2 85-99% butyl acetate and 1-15%tetral yne 25
Sr(sthd)2 85-99% butyl acetate and 1-15% tetrat hi ocycl odecane
Ca(sthd)2 85-99% butyl acetate and 1-15%tetraglyne

Sr(sthd)2 30 vweadsdobsd) 3 Ce(sthd) 4 Ca(sthd)[err] PrcT/US96/094385- 99%
butyl acetate and 1-15%tetragl yne Ga(sthd)[err] 35 Ce(sthd)[err]

WO 96/ 40690 - -PCT/ US96/ 09434
11 Ca(st hd) 2 85-99% butyl acetite and 1-15%
tetrat hi ocycl odecane Sr(sthd)2 Ga( st hdm Ce(sthd) 4
Cu(shfac)[err] Ca(sthd) 850998 butyd acetatecanst 113 tetrathiocyclodecane

10- 35% i sopr opaelsthd)z 2-20 %tetraglynme 10
The vol atilizat ?aR tglf t he above-identified sulfur-containing nmet al
souree conpounds®¥\¥ ﬂ?% he solution creates a netal source vapor which
may be deliver ee(sthdisported) to a CVD reactor, for deposition of the
metal on thegsubstrate in the formof a sulfide. Such deposi tion of

the netal on th ty.ate may be carri t, Nt 15 presence of a
sul fur-cont ai ni ?d"s(glg%?)rze. g., a sulfur- c%’tsg%ntle#éhﬁggo%tealnect ed

10-35% isopropanol

2-20 % tetraglyme

10 The wvolatilization of the above-identified sulfur-containing
metal source compounds from the solution creates a metal source
vapor which may be delivered (transported) to a CVD reactor, for
deposition of the metal on the substrate in the form of a sulfide. Such
deposition of the metal on the substrate may be carried out in the

15  presence of a sulfur-containing gas, e.g., a sulfur-containing gas selected
from the group of sulfur compounds consisting of hydrogen sulfide, t-
butyl thiol, and cyclohexyl thiol.

Alternatively, a source compound not containing sulfur, such as

20 those identified in Table III below, may be contacted with a substrate

under CVD conditions, and in the presence of a sulfur compound or
component, to form a metal sulfide film on the substrate.

TABLE Il

25
Metal Source Compound Solvent Medium
Cu(hfac)2 85-99% butyl acetate and 1-15% tetraglyme

30 Sr(thd)2 85-99% butyl acetate and 1-15% tetraglyme
Sr(thd)2 85-99% butyl acetate and 1-15% tetrathiocyclodecane
Cu(hfac)y 45-88% tetrahydrofuran

’ 35 10-35% isopropanol

2-20 % tetraglyme



fromthe group of sulfur conmpounds consisting of hydrogen sulfide, t-
butyl thiol, and cycl ohexyl thiol. Alternatively, a source
conmpound not containing sulfur, such as 20 those identified in Table I1I
bel ow, nmay be contacted with a substrate under CVD conditions, and in
the presence Qfo dgiidddl Ur compound or conponent, to for npersicabiss
sulfide filmon the substrate. TABLE
11 25 Met al Source Conmpound . Sol vent Medi um

Cu( hf ac) 2 85-99% butyl acetat® and 1-15%tetraglyme 30
Sr(thd)2 85-99% butyl acetate and 1-15%tetraglyne
Sr(thd)2 85-99% butyl acetate and 1-15%tetrathiocycl odecane

Cu(hf ac) 2 T1Shfac)3 45- 88500 %t Bty séctdte and 133% tetra§1
10- 35% i sopr opano tetraglyne

WD 96/ 40690 ] PCT/ US96/ 09434
12 Ti ( hf ddfdac)3 - 85- obutybaesiateacet at e and 1- 15%
tetragl yne Ti (hfac) 3 butyl acetate 5

Mo(hfac)[err butyl ac Mo(thd)[err]
butyl acetate. Mo(hfac)3 Bh1 Gcetate

Mo(thd)3 butyl acetate.

10 The sulfur constituent in such formation of a metal sulfide film
may for example comprise a sulfur-containing component in the
solvent phase of the precursor source composition, such as hydrogen
sulfide. Alternatively, the sulfur constituent required to form the metal
sulfide film may be introduced in the vapor phase during the CVD

16 metal film deposition process, whereby the vapor phase sulfur
combines with the metal film being formed on the substrate, yielding
the desired metal sulfide film.

Such metal sulfide films may have utility in the fabrication of

20 display phosphor screens or detector, and metal sulfide films because of

their lubricious character, have potential utility in a wide variety of
tribological applications, as wear inhibitor films.

Compositions according to the invention, comprising a metal

26  source reagent solution including a metal f-thioketonate source reagent

and a compatible solvent medium for the metal p-thioketonate source

reagent, may be employed for directly forming a metal sulfide film on a

substrate. The metal moiety of the metal p-thioketonate source reagent

may be a metal such as Cu, Sr, Ca, Ga, Ce, Ti, and Mo. By volatilizing the

30 metal source reagent liquid solution to yield a metal source vapor, and

contacting the metal source vapor with the substrate, a metal sulfide

film may be advantageously deposited on the substrate. Such contacting

of the metal source vapor with the substrate may advantageously be

carried out in the presence of hydrogen sulfide or other sulfur source

35 gas or component, such as t-butylthiol, or cyclohexylthiol, to enhance
the efficacy of the metal sulfide film' formation.



10 The sul fur constituent in such formation of a netal sulfide film
may for exanple conprise a sulfur-containing conponent in the sol vent
phase of the precursor source conposition, such as hydrogen sul fide.
Alternatively, the sulfur constituent required to formthe netal

sul fide film nggobesont roduced i n the vapor, phase duri ng thepciyioéoazset al

film deposition process, whereby the vapor phase sul fur conbi nes with
the netal filmbeing fornmed on the substrate, yielding the desired.
nmetal sulfide film Such net al %ulfidefilms may have utility

in the fabrication of 20 display phosphor screens or detector, and netal
sul fide films becausdltgnatively haietal aidfide ifoe melysbeaforaved dmacsubstratet i al

utility ina w dﬂaV@VDeth-oéﬁssm wﬁéré1ﬁ0|a0ﬁ{e€ﬁ| s@tﬂﬁé'ﬁaﬁ éﬁn%hoﬁé eeal
inhibitor fil ns. O%'

| OI’] accor n t entl.0
conprising a metBpiebsis ‘58&?‘6%‘”?@@@ T 3 Fetel c?qﬂéaﬁéﬁﬁ‘ r’r%\fllﬁl"mte
[ err] -t hi oket onaare asshstrate etagbntpresenceamhadmgepawlblde vaparemr othgum f or
the netal [eny]-duliuelcoheiating %pbﬁ o form 'tREGREal Md@eﬂml Ayed shnr

directly formn met f] The .net noi ety
of the netal ?f??ﬂ‘te |%ke§f'8ﬁ%? ‘e Smﬁ#a?esquggeggﬁ?gen% m ﬁﬁ?‘ﬁ@“ FP@E; &‘fuch as
Cu, Sr, Ca, Ga iggention may hooprayjdediinta liguic golutiorggontainiag 8 cmifir
{ﬁagent : i qui d scnefitueit,! @.g)i Rydiog emt déoyb@@tmmoand lohexyl Gmraﬂactl ng
e netal sourc r a may be
advant ageous| 3" %gﬁ tgqe Vo@‘#glzaﬁggtrgt%b ﬁfgngc?ﬁf%i&q nﬁesults 11'bfﬂ}en
net al sourceuf;ap@maﬂ?lhoﬁﬁemstﬂwﬂhﬁeeﬁMy advant ageousl y be carried
out in the presence of hydrogen sulfide or other sulfur source 35 gas or

conponent, such as tubx| Lhighie 8F Y GLANEX L Ghagd® GIAAEEn in hE

efficacy of the rretal F mati on
PCT/ US96/ 09434 accordance with the mventxon, for forming a metal-confaining film on

Al ternatively, aa rabsgtrateylaf ligtingi isrnsétayubanf Tabled I¥nbelosw gt 11Riserative Vi a

CVD processiyg, d%hﬁb BF bRdtaf ﬁ{ét tpg]&ﬁ& Wg&ﬁ' esgoﬂ&fn"gty 's
reactive with su rmarre ﬁ‘i
met source reagent an ent medmm species, w ich may be

employed in the formation of such metal and metal oxide films. It will
be recognized that in some instances of the compositions set out in the
Table, the solvent species, e.g., tetraglyme, may advantageously complex

20  in situ with the metal source compound, to form a stabilized complex,
which facilitates highly efficient deposition of the metal deposition
species from the resulting complex.

TABLE IV
25
Metal Containing Film Metal Source Reagent Solvent Medium
Ir Ir(acac)3 or butyl acetate
Ir(thd)3
30
LaPO4 La(thd)3 tetrahydrofuran
O=P(OMe)3 :
PbLaxTi1-xO3 Pb(thd), tetrahydrofuran/tetraglyme
35 La(thd)3 '

Ti(OiPr)2(thd)2



on a substrate in the presence of hydrogen sul fide vapor, or other 5
sul fur-containing vapor, to formthe netal sulfide film As a stil
further alternative, a netal source reagent in accordance with the
invention may be provided in a liquid solution containing a sulfur

constituent, ewo.osuabegeir ogen sulfide, t-butylthiol and cycl ohggplusbdio®is:
whereby the volatilization of the reagent solution results in the 18

formation of a netal sulfide film . As an exanple of the use of
metal reagent conpositions in accordan@ with the invention, for
formng a netal -containing filmon a substrate, a listing is set out
in Table 1V below of illustrative 15 conpositions of netal -containing

films, together RbZixTipxOgsponitbithd): met a|teﬁﬂ\yd‘;gﬁﬁgﬁggaﬁn%ﬁ%o§p| vent

medi um speci es, yphpghimay be - ed in the_formation of such netal
and metal oxide fi Prr€1 it owill 0 Z_Rﬁgi«g%ecogni 2ed ' PHBYTPH Yore i nst ances of
t he conpositions set out in t hEO=Ti(thd)2]p| e, "t he sbity® atetstegtt@aglymfie 0. ,

tetraglynme, ray advantageous| yncoirgtgex 20 in situ with the nmetal source

conmpound, to forma stabilized conpl ex, which facilitates highly
efficient deposieg 8n of the metal deposition species fromthe
resul ti ng conpl eX¥Y2 Ru(acac)3 or biltyBhdetatey 25 Met al
Containing Film Metal Source Ra@hes Sol vent Medi um I'r
Ir(acac)[err] or butyl acetate Ir(thd)3
30 LaPQ,errd .. La(t 3 t et rahydr of uran
O=P(OMB) [ er r AIBIZTE%E%& Ti [ er ?ﬁé@z tetraglymen ( (talgipydrefuran/isopropanol/
tetrahydrofuran/tetragl yme 35 BiPh3 tebaaglyifie 3
Ti(GPr)ferr](thd)[err] Ta(OiPYtrp/ 40690
PCT/ US96/ 09434
Ta205 Ta{OR)4(thd) tetrahydrofuran/isopropanol/
15 R=ethyl, isopropyl tetraglyme
TiO2 [O=Ti(thd)2]n butyl acetate/tetraglyme
n=1or2
20 V205 O=V(thd)3 butyl acetate/tetraglyme.
ZrO3 [O=Zx(thd)2]n butyl acetate/tetraglyme
n=1or2
26 CuS Cu(shfac)) butyl acetate/tetraglyme
5rS Sr(shfac) butyl acetate/tetraglyme
SrS Sr(sthd)s butyl acetate/tetraglyme
30
SrS Sr(sthd)z butyl acetate/tetrathiocyclodecane
(Ca, Sr)Ga,S,, Ca(sthd)2 butyl acetate/tetraglyme
cerium-doped Sr(sthd)2
35 Ga(sthd)3

Ce(sthd)4



14 PbZr xTi[err] O3 Pb(thd)[err]

t et rahydr of uran/ i sopr opanol / x=0tol [0=Zr (thd)[err]
tetragl yne, or [O=Ti(thd)[err]][err] but yl
acetate/tetraglynme 5 n=1 or 2 Rud err]
Ru(acac) 3 or 40600 DUt Yl acetate pdiAlsobo9s3¢ 10
SrBi[err]Ta[er ?%ﬁlerr Sr(thd)2 tetraglyne
t et rahydrof uran/i sopr opanol /- - Bi Ph3
tetraglynme Ta( O Pj 4t hd Ta[err]Jerr]
Ta( OR) 4(t hd) t et rahydr of uran/i sopropanol / 15
R=et hyl , i sopropyl tet ragl yme Ti Q2 [C=Ti(thd)[err]]n
butyl acetate/t gehag) Ca(sthd) butyl acetfte? tétrathiodycldBecan¥205
O=V(thd) 3 - d ’gut yl acetsagfgéé raglyne. & err]
[O=zr(thd)[err] ]‘FE‘I“I"]‘ ope but yl Rt eltetragl yme
n=1o0r 2 25 Gaisihed3d ac) 2 but yl
acetate/tetrggl yne ' SrS Ce(sthd)g S (shfac)2 but yl
acetate/tetraglynme SrS Sr(sthd)2 but yl
acetate/tetraglyme 30 SrS Sr(sthd)2 butyl acetate
/ tetrat hi ocycl odée8ne (Ca, SrQuiahfac)) g er r]tetrahydrofunasetaty 2
butyl acetate/tetraglyne ceri um doped Ho$t hd) 2 35
Ga(st hd) 3 Ce( st hd) 4 isopropd

tetraglyme

10
CuS Cu(hfac)a butyl acetate/tetraglyme
SrS Sr(thd)2 butyl acetate/tetraglyme

15
SrS Sr(thd)2 butyl acetate/tetrathiocyclodecane
CuS Cu(hfac)2 tetrahydrofuranacetate

isopropanol

20 tetraglyme
TiS2 Ti(hfac)3 butyl acetate/tetraglyme
TiSp Ti(hfac)3 butyl acetate

25
MoS2 Mo(hfac)3 butyl acetate
MoSy Mo(thd)3 butyl acetate.

30 As an extension of the above-discussed method for forming a
metal sulfide film on a substrate, the metal sulfide film may
advantageously be reacted with a metal-coreactant to form a binary

i metal sulfide film on the substrate, e.g., CuInS, CuGaS, CuSeS, etc.
35 In a specific aspect of the present invention, metal-organic source

reagent-containing liquid compositions employed to carry out the



WO 96/ 40690 PCT/ US96/ 09434

15 (Ca, Sr)&@[err]Serr], Ca(sthd)2 butyl acetate/

tetrat hi ocycl odecane ceri um doped Sr(sthd)2

Ga(sthd)3 5 Ce(sthd) 4 CuS

Cu(shf ac) [ er riwo 9s1e6b@t r ahydr of ur anacet at e PCT/US96/09434

| sopr opanol tetraglyne 10
CusS Cu(hfac) 2 . butyl acetate/tetraglyne

SrS Sr(thd)2 16butyI acetate/tetraglyne 15
SrS Sr(thd)2 butyl acetate/tetrathiocycl odecane
CuS chengigghvapgrodeposition (CVD) process arergdyamtageonalyestabitized

i sopropanol 20 jn character, meaning that the metal-organic source reagent tRéredt)liy e

Ti S[err] . Ji(hfac)3 dati a ki clbut I acetatg/ etraggl¥lrre

Ti S2 resisiant, fQ (qlegradation via ligand fxcRange feaciony eg, NPl o ]
Mo(hfac)[err] degenerative Higapd exchanges which waly | affect the chemicald) 3

butyl acetatg. jddatity and siftaBilitPX beNHONrdigeht ecaipysitidhs Cc Yo e VPt hod
for formng a .Mmeral sulfide Tilmon a substrate, the netal sulfide
film may a@@h‘[@é’ﬁmly be reacted with a netal -coreactant to forma
bi nary

Such metal source reagent liquid solutions may for example
comprise:
10
(i) at least one metal coordination complex, each of such metal
coordination complexes including a metal coordinatively binding at
least one ligand in a stable complex, wherein such at least one ligand is
selected from the group consisting of 8-diketonates and 8-ketoesters,
15 and their sulfur and nitrogen analogs (i.e., corresponding ligands
containing S or N atoms in place of the O atom(s) in the 8-diketonates
and 8-ketoesters); and

(ii) a solvent for such metal coordination complex(es).
20
A generalized formula for each of such metal coordination
complexes is

MiA,(OR),B,Q,
25
wherein:

M is a metal selected from the group consisting of Mg, Ca, Sr, Ba,

Sc, Y, La, Lu, Ce, Ti, Zz, Hf, Pr, V, Nb, Ta, Nd, Cr, W, Pm, Mn, Re, Sm,

30 Fe, Ru, Eu, Co, Rh, Ir, Gd, Ni, Tb, Th, Cu, Dy, Ho, Al, T, Er, Sn, Pb, Pd,
Pt, Ga, In, Au, Ag, Li, Na, K, Rb, Cs, Mo, Tm, Bi, and Yb;

A is selected from the group consisting of $-diketonates and 8-
ketoesters, and their sulfur and nitrogen analogs;
35



metal sulfide filmon the substrate, e.g., CQulnS Cu&S, CuSeS, etc. 35

In a specific aspect of the present invention, netal-organic source

reagent-containing |liquid conpositions enployed to carry out the

WD 96/ 40690

PCT/ US96/ 094 34v0 96/40690 16 pcT/US96/09a84T1 Cal

vapor deposition (CVD) process are advantageously stabilized I n

character, nmeaning that the netal -or.ganic urce reagent therein is

resistant to degradation via |igand exchanz'g reactions, e.g., non-

degenerative |igand exchanges which adversely affect the chemcal 5

identity and suitabR is gele¢ted Hzomethee group reposisting f Ci-6i8 aigpl, C2-Cs

applications.  cycloalkyl, Cz-éggmwﬁylatzw?elo@ﬁ@ﬁ D ICe-C{irdrdl, aal hilBnsr may

for exanple cQ rl:f&:'? . |€h at i,ast one” net al

coor di nati on codﬁrB_,Y)e rifjated,  fletivatiyes” thereof o (if.r, W %Fﬁ“boﬁﬁfié‘?&?é‘

i ncl udi ng a et @ubsdment(Raof the C1Hihalkyl 62-C8 cycloabiybt C»R20 lalkgayt €2 a

stabl e conpl gx, Qfccpibalkeiey]l, Br CeEIH AHE HgaBidNds/ave re{:lac&ﬁlt?cna@rﬁfeomthe
ngle{a% k ers, 15

group consisting of etonates and [err]-ketoes and their

sul fur and nitr B Bé (i.e., corresponding |igands containing S
or N atons in place of the O aton(s) in the [err]-di ketonates and
[err]-ketoesters); amdis selected from the Erdup Soridd £ h :

coordi nati on conpl.e @ss)s.e 850 . .om e%k pAaqerLe a |é6elge§g€s'gglg§; olrneg’ach of
such metal coor &%} 7 bipyridings; o glhames, alcohols, crown ethers, crown

M Al er r] ( OR1Per rthBlethersJaycli¢ polyamines wWoyclenes), thioglymes, arylthiols, and
aliphatic thiols (mercaptans).

Q is hydrocarbyl or halohydrocarbyl, e.g., a ligand selected from
the group consisting of C1-Cg alkyl, C2-Cg cycloalkyl, C2-C10 alkenyl, Co-
15 Cj15 cycloalkenyl, C6-C1p aryl, and fluorinated derivatives thereof;

a, X, y, and z are stoichiometric coefficients for the ligands A, OR,
B, and Q, respectively, wherein a is = 1; each of x, y, and z is
independently = 0; and A, (OR),‘B,,Qz is in stoichiometric relationship to

20 metal M. :

Thus, each of the metal complexes in such solutions comprises at
least one ligand A coordinated to the central atom M of the complex,
and M may optionally have additionally coordinated thereto one or

25 more of the ligands OR, B, and Q, in which the resulting complex is
appropriately stoichiometrically constituted to define a stable complex.

One class of source reagent complexes usefully employed in
reagent solutions in the process of the invention comprise those of the
30 formula:

M(R2-C(0)-CH-C(G)-R3), (OR),
wherein:

35
a,x M and R are as defined hereinabove;



Mis a netal selected fromthe group consisting of My, Ca, Sr, Ba, Sc,
Y, La, Lu, Ce, Ti, Zr, H, Pr, V, No, Ta, Nd, &, W Pm M, Re, Sm 30
Fe, Ru, Eu, Co, Rh, Ir, &, N, Th, Th, Cu, Dy, Ho, A, TlI, Er, Sn, Pb, Pd,

Pt, Ga, In, Au, Ag, Li, Na, K Rb, Cs, Mo, Tm Bi, and Yb; Ais
sel ected from tvmemgmyop consisting of [err]-diketonates and [g&*fnlsos09434

ket oesters, and their sulfur and nitrogen anal ogs; 35 WO 96/ 40690
PCT/ US96/ 09434 17

Ris selected fromthe group conS|st|ng of Blerr]-Jerr] alkyl,

Cerr]-Cerr] cycloal kyl, Cerr]-Clerr] alkenyl, Cerr]- C[err] _

cycl oal kenyl C[err] Cerr] aryl and (fuIIy or partially) fluorinated

Gerrjelorr] ol ) e B preoyibaependrnt o seipetedc B) oyt  piahidinbs

Clerr]- 5 ( eecycoaliyl, o@b-lcaayhlkenyl Cpg@ﬂ; ésfuhalkenylyl Ck-@iandryl; sand e

replaced by fl uof,f8nated d Sbbd HRPEIFS hhd Bis selected from
the group consisting of polyethers, polyani nes, pol yt hi ol s, _
bi pyri di nes, gl ynes, al cohols, crown ethers, crown 10 thioethers, cyclic

pol yam nes (cycl Griew)cygemisutﬂuy,nmsmtmgehtﬂnbrdtys of dahel formula alNRhint whichi ol s

. b rh
|(|mS; ﬁgp; eellnz)ct oy Re is selected u%drﬁ 'Elé(&' gﬁ é(dsr}[slﬁrtm%;& é;@c mﬁecaqqggl
Jerr]-Jerr] cySch‘gﬁ]lW# ¢ r%i‘@ 27 lke 0

cycl oal kenyl , (] Bnotingledr dérivatives therdof.| uor i nat ed der| vat i ves thereof;
a, X, Yy, andIQ are stoichionetric coefficients for the ligands A OR

B, and Q respectivel rein I S, [.€ H and .z | _
i ndependently [err] y %ff[nérp ie¢d g, teg 8chqteea}5e‘é( i"y‘ii Hong df‘clqs‘%rret ric
relationship to Q{pces the ipvention may compnse any suitable solvent species, or

combmatmn of solvent species, with which the metal complexes are
compatible, such as aliphatic hydrocarbons, aromatic hydrocarbons,
15 ethers, esters, nitriles, and alcohols. The solvent component of the

solution preferably comprises a solvent selected from the group
consisting of: glyme solvents having from 1 to 20 ethoxy -(C2H4O)-

repeat units; C2-C12 alkanols, organic ethers selected from the group
consisting of dialkyl ethers comprising C3-Cg alkyl moieties, C4-Cg cyclic

20  ethers; C12-C0 crown 04-O29 ethers wherein the prefixed Cj range is
the number i of carbon atoms in the ether compound and the suffixed
Oj range is the number i of oxygen atoms in the ether compound; Cg-
C12 aliphatic hydrocarbons; C4-C18 aromatic hydrocarbons; organic
esters; organic amines; and polyamines.

25

As used herein, the term "stable complex" means that the metal

source complex in a pure state (unexposed to other materials, such as
water, oxygen, etc.) is not susceptible to spontaneous degradation or
decomposition at 25 degrees Centigrade and 1 atmosphere pressure. The

30 term "complex" is intended to be broadly construed to encompass
compounds as well as coordination complexes wherein at least one
metal atom is coordinated (covalently, ionically and/or associatively) to
at least one organic ligand group.



Thus, each of the netal conplexes in such solutions conprises at

| east one ligand A coordinated to the central atom M of the conpl ex,

and M may optionally have additionally coordinated thereto one or 25 nor e
of the ligands OR, B, and Q in which the resulting conplex is

appropri at el y ywd siqaéporetrically constituted to define a st poirisogeas«eX.
One cl ass of source reagent conpl exes usefully enployed in r eagent
solutions in the process of the invention conprise those of the 30

f ornul a: 19

MR err]-CCO-CHC(G-Rerr])[err](OR[err] V\,hereln 35

a, X, Mand R are ashdefet andtheer sspecth dhe;source reagent cMﬁp@Gﬂh@@u@Qﬁf the

PCT/ US96/ 09434 R2
and R3 are |nde|51e¥ltgleunotr‘ “‘aXe'f"“é’?“%Ffrom Cerr]-Cerr] al kyI Cerr]-Cerr]
cycl oal kyl , C[err-C[err] al kenyl, Cerr]-Cerr] cycloal kenyl Cerr]-Cerr]

aryl, and f | uo(i) mafleadt dne, mdiprefsarahiptaedéastawd netal coordﬁniaﬁonxygen,
sul fur, or ngtreg g@seé%h £ thP§ ﬁula =NR[ err] in which Rlerr] is
selected fromthe droup congst?no %g] Cerr] alkyl, Cerr]-Cerr]
cycloal kyl, Cerr]-Cferr] alkenyl, lbr(pf‘ r] cycl oal kenyl

Jerr]-Cerr] aryl, and quorlnated derivatives thereof. 10

The sol vent utily K@:‘in'ln the source reagent solutions in the process

of the |nvent|on may conprise any suitable solvent species, or
conbi nati on of solvent species, with which the netal conpl exes are
conpati bl e, 16uch as M ispdatetal shLedﬁeddmmahe,granp)méisﬁﬂg/df M@ Qx S8, Ba,

Sc, Y, La, Ce, Ti, Zr, Hf, Pr, V, Nb, Ta, Nd, Cr, W, Pm, Mn, Re, Sm, Fe,
Ru, Eu, Co, Rh, Ir, Gd, Ni, Tb, Cu, Dy, Ho, A}, Tl, Er, Sn, Pb, Tm, Bi, Lu,
Th, Pd, Pt, Ga, In, Au, Ag, Li, Na, K, Rb, Cs, Mo, and Yb;

15 A is selected from the group consisting of 8-diketonates and 3-
ketoesters, and their sulfur and nitrogen analogs;

R is selected from the group consisting of C1-Cg alkyl, C2-Cg

cycloalkyl, C2-C10 alkenyl, C2-C15 cycloalkenyl, Cg-C10 aryl, and (fully or

20 partially) fluorinated derivatives thereof (i.e, wherein hydrogen

substituent(s) of the C1-Cg alkyl, C2-Cg cycloalkyl, C2-C10 alkenyl, C2-

C15 cycloalkenyl, or Cs-C1p aryl ligand, is/are replaced by fluorine
substituent(s));

25 B is selected from the group consisting of polyethers, polyamines,
polythiols, bipyridines, glymes, alcohols, crown ethers, crown
thioethers, cycdlic polyamines (cyclenes), thioglymes, arylthiols, and
aliphatic thiols (mercaptans).

30 Q is hydrocarbyl or halohydrocarbyl, e.g., a ligand selected from
the group consisting of C1-Cg alkyl, C2-Cg cycloalkyl, C2-C1g alkenyl, Ca-
C15 cycloalkenyl, C6-C10 aryl, and fluorinated derivatives thereof;

a,%, ¥, and z are stoichiometric coefficients for the ligands A, OR,
35 B, and Q, respectively, wherein a is = 1; each of x, y, and z is



15 ethers, esters, nitrites, and al cohols. The sol vent conponent of the
solution preferably conprises a solvent selected fromthe group
consisting of: glyme solvents having from1l to 20 ethoxy -(Clerr]Herr]O) -
repeat units; Cerr]-Clerr] al kanols, organic ethers selected fromthe

group CMSosrpéopd Of dial kyl ethers conprising (err] - Gisinisosfdaddy |

noi eties, (Jerr]-Cerr] cyclic 20 ethers; (Jerr]-Cferr] crown
gerr]-derr] ethers wherein the prefixed G range is t he nunber i of
carbon atons in the ether conpound and the2&uffi xed derr] range is
the nunber i of oxygen atons in the ether conpound; C6- Cl2 aliphatic
hydrocar bons; Clindegendertly = (3 randed j(OR)B)Qp dsinbstoichiemgtrid celationshipdber s;

or gani ¢ am nes; fé P! Il nes. 25 As used herein, the term
"stabl e conpl ex" nean$ at the netal source conplex in a pure state
(unexposed to other materials, such as wat er, oxygen, etc.) is not

suscepti bl e to spont @i)eosclverigfoadhe metabcoordinatiodeoople(es)i on at 25 degrees
Centigrade agd 1 atnosphere pressure. The 30 term "conplex" is intended

to be broadly constryed to enconpass ... co unds as, well as .coordi nation
conpl exes wherein at *ﬁ%aE?l"G‘ﬁé‘ n‘}‘)’mp‘??éti‘%ﬂs a?gpﬁﬁ?sl‘bm"na% dpehideent | v,

i oni cal | y and/ orcomgmaaistdongprisedt of 8-diketanatk eaady opalkosidealigandsi hawitggr oup.

WO 96/ 40690 1 : L. £ Me. C Ba S
PCT/ US96/ 09434 a metal M, e.g., selected from the group consisting of Mg, Ca, Sr, Ba, Sc,

In yet another agp@cte Tier &PV MRy dat Ndofhody dirgmMn, Rey I%“' Fe, Ru,
i nvention mdY cdwCosBh, Ir, Gd, Ni, Tb, Cu, Oy, HaatAl] Ehdir, SnePbafmd, Bi,dwrEigl y at
| east two, netalpgeprch, DAl AeD Ag Li, NAIMK, R Ts, %46 arl YbheohpleXdli&o at
MA[lerr] (OR[enr Lgﬁr’lgeirté ) rT%ereins: 40 te 1i gMis a et al
sel ected from tH Sg B&i gandyand ajfpastone &dikefonate ligand.g. v ) 5" e
Ti, Zr, H, Pr, V, Nb, Ta, Nd, &, W Pm M, Re, Sm Fe,

Such compounds may have the general formula:

15
M(OR1)x(R2-C(G)-CH-C(G)-R3)y

wherein:

20 G is oxygen, sulfur, or imide of the formula: =NRp, wherein Rp is H,
C1-Cg alkyl, or C1-Cg perfluoroalkyl (e.g., trifluoroethyl);

X +y = p where p is the valence of metal M;

25 x + 2y = q where q is the coordination number of the metal M;

R1 is C1-Cg hydrocarbyl or fluoroalkyl;

R2 and R3 are independently selected from C1-C14 hydrocarbyl, C1-Cg

30 alkoxy, and C2-Cg fluoroalkyl groups, wherein hydrocarbyl groups may
be selected from C1-Cg alkyl, Cs-C1p cycloalkyl, C2-C12 alkenyl and Cg-
C14 aryl groups, and C1-Cg fluoroalkyl groups may be selected from
perfluoroalkyls of 2 through 6 carbons.

35 As used herein, the following terms for ligand groups have the
following meanings: acac = acetylacetonate, more specifically 2,4-



Ru, Eu, Co, Rh, Ir, Gd, Ni, Th, Cu, Dy, Ho, A, Tl, Er, Sn, Pb, Tm Bi, Lu,

Th, Pd, Pt, Ga, In, Au, Ag, Li, Na, K Rb, Cs, M, and Yb; 15 A
is selected fromthe group consisting of [err]-di ketonates and [err]-
ket oesters, and their sulfur and nitrogen anal ogs; Ris

sel ected frompigesagseup consisting of CJerr]-Clerr] alkyl, Giceintidoshdass I ]
cycloal kyl, Cferr]-C[err] alkenyl, C[err]-C[err] cycloal kenyl,
Cerr]-Cerr] aryl, and (fully or 20 partially) fluorinated derivatives
thereof (i.e., wherein hydrogen sub®tituent(s) of the err]-Jerr]

al kyl, Cerr]-Cerr] cycloalkyl, Cerr]-Cerr] alkenyl, Cerr]-

d err] cycl oal kpentaneodidiiate;r hfaGie (o hdag)| =| heafioroaseylaretanalte c sibey
fluorine SHBSEGINCIES b 5-hekAfluoro-24-pentdhddiofit Cthilt (6:0Rab1e 07 OUP
consi sting of pgﬁﬁet ers, %g am nes, {)ol%itg;%gl S,lil p rddldl nes

gl ynes, al cohol &Fifluprracett atee r oyrore By rs, ldsld %B%y%m nes
(cycl enes), thi pentaredjorats;l tthd ok s tetramdethylheptanedibnatec ashiledreinabove

(mercaptans) s 3Qentified, and mbrd Mﬁkaﬁgaﬁ,ﬁ)ﬁlé-@&a t ﬂS-Q\%%E jorfaté . @
| i gand sel ected om t he ouag‘e nSi St n% 0 e'éa]ﬂ_ e{r yl,
Jerr]-Jerr] cfefoa dnorogimethyloet ?‘P%t%enm re sppeifically 11,1 g
cycl oal kenyl , Cheptdfiugire+Z%7-dimethyl-46codtanedionateed bfedi vat | Vieeptafeoenf ;

a, X, y, and z g ata InC etdici rot @gm R, 35
B, and Q. respe%fl\zglgﬁfﬁg g@%“%ﬂe’ aaq‘ias:itie rta%lg?ygt%cmrﬂg‘é )libﬂg, ar‘nﬁ(‘%,cﬁi?s
VO 96/ 40690 oketonate ligands are identified consistently therewith, by prefixation
PCT/ US96/ 09484 of “s” to the corresponding p-diketonate ligand, e.g., shfac, sthd, etc.

i ndependently [err] 0, and Alerr](OR)[err]B[err]Qerr] is in stoichionetric

I‘,glo?;[j: ggf Ihloﬁ Egmﬂ exz\gtgrt)eééer{\g/lralﬁr?grarious reagents ané Ide}:oisaitesdoll:n\'a%ﬂtctsflglgytbge met al
- referred to sometimes hereinafter by alphabetic acronyms based on their '
constituent elements or moieties, e.g., PZT for lead zirconium titanate,
15 BST for barium strontium titanate, etc, and in such case, such
acronymic designations are intended to be broadly construed to
encompass all suitable stoichiometric forms of the composition under

consideration.

20 It is to be appreciated that the compositions disclosed herein, in
respect of constituent components and/or moieties of such
compositions, may comprise, consist, and/or consist-essentially of, such
constituent components and/or moieties.

25 Other aspects and features of the invention will be more fully
apparent from the ensuing disclosure and appended claims.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREOF
30

The disclosures of the following prior applications and

appertaining patents hereby are incorporated herein in their entirety:

U.S. Application Serial No. 08/181,800 filed January 18, 1994 and issued

September 26, 1995 as U.S. Patent 5,453,494; U.S. Application Serial No.

) 35 07/981,141 filed July 22, 1992, and issued January 18, 1994 as U.S, Patent
5,280,012; U.S. Application Serial No. 08/414,504 filed March 31, 1995;



The sol ution conpositions of the invention may include conpounds
conprised of [err]-di ketonate and/or al koxi de |igands havi ng a netal
M e.g., selected fromthe group consisting of My, Ca, Sr, Ba, Sc, Y,
La, Ce, Ti, Zr, H, Pr, V, Nb, Ta, Nd, &, W Pm M, Re, Sm Fe, Ru, 10
_Eu1 CO1 Rh1 I I‘wom06dvl 1 Tb1 C:u1 W1 |_|O1 AI 1 T11 Er1 Sn1 Pb1 imm@ﬁlﬂy‘bu, Th1
Pd, Pt, G, In, Au, Ag, Li, Na, K Rb, Cs, My, and Yb, conplexed to at
| east one al koxide |igand and at | east one_[err]-di ketonate |igand.
Such conpounds may have the general fornmul & 15
MOR[err])[err](Rerr]-C(Q-CHC(G-R3) . wherein: 20 G.is oxygen,
sul fur, or im ddJ.8f Applicatbomn fezial :PNRbQS)éﬁ%l@i filegnfuly 25, 1994; U.SCRatent [ err]
al kleh or (err ][A mhﬁbnps&huwo?aimizm,- Ofiledt Ag%hEDVPQQM'U.S. Patent X +y
= p where pis e .val.encg o + = e i.S e
coor di nati on nurftigRl OPT%I?‘P&tIg& @%/ olf 07, 21 QFF‘T'XI?? %’%’-'ﬁ%ﬁ?ﬁ“eﬁ
hydrocar byl or fasubk®alPaj¢nt No. 5208314nH.93 Patent | Applicationt $arialeINet ed
]flrom d er r} - 6l erwvsiwmﬁi’é&)}mh 5 619905 U-SClAgiplikatiéh Sakd ey, Dml,ﬁ-’rfmd f

uor oal kyl gro | rocar g S sel ec rom
Gerr]-Gerr] aﬁﬁf’f?ﬁ@?g‘f rg:-SCE‘BPﬁL;?é}%#%#B@%O’%% 3 e Nop¥eBEr 98, L1
Cerr]- CL898Y.S. atiom do: 07/(383,63] filed,Beptember 13 ¥9P<inmay be
sel ected from the naRRE(df FREGHE. Kitl, @t af, Al RuGEd Mzaa,mﬁaw@é Patent AS

used herein, th%,%%gp wing ternms for ligand groups have the foll ow ng
meani ngs: acac = 31 acetonate, nore specifically 2, 4- _ WO

96/ 40690 10 PCT/ US96/ 09434

21 The present invention generally relates to metalorganic source

reagent compositions, and liquid compositions containing such metal-
organic source reagent compositions. More specifically, the metal source
reagent compositions of the present invention comprise compounds or

15 coordination complexes in which the metal atoms are coordinated to
ligand species which are organic in character, as discussed in the
preceding Summary section herein.

The ligand groups of the metal source complexes in the broad
20 practice of the present invention may be variously substituted to realize
a wide variety of materials to optimize volatility, stability and film
purity. Preferably, when the metal source reagent comprises two or
more metal source complexes in combination with one another, the
ligands of the various metal source complexes should be either (a)
25 identical to result in degenerative ligand exchange (wherein any ligand
exchange involves replacement of the ligand group by the same type
ligand from another constituent of the composition), or (b) resistant to
any detrimental non-degenerative ligand exchange in relation to one
another which would substantially impair or preclude the efficacy of the

30  metal source complex for its intended purpose.

The ligand groups that are potentially useful in metal source
reagents of the present invention include the ligands which are more
fully disclosed in U.S. Patent No. 5225561, the disclosure of which

356  hereby is incorporated herein in its entirety. '



pent ane dionate; hfacac (or hfac) = hexafl uoroacetyl acetonate, nore
specifically 1,1,1,5,5, 5-hexafl uoro-2, 4- pent anedi onate; tfacac (or tfac) =
trifluoroacetyl acet onate, nor e specifically 1,1,1-trifluoro-2,4-
pent anedi onate; thd = tetranethyl hept anedi onate, as herei nabove 5

i dentified, ango9gjegeespecifically 2,2,6,6-tetranethyl-3,5- he]smamdmmte
fod = fluorodi net hyl oct anedi onate, nore specifically 1,1,1, 2,2, 3, 3-

hept af | uoro-7, 7- di net hyl - 4, 6- oct anedi onate;  hf od = hept af | uor o-

di met hyl oct anedi onate; and tg = tetragl yma23 The corresponding [err]-

t hi oketonate ligands are identified consistently therewth, by prefixation
10 of "s" to the cdheemetaldsouycd eeagentsi when netilizedi gaﬁdlvent gngdkﬂhala!c

;ﬁ quctets Cmy b Sclected %&/g?éregﬂﬁ‘{‘@f&'e%ﬂo%ﬁ{g EiierisAg0me! @txﬁe@peerc{eﬁqal

acronyns based o‘??of‘flfé‘ﬂed com&gﬁsﬁymhg ag F%?FQ“H@‘VS y ?ﬂﬂ’ét‘?‘igs Pgssttbble' PZT
for Iead zirconiamd in sadatrespetb mulBgantate ligandsiare sgrefemeduwiuqh oequgiye,

etc., and in guchyGase, &sm\auon saaéqaymecsé@&é éﬁn%oﬁnge& r@gnﬁ@d to be
broadly constru tQ for saII %ﬂé’b‘ est I chi t.ric [ys of

t he conposition 'ggﬂi'élr"‘ pretera Y)r‘r'g’ y groupsspf: 4§ 13QPTpRYL t-

appr eci at ed t hatbutyb andrrmpentydmghmhgewmﬂqserappmammf the metek pentersof

constituent COMPARERkSs MAAQ" deRt&IdRST dsl&Ehan e r@eﬁmwﬁia@smj
conpri se, consi st and/or COI’ISIS(t )esscgnnéa sti Luent

co
conponent s and/ oPthERYISE 08 mﬁ%@fé‘”ﬁfﬂ g8 t he
i nvention wild bsolutier hQﬂ lay smtable ayqRare pressu mcmﬁﬂ,nggii acvaper e and

appended cl ai ns. pressure of DT AddsEDD. ﬁ?ﬁs@@rPTi\lOEh rhilYENAh@Npréiire
PREFERRED 0?:2 HEREOF 30 The

di sclosures of tfeRgHoRs,ivolved l‘%lthﬁf)ﬁ §‘ and apper t ai ni ng

patents hereby are incorporated herein in their entirety: uU. S

éIOIO't I cr:rgt I og Ser1 19 al  NorheOSoH/8at Hrkdifxirl gﬁ\;zlayémixy sorckOfh aﬁldsm&ﬁuﬁd 1n o, 38
ept enper n )
07/ 981, 141 ?ﬁ ed§%°?§f"gi§“"f€aé‘% bre. e‘ﬁ e% S’Enﬁ%ay %%énfggﬁ%le cPat ent

5,280, 012; U.S. mntc‘ettu@nlss&mmhbﬂmmdsthmmem@mp exesnay the Muhszg.%
has moderate volatility, and in which high concentrations of the metal

complexes can be dissolved. Such solvent medium may suitably
comprise one or more solvent species such as: glymes, aliphatic

20 hydrocarbons, aromatic hydrocarbons, organic ethers (including dialkyl,
cyclic and crown ethers), dialkyl esters, alkyl nitriles (=NRp, wherein Rp

is H, C1-Cg alkyl, or C1-Cg perfluoroalkyl, e.g. trifluoroethyl), and
alkanols. Among these classes of solvents, preferred solvent species
include glyme solvents having from 1 to 20 ethoxy -(C2H4O)- repeat

25  units; C2-C12 alkanols, organic ethers selected from the group consisting
of dialkyl ethers comprising C1-Cg alkyl moieties, C4-C8 cyclic ethers,
and C12-Cép crown 04-O20 ethers wherein the prefixed Cj range is the
number i of carbon atoms in the ether compound and the suffixed Oj
range is the number i of oxygen atoms in the ether compound; Cs-C12

30 aliphatic hydrocarbons; and C-C18 aromatic hydrocarbons. Particularly
preferred crown ethers include 12-crown-4, 15-crown-5, and 18-crown-6
species.

Preferred metal source reagent species include compounds
35  having as constitutent moieties thereof f-diketonate and alkoxide
ligands, and a metal selected from the group consisting of Mg, Ca, Sr, Ba,



WO 96/ 40690 PCT/ US96/ 09434

22 U S. Application Serial No. 08/280,143 filed July 25, 1994, U. S.
Pat ent Application Serial No. 07/927,134, filed August 7, 1992; U. S
Pat ent Application Serial No. 07/807,807, filed Decenber 13, 1991, now
i ssued aswobemesdgat ent No. 5,204, 314; U. S. Patent Appli oritiosyemss al

No. 5 07/549,389, filed July 6, 1990; U.S. Application Serial No.

07/981, 141 filed July 22, 1992;. U.S. plication Serial No. 07/615, 303
filed Novenber 19, 1990; U.S. Applic % on Serial No. 07/ 581,631 filed
Sept enber 12, 1990 in the nanes of Peter S. Kirlin, et al., and issued

July 6, 1993 as St % Le&leei, Zz, Hf, By, \b5Nb6Ta, Nd, Cr, W, Pm, MrTRe, StosBert
invention gener Ry, Bul €bARK I, QA RI, FbP CARDG Hop WICE, Er, Sn,rplagﬁﬁt Bi, Lu,

conposi tions, npesi ti o rganic
source reagent ng?’l i %B’r é‘gsg‘&c;&?’nlg’akﬁy ﬁ@ge%g's‘gﬂ%eén tHle
reagent conposi metakisofoordinatedetooait leagtanet ﬂHSﬂdee ligandeansh ap taasti onerS-15
coor di nat i ongcoRk&yRsteilipanli ch the netal atoms are coordinated to

l'igand species which are organic in character, as discussed in the

precedi ng Summary section herein. The ligand groups of the
met al source conpl exHiustrativhe fSodikgtorate ligandst eoplaoped hin pmetad ntsottreeent i on

may be vari ous| osifilestdfitRE préseh #hveiftion incladeVabi, VRd,| Sy hedd, "BA@E, al s to
optim ze vol at|I| stabl

pur, t Preferably, when t he
met al source re Ea(fhﬁ?‘%l?é%rf%e%’r‘mmng ﬂHBPgalr%gal source conplexes in

conbi nati on1®i t h one another, the | i gands of the various netal source
conpl exes shoul d be Byt‘b@foi(@baniﬁe, théeietal Bout® feageht hqmdiegaﬁehatcbfve

|1 gand exchange ﬁ%’;}?%%h&ﬂléﬁt 059%‘} smtﬁblfé&gﬁgggnjt&xp%% ergfée?tl ygnt of

the |igand group om ano tuent of
the conposi ti on)s° lgnt Flﬁdm@sﬁ%@&ﬁﬂd‘t‘k?ﬁe m’gqlp}e %f‘i’@!ﬂw ‘non- degener at i ve

li gand exchange in relation to one anot her Whl ch woul d substantially
i npair or prgclude the efficacy of the gQp.Rptal source conplex for its
i nt ended purpose. The i gang—mv‘ups that are potentially useful
in nmetal source reagents of the present invention include the |igands
which are nore iMethhSaliree Resgeht(sh) U. S. Sulvemt Mealiuin 225, 561, the
di scl osure of which 35 hereby is incorporated herein in its entirety.
Sr(thd)2 - 10:1 isopropanol/tetraglyme;
20 -
Ir(acac)3 or butyl acetate
Ir(thd)3
La(thd)3 tetrahydrofuran
26 (MeO)3P=0
Nb(OiPr)4(thd) 8:2:1 tetrahydrofuran/isopropanol /
tetraglyme
30 Pb(thd)2 9:1 tetrahydrofuran/tetraglyme;
La(thd)3
Ti(OiPr)2(thd)2
Pb(thd)2 8:2:1 tetrahydrofuran/isopropanol/
35 Zr(thd)4 tetraglyme

Ti(OiPr)2(thd)



WD 96/ 40690

PCT/ US96/ 09434 23 The
fmetal source reagents when utilized in solvent nedia are sel ected on
the basis of the following criteria: (i) the netal centers in the

coor di nat ed ceygdeasdd Sshoul d be as coordi natively saturat ed reznBsecmudl e,
and in such respect nultidentate |igands are preferred which occupy 5
mul tiple coordination sites in the source reagent conplex; (ii) the

| i gands preferably conprise sterically bul groups such as isopropyl t-
butyl, and neopentyl, which prevent cl ose approach of the netal centers
and thus hinder deleterious |igand exchange reactions which m ght

ot herw se occur; andRu(adag)3esch i ndi vi dual rmi@ia@guéce reagent in the 10
solution has a suita beg%qgor pressure characteristic, e.g, a vapor
pressure of at |east Torr at the tenperature and pressure
conditions involved in their volatilization. The sol vent

nmedi um enpl oged in sSn(m&)zr(mhyme)ol ut Baristetrahydrofurand isopacpanold t h t he
present invention mag any suitable organiga m‘§ol vent which is
conmpatible with the neé(ﬁllﬂq | exes in the sorr |on has noder at e
volatility, and in wHA 4é’mconcent rati ons of the netal conpl exes
can be dissolved. Such solvent nedium nay suitably conpri se one or
nore sol vent speci esgu ﬂﬂﬁg aldl ymes, ali phaf,m?l 2Qtateo¥dr ocar bons, aromatic
hydr ocar bons, organi |nclud|ng di al cyclic and crown
ethers), di a0yl esté\f}!?relallk&qlﬂl'@rltes (= N@ellhhyﬂggq{atﬁﬁteﬁaglym% H,
Clerr]-Cerr] alkyl, or (Jerr]-Clerr] perfluoroal kyl, e.g.,

trifluoroethyl), a”d[O—Zr(ﬂ?&)ﬁﬁ»{m' s. Anong t lgéemges of sol vents,

preferred sol vent species i ncl ude glyme sol vents having from1 to 20
et hoxy -(C[err]H err W)ereingpisal op8  units; oexlbuig geqtfteéﬁgegggbpge organi ¢
ethers selected fromt he group consisting of dialkyl ethers conprising
Clerr]-Cerrgs al kyl ﬁﬁe C[err] Cerr] gy tﬂhers and
Cerr]-Cerr] crown err érr] _ethers where ref| range is

t he nunber i of WBEBBM R LREZi n the et heF B#’r‘bﬁ’&gﬁﬁé‘ﬁ yéﬁ?fl xed
gerr] range i s the nunber i of oxygen atons in the ether conpound,

Cerr]-Cerr] 30 alg gﬁgt)@ hydr ocar bons; apsi1 ghgna}etﬁeefeﬂaggﬁﬁérat iC

hydr ocar bons. Parti cul arI y

20 Sr(shfac)2 25:1 butyl acetate/tetraglyme
Sr(sthd)z 25:1 butyl acetate/tetraglyme
Sr(sthd)2 butyl acetate/ tetrathiocyclodecane
25
Ca(sthd)2 25:1 butyl acetate/tetraglyme
Sr(sthd)2
Ga(sthd)3
Ce(sthd)4
30
Ca(sthd)2 25:1 buty! acetate/tetraglyme
Ga(sthd)3
Ce(sthd)4
35 Cu(shfac)y 8:25:1 isopropanol/tetrahydrofuran/

tetraglyme



preferred crown ethers include 12-crown-4, 15-crown-5, and 18-crown-6

speci es. Preferred nmetal source reagent species include
tonpounds 35 havi ng as constitutent noieties thereof [err]-di ketonate and
al koxi de | i gands, and a nmetal selected fromthe group consisting of

Ng, Ca, 6Sr, Bw096l40690 WO 96/ 40690 PCT/US96/09434

PCT/ US96/ 09434 24 Sc, Y, La,
Ce, Ti, 2Zr, H, Pr, V, Nb, Ta, Nd, C, W Pm ‘M, Re, Sm Fe, Ru, Eu,

Co, Rh, Ir, &d, N, Th, Cu, Dy, Ho, AI TI% g, sn, Pb, Tm Bi, Lu,
Th, Pd, Pt, Ga, In, Au, Ag, Li, Na, K, Rb, .Cs, Mo, and Yb, wherein the
nmetal is coordinated to at | east one al koxide ligand and at | east one

[err]- 5 diket onaCa(skﬁcggnd 25:1 bukylusetatd/ieteathivcytiodesarieonat e
| i gands enpl oyed in ggggﬁﬁ %our ce conpl exes of the present invention
i ncl ude acac, thd, fQ f) tfacac, and hfacac, and their
corresponding thio aﬁé 3 10 By way of exarrpl e, the netal
source reagest |iqui d:ecmid)ql ons of the present invention may suitably
conprise nmetal source reagent and sol vent nedi um species identified in
Table V set out below 15 Table V
Met al Source Reagent &hfac)2 Sol vent Medi um 25:1 butyl acetate/ teiragiyme
10: 1 i sopropanol /tetraglyme; 20 Ir(acac)3 or
butyl acetate Ir(thd)[err] . At '
t et r ahydr of ‘:Jlroan Sr(thd)y, 25:1 butyl acetate ﬁm)gyclodecane
Cu(hfac)2 8:25:1 isopropanol/ tetrahydrofuran/
tetraglyme
Ti(hfac)3 25:1 butyl acetate/tetraglyme
15
Ti(hfac)3 butyl acetate
Mo(hfac)3 butyl acetate
20 Mo(thd)3 butyl acetate

The metal source reagent solutions employed in the process of
the present invention may be readily employed in CVD applications for
forming a metal-containing film on a substrate, by the steps of

25 volatilizing the metal source reagent liquid solution to yield a metal
source vapor, and contacting the metal source vapor with the substrate,
to deposit the metal-containing film thereon. Illustrative metal source
reagent solutions and corresponding metal-containing film
compositions are identified in Tables III and hereinabove in the

30 "Summary of the Invention" section hereof.

The features and advantages of the invention are more fully
shown by the following non-limiting examples, wherein all parts and

percentages are by weight unless otherwise expressly stated.
35 _
Example 1. Synthesis of Ta(OEt)4(n2-thd)



25 (MO [err]P=0O No( G Pr) 4(thd) 8:2:1
t et rahydr of uran/ i sopr opanol /

tetraglyne 30 Pb(thd)[err] 9:1
tetrahydrofuran/tetragl yne; La(thd)[err]

Ti (O Pr) [ err] Ghd6udosée’ Pb(t hd) 2 pCHuSeboan

t et rahydr of uran/i sopropanol / 35 Zr(thd)4

tetragl yne Ti(Q Pr)2(thd)2 WO 96/ 40690

PCT/ US96/ 09434 27 25

Ru(acac) 3 or butyl acetate Ru(thd) 3 5
Sr(thd)2 (tetragl yneOne euidalent eBB.2hgX0612,2,6)6 etranretipdBB-heptanedione

Bi Ph3 ( thdﬁ was added d:rectl}ﬁid' mb )g”l’h(OEt)s in a 500 mILSHIEHK 41a3K;
[O=T|(thd)[err]][er ace ate wherein n is
1 or .2 bk ‘stastipg mterisleo) Wers agPiane " commercially  (Lancasier
[O=Zr(thd)[er r] |Cleemnicals, Inc.). The vhsseyWasdmaweto 65°C under a slovenérogen i s 1
Frozgr (thd) [ et r] %L td a%ﬁﬂlera(iﬁrt tffl ﬁ%rc gﬂé %fBanol Fenerated was removed o1
or 2 3acuo (0, 3eid 08 & %@” £ (QGHGs lguid Ta(OBOLRER iR 5

25:1 but yl acet ajwedrititativeg | pield, which solidified upon cooling. The compound
melted at 26°C and boiled at approximately 80°C at 140 mtorr. The 1H
and 13C NMR spectra in benzene-dg were consistent with an octahedral

10 structure composed of two ethoxide ligands in axial positions and a
second set of cis-ethoxide ligands in the equatorial plane across from the
bidentate 8-diketonate: d 5.81 (s, 1 H, CH), 4.72 (g, 4 H, CH2), 420 (q, 4 H,
CHy), 1.34 (tr, 6 H, CH3), 1.14 (tr, 6 H, CH3), 1.13 (s, 18 H, ¢-Bu); 13C{1H}
NMR (CgDg) d 199.9 (CO), 92.9 (CHdliket), 68.8 (CH2CH3), 65.4 (CH2CH3),

16  40.9 (CMe3), 28.3 (CMe3), 19.6 (CH2CH3), 19.0 (CH2CH3).

Example 2. Synthesis of Ta(OiPr)4(n2-thd)

A nine-fold excess of isopropanol (170 mL) was added to 33.6 g

Ta(OEt)4(n2-thd). The solution was heated at 60°C for 45 min, following

20 which the volatiles were removed in vacuo. The ligand exchange

procedure was repeated a second time to yield 36.8 g of white, crystalline

Ta(O-i-Pr)4(n2-thd) in quantitative yield. The product was purified by

sublimation at 100°C at 150 mtorr. The compound melted at 149°C. The

1H and 13C NMR spectra in benzene-dg were consistent with an

25 octahedral structure composed of two isopropoxide ligands in axial

positions and a second set of cis-isopropoxide ligands in the equatorial

plane across from the bidentate b-diketonate: d 5.81 (s, 1 H, CH), 5.10

(sept, 2 H, CH), 4.51 (sept, 2 H, CH), 1.38 (d, 12 H, Me), 1.20 (d, 12 H, Me),

1.17 (s, 18 H, t-Bu); 13C{IH} NMR (CgDs) d 199.4 (CO), 93.0 (CHdiket),

30 75.0 (CHMe2), 71.4 (CHMe2), 40.8 (CMe3), 28.3 (CMe3), 26.4 (CHMe2),
25.8 (CHMe9).

Example 3. Synthesis of Nb(OEt)4(n2-thd)
The procedure of Example 1 is followed, using Nb(OEt)s as
35  starting material rather than the tantalum ethoxide. One equivalent of



20 Sr(shfac)[err] 25:1 butyl acetate/tetralyne

Sr(sthd)2 25:1 butyl acetate/tetraglyne
Sr(sthd)[err] butyl acetate/ tetrathiocycl odecane 25
Ca(sthd)[err] 25:1 butyl acetate/tetraglyne

__SI’ (st hd) [ err] wo 9640690 Ga(sthd)[err] Ce( st hd)dorrushes6¥as4
Ca(sthd)[err] 25:1 butyl acetate/tetraglyne
Ga(sthd)[err] Ce(sthd)[err] 35 Cu(shfac)[err]

8: 25: 1 isopropanol /tetrahydrofuran/ 2

tetragl yne WO 96/ 40690

PCT/ US96/ 09434 2,2,6,6-tetramethyl-3,5-heptanedione (Hthd) is addegds directly to

Ca(sthd)[err] Nb(OEt)sin aZSthler’degadk ait;tmsmlheheweditoqbohbdﬁféfer a
Sr(sthd)[err] u(r Q di
Cu(hfac)[err] Slow nitrogen purge % k ? @tl%ﬁlgftgﬁ Fagh ated 1s
Sr Et hd) % Ear r] ! removed in vgoyo to yigld N'a@-'ﬁl)ﬁt( -t @l%ﬂﬁ@%g@?&é@é@ne 10
Cu(hfac)[errg 8:25:1 i sopropanol / tetrahydrofuran/

tetraglyme Example 4. Synthesis of Nb(OiPr)a(n2—thd)
A  nine-fold molar excess of isopropanol is added to
Nb(OEt)4(n2-thd). The resulting solution is heated at 60°C for 45 min,
following which the volatiles are removed in wvacuo. The ligand
10 exchange procedure is repeated a second time to yield solid
Nb(O-i-Pr)4(n2-thd) in quantitative yield. The product is purified by
sublimation at 100°C at 150 mtorr.

Example 5. Deposition of Niobia Film

15 Nb(O-i-Pr)a(n2-thd) is used to deposit Nb205 ("niobia") on a
silicon wafer held at 400°C in a CVD reactor. The Nb reagent is
contained in a vessel ("bubbler') held at 185°C and Ar gas is flowed
through the vessel at 100 scem. Pressure in the "bubbler” is controlled
at 80 torr using a manual throttle valve. Oxygen is flowed to the reactor

20 through a separate manifold at 300 sccm. Total pressure in the reactor is
1 torr and partial pressure of the Nb reagent in the reactor is 0.03 torr.

- Deposition rate is approximately 0.04 mm/minute.

Example 6. Deposition of Tantala Film

25 Ta(0-i-Pr)4(thd) is used to deposit Ta205 (tantala) on a fused silica
(glass) envelope of a high intensity lamp by chemical vapor deposition.
The glass surface is held at 450°C in a CVD reactor. The Ta(O-i-Pr)4(thd)
compound is dissolved in an organic solvent and this liquid solution is
pumped to a vaporization zone of the reactor held at 200°C where Ar

30 carrier gas is also introduced at 100 sccm. At the vaporizer zone the
solvent evaporates, the Ta compound sublimes and the gaseous
reagents and Ar then flow to the chemical vapor deposition reactor.
Oxygen is flowed to the reactor through a separate manifold at 300 sccm.
Total pressure in the reactor is 1 torr and the deposition rate is 0.065

35 mm/minute. '



Ti (hfac) 3 25:1 butyl acetate/tetraglyne 15

Ti (hfac) 3 butyl acetate Mo( hfac) 3
-butyl acetate 20 Mo(t hd) 3 butyl acetate
The netal source reagent solutions enployed in the process of t he

present invenyioyub@y be readily enployed i.n CVD appli cati oreTisg6/o9434
formng a netal-containing filmon a substrate, by the steps of 25
volatilizing the netal source reagent liquid solution to yield a netal
source vapor, and contacting the netal soufce vapor with the substrate,
to deposit the netal-containing filmthereon. Illustrative netal source
reagent solutions and corresponding netal-containing film

conposi tions ar gyl [giflj&;j,s{t{bnTnggﬁ | and herei nabove in the 30
"Sunmary of the Inv QN '

h . T t d
advant ages of the in K‘?_?ﬂ’ﬁ?@ﬁ%%r els; E'%%‘/ to: de%?%mBWksﬁﬁ%ﬁ%frﬁ%ﬁ?ﬁgn :
non-1imting ex@NpiBST) onteeplatinum mefrdageraomda silicon peaferim 2638 aeacttsy wei ght
unl ess ot hergi S?A-J *ReBE AhyerShvill 36t ag3a bottom IRERBHE iA a WUPhART MnPlthe

;?:(T%tsé%/egg]llggeﬁ Bé’P%m will have a\ﬁ?gl? 6&13'1%?31% constant with dc low leakage

One equi val ent a@ent gensity. e platinunt sunfacetis heltl at 6ABCaNR(OoAB)4M2- ( Ht hd)
1 20000 01 hgdh B P dopuc ooty b
Chenical s, | %c. etr %ms«e?g@ﬁd&é@ﬁgﬁi% q%éé{@’b*&“bﬁdénﬁa%ﬁsow%@r ogen
5 purge tb0a bolutiosr is phirped?tdauvaporidatioat bouwo helik e r220%0 wizerer Agoved
in vacuo to yielgrR3.8s & flo bifodifRedat 356 sbdntlUTHle bafutidn kLSthblelfld hot Nd) 11
detrimental levels of ligand exchange occured Dbetween the
metallorganic compounds in the liquid phase or gas phase. At the
vaporization zone the solvent evaporates and the Bi, Sr, and Ti
15 compounds sublime and pass into the vapor phase. The gaseous
reagents and Ar then flow to the CVD reactor. A mixture of oxygen and
nitrous oxide is flowed to the reactor through a separate manifold at 300
sccm each. Total pressure in the reactor is 0.700 torr and the (Nb:BST) is
efficiently deposited.
20
Example 8. Deposition of Bi2SrTa209
Ta(O-i-Pr)4(thd) is used to deposit BigSrTa209 on platinum
metal layer on a silicon wafer in a CVD reactor. The Bi2SrTa209 film
will form a ferroelectric capacitor with remanent polarization that can
25 be switched greater than 1012 times. The Bi»SrTap09 is deposited at
650°C. Ta(O-i-Pr)4(thd) is dissolved in an organic solvent along with
triphenylbismuth and Sr(thd)2-tetraglyme and this liquid solution is
pumped to a vaporization zone held at 200°C where Ar carrier gas is
also introduced at 100 sccm. The solution is stable and no detrimental
30 ligand exchange occured between the metallorganic compounds in the
liquid or gas phase. At the vaporization zone the solvent evaporates
and the Bi, Sr, Na compounds sublime. The gaseous reagents and Ar
then flow to the chemical vapor deposition reactor. A mixture of
oxygen and nitrous oxide is flowed to the reactor through a separate

35 manifold at 300 sccm each. Total pressure in the reactor is 2.1 torr and
the Bi2SrTap09 is deposited at useful rates.



guantitative yield, which solidified upon cooling. The conpound mel t ed
at 26[err]C and boiled at approximately 80[-err]C at 140 ntorr. The [err]H
and 13C NWVR spectra in benzene-d6 were consistent with an octahedral 10
structure conposed of two ethoxide ligands in axial positions and a
second set of wejgeubdohOxi de ligands in the equatorial plane a¢fraRdebdasym t he
bidentate [err]-di ketonate: d 5.81 (s, 1 H CH), 4.72 (g, 4 H CH2), 4.20
(q, 4 H CH2), 1.34 (tr, 6 H .CHerr]), 1.14 (tr, 6 H CHerr]), 1.13
(s, 18 H, t-Bu); [err][err]H NVRUCerr]Derr]) d 199.9 (CO, 92.9
(CHdi ket), 68.8 (CH err]CHerr]), 65.4 (CHerr]CHerr]), 15 40.9
(CMerr]), 28.3 (CMerr]), 19.6 (CHerr]CH err]), 19.0 (CHerr]JCHerr]).
Exanpl e 2. Synt Beampleod. Gfovithr of GMR (Orile] Filid)on LaAlO3 (100), NdGa®sf ol d
excess of isopr ol 7 dded 33.6 ¢
Ta(CEt)[err]([e&ﬁ?gﬁﬁﬁgaﬂ@o&%agﬁ%k@eat ed at 60[err]C for 45 nin,
fol lowing 20  whi chlbax{a@lwdVinP3| fimgemere SrowaY oM, 3.(186 NdGaHa
exchange 5  prioy;ad ¥Mg0a300)2aBsTAES B;r @iet?ﬁdtﬁdmts?st\éhﬂlﬁt #6sKovwnof

{ :

white, crystalline .. TaCO- i -Pr) Ler rl-hd) in.qugntitative yield.
The product wass%lfﬂﬁchgyb?%lgme l'sﬁgﬁs .%Lgthef%ﬂ[ %ﬁ?‘gﬁn%‘m‘orr.
The conpound neflkaithdid), 1 bis(tatra-methyiheptanedionpojealcipyr g4 r andlp .
benzene- d6 wer etdsitettrahethiylwiptineadionato)manigahestr dMrgthd)g), ialk aforydushd of
two i sopropoxide l|ligands. Lnh,axial . | 11 QRS an secaond t of
Ci s-1 sopropoxi dg"elr? g8 ,3‘3?‘?9 t?f%{fﬁ?lbfi g#ﬁem %@ﬁﬁgﬁaﬁ%gs ‘*ségr_na?he
bi dent at e bl@i k presyagsas: mgteziads, (Thesel threecpyganis: ggmpounds, (e gppropigtecH) |
4.51 (sept, 2 Hamcdnts, Wae (flixed Ant. diddlvedl i@ sﬁ%e begdhic Mbjution of 25:1. 17 (s,
I,
@

18 H t-Bu); leg : d gL tndiphert, 41 eRfral
el SR i

Synt hesis of NbQOBt piobes/litdrerof | sliion, respectively. Taripg odepositionf theanple 1
is foll owedygusi O ( 4,aﬁ1- rii | aks t he
tant al um et %xi 5‘2‘9‘%%‘%%‘%‘555‘13 é 6 ed' Thid ébgg?@g‘?&%gggﬂ B ﬁ&q} -Q-ﬁa
PCT/ US96/ 09434 the vapors were carried immediately into a chemical vapgy deposition
2,2, 6, 6-t et r amerénctorbyonitmgen gasli Thefilhit Waye depasitdd datdi carstdnt pressure

of 1.5 Torr and at a substrate temperature ranging from 600°C to 700°C.

Both oxygen and nitrous oxide were used as oxidants.

b

20

The films were characterized and showed a high transition
temperature T¢ in the as-deposited films, probably due to the higher

oxygen partial pressure in the CVD process. The highest T¢ attained was
300K. The peak value of resistivity r is observed to decrease from
25 34mQ-cm to 12 mQ-cm in the film with T¢ = 300K. Post annealing of
these films in 1 atm of O further reduced r and increased Tc. The
oxygen content plays an important role in controlling the carrier
concentration. All of the films prepared at different substrate
temperatures between 600 and 750°C were highly (001) oriented. The
30 grain size of films decreased as the substrate temperature decreased
without a degradation of crystallinity determined by XRD in this
temperature range. There was no correlation found between grain size
and cusp temperature or magnetoresistance of the films. The preferred
orientation of the films appear to affect on the temperature dependence

85  of resistivity as shown in the case of a (LaCa)MnO3 film deposited on
MgO substrate. A lower AR/RH] effect of as-deposited (LaCa)MnO3 films



Nb(OEt)5 in a Schlenk flask. The vessel is heated to about 65C under a
slow nitrogen purge to a bubbler. After 2 hours the ethanol generated is
-removed in vacuo to yield No(Oet)[err]([err]-thd) in quantitative yield. 5

Exanpl e 4. Synthesis of No(QO Pr)[err]([err]-thd) A nine-fold
nol ar  excessyglocksop’ OPanol is added to No(CEt) [ err] gCewsdenwdsd) . The
resulting solutionis heated at 60[err]C for 45 m n, foll ow ng which

the volatiles are renoved in vacuo. .The I|qand 10 exchange procedure is
repeated a second tine to yield solid No(O-i-Pr)[err]([err]-thd) in
gquantitative yield. The product is purified by subl i mation at

100[ err] C at 15By MQECWD than thaExfiapheaied (DaGaMnOddilws piepbied By lasen 5

No(O i -Pr)[err]a sli&oﬁ WJ) fosau§eau&0tod%p9aaﬁvab[wlgsm (oelms@ ) on a
silicon wafer |n aj CVD reactor. The Nb reagent

contained in a flbbl er") held at 185[err]C and Ar gas is flowed

t hrough the vessel at 100 sccm Pressure in the "bubbler"” is controlled

at 80 torr usi NExampae10! Griwweh bk Zinehiten TianaR" is flowed to the reactor
20 through a separa n.t he

fol 300 Tot al t
i s 1 torr and relf“ﬁ Ie’fjr%égsﬁ EISY V’%ﬁé%ﬁ%&eﬁfﬁsﬁ‘% HBJQFB Ve 8?eac o
0.03 torr. opémdzingi ovapertizeri scenpditions memel y achievingn desivece. film
Exanpl e 6. DepOSﬂoid}@asmegETﬂbhalZ@(tﬁdhm(O-me éﬁﬁt@reaﬁér)z{se r'nie( CND i s

used to deposit_Talerr err nt al on f used e . ass)
$ituced B FeBhis PreheatiSe ety hRE e

envel ope of a h qig
gl ass surfal@ i beateltaperitaragoflean| d-linea filen ragdcithe . d @UaéﬂtemPrfpll(thd)

Cormognfl i s di syapoegatich afdOoraipost aptheemuxee&l;a n% va wxdamhuh ed IAS 20
punpe 0 a vap z 0] r r
carrier gas S gﬁéo@éﬂﬁg’q’%ﬁggﬂ ?&E%kgggéﬁ% /&?g e vapor| ze ZOI‘] Fe[“ﬁ

sol vent evapora he Ta conpound sublines and the gaseous reagents
and Ar then flom/to the chem cal vapor deposition reactor. Oxygen is

prssure i nitne.t cackifal AR g 1, Shvelp 8 Blhyuge ot
mi mi nut e. tetra yme in the ratio of 9:1. It was found that the effect of carrier
gas preheat was minimal. Vaporizer temperature was a much stronger
variable with increased vaporization temperature giving somewhat
more consistent vaporization as judged by monitoring the pressure of

20 the vaporizer behind the frit (vaporization element). Lower
temperatures (Tvap=215°C) resulted in more erratic vaporizer pressure.

In addition, increased relative Zr content in the solution caused wide
swings in vaporizer pressure as the run progressed, even at
Tvap=230°C. (Total Zr content in all cases has been held at 0.15 to 0.145

25 moles/liter solution to prevent delivery tube clogging which was
experienced at higher Zr concentrations.)

One variable studied in the test was the addition of isopropanol

to the solvent. In such modification, the solvent used was

30 THF:sopropanol:tetraglyme in the ratio of 8:2:1. IPA affected the
process remarkably favorably in respect of the desired film composition.

Zr incorporation efficiency increased to the point where films of ZryTij-

xO4 were produced. The deposition conditions were held constant
during all of the experiments, evidencing the fact that transport of Zr is

35 significantly enhanced by the addition of IPA to the THF/tetraglyme
solvent. This suggested that ligand exchange may have played a role,



WO 96/ 40690

PCT/ US96/ 09434 29 Exanpl e
7. Deposition of Nb:BST No(Oi-Pr)[err]([err]-thd) is used to
deposit Ba[err]SrxTi[err]No[err]err] (Nb: BST) on a platinum netal

|l ayer on a silygogsopefer in a CVD reactor. 5 The nmetal |ayperibdsoodst as
a bottomelectrode in a capacitor and the No: BST filmw Il have a high
dielectric constant with dc | ow | eakage current density. The platinum
surface is held at 650[err]C. No(Oi-Pr)[ePf]([err]- thd) reagent is
di ssolved in an organic solvent along with Ba(thd)[err]- tetragl yne,

Sr I( t hd) 2- t et r agleygrewithdthEi fe@Bion @r(thd)yshe) éZx}(t])iPr&(ﬂxd)hiﬁ l¢ading ¢o More
solution is pume Q vaporizati on, zole t Oletr]lC [e.
carrier gas !Os ng‘fog%thfzn JES%EC e[gﬁ a‘?’a‘%ﬁbsﬁt’g@? éﬁas,t éh%%h'{éss}n\%\,tgggkﬁ%éérnd no
detrinental | eveftessyre degeaged (atntvap = a3 E’t’\%e PRy, frits) with the

net al | organi ¢ caofpdified solvertheigdri@bXthRhgs thayl alge haPb 6@ to fhe phévision

vapori zati on zzon; I t a e n e Bi r i
conpounds sul§1Z i r?g a?%‘%%sér%?%ﬁs ¥st aﬁtgt%\%&gipﬁ%%at;eg‘}pe%@rg&%@%ﬂgu Sdi%r %sagent S
and Ar then flovstRe ¢as8 tex@rithedldc or . A nixture of oxygen and ni trous
oxide is flowed to the reactor through a separate manifold at 300 sccm
each. Total pre 0.t tehs 0.700 torr and the (Nb:BST) is
efficiently dep%&%a}'o%wéig%@ 8. Deposition of ]

Bi [err] SrTa[ err] d er djransport experimengy ¢on BpSr{Tar were wendpetedsiadgat 6VBeposi t

Bi [ err] Sr Ta[x r |rehetor to poughilpidetetine vapbtikéd opévting Gonditions] mnbwm%ar in a
CVD reactor. TheyRich&wd & I@ﬁ\?bﬁh&l Werd evdlliffed, The'first wia@ rT‘E'(@ilfrﬁI( ) ectric
capacitor with remanent polarfzation that can 25 be swi tched greater than
1012 times. The foF [‘%‘PF‘]‘SF?‘T%[ YAPPFRS; femperafrgs swereinyestigated gshhe heptc,
Ta(O-i-Pr)[err] (dondjtiors diassdébwedl ton be 2009€ni ¢ Sobecmid elfdngompdiind,

tri phenyl bi snut hTa(OES4(théyaBotwad Bd BRI thd Basel &MK&@ ebttlitiBfis, &
punped to ad\({baporl zati.on zoqﬁ Eg{’glfft 200[ err] C where Ar carrier gas is
al so i ntrodd@ed symmagzed i, lap. Q¥ion is stable and no detrinental 30
| i gand exchange occured between the netall organi c conpounds in the

|l iquid or gas phase. At the vaporization zone the solvent evaporates

and the Bi, Sr, Na conpounds subline. The gaseous reagents and Ar t hen
flowto the chem cal vapor deposition reactor. A m xture of oxygen and
nitrous oxide is flowed to the reactor tHablaMh a separate 35 nmanifold at
300 sccm eagp Total pressure in_the reactor is 2.1 torr and t he
Bi[err]2SrTaler rl-]'rgﬁ{ré]siz'es deposited at 253%{ ul rates.
Carrier gas flow 450 sccm Ar (preheated)
25  Precursors . BiPh3, Sr(thd)2, and

Ta(OiPr)4(thd) or Ta(OEt)4(thd)

Solvent - 82:1 THE:isopropanol:tetraglyme

30 Reagent solution
concentrations Bi 0.40M - Sr 0.15M - Ta 0.40M

Delivery rate 0.1 ml/min

35  System base pressure 2 torr
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30 Example 9. Gowh of GWR Oxide Filns on LaAl(Jerr] (100),

NdG(J err] (110), and MO (100) Substrates by CvD
La[err]Ca[err]M(Jerr] filnms were grown on LaAl(Jerr] (100), NdGO3 5
(110), and MyQddgdepsubstrates by CVD in the CVD system t h@cTussann
schematically in Figure 1. Tris(tetranethyl heptanedi onato)l ant hanum
(La(thd)3), bis(tetra-nethyl heptanedi onat o%cal cium (Ca(thd)2), and
tris(tetranethyl hept ane-di onat o) nanganese 1’r\/h(t hd) 3), all of which

wer e purchased commercially (Strem Chem cals), were used as 10 precursor’
materi als. These three organi c conpounds, in appropriate anounts, were

m xed and di ssol P 2, | e organi c solution of 25:1 but yl

o T i AR S AR A o, 1

and 0. 05 nithe &, ipresunegbly @iusttpomsubbmsécmﬂtmay (likelyiSsthedg)oshichon, t he

15 sol utl on gasyEoRsiftdwi] e 88 thif t EIeRind thé gt ftbleRidP and
di :

t he vapors were C at.el nt Q vapor deposition
reactor by nltrc}i}’%')g ne% “I“HE}/W&‘HQBBQ{% O‘a‘Fsa constant pressure

of 1.5 Torr and at a substrate tenperature ranging from 600[err]C to

700 err] C. Bot h 7o YA0°C 3RfFerlinkhO had ¥d PR rigk| HBed 20
The filnms were ézya{agterl

Tc in the as-de qeawfe?lsﬁfs‘d?’bﬁ?ﬁﬁg}?ﬁfga{}gog hﬁ«%?r%ﬁtg't'ogd A %‘ang Fature

partial pred$ur doimnpressurerecorery after theexperjnest (ZQ%)amémated that some 300K

The peak val ue Qiecbﬂ?o?,ﬁo‘ﬁ' df¥métalcig Qﬂ%%ﬂﬁﬁat chﬁ%eﬁ%sﬁeffh@m 25
34nferr]-cmto 12 nféerr]-cmin the f| mw th Tc = 300K. Post annealing of

these films in 1 atmof O2 further reduced r and increased T[err]. The
oxygen content pl ays The 22810 experiment keliaved similatly o\ ghe RA0°Coexpegiment

tconcent{at i on. tﬁ«ith tWGOOO %@ﬁmmrﬁe%{ &a&tnﬁh Wa@rﬂ)@g\ fpHes tard edstee - 20
orarn o e P TiRRE S P Recwiad e SEhE %g%?fi& ZohagR) SHbic™
wi t hout a degr adwés aerosipanigds byia clagtin @er@lmeme a e ifrit.t (ke clog
t enperat ure rang@isappat®l dPtheNapofizéetcsled Bvedighl apat 1\sigRifitant AnSd st
(about a 5 mm dia. lump) of white material was present on top of the
frit. This may have been due to the reagent being sucked into the
20 vaporizer from the delivery tube (with some leakage through the 20 psi

check valve) from which the solvent had evaporated. An NMR
analysis was conducted on the material, and it showed BiPh3 and

Ta(OiPr)4(thd) precursors in about their original ratios but no Sr(thd)2.

25 The frit residue was analyzed qualitatively by x-ray fluorescence
{XRF). The results showed that the amount of Bi and Ta left on the frit
increased with increasing vaporizer temperature, as expected.

Ta(OEain2-thd)
30 This compound appeared fairly well behaved until near the end
 of the transport experiment, where a significant rise in pressure behind
the frit occurred, accompanied by a clog in the delivery system. This
clog disappeared within minutes of shutting off the solution flow.

Vaporizer pressure recovered by about 62% after the experiment.
35



and cusp tenperature or magnetoresistance of the filns. The preferred
orientation of the filns appear to affect on the tenperature dependence 35
of resistivity as shown in the case of a (LaCa)MJerr] film deposited on
MyO substrate. A lower [err] RRRH effect of as-deposited (LaCa) MnB fil ns
V\D 96/ 40694 96/40690 RETiso8asP 434
IVEK/D than that of annealed (LaCa)MiO3 filns prepared by |aser
dep03|t|on is probably due to a relatively low resjstivity of these
MOCVD films. 5 Exanple 10. Growth of Zi%onium Titanate A
nunber of PZT runs were perfornmed with the objectives of optim zi ng
vapori zer conditi onsSamia]acfﬂnswwged@postbdf idnm Pt/ Ta/SiOp1 Sihidemiatg ythef r om
Zr(thd)[err] an Lso t h R vwas
constructed to grer né&t ge‘% ?%gﬁgjgg%@e?s 0°C Eusg&orlt(? }%ea tape
around an in-| i hesulted té‘? a éﬂ@t wasi peerly sgrystall e‘110rk‘ Contliﬁébofllh}!‘ét i on
and transport oHdep bﬁteaoatrswcmmu stegy XRI® prakanBaerestinglyprall €idimst ruct ed

in. accor dangeng'ab ngr.g 'aéé!ea(}ﬁﬂ' e ac%ssq}ér\ﬁrﬁ&t ﬁﬁirtatmg c é - thicknesd.

Initial experi he sol vé
THF: tetragl yne i @&ﬁ’éymiﬁﬁ'ﬂuﬂa@e to al’!‘a‘\?ﬁ&@oﬁ’éﬁjﬁ@nﬁﬂﬁ@mﬂh@f ledgeanotipncarri er
gas preheat was dmrmgrgbowﬂamrﬂhéeéompﬁnﬁdawm Vig skriowiii Cld e 2riggéred

i abl ith |
cons st ent vapol et "‘é@%ﬁgﬁ oBfevERILPN Sl SR EAPR AR gty g °

F
;-1

vapori zer behi n&tages ef grawth {vapori zation el errent) Lower
tenperatures0(T[err]=215[err]C) resulted in nore erratic vaporizer
pressure. B&aﬁ@éizoﬁmm%ﬁdzdﬂkiﬁgﬂ(OE in the sol ution

o0 s ) =230] ehPB CoNBIBRS B el £ R ?ncﬁgg@gd)ﬁgis"%ess W d at

0.15 to 0. 145 25n ligmdbsexchamge sdhert i e tligapdeveete ddibsoherd) inulseleérdggi ng
whi ch was medium, as in Example 12. By using Ta(OEt)4(thd) the aforementioned

15 exchange problem is alleviated in solution. This enables a reproducible
transport and CVD process.

The Ta(OEt)4(thd) and Sr(thd)2 solution can be used for
depositing SrTaO or Bi2SrTa209 materials.

20
Example 13. Use of Additive to Increase Reactant Solubility for LP CVD
Acetone, tetrahydrofuran, dimethoxyethane (DME) or
dimethylformamide (DMF) are added to a solution containing Ba(thd)2
to maximize its solubility.
25

Example 14. Addition of Excess Lewis Base to Increase Reactant Stability
During LP CVD

Lewis base copper(l) 8-diketonate complexes are useful for copper

CVD. However, the Lewis base may be easily liberated from the

30 molecule resulting in pre-mature decomposition and cogging of the

vaporizer. To combat this problem, excess Lewis base is added.

Similarly, excess Lewis base can be added to stop the formation of a less

volatile dinuclear species and eliminate precipitation in the vaporizer.

For example, liberation of 3-hexyne from 3-hexyne Cu(hfacac) leads to

36  the formation of a dinuclear complex, 3-hexyne [Cu(hfacac)]2, which is a

solid at room temperature. The formation and precipitation of this



experienced at higher Zr concentrations.) One vari abl e studied
in the test was the addition of isopropanol to the solvent. In such
rodi fication, the solvent used was 30 THF: i sopropanol:tetraglyme in the
ratio of 8:2:1. |PA affected the process remarkably favorably in
respect of theygggiossyd fil m conposition. Zr i ncorpor at i peysedobiosBENCy
I'ncreased to the point where filnms of Zr[err]Ti[err] [err]Terr] were
produced. The deposition conditions were held constant during all of
t he experinents, evidencing the fact that @Fansport of Zr is 35
significantly enhanced by the addition of IPAto the THF/ tetraglyne

sol vent. This su@gasleeﬂ solidt cdn danmbnévotiad Nigye formingh thie ¢xuelibrdum riol the

\?/)\12) 96/ 406209 grse d1rectxorclt 'II‘%trxls, Ze?(fesﬁ 3—hexyne not ord%enhan:&t?%ﬁ Lﬁﬁﬁf 09434
| eadi.ng to rm’re Stab “Xrg?“ét?r jraing cf‘é‘é“aaqq % "a? P ’R?tﬁe

SWi ngs i n vapor iwhich can lepdeeduggm@amckdsmmpmufﬁﬁm the vagideer r] C and with
40 nmfits) wth the nodi fied sol vent. Ligand exchange may al so have

L mporat ur e 1 at hiptartple:5; ohfitian of Hofyelief os oty fo fedii Hydlysis

Exanpl e 11. Gombfﬂlﬁct&t@ﬂ'mg LPCVD Transport experinments for Bi-Sr-Ta
were conducted in a C'N[é b@ordiﬁéﬁ.dﬁ)roftmm Q0 B (shd)gtcer mltémalaﬁ@p(oﬁﬁtmn

operating condition 0 Ta con ound eval uat ed.
The first was Taf® gfe)rﬁa’r‘ %V'Or %lunmqtsmqogﬁﬁ%qug %% ‘6‘?5‘*2' B Rures
wer e i nvest i It ethe bdriuthaenter. condition was found to be 200[err] C. A
second Ta conpound, Ta[err] (Oet)[err](thd) also was tried under the
sanme transport nga%ltaieolnﬁél?og%augno r.ll;azs%gl‘j E Tabl e V bel ow.

A solution consisting of copper (II) bis (1,1,1,5,5,5-hexafluoro-2-
thio-pentane-4-one) was dissolved in an organic solvent containing n-
16 butyl acetate and tetraglyme (25:1). The solution was delivered to a
warm-walled reactor using a liquid delivery system and reacted with
H2S to produce a copper sulfide (CuS) based film. This approach can be
used to produce complex copper sulfides by co-reaction with a third
reactant to produce films such as CulnS, CuGaS and CuSeS films.
20
Example 17. Formation of SrS Films in Presence of H,S
A solution consisting of strontium (II) bis (2,2,6,6,-tetramethyl-3-
thio-heptane-5-one) was dissolved in a solution of n-butyl acetate and
tetraglyme (25:1). This solution was delivered, using a commercial
25 liquid delivery system, to a CVD reactor and reacted with H2S to
produce high quality S5rS films. These films can be used as a white
phosphor layer for electroluminescent display applications.

Example 18. Formation of SrS Films With Thiol-Containing Source

30 Selution
In a modification to Example 29, a solution consisting of strontium
(I) bis (2,2,6,6,-tetramethyl-3-thio-heptane-5-one) was dissolved in a
solution of n-butyl acetate and tetraglyme (25:1). This solution also
contained a sulfur source, such as t-butylthiol or cyclohexyl thiol and
35 was delivered (using a commercial liquid delivery system) to a CVD
reactor to produce high quality SrS films. The incorporation of the thiol



Table V 20 Frit pore size 20[err]m Carrier gas

flow 450 sccm Ar (preheated) 25 Precursors

Bi Ph3, Sr(thd)2, and Ta(Q Pr)[err](thd)
or Ta(CEt)4(thd) Sol vent 8:2:1

THF: i sopr opan@lg debdoag! yme 30 Reagent sol ution POTASI4/09a34i ONS

Bi 0.40M- Sr 0.15M - Ta 0.40M Delivery rate 0.1
m/mn 35 System base pressure - 2 torr WO 96/ 40690

PCT/ US96/ 09434 36 33

Ta(Q Pr)[err] ([err] -thd) The 180[err] C experinent resulted in a’
steep rise in Eh@ e for ¢ co-rw&ofnr With PHSS WD therditfte] Gs Liﬁ% pbl i med

mat eri al (IikeI was consjstent with, t ct t hat
the pressure be E g‘)"% ﬁ'\ef“ ti"e ?i“d enviponigey rﬁ%sé’F‘F'yr}H tlal
val ue in about facBitateumsanufacturing of Sr§has280phite] Q)lmqpbnrnéIyerhafdra st eep

initial pressurgeéﬁagmﬁégcgﬂy\gg lay a atkiBRs.| owest steady-state rise of any
of the condigions tried. rel aF. vel'y 10 |ow pressure recovery after the

experi ment 999 i ndi cat ed t hat sone deconposition of netal organic
mat eri al occur rExamplet # Formation of SrS Films irh@ré&20G of 3,5 ndth Butyhved

simlarly to thgc<Qfd/pétdthiftyeRdefRIY Solvent System

In a modification to Examples 29 and 30, a solution consisting of
strontium (II) bis (2,2,6,6,-tetramethyl-3-thio-heptane-5-one) was
10 dissolved in a solution of n-butyl acetate and tetrathiocyclodecane. This
solution was delivered (using a commercial liquid delivery system) to a
CVD reactor and co-reacted with H2S to produce high quality SrS films.
These films can be used as a white phosphor layer for

electroluminescent display applications.

15
Example 20. Formation of Ce-Doped (Ca, Sr)Ga,S, Films in Presence of
H,S |
In a separate approach, multi-component phosphors, such as Ce
doped (Ca,Sr)Ga54 can be deposited by liquid delivery of one or more
20 solutions containing the following co-reactants; Ca (II) bis (2,2,6,6,-
tetramethyl-3-thioheptane-5-one), Sr (II) bis (2,2,6,6,-tetramethyl-3-thio-
heptane-5-one), Ga (IIl) tris (2,2,6,6,-tetramethyl-3-thioheptane-5-one)
and Ce (IV) tetrakis (2,2,6,6,-tetramethyl-3-thioheptane-5-one). These
reactants are dissolved into n-butyl acetate and tetragiyme (25:1) and
25  delivered to the CVD reactor for Ce doped (Ca,Sr)Ga54 film growth
with H2S as the sulfur source. The concentrations of each component
can be controlled via the concentration of the individual components
in solution or via mixing of individual solutions of the reactants. The
resulting thiogallate film can be used for electroluminescent films in
80 display applications.

Example 21. Formation of Ce-Doped (Ca, S1)Ga,S, Films With Thiol-
Containing Solvent System

In a modification of Example 32, a Ce doped (Ca,Sr)Ga2S4 film can

35 Dbe deposited by liquid delivery of one or more solutions containing the



with two exceptions: the steady state rise was >2X higher and a steep 15
pressure rise occurred at the end of the experinment (~2 hours) which

was acconpanied by a clog in the delivery tube at the frit. The cl og

di sappeared as the vaporizer cool ed overni ght and a significant anount

(about a 5 mMmvygbdsuaded’P) of white material was present on togcrbssslosss
frit. This may have been due to the reagent being sucked into the 20
vaporizer fromthe delivery tube (with so | eakage t hrough the 20 psi
check val ve) from which the solvent had ev Fborat ed. An NWR anal ysi s
was conducted on the material, and it showed Bi Ph3 and

gig tOlh (F;; )2[ er r2 ]5( t eio \tbYRARanth: @&?ﬂ)‘ bish@i2 6, Qtﬂe&'a ﬁﬂﬁ& :géls-x ay
fluorescence  ONexpEfD ﬁe&rzééértf g%%ﬂﬂﬂé%‘ e (\é? (é}) M Ta

| eft «on the fri t(2.2.6,6-tetrameihyeB-thio-heptanedaone)gand fer(l e tetrakip {2.3166,€, as
expect ed. tz%%tt])l 193-5111 Fdrel318he)30 These reactan-EB lafe GREBRQME iRRPEared

fairly well Qhehav nt| he e, trans ort ex erlrrent
where a si gn%f ﬁ?“ﬁl@%taf‘q‘\ %F Zi}%@rﬁ‘}ﬂjsu%‘" copfamning;
acconpani ed by utybthiohor kyclokxyl thigl. s Fhe dnrorporation of the tl'go?d Dbumear ed

Wi thin mnutes %e%@éﬁ%o@&o%ictioﬂ%&ﬂ' HbS Qﬁ‘ldf {}Q?éfore, is MYGROALARIbIPESSSUTr e
recovered by about Gg(V at.ter denvxro‘:)m;' WO 96/ 40690

PCT/ US96/ 09434 manufacturing’ an &nlal " Heasons. 3 4
Several filnms were deposited on Pt/ Ta/Si Q2/Si during the transport

exper i rrentsquemxﬁ'ﬁnzzatpoZﬁﬁheﬁr&ﬁcW@,s WSS, aFiln8 With TRpH ted in

fil h | d
b1, Sl 0 1 b o 6

striped appear anddfige t he wafer indicating changing thi ckness
This nmay be attribufakj moum@nm%mmles BR2ahd B3} aTGeOdbpéfd (C09GERS4 ON

duri g, 31w OlghASBINHD 50 it 0ed, BE el BY S potntions
15 “containing the followmg co-reactants, Ca (H) bis (2,2,6,6 -tetramethyl-s-
thioheptane-5-one), Sr (II) bis (2,2,6,6,-tetframethyl-3-thioheptane-5-one),
Ga (III) tris (2,2,6,6,-tetramethyl-3-thicheptane-5-one) and Ce (IV)
tetrakis (2,2,6,6,-tetramethyl-3-thioheptane-5-one). These reactants are
dissolved into n-butyl acetate, tetrathiollcyclodecane and delivered to
20 the CVD reactor for Ce doped (Ca,Sr)Ga2S4 film growth with H2S as the
sulfur source. The concentrations of each component can be controlled
via the concentration of the individual components in solution or via
mixing of individual solutions of the reactants. The resulting
thiogallate film can be used for electroluminescent films in display

25  applications.

Example 23. Formation of Cu$ Films, and Binary Metal Sulfide Films
A solution consisting of copper (II) bis (1,1,1,5,5,5-hexafluoro-2,4-
pentanedionato) was dissolved in an organic solvent containing i-
30 propanol, tetrahydrofuranacetate and tetraglyme (2:8:1). The solution
was delivered to a warm-walled reactor using a liquid delivery system
and reacted with H2S to produce a copper sulfide based film. In a
modification of this method, the sulfur source is t-butylthiol,
octanethiol or cyclohexylthiol and is a component of the solution. This
35 approach can be used to produce complex copper sulfides by co-reaction



stages of growh. 10 Exanple 12. Gowth of Bi[err]SrTa[err](err]

Using Ta(OEt)[err](thd) The conbi nation of reagents Ta(CEt)[err]
and Sr(thd)[err] also resulted in ligand exchange when the |igands
wer e di ssolved in sol vent medi um as in Exanple 12. By using
Ta(Cet) [err] (wb@buadsbye af orenmentioned 15 exchange probl em i $cpiubsawosaed i n
solution. This enables a reproducible transport and CVD process.
The Ta(CEt)4(thd) and Sr(thd)2 sol ut.iion can be used for deposi ting
SrTaO or Bi[err]SrTa[err](Jerr] materi al s.3820 Exanpl e 13. Use of
Additive to Increase Reactant Solubility for LP CVD Acet one,
tetrahydrof ur anwitF\dd fﬁ&?@&)ﬁ%@wﬁmd& s¥ch as CuldlsTELOMS f{deses ( DVF)
are addedtoaa&lumn cont al_ni gBat 2 to maximze its _

s for,a yanety of aPREGIHGNSn of Excess Lewis Base to I ncrease

solubility. 25
Reactant Stability During LP CVD Lewi s base copper(I)

Lewi & base ngy. Eaﬁgg‘gﬁ*ﬁ'aﬁ%‘?%‘%‘éﬁ‘:ﬁbf&%?mm Mett) Qulddehaee | e
pre-mature ddconpos! tsP'iﬁﬁi“é‘n&" ?f%tb‘bﬁ HB_CB?P‘Erh_QB_%iS @ &?ﬁ%@‘éﬁaﬁ _"%‘%ﬁat this
probl em excesspeManedlbae)awas dishapbxRd in an @gmtaaoﬂggnteamﬁmmg\n-bub&se can
be added to st Oﬂﬂg_ahﬁrﬁ%g%@f(zﬁl)! ePife solutiohwals! ddlivérdt! ¢ GPvaPReC! €s
and elimnate pre Irﬁl tation.i'n tge .va&ar‘; Zer 2 Eor ex%tﬁ, I%$t2erat i on
of 3-hexyne froWRSERERARRF EeipRrALaUs delisly system apfrenged ity figy 9 |
di nucl ear conpl prydue laecopper fullidh{Gudldhdspa fill, This appicach can be used itd at
room t enper g ur grodifee coRipIBt cOPpe hldbyPbd-AdacAbn Qbith ¥ fhird reactant to V\O

96/ 40690 . \ PCT/ US96/ 09434
35 di nuc! BEpdues;fitms suchgs IRy GrEadiapg e his equilibriumin
t he reverse direction. Thus, excess 3-hexyne not only enhances the

t her mal Example 25. Formation of SrS Films

A solution consisting of strontium (II) bis (2,2,6,6,-tetramethyl-3,5-
15 heptanedione) was dissolved in a solution of n-butyl acetate and
tetraglyme (25:1). This solution was delivered, using a commercial
liquid delivery system, to a CVD reactor and reacted with H2S to
produce high quality SrS films. These films can be used as a white
phosphor layer for electroluminescent display applications.
20
Example 26. Formation of SrS Films
In a modification to Example 29, a solution consisting of strontium
(I) bis (2,2,6,6,-tetramethyl-3,5-heptanedione) was dissolved in a
solution of n-butyl acetate and tetraglyme (25:1). This solution also
25 contained a sulfur source, such as t-butylthiol or cyclohexyl thiol and
was delivered (using a commercial liquid delivery system) to a CVD
reactor to produce high quality SrS films. The incorporation of the thiol
obviates the need for co-reaction with H2S and therefore, is more
desirable for health, safety and environmental reasons; this will
80 fadlitate manufacturing of SrS as a white phosphor layer for
electroluminescent display applications.

Example 27. Formation of SrS Films
In a modification to Examples 29 and 30, a solution consisting of
36 strontium (II) bis (2,2,6,6,-tetramethyl-3,5-heptanedione) was dissolved



stability, but elimnates formation of a |less volatile solid precipitate,
whi ch can lead to cloggi ng and deconposition in the vaporizer. 5

Exanpl e 15. Addition of Polyether or Polyam ne to Reduce Hydrol ysis of
Reactant During LP CvD The coordination of Herr]Oto Ba(thd)?2
on thermal vapsodiishdn may be reduced or elimnated bypenossioasii ng a
Stronger Lewis Base to 10 the bariumcenter. Exanpl e 16. Fornmation
of CuS-Based Fil ns A solution consisting of copper (I1) bis
(1,1,1,5,5, 5-hexaf | uoro- 2- t hi o- pent ar®®- 4- one) was di ssolved in an

organi c solvent containing n- 15 butyl acetate and tetraglyne (25:1). The

sol ution was deljver g g |
delivery system an %acﬁe@fnb{lwl%é&{@@ Q&dtﬁﬂg ‘g{e)d&%hg This SQHHO (CQuS)
based film Thi sWapplelxeredc tusinga commgzaial ém@' ‘“l(t‘&@pséé

sul fi,des by co- r seaetor candvicbiredctddiwith HzS toepr.mhmé High pqualityeSfS Ifilmsuch as

I £ MuteFogFggsﬁm Oia Sfl%l ne i n

Cul nS, Cu@aS an:é‘fégesﬁjlhjs mscamzooe u

Presence of H sol uflon conS|st|ng trontidm (11) bis
(2,2:6,6,-tet fiyplugninescent Ei’fFPc‘JaméBPIA ODSone) was dissolved in a
solution of n-butyl acetate and tetraglynme (25:1). Th| s sol ution was
delivered, usingg W e@%b 4V act or
and reacted wt h Bbfthation ?}cggﬂ?l&ﬂ al ?%)s/;aisr/‘?ﬂ %he 42»“?:lel ns
can be used as a°® Ens ﬂ%&pﬁ | ayer for electrol uni nescent di spl ay
appl i cati ons. IExalsppaiabeappioadatmuhwbm@loﬁeﬂ Ipiosphidrs, such as Ce

Thi ol - Cont ai §§ ngq |s§@ §BG]g %&H Gé‘de osited ﬁg%ﬁ'&@fi bEBhé W f@-Exanpl e

29, a solution co

(2,2,6,6,-tetrant? S‘Pﬂtﬁmﬁéﬁ)t ﬁe °8‘HB¥ aﬂ?aé‘%l%o(mnb‘é (2,2,6,6,~
sol ution of n- butq&amelmybﬁ;é-lmﬂhne&homgl yr& (@5: Dis 2.8, 65-tétramethydi3Se

contai ned a sul f 4o BAMEfRe ses'mpsfris tPJm&h £35 ém&ﬁa)ohn&nd 35
e i

was delivered (u ste 0?
reactor to pr odu t i S%Feﬁ RS of
15  are dissolved into n-butyl acetate and tetraglyme (25:1) and delivered to

the CVD reactor for Ce doped (Ca,Sr)Ga54 film growth with H2S as the
sulfur source. The concentrations of each component can be controlled
via the concentration of the individual components in solution or via
mixing of individual solutions of the reactants. The resulting

20 thiogallate film can be used for electroluminescent films in display
applications.

Example 29. Formation of Ce-Doped (Ca, Sr)Ga,S, Films With Thiol-
Containing Solvent System

25 In a modification of Example 32, a Ce doped (Ca,Sr)Ga2S4 film can
be deposited by liquid delivery of one or more solutions containing the
following co-reactants; Ca (II) bis (2,2,6,6,-tetramethyl-3,5-heptanedione),
Sr (II) bis (2,2,6,6,-tetramethyl-3,5-heptanedione), Ga (III) tris (2,2,6,6,-
tetramethyl-3,5-heptanedione) and Ce (IV) tetrakis (2,2,6,6,-tetramethyl-

30  3,5-heptane-dione). These reactants are dissolved into n-butyl acetate,
tetraglyme (25:1) and sulfur containing source, such as t-butyl thiol,
octylthiol or cyclohexyl thiol. The incorporation of the thiol obviates
the need for co-reaction with H2S and therefore, is more desirable for

manufacturing and environmental reasons.
35
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36 obvi ates the need for co-reaction wth H2S and therefore, is nore
desirable for health, safety and environnmental reasons; this wll
facilitate manufacturing of SrS as a white phosphor |ayer for

el ectrol um nesgevkuskogP! ay applications. 5 Exanpl e 19. pEiR5dosdd Of
SrS Films in Presence of Herr]S with Butyl - o .

Acet at e/ Tet rat hi ocycl odecane Sol vent .System I'n a nodification to
Exanpl es 29 and 30, a solution consisting d© strontium (11) bis

(2,2,6,6,-tetramet hyl - 3-t hi o- hept ane-5-one) was 10 dissolved in a

solutlon of n-bu t t|
was delivered (uﬁﬂ ﬁfeeéé‘ ﬁm# ?)f‘?fetlg&gé/fk %?ﬁwﬁ‘ste %8"%“ %‘?u
reactor and co- ré g‘éﬁ“\ﬁs‘F stbe’ﬁlaﬁ R@w@nmmhysmommogen
These filns caBulfide@ssed as a white phosphor Ialyer for f
el ect rol um nescent C n o
Ce- Doped (Ca,_ Sr ﬁfhﬁer rt@[ﬂ dll—:1 ?‘m%plﬁr}gszear? X 335?869 dgpg&) (ng{')?%éb&)
separ at e appr%ac m —ecg?ﬂ%%ﬁi\tb}'phﬂ Slelivery, of ere @z more splptigns
(CaSr) Ga2S4 can btentdinpeg thecfbllowihg aoHreactimits; \Ca {N)dbis ¢2)2, 653?,-té”ff>dxﬁet -3,5-

sol uti ons cont ai 218 n;;&gng)glskgﬂgggéfz‘g (faqg Qﬂl ?%"%!L‘)a ‘![hP %)g Emg
r E? Pe¢PY t hi o-
L;to{ gggt gylong)fhl o‘ﬂ%ﬁ . r'éeuhi ¥123,§-h§;tamé @ng| Cadii Sa(agésaene) °
and Ce (1V) t et rtetiasndthyR3 6,1t ptam-dmue) hwhese trbactdrety ta2e &diSsobied) intbhase

reactants arfydi K@&aﬂen{&nﬁhﬂ W@%&W&gﬁ @nd 25
o e Sy e AL T i e vr

can be contr ol | econgentrations o€ e vadchat ccnnpmﬁextth ecamdbei dontrolaipeiienthe
in solution or Vécﬁm@h&hﬁen Qf the %&iv‘i'&'@eh &ﬁhgéﬁém 1ﬁfsol£'t?ox{ gﬁgﬁf?ﬁﬁ&mg he 30

resul ting thiogal]at esC
di spl ay appl i cat ?éo “”dua{nso@ I‘iﬁg‘i reaclants ?I&"ﬁ n}@é‘

Sr) Ga[ er r] S[ ¥ r ] can berpseq for étmtmlummescentcfdnmmldlgplsmapphtatﬁyst em
In a nodification of Exanple 32, a Ce doped (CaSr)Ga2S4 filmcan 35 be

deposited by i qﬁ*aqngfeel 31V6i'ro¥-1nalmonef Cus Hims S‘%tﬂt ‘il Eotrlléa?l{lpxlgn oltvglelt
System and Deposition in the Presence of Hydrogen Sulfide Gas, and
Production of Films of Binary Metal Sulfide Films
20 A solution consisting of copper (II} bis (1,1,1,5,5,5-hexafluoro-2,4-
pentanedionato) in an organic solvent containing i-propanol,
tetrahydrofuranacetate and tetraglyme (2:8:1). The solution was
delivered to a warm-walled reactor using a liquid delivery system and
reacted with H2S to produce a copper sulfide based film. In a
25 modification of this method, the sulfur source is t-butylthiol,
octanethiol or cyclohexylthiol and is a component of the solution. This
approach can be used to produce complex copper sulfides by co-reaction
with a third reactant to produce films such as CulnS, CuGaS and CuSeS
films for a variety of applications.

30
Example 32. Formation of TiS, Films With Thiol-Containing Solvent
System or Deposition in the Presence of Hydrogen Sulfide Gas
A solution consisting of titanium (II) tris (1,1,1,5,5,5-hexafluoro-
2/4-pentanedionato) dissolved in an organic solvent was-delivered to a
856 warm walled CVD reactor using a liquid delivery system. The precursor
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87 follow ng co-reactants; Ca (11) bis

(2,2,6,6,-tetramet hyl - 3-t hi o- hept ane- 5- one), Sr (I1) bis
(2,2,6,6,-tetramet hyl - 3-t hi o- hept ane-5-one), Ga (I11) tris

(2,2,6,6, -tet Ry Risbssh- 3-t hi o- hept ane-5-one) and Ce (IV) tet palthusedddasy, 6, 6, -
tetranet hyl - 3-t hi o- hept ane-5-one). These reactants are dissolved into 5
n-butyl acetate, tetraglyme (25:1) and sul fur containing source, such as t-
butyl thiol or cyclohexyl thiol. The incorfdoration of the thiol obviates
the need for co-reaction wwth H2S and therefore, is nore desirable for

manuf act uri ng | aExa Js of
Co- Doped (Ca. SApRIfcied WIBTHS LPRBAGR: yellily QIRETCP TRy 2 8 OBABAER 7
Syst em and Depoﬁﬂyﬂ 8RtQ etk PRFtEs diecPEACerS, Mayg e varied By, using. oFganic

I n a, nodi fi cat i tidolsfinPhensyletion 2ndnitius3obwviates the pesbd( fox Ii)Sa6-Bdactant. il m
can be deposit V1 ded 5 Ul FRY, i

containing the foll })Avt\}egéh‘éggs‘;seigc%sﬁtag{e @ﬁzﬁlsﬂfgs:aget?gﬁgf g,ﬂg?rpé'@iger%tﬁét hyl - 3-
t hi ohept ane-%- oFf@FONSs (1) bis (2,2, 6,6, -tetranet hyl - 3-t hi ohept ane- 5- one) ,
Ga (IIl) tris (2,2,6,6,-tetranet hyl -3-thi oheptane-5-one) and Ce (1V)

tetrakis (2,2, GE)?ab%le 2 Tl tion w?ﬁlﬁﬂ?@%ﬁm@&ﬂé@ﬁ&gfﬁﬁﬁ‘g are

di ssolved into cetate, .tet ape d, to 20
the CVD react orgymﬁ%‘éﬂ“?m E@‘F&ﬁymgﬁ'% as the

sul fur source. The Amoheivr abnsistingddf titaxtivmo (i) Naist (226 6-betramethybB/5e d
via the conggnt h%ﬂaﬁ@dﬂnaﬁd}edis%iw&%ah-&ﬁyﬁgaﬁ&t %anw%" ivefbdtoVa 2

m xi ng of i ndividual sgl ws o{ t he rew&é&z The resyltin

thi ogal 1 at e 111 HaEEyWBed SO Feaetonustng & YRV SYPFR 10 BRSSPIy 25
appl i cations. was refotednwith 2325 Fodeposioyeldéw Gilis-of FiS2 asid IBbnigatingbt al
(L1 155, 5 heldf 38F°o“’§**i‘°i°‘*“*-°“§%§’?§$ﬁ§* il 1 SR by elng ofganic
organi ¢ sol vent 8*?! S9hngs i thulyl thigh, o h“I;Ht #aﬁyapg?’ﬂ'i%ce‘f‘a?‘geand
tetragl yme 18: g8salptiomandsthiug: iobwiates the eed dfor ico-aeatanting, withy hiefa Thig
reactor using aldttedl\rdcdtslid vsivable/ fordiBalth, safRfifarnid b RnMehbalHesasbaspr oduce
a copper S”'f'dgnﬁ?éﬁgﬁvﬂf.{qﬁ“ﬁélé‘ﬁnufamr&'n"gﬂBg‘é‘ééeﬁr“re%ﬁzéc{?'S method, the

sul fur source i

(

Example 34. Formation of MoS, Films With Thiol-Containing Solvent
20 System or Deposition in the Presence of Hydrogen Sulfide Gas
A solution consisting of molybdenum (III) tris (1,1,1,5,5,5-
hexafluoro-2,4-pentanedionato) dissolved in n-butylacetate and was
delivered to a warm walled CVD reactor using a liquid delivery system.
The precursor was reacted with H2S to deposit yellow films of MoS3 as a
25 lubricating layer onto metal parts. The process may be varied by using
organic thiols in the solution and thus, obviates the need for H2S co-
reactant. This latter process is desirable for health, safety and
environmental reasons.

30 Example 35. Formation of MoS, Films With Thiol-Containing Solvent
System or Deposition in the Presence of Hydrogen Sulfide Gas

A solution consisting of molybdenum (III) tris (2,2,6,6-tetramethyl-

3,5-heptanedionato) dissolved in n-butyl acetate and was delivered to a

warm walled CVD reactor using a liquid delivery system. The precursor

35 was reacted with H25 to deposit films of MoS3, as a lubricating layer



octanethiol or cyclohexylthiol and is a conponent of the solution. This 35
approach can be used to produce conpl ex copper sulfides by co-reaction
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38 vvlth a third reactant to produce filnms such as CulnS, Cu@GS and
CuSeS f@g%a variety of applications. Exanplgrasiosdoassrat i on
of CuS Fllms an I'nary Metal Sulfide Films 5 A sol ution consisting
of copper (II) bis (1,1,1,5,5,5-hexafl uoro- 2-, 4- pent anedi one) was

di ssol ved in an organic sol vent cont ai ni ngt2n- butyI acetate and
tetraglyne (25:1). The solution was delivered to a warm wal | ed

t d
eopper sul Se’" ¢ %ggsdeifwﬁ ﬁ?"c“fﬁ%‘gg%‘*ﬁ‘%g‘% A d?éﬁa‘mh‘%mﬁﬁ oduce
conpl ex copper §}Eﬁ Qn ghd thus, obvigtehthe fﬁ‘? dfor K25 rorreactaght This latter

produce fil s sqncbcesms(ﬁéshﬁbleﬁﬁfﬁahh,dsﬂtﬁ&‘ﬁdfeﬂvﬂﬁmmental reksapl e 25.
Formation of SrS Filns A solution consisting of strontium(Il1)

bis (2,2,6,6,-tetranet hyl - M‘ﬁ‘nﬁ l2ﬁ§l%dlssolved in a
sol ution of B- but yl acetate an ey ~+). This solution was
delivered, using a conmerci al liquid delivery system to a CVD reactor

d ted wit 2 I
i S R e e e e

< ELEARRTOIAILS: CBPEORM s cOmplexes, angly
nmodi fi cati on t oseluiops earRD suspeysiartsi trereafnsiThese geagens t commpositions are( | 1)

bis (2,2,6, $0-t eiséfally tfaﬁ 13,:&1 hﬁpt%}ﬁﬁi l» wafsoéihéﬁo:,ﬁ@&séa Buch _as

sol ution of n-buy trag S so ion. also 25

and t
contained a sul F{J¥m§c8&r %Po PR b o :',59}5 Fh ft8S and
was delivered (GQBWlagctbmmﬁtaLann |anplncahm sycdy s formatipn t of diffivibon
reactor to prodbatridis,gondudiors,didleétrics, pisivatién bf oetieR Protdctive oatifigs, t hi ol

obviates the negsofgo,6O riakkdIMiMbdEnt | ClihotuART | RELRAQESes, ' S gllRhe
15 magnetoresistive films, corrosion-resistance films, and mixed metal
films.




desirable for health, safety and‘emﬁ%mmnwaﬁsons; this will 30
facilitate manufacturl ng of SrS as a white phosphor |ayer for
el ectrol um nescent display appli EhiSl@étsiasBeenR )l e 27. Formation of SrS

Exa,
Fil ms In a nodification PAgedy i 30, a sol ution
consi sting of W9 ﬁ,ggorontl um (11 El N:

) ¥ PCT/US96/09434

(2, 2,6,6, -tetrarret 3, 5- hept anedi on ol'ed WO 96/ 40690
PCT/ US96/ 09434 % in a
solution of n-butyl acetate and tet rat hi ocy€l odecane. Th| s /j@

was delivered (using a commercial liquid delivery system t ﬂ@%ﬁ

THE CHAIMS
reactor and co-reacted with Herr]St hi gh quallty Z?;GAL}?B/

These films can be used as a white phosphor |ayer for

el ectrol um nescepnt, di,sp] a pplications. Exanpl e 28 For mati on of

Ce- Doped (Ca, Sr%}é&gﬁé@iﬁ Films in the Presence of Hydrogen

Sul fide Gas In a separate approach, nulti-conponent phosphors,
such as Ce 1 opedy (LA, A ﬁﬁpﬁa ' by liquid delivery of
one or nore 5 ij'soI u‘?i ons %‘%gi%ﬁfrﬁge,{)ﬁfe 0 ?‘gﬁg co-reactants; Ca (I11)
bis (2,2,6,6, - tetramet hyl - 3, 5- hept anedi one), Sr (I1) bis
(2,2,6,6,-tetranet hyl -3, 5- MAg¥t anedione), Ga (I11) tris
(2,2,6,6,-tetramet hyl -3, 5- hept anedi one) and Ce (1V) tetrakis
(2,2,6,6,-tetranet hyl - ﬁ 5- hept anedi one). These reactants 15 are dissol ved

into n-butyl acetate WR&&B% ragl yne (25:1) and delivered to the CVD
reactor for Il doped MGsZry-Galehtnfetalm growth with H2S as the sul fur

source. The concent raAl Qgsmgﬁ &eg}rmmmhtaqgg %ﬁ&ﬁg&ﬁ&' led via the

concentration of ‘the indiVi s In s m Xxi ng
of individual soluti o??s?ri’;‘l“a n&f °Ws ?’E{i!ﬁlo? f‘ﬁey %hi ogal | ate
filmcan be used for ylscat inbégeri ha Valhequrﬂ 3ordi spl ay appl i cations.

Exanpl e 29. Formati oneRf o@%ﬁ@msghx{d@qnaﬁﬁé ] inid off &iffekerdt! 4 Wth Thiol -
15 X is a monodentate or multidentate ligand coordinated to M
and containing one or more atoms independently selected from
the group consisting of atoms of the elements C, N, H, S, O and F.

2. A complex according to claim 1, wherein M is selected from the

20 group consisting of Cu, Ba, Sr, La, Nd, Ce, Pr, Sm, Eu, Th, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu, Bi, T1, Y, Pb, Nj, Pd, Pt, Al, Ga, In, Ag, Au, Co, Rh, Ir,
Fe, Ru, Sn, Li, Na, K, Rb, Cs, Ca, Mg, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and
W. :

25 3. A complex according to claim 1, wherein A is selected from the
group consisting of 8-diketonates and their sulfur and nitrogen analogs,
B-ketoesters and their sulfur and nitrogen analogs, cyclopentadienyls,
alkyls, perfluoroalkyls, alkoxides, perfluoroalkoxides, and Schiff bases.

30 4. A complex according to claim 1, wherein A is selected from the
group consisting’ of f£-diketonates, $-thioketonates, f-ketoesters, -

thioesters, and cyclopentadienyls.

5. A complex according to claim 1, wherein A is a 8-diketonate.

W B \\l\l I \lI\



Cont ai ni ng Sol vent System 25 In a nodification of np ;O a Ce

doped (CaSr)@&@2$4 fil mcan mi quid d ne or
pore sol utions containing the W ng co-reactants; Ca (I'r) ZP{F
(2,2,6,6,-tetranet hyl -3, 5- hept am% %eenRepla@ 1) bis lyg

(2,2,6,6 tet %-SShepta ||)J I'IS (2, 2%896/09434
akls (2,2,6,6,-tetranet hyl -

fetramet hyl - ept anedi one) a

30 3, 5- hept ane- di one). These react ants are di ssdlved into n- but yl

acet at e, tetraglyme (25:1) and sul fur4containing source, such as
t-butyl thiol, octylthiol or cyclohexyl thiol. The incor por ation of
the thiol obviates hs s{’gée ore,
nore desirable %br Acorﬁngﬁu%gg%urlét& Zf‘l%t?%ﬁlne%t easons gﬁe

WD 96/ 40690 group consisting of: PCT/ US96/ 09434
40 Exanpl e 30. Formation of Ce-Doped (Ca, Sr)Ga[err]S[err] Filnms Wth
Thi ol - Cont ai ni S @éﬂ p@.&l i n the Presence of

Hydr ogen Sul fi dgs; Oiﬁ%'gte &F};ﬁé‘g@g gg‘%&éd of Exanples 32 and

33, a Ce dop8d (CaSr§1@a2§41 155,55 hexaflagronet-peptasedionat; | i quid del i very of
one or nore sol uti ongii) 1l,qm,a,erhepgaﬂdt&ofm-ﬂhmﬂ'gl%ﬁaaﬁécﬁohae; Ca (1)

bis (2,2,6,6,-tetra yI eptanedione) Sr (II) bi s

(2,2,6, 6, tetramath;/rpg tegrt]adden e),. . G

(2.2.6, 6, -tetramet hy(©3, 54 eayldii n@eb’(sl(ﬁjpec%%lrea%@e)(z 2,6,6, -
tetramet hyl - 3, 5- hept éwrig- dj:mtahetﬁﬁﬂq&ﬂaopaﬁmdmnyls carel di thet vesubstitated- 10
but yl acetatg tetrathi azﬁ d delivered to the CVD reactor for

Ce doped (Ca r)Ga[err] ecr] tilm ovvth th H2S as the sul fur source. The
concentrations of ea ‘h‘ eE'g‘?F él‘!'l\g41trol l ed via the

concentration of the(vmr)llwﬂdbﬂiﬂmaﬁmwpan&nednoaeta.ltl on or via mXxing
of individual solutions of the reactants. The resulting thiogallate film 15

can be used for el ectrolunm nescent .filns,i.n displa pplicati,qQns.
e 31 For fat | ofs SHABHSEARRECRE ] ool ehsreln R seleaied diim the
15 group consisting of:

(i) oxyhydrocarbyl ligands;

(ii) nitrogenous oxyhydrocarbyl ligands;

(iii) fluorooxyhydrocarbyl ligands; and
20 (iv) thiooxyhydrocarbyl ligands.

8. A complex according to claim 1, wherein X is selected from the
group consisting of:

25 (a) amines and polyamines;
(b) bipyridines;
(© ligands of the formula:

N0

30 wherein G is -O-, -5-, or -NR-, wherein R is H or
hydrocarbyl;
(d) crown ethers;
(e) thioethers; and
()  ligands of the formula:
35 R*(C(R'),C(R?),0),R°

I
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System and Deposition in the Presence of Hydrogen Sul fide Gas, and
Production of Filnms of Binary Metal f ilns 20 A sol ution
consi sting of copper (l1) bis (1,ﬂ,,-s§be§t , 5- hexaf | uoro- 2, 4-
pent anedi onato) in an organic sol jm Rieplgted - pr opanol ,

| I/ /

t et rahydr of ur §psehahe and tetrag Il The sol uti orpeTy56/00434
delivered to a warmwal | ed reacto d )del ivery system and

reacted with H2S to produce a copper sulfide based film 1In a 25

nodi fication of this nmethod, the sulfur s®urce is t-butylthiol,
octanet hiol or cyclohexylthiol and is a conmponent of the solution. This
approach can be used to produce conpl ex copper sulfides by co-reaction
with a third reactant to produce filnms such as CulnS, Cu@GS and CuSeS

films for a variety of apPheEefions. 30 Exanmpl e 32. Formation of
TiS[err] Filns Wth Thiol - ContRfi#i i Sahethpl, ethylSysh-gmopyl, Depysiato,on in
the Presence of Hydr ife Gas A sol ution consisting of
titanium (I111) tris P%ﬂjiho?d%{ ,’5- hexaf | uor o-

2, 4- qent anedi onat 0)
di ssdl ved i nBan organi ¢ sol vent waPeBRYOIOR-REORY, o ¥i¥lar m wal | ed CVD
reactor using a liquid deliver§ syd,dior dstericalty acceptable hydrocarbyMO 96/ 40690
PCT/ US96/ 09434 u\rstitue t 41 was
reacted with Herr]S to deposi zyeLl_lI;)%/ ?i nms, of Ti SZ%E%ubr'c ting
| ayer onto netal parts. The pridcesdinfafr Batepicallyacospt 8\""’5% c
thiols in the solution and thus, obvi at egbdtitaemtzed f or H2S co-reactant.
This latter jgrocess is desirabhe forzheal g anaf ety and environnmental 5
reasons. Exanpl e 33. Formation of TiSlerr] Film Wth
Thi ol - Cont ai ni ng Sol vent System or Deposition in the Presence of
Hydr ogen Sul fi de Gaseach R’ R', and\Ré mhajt beothecsams as ondifferentifromitherofher| ) tris
(2,2,6,6-tetramet hyl g8, R" ah@ Rzp%&g%fnat 0) dissolved in n-butyl acetate
and was delivered to a warm wal | ed CVD reactor using a liquid delivery

system The precursor was reacted with H2S to deposit yellow fil ns of
Ti S2 as a | i chti ndy complex according to claim 1, wherein X is selected from the

group consisting of tetraglyme, tetrahydrofuran, bipydridine, and
18-crown-6 ethers.

10. A complex according to claim 1, wherein X comprises a liquid of

20 the formula:
R*(C(R"),(R*);0),R’
wherein:
25 R°= H, methyl, ethyl, n-propyl, cyanato,
perfluoroethyl,

perfluoro-n-propyl, or vinyl;
R'= H,F, or a sterically acceptable hydrocarbyl
substituent;
30 R?= H,F, or a sterically acceptable hydrocarbyl
substituent;
n= 2,3,4,5, or 6 and

each R’, R?, and R? may be the same as or different from the other
35 R% R, and R?, respectively.

N



| ayer onto netal parts. The process may be-—nedified by using organic

thiols, such as t-butyl thiol, octylthiol and cyclohexylthlol in the 15
sol ution and thus, obviates t he mﬂesheétmlasEQQHR@é?é'% anting wth H2S. This

| atter process is desirable for nd .envi ronnental reasons
and enabl es f ulb oghagebg Manuf acturi m ieal I zed. @gﬁpl e
34. Formation of MdS[err] Films W I ol - ntal niing Sol vent 56) stem or
Deposition in the Presence of Hydrogen Sul fide—tas A sol ution
consi sting of molybdenum (I111) tris (1,1, 14§ 5, 5-

hexaf | uor o- 2, 4- pent anedi onat o) di ssolved in n-butyl acetate and was
delivered to a warmwalled CVD reactor using a liquid delivery system

The precursor was reacted with H2S to deposit yellow filns of MbS2 as a 25
| ubricating | ayeH-ontf crmplex aseprding o slajnob eRergiay Xiromprises r Bigand pfig
organic thiols in thahedbtthirlan and t hus, obviates the need for H2S co-
reactant. This latter process is desi rabl e for health, safety and

envi ronnent al_ reasons. 30 Exanpl e (;35 For mation of l\/bS[err] Films Wth
Thi ol - Cont ai ® ng Sol vent %C@ép%@ LPBR i n the Presence of

Hydrogen Sul fide Gas A sol ution consisting of nolybdenum (I111)
tris (2,2,6, 6- tet rangf, 3, 5- heptanedi onato) dissolved in n-butyl
acetate and was deli vere(f to 5 m wal | ed CVD_reactor using a liquid
del i very system The S3FB&WRo PHQFB lﬁéglefz@éé{‘%?%dﬁh Y204 o0 deposit filns of
MoS[err] as a |ubri ca{"iﬁlbl,Chgmrcsz, WO 96/ 40690

PCT/ US96/ 09434 dR? = 42 onto net al
parts. The process nay 661 vari eg Ey using organic thiols in t he

solution and thus, obviates the need for Herr]S co-reactant. This latter
process is desi rkﬂ;l e A oomiplexd adoording ¢o wladmdl, evivereinn Aris tacB-diletemats;. and 5

| NDUSTRI AL APPLI CABI Lyt EYtetraglyme, 18-crown-6 ether, or bipyridine.

16 13. A complex according to claim 1, wherein each of the ligands A is
a constituent moiety of a single group which is coordinatively
attached to M thereby.

14. A complex according to claim 1, wherein the ligand X and at least
20 one of said ligands A is a constituent moiety of a single group
which is coordinatively attached to M thereby.

15. A metal source reagent solution comprising a metal source
reagent and solvent medium, wherein the metal source reagent and the

25 solvent medium are selected from the group of metal source reagent(s)
and associated solvent media consisting of:

Cu(shfac)z 85-99% butyl acetate and 1-15% tetraglyme

30  Sr(shfac)2 85-99% butyl acetate and 1-15% tetraglyme
Sr(sthd)z 85-99% butyl acetate and 1-15% tetraglyme
Sr(sthd)z 85-99% butyl acetate and 1-15% tetrathiocyclodecane

35

A



The netal source reagent conposi € invention conprise

thernmal |y deconposabl e organomnet aITLji C un acSPPl exes, and
sol uti ons and suspensi ons t hereof. compositions are 10
useful 'y enployed in vapor-phase deL “‘Fﬂgﬂ ssgs such as

cheni cal vaporm%@h! on, to form and coati ng? /US96/09434
containing the netal, in applications such as formation of diffusion

barriers, conductors, dielectrics, passivation or other protective

coat i ngs, phosphors, electrolum nesce#dt structures, ferroelectrics,
gi ant 15 magnet oresi stive filns, corrosion-resistance filns, and m xed :
met al fi | msCa(sthd) 85-99%/utylhcefite and 613% taaglhade P. 19
THE CLAI M5 Sr(m%zi s clainmed is: 5 1. A net al organi ¢ conpl ex
of the fornula: MA[err] X wherein: 10
Mis a y-val ent frafsthd)gel ected fromthe group consisting of Pd, Pt,
Rh, Ir, Ru, V, NQe(sttad)4aCr, M and W A is a nonodentate or
mul ti dental-e grgani c ligand coordinated to Mwhich all ows
conpl exi ng of” MALerr] . with X; y is an integer having a val ue of
2, 3 or 4, 15 Ea(Sthd)éach of the A83-PHAMYlacptatrandl-13%fetraglyme f erent ;.
and XGagtld)gonodent ate or nultidentale |igand coordinated to M
and contai ni ng opg(spfg)ger € atons independently selected from the
group consi sting o? atons of the elements C, N, H S, O and F.
10 Ca(sthd)z 85-99% butyl acetate and 1-15% tetrathiocyclodecane
Sr(sthd)2 butyl acetate and cyclohexylthiol
Ga(sthd)3 butyl acetate and t-butylthiol
Ce(sthd)4
15 Cu(shfac)z 45-88% tetrahydrofuran

10-35% isopropanol
2-20 % tetraglyme

Sr(thd)2 85-99% butyl acetate and 1-15% tetraglyme
20
Sr(thd)z 85-99% butyl acetate and 1-15% tetrathiocyclodecane
'Ti(hfac)s 85-99% butyl acetate and 1-.15% tetragiyme
butyl acetate and cyclohexylthiol
= Ti(hfac)3 butyl acetate nd t-butylthiol
Mo(hfac)3 butyl acetate and t-butylthiol
30 Mo(thd)3 butyl acetate and cyclohexylthiol

16. A composition according to claim 1, wherein MA, comprises a
metal B-thioketonate source compound.

AN



20 2. A conmpl ex according-%fkfﬁiﬁTWTT—VEETETH_A is selected fromthe

group consi sting of B-di ketonates aq;ﬁ§ﬁ£&kﬂﬁu$ﬁmd and ni trogen anal ogs,

[err] -ketoesters and their sul fur al ogs, cycl opent adi enyl s,
al kyl s, perfluoroal kyl s, al koxi{des, ““%B xi des, and Schiff bases.
25 3. A cqigisAsogiccording jto , In Ais sel eggshénd he
group consi sting of fgrr]-diketbnales, [err]-thioketonates,
[err]-ketoesters, [err] t hi oesters, and cycl opent adi enyl s. 4,
A compl ex according to claim11l, wherein A i48s a [err]-diketonate. 5.

A conpl ex according to claim1, wherein Ais selected from the

gzgr gug g 0 '?S![ sti n?m}‘ ! A composition atéodrding 1:3?5claim 16, wherein the metal moiety
y £, 0,0-1€ltrane Al ey p C | ‘)(r e, |

1.1,1.5,5, 5- hexaw Sgi;ao;-ihe,@a- égﬁ’{%g‘ﬁ‘e% hapErce Cf’mp"““‘ﬁ 15% pelpsted 1from the

.1, 2, 2, 3, 3- hept a8TRR epnpistingiof £un 91, -(p, 6220 Eeafic dnd Mart e;

Mar 19 98 16: 14 No. 003 P. 20

44 (iv) cycl opentadi eny]; (v)

4,4' - (et hane-1, 2-di yl diinino) bis (3-pentene-2-one); (vi)
pent amet hyl cycl opent adi enyl and ot her substituted

cycl opent adi enyl s; (vii) 2, 4-pentanedi onate; and

(viii) 1,1,1 - trifluoro-2,4-pentanedioni ate. 6. A conpound
according to claim1l1l, wherein Xis selected from the group
consisting of: 10 (1) oxyhydr ocar byl 1i gands;

(i1) nitrogenous oxyhydrocarbyl |igands; (i)

fl uor ooxyhydrocar byl |igands; and (iv) thiooxyhydrocar byl

| i gands.

KN O A0
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15 * 7.+ A conplex@@cording to claim 1, wherei nm&gﬁgﬁﬂgr o U

t he’ group consisting of:

pel yam nes; 20 (b) bi pyri di nes; ZU Rf
formul a: - ' G : wher el n® FE. 1938
-S-, or -NR-, wherein R is Hor 25 " hydr ocar byl ; /"/TGT//
crown et hers; (e) t hi oct hers; *and . (f
the formul a: , ) “m 1““1\““““\
Rlerr] (C(Rlerr])[err]C(Rerr])[err] O [THEE.AIMS whérelm
Rlerr] = H nethyl, ethyl, n-propyl, ‘cyanat o, > — =}
per fl uor oet hyl , : per fl uoro-n- propyl or vinyl;
45 What isclaimed isiRlerr] = HF, or a sterically acceptable
hydrocarbyl subtituents;
Rerr] = H, | ; or a sterically acceptable hydrocar byl
substituent:5 5 1. A melalorganic complexpel th{@muly: or 6; and
each Rlerr]; Rerr], and Rlerr] may be the sane as or different fromthe
ot her R[err] Rlerr], and Rerr], respectively. .10 8. A
conpl ex according to claim 1, in Xis selected fromthe
group consisting of tetraglyne, tetrahydrofuran, bipydridine, and
wherein:
10 M is a y-valent metal selecled from the group consisting of Pd, 1,

Rh, Ir, Ru, V, Nb, Ta, Cr, Mo and W;
A is a monodentate or multidentate organic ligand
coordinated to M which allows complexing of MA, with X;
y is an inleger having a value of 2, 3 or 4;
15 - each of the A ligands may be the same or different; and
“X is a monodentate or multidentale ligand coordinated to M
and conlaining one or more atoms mdependently selected from*
the group consisting of aloins of the elements C, N, I1, S, O and F.

20 2. A complex according to claim 1, wherein A is selected fromn the
group consisting of 8-diketonates and their sulfur and nitrogen analogs,
fi-ketoeslers and their sulfur and nitrogen analogs, cyclopentadienyls,
alkyls, perfluor:oalkyls, alkoxides, perfluorvalkoxides, and Schiff bases.

25 3. A complex according lo claim 1, wherein A is selected from the
group consisting of 8-diketonales, f-thiokctonates, f-keloesters, 8-
thioesters, and cyclopentadienyls. '

4. A complex according to claim 1, wherein A is a B-diketonate.
30
5. A complex according to claim 1, wherein A is selected from the
group consisting of:

(i) 2,2,6,6-letramethyl-3,5-hcptancdionate;

35 (i) 11,1555 hexaflluoro-2,4- penlanedionate;
(iii)  1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octancdionale;



4 . i[_: Mar 19 98 16:14 No.003 P.20
18-crown-6 &thers

- - . . A-conplex agcordi ng 1
conpri'ses a liquid of 15 the fornul a: MWéﬁdg}ll}h
R= 11, methyl, et hyl , n- propyl , cyanato, **
per f | unor oet hyl , ' perfl JEEAIIU$V2FZ/|FEBV1998

vi nyl ; Rlerr] = H F, or a sterically

accept abl e hydrocar byl 1

substituent; 25 Rlerr] = H F, or a sterically
accept abl e hydrocarbyl n = 2,3, 4, 5, or 6;
and eadh R dyejoragiadienyliand Rierr] my be the same as or

different fromthe ot(hezr I4'-(ethane-1, R firldlimiRbE big (3-pentdrice2dne);
respecti vel y M PRRRLENCRER AR SLAND L otBPT Clstibbituted

conprises a ligand o

Rierr]Q(C(Rlerr])[err] C( Riaxckipgrdndicolyds:r] Rierr]

wher ei n: 5 N K ey bhht@hdl err] is selected
i ndependent | y, and 1 Ij };&Iilil%:lﬂ T Cldi[ rr], or err] Herr];
Rlerr] and Rlerr] = (YliihlE1-tr fumo-24 -pentanedionate.

6. A compound according to claim 1, wherein X is- selectcd from the

group consisting of:

10
(i) oxyhydrocarbyl ligands;
(ii)  nitrogenous oxyhydrocarbyl ligands;
(iii)  fluorooxyhydrocarbyl ligands; and
(iv)  thiooxyhydrocarbyl ligands.

15

7. A complex according lo claim 1, wherein X is selected from the
group consisting of:

(@  amincs and polyamines;
20 (b)  bipyridines;
() - ligands of the formula:

G
wherein G is -0, -S-, or -NR-, wherein R is H or
25 hydrocarbyl; '
(d) crown ethers;
(e) thiocthers; and
() ligands of the formula:
RUC(RYC(R?,0),R"
30
wherein: .
R°= H, methyl, ethyl, n-propyl, cyanato,
perfluoroethyl,
perfluoro-n-propyl, or vinyl;

* C L ] S *
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11. ‘A conpl ex accor di to claim1, wherein: A ms a r -d| ketonate and
X is tetraglynme, 18-crown-6 ether, or bipyridine. 1 9 e[q_ tl-
according to claim1, wherein each of the ligands*A is

constituent noiety of a single group which is coordi nal‘PEA,)uS 27 —6EB 1998
attached to Mt hereby. 13. A conpl ex according to claim1, wherein
the ligand X and at | east 15 one &P said ligands Ais a

constituent noiety of a single group whi ch is coordinatively
attached to Mt hereby. L AR
conprising a netal source ]l?eagér‘t ‘H%‘ %‘%ﬁy{lwd&ﬁgﬂﬂu éjﬁl'gl nﬂ,

metal source reagent and the 20 sol vent subgtitwentare sel ect ed fromthe

group of netal source reagent(sRz_. pr&,@&gﬂeﬂw gg[c'b(pJ,mgn{ dredhrbyl

consi sting of Cu(shlac)[err] Yo but yl acet ate and

1-15% tetraglyme 25 Sr(shfac)[err] *Ub“llwcm 85 99% butyl acetate and
1-15% tetragt yne Sr(sthd),{err]y, 3,4,5, or6 and85-99% butyl acetate and

1-15% tetraglyne Sr(sthd)[err] 85- 99% butyl acetate and 1-15%
t etrat hocycl odecane 30 Ca(sthd)[err] 85-99% bu tyl acetate

and 1-15% tetragl yme each RYSR{ ,Smml){’ahﬁj' be the saatshhdy éffetent from the other

Cc(sthd)[err] 35 R®, R‘, and Rz, respectively.

10 8. A complex according to claim 1, wherein X is selected from the
group consisling of letraglyme, letrahydrofuran, bipydridine, and

18-crown-6 ethers.

9. A complex according to claim 1, wherein X comprises a liquid of
16 the formula: '

RYCR)RDH,0)R"

wherein: |
20 R"= 11, methyl, ethy],  n-propyl,  cyanato,
perfluoroethyl,
perfluoro-n-propyl, or vinyl;
R'=  H,F, ora sterically acceplable hydrocarby!
substiluent; :
25 R%?= I, F, or a sterically acceptable h ydrocarby)
substituent;

n= 2,3,4,5 or6 and

each R%, R', and R? may be the same as or different {rom the other
30 R", R!, and R, respectively.

10. . A complex according o claim 1, wherein X comprises a ligand of
the formula:

35 R'OICRY),C(RY0)R”

A
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47 " Ca('sthd)[err] . 85-99% butyl acetate 1- 15% tetragl yne

y -
Ga(sthd)[err] Ce(sthd)[err] 5 Ca(sthd)[err] : f@/@o@ﬁng L3K
‘acetate and 1-15%tetrathi ocycl odecane Sr(sthd)[er ri b

butyl acetate and cycl ohexyl t hi ol Ga(sthd)[err] PEAIUS 2 7 FEB 1998
bul tyl acetate and t-butylthiol Oe(sthrd)[err] 10 cu(shlfac)[err]
45-88% t et r ahydr of ur an 16 _ 10- 35%

i sopr opanol 2-20 % tetraglynme
Sr(thd)[err] ' 85-99% butyl acetate and 1-15%tetraglyne 15
Sr(thd)[err] 85-99% butyl acctate and 1-15% tetrat hi ocycl odecane

Ti (hfac)[err] wherei85- 99% but yl acetate and 1-15% tetragl yne

Vbt QLA R2Q coloeted i T, and
butyl acetate nd t- bo éfﬁi ikt Bih@'R Rl\?gz gft.cécgufél'éﬁéi’)({e@ﬂy] an

butyl acetate and cy
Eiy Hi ol err] butyl acetate and

1-butylthiol 25  M3{ &Hd)Ehla pr Calls; . butyl acetate and

cycl ohexyl t §i ol R' ahd-R® =A1@PM0si tion according to claim1, wherein
MA[err] conprises a netal [err]-thi oketonate source conmpound. 30

16. A conposition according to claim 16, wherein the nmetal noiety of

said netal [errit.thi Ak&hap&benammnﬁ; rodpirurg whereih:eAtisg Rrtiketoniade; and
group.consi sling of S ' o . i i 17, A
conposition conprisi %_s '§gm38'ame'(ﬁ%)'cr%§%l? §|‘3l‘§‘331‘2m88% "é?(' of the formul a:

10 12. A complex according lo claim 1, wherein cach of the ligands A is
a constiluent moiety of a single group which is coordinatively
attached 1o M Lhereby.

13. A complex according to claim 1, wherein the ligand X and al least
15 one of said ligands A is a constiluent moicty of a single group
which is coordinatively atlached lo M thereby.

14. A metal source reagent solution comprising a metal source
reagent and solvent medium, wherein the metal source reagent and the

20 solvent mediuin are selected from the group of metal source reagent(s)
and associated solvent media consisling of:

Cu(shfac)2 85-99% bulyl acetale and 1-15% tetraglyme
2% Sr(shfac)2 85-99% butyl acclate and 1-15% letraglyme
Sr(sthd)2 85-99% bulyl acetate and 1-15% teiraglyme
Sr{sthd)2 85-99% butyl acetate and 1-15% tetrathiocyclodecane
30 _
Ca(sthd)2 85-99% buty] acetate and 1-15% tetraglyme
Sr(sthd))
Ga(sthd)3
- Ce(sthd)g
35

(A AV
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MA[erriX - wil@kin: 5 . Mis ay-valem | selected from
the group consisting of Pd, Pt, Rh, Ir, Ruf¥ l&ﬁ9T€/?9 I@}A
and W A is a nonodentate or nultident%te orm %?
coordinated to M which allows conplexing of MA[err] wt v FEB‘)/BQB
an integer having a value of 2, 3 or 4; 10 g each of the A ligands may"
be the sane or different; and X 4’s a nonodentate or multidentate
| i gand coordinated to M and containing one or nore atons '

i ndependent |y selagstheldp f rom 85-99%cndybaqetatwoarsd 3t15% laraglyone of

the elenments C N ‘tlﬁ’d ? O and F; and 15 (i1) a solvent or
Suspendi ng agenf"a[(h é or. 18. A sul fur-based conpl ex havi ng
utility for fordefgtha)getal sul fide filmon a substrate, conprising a

sul fur-contai ping netal source reagent 20 conpound in a solvent nmedium in

e G0, ™ B oo A SRR ARt

conpounds and aﬁeﬁhaiéd sol vent ”Edb%t}ﬂ%&'aﬁé hRd @clohesxddthidkt al
Sour ce Conpound . 4 ol vent Medi um éshf @‘ﬁ%éer rl]--but Ihio] 85- 99%
butyl acetate aSREMEF tetragl yme ki Aegiaje apg; tbuty 85- 99%

butyl acetate am@e(dthd)g%tetraglyme 30 . Sr(sthd)[err] - 85-999%
butyl acetate and 1-15%tetraglyne

10  Cu(shlac)z 45-88% tetrahydrofuran
10-35% isopropanol
2-20 % letraglyme

- Sr(thd)2 85-99% butyl acetate and 1-15% tetraglyme
15 ' : .
Sr(thd)2 85-99% butyl acetate and 1-15% tetrathiocyclodecane
Ti(hfac)3 85-99% bultyl acetate and 1-15% tetraglyme
bulyl acetale and cyclohexylthiol
20 s
Ti(hfac)3 butyl acetate nd t-butylthiol
Mo(hfac)3 butyl acetate and f-butylthiol
25 Mo(thd)3 buly! acelate and cyclohexylthiol

~15. A composition according lo claim 1, wherein MA, comprises a
metal fi-thiokelonate source compound.

30 16. A composilion according to claim 16, wherein the mctal moiely
of said metal B-thioketonate source compound is sclected from the
group consisling of Cu, Sr, Ca, Ga, Ce, Ti, and Mo.

17. A composilion comprising:

6] metalorganic complex of the formula:

-
R g

ﬂ?ﬁ@&'ﬂm 205 e o
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Sr(sthd)[err] 85- 9‘> butyl acetate and 1-15%t et r JTR{S QC@ 43 N
- Ca(sthd)[err] 85-99% butyl acetate and 1-15% yh&lal s B

Sr(sthd)[err] _ Ly CAS 1998

G(sthd)[err] Ce(sthd)[err] Ca(slhd)[err] 85-99%

butyl acetate and 1-15%tetraglyne 5 Ga(ghd)[err] Ce(sthd)[err]

Ca(sthd)[err] 85-99% butyl acetate and 1-15%tetrathi ocycl odecane

Sr(sthd)[err] 10 Ga(sthd)[err] Ce(sthd)[err] _ Cu(shfac)[err]

45-88% t et r ahydr of ur an 10. 35%

| sopropanol 15 2-20% tetragl yne. 19.

A netal source reagent corrpoleAdﬁ( for formng a netal- cont ai ni ng

filmon a substrate, corrpri sing a nmetal source reagent and a sol vent

medi um wherein the ontaining film netal source 20 reagent and

sol vent nmedium are se ecte fromthe group consisting of: - . . Metal
Containing I m MetM isaur-veledage Selecled é@l‘\/ Mt 87%@‘&? GRpsIsting ﬁ’¢ Pa, 1,
r{acac)[err] o Rh,ir, Ry, V, NEIWICiase ahd
Aethe) Lert] ' L?/\F)x 3 monodentate or nmfl:c?u?hro organic ligand
t et r-ahydr of ur an S <
coordinated to M which allows complexing of MA, with X;
y is an integer having a value of 2, 3 or 4;
10 each of the A ligands may be the same or different; and
X is a monodentate or multidentate ligand coordinated fo M
and containing one or more atoms independently sclected from
the group consisling of aloms of the clements C, N, H, 8, O and I;
and
16
(i)  a-solvent or suspending agent therefor.

18. A sulfur-based complex having utility for f(:l'rlming, a metal sulfide
fil;y on a substrate, comprising a sulfur-containing nctal source reagent

20 compound in a solvent medium, in which the sulfur-containing melal
source reagenl compound and solvent medium are sclected from the
group consisting of metal source compounds and associated solvent
media consisting of:

o5 Metal Source Compound  ~~_Solvenl Medium
Cu(shfac)a 85-99% bulyl acetate and 1-15% letraglyme
Sr(shfac)2 85-99% bulyl acelate and 1-15% tetraglyme

30 Sr(sthd)2 | .85.—99% butyl acelate and 1-15% letraglyme
Sr(sthd)? - 85-99% bulj.fl acetate and 1-15% tetrathiocyclodecane
Ca(sthd)2 | 85-99% bulyl acetate and 1-15% tetraglyme

35  Sr(sthd)2

IIIIIIII IR R
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o=P(aMe)[err] 30 Poif@riTi[err]Qerr] .  Pb(tfd)]
- |

'El_g'érofigy;:l{ofu]r?n/hé;atraglyrre o m&gr@/ 09 434
| r)ferr](t PbZz li 1000
tetrahydrofuran /i [sg;):l)panol / 35 )r([:egrlol [lerr] derr m%%g&a ﬂﬂgﬁ _

tetraglyne, or [Oz, Ti(thd)[err err
butyl acetate/tetraglyne ® ( )| Hi ]n =1 or 2
RuQ2 Ru(acac)[err] or butyl acetate
Ru(thd)[err] Ga(stsd)g [err] Ta[err] Jerr] Sr(thd)[err] tetraglyne
t et r ahydr of uran{..‘l,(%ﬂ%)%panoll _ ~BiPh[err]
tetragl yne Ta(G Pr)[err]thd 10 Ta[err]Jerr]
'lg(il( C];) I[ err] (thd) t et rahydrofuran /i sopropanol /
=et hyl , 1 soprogyldnd tetragl yne g5.99% bulyldRtdte and 1-15% tetraglyme [ O
=Ti(thd)[err ]['e‘r{ nd)2 but yl acetate/yt’etragl yme iad
n=1or 2 Ga(sthe}aerr] g err] O=V(thd)[err]
butyl acetate/tep{=lMe. ZrJerr],
[O=Zr(thd)[err]][err] " butyl acetate/tetraglyne
n=1o0r 2 20 '
Ca(sthd)2 85-99% bulyl acetate and 1-15% tetrathiocyclodecane
Sr(sthd)2
10 Ga(sthd)s
Ce(sthd)4
Cu(shfac)2  45-88% lelrahydmfuran

_ 10-35% isopropanol
16 -~ 2-20 % tetraglyme.

19. A metal source reagenl composition for forming a metal-

containing film on a substrate, comprising a melal source reagent and a

solvenl medium, wherein the metal-conlaining film, niclal source
20 reagent and solvent medium are selected from the group consisting of:

Metal Contaig ing liilm Melal Source Reagent - Solveni Medium

Ir Ir(acac)3 or butyl acetate
25 | Ir(thd)3
Lal’O4 La(thd)3 letrahydrofuran
O=P(OMe)3 -
30 PblaxTi]-xO3 . Pb(thd)2 ' tetrahydrofuran/ tetra glyme
La(thd)3 '
Ti(OiPr)2(thd)2
PbZrxTi1-x03 Pb(thd)2 tetrahydrofuran/ isopi'opanol/
35 x=0to1 10=Zr(thd)2In letraglyme, or
[O=Ti(thd)2]n butyl acelate/tetraglyme

. L1 T
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SrS
SrS

EL:

Cu(@f ac) 2
Sr(shfac)[err]

Sr(sthd)[err]

Sr(sthd)[err]

(Ca, Sr)Ga[err]Serr],

acetate/tetraglyne 30

Ga(sthd)[err]

but yl
Ca(sthd)| er{.,{j
cerium doped

Mar 1Y Ye 1010 NO.VUUVO

oy e ) 3 )

butyl- acet zlP QE 5 KA
but yl w
acetate/tetrathi ocy%lt?i)decaﬁg8

but yl
Sr(sthd)[err]

Ce(sthd)[err] (Ca,

Sr)G[err]Serr], Ca(sthe)l[ear2] butyl acetate/
tetrat hi ocycl odecane 35 cerium doped Sr(sthd)[err]
Ga(sthd)[err] :
Ce(sthd)[err] RuOZys Ru(acac)3 or cu( shfltatty} asstpte
t et r ahydr of ur anacet at e Ru(thd)s
I sopr opanol 5 tetragl yne
S Cu(hfac)[err] butyl acetate/tetraglyne
SrS SrBioTaed) [ er r [Sr(thd)2 tetraglymaut {diradyatraferaretisepiopanol O
SrS Sr(thd)[er r]Bnl‘hg butyl acetat el’eh%k;ﬁﬁt’ﬁ&' oycl odecane
Ta(OiPr)4thd
10 Ta205 Ta(OR)4(thd) tetrahydrofuran/isopropanol /

R=ethyl, isopropyl tetraglyme

Ti02 [O=Ti(thd)2]n buty! acetate/tetraglyme
n=1or2
15
V204 O=V(thd)3 butyl acetate/tetraglyme.
Zr09 [O=Zr(thd)]n - butyl acetate/tetra glyme
n=1or2 ‘
20 .
CusS Cu{shlac)y butyl acetate/tetraglyme
SrS Sr{shfac)2 butyl acctate/letraglyme
25 SrS Sr(sthd)2 butyl acetate/tetraglyme
5rS Sr(sthd)2 butyl acelale/tetrathiocyclodecane
(Ca, Sr)Gags,, Ca(sthd)z butyl acetate/tefraglyme
30 cerium-doped Sr(sthd)z
Ga(sthd)3
Celsthd)g
(Ca, Sr)GayS,, Ca(sthd)2 butyl acetate/ tetrathiocyclodecane
35 cerium-doped Sr(sthd)2
Ga(sthd)3

—_—
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. . L:

cus - . Cu . . t et Fahyd 5

L3 oo ° ﬁ ot et &m&?ﬁazltﬁag 43 &
i S[err | ac)[err u

TFi S[err] Ti (hfac)[err] bﬁtyl ms 2 pFIEB‘1§98

MoS[ err1 _ Mo( hfac) 3 81 butyl acctate MOS[ err ]
Mo(thd)[err] butyl acetate. 257 20. A netal coordination.
conpl exes of the formul a:

Merr]Alerr](OR[err]Blerr]err] 3Qe{sthtdpr ei n: Mis a netal
selected fromthe group consisting of Ng Ca Sr, Ba, Sc, Y, La, Lu,
Ce, Ti, Zr, H, Pr, V, No, Ta, Nd, C, Mh, Re, Sm Fe, Ru, Eu,

Co, Rh, Ir, Gd, @S Tb, Th, Cu, Dy, Ho‘("lﬂflf‘()ZTl Er, lefgahpdrofsyanaectaley

Ga, In, Au, Ag, Li, Na, K, Rh, GCs, M, Tm Bl,and % opanol

Ais selected from the group consisting of [err]-di e‘ ates and [err]-

ket oesters, &nd their sulfur and nitrogen anal ogs; lelrag, yme Ris
selected fromthe group consisting of CJerr]-Clerr] alkyl, Jerr]-CJerr] 5

| oal kyl | kenyl] - I Kk |/ beabracr .
((::%/gr (r)? C%/er r ]C[ S?éfl ;?qaﬁ(rjr ]( f 3I | §n§]ﬁ(l &\[cs’lr r Laﬂ ?21” y)Cyﬁv‘ﬁg‘r ?%ﬁ%’dﬂ?ﬂ% 1\y:?f"i'ves

t her eof ; B is select ed from the group consisti ng of
pol yet hers, pol yarm nes, bi pyri di % g# Q! s,
crown ethers, %r *own 10 t hi oem cycl i c pol yaqmﬁr:%s Wm
t hi ogl ynes, ]é)rylthl ol s, and
SIS Sr(thd)2 butyl acelate/tetrathiocyclodecane
CuS Cu(hfac)2 ' tetrahydrofuranacetate
15 - isopropanol
- tetraglyme
TiS2 'l‘i(lifac)s . _ buty! acetate/tetraglyme
20 TiSy Ti(hfac)3 butyl acetate
MoS2, | Mo(hfac)3 | butyl acetate
MoS2 Mo(thd)3 butyl acctate.

25
20). A metal coordination complexes of the formula:

MiA,{OR)B,Q,
30  wherein:
M is a metal selected from the group consisling of Mg, Ca, Sr, Ba,
Se, Y, La, 1, Ce, 11, Zr, Hf, Pr, V, Nb, Ta, Nd, Cr, W, Pm, Mn, Re, Sm,

Fe, Ru, Eu, Co, Rh, Ir, Gd, Ni, Tb, Th, Cu, Dy, Ho, Al, 11, Lr, Sn, Pb, Pd,
35 Pt Ga, In, Au, Ag, Li, Na, K, Rb, Cs, Mo, Tin, Bi, and Yb;

e | ] HERL R
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T' h t t'hi ol g . hyd

ﬁa:-ghsdlrgcar Ibgl,S grrgr,caa IP;ZAnd sel ected fromQ sy rmpy)ré/sﬂgglpfl;
- | kyl, | oal k
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derivatives thereof; : a, X, Ygand z are stoichionmetric
coefficients for the ligands A OR B, "and Q respectively, wherein a
is [err] 1, each of x, y, and z is i ndependently > 0; and

A[ err] (OR) [err]Blerr] ¢ & r«}h'rlsrdu from dhe hgnomgt cmslstm;amfoﬂshkptmmleg andnft al

21. reoﬁ)aurwe ARRUSEE suPR! e ﬁhré fu%l
I\/(R[err] C(O- CHCQO- Fé[err])[err] (OR)[err V\/nereln,

ais [err] 1; 30 X is err] 0; Mis a netal selected
from t he gr oup consi sRi g solechyl [an e gBaup consiSing \bf Cy-Cgualkgd, (B-Cg

R Y, "o G e U o kgm0 By, e iy B

Au, Ag, Li, Na, mrll?Idly)Cféutxn\vbaleWeﬂw,:lnaasi lheflenf;

63 Ris selected from the group consisting of CJerr]-Clerr]
al kyl, derr]-Cerr] cloal kyl, Clerr]-Cerr] alkcenyl,
Clerr]-Jerr] cycl oaI Eeh)srlorértbfm}n the groupcohsising of fpolygtinrs, polyamines,

partially) fluorjogkRibléler byfrhdimes! NgliRks, alcohols, crown ethers, crown
10 thioethers, cycllc polyamines (cyclencs), thioglymes, arylthiols, and
aliphatic thiols: (ne rcaptans).

Q is hydrocarbyl or halohydrocarbyl, c.g., a ligand sclected from
the group consisting of C1-Cg alkyl, C2-C8 cycloalkyl, C2-C1g alkenyl, C2-
15 Ci5 cydoalkenyl, Cg-C10 aryl, and fluorinated derivatives thereof;

a, x, y, and z are stoichiometric cocfficients for the ligands A, OR,

B, and Q, respectively, wherein-a is 2 1; each of x, y., and z is

-~ independently » 0; and A, ((.)R).B,Q, is in stoichiometric relationship to
20 mctkal M.

21. A source reagent complex of the formula: .

M(R2-C(Q)- CCH-C(G)-R3), (OR),

25
wherein:
ais21
30 xisz(;

M is a metal selected from the group consisting of Mg, Ca, Sr, Ba,
Sc, Y, La, Lu, Ce, Ti, Zr, 11, Pr, V, Nb, Ta, Nd, Cr, W, Pm, Mn, Re, Sm,
Fe, Ru, liu, Co, Rh, Ir, Gd, Ni, 1b, Th, Cu, Dy, llo, Al, T), Lr, Sn, Pb, Pd,
35 Pt,Ga, In, Au, Ag, 14, Na, K, Rb, Cs, Mo, 'I'm, Bi, and Yb;

-_—
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5 R[érr] and R err] ‘ I ndependent |y sel ected fro

al.kyl, derr]-Cerr] cycloal kyl, Cerr]- C[err] ROV , h

cycloal | kenyl, (Jerr]-derr] aryl, and f I uori na}PEAMES Ry I &sB 1998
t-her oof ; and G is oxygen, sulfur, or nitrogen noiety of the for a
=NR[err], in which 10 Rlerr] is selected ggom the group consisting of
1, (err]-Cerr] alkyl, (err]-Cerr] cycloalkyl Cerr]-Cerr]

al kenyl, derr]-Cerr cycl ol ken Cerr]. aryl

fluorinated derivati vk is; peleeied }{romqéhe 820“13 sonshinge qfeﬁée&B alkyly Carks
conprising: 15 cycloalRyE@-CE(fatied tC’z‘QTﬁ'ﬁd laflkélg, CREQYH airyl, and (fully or
MR err]-C(O) - yC(l’)I ﬁ[f}yr]?[err] errl@éz(o vmg?elnm Y ( ya S
[err]1; artially) flgofippted (1}’1'1"2 ves thereof; Mis a netal selected
fromthe group consisting of My, Ca, Sr, Ba, Sc, Y, La, Lu, Ce, Ti,
Z,Hf,P,V b, T Cr, . PIVhR,S Fe, : : ,
oal N ang, Ng)y""?‘lo "\{\slla’l?eq]ﬁ@ntbf sdactep, frpm &r&]Pt'ﬁg!dac?Jm‘

Au, Ag, Li, Na diaclcFﬁIkyl}S (JJV@,mTIﬂk ]yl aPCYH: cﬁﬁoulken&zl Ce- Cde 1, and
y
t

| ected f t s I
2§C|egalekylrom er ’g'@[ P‘f"f%ﬁfs']l?i % r& '3 Icgglrrk]engl C[err]erE:][err]er;]ryl

and (fully or partially) quorlnated derivatives thereof

Qerr] and Rerid iy RAeRONARTbL KinShaTHRtiely B b o iafiee g; {,{ﬁymmh
cycl oal kenyl1]0 C[ v rif - R{lwlﬂi dxarh| thedgroup consisting of I C;-Cs alkyl C-Cy
-eycloalkyl, Cp-Cig alkenyl, Cp-Cys cyclo.llkenyl, Ce-Cio aryl, and

fluorinated derivatives thereol.

22. A source reagenl solution, comprising:
16

a source reagent complex of the formula:

M(R2-C(O)-CI-C(G)-R3), (OR),

20  wherein:

ais21;
x is2();
25
M is a melal sclecled from the group consisting of Mg, Ca, Sr, Ba,
Sc¢, Y, La, L, Ce, Ti, Zr, Hf, Pr, V, Nb, Ta, Nd, Cr, W, Pm, Mn, Re, Sm,
Fe, Ru, Fu, Co, Rh, Ir, Gd, Ni, Tb, Th, Cu, Dy, Ho, Al, 11, Er, Sn, Pb, Pd,
Pt, Ga, In, Au, Ag, Li, Na, K, Rb, Cs, Mo, Tim, Bi, and Yb;

30

: R is selected from the group consisting of C3-Cg alkyl, €2-Cg
cycloalkyl, C2-C1( alkenyl, C2-C15 cycloalkenyl, C6-C10 aryl, and (fully or
parlially) fluorinated derivatives thercof;

\'\
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fluorinated derivatives ereof; and . 5 .Gis oxyg w e
noiety of the formula =NR[err] in which Rl err]+ ssl %9@4@%2"3#
group consisting of H (Cerr]-Clerr] alkyl, Cerr]- C[er b-k | anna
Clerr]-Clerr] alkenyl, derr]-Cerr] cycloal kenyl, elbh&l@ﬁ éxfﬁ f
fluorinated derivatives thereof; and 10 a solvent or suspendi ng agent for
t he source reagent conpl ex, selected fdom t he group consi sting of
al i phati c hydrocarbons, aronmatic hydrocar bons, ethers, esters,
nitriles, and algohols . A,soyrce solutign a g.lo
claim 22, wherekn fhd 18 apg v’é‘%ﬁ’l’ﬁ?d%% %eﬁﬂ ‘ggtrﬁfn 01%‘ @ng{ -Cs
conpri ses a sol gpilbalkyl, €eiCpt Qdkér{ﬂm CH€qgr eyieloalbsiy] | 0)3~(0{o @ Teand
sol vents havi ng }{1 @i]t@d tid ﬁ y glg[err]H[err]O)- repeat units;
Cerr]-derr], aflvgptal oqedéﬁéeés[ bqrgo sel ected fromthe group
consi sting of "di al kyl et hers conprising (Jerr]-Clerr] al kyl noi eti es,

VC\:[her rl]-errg c is' )§ 1fu] BF rﬂm%&;ﬁﬁ r%o?%g‘%.f (e r[(’ixlmgg DGR qhhaﬂfiﬁ?\o
erein the pre ran on ato

ether conpound Bhd'stﬁ dher lg}ouiang@ﬂslsﬂfﬂg\eoﬁuﬂbeﬁ'ﬁ:soﬁ kepdy fenCs
atoms_in the et byaosn{;nouegtcﬂ %Ilfdn?g eyl | a%hn@e@ardrem ROy, and

Cerr]-Cerr] ti.c .h droc I c est organi c~am nes:
and pol yani nes. ﬂ“fﬁ““?& deriv qyﬁ gé"}éagent solution conprising at

| east one met al or gani c corrpl ex in a sol vent or suspendi ng agent for
th I dth I t
modi um ar o NB1 ohrel e or sRePehdfe Ebl: Gy weoss B EPhel. felecied
Reagent ( s) from Skl)"leveﬁm%dtmslbtmg cfa(a i}ﬂﬂtwr]lyde@mbbysce) aromatic

85-98% bul yl acngat&ﬁaané b, Uslerd) NitBles, and b2 (t et ragl yme)
-5|'I (G Pr)[err](thd)[err]
23. A source reagent solution according to claim 22, wherein the
16 solvent or suspending agent of the solution comprises a solvent
selecled from the group consisting of: glyme solvents having from 1 to
20 ethoxy ~(C2H4O)- repeat units; C2-C12 alkanols, organic ecthers
selected from the group consisting of dialkyl ethers cofnprising C1-Ce
alkyl moietics, C4-Cg cydlic ethers; C12-Cg0 crown 04402() ethers
20 wherein the prefixed Cj range is the number i of carbon atoms in the
cther compound and the suffixed Oj range is the number i of oxygen
aloms in the ether compound; Cg-Cj2 aliphatic hydrocarbons; Cg¢-Ci18

- . aromatic hydrocarbons; organic esters; organic amines; and polyamines.

25 24. A metal source rcagent solution comprising at least one
mctalorganic complex in a solvent or suspending agent for the
complex(es), wherein the metal source rcagent(s) and the solvent
medium are selected from the group consisting of:

30  Metal Source Reagent(s) Solvent Medium

Ba(thd)2(letraglyme) 85-98% butyl acetate and 1-15% tetraglyme
Sr(thd)2a(tetraglyme)
Ti(OiPr)2(thd)2

L
MJQFA S



Ca(thd) 2(t et r agl yne)
Sréthd)[err] (tetraglyne)
5 or Ir(thd)[err]

Ir
La(thd) [

75-95% i sopr opanol

(acac)[err]
err]

(MO [err]P=O 10 Nb(Q Pr)[err]thd

10- 35% sopr opanol

Po(thd)[err]
La(thd)[err]

45-88% tetr ahydr@éﬁ!h

| sopr opanol
Ru(acac) [ err]

Sr(thd)[err] (tetragl yne)
10- 35% i sopr Op'arli?jacac)s Ta(G Pr)[err] (thsy

%er r(l

[O=Zr(thd)[err]][err]

[O = Ti(thd)
Zr(thd) 4
Y(thd)3 35
nis 1or 2
10
15
20
25
30
356

éo Pr)[err](t

80-98% t et r ahydr oﬁjr an and 2-
Pb(thd)[err] :
Jp(tetraglgmchd) [ er r ¥5-95% isopropanol with1528%4etraglyme

hd) [ err]

0 SH(iHd)teebaglyinkhd) [e7 1]

{"&i‘d])?’ 80- 98%

yl acetate

45-88% t et r ahydr of ur an

Mar 19 88

1 acetate

but yl

lb:le No.UUS F.O1

win o 2RI 00,4 Tk

45 88%ﬁ%ydr o(éﬁgrBlggB

2-20% tetragl yne
20% tetraglyne 15

2-20 %tetraglyne

or Ru(thd)3 25

Bi Ph[err]

2-20 %tetraglynme
but yl acgtate 30 wherein nis 1 or 2
tetrahydrofuran and 2-20%tetragl yne

acetate

La(thd)®’ butyl acetat e/t&&fa@g&gﬁm

(MeO)3P=0

Nb(QiPr)athd

" Pb(thd)2

La(thd)3
Ti(OiPr)2(thd)2

Pb(thd)2
Zr(thd)g
Ti(OiPr)2(thd)?

Ru{acac)3
or Ru(thd)s

Sr{thd)2(tetraglyme)
BiPh3
Ta(QiPr)4(thd)

[O=Ti(thd)2]n
whereinnis1or2

Zr(thd)4
Y(thd)s

[O=Zr(thd)2]n
whereinnis 1 or2

45-88% tetrahydrofuran
10-35%isopropanol
2-20% tetraglyme

wher ei n

. 80-98% tetrahydrofuran and 2-20% tetraglyme

45-88% tetrahydrofuran
10-35% isopropanol
2-20 % tetraglyme

butyl acetate

45-88% tetrahydrofuran
10-35% isopropanol
2-20 % tetraglyme

butyl acetate

80-98% tetrahydrofuran and 2-20% tetraglyme

butyl acetate

or butyl acetale/tctraglyme

—_—
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56 g
tetragl yne
tetraglyne 5

‘Cu(shfac)[er
Sr(shfac)[err]
Sr(sthd)[err]
Sr(sthd)[err]

1-15% tetragl yne

tetrat hi ocycl odecane

and 1-15%tetraglyne

Ce(sthd)[err]

1-15%tetragl yne

85-99% but yl
Ga(sthd)[err]

I sopr opanol
Sr(thd)?2 =
Sr(thd)?2

Ti (hfac) 3

Ti (hfac)[err]
butyl acetate

10

15

30

35

Sr(sthd)2

Ca(sthd)2
Sr(sthd)?
Ga(sthd)3

Ce(sthd)4

Ca(sthd)z
Ga(sthd)3
Ce(sthd)4
Ca(sthd)2
Sr(sthd)2
Ga(sthd)3
Ce(sthd)4

Cu(shfac)?

Sr(thd)2
Sr(thd)z
Ti(hfac)s
Ti{hfac)3

Mo(hfac)3

10 Ca(sthd)[err] -
- Sr(sthd)[err]

15 Ca(sthd)[err]
Ga(sthd)[err]

ac Eslefagypd 1- 15% t et r 885209 \ait ?n@@&m A 195% teghgBihe

Ce(sthd)[err]

45-88% t et rahydr of uranacetate 25

. Sr{shfac)z

5- 99%
St(sﬁid)Z " 85 99% but8A-9% ety bacatateiands dok

Mar 19 98 16:18 No.003 P.32

35-99% but i acet M&@&% 0943 4

85- 99Y% buty
85-99% b(:JtyI aget ate an?ngtié/]ngB

85-99% butyl acetate
Ga(sthd)[err]
85-99% butyl acetate and
Ce(sthd)[err] Ca(sthd)[err]

Cu(shtac)[err]
10- 35%

85-99% butyl acetal #d 115% tetyhglyeme

85-99% butyl acetate and 1-15%tetraglyme 30

acetate and 1-15%tetrathi o@zcl odecane
telgaglme
Mo( hfac)[err]

85-99% butyl acelaie and 1-15% tetrathiocyclodecane

bul yl acetate 35

85-99% butyl acetate and 1-15% tetraglyme

85-99% butyl acetate and 1-15% tetraglyme

a

85-99% butyl acetate and 1-15% tetrathiocyclodecane

45-88% tetrahydrofuranacetate
10-35% isopropanol
2-20 % tetraglyme

85-99% butyl acetate and 1—15% tetraglyme
85-99% buty! acetate and 1—15"%, tetrathiocyclodecane
85-99% butyl acetate and 1-15% tetraglyme
. butyl acetate

butyl acctate

T
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5?7 “  M(thd)3 butyl- acet at eg gen t he
sotvent nedium contains nultiple solvent corranﬁnt S E; pg} yft @@343&.
specified are percentages by weight, based e wei
sol vent nedium and with the total per cent age of all MS mﬁatﬁ%
being 100% 10 57

Mo(thd)3 butyl acelate

5 wherein when the solvent medium contains multiple solvent
components, the percentages specified are percentages by weight, based
on the weight of the total solvent medium, and with - the total
percentage of all solvent components being 100%.

10
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